
W001: Abiotic Stress 
From Climate to the Genome: An Insight Towards Genome-Wide Changes of Wild Narrow-Leafed Lupin in Different 
Climates 
Seyedehmahsa Mousaviderazmahalleh1, Matthew Nelson2, Philipp E. Bayer1, James Hane3, David Edwards1 and William 
Erskine4, (1)University of Western Australia, Perth, Australia, (2)Natural Capital and Plant Health, Royal Botanic Gardens, Kew, 
West Sussex, United Kingdom, (3)Curtin University, Perth, Australia, (4)Centre for Plant Genetics and Breeding (PGB), University 
of Western Australia, Perth, WA, Australia 
Agriculture is facing the 'perfect storm' of continued population growth and climate change, which could adversely affect our ability to secure 
global food supply. While there are lots of valuable diversity in wild plants, humans are extensively relying on a small number of cultivated 
plants for their food. The ability of wild plants to fit into different climatic regions offers great potential to crop breeders who can apply this 
knowledge in the domestication of wild species. To this end, we investigated the genome-wide diversity of wild narrow-leafed lupins from 
Eastern and Western Mediterranean, which revealed clear differences in their haplotype blocks for flowering time candidate genes. Molecular 
phylogeography supported our geographical differentiation. Furthermore, we performed a genome-wide association test applying climatic 
variables as pseudo traits. The association found between one of these climatic variables and our SNPs markers draws attention to the regions of 
the genome which may hold value for breeding purposes. 
 
W002: Abiotic Stress 
Bioenergy Sorghum Crop Model Predicts VPD-Limited Transpiration Traits Enhance Biomass Yield in Water-Limited 
Environments 
Sandra K. Truong, Ryan F. McCormick and John Mullet, Texas A&M University, College Station, TX 
Sorghum bicolor is a versatile, drought resilient crop used for production of grain, forage, sugar, and biomass. Bioenergy sorghum is targeted for 
production in drought-prone annual cropland not optimal for food production, and traits that improve plant water capture and water use are 
necessary to maximize productivity. A crop modeling framework, APSIM, used extensively for analysis of grain sorghum, was adapted to 
predict the growth and biomass yield of energy sorghum. APSIM simulations of energy sorghum development and biomass accumulation 
replicated results from field experiments across multiple years, patterns of rainfall, and irrigation schemes. Additionally, APSIM was extended to 
enable modeling of VPD-limited transpiration traits that limit crop water use under high vapor pressure deficits (VPDs). The response of 
transpiration rate to increasing VPD was modeled as a linear response until a VPD threshold was reached, at which the slope of the response 
changes, representing the range of responses to VPD observed in sorghum germplasm. Simulation results indicated that the VPD-limited 
transpiration trait is most beneficial in hot and dry regions of production where crops are exposed to extended periods without rainfall or terminal 
drought. In these settings, slower but more efficient transpiration increases biomass yield and prevents or delays the onset of plant dehydration 
and leaf senescence. The VPD-limited transpiration responses observed in sorghum germplasm increased biomass accumulation by 20% in dry 
years, and the ability to drastically reduce transpiration under high VPD conditions could increase biomass by 6% on average across all years. 
This work indicates that the productivity and resilience of bioenergy sorghum grown in water-limited environments could be further enhanced by 
optimal deployment of VPD-limited transpiration traits. The energy sorghum model and VPD-limited transpiration trait implementation are made 
available to simulate performance in other target environments. 
 
W003: Abiotic Stress 
Genetic Improvement and Molecular Mechanisms of Waterlogging Tolerance in Soybean 
Heng Ye1, Li Song1, Liakat Ali2, Babu Valliyodan1, Chengjun Wu3, Tri D. Vuong1, J. Grover Shannon2, Pengyin Chen2 and Henry 
T. Nguyen1, (1)University of Missouri, Columbia, MO, (2)University of Missouri Fisher Delta Research Center, Portageville, MO, 
(3)University of Arkansas, Fayetteville, AR 
Continuous climate changes are making flood-caused waterlogging stress more severe with a predicted 30% increase in heavy precipitations by 
2030. Waterlogging is also confounded by an increased application of irrigation that could result in excess water. In our group, soybean is used 
as a model crop to address the urgent demands of improving waterlogging tolerance and understanding the underlying molecular mechanisms in 
plants. Screening of a core set of USDA germplasm including the wild species identified several waterlogging tolerant lines, which were used to 
develop mapping populations. Four quantitative trait loci (QTL) were mapped from two mapping populations and the favorable alleles of two 
major QTL are from exotic parents. Fine-mapping of a major QTL delimited the QTL into a genomic region containing one gene. The tolerant 
allele was found to have an insertion of 11-bp poly-A in the 5'-untranslated-region, which suppresses its own translation and promotes root 
growth under both non-stress and stress conditions. The naturally-occurring variations between the two alleles in root growth and waterlogging 
tolerance were confirmed by studies in soybean transgenic roots and composite transgenic plants. Phylogenetic analysis revealed that the tolerant 
allele is a recently raised mutation and has not been introduced into current US elite germplasms. By comparing field performance of the near-
isogenic-lines, the tolerant allele was observed to improve yield by 16-40% under non-stress conditions possibly due the better root system. 
These findings not only provided genetic/genomic resources to protect yield during current climate changes in soybean, but also revealed the 
potential benefit of modification of the same type genes and the importance of root growth in crop improvement of yield and yield under abiotic 
stresses. 
 
W004: Abiotic Stress 
Elucidation of Molecular Mechanisms Involved in Silicon Uptake and Derived Stress Tolerance in Plants 
Rupesh Deshmukh, University Laval, Quebec City, QC, Canada 
Abiotic and biotic stresses are among the most important constraints in agriculture production aiming to provide for an ever-increasing world 
population. The search for a sustainable solution to reduce stress-induced losses is now a prime priority in many crop improvement programs. 
Among different approaches, the use of silicon (Si) is gaining increased attention since over 1000 studies have reported its benefits against stress 
on many plant species. However, these benefits are apparent in plant species that can accumulate high Si levels, and negligible in species known 
as low or non-accumulators. Silicon uptake in plants is known to be regulated by two types of transporters, an influx protein Lsi1, and an efflux 



protein Lsi2. To better understand the molecular mechanisms involved in Si uptake, and to provide a genetic basis for categorizing plants as 
accumulators or non-accumulators, we performed an extensive genome-wide analysis in 25 plant species. Our results showed that the prime 
requirement for a plant to accumulate Si was the presence of a functional Lsi1, i.e. a NIP2 aquaporin with a G-S-G-R selectivity filter and a 
precise 108 amino acid (AA) spacing between the two NPA domains. This finding provided the first molecular explanation for the inability of 
Solanaceae in general, and tomato in particular to accumulate Si on the basis of a 109 AA spacing between the NPA domains. As a proof of 
concept, tomato plants transformed with a functional Lsi1 from wheat were tested for their ability to accumulate Si. Results confirmed an 
increased accumulation of Si in plants but also confirmed the importance to restrict the expression of the Lsi1 gene in roots. The problem was 
solved by using a grafting approach with the transformed material to confine the expression in roots. The aerial portion of the grafted material 
accumulated more Si and showed an elevated tolerance against water stress and powdery mildew. These results confirm the benefits of Si against 
stress in plants and provide a unique approach to exploit Si even in non-accumulator plants. 
 
W005: Abiotic Stress 
Breeding for Drought Tolerance in Maize 
Wenwei Xu, Texas A&M University, Lubbock, TX 
Drought and high temperatures limit maize production in many parts of the world. Breeding drought and heat tolerant maize hybrids is a key to 
increase water use efficiency and reduce the yield and quality loss due to drought stress. Drought tolerance is a complex trait. Accurate screening 
for drought tolerance depends on the timing, intensity and duration of drought stress. A major effort of our breeding program is to develop maize 
germplasm tolerant to abiotic and biotic stresses. With the low rainfall in West Texas and subsurface drip irrigation systems, we have developed 
a field screening methodology to evaluate a large number of lines and hybrids for drought and heat tolerance. Tremendous genetic variation 
exists in maize germplasm in response to drought and heat stress. We make breeding populations by crossing tropical and sub-tropical 
germplasm with elite temperate adapted lines and then select superior drought tolerant genotypes under controlled drought stress conditions. 
Drought-tolerant maize lines and hybrids have stronger root systems, higher hydraulic lift capacity, better stay green trait, less barren plants, and 
lower aflatoxin. 
 
W006: Abiotic Stress 
Breeding for Abiotic Stress Tolerance Cowpea in West Africa 
Francis Kusi, CSIR - Savanna Agricultural Research Institute, Tamale, Ghana; CSIR-Savanna Agricultural Research Institute 
(CSIR-SARI), Tamale, Ghana 
The cowpea breeding program at SARI is collaborating with UCR and other institutions in West Africa. Among the major cowpea breeding 
activities at SARI is breeding for abiotic stress tolerance cowpea. SARI has assembled large cowpea genetic resources which are being 
rigorously screened for sources of resistance/tolerance. Drought and heat have been our focus in developing abiotic tolerance cowpea for West 
Africa. The search for sources of drought tolerance uses seedling stage and terminal drought screening. The heat screening involves field 
evaluation when both day and night temperature are high which affects flowering, podding and predispose the cowpea plants to heat and drought-
related diseases such as Macrophomina. The results so far showed that for seedling stage drought tolerance, low leaf wilting index, high survival 
rate and higher number of leaves per plant were useful criteria for identifying drought tolerant genotypes. Yield under drought stress was 
correlated with number of pods per plant and pod length. A principal component biplot display of yield and quantitative indices of drought 
tolerance identified genotypes that combined high yield and high drought tolerance. The heat screening also Identified one of SARI’s most 
important varieties (Songotra) as very susceptible to Macrophomina disease under heat. Sources of heat tolerant genotypes are being used to 
improve the tolerance of Songotra to heat-related diseases. Similarly, crosses are being carried out to improve the drought tolerance of farmer 
preferred varieties. A search among advanced populations for lines that combines drought and/or heat tolerance with other farmer preferred traits 
is ongoing. 
 
W007: Allele Mining 
Allele Mining: From Sequence Variation to Functional Evaluation in Tomato 
David M. Francis, The Ohio State University, Horticulture and Crop Science, Wooster, OH 
The selection of new alleles imparting superior phenotypes is the goal of plant improvement. In tomato (Solanum lycopersicum, L.) there are 
potentially over 400 publically available re-sequenced genomes, including several wild relatives. These resources open the possibility of 
identifying novel alleles through sequence comparison. We have evaluated sequence variation for the Tm2a resistance gene, disease resistance 
QTL, and structural genes and their cis-regulatory regions for the carotenoid biosynthesis pathway. The lack of structure-function information 
has made assessing the function of this variation problematic. In contrast, classical breeding approaches augmented by marker-assisted selection 
strategies have allowed us to rapidly assess the function of new alleles in uniform genetic backgrounds. This approach is facilitated by high 
density SNP data for over 1,000 tomato accessions, permitting market-class and pedigree based strategies to optimize polymorphic marker sets. 
Marker-assisted backcrossing leads to the selection of plants that share 93-98% of the recurrent parent in only two generations, permitting rapid 
phenotypic evaluation. Using this approach we have identified functional allelic variation for β-carotene (pro-vitamin A) content and identified 
superior QTL for resistance. 
 
W008: Allele Mining 
Analysis of the Sinningia speciosa Diversity under Domestication 
Aureliano Bombarely, Virginia Polytechnic Institute and State University, Department of Horticulture, Blacksburg, VA, David 
Zaitlin, KTRDC - University of Kentucky, Lexington, KY and Tomas Hasing, Virginia Tech, Blacksburg, VA 
Sinningia speciosa (commonly known as Florist’s gloxinia) is herbaceous perennial species endemic to the Atlantic coastal forest of southeastern 
Brazil. This species has been known as ornamental plant since the 19th century in England. John Fyfe developed the first hybrid in 1845 and since 
then, the intense breeding has produced a wide range of different phenotypes, mainly affecting the leaf color, the flower morphology and corolla 
color. S. speciosa genome size ranging from 321 Mb to 447 Mb. We present here the first draft of a genome sequence based on the accession 



‘Avenida Niemeyer’ with a total assembly size of 373 Mb and 31,600 gene models. The genetic analysis of 36 wild and cultivated accessions 
revealed an expected genetic bottleneck related with single population as possible source of domestication. 
 
W009: Analysis of Complex Genomes 
Towards a Pangenome for Brassica napus Canola 
Bhavna Hurgobin1, Agnieszka Golicz2, Philipp E. Bayer1, Juan Montenegro2, Isobel Parkin3, Rod Snowdon4, Jacqueline Batley1 
and David Edwards1, (1)University of Western Australia, Perth, Australia, (2)University of Queensland, Brisbane, Australia, 
(3)Agriculture and Agri-Food Canada, Saskatoon, SK, Canada, (4)Justus Liebig University, Giessen, Germany 
With the increasing number of genome sequencing projects, there is growing evidence that a single individual is insufficient to capture the 
genetic diversity within a whole species due to gene presence absence variation. Therefore, the construction of a pangenome is essential as it can 
help us understand the variation within a species. The pangenome represents the complete set of genes for a given species. It is composed of core 
genes, which are present in all individuals, and variable or dispensable genes, which are present in some but not all individuals. Here we describe 
the construction of a pangenome for Brassica napus canola, which is one of the major oilseed crops in the world. There is currently only one 
public reference available for canola, which is the European winter variety, Darmor. While the availability of this genome reference can advance 
crop improvement, it is unknown how well it represents the genome diversity found in existing canola lines especially since extensive breeding 
has greatly reduced the genetic diversity present in those lines. We applied an iterative mapping and assembly approach to construct the canola 
pangenome. This is the first study of the Brassica napus canola pangenome and provides insight into canola genome diversity as a basis for 
genomics-based improvement of this important oilseed crop. 
 
W010: Analysis of Complex Genomes 
Tremendous Transfer – Intracellular and Horizontal Gene Transfer in the Genome of the Basal Angiosperm Amborella 
trichopoda 
Julia Naumann1, Eric Kenneth Wafula1, Jeffrey Palmer2 and Claude dePamphilis1, (1)Penn State University, University Park, PA, 
(2)University of Indiana, Bloomington, IN 
Amborella trichopoda, most likely sister to all other extant angiosperms, is the only “basal angiosperm” that has sequenced nuclear and 
organellar genomes. The Amborella mitochondrial genome is extremely unusual owing to its record-setting content of foreign DNA (Rice et al. 
2013). The origins of the foreign DNA are the Amborella plastid genome and mitochondrial genomes of other angiosperms, mosses, and green 
algae, acquired via both intracellular and horizontal gene transfer. The phylogenetic diversity of the foreign DNA derives from epiphytic plants 
that grow all over Amborella. The ability to produce new shoots from wounded branches may also have contributed to the high degree of 
horizontal gene transfer. Intracellular gene transfer, on the other hand, is common in plants, especially in the mitochondrial and nuclear genomes. 
Given the unique mitochondrial genome, the nuclear genome of Amborella could be a potent recipient of organellar and foreign DNA. Here we 
address: 1) whether the nuclear genome also shows evidence of extreme levels of HGT and IGT (intracellular transfer between compartments of 
the cell), 2) how patterns of IGT and HGT are being used to understand when and how these massive transfers may have occurred, and 3) the 
kinds of analyses that are most effective at detecting and understanding these processes in Amborella and other plants. 
 
W011: Analysis of Complex Genomes 
Deciphering Complex Structural Variation with Linked-Reads 
Jill Herschleb, Sarah Garcia, Sofia Kyriazopoulou-Panagiotopoulou, Andrew Wei Xu, Claudia Catalanotti, Patrick Marks, Michael 
Schnall-Levin and Deanna Church, 10x Genomics Inc., Pleasanton, CA 
The association of chromosomal abnormalities with human disease was an important milestone in human genetics. Initial studies focused on 
direct observations of chromosomes using cytogenetic techniques. Newer methods such as aCGH have improved throughput and resolution, 
though at the cost of only detecting unbalanced SVs in targeted areas. Advances in high-throughput sequencing (HTS) show the potential to 
revolutionize the field. The use of HTS theoretically provides the ability to obtain information for both balanced and unbalanced events, but in 
practice this isn’t often achieved. Detection of large scale SVs is plagued by the fact that SVs are often mediated by breakpoints at repetitive 
sequences, for which standard short-read sequencing doesn’t provide unambiguous information. We have developed a new technology (Linked-
Reads) that allows us to couple the power and accuracy of short read sequencing with long range information, providing the needed power for 
SV detection when compared to standard short read methods. We demonstrate the power of Linked-Reads to detect multiple types of structural 
variants, both balanced and unbalanced, in cancer and germline samples. In particular, we show identification of both balanced and unbalanced 
SVs larger than 30 Kb as well as power to detect substantially smaller deletion events. We demonstrate the power of Linked-Reads to identify 
translocations as well as more complex events involving multiple breakpoints. Our results on Linked-Reads demonstrate the potential to use a 
single assay and informatics system to perform molecular cytogenetics. 
 
W012: Analysis of Complex Genomes 
A New Pepper Genome Built Using Long-Range Short-Read Technology Allows Direct Comparison of Pungent and Non-
Pungent Types 
Amanda M. Hulse-Kemp1, Shamoni Maheshwari1, Kevin Stoffel1, Theresa Hill1, David Jaffe2, Neil Weisenfeld2, Vijay Kumar2, 
Preyas Shah2, Michael C. Schatz3, Deanna Church2 and Allen Van Deynze1, (1)University of California, Davis, CA, (2)10x 
Genomics Inc., Pleasanton, CA, (3)Johns Hopkins University, Baltimore, MD 
The pepper genome is one of the largest in Solanaceae at approximately 3.5 Gigabases and is comprised largely of repetitive elements estimated 
at 75-80% of the genome. Pepper is a diploid species that has multiple draft genome reference sequences developed using next generation 
sequencing technology with short reads. However these genomes are largely comprised of a large number of small scaffolds with 37,989 
scaffolds in the CM334, 967,017 scaffolds in the Zunla-1, and 1,973,483 scaffolds in the Chiltepin genomes with the largest scaffold N50 at 
2.47Mb in the CM334 assembly. Recently third generation technologies have been released that capture long range sequence information in 
order to enhance the ability of generating higher quality reference sequences with a smaller number of larger scaffolds. These results have been 



promising on many different species in not only improving existing genomes, but generating new genomes de novo. Ability of breeders and 
researchers to use the pepper genome for improvement of the crop is dependent on a high-quality reference that provides anchoring and ordering 
of the majority of the sequence. Thus we have targeted the 10X Genomics Chromium® technology to create a high quality pepper genome, by 
taking advantage of the long-range information together with affordable short-read technology. 10X Chromium not only builds on scaffolds, but 
allows for de novo genome assembly in a fraction of the time and cost with little input DNA. Importantly, the resulting assembly is phased as 
part of the assembly process, allowing for in depth analyses of heterozygous regions and CNVs. Initial results indicate a significant improvement 
over any pepper short read genome assembly allowing for unprecedented ability for looking into the biology between the differences of pungent 
and non-pungent peppers. 
 
W013: Analysis of Complex Genomes 
Sequence Analysis Using the LOGAN (LOssless Graph-based ANalysis) Framework 
Tony Bolger, RWTH Aachen University - Institute for Biology 1, Aachen, Germany and Bjoern Usadel, Forschungzentrum Juelich 
& RWTH Aachen, Aachen, Germany 
The sequencing revolution has enabled a broad range of biological investigations to be undertaken at dramatically reduced cost. 
However, limitations in the bioinformatic approaches used to analyse these datasets produce sub-optimal results. Reference-based 
approaches, typically using a set of linear reference molecules, are inherently biased and cannot handle divergent or entirely novel regions. The 
alternative, de novo assembly, requires massive datasets, is computationally challenging and typically produces highly fragmented results. 
Furthermore, the established assembly approaches are strongly tailored to specific kinds of sequence datasets, with the De Bruijn Graph (DBG) 
approach suitable for short reads, and the Overlap-Layout-Consensus (OLC) approach used for long reads. As a result, it is difficult to efficiently 
assemble hybrid datasets consisting of both short and long read data. It is also challenging to exploit existing reference sequences within an 
assembly-based approach. To address these problems, we have developed a new sequence analysis framework, LOGAN. This allows the 
combined analysis of reads from short and/or long read datasets, optionally supplemented with genome or pan-genome references, in a highly 
efficient data structure. This approach avoids both the information loss inherent in the fragmentation step of DBG assembly and the lack of 
scalability of the OLC approach, while allowing flexible integration of reference sequences. Since all input sequences are represented within a 
single data structure, it offers the potential to use statistically robust techniques on the complete dataset throughout the analysis, avoiding the 
crude heuristics typically used. 
 
W014: Analysis of Complex Genomes 
Maize Genome Modification: Technology and Applications 
Doane Chilcoat, DuPont Pioneer, Johnston, IA 
RNA guided CRISPR-Cas9 has rapidly become the technology of choice for maize genome editing due to its simplicity, efficiency and 
versatility. We have made several improvements to the commonly used SpCas9 genome editing system, including (1) the discovery and 
characterization of novel nucleotide-directed endonucleases with unique biochemical and biophysical properties, and (2) the development of 
marker-free, DNA-free, genome editing methodologies. We have established a robust genome editing process for maize that includes best 
practices for guide selection, Agrobacterium and biolistic optimized delivery of Cas9, Illumina sequencing approaches for examining genome 
editing activities, and transformation technologies that enable germplasm independent transformation. Using our pipeline, we have created non-
transgenic hybrids with improved output characteristics and agronomic traits directly in elite germplasm. Additionally, we utilize this powerful 
tool to enable transgenic trait stacking and provide insight into gene expression by position effects. 
 
W015: Animal Epigenetics 
Epigenetic Regulation in Chicken Germ Stem Cell Differentiation 
Jiuzhou Song1, Yanghua He1 and Bichun Li2, (1)University of Maryland, College Park, MD, (2)Yangzhou University, Yangzhou, 
China 
 
W016: Animal Epigenetics 
Small Non Coding RNA from Frozen Bull Sperm Cells: A Biomarker Panel of Male Fertility 
Eli Sellem1, Sylvain Marthey2, Hélène Kiefer3, Chrystelle Le Danvic1, Aurelie Bonnet1, Jean Philippe Perrier3, Luc Jouneau3, 
Andrea Rau2, Helene Jammes3 and Laurent Schibler1, (1)Allice R&D Department, Paris, France, (2)UMR GABI, INRA, Université 
Paris Saclay, Jouy en Josas, France, (3)UMR BDR, INRA, ENVA, Université Paris Saclay, Jouy en Josas, France 
New sperm function in embryo development have emerged recently, relying on their small noncoding RNAs (sncRNAs) content. Indeed, 
involvement of sperm-borne miRNAs in mouse epigenetic inheritance has been evidenced and paternal sncRNAs have been shown to be 
dispensable for fertilization but crucial for the development of zygotes and 2 cells-embryos. Our study was conducted to unravel the sncRNA 
content from bull frozen sperm cells and identify miRNA associated with fertility. Total RNA was extracted from 40 ejaculates originating from 
Holstein and Montbeliard bulls with contrasting fertility, using a novel enhanced protocol. The two quality controls were done on RNA to 
measure RNAs quantities (Qubit technology) and check whether a reference miRNA (miR125) could be detected by RTqPCR. NGS sequencing 
libraries were prepared using small RNA (<200 nucleotides) and sequenced at modest depth (40 million 50 bp single reads, Illumina HiSeq; 
Exiqon). Two thirds of the reads could be annotated as miRNA (16%), rRNA (13%), tRNA (7.5%), long non coding RNA (7.2%), as 
mitochondrial RNA (6.5%) and mRNA (17%). The remaining unknown sequences are consistent in terms of size with piRNA, which are known 
to be expressed spermatocytes, spermatids and sperm cells. By the use of miRDeep2 software, 3196 miRNA expressed in all samples have been 
identified, including 583 known and 2613 putative miRNAs. Statistical analysis carried out using the DESeq2 package, emphasized 47 
differentially expressed miRNA between fertility groups. This study highlights the potential of sperm cells’ sncRNA as biomarkers for bull 
fertility. 
 
W017: Animal Epigenetics 



Differential Expression of miRNA-423-5p in Cattle Challenged with Bovine Viral Diarrhea Virus 
Tasia M. Taxis, USDA/ARS, Ames, IA 
Bovine viral diarrhea virus (BVDV) is an RNA virus that causes respiratory disease in cattle. MicroRNAs have been proposed as indicators of 
exposure to respiratory pathogens. However, microRNA profiles in cattle exposed to BVDV are currently nonexistent and few studies have been 
reported; therefore, the objective of this study was to identify microRNAs in cattle that were challenged with a non-cytopathic field strain of 
BVDV. Five colostrum deprived neonate Holstein calves were challenged with BVDV (treatment) and 4 were mock challenged (control). Serum 
from all calves was collected at 4 time points: (1) baseline, collected prior to challenge; (2) acute response, collected 4 days post challenge; (3) 
recovery response, collected 9 days post challenge; and (4) post response, collected 16 days post challenge. Due to limiting animal space in a 
biosafety level 2 facility, the experiment consisted of two phases. RNA was extracted from sera, and small non-coding RNAs were obtained 
using next-generation sequencing. A total of 905,861 sequences were identified as microRNAs. Bta-miR-423-5p was identified (P = 0.007) as 
being differentially expressed between challenged and control animals across time points. In treatment animals, bta-miR-423-5p peaked from 
baseline levels during acute response then steadily declined, while the number of sequences among control animals steadily declined until after 
recovery response. Other studies have identified the differential expression of bta-miR-423-5p between cattle challenged with mycoplasma and 
control animals. Further studies are needed to establish if bta-miR-423-5p could potentially be used as a biomarker for exposure to BVDV. 
 
W018: Animal Epigenetics 
Long Non-Coding RNA- Occurrence and Emerging Roles in the Bovine Genome 
Eveline M. Ibeagha-Awemu, Pier-Luc Dudemaine, Duy N. Do and Nathalie Bissonnette, Agriculture and Agri-Food Canada, 
Sherbrooke Research and Development Centre, Sherbrooke, QC, Canada 
The vast majority of mammalian non-coding RNA transcripts are long non-coding RNA (lncRNA). Emerging research indicates roles for 
lncRNAs in many biological processes, tissue specificity and association with disease as well as a myriad of functions. While extensive work has 
been done on the identification and functional characterization of lncRNA in the human genome, the lncRNA repertoire of the bovine genome 
and other farm animal species is less explored. Recently, we have characterized the lncRNA transcriptome of the bovine mammary gland and 
gastro-intestinal-tract (GIT) of calves. We identified 4955 lncRNAs in the mammary gland of mi-lactation Holstein cows including 32 lncRNAs 
that were differentially expressed (DE) following dietary supplementation with 5% linseed oil. Some DE lncRNAs were collocated with reported 
QTL for fat and lactation traits. Enrichment of positional genes nearby DE lncRNAs revealed metabolic pathways and biological processes 
(cytokines, immunological and hormone responses) significant for regulatory networks of lncRNAs. Weighted correlation network analysis 
identified important modules and key lncRNAs for milk fat, protein and urea, and blood triglyceride and non-esterified fatty acid. Additionally, 
we identified 1991 and 4244 lncRNAs in the ileum and colon tissues of calves, respectively. Moreover, 12 and 500 lncRNAs were DE between 
ileum and rumen tissues, respectively, collected during the pre-weaning and the post-weaning periods. Furthermore, 19 lncRNAs were common 
between ileum and mammary gland tissue, 43 between ileum and rumen and one between rumen and mammary gland tissue. This data suggest 
roles for lncRNA in mammary lipogenesis, lipid synthesis/metabolism, and in the growth and development of the GIT. 
 
W019: Animal Epigenetics 
Methylation Analysis in Blood Cells: Epigenetic Marks of Health in Dairy Cattle 
Helene Jammes, UMR BDR, INRA, ENVA, Université Paris Saclay, Jouy en Josas, France 
 
W020: Animal Epigenetics 
Whole Genome Bisulfite Sequencing of Three Tissues Related to the Bovine Reference Genome 
Stephanie McKay1, George E. Liu2, Yang Zhou2, Rick Tearle3, Emanuele Capra4, Marcello Del Corvo5, Bonnie Cantrell1, 
Benjamin D. Rosen6, John Williams7, Paolo Ajmone Marsan8 and Alessandra Stella9, (1)University of Vermont, Burlington, VT, 
(2)Animal Genomics and Improvement Laboratory, USDA-ARS, Beltsville, MD, (3)University of Adelaide, School of Animal and 
Veterinary Science, Roseworthy, Australia, (4)Institute of Agricultural Biology & Biotechnology - CNR, Lodi, Italy, (5)Parco 
Tecnologico Padano, Lodi, Italy, (6)ARS, USDA, Beltsville, MD, (7)Davies Research Centre, University of Adelaide, South 
Australia, Australia, (8)Research Center on Biodiversity and Ancient DNA – BioDNA, Piacenza, Italy, (9)PTP Science Park, Lodi, 
Italy 
Phenotypic variation in economically important complex traits in cattle is regulated by genetics and environment, the latter by means of 
epigenetic mechanisms. Knowledge of the epigenetic contribution to phenotypic variation will require the bovine epigenetic landscape to be 
explored, which will rely upon high resolution sequencing data. Here, we used whole genome bisulfite sequencing (WGBS) to gain a single base 
pair resolution characterization of the methylome of liver, mammary gland and longissimi dorsi tissues from L1 Dominette 01449. An average of 
350 million sequence read pairs were generated from each tissue, of which over 80% mapped to the reference genome. Initially, data were 
assessed to determine the correlation of cytosines detected throughout the genome with cytosine density of the genome. Next, methylated and 
non-methylated CGs, as well as methylated CHG (H= A, C or T) and CHH were measured and annotated. Subsequently, uneven distribution 
patterns of methylation throughout the genome were investigated. Finally, methylation patterns were compared among tissues and the effect of 
differentially methylated cytosines on gene expression was examined. This in-depth characterization of the methylome provides an epigenetic 
reference which can be used to elucidate the epigenetic contribution to variation in economically important traits and diseases. 
 
W021: Animal Genomics and Adaptation to Climate Change 
Small Ruminant Genomics and Adaptation to Climate 
Licia Colli1,2, Estelle Rochat3, Marcello Del Corvo1, Mario Barbato1, Marco Milanesi1,4, Solange Duruz3, Andrea Talenti5, 
Alessandra Stella6, Stéphane Joost3, Paola Crepaldi5, Paolo Ajmone Marsan1,2 and ADAPTmap Consortium6, (1)Inst. of 
Zootechnics, Università Cattolica del S. Cuore, Piacenza, Italy, (2)Research Center on Biodiversity and Ancient DNA – BioDNA, 
Piacenza, Italy, (3)EPFL École polytechnique fédérale de Lausanne, Lausanne, Switzerland, (4)Faculdade de Ciências Agrárias e 



Veterinárias, UNESP - Univ. Estadual Paulista, Araçatuba (SP), Brazil, (5)Department of Veterinary Science and Public Health - 
University of Milan, Milan, Italy, (6)PTP Science Park, Lodi, Italy 
Understanding molecular mechanisms underlying livestock adaptation to environmental challenges is a key factor to develop a “climate-smart” 
agriculture, able to quickly respond to the rapid climatic changes envisaged for the next decades. Thanks to the availability of landscape genomic 
tools and medium-density DNA array data, we explored livestock adaptation to diverse environmental conditions, by focusing on sheep and goat 
populations reared in a spectrum of different regional climates worldwide. Sheep data from the International Sheep Hapmap project and goat data 
from the ADAPTmap initiative have been analysed with MatSAM and Samßada software, respectively. In sheep we identified 230 SNPs with 
evidence for climate-driven selection pressure. Gene ontology analysis of genes found within linkage distance from the selected SNPs identified 
17 candidates significantly over-represented for biological processes related to energy metabolism, and endocrine and autoimmune regulation. In 
goats a total of 66 SNPs significantly associated with environmental variables were identified, with the highest numbers of significant 
associations occurring on chromosomes 5, 7, 14 and 22. Among the 27 genes found within linkage distance from these SNPs, seven were 
previously recorded to be involved in biological functions related to feed intake, dairy production, immune system, and wool follicle 
development in several livestock species. The environmental variables appearing in the most significant models were the maximum temperature 
in February, followed by temperature seasonality. 
 
W022: Animal Genomics and Adaptation to Climate Change 
Cattle Genoimics and Adaptation to Climate Change 
Dawn A Koltes1, Sarah K Chewning1, Jeremy G Powell1, Laura M Meyer1, John Tucker2, Donald S Hubbell, III2 and James E. 
Koltes1, (1)Department of Animal Science, University of Arkansas, Fayetteville, AR, (2)Division of Agriculture , University of 
Arkansas, Batesville, AR 
Tall fescue grass is grazed by >8.5 million cattle in the southern US. A fungal endophyte in fescue confers heat and drought tolerance, but 
produces ergot alkaloid mycotoxins (i.e. ergot valine) that increase susceptibility to heat stress in cattle. Ergot alkaloid toxicity causes 
vasoconstriction, reduced serum prolactin concentrations, increased body temperature and reduced animal growth and reproductive performance. 
The objective of this study is to identify new biomarkers of heat and toxic fescue stress. A total of 100 fall-calving cows were selected for 
allocation to pasture treatments (N=50 toxic; N=50 non-toxic), with ergot valine levels monitored monthly. Within pasture, two different sire 
breeds (Hereford and Charolais) were phenotyped during cold (March) and hot (August) ambient temperatures. Phenotypes collected included: 
hair shedding, body weight, body condition score (BCS), respiration rate, caudal vein blood pressure, and rectal temperature. Blood samples 
were collected to measure prolactin, metabolites, minerals, general immune cells and RNA. Samples were also collected to assess microbiomes. 
During the final week of the study, iButton thermosensors recorded vaginal temperatures every 5 minutes during greatest heat stress. Significant 
differences due to pasture treatment were observed for body weight (p<0.02), BCS (p<0.05), respiration rate (p<0.002) and blood pressure 
(p<0.02). Phenotypic differences were observed due to ambient temperature for body weight, BCS, respiration rate, and rectal temperature 
(p<0.0001) with significant pasture by ambient temperature interactions for rectal temperature and respiration rate (p<0.0001) and BCS 
(p<0.007). Additional analyses to identify biomarkers associated with heat and fescue toxin stress are underway. 
 
W023: Animal Genomics and Adaptation to Climate Change 
Heat Stress Induces Autophagy in Pig Ovaries during Follicular Development 
Benjamin Hale, Iowa State University, Ames, IA 
Hyperthermia or heat stress (HS) compromises swine reproduction through many mechanisms and occurs when body temperature rises above a 
level no longer controllable by panting and evaporative cooling. Autophagy is a process by which somatic cells recycle energy through the 
reutilization of cellular components and is activated by a variety of stressors. The objective of this study was to characterize autophagy-related 
protein abundance and localization in the ovary following cyclical HS experienced during the follicular phase preceding ovulation. To 
accomplish this, twelve gilts were synchronized using an altrenogest (a progesterone receptor agonist) administered orally for 14 days and 
subjected for cyclical HS (n = 6) or thermal neutral (TN; n = 6) conditions for 5 days following altrenogest withdrawal during the follicular 
phase. Ovarian protein abundance of BECN1 and LC3B-II were each elevated approximately 5-fold as a result of HS (P = 0.001 and 0.003, 
respectively). Regulation of autophagy and apoptosis occurs in tight coordination, and BCL-XL can regulate both processes. BCL-XL 
abundance, as detected via immunofluorescence, was increased in both oocytes (~1.6-fold; P < 0.01) and granulosa cells of primary follicles 
(~1.4-fold P < 0.05) in HS compared to TN ovaries, suggesting inhibition of apoptosis. These results suggest that induction of autophagy occurs 
in the ovary in response to HS during the follicular phase, and that HS increases anti-apoptotic signaling in oocytes and early follicles. 
Understanding how HS affects the ovary is critical to mitigate heat stress-mediated compromise of reproductive ability in domestic livestock 
species. 
 
W024: Animal Genomics and Adaptation to Climate Change 
Characterizing Responses to Heat Stress and Immune Stimulation Using Transcriptomics in Chicken Immune Tissues 
Melissa S. Monson1, Angelica G. Van Goor1, Chris M. Ashwell2, Michael E. Persia3, Max F. Rothschild1, Carl J. Schmidt4 and 
Susan J. Lamont1, (1)Iowa State University, Ames, IA, (2)North Carolina State University, Raleigh, NC, (3)Virginia Polytechnic 
Institute and State University, Blacksburg, VA, (4)University of Delaware, Newark, DE 
Heat stress negatively impacts poultry health and performance, including growth rate, egg production, and disease resistance. Although 
decreased circulating antibody levels, increased pathogen shedding, and other immunosuppressive effects of heat stress have been characterized 
in chickens, the mechanisms underlying these reduced immune responses need to be better understood to improve poultry heat tolerance and 
immune capabilities. RNA-sequencing (RNA-seq) was used to provide a transcriptome-wide measure of the effects of exposure to high 
temperatures in three chicken immune tissues (spleen, bursa and thymus) from two genetic lines (a heat tolerant inbred Fayoumi line and a heat-
susceptible outbred broiler line). At 22-days-old, chickens were exposed to acute heat stress and/or lipopolysaccharide (LPS) in four treatments 
(Thermoneutral + Saline, Thermoneutral + LPS, Heat + Saline, and Heat + LPS). Responses to bacterial LPS were included to model 
endotoxemia and investigate heat stress interactions with a pro-inflammatory stimulus. Indexed cDNA libraries from individual tissue samples (n 



= 3-4 libraries/tissue/treatment/line) were sequenced using the Illumina HiSeq 2500. Differential expression analyses identified 1,300-2,500 
significant genes in each tissue, with greater responses in spleen and bursa in Fayoumi, and in thymus in broiler. Pathway analyses further 
revealed distinct responses in each tissue and each genetic line. Expression changes in cell adhesion, cell signaling, and immune pathways 
provide insight into the effects of heat stress on immune tissues and targets to improve heat tolerance and disease resistance in chickens. USDA-
NIFA-AFRI Climate Change Award #2011-67003-30228; the USDA National Institute of Food and Agriculture, Hatch project #5358. 
 
W025: Animal Genomics and Adaptation to Climate Change 
Integrated Analysis of Liver Transcriptome and Metabolome Response to Heat Stress 
Carl J. Schmidt1, Sara F. Jastrebski1, Allen Hubbard1 and Susan J. Lamont2, (1)University of Delaware, Newark, DE, (2)Iowa 
State University, Department of Animal Science, Ames, IA 
As climate warms, the anticipated increase in the length and severity of heat waves is expected to have a negative impact on livestock 
production. To model the impact of a heat wave, these experiments exposed broiler chickens to cyclic heat stress (35oC) for 8 hours per day for 7 
days. After the 8 hours, the temperature was reduced to thermoneutral (25oC). Control birds were maintained at 25oC throughout the course of the 
trial. At the end of one week, necropsies were performed and tissues isolated from both treated and control birds. Transcriptomic and 
metabolomic analyses were performed on liver samples. Integrated analysis of the data identified several responses to the heat stress including 
differences affecting: the cell cycle, glycolysis, gluconeogenesis, lipolysis, lipogenesis and glutathione levels. 
 
W026: Aquaculture 
Epigenetics in Salmonids: Impacts of Rearing Environment, Hybridization and Inbreeding  
Louis Bernatchez1, Martin Laporte2 and Jeremy Le Luyer2, (1)Université Laval, Québec, QC, Canada, (2)University Laval, 
Quebec, QC, Canada 
Epigenetic variation meets the requirements for evolution by natural selection: it is ubiquitous, controls the expression of adaptive traits, and may 
be inherited over generations. An epigenetic perspective also offers opportunities not entirely predicted by underlying genotypes. Here, we report 
on three studies that investigated environmental and genetic determinants of methylation variation and their possible fitness consequences. First, 
Venney et al. (2016) used a targeted multigene approach in Chinook Salmon to provide the first evidence of epigenetically-based inbreeding 
depression in vertebrates. They also showed that methylation changes associated with inbreeding depression are targeted to specific genes and 
are not whole-genome effects. In the other two case studies from our group, we performed  genome-wide methylation profiles using RRBS to: i) 
document the effect of rearing environment in Coho Salmon and ii) investigate the impact of hybridization between two ecotypes for the Lake 
Whitefish differing in life history traits. Both studies showed that genomes were strongly methylated (~80%). No large scale difference of 
methylation levels were observed while differences in specific regions were associated with rearing habitats or ecotypes. In Coho, genomics 
variation was only explained by geographical location whereas epigenetic variation was equally explained by rearing environment and origin. 
For Whitefish, specific patterns of methylation were associated with ecotypes reared in a common environment, while hybrids were more similar 
to the dwarf ecotype. These studies highlight the relevance of integrating methylation monitoring for a better understanding of acclimation and 
adaptation of fish to either captive or natural environments.  
 
W027: Aquaculture 
Genome Biology of Maraena Whitefish (Coregonus maraena, BLOCH, 1779) for Preservation of Baltic Fish Biodiversity 
Tom Goldammer1, Ronald M. Brunner1, Alexander Rebl1, Frieder Hadelich1, Andreas Brietzke1, Andreas Borchel2, Simone 
Altmann1 and Mareen Nipkow1, (1)Leibniz Institute for Farm Animal Biology (FBN), Dummerstorf, Germany, (2)SLRC-Sea Lice 
Research Centre, Department of Biology, University of Bergen, Bergen, Norway 
Maraena whitefish (Coregonus maraena, BLOCH, 1779) is a high-quality salmonid food fish with considerable economical relevance in the 
Baltic area. Due to men-caused habitat loss and some unsustainable restocking activities over the last decades, natural reproduction of whitefish 
populations of the Southern Baltic in the adjacent Odra river basin (about 124,000 km²) has almost come to a halt. The fish is registered as 
vulnerable species on the IUCN red list. Aquaculture of local maraena whitefish populations is an option for the successful conservation of 
genetic variability and thus sustainable fisheries as well as preservation of Baltic fish biodiversity. However, modern, sustainable, and effective 
aquaculture approaches depend on molecular and immunologically well characterized robust and fast-growing maraena whitefish breeding 
lines. Doubtlessly, the utilization of genome sequencing techniques and the identification of genetic bioindicators can contribute to this aim. 
This, and unavailable gene or genome sequence information in databases for further research made the structural analysis of the maraena 
whitefish genome to a central goal of our research. In a comprehensive sequencing approach, we combined transcriptome sequencing (Roche 454 
FLX Titanium), short-read genome sequencing (Illumina HighSeq) and long-read DNA sequencing (PacBio) of maraena whitefish. While 
genome sequence assembly is on its way, first results are presented and obstacles of this analysis are discussed. Based on sequencing data, we 
present recent results of our work on the development of efficient tools for functional genome analyses on maraena whitefish including the 
identification and validation of bioindicators for well-being.  
 
W028: Aquaculture 
A Genomic Toolbox (genome, transcriptome and GBS) for the New Zealand Greenshell™ Mussel (Perna canaliculus) 
Rachael Ashby1,2, Hayley Baird1, Rudiger Brauning3, Rayna Anderson3, Tracey Van Stijn3, Kim Rutherford2, Chris Brown4, Neil 
Gemmell2 and Shannon Clarke3, (1)AgResearch Ltd, Invermay Agricultural Centre, Mosgiel, New Zealand, (2)University of Otago, 
Department of Anatomy, Dunedin, New Zealand, (3)AgResearch, Invermay Agricultural Centre, Mosgiel, New Zealand, 
(4)University of Otago, Department of Biochemistry, Dunedin, New Zealand 
Aquaculture is a growing industry globally, but a lack of genomic resources limits effective genetic selection in this sector. The Greenshell™ 
Mussel (GSM) is an endemic mollusc of economic importance for the New Zealand aquaculture industry. The GSM breeding program requires a 
panel of single nucleotide polymorphism (SNP) markers for assessment of genetic diversity and differentiation, parentage assignment, inbreeding 
estimation, genomic selection and genome wide association studies. However, mussels are highly heterozygous species, which reduces the 



accuracy of identifying SNPs without a reference genome. There are currently only 10 mollusca genomes publically available; only two are for 
mussel species and these are only partially assembled. We have tested and defined an optimal pipeline to assemble a draft genome of GSM using 
a combination of Illumina short reads and Illumina TruSeq Synthetic Long-Reads. This assembly is a massive improvement on currently 
available genomes for mussels (77% partial CEGMA genes compared with 43% in the published Mytilus galloprovincialis assembly). In 
addition, we have assembled the GSM transcriptome and used this to further scaffold our genome assembly. This is the first genome assembly 
for the Perna genus and the first transcriptome for GSM. The genome has been utilized to develop an optimised Genotyping-by-Sequencing 
(GBS) pipeline to enable and enhance the productivity of GSM and potentially other species. 
 
W029: Aquaculture 
Genome Sequencing of 20 Tasmanian Atlantic Salmon Used to Characterize Multiple Loci Associated with Sex 
Determination 
James Kijas, CSIRO Agriculture, Brisbane, Australia 
Farmed Atlantic salmon is globally important, including in Australia where selective breeding has been in progress since 2004. To explore 
aspects of population diversity and evolution, we selected 20 animals from the Tasmanian breeding population for whole genome sequencing. 
This generated 38X average mapped coverage per fish using Illumina short read technology, before variants were called against reference 
genome assembly ICSASG_v2. A total of 13.6 M variants were identified after quality filtering, comprising 10.1 M SNP and 3.5 M indels. 
Patterns of SNP variation allowed unbiased comparisons to be made against European and North American derived salmon genomes, and PCA 
of genetic distance was performed to reveal significant splits between populations. A particular focus was applied to genomic regions likely to 
direct sex determination. We performed SNP chip based GWAS using 2889 animals to confirm an earlier report describing the presence of at 
least 3 distinct loci controlling sex determination. To characterize these genomic regions, raw reads were mapped against an available sdY BAC 
contig generated from a male fish. Analysis of read depth and SNP heterozygosity in male and females revealed the precise breakpoints bounding 
the male specific region. We then compared sdY region SNP haplotypes between males, and found divergence corresponding to sex lineage 
membership. We have used these findings to draw conclusions about the likely evolutionary pathway that has generated multiple sex lineages in 
Tasmanian Atlantic salmon. 
 
W030: Aquaculture 
Development of a Genotyping-in-Thousand By Sequencing (GT-seq) Panel for Traceability in Chilean Blue Mussel 
Cristian Araneda1, M. Angelica Larrain2, Nathan Campbell3, Felipe Jilberto1, Qingchao Wang4 and Shawn Narum3, 
(1)Universidad de Chile, Depto. de Produccion Animal, Santiago, Chile, (2)Universidad de Chile, Departamento de Ciencia de los 
Alimentos y Tecnología Química, Santiago, Chile, (3)Columbia River Inter-Tribal Fish Commission, Hagerman, ID, (4)Huazhong 
Agricultural University, College of Fisheries, Wuhan, China 
Genomics technology allows development of thousands of SNP markers in non-model species in a fast and affordable way. However, genotyping 
thousands of SNPs is unnecessary for many studies, and can be difficult, time consuming and expensive if only a small panel of markers is 
necessary to address research questions. GT- seq is a method for amplicon sequencing a relatively small number of SNP in many samples based 
in NGS technology. Here we developed a GT-seq panel of 90 SNPs for Mytilus chilensis and tested it in 576 samples of M. chilensis, M. 
galloprovincialis, M. edulis, M. trossulus, and mixed populations collected in Chile, California, Canada, China, Falkland Islands, Poland, and 
Spain. Initially 153 SNPs were evaluated for inclusion in the GT- seq panel. By evaluating results of a test plate, we selected loci with high 
genotyping rates (>75%) and concordance (>75%) with a previous genotyping method (Sequenon® or RAD-seq). Missing genotypes from 
RAD-seq data were the cause of most of the discrepancies between methods as opposed to discordant genotypes. The final GT-seq panel 
included 16 EST-SNPs and 74 RAD-SNPs. These SNPs were tested for species identification, assignment of individuals to geographical origin 
(only in Chilean samples), and temporal stability of allele frequencies in two Chilean populations. For species identification, 46 loci were 
included in the panel differentiating M. chilensis from other mussels. Also promising results were obtained in testing geographical origin with the 
90 SNP panel, but more SNPs are necessary to improve accuracy for fine scale applications of traceability. Grants FONDECYT 1130302 & 
FONDEF ID16I10013 
 
W031: Aquaculture 
Identification of Differentially Expressed a. Salmon Mirnas Responding to Salmonid Alphavirus Infection; Genome 
Analysis and Target Gene Predictions Suggest Many Mirnas Participate in Negative Feedback Networks in the Innate 
Immune System 
Nardos Tesfaye Woldemariam, Oslo and Akershus University college of applied sciences, Oslo, Norway, Oleg Agafonov, 
Bioinformatics Core Facility, IFI, University of Oslo, Oslo, Norway, Hilde Sindre, Norwegian Veterinary Institute, Oslo, Norway, 
Bjørn Høyheim, Department of Basic Sciences and Aquatic Medicine, Faculty of Veterinary Medicine and Biosciences, Norwegian 
University of Life Sciences, Oslo, Norway and Rune Andreassen, Oslo and Akershus University College of Applied Sciences, Oslo, 
Norway 
MicroRNAs (miRNAs) control multiple biological processes including the innate immune responses by negative post-transcriptional regulation 
of gene expression. In this study we aimed to identify miRNAs responding to salmonid alphavirus (SAV) infection. Furthermore, the genome 
sequences of the identified miRNAs were analysed to reveal putative cis-regulatory elements, and their putative target genes were predicted.  
Illumina small RNA sequencing and DESeq2 was used in the initial identification of differentially expressed miRNAs (DE miRNAs). RT-qPCR 
assays were applied to reveal expression of the individual DE miRNAs at different time points post infection with SAV isolates associated with 
different mortality (cardiac tissue samples, n=89). Viral load was measured by use of RT-qPCR. RNA hybrid was applied to predict target genes.  
Twenty DE miRNAs were identified. The expression of the majority of these increased post infection with maximum levels reached after the 
viral load were stabilized or decreased. Sixteen of the DE miRNAs were predicted to target 21 innate immune network genes (e.g. IRF3, IRF7, 
viperine, interferone γ). The upstream sequences of the miRNA genes revealed a high density of cis-regulatory sequences known as targets for 



transcription factors involved in immune responses. Our findings suggest that many DE miRNAs are participants in negative feedback networks 
and may prohibit excess inflammatory reactions.  
This is a first step in exploring miRNAs important in viral-host interaction in Atlantic salmon. Their predicted functions need to be validated and 
further studied in functional assays to fully understand their roles in immune homeostasis. 
 
W032: Aquaculture 
Applying Transcriptomic Profiling to the Formulation of Sustainable Feeds for Atlantic Salmon (Salmo salar) 
Albert Caballero-Solares, Department of Ocean Sciences, Memorial University of Newfoundland, St. John's, NF, Canada 
 
W033: Aquaculture 
Identification of Commercial Rainbow Trout Strains Using a SNP Panel 
Sixin Liu1, Yniv Palti1, Kyle E. Martin2, James E. Parsons2 and Caird E. Rexroad, III1, (1)USDA-ARS-NCCCWA, Kearneysville, 
WV, (2)Troutlodge, Inc., Sumner, WA 
Assessment of population genetic differentiation is critical for selective breeding of rainbow trout, and identification of fish strains is often 
required to address production issues arising on fish farms. The objectives of this study were: (1) to characterize the genetic differentiation of the 
eight Troutlodge breeding populations; and (2) to evaluate the accuracy of genetic assignment to identify Troutlodge fish using the SNP (single 
nucleotide polymorphism) panel previously developed for parentage assignment. A total of 1,732 breeders of the eight Troutlodge breeding 
populations were genotyped with the SNP panel. Both phylogenetic tree and structure analyses revealed that the odd year and even year 
populations of the same strain were closely related to each other, and the eight populations were clustered into two groups. Based on the results 
of self-assignment, 97.1% of the Troutlodge breeders were correctly assigned to the population of origin. To further evaluate the accuracy of 
genetic assignment, we also genotyped 280 egg production fish from three Troutlodge populations of known origin, 119 fish from two fish farms 
and 188 fish from four known non-Troutlodge strains. Both egg production fish and farmed fish were correctly assigned to the Troutlodge strain 
of origin. Furthermore, 185 (98.4%) out of the 188 fish from four non-Troutlodge strains could be excluded as Troutlodge fish. In conclusion, 
our previously developed SNP panel for parentage assignment is also useful for characterizing genetic differentiation and has sufficient power 
for genetic assignment of commercial rainbow trout strains used in this study. 
 
W034: Aquaculture 
The Intestinal Immune Responses of Channel Catfish Against Live-Attenuated Edwardsiella Ictaluri Vaccines 
Nawar Al-Janabi, Hossam Abdelhamed, Jingjun Lu, Iman Ibrahim, Wes Baumgartner, Lesya Pinchuk, Mark Lawrence and Attila 
Karsi, Mississippi State University, Mississippi State, MS 
Edwardsiella ictaluri is a facultative intracellular pathogen causing gastrointestinal septicemia in catfish. E. ictaluri invades catfish intestine 
within 15 minutes and establishes a systemic infection. Despite the importance of intestinal route in E. ictaluri infections, intestinal immune 
responses against E. ictaluri are largely unknown. Recently, we developed two live attenuated vaccines protecting catfish against E. 
ictaluri infection. In this work, we report catfish intestinal immune responses against E. ictaluri wild-type and attenuated vaccine strains. To 
achieve our goal, intestinal ligated loops were constructed surgically in live catfish and loops were injected with E. ictaluri strains. 
Histopathological examination showed no significant tissue damage or inflammation in the intestinal tissue exposed to the vaccine strains. In 
contrast, massive expansion of lamina propria with congested and dilated blood vessels and intestinal inflammation was observed in the intestinal 
tissue exposed to wild-type E. ictaluri. Also, immunohistochemical staining revealed a moderate level of neutrophil and B cell infiltration in the 
vaccine injected intestinal tissue compared to that of wild-type injected intestinal tissue. We further assessed the expression levels of IL-1β, IL-8, 
TNF-α, CD4-1, and CD8-α in catfish intestine injected with E. ictaluri strains using quantitative real-time PCR. Vaccine exposed tissue showed 
significantly lower expression of TNF-α, CD4-1, and CD8-α compared to that of the wild-type exposed tissue. All these data suggest that our 
live attenuated vaccines are capable of priming immune responses in catfish without causing damage to the host. 
 
W035: Aquaculture 
Progress on the Genome Characterisation of the Sydney Rock Oyster (Saccostrea glomerata) 
Daniel Powell1, Wayne O'Connor2, David Raftos3 and Abigail Elizur1, (1)University of the Sunshine Coast, Sippy Downs, 
Australia, (2)NSW Department of Industry, Department of Primary Industries, Taylors Beach, Australia, (3)Macquarie University, 
North Ryde, Australia 
The Sydney rock oyster (Saccostrea glomerata) is considered a delicacy in restaurants worldwide and is an economically important cultured 
marine species in Australia. For the last century, oyster farming has been the most valuable aquaculture industry in the state of New South Wales, 
where the production of S. glomerata can reach over USD$26 million per year. Contending with disease and environmental stress are 
considerable challenges to oyster culture and the manipulation of reproductive condition is vital for production and marketing. However, like 
many other shellfish, little is known of the molecular mechanisms underpinning these traits. The generation of a high quality draft genome can 
offer insights into these mechanisms, however, it also presents difficulties due to the high levels of heterozygosity and repetitiveness seen in 
oysters. Here we present a draft S. glomerata genome using over 300X coverage of illumina small insert paired-end and mate-pair libraries with 
an additional Chicago library and HiRise scaffolding from Dovetail Genomics. The draft assembly has a total sequence length of 788 Mb, a 
scaffold number of 10,107 with an N50 of 804 Kb. Ongoing efforts include refining gene models using RNA-Seq data from a range of different 
tissues. The draft genome will serve as a platform to support genetic breeding programs and has already begun to facilitate further research 
investigating the influence of neuropeptides in the regulation of reproduction. 
 
W036: Aquaculture 
Sigbjorn Lien Presentation 
Sigbjørn Lien, Centre of Integrative Genetics (CIGENE), Department of Animal and Aquacultural Sciences, Norwegian University 
of Life Sciences, Aas, Norway 



Salmonid genomics to advance our understanding of genome evolution, adaptation and the genetic architecture of complex traits  
Sigbjørn Lien, Centre for Integrative Genetics, Department of Animal and Aquacultural Sciences, Norwegian University of Life Sciences, 
Norway. 
The release of high-quality genome sequences for rainbow trout and Atlantic salmon bring these species into the post-genomic era and allow 
researchers to engage full arsenal of omics technologies to transform our understanding of evolution and complex biological processes, while 
simultaneously enhancing aquaculture sustainability. These genome projects have delivered key insights into mechanisms for rediploidization 
and functional specialisation of gene duplicates evolving from the ancient autotetraploid ancestor of salmonids. Salmonids are also well suited 
for revealing the genetic basis for adaptive divergence in wild populations that are widely distributed across continents and latitudinal clines. 
Furthermore, independent domestication of several salmonid species facilitates investigations into the genetic basis of contemporary adaptation 
to aquaculture environments. The existence of ancestral wild populations provides a rare opportunity to detect emerging signatures of selection, 
experimentally test effects of these adaptations at the phenotypic level, and utilize systems biology approaches that integrate genes, pathways and 
networks to understand genotype-phenotype links. As a first step towards researching the genetic architecture of adaptation and complex traits 
we have initiated the ‘1000 salmon genomes project’ which seeks to build a comprehensive catalog of genetic variation for Atlantic salmon. The 
project has generated whole genome or exome sequence data from 1056 salmon, encompassing both Aquacultural stocks and wild populations 
from both North America and Europe. Another important initiative is the 'Functional Analysis of All Salmonid Genomes' (FAASG) project that 
aims to coordinating efforts for comprehensive mapping of the functional elements in the salmonid genomes.  
 
W037: Aquaculture 
Identification of Genomic Loci Associated with Maturation in Pacific Coho Salmon (Oncorhynchus kisutch) 
Michelle T.T. Crown1,2, Krzysztof P. Lubieniecki1, Kristen A. Christensen1, Ruth E. Withler3, Janine Supernault3, Robert H. 
Devlin2 and William S. Davidson1, (1)Simon Fraser University, Molecular Biology and Biochemistry Department, Burnaby, BC, 
Canada, (2)Fisheries and Oceans Canada, Centre for Aquaculture and Environmental Research, West Vancouver, BC, Canada, 
(3)Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, BC, Canada 
Reproductive success of salmon is influenced by multiple morphological features, physiological performance, 
and behavioural mating strategies. While certain male-specific traits such as sperm quality can provide a clear 
advantage to reproductive success, the role of precocious sexual maturation (smaller body size and absent 
secondary sexual characteristics) in evolutionary stable strategy is counterintuitive. The genetic basis of early 
maturation (termed jacking in Pacific salmon and grilsing in Atlantic salmon) was previously thought to 
polygenic. However, this was revised with the recent identification of vestigial-like-family-member-3 (vgll3) as 
the main locus for regulating maturation onset in Atlantic salmon. Our current study aims to identify loci 
associated with jacking and survival in Pacific Coho Salmon, Oncorhynchus kisutch. We conducted a 
genome-wide-association-study and mapping analysis on six families from a hatchery population (Inch Creek), 
three of which possessed a high proportion of jacks and three that had a low proportion. Using a Genotype-by-Sequencing approach, EcoT22I 
reduced representation libraries were generated for 654 individuals and 
sequenced on the Illumina HiSeq platform. Two female- and male-specific linkage maps were generated, 
where 3,815 and 3,415 SNP markers, respectively, were mapped onto 30 linkage groups. Preliminary data 
revealed significant markers associated with jacking on linkage groups 15 and 21 on both genetic maps. 
Alignment of early maturation markers to a draft Coho Salmon genome assembly suggests that the genomic 
loci involved is not the Vgll3. This suggests that the molecular mechanism determining age of male maturation 
is not fully conserved between Atlantic salmon and Pacific Coho Salmon. 
 
W038: Aquaculture 
Third Generation Sequencing: Unraveling the Genome and the Immunoglobulin Superfamily Genes in Catfish (Ictalurus 
punctatus) 
Sylvie M.A. Quiniou, USDA-ARS, Stoneville, MS 
 
W039: Aquaculture 
Genotype Imputation to Improve the Efficiency of Genomic Selection in Atlantic Salmon 
Ross D. Houston, The Roslin Institute and R(D)SVS, University of Edinburgh, Midlothian, United Kingdom 
 
W040: Aquaculture 
GWAS of Bacterial Cold Water Disease Resistance in Rainbow Trout Reveals the Potential for a Combined Approach 
Between Genomic Selection and Marker Assisted Selection 
Yniv Palti, USDA-ARS-NCCCWA, Kearneysville, WV 
Genomic selection (GS) incorporates dense SNP marker genotypes with phenotypic data from related animals to predict animal-specific genomic 
breeding value (GEBV). Marker assisted selection (MAS) uses DNA markers linked to positive alleles at a single locus with a major effect on 
the total genetic variation for the trait. The genotyping cost associated with the application of MAS is lower than GS, but to date, it has only been 
effective for traits with single major-effect genes such as IPNV resistance in Atlantic salmon. Here, using a commercial rainbow trout breeding 
population, we conducted genome-wide association study (GWAS) to identify loci that account for at least 1% of the genetic variation for 
bacterial cold water disease (BCWD) resistance in a laboratory disease-challenge model. Combining the results from two GWAS models 
(weighted ssGBLUP and BayesB) we identified seven chromosomal regions with moderate to major effect on four different chromosomes 
(Omy03, 05, 08 and 25). We then evaluated the accuracy of GEBV predictions comparing eight SNP array configurations composed of 45K, 
10K, 3K, 1K, 500, 300, 200, and a panel of 70 SNPs flanking the moderate-major QTL identified by GWAS. As expected, reducing the SNP 
density reduced the accuracy of the genomic predictions, but the panel of the 70 QTL-flanking SNPs had an accuracy of 0.66, which was only 



slightly lower than the accuracy of 0.71 from the full dataset of ~45K SNPs and was equal to the accuracy from the 10K SNPs 
configuration. Using a panel of only 70 QTL-flanking SNPs, we doubled the accuracy of the pedigree-based BLUP model predictions; however, 
further evaluation is required as we are currently uncertain of the extent of linkage disequilibrium between these SNPs and the BCWD resistance 
QTL from one generation to the next. 
 
W041: Aquaculture 
The Genetics of Muscle Color in Atlantic Salmon 
Jacob Seiloe Torgersen1, Marte Sodeland2, Hanna Helgeland2, Nina Zoric2, Dag Inge Våge2, Sissel Kjøglum3, Sven Arild 
Korsvoll3, Nina Santi4, Sigbjørn Lien5 and Thomas Moen6, (1)AquaGen, Kyrkseterora, Norway, (2)NMBU – CIGENE, Ås, 
Norway, (3)AquaGen, Kyrksæterøra, Norway, (4)Aquagen, Norway. Blue Genomics., , Puerto Varas, Chile, (5)CIGENE, 
Norwegian University of Life Sciences, Aas, Norway, (6)AquaGen, Aas, Norway 
The highly appreciated and characteristic red muscle color of many salmonids is the results of astaxanthin deposition in the muscle. In farmed 
Atlantic salmon (Salmo salar), fillet redness is primarily affected by the dietary amount of astaxanthin, but also the genetic background and fish 
health appear to affect the color. If injected intraperitoneally, Atlantic salmon may achieve similar amounts of muscular astaxanthin as salmonids 
in the Oncorhynchus lineage. Thus, there is a bottleneck in the astaxanthin metabolism working against achieving a more intensely red colored 
Atlantic salmon muscle. As recent observations on fillet color show a declining trend, improving muscle redness through use of molecular 
genetics has the potential to improve product quality without increasing dietary astaxanthin levels. We measured fillet color in 6,440 Atlantic 
salmon derived from four year classes, and genotyped the same animals using AquaGen’s 220k- and 50k SNP-chips. GWAS identified three 
major QTL, all of which were highly significant in all year classes. When combined, the QTLs have the potential to improve muscle redness with 
up to 50%. Fine mapping of the region surrounding the highest scoring SNPs resulted in the identification of putative candidate genes and 
putative causative mutations for carotenoid metabolism in Atlantic salmon. The QTLs are being used for marker-assisted selection within the 
AquaGen breeding nucleus as well as for “niche” production of salmon eggs for customers putting particular emphasis on fillet color. 
 
W042: Aquaculture 
A High Quality Assembly of the Nile Tilapia (Oreochromis niloticus) Genome Provides Insights into the Structure of Two 
Sex Determination Regions 
Matthew A. Conte, University of Maryland, College Park, MD 
Tilapias are the second most farmed fishes and an important source of protein around the world. Here we report a high-quality assembly of the 
tilapia genome to support research on traits relevant to aquaculture. We sequenced a homozygous clonal XX female tilapia (Oreochromis 
niloticus) to 44x coverage using PacBio sequencing. We developed 37 candidate assemblies using two different algorithms and a variety of 
parameter settings. We evaluated the quality of these assemblies using likelihood scores calculated from complementary datasets across several 
genomic scales. Principal component analysis was used to select an assembly with a contig NG50 of 3.3Mb. We used physical and genetic maps 
to anchor this assembly to linkage groups (LGs) and to identify 34 likely misassemblies. Each putative misassembly showed a signature 
consisting of high sequence variation in the aligned PacBio reads, as well as low physical coverage in a complementary 40kb-insert Illumina 
library. The sites of these misassemblies contained long (>50kbp) stretches of several different complex transposable element nested repeats. 
Several border large centromeric satellite repeats, which have now been partially assembled for the first time. The overall repeat landscape of the 
tilapia genome, particularly recent transposable element insertions, is now well represented. The final assembly has a contig NG50 of 3.1Mb, a 
total size of 1.01Gbp, and 868.6Mbp of anchored LGs. Finally, the new assembly provides insights into the structure of an ~9Mbp XY sex-
determination region on LG1 in O. niloticus, and a large (~50Mbp) WZ sex-determination region on LG3 in the related species O. aureus. 
 
W043: Aquaculture 
Comparative Genome Analysis of 52 Fish Species Suggests Differential Associations of Repetitive Elements with Their 
Living Aquatic Environments 
Zihao Yuan, Shikai Liu, Tao Zhou, Lisui Bao and Zhanjiang Liu, Auburn University; The Fish Molecular Genetics and 
Biotechnology Laboratory, Auburn, AL 
Repetitive elements are important for genome evolution. Here we report differential association of repetitive elements with the genomes of fish 
living in different aquatic environments. Specifically, Class II transposons are more abundant in freshwater bony fish than in marine bony fish. In 
contrast, marine bony fish harbor more tandem repeats than freshwater species. In addition, Class I transposons were more abundant in primitive 
species such as cartilaginous fish and lamprey than in bony fish. Our results suggested long and active transposition of Type II transposons in 
freshwater fish during evolution and greater levels of polymerase slippage/low levels of fidelity during DNA replication in marine fish. These 
findings indicate potential roles of repetitive elements not only in shaping up the genome architecture, but also in adaptation of aquatic species to 
their environments. 
 
W044: Aquaculture 
Gut Microbiota Diversity of Pre-Smolt Hatchery Steelhead (Oncorhynchus mykiss) Across the Cascade Divide 
Christina C. Yildirimer and Kim H. Brown, Portland State University, Portland, OR 
The Pacific Northwest is known for its once-abundant wild salmonid populations, but they have been declining for more than 50 years due to 
habitat destruction and commercial overexploitation. To compensate, federal and state agencies annually release hundreds of thousands of 
hatchery-reared fish into the wild.   Despite these measures, accumulating data indicates hatchery fish have lower fitness in natural environments 
compared to wild fish, and effects of early life in freshwater habitats appear to be a key factor influencing return rates of anadromous salmonids. 
Recently, mounting evidence indicates the richness and diversity of intestinal microbial species influence the development of the gut and immune 
system. Our research addresses the connection between intestinal microbiota of anadromous fish and its effect on their viability in the wild. We 
examined the gut microbiota of pre-migratory hatchery-reared steelhead (Oncorhynchus mykiss) to asses gut microbial diversity that could 
potentially lead to differences in return rates. Moreover, the Cascade Mountains serves as an allopatric border between two distinct lineages of 



steelhead that show significant differences in genomic and mitochondrial diversity; will differences in core microbiota of hatchery-reared fish 
correlate with this genetic phylogeny? The gut microbiota seeded in hatchery environments is likely not as suitable for digestion of wild 
foodstuffs and may negatively impact gut development, possibly impeding smoltification and migration. The identification of a core gut 
microbiota common to hatchery-reared steelhead is a first step in determining if hatchery environments and diets can be adjusted to better 
prepare hatchery stock for life in wild environments. 
 
W045: Aquaculture 
NSRP-8 Bioinformatics Coordinator 
James M. Reecy, Department of Animal Science, Iowa State University, Ames, IA 
 
W046: Arabidopsis Information Portal & Intl Arabidopsis Informatics Consortium 
What's New at Araport 
Agnes P. Chan, J. Craig Venter Institute, Rockville, MD 
Araport (https://www.araport.org) aims to to provide Arabidopsis and plant scientists with a new generation web-based data platform. In 
Araport, users can easily search, analyze, and download a wide array of data through the core components ThaleMine and JBrowse. Araport has 
also recently released an extensive annotation update, Araport11, for the Col-0 reference genome.  
We will demonstrate the powerful ThaleMine data warehouse for browsing the latest genome annotation, integrated with RNA-seq expression, 
coexpression, physical and genetic interactions, pathways, seed stocks, publications, and more. ThaleMine also provides a user-friendly interface 
for running gene list enrichment analysis, building data queries, exporting data tables, and saving/sharing work. Araport11 represents a 
comprehensive update for both structural and functional assignments of gene models using over 100 public RNA-seq datasets. The update 
included validating/adding splice isoforms, and genomic features such as novel transcribed regions, non-coding gene classes, upstream open 
reading frames (uORFs), and pseudogenes.  
To further enhance data sharing by community members using Araport, the next phase of our project will include developing simple ways for 
users to automatically integrate their data sets including metadata with Araport for easy discovery and reuse by other researchers. For example, 
users would be able to create data tracks in the Araport JBrowse for public sharing (e.g. RNA-seq alignments or expression profiles, community 
genome annotation, other genomic features), simply by providing the appropriate GFF or BAM file along with its associated metadata.  
Araport is supported by the NSF and the BBSRC.  
 
W047: Arabidopsis Information Portal & Intl Arabidopsis Informatics Consortium 
1001 Genomes Plus (1001G+) 
Detlef Weigel, Max Planck Institute for Developmental Biology, Tübingen, Germany 
The 1001 Genomes Project, an informal international collaboration, has recently marked an important milestone, with the publication and 
analysis of 1135 Illumina short-read resequenced genomes of Arabidopsis thaliana from throughout the global range of the species. In the next 
phase, the consortium is building multiple platinum-standard de novo genome assemblies, primarily with PacBio long-read technology and 
BioNano optical mapping, as a further step towards a species-wide pan-genome and to discover a core set of common structural variants (SVs) in 
A. thaliana. The variants discovered from a comparison of these platinum-standard genome assemblies will then be typed in the 1135 Illumina 
short-read set, to describe the global distribution of SVs. This knowledge will further inform GWAS in this species, and advance our 
understanding of how SVs such as gene duplications, transpositions, deletions and transposable elements (TEs) shape the genetics and 
epigenetics of A. thaliana. 
 
W048: Arabidopsis Information Portal & Intl Arabidopsis Informatics Consortium 
A Versatile, User-Configurable Micro-Synteny Viewer for Comparative and Pan- Genomics of Arabidopsis and its Relatives 
Andrew Farmer, National Center for Genome Resources (NCGR), Santa Fe, NM 
 
W049: Arabidopsis Information Portal & Intl Arabidopsis Informatics Consortium 
Integrating Visual Analytic Tools from the Bio-Analytic Resource into Araport 
Asher Pasha, University of Toronto / CAGEF, Toronto, ON, Canada 
The Bio-Analytic Resource (BAR), one of the top plant bioinformatics resources in the world, has partnered with Araport to contribute science 
apps to this growing online community resource. In 2013, the BAR proposed to provide seven data and visualization apps to Araport by building 
on highly used BAR tools. Currently, both the eFP Browser and the Arabidopsis Interaction Viewer are available on Araport. GeneSlider, a new 
sequence logo-based data visualization tool allows the user to easily observe nucleotide conservation for 10 Brassicaceae species across 10,000 
nucleotides. We are working towards making new tools available shortly. A new version of our ePlant zoomable user interface (ZUI) will allow 
the seamless viewing of large datasets across several levels of biological organization. Users can view data that are available at Araport and the 
BAR. User testing at plant conferences has contributed significantly to the development of this ZUI. 
 
W050: Arabidopsis Information Portal & Intl Arabidopsis Informatics Consortium 
Enriching Information Content and Accessibility of Journal Publication with Text Mining and Biological Ontologies 
Weijia Xu, Texas Advanced Computing Center, Austin, TX 
 
W051: Arthropod Genomics 
Using Long Reads, Optical Maps and Long-Range Scaffolding to Improve the Diaphorina citri Genome 
Surya Saha1, Lukas Mueller1 and Susan J. Brown2, (1)Boyce Thompson Institute, Ithaca, NY, (2)Division of Biology - Kansas 
State University, Manhattan, KS 



Huanglongbing (HLB) is considered to be the most devastating of all citrus diseases, where the insect Asian citrus psyllid (Diaphorina citri, 
ACP) vectors the phloem-restricted bacterial pathogen Candidatus Liberibacter asiaticus (CLas). The current draft genome assembly was 
sequenced with Illumina and low coverage Pacbio for scaffolding (163,023 scaffolds, scaffold N50: 109.8kb). A BUSCO analysis shows a 
significant number of conserved single-copy markers either missing (26%) or fragmented (22%). A community-driven annotation project has 
also identified a number of misassemblies and fragmentation in the genome. This is, in-part, due to the complexity introduced when assembling 
DNA from a heterogeneous population and potentially exacerbated by the use of short reads. We have generated 36.2Gb of Pacbio long reads 
from 41 SMRT cells with a 80X coverage of the genome. The Canu assembler was used to create an Pacbio only assembly with 8300 contigs and 
N50 of 115.8kb. This will be polished with Pacbio and Illumina paired-end reads followed by scaffolding with Illumina mate-pair reads. Chicago 
libraries (Dovetail) utilize chromatin crosslinks to associate sequences originating from the same large DNA fragment and will also be used for 
scaffolding. BioNano optical maps generated using high molecular weight DNA from adult psyllid tissue will be used to provide long-range 
scaffolding. This will be the first time all these methods will be applied to resolve an insect genome from a highly heterogeneous sample. The 
new assembly will be available on https://citrusgreening.org/. 
 
W052: Arthropod Genomics 
Using Sequencing-Based Approaches to Characterize Genetic Sexing Systems in Tephritid Fruit Flies 
Scott Geib, USDA-ARS, Hilo, HI 
Tephritid fruit flies (Diptera: Tephritidae) are a major pest of worldwide economic importance. Their threat to high value agriculture is so 
extensive that area-wide integrated pest management programs (AW-IPM) are employed to prevent their long-term establishment in the 
mainland United States. An important component of these AW-IPM programs is the use of the sterile insect technique (SIT) by leveraging 
genetic sexing strains (GSS) that are established for these species. In order to have an effective SIT program, a genetic sexing strain (GSS) needs 
to be established for the species of interest, which facilitates cost-effective and rapid separation of female and male flies during mass-rearing, and 
release of male-only sterile flies. Our goal is to identify the genetic basis for the white pupae and temperature sensitive lethal traits in existing 
GSS, identify the causative mutations in genes causing phenotypic changes in these strains, and develop tools to transfer these traits to other 
economically important Tephritid species using targeted genome editing approaches. To address these objectives, we employed methodologies 
that bring together classical genetics with high-throughput sequencing techniques. Once putative causative mutations are identified, future 
research will employ comparative genomic analysis (orthology/synteny) to other Tephritid genomes, putative targets in those genomes will be 
identified to introduce the same GSS mutations into colony lines of those species. This will provide the foundation to developing GSS lines for 
important Tephritid pests which currently are not amenable to male only mass rearing for SIT. 
 
W053: Arthropod Genomics 
Investigation of Genes Linked to Polyphagy and Xylophagy in Asian Longhorned Beetle (Anoplophora glabripennis) through 
Comparative Genomics and Transcriptome Profiling 
Erin D. Scully, USDA-ARS Center for Grain and Animal Health Research, Manhattan, KS 
The Asian longhorned beetle (ALB; Anoplophora glabripennis) is an invasive, wood-boring beetle that completes its development while feeding 
exclusively inside a broad range of deciduous host trees. Here, it faces a number of nutritional and digestive challenges, including the presence of 
highly recalcitrant lignocellulose and hemicellulose, high concentrations of plant defensive chemicals, and low abundances of protein, amino 
acids and essential nutrients. While microbes housed in the gut make important contributions to nutritional ecology in ALB, the genome contains 
numerous amplifications of various classes of glycoside hydrolases (GHs), carboxylesterases, cytochrome P450s, UDP-glucuronosyl 
transferases, and digestive serine proteinases in comparison to other phytophagous insects limited host ranges (e.g., Agrilus planipennis; emerald 
ash borer). Many of these genes were highly expressed in the larval midgut when the insect fed in a suitable host (Acer saccharum) compared to 
a nutrient rich artificial diet, suggesting that they are relevant for digesting plant cell walls, detoxification, and nutrient acquisition. The 
expression profile of these amplified gene families also changed dramatically when ALB larvae were fed in another suitable host tree (Populus 
nigra) suggesting that they provide ALB with the metabolic plasticity to thrive on multiple hosts. Finally, feeding in a resistant tree (Populus 
tomentosa) not only caused substantial disruptions to several families of digestive and detoxification, but it also reduced expression of several 
genes with hypothesized roles in development. Taken together, these findings provide insight into the functions of amplified gene families in and 
the mechanisms of host tree resistance in polyphagous insects.   
 
W054: Arthropod Genomics 
Basic Steps for Developing Genetic Technologies in a Non-Model Organism 
Marcé D. Lorenzen, North Carolina State University Entomology department, Raleigh, NC 
Transformation-based applications, such as transposon tagging, enhancer trapping, and genome-wide mutagenesis, are powerful technologies that 
have greatly facilitated the genetic dissection of model species such as Drosophila melanogaster. However, the vast majority of economically-
important insects are not model organisms, thus posing the challenge of how to extended these technologies to new species. Here we use our 
work with the western corn rootworm (WCR), a major pest of maize, as a guide for the basic steps required for adapting genetic technologies to a 
non-model pest. For us, the first step in this process was the development of a small-scale rearing system for WCR, one specifically designed to 
enable efficient phenotypic screening of offspring from single-pair matings. The next steps involved obtaining high-quality precellular embryos, 
determining optimal microinjection conditions and assessing available marker genes. Because both Minos and piggyBac are known to work in 
another coleopteran, the red flour beetle, Tribolium castaneum, we chose to produce transgenic WCR using a 3xP3-DsRed marked Minos 
element, which also carried an hsp70-driven piggyBac transposase gene. This choice was motivated by the desire to increase downstream 
transformation efficiencies. For example, microinjection of marked-piggyBac elements into embryos that already express piggyBac transposase 
can result in transformation rates that are 10-fold higher than those obtained by standard coinjection of plasmid DNAs into wild-type embryos. 
We will also discuss challenges faced when using eye-specific fluorescent markers, and how we used CRISPR/Cas9 to overcome these. We 
expect similar strategies can be used to extend genetic technologies to additional non-model organisms. 
 
W055: Arthropod Genomics 



Delivery of dsRNA Biopesticide Using Engineered Microbes 
Joanna Chiu, University of California, Davis, CA and Antoine Abrieux, University of California Davis, Davis, CA 
RNA interference (RNAi) by oral delivery of dsRNA in insects has great potential as a tool for integrated pest management (IPM). Taking 
advantage of the natural association existing between insect and yeast, we developed a novel method to enable the knock down of vital genes in 
the pest insect Drosophila suzukii (Spotted Wing Drosophila) through oral delivery of species-specific dsRNA using genetically modified 
Saccharomyces cerevisae. D. suzukii that were fed with our “yeast biopesticide” showed a significant decrease in activity level and reproductive 
output. We postulate that this approach could be adapted to other pest insect species, given the great diversity of symbiotic interactions involving 
microorganisms and host species. Furthermore, we speculate that beyond its application as biopesticide, dsRNA delivery by genetically modified 
microbes can also serve to facilitate reverse genetic applications, specifically in non-model organisms. 
 
W056: Arthropod Genomics 
FANA and Morpholino's, Novel Molecules for Gene-Targeting in Plants and Arthropods 
Wayne Hunter1, Jackie Lin Metz2, Kristen Pelz-Stelinski3, Andres F. Sandoval Mojica3, Sidney Altman4, Michael J. Boyle5 and 
Veenu Aishwarya6, (1)USDA Agricultural Research Service, Fort Pierce, FL, (2)USDA-ARS, Ft. Pierce, FL, (3)Univeristy of 
Florida, Citrus Research and Education Center, Lake Alfred, FL, (4)Yale University, New Haven, CT, (5)Smithsonian Marine 
Station at Ft. Pierce, Ft. Pierce, FL, (6)AUM LifeTech, Inc, Philadelphia, PA 
Considering the resistance of conventional pesticides there is an ever growing need for new technologies to protect plants. Recently novel RNA 
silencing and cell regulation approaches have been shown to be of extreme value. However, efficient delivery of such emerging technologies for 
the control and management of agricultural pests, and pathogens of animal and plants, are critical to their success. In this study, we successfully 
tested the delivery into plants and subsequently insects (Hemiptera and Coleoptera) with two RNA silencing and regulation products. 
Specifically we used, self-delivering FANA antisense oligonucleotides (FANA ASOs) that knocks down the target mRNA by cleaving the target 
mRNA (after RNase H mediated cleavage of the mRNA target FANA ASOs are instantaneously recycled to target other copy numbers of the 
target and thus can target multiple copy numbers) and morpholino oligonucleotides (PPMO) that use a cell penetrating peptide conjugate for 
delivery and acts as translational blockers (since morpholinos are independent of RNase H mechanism, one morpholino can only target one copy 
number of a gene). FANA ASOs provide a superior RNA silencing alternative to existing RNAi strategies that have low efficacy, big delivery 
challenges and high manufacturing costs. Further, FANA ASOs are known to be non-toxic, are highly stable and provide a highly target specific 
gene knockdown. The capability of FANA ASOs to efficiently self-deliver without the use of any formulation, conjugate or carrier make them 
very attractive for topical spray applications. Topical sprays onto citrus leaves, root absorption, and tree trunk injections using FANA ASOs and 
PPMOs were evaluated. Both FANA ASOs and PPMOs were designed against a range of targets: Coleopteran, Citrus root weevil; Hemipteran, 
Asian citrus psyllid, and a Plant pathogenic bacteria of citrus, Candidatus Liberibacter asiaticus. We observed successful increase in insect 
mortality and reduced bacteria within the insects and/or citrus trees. This is the first evidence for successful delivery of FANA ASOs and PPMO 
by plant delivered targeting strategies to manage agricultural arthropod pests and plant pathogens. 
 
W057: Avian Genomics - Going Wild! 
Functional Consequence of Selectively Constrained Regions in the Chicken Genome 
Lel Eory, Roslin Institute University of Edinburgh, Edinburgh, United Kingdom 
 
W058: Avian Genomics - Going Wild! 
Reticulate Evolution Influenced the Andean Hummingbird Radiation 
Rute R. da Fonseca, University of Copenhagen, Copenhagen, Denmark 
Although it is well recognized that gene flow is intimately associated with the diversification of closely related species, it remains unclear 
whether hybrization between distantly related species in different genera contributes to the radiation of species. Hummingbirds (Trochilidae) are 
a large monophyletic clade (~330 species) that colonized a wide variety of habitats in the Neotropical and Nearctic regions. Our analysis of 
complete mitochondria and 2,949 nuclear loci of 46 species representing the nine major clades shows discordance between mitogenome and Z 
chromosome gene-based phylogenies, and nuclear topologies. The latter do not support the sister relationship of the mostly Andean brilliant and 
coquette clades. Such discordance could result from incomplete lineage sorting or introgression. We found that introgression did occur between 
recent genera of brilliants and coquettes, constituting the first molecular evidence of divergence in face of gene-flow in hummingbirds. 
 
W059: Avian Genomics - Going Wild! 
Signatures of Natural Selection in Great Tit Genomes: Past Selection, Local Adaptation or Human Imposed Change? 
Mirte Bosse, Wageningen University, Wageningen, Netherlands 
 
W060: Avian Genomics - Going Wild! 
Going the Long (Molecule) Way: Detecting Structural Features Influencing Recombination Rate via SMRT-Seq and Optical 
Mapping in the Crow Genome 
Matthias Weissensteiner, Uppsala University, Uppsala, Sweden 
Accurate and contiguous genome assembly is key to a understanding of the processes shaping genomic diversity and evolution. Yet, it is 
frequently constrained by constitutive heterochromatin, usually characterized by highly repetitive DNA. As a key feature of genome architecture 
it is associated with centromeric and telomeric regions and influences meiotic recombination. Here we assess the impact of large tandem repeat 
arrays on the recombination rate landscape in the Eurasian crow. We assembled two genome references using single-molecule real-time (SMRT) 
sequencing and single-molecule optical maps. A three-way comparison including the published short-read assembly constructed for the same 
individual allowed assessing assembly properties and pinpointing mis-assemblies. We characterized 36 previously unidentified large repetitive 
regions at sequence assembly breakpoints, the majority of which contained complex arrays of a 14-kb satellite repeat or its 1.2-kb subunit. We 



estimated the population-scaled recombination rate (ρ) and found it to be significantly reduced in these regions. Our findings are consistent with 
an effect of low recombination in regions adjacent to centromeric or sub-telomeric heterochromatin, and add to our understanding of the 
processes generating genetic diversity. By combining three independent technologies, our results highlight the importance of adding a layer of 
information on genome structure inaccessible to each approach independently. 
 
W061: Avian Genomics - Going Wild! 
Repeated Resource-Driven Speciation with Gene Flow in Isolated Island Finches 
Martin Stervander, Linnaeus University, Kalmar, Sweden 
The endemic Nesospiza finches constitute a small avian radiation on the isolated Tristan da Cunha archipelago in the South Atlantic Ocean, and 
offer unique insights to the balance between selection and gene flow during speciation. They display pronounced adaptation to food sources by 
divergent natural selection on bill size, a trait that also serves as a cue for assortative mating. On Inaccessible and Nightingale Islands, similar 
pairs of small-billed feeding generalists and large-billed feeding specialists occur, fully reproductively isolated on Nightingale and partially 
hybridizing on Inaccessible. Using a multitude of sequencing and analytical approaches, we:  
(1) identified one genomic region regulating differences in body size on both islands, homologous to a region associated with growth rates in 
chicken 
(2) identified a region on a sex chromosome, containing the homeobox protein ISL1—which acts as a transcription factor within the neural crest 
differentiation pathway—independently regulating bill size on Inaccessible but not on Nightingale 
(3) found indications of epistatic interactions between the two genomic regions on Inaccessible 
(4) confirmed that Nesospiza colonized the Tristan archipelago from the mainland rather than from other oceanic islands 
(5) established that the founding population was small-billed 
(6) recovered the two non-hybridizing species on Nightingale as sisters  
The colonization occurred already 4 Mya and the selection pressure for large bills was introduced with the colonisation of Phylica trees ~1 Mya. 
Nevertheless, the current taxa only radiated within the last 3 Kya, and available evidence strongly supports independent ecological speciation in 
parallel on the two islands. 
 
W062: Avian Genomics - Going Wild! 
Expression Profiling of Whole Blood As a Means of Detecting an Immune Response in an Avian Non-Model Species 
Elinor Jax, Max Planck Institute for Ornithology, Radolfzell, Germany 
Several emerging infectious diseases with major implications on biodiversity and human health have their origin in wild animals; still little 
research has been done on the immune system and its functions in wild populations. To better understand the ecology of infectious diseases and 
the spread of zoonotic diseases it is crucial to study infectious diseases and the immune system of their hosts in their natural environment. In this 
study we investigated the potential of using gene expression profiling from whole blood of the main host of avian influenza virus, the mallard 
(Anas platyrhynchos), as a means of detecting and analysing an immune response. For this purpose we simulated infections to mimic natural 
infections in mallards using three immunostimulants: lipopolysaccharides, polyinosinic:polycytidylic acid, and inactivated Staphylococcus 
aureus. A total of 100 blood samples, taken before and 3 hrs, 6 hrs, 12 hrs, and 24 hrs after stimulation, were individually analysed using high 
throughput Illumina RNA-sequencing and differential gene expression analysis. We found considerable differences in gene expression profiles 
between stimulated and unstimulated individuals for all treatment groups and time points. More than 50% of the differentially expressed genes 
could be assigned roles in the regulation of immune functions. Identification of these genes, but also of genes with previously unknown 
functions, sheds light on the evolution of avian immune systems. Our findings are of major importance for the growing field of eco-immunology 
because blood samples, in contrast to organs, can easily and repeatedly be obtained in the wild without harming the animal. 
 
W063: Banana Genomics 
Golden Bananas for Africa and Asia 
James Dale, Centre for Tropical Crops and Biocommodities, Brisbane, Australia 
Micronutrient deficiencies, particularly vitamin A efficiency (VAD) and iron deficiency anaemia (IDA), are one of the top public health 
challenges in the world and primarily occurring in developing countries. Strategies such as food fortification and supplements have been very 
successful but there remains a very significant population severely impacted. Biofortification, the development of staple crops with elevated 
levels of pro-vitamin A (PVA) or iron, is rapidly progressing as strategy to reduce VAD and IDA in developing countries. In some instances, 
biofortified staples can be developed by conventional breeding such as high iron beans and high PVA sweet potatoes. In other instances, genetic 
modification is the appropriate strategy with the best example being Golden Rice. In Uganda and surrounding countries, clinical VAD is 
stubbornly high. The staple crop is cooking bananas. In collaboration with the National Agricultural Research Organisation of Uganda, we have 
developed bananas with significantly elevated levels of PVA by over-expressing a single transgene, phytoene synthase isolated from a naturally 
high PVA banana, Asupina. We now have a large number of transgenic lines in the field in Uganda to identity elite lines with greater than target 
level of PVA for progression through to farmer release, planned for 2021. 
 
W064: Banana Genomics 
Characterization of a Large Reciprocal Chromosomal Translocation in Banana (Musa acuminata) and its Impact on 
Chromosomal Segregation using NGS 
Guillaume Martin1, Françoise Carreel1, Olivier Coriton2, Catherine Hervouet1, Céline Cardi1, Danièle Roques3, Mathieu Rouard4, 
Julie Sardos4, Franc-Christophe Baurens5 and Angélique D'Hont1, (1)CIRAD, UMR AGAP, Montpellier, France, (2)Institut 
National de la Recherche Agronomique (INRA, Rennes, France, (3)CIRAD, UMR AGAP, Petit-Bourg, Guadeloupe, France, 
(4)Bioversity International, Montpellier, France, (5)CIRAD, UMR AGAP, Montpellier Cedex 5, France 
Bananas cultivars are triploid or diploid seedless parthenocarpic clones derived from the hybridization between Musa acuminata subspecies and, 
for some of them, with the species M. balbisiana. Based on chromosome pairing configuration in hybrids, M. acuminata subspecies were 



reported to differ by a few large chromosomal structural rearrangements which may have occurred since their divergence following geographical 
isolation. We analyzed with DArTseq, chromosome segregation in the progenies of a seedy M. acuminata banana accession and discovered 
strong segregation distortion, reduced recombination and abnormal linkage in two regions of references chromosomes 1 and 4. Pair-end 
resequencing of the parental accession and comparison to the Musa acuminata references sequence, showed evidence of a heterozygous 
reciprocal translocation involving two distal segments of 3 Mb and 10 Mb from chromosome 1 and 4. This translocation was then confirmed 
through BAC-FISH and PCR experiments. The two chromosome structures were found mutually exclusives in gametes and the rearranged 
structure was transmitted preferentially to the progeny. Analysis of the distribution of this distinct chromosome structures in Musa diversity 
allowed to make hypotheses about its origin. 
 
W065: Banana Genomics 
Transcriptome Analysis in Musa acuminata during Compatible Interaction with the Root-Knot Nematode Meloidogyne 
incognita 
Robert N. G. Miller, Universidade de Brasília, Brasília, Brazil 
Endoparasitic root-knot nematodes (RKN) (Meloidogyne spp) cause considerable losses in Banana (Musa sp.), with Meloidogyne incognita a 
predominant species in edible Cavendish subgroup bananas. This study describes the characterization of the root transcriptome in Musa 
acuminata genotypes 4297-06 (AA) and Cavendish Grande Naine (CAV) (AAA) during early compatible interactions with M. incognita. Root 
RNA samples were extracted 3, 7 and 10 days after inoculation with nematode J2 juveniles and paired-end sequenced using lllumina HiSeq 2500 
technology. High quality sequences were mapped to the M. acuminata ssp. malaccensis var. Pahang genome sequence using Novoalign/Useq. 
Differentially expressed genes (DEGs) in infected libraries were identified with the Benjamini-Hochberg algorithm. Representation of DEGs was 
analyzed using Blast2GO and FUNC. Microscopic analysis of acid fuchsin-stained roots revealed a life cycle of M. incognita completing within 
28 days in both genotypes. DEGs were identified in relation to non-inoculated controls, with comparable numbers of genes up- and 
downregulated in each genotype. GO enrichment analysis revealed terms related to host defense and giant cell development in both genotypes. 
Notable modulated transcripts related to stress responses included LRR receptor-like serine/threonine-protein kinases, peroxidases, thaumatin-
like PR proteins, DREB, ERF, MYB, NAC and WRKY transcription factors. Transcripts related to giant cell development included expansins, 
endoglucanases, polygalacturonases, pectinmethylesterases, pectate lyases and xyloglucan endotransglucosylase proteins. This analysis of gene 
expression in M. acuminata during the compatible interaction with RKN provides insights into nematode-induced host expression profiles during 
infection and giant cell formation that will facilitate downstream development of novel genetic improvement-based control measures for RKN. 
 
W066: Banana Genomics 
Comparative Genomic Analysis in Zingiberales: What Can We Learn from Banana to Enable Ensete and Boesenbergia to 
Reach Their Potential? 
Trude Schwarzacher1, Norzulaani Khalid2, Jennifer A. Harikrishna2 and Pat Heslop-Harrison1, (1)Department of Genetics, 
University of Leicester, Leicester, United Kingdom, (2)Centre for Research in Biotechnology for Agriculture and Institute of 
Biological Sciences, University of Malaya, Kuala Lumpur, Malaysia 
Within the Zingiberales there are many orphan crops grown in Africa and Asia where recently started genomic efforts will have an impact for 
their future understanding and breeding. Advanced genomics and genome knowledge of the taxonomically closely related genus Musa will help 
identify genes and their function. We will discuss relevant recent work with Musa and results from DNA sequencing, examinations of diversity 
and studies of genome structure, gene expression and epigenetic control in Boesenbergia and Ensete. Ensete ventricosum (Ethiopean banana) is 
an important starch staple food in Ethiopia. It is harvested just as the monocarpic plant starts to flower, a few years after planting, and the stored 
starch extracted from the pseudo-stem and corm. A genome sequence has been published, but there is little genomics. Characterization of the 
diversity in the species and understanding of the differences to Musa will enable selection and breeding for crop improvement to meet the 
requirements of increasing populations, climate change and environmental sustainability. Boesenbergia rotunda (medicinal finger ginger) is 
widely used in traditional medicine in Asia and has been shown to produce secondary metabolites with antiviral activity. For high throughput 
propagation and metabolite production in vitro culture is employed; embryogenic calli of B. rotunda are able to regenerate into plants but lose 
this ability after prolonged periods in cell suspension media. Epigenetic factors, including histone modifications and DNA methylation are likely 
to play crucial roles in the regulation of genes involved in totipotency and plant regeneration. Further details will be given at www.molcyt.com. 
 
W067: Banana Genomics 
Revision of the Global Strategy for the Conservation and Use of Musa Genetic Resources 
Nicolas Roux, Bioversity International, Montpellier, France 
The Global Strategy for the Conservation and Use of Musa Genetic Resources aims to provide a clear framework and roadmap to be used by the 
Musa community for the efficient and effective conservation of the globally important collections of Musa and to strengthen the utilization of the 
genetic resources toward an increased use of available diversity. It includes recommendations and priorities indicated in several consultation 
processes following the 2006 Global Musa Strategy and particularly the expertise and key groups represented, including the Regional Research 
Networks (BAPNET, BARNESA, Innovate Plantain and MusaLAC). Crucially, it contains detailed information on how to best use genetic 
resources. The Strategy covers numerous topics dealing with Musa genetic resources, with the 12 chapters divided into four main parts: 
Diversity, Identity, Management and Use. Each chapter contains the sections titled Where we are, Where do we want to go, and How will we get 
there. In 2015, the Global Musa Genomics Consortium (GMGC) was integrated into MusaNet as the Genomics Thematic Group (GTG) in order 
to solidify the links between genomics and the other fields of Musa research. In the Global Strategy, the GTG has proposed objectives for the 
next 5-10 years, such as applying genomics tools to banana to better characterize genetic resources in collections and support knowledge for 
breeding. For Musa researchers, including taxonomists and breeders, but also direct users such as farmers, decisions on the management of 
banana diversity are often made with limited information. With this in mind, the Global Strategy will be a core reference on the taxonomy, 
characterization, evaluation and genetic improvement of cultivars, leading to actions such as the selection of new and more appropriate cultivars. 
 



W068: Banana Genomics 
Banana Genome Hub and MGIS : Managing Banana Germplam Data in the NGS Era 
Mathieu Rouard, Bioversity International, Montpellier, France 
Since the release of the Musa acuminata reference genome sequence in 2012 (D’Hont et al, 2012), a significant number of new OMICS datasets 
have been generated, including the improvement of the reference DH Pahang, new genomes, transcriptomics etc.  
This presentation intends to show how all those datasets have been regularly inserted into the Banana Genome Hub (BGH) and the Musa 
Germplasm Information Systems (MGIS). BGH handles version 1 and 2 of the assembly (Martin et al, 2016) and additional Musa species or 
subspecies. Moreover, 17 libraries from 8 transcriptomics studies were included in JBrowse and mapped on the version 2 of the assembly. Repeat 
elements classified by types were also recently added. SNPs makers issued from a GWAS study (Sardos et al, 2016) can be visualized using the 
multivariant JBrowse extension and on a dedicated page for diversity studies providing interactive gene tree viewer. Publications related on 
banana germplasm are now tracked in MGIS allowing at a glance to see what has been already done for a particular genotype. Finally, SNP data 
from GBS data can be queried and filtered on 105 accessions using the GIGWA applications (Sempere et al, 2016) embedded in MGIS. Finally, 
the presentation will demonstrate the interoperability of information systems to support genomics of genebanks.  
Droc V1, Guignon V2, Martin G1, Sempere G1, Hueber Y2, Sardos J2, Baurens FC1, Ruas M2, Yahiaoui N1, Roux N2, D’Hont A1, Rouard M2 
1CIRAD UMR AGAP, F-34398 Montpellier, France  
2Bioversity International, Parc Scientifique Agropolis II, 34397 Montpellier Cedex 5, France. 
 
W069: Bioenergy Grass Genomics 
Miscanthus Genome Update 
Kankshita Swaminathan, University of Illinois Urbana-Champaign, Urbana, IL 
 
W070: Bioenergy Grass Genomics 
Analysis of Phenotype and Transcriptome Changes in Miscanthus Responding to Drought Stress 
Dan Smith, Aberystwyth University, Aberystwyth, United Kingdom 
An extensive phenotypic analysis of growth under drought of 87 miscanthus genotypes, M.sinensis, M.sacchariflorus and hybrids was carried out 
to identify drought 
tolerance traits. This was accompanied by timecourse analysis of the of the transcriptional response to drought in leaf and root tissue both in 
intact plants and in explants undergoing polyethylene glycol induced dehydration stress, identifying stages in the transcriptional response to 
drought and also candidates associated with enhanced drought tolerance. 
 
W071: Bioenergy Grass Genomics 
How Low Can You Go? Chilling and Frost Tolerance in Miscanthus Germplasm 
Isabel Roldan-Ruiz1,2, Simon Fonteyne3, Hilde Muylle4, Tom De Swaef3 and Peter Lootens3, (1)ILVO Plant Sciences Unit, Melle, 
Belgium, (2)Department of Plant Biotechnology and Bioinformatics, Ghent University, Ghent, Belgium, (3)ILVO Plant - Growth 
and Development, Melle, Belgium, (4)ILVO Plant Sciences Unit - Growth and Development, Melle, Belgium 
As in any other lignocellulosic biomass crop, one of the main targets in miscanthus breeding is improvement of the above-ground yield. Yield 
limitations in miscanthus are caused to a large extent by abiotic stress factors such as cold, drought and salinity. We have investigated the 
available variability for chilling and frost tolerance using a broad miscanthus germplasm collection containing Miscanthus sinensis, M. 
sacchariflorus, M. x giganteus and hybrid (M. sinensis x M. sacchariflorus) genotypes. M. x giganteus, the most commonly planted, has a 
relatively high tolerance to chilling and frost stress. In recent research, combining controlled freezing tests, field trials and growth chamber 
screenings, we have identified several genotypes with an even higher tolerance to cold stress (chilling and frost). These genotypes display ideal 
characteristics for the development of varieties with an early canopy closure and a long growing season resulting in larger biomass accumulation 
over the year, and open perspectives to expand the miscanthus growing area and to reduce the risk of winter mortality. 
 
W072: Bioenergy Grass Genomics 
Sugar Transporters Controlling Sucrose Accumulation in Bioenergy Grasses 
David M. Braun, University of Missouri, Columbia, MO 
Carbohydrate partitioning is the process whereby photoassimilates are distributed from their site of synthesis in leaves to the rest of the plant. 
Control of carbohydrate partitioning is crucial for plant growth and development, and underlies all aspects of crop yield, including cellulose 
deposition in cell walls and sucrose accumulation in storage organs, such as the stems of sugarcane or sweet sorghum. For most plants, fixed 
carbon, in the form of sucrose, is loaded into the phloem and transported from leaves to non-photosynthetic tissues, such as stems, roots, and 
fruits. This process is well characterized at the physiological, biochemical, and anatomical levels. Yet despite the obvious importance of 
carbohydrate partitioning for plant growth and yield, we still know very little about how it is regulated at the molecular level. The best 
characterized genes that directly function to load sucrose into the phloem are sucrose transporters (SUTs). Recently, several other families of 
sugar transporters called SWEETs and tonoplast sugar transporters (TSTs) have also been shown to contribute to sucrose partitioning. The long-
term goal of the Braun lab is to determine which genes regulate how and where carbon is allocated in plants. In this talk, I will describe our 
recent findings related to sugar transporters controlling sucrose accumulation and distribution in bioenergy grasses. 
 
W073: Bioenergy Grass Genomics 
Sequencing and Analysis of the Switchgrass Reference Genome and the Diversity of Switchgrass Wild Accessions 
Jeremy Schmutz1, Sujan Mamidi1, Adam Session2, Jerry Jenkins1, Jane Grimwood1, Shengqiang Shu2, Guohong Albert Wu2, 
David Sims1, Kerrie W. Barry2, Daniel S. Rokhsar2, Laura Bartley3 and Thomas Juenger4, (1)HudsonAlpha Institute for 



Biotechnology, Huntsville, AL, (2)DOE Joint Genome Institute, Walnut Creek, CA, (3)University of Oklahoma, Norman, OK, 
(4)University of Texas at Austin, Austin, TX 
The Department of Energy Joint Genome Institute, in collaboration with groups at the BioEnergy Research Centers, has been developing a 
genomic reference sequence for Panicum virgatum (switchgrass) genotype Alamo clone AP13. The switchgrass genome is a recent polyploid and 
an obligate outcrosser, which has greatly increased the difficulty of achieving a unified and compete genome sequence.  
We have continued to improve the initial whole genome shotgun sequence attempts through new assembly methodologies, targeted clone based 
sequencing, the additional of new genetic maps, and improved transcriptomics for annotation to reach our current version 4 assembly. Here, we 
will report on the latest version of the assembly and annotation along with ongoing analysis towards a switchgrass publication. We will present 
historical analysis of the switchgrass polyploidy event and the resulting effect on gene retention and a population analysis based on deep 
resequencing across the native collected switchgrass accessions. 
 
W074: Bioenergy Grass Genomics 
TBA 
Shavannor M. Smith, University of Georgia, Athens, GA 
 
W075: Bioinformatics 
Combining Nanopore Sequencing and Conformation Capture for the Reconstruction of Complete Chromosomes 
Sergey Koren1, Brian P Walenz1, Jay Ghurye2, Konstantin Berlin3, Mihai Pop2 and Adam M Phillippy1, (1)National Human 
Genome Research Institute, National Institutes of Health, Bethesda, MD, (2)University of Maryland, College Park, MD, 
(3)Invincea, Inc., Fairfax, VA 
Long-read single-molecule sequencing has revolutionized de novo genome assembly and enabled the automated reconstruction of reference-
quality genomes. Recently, several groups have sequenced eukaryotic genomes using the Oxford Nanopore MinION, including 60X of a human 
genome. We leveraged Canu, a complete reworking of Celera Assembler specifically designed for noisy single-molecule sequences, to assemble 
these datasets. Combining the assembly with existing HiC data, Canu’s graphical outputs identify assembly errors and guide scaffolding. The 
resulting scaffolds are highly contiguous with several chromosomes assembled into single scaffolds. For remaining assembly structures that 
cannot be linearly represented, Canu provides graphical assembly outputs for targeted analysis. We conclude that the Oxford Nanopore MinION 
is now applicable to eukaryotic genome assembly. These advances will help democratize sequencing due to low instrument cost and improved 
scaffolding will enable routine high-quality genomes.  
Canu source code and pre-compiled binaries are freely available under a GPLv2 license from https://github.com/marbl/canu.  
The NA12878 sequence data used in this research was generated by the Nanopore WGS Consortium the University of Oxford's Wellcome Trust 
Centre for Human Genetics and Genomics plc using Oxford Nanopore Technologies' MinION technology. 
 
W076: Bioinformatics 
Using Linked-Reads to Enable Efficient de novo Diploid Assembly 
Deanna M. Church, Claudia Catalanotti, Jill Herschleb, Vijay Kumar, Preyas Shah, Neil Weisenfeld, Michael Schnall-Levin and 
David Jaffe, 10x Genomics Inc., Pleasanton, CA 
Assembly of mammalian genomes using cost effective, accurate short reads is challenging. We describe a novel approach for the de novo 
assembly of individual mammalian genomes, requiring only small amounts (0.5-1.25 ng) of input DNA to construct a single library. We have 
developed a microfluidic system that allows for the high-throughput partitioning of high-molecular weight DNA. Unique barcodes are applied 
within each partition, allowing for the retention of long-range information using short read sequencing, creating a data type called Linked-Reads. 
The Supernova™ De Novo Assembler takes advantage of Linked-Reads to perform de novo diploid assembly. The process begins by 
constructing a De Bruijn graph using the read data. The graph is then progressively refined by using read-pair barcode information. This allows 
for the construction of multimegabase scaffolds. Heterozygosity within the sample, coupled with molecular bar codes, allows for the separation 
of these scaffolds into their distinct haplotypes, referred to as phase-blocks. The reconstruction of individual haplotypes, rather than a haploid 
consensus sequence, allows for a more complete, and accurate representation of the sample. We demonstrate the performance of this process on 
several human genomes of diverse ethnic origin. These assemblies consistently have scaffold lengths on the order of 15 Mb, with phase block 
lengths varying from 4 -11 Mb. As some of these samples are members of well characterized trios, we can validate accuracy of the phase 
information using orthogonal data. We will also show performance on a variety of other genomes including hummingbird, dog and olive fly. 
 
W077: Bioinformatics 
Visualization and Analysis Tools for Comparing Genomes and Assemblies 
Maria Nattestad1, Jason Chin2 and Michael Schatz1,3, (1)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (2)Pacific 
Biosciences, Menlo Park, CA, (3)Johns Hopkins University, Baltimore, MD 
Advances in long-read sequencing has created a revolution in de novo genome assembly. Genome assemblies created using long reads are 
consistently about a thousand-fold more contiguous than assemblies based on next-generation sequencing alone. The appearance of highly 
contiguous genomes for related species is also opening up new avenues of in-depth comparative genomic analysis. Here we present two online 
software methods created to take advantage of long reads and the high-quality assemblies they allow us to produce.  
We created Assemblytics to call variants from MUMmer genomic alignments. Assemblytics uses an advanced filtering algorithm to eliminate 
false positives due to repetitive sequence alignments, detects variants both within and between alignments on a contig, and categorizes the 
variants into 6 types by analyzing gaps and overlaps that hint at genomic repeats. By optimizing several algorithms in Assemblytics, we were 
able to make it freely available as a web application.  
Ribbon is an online visualization tool that was created to visualize long-read and assembly alignments, inspired by complex variants in cancer. In 
addition to a reference-level overview, alignments of every read or contig can be shown as dot plots or intuitive new ribbon plots, bringing an 
unprecedented level of interactivity and clarity to genomic alignment analysis.  



One of the major challenges in this era of fast advances in genomic sequencing technology is to take full advantage of new types of data. Here 
we present new methods that utilize high-contiguity genome assemblies enabled by advances in long-read sequencing. 
 
W078: Bioinformatics 
Function Prediction: Using Ahrd to Annotate Human Readable Descriptions and Gene Ontology Terms. 
Heiko Schoof, INRES Crop Bioinformatics, University of Bonn, Bonn, Germany 
 
W079: Bioinformatics 
Analysis of Nucleotide Diversity in Oryza sativa Across Functionally Important Genomic Regions 
Tatiana Tatarinova1, Evgenii Chekalin2, Yuri V. Nikolsky3, Sergey Bruskin2, Dmytro Chebotarov4, Kenneth L. McNally4 and 
Nickolai Alexandrov4, (1)University of Southern California, Los Angeles, CA, (2)Laboratory for Functional Genomics, VIGG, 
Moscow, Russian Federation, (3)George Mason University, Fairfax, VA, (4)International Rice Research Institute, Los Baños, 
Philippines 
We analyzed functionality and relative distribution of genetic variants across the complete Oryza sativa, Arabidopsis thaliana, and Medicago 
truncatula genomes, using public collections of single nucleotide polymorphisms. We identified features that are common for all studied species. 
We have shown that the DNA-binding transcription factors (TFs) are the most conserved group of genes, whereas kinases and membrane-
localized transporters are the most variable ones. TFs may be conserved because they belong to some of the most connected regulatory hubs that 
modulate transcription of vast downstream gene networks, whereas signaling kinases and transporters need to adapt rapidly to changing 
environmental conditions. In general, the observed profound patterns of nucleotide variability reveal functionally important genomic regions. As 
expected, nucleotide diversity is much higher in intergenic regions than within gene bodies (regions spanning gene models), and protein-coding 
sequences are more conserved than untranslated gene regions. We have observed a sharp decline in nucleotide diversity that begins at about 250 
nucleotides upstream of the transcription start and reaches minimal diversity exactly at the transcription start. We found the transcription 
termination sites to have remarkably symmetrical patterns of SNP density, implying presence of functional sites near transcription termination. 
Also, nucleotide diversity was significantly lower near 3′ UTRs, the area rich with regulatory regions. 
 
W080: Bioinformatics 
Structural and Functional Annotation of Model and Non-Model Organisms with GenSAS v5.0, a Web-Based Annotation 
Platform 
Jodi L. Humann1, Stephen P. Ficklin1, Taein Lee1, Chun-Huai Cheng1, Heidi Hough1, Sook Jung1, Jill L. Wegrzyn2, David B. 
Neale3 and Dorrie Main1, (1)Washington State University, Pullman, WA, (2)Department of Ecology and Evolutionary Biology - 
University of Connecticut, Storrs, CT, (3)Dept. Plant Sciences University of California Davis, Davis, CA 
The Genome Sequence Annotation Server v5.0 (GenSAS, www.gensas.org) is a web-based annotation platform that combines several common 
annotation tools into one easy-to-use, integrated resource. The annotation process is carried out in user-friendly interfaces with embedded 
instructions and only requires a user account and internet access. GenSAS has annotation tools for eukaryotes and prokaryotes and supports 
model and non-model organisms. The newest version of GenSAS allows users to upload Illumina RNA-Seq reads, align the reads to the genome, 
and use the data to train the gene model prediction programs, which allows for more accurate gene models for eukaryotic genomes, especially 
non-model organisms. JBrowse and Apollo are integrated into GenSAS allowing structural annotation results to be easily viewed and manual 
annotation curation to be performed. Users can share GenSAS projects with other users and manual curation can easily be a collaborative project. 
GenSAS also has a functional annotation step to assign protein functions and identify functional domains to the official gene set. After the 
annotation process is complete, the final step of the GenSAS pipeline is to generate the required files for publication. 
 
W081: Brachypodium Genomics  
Accessing Natural Variation in Brachypodium distachyon: Development of the ABR6 x Bd21 Ril Population 
Matthew J. Moscou1, Jan Bettgenhaeuser1, Anyela Camargo-Rodriguez2, Magda Opanowicz3, Fiona Corke2, Phon Green1, 
Inmaculada Herna ́ndez-Pinzón1 and John Doonan4, (1)The Sainsbury Laboratory, Norwich, United Kingdom, (2)NPPC, IBERS, 
Aberystwyth University, Aberystwyth, United Kingdom, (3)John Innes Centre, Norwich, United Kingdom, (4)Aberystwyth 
University, Aberystwyth, United Kingdom 
A critical requirement for investigating natural variation is the identification of diverse germplasm and the development of mapping populations 
that capture the diversity of a species. The Brachypodium distachyon community has focused on sampling diverse germplasm from the natural 
range of the species and developing RIL populations that span this diversity. Here, we describe the development of the ABR6 x Bd21 
recombinant inbred line (RIL) population, which has recently been advanced to the F9 stage. The population segregates for a range of 
morphological characteristics including above-ground biomass, plant height, leaf length and width, grain traits (width, length, height, and 
thousand grain weight), shattering, trichrome density, reaction to pathogenic microbes, and flowering time. In parallel, genetic and genomic 
resources have been developed including high-throughput sequencing of ABR6, ABR6 BAC library, and a high-density genetic map. Map-based 
cloning is underway for several genes underlying these diverse traits and current progress will be discussed. 
 
W082: Brachypodium Genomics  
Differential Methylation and Gene Expression Between Leaf and Floral Tissues in Brachypodium 
Kyria A. Roessler, UC Irvine, Irvine, CA 
DNA methylation has been found to negatively correlate with gene expression in multiple plant systems. It remains unclear if this correlation 
could cause tissue differentiation. In this study we aim to determine if DNA is significantly differentiated between tissues, and whether these 
differences affect tissue-specific gene expression. To address these questions, we analyzed both bisulfite sequence (BSseq) and transcriptomic 
sequence data from three biological replicates of two tissues (leaf and floral bud) from the model grass species Brachypodium distachyon. First, 



we determined whether tissues were more differentiated in DNA methylation than explained by variation among biological replicates. Tissues 
were more differentiated than biological replicates in methylation, but the analysis of replicated data revealed high false positive rates in both 
differentially methylated sites and regions. Next, we compared methylation to gene expression and found that differential CG methylation 
consistently covaried negatively with gene expression, regardless as to whether methylation was within genes, within their promoters or even 
within their closest transposable element. The relationship between gene expression and either CHG or CHH methylation was less consistent. In 
addition, DMRs were not significantly closer to differentially expressed genes and did not appear to have an affect on gene expression between 
tissues. In total, CG methylation in promoters explained 9% of the variation in tissue-specific expression across genes, suggesting that CG 
methylation is a minor but appreciable factor in tissue differentiation. 
 
W083: Brachypodium Genomics  
Genetic Architecture of Flowering Time Variation in Brachypodium distachyon 
Daniel Woods, University of Wisconsin-Madison, Madison, WI 
The transition to reproductive development is a crucial step in the plant life cycle, and the timing of this transition is an important factor in crop 
yields. Here, we report new insights into the genetic control of natural variation in flowering time in Brachypodium distachyon, a non-
domesticated pooid grass closely related to cereals such as wheat and barley. A recombinant inbred line (RIL) population derived from a cross 
between the rapid-flowering accession Bd21 and the delayed-flowering accession Bd1-1 were grown in a variety of environmental conditions to 
enable exploration of the genetic architecture of flowering time. A genotyping-by-sequencing (GBS) approach was used to develop SNP markers 
for genetic map construction, and quantitative trait loci (QTLs) that control differences in flowering time were identified. Many of the flowering 
time QTLs are detected across a range of photoperiod and vernalization conditions, suggesting that the genetic control of flowering within this 
population is robust. The two major QTLs identified in undomesticated B distachyon colocalize with VERNALIZATION1/PHYTOCHROME C 
and VERNALIZATION2, loci identified as flowering regulators in the domesticated crops wheat and barley. This suggests that variation in 
flowering time is controlled in part by a set of genes broadly conserved within pooid grasses. In addition to exploring flowering time using RILs 
we have also taken advantage of F2 mapping populations from crosses between various accessions that vary in flowering time as well as mutant 
screens to identify flowering time genes. 
 
W084: Brachypodium Genomics  
Epigenetics of Cold Acclimation and Vernalization in Brachypodium distachyon 
Lifeng Liu, DOE Joint Genome Institute, Walnut Creek, CA 
Many plants respond to prolonged cold exposure by increasing their freezing tolerance and transitioning to from a vegetative to a flowering state, 
i.e. vernalization. It is well known that increasing methylation of certain genes allows plants to measure cold exposure. However, the role of 
global epigenetic changes in mediating various cold responses are not well understood. Our aim is to identify the epigenetic control mechanisms 
involved in cold acclimation and vernalization in Brachypodium distachyon. To accomplish this, we applied several sequencing tools (RNA-Seq, 
ChIP-seq, small RNA-seq and Bisulfite-Seq) to seedlings subjected to cold for various amounts of time. Using data from these experiments we 
are characterizing the genome-wide changes in methylation, histone modification and binding, and small RNA expression in order to develop 
testable hypotheses about the role of epigenetic regulation in cold responses. 
 
W085: Brachypodium Genomics  
Development and Characterization of an Original Brachypodium Polyploid Model 
Vinh Ha Dinh Thi, Université d’Evry Val d’Essonne, Evry, France and Boulos Chalhoub, UEVE-INRA, Evry, France 
Brachypodium hybridum (2n=30) is a natural allopolyploid with highly divergent sub-genomes derived from two extant diploid species, B. 
distachyon (2n=10) and B. stacei (2n=20) which have similar genome content but divergent chromosome evolution. We have generated and 
characterized synthetic autotetraploids and allopolyploids from this interesting polyploid model. Autopolyploids were generated, through 
colchicines treatment, from two inbred lines of B. distachyon (Bd21 and Bd3-1) and three ones of B. stacei (ABR114, Bsta5 and TE4.3) and 
were show to generally exceed their diploid progenitors in vegetative traits, but their fertility was reduced. We also created synthetic B. hybridum 
allotetraploids by hybridizing various lines of B. distachyon and B. stacei. The initial amphihaploid F1 interspecific hybrids were obtained at low 
frequencies when B. distachyon was used as the maternal parent (0.15% or 0.245% depending on the line used) and were sterile. The genome-
doubled F1 plants produced few S1 (first selfed generation) seeds after self-pollination. The synthetic allotetraploids were stable and resembled 
the natural B. hybridum at the phenotypic, cytogenetic and genomic levels. The different autopolyploids and allopolyploids have now been 
characterized at the structural, gene expression and methylation levels. The successful creation of synthetic autopolyploids and allopolyploids of 
Brachypodium offers the possibility to study changes in genome structure and regulation at the earliest stages of allopolyploid formation in 
comparison with the parental species and natural B. hybridum. 
 
W086: Brassicas 
Identification of a Novel Regulator of Brassica napus Seed Development By Associative Transcriptomics 
Charlotte Noelle Miller1, Rachel Wells2, Neil McKenzie1 and Michael Bevan1, (1)John Innes Centre, Norwich, United Kingdom, 
(2)John Innes Centre, Norwich, UK 
Identifying and using genetic variation that contributes to crop yield is a key aim in the breeding of major food and industrial crops such as 
oilseed rape (OSR). Using Associative Transcriptomics we screened a panel of OSR accessions for genetic variation associated with a range of 
yield component traits. This analysis identified a locus associated with the weight of seed per pod. The expression of a gene at this locus, 
encoding a ubiquitin ligase, correlated negatively with the observe trait variation. Concordant with this result, we show that Arabidopsis mutants 
lacking a functional copy of this gene produce significantly larger seeds relative to WT plants. This increase in seed size was coupled with a 12% 
increase in seed storage protein and a 13% increase in seed lipid levels. Assessment of gene expression throughout seed development revealed 
that a set of regulatory transcription factor genes known for their role in seed maturation are upregulated in mutant seeds relative to WT. Using a 
cell-free system we showed that the ubiquitin ligase mediates the proteosomal degradation of a master regulator of seed maturation. Closer 



inspection of the promoter region of the Brassica napus orthologue of this ubiquitin ligase revealed extensive variation which may be causal for 
the differential expression and consequent phenotypic variation observed. Such variation could be utilised in breeding programs for the direct 
selection of genotypes exhibiting large seed size with high lipid content. 
 
W087: Brassicas 
Genetic Variation from Ancient Hexaploidy Preferentially Selected during Domestication of Brassica rapa Crops 
Michael S. Barker, University of Arizona, Tucson, AZ 
 
W088: Brassicas 
Exploring Epigenetic Variation in the Brassicas 
Stephen J. Robinson, Agriculture and Agri-Food Canada, Saskatoon, SK, Canada 
To follow. 
 
W089: Brassicas 
Redundancy, Subfunctionalization and Neofunctionalization in the Gene Regulatory Network Underlying Flowering in 
Brassica napus 
David M Jones, John Innes Centre, Norwich, United Kingdom 
 
W090: Brassicas 
The Pangenome of Brassica oleracea 
Agnieszka Golicz1, Philipp E. Bayer2, Guy Barker3, Patrick Edger4, Hye Ran Kim5, Paula Martinez6, Chon-Kit Kenneth Chan2, 
Anita Severn-Ellis2, W. Richard McCombie7, Isobel Parkin8, Andrew H. Paterson9, J. Chris Pires10, Andrew G. Sharpe11, Haibao 
Tang12, Graham R. Teakle13, Christopher D. Town14, Jacqueline Batley1 and David Edwards2, (1)University of Queensland, 
Brisbane, Australia, (2)University of Western Australia, Perth, Australia, (3)University of Warwick, Warwks, United Kingdom, 
(4)Department of Horticulture, Michigan State University, East Lansing, MI, (5)KRIBB-Plant Systems Engineering Center, 
Daejeon, Korea, (6)University of Queensland, St Lucia, Australia, (7)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 
(8)Agriculture and Agri-Food Canada, Saskatoon, SK, Canada, (9)Plant Genome Mapping Laboratory, University of Georgia, 
Athens, GA, (10)Division of Biological Sciences, University of Missouri, Columbia, MO, (11)National Research Council Canada, 
Saskatoon, SK, Canada, (12)Center for Genomics and Biotechnology, Haixia Institute of Science and Technology, Fuzhou, AZ, 
China, (13)University of Warwick, Warwick, United Kingdom, (14)J. Craig Venter Institute, Rockville, MD 
While two reference genomes of B. oleracea are available, they do not capture the entire gene content of the species owing to presence absence 
variants (PAV), genes which are present in one individual and not another. A reference which includes all genes for a species is termed the 
pangenome. We have constructed a draft pangenome using nine morphologically diverse B. oleracea varieties and a wild relative – Brassica 
macrocarpa. The pangenome comprises 61,379 genes, 18.7% of which demonstrate PAV in the varieties analysed. Several of the variable genes 
are annotated with functions related to major agronomic traits including disease resistance, flowering time, glucosinolate metabolism, and 
vitamin biosynthesis, suggesting that PAVs may be important for the breeding of improved Brassica crops. In addition to gene PAVs, a large 
number of allelic variants of genes were identified. A total of 4.8 million SNPs are present in the pangenome, 400,000 of which are in genomic 
regions not represented in the TO1000 reference. The pangenome provides the basis for comprehensive gene discovery and the association of 
variable genes and allelic variants with agronomic traits to support the breeding of improved Brassica crops. 
 
W091: Brassicas 
Structural Genome Variation and Adaptive Potential in Brassica napus 
Rod Snowdon, Justus Liebig University, Giessen, Germany 
Substantial genome restructuring, a well-known phenomenon in synthetic Brassica napus, may represent an accelerated form of genome 
evolution driven by de novo allopolyploidisation. We hypothesise that genome collisions during interspecific hybridisations accelerate Brassica 
molecular clocks, counteracting the loss of diversity due to intense allopolyploidisation bottlenecks and forming a key basis for natural and 
agricultural selection in the cultivated allopolyploid species. We are testing these hypotheses on a genome-wide scale, investigating large-scale 
mapping populations derived from crosses between natural and synthetic B. napus accessions. We find increasing evidence linking structural 
genome variation, due to homoeologous chromosome exchanges, with trait variation of relevance for oilseed rape breeding. This suggests a 
fundamental role of post-polyploidisation genome restructuring in the evolution and success of polyploid crops. Whole-genome resequencing of 
mapping parents allows identification of homoeologous chromosome rearrangements, and tracing these in segregating populations increases 
accuracy of B. napus genetic maps and allows associations of QTL to presence-absence and copy-number variants. Using methods to call 
segmental deletions and duplications from genome-wide SNP array data, we can also include copy-number and presence-absence variants in 
genome-wide association studies and genomic selection models. Validation of specific examples using sequence capture in large association 
panels demonstrates that structural genome rearrangements have played a highly significant role in creation of adaptive and agronomic diversity 
in B. napus, making it an important source of variation for natural and artificial selection. By moulding the B. napus pan-genome, structural 
variants can potentially also contribute strongly to heterotic potential.  
 
W092: Buffalo genome 
Introduction 
John Williams, Davies Research Centre, University of Adelaide, Roseworthy, Australia 
 
W093: Buffalo genome 



Improving the Buffalo Genome using Chicago Data 
Richard E. Green, Dovetail Genomics, Santa Cruz, CA 
 
W094: Buffalo genome 
The Buffalo Expression Atlas 
Rachel Young1, Lucas Lefèvre1, Stephen J Bush1, John Williams2, Suresh B Gokhale3, Satish Kumar4, Stephen Bishop1, Alan L. 
Archibald5 and David A. Hume1, (1)The Roslin Institute and R(D)SVS, University of Edinburgh, Midlothian, United Kingdom, 
(2)Davies Research Centre, University of Adelaide, Roseworthy, Australia, (3)BAIF Development Research Foundation, Pune, 
India, (4)Centre for Cellular and Molecular Biology, Hyderabad, India, (5)The Roslin Institute and R(D)SVS, University of 
Edinburgh, Edinburgh, United Kingdom 
The domestic water buffalo (Bubalus bubalis) contributes significantly to the global agricultural economy through milk, meat, hides and draught 
power. A larger part of the human population depends on domestic water buffalo than on any other livestock species in the world (FAO & UNEP 
2000). Despite its agricultural importance, the buffalo genome is not fully annotated. We have generated a fine scale gene expression atlas to 
improve knowledge of the buffalo transcriptome and annotate the reference genome. Various tissue and cell types were collected from eight adult 
(riverine) water buffalo (Mediterranean, Pandharpuri and Bhadawari breeds). RNA was isolated from a subset of tissues and stranded libraries 
generated for RNA-Seq at high depth for ten key tissues and at medium depth for the remaining thirty tissues. Whole genome sequence data were 
also generated from each animal. The RNA-Seq data were quantified and co-expressed genes visualised using the network analysis tool, Miru. 
Co-expression of unannotated genes with genes of known function will be used to infer their function. The atlas data are also being used to 
analyse alternative splicing, candidate expressed SNPs and allelic expression imbalance and compared to other ruminant species. The sample 
metadata have been loaded into BioSamples and the sequence data are being deposited in ENA. This will be a valuable resource for the 
international Functional Annotation of Animal Genomes (FAANG) initiative. Potential variation identified between domestic breeds will form 
the basis for the development of predictive marker-assisted selection and breed improvement in the buffalo industry. 
 
W095: Buffalo genome 
Disequilibrium in the Four Riverine Buffalo Populations in the Philippines 
Jesus Rommel V. Herrera, Philippine Carabao Center, College, Laguna, Philippines 
 
W096: Buffalo genome 
Analysis of Genetic Diversity in River Buffalo Populations Using a Multivariate Approach 
Nicolò P. P. Macciotta, University of Sassari, Sassari, Italy, John Williams, Davies Research Centre, University of Adelaide, South 
Australia, Australia, Paolo Ajmone Marsan, Research Center on Biodiversity and Ancient DNA – BioDNA, Piacenza, Italy and 
Italian Buffalo Consortium 
Genetic diversity of different river Buffalo breeds is investigated using a two step approach based on multivariate discriminant analysis. A 
sample of 185 Riverine buffaloes belonging to 15 breeds were genotyped using the 90K Affymetrix Axiom® Buffalo Genotyping Array. This 
array is the result of the draft sequence of the Buffalo genome even though SNP positions are tied to the Bos Taurus genome sequence. Editing 
was performed on SNP call rate (> 0.95), individual call rate > 0.98, MAF (> 0.01). A total of 53,399 SNP were retained for further analysis. A 
Stepwise discriminant analysis was carried out separately on each chromosome in order to select markers that mostly contribute to differentiate 
between breeds. Then a canonical discriminant analysis was performed chromosome-wide on SNP preselected in the first step. Canonical 
variables scores were then considered as new animal genetic coordinates and then plotted in the canonical space to quantify the distance between 
breeds. SNPs for which the correlation with the canonical variable was in the 99th percentile for a specific chromosome were considered to be 
significantly associated with that variable. Scores for each canonical variable were calculated and then plotted in the canonical space to assess the 
distance between breeds. SNPs for which the correlation with the canonical variable was in the 99th percentile for a specific chromosome were 
considered to significantly contribute to breed differences. 
 
W097: Buffalo genome 
Triallelic SNPs for Estimating Cattle Introgression, Inbreeding and Determining Parentage in North American Yak 
Theodore S. Kalbfleisch, University of Louisville, Louisville, KY 
 
W098: Cacao Advanced Omics Workshop 
The Cacao Criollo Genome v2.0 : An Improved Version of the Genome for Genetic and Functional Genomic Studies 
Xavier Argout1, Guillaume Martin1, Gaëtan Droc1, Karine Labadie2, Eric Rivals3, Jean-Marc Aury2 and Claire Lanaud4, 
(1)CIRAD, UMR AGAP, Montpellier, France, (2)CEA - Genoscope, Evry, France, (3)LIRMM- UMR 5506 & Univ Montpellier 2, 
Montpellier, France, (4)CIRAD-UMR AGAP, Montpellier, France 
Theobroma cacao L., native from the Amazonian basin of South America is an economically important fruit tree crop for tropical countries, 
source of chocolate. The first draft genome of the species, from a Criollo cultivar was published In 2011. Although a useful resource, some 
improvements can be made, including efforts to identify misassemblies, and reduction of the number of scaffolds, gaps, and un-anchored 
sequences to the ten chromosomes.  
In this work, we used a NGS-based approach to significantly improve the assembly of the Belizian Criollo B97-61/B2 genome. We combined 4 
Illumina large insert size mate paired libraries with 52x of Pacific Biosciences long reads to correct misassembled regions, reduce the number of 
scaffolds to 554 (4,792 in assembly V1) with a N50 increased from 0.47 Mb to 6.5 Mb. 96.7% of the assembly was anchored to the 10 
chromosomes compared to the previous 66.8%. Unknown sites (Ns) were reduced from 10.8% to 5.7%. Moreover, the NCBI Eukaryotic 
Genome Annotation Pipeline carried out a new RefSeq structural annotation based on RNAseq evidences and functional annotations have been 
updated.  



The release of the Theobroma cacao Criollo genome version 2 will be a valuable resource for investigating complex traits at the genomic level 
and is an important step for future comparative genomics and genetics studied on cocoa. New functional tools and annotations are available 
through the cacao genome hub (http://cocoa-genome-hub.southgreen.fr). 
 
W099: Cacao Advanced Omics Workshop 
Population Genomics of Tropical Tree Species: Implications for Identification of Genetic Components of Disease Resistance 
in Theobroma Cacao 
Claude dePamphilis, Penn State University, University Park, PA 
Claude W. dePamphilis1, James H. Marden1, Andrew Fister1, Liza S. Comita2,3, Scott A. Mangan3,4, Mark Peterson1, Eric Wafula1, Joshua P. 
Der1,5, Howard W. Fescemyer1, Dapeng Zhang6, Peter Tiffin7, Siela N. Maximova1, and Mark J. Guiltinan1. 1Penn State University, University 
Park, PA; 2Yale University, New Haven, CT; 3Smithsonian Tropical Research Institute, Panama; 4Washington University in St. Louis, St. Louis 
MO; 5California State University, Fullerton, CA; 6U.S. Department of Agriculture ARS, Beltsville MD; 7University of Minnesota, St. Paul, MN  
In tropical forests, rarer species show increased sensitivity to species-specific soil pathogens and more negative effects of conspecific density on 
seedling survival (negative density dependence, NDD). Small population size is expected to disproportionately reduce genetic diversity of 
hyperdiverse loci such as immunity genes. We generated root transcriptome data for six tropical tree species from Barro Colorado Island, 
Panama, that varied widely in their local abundance, and tested defense gene induction with live soil and salicylic acid. Initial results support the 
hypothesis that smaller local tree populations have reduced R gene diversity and recognition-dependent immune responses, along with greater 
co-susceptibility to species-specific pathogens that may facilitate disease transmission and NDD. We then asked whether population variation in 
orthologs of predicted defense genes in Theobroma cacao also showed evidence of diversifying selection in wild populations. T. cacao orthologs 
were sequenced from multiple accessions from Ecuador, Peru and French Guiana. Genetic polymorphism revealed differences between 
populations in extent of polymorphism and evidence of diversifying selection; prior knowledge from unrelated species enabled prediction of 
genes with elevated polymorphism. Our new project, funded by NSF-PGRP, will leverage population genomic data, transcriptome responses, 
and indicators of adaptive evolution to help identify functional disease resistance genes in wild populations that can be integrated into 
commercial Theobroma cacao lines. 
 
W100: Cacao Advanced Omics Workshop 
True-to-Type DNA Fingerprinting of West and Central African Cocoa Germplasm: Implications Towards Cocoa and 
Chocolate Economy and Sustainability 
Ranjana Bhattacharjee, International Institute of Tropical Agriculture, Ibadan, Nigeria 
More than 73% of cacao is produced by smallholder farmers with holdings of less than 5 hectares in West and Central Africa. Cocoa breeding 
programs are usually based on the creation of full-sib progenies (usually called “hybrids”), derived from parents selected for their good 
combining for useful traits such as yield and tolerance to diseases. However, there is a serious issue of mislabeling of parents which can be 
attributed to human error or presence of synonymy or homonymy. Over the past three years, the World Cocoa Foundation (WCF) through the 
African Cocoa Initiative (ACI) has provided support for genetic fingerprinting of the most important clones in the Breeders’ collections and seed 
garden materials in West and Central Africa including Nigeria, Ghana, Cote d’Ivoire, Cameroon and Togo. The results from the study has shown 
that only 5% of the clones and seed garden materials have been studied within the project, and there is an urgent need for the study to be 
extended to the entire breeding collection in each of the countries. This is in view of the serious implications of potential admixtures in the 
collection. This concern needs to be addressed urgently so that the breeders’ collection in each of the countries can be cleaned up and a regional 
set of true-to-type clones are identified, maintained, conserved and used in breeding programs for cocoa improvement and sustainability. 
Additionally, the study identified that the genetic base of seed gardens is narrow indicating the presence of only a few clones or admixtures and 
low use of improved clones from the national programs. This may have a serious consequence in the light of existing and emerging biotic and 
abiotic stresses, and its impact on cocoa sustainability. The ACI project has provided a roadmap for confirming the identity of true-to-type cocoa 
clones in West and Central Africa. This now needs to be taken forward so that all the breeders’ collection is cleaned up. 
 
W101: Cacao Advanced Omics Workshop 
Characterization of 21 Cacao Swollen Shoot Viral Genomes Reveals Multiple Species with Diverse Genome Organizations 
Judith K Brown, University of Arizona, Tucson, AZ 
Cacao swollen shoot virus (CSSV) is a cacao-infecting badnavirus, endemic to West Africa. Infected cacao trees exhibit foliar symptoms and 
shoot swelling, reduced yield, and eventual death. Recently, CSSV-like foliar and swollen shoot symptoms, accompanied by atypical, rapid 
decline symptoms with death ensuing 1-2 years post-infection, has occurred in Cote d’Ivoire and Ghana. At the same time, serological and 
molecular assays have failed to detect CSSV in 40-50% of symptomatic trees, coincident with the spread of the atypical severe decline/death 
syndrome. The collective evidence points to the possible emergence of a previously unrecognized CSSV-like virus(es). To test this hypothesis, 
the genomic variability of CSSV isolates from West Africa was investigated using Illumina HiSeq and Sanger DNA sequencing validation of 
recovered genomes. Pairwise nucleotide (nt) analysis of 14 full-length badnaviral genomes determined herein and 7 CSSV genomes available in 
GenBank, and of the RT-RNase H locus used for badnavirus species demarcation, at >80% nt identity, indicated four distinct CSSV-like groups. 
Phylogenetic analysis of sequences for the 21 full-length genome and 87 badnaviral RT-RNase loci, each resolved one well-supported, major 
CSSV clade consisting of four sister/subclades, while excluding all previously reported, non-cacao-infecting badnaviruses. The full-length 
genome sequence for members of the CSSV clade encoded either 3, 4, or 5 open reading frames (ORFs) containing homologous as well as 
distinct functional protein domains. Unexpectedly, CSSV species grouped phylogenetically within the same sister clade, but differed by ORF 
arrangement and/or functional domain architecture. 
 
W102: Cacao Advanced Omics Workshop 
CRISPR/Cas9 Mediated Mutagenesis of a Supressor of Defense Response in T. cacao 
Andrew Fister, The Pennsylvania State University, University Park, PA 



Authors: Drew Fister, Lena Landherr Sheaffer, Siela N. Maximova and Mark J. Guiltinan  
Application of CRISPR/Cas9 technology to plant species offers a powerful tool for functional genomics and accelerated plant breeding. For tree 
crops with long generation times, like T. cacao, use of CRISPR/Cas9 strategies enables accelerated generation of improved varieties with 
agriculturally desirable phenotypes. Our group has previously demonstrated that NPR3 (Non-expressor of PR-1 3), a transcriptional co-regulator, 
suppress the defense response in cacao tissue. Using a multiplexed design for mutagenesis, we demonstrate CRISPR/Cas9 activity in cacao 
leaves using our transient transformation system. Work in progress to confirm the function the NPR3 mutant in cacao tissue and the regeneration 
of CRISPR mutagenized plants will be discussed. 
 
W103: Camelids 
De novo Assembly of a Dromedary Camel 
Heather M. Holl1, Donald Miller2, Salma Abdalla3, Benjamin M. Shykind3, Joel A. Malek3, Yasmin A. Mohamoud4, Kamaal 
Pasha5, Adel Khalili5, Douglas Antczak2 and Samantha A. Brooks1, (1)University of Florida, Gainesville, FL, (2)Cornell University, 
Ithaca, NY, (3)Weill Cornell Medical College, Doha, Qatar, (4)WCMC-Qatar, Doha, Qatar, (5)Tharb Camel Hospital, Doha, Qatar 
The domestic dromedary camel is of economic and cultural importance in many countries in north Africa, the Middle East, and in parts of Asia. 
With a global population estimate of over fifteen million, many in developing nations, camels are often selected for meat and milk production, 
draught, riding, and racing traits. Camels possess an array of unique physiological adaptations that have enabled their survival in the arid desert 
environment. Assembled using only Illumina reads, the currently available reference genome contains 32,572 scaffolds with a N50 of 4.2Mb. We 
plan to produce a more robust set of genomic resources that will facilitate genomic selection and the study of desert adaptation in mammals using 
a comparative genomic approach. We selected a male dromedary camel from the US to serve as our genome animal. We established a fibroblast 
cell line from a skin biopsy for future cytogenetics work, as well as to prepare high molecular weight DNA for next generation sequencing. A 
total of 53x paired end Illumina and 20x PacBio coverage was generated for a hybrid assembly strategy. In addition, we performed a de novo 
transcriptome assembly from blood and cultured cells to assist with scaffolding and gene annotation. We plan to anchor the assembled scaffolds 
to chromosomes using the alpaca genetic map wherever possible. Analysis of the assembled genome is currently ongoing. 
 
W104: Camelids 
Genetic Structure of Camelus dromedarius Populations through Genome-Wide RAD Sequencing 
Ciani Elena1, Angela Doskocil2, Saitou Naruya3, Youcef Cherifi4, Asmaa Mohammed Aly Abushady5, Habib Yahyaoui6, Sabir 
Nurtazin7, Davide Scaglione8, Pamela A. Burger2 and International Camel Consortium for Genetic Improvement and Conservation2, 
(1)University of Bari "Aldo Moro", Bari, Italy, (2)Research Institute of Wildlife Ecology, Vetmeduni, Vienna, Austria, (3)National 
Institute of Genetics, Mishima, Japan, (4)Département de Génétique Moléculaire Appliquée. Université des Sciences et de la 
Technologie d'Oran Mohamed Boudiaf, El Mnaouer, Oran, Algeria, (5)Departement of Genetics, Faculty of Agriculture, Ain Shams 
University, Cairo, Egypt, (6)Laboratoire Elevage et Faune Sauvage, Institut des Régions Arides, Medenine, Tunisia, (7)Department 
of Biodiversity and Bioresources, Al-Farabi Kazakh National University, Almaty, Kazakhstan, (8)Parco Tecnologico Padano, 
Milan, Italy 
The development of cost-effective high-throughput SNP technologies for most of our livestock species has tremendously advanced genomic 
research for a (sustainable) food production. Despite its worldwide relevance the dromedary (Camelus dromedarius) has been relatively left out 
from the livestock ”genomic revolution”, until recently with the release of two reference draft genomes assembled at scaffold level. However, no 
complete chromosome assembled genome and no genome-wide screening tools are yet available. We adopted a double-digest genome-wide 
Restriction site Associated DNA (ddRAD) sequencing approach, a method that combines traditional DNA shearing via endonucleases with the 
Illumina Next Generation Sequencing technology to simultaneously genotype tens to hundreds of thousands of single nucleotide polymorphism 
(SNP) markers in hundreds of individuals. The technology has the major advantages of not requiring substantial prior knowledge of both genome 
sequence and variability, while achieving per-site and per-individual costs below that of current SNP chip technology. A total of 122 C. 
dromedarius animals from a wide geographic sampling area, plus 1 C. bactrianus subject, were screened with 200k genomic regions for each 
animal, at a theoretical coverage of 6X. From an initial set of 88K SNPs, we obtained 53K SNP genotypes after stringent filtering for a minor 
allele frequency (MAF) of 0.05 and locus missingness of 0.25 using PLINK. ADMIXTURE analysis highlighted clear evidence of C. bactrianus 
introgression into dromedaries from Kazakhstan and Iran. After removal of admixed animals, consistent phylogeographic clustering was 
observed using ADMIXTURE, Neighbor-Joining and Neighbor-Net analysis, pointing to a (weak) differentiation between African and Asian 
dromedaries, with long-range admixture signals also being detected in several populations at various extent. This population genomic study will 
hopefully open the way to a larger collaborative effort for a more comprehensive characterization of the relationship between genetic and 
phenotypic diversity in the Camelus dromedarius species. 
 
W105: Camelids 
Exploring the Full Genome Sequence of Dromedary Camels from the Arabian Penninsula 
Hussain Mahdi Bahbahani, Kuwait University, Kuwait city, Kuwait and Faisal Almathen, King Faisal University, Al-Hasa, Saudi 
Arabia 
The dromedary camels (Camelus dromedarius) are even-toed ungulates populating the Northern and Eastern part of Africa, Arabian Peninsula 
and the Southwestern part of Asia. They are single hump species highly adapted to the harsh desert environment (high temperature and scarcity 
of water). In addition of their initial use as packing animals they are currently considered as a source of milk, meat as well as used in racing and 
beauty contests. Here, we report the analysis of the full genome sequence of six dromedaries from the Arabian Peninsula (4 milk-producing and 
2 racing) to evaluate their genetic diversity and relationships, and to identify genetically differentiated regions (FST) between the two types. The 
sequence reads were mapped on ~ 97% of the reference dromedary genome (GenBank accession code: JDVD00000000) with an average depth 
of coverage of 12X. The average number of single nucleotide polymorphism (SNP) and insertion/deletion (Indel) in racing camels, 2.33 million 
and 313 thousands respectively, are higher than in milk-producing camels, 2.3 million and 309 thousands respectively. Among the identified 
SNPs, 50,158 and 71,482 are specific to milk-producing and racing camels, respectively. Racing camels also show slightly higher degree of 



homozygosity than milk-producing camels. Principle component analysis clearly differentiated racing and milk-producing camels. Moreover, 65 
candidate regions are identified that show genetic differentiation between the two types. Analysis of more samples from each type may further 
validate the candidate regions and variants of differentiation identified here. 
 
W106: Camelids 
Constructing Genetic Variation Maps in the Bactrian Camel 
Liang Ming, Inner Mongolia Agricultural University, Hohhot, China 
 
W107: Camelids 
Vicpac 3.0: A New and Improved Alpaca Reference Genome 
Mark F. Richardson1, Kylie Munyard2, Fahad Alshanbari3, Belinda Appleton4, Polina Perelman5 and Terje Raudsepp3, (1)Deakin 
University, Geelong, Australia, (2)Curtin University, Perth, Australia, (3)Texas A&M University, College Station, TX, (4)Deakin 
University, Victoria, Australia, (5)Institute of Molecular and Cellular Biology, Novosibirsk, Russian Federation 
The development of reliable whole genome sequence maps is key for understanding not only the genome architecture of a species, but it is a 
critical component to reveal the genetic blueprint of diseases, congenital disorders and traits of biological significance. Here we provide a 
summary of our recent work improving the previous VicPac2.0 reference genome. Through a combined approach utilizing hybrid genome 
assembly of 5x PacBio and 100x Illumina reads, together with a meta-assembly including the previous VicPac reference genomes we have 
generated a substantially more contiguous and accurate sequence assembly. We have improved the annotation of genes and gene models through 
the addition of RNA-Seq data, annotated gene promoters and regulatory regions with methylome data and chromosomally anchored sequences 
with an improved radiation hybrid map and cytogenetic (FISH) data. We also provide our future directions and plan for the new VicPac3.0 
reference assembly and present a new website to consolidate camelid comparative genomics. 
 
W108: Camelids 
Application of Molecular Cytogenetic Tools in Camelids: Characterization of an Autosomal Translocation in an Infertile 
Llama 
Felipe Avila, University of Minnesota, St. Paul, MN, Malorie P. Baily, Texas A&M University, College Station, TX, College 
Station, TX, Pranab J Das, National Research Centre on Yak (ICAR), Dirang, India, Michelle Kutzler, Department of Animal and 
Rangeland SciencesOregon State University, Corvallis, OR and Terje Raudsepp, Texas A&M University, College Station, TX 
Balanced autosomal translocations have been associated with reduced fertility and infertility in humans, mice and livestock species. Such 
translocations typically do not affect the health or viability of the carrier, but disturb chromosome pairing and segregation during gametogenesis, 
resulting in the formation of both genetically balanced and unbalanced gametes. Here we describe the case of a 10-year old male llama (Lama 
glama) referred for chromosome analysis due to infertility. Clinical examination showed that 75% of his sperm had morphologic defects 
(midpiece defects, nuclear and acrosomal vacuoles), whereas the testes and accessory glands appeared normal upon ultrasound. Conventional 
cytogenetic analysis revealed an abnormal 73,XY karyotype with an autosomal translocation (normal diploid number in camelids is 2n=74). The 
derivative chromosome, as determined by G-banding, was submetacentric with size and morphology similar to chrX. Molecular cytogenetic 
analysis using probes specific to chrX and chrY showed that both sex chromosomes were normal. Further FISH analysis with a set of camelid 
autosome-specific probes revealed that the short arm of the derivative chromosome corresponded to chr20, and the long arm to chr12. Camelid 
chr20 is homologous to human chr6p and carries the MHC, whereas camelid chr12 corresponds to parts of human chrs12 and 22. Subsequent 
studies are needed to identify the genes affected by the translocation and whether any of the genes have functions in spermatogenesis. This first 
case of a translocation ever reported in a camelid species demonstrates effective use of the molecular cytogenetic tools only recently available for 
these species. 
 
W109: Camelids 
The Major Histocompatibility Complex in Old World Camelids 
Petr Horin, Brno, Czech Republic 
The current knowledge on the Major Histocompatibility Complex (MHC) in Old World Camelids is reviewed. The MHC region was mapped to 
the chromosome 20q12 in dromedary camels. Cytogenetic (FISH) and comparative whole genome sequence data analysis showed that the order 
of the three major sub-regions is Centromere - Class II – Class III – Class I. Exon 2 sequences encoding the antigen-binding sites of MHC class 
II molecules DRA, DRB, DQA and DQB showed unusually low extent of polymorphism in all three species of Old World camelids, Camelus 
bactrianus, Camelus dromedarius and Camelus ferus. On the other hand, the DRA locus is polymorphic in all three species. The DQB sequences 
showed a 12-bp long insertion compared to their counterpart in cattle. A high degree of sequence similarity and extensive allele sharing across 
the three species was observed in all loci studied. Data obtained from ancient DNA samples of C. dromedarius suggest that additional 
polymorphism might exist. Two MHC genes coding for other than antigen-presenting molecules were studied. Polymorphisms of potential 
functional importance were sought in the genomic sequences of the tumor necrosis factor alpha gene (TNFA) and of the MHC class I 
polypeptide-related sequence A (MICA). Despite high levels of conservation observed in other mammalian species, several single nucleotide 
polymorphisms were found in the TNFA sequences retrieved. Investigations on MICA polymorphism are currently underway. Evolutionary 
analyses showed complex relationships of camelid MHC class II genes with other mammalian families and suggested effects of positive selection 
on their exon 2 sequences. 
 
W110: Cassava Genomics 
Production, Assembly and Use of Genomic, Transcriptomic and Epigenomic Datasets to Understand the Loss of CMD2-
Mediate Resistance during Cassava Tissue Culture 
Rebecca Bart, Donald Danforth Plant Science Center, St. Louis, MO 



 
W111: Cassava Genomics 
Current Insights on Genomic Diversity and Genetic Architecture of Primary Breeding-Goal Traits in Africa Cassava 
Germplasm 
Ismail Rabbi1, Marnin Wolfe2, Ramu Punna3, Guillaume J. Bauchet4, Pheneas Ntawuruhunga1, Michael T Abberton1, Edward 
Kanju5, Melaku A. Gedil6, Elizabeth Yaa Parkes1, Nzola Nzola1, Rachid Hanna1, L. Augusto Becerra Lopez-Lavalle7, Chiedozie 
Egesi8, Jean-Luc Jannink9 and Peter Kulakow1, (1)International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, (2)Cornell 
University, Ithaca, NY, (3)Institute for Genomic Diversity, Cornell University, Ithaca, NY, (4)Boyce Thompson Institute, Ithaca, 
NY, (5)International Institute of Tropical Agriculture (IITA), Dar es Salaam, Tanzania, (6)International Institute of Tropical 
Agrictulture (IITA), Ibadan, Nigeria, (7)International Center for Tropical Agriculture, CIAT, Cali, Valle del Cauca, Colombia, 
(8)National Root Crops Research Institute (NRCRI), Umuahia, Nigeria, (9)USDA-ARS, Ithaca, NY 
Cassava was introduced to Africa from Brazil in the 16th Century and since then it has emerged as one of the most important food security crop 
the continent due to adaptation to sub-optimal production conditions and its wide harvest window. The International Institute of Tropical 
Agriculture (IITA) in Nigeria and The International Center for Tropical Agriculture (CIAT) in Colombia maintain a large collection of diverse 
cassava germplasm, including wild species, landraces and improved breeding clones from Africa and Latin America, respectively. We carried out 
sequencing-based genotyping more than 2300 accessions maintained by the two centers to gain insights into the genetic diversity, population 
structure and first-degree relationships of two most important germplasm collections. In addition, genome-wide association analysis (GWAS) 
was carried out on a large set of multi-parental population to dissect the genetic architecture of several important traits, including dry-matter and 
carotenoid content, resistance to cassava green-mite and several other traits. The results from this ongoing work will be useful in the management 
and targeted use of the germplasm in breeding pipelines. 
 
W112: Cassava Genomics 
QTL Associated with Field Resistance to Cassava Brown Streak Disease in the Context of the Genetic Relationship Among 
Genotypes 
Morag E. Ferguson1, Esther A. Masumba1, Fortunus A. Kapinga2, Inosters Nzuki1, Bernadetha Kimatha3, Kasele Salum4, Heneriko 
Philbert Kulembeka4, Geoffrey Suleiman Mkamilo2, Jessica B. Lyons5, Jessen V. Bredeson5, Trushar Shah6, Manpreet S. Katari7, 
Edward Kanju8, Alexander A Myburg9, Albe van der Merwe10, Daniel S. Rokhsar11 and Steve Rounsley12, (1)International Institute 
of Tropical Agriculture (IITA), Nairobi, Kenya, (2)Naliendele Agricultural Research Institute (NARI), Mtwara, Tanzania, 
(3)Naliendele Agriculture Research Institute, Mtwara, Tanzania, United Republic of, (4)Ukiriguru Research Institute, Mwanza, 
Tanzania, (5)University of California, Berkeley, Berkeley, CA, (6)IITA, Nairobi, Kenya, (7)New York University, New York, NY, 
(8)International Institute of Tropical Agriculture (IITA), Dar es Salaam, Tanzania, (9)Department of Genetics, University of 
Pretoria, Pretoria, South Africa, (10)University of Pretoria, Pretoria, South Africa, (11)DOE Joint Genome Institute, Walnut Creek, 
CA, (12)Genus plc, DeForest, WI 
In Africa cassava mosaic disease (CMD) and cassava brown streak disease (CBSD) together cause over $1billion losses in production every year 
in the largely subsistence crop of cassava. These losses are predicted to escalate as CBSD spreads from East towards West Africa, the largest 
cassava producing region in Africa. Marker-assisted selection (MAS) for resistance to both diseases would enable pre-emptive breeding in West 
Africa in advance of the CBSD pandemic, and contribute efficiencies in breeding in East Africa. Field resistance to CBSD has been observed in 
landraces from Tanzania, possibly derived from an early breeding program at Amani (1930-40’s) which included interspecific crosses. QTL 
studies based on bi-parental crosses involving this germplasm, genotyped using genotyping-by-sequencing and phenotyped over two seasons in 
two locations in Tanzania have identified different QTL on chromosome 11 in two sources of CBSD resistance, namely ‘Namikonga’ and 
‘Kiroba’. Results are supported by the genetic relationships of germplasm based on whole genome shotgun sequencing and results of a GWAS 
study conducted in Uganda. CBSD resistance does not appear to come from wild species introgression but, at least the resistance from 
‘Namikonga’, appears to come from a West African landrace, ‘TMEB117’. Efforts are underway to convert results into practical MAS. 
 
W113: Cassava Genomics 
Genetic Load in Cassava 
Ramu Punna1, Williams Esuma2, Robert Kawuki3, Ismail Rabbi4, Chiedozie Egesi5, Jessen V. Bredeson6, Rebecca Bart7, Janu 
Verma8, Edward S. Buckler9 and Fei Lu1, (1)Institute for Genomic Diversity, Cornell University, Ithaca, NY, (2)National Crops 
Resources Research Institute, Uganda, Kampala, Uganda, (3)National Crops Resources Research Institute, Kampala, Uganda, 
(4)International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, (5)National Root Crops Research Institute (NRCRI), 
Umuahia, Nigeria, (6)University of California, Berkeley, Berkeley, CA, (7)Donald Danforth Plant Science Center, St. Louis, MO, 
(8)Cornell University, Ithaca, NY, (9)USDA-ARS-Cornell University, Ithaca, NY 
Cassava (Manihot esculenta Crantz) is an important staple food crop for millions of people in Africa and South America. Cassava exposes to a 
constant mutational pressure due to accumulation of mutations in every generation. To characterize the deleterious mutations in the cassava 
genome, we constructed a cassava haplotype map using deep sequencing from 241 diverse accessions and identified over 30 million segregating 
variants. Domestication increased the genetic load in cultivated cassava. Due to limited recombination in cassava, deleterious mutations are 
ineffectively purged from the genome. Recent breeding efforts shielded the most damaging recessive mutations in the heterozygous state, thus, 
masking the harmful effects of deleterious alleles to maintain the yield. Purging of these deleterious alleles from the genome should be a key 
target for future cassava breeding. 
 
W114: Cassava Genomics 
Two Novel DNAs Responsible for Enhanced Symptoms and Overcome Resistance to CMD in Plants 



Cyprian Rajabu1,2, Catherine D. Doyle1, Mary M. Dallas1, Elijah M. Ateka3, Jose T. Ascencio-Ibanez1, Joseph Ndunguru4 and 
Linda Hanley-Bowdoin1, (1)North Carolina State University, Raleigh, NC, (2)University, Nairobi, Kenya, (3)Jomo Kenyatta 
University of Agriculture and Technology, Nairobi, Kenya, (4)Mikocheni Agricultural Research Institute, Dar Es Salaam, Tanzania 
Cassava mosaic begomoviruses (CMBs) cause cassava mosaic disease (CMD) in Africa and the Indian subcontinent. Like all members of the 
geminivirus family, CMBs have small, circular single-stranded DNA genomes. We report here the discovery of two novel DNA sequences 
designated as SEGS-1 and SEGS-2 (sequences enhancing geminivirus symptoms) that enhance symptoms and break resistance to CMD. Both 
SEGS enhanced CMD symptoms in cassava (Manihot esculenta Crantz) when co-inoculated with a CMB. SEGS-1 also overcame resistance of a 
cassava landrace carrying the CMD2 resistance locus in co-inoculation studies with a CMB. Episomal forms of both SEGS were detected in 
CMB-infected cassava, but not in healthy cassava. SEGS-2 episomes were also found in virions and whiteflies. SEGS-1 has no homology to 
geminiviruses or their associated satellites, but the cassava genome contains a sequence that is 99% identical to full-length SEGS-1. The cassava 
genome also includes three sequences with 84-89% identity to SEGS-2 that together encompass all of SEGS-2 except for a 52-bp region, which 
includes the episomal junction and a 26-bp sequence related to alphasatellite sequence. These results suggest that SEGS-1 is derived from the 
cassava genome and facilitates CMB infection either as an integrated copy and/or an episome, while SEGS-2 was originally from the cassava 
genome but is now encapsidated into virions and transmitted as an episome by whiteflies. The SEGS also enhance symptoms and break 
resistance in Arabidopsis co-inoculated with a CMB. We are using Arabidopsis to determine how the SEGS impact infection and host defenses. 
 
W115: Cassava Genomics 
Alternative Splicing in the Gbssi Gene Involved in Amylose-Free Cassava 
Diana Katherine Castillo Avila, CIAT, Cali, Colombia, Manuel Ruiz, CIRAD, UMR AGAP / CIAT, Montpellier Cedex 5, France 
and L. Augusto Becerra Lopez-Lavalle, International Center for Tropical Agriculture, CIAT, Cali, Valle del Cauca, Colombia 
Introduction: Cassava is an important source of starch in tropics. Cassava starch derivatives are traded in the international starch market making 
it a potential cash crop for small holder farmers. Diversity of starch sources in cassava was unknown until 2007 when a source of amylose-free 
starch (waxy) was discovered at the International Center for Tropical Agriculture (CIAT). The GBSSI gene is responsible for this trait.  
Results: Phylogenetic analysis of waxy and non-waxy genotypes showed a clear evolutionary and functional division with a waxy and a non-
waxy cluster indicating a complex gene structure for this trait. Sequence analysis identified between two and eight allelic variants of the GBSSI 
gene indicating that the waxy trait may be controlled by more than one form of the GBSSI allele. We found evidence of alternative splicing in the 
GBSSI gene. This finding was further validated by transcript reconstruction by cDNA cloning and RNAseq approach. Transcript reconstruction 
gave evidence of alternative splicing, mainly driven by exon skipping or intron retention and the presence of multiple open-reading frames. 
These variations at transcript level contribute to the protein diversity in GBSSI.  
Conclusions: We confirm multiple allelism through polymorphisms between the overlapping fragments after cloning and sequencing approach, 
suggesting the internal variability within M. esculenta for GBSSI gene. Taken together, our results indicate the existence of new isoforms for 
GBSSI gene and constitutes the first report of alternative splicing phenomenon in cassava.  
 
W116: Cat & Dog Workshop 
Ancient DNA to Explore Origin and Spread of the Domestic Cat 
Eva-maria Geigl, Institut Jacques Monod - University Paris Diderot, Paris, France 
 
W117: Cat & Dog Workshop 
Contrasting the Genetic Architecture of Complex Traits Between Village Dog Populations and Purebred and Mixed-Breed 
Dog Cohorts 
Adam R. Boyko, Department of Biomedical Sciences Cornell University, Ithaca, NY 
 
W118: Cat & Dog Workshop 
Dogs Un-Leashed – New Analysis Tools for the Canine Community 
Mohini Patil, Affymetrix, Santa Clara, CA 
 
W119: Cat & Dog Workshop 
A Survey of Whole-Genome Variation in Domestic Cats 
Fabiana H. G. Farias1, Barbara Gandolfi2, Leslie A. Lyons2 and Wesley Warren1, (1)Washington University School of Medicine-
McDonnell Genome Institute, Saint Louis, MO, (2)University of Missouri-Columbia, Columbia, MO 
Genetic diversity is a very important factor for health in animals yet artificial selection is known to increase the burden of deleterious variants. 
Both cats and dogs have been under strong artificial selection for a variety of traits, but cats in particular for aesthetic pleasing traits, such as, coat 
color, pattern or length. Given great efforts are being made to identify disease alleles and circumvent their dissemination within breeds of both 
species, extensive WGS data is needed to empower these studies. The 99 Lives Cat Genome Sequencing initiative was launched to sequence the 
genomes of domestic and wild felines to serve this purpose of providing a more comprehensive source of feline variation. We examined 65 
unrelated domestic cat genomes of various breeds. Genome alignment was done with BWA to cat reference v.6.2, Platypus was used for variant 
calling and SnpEff for annotation, all performed by Maverix Biomics, Inc. We identified 38,907,808 variants, in which 27,915,282 are SNPs and 
10,992,526 are small (< 6 bp) insertions or deletions. The loss of function (LoF) SNPs identified was 111, and the average between cats was 46. 
Cats had similar numbers of variants identified overall. A more systematic survey of LoF SNPs is being carried out to remove false positives and 
identify true variants that are tolerable or disease causing. By examining larger surveys of putatively deleterious variants among domestic cat 
breeds we hope to confirm their tolerance and aid disease investigations of causative alleles. On behalf of 99 Lives Cat Sequencing Consortium. 
 
W120: Cat & Dog Workshop 



Many Kissed Frogs and a Few Princes: Searching Dog Genomes for Causal Variants, Incidental Findings, and Reverse 
Genetics Associations 
Ana Leticia Kolicheski, University of Missouri, Columbia, MO 
Since 2010 our team of molecular geneticists and veterinary specialists have been partially successful in our efforts to identify disease-causing 
alleles in whole genome sequences (WGS) from dogs with heritable diseases. Sequencing data was generated using Illumina HiSeq 2500 and 
Illumina HiSeq X Ten platforms for 87 dogs of 50 breeds and 53 disease phenotypes. A database containing over 150k canine DNA samples 
representing a large variety of breeds and disease is available for potential variant validation and association. So far, disease-associated mutations 
have been successfully identified for 18 disease phenotypes in 15 different breeds through varied analysis approaches. The successes include: 
paroxysmal dyskinesia in Soft Coated Wheaten Terriers, different forms of neuronal ceroid lipofuscinosis, GM2-gangliosidosis in the Shiba Inu, 
dilated cardiomyopathy in Standard Schnauzers, and spinocerebellar ataxia in Jack Russel Terriers, among others. I will describe examples of 
some strategies that have led to the identification of causal variants and also discuss some examples where the causes have not yet been 
identified. In addition, I will describe our experiences with incidental findings (phenotypes unrelated to the targeted disease but predicted to 
occur in the sequenced individual) and our efforts to find reverse genetic association (phenotypes unrelated to the targeted disease but predicted 
to occur in relatives of sequenced individual). 
 
W121: Cat & Dog Workshop 
A Cat’s Eye on Madagascar 
Francesca Bertolini1, Barbara Gandolfi2, Nicholas A. Gustafson3, Max F. Rothschild1, Leslie A. Lyons2, Michelle Sauther4, Frank 
Cuozzo5, Jacky Youssouf6, Scott Larsen7, Anneke Moresco7 and Monika Lipinski8, (1)Iowa State University, Ames, IA, 
(2)University of Missouri-Columbia, Columbia, MO, (3)University of Missouri, Columbia, MO, (4)University of Colorado-
Boulder, Boulder, Colorado, (5)University of North Dakota, Grand Forks, ND, (6)University of Toliara, Toliara, Madagascar, 
(7)Denver Zoo, Denver, CO, (8)University of California at Davis, Davis, CA 
The worldwide diffusion paths of modern cats can be investigated with molecular genetic tools. Microsatellite markers have been used to track 
the dispersion of cat populations from the presumed site of domestication to their current sites and have been used to determine genetic 
relationships, geographical origins, and the levels of genetic loss due to inbreeding. Through these analyses, the Mediterranean area was 
reconfirmed to be the probable site of domestication of the modern cat and, for example, it has been demonstrated that Persians cats are more 
aligned with European/American than with Mediterranean or Asian clusters. These results have also been confirmed also using high throughput 
SNP chips. Madagascar is an island in the Indian Ocean, off the coast of Southeast Africa, known also to be a repository of biodiversity, with the 
90% of wildlife unique to Madagascar. The cat population of the island has never been investigated. Using the collected samples provides an 
opportunity to identify the origin of the cats of this island. A panel of 36 markers and over 1700 random bred cats from over 40 countries around 
the world was used for the analysis. All cats had over 85% of their data successfully assessed. Inferred ancestry of individuals was evaluated 
using the Software Structure with a range of K values. The analyses revealed that the Madagascar cat population has its main similarity with cats 
sampled in south-west Asia areas. 
 
W122: Cat & Dog Workshop 
The Fonni’s Dog as a Means to Define ‘Breed’ and Inform Inter-Species Island Colonization 
Dayna L. Dreger, National Human Genome Research Institute, National Institutes of Health, Bethesda, MD, Brian W. Davis, 
NHGRI, Bethesda, MD and Elaine A. Ostrander, NIH-National Human Genome Research Institute, Bethesda, MD 
The domestic dog species includes over 300 closed breeding populations world-wide. Each breed has a unique ancestral history, influenced via 
artificial selection, to produce distinguishing physical, aesthetic, and behavioral characteristics. Recent research has characterized the resultant 
patterns of genetic homozygosity within >80 of these breeds, revealing an interplay of breed-specific levels of homozygosity and the degree of 
individual dog variation within each breed. The Fonni’s Dog is a little-known dog breed endemic to the Italian island of Sardinia. Genomic 
demography, relative to 27 additional dog breeds from the Mediterranean region, has been used to classify the Fonni’s Dog as a genetically 
independent population of dogs that displays the expected molecular characteristics of a pure breed. Comparison of the Fonni’s Dog to 
geographically relevant breeds determines the ancestral contributions to the breed formation, and the involvement of the Fonni’s Dog in the 
development of other Mediterranean dog breeds. Further, intriguing parallels are drawn between the genetic ancestry of the Fonni’s Dog and a 
predicted model of human colonization of the islands of the Mediterranean Sea. 
 
W123: Cattle/Sheep/Goat 1 
Rambouillet Sheep Genomic Resources 
Yue Liu1, R. Alan Harris1, Xiang Qin1, Stephen Richards1, Jeffrey Rogers1, Yi Han1, Vanessa Vee1, Min Wang1, Qingchang Meng1, 
Michael P. Heaton2, Dr. Timothy P.L. Smith3, Brian Dalrymple4, Stephen N. White5, Brenda M. Murdoch6, James W. Kijas7, Noelle 
Cockett8, Donna M. Muzny1, Richard A. Gibbs1 and Kim C. Worley1, (1)Baylor College of Medicine, Houston, TX, (2)USDA, 
ARS, U.S. Meat Animal Research Center (USMARC), Clay Center, NE, (3)USDA, ARS, USMARC, Clay Center, NE, (4)CSIRO 
Agriculture, St. Lucia, QLD, Australia, (5)USDA, ARS, Animal Disease Research Unit, Pullman, WA, (6)University of Idaho, 
Moscow, ID, (7)CSIRO Animal, Health and Food Science, St Lucia, Australia, (8)Utah State University, Logan, UT 
High quality reference genomes are fundamental resources for biology. We report here a new sheep reference genome for the Rambouillet breed 
generated using the latest methods for producing and de novo assembling long reads. High quality annotation will be enabled by assays of the 
FAANG quality samples that have been collected from the reference animal.  
A total of 200 Gb of sequence was generated from a single ewe, Benz2616, using the Pacific Biosciences (PacBio) technology. The data have a 
12.6 kb N50 and 8.9 kb mean subread length. We used both Falcon and Celera Assembler to error correct and assemble the error corrected reads 
and selected the more complete product of the Celera Assembler for further processing. The preliminary assembly has a contig N50 of 2.2 Mb, a 
total length of 2.85 Gb, 365 contigs contain half of the genome sequence, and the longest contig is 16.3 Mb. The majority (89%) of 338,551 EST 



sequences align to the genome, with most (90%) having nearly complete alignments, aligning over more than 95% of their length. This version 
of the genome is more complete and has more contiguous alignment to these expressed sequences than the Texel breed Oar4.0 reference. Base 
quality of this assembly is high, with error rates less than 1% following assembly polishing using Arrow. The preliminary contigs have been 
scaffolded using Hi-C data and the Lachesis software, producing chromosome scale scaffolds. Further scaffold refinement is ongoing.  
To provide the highest quality annotation of this high quality assembly, we have collected samples from over 100 tissues from the reference 
animal for additional FAANG assays. This was a large effort involving over 35 people in the sample collection, advance planning and 
coordination. In addition to the PacBio genome sequence and Hi-C data for the genome assembly, PacBio IsoSeq, miRNAseq, ATAC-Seq and 
other assays are planned. 
 
W124: Cattle/Sheep/Goat 1 
The New Goat Long-Read Assembly Enables Interrogation of Genomic Dark Matter 
Derek M. Bickhart1, Benjamin D. Rosen2, Sergey Koren3, Adam Phillippy3, Curtis P. VanTassell4 and Dr. Timothy P.L. Smith5, 
(1)Dairy Forage Research Center, USDA-ARS, Madison, WI, (2)ARS, USDA, Beltsville, MD, (3)National Human Genome 
Research Institute, National Institutes of Health, Bethesda, MD, (4)Animal Genomics and Improvement Laboratory, USDA-ARS, 
Beltsville, MD, (5)USDA, ARS, USMARC, Clay Center, NE 
 
W125: Cattle/Sheep/Goat 1 
Bovidae Genome Data at NCBI – from Genome Annotation to Gene Curation 
Kim D. Pruitt, National Center for Biotechnology Information (NCBI/NLM/NIH), Bethesda, MD 
The National Center for Biotechnology Information (NCBI) provides annotated Bovidae genomes, genes, transcripts, and proteins in the 
reference sequence (RefSeq) database. This content is generated using NCBI’s Eukaryotic Genome Annotation Pipeline which leverages 
evidence-based computational prediction and manually curated data. RefSeq prioritizes supporting more complete genome assemblies and aims 
to provide genome annotation for, typically, one reference genome per species although we may elect to annotate alternate assemblies, as has 
been the case for Bos taurus. The core of our evidence-based annotation pipeline generates gene, transcript, and protein models based on 
alignment analysis of: transcript data available in GenBank, RNAseq datasets available in the Sequence Read Archive (SRA), curated RefSeq 
transcripts and proteins from Bovidae and human, and UniProtKB/Swiss-Prot records. Annotation products are accessible through several NCBI 
resources, such as Gene, Nucleotide, Protein, BLAST and the (new) Genome Data Viewer. Manual curation is performed at both gene and 
sequence level and includes evidence-based generation of RefSeq transcripts and proteins, correction of sequence errors and improvement of 
gene annotation based on quality assurance tests. Advantages of the RefSeq product include: consistent annotation and curation protocols; public 
availability of the data in multiple resources and formats; clear data provenance; and the ability to add, remove, or update transcript and protein 
products between whole genome annotation cycles. This presentation will provide an overview of RefSeq data processing, Bovidae genome 
resources, and 2016 annotation updates of Bos taurus and Capra hircus. 
 
W126: Cattle/Sheep/Goat 1 
Host Genomic Control of the Microbiome 
Ran Blekhman, University of Minnesota, St Pual, MN 
The composition of bacterial communities in and on an animal's body varies widely across individuals, and has been associated with multiple 
health conditions. While the microbiome is influenced by environmental factors, some degree of genetic influence of the host on the microbiome 
is also expected. In my talk, I will describe some of our recent studies attempting to shed light on the effect of host genetic variation on the 
microbiome in health and disease. I will describe a joint analysis of the composition of the human microbiome and host genetic variation. By 
mining the shotgun metagenomic data from the Human Microbiome Project (HMP) for host DNA reads, we identified strong correlations 
between host genetic variation and microbiome composition, and show that these correlations are driven by variation in host immunity pathways 
and genes associated with microbiome-related complex diseases. I will also describe a new machine learning technique, that given joint host 
genetic variation and microbiome composition data, identifies host SNPs that are associated with microbial taxa abundances. 
 
W127: Cattle/Sheep/Goat 1 
Systematic Profiling of Short Tandem Repeats in the Cattle Genome 
Lingyang Xu1, Ryan Haasl2, Jiajie Sun3, Yang Zhou4, Derek M. Bickhart5, Junya Li1, Jiuzhou Song6, Tad S. Sonstegard7, Curtis P. 
VanTassell8, Harris A. Lewin9 and George E. Liu8, (1)Institute of Animal Sciences, Chinese Academy of Agricultural Sciences, 
Beijing, China, (2)Department of Biology, University of Wisconsin – Platteville, Platteville, WI, (3)College of Animal Science, 
South China Agricultural University, Guangzhou, China, (4)College of Animal Science and Technology, Northwest A&F 
University, Shaanxi, China, (5)Dairy Forage Research Center, USDA-ARS, Madison, WI, (6)University of Maryland, College Park, 
MD, (7)Acceligen Inc. Animal Ag. Subsidary of Recombinetics, St. Paul, MN, (8)Animal Genomics and Improvement Laboratory, 
USDA-ARS, Beltsville, MD, (9)UC Davis, Davis, CA 
Short tandem repeats (STRs), or microsatellites, are genetic variants with repetitive 2–6 base pair motifs in many mammalian genomes. Using 
high-throughput sequencing and experimental validations, we systematically profiled STRs in five Holsteins. We identified a total of 60,106 
microsatellites and generated the first high-resolution STR map, representing a substantial pool of polymorphism in dairy cattle. We observed 
significant STRs overlap with functional genes and quantitative trait loci (QTL). We performed evolutionary and population genetic analyses 
using over 20,000 common dinucleotide STRs. Besides corroborating the well-established positive correlation between allele size and variance in 
allele size, these analyses also identified dozens of outlier STRs based on two anomalous relationships that counter expected characteristics of 
neutral evolution. And one STR locus overlaps with a significant region of a summary statistic designed to detect STR-related selection. 
Additionally, our results showed that only 57.1% of STRs located within SNP-based linkage disequilibrium (LD) blocks while the other 42.9% 
were out of blocks. Therefore, a substantial number of STRs are not tagged by SNPs in the cattle genome, likely due to STR's distinct mutation 



mechanism and elevated polymorphism. This study provides the foundation for future STR-based studies of cattle genome evolution and 
selection. 
 
W128: Cattle/Sheep/Goat 1 
Annotating the New Bovine Reference Genome Assembly 
Christine G. Elsik, Deepak R. Unni, Darren E. Hagen and Colin M. Diesh, Division of Animal Sciences, University of Missouri, 
Columbia, MO 
We are preparing to annotate the new ARS-UCD bovine genome assembly, and to seek annotation input from the bovine research community. 
The Bovine Genome Database (http://BovineGenome.org) provides Apollo2.0, a web-based gene annotation system that allows users to view and 
edit gene annotations. Changes to genes are updated in real time so that they are immediately visible in Apollo, allowing for an unprecedented 
level of collaboration. Bovine gene evidence tracks will include automated gene predictions, genes transferred from the UMD3.1 assembly using 
UCSC liftOver, and alignments of Illumina RNAseq and PacBio Iso-Seq transcript sequences. Given that genome assembly discrepancies are 
major sources of gene annotation errors, we have also developed a plugin to Apollo that allows users to manually correct local assembly errors or 
provide localized information about genomic structural variants. We call these alternate sequences “Locus Specific Alternate Assemblies” 
(LSAA). The tool enables gene annotators to correct putative assembly errors they identify in the process of annotating genes. JBrowse 
visualizations of genomic read alignments that display arcs between read pairs and highlight discordant read pairs help users pinpoint assembly 
errors. Users may create insertions, deletions and inversions. Although the reference genome is not modified in our database or genome viewer, 
the submitted LSAA information is maintained and searchable. LSAA locations are highlighted in JBrowse, and LSAA sequences can be 
exported. We will present the bovine gene and assembly annotation tools using the UMD3.1 assembly as an example, in anticipation of a 
community annotation project for the ARS-UCD bovine genome assembly. 
 
W129: Cattle/Sheep/Goat 1 
NRSP8 Bioinformatics Update 
James M. Reecy, Department of Animal Science, Iowa State University, Ames, IA 
 
W130: Cattle/Sheep/Goat 2 
Meta-Analyses Approaches to Prioritise Pleiotropic Sequence Variants from Global Sequence Consortia 
Hans D. Daetwyler1,2, Bolormaa Sunduimijid1, Iona M MacLeod1, Christy J Vander Jagt1, Amanda J. Chamberlain1, Ben J Hayes1,3 
and Mike Goddard1,4, (1)Agriculture Victoria, Bundoora, Australia, (2)La Trobe University, Bundoora, Australia, (3)University of 
Queensland, St Lucia, Australia, (4)University of Melbourne, Parkville, Australia 
Run6 of the 1000 Bull Genomes Consortium data contains approximately 2200 Bos Taurus animals and 400 Bos indicus and admixtures, ancient 
cattle including an auroch, and other closely related Bos species and will result in >67 million variants. Similarly, Run2 of SheepGenomesDB 
contains 935 diverse sheep yielding >50 million variants. Genomic prediction methods struggle with millions of sequence variants. Therefore we 
need to prioritise sequence variants using statistical and functional methods to harness their benefit on genomic prediction accuracy. A prioritised 
variant set of say 100,000 variants would have to be unified across several important traits for routine genetic evaluation, which makes 
pleiotropic variants an important early focus. Approximate multi-trait methods that perform meta-analyses of single-trait results are more 
tractable than full multi-trait genomic prediction. We developed three such methods to map pleiotropic quantitative trait loci (QTL) and tested 
them in large sheep meat and wool data sets of up to 10,613 animals imputed for 510,174 SNP. One method was a multi-trait genome-wide 
association study (multi-GWAS), while the other two methods utilised BayesR genomic prediction outputs, such as local GEBVs and posterior 
probabilities of having an effect. In the 56 carcass composition traits, multi-GWAS identified putative pleiotropic genes in several functional 
groups. 206 pleiotropic QTL were discovered in the 44 wool traits. While the two meta-approaches using Bayesian statistics provided a more 
precise mapping of QTL than multi-GWAS. The next step is to apply these methods to sequence variants and evaluate their impact on the 
accuracy of genomic prediction.  
 
W131: Cattle/Sheep/Goat 2 
Simon Update: Yeast Interactions 
Simon Forsberg, Uppsala Universitet, Uppsala, Sweden 
The importance of genetic interactions (epistasis) in the genetic architecture of complex traits has been a source of controversy since the early 
days of quantitative genetics. On the one hand, there are many examples where epistasis has been shown to have very large effects on individual 
phenotypes. On the other hand, both theory and previous observations suggests that the additive genetic variance dwarfs the epistatic genetic 
variance.  
In a large cross (n = 4390) between two strains of yeast, we identified large epistatic networks for 20 complex traits. The networks were largely 
centered on a number of hub-loci and altogether involved hundreds of genetic interactions. Most network hubs had the ability to either suppress 
or uncover the phenotypic effects of other loci. Many multi-locus allele combinations resulted in phenotypes that deviated substantially from the 
expectations, had the loci acted in an additive manner.  
Despite the strong epistatic effects of certain multi-locus allele combinations, the majority of the genetic variance was additive. This illustrates 
how the contrasting views described above are in fact compatible with each other, and that the level of epistatic variance is a poor indicator of the 
genetic architecture. Using simulations, we also illustrate how the additive variance explained by individual loci were highly dependent on the 
genetic background.  
This study highlights the importance of accounting for epistasis in order to predict individual phenotypes. It also shows how a population can 
harbor considerable cryptic/hidden genetic potential, which might have implications for breeding efforts. 
 
W132: Cattle/Sheep/Goat 2 



EIF2S2 Retroposition into IRF2BP2 Underlies Fleece Variation in Sheep through the Formation of a Long Endogenous 
Double-Stranded RNA 
Julie Demars1, Margarita Cano2, Laurence Drouilhet1, Stéphane Fabre1, Bertrand Servin1, Philippe Mulsant1, Gwenola Tosser1 and 
Daniel Allain1, (1)INRA-GenPhySE-Génétique, Physiologie et Systèmes d'Elevage-UMR1388, Castanet-Tolosan cedex, France, 
(2)INTA - Instituto de Genetica, Buenos Aires, Argentina 
Fleece variation, in composition and structure, observed in mammals is a consequence of a strong selective pressure for fiber production after 
domestication. Wild species with double coated fleece produced a variety of breeds with single coated fleece. In sheep, these two categories 
discriminate primitive sheep from woolly modern sheep (Ovis aries). Nowadays, fleece variation is segregating in the Romane breed with lambs 
owning a coat either long and hairy (characteristic of ancestral sheep) or short and woolly (typical to domestic sheep). Here we report that the 
“woolly” allele results from the insertion of an antisense EIF2S2 (Eukaryotic Translation Initiation Factor 2, Subunit 2 Beta) retrogene (called 
asEIF2S2) into the 3’ UTR of the IRF2BP2 (Interferon Regulatory Factor 2 Binding Protein 2) gene leading to an abnormal IRF2BP2 transcript. 
We provide evidence that this chimeric IRF2BP2/asEIF2S2 messenger, by targeting the genuine sense EIF2S2 RNA and creating a long 
endogenous double-stranded RNA, alters the expression of EIF2S2 mRNA. This is the first example, to our knowledge of a phenotype arising 
from the modulation of messengers accumulation via a RNA-RNA hybrid itself generated through a retroposition gene mechanism. Altogether 
our results bring new insights on (i) the mammalian hair morphogenesis with the identification of EIF2S2 and IRF2BP2 as novel key regulators 
and (ii) the sheep population history thanks to the characterization of the molecular origin of an evolutionary phenotypic variation. Furthermore, 
these findings will contribute to a sustainable sheep production system since lambs carrying a hairy fleece are more adapted and robust to 
environmental harsh conditions. 
 
W133: Cattle/Sheep/Goat 2 
Heritability and Test Duration for Water Intake in Beef Cattle 
Cashley Ahlberg1, Clint Krehbiel2, Chris Richards2, Sara Place2, Udaya DeSilva2, Deborah L VanOverbeke2, Raluca Mateescu3, 
Kelsey Bruno2, Kristi Allwardt2, Alex Taylor2, Ashley Broocks2, Larry A. Kuehn4, Robert Weaber1, Jennifer Bormann1 and Megan 
M. Rolf1, (1)Kansas State University, Manhattan, KS, (2)Oklahoma State University, Stillwater, OK, (3)Department of Animal 
Sciences, University of Florida, Gainesville, FL, (4)USDA-ARS, U.S. Meat Animal Research Center, Clay Center, NE 
Water is an essential part of livestock diets, and water intake in beef cattle has implications for producers in regions where environmental 
resources are limited. Opportunities for water conservation within beef cattle production systems encompass both genetic selection and 
management strategies for efficient water usage. To practice selection, reliable phenotypic data collection procedures must be determined and 
trait heritablities must be estimated. While guidelines exist for collection of feed intake data through automated intake systems, no such 
guidelines exist for water intake, even though it can be collected through similar systems. In this study, our objective was to establish preliminary 
test duration for measuring water intake using data on 459 crossbred steers enrolled in 70 day feed and water intake trials at Oklahoma State 
University. Steers were fed a constant diet and were individually weighed every 14 days. Average water intake for each animal was computed for 
increasingly large test durations. Phenotypic correlations for each shortened test duration as compared to the full 70 day test were used to 
establish preliminary minimum test duration. The minimum test durations varied depending on the desired correlation between intakes (0.9, 0.95 
or 0.99). Although preliminary, these results indicate that feed and water intake could possibly be collected simultaneously without extending test 
duration. Future work will involve augmenting these analyses with additional data to be collected in subsequent years of the project, estimating 
genomic heritability, and analysis of adaptability to environmental stressors and water restriction. 
 
W134: Cattle/Sheep/Goat 2 
Enhancement of QTL Mapping and Genomic Prediction for Bovine Respiratory Disease Using Sequence Imputation and 
Feature Selection 
Jesse L. Hoff1, Jared E. Decker1, Robert D. Schnabel1, Christopher M. Seabury2, Holly L. Neibergs3, Robert Hagevoort4, Jeremy F. 
Taylor1 and the Bovine Respiratory Disease Complex Coordinated Agricultural Project Research Team5, (1)Division of Animal 
Sciences, University of Missouri, Columbia, MO, (2)Texas A&M University, College Station, TX, (3)Washington State University, 
Pullman, WA, (4)New Mexico State University, Clovis, NM, (5)University of Missouri, Columbia, MO 
Genomic selection and GWAS have proven successful for livestock research and breeding. Expanding the application of genomics to novel traits 
with high economic importance such as disease resistance holds great promise. It is important to maximize the utility of data from research 
studies designed to create predictions for these traits, as routine retraining may prove difficult. Here we take two approaches to improve Bovine 
Respiratory Disease (BRD) genomic predictions: imputation to sequence and feature selection. From the original study of BRD, BovineHD 
genotypes for 2703 case-control Holstein animals observed in two states were imputed to the 1000 Bull Genome Project reference set, resulting 
in 11 million imputed variants with minor allele frequency >5%. Using these imputed data, our estimate genomic heritability rose from 13.6% to 
14.4%. There was also a substantial increase in the resolution of the genomic regions detected as harboring QTL. In genomic predictions using 
BSLMM models implemented in GEMMA, the imputed data did not result in a substantial improvement in the accuracy of predictions. To 
address this issue, we applied a feature selection approach in which we selected two sets of variants: those in regions with differentially 
expressed genes from a BRD challenge experiment using RNA-Seq and variants in QTL regions identified in the imputed variant GWAS. 
Including only these variants in the model improved phenotype prediction by 50% from an 11% correlation between breeding values and 
phenotypes to a 17% correlation. Training using data from one state represented in the study and predicting in the other resulted in poor 
accuracies, but improved substantially with the use of feature selection. These methods hold great promise for applying genomic selection to 
livestock populations, particularly for difficult to measure traits. 
 
W135: Cattle/Swine 
How Large-Scale Genomic Evaluations Are Possible: A Look into the Dimensionality of Genomic Information 



Daniela A.L. Lourenco, Ignacy Misztal, Breno O. Fragomeni, Ivan Pocrnic, Heather L. Bradford, Yutaka Masuda and Shogo 
Tsuruta, University of Georgia, Athens, GA 
When more than 100k animals are genotyped, the algorithm for proven and young (APY) enables computing the inverse of the genomic 
relationship matrix (GRM) and, therefore, genomic predictions using single-step genomic BLUP. This method is especially important for 
evaluation of cattle populations, which have the most genotyped animals: 1.4M for Holstein and 285k for Angus, and is implemented in US dairy 
and beef cattle evaluations. The APY uses recursions on a small subset of genotyped animals, called core, and its theory is based on the limited 
dimensionality of genomic information, relating to the effective population size. The dimensionality is computed as the number of the largest 
eigenvalues explaining 98% of the variation in the GRM. This dimension is the smallest of the numbers of genotyped animals, independent SNP, 
and independent chromosome segments. Field data studies estimated the dimensionality (effective population size) at 5k (44) for broiler 
chickens, 6k (48) for pigs, and 14k (113 to 148) for beef and dairy cattle. Given complete pedigrees for genotyped animals and sufficient core 
size, the choice of core animals in APY is not critical. If all causative SNP are identified from sequence data, the dimensionality of GRM equals 
the number of causative SNP. Using true SNP weights further reduces the dimensionality of the GRM, and weights for SNP are more important 
in small genotyped populations, because the independent segments are not fully represented. Although the amount of data is increasing rapidly, 
the limited dimensionality of genomic information enables inexpensive large-scale genomic evaluations. 
 
W136: Cattle/Swine 
Genome to Phenome Integration in the Context of Boar Sperm microRNAs 
Vanmathy Kasimanickam, Washington State University, Pullman, WA 
Sperm contain microRNAs (miRNAs), which may have roles in epigenetic control. Regarding phylogenetic relationships among various swine 
breeds, Yorkshire and Landrace, are considered phenotypically and genetically very similar, but distinctly different from Duroc. The objective of 
the present study was to compare abundance of boar sperm miRNAs in these three breeds. Overall, 252 prioritized miRNAs were investigated 
using real-time PCR; relative expression of miRNAs in sperm was similar in Yorkshire and Landrace boars, but significantly different compared 
to Duroc. Seventeen miRNAs (hsa-miR-196a-5p, hsa-miR-514a-3p, hsa-miR-938, hsa-miR-372-3p, hsa-miR-558, hsa-miR-579-3p, hsa-miR-
595, hsa-miR-648, hsa-miR-524-3p, hsa-miR-512-3p, hsa-miR-429, hsa-miR-639, hsa-miR-551a, hsa-miR-624-5p, hsa-miR-585-3p, hsa-miR-
508-3p and hsa-miR-626) were down-regulated (P < 0.05; fold regulation ≤ -2) in Yorkshire and Landrace sperm, compared to Duroc sperm. 
Furthermore, three miRNAs (hsa-miR-9-5p, hsa-miR-150-5p, and hsa-miR-99a-5p) were significantly up-regulated in Yorkshire and Landrace 
sperm compared to Duroc sperm, However, 240 miRNAs were not significantly different (within +2 fold) between Yorkshire and Landrace 
sperm. We concluded that miRNAs in sperm were not significantly different between Yorkshire and Landrace boars, but there were significant 
differences between those two breeds and Duroc boars. Furthermore, integrated target genes for selected down-regulated miRNAs (identified via 
an in-silico method) appeared to participate in spermatogenesis and sperm functions. 
 
W137: Cattle/Swine 
Exploiting Long Read Sequencing Technologies to Establish High Quality Highly Contiguous Pig Reference Genome 
Assemblies 
Amanda Warr1, Richard Hall2, Kristi Spittle Kim2, Tseng Elizabeth2, Sergey Koren3, Adam M Phillippy3, Derek M. Bickhart4, 
Benjamin D. Rosen5, Steven G. Schroeder5, David A. Hume1, Richard Talbot6, Laurie Rund7, Lawrence B. Schook7, William 
Chow8, Kirstin Howe8, Dan Nonneman9, Gary A. Rohrer9, Nicholas Putnam10, Ed Green10, Mick Watson1, Timothy P.L. Smith9 and 
Alan L. Archibald1, (1)The Roslin Institute and R(D)SVS, University of Edinburgh, Edinburgh, United Kingdom, (2)Pacific 
Biosciences, Menlo Park, CA, (3)National Human Genome Research Institute, National Institutes of Health, Bethesda, MD, 
(4)Dairy Forage Research Center, USDA-ARS, Madison, WI, (5)Animal Genomics and Improvement Laboratory, USDA-ARS, 
Beltsville, MD, (6)Edinburgh Genomics, University of Edinburgh, Easter Bush, United Kingdom, (7)University of Illinois, Urbana, 
IL, (8)The Wellcome Trust Sanger Institute, Hinxton, United Kingdom, (9)USDA, ARS, USMARC, Clay Center, NE, (10)Dovetail 
Genomics LLC, Santa Cruz, CA 
The current pig reference genome sequence (Sscrofa10.2) was established using Sanger sequencing and following the clone-by-clone 
hierarchical shotgun sequencing approach used in the public human genome project. However, as sequence coverage was low (4-6x) the 
resulting assembly was only of draft quality.  
We have built new de novo genome assemblies from whole genome shotgun (WGS) sequence reads generated using Pacific Biosciences 
(PacBio) long read sequencing technology for two pigs – the original reference animal (Duroc sow 2-14) and a Duroc/Landrace/Yorkshire 
crossbred barrow. About 60-70x coverage WGS data per animal were assembled with the Falcon assembler and error corrected with 
Quiver/Arrow and Pilon using high coverage WGS PacBio and Illumina reads, respectively. The estimated accuracy (99.999%) of the Duroc 
assembly meets the requirement of a Gold standard finished sequence. The Duroc assembly was scaffolded with paired-end reads from isogenic 
BAC and fosmid clones. The crossbred assembly was scaffolded using Dovetail’s Hi-Rise.  
The current statistics for these assemblies are: Duroc 2-14 (Sscrofa11) for SSC1-18, SSCX (2.39 Gbp, 122 contigs; contig N50=58.5 Mbp; 
scaffold N50=107.6 Mbp); Duroc/Landrace/Yorkshire crossbred for SSC1-18, SSCX, SSCY (2.62 Gbp, 14,924 contigs; contig N50 =6.5 Mbp; 
scaffold N50=132 Mbp). The BAC and fosmid clone resource from Duroc 2-14 will facilitate further targeted sequence closure. These improved 
genome assemblies will be a key resource for research in pigs and will enable applications in agriculture and biomedicine.  
The assemblies are being deposited in the public database under the pre-publication data release terms of the Toronto Statement (Nature 461:168-
70). 
 
W138: Cattle/Swine 
Updating the Bovine Reference Genome Assembly 
Benjamin D. Rosen, ARS, USDA, Beltsville, MD, Aleksey Zimin, University of Maryland, College Park, MD, Sergey Koren, 
National Human Genome Research Institute, National Institutes of Health, Bethesda, MD, Christian Dreischer, Computomics 



GmbH & Co. KG, Tuebingen, Germany, Sebastian J. Schultheiss, Computomics GmbH, Tuebingen, Germany, Richard Hall, 
Pacific Biosciences, Menlo Park, CA, Derek M. Bickhart, Dairy Forage Research Center, USDA-ARS, Madison, WI, Michael P. 
Heaton, USDA, ARS, U.S. Meat Animal Research Center (USMARC), Clay Center, NE, Curtis P. Van Tassell, USDA-ARS-AGIL, 
Beltsville, MD, Steven G. Schroeder, Animal Genomics and Improvement Laboratory, USDA-ARS, Beltsville, MD, Lynsey 
Whitacre, University of Missouri, Columbia, MO, Dr. Timothy P.L. Smith, USDA, ARS, USMARC, Clay Center, NE and Juan F. 
Medrano, University of California, Davis, CA 
The first draft of the bovine genome, derived from the Hereford cow L1 Dominette 01449, was released in 2004. While far from perfect, it 
provided an immediate boon to bovine genomics research. Updates and new assembly releases through the years have led to great progress from 
that first release, but many issues still remain with the current assemblies. Recent improvements in long read technologies and assembly methods 
made it clear that a new de novo reference assembly could solve many of these issues. We have generated approximately 80X PacBio and 80X 
Illumina coverage of Dominette. A FALCON based de novo assembly was followed by scaffolding with Dovetail Genomics Chicago 
library/HiRise technology, the recently developed BtOM1.0 Optical Map of Dominette, and a recombination map of 59K autosomal SNPs. The 
scaffolded assembly was then refined with independent de novo assemblies from CANU and MaSuRCA, yielding chromosome length scaffolds 
with the exception of the X chromosome. Preliminary assembly statistics include an N50 contig size of 22.6 Mb and an N50 scaffold size of 89.0 
Mb representing 23- and 14-fold improvements over UMD3.1 (contig N50=0.97Mb, scaffold N50=6.4Mb). Additionally, we have sequenced 
full-length transcripts from 30 Dominette tissues with PacBio using the Iso-Seq method to support improved annotation. A public version of the 
new ARS-UCD assembly is expected to be released at the beginning of 2017.  
Mention of trade names or commercial products in this publication is solely for the purpose of providing specific information and does not imply 
recommendation or endorsement by the U.S. Department of Agriculture. 
 
W139: Challenges and Opportunities in Plant Science Data Management - an International Workshop 
Data Stewardship in the Life Sciences 
Robert P. Davey, Earlham Institute, Norwich, United Kingdom 
Open data and integrative data sharing are fundamental factors in order to address the challenges of modern data-intensive science. There is a 
clear need to develop and maintain community-focussed, semantically-aware data stewardship and management platforms, such as COPO, that 
are able to cope with the description and sharing of potentially huge datasets arising from the life sciences. Once made available, it is not 
sufficient to assume that researchers around the globe have requisite skills and resources to analyse these data. Therefore, we need to provide 
large-scale data analysis environments that are fit for purpose, incorporating state-of-the-art interfaces and programmatic layers to meet broad 
end-user requirements, such as CyVerse and Galaxy. Finally, this can only happen when there are community-led efforts into implementing 
solutions for data standardisation, best practice, and FAIR data policy. We are now only just starting to take advantage of groundbreaking 
opportunities to make integrated data a reality, and thus enabling scientists to store, manage, and share their data as a first-class citizen of the 
scientific process. 
 
W140: Challenges and Opportunities in Plant Science Data Management - an International Workshop 
The GOBII Project: Genomic Data Management for the Implementation of Genomic Selection 
Kelly Robbins, Cornell University, Ithaca, NY 
In the last ten years, genotyping costs have dropped significantly, making feasible powerful new breeding approaches that can take advantage of 
the vast amounts of genomic data that have been generated. The Genomic & Open-source Breeding Informatics Initiative (GOBII) is the first 
large-scale public-sector effort to enable systematic application of high-density genotypic information to the breeding of staple crops in the 
developing world, through the development of a genomic data management system and analysis pipelines. The genomic data management 
system is comprised of a data warehouse (postgreSQL, Monet, and HDF5), a service layer with a BrAPI compliant RESTFUL API, and GUIs for 
loading and extracting data. An overview of system architecture, features, and development timelines will be presented.  
Philip Glaser1, Yanxin Gao2, Elizabeth Jones2, Yaw A. Nti-Addae2, Kevin Palis3, Syed Raza2, Joshua Lamos-Sweeney2, Angel Villahoz-Baleta2, 
Kelly Robbins2, Jean-Luc Jannink4, Lukas Mueller3, Mark E Sorrells2, Qi Sun5, Edward S. Buckler6 and Susan McCouch2, (1)Cornell Institute of 
Biotechnology, Ithaca, NY, (2)Cornell University, Ithaca, NY, (3)Boyce Thompson Institute, Ithaca, NY, (4)USDA-ARS, Ithaca, NY, 
(5)Institute for Genomic Diversity, Cornell University, Ithaca, NY, (6)USDA-ARS-Cornell University, Ithaca, NY 
 
W141: Challenges and Opportunities in Plant Science Data Management - an International Workshop 
Diverse Data Integration for Exploiting Genotype-by-Environment-by-Management Interactions 
Margaret R. Krause, Cornell University, Excelsior, MN 
Recent advances in plant breeding and agronomy have made it possible to move beyond breeding for wide adaptation to identifying optimal 
genotypes for specific environmental and management conditions. To fully exploit genotype × environment × management (G×E×M) 
interactions, it becomes necessary to ascertain a wide array of data types pertaining to the plant, environment, and management practices. The 
extensive collection of diverse data derived from genotyping, remote sensing/imaging, “envirotyping,” and precision farming presents a 
challenge for data management and utilization. Strategies for managing and utilizing diverse data types as they pertain to two on-going initiatives 
to exploit G×E×M will be presented. First, we have partnered with the New York Corn and Soybean Growers Association to collect high 
resolution soil, topographical, and harvest data from participating growers across the State of New York to optimize planting density and hybrid 
selection. Second, we are working with the International Maize and Wheat Improvement Center to integrate aerial imaging into multi-
environment breeding schemes. Effective approaches to integrate data types from a range of sources will be required to fully exploit G×E×M 
interactions. 
 
W142: Challenges and Opportunities in Plant Science Data Management - an International Workshop 
Annotation of Crop Data with Ontologies to Support Fitness for Use 
Elizabeth Arnaud, Bioversity International, Montpellier Cedex 5, France 



Modes of plant trait data collection are ranging from the field data capture, to greenhouse and high throughput phenotyping platforms. All modes 
associate the trait with the environment and the crop management technics to support spatial and temporal modelling of trait and crop 
performance. The fitness for use of plant trait data includes the harmonization and quality of their annotations from capture to publishing. The 
annotations must enable proper interpretation of data, an objective that the CGIAR Crop Ontology and Agronomy Ontology attempt to support 
with the creation of ‘standard variables’ composed by a ‘a trait or a property + a method + a unit or a scale’. Standard variables support the 
creation by breeders or agronomists of electronic fieldbooks that will directly annotate observations, without requiring extra effort from the data 
collector, and secure the transfer into databases and repositories. These annotations will make data available through the new standard Breeding 
Application Programming Interface (BRAPI; http://docs.brapi.apiary.io/#).  
To expand their data search and discovery, scientists also need over-arching ontologies where concepts are independent of the species and this is 
addressed by the set of reference plant ontologies of the Planteome (www.planteome.org).  
We will explain how projects for data management, involving CGIAR, approach the use of a common pool of standard variables, ontologies, and 
controlled vocabularies like the Breeding Management System of Integrated Breeding Platform, the Next Generation Breeding Databases of the 
CGIAR Root, Tubers and Banana Research Programme, the Global Agricultural Trial Repository (www.agtrials.org), the Agricultural Model 
Intercomparison and Improvement Project (AgMIP), and the CGIAR Big Data Plaform project. 
 
W143: Challenges and Opportunities in Plant Science Data Management - an International Workshop 
High Throughput Plant Phenotyping in the Field: Machine Learning Enabled by Data from Crowdsourcing 
Nigel Lee1, Naihui (Ashley) Zhou1, Zachary Siegel1, Scott Zarecor1, Srikant Srinivasan1, Dan Nettleton2, Carolyn J. Lawrence-Dill3, 
Iddo Friedberg3, Jonathan Kelly1, Patrick S. Schnable1 and Baskar Ganapathysubramanian1, (1)Iowa State University, Ames, IA, 
(2)Department of Statistics, Iowa State University, Ames, IA, (3)Bioinformatics and Computational Biology Program, Iowa State 
University, Ames, IA 
We present a high throughput computing workflow for the automated extraction of phenotypic traits from digital images of growing maize plants 
in a large scale field experiment. This framework enables automated data collection and curation towards answering questions on tassel 
morphology and the progression of anthesis. We discuss a data processing framework that consists of a crowdsourcing-enabled, machine-
learning algorithm for image registration that isolates tassels from the rest of a cluttered image. Crowdsourcing provides a scalable, distributed 
and statistically consistent approach of acquiring labeled data to train machine learning algorithms for plant phenotyping. We report on trends 
related to training, intensity and length of crowdsourcing tasks with the ensuing quality of labels as well as the performance of the image 
registration algorithm trained using this labeled data. This work provides potential best practices as applied to crowdsourcing for plant 
phenotyping. Finally, we discuss the downstream analytics pipeline that includes (1) a graph-based image processing framework to extract 
features from the tassel images (2) a work distribution system that deploys the above framework to extract features from individual images using 
a massively parallel approach. This is a collaborative work by an interdisciplinary group that includes psychologists, statisticians, engineers, 
computational biologists, and plant scientists. 
 
W144: Challenges and Opportunities in Plant Science Data Management - an International Workshop 
Data Publication Using e!Dal 
Uwe Scholz, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) Gatersleben, Stadt Seeland, Germany 
e!DAL (https://edal.ipk-gatersleben.de/) is an open source software to publish and share research data in compliance to journal, funding agencies 
and open data policies (Arend et al. 2014 BMC Bioinformatics). Based on e!DAL the Leibniz Institute of Plant Genetics and Crop Plant 
Research (IPK) Gatersleben created the Plant Genomics and Phenomics Research Data Repository (PGP) as infrastructure to comprehensively 
publish plant research data (Arend et al. 2016 Database: The Journal of Biological Databases and Curation). This covers in particular cross-
domain datasets that are not being published in central repositories because of its volume or unsupported data scope. The PGP repository is 
accepted as data repository for Nature Publishig Group, is registered in re3data.org, OpenAIRE and DataCite (assigment of DOIs) and fulfils the 
FAIR data principles—findable, accessible, interoperable, reusable. 
 
W145: Challenges and Opportunities in Plant Science Data Management - an International Workshop 
CGIAR's Big Data Platform: Leveraging Data for Impact 
Medha Devare, CGIAR Consortium Office, Montpellier, France 
CGIAR’s Big Data Platform will harness the capabilities of Big Data to accelerate and enhance the impact of international agricultural research 
by providing opportunities for researchers to analyze and visualize agricultural data on a large scale to generate rapid, actionable insights. A key 
aspiration is to build and nurture partnerships across all CGIAR Centers and a variety of external partners to deliver effective big data 
management, analytics and ICT-focused solutions to target geographies and communities. The platform encompasses three modules: Module 1 
addresses the necessity to enable a culture that values data as a product in itself with global public good potential, and applies best practices to 
managing and making it widely available following FAIR (Findable, Accessible, Interoperable, Reusable) Open Access principles. An 
infrastructure is also envisioned to harvest research data from interoperable repositories and M+E platforms, coupled with tools for seamless 
analysis and visualization, leading to decision-based decision support and foresight. Module 2 fosters collaboration and convening around big 
data and agricultural development via ambitious external partnerships to deliver the potential of big data to smallholder agriculture. Module 3 
inspires big data approaches that deliver development outcomes through projects that solve key challenges. These may include projects that use 
big data analytics and ICTs to provide multi-disciplinary data to researchers, deliver novel information to farmers, monitor the state of agriculture 
and food security in real time and inform critical national, regional and global policies and decisions. 
 
W146: Citrus Genome 
Genomics Illuminates the Origin and Dispersal of Citrus 
G. Albert Wu1, Javier Terol2, Victoria Ibañez2, Antonio López-García2, Estela Pérez-Román2, Carles Borredá2, Concha Domingo 
Carrasco2, Francisco R Tadeo2, Jose Carbonell3, Roberto Alonso3, Franck Curk4, Dongliang Du5, Patrick Ollitrault6, Mikeal L. 



Roose7, Joaquin Dopazo3, Fred G. Gmitter5, Daniel S. Rokhsar1 and Manuel Talon2, (1)DOE Joint Genome Institute, Walnut 
Creek, CA, (2)Centro de Genomica, Instituto Valenciano de Investigaciones Agrarias, IVIA, Moncada, Valencia, Spain, (3)Institute 
for Genomcis and Computational Medicine, CIPF, Valencia, Spain, (4)UMR Agap Corse, San Giuliano, France, (5)University of 
Florida, IFAS-CREC, Lake Alfred, FL, (6)Cirad, Guadeloupe, France, (7)University of California Riverside, Riverside, CA 
The center of origin of citrus has been matter of discrepancy during almost a century. The elegant but general pioneer visions of Vavilov 
identified two centers of origin for citrus, the Indo-Burma center (Assam and Burma; oranges, mandarins and citrons), and the Indo-Malayan 
center (Indochina and the Malay Archipelago; pummelo). This vision was reformulated by Tanaka that in subsequent work concluded that the 
primary center was placed within northeast India and northern Myanmar, from where citrus dispersed to a secondary center located in Indochina 
and Southeast China. Our genomic, biogeographic and phylogenetic analyses indicated that the ancestral citrus experienced a relatively fast 
radiation giving rise to all major citrus species in a short period of time which is consistent with a unique initial area of diversification. Rapid 
biological radiations in this region have been reported for practically all major groups of organisms including insects, fishes, crabs, amphibians, 
reptiles, birds, ferns and plants. This information offers solid insights on the origin, dispersal and domestication of citrus, revealing a new 
evolutionary paradigm for the genus Citrus, the subject  of this presentation. 
 
W147: Citrus Genome 
Genomic Selection in Citrus Breeding: Improved Accuracy with Additional Population Data 
Mai Minamikawa1, Keisuke Nonaka2, Eli Kaminuma3, Hiromi Kajiya-Kanegae4, Akio Onogi5, Shingo Goto2, Terutaka Yoshioka2, 
Atsushi Imai6, Takeshi Hayashi7, Atsushi Toyoda8, Asao Fujiyama8, Yasukazu Nakamura3, Tokurou Shimizu2 and Hiroyoshi 
Iwata9, (1)The University of Tokyo, Bunkyo, Tokyo, Japan, (2)Institute of Fruit Tree and Tea Science, NARO, Shizuoka, Japan, 
(3)Genome Informatics Laboratory, NIG, ROIS, Shizuoka, Japan, (4)Agricultural and Life Sci., The Univ. of Tokyo, Tokyo, Japan, 
(5)JST PRESTO, Tokyo, Japan, (6)Institute of Fruit Tree and Tea Science, NARO, Ibaraki, Japan, (7)Institute of Crop Science, 
NARO, Tsukuba, Japan, (8)Comparative Genomics Laboratory, National Institute of Genetics, ROIS, Shizuoka, Japan, (9)The 
University of Tokyo, Tokyo, Japan 
Genomic selection (GS) is an attractive approach for citrus breeding by avoiding time-consuming test cross required for developing DNA 
markers of the trait of interest. We developed a preliminary GS model using 111 parental citrus varieties for 17 traits, and the GS models showed 
high prediction accuracies (>0.7) on fruit weight, fruit hardiness, peelability, colors of rind or flesh and firmness of locule membrane. In this 
study, we incorporated additional trait data for 676 progenies from 35 families that were obtained from last three years, then reconstructed the GS 
model with 1,841 SNPs marker data. The improved GS models that were constructed from the data with the parental varieties and the additional 
breeding population data showed the improved accuracies on 15 of 17 traits except bitterness and taste, and it indicated the validity for the use of 
wide genetic data. These additional data also identified more SNP that showed significant correlations for these traits by genome-wide 
association study (GWAS). The results suggest that additional family data obtained from various genetic backgrounds are effective to improve 
the accuracy of prediction, and also valuable for identifying candidate loci on GWAS approach. 
 
W148: Citrus Genome 
Application of High Throughput Genotyping SNP Array for Citrus 
Yoko Eck, University of California Riverside, Riverside, CA 
We developed two high-density SNP genotyping arrays for citrus using the Axiom™ platform (Affymetrix, Inc.), Citrus15 (1.4M autosomal and 
1002 Chloroplast SNPs) and Citrus56 (58K autosomal and 500 Chloroplast SNPs). The arrays, designed from whole genome sequences of 41 
diverse Citrus and Citrus relatives, target genes and adjacent sequences and have good genome coverage. 229 diverse accessions of Citrus and 
closely related genera were genotyped to assess the array performance of Citrus15 and to select validated probe sets to be represented on 
Citrus56. 1482 accessions from the UCR Citrus Variety Collection (CVC), breeding germplasm, and mapping populations have been 
successfully genotyped with Citrus56. Genotyping success was above 90% (% PolyHigh Resolution ). Average reproducibilities of Citrus15 and 
Citrus56 were 99.8% and 99.9% respectively and the arrays were shown to be robust and accurately call SNPs in Citrus and Poncirus. Allele 
calling was performed with Axiom™ Analysis Suite with default settings. Principal component analysis (PCA) and population structure were 
analyzed with TASSEL and ADMIXTURE respectively to determine relationships among the accessions in the CVC. Heterozygous markers in 
selected accessions were also assessed for their application in mapping important traits. For example, Fairchild mandarin was heterozygous for 
more than 10,000 SNPs. Citrus56 array was also used to genotype whole genome amplifications from 221 single pollen grains from 39 diploid 
accessions with a success rate of about 71%. In addition, comparison of Citrus15 genotypes of accessions derived by natural mutation identified 
regions with loss of heterozygosity (putative deletions). 
 
W149: Citrus Genome 
RNA-SEQ Analysis of Fruit Ripening in 3 Clementine Varieties 
Javier Terol1, Maria Jose Nueda2, Francisco R Tadeo1 and Manuel Talon1, (1)Centro de Genomica, Instituto Valenciano de 
Investigaciones Agrarias, IVIA, Moncada, Valencia, Spain, (2)Facultad de Ciencias, Universidad de Alicante, Alicante, Spain 
RNA-Seq technology has been used to analyze the evolution of the transcriptome of 3 C. clementina varieties differing in their ripening date: 
Clemenules (standard), Arrufatina (early) and Hernandina (late). Samples were collected at 126, 154, 189, 240, and 275 days post-anthesis, 
including pulp and peel, with 2 biological replicas per sample.  
A time-course expression study carried out in Clemenules with MaSIGPro, showed that 6868 genes had differential expression along fruit 
ripening, that were grouped in 6 clusters based on their expression profile. A total of 412 genes showed differential expression profile in 
Arrufatina with respect the other varieties, 2410 genes showed a differential expression profile in Hernandina and, 1700 genes showed a 
differential profile in each variety. Differentially expressed genes were grouped in 12 clusters with different expression patterns: early, late and 
late/early.  
Functional annotation of these genes was carried out with BLAST2GO, and the molecular pathways with a role in fruit ripening were identified 
with KEGG. 5600 genes were annotated with GO terms, and 1471 could be assigned to known metabolic pathways. The identification of 370 



transcription factors (TFs), differentially expressed during ripening indicates that ripening is a tightly regulated process. Interestingly 14 TFs 
were found in the Early clusters, 108 TFs were in Late clusters, and 101 TFs were in Late/Early clusters, indicating that the genes controlling 
harvesting period could be some of these TFs that have different expression in the late or early varieties with respect the control one. 
 
W150: Citrus Genome 
CitrusCyc: Metabolic Pathway Databases for the C. clementina and C. sinensis Genomes 
Surya Saha, Mirella Flores-Gonzalez and Lukas Mueller, Boyce Thompson Institute, Ithaca, NY 
Metabolic networks constructed from sequenced genomes can help to visualize and analyze large-scale genomics, transcriptomics, proteomics 
and metabolomics experimental data. The biochemical networks can be used to predict species-specific metabolic phenotypes and study 
metabolic pathway evolution. We have updated and released the metabolic pathway databases for the C. Clementina and C. sinensis reference 
genomes. These species-specific metabolic databases are commonly referred to as pathway/genome databases (PGDBs) and have been created 
using the PathwayTools software. The PGDBs have been generated by utilizing the predicted gene models in the respective species, associated 
annotations and a curated metabolic reference database (MetaCyc) which contains manually curated and experimentally validated pathways with 
information about enzymes, genes and compounds. CitrusCyc is avalilable at http://pathways.citrusgenomedb.org/ as a part of the Citrus Genome 
Database (CGD, www.citrusgenomedb.org). 
 
W151: Citrus Genome 
Transcriptional Profiling of Rough Lemon and Sweet Orange Reveals Critical Involvement of Reprogramming of Signaling 
Pathways in Early Response and Strong Quantitative Nature of Defense to ‘Candidatus Liberibacter asiaticus’ 
Qibin Yu, University of Florida, IFAS-CREC, Lake Alfred, FL 
Commercial citrus varieties have little resistance to Huanglongbing (HLB), a disease presumably caused by Candidatus Liberibacter asiaticus 
(CLas). As HLB has become widespread in Florida over ten years, we have observed very substantial variation in the speed of spread and the 
severity of symptoms in field trials. Understanding the underlying mechanisms of apparent tolerance is critical to the development of CLas 
tolerant citrus varieties to combat HLB. Transcriptome profiling using RNA-seq data collected from CLas- and mock-inoculated tolerant rough 
lemon and susceptible sweet orange reveals critical involvement of reprogramming of signaling pathways in early responses to infection. A 
Subnetwork Enrichment Analysis further revealed different regulation patterns among functional categories, suggesting differentially expressed 
genes with different functions were subjected to distinct regulation programming. Time series analysis reveals the strong quantitative nature of 
defense signaling in rough lemon compared with sweet orange. Overall, our studies indicated that HLB tolerance is complex trait controlled by 
many genes, and could be exploited by using advanced breeding tools to deliver HLB-tolerant cultivars.  
 
W152: Climate Change and ICRCGC 1 
Combating Climate Change for FNEE Security 
Chittaranjan Kole, International Climate Resilient Crop Genomics Consortium, Kalyani, India and Jeffrey D. Ehlers, The Bill and 
Melinda Gates Foundation, Seattle, WA 
International Climate Resilient Crop Genomics Consortium (ICRCGC) organized 11 annual workshops during the PAG conferences since 2012 
including five workshops organized collaboratively with Bill and Melinda Gates Foundation (PAG 2012, 2016). A number of national and 
international platforms, particularly the FAO and Intergovernmental Panel on Climate Change (IPCC), have also been engaged for the last few 
years in comprehensive and critical discussions on the impacts of climate change and the means to mitigate them. During these earlier meetings, 
current works to address climate change from around the world were presented. Recently, a team of ICRCGC members, constituting 40 scientists 
from 14 countries, has published a white paper on Application of genomics-assisted breeding for generation of climate resilient crops: progress 
and prospects (Front. Plant Sci. 6:563. doi: 10.3389/fpls.2015.00563), highlighting the opportunities and feasibility of new breeding approaches, 
resources and tools to mitigate the effects of climate change on crop productivity. It is high time now to have a global platform to follow an 
'Innovation-Incubation-Implementation (I3)' approach to address security not only for Food and Nutrition but also for Energy and Environment - 
the 'FNEE Security' for a fruitful vision of 'Combating Climate Change (C3)'. The three workshops on Climate Change and ICRCGC during PAG 
2017 will present some case studies and explore the missions for popularization of C4 crops, reduction of greenhouse gas emission, augmentation 
of nutrient-use efficiency and breeding for genome plasticity through networking of the crop-wise, trait-wise and region-wise efforts and 
interactions among academia, funding agencies and policy makers. 
 
W153: Climate Change and ICRCGC 1 
TBA 
Prasanna Boddupalli, International Maize and Wheat Improvement Center, Nairobi, Kenya 
 
W154: Climate Change and ICRCGC 1 
Securing Food through Climate-Resilient Rice Varieties for Asia and Africa 
Jauhar Ali1, Neil Franje1, Anna Sevilla1, Jianlong Xu2 and Zhi-Kang Li2, (1)PBD, International Rice Research Institute, Metro 
Manila, Philippines, (2)Institute of Crop Sciences/National Key Facility for Crop Gene Resources and Genetic Improvement, 
Beijing, China 
Research efforts to cope with the climate change are currently being integrated into several national agricultural research programs globally. 
We highlight here the successful development of the climate resilient rice varieties and their deployment in the most vulnerable areas. We 
developed and distributed more than 240 multiple abiotic and biotic stress tolerant rice materials to Asia and Africa without compromising on 
grain yield and quality. Released 20 IRRI bred climate resilient materials and nominated 70 such cultivars into national cooperative yield trials 
within a short span of 7 years period. These varieties are now being cultivated to more than 2 million ha on a cumulative basis in Asia and 
Africa. BC1F2 populations derived from Huanghuazhan (HHZ), WTR1, TME80518 (recipient parents) and 16 donors at IRRI were screened 
simultaneously over three rounds for different abiotic and biotic stresses and normal irrigated condition that resulted in identification of 1333 



(HHZ-ILs) + 2232 (WTR1-ILs) + 1408 (TME80518-ILs) trait specific introgression (ILs) and further by designed QTL pyramiding efforts 
developed 1280 HHZ-PDLs +850(WTR1-PDLs) pyramiding (PDLs) that were superior over tolerant checks respectively. QTLs governing 
complex traits (drought, salinity, cold) were identified by genome sequencing 495 ILs in HHZ background and tGBS for 575 ILs in WTR1 
background. Newly developed three-yield barrier breaking and multiple stresses tolerant materials (GSR IR2-8-Y14-SU3-R2, GSR IR2-5-L10-
Y1-Y2, and GSR IR2-1-R5-N1-Y3) are now being shared, which gave an average of 5.9% and 18.3% higher grain yield over the best hybrid 
check Mestiso 6 and NSIC Rc38 under MET respectively. Such high yielding materials would further augment the ongoing hybrid rice breeding 
program at IRRI by using them as parental lines. Success may be attributed to an innovative introgression breeding and designed QTL 
pyramiding efforts combined with appropriate cross-tolerance screening and selection techniques that tapped the hidden genetic diversity from a 
large number of donors into an adaptable varietal backgrounds like HHZ, WTR1 and TME80518. 
 
W155: Climate Change and ICRCGC 1 
A Collaborative Effort for Mining Allelic Diversity Toward the Selection of Climate-Resilient Durum Wheat 
Roberto Tuberosa, Department of Agricultural Sciences, University of Bologna, Bologna, Italy, Jason Able, The University of 
Adelaide, Adelaide, Australia, Karim Ammar, CIMMYT, Mexico, D.F., Mexico and Luigi Cattivelli, CREA Genomics research 
centre, Fiorenzuola d'Arda, Italy 
Among the crops that feed mankind, durum wheat plays a crucial role in Mediterranean countries, where it is frequently grown under adverse 
environmental conditions. Until recently, limited efforts have been devoted to develop publicly available collections and platforms suitable for 
accurate dissection of the genetic basis of durum productivity and plasticity. To this end, the Expert Working Group in Durum Wheat Genomics 
and Breeding (EWG-DWGB) consortium has been organized within the Wheat Initiative (http://www.wheatinitiative.org/) to provide cutting-
edge platforms and offer opportunities for the implementation of genomics-assisted breeding in durum wheat. Collaborative efforts involving 
many members of the durum wheat breeding community have contributed to the assembly of a high-density consensus map (≈ 30,000 markers, 
mainly SNPs), a large GWAS panel comprised of a broad range of tetraploid accessions (≈ 1,000) and the first de novo, high-quality assembly of 
the sequence of the durum wheat genome (cv. Svevo). Examples will be presented on how these resources are being deployed in order to (i) map 
and clone the genes and QTLs underpinning durum wheat productivity, and (ii) mine for beneficial alleles in ancestral wheat and landraces useful 
for mitigating the negative effects of climate change. While high-throughput phenotyping remains a major bottleneck for the dissection of the 
yield QTLome, particularly under adverse conditions, comprehensive knowledge of the wheat pangenome will accelerate the discovery of 
beneficial alleles/haplotypes toward the selection of climate-resilient durum wheat. 
 
W156: Climate Change and ICRCGC 1 
TBA 
Manoj Prasad, National Institute of Plant Genome Research, NEW DELHI, India 
 
W157: Climate Change and ICRCGC 1 
TBA 
Bill Payne, University of Nevada-Reno, Reno, NV 
 
W158: Climate Change and ICRCGC 1 
C4 Photosynthesis in Seeds may Contribute to Climate Adaptation 
Parimalan Rangan1, Agnelo Furtado2 and Robert J. Henry2, (1)ICAR, New Delhi, India, (2)University of Queensland/QAAFI, 
Brisbane, Australia 
The C4 pathway of photosynthesis provides and advantage to plants growing in hot and dry environments. Seed photosynthesis may contribute 
directly to seed biomass and result in enhanced yield. A key role of seed photosynthesis is in re-capture of carbon generated by respiration to 
support the biosynthesis of seed storage components such as starch and protein during. We recently identified a complete set of genes encoding 
enzymes of a C4 pathway in the wheat genome. These genes were expressed specifically in the pericarp of the developing seed. The anatomy of 
the pericarp seems were suited to supporting C4 photosynthesis. Significant variation in expression was found in domesticated wheat genotypes. 
This suggests the potential to select for enhanced levels of this trait to provide climate resilience in wheat. Strong metabolic flux from CO2 
through malate to sugars has been reported in barley pericarp suggesting that this trait may be found in related species. The pathway has not been 
identified in rice possibly because, unlike wheat and barley that mature in a warming dry environment, rice evolved in an environment that did 
not provide a selective advantage for C4 photosynthesis. 
 
W159: Climate Change and ICRCGC 2 
Adapting Sunflower to Climate Change By Tapping Variation in Its Wild Relatives 
Loren H. Rieseberg1, Gregory J. Baute1, Elena Albrecht2 and Walter O. Anyanga3, (1)University of British Columbia, Vancouver, 
BC, Canada, (2)SOLTIS, Mondonville, France, (3)National Semi-Arid Resources Research Institute, Soroti, Uganda 
Climate change is predicted to increase the frequency and intensity of environmental stresses such as drought, flooding, heat, and salt, which 
reduce crop productivity. While many wild species have evolved mechanisms to avoid or tolerate these stresses, crops typically are less resilient. 
Thus, attention has increasingly turned to crop wild relatives as potential sources of resistance traits. Sunflower is an ideal system for the 
proposed research because this $20 billion oilseed crop is clearly limited by such stresses, while wild relative species are adapted to a variety of 
extreme environments. Here we describe progress toward tapping the diversity of sunflower crop wild relatives. As part of a broader project to 
adapt agriculture to climate change, we assessed the genetic diversity of wild species that are cross-compatible with cultivated sunflower. Wild 
samples selected to encompass as much genetic diversity as possible were then employed as donors for the creation of circa 400 pre-bred lines, 
which involved a combination of backcrossing and selfing to establish wild introgressions in a uniform cultivated genetic background. The pre-
bred lines were genotyped to determine the number, size and locations of the wild introgressions and evaluated in Uganda, Europe, and Canada. 
The lines contain promising variation for oil content, as well as tolerance to both biotic and abiotic stresses. Genome-wide association studies 



further indicate that tolerance to abiotic stresses can sometimes be achieved in sunflower without a negative trade-off with yield under ideal 
conditions. 
 
W160: Climate Change and ICRCGC 2 
Translational Genomics for Developing Superior and Climate-Change Ready Varieties in Semi-Arid Legume Crops 
Rajeev K Varshney, ICRISAT, Hyderabad, India 
Legume crops such as chickpea, pigeonpea and groundnut contribute to livelihood as well as human nutrition as a rich source of protein and are 
mostly grown in semi-arid and tropical regions of many Asian and African countries. Exposure of these crops to different biotic and abiotic 
stresses results in low crop productivity and the situation is going to be worsened in context of climate change. During the last decade (2005–
2015), ICRISAT led demand-driven innovations in genome science resulted in unraveling many complex traits at genetic as well as molecular 
level. Substantial development of genomic resources for these crops includes- draft genome sequence assemblies, comprehensive genetic and 
physical maps, large number of SSR markers, millions of SNPs, several high-throughput as well as low cost marker genotyping platforms etc. 
Furthermore, several complex as well as simple traits related to breeding have been mapped. Subsequently, translational genomics approach was 
deployed by introgressing resistance/ tolerance to several biotic and abiotic stresses resulting in several success stories in these legume crops. 
These include development of superior lines in chickpea with enhanced drought tolerance, enhanced and pyramided resistance to Fusarium wilt 
and Ascochyta blight in chickpea, enhanced resistance to leaf rust in groundnut, improved oil quality in groundnut and utilization of markers for 
assessing purity of hybrids/parental lines in pigeonpea. All these translational genomics approaches have contributed for accelerating genetic 
gains in these legume breeding programs and development of improved legume varieties for enhancing food and nutritional security in 
developing countries. 
 
W161: Climate Change and ICRCGC 2 
Crop Breeding for the Development of Climate Resilient Crops: Approaches at Icarda 
Michael Baum1, Ahmed Amri1, Aladdin Hamwieh2, Ayed Al-Abdallat3, Shiv Kumar Agrawal1, Andrea Visioni1, Wuletaw 
Tadesse1, Ramesh Verma1, Aziz Niane4, Jens Leon5, Oyiga Chijioke5, Agim Ballvora5, Francis Ogbonnaya6 and Ram Sharma7, 
(1)ICARDA, Rabat, Morocco, (2)ICARDA, Cairo, Egypt, (3)ICARDA, Amman, Jordan, (4)ICARDA, Beirut, Lebanon, 
(5)University of Bonn, Bonn, Germany, (6)GRDC, Canberra, Australia, (7)ICARDA, Tashkent, Uzbekistan 
Crop production has been challenged by abiotic and biotic constraints since its inception. However, the magnitude and intensity of these stresses 
are increasing dramatically due to climate change causing recurrent droughts, increased temperature (heat) and emergence of new diseases and 
pests. Past and present experiences indicate the potential of crop breeding to combat climate change through the development of crop varieties 
with resistance/tolerance to drought, heat, and major diseases and insect pests. To this end, the crop breeding program at ICARDA applies both 
conventional and molecular approaches including focused identification of germplasm strategy (FIGS), targeting mega environments, shuttle 
breeding, doubled haploids, marker assisted selection, and key location phenotyping. In the last five years, more than 7500 sets of 55 nurseries 
from the seven ICARDA mandated crops have been distributed through International Nurseries (IN) and 154 varieties of ICARDA origin from 
seven crops namely barley (25), chickpea (27), durum wheat (27), Faba bean (10), lentil (28), spring bread wheat (25) and facultative winter 
wheat (12) have been released by the national programs of the Central-West Asia and North Africa (CWANA) region. Using FIGS, genome wide 
association-mapping studies (GWAS) using single nucleotide polymorphisms (SNP) and diversity array technology-sequencing (DArTseq) 
markers have been carried out in wheat, barley and chickpea. GWAS studies are complemented by quantitative trait loci (QTL) mapping analysis 
in bi-parental mapping populations. Examples of identified marker-trait association of climate change related traits will be discussed. 
 
W162: Climate Change and ICRCGC 2 
TBA 
Phillip Roberts, University of California-Riverside, Riverside 
 
W163: Climate Change and ICRCGC 2 
Exploration of Phaseolus Germplasm for Heat and Drought Tolerance 
Antonia Palkovic, Sarah M. Dohle, Jorge C. Berny, Viviana Medina, Matthew E. Gilbert and Paul Gepts, University of California, 
Davis, CA 
This presentation will discuss the potential of identifying Phaseolus accessions with potential tolerance to heat and drought. The genus 
Phaseolus consists of some 70-80 species, five of which have been domesticated. The most important of these domesticated species is the 
common bean (P. vulgaris), which has a mesic adaptation, i.e., it thrives in intermediate temperature and rainfall. Experiments are under way to 
develop advanced lines with potential mechanisms of tolerance to drought in common bean, including introgression from wild beans and 
recombination in a multi-parent (MAGIC) population resulting from crosses among diverse, but related parents. Concurrently, a GBS analysis of 
wild P. vulgaris diversity is coupled with a GIS analysis to identify key climatic factors differentiating these wild populations and establish 
correlations between these environmental variables and DNA sequence variation, as a first step towards marker-assisted and genomic selection. 
In contrast, two other domesticated Phaseolus species - lima bean (P. lunatus) and tepary bean (P. acutifolius) - are adapted to hotter and/or drier 
environments. (Two other species are adapted to cooler and wetter environments and will not be discussed here.) Physiological studies are being 
conducted to compare the behavior of the three species when faced with soil water deficit. These studies will hopefully lead to the development 
of bean cultivars with more robust growth patterns and performance in light of existing global climate change. 
 
W164: Climate Change and ICRCGC 2 
Climate Change Genomics in South America 
Antonio Costa De Oliveira, Universidade Federal de Pelotas, Pelotas-RS, Brazil 
Plant breeders face old and new challenges everyday. To release new cultivars with increased yield potential is an old challenge that breeders 
have to face since the demand for food due to increases in the global human population is constant. New challenges come from biotic and abiotic 



stresses affecting crops due to changes in the global climate. In Brazil and in South America in general, effects of flooding, drought, cold, salinity 
and metal toxicity (iron and aluminum) on crop yield are some of the major causes keeping yields to elevate their plateaus. The initiatives aiming 
to mitigate climate change effects on crop yield, by generating novel genotypes with more resilient properties are discussed. Functional genomics 
followed by genome-editing tools should pave the way to produce better crops in the near future. 
 
W165: Climate Change and ICRCGC 3 
TBA 
Gary Atlin, Bill & Melinda Gates Foundation, Seattle, WA 
 
W166: Climate Change and ICRCGC 3 
Advancing the Use of Genomics in Breeding for Climate Resilient Crops in the Developing World 
Nora Lapitan, U.S. Agency for International Development, Washington, DC 
Increasing temperatures and changing patterns of precipitation due to climate change will affect the productivity of crops and livestock. 
Modelling studies indicate that climate change impacts on agriculture will disproportionately affect the poor who depend on agriculture for 
livelihoods and who have a lower capacity to adapt. The key staple cereals, on which most of the world’s poor depend, are particularly 
vulnerable to increasing temperatures. Unfortunately, farmers in developing countries are using old varieties that are no longer adapted to the 
current environment. It is estimated that the time from breeding to adoption of new maize varieties, for example, is about 30 years. Applications 
of genomics technologies and strategies/approaches/methods offer the promise of transforming breeding strategies to achieve accelerated 
development of high performing locally adapted varieties of staple food crops, particularly under stressful and resource-limited 
environments. Thus far, this potential has not been fully exploited in most public breeding programs, particularly those in the developing world. 
Resilience of crops and livestock to climate change is a cross-cutting theme in Feed the Future’s (https://www.feedthefuture.gov/) research 
investments. In this talk, I will highlight examples of Feed the Future projects that have successfully applied genomics to accelerate breeding of 
heat tolerant crops, and used innovative partnerships to enable the rapid dissemination of improved germplasm to seed companies and/or farmers. 
I will discuss lessons learned from these and other studies as considerations to promote the availability of locally adapted climate resilient crop 
varieties to farmers in the developing world.  
 
 
W167: Climate Change and ICRCGC 3 
Strategies for Increasing Resilience to Climate Change and Variability in Southern African Agriculture 
Shadrack R Moephuli, Agricultural Research Council, Hatfield, South Africa 
Strategies for increasing resilience to climate change and variability in Southern African agriculture.  
SR Moephuli and DJ Rees  
Agricultural Research Council, PO Box 8783, Pretoria, 0001, South Africa  
Climate change has been predicted and demonstrated to adversely impact on agriculture production. Other influences to changes in decadal scale 
climate patterns appear to be influenced by the El Nino Southern Oscillation (ENSO), through the Subtropical Indian Ocean Dipole. For 
resilience to adverse impacts of climate change the Agriculture Research Council (ARC) has been conducting climate modelling studies for the 
assessment of future temperature and rainfall patterns. To develop suitable varieties and production strategies for crops the ARC is involved in a 
number of programs, including breeding and genetic studies of chilling requirement in apples, the development of water and nitrogen efficient 
varieties of maize, wheat, cowpea, and the incorporation of new drought tolerant crops such as sweet-potato, cowpea, amaranth and sorghum into 
conservation agriculture systems. The development of stress tolerant cultivars and crop suitability modelling studies in parallel with the 
relocation of production areas will become key to food security in the future. Studies on crop and livestock diseases, pests and parasites indicate 
spatial – temporal shifts and genetic variation in pathogens that could be critical for future disease management strategies. Overall, the 
integration of climate models and soil data, with increased understanding of the impact of biotic and abiotic stress on crop and livestock 
production, is essential to the future development of sustainable agriculture in Southern Africa.  
 
W168: Climate Change and ICRCGC 3 
TBA 
Appolinaire Djikeng, BecA-ILRI Hub, Nairobi, Kenya 
 
W169: Climate Change and ICRCGC 3 
TBA 
Adrianne Massey, Biotechnology Innovation Organization, Washington, DC 
 
W170: Climate Change and ICRCGC 3 
Concluding Remarks 
Jeffrey D. Ehlers, The Bill and Melinda Gates Foundation, Seattle, WA 
 
W171: Coffee Genomics 
Using Pacbio Long-Reads to Generate High Quality References for the Allotetraploid Coffea arabica and Its Diploid 
Maternal Ancestor C. Eugenioides: characterization of Genomic Regions Containing QTLs for Yield, Plant Height, and 
Bean Size 
Carlos Ernesto Maldonado1, Marcela Yepes2, Aleksey Zimin3,4, Keithanne Mockaitis5, Alvaro Gaitán1, Pilar Moncada1, Beatriz 
Elena Padilla6, Narmer Fernando Galeano7, Carmenza E. Góngora1, Claudia Flórez1, Ricardo Acuña1, Andrés Mauricio Villegas1, 



Huver Posada8, Rod A. Wing6, James A Yorke3 and Herb Aldwinckle9, (1)Centro Nacional de Investigaciones de Café, 
CENICAFE, Chinchiná, Colombia, (2)Cornell University/ School of Integrative Plant Sciences/ Plant Pathology and Plant Microbe 
Biology Section, Geneva, NY, (3)University of Maryland, College Park, MD, (4)Johns Hopkins University, Department of 
Computer Science, Baltimore, MD, (5)Indiana University, Bloomington, IN, (6)Arizona Genomics Institute, University of Arizona, 
Tucson, AZ, (7)Universidad Católica de Manizales, Manizales, Colombia, (8)Federación Nacional de Cafeteros de Colombia 
(FNC)/ Centro Nacional de Investigaciones de Café (CENICAFE), Chinchiná, Caldas, Colombia, (9)Cornell University/ School of 
Integrative Plant Sciences/ Plant Pathology and Plant Microbe Biology Section, Santa Barbara, CA 
We are celebrating this year our 10th ICGN Coffee Genomics Workshop at PAG. Over the past decade our coffee genomics community has 
focused efforts on bringing coffee to the forefront of plant genomics research.  
The first coffee genome assembly published (Denoeud et al. 2014) was for the diploid cultivated species Coffea canephora. In parallel, Cornell 
University and FNC/CENICAFE, submitted a proposal to IDB/FONTAGRO to sequence the genomes of the most widely cultivated coffee 
species, the allotetraploid Coffea arabica, and its diploid maternal ancestor C. eugenioides. We received funding in 2016 from NSF to strengthen 
this effort and generate state of the art high quality reference genomes for these Coffea species to help accelerate linkage of structural and 
functional diversity in coffee for climate change adaptation. We used high coverage PACBio long reads for de novo genome assembly, and PCR 
free Illumina paired-end sequencing data for error correction using the MaSuRCA genome assembler (Zimin et al. 2013) prior to genome 
annotation and high through put diversity variant calling. We also generated transcriptome assemblies for C. arabica, using different tissues and 
conditions of biotic and abiotic stress. Transcriptome assemblies have been aligned to the genome assemblies for validation.  
In addition, progress in the characterization of genomic regions containing QTLs for yield, plant height, and bean size in C. arabica through the 
integration of the linkage groups harboring the QTLs (Moncada et al. 2016 Tree Genetics and Genomes 12: 5 DOI 10.1007/s11295-015-0927-1), 
the physical map of the species (contracted by CENICAFE to Rod Wing at U. of Arizona), genomic sequences obtained by whole genome and 
targeted sequencing (BAC by BAC), and full length transcriptome (Iso-Seq method, PACBio) from the progenitors of the population used to 
detect the QTLs will be presented. This analysis will provide candidate genes and genomic features related to important agronomic traits in the 
allotetraploid C. arabica, useful for functional genomics and to develop tools for marker assisted selection.  
The PACBio coffee genome assemblies were done in collaboration with Pacific BioSciences and the Colombian Center for Bioinfomatics and 
Computational Biology (Bios).  
This abstract will have an extended time (40 min) and will be presented by co-authors M. Yepes (project introduction PACBio assemblies), A. 
Zimin (hybrid genome assemblies error correction), K. Mockaitis (transcriptome assemblies), and C. Maldonado (characterization genomic 
regions containing QTLs for traits of interest). 
 
W172: Coffee Genomics 
Insights from the Genome of the Major Coffee Insect Pest Worldwide: The Coffee Berry Borer 
Lucio Navarro1, Flor Edith Acevedo1, Jonathan Nuñez1, Erick Hernandez2, Rita Daniela Fernandez-Medina3, Claudia Carareto4, 
Pablo Benavides1 and Stuart Jeffrey5, (1)Centro Nacional de Investigaciones de Cafe, CENICAFE, Chinchiná, Colombia, (2)Sao 
Paulo State University, Sao Jose do Rio Preto, Brazil, (3)Escola Nacional de Saúde Pública, Fundação Oswaldo Cruz, Rio de 
Janeiro, Brazil, (4)UNESP - Universidade Estatual Paulista, São José do Rio Preto, SP, Brazil, (5)Purdue University, West 
Lafayette, IN 
The Coffee Berry Borer (CBB, Hypothenemus hampei) brings major challenges for insect control due to its particular biology and genetics. Most 
of its life cycle occurs inside the coffee bean where an extreme inbreeding drives the mating behavior between the diploid females and their 
parahaploid male siblings. These CBB biological features make hard to implement effective control methods in field conditions. The availability 
of CBB whole genome assemblies open new opportunities to better understand the biology of the insect and its interaction with coffee plants. A 
hybrid de novo CBB genome assembly (~160 Mb) using FLX-454 and Illumina reads from both female and male individuals will be presented. 
Compared with our initial FLX-454-based assembly and other published CBB genome assembly, the new hybrid assembly has improved 
sequence contiguity. Transcriptomics data obtained from RNA-seq supported around 21,000 predicted genes in this assembly, which account for 
over 95% of genome completeness. We annotated different gene families of interest, including odorant receptors and odorant-binding proteins as 
well as G protein coupled receptors (GPCRs) as a prerequisite for exploring new methods of insect behavioral control or selection of safer 
insecticides. A reduction in genes related to olfactory functions was found comparable with other curculionid beetles. Genome sequence analyses 
revealed also a low content of repetitive DNA compared with other insect genomes. Only ~8% of the CBB genome consist of transposon 
elements and ~1% of tandem repeats. This low content of repetitive DNA sequences may represent an evolutionary adaptation to the extreme 
inbreeding in the CBB. Female and male-specific genome assemblies showed structural differences. This information along with the 
identification of several genes involved in sex determination mechanisms are essential to elucidate the sex-determination process in the insect. 
 
W173: Coffee Genomics 
Towards GWAS and Genomic Prediction in Coffee: Development and Validation of a 26K SNP Chip for Coffea Canephora 
Alan C. Andrade1, Orzenil B. da Silva Junior2, Fernanda de A. Carneiro3, Pierre Marraccini4,5 and Dario Grattapaglia2, (1)Embrapa 
Café/INOVACAFÉ - UFLA, Lavras-MG, Brazil, (2)Embrapa Recursos Genéticos e Biotecnologia, Brasília-DF, Brazil, (3)Graduate 
Program on Plant Biotechnology - UFLA, Lavras-MG, Brazil, (4)Embrapa Recursos Genéticos e Biotecnologia, Brasilia-DF, 
Brazil, (5)CIRAD UMR AGAP, Montpellier, Brazil 
Genome-wide SNP genotyping platforms aiming at high-throughput and high-precision genotyping constitute an essential tool to advance 
breeding by genomic prediction and gene discovery by GWAS. Recent advances in coffee genomics with the sequencing of the Coffea 
canephora reference genome, has provided the coffee scientific community the necessary resource to develop a SNPs toolbox for genome-wide 
genotyping. C. canephora, an allogamous diploid species, and one of the parents of the allotetraploid C. arabica, has been an important source of 
genetic variability for breeding programs of both cultivated species. Highly heterozygous genomes such as C. canephora require a much higher 
sequence depth to reach acceptable marker call rates and genotype accuracy, when using sequence-based genotyping methods such that their cost 
effectiveness may not be realized. Here we describe the development and validation of a 26K Axiom SNP array (Affymetrix) whose genome-



wide distributed SNP content was discovered from pooled whole-genome resequencing of C. canephora accessions covering most of its known 
genetic diversity. Besides facilitating low cost, high marker density, polymorphism and speed of data generation, the platform displays high 
genotype call accuracy and reproducibility. Genotyping validation resulted in 24,073 SNPs (94.6%) successfully converted out of the 25,456 
SNPs on the array. 20,982 markers(87.1%) were scored as providing high-resolution genotypic data in a set of 800 individuals of a breeding 
population in which 19,586 (81.4%) were polymorphic and 1,396 (5.8%) were monomorphic. The remaining set of 3,091 (12.8%) successfully 
converted markers were of lower accuracy in the studied sample and may require additional cluster analysis to proper biological interpretation, 
i.e. targeting CNVs. This large validated SNP collection provides a powerful tool for molecular breeding and population genetics investigation 
within coffee species. Some preliminary results of a GWAS using this genotyping platform will be presented. 
 
W174: Coffee Genomics 
Comparison of Statistical Methods and Reliability of Genomic Prediction in Coffea canephora Populations 
Luis Felipe V. Ferrão, University of São Paulo (ESALQ/USP), PIRACICABA, Brazil, Romario G. Ferrão, Instituto Capixaba de 
Pesquisa,Assistência Técnica e Extensão Rural, Vitoria, Brazil, Maria A. G. Ferrão, INCAPER/EMBRAPA CAFÉ, Vitória-ES, 
Brazil, Aymbire Fonseca, Instituto Capixaba de Pesquisa e Assistência Técnica e Extensão Rural / Embrapa Café, Vitoria, Brazil, 
Matthew Stephens, University of Chicago, Chicago, IL and Antonio Augusto Franco Garcia, University of São Paulo 
(ESALQ/USP), Piracicaba - SP, Brazil 
Simulation and empirical results have shown that genomic predictions present sufficient accuracy to help increase success in breeding programs. 
Although many crops have benefited from this novel approach, studies in the Coffea genus are still in their infancy. Until now, there have been 
no studies of how predictive models work across populations and environments or, even, their performance for different complex traits. 
Considering that predictive models are based on biological and statistical assumptions, it is expected that their performance varies depending on 
the true underlying genetic architecture of the phenotype. We used real data from two experimental populations of Coffea canephora, evaluated 
in two environments (sites) and SNPs identified by Genotyping-by-Sequencing (GBS) to investigate the genotype-phenotype relationship. We 
considered Bayesian models, with different prior distributions for the marker effects, and regularized linear regression models. We assessed 
predictive abilities using a Replicated Training-Testing evaluation, with 30 repetitions, and different metrics to compare the model performances. 
In addition, we investigated SNP effects to learn about underlying biology related to genomic regions affecting the phenotype and their 
interactions. For the three traits evaluated, there were minimal differences in predictive accuracy among models. A slight advantage of Bayesian 
methods was observed, although more computation was required. Predictions within-population, on average, were more accurate than between 
populations. Biological insights revealed genetic variants with specific signals within populations and environments. Consequently, these results 
have great potential to reshape traditional breeding programs, including genomic predictions for improved breeding strategies. 
 
W175: Coffee Genomics 
Coffee Forest Biodiversity and Implications for Multi-Site in situ Conservation Approach in the Afromontane Rainforests of 
Ethiopia 
Kassahun Tesfaye, Addis Ababa University, Addis Ababa, Ethiopia and Feyera Senbeta, College of Development Studies Addis 
Ababa University, Addis Ababa, Ethiopia 
Arabica coffee (Coffea arabica) originates in the montane forests of southwest and southeast Ethiopia. Recently these forests have come under 
continuous threat due to anthropogenic factors. A study was conducted to assess plant species and coffee genetic diversity in five forest 
fragments. A total of 651 species that belong to 118 families were recorded from five forest fragments. Among the species recorded, about 5% 
are endemic plants. Of the total species recorded about 50% of the species occur in only one of the forests indicating the uniqueness of the 
forests. Diversity of Arabica coffee was assessed using ISSR and AFLP markers system. These analyses showed a complex pattern of genotype 
distribution; whereby individuals from some regions spread all over the trees generated whereas others form their own groups. Moreover, higher 
diversity within populations of C. arabica was also evidenced with unique genotypes from each forest. These results from both floristic and 
genetic diversity suggest the need for multi-site in situ conservation approach to capturing the diversity and uniqueness found in different wild 
coffee regions. In addition to the conservation effort, advanced genomic tools should be applied for in-depth diversity study and trait discovery 
for conservation and sustainable use of Arabica coffee genetic resources in montane rainforests of Ethiopia. 
 
W176: Coffee Genomics 
Update on the Sequencing of the Coffea arabica Variety, Geisha 
Allen Van Deynze1, Amanda M. Hulse-Kemp1, Michael C. Schatz2, Jason Chin3, Jay Ruskey4, Dario Cantu1 and Juan F. Medrano1, 
(1)University of California, Davis, CA, (2)Johns Hopkins University, Baltimore, MD, (3)Pacific Biosciences, Menlo Park, CA, 
(4)Good Land Organics, Goleta, CA 
Coffee traditionally is grown worldwide at equatorial latitudes below 25˚ under very specific growing conditions of acid soils, warm 
temperatures and high humidity. The environment has a direct effect on the quality and final taste of the berry. The variety Geisha originates 
from the mountains of the western Ethiopian provinces of Maji and Goldija, near the town of Geisha, and is a selection known for its unique 
aromatic qualities. Over the last 6 years, this variety has been successfully grown near Santa Barbara, California, 19 ˚ latitude north of any other 
plantation. We have sampled and sequenced DNA and transcriptomes from this variety. RNA samples from different tissues and developmental 
stages were collected and sequenced to enhance gene model prediction in combination with ab initio methods. Functional annotations focused on 
pathways relevant to coffee quality and adaptation to biotic and abiotic stresses. Resequencing of a panel of 15 Geisha accessions will provide a 
first glimpse on the genetic variation within this variety and an additional 10 varieties. An understanding of diversity within and among varieties 
at the whole genome level will be presented. Annotations, structural variants and polymorphisms in candidate genes and pathways associated 
with coffee quality are being investigated to understand the flavor profiles of Geisha coffee. 
 
W177: Comparative Genomics 
A Comparative Genomic Analysis of Plant Reproductive phasiRNAs 



Blake Meyers, Donald Danforth Plant Science Center, St Louis, MO 
 
W178: Comparative Genomics 
Plant Phylogenomics: Comparative Analyses of Plant Genes and Genomes 
Jim Leebens-Mack, University of Georgia, Athens, GA 
 
W179: Comparative Genomics 
Understanding Marine Adaptation through the Genome of a Southern Hemisphere Seagrass Species (Zostera muelleri) 
Huey Tyng Lee, University of Queensland, Brisbane, Australia 
 
W180: Comparative Genomics 
Comparative Analysis of Triticum urartu Genome with other Grass Genomes 
Hong-Qing Ling, Bin Ma, Xiaoli S. Shi, Hui Liu, Lingli Dong, Hua Sun, Yinghao Cao, Qiang Gao and Chengzhi Liang, Institute 
of Genetics and Developmental Biology, CAS, Beijing, China 
Triticum urartu is the wild progenitor of the A subgenome of bread wheat (T. aestivum, Ta), which is an allopolyploid (2n = 6x = 42) containing 
three homoeologous subgenomes (A, B and D). Ample genetic studies have shown the value of T. urartu for investigating the structure, function 
and evolution of polyploid wheat genomes. Recently，we have generated a high-quality genome sequence of T. urartu by combining BAC-by-
BAC sequencing and PacBio-based whole genome shotgun sequencing. More than forty thousand protein-coding genes have been predicted, and 
more than 80% of repetitive DNA were annotated. Comparative analysis of Tu genes with those from other grass genomes revealed about six 
thousand Tu specific genes. GO analysis revealed that these genes were involved mainly in the response to chemicals and endogenous stimuli. 
Further, we identified intact Gypsy and Copia retrotransposons and estimated their possible insertion times. The peak burst time for Gypsy and 
Copia retrotrasposons were more and less than 1 MYA, respectively, indicating that the two events occurred at different times. To study the 
evolution of chromosomal construction of Tu, we compared T. urartu genome to the major grasses (Brachypodium, rice, sorghum and wheat) 
and reconstructed the chromosomal evolution of T. urartu. Generally, our results provide a good basis for studying of Triticeae genomes and for 
the genetic improvement of wheat. 
 
W181: Comparative Genomics 
Genome Wide Discovery of Alternative Splice Isoforms Across Multiple Plant Species and the Identification of Conserved 
Events 
Brad Barbazuk1, Wenbin Mei2 and Srikar Chamala1, (1)University of Florida, Gainesville, FL, (2)University of California, Davis, 
Davis, CA 
Alternative splicing (AS) plays important roles in many plant biological processes, but its conservation across the plant kingdom is not known. 
We describe a methodology to identify AS events and identify conserved AS events across large phylogenetic distances using large publicly 
available Illumina RNA-Seq datasets. We characterized AS genome-wide in 9 angiosperms including Amborella, the single sister species to all 
other extant flowering plants and 7 monocots. AS events within 40 – 70% of the expressed multi-exonic genes per species were found. Over 
27,000 events were found to be conserved among two or more of the eudicot taxa studied and over 9,000 events were found to be conserved 
among two or more of the monocot taxa studied. While many events are species specific, many others are shared across long evolutionary 
distances suggesting they have functional significance. Conservation of AS event data provides an estimate of the number of ancestral AS events 
present at each node of the tree representing the species studied. Furthermore, the presence or absence of AS isoforms between species with 
different whole genome duplication (WGD) histories provides the opportunity to examine the impact of WDG on AS potential. 
 
W182: Comparative Genomics 
Evolutionary Insights from de novo Genome Assembly of Wild Maize 
Matthew B. Hufford, Iowa State University, Ames, IA 
 
W183: Components of Apomixis 
Capturing Heterosis: Progress Towards Achieving Apomixis in Sorghum 
Li Yuan1, Ping Che1, Marissa Simon1, Tim Fox1, Mark E. Williams1, Joann A. Conner2, Peggy Ozias-Akins2 and Marc Albertsen1, 
(1)DuPont Pioneer, Johnston, IA, (2)University of Georgia, Tifton, GA 
Apomixis leads to clonal offspring by conserving the maternal genotype through the avoidance of meiosis and a subsequent lack of fertilization 
of the egg. Apomixis has significant potential for fixing hybrid vigor from generation to generation in highly productive crops. Our previous 
work in maize demonstrated that a functional MiMe (Mitosis instead of Meiosis) system will result in clonal progenies, which is currently being 
transferred into sorghum. A single gene, PsASGR-BABY BOOM-like (BBML), isolated from the apospory genomic region (ASGR) of apomictic 
Pennisetum/Cenchrus, has been shown to successfully induce parthenogenesis when introduced as a transgene into pearl millet (Conner et al., 
2015). Here we demonstrate the potential of this transgene to induce parthenogenesis and haploid seed formation in sorghum. Parthenogenesis 
was shown to occur at a high percentage of the egg cells. Viable haploid seeds also were produced. We will discuss our results and their 
implication for achieving apomixis in sorghum utilizing apomeiosis and parthenogenesis approaches. 
 
W184: Components of Apomixis 
a Conserved Apomict-Derived Babyboom Gene Promotes Parthenogenesis in Multiple Cereals 
Joann A. Conner, Maricel Podio and Peggy Ozias-Akins, University of Georgia, Tifton, GA 
Apomixis, a seed generating, clonal reproductive process, is manifested in several grasses through aposporous embryo sac formation, 
fertilization-independent development of an unreduced egg, and pseudogamous endosperm formation. Egg cell parthenogenesis in Pennisetum 



squamulatum, an apomictic relative of pearl millet, requires cell autonomous expression of an Apospory-Specific Genomic Region-BabyBoom 
Like (ASGR-BBML) gene. ASGR-BBML genes are conserved across several apomicts including, Pennisetum, Cenchrus, and Brachiaria species, 
and are phylogenetically distinct from BBM genes in sexual species or in apomictic species where the genes are in genomic regions unlinked 
with apomixis. Expression of ASGR-BBML as a transgene in several cereals, including pearl millet, rice, and maize, results in similar frequencies 
of parthenogenesis. Since meiotic reduction proceeds normally in these sexually reproducing plants, expression of ASGR-BBML in reduced eggs 
leads to the formation of haploid embryos and recovery of haploid plants. Segregation distortion thus far has prevented the recovery of ASGR-
BBML homozygous lines. 
 
W185: Components of Apomixis 
Segmental Allopolyploidy and Diagnostic Markers for Apomixis in Brachiaria 
Margaret L. Worthington1, Christopher Heffelfinger2, Masumi Ebina3, Diana Bernal Franco4, Constanza Quintero5, Juan 
Guillermo Perez5, Jacobo Arango5, Stephen Dellaporta2 and Joe Tohme5, (1)University of Arkansas, Fayetteville, AR, (2)Yale 
University, New Haven, CT, (3)National Agriculture and Food Research Organization (NARO), Tochigi, Japan, (4)Northeastern 
University, Boston, MA, (5)International Center for Tropical Agriculture, Cali, Colombia 
Breeders of Brachiaria and other apomictic forage grasses must efficiently and reliably discriminate between apomictic and sexual offspring in 
large segregating populations to identify apomict genotypes that can be released as true-breeding cultivars. Reproductive mode can be assessed 
with progeny tests and embryo sac analysis, but both methods are costly and time consuming. We developed the first saturated genetic linkage 
maps of interspecific B. ruziziensis x B. decumbens and B. humidicola mapping populations in order to identify diagnostic markers linked to 
apomixis. Comparative genomics with Setaria italica and high resolution molecular karyotyping provided conclusive evidence for segmental 
allopolyploidy in B. decumbens (2n = 4x = 36) and a base chromosome number of six in B. humidicola (2n = 6x = 36). The apospory specific 
genetic region (ASGR) was mapped to B. decumbens chromosome 5 and a region syntenous with S. italica chromosome 1 in B. humidicola. The 
Pennisetum squamulatum ASGR-BABY BOOM-like (ASGR-BBML) specific primer pair p779/p780 was perfectly predictive for reproductive 
mode in both mapping populations and a diversity panel of known sexual and apomictic Brachiaria germplasm accessions and cultivars. These 
results suggest that ASGR-BBML gene sequences are highly conserved across the Paniceae and provide insight on the role of apomixis in 
polyploid evolution. 
 
W186: Components of Apomixis 
Apomixis in Eukaryotes: An Ancient Fair-Weather Alternative to Sex 
John G. Carman, David A. Sherwood and Lei Gao, Utah State University, Logan, UT 
A characteristic of eukaryotes is the production of epigenetically-reset cells that re-initiate the life cycle, a process that generally involves sex, 
i.e., meiosis and syngamy. However, many eukaryotes produce epigenetically-reset gametes or gamete-like cells without meiosis, and these 
re-initiate the life cycle without syngamy. This is called apomixis, and it occurs in all eukaryote kingdoms, e.g., in single-celled protists, fungi 
and algae and in both primitive and derived fungi, algae, diatoms, plants and animals. Primitive apomicts today include single-celled haplontic 
protists where apomixis cycles with sex in response to environmental cues. The fair-weather mode is apomixis, and sex occurs in response to 
metabolic stress. Similar environment-regulated sex-apomixis switching is found in taxa of all eukaryote kingdoms. Accordingly, we have 
hypothesized that apomixis is an epigenetically-regulated polyphenic alternative to sex that originated during eukaryogenesis where it cycled 
with sex in response to environmental cues. If this is correct, two major implications emerge. First, apomeiosis is more than unreduced gamete 
formation. It is “formation, without chromosome reduction, of parthenogenesis-competent gametes or gamete-like cells.” This definition unites 
all types of apomeiosis by a conserved, epigenetics-based apomixis-life-cycle mandate. Accordingly, it includes no meiosis, as in haplontic 
apomicts, and derived apomeiotic mechanisms where meiosis is either avoided, modified or nullified, as occurs in apospory, diplospory, 
apogamy, adventitious embryony and automictic parthenogenesis. The second major implication of our hypothesis is an absence of de novo-
created (mutation-derived) apomixis genes. Instead, apomixis and sex use the same genes. Cyclical apomixis, where sex and apomixis alternate 
with seasons, is primitive, and obligate sex and obligate apomixis are derived. The latter may have evolved due to mechanisms of apomixis/sex 
switching being damaged during evolution. 
 
W187: Components of Apomixis 
Identification of Genes Showing Differential Methylation and Expression Patterns in Flowers of Apomictic and Sexual 
Paspalum Spp. 
Emidio Albertini1, Marika Bocchini1, Giulio Galla2, Fulvio Pupilli3, Gianni Barcaccia2, Silvina C Pessino4 and Juan Pablo Ortiz4, 
(1)University of Perugia, Perugia, Italy, (2)University of Padua, Legnaro, Italy, (3)Institute of Biosciences and Bioresources (IBBR-
CNR), Perugia, Italy, (4)IICAR-CONICET-UNR, Rosario, Argentina 
Apomixis is a reproduction mode described in numerous genera, which allows the generation of viable clonal seeds by circumventing meiosis 
and fertilization. Successful harnessing of apomixis in agriculture would not only facilitate the clonal propagation of any hybrid combination 
through seeds by an indefinite number of generations, but also alter the current plant breeding paradigm, by simplifying and reducing the costs of 
the programs aimed at improving varieties of major crops. The genus Paspalum is an attractive biological system for the study of this trait. 
Particularly in Paspalum notatum, apomixis is associated with a single genomic region with a distorted segregation ratio, showing a dominant 
behaviour. This “apospory-controlling region” (ACR) is a large non-recombinant chromosomal sector, plagged with retrotransposons and heavily 
methylated. Its demethylation was associated with a depression of parthenogenesis, which suggests that the trait could be under epigenetic 
control. The aim of this work was to identify genes displaying differences in gene methylation profiles between sexual and apomictic P. notatum 
genotypes, by using the Methylation-Sensitive Amplification Polymorphisms (MSAP) technique. In MSAP assays, a total of 547 clear and 
reproducible bands were amplified by using 12 primer combinations. There were no statistically significant differences in the total quantity of 
methylated cytosines between plants with contrasting mode of reproduction, but a total of 12 DNA fragments showing differential methylation 
between apomictic and sexual individuals were recovered from the gels, cloned and sequenced. The resulting sequences were used to look for 
similarities in 454 cDNA libraries of sexual and apomictic P. notatum. Five sequences were found to be part of genes expressed in the libraries 



showing the same bias as predicted from the methylation analysis. While two of them corresponded to retrotransposon sequences, the remaining 
three were functional protein-coding genes. qPCRs revealed quantitative overexpression in florets of apomictic plants for the three candidates. 
The results of this work, carried out within the MSCA-RISE PROCROP project (project number 645674), will be reported and discussed. 
 
W188: Compositae 
The Reference Genome of the Common Sunflower Helianthus Annuus Sequenced By Single Molecule, Real-Time 
Sequencing 
Hélène Badouin, INRA-LIPM, CASTANET TOLOSAN, France 
The genome of Helianthus annuus has proven very challenging to assemble due to its very large size (a diploid genome of 3.6Gb spanning 17 
linkage groups) and complexity (over 81% of transposable elements). Here we report the first high-quality reference for the sunflower genome, 
assembled with single-molecule-real-time sequencing technology, together with extensive transcriptomic data from vegetative and floral organs. 
Genome analyses enabled reconstruction of the evolutionary history of the Asterids. An integrative approach combining information from the 
reference sequence with quantitative genetics, expression and diversity data permitted development of comprehensive gene networks for two 
major breeding traits, flowering time and oil metabolism. We investigated whether there is a link between the genomic architecture of flowering 
time and the latest whole genome duplication. We identified organ-specific transcription factors and long non-coding RNAs, and compared their 
distributions across organs. We also analyzed the repertoire of conserved and novel miRNA and their targets to find evidence of functional 
diversification. This genome represents a cornerstone of future research programs exploiting genetic diversity to improve biotic and abiotic stress 
resistance and oil production while considering agricultural constraints and human nutrition needs. 
 
W189: Compositae 
Genome Editing in Lettuce 
Lien Bertier, Brett R Pike, Tawni Middleton and Richard Michelmore, Genome Center, University of California Davis, Davis, CA 
One focus of the Michelmore lab is the identification and manipulation of disease resistance genes in lettuce using contemporary genetics and 
genomics technologies. The lettuce genome has been sequenced for multiple genotypes and more than 52 phenotypic loci that confer resistance 
to ten diseases have been mapped. Disease resistance genes tend to be located in major resistance clusters that contain many similar genes 
encoding nucleotide binding site and leucine-rich repeat proteins. Cloning specific resistance genes is therefore challenging. We have used RNAi 
to assign resistance phenotypes to subsets of genes within families but not to individual causal genes. We are using a pooled gRNA CRISPR 
strategy that aims to target all genes in a specific R-gene family. To demonstrate the efficiency of generating monoallelic and biallelic gene 
knockouts in lettuce with CRISPR, we targeted a gene involved in seed germination thermotolerance (NCED4), which provides a whole-plant 
selectable phenotype. Two lettuce genotypes were transformed with three different Ubi:CAS9 constructs each containing one gRNA targeting 
NCED4. This resulted in seeds that could germinate at elevated temperatures that were non-permissive for the wildtype. A second generation of 
edited plants is underway. In the longer term, we are investigating editing approaches that do not involve tissue culture. We will also develop 
gene targeting to create stacks of resistance genes containing several R genes at a single Mendelian locus. This will enhance the durability of 
resistance by increasing the evolutionary hurdle that the pathogen will have to overcome and greatly simplify breeding for disease. 
 
W190: Compositae 
Epigenetic Inheritance and Divergence within Apomictic Dandelion Lineage 
Koen J.F. Verhoeven, Netherlands Institute of Ecology, Wageningen, Netherlands 
Epigenetic mechanisms can be important contributors to trait variation. For instance, gene expression can be affected by DNA methylation via 
epigenetic silencing of nearby transposable elements. Because DNA methylation can be stably inherited in plants, stochastic and environment-
induced DNA methylation modifications also have the potential to affect heritable traits. We use triploid apomictic dandelion as a model to 
explore the epigenetic contribution to heritable variation and adaptation. Asexual reproduction such as apomixis facilitates the study of 
epigenetic variants that are not confounded with genetic variants. I will show examples of heritable variation within individual apomictic 
lineages, both in gene expression and in phenotypes, that is associated with epigenetic mechanisms. This variation arises as a result of 
environmental experiences in previous generations and also as naturally evolved differences. To explore an underlying DNA methylation-based 
mechanism of epigenetic inheritance we developed a bisulfite sequencing extension to genotyping-by-sequencing to screen DNA methylation in 
a reduced subset of the genome. This revealed inherited methylation modifications mostly in CHG context, rather than CG context, after 
experimental exposure to a jasmonic acid treatment. Together, our results suggest a relevant role for epigenetic inheritance in heritable trait 
variation within apomictic lineages. Further exploration of the mechanism of epigenetic inheritance, and its possible association with 
transposable element activity, is enabled by a draft reference genome of a diploid sexual dandelion plant, which we recently assembled in a 
collaborative effort involving several research groups from the Netherlands. 
 
W191: Compositae 
Multiple Genetic Routes to the Evolution of Invasiveness in a Perennial Sunflower 
Dan G. Bock1, Michael B. Kantar2, Celine Caseys1, Rémi Matthey-Doret1 and Loren H. Rieseberg1, (1)University of British 
Columbia, Vancouver, BC, Canada, (2)University of Hawaii, Honolulu, HI 
It has long been recognized that invasive species exert important ecological and economic impacts. Yet, despite substantial incentive, we are only 
beginning to understand the phenotypic, evolutionary, and genetic determinants of invasion success. Here, we investigate these topics in the 
perennial sunflower Helianthus tuberosus, a tuber crop that escaped cultivation and is currently listed as one of the most widespread invasive 
plants in Europe. By surveying genome-wide variation, we show that invasive H. tuberosus originated repeatedly, with most genotypes deriving 
from breeding material obtained from crosses between domesticated and wild material. We also show that some invasive clones of H. tuberosus 
have persisted in Europe for over three decades, and currently span hundreds of kilometers in range. Using a common garden experiment, we 
show that increased clonal growth is an important invasiveness trait in this system, with invasive samples producing twice the number of tubers 
of non-invasive samples. Our results additionally indicate that increased tuber number production can be achieved in H. tuberosus either by 



hybridization and heterosis, or independent of hybridization, through the contribution of a small number of alleles of large additive effect. 
Finally, we show that widespread invasive clones of H. tuberosus exploited both of these genetic routes during the evolution of invasiveness.  
 
W192: Compositae 
A Systems Approach to Breeding Disease Resistance in Lettuce Against Necrotrophic Fungal Pathogens 
Katherine Denby1, Adam Talbot1, Abi Graceson2, Elspeth Ransom3, Andrew Taylor3, Krzysztof Polanski3, David A.C. Pink2,4, 
Paul Hand2,4 and John Clarkson5, (1)University of York, York, United Kingdom, (2)Harper Adams University, Newport, United 
Kingdom, (3)University of Warwick, Coventry, United Kingdom, (4)Harper Adams University College, Newport, United Kingdom, 
(5)University of Warwick, Wellesbourne, United Kingdom 
Botrytis cinerea and Sclerotinia sclerotiorum are fungal pathogens of global importance, each causing multi-million pound annual crop losses 
pre- and post-harvest on many dicotyledonous crops including field-grown and protected lettuce crops. Chemical control is problematic with 
restrictions on spraying and fungicides being medium-high risk for development of resistance. Development of host resistance is a more 
sustainable solution, but has been an intransigent problem for breeders.  
We are taking a novel approach to breeding for disease resistance against B. cinerea and S. sclerotiorum in lettuce combining systems biology 
and quantitative genetics. Genetic variation in susceptibility to these pathogens was identified in a set of diverse lettuce accessions, based on 
lesion size following leaf inoculation, which was confirmed in whole plant assays. Susceptibility to both pathogens was also correlated across 
different accessions thereby increasing the potential of identifying alleles conferring broad resistance. Identification of disease resistance QTL 
from mapping populations is underway.  
We have developed a network analysis gene discovery strategy in Arabidopsis exploiting time series transcriptome data and are now applying 
this methodology in lettuce to predict genes conferring disease resistance against B. cinerea and S. sclerotiorum. Using RNAseq we generated a 
time series of gene expression in lettuce leaves over 12 time points, between 9 and 42 hours after inoculation with S. sclerotiorum or mock 
inoculation. From this time series data we have investigated the chronology of transcriptional reprogramming in lettuce following infection, 
inferred regulatory networks mediating this response and predicted key regulators of disease resistance within these networks. The expression of 
these key genes will be tested in diversity set lines showing extreme resistance phenotypes to examine correlation of expression with resistance. 
Co-localisation of these key regulators with resistance QTL could fast-track the identification of causal genes and associated markers for 
integration into lettuce breeding programmes. 
 
W193: Compositae 
Interactions Between Circadian and Photoreceptor Signaling Networks to Produce Complex Behaviors 
Stacey L. Harmer1, Hagop S. Atamian1, Nicky M. Creux1 and Benjamin K. Blackman2, (1)University of California, Davis, Davis, 
CA, (2)University of California, Berkeley, Berkeley, CA 
In plants as in other complex eukaryotes, the circadian clock influences a wide range of biological processes. Since plants are rooted in their 
environment, they make an excellent model system for investigating how organisms can integrate internal temporal information generated by the 
clock with environmental cues to control physiological pathways. In previous work in the model plant Arabidopsis thaliana, we found that the 
clock modulates both plant responsiveness to and free levels of the growth-associated hormone auxin. Since auxin plays a key role in plant 
directional growth responses, we have examined whether the circadian clock plays a role in the ability of sunflower plants to track the sun, a 
process called heliotropism or solar tracking. Solar tracking involves both the continual orientation of the apex towards the sun throughout the 
day and the gradual re-orientation of the apex from west to east at night in anticipation of sunrise. We have found that solar tracking behavior is 
regulated by the circadian clock, is mediated by differential growth on opposite sides of the stem, and that its disruption significantly impacts 
plant biomass and total leaf area. Transcriptional analysis has suggested auxin-mediated growth pathways control this tracking behavior, a 
possibility that we are now actively investigating. Interestingly, solar tracking in sunflower ceases upon flower maturation, with the flower heads 
facing east. We find that sunflower phototropic responses are gated by the clock, with maximal bending occurring when plants are exposed to 
directional light in the morning. Combined with the gradual cessation of stem growth upon flower maturation, this may explain why sunflowers 
face east at maturity. In ongoing work, we are examining the ecological consequences of this eastward orientation. 
 
W194: Computational Gene Discovery 
Efficient and Robust Transcriptome Reconstruction with StringTie 
Mihaela Pertea, McKusick-Nathans Institute of Genetic Medicine, JHU, Baltimore, MD 
RNA-seq methods technologies are a key component in characterizing the structural complexity and expression profiles of the set of RNA 
transcripts produced in a cell. Using high-throughput sequencing machines, a single experiment can capture the expression levels of thousands of 
genes, some of them not included in standard annotation. The number of raw sequencing reads produced from one experiment can be enormous, 
typically numbering in the tens of millions even for a modest-sized assay. In highly expressed transcripts, the bundle of reads that come from the 
same gene locus in the genome can easily reach over 2 million reads. Therefore one of the main challenges posed by RNA-seq transcriptome 
assemly is a computational one, both in terms of memory, as well as speed, as it can be a challenge to store and analyze all the information 
needed to process all the read alignments: alignment starts and ends, cigar strings, strand information, mate pairs etc.  
Recently we have developed StringTie, a genome-guided transcriptome assembler that runs much faster, and provides more accurate overall 
results than similar competing methods. Here we present new developments to our method, which reduce the big memory footprint usually 
associated to transcriptome assembly, while also keeping fast running times. Most RNA-seq runs can be processed by StringTie on a 
conventional desktop computer with as little as 8 GB of RAM, and even very large data sets run in under an hour. 
 
W195: Computational Gene Discovery 
Orthodb: Genomics Data in the Light of Evolution 
Felipe A. Simão, Robert M. Waterhouse, Evgenia V. Kriventseva and Evgeny M. Zdobnov, University of Geneva Medical School 
& Swiss Institute of Bioinformatics, Geneva, Switzerland 



The OrthoDB [Kriventseva, et al. 2015] hierarchical catalog of orthologs (www.orthodb.org) is a comprehensive resource of comparative 
genomics data to help researchers make the most of their newly-sequenced genomes. Derived from OrthoDB, the sets of Benchmarking 
Universal Single-Copy Orthologs, BUSCO [Simão, et al. 2015], are a rich source of data for assessing the quality and completeness of genome 
assemblies and annotations. These resources and tools facilitate an extensive orthology-based genome annotation and interpretation using a 
comparative genomics framework that incorporates the rapidly growing number of sequenced genomes. Orthology delineation is an integral part 
of comparative genomics, offering evolutionarily-consistent hypothesis on gene function through the identification of “equivalent” genes 
between different species, as well as identifying shared and unique genes providing an avenue for the investigation of key biological traits and to 
understand species diversity. These analyses rely on comprehensive and accurate input data for their success, making BUSCO quality assessment 
an important part of the process of genome sequencing, assembly, and annotation. Therefore, orthology-based approaches provide an important 
perspective to interpreting the ever-rising quantities of genomics data, and OrthoDB offers the ability to run custom analyses and to query 
extremely comprehensive sets of orthology classifications. 
 
W196: Computational Gene Discovery 
Validation of Proteogenomic Annotations 
Anindya Bhattacharya, University of California San Diego, La Jolla, CA 
In Proteogenomics pipelines, tandem mass spectra are searched against theoretical spectra of peptide sequences derived from genomic and 
transcriptomic data, to identify mutations, splice variants, and proteins disrupted by structural variation. Proteogenomics is a specific focus of 
cancer proteome analysis (including the CPTAC projects), as cancer is marked by somatic genome lesions. While many somatic mutations have 
been identified using cancer proteogenomic pipelines, the increased sensitivity comes at the expense of false-discoveries. Standard p-value and 
FDR controls are not effective as the decoy databases do not account for all mutations. Here we ask if “a proteogenomically discovered mutation 
has a simpler explanation as a reference (modified) peptide”. We describe a new method, Proteogenomics-Event-Validation (PEV) to address 
this. PEV takes as input a list of mutated peptide spectrum matches (PSMs). For each PSM, it enumerates reference (modified) isobaric peptides 
that match the spectrum. The reference peptides are prioritized and scored using a Bayesian framework to determine if the original identification 
was better than the reference based alternative.  
We applied PEV to spectra from 95 CPTAC colorectal samples previously searched against a database constructed from 88 TCGA RNA-seq 
data. PEV analysis on the PSMs from the 1035 mutated peptides suggested 543 peptides with at least one reference (modified) alternative. PEV 
used MS-GF+ to rescore the mutated and alternative peptides. In a vast majority of the cases, the mutated peptide remained the best explanation 
suggesting robustness of proteogenomics discovery. For example, the T->S mutation in peptide K.VQLPTE(T->S):LQELLDLHR.D appears 
correct because the best alternative explanation required Oxidation of Proline. However, in a small number of cases, the alternative explanation 
dominated. For example, an “N->D” mutation was better explained by Deamidation of Asn. PEV promises to be a useful resource for validating 
proteogenomic discoveries. 
 
W197: Computational Gene Discovery 
Integration of Theorectical and Experimental Data on Gene Regulation and Gene Evolution for Improved Genome 
Annotation 
Daniel Lang, Helmholtz Center Munich, Neuherberg, Germany 
Progress in NextGen sequencing particularily RNASeq has dramatically impacted quality and design of genome annotation pipelines - especially 
for protein-coding gene prediction. Current gene prediction pipelines seem to rely less on ab initio predictions, putting more weight on extrinisic 
evidence and usually predict copious transcript isoforms derived from genome-guided or de-novo transcript assemblies. In some cases, mapped 
transcript assemblies from deep-sequencing of the transcriptome are chosen as the sole source of gene models for a particular genome. While this 
clearly aims to increase the quality and validity of gene structures, it introduces problems in gene set completeness, locus definition and 
major/reference isoform definition.  
Usually these issues should be resolved by combiner tools that are either part of gene prediction pipelines or are available as standalone tools. 
But the depth of current RNASeq and other evidence sources spikes the full complexity of gene regulation, with non-sense mediated decay 
(NMD), alternative transcription initiation, translated upstream open reading frames, sRNA-guided RNA cleavages etc into the complement of 
transcript evidences. In addition, depending of the sequencing depth and transcripts expression level, one transcript can be fragemented into 
several assemblies. A major aim of most genome annotations is to define a gene set with one reference isoform per locus for comparative 
genomics. In these cases e.g. choosing the longest transcript or protein might fail to select the major. Untackled, non-mRNA evidences blur the 
identity of the major isoform or even lead to gene fusions or truncation.  
In my talk I like to present some of the strategies I have employed for defining the gene catalogue of the moss Physcomitrella patens and will 
show heuristics and machine learning approaches I've used for locus definition, model selection and NMD variant detection. 
 
W198: Computational Gene Discovery 
High-Throughput 3’ End Sequencing Reveals Novel Features in the Tomato Genome 
Oren Tzfadia, Ghent University, Ghent, Belgium 
 
W199: Computational Gene Discovery 
Predicting Transcription Factor Tissue Specific Binding Profiles 
Andrey Lando, Moscow Institute of Physics and Technology, Moscow, Russian Federation, Ilya E. Vorontsov, Vavilov Institute of 
General Genetics, Russian Academy of Sciences, Moscow, Russian Federation, Irina Eliseeva, Institute of Protein Research, 
Pushchino, Russian Federation, Valentina Boeva, Institut Cochin, Inserm U1016, Paris, France, Ivan V. Kulakovskiy, Engelhardt 
Institute of Molecular Biology, Russian Academy of Sciences, Moscow, Russian Federation and Vsevolod Makeev, Vavilov 
Institute for General Genetics, Russian Academy of Sciences, Moscow, Russian Federation 



Transcripiton factor binding profiles are different in different cell types, yet it is necessary to understand which binding sites are occupied by a 
transcription factor in the target cell type to evaluate the regulatory effects. Within the framework of the ENCODE-DREAM challenge we 
analysed a number of quantities affecting cell type specific binding of transcription factors (TFs) including DNase accessibility, transcriptional 
activity of neighbouring genes, and sequence motifs of transcription factor binding sites and motifs of cofactor binding with the objective to 
separate the variables characterizing the cell type and the specificity of transcription factor binding. It was found that contribution of different 
quantities controlling the chromatin activity depends highly on the cell type and the cells of a particular cell type must be carefully selected to be 
used as a training dataset to obtain a predictor for TF bindng profile in the target cell type. Tests on human TFs from ENCODE yeilded a very 
high cell type specific TF binding site prediction accuracy for a number of transcription factors such as CTCF and ZNF143, yet for other factors 
the prediction accuracy was more modest. Yet, our results, at least technically, open a way to a cell-type oriented annotation of regulatory 
regions. Possible applications for evolutionary and plant genomics are discussed. 
 
W200: Connecting Crop Phenotype Data 
Knetminer - Interrogate Plant and Animal Knowledge Networks 
Keywan Hassani-Pak, Rothamsted Research, Harpenden, United Kingdom 
 
W201: Connecting Crop Phenotype Data 
BrAPI, a Standard Interface for Plant Databases 
Jan Erik Backlund, Integrated Breeding Program, Texcoco, Edo de México, Mexico 
Advances in phenotyping and genotyping are resulting in the creation of vast streams of specialized data that create new opportunities for plant 
breeding while generating new challenges for effective data management and integration. With these developments, it becomes increasingly 
attractive to look for models for aggregating data across systems rather than centralizing all data in a single system. Having a standard 
Application Programming Interface (API) allows software to be written in such a way that the software is automatically compatible with any 
system that implements the API. The public plant Breeding Application Programming Interface (BrAPI) is a REST-based API to facilitate 
interoperability of breeding applications. The development of the BrAPI has been a collaborative, community-based initiative involving 
approximately 40 participants representing more than 15 institutions and companies. The development of such a standard has been recognized as 
critical to a number of important projects including the GOBII, CassavaBase and IBP projects and is highlighted as a foundational technology in 
the Excellence in Breeding initiative of the CGIAR. Version 1 of the BrAPI has been frozen since late July, 2016. The focus of version 1 has 
been on providing foundational services for connecting between systems and retrieving basic breeding data including germplasm, study, 
observation and marker data . Beyond Breeding applications, BrAPI has also found a niche in Genebank applications such as MGIS through 
compatibility with the Multi-Crop Passport Data standard. In 2017 we will move forward with BrAPI v2, expanding the coverage to better 
support data provenance, geospatial factors, remote sensing, and high-throughput phenotyping. The master version of the BrAPI is maintained on 
github.com: https://github.com/plantbreeding. Anyone can submit a proposed change or addition as a pull request on github. A publicly 
accessible, easy-to-read version of the BrAPI can be viewed on apiary.io: http://docs.brapi.apiary.io. In this presentation, a few uses cases will be 
presented. 
 
W202: Connecting Crop Phenotype Data 
Visualizations of Phenotypic and QTL Data 
David Marshall, The James Hutton Institute, Dundee, United Kingdom 
 
W203: Connecting Crop Phenotype Data 
CyVerse Data Commons 
Ramona Walls1, Matt Hanlon2, Maria Esteva3, Kapeel Chougule4, Jeremy de Barry5, Upendra Devisetty1, Nirav Merchant1, Marjo 
Poindexter3, Dennis Roberts1 and Sriram Srinivasan1, (1)CyVerse, Tucson, AZ, (2)Texas Advanced Computing Center, Austin, TX, 
(3)University of Texas, Austin, TX, (4)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (5)IPlant Collaborative, Tucson, 
AZ 
The Data Commons (DC) is a new service offered by CyVerse to support its vision of transforming science through data-driven discovery. The 
DC strives to build a space where data can live as a searchable, discoverable, and reusable resource. DC development builds on foundational 
CyVerse infrastructure such as the Data Store, APIs, and user interfaces like the Discovery Environment (DE), while expanding into new areas 
such as metadata and ontologies, data publication, and federation with external collaborators and repositories. Key components of the Data 
Commons are the data portal at http://datacommons.cyverse.org/, and newer functions within the DE such as metadata templates, permanent 
identifier requests, data submissions to NCBI, and a Projects Interface (under development). A key asset of the CyVerse DC is its co-location 
with CyVerse computational resources, which facilitates data re-use. This presentation will introduce you to features of the Data Commons that 
are available now and provide a preview of some features under development, with an eye toward how those features can support interoperability 
of crop phenotype data. 
 
W204: Connecting Crop Phenotype Data 
Transplant Integrated Search using Apache Solr 
Paul J. Kersey and Dan Bolser, EMBL - The European Bioinformatics Institute, Cambridge, United Kingdom 
The transPLANT distributed search engine is a tool for locating plant genomic and phenotypic data located in multiple repositories across 
Europe. Data providers maintain local search indices (using the Apache Solr search technology) that can be independently updated, and queried 
dynamically from a central server. The indexed information is in essence meta data, describing the objects available to browse and download in 
each resource, and is provided in accordance with a simple schema that classifies these objects according to common data types. This allows for 
the provision of an interactive faceted search (available at www.transplantdb.eu), through which users can filter large numbers of initial search 
results according to data type and provides; in addition, an API is provided.  



The advantages of this model are (i) independent update of indices is possible without centralised management (ii) any data provider can add 
their data to the search through registration of the the URL at which they make compliant indices available, thus supporting the idea of an open 
consortium model (iii) the resulting facility can be utilised by multiple sites by connecting to the API.  
While the model has been developed in the transPLANT project, it is of particular interest to plant phenotype data, which are highly diverse and 
dispersed in local and institutional repositories. Making these data discoverable is of the highest importance and we are developing the model 
further with a focus on enhancing the data model to better capture the common meta data associated with these data. 
 
W205: Connecting Crop Phenotype Data 
WheatIS : A Genetics and Genomics Information System for the Wheat Research Community 
Hadi Quesneville, INRA - URGI, Versailles, France 
In 2011, the G20 ministers of agriculture mandated the Wheat Initiative to coordinate worldwide research efforts for wheat improvement. Under 
its umbrella, the WheatIS Expert Working Group was set up in 2013 to build an international wheat information system, called WheatIS 
(wheatis.org).  
We present here the WheatIS conceived as distributed information system, acting as a hub for integrating wheat data produced and submitted to 
the public repositories. It relies on a network of 12 bioinformatics platforms working synergistically to provide an easy access to wheat data. 
These platforms, each considered as a WheatIS node, share their resources and propose several dedicated integrative databases, e.g. for genomic, 
genetic, and phenotype information, comparative genomics, and functional genomics. The hub, wheatis.org, provides centralized access to (i) the 
nodes and their resources, (ii) recommended data standards, (iii) a file repository to deposit and share the data among the scientific community, 
and (iv) a search in distributed databases for an easy data discovery. 
 
W206: Cool Season Legumes 
Temporal and Spatial Variation in a Large Collection of Chickpea (Cicer arietinum) Landraces 
Kassaye Dinegde1, Syed Gul Abbas Shah Sani2, Elena Plekhanova3, Bahattin Tanyolac4, Peter Chang5, Noelia Carrasquilla2, R. 
Varma Penmetsa2, Asnake Fikre6, Kassahun Tesfaye7, Nina Noujdina5, Maria Samsonova8, Sergey V Nuzhdin5, Douglas R Cook2 
and Eric von Wettberg9, (1)University of California Davis, Davis, CA, (2)University of California-Davis, Davis, CA, (3)Saint 
Petersburg State Polytechnical University, Saint Petersburg, Russian Federation, (4)Ege University, Izmir, Turkey, (5)University of 
Southern California, Los Angeles, CA, (6)Ethiopian Institute of Agricultural Research, Addis Ababa, Ethiopia, (7)Addis Ababa 
University, Addis Ababa, Ethiopia, (8)Saint Peterberg Polytechnic University, Saint Petersberg, Russian Federation, 
(9)International Center for Tropical Botany, Florida International University, Miami, FL 
Landraces of crops are important genetic resources, reflecting traditional cultivation practices and potential adaptation to diverse climates and 
agroecologies. We examine landrace diversity in chickpea, a unique crop with a wild ancestor with an extremely narrow geographic distribution 
in Southeastern Anatolia but landrace cultivation spanning six continents and conditions from sub-tropical South Asia and East Africa, to 
Mediterranean climates worldwide, and to temperate prairie conditions. By assembling a diverse collection of landraces from multiple genebanks 
spanning nearly century of germplasm collections and the three primary centers of diversification for chickpea, we examine changing patterns of 
diversity. We find little evidence of declining landrace diversity from the oldest collections in the Vavilov Institute for Research to contemporary 
collections. We document shifts in diversity in the center of domestication in Turkey to secondary diversification centers in South Asia and East 
Africa. Comparison to diversity in a recently assembled large collection of the wild relatives allows us to build a demographic model of multiple 
bottlenecks and diversifications impacting the diversity of chickpea. 
 
W207: Cool Season Legumes 
TBA on Faba Bean 
Alan H. Schulman, LUKE & University of Helsinki, Helsinki, Finland 
 
W208: Cool Season Legumes 
Updates on Pea Genomics 
Jonathan Kreplak, INRA, UMR1347 Agroécologie, Dijon, France 
Pea (Pisum sativum L.) has long been a plant model in genetics. It is also a widely grown pulse crop producing protein-rich seeds in a sustainable 
manner. Thanks to large national and international programs, and driven by innovations in informatics and biotechnology, useful genomic 
resources are now available in pea. An atlas of the expression of its genes in many tissues, high density mapping, and the ongoing sequencing of 
its genome have provided useful tools for dissecting traits of interest. We will present how the pea draft sequence opens the way to study pea 
diversity. A particular focus will be done on the transposable elements diversity, as they represent ca 85% of the pea genome.  
 
W209: Cool Season Legumes 
Comparative Genetics of Flowering Time Control in Legume 
James L. Weller, School of Biological Sciences, University of Tasmania, Hobart, Australia 
 
W210: Cool Season Legumes 
Capturing Variation in Lens spp. 
Ezgi Ogutcen1, Larissa Ramsay1, Eric von Wettberg2 and Kirstin Bett1, (1)University of Saskatchewan, Saskatoon, SK, Canada, 
(2)Florida International University, Miami, FL 
Limited genetic diversity in cultivated lentil (L. culinaris) hampers its ability to adapt to new environments. Its wild relatives represent an 
important source of variability for use in the breeding program to expand genetic diversity. Our research aims to investigate the biodiversity in 
the wild lentil species, and to understand the genetic basis of adaptation to different environments in the genus Lens.  



Based on targeted re-sequencing of gene space, exome capture has been shown to be a powerful genomic tool, especially for species with large 
and complex genomes. We recently generated sequence reads from the exome capture for all seven Lens species (L. culinaris, L. orientalis, L. 
tomentosus, L. odemensis, L. lamottei, L. ervoides, and L. nigricans). The reads were mapped and aligned to the reference lentil genome (v1.2). 
As an initial screening process, the genetic imprints of domestication will be investigated by quantifying the genetic loss due to bottlenecks 
associated with domestication events. Variants will be called from the whole exome space and used to survey a range of domestication- and 
adaptation-related genes. We will mainly focus on genes regulating traits such as seed dormancy, pod shattering, photoperiod, light quality 
response, and temperature response. The results from this research will set a strong foundation for marker development which will help introduce 
genetic diversity into the cultivated lentil species but avoid some of the deleterious wild alleles. 
 
W211: Cool Season Legumes 
Chickpea NBS-LRR Expression When Challenged with Ascocyta Rabei 
Mandeep Sagi, University of Saskatchewan, Saskatoon, SK, Canada 
 
W212: Cool Season Legumes 
Genotype-to-Phenotype Associations in Common Pea and Wild Relatives 
Kirstie Hetherington1, Sarah Dyer2, Anthony Hall1, Robert P. Davey1, Mike Ambrose3, Claire Domoney3, Enrico Coen3 and Neil 
Hall1, (1)Earlham Institute, Norwich, United Kingdom, (2)NIAB, Cambridge, United Kingdom, (3)John Innes Centre, Norwich, 
United Kingdom 
Peas (Pisum sativum) are an important crop plant and are important for food security. These cool season legumes are the second most important 
family of crops and are high in protein making them important for food and animal fodder. Furthermore, peas are useful in crop rotation as they 
can symbiotically fix nitrogen, reducing the need for fertiliser. The John Innes Pisum Collection is a well-characterised collection of peas, 
holding approximately 3,600 accessions. Previous work using retrotransposon-based insertion polymorphism markers (RBIP) characterised this 
collection into 3 distinct groups: cultivar, landrace and wild material.  
We sampled a statistically representative core collection across all 3 groups of the 3,600 accessions for phenotypic and sequence analysis. 
Biological replicates were sown in field and glasshouse environments. To quantify phenotypic traits we have imaged and measured several 
phenotypes of interest: seed weight, plant height, leaflet margin and pod length, width and apex. We have focused primarily on seed weight, as it 
is a highly heritable trait of interest to pea breeders.  
The Pea genome is large and highly repetitive and currently has no reference. To tackle this issue we used Genotyping-by-sequencing (GbS), a 
reduced representative sequence approach to generate a high-density marker panel of SNPs without a reference at low cost.  
Here we present, a quantitative phenotypic analysis across wild and domesticated pea material, and in combination with the GbS sequencing 
data, this contributes to a wider Genome-Wide Association Study (GWAS) to identify candidate regions for the associated genotypes. 
 
W213: Crop Evolution Genomics & Future Agricultural Productivity 
Crop Genomic Diversity: A Contrast Between Annual and Perennial Systems 
Brandon S. Gaut, University of California, Irvine, Irvine, CA 
Among thousands of domesticated plants, a major distinction is the difference between annual and perennial life cycles. The domestication of 
perennials is expected to follow different processes than annuals, with distinct genetic outcomes. Here I will discuss those differences and focus 
on the fate of slightly deleterious mutations through genetic bottlenecks, with examples from the annual Asian rice (Oryza sativa) and the 
perennial grapes (Vitis vinifera). For the former, we show that domestication has not increased the net number of deleterious mutations per 
individual, but it has increased the frequency of deleterious mutations that survive the domestication process. These deleterious mutations are 
enriched within low recombination regions of the genome and within regions of putative selective sweeps that are likely linked to domestication 
phenotypes. 
 
W214: Crop Evolution Genomics & Future Agricultural Productivity 
Origin, Evolution, and Adaptation of Wild Phaseolus vulgaris 
Andrea Ariani, Jorge C. Berny and Paul Gepts, University of California, Davis, CA 
Wild Phaseolus vulgaris, the progenitor of common bean, has an extraordinary distribution. Wild populations are distributed discontinuously 
from northern Mexico to northwest Argentina, over a distance of some 10,000 km from approximately 30 N. Lat. to 30 S. Lat. How did this 
extended distribution arise and what were the consequences for the adaptation of common bean? How does this information affect conservation 
and utilization in bean breeding? In this presentation, we will describe our research to genotype a representative sample of wild beans with GBS, 
characterize the climatic range of their distribution, and establish correlations between sequence variation and climatic distribution. Our results 
show that this distribution arose from multiple dispersal events from a core area in Mesoamerica involving ancestors that remain to be identified 
(or may be extinct). Several climate variables significantly distinguished wild populations and several DNA sequence motifs were correlated 
with these variables. Our findings provide hypotheses for further research into sources of heat and drought tolerance, candidate genes involved in 
tolerance to these abiotic stresses, and marker-assisted selection for these traits. 
 
W215: Crop Evolution Genomics & Future Agricultural Productivity 
Differential Selection of Grain and Embryo Weight during Wheat Evolution under Domestication 
Zvi Peleg, Guy Golan, Adi Oksenberg, Aviad Perry and Idan Ayalon, The Hebrew University of Jerusalem, Rehovot, Israel 
Wheat (Triticum spp.) is one of the Neolithic founder crops, domesticated in the Near-Eastern Fertile Crescent ~10,500 years ago. Following the 
domestication episode, its evolution under domestication has resulted in various genetic modifications. In the current study, we investigated the 
genetics and morphological changes associated with grain weight, embryo weight and their interactions, among domesticated durum wheat and 
its direct progenitor, wild emmer wheat (T. turgidum ssp. dicoccoides). Experimental data show that grain weight has increased over the course 
of wheat evolution without any parallel change in embryo weight, resulting in a significantly reduced (30%) embryo weight / grain weight ratio 



in domesticated wheat. The genetic factors associated with these modifications were further investigated using a population of recombinant 
inbred substitution lines that segregated for chromosome 2A. A cluster of loci affecting grain weight and shape was identified on the long arm of 
chromosome 2AL. Interestingly, a novel locus controlling embryo weight was mapped on chromosome 2AS, on which the wild emmer allele 
promotes heavier embryos and greater seedling vigor. To the best of our knowledge, this is the first report of a QTL for embryo weight in wheat. 
The results suggest a differential selection of grain and embryo weight during the evolution of domesticated wheat. We argue that conscious 
selection by early farmers favoring larger grains and smaller embryos appears to have resulted in a significant change in endosperm weight / 
embryo weight ratio in the domesticated wheat. The identified genetic factors underscore the potential benefit of introducing wild alleles into 
modern cultivars and is likely to be useful for the selection of high vigor lines in future breeding programs. 
 
W216: Crop Evolution Genomics & Future Agricultural Productivity 
Barley Diversity Now and 6000 Years Ago 
Martin Mascher, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Seeland, Germany 
The cereal grass barley was domesticated about 10,000 years ago in the Fertile Crescent and became a founder crop of Neolithic agriculture in 
Europe and Southwest Asia. Here, we report genome sequences of five 6,000-year-old barley grains that were excavated at a cave in the Judean 
Desert at Masada Fortress, Israel, close to the Dead Sea. Comparison to whole exome resequencing data from a diversity panel of modern 
accessions of wild and domesticated barley revealed the ancient barley to be most closely related to extant landraces from the Southern Levant 
and Egypt and genetically similar to wild barley from the Upper Jordan Valley. Our findings suggest genetic continuity of cultivated barley in the 
presence of gene flow between cultivated and sympatric wild populations since prehistoric times. We conclude that ancient genomes retrieved 
from desiccated archaeobotanical remains can inform research into the origin, early domestication and subsequent migration of crop species. 
 
W217: Crop Evolution Genomics & Future Agricultural Productivity 
Genome-Wide Diversity Analysis using Wild Emmer Wheat Reference Assembly 
Assaf Distelfeld, Tel Aviv University, Tel Aviv, Israel 
Wheat is one of the founding crops of human civilization, domesticated about 10,000 years ago from wild emmer wheat (Triticum turgidum ssp. 
dicoccoides), an allotetraploid species with a genome that is about three times larger than the human genome. We have recently completed the 
first genome assembly of wild emmer that represents the most comprehensive polyploid wheat reference to date. The near-contiguous sequence 
assembly of all 14 chromosomes comprises 10.1 Gb and allowed a detailed analysis of DNA sequence variation in a set of wild and domesticated 
emmer wheat accessions using target enrichment by liquid phase whole exome capture sequencing. The results of this analysis illustrate the 
evolutionary history of domesticated emmer wheat and the implications for future crop improvement will be discussed. 
 
W218: Crop Evolution Genomics & Future Agricultural Productivity 
Domestication, Polyploidy and Genomics of Crops 
Pat Heslop-Harrison and Trude Schwarzacher, University of Leicester, Leicester, United Kingdom 
About half of all higher plant species are recognizable as polyploids, a major feature of genome architecture where there are more than two sets 
of chromosomes. Advantages include multiple copies of each gene with different regulation, so essentially fixing heterosis; larger cell size; and 
the opportunity for mutation without lethality. Disadvantages include twice as much DNA to replicate; incorrect control of multiple gene copies 
in interacting genomes; chromosome instability at mitosis; and the challenges of ensuring chromosome pairing and regular meiotic segregation in 
seed crops, in breeding hybrid materials, or else combining sterility with parthenocarpy in fruit crops. Given these substantial contrasts, it is 
perhaps surprising that the top three cereal crops are wheat (a modern hexaploid 2n=6x=42), rice (diploid, 2n=2x=14), and maize 
(palaeotetraploid, 2n= 2 or 4 x =20), suggesting neither advantages nor disadvantages are overwhelming. I will consider the balance of positives 
and negatives over evolutionary and crop-breeding timescales. In the second part of my talk, I will consider how knowledge of polyploid 
behaviour and knowledge of ancestors can be exploited, discussing our work with polyploids, both well-known (wheat, Brassica, banana) and 
less known (proso millet, ornamentals and saffron crocus).  
Further details and references will be at www.molcyt.com. Email phh(a)molcyt.com 
 
W219: Crop Genomics for Global Food Security 
Getting to the Root of the Matter: The Growing Importance of Root Biology to Global Food Security 
Leon Kochian, Global Institute for Food Security, Saskatchewan, SK, Canada 
Leon Kochian, Global Institute for Food Security, University of Saskatchewan, Saskatoon, Canada  
 Plant root systems function as critical links between the growing shoot and the rhizosphere, providing both nutrients and water to the plant. 
Because roots grow in opaque soils and thus are not readily visible, they are often taken for granted as the “hidden half” of the plant, especially 
when it comes to crop improvement strategies. In recent years, there has been a growing awareness of the importance of root structure and 
function in many important agronomics traits, especially those associated with crop adaptation to climate change and environmental stresses. For 
example, plant scientists now understand that root system architecture (RSA), which is the way a plant organizes its root system in three 
dimensions in the soil, can play an important role in crop nutrient and water acquisition under marginal soil conditions. Differences in RSA can 
lead to different root archetypes, with some better adapted to acquiring nutrients that have relatively low mobility in the soil (such as 
phosphorous), and other root architectures better designed to acquire mobile soil nutrients such as water. In this seminar I will discuss research 
integrating high throughput RSA phenotyping with discovery of genes underlying root traits. I also will briefly introduce our new program at the 
Global Institute for Food Security on identifying important root traits and associated genes and genetic markers, for possible use in future plant 
breeding programs aimed at improving crop resiliency and productivity on sub-optimal soils.  
 Title: Getting to the Root of the Matter: The Growing Importance of Root Biology to Global Food Security  
Submitter's E-mail Address: leon.kochian@gifs.ca Session Selection: Crop Genomics for Global Food Security First Author and Presenting 
Author 
Leon Kochian  



Global Institute for Food Security, University of Saskatchewan, Saskatoon, Canada  
Email: leon.kochian@usask.ca 
 
W220: Crop Genomics for Global Food Security 
Advancing the Cowpea Genome for Food Security 
Timothy J. Close, Department of Botany & Plant Sciences, University of California, Riverside, CA 
Cowpea (Vigna unguiculata [L.] Walp.) is the number one source of protein in the human diet in sub-Saharan Africa, and an important climate-
resilient legume crop the USA and elsewhere. The cowpea team at UC Riverside operates a breeding program for California and is partnered 
with leading cowpea breeders in West Africa (Burkina Faso, Ghana, Nigeria, Senegal) and Mozambique, supported by funding from USAID 
(Feed the Future), NSF BREAD, CGIAR, the California Dry Beans Advisory Board and Hatch Act Projects in the University of California. 
Cowpea now has a 50,000-SNP iSelect genotyping assay (Cowpea Consortium Array; Muñoz-Amatriaín et al., 2016, The Plant Journal 
10.1111/tpj.13404), a reference genome sequence composed of 11 pseudomolecules (see poster by Lonardi et al.), an ever-expanding list of 
marker-trait associations, and web-based tools to access existing and new genetic information. These resources are being used to address a range 
of needs in the breeding and germplasm management programs including pedigree validation, establishment of pure seed stocks, mapping of 
traits, crossing and progeny selection decisions and population genetic analyses. Examples will be presented to illustrate the improved precision 
and clarity that are enabled by the new genome resources. Given cowpea’s relevance to food and nutritional security, its close relationship to 
soybean and other pulses, its facile genetic system, and the ease with which the plant can be grown in the field, greenhouse or growth chamber, 
cowpea merits consideration as a premiere model plant for the 21st century. 
 
W221: Crop Genomics for Global Food Security 
Crop Mutation Breeding at the Joint FAO/IAEA Program for Food Security and Enhancing Agrobiodiversity 
Ivan Ingelbrecht, Plant Breeding and Genetics Laboratory - FAO/IAEA, Viena, Austria 
 
W222: Crop Genomics for Global Food Security 
Increasing Genetic Gains in Wheat through Physiological Genetics and Breeding 
Sivakumar Sukumaran, CIMMYT, Houston, TX 
 
W223: Crop Genomics for Global Food Security 
Translating Genomic Research into Cultivar Development in the Nebraska Wheat Program 
Vikas Belamkar1, Mary J. Guttieri2, Ibrahim S. El-Basyoni3, Waseem Hussain1, Diego Jarquin1, Nicholas Garst1, MengYuan 
Wang1, Amanda Easterly1, Jesse Poland4, Aaron J. Lorenz5 and P. Stephen Baenziger1, (1)Department of Agronomy and 
Horticulture, University of Nebraska-Lincoln, Lincoln, NE, (2)USDA-ARS, CGAHR, HWWGRU, Manhattan, KS, (3)Damanhour 
University, Damanhour, Egypt, (4)Kansas State University, Manhattan, KS, (5)Department of Agronomy and Plant Genetics, 
University of Minnesota, St. Paul, MN 
Extreme weather events during a growing season can reduce phenotypic selection accuracy impeding breeding progress. We present the use of 
genomic-assisted breeding tools, genomic selection (GS) and marker-assisted selection (MAS) to mitigate this challenge during early and 
intermediate phases of testing in a breeding program. The datasets used in this study comprise three nurseries, F3:5 (2015-2016; ~4,000 lines; 
tested at 1 location), F3:6 (2012-2016; 1,340 lines; 8-10 locations) and F3:7 (2013-2016; 228 lines; 6-9 locations) that represent early, intermediate 
and advanced testing stages, respectively. Genotyping-by-sequencing (GBS) provided ~100,000 high-quality SNPs for GS and MAS efforts. 
MAS was performed by identifying GBS-derived SNPs in strong linkage disequilibrium with markers tagging known loci for disease resistance, 
height and grain quality. This was critical in 2015 when grain quality could not be measured due to heavy rain and disease after flowering. We 
found that using GS in early and intermediate stages to predict grain yield (1) made selections more precise by using the variation from multiple 
growing-years under different environmental conditions; (2) identified elite lines sooner for crossing; (3) selected best lines after a hail event 
destroyed half of the single location F3:5 trial grown in 2016; and (4) identified locations resulting in higher or lower predictive ability. 
Performance of lines advanced from F3:6 to F3:7 indicated GS would have outperformed phenotypic selection during two extreme weather years 
and emerged ~50% successful in a normal year. In summary, GS and MAS have increased selection accuracy and accelerated cultivar 
development in challenging weather conditions. 
 
W224: Crop Genomics for Global Food Security 
Genomic Selection in Chickpea 
Manish Roorkiwal and Rajeev Varshney, ICRISAT, Hyderabad, India 
 
W225: CSSA: Translational Genomics 
Fertilization-Independent Embryo Development As a Component of Apomixis 
Joann A. Conner, Maricel Podio and Peggy Ozias-Akins, University of Georgia, Tifton, GA 
Asexual reproduction through seeds, also known as apomixis, is widespread among angiosperm families, but rare among crop species. 
Pennisetum squamulatum (syn. Cenchrus squamulatus) is a wild relative of the grain crop species P. glaucum (pearl millet, syn. C. americanus) 
that reproduces by obligate apospory. Aposporous embryo sacs form from nucellar cells via mitosis, and the unreduced egg undergoes 
parthenogenesis to develop into an embryo. A gene linked with parthenogenesis was cloned from P. squamulatum and introduced into sexual 
pearl millet, rice, and maize where its expression led to the formation of haploid embryos. In the most extensively studied transgenic lines of 
pearl millet, the frequency of haploid embryos was greater than the frequency of haploid plants recovered, likely due to the variability in timing 
and extent of embryo development along with lack of, or asynchrony with, endosperm formation. Central cell fertilization is required in P. 



squamulatum for pseudogamous endosperm formation. Fine-tuning temporal regulation of seed developmental processes will enhance progress 
in installation of apomixis or the utilization of this haploid-inducing technology in grain crops. 
 
W226: CSSA: Translational Genomics 
Phenotypic Plasticity and Epigenetic Memory Are Associated with Circadian Dysregulation 
Sally Mackenzie, Xiaodong Yang, Hardik Kundariya, Robersy Sanchez, Jose Raul Barreras and Mon-Ray Shao, University of 
Nebraska, Lincoln, NE 
 
W227: CSSA: Translational Genomics 
TBD 
Nigel J. Taylor, Donald Danforth Plant Science Center, St. Louis, MO 
 
W228: CSSA: Translational Genomics 
Translational Genomic Approaches for Genetic Modification of Plant Architecture 
Christopher Dardick1, Courtney Hollender2, Jessica Guseman1, Ralph Scorza1 and Kenong Xu3, (1)USDA-ARS Appalachian Fruit 
Research Station, Kearneysville, WV, (2)Michigan State University, East Lansing, MI, (3)Horticulture Section, School of 
Integrative Plant Science, NYSAES, Cornell University, Geneva, NY 
Over the past century, genetic modifications to plant architecture have enabled remarkable increases in the productivity of a number of cereal and 
field crops. For example, reduced tillering, dwarfing, and upright leaf angles have led to higher density cropping. In contrast, similar efforts in 
many other crops such as tree fruit/nuts have lagged behind. Analagous improvements to tree growth habit could enable high density orchards 
that are more amenable to mechanization. Currently, there is limited information about the genes and signaling pathways responsible for 
modulating key architectural features in plants such as branch angle, apical control, and tropic responses. Here we used peach as a model system 
due to its high quality genome and availability of genetically characterized architecture traits such as pillar, dwarf, and weeping. Using a Next-
Gen sequencing bulk segregant method, a handful of genes that control key vegetative developmental traits were identified and functionally 
characterized. By manipulating expression of these same genes in a related fruit tree species, plum, we were able to show that genetic and 
genomic information can be translated into technologies that enable rational design of tree shoot and root architecture. Studies in model plants 
further revealed that many of the genes controlling plant architecture are functionally conserved and provided insights into their potential 
mechanisms of action.  
 
W229: CSSA: Translational Genomics 
Genomic-Assisted Haplotype Analysis and Trait Discovery in Soybean 
Gunvant Patil, University of Missouri, COLUMBIA MO, MO 
Advances in next-generation sequencing generate large-scale genomic resources and enable the development of sustainable high-yield varieties 
that persist under biotic and abiotic stresses. The analysis of whole genome re-sequence (WGRS) data using association mapping can provide 
better understanding of the links with the observed phenotypic changes. In the present study, WGRS of 106 diverse soybean (cultivated, 
landraces and wild) germplasm collection selected for major traits including protein, soybean cyst nematode (SCN) and abiotic stress (salinity) 
was conducted. The genome wide association study of protein, SCN and salt-tolerance traits resulted in discovery of novel alleles and 
haplotypes. The major haplotype blocks were further investigated and resulted explanatory allelic variants (SNP, CNV and structural variants) 
within QTL and GWA loci. The genomic-assisted haplotype analysis offers an opportunity to circumvent some of the problems associated with 
classical mapping while increasing the efficiency of selection and crossing design. Genomic information from this study provided a valuable 
resource for trait dissection and facilitated genetic maker discovery that will accelerate marker-assisted selection breeding programs. 
 
W230: CSSA: Translational Genomics 
Insights into the Heritability and Genetic Basis of Carrot Shoot Growth Using Bayesian Diallel Analysis 
Sarah D. Turner1, Paul L. Maurizio2, William Valdar2, Brian S. Yandell1 and Phil Simon3, (1)University of Wisconsin-Madison, 
Madison, WI, (2)University of North Carolina, Chapel Hill, NC, (3)USDA ARS and University of Wisconsin - Madison, Madison, 
WI 
Crop establishment in carrot (Daucus carota L.) is limited by slow seedling growth, and delayed canopy closure, resulting in high management 
costs for weed control. Varieties with improved growth habit (i.e. larger canopy, increased shoot biomass) may help mitigate weed control, but 
the genetics of these traits in carrot is unknown. This project used a diallel mating design coupled with Bayesian analytical methods to determine 
the genetic basis of carrot shoot growth. Six diverse carrot inbred lines with variable shoot size were crossed in WI in 2014. F1 hybrids, 
reciprocal crosses, and parental selfs were grown in a randomized complete block design (RCBD) with two blocks in CA (2014, 2015) and in WI 
(2015). Measurements included canopy height and width (midseason and at harvest) and biomass. Griffing’s Method I, Model I was used to 
determine the influence of general (GCA) and specific combining ability (SCA), which correspond to the additive and non-additive gene action, 
respectively. In parallel analyses, the additive, inbreeding, epistatic, and maternal effects were estimated using a Bayesian linear mixed model, 
which is more robust to missing data, outliers, and theoretical constraints than traditional biometric methods. Results suggest that additive and 
non-additive effects significantly influence shoot traits, with a greater influence of non-additive effects at midseason. Narrow sense heritability 
ranged from 0.12 for root biomass to 0.42 for final canopy height. Additionally, a discriminating tester line and improved hybrids were 
identified. The outcomes of this project will help facilitate breeding efforts and inform selection strategies for carrot improvement. 
 
W231: Cucurbit Genomics 
Determining Genetic Relationships among all Wild and Domesticated Cucurbita species Provides a Framework for 
Domestication Genetics Studies in Cucurbita 



Heather Rose Kates, University of Florida, Gainesville, FL 
Phylogenetics can facilitate the study of plant domestication by resolving sister relationships between crops and their wild relatives, thereby 
identifying the ancestors of cultivated plants. Previous phylogenetic studies of the six Cucurbita crops (pumpkins and squashes) and their wild 
relatives suggest histories of deep coalescence that complicate uncovering the genetic origins of the six crop taxa. We investigated the evolution 
of wild and domesticated Cucurbita using the most comprehensive and robust molecular-based phylogeny for Cucurbita to date based on 44 loci 
derived from introns of single-copy nuclear genes. We discovered novel relationships among Cucurbita species and recovered the first Cucurbita 
tree with well-supported resolution within species. Cucurbita comprises a clade of mesophytic annual species that includes all six crop taxa and a 
grade of xerophytic perennial species that represent the ancestral xerophytic habit of the genus. Phylogenetic resolution within species points to 
three patterns of crop evolution in domesticated Cucurbita, and we find closer relationships between diverse wild species and crops than 
previously identified. Our phylogeny clarifies how wild Cucurbita species are related to the domesticated taxa and provides a framework for 
domestication-genetics studies of the six Cucurbita crops. Expanded geographic sampling of key wild species is needed for improved 
understanding of the evolution of domesticated Cucurbita. 
 
W232: Cucurbit Genomics 
Genome Variation Elucidates Evolution and Domestication of Fruit Ripening and Quality Traits in Watermelon 
Shaogui Guo1, Honghe Sun1, Yi Ren1, Jie Zhang1, Shouwei Tian1, Guoyi Gong1, Haiying Zhang1, Zhangjun Fei2 and Yong Xu1, 
(1)National Engineering Research Center for Vegetables, Beijing Academy of Agriculture and Forestry Sciences, Beijing, China, 
(2)Boyce Thompson Institute for Plant Research, Cornell University, Ithaca, NY 
Watermelon is one of the most popular fruit crops worldwide. Unlike the modern sweet and crispy watermelon, fruit flesh of ancestral 
watermelon is hard, pale-coloured and bland. To get insight of the evolution and domestication scenario from the non-sweetness and pale-
coloured ancestral watermelon to the sweet and bright-coloured cultivation, the genomes of 107 representative watermelon germplasm were 
comprehensively analyzed. Watermelon taxonomy controversy was clarified based on genome variation analysis. C. amarus may be a separated 
species evolved paralleling with C. lanatus. In further, watermelon phylogeny and evolution process were recurred. During the evolution step 
from wild watermelon C. colocynthis to semi wild watermelon C. lanatus subsp. mucosospermus, the regulation related function categories 
including histone acetylation regulation, translation regulation and gene expression regulation were enriched significantly. During the step from 
semi wild watermelon C. lanatus subsp. mucosospermus to dessert watermelon C. lanatus subsp. vulgaris, the fruit quality and flower 
development related function categories including raffinose family oligosaccharide biosynthesis, floral organ development and anther dehiscence 
were enriched. Important genome regions and candidate genes referring agricultural traits were further confirmed by Genome-Wide Association 
Studies and ultra high density SNP map based QTL mapping. Based on the ripen capability of the F1 hybrids derived from the cross between C. 
lanatus subsp. mucosospermus and C. lanatus subsp. vulgaris, C. lanatus subsp. mucosospermus can be classified into two subgroups. 
Comparison results of the subgroups indicated that several chromatin and histone modification related function categories were enriched 
significantly, including histone acetylation, histone modification, chromatin modification and chromatin organization. Regulator of chromosome 
condensation family protein, TraB family protein and PPR protein located in selective sweep regions, may contribute to the evolution of 
watermelon fruit ripening. These results provide a novel sight of evolution and domestication of Citrullus genus. 
 
W233: Cucurbit Genomics 
A Tonoplast Sugar Transporter Mediates Sugar Accumulation in Dessert Watermelon (Citrullus lanatus) Fruit 
Yi Ren, Jie Zhang, Shaogui Guo, Hongju He, Honghe Sun, Shouwei Tian, Guoyi Gong, Haiying Zhang and Yong Xu, National 
Engineering Research Center for Vegetables, Beijing Academy of Agriculture and Forestry Sciences, Beijing, China 
Domestication of watermelon fruit was associated with the evolvement of the dessert watermelon, which accumulates large quantities of sugars, 
mainly sucrose. Sugar accumulates in the watermelon fruit cells vacuoles in a yet unknown molecular mechanism. We sequenced 96 RILs, 
derived from crossing a high sugar content cultivar with a low sugar content accession, to create an ultrahigh-density SNP map. The fine 
mapping narrowed previously described major sugar content QTL on chromosome 2, to a 797.4 Kb segment that includes only 20 genes. One of 
these genes was annotated as Tonoplast Sugar Transport (ClTST2) gene and we show that its protein product is located in the vacuolar membrane 
of watermelon fruit cells and is responsible for the uptake of sucrose, fructose and glucose into the vacuoles. The expression of ClTST2 is highly 
correlated with watermelon fruit sugar accumulation. Functional analyses of the ClTST2 promoter region identified a SNP in a SUSIBA2 
transcription factor recognition site, located in a SURE (sugar responsive) element.We found that a watermelon SUSIBA2-like, termed 
SUSIWM1, binds to domestication SURE cis element to active ClTST2 expression. Revealing the identity and the role of ClTST2 in watermelon 
fruit sugar accumulation and the mechanism by which its activity is regulated, creates new tools to increase sugar sink strength in watermelon 
and possibly in other fruits. 
 
W234: Cucurbit Genomics 
Quantitative Trait Loci Mapping of Resistance to Fusarium oxysporum f. sp. niveum race 2 in Citrullus lanatus var. Citroides 
using Genotyping-by-Sequencing (GBS) 
Sandra E. Branham1, Amnon Levi2, Mark W. Farnham3 and Patrick Wechter1, (1)USDA-ARS, Charleston, SC, (2)USDA-ARS, 
U.S. Vegtable Laboratory, Charleston, SC, (3)USDA-ARS Vegetable Laboratory, Charleston, SC 
One of the most devastating watermelon diseases worldwide, Fusarium wilt, is caused by Fusarium oxysporum f. sp. niveum (Fon). Spread of the 
particularly virulent Fon race 2 in the United States, coupled with the lack of resistance in edible cultivars of the sweet cultivated watermelon 
Citrullus lanatus var. lanatus (Cll) poses a serious problem. Years of selection for desirable horiticultural traits in Cll has eroded genetic 
diversity, including the loss of many disease resistance genes. The wild subspecies of watermelon, C. lanatus var. citroides (Clc), harbors a 
wealth of genetic diversity including resistance to many diseases and is therefore essential to continued watermelon improvement. We used GBS 
to generate the first intra-variety Clc genetic map with an F2:3 population (N=173) segregating for Fon race 2 resistance. A total of 2,495 binned 
SNPs formed 11 linkage groups with an average distance of 0.7 centiMorgans (cM) between SNPs and a total map length of 1,798.9 cM. One 



major and four minor QTL explained 69.3% of the variation in resistance. The major QTL was delimited to a 1.2Mb interval of chromosome 9, 
which collocated with one putative disease resistance gene. 
 
W235: Cucurbit Genomics 
Development of "Melonet-DB"€�  Gene Expression Database for Functional Genomics Research of Muskmelon 
Ryoichi Yano, Satoko Nonaka and Hiroshi Ezura, Faculty of Life and Environmental Sciences, University of Tsukuba, Tsukuba, 
Japan 
Melon (Cucumis melo) is an important Cucurbitaceae crop widely produced in the world. It exhibits a broad range of genetic variation including 
both climacteric and non-climacteric fruit types. The climacteric type cultivar “Earl’s favorite Harukei-3” is known for its sweetness and rich 
aroma, and hence used for breeding of high-grade muskmelon in Japan. To promote functional genomics research and breeding in muskmelon, 
we are developing induced mutant library as well as genome editing methodology in ‘Harukei-3’. However, in reverse genetics approaches, it is 
often difficult to select target gene(s) due to the presence of multiple candidates (homologues) in the melon genome. Because transcriptome 
information is useful to distinguish gene functions among homologues, we conducted RNA-seq analysis in 30 developmental tissues in ‘Harukei-
3’. These tissues included root, stems, leaves, flowers tissues, and callus in addition to the peels and fleshes of developing fruits. After separating 
microbial contamination reads, expression profiles of around 20,700 melon genes were obtained by Tophat-Cufflinks pipeline using ‘DHL92’ as 
a reference (>1 [max]FPKM). Organ types were clearly distinguished according to the global expression profile in principal component analysis. 
In addition, weighted genome-wide correlation network analysis classified these genes into 44 co-expression groups according to the expression 
patterns. Expression of some co-expression groups was prominent in specific sink organs. Finally, to explore these datasets efficiently, we 
developed web-based application tools, ‘Gene expression viewer’ and ‘Coexpression viewer’, in our web site ‘Melonet-DB (http://melonet-
db.agbi.tsukuba.ac.jp/)’. In this presentation, we’d like to introduce some features of these tools. 
 
W236: Cucurbit Genomics 
Cucumber Hypocotyl Elongation Mutants Reveal New Players in Plant UVB Signaling 
Kailiang Bo1, Hui Wang2, Yupeng Pan3, Tusar K. Behera4, Sudhakar Pandey5, Changlong Wen6, Yuhui Wang3, Phil Simon7, 
Yuhong Li2, Jinfeng Chen8 and Yiqun Weng9, (1)University of Wisconsin - Madison, Madison, WI, (2)Northwest A&F University, 
Yangling, China, (3)University of Wisconsin, Madison, WI, (4)Indian Agricultural Research Institute, New Delhi, India, (5)ICAR- 
Indian Institute of Vegetable Research, Varanasi, India, (6)Beijing Academy of Agricultural and Forestry Sciences, Beijing, China, 
(7)USDA ARS and University of Wisconsin - Madison, Madison, WI, (8)Nanjing Agricultural University, Nanjing, Jiangsu, China, 
(9)USDA ARS/ Universtiy of Wisconsin, Madison, WI 
In Arabidopsis, the UVR8-mediated signaling pathway is employed to attain UVB protection and acclimation to deal with low dosage UVB 
(LDUVB)-induced stresses. we identified SHORT HYPOCOTYL1 (SH1) in cucumber which regulates LDUVB-dependent hypocotyl 
elongation by modulating the UVR8 signaling pathway. We show that hypocotyl elongation in cucumbers carrying the recessive sh1 allele was 
LDUVB-insensitive and Sh1 encoded a human SMARCA3-like chromatin remodeling factor. The allele frequency and distribution pattern at this 
locus among natural populations supported the wild cucumber origin of sh1 for local adaptation, which was under selection during 
domestication. The SH1 protein sequence was highly conserved among eukaryotic organisms, but its regulation of hypocotyl elongation in 
cucumber seems to be a novel function. Sh1 transcript abundance was highly correlated with hypocotyl elongation rate and the expression level 
of cell elongation-related genes. Expression profiling of key regulators in the UVR8 signaling pathway revealed significant differential 
expression of CsHY5 between two near isogenic lines of Sh1. Sh1 and CsHY5 acted antagonistically at transcriptional level. We are also 
characterizing two LDUVB-insensitive, long hypocotyl mutants (lh1 and lh2). Their possible roles in LDUVB-dependent hypocotyl elongation 
in the UVR8-mediated signaling pathway will be discussed. 
 
W237: CyVerse Education: Scaling Genomics and Data Science for the Biology Classroom 
The Freshman Research Initiative: Results from a Model Cure 
Stacia E. Rodenbusch, University of Texas at Austin, Austin, TX 
National efforts to transform undergraduate biology education call for research experiences to be an integral component of learning for all 
students. Course-based Undergraduate Research Experiences, or CUREs, have been championed for engaging students in research at a scale that 
is not possible through apprenticeships in faculty research laboratories. Yet, there are few if any studies that examine the long-term effects of 
participating in CUREs on desired student outcomes, such as graduating from college and graduating with a STEM major. One CURE program, 
the Freshman Research Initiative (FRI), has engaged >6,000 undergraduates over the past decade. Using propensity score matching to control for 
student-level differences, we tested the effect of participating in FRI on students’ probability of graduating with a STEM degree, probability of 
graduating within six years, and GPA at graduation. Students who completed FRI were significantly more likely than their non-FRI peers to earn 
a STEM degree and graduate within six years. FRI had no significant effect on students’ cumulative GPA at graduation. The effects were similar 
for diverse students. These results provide the most robust and best controlled evidence to date to support calls for widespread involvement of 
undergraduates in research early in their academic careers.  
  
 
W238: CyVerse Education: Scaling Genomics and Data Science for the Biology Classroom 
Large-Scale Implementation of DNA Barcoding in Freshman Biology 
Oliver Hyman and Ray A. Enke, James Madison University, Harrisonburg, VA 
There is a recent push to provide course-embedded authentic research experiences to first year undergraduates, but large course enrollments, 
inadequate student experience, limited instructor expertise, and departmental inertia often create seemingly insurmountable obstacles to reaching 
this goal. Despite these obstacles, the biology department at James Madison University (JMU) has recently implemented a semester-long DNA 
barcoding research experience for our large enrollment introductory biology labs. Each semester ~600 freshman students collect organisms from 
around campus, extract, amplify, and sequence their DNA, identify sequences using the Blue Line in CyVerse’s DNA Subway platform, and then 



add their findings to a georeferenced database documenting the “biodiversity of JMU”. This lab experience engages all of our freshman in 
authentic research, and provides them with laboratory skills, content knowledge, and experiences from a wide variety of fields including ecology, 
molecular biology, and bioinformatics very early in their careers. This talk will outline the content, logistics, and assessment of this course as 
well as the process of planning, organization, and implementation from an administrative perspective. 
 
W239: CyVerse Education: Scaling Genomics and Data Science for the Biology Classroom 
Microbiome Studies in the High School Research in Science & Engineering Program: A Primer in Workforce Development 
Maria Brown, Sayville High School, Sayville, NY 
The Sayville High School Research in Science & Engineering Program is designed as an inquiry-based course that covers the span of one to four 
years. In collaboration with Cold Spring Harbor Laboratory’s DNA Learning Center, high school teachers are trained to provide innovative 
opportunities for students to learn skills that will prepare them for the workforce. Students work in teams of three, typically where one student 
has experience in coding while the other two students are focused on the science behind the research. Students learn the craft of collaboration, 
each bringing their area of expertise to the project. The team prepares a proposal that is peer-reviewed and is designed for bacterial and 
community microbiome research in an area of interest to the students. There are numerous benefits for students engaged in inquiry-based science 
as they learn the scientific process, and collaborate with scientists and their peers to each contribute to the outcomes, while learning desirable 
skills for industry in DNA extraction, PCR, high-throughput sequencing, and bioinformatics. They are afforded the opportunity to report their 
findings to the public at Cold Spring Harbor Laboratory once completed. The challenges for teachers lie in learning the multiple disciplines and 
technology necessary to prepare them to effectively teach and guide students in the bench protocols, computer programming, and analytics. The 
guidance and availability from the DNALC staff have proved instrumental in making these projects a positive learning experience for both 
students and teachers alike. 
 
W240: CyVerse Education: Scaling Genomics and Data Science for the Biology Classroom 
Data Science Challenges and Solutions for Student Microbiome Research 
Joslynn Lee, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 
Microbiome studies utilize sequencing of the conserved 16S ribosomal RNA (rRNA) gene. The steps of this analysis are sample collection, DNA 
extraction, PCR amplification, sequencing and analysis of sequenced data. There are few undergraduate biology genomics or computational 
biology courses implementing this type of microbiome analysis. Faculty lack the required data science skill set to teach and train students or the 
computational resources needed to run an analysis. Here, a three day workshop for undergraduate students was designed to perform both the wet-
lab and computational steps for microbiome analysis. In the wet lab, experimental design and sample collection was planned out. Students 
learned an introduction to basic command line skills from an adapted Software and Data Carpentry lesson to get confident in executing scripts. 
The bioinformatics pipeline, Quantitative Insights Into Microbial Ecology (QIIME) was used to perform microbiome analysis from raw DNA 
sequencing data. The challenged and solutions led to a development of an analysis in Jupyter Notebooks and motivation for the creation of a new 
DNA Subway line utilizing CyVerse resources. 
 
W241: CyVerse - Software, Tools, and Services for Data-Driven Discovery 
Overview of the CyVerse 
Parker Antin, University of Arizona, Tucson, AZ 
With its ‘roots’ in the plant community, iPlant has become CyVerse (Cyber Universe) a name that reflects our mission to design, develop, and 
deploy a national cyberinfrastructure to enable research across the life sciences, and to train scientists in its use. CyVerse provides users free 
access to cyberinfrastructure (data storage/sharing, software, computing, and people) that enables researchers to manage the ‘life-cycle’ of their 
data and perform sophisticated data analyses using national HPC resources.  
CyVerse is currently a community of more than 40,000 users at every level of bioinformatics experience (from little-to-no bioinformatics 
training to power users). For genomics, CyVerse supports more than a dozen core workflows (e.g. Genome/Transcriptome assembly, RNA-Seq, 
variant calling, Methylation analysis, etc.). CyVerse platforms support communities and workflows across the life sciences in areas such as 
astronomy, climatology, geosciences, and precision agriculture. Community input shapes the tools we provide and the research communities that 
we enable.  
Users within CyVerse can customize their experience by bringing their own tools and pipelines (via Docker, virtual machines, or deployment via 
our APIs). CyVerse supports the ‘life-cycle’ of data with tools for easy data upload, sharing, and even publication directly to NCBI Short Read 
Archive. CyVerse tutorials, training, and support help users get started analyzing and managing their data.  
This talk will feature previews of new and upcoming functionalities as well as examples of how users have leveraged CyVerse as a part of their 
research and education. We will also discuss the vision for CyVerse and cyberinfrastructure over the next decade. 
 
W242: CyVerse - Software, Tools, and Services for Data-Driven Discovery 
The Maize Genomes to Fields Initiative: Data Discovery and Reuse 
Naser Alkhalifah, Iowa State University, Ames, IA 
Naser AlKhalifah, Iowa State University of Science and Technology  
Breeding decisions to develop improved cultivars for industrial and agricultural uses are greatly facilitated by simultaneously leveraging 
phenotypic, genotypic, weather, and image data. Development of standardized data collection and analysis practices, by working directly with 
the data generators in the initial stages of the data collection process, is an important first step to support a multi-institutional, multi-year 
breeding projects. The Genotype by Environment (GxE) subproject within the maize Genomes to Fields (G2F) is a multi-institutional project 
spanning 25 North American locations. The GxE group is collectively addressing environmental effects on the performance of a large collection 
of maize inbreds and hyrbids grown in 25 diverse locations. At each location, data were collected on 14 core phenotypic traits, as well as weather 
measurments with image data for a subset of locations. To assist in the management of these diverse data types, we are developing a robust, yet 
flexible, data management and analysis platform that meets their immediate needs but is aslo extendable to the broader plant breeding 



community. In this presentation, we present progress made over the past couple of years working with partners at the Cyverse, as well as plans 
for next steps in 2017.  
Title: The Maize Genomes to Fields Initiative: Data Discovery and Reuse 
Submitter's E-mail Address: nalkhal@iastate.edu 
 
 
W243: CyVerse - Software, Tools, and Services for Data-Driven Discovery 
Genomic and Expression Analysis of Spermatid Nuclear Transition Proteins in Sequenced Drosophila Species  
Zain A. Alvi, Seton Hall University, South Orange, NJ 
Spermatid nuclear transition proteins (SNTPs) in metazoans are responsible for facilitating the transformation of the histone-based nucleosome 
structures found in sperm precursor nuclei into the protamine-based structures found in mature sperm. In Drosophila melanogaster, the transition 
protein-like protein, Tpl94D, plays this role. This work analyzed the protein sequences of transition protein-like proteins in the original 12 
sequenced Drosophila species. An extensive bioinformatics approach was used to establish Tpl94D orthologs through NCBI open reading frame 
(ORF) finder (PSI-BLAST) and then through a rigorous amino acid content analysis. We show that Tpl94D orthologs are found among species 
closest to D. melanogaster: D. simulans, D. sechellia, D. erecta, D. yakuba, D. ananassae, and D. pseudoobscura, but absent in more distantly 
related species D. persmilis, D. willistoni, D. mojavensis, D. virilis, and D. grimshawi. Cyverse’s Discovery Environment was utilized in 
conducting RNA-Seq analysis on testis and ovary transcriptome data found for D. melanogaster, D. simulans, D. yakuba, D. ananassae, and D. 
pseudoobscura. Differential gene expression analysis indicated high expression for all Tpl94D orthologs found in the testes. Further RNA-Seq 
analysis through NIH Isoform Two-Step Analysis (IUTA) revealed higher expression in the testes for D. melanogaster Tpl94D isoform A over D. 
melanogaster Tpl94D isoform B. Additionally, we show that the Tpl94D orthologs and Drosophila protamine-like protein orthologs 
(MST35ba/MST35Bb) share the same highly conserved high mobility group (HMG) Box/DNA binding region. 
 
W244: CyVerse - Software, Tools, and Services for Data-Driven Discovery 
Jetstream: On-Demand Cloud Computing for Life Sciences Research and Education 
Matthew Vaughn, Texas Advanced Computing Center, Austin, TX, Nirav Merchant, CyVerse, Tucson, AZ, Edwin Skidmore, 
University of Arizona-iPlant Collaborative, Tucson, AZ and Craig A. Stewart, Indiana University, Bloomington, IN 
The Jetstream1 cloud is a collaboration between Cyverse2 partners TACC and University of Arizona, University of Chicago, Johns Hopkins 
University, and Indiana University to bring the flexibility and ease-of-use of CyVerse Atmosphere to the entire community of science, at a much 
larger scale. Jetstream is a cloud resource operated as part of XSEDE3, and built from two independent OpenStack4 clusters, each capable of 
supporting thousands of virtual machines and data volumes. The clusters are integrated via the user-friendly "Atmosphere" interface developed 
by CyVerse, with authentication enabled by Globus5, and, unlike the CyVerse cloud also offer full access to Openstack web service APIs. 
Jetstream features a diverse catalog virtual machine templates. One can launch a personal Galaxy6 server, do advanced biostatistics, use Matlab, 
or experiment with new technologies like Docker, all on Jetstream. This session will demonstrate the unique capabilities of Jetstream and provide 
information about how researchers from all over can access it.  

1. http://www.jetstream-cloud.org/ 
2. http://cyverse.org/ 
3. http://www.xsede.org/ 
4. https://www.openstack.org/ 
5. https://www.globus.org/ 
6. https://usegalaxy.org/ 

 
W245: CyVerse - Software, Tools, and Services for Data-Driven Discovery 
CyVerse for Brassica: Performing Associative Transcriptomics by Integrating with Sequence and Phenotype Repositories 
Annemarie H. Eckes, Alice Minotto, Erik Van Den Bergh and Robert P. Davey, Earlham Institute, Norwich, United Kingdom 
Associative Transcriptomics (AT) is a method that links a physical genome, via the transcriptome, to quantitative phenotypic information. For 
complex polyploid crops such as Brassica napus, AT can be used to facilitate the identification of SNP markers. However, there are certain 
problems in performing AT for the Brassica Community: 1) this process is often data-intensive, as it commonly relies on large-scale genotypic 
and phenotypic raw data, and not all research groups have the computational capacity to do such analysis; 2) many groups are still dependent on 
the expertise of a small number of researchers who are able to generate AT data. With the help of CyVerse UK (http://cyverseuk.org), we are 
developing a reproducible workflow to make AT analysis available to the UK Brassica Community and beyond. The aim is to integrate 
phenotyping data stored in the Brassica Information Portal (BIP) (https://bip.earlham.ac.uk/) and sequence data from sequence repositories to 
establish an AT analysis framework, powered by tools and resources available within CyVerse.  
A Brassica researcher would first submit their genotypic and phenotypic raw data to the BIP and respective public repositories (e.g. the 
SRA/ENA sequence read archives). This ensures that their data will be stored in standardised formats and marked up with required metadata to 
enable reuse and subsequent comparison. With the data in place, the researcher will then be able to run AT analyses on CyVerse.  
We will present the current state of the project to the CyVerse user and Brassica communities in order to receive additional input and feedback. 
 
W246: CyVerse - Software, Tools, and Services for Data-Driven Discovery 
A CyVerse Powered Data Coordination Center (DCC) for MaizeCODE 
Liya Wang1, Jerry Lu1, Michael Schatz1,2, Thomas Gingeras1 and Doreen Ware1,3, (1)Cold Spring Harbor Laboratory, Cold Spring 
Harbor, NY, (2)Johns Hopkins University, Baltimore, MD, (3)USDA ARS NAA Robert W. Holley Center, Ithaca, NY 
MaizeCODE is funded for initializing functional annotation of four maize lines (B73, W22, NC350, and Til11), including novel assemblies of 
both NC350 and Til11, and performing various assays (RNA-Seq, Methyl-Seq, and Chip-Seq) on five tissues (root, shoot, ear, pollen, and endo). 
Collectively, over 400 libraries will be sequenced and data will be collected, analyzed and shared to the community through the Data 



Coordination Center (DCC). DCC is adopting ENCODE’s snovault system for metadata collection and management, and using SciApps.org, a 
CyVerse federation system, for managing automated scientific workflows, performing data analysis, hosting both raw reads and processed data, 
and synchronizing with CyVerse infrastructure. DCC will build metadata models specifically for plants for collecting metadata from production 
labs, and build scientific workflows for analysis of all assays. For data analysis, DCC will pass both raw reads and metadata to SciApps.org for 
running the scientific workflows, and retrieve processed results and metadata back automatically. Once passing quality control, data will be 
released and deposited into CyVerse data common for the community to access. CyVerse users can use the uniform scientific workflows 
constructed by the DCC to re-process all MaizeCODE data or their own datasets in CyVerse DE, directly through Agave API, or automatically at 
SciApps.org. 
 
W247: CyVerse - Software, Tools, and Services for Data-Driven Discovery 
Methylation Pipelines in CyVerse 
Jawon Song, Texas Advanced Computing Center, Austin, TX 
Recent advances in sequencing techniques have improved our understanding of epigenetic modifications in many of ways. One specific example 
is sensing methylated cytosines through normal sequencing methods after unmethylated cytosines are transformed into uracil with bisulfite 
conversion. Through this, it has been possible to capture DNA methylation at the base-pair resolution. In spite of many publicly available 
bioinformatics tools designed for bisulfite sequence analysis, there are only very few workflows that allow users to start from sequencing reads 
and conclude with a format that can be displayed on genome browsers. Moreover, there are even fewer pipeline that can capture the non-CpG 
methylations contexts: CHG and CHH, which are present only in plants. We present two workflows for handling bisulfite data: one to take raw 
sequencing reads to tiles of methylation ratios and another to call differentially methylated regions (DMRs) from aligned reads. 
 
W248: Data Resource Sustainability and Funding 
The OECD Global Science Forum Project on Sustainable Business Models for Data Repositories 
Simon Hodson, CODATA, Paris, France 
 
W249: Data Resource Sustainability and Funding 
Dryad Digital Repository 
Jennifer Lin, Crossref, Lynnfield, MA 
 
W250: Data Resource Sustainability and Funding 
The Arabidopsis Information Resource 
Eva Huala, Phoenix Bioinformatics, Redwood City, CA 
TAIR is a database of plant genetic and genomic information focused on the model plant Arabidopsis thaliana. TAIR was launched in 1999 and 
was supported by three successive rounds of National Science Foundation funding up to 2013. Following the loss of NSF funding, TAIR 
transitioned to subscription funding in 2014 under the umbrella of Phoenix Bioinformatics, a new nonprofit founded by TAIR staff. TAIR 
funding relies mainly on subscriptions from university libraries and library consortia, companies and individual researchers, with additional 
income from subscriptions at the whole country level. This business model makes use of the existing infrastructure at libraries for managing 
traditional print and digital academic journal subscriptions and library staff with extensive experience in evaluating the value of academic 
resources to their researchers and handling the legal and financial aspects of licensing, invoicing and payment. Many of TAIR’s academic library 
subscriptions have terms of three to five years, providing a stable source of revenue for the future. Acceptance of TAIR’s subscription model has 
been high overall. Researchers appreciate our nonprofit mission-driven organizational structure and understand that if TAIR had not made the 
transition to subscriptions our curation activities would have ceased, and researchers would no longer have access to curated and integrated data 
from the research literature. Our outlook for the future includes continued reliance on subscription funding for operations and development of 
new features or tools funded by a mixture of government grants, private foundations, and subscription funds. 
 
W251: Data Resource Sustainability and Funding 
Transitioning Biocyc to a Subscription Model 
Peter D Karp, SRI International, Menlo Park, CA 
BioCyc.org is an extensive web portal for microbial genomics and 
metabolic pathways. BioCyc contains 7,600 microbial genomes including 
929 organisms from the Human Microbiome Project. Two BioCyc databases 
are noteworthy as bacterial references: the EcoCyc database for 
Escherichia coli has been curated from 30,000 publications, and the 
BsubCyc database for Bacillus subtilis has been curated from 4,000 
publications. In addition, the MetaCyc database is a multi-organism 
metabolic pathway database describing 2,400 experimentally elucidated 
pathways. BioCyc contains an extensive set of bioinformatics tools. 
Genome-related tools include a genome browser, sequence searching and 
alignment, and extraction of sequence regions. Pathway-related tools 
include a tool for navigating zoomable organism-specific metabolic map 
diagrams that can be painted with metabolomics and gene-expression 
data.  
In 2016 we transitioned BioCyc to a subscription model, in partnership 
with Phoenix Bioinformatics. Subscription revenues are invested into 



database curation, website operations, sales, and marketing. We will 
describe the new BioCyc subscription model and its success level to date. 
 
W252: Data Resource Sustainability and Funding 
NRSP10 Crop Databases 
Dorrie Main, Washington State University, Pullman, WA 
National Research Support Project 10 (NRSP10, www.nrsp10.org) “National Database Resources for Crop Genomics, Genetics and Breeding 
Research” is a USDA and industry funded project which provides standardized database and informatics resources for undeserved or specialty 
crops such as tree fruit, nuts, and berries. It builds on existing database resources developed for Rosaceae (Genome Database for Rosaceae, 
www.rosaceae.org), Citrus (Citrus Genome Database, www.citrusgenomedb.org), Vaccinium (Genome Database for Vaccinium, 
www.vaccinium.org), Cool Season Food Legumes (Cool Season Food Legume Genome Database, www.csfl.org) and Cotton (CottonGen, 
www.cottongen.org). Developed using Tripal, an open-source, modular, well supported platform, these community databases provide centralized 
access to integrated genomic, genetic and breeding data and analysis tools for 24 crops representing a combined annual production value of over 
$25 B. In this presentation we will describe the communities these databases serve and the efforts and costs associated with their infrastructure 
development, data curation and maintenance as well as plans for long term support. 
 
W253: Data Resource Sustainability and Funding  
AgBase 
Fiona M. McCarthy1, Shane Burgess1 and Bindu Nanduri2, (1)University of Arizona, Tucson, AZ, (2)Mississippi State University, 
Mississippi State, MS 
The AgBase database is a multispecies database that provides annotations, tools and support for agricultural researchers. We currently provide 
1,434,607 Gene Ontology (GO) annotations for 530 agricultural species and their pathogens, including manual curation of literature for key 
species. We also provide online tools to assist researchers with doing their own functional annotation and functional analysis of omics data sets 
and are linking these tools and workflows with CyVerse to provide support for analysis of larger data sets. The intended audience for AgBase are 
agricultural researchers who have generated functional genomics data sets and wish to understand how this data can be leveraged to improve 
agricultural production. A typical use case would be entering a list of transcripts to identify which have GO annotation, analysis to add GO for 
this list and summarizing the function for these differentially expressed gene products. Researchers may also use existing tools (provided 
elsewhere) to do functional enrichment analyses with this data. We will discuss funding sources for the development and maintenance of the 
AgBase database, including funding support for future activities. 
 
W254: Degraded DNA and Paleogenomics 
3,000 Years of Sorghum Genome Evolution: The Birth of a New Crop 
Robin G. Allaby, University of Warwick, Warwick, United Kingdom 
All the major cereal crops we use today are the result of a complex origin and ancestry involving different selection pressures over time and 
introgressions between various populations. The resulting genomes have mosaics of origin, which may confer particular properties, such as 
domestication syndrome traits or specific environmental tolerances. Archaeogenomics allows the direct reconstruction of genome evolution by 
getting behind introgression and selection events. Here we show over a three millennium time series how sorghum, the fifth most important 
cereal crop globally, produced its drought tolerant race through a series of introgressions and progressive selection, as environmental stresses 
increased over time. 
 
W255: Degraded DNA and Paleogenomics 
Tracking Gene Flow Between Wild Boar and Domestic Pigs in (time and) Space 
James Haile, University of Oxford, Oxford, United Kingdom 
Temporary Text 
 
W256: Degraded DNA and Paleogenomics 
Dietary Protein Preservation on Archaeological Pottery 
Jessica Hendy, Max Planck Institute for the Science of Human History, Jena, Germany 
 
W257: Degraded DNA and Paleogenomics 
Ancient DNA of Extinct Mammals 
Ian Barnes, Natural History Museum, London, United Kingdom 
 
W258: Degraded DNA and Paleogenomics 
Ancient Human Genomes, Transitions, Farmers and Language at the Edge of Europe 
Daniel G. Bradley, Trinity College Dublin, Dublin, Ireland 
Large longitudinal surveys of genomic diversity have uncovered two significant shifts in ancestry components in European samples. The first 
of these coincided with the onset of Neolithic culture and the second occurred in the third Millennium BC around the transition from the Late 
Neolithic to the Bronze Age. The scale of these changes imply massive population movements which may have coincided with the spread of new 
languages. However, whether genome change was universally associated with these cultural horizons is not yet known. This talk will present 
ancient genome data from southwest and eastern Europe, will contrast their patterns of longitudinal change and speculate about language origins. 
 
W259: Degraded DNA and Paleogenomics 



Quantifying the Genomic Consequences of Demographic Declines 
Love Dalen, Swedish Museum of Natural History, Stockholm, Sweden 
Any population that finds itself at the brink of extinction is likely to have gone through a severe demographic decline in its recent past. The 
transition from traditional ancient DNA methods to palaeogenomics does not only provide a means to assess changes in genome-wide diversity 
across such declines, but also offers new opportunities to test additional predictions on how the genomes of declining populations evolve. The 
aim of this presentation is to provide an update on ongoing projects where we use a palaeogenomic approach to track how genetic parameters 
within species have changed across known demographic declines. 
 
W260: Degraded DNA and Paleogenomics 
Population Genomics of Ice Age Gray Wolves 
Pontus Skoglund, Harvard Medical School, Boston, MA 
 
W261: Degraded DNA and Paleogenomics 
Passenger Pigeon Genomics: Take III 
Beth Shapiro, Department of Ecology and Evolutionary Biology, University of California Santa Cruz, Santa Cruz, CA 
 
W262: Development and Application of Transgenic Technology in Agriculture 
Generating Disease Resistant Citrus Varieties using Cas9/sgRNA 
Nian Wang, University of Florida, IFAS-CREC, Lake Alfred, FL 
Citrus industry faces multiple disease challenges in Florida, including citrus Huanglongbing (HLB) caused by Candidatus Liberibacter asiaticus 
(Las) and citrus canker caused by Xanthomonas citri subspecies citri (Xcc). Generating disease resistant citrus varieties will provide an efficient 
and sustainable term solution to either HLB or caner disease. However, the traditional approach of breeding for resistant plants for citrus is 
difficult and has not provided a timely solution to control HLB or canker due to the long juvenility, large tree size, and prevalence of 
polyembryonic seeds in commercial varieties. Here we will present our progress in generating disease resistant citrus varieties via CRISPR 
technology. Firstly, we will report our latest progress in generating canker resistant citrus by modifying the CsLOB1 gene and the effector 
binding elements (EBEs) of PthA4 in the CsLOB1 Promoter (EBEPthA4-CsLOBP) of the CsLOB1 gene via Cas9/sgRNA technology. CsLOB1 
is a susceptibility gene for citrus canker and is induced by the pathogenicity factor PthA4, which binds to the EBEPthA4-CsLOBP to induce 
CsLOB1 gene expression. Secondly, we will present our progress in identifying the critical virulence factors, e.g., Sec-dependent effectors 
(SDEs) of Las and their putative targets in citrus. We aim to generate HLB resistant or tolerant plants by disrupting the interaction between SDEs 
and their targets in citrus. 
 
W263: Development and Application of Transgenic Technology in Agriculture 
Cas9 Targeting and Specificity in Higher-Order CRISPR Multiplexed Plants 
Cara L Soyars, Univeristy of North Carolina at Chapel Hill, Chapel Hill, NC 
Many gene families are highly redundant and have diverse chromosomal locations in plants necessitating higher order mutant construction. 
CRISPR-Cas9 has emerged as a powerful tool to create targeted mutations in multiple loci simultaneously. The effective targeting of these gene 
families necessitates high specificity for the target without affecting other genomic loci. Previous work based on small scale targeting has 
suggested that the off-target rate for Cas9 in Arabidopsis is low or absent. Experiments involving higher order multiplex targeting have increased 
potential for off-target effects, which has implications in the confirmation of mutants. To clarify these issues, we have performed whole genome 
resequencing of Arabidopsis plants targeting 14 genomic loci at once. We demonstrate that Cas9 is highly specific in Arabidopsis with no 
detectable off-target effects. Our work also demonstrates that chromosomal translocation events are extremely rare. As such, the wild type 
Streptococcus pyrogenes Cas9 is specific enough to make off-targeting events undetectable in Arabidopsis. We have used this system to target 
several large gene families and will present data on the mutational analysis of multi-gene families regulating plant development. 
 
W264: Development and Application of Transgenic Technology in Agriculture 
Genome Editing in Cereals 
Ming Luo1, Xiaoba Wu1, Robert Morbitzer2, Thomas Lahaye2 and Michael Ayliffe1, (1)CSIRO, Canberra, Australia, (2)University 
Tuebingen, Tuebingen, Germany 
Gene editing can be an effective tool to precisely cleave a specific 20 bp DNA sequence in a genome that is then repaired by either error-prone 
nonhomologous end joining (NHEJ) or homology-directed repair (HDR). The specificity of this process offers significant advantages for 
deciphering gene function and improving crop traits. In this study, we explore in wheat two popular gene editing technologies, CRISPR and 
TALENs. In a pilot CRISPR experiment in rice we were able to effectively knock-out two closely-linked genes which modulate seed 
development with very high efficiency, with double mutants displaying expected seed phenotype. However, the same constructs targeting 
homologous genes in wheat failed to generate mutations. In contrast, two pairs of TALEN constructs were shown to efficiently modify wheat 
target loci. The first locus, a GUS transgene, was edited in 3 out of 9 transgenic lines. The second locus, an endogenous pseudogene of the Lr21 
rust resistance gene was modified in 26 out of 40 transgenic lines produced. This latter psuedogene gene contains a one-base deletion that 
introduces a frame shift mutation in the gene ORF. TALEN modified alleles in which the gene ORF is restored by NHEJ are being sought and 
progeny of these plants are being tested for the rust resistance. Our results suggest that TALENs may be a better approach for wheat genome 
editing. 
 
W265: Development and Application of Transgenic Technology in Agriculture 
SWEET Promoter Editing Produces Rice Lines Resistant to Bacterial Blight 
Bing Yang, Iowa State University, Ames, IA 



TAL (transcription activator-like) effector proteins, translocated to host cells by the bacterial pathogen Xanthomonas oryzae pv. oryzae, 
transcriptionally activate host SWEET genes to induce a state susceptibility in bacterial blight of rice. Several members of TAL effector family 
recognize in a sequence specific manner the cognate SWEET gene promoters, so called effector binding elements (EBEs). We deployed genome 
editing technologies, e.g., TALEN and CRISPR/Cas9, to precisely mutagenize several EBEs in three SWEET genes that are targeted by five 
naturally occurring TAL effectors. The promoter-mutations abolish the inducibility of SWEET genes by corresponding TAL effectors and 
concomitantly confer disease resistance to those otherwise virulent pathogen strains. My presentation will include the strategies, results and 
implication of the genetic modifications based on understanding of disease biology and depend on the most advanced genome editing 
technologies. 
 
W266: Development and Application of Transgenic Technology in Agriculture 
Chloroplast Transformation for High-Level Expression of Useful Proteins 
Justin M. McGrath1, Jennifer A. Schmidt2, Lubna V. Richter2, Stephen P. Long1, Beth A. Ahner2 and Maureen R. Hanson2, 
(1)University of Illinois, Urbana-Champaign, Urbana, IL, (2)Cornell University, Ithaca, NY 
Transgenic plants have potential as an industrial source of enzymes due to easier scalability and lower cost compared to other systems, but the 
protein production of plants grown in field conditions has not been examined. Two transplastomic lines were created that express Cel6A, a 
cellulase from Thermobifida fusca, with one of two different downstream boxes (DBs), TetC and NPTII. The DB is a fourteen amino acid 
element located immediately between the start codon and the remainder of the gene. TetC-Cel6A accumulated protein to the greatest extent and 
to levels higher than previously reported. TetC-cel6A plants accumulated Cel6A to an average abundance of 17% of total soluble protein (TSP) 
in the field and 35% of TSP in growth chambers. In comparison, plants containing the gene for NPTII-Cel6A production accumulated Cel6A to 
only 3% of TSP in the field and approximately 6% in the chamber. These results confirm that the DB influences foreign protein abundance via an 
important regulatory interaction. Furthermore, while transformed plants showed no reduction in Rubisco or total soluble protein concentration. In 
fact, some transformed field plants marginally increased TSP accumulation per gram dry tissue to accommodate production of the foreign 
protein. Aboveground biomass was not reduced and protein mass per unit ground area was as high as 8 g / m2 in some lines in the field. This 
suggests that the added burden of producing the foreign proteins does not compromise carbon fixation via a reduction in Rubisco concentration, 
the critically important carbon-fixing enzyme in plants. 
 
W267: DivSeek – Addressing the challenges and opportunities for information and data sharing associated with plant 
germplasm 
Ecology and Community Genomics of an Important Crop Wild Relative As a Prelude to Agricultural Innovation 
Douglas R Cook, University of California-Davis, Davis, CA 
Domesticated species are impacted in unintended ways during domestication and breeding. Changes in the nature and intensity of selection 
impart genetic drift, reduce diversity and increase the frequency of deleterious alleles. Such outcomes constrain our ability to expand the 
cultivation of crops into environments that differ from those under which domestication occurred. We address this need in chickpea, among the 
world’s most important pulse legumes, by conserving, characterizing and harnessing the diversity of wild crop relatives and their associated 
microbes. We document an extreme genetic bottleneck between modern breeding lines and the wild progenitor species, while also deciphering 
the genetic history of wild populations. We provide evidence of ancestral adaptations in wild populations for seed coat color crypsis and 
demonstrate variation between wild and cultivated accessions for agronomic properties including flowering time, seed shattering, seed nutrient 
density, nitrogen responsiveness, insect pest resistance and drought adaptation. The assembled germplasm will serve as an essential resource for 
future chickpea breeding, while our methods may inform collection of other wild crop progenitor species. 
 
W268: DivSeek – Addressing the challenges and opportunities for information and data sharing associated with plant 
germplasm 
Thoughts and Examples of Turbocharging the Gene Banks with Genomic Prediction 
Jianming Yu, Iowa State University, Ames, IA 
Exploiting the potential of plant accessions stored in gene banks is a long term task. Current genomic and analytic technologies are enabling us to 
design an integrated strategy to mine this natural heritage. In a recent proof-of-concept study, we demonstrated that genomic prediction can be 
leveraged in a broad germplasm evaluation process. With a set of 962 biomass sorghum accessions as the reference set, we showed that a high 
prediction accuracy for biomass yield can be achieved. On the other hand, a modest prediction accuracy was observed for an independent 
validation set, as was suggested by the prediction reliability measurement. Many challenges still exist in designing a global, cost-effective 
strategy to assess the vast amount of valuable germplasm archived in 1,750 gene banks. But encouraging research findings also exist to provide 
potential solutions to population structure, adaptation, environment classification, genotype by environment interaction, sampling optimization, 
and bioinformatics. 
 
W269: DivSeek – Addressing the challenges and opportunities for information and data sharing associated with plant 
germplasm 
Divseek Working Group - Data Standards for Interoperable Tools 
Robert P. Davey, The Genome Analysis Centre, Norwich, United Kingdom 
The DivSeek Data Standards for Interoperable Tools Working Group will promote best practice in data sharing in the plant sciences, through the 
use of open and interoperable software powered by the adoption of open standards, i.e. programmatic interoperability standards (APIs), 
controlled vocabularies, trait dictionaries, metadata standards, and ontologies. We aim to highlight gaps in interoperability that impede 
workflows important to the communities supported by DivSeek partners, by liaising with research development groups, other DivSeek working 
groups, and consortia with relevance to DivSeek. We will educate and train data generators about standards and the tools and resources that use 
them, in order to promote and foster standards-compliance for long-term open data stewardship. 
 



W270: DivSeek – Addressing the challenges and opportunities for information and data sharing associated with plant 
germplasm 
A Divseek Working Group on Semantics for Harmonizing Trait and Agronomic Data 
Elizabeth Arnaud, Bioversity International, Montpellier Cedex 5, France 
This working group (WG) seeks to establish best practices for harmonizing data and metadata using trait dictionaries, thesauri, and ontologies, 
and support knowledge exchange among DivSeek partners. The objectives are to 1) initiate Communities Of Practice (COPs) to identify and 
prioritize common sets of terms that will be valuable, 2) identify minimum semantic requirements for collecting, sharing and exchanging 
phenotype data, 3) in collaboration with other WGs propose validated guidelines and best practices for supporting non-ontology experts to 
contribute their own variables or controlled vocabularies, participate in their maintenance, and implement them for data capture and annotation, 
4) support the DivSeek Coordination Unit, which operationalizes and facilitates the implementation of the program of work, and partners in 
advocating to donors and other appropriate fora for the creation of suitable funding opportunities and development of collaborations. WG 
Activities include a survey of the existing landscape based on two case studies, validating existing methodologies and trait models, and 
community engagement. The expected outputs include:  

• Tutorials and guidelines for the development of semantic standards and their use by non-experts. 
• Test applicability to other crops of the Cookbook developed by the Wheat Data Interoperability WG of the Research Data Alliance. 
• Organisation of meetings like the recent PhenoHarmonIS 2016 , France (http://tinyurl.com/COcommunity) to target communities 

concerned with data harmonization. 
• Publication of validated controlled vocabularies, and resulting ontologies and trait dictionaries. 
• Test CoP and methodology efficiency on knowledge sharing with the Bambara groundnut community  

 
W271: Domestication Genomics 
The Origin and Diversity of Brassica napus from Brassica rapa and Brassica oleracea 
J. Chris Pires, Division of Biological Sciences, University of Missouri, Columbia, MO 
Brassica napus is a worldwide crop that has been domesticated primarily for oilseed (canola) but also as a leafy green and as a root vegetable 
(rutabaga or swede). It is an allopolyploid species that evolved from the hybridization of two other species about 7,500 years ago. The ancestors 
of the two parental species have also been domesticated for multiple uses: Brassica rapa (Chinese cabbage, Pak Choi, turnip, sarson and others) 
and Brassica oleracea (Brussels sprouts, broccoli, cauliflower, cabbage, kale and others). Characterization of their origin and population 
structure is not only of fundamental biological interest, but also essential for Brassica napus germplasm conservation and crop improvement. We 
generated about 10M SNPs from transcriptomic data of Brassica rapa, Brassica oleracea, Brassica napus and outgroup species. We performed 
population structure and phylogenetic analyses to identify the parental contributions of Brassica rapa and Brassica oleracea to Brassica napus 
along with the relationships of cultivated varieties within Brassica napus. 
 
W272: Domestication Genomics 
Patterns of Variation in Wild and Domesticated Apple 
Briana L. Gross, University of Minnesota Duluth, Duluth, MN, Abby Schumann, Minnesota Poultry Testing Laboratory, Willmar, 
MN and Marshall Wedger, Washington University in St. Louis, St. Louis, MO 
Our understanding of the genetics of plant domestication have historically been based on studies conducted in annual plants, but current 
techniques now allow for a focus on the domestication genetics of perennial plants. These comparisons have revealed that patterns and 
consequences of domestication differ substantially across the perennial/annual divide. Here, we explore the domestication genetics of apple 
(Malus x domestica) as compared to its wild relatives (Malus sieversii) by examining patterns of nucleotide diversity in a set of candidate 
domestication and randomly selected ‘background’ genes from across the genome. Genes were targeted using a sequence capture by 
hybridization method followed by paired-end Illumina sequencing; 49 candidate domestication genes and 68 background genes were included in 
the sequence-capture approach. Reads were mapped to the Malus x domestica reference genome and also assembled using a reference-free 
approach, followed by comparisons of nucleotide diversity across species and gene classes. 
 
W273: Domestication Genomics 
Domestication Genetics of the Mango (Mangifera indica L.) 
Emily Warschefsky and Eric von Wettberg, Florida International University, Miami, FL 
The mango, Mangifera indica, is one of the world’s most economically and culturally important tropical fruit species. M. indica is thought to 
have been domesticated in Northeastern India, then dispersed to regions of Southeast Asia and, later, to Africa and the Americas. Here, we 
explore the genetic impacts of this domestication history, including domestication events, genetic bottlenecks, and introgression between M. 
indica and wild relatives in Southeast Asia. Loci from double digest restriction site associated DNA sequencing (ddRAD-seq) were used to 
genotype historic cultivars from different geographic regions around the world along with wild and semi-domesticated relatives of M. indica. 
Single nucleotide polymorphisms were analyzed to investigate population structure and genetic diversity and infer the prevalence of recent 
hybridization and introgression between M. indica and other Mangifera species. 
 
W274: Domestication Genomics 
Domestication, Diversity, and Distribution History of Breadfruit (Artocarpus altilis, Moraceae), a Priority Underutilized 
Staple Crop 
Nyree Zerega, Northwestern University and the Chicago Botanic Garden, Evanston, IL and Elliot Gardner, Northwestern 
University, Evanston, IL 
Breadfruit, Artocarpus altilis (Moraceae), is a long-lived tree and a nutritious staple starch crop that is a major component of many traditional 
agroforestry systems in its native Oceania. Breadfruit has been introduced throughout much of the moist tropics, and while it has the potential to 
contribute to increased food security in tropical regions, globally it remains an underutilized crop. Wild relatives of breadfruit have been 



identified based on morphology and molecular tools, and hundreds of cultivars have been documented. Here we present SNP and microsatellite 
data from breadfruit wild relatives and cultivars from Oceania and beyond to understand the domestication history, diversity, and human 
mediated distribution of this valuable crop.  
 
W275: Domestication Genomics 
Decoding Animal Domestication with Palaeogenetics 
Laurent Frantz, University of Oxford, Oxford, United Kingdom 
Millennia of interaction between humans and domestic animals have had a tremendous impact on the development of modern societies. 
Throughout this long shared history humans have transported domestic animals all across the globe. Large-scale human-mediated movement of 
animals have made it particularly difficult to re-trace the origin of species such as dogs. Long distance transportation may also imply that 
domestic animals not only adapted to a wide-range of environments but also interacted and exchanged genetic material with wild populations 
from different ancestries. Both gene flow and adaptation clearly influenced the current genetic and phenotypic make up of domestic animals. 
Understanding patterns of movement across time and space is therefore not only important to re-trace the geographic origin of domestic animals 
but also to understand the processes of domestication as a whole. Here I will present novel results based on ancient genomic data that 
demonstrates how local ancestry of pigs and dogs in Europe was extremely dynamic through time shaped by patterns of human migrations. In 
addition I will show how transportation has provided the opportunity for wild populations to exchange genetic material with incoming domestic 
animals and how this process has affected their current genetic make up. 
 
W276: Domestication Genomics 
Evolutionary History, Selective Sweeps and Deleterious Variation in the Pig 
Martien A.M. Groenen, Wageningen University, Wageningen, Netherlands 
Whole genome sequencing of multiple individuals has revealed that each individual genome harbours a large number of deleterious variants. 
Nevertheless, the amount and distribution of such variants differs considerably depending on the history of the species or population studied. 
This not only relates to recent breeding practices of the population, but also to the population history of its source. How population bottlenecks 
during the domestication process and the subsequent development of specific breeds have impacted the occurrence of deleterious variants is an 
outstanding question. We have assessed the proportion of predicted deleterious variants within the genomes of domestic and wild pigs, to better 
understand how these deleterious variants have accumulated in our modern pig breeds. One of our focus points is understanding the genetic 
mechanisms that increase the amount of harmful mutations in commercial breeds.  
Wild boar (Sus scrofa) originated in Southeast Asia some 3 to 4 Mya and over the past one million years colonized almost the entire Eurasian 
mainland. We have shown that the European and Asian wild boar populations that were the source of the domestication events diverged around 1 
Mya resulting in very different minor allele frequencies at millions of genomic locations and over a million locations that are fixed for alternative 
alleles between these populations. Domestication took place some 9000 to 10,000 years ago independently in East Anatolia and in China. 
Following the initial domestication, the traits selected for, as well as how animals were kept, strongly differed in Europe and Asia, resulting in a 
large number of distinct pig breeds. Furthermore, the European breeds experienced a large influx of Asian haplotypes when, some 200 years ago, 
European breeders imported Chinese pigs to improve their local breeds. I will present a brief overview of how pig genomes evolved and how we 
used this genomic information to identify regions under selection during domestication and selection.  
We have assessed the genetic background of European and Asian breeds and wild boars in terms of breed history and crossbreeding on a 
segment-by-segment basis so that the origin of each genomic segment can be assigned. This information is relevant for further steps in the 
identification of deleterious variants in the genome of individuals, and understanding how these variants have been introduced in the breeds. 
 
W277: Ecological Genomics 
Genetic Regulation and Evolution of Alternative Splicing Changes during Sunflower Domestication 
Nolan Kane, University of Colorado, Boulder, CO 
We identify the genetic basis of alternative splicing differences in 160 genes, quantifying changes in expression and splicing during 
domestication of the Common Sunflower, Helianthus annuus, and identifying possible evolutionary and genetic origins of these changes. Effects 
on traits associated with domestication are also discussed. 
 
W278: Ecological Genomics 
Topological Features of a Plant Gene Regulatory Network Predict Patterns of Natural Diversity in Environmental Response 
David L. Des Marais, Harvard University, Boston, MA 
Molecular interactions affect the evolution of complex traits. For instance, adaptation may be constrained by pleiotropic or epistatic effects, both 
of which will be reflected in the structure of molecular interaction networks. To date, empirical studies investigating the role of molecular 
interactions in phenotypic evolution have been idiosyncratic, offering no clear patterns. Here, we investigated the network topology of genes 
putatively involved in local adaptation to two abiotic stressors--drought and cold--in Arabidopsis thaliana. Our findings suggest that the gene-
interaction topologies for both cold and drought stress response are non-random, with genes that show genetic variation in drought response 
(GxE) being significantly more peripheral and cold response genes being significantly more central than genes not involved in either response. 
We suggest that the observed topologies reflect different constraints on the genetic pathways involved in the assayed phenotypes. The approach 
presented here may inform predictive models linking genetic variation in molecular signaling networks with phenotypic variation, specifically 
traits involved in environmental response. 
 
W279: Ecological Genomics 
Comparison of Gene Loss and Adaptation Between Two Independent Return to the Sea Events in Seagrasses 
Huey Tyng Lee1, Philipp E. Bayer2 and David Edwards2, (1)University of Queensland, Brisbane, Australia, (2)University of 
Western Australia, Perth, Australia 



 
W280: Ecological Genomics 
The Genetic Architecture of Age at Maturity in Atlantic Salmon: A Large-Effect Locus with Sex Dependent Dominance 
Reduces Sexual Conflict and Shows Signals of Local Adaptation 
 
W281: Ecological Genomics 
The Genetic Architecture of Age at Maturity in Atlantic Salmon: A Large-Effect Locus with Sex Dependent Dominance 
Reduces Sexual Conflict and Shows Signals of Local Adaptation 
Craig Primmer, University of Turku, Turku, Finland 
Males and females share many traits that have a common genetic basis, however selection on these traits often differs between the sexes leading 
to sexual conflict. Under such sexual antagonism, theory predicts the evolution of genetic architectures that resolve this sexual conflict. Yet, 
despite intense theoretical and empirical interest, the specific loci underlying sexually antagonistic phenotypes have rarely been identified, 
limiting our understanding of how sexual conflict impacts genome evolution and the maintenance of genetic diversity. Here, we identify a large 
effect locus controlling age at maturity in Atlantic salmon, an important fitness trait in which selection favours earlier maturation in males than 
females, and show it is a clear example of sex dependent dominance reducing intralocus sexual conflict and maintaining adaptive variation in 
wild populations. Using high density single nucleotide polymorphism (SNP) data across 57 wild populations and whole genome re-sequencing, 
we found that the vestigial-like family member 3 gene (vgll3) exhibits sex-dependent dominance in salmon, promoting earlier and later 
maturation in males and females, respectively. There were also signs of spatially varying selection consistent with selection towards local optima. 
vgll3, an adiposity regulator associated with size and age at maturity in humans, explained 39% of phenotypic variation, an unexpectedly large 
proportion for what is usually considered a highly polygenic trait. Such large effects are predicted under balancing selection from either sexually 
antagonistic or spatially varying selection. Our results provide the first empirical example of dominance reversal permitting greater optimisation 
of phenotypes within each sex, contributing to the resolution of sexual conflict in a widespread evolutionary trade-off between age and size at 
maturity in Altantic salmon. They also provide key empirical evidence for how variation in reproductive strategies can be maintained over large 
geographical scales. 
 
W282: Ecological Genomics 
De novo Transcriptome Analysis of a Cold Tolerant Mangrove, Kandelia obovata 
Qingshun Quinn Li, Xiamen University, Xiamen, China 
 
W283: Engineering NUE 
Nitrogen Use Efficiency Differentially Influences Grain Yield in Old and New Era Maize Hybrids 
John Davies, Dow AgroSciences, Indianapolis, IN 
Continued improvements in maize (Zea mays L.) nitrogen use efficiency (NUE) will benefit from understanding the physiological processes 
underlying NUE and the changes that these processes have accumulated over time. In this study, yield and NUE traits were examined in a diverse 
set of hybrids, consisting of 296 Old and New era inbreds crossed with a common male tester, grown at three nitrogen (N) rates for two years. 
The Old era inbreds were primarily Plant Variety Protection expired inbreds from the USA but also contained some inbreds originating from 
other continents. The New era inbreds consisted of pre-commercial inbreds from the USA. New era hybrids showed greater N content at maturity 
than Old era hybrids due to greater pre-flowering N uptake. While post-flowering N uptake was greater in Old era than New era hybrids, it was 
insufficient to compensate for the greater pre-flowering N uptake of the New era hybrids. The New era hybrids had greater NUE and yield at all 
N levels. New era hybrids were larger at flowering and remobilized more N to support grain production than Old era hybrids. Despite yielding 
less than New era hybrids as a group, some of the Old era hybrids germplasm yielded as well as the highest yielding New era hybrids. Overall, 
yield improvements over time shown by New era hybrids were due to greater pre-flowering N uptake and growth, compared to greater N 
accumulation during the reproductive stages in high-yielding Old era hybrids.  
 
W284: Engineering NUE 
Genetic Basis of Nitrogen Use Efficiency and Yield Stability Across N Conditions in Rapeseed: Combining Quantitative 
Genetic and Functional Genomic Approaches 
Anne Laperche1, Françoise Le Caherec2, Erwan Corlouer3, Anne-Sophie Bouchet4, Julien Navarro3, Mathilde Orsel5, Christine 
Bissuel6, Nathalie Nesi4 and Marie-Françoise Niogret7, (1)AGROCAMPUS OUEST, Rennes, France, (2)IGEPP, le Rheu, France, 
(3)INRA, le Rheu, France, (4)INRA IGEPP, Le Rheu, France, (5)IRHS, Beaucouzé, France, (6)AGROCAMPUS OUEST, le Rheu, 
France, (7)University of Rennes 1 (France), Le Rheu, France 
Improving nitrogen use efficiency is of major interest as low nitrogen-inputs cultural practices have to be developed to face economic and 
environmental issues. Rapeseed is known as a low “nitrogen use efficiency” crop, resulting mainly from non-efficient N-remobilization 
processes. In this study we aimed at characterizing the genetic and physiological determinant of Nitrogen Use Efficiency for rapeseed both 
considering the field scale with the impact of a nitrogen limitation on seed yield, and the physiological scale by targeting N-remobilization 
processes. We carried out QTL detection for NUE-traits both by linkage analyses and genome-wide association studies for the seed yield on a 
field network representing French growing conditions, under high and low conditions. The N-specific QTL were confronted to functional 
candidates resulting from an RNAseq analysis performed on rapeseed cultivar “aviso” grown in a greenhouse, under contrasted N regimes, where 
different leaves categories where considered according to their senescence (source) vs mature (sink) status. N-responsive and/or senescence-
specific genes sets were selected on the basis of their expression profiles. All QTL and candidate genes were projected on the Darmor-bzh 
sequence. QTL were more modulated by environmental conditions than by N conditions in the field, however, 9 N-specific QTL were identified, 
whereas 51 QTL were detected as non-modulated, neither by environments nor by Nitrogen. Within each group of differentially expressed genes, 



co-localization of genes and QTL has been investigated. The added value provided by gene expression data to unravel the function underlying 
the QTL will be presented. 
 
W285: Engineering NUE 
The Arabidopsis QQS Orphan Gene Modulates Carbon and Nitrogen Allocation Across Species 
Ling Li, Mississippi State University, Starkville, MS 
The Arabidopsis thaliana QQS-orphan-gene modulates carbon and nitrogen allocation to protein and starch1. Ectopic expression of QQS 
increases protein content2 in leaf and seed in soybean Williams823, in soybeans with different high-/low-protein levels, and in rice and corn4. 
QQS transcript levels are altered in plants under stresses and in mutants of genes involved in all sorts of stress responses, indicating that QQS 
may integrate primary metabolism and environmental perturbations, thus adjusting the plant’s adaption to abiotic and biotic stresses5. The QQS 
protein binds to a transcriptional regulator in Arabidopsis and its soybean, rice and corn homologs: Nuclear Factor Y subunit C4 (NF-YC4). 
Overexpression of NF-YC4 in Arabidopsis, soybean and rice mimics QQS-overexpression phenotype, increasing protein content and decreasing 
carbohydrate4. Mutants overexpressing genes related to QQS network have significantly reduced susceptibility to plant pathogens and pests6. 
Little is known about the functional significance of the species-specific orphan genes1, 4, 7. Our data reveal the core of a previously undefined 
network in which QQS participates and indicate QQS exerts its effect via an interaction with a transcription factor conserved across eukaryotic 
species4; these findings open a new non-transgenic strategy to create high-protein crops and enhance crop disease resistance6. Crop plants must 
integrate signals from the environment and prioritize responses to stresses that may occur individually or simultaneously throughout the growing 
season. Stress responses can adversely affect plant growth and quality traits such as protein and starch. Deficiency in dietary protein is globally 
one of the most severe health problems; the ability to optimize protein productivity of plant-based foods has far-ranging impact on world health 
and sustainability. Our research presents QQS as a model plant orphan gene regulating plant metabolism and adaptation to environment, and 
illustrates an example of basic research in Arabidopsis applied in agriculture.  
References  
1Li et al. PJ (2009).  
2Li et al. U.S. Patent 9157091 (2012).  
3Li et al. PBJ (2015).  
4Li et al. PNAS (2015).  
5Arendsee et al. TIPS (2014).  
6Li et al. U.S. Patent Office 62/244,131 (2015).  
7Jones et al. Frontiers Plant Science (2016) 
 
W286: Engineering NUE 
Systems Biology to Identify New Regulators of Nitrogen Use Efficiency in Plants 
Rodrigo A. Gutiérrez, Pontificia Universidad Católica de Chile, Santiago, Chile 
 
W287: EPIC: the Plant Epigenome Project 
Chromosome Position-Effect in Megabase-Scale Silencing of Nucleolus Organizer Regions 
Craig Pikaard, Indiana University/HHMI, Bloomington, IN 
Nucleolus organizer regions (NORs) are chromosomal loci where ribosomal RNA (rRNA) genes are clustered in hundreds of copies. Despite 
being nearly identical in sequence, approximately half of the rRNA genes are selectively silencing via repressive chromatin modifications during 
development, via choice mechanism(s) that remain unclear. In the Arabidopsis thaliana strain Col-0 we recently defined more than a dozed 
rRNA gene subtypes that are defined by single nucleotide polymorphisms or short insertions/deletions. We then identified strain-specific rRNA 
subtypes and exploitied recombinant inbred lines in order to genetically map silenced versus active rRNA gene subtypes. rRNA gene subtypes 
that are silenced during development map to the NOR on chromosome 2, NOR2, whereas active rRNA genes map to NOR4, on chromosome 4. 
In a mutant line deficient for ATXR5 or ATXR6-dependent histone H3 lysine 27 (H3K27) monomethylation, a translocation event resulted in 
millions of basepairs of chromosome 4, including the telomere, TEL4N and much of NOR4, being converted to the corresponding sequences of 
chromosome 2. This genomic change moved rRNA genes of NOR2, which are normally silenced, to the position on chromosome 4 where active 
rRNA genes are normally located. At their new location, the NOR2-derived rRNA genes escape silencing, independent of the atxr mutations, 
indicating that selective rRNA gene silencing is chromosome 2-specific. The chromosome 2 position effect is not explained by the NOR2-
associated telomere, TEL2N, which remains linked to the translocated NOR, implicating centromere-proximal sequences in silencing. Genetic 
mapping of recombinant inbred loci required for NOR2 silencing reveals evidence for NOR2 and NOR4 crosstalk. 
 
W288: EPIC: the Plant Epigenome Project 
Reprogramming Cell Identity or Function in the Context of Chromatin 
Doris Wagner, University of Pennsylvania, Philadelphia, PA 
 
W289: EPIC: the Plant Epigenome Project 
Using Epigenomic Tools to Define the Regulatory Structure of Plant Genomes 
Roger B. Deal, Emory University, Atlanta, GA 
Compared to animal genomes, the cis-regulatory structure of plant genomes remains poorly defined. It is currently unclear how many enhancer 
elements exist in plant genomes, where these elements lie in relation to their target promoters, and how many elements are typically used to 
regulate each gene. To address these issues, we have employed ATAC-seq in four different plant species (Arabidopsis, Medicago, Tomato, and 
Rice) to delineate open chromatin regions and transcription factor binding sites across each genome. Despite major variations in genome size and 
evolutionary divergence, we find that the distribution of open chromatin sites is highly similar across species. The majority of these regions lie 
within 4kb upstream of a transcription start site (TSS) in all four species. Nearly 70% of genes in Arabidopsis, Medicago, and Rice have a single 



putative enhancer region upstream of the TSS, while a similar percentage of Tomato genes have 2-5 such elements. We have also used ATAC-
seq profiling of specific cell types in Arabidopsis to address the differential utilization of regulatory elements during cell differentiation. We find 
that while closely related cell types often have qualitatively indistinguishable open chromatin profiles, deeper sequencing reveals major 
differences in transcription factor binding within these regions. This suggests that individual regulatory elements can be occupied by different 
regulators in different cell types, and that shallow sequencing of ATAC libraries is likely to miss important regulatory events. In this talk I will 
discuss the key findings of this work and future goals for deciphering transcriptional control in plants. 
 
W290: EPIC: the Plant Epigenome Project 
Targeting and Interpreting DNA Methylation in Arabidopsis thaliana 
Julie Law, Salk Institute, La Jolla, CA 
 
W291: EPIC: the Plant Epigenome Project 
The Maize EnCODE Project: Deciphering the Epigenetic Circuitry of Corn 
Rob Martienssen, HHMI-GBMF Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 
 
W292: Equine 1 
Expression Signatures of Equid Lymphocyte Subsets Defined By Single Cell  Sequencing 
Douglas Antczak, Cornell University, Ithaca, NY 
 
W293: Equine 1 
Identification of Candidate Genes for Recurrent Exertional Rhabdomyolysis in Thoroughbreds and Standardbreds 
SK Beeson1, James R Mickelson1, M.M. Binns2, S. Blott3, P. Caputo4, C.M. Isgren5, A. Moore6, R.J. Piercy7, J. Swinburne3, M. 
Vaudin3 and Molly E McCue1, (1)University of Minnesota, St. Paul, MN, (2)Equine Analysis Systems, LLC, Midway, KY, 
(3)Animal Health Trust, Kentford, United Kingdom, (4)Paul Caputo, DVM, Parkland, FL, (5)Norwegian University of Life 
Sciences, Olso, Norway, (6)Moore Equine Services, Ontario, ON, Canada, (7)The Royal Veterinary College, London, England 
5-10% of Thoroughbred (TB) and 6% of Standardbred (STDB) racehorses suffer from painful cramping and muscle damage following exercise 
(recurrent exertional rhabdomyolysis [RER]). Gender, temperament, diet, and activity level influence expression of the clinical phenotype, and 
heritability ranges from 0.34-0.42% in TBs and 0.39-0.45% in STDBs. The objective of this project is to identify variants associated with RER. 
In both breeds, total phenotypic variance is explained by <1% of the SNPs tested. These SNPs were further partitioned based on estimated effect 
sizes. In the TB, SNPs of small, moderate, and large effect account for 45%, 35%, and 20% of the phenotypic variance, respectively. Similarly, 
in STDBs, small, moderate, and large effect SNPs explain 47%, 30%, and 23% variance, respectively. Genome-wide association studies 
(GWAS) identified seven genomic regions of interest (ROIs) significantly associated with RER in TB (n=491) and STDB (n=476) horses: two in 
TBs, four in STDBs, and one shared locus. Of the 274 genes within these ROIs, 34 were computationally predicted to be candidate genes for 
rhabdomyolysis in humans. Variants in each ROI were identified using whole genome sequences from 10 RER and 10 controls in each breed. 
189,610 total variants were discovered in the ROIs, with an average of 7.5 variants per kb. Of these variants, 47.5% were within genes, and 1.1% 
had putative functional effects. Variants will be prioritized based on segregation between RER and control horses and predicted functional effect. 
High-priority variants will be used to create an assay for genotyping in the entire GWAS population. 
 
W294: Equine 1 
Genome Wide Association Study of Juvenile Idiopathic Epilepsy (JIE) in Egyptian Arabian Foals 
Brittni Ming-Whitfield, Kalie Weich, Erin Burns, Monica Aleman and Carrie J. Finno, University of California - Davis, Davis, 
CA 
Juvenile Idiopathic epilepsy (JIE) is a disorder in Egyptian Arabian foals that causes seizures during the first year of life. Potential life 
threatening complications include head injury and aspiration pneumonia. The disorder is heritable but the genetic mutation is unknown. The aim 
of this study was to identify single nucleotide polymorphism (SNP) markers significantly associated with the JIE phenotype. A genome wide 
association study using the Axiom® Equine genotyping array with 670,000 SNP markers was performed on 48 Egyptian Arabian foal samples. 
JIE-affected foals (n=9) included foals with electroencephalographic (EEG) evidence of seizure activity, JIE-suspect foals (n=6) included foals 
with reported seizure activity by the owner but not confirmed by EEG and unaffected horses (n=33) included Egyptian Arabian horses over the 
age of 1 year with no history of juvenile seizures. A genome-wide efficient mixed model program (GEMMA) with sex as a covariate was used to 
analyze the data based on an elevated genomic inflation (λ=1.49) in the population, after excluding suspect foals (n=6) and obligate carriers 
(n=4) from the original sampling. Genome-wide significance was determined using a Bonferroni correction on the 445843 SNPs passing quality 
control. Population stratification was minimized using GEMMA analysis (λ=1.04) Two SNPs were identified on chromosome 1 
(p=2.383932 and p=5.908369). This region is currently being prioritized for underlying putative functional variants in two JIE affected horses 
that have undergone whole genome sequencing. 
 
W295: Equine 1 
Two Mutations in Solute Carrier Family 24 Member 5 Are Associated with "Tiger Eye" Iris Pigmentation in Puerto Rican 
Paso Fino Horses 
Maura Mack1, Elizabeth Kowalski2, Robert A. Grahn3, Deneli Bras4, M. Cecilia Penedo5 and Rebecca R. Bellone1, (1)University 
of California-Davis, Davis, CA, (2)University of Florida, Tampa, Tampa, FL, (3)University of California, Davis, Davis, CA, 
(4)Centro de Especialistas Veterinarios, San Juan, PR, (5)Veterinary Geentics Laboratory, University of California, Davis, Davis, 
CA 



A unique iris pigmentation known as “tiger eye” segregates in the Puerto Rican Paso Fino breed and is characterized by a yellow, amber, or 
bright orange coloration. Pedigree analysis of 154 individuals identified a simple autosomal recessive mode of inheritance. A genome-wide 
association study (N=24) using the Illumina Equine SNP70 BeadChip and a mixed linear model analysis (EMMAX) to correct for relatedness 
identified a locus on ECA 1 for further investigation (pcorrected = 1.3 x 10-5). The positional and functional candidate gene Solute Carrier Family 24 
Member 5 (SLC24A5) encodes a potassium-dependent sodium-calcium ion exchanger important in melanogenesis. Mutations in SLC24A5 cause 
human, mouse, and zebrafish pigmentation phenotypes. Sanger sequencing of this gene revealed two coding variants associated with the “tiger 
eye” phenotype. Specifically, twenty “tiger eye” horses were homozygous for a non-synonymous mutation in Exon 2 (p.Phe91Tyr) predicted to 
be deleterious. Additionally, eight “tiger eye” horses with one copy of the Exon 2 variant were also heterozygous for a 628bp deletion 
encompassing all of Exon 7 (ECA1:141,660,611 – 141,661,239). Of the 122 brown-eyed horses none were homozygous for the exon 2 variant or 
were compound heterozygotes. Tiger eye has not been reported in any other breed of horse and in testing 188 horses of related breeds, neither 
allele was found. We propose that in the horse these two SLC24A5 mutations affect iris pigmentation while leaving the coat unaffected. Unlike 
mutations in this gene that cause oculocutanenous albinism in humans, the horse SLC24A5 variants do not result in other ocular anomalies. 
 
W296: Equine 1 
Naked Foal Syndrome (NFS) in Akhal-Teke Horses 
Vidhya Jagannathan1, Anina Bauer2, Theresa Hiemesch3, Markus Neuditschko Neuditschko4, Iris Bachmann2, Sofia Mikko5, M. 
Cecilia Penedo6, Paola Roccabianca7, Monika M Welle2 and Tosso Leeb1, (1)Institute of Genetics, University of Bern, Bern, 
Switzerland, (2)University of Bern, BERN, Switzerland, (3)University of Göttingen, Göttingen, Germany, (4)University of Bern, 
Avenches, Switzerland, (5)Department of Animal Breeding and Genetics, Swedish University of Agricultural Sciences, Uppsala, 
Sweden, (6)Veterinary Geentics Laboratory, University of California, Davis, Davis, CA, (7)University of Milan, Milano, Italy 
Vidhya Jagannathan, University of Bern  
Naked Foal Syndrome (NFS) has been reported in the Akhal-Teke horse breed since 1938. Affected foals are almost completely hairless. They 
often die within their first weeks or months of life due to unknown reasons. The pedigrees of affected foals suggested an autosomal recessive 
mode of inheritance. We collected samples from 5 affected and more than 70 non-affected Akhal-Teke horses. We determined whole genome 
sequences of 2 affected horses and 2 obligate carriers and compared them to genome sequences from 77 control horses of diverse other breeds. 
Filtering for disease-associated variants identified a nonsense variant in a highly plausible functional candidate gene. We genotyped this variant 
in a larger cohort and found perfect association with the phenotype in >80 Akhal-Teke horses. The variant was absent from 400 horses of 
genetically diverse other breeds. Our data therefore suggest that this variant is indeed causative for NFS. A commercial diagnostic test is 
available to avoid non-intentional carrier x carrier matings. We will reveal the variant and present an updated analysis of our data at the meeting  
Title: Naked Foal Syndrome (NFS) in Akhal-Teke horses  
Submitter's E-mail Address:Vidhya.Jagannathan@vetsuisse.unibe.ch 
 
W297: Equine 1 
Natural History of CXCL16 in Horses: Evidence for Caballine, Non-Caballine Hybridization 
Ernest Bailey, Maxwell H. Gluck Equine Research Center, Veterinary Science Department, University of Kentucky, Lexington, 
KY 
 
W298: Equine 1 
Recurrent Airway Obstruction and eQTLs in Horses 
Victor Mason1, Debora Ann Schnider2, Vidhya Jagannathan3, Markus Neuditschko2, Tosso Leeb3 and Vincent Gerber1, (1)Swiss 
Institute of Equine Medicine, University of Bern and Agroscope, Bern, Switzerland, (2)University of Bern, Avenches, Switzerland, 
(3)Institute of Genetics, University of Bern, Bern, Switzerland 
Recurrent airway obstruction (RAO) is a debilitating, performance limiting, obstructive respiratory condition in horses that is phenotypically 
similar to human asthma, and is triggered by environmental antigens such as organic dust molecules found in hay. Previous studies have reported 
thousands of genes in horses to be differentially expressed between case and control groups in peripheral blood mononuclear cells (PBMCs) 
subjected to various treatments. Here we expand upon this by searching genome wide for correlations between genotypes and gene expression 
changes, i.e. expression quantitative trait loci (eQTLs), as well as eQTLs with batch effect differences between case and control groups. We 
analyze PBMCs from 40 control and 43 case horses from two half-sib families and one unrelated cohort that were stimulated in four conditions: 
no stimulation (Mock), lipopolysaccharides (LPS), recombinant cyathostomin antigen (RCA), and hay-dust extract (HDE). Using genotype data 
from the horse 670k SNP chip and RNA-seq gene-expression data from all treated PBMCs we identified thousands of genes with significant 
eQTLs, a high proportion of eQTLs shared across treatments, and we are currently looking for eQTLs that differ between case and control 
groups. 
 
W299: Equine 1 
Identification of Genomic Signatures of Selection Associated with Cranial Morphology and Conformation in Arabian 
Horses 
Felipe Avila, James R Mickelson and Molly E McCue, University of Minnesota, St. Paul, MN 
The most identifiable feature of Arabian horses is their finely chiseled head. Moreover, some individuals have 5 lumbar vertebrae instead of 6, 
and 17 pairs of ribs instead of the usual 18. Because of that, Arabians have a shorter back and a more horizontal pelvis, which increases their 
capacity to carry weight and contributes to their unique pattern of locomotion.  
The objectives of this study were to 1) identify genomic regions undergoing selection in Arabians; 2) investigate haplotype structure and ancestry 
within the breed; 3) identify candidate genes for cranial and body morphology. For that, 36 Arabians were genotyped at 2 million SNP markers 
across the genome. Regions harboring signatures of selection were identified using EHH and two FST-based statistics (di and hapFLK); local 
haplotype sharing among individuals was calculated with hapQTL.  



A total of 361 genes were retrieved within signatures of selection from 28 autosomes using BioMart. Candidate genes were prioritized using 
Endeavour-GW and functional and enrichment analyses were performed using DAVID and FunRich3. A statistical overrepresentation of genes 
present in pathways involved in skull and spinal cord development (such as Wnt and Notch pathways) was detected. Genes associated with 
cellular migration and development of osseous tissue were also identified. Examples include ATF2, ALX1, and NKD1. 
WGS data from 14 Arabians will be used for the annotation of biologically relevant alleles within these candidate genes and to investigate their 
association with the Arabian’s distinctive cranial morphology and body conformation. 
 
W300: Equine 1 
Validation of Genetic Variants Predictive of Pacing in Standardbred Horses 
Annette M McCoy1, Jennie Cook1 and Molly E McCue2, (1)University of Illinois, Urbana, IL, (2)University of Minnesota, St. 
Paul, MN 
A recently described mutation in DMRT3 is thought to be permissive for the ability to perform alternative gaits in the horse. However, this 
mutation is nearly fixed in the Standardbred breed, despite the fact that not all Standardbreds can perform the alternative pacing gait. This 
suggests that modifying genetic variants must exist within this breed that determine pacing ability. We previously identified seven novel SNPs 
that were highly predictive of gait within a discovery population of 659 Standardbred racehorses. The aim of this study was to validate this 
predictive model in an independent population of Standardbreds.  
One hundred sixty-six Standardbred horses with race records (n = 82 trotters, n = 84 pacers) were genotyped using a custom high-throughput 
Sequenom assay. The genotypes at the 7 SNPs of interest were evaluated according to the conditional inference tree model developed in our 
discovery population. Two horses did not genotype at all 7 SNPs and could not be classified. Of the remaining 164 horses, gait (pacer/trotter) 
was correctly predicted for 162 (98.8%). Both misclassified horses were pacers.  
While this prediction model appears highly accurate for gait in Standardbreds, it will need to be tested in other gaited breeds to determine if its 
predictive value is specific to Standardbreds, to breeds that pace, or if it is universally applicable. Future work will address the question of 
whether one or more of the predictive SNPs plays a functional role in the ability to pace, or if they are simply tagging functional variants. 
 
W301: Equine 1 
Differential Expression Analysis of the Subchondral Bone and Articular Cartilage Transcriptomes in Neonatal and Adult 
Horses 
Ann Kemper1,2, Molly E McCue1 and Annette M McCoy2, (1)University of Minnesota, St. Paul, MN, (2)University of Illinois, 
Urbana, IL 
Developmental orthopedic disease (DOD) represents a considerable health and welfare concern in the horse. The pathophysiology underlying 
this disease is unknown, but risk factors are thought to be both genetic and environmental. Tissue-specific gene expression will help elucidate 
important skeletal development pathways likely disrupted in DOD, but complete assembled transcriptomes are not publically available for 
relevant tissues at any age. The aims of this project are to 1) assemble complete transcriptomes of adult and neonatal articular cartilage and 
subchondral bone; 2) perform differential gene expression analysis between age groups within each tissue; and 3) perform network analysis of 
differentially expressed genes to identify key cellular pathways that may be disrupted in DOD.  
Articular cartilage and subchondral bone was obtained from the fetlock, hock, and stifle of neonatal (n=4; ≤ 4 weeks old) and adult (n=4; 9-12 
years old) horses. RNA was sequenced using an Illumina HiSeq, yielding ~22-38 million 100bp paired-end reads per sample. Reads underwent 
quality control prior to transcript quantification with Salmon. Transcript counts were converted to scaled gene counts using tximport. A MDS 
plot revealed clear clustering by age and tissue type. Differential expression analysis was performed using 4 software platforms (DEseq2, edgeR, 
limma, Sleuth). Differentially expressed gene sets were not identical between platforms; 1831 genes in bone and 2026 genes in cartilage were 
significantly differentially expressed between age groups across all analyses (q<0.05). Isoform-specific differential transcript expression between 
neonates and adults was also detected. This pilot work demonstrates proof-of-concept; additional sample collection and analysis is ongoing. 
 
W302: Equine 1 
Impact of Paternal Inheritance of an Allele for Type I Polysaccharide Storage Myopathy on Exertional Rhabdomyolysis and 
Muscle Glycogen  Concentration 
Nicole Wanner, University of Minnesota College of Veterinary Medicine, St. Paul, MN 
 
W303: Equine 1 
Annotating Long Non-Coding RNA in the Horse Transcriptome 
Erica Scott1, Tamer A. Mansour2, Rebecca R. Bellone3, C. Titus Brown2, Michael J. Mienaltowski4, M. Cecilia Penedo5, Stephanie 
J. Valberg6, Pablo J. Ross7, James D. Murray1 and Carrie J. Finno3, (1)School of Veterinary Medicine, UC Davis, Davis, CA, 
(2)Department of Population Health and Reproduction, School of Veterinary Medicine, University of California Davis, Davis, CA, 
(3)University of California-Davis, Davis, CA, (4)University of California - Davis, Davis, CA, (5)Veterinary Geentics Laboratory, 
University of California, Davis, Davis, CA, (6)Michigan State University, East Lansing, MI, (7)Animal Science, University of 
California Davis, Davis, CA 
With efforts to resolve the transcribed sequences in the equine genome, the main focus has been protein-coding RNA and their promoters. The 
transcription of the intergenic regions, although detected via total RNA sequencing (RNA-seq), has yet to be characterized. The most recent 
equine transcriptome based on RNA-seq was a prime opportunity to obtain a concurrent long non-coding RNA (lncRNA) database. This lncRNA 
database has a breadth of eight tissues and a depth in over twenty million reads for select tissues, providing a starting point for an equine lncRNA 
database. The inputs for this database are a direct continuation of the equine transcriptome pipeline developed by Mansour et al (2016) and 
attempt to define the uncertainty provided by the intergenic reads and three categories of novel genes with varying levels of supportive evidence. 
The lncRNA candidates used in this annotation were filtered using a modified pipeline from human lncRNA annotation, which removes 



transcripts based on size, expression, protein-coding capability and distance to the start or stop of annotated protein-coding transcripts. Our 
equine lncRNA database has 21,745 transcripts, demonstrating characteristics unique to lncRNA such as low expression, low exon diversity and 
low levels of sequence conservation to the human. These candidate lncRNA will serve as the first baseline lncRNA annotation and begin to 
describe the reads assigned to the intergenic space in RNA-seq experiments in the horse. 
 
W304: Equine 1 
Generation of an Equine Tissue Biobank for Functional Annotation 
Erin Burns1, Matthew Bordbari1, Michael J. Mienaltowski1, Verena Affolter1, Marietta Barro1, Francesca Gianino1, Giuliana 
Gianino1, Elena Giulotto2, Katherine Hilburger1, Theodore S. Kalbfleisch3, Scott Katzman1, Tosso Leeb4, Maura Mack1, Eliane J. 
Müller5, James N. MacLeod6, Brittni Ming-Whitfield1, Carolina Ramirez Alanis1, Terje Raudsepp7, Erica Scott1, Savanna Vig1, 
Huaijun Zhou1, Jessica L. Petersen8, Rebecca R. Bellone1 and Carrie J. Finno1, (1)University of California - Davis, Davis, CA, 
(2)University of Pavia - Italy, Pavia, Italy, (3)University of Louisville, Louisville, KY, (4)Institute of Genetics, University of Bern, 
Bern, Switzerland, (5)University of Bern, Bern, Switzerland, (6)Department of Veterinary Science, University of Kentucky, 
Lexington, KY, (7)Texas A&M University, College Station, TX, (8)University of Nebraska, Lincoln, NE 
The Functional Annotation of the ANimal Genome (FAANG) project aims to identify functional regulatory elements in animal genomes in both 
sexes and across multiple stages of development. For the horse, a biobank of tissues and cells was created including 86 tissues and three cell 
types from two adult mares. Both mares were deemed healthy after undergoing clinical evaluations including full physical examinations, 
lameness, ophthalmologic and neurologic evaluations and complete blood counts, and serum biochemistries were performed. At necropsy, in 
addition to tissue samples, multiple aliquots of serum, whole blood, plasma, cerebrospinal fluid, synovial fluid and gastrointestinal contents from 
all regions of the gastrointestinal tract and urogenital tract were collected. Keratinocytes, fibroblasts and melanocytes were cultured. All tissues 
were grossly and histologically evaluated by a board-certified veterinary pathologist. Biobank samples were collected adjacent to the site 
evaluated for histopathology, thereby providing histological correlation of the cellular makeup for each tissue. Each sample was then preserved 
in liquid nitrogen or fixed for Chromatin Immuno-Precipitation SEQuencing (ChIP-seq). Nuclei extraction was performed on 16 tissues for 
DNase-I hypersensitivity Sequencing (DNAse-Seq). Eight tissues (cerebral cortex, left ventricle of the heart, hoof lamina, liver, lung, ovary, 
spleen, and longissimus dorsi skeletal muscle) were prioritized for initial RNA sequencing (RNA-seq) and ChIP-seq. As a larger collaborative 
effort, 15 other laboratories have identified a tissue of interest to support for the initial RNA-seq effort. This extensive biobank will be used to 
create a tissue-specific atlas of gene expression and regulation in the horse. 
 
W305: Equine 1 
Unraveling Gene Function Using Gene Coexpression Networks in the Domestic Horse 
RJ Schaefer, University of Minnesota, Minneapolis, MN 
 
W306: Equine 1 
Protein-Coding Gene Sequences Quantify Progress Toward the New Equine Reference Genome Assembly 
Michael S. DePriest1, James N. MacLeod2 and Theodore S. Kalbfleisch1, (1)University of Louisville, Louisville, KY, 
(2)Department of Veterinary Science, University of Kentucky, Lexington, KY 
The current version of the equine reference genome (EquCab2) was assembled entirely from Sanger sequence reads and published in 2009. Due 
to limited sequence read coverage and technological issues with Sanger data, some functional genes that are highly conserved in other mammals 
are not present in EquCab2. In our continuing effort to improve the equine reference genome’s utility, we have applied new sequence data from 
the reference horse (Twilight) to map and annotate protein-coding genes missing from EquCab2. The new genomic assembly, along with RNA-
Seq data, incorporates many of these genes into chromosomes. In addition, we report major improvements to the N50 and L50 statistics, as well 
as a significantly reduced number of ambiguous nucleotides. Finally, we have identified a number of small, unassembled contigs in our assembly 
as either contaminant sequences or structural variants found in Twilight. These improvements to the equine reference genome will be valuable 
for subsequent genomic and transcriptomic studies of the horse. 
 
W307: Equine 1 
Expression Signatures of Equid Lymphocyte Subsets Defined by Single Cell Sequencing 
Douglas Antczak, Cornell University, Ithaca, NY 
 
W308: Equine 1 
HGNC: Vertebrate Gene Nomenclature Resource 
Elspeth Bruford, European Bioinformatics Institute (EMBL-EBI), Hinxton, United Kingdom 
 
W309: Equine 2 
Does the Microbiome Matter? Microbiome Profiling in the Horse and Other Livestock Species 
Elizabeth A. Maga, University of California, Davis, davis, CA 
With advancements in next generation sequencing technologies, molecular identification of microbial species has become less expensive and 
more routine. The tools exist to determine the presence and abundance of microbial species in a given sample (16S rRNA amplicon sequencing) 
as well as the functions they are performing (metagenomics/metatranscriptomics). This is enabling the study of the importance and contributions 
microbial populations make to host defense and maintenance. Indeed in humans, microbiota dysbiosis has been implicated in a variety of 
diseases including inflammatory bowel disease, diabetes and obesity, thus offering the opportunity to investigate potential microbiota modulating 
interventions to treat and prevent disease. By comparison, microbiota studies in the horse and livestock species are still in their infancy. An 



overview of the techniques and concepts in microbiome research will be given along with specific examples of microbiota profiling in various 
species including pigs, goats, cows and a study in horses examining the gut microbiota of foals from birth to weaning.  
 
W310: Equine 2 
Update on NRSP8 Activities 
James M. Reecy, Department of Animal Science, Iowa State University, Ames, IA 
 
W311: Equine 2 
EquCab3: An Improved Genomic Reference for the Domestic Horse 
Theodore S. Kalbfleisch1, Michael S. DePriest1 and James N. MacLeod2, (1)University of Louisville, Louisville, KY, 
(2)Department of Veterinary Science, University of Kentucky, Lexington, KY 
An updated version of the reference genome for the domestic horse, EquCab3, is nearing completion. The previous version, EquCab2, was 
completed in 2007 and published in 2009 (Wade et al., Science 2009). The 2007 version was derived entirely from 30 million Sanger reads 
comprising ~6.8X genomic coverage. It has since served well as the foundation for nearly all genetic and genomic studies for most Equid 
species. Advances in Next Generation Sequencing technology, including new PCR free library preps with less bias against gc-rich sequences, 
have made it possible for us to improve contiguity in excess of 10 fold measured by both contig and scaffold N50 values. Additionally, we 
present evidence of improved contiguity near the 5’ end of annotated genes which should help significantly as we endeavor to understand the role 
of genetics in gene regulatory processes. A pre-release version of EquCab3 is currently being evaluated by the Equine research community, and 
will be ready for final release to annotation groups in early 2017. 
 
W312: Evolution of Genome Size 
Transposable Elements and Their Role in Genome Evolution 
Roy N Platt, Texas Tech University, Lubbock, TX 
 
W313: Evolution of Genome Size 
Repetitive Elements Reveal the Evolutionary History of Polyploid Grass Genomes 
Adam Session, DOE Joint Genome Institute, Walnut Creek, CA 
 
W314: Evolution of Genome Size 
Knowledge Discovery and Data Mining: Dynamics of Genome’s Size and Composition 
Xianran Li1, Michael Scanlon2 and Jianming Yu1, (1)Iowa State University, Ames, IA, (2)Cornell University, Ithaca, NY 
Vast amount of genome sequences had been produced by the society. Such rich sources offer great opportunity to discovery novel insights which 
are not the original purposes for generating the data. By juxtaposing hundreds of genomes, we evaluated two rudimental features of genome 
itself: size and composition. We uncovered common patterns for the two characteristics. The dynamics of chromosome size can be viably 
captured by a single model and fairly be predicted. Accompanying the size dynamics along evolution, genome tends to use more nucleotide A 
and T. Furthermore, our analysis suggested that chromosome size and composition are associated with chromosome territories in living cells. 
 
W315: Evolution of Genome Size 
End-to-End Assembly of Genomes of Any Size using in vivo Chromatin Proximity Data 
Ivan Liachko, Phase Genomics Inc., Seattle, WA 
 
W316: Evolution of Genome Size 
Transcriptome Comparison Reveals Patterns of Selection in Domesticated and Wild Cotton 
Daojun Yuan, Brigham Young University, Provo, UT 
Cotton genomic resources and nucleotide polymorphism information is useful to understand germplasm diversity, crop domestication, and crop 
improvement. There are many publicly available resources of cotton; however most resources of gene expression are from fiber tissue and roots 
have been less studied. In this study, we report individual transcriptome of 108 G. hirsutum accessions of root tissue, including 41 improved 
(domesticated) and 67 wild accessions from the USDA Germplasm collection. More than 3.0 billion clean reads were generated. Of the 37,505 
genes in the diploid cotton G. raimondii reference genome, 61.4% were expressed in root tissue. Of these, 1,648 and 1,487 genes in improved 
and wild accessions respectively which were differentially expressed between the two subgenomes. The RNA-seq data was mined for alleles that 
were polymorphic among the diverse germplasm. The AT-genome had 234,266 SNPs in 25,993 genes, while the DT-genome had 169,123 SNPs 
in 25,836 genes (5x coverage). After a stricter filtering (<50% missing; 5% MAF), 31,513 and 23,585 high-confidence SNPs were used for 
population genomics analyses of AT and DT-genomes, respectively. Germplasm diversity, population structure and domestication sweeps were 
analyzed in each genome of polyploid cotton. These genic SNPs from root tissue will complement with the expanding genomic resources of 
cotton and provides a valuable resource to future genetic analyses and breeding programs. 
 
W317: Exploring Phytobiomes 
From Simple to Complex - Phytobiomes and the 2050 Vision for Agriculture 
Kellye Eversole, International Alliance for Phytobiomes Research, Bethesda, MD 
To meet the demands of a global human population expected to exceed 9.6 billion by 2055, crop productivity in sustainable agricultural systems 
must improve considerably in the face of a steadily changing climate and increased biotic and abiotic stressors. Traditional agricultural sciences 
have relied mostly on research within individual disciplines and linear, reductionist approaches for crop improvement. While significant 
advancements have been made in developing and characterizing genetic and genomic resources for crops and in understanding plant and soil 



microbiomes, we still have a very limited understanding of genotype by environment by management (GxExM) interactions that determine 
productivity, sustainability, quality, and resistance to biotic and abiotic stressors. Embracing complexity and the non-linear organization and 
regulation of biological systems would enable a paradigm shift in breeding and crop production by allowing us to move towards a holistic, 
systems level approach that integrates a wide range of disciplines (e.g., geophysics, biology, agronomy, physiology, genomics, genetics, 
breeding, physics, pattern recognition, feedback loops, modeling, and engineering) and knowledge about crop phytobiomes (i.e., plants, their 
associated macro- and micro-organisms, and the geophysical environment of distinct geographical sites). By focusing on the phytobiome, by 
2050, we will be able to elucidate, quantify, model, predict, act, manipulate, and prevent and ultimately prescribe the cropping systems, methods, 
and management practices most suited for a particular farm, grassland, or forest. To ensure progress towards this vision, the new International 
Alliance for Phytobiomes Research, an industry-academic consortium, has been created. 
 
W318: Exploring Phytobiomes 
Layers of Field Data to Enable Better Crop Management 
Tom Ruff, The Climate Corporation, St. Louis, MO 
Improved management of crop systems will be necessary to meet the challenge of sustainably feeding the world. However, the complexity of 
biotic and abiotic factors and their interactions which may impact crop production on a field continues to be uncovered. That complexity is also 
dynamic adding to the challenge for the grower. Growers develop experience and assemble information on crop management but have had 
limited tools to bring the relevant information into context. The opportunity is before us to describe the phytobiome of the field more completely 
to both enable growers to make better decisions and enable the application of analytical tools. Complexity can be represented to a grower in a 
manner that enables direct intuitive management decisions. The richness of that complexity can also feed the analytical engines that will produce 
recommendations for improved management. 
 
W319: Exploring Phytobiomes 
Citrus Microbiome 
Yunzeng Zhang, IFAS Univ. Florida, Lake Alfred, FL, Jin Xu, Biological Germplasm Resources Identification Center of General 
Administration of Quality Supervision,Inspection and Quarantine (GAQSIQ),P.R.China;Institute of Plant Quarantine, Chinese 
Academy of Inspection and Quarantine., Beijing, China and Nian Wang, University of Florida, IFAS-CREC, Lake Alfred, FL 
Plants host rich and diverse microbial communities near, on, and inside their tissues. The microbial communities associated with plants are 
known as the plant microbiome or phytobiome, which is comprised of a diverse array of microorganisms such as bacteria, archaea, fungi, 
oomycetes, viruses, and nematodes that are associated with different plant habitats including the rhizosphere, phyllosphere, and endosphere. The 
plant microbiome affects plant health and productivity. Manipulation of plant microbiomes has the potential to interfere with plant disease 
development, promote plant production, and ease chemical inputs, leading to more sustainable agricultural practices. The citrus microbiome 
remains largely unexplored. The dramatic advances in cultivation-independent next generation sequencing techniques have provided valuable 
tools to investigate citrus microbiome, enabling thorough descriptions of these plant-associated microorganisms. We will report our recent 
progress of citrus microbiome and how diseases, e.g., citrus Huanglongbing and/or citrus blight affect citrus microbiome. The collaborative work 
by the International Citrus Microbiome (Phytobiome) Consortium will be discussed. 
 
W320: Exploring Phytobiomes 
Pink Pigmented Facultative Methylotrophs for Sustainable Agriculture - the NewLeaf Symbiotics Approach 
Janne Kerovuo, NewLeaf Symbiotics, Inc, St. Louis, MO 
NewLeaf Symbiotics, Inc. is a leading agricultural biologicals and genomics company engaged in discovery, development, and 
commercialization of beneficial plant-associated bacteria for products used on seed, in-furrow and/or as a foliar application to improve crop 
performance. NewLeaf pursues a highly focused strategy of developing products based on methylotrophic bacteria – predominately PPFMs (Pink 
Pigmented Facultative Methylotrophs), and their associated microbiome. PPFMs are ubiquitous in nature and colonize all surfaces of all plants; 
they are the most prevalent genus of bacteria on plant foliage. These highly diverse microbes enhance crop yield and protect crops against 
disease and pests by multiple modes of action. Data from our field trials demonstrate significant yield increases and other benefits when these 
microbes are applied to seeds and leaves of major crops including corn and soy. 
 
W321: Exploring Phytobiomes 
TERRA-REF and Beyond - Systems Approaches to the Sorghum Phytobiome 
Todd C. Mockler, Donald Danforth Plant Science Center, Saint Louis, MO 
 
W322: Exploring Phytobiomes 
Comparative Phytobiomes of Plants : a Tale from the Grasses 
Joshua Herr, University of Nebraska, Lincoln, NE 
 
W323: Flax Genomics 
Variation in the Flax Genome and its Application to Bioproducts 
Michael K. Deyholos, University of British Columbia, Kelowna, BC, Canada 
 
W324: Flax Genomics 
Pleiotropic Effect of Chalcone Synthase Gene Engineering 
Jan Szopa-Skorkowski, University of Wroclaw,Faculty of Biotechnology, Wroclaw, Poland and Magdalena Zuk, Faculty of 
Biotechnology -Wroclaw University, Wroclaw, Poland 



The chalcone synthase (CHS) gene controls the first step in the flavonoid biosynthesis. In flax, CHS down-regulation resulted in tannin 
accumulation and reduction in lignin synthesis, but plant growth was not affected. Lignin-reduced plants showed significant changes in 
expression of genes involved in both synthesis of components and cell wall sensing. This was accompanied by increased levels of cellulose and 
hemicellulose. CHS-reduced flax also showed significant changes in morphology and arrangement of the cell wall. The stem tissue layers were 
enlarged twofold compared to the control, and the number of fiber cells more than doubled. The stem morphology changes were accompanied by 
reduction of the crystallinity index of the cell wall. CHS silencing induces a signal transduction cascade that leads to modification of plant 
metabolism in a wide range and thus cell wall structure. 
 
W325: Flax Genomics 
Evidence for Congruent Three-Genome Phylogenetic Signals for Four Botanical Sections of the Flax Genus Linum 
Yong-Bi Fu, Plant Gene Resources of Canada, Saskatoon, SK, Canada 
Previous studies of phylogenetic relationships of plant species using DNA sequences from organelle and nuclear genomes frequently reported 
incongruent phylogenetic signals. Our presentation will show the evidence for congruent three-genome phylogenetic signals for four botanical 
sections of the flax genus Linum. It was obtained through the development of a multiplexed shotgun sequencing (MSS) protocol and 
3GenomeSNP pipeline to assess the phylogenetic relationships of 18 Linum samples representing 16 species within four botanical sections of the 
genus. Also, we will present the MSS protocol and 3GenomeSNP pipeline and discuss their utility in acquisition of three-genome phylogenetic 
signals of non-model organisms 
 
W326: Flax Genomics 
The Transcriptome of Drought Response in Flax 
Raju Datla1, Ianis Mavraganis1, Prakash Venglat1 and Helen M. Booker2, (1)National Research Council Canada, Saskatoon, SK, 
Canada, (2)University of Saskatchewan, Saskatoon, SK, Canada 
Flax is an important multipurpose crop with well-known nutritional attributes for the seeds and also for the stem fiber. Drought and water 
limiting conditions are frequently encountered challenges associated with abiotic stress in flax crop. As drought stress is complex and involves 
diverse cellular and developmental programs along with physiological and biochemical responses, advancing the understanding of the associated 
adaptive processes will assist in identification of gene targets and development of molecular markers to improve drought tolerance traits in this 
crop. To address this, we have applied genomics centered approaches to identify genes involved in drought stress in flax using diverse genotypes 
representing both natural and cultivar genetic backgrounds. Drought response and recovery have been evaluated under controlled greenhouse 
conditions using developmental, physiological and transcriptome studies. These studies identified genotype specific response to tolerance or 
sensitivity. The transcriptome studies revealed differentially expressed genes that are associated with response to drought. Among these stomata 
associated functions are predominant. We also observed close correlation between the characteristics of “soil water potential and stomatal 
dynamics” with tolerance or sensitivity in different genotypes. The functional implications of the findings from this study to drought response 
and recovery will be discussed. 
 
W327: Flax Genomics 
Genome-wide Approaches to Identifying the Basis of Early Flowering in Epimutagenized Royal Flax 
Megan House1, Raja Ragupathy1, Akshaya Vasudevan1, Frank M. You2, Gaofeng Jia1, Stephen J. Robinson3 and Helen M. 
Booker1, (1)University of Saskatchewan, Saskatoon, SK, Canada, (2)Agriculture and Agri-Food Canada, Morden, MB, Canada, 
(3)Agriculture and Agri-Food Canada, Saskatoon, SK, Canada 
Early-flowering demethylated flax genotypes (RE1, 2 & 3) are being studied in a series of experiments to explore the genetic and epigenetic 
basis of traits, such as early flowering and early maturity, which will be useful in the breeding of flax adapted to the Canadian prairies. These 
experiments involve the use of genome-wide sequence data for the early-flowering (RE) lines and their progenitor line, Royal (RC) flax, in 
combination with field studies used to characterize northern adapted traits. We are currently focusing our efforts on four key areas: (1) 
Phenotyping three RIL (recombinant inbred line) populations derived from RC x RE crosses to characterize northern adapted traits in three 
separate environments, (2) a bulked QTL-seq study using two groups of RILs that show either consistently early flowering or consistently late 
flowering to identify loci associated with the early-flowering phenotype, (3) an RNA-seq experiment to identify differential gene expression and 
differences in the timing of the expression of key flowering genes between RC and RE lines, and (4) bisulphite sequencing to identify differences 
in methylation patterns that may correspond with differential gene expression. The findings of these studies will contribute to deciphering the 
flowering pathways utilized by flax and provide data necessary to identify the heritable changes resulting in the early-flowering phenotype. 
 
W328: Flax Genomics 
Host Pathogen Interaction between Flax and Septoria linicola and the Genetics of Resistance 
Khalid Rashid and Frank M. You, Agriculture and Agri-Food Canada, Morden, MB, Canada 
Pasmo disease in flax is caused by the fungus Septoria linicola (Speg.) Garassini (sexual state Mycosphaerella linorum Naumov. is a major 
disease affecting flax (Linum usitatissimum L.), and is prevalent in most flax growing areas worldwide. In Canada, the incidence and severity of 
pasmo have been on the rise causing major reductions in seed yield and quality. The objective of this research is to study the virulence in the 
pathogen population in western Canada. Diseases specimens have been collected from flax crops in western Canada and 100s of single spore 
isolates established. Seven representative isolates were tested on a set of 94 flax genotypes from diverse origins. Twenty-day old seedlings were 
inoculated with spore suspension and incubated for 48 h under controlled growth cabinet conditions equipped with a misting system. The disease 
incidence, severity, and defoliation were recorded at 10, 20, and 30 days after inoculation. The data showed some similarities among the 
interactions of the seven isolates on some of the 94 flax genotypes. The specific host-pathogen interactions were grouped into 42 virulence 
combinations indicating the complexity of the virulence genes in the pathogen and the matching resistance genes in the flax genotypes. Gene-
pyramiding of the major race-specific genes will provide improved flax genotypes with wider genetic base for resistance to the diverse pathogen 
population in the flax crops in western Canada. Genetic analysis of pasmo resistance was performed. A total of 1,346 resistance gene analogs 



(RGAs) were identified in the flax genome. On these RGAs, 21,770 single nucleotide polymorphisms (SNPs) were detected from the flax core 
collection of 407 accessions, with an average of 16 SNPs per RGA. Association study revealed that 457 RGAs with a total of 2,879 SNPs were 
significantly correlated with pasmo resistance (p < 0.05/21,770 = 2.2967E-6), contributing averaged 9% (6-19%) of the total pasmo resistance 
variation. Those RGAs were located on all 15 chromosomes and some of them were clustered to 78 RGA clusters. Those RGAs will be 
candidates for further quantitative trait loci mapping and genomic selection 
 
W329: Forage, Feedstocks & Turf 
Over-Expression of MYB Transcription Factor Imparts Multi Stress Tolerance in Alfalfa 
Upinder S. Gill1, Yun Kang1, Hee-Kyung Lee1, Yuhong Tang1, David McSweeney1, Ken Korth2, Michael K. Udvardi1 and 
Kirankumar S. Mysore1, (1)The Samuel Roberts Noble Foundation, Ardmore, OK, (2)University of Arkansas, Fayettville, AR 
Alfalfa (Medicago sativa) is a widely used forage crop in the world due to its productivity and high feed value. Improvement for drought and 
biotic stress tolerance are important breeding objectives in alfalfa. Recently, we identified a MYB96 transcription factor as one of the 
downregulated gene in Medicago truncatula plants having mutation in Cys(2)His(2) zinc finger transcription factor that led to defects in 
epicuticular wax accumulation on mutant leaves. We over-expressed Myb96 gene in alfalfa and analyzed the alfalfa Myb96-OE lines for various 
parameters related to drought tolerance/escape. The Myb96-OE lines show less leaf water loss, low stomatal density, smaller leaf size and high 
specific leaf weight when compared to wild-type control, indicating a better drought escape mechanism in Myb96-OE lines. The root/shoot ratio 
in Myb96-OE plants was also high suggesting that these plants can perform better under drought or low soil moisture conditions. Gas 
chromatography–mass spectrometry (GC-MS) analysis demonstrated more accumulation of leaf epicuticular wax constituents in Myb96-OE 
leaves than control plant leaves. Wax accumulation was supported by microarray data showing upregulation of most wax biosynthesis and 
drought responsive genes. Surprisingly, Myb96-OE lines were also tolerant to thrip infestation and had more trichomes on leaf surface compared 
to control plants. Microarray data also identified upregulation of Lipoxygenase (~80 folds), a jasmonic acid (JA) biosynthetic pathway gene and 
more accumulation of JA in Myb96-OE lines. Transient expression assay in Nicotiana benthamiana indicated a direct or indirect regulation of 
Lipoxygenase by MYB96 transcription factor. 
 
W330: Forage, Feedstocks & Turf 
Exploring the Potential of Polyploid Forages through Computer Simulation 
Hans Daetwyler, Agriculture Victoria, Bundoora, Australia 
Polyploidy, a result of whole genome duplications, is a major evolutionary process contributing to the diversity of the grasses. The population 
genetics and evolutionary consequences of polyploidy are not well understood when compared to diploids. Computer simulation offers an 
alternative tool to understand complex systems that cannot be easily studied empirically. Most current genome simulation software are restricted 
to diploid organisms and their features do not account for the special inheritance and evolutionary nature of polyploids. We developed the first 
simulator “PolySim” that takes into account the evolution of polyploids from diploid ancestors, polysomic inheritance, inbreeding, and other 
evolutionary features. Running a large scale simulation study to examine the effect of different parameters on the evolution of the final polyploid 
population revealed novel insights. In general, autopolyploid populations showed significantly higher heterozygosity, relatedness and extended 
linkage disequilibrium at different inbreeding levels. Allopolyploid populations showed no difference from their ancestral diploids in any statistic 
considering constant population size, while autopolyploid populations show significant differences from their ancestors. Autopolyploids diverged 
faster than allopolyploids from their ancestral populations with at least 0.2 increase in Fst value after 14,000 generations of polyploidy 
emergence. A small rate of multivalent formation can homogenize allopolyploid sub-genomes, while complete disomic inheritance shapes 
allopolyploids as a population of two independent diploid organisms. A very small rate of gene flow from diploids to polyploids can significantly 
increase the polyploid effective population size. Understanding the dynamics of polyploid population genetics can be considered as the first 
building block to effectively utilize orphan polyploid grasses in forage breeding and develop refined statistical procedures that fit polyploid 
genomes. This research articulated the effect of different parameters on the evolution of polyploid populations under complex evolutionary 
scenarios. Moreover, PolySim has several applications such as the creation of genomes of polyploid populations to investigate the power of 
genome-wide association and genomic prediction studies, as well as genomic breeding program design. 
 
W331: Forage, Feedstocks & Turf 
Perennial Ryegrass: Unravelling the Structure and Content of a Many-Faced Genome 
Elisabeth Veeckman1, Torben Asp2, Isabel Roldan-Ruiz3,4, Klaas Vandepoele3,5 and Tom Ruttink4, (1)ILVO Plant Sciences Unit - 
Growth and Development, Melle, Belgium, (2)Department of Molecular Biology and Genetics, Aarhus University, Slagelse, 
Denmark, (3)Department of Plant Biotechnology and Bioinformatics, Ghent University, Ghent, Belgium, (4)ILVO Plant Sciences 
Unit, Melle, Belgium, (5)Department of Plant Systems Biology, VIB, Ghent, Belgium 
Assembly and annotation of the perennial ryegrass genome suffers from its large genome size, complex organization and a highly repetitive and 
polymorphic content. The current draft assembly of the perennial ryegrass genome represents 54% of the estimated nuclear genome size. A 
comparison of gene space completeness measures showed that the gene space partition has been well assembled, but that gene prediction is yet 
incomplete (Veeckman et al., 2016). In order to study the ryegrass genome content, we have complemented the current annotation set with 
transcript evidence and aligned proteomes of closely related species and have used the Evidence Modeler (Haas et al., 2008) to create a 
consensus gene set. This novel set contains 1785 newly predicted gene models and is thereby better suited for comparative genomics analyses. 
Additionally, we present novel strategies to identify genetic diversity for 500 candidate genes by population scale resequencing and show how 
highly polymorphic regions influence read mapping and variant calling. The novel gene models proved to be 10% more accurate, resulting in a 
more robust interpretation of functional consequences of SNPs and indels. Moreover, these models can be used as evidence for gene prediction 
on future genome assemblies. 
 
W332: Forage, Feedstocks & Turf 
Dynamic Changes in Genomes of Newly Developed Allopolyploid Grasses 



David Kopecky, Institute of Experimental Botany, Olomouc, Czech Republic 
Merging two genomes into a single organism via interspecific hybridization provides an opportunity to combine agriculturally important traits 
from biologically different species. Besides ancient allopolyploids such as cotton and wheat, interspecific hybridization might be employed in the 
targeted breeding programs to develop elite genotypes, which can be used instead of or in mixtures with parental species. This is a case of grass 
hybrid of fescues (Festuca L.) and ryegrasses (Lolium L.) called Festulolium combining high seed yield, rapid development and competitiveness 
from ryegrasses with abiotic stress tolerance from fescues. In most of the allopolyploids, exchanges between parental subgenomes via 
homoeologous recombination are highly supressed due to either high sequence divergence or establishment of regulatory mechanism permitting 
strict pairing of homologous chromosomes. However, this is not a case of Festulolium hybrids, where chromosomes of Festuca and Lolium pair 
freely and frequently recombine. In combination with the outcrossing status of these species, it results in the highly variable progeny with every 
single plant being unique. In the presentation, new insights into the structure, evolution and function of hybrid genomes including the shift in the 
genomic composition towards one of the parental genome, changes in allele-specific gene expression, identification of the chromosome pairing 
regulator and stabilization of genomic composition in advanced hybrid generations will be discussed. 
 
W333: Forage, Feedstocks & Turf 
Genomic Prediction in Tetraploid Ryegrass 
Xiangyu Guo, Aarhus University, Tjele, Denmark, Fabio Cericola, QGG, MBG, Aarhus University, Tjele, Denmark, Dario Fè, 
DLF Trifolium, Store Heddinge, Denmark, Morten Greve-Pedersen, DLF A/S, Roskilde, Denmark, Ingo Lenk, DLF Seeds, Store 
Heddinge, Denmark, Christian Sig Jensen, DLF Seeds A/S, Store Heddinge, Denmark, Luc L. Janss, Aarhus University, Aarhus, 
Denmark and Just Jensen, Molecular Biology and Genetics, Aarhus University, Tjele, Denmark 
Perennial ryegrass is an outbreeding forage species, which is one of the most widely used forage grasses in temperate regions. Compared with 
diploid ryegrass, tetraploid ryegrass has better palatability, digestibility, and also hold a higher yield potential. Genomic selection has 
successfully been implemented in diploid ryegrass breeding during the past six years. The genomic selection is based on genotyping-by-
sequencing (GBS), which is particularly well suited for genotyping plants that are bred in families. Similarly, statistical prediction models have 
been developed, which rely on allele frequencies that can easily be derived from GBS data. The aim of this study is to investigate the possibility 
of implementing genomic prediction in tetraploid perennial ryegrass and study the effects of different coverage depth.  
A total of 1,148 F2 tetraploid ryegrass families from the breeding program at DLF Seeds A/S were included in the study. The traits considered 
were forage dry matter yield (DM), crown rust resistance (RUST) and heading date (HD) recorded between 2004 and 2014. Different SNP sets 
were created with minimum depth ranging from 1 to 50. The genomic prediction accuracy was estimated by using a “leave one single F2 family 
out” cross validation scheme, and the predictive ability was assessed with regards to accuracy and bias by comparing the corrected phenotypes 
and genomic breeding values.  
The results indicate that genomic prediction can help to optimize the breeding of tetraploid ryegrass while bias needs to be further investigated by 
exploring possible missing of factors in the model or alternative scaling of the genomic relationship matrix. 
 
W334: Forage, Feedstocks & Turf 
Inheritance Patterns of the Response to in Vitro Doubled Haploid Induction in Perennial Ryegrass (Lolium perenne L.) 
Rachel F. Begheyn1, Niels Roulund2, Kirsten Vangsgaard2, David Kopecky3 and Bruno Studer1, (1)ETH Zurich, Zurich, 
Switzerland, (2)DLF A/S, Store Heddinge, Denmark, (3)Institute of Experimental Botany, Olomouc, Czech Republic 
Hybrid breeding significantly contributed to the yield increases of many important crop species. In a self-incompatible outbreeder like perennial 
ryegrass (Lolium perenne L.), doubled haploid (DH) production through androgenesis may well be the most practical method to obtain 
homozygous lines for hybrid breeding. Through in vitro anther culture, completely homozygous material can be produced in a single generation. 
Currently however, most breeding germplasm is recalcitrant to such procedures, necessitating the introgression of androgenic capacity. Our aim 
is to uncover genetic factors important for DH induction, by studying populations segregating for the response to anther culture. Here, we present 
phenotypic results obtained during two years of DH induction as well as some preliminary data on the behavior of DHs in the field. Widely 
different responses were observed within and between populations, although genotypes producing a high number of green DHs could be 
identified in the offspring of each pair cross. A clear effect of different parental combinations, as well as the distribution of the responses for each 
evaluated trait, indicates that a distinct number of loci control embryo induction and green plant regeneration. Ultimately, through the analysis of 
phenotypic observations and genotyping data by family-based association mapping, genetic loci and marker-trait associations will be identified. 
A marker-based breeding tool can thus be developed, which will aid the screening of germplasm for DH induction ability and its introgression 
into elite material. This work will contribute significantly to the development of hybrid breeding strategies in perennial ryegrass. 
 
W335: Forest Tree 
A Systems Genetics Browser for Genome-Wide Expression Association Data in Forest Trees 
Nanette Christie1, Chanaka Mannapperuma2, Karen van der Merwe1, Niklas Mähler2, Nicolas Delhomme2, Eshchar Mizrachi1, 
Nathaniel R. Street3 and Alexander A. Myburg1, (1)Department of Genetics, Forestry and Agricultural Biotechnology Institute 
(FABI), Genomics Research Institute (GRI), University of Pretoria, Pretoria, South Africa, (2)Umeå Plant Science Centre, Umeå 
University, Umeå, Sweden, (3)Umeå Plant Science Centre, Umeå, Sweden 
Accessing and exploring large genomics data sets remains a significant challenge. The Plant Genome Integrative Explorer resource 
(http://plantgenie.org/), allows searching, visualizing and analysing genomics and transcriptomics data for plant species including poplar, spruce, 
Arabidopsis and recently Eucalyptus. It includes tools to visualise gene expression networks. To expand the current functionality to “omics” data 
from genome-wide association (e.g. eQTL or eGWAS) studies, and link such data to phenotypes, we are developing a suite of tools for querying 
and visualising large-scale systems genetics data. For example, starting from one or more phenotypic QTLs, it is possible to browse overlapping 
expression (e)QTLs using an interactive version of Circos, or explore underlying genes using Jbrowse. Integrating eQTL or eGWAS data with 
gene-wise correlation data allows the dissection of gene networks via the PlantGenIE exNet tool. To test this systems genetics browser, 
expression (eQTL), metabolite (mQTL) and phenotypic QTL data were analysed for two interspecific backcross populations of E. grandis x E. 



urophylla. Patterns of shared trans-eQTLs were visualized to identify the locations of polymorphisms affecting the expression of groups of co-
regulated and functionally related genes. eQTL networks were constructed for expression modules involved in various aspects of xylem cell 
development. Our genetic variation module (qtlXplorer) provides a platform for systems genetics modelling and high-resolution dissection of the 
molecular basis of complex trait variation in plants. It will accommodate data from eQTL and eGWAS experiments, and together with the 
existing PlantGenIE tools, provide a means to formulate and test hypotheses from large-scale population genomics data. 
 
W336: Forest Tree 
Association of SNPs and Cellular Phenotypes Reveals Molecular Connections in Pinus taeda L. 
Konstantin V. Krutovsky, Georg-August-University of Göttingen, Göttingen, Germany 
 
W337: Forest Tree 
Differential Expression, Regulatory Divergence, and Sex Dimorphism Pervade the Shrub Willow (Salix spp.) Transcriptome 
Craig H. Carlson1, Yongwook Choi2, Agnes P. Chan2, Michelle J. Serapiglia3, Fred E. Gouker1, Stephen P. DiFazio4, Christopher 
D. Town2 and Lawrence B. Smart1, (1)Cornell University, Geneva, NY, (2)J. Craig Venter Institute, Rockville, MD, (3)USDA 
Sustainable Biofuels and Co-Products, Wyndmoor, PA, (4)West Virginia University, Morgantown, WV 
Recent genomic advances have provided the biomass feedstock community with new tools to improve traits related to biomass yield and wood 
chemical composition. In Salix, hybrid vigor is apparent in interspecific crosses and tends to be more pronounced in triploid progeny derived 
from the hybridization of tetraploid and diploid parents. Progeny and parents of full-sib intra- and interspecific F1 and F2 shrub willow families 
have been examined in order to define the basic architectures and inheritance patterns of transcriptome-wide expression. Our main objectives of 
this study were (1) to test for differential expression among segregating diploid, triploid, and tetraploid families with regards to contrasting sex, 
tissue type, and midparent expression, (2) to categorize transgressive gene expression into modes of inheritance, (3) to assess the magnitude of 
regulatory divergent expression, and (4) to correlate modules of co-expressed genes in parents and progeny with traits important for biomass 
yield. We show allele-specific expression is largely conserved in intraspecific families and highly divergent in interspecific families. Akin to the 
heterosis observed in the field, as the complexity of the cross increases, regulatory divergent expression increases. In addition, we utilize a full-
sib F2 S. purpurea mapping population, planted in a replicated field trial, to supplement expression work. Candidate genes that have been or have 
yet to be identified will be confirmed via allele-specific assays. These data will be used to develop predictive models of heterosis and 
complement the growing genomic resources available for the improvement of shrub willow bioenergy crops. 
 
W338: Forest Tree 
Joint GWAS Analysis for Growth Traits Across Four Eucalyptus Breeding Populations 
Barbara S. F. Muller, University of Brasília - EMBRAPA, Brasília, Brazil, Leandro G. Neves, RAPiD Genomics LLC, 
Gainesville, FL, Bruno M. Lima, FIBRIA S.A. Technology Center, Jacarei, Brazil, Carla C. Garcia, International Paper do Brasil, 
Mogi Guaçu, Brazil, Alexandre Missiaggia, Fibria S.A., Jacarei SP, Brazil, Aurélio M Aguiar, Fibria S.A., Aracruz, ES, Brazil, 
Elizabete K. Takahashi, CENIBRA Celulose Nipo Brasileira S.A., Belo Oriente, Brazil, Orzenil B. da Silva Junior, LBNL Research 
Scholars Program, DOE Joint Genome Institute, Walnut Creek, CA, Matias Kirst, University of Florida, Gainesville, FL and Dario 
Grattapaglia, Graduate Program in Genomic Sciences - Catholic University of Brasília, Brasília, Brazil 
GWAS studies in forest trees have targeted collections of individuals derived from natural populations aiming at gene discovery and the 
identification of the elusive quantitative trait nucleotide. All studies to date, however, have suffered severely from lack of power, especially for 
growth traits, the pillars of every tree improvement program. Notwithstanding the fact that less than a handful associations have been found for 
growth, explaining negligible fractions of heritability, it still remains to be seen how such associations found in natural populations, far removed 
from advanced material, would be translated into useful breeding information. In this study, we attempted a GWAS for growth by assembling a 
considerably larger association population. We leveraged the power of the EuCHIP60K, a 60K SNP chip developed for Eucalyptus, to assemble 
genome-wide SNP and growth traits data for 3,417 trees across four unrelated E. grandis x E. urophylla breeding populations. A mixed linear 
model association analysis was performed with SNPs fitted as fixed effects and the polygenic effect captured by the genomic relationship matrix 
as random effect. No significant association was found using each population individually. Despite the increased power of the joint GWAS 
experiment, few significant associations were detected for growth traits. Alternative analytical approaches accounting for relatedness in family-
based data and also meta-analysis of GWAS from GBLUP evaluations are being explored. This study further corroborates the complex 
architecture of growth traits in Eucalyptus and suggests that considerably larger samples will be necessary to capture any relevant portion of the 
genetic variance for growth. 
 
W339: Forest Tree 
Differential Patterns of Genome-Wide Methylation within and between Eucalyptus Clones across Variable Environments 
Marilia Pappas1, Wendell Pereira2, Peter W. Inglis1, Joseane Padilha1, Andrzej Kilian3, José Stape4, Georgios Pappas2 and Dario 
Grattapaglia5,6, (1)EMBRAPA Genetic Resources and Biotechnology, Brasília, Brazil, (2)University of Brasília, Brasília, Brazil, 
(3)Diversity Arrays Technology Pty Ltd, Canberra, Australia, (4)Suzano Celulose & Papel, Itapetininga, Brazil, (5)Embrapa 
Recursos Genéticos e Biotecnologia, Brasília-DF, Brazil, (6)Graduate Program in Genomic Sciences - Catholic University of 
Brasília, Brasília, Brazil 
Phenotypic plasticity, the ability to display a range of phenotypes as a function of variable environments, is a key feature of long-lived forest 
trees. Nevertheless, knowledge of the extent and underlying mechanisms of phenotypic plasticity in response to abiotic stresses is fragmentary. 
Besides genetic diversity, epigenetic variation is believed to contribute to tree phenotypic plasticity and adaptive potential. While clonal eucalypt 
plantations are the preferred deployment system due to higher productivities, they are intrinsically more prone to genotype x environment 
interaction such that plasticity becomes a key feature to select an elite clone. We set out to profile methylation patterns of Eucalyptus clones that 
display variable adaptive plasticity across environments. After using MSAP (Methylation-sensitive amplification polymorphism) as an 



exploratory method, sequence-based genome-wide differential methylation analysis of Eucalyptus clones planted in replicated trials across 
locations in Brazil was performed using genome complexity reduction with PstI-MspI (methylation insensitive) and PstI-HpaII (sensitive). 
Following a rigorous analytical pipeline that accounts for the sequence variation between these hybrid clones and the reference genome, uniquely 
mapped reads to the reference genome provided reproducible, genome-scale methylation measurements at ~20,000 genomic sites across 
biological replicates. Comparative data within and between five clones classified as plastic or interactive, revealed differential methylation 
profiles across environments for leaf and cambium tissues. Annotation of these sites is under development, focusing on the distinctive patterns of 
transposon and gene body methylation, in an attempt to describe the differential patterns of epigenetic marks within and between clones that may 
be contributing to phenotypic plasticity. 
 
W340: Forest Tree 
Genetic Mapping of Resistance to Phytophthora Cinnamomi for American Chestnut Restoration in the Southeastern United 
States 
Albert G. Abbott1, Tatyana Zhebentyayeva2, Paul Sisco3, Thomas Kubisiak4, Bode Olukolu5, Steven N. Jeffers6, Joe James7, 
Frederick Hebard8, Laura Georgi8, Margaret Staton9 and C. Dana Nelson10, (1)Forest Health Research and Education Center, 
University of Kentucky, Lexington, KY, (2)Clemson University Genomics & Computational Biology Laboratory, Clemson, SC, 
(3)The American Chestnut Foundation, Ashville, NC, (4)Independent contractor, MI, (5)North Carolina State University, Raleigh, 
NC, (6)Clemson University, Clemson, SC, (7)Chestnut Return Farm, Seneca, SC, (8)The American Chestnut Foundation 
Meadowview Research Farms, Meadowview, VA, (9)University of Tennessee, Knoxville, Clemson, SC, (10)Southern Institute of 
Forest Genetics, US Forest Service SRS, Saucier, MS 
Phytophthora cinnamomi (Pc) is a major pathogen of the American chestnut, Castanea dentata, that has been killing trees in the southern range 
of this species for over 200 years, long before chestnut blight was first reported in North America. To identify and genetically characterize 
resistance determining regions of the Chinese chestnut genome, we are collaborating on screening hybrid chestnut seedlings from the The 
American Chestnut Foundation's breeding program for resistance to Pc. Using the backcross families from crosses of American chestnut trees 
with two resistant Chinese chestnut trees, ‘Mahogany’ and ‘Nanking’, we conducted linkage mapping and QTL detection for Pc resistance 
introgressed from the Chinese chestnut. Utilizing a genome-wide SNP array, an initial low-density genetic map was constructed for the cross of 
AdairKY1 × GL158 ('Nanking' background). Resistance to Pc was mapped to linkage group E (LG_E). Using a set of LG_E SSR markers from 
the Chinese chestnut reference map, we also genotyped additional hybrid populations and generated local LG_E maps for half-sib crosses 
NK1+NK2 ('Nanking' background) and KY115 × AD98 ('Mahogany' background). Overlapping QTL for Pc resistance were detected in both Pc 
resistance sources. Subsequently, we extended and phenotyped hybrid populations for resistance to Pc. Altogether, 1408 phenotyped individuals 
(5 crosses) are now available and are being mapped using “Genotype By Sequencing” (GBS) platforms. We have currently completed a GBS 
map and QTL analysis for the HB2 and 'Nanking' families. Here we present the results of this collaborative research effort and discuss the 
implications for breeding Pc resistant American chestnut trees. 
 
W341: Forest Tree 
Integrating Genome and Transcriptome Data to Predict Growth and Development Traits in Populus deltoides 
Jerald D. Noble1, Christopher Dervinis1, Kelly Balmant1, Brad Barbazuk1, Gustavo de los Campos2, Marcio Resende3 and Matias 
Kirst1, (1)University of Florida, Gainesville, FL, (2)Michigan State University, East Lansing, MI, (3)RAPiD Genomics LLC, 
Gainesville, FL 
Gene expression is a major component that determines phenotypic variation observed in natural populations. Uncovering the genes that 
contribute transcriptionally to trait variation is expected to contribute to our ability to predict phenotypes. Most importantly, models that 
incorporate transcriptomic information may predict phenotypes more accurately than models based only on DNA sequence variation. To evaluate 
this hypothesis we previously genotyped and phenotyped an unstructured population of approximately 500 Populus deltoides unrelated 
individuals, to discover genetic polymorphisms associated with biomass productivity and quality. The genotypic and phenotypic description of 
this population is being complemented with the characterization of the transcriptome in the differentiating xylem. RNA-sequencing is a powerful 
approach to capture a snapshot of an organism's transcriptome. Leveraging this tool in combination with existing genomic data, we are now 
identifying genomic variants that regulated the xylem transcriptional profile. Following this analysis we aim to develop models that will predict 
the whole plant phenotype using multiple layers of omics data (the genome and the transcriptome). To date we have developed a pipeline that 
performs quality control, measures and assembles the transcriptome of the association population. Differential expression of transcripts and 
associations between transcript abundance and phenotypic traits is being conducted. Following these associations, regulatory variants affecting 
gene expression and phenotypes will be identified. 
 
W342: Forest Tree 
Leucaena (Leguminosae: Mimosoideae) Genomic Resources and a Novel Means of Recovering Hybrid Parentage from a 
Combination of Data Sources 
C. Donovan Bailey1, Diana V. Dugas1, Madhugiri Nageswara-Rao1, Susan Strickler2, Lynsey L. Kovar1, Erik J. M. Koenen3, 
Sealtiel Ortega-Rodriguez1, Shannon Straub4, Aaron Liston5 and Colin E. Hughes6, (1)New Mexico State University, Las Cruces, 
NM, (2)Boyce Thompson Institute for Plant Research, Ithaca, NY, (3)Institute of Systematic Botany - University of Zurich, Zurich, 
Switzerland, (4)Oregon State University, Department Of Plant Biology, Corvallis, OR, (5)Oregon State University, Corvallis, OR, 
(6)Institute of Systematic Botany, University of Zurich, Zollikerstrasse 107, 8008, Zurich, Switzerland 
The extensive application of next generation sequencing in agricultural research has focused on the most important global food crops. However, 
lesser-known crops in the tropics, including forest trees, are also of tremendous significance. Several such plant groups are broadly known as 
"multipurpose crops", often representing key elements in sustainable tropical agricultural systems. One such agroforestry system includes 
members of the mimosoid legume genus Leucaena, which comprises 24 neotropical nitrogen-fixing species that have been used as a human food 



source for as long maize. Some of these species have been transported throughout the tropics where their unusually high leaf protein content has 
prompted the title "alfalfa of the tropics" (particularly L. leucocephala). We have developed extensive genomic and transcriptomic resources for 
Leucaena. These include a PacBio derived genome assembly (ca. 750Mbp) for the self-incompatible diploid species L. trichandra and 
transcriptomes from all 24 species of Leucaena, including five allotetraploids. Here we present these developing resources and use them to refine 
the divergent diploid phylogeny for the group and to infer the parentage of allopolyploid species. The combination of nuclear, plastid, and 
mitochondrial genomic phylogenies robustly support a complex history of hybridization among diploid lineages and provide the framework for 
advances in Leucaena breeding. 
 
W343: Forest Tree 
A Genome-Wide Screen for Genomic Regions Influencing Gravitropism and Tension Wood Formation in Populus 
Héloïse Bastiaanse1, Suzanne Gerttula1, Luca Comai2, Isabelle M. Henry2, Matthew S. Zinkgraf1, Vladimir Filkov2, Shawn D. 
Mansfield3 and Andrew T. Groover1, (1)US Forest Service, Davis, CA, (2)University of California, Davis, CA, (3)Department of 
Forestry, University of British Columbia, Vancouver, BC, Canada 
When exposed to gravitational stimuli, angiosperm trees have the remarkable ability to alter their normal growth patterns by forming a 
specialized tissue on the upper part of their stems and branches. This tissue, called tension wood, is composed of fibers containing a thick inner 
gelatinous cell wall layer, rich in cellulose, which creates a tensile force pulling the stem upright against gravity. In this study, we used a poplar 
hybrid population with irradiation-induced chromosomal lesions to investigate the genetic regulation of tension wood formation. We screened 
gravitropism response and tension wood formation in 240 unique genotypes carrying defined chromosomal lesions. Three replicates per genotype 
were grown in pots and then placed on their side for 2 weeks. Gravibending response was measured for each tree, and wood samples were 
collected from the midpoint of the gravibending stem for wood chemistry analysis and histological examination. The resulting gravibending data 
were used in a quantitative trait loci analysis, which identified five significant dosage QTL’s. Examples will be shown of putative mutants with 
altered wood anatomy and tension wood formation. Histology and wood chemistry data will be used in new quantitative trait loci scans, and also 
correlated with the gravibending data to understand how wood properties affect the ability to biomechanically reorient the stem toward the 
upright position. The results from this project will provide both genome-wide information about loci relevant to gravitropism and tension wood 
development, as well as individual mutants and candidate genes for future study. 
 
W344: Forest Tree 
The Transcriptome of Savanna Species are Less Responsive to Drought Compared to Forest Species of the Neotropical 
Tabebuia Alliance 
Mariane B. Sobreiro1, Ludmila F. Bandeira2, Francis J. F. Lopes1, Alexandre S. G. Coelho3, Rosane G. Collevatti4 and Evandro 
Novaes4, (1)Universidade Federal de Goiás, Goiânia, Brazil, (2)Universidade Federal de Goias, Goiania, Brazil, (3)Universidade 
Federal de Goias, Goiania, GO, Brazil, (4)Universidade Federal de Goias, Goiânia, Brazil 
Drought is arguably the worst challenge facing agriculture. In plants, drought tolerance is a highly complex trait. Studies have pointed to a 
widespread change in the transcriptome of cultivated plants submitted to water deficit. However, no study has been conducted on plant species 
that evolved in stressful environments, such as savannas. Species of ipes (Tabebuia Alliance) have a wide neotropical distribution, occupying 
areas with different soil and climatic conditions. We studied the effect of drought on the transcriptome of four ipe species, two from the Brazilian 
savanna (Tabebuia aurea and Handroanthus ochraceus) and two from forest environments (Handroanthus impetiginosus and Handroanthus 
serratifolius). The 4 × 2 (species × water treatments) experiment had three biological replicates. Plants grew for 10 months in three liter pots, 
when irrigation was withheld from drought treated plants until substrate reached ~20% field capacity. Xylem tissue was collected for RNA 
extraction and sequencing (2x100bp PE) on a HiSeq 2000 platform. Sequences were aligned in the H. impetiginosus reference genome and 
differentially expressed genes (DEG) were identified with DESeq2/R package. Our results indicate that stress adapted plants, such as those from 
the Brazilian savanna, are less responsive to drought. While forest species H. impetiginosus and H. serratifolius had 4,844 and 947 DEG, 
savanna species T. aurea and H. ochraceus had only 277 and 8 DEG. Gene Ontology enrichment analyses indicate that, while forest species have 
a wide up-regulation of stress responsive genes, savanna species exhibits up-regulation of sugar metabolism genes, possibly for osmotic 
adjustment. 
 
W345: Forest Tree 
Comparative Genomics Analysis of Gravitropic Response in a Phylogenetic Survey of Angiosperm Trees 
Matthew Zinkgraf, UC Forest Service, Davis, CA, Shutang Zhao, State Key Laboratory of Tree Genetics and Breeding, Research 
Institute of Forestry, Chinese Academy of Forestry, Beijing, China, Mengzhu Lu, State Key Laboratory of Tree Genetics and 
Breeding, Research Institute of Forestry, Beijing, China, Vladimir Filkov, University of California, Davis, CA and Andrew T. 
Groover, US Forest Service, Davis, CA 
The innovation of woody growth in angiosperms is believed to be an ancestral trait that has been highly modified to generate the anatomical 
diversity seen in different angiosperm lineages. Most angiosperm trees modify woody development in respond to gravity through the production 
tension wood, which generates tensile force to pull the tree against the gravity vector. Currently, a comprehensive understanding of the genetic 
pathways underlying wood development and gravitropic responses across angiosperm trees is lacking. In this project, we applied a comparative 
genomics approach to understand the evolution of gravitropic responses across multiple species of angiosperm trees from the genera 
Liriodendron, Liquidambar, Eucalyptus, Populus and Salix. We generated gene expression profiles for each species in developing xylem from 
upright plants, and from the top (tension wood) and bottom (opposite wood) surface of leaning stems. Using a network-based approach that takes 
into account within species co-expression networks and across species orthologous relationships, we identified a large-scale multi-layer network 
that aligns co-expression patterns across multiple species. We identified lineage specific gene modules and conserved modules that were defined 
as groups of orthologous genes that were co-expressed across multiple species. Furthermore, functional annotation of modules suggests that these 
modules represent specific biological pathways involved in the regulation of hormones, cell-wall biosynthesis, meristem development and 
epigenetic processes. 



 
W346: Forest Tree 
Population Genomics of Silver Birch 
Jarkko T Salojärvi, University of Helsinki, Helsinki, Finland 
Silver birch (Betula pendula) is a prevalent pioneer tree species in boreal forests across Europe and Asia. It is an attractive model for modern 
genomics-based biotechnology, because flowering can be easily induced within one year of germination without transgenics approaches. We 
have assembled the genome sequence of a fourth generation self-pollinated individual and anchored it by genetic linkage to chromosomes. The 
genome size is 440 Mbp, and it has not undergone recent whole genome duplication events.  
Evolution of the species was analyzed by partitioning duplicate genes based on their evolutionary origins. Duplicates from the pan-core-eudicot 
paleohexaploid event were enriched for transcription factor functions, whereas tandem duplicates were over-represented with environmental 
responses and secondary metabolism. Population genomic analyses with 80 resequenced individuals, representing most of the geographic species 
range, were carried out to study historical effective population size and patterns of selection. We found selective sweeps to be enriched for key 
developmental or physiological triggering functions, suggesting that at least in birch, selection has acted by tuning the timing and crosstalk 
between fundamental plant processes. 
 
W347: Forest Tree 
Genome and Evolution of Betula Platyphylla 
Hairong Wei, Michigan Technological University, Houghton, MI 
Hairong Wei1 Yucheng Wang2, Su Chen2, Lili Yu3, Chunfang Zheng4, David Sankoff4, Qiang Gao3, Guifeng Liu2 and Chunping Yang2, (1) 
Michigan Technological University; (2) Northeast Forestry University; (3) BGI-Shenzhen; (4) University of Ottawa  
We sequenced the Betula platyphylla genome and assembled the sequences into 14 chromosomes. The Betula genome lacks evidence for a recent 
whole-genome duplication and shows the same paleoploidy level as Vitis vinifera and Prunus mume. However, the B. platyphylla genome has 
undergone significant rearrangements since the core eudicot hexaploidization. Phylogenetic analysis of lignin pathway genes, coupled with 
tissue-specific expression patterns, provides a basis for the formation of high ratios of syringyl to guaiacyl lignins. A time-series RNA-seq 
experiment under cold stress condition linked the mitogen-activated protein kinases to cold tolerance. The Betula genome will enhance current 
efforts to improve Betula for forestry through conventional breeding and genetic engineering. 
 
W348: Forest Tree 
Genome-Wide Association of Essential Oil Traits in Eucalyptus polybractea using a Low-Depth WGS Pipeline 
David Kainer1, Carsten Kulheim2 and William J Foley1, (1)Australian National University, Canberra, Australia, (2)The Australian 
National University, Canberra, Australia 
Blue mallee (Eucalyptus polybractea) is one of a handful of dedicated tree species grown for the commercial production of Eucalyptus oil, but is 
mostly un-domesticated. Essential oil yield is a complex quantitative trait made up of several component traits including foliar oil concentration, 
foliar biomass, oil profile, regrowth after coppicing, survival in adverse environmental conditions and resistance to pests and pathogens.  
We sampled 480 individual mallees from 40 open-pollinated half-sib families in a commercial progeny trial. Phenotypes included quantitative 
and qualitative variation of foliar essential oils and biomass over two years. Oil concentration varied widely (12 fold) within and between 
families and between individuals. Family ranking of commercially harvested oil yield was well predicted (r = 0.74) from phenotypic mixed 
models.  
We re-sequenced all 480 whole genomes (ca. 650 Mb) to an average of 4x (1.3 Tb total) and aligned them to the E. grandis genome. Sites in E. 
grandis that were fixed in E. polybractea were then replaced with the E. polybractea alleles to generate a pseudo E. polybractea reference 
genome. All data was then mapped to the pseudo reference. Variants were called with an LD-aware pipeline to minimise genotyping errors due 
to low depth. The final SNP dataset was used to associate SNPs to essential oil yield related traits, and to perform genomic prediction. This is the 
first assessment of the genetic architecture of oil traits on a genome-wide scale in Eucalyptus, enabling detection of genetic variation in 
regulatory elements as well as structural genes of oil biosynthesis. 
 
W349: Forest Tree 
Metabolomic Responses of Down-Regulated p-Coumaroyl Quinate/Shikimate 3'-Hydroxylase (C3'H) and Cinnamate 4-
Hydroxylase (C4H) Genes in the Lignin Biosynthetic Pathway of Eucalyptus urophylla X E. grandis with Reduced 
Recalcitrance 
Timothy J. Tschaplinski1, Madhavi Z Martin1, Sarah Ellen Johnston2, Will Rottmann3 and Maud Hinchee4, (1)Oak Ridge National 
Laboratory, Oak Ridge, TN, (2)Florida State University, Tallahassee, FL, (3)ArborGen Inc, Ridgeville, SC, (4)Agricen Sciences, 
Pilot Point, TX 
The generation of transgenic plants and the identification of natural variants with reduced lignin production and/or altered lignin composition 
have been a major focus of research that attempts to reduce the recalcitrance of cell walls of biomass crops to deconstruction for sugar release for 
conversion to biofuels. We have conducted a number of studies that have targeted gene knockdowns at different steps within the lignin 
biosynthetic pathway and the knockdown of genes remote to the lignin pathway, but regulating flux to the pathway. In this study, we targeted the 
knockdown of p-coumaroyl quinate/shikimate 3’-hydrolase (C3’H) and cinnamate 4-hydrolase (C4H) genes in the lignin biosynthetic pathway of 
Eucalyptus urophylla x E. grandis, which resulted in the reduced recalcitrance of cell walls of stemwood. Broad spectrum gas chromatography-
mass spectrometry-based metabolomics was conducted on aqueous ethanolic extracts of fast-frozen stem biomass that was subsequently 
lyophilized and milled. Metabolites immediately upstream of the metabolic perturbation, as well as their conjugates, accumulated as expected, 
but accumulations remote to the lignin pathway, including certain terpenoid-based betulinic sterols, are evidence of diverted carbon flux to 
alternative secondary pathways. Although lignin content and syringyl/guaiacyl ratios declined in transgenics, as expected, monolignol glycosides 
surprisingly accumulated, which suggests concomitant down-regulation of genes later in lignin biosynthetic pathway and/or the possible 



functioning of alternative routes for the synthesis of monolignols. The results of these analyses will be presented, as well as implications for the 
use of specific transgenics as improved biomass feedstock crops with reduced biomass recalcitrance.  
 
W350: Forest Tree 
Predicting the Forest, but not the Trees: Genomecology of Populus trichocarpa 
Gancho T. Slavov1,2, Luke M. Evans3, Wellington Muchero4, Gerald A. Tuskan4, Stephen P. DiFazio5 and Glenn T. Howe6, 
(1)Institute of Environmental Biological and Rural Sciences (IBERS), Aberystwyth University, Aberystwyth, United Kingdom, 
(2)Rothamsted Research, Harpenden, United Kingdom, (3)Institute for Behavioral Genetics, University of Colorado, Boulder, CO, 
(4)Oak Ridge National Laboratory, Oak Ridge, TN, (5)West Virginia University, Morgantown, WV, (6)Oregon State University, 
Corvallis, OR 
Accurate prediction of individual- and population-level adaptive phenotypic traits from genomic data can help mitigate the effects of climate 
change. We used phenotypes (bud flush, bud set and height growth) and whole-genome re-sequencing data for 525 P. trichocarpa trees sampled 
from natural stands along 16 rivers in the Pacific Northwest of North America to compare the predictive abilities (PAs, the correlations between 
predicted and observed phenotypic values) of models based on single-nucleotide polymorphisms (SNPs) to those of traditional genecological 
models. The overall ability to predict individual-tree phenotypes (i.e., incorporating variation across stands and rivers) was moderate to high 
(PA>0.5) using geography, climate, or SNPs as predictors. Average PAs based on SNPs were similar to those based on climate (0.708 versus 
0.695), and only slightly higher than those based on geography (0.648). The relative advantage of SNP models was substantial (7%) for bud flush 
and marginal (1%) for bud set, whereas climate models were marginally better (1%) for height. Models combining SNP and climate information 
had the highest average predictive ability (0.713) and performed well across traits. Partitioning of PAs into hierarchical levels revealed that (1) 
none of the models were able to predict phenotypes for genotypes within stands; (2) models based on SNPs were consistently best at predicting 
stand-level phenotypes; and (3) all models were able to predict river-level phenotypes very well for each trait (PA>0.8). We illustrate the 
implications of these results by delineating “seed zones” based on genomic versus phenotypic, climatic and geographic data. 
 
W351: Forest Tree 
Preliminary Studies of a Genome Assembly of the California Endemic Oak, Quercus lobata Née (Fagaceae) using Pacific 
Biosciences and Illumina Sequencing Data 
Daniela Puiu1, Sorel Fitz-Gibbon2, Aleksey Zimin3, Victoria Sork2, Paul F. Gugger4, Matteo Pellegrini2 and Steven L. Salzberg1, 
(1)Johns Hopkins University, School of Medicine, Baltimore, MD, (2)University of California, Los Angeles, Los Angeles, CA, 
(3)Johns Hopkins University, Department of Computer Science, Baltimore, MD, (4)University of Maryland Center for 
Environmental Science, Frostburg, MD 
Oaks represent a valuable natural resource across the Northern Hemisphere with a large research community studying their genetics, systematics, 
ecology, conservation, and management. We report our progress on assembling the genome sequence of valley oak (Quercus lobata) using both 
Pacific Biosciences (PacBio) and Illumina sequencing data from adult leaf tissue of an individual found in a natural population. We compare 
three assemblies: Illumina only, PacBio only, and a hybrid combining both data sets. The Illumina assembly, performed with MaSuRCA and 
SOAPdenovo2, consists 18,512 scaffolds of length >2 kb totaling 1.15 Gb, with N50 scaffold size of 278 kb. The k-mer histograms indicate an 
approximate diploid genome size of 700-740 Mb, which is smaller than the assembled length due to the high heterozygosity in this outcrossing 
tree species. The PacBio assembly, performed with Canu, consists of 7,300 assembled contigs totaling 0.97 Gb with N50 of 429 kb, plus 
unassembled sequences totaling 3.31 Gb. The hybrid assembly was performed with the MaSuRCA Assembler using error-corrected PacBio 
reads, yielding a draft nuclear genome of 25,683 unitigs totaling 1.31 Gb with N50 size of 880 kb. We are working on methods to decrease the 
haplotype redundancy to yield a final genome assembly closer to the expected 730 Mb. We will also build on our previous Maker annotation 
models to complete a comprehensive carefully curated structural and functional annotation for our final genome. This high-quality, well-
annotated genome will allow researchers to identify the molecular basis of traits important to the sustainability and management of oaks. 
 
W352: Forest Tree 
A Reference Draft Genome for Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) 
U. Uzay Sezen1, David B. Neale2, Pat McGuire3, Nicholas Wheeler4, Kristian A. Stevens5, Marc Crepeau5, Charis Cardeno6, 
Aleksey Zimin7, Daniela Puiu8, Mihaela Pertea9, Gaurav Sablok10, Claudio Casola11, Tomasz Koralewski12, Robin Paul1, Daniel 
Gonzalez-Ibeas1, Sumaira Zaman13, Richard Cronn14, M. Yandell15, Carson Holt16, Charles H. Langley5, James A Yorke7, Steven L. 
Salzberg8 and Jill L. Wegrzyn17, (1)Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, CT, 
(2)Dept. Plant Sciences University of California Davis, Davis, CA, (3)Department of Plant Sciences, University of California, 
Davis, Davis, CA, (4)Pennsylvania State University, Centralia, WA, (5)Department of Evolution and Ecology, University of 
California, Davis, Davis, CA, (6)University of California, Davis, Davis, CA, (7)University of Maryland, College Park, MD, 
(8)Johns Hopkins University, School of Medicine, Baltimore, MD, (9)McKusick-Nathans Institute of Genetic Medicine, JHU, 
Baltimore, MD, (10)University of Connecticut, Storrs, CT, United States Minor Outlying Islands, (11)Texas A & M University, 
College Station, TX, (12)Texas A&M University, College Station, TX, (13)University of Connecticut, Storrs, CT, (14)USDA 
Forest Service Pacific Northwest Research Station, Corvallis, OR, (15)Department of Human Genetics, University of Utah, Salt 
Lake City, UT, (16)University of Utah, Salt Lake City, UT, (17)Department of Ecology and Evolutionary Biology - University of 
Connecticut, Storrs, CT 
Douglas-fir (Pseudotsuga menziesii) represents one of 11 genera within the family Pinaceae. As a keystone species, it grows on over 20 million 
ha across western North America, from British Columbia to Mexico, from the Pacific coast to the eastern slopes of the Rocky Mountains. It 
occurs at elevations ranging from sea level to 3000 m. Two varieties, one found in the interior west (var. glauca) and the other found along the 
Pacific slopes (var. menziesii) represent ideal populations for studying the effects of climate change. Until now four conifer genomes in two 
genera have been de novo sequenced, including Norway spruce (Picea abies), white spruce (Picea glauca), loblolly pine (Pinus taeda), and sugar 



pine (Pinus lambertiana). Here, we present the 16.6 Gbp draft genome with an N50 scaffold length of 340 Kbp and 47,874 gene models, of 
which 28,403 are complete (full-length). Analysis of the full-length genes found a maximum intron length of 183 Kbp. Phylogeny-based 
analyses of gene family evolution showed a faster gene turnover in Pinaceae compared to angiosperms. Multiple genes involved in 
photosynthesis, including all nuclear genes encoding subunits of the NDH dehydrogenase complex, have been lost in Pinaceae. Additionally, we 
found several genetic pathways with significant changes in gene family size in Douglas-fir, including a pathway involved in jasmonate regulation 
and signaling. Inclusion of Douglas-fir transcriptomic resources generated from de novo assemblies of needle tissue enhanced the gene analysis. 
In specific, light harvesting complex and photoreceptor genes were investigated and compared in shade-intolerant Pinaceae species. 
 
W353: Forest Tree 
Manuka Genome Assembly using Chromosome Conformation Capture Hi-C Analysis 
David Chagne1, Amali H. Thrimawithana2, Ross N Crowhurst2, Ivan Liachko3, Shawn Sullivan4, David Lewis5, Tracey Van Stijn6, 
Jeanne Jacobs7, Rudiger Brauning6, Shannon Clarke6, Cecilia H. Deng2, Helge Dzierzon5, Ella Grierson8, Elena Hilario2, Kathy 
Schwinn5 and Dan Jones9, (1)Plant and Food Research, Palmerston North, New Zealand, (2)The New Zealand Institute for Plant & 
Food Research Limited, Auckland, New Zealand, (3)Phase Genomics Inc., Seattle, WA, (4)Phase Genomics, Inc, Seattle, WA, 
(5)The New Zealand Institute for Plant & Food Research Limited, Palmerston North, New Zealand, (6)AgResearch, Invermay 
Agricultural Centre, Mosgiel, New Zealand, (7)AgResearch, Lincoln, New Zealand, (8)Plant & Food Research, Palmerston North, 
New Zealand, (9)Plant & Food Research, Auckland, New Zealand 
We have evaluated a novel strategy combining capture of chromatin interaction within the nucleus (Hi-C), next-generation sequencing and new 
bioinformatics methods (Proximity-Guided Assembly, PGA) for developing a near-complete pseudo-chromosome assembly of the mānuka 
(Lepstospermum scoparium ‘Crimson Glory’) genome. The method relies on capturing the folded conformation of chromosomes inside the 
nucleus and on the fact that loci that are genetically close on the same chromosome are more likely to interact in 3D space. Chromatin proximity 
interactions are captured through in vivo crosslinking and the resulting DNA junctions are sequenced using NGS. The PGA bioinformatics 
approach scaffolds the genome by arranging contigs into chromosomes in way most congruent with Hi-C data, thus maximizing the likelihood 
that contigs are arranged in correct order. Using PGA analysis, we inferred the location of previously unanchored contigs and created 
chromosome length ultra-scaffolds, enabling a ~100 times increase in the N50 scaffold length compared with assembly in the absence of this 
analysis. Furthermore, the Hi-C technique allowed the separation of the mānuka genome from contaminant contigs assembled from associated 
endophytic fungal and bacterial species. The newly assembled mānuka genome was compared to the genome of Eucalyptus grandis and high 
density genetic maps of mānuka constructed using genotyping-by-sequencing. The mānuka genome sequence will help shed new light on the 
genetic control of unique characters such as nectar and foliage biochemical composition, flowering time and disease resistance. 
 
W354: Fruit/Nuts 
A Chromosome-Scale Assembly of the Cashew Tree Genome: Leveraging the Combined Power of PacBio, DNA-Chromatin 
Proximity Ligation and SNP Linkage Maps 
Orzenil B. da Silva Junior1,2, Lucileide V. Resende3, Ravena F. Vidal4, Patricia N. Bordallo4, Pedro I.T. Silva3,5, Dheyne S. Melo4, 
Roberto C. Togawa3 and Dario Grattapaglia1,6, (1)Embrapa Recursos Genéticos e Biotecnologia, Brasília-DF, Brazil, (2)LBNL 
Research Scholars Program, DOE Joint Genome Institute, Walnut Creek, CA, (3)EMBRAPA Genetic Resources and 
Biotechnology, Brasília, Brazil, (4)EMBRAPA Tropical Agroindustry, Fortaleza, Brazil, (5)Department of Cell Biology - 
University of Brasília, Brasília, Brazil, (6)Graduate Program in Genomic Sciences - Catholic University of Brasília, Brasília, Brazil 
Widely cultivated in the tropical world for nuts and apples, the cashew tree (Anacardium occidentale) is still a genomics-orphan fruit crop. To 
unlock its genetic diversity and accelerate breeding, we have generated a chromosome-scale assembly of the ~488 Mbp genome of the dwarf 
variety BRS226 and an Axiom 16KSNP-chip from whole-genome resequence data of 24 diverse cashew accessions. A total of 27 Gb of 
sequence data (3,082,347 reads; N50: 12,142 bp; coverage: ~54x) from 41 PacBio RS-II/P6-C4 chemistry SMRT cells, was assembled into 2,577 
contigs, covering 452Mb (92.6% of the genome; NG50/LG50: 1.05 Mb/113; longest sequence: 7.3 Mb) using Falcon Assembler. Filtering 
contigs deemed to contain locally alternative alleles not fused into a single haplotype representation of the heterozygous genome, resulted in an 
initial assembly of 377Mb (77% of the genome). Assembly contiguity was 4x improved (N50/L50: 1.5Mb/74 to N50/L50: 4.3Mb/30) following a 
HiRise scaffolding by Dovetail-Genomics using a 508.4x physical coverage ChicagoTM library. This improved assembly was anchored to eight 
single-tree linkage maps built from 359 individuals across five full-sib families encompassing 5,857 uniquely mapped SNPs, placing 352Mb 
(72% of the genome) into the 21 expected chromosomes. Concurrently, a DNA-chromatin proximity ligation Hi-C library was also used to 
improve the initial assembly contiguity, likewise closely converging to the 21 expected chromosomes (N90/L90: 11Mb/20). Additional genome 
coverage is being pursued by assembling the PacBio data into the correctly phased diploid genome by combining long and short reads with the 
SNP data. RNAseq from multiple tissues is underway for genome annotation. 
 
W355: Fruit/Nuts 
Evaluation of Variability in the Sweet Orange Germplasm through Next Generation Clonal Fingerprinting 
Concetta Licciardello, Consiglio per la ricerca in agricoltura e l'analisi dell'economia agraria (CREA), Acireale, Italy 
The great phenotypic variability characterizing the sweet orange [Citrus sinensis(L.) Osbeck] germplasm arises from spontaneous bud mutations, 
causing a diversification into major groups (common, Navel and blood oranges). A huge divergence also occurred within each varietal group. 
The genetic basis of such variability, also including nutritional and qualitative traits (ripening time, colour, fruit shape, acidity, sugars), is 
currently uncharacterized, and therefore not exploitable. With the aim of describing the somatic mutation events in the sweet orange group a 
deep-sequencing of 20 Italian and foreign accessions was performed by Illumina platform, allowing the identification of single nucleotide 
polymorphisms (SNPs), structural variants (SVs) and large deletions, specific to each varietal group or clone-specific. A subset of SNPs used for 
the design of two 384 SNP - GoldenGate Assays allowed to genotype 225 CREA sweet orange accessions. The developed markers represent the 
first reliable molecular tools able to unambiguously fingerprint each somatic mutant. Moreover, they might be used to associate mutations with 
phenotypic traits, and are a powerful tool for traceability. By using the GoldenGate assay, we have been able to fingerprint several blood orange 



clones starting from DNAs isolated from leaves or juice. These tools will potentially provide the consumer with a guarantee on the quality and 
origin of juices, avoiding eventual frauds. 
 
W356: Fruit/Nuts 
A Combination of Genetic Mapping and Phylogenetics Untangles the Cryptic Hybrid Origin of a Decaploid Strawberry 
Na Wei1, Jacob Tennessen2, Aaron Liston2 and Tia-Lynn Ashman3, (1)University of Pittsburgh, Department of Biological Sciences, 
Pittsburgh, PA, (2)Oregon State University, Corvallis, OR, (3)University of Pittsburgh, Pittsburgh, PA 
Polyploidy plays an essential role in promoting plant diversification and domestication. While the widespread incidence of polyploidy in 
monocots and eudicots is well documented, the origins of most extant polyploid species remain largely unknown, especially those of high-order 
polyploids that potentially underwent complex processes of genome merging and doubling over variable timeframes. Here we investigated the 
evolutionary origin of a recently discovered decaploid strawberry (Fragaria cascadensis), which was hypothesized to have originated from 
contemporary sympatric speciation between the diploid F. vesca subsp. bracteata (of Av genome) and octoploid F. virginiana subsp. platypetala 
(of subgenomes Av, Bi, B1 and B2) in North America. Using an integrated approach of genetic mapping and phylogenetics, we found that the 
decaploid strawberry genome consists of the octoploid subgenomes (Av, Bi, B1 and B2) and an extra copy of subgenome B1 or B2 derived from 
an extinct close relative of F. iinumae. In marked contrast to the leading hypothesis on the basis of present-day sympatry, our findings support a 
scenario of old polyploid hybrid speciation between the octoploid and an extinct F. iinumae-like diploid, which was also a progenitor 
contributing to the octoploid clade formation during the Pleistocene likely in Beringia. 
 
W357: Fruit/Nuts 
Genomic Analyses Linking Genes and Gene Networks to Fruit Traits in Wild Strawberry 
Julie Caruana, Charles Hawkins and Zhongchi Liu, University of Maryland, College Park, MD 
Fruits represent a key evolutionary innovation for seed dispersal. Fruit traits such as color, flavor, size and shape are thus critical to a plant’s 
reproductive success as well as to its market appeal for human consumption. Fragaria vesca, the diploid strawberry, is emerging as a better 
model to investigate gene function than the octoploid garden strawberry due to its diploidy, simpler genome, and the availability of molecular 
genetic tools. Further, abundant natural variations exist, providing rich genetic materials for novel allele identification. One such natural variation 
is the fruit color; both yellow and red colored fruits can be found among different wild strawberry accessions. We sequenced and compared the 
genomes of three F. vesca accessions: Hawaii 4, Yellow Wonder and Rügen. While Hawaii 4 and Yellow Wonder develop yellow fleshy fruit, 
Rügen develops red fleshy fruit. Genetic analysis indicated that the yellow fruit allele is recessive to the red fruit allele, suggesting that a loss of 
function mutation likely causes the yellow fruit color. Genome-scale analyses of DNA variants in all three accessions identified shared and 
distinct SNPs among these three accessions. Through a series of filtering, we identified a candidate SNP (causing W to S missense change) in the 
FveMYB10 gene. Using a transient expression assay, we functionally tested and confirmed that this single SNP was responsible for the yellow 
color fruits. Our study is a good example of how a genomic approach can effectively link traits of economic importance to specific genotype. 
 
W358: Fruit/Nuts 
How Much Should We Rely on Computer Annotation for Identifying Genes in New Genomes? 
Sarah Pilkington, Plant and Food Research, Auckland, New Zealand, Ross N Crowhurst, The New Zealand Institute for Plant & 
Food Research Limited, Auckland, New Zealand, Robert Schaffer, New Zealand Institute for Plant and Food Research Ltd., 
Auckland, New Zealand and The Kiwifruit genome Consortium, world wide, Ubiquitous, Antarctica 
With the advent of large numbers of low quality “draft” genomes the research communities in non-model organisms rely heavily on 
computationally annotated genes. The huge variation in the quality of these draft genomes and the predicted gene lists affects research and 
development. The draft Actinidia (Kiwifruit) genome was a big step forward in our understanding of this important horticultural crop. Typical of 
draft genomes, a large proportion of the sequence was not assigned to chromosomes, and the gene list missed key published genes. To address 
this we developed an international consortium firstly to improve the genome construction and secondly to manually annotate the whole genome.  
Manual annotation was performed using the WebApollo software and employed tracks of computationally predicted genes, EST sequences and 
mRNA-seq data from a variety of different tissues. In total 93 researchers from around the world produced evidence-based gene models for over 
37000 genes. Our subsequent analysis showed that the majority of computational gene predictions in kiwifruit do not align to the manually edited 
genes. In particular, the computationally generated genes did not accurately predict intron-exon structures or translation start and stop regions. 
Non canonical splice sites were particularly poorly annotated. From this exercise we now have a second generation genome to start to understand 
the biological processes associated with this plant and a method for the scientific community to improve the accuracy and utility of draft 
genomes. 
 
W359: Fruit/Nuts 
GDR: New Data and New Functionality 
Dorrie Main1, Sook Jung1, Taein Lee1, Chun-Huai Cheng1, Ping Zheng1, Jodi L. Humann1, Sushan Ru1, Kristin Scott1, Morgan 
Frank1, Jing Yu1, Ksenija Gasic2, Jim McFerson3, Katherine M. Evans4, Cameron Peace1, Lisa DeVetter1, Michael Coe5 and 
Michael Kahn1, (1)Washington State University, Pullman, WA, (2)Clemson University, Clemson, SC, (3)Washington State 
Univesity, Wenatchee, WA, (4)Washington State University, Wenatchee, WA, (5)Cedar Lake Research Group, Portland, OR 
The Genome Database for Rosaceae (GDR, www.rosaceae.org) is the community database for basic, translational and applied research in 
almond, apple, apricot, blackberry, cherry, peach, pear, raspberry, rose and strawberry. Upgraded to the Tripal 2.1 platform with a new theme, 
GDR provides an online suite of tools facilitating intuitive data mining and analysis. New data includes conserved syntenic regions among 
Rosaceae sequenced genomes, new genome assemblies and annotations along with GDR functional annotations available to browse, search and 
download, together with significant additions to transcript, map, marker and QTL data. In this presentations we will highlight major new 
functionality and data in GDR and indicate plans for further development through 2019 of this USDA and NSF funded resource. 
 



W360: Fruit/Nuts 
Genetics of Red Flesh Colouration in Kiwifruit (Actinidia chinensis) 
Mareike Knäbel1, Canhong Cheng2, Paul Datson2, Lena Fraser2, Mark McNeilage2, Luis Gea3, Peter McAtee2, Cecilia H. Deng2, 
Kathy Schwinn1, Kirsten Hoeata3, Kevin M. Davies1, Ross N Crowhurst2, Robert Schaffer2, John A. McCallum4 and David 
Chagné1, (1)The New Zealand Institute for Plant & Food Research Limited, Palmerston North, New Zealand, (2)The New Zealand 
Institute for Plant & Food Research Limited, Auckland, New Zealand, (3)The New Zealand Institute for Plant & Food Research 
Limited, Te Puke, New Zealand, (4)New Zealand Institute for Plant and Food Research, Christchurch, New Zealand 
Kiwifruit is the most important horticultural crop for the New Zealand export market. The Actinidia germplasm is highly variable and kiwifruit 
breeders utilize this diverse genetic material to develop new cultivars with unique fruit characteristics, such as high health attributes and novel 
flavours and colours. We examined the genetic determinants of red fruit flesh colouration in Actinidia chinensis assist breeders in developing 
new red cultivars using molecular markers. Preliminary genome scans based on visual scores were performed by genotyping by sequencing 
(GBS) in a red x gold-flesh factorial, complemented by whole genome sequencing of parents to provide a catalog of allelic variation. Two A. 
chinensispopulations of 310 and 128 individuals segregating for red flesh intensity with the same male parent were utilized for more detailed 
QTL analysis. Phenotyping was done using digital image analysis.  
GBS was used to construct high density SNP based genetic maps using 2325 polymorphic SNP markers. QTLs associated with red colouration 
were detected on Chromosomes 9 and 28. Tandemly duplicated MYB transcription factors co-locate with the Chr9 QTL. Molecular markers 
were developed and validated in the Plant & Food Research breeding programme and marker-assisted selection has been initiated on parental 
material. 
 
W361: Fruit/Nuts 
Toward Isolation of a Gene Conferring Astringency Loss in Persimmon Fruit 
Soichiro Nishiyama1, Noriyuki Onoue2, Atsushi Kono2, Akihiko Sato2, Keizo Yonemori3 and Ryutaro Tao1, (1)Graduate School of 
Agriculture, Kyoto University, Kyoto, Japan, (2)Institute of Fruit Tree and Tea Science, National Agriculture and Food Research 
Organization, Hiroshima, Japan, (3)Faculty of Agriculture, Ryukoku University, Otsu, Japan 
Persimmon (Diospyros kaki ; 2n = 6x = 90) is one of the most economically important fruit crops in East Asia. Astringent taste caused by 
proanthocyanidins (PAs) in mature fruit is one of the unique characteristics of persimmon. Due to the importance of this character, persimmon 
cultivars are classified based on the astringency at maturity and seed formation. Some cultivars lose astringency only with seed formation 
(pollination-variant and non-astringent; PVNA), while others do independent of seed formation (pollination-constant and non-astringent; PCNA). 
Because fruit of PCNA cultivars stops accumulating PA in the early stage of fruit development and becomes edible without any artificial de-
astringency treatment, breeding and improvement of PCNA cultivars is one of the main modern persimmon breeding goals. Although PCNA trait 
is known to be conferred by a recessive allele at a single locus called ASTRINGENCY (AST), the determinant gene remains to be identified partly 
because of complicated segregation of the alleles in hexaploid persimmon. To characterize the AST locus, we performed chromosome walking 
and comparative genomics using BAC and F1 siblings of D. lotus (2n = 2x = 30), a close relative to D. kaki. Although the astringency phenotype 
and marker genotypes were consistent with each other in all of 296 D. kaki F1 individuals tested, genetic and physical maps of D. lotus 
constructed at AST locus suggested that this locus is probably located at euchromatic region. This could indicate the comparative genomics 
approach using D. lotus would possibly work. We also conducted differential expression, clustering, and co-expression network analyses using 
fruit transcriptomes obtained from segregating individuals in D. kaki. It appeared that DkMYB4 and/or DkMYC1, which have been reported as PA 
regulators, have a central role in down-regulation of genes encoding PA biosynthetic enzymes in PCNA fruit. Furthermore, ABA-related genes 
appeared to be possibly involved in the difference between PCNA and non-PCNA. Currently we are conducting genomic analysis at AST locus 
and also integrating the functional cues obtained from the trancriptomics into the genomics. 
 
W362: Fruit/Nuts 
DEEPER ROOTING 1 Controls Root Architecture in Arabidopsis and Prunus Species 
Jessica Guseman, USDA-ARS Appalachian Fruit Research Station, Kearneysville, WV 
Root system architecture (RSA) influences plant productivity by providing uptake of water and nutrients, biotic soil interaction, and soil 
anchorage. For tree crops, breeding or engineering for RSA traits in rootstocks is an important target for improving productivity and yields. 
Defined at the spatial distribution of roots in soil, the RSA of a plant is determined by factors such as primary and lateral root growth rates, 
lateral root branching, and root orientation. DEEPER ROOTING 1 (DRO1) was recently identified in rice to affect root orientation and overall 
root system depth. Its expression led to deeper roots, allowing for improved grain filling and yields under water-deficit. Using this trait in dicot 
rootstocks may prove advantageous for survival in drier climates. Based on sequence analysis we have placed DRO1 and DRO1-related genes 
within the IGT family, which contains genes known to influence lateral branch orientation in shoots. We took a multi-species approach, using 
our transgenic tools in plum and leveraging the speed and tools of the model system Arabidopsis, to elucidate the role of DRO1 in dicot species. 
Here we report that PpeDRO1expression in peaches is strongest in root tissues, and in transgenic plum lines overexpression of peach DRO1 
results in longer root systems, as well as the ability to develop roots on tissue culture shoot media. Similarly, AtDRO1 in Arabidopsis is root-
specific and strongest near lateral root (LR) tips, while remaining restricted from LR primordia and newly emerging LRs. Loss of AtDRO1 leads 
to wider LR angles and shorter primary roots compared to controls, while overexpression lines have steeper angles. We are currently employing 
a yeast-2-hybrid approach to search a library of peach proteins for PpeDRO1 interactors, and an RNA-seq approach in Arabidopsis to survey 
downstream effects of DRO1 loss. Taken together we hope to piece together a mechanistic picture of how DRO1 controls LR angle and root 
depth in dicot species.  
 
W363: Fruit/Nuts 
Functional Analysis of the CBF Transcription Factor in Apple: A Model for Studying the Interaction Between Cold 
Hardiness, Dormancy, and Growth 



Michael Wisniewski1, John L. Norelli1 and Timothy Artlip2, (1)USDA-ARS, Kearneysville, WV, (2)USDA-ARS-AFRS, 
Kearneysville, WV 
CBF or DREB transcription factors are involved in plant adaptation to low temperatures and osmotic stress (drought and salt) in plants. 
Overexpression of these transcription factors in plants has been to shown to affect other developmental processes, such as growth, flowering, and 
dormancy. Several laboratory and field studies have been conducted on the overexpression of a peach, and native apple CBF genes in apple. 
Results have demonstrated that overexpression of a peach CBF gene in apple improves cold hardiness but also has a significant impact on, shoot 
growth, the onset of dormancy and leaf senescence, and the timing of spring budbreak. Interestingly, similar effects have not been observed when 
native, apple CBF genes have been overexpressed in apple, despite high levels of homology between the apple and peach CBF genes. RT-qPCR 
analysis has indicated that several genes related to growth and dormancy are impacted by the overexpression of CBF and that promoters from 
these genes contain C-repeats (the binding site for CBF) and other stress and environmental-associated motifs. Reciprocal grafting studies of 
transgenic and non-transgenic rootstock/scion combinations have revealed that when transgenic ‘M.26’ is used as a rootstock it does not impact 
cold hardiness or dormancy of non-transgenic ‘Royal Gala’ scions but does impact growth. Collective studies indicate that the functional role of 
CBF in fruit trees is complex and impacts several developmental processes. Overexpression of CBF in apple may serve as a model for studying 
the integration of cold hardiness, dormancy, and growth in fruit trees. 
 
W364: Fruit/Nuts 
Sex Determination in Oriental Persimmon (Diospyros kaki) 
Takashi Akagi1,2, Isabelle M. Henry3, Takashi Kawai4, Luca Comai3 and Ryutaro Tao1, (1)Graduate School of Agriculture, Kyoto 
University, Kyoto, Japan, (2)JST-PRESTO, Saitama, Japan, (3)Plant Biology and Genome Center, UC Davis, Davis, CA, 
(4)Experimental Farm, Kyoto University, Kyoto, Japan 
Separate sex, which is represented by dioecy, monoecy, or their variants, is one of the main strategies of flowering plants to maintain genetic 
diversity within a species. At the same time, sexuality is an important trait affecting crop production and breeding efficiency. Recently, a Y-
chromosome-encoded gene, designated Oppressor of MeGI (OGI), has been shown to play a central role in sex determination in dioecious 
diploid persimmons (Diospyros spp.). However, little is known about the potential role of OGI in the irregular polygamous sexuality in polyploid 
oriental persimmon (D. kaki). D. kaki, which is mostly hexaploid, with some nonaploid individuals, is mainly constituted of monoecious and 
female individuals. Among 172 cultivars tested in this study, the OGI sequence was found in all 35 monoecious individuals producing male 
flowers, which suggested a conserved role for OGI as a key to expressing maleness in D. kaki, as in dioecious diploid Diospyros. In D. kaki, 
however, the presence of OGI does not always lead to male flower formation and expression of OGI is silenced. Developing male buds 
consistently exhibited higher methylation across the MeGI promoter than developing female buds from either monoecious or female trees. This 
could indicate that an additional layer of regulation, methylation of the MeGI promoter, may be necessary to produce both male and female 
flowers on genetically male trees. Consistent with this hypothesis, a DNA methylation inhibitor could reverse male developing buds to form 
feminized flowers. 
 
W365: Fruit/Nuts 
New Insights in the Epigenetic Regulation of Floral Bud Dormancy and Cold Accumulation in Sweet Cherry (Prunus avium) 
Andréa M. Almeida1, Karin Rothkegel1, Esteban Soto1, Macarena Greve1, Evelyn Espinosa1, Sebastian Tapia1, Claudio Meneses1, 
Soraya Bravo2, Gabriela Narvaez2, Rodrigo Jorge Hasbún3, Humberto Prieto4, Evelyn Sanchez4 and Christian Montes4, 
(1)Universidad Andrés Bello, Centro de Biotecnología Vegetal, Santiago, Chile, (2)Universidad Andrés Bello, Centro de 
Biotecnología Vegetal, Talcahuano, Chile, (3)University of Concepción, Chile, Concepcion, Chile, (4)Instituto de Investigaciones 
Agropecuarias - La Platina Station, Santiago, Chile 
Floral bud dormancy release and flowering in temperate fruit species such as sweet cherry depends on the fulfillment of chilling requirement 
during winter and heat accumulation at beginning of spring. The uncertainty associated with the climate change on a global level presents a series 
of new challenges on the management of agricultural systems. Especially in Chile the warmer winters of the last decade have been negatively 
affecting the sweet cherry industry.  
Recent findings highlight the epigenetic control of dormancy events in fruit species such as peach, pear and chestnut. In order to understand the 
molecular bases of floral bud dormancy and cold accumulation in sweet cherry and to develop molecular markers for the trait, we explored 
different aspects of epigenetic regulation.  
To search for DNA methylation patterns that would be related to cold accumulation we have been using bisulfite sequencing, methylation-
sensitive amplified polymorphism (MSAP) and methylated DNA immunoprecipitation (MeDIP). DNA from floral buds with different chilling 
hour accumulation was obtained from sweet cherry varieties with contrasting chilling requirement. To complement these assays, we also 
performed small RNA deep sequencing, miRNA identification and validation by stem-loop PCR in one of the varieties.  
We could identify some differentially methylated regions that could be correlated to cold accumulation and may be used as epi-alleles for the 
trait. We also observed that in some cases small RNA directed DNA Methylation (RdDM) seemed to be involved. All together these results 
suggest that epigenetic regulation plays a pivotal role in the environmental control of dormancy.  
Funding: FONDEF G09I1008, CORFO 13CTI21520-SP05, FONDECYT 1130197 
 
W366: Fruit/Nuts 
Plum Pox Virus and Prunus spp: The Small RNA Talk 
Paola Barba1, Aurélie Chague2, Veronique Decroocq2, Jean-Philippe Eyquard2, Christian Montes3, Humberto Prieto3, Daniela 
Quiroz3, Julia Rubio3, Evelyn Sanchez3 and David Tricon4, (1)School of Integrative Plant Science, Cornell University, Geneva, NY, 
(2)UMR BFP1332 - INRA-Universite de Bordeaux, Villenave d'Ornon Cedex, France, (3)Instituto de Investigaciones 
Agropecuarias - La Platina Station, Santiago, Chile, (4)UMR BFP1332 - INRA-Universite de Bordeaux, Villenave d'Ornon, France 
Virus susceptibility gene silencing is one of the most promising strategies aiming at the development of resistance against Plum pox virus (PPV), 
a high impact disease affecting Prunus species (plum, peach, apricot, cherry and almond). Different host factor genes were targeted, incl. the 



members of the translation initaition complex, as well as the virus sequence, sensu stricto. Hairpin constructs were developped and introduced in 
susceptible stone fruit trees (diploid P. salicina) as well as in Arabidopsis thaliana in order to trigger RNAi against PPV. PPV resistant Prunus 
and herbaceous transgenic lines were obtained, they are being used to advance our understanding of both host-PPV interaction and the RNAi 
mechanism. High-throughput small RNA (sRNA) sequencing of those PPV resistant lines was performed, targeting specifically molecules linked 
to RNAi activity (i.e., 21- to 24-nt siRNAs). This type of information is expected to improve our knowledge concerning the RNA interference 
process. Variations in sRNA identity and distribution in wild type P. salicina individuals and PPV resistant transgenic lines are currently under 
study. From these, we also expect to identify key endogenous pathways altered by virus multiplication.  
On the other hand, the use of resistant individuals derived from genetic transformation of P. salicina and model plants allows for the 
characterization and understanding of the RNAi process caused by the hairpin construct(s). The comparison between PPV-resistant Japanese 
plums and model herbaceous plants (and their susceptible wild-type counterparts) already yielded different patterns of sRNA accumulation. 
Based on those analyses, our results will be further discussed and used to describe plant-PPV interaction in terms of these sRNA modulations.  
Funding: FONDEF G09I1008, CORFO 13CTI21520-SP07, ECOS-CONICYT C09B03 
 
W367: Functional Annotations of Animal Genomes (FAANG) 
Update on Functional Annotation of Regulatory Elements in Chicken, Pig and Cattle 
Pablo J. Ross, Animal Science, University of California Davis, Davis, CA and Huaijun Zhou, University of California, Davis, 
Davis, CA 
 
W368: Functional Annotations of Animal Genomes (FAANG) 
Fr-Agencode Update 
Huaijun Zhou, University of California, Davis, Davis, CA 
 
W369: Functional Annotations of Animal Genomes (FAANG) 
Identification and Use of Regulatory Variation in Dairy Cattle 
Hans D. Daetwyler1,2, Christy J Vander Jagt1, Majid Khansefid3, Coralie Reich1, Claire Prowse-Wilkins1, Brett Mason1, Min 
Wang2, Mike Goddard1,3, Amanda J. Chamberlain1 and Ben J Hayes1,4, (1)Agriculture Victoria, Bundoora, Australia, (2)La Trobe 
University, Bundoora, Australia, (3)University of Melbourne, Parkville, Australia, (4)University of Queensland, St Lucia, Australia 
There is increasing evidence that genetic variation affecting complex traits lies in regions of the genome regulating gene expression. Expression 
quantitative trait loci (eQTL) mapping and allele specific expression (ASE) are two ways of finding cis-regulatory genetic variation, that could 
also affect complex traits. We have used RNA sequence data to investigate the extent of ASE in cattle. We conclude that ASE is pervasive in 
cattle, is most often tissue specific and that more than half the time displays divergent allele specific expression patterns across tissues. In another 
study we compared SNP significantly associated with gene expression with those significantly associated with variation in complex traits. 
Results showed that SNP driving ASE were also often local eQTL implying that they were cis-eQTL. These SNP often affected gene expression 
in more than one tissue and the allele increasing expression was usually the same. Also, SNP significantly associated with gene expression were 
more likely to influence complex traits. We have also used RNA sequence data from milk and white blood cells (WBC) from 29 Jerseys and 112 
Holsteins with imputed whole genome sequence data to identify eQTL that affect gene expression in lactating cattle. eQTL analysis revealed 132 
(milk cells) and 649 (WBC) eGenes (p<1x10-6, false discovery rate of 0.016 and 0.013 respectively). There was a trend for the eQTL to be close 
to the gene transcription start site (TSS), with 23% of significant eQTL within 50kb of the TSS.  
Due to the extent of linkage disequilibrium within Holstein cattle, the eQTL have broad peaks and identification of causative mutations is very 
difficult. The underlying mutations responsible for the eQTL could be identified more precisely if there was good annotation of the bovine 
genome for regulatory regions (eg promotors and enhancers). With the ultimate aim of identifying these regions, and as a contribution to the 
Functional Annotation of Animal Genomes (FAANG), two lactating (5th and 7th parity) and pregnant (16 weeks) Holstein females and their 
unborn foetus’ were euthanized and extensive tissue sampling performed. 40 tissues/cell types were sampled from each cow/foetus pair. RNA 
was successfully extracted from 36 of these tissue/cell types and stranded libraries have been prepared in duplicate. RNA sequencing is 
underway aiming for 40 million reads per library. Chromatin Immunopreciptation (ChIP) sequencing is currently being optimised for 8 tissues.  
Identification of cis-regulatory variants responsible for phenotypic variation in cattle production traits might be accelerated by the above strategy, 
leading to more rapid identification of causative mutations affecting complex traits, and more accurate genomic selection.  
 
W370: Functional Annotations of Animal Genomes (FAANG) 
FAANG Reference Data Datasets for the Pig Ipec-J2 and Chicken SL-29 Epithelial Cell Lines 
Richard Crooijmans, Ole Madsen and Martien A.M. Groenen, Wageningen University, Wageningen, Netherlands 
We have developed a FAANG data set for a pig and chicken epithelial cell line respectively, that we propose to be used a reference for 
laboratories aiming to implement ChIP-seq procedures. For pig we have chosen the small intestinal epithelial cell line IPEC-J2 which was 
established from normal intestinal epithelium cells isolated from the jejunum of a neonatal, unsuckled pig. For chicken we have chosen the SL-
29 epithelial cell line, derived from a 11 day old chicken embryo. The chicken SL-29 and pig Ipec-J2 cell lines are available from the ATCC 
(www.lgcstandards-atcc.org ) and DSMZ (www.dsmz.de) repositories respectively.  
For both cell lines we have obtained the following data: (1) ChIP-seq for 4 histone marks (H3K27ac, H3K4me3, H3K27m33, H3K4me1) (2) 
ChIP-seq for the highly conserved insulator-binding protein CCCTC-binding factor (CTCF) (3) DNA methylation (50x whole genome bisulphite 
sequences) (4) Whole genome sequences (30x) (5) Stranded RNA-seq  
We also have developed a set of different PCR primers that can be used for quality control of the above mentioned ChIP experiments. This 
allows evaluation of the ChIP experiments prior to sequencing the DNA. 
 
W371: Functional Annotations of Animal Genomes (FAANG) 
Update on FAANG Bioinformatics Pipeline Analysis 



James M. Reecy, Department of Animal Science, Iowa State University, Ames, IA 
 
W372: Functional Annotations of Animal Genomes (FAANG) 
Updates on the FAANG M&DS Committee and the FAANG DCC at EMBL-EBI 
Laura Clarke, European Molecular Biology Laboratory, European Bioinformatics Institute, Vertebrate Genomics, Cambridge, 
United Kingdom 
The FAANG Data Coordination Centre (DCC) has been established at EMBL-EBI since November 1st 2016. The FAANG DCC will support 
members of the FAANG community in meeting the FAANG metadata and data sharing requirements and provide a data portal to facilitate the 
community in finding and using both FAANG generated data and the wider range of functional genomic data which can be found in the public 
archives.  
The FAANG DCC works very closely with the Metadata and Data Sharing committee to ensure the standards FAANG members are expected to 
follow meet the downstream data use requirements of FAANG, but don’t present too high a burden to data generating teams. We have deployed 
a validation tool (http://www.ebi.ac.uk/vg/faang) which allows people to validate if they have met the standards for sample metadata. This is 
being extended to also work for experimental metadata and its rules.  
Moving forward we are establishing a data portal to help the community explore the available data (http://data.faang.org). This portal will allow 
people to explore the samples and data collected by FAANG and other functional data found in the public archives for FAANG’s species of 
interest.  
The FAANG Data Coordination Centre and the Metadata and Data Sharing committee want to help the community share and have access to high 
quality and well described data. Any questions about the best approach to this can be sent to faang-dcc@ebi.ac.uk. Members of the FAANG 
DCC team can be contacted at this address if you would like to meet and discuss your metadata and data sharing requirements during PAG. 
 
W373: Functional Annotations of Animal Genomes (FAANG) 
FAANG-Related Project Update 
Angela Cánovas, University of California-Davis, Davis, CA, Carrie J. Finno, University of California - Davis, Davis, CA, Zhihua 
Jiang, Washington State University, Pullman, WA, Stephen N. White, USDA, ARS, Animal Disease Research Unit, Pullman, WA, 
John Williams, Davies Research Centre, University of Adelaide, South Australia, Australia and Christa Kuehn, Leibniz Institute for 
Farm Animal Biology (FBN), Dummerstorf, Germany 
 
W374: Functional Annotations of Animal Genomes (FAANG) 
Update on Coordination of FAANG-Related Proposals to AFRI-Tools and Resources 
Christopher K. Tuggle, Iowa State University, Department of Animal Science, Ames, IA 
 
W375: Functional Annotations of Animal Genomes (FAANG) 
FAANG Coordination Discussion 
Huaijun Zhou, University of California, Davis, Davis, CA 
 
W376: Functional Genomics 
Spatially Resolved Transcriptome Profiling in Model Plant Species 
Stefania Giacomello1, Barbara Terebieniec2, Andrey Alexeyenko3, Johan Reimegård4, Fredrik Salmen1, Patrik Ståhl5, Sanja 
Vickovic1, Jose Navarro5, Jens Sundström6, Nathaniel R. Street2 and Joakim Lundeberg1, (1)SciLifeLab, Solna, Sweden, (2)Umeå 
Plant Science Centre, Umeå, Sweden, (3)Science For Life Laboratory, Stockholm, Solna, Sweden, (4)Science for Life Laboratory, 
Uppsala, Sweden, (5)Science for Life Laboratory, Solna, Sweden, (6)Swedish University of Agricultural Sciences, Uppsala, 
Sweden 
Understanding complex biological systems requires functional characterization of specialized tissue domains. However, existing strategies for 
generating and analyzing high-throughput spatial expression profiles were developed for a limited range of organisms - primarily mammals. We 
present the first available method to generate high-resolution, spatially-resolved functional profiles in a broad range of model plant systems. Our 
process includes high-throughput spatial transcriptome profiling followed by spatial gene and pathway analyses. Here we first demonstrate 
feasibility by generating spatial transcriptome profiles from model angiosperms and gymnosperms microsections (Arabidopsis thaliana, Populus 
tremula and Picea abies). We achieved high reproducibility of our method in the three species, and identify a high specificity (92.9%), and a low 
false positive rate (6.5%).  
It is well established that most biological characteristics arise from complex interactions and coordination between the numerous and multi-
layered components of a cell, which act across the genome-to-phenotype continuum. Our approach enables to combine morphological 
information with single and global level gene expression analyses. In A. thalianawe used the spatial data to identify 141 differential expressed 
genes and 189 altered pathways among eight inflorescence tissue domains. Our combined approach of spatial transcriptomics and functional 
profiling represents a powerful new strategy that can be applied to a broad range of plant species, providing an approach that will be pivotal to 
answering fundamental questions in developmental and evolutionary biology. To facilitate this goal, the data have been made available to the 
community for visual exploration, representing the first high-resolution spatially resolved gene expression resource in plants.  
 
W377: Functional Genomics 
Machine Learning Algorithms for Functional Genomics: Soybean Genomics for Pathogen Resistance 
Vincent Colantonio, Southern Illinois University, Carbondale, IL 
The ever increasing availability of large scale genomic datasets urge the development of more informative data mining techniques. With 
extensive advancements in computation speeds and efficiencies, the capacity for large scale data analysis is transcending the hands of computer 



experts and becoming readily available to everyday bench and field scientists. Nevertheless, computer scientists and engineers have had amazing 
advancements in analysis tools and algorithms over the years, but these algorithms are frequently lost in translation, scarcely making it into the 
toolbox of everyday biologists. An example of this is a subset of artificial intelligence: Machine Learning, or conferring computers the ability to 
learn from data. Although machine learning has been studied for decades, it was until recently that the floodgates of genomic data were opened. 
This presentation aims to deliver a practical understanding of machine learning techniques that can be utilized in functional genomic approaches 
to biological problems. In particular, the use of Neural Networks for mapping of pathogen resistance genes in a recombinant inbred line (RIL) 
population of soybean is explored. By employing a vector of RILs, each composed of a vector of single nucleotide polymorphism (SNP) 
markers, and a vector of phenotypic values such as soybean cyst nematode (SCN) incidence, a neural network is shown to learn epistatic 
interactions essential for disease resistance, and predict whether an unseen RIL will be resistant or susceptible to SCN. Finally, the potential of 
machine learning to circumvent massive Plant Introduction phenotyping trials is explored. 
 
W378: Functional Genomics 
MicroRNA Roles in Cotton Fiber Initiation and Early Development 
Baohong Zhang, East Carolina University, GReenville, NC 
Cotton fiber development is a fundamental biological process; investigating cotton fiber initiation and development provides a unique window 
into the regulation of cell differentiation, cellulose biosynthesis, and further increasing cotton fiber quality and yield. For several decades, a great 
deal of research has been aimed at elucidating the underlying molecular pathways. Nevertheless, the mechanisms by which cotton fiber 
differentiates and develops remains unclear. In our previous studies, we found that microRNAs (miRNAs) are differentially expressed among 
cotton fiber and other tissues. Comparing the miRNA expression profiles based on deep sequencing technology, we found that both conserved 
and novel miRNAs have unique pattern in cotton developing ovule. To further test the potential role of miRNAs during cotton fiber 
development, we selected 58 miRNAs and profiled their expression in fiber with different development stages (from -2 DPA to 20 DPA) in both 
wild type and fibreless mutants. Using transgenic, RNAi and genome editing technologies show that overexpression and knockout/knockdown of 
an individual miRNAs affected cotton fiber development and further affect cotton fiber length and quality. 
 
W379: Functional Genomics 
GWAS in a sorghum NAM population, a Diversity Panel and an elite breeding population identifies common genomic 
regions associated with nodal root angle 
Emma S. Mace, University of Queensland, Warwick, Australia 
Agriculture faces enormous challenges to feed a growing population in the face of likely negative impacts of climate change combined with 
dwindling soil and water resources for agricultural production. Sorghum, the fifth most important grain crop worldwide and a C4 dryland crop 
with adaptation to drought conditions, will play an increasingly important role in feeding the world’s expanding population under such 
conditions. An important trait in sorghum which impacts on the potential ability of the crop to capture water is nodal root angle which influences 
vertical and horizontal root distribution in the soil profile. Considerable variation in root angle in sorghum seedlings has previously been reported 
and is predictive of the amount and timing of water uptake in adult plants grown in large root chambers. A high throughput nodal root angle 
screening methodology has been developed and applied to over 2500 individuals from 3 separate populations, including a Nested Association 
Mapping population, a Diversity Panel and a sorghum breeding population. In this study, we report on the identification of multiple genomic 
regions associated with nodal root angle across the three germplasm resources and identify candidate genes for nodal root angle in sorghum and 
use comparative genomics approaches to identify orthologues collocating with root angle QTL in maize and rice. Data from multi-environment 
trials indicates that narrow root angle is associated with the stay-green drought tolerance trait and with higher yield in most Australian sorghum 
growing environments and is thus relevant to drought adaptation. The identification of nodal root angle QTL and candidate genes presents new 
opportunities for improving drought adaptation mechanisms via molecular breeding to manipulate a trait for which selection has previously been 
very difficult. 
 
W380: Functional Genomics 
Crop Functional Genomics Made Easy with CRISPR/Cas9 
Shaun J Curtin1, Robert M. Stupar2, Nevin D. Young3, David Garvin1 and Matthew N Rouse4, (1)USDA-ARS, St. Paul, MN, 
(2)Department of Agronomy and Plant Genetics, University of Minnesota, St. Paul, MN, (3)Department of Plant Pathology, 
University of Minnesota, St. Paul, MN, (4)USDA-ARS Cereal disease laboratory, St. Paul, MN 
Advances in genome engineering technologies have been an important break-through in crop functional genomics. Researchers previously 
confined to working within the mutant collections of model plants are now able to generate mutations for nearly any gene of interest in crop 
species amenable to genetic transformation. The most recent genome engineering platform is the CRISPR/Cas9 reagent. This platform is 
inexpensive and relatively accessible compared to earlier technologies, allowing researchers with minimal molecular biology specialization to 
perform targeted mutagenesis at specific loci for desirable trait outcomes. This talk will address recent applications of these reagents in crop 
species, focusing on the functional genomics of small RNA pathway-associated genes in soybean, symbiotic nitrogen fixation-associated genes 
in Medicago, and new efforts to compliment wheat breeding practices against rust pathogens. 
 
W381: Functional Genomics 
The Non-Transgenic LORE1 Insertion Mutant Collection for Legume Genetics 
Anna Malolepszy1, Terry Mun1, Niels Sandal1, Manu Dubin2, Jens Stougaard1 and Stig Uggerhøj Andersen1, (1)Aarhus 
University, Aarhus, Denmark, (2)Gregor Mendel Institute, Vienna, Austria 
With more than 640,000 annotated insertions, the non-transgenic LORE1 insertion mutant resource offers knock-out alleles of the majority of 
active genes in the legume Lotus japonicus (http://lotus.au.dk). A detailed characterization of the LORE1 population, including insertion 
preferences with respect to methylation status, transcriptional effects of insertion and estimates of background mutation rates will be presented. 
In addition, examples of use of the LORE1 resource in characterization of nodulation signalling will be presented.  



Reference: 
Małolepszy A, Mun T, Sandal N, Gupta V, Dubin M, Urbański D, Shah N, Bachmann A, Fukai E, Hirakawa H, Tabata S, Nadzieja M, 
Markmann K, Su J, Umehara Y, Soyano T, Miyahara A, Sato S, Hayashi M, Stougaard J, Andersen SU. The LORE1 insertion mutant resource. 
Plant J. 2016 Jun 20. doi: 10.1111/tpj.13243. PubMed PMID: 27322352. 
 
W382: Functional Genomics of C4 and CAM photosynthesis 
Unraveling the Molecular Basis of Kranz Anatomy in C4 Grasses 
Carla P. Coelho, Donald Danforth Plant Science Center, Saint Louis, MO 
C4 photosynthesis relies on both biochemical and anatomical adaptations; and while the biochemistry is well established, the regulatory networks 
underlying kranz anatomy are largely unknown. Recently, a number of candidates underlying kranz anatomy development has been identified 
and a regulatory network involving the transcriptional regulation of SCARECROW/SHORT-ROOT (SCR/SHR) together with IDDs has been 
hypothesized to determine cell identity in the leaves of C4 species. We explored numerous transcriptomics data and extensive literature survey to 
prioritize candidates and identified four members of the IDDs that are co-expressed in the leaf gradient, enriched to the mesophyll (M) cells and 
to the bundle sheath (BS). These candidates were tested using Y1H and Y2H assays to define an interaction network of SHR/SCR and IDDs. The 
complexity of the gene networks and time to generate mutations in several genes have hampered functional analyses of these candidates until 
now. In the Brutnell lab, we successfully applied CRISPR/Cas9 to generate null alleles in S. viridis. In parallel, translational fusion constructs 
tagged with YPet were developed using the Golden Gate system for cellular localization and ChIPseq. Extensive microscopy in single and higher 
order mutants are being explored to evaluate any defects in cellular patterning or differentiation of the vascular bundle in the independently 
evolved Setaria viridis and also in maize. We hypothesize that BS- or M-cells enriched IDDs act together with SHR and SCR define a network 
that contributes to the differentiation of photosynthetic cells in C4 grasses.  
  
W383: Functional Genomics of C4 and CAM photosynthesis 
Genomics of Crassulacean Acid Metabolism (CAM) Species 
Robert VanBuren, Michigan State University, East Lansing, MI 
 
W384: Functional Genomics of C4 and CAM photosynthesis 
Multiscale Modeling of Metabolism and Its Regulation in C4 Plants 
Christopher R. Myers, Cornell University, Ithaca, NY and Eli Bogart, Brigham and Women's Hospital, Harvard Medical School, 
Boston, MA 
While much of the basic biochemistry associated with C4 photosynthesis is well understood, its regulation in developing plants and its role in the 
broader context of plant metabolism is less well characterized. To address such issues, we have constructed a multiscale mathematical model of 
metabolism in maize, an important C4 crop, that we have used to probe the regulation of metabolism in a developing leaf using high-resolution 
transcriptomic inputs. This work builds on our new genome-scale metabolic reconstruction for maize, our development of a novel computational 
method for integrating nonlinear kinetic constraints into constraint-based metabolic models, and the integration of a variety of transcriptomic 
data sets to parameterize enzymatic regulation as it unfolds during development. This analysis reproduces some of the observed physiology of 
developing leaves such as source-sink partitioning, and describes the reprogramming of maize metabolism from tissue dedicated to leaf 
development to that supporting carbon fixation through C4 photosynthesis.  
 
W385: Functional Genomics of C4 and CAM photosynthesis 
Using the Genome of the Orchid Erycina Pusilla as a Model to Study Crassulacean Acid Metabolism in Monocots 
Victor A. Albert, University at Buffalo, Buffalo, NY 
Photosynthesis is a foundational process supporting the vast majority of life on Earth. However, for plants living under water-limited conditions, 
photosynthetic productivity can be reduced by hotter and drier climatic conditions. Some plants employ modified forms of photosynthesis that 
increase their water-use efficiency under extreme environmental conditions. Crassulacean acid metabolism (CAM) is one such innovation that 
has facilitated diversification in a widearray of plant lineages. We are actively studying the independent development of CAM in the orchid 
family, wherein many species with an array of vegetative forms thrive in epiphytic and lithophytic niches. We are using the species Erycina 
pusilla (a CAM species) and Erycina crista-galli (a closely related C3 species) of subtribe Oncidiinae as a model species for functional research, 
with stable genetic transformation possible in E. pusilla and time to the T1 generation in as few as 18 months. Using our complete nuclear 
genome sequence, we have classified gene families in Erycina relative to another model CAM species, Phalaenopsis equestris, as well as to 
several other sequenced plant genomes. We have performed transcriptome analysis throughout the 24 hour light-dark growth cycle, and 
correlated results with physiological evidence for CAM activity. We have initiated transformation studies after mining these transcripome 
resources for differentially expressed genes. Here, we will report our initial progress with these various experiments. Coauthors: Ming-Tsair 
Chan, Agricultural Biotechnology Research Center, Taiwan; Choun-Sea Lin, Agricultural Biotechnology Research Center, Taiwan; Jeremy J. W. 
Chen, National Chung Hsing University, Taiwan; Yao-Ting Huang, National Chung Cheng University, Taiwan; Tianying Lan, University at 
Buffalo, USA, Kimberley Farr, University at Buffalo, USA; Tien-Hao Chang, University at Buffalo, USA; Jim Leebens-Mack, University of 
Georgia, USA; Karolina Heyduk, University of Georgia, USA; Michelle C. Hwang, University of Georgia, USA; Katia Silvera, University of 
California, Riverside, USA. 
  
W386: Functional Genomics of C4 and CAM photosynthesis 
Regulation of C4 Photosynthesis 
Andrea Braeutigam, Leibniz-Institut für Pflanzengenetik und Kulturpflanzenforschung (IPK), OT Gatersleben, Germany 
 
W387: Functional Genomics of C4 and CAM photosynthesis 
Variation in Gene Expression and Regulation of CAM in Yucca (Asparagaceae) 



Karolina Heyduk, Jeremy N. Ray, Saravanaraj Ayyampalayam and Jim Leebens-Mack, University of Georgia, Athens, GA 
Crassulacean acid metabolism (CAM) is a modification of the photosynthetic pathway that allows plants to successfully grow in water-limited 
environments. Using an emerging model system in the genus Yucca (Asparagaceae), with a single origin of CAM ~2-5 million years ago, we 
employ a comparative genomics approach to better understand transcriptional regulation of the CAM pathway. We experimentally drought 
stressed C3 Y. filamentosa, CAM Y. aloifolia, and an intermediate C3-CAM hybrid of the two, Y. gloriosa. We generated time series RNAseq data 
collected every four hours over a 24-hour period in well-watered and drought stressed samples. We performed polynomial regression analysis to 
distinguish genes exhibiting time-structured expression patterns from genes that did not have variation in expression across time. Genes that had 
time-structured expression were further clustered and compared across species. Canonical CAM pathway genes, genes involved in carbohydrate 
metabolism and degradation, and circadian clock regulators were identified within specific gene expression clusters. We found that the CAM and 
C3-CAM species share expression patterns for key CAM genes, while CAM genes in the C3 species exhibited much lower transcript abundances 
but had similar time-structured expression. Further analysis of carbohydrate metabolism genes revealed reciprocal and alternative expression 
patterns between CAM and C3 species, possibly due to differences in their carbohydrate needs. Finally, analysis of co-expressed gene networks 
highlights the central role of circadian clock transcription factors in the CAM and C3-CAM hybrid species, especially in clusters containing CAM 
genes, but no such role for clock genes was evident in the C3 species. 
 
W388: Fungal Genomics 
Dissecting the Genomic Architecture of Puccinia graminis f. sp. tritici – Wheat Interaction 
Fei He1, Wei Wang2, Andres Salcedo2, William Rutter2, Shiaoman Chao3, Katherine Jordan1, Alina Akhunova4, Jorge Dubcovsky5, 
Les J Szabo6, Matthew N. Rouse6 and Eduard Akhunov1, (1)Kansas State University, Department of Plant Pathology, Manhattan, 
KS, Manhattan, KS, (2)Department of Plant Pathology, Kansas State University, Manhattan, KS, (3)USDA-ARS, Fargo, ND, 
(4)Kansas State University, Manhattan, KS, (5)University of California, Davis, Davis, CA, (6)USDA-ARS Cereal Disease Lab, St 
Paul, MN 
Wheat stem rust caused by Puccinia graminis f. sp. tritici (Pgt) can lead to severe yield losses in wheat. The identification of genetic factors in 
wheat and Pgt that define the outcome of infection (resistance vs. susceptibility) is critical for developing crops with long lasting resistance. In 
this project, we performed large-scale profiling of the virulence of 125 Pgt isolates (including the Ug99 race group) on the panel of 460 
genetically and geographically diverse wheat accessions. A total of 57,500 disease resistance scores were collected and used to investigate the 
geographic and genomic distribution of resistance and virulence in the host and pathogen populations. Strong geographically structured patterns 
of wheat resistance and Pgt virulence were detected. GWAS in wheat identified loci conferring resistance against each of the 125 Pgt isolates 
revealing the complex genetic architecture and evolutionary dynamic of resistance against wheat stem rust. We have used one of the stem rust 
resistance genes, Sr35, as entry point to search for a Pgt effector recognized by this gene. The whole genome diversity scan of Sr35-virulent and 
–avirulent Pgt strains including the natural and chemically mutagenized isolates helped to identify a candidate effector gene successfully 
validated using in planta assays. The effector’s sequence diversity explained most of the virulence of Pgt isolates on the Sr35+ and Sr35- wheat 
lines. We demonstrate that by applying large-scale phenotyping and whole genome sequencing to the populations of both host and pathogen it is 
possible to dissect the genetic architecture their interaction. 
 
W389: Fungal Genomics 
Botrytis cinerea Loss and Restoration of Virulence during in vitro Culture Follows Flux in Global DNA Methylation 
Carlos M Rodriguez Lopez, University of Adelaide, Adelaide, Australia 
There is compelling evidence highlighting the importance of DNA methylation in controlling gene expression of higher animals and plants 
during development and in response to challenges. However, less is known of the extent to which DNA methylation is involved in determining 
the virulence of pathogenic fungi. Here we confirm previous reports that the virulence of plant pathogenic fungi (in this case B. cinerea) 
decreases during prolonged in vitro culture, and that virulence levels recover after one passage on A. thaliana. We next observed correlative 
associations between progressive loss and restoration of virulence of these samples and flux in global DNA methylation patterns measured using 
Methylation Sensitive Amplification Polymorphisms, suggesting a link between DNA methylation and virulence. To test this hypothesis we used 
Next Generation Sequencing to re-sequence the genomes of B. cinerea cultures of different ages (i.e, 1 and 8 months) and to generate the first 
single base resolution of the B. cinerea methylome by Whole Genome Bisulfite Sequencing of three culture times (1, 8 month and 8 months plus 
one passage on A. thaliana). This work showed that while genetic mutations could not explain the observed changes in virulence, modification to 
the methylation levels of 25% of all B. cinerea genes known to be implicated in virulence were consistent with a functional link existing between 
methylation status and virulence in this important pathogen. 
 
W390: Fungal Genomics 
Genomics of Cercospora 
Burt H. Bluhm, University of Arkansas, Fayetteville, AR 
Cercospora, a widely distributed genus of plant pathogenic fungi, includes species that infect cereals, vegetables, and ornamental plants. Gray 
leaf spot of corn (caused by C. zeae-maydis and C. zeina), frogeye leaf spot of soybean (caused by C. sojina), and Cercospora leaf blight of 
soybean (caused by C. cf. flagellaris and other species) are of particular importance to U.S. agriculture. Many Cercospora species form 
appressoria before penetrating leaves through stomata, and subsequently cause latent infections before inducing necrosis. Foliar necrosis among 
Cercospora spp. is associated with cercosporin, a polyketide-derived phytotoxin. To elucidate fundamental mechanisms of pathogenicity among 
Cercospora spp., we have focused on dissecting pathogenesis in C. zeae-maydis, C. zeina, C. sojina, and C. cf. flagellaris. To complement the 
recently released genome sequence of C. zeae-maydis, we sequenced and assembled the genomes of C. zeina, C. sojina, and C. cf. flagellaris. 
Comparative analyses identified novel potential components of pathogenesis among these Cercospora spp., including genes undergoing 
diversifying selection and genes that are unique at the genus or species level. The cercosporin biosynthetic cluster was highly conserved, 
including in C. zeina and C. sojina, which were not previously known to produce cercosporin. However, the polyketide synthase gene within the 
cluster (CTB1) is dispensable for pathogenesis in C. zeae-maydis, which requires re-evaluation of whether cercosporin is universally important 



for pathogenesis among Cercospora spp. Although many questions remain, findings thus far have led to new hypotheses and working models 
describing the complex dynamics underlying pathogenesis in Cercospora spp. 
 
W391: Fungal Genomics 
Basidiomycete Genomics 
Daniel Cullen, USDA Forest Products Laboratory, Madison, WI, Francis Martin, INRA Nancy, Champenoux, France, Igor V. 
Grigoriev, US Department of Energy Joint Genome Institute, Walnut Creek, CA and Jennifer Talbot, Department of Biology, 
Boston University, Boston, MA 
Wood decay fungi play a pivotal role in forest carbon cycling. Certain basidiomycetes, collectively referred to as white rot fungi, efficiently 
degrade all the major components of wood, including the recalcitrant lignin. Brown rot fungi are phylogenetically related but unable to remove 
lignin. The precise mechanisms of lignocellulose conversion by these fungi are uncertain. However, laboratory studies have implicated oxidative 
systems in lignin and cellulose depolymerization by white rot and brown rot fungi, respectively. Relatively few investigations have examined 
complex microbial communities in natural environments. Addressing this issue, we have initiated metagenome, metatranscriptome and, most 
recently, metaproteome analyses of decaying Pinus contorta wood and associated litter collected from the Bitterroot National Forest. Mass 
spectroscopy-based identification of proteins was restrained by the paucity of reference fungal genomes. However, protein databases derived 
from de novo transcriptome assemblies substantially increased the number of proteins identified. Among the enzymes detected in these 
preliminary studies were manganese dependent lignin peroxidase and glycoside hydrolases, all consistent with lignocellulose degradation. 
Systematic studies along these lines will contribute to our understanding of microbial communities and physiological processes involved in 
carbon conversions in forest systems. The investigations may also identify novel enzymes of value in plant cell wall bioprocessing. 
 
W392: Fungal Genomics 
A New Genetic Code in Yeasts 
Robert Riley1, Sajeet Haridas2, Kenneth H. Wolfe3, Mariana R. Lopes4, Chris Todd Hittinger4, Asaf Salamov2, Christopher H. 
Calvey5, Aisling Y. Coughlan3, Cletus P. Kurtzman6, Meredith Blackwell7, Igor V. Grigoriev2 and Thomas W. Jeffries4,5, (1)U.S. 
Department of Energy Joint Genome Institute, Walnut Creek, CA, (2)US Department of Energy Joint Genome Institute, Walnut 
Creek, CA, (3)University College Dublin, Dublin, Ireland, (4)University of Wisconsin-Madison, Madison, WI, (5)Xylome 
Corporation, Madison, WI, (6)US Department of Agriculture ARS NCAUR, Peoria, IL, (7)Louisiana State University, Baton 
Rouge, LA 
The ascomycete yeasts, which include the model organism Saccharomyces cerevisae, are a diverse group of fungi spanning a billion years of 
evolution, and with enormous biotechnological potential. Unique among eukaryotes, some yeasts are known to have a genetic code change, in 
which CUG codons are translated to serine rather than the usual leucine. Such genetic code changes are interesting due to their extreme rarity, 
but may also complicate efforts to exploit the yeasts’ biotechnological potential through exogenous expression of genes (which might have 
genetic codes incompatible with hosts). We sequenced the genomes of 16 ascomycete yeasts with the goal of discovering biotechnologically 
useful genes. From the genome sequences, we predicted that a xylose-fermenting yeast, Pachysolen tannophilus, translates CUG codons neither 
to canonical leucine nor previously known serine, but to alanine. Mass-spectrometry proteome analysis and genetic transformation experiments 
confirmed this prediction. The existence of multiple genetic codes in the ascomycete yeasts has implications for their exploitation in 
biotechnology and synthetic biology.  
 
W393: Fungal Genomics 
A New Approach: Detection of Fungal and Wheat Genes Involved in Leaf Rust Disease by Transcript Expression 
Associations 
Hala Badr Khalil1, Xiben Wang2, Rob Linning3, David L. Joly4, Dustin Cram5, Nina Thiessen6, Greg Taylor6, Brent McCallum7, 
Barry J. Saville8 and Guus Bakkeren3, (1)Agriculture and Agrifood canada, Summerland, BC, Canada, (2)Agriculture and Agri-
Food Canada, Winnipeg, MB, Canada, (3)Agriculture and Agri-Food Canada, Summerland, BC, Canada, (4)Department of 
Biology, Université de Moncton, Moncton, NB, Canada, (5)National Research Council Canada, Saskatoon, SK, Canada, 
(6)Canada's Michael Smith Genome Sciences Centre, Vancouver, BC, Canada, (7)Agriculture and Agri-Food Canada, Morden, 
MB, Canada, (8)Trent University, Peterborough, ON, Canada 
We developed a methodology to narrow the gap between genomic and functional analyses of highly expressed leaf rust fungus effectors and their 
roles in the wheat host. A high-resolution RNA-seq experiment to compare global gene expression reprogramming of both fungal pathogen 
Puccinia triticina (Pt) and its wheat host Triticum aestivum (Ta) upon infection was performed. Four Pt isolates, race 1 (virulence phenotype 
BBBD), 12-3 (MBDS), 9 (SBDG) or 161 (FBDJ), were inoculated on susceptible cultivar Thatcher and two near-isogenic lines carrying the leaf 
rust resistance genes Lr2a or Lr3. Relative expression levels of both Pt and Ta genes were calculated using the race 1 reference and the 
International Wheat Genome Sequencing Consortium draft Ta genome sequences. In-depth analysis of Pt candidate effector protein genes 
revealed sequential waves of their expression across time (24 hrs to 14 days). Focusing on highly expressed effectors, we identified Pt genes 
whose expression varied significantly among various infection types. By correlating these expression patterns with those of the host, we detected 
wheat genes likely affected by and hence possibly interacting with those effectors. Fluorescent chimers of five Pt effectors, whose transcript 
levels were highly associated with wheat transcripts across various interactions, were found to be targeted to diverse plant organelles in a 
heterologous Nicotiana benthamiana plant system. Using a bimolecular fluorescent complementation assay, two Pt effectors, PTTG_08468 and 
PTTG_10273, were found to interact with Taphosphoethanolamine methyltransferase and glycogenin-2 like protein, respectively. Verification of 
these interactions by CoIP and mass spectrometry is in progress. 
 
W394: Gene Expression Analysis 
Introduction to the workshop 



David W. Galbraith, BIO5 Institute & School of Plant Sciences, University of Arizona, Tucson, AZ 
 
W395: Gene Expression Analysis 
Accelerating Research on Spotted Wing Drosophila Management Using Genomic Technologies 
Joanna C. Chiu, University of California, Davis, Department of Entomology and Nematology, Davis, CA and Antoine Abrieux, 
University of California Davis, Davis, CA 
Drosophila suzukii is an invasive species that originated from Southeast Asia, and was first discovered in the continental U.S.A. (Watsonville, 
CA) in 2008. It has since rapidly spread to become an established pest of fruit crops all over the world. Commonly known as the Spotted Wing 
Drosophila (SWD), this vinegar fly has an enlarged, serrated ovipositor, allowing adult females to penetrate the skin of soft-skinned, ripening 
fruit and lay eggs inside, where the larvae feed and destroy the fruit. D. suzukii invasions have caused significant crop losses that amounts to 
millions of dollars annually, and disrupted previously successful integrated management programs on fruit crops. To date, D. suzukii cold 
resistance studies predict that this species cannot overwinter in northern locations, e.g. Canada, but curiously they are established pests in these 
regions. Combining physiological investigations with RNA sequencing, we present potential mechanisms by which D. suzukii can overwinter in 
northern latitudes. This work may contribute to more accurate population models that incorporate seasonal variation in physiological parameters, 
leading to development of better management strategies to combat this serious pest. 
 
W396: Gene Expression Analysis 
Quantitative Profiling of Large and Complex Single Cell Populations 
Deanna Church1, Grace Zheng1, Jessica Terry1, Paul Ryvkin1, Zachary Brent1, Stephane Boutet1, Jeff Mellen1, Geoff McDermott1, 
Luz Montesclaros1, Dan Riordan1, Michael Schnall-Levin1, Joe Shuga1, Matt Sooknah1, Tobias Wheeler1, Alexander Wong1, Kevin 
Wu1, Solango Ziraldo1, Emily Stevens2, Jerald Radich2, Jason Beilas2, Ben Hindson1 and Tarjei Mikkelsen1, (1)10x Genomics Inc., 
Pleasanton, CA, (2)Fred Hutchinson Institute, Seattle, WA 
Discrimination of discrete cell types in complex tissues is critical to fully elucidating biological systems. Current methods for single cell RNA-
sequencing (scRNA-seq) face practical challenges such as throughput limitations, custom set-up requirements, and complicated experimental 
protocols. We describe a fully-integrated, droplet-based system that enables 3’ mRNA digital counting of up to tens of thousands of single cells 
per sample with >65% cell capture efficiency and a low doublet rate (<1% per 1000 cells). We have used this system to profile over a million 
cells from the cortex and hippocampus regions of E18 murine brain. In addition to identifying expected major neuronal and glial cell types, we 
also detected rare interneurons without complex enrichment procedures. We have also demonstrated the ability of the system to characterize 
large immune populations from peripheral blood and bone marrow. Coupling the droplet-based system to a novel computational method to 
distinguish cells from multiple individuals via de novo variant calling, we study host and donor cell chimerism in an allogeneic hematopoietic 
stem cell transplant setting. In a proof of concept experiment, we discover new insights into the disease state of an AML patient before and after 
transplant that were not readily achievable with traditional PCR, FACS-based analysis. We envision that our technology will enable widespread 
adoption of high throughput single cell mRNA analysis, and accelerate the characterization of diverse developmental systems as well as tumor 
samples in basic and clinical research. 
 
W397: Gene Expression Analysis 
Recurrent Activation of a Latent Centromere in the Cericentromeric Region of Maize Chromosome 3 
Hainan Zhao1, Zixian Zeng1, Dal-Hoe Koo2, Bikram S. Gill2, Fangpu Han3, James A. Birchler4 and Jiming Jiang1, (1)University of 
Wisconsin-Madison, Madison, WI, (2)Kansas State University, Manhattan, KS, (3)Chinese Academy of Sciences, Beijing, China, 
(4)University of Missouri, Columbia, MO 
In most eukaryotes, centromere identity is determined by the presence of nucleosomes containing CENH3, a centromere-specific histone H3 
variant. New centromeres can form de novo at non-centromeric regions, which are known as “neocentromeres”. Some chromosomal regions are 
prone to neocentromere formation, suggesting that neocentromere activation is non-random process. However, the determinants of 
neocentromere formation have remained elusive. We discovered that a pericentromeric region of maize chromosome 3 two megabases away 
from the centromere (Cen3) underwent at least three independent neocentromere activation events. We analyzed the genomic and epigenomic 
features associated with Cen3, the neocentromeres and an inactivated centromere of an ancestral chromosome 3. We find that the neocentromeric 
region lacks genes and is associated with low levels of transcription and relatively high levels of DNA methylation. These genomic and 
epigenomic features may provide a favorable chromatin environment for recurrent neocentromere activation. 
 
W398: Gene Expression Analysis 
Transcriptome Analysis & Beyond: Advanced Approaches for Transcriptome Analysis in Diploid and Polyploid Plant 
Species. 
Won Cheol Yim, Department of Biochemistry and Molecular Biology, University of Nevada, Reno, Reno, NV 
 
W399: Gene Expression Analysis 
Unveiling the Complexity of Maize Transcriptome Using Single-Molecule Long-Read Sequencing 
Bo Wang1, Tseng Elizabeth2, Michael Regulski1, Tyson A. Clark2, Ting Hon2, Yinping Jiao3, Jerry Lu1, Andrew Olson1, Joshua 
Stein1 and Doreen Ware1, (1)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (2)Pacific Biosciences, Menlo Park, CA, 
(3)USDA-ARS/Cold Spring Harbor Laboratory, Lubbock, TX 
Zea mays is an important genetic model for elucidating transcriptional networks. Uncertainties about the complete structure of mRNA transcripts 
limit the progress of research in this system. Here, using single-molecule sequencing technology, we produce 111,151 transcripts from 6 tissues 
capturing ∼70% of the genes annotated in maize RefGen_v3 genome. A large proportion of transcripts (57%) represent novel, sometimes tissue-
specific, isoforms of known genes and 3% correspond to novel gene loci. In other cases, the identified transcripts have improved existing gene 



models. Averaging across all six tissues, 90% of the splice junctions are supported by short reads from matched tissues. In addition, we identified 
a large number of novel long non-coding RNAs and fusion transcripts and found that DNA methylation plays an important role in generating 
various isoforms. Our results show that characterization of the maize B73 transcriptome is far from complete, and that maize gene expression is 
more complex than previously thought, single-molecule sequencing can facilitate genome annotation. 
 
W400: Gene Expression Analysis 
Gene Expression Changes in First Generations of Reciprocal Interspecific Grass Hybrids 
Stepan Stoc�es1, Steven Yates2, Tom Ruttink3, Bruno Studer2, Zbigniew Zwierzykowski4, Isabel Roldan-Ruiz3, Tomas Ksiazczyk4, 
Jaroslav Doležel1, David Kopecky1 and Jan Bartoš1, (1)Institute of Experimental Botany, Olomouc, Czech Republic, (2)Swiss 
Federal Institute of Technology, Zuerich, Switzerland, (3)ILVO Plant Sciences Unit, Melle, Belgium, (4)Institute of Plant Genetics, 
Poznan, Poland 
Interspecific hybridization plays a key role in plant evolution. Interspecific hybrids arise from a cross between two different species, frequently 
followed by polyploidization. As a consequence, such hybrids carry two or even more sub-genomes, which contribute to their phenotype. Some 
interspecific hybrids, including Festulolium (Festuca × Lolium hybrids), were created artificially to combine favourable characteristics of two 
species. However, only little is known about mechanisms underlying interactions between two sub-genomes in hybrid plants.  
We studied gene expression in reciprocal Festuca pratensis × Lolium multiflorum hybrids. First, the transcriptome of both parental genotypes 
was sequenced and assembled using Orthologous Guided Assembly, resulting in 19,036 and 18,952 transcripts, respectively. Then, interspecific 
SNPs that discriminate Festuca and Lolium alleles were identified. These SNPs were used to quantify differential and allele specific expression 
in the parental genotypes and the two following hybrid generations. Only 135 (out of 6,647) orthologous genes display differential expression 
between the parental genotypes. Similarly, equal expression for the two parental alleles was found in hybrids for the majority of genes. About 
nine per cent of ≈6,800 genes analysed in each reciprocal hybrid show allele specific expression in F1 generation and this number increased to 
about 15% in F2 plants. While maternity did not affect gene expression, effect of species was clearly recognized. Lolium allele was over-
expressed for six-times more genes then Festuca allele in both reciprocal crosses.  
Our work will significantly contribute to understand hybridization processes between two important grass species and genome interaction in 
allopolyploid species in general. 
 
W401: Gene Introgression 
Introduction 
Julie King, The University of Nottingham, Leicestershire, United Kingdom 
 
W402: Gene Introgression 
Simultaneous Introgression and Mapping of Hessian Fly Resistance from Aegilops tauschii in Wheat 
Narinder Singh, Kansas State University, Manhattan, KS 
Hessian fly (HF; Mayetiola destructor), a member of the gall midge family of plant-parasitic insects, is a serious insect pest of wheat (Triticum 
aestivum) that results in 5-10% annual yield loss in the United States alone. Thirteen biotypes of HF, designated as A-L and GP, have been 
reported based on their infestation of known sources of resistance. GP is most prevalent in the Great Plains and is one of the most virulent 
biotypes. Seven of the 35 resistance genes documented to date provide resistance to the GP biotype, and all GP-effective resistance genes are 
mapped on short arm of chromosome 1A. HF resistance genes and avirulence effectors in the fly fit the gene-for-gene model. Thus, deployment 
of a single resistance gene produces a strong selection pressure on the insect populations and resistance is often rapidly defeated. It is imperative 
to continue with the discovery of new genes that can be deployed in wheat breeding. A new HF resistance gene was identified from the diploid 
D-genome relative, Aegilops tauschii, by mapping in a direct introgression backcross population with hard red winter wheat cultivar ‘Overley’ . 
Phenotypic screening of BC3F2:3 lines indicated that resistance is conferred by a single dominant gene. Genotyping-by-sequencing (GBS) and 
bulked-segregant RNAseq and RenSeq were used to genotype the population and map the HF resistance. Genotypic analysis has shown that the 
gene is present on the distal end of the long arm of chromosome 3D, and positioned around 573Mb with an introgression size of ~7.5Mb. 
Developing wheat varieties with host resistance, particularly with well-characterized genes pyramided by marker assisted selection, is an 
effective and sustainable way to control HF and other insects. This germplasm will be available for the plant breeding community through the K-
State Wheat Genetics Resource Center. 
 
W403: Gene Introgression 
Scalable-Infield Phenotyping for DNA Measurements of Performance Related Traits to Study Gene Introgression in Bread 
Wheat 
Ji Zhou, Earlham Institute, Norwich, United Kingdom 
Automated in-field phenotyping can provide continuous and precise measures of adaptation and performance traits that are key to today’s 
breeding pipelines and agricultural practices. In my talk, I will introduce our integrated field phenotyping systems at John Innes Centre (JIC) and 
Earlham Institute (EI), including UAV (unmanned aerial vehicles), 3D scanning crop phenotyping platform (Phenospex), cost-effective 
CropQuant workstations and other novel hardware/software solutions that facilitate high-resolution and high-frequency crop phenotyping. In 
particular, I will talk about how we are utilising phenotypic information to empower the assessment of genes controlling yield potential and 
environmental adaptation which are key to study gene introgression. I will introduce CropQuant, a cost-effective IoT (Internet of Things) 
powered platform that has incorporated networked sensors, single-board computers, in-field wireless communication and open high-throughput 
analysis algorithms to process field experimentation data. Besides trait analysis, we have established machine-learning based models to explore 
and predict the dynamics between genotype, phenotype and environment (GxPxE). A proof-of-principle example based on Near-isogenic lines 
(NILs) of wheat genotypes such as Ppd-1 (loss of function), Ppd-D1a (photoperiod insensitivity), Rht-D1b (semi dwarfing), stay green induced 
mutants, and Lr19 (hypersensitive response to the pathogen), and Paragon wild type will be also discussed in the talk. 
 



W404: Gene Introgression 
Introgression of Alien Genes for Resistance to Fusarium Head Blight and Race Ug99 of Stem Rust 
George Fedak, Agriculture and Agri-Food Canada, Ottawa, ON, Canada 
 
W405: Gene Introgression 
Introgressions in an Oat Nested Association Mapping Population 
Tim Langdon, IBERS, Aberystwyth University, Aberystwyth, United Kingdom 
 
W406: Gene Introgression 
Characterization of a Thinopyrum ponticum Introgressions into Durum Wheat Chromosome 7A for Tolerance to Drought 
and Heat 
Delphine Fleury, University of Adelaide, Adelaide, Australia 
 
W407: Gene Introgression 
Combined Mutations in SBEII Genes Affect Grain Yield and Quality in Pasta and Bread Wheat 
André Schönhofen, University of California, Davis, Davis, CA 
 
W408: Genome annotation resources at the EBI 
Ensembl and EnsemblGenomes 
Helen Sparrow, European Bioinformatics Institute (EMBL-EBI), Hinxton, United Kingdom 
Browsing Genes and Genomes with Ensembl and Ensembl Genomes will be presented by Helen Sparrow, Ensembl Outreach Officer. She will 
give an introduction to Ensembl browsers, key views in browsing genomes, and demo tools for accessing genomic data and analysing your own, 
BioMart and the VEP.  
Ensembl (www.ensembl.org) provides an interface and an infrastructure for accessing genomic information covering over 70 vertebrate species, 
including cow, pig, sheep, and chicken. Its sister project, Ensembl Genomes (http://www.ensemblgenomes.org), consists of five sub-portals 
(bacteria, protists, fungi, plants, and invertebrate metazoa) which contain data for over 700 eukaryotic (including wheat, barley, tomato and 
brassicas) and over 40,000 prokaryotic genomes.  
All species in Ensembl and Ensembl Genomes have gene annotation and comparative genomics analyses within the taxa (excluding bacteria). 
For many of these genomes, we also provide annotation of variants, such as SNPs and CNVs. Access to these data are via our browser websites, 
BioMart (for protists, fungi, plants, and animals), FTP, Perl APIs, REST API, and MySQL. The Variant Effect Predictor (VEP) is a powerful 
tool for analysing your own variants, available for all species in Ensembl and Ensembl Genomes and for species not in Ensembl.  
Highlights of the past year include; 
A new chicken assembly and genebuild, dbSNP updates for chicken, horse and cow, and DGVa updates for horse, cow and dog. 
New assemblies for bread wheat and barley, variation data for rice, and track hubs for over 900 public RNA-Seq studies, across 35 plant species. 
 
W409: Genome annotation resources at the EBI 
Manual Genome Annotation 
Jane Loveland and Adam Frankish, Wellcome Trust Sanger Institute, Cambridge, United Kingdom 
The Human and Vertebrate Analysis and Annotation (HAVANA) team at the Wellcome Trust Sanger Institute (WTSI) undertakes manual 
annotation of vertebrate genomic sequence. We have annotated across whole genomes for human, mouse, zebrafish, pig and rat and specific 
regions of interest, such as the Major Histocompatibility Complex (MHC), for selected organisms. The annotation comprises protein coding 
genes, long non-coding RNAs, pseudogenes and other specialised biotypes such as Immunoglobulin and T-cell receptor genes. Our manual 
annotation is publicly available from the Vertebrate Genome Annotation Database (VEGA) (www.vega.sanger.ac.uk) and is merged with the 
automated Ensembl annotation to produce the GENCODE gene set for human and mouse. The annotation can be downloaded from 
gencodegenes.org and is available from the Ensembl and UCSC genome browsers.  
In addition to active annotation of human and mouse, we are currently working on the transfer of the manual annotation of the pig WTSI-X 
chromosome to produce a merged gene set for the new Sus_scrofa-X 11 chromosome. The WTSI-Y chromosome and its manual annotation will 
be incorporated in to the Sus_scrofa 11 genome release in Ensembl, which is due May 2017.  
Manual annotation is a major part of Ensembl and the GENCODE gene set. Annotation is a continuous process and so between the regular 
releases of the Ensembl/GENCODE update cycle we release new annotation every 24 hours via an update track hub that can be accessed from all 
genome browsers and is available here: ftp://ngs.sanger.ac.uk/production/gencode/update_trackhub/hub.txt 
 
W410: Genome annotation resources at the EBI 
VGNC: The Vertebrate Gene Nomenclature Committee 
Elspeth Bruford, European Bioinformatics Institute (EMBL-EBI), Hinxton, United Kingdom 
Standardised gene nomenclature provides an essential resource for all researchers. The Vertebrate Gene Nomenclature Committee (VGNC) is a 
new initiative that extends the remit of the HUGO Gene Nomenclature Committee (HGNC), who provide approved gene symbols and names for 
all human genes, to approve gene names and symbols across vertebrate species without an established gene nomenclature group. Our naming 
strategy for each species starts by identifying a high confidence set of genes with 1:1 human orthologs using our HCOP tool 
(www.genenames.org/cgi-bin/hcop), which aggregates orthology predictions from multiple sources. These 1:1 orthologs are named in a semi-
automated manner, with the HGNC's human gene nomenclature being transferred to the orthologous gene. Genes with non-consensus orthologs, 
members of complex gene families, pseudogenes and RNA genes require additional manual curation. Our prototype species for VGNC naming 
has been chimpanzee and we have already named over 14K protein-coding chimp genes with a 1:1 human ortholog. During this process we have 



taken the opportunity to improve the consistency of our gene names and taken care to minimise transfer of species-specific information. This 
naming will soon be expanded to other species, including dog and cow. An online vertebrate gene nomenclature portal has been created at 
vertebrate.genenames.org that stores, displays and makes this new nomenclature data accessible both to individual researchers and available for 
dissemination to other resources including Ensembl and NCBI Gene, where the VGNC gene symbols and names are also displayed. This 
presentation will discuss the work of the VGNC to date and our plans for the future of vertebrate gene naming. 
 
W411: Genome annotation resources at the EBI 
Comprehensive Coverage and Annotation of Proteome Space 
Ramona Britto, EMBL-EBI, Hinxton, United Kingdom 
The UniProt Knowledgebase (UniProtKB) endeavours to provide the scientific community with the most comprehensive catalogue possible of 
protein sequence and functional information. To achieve this, we have put in place procedures that gather data accurately and consistently from 
source databases followed by extensive annotation and cross-referencing to other resources. The increasing efficiency of whole genome 
sequencing has led to an unprecedented rise in the release rate of fully sequenced genomes. At UniProt, we provide comprehensive protein-
centric views of such genomes through the Proteomes portal (http://www.uniprot.org/proteomes/).  
Complete proteomes are based on translations of completely sequenced genomes; in addition, we offer a selected subset of reference proteomes 
including those of rice, wheat, maize, cow, pig, sheep and other commercially important species. These reference proteomes are the focus of 
expert curation thus providing a basis for the automatic annotation less well-studied genomes. Experimental data from the literature, genome 
scale data such as gene expression and proteomics studies, protein-protein interactions and pathway data are all used in the annotation of these 
protein sets.  
In addition to the import of new proteomes, maintenance and updating of existing proteomes to reflect improvements in genome assemblies and 
genebuild procedures is a vital part the proteomes project. We receive regular updates and feedback from annotation efforts thus benefiting the 
larger research community.  
The talk will outline the production process for complete and reference proteomes, different ways of accessing this data and recent developments 
in the annotation of proteomes. 
 
W412: Genome annotation resources at the EBI 
Submitting Data to EMBL-EBI Resources 
Laura Clarke, European Molecular Biology Laboratory, European Bioinformatics Institute, Vertebrate Genomics, Cambridge, 
United Kingdom 
Creating well-structured data and sharing it with the global scientific community facilitates your own science and makes it easier for you and 
others to reuse your data to answer new questions.  
EMBL-EBI has many services to help you validate, store, annotate and share your data with the scientific community. During this workshop I 
shall give an overview of the major EMBL-EBI archives and pointers on how to submit to them.  
EMBL-EBI hosts archives which accept many different assay types including genome sequence, transcriptomics data, other functional 
sequencing, variation data, proteomics and metabolomics. We also host two archives that can span data across these assay archives. BioSamples 
accepts records of biological samples. When you use the same sample in different assays the ID BioSamples provides allows you to refer the 
common record, enabling users to see when there are different data types available on the same sample. Biostudies is a database of biological 
studies. It can act as a central hub for projects which are generating assay data which sits across multiple archives, ensuring they can be 
discovered in one place. It can also host ancillary data which doesn’t have a logical home in any of our assay archives such as statistical analyses, 
image files or analysis code. (http://www.ebi.ac.uk/submission/)  
EMBL-EBI has many services which can help you share your data with the scientific community. This workshop will provide you with a starting 
point on how to submit data to our archives. 
 
W413: Genome annotation resources at the EBI 
Expression Atlas - a Gene and Protein Expression Look-up Tool 
Amy Tang, EMBL-European Bioinformatics Institute, Hinxton, United Kingdom 
Biological science has seen a steady growth of "big data" in transcriptomics and proteomics over the past decade. With that is a growing need for 
a user-friendly platform to look up expression data via gene/protein of interest, sample properties (e.g. cell line, species name, disease name) or 
main intent of an experiment (e.g. comparing knockouts vs wild-types, treated vs untreated samples), especially for researchers who do not have 
access to high-performance computing facilities to analyse very large data sets. Expression Atlas at EMBL-EBI fills this role by providing pre-
analyzed RNA-seq, expression microarray and proteomics data for researchers to discover and query which genes/proteins are expressed in 
which tissues, cell types, developmental stages, and how expression changes under many other experimental conditions.  
In this talk, I will show examples of querying the Atlas in a baseline context, e.g. find genes expressed in the bovine kidney, or in a differential 
context, e.g. find genes that are up/downregulated in response to salt stress in rice. I'll also illustrate how the combination of manual curation of 
meta-data, a standardised statistical pipeline and the consumption of Ensembl gene annotation data improves reproducibility of the analysed 
results.  
As of December 2016, the Atlas consists of 3023 datasets, 485 of which are RNA-seq. All data in Expression Atlas are free for download/reuse, 
and are sourced from two archival databases at EMBL-EBI: ArrayExpress for transcriptomic data via a user-friendly webform-based submission 
tool Annotare, and PRIDE for proteomics data, the latter a new addition to Atlas in 2016. 
 
W414: Genome annotation resources at the EBI 
Drilling into Experimental Data at the Embl-Ebi Archives 
Gary Saunders, EMBL-EBI, Cambridge, United Kingdom 



Earlier in this workshop we discussed the Ensembl Genome Browser. Much of the data that is shown in the browser is served from the 
submission based EMBL-EBI archival services. In this presentation I shall describe how one can go from the Ensembl Genome Browser into the 
archived experimental data focussing predominantly on genetic variation datasets at the European Variation Archive (EVA; www.ebi.ac.uk/eva) 
and the underlying genome sequence data at the European Nucleotide Archive (ENA; www.ebi.ac/uk/ena). Finally I shall show how all of the 
data at EMBL-EBI is cross-linked using BioSamples (www.ebi.ac.uk/biosamples) to ensure that users are able to find datasets of relevance 
regardless of entry point into the system.  
The EVA archives Variant Call Format (VCF) files, which are the community standard for describing and sharing genetic variation data. 
Submitted VCF files are validated (https://github.com/EBIvariation/vcf-validator) and also associated with rich metadata to ensure that these 
datasets are of most benefit to downstream users. Data archived at the EVA are normalized and annotated using a variety of standardized 
methods, including Ensembl’s Variant Effect Predictor (http://www.ensembl.org/info/docs/tools/vep/index.html). I shall present the ways in 
which users can mine these data by using browsers on the EVA website to construct both study-centric and global queries, filtering on any 
combination of species, methodology, variant type, phenotype, consequence or allele frequency and how results from these queries can be 
downloaded in a variety of formats including VCF and CSV. Additionally, EVA provides a comprehensive REST web services API, to allow 
programmatic access, and hence the integration of these data with other resources, such as Ensembl, and this shall also be presented.  
The ENA is one of the largest and most established archives at EMBL-EBI and accepts submission of experimental data directly from DNA 
sequencing machines, assembly data including alignments to multi-omics datasets that contain many data types. I shall present how one can 
browse from detailed variant data at EVA to the supporting alignment data at ENA to the underlying genomic sequence read data at ENA using 
BioSamples information. This therefore permits the user to complete the journey from genomic locus at the Ensembl Genome Browser through 
to the raw underlying information. 
 
W415: Genome annotation resources at the EBI 
Omics-DI : Searching the Omics Space 
Sandra Orchard1, Yasset Perez-Riverol1 and Henning Hermjakob2, (1)EMBL-EBI, Hinxton, United Kingdom, (2)European 
Bioinformatics Institute, Cambridge, United Kingdom 
In the age of systems biology and data integration, omics data (proteomics/genomics/metabolomics) represents an essential component required 
for us to understand the “whole picture” of life. Access to this data is now a crucial component in biological research and requires substantial 
investment and infrastructure for users to reap maximal benefit from it. Several public repositories have been developed, each with different 
purposes in mind, such as PRIDE, Massive, PeptideAtlas, Metabolights, Metabolomics Workbench and EGA. While there is often integration 
between repositories for the same data type, discovery of datasets across multiple omics datatypes remains a tedious task requiring different 
query strategies across each disparate resource. A common interface with integrated services such as PubMed to give rapid access to publications 
is a much-needed resource for the ‘omics’ community, to provide an access-point from where the user can search related datasets by using 
publication information or common metadata.  
The aim of OmicsDI (www.omicsdi.org/) is to provide a data discovery index for proteomics, metabolomics, transcriptomics and genomics 
datasets by integrating multiple databases and repositories from the US, Europe and worldwide. It provides the required infrastructure to rapidly 
add new databases/repositories and enables the researcher to search, navigate, and find “high-quality”, and relevant datasets. 
 
W416: Genome annotation resources at the EBI 
The EMBL-EBI Industry Program and Ontologies for Agriculture 
Dominic Clark, EMBL-EBI, Cambridge, United Kingdom 
An important part of EMBL-EBI’s mission is to disseminate cutting-edge technologies to industry. Many of our users are engaged in industrial 
R&D and our services are constantly evolving to reflect the rapidly changing needs of this crucial sector. This presentation will provide an 
overview of the different ways that we work with industrial companies at EMBL-EBI. The focus of the presentation will be the EMBL-EBI 
Industry Programme which is a programme for large end user companies of EMBL-EBI data and services. The programme is focussed on 
strategic meetings which help ensure the alignment of our services with the changing needs of industry, workshops as well as pre-competitive 
projects. Although historically most of the members have been from the pharmaceutcial industry, our members also include Unilever, Syngenta, 
Bayer Crop Science and Nestle.  
The workshops are centred on knowledge exchange and are prioritised by our members and reflect current areas of interest. Industry members 
are part of the organising committee for each workshop and we seek to ensure that we have the leading key opinion leaders in the field at each 
workshop. Workshops are located primarily in Cambridge (UK) but also, increasingly, on the east coast of the USA.  
On 19-20th April 2017 in Cambridge (UK) we are organising an Industry Programme workshop on Ontologies in Agriculture, Food and 
Nutrition. The key themes (scope) of the workshop are:  
(1) Understanding the existing plant/crop/agriculture ontologies landscape.  
(2) Data integration and operability  
(3) minimum standards and meta data  
(4) pre-competitive opportunities in this area  
Exceptionally, we welcome expressions of interest from individuals who would be interested to contribute to workshops. If you would be 
interested to participate in the workshop, please send me an email to (clark@ebi.ac.uk). [Please note, however, that the purpose of the workshops 
are knowledge exchange and they should not be seen as an opportunity for business development.]  
 
W417: Genome Annotation with Galaxy 
Genome Annotation with Galaxy 
Jeremy Goecks, Oregon Health Sciences University, Portland, OR 
 
W418: Genome Database for Rosaceae Training 



Using GDR: An Overview 
Sook Jung1, Taein Lee1, Chun-Huai Cheng1, Ping Zheng1, Jodi L. Humann1, Sushan Ru1, Kristin Scott1, Morgan Frank1, Jing Yu1, 
Ksenija Gasic2, Jim McFerson3, Michael Coe4, Katherine M. Evans3, Cameron Peace1, Lisa DeVetter1 and Dorrie Main1, 
(1)Washington State University, Pullman, WA, (2)Clemson University, Clemson, SC, (3)Washington State University, Wenatchee, 
WA, (4)Cedar Lake Research Group, Portland, OR 
GDR has been redesigned with easy access points such as major genera and tools quick start links in the homepage. The genera quick start allows 
users to view which types of data are available for the genus of interest and provides links to access data. In addition to the genera page, species 
pages are also available to provide information for major species. The tools quick start in the homepage is organized into three sections: 
genomics, genetics and breeding. Each section provides links to popular pages to access appropriate data and tools. The genomics section 
provides links to view genomes, find sequences, search genes and BLAST sequences. The genetics section provides links to browse maps, search 
markers, find QTLs, and compare maps. The breeding section provides links to search phenotype, search genotype, search haplotype and 
decision tools. The presentation will show how to use these tools with some example questions. The presentation will also show pages for 
Rosaceae Trait Ontology and Rosaceae gene classes to familiarize participants with standardized terms to describe Rosaceae data. 
 
W419: Genome Database for Rosaceae Training 
Use of Strawberry Genomic Resources in GDR 
Richard J. Harrison1, Matthew Clark2, David Swarbreck2, Eric van de Weg3, Bernardo J. Clavijo2 and Robert J. Vickerstaff1, 
(1)NIAB EMR, West Malling, United Kingdom, (2)Earlham Institute, Norwich, United Kingdom, (3)Plant Breeding Wageningen 
University & Research centre, Wageningen, Netherlands 
The cultivated strawberry, Fragaria x ananassa, has a 600-800Mbp allo-octoploid genome consisting of four highly similar subgenomes and a 
high level of heterozygosity, making the assembly of an accurate whole genome sequence technically very challenging. A high quality reference 
genome for this valuable fruit crop is highly desirable and would facilitate enhanced methods for gene and SNP discovery, marker-assisted 
breeding, genomic selection, genome-wide association studies, pedigree based analyses and genotyping-by-sequencing to a far greater extent 
than the closest currently available high quality genome, that of the diploid F. vesca.  
We are currently undertaking a research program with the backing of a consortium of industry partners to produce a comprehensive octoploid 
genome sequence of the cultivar Redgauntlet using a range of current Illumina-associated technologies (DISCOVAR, long mate pair) and 
emerging technologies (10x) to hierarchically scaffold the genome to full chromosome scale, developing polyploid aware algorithms at each 
stage.  
The final stage of genome assembly will utilise a high resolution consensus genetic map constructed using the IStraw90 Affymetrix Axiom(R) 
genotyping platform, using data from F1 mapping populations totaling approximately 1000 progeny. To facilitate linkage map construction we 
have developed a new outcross mapping tool, Crosslink (https://github.com/eastmallingresearch/crosslink), which automatically corrects 
common polyploidy related genotyping and mapping errors, and provides several novel features to allow rapid and robust map construction 
including graphical quality control checks.  
We have also developed a resequencing panel of strawberry lines that are important for genetics studies, again using DISCOVAR compatible 
libraries and a comprehensive transcriptome survey sample set, using Pacbio Isoseq and stranded illumina libraries.  
GDR will be used as the main repository for data deposition (as well as short read archives). This talk will outline the timeline for availability of 
data in the rosaceae database. 
 
W420: Genome Database for Rosaceae Training 
Using the New Apple Genome Assembly v4.0 Data in GDR 
Riccardo Velasco, Research and Innovation Centre, Edmund Mach Foundation, San Michele all'Adige, Italy 
 
W421: Genome Database for Rosaceae Training 
The GDR Is a Critical Resource for Developing and Refining Trait-Predictive DNA Tests 
Cameron Peace, Daniel Edge-Garza, Terrence Rowland, Jr. and Paul Sandefur, Washington State University, Pullman, WA 
DNA tests for traits of interest for genetic crop improvement are a key need for translating genomics research outcomes into breeding practice. 
DNA tests (trait-predictive markers) target particular Mendelian or quantitative trait loci (QTLs) to reveal genotypes that predict phenotype. For 
more than a decade, the Genome Database for Rosaceae (GDR) has streamlined DNA test development and refinement for rosaceous crops. 
Typically, a researcher wanting to develop a new DNA test starts with knowledge of the genomic location of a trait locus of interest and its 
genotypes for two or more cultivars (such as parents of the QTL discovery mapping population). The GDR is then consulted. For simple PCR-
based DNA tests, first, the QTL position is zoomed into (CMap; GBrowse) and nearby DNA sequence obtained (Sequence Retrieval; Download 
Sequence File). Next, motifs of possible polymorphism are sought and primers are designed to flank them to produce amplicons of desired 
lengths (Primer3). Primers are checked to ensure they only amplify the target locus (BLAST). Sets of primers representing candidate assays can 
be commercially procured and then PCR conducted to examine segregation of amplicons and their match to known cultivar genotypes. DNA test 
primers reported from other research groups can be refined by adding a longer “GC clamp” to enhance annealing (Primer3) and their genomic 
position checked in the crop's latest genome assembly (BLAST; GBrowse). Comparative mapping can fast-track new DNA tests development, 
exploiting Rosaceae synteny (Synteny Viewer; RosMAP). Further opportunities beckon to enhance genomics translation into breeding tools and 
knowledge. 
 
W422: Genome Database for Rosaceae Training 
Using Field Book App and Bims in GDR for Peach Breeding 
Ksenija Gasic, Clemson University, Clemson, SC 
Plant breeding programs generate and evaluate thousands of plants to find the best plant types to become new improved cultivars. A typical 
breeding program produces hundreds of thousands of phenotypic data points in a given year. Inefficient and poor handling of this data decreases 



the genetic gain of the breeding program, consequently reducing its efficiency. While data handling has been a limiting area for breeding 
programs in the past, advances in computing have provided simple solutions that can address the needs of plant breeding programs. The Genome 
Database for Rosaceae (GDR) is supporting development of the Field Book App, an open-source software for phones and tablets, which allows 
researchers to replace hard-copy field books, thus alleviating the possibility of transcription errors while providing faster access to the collected 
data. The peach breeding program at Clemson University is using the Field Book app to collect data on field research plots. Field Book data 
input is customized for a large number of data types including numeric, percentage, categorical, multi-categorical, date, Boolean, text, counter, 
rust score, photo, and audio. These data types allow the user to create custom traits to suit their own personal needs. GDR is developing a 
Breeding Information Management System (BIMS) that allows users to upload and manage data collected with the Field Book app directly to 
their program specific breeding database. Experience with and versatility of the Field Book app and customized BIMS in a peach breeding 
program are discussed along with further development plans. 
 
W423: Genome Database for Rosaceae Training 
Open Discussion on GDR 
Michael Coe, Cedar Lake Research Group, Portland, OR 
 
W424: Genome-wide variation in rhinoceros species for evolutionary and conservation assessments 
The Divergent Evolutionary Histories of the Black and White Rhinoceros 
Yoshan Moodley, University of Venda, Thohoyandou, South Africa 
Despite being among the most critically endangered mammals in the world, the evolutionary histories of the black (Diceros bicornis) and white 
(Ceratotherium simum) rhinoceros are largely unknown. This is all the more surprising when one considers that their conservation management 
is heavily dependent on sound knowledge of species-wide phylogeography. To complicate matters even further, both species have undergone 
drastic population crashes at various times during the 20th Century, which have resulted in their extermination throughout most of their native 
ranges, leaving a handful of geographically isolated relict populations with unknown genetic affinities. To fill these present-day gaps in the 
species distributions and to measure the effect of population reductions on extant genetic diversity, we undertook a long term sampling strategy 
that focussed on 19th and 20th century museum collections. These allowed the first reconstruction of range-wide genealogies using the same 
molecular loci for cross species comparison. We found that geographic barriers such as rivers and tectonic rifts have hindered historic gene flow 
in both species. Apart from this similarity, their evolutionary histories appear markedly different. Historically, genetic variation in black 
rhinoceros was high, but severely reduced in extant populations. In contrast, the two white rhinoceros populations seem to have always featured 
very low genetic variation, implying that extant populations are still recovering from a recent prehistoric demographic collapse. Thus, unlike the 
browsing black rhinoceros, which has remained relatively unaffected throughout Plio-Pleistocene paleoclimatic fluctuations, the grazing white 
rhinoceros underwent several population crashes during interglacial grassland contraction, and its two remaining populations appear not to have 
ever come into secondary contact. 
 
W425: Genome-wide variation in rhinoceros species for evolutionary and conservation assessments 
Evaluating Genome Wide Measures of Variation in Northern White Rhinoceros 
Tate Tunstall, San Diego Zoo Institute for Conservation Research, Escondido, CA 
Of the five recognized rhinoceros species, three are listed as Critically Endangered, one is listed as Vulnerable, and only one, the white 
rhinoceros (Ceratotherium simum), is listed as Near Threatened. However, the northern white rhino subspecies (C. simum cottoni) is listed as 
Critically Endangered, and is believed to be extinct in the wild, with only three remaining individuals in captivity. Here, were present the 
complete genome sequences of four southern white and nine northern white rhinoceroses derived from cryobanked material from the San Diego 
Zoo Frozen Zoo. We examine genome-wide levels of genetic diversity and inbreeding in both southern and northern white rhinos in hope to aid 
future efforts towards genetic rescue and assisted reproduction. We also examine the recent population history and demography of these two 
white rhino populations, and identify potential regions of selection in the northern white rhino that may suggest local adaptation in this 
population. 
 
W426: Genome-wide variation in rhinoceros species for evolutionary and conservation assessments 
Developing Genetic Tools for Conservation Management of Asian Rhinos 
Alfred L. Roca, University of Illinois at Urbana-Champaign, urbana, IL 
The Javan rhinoceros (Rhinoceros sondaicus) and the Sumatran rhinoceros (Dicerorhinus sumatrensis) are both restricted in the wild to small 
populations in Indonesia. To permit censusing of these species non-invasively, we developed microsatellite markers for use with faecal DNA. 
We developed a bioinformatics pipeline that requires DNA from only one or two individuals to determine whether next generation sequencing 
(NGS) reads contain microsatellites and whether loci are polymorphic. This precluded the need for large-scale laboratory screening of markers to 
identify those that were polymorphic.  
Since modern samples of Javan rhinoceros were not available, we relied on DNA from a museum specimen to identify 915 potentially 
polymorphic STR loci using the bioinformatics pipeline. Lack of access to Javan rhino faecal samples means that primers are being evaluated for 
DNA amplification using Indian rhinoceros (R. unicornis) faecal DNA. They are subsequently being tested for polymorphisms using DNA from 
fecal samples of wild Javan rhinoceros.  
For Sumatran rhinoceros, 861 potentially polymorphic STR loci were identified after bioinformatics analysis of NGS reads using DNA from 
blood samples of 2 rhinos housed in USA zoos. We tested primer pairs that successfully amplified 29 polymorphic loci in the zoo rhinos. These 
primers will be used on non-invasively collected faecal samples from wild rhinos. For both species, development of genetic markers can aid in 
conservation and management through assessment of genetic diversity and relatedness, identification of conservation units, and census estimates.  
Acknowledgements: With 13 co-authors from 5 institutions. 
 
W427: Genome-wide variation in rhinoceros species for evolutionary and conservation assessments 



A Status Update on Rhino Reference Genome Assemblies 
Love Dalen, Swedish Museum of Natural History, Stockholm, Sweden 
Generating complete genome sequences from all rhinoceros species is a prerequisite for exploring the comparative genomics and evolutionary 
relationships within the Rhinocerotidae. In addition, providing access to reference genome assemblies will enable future projects aimed at 
developing markers for genetic monitoring, assessing population genomic structure and local adaptations, as well as to quantify the extent to 
which recent demographic declines have affected genome-wide diversity, inbreeding and genetic load within each species. The aim of this 
presentation is to provide a status update on ongoing collaborative projects aimed at assembling genome sequences from several species, both in 
Africa and Asia. I will also outline some ongoing species-specific projects currently underway in Stockholm that aim to examine micro-
evolutionary changes using a population genomic approach. 
 
W428: Genome-wide variation in rhinoceros species for evolutionary and conservation assessments 
Whole Genome Analysis of Rhinoceros Evolution 
M Thomas P Gilbert, Natural History Museum of Denmark, University of Copenhagen, Copenhagen K, Denmark 
Thanks to a multi-group collaboration, draft genome sequences are now underway for all extant rhinoceros species, as well as several of their 
extinct relatives. Although comparative analysis of this dataset will not be straightforward, they will represent a valuable genetic resource with 
which to both improve our understanding of the group's evolutionary history, as well as draft possible solutions to current conservation 
challenges. In this talk I outline the progress so far, the challenges to be overcome, and our consortium's hopes of what our findings might be. 
 
W429: Genome-wide variation in rhinoceros species for evolutionary and conservation assessments 
The 200 Mammals Genome Project: Understanding Evolutionary Conservation at the Single Base Level 
Elinor K. Karlsson, Broad Institute of MIT and Harvard, Cambridge, MA 
To determine the effect of genetic variation on the health of individuals and species, there is a pressing need to assess variants emerging from 
genomewide studies for their likely functional importance. Reliable methods exist for prioritizing coding variants, but these methods fail when 
coding regions are poorly annotated. Furthermore, the large majority of candidate variants reside in non-coding sequence, and it remains 
extremely difficult to accurately determine the significance or function of non-coding variation. Recently, it has been shown that mammalian 
conservation is the genome annotation that enriches most highly for functional variants. Previous work has used 29 mammalian genomes to 
detect statistically significant levels of sequence conservation at a 12 base pair resolution. By taking advantage of improvements in sequencing 
and assembly technology, we will achieve roughly single base pair resolution of constraint.  
We have sequenced 145 new placental mammalian genomes, including two species from Rhinocerotidae, using the new, cost 
effective DISCOVAR de novo genome assembly method. We are combining those with 55 existing high quality mammalian genomes. We will 
then align all 200 genomes and create a single base pair resolution placental mammalian conservation track, as well as lineage specific tracks for 
smaller clades within the mammalian tree. These data sets will allow comparisons across lineages, analyses of the evolutionary history of 
different variants or binding motifs, and correlations between candidate functional variants and different constraint patterns and elements. Our 
analyses will throw new light onto mammalian evolution, and will greatly inform our understanding of how genomic variation impacts the health 
of populations. 
 
W430: Genomic features and chromosome functionality 
Large-Scale Heterochromatin Remodeling Facilitates Overreplicatin-Associated DNA Damage in Plant  
Wei Feng, Carnegie Institution for Science, Department of Plant Biology, Stanford, CA 
Eukaryotic genomes often contain large quantities of potentially deleterious sequences, such as transposons. One strategy for mitigating this risk 
is to package such sequences into so-called constitutive heterochromatin, where the dense chromatin environment is thought to inhibit 
transcription by excluding transcription factors and RNA polymerase. This type of model makes it tempting to think of heterochromatin as an 
inert region that is isolated from the rest of the nucleus. Recent work on heterochromatin, however, reveals that it is a dynamic environment. 
Despite its dense packaging, heterochromatin must remain accessible for a host of processes, including DNA replication and repair, and, 
paradoxically, transcription. In plants, transcripts produced by specialized RNA polymerases are used to target regions of the genome for 
silencing via DNA methylation. Thus, the maintenance of heterochromatin requires a careful balancing act of access and exclusion, which is 
achieved through the action of a host of interrelated pathways. 
 
W431: Genomic features and chromosome functionality 
Genome Divergence Pattern and its Correlation to DNA Repairing Pathway 
Jinyu Wang, Xianran Li and Jianming Yu, Iowa State University, Ames, IA 
Progress of sequencing technologies has generated a huge amount of genomic sequences, which provide a great opportunity to address 
fundamental questions about the genome itself. By investigating the Base Composition across SNPs (BCS) within species, we have discovered a 
conserved pattern, i.e., modern crops have significantly higher [AT] values than their wild relatives. This consistent pattern across multiple 
species implies BCS can well capture the overall genome divergence assembled from millions of polymorphisms accumulated through evolution. 
We hypothesize that genetic component may contribute to the genome divergence. To test this hypothesis, 302 soybean genomes and 635 
Arabidopsis genomes were analyzed. The well-characterized solar UV signature motifs are enriched around SNPs in both species. This indicates 
solar UV radiation is one of the major forces driving the divergence of plant genomes. Genome-wide scan results show that genes involved in 
UV damaged DNA repairing pathway are overrepresented in regions significantly associated with genome divergence. Research discoveries 
from this genetic mechanisms study will broadly enrich our understanding of genomics, genetics, and evolution. 
 
W432: Genomic features and chromosome functionality 
Genetic Diversity and Association Analysis in Spinach 
Ainong Shi, University of Arkansas, Fayetteville, AR 



 
W433: Genomic features and chromosome functionality 
Whole Genome Re-Sequencing of 300 Cajanus Accessions Provides Genome-Wide Variations, Targets for Domestication 
and Genomic Regions Associated with Agronomic Traits for Pigeonpea Improvement 
Rachit Kumar Saxena, ICRISAT, Hyderabad, India 
 
W434: Genomic features and chromosome functionality 
Association Analysis of Seed Antioxidant Content and Aphid Resistance in Cowpea 
Jun Qin and Ainong Shi, University of Arkansas, Fayetteville, AR 
The goals of this research were to conduct association analysis of two important traits in cowpea (Vigna unguiculata L. Walp.): seed antioxidant 
content, a health-promoting compound for humans, and cowpea aphid (Aphis craccivora) resistance and identification of SNP markers associated 
with the two traits. USDA-GRIN cowpea core collection was used for both phenotyping and genotyping. Genotyping by Sequencing (GBS) was 
used for SNP discovery, which was used as genotypic data in association analysis. The STRUCTURE 2, and MEGA 6 software programs were 
used to analyze the population structure and genetic diversity. Single marker regression (SMR), general linear model (GLM), and mixed linear 
model (MLM) in Tassel were used for association analysis between the SNPs and the phenotypic data of the seed antioxidant content and aphid 
resistance. Results indicated that: (1) three structured populations for the cowpea accessions in both association panels were inferred by 
STRUCTURE analysis, in good agreement with the phylogenetic tree drawn by MEGA 6 based on the maximum likelihood model with the 
neighbor joining method; (2) although different SNP markers were found to be associated with seed antioxidant content with different models, 
the two SNP markers, Scaffold7139_14363 and scaffold29110_4657 were strongly associated with antioxidant content; and (3) two SNP 
markers, C35011941_894 and Scaffold30061_3363, were strongly associated with aphid resistance across three models with the log of odds 
(LOD) value greater than 2.5. These SNP markers could potentially be used in marker-assisted breeding to accelerate genetic improvement of 
cowpea for higher seed antioxidant content and aphid resistance. 
 
W435: Genomic features and chromosome functionality 
Whole Genome Re-Sequencing of 300 Cajanus Accessions Provides Targets for Domestication and Genomic Regions 
Associated with Agronomic Traits 
Rajeev Varshney1, Rachit Kumar Saxena1, Hari D Upadhyaya1, Aamir W Khan2, Obarley Yu3, Changhoon Kim4, Abhishek 
Rathore5, Dong Seon4, Jihun Kim4, Shaun An3, Vinay Kumar1, G Anuradha6, K N. Yamini6, Wei Zhang3, S Muniswamy7, Bellbull 
Kim4, R. Varma Penmetsa8, Eric von Wettberg9 and Swapan K Datta10, (1)ICRISAT, Hyderabad, India, (2)ICRISAT, Greater 
Hyderabad, India, (3)Millennium Genomics Inc., Shenzhen, China, (4)MACROGEN Inc., Seoul, South Korea, (5)ICRISAT, 
Hyderabad, TG, India, (6)Acharaya NG Ranga Rao Agricultural University, Hyderabad, India, (7)7Agricultural Research Station 
(ARS)-Gulbarga, University of Agricultural Sciences (UAS), Raichur, India, (8)University of California-Davis, Davis, CA, 
(9)Florida International University, Miami, FL, (10)Indian Council of Agricultural Research (ICAR), New Delhi, India 
In the developing world, climate change, unpredicted rainfall and drought have started to further exacerbate challenges to crop production. It is, 
therefore, imperative that we shift our focus towards developing climate smart crops. In this direction, pigeonpea (Cajanus cajan), a tropical 
grain legume with low input requirements, is expected to play an important role in supplying food and nutritional security in developing 
countries of Asia, Africa and the tropical Americas. The reference set comprised of 300 Cajanus genotypes has been used for whole genome re-
sequencing encompassing breeding lines, landraces and wild species accessions. Genomic variations/regions that were targets of domestication 
and modern breeding were also identified. Genome-wide association analysis (GWAS) has provided several candidate genes associated with 
agronomically important traits, including for days to 50% flowering, days to 75% maturity, seeds per pod and 100 seed weight. Pigeonpea 
candidates for these traits share sequence similarity to genes functionally characterized in other plants from biological pathways for flowering 
time control, seed development and pod dehiscence. This work will allow improved marker assisted selection and genomic selection for key 
traits to improve the yield and sustainability of this important tropical grain legume. 
 
W436: Genomic features and chromosome functionality 
Asymmetrical Evolution of Polyploid Genomes: The Role of Recombination Linking Genomic Variation to Traits 
in Brassica napus 
Shengyi Liu, Oil Crops Research Institute of CAAS, Wuhan, China 
 
W437: Genomics-Assisted Breeding 
Welcome & Introduction 
Rajeev K Varshney, ICRISAT, Hyderabad, India 
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T B A 
Andreas Graner, Leib-Inst Plant Gen & Crop Plant Res, OT Gatersleben, Stadt Seeland, Germany 
 
W439: Genomics-Assisted Breeding 
Connecting the Genome and Phenome to Develop Stress-Tolerant Maize Cultivars 
Shawn Kaeppler1, Jonathon Lynch2, Kathleen Brown2, Patompong Sangwilai3 and Xia Zhang4, (1)Department of Agronomy and 
DOE Great Lakes Bioenergy Research Center, University of Wisconsin - Madison, Madison, WI, (2)Penn State University, 



University Park, PA, (3)Mahidol University, Rachadhavi, Bangkok, Thailand, (4)Biotechnology Research Institute, Chinese 
Academy of Agricultural Sciences (BRI,CAAS), Beijing, China 
Crops for current and future production systems need to be resilient to climate variability, tolerant of resource limitations, and must efficiently 
use available inputs. Roots play a critical role in nutrient acquisition, and optimal root systems for crop productivity must be produced with 
efficient use of available photosynthate. The collaborative research described in this presentation is founded on the identification of elemental 
phenes that are assayed using novel phenotyping platforms such as laser-ablation tomography (LAT) and high-throughput Shovelomics. Root 
architectural and anatomical phenes that increase the proportion of deep roots, and that reduce the cost of root production and maintenance, were 
validated for their utility in field studies in multiple locations in the United States and Africa. A large maize diversity panel and an extensive 
gene atlas provided gene-level resolution to consider candidates for further validation. A pipeline of field phenotyping to gene identification will 
be described, demonstrating that diverse panels of materials evaluated in the field are a useful platform to identify genes, phenes, and contribute 
to cultivar development to meet the needs of a growing population in the context of climate instability. 
 
W440: Genomics-Assisted Breeding 
Use of Doubled Haploids in the Context of Genetic Resource Exploitation in Maize 
Thomas Lubberstedt, Iowa State University, Ames, IA 
Haploids are an effective tool to eliminate recessive genes leading to lethality or sub-vitality. The main application of (doubled) haploids (DHs) 
is production of completely homozygous and homogeneous lines in short time. Potentially masking genetic variation within lines or families is 
completely eliminated within DH lines. The usefulness of DH lines is significantly increased over F2:3 or F3:4 families, due to a significantly 
enhanced genetic variation among DH lines. Finally, substantial progress has been made in development in novel inducers and for understanding 
the genetics of haploid induction and response of donor plants to the induction process. The objective of this presentation is to study and discuss 
possibilities for using DH technology to support the germplasm enhancement in maize (GEM) allelic diversity project 
(http://www.public.iastate.edu/~usda-gem/). The GEM diversity project using DH lines to evaluate exotic introgressions in elite background taps 
into a wide diversity of maize races including Highland germplasm. No selection is made for agronomic performance in the ongoing GEM 
diversity project which may be an advantage to capture novel allelic diversity. Currently, 54 races (including 12 Highland races above 2,500 
meters elevation) are represented in the DH materials. As a case study, the level of diversity present at the brown-midrib 3 locus, known to affect 
cell wall lignification, and its implications will be reported in detail. 
  
W441: Genomics-Assisted Breeding 
Genome-Based Gene Pool Expansion and Heterotic Haplotype Capture in Rapeseed 
Rod Snowdon1, Amine Abbadi2 and Gunhild Leckband2, (1)Justus Liebig University, Giessen, Germany, (2)NPZ Innovation 
GmbH, Holtsee, Germany 
Brassica napus is a very recent allopolyploid species, which in just the last few decades has become an important global crop (rapeseed, canola) 
through intensive human selection. As for many facultative outcrossing species, breeding efforts focussed on inbred line varieties until effective 
male-sterility systems became available. With an almost exclusive focus today on hybrid cultivars, breeders face major challenges to separate 
strongly intermixed breeding pools into effective heterotic pools to maximise hybrid performance. Simultaneously they must reverse extreme 
genetic bottlenecks, caused by isolated polyploidisaiton events and subsequent selection for ecogeographical adaptation and seed quality in all 
major germplasm groups. Fortunately it is possible to introduce de novo variation from the secondary gene pool by resynthesis using the diploid 
progenitor species. Here we describe large-scale efforts to rejuvenate rapeseed diversity using genome-based approaches in highly novel 
populations. Genome sequence reconstruction from extensive nested diversity populations allows us to associate novel haplotypes with hybrid 
performance, and to capture useful diversity for implementation into genome-based breeding programs. 
 
W442: Genomics-Assisted Breeding 
Genomics-Based Ideotype Breeding for Root System Architecture to Enhance Rice Production 
Yusaku Uga, National Agriculture and Food Research Organization, Tsukuba, Japan 
The root system is an essential organ for taking up water and nutrients from the ground. Especially, adequate root system architecture (RSA) is 
important for plant growth under soil conditions where water and nutrients are deficient. The global climate change that has occurred in recent 
years has exacerbated the soil degradation. Based on this situation, genetic improvement of the RSA has been recognized as an important 
approach to enhance crop production. Root growth angle (RGA), which determines the direction of root elongation in the soil, affects the area in 
which roots capture water and nutrients.  
Our group have isolated quantitative trait locus controlling RGA (DRO1) in rice. We also have developed a near-isogenic line (NIL) that carries 
a functional allele of DRO1 derived from the deep-rooting cultivar ‘Kinandang Patong’ in the genetic background of the shallow-rooting parent 
variety ‘IR64’, which has a non-functional allele of DRO1. Using this NIL, we demonstrated that introducing of RGA gene improved yield 
performance in rice under conditions of water and nitrogen deficiencies. Recently, our group isolated another QTL for RGA (qSOR1) in rice. We 
developed four NILs having functional or non-functional DRO1 and qSOR1. These lines showed shallower to deep roots, suggesting that we 
could develop wide natural variation of RSA by using only two QTLs. We identified several QTLs for root length because root length also 
determines the area in which roots take up water and nutrients. These QTLs will be useful genetic resources for ideotype breeding of RSA in the 
future. 
 
W443: Genomics-Assisted Breeding 
Genomic Prediction Meets Transcriptomics: An RNA-Seq Experiment Improves Cassava Brown Streak Disease Prediction 
Accuracy 
Jean-Luc Jannink, USDA-ARS / Cornell University, Ithaca, NY 
 
W444: Genomics-Assisted Breeding 



Summary and Wrap-up 
Rajeev K Varshney, ICRISAT, Hyderabad, India 
 
W445: Genomic Selection and Genome-Wide Association Studies 
Linking Genome Wide Association Studies (GWAS) and Genomic Selection (GS) to better utilize Natural Variation in Rice 
Susan McCouch, Cornell University, Ithaca, NY 
Understanding the relationship between genotypic and phenotypic variation lies at the heart of the study of genetics and is also critically 
important to applications in plant breeding. Here we present a genome-wide association study (GWAS) based on genotyping a rice diversity 
panel with a high-density SNP array and systematically phenotyping the panel for a range of agronomic, physiological and morphological 
traits. Seeds conserved in global germplasm repositories, including wild rice ancestors, ancient landrace varieties and modern elite cultivars 
provide insight into a wide range of natural genetic variation that remains underutilized in modern rice genetics and breeding. Using high 
throughput sequencing and genotyping technologies, we examine genome-wide patterns of variation and document deep sub-population structure 
within Oryza sativa. We use GWAS to identify common variants influencing complex traits and demonstrate heterogeneity of genetic 
architecture across subpopulations and environments. We use genomic selection (GS) in combination with de novo GWAS to predict breeding 
values and improve the rate of genetic gain. This work establishes an open-source translational research platform for genome-wide association 
studies and genomic selection in rice that directly links molecular variation in genes and metabolic/regulatory pathways with the germplasm 
resources needed to accelerate varietal development and crop improvement for diverse environments. 
 
W446: Genomic Selection and Genome-Wide Association Studies 
QTL Detection Using Genome Scans for Selection on Resequencing Data: Illustration in Cattle 
Bertrand Servin, INRA, UMR1388 GenPhySe, Toulouse, France 
Large scale genomic datasets allow to decipher the genetic determinism of quantitative traits. One of the possible approaches to tackle 
this question is to look for genome regions that have been subjected to selection on these traits in the past. Such regions are termed "selection 
signatures". Marker density is an important parameter affecting the power to detect these signatures. With the recent drastic reduction in 
sequencing costs, genotyping datasets on all polymorphisms in a species are becoming available, offering the highest possible density. For 
agricultural species, such data has been made available in cattle, where the 1000 bull genomes consortium has put together sequences of hundred 
of individuals in many populations (breeds). In this work, we will present the results of an analysis of this dataset. Besides the identification of 
new selection signatures in cattle, our results illustrate the advantages and limitations of genome scans for selection to unravel the genetic 
determinism of quantitative traits. Finally, we will discuss how these approaches can be combined with genome-wide association studies to 
decipher the evolutionary history of quantitative traits. 
 
W447: Genomic Selection and Genome-Wide Association Studies 
The Genetic Architecture of Maize Nodal Root Number during Domestication 
Zhihai Zhang1, Xuan Zhang1, Zhelong Lin1, Jian Wang1, Minglian Xu1, Jinsheng Lai2, Jianming Yu3 and Zhongwei Lin4, (1)China 
Agricultural University, Beijing, China, (2)State Key Lab of Agrobiotechnology, China Agricultural University, Beijing, China, 
(3)Iowa State University, Ames, IA, (4)National Maize Improvement Center, China Agricultural University, Beijing, China 
Maize nodal root system plays a crucial role in the development of the above-ground plant parts and determines the yield via water and nutrient 
uptake for mature plants in the field. However, the genetic basis of maize nodal root system remains unknown and it has become the darkest 
matter of the maize domestication process. Here, through a large teosinte-maize population, our high-resolution mapping revealed that 61 out 
from 132 quantitative trait loci (QTLs), accounting for approximately half of the total genetic variations of nodal root number, were co-localized 
with the flowering time QTLs. Genome-wide association study, fine mapping and a transgenic complementation analysis further validated that 5 
flowering time genes controlled nodal root number. These results suggested that maize nodal root number buried in the soil has been generally 
and indirectly reshaped by the selection exerted on the above-ground trait flowering time during domestication. In addition, our results supported 
that few but long crown roots were favored during maize domestication. 
 
W448: Genomic Selection and Genome-Wide Association Studies 
Computation Methods in Genomic Selection 
Rohan L. Fernando, Iowa State University, Ames, IA 
Rohan L. Fernando and Dorian Garrick, Iowa State University 
The pedigree-based additive relationship matrix (PARM) has long been used for prediction of genetic merit by best linear unbiased prediction 
(BLUP), using only pedigree and phenotypic data. When genotype data are used, genomic BLUP (GBLUP) can be obtained by replacing the 
PARM by a genomic additive relationship matrix (GARM). Obtaining the inverse of this GARM, which is needed to obtain BLUP by solving 
Henderson's mixed model equations (MME), can be challenging. Furthermore, when the number n of individuals in the analysis exceeds the 
number p of genotyped loci, the GARM will be singular and will not have an inverse. Even when n < p, the GARM can be close to singular, and 
this can result in MME that are numerically unstable. Here, we will present strategies to improve the numerical stability of the MME for GBLUP. 
Title: Strategies to Improve Numerical Stability of Equations Used for Genomic Predictionion of Genetic Merit 
Session Selection: GS + GWAS workshop 
Presenting Author 
Rohan L. Fernando 
Iowa State University 
Email: rohan@iastate.edu 
 
W449: Genomic Selection and Genome-Wide Association Studies 
Direction of GWAS and GS 



Edward S. Buckler, USDA-ARS-Cornell University, Ithaca, NY 
 
W450: Genomics of Genebanks 
Mining Vavilov’s Treasure Chest of Wheat Diversity for Resistance to Leaf Rust 
Adnan Riaz, Queensland Alliance for Agriculture and Food Innovation, Brisbane, Australia 
We performed the first genomic characterization of bread wheat accessions from the N.I. Vavilov Institute of Plant Genetic Resources in St 
Petersburg, Russia. This analysis focused on a panel of 295 genotypes, including landraces, cultivars and breeding lines, originally collected by 
Vavilov and his colleagues from 28 countries around the world during the period 1920-1990. The panel was genotyped using the genotyping-by-
sequencing Diversity Arrays Technology platform (DArTseq). A high degree of novel alleles were detected, which were absent in Australian and 
CIMMYT elite germplasm. Such allelic diversity is needed to develop more productive cultivars, particularly in the face of climate change and 
rapidly evolving pests and diseases. A major disease of wheat crops worldwide is leaf rust, caused by rapidly evolving fungal pathogen Puccinia 
triticina. Thus, breeders require a constant supply of new and durable sources of genetic resistance. Here, we present a case study that aimed to 
identify novel sources of leaf rust resistance in the Vavilov wheat diversity panel. GWAS was performed using phenotypic data collected across 
five environments and multiple pathotypes. A total of 36 QTL were detected: 8 associated with seedling resistance and 24 associated with adult 
plant resistance. Using the rapid generation advance technology “speed breeding”, which enables up to six generations per year, we are 
accelerating the transfer of the novel resistances into cultivars suitable for the major wheat growing regions of Australia. The seed and DArTseq 
markers for the Vavilov diversity panel provide an open-access resource to harness novel allelic diversity in wheat. 
 
W451: Genomics of Genebanks 
Investigating Genes Linked to Adaptations in Pearl Millet 
Cécile Berthouly-Salazar1,2, Issaka Ousseini3, Anne Celine Thuillet3, Bénédicte Rhone3,4, Cedric Mariac3, Marie Couderc3, Leila 
Zekraoui3, Adeline Barnaud1,2, Yacoubou Bakasso5, Aichatou Assoumane5, Ndjido A Kane2,6, Domenica Maniccaci7, Maud 
Tenaillon7 and Yves P. Vigouroux3, (1)IRD, Dakar, Senegal, (2)LMI LAPSE, Dakar, Senegal, (3)IRD, Montpellier, France, 
(4)CNRS-Université de Lyon, Lyon, France, (5)Univ. Abdou Moumouni, Niamey, Niger, (6)ISRA Senegal, Dakar, Senegal, 
(7)CNRS, Le Moulon, France 
Uncovering genomic regions involved in adaption is a major goal in evolutionary biology. The aim of this study was to identify genes linked to 
climate adaptations in wild pearl millet populations. First, we considered two climatic gradients as biological replicates and performed RNA 
sequencing of 4 populations at the extreme of both gradients. Among 11,155 contigs of pearl millet reference transcriptome, 540 exhibited 
selection signals as evidenced by at least one of the four methods used. We then used 11 additional populations distributed along the two 
gradients to further assessed signature of selection . Four contigs displayed consistent signatures across datasets and methods, two of which were 
linked to abiotic and biotic stress responses. We then performed association studies on eleven phenotypic traits on those 11 populations. We 
pinpoint two SNPs linked of the Myosin XI genes as associated with flower number variations. This gene was also a target of selection. Our 
approach lead to identifying a subset of genes linked to potential climatic adaptations in a non model plant. 
 
W452: Genomics of Genebanks 
Twenty Thousand Accessions Under Analysis: From Cold Room to GWAS 
Martin Mascher, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Seeland, Germany 
Genebank genomics holds the promise of transforming genebanks from storage facilities for valuable plant genetic resources into digital 
information centers for crop diversity. This transition will take advantage of high-throughput sequencing and novel workflows for analyzing and 
sharing data. We are currently conducting a proof-of-principle study to obtain genome-wide genotypic data for the entire barley collection hosted 
at the German Federal ex situ genebank at IPK Gatersleben. I will present our workflow for the streamlined generation of genotyping-by-
sequence data (GBS) and its bioinformatic analysis in context of the barley reference genome. Initial explorative population genetic analysis 
revealed a strong differentiation between Western and Far Eastern barleys, but also highlighted previous efforts at a targeted utilization of this 
diversity in breeding. I will provide examples for how genebank conservation management can benefit from this comprehensive valuable 
molecular passport information that can pinpoint inconsistencies between genetic data between historic records on the provenance of material, 
duplicates in the collection and inadvertent crosses between unrelated accessions during propagation. Lastly, I will report on the prospect of 
using GBS data for association genetics of traits governing spike morphology and grain dimensions. 
 
W453: Genomics of Genebanks 
High-Throughput Genotyping of Vegetable Crops for Germplasm Conservation 
Joanne A Labate, USDA ARS, Geneva, NY 
High-throughput genotyping of vegetable crops for germplasm conservation  
Genotyping-by-sequencing (GBS) of reduced representation libraries (RRLs) can produce large amounts of single nucleotide polymorphism 
(SNP) data at relatively low cost per sample. Bioinformatics methods are available that do not require a reference genome sequence. National 
Plant Germplasm System (NPGS), Plant Genetic Resources Unit (PGRU) vegetable crop accessions that have been genotyped using GBS 
include tomato and wild tomato species, onion, Brassica rapa, winter squash, tomatillo and radish. As an example, results will be presented for a 
core set of 190 NPGS tomato accessions that were assayed by GBS. These originated from 31 countries and included six different versions of the 
economically valuable cultivar San Marzano, expired plant variety protection (PVP) varieties, fresh-market and processing types, landraces, 
home garden varieties and breeding lines. A total of 34,531 mapped, high quality SNPs were discovered in 190 DNA samples. The vast majority 
(30,818) of polymorphisms were rare, with the minor allele ocurring less than three times in 190 samples. The 3,713 sites with at least three 
ocurrences of the minor allele (3/380 = 0.01 minimum allele frequency) were used to estimate relationships among accessions. Extremely 
divergent genotypes were identified that included landraces from South America, Italy, Taiwan, and France. Some samples were found to harbor 
alleles that likely originated from wild tomato species through modern breeding for disease resistance. Several extremely divergent genotypes 



produce favorable fruit traits in a genetic background that contains many wild or primitive genes. These accessions are promising sources of 
novel genes for continued crop improvement. 
 
W454: Genomics of Genebanks 
Genomic Prediction Contributing to a Promising Global Strategy to Turbocharge Gene Banks 
Xiaoqing Yu1, Xianran Li1, Tingting Guo1, Chengsong Zhu1, Yuye Wu2, Sharon E. Mitchell3, Kraig L. Roozeboom2, Donghai 
Wang2, Mingli Wang4, Gary A. Pederson4, Tesfaye T. Tesso2, Patrick S. Schnable1, Rex Bernardo5 and Jianming Yu1, (1)Iowa State 
University, Ames, IA, (2)Kansas State University, Manhattan, KS, (3)Cornell University, Ithaca, NY, (4)USDA-ARS, PGRCU, 
Griffin, GA, (5)University of Minnesota, St. Paul, MN 
The 7.4 million plant accessions in gene banks are largely underutilized due to various resource constraints, but current genomic and analytic 
technologies are enabling us to mine this natural heritage. Here we report a proof-of-concept study to integrate genomic prediction into a broad 
germplasm evaluation process. First, a set of 962 biomass sorghum accessions were chosen as a reference set by germplasm curators. With high 
throughput genotyping-by-sequencing (GBS), we genetically characterized this reference set with 340,496 single nucleotide polymorphisms 
(SNPs). A set of 299 accessions was selected as the training set to represent the overall diversity of the reference set, and we phenotypically 
characterized the training set for biomass yield and other related traits. Cross-validation with multiple analytical methods using the data of this 
training set indicated high prediction accuracy for biomass yield. Empirical experiments with a 200-accession validation set chosen from the 
reference set confirmed high prediction accuracy. The potential to apply the prediction model to broader genetic contexts was also examined with 
an independent population. Detailed analyses on prediction reliability provided new insights into strategy optimization. The success of this 
project illustrates that a global, cost-effective strategy may be designed to assess the vast amount of valuable germplasm archived in 1,750 gene 
banks. 
 
W455: Genomics of Non-Classical Model Animals 
The Gray Short-Tailed Opossum (Monodelphis domestica) in Biomedical Research 
Jennifer A. Maier1, Daniel Urban2, Alexa Sadier2 and Karen E. Sears2, (1)Department of Animal Biology, University of Illinois at 
Urbana-Champaign, Urbana, IL, (2)Department of Animal Biology, University of Illinois at Urbana Champaign, Urbana, IL 
The gray short-tailed opossum (Monodelphis domestica) is a pouchless marsupial native to South America. Its small size, docility, and year-
round breeding ability have made it a widely used model for biomedical and evolutionary research. In addition to a high-quality genome, there 
are several transcriptome libraries available for this species, and numerous common molecular techniques have been adapted for the opossum.  
The opossum is born with well-developed forelimbs, permitting its climb to the mother’s teats to complete development. The hind limb is 
rudimentarily formed at birth. This limb disparity has been used as a ‘natural mutant’ for studies of mammalian limb formation and evolution. 
Opossums, like humans, are susceptible to in utero retinoic acid teratogenesis. Retinoic acid causes forelimb oligodactyly, shortened limbs, and 
craniofacial defects in opossums. The unique biology, natural limb disparity in the fore- and hind limbs, and susceptibility to limb malformations 
make the opossum an excellent model for studying human developmental defects, in particular those of the limbs. Additionally, the opossum has 
been used by other labs in studies of spinal regeneration, wound healing, and melanoma to name a few fields. Thus the opossum is a versatile 
model in a number of human-health fields.  
Currently, there is no way to modify the genome of the opossum via knockout or transgenic technologies, a drawback in using the opossum. Our 
lab is currently working to develop these techniques using spermatogonial stem cell (SSC) transplantation. Briefly, SSCs are collected from the 
testes, purified and expanded in culture, modified, and transplanted into a recipient male. 
 
W456: Genomics of Non-Classical Model Animals 
Cats Genome as a Potential Model for Human Disease 
Leslie A. Lyons, University of Missouri-Columbia, Columbia, MO; University of Missouri, Columbia, MO 
The 99 Lives Cat Genome Sequencing Consortium was initiated in 2014 and has now reached its goal of over 100 high-quality genomes from 
domestic cats. Over 90% of genomes are 30x coverage, with a minimum of 20x coverage, and produced using only 100 – 150 bp paired-end 
reads from PCR-free libraries using Illumina HiSeq sequencing technology. The genome dataset is comprised of 114 domestic cats, including at 
least 22 breeds, a representative from the ten racial populations of cats, four parent-offspring trios, and a few affected sib-pairs. Over 20 
investigators have contributed sequences to the consortium, as well as three industry partners. Funding has been provided by various contributors 
for each investigator, the Winn Feline Foundation, the National Geographic Foundation, and industry. Nearly 50% of wild felid species are 
represented within the dataset including cats from the domestic cat, leopard cat, puma, lynx, caracal, and panthera lineages. The 99 Lives dataset 
has led to the discover of DNA variants likely causal for congenita Myasthenic syndrome, progressive retinal atrophy, bobtailed tail, and a novel 
form of Niemann-Pick Type C in domestic cats, and a retinal degeneration in Black-footed cats and as well as several other traits that are yet 
unpublished. The dataset has allowed the identification of a vast array of variants in the cat genome that can support the development of a high-
density DNA array. Goals are to include at least one representative from each cat breed and species, and to continue variant discovery for 
diseases and traits in the felids. 
 
W457: Genomics of Non-Classical Model Animals 
Transmissible Tumors Represent a Unique Evolutionary Paradigm in Multiple Species 
Brian W. Davis, NHGRI, Bethesda, MD 
Cancer and infectious disease are two of the most important modern health concerns. In some cases, such as human T-lymphotropic virus type 1 
and human papilloma virus, transmission of infectious material is known to induce neoplastic transformation of host cells. However, a novel 
paradigm is emerging across species in which transformed neoplastic cells within a host are able to loose the bonds of traditional cancer to 
clonally infect another without experimental transplantation. Though cancer is traditionally a self-limiting tissue due to host death, these 
transmissible cancers are allografts that redefine our understanding of the mechanisms by which cancer may evolve. Canine transmissible 
venereal tumor (CTVT) has been subject to the evolutionary crucible by host-hopping for up to 10,000 years, by far the oldest known 



continuously-propagating cell lineage. As such, it has arguably been refined to be an intracellular parasite, able to avoid host immune 
surveillance due to somatic mutation and genome rearrangement. Tasmanian devil facial tumor is much younger, evolving for less than 100 
years. Though showing similar immune-avoidance characteristics as CTVT, it does not have the sheer number of somatic mutation, and is 
responsible for a reduction in devil populations. Recently, another transmissible cancer system was identified in soft-shell clams. Perhaps due to 
the lack of a major histocompatibility complex in these species, or the lack of barrier to the dissemination of neoplastic cells; these bivalve 
transmissible neoplasias have been documented to infect multiple species with the potential for cross-species infection. The continued discovery 
of novel transmissible tumors and their shared characteristics indicate that researchers are only beginning to uncover these novel paradigms of 
organismal evaluation and the fundamentals of their inception. 
 
W458: Genomics of Non-Classical Model Animals 
The Evolution of Cancer Suppression: Solutions to Peto’s Paradox Revealed by Genomic Analyses of Elephants and Whales 
Marc Tollis1, Lisa M. Abegglen2, Aleah F. Caulin3, Andrea A. Cabrera4, Richard E. Green5, Nader Pourmand5, Jooke Robbins6, Per 
J. Palsbøll7, Joshua D. Schiffman2 and Carlo C. Maley1, (1)Arizona State University, Tempe, AZ, (2)University of Utah School of 
Medicine, Salt Lake City, UT, (3)University of Pennsylvania, Philadelphia, PA, (4)Groningen Institute of Evolutionary Life 
Sciences, University of Groningen, Groningen, Netherlands, (5)University of California Santa Cruz, Santa Cruz, CA, (6)Center for 
Coastal Studies, Provincetown, MA, (7)University of Groningen, Groningen, Netherlands 
Large body size has evolved at least 11 times during mammalian evolution, exemplified by the proboscidean (elephant) and cetacean (whale) 
lineages. These species should face a higher lifetime risk of cancer due to the greater probability of oncogenic mutations occurring during 
somatic evolution in an organism containing 100 to 1000X more cells than a human. However, zoo necropsy data reveals elephants have only a 
1-3% probability of death from cancer compared to 11-25% for humans. We find elephant genomes harbor up to 40 alleles of the tumor 
suppressor gene TP53, and at least some TP53 retrogene copies are transcribed and translated. Functional assays demonstrate TP53 redundancy 
in elephants is related to an increased apoptotic response to DNA damage in elephant cells when compared to human cells. To investigate cancer 
suppression in gigantic baleen whales, we have sequenced and assembled the genome of the humpback whale (Megaptera novaeangliae). We 
find that cancer suppression in cetaceans is associated with positive selection on protein-coding genes involved in cell signaling, cell 
proliferation, apoptosis, as well as cancer. Our findings suggest independent evolution towards gigantism during the mammalian radiation was 
accompanied by divergent cancer suppression mechanisms, expanding our knowledge of “nature’s toolkit” in fighting tumorigenesis. 
 
W459: Genomics of Plant Development 
Identification of Late BLOOMER2 As a Cycling Dof Factor Homolog Reveals Conserved and Divergent Features of the 
Flowering Response to Photoperiod in Pea 
James L. Weller, School of Biological Sciences, University of Tasmania, Hobart, Australia 
 
W460: Genomics of Plant Development 
microRNA and Gene Regulatory Networks Governing Soybean Nodule Development 
Shuchi Smita1, Sajag Adhikari1, Narasimha R Nizampatnam1, Jason Kiehne1, Spencer J Schreier1, Suresh Damodaran1, Erliang 
Zeng2, Qin Ma1 and Dr. Senthil Subramanian1, (1)South Dakota State University, Brookings, SD, (2)University of South Dakota, 
Vermillion, SD 
Lateral roots and nodules are root lateral organs produced by leguminous plants. Unlike shoot lateral organs, lateral roots and nodules are formed 
away from the root apical meristem via de novo differentiation. While commonalities in some developmental features led to the speculation that 
nodules might have adopted the developmental pathways of lateral roots, hormonal requirement of these organs are rather distinct. We evaluated 
global transcriptome profiles of soybean lateral roots and nodules at two distinct stages of development. We observed distinct enrichment of 
transcription factors, and hormone biosynthesis and signaling components. Specifically, we observed distinct enrichment of auxin and cytokinin 
biosynthesis and signaling components in lateral root and nodule tissues respectively. Functional evaluation indicated that a regulatory module 
consisting of miR160 directed developmental stage specific auxin-cytokinin balance during nodule development. Application of two different 
network inference algorithms into one ensemble solution identified seven highly confident GRN modules of co-regulated genes potentially 
involved in nodule development in soybean. Results from functional analysis and network prediction will be presented and discussed. 
 
W461: Genomics of Plant Development 
A New Maize Tassel-Seed Mutant is under the Control of a Two-Locus System 
Silvio Salvi1, Riccardo Bovina2, Francesco Emanuelli1, Linda Zamariola1, Silvia Giuliani1, Elisabetta Frascaroli1 and Pierangelo 
Landi1, (1)Department of Agricultural Sciences, University of Bologna, Bologna, Italy, (2)DipSA - University of Bologna, 
Bologna, Italy 
Unisexual maize flowers originate through selective abortion of female primordia in the tassel and of male stamens in the ear from bisexual 
inflorescences. Tassel seed mutations are known to alter the usual sex fate allowing carpel survival in the male inflorescence. Objective of the 
present research is to describe and map a novel tassel seed phenotype shown by an inbred line, Rig7, identified among a set of lines derived from 
in vitro regeneration. Genetic mapping was carried out using a B73 x Rig7 F2 population (genotyped with 15K SNP array) and by SNP-based 
bulk segregant analysis using two additional segregating populations. Both approaches clearly indicated that the tassel seed phenotype is under 
the control of two loci mapping on chromosomes 2 and 6. A strong and unexplained reduction in recombination across chromosome 2 precluded 
the characterization of the locus on such chromosome. On the contrary, the locus on chromosome 6 was mapped to a < 2 Mb region on bin 6.07. 
Further fine mapping analysis using 2,000 F2 recombinants and corresponding F3 and F4 families enabled us to narrow the tassel seed 6.07 locus 
to a 130 kb region which included three genes based on B73 genome annotation. Candidate genes are being further characterized and tested by 
comparison of allele sequences and gene expression analysis. 
 



W462: Genomics of Plant Development 
Developmental and Gene Expression Programs in Wheat Grain 
Daoquan Xiang1, Prakash Venglat1, Jinfeng Zou2, Vivijian Babic2, Richard Cuthbert3, Curtis Pozniak4, Edwin Wang5 and Raju 
Datla1, (1)National Research Council Canada, Saskatoon, SK, Canada, (2)National Research Council Canada, saskatoon, SK, 
Canada, (3)AAFC, Swift Current, SK, Canada, (4)University of Saskatchewan, Saskatoon, SK, Canada, (5)National Research 
Council Canada, Montreal, QC, Canada 
Wheat is globally one of the most important crops. Recent advances in genomics based approaches are contributing to the development of new 
tools for applications in several crops. We have used genomics based approaches to advance the understanding of grain development in wheat. 
Towards this goal, we focused our studies on grain developmental and gene expression programs, from fertilization to maturity in hexaploid, 
tetraploid and diploid wheat species. These studies include dissection and isolation of tissues from key phases of grain development and detailed 
analyses of these tissues using Nomarski and electron microscopy, followed by RNA-seq based approaches to profile associated transcriptomes. 
Analyses of the results revealed gene expression programs specific to embryo, endosperm and pericarp compartments as well as dynamic 
programs that are regulated coordinately between these tissues and different genomes. Comparative expression analysis of A, B and D genomes 
suggest differential regulation of some of the alleles. Key findings from these studies and their implications for grain development in wheat will 
be presented. 
 
W463: Genomics of Plant Development 
Chromatin Architecture: A New Dimension in the Dynamic Control of Gene Expression. 
Moussa Benhamed, Institute of Plant Sciences - Paris-Saclay, Orsay, France 
 
W464: Genomics of Plant Development 
MicroRNA Roles in Cotton Fiber Initiation and Early Development 
Baohong Zhang, East Carolina University, GReenville, NC 
 
W465: Genomics of Tissue Regeneration in Plants and Animals 
Identification of TFA Genomic Regions That Confer Amenability to Agrobacterium-Mediated Transformation in Barley 
Hiroshi Hisano, Institute of Plant Science and Resources, Okayama University, Kurashiki, Japan 
Different plant cultivars of the same genus and species can exhibit vastly different genetic transformation efficiencies. However, the genetic 
factors underlying these differences in transformation rate remain largely unknown. In barley (Hordeum vulgare), ‘Golden Promise’ is the most 
useful and well-studied cultivar for genetic transformation. By contrast, cultivar ‘Haruna Nijo’ is recalcitrant to genetic manipulation, although 
numerous genomic resources have been developed for this haplotype. Recently, we identified genomic regions of barley important for successful 
transformation with Agrobacterium, utilizing the ‘Haruna Nijo’ × ‘Golden Promise’ F2 generation. A total of 3,013 ‘Haruna Nijo’ × ‘Golden 
Promise’ F2 immature embryos were inoculated with Agrobacterium, and 60 transformants were obtained. These plants were genotyped using 
124 genome-wide SNP markers. We observed significant segregation distortions from the expected 1:2:1 ratio toward the ‘Golden Promise’ 
cultivar in regions of chromosomes 2H and 3H, indicating that the alleles of ‘Golden Promise’ in these regions might contribute to 
transformation efficiency. We termed this region as Transformation Amenability (TFA) loci responsible for Agrobacterium-mediated 
transformation. The genomic regions identified herein likely include necessary factors (i.e. regeneration from callus) for Agrobacterium-
mediated transformation in barley. The potential to introduce these loci into any haplotype of barley opens the door to increasing the efficiency 
of transformation for target alleles into any haplotype of barley by the TFA-based methods proposed in this presentation. 
 
W466: Genomics of Tissue Regeneration in Plants and Animals 
Leaf Initiation, Patterning, Organ Separation from the Meristem 
Patricia Springer, Department of Botany and Plant Sciences, Riverside, CA 
 
W467: Genomics of Tissue Regeneration in Plants and Animals 
Cell Type Specific Whole Genome Approaches to Understand Transcriptional Control of Stem Cell Maintenance 
Venugopala Reddy Gonehal, Botany and Plant Sciences, Riverside, CA 
Stem cells located in growing tips, the shoot apical meristems, of plants provide cells for the development of all above-ground plant 
parts/biomass. The shoot meristem development and function is being studied for nearly a century. However, recent developments in live 
imaging have provided unprecedented view of growth patterns at cellular and organ level. These studies have revealed that stem cell number 
control does not involve mechanisms such as asymmetric cell division, cell death and cell migration. Instead the tissue homeostasis is achieved 
only through regulated cell expansion, cell division and cell displacement. Recent developments in single cell type genomics are augmenting 
classical genetics experiments in exploring how cells interpret genetic code to regulate stem cell division, growth and differentiation patterns. My 
lab has developed these methods and combining them with transient gene manipulations to understand the molecular and cellular basis of stem 
cell homeostasis. I will provide overview of our work on transcriptional mechanisms that underlie stem cell control which has taken us into a 
new area of dose-dependent regulation of gene expression. 
 
W468: GMOD 
Jbrowse Update 
Ian Holmes, University of California, Berkeley, Berkeley, CA 
 
W469: GMOD 
Visualizing Epigenomics in Jbrowse 



Brigitte T. Hofmeister, University of Georgia, Athens, GA 
Numerous genome browsers exist but very few offer customized support for epigenomics. I present a suite of plugins for epigenomics 
visualization in JBrowse, a fast and modern genome browser. Plugins have been created for DNA methylation, small RNA, and stranded 
coverage of chromatin immunoprecipitation sequencing (ChIP-seq). The plugin for DNA methylation supports multiple sequence contexts on a 
single track with each context in a different color. It also allows users to hide specific contexts for an individual track or all visible methylation 
tracks. Small RNA can be visualized the same as traditional mRNA-sequencing, but important information is lost. This plugin color codes reads 
based on length, displays reads on a positive and negative y-axis for strandedness, and includes multiple filtering options. Traditional ChIP-seq is 
displayed using coverage independent of strand. However, strandedness can be important for certain applications such as defining the location of 
transcription factor binding events. This plugin allows for stranded coverage in a single track. Finally, I have developed a plugin to help 
researchers document visualizations with high-quality screenshots. This offers significant benefits over current screenshot techniques, as it is 
entirely web-based and highly customizable for individual screenshots. These plugins are open-source and easily available, allowing for 
additional customizations based on user’s needs. 
 
W470: GMOD 
Maker: The Easy-to-Use Genome Annotation Pipeline 
Michael S Campbell, Cold Spring Harbor Laboritory, Cold Spring Harbor, NY, Carson Holt, University of Utah, Salt Lake City, 
UT, Barry Moore, USTAR Center for Genetic Discovery, Salt Lake City, UT and Mark Yandell, USTAR Center for Genetic 
Discovery, University of Utah, Salt Lake City, UT 
MAKER is a portable and easy-to-use genome annotation pipeline and annotation management tool. MAKER identifies repeats; aligns ESTs, 
RNA-seq data, and proteins to a genome; produces ab initio gene predictions, and automatically synthesizes these data into gene annotations with 
evidence-based quality values. MAKER is easily trainable: outputs of preliminary runs can be used to automatically retrain its gene prediction 
algorithms, producing higher quality gene-models on subsequent runs. MAKER is also a genome management tool that can update legacy 
annotations using new experimental evidence, such as mRNA-seq data; it can also map annotations forward to updated genome assemblies. 
Many of these functionalities were employed in the annotation of the most recent version (V4) of the maize (B73) genome. MAKER's inputs are 
minimal, and its outputs are GFF3 and FASTA files that can be used by other GMOD tools such as Chado, Gbrowse, JBrowse, and Apollo. 
 
W471: GMOD 
Graph Chado Database 
Chris Mungall, Lawrence Berkeley National Lab, Berkeley, CA 
 
W472: GMOD 
Galaxy Community Update 
Dave Clements, Johns Hopkins University, Eugene, OR 
Galaxy is a widely used and deployed data integration and analysis platform for life science research. This talk will briefly introduce the platform 
and then discuss usage, deployment options, and features with an emphasis on what's new in the past year. Recent efforts have focused on user 
interface enhancements, dataset management, easier deployment and tool management, cloud support. and integrating Galaxy analysis with ad 
hoc tools such as R and other scripting tools.  
For an in-depth demonstration of Galaxy, please attend the Genome Annotation with Galaxy workshop on Tuesday at 4pm in the California 
Room. 
 
W473: GMOD 
Discovery and Visualisation of Homologous Genes and Gene Families Using Galaxy 
Anil S. Thanki, Nicola Soranzo, Wilfried Haerty and Robert P. Davey, Earlham Institute, Norwich, United Kingdom 
The phylogenetic information inferred from the study of homologous genes helps us to understand the evolution of gene families and plays a 
vital role in finding ancestral gene duplication events as well as identifying regions that are under positive selection within species.  
The Ensembl GeneTrees pipeline generates gene trees based on coding sequences and provides details about exon conservation, and is used in 
the Ensembl Compara project to discover homologous gene families. Since expertise is required to configure and run the pipeline via the 
command-line, we created GeneSeqToFamily, an open-source Galaxy workflow based on Ensembl GeneTrees. GeneSeqToFamily helps users to 
run potentially large-scale gene family analyses without requiring the command-line while still allowing tool parameters, configurations, and the 
tools themselves to be modified.  
We have also developed two additional sub-workflows: one to output orphan genes from the GeneSeqToFamily workflow itself, i.e. genes that 
are represented in no gene families; the other is to query SwissProt and Ensembl for genes of interest (or orphan genes from GeneSeqToFamily) 
in order to retrieve genomic information. The results from both these sub-workflows can be subsequently imported back into GeneSeqToFamily 
for familial analysis. 
At present, we are using these workflows on grasses (wheat, rice, Brachypodium, Arabidopsis, and barley) and vertebrates (human, dog, chicken, 
kangaroo, macropod, opossum, mouse, platypus, and tasmanian devil), with some analyses comprising more than 13000 gene families. Gene 
families discovered with GeneSeqToFamily can be visualised using the Aequatus.js interactive tool, integrated within Galaxy as a visualisation 
plugin.  
Availability: https://github.com/TGAC/earlham-galaxytools 
 
W474: Graft Genetics and Genomics 
Investigating the Molecular, Physiological, and Architectural Changes that underlie Grafting-Induced Vigor 
Margaret Frank and Daniel H Chitwood, Donald Danforth Plant Science Center, St. Louis, MO 



Grafting has been used to increase yield, especially in the context of biotic and abiotic stress for over 2000 years. Although recent experimental 
evidence suggests that non-cell autonomous long-distance signals may play an important role in the mechanism through which grafting impacts 
plant growth and physiology, the precise identity of these signals and the mechanisms by which they act to affect yield remain largely 
unexplored. In tomato, the grafting of elite fruit producing shoots (scions) onto vigorous, interspecific hybrid root systems significantly increases 
yield. We demonstrate that grafting-induced vigor can be reciprocally transferred between the root and shoot systems of an interspecific hybrid 
(Solanum lycopersicum x S. habrochaites) and domesticated (S. lycopersicum) tomatoes. We are combining morphological and physiological 
measurements of reciprocally grafted root and shoot systems with RNA-seq profiling for non-cell autonomous graft-transmissible transcripts that 
may serve as molecular signals through which grafting-induced vigor is conferred. This molecular network is being overlaid with QTL mapping 
of genetic factors that contribute towards grafting-induced vigor using a defined set of S. habrochaites introgression lines. 
 
W475: Graft Genetics and Genomics 
The Use of Transgenic Rootstock for Improving Nontransgenic Scion Cultivars: Opportunities and Challenges 
Guo-Qing Song, Michigan State University, East Lansing, MI 
The use of transgenic rootstocks to improve the performance of nontransgenic scion cultivars provides a potential to address the biosafety 
concerns about transgene flow and transgene containment in fruit crops. Mobility of transgene products depends on transgene(s). Immobile 
transgene products (e.g., large-molecule proteins) have little chance of being translocated across the graft union and thus they do not pose any 
concern about transgene containment in nontransgenic scion parts. Mobile transgene products [e.g., phytohormones, small-molecule proteins, 
and small interference RNAs (siRNAs)] can be translocated across the graft union. In our recent studies, mobile siRNAs of Prunus necrotic 
ringspot virus (PNRSV) in transgenic cherry rootstock were translocated across the graft union and entered nontransgenic sweet cherry ‘Emperor 
Francis’ at a frequency of approximately 0.5% of the total transgenic siRNAs produced in rootstock. The translocated siRNAs enabled PNRSV 
resistance in the nontransgenic ‘Emperor Francis’. Alternatively, constitutive expression of a blueberry (Vaccinium corymbosum)-derived 
FLOWERING LOCUS T gene (VcFT) promoted flowering of transgenic tobacco plants; however, early flowering was not observed in 
nontransgenic tobacco scions grafted on this VcFT-overexpression rootstock, suggesting an inefficient conveyance of the transgenic trait. In both 
cases, the use of transgenic rootstocks is able to eliminate the concerns about transgene flow from the nontransgenic scion parts. In terms of the 
concerns about transgene containment in fruits harvested from nontransgenic scion cultivars grafted on transgenic rootstocks, it relies on both the 
nature of transgene products and their mobility. 
 
W476: Graft Genetics and Genomics 
Mobile Small RNAs Regulate Genome-Wide DNA Methylation 
Mathew G. Lewsey1, Thomas J. Hardcastle2, Charles W. Melnyk3, Attila Molnar4, Adrian Valli2, Mark Urich5, Joseph R. Nery5, 
David C Baulcombe2 and Joseph Ecker6, (1)La Trobe University, Bundoora, Australia, (2)University of Cambridge, Cambridge, 
United Kingdom, (3)Sainsbury Laboratory Cambridge University, Cambridge, United Kingdom, (4)University of Edinburgh, 
Edinburgh, United Kingdom, (5)Salk Institute for Biological Studies, La Jolla, CA, (6)Salk Institute for Biological Studies & 
Howard Hughes Medical Institute, La Jolla, CA 
Small (s)RNAs of 21 to 24 nucleotides are associated with RNA silencing and methylation of DNA cytosine residues. All sizes can move from 
cell-to-cell and long distance in plants, directing RNA silencing in destination cells. Twenty-four nucleotide sRNAs are the predominant long-
distance mobile species. Thousands move from shoot to root, where they target DNA methylation of transposable elements both directly and 
indirectly. We have identified several classes of interaction between sRNAs and DNA methylation and used these to examine the mechanisms of 
DNA methylation involved in long distance mobile sRNA signalling. We demonstrate that the pathways by which these mobile signals regulate 
DNA methylation are fundamentally distinct to those independent of a mobile signal. Direct and indirectly targeted mobile DNA methylation 
associate with the same superfamilies of transposable elements. They also depend upon the same RNA silencing mechanistic components. 
However, we show here that loci targeted directly can be distinguished from those targeted indirectly by the histone modifications with which 
they associate. Loci targeted directly associate with repressive histone modifications, whilst loci targeted indirectly associate with histone 
modifications found typically in active regions of the genome. This indicates functional differences exist between the classes of long distance 
mobile sRNA signals. 
 
W477: Graft Genetics and Genomics 
Graft Union Strength of Apple Rootstocks and Hormone Flux through Graft Unions 
Gennaro Fazio1, Thomas Tworkoski2, Jaume Lordan3, Stuart Adams4 and Brent Black4, (1)USDA-ARS, Geneva, NY, (2)USDA 
ARS AFRS, Kearneysville, WV, (3)Horticulture Section, School if Integrative Plant Sciences, Cornell University, Geneva, NY, 
(4)Dept. of Plant Science, Utah State University, Logan, UT 
Certain apple rootstock and scion combinations may form weak graft unions. We tested whether applications of exogenous plant growth 
regulators (PGR) can influence vascular differentiation and wood formation, to improve graft union strength. Several commercial and 
experimental PGRs were applied on replicate graft unions of nursery trees or on apical meristems over two seasons. Two of the treatments 
(benzyl adenine and prohexadione calcium) significantly increased the flexural strength per scion cross-sectional area and the flexibility of the 
union. Apple tree graft specimens of these unions were imaged using a Zeiss Versa XRM-520 CT to observe graft union morphology associated 
with treatments. In a separate grafting experiment with similar scion rootstock combinations we monitored endogenous plant hormones in grafted 
trees and found different hormone concentrations based on the type of graft in the same rootstock scion combination. An additional grafting 
experiment monitored endogenous auxin levels and gene expression of auxin related transport genes (auxin influx AUX1, efflux PIN1, PIN2, 
ABCB1 and intracellular homeostasis PIN5) in xylem and phloem near or within the graft of M.9 (dwarfing) and MM.111 (vigorous) rootstocks. 
Auxin concentrations were higher above the graft union of scions on M.9 rootstocks than on MM.111 rootstocks. Significant rootstock and scion-
rootstock interaction effects were found for AUX1 expression, elevated RNA detected only for self-grafted M.9 in xylem below the graft. All 
these experiments indicate yet to be unraveled complex interactions at the site of the graft that influence hormone transport, wood formation and 



gene expression. Although complex, these composite systems can be utilized to understand communication between tissues of two distinct 
genotypes. 
 
W478: Graft Genetics and Genomics 
Grapevine Rootstock Impacts on Shoot System Phenotypes: Preliminary Data from an Experimental Vineyard in Mount 
Vernon, MO 
Allison Miller, Saint Louis University, Saint Louis, MO, Daniel H Chitwood, Donald Danforth Plant Science Center, St. Louis, 
MO, Misha Kwasniewski, University of MIssouri, Columbia, MO, Laszlo Kovacs, Missouri State University, Springfield, MO and 
Jason Londo, USDA-ARS Grape Genetics Research Unit, Geneva, NY 
Clonally propagated and grafted crop species provide the optimal study system for understanding the ability of the rootstock to modulate shoot 
system phenotypes. An experimental vineyard (‘Chambourcin’ vineyard) was established at The University of Missouri Southwest Center 
Agricultural Experiment Station in 2009 in Mount Vernon, MO. The vineyard includes a locally important common scion (‘Chambourcin’) 
maintained as own-rooted, ungrafted vines and also grafted to three different rootstocks (‘3309C’ - V. riparia x V. rupestris; ‘1103P’ - V. 
berlandieri x V. rupestris; ‘SO4’ - V. berlandieri x V. riparia). The full factorial experiment with varied rootstock and irrigation regimes includes 
288 vines (8 replicates of 4 rootstock - scion combinations x 9 treatment blocks (3 replicates of 3 irrigation regimes: full replacement of 
evapotranspiration losses (ET), 70% replacement of ET, and non-irrigated). Preliminary data collected in the ‘Chambourcin’ vineyard indicate 
ion concentration, leaf shape, vine physiology, and berry chemistry vary as a function of rootstock. Future work will extend sampling in the 
‘Chambourcin’ vineyard over the next three years. 
 
W479: Graft Genetics and Genomics 
Heritability and Reversibility of DNA Methylation Induced by in vitro Grafting between Tuber Mustard (Brassica juncea) 
and Red Cabbage (B. oleracea ) 
Liping Chen, Zhejiang University, Hangzhou City, China 
 
W480: Gramene Database: A resource for comparative plant genomics, pathways and phylogenomics analyses 
Overview of Gramene's Ensembl Genome Browser 
Marcela Karey Tello-Ruiz, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 
The Gramene database (http://www.gramene.org) is an integrated resource for comparative genomics and pathways in plants. In partnership with 
Ensembl Plants, we host genome browsers for 44 complete reference genomes, including cereals, crops, and model species. Each genome 
encompasses value-added annotations, gene trees, and whole-genome alignments. Evolutionary histories provided in phylogenetic trees classify 
orthologous and paralogous relationships as speciation and duplication events. Orthologous genes inform synteny maps that enable interspecies 
browsing across ancestral regions. Browsers from multiple species can be viewed simultaneously, with links showing homologous gene and 
whole-genome alignment mappings. SNP and structural diversity data, available for 11 species, is displayed in the context of gene annotation, 
showing functional consequences assigned to individual accessions within a diversity panel. Functional data include phenotypic, transcriptome 
profiling, and methylome data. Visual displays can be downloaded as high-resolution, publication-ready, image files. Fully integrated BLAST 
enables visualization of alignments within the browser, an assembly converter tool for transforming genomic coordinates across assemblies, and 
for data mining, the BioMart tool enables complex queries of sequence, annotation, homology, and variation data, and provides an additional 
gateway into the genome browsers. Both our genome and pathway browsers display baseline gene expression from the Expression Atlas. Our 
integrated search database and modern user interface leverage these diverse annotations to allow scientists finding genes by selecting auto-
suggested filters with results shown interactively in aggregate and gene-context views. Gramene is supported by NSF grant IOS-1127112, and 
partially from USDA-ARS 1907-21000-030-00D. 
 
W481: Gramene Database: A resource for comparative plant genomics, pathways and phylogenomics analyses 
Mining Rice Disease Resistance Genes Using Gramene 
Joshua Stein1, Sharon Wei1, Kapeel Chougule1, Rod A. Wing2 and Doreen Ware1, (1)Cold Spring Harbor Laboratory, Cold Spring 
Harbor, NY, (2)Arizona Genomics Institute, University of Arizona, Tucson, AZ 
Disease pathogens severely impact rice production and pose an increasing threat as climate change impacts pest range. Breeding for natural 
resistance is a proven strategy but limited by sources of variation. Wild relatives of rice, collected from around the world, provide an untapped 
reservoir of resistance genes. Taking advantage of an 11-species genome set in Gramene (www.gramene.org) that spans the Oryzeae tribe, we 
discovered over 4500 NLR (nucleotide-binding domain and leucine-rich repeat containing) genes in 28 families. Rapid diversification of 
complex haplotypes by gene expansion and loss is typical of NLR genes, contributing to disease adaptation. Summing over the 28 NLR families 
in the Compara database, we found a 10-fold increase in duplication rates in lineages leading to both Asian and African cultivated rice, consistent 
with selection for resistance traits prior to domestication. Most NLR were positionally clustered, often forming complex arrangements of 
distantly related genes. Yet, clear orthologous relationships and evidence of conserved underlying haplotype structures could be drawn, even 
among more distantly related species. Adjacent heterogeneous pairs, with head-to-head arrangement, showed a disproportionate prevalence, 
conservation, and association with putative integrated decoy domains, suggesting function as coupled NLR gene pairs. Striking variation in 
domain structure suggests that swapping of various decoy domains contributes to the evolution of haplotype diversity and resistance specificity. 
This study has opened a treasure trove of potentially novel resistance functions that may help in the future development and sustainability of rice. 
Funded by NSF awards #1026200 and #1127112. 
 
W482: Gramene Database: A resource for comparative plant genomics, pathways and phylogenomics analyses 
Plant Reactome: A Resource for Comparative Analysis of Plant Pathways 



Pankaj Jaiswal1, Justin Preece1, Parul Gupta1, Sushma Naithani1, Peter D'Eustachio2, Lincoln Stein3, Doreen Ware4 and Justin L. 
Elser1, (1)Department of Botany & Plant Pathology, Oregon State University, Corvallis, OR, (2)NYU School of Medicine, New 
York, NY, (3)Ontario Institute of Cancer Research, Toronto, ON, Canada, (4)Cold Spring Harbor Laboratory, Cold Spring Harbor, 
NY 
The Plant Reactome database (http://plantreactome.gramene.org/) developed collaboratively by Gramene and the human Reactome project hosts 
metabolic, genetic and signaling pathways for several model and crop plant species. The pathway data model organizes gene products, small 
molecules and macromolecular interactions into reactions and pathways in the context of their subcellular location to build a systems-level 
framework of a eukaryotic cell. The Plant Reactome features Oryza sativa (rice) as a reference species built by importing RiceCyc metabolic 
network, adding highly conserved pathways (e.g., cell cycle, DNA replication, transcription, translation, etc.) from human Reactome, and 
curating new metabolic, signaling and genetic pathways. The Plant Reactome database now contains ~240 rice reference pathways and 
orthology-based pathway projections for 66 plant species of agricultural crops and evolutionary importance. Plant Reactome allows users to i) 
compare pathways across various plant species; ii) query and visualize curated baseline and differential expression data available in the EMBL-
EBI’s Expression Atlas in the context of pathways in the Plant Reactome; and iii) analyze genome-scale expression data and conduct pathway 
enrichment analysis to identify pathways likely to be modulated in response to environmental stresses and experimental treatments. Plant 
Reactome data links to external sources, such as Gramene, Phytozome, UniProt, PIR, ChEBI, PubChem, PubMed, and GO, etc. Users can 
access/download our data in various formats from our web site and via APIs. The presentation will discuss tools for pathway analysis and 
homologous pathway comparison, curation of reference pathways, and phylogeny based analyses of projected pathway annotations. The 
Gramene database project is supported by an NSF award (IOS-1127112). Intellectual and infrastructure support for the Plant Reactome is 
provided by the Human Reactome award (NIH: P41 HG003751 and U54 GM114833, ENFIN LSHG-CT-2005-518254, Ontario Research Fund, 
and EBI Industry Programme). 
 
W483: Gramene Database: A resource for comparative plant genomics, pathways and phylogenomics analyses 
High Resolution Transcriptome Analysis of Rice Salt Response Enabled by Gramene Resources 
Matthew Geniza, Oregon State University, Corvallis, OR, Samuel Fox, Saint Martin's University, Lacey, WA and Pankaj Jaiswal, 
Department of Botany & Plant Pathology, Oregon State University, Corvallis, OR 
Improving yield and maintaining high quality in rice is essential to meet growing demands and address challenges posed by abiotic and biotic 
stress. To explore the rice diversity for candidate genes and genetic loci that may contribute to stress tolerance, we conducted a salt stress 
responsive RNA-seq based transcriptome study of two Oryza sativavarieties, the salt-tolerant Pokkali and salt-sensitive breeding line IR29. To 
find early and late response genes, a series of RNA samples were collected at 1, 2, 5, 10 and 24 hours after salt treatment.  
The Oryza genome browser hosted by Gramene database enabled us to upload our de novotranscriptomes assembled from the RNA-seq data for 
Pokkali and IR29. Although our assemblies mapped to ~90% of the current reference gene models, we observed some structural differences 
between salt stress related genes in our assemblies and the reference gene models. These differences suggest a possibility at improving current 
annotations.  
Our investigation of differentially expressed genes revealed 7,209 and 6,595 salt-induced transcripts from Pokkali and IR29, respectively, over 
all time points. Expression data was also utilized on Gramene’s Plant Reactome to address metabolic and regulatory pathways unique to Pokkali 
and IR29. Sequence reads from each transcriptome were aligned to the reference genome for genetic marker discovery. High consequence 
variants were identified with Gramene’s Variant Effect Predictor tool.  
Our study provides insight into transcriptional programming during salt stress, references for improving Oryza genome annotations, and genetic 
variation sites with an association to differential gene expression and potential gene function. The talk would also highlight Gramene's genomics 
resources and tools that users may be able to adopt for similar studies. 
 
W484: Gramene Database: A resource for comparative plant genomics, pathways and phylogenomics analyses 
Plant Gene Expression in EMBL-EBI Expression Atlas 
Maria Keays, European Bioinformatics Institute (EMBL-EBI), Hinxton, United Kingdom 
Expression Atlas at EMBL-EBI (http://www.ebi.ac.uk/gxa) is a free online resource enabling users to discover which genes are expressed in 
which tissues, developmental stages, growth conditions, and hundreds of other experimental conditions across 19 different plant species (as well 
as others). This could either be in a baseline context, e.g. to find genes expressed in rice roots under normal conditions, or in a differential 
context, e.g. to find genes that are upregulated in response to drought stress in barley. The data in Atlas comes from the ArrayExpress archive of 
functional genomics experiments (http://www.ebi.ac.uk/arrayexpress). All datasets are manually curated to a high standard by our curators, with 
terms annotated using the Plant Ontology and the Experimental Factor Ontology. They are analysed with our in-house pipeline, using the latest 
microarray and RNA-seq analysis methods and following standard protocols. Differential expression comparisons are decided by curators, after 
assessment of the data, reading associated publications, and correspondence with the original researchers. The Expression Atlas website employs 
ontology-based query expansion to enable powerful searching across all the data. Newly available features include the ability to find genes with 
similar expression patterns, a new format for heatmaps displaying expression levels, and a Bioconductor package for searching and downloading 
data in R. The Gene Expression team have also recently released the RNA-seq Analysis API (http://www.ebi.ac.uk/fg/rnaseq/api/), providing 
processed RNA-seq data from millions of publicly available sequencing runs. 
 
W485: Grape Genome Initiative 
Network Analysis of the Late Stages of Grape Berry Ripening. 
Grant R. Cramer, University of Nevada, Reno, Reno, NV 
Senescent-like processes such as chloroplast disorganization and cell death occur in grape berries in the late stages of ripening. Berry skins are an 
important source of flavor, color and other berry quality traits. Network analyses, both standard (a posteriori) and weighted gene coexpression 
network analysis (WGCNA, a priori), were used to elucidate common network modules and hub genes associated with traits in the berry skins of 
the late stages of berry ripening. RNA-seq analysis of the skins of 7 grapevine cultivars (Cabernet Franc, Cabernet Sauvignon, Merlot, Pinot 



Noir, Chardonnay, Sauvignon Blanc and Semillon) identified approximately 8,000 differentially expressed genes across 4 different berry sugar 
levels (20 to 26 °Brix) for all 7 cultivars. Standard network analysis revealed genes involved in light regulation (photosynthesis and the circadian 
clock), translation, sugar metabolism, phenylpropanoid metabolism, epigenetic regulation, and post-embryonic development. Genes involved in 
physiological processes like photosynthesis and translation were declining with increasing sugar levels in the berries. Other processes increased 
such as phenylpropanoid metabolism, sugar metabolism and epigenetic regulation. WGCNA identified 64 gene modules that were organized into 
12 gene module networks and 6 higher order gene networks. Some of these gene networks were highly correlated with sugar levels. Some of 
these networks were highly enriched in the chloroplast and nucleus. Hub genes were identified in these networks. Many members of the core 
circadian clock were hub genes and associated with several of these gene networks. An integrated model was constructed linking light sensing, 
alternative splicing, chromosome remodeling and the circadian clock with berry sugar accumulation and development. A common set of genes 
and gene networks from 7 different cultivars were elucidated for the skins of the late stages of grapevine berry ripening. A complex 
transcriptional network was elucidated involving berry senescent processes, the circadian clock, RNA splicing, proteolysis and epigenetic 
regulation. New hypotheses were formulated involving sugar accumulation, the circadian clock, epigenetic regulation, seed and fruit 
development, which may lead to a better understanding of berry development and fruit quality. 
 
W486: Grape Genome Initiative 
Multi-Omics Data Integration for Genome by Environment Interactions Analysis in Vitis vinifera 
Carlos M Rodriguez Lopez, Cassandra Collins, James M. Breen, Matthew Gilliham, Na Sai, Timothy Cavagnaro, Huahan Xie and 
Jia Zhou, University of Adelaide, Adelaide, Australia 
Fruit traits affecting wine quality are driven by the interaction of the grapevine’s genome with environmental factors and vineyard management. 
All these variables, in conjunction with the wine making process, give a wine its distinctive character. Understanding how grapevines perceive 
and adapt to a changing environment can provide us with an insight to better manage crop quality as we can capture a ‘plant’s perspective of its 
growing environment’. Mounting evidence suggests that epigenetic mechanisms are a key interface between the environment and the genotype 
that ultimately affect the plant’s phenotype. Moreover, it is now widely accepted that epigenetic mechanisms are a source of useful variability 
during crop varietal selection that could affect crop performance. While DNA methylation has been deeply studied in other crops, very little 
work has been done to understand its contribution to plant performance in grapevine. Here we used epigenomics, transcriptomics, metagenomics 
and metabolomics to dissect what are the main drivers of epigenetic diversity across 22 vineyards planted with the cultivar Shiraz in five wine 
subregions of the Barossa Valley (Australia). Interestingly, although the genetic differentiation between vineyards and regions was very low, the 
observed epigenetic and transcription profiles showed a high level of differentiation that grouped vineyards by subregion. Furthermore, pairwise 
epigenetic distances between vineyards with similar management systems showed a significant correlation with geographic distance. Taken 
collectively, our results indicate that plant age, management and local growing conditions are the main drivers of epigenetic differentiation 
between vineyards and wine subregions within the Barossa Valley. 
 
W487: Grape Genome Initiative 
Beyond the Grape Genome: Construction of a Vineyard Metagenome Reference 
Dario Cantu, University of California, Davis, CA 
Biotic interactions in the vineyard contribute to define grape productivity. Many microorganisms, including viruses, bacteria and fungi are 
capable of infecting grapevines causing important damage if left uncontrolled. Many more microorganisms, endophytic or epiphytic, are not 
pathogenic and may play a positive role in wine grape yield and chemical composition. Here, I will discuss the use of different whole genome 
sequencing approaches to develop a multi-species genome reference for grapevines and their most commonly associated micro-organisms to 
study their interactions under natural field settings. Single molecule real time sequencing (SMRT) technology was used to generate high-quality 
genome references for grape and some of the most economically important grape pathogens, including Eutypa lata, Neofusicoccum parvum, 
Togninia minima, causal agents of Eutypa dieback, Botryosphaeria dieback and Esca, respectively. Highly contiguous genomes were obtained 
and a combination of ab initio and evidence based methods were used to annotate their protein-coding genes. I will provide an update on the 
sequencing efforts of Cabernet Sauvignon and other common wine grape varieties. De novo assembly of short reads provided rapid access to the 
genomes of other fungi often associated with grapevines, including Phaeomoniella chlamydospora, Erysiphe necator, Diplodia seriata, 
Botryosphaeria dothidea, and several Lasiodiplodia and Neofusicoccum species.  The availability of annotated genomes for grape and the most 
relevant grape-associated microorganism has allowed us to construct a multi-species reference for mapping and quantifying DNA and RNA 
sequencing reads. I will describe how an optimized bioinformatics approach has been used to produce quantitative assessments of species 
composition as well as genome-wide transcriptional profiling of plant and microbiome gene expression in the vineyard.  
 
W488: Grape Genome Initiative 
Domestication Genomics of Grapes 
Yongfeng Zhou and Brandon S. Gaut, University of California, Irvine, Irvine, CA 
Plant domestication modifies a wild species genetically for human use. Among thousands of domesticated plants, a major distinction is the 
difference between annual and perennial life cycles. The domestication of perennials is expected to follow different processes than annuals, with 
distinct genetic outcomes. Here we examine grape domestication from a population genetics perspective, with a focus on three issues: genetic 
bottlenecks during domestication, genomic footprints of artificial selection, and genetic load. These three issues have been studied nominally in 
major annual crops but even less extensively in perennials.  
 
W489: Grape Genome Initiative 
Pan Genome and Structural Variation Analysis using different Approaches for de novo Assembly and Haplotype 
Reconstruction 



Davide Scaglione1, Michele Vidotto2, Aldo Tocci2, Rachel Schwope2, Gabriele Magris2, Alice Fornasiero2, Eleonora Paparelli2, 
Gabriele Di Gaspero2, Fabio Marroni2 and Michele Morgante2, (1)IGA Technology Services, Udine, Italy, (2)IGA Istituto di 
Genomica Applicata, Udine, Italy 
Structural variation plays an important role in the diversity of grape genomes. Here we show several approaches that allowed us to capture the 
pan-genome of different grape varieties, based on paired-end mapping and de novo assembly, each carrying its pros and cons. A dispensable 
genome, scattered across varieties, has been also found as a relevant hemizygous component. The low-coverage sequencing of four progeny 
individuals, derived from a self-pollinated “rkatsiteli” variety, allowed to resolve its two haplotypes at SNPs and SVs levels. Moreover, by 
leveraging nearly complete chromosome-level reconstruction of its genome via Hi-C contact matrix, it has been possible to determine syntelogs. 
This showed that, in many circumstances, the availability of a draft annotated genome can ensure a less biased representation of its actual gene 
content, accessing its functional dispensable genome and providing a better estimate of expression levels in RNA-Seq experiments. 
 
W490: Grape Genome Initiative 
Resources for Comparative Pathway Analysis for Grapevine 
Sushma Naithani1, Justin Preece1, Parul Gupta1, Peter D'Eustachio2, Justin L. Elser1, Sharon Wei3, Robert Petryszak4, Paul J. 
Kersey5, Lincoln Stein6, Doreen Ware3 and Pankaj Jaiswal1, (1)Department of Botany & Plant Pathology, Oregon State University, 
Corvallis, OR, (2)NYU School of Medicine, New York, NY, (3)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 
(4)EMBL-EBI, Hinxton, United Kingdom, (5)EMBL - The European Bioinformatics Institute, Cambridge, United Kingdom, 
(6)Ontario Institute of Cancer Research, Toronto, ON, Canada 
Cellular-level pathway networks for grapevine such as VitisCyc and Plant Reactome can provide a framework for the analysis and visualization 
of large-scale expression data sets and aid grape researchers in understanding the metabolic composition of the grape berry and how it is 
influenced by genetic diversity and environmental factors. VitisCyc (http://pathways.cgrb.oregonstate.edu) is a curated cellular metabolic 
network based on the BioCyc platform. The Plant Reactome database (http://plantreactome.gramene.org), a pathway portal provided by 
Gramene, hosts signaling, transport, developmental and metabolic pathways for 66 plant species, including Vitis vinifera, based on orthology to 
Oryza sativa. The utility of these resources in Omics data analysis will be illustrated using publicly-available gene expression data sets for 
grapevine in the EMBL-EBI plant gene Expression Atlas (https://www.ebi.ac.uk/gxa/plant/experiments). Users can further analyze gene 
expression in relation to genetic diversity by uploading this data on the Gramene Ensembl Genome Browser. Support for VitisCyc is provided in 
part by Oregon State University. Gramene is supported by the NSF (Award # IOS-1127112). The Plant Reactome portal is being developed in 
collaboration with the Human Reactome (award #: NIH: P41 HG003751 and U54 GM114833, ENFIN LSHG-CT-2005-518254, Ontario 
Research Fund, and EBI Industry Programme). 
 
W491: Grasslands (Lolium Genome Initiative) 
Genomic Prediction of Heading Date and Crown Rust Resistance in Perennial Ryegrass 
Sai Krishna Arojju1,2, Susanne Barth1, Dan Milbourne1, Patrick Conaghan3, Trevor Hodkinson2, Michael Casler4 and Stephen 
Byrne1, (1)Teagasc, Crop Science Department, Carlow, Ireland, (2)Trinity College Dublin, Dublin, Ireland, (3)Teagasc, Grassland 
Science Research Department, Carlow, Ireland, (4)USDA Dairy Forage Research Center, Madison, WI 
Perennial ryegrass (Lolium perenne L.) is the principal forage species grown in temperate regions worldwide. We have developed training 
populations with different mating structures and genotyped individual plants using a genotyping-by-sequencing approach for genomic selection. 
We determined predictive accuracies for heading date (0.84) and resistance to crown rust infection (0.63), and identified how these were affected 
by training population design, size, and marker density. Using variable importance measures we identified subsets of single nucleotide 
polymorphisms (SNPs) that could achieve predictive accuracies comparable with predictive accuracies achieved using the entire SNP set. 
Furthermore, using these smaller SNP sets improved predictive accuracies when predicting in plants that are unrelated to training set. 
 
W492: Grasslands (Lolium Genome Initiative) 
Identification of Candidate Genes for Fertility Restoration in Cytoplasmic Male Sterile Perennial Ryegrass (Lolium perenne 
L.) 
Timothy Sykes1, Steven Yates2, Istvan Nagy3, Torben Asp4 and Bruno Studer1, (1)ETH Zurich, Zurich, Switzerland, (2)Swiss 
Federal Institute of Technology, Zuerich, Switzerland, (3)Aarhus University, Slagelse, Denmark, (4)Department of Molecular 
Biology and Genetics, Aarhus University, Slagelse, Denmark 
Perennial ryegrass (Lolium perenne L.) is widely used for forage production in both permanent and temporary grassland systems. To increase 
yields in perennial ryegrass, recent breeding efforts have been focused on strategies to more efficiently exploit heterosis by hybrid breeding. 
Cytoplasmic male sterility (CMS) is a widely applied mechanism to control pollination for commercial hybrid seed production and although 
CMS systems have been identified in perennial ryegrass, they are yet to be fully characterised.  
We have developed a bioinformatics pipeline for efficient identification of candidate restorer of fertility (Rf) genes for CMS. From a high-quality 
draft of the perennial ryegrass genome, 373 pentatricopeptide repeat (PPR) genes were identified and classified, further identifying 25 restorer 
of fertility-like PPR (RFL) genes through a combination of orthologous clustering and comparison to known Rf genes. These RFL genes were 
further investigated by phylogenetic analyses, identifying three groups of perennial ryegrass RFLs that likely represent conserved genomic 
regions of active RFL generation. To validate this hypothesis, a population of 576 plants segregating for fertility restoration has been genotyped 
by sequencing. This will allow us to functionally associate the candidate gene regions to the restoration phenotype.  
Our work will allow the development of functional markers for PPR-Rf genes facilitating the use of CMS as an efficient tool to control 
pollination for hybrid crop production.  
 
W493: Grasslands (Lolium Genome Initiative) 
Genetic Dissection of Cell Wall Digestibility in Perennial Ryegrass 



Isabel Roldan-Ruiz1,2, Frederik van Parijs3, Chris Van Waes4, Geert Haesaert5, Tom Ruttink1 and Hilde Muylle3, (1)ILVO Plant 
Sciences Unit, Melle, Belgium, (2)Department of Plant Biotechnology and Bioinformatics, Ghent University, Ghent, Belgium, 
(3)ILVO Plant Sciences Unit - Growth and Development, Melle, Belgium, (4)ILVO Plant Sciences Unit - Crop Husbandry, 
Merelbeke, Belgium, (5)Ghent University - Faculty of Bioscience Engineering, Ghent, Belgium 
The energy content of perennial ryegrass (Lolium perenne)is among the highest of forage grasses but it still contains an excess of protein in 
relation to its energy content. Past breeding efforts to improve this balance and to increase the organic matter digestibility (OMD) have focused 
on the increase of the water-soluble carbohydrate (WSC) fraction. However, this was achieved at the expense of the cell wall portion (NDF), 
which is important for rumen functioning. We therefore focus on breeding for an improved cell wall digestibility (CWD). Higher CWD can be 
achieved by decreasing the lignin content or by modifying the lignin composition.  
Here we present a study that considers both, phenotypic and marker-assisted selection (MAS), to improve the CWD of perennial ryegrass. 
Association mapping was used to correlate single-nucleotide polymorphisms (SNPs) and phenotypic variation for lignin content and several 
components of CWD. We show that CWD is a relevant trait for breeding and our estimates predict a potential to increase milk yields by 2% by 
selecting the genotypes with the highest CWD values in the studied germplasm. Six molecular markers were identified as significantly associated 
with CWD or with Klason lignin content. The association of one polymorphism in the LpCCR1 gene with Klason lignin content was further 
confirmed in pair-crosses (-15% difference in Klason lignin between both homozygous classes).  
 
W494: Grasslands (Lolium Genome Initiative) 
Large Scale SNP Analysis Reveals Genomic Diversity within European and Asian Red Clover (Trifolium pratense L.) 
Germplasm 
Leif Skot1, Charlotte M Jones1, David Lloyd1, Matthew Hegarty1, Jose De Vega2 and Wayne Powell3, (1)IBERS, Aberystwyth 
University, Aberystwyth, United Kingdom, (2)Earlham Institute, Norwich, United Kingdom, (3)Scotland’s Rural College (SRUC), 
Edinburgh, United Kingdom 
Red clover is an important cool temperate forage legume. It is native to Europe, South and Central Asia, and Northwest Africa, where it is 
adapted to many environments. Selective breeding has resulted in elite lines of red clover being tall with few branches and large leaves, making it 
an ideal silage crop. To expand the use of red clover, there is a need for varieties with better grazing tolerance and persistency. These properties 
have been linked to a more prostrate growth habit. Ecotypes vary considerably in morphology, flowering time, and leaf size, and are potential 
sources of novel variation, that could be incorporated into improved varieties. We have assessed the genetic diversity in a large ecotype panel and 
elite varieties of red clover using single nucleotide polymorphisms. A PCA of the SNP data revealed a strong east west split to the ecotype 
accessions. Fst values indicated moderate differentiation; with higher levels of variation within rather than between the accessions. Using 
BayeScan and other methods, we identified potential regions of the genome under selection. An assessment of linkage disequilibrium showed a 
slower decay in the ecotypes compared to synthetic populations. A preliminary genome wide association study based on one years’ phenotypic 
data, identified one SNP which was significantly associated with flowering time. The minor allele reduced the overall time to flowering by 11 
days. Ecotypes from this work are being used in a pre-breeding crossing program, to incorporate some of their phenotypic traits and to further 
study their genetic control. 
 
W495: Grasslands (Lolium Genome Initiative) 
Developing Genomic Selection in White Clover (Trifolium repens L.) 
Andrew Griffiths1,2, M. Zulfi Z. Jahufer3, Marty Faville1, Siva Ganesh1, Roger Moraga1, Ken Dodds4, Greig Cousins5, Craig 
Anderson6, Rachel Tan7, Anna Larking6 and Brent Barrett6, (1)AgResearch, Grasslands Research Centre, Palmerston North, New 
Zealand, (2)Pastoral Genomics c/o AgResearch Grasslands, Palmerston North, New Zealand, (3)Pastoral Genomics c/o AgResearch 
Grasslands, Palmerston North , New Zealand, (4)AgResearch, Invermay Agricultural Centre, Mosgiel, New Zealand, (5)Ag 
Research, Christchurch, New Zealand, (6)Ag Research, Hamilton, New Zealand, (7)Ag Research, Palmerston North, New Zealand 
 
W496: Grasslands (Lolium Genome Initiative) 
Mutagenesis and Genomic Analysis in Arundo donax 
Fabio Valli1, Daniele Trebbi2, Davide Scaglione3, Simone Scalabrin3, Danara Ormanbekova1, Federica Cattonaro3, Roberto 
Tuberosa1, Andrea Monti1, Michele Morgante4 and Silvio Salvi1, (1)Department of Agricultural Sciences, University of Bologna, 
Bologna, Italy, (2)GENETICLAB SRL, Pordenone, Italy, (3)IGA Technology Services, Udine, Italy, (4)Università di Udine, Udine, 
Italy 
Arundo donax L. (giant reed) is a perennial C3 Poaceae species of Mediterranean-subtropical origin and is characterized by high carbon 
accumulation efficiency, making it one of the most promising plants for bioenergy and phytoremediation exploitation. A. donax is highly 
polyploid, completely lacks sexual reproduction and propagates vegetatively. Very little genetic variation is found between ecotypes, which 
makes A. donax domestication and genetic improvement a challenge. We utilized physical mutagenesis with Gamma and Fast-Neutron 
irradiation treatments of A. donax in-vitro cultures in order to increase the genetic variability of the species. For the Gamma-ray treatments, 
LD50 was reached with irradiation doses between 40 and 60 Gy. Plants were regenerated, hardened in pots and transferred to field. A total of 
approximately 1,100 independently regenerated plants are currently available and mutants for plant height and habitus, leaf shape and color and 
other traits have been identified. We have additionally started to phenotype the collection for mutants affected in cell wall/cellulose/lignin, in 
order to identify clones potentially improved in bioenergy production. To our knowledge, these are the first results of artificially induced 
mutagenesis in A. donax. The molecular nature of induced mutations are being investigated with NGS-based genotyping means. Project funded 
by the FP7 EU program WATBIO. 
 
W497: Host-Microbe Interactions  
Effectors of the Citrus Huanglongbing-Associated Bacteria 



Kelley Clark1, Agustina De Francesco1, Jessica Franco2, Shree P Thapa3, Simon Schwizer1, Gitta Coaker4 and Wenbo Ma1, 
(1)University of California, Riverside, CA, (2)University of California, Davis, CA, (3)UC Davis, Davis, CA, (4)University of 
California, Davis, Davis, CA 
Gram-negative bacterial pathogens, like the citrus Huanglongbing (HLB)-associated bacteria, possess secretion systems that deliver virulence 
proteins into the host. These “effector” proteins can aid infection by manipulating plant physiology and subverting host immunity, thereby 
promoting bacterial colonization and disease progression. We analyzed Sec-delivered effectors (SDEs) from the genome sequences of 
Candidatus Liberibacter asiaticus (CLas), the species currently present in the US. One of the core effectors, named SDE1, has 40-folds higher 
expression in citrus relative to in the insect vector, implicating a possible role in HLB disease progression. To identify the interacting proteins of 
SDE1 in citrus, we performed yeast two-hybrid (Y2H) screening and found that SDE1 directly interacts with several members belonging to a 
specific family of proteases known as papain-like cysteine proteases (PLCPs). PLCPs are upregulated during CLas infection; homologs of 
PLCPs in other plant-pathogen systems have also been shown to contribute to defense against microbial pathogens. Our results advanced 
understanding of HLB pathogenesis and discovered possible gene targets for genetic manipulation in order to enhance citrus resistance to this 
devastating disease. Furthermore, we will discuss the application of SDE1 as a biomarker for HLB detection using antibody-based methods. 
 
W498: Host-Microbe Interactions  
Getting to the Root of Bacterial Wilt Resistance in Tomato 
Anjali Iyer-Pascuzzi, Bong Suk Kim, Elizabeth French, Denise Caldwell and Kristina Gans, Purdue University, Department of 
Botany and Plant Pathology, West Lafayette, IN 
Plant roots constantly defend themselves against soilborne pathogens, and root diseases are a severe limiting factor in crop production throughout 
the world. Although roots are often critical to whole plant resistance, root defense responses are not well understood. Our long-term goal is to 
decipher the mechanisms of root-mediated resistance to the soilborne bacteria and fungi that cause a large class of root diseases known as 
vascular wilts. Ralstonia solancearum, the causal agent of bacterial wilt, is one of the most globally destructive soilborne bacteria, and causes 
upwards of 90% disease loss during epidemics. Using the tomato – R. solanacearum pathosystem as a model, we are exploring the role of root 
architecture, root anatomy, and root cell-type specific transcriptional programs in resistance. Light and scanning electron microscopy revealed 
that bacteria are differentially distributed in tomato root cell types of resistant and susceptible varieties, and that resistant plants delay 
colonization of the root vasculature. Consistent with this, a time-course of tomato whole root expression profiling after R. solanacearum 
infection demonstrated that roots of resistant plants activate defense responses faster than their susceptible counterparts. We find that R. 
solanacearum infection differentially alters the root architecture of resistant and susceptible plants. Changes in the whole root transcriptomic 
programs after infection identified root development genes that likely function in these root architecture changes. Our data suggest that root-
mediated resistance to R. solanacearum in tomato is due to a combination of root developmental and transcriptomic changes. 
 
W499: Host-Microbe Interactions  
Microbial Profiling with cpn60 and the Collaborative Exploratory Data Environment (CEDE)  
Matthew Links, Department of Animal and Poultry Science, University of Saskatchewan, Saskatoon, SK, Canada 
 
W500: Host-Microbe Interactions  
The Emergence of Broad-Spectrum ß-Lactamases in E. coli from Canine Urinary Tract Infections in Western Canada 
Joseph E Rubin, Rachel M. Courtice and Michelle Sniatynski, University of Saskatchewan, Saskatoon, SK, Canada 
Antimicrobial resistance is a serious threat to modern medicine. Broad-spectrum ß-lactamase producing Escherichia coli resistant to the 3rd 
generation cephalosporins (3GC), are among the most notorious superbugs. These ß-lactamases, including the CTX-M and AmpC type enzymes, 
are frequently co-located on plasmids with other resistance genes facilitating the selection of multidrug resistance. Because, E. coli is the most 
common cause of canine urinary tract infections, this organism is a rational target for resistance surveillance. The objective of this study was to 
describe the emergence of broad spectrum ß-lactamases, and changes in the susceptibility of E. coli causing canine urinary tract infections over 3 
years beginning in October, 2013. A total of 292 isolates recovered by a regional diagnostic laboratory in Saskatoon, Canada were included. The 
susceptibility of isolates to a broad panel of drugs including the 3GC ceftriaxone and ceftiofur was determined, and 3GC resistant isolates were 
screened for ß-lactamase genes by PCR. The frequency of resistance increased significantly over the study period. Multidrug resistance 
(resistance to 3 or more drug classes) increased from 4.6% of isolates collected in year 1 to 15.8% in year 3 (P = 0.009). Resistance to 3GC also 
increased; the proportion of isolates producing CMY-2 increased from 0.9% (year 1) to 4.2% (year 3), while CTX-M producers increased from 
0% (year 1) to 2.1% (year 3). Continued work is required to understand the epidemiology of resistance, and provide veterinarians with the 
information required to make evidence based empiric treatment decisions. 
 
W501: Hybridization, heterosis and balancing selection 
Dissecting the Heterostyly Supergene in Primula (primrose) 
Cuong N. Huu1, Christian Kappel1, Barbara Keller2, Axel Himmelbach3, Michael Nowak4, Hitoshi Sakakibara5, Lothar Altschmied3, 
Elena Conti2 and Michael Lenhard1, (1)University of Potsdam, Potsdam, Germany, (2)University of Zurich, Zurich, Switzerland, 
(3)Institute of Plant Genetics & Crop Plant Research, Gatersleben, Germany, (4)University of Oslo, Oslo, Norway, (5)RIKEN 
Center for Sustainable Resource Science, Yokohama, Japan 
Heterostyly is a wide-spread floral adaptation to promote outbreeding, yet its genetic basis and evolutionary origin remain poorly understood. In 
Primula (primroses), heterostyly is controlled by the S-locus supergene that determines the reciprocal arrangement of reproductive organs and 
incompatibility between the two morphs. The S-locus supergene comprises at least three, more likely five individual causal genes controlling the 
different traits that are held together in tight linkage by suppressed recombination. While one S-locus haplotype carries dominant alleles at all of 
these loci, the other only has recessive alleles. The long-styled L-morph is homozygous for the recessive S-locus haplotype, while the short-
styled S-morph is heterozygous; the system thus resembles XX/XY-based sex determination in animals. The two haplotypes are thus under long-
term balancing selection, and the dominant one is not recombining, making it subject to Muller’s ratchet. However, testing population-genetic 



and evolutionary predictions about the S-locus is hampered by our lack of knowledge about the component causal genes. We have recently 
identified the Primula CYP734A50 gene, encoding a putative brassinosteroid-degrading enzyme, as the G locus that determines the style-length 
dimorphism. CYP734A50 is only present on the short-styled S-morph haplotype, it is specifically expressed in S-morph styles, and its loss or 
inactivation leads to long styles. The gene arose by a duplication specific to the Primulaceae lineage and shows an accelerated rate of molecular 
evolution. Additional genes with analogous characteristics, such as being present only on the dominant S-morph haplotype, have been identified, 
representing candidates for other causal heterostyly genes. Their functional characterization is ongoing. Thus, our results provide a mechanistic 
explanation for the Primula style-length dimorphism and begin to shed light on the evolution of the S-locus as a prime model for a complex plant 
supergene. 
 
W502: Hybridization, heterosis and balancing selection 
Pervasive ‘Less-Than-Additive’ Interactions Characterize Fitness Effects in Wide Solanum Crosses 
Rafael Guerrero1, Takuya Nakazato1, Christopher D. Muir2 and Leonie Moyle1, (1)Indiana University, Bloomington, IN, (2)Center 
for Biodiversity Research, Vancouver, BC, Canada 
Both heterosis and hybrid incompatibility share common features: both manifest in wide crosses, and both involve interactions between divergent 
alleles and/or loci that produce transgressive phenotypes. Focusing on the genetics of hybrid incompatibility, we systematically examined the 
prevalence of fertility-affecting interactions between pairs of short chromosomal regions from one species when co-introgressed into a 
heterospecific genetic background. We used a diallel crossing design to generate all pairwise combinations of 15 chromosomal segments from S. 
habrochaites in the background of S. lycopersicum (i.e., 95 double introgression lines). We compared the pollen and seed fertility expressed in 
each double introgression line to the expected additive effect of its two component single introgressions, and found that: epistasis was common 
among co-introgressed regions; epistastic effects were overwhelmingly antagonistic (i.e., double hybrids were less unfit than expected from 
additive single introgression effects); and, epistasis was substantially more prevalent in pollen fertility compared to seed fertility phenotypes. The 
first two patterns are similar to those observed for heterotic yield traits among Solanum species, and suggest that ‘less-than-additive’ high-order 
interactions frequently contribute to both heterosis and postzygotic sterility barriers in these species. 
 
W503: Hybridization, heterosis and balancing selection 
History and Modern Synthesis of Heterosis 
Jode Edwards, USDA-ARS and Iowa State University, Ames, IA, Ames, IA 
George Shull coined the term heterosis in 1952 and defined the concept independently of genetic mechanism. Subsequently, heterosis has been 
defined formally on the basis of the difference in phenotype between a hybrid cross and its parents. The underlying genetic and molecular basis 
of heterosis remains a very challenging and important problem. Quantitative genetic models that clearly delineate underlying genetic 
contributions to heterosis and inbreeding depression enable clear genetic inferences to be drawn from experiments on heterosis. In this talk, 
genetic models for heterosis and inbreeding depression will be presented in an integrated framework to help clarify relationships among genetic 
effects, heterosis, and inbreeding depression. An argument is made that the study of heterosis and inbreeding depression can enhance our 
understanding of the genetics, and subsequently molecular basis, of heterosis. It is also suggested that focusing ongoing molecular research on 
the molecular basis of nonadditive gene action, dominance and epistasis, and inferring molecular mechanisms of heterosis from the molecular 
basis of nonadditive gene action may provide greater generality to heterosis research, especially with different population structures. 
 
W504: Hybridization, heterosis and balancing selection 
Progressive Heterosis in Tetraploid Maize 
Jacob D Washburn, Division of Biological Sciences, University of Missouri, Columbia, MO and James A. Birchler, University of 
Missouri, Columbia, MO 
Progressive heterosis and inbreeding depression can be markedly higher in tetraploid hybrids than in their diploid counterparts. Here, we 
examine progressive heterosis, i.e. the additional substantial heterosis seen in 4x double-cross hybrids that is not seen in 2x double-crosses of the 
same genotype. Using artificially induced Maize tetraploids, we compared single and double-cross hybrids for heterotic phenotypes at the diploid 
and tetraploid levels. A robust progressive heterosis was found in 4x double-cross hybrids when compared to their 4x single-cross hybrid parents, 
but this heterosis was not found in the same comparisons at the 2x level. Based on the complementation model of heterosis, there should be 
recessive alleles in inbred A that are complemented by B and other recessives in B complemented by A; as well as recessives in C complemented 
by D and vice versa to account for single-cross heterosis. However, to explain double-cross (or progressive) heterosis, the recessives 
complemented in A/B cannot match recessives in C/D, otherwise A/B/C/D would have some homozygotes that would lower the heterotic effect. 
Furthermore, to account for strong progressive heterosis in 4x A/B/C/D, A and B must both contain the same recessives which are not found in 
either C or D and the reciprocal must also occur with C and D containing similar recessives not found in either A or B. By analyzing whole 
genome re-sequencing data from the four inbred lines we do not find the necessary spectrum of alleles to explain tetraploid progressive heterosis 
under the complementation of complete recessives model. 
 
W505: Hybridization, heterosis and balancing selection 
Characterizing Genetic Basis of Complex Traits and Heterosis in Rice 
Bin Han, National Center for Gene Research,SIBS,CAS, Shanghai, China 
Most of agronomically important traits are called complex traits, which are usually controlled by multiple genes and affected by various 
environmental conditions. Although a lot of QTLs and genes related to rice complex traits have been cloned and functionally characterized, 
genetic basis and regulatory mechanisms underlying these complex traits are still unclear. We have implemented an integrated approach of 
genome-wide association study (GWAS) with functional analysis on agronomic traits in a diverse cultivated rice population, which is so called as 
a CAT-Gs (Catching Agronomic Trait Genes) approach. The associated loci with the agronomic traits such as panicle length, grain sizes, grain 
weight and grain filling rate can be further characterized through expressional profiling, in-depth genome analysis, transgenic study, genome 



editing, and population genetic analysis. We believe that allelic genetic variations responsible for the panicle and grain size complex traits can be 
effectively explored. The genetic basis of these complex traits will be characterized.  
Exploitation of heterosis is one of the most important applications of genetics in agriculture. However, the genetic mechanisms of heterosis are 
only partly understood, and a global view of heterosis from a representative number of hybrid combinations is lacking. We have developed an 
integrated genomic approach to construct a genome map for elite hybrid rice varieties and their inbred parental lines. We therefore identified that 
the accumulation of numerous rare superior alleles with positive dominance is an important contributor to the heterotic phenomena. We have 
further done large-scale genomic mapping for yield related traits and heterotic effects by analyzing over 10,000 rice lines produced from 17 elite 
rice lines. The large data of genomics and phenomics from the well-designed populations enabled us, for the first time, to identify the genetic 
contributors comprehensively and find out the exact causes of heterosis. We found that modern rice varieties can be classified into three major 
types, reflecting the major breeding systems. Within each group a few genomic regions from female parents linked to heterosis effects for 
improved yields were identified, but these loci varied across the three groups. The key heterosis-related genes often controlled several yield-
related components simultaneously, severing as the major contributors of heterosis. For the individual yield components, the heterozygous state 
of the heterosis-related genes generally acted through the way of dominance complementation. Taking all the components into account, the 
hybrids with yield heterosis resulted from an optimal combination of multiple yield-related components, meaning better performance of overall 
yield in crop productions. These results inform on the genomic architecture of heterosis for yield traits in rice, which will be useful information 
for crop improvement programmes. 
 
W506: Hybridization, heterosis and balancing selection 
Long-Term Balancing Selection Drives Evolution of Immunity in Capsella 
Detlef Weigel, Max Planck Institute for Developmental Biology, Tuebingen, Germany 
Host-pathogen interactions are often characterized by a long-term evolutionary stasis. The Red Queen hypothesis posits that this apparent 
stability is actually maintained by constant evolution in both species, either through parallel positive selection or fluctuation of alleles under 
balancing selection. Yet, most described cases of balancing selection are limited to the short term, perhaps because its signature erodes over 
evolutionary time. We take advantage of the expanded footprint of balancing selection after genetic bottleneck and the transition to self 
fertilization in the genus Capsella. Contrary to work in other taxa, we document a very uneven reduction in genetic diversity, with ancestral 
variation persisting preferentially at immunity related loci. Comparisons between anciently diverged lineages reveals the same collection of 
alleles has been maintained for millions of years. Our results indicate that population longevity in the face of pathogen attack is dependent on the 
persistence of ancient genetic variation. 
 
W507: Hybridization, heterosis and balancing selection 
Segregation Distortion and Heterozygous Advantage in Barley Multi-Parent Populations 
Lianne Merchuk-Ovnat, Volcani Agricultural Research Organization (ARO), Roshon LeTzion, Israel, Khaled Bishara, Volcani 
Agricultural research Organization (ARO), Rishon LeTzion, Israel, Adi Doron-Faigenboim, Volcani Center, ARO, Ramat Yishay, 
Israel and Eyal Fridman, The Volcani Center, Israel; Volcani Agricultural research Organization (ARO), Rishon LeZion, Israel 
 
W508: Increasing Genetic Gains for Food Security in the Developing World 
Harnessing PhotosynQ-Connected Phenotyping Technologies for Common Bean Breeding in Zambia 
Kelvin Kamfwa, University of Zambia, Lusaka, Zambia 
Common bean (Phaseolus vulgaris) is a food security crop, and a major source of protein for many households in Zambia. Drought is a major 
cause of common bean yield losses in Zambia. Breeding for drought resistance in common bean remains, progress in breeding for drought 
resistance has been slow. One of the challenges has been lack of affordable equipment and data analytics, especially in developing countries that 
could provide reliable, high quality measurements of phenotypic parameters under local field conditions. In this work, we demonstrated the use 
of a new, open PhotosynQ platform (www.photosynq.org), together with a low-cost plant phenotyping instrument called MultispeQ, to perform a 
complete genome-wide association analysis. Using the Andean diversity panel of common bean grown in Zambia, we identified genomic regions 
controlling photosynthetic performance under moisture stress. Previous work using the PhotosynQ demonstrated a strong link between the 
photosynthetic parameters measured by MultispeQ and ultimate crop yield, suggesting that these QTLs may be important for improving crop 
performance. These initial results demonstrate the potential of the PhotosynQ and MultispeQ as useful phenotyping tools in breeding for drought 
tolerance in common bean. In the next phase of work, we plan to make the integrated phenotyping/analytics tools available to a broader 
community and to provide a first-level test of their ability to improve crop varieties. 
 
W509: Increasing Genetic Gains for Food Security in the Developing World 
Delivering Genetic Gain in Cassava to Smallholder Farmers in Africa 
Chiedozie Egesi1, Robert Kawuki2, Ismail Rabbi3, Marnin Wolfe4, Peter Kulakow3, Joseph Onyeka5, Heneriko Philbert Kulembeka6 
and Jean-Luc Jannink7, (1)National Root Crops Research Institute (NRCRI), Umuahia, Nigeria, (2)National Crops Resources 
Research Institute, Kampala, Uganda, (3)International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, (4)Departement of 
Plant Breeding Cornell University, Ithaca, NY, (5)National Root Crops Research Institute (NRCRI), Umudike, Nigeria, 
(6)Ukiriguru Research Institute, Mwanza, Tanzania, (7)USDA-ARS, Ithaca, NY 
Cassava (Manihot esculenta L.) produces large, edible, starchy roots that are a source of low-cost carbohydrates for more than 300 million 
smallholders in Africa. These farmers account for more than half of the crop’s world output. Cassava is plagued by a plethora of production 
constraints including diseases which impact its productivity. Typical breeding schemes will take as much as 10 years to deliver improved 
varieties to farmers. This limits the rate of variety improvement and breeders’ ability to respond to new challenges. Shifting from phenotype-
based to genomics-based selection holds the potential to overcome such lengthy cassava breeding cycles. NextGen Cassava as a project has been 
implementing and empirically testing genomic selection in 3 African countries as a means to select superior clones using genomic estimated 
breeding values after only two years, double the number of breeding cycles feasible per unit of time, and increase the accuracy of selection at the 



seedling stage. Consistent genetic gains have been recorded for major virus diseases, root dry matter and fresh root yield as we progressed over 3 
generations. The technique promises to revolutionize cassava breeding for the future with the ability to select based on predictions rather than 
observations, breeders can achieve improved genetic gains and efficiency 
 
W510: Increasing Genetic Gains for Food Security in the Developing World 
Implementing a Sorghum Genomics Assisted Breeding Program in Haiti 
Gael Pressoir, Chibas - Quisqueya University, Bon Repos, Croix des Bouquets, Haiti, Edward S. Buckler, USDA-ARS-Cornell 
University, Ithaca, NY and Geoffrey Morris, Kansas State University, Manhattan, KS 
Genomic assisted breeding promises to lower the cost of predicting the breeding or varietal values (ability to produce a new high performance 
variety) of novel genotypes produced by recombining existing material. In spite of its many promises, genomic assisted selection has not yet 
been adopted by breeders from developing countries outside of the CGIAR international research centers. Chibas, a small agriculture research 
Institute in Haiti, a Feed the Future target country, has already started using genotyping by sequencing data for its edible Jatropha breeding 
program. Chibas is now initiating a genomic assisted in its sorghum breeding program.  
Our program aims at using available technologies as well as new technologies still under development to further reduce the cost of Genomic 
Selection. It will allow us to reduce the duration of our breeding cycles and improve genetic gain over time. We will also carry out section 
against deleterious mutation and include these in our predictive models. A special emphasis is given in our program to selection for drought 
tolerance and adaptation to acidic and/or very alkaline soils (prevalent in Haiti). 
 
W511: Increasing Genetic Gains for Food Security in the Developing World 
Panelist 
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Panelist 
Jesse Poland, Kansas State University, Manhattan, KS 
 
W515: Integrated Breeding Platform: Tools, Databases and Applications for Plant Breeding 
Integrated Breeding Platform Deployment in Africa (I.): The Digital Revolution Has Already Started! 
Jean-Marcel Ribaut, Integrated Breeding Platform, Texcoco, Mexico 
 
W516: Integrated Breeding Platform: Tools, Databases and Applications for Plant Breeding 
Breeding Management System (II.): Managing Breeding Data in the Cloud 
Graham McLaren, Integrated Breeding Platform, Texcoco, Mexico, M. Crimi, Integrated Breeding Platform, Crop Informatics, 
Texcoco CP, Mexico, Jan Erik Backlund, Integrated Breeding Program, Texcoco, Edo de México, Mexico, Matthew Berrigan, 
Leafnode, New Zealand and Shawn Yarnes, The Ohio State University, Davis, CA 
The Breeding Management System (BMS) is an integrated suite of informatics tools for the facilitation of logistics, data management, analysis 
and decision support in any modern breeding program. It is developed in collaboration with several breeding projects by the Integrated Breeding 
Platform (IBP), a project of the CGIAR.  
In 2015 the IBP took on the challenge of converting the BMS stand-alone version to an enterprise, multi-user system to support institutions and 
distributed breeding programs. Version 4 was released in November 2016 and incorporates the requirements of transaction handling, concurrency 
management and load robustness for a multi-user system. It also has user administration features, and role management infrastructure.  
BMS v4 now handles the crossing process through crossing nurseries either using the cross design tool or a crossing fieldbook. It supports 
customized naming conventions as well as grouping and coding for advanced lines and repeated hybrids. Custom trial designs can be imported 
into the trial manager and germplasm advancement is available from the trial manager. The complete cycle of seed inventory management from 
importing stocks, to withdrawal, packaging and inventory update is now available.  
An on-line user manual has been produced with contextual links inserted into the user interface, and tutorial documents are available for 
workshop style training or self learning protocols.  
Enhancements to BMS v4 are planned for 2017 and beyond based on user feedback from the stand-alone version as well as institutional 
requirements identified by larger breeding programs. These will be managed through an agile development, testing and release. 
 
W517: Integrated Breeding Platform: Tools, Databases and Applications for Plant Breeding 
Reversing the Trend: Bottom-Up Approach to Increasing Plant Breeding Efficiency in Africa 
Michel Ragot, Integrated Breeding Platform, Texcoco, Mexico; Nouvelle France Genetics, Savage, MN 



Increasing crop yields in Africa is a necessity as well as a realistic objective. New genetic/genomic knowledge and technologies have the 
potential to be major contributors to this endeavor, provided they can impact on-the-ground breeding decisions and can be realistically 
implemented.  
Several relatively simple genotype-based approaches can have a significant and very short-term impact on genetic gain, for both simple and 
complex traits. Examples include improved management of elite germplasm, large-scale screening for simple traits, improved simple trait 
conversion processes, or pedigree verification. Key factors for the successful implementation of such approaches include availability of medium-
density genome-wide markers, highly diagnostic trait-specific genotypic assays, access to low-cost genotyping, and access to non-destructive 
seed-based genotyping.  
Preparing the ground for approaches that will have an impact on genetic gain on a longer term should also be considered. In that respect, 
collecting and organizing phenotypic and pedigree data so that enough of it, of good enough quality, can be available in a few years for the 
development and use of models in breeding (whether genome-wide or locus-specific) is a must. This is all the more important when high quality 
phenotypic data is difficult to collect. 
 
W518: Integrated Breeding Platform: Tools, Databases and Applications for Plant Breeding 
BMS (IV.) - Enterprise Solution for Public Breeding Programmes: ICRISAT Case Study 
Abhishek Rathore, ICRISAT, Hyderabad, TG, India 
 
W519: Integrated Breeding Platform: Tools, Databases and Applications for Plant Breeding 
The Cassavabase System, a Web-Based Breeding Platform Adaptable for Many Crops 
Lukas Mueller, Boyce Thompson Institute, Ithaca, NY 
 
W520: Integrated Breeding Platform: Tools, Databases and Applications for Plant Breeding 
Using the Public Plant Breeding API (BrAPI) to Access Data from the Statistical Platform R (VI.) 
Reinhard Simon, International Potato Center (CIP), Lima, Peru 
 
W521: International Cotton Genome Initiative (ICGI) 
Introduction and Update 
John Z. Yu, USDA-ARS, Southern Plains Agricultural Research Center, College Station, TX, David M. Stelly, Texas A&M 
University, College Station, TX and Don C. Jones, Cotton Incorporated, Cary, NC 
Introduction to the ICGI workshop and update of the ICGI status. 
 
W522: International Cotton Genome Initiative (ICGI) 
Sequence Assembly, Evolution and Functional Application of the Cotton Genomes 
Yuxian Zhu, College of Life Sciences, Peking University, Beijing, China 
We used the highly homozygous allotetraploid G. hirsutum (AD1, 2n = 52) genetic standard line TM-1 for DNA sequencing. To successfully 
assemble the AD genome, we combined 180-fold whole-genome shotgun (WGS) sequences with a total of 100,187 complete BAC-to-BAC 
sequences . We also constructed a high-density genetic map using 167 RIL individuals derived from a cross between TM-1 and the allotetraploid 
G. barbadense (AD2, 2n = 52) genetic standard line 3-79. Prior to that, we had successfully assembled G. arboreum (A2, 2n = 26) and G. 
raimondii (D5, 2n = 26), two diploid descendants of the probable AD subgenome progenitors. Repeat sequences accounted for 68.5% of the A 
genome, 57% of the D genome, and 67.2% of the AD genome. The tetraploid genome displayed high degrees of conserved gene orders with the 
two diploids. Insertions of long terminal repeats (LTR), especially Gypsy-typeretrotransposons, seemed to be responsible for the two-fold size 
differences between the D (775.2 Mb) and A (1,694 Mb) genomes. Transposable elements (TEs) originated from D subgenome are more active 
than those from A subgenome. In-depth genome-wide analysis helped to resolve the puzzle with regard to gossypol biosynthesis and ethylene 
production in various cottons. The expression patterns of a large number of functional genes, especially both primary cell wall-specific and 
secondary cell wall-specific CesA or CesA-like (CSL) genes, are significantly different in the two subgenomes, suggesting that genome 
variation, caused likely by TE, especially by retrotransposon insertion, may play a crucial role during the concerted evolution of cotton genomes.  
Key words: cotton genomes, allotetraploid, retrotransposons, genome evolution, functional studies 
 
W523: International Cotton Genome Initiative (ICGI) 
Functional and Genomic Analysis of Cotton Growth Habit: Branching Architecture is Regulated by the Gossypium hirsutum 
Single Flower Truss and Self Pruning Orthologs 
Roisin C. McGarry1, Sarah F. Prewitt1, Yuval Eshed2, Eliezer Lifschitz3 and Brian G. Ayre1, (1)University of North Texas, Denton, 
TX, (2)The Weizmann Institute Of Science, Rehovot, Israel, (3)Technion Israel Institute of Technolgoy, Haifa, Israel 
Domestication of upland cotton (Gossypium hirsutum) converted it from a lanky photoperiodic perennial to a day-neutral annual row-crop. 
Residual perennial traits, however, complicate crop management and more determinate architectures are desired. Cotton simultaneously 
maintains robust monopodial indeterminate shoots and sympodial determinate fruiting branches. We questioned if and how the FLOWERING 
LOCUS T (FT) / SINGLE FLOWER TRUSS (SFT)-like and TERMINAL FLOWER 1 (TFL1) / SELF-PRUNING (SP)-like genes control the 
balance of monopodial and sympodial growth in a woody perennial with complex growth habit. Virus-based manipulation of GhSP and GhSFT 
expression enabled unprecedented functional analysis of cotton development. GhSP maintains indeterminate growth in all apices; in its absence, 
both monopodial and sympodial branch systems precociously terminate as flowers, resulting in a remarkably determinate plant. GhSP is also 
essential to establish and maintain cambial activity; in its absence woody stems convert to a more herbaceous structure.  GhSFT encodes a 
florigenic signal stimulating rapid onset of sympodial branching and flowering in side shoots of wild photoperiodic and modern day-neutral 
accessions. High florigen levels did not alter monopodial apices, implying that once a cotton apex is SP-determined, it cannot be reset by 



florigen. Silencing GhSFT in day-neutral accessions delayed the onset of flowering, implying that deregulated florigen was a selection target 
during domestication. We show that members of the GhSFT and GhSP gene family, and associated gene networks, are ideal targets for further 
agricultural optimization. Supporting data from genome and transcriptome studies will be presented. 
 
W524: International Cotton Genome Initiative (ICGI) 
Characterization of Transcription Factors Regulating Cotton Fiber Elongation 
Xiao-Ya Chen, Shanghai Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences, Chinese Academy 
of Sciences., Shanghai, China 
Cottons fibers are derived from extensively elongated seed-born trichomes. In Arabidopsis the trichome regulation pathway includes the GL1-
GL3/EGL3-TTG1 core complex and the downstream homeodomain-leucine zipper (HD-ZIP) factor GL2. Interestingly, although accumulating 
genetic and genomic evidence supports that the MIXTA-type MYB transcription factors play a key role in cotton fiber initiation, a number of 
cotton GL1-type R2R3 MYBs are highly expressed in cotton fiber cells and they could complement the Arabidopsis gl1 mutants. In addition, 
GhDEL65, a GL3-type bHLH protein of Upland cotton (Gossypium hirsutum), is also functional in regulating trichome development when 
expressed in Arabidopsis. Thus the MYB-bHLH-WD40 protein complex exists in cotton fiber, but its function awaits further investigation.  
In allotetraploid cotton genomes, there are more than 20 genes encoding the GL2-type HD-ZIP IV factors, among which HOX3 is a key regulator 
of fiber cell elongation. Down-regulation of GhHOX3 expression in G. hirsutumby RNA interference impaired cotton fiber elongation. GhHOX3 
binds to GhHD1, another HD-ZIP protein, resulting in enhanced transcriptional activity, and the gibberellin (GA) repressor DELLA interferes 
with this interaction by competitive binding to GhHOX3. As DELLA protein is degraded in the presence of increased concentrations of GA, our 
data provide a mechanical explanation to the role of GA in promoting cotton fiber elongation.  
To further dissect the regulatory mechanism of cotton fiber elongation, we surveyed the genes down-regulated in the GhHOX3-silenced cotton, 
among which one encodes a member the Paclobutrazol Resistance (PRE) family, which are known to promote cell growth. By analyzing cotton 
genomes, we identified 13 PRE genes in G. raimondii and 26 orthologues in allotetraploid cottons, compared to 5 in cacao. The PRE family 
expansion and diversification in Gossypiummay have played a role in cotton fiber evolution.  
Keywords: Gossypium, cotton fiber, transcription factor complex  
Xiao-Ya Chen, Jun-Feng Cao, Bo Zhao, Jin-Quan Huang, Xiao-Xia Shangguan, Ling-Jian Wang  
National Key Laboratory of Plant Molecular Genetics, Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences, 
Chinese Academy of Sciences, Shanghai 200032, China.  
Email: xychen@sibs.ac.cn 
 
W525: International Cotton Genome Initiative (ICGI) 
The GhTT2_A07 Gene Is Linked to the Brown Color and Natural Flame Retardancy Phenotypes of Lc1 Cotton (Gossypium 
hirsutum L.) Fibers 
Gregory Thyssen1, Doug J Hinchliffe1, Brian D Condon1, Marina Naoumkina2, Crista A. Madison1, Michael L. Reynolds1, Chris 
D. Delhom3, David D. Fang2, Ping Li4 and Jack McCarty5, (1)Cotton Chemistry and Utilization Unit, USDA-ARS-SRRC, New 
Orleans, LA, (2)Cotton Fiber Biosciences Unit, USDA-ARS-SRRC, New Orleans, LA, (3)USDA ARS SRRC, New Orleans, LA, 
(4)Cotton Fiber Bioscience Research Unit, USDA-ARS-SRRC, New Orleans, LA, (5)Genetics & Sustainable Agriculture Research 
Unit, USDA-ARS, Mississippi State, MS 
Some naturally colored brown cotton fibers from accessions of Gossypium hirsutum L. can be used to make textiles with enhanced flame 
retardancy (FR). Here we show that both the brown color and enhanced FR of the Lc1 lint color locus are linked to a 1.4Mb inversion on 
chromosome A07 that is immediately upstream of a gene with similarity to Arabidopsis TRANSPARENT TESTA 2 (TT2). As a result of the 
alternative upstream sequence, the transcription factor GhTT2_A07 is highly up-regulated in developing fibers. In turn, genes in the 
phenylpropanoid metabolic pathway are activated, leading to biosynthesis of proanthocyanidins and accumulation of inorganic elements. We 
show that enhanced FR and anthocyanin precursors appear in developing brown fibers well before the brown color is detectible, demonstrating 
for the first time that the polymerized proanthocyanidins that constitute the brown color are not themselves the source of enhanced FR. 
Identifying the particular colorless metabolite that provides Lc1 cotton with enhanced FR could help minimize the use of synthetic chemical 
flame retardant additives in textiles. 
 
W526: International Cotton Genome Initiative (ICGI) 
The Application of T-DNA Insertion  and CRISPR/Cas 9 System in Cotton for Functional Genomic Research 
Shuangxia Jin, Huazhong Agricultural University, Wuhan, China 
Agrobacterium mediated T-DNA insertion is one of the important strategies to create mutants. In this research, we generated cotton T-DNA 
insertion mutants with promoter trap system. We use these mutants to isolate T-DNA flanking sequences, analyze GUS expression patterns and 
the copy number of T-DNAs. Up to now, 2000 + independent T-DNA lines carrying the promoter trap system were created by using 
Agrobacterium-mediated transformation. Approximately, 50.56% lines had a single copy and each transformants contained 1.83 T-DNA copies 
in average revealed by southern bolting. More than 1000 flanking sequences from T-DNA left border and right border were identified by using 
FPNI-PCR. Besides the T-DNA mutation, we also utilized a CRISPR/Cas9 system in cotton for genome editing . An exogenously transformed 
gene dsRFP and an endogenous gene GhCLA1 were chose as CRISPR/Cas9 knock out targets. For each gene, at least a pair of sgRNAs, driven 
by a cotton native type Ⅲ RNA polymerase promoter-pGhU6.9, were designed in the coding (or exons) regions. Through Agrobacterium-
mediated transformation, the regenerated T0 plants exhibited obvious phenotype for both target genes. For RFP, the regenerated plants had 
vanished red fluorescence. GhCLA1 targeting plants gained obvious albefaction from embryo to young seedlings stages. Gene mutations were 
verified with Sanger sequencing and T7E1 enzyme. Large deletions were observed between the paired target sites. Moreover, these albefaction 
plants only arose in bioallelic mutation of all copies of the target gene. All these results demonstrated that the sgRNA guided Cas9 had a great 
potential in cotton for genome editing. 
 



W527: International Cotton Genome Initiative (ICGI) 
1-Minute Oral Presentations on Cotton Genomics 
John Z. Yu, USDA-ARS, Southern Plains Agricultural Research Center, College Station, TX and David M. Stelly, Texas A&M 
University, College Station, TX 
This 20-minute time slot will feature a series of 15 fast-paced oral introductions of cotton genomics-relevant PAG posters, by the presenter of the 
respective poster. Each presentation will be strictly oral, and have the duration of about one minute to highlight key points of the individual 
poster presentation on cotton genomics. Besides learning about each of the posters, attendees will be better able to subsequently recognize 
presenters, and know a little bit more about their cotton genomics research. 
 
W528: International Goat Genome Consortium 
Introduction 
Gwenola Tosser-Klopp, INRA, Castanet-Tolosan, France 
 
W529: International Goat Genome Consortium 
Adaptmap WG7 & 8 - Global Diversity and Selection Signatures in Goats 
Licia Colli, Research Center on Biodiversity and Ancient DNA – BioDNA, Piacenza, Italy; Inst. of Zootechnics, Università 
Cattolica del S. Cuore, Piacenza, Italy and Paola Crepaldi, Department of Veterinary Science and Public Health - University of 
Milan, Milan, Italy 
The goat ADAPTmap project is an international initiative launched to join and coordinate the genotyping and re-sequencing efforts of the 
International Goat Genome Consortium (IGGC), the African Goat Improvement Network (AGIN), Feed the Future program of the USAID and 
NEXTGEN EU project. The study of goat adaptation to different environments is one of the major aims of ADAPTmap project: since goats have 
a worldwide distribution and thrive across a variety of contrasting habitats, they represent an optimal case study to disentangle the genetics of 
adaptation. An extensive knowledge of the distribution of diversity is prerequisite to the identification of signatures of selection, thus a first 
analysis has been undertaken to describe the patterns of molecular variation across Africa, Europe and Western Asia, and a second to identify the 
signals of adaptation to environmental or human-mediated selective pressures. The analyses have been carried out with a variety of analytical 
approaches on a set of 144 breeds genotyped with the Illumina GoatSNP50 BeadChip and representing 36 countries from 5 continents. The 
results obtained so far highlighted the presence of a strong geographical partitioning of diversity among continents and further sub-structuring 
which mirrors the main post-domestication migration routes. The selection signatures analyses were accomplished by contrasting breed groups 
according to environments, purposes, and phenotypes, and also by a landscape genomics approach. The first results revealed, as expected, a 
strong signal on chromosome 6 in the region of the casein genes, while additional signals on other chromosomes are currently under 
investigation. 
 
W530: International Goat Genome Consortium 
Ancient Whole Mitochondrial Genomes and Insights into the Prehistory of Goats 
Kevin Daly, Trintiy College Dublin, Dublin, Ireland 
The domestication of goats is thought to have occurred in the Near East approximately 10,000 years ago. As one of the earliest domesticated 
animals, elucidating the patterns, pace and major events of the process is of great interest. However, such analyses using genomic data from 
modern goats are hampered by 10,000 years of human-mediated movement of goat. Ancient DNA allows populations prior to this be directly 
sampled. We present an initial analysis of whole mitochondria data from goat sampled from a range of time depths. We observed a high degree 
of mitochondrial diversity at earlier periods followed by a significant restriction which has shaped modern goat mitochondrial diversity. We also 
report a 14 thousand year old caprid mitochondrial lineage most similar to the Caucasian Tur (Capra caucasica), having diverged from it over 
100,000 years ago. 
 
W531: International Goat Genome Consortium 
Genomic Selection in Dairy Goats (Capra hircus) using Genotyping by Sequencing 
Shannon Clarke1, Suzanne Rowe1, Ken Dodds1, Tracey Van Stijn1, Mary Wheeler2, Rudiger Brauning1, Rayna Anderson1, Judy 
and Barry Foote3 and John McEwan1, (1)AgResearch, Invermay Agricultural Centre, Mosgiel, New Zealand, (2)AgResearch, 
Ruakura Research Centre, Hamilton, New Zealand, (3)Foote, RD4, Hikurangi, New Zealand 
 
W532: International Goat Genome Consortium 
Goats Singly Heterozygous for PRNP S146 or K222 Substitutions Each Show Extended Scrapie Incubation Time Beyond 
Common Commercial Productive Lifetime 
Stephen N. White1, Mehmet Ulas Cinar2, David A. Schneider1, Daniel F. Waldron3 and Katherine I. O'Rourke4, (1)USDA, ARS, 
Animal Disease Research Unit, Pullman, WA, (2)Erciyes University, Kayseri, Turkey, (3)Texas Agrilife Research, San Angelo, 
TX, (4)Washington State University, Pullman, WA 
Scrapie is the transmissible spongiform encephalopathy of sheep and goats, and scrapie eradication efforts are underway in many countries. 
Goats may serve as a scrapie reservoir and to date there has been no experimental inoculation confirming strong, lifelong genetic resistance in 
goats. Goats bearing S146 or K222 amino acid substitutions in the prion protein have been present in scrapie-exposed herds but significantly 
underrepresented in disease cases. Furthermore, both variant proteins give low cell-free protein conversion efficiency to the disease form, PrPSc. 
To ensure consistent exposure, we performed oral scrapie challenge of goats singly heterozygous for either S146 or K222. All controls 
homozygous for the most common haplotype showed clinical scrapie by an average of 24 months post-inoculation; in contrast, none of the S146 
and K222 heterozygotes have scrapie-positive lymphoid biopsy tests or confirmed scrapie at incubation times now approaching 7 years or longer 
(P<0.0001). Recent reports identified natural scrapie in less than five S146 and K222 heterozygotes, suggesting heterozygotes will not have truly 



complete resistance. However, scrapie incubation times are now as long as or longer than many commercial operations keep goats for production 
purposes, so S146 or K222 may reduce the probability of clinical scrapie during commercial goat productive life spans. These results also 
suggest much longer relevant trace-back histories for goats of these genotypes in scrapie-eradication programs. Finally, these data support 
additional consideration of potential scrapie resistance in homozygotes for these alleles, since to our knowledge there have never been natural 
scrapie positives in homozygotes for either allele. 
 
W533: International Goat Genome Consortium 
Whole-genome Sequence and Genetic Variant Analysis of the Tankwa Feral Goat of South Africa 
Ramadimetja Prescilla Mohlatlole1,2, Edgar F. Dzomba3 and Farai C. Muchadeyi1, (1)Agricultural Research Council, Pretoria, 
South Africa, (2)University KwaZulu-Natal, Pietermaritzburg, South Africa, (3)University of KwaZulu-Natal, Pietermaritzburg, 
South Africa 
The Tankwa is a South African feral goat breed that has survived several generations in the Karoo desert without human intervention, before it 
was transferred to Carnavon Research Station in South Africa as a conservation flock. The unique phenotypic and genetic features of the Tankwa 
are the reason why the breed is regarded as a suitable candidate for screening for novel genetic variants that can be used in goat improvement 
programs. Analysis using the 60K SNP chip data has confirmed that the Tankwa breed has unique genetic characteristics compared to other 
South African breeds. Since the SNP chip was designed using exotic goat breeds and may not necessarily contain all the polymorphic sites found 
in the African breeds, it has become important to unravel the Tankwa genome further. This study was aimed at screening and annotating genetic 
variants in the Tankwa goat genome using Illumina HiSeq2500 paired-end whole-genome sequence data. In total, 20 goats were used. 
Approximately 112 million reads were generated for one Tankwa goat at 60x and an average of 148 million reads were generated for 10 pooled 
individuals from both Boer and Tankwa breeds at 10x coverage. After quality control, alignment of the reads to domestic goat reference genome 
(CHIR1.0) resulted in mapping between 97.70 and 99.51%. Genome Analysis ToolKit-3.3.5, HaplotypeCaller was used for variant discovery and 
over 1 million variants were identified. On average, approximately 44 % of the variants were SNPs and 54 % were INDELs. In addition, 13,711 
multi allelic SNPs and complexes were recovered for both the Tankwa and the Boer genomes. Novel variants were discovered predominantly in 
the Tankwa breed. Gene annotation and pathway analysis suggested association of the single nucleotide polymorphisms with immune functions 
and general cellular mechanisms, both processes that could be of importance in the viability of the feral goats. 
 
W534: International Goat Genome Consortium 
ADAPTMap and Points Methods for Livestock Digital Phenotyping and Weight Prediction 
M.J. Woodward-Greene1, Clet Wandui Masiga2, Jason M. Kinser3, Johann Soelkner4, Tad S. Sonstegard5, Iosif Vaisman3 and 
Curtis P. VanTassell6, (1)USDA-ARS, Beltsville, MD, (2)Association for Strengthening Agricultural Research in Eastern and 
Central Africa (ASARECA), Entebbe Uganda, current affiliation: Tropical Institute of Development Innovations (TRIDI), 
Kampala, Uganda, (3)George Mason University, Manassas, VA, (4)University of Natural Resources and Life Sciences, Vienna, 
Austria, (5)Acceligen Inc. Animal Ag. Subsidary of Recombinetics, St. Paul, MN, (6)Animal Genomics and Improvement 
Laboratory, USDA-ARS, Beltsville, MD 
The United Nations Food and Agriculture Organization affirmed accurate, consistent phenotypic data is integral to understand and conserve 
indigenous animal genetic resources. Body weight is a critical phenotype for animal health, production, breeding, and marketing. Platform (walk-
on) scales provide accurate weights, however, they are expensive and inconvenient. Alternatively, manual methods such as, caprine weigh tape 
(tape), measures chest girth and provides a corresponding body weight; while ‘BM’ predicts body weight as body weight in pounds = ((chest 
girth inches2 x body length inches)/300). ADAPTMap novel image collection protocol, calibration signs, and two digital phenotype enumeration 
software methods (ADAPTMap, Points) were developed for body measurement and weight prediction, with electronic phenotype recording. 
Digital body measures were highly correlated to manual measures (0.72 to 0.82 Pearson Correlation Coefficients (PCC)). ADAPTMap digital-
only measures included total body area, and trunk area (body excluding head and legs). Digital body weight prediction models fit linearly (r2 = 
0.90 and 0.83 for ADAPTMap, Points). Validation (n=77) and field (n=817) studies compared digital and manual weight predictions to scale 
weights, and showed PCCs of 0.86 and 0.91 (tape, BM) and 0.91 and 0.86 (ADAPTMap, Points). The range of percent body weight difference 
between the scale and predicted weights were similar for BM, Points, and ADAPTMap ([0% - 72%], [0% - 72%], [0% - 60%]), and larger for 
tape ([0% - 181%]). ADAPTMap and Points digital phenotype measures improve manual methods by adding digital-only phenotypes, seamlessly 
providing digital records, and predicting body weight similarly, and are likely to improve. 
 
W535: International Goat Genome Consortium 
Goat Genome Assembly Annotation 
Thibaut Hourlier, European Molecular Biology Laboratory - EBI, Cambridge, United Kingdom 
Goat is an important farm animal with its meat and milk providing an important source of protein for people all around the world. A new PacBio 
only assembly ASM17044v1 (GCA_001704415.1) has been released in August 2016. It will be available in 2017 in the Ensembl browser with 
data and tools to facilitate research on goat.  
This is an introduction to the Ensembl Annotation System and how it will produce the annotation of the goat genome. We will use publicly 
available data sets from databases such as ENA, NCBI and UniProt. Proteic and nucleic sequence will be aligned to the genome then filtered and 
ordered in order to create the gene set.  
Other resources like comparative genomic will be updated to provide extensive genomic and transcriptomic information.  
The data will be accessible through our website, www.ensembl.org, our REST API, http://rest.ensembl.org, BioMart 
(http://www.ensembl.org/biomart) and our MySQL server, ensembldb.ensembl.org. 
 
W536: International Goat Genome Consortium 
Conclusion 
Gwenola Tosser-Klopp, INRA, Castanet-Tolosan, France 



 
W537: International Phytomedomics and Nutriomics Consortium (ICPN) 
Genomic Intervention for Amelioration of Bioactive Profiles in Plants for Health Security 
Phullara Kole, Kole's Foundation for Science and Society, Kalyani, India and Chittaranjan Kole, International Climate Resilient 
Crop Genomics Consortium, Kalyani, India 
Increasing incidence of several chronic diseases, specifically cancer, diabetes and AIDS, and malnutrition leading of alarming rates of death and 
suffering at global level has led to serious attention for utilization of herbal medicines and products in the last decade. Genetic linkage mapping 
in a number of medicinal plants and nutraceutical crops has facilitated the positioning of genes and QTLs controlling content of many bioactives 
and thus offered a scope for marker-assisted breeding for their genetic improvement. Association mapping has hastened the process through of 
identification of trait-linked molecular makers in the germplasm level. Recently, genome sequencing of a number of medicinal plants including 
holy basil (Ocimum sanctum), neem (Azadiracta indica), hemp (Cannabis sativa) and ginseng (Panax ginseng), etc. and nutracutical crops 
including tomato, potato, carrot, olive, peppers, etc. has led to the possibility of identification of genes underlying the production of an array of 
bioactives to be followed by translational genomics for improvement of the medicinally and nutritionally desired compounds with high content 
and proportion. Further, information generated from transcriptomics and metabolomics studies could supplement genetic improvement in these 
plants. The international Consortium on Phytomedomics and Nutriomics (ICPN), established in 2010, has organized six workshops during the 
PAG Conferences from 2011 to 2016 facilitating discussions on achievements made and future prospects but on plant-specific manner. It is high 
time now to foster a global collaboration with people from academia, policy-making bodies and funding agencies both from public and private 
sectors to depict the roadmap to attain 'functional food security'. 
 
W538: International Phytomedomics and Nutriomics Consortium (ICPN) 
TBA 
Byoung-Cheorl Kang, Seoul National University, Seoul, Korea, The Republic of 
 
W539: International Phytomedomics and Nutriomics Consortium (ICPN) 
TBA 
Massimo Iorizzo, Plants for Human Health Institute, Department of Horticulural Science, North Carolina State University,, 
Kannapolis, NC 
 
W540: International Phytomedomics and Nutriomics Consortium (ICPN) 
Sm-miR828 Is a Negative Regulator of the Flavonoid Pathway in Salvia Miltiorrhiza 
Yuxing Deng1, Fangming Zhou1, Fenjuan Shao2 and Shanfa Lu1, (1)the Institute of Medicinal Plant Development, Chinese 
Academy of Medical Sciences & Peking Union Medical College, Beijing, China, (2)Research Institute of Forestry, Chinese 
Academy of Forestry, Beijing, China 
Salvia miltiorrhiza Bunge (Danshen) is an important traditional Chinese medical plant widely used in the treatment of cardiovascular diseases. It 
is also an emerging medicinal model plant for medicinal plant biology. The genome of S. miltiorrhiza has been sequenced and a large amount of 
transcriptome data is available for identification and characterization of genes involved in bioactive compound biosynthesis and regulation. 
Flavonoids are a class of important secondary metabolites existing in many traditional Chinese medicines. S. miltiorrhiza is rich in flavonoid. 
However, the biosynthesis and regulation of flavonoids have not been systematically studied in S. miltiorrhiza. We performed genome-wide 
analysis of enzyme genes involved in the flavonoid biosynthetic pathway and examined the regulatory role of miR828, a powerful 22nt nocoding 
endogenous regulatory small RNA molecule. A total of 28 genes were identified. They are founding members of nine gene families encoding 
CHS, CHI, F3H, F3’H, F3’5’H, FLS, DFR, ANS, and UF5GT. The intron/exon structures of genes and the properties of deduced proteins were 
characterized. Phylogenetic relationship analysis showed that the deduced proteins were consered and divergent with homologs in various other 
plant species. Quantitative reat-time RT-PCR showed that the identified genes were differentially expressed in roots, stems, leaves and flowers of 
S. miltiorrhiza and responsive to exogenous methyl jasmonate treatment. To elucidate the regulatory role of Sm-miR828 in the flavonoid 
biosynthetic pathway, we isolated full-length Sm-miR828 cDNA and generated Sm-miR828-overexpressing S. miltiorrhiza plants. Gene 
expression analysis showed that many MYB transcription factor genes and enzyme genes involved in the flavonoid biosynthetic pathway were 
down-regulated, suggesting Sm-miR828 plays significant negative regulatory roles in flavonoid biosynthesis in Salvia miltiorrhiza. 
 
W541: International Phytomedomics and Nutriomics Consortium (ICPN) 
TBA 
Emmanuel Otoo, CSIR-Crops Research Institute, Kumasi, Ghana 
 
W542: International Phytomedomics and Nutriomics Consortium (ICPN) 
Functional Genomics as a Tool to Unveil Bioactives Compounds in Commercial and Andean Natives Plants 
Herman Silva1, Jonathan Maldonado1, Evelin Gonzalez1, Rocio Leon1, Lee Meisel2 and Basilio Carrasco3, (1)Lab Gen Func & 
Bioinfo - Fac Ciencias Agro - U de Chile, Santiago, Chile, (2)Instituto de Nutrición y Tecnología de los Alimentos (INTA), 
Universidad de Chile, Macul, Chile, (3)Pontificia Universidad Católica de Chile, Santiago, Chile 
Chile is part of the Andean region, origin of several native fruit crops, providing it with a unique opportunity to investigate the underlining 
mechanisms by which fruits produce human health related compounds. Furthermore, the Chilean fruit industry has positioned itself as a key 
market for economic development. Fruits are rich in antioxidants, vitamins, minerals, carbohydrates and fiber. Moreover, many studies have 
associated fruit derived micronutrients, including carotenoids, flavonoids and minerals, with health promoting and disease preventive properties. 
Many of these compounds have been described in plants, indicating the evolutionary complexity of regulatory mechanisms and metabolic 
pathways that lead to their production and/or accumulation in different species. In order to begin to decipher these regulatory mechanisms, we 



are performing comparative nutritional genomic analyses among members of the Rosaceae family as well as indigenous species ancestrally 
cultivated in the Andes region. In order to achieve this goal two approaches are under way. A biochemical approach is being carried out to 
determine antioxidants activities as well as a nutritional characterization for these plants. Additionally, RNA seq analyses has been performed to 
identify regulatory genes that are involved in the metabolic pathways related to functional compounds. Our analyses have focused on the 
indigenous highland papaya and quinoa (a pseudocereal) as well as an introduced blood-flesh peach variety with high values of antioxidants. 
Furthermore, we are performing these analyses on Rosaceae crop species that are important for the Chilean fruit industry, such as plum, peach 
and sweet cherry.  
Acknowledgments: CONICYT, FONDECYT/Regular Nº1160600 and Nº1150919 
 
W543: International Phytomedomics and Nutriomics Consortium (ICPN) 
Genome-Wide Association Analysis of 14 Glucosinolate Compounds Reveals the Multiple Association Loci’s and Related 
Candidate Genes in Chinese Cabbage 
Vignesh Dhandapani, SuRyun Choi, Xiaonan Li and Yong Pyo Lim, Chungnam National University, Daejeon, Korea, The 
Republic of 
Glucosinolates (GSLs) are naturally found high in Brassicacea family particularly in Chinese cabbage (Brassica rapa ssp. pekinensis) and their 
degradation products plays an key role in human health, special taste and flavors. Also many GSL compounds are involved in the resistance to 
several pathogens and insects. Earlier we have performed a conventional QTL analysis using a B. rapa segregated population combined with 
candidate gene association approach by using natural population in order to identify the genomic region and genes which regulating 
glucosinolates biosynthesis in B. rapa crops. Both QTL and gene based association mapping results revealed that paralogous of R2R3, MYB 
transcription factor, MAM gene family and BCAT-4 on A02, A03, A04, A07 syntenic region regulated the individual, three types and total 
aliphatic glucosinolate with gene redundancy function, guaranteeing the effective biosynthesis and metobolisam of glucosinolate. Recently we 
have re-sequenced 145 Chinese cabbage accessions and identified ~1.7 million high quality SNPs for the association studies. Results suggest 
several alleles with very high association for important compounds like gluconapin, neoglucobrassicin, sinigrin and glucobrassicanapin. 
Additionally the comparative analyses of several association results were completely matching with previous analyzed QTL maps. Potential 
candidate genes are identified for many loci which showed convincing association with each phenotypes. Association and comparative analysis 
of pathogenic resistant gluconapin compound shown strong association with four loci’s located on RLP and PAP genes which previously 
identified as a resistance gene for the bacterial pathogens in Brassicacea crops. 
 
W544: International Sheep Genomics Consortium 
Update on Rambouillet Assembly, the v5.0 Reference, and Plans for FAANG RNA Sequencing 
Yue Liu1, R. Alan Harris1, Xiang Qin1, Stephen Richards1, Jeffrey Rogers1, Yi Han1, Vanessa Vee1, Min Wang1, Qingchang Meng1, 
Michael P. Heaton2, Dr. Timothy P.L. Smith3, Brian Dalrymple4, Stephen N. White5, Brenda M. Murdoch6, James W. Kijas7, Noelle 
Cockett8, Donna M. Muzny1, Richard A. Gibbs1 and Kim C. Worley1, (1)Baylor College of Medicine, Houston, TX, (2)USDA, 
ARS, U.S. Meat Animal Research Center (USMARC), Clay Center, NE, (3)USDA, ARS, USMARC, Clay Center, NE, (4)CSIRO 
Agriculture, St. Lucia, QLD, Australia, (5)USDA, ARS, Animal Disease Research Unit, Pullman, WA, (6)University of Idaho, 
Moscow, ID, (7)CSIRO Animal, Health and Food Science, St Lucia, Australia, (8)Utah State University, Logan, UT 
High quality reference genomes are fundamental resources for biology. We report here a new sheep reference genome for the Rambouillet breed 
generated using the latest methods for producing and de novo assembling long reads. High quality annotation will be enabled by assays of the 
FAANG quality samples that have been collected from the reference animal.  
A total of 200 Gb of sequence was generated from a single ewe, Benz2616, using the Pacific Biosciences (PacBio) technology. The data have a 
12.6 kb N50 and 8.9 kb mean subread length. We used both Falcon and Celera Assembler to error correct and assemble the error corrected reads 
and selected the more complete product of the Celera Assembler for further processing. The preliminary assembly has a contig N50 of 2.2 Mb, a 
total length of 2.85 Gb, 365 contigs contain half of the genome sequence, and the longest contig is 16.3 Mb. The majority (89%) of 338,551 EST 
sequences align to the genome, with most (90%) having nearly complete alignments, aligning over more than 95% of their length. This version 
of the genome is more complete and has more contiguous alignment to these expressed sequences than the Texel breed Oar4.0 reference. Base 
quality of this assembly is high, with error rates less than 1% following assembly polishing using Arrow. The preliminary contigs have been 
scaffolded using Hi-C data and the Lachesis software, producing chromosome scale scaffolds. Further scaffold refinement is ongoing.  
To provide the highest quality annotation of this high quality assembly, we have collected samples from over 100 tissues from the reference 
animal for additional FAANG assays. This was a large effort involving over 35 people in the sample collection, advance planning and 
coordination. In addition to the PacBio genome sequence and Hi-C data for the genome assembly, PacBio IsoSeq, miRNAseq, ATAC-Seq and 
other assays are planned. 
 
W545: International Sheep Genomics Consortium 
Functional Annotation of the Sheep (Ovis aries) Genome 
Emily L. Clark, Stephen J. Bush, Mary B. McCulloch, Iseabail L. Farquhar, C. Bruce Whitelaw, Mick Watson, Kim M. Summers, 
Alan L. Archibald and David A. Hume, The Roslin Institute and R(D)SVS, University of Edinburgh, Edinburgh, United Kingdom 
Sheep are an important source of meat, milk and fibre globally. To support functional annotation of the sheep genome we have produced a high-
resolution atlas of gene expression from a comprehensive set of tissues and cell types from Scottish Blackface x Texel crossbred individuals. 
RNA-Seq libraries were generated by Edinburgh Genomics from tissues and cells representing all the major organ systems from adult sheep and 
from several juvenile, neonatal and prenatal developmental time points. The dataset includes 352 medium depth mRNA-Seq libraries and 74 high 
depth total RNA-Seq libraries. The raw reads have been mapped using two pipelines, an alignment free method, Kallisto, and a conventional 
alignment based HiSat2-Stringtie pipeline. Of the protein coding genes currently annotated by Ensembl in the Oar_v3.1 reference genome, 96% 
are captured in the sheep atlas dataset. We have assigned gene names to hundreds of previously unannotated genes and are visualising the data as 
gene-gene network graphs in Miru (http://kajeka.com) to assign putative function to many of these genes. The sample metadata have been loaded 



into BioSamples and the sequence data are being deposited in the ENA. We intend to make the data available via the BioGPS gene annotation 
portal (http://biogps.org) in which the pattern of expression for each gene can be visualized across a range of tissues. The Sheep Gene Expression 
Atlas has the potential to inform future improvements in productivity, efficiency and health in sheep and other ruminants and is a valuable 
resource for the international Functional Annotation of Animal Genomes (FAANG) initiative. 
 
W546: International Sheep Genomics Consortium 
A Comparative Functional Annotation and Enrichment in Selection Sweeps 
James Kijas, CSIRO Agriculture, Brisbane, Australia 
 
W547: International Sheep Genomics Consortium 
Using an Online Genome Resource to Identify Protein Variants in U.S. Sheep 
Michael P. Heaton, USDA, ARS, U.S. Meat Animal Research Center (USMARC), Clay Center, NE 
We created a public, searchable DNA sequence resource for sheep that contained approximately 17x whole genome sequence of 96 rams. The 
animals represent 10 popular U.S. breeds and share minimal pedigree relationships, making the resource suitable for viewing gene variants in the 
user-friendly Integrated Genome Viewer (IGV) environment. The average read depth, genotype scoring rate, and genotype accuracy exceeded 
17, 99%, and 99%, respectively. To illustrate its use, the DNA sequence reads were viewed for myostatin, a gene encoding a negative regulator 
of skeletal muscle growth. Two putative functional variants were observed, both of which had been reported previously. One variant creates a 
binding site for a miRNA in the 3’UTR that reduces the abundance of myostatin protein. The other variant changes a glutamate (E) residue to 
glycine (G) at position 34. By viewing these variants in IGV, it was simple to estimate their frequencies in these 96 rams. The 3’UTR variant 
allele was homozygous in 9 of 10 Texel rams, while G34 carriers were present in Dorset, Navajo Churro, Rambouillet, and USMARC composite 
breeds. In addition, one Dorset ram was homozygous for the G34 allele. The strict evolutionary conservation of the E34 allele throughout the 
Amniota clade of tetrapods, combined with the multi-breed distribution of the putative reduced function G34 allele in sheep, is consistent with 
the hypothesis that the G34 allele could interfere with myostatin function and positively affect muscle growth in U.S. sheep. This study provides 
a new resource for discovering potentially functional variants, and making initial rapid in silico estimates of allele frequency among U.S. breeds. 
 
W548: International Sheep Genomics Consortium 
Genome-Wide Landscape of Active Enhancers in Sheep Alveolar Macrophages 
Alisha T. Massa1, Michelle R. Mousel1,2, Brenda M. Murdoch3 and Stephen N. White1,2, (1)Washington State University, Pullman, 
WA, (2)USDA, ARS, Animal Disease Research Unit, Pullman, WA, (3)University of Idaho, Moscow, ID 
Lung macrophages provide a first line of defense for the cell-mediated innate immune system against many inhaled pathogens. Annotation of 
regulatory elements within these cells aids advanced understanding of gene regulation. Acetylation of lysine 27 on histone protein three 
(H3K27ac) is one of the most dynamic marks, denoting active enhancer regions of the genome. Changes in H3K27ac correspond to changes in 
gene expression that control cellular differentiation. In this study, alveolar macrophages were harvested from the lungs of a healthy, one-year-
old, mixed breed sheep. Chromatin immunoprecipitation with high throughput sequencing (ChIP-seq) was performed for histone modification 
mark H3K27ac. Approximately 50,000 peaks were identified in the immunoprecipitation data set over control input DNA. Peaks with a false 
discovery rate of less than 1% included 10,199 peaks with an average enrichment of twenty-fold. This is comparable to published data from 
humans and other mammalian species for active enhancer marks. Average peak length was 1900 base pairs, which is consistent with expected 
values of approximately 200-2000 base pairs for mammalian enhancers. However, sequence motif discovery in sheep suggested many are unique 
when compared with known enhancer motifs in humans, indicative of sequence divergence between species. To our knowledge this is the first 
report on ChIP-seq for histone marks in sheep immune cells. These data provide a basis for regulatory landscape comparison among sheep cell 
types and for cross-species comparative regulome analysis in macrophages and immune cells.  
 
W549: International Sheep Genomics Consortium 
Genome Wide Transcript and Methylation Changes in the Sheep Seasonal Clock 
Matthew M. Hindle, The Roslin Institute, Edinburgh, United Kingdom 
The circannual clock drives yearly rhythms, in both plants and animals, to meet the challenges of a changing seasonal environment. For many 
agricultural species the yearly timing of growth, metabolism and reproduction is synchronized to the changing length of day (photoperiod). We 
investigated epigenetic and transcriptional changes in sheep calendar cells of the pituitary pars tuberalis (PT). We present the bioinformatics 
analysis of a photoperiod controlled environment experiment in sheep, measuring genome wide transcription (RNASeq) and DNA methylation 
(RRBS) within two 24 hour time series, in short and long photoperiods. We applied regression, clustering and circadian analysis to reveal 
photoperiod and time dependent changes in gene expression. We observed seasonal phase peak adjustments in clock controlled genes together 
with genome wide changes in expression and DNA methylation.  
Funded by BBSRC grant BB/N015347/1 
 
W550: International Sheep Genomics Consortium 
Transpecific Signatures of Selection Related to Domestication in Sheep and Goats 
Francois Pompanon, Université Grenoble Alpes, Grenoble, France 
As noticed by Darwin, domestic animals display similar morphological changes known as the domestication syndrome. These traits would rather 
result from variations in developmental genes possibly organised in a single genetic regulatory network. Besides, improvement traits shared by 
several domestic species might also have similar genetic bases (e.g., milk or meat in livestock). To detect the genomic regions involved in the 
early domestication process of sheep and goat, we produced more than 70 individual whole genome sequences (12 X coverage) for wild 
individuals from the domestication centre and three groups of domestics per species representing 2 traditionally-managed populations and a 
worldwide panel of breeds. A total number of 33.2 and 23.4 million SNPs were genotyped in Ovis and Capra, respectively, revealing a genetic 
load on genes related to morphological traits in domestic sheep. Using hapFLK and a stratified FDR approach, we detected 71 genomic regions 



contrasting the wilds to each domestic group. These regions showed either positive selection or relaxation in domestics, and corresponded to 
genes mainly related to immunity, production traits and nervous system. Among those regions, 22 were homologous between sheep and goats 
representing trans-specific signatures of selection. While most of genes related to immunity or production traits were species-specific, those 
related to the nervous system were over-represented among the trans-specific signals. These pleiotropic genes (KITLG, MTMR7, NBEA, HMGl-
C) would account for both behavioural and morphological traits. They have already been identified as domestication-related traits in other 
species, and are good candidates for being key domestication genes. 
 
W551: International Sheep Genomics Consortium 
Old Origin of a Protective Endogenous Retrovirus (enJSRV) in the Ovis Genus 
Tristan Cumer, Université Grenoble Alpes, Grenoble, France 
During their replication cycle, retroviruses integrate their genome into the host's DNA. If integration takes place into the germline, endogenous 
retrovirus (ERV) copies can be vertically transmitted like any other part of the genome. Even if they have long been considered as « junk DNA », 
ERVs have now restored their badge of honour. Their differential insertions between individuals can be used as neutral markers and they also 
played underestimated roles in shaping the mammalian genome.  
In sheep, a well-studied beta-retrovirus called Jaagsiekte Sheep Retrovirus (JSRV) is known to have a close and strong coevolution with his host. 
JSRV is the causative agent of an ovine pulmonary adenocarcinoma, a transmissible lung cancer. The sheep genome hosts multiple endogenous 
copies of JSRV (enJSRV). If most of them are degraded, some have intact ORFs and are suspected to play roles in sheep physiology, impacting 
placentation and immunity.  
By re-sequencing whole genomes of 250 individuals from different species of the Ovis genus, we aimed at characterising enJSRV copies. One of 
the copies of enJSRV, duplicated at the locus 6q13, is known to have a protective role against JSRV infection by expressing a mutated Env 
protein.  
We tested the hypothesis of selection for the duplication of this copy during domestication. We were able to detect a varying number of copies of 
the protective locus, which was not related to domestication. These duplications would have been selected a long time before, probably in the 
common ancestor to all Eurasian Ovis species. 
 
W552: International Sheep Genomics Consortium 
Health Traits and Work with the NZ Dairy Sheep Industry 
Suzanne Rowe, Shannon Clarke, Rudiger Brauning, Ken Dodds, Kathryn McRae and John McEwan, AgResearch, Invermay 
Agricultural Centre, Mosgiel, New Zealand 
 
W553: International Sheep Genomics Consortium 
Landscape Genomics of Local Adaptation in Sheep and Goats 
Badr Benjelloun, Laboratoire d'Ecologie Alpine CNRS France / CRRA of Tadla INRA Morocco, Beni Mellal, Morocco 
Since their domestication 10 kyears ago followed by a worldwide spread, sheep and goats have accumulated highly valuable adaptive traits 
allowing them to be raised within highly diversified environments. Besides the current rapid development and wide spread of just a few 
productive cosmopolitan breeds marked by limited genetic diversity, indigenous populations may keep adaptive traits that would constitute 
crucial genomic resources in the context of environmental changes. We sequenced the genomes of 160 indigenous sheep and 161 goats 
representative of the Moroccan-wide diversity in ecology, climate and geographic origin. We detected 39 million variants in sheep and 32 million 
in goats showing a very weak geographic structure over the country in both species. We used population-based and correlative approaches to 
identify several sets of loci and genes that likely have a role in local adaptation globally to altitude, slope, sunshine, rainfall, temperature and 
their variation. The main adaptive pathways were associated with respiration and circulation for the adaptation to altitude. The major genes 
identified showed different patterns of variation of genetic differentiation along environmental gradients. Candidate genes for adaptation to the 
same environmental variable were generally different between the two species, suggesting different adaptive mechanisms in sheep and goats. 
However, similar or functionally linked genes responding to the same environmental variable were also found. 
 
W554: International Wheat Genome Sequencing Consortium (IWGSC) 
The IWGSC Reference Genome Sequence 
The International Wheat Genome Sequencing Consortium, IWGSC, Lee's Summit, MO and Nils Stein, Leibniz Institute of Plant 
Genetics and Crop Plant Research (IPK), Stadt Seeland, Germany 
Bread wheat, the staple food for 35% of the world’s population and the most widely produced crop, is one of the last important crop species to 
benefit from a comprehensive set of high quality genomic resources. Genomics offers powerful tools for understanding the molecular basis of 
phenotypic variation as well as accelerating gene cloning, marker assisted selection, and more efficient exploitation of genetic diversity.  
The International Wheat Genome Sequencing Consortium (IWGSC), with 1,400 members in 59 countries, is an international, collaborative 
consortium, established in 2005 by a group of wheat growers, plant scientists, and public and private breeders. The goal of the IWGSC is to 
produce a high quality annotated reference genome sequence for bread wheat as a foundation for future research and breeding efforts in wheat 
improvement.  
Adopting a milestone-based, adaptable strategy with short- and mid-term goals to meet the challenges of sequencing the large, hexaploid 
genome, the IWGSC focused initially on the production of physical maps anchored to genetic maps for each of the 21 individual bread wheat 
chromosomes. Subsequent sequencing projects included sequencing of minimal tiling paths of mapped BACs, a chromosome-based survey 
sequence of the genome, and a whole genome assembly using the NRGene DeNovoMAGICTM software. The whole genome assembly was 
combined with POPSeq and HiC data to produce IWGSC v0.4. Prepublication access to these data was provided in June 2016. By integrating 
whole genome and chromosome data with the BAC-based resources (sequences, physical maps, WGP tags), the IWGSC expects to complete the 
reference sequence of hexaploid bread wheat cv. Chinese Spring in 2017. An overview of the activities will be presented. 
 



W555: International Wheat Genome Sequencing Consortium (IWGSC) 
Fine Mapping of the Chromosome 5B Region Carrying Closely Linked Rust Resistance Genes Yr47 and Lr52 in Wheat 
Naeela Qureshi, University of Sydney, Cobbitty, Australia 
The widely effective and genetically linked rust resistance genes Yr47and Lr52 have previously been mapped in the short arm of chromosome 5B 
in two F3 populations (Aus28183/Aus27229 and Aus28187/Aus27229). The Aus28183/Aus27229 F3 population was advanced to generate an F6 
recombinant inbred line (RIL) population to identify markers closely linked with Yr47 and Lr52. Diverse genomic resources including flow-
sorted chromosome survey sequence contigs representing the orthologous region in Brachypodium distachyon, the physical map of chromosome 
arm 5BS, expressed sequence tags (ESTs) located in the 5BS6-0.81-1.00 deletion bin and resistance gene analog contigs of chromosome arm 
5BS were used to develop markers to saturate the target region. Selective genotyping was also performed using the iSelect 90 K Infinium wheat 
SNP assay. A set of SSR, STS, gene-based and SNP markers were developed and genotyped on the Aus28183/Aus27229 RIL population. Yr47 
and Lr52 are genetically distinct genes that mapped 0.4 cM apart in the RIL population. The SSR marker sun180 co-segregated with Lr52 and 
mapped 0.4 cM distal to Yr47. In a high resolution mapping population of 600 F2 genotypes Yr47 and Lr52 mapped 0.2 cM apart and marker 
sun180 was placed 0.4 cM distal to Lr52. The amplification of a different sun180 amplicon (195 bp) than that linked with Yr47and Lr52 (200 bp) 
in 204 diverse wheat genotypes demonstrated its robustness for marker-assisted selection of these genes. 
 
W556: International Wheat Genome Sequencing Consortium (IWGSC) 
High Quality Assembly of the Durum Wheat Genome cv. Svevo 
Luigi Cattivelli and . The International Durum Wheat Genome Sequencing Consortium, CREA Genomics research centre, 
Fiorenzuola d'Arda, Italy 
Durum wheat with a total production of about 35 million tons is the 10th most important crops worldwide. It is an integral component of the 
Mediterranean diet and one of the historical foods that followed the birth of civilization, likely to be one of the first domesticated crops in the 
Fertile Crescent. An international consortium has generated a high quality reference sequence of the modern durum wheat cultivar Svevo. Whole 
genome libraries were sequenced with Illumina short paired-end (2 x 250 bp) and long mate pair (up to 8-10 kb) protocols and the reads were 
assembly with the NRGene DeNovoMAGICTM pipeline. In total, a 270x coverage was obtained, and the reads were assembled into 10.5 Gb of 
sequence with an L50 and L90 length of 6 and 1 Mb, respectively (N50: 493; N90: 2019). The assembly scaffolds have been anchored to a high-
density genetic map based on Svevo × Zavitan RIL population and merged into super-scaffolds using Hi-C data; 95% of the scaffolds have been 
anchored along the chromosomes and 90% oriented. The annotation of the assembled genome implemented with extensive transcriptomic data 
has been completed and more than 60,000 gene models were annotated. The availability of the durum wheat genome allows to highlight the 
genomic variations associated with the transition from wild emmer to durum wheat as well as the genome rearrangements between the A and B 
genomes of durum and the corresponding genomes of the hexaploid wheat. The work was supported by the Flagship project Interomics. 
 
W557: International Wheat Genome Sequencing Consortium (IWGSC) 
Using Advanced Wheat Genomic Resources and Metabolite Fingerprinting to Address Complex Traits 
Raj K Pasam1, Simone Rochfort1, Surya Kant2, Kerrie Forrest1, Debbie Wong1, German C. Spangenberg1,3, Hans D. Daetwyler4,5, 
Joanna Petkowski1, Josquin Tibbits1 and Matthew Hayden1,3, (1)DEDJTR, Biosciences Research, AgriBio, Melbourne, Australia, 
(2)DEDJTR, Biosciences Research, Horsham, Australia, (3)School of Applied Systems Biology, La Trobe University, Melbourne, 
Australia, (4)La Trobe University, Bundoora, Australia, (5)Agriculture Victoria, Bundoora, Australia 
Water availability is a major factor impacting wheat productivity and grain quality. Breeding for yield stability and maintenance of grain quality 
in water limited environments is challenging due to complex genetic control and difficulty for measuring these traits in a single phenotype. In the 
“omics” age, where accurate and simultaneous high-throughput phenotyping of multiple traits is possible, opportunities to accelerate genetic gain 
for complex traits is becoming increasingly tangible. Here, we describe research in which we are applying high-throughput molecular phenomics 
to investigate yield stability and maintenance of grain quality in water limited environments, and show how recent improvements in the wheat 
genome sequence are further accelerating our understanding for the genetic basis of these complex traits. We present initial results from a 
genome wide association analysis (GWAS) of traits contributing to yield stability in a large wheat diversity panel grown under rainfed and 
irrigated conditions. Nuclear Magnetic Resonance (NMR) spectroscopy derived grain metabolite fingerprints for each accession clearly 
differentiated accessions grown in each environment. Metabolite-GWAS identified several loci for differential accumulation of metabolites under 
water-limited conditions. Further investigation of these loci using the chromosome 7A assembly and gene annotation resources revealed 
candidate genes for yield stability under drought and grain quality parameters. Our approach is helping to unravel the genetics underlying 
variation in metabolite profiles and their use for wheat improvement 
 
W558: International Wheat Genome Sequencing Consortium (IWGSC) 
The Reference Genomes for Aegilops tauschii (AL8/78), Ae. speltoides (Y2032) and Triticum aestivum (AK58) 
Guangyao Zhao, Institute of Crop Sciences, Chinese Acadamy of Agricultural Sciences, Beijing, China, Jizeng Jia, Chinese 
Academy of Agricultural Sciences, Beijing, China and Lifeng Gao, CAAS, Beijing, China 
Wheat is a most important food crop in the world. Common wheat is a hexaploid species, with three subgenomes, A, B and D. The A subgenome 
donor is T. urartu, D genome donor is Ae. tauschii, and B genome donor is not clear up to now but more close to Ae. speltoides. Wheat had been 
a leading crop in research for long period history before the genomics era. However, it has lagged behind rice, maize, soybean and many other 
crops for lack of genome sequence information due to its large and complicated genome. The rapid development of sequencing and assembling 
techniques provide an opportunity to solve this issue. We integrated the most recent sequencing and assembling techniques, high-throughput next 
generation and third generation sequencing, 10x library construction, NRgene assembling, Hi-C, and high density genetic map, to work on wheat 
genome sequencing and assembling including Ae. tauschii, Ae. speltoides and a leading commercial wheat variety, Aikang58. We have provided 
comprehensive information of their genome components which will serve as wheat genome references. In addition, we focus on TE analysis, 
including their components, distribution and their association with genome shaping, genome evolution, gene expression, pseudogenes, 
methylation and genetic recombination. The detailed results will be presented. 



 
W559: International Wheat Genome Sequencing Consortium (IWGSC) 
From Multi-Genome Assembly to Capturing Full Diversity Using Denovomagic 3.0 
Dr. Gil Ronen, NRGene, Ness Ziona, Israel 
Gil Ronen1, C.J. Pozniak2, Nils Stein3 Jesse Poland4, Andrew Sharpe5, Assaf Distelfeld6, Jizeng Jia7, Tom Brutnell8, Kelly Dawe9, Alvaro 
Hernandez10, Guy Kol1, Omer Barad1, Kobi Baruch1,  
1NRGene Technologies, Nes Tziyona, Israel  
2Crop Development Centre, University of Saskatchewan, Saskatoon, Saskatchewan, Canada  
3IPK Gatersleben, Gatersleben, Germany  
4Department of Agronomy, Kansas State University, Manhattan, Kansas, USA  
5Global Institute for Food Security, University of Saskatchewan, Saskatoon, Saskatchewan, Canada  
5Department of Plant and Microbial Biology, University of Zurich, Zurich, Switzerland  
6Institute for Cereal Crops Improvement, Tel Aviv University, Tel Aviv, Israel  
7Institute of Crop Sciences, Chinese Academy of Agricultural sciences, Beijing, China  
8Donald Danforth Plant Science Center, St. Louis, MO, USA  
9Department of Plant Biology, University of Georgia, Athens, GA, USA  
10Roy J. Carver Biotechnology Center, University of Illinois, Urbana, IL, USA  
Whole genome shotgun sequencing using 180X coverage of Illumina reads and assembly using NRGene’s DeNovoMAGIC-2.0 software was 
successfully completed for the bread wheat strain Chinese Spring. Intensive in-depth analysis of the sequence data performed by the International 
Wheat Genome Sequencing Consortium (IWGSC) reconfirmed top sequence quality with accurate contigs and very long scaffolds (N50=7 
Million bp, N90>1 Million bp). Additional 9 diploid, tetraploid and hexaploid wheat strains and related wild ancestors were also assembled with 
the same level of quality, together enabling the detection of broad genomic diversity, including SNPs, indels, SVs, gene PAVs, gene CNVs, 
haplotype resolution, and a pangenome view.  
These fast and robust de novo assemblies have increased the efficiency of capturing diversity. Until now every new assembled genome required a 
separate analysis to detect assembly chimeras and order the scaffolds into pseudochromosomes, delaying the diversity elucidation process.  
Here we describe DeNovoMAGIC-3.0, a cloud-based tool that assembles short and long reads produced using high-throughput Illumina X-series 
machines. The updated software version delivers multiple advantages, including reduced sequencing costs, a more robust assembly, a sharp 
increase in scaffold N50, and, most importantly, the elimination of assembly chimeras.  
The N50 produced by DeNovoMAGIC-3.0 for homozygote bread wheat and maize genotypes was improved three-fold to 28.9 Mbp and 35.5 
Mbp, respectively. Moreover, DeNovoMAGIC-3.0 is most efficient for whole genome assembly and sequence diversity discovery from 30-60X 
coverage only, making the analysis and comparison of hundreds of genomes both immediate and affordable. 
 
W560: Interoperability and Federation Across Bioinformatic Platforms and Resources 
Welcome and Introductory Remarks 
Eric Lyons, University of Arizona; BIO5 Institute; CyVerse, Tucson, AZ 
Welcome to the first workshop on "Interoperability and Federation Across Bioinformatic Platforms and Resources".  
As the wealth of data increases arcoss the life sciences, so does the complexity for managing and anlyzing those data. A new class of 
bioinformatic platforms are emerging that provide web-enabled user interfaces as well as application programming interfaces. This has enabled 
developers of these platforms to more easily share their computational resources and use those developed by others. The goal of this workshop is 
to share experience, ideas, technology, and best-practices on developing and using bioinformatic platforms that share data and computational 
services. 
 
W561: Interoperability and Federation Across Bioinformatic Platforms and Resources 
Exploring Identifier Services for Large, Distributed Biological Datasets 
Ramona Walls1, Maria Esteva2, Ming Chen3, Matt Hanlon4, Ruihzu Huang2, Andrew B. Magill2 and Weijia Xu4, (1)CyVerse, 
University of Arizona, AZ, AZ, (2)University of Texas, Austin, TX, (3)University of Arizona, Tucson, AZ, (4)Texas Advanced 
Computing Center, Austin, TX 
Managing data in today’s life sciences research climate is challenging. Biological datasets are big, have multiple contributors, contain 
components at different stages of completion, and are stored across different platforms. Globally unique identifiers (GUIDs) can support data 
management in this environment, but come with their own set of challenges: data objects often have multiple identifiers (local or GUIDs), 
identifiers must be managed both pre- and post-publication, and GUIDs for data need to link to identifiers and metadata for other objects such as 
specimens, projects, and publications. Existing data repositories are not equipped to address these challenges, and as a result data often ends up 
siloed after publication. True interoperability across bioinformatics platforms and resources requires data that is discoverable, trustworthy, 
interpretable, and accessible, no matter where they are located and what stage of completion they are in. Identifier Services (IDS) is an NSF 
EAGER (Early-concept Grants for Exploratory Research) project that is exploring technical solutions to managing distributed data and metadata 
using available services and tools such as the Agave API. IDS involves a proof-of-concept web portal and micro-services for scientists to register 
their data, organize and describe them with metadata, and run checks for identity and integrity. Because such services requires intensive 
computational power, they are run remotely on national supercomputers. Users can schedule tasks for both evolving and completed datasets and 
information about the results is available through the project interface. IDS also records the relations among data components, including those 
stored across repositories and storage platforms and in different stages of completion. These relations provide a representation of the dataset, 
based on a simple generic data model that can be adjusted to represent different types of research. Together, the microservices provided by IDS 
trace data provenance and establishing authenticity over time, while the web portal and its services are a conduit for learning how scientists 
understand and use identifiers. This presentation will describe the role of identifiers in interoperability and federations, how the IDS supports that 
role, and future plans for IDS. 



 
W562: Interoperability and Federation Across Bioinformatic Platforms and Resources 
Guiding Users through Diverse, Dispersed Data Ecosystems 
Paul J. Kersey, EMBL - The European Bioinformatics Institute, Cambridge, United Kingdom 
Biological data is increasingly diverse in its nature and dispersed across many repositories. While debate often centres on the merits of federated 
versus centralised repositories, this can be a red herring: “federated” repositories involve distributed effort, and physically distributed data, but 
typically depend on a common schema and technology. Where no such unity exists, a first-parse approach to data integration can be achieved 
through the provision of an integrated search, whereby partners agree to supply basic meta data using agreed formats and vocabularies to a 
common search engine. This makes data findable and accessible (assuming that data would only advertised in search where the provider wishes 
to make it so), but does not directly address the problem of data (as opposed to meta-data) interoperability and thus re-usability. These latter 
problems require the commitment of domain experts to the development of richer data models, and their adoption by the wider community – and 
in effect, the transition to a full federated or centralised system based on this common schema.  
In this talk, I will contrast traditional centralised and federated successfully dealing with common data types databases (e.g. the nucleotide 
sequence archives, InterPro), to a more lightweight approach we have taken in the transPLANT and EXCELERATE projects to make dispersed 
plant genotype and phenotype data searchable. I will explore the role of Application Programming Interfaces (APIs) in such a system and I will 
discuss the development of MIAPPE (a data standard for plant phenotyping data) as a basis for deeper integration in future. 
 
W563: Interoperability and Federation Across Bioinformatic Platforms and Resources 
TBD 
Matthew Vaughn, Texas Advanced Computing Center, Austin, TX 
 
W564: Interoperability and Federation Across Bioinformatic Platforms and Resources 
iVirus and iMicrobe 
Bonnie Hurwitz, University of Arizona, Tucson, AZ 
 
W565: Interoperability and Federation Across Bioinformatic Platforms and Resources 
Araport: Baby Steps Towards a Federated Data Portal 
Christopher D. Town, J. Craig Venter Institute, Rockville, MD 
Araport has its origins in a series of workshops held about five years ago to assess the needs and future directions of Arabidopsis bioinformatics. 
For over a decade, The Arabidopsis Information Resource (TAIR) served its research community, primarily by providing high quality, manually 
curated data pertaining to the model plant Arabidopsis thaliana. However, the exponential growth in relevant data of diverse types and the 
imminent loss of NSF funding for TAIR led the community to propose a broader and more inclusive model for a next generation data portal. 
Although the new model proposed that data integration should be driven by locally managed and hosted web services, the reality of the situation 
was different. Hence, we adopted a hybrid approach where the initial data types and data sets were integrated by a warehousing approach, while 
at the same time utilizing third party web service wherever available. To this end we instantiated and continue to build on ThaleMine, an 
Arabidopsis-specific instance of InterMine. We also developed a sophisticated but user-friendly software development kit to allow individual 
community members to expose their own data through Araport-compliant web services. Over the first two years of the project, we have learned 
that many community members still perceive a technical barrier to participation. Going forward, our new modus operandi simplifies the 
interfaces for community user contribution of data or tools, and places the technical workload on the Araport staff. We are optimistic that this 
will expand both our user base and data content and help us to fulfil the vision of Araport.  
 
W566: Interoperability and Federation Across Bioinformatic Platforms and Resources 
Legume Federation 
Ethalinda Cannon, Iowa State University, Ames, IA 
The legume family (Fabaceae) contains many important food and forage crops. The large number of research groups has resulted in many 
different web data and analysis resources whereas the small size of many of the research groups for individual crops leave those groups without 
readily-available data resources. In addition, the taxonomic relatedness of these crop species enable comparative research in which researchers 
working with less well-studied species can take advantage of well-studied species like soybean and Medicago truncatula. The Federated Plant 
Database Initiative for the Legumes (IOS #1444806) is an NSF-funded project to address these issues by developing collaborations between 
existing web resources to enable sharing of code, data, and processes, by providing support for developing web resources for small research 
groups, and by taking advantage of knowledge and methods outside the legumes with collaborations with non-legume web resources like 
MaizeGDB, and CottonGen. Although a major focus of the project is on methods for distributed data and development, we emphasize that the 
fundamental mission is to enable improved agricultural productivity for this important group of crop plants by integrating genetic, genomic, and 
phenotypic data across species to enable identification of common molecular bases for important traits.  
 
W567: Interoperability and Federation Across Bioinformatic Platforms and Resources 
JBrowse 
Ian Holmes, Department of Bioengineering, Berkeley, CA 
 
W568: IRIC: Rice Informatics for the Global Community 
International Rice Informatics Consortium: 3,000 Rice Genomes Explorations and Beyond 
Nickolai Alexandrov, International Rice Research Institute, Los Baños, Philippines 



The International Rice Informatics Consortium (IRIC) initiated several important and scientifically sound collaborations to better understand the 
biological meaning of discovered variations in rice genomes, link these variations with important traits, build predictive models, and understand 
rice evolution and domestication. Not limited to the 3,000 rice genome project, we have integrated data from the High Density Rice Array – 
HDRA (McCouch et. al, 2016, Nature Communications 7:10532, doi:10.1038/ncomms10532) to our SNP-Seek database (http://snp-
seek.irri.org). To facilitate collaborative development of SNP-Seek, we made it Breeding API (BrAPI, http://docs.brapi.apiary.io/) compliant, 
opened the source code and provided comprehensive documentation. SNP-Seek was designed to be a prototype for the IRIC portal, but the IRIC 
portal should be much broader and provide access to data from many other web resources. Our new initiative on developing an integrated search 
engine will index data from all public rice-related databases. Other major new projects include creating a resource for comparative analysis of 
rice genomes, a database of GWAS results and visualization tools, detecting large structural variations and some others. 
 
W569: IRIC: Rice Informatics for the Global Community 
Development of WheatIS and Collaboration between Plant Information System 
Chon-Kit Kenneth Chan1, Philipp E. Bayer1, Robert P. Davey2, Michael Alaux3, Cyril Pommier3, Hadi Quesneville3, Mario J 
Caccamo4, Gerard R. Lazo5, Kenneth L. McNally6, Nickolai Alexandrov6 and David Edwards1, (1)University of Western 
Australia, Perth, Australia, (2)Earlham Institute, Norwich, United Kingdom, (3)INRA - URGI, Versailles, France, (4)NIAB, 
Cambridge, United Kingdom, (5)USDA Agricultural Research Service, WRRC, Albany, CA, (6)International Rice Research 
Institute, Los Baños, Philippines 
Improving crop germplasm is considered the most promising mechanism for improving crop yield, quality, stability and adaptation to changing 
environments. Traditional breeding has been assisted by genomic tools through the application of genetic marker assisted selection and genetic 
modification, and there is a growing potential for genome editing tools to be applied for crop improvement. Each of these approaches requires 
information on traits, genetics and genomics for successful application, and as the volume of this information grows, there is a requirement to 
develop tools and systems for the maintenance and interrogation of this information.  
The Wheat Information System (www.wheatis.org) was established in 2013, endorsed by the International Wheat Initiative, the main objective is 
to provide a web-based system to access data resources and analytical tools. At the same time, rice researchers led by the International Rice 
Research Institute (IRRI) established the International Rice Informatics Consortium (IRIC; HTTP://iric.irri.org/) to collate similar tools and data 
for the rice community. Given the similarity of the aims, scope and importance of these projects, the potential to learn from each other and 
establish approaches which could be applied to other crops, researchers in both projects agreed to review and compare activities, the results of 
which will be presented. 
 
W570: IRIC: Rice Informatics for the Global Community 
Development of Gap-Free Genome Assemblies to Capture and Exploit Rice Genetic Variation 
Dario Copetti1, David Kudrna1, Jianwei Zhang1, Kenneth L. McNally2, Nickolai Alexandrov2, Ramil P. Mauleon2 and Rod Wing3, 
(1)Arizona Genomics Institute, Tucson, AZ, (2)International Rice Research Institute, Los Baños, Philippines, (3)School of Plant 
Sciences, Ecology & Evolutionary Biology, Arizona Genomics Institute, Tucson, AZ 
Rice is the most important food crop in the world and will play a significant role in feeding 3 billion additional human inhabitants by 2050. 
CAAS/IRRI/BGI recently sequenced ~3000 diverse rice accessions and was able to subdivide these into 15 subpopulations that represent the 
majority of rice diversity across the globe. These accessions hold the key to the identification of QTL that can be used to breed the next 
generation of crops to meet the needs of the future. In order to capture the allelic diversity that exists across these 15 subpopulations, we are 
developing 2-3 ultra-high-quality reference genome assemblies for each subpopulation that can be used to identify SNPs and structural variants 
associated with agriculturally important traits. Here, we will present and discuss data for 5 new ultra-high-quality reference genome assemblies 
generated with PacBio long-read sequencing chemistry (i.e. RS2 and Sequel) for N 22, Zhenshan 97 (ZS97), Minghui 63 (MH63), Miracle rice 
(IR8) and Azucena. 
 
W571: IRIC: Rice Informatics for the Global Community 
The Rice Data Interoperability Working Group 
Pierre Larmande, IRD, UMR DIADE, Institut de Biologie Computationnelle, Montpellier, France, Ramil P. Mauleon, 
International Rice Research Institute, Los Baños, Philippines, Shaik N.M. N.Meera, Indian Institute of Rice Research (IIRR), 
Hyderabad, India, Imma S. Subirats, FAO, Rome, Italy and Devika M. Madalli, Indian Statistical Institute, Kolkata, India 
The Rice Research Data Interoperability Working Group aims to reinforce synergies between rice research & development organizations to 
support food security, nutritional value and safety while taking into account societal demands for sustainable and resilient agricultural production 
systems. 
The aim of the Rice Data Interoperability WG is to provide a framework based on community-accepted standards, which ensure data analysis 
and data integration facilities. Such a framework is a great asset for the rice community to provide the analysis functions and other services 
expected by the researchers. Linking databases, platforms and big data from different stakeholder organizations could be helpful for thousands of 
rice research organizations across the globe especially in Asia and Africa. The Rice Data Interoperability WG in collaboration with partners will 
work towards bridging the gaps in free data sharing and interoperability of rice research data. 
The proposed common framework will help describing, representing linking and publishing rice data with respect to open standards. Such a 
framework will promote and sustain rice data sharing, reusability and operability. Like the Wheat WG, Rice WG also will try to address 
questions: which (minimal) metadata to describe rice data? Which vocabularies/ontologies/formats? Which good practices? 
 
W572: IRIC: Rice Informatics for the Global Community 
Genome-Wide Analysis of SNPs in Promoter Regsions of Oryza sativa 



Tatiana Tatarinova1, Victor Solovyev2, Kenneth L. McNally3 and Nickolai Alexandrov3, (1)University of Southern California, Los 
Angeles, CA, (2)Softberry, Mount Kisco, NY, (3)International Rice Research Institute, Los Baños, Philippines 
3,000 rice genomes project provides a unique scientific resource for plant researchers. We have analyzed distribution of 29 million SNPs in 
Oryza sativa genome identified by the 3000 rice genome project (The 3,000 Rice Genomes Project, 2014) near transcription and translation start 
and end sites, promoters, 5’ and 3’ UTRs, and exon/intron junctions. We present analysis of nucleotide diversity in regulatory regions of Oryza 
sativa genome, focusing on core promoters and transcription factor binding sites. Generally, regulatory regions are significantly more conserved 
compared to the intergenic regions. We demonstrate reduced position-specific nucleotide diversity characteristic of certain classes of 
transcription factor bidning sites and certain gene families. 
 
W573: IRIC: Rice Informatics for the Global Community 
Ricebase - a Resource for Rice Breeding 
Jeremy D. Edwards, USDA-ARS Dale Bumpers National Rice Research Center, Stuttgart, AR 
Ricebase combines accessions, traits, markers, and genes with genome-scale datasets to empower rice breeders and geneticists to explore big-
data resources. The underlying code and schema are shared with CassavaBase and the Sol Genomics Network (SGN) databases. Ricebase was 
launched specifically to meet critical needs of the rice research community. Accessions, phenotypes and genotypes are stored in a relational 
database using the Chado schema. Pedigree relationships are stored allowing users to traverse through genetic relationships between accessions. 
A unique feature of Ricebase is that it contains pseudomolecule positions on the latest assembly for the majority of rice SSR markers. This is 
critical for linking the bulk of published rice SSR-based genetic studies to current genome-based studies. A JBrowse instance is available to 
browse the rice genome and overlay various data tracks. The SSR marker locations are available as a data track along with published SNP 
datasets including the 3000 genome resequencing, high density rice diversity panels, and resequenced US elite lines. SNP effect predictions are 
available for all SNP data sets. Frequently, Ricebase has been used to develop additional markers for fine mapping, especially when transitioning 
from SSR markers to SNPs, and also for candidate gene exploration around significant markers detected in QTL/GWAS studies. Continuing 
enhancements to Ricebase will focus on community curation efforts involving rice breeders to help identify lists of genes, alleles, and validated 
markers that are useful for marker assisted selection. 
 
W574: IWGSC - Standards and Protocols 
Wheat Genome Structural Annotation using a Modular and Evidence-Combined Annotation Pipeline. 
Xi Wang, Bayer CropScience, Diegem, Belgium 
Bread wheat is a major global cereal grain essential to human nutrition. Research on improving important traits in wheat highly depending on 
knowing identities of trait associated gene loci. With the availability of high-quality wheat genome assembly sequence, one crucial objective in 
the post-genomics era is to identify functional genetic elements. Numerous pipelines have been developed for gene discovery. However, some 
are not suitable for annotating large and highly repetitive genome such as wheat, resulting in high false positive prediction rate, while others 
provide high quality annotation but are computational intensive, lack of reproducibility and require extensive manual processing steps. Here we 
introduce a custom pipeline MEGAP – modular and evidence-combined genome annotation pipeline – that leverages on strength of diverse gene 
evidence resources to increase prediction accuracy. Applying this pipeline on wheat genome, we masked 85% genome as repeat and identified 
164,785 transcripts loci, of which 129,149 are high confidence gene models with average mRNA size of 1,271 bp. Overall, our annotation 
pipeline shows balance between annotation quality and efficiency, sustainability and reproducibility, which are essential for our new genome 
annotation projects in the future. 
 
W575: IWGSC - Standards and Protocols 
Challenges of Gene and Repeat Annotation of the Wheat Genome Sequence 
Frédéric Choulet, INRA GDEC, Clermont-Ferrand, France 
We used the TriAnnot pipeline to model protein-coding genes and transposable elements in the newly assembled 21 pseudomolecule sequences 
of Triticum aestivum cv. Chinese Spring, namely the IWGSC Whole Genome Assembly. Tools, methods and strategies established to deliver a 
high-quality annotation of genes and transposable elements in such a complex genome will be presented. Ways towards future improvements and 
updates will also be discussed. 
 
W576: IWGSC - Standards and Protocols 
Wheat Gene Annotation 
Manuel Spannagl, PGSB - Plant Genome and Systems Biology, Helmholtz Center Munich, German Research Center for 
Environmental Health (GmbH), Neuherberg, Germany 
 
W577: IWGSC - Standards and Protocols 
Integrating Wheat RNA-Seq Data into the expVIP Gene Expression Browser with Multiple Reference Genomes 
Philippa Borrill, John Innes Centre, Norwich, United Kingdom 
 
W578: IWGSC - Standards and Protocols 
The Wheat Genome Visualised in Apollo: Variation in the Clarity of Defining and Naming Gene Models. 
Rudi Appels, Murdoch University, Perth, Australia 
 
W579: IWGSC - Standards and Protocols 
Wheat Trait Ontologies 
Pankaj Jaiswal, Department of Botany & Plant Pathology, Oregon State University, Corvallis, OR 



 
W580: IWGSC - Standards and Protocols 
Tools for Community Genome Annotation: ZMap and Otter 
Jane Loveland and Adam Frankish, Wellcome Trust Sanger Institute, Cambridge, United Kingdom 
The HAVANA team produces manual annotation of protein coding genes, long non-coding RNAs, pseudogenes and other specialised biotypes 
for genomic sequence. We also provide the research community with software, training and our annotation tools that can be used remotely by 
external collaborators.  
Our annotation software, ZMap/Otter, communicates with our server over HTTP, and enables annotators to work anywhere. The server controls 
data access and allows multi-user annotation, whilst the client holds a local copy of the section of genome that is being annotated. Genomic 
sequence is run though our custom analysis pipeline and this is displayed in our graphical visualisation tool ZMap, which communicates with 
Otter to create and store the annotation. ZMap can also connect directly to Ensembl and users can create annotation as GFF3. ZMap/Otter is 
available as a Mac or Linux client, or for Windows users we have a virtual machine image that is installed and run using VirtualBox 
(https://www.virtualbox.org/). The resulting annotation is either subject to internal quality control (Gatekeeper model) or downloaded directly 
(Blessed annotator model) (Loveland et al 2012).  
The approved gene sets are hosted on the publicly available VEGA browser (http://vega.sanger.ac.uk/) and can be merged into the Ensembl gene 
set. We follow the Ensembl quarterly release cycle, however, the implementation of an update track hub 
(ftp://ngs.sanger.ac.uk/production/gencode/update_trackhub/hub.txt)  
enables browsers to show recently annotated genes (updated every 24 hours) without waiting for the next full release of the gene set.  
Our annotation software is freely available via our website (http://www.sanger.ac.uk/resources/software/otterlace/). 
 
W581: IWGSC - Standards and Protocols 
Genome Curation and Maintenance at NCBI 
Brian Smith-White1, Paul Kitts2, Kim D. Pruitt1, Terence D. Murphy1, Francoise Thibaud-Nissen1 and Valerie A. Schneider1, 
(1)National Center for Biotechnology Information (NCBI/NLM/NIH), Bethesda, MD, (2)NIH/NLM/NCBI, Bethesda, MD 
The data generated by a genome project can be organized, displayed, and provided to users as NCBI resources. The resources available for an 
initial submission include NCBI Assembly, RefSeq, NCBI Gene, Genome Data View, and Clone Registry. The resources potentially available 
for an update are the same as an initial submission plus Remapping Service and Genome Reference Consortium. 
 
W582: IWGSC - Standards and Protocols 
The IWGSC Reference Genome Browser, Data Mining and Beyond 
Michael Alaux1, Thomas Letellier1, Françoise Alfama1, Jane Rogers2, Frédéric Choulet3, Claire Guerche1, Mikael Loaec1, Raphael 
Flores1, Célia Michotey1, Anne-Francoise Adam-Blondon1, Etienne Paux4, Kellye Eversole5 and Hadi Quesneville1, (1)INRA - 
URGI, Versailles, France, (2)International Wheat Genome Sequencing Consortium, Cambridge, United Kingdom, (3)INRA GDEC, 
Clermont-Ferrand, France, (4)INRA Auvergne-Rhône-Alpes, Clermont-Ferrand, France, (5)Eversole Associates, Bethesda, MD 
URGI is a genomics and bioinformatics research unit at INRA (French National institute for Agricultural Research), dedicated to plants and crop 
parasites. We develop and maintain a genomic and genetic Information System called GnpIS that manages multiple types of wheat data.  
Under the umbrella of the IWGSC (International Wheat Genome Sequencing Consortium), we have set up a Sequence Repository on the 
Wheat@URGI website to store, browse and query the data being generated by the consortium: http://wheat-urgi.versailles.inra.fr/Seq-Repository.  
The repository holds the wheat physical maps and sequences, especially the gold standard IWGSC reference sequence of all the 
pseudomolecules. We set-up dedicated tools:  

• a genome browser to display the reference sequence and his incoming annotations. 
• a BLAST server to query the sequence and provide links to browsers. 
• a InterMine datawarehouse to integrate the genomics data with genetics and phenomics data to go beyond. 

 
W583: IWGSC - Standards and Protocols 
H3K27me3, a Key Player in Wheat Gene and Genome Organization and Regulation? 
Etienne Paux, INRA GDEC, Clermont-Ferrand, France 
Because of its size, allohexaploid nature and high repeat content, the bread wheat genome is a good model to study the impact of the genome 
structure on gene organization, function and regulation. Such analyses have long been hampered by the lack of a high quality reference sequence. 
However, thanks to the efforts of the International Wheat Genome Sequencing Consortium (IWGSC), such sequences are now available and can 
be used to decipher the wheat genome. By conducting a wide range of analyses on the reference sequence of chromosome 3B, including gene 
and transposable element annotation, recombination, transcriptomics and structural variations studies, we revealed unexpected relationships 
between gene and genome structure and function, that cannot be explained at the sole genomic level. These include a strong partitioning of 
chromosome 3B, the existence of chromosomal domains encompassing clusters of co-expressed genes as well as co-regulation islands involving 
distant co-expression clusters. In order to investigate the role of epigenetics, we conducted a pilot study aiming at constructing epigenomic maps 
of chromosome 3B. This highlighted the histone modification mark H3K27me3 as a putative key player in wheat gene and genome organization 
and regulation. Results of this pilot study as well as perspectives for future investigations will be presented. 
 
W584: JBrowse, a Next Generation Genome Browser 
Jbrowse Workshop 
Scott Cain, Ontario Institute for Cancer Research, Medina, OH 
Tutorial Level 
Beginner to Intermediate. Students should be comfortable performing simple command line tasks like moving files and running scripts.  



Intended Audience 
JBrowse is sufficiently easy to install (easier than GBrowse!) that a biologist can easily set up and configure a JBrowse server after the initial 
hurdles of learning about configuration options and file formats are overcome. This class is intended to help them over those hurdles.  
Prerequisite Software and Conference PCs 
Prerequisite software for JBrowse will be pre-installed on the conference PCs in the classroom area of the California Room. Participants using 
these PCs will be able to setup and configure JBrowse during the workshop.  
After the workshop, a VirtualBox system image with JBrowse prerequisite software pre-installed will be made available on GMOD @ PAG 
page at GMOD.org. You can use this image to walk through the material presented at this workshop. 
 
W585: Legumes 
-Omic Analysis at the Level of One Single Legume Cell Type to Reveal the Conservation and Divergence of the Regulatory 
Mechanisms of Gene Transcription 
Zhenzhen Qiao1, Lise Pingault1, Prince Zogli1, Micaela Langevin1, Niccole Rech1, Peter Klein1, Mehrnoush Nourbakhsh-Rey1, 
Andrew Farmer2 and Marc Libault1, (1)University of Oklahoma, Norman, OK, (2)National Center for Genome Resources (NCGR), 
Santa Fe, NM 
Each plant cell type is characterized by a specific transcriptomic signature. Hence, the multi-cellular complexity of plant tissues is a limitation to 
our understanding of the molecular mechanisms controlling plant gene expression and, as a consequence, the conservation and divergence of 
these mechanisms between plant species. To overcome this difficulty, we have established the root hair cell as a simple model system to analyze 
and compare transcriptional regulatory mechanisms between plants. The main function of this single outgrowing root epidermal cell is the uptake 
of water and nutrients, and, in legumes, the root hair is also the first cell type infected by rhizobia. Hence, due to these unique features, the root 
hair cell is used as a model to characterize the molecular mechanisms controlling plant gene expression in response to abiotic and biotic stresses 
and the evolution of these mechanisms between plant species.  
To demonstrate the advantages working on the root hair cell, we will present the results of a comparative transcriptomic and genomic analysis 
conducted at the level of isolated Arabidopsis thaliana and Glycine max root hair cells. We will describe the evolutionary pathways leading to 
the transcriptional divergence and conservation of the preferential expression of soybean paralogous and Arabidopsis orthologous genes in root 
hairs. Taking advantage of this evolutionary study and combining bioinformatics, molecular, cellular and microscopic tools, we will also present 
results revealing the conservation of the activity of plant promoters and regulatory elements in the root hair cells of different plant species. 
 
W586: Legumes 
Integration of ATAC-seq and DAP-seq Data to Uncover Gene Regulatory Networks in Soybean 
Robert Schmitz1, Zefu Lu2, Kyung Do Kim1, Jenny Leverett1 and Scott A. Jackson1, (1)University of Georgia, Athens, GA, 
(2)University Of Georgia, Athens, GA 
Chromatin structure plays a pivotal role in enabling proper control of gene expression. The abilities of transcription factors (TF) to bind cis-
elements are often associated with accessible chromatin zones, in which chromatin is decondensed, exposing the DNA. Therefore, identification 
of these accessible regions throughout plant genomes is important to understanding the relationship between TF binding, chromatin status and 
thus the regulation of gene expression. Assay for Transposase Accessible Chromatin (ATAC-seq) is a recently developed and widely used 
technique to map open chromatin zones in animal and human genomes. Furthermore, this technique can be carried out on samples containing 
hundreds to thousands of cells. However, in plants, the existence of cell walls, robust cell types and numerous subcellular organelles have 
prevented the application of this technique. Here, we describe an assay combing ATAC-seq with Fluorescence-Activated Nuclei Sorting (FANS) 
to identify and map accessible chromatin, as a rapid and sensitive method for integrative chromatin status analysis in plant genomes. We are 
furthering development of this methodology by combining ATAC-seq with FANS and with samples collected from laser capture as this will 
enable cell-type specific analysis of chromatin states in any plant genome. 
 
W587: Legumes 
Characterization of Resistant and Susceptible Responses to Phialophora gregata in Soybean using RNA-Seq 
Chantal McCabe, United States Department of Agriculture, Ames, IA 
Breeding for pathogen resistance is an important objective to improve and protect soybean yields. In 2010, 14.4% of total soybean yield was 
suppressed by diseases. Brown stem rot (BSR), caused by the fungus Phialophora gregata, reduces yield by as much as 38%. To date, three 
dominant BSR resistance genes have been identified: Rbs1, Rbs2, and Rbs3, however the gene networks regulating defense responses to BSR 
remain unknown. Further, identifying resistant germplasm by genotyping or phenotyping remains difficult due to complexities of soybean/P. 
gregata interactions. To better understand resistance mechanisms, we conducted RNA-Seq of P. gregata infected and mock infected leaf, stem, 
and root tissues of both a resistant (PI 437970, Rbs3) and a susceptible (Corsoy 79) soybean genotype. Samples were collected one-week post 
infection. Our bioinformatic analyses focused on treatment, genotype, and treatment by genotype effects on gene expression. Our results indicate 
that resistant and susceptible genotypes respond differently when infected with P. gregata. Further, regardless of infection, the resistant and 
susceptible genotypes differ in their innate defense responses. These data indicate that molecular markers could be developed to allow 
identification of resistant and susceptible individuals at 1 week post infection, four weeks earlier than current protocols. Given that Rbs3 has been 
mapped to soybean chromosome 16, the RNA-Seq data was also used to generate novel SNPs within the Rbs3 locus that could be used for fine 
mapping Rbs3. Virus induced gene silencing (VIGS) was also used to characterize the candidate resistance genes and downstream defense 
responses. 
 
W588: Legumes 
Regulation of Local Auxin Metabolism during Soybean Nodule Development 
Suresh Damodaran, Sajag Adhikari and Senthil Subramanian, South Dakota State University, Brookings, SD 



Legume nodules result from symbiotic interactions between the plant and compatible members of rhizobia bacteria. There are two major types of 
nodules formed in legume roots: indeterminate and determinate. Indeterminate nodules are oblong and have a persistent nodule meristem (e.g. a 
Medicago nodule) where as determinate nodules are spherical and lack a persistent nodule meristem (e.g. a soybean nodule). While auxin activity 
has been associated with the development of both these types of nodules, it was shown that inhibition of auxin transport at the site of nodule 
initiation is crucial for indeterminate nodule formation, but not determinate nodule formation. What mechanisms regulate auxin levels/output 
during determinate nodule formation? We evaluated the expression of auxin biosynthesis and signaling components in global transcriptomes of 
emerging and mature nodules in soybean. We identified a number of genes associated with auxin metabolism that were specifically enriched in 
nodules versus lateral roots indicating functional diversification. Functional analyses using gene silencing in soybean composite plants 
demonstrated that regulation of auxin metabolism plays a key during soybean nodule development. 
 
W589: Legumes 
Novel Pipelines for Marker Discovery in Allotetraploid Arachis hypogaea Lead to Advances in Peanut Genomics 
Josh Clevenger, University of Georgia, athens, GA 
Single nucleotide polymorphism (SNP) marker discovery requires specialized strategies in polyploid genomes. Peanut, Arachis hypogaea, 
provides a particular challenge due to high similarity between it’s subgenomes. A pipeline, SWEEP, was developed and released that uses 
subgenome polymorphisms to guide detection of allelic polymorphisms between genotypes. The use of SWEEP has led to rapid advances in 
peanut genomics by unlocking the power of high-throughput mapping techniques such as QTL-seq and introgression mapping. Additionally, a 
58K SNP array has been designed and used to obtain new insights into the diversity of US peanut elite germplasm. The array provided a large-
scale SNP validation set which was mined using machine learning to provide improvements to the efficacy of SWEEP. New improvements using 
haplotype-based detection of polymorphisms will provide researchers of polyploid crops greater access to sequence-based genotyping methods. 
 
W590: Legumes 
Applied Bean Genomics - Insights from Genome Mapping, Sequencing and Analysis Relevant to Bean Breeding 
K. Peter Pauls, University of Guelph, Guelph, ON, Canada 
 
W591: Maize 
Introduction 
Patrick S. Schnable, Iowa State University, Ames, IA 
 
W592: Maize 
Complementarity of the Transcriptome and Proteome 
Steven Briggs, University of California, San Diego, La Jolla, CA 
 
W593: Maize 
Expression of Bbm and WUS2 Extends Monocot Transformation into New Target Explants and Genotypes 
Bill Gordon-Kamm, Keith S. Lowe, Xinli Emily Wu, Ning Wang, George J. Hoerster, Ajith Anand, Mauricio La Rota, Craig E. 
Hastings, Brian L. Lenderts, Mark Chamberlin, Maren Arling, Visu Annaluru, Candy Sweeney and Todd J. Jones, DuPont Pioneer, 
Johnston, IA 
While transformation methods for monocot crops continue to improve, the process remains confined to one or two genotypes per species, often 
with poor agronomics, and efficiencies that place these methods beyond the reach of most academic labs. To rectify these issues, we have 
focused on overexpressing the maize Babyboom (BBM) and Wuschel2 (WUS2) genes, producing high transformation frequencies in numerous 
previously non-transformable maize inbreds. For example, the Pioneer inbred PHH5G is totally recalcitrant to Agrobacterium transformation. 
However, when BBM and WUS2 are expressed, transgenic calli are recovered often without chemical selection from over 40% of the starting 
explants, with most producing healthy, fertile plants. Recently, we have optimized expression of our BBM and WUS cassettes in such a way that 
we can eliminate all callus steps and obtain transformants via direct germination of somatic embryos, making maize inbreds such as B73 and 
Mo17 easily transformable using Agrobacterium strain LBA4404. This process is largely genotype independent and transgenic plants can be sent 
to the greenhouse in less than half the time of conventional methods. Another limitation for many monocots is the intensive labor and greenhouse 
space required to supply immature embryos for transformation. As a new alternative to immature embryos, we use BBM and WUS2 to recover 
transgenic events directly from either embryo slices from mature seed or leaf segments from seedlings in a variety of Pioneer inbreds, routinely 
recovering healthy, fertile T0 plants. Finally, we demonstrate that the maize BBM and WUS2 genes stimulate transformation in sorghum 
immature embryos, sugarcane callus, indica rice callus and japonica leaf tissue. 
 
W594: Maize 
Exploring the Other Maize Genome: Quantitative Analysis of How Maize Plants Interact with their Microbial Communities 
Jason G Wallace1, Mohsen M Moghadam1, Sahar Voghoei1, Karl A. Kremling2, Shu-Yun Chen2, Mei-Hsiu Su2, Jeremy D. Pardo2, 
Joshua S. Budka3, Nicholas K. Lepak3 and Edward S. Buckler4, (1)The University of Georgia, Athens, GA, (2)Cornell University, 
Ithaca, NY, (3)USDA-ARS, Ithaca, NY, (4)USDA-ARS-Cornell University, Ithaca, NY 
Sequencing the maize genome was a major accomplishment for the maize research community and has opened up a wealth of research 
possibilities. However, it is becoming more apparent that no genome or organism operates in a vacuum, and the interactions with the many other 
biotic and abiotic factors in the environment can have a profound impact on phenotype. In this talk, we present an argument for studying maize’s 
“other genome,” consisting of the interactions it has with the millions of microbial organisms living around, on, and inside it. (Collectively called 
the maize microbiome.) We show through an analysis of the leaf community across diverse maize lines that at least some of the bacteria in these 
communities have a significant association with maize genotype. We also present data showing how the phenotype of maize plants can change 



depending on their association with fungal endophytes, especially under stress conditions. Finally, we address how these associations might be 
leveraged for better and more sustainable production. Although the study of crop microbiomes is relatively young, there is strong potential for 
significant results to come from studying how maize and other plants interact with their microbial communities and how these interactions can be 
used in global agriculture. 
 
W595: Maize 
BLUP Alphabet for Genomic Prediction 
Jiabo Wang, Northeast Agricultural University, Haerbin, China, Zhengkui Zhou, Chinese Academy of Sciences, Beijing, China, 
Zhe Zhang, South China Agricultural University, Guangzhou, China, Hui Li, Northeast Agricultural University, HARBIN, China, 
Di Liu, Heilongjiang Academic of Agricultural science, HARBIN, China, Qin Zhang, China Agricultural University, Beijing, 
China, Peter Bradbury, Cornell University/USDA-ARS, Ithaca, NY, Rory Todhunter, Cornell University, Ithaca, NY, Edward S. 
Buckler, USDA-ARS-Cornell University, Ithaca, NY and Zhiwu Zhang, Washington State University, Pullman, WA 
Prediction of individuals’ genetic merit plays the key role in modern breeding of animals and plants. By using pedigree to define the kinship 
among individuals, Dr. Charles R. Henderson developed the Best Linear Unbiased Prediction (BLUP) method in 1940-50’s to predict 
individuals’ genetic effects. The method soon became the widely used standard for animal and plant breeding in 1960-80’s. In early 1990’s, 
molecular genetic markers were introduced for Marker Assisted Selection (MAS). Later on, a set of markers covering entire genome was 
introduced by Dr. Rex Bernardo in 1994 to calculate the kinship among individuals as substitution of the pedigree based kinship to derive 
genomic BLUP. The method is now commonly known as gBLUP. In 2001, the MAS approach was extended by Dr. T. H. E. Meuwissen et al. to 
substitute few influential markers as fixed effects with all available markers as random effects. Variability of the prior distributions on the 
random marker effects creates a variety of different Bayesian methods for genomic prediction. For examples, all the markers can be assumed to 
have distributions with different variances (Bayes A). Alternatively, some of the variances can be restricted to be zero (Bayes B). The Bayesian 
alphabet can be extended on and on. Consequently, some of the Bayesian methods are superior to gBLUP under some circumstances. For 
example, in situation that a trait is controlled by a few number of genes, Bayes B performs better than gBLUP. This talk presents the 
development of BLUP alphabet for the improvement of prediction accuracy. For examples, a newly developed compression BLUP (cBLUP) is 
superior to gBLUP for traits with low heritability controlled by many genes. In contrast, for a trait with high heritability controlled by a few 
genes, another newly developed SUPER BLUP (sBLUP) is superior to Bayesian methods. A final recommendation is given for a specific trait to 
select the optimum method according to genetic architecture defined by number of genes and heritability. 
 
W596: Maize 
Remote Sensing for Crop Improvement: From Research to Industry 
Sébastien Praud, LIMAGRAIN, CHAPPES, France, Fred Baret, INRA, Avignon, France, Alexis Comar, HiPhen, Avignon, 
France, David Gouache, ARVALIS, Boigneville, France, Justin Blancon, BIOGEMMA, CHAPPEs, France and Marie-Hélène 
Tixier, BIOGEMMA, Chappes, France 
Maize is one the most widely cultivated crops worldwide (along with wheat and rice). They are important as they provide calories, particularly 
protein and sugar. With the human population increasing upward of 9 billion in the coming decades, maize production will need to increase to 
meet the higher demand. One obstacle to achieving this is the need to maintain productivity while also reducing the use of mineral nitrogen 
fertilizers and water consumption.  
Plant breeding to meet these aims has proved successful in improving numerous crop characteristics, but existing results show that the speed of 
improvement needs to increase significantly. Breeding is a very organized and science-intensive process of product development, which requires 
the creation of tens of thousands of variable plants by crossing diverse parents, and then selecting the very few individuals that show improved 
performance for multiple criteria, during successive years. Thus, the process is costly and time-consuming, and any technology that can help 
predict the performance of each genotype while reducing the cost and amount of testing greatly improves the overall rate of genetic gain. We can 
predict the performance of untested individuals with genotyping data (provided that there is sufficient data on the performance of the calibration 
set of individuals). However, the plant breeding industry still struggles to acquire phenotype data on sufficient numbers of individuals, especially 
for complex traits.  
We installed RGB (red, green, blue) cameras and multispectral reflectance spectrometers on a tractor, enabling us to screen the dynamic response 
of wheat varieties and small plants. Using this data, we showed that such systems can provide results relevant to the discovery of genes and their 
functions, and to screening for plant breeding as well, but the system was not adapted to taller plants as maize.  
In response to this problem, we started with the development of an unmanned aerial platform that would be used to characterize the canopy 
structure of crop across the whole plant life cycle. The evolution of canopy structure of crops may provide efficient indications of the growing 
status, water stress and yield estimation. We identified aspects of the maize genome that coherently affect canopy reflectance, chlorophyll 
content, biomass, and yield. We showed that these measurements are sufficiently repeatable and some traits seems to be linked to the tolerance of 
such varieties to water deficiency.  
We will discuss here the perspectives given by these remote sensing technologies in deciphering complex traits as a tool for breeders to 
characterize canopy function in thousands of plant varieties which requires throughput to be increased by one to two orders of magnitude and 
precision to be increased as well. 
 
W597: Mango genomics 
De novo Assembly of the Tommy Atkins Mango Genome 
Kobi Baruch, NRGENE LTD., Ness-Ziona, Israel 
Genomic denovo assembly technologies have made a significant progress over the last few years. Having said that, accurate and robust resolution 
of complex genomes still remains an unmet challenge both algorithmically & economically. Plant genomes are known to be highly diverse in 
their size, zygosity, ploidy and repetitive elements frequency. These differences exist both intra- & inter- species, a fact which enhance the need 
for a high throughput, cost effective solution.  



Here we present a fully phased assembly project of the heterozygous, polyploid, Tommy Atkins mango. This is a result of the newly developed 
NRGene’s DeNovoMagic-3 platform using only illumina short reads technology. Using 2 segregating populations maps, we were able to 
reconstruct 50 linkage groups representing 85% of the total assembly size of approx. 760Mb.  
 
W598: Mango genomics 
A Reference Genome of Mango (Mangifera indica L. cv Amrapali) 
Nagendra K. Singh1, Ajay Kumar Mahato1, Pawan K. Jayaswal1, Sangeeta Singh1, Akshay Singh1, Vandna Rai1, Amitha Mithra S. 
V.1, Kishor Gaikwad1, Nimisha Sharma2, Anand K. Singh2, Manish Srivastava2, Jai Prakash2, Usha Kalidindi2, S. K. Singh2, Kasim 
Khan3, Rupesh K. Mishra3, Shailendra Rajan3, Anju Bajpai3, B.S. Sandhya4, Puttaraju Nischita4, K. V. Ravishankar4, M.R. Dinesh4, 
Neeraj Kumar5, Sarika Jaiswal5, Mir A. Iquebal5, Dinesh Kumar5, Anil Rai5 and Tilak R. Sharma1, (1)ICAR-National Research 
Centre on Plant Biotechnology, New Delhi, India, (2)ICAR-Indian Agricultural Research Institute, New Delhi, India, (3)ICAR-
Central Institute for Subtropical Horticulture, Lucknow, India, (4)ICAR-Indian Institute of Horticultural Research, Bengaluru, 
India, (5)ICAR-Indian Agricultural Statistics Research Institute, New Delhi, India 
Mango (Mangifera indica L.) is an evergreen fruit tree belonging to order Sapindales of the family Anacardiaceae. It has 20 pairs of 
chromosomes with an estimated genome size of 439 Mbp. It is known as the king of fruits due to its large production volume, huge variability of 
fruit appearance and taste and diverse end-usage, but mango breeding is challenging due to long juvenile phase, high heterozygosity and heavy 
fruit drops. A major limiting factor for mango improvement is the paucity of genomic resources. To fill the gap we generated 44.8 Gbp of 
genomic sequence (102x coverage) using PacBio platform. The genome was assembled and polished using FALCON and Quiver software, 
respectively. The resulting 9,500 contigs (401 Mbp) were arranged in to 4,312 scaffolds (403 Mpb), covering 91.8 % of the genome with largest 
scaffold of 2.1 Mbp and N50 of 282 kbp. Over 80% of the scaffolds were anchored to 20 mango chromosomes with 6,242 markers of a recently 
published high-density genetic map of total 6,594 markers (94.66% coverage). Total 53,018 genes were predicted, annotated and manually 
curated. Further, 168,484 SSRs were mined, including 30,821 Type 1 and 12,855 highly variable SSR. We also identified 5.2 million high 
quality SNPs in 19,656 single-copy genes by re-sequencing of 24 diverse mango cultivars and developed a 80K SNP chip. Mango showed 
highest similarity with Citrus sinensis among the published fruit genomes. The reference genome would fast track mango varietal improvement 
for stress tolerance, higher productivity and superior quality. 
 
W599: Mango genomics 
Mango Germplasm Characterization using SNPs Markers 
Amy Groh, USDA-ARS, Miami, FL 
 
W600: Mango genomics 
Transcriptome and Metabolome Dynamics of Mango Fruit Response to Cold Storage 
Noam Alkan, Velu Sivankalyani, Oleg Feygenberg, Itay Maoz, Noa Sela and Dalia Maurer, Agricultural Research Organization, 
Volcani Center, Rishon LeZion, Israel 
Cold storage is considered the most effective method for prolonging fresh produce storage. However, subtropical fruit is sensitive to cold. The 
response of ‘Keitt’ mango fruit to chilling stress was monitored by transcriptomic, volatiles metabolomics, physiological and microscopic 
analyses. Transcriptomic changes in mango fruit peel were evaluated during optimal (12°C) and suboptimal (5°C) cold storage. Two days 
exposure to chilling stress lead to upregulation of genes involved in the plant stress response, including those encoding to transmembrane 
receptors, calcium-mediated signal transduction, NADPH oxidase, MAP kinases and WRKYs, which can lead to cell death. Indeed, cell death 
was observed around the chilling injuries of discolored lenticels after 19 days of cold storage at 5°C. This cell death and cuticular opening in the 
lumen of discolored lenticels were correlated with increased general decay during shelf-life storage, possibly due to an earlier fungal penetration. 
We also observed increased phenolics accumulation around the discolored lenticels, which was correlated with the biosynthesis of 
phenylpropanoids that were probably transported from the resin ducts. Increased lipid peroxidation was observed during chilling injury by both 
biochemical and a new non-destructive luminescent technology. This lipid peroxidation was correlated to upregulation of fatty acid oxidation 
pathways and several volatiles, detected by GC-MS, that elevate during suboptimal cold storage and before the chilling symptom appears. This 
analysis provides an in-depth characterization of mango fruit response to chilling stress and could lead to the development of new tools, 
treatments and strategies to prolong cold storage of subtropical fruit. 
 
W601: Mutation Screening 
Identification of Functional Variants in Soybean Using Fast Neutron and CRISPR-Based Mutagenesis 
Robert M. Stupar1, Benjamin W. Campbell1, Austin A. Dobbels1, Shaun J Curtin2, Jean-Michel Michno1, Adrian O. Stec1, Jeffrey 
Roessler1, Anna N. Hofstad1, Suma Sreekanta1, Kamaldeep S. Virdi1, Yer Xiong1, Fengli Fu1, Thomas J. Y. Kono1, Jamie A. 
O'Rourke3, Carroll P. Vance1, Seth Naeve1 and Gary J. Muehlbauer4, (1)Department of Agronomy and Plant Genetics, University of 
Minnesota, St. Paul, MN, (2)USDA-ARS, St. Paul, MN, (3)United States Dept. of Agriculture, Ames, IA, (4)Department of Plant 
and Microbial Biology, University of Minnesota, St. Paul, MN 
Identification and characterization of the genes and DNA sequence polymorphisms that underlie specific trait variants remains a challenge in 
soybean due to limitations in mutant resources and transformation capacities. We recently developed and screened a soybean fast neutron mutant 
population to identify mutants with alterations to plant morphology, architecture and seed composition. A combination of genome structural 
analysis and genetic mapping led to the cloning of two genes, one underlying an altered trichome development phenotype and another underlying 
a high-sucrose/low-oil seed composition phenotype. However, for most map-based cloning projects, we have difficulty validating the candidate 
genes that reside within a mapped interval. We have recently initiated experiments using targeted mutagenesis approaches with CRISPR/Cas9 to 
validate the candidate genes for specific traits. The challenges and opportunities for using this approach in soybean will be highlighted in this 
talk. 



 
W602: Mutation Screening 
High-Throughput CRISPR Vector Construction and Mutant Characterization in Plants 
Thomas Jacobs, VIB, Gent, Belgium 
Targeted mutagenesis with CRISPR is quickly becoming a routine practice in plant biology research. With the explosion of resources and 
protocols that are being generated, it can be difficult for researchers to know the various options, and how to balance the inherent advantages and 
disadvantages of each approach. Here we present a method to clone new gRNAs using DNA (Gibson) assembly and compare it to other cloning 
strategies. Using DNA assembly, CRISPR vectors can be constructed individually, or, by combining multiple oligos into a single reaction, 
libraries of CRISPR vectors can be generated. This library approach is particularly useful when cloning a large number of gRNAs by reducing 
the amount of hands-on labor required. In addition, CRISPR libraries can be used directly for Agrobacterium-mediated plant transformation. In 
tomato, transformation with such Agrobacterium libraries allows for the rapid generation of mutants in several genes of interest. There are also a 
variety of methods available to identify and characterize mutations. Examples and comparisons from simple Sanger sequencing to high-
throughput sequencing will be discussed. 
 
W603: Mutation Screening 
CRISPR/Cas9-Mediated Mutagenesis of Floral Termination Genes: A Way to Control Fruit Size 
Norbert Bollier, INRA, Villenave d’ornon, France 
Tomato fruit weight and shape depend upon a complex regulatory network occurring during multiple stages throughout plant development. This 
network is initiated as early as in the floral meristem in which the maintenance of stem cells is terminated after the production of the last floral 
structure, the gynoecium. Hence, the process of floral meristem termination directly impacts the number of cells that are specified to form a 
carpel primordium, as well as the number of primordia. This will ultimately influence the number of fruit locules, and hence directly impact on 
the size of the developing fruit. Using CRISPR/Cas9-mediated mutagenesis we targeted two genes known to be involved in the floral termination 
process, namely Inhibitor of Meristem Activity (IMA) and SlKNUCKLES (SlKNU). Using a unique plasmid encoding kanamycin resistance, the 
Cas9 nuclease and two single guide RNAs, we generated quickly mutated tomato plants via Agrobacterium-mediated transformation,. First, we 
targeted the SlKNU coding sequence, inducing deletionsthat led to gene knock-out and resulted in multicarpellar fruit phenotype. Next, because 
of the expected lethality of the IMA knock-out in connection with its role in regulating cell division, we targeted the promoter regulatory box 
responsible for its expression in floral meristem. This resulted in the knock-down of IMA, and multicarpellar fruits were produced. Taken 
together, our data establish the efficiency of the CRISPR/Cas9-targeted mutagenesis technology to create partial and complete loss-of-function of 
key genes involved in floral termination resulting in multicarpellar fruit in tomato. 
 
W604: Mutation Screening 
Mutational Analysis and in silico Modeling Identify a Novel Molecular Cross-Talk Between SNAP and SHMT in Soybean 
Naoufal Lakhssassi, Department of Plant Soil and Agricultural Systems, SIUC, Carbondale, IL 
 
W605: Mutation Screening 
Novel Genetic Variation Generated By CRISPR-Cas System for Improving Drought Tolerance in Maize 
Jinrui Shi, DuPont Pioneer, Johnston, IA 
Lack of sufficient water is a major limiting factor to crop production worldwide and developing drought tolerant germplasm is needed to improve 
crop productivity. Natural genetic variation for traits that impact drought tolerance has been used in maize breeding programs to increase grain 
yield. Transgenes also showed efficacy in enhancing plant tolerance to drought stress. Targeted improvement of genes responsible for drought 
tolerance is desirable, but until recently, generating allelic variation with physically or chemically induced mutagenesis was a random process, 
which made it difficult to produce intended DNA sequence changes at a target locus. In the past few years, efficient genome editing technologies 
have emerged, enabling rapid and precise manipulation of DNA sequences. Maize ARGOS8 is a negative regulator of ethylene responses. When 
overexpressed, ARGOS8 confers drought tolerance in maize. Although natural variation exists in the ARGOS8 gene, the native diversity is 
limited and unsuitable for targeted drought breeding. To generate novel variants, we essentially duplicated and relocated genomic DNA 
fragments in maize genome to modify the ARGOS8 locus by using a CRISPR-Cas-enabled breeding technology. Natural rearrangement of DNA 
fragments via segmental duplication and translocation occurs spontaneously at a low frequency in plants and has been exploited by breeders over 
the decades for maize improvement. Using the CRISPR-Cas9 system, the native maize GOS2 promoter, which confers a moderate level of 
constitutive expression, was inserted into the 5’-untranslated region of the native ARGOS8 gene or was used to replace the native promoter of 
ARGOS8. Precise genomic DNA modification at the ARGOS8 locus was verified by PCR and sequencing. The ARGOS8 variants had elevated 
levels of ARGOS8 transcripts relative to the native allele and these transcripts were detectable in all the tissues tested. A field study showed that 
compared to the WT, the ARGOS8 variants increased grain yield by 5 bushels per acre under flowering stress conditions and had no yield loss 
under well-watered conditions. These results demonstrate the utility of the CRISPR-Cas9 system in generating novel allelic variation for 
breeding drought tolerant crops.  
 
W606: Mutation Screening 
Plant Genome Editing via CRISPR/Cas9 
Magdy Mahfouz, Biological and Environmental Sciences and Engineering Division, Thuwal, Saudi Arabia 
 
W607: Mutation Screening 
Precision Mutagenesis in Plants via Genome Editing 
Seiichi Toki, National Institute of Agrobiological Sciences, Ibaraki, Japan 
 



W608: NCBI Genome Resources 
Workshop Overview and Welcome 
Kim D. Pruitt, National Center for Biotechnology Information (NCBI/NLM/NIH), Bethesda, MD 
 
W609: NCBI Genome Resources 
Genbank Submission Improvements and Contamination Checks 
Karen Clark, National Center for Biotechnology Information (NCBI/NLM/NIH), Bethesda, MD 
NCBI receives thousands of prokaryotic and eukaryotic genome submissions each year, both draft WGS (whole genome shotgun) and complete. 
Recent submission improvements have made it easier for scientists to deposit these genomes in GenBank. One enhancement is that we are 
unifying the submission of WGS and complete genomes so that they can be submitted through the same system. In addition to collecting 
metadata about the organism whose genome was sequenced and the methods used to assemble its genome, the submission process includes 
several validations to confirm that the genome meets some basic requirements, such as being in the expected size range and free of commonly 
found contaminants. This talk will discuss some of the recent improvements in the Submission Portal and details of some of the validations that 
are performed before a submission is accepted. 
 
W610: NCBI Genome Resources 
Curated Content of Refseq Genomes 
Shashikant Pujar, NCBI, National Institutes of Health, Bethesda, MD 
The RefSeq project aims to provide a comprehensive, high-quality, non-redundant set of annotations, including transcripts, proteins and genomic 
DNA. A subset of RefSeqs are manually curated by biological content experts at the gene and transcript/protein level to provide descriptors for 
genes, transcripts and proteins and generate known RefSeqs (NM_, NP_, NR_ accessions). While curation efforts are largely focused on human 
and mouse annotations, rat, chicken, cow, zebrafish, corn, tomato, and other agriculturally important species also benefit from manual curation. 
Curators in the RefSeq group are also involved in targeted curation of specific genes and gene-families, sometimes in collaboration with subject 
experts or organism-specific database resources. RefSeq staff curation results in correction of sequence or feature annotation errors that are 
identified by quality assurance tests, generation of additional alternative splice variants, addition of feature annotations and data attributes, and 
incorporation of suggestions from users. Curated RefSeq transcripts and proteins serve as reagents to NCBI’s Eukaryotic genome annotation 
pipeline, thereby contributing iteratively to improvements in our genome annotation products. 
 
W611: NCBI Genome Resources 
Annotating Genomes, Assessing Quality, and Dowloading Data 
Francoise Thibaud-Nissen, National Center for Biotechnology Information (NCBI/NLM/NIH), Bethesda, MD and the Eukaryotic 
Genome Annotation Team, NCBI/NLM/NIH, Bethesda, MD 
The NCBI Eukaryotic Genome Annotation Pipeline (www.ncbi.nlm.nih.gov/genome/annotation_euk/) has been used to annotate over 350 
organisms, including plants and animals of agricultural importance.  
The pipeline uses a modular framework for the automated execution of all annotation tasks from the fetching of genome assemblies to the 
loading of RefSeq-accessioned annotation products to public databases. The annotation of an assembly takes an average of 6 days depending on 
the size of the genome and the amount of same-species or close cross-species expression data in public databases. Proteins, ESTs, full-length 
cDNAs and RNA-Seq data are retrieved, aligned to the genome of interest, and used by Gnomon, an alignment and HMM based program 
developed at NCBI, to predict gene models. After consolidation of the Gnomon models with RefSeq-curated transcripts and filtering of low-
confidence predictions, final transcripts and proteins are named based on orthology to model organisms or Blast hits to SwissProt/UniProtKb. 
The annotated products are available for download and distributed through various NCBI resources including the sequence databases, Gene, 
BLAST and the Genome Data Viewer. A web page summarizing the annotation results is provided with each annotated genome.  
This talk will provide a high-level view of the annotation pipeline. We will show how we assess the quality of the annotation products that we 
generate, how contiguity and accuracy of genome assemblies affect the results, and how we use transcriptomic data to compensate for assembly 
issues in the annotated transcripts and proteins. Finally, we will illustrate how to access assemblies and annotation results in NCBI resources.  
See all eukaryotes annotated by the NCBI Eukaryotic Annotation Pipeline at: http://www.ncbi.nlm.nih.gov/genome/annotation_euk/all/ 
 
W612: NCBI Genome Resources 
E-Utilities and Edirect: Ncbi Entrez Programming Interface 
Tao Tao, NIH/NLM/NCBI, Bethesda, MD 
The Entrez Utilities provide URL-based access to the search, linking, and data retrieval functions of NCBI's Entrez system. Entrez Direct is a set 
of Unix command-line tools that simplify construction of multi-step EUtils queries. In this talk I will introduce the use of EUtils and EDirect, and 
will describe the upcoming switch to accession.version sequence identifiers. I will also show examples of ad hoc queries on XML search results 
that are made possible by EDirect's xtract program. 
 
W613: NCBI Genome Resources 
NCBI Variation Resources 
Lon Phan, NIH/NLM/NCBI, Bethesda, MD 
Lon Phan, NCBI  
The National Center for Biotechnology Information (NCBI) creates and maintain the dbSNP and dbVar databases that archive, process, display 
and report information related to germline and somatic variants from multiple species. dbSNP house short (<=50bp) genetic variations that 
include SNV, small indels, and microsatellites. dbVar house large (>50bp) genomic structural variations that include CNV, large indels, and 
complex variations. The combined databases have over 2 billion variants from over 300 species, including many agriculturally important plants 



and animals. The primary roles the databases are to process submissions, archive the data, and distribute it for general use. Each submission is 
assigned a database accession identifier (ss# in dbSNP or nsv#/esv# in dbVar) based either on flanking invariant sequence or locations asserted 
on reference sequences. Because these assigned accession numbers are stable and can be cited in publications, they facilitate aggregation of 
additional information from many diverse organisms. These submissions are then processed to aggregate information from multiple submitters 
(assign rs# in dbSNP), map and annotated on the latest genome assembly and NCBI Reference Sequences (RefSeqs). The data are also integrated 
with other NCBI resources including genomic browser, Gene, PubMed, Nucleotide, Protein, BioSample, and BioProject. dbSNP and dbVar data 
are made available in diverse ways: Entrez searches, study-specific reports, annotation on the genome, Sequence Viewer, and ftp downloads as 
BED, VCF, and other formats. This presentation will highlight the contents and annotations available in dbSNP and dbVar and NCBI tools for 
search, display, and retrieval of records. 
 
W614: New Approaches for Developing Disease Resistance in Cereals 
Inter-Chromosomal Transfer of Immune Regulation during Infection of Barley with the Powdery Mildew Pathogen 
Roger Wise1, Priyanka Surana2, Ruo Xu3, Greg Fuerst1, Antony V. E. Chapman2 and Dan Nettleton4, (1)Corn Insects and Crop 
Genetics Research, USDA-Agricultural Research Service, Iowa State University, Ames, IA, (2)Iowa State University, Ames, IA, 
(3)Google, Inc., Mountain View, CA, (4)Department of Statistics, Iowa State University, Ames, IA 
Plant immune systems exemplify multi-tiered signaling networks. In the interaction between barley and its powdery mildew fungus, Blumeria 
graminis f. sp. hordei (Bgh), host ML (mildew) immune receptors sense Bgh effectors and trigger defense networks comprising thousands of 
genes. We sought to address regulation of immunity in this system by utilizing expression quantitative trait locus (eQTL) analysis. Trans eQTLs 
are regulatory regions that control the expression dynamics of hundreds to thousands of genes in response to particular environmental stimuli. 
We identified two clusters of trans eQTLs; within these clusters reside powdery mildew resistance loci derived from Hordeum laevigatum 
(MlLa) and H. vulgare cv. Algerian (Mla). These eQTLs regulate the expression of 961 and 3,296 genes during penetration of host epidermal 
cells and development of haustoria, respectively. Intriguingly, during haustorial development, Mla repurposes more than 30% (299) of the genes 
regulated by MlLa during penetration. Moreover, 292 of the 299 genes switch the allele responsible for higher expression when alternate 
regulatory control occurs between stages of infection. We postulate that master regulators respond to pathogen attack by activating a conserved 
set of genes. 
 
W615: New Approaches for Developing Disease Resistance in Cereals 
Developing Strategies for Identifying Novel Sources of Resistance for the Intractable Wheat Blast Disease 
Christian D Cruz, Kansas State University, Manhattan, KS 
 
W616: New Approaches for Developing Disease Resistance in Cereals 
Speeding up the Discovery of Novel Leaf Rust Resistance in Wheat 
Adnan Riaz, Queensland Alliance for Agriculture and Food Innovation, Brisbane, Australia 
 
W617: New Approaches for Developing Disease Resistance in Cereals 
New Approaches for Gene Cloning in Triticeae 
Burkhard Steuernagel, John Innes Centre, Norwich, United Kingdom 
The molecular cloning of disease resistance genes traditionally relies on the map-based cloning strategy whereby recombination is used to 
delimit a gene to a discrete region of the genome. Depending on availability of resources such as genome sequence, genetic maps and mapping 
populations, this can be a tedious process and potentially futile if the target gene is located in an area of suppressed recombination. An alternative 
approach that circumvents these problems is mutational genomics. If a gene can be associated with a clear phenotype, then mutating the wildtype 
material followed by screening for loss of that phenotype provides the basis for genome comparisons. Independent loss-of-resistance mutants 
most likely are caused by mutations that are distinctly different but located in the target disease resistance gene. The massive genome size of 
many crop plants is currently prohibitive for whole genome sequencing of multiple mutants. Therefore, we deploy complexity reduction methods 
such as targeted sequence capture or chromosome flow sorting to minimize the amount of DNA to be sequenced and the volume of data to be 
analysed. I will provide an update on our pipelines to identify and annotate resistance gene analogues in large-scale omics data, and for cloning 
candidate disease resistance genes by mutational genomics. 
 
W618: New Approaches for Developing Disease Resistance in Cereals 
Rapid Isolation of a Disease Resistance Gene in Hexaploid Wheat By Generating a Cultivar-Specific Long-Range 
Chromosome Assembly 
Simon Krattinger, University of Zurich, Zurich, Switzerland 
A better understanding of genes that control agriculturally important traits will be paramount to breed high-yielding and stress-tolerant cereals. 
Many cereals however have large and complex genomes, which hampered the isolation of genes in the past. ‘Positional cloning’ or ‘map-based’ 
cloning is a frequently used approach to isolate genes that does not require prior knowledge about the gene product or the strategy of gene 
validation. One of the most critical steps during positional cloning is the generation of high-quality sequence information that spans the region of 
the gene of interest. Because gene content and gene order can differ dramatically between cultivars of the same cereal species, this sequence 
information needs to be generated from a donor line that carries the gene of interest. This requirement represented a major obstacle for many 
gene cloning projects in the past, particularly in cereals with large and complex genomes. Here, we combined lossless genome complexity 
reduction and long-range scaffolding to rapidly and inexpensively obtain sequence information from a hexaploid wheat cultivar containing a leaf 
rust resistance gene. 
 
W619: New breeding technologies: Prospects and regulatory hurdles 



Introduction to New Breeding Techniques 
Frank Hartung, Julius Kühn Institut, Quedlinburg, Germany 
The legislation on genetically modified organism in Europe has been developed in the late 80s of the last century and came into place in 1990. 
Since then a number of new breeding techniques have evolved for which it is from a legal point of view not clear if all or some of them are under 
the scope of this legislation. As these techniques are quite different, covering very specific ones like new grafting techniques or precise Genome 
Editing using various nucleases for the induction of point mutations and also very broad ones like Synthetic Biology, it is virtually impossible to 
treat them all the same. Furthermore, different countries worldwide possess different regulation structures, leading to an unbalanced treatment of 
several new breeding techniques. To set up the theme of this workshop on regulation of the new breeding techniques, I will give a short 
introduction to the discussed techniques with an emphasis on plants. 
 
W620: New breeding technologies: Prospects and regulatory hurdles 
Do Kingdoms Matter? Regulation of Animal Breeding Technologies.  
Alison Van Eenennaam, University of California, Davis, Davis, CA 
Internationally, there is a patchwork of national regulations around genetically engineered (GE) plants and animals. Some countries regulate 
selected technologies through specific definitions of what constitutes a technology that results in a genetically engineered organism. Other 
countries regulate based on the characteristics of the final product. Additionally in some countries GE animals are regulated differently from GE 
plants.  
In the United States, GE animals are subject to a mandatory pre-market evaluation by the Food and Drug Administration’s (FDA) Center for 
Veterinary Medicine under the new animal drug provisions of the Federal Food Drug and Cosmetic Act. The act defines drugs as “articles (other 
than food) intended to affect the structure or any function of the body of man or other animals.” The rDNA construct in the resulting GE animal 
is thus a regulated article that meets the drug definition; the GE animal itself is not a drug. This suggests the presence of an rDNA construct in 
the animal (i.e. drug) is the trigger for a mandatory pre-market, product-based evaluation.  
However, the FDA definition of GE animals is those animals modified by rDNA techniques, including the entire lineage of animals that contain 
the modification. This suggests the regulatory trigger is the use of rDNA techniques in the development of the animal. It is therefore unclear 
whether animals modified using rDNA techniques but which do not carry an rDNA construct (i.e. drug) or novel combination of genetic material 
in their genome are a regulated article. This adds considerable uncertainty to the commercialization prospects of animals produced using genome 
editing technologies. 
 
W621: New breeding technologies: Prospects and regulatory hurdles 
Genome Engineering & High-Throughout Phenotyping in Plants 
Friedrich Fauser, Princeton University, Princeton, NJ 
 
W622: New breeding technologies: Prospects and regulatory hurdles 
To be or not to be GMO? Application of European GMO Regulation in Times of Genome Editing 
Werner Schenkel, Federal Office of Consumer Protection and Food Safety Germany, Berlin, Germany 
Discussion is ongoing throughout the EU as to whether organisms developed with the help of so-called “new plant breeding technologies” fall 
under the scope of the current regulation of GMO and products thereof. In particular the techniques of oligonucleotide-directed mutagenesis 
(ODM) and CRISPR-Cas9 are discussed in this context.  
A common feature of these technologies is, that they can be used to induce point mutations. These types of genetic modifications could also 
result from conventional breeding techniques or natural processes.  
The decision for an organism to be regarded as GMO requires detailed knowledge of the process used for its development and the molecular 
genetics of the final product.  
Equally important is a careful interpretation of the legal basis, Directive 2001/18/EC. In this context the wording of the definition of GMO needs 
to be scrutinized. In addition the intention of the law need to be identified, as the technologies under discussion were not known or anticipated at 
the time of law-making.  
The term GMO presupposes that the organism’s genetic material has been altered in a way that does not occur naturally, and that this 
modification cannot be achieved by mating and/or natural recombination.  
For this reason, at least some products resulting from new plant breeding technologies should not fall under the scope of the current regulation of 
GMO in the EU.  
An overview over decisive points within the ongoing discussion will be presented. 
 
W623: New breeding technologies: Prospects and regulatory hurdles 
NPBT: Building Consensus for Regulatory Approaches in Mexico 
Sol Ortiz García, Intersecretarial Commission on Biosafety of Genetically Modified Organisms CIBIOGEM, Mexico City, Mexico 
 
W624: New breeding technologies: Prospects and regulatory hurdles 
USDA Regulation of Products of Biotechnology 
Neil E. Hoffman, USDA-APHIS-BRS, Riverdale, MD 
 
W625: New breeding technologies: Prospects and regulatory hurdles 
Environmental Release of Plants with Novel Traits in Canada: A Product-Based Approach to Regulatory Oversight 
Heather Shearer, Canadian Food Inspection Agency, Ottawa, ON, Canada 



Canada’s product-based system for regulating agricultural products of biotechnology has the overall goal of protecting human and animal health, 
as well as protecting the environment. This product-based framework is not triggered by the methods used in developing a product of 
biotechnology, but instead employs regulatory triggers that differentiate plants with novel traits (PNTs) and novel plant products from their 
conventional counterparts. Before they can be authorized for use, novel products are subject to science-based safety assessments and, where 
applicable, risk management conditions. Since the Canadian system is not focused on the methods used to develop a product of biotechnology, it 
is well-positioned to adapt to innovations such as gene editing.  
In determining whether a plant that is the product of gene editing would be regulated in Canada, it is important to consider whether it is novel. 
Only products of gene editing that are also novel will trigger the Canadian regulatory system for PNTs. This presentation will focus on Canada’s 
product-based approach to assessing PNTs for release into the Canadian environment, including the novelty trigger for PNTs, responsibilities of 
the proponent to identify whether they have created a PNT, our retransformation and remutation policy, and the pre-submission process to meet 
with regulators to discuss specific products on a case-by-case basis.  
 
W626: Next Generation Genome Annotation and Analysis 
Evaluating MAKER-P in the Context of Two Closely Related Peanut Genomes 
Steven B. Cannon, USDA-ARS-CICGRU, Ames, IA, Andrew D. Farmer, National Center for Genome Resources (NCGR), Santa 
Fe, NM, Longhui Ren, Iowa State University, Ames, IA and David J. Bertioli, University of Georgia, Athens, GA 
We used the MAKER-P software to predict genes for the genomes of two wild ancestors of tetraploid cultivated peanut, Arachis hypogaea. The 
wild diploid ancestors, Arachis duranensis and Arachis ipaensis, separated from one another approximately two million years ago, and merged 
only ~5-10 thousand years ago, to produce the immediate progenitor of the tetraploid crop species. Availability of gene annotations from the two 
wild species, at this relatively close evolutionary distance, allows us to identify a set of evolutionary changes that have occurred within this 
timeframe. We see many changes, both large and small. We infer that the A. duranensis genome has shrunk relative to the A. ipaensis genome 
(and probably relative to the common ancestor), following a set of inversions and rearrangements in A. duranensis - after which intergenic 
material was removed from A. duranensis in the inverted regions, due to increased recombinations in formerly pericentromeric regions. Other 
changes include independent gene and transposon losses and gains in both genomes, particularly affecting clustered genes such as NBS-LRRs, 
but affecting many gene families. The net gains and losses were not equal, giving approximately 13% more gene models in A. ipaensis. The net 
increase in gene count in A. ipaensis is due primarily to a combination of greater expansions of gene families in A. ipaensis through local 
duplications, or greater losses of genes within clusters in A. duranensis. 
 
W627: Next Generation Genome Annotation and Analysis 
WQ-Maker: A Flexible and Scalable Genome Annotation Pipeline on Jetstream Cloud 
Upendra Devisetty1, Nicholas Hazekamp2, Sabarinath Subramaniam1, Kapeel Chougule3, Douglas Thain2 and Nirav Merchant1, 
(1)CyVerse, Tucson, AZ, (2)University of Notre Dame, Notre Dame, IN, (3)Cold Spring Harbor Laboratory, Cold Spring Harbor, 
NY 
National Science Foundation (NSF) funded Jetstream is a self-provisioned, scalable science and engineering cloud environment which allows 
researchers to analyze their data on customized virtual machines (VMs) in a cloud-based environment. Jetstream is freely available to US based 
researchers. MAKER is a flexible and scalable genome annotation pipeline used for de novo annotation of newly sequenced genomes, for 
updating existing genome annotations, or just to combine annotations, evidence, and quality control statistics. Installing and using MAKER on 
multiuser HPC systems comes with challenges associated with software version dependencies. Utilizing cloud-based systems for large-scale 
annotations using MAKER provides more flexibility in configuration, but have limitations such as no shared file system and need to balance 
work between multiple instances. WQ-MAKER, a customized version of MAKER with Work queue based distributed computing framework is 
designed to run on multiple VMs in the cloud making it feasible to readily scale annotation tasks that overcomes the limitations of shared file 
system requirement. WQ-MAKER framework also leverages MPI capability of MAKER, making full use of available cores on each cloud 
instance. We have created a Jetstream image of WQ-MAKER and is freely available to community members to annotate their genomes. WQ-
MAKER efficiently runs MAKER simultaneously on multiple Jetstream instances, greatly speeding up the annotation run-time. I will 
demonstrate how the WQ-MAKER can significantly decrease the run-time for large genome annotation projects as well as tutorial, utilities and 
scripts and apps for managing the computation and progress along with benchmark and performance numbers for various genomes annotated. 
 
W628: Next Generation Genome Annotation and Analysis 
Genome Annotation of the Primitively Eusocial Paper Wasp Polistes dominula: Challenges and Insights 
Daniel Standage, University of California, Davis, Davis, CA 
The evolution of social behavior and its genomic underpinnings is an area of intense research interest. In particular, species exhibiting primitively 
eusocial behavior represent an informative intermediate form of social organization, between solitary and advanced eusocial forms. New 
genomic data resources for the primitively eusocial paper wasp Polistes dominula provide an excellent framework for study of the molecular 
basis of eusociality. This talk will discuss the challenges encountered in annotating the P. dominula genome, and in leveraging these data to 
explore genome composition, gene expression and splicing, DNA methylation, and gene conservation. 
 
W629: Next Generation Genome Annotation and Analysis 
Apollo: Collaborative and Scalable Manual Genome Annotation 
Nathan A Dunn1, Monica C. Munoz-Torres1, Deepak Unni2, Eric Yao3, Ian Holmes4, Christine G. Elsik5 and Suzanna Lewis1, 
(1)Lawrence Berkeley National Laboratory, Berkeley, CA, (2)Division of Animal Sciences, University of Missouri, Columbia, MO, 
(3)Department of Bioengineering, Berkeley, CA, Berkeley, CA, (4)Department of Bioengineering, Berkeley, CA, (5)Division of 
Plant Sciences, University of Missouri, Columbia, MO 



Manual curation is crucial to improving genome annotation quality. However, it is impossible for a single individual to fully curate a genome 
with precise biological fidelity. The traditional centralized model of genome annotation has given way to a geographically dispersed community 
annotation model. Breaking down large amounts of genomic data into manageable portions and mobilizing groups of researchers to extract an 
accurate representation of the biology from these data distills invaluable knowledge.  
Apollo offers a web-based environment for distributed collaborators to manually revise, edit, and share annotations in real-time (akin to Google 
Docs). It provides a fast interface for visualizing genomic data and allows extensive changes to be rapidly made without server round-trips. Gene 
models, protein alignments, and expression and variant data inform structural annotations. Users may add metadata, including references to other 
databases, functional assignments to genes and gene products using Gene Ontology (GO) terms, and references to literature in support of these 
annotations. Apollo can easily integrate into workflows via a suite of web services, which has facilitated integration within the Galaxy platform.  
Current work: 1) visualization and annotation of variant data; 2) transformation of genomic coordinates into synthetic regions, allowing folding 
(hiding from view) of intra- and intergenic regions of the genome as well as the ability to combine scaffolds. This facilitates annotation of 
genomic elements split across two or more regions of the assembly. We will describe Apollo’s functionality, briefly introduce its architecture, 
and offer details of future plans. Learn more at http://genomearchitect.org/. 
 
W630: Next Generation Genome Annotation and Analysis 
High-Throughput Assessment of Gene Structure Changes in Resequencing Data, Using ACE 
William Majoros1, Michael S. Campbell2, Carson Holt3, Erin K. DeNardo4, Andrew S. Allen5, Doreen Ware4, Mark Yandell6 and 
Tim Reddy7, (1)Duke University, Durham, NC, (2)Cold Spring Harbor Laboritory, Cold Spring Harbor, NY, (3)University of Utah, 
Salt Lake City, UT, (4)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (5)Department of Biostatistics and 
Bioinformatics, Duke University, Durham, NC, (6)USTAR Center for Genetic Discovery, University of Utah, Salt Lake City, UT, 
(7)Center for Genomic and Computational Biology, Duke University, Durham, NC 
The accurate interpretation of genetic variants is critical for characterizing genotype-phenotype associations. Because the effects of genetic 
variants depend on their local genomic context, accurate genome annotations are essential. Furthermore, as some variants have the potential to 
disrupt or alter gene structure, variant interpretation efforts stand to gain from the use of individualized annotations that account for differences in 
gene structure between individuals or strains. We describe a suite of haplotype-aware software tools for predicting functional changes in gene 
structure that may result from sequence variants. ACE (“Assessing Changes to Exons”) converts phased genotype calls to a collection of explicit 
haplotype sequences, maps transcript annotations onto them, detects gene-structure changes and their possible repercussions including several 
classes of possible loss of function. Using publicly-available RNA-seq data, we demonstrate that novel transcripts predicted by ACE are 
commonly supported by spliced RNA-seq. We also show that ACE predictions confirm earlier results regarding the quantitative effects of 
nonsense-mediated decay, and that predicted loss-of-function events are highly concordant with patterns of intolerance to mutations across the 
human population. ACE can be readily applied to diverse species including animals and plants, making it a broadly useful tool for use in 
eukaryotic population-based resequencing projects, particularly for assessing the joint impact of variants at a locus. Future enhancements 
currently under development include a novel probabilistic model to predict the effects of genetic variants that alter splicing enhancers or that 
create pseudo-exons, and quantitative prediction of changes in stoichiometric isoform ratios. 
 
W631: Non-coding RNA 
Non-Coding RNAs: Striking Features in Use of Alternative Polyadenylation Sites 
Xiang Zhou1, Yangzi Zhang1, Julianna N. Brutman1, Jennifer J. Michal1, Honglin Jiang2, Ying Wang3, Pablo J. Ross4, Mary E. 
Delany5, Huaijun Zhou3, Hans H. Cheng6, Jon F. Davis1 and Zhihua Jiang1, (1)Washington State University, Pullman, WA, 
(2)VirginiaTech, Blacksburg, VA, (3)University of California, Davis, Davis, CA, (4)Animal Science, University of California 
Davis, Davis, CA, (5)Animal Science, University of California, Davis, CA, (6)USDA, ARS, ADOL, East Lansing, MI 
Alternative polyadenylation of RNA species is an evolutionarily conserved phenomenon contributing to transcriptome diversity, dynamics and 
flexibility that underlie the genetic underpinnings of complex phenotypes. Here, we utilized our novel WTTS-seq (whole transcriptome termini 
site sequencing) method to successfully derive alternative polyadenylation sites (APSs) in cattle, chicken, rat and X. tropicalis. This allowed us 
to characterize APSs based on five gene biotypes, including four types of non-coding RNAs: lncRNA (long non-coding RNAs), miRNA 
(microRNAs), pseudogenes and tRNA (transfer RNAs) and one type of coding RNA: protein-coding RNAs. We observed that APS usage differs 
by gene biotype. There were only 1 – 1.23 and 1.15 – 1.57 APSs per gene in tRNA and miRNAs, respectively. Moderate APS usage was 
observed in pseudogenes and lncRNAs, which had 1.59 – 2.06 and 1.73 – 2.67 APSs per gene, respectively. In contrast, protein coding genes 
contained an average of 3.44 – 5.81 APSs per gene. Intronic APSs (iAPSs) were not found in tRNAs and miRNAs , but were very common in 
lncRNAs and protein-coding RNAs, accounting for 22.63% - 46.37% and 22.36% - 66.13% of APSs, respectively. Usage of iAPSs in 
pseudogenes was dramatically different between mammals (3.83% in cattle - 5.33% in rat) and non-mammalian species (30.56% in chicken - 
42.72% in frog). The abundance and magnitude of APS expression varied considerably among gene biotypes, tissues/organs assayed, 
developmental stage and treatment condition. Notably, average expressions of pseudogenes, miRNAs or tRNAs, rather than the protein-coding 
RNAs, were often higher than any of the other five gene biotypes. In addition, our data suggest that non-coding RNAs may exert hierarchical 
control of specific biological events. At this workshop we will demonstrate cases that explain potential contributions of both non-coding and 
coding RNAs and their respective involvement in determination of phenotypic diversity. 
 
W632: Non-coding RNA 
Wax-on, Wax-Off: ncRNA Mediate Control of Glaucousness in Wheat 
J. Allan Feurtado1, Daiqing Huang1, Mark Smith1, Leah K. Flatman1, Chu Shin Koh1,2 and Adrian J Cutler1, (1)National Research 
Council Canada, Saskatoon, SK, Canada, (2)Global Institute for Food Security - University of Saskatchewan, Saskatoon, SK, 
Canada 
Diketone surface waxes accumulate in wheat and other Triticeae during development to produce the blue-white glaucous trait associated with 
increased stress tolerance. Glaucousness in durum wheat is controlled by a metabolic gene cluster at the Wax 1 (W1) locus and a dominant 



suppressor Inhibitor of wax 1 (Iw1) on chromosome 2B. In bread wheat, the D subgenome from progenitor Aegilops tauschii contains W2 and 
Iw2 paralogs on 2D. We have identified the Iw1 gene from durum wheat and demonstrate the unique regulatory mechanism by which Iw1 acts to 
suppress a carboxylesterase-like protein gene, W1-COE, within the W1 multigene locus. Iw1 is a novel lncRNA which forms a long hairpin and 
produces a 21-nucleotide predominant miRNA, miRW1, and smaller numbers of related sRNAs. When the Iw1 gene was introduced into 
glaucous bread wheat, we observed accumulation of miRW1 and associated sRNAs, down-regulation of W1-COE and its paralog W2-COE, and 
consequently a β-diketone-depleted non-glaucous phenotype. Iw1 has homology to a region on chromosome 2 in Ae. tauschii that lies within the 
marker-based location of Iw2. We propose the Iw loci arose from inverted duplication of its target gene in ancestral wheat to form lncRNA with 
the characteristics of young miRNA genes that ultimately act to selectively supress the glaucous trait. 
 
W633: Non-coding RNA 
A Study of Pig Chromosome X lncRNA Expression 
Sarah Djebali1, Oana Palasca2, Christian Anthon3, Thomas Derrien4, Ole Madsen5, Mark Thomas6, Evan Floden7, Jakob H. 
Havgaard3, Stefan E. Seemann3, Jose M. Gonzales6, Alexander Junge3, Alicja Pacholewska8, Konstantinos Billis9, Ferhat Alkan3, 
Lel Eory10, Andreia Amaral11, Pablo Prieto Barja7, Peter F. Stadler12, Cedric Notredame7, Martien A.M. Groenen5, Jennifer Harrow6 
and Jan Gorodkin3, (1)INRA, Castanet-Tolosan, France, (2)Center for non-coding RNA in Technology and Health, Copenhagen, 
Denmark, (3)Center for non-coding RNA in Technology and Health, Department of Veterinary Clinical and Animal Sciences, 
University of Copenhagen, Frederiksberg C, Denmark, (4)IGDR- CNRS/University of Rennes I, Rennes, France, (5)Wageningen 
University, Wageningen, Netherlands, (6)Wellcome Trust Sanger Institute, Cambridge, United Kingdom, (7)Center for Genomic 
Regulation, Barcelona, Spain, (8)University of Copenhagen, Copenhagen, Denmark, (9)European Molecular Biology Laboratory - 
EBI, Cambridge, United Kingdom, (10)Roslin Institute University of Edinburgh, Edinburgh, United Kingdom, (11)BioISI - 
Biosystems, Integrative Sciences Institute, Lisbon, Portugal, (12)Bioinformatics Group, Department of Computer Science 
University of Leipzig, Leipzig, Germany 
The advent of high-throughput sequencing technologies has revealed a wealth of long RNAs not encoding proteins, called long non coding 
RNAs (lncRNAs). In human, the number of lncRNA genes annotated by Gencode has kept increasing, and has now reached 15,000, a number 
very close to the one of protein coding genes (mRNA, 20,000). Although function is known for only a small fraction of them, the few well 
studied lncRNAs point to a wide variety of functions: transcriptional activators or repressors of mRNAs, miRNA blockers, or regulators of RNA 
degradation.  
Here we present an expression study of lncRNAs in pig using RNA-seq from 8 tissues (liver, spleen, testis, brain frontal lobe, muscle, olfactory 
bulb, lung and lymph node) from 3 breeds (Duroc, Large White, Pietrain). After applying our standard pipeline, we restricted our expression 
analysis to the better assembled chromosome X from the Wellcome Trust Sanger Institute, and found 127 bona fide lncRNA genes. Of those, 88 
are in the sense orientation compared to their partner mRNA (mostly intronic), and 39 are in the antisense orientation (mostly intergenic).  
LncRNA gene expression analysis reveals 4 classes of genes: testis-specific, brain-specific, highly expressed in all tissues and lowly expressed in 
all tissues. Co-expression analysis of lncRNA genes with their partner mRNAs reveals 6 clusters of lncRNAs whose expression is either very 
anti-correlated or very correlated to their mRNA partner’s expression. An ubiquitous lncRNA underexpressed in liver and associated to the OTC 
liver specific gene seems particularly interesting, however additional data is needed to confirm the importance and function of these cases 
 
W634: Non-coding RNA 
Annotating Non-Coding Loci in Ensembl and Ensembl Genomes 
Adam Frankish, Wellcome Trust Sanger Institute, Cambridge, United Kingdom 
Ensembl provides reference gene annotation on vertebrate genomes while Ensembl Genomes both creates and displays gene annotation for 
bacterial, fungal, metazoan and plant species. While only a relatively few functional ncRNAs have been extensively characterised, there remains 
an enormous interest in the identification and classification of novel long- and small non-coding RNAs. Long non-coding RNAs in human and 
mouse are annotated by both manual and automated methods under the umbrella of the GENCODE consortium. Manual annotators assess 
alignments of a wide range of transcriptomic data types including RNAseq, PacBio and SLRSeq to identify support for lncRNA transcripts while 
the Ensembl gene build pipeline annotates lncRNAs by first generating transcript models from transcriptome data, followed by filtering to 
remove models with protein coding potential. For human and mouse, these models are manually validated by the HAVANA team, but this 
additional step is not available for most vertebrate genomes. For Ensembl Genomes, lncRNA annotation are displayed if they are provided by a 
data submitter but no further annotation is added where this is not the case. In addition to cataloguing lncRNA models in existing datasets, 
GENCODE are improving the annotation of lncRNAs in human and mouse using capture-seq technology and PacBio sequencing to extend 
existing annotation and identify novel full-length transcripts and loci. GENCODE also investigate the coding potential of all lncRNA loci using 
proteomics data and conservation of coding potential highlighted by PhyloCSF.  
Small RNAs are annotated exclusively in Ensembl using automated pipelines, although where available, additional information is incorporated. 
For human and mouse miRBase annotations of miRNAs are directly imported, but for other species miRNA genes are annotated by an initial 
BLASTN search of genomic sequence against miRBase stem-loop sequences followed by filtering. Gene models are then created when 
RNAFold infers that the underlying genomic sequence forms a stable hairpin structure. Additional small ncRNA genes are annotated by first 
aligning sequences from Rfam to the genome using BLASTN followed by processing using the Infernal suite of programs. Where small ncRNA 
gene annotations are present in gene sets provided to Ensembl Genomes they are displayed. However, in general small ncRNA genes are 
annotated by Ensembl Genomes in a similar way to the Ensembl pipeline. Alignments of the latest Rfam models against all plant and metazoan 
genomes are used to eliminate the need for the BLASTN filtering and taxonomic filters reduce inappropriate false positive hits. 
 
W635: Non-coding RNA 
Comparative Genomic and Transcriptomic Analysis of lincRNA Evolution in Plants and Mammals using Evolinc 
Andrew DL Nelson, School of Plant Sciences, University of Arizona, Tucson, AZ 



Long intergenic non-coding RNAs (lincRNAs) are an abundant and functionally diverse class within eukaryotic transcriptomes. Reported 
lincRNA repertoires in mammals vary, but are commonly in the thousands to tens of thousands of transcripts, accounting for ~90% of the 
genome. In addition to understanding function, there is particular interest in understanding how lincRNAs evolve. However, aside from 
mammals, and in particular humans and mice, lincRNA populations have been sparsely sampled. Here we examine the evolution of lincRNAs 
within three plant families, Brassicaceae, Fabaceae, and Poaceae, as well as class Mammalia. Within the three plant families, we first use an 
application we developed, Evolinc, to identify lincRNAs in six species for which there are no current lincRNA datasets. We then use these 
lincRNAs in conjunction with Evolinc to perform large-scale comparative genomic and transcriptomic analyses to uncover rates of lincRNA 
evolution within each family. We identify sets of lincRNAs that are transcriptionally conserved within each family, including some that display a 
conserved transcriptional response to stress, providing insight into function for these molecules. We also use Evolinc to examine the evolutionary 
history of the human telomerase RNA (TERC) across 28 mammalian genomes. Here we demonstrate that the locus encoding for this essential 
lincRNA is conserved across mammalia with the striking exception of mouse and rat. We uncover putative origins of the TERC locus in 
mammals, unexpected duplication events, as well as the loss and subsequent acquisition of a novel TERC locus in the lineage leading to mice. 
 
W636: Non-coding RNA 
Differential Expression of Small Non-Coding RNAs in Serum from Cattle Challenged with Viruses Causing Bovine 
Respiratory Disease 
Tasia M. Taxis, USDA/ARS, Ames, IA, Fernando V. Bauermann, South Dakota State University, Brookings, SD, Robert W. 
Fulton, Oklahoma State University, STILLWATER, OK, Julia F. Ridpath, NADC-ARS-USDA, Ames, IA and Eduardo Casas, 
USDA, ARS, National Animal Disease Center, Ames, IA 
MicroRNAs and tRNA-derived RNA fragments (tRFs) are the two most abundant groups of small non-coding RNAs. The potential for 
microRNAs and tRFs to be used as pathogen exposure indicators is yet to be fully explored. Our objective was to identify microRNAs and tRFs 
in cattle challenged with a non-cytopathic field strain of bovine viral diarrhea virus (BVDV) or bovine coronavirus (BoCV). Four colostrum 
deprived neonate calves were challenged with either BVDV (n=2) or BoCV (n=2) and 4 were mock challenged. The analysis contrasted control 
and challenged animals, regardless of virus type, across 3 time points: (1) pre-challenge; (2) acute response; and (3) post response. RNA was 
extracted from sera, and small non-coding RNAs were obtained using next-generation sequencing. The analysis included microRNAs and tRF-5s 
(extreme 5’ end of mature tRNA) with >1,000 total sequences and p-values ≤ 0.05. Eleven microRNAs were differentially expressed across time 
indicating an association with maturation or stress. Six tRF-5s were differentially expressed between control and challenged animals. Bta-miR-
151-3p, was higher in control animals and differed between samples collected after acute response. One microRNA and tRF-5 were differentially 
expressed between control and challenged animals over time. Abundance of bta-miR-215 in challenged animals peaked at acute response while 
control animals remained constant. Abundance of tRF-5-GlyGCC in challenged animals remained constant across time as control animals peaked 
during acute response. This study has identified microRNAs associated with maturation or stress, tRF-5s associated with a challenge response, 
and a microRNA and tRF-5 associated with a challenge response over time.  
  
W637: Non-Seed Plants 
Land Plant Terrestrialization and What We Can Learn from Chara 
Jan de Vries, Dalhousie University, Halifax, NS, Canada, Sven B. Gould, Molecular Evolution - Heinrich-Heine-Universität 
Düsseldorf, Düsseldorf, Germany and Chara braunii Genome Consortium, Faculty of Biology - University of Marburg, Marburg, 
Germany; Advanced Science Research Center - Kanazawa University, Kanazawa, Japan 
All land plants share one algal ancestor. Phylogenomics tell us that Zygnematophyceae represent the closest algal relatives to land plants and 
their genomes carry key information on why plants succeeded on land. Two issues complicate the matter: (i) Zygnematophyceae have 
experienced reductive evolution and (ii) mosaic evolution has scattered the exaptations that are thought to have favoured streptophyte 
terrestrialization across higher streptophyte algae (namely the Zygnematophyceae, Coleochaetophyceae and Charophyceae). A comparative and 
complementing approach is hence pivotal to understanding the genetic suite that favoured streptophyte terrestrialization. To provide insight into 
the morphologically complex Charophyceae, we sequenced the genome of Chara braunii. We obtained 1.75 Gb of scaffolded sequence data, 
corresponding to ~90% of the genome. 36,877 protein-coding genes were predicted, among which we found numerous land plant signature 
genes. These genes include key plant transcription factors such as all four HD-ZIP classes and a battery of phytohormone signalling components. 
Intriguingly, in some aspects Chara braunii’s suite of land plant signature genes equalled that of the basal land plant Physcomitrella (e.g., in the 
case of plastid-nucleus retrograde signalling proteins) or even surpassed it (e.g., ARP-type MYB transcription factors). Our data redefine the list 
of embryophyte-specific genes and highlight their origin within the trajectory of streptophyte algal evolution. The more comprehensive our 
picture of streptophyte algal genomes becomes, the closer we are to reassembling the scattered catalogue of genes that allowed one to settle on 
land and evolve the embryophyte diversity that we witness today. 
 
W638: Non-Seed Plants 
Extraordinary Moss Genome Structure and Evolution uncovered by the Physcomitrella V3 Chromosome-Scale Assembly 
Daniel Lang, Helmholtz Center Munich, Neuherberg, Germany and The P. patens Genome Consortium, Joint Genome Institute, 
USA; Biosciences Division, Oak Ridge National Laboratory, USA; School of Biology, University of Leeds, UK; Faculty of 
Biology, University of Freiburg, Germany; Faculty of Biology, University of Marburg, Marburg, Germany 
On behalf of the P. patens Genome Consortium I will present our work on the chromosome-scale assembly for the flagship moss, Physcomitrella 
patens. It comprises a total scaffold length of 473 Mbp, located on 27 pseudochromosomes of 5-30 Mbp size (containing 1.2% Ns), and 351 
unassigned scaffolds (totaling 4.9 Mbp). 
Approximately 57% of the genome consists of transposable elements (TEs), some of which apparently actively transposing. While at small scales 
gene- and TE-rich regions alternate, this is not the case on the Mbp scale, where they show an even distribution. Although cytological evidence 
demonstrates the chromosomes to be monocentric, no heterochromatic pericentromeres are evident - centromeres might be defined by a subclass 



of Copia elements. TE bodies are highly methylated with CG and CHG context more abundant than CHH, the latter being more prominent in 
intergenic regions; gene body methylation is generally low. 
The genome evolved from a moss-typical base number of seven chromosomes via two rounds of whole genome duplications (WGDs), one 
chromosome loss, and several fusions and fissions. Paranome-based detection methods show that WGDs are common in mosses, but not in 
liverworts and hornworts. Ecotype analyses demonstrate hotspots of nucleotide diversity, including some predicted to be under purifying or 
positive selection. 
Several hundred genes are present in colinear regions shared with 15 or more other plant genomes and were thus apparently conserved since the 
last common ancestor of land plants. These genes are enriched for functions related to land plant specific cell growth and tissue organization.  
 
W639: Non-Seed Plants 
Sequencing Funariaceae: First Insights from Seven Draft Genomes of Physcomitrella's Closest Relatives 
Nico van Gessel1, Daniel Lang2, Peter Szovenyi3, Anna Beike4 and Ralf Reski1,5, (1)Plant Biotechnology, University of Freiburg, 
Freiburg, Germany, (2)Helmholtz Center Munich, Neuherberg, Germany, (3)University of Zurich, Zurich, Switzerland, (4)State 
Museum of Natural History, Stuttgart, Germany, (5)BIOSS Centre for Biological Signalling Studies, Freiburg, Germany 
As part of the collaborative research centre CRC/TRR 141 “Biological Design and Integrative Structures” within the realm of biomimetic 
research, our project aims at identifying and characterizing the molecular driving forces of macroevolution to inform digital architectural design 
by providing biological concepts and data for the implementation in novel exploratory design tools. As a phylogenetic framework for these 
investigations we are focussing on the Funariaceae as they exhibit profound morphological diversity, which presumably has been shaped by 
secondary reduction of complex sporophytic structures. To gain insights into all levels of genome evolution, our framework includes inter- as 
well as intra-specific data represented by the genomes of seven different species as well as the genomic variation in populations of individual 
moss species. Complementing the established “flagship genome” of Physcomitrella patens Gransden, we assembled de novo the genomes of 
eight additional P. patens ecotypes as well as twelve isolates from the International Moss Stock Center covering a total of six different 
Funariaceae species. In an accompanying population genomics approach, we are employing RADseq and subsequent SNP-based-genotyping to 
characterize variation inside and among natural populations of Funariid mosses. 
 
W640: Non-Seed Plants 
The Genome of the Hornwort, Anthoceros agrestis 
Peter Szovenyi, University of Zurich, Zurich, Switzerland 
The monophyletic group of hornworts is believed to represent the immediate sister group of all vascular land plants. However, this traditional 
view is still debated and cannot be satisfactorily resolved owing to the lack of detailed knowledge on the general biology and genomic features of 
hornworts. Until now, advancement in this field was primarily hindered by the lack of genomic resources for a hornwort model species. Here we 
provide an update on the efforts towards a high-quality genome draft of the model hornwort, Anthoceros agrestis, and some of its relatives. We 
show that A. agrestis has a remarkably small genome, with few recent paralogs, which makes it approriate for genetic analysis. We also provide 
an overview of the A. agrestis gene space and a preliminary gene expression atlas which shed light on the regulation of morphological and 
developmental traits that are either shared with other embryophytes or unique to hornworts. Furthermore, we report our first achievements on the 
genetic transformation of A. agrestis using various techniques. Finally, we summarize our achievements and provide a list of issues that need to 
be resolved in the future. 
 
W641: Non-Seed Plants 
Rate Homo- and Rate Heterogeneity in the Genome Size Evolution Across the Phylogeny of Land Plants 
Harald Schneider1,2, HongMei Liu3, James Clark4, Henan Bao2, Lu Feng2, Oriane Hidalgo5, Jaume Pellicer6, Mark Puttick1, Ilia J 
Leitch5 and Philipp Donoghue4, (1)Natural History Museum, London, United Kingdom, (2)Sun Yat-Sen University, Guangzhou, 
China, (3)FairyLake Botanical Garden, Shenzhen, China, (4)University of Bristol, Bristol, United Kingdom, (5)Jodrell Laboratory, 
Richmond, United Kingdom, (6)Royal Botanic Gardens Kew, London, United Kingdom 
Increasing attention has been given to correlation between genome evolution and the diversification of land plants. Currently, no 
phylogenetically comprehensive sampling has been achieved in studies based on whole genomes whereas a slightly more comprehensive 
sampling has been achieved for transcriptoms. However, genome evolution can be also traced by non-sequence based proxies such as genome 
size with or without integration of chromosome number. A more phylogenetically more comprehensive sampling is available for those data 
despite some notable gaps may effect the results obtained. Genome size has been previously used as a proxy to reconstruct trends in the evolution 
of genomes of selected lineages of land plants. These studies found evidence for lineage specific processes. For example, the frequency of 
medium to large size genomes is increase in ferns y the combination of frequent polyploidization with the conservation of DNA in those taxa. In 
contrast, the increased frequency of medium to large sized genomes in gymnosperms is not the result of repeated polyploidization. This study 
summarised the efforts of a study aiming to identify trends in evolution of genome size in all lineages of land plants with particular focus on the 
early divergence of land plants taking into account new insights into the relationships of the four main lineages of land plants and the age of the 
main lineage of land plants to explore evidence for rate homo- or rate heterogeneity across the phylogeny of the green branch of the tree of life. 
 
W642: Non-Seed Plants 
Fern Genomes on the Horizon 
Fay-Wei Li, Boyce Thompson Institute, Ithaca, NY 
Ferns are the final frontier in plant comparative genomics. Although ferns are known to have notoriously large genome sizes (average 1C>10 
Gb), our ongoing work has identified some small-genome species. As a community effort, we have assembled and annotated two complete 
heterosporous fern genomes: Salvinia cucullata and Azolla filiculoides, and here I will highlight some of our key findings. I will also present our 
progress on three additional fern genomes of Pilularia, Dipteris, and Adiantum, which together with Ceratopteris, will provide a broader picture 
of fern genome evolution. 



 
W643: NRSP-8 Animal Genome 
Underwater Genomics: Exploiting Fishes'€™ Unique Biology to Meet the Needs of the Aquaculture Industry 
Zhanjiang Liu, Auburn University; The Fish Molecular Genetics and Biotechnology Laboratory, Auburn, AL 
Rapid progress has been made in genomics and genetics research with aquaculture species. Fish live in aquatic environments, where labeling of 
individuals and observation of their performance is difficult. In spite of these and many other challenges, the unique biology of fish also offers 
some advantages. In this lecture, I will summarize our research progress in genomics toward aquaculture applications, share our experience with 
fish, and contrast the situations with those of mammals. For instance, gynogenesis was used to produce doubled haploid fish for whole genome 
sequencing; scale regeneration is used to figure out genes accounting for the evolutionary loss of scales in channel catfish; sex reversal was used 
to produce YY males that can be used for sequencing the Y chromosome without any confusion of the homologous sequences of the X 
chromosome. Comparative analysis of the X and Y chromosome sequences should generate information about sex determination. Fish have very 
high fecundity and fertility. Production of full-sib families with tens of thousands of progenies is routinely possible with fish. Taking the 
advantage of the large families, we have developed highly efficient 690K SNP arrays for genotyping analysis, and have used them for analysis of 
various traits through QTL mapping and GWAS. QTL have been identified for various traits including growth, disease resistance, tolerance to 
low oxygen, tolerance to high temperature, head size, and body conformation. Analysis of the genes involved in several traits suggested 
evolutionarily conserved mechanisms for disease resistance, for control of head size, and for body conformation.  
 
W644: NRSP-8 Animal Genome 
Recent Advancements in Sheep Genomics Research 
Noelle Cockett, Utah State University, Logan, UT 
 
W645: NRSP-8 Animal Genome 
Microbiomes As Actors of Host Phenotype Variability: An Increasing Research Field in Animal Biology 
Claire Rogel-Gaillard, GABI, INRA, AgroParisTech, Université Paris-Saclay, Jouy-en-Josas, France 
Evidence of the contribution of gastrointestinal microbiota to animal health and performance, including the metabolism of nutrients, stimulation 
of immune response, protection from pathogens and stimulation of epithelium cell proliferation, is increasingly important. Microbiomes interplay 
with their hosts and more and more studies aim at deciphering the links between microbiota composition and host phenotype variability. We will 
illustrate this emerging field in farmed animals by presenting results on pigs with a focus on the first gene catalogue of the gut microbiota 
recently established in this species by a joint initiative from INRA (France), BGI-Shenzhen (China) and the University of Copenhagen 
(Denmark). By deep metagenome sequencing of fecal DNA from 287 pigs, we identified 7.7 million non-redundant genes representing 719 
metagenomic species. Among the functional pathways found in the human catalogue, 96% are present in the pig catalogue, which supports the 
potential use of pigs for biomedical research. Our findings suggest that sex, age and host genetics may affect the pig gut microbiome. Analysis of 
the prevalence of antibiotic resistance genes demonstrated the effect of eliminating antibiotics from animal diets and thereby reducing the risk of 
spreading antibiotic resistance associated with farming systems. The pig microbiome gene catalogue will be discussed as a new resource to 
implement metagenomics-based studies, thus providing unprecedented research capacity to deeply study host microbiome interplay in pigs for 
biomedical research as well as knowledge-based pig farming. 
 
W646: NRSP-8 Animal Genome 
Break 
Huaijun Zhou, University of California, Davis, Davis, CA 
 
W647: NRSP-8 Animal Genome 
Computational Integration of Epigenomic and Functional Genomic Data for Fine-Mapping Complex Trait Loci 
Gerald Quon, University of California, Davis, Davis, CA 
 
W648: NRSP-8 Animal Genome 
Building Hierarchical Models of the Cell from Genomics Data 
Trey Ideker, University of California, San Diego, La Jolla, CA 
 
W649: NRSP-8 Animal Genome 
NRSP-8 Business meeting 
Huaijun Zhou, University of California, Davis, Davis, CA 
 
W650: Oats 
Avena Origins and Futures: Workshop Introduction and Summary 
Nicholas A. Tinker, Agriculture and Agri-Food Canada, Ottawa, ON, Canada 
 
W651: Oats 
Avena strigosa – from Biosynthetic Gene Clusters to Genomics 
Anne Osbourn, John Innes Centre, Norwich, United Kingdom 
 
W652: Oats 



A Hexaploid Oat Genome: The Long and the Short of It 
Adam Whaley, University of North Carolina at Charlotte, Charlotte, NC 
 
W653: Oats 
Genetic Diversity and GxE Interactions for Drought and Disease Tolerance in Oat 
Elena Prats1, Gracia Montilla1, Nicolas Rispail1, Javier Sánchez-Martín2, Francisco Canales2, Fernando Flores3, Amero Emeran4, 
Josefina Sillero5, Tim Langdon6, Catherine Howarth6 and Diego Rubiales7, (1)Spanish National Research Council (CSIC), Cordoba, 
Spain, (2)Spanish National Research Council-CSIC, Cordoba, Spain, (3)Huelva University, Huelva, Spain, (4)Kafr El-Sheikh 
University, Kafr El-Sheikh, Egypt, (5)I.F.A.P.A Centro Alameda del Obispo, Cordoba, Spain, (6)IBERS, Aberystwyth University, 
Aberystwyth, United Kingdom, (7)Spanish National Research Council, Cordoba, Spain 
Oat crop is not particularly adapted to hot and dry weather, as shown by a 3-fold yield reduction in Mediterranean compared to Northern regions. 
In addition, one of the main factors responsible for oat yield losses and yield instability in Mediterranean rim are fungal diseases. Indeed, 
Mediterranean crown rust populations are more virulent than those from the centre and north of Europe. In this workshop we will explain our 
work devoted to explore the potential of Spanish and other Mediterranean landraces for adapting to drought, high temperatures and diseases, 
through genetic diversity studies. Selection of agro-climate adapted genotypes is not straight-forward since they are strongly affected by the 
genotype-environment interaction. Thus, heritability-adjusted genotype plus genotype-environment biplot analyses were used to identify the oat 
performance under multiple stress environments, ideal cultivars, mega-environments, and core testing sites. The impact of climate variables on 
agronomic traits and the adaptation of particular landraces to environmental factors is also under study through non-metric multivariate scaling 
and canonical correspondence analyses. Furthermore, genome wide association analysis have been performed to associate desired phenotypes 
with particular genomic regions taking into account these genotype-environment interactions. The results confirmed that landraces are valuable 
sources of new allelic diversity for breeding programmes and ideal candidates to test for oat adaptation, agronomic performance and disease 
resistance under variable environments. In addition several markers have been associated with agronomic traits including rust resistance. 
 
W654: Oats 
Oat Crown Rust Disease Resistance: Two Sides to the Story 
Vahid Omidvar, University of Minnesota, St. Paul, MN 
Plant disease, and therefore, susceptibility occurs when plants fail to recognize a pathogen. In addition to the failure of the plant immune system, 
there are other host processes that contribute to successful colonization by pathogens. Thus, advancing our understanding of the plant pathogen 
interactions is essential to control disease and invigorate crop breeding programs. Global oat production is severely affected by the pathogenic 
fungus Puccinia coronata f. sp. avenae (Pca), which causes oat crown rust disease. Because disease resistance is mediated by the recognition of 
pathogen effectors via plant immune receptors, we are aiming to discover both effectors and plant resistance genes to elucidate the molecular and 
genetic basis of virulence in Pca. Given the lack of genomic resources to study Pca pathogenicity, we generated de novo genome assemblies of 
two Pca isolates with contrasting virulence phenotypes. Genome annotation was carried out using gene expression data from various Pca 
developmental stages and computational predictions will be employed to catalog the effector repertoire of Pca. In a complementary approach, we 
are evaluating oat germplasm to find novel sources of oat crown rust resistance. Brachypodium distachyon, acts as a near-host for Pca, and thus 
we are using a diverse panel of Brachypodium genotypes to identify plant immunity mechanisms that may be effective against oat crown rust. 
Genetic loss of host susceptibility could be exploited as a novel source for disease resistance engineering, therefore we are utilizing 
transcriptomics data from oat and Brachypodium to determine key events leading to susceptibility or resistance.  
Vahid Omidvar1, Marisa Miller2, Ying Zhang1, Castle Raley3, Susan Rottshaefer1, Feng Li1, Benjamin Schwessinger4, John Rathjen4, Robert F. 
Park4, Cory D. Hirsch1, Peter N. Dodds 1,6, Shahryar F. Kianian1,2, Melania Figueroa1 
1University of Minnesota, Saint Paul, MN, USA  
2USDA-ARS Cereal Disease Laboratory, Saint Paul, MN, USA  
3Frederick National Laboratory for Cancer Research, Leidos Biomedical Research, Frederick, MD  
4Australian National University, Canberra, ACT, Australia  
5University of Sydney, Cobbitty, NSW, Australia  
6CSIRO Agriculture and Food, Canberra, ACT, Australia 
 
W655: Organellar Genetics 
The Organelle RNA Recognition Motif (RRM) Proteins in Plants 
Maureen Hanson1, Stephane Bentolila1, Xiaowen Shi1 and Yan Lu2, (1)Cornell University, Ithaca, NY, (2)Western Michigan 
University, Kalamazoo, MI 
The RRM domain is a structurally conserved region of 80-90 amino acids, defined by two short consensus sequences, RNP1 (hexapeptide) and 
RNP2 (octapeptide). The RRM domain is highly plastic, binding to RNAs with a wide range of affinities and sequence-specificities and also 
interacts with diverse protein domains. The Arabidopsis thaliana genome encodes 196 RRM-containing proteins. Despite the efforts of many 
laboratories, the function of many RRM proteins is still largely unknown. Although plant RRM proteins are encoded by the nuclear genome, 
some RRM proteins are imported into plant chloroplasts or mitochondria. Twenty-three Arabidopsis RRM proteins have been reported to be 
located in chloroplasts, whereas ten have been predicted to be found in the mitochondrion by screening published databases and by using protein 
subcellular prediction tools. Organellar RRM proteins have been shown to participate in various aspects of RNA metabolism including RNA 
editing, splicing and stability, as well as translation . They are also involved in plant development and stress responses, functioning as protein or 
RNA chaperones in some conditions. Our group has characterized two chloroplast-targeted and 4 mitochondrial-targeted RRM proteins, 
identifying 5 of them as RNA editing factors. Mutations in some organelle RRM proteins affect both RNA editing and environmental stress 
response and flowering time, indicating that the proteins may perform multiple functions in the plant. 
 



W656: Organellar Genetics 
Evidence of Plastid Influence on Epigenetic Reprogramming in Arabidopsis and Crop Plants 
Jesus Beltran, Center for Plant Science Innovation, University of Nebraska,, Lincoln, NE and Sally MacKenzie, University of 
Nebraska, Lincoln, NE 
 
W657: Organellar Genetics 
Cytoplasmic Male Sterility Based on the PET2 Cytoplasm in Sunflower 
Renate Horn, University of Rostock, Rostock, Germany 
Cytoplasmic male sterility (CMS) is a trait in higher plants in which these fail to produce or shed functional pollen. Rearrangements in the 
mitochondrial DNA have been shown to be the cause for cytoplasmic male sterility in a number of plant species. Understanding the mechanism 
behind male sterility allows the study of the role of mitochondria in pollen development. This is important as CMS is widely used in hybrid 
breeding to ensure cross pollination. Commercial sunflower hybrid breeding is so far entirely based on the use of the PET1 cytoplasm. This 
represents a high risk for pathogen specialization due to the narrow genetic base on the cytoplasmic side. A new CMS source in sunflower, the so 
called PET2 cytoplasm, would represent an interesting alternative. Although CMS PET1 and CMS PET2 have been derived from the same 
interspecific cross of H. petiolaris with H. annuus the CMS mechanism behind the two CMS sources is totally different. In CMS PET2, a 
duplication of the atp9 gene followed by an insertion results in two new open reading frames orf288 and orf231 associated with male sterility. 
The two orfs are co-transcribed and the co-transcript is anther-specific reduced in the fertility-restored hybrids. 
 
W658: Organellar Genetics 
Mitochondrial Genome of Sitka Spruce Assembled Using Chromium Reads 
Shaun D Jackman1, Benjamin P. Vandervalk1, René L. Warren1, Hamid Mohamadi1, Justin Chu1, Sarah Yeo1, Lauren Coombe1, 
Stephen Pleasance1, Robin J Coope1, Joerg C Bohlmann2, Steven JM Jones1 and Inanc Birol1, (1)BC Cancer Agency Genome 
Sciences Centre, Vancouver, BC, Canada, (2)University of British Columbia, Vancouver, BC, Canada 
Long-read sequencing technologies have greatly improved assembly contiguity, but at a cost roughly ten times that of short-read sequencing 
technology. For population studies and when sequencing large genomes, such as conifer genomes and other economically important crop species, 
this cost may be prohibitive. The 10x Genomics Chromium technology generates linked reads from large molecules at a cost comparable to 
standard short-read sequencing technologies. Whereas paired-end sequencing gives two reads from a small DNA fragment, Chromium yields 
roughly a hundred reads from molecules with a typical size of 10 to 100 kilobases. This technology has been applied to assemble genomes as 
large as the human genome.  
Here we demonstrate its utility to localize assemblies of genomic loci, in particular isolating the organellar genomes from the 20 gigabase Sitka 
spruce (Picea sitchensis) nuclear genome. We have reported earlier the assembly of the plastid genome of Sitka spruce using the Gemcode 
technology, the precursor of Chromium. Using the Chromium technology, we have now assembled the mitochondrial genome of Sitka spruce. 
Our preliminary draft assembles 75% of the estimated six megabase mitochondrial genome in 15 scaffolds larger than 100 kbp.  
Animal mitochondrial genomes are typically quite small, tens of kilobases, and plant mitochondria are often much larger, hundreds of kilobases. 
Conifer mitochondria are, in contrast, surprisingly large, nearly six megabases for white spruce (Picea glauca). With a mere two gymnosperm 
mitochondria in NCBI Genbank and a single conifer mitochondrion, few examples of these mysteriously large organellar genomes are available. 
Our results will thus be of interest to evolutionary biology researchers beyond the field of forestry genomics.  
Chromium reads permit cost-effective assembly of large genomes with high-throughput, short-read sequencing technology, while also providing 
large-molecule scaffolding data. Here we assemble Chromium reads using ABySS 2.0, which uses one-tenth the memory of previous versions, 
and only a few hundred gigabytes of RAM for large conifer genomes. 
 
W659: Ornamentals 
Analysis of the Genome Architectures for Petunia hybrida and its Wild Relatives 
Aureliano Bombarely, Virginia Polytechnic Institute and State University, Department of Horticulture, Blacksburg, VA 
Petunia is one of the most popular bedding plants with a US wholesale value of $138 millions. Petunia is also a plant model for flower color and 
anthocyanin biosynthesis, flower morphology and development, pollination syndromes, transposable elements dynamics and self-
incompatibility. The cultivated petunia, Petunia hybrida, is an example of a crop developed from the hybridization of two different species, P. 
axillaris (white flower petunia) and an unknown species from the P. integrifolia clade (purple flower petunias). In this presentation it will be 
described the genome architecture (genome size, gene space, gene families, repeats and ancestral polyploidization events) of the recently 
published wild petunias species, P. axillaris and P. inflata (accessions N and S6 respectively) and its cultivated relative P. hybrida (accession 
R27). The genomic contribution of the white and purple petunia clades to the cultivated petunia will be also discussed in detail, including 
genomic events that are possible sources of novel phenotypic variation such as gene conversions and transposon dynamics. 
 
W660: Ornamentals 
Rose Genome Sequencing 
Jeremy Just, Ecole Normale Superieure, Lyon, France 
 
W661: Ornamentals 
Building Bridges: Integrating in situ HiC and Molecular Cytogenetics to Reconstruct Rosa wichurana Pseudochromosomes 
Tom Ruttink1, Ilya Kirov2, Ellen De Keyser2, Jan De Riek3, Leen Leus2, Annelies Haegeman4, Mohammed Bendahmane5, Chang 
Liu6 and Katrijn Van Laere2, (1)ILVO Plant Sciences Unit, Melle, Belgium, (2)ILVO - Plant Sciences Unit, Melle, Belgium, 
(3)ILVO-Plant, Melle, Belgium, (4)ILVO-Plant Sciences Unit-Growth and Development, Melle, Belgium, (5)Ecole Normale 
Supérieure, Lyon, France, (6)ZMBP, Allgemeine Genetik , Universität Tübingen, Tübingen, Germany 



The rosa genus comprises thousands of ornamental cultivars with a great economical value (Gudin, 2000). To extend the genomic toolbox for 
rose breeding we initiated genome sequencing of Rosa wichurana (2n=2x=14, 0.58pg/1C, 570 Mbp, Yokoya et al., 2000), one of the species 
involved in the origin of many modern rose cultivars and a valuable source of resistance genes (Dugo et al. 2005; Moghaddam et al. 2012; Leus 
et al. 2009). 60x genome coverage of Illumina 2x250 reads was assembled using Discovar. We then used in situ Hi-C sequencing and Lachesis to 
create a genome contact-probability map in which 16.771 scaffolds >10kb are ordered into 7 pseudochromosomes (~0.7 genome equivalent). To 
anchor the draft genome structure to known linkage groups, a set of 11 reference genes have been physically positioned along the 7 pachytene 
chromosomes using high sensitivity Tyramide-FISH (Kirov et al., 2014; 2015), revealing good co-linearity between the cytogenetic map and the 
in situ Hi-C based physical map. To determine the centromere structure and position on the R. wichurana pseudochromosomes, we identified 
rose tandem centromeric repeat sequences in the repeatome, and positioned those by FISH on mitotic and pachytene chromosomes. Likewise, Hi-
C read pairs with centromeric repeat signatures identify the centromere location in the Hi-C contact map of the pseudochromosomes. Ongoing 
work involves the creation of a GBS-based genetic map and further integration of complementary cytogenetic, physical and genetic maps for 
high-quality genome assembly of R. wichurana. The methodological aspects of the proposed pipeline and future perspectives for R. wichurana 
genome sequencing and annotation will be discussed. 
 
W662: Ornamentals 
High-Density SNP Maps in Garden Rose and Cut Rose, and Synteny with Fragaria 
Marinus J. M. Smulders, Wageningen University & Research, Plant Breeding, Wageningen, Netherlands 
 
W663: Ornamentals 
The Development of a Dense SNP-Based Consensus Map and QTL Detection for Black Spot Resistance in Five Diploid Rose 
Populations 
Muqing Yan1, David Byrne2, Jason Zurn3, Qianni Dong1 and Patricia E. Klein4, (1)Texas A&M University, College Station, TX, 
(2)Texas A&M University, Department of Horticultural Sciences, College Station, TX, (3)USDA-ARS National Clonal Germplasm 
Repository, Corvallis, OR, (4)Department of Horticultural Sciences,Texas A&M University, College Station, TX 
Black spot (BS) disease (Diplocarpon rosae (Lib.) Wolf) of rose is the most important leaf disease of garden roses in warm humid areas. 
Although the partial (horizontal) resistance to black spot has been shown to be moderately heritable, the responsible quantitative trait loci (QTL) 
remain unidentified. Because of the interspecific nature and high heterozygosity in commercial roses the genetic information available on rose is 
limited. We utilized genotyping by sequencing (GBS) technology to create abundant SNP markers. This was done with the use of a methylation 
sensitive restriction enzyme NgoMIV (G�CCGCC) to construct the DNA template for three diploid rose populations segregating for resistance 
(derived from Rosa wichuriana) to the black spot fungus. The DNA fragments were sequenced using the Illumina Hiseq2500 platform and then 
aligned to the strawberry genome sequence to identify SNPs. Filtering the potential SNPs for informative polymorphism resulted in about 3500 
SNPs to use in the consensus map construction. The consensus map was created by first developing individual maps for three populations, each 
with about 1,500 markers. Then the 677 SNPs and 14 SSRs bridge markers were used to link three individual populations. The anchor SSRs 
were used to determine the pseudo-chromosomes as defined in the current consensus map. In this diploid consensus map, the seven linkage 
groups (LGs) were covered with 3,527 markers resulting in a total length of 892.2cM for the diploid rose genome. The average distance between 
markers was 0.25cM. This is the first report of a high-density integrated consensus map for diploid roses (ICD). The high level of synteny 
between strawberry and diploid rose genome was revealed in this study. The analysis of the partial (horizontal) resistance to black spot as 
measured in a detached leaf assay among five diploid populations identified important QTLs for black spot resistance on various chromosomes. 
 
W664: Ornamentals 
Mapping of Botrytis Resistance in Gerbera and Validation of Candidate Genes 
Paul Arens, Wageningen UR, Wageningen, Netherlands, Yiqian Fu, Wageningen University & Research, Wageningen, 
Netherlands and Richard Visser, Wageningen UR Plant Breeding, Wageningen, Netherlands 
Botrytis cinerea infection is one of the main causes for production losses in gerbera production. In order to study the genetics of botrytis 
resistance in gerbera we have performed a QTL study in two segregating populations using EST-SNP markers. Despite the high chromosome 
number (n=50) and the intersectional origin that may suggests a possible polyploïdisation event in the past diploid segregation was found. 
Phenotyping was performed using disease tests aimed at infection speed rather than incidence rate which were focussed on petals and disk 
flowers (both outside appearance and disk flower bottom rot). Results showed multiple relative small effect QTL loci. For more understanding of 
the mechanisms of resistance a candidate gene approach was used. Gerbera ESTs homologous to genes involved to botrytis resistance from 
literature were mapped and genes co-localising to QTLs were further studied in expression pattern and functionality.  
 
W665: Ornamentals 
Breeding Signature and Mode of Inheritance in the Tetraploid Alstroemeria 
Arwa Shahin, Royal van Zanten Company, Rijsenhout, Netherlands 
 
W666: Palm Genetics and Genomics 
Genetic Structuration of Date Palm Populations 
Emira Cherif, IRD: French National Research Institute for Sustainable Development, Montpellier, France 
Date palm (Phoenix dactylifera L.) is mainly cultivated for its fruit and is of great socio-economic and ecological importance for the arid zones 
agriculture. However, despite the large date palm germplasm spreading from the Atlantic shores to Southern Asia, there is a lack of information 
on global genetic diversity, population structure and domestication history. In order to highlight the underlying influence of geographic origins 
and human activity influence on the genetic structure of the date palm, we assessed the distribution and the level of genetic diversity of accessible 
date palm resources via microsatellite markers. We analyzed accessions from more than 10 countries covering the actual distribution of the 



species in the ancient world confirming the existence of two ancient gene pools that have contributed to the current date palm diversity, the 
presence of admixed genotypes with gene flows following a human-mediated diffusion of the species and the existence of at least two 
domestication origins.  
Emira Cherif1,2, Salwa Zehdi-Azouzi1, Oumarou Zango2,13, Souhila Moussouni3, Muriel Gros-Balthazard2,4, Summar Abbas Naqvi5, Bertha 
Ludena 2,6, Karina Castillo2, Nathalie Chabrillange2, Nadia Bouguedoura3, Malika Bennaceur7, Farida Si-Dehbi3, Sabira Abdoulkader8, 
Abdourahman Daher8, Jean-Frederic Terral4, Sylvain Santoni9, Marco Ballardini10, Antonio Mercuri10, Mohamed Ben Salah11, Karim Kadri11, 
Ahmed Othmani11, Claudio Littardi12, Amel Salhi-Hannachi1, Jean-Christophe Pintaud2 and Frédérique Aberlenc-Bertossi2 
1Université Tunis El Manar, Faculté des Sciences de Tunis, Laboratoire de Génétique Moléculaire, Immunologie et Biotechnologie, Campus 
universitaire El Manar, 2092, Tunisia, 2IRD, UMR DIADE-F2F, DYNADIV, and EVODYN teams, 911 Av. Agropolis, BP 64501, 34394 
Montpellier, Cedex 5, France, 3Université des Sciences et de la Technologie Houari Boumediene (USTHB), Laboratoire de Recherche sur les 
Zones Arides (LRZA), BP 32 Bab Ezzouar–El Alia, 16111, Alger, Algeria, 4Institut des Sciences de l’Evolution de Montpellier, UMR 5554, 
équipe Dynamique de la biodiversité, anthropo-écologie, Place Eugène Bataillon, CC 065, 34095 Montpellier cedex 05, France, 5Institute of 
Horticultural Sciences, University of Agriculture, 38040 Faisalabad, Pakistan, 6School of Biology, Yachay-Tech, Yachay City of Knowledge, 
100119 Urcuqui, Ecuador, 7Université Oran1-Ahmed Ben Bella, Faculté des sciences de la nature et de la vie, Département de Biologie, BP 1524 
El Mnaouar, 31000 Oran, Algérie, 8ISV/CERD, route de l’Aéroport, BP 486, Djibouti, 9INRA, UMR AGAP, 2 Place Viala, 34060 Montpellier, 
Cedex 1, France, 10Consiglio per la Ricerca e la Sperimentazione in Agricoltura-Unita di Ricerca per la Floricoltura e le Specie Ornamentali 
(CRAFSO), Corso degli Inglesi 508, I-18038 Sanremo (IM), Italy, 11Centre Régional de Recherche en Agriculture Oasienne, 2260 Degueche, 
Tunisia and 12Centro Studi e Ricerche per le Palme, Corso F. Cavallotti 113, 18038 Sanremo, 13 CIRAD, UMR AMAP,34398, Montpellier, 
France 
 
W667: Palm Genetics and Genomics 
Population Genomics of Date Palms 
Michael D. Purugganan, New York University, New York, NY 
We present the first comprehensive catalogue of ~7 million single nucleotide polymorphisms (SNPs) in date palms (Phoenix dactylifera) based 
on whole genome re-sequencing of a worldwide collection of 62 cultivars. Population structure analysis indicates a major genetic divide between 
North Africa and the Middle East/South Asian date palms, with evidence of admixture in cultivars from Egypt and Sudan. Genome-wide scans 
for selection suggest at least 56 genomic regions associated with selective sweeps that may underlie geographic adaptation. We report candidate 
mutations for trait variation, including nonsense polymorphisms and presence/absence variation (PAV) in gene content in pathways for key 
agronomic traits. We also identify a copia-like retrotransposon insertion polymorphism in the R2R3 myb-like orthologue of the oil palm 
Virescens (VIR) gene associated with fruit color variation. This whole genome re-sequencing analysis documents patterns of post-domestication 
diversification and provides a key genomic resource in this economically important perennial tree crop. 
 
W668: Palm Genetics and Genomics 
Genomics of Commercially Important Traits in Date Palm (Phoenix dactylifera) 
Joel A. Malek, Weill Cornell Medical College, Doha, Qatar 
Lisa S. Mathew, Sweety Mathew, Karsten Suhre and Joel A. Malek  
Weill Cornell Medicine in Qatar, Doha, Qatar  
The Date Palm is a fruit tree of high importance to the region between North Africa and India. Recent efforts have produced draft genome 
assemblies, identified regions associated with the sex of a tree and color of the fruit. Despite this progress, few efforts have utilized genome-wide 
association studies (GWAS) to identify other commercially important traits. This is in part due to the fact that the vast majority of date palms are 
clonally propagated either by the traditional offshoots or, more recently, by tissue culture methods. Indeed, most date palm growing countries 
have just a few extremely popular cultivars that make up the majority of their crop. To support GWAS studies in date palm we have begun 
assembling a dates fruit biobank from more than 250 genetically distinct date palms. These originate from more than 12 countries and include 
many of the most popular date cultivars in the world. We have documented numerous features of the fruit including physical and chemical 
attributes. Additionally we have collected fruit from over 50 seed propagated date palms for use as a validation population. Genotype data from 
whole genome sequencing (200 samples) and genotyping-by-sequencing (50 samples) of the date fruit biobank samples have been assembled. 
Here we show the results of GWAS for commercially important traits of date palm fruit. It is expected that these results will assist in the 
development and breeding of improved date palm cultivars. 
 
W669: Palm Genetics and Genomics 
Genome Evolution and Diversification in Palms 
Craig F. Barrett, West Virginia University, Morgantown, WV, Christine D. Bacon, University of Gothenburg, Göteborg, Sweden, 
Alexandre Antonelli, University of Gothenburg, Gothenburg, Sweden and Michael McKain, Donald Danforth Plant Science Center, 
St. Louis, MO 
Genomic analysis has revealed no correlation between genome size and organismal complexity, known as the “C-value paradox”. However, 
recent studies demonstrate relationships between genome size and species diversity, suggesting polyploidy or other phenomena potentially confer 
selective advantages due to the introduction of genetic novelty. Processes contributing to such immense genome size variation include polyploidy 
(genome doubling), tandem duplication, expansion/contraction of repetitive regions such as transposable elements, illegitimate/intramolecular 
recombination, fractionation/diploidization, inefficient ‘cleanup’ mechanisms, and possibly selection for smaller genomes. One such group is the 
palms (Arecaceae), representing diverse, widespread, and ecologically dominant components of tropical ecosystems, with >2,500 species. Modal 
chromosome numbers are 16-18 but otherwise vary widely, while the pattern of genome size variation and its causal mechanisms remain unclear. 
Ultimately we aim to test the hypothesis that polyploidy has facilitated species diversification in palms within the context of their closest 
relatives, the commelinid monocots, and to investigate mechanisms of genomic change. We comparatively address relationships between 
chromosome number and C-value across the family and reconstruct ancestral estimates of these values. We use publically available and newly 



generated genomic and transcriptomic data to investigate evidence for polyploidy among the commelinids and within the palms (at the subfamily 
level) by comparing the age distribution of paralogous, duplicated genes. Lastly, we address causal mechanisms of genome size variation by 
exploring repeat type and content. Disentangling the causes of genome size variation in palms will help elucidate the genetic conditions 
facilitating adaptive radiation and ecological success in other economically and ecologically important clades. 
 
W670: Palm Genetics and Genomics 
Improving Genomic Resources in Coconut and Finding Clues to Plant Breeding Using Comparative Genomics 
Alix Augusto Armero, Centre de coopération internationale en recherche agronomique pour le développement (CIRAD), 
Montpellier, France 
Palms are one of the main groups of species of tropical ecosystems. Some of the species of this group play a key roles in the economy of coastal 
communities around the world. In recent years, a major effort has been undertaken to increase the genomic knowledge in the cultivated species of 
this taxon. However, this growth has not been symmetrical and some species of relevance like coconut lack genomic resources necessary to 
undertake biological analyzes. We developed a methodology that improves coconut transcriptomic data by exploits comparative genomics to 
Elaeis guineensis proteome. This approach responds to the limitations of fragmentation and redundancy inherent to transcriptomic data. The 
improvement of available data allowed us to explore the evolutionary history of some genes of interest in coconut’s response to environmental 
stresses. This analysis is a starting point to plant breeding programs in coconut. 
 
W671: Perennial Grasses 
QTL x Environment Interactions and Latitudinal Adaptation in Switchgrass (Panicum virgatum) 
Thomas Juenger1, David Lowry2, Jeremy Schmutz3, Jason Bonnette4, John T. Lovell1, Li Zhang4, Felix B. Fritschi5, John Reilley6, 
Phillip Fay7, Monte Rouquette8, Rob Mitchell9, Yanqi Wu10 and Arvid Boe11, (1)University of Texas, Austin, Austin, TX, 
(2)Michigan State University, East Lansing, MI, (3)Hudson Alpha, Huntsville, AL, (4)University of Texas at Austin, Austin, TX, 
(5)Division of Plant Sciences, University of Missouri, Columbia, MO, (6)USDA NRCS, Kingsville, TX, (7)USDA ARS, Temple, 
TX, (8)Texas A&M, Overton, TX, (9)USDA-ARS, Lincoln, NE, (10)Oklahoma State University, Stillwater, OK, (11)South Dakota 
State University, Brookings, SD 
Switchgrass (Panicum virgatum) is a polyploid C4 perennial grass that is native to North America and has been championed as a promising 
biofuel feedstock. It is a common member of most native prairie communities and exhibits extensive phenotypic variability and adaptation across 
its range, especially related to latitude and precipitation gradients. Much of this variability is associated with evolved lowland and upland 
ecotypes. Upland ecotypes are short, rhizomatous, thin-stemmed, and generally adapted to drier conditions while lowland ecotypes are vigorous, 
tall, thick-stemmed and adapted to more mesic sites. Here, we report on progress on the development of genetic and genomic resources for 
switchgrass, as well as present results from field experiments aimed at understanding upland/lowland ecotype divergence and local adaptation. In 
particular, we present preliminary results from QTL studies aimed at detecting gene-by-environment interactions for performance utilizing 
collaborative common garden experiments across the species latitudinal range. 
 
W672: Perennial Grasses 
Proteomics Study of Switchgrass for Drought Stress 
Zhujia Ye, Tenneesse State University, Nashville, TN, Suping Zhou, Tennessee State University, Nashville, TN and Theodore W 
Thannhauser, Functional & Comparative Proteomics Center, USDA-ARS, Cornell University, Ithaca, NY 
Abstract: Drought tolerance of Switchgrass (Panicum virgatum) is among the highly demanded trait to reduce the potential competition for 
irrigation water resources of this candidate bioenergy plant with food crop production. The depth of roots reaching underground during a gradual 
water deficit process could play a key role to determine if the plants can survive the spells of drought stress, especially during seedling stages 
when plants are establishing in the field. In this study, a “sandwich” system simulating a gradual water deletion process was developed to apply 
drought treatments of switchgrass seedlings. Comparative quantitative proteomics analysis, using iTRAQ and TMT followed by nano-scale 
liquid chromatography mass spectrometry (nano-LC-MS/MS) analysis, were conducted to identify drought-induced proteins in leaf and root-tip 
tissues. Results show that the significantly changed leaf proteins are involved in transcription and translation, cell division, cell wall 
modification, phyto-hormone metabolism and signaling transduction pathways, and metabolic pathways of carbohydrates, amino acids and fatty 
acids. A scheme of abscisic acid (ABA)-biosynthesis and ABA responsive signal transduction pathway was reconstructed using these drought-
induced significant proteins, showing systemic regulation at protein level to deploy the respective mechanism. Also removal of highly abundant 
proteins in leaf protein sample enhanced the capacity in the quantification of low-abundance proteins. The drought-induced root proteins appear 
to be related to cellular functions in root tips and the regions behind. Proteins affecting cell division and elongation in root tips were 
identified. Information provided in this study will have an immediate as well as long term impacts on developing new lines (transgenic lines) and 
management of switchgrass in water saving production. The project is supported by NIFA-CBG- Award 2012-02466 
 
W673: Perennial Grasses 
The Intermediate Wheatgrass Genome: A Resource for Understanding Mechanisms of Perenniality and Accelerating the 
Development of Perennial Crops 
Kevin M. Dorn1, Christopher Plott2, Jerry Jenkins2, Jane Grimwood2, Jeremy Schmutz2, Steve Larson3, Lee DeHaan4 and Jesse 
Poland1, (1)Kansas State University, Manhattan, KS, (2)HudsonAlpha Institute for Biotechnology, Huntsville, AL, (3)USDA-ARS 
Forage and Range Research, Logan, UT, (4)The Land Institute, Salina, KS 
Thinopyrum intermedium (Intermediate wheatgrass - IWG) is a strong perennial species with prolific biomass production, relatively large seeds 
and high grain yield (>1,000 kg/ha) that has been targeted for domestication and improvement as a dual-use perennial grain and biomass crop. 
Significant efforts to improve IWG through traditional breeding have focused on traits such as seed size, free threshing seed, and early maturity. 
While some progress has been made, accelerating the improvement of IWG is likely possible with genomics-assisted breeding. Previously there 



were limited molecular breeding and genomic tools for IWG due to its large allohexaploid genome (2n = 6x = 42) and 1C genome size of 12.6 
Gb. We have generated a draft genome sequence from a haploid line in collaboration with NRGene using the DeNovoMAGIC 2.0 assembly 
pipeline, which is being anchored using POPSEQ. Analyses of preliminary pseudochromosomes has enabled the sorting of individual 
chromosomes into corresponding subgenome groups and provided new information on subgenome evolution in Thinopyrum. These resources 
will provide vital information for ongoing breeding and molecular studies to improve intermediate wheatgrass as a perennial grain species, along 
with providing a comparative platform for an ongoing cross-tribe transcriptomic experiment examining the genomic landscape of perenniality 
across the Pooidae. Collectively, this research will shed light on the complex genetic mechanisms underlying the perennial growth habit while 
directly accelerating the development of perennial biofuel and grain crops. 
 
W674: Perennial Grasses 
Single Nucleotide Polymorphism Discovery Via Genotyping-By-Sequencing to Assess Population Genetic Structure and 
Recurrent Polyploidization in Andropogon gerardii 
Allison Miller, Saint Louis University, Saint Louis, MO and Christine McAllister, Principia College, Elsah, IL 
Autopolyploidy is genome duplication within a lineage and can result in multiple cytotypes within a species. In this study, we explore the 
geographic distributions and evolutionary origins of cytotypes in the widespread, dominant tallgrass prairie species Andropogon gerardii. We 
conducted population-level sampling from across the geographic range of the species and used genotyping by sequencing to generate single 
nucleotide polymorphisms (SNPs) for A. gerardii individuals with known cytotypes. We used two distinct approaches to SNP calling: a 
reference-free approach, the UNEAK pipeline and a reference-guided approach using the sequenced Sorghum bicolor genome. Independent 
analyses of the two data sets showed similar patterns of clustering of A. gerardii individuals. Individuals originating from geographically 
proximate populations, regardless of their cytotype, tended to cluster together. Our data sets suggest that, in A. gerardii, higher-order polyploids 
(individuals with the 9 x cytotype) likely evolved multiple times from 6 x progenitors. 
 
W675: Perennial Grasses 
Identification of GBS-Generated Bi-Allelic SNPs Associated with Leaf Scald Resistance in Sugarcane 
Andres Gutierrez, School of Plant, Enviormental, and Soil Sciences, Louisiana State University Agricultural Center, Baton Rouge, 
LA, Jeff Hoy, Deapartment of Plant Pathology and Crop Physiology, Louisiana State University Agricultural Center, Baton Rouge, 
LA, Collins Kimbeng, Sugar Research Station, Louisiana State University Agricultural Center, St. Gabriel, LA, Michael Pontif, 
Sugar Research Station, Louisiana State University Agricultural Center, St. Gebriel, LA and Niranjan Baisakh, School of Plant, 
Environmental, and Soil Sciences, Louisiana State University Agricultural Center, Baton Rouge, LA 
Leaf scald, caused by Xanthomonas albilineans, is a major sugarcane disease worldwide. Erratic symptom expression hinders the reliability and 
reproducibility of the selection for breeding resistant varieties. Molecular markers associated with incompatible/compatible reaction can 
overcome this limitation. Transcriptome analysis showed that genes involved in signaling and transcription regulation were highly expressed in 
the resistant clone LCP 85-384 compared to the susceptible clone HoCP 89-846, with a higher proportion of overexpressed genes located in the 
chloroplast in the resistant clone. Early accumulation and maintenance of high mRNA content seemed important for leaf scald resistance. 
Linkage mapping by selective genotyping of 89 F1 progeny of LCP 85-384 (resistant) x L 99-226 (susceptible) assigned 1,146 single dose 
markers to 205 linkage groups (LGs) with the genome coverage of 19,230 cM, of which 95 LGs were assigned to LCP 85-384 (2,793 cM), 
and109 LGs were assigned to L 99-226 (4,121 cM). Single marker analysis showed that the markers c3-579 (phenotypic variance explained 
(PVE) = 17.56%), 1x71593 (PVE = 14.65%) and c1-586b (PVE = 14.48%) were associated with leaf scald resistance. Interval mapping 
identified 11 QTLs with more than 5% PVE. Comparative genomic analysis with Sorghum bicolor identified genes previously associated with 
resistance or tolerance to biotic and abiotic stresses within and flanking the QTLs. The present study provided a strong platform for future 
functional validation of the genes to ascertain their role in leaf scald resistance and marker validation in larger and diverse populations for their 
use in breeding leaf scald resistant sugarcane varieties. 
 
W676: Perennial Grasses 
Late Flowering in Auto-Tetraploid Dactylis glomerata 
Bradley S. Bushman, USDA-ARS Forage & Range Research, Logan, UT 
 
W677: Plant Chromosome Biology 
Spontaneous and RNAi-Induced Epimutants of a Kinesin Gene Family in Maize 
R. Kelly Dawe, University of Georgia, Athens, GA 
Maize abnormal chromosome 10 (Ab10) converts heterochromatic regions called knobs into motile neocentromeres that are preferentially 
transmitted to progeny. We have recently identified a novel gene family called the Kinesin driver (Kindr) complex that is responsible for this 
phenotype. At least nine Kindr genes are clustered in a ~1 Mb region of the Ab10 chromosome that is absent in the reference genome. RNA-seq 
shows that at least five of the nine Kindr genes are expressed. Screens for mutants of meiotic drive and neocentromere activity identified two 
mutants that show little or no expression of Kindr. Small RNA analysis and whole genome bisulfite sequencing revealed that both mutants are in 
fact epimutants, with shifts in small RNA targeting and dramatic increases in DNA methylation affecting all copies of the Kindr gene family. We 
also transformed plants with a hairpin construct designed to knock down Kindr expression by RNAi. In some lines RNAi abolished Kindr 
expression and caused a complete loss of meiotic drive. The RNAi-induced mutant phenotype was stable even in the absence of the RNAi 
inducer. Spontaneous and induced epimutants of this type have not been previously described in maize. The data suggest that genes may be 
targeted for RNA-dependent DNA methylation at a reasonably high frequency, particularly if they are multi-copy and dispensable to the plant. 
 
W678: Plant Chromosome Biology 
Neocentromere Formation and Rapid Turnover of Centromere Repeats are Linked to Maize Domestication 



Gernot Presting, Kevin Schneider, Zidian Xie and Thomas Wolfgruber, University of Hawaii, Honolulu, HI 
Using anti-cenH3 ChIP-seq to map the functional centromeres in domesticated maize inbreds we demonstrate frequent neocentromere formation 
that is linked to tandem repeat loss at the ancestral centromere locations. Neocentromeres are dominated by centromere-specific retrotransposons 
that insert following neocentromere formation. The presence of only one or two pre-domestication haplotypes at seven of the ten centromeres in 
domesticated maize suggests that strong selection for centromere-linked genes drives this process. 
 
W679: Plant Chromosome Biology 
Cytology and Molecular Analysis on Sterile Mechanism of SaNa-1A CMS derived from Somatic Hybrid between Brassica 
napus and Sinapis alba 
Youping Wang, Yangzhou University, Yangzhou, China 
Abstract Cytoplasm male sterile (CMS), as an ideal system regulating pollination, has greatly contributed to the improvement in rapeseed 
output. Somatic hybridization is effective in creating new CMS lines from potential mitochondrial genome recombination of parents. A sterile 
line (SaNa-1A) was selected from the backcross progenies of Brassica napus-Sinapis alba somatic hybrids. By comparing different anther 
developmental stages between sterile and maintainer line (SaNa-1B) through microscope observation, we found tetrads in sterile lines were 
covered with thick callose, and tapetum cells were severely vacuolated during the tetrad stage. In the early uninucleate stage, microspores in 
sterile line were vacuolated with few inclusions; tapetum was condensed and separated with the intermediate cells. In the late uninucleate stage, 
microspores were adhered together and embraced with the tapetum cells, which were located in the center of pollen sac. Physiological and 
biochemical analysis of developing anther and mitochondria in sterile and maintainer lines revealed that SOD and POD responses were induced 
with the accumulation of ROS in aborted anther of SaNa-1A. Meanwhile, we compared the F1F0-ATPase activity, ATP content in mitochondria, 
and COX activity in anther between sterile and maintainer lines and found that the activity of F1F0-ATPase was significantly downregulated with 
the anther development of sterile line, which was lower than in maintainer lines. By using the TdT-mediated dUTP Nick-End Labeling method to 
identify the PCD during anther development, we identified that tapetum cells in normal anthers undergo PCD since the tetrad stages and 
maximized it at the uninucleate stage. However, few hybridization signals were identified in the tetrads of sterile lines. Meanwhile, PCD was not 
obvious in the tapetum cells of sterile lines and was identified in tapetum cells since the uninucleate stage.  
Keywords: Brassica napus, Cytoplasm male sterile (CMS)，Physiological and biochemical analysis, Mechanism 
 
W680: Plant Chromosome Biology 
Deciphering the Molecular Basis Underlying Rapid Phenotypic Diversity in Plant Allopolyploids 
Bao Liu, Northeast Normal University, Changchun, China 
 
W681: Plant Chromosome Biology 
Chromatin Landscape of Meiotic Recombination in Maize 
Adele Zhou, Cornell University, Ithaca, NY 
Meiotic recombination is initiated by programed double-strand breaks (DSBs) in chromosomal DNA and results in crossovers (COs) and non-
crossovers (NCOs). In many organisms, there is an excessive number of meiotic DSBs to the number of COs, but it is not well understood how 
this process is regulated and which DSBs become COs. In the B73 inbred of maize, ~500 DSBs are observed in mid zygotene which lead to ~20 
COs. These DSBs are evenly distributed along chromosomes including pericentromeric and centromeric regions. However, CO distribution does 
not follow the DSB distribution. COs in B73 are enriched in distal chromosome regions that are known to be euchromatic. COs are suppressed in 
proximal regions containing the pericentromeric and centromeric regions, which are generally heterochromatic. In the CML228 inbred of maize, 
there are only ~200 observed DSBs, which is roughly half the number of DSBs in B73. These DSBs result in only 11 COs. Unlike COs in B73, 
CML228 COs are located in the proximal regions of the chromosome. We are using these two maize inbreds with diverse DSBs and CO 
distributions to investigate the dynamics of recombination events in euchromatic and heterochromatic chromosomal regions and to understand 
how this distribution is formed. Results of our experiments indicate that the occurrence of DSB events in euchromatic and heterochromatic 
chromosomal regions do not differ significantly between these two inbreds. Instead, they can be attributed to processes of DSB repair which 
occur in later stages of meiotic prophase I. 
 
W682: Plant Chromosome Biology 
TBA 
Yongbiao Xue, Beijing Institute of Genomics, Beijing, China 
 
W683: Plant Cytogenetics 
Unique Expression Pattern, Insertions/Deletions and Alternate Splicing Evolved the Novel Function of the Ph1 Gene of 
Wheat 
Kulvinder Gill, Washington State University, Pullman, WA 
 
W684: Plant Cytogenetics 
Mechanisms of Meiotic Prophase are Disrupted in Neopolyploid Maize 
Mischa Olson, Cornell University, Ithaca, NY and Wojtek Pawlowski, Cornell University - Section of Plant Biology, School of 
Integrative Plant Science, Ithaca, NY 
Cycles of DNA multiplication followed by reshuffling and loss define the evolutionary history of eukaryotes, particularly plants. On a whole 
genome level, polyploidization initiates this cycle. Diploidization begins immediately and can continue over the course of millions of years. 
Epigenetic reprogramming, gene expression changes, as well as significant rearrangement and loss of DNA are all known aspects of 
diploidization. The success of a nascent polyploid depends on the outcomes of these processes. Meiotic recombination is a key mechanistic 



determinant of these outcomes. The chromosomal interactions of pairing and recombination can directly lead to DNA rearrangements or losses 
and are impacted by epigenetic changes. Though recombination shapes the diploidization landscape, the impact of polyploidization on 
recombination itself is unknown. Are meiotic processes quantifiably different in neopolyploid plants than in their diploid relatives? To begin, we 
evaluated the meioses of three neopolyploid maize lines. Early in prophase I, recombination is initiated by the formation of double strand breaks 
(DSBs) in the DNA. These DSBs are resected, resulting in single-stranded overhangs of DNA which function in a homology search process. By 
the end of prophase I, DSBs are repaired either as crossovers (COs) or non-crossovers. In neopolyploid maize, we observe an increase in the peak 
number of DSBs, as well as an anomalous persistence of DSBs in later prophase I. We also observe COs between non-homologous 
chromosomes. These lines of evidence indicate a decoupling of the meiotic processes of pairing and recombination following polyploidization 
and lead to potential mechanistic underpinnings of diploidization. 
 
W685: Plant Cytogenetics 
Evolution of Chiasma Patterning: A Route to Stable Polyploids? 
Chris Franklin1, Christopher H. Morgan2, Kirsten Bomblies3, Levi Yant3 and James David Higgins4, (1)University of Birmingham, 
Birmingham, United Kingdom, (2)University of Birmingham, UK, Birmingham, United Kingdom, (3)John Innes Centre, Norwich, 
United Kingdom, (4)University of Leicester, Leicester, United Kingdom 
Plants are frequently polyploid, possessing upwards of two sets of chromosomes. Allopolyploids arise through hybridization of genomes from 
species with closely related, yet distinct homeologous chromosomes. Genome doubling within a species gives rise to autopolyploids which 
possess multiple copies of identical homologous chromosomes. Both forms of polyploidy create a particular challenge to ensure accurate 
chromosome segregation in meiosis. In each case the meiotic imperative is to behave as a diploid during meiosis. A variety of, as yet poorly 
understood mechanisms, have evolved to stabilize meiosis in polyploids. Here we focus on the analysis of meiotic behavior in autotetraploid 
Arabidopsis arenosa where recent studies suggest modifications in chiasma distribution associated with subtle changes in the proteins that 
constitute the chromosome axis, have contributed to meiotic stabilization following whole genome duplication. Cytological analysis of 
chromosome remodeling during meiotic prophase is consistent with recent models that suggest crossover interference is mediated via the 
chromosome axis. We propose that an increase in interference may underlie the change in chiasma distribution observed in A. arenosa 
tetraploids. 
 
W686: Plant Cytogenetics 
Bringing Light to Barley Meiosis 
Isabelle Colas, The James Hutton Institute, Dundee, United Kingdom 
 
W687: Plant Cytogenetics 
Function of an E3 Ligase in Rice Meiotic Progression 
Wanqi Liang, Shanghai JiaoTong University, Shanghai, China 
 
W688: Plant Cytogenetics 
Topoisomerase II is Required for Programmed Chromosome Reorganization during Meiosis and Mitosis in Plants 
Marina Martinez Garcia, Eugenio Sanchez-Moran and Chris Franklin, University of Birmingham, Birmingham, United Kingdom 
Type II topoisomerases are highly conserved proteins. They resolve catenated and supercoiled structures between two dsDNA molecules by 
ATP-dependent induction of a transient double-strand break in one of the molecules to enable the other to pass through the broken strand which 
is subsequently religated. TOPII in Arabidopsis thaliana (At3g23890) corresponds to the alpha version of the homodimeric human protein. In 
eukaryotes TOPII has a role in many aspects of DNA metabolism. Recently, TOPII was also implicated in mediating crossover interference in 
budding yeast6. We have analysed a hypomorphic topIIa allele of an A. thaliana T-DNA line. These plants exhibit a dwarf phenotype, short roots 
and reduced fertility. Analysis of meiosis specific RNAi knockdown-line of TOPIIa revealed an almost normal somatic phenotype but 90% 
reduced fertility. Mitosis and meiosis were analysed cytologically revealing defects in chromosome condensation and segregation together with 
fragmentation. This included: fragmentation during both meiotic divisions; condensation problems during prophase and metaphase I; a 
significant increase in the number of chromosomal interlocks. High levels of spontaneous DNA breaks occur during the cell cycle and the plants 
are hypersensitive to genotoxic agents. Crossover designation and formation was compared to the frequency of chiasma per cell to test for 
interference alterations. Our data indicate that in common with other organisms AtTOPIIa is involved in a range of cellular processes. Moreover 
we provide new evidence suggesting a role in interlock resolution during meiosis. 
 
W689: Plant Dormancy Workshop 
Regulation of Seed Dormancy and Reproductive Phase Transitions By miRNA156 and DOG1 
Heqiang Huo, University of Florida, Apopka, FL; Department of Plant Sciences, UC Davis, Davis, CA and Kent Bradford, 
University of California, Davis, CA 
The life cycle of annual flowering plants is marked by several distinct developmental phases. It initiates with seed germination, goes through 
juvenile to adult and reproductive phase transitions, and ends up with flowering, embryogenesis and seed maturation. The flowering time and 
seed germination are two of most critical developmental phase transitions; both of them are coordinately regulated by genetic and environmental 
factors to greatly affect the success of establishment, reproduction, colonization and adaptation of plant populations. The DELAY OF 
GERMINATION1 (DOG1) gene is involved in regulating seed dormancy in response to temperature and has also been associated genetically with 
pleiotropic flowering phenotypes across diverse Arabidopsis thaliana accessions and locations. Here we show that DOG1 can regulate both seed 
dormancy and flowering times in lettuce (Lactuca sativa) and Arabidopsis through an influence on levels of microRNAs miR156 and miR172. In 
lettuce, suppression of LsDOG1 expression enabled seed germination at high temperature and promoted early flowering in association with 
reduced miR156 and increased miR172 levels. Overexpression MIR156 under CaMV35S promoter in lettuce caused extremely late flowering, 



whereas sequestering miR156 resulted in early flowering and loss of lettuce seed thermoinhibition. In Arabidopsis, higher miR156 levels 
resulting from overexpression of the MIR156 gene enhanced seed dormancy and delayed flowering. These phenotypic effects, as well as 
conversion of MIR156 transcripts to miR156, were compromised in DOG1 loss of function mutant plants, especially in seeds. Over-expression of 
MIR172 reduced seed dormancy and promoted early flowering in Arabidopsis, and the effect on flowering required functional DOG1. Transcript 
levels of several genes associated with miRNA processing were consistently lower in dry seeds of Arabidopsis and lettuce when DOG1 was 
mutated or its expression was reduced; in contrast, transcript levels of these genes were elevated in a DOG1 gain of function mutant. Our results 
reveal a previously unknown linkage between two critical developmental phase transitions in the plant life cycle through a DOG1-miR156-
miR172 interaction.  
 
W690: Plant Dormancy Workshop 
Changes in Phytohormone Levels and Transcript Profiles during Seasonal Dormancy Transitions in Underground 
Adventitious Buds of Leafy Spurge (Euphorbia esula L.) 
Wun S. Chao, Munevver Dogramaci, David P. Horvath, James V. Anderson and Michael E. Foley, USDA-ARS, Fargo, ND 
Leafy spurge (Euphorbia esula L.) is an herbaceous perennial weed that maintains its perennial growth habit through generation of underground 
adventitious buds (UABs) on the crown and lateral roots. These UABs undergo seasonal phases of dormancy under natural conditions, namely 
para-, endo-, and ecodormancy in summer, fall, and winter, respectively. These dormancy phases can also be induced in growth chambers by 
manipulating photoperiod and temperature. In this study, UABs induced into the three phases of dormancy under controlled conditions were used 
to compare changes in phytohormone and transcriptome profiles. Results indicated that relatively high levels of ABA, the ABA metabolite PA, 
and IAA were found in paradormant buds. When UABs transitioned from para- to endodormancy, ABA and PA levels decreased, whereas IAA 
levels were maintained. Additionally, transcript profiles associated with regulation of soluble sugars and ethylene activities were also increased 
during para- to endodormancy transition, which may play some role in maintaining endodormancy status. When crown buds transitioned from 
endo- to ecodormancy, the ABA metabolites PA and DPA decreased significantly along with the down-regulation of ABA biosynthesis genes, 
ABA2 and NCED3. IAA levels were also significantly lower in ecodormant buds than that of endodormant buds. We hypothesize that extended 
cold treatment may trigger physiological stress in endodormant buds, and that these stress-associated signals induce the endo- to ecodormancy 
transition and growth competence. The up-regulation of NAD/NADH phosphorylation and dephosphorylation pathway, and MAF3-like and 
GRFs genes, may be considered as markers of growth competency. 
 
W691: Plant Dormancy Workshop 
Genetic Architecture of Dormancy Induction, Dormancy Release and Winter Survival in Grapevine 
Anne Fennell1, Dilmini Alahakoon1, Mani Awale1, Matthew D. Clark2 and James J. Luby2, (1)South Dakota State University, 
Brookings, SD, (2)University of Minnesota, St. Paul, MN 
Dormancy is an adaptive winter survival strategy for the grapevine. In contrast to many model woody species the grapevine does not transition 
through terminal bud development prior to dormancy. Instead it exhibits shoot tip abscission, lateral emergence cessation, periderm development 
and axillary bud dormancy in response to decreasing photoperiod or low temperature. In this study, several developmental and physiological 
traits associated with dormancy and low temperature survival were measured in a F2 wine grape mapping population (n =100) to identify 
quantitative trait loci (QTL) for dormancy induction and release and winter survival. QTL analysis was conducted on data collected in multiple 
years in greenhouse or field for tip abscission, lateral emergence, periderm development, bud dormancy, freezing tolerance, bud break and vine 
winter survival using a genetic map with 1449 SNP markers across 19 linkage groups. Multiple QTLs were identified for individual traits; 
however, QTLs for photoperiod induced traits were repeatedly found on linkage groups 11 and 13. QTLs for freezing tolerance were found on 
linkage group 13, winter survival on 11 and 14, and chilling fulfillment QTL was identified on linkage group 18. The QTLs identified in multiple 
years accounted for 10-20% of the phenotypic variation. Woody plant dormancy and abiotic stress tolerance are complex biological traits and 
clarifying the genetic relationship and identifying underlying loci of morphological and physiological traits provides information needed to 
generate markers for marker assisted selection. 
 
W692: Plant Dormancy Workshop 
Determining the Genetic Differences within the QTL Associated with Chill Requirement; Between High and Low Chill 
Apple Varieties 
Stephanie Cornelissen1, Jasper Rees1 and Johan Burger2, (1)Agricultural Research Council of South Africa, Pretoria, South Africa, 
(2)Stellenbosch University, Stellenbosch, South Africa 
With rising temperatures, it is becoming increasingly important to breed for fruit varieties that require less chill during dormancy. An important 
part of modern breeding is determining the markers closest to the gene or genes associated with a specific trait. In this study we use next 
generation sequencing technologies to determine putative candidate genes located within a QTL associated with chill requirement within apple. 
The QTL was verified in both “Lady Williams x Anna” and “Royal Gala x Anna” populations with both recombination and association mapping. 
A 2 million basepair region was selected, according to the major QTL on Linkage Group 9, for further analysis. RNA sequencing analysis was 
performed and the expressed genes in the area were selected and gene ontologies were ascertained. Gene expression for these genes over time 
intervals were plotted to discover patterns corresponding to chill requirement of individual plants. MADS-box and FLC ortholog genes were 
located within this region as well as high percentages membrane associated genes and transcription factors. These showed similarities to the 
expected expression patterns for the individual high and low chill apple varieties. The results support predictions that were made previously 
about the involvement and importance of transcription factors as well as role the membrane plays in response to chilling. The genetic variation in 
the form of SNPs and INDELs were studied, to further understand the differences in this group of genes between low and high chill varieties. 
Results indicate significant variation between genes that could be responsible for differences in expression patterns between apple varieties. In 
exploring the genetic control of chill requirement, a new variety of apple can be bred to withstand the climate change. 
 
W693: Plant Dormancy Workshop 



Transcriptomic Analysis of Ecodormancy Release in Grapevine 
Alisson P. Kovaleski, Cornell University, Geneva, NY and Jason Londo, USDA-ARS Grape Genetics Research Unit, Geneva, NY 
Lateral grapevine (Vitis spp.) buds experience three different stages of dormancy: paradormancy during the growing season, endodormancy 
during early winter, and ecodormancy during late winter. Exposure to low non-freezing temperatures results in the accumulation of chilling, 
leading to the transition from endo- to ecodormancy. During the winter, buds can also acclimate to very low temperatures, and the degree of cold 
acclimation in the spring can be used as a measurement of ecodormancy state. Spring temperatures, or warming events during winter, can result 
in release from ecodormancy and result in an increase in freeze damage risk. Different species and genotypes of grapevine demonstrate variation 
in cold tolerance, chilling requirement, and time to bud break. In order to better understand the regulation of cold hardiness and dormancy, we 
undertook a study of gene expression during ecodormancy release.  
We studied the transcriptome of 2 cultivated (V. vinifera ‘Cabernet Sauvignon’ and ‘Riesling’) and 2 wild (V. riparia, V. amurensis) grapevine 
genotypes. Canes were collected from the field in late winter and were placed under forced deacclimation/growth conditions (22 °C, 16/8h 
light/dark). Bud tissue was harvested daily to assess loss of cold hardiness (proxy for dormancy state) using differential thermal analysis (DTA) 
as well as for RNA extraction. RNA-Sequencing was performed using Illumina single-end 100bp reads. The rates of deacclimation were similar 
for all genotypes, however, time to bud break contrasted, allowing us to differentiate changes in gene expression unique to both processes. 
Pathway analysis using the Vitisnet database of the genes differentially expressed during ecodormancy release indicated enrichment of genes 
involved in lipid transfer, membrane transport, reactivation of metabolism. Similarly, genes temporally correlated with the budburst process were 
enriched in pathways for meristem identity, the Auxin pathway and cell expansion. Rapid downregulation of genes was observed in pathways 
associated with senescence, dehydration, and regulators of stress processes such as NAC domain proteins. Species specific patterns were also 
detected, suggesting that while the processes of ecodormancy release and budburst are phenotypically similar between wild and cultivated 
species, novel function or novel regulation of specific genes plays an important role in differentiating dormancy release within Vitis. 
 
W694: Plant Dormancy Workshop 
Solstice Party: Contrasting Transcriptional Velocity and Transcriptome Composition at Winter and Summer Solstices in 
Douglas-fir 
Peter Dolan, University of Minnesota-Morris, Morris, MN, Richard Cronn, USDA Forest Service Pacific Northwest Research 
Station, Corvallis, OR and Sanjuro Jogdeo, Oregon State University, Corvallis, OR 
Perennial growth in plants is the product of interdependent cycles of daily and annual environmental stimuli that induce periods of growth and 
dormancy. In conifers, leaves (“needles”) are a perennial organ that integrates seasonal signals from light, temperature, and water availability. 
Our previous work implicated photoperiod as the dominant driver of annual and diurnal transcription patterns. To further explore the dynamics of 
transcriptome responses to seasonal cues in Douglas-Fir (Pseudotsuga menziesii) needles we characterized 26,298 annually cycling transcripts. 
Their model-defined amplitude is a useful measure of the transcriptome "velocity" that varies predictably throughout the year-- a fact which has 
implications for sampling strategies. The timing of maximum gene expression across annual periods shows a bimodal response, with ~50% of 
transcripts reaching maximum expression +/- 20 days from the winter and summer solstices. Categorization into summer, winter, and equinox 
transcripts is associated with significant differences in expression level, gene length, and transcriptional velocity. Transcripts peaking near the 
winter solstice are more abundant, more concentrated in their peak activity, show more variation in length while still tending to be longer than 
summer transcripts. They also show lower maximum velocities than those that peak near the summer solstice. This peak of activity during 
dormancy may represent transcriptional “anticipation” for the onset of spring growth or, it may suggest that mRNA transcription or maturation 
occurs more slowly during dormancy making the capture of longer transcripts more likely during winter months; Putative spliceosome regulating 
transcripts show the same basic bimodal pattern as the other transcripts. 
 
W695: Plant Genome Engineering 
Genome Editing by Targeted Deaminase 
Keiji Nishida, Kobe University, Kobe, Japan 
DNA deamination is the process by which DNA nucleotides are deaminated and turn into other type of nucleotides (ex. cytosine to uracil). 
Although most deaminated nucleotides are repaired properly, excess deamination or compromised repair may results in mutagenesis. The 
activation-induced cytidine deaminase (AID, also known as AICDA) is responsible for generating genetic variation at the immunoglobulin locus, 
an essential process for the adaptive immune system in vertebrates, although precise mechanism by which AID activity is specifically localized 
remains elusive.  
By tethering the DNA deaminase activity to nuclease-deficient CRISPR/Cas9 system, we have developed a genome editing tool that enable 
targeted point mutagenesis. An AID ortholog PmCDA1 from sea lamprey was attached to nuclease-deficient mutant of Cas9 (D10A and H840A) 
as a fusion protein or by protein-protein interaction. This hybrid system, termed Target-AID, induced cytosine point mutation in 3-5 bases range 
at the distal site within target sequence. Major mutations were C to T point mutations, while C to G was also observed at substantial rate in yeast. 
Use of nickase Cas9 (D10A), which retains single-strand cleaving activity, greatly increase the efficiency, although it also occasionally induce 
insertion/deletion (indel) in animal and plant cells. Uracil-DNA glycosylase inhibitor (UGI) further increased the efficiency and reduced the indel 
formation. The toxicity associated with the nuclease activity has been greatly diminished, enabling application of this technique to wider range of 
organisms. Direct introduction of herbicide-tolerant mutation was performed in rice. Multiplex editing in combination with the herbicide-tolerant 
mutagenesis enabled leveraging selection of simultaneously edited plants. 
 
W696: Plant Genome Engineering 
Targeted Epigenetic Modification in Plants 
Steve Jacobsen, University of California at Los Angeles, Los Angeles, CA 
 
W697: Plant Genome Engineering 
Crop Improvement Through Targeted Genome Optimization Requires More Than Scissors 



Rene Ruiter, Bayer Crop Science, Diegem, Belgium 
The crops that feed the world today are the product of hundreds of years of improvement through breeding by combining and selecting desired 
characteristics such as higher yield, resistances to disease and drought. In the past decades, the combination and selection of native traits through 
breeding was extended by mutation breeding, and more recently complemented with genetic engineering, enabling the introduction of novel 
genetic diversity beyond that originally present in the crops. Until recently, the introduction of mutations or new genes was random and the best 
performing combinations were obtained only after many rounds of laborious and costly analyses and selection steps.  
Since early 2000, the crop improvement toolbox has been extended with the possibility to introduce mutations and new genes in a more targeted 
manner. Several technology concepts for such ‘targeted genome optimization' (TGO) have been developed. The concept based on targeting loci 
for improvement by local induction of a DNA double-strand break (DSB), and the specific optimization by utilizing the plant's natural DSB 
repair pathways, is to date the most versatile and efficient approach.  
TGO through the directional repair of DSBs relies on the ability to induce DNA breaks very specifically at target positions selected for genetic 
improvement. The first ‘molecular scissor’ technology platform allowing such precise targeting were the zinc finger nucleases, followed by 
meganucleases, and more recently by TALENs and CRISPR-type nucleases. The availability of these molecular scissors, and certainly the 
simplicity offered by the latter two, has led to a rapid adoption of what most people refer as to 'genome editing' in crop genetics R&D, both in 
academia and industry.  
Our view on the current status of plant TGO is that 3 types of optimization should be distinguished because they are not all equally well-
developed for in all crops. While gene knock out through non-homologous end joining repair has been demonstrated with success in many crops, 
homologous repair that enables precise gene editing and allele replacement, as well as targeted gene insertion, is still inefficient in many 
crops. Thus, although we celebrate the ability to easily design and produce molecular scissors that, when having access to transformation 
technology and tissue culture expertise, enable the generation of plants with new properties due to gene KOs, we call for an increased effort in 
tackling the efficiency and accuracy of homology-directed repair to achieve a quantum leap towards precision plant breeding.  
Academic and industry partners need to join forces to enable the technological advancements that will ensure the targeted and precise addition of 
genes, and the precise editing of native gene sequences, the latter of which is currently most challenging. Both aspects of targeted genome 
optimization have been shown to be feasible, but are yet still too low and very unpredictable in frequency and precision.  
We will introduce the different TGO technologies and highlight the challenges we see towards developing those beyond the creation of gene 
knock outs, and capturing the full potential of TGO for near future crop improvement. 
 
W698: Plant Genome Engineering 
Talen- and CRISPR/Cas9-Based Gene Editing in Maize and Rice 
Bing Yang, Iowa State University, Ames, IA 
Modified CRISPR (clustered regularly interspaced short palindromic repeats) systems, comprising Cas9 endonucleases and single guide RNAs 
(gRNAs), and TALENs (TAL effector nucleases) have emerged as potent biotechnological tools for both basic and applied research. The most 
promising utilization of both Cas9/sgRNA and TALENs is for targeted genome editing, precise genetic alterations within any genome of interest, 
as demonstrated in a plethora of organisms including several crop plants. My presentation describes development and application of these two 
technologies to generate heritable genome modifications in rice and maize. TALENs were employed to generate stable, heritable mutations in 
dozens of rice genes and maize glossy2 gene. The frequency of mutagenesis varied from species and constructs targeting different genes. The 
highest rate in rice reached about 65% of transgenic lines carry desired mutations, while construct targeting the maize glossy2 gene produced 
mutant lines from the maize genotype Hi-II at a frequency of about 10%. Phenotypic changes associated with mutated genes were observed in 
some mutant lines in rice and maize. We also modified the Cas9/sgRNA system suitable for targeted gene mutagenesis in rice and maize, 
respectively. The two systems have been successfully applied to rice and maize for targeted mutagenesis of many genes. Transgenic lines of T0 
generation carrying site-specific mutations were produced at frequency as high as 100% in rice and 80% in maize. Our results demonstrate that 
TALENs and Cas9/sgRNA are effective toolboxes for genome editing in rice and maize, empowering the discovery of gene function and the trait 
improvement. 
 
W699: Plant Genome Engineering 
Genetic Improvement of Sugarcane by Targeted Loss- or Gain of Function Mutations using TALEN or CRISPR-Cas9 
Fredy Altpeter, Baskaran Kannan, Je Hyeong Jung, Tufan Mehmet Oz, Ratna Karan and Aldo Merotto, Agronomy Department, 
University of Florida, Gainesville, FL 
Programmable endonucleases like RNA-guided nucleases (e.g.CRISPR/Cas9) or transcription activator-like effector nucleases (TALENs) enable 
precise genome modifications. Targeted mutagenesis for “loss of function” is typically more efficient than gene replacement for “gain of 
function” since it does not require template mediated homology directed repair (HDR) and instead relies on the more efficient but error prone 
non-homologous end joining (NHEJ) DNA-repair pathway. However, sugarcane is a highly polyploid species (x=10-13) which may require 
knock-out of a very large number of alleles/copies for “loss of function” mutants. Suppression of lignin biosynthesis is a prime target for 
mutagenesis in biofuel feedstocks like sugarcane. Recently we described TALEN induced mutagenesis to suppress one of the lignin biosynthetic 
genes, caffeic acid O-methyltransferase (COMT), resulting in low lignin and brown-midrib sugarcane phenotypes. Here we will discuss 
sequencing results of long COMTamplicons from brown-midrib sugarcane, which allowed us to precisely determine the number of copies/alleles 
which were co-mutated. Data describing the cell wall composition of COMT mutants and their agronomic and conversion performance will be 
presented. A precision gene-editing approach for allele re-placement conferring “gain of function” will also be discussed, involving a DNA 
repair template facilitating homology-directed repair (HDR) and CRISPR/Cas9 as programmable endonuclease. 
 
W700: Plant Interactions with Pests and Pathogens 
Parasitic Plants Steal Genes from their Host Plants through Horizontal Gene Transfer and use them in Parasite Processes 
Claude dePamphilis, Penn State University, University Park, PA 
 



W701: Plant Interactions with Pests and Pathogens 
Spatial Population Genetic Structure and Genetic Diversity of Phytopthera sojae in Indiana 
Brandon Schemerhorn, USDA-ARS/Purdue University, West Lafayette, IN 
 
W702: Plant Interactions with Pests and Pathogens 
Co-Regulation of the SNARE-Containing Regulon Occurs during Plant Defense 
Vincent P. Klink, Mississippi State University, Mississippi State, MS 
 
W703: Plant Interactions with Pests and Pathogens 
Unraveling the Mechanisms of Stem Rust Resistance Conferred By the Sr35 Gene Against Puccinia Graminis f. Sp. Tritici 
(Pgt) 
Andres Salcedo1, William Rutter1, Shichen Wang1, Stephen Bolus2, Alina Akhunova3, Robert L. Bowden4, Matthew N. Rouse5, Les 
J Szabo5, Jorge Dubcovsky6 and Eduard Akhunov7, (1)Department of Plant Pathology, Kansas State University, Manhattan, KS, 
(2)UC Davis, Davis, CA, (3)Kansas State University, Manhattan, KS, (4)USDA-ARS, Manhattan, KS, (5)USDA-ARS Cereal 
Disease Lab, St Paul, MN, (6)University of California, Davis, Davis, CA, (7)Kansas State University, Department of Plant 
Pathology, Manhattan, KS, Manhattan, KS 
The identification of genetic factors in wheat and its pathogens that define the outcome of infection is critical for developing varieties with long 
lasting resistance. We have used the recently cloned Sr35 gene as entry point to unravel the molecular bases of resistance conferred by this gene 
to wheat stem rust caused by Pgt. We have performed the whole genome comparative analyses of multiple Sr35-virulent and –avirulent Pgt 
strains including natural field isolates and chemically mutagenized strains that acquired virulence to the Sr35 gene. Except for a Sr35-carrying 
wheat line, all mutagenized strains showed similar virulence response on the panel of lines carrying different stem rust resistance genes. This 
result suggested that the Sr35 avirulence phenotype in the RKQQC race is likely controlled by a single gene. We have used a forward genetic 
screen to identify an avirulence factor that is detected by Sr35. Whole genome sequencing of fifteen Sr35-virulent Pgt mutants detected strong 
effect mutations in a single candidate gene. This effector candidate gene is constitutively expressed in the infected wheat leaves and encodes a 
protein with a predicted N-terminal secretion signal. In planta experiments showed that the candidate gene can trigger a Sr35-dependent 
hypersensitive reaction. The candidate effector’s sequence diversity explained most of the virulence of Pgt isolates on the Sr35+ and Sr35- wheat 
lines. Based on our results we conclude that the identified fungal candidate effector is responsible for triggering the defense response by the Sr35 
gene. 
 
W704: Plant Interactions with Pests and Pathogens 
From Head to Foot: Genetics of Wheat Seedling Resistance Against Root Rot Caused by Fusarium graminearum 
Kai Voss-Fels, Lunwen Qian, Iulian Gabur, Matthias Frisch, Wolfgang Friedt and Rod Snowdon, Justus Liebig University, 
Giessen, Germany 
As a consequence of the growing world population, global wheat production will be further intensified in the upcoming decades. This is 
accompanied by an increasing pressure of Fusarium diseases, such as head blight (FHB) or root rot (FRR). Fusarium graminearum (FG) is a 
well characterized wheat pathogen that is mainly known as the causal agent of FHB, one of the most important wheat diseases worldwide. 
Genetic studies to date have characterized over 220 QTL for FHB resistance, covering all 21 chromosomes. FRR has mainly been associated 
with F. culmorum or F. pseudograminearum, while the involvement of FG in below-ground plant infection remains largely unclear.  
Here, we present the first large-scale genetic investigation of resistance towards FRR caused by FG. We phenotyped an extremely diverse 
collection of 215 international hexaploid wheat lines in a comprehensive greenhouse screen after root infection with fungal spores. In addition to 
the assessment of disease symptoms and biomass reduction of different plant parts, we quantified fungal spread in root and shoot tissues by 
RealTime-PCR. Using genome-wide genotyping data from the 90K Illumina Infinium SNP array, we identified conserved chromosome regions 
associated with increased resistance. Applying advanced quantitative genetics approaches we provide first interesting insights into the complex 
genetic architecture of resistance towards FRR caused by FG. Our findings provide a valuable basis for further molecular validations and 
genomics-assisted selection approaches to improve disease resistance in novel wheat varieties. 
 
W705: Plant Interactions with Pests and Pathogens 
Biosynthesis of Flavonoids Protects Wheat from Powdery Mildew Infection 
Jin-Ying Gou, School of Life Sciences, Fudan University, Shanghai, China 
 
W706: Plant Molecular Breeding 
Molecular Markers Associated with Resistance to Drought and High Salinity in Alfalfa (Medicago sativa L.) 
Long-Xi Yu, USDA-ARS-Plant Germplasm Introduction and Testing, PROSSER, WA 
Long-Xi Yu, USDA-ARS 
Alfalfa (Medicago sativa L.) is the most important worldwide grown forage crop. Changing trends to multipurpose uses increases demand for 
alfalfa. However, the production of alfalfa is challenged by adverse environmental factors. Identification of molecular markers linked to stress 
resistance will facilitate breeding for improving alfalfa production. In the present investigation, we applied an integrated framework of genome-
wide association with high-throughput genotyping by sequencing for identifying resistance loci associated with abiotic stress in alfalfa 
populations. Different bioinformatics pipelines were used for SNP discovery. Agronomic and physiological traits including biomass yield, 
drought/salt resistance index, relative water content and leaf senescence were evaluated in the field and greenhouse. Marker-trait association by 
linkage disequilibrium identified a group of SNP markers significantly associated with drought and salt tolerance. Alignment of their sequence 
tags to the reference genome revealed multiple chromosomal locations. Markers associated with drought tolerance were located on all 
chromosomes. Most loci identified in this work overlap with the reported QTLs associated with biomass under drought in alfalfa. Marker 



associated with salt tolerance shared few resistance loci with drought but most of them are independent. With further investigation, these markers 
may be used for marker-assisted selection for breeding alfalfa with resistance to abiotic stress. 
 
W707: Plant Molecular Breeding 
Optimizing Training Population Size and Genotyping Strategy for Genomic Prediction Using Association Study Results and 
Pedigree Information. a Case of Study in Advanced Wheat Breeding Lines 
Fabio Cericola1, Ahmed Jahoor2, Jihad Orabi2, Jeppe R. Andersen2, Luc L. Janss1 and Just Jensen1, (1)Molecular Biology and 
Genetics, Aarhus University, Tjele, Denmark, (2)Nordic Seed, Galten, Denmark 
Wheat breeding programs generate a large amount of variation which cannot be completely explored because of limited phenotyping throughput. 
Genomic prediction (GP) was proposed as a new tool which provides breeding value estimations without the need of phenotyping all the material 
produced but only a subset of it, named training population (TP). However, genotyping of all the accessions under analysis is needed. Optimizing 
TP dimension and genotyping strategy is therefore pivotal to implement GP in commercial breeding schemes. Here, we explored the optimum 
TP size and we integrated pedigree records and genome wide association studies (GWAS) results to optimize the genotyping strategy.  
A total of 988 advanced wheat breeding lines were genotyped with the Illumina 15K SNP wheat chip and phenotyped across several years and 
locations for yield, lodging, and starch content. Cross-validations using the largest possible TP size and all the SNPs available after editing 
(~11k), yielded predictive abilities (rGP) ranging between 0.5-0.6. In order to explore the TP size, rGP were computed using progressively smaller 
TP. These exercises showed that TP of around 700 lines were enough to yield the highest observed rGP. Moreover, rGP were calculated by 
randomly reducing the SNP number. This showed that around 1K markers were enough to reach the highest observed rGP. GWAS was used to 
identify markers associated with the traits analyzed. A GWAS-based selection of SNPs resulted in increased rGP when compared with random 
selection and few hundreds SNPs where sufficient to obtain the highest observed rGP. For each of these scenarios advantages of adding the 
pedigree information were shown.  
Our results indicate that moderate TP sizes are sufficient to yield high rGP and that pedigree information and GWAS results can be used to greatly 
optimize the genotyping strategy. 
 
W708: Plant Molecular Breeding 
Genomic Prediction for Hybrid Performance in Rapeseed 
Christian R. Werner, Department of Plant Breeding, Justus Liebig University, Giessen, Germany, Amine Abbadi, NPZ Innovation 
GmbH, Holtsee, Germany and Rod Snowdon, Justus Liebig University, Giessen, Germany 
In oilseed rape breeding programs, performance prediction of parental combinations is of fundamental importance. Due to the phenomenon of 
heterosis, per se performance is not a reliable indicator for F1-hybrid performance, and selection of well-paired parents based only on phenotype 
requires the testing of large quantities of hybrid combinations in extensive field trials. However, the number of potential hybrid combinations 
generally dramatically exceeds normal breeding capacity and budget. Integration of genomic selection (GS) could substantially streamline 
rapeseed breeding programs. GS models can be used to predict the performance of untested individuals based only on their genotypic profiles, 
using marker effects previously calculated in a training population. This allows for a preselection of promising genotypes, enabling a more 
efficient allocation of resources. The Illumina Brassica 60k SNP genotyping array provides a cheap and straightforward platform for hybrid 
prediction in commercial breeding programs based on whole-genome marker data. We evaluated the usefulness of the 60k SNP array for 
genomic prediction with regard to marker density and genome-wide linkage disequilibrium. We further compared different linear and Bayesian 
prediction models that consider general and specific combining ability (GCA and SCA, respectively). A total of 448 hybrids were produced in a 
commercial breeding program from unbalanced crosses between 220 paternal double haploid lines and five maternal male-sterile inbred lines. 
Predictive ability was evaluated for seven agronomical traits using 200 cross-validations, randomly partitioning the hybrid population into 
training and validation panels. Our results emphasize the high potential of GS for rapeseed breeding. 
 
W709: Plant Molecular Breeding 
Application of Array SNP and GBS in Genetics and Breeding of Hard Red Winter Wheat 
Shuyu Liu1, Chor Tee Tan1, Silvano Ocheya2, Smit Dhakal2, Yan Yang2, Jackie C Rudd1, Qingwu Xue1, Amir Ibrahim3, Richard 
Metz4, Shichen Wang4, Charles D. Johnson4, Guorong Zhang5, Xiangyang Xu6, Guihua Bai7, Ming Chen8, Ravindra Devkota1, 
Hangjin Yu1 and Lisa Garza1, (1)Texas A&M AgriLife Research, Amarillo, TX, (2)Texas A&M University, College Station, TX, 
(3)Soil and Crop Sciences Dep, College Station, TX, (4)Genomics and Bioinformatics Services - TAMU, College Station, TX, 
(5)Kansas State University, Hays, KS, (6)USDA-ARS, Wheat, Peanut and Other Field Crops Research, Stillwaters, OK, (7)Hard 
Winter Wheat Genetics Research Unit, USDA-ARS, Manhattan, KS, (8)Kansas State University, Manhattan, KS 
The Illumina Infinium iSelect 90K array SNP and genotyping-by-sequencing have been used in wheat genetic and genomic studies. Here we 
presented several case studies in hard red winter wheat in the Great Plains in the U.S. Both techniques have been applied bi-parental and 
association mapping, genomic selections, and kompetitive allele specific PCR platform high throughput screening for many important traits. 
Texas wheat genetic and breeding programs has used both techniques in mapping quantitative trait loci for yield, its components, end-use quality, 
and several disease and pest resistances. We have developed KASP markers for resistance genes to Greenbug (GB), Hessain fly (HF), wheat curl 
mite (WCM) and wheat streak mosaic virus (WSMV). Gb3 and Gb7 have the broadest spectrum resistance to GB. Both were mapped on 
chromosome 7DL. CmcTAM112 for WCM resistance from Ae. tauschii was mapped and linked flanking SNP markers were validated. Wsm2 for 
WSMV resistance was saturately mapped on chromosome 3BS, and H32 for HF resistance was mapped onto 3DL. Closely linked high 
throughput KASP markers were validated for MAS in different populations. Applications of these tightly linked markers allow breeders to 
increase selection efficiency and accuracy. 
 
W710: Plant Molecular Breeding 
Exome Genotyping and Association Mapping in Conifers: Focusing on Norway Spruce 



John Baison, Umea Plant Science Center (UPSC), Umea, Sweden 
The main goal was to implement exome capture in Norway spruce (Picea abies) to increase the number of known single nucleotide 
polymorphisms (SNPs) and genetic resources available for research and tree breeding. The exons were captured in 521 mother trees using in 
house designed probes. 80 000 hybridization probes were designed from the Norway spruce genome 1.0. SNP detection was performed using 
GATK haplotype caller using scaffolds from the 80 000 probe design after initially mapping to the whole Norway spruce genome v1.0. A total of 
545 546 high quality SNPs were acquired. After filtering the data using MAF 0.05 and Missingness 20% 160 366 SNPs remained. The SNPs 
were then used for association mapping studies of wood chemistry traits, which also include growth, density separated into latewood and 
earlywood. Estimated breeding values from 5618 trees of the 521 open-pollinated families in two 21-year-old Norway spruce progeny trials in 
southern Sweden were used as the phenotype data for all the 21 traits studied. The growth trajectories of the phenotype data were determined as 
non-linear. A quadratic spline model was then applied in order to define the latent traits. Association mapping was performed using a multilocus 
LASSO penalized regression method and a stability selection method in order to calculate the stability selection probability of each SNP being 
selected to the model. With the first five principle components calculated based on the genotype data being included as covariates into the model 
to take the population structure into account. The threshold for declaring a SNP to be significant or suggestive was 0.6976 and 0.5395, by 
maximum allowing 1 and 5 false positive selections, respectively. Association studies has already yielded SNPs significantly associated with 
density and growth, our focus now turning to using this method to perform association analysis phenology datasets. 
 
W711: Plant Molecular Breeding 
Towards the Production of Shatter Resistant Rapeseed by use of Mutations in Dehiscence Zone Identity Genes 
Janina Braatz, Nazgol Emrani, Hans J. Harloff and Christian Jung, Christian Albrechts University of Kiel, Kiel, Germany 
In temperate climate zones, oilseed rape (Brassica napus L., AACC) is an important crop for production of vegetable oil, animal feed and 
biofuels. The production of rapeseed is limited by its natural propagation system which involves shedding seeds from dry, fragile fruits (siliques). 
A strategy to reduce pre-harvest seed loss is the manipulation of the silique structure or more specifically, manipulation of the cells forming the 
predetermined breaking point, the so called dehiscence zone. The development of the dehiscence zone is controlled by a network of transcription 
factors including SHATTERPROOF1/2 (SHP1/2), INDEHISCENT (IND) and ALCATRAZ (ALC).  
Screening a winter rapeseed EMS (ethylmethanesulfonate) mutant population by TILLING identified various mutations in two paralogs of 
BnIND and BnALC. As in both cases paralogs potentially share redundant functions, single mutations were not expected to show an effect on 
shatter resistance. For BnIND, phenotyping of greenhouse grown plants confirmed this assumption. Consequently, different mutations were 
combined by crossing to yield double mutants with more robust siliques. Three different bench top trials proved that a combination of BnIND 
mutations leads to shatter resistance. Field data obtained from IND mutants sown on two locations in Germany are expected in summer of 2017. 
In parallel, propagation of BnALC double mutants from the EMS material is in progress. Another approach comprises the targeted mutagenesis 
of dehiscence zone identity genes by a Cas9-guided RNA. 
 
W712: Plant Phenotypes 
Introduction to the North American Plant Phenotyping Network 
Mitch Tuinstra, Purdue University, West Lafayette, IN 
The North American Plant Phenotyping Network (NAPPN) http://nappn.plant-phenotyping.org is a newly-formed association of scientists and 
researchers in the rapidly evolving area of plant phenomics. The NAPPN was formed as a regional partner of the International Plant Phenotyping 
Network (IPPN) in 2016. The organization’s purpose is three-fold: 1) maximize existing synergies, identify and reduce potential bottlenecks, and 
facilitate collaboration spanning disciplines, locations and facilities, 2) promote a framework for data standards and facilitate sharing, and 3) 
facilitate the interdisciplinary training needed for effective basic and translational plant phenotyping research.  
Public- and private-sector researchers are encouraged to join this discussion around the organization’s evolution and next steps, including a 
general assembly meeting at the Phenome 2017 conference in Tucson, February 10-14, 2017. (http://www.phenome2017.org) 
 
W713: Plant Phenotypes 
Integrated Phenotyping Concepts and News from Emphasis - the European Infrastructure for Multi-Site Plant 
Phenotypingand Simulation for Food Security in a Changing Climate 
Ulrich Schurr, Forschungszentrum Jülich GmbH, Jülich, Germany 
Plant phenotyping is a essential tool for many applications ranging from functional genomics, to (pre-)breeding, breeding and analysis of 
biodiversity. It develops rapidly into a bottleneck for progress in basic and applied research. Lack of adequate solutions for quantitative analysis 
of plant architecture and function as well as their interaction with the dynamic and heterogeneous environment hampers progress in basic 
sciences as well as in breeding-related research. In recent years significant interdisciplinary approaches have been started to overcome this 
“phenotyping bottleneck”. Techniques were developed to quantify the dynamics and the heterogeneity of plant structure and function as well as 
of environmental cues. In this presentation we will explain recent results from the phenotyping chain approach, by which we study the relevance 
of phenotyping technologies at various scales from the lab to the field in direct experimental approaches and from meta-analysis. The integration 
of different scales is also a central element of EMPHASIS: the new pan-European for Multi-Site Plant Phenotyping And Simulation for Food 
Security in a Changing Climate, which is developing on the basis of the portfolio of existing national plant phenotyping centers in Europe. Here 
we will discuss the recent developments since EMPHASIS has been established as a ESFRI project. 
 
W714: Plant Phenotypes 
Developing the Enviratron: A Facility for Automated Phenotyping of Plants Growing under Varied Conditions 
Steven A. Whitham, Iowa State University, Ames, IA 
The Enviratron is a new concept and design in plant phenotyping with the purpose of testing plant performance under different environmental 
conditions. In contrast to current phenotyping facilities, the Enviratron is designed to analyze plant growth and performance under up to eight 
different environmental conditions in one experiment. Also unlike current phenotyping facilities, plants are not conveyed to a central analyzing 



station, instead a mobile robotic analyzer (rover) equipped with a sensor array visits plants, minimizing disturbances in the growth environment. 
In analyzing the relationship between G X E (genotype by environment), most phenotyping facilities are equipped to vary G. The Enviratron’s 
special feature is its capacity to vary E. The Enviratron consists of eight growth chambers that each can be programmed to a unique environment 
that can vary slightly in a single parameter or by different climate scenarios, including temperature, CO2, humidity, water, and light (duration and 
intensity). The rover’s sensor array includes a holographic camera, hyperspectral sensor, fluorescence detector, infrared detector, and Raman 
scattering spectrometer. Individual pots are designed to have soil water potential sensors with a watering system to maintain chosen soil water 
potentials. To enable downstream discovery and reuse of diverse data collected using the Enviratron system, a MIAPPE-compliant metadata 
collection and reporting mechanism is under development. Learn more about Enviratron online at http://enviratron.iastate.edu/. 
 
W715: Plant Phenotypes 
Phenotyping for Breeding and Physiological Pre-Breeding 
Francisco Pinto, International Maize and Wheat Improvement Centre (CIMMYT), Texcoco, Mexico 
Phenotyping has always been the cornerstone of plant breeding but until the advent of remote sensing (RS) tools, selection was largely restricted 
to heritable traits –phenology, height, kernel size, disease resistance, and non-negotiable complex traits including end-use quality and yield itself. 
However, RS allows integrative traits -that are by definition genetically complex- to be evaluated on scale that overcomes some of the 
disadvantages of their relatively low heritability. In particular canopy temperature is a good predictor of yield and root function under abiotic 
stress, and a number of spectral indices –including NDVI and water index- also show predictive power.  
Recent research has shown that by migrating from ground-based to aerial phenotyping platforms, improved precision leads to increased 
heritability and therefore greater predictive power. Other traits that lend themselves to aerial high throughput (HTP) screening are pigments and 
other indices associated with photosynthesis and photo-inhibition, and water-related indices associated with hydration status of tissue. In the 
meantime, innovations that are in the pipeline include use of image analysis to estimate agronomic traits, and the application of vegetative 
indices to correct for spatial variation in large trials. Many of the RS indices mentioned, by virtue of being HTP, lend themselves well to large-
scale genetic resource screening as well as genetic analysis.  
However, integrative traits have less power to predict performance under high yield environments. Here, physiological breeding focuses more on 
the phenotype of potential parents in order to design complementary crosses, though on a smaller scale. A good example is spike photosynthesis 
(SPS) which is difficult to measure and as a result has been largely ignored, despite the fact that spikes intercept up to half of incident radiation 
during grain-filling. However, three innovations have been applied to better characterize SPS including a 360 degree LED illumination chamber 
for gas exchange measurement, long duration spike shading treatments and use of stable carbon isotopes analysis of grain, both of which help 
estimate the integrated contribution of SPS to yield. 
 
W716: Plant Phenotypes 
Merging Data Across Continents and Scales with the Plant Phenology Ontology 
Ramona Walls1, Brian J. Stucky2, Kjell Bolmgren3, John Deck4, Ellen G. Denny5 and Robert P. Guralnick2, (1)University of 
Arizona, Tucson, AZ, (2)University of Florida, Gainesville, FL, (3)SLU Sveriges Lantbruksuniversitet, Vindeln, Sweden, 
(4)BioCode LLC, Junction City, OR, (5)USA National Phenology Network (USA-NPN), Kittery Point, ME 
Plant phenology — the timing of plant life-cycle events, such as flowering or leafing-out — has cascading effects on multiple levels of biological 
organization, from individuals to ecosystems, and is crucial for understanding the links between climate and biological communities. Plant 
phenology data are collected and used by many different types of researchers, from plant breeders to ecosystem ecologists. Today, thanks to data 
digitization and aggregation initiatives, phenology monitoring networks, and the efforts of citizen scientists, more phenologically relevant data is 
available than ever before. Unfortunately, combining these data in large-scale analyses remains prohibitively difficult, mostly because the 
individuals and organizations producing the data are using non-standardized terminologies and metrics during data collection and 
processing. Lack of standardization remains particularly problematic for historical datasets, which are crucial for time-based analyses. 
Furthermore, phenology data are often recorded as a type of trait, such as whether or not young leaves or flowers are present on a plant, making it 
difficult to associate the data to development stage terms in ontologies like the Plant Ontology (PO). The Plant Phenology Ontology (PPO) is a 
collaborative effort to help solve these problems by developing the standardized terminology, definitions, and relations that are needed for large-
scale data integration. The PPO builds on the widely used PO and Phenotype and Trait Ontology (PATO) to promote broad reuse of phenological 
data. This talk will provide an overview of the PPO, including the history of how it came to be, design patterns used in the ontology, examples of 
annotating real phenological data, and plans for future development. 
 
W717: Plant Reproductive Genomics 
Sex Determination Pathway in Cucurbits 
Abdelhafid Bendahmane, INRA, Evry, France 
 
W718: Plant Reproductive Genomics 
Divergence of X and Y Chromosomes in Asparagus 
Alex Harkess, Donald Danforth Plant Science Center, St. Louis, MO 
An elegant model for the conversion of an autosomal pair in a hermaphroditic species to a sex chromosome in a dioecious species was 
formalized by Deborah and Brian Charlesworth in 1978. Briefly, the conversion from autosome to sex chromosome could require just two loci 
linked perfectly in non-recombination on a young Y chromosome: one locus must dominantly suppress female (pistil) organogenesis, while 
another locus must promote the formation of male (anther) organogenesis, but this model has never had strong genic support in any dioecious 
species. Garden asparagus (Asparagus officinalis) is an ideal system to test this question, given that the X and Y sex chromosomes are 
evolutionarily young and cytologically homomorphic. Leveraging a doubled haploid YY individual and a doubled haploid mapping population, 
we generated a chromosome-level genome assembly using Illumina, PacBio, and Bionano optical maps and identified a 1Mb region of non-
recombination on the Y chromosome that is largely missing from the X. Several independent male-to-hermaphrodite mutants (gamma irradiation, 



spontaneous SNP) implicate a single gene SOFF (Suppressor of Female Function) on the Y chromosome as being responsible for female 
suppression. While only 12 gene annotations are in this non-recombining region, there exists Tapetum Development and Function 1, a gene with 
an Arabidopsis knockout phenotype very similar to Asparagus females. With an additional PacBio and optical map genome assembly for a 
sibling XX female, we have compared the structure of the X and Y chromosomes and identified ~130kb of X-specific sequence, including 
several X-specific genes. This is the strongest evidence to date for the Charlesworth’s “two gene” model. 
 
W719: Plant Reproductive Genomics 
Sexual Dimorphism and the Evolution of Sex-Biased and Sex-Limited Genes in the Dioecious Tree Populus Balsamifera 
Brian Sanderson, Texas Tech University, Lubbock, TX 
Animals have been shown to exhibit sexual dimorphism in gene expression in as many as 3/4 of their genes, and male-biased genes generally 
exhibit elevated rates of evolution as measured by dN/dS. Although ~5-6% angiosperm species are dioecious, little is known sexual dimorphism 
in gene expression or whether patterns of evolution differ for male- and female-biased genes. Populus exhibits clear sexual dimorphism in floral 
color, but few dimorphisms in non-floral traits. We characterized transcriptomes of two tissues (leaf and flower) of five male and five female 
individuals of Populus balsamifera from Fairbanks, Alaska. Five times as many genes exhibited sex limited expression in male floral tissues 
(476) than female floral tissues (76), and no genes exhibited sex limited expression in leaves. 11,068 genes were differentially expressed (DE) 
between male and female flowers, and only one gene exhibited significant differential expression between male and female leaves. Functional 
analyses of these genes revealed 15 enriched gene pathways. Notably, male and female flowers differed in energy-related pathways. Transcripts 
in photosynthesis and tetrapyrrole synthesis pathways were over-expressed in female flowers, whereas mitochondrial electron transport and 
TCA/org transformation pathways were over-expressed in male flowers. dN/dS ratio was calculated for sex-biased and sex-limited genes to 
explore whether different selective pressure acted on the sexually dimorphic genes. Taken together, these results demonstrate that sexual 
dimorphism in this species is limited to reproductive tissues, and provide insight into the evolutionary history that has shaped these differences. 
 
W720: Plant Reproductive Genomics 
Sexual Dimorphism in Growth, Gene Expression, and Metabolite Profile in Early Moss Development 
Stuart McDaniel, University of Florida, Gainesville, FL 
Sexual dimorphism evolves because selection favors different phenotypes in males and females. However, the trajectory of phenotypic evolution 
in species with separate sexes is determined by not just nature of selection on the two sexes, but also the correlation between the phenotypic 
effects of allelic substitutions in males and females. To examine these two phenomena, we studied population differentiation in males and 
females of the moss Ceratodon purpureus, and transcriptomic differences between males and females in early growth rate, a sexually dimorphic 
trait. We hypothesized that traits in which the difference between males and females evolved among populations may be subject to the strongest 
selection. Consistent with previous studies, we found clear evidence that the degree of sexual dimorphism evolved among populations. In 
contrast, we found unambiguous evidence for adaptation in male development time, but no signature of selection on the most sexually dimorphic 
traits. Instead, dimorphism in these traits appears to evolve because these traits exhibit sexually dimorphic correlated responses to selection on 
development time. These findings suggest that the genetic architecture of trait variation in males and females is quite different. To begin to 
understand the genetic basis of sexual dimorphism in early development, we used RNAseq to survey gene expression in ten male-female sibling 
pairs (i.e., two haploid plants derived from the same diploid meiosis) isolated from seven populations spanning the geographic distribution of the 
species. We identified a core set of ~1000 genes (both autosomal and sex-linked) that were consistently differentially expressed between females 
and males, of about 15,000 expressed in this tissue. These data highlight the importance of pleiotropy and genetic background in governing the 
phenotypic response to selection. We are currently testing these findings in other tissues to directly link sexually antagonistic selection to its 
molecular targets. 
 
W721: Plant Reproductive Genomics 
Towards the Origin of Sexual Reproduction in Plants: Neofunctionalization of a MYB Transcription Factor Is Linked to 
Male Gametogenesis in Land Plant Ancestors 
Frederic Berger, Gregor Mendel Institute of Molecular Plant Biology, Vienna, Austria 
 
W722: Plant Reproductive Genomics 
The Making of Fruit: Genomic Approaches to Understand Fruit Set in Wild Strawberry 
Zhongchi Liu, University of Maryland, College Park, MD 
Fruits represent a key evolutionary innovation for seed disposal and are only formed upon successful fertilization of flowers. The molecular 
mechanism underlying this fertilization-dependent fruit initiation, termed fruit set, is investigated in wild strawberry Fragaria vesca. The wild 
strawberry is emerging as a model system for the cultivated strawberry due to wild strawberry's diploidy, small and sequenced genome, and 
available genetic and genomic resources. RNA-seq was performed to investigate the molecular events before and after fertilization in dissected 
fruit tissues. Bioinformatic analysis of the RNA-seq data focuses on identifying the earliest signals responsible for fruit set. Analysis of 
phytohormone biosynthesis and signaling genes confirm the critical roles of auxin and GA in fleshy fruit initiation. Further, the endosperm tissue 
was found to play a more prominent role than embryo in the biosynthesis of auxin and GA for fruit initiation. In addition, we examined genes 
specifically expressed in the receptacle, whose development and enlargement is unique in strawberry. Both receptacle-specific protein coding 
genes and miRNAs were identified and the functions of these genes are being determined. Our studies are beginning to reveal the molecular 
underpinnings of early stage fruit development. Insights into early stage fruit initiation have laid the foundation for investigations into 
mechanisms underlying morphological diversity of different Rosaceae fruits. 
 
W723: Plant Science at the JGI and KBase 
Introduction and JGI Plant Science Update 



Jeremy Schmutz1,2, Kerrie W. Barry1, David M. Goodstein1, Jane Grimwood2, Jerry Jenkins2, Jerry Tuskan3, John Vogel4 and 
Daniel S. Rokhsar1, (1)DOE Joint Genome Institute, Walnut Creek, CA, (2)HudsonAlpha Institute for Biotechnology, Huntsville, 
AL, (3)Oak Ridge National Laboratory, Oak Ridge, TN, (4)U.S. Department of Energy Joint Genome Institute, Walnut Creek, CA 
The Department of Energy Joint Genome Institute is funded to enable scientific advances that benefit the DOE research areas of bioenergy, 
global carbon cycling and biogeochemistry. These are accomplished through collaborative projects with JGI users through the Community 
Sequencing Program and the three funded DOE BioEnergy Research Centers. The Plant Program is part of the JGI dedicated to applying 
advances in genomic technologies for understanding fundamental plant biology through comparative genomics and targeted experiments. Our 
major goal, in collaboration with plant scientists, is to apply this understanding from genomics to accelerate the improvement and domestication 
of biofuel crops. The JGI Plant program has produced many of the high-quality reference plant genomes available today and we continue to 
curate and make available comparative data and analysis via www.phytozome.net. Recently, the plant program has focused on projects that 
elucidate function of genes through comparative transcriptomics and directed experiments in our JGI Plant Flagship genomes. For these Plant 
Flagship genomes, we are continuing to improve the accuracy and completeness of the genome sequence and add data to update and improve the 
reference annotation. We continue to sequence de novo genomes as comparators to the Plant Flagships, have introduced new advances into these 
pipelines, and have expanded our efforts on projects that use diversity of natural or structured populations to identify and link genotypes to 
phenotypes for plant traits important in biofuel crops. 
 
W724: Plant Science at the JGI and KBase 
Kbase Plants Update 
Priya Ranjan, Oak Ridge National Laboratory, Oak Ridge, TN 
The U.S. Department of Energy Systems Biology Knowledgebase (KBase, http://kbase.us) provides a computational environment designed to 
accelerate our understanding of microbes, plants and their communities. KBase offers free and open access to data, analysis tools, models and 
simulations, enabling scientists and researchers to design experiments, test hypotheses, build new knowledge, and share their findings.  
This introduction will provide updates about the plant resources available in KBase that include tools for bulk upload and quality control of next-
generation sequencing reads, multiple workflows for RNA-Seq alignment and assembly, and apps for differential expression analysis and 
visualization.  
KBase online tutorials such as Expression Analysis (see http://kbase.us/tutorials/) provide a good starting place to explore how KBase might be 
useful in your research. 
 
W725: Plant Science at the JGI and KBase 
Evolution of the Populus Genome: From a Reference to Holo- to Meta- to Pan-Genomes 
Gerald A. Tuskan1, Jerry Jenkins2, Wellington Muchero1, Doug Hyatt1, Piet Jones1, Manesh Shah1, Chris Schadt1, Dale Pelletier1, 
Rotem Sorek3, Daniel Jacobson4 and Jeremy Schmutz2,5, (1)Oak Ridge National Laboratory, Oak Ridge, TN, (2)HudsonAlpha 
Institute for Biotechnology, Huntsville, AL, (3)Weizmann Institute of Science, Rehovot, Israel, (4)Bioenergy Science Center and 
Biosciences Division, Oak Ridge National Laboratory, Oak Ridge, TN, (5)DOE Joint Genome Institute, Walnut Creek, CA 
We pragmatically treat plant genomes, as viewed through web portals and genome browsers, as static. Yet we intuitively know that somatic 
mutations create nucleotide substitutions as well larger rearrangements, insertions and deletions. And, at the population level, natural selection is 
operating on genomic variation to fine-tune genotypes to their local environment. These types of variation in a species’ communal or holo-
genome are generally not reflected in our computational representation found on various data bases. This is true of Populus as well, one of the 
first plant genomes to be published (circa 2006), and a genome that is now in its 4th updated version. From version 1.0 to version 4.0, N50 and 
L50 metrics have improved substantially, 80% of the gaps have been filled, gene annotations have deeper RNAseq support, gene counts have 
varied but remain in the 43K range, and roughly 80 Mb of the 450 Mb genome have been finished. When the first Populus genome was 
assembled, we reported the assembly of over 20 fungal contigs and 40 bacterial contigs, and reported at that time that these were potentially 
endophytes of Populus trichocarpa. Since then we have been able to demonstrate that there are thousands of fungal, bacterial and archaea 
endophytic associates in the Populus metagenome. Many of which have been isolated and reintroduced to axenic Populus genotypes, with a 
subsequent impact of plant growth and development. In a comparative manner, among all available sequenced plant genomes, we have also been 
able to identify and validate species-specific orphan gene evolution. Moreover, as more and more Populus genotypes have been sequenced, 
assembled and annotated, we have gained a better understanding of the Populus pan genome. In a resequenced pool of 1000 diverse 
representatives of the species Populus trichocarpa we have preliminary indications that there may be as much a 50% increase in gene content at 
the population level compared to the reference genome, Nisqually-1. Finally, in sequencing individual lateral branches of several P. trichocarpa 
genotypes, and comparing those sequences to the reference genome we have been able to obtain estimates of the rate of accumulated somatic 
mutations, where individual vegetative lineages separated by hundreds of years contain thousands of sequence variants. All of the above noted 
observations and insights on the Populus reference genome, hologenome, metagenome and pan genome will be presented in the context of a 
species’ potential in an agronomic, industrial or environmental applications. 
 
W726: Plant Science at the JGI and KBase 
Mining Rnaseq Data to Determine Differential Gene Expression in Populus Transgenic Lines Using Kbase 
Jay Chen1, Wellington Muchero1, Sara S. Jawdy1, Vasanth Singan2, Erika A. Lindquist2, Kerrie W. Barry2, Priya Ranjan1, Jeremy 
Schmutz3 and Jerry Tuskan1, (1)Oak Ridge National Laboratory, Oak Ridge, TN, (2)DOE Joint Genome Institute, Walnut Creek, 
CA, (3)HudsonAlpha Institute for Biotechnology, Huntsville, AL 
To improve feedstock properties for biofuel conversion and production, several hundred genes have been selected to generate transgenic plants in 
the bioenergy crop Populus, as part of research performed by the BioEnergy Science Center. Transcriptomic profiling of these transgenic plants 
is an essential component of phenotypic characterization to uncover the molecular mechanism underlying biomass recalcitrance. We report here 
the transgenic effect of overexpression of a 5-enolpyruvylshikimate 3-phosphate (EPSP) synthase-like transcriptional regulator (EPSP-TF) at the 
transcript level. Total RNAs were isolated from three independent transgenic lines and empty vector control plants, and subjected to RNAseq. 



Using the RNAseq data analysis methods available in the Department of Energy Systems Biology Knowledgebase (KBase) (https://kbase.us/), 
genes differentially expressed between transgenic lines and control plants are shown and discussed in light of their functions in secondary cell 
wall biosynthesis, along with the ease of using KBase for this analysis. 
 
W727: Plant Science at the JGI and KBase 
A Genome-Wide Sequence-Indexed Collection of Brachypodium Mutants to Accelerate Grain and Biomass Crop Breeding 
Richard Sibout, INRA-IJPB, Versailles, France, Debbie Laudencia-Chingcuanco, USDA-ARS, Western Regional Research 
Center, Albany, CA and John P. Vogel, DOE Joint Genome Institute, Walnut Creek, CA 
A genome-wide sequence-indexed collection of Brachypodium mutants to accelerate grain and biomass crop breeding 
Richard Sibout, INRA  
Brachypodium distachyon emerged recently as model plant for grass crops. With its simple sequenced genome, short life cycle and expanding 
array of genetic tools, B. distachyon is an excellent system to elucidate the molecular basis of important traits in grasses (e.g. development, grain 
and biomass producton). Chemical or radiation mutagenesis are commonly used to assign function to specific genes. As a low-cost method to 
create genetic variation, we used fast-neutron radiation, sodium azide, and ethyl methanesulfonate to mutagenize B. distachyon inbred line Bd21-
3. The difficulty in identifying the causal mutation in chemically mutagenized populations has been a limitation of these types of mutants. 
However, the small genome size of B. distachyoncombined with the decreasing cost of DNA sequencing has made it feasible to sequence 
thousands of mutants to establish a genome-wide sequence-indexed collection of grass mutants. In order to select the best mutant population for 
sequencing, we sequenced the genomes of mutants produced by all three mutagens. The collection was extensively validated and characterized 
by looking for and characterizing mutations in several genes involved in several traits such as flower development, cell wall composition, and 
grain quality. To date, 430 mutant lines have been sequenced and over 300,000 mutations identified. For more information or to access the 
collection please contact us or visit http://jgi.doe.gov/our-science/science-programs/plant-genomics/brachypodium/  
Submitter's E-mail Address: richard.sibout@inra.fr 
 
W728: Plant Science at the JGI and KBase 
Curation of Bioenergy-Relevant Families in the Switchgrass Genome 
Laura Bartley1, Chengcheng Zhang2, Rashmi Jain3, Xiaolan Rao4, Kangmei Zhao5, Juan Xie6, Guotian Li7, Manoj Sharma8, Jerry 
Jenkins9, Richard Dixon4, Qin Ma6, Bingyu Zhao10, Pamela Ronald11, Jeremy Schmutz12 and Yuhong Tang13, (1)University of 
Oklahoma, Norman, OK, (2)Univestiy of Oklahoma, Norman, OK, (3)UC Davis/JBEI, Davis, CA, (4)University of North Texas, 
Denton, TX, (5)Carnegie Institute of Science, Stanford, CA, (6)South Dakota State University, Brookings, SD, (7)oint BioEnergy 
Institute, Emeryville, CA, (8)ScJawaharlal Nehru University, New Dehli, India, (9)HudsonAlpha Institute for Biotechnology, 
Huntsville, AL, (10)Virginia Tech, Blacksburg, VA, (11)Joint BioEnergy Institute (JBEI), Emeryville, CA, (12)Hudson Alpha, 
Huntsville, AL, (13)The Samuel Roberts Noble Foundation, Ardmore, OK 
Switchgrass (Panicum virgatum L.) is a large-stature, stress-tolerant bioenergy crop. The reference genotype, AP13, is of the lowland ecotype 
with an allotetraploid genome (1n=2x= 1.4 Gbp) estimated to have resulted from hybridization of two related Panicum species approximately 1 
M years ago. This project provides expert curation of the switchgrass genome, version 3.1 of which is now available on the DOE Joint Genome 
Institute’s Phytozome portal (https://phytozome.jgi.doe.gov/pz/portal.html). It contains 1.16 Gbp of sequence, 88% of which is assembled into 
the 18 chromosomes. Goals include gauging the quality of the genome and facilitating switchgrass functional genomics analyses. The current 
project focuses on several gene families relevant to bioenergy crop characteristics, including transcription factors in the R2R3-MYB and 
NAC/NAM families; cell wall biosynthesis and remodeling enzymes, including those of lignin, acyltransferases, glycosyltransferases, and 
glycosylhydrolases; and NBS-LRR disease resistance proteins. The project uses hidden Markov models to identify proteins from the genome 
annotation and phylogentic reconstruction of subfamilies of greatest interest. For smaller protein families, the project includes phylogenetic 
comparisons with proteins from selected dicots and grasses and gene expression visualization via the switchgrass gene atlas project. Analyses 
reveal that most genes of interest are in the assembled chromosomes. For example, for a subfamily of BAHD acyltransferases implicated in 
esterifying cell wall components with phenolic acids, 42 of 44 clade members are on the assembled chromosomes. Comparison of the BAHDs 
from switchgrass and rice reveals that most acyltransferases in subclade i, which includes all the characterized proteins, are conserved, with each 
gene from rice corresponding to two switchgrass members located on homoeologous chromosomes. Conversely, subclade ii is more rapidly 
evolving with different expansions in the rice and switchgrass lineages. Some of these genes are not located on pairs of homoeologs, consistent 
with rapid divergence of the switchgrass or parental genomes and/or challenges to accurate assembly of parts of the genome. 
 
W729: Plant Science at the JGI and KBase 
A RNA-Seq and Microarray Combined Gene Atlas Database for Perennial Bioenergy Crop Switchgrass 
Yuhong Tang1, Chunman Zuo2, Manesh Shah3, Ivone Torres-Jerez1, Kerrie W. Barry4, Jeremy Schmutz5, Michael K. Udvardi1, 
Daniel Jacobson6 and Ying Xu7, (1)The Samuel Roberts Noble Foundation, Ardmore, OK, (2)University of Georgia, Athens, GA, 
(3)Oak Ridge National Laboratory, Oak Ridge, TN, (4)DOE Joint Genome Institute, Walnut Creek, CA, (5)HudsonAlpha Institute 
for Biotechnology, Huntsville, AL, (6)Bioenergy Science Center and Biosciences Division, Oak Ridge National Laboratory, Oak 
Ridge, TN, (7)Department of Biochemistry and Molecular Biology, UGA, Athens, GA 
Switchgrass (Panicum virgatum) has been used as a model crop for sustainable bioenergy research for more than a decade. The switchgrass 
Affymetrix chip based Gene Atlas database (http://switchgrassgenomics.noble.org/), along with the reference genome at JGI Phytozome portal, 
contributed significantly to the annotation of gene/gene family for switchgrass during these years of bioenergy research. To date 31 major organs, 
including root, leaf and stem as well as developmental serial for inflorescence and seeds have been included in the database, providing rich 
information for functional analysis of the switchgrass genome. Now using RNA-seq expression analysis, along with the release of the 
switchgrass reference genome V3.1, the switchgrass Gene Atlas is being updated with the addition of the RNA-seq derived expression data. By 
combining the RNA-seq data and the re-annotated microarray chip expression data against genome v3.1, the switchgrass Gene Atlas database 



will continue to serve the community for genome functional analysis. Examples of comparing different tissues with RNA-seq analysis tools will 
be shown from KBase. 
 
W730: Plant Transgene Genetics 
Engineering Carboxysomes into C3 Plants 
Maureen Hanson1, Myat T Lin1, Elizabiete Carmo-Silva2, Alessandro Occhialini3, John Andralojc3 and Martin A.J. Parry2, 
(1)Cornell University, Ithaca, NY, (2)University of Lancaster, Lancaster, United Kingdom, (3)Rothamsted Research, Harpenden, 
United Kingdom 
Photosynthetic efficiency of C3 plants suffers from the slow catalytic rate and the reaction of ribulose 1,5-bisphosphate carboxylase/oxygenase 
(Rubisco) with O2 instead of CO2, leading to the costly process of photorespiration. Cyanobacteria are able to utilize a form of Rubisco 
exhibiting a higher catalytic rate and a lower specificity for CO2 by encapsulating the enzyme within a microcompartment known as a 
carboxysome. Engineering the cyanobacterial CO2 concentrating mechanism (CCM) into chloroplasts is an approach to enhance photosynthesis 
or to compartmentalize other biochemical reactions to confer new capabilities on transgenic plants. We have explored the expression of 
cyanobacterial Rubisco in the model plant tobacco as a first step to enhance carbon fixation through installation of the CCM from Synechococcus 
elongatus PCC7942, a freshwater cyanobacterium. Using the agroinfiltration technique, we have transiently expressed multiple β-carboxysomal 
proteins (CcmK2, CcmM, CcmL, CcmO and CcmN) in Nicotiana benthamiana with fusions that target these proteins into chloroplasts and that 
provide fluorescent labels for visualizing the resultant structures. By confocal and electron microscopic analysis, we have observed that the shell 
proteins of the β-carboxysome are able to assemble in plant chloroplasts into highly organized structures resembling empty microcompartments. 
Using chloroplast transformation, we have shown that the tobacco Rubisco enzyme can be replaced with the kinetically faster cyanobacterial 
enzyme, which assembles and confers autotrophic growth. Our initial chloroplast transformants exhibited much slower growth than wild-type, 
even when provided with exogenous CO2. We have altered the chloroplast operon containing the cyanobacterial rbcL and rbcS genes and have 
obtained morphologically normal chloroplast transformants that grow almost as rapidly as wild-type tobacco in elevated CO2. Current 
transformation experiments are in progress to incorporate additional elements of the CCM into chloroplasts. 
 
W731: Plant Transgene Genetics 
CRISPR/Cas9-Mediated Gene Targeting for Crop Improvement 
Yongwei Sun, Institute of Crop Sciences, CAAS, Beijing, China, Yunde Zhao, Section of Cell and Developmental Biology, 
University of California, San Diego, San Diego, CA and Lanqin Xia, Institute of Crop Sciences, Chinese Academy of Agricultural 
Sciences, Beijing, China 
Abstract: CRISPR/Cas9 technology enables precise modifications of DNA sequences in vivo and offers a great promise for harnessing plant 
genes for crop improvement. However, the majority of the reported gene editing events in plants relied on error-prone non-homologous end 
joining (NHEJ) repair mechanism to generate mutations and gene knock-outs. Development of a technology that facilitates gene replacement 
rather than gene inactivation will greatly improve plant breeding by allowing the introduction of precise point mutations or enabling new 
functions. Homology-directed repair (HDR) of a DSB at specific locations generated by CRISPR/Cas9 potentially can provide a feasible 
approach to achieve gene replacement. Here, we employed CRISPR/Cas9-mediated in planta gene editing to simultaneously replace tryptophan 
548 and serine 627 in the rice ALS gene with leucine and isoleucine, respectively. The precise substitutions of the two discrete amino acid 
residues in ALS were achieved by co-bombarding rice calli with a plasmid harboring Cas9/gRNAs expressing cassettes along with a repair 
template and free double-stranded DNA repair template fragment. We successfully recovered multiple T0 plants that were homozygous for the 
designed substitutions. The rice plants with the edited ALS gene were resistant to Bispyribac-sodium, an ALS inhibiting herbicide (Sun et al., 
2016, Mol Plant, 9: 628-631). Meanwhile, simultaneous substitutions of two amino acid residues of wheat ALS are under way. Taken together, 
these results demonstrate that we can not only generate herbicide-resistant plants, but also precisely substitute amino acid residues in plant 
proteins through CRISPR/Cas9-mediated HDR, greatly expanding the ability to modify genes that confer agriculturally important traits in crops. 
 
W732: Plant Transgene Genetics 
Development of Site-Specific Recombinase Technology for Targeted Integration with Marker Removal 
James Thomson, USDA-WRRC, Albany, CA 
Recombinase-mediated genetic engineering provides a favorable direction for enhancing the precision of biotechnological approaches. 
Technology is rapidly expanding the way genetic engineering can be accomplished, the questions asked and the applications that can be attained. 
With these possibilities in genetic manipulation the interest in metabolic engineering for products such as Astaxanthin or Tocopherols that 
requires the addition of many genes into the host cell for proper expression has been renewed. However, the combination of required genes and 
control elements is often empirically determined and thus requires multiple rounds DNA manipulation. While genetic engineering can be 
accomplished by nuclease or host cell mediated homologous recombination, the efficiencies for precisely inserting large DNA sequences is low 
and tends to contain errors. Recombinase-mediated engineering offers a solution for sequential rounds of DNA stacking at high rates of 
integration and low (to nonexistent) levels of error introduction. Another issue is the limitation of available selectable markers for multiple 
rounds of engineering. Recombinase technology, when properly designed allows the removal of selection marker genes from the system while 
integrating the next gene(s) of interest. This in turn allows marker gene recycling between successive rounds of DNA insertion. Due to concerns 
over the presence of antibiotic resistance genes in the food supply and their escape into the environment, the ability to efficiently remove marker 
genes prior to marketing or release is highly desirable. Previous studies have documented how site-specific recombination can produce 
transgenics with stable gene expression over multiple generations and also resolve multicopy transgene inserts, initially silenced for expression, 
to a single functional genomic copy. Research in this lab addresses the need for publicly available recombinase technology. Our team has 
developed a series of novel recombinases and strategies for precise genetic manipulation. Data for a practical combinatorial approach for 
transgene integration and DNA stacking combined with subsequent excision of the selectable marker will be presented. 
 
W733: Plant Transgene Genetics 



Simultaneous Knockdown of Six Non-Family Genes using a Single Synthetic RNAi Fragment in Arabidopsis thaliana 
Jay Chen1, Olaf Czarnecki1, Anthony C. Bryan1, Sara S. Jawdy1, Xiaohan Yang1, Zong-Ming (Max) Cheng2 and Jerry Tuskan1, 
(1)Oak Ridge National Laboratory, Oak Ridge, TN, (2)Horticulture Research, Nanjing, Jiangsu, China 
Genetic engineering of plants that results in successful establishment of new biochemical or regulatory pathways requires stable introduction of 
one or more genes into the plant genome. It might also be necessary to down-regulate or turn off expression of endogenous genes in order to 
reduce activity of competing pathways. An established way to knockdown gene expression in plants is expressing a hairpin-(hp)-RNAi construct, 
eventually leading to degradation of a specifically targeted mRNA. Knockdown of multiple genes that do not share homologous sequences is still 
challenging and involves either sophisticated cloning strategies to create vectors with different serial expression constructs or multiple 
transformation events that is often restricted by a lack of available transformation markers. We present a simple and cost-effective method to 
create constructs to simultaneously knockdown multiple non-family genes or genes that do not share sequence homology. Synthetic RNAi 
fragments were assembled in yeast carrying homologous sequences to six or seven non-family genes and introduced into plant binary vector. 
Transformation of Arabidopsis thaliana and subsequent expression analysis of targeted genes indicated that all target genes were efficiently 
knockdown. This method can be applied in plant and animal synthetic biology as well as traditional plant and animal genetic engineering. 
 
W734: Plant Transgene Genetics 
Towards a Solution for Hidden Hunger: Folate Biofortification of Crop Plants 
Dieter Blancquaert, Jeroen Van Daele, Simon Strobbe, Filip Kiekens, Sergei Storozhenko, Hans De Steur, Xavier Gellynck, Willy 
Lambert, Christophe Stove and Dominique Van Der Straeten, Ghent University, Gent, Belgium 
Improving nutritional health is one of the major socio-economic challenges of the 21st century, especially with the continuously growing and 
aging world population. Biofortification holds great promises to tackle nutrient deficiencies by providing balanced levels of vitamins and 
micronutrients in staple crops. Folate deficiency is an important and underestimated problem of micronutrient malnutrition affecting billions of 
people worldwide. Several countries are adapting policies to fight folate deficiency, mostly by fortifying foods with folic acid. However, there is 
growing concern about this practice, calling for alternative or complementary strategies. Additionally, fortification programs are often 
inaccessible to remote and poor populations, where folate deficiency is most prevalent. Enhancing folate content in staple crops by metabolic 
engineering is a promising, cost-effective strategy to eradicate folate malnutrition worldwide. Over the past decade, major progress has been 
made in this field. Nevertheless, engineering strategies have thus far been implemented on few plant species only, and need to be transferred to 
other, highly consumed staple crops to maximally reach target populations. Moreover, successful engineering strategies appear to be species-
dependent, hence need to be tuned to biofortify different staple crops with folate. Last but not least, several factors affecting vitamin stability 
lower the beneficial effect of metabolic engineering. We recently adapted our engineering strategy to further increase folate levels in biofortified 
rice, together with an enhancement of folate stability (Blancquaert et al., Nature Biotechnology, 33:1076–1078, 2015). 
 
W735: Plant Transgene Genetics 
Cross-Kingdom RNAi and Plant Disease Control 
Hailing Jin1, Ming Wang2, Arne Weiberg3, Feng-Mao Lin4, Hsien-Da Huang4 and Bart Thomma5, (1)University of California, 
Riverside, CA, (2)University of California, Riverside, Riverside, CA, (3)Institute of Genetics, University of Munich Martinsried, 
Martinsried, Germany, (4)National Chiao Tung University, Hsin-Chu, Taiwan, (5)Wageningen University, Wageningen, 
Netherlands 
Small RNAs (sRNAs) are a class of short non-coding RNAs that mediate gene silencing in a sequence-specific manner. We have demonstrated 
that some sRNAs from eukaryotic pathogens, such as Botrytis cinerea, the fungal pathogen that causes grey mold disease on more than 1000 
plant species, could be translocated into host plant cells and suppress host immunity genes for successful infection. This finding represented the 
first example of naturally occurring Cross-Kingdom RNAi during in host – pathogen interactions. sRNAs are a new class of pathogen effectors 
that suppress host immunity. Recently we have found that transgenic plants that expressing sRNAs that targeting Botrytis Dicer genes could 
effectively block the generation of fungal sRNA effectors and suppress grey mold disease. This strategy can be adapted to simultaneously control 
multiple fungal diseases. We show that Arabidopsis plants expressing hairpin RNAs that simultaneously target DCL genes of B. cinerea and V. 
dahliae show enhanced disease resistance to both pathogens. These results also suggest that sRNA trafficking is bi-directional, sRNAs could be 
also transferred from the host plants to the interacting pathogens. Furthermore, we discovered that Botrytis could take up double-stranded RNAs 
and sRNAs from the environment. Applying sRNAs or dsRNAs that target Botrytis Dicer genes on the surface of fruits, vegetables and flowers 
significantly inhibits grey mold disease. Such pathogen gene-targeting RNAs represent a new generation of environmentally friendly fungicides. 
 
W736: Polyploidy 
A Gold Standard to Deconvolute Complicated Structures of Plant Genomes with Recursive Polyploidizations 
Xiyin Wang, School of Life Sciences, Tangshan, Hebei, China 
Plants often have complex genomes, due to recursive polyploidizations and genome repatterning. This makes it difficult to deconvolute their 
genome structures, and barrier the understanding their formation and the exploration of gene functional evolution. It would be a great pity if 
failing to decipher a newly sequenced genome structure when enormous amount of money and time invested. However, such failures occurred 
quite often in last several years. Here, we propose our approach to perform the genome structural analysis, adopted by quite several plant genome 
sequencing efforts, which we suggest be taken as a gold-standard to analyze a new genome sequence. 
 
W737: Polyploidy 
Dosage and Epigenetic Regulation Contributes to Gene Expression and Evolutionary Novelty in Plant Polyploids 
Z. Jeffrey Chen, The University of Texas at Austin, Austin, TX 
 
W738: Polyploidy 



Unravelling the Importance of Transposable Elements for Phenotypic Divergence in Triploid Asexual Dandelions 
Julie Ferreira de Carvalho, Netherlands Institute of Ecology (NIOO-KNAW), Wageningen, Netherlands 
Triploid dandelions arise through apomixis which is defined as the asexual formation of a seed from maternal tissues, circumventing normal 
meiosis and fertilization process. This form of asexuality is relatively prevalent in higher plants. However, just like other forms of asexual 
reproduction, apomixis is thought to have limited evolutionary potential leading apomicts to early extinction. Mutations, transposable elements 
(TEs) and other repetitive DNA can accumulate in non-recombining genomic regions. Nonetheless, TE dynamics may be particularly relevant 
within asexual lineages. While most transpositions are deleterious, increasing evidence is hinting at TE-induced mutations with potentially 
beneficial gene regulatory effects in non-recombining genomes. Thus far, limited evidence corroborates the accumulation of TEs in asexually 
reproducing organisms. This is likely due to contrasting effects of asexual reproduction on TE dynamics. Indeed, in the short term, transposition 
may be increased because epigenetic silencing mechanisms can be compromised following ploidy change and hybridization often accompanying 
transition from sexual to apomictic reproduction. In the long term conversely, clonal lineage selection may maintain benign TEs with low 
transposition rates.  
To gain better insight into TE dynamics under apomixis, we use the model system Taraxacum officinale. Triploid apomicts (2n=3x=24) are 
derived from sexual diploid ancestors (2n=2x=16) established in South Central Europe. This process has led to numerous independent 
widespread apomictic lineages that are colonizing Northern latitudes. In previous studies, we observed transcription divergence driven mainly by 
TEs and TE-related genes within these triploid apomictic lineages; and detected heritable methylation variation within and between lineages. In 
this new study, we used low coverage Illumina genomic sequencing to compare TE content and dynamics within and between four sexual 
populations from France and Czech Republic against seven apomict populations sampled around eastern Europe and Sweden. We described 
limited TE accumulation in asexuals but a highly dynamic and variable TE compartment within apomict lineages. Additionally, focusing on one 
specific asexual lineage exhibiting variation in flowering time, we looked at the potential effect of new TE insertions within two candidate genes 
of the flowering pathway.  
While we explore the dynamic of transposable elements following hybridization and change of ploidy levels in triploid apomict genomes, we 
propose hypotheses as how TEs can trigger additional genetic variation in young apomict lineages. We also discuss the ecological relevance of 
TEs in contributing to adaptive potential of natural populations facing changing environments. 
 
W739: Polyploidy 
The lncRNA Landscape of Diploid vs. Allotetraploid Cotton Genomes 
Xueying Guan1, Ting Zhao1, Jie Li1, Ke Wan1, Guandong Shang1, Shisong Guo1, Yuxin Je1, Xiao-Ya Chen2 and Baoliang Zhou1, 
(1)Nanjing Agricultural University, Nanjing, China, (2)Shanghai Institute of Plant Physiology and Ecology, Shanghai Institutes for 
Biological Sciences, Chinese Academy of Sciences., Shanghai, China 
Eukaryote genomes are composed of protein-coding regions, replicated regions and non-coding regions. The non-coding regions can also be 
transcribed and processed into small RNAs (19-30nt) and long transcripts. Those long transcripts are known as long non-coding RNAs 
(lncRNAs). Noncoding regions have been demonstrated to play regulatory roles in coding gene expression in both animal and plant kingdoms. 
Compared to coding sequences, the non-coding regions evolve quickly. It is well known that polyploidization is a key driving force behind plant 
genome evolution, but the relationship between lncRNA and polyploidization remains largely unknown. Using strand-specific total RNA 
sequencing, we examined lncRNA of diploid and tetraploid cotton (Gossypium) species, including accession Texas Marker-1 (TM-1), a genetic 
standard of the allotetraploid cultivated upland cotton species (G. hirsutum, 2n = 4x = 52, 2(AD)1), and two extant species closely related to G. 
hirsutum A- and D-subgenome progenitors, namely G. arboreum (A2A2) acc. Shixiya and G. raimondii (D5D5). We examined the landscape and 
dynamic of lncRNA behavior relative to hybridization and polyploidization. The expression level of lncRNA in cotton genome is lower than that 
of mRNA. Both the length and exon number are less than that of mRNA. Most of the lncRNAs overlap with transposon elements (TE), which 
indicates a correlation between lncRNA and TE in genome polyploidization. Our study provides the insights of lncRNA roles in genome 
duplication and evolution. 
 
W740: Polyploidy 
Chromosomal Composition and Fertility in the Early Generations of Two Resynthesized Allopolyploids in Tragopogon 
(Asteraceae) 
Jonathan P. Spoelhof, Pamela S. Soltis and Douglas E. Soltis, University of Florida, Gainesville, FL 
The nascent allopolyploid species Tragopogon mirus and T. miscellus are both characterized by widespread karyotypic variation, including 
frequent aneuploidy and intergenomic translocations. Our study illuminates the origins and early impacts of this variation by addressing two 
questions: how quickly does karyotypic variation accumulate in Tragopogon allopolyploids following whole-genome duplication (WGD), and 
how does the fertility of neopolyploid Tragopogon evolve shortly after WGD? We used genomic in situ hybridization (GISH) and lactophenol-
cotton blue staining to estimate the karyotypic variation and pollen stainability, respectively, of resynthesized neopolyploid T. mirus and T. 
miscellus during the first five generations after WGD. Widespread karyotypic variation developed quickly and resembled that of nascent T. mirus 
and T. miscellus by generation S4. Pollen stainability in resynthesized allopolyploids was consistently lower than that of nascent T. mirus and T. 
miscellus, as well as their respective diploid progenitor species. Logistic regression showed that mean pollen stainability increased slightly over 
four generations in T. mirus, but remained at a constant level in T. miscellus. Our results identify some of the changes that occur in T. mirus and 
T. miscellus between the neopolyploid and nascent polyploid stages, which have critical consequences for allopolyploid establishment and 
evolution. 
 
W741: Polyploidy 
The Genus Brachypodium as a Tool to Study Polyploidy 
John P. Vogel1,2, Sean Gordon3, Adam Session1, Jerry Jenkins4, Shengqiang Shu1, Jeremy Schmutz1,4, Kerrie W. Barry1, Pilar 
Catalan5, Bruno Contreras-Moreira6, Robert Hasterok7, John Doonan8, Luis Mur9, Vinh Ha Dinh Thi10 and Boulos Chalhoub11, 
(1)DOE Joint Genome Institute, Walnut Creek, CA, (2)University of California, Berkeley, Walnut Creek, CA, (3)DOE Joint 



Genome Institute, Walnut Creek, CA, (4)HudsonAlpha Institute for Biotechnology, Huntsville, AL, (5)Department of Agriculture 
(Botany), High Polytechnic School of Huesca, University of Zaragoza, Huesca, Spain, (6)Fundación ARAID, Zaragoza, Spain, 
(7)Department of Plant Anatomy and Cytology, Faculty of Biology and Environmental Protection, University of Silesia, Katowice, 
Poland, (8)Aberystwyth University, Aberystwyth, United Kingdom, (9)Aberystwyth University, Aberystwyth,, Wales, 
(10)Université d’Evry Val d’Essonne, Evry, France, (11)UEVE-INRA, Evry, France 
Polyploid genomes are characteristic of grasses being developed as biomass crops and many grain crops. Therefore, a deeper understanding of 
gene regulation and genome evolution in polyploid genomes would be useful for developing improved crop varieties for both food and fuel. 
Unfortunately, biomass and grain crops are difficult experimental subjects because of their large, complex genomes, outbreeding nature and/or 
their large physical size. Thus, a simple model system to study polyploid genome regulation and evolutions would be very useful. The diploid 
Brachypodium distachyon has emerged as a powerful model to study various aspects of grass biology and numerous experimental resources and 
tools have been developed. Another member of the genus, B. hybridum, is an allotetraploid with subgenomes derived from ancestors similar or 
identical to the diploid species B. distachyon and B. stacei. All three species have very compact genomes, have small stature and are easily grown 
and manipulated in the laboratory. We have sequenced and assembled the genomes of B. hybridum and B. stacei and are conducting extensive 
comparative RNA-Seq experiments among the three species to understand the evolution of gene regulation in the subgenomes of B. hybridum. In 
addition, we have crossed B. distachyon and B. stacei to create a synthetic B. hybridum. Exceptional quality of the B. distachyon, B. stacei, and 
B. hybridum genomes and the genetic tractability of the species make a powerful system to explore many questions about polyploid genome 
regulation and evolution. This system may have great utility in defining functional gene regulatory elements that can be translated into crop grass 
species for applied applications. 
 
W742: Population and Conservation Genomics 1 
Using Comparative Population Genomics to Find the Genes Driving Convergent Local Adaptation 
Sam Yeaman1, Kathryn A. Hodgins2, Katie Lotterho3, Haktan Suren4, Simon Nadeau5, Jon Degner6, Kristin Nurkowski2, Pia 
Smets7, Tongli Wang6, Laura Gray8, Katharina Liepe8, Andreas Hamann8, Jason Holliday4, Michael C. Whitlock7, Loren H. 
Rieseberg7 and Sally N. Aitken7, (1)University of Calgary, Calgary, AB, Canada, (2)Monash University, Melbourne, Australia, 
(3)Northeastern University, Nahant, MA, (4)Virginia Tech University, Blacksburg, VA, (5)Natural Resources Canada, Quebec, QC, 
Canada, (6)UBC, Vancouver, BC, Canada, (7)University of British Columbia, Vancouver, BC, Canada, (8)University of Alberta, 
Edmonton, AB, Canada 
Local adaptation is common in many species but we still know little about its genetic basis: how many genes are involved and how repeatable is 
evolution at the genomic level? Genome-wide association studies (GWAS) provide a window into evolution and a means to answer this question. 
However, a major challenge in using GWAS arises when population structure is oriented along the same axis as variation in the selection 
pressures that drive adaptation. When this happens, failure to correct for population structure will result in many false positives, but methods that 
correct for population structure may remove much of the true positive signal of local adaptation. Comparisons of GWAS results among species 
can resolve this problem, because drift is unlikely to generate a strong association in a given gene in more than one species, so correction for 
population structure is unnecessary. Here we use capture arrays to sequence a large proportion of the gene space in individuals from hundreds of 
populations in two conifers: lodgepole pine and interior spruce. We develop novel methods for comparing signatures of local adaptation among 
species, first identifying top candidates for climate adaptation within species and then testing whether orthologs in the alternate species also have 
strong signatures of association. We identify a large number of genes with signatures of local adaptation in both species, which are enriched for 
duplicates and genes with conserved patterns of differential expression. We also explore the robustness of our comparative method for 
applications to other species. 
 
W743: Population and Conservation Genomics 1 
Rapid Adaptation through Standing Genetic Variation 
Marjorie F. Oleksiak, University of Miami, Miami, FL 
A population's or species' ability to survive rapid environmental changes could mitigate global climate change impacts. The problem is that 
ecologically relevant adaptive change should require many genetic changes to match phenotypes with the new environment. The likelihood of 
adaptation depends on whether adaptive changes arise from new mutations (hard sweeps) or standing genetic variation (soft sweeps); this is 
fundamentally important because these different evolutionary processes influence the rate and cost of selection. To examine the different 
evolutionary processes affecting local adaptation, we examined adaptation in large natural Fundulus heteroclitus populations recently exposed to 
power station thermal effluents using genotyping-by-sequencing derived single nucleotide polymorphisms (SNPs). Individuals in these locally 
heated waters have small but significant increase in their thermal tolerance (critical thermal maximum). Similarly, there are significant allele 
frequency deviations and SNPs with outlier FST values: FST values that exceed neutral expectations. These patterns reveal that fish living near 
thermal effluents have rapidly evolved from the standing genetic variation through small allele frequency changes at many loci in a pattern 
consistent with a soft sweep model of evolution. Furthermore, the adaptive importance of any one locus depends on the acclimation history such 
that adaptive loci are mutually exclusive to one temperature. Thus, no locus explains variation in thermal tolerance in more than one thermal 
acclimation environment. These findings suggest that gene-by-environment interactions can contribute to adaptive potential by using standing 
genetic variation. 
 
W744: Population and Conservation Genomics 1 
Characterization of Genetic and Epigenetic Variation in Hatchery and Natural-Origin Steelhead, Oncorhynchus mykiss 
Mackenzie Gavery1, Krista M. Nichols2, Giles Goetz1, Mollie Middleton1 and Penny Swanson2, (1)University of Washington, 
Seattle, WA, (2)NOAA Fisheries, Seattle, WA 
Relative reproductive success studies have documented substantial fitness loss for wild steelhead after a single generation of rearing in the 
hatchery, but the relative contribution of genetic selection and/or environmentally-induced heritable epigenetic changes passed through the 



germline are unknown. Here, as a step toward understanding mechanisms of fitness loss, we describe genetic and epigenetic variation in adult 
hatchery and natural-origin steelhead from the Methow River, Washington USA. Our main objectives were to determine if hatchery and natural-
origin fish from this stock could be distinguished genetically by examining SNPs across the genome, and whether differences in epigenetic 
programming (DNA methylation) in somatic and germ cells could be detected between the two groups. Although genetic analysis using RAD-
Seq did not reveal differences between the hatchery and natural fish, we found significant differences in epigenetic programming in both somatic 
(red blood cells) and germ cells (sperm). Because hatchery fish experience similar environmental conditions as their wild conspecifics once they 
leave the hatchery, our results raise the possibility that these DNA methylation changes occurred during the first year in the hatchery and 
persisted into adulthood in the form of an ‘epigenetic memory’ of the hatchery environment. 
 
W745: Population and Conservation Genomics 1 
Population Genomics of Copy Number Variation in a Natural Population of Teosinte 
Wenbin Mei, University of California, Davis, Davis, CA 
 
W746: Population and Conservation Genomics 1 
Genomics of Elephants and their Extinct Relatives 
Eleftheria Palkopoulou, Department of Genetics, Harvard Medical School, Boston, MA 
Eleftheria Palkopoulou, Swapan Mallick, Jacob Enk, Emil Karpinski, Nadin Rohland, Ross MacPhee, Grant Zazula, Matthias Meyer, Kurt Alt, 
Harald Meller, Stefan Claesson, the Elephant Genome Sequencing Consortium, Hendrik Poinar, Michael Hofreiter, David Reich 
Elephantid lineages first appeared in Africa about 9 million years ago giving rise to the African and Asian elephants that survive until today as 
well as their extinct relatives, some of which disappeared just a few thousand years ago. Morphological and genetic analyses have shown that 
present-day elephants comprise two genera: the African Loxodonta, which is commonly argued to include two species, the savanna (L. africana) 
and forest (L. cyclotis) elephant, and the Asian Elephas (Elephas maximus). Extinct woolly mammoths (Mammuthus primigenius) have been 
genetically shown to be most closely related to the Asian elephant, while other taxa such as the straight-tusked European elephant (Paleoloxodon 
antiquus) have not been sequenced to date. We generated genome-wide data from 15 Proboscideans, including new high-coverage genomes from 
7 elephants (2 forest, 2 savanna, 2 Asian and 1 straight-tusked) as well as low to medium coverage genomes from another 8 proboscideans (4 
woolly mammoths, 1 Columbian mammoth, 1 straight-tusked elephant, and 2 mastodons (Mammut americanum, a non-elephant outgroup). We 
analyzed this dataset to document the evolutionary relationships among the different lineages and reconstruct admixture events, demographic 
changes and natural selection. Using complete genome sequences, we were able to establish the phylogeny of elephantids and resolve the 
topology of P. antiquus. We also discovered signals of inter-species gene flow, such as between woolly and Columbian mammoths, and between 
forest and savanna elephants, revealing a complex history of admixture within the elephantid family. 
 
W747: Population and Conservation Genomics 1 
Genomic Divergence across Ecological Gradients in a Central African Songbird (Andropadus virens) 
Ying Zhen, University of California, Los Angeles, Los Angeles, CA 
Rainforests are heralded for their exceptionally high biological diversity, yet the relevant evolutionary mechanisms for the generation and 
maintenance of this diversity have long been debates. Long-term studies of the little greenbul (Andropadus virens), which is distributed broadly 
across ecologically diverse habitats in sub-Saharan Africa, have found morphological and behavioral divergence across rainforest-savanna 
transition zones (ecotones), mountains, and islands, suggesting divergent natural selection may contribute to adaptive phenotypic divergence 
despite high levels of gene flow. With the rapid advances in genomics and environmental modeling, it is now possible to examine these 
mechanisms in greater depth. Here we used RADseq to investigate patterns of differentiation among A. virens populations across environmental 
gradients, and to assess the extent to which natural selection may drive patterns of differentiation across habitats in Central Africa. We find 
compelling evidence that individuals form discreet genetic clusters corresponding to habitat types. Pairwise FST between populations in different 
habitats is significantly higher than within habitats, and this differentiation is greater than what is expected as the result of geographic distance 
alone. Moreover, we identified 140 SNPs that showed extreme differentiation among populations through a genome-wide selection scan. These 
outliers were significantly enriched in exonic and coding regions, suggesting these SNPs are functionally important. Finally, environmental 
association analysis suggested geographic distance alone cannot account for SNP variations across the range of A. virens, and that several 
environmental factors, including temperature and elevation, may serve important roles in driving the pattern of genomic diversification in A. 
virens. 
 
W748: Population and Conservation Genomics 2 
Predicting Phenotypic and Genotypic Response of the Dominant Prairie Grass Andropogon gerardii to Climate Change in 
the US Central Grasslands 
Loretta C Johnson1, Jacob Alsdurf1, Matthew Galliart1, Sara G Baer2, Mary Knapp3 and Adam Smith4, (1)Kansas State University, 
Manhattan, KS, (2)Southern Illinois University, Carbondale, IL, (3)Departement of Agronomy, Manhattan, KS, (4)Missouri 
Botanical Garden, St Louis, IL 
Andropogon gerardii is an ecologically dominant grass in the Midwest. With its wide distribution across climate gradients, it becomes urgent to 
understand phenotypic and genetic variation to predict response to current and future climates. We characterized phenotypes and genotypes of 
30 populations across precipitation (40-119cm/yr) and temperature gradients (5-15oC) and incorporated intraspecific variation into species 
distribution models of current and predicted response under climate change. We grew plants from seed in the greenhouse and measured blade 
width, height, biomass, and chlorophyll absorbance, and genotyped to assess genetic diversity and divergence. We used phenotypes as input into 
SDMs to predict current and future phenotypes under climate change and investigated genetic divergence and outlier SNPs. Analysis shows a 
main effect among population phenotypes (height, width, biomass, and chlorophyll absorbance P<0.001). PCA show a phenotypic cline across 
populations that is mainly explained by rainfall. The distribution model for 2070 predicts that short-statured, dwarfed phenotypes found in the 
present-day dry shortgrass prairies of the west will become favored ~800 km eastward while robust, tallgrass phenotypes of current core will 



become favored ~700 km northeastward of their current location. We identified 7,318 SNPs and evidence of four genetic groups (Western Plains, 
Ohio Valley, Upper Midwest, Northern Plains). The greatest genetic diversity currently occurs in the Central Great Plains where genetic groups 
converge, but is likely to be diminished under future climates. Outlier analysis identified 197 SNPs under divergent selection and were associated 
with various aspects of precipitation. These results portend large future shifts in genotypes and phenotypes. Sourcing plant material for grassland 
and rangeland restoration should anticipate changes favored under future climates. 
 
W749: Population and Conservation Genomics 2 
Landscape Genomics of California Valley Oak (Quercus lobata) 
Paul F. Gugger1, Sorel Fitz-Gibbon2, Jessica Wright3 and Victoria Sork2, (1)University of Maryland Center for Environmental 
Science, Frostburg, MD, (2)University of California, Los Angeles, Los Angeles, CA, (3)USDA Forest Service Pacific Southwest 
Research Station, Davis, CA 
Understanding the role of the environment in shaping genetic variation is a major goal of population genetics, and also provides important 
background for species management under global change. New genomic tools available for oaks (Quercus spp.) enable unprecedented insight 
into the genes that may be involved in local adaptation to changing environments along the landscape. To identify specific loci under the 
influence of natural selection for local adaptation and the particular climate factors shaping genome-wide variation, we analyzed thousands of 
SNPs from genotyping-by-sequencing of over 400 trees across the distribution of Q. lobata, a California endemic oak. We employed multivariate 
non-linear models and latent factor mixed models that account for underlying spatial genetic structure to identify SNPs with significant 
environmental associations and map their distributions on the landscape. We then utilized our recently generated annotated valley oak reference 
genome sequence to characterize the genomic context of SNPs with significant associations and attribute potential functions to them. We found 
that climate variables were associated with genomic variation but they varied along transects of different gradients and spatial scales. Across 
these transects, we repeatedly identified specific SNPs and genes as candidates for local adaptation. These results provide insight into selective 
forces along the natural landscape and generate a list of candidate genes associate with response to climate that warrant additional study with 
experimental approaches. 
 
W750: Population and Conservation Genomics 2 
Landscape Genomic Analyses Reveal Rapid Adaptation to Climate in Introduced Biocontrol Weevils despite Multiple 
Founder Events 
Brittany Barker1, Katrina Dlugosch1, Stephen Keller2 and Osman Sert3, (1)University of Arizona, Tucson, AZ, (2)University of 
Vermont, Burlington, VT, (3)Hacettepe University, Ankara, Turkey 
The distribution of many species are expected to shift markedly under future climate change scenarios, yet the capacity for populations to adapt 
to new climates is poorly understood. Introduced species offer excellent opportunities to explore the nature and sources of genetic variation that 
shape the ability of species to persist under new climates. The hairy weevil (Eustenopus villosus), a biocontrol insect for invasive yellow 
starthistle (Centaurea solstitialis), was introduced to the western US by a small number of founders from a single origin in its native range. 
Although populations successfully established, they have failed to control yellow starthistle, potentially because they lack genetic variation for 
adaptation to new climates. We identified and surveyed several thousand single nucleotide polymorphisms (SNPs) in hairy weevils using 
restriction site associated sequencing (RADseq). We compared genomic variation between native and introduced populations, and identified 
candidate loci underlying local adaptation to climate using regression-based models. We explored the putative function of loci associated with 
climate, and identified whether climatic adaptation in native and introduced populations has occurred at the same sets of marker loci. Our 
analyses revealed several candidate SNPs associated with precipitation and temperature in introduced weevils. Introduced populations have 
similar levels of genetic variation as their native origin, which implies a lack of genetic bottlenecks despite serial founder events. The results 
support rapid adaptation (less than 40 generations) to climate in small founding populations. 
 
W751: Population and Conservation Genomics 2 
Genomic Changes Associated with Sockeye Salmon Ecotype Divergence Provide Insights into Life History Evolution and 
Tools for Fisheries Management 
Andrew Veale and Michael Russello, University of British Columbia, Kelowna, BC, Canada 
Mechanisms underlying adaptive evolution can best be explored using paired populations displaying similar phenotypic divergence, illuminating 
the genomic changes associated with specific life history traits. Here we used paired migratory [anadromous vs. resident (kokanee)] and 
reproductive (shore- vs. stream-spawning kokanee) ecotypes of sockeye salmon (Oncorhynchus nerka) sampled from seven lakes and two rivers 
spanning three catchments (Columbia, Fraser, and Skeena drainages) in British Columbia, Canada to investigate the patterns and processes 
underlying their divergence. Restriction-site associated DNA sequencing was used to genotype this sampling at 7,347 single nucleotide 
polymorphisms (SNPs), 219 of which were identified as outlier loci and candidates for divergent selection between resident and anadromous 
forms. Of the 126 outlier SNPs identified between shore- and stream-spawning kokanee population pairs, one was shared across multiple 
comparisons and was uniformly the most highly differentiated SNP. In order to further investigate the association of this locus with sockeye 
salmon reproductive life history variation, we genotyped 1519 anadromous sockeye and resident kokanee from 47 shore- and stream-spawning 
populations across their pan-Pacific distribution using a newly-developed TaqMan® assay, revealing directional divergence associated with 
spawning habitat. Subsequent sequencing of ~23,000 base pairs surrounding the SNP revealed evidence for an ancient selective sweep 
underlying divergence of the ‘shore-spawning’ and ‘stream-spawning’ alleles, likely pre-dating the Pleistocene. Overall, the identified SNPs and 
genomic regions offer a range of mechanistic hypotheses associated with the genetic basis of O. nerka life history variation and provide new 
tools for informing management applications that require identifying individuals to ecotype. 
 
W752: Population and Conservation Genomics 2 
Rapid Life History Evolution in Feral Chickens (Gallus gallus) Involves both Ancestral and Artificially-Selected Traits 
Eben Gering, Michigan State University, East Lansing, MI 



Animals that escape captivity experience powerful changes in selection regimes, but their evolutionary responses have not been well studied. We 
used genome scans and phenotypic data to assess how ancestral and/or artificially-selected traits have contributed to the success of Kauai Island’s 
feral, hybrid Gallus gallus (Red Junglefowl x domestic chickens). We found: 1) evidence of recent input to the gene pool from diverse domestic 
lineages, including “layer” breeds developed for enhanced, year-round egg production, 2) an accompanying shift from seasonal to year-round 
breeding, which likely abetted recent, exponential population growth, and 3) a selective sweep that favored the ancestral (Red Junglefowl) 
variant at a locus controlling broodiness, a maternal care behavior that was attenuated by domestication. Together, these results suggest that both 
ancestral and artificially-selected gene variants controlling reproductive traits (e.g. fecundity and maternal care) can be advantageous during 
feralization. 
 
W753: Population and Conservation Genomics 2 
Demography and Mating System Shape the Genome-Wide Impact of Natural Selection in Arabis alpina 
Benjamin Laenen1, Andrew Tedder1, Michael Nowak2, Per Toräng3, Jörg Wunder4, Stefan Wötzel4, Yannis Kourmpetis5, Thomas 
Odong5, Andreas Drouzas6, Marco C.A.M. Bink7, Jon Ågren3, George Coupland4 and Tanja Slotte1, (1)Stockholm University, 
Stockholm, Sweden, (2)University of Oslo, Oslo, Norway, (3)Dept. of Ecology and Genetics, Uppsala, Sweden, (4)Max Planck 
Institute of Plant Breeding Research, Cologne, Germany, (5)Wageningen University, Wageningen, Netherlands, (6)Aristotle 
University of Thessaloniki, Thessaloniki, Greece, (7)Wageningen UR - Biometris, Wageningen, Netherlands 
Plant mating systems have profound effects on levels and structuring of genetic variation, and can affect the impact of natural selection. 
However, while theory has shown that low levels of outcrossing may be sufficient to stop accumulation of deleterious alleles, few empirical 
studies have addressed this directly.  
We analyzed whole genome resequencing data from 41 A. alpina individuals to study the effects of variation in outcrossing rates on purifying 
selection. We found that A. alpina showed strong population structure, and levels of genetic diversity varied greatly across populations, with the 
highest levels of genetic diversity found in an outcrossing population from Greece. In agreement with expectations from theory, populations with 
a low level (~20%) of outcrossing maintained genetic diversity and did not experience relaxed purifying selection. In contrast, highly selfing 
populations from Sweden had extremely low levels of genetic diversity, and appear to have gone through a very severe bottleneck, the timing of 
which is consistent with post-glacial recolonization. Highly selfing populations exhibited evidence for elevated genetic load, including fixation of 
major-effect deleterious mutations. Using forward population genetic simulations, we showed that selfing alone cannot explain this result, and 
that demography is also important.  
In conclusion, our results empirically confirm that a low level of outcrossing is sufficient to prevent loss of diversity and accumulation of 
deleterious mutations. Our results further demonstrate that understanding the combined impact of demography and mating system on selection is 
of great importance in the context of past and current climate change. 
 
W754: Poultry 1 
Systemic Transcriptome Responses to Heat Stress in the Chicken 
Carl J. Schmidt, University of Delaware, Newark, DE 
Heat stress has a significant deleterious impact on chicken production in the United States. As climate changes and the duration and severity of 
heat waves increase the impact on production is likely to become more severe. One means to ameliorate this effect of heat stress could be to 
select for alleles that improve the ability of chickens to withstand hyperthermia. As a means to identify potential candidate genes that could be 
associated with resilience to heat stress, we have examined the chicken’s transcriptome response to thermal challenge. Chickens were exposed to 
cyclic heat stress (35oC) for 8 hours per day for 7 days. After the 8 hours, the temperature was reduced to thermoneutral (25oC). Control birds 
were maintained at 25oC throughout the course of the trial. At the end of one week, necropsies were performed and tissues isolated from both 
treated and control birds. Transcriptome libraries were prepared from multiple tissues including: liver, kidney, spleen, pituitary, hypothalamus 
and heart. Data analysis identifies both common and tissue unique responses of these different tissues to heat stress. 
 
W755: Poultry 1 
Genetic Improvement of Resistance to NDV and Heat Stress in Chickens 
Huaijun Zhou, University of California, Davis, Davis, CA 
 
W756: Poultry 1 
Transcriptome Response to Newcastle Disease Virus in Resistant and Susceptible Inbred Chicken Lines 
Susan J. Lamont, Iowa State University, Department of Animal Science, Ames, IA 
 
W757: Poultry 1 
Response to Newcastle Disease Virus in Indigenous Chickens in Africa 
Jack C.M. Dekkers, Iowa State University, Department of Animal Science, Ames, IA 
 
W758: Poultry 1 
Gene Expression and Cellular Analyses of Genes in the Protein Biosynthesis Pathway in Meat-Type Chickens Under Heat 
Stress 
Samuel E. Aggrey, Marie C Milfort and Romdhane Rekaya, University of Georgia, Athens, GA 
Growth is significantly reduced in poultry under heat stress (HS), however, the molecular and cellular mechanisms that underlie protein accretion 
and degradation are largely unknown. We investigated the immediate and long term transcriptomics changes in chickens under heat stress. Forty-
eight male chickens at 14 d old were divided into two groups and raised under either constant 25oC or 35oC from 14-26 days of age in individual 
cages. Five birds per treatment at 1 and 12 days post HS were euthanized and the Pectoralis (P.) major was sampled for gene expression 



analysis. mRNA expression of key genes in the avian target of rapamycin (avTOR) and the ubiquitin-proteosome pathways representing protein 
synthesis and breakdown, respectively were studied. The P. major mRNA indicated that, after a day of HS, avTOR and EIF4E expressions as 
well as UBE21, UBE3A, PSMC1, PSMD1 and FBXO32 were reduced in the heat stressed birds compared to controls suggesting that both 
protein synthesis and protein breakdown were significantly reduced. However, after 12 days of HS, there was an increased mRNA expression of 
UBE21, UBE3A, PSMC1, PSMD1 and FBXO32 compared to the controls suggesting a significant increase in protein ubiquitination and 
degradation. The results from this study suggest that the initial molecular response of birds to heat stress is to reduce both protein synthesis and 
degradation to maintain body weight. However, if the heat stress persists, protein breakdown is elevated relative to their control counterpart 
reflecting the differences in growth. 
 
W759: Poultry 1 
The Neuroendocrine Regulation of Stress in Birds Involves a New Structure Called the Nucleus of the Hippocampal 
Commissure 
Wayne Kuenzel1, Gurueswar Nagarajan1, Alexander Jurkevich2 and Seong W. Kang1, (1)University of Arkansas, Fayetteville, AR, 
(2)University of Missouri-Columbia, Columbia, MO 
The major hypothalamic nucleus regulating the stress response in mammals and birds is the paraventricular nucleus. It contains corticotropin 
releasing hormone (CRH) and vasopressin (in mammals) or arginine vasotocin (in birds) neurons. Both neuronal types project to the median 
eminence and release adrenocorticotropic hormone (ACTH) from the pituitary. The cardiovascular system in turn transports ACTH to the adrenal 
gland for the release of stress hormones. Our recent data show that a structure dorsal to the paraventricular nucleus (PVN), located in the septum, 
contains a significant population of CRH neurons. The structure is called the nucleus of the hippocampal commissure (NHpC). Food was 
removed from broiler chicks over a 24h period. Blood and brain samples were collected at 2h, 4h, 8h, 12h and 24h. Plasma was analyzed for 
corticosterone utilizing a radioimmunoassay procedure. Frozen brain samples were dissected, RNA extracted and gene expression was 
determined by quantitative RT-PCR. Results showed that the first significant increase in CRH mRNA was shown to occur in the NHpC. A 
second significant increase in CRH mRNA occurred in the PVN. The third significant increase occurred in the PVN displaying an elevation of 
AVT mRNA. Importantly, the first significant elevation of the stress hormone corticosterone occurred concurrently with the rise in CRH mRNA 
in the NHpC and plateaued following the significant increase in CRH and AVT mRNA in the PVN. Results suggest the involvement of the 
NHpC in the traditional avian HPA axis. Supported in part by grants from NSF (#0842937) and the Arkansas Biosciences Institute. 
 
W760: Poultry 1 
Characterization of Marek’s Disease Tumors for Driver Mutations 
Alec Steep1, Hongen Xu2, Alexis Black Pyrkosz3, William Muir4, Mary E. Delany5, Dmitrij Frishman2 and Hans Cheng3, 
(1)Michigan State University, East Lansing, MI, (2)Technical University of Munich, Freising, Germany, (3)USDA, ARS, ADOL, 
East Lansing, MI, (4)Purdue University, West Lafayette, IN, (5)Animal Science, University of California, Davis, CA 
Marek’s disease (MD), a virally-induced lymphoproliferative disease of chickens characterized by T cell lymphomas, costs the worldwide 
poultry industry an estimated $2+ billion annually. Despite control measures like widespread usage of MD vaccines and biosecurity, new and 
more virulent field strains of Marek’s disease virus (MDV), the causative agent, have repeatedly arisen resulting in disease outbreaks. Enhancing 
genetic resistance is an attractive alternative and, therefore, there is a critical need to understand how MDV induces neoplastic transformation. To 
identify somatic mutations, highly inbred experimental White Leghorn lines that were MD resistant or susceptible were intermated to produce F1 
chicks that were challenged with MDV, and the subsequent tumors and matching normal tissues from each individual collected. To date, most 
samples have been screened to generate three primary datasets: (1) whole genome sequencing analysis, (2) whole transcriptome sequencing 
analysis, and (3) cytogenetic analysis to identify MDV integration sites. Thus far, characterization of 26 MD tumors with multiple algorithms has 
repeatedly identified ~300 somatic single nucleotide variants (SNVs) and ~50 non-synonymous mutations per tumor sample. Frequently mutated 
genome targets shared between tumors include tumor suppressor genes (TSGs) containing loss-of-function mutations. Transcriptome analysis 
shows differential gene expression and deregulation of many cancer-associated genes and pathways (e.g., MAPK, cell cycle, apoptosis). 
Collectively, these data demonstrate how somatic mutations in MD tumors contribute to tumor genesis and progression, and made aid in genomic 
selection for MD resistance. 
 
W761: Poultry 1 
Host Chromosome Integration Profiles of Marek’s Disease (MD) Virus and Vaccine Strains Differ Between MD Resistant 
and Susceptible Lines of Chicken 
Marla C. McPherson1, Justin M. Smith1, Hans H. Cheng2 and Mary E. Delany1, (1)Animal Science, University of California, 
Davis, CA, (2)USDA-ARS, Avian Disease and Oncology Laboratory, East Lansing, MI 
The causative virus for Marek’s Disease (MD) in chickens, a gallid alpha-herpesvirus (MDV), integrates randomly across the host genome and at 
high frequency into host telomeres in B and T lymphocytes during its highly replicative phase. Ultimately, the virus is found only in an 
integrated form temporally associated with latency and host cell transformation (Robinson et al. 2010, 2014). MDV-induced tumors appear to 
undergo a progressive selection process as early-stage tumors demonstrate a heterogeneous integration profile and late-stage tumors have a more 
homogenous chromosome-integration profile (Robinson et al. 2010; McPherson et al., in prep). These selective forces in tumorigenesis may be 
influenced by viral integration site, resulting in a suite of common or ‘preferred’ host chromosomes harboring integrated MDV among late-stage 
tumors. MD vaccines (Rispens, HVT, SB-1) integrate into host chromosomes, but do not establish the latency-associated virus integrated-only 
phenotype (McPherson et al. 2016). The current study investigated the influence of host genotype on virus- or vaccine-host genome interactions 
from 1-21 days post infection (dpi)). Inbred lines 63 (MD-resistant) and 72 (MD-susceptible) were challenged with oncogenic Md5 or vaccinated 
with Rispens or HVT; splenocytes (a mix of B and T cells) were analyzed. The resulting dynamic profiles will be discussed. Interestingly, the 
Md5-challenged lines were found to differ significantly in the percentage of cells demonstrating specific virus-host phenotypes. The MD-
susceptible line indicated a higher percentage of cells exhibiting the latency- and transformation-associated phenotype as compared to the 
resistant line, and as early as 4 dpi. Supported by USDA-NIFA 2013-67015-21330. 



 
W762: Poultry 1 
NGS Analysis Identified Differentially Expressed Coding and microRNA Genes in ALV-like Spontaneous Tumors 
Potentially Contributing to Tumorigenicity in Susceptible Chickens 
Huanmin Zhang1, Kunzhe Dong1, Shuang Chang2, Qingmei Xie3, Jody Mays1, Tamer Mansour4, Brian Schutte4, Henry Hunt1 and 
Aly Fadly1, (1)USDA-ARS, Avian Disease & Oncology Laboratory, East Lansing, MI, (2)Shandong Agricultural University, 
Tai'an, China, (3)South China Agricultural University, Guangzhou, China, (4)Michigan State University, East Lansing, MI 
It is documented that some experimental and commercial lines of chickens develop spontaneous ALV-like tumors. It is also documented that 
MDV-2 or ALV-E or both escalate the incidence of such tumors. In one ADOL chicken line, known as rapid feathering susceptible (RFS), the 
observed tumor incidence was 9% in control RFS versus 14%, 17% and 42% in MDV-2, ALV-E, and MDV-2 plus ALV-E infected groups, 
respectively. To investigate the possible genetic and epigenetic mechanism underlying the tumorigenesis enhanced by MDV-2 plus ALV-E 
infection, total RNA samples were extracted from 6 spontaneous bursa tumors of MDV-2 and ALV-E infected and 3 normal bursae of young 
RFS birds. Analyses of the deep sequence data of mRNA and small RNA resulted in 1,981 and 50 of differentially expressed genes (DEGs) 
(FDR <0.05 and Fold change >2) and microRNAs (miRNAs) (P value <0.01), respectively, between the tumors and normal bursa samples. The 
DEGs and the target genes of the differentially expressed miRNAs are enriched in key pathways, including Wnt signaling pathway, MAPK 
signaling pathway and mTOR signaling pathway, which have been shown to implicate in a wide range of human tumors. The findings of this 
study provided the first piece of genomic evidence in elucidating the tumorigenic mechanism of ALV-like tumors attributable to genetics and 
epigenetics of the susceptible chickens. 
 
W763: Poultry 1 
Design and Analysis of Reference Populations to Detect Signatures of Selection from Genomic Data 
William Muir, Purdue University, West Lafayette, IN 
Discovery of QTLs in genomic data associated with traits of interest has long been a goal of biotechnology. This increasingly popular approach 
is intriguing, but not without risks, primarily those associated with false positives due to random genetic drift. Secondary to this concern is the 
ability to fine map regions under selection. Linkage disequilibrium (LD) often limits the ability fine map. The goal of this research, as related to 
poultry, was to develop recommendations for design and analysis of resource populations to minimize false positives and maximize the ability to 
fine map QTL. These recommendations are being implemented in a planned new resource population for Marek's disease in poultry  
Source of funding: NIAAA P60 AA07611 
 
W764: Poultry 1 
Programming Reduced Fatness in Broilers 
Brynn Voy, University of Tennessee, Knoxville, TN 
 
W765: Poultry 1 
Temperature Effects on Differential Gene Expression in Turkey Satellite Cells during Proliferation and Differentiation 
Kent M. Reed, University of Minnesota, St. Paul, MN, Sandra G. Velleman, The Ohio State University, Wooster, OH and Gale M. 
Strasburg, Michigan State University, East Lansing, MI 
Climate fluctuation poses a multi-dimensional risk to animal growth, development, health, and food product quality. This study was designed to 
characterize transcriptional changes induced in turkey muscle satellite cells cultured under thermal challenge to better define molecular 
mechanisms by which thermal stress alters breast muscle ultrastructure. Satellite cells isolated from the pectoralis major muscle of 7 wk old male 
turkeys from two breeding lines (16 wk body weight-selected and it’s randombred control) were either proliferated for 72 h or differentiated for 
48 hr in culture at 33° C, 38º C or 43º C. Total RNA was isolated and libraries subjected to RNAseq analysis. Statistically significant differences 
in gene expression were observed among treatments and between turkey lines. Pathway analysis found that cold treatment of proliferating cells 
resulted in an overrepresentation of genes involved in cell signaling/signal transduction and cell communication/cell signaling. Heat-treated cells 
showed greater tendency towards expression of genes related to muscle system development and differentiation. Results from this study 
demonstrate that genetic selection for 16wk body weight (muscle mass) has altered gene expression in muscle satellite cells with greater 
differential expression between the F and RBC2 cells observed at 43º C. 
 
W766: Poultry 1 
Effect of Embryonic and Post-Hatch Thermal Challenge on Turkey Muscle Development 
Gale M. Strasburg1, Daniel L. Clark2, Galen George1, Kent M. Reed3 and Sandra G. Velleman2, (1)Michigan State University, 
East Lansing, MI, (2)The Ohio State University, Wooster, OH, (3)University of Minnesota, St. Paul, MN 
Exposure of newly hatched turkey poults to hot or cold thermal stress often results in detrimental effects on breast muscle growth and 
development. Typical changes include increased lipid deposition and damage to muscle ultrastructure, leading to inferior meat quality with 
consequent economic losses to producers and processors. Likewise, exposure of market-weight turkeys to acute heat stress immediately prior to 
harvest, frequently results in a high incidence of inferior meat quality characterized by pale color, reduced marinade uptake and water-holding 
capacity, and poor protein functionality. Thermal manipulation of embryonic development has met with some success as a strategy to improve 
thermotolerance of broilers. We hypothesized that exposure of turkey eggs to a mild heat challenge at a critical developmental stage would alter 
muscle growth and development, thereby setting the stage for improved thermotolerance of the growing bird. Eggs from RBC2 (slow-growing) 
and F (fast-growing) turkey lines were exposed to a control temperature of 38C throughout 28 days of incubation or 12h of 39.5C between days 
21-25. Following hatch, birds were brooded at temperatures of 31C, 35C (control), or 39C for 3d, followed by brooding at 35C until 14d of age 
when the birds were sacrificed. Breast muscle (P. major) was collected for analyses including muscle weight and fiber diameter. Results from 



this preliminary study suggest that mild thermal manipulation of turkey eggs results in changes to muscle ultrastructure that may be associated 
with altered thermotolerance in the growing bird. 
 
W767: Poultry 1 
Evidence of Enhanced Energy Production and Transfer, Synthesis of Nucleotides, Ribosome Assembly, and Protein 
Translation in Breast Muscle in High vs Low Feed Efficiency Pedigree Broiler Males: Hypotheses Worth Pursuing? 
Walter Bottje and Byung-Whi Kong, University of Arkansas, Fayetteville, AR 
Global gene (cDNA microarray, RNAseq) and protein expression (shotgun proteomics) analyses have been conducted on breast muscle samples 
obtained from pedigree broiler males exhibiting high and low feed efficiency (FE) phenotypes. Through carefully cataloging expression analyses, 
it has been possible to begin to develop a unique proteogenomic picture of FE at the cellular/molecular level in muscle. Predicted activation of 
electron transport chain activity, and expression of a) adenine nucleotide translocase (ANT) and voltage dependent activated channel (VDAC), 
proteins that shuttle ADP and ATP in and out of the mitochondria, and b) mitochondrial and cytosolic creatine kinase (CK) suggests energy 
production and transfer activity is enhanced in high FE muscle. Increased expression of rate limiting enzymes and other components involved in 
nucleotide (NADH), purine and pyrimidine metabolism indicates that the synthesis of essential building blocks for RNA and DNA may be 
favored in high FE. Finally, expression of several genes/proteins associated with ribosomal assembly and activity suggest that translation 
mechanisms may also be enhanced in the high FE breast muscle. We feel these results are important in generating hypotheses to be tested 
regarding fundamental mechanisms of FE. Funding provided by USDA-NIFA (#2013-01953), Arkansas Biosciences Institute (Little Rock, AR) 
and the Agricultural Experiment Station (Univ. of Arkansas). 
 
W768: Poultry 1 
Expression of Nutrient Transporters and Host Defense Peptides in the Intestine and Yolk Sac of Chickens 
Eric A. Wong and Haihan Zhang, Virginia Tech, Blacksburg, VA 
In chickens, the yolk sac and small intestine are two important organs responsible for the digestion and absorption of nutrients during the 
embryonic and posthatch periods, respectively. The small intestine also plays an important role in gut immunity. We have previously determined 
the development- and tissue-specific expression profiles for a number of amino acid, peptide, and sugar transporters as well as a host defense 
peptide using qPCR. To identify specific cells that express these genes, we used the RNAscope method for in situ hybridization. The objective of 
this study was to profile the spatial transcriptional patterns of the peptide transporter PepT1 in the yolk sac and small intestine from embryonic 
and posthatch broilers. In yolk sac endodermal cells, expression of PepT1 mRNA was barely detectable at e11, increased from e11 to e13, e15 
and e17, and then decreased from e17 to day of hatch (DOH). This is identical to the profile we previously reported using qPCR. In the small 
intestine there was a rapid increase in expression of PepT1 mRNA in the enterocytes from e19 to DOH, with expression relatively constant from 
D1 to D7. We have also identified stem cells in the crypts that express mRNA for olfactomedin 4. In another study, the mRNA expression of the 
host defense peptide liver expressed antimicrobial peptide 2 (LEAP2) was also localized to the enterocytes lining the villi. In summary, we have 
identified absorptive and secretory cells in the villi as well as stem cells in the crypt using in situ hybridization. 
 
W769: Poultry 1 
Identification of Copy Number Variations Associated with Ascites Phenotype in Broilers 
Alia Parveen1, Byung-Whi Kong2 and Douglas D. Rhoads1, (1)University of Arkansas, Cell and Molecular Biology Program, 
Fayetteville, AR, (2)University of Arkansas, Fayetteville, AR 
We have been mapping chromosomal regions associated with resistance or susceptibility to pulmonary hypertension syndrome or ascites, using 
three experimental lines divergently selected for ascites phenotype. Previous Genome Wide Association Studies (GWAS) based on Single 
Nucleotide Polymorphisms (SNPs) have identified regions on chromosomes 2, 9 and Z. Despite several GWAS and further genotyping we have 
not identified any major genes for ascites phenotype. We have now begun a screen for differentially represented Copy Number Variations 
(CNVs) in ascites resistant and susceptible birds from the relaxed, REL, line. DNA samples from resistant and susceptible birds were purified, 
quantified and pooled in two pools of 10 DNAs from each phenotype for both genders. Eight pools (2pools x 2phenotypes x 2genders) were 
generated, each pool was submitted for bar-coded library generation, and 2x125 paired end reads on Illumina HiSeq 2500 and with 25X genome 
coverage. The sequence reads were mapped onto Galgal5 using Bowtie for initial CNV mapping cn.mops (R package). Further mapping to 
chromosome Z was done using NGen and ArrayStar (DNAStar ver 13). CNVs reports were used to identify genes affected and pathway analysis 
using KEGG and NCBI. The regions we have identified will need to be further validated using, qPCR assays in a larger catalog of DNAs. 
 
W770: Poultry 2 
A Improved Chicken Genome Reference: Recovery of Missing Autosomes and Addition of a New W Chromosome 
Wesley Warren, Washington University School of Medicine-McDonnell Genome Institute, Saint Louis, MO 
Given the continued intense interest in and need for improvement of the chicken genome reference (Gallus_gallus-5.0) we have built a new 
preliminary version of the chicken genome (temporarily termed Gallus_gallus-6.0) using single molecule real-time technology (SMRT). The 
assembled contigs were ordered and oriented (i.e. scaffolded) using a new proximity-based chromatin map to allocate sequences to all 
autosomes. We sequenced the same Red Jungle fowl reference DNA to ~80x coverage and generated the chromatin proximity map from this 
same source. Total assembled bases were 1.05Gb, with an N50 contig and scaffold lengths of 16Mb and 90Mb, respectively. Of the 1.05 Gb 
genome, 94% of the sequence anchored to 39 scaffolds (chromosomes). In addition to sequences for previously ‘missing’ chromosomes we also 
have significantly improved the representation of the W chromosome using targeted BAC selection, sequencing, and local assembly. The W 
chromosome assembled to ~7Mb revealed islands of euchromatin sequence containing 28 genes with no acquired genes and interestingly with 
none showing exclusive expression in the ovary. Currently we are working to develop chromosome formatted files, resolve assembly error, 
integrate finished BACs and number the previously missing autosomes to provide the community a more complete and accurate reference. 
 
W771: Poultry 2 



Genome Annotation of the New Chicken Assembly Gallus_Gallus-5.0 
Thibaut Hourlier, European Molecular Biology Laboratory - EBI, Cambridge, United Kingdom 
Chicken is a model organism and farmed animal, with its meat and egg providing an important source of protein for people all around the world. 
The International Chicken Genome Consortium recently produced an improved reference assembly Gallus_gallus-5.0 (GCA_000002315.3). We 
have made this available in the Ensembl browser, with data and tools to facilitate research on chicken.  
Improvements to the chicken assembly include fewer gaps, longer sequences, more assembled chromosomes, and a better representation of 
repeat regions. We generated 18,346 protein-coding gene models with the Ensembl Annotation System using publicly available data sets. Two 
thirds of these models are supported by species specific data coming from cDNAs, Illumina RNA-Seq and PacBio Iso-Seq. We used RNA-Seq 
data from 21 tissue samples and Iso-Seq data from two tissue samples to annotate untranslated regions (UTRs), alternate transcript isoforms, and 
4,636 long intergenic non coding RNAs. Furthermore, we updated the chicken gene names, gene-trees and orthologues, and cross-references to 
external databases. We also updated our sauropsid and vertebrate multiple whole genome alignments to include the new genome assembly.  
These data are available in Ensembl (version e87) and are accessible through our website, www.ensembl.org, our REST API, 
http://rest.ensembl.org, BioMart (http://www.ensembl.org/biomart) and our public MySQL server, ensembldb.ensembl.org.  
We support the upload and visualisation of data in multiple file format such as BAM or GFF. For groups who wish to share their datasets and 
view them alongside Ensembl data, we have developed a TrackHubRegistry (http://trackhubregistry.org) to enable discovery of publicly 
accessible track data hubs. 
 
W772: Poultry 2 
Beyond Annotation: Assigning Function to Chicken ncRNAs 
Fiona McCarthy1, Amanda M. Cooksey1, Cathy R. Gresham2, Ken Pendarvis1, Shane Burgess1 and Bindu Nanduri3, (1)University 
of Arizona, Tucson, AZ, (2)Institute for Genomics, Biocomputing & Biotechnology, Mississippi State, MS, (3)Mississippi State 
University, Mississippi State, MS 
New genomic technologies are accumulating information about functional elements within genomic sequence at a faster rate than ever before, 
and the FAANG Project is expected to increase this rate of acquisition. Understanding how these elements contribute to traits and phenotypes 
requires a concomitant effort to understand the function of these genes and regulatory regions. However, functional annotation relies on curation 
of published data and computational prediction pipelines; genomic technologies routinely identify novel functional elements (with no existing 
body of literature) and there are no existing computational pipelines for functional annotation of ncRNAs. We describe here our initial efforts to 
develop functional annotation workflows for miRNAs and lncRNAs, two classes of ncRNAs that are being annotated in species that are studied 
as part of the FAANG Project. We pair miRNA target prediction with proteomics data and GO enrichment analysis to (1) better identify true 
miRNA targets and (2) predict the function of novel miRNAs. For predicting function of novel lncRNAs we use a similar approach, identifying 
lncRNA-mRNA pairs expressed in the same tissues, identifying interaction networks for these pairs and investigating GO term enrichment to 
predict function. By linking experimental expression data with computational approach we expect to generate preliminary, high-throughput 
functional information about commonly identified classes on ncRNAs. This in turn will allow us to provide information that can then be 
incorporated into functional analyses of typical gene expression data sets (e.g., transcriptome data). 
 
W773: Poultry 2 
Iso-Seq Sequencing and the Chicken Genome Annotation 
Richard Kuo, Roslin Institute, University of Edinburgh, Edinburgh, United Kingdom 
Until recently the chicken and other avian research communities relied on transcriptome annotations that over simplified many transcriptional 
complexities. These include alternative transcription events and non-coding RNA classes. Using Iso-Seq sequencing, we have discovered a 
transcriptional landscape that is far more diverse than previously annotated. We have identified more than 60k transcripts and 29k genes. Among 
these transcripts, we have predicted thousands of long non-coding RNA and non-sense mediated decay transcripts as well as other biotypes. 
These models have provided insight into similarities between the transcriptional complexity of birds and mammals which will aide future 
comparative transcriptomic research and help functionally annotate other species.  
These novel transcripts can be incorporated into public annotations to benefit the entire research community. We have worked with Ensembl to 
integrate this data into the version 86 annotation of the Gallus Gallus 5 genome assembly. With this methodology, researchers could rapidly 
create a complete transcriptome annotation for chicken and other vertebrate species. 
 
W774: Poultry 2 
RNA-Seq Analyses Reveals High Frequency of Allele Specific Expression and No Evidence of Genomic Imprinting in 
Specific Embryonic Tissues of Chicken 
Behnam Abasht1, Zhu Zhuo1 and Susan J. Lamont2, (1)Department of Animal and Food Sciences, University of Delaware, 
Newark, DE, (2)Iowa State University, Department of Animal Science, Ames, IA 
Epigenetic and genetic cis-regulatory elements in diploid organisms may cause allele specific expression (ASE) – unequal expression of the two 
autosomal gene copies. An intriguing type of ASE is that some genes are expressed monoallelically from either the paternal allele or maternal 
allele, i.e. genomic imprinting. Imprinted genes have been identified in several animal species and are frequently associated with embryonic 
growth. Yet whether genomic imprinting exists in chickens is still debatable, as previous studies have reported conflicting evidence. Albeit no 
genomic imprinting has been reported in the chicken embryo as a whole, we investigated whether certain individual embryonic tissues exhibit 
genomic imprinting. In this study we interrogated the existence or absence of genomic imprinting in chicken embryonic brain and liver by 
examining the mRNA expression of parental alleles in an F1 generation. Eggs from two inbred chicken lines (Fayoumi and Leghorn) and their 
reciprocal crosses were collected and incubated for 12 days; then brain and liver were harvested from embryos for cDNA library preparation. To 
establish the genotypes of the inbred lines and their F1 hybrids and to minimize reference bias of RNA-Seq sequence alignment, genomic DNA 
from inbred Fayoumi and Leghorn chickens was pooled separately and each pool was sequenced at 20X coverage. Our results indicate that 34% 



and 30% of genes show ASE pattern in chicken 12-day embryonic brain and liver, respectively. But, there was no evidence detected of genomic 
imprinting in chicken 12-day embryonic brain and liver. 
 
W775: Poultry 2 
Identification of Deleterious Alleles in Poultry 
Martijn F.L. Derks1, Mirte Bosse1, Hendrik-Jan Megens1, Dick de Ridder1, Marcel J.T. Reinders2, Christian Gross1,2 and Martien 
A.M. Groenen1, (1)Wageningen University, Wageningen, Netherlands, (2)Delft Bioinformatics Lab, Delft University of 
Technology, Delft, Netherlands 
Small effective population sizes of livestock can lead to deleterious recessive alleles drifting more rapidly to higher frequencies, impacting 
production and animal welfare. The unpredictable impact on phenotype, and relative rarity of causal mutations can make such variation difficult 
to select against. We have developed a generic pipeline to identify genomic regions with missing homozygosity that combines genotype, 
phenotype and whole-genome sequencing data. The procedure aims to detect lethal recessive haplotypes, estimate the effect on the phenotype, 
and to identify the potential candidates for the causal mutation in any given population. The analysis pipeline was used on a dataset comprised of 
22.000 birds from seven layer lines, genotyped with the 60K Illumina SNP array. This enabled the identification of multiple potential lethal 
recessive haplotypes in these lines. For three of the lines genome sequence data is available for 270 individuals, which are currently being used 
for the identification of likely causal mutations for the observed lethal effects. 
 
W776: Poultry 2 
EU-Project Horizon 2020: Innovative Management of Animal Genetic Resources (IMAGE) Specific for Chicken 
Richard Crooijmans, Wageningen University, Wageningen, Netherlands 
 
W777: Poultry 2 
Disentangling Genetic Exchanges Between Gallus gallus and Gallus sonneratii in Order to Better Understand the 
Domestication of Chickens 
Michèle Tixier-Boichard, GABI, INRA, AgroParisTech, Université Paris-Saclay, 78350, Jouy-en-Josas, France 
 
W778: Proteomics 
Proteomic Profiling and the Predicted Interactome of Host Proteins in Compatible and Incompatible Interactions Between 
Soybean and Fusarium virguliforme 
David A. Lightfoot, Southern Illinois University, Carbondale, IL 
Sudden death syndrome (SDS) is a complex of two diseases of soybean (Glycine max), caused by the soil borne pathogenic fungus Fusarium 
virguliforme. The root rot and leaf scorch diseases both result in significant yield losses worldwide. Partial SDS resistance has been demonstrated 
in multiple soybean cultivars. This study aimed to highlight proteomic changes in soybean roots by identifying proteins which are differentially 
expressed in near isogenic lines (NILs) contrasting at the Rhg1/Rfs2 locus for partial resistance to SDS. Two-dimensional gel electrophoresis 
resolved approximately 1000 spots on each gel; 12 spots with a significant (P < 0.05) difference in abundance of 1.5-fold or more were picked, 
trypsin-digested, and analyzed using quadruple time-of-flight tandem mass spectrometry. Several spots contained more than one protein, so that 
18 distinct proteins were identified overall. A functional analysis performed to categorize the proteins depicted that the major pathways altered 
by fungal infection include disease resistance, stress tolerance, and metabolism. In parallel a SNP analysis of the NILs identified 12 proteins at 4 
loci that were candidates for the resistance genes. Among these 3 genes that controlled the expression of other proteins are of particular interest. 
The results provide valuable information about SDS resistance in soybean plants, and plant partial resistance responses in general. More 
importantly, several of the identified proteins could be good candidates for the development of SDS-resistant soybean plants. 
 
W779: Proteomics 
Seminal Plasma Proteomics vary with Feed Efficiency and Fertility-Related Measures in the Bovine 
Yuri R. Montanholi, Dalhousie University, Truro, NS, Canada 
Fertility-associated proteins (FAP) found in seminal plasma indicate sexual maturity, which appears to be influenced by feed efficiency in cattle. 
This study characterized FAP via proteomics and verified associations of these proteins with feed efficiency, body composition and fertility-
related measures in yearling beef bulls. Assessments including testicular ultrasonography, infrared thermography, seminal quality, seminal 
plasma proteomics, carcass composition, and reproductive organ biometry were obtained. From a population of 31 bulls, the seven most and least 
feed efficient (efficient, inefficient) bulls were used for categorical comparisons. Correlations between FAP, productive performance and 
fertility-related measures were determined. These traits were also correlated with orthogonal factors summarized from the FAP. Efficient bulls 
had increased epididymal sperm-binding protein-1 and decreased concentration of protein-C inhibitor compared to inefficient bulls. Correlations 
between FAP with age, body size, body composition, reproductive organ biometry, scrotal temperature, and seminiferous tubule maturity are 
reported. Acrosin and cathepsin D increased with development of the testes and osteopontin increased with greater numbers of mature 
seminiferous tubules. Phosphoglycerate kinase-2 was higher in animals with a higher scrotum temperature and a higher prevalence of sperm 
morphology defects. The principal factor indicated that FAP variability concentrations were positively correlated with age, reproductive organ 
biometry, body size and composition. Our results indicate that FAP changes with body size and sexual development, and demonstrates 
differences in the proteomics of bulls with diverging feed efficiency. This is related to the delay in the sexual maturity of efficient young bulls. 
 
W780: Proteomics 
Proteiomics Analysis Indicated that Mitochondrial Energy Metabolism in Skeletal Muscle Tissue was Negatively Correlated 
with Feed Efficiency in Pigs 



Xinyun Li, Liangliang Fu, Yueyuan Xu, Lu Jing, Ye Hou, Yu Luan, Shaixian Zhang and Shuhong Zhao, Key Laboratory of 
Agricultural Animal Genetics, Breeding, and Reproduction of the Ministry of Education & Key Laboratory of Swine Genetics and 
Breeding of Ministry of Agriculture, Huazhong Agricultural University, Wuhan, China 
Feed efficiency (FE) is a highly important economic trait in pig production. Investigating the molecular mechanism of FE is essential for trait 
improvement. In this study, we firstly measured the FE trait of 236 Large White pigs. Then, transcriptome and proteinomics of skeletal muscle 
tissue of three pigs with extremely high FE and three pigs with extremely low FE were investigated using RNA-seq and iTRAQ approaches, 
respectively. According to the RNA-seq results, 99 differentially expressed genes were identified between high- and low-FE pigs. In high-FE 
pigs, the down-regulated genes were mainly involved in mitochondrial energy metabolism and the up-regulated genes were mainly involved in 
myogensis. We also identified 15 differentially expressed miRNAs between high- and low-FE pigs. Functional study indicated that these 
miRNAs could participate energy metabolism through targeting the differentially expressed genes. For iTRAQ assay, 1,780 proteins were 
identified in the muscle tissue. Among them, 74 proteins were up-regulated and 50 proteins were down-regulated in the high-FE pigs. Functional 
annotation also indicated that mitochondrial energy metabolism was highly important for FE pigs. All 25 differentially expressed proteins located 
in the mitochondria were down-regulated in high-FE pigs. Moreover, we deduced that glucose utilization was more efficient in the muscle tissue 
of high-FE pigs based on differentially expressed proteins. Pathway analysis indicated that AMPK-PGC-1αand glucose–pyruvate–TCA–
oxidative phosphorylation energy metabolism signal pathways were participated into regulation of FE in pigs. Therefore, we concluded that 
mitochondrial energy metabolism in the muscle tissue was negatively correlated with FE in pigs. 
 
W781: Proteomics 
Proteomic Insights into Lysine-Acetylation Mediated Innate Immunity in Rice (Oryza sativa) 
Yehui Xiong1, Kai Zhang1, Guo-Liang Wang2 and Wende Liu3, (1)Institute of Plant Protection, Chinese Academy of Agricultural 
Sciences, beijing, China, (2)The Ohio State University, Columbus, OH, (3)Institute of Plant Protection, Chinese Academy of 
Agricultural Sciences, Beijing, China, China 
Lysine acetylation is a dynamic and reversible post-translational modification that plays an important role in the gene transcription regulation. 
Previously, we combined a highly sensitive immune-affinity purification method (used pan anti-acetyl-lysine antibody conjugated agarose for 
immunoaffinity acetylated peptide enrichment) with high-resolution LC–MS/MS, and generated a high quality proteome-scale data for lysine-
acetylation (Kac) sites and Kac proteins in the model monocot plant rice (Oryza sativa). A total of 1337 Kac sites in 716 Kac proteins with 
diverse biological functions and subcellular localizations were identified in rice seedlings. In addition, protein interaction network analysis 
revealed that a variety of signaling pathways are modulated by protein acetylation. KEGG pathway category enrichment analysis indicated that 
glyoxylate and dicarboxylate metabolism, carbon metabolism, and photosynthesis pathways are significantly enriched. To further understanding 
of how Kac functions in biotic stress responses in rice, we performed the label-free quantitative proteomics analysis of acetylome of rice in 
response to fungal and bacterial pathogen-associated molecular pattern (PAMPs) chitin and flg22 treatment. Further in-depth functionally studies 
of chitin and flg22 induced rice Kac proteins will provide insight into the function of acetylation in regulation of plant immunity. 
 
W782: Proteomics 
Proteome Analysis of Host Responses: Investigation of Molecular Mechanisms Associated with Citrus Huanglongbing 
Hong Lin, Crop Diseases, Pests and Genetics Research , USDA ARS, PARLIER, CA 
Huanglongbing (HLB) is the most devastating disease for the citrus industry. In Florida, USA alone, it has caused an estimated billion dollars in 
lost revenue since 2005. Current HLB control practices include the removal of infected plants and the use of insecticides against the psyllid 
vector. Longer-term measures to combat HLB are lacking because all commercial citrus species are susceptible to the disease. However, some 
citrus species are more tolerant to HLB. Identification of innate host defense mechanisms in citrus plants may provide valuable information for 
the improvement of citrus trees against HLB. Proteomic analysis is a powerful approach that reveals a direct relationship to the 
pathophysiological changes in response to pathogen infection. The goal of our research is to identify complex protein profiles of citrus hosts at 
various stages of the disease development. To achieve this, we have combined conventional 2-DE separation system, iTRAQ, Nano LC-MS/MS 
and bioinformatics tools to systematically identify and dissect robust proteins patterns underlying metabolic pathways from early asymptomatic 
to symptomatic disease stages. A recent study showed that continuous heat treatment of 40°C to 42°C for a minimum of 48 h was sufficient in 
significantly reducing or completely eliminating HLB pathogen in HLB-affected citrus trees. Proteomics analysis of heat-treated HLB-affected 
lemon plants, detected proteins that were markedly up-regulated only in plants that were simultaneously exposed to heat and HLB suggesting 
that heat treatment induces proteins in HLB-infected citrus plants that could play an active role in the suppression of HLB pathogen and disease 
development.  
 
W783: Proteomics 
FIP, a Putative Regulator of FtsH5 in Chloroplasts, is involved with Abiotic Stress Response in Arabidopsis 
Karina L Lopes, Esalq/ Universidade de Sao Paulo, Piracicaba, Brazil, Marcos A. C. Silva, Esalq/ USP, Piracicaba, Brazil and 
Marcio C Silva-Filho, Laboratório de Biologia Molecular de Plantas, ESALQ, USP., Piracicaba, Brazil 
Chloroplast proteases are related to a fine regulation of the intraplastid proteome, which interfere in a wide set of physiological processes. 
Eukaryotic AAA/FtsH proteases play a key role in protein quality control of membrane-inserted proteins in mitochondria and chloroplasts. In 
Arabidopsis thaliana, thylakoidal FtsH proteases form a heterohexameric complex made by FtsH1/FtsH5 (type A) and FtsH2/FtsH8 (type B) 
subunits. This complex is responsible for turnover of the photo-damaged PSII reaction center protein D1. In previous experiments, our group 
identified a putative interacting protein named FIP (FtsH5 Interacting Protein), which has been proved to interact with FtsH5 and to be located at 
the thylakoid membranes. Mirror tree analysis showed the existence of coevolution between FIP and type A FtsH proteases, but not to type B. In 
addition, extensive protein-protein interaction experiments showed that FIP interacts with different chloroplast proteins involved in 
photosynthesis, suggesting a wide role in plastid biogenesis. Interestingly, FIP is down-regulated in several abiotic stresses. Phenotypic 
differences among fip knock-down mutants, wild type and FIP-overexpressing (OE) plants were not significant under control conditions. 



However, under abiotic stress conditions such as, high salt, increased osmotic potential and high light intensity indicated that mutant plants were 
considerably more tolerant to different stresses. Overall, these results suggest that FIP might be a negative regulator of the FtsH5 activity. 
 
W784: QTL Cloning 
Genomic Approaches Provide Novel Tools for Rapid Cloning of Major QTL in Large Cereal Genomes 
Beat Keller1, Javier Sanchez-Martin1, Thomas Mueller1, Simon Krattinger1, Thomas Wicker2, Burkhard Steuernagel3, Brande 
Wulff3 and Jaroslav Doležel4, (1)University of Zurich, Zurich, Switzerland, (2)Department of Plant and Microbial Biology, 
University of Zurich, Zurich, Switzerland, (3)John Innes Centre, Norwich, United Kingdom, (4)Institute of Experimental Botany, 
Olomouc, Czech Republic 
The molecular identification of genes underlying important agronomic traits is a major goal in crop research. In the cereal genomes the cloning 
of such genes is hampered by the large genome size which is a problem for map-based cloning. In addition, genomic information and available 
sequence data are often from a genotype that does not have the specific trait of interest, e.g. a resistance gene or QTL. Finally, many interesting 
genes are located in recombination-free regions of the genome. Thus, it is of great interest for the cereal research community to have easier and 
more rapid tools available for gene isolation and two approaches will be presented here. First, we have developed a new approach, 
MutChromSeq, which relies on flow-sorting and sequencing of chromosomes from mutants in the particular trait of interest. This approach is 
feasible for major QTL for which specific mutants can be identified. It can easily be implemented if appropriate NILs for quantitative loci are 
available or can be developed. Second, the combination of exome capture data from 500 wheat lines (EU project WHEALBI) and the IWGSC 
2014 draft sequence of the wheat genome allowed us to use GWAS to “land” near genes of interest. These novel tools will greatly simplify the 
molecular identification of genes in large cereal genomes. 
 
W785: QTL Cloning 
Cloning of Vgt3, a Major QTL for Flowering Time in Maize 
Francesco Emanuelli1, Jose M. Soriano1, Linda Zamariola1, Silvia Giuliani1, Riccardo Bovina1, Danara Ormanbekova1, Rachil 
Koumproglou2, Brett Burdo3, Jacques Rouster4, Paul Wyatt4, Roberto Tuberosa1, Torben Jahrmann5, Shawn Kaeppler3, Sébastien 
Praud4 and Silvio Salvi1, (1)DipSA - University of Bologna, Bologna, Italy, (2)Semillas Fito, Cabrera de Mar, Spain, (3)Department 
of Agronomy and DOE Great Lakes Bioenergy Research Center, University of Wisconsin - Madison, Madison, WI, 
(4)LIMAGRAIN, CHAPPES, France, (5)Semillas Fito, S.A., Barcelona, Spain 
Gaspé Flint, introgression library, plant breeding, stress escape, Zea mays 
Flowering time is a complex trait important for crop adaptation to local environments and an essential breeding target to face the challenge of 
global climate change. A major quantitative trait locus (QTL) for flowering time and number of nodes (ND), qVgt3.05, was previously identified 
on chromosome 3 in a maize introgression library (IL) derived from the cross B73 x Gaspé Flint (recipient and donor genotypes, respectively. 
Salvi et al. 2011). In order to clone qVgt3.05, B73 was crossed with its early isogenic line 39-1-2-33 which carries a 17-cM Gaspé Flint 
introgression on bin 3.05. In this cross qVgt3.05 was placed within 0.3 cM and showed an addictive effect of 1.36 nodes and explained 56.6% of 
the phenotypic variance. For positional cloning, a total of 7,500 F2 plants were phenotyped and genotyped with SNPs and SSR markers flanking 
the QTL interval. One-hundred recombinants lines were derived and the QTL was further narrowed the target genomic region to a 380-kb 
interval. A candidate gene putatively involved in the control of the transition from the vegetative to the reproductive phase of maize was found 
within this region. We are studying its expression profile and its effect using transgenics. In addition, we are currently testing the presence of 
genomic structural variations in the Gaspé Flint-originated allele. 
 
W786: QTL Cloning 
Copy Number Variation of CBF Genes Rules the Effect of FR-H2 QTL for Frost Tolerance in Barley 
Enrico Francia1, Lavinia Mareri1, Sonia Vautrin2, Marianna Pasquariello3, Fulvia Rizza4, Valeria Terzi4, Justyna Milc1, Hélène 
Berges2 and Nicola Pecchioni1,5, (1)Department of Life Sciences, University of Modena and Reggio Emilia, Reggio Emilia, Italy, 
(2)Centre National de Ressources Génomiques Végétales (CNRGV), Toulouse, France, (3)John Innes Centre, Norwich, United 
Kingdom, (4)Genomics Research Centre, CREA, Fiorenzuola d'Arda, Italy, (5)Cereal Research Centre, CREA, Foggia, Italy 
Freezing temperatures represent a major limitation to barley yield potential. Freezing Tolerance (FT) depends on a period of cold acclimation 
mediated by C-repeat binding factors (CBFs) that modulate the expression of multiple effector genes. Two QTLs on chromosome 5H, Fr-H1 
and Fr-H2, explain a large part of the phenotypic variation in FT. Fr-H1 coincides with Vrn-H1, while Fr-H2 segregates with a cluster of more 
than 13 HvCBFs. In order to study the Fr-H2 QTL effect, a qPCR approach was used to identify resistance-associated copy number variation 
(CNV) at specific subclusters of HvCBFs in a diversity panel with different growth habits. Simultaneously an accurate phenotyping that 
combines Fv/Fm and field survival was carried out. A direct involvement of CNV at the HvCBF4-HvCBF2 genomic segment in the proximal 
cluster of HvCBF element was demonstrated, in combination with a negative role of HvCBF3 CNV in the distal cluster. A protocol to 
discriminate the HvCBF2 forms (2A, 2B, 2A/B) was developed and showed an increased copy number of HvCBF2A in highly resistant facultative 
and winter genotypes. Resequencing of Fr-H2 in the frost tolerant cv. ‘Nure’ is in progress and allowed the comparison of the region with the 
structure of the locus in both the susceptible reference genotype ‘Morex’ and the wheat genomes. In particular, a detailed characterization of the 
genic and intergenic space of the proximal subcluster harbouring HvCBF4 and HvCBF2 was obtained. These results represent a significant step 
forward the understanding of the genetic bases of the frost tolerant phenotype in barley. 
 
W787: QTL Cloning 
Genetic Dissection of QTLs Controlling Brittle Rachis on Chromosomes 3A and 3B in Tetraploid Wheat 
Assaf Distelfeld, Tel Aviv University, Tel Aviv, Israel 
Wheat is one of the most important food crops, domesticated about 10,000 years ago from wild emmer wheat (Triticum turgidum ssp. 
dicoccoides). The spikes of wild emmer completely shatter at senescence (brittle rachis, BR) while the spikes of all domesticated wheats remain 



intact (non-BR), enabling easier harvesting. Quantitative trait analysis using a population derived by crossing wild emmer ('Zavitan') with 
domesticated durum wheat ('Svevo') revealed five significant QTLs for BR with LOD scores ranging from 3 to 8.3 and explaining 5.7 to 18.6% 
of the variation. The two major loci were mapped on chromosomes 3A and 3B confirming previous reports. Using the recently assembled 
genome of wild emmer we identified the homologous sequences of the Brittle Rachis 1 (Btr1) and Brittle Rachis 2 (Btr2) genes controlling spike 
BR in barley. The identification of causative mutations for the 3A and 3B BR QTLs and the application of the wild wheat assembly in 
underpinning and accelerating genome-assisted research will be discussed. 
 
W788: QTL Cloning 
Two Tightly Linked Genes Controlling Grain Length Underlie a Major Grain Weight QTL in Polyploid Wheat 
Jemima Brinton, John Innes Centre, Norwich, England 
Wheat provides ~20% of the calories and ~25% of protein consumed by humans. However, a step-change in yield increase must be delivered to 
keep up with current and future demand. Final grain yield is a highly complex trait influenced by many genetic and environmental factors and as 
such is not well understood. Grain weight, determined by grain length and width, is an important yield component: we hypothesise that 
identifying the genes controlling grain weight will provide a targeted route to manipulating yield in wheat.  
We have identified a stable quantitative trait loci (QTL) on chromosome 5A for thousand grain weight (TGW) and validated it using BC4-Near 
Isogenic Lines (NILs) across several years and environments. The effect on TGW is specifically driven by an increase in grain length. Fine 
mapping of the QTL suggests that there are two tightly linked genes, GL-A1 and GL-A2, which are linked in cis and have an additive effect on 
grain length. Characterisation of the GL-A1 and GL-A2 NILs suggests that these genes affect early grain development and act to increase the 
length, but not the number, of pericarp cells. Transcriptomic analysis has identified genes from distinct biological pathways which are 
differentially expressed. These genes, together with candidate genes within the physical space determined from the newly available wheat 
genome, are being investigated using mutants identified from the wheat exome-captured TILLING platform. Pyramiding of GL-A1 and GL-A2 
with the grain weight GW2 gene leads to additive effects on TGW. 
 
W789: QTL Cloning 
Modifications to a LATE MERISTEM IDENTITY-1 Gene Are Responsible for the Major Leaf Shapes of Cotton 
Vasu Kuraparthy1, Ryan J Andres1, Viktoriya Coneva2, Margaret Frank2, John Tuttle1, Sang-Won Han1, Luis Fernando Samayoa1, 
Baljinder Kaur1, Linglong Zhu1, Hui Fang1, Daryl T Bowman1, Marcela Rojas-Pierce1, Candace H Haigler1, James B. Holland1 and 
Daniel H Chitwood2, (1)North Carolina State University, Raleigh, NC, (2)Donald Danforth Plant Science Center, St. Louis, MO 
Leaf shape varies spectacularly among plants. Leaves are the primary source of photo-assimilate in crop plants and understanding the genetic 
basis of variation in leaf morphology is critical to improving agricultural productivity. Leaf shape played a unique role in cotton improvement, as 
breeders have selected for entire and lobed leaf morphs resulting from a single locus, okra (L-D1), which is responsible for the major leaf shapes 
in cotton. The L-D1 locus is not only of agricultural importance in cotton, but through pioneering chimeric and morphometric studies it has 
contributed to fundamental knowledge about leaf development. Here we show that an HD-Zip transcription factor homologous to the LATE 
MERISTEM IDENTITY1 (LMI1) gene of Arabidopsis is the causal gene underlying the L-D1 locus. The classical okra leaf shape allele has a133-
bp tandem duplication in the promoter, correlated with elevated expression, while an 8-bp deletion in the third exon of the presumed wild-type 
normal allele causes a frame-shifted and truncated coding sequence. Our results indicate that sub-okra is the ancestral leaf shape of tetraploid 
cotton that gave rise to the okra allele and that normal is a derived mutant allele that came to predominate and define the leaf shape of cultivated 
cotton. Virus-induced gene silencing (VIGS) of the LMI1-like gene in an okra variety was sufficient to induce normal leaf formation. The 
developmental changes in leaves conferred by this gene are associated with a photosynthetic transcriptomic signature, substantiating its use by 
breeders to produce a superior cotton ideotype.  
 
W790: Quinoa and close relatives 
A PacBio and Hi-C based proximity-guided assembly of Amaranth pseudo chromosomes 
Peter J. Maughan1, Eric N. Jellen1, Thiruvarangan Ramaraj2, Rebekah Lee1, David E Jarvis3 and Damien James Lightfoot3, 
(1)Brigham Young University, Provo, UT, (2)National Center for Genome Resources (NCGR), Santa Fe, NM, (3)King Abdullah 
University of Science and Technology, Thuwal, Saudi Arabia 
The genus Amaranthus (Caryophyllales: Amaranthaceae) encompasses about 70 species of worldwide distribution. Three species in the genus 
produce edible seeds. These grain amaranths were food staples among the ancient civilization of Central and South America. These grain species 
remain important as a food crops in several areas of modern Latin America and have recently received substantial attention as an alternative food 
crop worldwide. We previously produced a draft genome sequence of A. hypochondriacus using the HiSeq Illumina platform and ALLPATHS 
assembler. The draft assembly consisted of 3,518 scaffolds with an N50 and L50 of 371kb and 243, respectively. Here we report the development 
of pseudo chromosomes of A. hypochondriacus using a Phase Genomics Hi-C based proximity-guided assembly. The Hi-C data generated 
complete chromosome assemblies from the ALLPATHS scaffolds which were then gap filled using PBJELLY2 and ~29x coverage of PacBio 
long reads. The Hi-C plus PacBio assembly consists of 287 scaffolds with an N50 of 24.7 Mb. Less than 1% of the assembly is N filled gaps and 
99.4% of the sequence is grouped, ordered and oriented in 16 haploid chromosomes (L99 = 16). Pseudo chromosomes range in size from 17 - 38 
Mb and were tested for correctness using BioNano Optical maps, linkage maps, synteny analysis and Hi-C based reassembly of finished 
assembly contigs. 
 
W791: Quinoa and close relatives 
Betalains and Other Specialized Metabolites of Amaranth spp. Explored using Transcriptomics and Reverse Genetics 
Dinesh Adhikary, University of British Columbia, Okanagan, Kelowna, BC, Canada, Thiruvarangan Ramaraj, National Center for 
Genome Resources (NCGR), Santa Fe, NM and Michael K. Deyholos, University of British Columbia, Kelowna, BC, Canada 
Amaranth is valued as a protein-rich, C4 pseudocereal, and is adaptable to cultivation in a wide range of environments. It is also one of few crops 
enriched in specialized metabolites such as the triterpenoid squalene, and betalain pigments. We are using the grain amaranth Amaranthus 



hypochondriacus L., and the ornamental Amaranthus tricolor L., in conjunction with recent genomic and transcriptomic assemblies, to 
investigate synthesis and function of amaranth metabolites. We have established VIGS (virus-induced gene silencing) as an efficient technique in 
amaranths, and have used it to dissect the betalain biosynthetic pathway in A. tricolor, converting normally red plants to green. We are currently 
extending these results using CRISPR/Cas9 mediated gene-silencing. The response of the isogenic green and red plants to various biotic and 
abiotic stresses will be compared, to better establish the physiological and ecological roles of betalains. We are also investigating the production 
of modified betalains, to expand the potential biotechnological applications of these pigments. 
 
W792: Quinoa and close relatives 
The Chromosome Scaffold Based Quinoa Genome: Its Building and its use to Find the Non-Bitter Mutations in Quinoa 
Eibertus N. van Loo, Plant Breeding, Wageningen University & Research, Wageningen, Netherlands 
 
W793: Quinoa and close relatives 
ChenopodiumDB: An Integrated Repository for Population Genomics in genus Chenopodium 
Hajime Ohyanagi, School of Agriculture, Meiji University, Kawasaki, Kanagawa, Japan 
 
W794: Quinoa and close relatives 
High-Throughput Phenotyping of Chenopodium Quinoa Seed, Shoots, and Roots 
Malia Gehan, Steven Callen, Jose Tovar, Elizabeth Castillo, Monica Tessman and Michael Miller, Donald Danforth Plant Science 
Center, St. Louis, MO 
 
W795: Quinoa and close relatives 
Future Directions for Quinoa and Related Species 
Rick Jellen, Brigham Young University, Provo, UT 
Quinoa production in low-elevation environments is hampered by a relative lack of cultivated germplasm that is readily available, genetically 
diverse, and adapted to lowland temperate or subtropical production conditions. A potential long-term solution to this problem is to create 
breeding populations that combine favorable agronomic characteristics of the domesticated germplasm with favorable adaptive characteristics of 
quinoa's close wild relatives, Chenopodium berlandieri (aka pitseed goosefoot) and C. hircinum (aka avian goosefoot). The former represents a 
potentially massive gene pool distributed in North America as ecotypes adapted to torrid coastal regions (var. boscianum), mid-elevation 
monsoon steppes (var. sinuatum and ssp. nuttaliae), mid-latitude cool-humid coasts (var. macrocalycium), and disturbed mid-latitude steppes, 
semi-deserts, and forests (var. zschackei). The latter includes less-characterized ecotypes dispersed through the Pampas and into hot semi-desert 
environments in southeastern South America. Intertaxa hybrids are largely fertile and segregants carrying desirable combinations of agronomic 
traits can be easily identified and selected in hybrid-progeny populations. 
 
W796: Recombination - mechanisms 
DMC1, RAD51 and Meiotic Recombination in Arabidopsis 
Charles White1, Gunjita Singh1, Olivier Da Ines1 and Maria E. Gallego2, (1)Centre National de Recherche Scientifique, Clermont-
Ferrand, France, (2)University Blaise Pascal, Clermont-Ferrand, France 
Eukaryotic sexual reproduction is based on the production of gametes of halved ploidy, the fusion of two of which regenerates the original ploidy 
in the subsequent generation. This halving of ploidy in gametogenesis is carried out by a meiosis, a specialized cell division in which the two 
successive nuclear divisions follow a single round of replication. Homologous recombination during prophase of the first meiotic division 
ensures synapsis and proper segregation of homologous chromosomes of maternal and paternal origins and shuffles the genetic information, 
generating genetic variation. Notwithstanding tremendous advances in our understanding, many questions remain concerning the molecular 
mechanisms controlling meiotic recombination and synapsis.  
Homologous recombination involves the repair of a broken DNA through invasion and copying of a homologous DNA template molecule. The 
strand-transfer enzymes which catalyse this key invasion step are ubiquitous and highly conserved through evolution. In addition to RAD51, 
which acts in both mitotic and meiotic cells, with a few exceptions all studied eukaryotes have a second enzyme, DMC1, which acts specifically 
in meiosis. Thus, both RAD51 and DMC1 act in meiosis to catalyse homologous recombination. To better understand their specificities and the 
relationship between recombination and meiotic homologue pairing, we are characterizing the roles of the two recombinases RAD51 and DMC1 
in the plant Arabidopsis thaliana. We have previously described a dominant-negative RAD51-GFP fusion protein that rescues the meiotic 
chromosome fragmentation of rad51 mutants, but is inactive for catalysing recombination (Da Ines et al, PLoS Genet. 2013. 9: e1003787). 
Meiotic recombination in rad51 mutants expressing this protein is thus catalysed only by DMC1 and we are using this fact to test for effects on 
crossing-over rates, both genome-wide and in different chromosomal regions. Data from immunofluorescence, chiasmata counting and crossing-
over rate measurements in centromere-spanning and chromosome-arm genetic intervals will be presented and discussed in the context of the 
specificities of the roles of the DMC1 and RAD51 strand-exchange activities in meiosis. 
 
W797: Recombination - mechanisms 
Understanding and Controlling Meiotic Recombination in Plants 
Marie-Therese Kurzbauer1, Michael Janisiw1, Bert J. van der Zaal2 and Peter Schloegelhofer1, (1)Department of Chromosome 
Biology, Max F. Perutz Laboratories, University of Vienna, Vienna, Austria, (2)Institute of Biology, University of Leiden, Leiden, 
Netherlands 
Meiotic recombination depends on the formation of DNA double-strand breaks (DSBs) and subsequent repair via the homologous chromosome. 
Understanding the underlying processes, as well as identifying and manipulating involved factors is vital for efficient plant breeding, where 
recombination between specific loci may be sought but is often limited.  



We found that the checkpoint kinase ATM, in addition to its role in DNA damage signaling, limits the formation of meiotic DSBs and also 
crossovers between homologous chromosomes. Atm mutant plants, for example, display a global increase in DSB formation and crossovers, but 
would not serve as a tool for plant breeders, while guiding the DSB machinery to specific loci may be an elegant and precise way to influence 
recombination locally. We present a zinc-finger-based approach to direct a DSB-forming factor to specific sites in the genome, thereby 
enhancing recombination in these regions.  
In summary, we have analyzed factors involved in double-strand break and crossover formation and developed and present tools to create 
artificial hot spots of meiotic DSB formation to enhance recombination at any desired locus in the genome of Arabidopsis thaliana. 
 
W798: Recombination - mechanisms 
Control of Meiotic Recombination by the Phosphorylation of Chromosome Axis ASY1 Protein 
Eugenio Sanchez-Moran, Chris Franklin and Marina Martinez Garcia, University of Birmingham, Birmingham, United Kingdom 
ASY1 is a meiotic specific chromosome axis protein in plants. Mutations on this protein decreases immensenly the number of crossovers events 
but DSBs are repaired. We have carried out an analysis of putative phosphorylation sites in ASY1 in Arabidopsis thaliana. A construct carrying 
ASY1 genomic sequence with its promotor and terminator, resulted to be complementing successfully the mutant asy1-4. We have also produced 
different similar contstructs with point mutations in key residues which more likely phosphorylation would take place and we have started 
analysing the roles of this phosphosites in ASY1 and their effect in meiotic recombination. 
 
W799: Recombination - mechanisms 
What Makes DNA Recombination Hot 
Cathy Melamed-Bessudo, Weizmann Institute of Science, Rehovot, Israel 
Cathy Melamed-Bessudo, Shay Shilo, Nurit Shoshani-Hechel, Shdema Filler Hayut, Avraham A. Levy.  
Department of Plant and Environmental Sciences, Weizmann Institute of Science, Rehovot 7610001, Israel.  
During meiosis, the reciprocal exchange of homologous chromosomal segments is not uniform along chromosomes and differs between the male 
and female meiocytes. This differences maybe caused by genetics and/or epigenetics factors. We identified crossover events at high resolution 
using whole genome sequencing of Arabidopsis thaliana. From a detailed genetic and epigenetic analysis we found new recombination hotspots 
and we identified three DNA motifs that were enriched in crossover regions and were less abundant in centromeric regions. One of these motifs, 
a CCN repeat, previously unknown in plants resembles the human crossover motif that binds PRDM9, a histone3-lysine4 (H3K4) trimethyl 
transferase. The motifs at crossover sites contain a specific epigenetic architecture showing a direct association with open chromatin structure. 
This includes cytosine hypomethylation and a H3K4me3 peak around the CCN repeat. This landscape flanking the motifs was similar in both 
male and female and the higher rate of male recombination was conserved in the ddm1 mutant. Therefore, cytosine methylation does not account 
for the higher rate of recombination in the male. Finally, trying to understand the bottlenecks of DNA recombination we have induced DNA 
double-strand breaks in hot and cold regions of the genome. Results will be discussed. 
 
W800: Recombination - mechanisms 
DNA Polymerase Epsilon Is a Key Component of the Meiotic Recombination Pathway 
Jiyue Huang1, Zhihao Cheng1, Cong Wang1, Yue Hong1, Hang Su1, Jun Wang1, Gregory Copenhaver2, Hong Ma1 and Yingxiang 
Wang1, (1)State Key Lab of Genet Eng, Sch of Life Sci., Fudan Univ., Shanghai, China, (2)UNC at Chapel Hill, Chapel Hill, NC 
Meiosis is a crucial progress for sexual reproduction in eukaryotes, during which cell replicates its genome once but divides twice to generate 
haploid gametes. Unlike mitosis, meiosis has an intricate and elaborate prophase I with homologous chromosomes pairing, synapsis, and 
recombination. Recent advances of meiosis studies in plants, yeast, Drosophila, C. elegans and mouse are intensively focusing on homolog 
interaction especially on recombination. However, the understanding of DNA synthesis, a critical step for double strand break repair is still 
obscure. With the weak mutation allele in DNA polymerase epsilon named pol2a in Arabidopsis, we found that Pole is required for plant fertility 
and male meiosis. Defects of abnormal chromosome association, fragmentation and segregation were observed in pol2a mutant. By cytological 
and genetic analysis, we found that POL2A works after double strand break formation, and upstream of RCK in the interference-insensitive CO 
pathway. However, significant reduced MLH1 foci indicated CO interference pathway is not fully blocked in pol2a mutant. It lets us to 
hypothesize that sufficient leading strand DNA elongation conducted by POL2A promotes formation of some interference sensitive COs and the 
rest COs are substituted by Polδ, another pivotal DNA polymerase who is responsible for lagging strand elongation in DNA replication. Further 
study of the proDMC1:: PolδRNAi pol2a-1 transgenic plants showed more severe sterility, chromosome association and fragmentation, providing 
new evidence for the hypothesis. 
 
W801: Recombination - mechanisms 
Investigating Differences in Meiotic Recombination Patterns Between Male and Female Meiosis Using High-Resolution 
Crossover Mapping in Maize 
Penny Kianian1, Minghui Wang2, Kristen Simons3, Farhad Ghavami4, Yan He5,6, Stefanie Dukowic-Schulze1, Anitha 
Sundararajan7, Qi Sun8, Jaroslaw Pillardy9, Joann Mudge7, Shahryar F. Kianian10, Changbin Chen1 and Wojtek Pawlowski11, 
(1)University of Minnesota, St. Paul, MN, (2)Bioinformatics Facility, Cornell University, Ithaca, NY, (3)North Dakota State 
University, Fargo, ND, (4)Eurofins, River Falls, WI, (5)Cornell Univerity - Section of Plant Biology, School of Integrative Plant 
Science, Ithaca, NY, (6)National Maize Improvement Center, Beijing, China, (7)National Center for Genome Resources (NCGR), 
Santa Fe, NM, (8)Institute for Genomic Diversity, Cornell University, Ithaca, NY, (9)Cornell University, Ithaca, NY, (10)USDA 
ARS, Saint Paul, MN, (11)Cornell University - Section of Plant Biology, School of Integrative Plant Science, Ithaca, NY 
Meiotic recombination is the main source of genetic variation in evolution as well as in plant and animal breeding. However, despite their 
importance the resulting crossovers (COs) are not uniformly distributed across the genome, a phenomenon, which is not completely 
understood. One of the least elucidated aspects of meiotic recombination are differences between CO rates and pattern between male and female 



meiosis. To investigate these differences, we conducted high-resolution mapping of CO locations using whole-genome sequencing in the maize 
B73 x Mo17 hybrid. We found that the overall CO rates were similar in the two sexes. However, significant differences between male and female 
CO rates in several specific genome regions. Furthermore, the placement of the CO in relationship to gene transcription start sites differed 
between the sexes. We also found that epigenetics factors, such as DNA methylation, nucleosome occupation, and histone modification have 
similar effects on CO formation in both sexes. These results will help unravel possible mechanisms controlling CO rates and location in plants. 
 
W802: Resources and Programs for Undergraduate Education in Genomics 
Introductory remarks 
Scott Woody, UW-Madison, Madison, WI 
 
W803: Resources and Programs for Undergraduate Education in Genomics 
The Genomics Education Partnership: An Introduction to Bioinformatics in a Course-based Undergraduate Research 
Experience (CURE) 
Sarah Elgin, Washington University in St Louis, St. Louis, MO, Sara Anderson, University of Minnesota - Moorhead, Moorhead, 
MN, Shan M. Hays, Western State Colorado University, Gunnison, CO, Nighat P Kokan, Cardinal Stritch University, Milwaukee, 
WI, Nathan T Mortimer, Illinois State University, Normal, IL, Christopher D Shaffer, Washington University in St. Louis, St Louis, 
MO, Wilson Leung, Washington University in St. Louis, St. Louis, MO and David Lopatto, Grinnell College, Grinnell, IA 
The Genomics Education Partnership (GEP; http://gep.wustl.edu) is a consortium of faculty members from over 100 colleges and universities 
who are involving students in Course-based Undergraduate Research Experiences (CUREs) in bioinformatics. Our project uses comparative 
genomics to study the unusual properties of the Drosophila Muller F element (dot chromosome) across recently sequenced Drosophila species. 
Students participate in both sequence improvement and gene annotation, and their results are reconciled and pooled for final analysis; our recent 
paper in G3 had 940 undergraduate co-authors (Leung et al. 2015 G3 5(5): 719-40). Students who participate show attitude and knowledge gains 
on assessment, irrespective of the type of institution or the implementation strategy used by the faculty member (ranging from short lab modules 
to stand-alone research courses and independent research projects). However, student gains are correlated with the amount of time spent on the 
project. GEP faculty members report that implementation of this research-based curriculum is strongly facilitated by core computational and 
pedagogical support from the Washington University team, and that a shared curriculum and organizational structure can mitigate issues caused 
by varying campus-level support. We are developing new curriculum designed to make the GEP project more accessible to beginning students, 
including those at community colleges; and working with Galaxy to develop G-OnRamp, software that will make it easier to get a new genome 
assembly up on a genome browser, enabling faculty to use this bioinformatics CURE strategy with other species. Supported by HHMI grant 
#52007051, NSF grant #1431407, and Washington University in St. Louis. 
 
W804: Resources and Programs for Undergraduate Education in Genomics 
The Genome Solver Project:  Faculty Training in Bioinformatics for a Cure 
Anne G. Rosenwald1, Vinayak Mathur1 and Gaurav Arora2, (1)Georgetown University, Washington, DC, (2)Gallaudet University, 
Washington, DC 
Genome Solver, an NSF-funded project, engages in workshops to train faculty in basic bioinformatics skills. In the current iteration, Genome 
Solver On-the-Go, instructors travel to individual schools to help create local hubs of expertise. In addition, we have recently developed a 
community science project so that faculty and their students can join in our research, in which we collect instances of bacteriophage genes 
embedded in bacterial genomes so that we can understand more deeply how this form of horizontal gene transfer impacts bacterial evolution. To 
measure the impact of the program, we have also collected student learning data using a pre-/post-quiz format from approximately 650 students 
at five different schools. The data suggest that bioinformatics instruction leads to learning gains on a variety of bioinformatics topics. We 
interpret this to mean that the Genome Solver workshops are an effective means of encouraging faculty to engage in bioinformatics 
instruction. More about Genome Solver, including the upcoming workshop schedule, the community science project, curriculum materials, and 
most importantly, the members of the community can be found at http://genomesolver.org. 
 
W805: Resources and Programs for Undergraduate Education in Genomics 
Enke title 
Ray A. Enke, James Madison University, Harrisonburg, VA 
 
W806: Resources and Programs for Undergraduate Education in Genomics 
Student DNA Genotyping By Mass Spectrometry: An Affordable Look into DNA Ancestry and Profiling 
Dave Micklos and Bruce Nash, DNA Learning Center, Cold Spring Harbor, NY 
We present tests of a distributed system to genotype mitochondrial (mt) polymorphisms and predictors of taste, olfaction, and lactose tolerance 
using mass spectrometry – at a cost of about $8 per sample. Our genotype panel investigates 24 single nucleotide polymorphisms (SNPs) in the 
mt genome that identify major lineages from Africa, Europe, Asia, and the Americas. Three SNPs in the TAS2R38 bitter taste receptor predict 
the ability to phenylthiocarbamide (PTC), one SNP in the olfactory receptor OR11H7P predicts sensitivity to isovaleric acid (smelly socks), and 
four SNPs in the regulatory region of the lactase gene predict lactose tolerance in European and African populations.  
Students safely isolate DNA using a saline mouthwash and quick Chelex extraction. Samples are then sent to a central laboratory for 
amplification of the 32 polymorphic loci. Primer extension generates allele-specific products with different masses, which are separated using 
time of flight mass spectrometry. Results are automatically uploaded to an online database, where students analyze their genotypes with simple 
bioinformatics tools and a phylogenic tree builder. Phenotype predictions are followed up with taste and smell tests.  
The lineage analysis follows on our popular mtDNA sequencing kit and online tools that have been used to analyze more than 100,000 student 
sequences. The phenotype predictions illustrate the current use of mass spectrometry in forensic DNA profiling, which predicts the hair and eye 



color of a suspect from DNA collected at a crime scene. The PTC experiment extends our TAS2R38 SNP kit that uses agarose gel 
electrophoresis to analyze genotypes. 
 
W807: Resources and Programs for Undergraduate Education in Genomics 
Niblse: A Network to Fully Integrate Bioinformatics into the Undergraduate Curriculum. 
Burnette Jim, UC-Riverside, Riverside, CA, Elizabeth Dinsdale, San Diego State University, San Diego, CA, William R. Morgan, 
College of Wooster, Wooster, OH, Anne Rosenwald, Georgetown University, Washington, DC, Eric W. Triplett, University of 
Florida, Gainesville, FL and Mark A. Pauley, University of Nebraska at Omaha, Omaha, NE 
Bioinformatics is a vital component of many avenues of biological investigation. Proficiency in biological sequence analysis tools and a basic 
understanding of programming and statistical analysis are necessary to be a successful life scientist at any level from lab technician to leader of a 
biotechnology team to professor. To this end, the Network for Integrating Bioinformatics into Life Sciences Education (NIBLSE, pronounced 
“nibbles”) was formed and funded by the NSF in 2015 to: 1) create a network of investigators committed to integrating bioinformatics into 
undergraduate life sciences education; 2) develop and disseminate a set of core bioinformatics competencies for undergraduate students in the 
biological sciences; 3) identify and disseminate assessment tools that are aligned with the core competencies; and 4) organize and vet curricular 
activities and professional development materials that address the competencies. During this talk I will present the nine bioinformatics core 
competencies for life scientists identified by NIBLSE. I will also demonstrate the QUBES NIBLSE community members can use to disseminate 
their bioinformatics curricula (https://qubeshub.org/groups/niblse). Finally, I will briefly address the next steps that NIBLSE will take to provide 
assessment and professional development tools to aid biology instructors in incorporating bioinformatics into their curricula.  
 
W808: Rice Functional Genomics 
Harnessing 15 Million Years of Oryza Genome Evolution to Help Solve the 10-Billion People Question? 
Rod A. Wing, Arizona Genomics Institute, University of Arizona, Tucson, AZ 
 
W809: Rice Functional Genomics 
Rapid Evolution of New Genes in Oryza Genomes 
Manyuan Long, University, Chicago, IL 
 
W810: Rice Functional Genomics 
Genome-Wide Association Study using Whole-Genome Sequencing Rapidly Identifies New Genes Influencing Agronomic 
Traits in Rice 
Kenji Yano1, Eiji Yamamoto2, Koichiro Aya3, Hideyuki Takeuchi3, Pei-ching Lo3, Li Hu3, Masanori Yamasaki4, Shinya Yoshida5, 
Hidemi Kitano3, Ko Hirano3 and Makoto Matsuoka3, (1)The University of Tokyo, Tokyo, Japan, (2)NARO Institute of Vegetable 
and Tea Science (NIVTS), Tsu, Mie, Japan, (3)Bioscience and Biotechnology Center, Nagoya University, Nagoya, Japan, (4)Food 
Resources Education and Research Center, Graduate School of Agricultural Science, Kobe University, Kasai, Hyogo, Japan, 
(5)Hyogo Prefectural Research Center of Agriculture, Forestry and Fisheries, Kasai, Japan 
A genome-wide association study (GWAS) can be a powerful tool for the identification of genes associated with agronomic traits in crop species, 
but it is often hindered by population structure and the large extent of linkage disequilibrium. In the present study, we performed identification of 
agronomically important genes in rice using GWAS based on whole-genome sequencing, followed by the screening of candidate genes based on 
the estimated effect of nucleotide polymorphisms. Using this approach, we identified four novel genes associated with agronomic traits. Some 
genes were undetectable by standard single nucleotide polymorphism analysis, but were detected using gene-based association analysis. This 
study provides fundamental insights relevant to the rapid identification of genes associated with agronomic traits using GWAS, and will 
accelerate future efforts aimed at crop improvement. 
 
W811: Rice Functional Genomics 
Dissection of Metabolic and Phenotypic Traits in Major Crops 
Jie Luo, Huazhong Agricultural University, Wuhan, China 
 
W812: Rice Functional Genomics 
Dissection of the Molecular Mechanism of Rice Immunity Against Magnaporthe oryzae 
Yuese Ning, Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing, China 
Rice blast, caused by the fungal pathogen Magnaporthe oryzae, is one of the most serious rice diseases. We previously cloned the broad-
spectrum R gene Piz-t in rice and its cognate Avr gene AvrPiz-t in M. oryzae. To elucidate the molecular mechanism underlying AvrPiz-t–Piz-t 
mediated immunity against M. oryzae, we performed a yeast two hybrid screen to identify potential host targets of AvrPiz-t in rice. Among the 
twelve APIPs (AvrPiz-t Interacting Proteins), APIP6 and APIP10 encode RING-type E3 ligases, and APIP5 is a bZIP-type transcription factor. 
We demonstrated that AvrPiz-t targets APIP5, APIP6 and APIP10 for the suppression of PAMP-triggered immunity (PTI) in rice. In addition, 
APIP6 ubiquitinates and degrades OsELF3-2 in rice. We also found that APIP5 positively and APIP10 negatively regulates the accumulation of 
Piz-t. Interestingly, Piz-t can stabilize APIP5 to prevent necrosis at the necrotrophic stage. Taken together, these results indicate that the fungal 
effector AvrPiz-t targets multiple rice proteins that play important roles in both PTI and ETI. 
 
W813: Rice Functional Genomics 
On the Origin of Burst of MITE Element mPing in Rice Population 



Jinfeng Chen, University of Riverside, California, Riverside, CA, Lu Lu, University of California, Riverside, Riverside, CA, Jason 
Stajich, University of California Riverside, Riverside, CA and Susan Wessler, University of California, Riverside, CA 
Transposable elements occupy substantial proportion of eukaryotic genomes. Their movements are sources of genetic innovations. Miniature 
Inverted-repeat Transposable Elements (MITEs) are deletion derivatives of autonomous DNA transposons and in great abundance in plant 
genomes. MITE element mPing is an active transposon in rice and has amplified to high copy number in several rice strains. The insertion sites 
of mPing are highly associated with protein-coding genes and contribute to innovation of regulatory network of nearby genes in rice. However, 
the mechanism of how mPing amplification is activated in rice population is not fully understood. In this study, we have characterized the copy 
number of mPing elements and their autonomous elements Ping and Pong in rice population. The amplification of mPing in temperate japonica 
rice is associated with amplification of Ping elements in the same group of rice. Particularly, a special Ping locus that inserted in another 
transposable element is shared in strains carrying high copy number of mPing and associated with high copy number of mPing in rice population, 
suggesting its role in accumulation of mPing and Ping in rice genome. We will also discuss the dynamics of mPing burst in rice and wild rice 
genomes and their implications to rice genome evolution. 
 
W814: Root Genomics 
Recurrent Evolutionary Selection of the Epigenome Modulating Dysfunctional Guanine Deaminase Protein for Root Traits 
Favorable Under Water Stress 
Ajay Kohli, IRRI, Los Banos, Philippines 
 
W815: Root Genomics 
Utilizing 2D Imaging to Map Root System Architecture QTL in Carrot (Daucus carota L.) 
Shelby Ellison, Department of Horticulture, University of Wisconsin, Madison, WI and Philipp W. Simon, USDA-Agricultural 
Research Service, Vegetable Crops Unit, University of Wisconsin-Madison, Madison, WI 
Effective phenotyping in carrot is complicated by the fact that the agronomically valuable portion of the crop is underground. To better 
understand the genetics of carrot root architecture, novel approaches must be conceived and applied in the field of high resolution, high 
throughput phenotyping. One such approach is to scan roots and use 2D image analysis software to extract traits of interest. We have used 
RootNav and SmartRoot to measure carrot root architecture traits in an F2 mapping population between wild and cultivated carrot. Phenotypic 
measurements have been used in conjunction with genotypic information to better understand the genetic basis of lateral root formation and root 
shape in carrot. Establishing a protocol for 2D image analysis in carrot, as a model root crop, will facilitate the application of these technologies 
to other root and tuber crops such as sugar and table beet, potato, and cassava. Finally, increased knowledge pertaining to carrot root architecture 
can be used to design cultivars to better meet farmer and consumer needs. 
 
W816: Root Genomics 
Dissecting the Genetics of Cereal Root System Architecture 
Lee Hickey, QAAFI, The University of Queensland, BRISBANE, Australia 
Optimising root system architecture (RSA) in cereal crops is a major goal for improving the plants’ capability to access nutrients and water in 
diverse agricultural production systems. Advances have been made in rice, maize and sorghum, but little is known about the genetic factors 
determining below-ground plant development in the major cereals wheat and barley.  
We report on significant progress to elucidate components of the complex genetic architecture. Our genome-wide association studies for RSA 
utilised large wheat and barley populations from Australia and Europe, and identified key candidate regions for root growth. Subsequent 
molecular analyses revealed common targets across datasets, giving first important insights for the customisation of root systems in modern 
cereal cultivars to improve agricultural productivity in the face of climate change. 
 
W817: Root Genomics 
Crown Root Development, from QTL Detected by GWAS using a Vietnamese Rice Collection to Candidate Gene 
Le Khanh Nguyen, USTH, LMI RICE-2, Hanoi, Viet Nam 
 
W818: Root Genomics 
The Plant Root-Associated Microbiome Viewed Across Diverse Plant Species and Developmental Stages 
Joseph A. Edwards, UC Davis, Davis, CA 
Soil microbes are important mediators of plant nutrition, growth, and resistance to biotic and abiotic stresses. Plants acquire root-associated 
microbiomes that are distinct from that of the surrounding soil. We have previously reported1that for cultivated rice, the root-associated 
microbiome has a relatively small dependence on the host plant genotype. We have now investigated the effect of wide interspecies host 
variation on assimilated root-associated microbiomes within a single environment. We find that host microbiome variation does not reflect host 
plant phylogenetic relationships and that rice plants enrich for a unique rhizospheric and endospheric microbiome compared to other host plants 
growing in the same environment. A comparison of the root-associated microbiomes of rice with microbiota of soil from cultivated fields and 
non-cultivated soils, suggests that rice cultivation changes the overall soil microbiome in rice fields not only through agricultural inputs and 
water submergence, but also through specific enrichment of microbial taxa by rice plants. We have also studied variations in the microbiome 
through the lifecycle of rice plants under field conditions. We find that the composition of the microbiome shifts throughout vegetative growth 
until the initiation of reproductive growth, whereupon the microbiome stabilizes. These results suggest that plants select for different microbiota 
as they undergo developmental changes from germination to reproduction.  
1Edwards, Joseph, et al. "Structure, variation, and assembly of the root-associated microbiomes of rice." Proceedings of the National Academy of 
Sciences 112.8 (2015): E911-E920.DOI:10.1073/pnas.1414592112 
 



W819: Root Genomics 
Changes in the Rice Transcriptome Under Abiotic Stress Responses 
Antonio Costa De Oliveira, UFPel, Pelotas, Brazil 
Iron, cold and salinity are major stresses affecting rice cultivation in Southern Brazil and in other areas worldwide. The investigation of genes 
associated to specific stress responses can be masked by a large number of genes presenting a unespecific response. Our research group has been 
investigating genes involved in iron homeostasis through microarray and RNA seq experiments, confirming the involvement of these genes in 
the rice responses to iron excess and other abiotic stresses. ERF and WRKY TFs as well as novel genes, protein interactions, changes in splicing 
and regulatory regions present in promoter and retrotransposon LTR regions are helping to build the picture of iron homeostasis, salinity and 
cold tolerance in rice. 
 
W820: Sequencing Complex Genomes 
The Complex Sequence Landscape of Maize Revealed by Single Molecule Technologies 
Yinping Jiao1, Paul Peluso2, Jinghua Shi3, Tiffany Liang3, Michelle Stitzer4, Bo Wang5, Michael S. Campbell6, Joshua Stein5, 
Sharon Wei5, Jason Chin2, Katherine Guill7, Michael Regulski5, Sunita Kumari8, Andrew Olson5, Jonathan I Gent9, Kevin 
Schneider10, Nathan M. Springer11, Eric Antoniou5, W. Richard McCombie5, Gernot Presting10, Michael D. McMullen12, Jeffrey 
Ross-Ibarra13, R. Kelly Dawe9, Alex R. Hastie3, David Rank2 and Doreen Ware5, (1)Cold Spring Harbor Laboratory/USDA-ARS, 
Cold Spring Harbor, NY, (2)Pacific Biosciences, Menlo Park, CA, (3)BioNano Genomics, San Diego, CA, (4)University of 
California, Davis, Davis, CA, (5)Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, (6)Cold Spring Harbor Laboritory, Cold 
Spring Harbor, NY, (7)USDA-ARS, COLUMBIA, MO, (8)Cold Spring Harbor Laboratory, NY, NY, (9)University of Georgia, 
Athens, GA, (10)University of Hawaii, Honolulu, HI, (11)Department of Plant and Microbial Biology, University of Minnesota, St. 
Paul, MN, (12)USDA-ARS, Columbia, MO, (13)University of California, Davis, CA 
Complete and accurate reference genomes and annotations provide fundamental tools for characterization of genetic and functional variation. 
These resources facilitate elucidation of biological processes and support translation of research findings into improved and sustainable 
agricultural technologies. Many reference genomes for crop plants have been generated over the past decade, but these genomes are often 
fragmented and missing complex repeat regions. Here, we report the assembly and annotation of maize, a genetic and agricultural model 
organism, using Single Molecule Real-Time (SMRT) sequencing and high-resolution genome map. Relative to the previous reference genome, 
our assembly features a 52-fold increase in contig length and significant improvements in the assembly of intergenic spaces and centromeres. 
Characterization of the repetitive portion of the genome revealed over 130,000 intact transposable elements (TEs), allowing us to identify TE 
lineage expansions unique to maize. Gene annotations were updated using 111,000 full-length transcripts obtained by SMRT sequencing. In 
addition, comparative optical mapping of two other inbreds revealed a prevalence of deletions in the region of low gene density and maize 
lineage-specific genes. 
 
W821: Sequencing Complex Genomes 
A Case Study from Reseq to Refseq-Two High-Quality Reference Genome Sequences for indica Rice 
Jianwei Zhang1,2, Ling-Ling Chen2, Feng Xing2, David Kudrna1, Wen Yao2, Dario Copetti1, Ting Mu2, Weiming Li2, Jia-Ming 
Song2, Weibo Xie2, Seunghee Lee3, Jayson Talag3, Lin Shao2, Yue An2, Chun-Liu Zhang2, Yidan Ouyang2, Shuai Sun2, Wen-Biao 
Jiao2, Fang Lv2, Bogu Du2, Meizhong Luo2, Carlos Maldonado1, Jose Luis Goicoechea3, Lizhong Xiong2, Changyin Wu2, 
YongZhong Xing2, Dao-Xiu Zhou2, Sibin Yu2, Yu Zhao2, Gongwei Wang2, Yeisoo Yu4, Yijie Luo2, Zhi-Wei Zhou2, Beatriz 
Padilla1, Rod Wing5 and Qifa Zhang2, (1)Arizona Genomics Institute, Tucson, AZ, (2)Huazhong Agricultural University, Wuhan, 
China, (3)Arizona Genomics Institute, University of Arizona, Tucson, AZ, (4)Phyzen Genomics Institute, Seoul, South Korea, 
(5)School of Plant Sciences, Ecology & Evolutionary Biology, Arizona Genomics Institute, Tucson, AZ 
Over the past 30 years we have performed many fundamental studies on two indica (one of two Asian cultivated rice subspecies) varieties 
Zhenshan 97 (ZS97) and Minghui 63 (MH63) which represent the two major varietal groups of the indica subspecies and are the parents of an 
elite Chinese hybrid. However, lacking of their high-quality reference genome sequences became an obstruction to answer more biological 
questions, especially for better understanding of the biological basis of heterosis. We tried to use Illumina high-throughput technology to 
sequence ZS97 and MH63 genomes (ReSeq), but failed to assemble them accurately. Hence, we conducted map-based sequencing of ZS97 and 
MH63 using the most advanced PacBio sequencing technologies. We produced over 108 (ZS97) and 174 (MH63) Gb of PacBio raw sequence 
data from 166 (ZS97) and 209 (MH63) pools of BAC clones, and generated ~97 (ZS97) and ~74 (MH63) Gb of Illumina paired-end whole-
genome shotgun sequence data. The genome sequences (RefSeqs) were assembled into 237 (ZS97) and 181 (MH63) contigs, with an accuracy 
>99.99%, and covered 90.6% and 93.2% of their estimated genome sizes. The two reference-quality genomes for the indica subspecies of rice 
are public available (GenBank accession numbers LNNJ00000000 and LNNK00000000). We are keeping improving the two RefSeqs and the 
latest results will be discussed in detail. 
 
W822: Sequencing Complex Genomes 
Sequencing the Branches of the Eucalypt Tree: Comparison Between Eucalyptus and Corymbia Genomes 
Adam Healey1, Merv Shepherd2, Abdul Baten3, Graham J. King3, David J. Lee4, Agnelo Furtado5, Rene E. Vaillancourt6, Jakob B. 
Butler7, Jules S. Freeman7, Brad M. Potts6, Dario Grattapaglia8, Orzenil B. da Silva Junior9, Kerrie W. Barry10, Jeremy Schmutz11, 
Blake Simmons12 and Robert J. Henry5, (1)University of Queensland, Brisbane, Australia, (2)Southern Cross University, Lismore, 
Australia, (3)Southern Cross Plant Science, Southern Cross University, Lismore NSW, Australia, (4)Forest Industries Research 
Centre, University of the Sunshine Coast, Sippy Downs, Australia, (5)University of Queensland/QAAFI, Brisbane, Australia, 
(6)School of Biological Sciences and ARC Training Centre for Forest Value, University of Tasmania, Hobart, Australia, (7)School 
of Biological Sciences, University of Tasmania, Hobart, Australia, (8)Graduate Program in Genomic Sciences - Catholic University 



of Brasília, Brasília, Brazil, (9)LBNL Research Scholars Program, DOE Joint Genome Institute, Walnut Creek, CA, (10)DOE Joint 
Genome Institute, Walnut Creek, CA, (11)Hudson Alpha, Huntsville, AL, (12)Joint Bioenergy Instutute, San Francisco, CA 
Corymbia, a closely related genus to Eucalyptus, has become an important forestry resource in the past few decades, grown for timber, essential 
oils and bioenergy applications. The spotted gum variety (C. citriodora subsp. variegata; CCV) and interspecific hybrids have been deployed 
globally in Australia, India, China and Brazil. Given its wide distribution and ecological and economic importance, the Corymbia genome 
consortium has sequenced and assembled two CCV genomes from genotypes that are representative of separate genepools within the natural 
population, both used in germplasm management and improvement. The genomes presented are a result of combining multiple assembly 
strategies using Illumina and PacBio technologies, combined with a high-density DArT-Seq genetic map to generate chromosome level 
assemblies. We assess assembly quality using single copy genes from the Eucalyptus grandis reference genome, along with macrosynteny and 
major structural variations across the 11 chromosomes. Additionally, the sequencing of this complex, heterozygous diploid allows investigation 
of biologically relevant questions in regard to the dynamic evolutionary history of Corymbia, as provided by evidence of specific tandem gene 
expansion events. 
 
W823: Sequencing Complex Genomes 
The Genome of the Tetraploid arabica Coffee and its Diploid Ancestors 
Susan R. Strickler, Boyce Thompson Institute, Ithaca, NY 
Arabica Coffee Genome Consortium (ACGC) 
Coffea arabica accounts for 70% of world coffee production and is threatened by various biotic and abiotic factors. It is an allotetraploid 
(2n=4x=44) with a genome size of approximately 1.3 Gb, derived from the recent (< 0.6 mya) hybridization of two diploid progenitors 
(2n=2x=22), C. canephora (710 Mb) and C. eugenioides (670 Mb). In an effort to better understand the complex evolutionary history of C. 
arabica, PacBio sequences were generated for C. arabica, C. canephora, and C. eugenioides at a minimum of 50x coverage for each genome and 
assembled. Resulting contigs were scaffolded and anchored to pseudomolecules based on genetics maps. Optical maps were used for further 
scaffolding and improvement of the C. arabica genome. The present assemblies for C.arabica, C. canephora, and C. eugenioides, cover 1.1 Gbp, 
669 Mbp, and 660 Mbp of the genome, with contig N50 values of 279 kbp, 973 kbp, and 879 kbp respectively. Approximately 33%, 55%, and 
48% of each genome has been anchored to the genetic map. The genome assemblies have been annotated using expression data, including Iso-
Seq and RNA-seq, as well as protein data. Comparative genomics, gene family analysis, and other studies are shedding light on important 
features in these three genomes. In addition, 35 C. arabica varieties (cultivated) and accessions (wild) were also sequenced using Illumina reads 
for diversity analysis. These high quality reference coffee genomes will provide powerful genomic tools to enable more efficient coffee breeding 
strategies which will be important for improved resistance to the stressors that pressure Coffea. 
 
W824: Sequencing Complex Genomes 
The Eggplant Genome Reveals Key Events in Solanaceae Evolution 
Giovanni Giuliano, Italian National Agency for New Technologies, Energy and Sustainable Development, Roma, Italy 
From The Eggplant Genome Consortium.  
A high quality genome draft of eggplant (S. melongena L.) was produced and anchored to the 12 chromosomes. The eggplant genome contains 
34,916 predicted genes, of which 3,234 are paralogs generated by the ‘T’ whole genome triplication event. These paralogs are enriched in 
transcription factor-encoding genes in tomato, potato, pepper and eggplant, suggesting that the ‘T’ event contributed to Solanaceae functional 
diversification. A second diversifying mechanism is the rapid evolution of miRNA:mRNA regulatory pairs, whose vast majority are species-
specific, rather than conserved across the Solanaceae family. A reconstruction of the ancestral Solanaceae, Solanum and Potatoe genomes 
highlighted the rearrangements that led to the chromosome complements of extant Solanaceae. The four genomes underwent recent (~3 mya in 
pepper and ~0.3 mya in eggplant) colonization by transposable elements after the separation of the main clades. Fruit-associated genes showed 
different patterns of regulation across the Solanaceae family: genes involved in ethylene-independent ripening control, ethylene sensing and 
signal transduction, light signal transduction, chlorophyll degradation and cuticle biosynthesis had more evolutionary conserved patterns of 
expression than those involved in ethylene biosynthesis, light perception, carotenoid/phenylpropanoid biosynthesis, and fruit softening. 
Overexpression of TAGL1 in tomato and eggplant results in similar developmental phenotypes (sepal expansion), but in different biochemical 
ones (lycopene vs flavonol accumulation). Species-specific tandem amplification of R genes provided a basis for the differential pathogen 
sensitivity of Solanaceae, while the absence of a glycoalkaloid gene cluster on chromosome 12 provided a basis for the absence of these 
secondary metabolites in pepper. 
 
W825: Sequencing Complex Genomes 
Update on the Sugarcane Genome Sequence 
Karen S. Aitken, Paul J. Berkman and Anne L. Rae, CSIRO Agriculture and Food, St Lucia, Australia 
Sugarcane has a complex polyploid hybrid genome of 10 Gbp which makes sequencing the genome a challenge. We present here the Australian 
contribution to the R570 sugarcane genome sequence. A BAC by BAC sequencing approach is being used to generate a mosaic monoploid 
genome. We present data on sequence generated from over 1000 R570 BAC clones, these were selected using a number of approaches and were 
in part targeted to important QTL identified in Australian germplasm. In a parallel approach, we have also generated large amounts of whole 
genome shotgun (WGS) sequence from variety R570 and used advanced computational methods to assemble this sequence into a number of 
scaffolds. This WGS data was generated from a range of DNA fragment sizes between 180 bp and 32,000 bp, which should enable even complex 
regions of the genome to be ordered. In addition to this PacBio long read technology has been used to generate 31.7 Gbp of data with an average 
read length of 7282 bp. This has been used to help resolve repeats and increase scaffold lengths. In total the data covers the complete genome 
sequence to a level of 73-fold, representing roughly 1000-fold monoploid genome coverage, which highlights sequence variation at each locus. 
We present here the analysis of the multiple alleles of genes that are present in the polyploid genome of sugarcane. Analysis of this data has 
identified large numbers of single nucleotide polymorphisms (SNPs), which are currently being tested for association with desirable traits 
amongst a population of plant lines. A defined genome sequence will be used by many researchers to identify the basis of traits and to capitalise 



on knowledge of traits from related crops such as sorghum. Previous work has identified quantitative trait loci (QTL) for traits such as biomass in 
sugarcane. Bioinformatic tools can now identify the underlying gene sequences from the sugarcane genome sequence. In a similar way, the 
sugarcane homologues of genes that are known to enhance productivity in other species can now be identified. In addition to revealing 
underlying biological mechanisms, these genes will be valuable as targets for selection or genetic modification to enhance variety development.  
 
W826: Sex Chromosomes and sex determination 
Rapid Evolution of a Y-Chromosome Heterochromatin Protein Underlies Sex Chromosome Meiotic Drive 
Catherine Montchamp-Moreau1, Quentin Helleu2, Pierre R. Gerard3, Raphaelle Dubruille4, David Ogereau2, Benjamin 
Prud'homme5 and Benjamin Loppin6, (1)Évolution, Génomes, Comportement, Écologie, CNRS, IRD, Université Paris-Sud and 
Université Paris-Saclay, Gif-sur-Yvette, France, (2)Évolution, Génomes, Comportement, Écologie, CNRS, IRD, Université Paris-
Sud and Université Paris-Saclay, Gif sur Yvette, France, (3)Génétique Quantitative et Evolution CNRS, INRA, Université Paris-
Sud and Université Paris-Saclay, Gif sur Yvette, France, (4)Laboratoire de Biométrie et Biologie Evolutive, CNRS, Université 
Claude Bernard and Université de Lyon, Villeurbanne, France, (5)Institut de Biologie du Développement de Marseille-Luminy, 
CNRS, Aix-Marseille Université, Marseille, France, (6)Laboratoire de Biométrie et Biologie Evolutive, CNRS , Université Claude 
Bernard and Université de Lyon, Villeurbanne, France 
Sex-ratio (SR) drive, known in a dozen Drosophila species, is a type of naturally-occurring meiotic drive in which X-linked segregation 
distorters promote their own transmission by preventing the production of Y-bearing sperm. Males carrying such distorters produce a large 
excess of female offspring. Their presence in populations fuels an intragenomic conflict in which resistant Y chromosomes and autosomal 
suppressors are selected to counteract the distorters. The recurrent evolution of distorters and suppressors may contribute to sex chromosome and 
genome evolution, the evolution of mating systems and the emergence of new species. However, we know very little about the actors of SR drive 
because the trait is usually associated with chromosomal inversions that restrict the genetic analysis.  
Thanks to the lack of inversion in D. simulans, we were able to identify a gene involved in one of the three cases of cryptic SR drive reported in 
this species, the Paris system. This gene, HP1D2, is a young and fast-evolving member of the heterochromatin protein1 (HP1) gene family. Our 
findings that HP1D2 binds the heterochromatic Y chromosome prior to meiosis, and that Paris SR drive is a consequence of dysfunctional 
HP1D2 alleles, shed new light on the mechanism and evolution of sex-linked meiotic drivers. 
 
W827: Sex Chromosomes and sex determination 
The Bovine PRAMEY - an Example of Autosome-to-Y-Chromosome Transposition to Enhance Male Reproduction 
Wansheng Liu, Department of Animal Science, Penn State University, University Park, PA 
Autosome-to-Y-chromosome transposition events have been reported in human and several other mammalian species, which are believed to 
enhance male reproduction. We reported previously the transposition of a gene block from the bovine chromosome 17 to the Y-chromosome 
approximately 35 million years ago during the bovine evolution. One of the transposed genes was named as PRAMEY, which has been amplified 
on the bovine Y-chromosome after transposition. Our recent work indicated that PRAMEY is a cancer-testis antigen, and is expressed 
predominantly in testis and spermatozoa. Copy number of PRAMEY varied from 2 to 30 among 435 bulls (from 15 cattle breeds) investigated 
with a significant difference among breeds (p<0.05). Association analysis with data from 261 Holstein bulls revealed that CNVs of PRAMEY 
were correlated significantly with the non-return rate and the semen quality index (p<0.05). The PRAMEY protein were localized predominantly 
in the acrosome and flagellum of spermatozoa. During spermiogenesis, PRAMEY was highly enriched in and structurally associated with the 
matrix of acrosomal granule in round spermatids, and migrated with the expansion of the acrosomal granule during acrosomal formation. In 
addition to the “ER-Golgi-acrosome” biosynthetic transport system, PRAMEY may function in the protein trafficking machinery through the 
“nucleus-chromatoid body (CB)-organelle” transport system, in which the PRAMEY-labeled CB is frequently associated with the nuclear 
envelope, and other organelles such as Golgi complex, postacrosomal sheath, perinucleus ring, manchette, centrioles and the developing 
flagellum, to ensure distribution of material during spermatogenesis. Furthermore, PRAMEY plays a role in sperm function during fertilization. 
 
W828: Sex Chromosomes and sex determination 
Evolution of Sex Chromosomes in Silene 
Dmitry A. Filatov, University of Oxford, Oxford, United Kingdom 
In most plant species male and female organs are present in the same plant or even the same flower. What happens at the genome and 
transcriptome levels when ancestrally cosexual species evolves separate sexes and sex chromosomes? We are addressing this question using a 
plant species, Silene latifolia, that evolved separate sexes (dioecy) and heteromorphic sex chromosomes only a few million years ago. Despite 
relatively recent transition to dioecy and evolution of sex chromosomes, many Y-linked genes show signs of genetic degeneration. Y-
degeneration in S. latifolia is apparently slower than what would be expected based on our knowledge from animals. This disparity may arise 
from fundamental difference of plant and animal life cycles: unlike animals, plants have alteration of haploid and diploid generation and 
widespread haploid expression may result in stronger purifying selection. Loss of expression from Y-linked genes appears to be partly 
compensated by altered expression of X-linked genes, indicating that S. latifolia has started to evolve dosage compensation. The nature of this 
dosage compensation system remains unclear, but our preliminary analyses of gene expression in Y-deletion mutants suggest the presence of 
trans-acting system that up-regulates X-copies of genes for which Y-linked copies are deleted. Evolution of such trans-acting dosage 
compensation system in relatively short time since the origin of sex chromosomes in this lineage appears surprising and requires further research. 
 
W829: Sex Chromosomes and sex determination 
Genomic Analysis of the Sex Determining Region of the Sex Chromosomes in Spinach 
William Wadlington1, Ray Ming2, Yanhong Ma3, Xingtan Zhang3, Jisen Zhang3, Amanda M. Hulse-Kemp4 and Allen Van 
Deynze5, (1)University of Illinois at Urbana-Champaign, Urbana, IL, (2)Center for Genomics and Biotechnology, Fujian 



Agriculture and Forestry University, Fujian, China, (3)FAFU and UIUC-SIB Joint Center for Genomics and Biotechnology, 
Fuzhou, Fujian, China, (4)University of California, Davis, Davis, CA, (5)University of California, Davis, CA 
Spinacia oleracea (spinach) has been studied for sex determination since the 1950's. However, no sex determination genes have been identified 
from this species. Like with many dioecious species, research on the spinach Y chromosome has been hampered due to the inherent difficulties 
of working with the XY system: namely the lack of recombination of the sex determining region in X and Y chromosomes, and also the 
difficulty of separating homologous X and Y sequences from whole genome assemblies. Both of these problems can be worked around by using 
YY individuals for sequencing and also for generating recombined Y chromosomes. By utilizing an accession of spinach which bears both male 
and female-fertile hermaphroditic flowers on XY plants (andromonoecious), we were able to generate inbred YY plants for whole genome 
sequencing with PacBio. The sequence of Y-linked primers were used to identify Y-linked contigs in the YY assembly. The Y-linked contigs 
were found to be homologous to X-linked sequences identified from an XX assembly by depth of coverage analysis. For the genetic map of the 
Y, a hybrid YY parent with different haplotypes of the spinach Y chromosome was generated and backcrossed to 5 females. The XY progeny 
will show recombination in the Y-linked traits that are variant between the two Y haplotypes. Together these experiments have the 
 
W830: Sex Chromosomes and sex determination 
Homologous Sex Determination across Octoploid Strawberry Species via a Conserved Gene with a Shifting Genomic 
Location 
Jacob A. Tennessen1, Na Wei2, Markus S. Dillenberger1, Tia-Lynn Ashman3 and Aaron Liston1, (1)Oregon State University, 
Corvallis, OR, (2)University of Pittsburgh, Department of Biological Sciences, Pittsburgh, PA, (3)University of Pittsburgh, 
Pittsburgh, PA 
It is often unclear whether sex-determining mechanisms are conserved across species or have evolved independently. The wild octoploid 
strawberries Fragaria chiloensis, F. virginiana ssp. virginiana, and F. virginiana ssp. platypetala all exhibit distinct sexes with homomorphic 
ZW (female heterogametic) inheritance, yet the sex-determining locus maps to different regions of each genome. We sequenced the complete 
genomes of 9 females and 8-10 males/hermaphrodites in each of these three taxa. We identified 31-mers that were unique to females and 
assembled reads containing them into contigs. Remarkably, a short (~10kb) W-specific sequence is observed in all 27 females of all species and 
never in male-fertile plants. This sequence includes a putatively retroposed gene which may be the causal locus. We also observe this sequence in 
females of the related decaploid F. cascadensis and the putative octoploid hybrid F. × ananassa ssp. cuneifolia. However, it is only present in 1 
of 3 females of F. virginiana ssp. glauca. Comparing the W-specific haplotypes across taxa reveals their history of translocations, largely but not 
perfectly concordant with a phylogeny of maternally-inherited chloroplast DNA. Sex determination is homologous across these Fragaria higher-
order polyploids, and its rapidly changing genomic position may reflect sexual antagonism or escape from linked deleterious mutations. 
 
W831: Sex Chromosomes and sex determination 
Sex Determination in Date Palm 
Frederique Aberlenc-Bertossi, IRD, Montpellier, France 
Sex determination in date palm 
Frédérique Aberlenc-Bertossi1, Salwa Zehdi-Azouzi2, Amandine Crabos1, Karina Castillo1, Nathalie Chabrillange1, Jean-Christophe Pintaud3, 
Amel Salhi-Hannachi2, Sylvain Glémin4,5 and Emira Cherif1,2 
1IRD/CIRAD F2F-palm group, UMR DIADE, Centre IRD, 911 avenue Agropolis, 34394, Montpellier, France;  
2Laboratoire de Génétique Moléculaire, Immunologie et Biotechnologie, Faculté des sciences de Tunis, Université de Tunis El Manar, Campus 
Universitaire, 2092, El Manar, Tunisia;  
3Dynadiv, UMR DIADE, Centre IRD, 911 avenue Agropolis, 34394, Montpellier, France;  
4Institut des Sciences de l’Evolution de Montpellier, Unité Mixte de Recherche 5554 (Université de Montpellier-CNRS-IRD-EPHE), 34095, 
Montpellier, France  
5Department of Ecology and Genetics, Evolutionary Biology Centre, Uppsala University, SE-752 36 Uppsala, Sweden.  
Key words: Phoenix dactylifera, sex-linked gene, sex chromosomes, recombination arrest, dioecy, speciation.  
Whether sex chromosomes are differentiated is an important aspect of our knowledge of dioecious plants, such as date palm (Phoenix 
dactylifera). In this crop plant, the female individuals produce dates, and are thus the more valuable sex. However, there is no way to identify the 
sex of date palm plants before reproductive age, and the sex-determining mechanism is still unclear. We found three genetically linked 
microsatellite loci that are heterozygous only in males. These results confirm the existence of an XY chromosomal system with a non 
recombining XY-like region in the date palm genome. The distribution of Y haplotypes in western and eastern haplogroups allowed us to trace 
two male ancestral paternal lineages that account for all known Y diversity in date palm. The very low diversity associated with Y haplotypes is 
consistent with clonal paternal transmission of a nonrecombining male-determining region. Our results establish the date palm as a biological 
model with one of the most ancient sex chromosomes in flowering plants. We have investigated the cessation of recombination in the sex 
determination region within the genus Phoenix as a whole by extending the analysis of P. dactylifera SSR sex-related loci to eight other species 
within the genus. Phylogenetic analysis of a date palm sex-linked PdMYB1 gene in these species has revealed that sex-linked alleles haven’t 
clustered in a species-dependent way but rather in X and Y allele clusters. Our data show that sex chromosomes evolved from a common 
autosomal origin before the diversification of the extant dioecious species. Recent results on the investigation of the sex linked loci in other 
palms are also presented. 
 
W832: SGN and RTB Databases: Genomes, Pathways and Breeder Tools. 
Breeder Tools on SGN and RTB Databases 
Lukas Mueller, Boyce Thompson Institute, Ithaca, NY 
Our Root, Tuber and Banana (RTB) crops and Solanaceae (SGN) databases host a fully integrated suite of tools for efficient and optimal 
breeding data management. The tools enable breeders to design experiments and crosses, to communicate between field data collection apps and 
databases, and to access raw data. Breeders can use the tools for descriptive and advanced statistical analyses including prediction modeling. 



 
W833: SGN and RTB Databases: Genomes, Pathways and Breeder Tools. 
Sol Genomics Network Bioinformatics Web Tools 
Surya Saha, Boyce Thompson Institute, Ithaca, NY 
The Solgenomics (SGN) platform has developed a broad range of solutions and tools to help the Solanaceae scientific community to manage the 
ever increasing amount of genomic and phenomic data. In this presentation we will cover the tools to access, curate and visualize the genomics 
data in the database. 
 
W834: SGN and RTB Databases: Genomes, Pathways and Breeder Tools. 
ITAG3.0 Annotation for the New Tomato Reference Genome SL3.0 
Prashant S Hosmani1, Surya Saha1, Mirella Flores-Gonzalez1, Stephane Rombauts2 and Lukas Mueller1, (1)Boyce Thompson 
Institute, Ithaca, NY, (2)VIB Department of Plant Systems Biology, Ghent University, Gent, Belgium 
Tomato (Solanum lycopersicum) is a model organism for plant biology and in particular a model system for processes such as fruit development 
and plant defense. Here we present an improved annotation (ITAG 3.0) for the new tomato reference genome build (SL3.0). The annotation 
pipeline involved updating ITAG2.40 gene models, preserving locus identifiers (solyc ids) from the previous ITAG2.40 annotation and 
identifying new gene models using trained ab-initio gene predictors. We successfully mapped 32,290 ITAG2.40 genes on repeat-masked SL3.0 
genome. 2,379 genes out of 34,725 genes in ITAG 2.40 did not map due to improved detection methods for repeat regions. We have incorporated 
expression data from various sources in our pipeline including tissue and treatment specific RNAseq data, 5’ and 3’ UTR enriched RNA 
sequencing, RENseq for NBS-LRR genes and Pacbio Iso-seq RNA data which were kindly provided by Solanaceae community. More than 8 
billion Illumina RNAseq reads were mapped to the SL3.0 genome with more than 90% mapping rate. These mapped reads were used to generate 
a genome-guided transcriptome. Around 2,200 genes from ITAG2.40 lack any supporting evidence such as expression or PFAM domains. The 
de novo prediction of genes in the maker pipeline has identified more than 2500 novel genes well-supported by expression evidence that are not 
present in ITAG2.40. The increased continuity of the genome in SL3.0 and availability of diverse and comprehensive expression data resulted in 
a significantly improved tomato annotation, including the identification of novel protein-coding genes as well as UTRs and exons not present in 
the previous tomato annotation. The annotation is available from SGN (https://solgenomics.net/). 
 
W835: SGN and RTB Databases: Genomes, Pathways and Breeder Tools. 
Improved Tomato Genome Reference using Full-Length BACs, BioNano Genome Maps and SGN Community Resources 
Mirella Flores-Gonzalez1, Surya Saha1, Prashant S Hosmani1, Henri van de Geest2, Gabino F. Sanchez Perez2 and Lukas Mueller1, 
(1)Boyce Thompson Institute, Ithaca, NY, (2)Plant Research International, Wageningen University & Research, Wageningen, 
Netherlands 
The Solanum lycopersicum cultivar Heinz 1706 genome is the primary reference model organism for many solanaceous species. The previous 
genome build SL2.50 contained 23,640 contig gaps and 79 scaffold gaps where the size was an approximation and the bases were unknown. The 
total size of gap regions varied from 7.23% to 14.61% per chromosome for 10.36% over all the chromosomes.  
We have integrated 1,069 full-length phase htgs3 BACs into the tomato genome to cover gap regions and replace shorter whole genome shotgun 
contigs which removed 11,699,806 bases (11Mb) of contig gaps. The reduction in contig gaps varied from 3.17% to 49.07% per chromosome. 
BioNano genome maps were generated for Heinz 1706 that largely confirmed the correctness of the current build. Chromosome 0 contains 
scaffolds that could not be localized in the genome build. In the new build, we were able to integrate 2 additional scaffolds from chr 0 into chrs 2 
and 9, fix 2 inversions in chr 12 and resize 19 gaps accurately using CMaps from the BioNano assembly. 
All data are available through the SOL Genomics Network website (SGN, https://solgenomics.net) and FTP site 
(ftp://ftp.solgenomics.net/tomato_genome/). 
 
W836: SGN and RTB Databases: Genomes, Pathways and Breeder Tools. 
Tomato Genome Annotation and Curation at NCBI 
Anjana Raina Vatsan, Francoise Thibaud-Nissen, Terence D. Murphy and Kim D. Pruitt, National Center for Biotechnology 
Information (NCBI/NLM/NIH), Bethesda, MD 
The Eukaryotic Genome Annotation Pipeline at the National Center for Biotechnology Information (NCBI) generates annotation of coding and 
non-coding genes, transcripts, and proteins from finished and unfinished genome assemblies publicly available in the International Nucleotide 
Sequence Database Collaboration (INSDC). The primary reagents used in this pipeline are RNA-Seq data, traditional transcripts, ESTs, transcript 
assemblies and proteins. These annotated genomes are in scope for manual curation by the Reference Sequence (RefSeq) group at NCBI 
(https://www.ncbi.nlm.nih.gov/refseq/) to generate high-quality, non-redundant transcripts with accessions starting with NM_/NP_, NG_, or 
NR_. The curation process makes use of available transcripts, protein alignments, and publications as evidence to curate, or supplement, the 
pipeline generated model RefSeq records. At present, 50 plant genomes have been annotated by NCBI, of which tomato is one of the two plant 
genomes chosen for manual curation, the other being corn. The curated dataset defines the ‘best’ sequence representation which, in turn, is used 
as a primary input reagent for annotating other plant genomes, of the same or related family.  
The plant genomes annotated by this pipeline are reported publicly with links to FTP, BLAST, MapViewer, and a detailed Annotation Report 
Summary at https://www.ncbi.nlm.nih.gov/genome/annotation_euk/all/.  
RefSeq data can be accessed at the RefSeq homepage https://www.ncbi.nlm.nih.gov/refseq/, from NCBI’s Gene resource 
(https://www.ncbi.nlm.nih.gov/gene/), or can be downloaded from the FTP directory at 
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/plant/Solanum_lycopersicum/. 
 
W837: SGN and RTB Databases: Genomes, Pathways and Breeder Tools. 
Pathway/Genome Databases of the Solanaceae: Capturing Metabolic Data in Taxon - Specific Databases 



Hartmut Foerster and Lukas Mueller, Boyce Thompson Institute, Ithaca, NY 
The SOL Genomics Network (SGN; http://solgenomics.net) is a hub of biological information about the Solanaceae family and related Asterids. 
That includes biochemical pathways of selected Solanaceae species which are stored in metabolic encyclopedias and constitute the SolCyc 
family at SGN. Those species-specific databases, commonly referred to as pathway/genome databases (PGDBs), are generated by utilizing the 
annotated genomic sequence of the respective Solanaceae species and a curated metabolic reference database. The latter is MetaCyc 
(http://metacyc.org), a manually curated multi-species database that stores representative samples of experimentally elucidated pathways which 
include up-to-date information about enzymes, genes and compounds. Recently the collection of Solanacea PGDBs has been extended with new 
Nicotiana species. Moreover, all the databases of the Solanum and Nicotiana genera are now manually curated which allows the integration of 
verified genomics, proteomics and metabolomics data and significantly improves on the analysis and visualization of existing biochemical 
networks in those species. In addition to the species specific databases of Solanum lycopersicum, Solanum tuberosum, Nicotiana tabacum, 
Nicotiana benthamiana, Nicotiana sylvestris and Nicotiana tomentosiformis, two new databases have been established. SolanaCyc is a family 
database which contains all pertinent proteomics, genetics and metabolomics data of all members from that family which has been captured from 
the relevant literature. The other new database is NicotianaCyc which holds the same metabolic information from all the species of the Nicotiana 
genus. Both databases also include pathways of known pathogens of the nightshade family which may help to identify overlapping metabolic 
areas in the host/pathogen interface. 
 
W838: Small RNA 
Transcribing the RNAs of RNA-Directed DNA Methylation 
Craig Pikaard, Indiana University/HHMI, Bloomington, IN 
The plant nuclear multisubunit RNA polymerases, Pol IV and Pol V evolved as specialized forms of DNA-dependent RNA polymerase II that 
transcribe noncoding RNAs for gene silencing, primarily of transposons. Pol IV physically associates with the single-subunit RNA-dependent 
RNA polymerases, RDR2 and together they generate double-stranded RNAs. These double-stranded RNAs are diced, by DCL3, into 24 nt short 
interfering RNAs (siRNAs) that associate with an Argonaute protein, primarily AGO4 or AGO6, and direct the cytosine methylation of matching 
DNA sequences by DRM2 by binding to Pol V transcripts, and Pol V itself, somehow recruiting proteins that carry out the chemical modification 
of the adjacent DNA and associated histones. How these biochemical reactions take place, and how the siRNAs and scaffold RNAs contribute to 
the reactions, is unclear. Using biochemistry, genetics and genomics, my lab is working to understand the enzymes and RNAs of the RNA-
directed DNA methylation pathway. Enzymatic properties of Pol IV, Pol V and RDR2, determined in vitro, and chracteristics of the RNAs they 
synthesize will be the focus of my talk. 
 
W839: Small RNA 
Dynamic Nucleocytoplasmic Trafficking of Argonaute 4 Enables RNA-Directed DNA Methylation 
Jeffrey W. Grover, Jochen Gohlke, Wen Chen, Timmy Kendall and Rebecca A. Mosher, University of Arizona, Tucson, AZ 
Argonaute (AGO) proteins are found in all major eukaryotic lineages, where they bind small RNA (sRNA) to facilitate RNA silencing pathways. 
The best-studied AGO proteins function in the cytoplasm to post-transcriptionally regulate mature mRNAs, but many AGO proteins instead 
function in the nucleus, where they mediate chromatin modification or genome elimination. Among these nuclear-acting AGO proteins is 
Arabidopsis thaliana AGO4, which binds 24 nucleotide siRNAs and triggers DNA methylation of homologous sequences.  
Recently, control of nuclear import has emerged as a common thread in regulation of nuclear AGOs, however little is known regarding nuclear 
export of these proteins. Here we demonstrate that AGO4 contains multiple nuclear trafficking signals and is rapidly transferred between the 
nucleus and cytoplasm. This trafficking is required for RNA-directed DNA methylation, in part by promoting AGO4 stability in the cytoplasm. 
 
W840: Small RNA 
Elucidating the Dark Side of the MicroRNA 
Amy Pasquinelli, University of California, San Diego, La Jolla, CA 
In animals, microRNAs (miRNAs) direct Argonaute (AGO) proteins to target RNAs through imperfect base pairing. To identify endogenous 
miRNA target sites, we isolated AGO-bound RNAs from Caenorhabditis elegans by individual-nucleotide resolution crosslinking 
immunoprecipitation (iCLIP), which fortuitously also produced miRNA-target chimeric reads. Through the analysis of thousands of reproducible 
chimeras, pairing to the miRNA seed region (nucleotides 2-8) emerged as the predominant motif associated with functional interactions. 
Unexpectedly, we discovered that additional pairing to 3� sequences is prevalent in the majority of target sites and leads to specific targeting by 
members of miRNA families that share identical 5� sequences. By editing an endogenous target site, we demonstrate that 3� pairing determines 
targeting by specific miRNA family members and that seed pairing is not always sufficient for functional target interactions in the endogenous 
context. Finally, we present a simplified method, Chimera PCR (ChimP), for the detection of specific miRNA-target interactions. Overall, our 
analysis of miRNA-target chimeras revealed that sequences in the 5� as well as the 3� regions of a miRNA provide the information necessary 
for stable and specific miRNA target interactions in vivo. 
 
W841: Small RNA 
Phytophthora Pathogens Manipulate Plant Small RNAs to Promote Infection 
Yingnan Hou, Liping Zeng and Wenbo Ma, University of California, Riverside, CA 
A broad range of parasites rely on the functions of effector proteins to subvert host immune response and facilitate disease development. The 
notorious Phytophthora pathogens evolved effectors with RNA silencing suppression activity to promote infection in plant hosts. Small RNAs 
have been shown to regulate immunity, which requires transcriptional reprogramming. The Phytophthora effector PSR2 specifically affects the 
accumulation of phased small interfering RNAs (phasiRNAs), which are secondary siRNAs derived from coding or noncoding loci using 
miRNAs as the triggers. Arabidopsis thaliana mutants defective in phasiRNA production are compromised in defense against Phytophthora 
infection, indicating that the phasiRNA pathway plays a positive role in plant immunity. Here, we report the identification of specific phasiRNAs 
that regulate immune response and discuss the molecular mechanism by which PSR2 suppresses phasiRNA biogenesis and promotes infection. 



 
W842: Small RNA 
Reorganization of mRNA-Protein Complexes during microRNA-Mediated Repression 
Olivia Rissland1, Alexander O. Subtelny2, Stephen W. Eichhorn2, Miranda Wang1, Andrew Lugowski1, Sachdev S. Sidhu1, Howard 
D. Lipshitz1, Craig A. Smibert1 and David P. Bartel2, (1)University of Toronto, Toronto, ON, Canada, (2)MIT, Cambridge, MA 
Although microRNAs are thought to impact nearly every mammalian biological process, their molecular mechanism is not fully understood. 
Since all mRNAs are dressed with proteins to form mRNA-protein complexes (mRNPs), we reasoned that microRNAs might act by reorganizing 
target mRNPs. To test this hypothesis, we analyzed, on a transcriptome-wide scale, how the binding of core mRNP components (eIF4E, eIF4G, 
PABP and DDX6) was affected by mammalian microRNA-mediated repression. Despite the transient nature of the repression intermediates, we 
found that microRNAs stimulated the reorganization of target mRNPs. Furthermore, through analysis of poly(A)-tail length, we have been able 
to order the recruitment of DDX6 relative to deadenylation. These results suggest that modulation of core mRNP components represents a key 
node in posttranscriptional gene regulation. 
 
W843: Small RNA 
A Mutation in an Argonaute Protein Explains the Epistatic Interactions of the K and I Loci which Control Soybean Seed 
Color Patterns through Levels of Chalcone Synthase siRNAs 
Lila Vodkin and Young B. Cho, University of Illinois, Urbana, IL 
Four alleles of the I (inhibitor) locus in soybean control distribution of pigment over soybean seed coats via a naturally-occurring and tissue-
specific form of RNA interference. The recessive k1 mutation acts epistatically to overcome the effect of the dominant I and ii alleles that 
normally inhibit seed color by producing short-interferring RNAs (siRNAs) targeting chalcone synthase (CHS) mRNAs. Using small RNA 
sequencing of dissected regions of the immature seed coats, we demonstrated that CHS siRNA levels are the cause of patterns produced by the ii 
and ik alleles of the I locus, which restrict pigment to the hilum or saddle region of the seed coat, respectively. In order to identify the unknown 
K1 locus, we compared RNA-Seq data from dissected regions of two Clark isolines having similar saddle phenotypes mediated by CHS siRNAs 
but with different genotypes of homozygous ik, K1 versus homozygous ii, k1. By examining differentially expressed genes, map position 
information, and genome resequencing, we identified the k1 mutation to be a 129 bp deletion in Glyma.11G190900 encoding AGO5, a specific 
member of the Argonaute gene family. The small deletion leads to alternative splicing by exon skipping and premature termination of its 
translation product. The mutated AGO5 from the k1 locus participates in changing the patterned distributions of CHS siRNAs, thus explaining 
how the k1 mutation reverses the phenotype of the seed coat regions from yellow to pigmented, even in the presence of the normally dominant I 
or ii alleles. 
 
W844: Solanaceae 
Genomic Heterogeneity of Potato 
Richard E. Veilleux1, Michael Hardigan2, Joseph Coombs2, Emily Crisovan2, John Paul Hamilton2, Sarah Hudson Holt1, Cory 
Hirsch3, Jeongwoon Kim4, Parker Laimbeer5, Courtney Leisner2, Norma C. Manrique Carpintero2, Linsey Newton2, Gina Pham2, 
Brieanne Vaillancourt4, Xueming Yang6, Zixian Zeng7, David Douches2, Jiming Jiang7 and C. Robin Buell4, (1)Virginia Tech, 
Blacksburg, VA, (2)Michigan State University, East Lansing, MI, (3)University of Minnesota, St. Paul, MN, (4)Department of 
Plant Biology and DOE Great Lakes Bioenergy Research Center, Michigan State University, East Lansing, MI, (5)Virginia Tech - 
Department of Horticulture, Blacksburg, VA, (6)University of Wisconsin, Madison, WI, (7)University of Wisconsin-Madison, 
Madison, WI 
Cultivated potato is unique among major crops due to its autotetraploid nature, vegetative propagation, high genetic load and highly 
heterogeneous genome. Potato breeding over the past century has been a numbers game where tens of thousands of progeny obtained from 
crosses between tetraploid cultivars are screened annually, with most subsequently discarded due to the loss of the beneficial epistatic 
interactions and allele combinations required to maintain complex agronomic traits. Inbreeding commercial cultivars generally results in infertile, 
weak progenies that cannot be advanced through many generations without loss of fertility. Sequencing the autotetraploid genome is not yet 
possible due to the difficulties in assembly of four similar yet divergent haplotypes of each homologous chromosome. The current potato genome 
sequence (DM 1-3 516 R44) is therefore based on a doubled monoploid clone obtained by anther culture from a diploid cultigen of Solanum 
tuberosum Group Phureja. Although commercially useless, DM provides a draft genome annotated with 39,428 genes, allowing genomic 
comparisons between potato germplasm. Comparisons among other available monoploid and doubled monoploid germplasm revealed rampant 
copy number variation in potato where dispensable genes reflect recent evolutionary lineage, and a possible role in adaptation. Monoploids 
obtained from F1 hybrids between DM and the heterozygous diploid clone, RH89_039_16, are being used to resolve the RH haplotypes. In 
addition, phenotypic characterizations and sequencing of dihaploid populations extracted by prickle pollination of cvs. Atlantic and Superior 
have been used to associate alleles, heterozygosity, and copy number variation with phenotypic traits in cultivated potato. 
 
W845: Solanaceae 
Digging in the European Tomato Variabiltiy Pool (TRADITOM) 
Antonio Granell, IBMCP, Valencia, Spain 
 
W846: Solanaceae 
The High-Quality Genome Sequence of Solanum etuberosum provides Insights into Genome and Trait Evolution of the 
Solanum Genus 
Laurie Grandont1, Lidija Berke1, José Abelenda2, Elio Schijlen3, Henri van de Geest3, Saulo Aflitos1, Christian Bachem2, Frank 
Becker4, Klaas Bouwmeester5, Francine Govers5, Hans de Jong4, Bas J. Zwaan4, Sander A. Peters3, Gabino F. Sanchez Perez3,6, 
Ronald G. van den Berg1 and M. Eric Schranz1, (1)Biosystematics, Wageningen University & Research, Wageningen, Netherlands, 



(2)Laboratory of Plant Breeding, Wageningen University & Research, Wageningen, Netherlands, (3)Plant Research International, 
Wageningen University & Research, Wageningen, Netherlands, (4)Laboratory of Genetics, Wageningen University & Research, 
Wageningen, Netherlands, (5)Laboratory of Phytopathology, Wageningen University & Research, Wageningen, Netherlands, 
(6)Bioinformatics, Wageningen University & Research, Wageningen, Netherlands 
Genomic rearrangements may involve different mechanisms such as translocations, inversions, deletions, duplications and/or chromosome 
fusions and lead to genetic novelty and variability. In this study we focused on the Solanum genus which comprises over a thousand species, 
most notably the crops tomato and potato. To elucidate the evolutionary history and basis of chromosomal, molecular and phenotypic differences 
between tomato and potato, we used Solanum etuberosum, a tuberless species from Chile, as an outgroup species. Here we used the high quality 
Solanum etuberosum genome assembly we produced from Illumina and BioNano optical mapping data to investigate genome and trait evolution. 
Whole-genome synteny analyses revealed that the genome of S. etuberosum is more similar to the genome of potato than tomato. In addition, 
phylogenetic analysis based on both nuclear genomes and chloroplast sequences confirmed its place as a sister-species to tomato and potato. We 
also identified eight new genomic events to the already known seven events that differentiate these three species. The molecular characterization 
of the breakpoints surrounding these events will allow us to decipher if common mechanisms are found, such as the presence of specific 
transposable elements. Moreover, analysis revealed an accelerated structural evolution in the tomato lineage mediated by transposable elements. 
It also illuminated the molecular mechanism and the role of the SP6A protein in tuber formation. 
 
W847: Solanaceae 
Improvements in the Tomato Reference Genome (SL3.0) and Annotation (ITAG3.0) 
Prashant S Hosmani1, Surya Saha1, Mirella Flores-Gonzalez1, Stephane Rombauts2, Henri van de Geest3, Gabino F. Sanchez 
Perez3 and Lukas Mueller1, (1)Boyce Thompson Institute, Ithaca, NY, (2)VIB Department of Plant Systems Biology, Ghent 
University, Gent, Belgium, (3)Plant Research International, Wageningen University & Research, Wageningen, Netherlands 
The Solanum lycopersicum cultivar Heinz 1706 genome is the primary reference model organism for many solanaceous species. Here we are 
describing our efforts to improve reference genome and annotation of tomato. We have integrated 1,069 full-length phase htgs3 BACs into the 
tomato genome to cover gap regions and replace shorter whole genome shotgun contigs which removed 11,699,806 bases (11Mb) of contig gaps. 
BioNano optical maps generated for heinz 1706 largely confirmed reference genome assembly with few rearrangements resulting in the SL3.0 
genome build.  
We also present an improved annotation (ITAG 3.0) for the new tomato reference genome. The annotation pipeline involved updating ITAG2.40 
gene models, preserving locus identifiers (solyc ids) from the previous ITAG2.40 annotation and identifying new gene models using newly 
trained ab-initio gene predictors. We have incorporated expression data from various sources in our pipeline including tissue and treatment 
specific RNAseq data, 5’ and 3’ UTR enriched RNA sequencing, RENseq for NBS-LRR genes and Pacbio Iso-seq RNA data which were all 
kindly provided by Solanaceae community. More than 8 billion Illumina RNAseq reads were mapped to the SL3.0 genome with more than 85% 
mapping rate. The de novoprediction of genes in the maker pipeline has identified more than 2500 novel genes well-supported by expression 
evidence that are not present in ITAG2.40. The increased continuity of the genome in SL3.0 and availability of diverse and comprehensive 
expression data resulted in a significantly improved tomato annotation (ITAG3.0).  
All data are available through the SOL Genomics Network website (SGN, https://solgenomics.net) and FTP site 
(ftp://ftp.solgenomics.net/tomato_genome/). 
 
W848: Solanaceae 
Novel Hormonal Cross - Talks in Potato Discovered By Network Analysis 
Spela Baebler, National Institute of Biology, Department of Biotechnology and Systems Biology, Ljubljana, Slovenia 
Worldwide, potato is the most widely grown tuber crop and the most important non-grain food crop. Interaction between the plant and its most 
important pathogen, Potato virus Y (PVY), results in extensive reprogramming of the complex underlying signalling network. To comprehend 
the complex biological processes following PVY infection we have implemented a systems biology approach was implemented.  
The knowledge from a previously manually built plant defence signalling model was complemented with dispersed information present in 
various databases and publications. This was combined into a large knowledge network, covering protein-protein interactions, regulation via 
transcription factors and non-coding RNAs; and interactions between viral and plant components.  
Subsequently, the generated large knowledge network was transferred from model plant Arabidopsis to potato using orthologue information to be 
able to integrate it with our experimental data on potato-PVY interaction. For this, two time-series microarray datasets were used for the creation 
of both gene regulatory and co-expression networks.  
Analyses and queries of the resulting networks allowed us to find and characterise novel nodes, novel connections and novel cross-talks between 
hormonal signalling pathways crucial for plant defence. The most interesting finding was previously unknown cross-talk between the salicylic 
and ethylene signalling pathways, indicating that the NPR1 gene expression is modulated by ethylene; which was experimentally validated in 
potato.  
This shows that integrating the plant defence signalling model with our own experimental data offers new insights into the plant-virus interaction 
by expanding the knowledge on critical components of plant defence signalling. 
 
W849: Solanaceae 
Tomexpress, a Unified Tomato RNA-Seq Platform for Visualization of Expression Data, Clustering and Correlation 
Networks 
Mohamed Zouine, INPT-ENSAT, CASTANET-TOLOSAN Cedex, France 
 
W850: Somatic Genome 
Introduction to Somatic Genome Variation and Manipulation 



Xiu-Qing Li, Agriculture and Agri-Food Canada, Fredericton, NB, Canada 
 
W851: Somatic Genome 
Cell-to-Cell Movement of Plastids and Mitochondria in Plants 
Pal Maliga, Rutgers University, Piscataway, NJ 
 
W852: Somatic Genome 
Genomic Landscape of Induced Mutations in Sorghum 
Yinping Jiao1, John Burke2, Ratan Chopra2, Gloria Burow2, Junping Chen2, Bo Wang3, Chad Hayes2, Yves Emendack2, Doreen 
Ware3 and Zhanguo Xin4, (1)USDA-ARS/Cold Spring Harbor Laboratory, Lubbock, TX, (2)USDA-ARS, Lubbock, TX, (3)Cold 
Spring Harbor Laboratory, Cold Spring Harbor, NY, (4)USDA ARS, Lubbock, TX 
Sorghum (Sorghum bicolor L. Moench) is a versatile C4 crop and a model for research in family Poaceae. High-quality genome sequence is 
available for the elite inbred line BTx623, but functional validation of genes remains challenging due to the limited genomic and germplasm 
resources available for comprehensive analysis of induced mutations. In this study, we generated 6,400 pedigreed M4 mutant pools from ethyl 
methane sulfonate (EMS)-mutagenized BTx623 seeds through single-seed descent. Whole-genome sequencing of 256 phenotyped mutant lines 
revealed > 1.8 million canonical EMS-induced mutations, affecting >95% of genes in the sorghum genome. The vast majority (97.5%) of the 
induced mutations were distinct from natural variations. To demonstrate the utility of the sequenced sorghum mutant resource, we performed 
reverse genetics to identify eight genes potentially affecting drought tolerance, three of which had allelic mutations and two of which exhibited 
exact co-segregation with the phenotype of interest. Our results establish that a large-scale resource of sequenced pedigreed mutants provides an 
efficient platform for functional validation of genes in sorghum, thereby accelerating sorghum breeding. Moreover, findings made in sorghum 
could be readily translated to other members of the Poaceae via integrated genomics approaches. 
 
W853: Somatic Genome 
Signaling through Mobile mRNA: Lost in Translation? 
Richard J. Morris, John Innes Centre, Norwich, United Kingdom 
Thieme et al. [1] demonstrated that a large population of mRNA is able to travel between plant organs via sieve elements and potentially act as a 
long-distance signaling molecule [2]. However, a mechanistic basis by which transcripts are selected for transport has not yet been identified. We 
will present our investigations into possible mechanisms for transport and show that experimental mRNA mobility data in Arabidopsis can be 
explained by transcript abundance and half-life [3]. This suggests that the majority of identified mobile transcripts can be accounted for by non-
sequence-specific movement of mRNA from companion cells into sieve elements [3,4]. Recent results [5] show that a tRNA like motif can 
influence mobility, leading to the suggestion that this motif is necessary and sufficient to explain mobility. We discuss our abundance hypothesis 
in light of these new results and critically re-evaluate the current ideas for mRNA transport and function.  
 
W854: Somatic Genome 
TBD 
Scott C. Lenaghan, Center for Renewable Carbon, University of Tennessee, Knoxville, TN 
 
W855: Sorghum/Millet 
Introduction: Sorghum & Millet Workshop 
Yinghua Huang, USDA ARS, Stillwater, OK 
Placeholder text 
 
W856: Sorghum/Millet 
Genome-Informed Genetic Engineering and Gene Editing in Sorghum 
Ian Godwin, School of Agriculture and Food Sciences, The University of Queensland, Brisbane, Australia 
Sorghum is a major staple cereal with over 500 million people worldwide dependent on it every day in sub-Saharan Africa and India. In the 
western world, sorghum is predominantly utilized as animal feed and bio-industrial end uses. We have used genetic engineering and genomics 
approaches in parallel to improve the key quality parameters of sorghum: starch, protein and sugars. Association studies have identified a number 
of genes that have significant implications for human food uses, in particular the GBSS (waxy) and pullulanase debranching enzymes, which 
confer enhanced digestibility in monogastric animals. Pullullanase allelic variants encoding two amino acid substitutions have higher enzyme 
activity which significantly alters starch branching patterns and molecule size in both amylose and amylopectin. We have also expressed some of 
the key genes ectopically using transgenic approaches. In addition we have manipulated the kafirin seed storage proteins and the protein:starch 
matrix. This has led to altered grain size, digestibility and end-use processing qualities. There are also implications for the growth of plant 
biomass which will be discussed. 
 
W857: Sorghum/Millet 
Dw1, an Important Gene for Lodging Resistance and Mechanical Harvesting of Sorghum, Encodes a Novel Protein Involved 
in Cell Proliferation 
Takashi Sazuka, Nagoya Univ., Nagoya, Japan 
Dwarfing (or semi-dwarfing) genes have contributed to enhanced lodging resistance and efficiency of mechanical harvesting, resulting in 
increased crop productivity. A spontaneous mutation, dw1 was found in 1905, and it has been widely used as an important dwarfing gene in the 
history of grain sorghum breeding all over the word. Here, we report the identification and characterization of Dw1. We carried out QTL cloning, 



and revealed that Dw1 encodes a novel uncharacterized protein. T-DNA insertion or knockdown lines of orthologous genes in Arabidopsis and 
rice also showed semi-dwarfism similar to that of a nearly isogenic line carrying dw1 (NIL-dw1) of sorghum. A histological analysis of NIL-dw1 
and wildtype (WT) revealed that the longitudinal parenchymal cell lengths of the internode were almost the same between NIL-dw1 and WT, 
while the number of cells per internode was significantly reduced in NIL-dw1 compared with WT. Additionally, NIL-dw1dw3, carrying both 
dw1 and dw3 (reduced activity of auxin transport), showed a synergistic phenotype for the cell number. These observations suggest that the DW1 
increased the cell proliferation activity in the internodes in WT, and the combination of dw1 and dw3 produces the synergistic effect, which have 
been contributed to improve lodging resistance and mechanical harvesting. 
 
W858: Sorghum/Millet 
Dissecting the Genetic Basis of Seed Size in Sorghum bicolor 
Yongfu Tao1, Emma S Mace2, Xianrong Zhao1, Alan W Cruickshank2, Adrian M Hathorn3, Colleen H Hunt2, Ian D Godwin4, Erik 
J van Oosterom3 and David R Jordan1, (1)Queensland Alliance for Agriculture and Food Innovation, The University of Queensland, 
Warwick, Australia, (2)Department of Agriculture and Fisheries, Queensland Government, Warwick, Australia, (3)Queensland 
Alliance for Agriculture and Food Innovation, The University of Queensland, Brisbane, Australia, (4)School of Agriculture and 
Food Sciences, The University of Queensland, Brisbane, Australia 
The grasses, including the major cereals wheat, barley, maize, rice and sorghum, are the most agronomically and economically important species, 
collectively feeding over two thirds of the world population. Amongst the cereals, sorghum which is a staple food for over 500 million people in 
the semi-arid tropics of Africa and Asia, in addition to being an important source of feed for livestock, is one of the best adapted to drought and 
high temperatures, and will play an increasingly important role in meeting the challenges of feeding the world’s growing population. Seed size is 
a major quality attribute and an important determinant of yield that is regulated by a function of potential maximum seed size and the plant’s 
capacity to fill it. Understanding the genetic basis of seed size in sorghum is of fundamental importance to meet future productivity requirements. 
In this study, genome-wide association study (GWAS) was performed to dissect the genetic architecture of seed size using two complementary 
populations, a diversity panel consisting of 900 genotypes and a BC-NAM population consisting of 1400 progeny. A high throughput phenotypic 
evaluation pipeline was established to measure seed size parameters including thousand seed weight, seed volume, seed length, seed width and 
seed thickness of these two populations across three locations and two years. In addition to actual seed size, potential maximum seed size 
achieved through removing half a head during flowering was also evaluated. Genomic regions associated with seed size, genetic potential of seed 
size and the capacity to fill seed were identified, and candidate genes in these region were identified. Signatures of purifying selection were also 
detected in key candidate genes. The identification of seed size QTL and candidate genes presents new opportunities for manipulating seed size 
and ultimately yield in breeding practice. 
 
W859: Sorghum/Millet 
High Resolution Phenotyping: Semi-Automated Feature Extraction from RGB Images of Sorghum Panicles 
Qi Fu1, Yan Zhou2, Gaojie Wang1, Maria G. Salas Fernandez2, Srikant Srinivasan2 and Patrick S. Schnable2, (1)China Agriculture 
University, Beijing, China, (2)Iowa State University, Ames, IA 
Our long-term goal is to develop statistical models that will predict crop performance in diverse agronomic environments. Crop phenotypes such 
as yield and drought tolerance are controlled by genotype, environment (considered broadly) and their interaction (GxE). Our understanding of 
the molecular basis of GxE remains rudimentary. As a consequence of the next generation sequencing revolution genotyping data are now 
available for a wide diversity of accessions of each of the major crops, including sorghum. The volumes of phenotypic data necessary to 
construct predictive statistical models are, however, not available. We have develped and deployed a variety of image-based tools to collect such 
data. Here, we report on our development of a semi-automated feature extraction pipeline for use with RGB images and its application to 
sorghum panicles. 
 
W860: Sorghum/Millet 
Functional Genomic Analyses Reveal Molecular Systems Underlying Chilling Response in Cold-tolerant and Cold-
susceptible Sorghums 
Sandeep R. Marla, Kansas State University, Manhattan, KS 
Tropical crops are extremely sensitive to low temperatures, which is a limiting factor for their cultivation in temperate regions. To understand the 
molecular basis of chilling adaptation in sorghum, transcriptome and lipidome analyses were conducted on the chilling-tolerant Chinese 
accession Niu Sheng Zui (NSZ) and chilling-susceptible US accession BTx623 subjected to optimal temperature and chilling stress individually. 
During chilling stress, upregulation of cold-response regulator CBF/DREB (C-repeat binding factor/dehydration responsive element binding) 
transcription factor and genes involved in ROS detoxification, jasmonic acid (JA) biosynthesis, lipid reorganization is observed in NSZ 
compared to BTx623. The lipidome analysis revealed alterations in galactolipids, phospholipids and higher storage lipids (triacylglycerols) in 
NSZ during chilling. These two functional genomics approaches suggest lipid remodeling mediated JA signaling may lead to activation of CBFs, 
which possibly activates downstream cold regulated (COR) genes to provide chilling tolerance in sorghum. Upregulation of JA, CBFs and COR 
genes could a mechanism of chilling adaptation in Chinese sorghums. The functional genomics data obtained from our research can aid in 
developing early-season chilling tolerance in tropical crops. 
 
W861: Sorghum/Millet 
TBD 
Song Weining, Northwest A&F University, Shaanxi, China 
 
W862: Soybean Genomics 
Iron Deficiency Signaling in Soybean: Root and Shoot Interactions 



Michelle A. Graham, USDA-ARS-CICGRU, Ames, IA 
Iron Deficiency Chlorosis (IDC) is an important problem for soybeans grown in the upper Midwestern United States. We are leveraging genomic 
resources for soybean, including transcriptomic studies and virus induced gene silencing (VIGS), to characterize soybean’s iron deficiency 
response. Transcriptomic studies of roots and leaves at 30, 60 and 120 minutes after iron stress have identified thousands of differentially 
expressed genes (DEGs). While there is little overlap in individual gene expression between time points and tissue types, we observe the same 
biological pathways being affected after both short and long term iron stress exposure. These studies highlight the importance of iron 
homeostasis genes, DNA replication and defense in protecting soybean against IDC. Looking at gene expression at these early time points, has 
allowed us to characterize early signaling events between shoots and roots, controlled by novel suites of transcription factors briefly activated 
within these time points. These studies highlight the unique aspects of IDC responses in soybean and other crops. 
 
W863: Soybean Genomics 
Genetic Dissection of Agronomic Traits and Molecular Design Breeding in Soybean 
Zhixi Tian, Chinese Academy of Sciences, Beijing, China 
Many agronomically important traits exhibit modularity and tend to be tightly integrated. The understanding of how traits become associated or 
correlated is essential in the improvement of complex traits. Soybean (Glycine max [L.] Merr.) is a major crop of agronomic importance as the 
predominant source of animal feed protein and cooking oil, which was domesticated from wild soybean (G. soja Sieb. & Zucc.) in China 5,000 
years ago. Dissection the genomic diversity during soybean domestication/improvement and the genetic basis of agronomic traits is important for 
soybean improvement. By analysis of several hundred resequenced wild, landrace and improved soybean accessions, we detect 230 selective 
sweeps and 162 selected copy number variants. Combined with previous quantitative trait loci (QTL) information, we find that, of the 230 
selected regions, 96 correlate with reported oil QTLs and 21 contain fatty acid biosynthesis genes 96 of which correlate with reported oil QTLs. 
Moreover, we detect several hundred association signals via a comprehensive GWAS for dozens of agronomic traits. Through modeling 
analyses, we find that amount of association sites are tightly linked and form a complex network to regulate the modularity of different complex 
traits. This study provides valuable resources for genomics-enabled improvements in soybean molecular breeding. 
 
W864: Soybean Genomics 
Co-Expression Network Analysis of Nodule Development in Soybean 
Zhihua Wu and Xuelu Wang, Huazhong Agricultural University, Wuhan, China 
Symbiotic nitrogen fixation (SNF) provides about 40-60 million tons of nitrogen for agricultural systems each year in an ecofriendly manner. 
Legumes are not only an important class of world-wide crops but also can form nodules by intimate symbioses with rhizobia to fix atmospheric 
nitrogen. What happens for SNF during the legume evolution is an outstanding question in evolutionary developmental biology. Systematic 
biology will focus on the multiple-genes relationship to elaborate the mechanisms at the level of organism. With the era of the high-throughput 
sequencing, the explosive genomic and transcriptomics data available from public database lay a foundation for systematic biology and 
comparative genomics.  
 Following a rule of “guilt by association”, genes with similar expression patterns are thought to typically function in a similar way or function in 
the same pathway. We established a global gene co-expression network with the latest and various microarrays and mined a nodule-specific 
module. Using the genomic-sequencing plants, covering the algae, early land plant, gymnosperms, early flowering plants, monocots and dicots, 
we demonstrated the route of evolution for the genes from nodule-specific module. Comparative analysis of the co-expression networks from 
multiple plant species, we found the nodule module specifically exists in the legumes. We also found that there are both conserved co-expressed 
genes and specific-evolved genes for different legumes, indicating the complex co-evolution of legumes communicated with the rhizobia. These 
data provide novel insights into the evolution for the leguminous nodulation. 
 
W865: Soybean Genomics 
Nodule Number Regulation of Soybean 
Xia Li, Huazhong Agricultural University, Wuhan, China 
 
W866: Soybean Genomics 
Reduced Abundance of 24 nt Small RNA in Soybean is Associated with a Missense Mutation in Dicer-like (DCL) 3 
Kyung Do Kim, University of Georgia, Athens, GA 
 
W867: Soybean Genomics 
Apply Untapped Genetic Diversity of Crop Wild Relatives to Meet Global Challenges 
Bao-Hua Song, University of North Carolina at Charlotte, Charlotte,, NC 
Climate change has generated various critical challenges to agriculture susceptibility and food security. These challenges may be met by the 
development of novel crop varieties with increased biotic or abiotic resistance that enable them to thrive in changing environments. Crop wild 
relatives (CWRs) harbor a much higher level of genetic diversity than cultivated crops and have the potential to meet these challenges. The wild 
soybean (Glycine soja), from which domesticated soybeans (Glycine max) were derived, is widely distributed throughout diverse habitats in East 
Asia. We use G. soja as our study system to investigate its genomic diversity, population structure, climate adaptation, and biotic stress 
resistance, integrating genomic, transcriptomic, and metabolomic approaches. Using ~42,000 genome-wide single nucleotide polymorphism 
(SNP) data, we estimated that environmental factors contributed 23.6% to population differentiation, much more than that for geographic factors 
(6.6%). Precipitation variables largely explained the divergence of the groups along longitudinal axes whereas temperature variables contributed 
more to latitudinal divergence. We also used a genome scan of outlier loci to identify candidate loci involved in climate adaptation. This scan 
uncovered a total of 32 known genes with diverse functions, seven of which are involved in abiotic stress responses. We also integrated genome-
wide association studies, RNA-seq comparisons, and metabolomic comparisons to dissect the genetic basis of wild soybean resistance to soybean 
cyst nematode (SCN), the most devastating pest of soybean. We identified some candidate genes involved in SCN type-specific resistance, as 



well as others exhibiting broad-spectrum resistance to multiple types of SCN. These candidate genes will not only shed light on the molecular 
mechanisms of plant and SCN interactions, but also will facilitate the molecular breeding and development of soybean varieties with improved 
SCN resistance. 
 
W868: Soybean Genomics 
Multi-Genome-Wide Association Study and Novel Gene Identification in Korean Soybean Using a 391 Core Collection 
Ju Seok Lee, Seoul National University, Seoul, Korea, The Republic of, Yong-Soo Choi, Korea Institute of Science and 
Technology, Gangneung-si, Gangwon-do, Korea, The Republic of, Jae-Yoon Kim, Personalized Genomic Medicine Research 
Center, KRIBB, Daejeon, Korea, The Republic of, Sung-Taeg Kang, Dankook University, Cheonan-si, Chungnam, South Korea, 
Soon-Chun Jeong, Korea Research Institute of Bioscience and Biotechnology, Chungbuk, South Korea, Namshin Kim, 
Personalized Genomic Medicine Research Center, KRIBB, Daejeon, South Korea, Bo-Keun Ha, Chonnam National University, 
Buk-gu, Gwangju, Korea, The Republic of, Soo-Kwon Park, National Institute of Crop Science, Rural Development 
Administration, Jeonju, Korea, The Republic of and Jung-Kyung Moon, 2National Institute of Crop Science, Rural Development 
Administration, Jeonju-si, South Korea 
A large amount of genome information has been accumulated in soybean [Glycine max (Merr.) L.] by the development of high-throughput 
genotyping technology and therefore, genome-wide association studies (GWAS) become feasible to identify associations between genomic 
variation and quantitative/qualitative traits. Here, we provide the information about current progress in soybean GWAS study using core 
collection, which was constructed using 391 soybean varieties. The 180K Axiom® Soybean Genotyping Array was employed to obtain the 
genome-wide variation information. Multiple traits collected from the core collection accessions were used to evaluate the power of GWAS 
using GAPIT, and its potential capability to identify the novel genes/QTLs. First, to confirm the accuracy of proposed GWAS, agronomic 
phenotypes with well-known genes/QTLs, such as flowering time or hypocotyl color, were tested. The result showed that precise location of 
previously reported genes/QTLs (e.g., GIGANTEA homologos, GIa, for flowering time) were detected. In sequence, secondary metabolite 
profiling data were employed to identify the novel genes/QTLs. Using soybean seeds, three phenotypes from non-targeted secondary metabolites 
profiling by 500MHz NMR, DPPH radical scavenging assay, and the NMR peaks, which were correlated to antioxidant activity, were used for 
GWAS. The analysis result shows that SNPs associated with both the well-known and novel unknown compounds can be identified. Our results 
suggested that GWAS in soybean genomics could provide opportunity to discover the novel genes/Qtls. Those genetic information could be used 
for improvement of plant modeling, which would support different forms including agricultural practices including organic farming as well as 
climate change adaptation. 
 
W869: Planning, Executing and Cultivating Broader Impact Programs: Tools, Communities and Resources to GET 
ORGANIZED, GET CONNECTED, GET NOTICED and GET FUNDED. 
Getbio-PGR: The Gateway for Education, Training, Broader Impacts and Outreach in Plant Genome Research 
Carol Lushbough, University of South Dakota, Vermillion, SD 
Education, training, collaboration, broadening participation as well as raising awareness of the role that plant science plays in the quality of 
everyday life have remained important goals in the development of the National Plant Genome Initiative (NPGI) 2014-2018 five year plan and 
goals related to the NSF Plant Genome Research Program specifically. Broader impacts (BI) are of great importance but also pose many 
challenges to those seeking opportunities as well as for researchers planning and implementing programs, such as: 1) finding and sharing 
resources (funding, infrastructure and personnel); 2) locating and collating information that is diverse, widespread and presented in a variety of 
ways; 3) lack of technical expertise and infrastructure for creating websites, videos, integrating applications such as social media, survey tools 
and analytic tools; 4) disseminating information and interacting with large, distributed groups; 5) meeting recruitment initiative goals to broaden 
participation and building collaborations in unfamiliar communities; 6) measuring success and promoting and highlighting successful projects; 
and 7) learning how to locate, organize and use bioinformatics instructional materials and analytic tools in the sea of existing distributed, 
abundant, and diverse bioinformatics resources. The primary objective of this project is to create a Gateway for Education, Training, Broader 
Impacts and Outreach in Plant Genome Research (GETBIO-PGR) that will provide an infrastructure for researchers, educators, students and the 
general public to access, create, share and exchange information about plant genome research projects’ broader impact activities and also provide 
a resource to enable users to discover requisite bioinformatics analytic tools. 
 
W870: Planning, Executing and Cultivating Broader Impact Programs: Tools, Communities and Resources to GET 
ORGANIZED, GET CONNECTED, GET NOTICED and GET FUNDED. 
Bio-Tds - the Bioquery Tool Discovery System 
Etienne Gnimpieba, University of South Dakota, Sioux Falls, SD 
Bioinformatics and computational biology play a critical role in bioscience and biomedical research. As researchers design their experimental 
projects, one major challenge is to find the most relevant bioinformatics toolkits that will lead them to new knowledge discovery from their data. 
The Bio-TDS (BioQuery Tools Discovery Systems, http://biotds.org/) has been developed to assist researchers in retrieving the most applicable 
computational toolkits by posing questions as free text. The Bio-TDS is a flexible, three-layer architecture retrieval system that provides users 
from multiple bioscience domains (e.g. genomic, proteomic, bio-imaging) the ability to query over 12,000 analytic tool descriptions integrated 
from well-established, community repositories. The query expressions posed by potential researchers can vary from precise questions such as 
“RNASeq reads mapper for mammalian” or “reads mapping”, to very domain specific free text expressions like “best tool for microbiology 
genome mapping using RNASeq”.One of the primary components of the Bio-TDS system is the ontology and natural language processing 
workflow for annotation, curation, query processing, and evaluation. The Bio-TDS’s scientific impact was evaluated using sample researcher 
questions retrieved from Biostars, a site focusing on biological data analysis. The Bio-TDS was compared to five similar bioscience analytic 
tool retrieval systems with the Bio-TDS outperforming the others in terms of relevance and completeness. The Bio-TDS provides researcher with 
the ability to associate their bioscience question with the most relevant computational tool-set required for the data analysis in their knowledge 
discovery process. 



 
W871: Planning, Executing and Cultivating Broader Impact Programs: Tools, Communities and Resources to GET 
ORGANIZED, GET CONNECTED, GET NOTICED and GET FUNDED. 
Plantae: The Digital Ecosystem for Plant Science 
Susan Cato, American Society of Plant Biologists, Rockville, MD 
Problems being solved: In a facsimile of “big data” problems we encounter and hear about, the community of plant science is dispersed, siloed, 
and tends to rely on in-person activities to remain connected. It is less effective and less supportive as a result. Moreover, mechanisms for 
preserving information, building a robust online “presence” for collaborative efforts, and collaborating around documents are also non-standard 
and dependent on commercial products such as Dropbox, Google Docs, etc.  
The solution: In partnership with the Global Plant Council, ASPB has developed the Plantae digital ecosystem. Part social media network, part 
knowledge hub, and part resource repository, Plantae (currently operating in Beta) allows formation of public and private groups, resource 
contributions and sharing (publicly and privately), and extensive social media discourse. A team of Plantae Fellows helps to curate the best 
resources for the community. The new Plantae seminar series delivers a mix of learning experiences around research, soft-skills, and professional 
development. In 2017, Plantae will be launching online journal clubs as well. It is free to join and free to use and a robust resource for building 
both a public face for funded projects, departments, and lab groups and parallel private groups for collaboration and information sharing. 
Although other commercial networks that duplicate aspects of this functionality certainly exist – LinkedIn, ResearchGate, etc. – Plantae is a 
unique in that it both integrates several capabilities into a single platform and that it is “all plant science all of the time.” 
 
W872: Planning, Executing and Cultivating Broader Impact Programs: Tools, Communities and Resources to GET 
ORGANIZED, GET CONNECTED, GET NOTICED and GET FUNDED. 
The Importance of Making a Presence at Diversity-Focused Conferences 
Joslynn Lee, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 
Certain racial/ethnic groups (African Americans, Hispanics, American Indians/Alaskan Natives, and Hawaiian/Pacific Islanders) and 
socioeconomically disadvantaged individuals are persistently underrepresented (UR) in the STEM fields. At professional scientific society 
conferences, the number of UR undergraduate, graduate, postdoc, faculty and professional participation are still low for various reasons. 
However, many UR individuals attend and engage in diversity-focused conferences like Society for Advancing Chicanos and Native Americans 
in Science (SACNAS) and American Indian Science and Engineering Society (AISES) over other professional societies. The diversity-focused 
conferences offer high quality science content alongside diverse cultural perspectives. This presentation will introduce what occurs at diversity-
focused conferences (SACNAS/AISES), why a non-UR should attend and explore the how to promote diverse student success and support 
diverse faculty advancement. 
 
W873: Planning, Executing and Cultivating Broader Impact Programs: Tools, Communities and Resources to GET 
ORGANIZED, GET CONNECTED, GET NOTICED and GET FUNDED. 
Nurturing Strong Broader Impacts: Developing Plans for Executing a Successful Program to Incorporate in Grant 
Applications 
Jennifer Weller, University of North Carolina at Charlotte, Charlotte, NC 
The U.S. National Science Foundation (NSF) receives approximately 50,000 research proposals each year, of which about 20% are funded. The 
NSF employs two criteria during the review process in deciding the most promising research to fund, in order to carry out its mandate to promote 
the progress of science; these are Intellectual Merit and Broader Impacts, defined and explained by the National Science Board. Most researchers 
can clearly explain intellectual merit in terms of advancing understanding in a field and disseminating the results of their research. Many 
investigators are unclear as to what types of activities are relevant when developing strong broader impacts programs, and how they are assessed. 
In this presentation, NSF supported investigators will stimulate discussion of the challenges in developing, executing, and assessing successful 
outreach and training programs and will conclude with a presentation and discussion by an NSF program officer listing current funding 
opportunities and resources available to facilitate and support outreach and training activities. All participants are welcome to attend. 
 
W874: The Phytoremediation Genome 
Endophyte-Assisted Phytoremediation: Genomic Analysis to Successful Field Trial 
Sharon L. Doty1, Andrea Firrincieli2, Michael J. Blaylock3, John L. Freeman4, Christopher Cohu5, Joel Burken6, Jun Won Kang7, 
Robert Tournay1, Shruti Parikh1 and Jud Isebrands8, (1)University of Washington, Seattle, WA, (2)University of Tuscia, Viterbo, 
Italy, (3)Edenspace Systems Corporation, Purcellville, VA, (4)Intrinsyx Technologies Corporation, Moffett Field, CA, 
(5)Phytoremediation and Phytomining Consultants United, Moffett Field, CA, (6)Missouri S&T, Rolla, MO, (7)National Institute of 
Forest Science, Suwon, Korea, The Republic of, (8)Environmental Forestry Consultants LLC, New London, WI 
Phytoremediation technologies can be improved with the utilization of effective microbial endophyte strains. A natural TCE-degrading 
endophyte was isolated that rapidly dehalogenates TCE, releasing chloride ion. In a 3-year field trial at a TCE ground water plume EPA-
designated Superfund site, poplar trees inoculated with the endophyte strain had enhanced survivability and growth compared to mock-inoculated 
control trees. The inoculated trees exhibited increased chloride exudation in the rhizosphere, and leaf tissue analysis confirmed enhanced TCE 
degradation. Genomics analysis of the Enterobacter strain did not reveal any of the known genes involved in TCE degradation. A TnSeq 
approach is underway to determine the genes required for TCE metabolism in this strain. In addition to the endophytes capable of degrading 
organic pollutants, we isolated arsenic-tolerant endophyte strains that may reduce the phytotoxic effects of arsenic in host plants, and are 
investigating a potential role for extracellular polymeric substances (EPS) in the detoxification of arsenic by endophytes. Endophyte-assisted 
phytoremediation is an important technological advance enabling this green technology to be utilized on a broader spectrum of contaminated 
areas. 
 



W875: The Phytoremediation Genome 
Ionomics 
Ivan Baxter, USDA-ARS, Danforth Plant Science Center, St. Louis, MO 
 
W876: The Phytoremediation Genome 
Arabidopsis halleri – a Hyperaccumulator of Zinc, Cadmium and Lead 
Bjoern Pietzenuk, Ruhr-Universität Bochum, Bochum, Germany 
 
W877: Statistical Genomics 
Detection Signatures of Selection in Genomic Data, Lessons Learned from a Replicated Rat Model 
William Muir, Purdue University, West Lafayette, IN 
The wide availability of affordable next generation sequencing technology and high density SNP chips has resulted in many attempts to "data 
mine" for features among the genomic data suggestive that such regions have been under selection and hence a QTL associated with the trait 
being selected. This increasingly popular approach is intriguing, but not without risks, primarily those associated with false positives due to 
random genetic drift. Secondary to this concern is the ability to fine map regions under selection. Linkage disequilibrium (LD) often limits the 
ability fine map. One of the goals of this research was to develop recommendations for design and analysis of resource populations to minimize 
false positives and maximize the ability to fine map QTL. Methods: Our experiment consisted of 2 replicated, bidirectionally selected lines 
(HAD/LAD) initiated from the N/NIH HS stock. Selection based on the amount of alcohol consumed when given free access to food and water. 
Sixty generations were completed at the time of sampling. Samples from 10 rats (5 males and 5 females) of each line and replicate were collected 
and sequenced to an approximate depth of 5X. Reads were mapped to the reference genome and variants (SNPs) called. Signatures of selection 
(SS) were detected as excessive differentiation, measured as the intra-class correlation due to between line differentiation (θ). Statistical 
Significance was determined by genome wide permutations. Results: We found that the average haplotype block (HB) was exceptionally small 
(1.4kb) allowing for fine resolution mapping, not only to the gene, but often to gene regions. The greatest number of SS occurred in promoters 
and intronic regions, which were 7 and 15 times more abundant than those in exons, respectively. Among the identified SS, 50% were limited to 
a single region of a gene, indicating that selection operated primarily on these subcomponents, not the entire gene. Thus, most of the genetic 
variation in AUD is due to regulatory elements, not genes, consistent with other complex traits. The ability to fine map SS resulted from use of a 
MAGIC cross in the formation of the N/NIH HS. False positives were largely eliminated by use of replicated lines. Without replication, the 
majority of allele fixations were due to random genetic drift. We show this problem cannot be fixed statistically by increasing stringency for 
testing. These results raise concern for analysis of SS in non-replicated experiments/data sets.  
Source of funding: NIAAA P60 AA07611 
 
W878: Statistical Genomics 
A Tutorial of F-Statistics for Genome-wide Analysis of Population Differentiation 
Rong-Cai Yang, University of Alberta, Edmonton, AB, Canada 
A characteristic of many wild and domesticated plant/animal species with continuous distribution ranges over broad geographic regions is that 
individual species consist of numerous populations, each of which is adapted to only a portion of the environmental conditions across the 
species’ entire range. Indirect evidence for such continuous variation among populations is the occurrence of small changes in allele frequencies 
across the environmental gradients as often revealed by molecular surveys of population differentiation. Wright’s F-statistics or its refinements 
are routinely used for assessment of population differentiation. In this presentation, we will first provide a brief overview on traditional uses of F-
statistics and will then focus on exploring some of its new uses for genome-wide assessment of population differentiation. These new uses of F-
statistics will be illustrated with the analysis of a genomic data set from the Arabidopsis thaliana polymorphism database (AtPolyDB). 
 
W879: Statistical Genomics 
What Fraction of the Information Contained in an Omic Set Can Be Explained by Other Omics? Theory and Application of 
Penalized Analysis of Variance for Multi-Layered High Dimensional Inputs 
Gustavo de los Campos, Michigan State University, East Lansing, MI 
 
W880: Statistical Genomics 
Statistical Genomics in a World of Complete Genome Sequencing 
Huihui Li, CIMMYT, Texcoco, Mexico 
 
W881: Statistical Genomics 
Detecting Quantitative Trait Loci via Experimental Evolution: an Analysis of Power. 
James Baldwin-Brown, University of California, Irvine, Irvine, CA 
A novel approach for dissecting complex traits is to experimentally evolve laboratory populations under a controlled environment shift, 
resequence the resulting populations, and identify single nucleotide polymorphisms (SNPs) and/or genomic regions highly diverged in allele 
frequency. This experimental design seems promising, but the power to detect these loci is not deeply understood. To better understand the 
power and localization ability of such an evolve and resequence (E&R) approach, we carried out forward-in-time population genetics simulations 
of 1 Mb genomic regions under a large combination of experimental conditions, then attempted to detect significantly diverged SNPs. Our 
analysis indicates that the ability to detect differentiation between populations is primarily affected by selection coefficient, population size, 
number of replicate populations, and number of founding haplotypes. We estimate that E&R studies can detect and localize causative sites with 
above 80% success when the number of founder haplotypes is over 500, experimental populations are replicated 25-fold minimum, population 
size is at least 1,000 diploid individuals, and the selection coefficient on the locus of interest is at least 0.1. More achievable experimental designs 



(less replicated, fewer founder haplotypes, smaller effective population size, and smaller selection coefficients) can have power of greater than 
50% to identify a handful of SNPs of which one is likely causative. In cases where the selection coefficient is above 0.2, less demanding 
experimental designs can yield high power. Other groups have had similar results to these. We also present evidence that large numbers of 
causative sites across the genome decrease localization power. 
 
W882: Statistical Genomics 
Improving Genotype-based Phenotype Prediction by Integrating 3D Conformational Information 
Quan Long, University of Calgary, Calgary, AB, Canada 
 
W883: Sugar Beet Workshop 
Targeted Next-Generation Sequencing (NGS) of Disease Resistance Gene Analogs (RGAs) in Wild and Cultivated Beet 
Piergiorgio Stevanato, University of Padova, Italy, Legnaro (Padova), Italy 
The screening of disease resistance gene analogs (RGAs) is needed to the identification of useful alleles that could be used to improve 
disease tolerance of cultivated beet. In this study, we applied Ion Torrent Ampliseq next-generation technology to sequence 22 RGAs genes in 
wild and cultivated beet. 
To evaluate the Ampliseq customized panel for detection of single-nucleotide polymorphisms (SNPs) and multiple-nucleotide polymorphisms 
(MNPs), we selected a set of 96 individuals representing 12 genotypes (8 individuals each) from six sea beet populations and six sugar beet 
pollinators. The sequences were mapped against the sugar beet reference genome (RefBeet v. 1.2) and checked for known and novel 
mutations using Torrent Suite Software v. 4.0.2. A total of 821 mutations were detected in 91/96 (95%) samples. The number of mutations per 
sample ranged from 0 to 278. Individual plants showed variations in number of mutations. The plant samples with the highest number of unique 
mutations (n. 3) were 8, 40 and 71. Sample 8 is a susceptible line to rhizomania whereas samples 40 and 71 are resistant lines carrying Rz2. Gene 
11 (Bv3_063740_usyf) showed the highest frequency of mutations (2.91% and 0.28%, respectively). As resulted from PCA analysis, only the 
mutations located in gene 7 (Bv8_184910_pkon) differentiated between the wild and cultivated group. This study demonstrates the feasibility of 
using Ion Torrent sequencing to efficiently identify mutations in wild and cultivated beet germplasm. The large number of novel mutations 
identified will enhance usefulness of genetic marker resources available for improvement of sugar beet. 
 
W884: Sugar Beet Workshop 
Organization of a Resistance Gene Cluster Linked to Rhizomania Resistance in Sugar Beet 
Andy Funk, Mihcigan State University, East Lansing, MI, Piergiorgio Stevanato, University of Padova, Italy, Legnaro (Padova), 
Italy, Kazunori Taguchi, NARO, Hokkaido Agricultural Research Center(HARC), Hokkaido, Japan and Mitch McGrath, USDA-
ARS Sugarbeet & Bean Research Unit, East Lansing, MI 
 
W885: Sugar Beet Workshop 
Dynamic Analysis of Leaf Growth in Sugar Beet F1s Using UAV over Breeding Research Field 
Kazunori Taguchi1, Wei Guo2, Atsushi Itoh1, Kazuyuki Okazaki1, Yosuke Kuroda1, Hiroaki Matsuhira1, Shigenori Ueda1, Seishi 
Ninomiya2 and Masayuki Hirafuji1, (1)NARO, Hokkaido Agricultural Research Center(HARC), Hokkaido, Japan, (2)The 
University of Tokyo, Tokyo, Japan 
For High-throughput phenotyping by using Agri-big data on field level, it will be expected to open the next door of plant breeding. In sugar beet, 
it is important first step to capture correctly for leaf elongation and expansion pattern and speed in early stage. It would strongly connect yield 
performance. Although plant breeders could aware of such dynamics of foliar plant shapes in various environments, it is still difficult to describe 
logically and to validate on stereotyped data. In fact, it is very laborious and fractious tasks for such investigation. If it can be predicted 
accurately as numerical data such as foliar size, LAI, CGR and so on from large platform at the same time, it might be useful information to 
solve genetic x environment interaction of year by year and field by field.  
 UAV technology can easily provide us as nuerous images of growth record of plants in a field. So, we tried to reconstruct as 3D image by using 
digital image analysis captured image files. Those were created numerical data of PVC (percentage of vegetational cover) and DSM (digital 
surface model) of each plot, consistently. Here we conducted dynamic analysis for combination of F1 of inbred lines in sugar beet. 
 
W886: Sugar Beet Workshop 
Differential Genome Organization of Some Species in the Caryophyllales Order 
Subhashini Srinivasan, Institute of Bioinformatics and Applied Biotechnology, Bangalore, Karnataka, India 
 
W887: Sugar Beet Workshop 
Progress of Marker Assisted Selection on Sugar Beet in Russia 
Ilia Shilov, Institute of Agricultural Biotechnology, Moscow, Russian Federation 
 
W888: Sugar Beet Workshop 
Ionomic and Openarray Profiling to Detect Effects of Biostimulants in Sugar Beet 
Chiara Broccanello, DAFNAE, Università degli Studi di Padova, Legnaro, Italy 
Biostimulants are gaining increased attention to enhance nutrient use efficiency and tolerance to biotic and abiotic stresses in plants. However, 
the characterization of biostimulant effects in crops is complex and needs rigorous evaluations. In this study, we propose a method combining 
ionomic, molecular and morphological profiling for the accurate evaluation of the stimulating activity of two microalgae extracts, Chlorella 
vulgaris and Scenedesmus quadricauda, on sugar beet crop (Beta vulgaris L. subsp. vulgaris). Seedlings were grown into Hoagland’s solution 



under controlled condition. After 5 days of growth, 2mL/L (1 mg Corg/L) and 4 mL/L (2 mg Corg/L) of the two different microalgal extracts 
were added to the Hoagland’s solution. Roots were sampled 36 h after treatments. Inductively Coupled Plasma Spectrometry (ICP-OES) and 
nanofluidic real-time PCR (OpenArray system) were used for sample profiling. OpenArray chips were designed with TaqMan probes for 
56 sugar beet genes putatively involved in sulfate starvation (Moliterni et al., in preparation). Root morphological traits were measured by means 
of a scanner-based image analysis system (WINRHIZO). Multivariate statistical analysis has not revealed significant changes in the ionomic 
profile of Hoagland’s solutions treated with the two microalgal extracts with respect to that of the untreated solution. Anyway, at the molecular 
level, microalgal extract supply upregulated many of the evaluated genes. Functional categorization revealed these genes to be related to various 
biological pathways and processes including primary and secondary metabolism and intracellular transport. Treated seedlings showed at 
morphological level significantly higher values for root traits related to soil exploration and nutrient uptake, such as total root length, fine roots 
length (diameter < 0.5 mm) and root tips number, than untreated plants. Based on our findings, the combination of ionomic, molecular and 
morphological profiling could become a valuable high-throughput system for the evaluation of biostimulants effects in sugar beet crop. 
 
W889: Sugar Cane (ICSB) 
A Reference Sequence of the Monoploid Genome of Sugarcane 
Olivier Garsmeur1, Karen S. Aitken2, Bernard Potier3, Jane Grimwood4, Carine Charron1, Gaëtan Droc1, Paul J. Berkman2, 
Guillaume Martin1, Hélène Berges5, Edwin van der Vossen6, Blake Simmons7, Jeremy Schmutz4, Robert J. Henry8 and Angelique 
D'Hont1, (1)CIRAD, UMR AGAP, Montpellier, France, (2)CSIRO Agriculture and Food, St Lucia, Australia, (3)South African 
Sugarcane Research Institute, KwaZulu-Natal, South Africa, (4)DOE Joint Genome Institute, Walnut Creek, CA, (5)Centre 
National de Ressources Génomiques Végétales (CNRGV), Toulouse, France, (6)Keygene, Wageningen, Netherlands, (7)Joint 
Bioenergy Instutute, San Francisco, CA, (8)University of Queensland/QAAFI, Brisbane, Australia 
Keywords: Sugarcane, genome, sequencing, reference, genes  
The sugarcane genome poses challenges that have not been addressed in any prior genome sequencing project. The main difficulties reside in the 
high polyploidy (2n ~ 12x ~ 120) and the high level of heterozygosity of cultivars, which make an assembly of the genome very challenging 
through classical whole genome shotgun sequencing approaches. We developed an alternative sequencing strategy that aims to produce the 
sequence of one monoploid genome. Our strategy is based on previous studies that demonstrated that sugarcane hom(e)ologous chromosomes 
share a very high level of micro-colinearity among themselves and show good micro-colinearity with sorghum. We used the Whole Genome 
Profiling technology (WGPTM, KeyGene) to analyze a set of 20,736 BACs from cultivar R570. An average of 37.2 WGP sequence tags per BAC 
was generated that allowed the anchoring on the sorghum genome of 11,732 R570 BACs. A core set of 5,000 BACs representing the minimum 
number of BACs that best cover the gene rich part of the sorghum genome was selected. This set of 5,000 BACs has been sequenced using 
PacBio RSII technology through international collaborations. High quality sequences were obtained and almost all BACs could be assembled 
into single contigs. Genotyping by sequencing approaches are being used to anchor the BAC sequences onto the sugarcane chromosomes. A 
dense SNP genetic map has been built allowing us so far to anchor half of the BAC sequences. RNA from distinct tissues of R570 was also 
sequenced using Illumina Hiseq 2500 and these data were integrated in the annotation process to improve BAC sequence annotations. A 
sugarcane web portal is currently being developed together with user-friendly tools to make BAC sequences and gene annotations available in an 
exploitable form to the sugarcane community. This high quality reference sequence that corresponds to the gene rich part of a sugarcane 
monoploid genome will represent a very important resource for genetic, structural and functional genomic studies in sugarcane and also an 
essential framework to help assemble a whole genome sugarcane sequence.  
We acknowledge members of the International Consortium for Sugarcane Biotechnology (ICSB), the Joint BioEnergy Institute and the Joint 
Genome Institute for their financial support. 
 
W890: Sugar Cane (ICSB) 
Development and Plasticity of Photosynthesis in Sugarcane 
Frederik C Botha, Sugar Research Australia Limited, Indooroopilly, Australia and Annelie Marquardt, Queensland Alliance of 
Agriculture and Food Innovation - The University of Queensland - Sugar Research Australia, Indooroopilly, Australia 
The C4-photosynthesis pathway was discovered in sugarcane. In all C4-species PEP carboxylase (PEPC) is the primary enzyme of CO2 fixation. 
The product of PEPC, oxaloacetate (C4 - organic acid) is then shuttled to the bundle sheath cells where CO2 is released from the C4 - acid via a 
decarboxylation reaction. There are three different pathways through which this shuttling and decarboxylation can occur and plants are classified 
based on the dominant pathway. Historically sugarcane has been classified as a NADPME type although the early work indicated that at least 
25% of the initial fixed CO2 is in aspartate and that the NADME pathway is present. This view of a 3:1 ratio between the two pathways has gone 
unchallenged since its initial discovery. In maize all three types are present but attempts to measure PEPCK in sugarcane failed. We have used 
annotated transcriptome data to reconstruct the carbon fixation pathways, light reactions and mitochondrial pathways in sugarcane leaves at 
different stages of development and stress. All three C4 decarboxylation types are present, are not rigidly determined and allow flexibility 
between the pathways under different physiological conditions. 
 
W891: Sugar Cane (ICSB) 
Yellow Canopy Syndrome Is Associated with Changes in Primary and Secondary Metabolism 
Annelie Marquardt, Queensland Alliance of Agriculture and Food Innovation - The University of Queensland - Sugar Research 
Australia, Indooroopilly, Australia 
Yellow Canopy Syndrome (YCS) is a condition affecting sugarcane in Australia, of which the cause has not been identified. The YCS phenotype 
is yellowing of the mid-canopy leaves. Previously we showed that photosynthesis and transpiration are suppressed on a canopy-wide level and 
that sugar levels are significantly increased in the symptomatic and asymptomatic leaves. It is well known that increased sucrose levels in leaves 
can lead to a suppression of photosynthesis and leaf yellowing in the Poaceae. This study is focused on understanding the mechanisms through 
which YCS development alters sucrose accumulation, and the effect of sucrose on leaf metabolism. For this purpose, in-depth analyses of the 
transcriptome, proteome and metabolome are used. Several recent advances in plant sciences have flowed from an omics-integration approach. 



Such an approach provides a more complete picture of the plant cellular state than studies using just one set of omics data. The results of this 
study show YCS-symptomatic leaves had perturbed metabolism in four key areas: sugar metabolism, pentose phosphate cycle, phenylpropanoid 
metabolism, and α-ketoglutarate metabolism. Lower abundance of photosynthetic and chloroplastic proteins were found in the leaf, coupled with 
an increase of cellular respiration-component proteins of the mitochondria and cytosol. There was a notable increase in chaperone/heat shock 
proteins. Transcriptomic studies additionally showed transcription regulation, protein turnover and signal transduction pathways were impacted. 
Through these data, and identification of affected molecular pathways, a deeper understanding of the YCS phenotype, and sucrose leaf 
metabolism during stress, is reached. 
 
W892: Sugar Cane (ICSB) 
Identifying Quantitative Trait Loci Controlling Sugarcane Orange Rust Resistance via Genotyping by Sequencing 
Jianping Wang1, Xiping Yang1, Sushma Sood2, Neil Glynn3 and Jack Comstock2, (1)Agronomy Department, University of Florida, 
Gainesville, FL, (2)Sugarcane Field Station, USDA-ARS, Canal Point, FL, (3)Syngenta Seeds, Inc., Longmont, CO 
Orange rust of sugarcane has impacted the Florida sugarcane industry since its discovery in 2007. The use of resistant cultivars is the most 
efficient way to control the disease. Markers linked to the orange rust resistance genes can greatly facilitate the resistance line selection, and 
improve the efficiency of the breeding program. Development of genetic maps is the foundation for identification of markers linked to disease 
resistance genes. The objectives of this research are 1) to establish a high density genetic map in sugarcane and 2) to identify markers linked to 
sugarcane orange rust resistance genes. To establish the genetic map, we used a genotyping by sequencing (GBS) approach to genotype a bi-
parental population from the cross between a resistant cultivar ‘CP95-1039’ and a susceptible cultivar ‘CP88-1762’. Phenotypic orange rust 
reactions of the segregating population were evaluated from 2010 to 2015. High quality single nucleotide polymorphisms (SNPs) were called 
through seven different SNP-calling pipelines. High-density sugarcane maps were constructed, which contained 1,702 and 1,713 markers for 
maternal and paternal maps, respectively. Four QTLs controlling orange rust resistance were identified, explaining phenotypic variation ranging 
from 14.8 to 26.4%. The high density genetic map and linked SNPs markers will greatly facilitate the sugarcane breeding program for disease 
resistant cultivar development. 
 
W893: Sugar Cane (ICSB) 
Cell Wall Metabolism and Hexose Allocation Contribute to Biomass Accumulation in Sugarcane 
Ray Ming1, Ching Man Wai1, Jisen Zhang2, Tyler Jones3 and Chifumi Nagai3, (1)University of Illinois at Urbana-Champaign, 
Urbana, IL, (2)Center for Genomics and Biotechnology, Fujian Provincial Key laboratory of Haixia applied plant systems biology, 
Haixia Institute of Science and Technology,Fujian Agriculture and Forestry University, Fujian, China, (3)Hawaii Agriculture 
Research Center, Kunia, HI 
Sugarcane is an emerging dual-purpose biofuel crop for energy and sugar production. It has the highest biomass production reaching 1.9 billion 
tonnes in 2014 worldwide. To improve sugarcane biomass accumulation, we developed an interspecific cross between Saccharum officinarum 
‘LA Purple’ and Saccharum robustum ‘MOL5829’. The selected F1 individuals were self-pollinated to generate a transgressive F2 population 
with a wide range of biomass yields. Leaf and stem internodes of fourteen high biomass and eight low biomass F2 extreme segregants were used 
for RNA-seq to decipher the molecular mechanism of rapid plant growth and dry weight accumulation. Gene Ontology terms involved in cell 
wall metabolism and carbohydrate catabolism were enriched among 3,274 differentially expressed genes between high and low biomass groups. 
Specifically, up-regulation of cellulose metabolism, pectin degradation and lignin biosynthesis genes were observed in the high biomass group, 
in conjunction with higher transcript levels of callose metabolic genes and the cell wall loosening enzyme expansin. Furthermore, UDP-glucose 
biosynthesis and sucrose conversion genes were differentially expressed between the two groups. A positive correlation between stem glucose, 
but not sucrose, levels and dry weight was detected. We thus postulated that the high biomass sugarcane plants rapidly convert sucrose to UDP-
glucose, which is the building block of cell wall polymers and callose, in order to maintain the rapid plant growth required for biomass 
accumulation. The gene interaction of cell wall metabolism, hexose allocation and cell division contributes to biomass yield, expanding our 
understanding at the molecular level required for energy cane breeding and engineering. 
 
W894: Sugar Cane (ICSB) 
The Long and Short of the Sugarcane Transcriptome 
Nam Hoang, Queensland Alliance for Agriculture and Food Innovation, University of Queensland, Brisbane, Australia and Robert 
J. Henry, University of Queensland/QAAFI, Brisbane, Australia 
Analysis of the sugarcane transcriptome is complicated by the highly polyploid genome. Assembly of transcripts from short reads is especially 
difficult for long transcripts from closely related genes. Our objective was to establish a reference transcriptome for the key tissues of sugarcane. 
We used PacBio isoform sequencing (Iso-Seq) of RNA from leaf, internode and root, at different developmental stages, from 22 varieties. The 
transcriptome included a total of 107,598 unique transcript isoforms, representing about 71% (~25,000 genes) of the total number of predicted 
sugarcane genes. Comparison with de novo contigs from Illumina RNA-Sequencing (RNA-Seq) of the internode showed that the Iso-Seq method 
captured more full-length transcript isoforms, at a higher N50 and average length of the largest 1,000 proteins. The RNA-Seq recovered more 
RNA diversity. This data set will support expression studies in sugarcane and improve gene prediction models. 
 
W895: Sugar Cane (ICSB) 
The CBF1/DREB1C Transcription Factor is a Common Regulator of Hormonal, Biotic and Abiotic Stress Responses in 
Sugarcane 
Mona B. Damaj1, Getu Duguma2, Phillip D. Beremand3, John L. Jifon1, Juan Enciso1, Terry L. Thomas3 and T. Erik Mirkov4, 
(1)Texas A&M AgriLife Research and Extension, Weslaco, TX, (2)Donald Danforth Plant Science Center, Saint-Louis, MO, 
(3)Texas A&M University, College Station, TX, (4)Texas A&M University, Weslaco, TX 



Stress signaling crosstalk was examined in sugarcane using Affymetrix GeneChips. Coordinated stress responses were monitored in a 
commercial, drought-susceptible variety (CP72-1210) by characterizing transcript levels of 6,024 ESTs after treatment with (a) salicylic acid 
(SA), jasmonic acid (JA) or methyl jasmonate (MeJA), or (b) exposure to the pathogen Sorghum mosaic virus (SrMV). Some genes that were co-
induced by SA, JA and MeJA, were down-regulated upon SrMV infection. Most significantly, co-induction included genes associated with: 
oxidative burst hypersensitive responses, defense mechanisms, and drought response. One group comprised genes that encode proteins involved 
in regulating signal transduction: transcription factors, protein kinases and protein phosphatases. Another group comprised genes that encode 
downstream products such as channel proteins, osmotin, dehydrin and late embryogenesis abundant proteins. Transcription factor families 
common to the coordinated responses included: CBF/DREB, MYB/MYC, AP2/ERF and bZIP/AREB. These findings indicate significant 
coordination in defense signaling and suggest crosstalk between responses to biotic and abiotic stress. The cDNAs encoding CBF1/DREB1C 
(SsCBF1) and CBF3/DREB1D were isolated from mixed sugarcane tissues treated with cold, drought and salinity and constitutively expressed in 
several drought susceptible varieties. Lines overexpressing SsCBF1 have shown enhanced tolerance to abiotic stress with up to 60% survival 
after 5 days at 10o C, 80% survival at 0.4 M salt, and 90% survival after drought exposure for three weeks. These findings will aid the 
development of varieties that are better suited to marginal environments. 
 
W896: Sugar Cane Sequencing Initiative 
Insights into Signaling and Regulation of Gene Expression in the Highly Polyploid Sugarcane 
Milton Y. Nishiyama Junior, Special Laboratory of Applied Toxicology, Butantan Institute, São Paulo, Brazil, Carolina G 
Lembke, University of Sao Paulo, Sao Paulo, Brazil, Hayan Lee, Stony Brook University, Stony Brook, NY, Pablo Andrade, 
Institute of Chemistry - University of São Paulo, SAO PAULO, Brazil, Carlos Takeshi Hotta, Institute of Chemistry - University of 
São Paulo, Sao Paulo, Brazil, Gabriel Rodrigues Alves Margarido, ESALQ - University of São Paulo, Piracicaba, Brazil, Savio S. 
Ferreira, Institute of Chemistry - University of São Paulo, São Paulo, Brazil, Ravi Pandya, Microsoft, Redmond, WA, Jonas W. 
Gaiarsa, Universdiade de Sao Paulo, Sao Paulo, Brazil, Michael Schatz, Johns Hopkins University, Baltimore, MD, Robert 
Davidson, Microsoft Research, Redmond, WA, David Heckerman, Microsoft, Los Angeles, CA, Marie-Anne Van Sluys, 
Universidade de Sao Paulo, Sao Paulo, Brazil and Glaucia M. Souza, Universidade de São Paulo (USP), São Paulo, Brazil 
Sugarcane is of global importance in the field of renewable energy, including biofuels, bioelectricity and as a biomass feedstock for 
bioprocessing into a wide range of chemicals. The study and improvement of sugarcane through genetic diversity and its adaptation to the 
environment is a major challenge, mainly because of the complex genome that is polyploid and aneuploid, and the great allelic variation. The 
CaneRegNet framework is the most complete reference for studies on the Sugarcane transcriptome allowing to associate gene expression 
profiles, gene functions and now structural and functional genomic information. We previously described an assembled sugarcane genome of 
450,609 scaffolds with NG50 of 41,394Kb and 373,869 predicted genes. The integration of the sugarcane genome and the transcriptome data 
within CaneRegNet is now allowing to study how the expression profile differs among the alleles, if all of them are expressed in similar levels 
and if allele expression is tissue-specific. Genome annotation improved the Signal Transduction (SUCAST), Transcription Factors and Cell Wall 
catalogues. From the predicted genes, 15,737 genes were annotated and classified into 57 TF families including 12 new families in relation to 
those obtained within the SUCEST Project. MYB-related and CSD TF families had also an impressive increase in the number of identified 
members (762 and 2,209 genes respectively). A total of 4,661 genes were classified into 20 Cell Wall categories, an increase of 3,936 genes. The 
most identified and represented Cell Wall categories were “Internal Signal Transduction”, “Phenylpropanoid biosynthesis” and “Other glycan 
degradation”. The CaneRegNet framework will be presented as well as analysis tools for the application of Systems Biology approaches.  
 
W897: Sugar Cane Sequencing Initiative 
Genetic Variations in a Complex Polyploid: Unveiling the Sugarcane Allelic Dynamics 
Anete P Souza1, Danilo A. Sforça1, Sonia Vautrin2, Claudio Benicio Cardoso- Silva3, Melina C. Mancini1, Guilherme da Silva 
Pereira4, Monica Conte1, Arnaud Bellec2, Nair Dahmer1, Joelle Fourment2, Nadine Gautier2, Nathalie Rodde2, Marie-Anne Van 
Sluys5, Antônio Augusto Franco Garcia6, Eliane. R. F Martins1, María Victoria Romero Cruz1, Hélène Bergès2 and Michel 
Vincentz7, (1)University of Campinas - UNICAMP, Campinas, Brazil, (2)INRA - CNRGV, Castanet Tolosan, France, (3)University 
of Campinas- UNICAMP, Campinas, Brazil, (4)North Carolina State University, Raleigh, NC, (5)Universidade de São Paulo, Sao 
Paulo, Brazil, (6)University of São Paulo - Brazil, Piracicaba, Brazil, (7)University of Campinas - UNICAMP, Campinas, SP, 
Brazil 
Keywords: Sugarcane, Allelic dosage, Gene duplication, Ethanol  
Sugarcane (Saccharum spp.) is a highly polyploid, heterozygous, aneuploid and genetically complex plant species. Modern sugarcane cultivars 
are derived from hybridization between S. officinarum (2n = 80) and S. spontaneum (2n = 40 – 128). In order to identify the number of 
haplotypes of a hypothetical gene, the sugarcane (SP80-3280 variety) BAC (Bacterial Artificial Chromosome) library was screened (221,184 
clones). Twenty-two positive BAC clones were sequenced, individually assembled, and manually annotated for genes and repeat regions. The 
macro differences among BACs show two different regions where the target gene was inserted, revealing a duplicated region. The different 
repeat regions among BACs were used to identify different haplotypes: a region with seven haplotypes, and a duplicated region with nine 
haplotypes. The first region showed a high level of gene retention and colinearity with orthologous genes. The region with duplication showed a 
low colinearity, but a high conservative gene structure. The analyses among the home(o)logous BAC clones and orthologous genes suggest that 
the gene used for screening was duplicated in another region in the sugarcane genome, resulting in a non-collinearity region. When using BAC-
FISH, it was possible to observe a region with eight markers, while the duplicated region presented ten markers in different chromosomes. SNPs 
along the BACs were located, and genotyped in a bi-parental population (SP80-3280 x RB835486), using mass spectrometry and analyzed in 
SuperMASSA software. The results showed an allelic dynamic difference in sugarcane that can be useful for understanding the complex 
polyploid genome.  
Financial Support: FAPESP, CAPES and CNPq 
 



W898: Sugar Cane Sequencing Initiative 
The Saccharum Mitochondrial Genome 
Jeremy Shearman1, Chutima Sonthirod1, Chaiwat Naktang1, Wirulda Pootakham1, Thippawan Yoocha1, Duangjai Sangsrakru1, 
Nukoon Jomchai1, Xingtan Zhang2, Ray Ming2, Jisen Zhang2, Sithichoke Tangphatsornruang1 and Somvong Tragoonrung1, 
(1)National Center for Genetic Engineering and Biotechnology, Pathum Thani, Thailand, (2)Center for Genomics and 
Biotechnology, Fujian Agriculture and Forestry University, Fujian, China 
Modern commercial cultivars are complex hybrids of S. officinarum and several other Saccharum species. Historical records identify New 
Guinea as the origin of S. officinarum and that a small number of plants originating from there were used to generate all modern commercial 
cultivars. We have used the PacBio RSII to sequence and assemble the mitochondrial genomes of a South East Asian commercial cultivar, 
known as Khon Kaen 3, and a haploid clone of S. spontaneum (SES208). The long read length of this sequencing technology allowed for the 
mitochondrial genome of Khon Kaen 3 to be fully assembled into two discrete circular sequences, totalling 444 kb, with no repeats that would 
facilitate recombination. The mitochondria of S. spontaneum has a more dynamic arrangement with several subgenomic circles, totalling 523 kb, 
and multiple shared repeats that would facilitate recombination. We mapped Illumina sequence from DDBJ of five commercial hybrids, two S. 
officinarum and one S. spontaneum to the assemblies of Khon Kaen 3 and SES208. The results identify an interesting chance event that shaped 
the mitochondrial genome of the commercial hybrids. 
 
W899: Sugar Cane Sequencing Initiative 
Target Enrichment Sequencing of 300 Representative Accessions in the Sugarcane World Germplasm Collection 
Jianping Wang1, Jian Song1, Xiping Yang1 and James Todd2,3, (1)Agronomy Department, University of Florida, Gainesville, FL, 
(2)USDA-ARS, SRU, Houma, LA, (3)USDA-ARS Sugarcane Research Unit, Houma, LA 
Sugarcane (Saccharum spp.) is an important sugar and bioenergy crop. High level of polyploid have been challenges to unlock the genetic 
machinery controlling complex traits of sugarcane. Target enrichment sequencing of 300 representative accessions, a condensed assembly of the 
World Collection of Sugarcane and Related Grasses (WCSRG), will not only shed light on characterization of sequence divergence of this 
complex crop, but also on identification of the alleles controlling agronomic traits. Genomics regions spanning a total of 6 Mb of 307 accessions, 
including 300 accessions from WCSRG and seven modern cultivars were deep sequenced. In total, 3,4 million SNPs across 307 clones were 
identified, which included 2.5 million bi-allelic and 0.9 million multi-allelic SNP loci. Out of 3.4 million SNPs, 1,192,505 (35.3 %) and 
1,365,196 (40.4 %) were located in exons and introns of the gene models, respectively, according to sorghum genome. The SNPs located on the 
exon regions included 697,275 nonsynonymous and 457,712 synonymous SNPs. The rest SNPs, 358,213 (13%) and 465,803 (10%) located on 
intergenic regions and UTRs. A total of 32,467 SNPs with significant effects on gene functions were predicted. Linkage disequilibrium (LD) was 
measured within sub-populations defined by using the discriminant analysis of principal components (DAPC) method. The compressed MLM 
approach was used to identify association signals and positive association for five traits: stalk number, glucan content, internode length, leaf 
width and xylan content were identified. The findings provided deep insight of the sugarcane complex genome variations and substantial genetic 
information for sugarcane and energy cane improvement. 
 
W900: Sugar Cane Sequencing Initiative 
Ultra High Density Mapping of the Saccharum spontaneum Genome 
Jisen Zhang1, Qing Zhang2, Xingtan Zhang2, Chifumi Nagai3, Tyler Jones3 and Ray Ming4, (1)Center for Genomics and 
Biotechnology, Fujian Provincial Key laboratory of Haixia applied plant systems biology, Haixia Institute of Science and 
Technology,Fujian Agriculture and Forestry University, Fujian, China, (2)Center for Genomics and Biotechnology, Fujian 
Provincial Key laboratory of Haixia applied plant systems biology, Haixia Institute of Science and Technology,Fujian Agriculture 
and Forestry University, Fuzhou, China, (3)Hawaii Agriculture Research Center, Kunia, HI, (4)Center for Genomics and 
Biotechnology, Fujian Agriculture and Forestry University, Fujian, China 
Sugarcane is an important sugar crop contributing up to 80% of the world sugar production. S. spontaneum is one of the three founding species in 
Saccharum, contributing to hybrid species S. sinense and S. barberi. It provides biotic and abiotic stress tolerance in modern sugarcane hybrid 
cultivars. AP85-441 is a haploid clone developed from anther culture of octoploid SES208, and has the smallest genome with 32 chromosomes in 
the genus Saccharum. Pacbio single-molecule real-time (SMRT) sequencing technology was used to sequence this haploid genome at 77X 
coverage. A mapping population was developed from a cross between double haploid AP83-108 and its pollen source SES208. The genomes of 
the F1 population was sequenced at 5X coverage using Illumina HiSeq2500. The assembled draft genome of AP85-441 was used as a reference 
for SNP calling. A total of 1,012,394 and 53,634 high quality single-dose SNP markers were generated, and 29,902 and 13,542 bin markers were 
subsequently constructed, from SES208 and AP83-108, respectively. These two genetic maps will be used to anchor the haploid genome to 32 
chromosomes. The genome composition of the haploid genome AP85-441 and double haploid genome AP83-108 will be revealed by comparison 
to the octoploid genetic map of SES208. 
 
W901: Sugar Cane Sequencing Initiative 
Structural and Functional Characterization of SUGARWINs and their Role in Plant Defense 
Marcio C Silva-Filho, Laboratório de Biologia Molecular de Plantas, ESALQ, USP., Piracicaba, Brazil 
Marcio C. Silva-Filho, University of Sao Paulo  
SUGARWIN1 and 2 are defense proteins from sugarcane. Their gene expression is known to be induced in response to wound and Diatraea 
saccharalis damage. Although the recombinant SUGARWIN protein does not affect insect development, it promotes significant morphological 
and physiological changes in Fusarium verticillioides and Colletotrichum falcatum, which lead to fungal cell death via apoptosis. In this study, 
we deepen our understanding of the role of SUGARWINs in plant defense and the molecular mechanisms by which these proteins affect fungi by 
elucidating their molecular targets. Our results show that SUGARWINs play an important role in plant defense against opportunistic pathogens. 
We demonstrated that SUGARWINs are induced by C. falcatum, and the induction of SUGARWINs can vary among sugarcane varieties. The 



sugarcane variety exhibiting the highest level of SUGARWIN induction exhibited a considerable reduction in C. falcatum infection. Furthermore, 
SUGARWIN1 exhibited ribonuclease and chitinase activity, whereas SUGARWIN2 exhibited only chitinase activity. This variable enzymatic 
specificity seems to be the result of divergent amino acid composition within the substrate-binding site.  
Title: Structural and functional characterization of SUGARWINs and their role in plant defense 
Submitter's E-mail Address: mdcsilva@usp.br 
Session Selection: Sugarcane Genome Sequencing 
 
W902: Sweet Potato and Yam Genomics 
Advances in Sweetpotato and Yam Genomics 
Jim Lorenzen, BMGF, Seattle, WA 
Rising global populations and changing dietary expectations require dramatic increases in global food production in the coming decades, 
especially in Sub-Saharan Africa. To minimize environmental impact, higher crop productivity will be essential to meet this requirement. 
Tropical root and tuber crops such as sweetpotato and yam, are important food crops in Africa but have relatively short histories of modern 
breeding, with potential for significant yield increases through more efficient breeding. This could be accelerated by modern breeding tools, 
including genomic tools. Sweetpotato and food yams (Dioscorea rotundata) have recently been added to the list of crops with reference genome 
sequences. This is an exciting time for genomic tools for sweetpotato and yam, and the workshop should deliver a series of interesting and 
informative talks that bring many more scientists up to date on recent developments for these important root and tuber crops. 
 
W903: Sweet Potato and Yam Genomics 
A Multi-Modal Approach for Building Capacity in Sweetpotato Genomics-Assisted Breeding for Africa 
Mercy N. Kitavi1, Marc Ghislain1, Dorcus C. Gemenet2, C. Robin Buell3, Bode Olukolu4, Robert O.M. Mwanga5, Marian Dorcas 
Quain6, Benard Yada7, Reinhard Simon2, Edward Carey8, Craig Yencho4 and Awais Khan9, (1)International Potato Center (CIP), 
Nairobi, Kenya, (2)International Potato Center (CIP), Lima, Peru, (3)Department of Plant Biology and DOE Great Lakes Bioenergy 
Research Center, Michigan State University, East Lansing, MI, (4)North Carolina State University, Raleigh, NC, (5)International 
Potato Center (CIP), Kampala, Uganda, (6)Council for Scientific and Industrial Research Crops Research Institute Ghana, 
KUMASI, Ghana, (7)National Crops Resources Research Institute (NACRRI), Kampala, Uganda, (8)International Potato Center 
(CIP), Kumasi,, Ghana, (9)International Potato Center (CIP), LIMA, Peru 
Capacity building -a framework for enhancing research efficiencies including collaborations and on-going engagement- is one main objective of 
the genomics tools for sweetpotato improvement (GT4SPI) project. Given the slow integration of molecular technologies into sweetpotato 
improvement and the paucity of knowledge in this area for this crop, GT4SPI addresses the urgent need to comprehensively build and identifies 
the steps towards building sufficient capacity to effectively harness and integrate genomics in sweetpotato breeding in Africa. Building capacity 
for sweetpotato genomics assisted breeding is undeniably a challenging endeavor, requiring a combination of short- and long-term strategies 
directed at the individual and institutional levels. Using a Multi-modal capacity building approach, GT4SP is building a critical mass of 
sweetpotato molecular breeders. The World Wide Web provides free instructional self-paced materials to the sweetpotato breeding community 
and workshops use interactive style. Institutionalizing capacity building programmes is incorporated to increase the effectiveness of the other 
capacity building activities. To train the next generation of sweetpotato breeders, long-term training opportunities are targeting professionals 
stably engaged into sweetpotato improvement. Short-term training opportunities are frequently promoted for multiplication of the training-of-
trainers. Tools to help the breeder learn and apply genomics in their programs are been developed; GBS hexaploid and QTL mapping pipelines, 
data interaction platform (HIDAP), and a sweetpotato genome browser to facilitate interaction of users with genomic data. GT4SPI strategic 
framework for capacity building emphasizes on building awareness, analytical and decision-making capacity that is embedded within 
institutional effort to produce more functional approaches to the traditional sweetpotato breeding. 
 
W904: Sweet Potato and Yam Genomics 
Population Development in Yams for Integrating Genomics Application and Predicting Clone Development 
Asrat A. Amele1, David De Koeyer2, Antonio Lopez-Montes3, Ranjana Bhattacharjee4, P. Lava Kumar4, Olufisayo Kolade2, 
Angelot Paterne AGRE4, Amani Koukou5, Emmanuel Chamba6, Emmanuel Otoo7, Jude Obidiegwu8, Emmanuel Nwachukwu8, 
Innocent N. Dossou Aminon9, Alexandre Dansi10, Happiness Oselebe11 and , (1)IITA, Abuja, Nigeria, (2)IITA, Ibadan, Nigeria, 
(3)International Institute of Tropical Agricultutre, ibadan, Nigeria, (4)International Institute of Tropical Agriculture, Ibadan, 
Nigeria, (5)CNRA, Boukae, Cote d'Ivoire, (6)CSIR-SARI, Tamale, Ghana, (7)CSIR-CRI, Kumasi, Ghana, (8)National Root Crops 
Research Institute (NRCRI), Umudike, Nigeria, (9)FAST, Polyethnic University of Abomey, Dassa, Benin, (10)University of 
Abomey - Faculty of Science of Dassa, Dassa-zoumè, Benin, (11)Ebonyi State University, Abakaliki, Nigeria 
Yam (Dioscorea spp) is one of the important crops in West African agriculture and food systems. The crop has a tremendous potential to 
contribute more to food security and poverty alleviation. The potential of the crop is yet to be exploited in this regard. Strengthening the national 
breeding programs is one of the strategic steps required to unlock the potential of the crop. Yam breeding presents special challenges and heavily 
relies on the exploitation of natural variation. For yam breeding to be successful and efficient, development of populations for genetic analysis 
and predicting clone development is one of the crucial steps. The yam-breeding programs in West Africa with the support of AfricaYam project 
are integrating population development for breeding with genetics analysis to accelerate genetic gain and optimize the breeding process. The 
population development targets trait-packages, both core and desirable traits that are important for the success of breeding programs. Here we 
describe the portfolio of population development strategies being implemented in yam breeding in West Africa. 
 
W905: Sweet Potato and Yam Genomics 
An Optimized Genotyping-By-Sequencing Protocol and SNP Calling Pipeline in Diploid and Hexaploid Ipomoea Sp 



Bode Olukolu1, Awais Khan2, Zhao-Bang Zeng1, Lachlan J Coin3, Zhangjun Fei4, C. Robin Buell5, Guilherme Da Silva Pereira1, 
Chenxi Zhou6, Dorcus C. Gemenet2, Shan Wu7, Honghe Sun8, Marcelo Mollinari1 and Craig Yencho1, (1)North Carolina State 
University, Raleigh, NC, (2)International Potato Center (CIP), Lima, Peru, (3)Institute for Molecular Bioscience, University of 
Queensland, Brisbane, Australia, (4)Boyce Thompson Institute, Cornell University, Ithaca, NY, (5)Department of Plant Biology and 
DOE Great Lakes Bioenergy Research Center, Michigan State University, East Lansing, MI, (6)Institute for Molecular Bioscience, 
University of Queensland, Brisbane, QLD, Australia, (7)Boyce Thompson Institute for Plan Research - Cornell University, Ithaca, 
NY, (8)Boyce Thompson Institute for Plant Research, Ithaca, NY 
Genotyping-by-sequencing (GBS) is an inexpensive and high-throughput approach for generating thousands, or even millions of molecular 
markers. However, problems with data quality, including high genotyping error rates and issues of substantial missing data, remain. Here, we 
present an optimized protocol and SNP calling pipeline that eliminate the source of these problems. The modified protocol utilizes most of the 
sequenced reads that predominantly map to the nuclear reference genome. It also improves uniformity of read depth across the genome and 
increases genotyping accuracy. Besides improving technical issues, we have developed a downstream diagnostic tool to eliminate genotyping 
errors and low quality variants that are attributable to various biological features. One of these features include paralogous sequences, which can 
account for up to 71.3 % of genes and can erroneously map to a single locus. Consistent with diploid and hexaploid SNP calls, our diagnostic 
tool and segregation analysis show reliably that errors in two-thirds of the variants might be due to paralogous sequences. This is consistent with 
expansion of homologous gene families and gene duplication events in large genomes. In addition to SNPs, CNVs (copy number variants) and 
indels, we effectively capture methylation-based DNA markers, which are crucial for gene regulation. Upon SNP validation and selection of loci 
that are polymorphic in majority of individuals representing the global diversity of sweetpotato, a SNP array with minimal ascertainment bias can 
be developed from these high quality variants. 
 
W906: Sweet Potato and Yam Genomics 
Quantitative Genetics in Sweetpotato: Where Are We within the Context of Genomic Tools for Sweetpotato Improvement 
Project? 
Dorcus C. Gemenet1, Federico Diaz1, Veronica Mosquera1, Mercy N. Kitavi2, David Maria1, Rudy Cruz1, Sonia Frey1, Rocio 
Silvestre1, Obaiya Utoblo3, Reinhard Simon1, Raul Eyzaguirre1, Edward E Carey3, Robert O.M. Mwanga4, Craig Yencho5, 
Wolfgang Gruneberg1, Marc Ghislain2, Awais Khan6 and Merideth Bonierbale1, (1)International Potato Center (CIP), Lima, Peru, 
(2)International Potato Center (CIP), Nairobi, Kenya, (3)International Potato Center, Kumasi, Ghana, (4)International Potato Center 
(CIP), Kampala, Uganda, (5)North Carolina State University, Raleigh, NC, (6)Cornell University, New York, NY 
The whole idea of crop improvement, be it through conventional breeding methods or through genomics-assisted breeding methods, is to 
increase genetic gain over time. Genomics-assisted breeding is hoped to help reduce the length of the conventional breeding cycle by allowing 
selection, at least in some generations, during early developmental stages thereby increasing genetic gains. For this to be realized, molecular 
markers have to be identified that are linked with the heritable part of the observed phenotypic variation relative to environmental variations or 
high density genetic markers should be available to be used in genome-wide selection. Clonally propagated crops such as sweetpotato have 
unique characteristics regarding quantitative genetic parameters that put them at a disadvantage in applying some of the genomic quantitative-
genetic methods normally developed for seed propagated crops. These quantitative genetic parameters and the considerations to be made 
regarding the parameters in clonally propagated crops will be highlighted with special reference to sweetpotato. Quantitative genetic activities 
being carried out at the International Potato Center within the context of the Genomic Tools for Sweetpotato Improvement Project will be 
discussed.  
 
W907: Sweet Potato and Yam Genomics 
Status of Sweetpotato Genome Sequencing Under TRAS Collaboration: TRAS Sweetpotato Genome Sequencing 
Consortium 
Ung-Han Yoon1, Qinghe Cao2, Kenta Shirasawa3, Qingchang Liu4, Jae Cheol Jeong5, Masaru Tanaka6, Hideki Hirakawa3, Hideki 
Nagasaki3, Hong Zhai4, Yoshihiro Okada7, Jang-ho Hahn1, Sang-Soo Kwak5, Dai-fu Ma8 and Sachiko Isobe3, (1)National Institute 
of Agricultural Sciences, RDA, Jeonju, Korea, The Republic of, (2)Sweetpotato Research Institute, Chinese Academy of 
Agricultural Sciences, Xuzhou, China, (3)Kazusa DNA Research Institute, Chiba, Japan, (4)China Agricultural University, Beijing, 
China, (5)Korea Research Institute of Bioscience and Biotechnology, Daejeon, South Korea, (6)NARO, Miyakonojo, Japan, 
(7)NARO, Okinawa, Japan, (8)Sweetpotato Research Institute, CAAS, Xuzhou, China 
Sweetpotato (Ipomoea. batatas (L.) Lam) is widely cultivated and consumed as a crop around the world, especially in Eastern Asia. The 
sweetpotato genome sequencing consortium consist with six organizations, Institute of Sweetpotato Research, Chinese Academy of Agricultural 
Sciences (China), China Agricultural University (China), Rural Development Administration (Korea), Korea Research Institute of Bioscience 
and Biotechnology (Korea), National Agriculture and Food Research Organization (Japan) and Kazusa DNA Research Institute (Japan).  
Because of the complex genome structure of sweetpotato (2N = 6x = 90, genome size = 2.5Gb) we have tried de novo genome assembly of a 
wild relative diploid species, I. trifida prior to sweetpotato. First, de novo whole-genome sequencing was performed with two lines of I. trifida, 
namely the selfed line Mx23Hm and the highly heterozygous line 0431-1, using the Illumina HiSeq platform. The total lengths of the assembled 
sequences of Mx23Hm (ITR_r1.0) was 513 Mb, while that of 0431-1 (ITRk_r1.0) was 712 Mb. Then, Pacbio and Illumina assembly scaffolds 
was constructed for Mx23Hm (ITR_r2.1). Pseudomolecules were developed based on ITR_r2.1 and a SNP linkage map.  
Meanwhile sweetpotato genome sequencing of a Chinese variety ‘Xushu 18’ was performed by Illumina and PacBio platforms. The denovo 
aseembly by FALCON with 155.5 Gb PacBio reads constructed 86,498 scaffolds of which total length was 3.0Gb. Linkage map construction 
using the S1 population of Xushu 18 and transcriptome analysis are also performed for alignment of scaffolds and precise gene annotation, 
respectively. 
 
W908: Sweet Potato and Yam Genomics 



The Status of Sweetpotato Viruses in South Africa: Using Viral Metagenomics for the Detection and Characterisation of 
Potyviruses, Criniviruses, Geminiviruses and Badnaviruses 
Thulile F. Nhlapo, Agricultural Research Council/University of the Witwatersrand, Pretoria, South Africa 
To date, limited studies have been undertaken with regard to the etiology of Sweetpotato virus disease (SPVD) in South Africa. A metagenomic 
approach was adopted to establish the genetic diversity of viruses infecting sweetpotato. Total RNA was isolated from asymptomatic and 
symptomatic plants collected from the Eastern and Western Cape provinces, and depleted of ribosomal RNA (rRNA) using the Ribo-Zero 
Magnetic Kit. Sequencing was done on the Illumina MiSeq Benchtop platform. Sequence assembly and analysis were done using the CLC Bio 
Genomics Workbench, Velvet and PRICE. De novo and reference-guided assemblies generated near full-length virus genomes at high sequence 
depth. Sweet potato feathery mottle virus and Sweet potato virus C were detected in the Western and Eastern Cape symptomatic samples, while 
Sweet potato chlorotic stunt virus and Sweet potato virus G were detected in symptomatic plants from the Western Cape province only. Reads 
aligning to geminiviruses (Sweet potato mosaic virus and Sweet potato leaf curl Sao Paulo virus) were detected in symptomatic plants from the 
Western Cape; while badnaviruses (Sweet potato badnavirus A and Sweet potato badnavirus B) were detected in symptomatic and asymptomatic 
plants from both provinces. This is the first report of sweetpotato badnaviruses in South Africa. Virus presence was validated by PCR and RT-
PCR. The sequence data demonstrates the presence of multiple RNA and DNA viruses in individual plants. We recommend the use of deep 
sequencing of nucleic acids as a reliable diagnostic tool for virus detection as well as for differentiating between diverse viral strains. 
 
W909: Sweet Potato and Yam Genomics 
African Yam Domestication: Evidences of Selection in Starch, Root and Photosynthesis Related Genes 
Roland Akakpo1, Nora Scarcelli1, Hana Chaïr2, Alexandre Dansi3, Gustave Djedatin3, Bénédicte Rhone4, Olivier François5, Karine 
Alix6 and Yves P. Vigouroux1, (1)IRD, Montpellier, France, (2)CIRAD, Montpellier, France, (3)University of Abomey - Faculty of 
Science of Dassa, Dassa-zoumè, Benin, (4)CNRS-Université de Lyon, Lyon, France, (5)Université Grenoble Alpes, Grenoble, 
France, (6)AgroParisTech, Gif-sur-Yvette, France 
One way to get insight into the domestication process of a plant is to study the genetic basis of adaptation by revealing signature of selection. In 
this study, we analyzed a tuber crop, the African yam (Dioscorea rotundata) and its two wild relatives, D. abyssinica a savannah species and D. 
praehensilis a forest species, using NGS technology. We sequenced a total of 30 yam accessions from Benin (West Africa), including 10 
cultivated individuals and 10 individuals from each wild species. Using the D. rotundata transcriptome reference, we identified 30,8840 high 
quality SNPs in 23,136 contigs. Detection of selection approaches revealed 998 candidate contigs showing some evidence of selection in the 
cultivated yam. Interestingly, we found selection signature in the starch biosynthesis pathway as well as in a well-known root development gene. 
We also found selection in phototropism genes, suggesting that growth pattern between wild and cultivated yam might have been reshaped 
during domestication.  
Key word: Adaptation, diversity, domestication, genomic of selection, yam 
 
W910: Sweet Potato and Yam Genomics 
Development of Genomic Resources for the Water Yam (Dioscorea alata L.) for Accelerated Breeding and Improvement 
Jessica B. Lyons, University of California, Berkeley, Berkeley, CA 
D. alata is an important food security and income generation crop for millions of smallholder farmers in the tropics and sub-tropics of West 
Africa, Asia, Latin America, and the Pacific. Water yam boasts desirable characteristics such as high nutritional content, yield under low soil 
fertility, and low post-harvest losses. However, production is constrained by biotic and abiotic stresses, and breeding for desired traits is arduous. 
In the context of surging population growth and climate change, modern genomic and genetic tools are urgently needed for the more efficient 
improvement of D. alata.  
Toward this end, we are constructing a high-quality chromosome-scale reference genome for D. alata, which we will annotate using RNAseq 
data generated in collaboration with the African Orphan Crops Consortium. Genetic maps constructed from D. alata mapcrosses segregating for 
important traits will facilitate further genome assembly improvement as well as QTL analysis. We will also characterize global water yam 
diversity.  
This work is in collaboration with the International Institute of Tropical Agriculture (IITA; Ibadan, Nigeria), the National Root Crops Research 
Institute (NRCRI; Umudike, Nigeria), and the African Orphan Crops Consortium (AOCC). 
 
W911: Swine 
Whole Genome Sequence Analysis Reveals Antimicrobial Resistance Genes, Plasmids and Potentially Unique Sequence 
Types of Enterotoxigenic Escherichia coli Isolates Causing Colibacillosis in Neonatal and Weaning Piglets of South Africa 
Mary Ranketse, Agricultural Research Council-Biotechnology Platform, Pretoria, South Africa, Farai C. Muchadeyi, Agricultural 
Research Council, Pretoria, South Africa, Evelyn Madoroba, Agricultural Research Council-Bacteriology, Pretoria, South Africa 
and Edgar F. Dzomba, University of KwaZulu-Natal, Pietermartzburg, South Africa 
Enterotoxigenic Escherichia coli (ETEC) are pathogenic strains of E. coli that cause colibacillosis in animals and humans. The use of 
antimicrobials for treatment of colibacillosis may be hampered by the increase in antimicrobial resistance. Plasmids are implicated in the 
dissemination and persistence of antimicrobial resistance between and amongst different bacterial communities. The aim of this study was to 
determine the sequence types of, assess the antimicrobial resistance profiles and genes confering such resistance and to screen for plasmids in 20 
ETEC samples recovered from piglets from the Limpopo and Eastern Cape provinces of South Africa. Out of 20 samples, 12 were further 
analysed using whole genome sequencing (WGS) to determine the antimicrobial resistance genes and plasmids. Multilocus sequence typing 
using WGS showed six different sequence types (ST10, ST56, ST101, ST4253, ST4704, ST1830). Plasmid profiling identified 10 plasmids 
between 1.3kb and >10kb. Six isolates harbored multiple plasmids. Whole genome sequencing identified seven different plasmids originating 
from Klebsiella pneumoniae, Salmonella enterica, E. coli K-12, β-lactamase CTX-M-15 plasmids, and Incompatibility groups FII and I2. 
Furthermore, samples carried antimicrobial resistance genes for tetracycline A (tetA), tetracycline B (tetB), gentamycin (aac(6')-Ii) and the MLS 
class of antimicrobials (msr(C)). Interestingly, ST4704, ST4253 and ST5766 found in this study appear to be unique as they have not been 



reported elsewere, and may be important in future. Antimicrobial resistance profiling showed samples exhibiting multiple antimicrobial 
resistance. This study expands our understanding of ETEC affecting pigs in general and South Africa in particular, which would aid in 
controlling colibacillosis. 
 
W912: Swine 
A Whole-Genome Association Scan Detects Several Genetic Regions Influencing Semen Quality Traits in the Boar’s Sperm. 
Alex Clop, Center for Research in Agricultural Genomics (CRAG) CSIC-IRTA-UAB-UB, Bellaterra (Barcelona), Spain, Marta 
Gòdia, Center for Research in Agricultural Genomics, Universitat Autònoma de Barcelona, UAB, Spain, Anna Castelló, Centre for 
Research in Agricultural Genomics (CRAG), Cerdanyola del Valles, Spain, Rayner Gonzalez, Center for Research in Agricultural 
Genomics - University Autonomus of Barcelona, Bellaterra, Spain, Marc Yeste, University of Girona, Girona, Spain, Joan E. 
Rodríguez-Gil, Unit of Animal Reproduction, Department of Animal Medicine and Surgery, Universitat Autònoma de Barcelona, 
Bellaterra (Barcelona), Spain and Armand Sánchez, Centre de Recerca en Agrigenòmica (CRAG), Bellaterra, Spain 
Boar’s semen quality is crucial for the efficiency of artificial insemination centers and the genetic progress in pig breeding. With the ultimate aim 
to develop a genetic test for the early prediction of semen quality traits in pigs, we carried out a genome-wide association scan (GWAS) for 53 
sperm parameters including motility, abnormalities, viability and acrosome integrity, on 180 Pietrain boars. The boars were genotyped with the 
Axiom® Porcine Genotyping Array (Affymetrix) and 467,914 single nucleotide polymorphisms (SNPs) were used for the analysis. Single-SNP 
association analyses were performed under an additive genetic model with the Genome-wide Efficient Mixed-Model Association (GEMMA) 
software. We identified 44 genome-wide significant hits confirmed by at least 4 SNPs, for abnormalities of the head (17 regions), neck (3) and 
tail (3), acrosome integrity (5), viability (5) and motility (11). These hits mapped to 12 chromosomes and to unmapped scaffolds. The most 
significant hit affected acrosome integrity and mapped to chromosome 3:81.4-103.2 Mbp. (lead SNP - rs322712738 - q-val = 7.06x10-11). This 
hit harbors PSME4, a gene that is involved in nucleosome removal during spermatogenesis. In addition, we co-mapped the GWAS results with 
the list of transcripts detected in a RNA-seq experiment that we carried on boar sperm. In total, 652 genes present in the boar sperm 
transcriptome co-map with our sperm GWAS hits. These results suggest that the genetic architecture of boar sperm parameters might allow the 
development of a DNA test for the prediction of semen quality in piglets. 
 
W913: Swine 
Use of CRISPR/Cas9 to Induce Targeted Mutagenesis during Porcine Embryogenesis 
Kiho Lee, Junghyun Ryu, Kyungjun Uh and Caitlin Ray, Virginia Tech, Blacksburg, VA 
Introducing the CRISPR/Cas9 system into early embryos can introduce targeted modifications during embryogenesis. Previous reports suggest 
that the approach can be used to generate pigs with targeted modifications without having to generate genetically engineered founder pigs for 
breeding. We have used this approach to disrupt various genes during embryogenesis in the pig. A total of 22 target genes were selected and 
CRISPR/Cas9 was introduced into early pig embryos to disrupt each target gene. Genotype results demonstrate that the CRISPR/Cas9 system 
could introduce targeted modifications on all target genes in all embryos examined. Until now, in vivo efficacy of the approach has been 
confirmed in 9 genes. In addition, we have successfully attempted to modify up to three genes simultaneously (100%) demonstrating its ability to 
multiplex. Our results indicate that the technology can be successfully used to introduce targeted modifications in the pig.  
 
W914: Swine 
Usmarc Update on Swine Reproduction Research 
Dan Nonneman, Clay A Lents, Brittney N Keel and Gary A. Rohrer, USDA, ARS, USMARC, Clay Center, NE 
 
W915: Swine 
A Genomic Investigation of Porcine Periweaning Failure to Thrive Syndrome (PFTS) 
Francesca Bertolini1, Tianfu Yang2, Yanyun Huang3, John Harding3, Max F. Rothschild1 and Graham S Plastow4, (1)Iowa State 
University, Ames, IA, (2)University of Alberta, Edmonton, AB, Canada, (3)Department of Large Animal Clinical Sciences, 
Western College of Veterinary Medicine, University of Saskatchewan, Saskatoon, SK, Canada, (4)Livestock Gentec, Department of 
Agricultural, Food & Nutritional Sciences, University of Alberta, Edmonton, AB, Canada 
Porcine Periweaning Failure to Thrive Syndrome (PFTS) affects young pigs around 2-3 weeks post-weaning and it is characterized by anorexia, 
lethargy and progressive debilitation that frequently leads to death. A genetic basis of this syndrome has been recently hypothesized but until 
now only one GWAS analysis has been reported, with a moderate suggestive association with the disease. In this experiment, 107 pigs were 
collected in North America within 2-3 weeks after weaning from commercial farms.  
A total of 70 met the PFTS case definition (cases) while 37 were aged-matched penmates (control). Cases and controls were balanced across the 
farms using a 2:1 ratio. All animals were genotyped with the 80K porcine SNP chip and 53,810 filtered autosomal SNPs were considered for the 
analyses. Population structure analysis was performed, showing that the samples have a similar genetic background even between cases and 
controls. Then, three analyses were performed comparing cases and controls. These included Fst analysis, considering single SNPs and the 
average Fst calculated in 500Kb overlapping windows and logistic regression analysis. Only moderate suggestive associations were found.  
A total of four regions not identified previously on chromosome 1, 3 and 11 were concordant for at least two types of analyses and contain some 
genes that are involved in behavior, energy homeostasis, caloric intake and growth and mature size. With these limited analyses we could not 
confirm major regions of difference for PFTS but we identified the presence of novel genomic regions that may be moderately associated with 
this syndrome. 
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Reecy 
James M. Reecy, Department of Animal Science, Iowa State University, Ames, IA 
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Tuggle  
Christopher K. Tuggle, Iowa State University, Department of Animal Science, Ames, IA 
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Joan K. Lunney, APDL, BARC, ARS, USDA, Beltsville, MD 
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Integration of Genomic Resources to Uncover Pleiotropic Regions Associated with Age at Puberty and Reproductive 
Longevity in Sows 
Daniel C. Ciobanu1, Hiruni R Wijesena1, Clay A Lents2, Melanie Trenhaile1, Jean-Jack Riethoven1, Jennifer F Thorson2, Brittney 
N Keel2, Phillip S. Miller1, Matt L. Spangler1 and Stephen D. Kachman1, (1)University of Nebraska - Lincoln, Lincoln, NE, 
(2)USDA, ARS, USMARC, Clay Center, NE 
Commercial and experimental genetic resources were used to investigate genetic pleiotropic factors that influence age at puberty, litter-size and 
reproductive longevity. The phenotypes were complemented by high-density genotyping and whole genome and RNA sequencing. The SNPs 
from Porcine SNP60 BeadArray explained 25.2% of the phenotypic variation for age at puberty and less for litter-size traits or lifetime number of 
parities (<10%). The top 1% major 1-Mb windows explained 6.7% of the genetic variance for age at puberty and included genes involved in 
reproductive processes from progesterone secretion to placental development and embryo implantation. Due to differences in linkage 
disequilibrium in an evaluation data set, the predictive potential of all the SNPs from major 1-Mb windows (12.3-36.8%) was larger compared to 
the most informative SNPs from these window (6.5-23.7%). The limited capability of the BeadArray was complemented by polymorphisms 
discovered by genome sequencing of selected sires (n=20, >20X) in order to uncover functional variants responsible for the phenotypic 
differences. The role of gene expression in explaining variation of age at puberty was assessed by RNA sequencing of the hypothalamic arcuate 
nucleus in gilts with different pubertal status (n=37). Seventy genes were differentially expressed between early and late pubertal gilts (Padj<0.1), 
including genes involved in reproductive processes. We expect that integration of all these approaches will provide an improvement in the 
accuracy of genomic prediction by employing functional information responsible for the early onset of puberty and reproductive longevity. 
Supported by. USDA-NIFA AFRI 2013-68004-20370. USDA is an equal opportunity provider and employer. 
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NCSU Update 
Christian Maltecca, NCSU, Raleigh, NC 
 
W921: Swine 
Evaluation of Four US Pig Breeds Using the Affymetrix Axiom Pig HD Array 
Scott A. Funkhouser1, Juan P. Steibel2, Doug Newcom3 and Catherine W. Ernst2, (1)Genetics Program, Michigan State 
University, East Lansing, MI, (2)Department of Animal Science, Michigan State University, East Lansing, MI, (3)National Swine 
Registry, West Lafayette, IN 
A new pig high-density DNA microarray has recently been developed, the Affymetrix Axiom PigHD (PigHD), which includes over 650,000 
single nucleotide polymorphisms (SNPs). We have used the PigHD array to evaluate samples from four US pig breeds, and compared genotype 
calls on the PigHD to those on the Illumina PorcineSNP60 Beadchip (SNP60), for markers common to both arrays. A total of 90 Yorkshire, 34 
Landrace, 22 Hampshire, and 31 Duroc pigs from the National Swine Registry were genotyped using the PigHD chip, with 62 of the Yorkshire 
animals having been previously genotyped with the SNP60 chip. Across all 177 animals, 465,277 SNPs (high quality SNPs) exhibit good cluster 
resolution and at least 2 examples of the minor allele. Principle component analysis was done using a genetic relationship matrix derived from 
these high quality SNPs for all 177 animals, showing clear differentiation between breeds. High quality SNPs were matched between the PigHD 
and SNP60 platforms if they were annotated with the same physical position. Using 30,941 matched SNPs for 62 animals genotyped on both 
platforms, we observe noticeable differences in estimated allele frequencies between platforms, with 136 SNPs showing evidence that dosages of 
a different allele are being counted between platforms, thereby reversing the allelic count for those loci. Continuing work to provide estimates of 
global (genome-wide) and local (around loci of interest) linkage disequilibrium patterns using the enhanced resolution provided by the PigHD 
platform are ongoing. 
 
W922: Swine 
Whole Transcriptome Termini Site Sequencing Reveals Gender Differences in Genome-Wide Usage of Alternative 
Polyadenylation Sites 
Xiang Zhou1, Jennifer J. Michal1, Yangzi Zhang1, Richard M. Harland2 and Zhihua Jiang1, (1)Washington State University, 
Pullman, WA, (2)University of California Berkeley, Berkeley, CA 
Males and females can be considered genomically equal based on X chromosome inactivation and gene escape models. However, causes of the 
many physiological, psychological and pathological differences between genders in structurally equal genomes remain largely unknown. Using 
X. tropicalis as a model organism, we report dramatic differences in genome-wide usage of alternative polyadenylation sites (APSs) between 
adult males and females. A total of 66,426 APSs were detected using our newly developed whole transcriptome termini site sequencing (WTTS-
seq) method. Although males used 13,200 and 7,120 less APSs with evidence and RPM (reads per million)≥1 than females, gene use differences 
were minimal (≤667). Males tended to use APSs located in introns while females favored exons, particularly for distal sites. Female frogs had 
more than twice the number of DE-APSs (differentially expressed APSs) than males (2,962 vs 1,337, FDR (false discovery rate)≤0.05), but each 



set was enriched for distinct functional pathways. The male top pathways included 1) muscle-related structures & processes; 2) cell/tissue/organ 
development; 3) cell movement; 4) cell junctions; and 5) transport, while the females had top pathways related to 1) cell cycle; 2) RNA 
processes; and 3) DNA processes. Furthermore, APS expressions in non-coding RNA genes were different between males and females. Gender 
differences in APS usage may provide novel insights into phenotypic differences between sexes. 
 
W923: Synthetic Biology 
Targeted Gene Editing in Tetraploid Switchgrass (Panicum virgatum L.) by CRISPR/Cas9 
Yang Liu1, Paul Merrick1,2, Bing Yang1 and Shui-zhang Fei1, (1)Iowa State University, Ames, IA, (2)Kemin Industries, Des 
Moines, IA 
The CRISPR/Cas9 system is a simple yet powerful tool to edit plant genomes in a targeted manner. Switchgrass (Panicum virgatum L.) is a self-
incompatible, perennial grass species that has been designated a model bioenergy crop by the U.S. Department of Energy due to its high yielding 
potential. To enhance breeding efforts of switchgrass we explored the feasibility of using CRISPR/Cas9 in the tetraploid cultivar ‘Alamo’ in 
switchgrass through both transient assay and stable transformation. For transient assay, a non-functional Green Fluorescent protein (GFP) gene 
was successfully mutated by a Cas9/sgRNA complex and its function restored. Stable transformation with CRISPR/Cas9 construct targeting 
Flowering Locus T (FT), APETALA 1 (AP1), Brassinosteroid Receptor Insensitive 1 (BRI1) and Phosphoglycerate Mutase (PGAM) genes were 
carried out. With the pEnter4:gRNA-PGAM/Cas9 construct, targeting the PGAM gene, a mutation frequency of 13.7% was obtained. Among the 
first generation of mutated plants (T0), six are heterozygous, and one is homozygous for a 1bp deletion caused by CRISPR/Cas9. Our results 
demonstrate for the first time that CRISPR/Cas9 system can be successfully used in switchgrass genome editing.  
 
W924: Synthetic Biology 
WheatCRISPR: A Web-Based Optimized sgRNA Designer for CRISPR-Cas9-Mediated Genome Editing in Wheat 
Sateesh Kagale, National Research Council Canada, Saskatoon, SK, Canada 
CRISPR-Cas9 has become a promising technique for crop improvement as it can facilitate fast and efficient molecular breeding without retention 
of transgene components in the final plant line. Although CRISPR-Cas9 applications promise to change the pace and course of crop 
improvement, a number of hurdles exist that limit full exploitation of this innovative technology, especially in crops with large, polyploid 
genomes. In wheat, due to the large size of gene families and very large genome, off-target single guide RNA (sgRNA) binding and cleavage is 
one of the most critical issues. Lack of bioinformatics tools to facilitate the design of highly specific functional gRNAs and prediction of off-
target sites in wheat is currently a significant obstacle to effective application of CRISPR to wheat improvement. We have designed a web-based 
bioinformatics tool for automated design of highly specific sgRNAs for CRISPR-Cas9 mediated genome editing and CRISPR-based 
transcriptional regulation of gene expression in wheat. An effective sgRNA should have both high on-target activity and low off-target activity. 
A recent paper by Doench et al. (Nature Biotechnology 34: 184-191) has used large-scale empirical evidence to devise two models for predicting 
the on-target activity and off-target effects, respectively. We apply these prediction models to determine on-target specificity and potential off-
target activity for individual sgRNAs designed to target specific loci in the wheat genome. Our tool allows researchers to browse all possible 
sgRNAs targeting a gene of interest and select them based on their predicted on-target and off-target activity, as well as other characteristics such 
as position within the targeted gene 
 
W925: Synthetic Biology 
A Simple Way to Detect in Planta ZFN Activity and Chimerism in Gene Targeting 
Wei Chen, Dow AgroSciences, Indianapolis, IN 
In planta gene targeting (GT), via double strand breaks (DSB) using site specific nucleases has become increasingly attractive for trait product 
development due to its independence of transformation efficiency. However, DSB-induced GT through breeding crosses often results in chimeric 
F1 tissues. Reporter genes, such as GUS or GFP, combined with histochemical staining have been used frequently to visualize the mutations as a 
proof of concept. For commercial trait product development, these reporter gene systems may not be suitable. Here we report the use of a simple 
quantitative PCR based method to detect the activity of zinc finger nucleases (ZFN). Each ZFN recognizes only one DNA binding site and create 
one DSB. During the process of DSB repair, the plant cells make small deletions and/or insertions on specific ZFN recognition sequences. As a 
measurement for relative ZFN activity, qPCR based disruption assays were used to detect the imperfect repairs. Spatial/temporal differences in 
somatic and meristem tissue were also detected using this methodology. 
 
W926: Synthetic Biology 
Enhancing the Utility of Plant Associated Bacterium; Ensifer adhaerens strain OV14, as a Vector for Plant Transformation 
Dheeraj Singh Rathore, Teagasc, Carlow, Ireland 
Historically, Agrobacterium species were considered to be unique for their ability to transfer and integrate foreign DNA into plant genomes. 
However, the increasing number of non-Agrobacterium species with attained capability to genetically engineer host cells, suggests that this is not 
the case. Recently, Ensifer adhaerens OV14 was reported to underpin the successful crop transformation protocol termed as Ensifer-mediated 
transformation (EMT) technology. The adaptability and efficiency of EMT technology to successfully transform dicots viz., Arabidopsis 
thaliana, Solanum tuberosum, Nicotiana tabacum, Manihot esculenta and the monocot Oryza sativa, has been previously reported. The goal of 
this study was to expand on this programme and investigate the potential of E. adhaerens strain OV14 to genetically transform Brassica napus, 
the host species from which it was originally isolated. By modifying current A. tumefaciens-based protocols to suit the growth parameters of E. 
adhaerens strain OV14, the successful transformation of the commercial B. napus cultivar Delight was achieved via EMT. The EMT protocol 
involves the co-cultivation of 5 days old cotyledonary petiole explants with E. adhaerens strain OV14 (OD600nm = 0.8) for 5 days in the 
presence of 200 µM acetosyringone, that delivered transgenic plants of morphological equivalence to the original treated cv. Delight. A 
transformation frequency of 4.0 ± 0.2 % was attained based on stable integration patterns recorded for T1 individuals, which indicated transgene 
integrations of 1–3 copies/line. Segregation analysis based on the inheritance of the nptII transgene in the T2 generation showed Mendelian and 
non-Mendelian segregation patterns for the designated kanamycin resistance phenotype. To conclude, this practical study highlights the 



continued expansion of EMT’s host range and provides possibilities to further the EMT research as a promising technology for genetic 
engineering and genome editing of plants. 
 
W927: Synthetic Biology 
TFA Genomic Regions Confer Amenability to Agrobacterium-Mediated Transformation in Barley  
Hiroshi Hisano, Institute of Plant Science and Resources, Okayama University, Kurashiki, Japan 
Different plant cultivars of the same genus and species can exhibit vastly different genetic transformation efficiencies. However, the genetic 
factors underlying these differences in transformation rate remain largely unknown. In barley (Hordeum vulgare), ‘Golden Promise’ is the most 
useful and well-studied cultivar for genetic transformation. By contrast, cultivar ‘Haruna Nijo’ is recalcitrant to genetic manipulation, although 
numerous genomic resources have been developed for this haplotype. Recently, we identified genomic regions of barley important for successful 
transformation with Agrobacterium, utilizing the ‘Haruna Nijo’ × ‘Golden Promise’ F2 generation. A total of 3,013 ‘Haruna Nijo’ × ‘Golden 
Promise’ F2 immature embryos were inoculated with Agrobacterium, and 60 transformants were obtained. These plants were genotyped using 
124 genome-wide SNP markers. We observed significant segregation distortions from the expected 1:2:1 ratio toward the ‘Golden Promise’ 
cultivar in regions of chromosomes 2H and 3H, indicating that the alleles of ‘Golden Promise’ in these regions might contribute to 
transformation efficiency. We termed this region as Transformation Amenability (TFA) loci responsible for Agrobacterium-mediated 
transformation. The genomic regions identified herein likely include necessary factors (i.e. regeneration from callus) for Agrobacterium-
mediated transformation in barley. The potential to introduce these loci into any haplotype of barley opens the door to increasing the efficiency 
of transformation for target alleles into any haplotype of barley by the TFA-based methods proposed in this presentation. 
 
W928: Synthetic Biology 
Monitoring Guide RNA Synthesis for CRISPR/Cas9 Genome Editing Workflow Using the Agilent 2100 Bioanalyzer System 
Melissa Huang Liu, Agilent Technologies, La Jolla, CA 
Bacterial clustered regularly interspaced short palindromic repeats (CRISPR) - associated protein 9 (Cas9) system has increased in popularity as 
a genome editing tool for targeted mutations, insertions, deletions and gene knock-out studies. CRISPR genome editing has also proved superior 
to Zinc-finger nucleases (ZFN) and transcription activator- like effector nucleases (TALENs) due to its simplicity and easy programmability. In 
CRISPR, a guide RNA (gRNA) is used to recognize and introduce a double standard break in a target DNA. The DNA repair mechanism 
triggered after the break is then exploited to introduce an insertion/deletion in the case of non-homologous end joining, or precise genetic 
modification if a homology-directed repair pathway is triggered. A critical part of the CRISPR/Cas9 tool is the design and synthesis of the gRNA 
that comprises T7 promoter sequence, target sequence, and protospacer adjacent motifs. Monitoring the transcription of the gRNA is critical to 
the workflow to ensure successful gene editing. Here we present an automated electrophoresis approach for monitoring the synthesis, integrity, 
and functional activity of gRNAs created for a CRISPR/Cas9 workflow. 
 
W929: Systems Biology and Ontologies 
Phenopackets: An Ontology-Based Expressive Exchange Format for Phenotype and Trait Data 
Christopher Mungall, Lawrence Berkeley National Laboratory, Berkeley, CA 
Standardized genomic data exchange formats and models make it easier for researchers and informaticians to combine different programs and 
datasets in large analyses. However, we currently lack a single exchange format capable of a wide range of phenotypic data. This is in part, due 
to the fact that phenotypic data encompassed a wide variety of scales and observation types. Ontologies produced by the Planteome project such 
as the Trait Ontology (TO) allow for the description of phenotypic data in a computable way, but are not in themselves sufficient for the 
exchange of data. 
We have created an extensible exchange format for exchange of data relating to phenotypes called Phenopackets. This allows for phenotypic 
associations about plant entities such as germplasm or genes, qualified by environmental modifiers. The format uses JSON which is easily 
consumed in most programming environments, and semantics are provided by the use of JSON-LD. 
 
W930: Systems Biology and Ontologies 
The Gut Metagenome Across Health and Evolution 
Thomas Sharpton, Oregon State University, Corvallis, OR 
The gut microbiome is a contributing factor in animal health. Additionally, perturbations to the gut microbiome can develop into pathological 
conditions and diseases, presumably because the animal host depends on the metabolic functions of the gut microbiome to maintain homeostasis. 
Unfortunately, the precise mechanisms through which the gut microbiome operates to influence animal physiology and health remain elusive, 
which consequently challenges the development of disease diagnostics and therapeutics. We recently conducted a series of comparative 
microbiomic investigations to uncover potential metabolic mechanisms through which the gut microbiome interacts with its animal host to 
influence to health. First, we analyzed over 2,000 gut metagenomes from a variety of human clinical populations to statistically model how the 
metabolic pathways encoded in the microbiome associate with health. This analysis revealed aspects of microbiome metabolism that are 
perturbed in diseased humans, many of which are common to multiple types of diseases. Second, we compared microbiome samples spanning a 
diverse evolutionary set of vertebrates to quantify how the microbiome may have diversified over evolutionary timescales. Our analysis reveals 
properties of the microbiome that are relatively conserved across host species, which indicates that they may have been anciently integrated into 
the gut microbiome and subsequently retained, potentially because they promote host fitness. Collectively, these investigations clarify the aspects 
of the gut microbiome that may yield disease when perturbed and implicate their potential interaction with host physiology. 
 
W931: Systems Biology and Ontologies 
Use of Mechanistic and Empirical Models of Photosynthesis to Explore Genetic Variation in Rice 
Kusum Naithani1, Jackson Massanelli1, Madeleine Meadows-McDonnell2, Carly Konzelman1, Jessica Moon1, Julie Thomas1, Anuj 
Kumar1 and Andy Pereira1, (1)University of Arkansas, Fayetteville, AR, (2)Smith College, Fayetteville, AR 



Meeting agricultural water demands is becoming progressively difficult due to population growth and changes in climate. Breeding stress-
resilient crops is a viable solution, as information about genetic variation and their role in stress tolerance is becoming available due to 
advancement in technology. We used mechanistic and empirical models to explore the genetic variation of photosynthesis across eight diverse 
rice genotypes under greenhouse conditions. These include the Asian rice (Oryza sativa) genotypes, drought sensitive Nipponbare, and a 
transgenic line overexpressing the HYR gene in Nipponbare; six genotypes (Vandana, Bengal, Nagina-22, Kaybonnet, Ai Chueh Ta Pai Ku) and 
an African rice O. glaberrima, all screened for key photosynthetic parameters such as the maximum carboxylation rate (Vcmax), the maximum 
electron transport rate (Jmax), the maximum gross photosynthesis rate (Pmax), daytime respiration (Rd), quantum yield (phi), and stress on 
photosystem II. We collected CO2 and light response curve data under well-watered and simulated drought conditions in greenhouse. Our results 
suggest that O. glaberrima and Nipponbare were the most sensitive to drought because Vcmax and Pgmax declined under drought conditions; 
drought tolerant genotypes did not show significant changes in these model parameters. Our integrated approach, combining genetic information 
and photosynthesis modeling, adds a new dimension to genetic data and provides improved information for plant breeders to improve crop yield 
under stress conditions. 
 
W932: Systems Biology and Ontologies 
Identification and Pathway Association of Abiotic Stress-Responsive Long Noncoding RNAs in Populus trichocarpa 
Michelle Wiley1, Sergei Filichkin2, Palitha Dharmawardhana2, Pankaj Jaiswal2 and David Hendrix1,3, (1)Dept of Biochemistry and 
Biophysics, Oregon State University, Corvallis, OR, (2)Dept of Botany & Plant Pathology, Oregon State University, Corvallis, OR, 
(3)School of Electrical Engineering and Computer Science, Oregon State University, Corvallis, OR 
We identified stress-responsive, tissue-specific lncRNAs, and characterized potential pathways that they could be involved in. We analyzed 81 
RNA-seq samples in Populus trichocarpa from leaf, root, and xylem under control treatment or either short or prolonged heat, cold, salt, and 
drought stresses. First, we created a de novo transcriptome assembly, and through a multi-stage process we removed transcripts with any signs of 
protein-coding potential. We further divided up transcripts based on whether they overlapped transposable element annotations. The remaining 
transcripts were evaluated as candidate stress-responsive lncRNAs. We identified tissue-specific lncRNAs based on their combined expression 
across all treatments for a given tissue relative to other tissues. We further identified significantly differentially expressed lncRNAs as candidate 
stress-responsive transcripts. Transcripts were then analyzed to identify those with significant correlation with protein-coding transcripts, and 
then compared to pathways by for a significant number of correlated mRNAs belonging to a particular pathway. We then validated a number of 
these transcripts with digital droplet PCR (ddPCR). Taken together, these data support the hypothesis that lncRNAs with tissue-specific stress-
responsive roles exist in Populus trichocarpa.  
Funding for the project provided in part by U.S. Department of Energy, award # DE-SC0008570 and the Oregon State University. 
 
W933: Systems Biology and Ontologies 
Integrated Transcriptome and Proteome Analyses Reveal Cell Type-Specific Regulation of Alternative Splicing in 
Arabidopsis 
Song Li, Virginia Tech, Blacksburg, VA 
The extent to which alternative splicing produces cell type-specific isoforms in plants, and how these isoforms contribute to proteome diversity is 
largely unknown. To address these questions, we generated a comprehensive dataset of gene expression from individual cell types of the 
Arabidopsis root using short-read, paired-end RNA-seq. We complemented this analysis with long-read Pacific BioSciences (PacBio) sequencing 
and quantitative mass spectrometry. From these three platforms, we identified > 24,000 new splice isoforms and >1000 non-coding RNAs and 
detected > 12,000 peptides from over >5,000 proteins. Key insights from the analysis of these extensive data are: 1) Alternative splicing between 
cell types is rarely a binary process, but results in a difference in degree between major and minor isoforms; 2) Alternative splicing tends to 
remove parts of coding regions from a longer, major isoform, providing evidence for a progressive mechanism of splicing; 3) Intron retention of 
evolutionarily conserved introns suggests a possible origin for a common form of alternative splicing; 4) Coordinated alternative splicing appears 
to play a role in regulating differentiation in the root; and 5) For the majority of detected proteins, peptide abundance correlates well with major 
isoform abundance in different developmental stages. To characterize the complex regulatory process of alternative splicing, we have developed 
CoSpliceNet, a computational pipeline that integrates co-expression and motif discovery at splicing regulatory regions to infer co-splicing 
networks. CoSpliceNet can be used for identifying candidate regulators of splicing events and predict RNA-binding motifs in any biological 
system. 
 
W934: Systems Biology and Ontologies 
Draft Genome of the North American Beaver (Castor canadensis).  
Brent Kronmiller and - Beaver Sequencing Project, Oregon State University, Corvallis, OR 
The North American beaver (Castor canadensis) is a keystone species of Northwest riparian ecosystems. Beavers thrive in a wide range of 
wetlands habitats due to their variety of unique behavioral, musculoskeletal, metabolic, and dietary adaptations. With their dam-building 
behavior beavers contribute to species and habitat diversity. The beaver is a symbol of the industrious and pioneering spirit of Pacific 
Northwesterners and is the Oregon state animal and as the mascot of Oregon State University (OSU).  
Genetic studies of wild beaver populations and efforts to understand its biological adaptations are hampered by the lack of a beaver genome. The 
OSU Center for Genome Research and Biocomputing (CGRB) has crowd-funded $30,000 to sequence and annotate the beaver genome, to obtain 
a tissue transcriptome atlas, and to profile the gut microbiome. 
Using Illumina sequencing we have assembled a 4 Gb beaver genome (N50 300Kb). We have completed a 17 tissue composite transcriptome 
assembly. We will present results of repeat element identification, gene prediction, gene annotation, non-coding RNAs, and 
orthology. Phylogenetic analysis of an alignment of whole-genome orthologous proteins from 19 species shows that beaver is found in the rodent 
group alongside kangaroo rat. Shotgun metagenomes from beaver stool samples were functionally annotated to profile the metabolic capacity of 
the gut microbiome. 
 



W935: Systems Biology and Ontologies 
Plant Science Research Network's Draft 10 Year Strategic Plan for Plant Science Cyberinfrastructure 
Brett Tyler, Oregon State University, Corvallis, OR 
The Plant Science Research Network (PSRN) consists of 14 professional societies whose members are active in plant science research and 
education. The overall objective of the PSRN is to implement and update the Plant Science Decadal Vision released in 2014. One major focus of 
the updated Decadal Vision is a strategic plan for plant science cyberinfrastructure. The purpose of the plan is to define the opportunities and 
needs for cyberinfrastructure to support plant systems research (from molecules to ecosystems) over the next 10 years.  
A visioning workshop was held in October 2016 to draft a framework for the strategic plan. The workshop included participants from the plant 
and information sciences, from all domains of plant sciences, from academia, industry, non-profits, and government, and from all levels of 
seniority from students to senior investigators. The workshop drew on inputs from a prior planning workshop, a survey of 52 leaders in the plant 
and information sciences, and numerous informal inputs from domain conferences during 2016.  
Based on the workshop, the PSRN cyberinfrastructure task force has drafted a framework for the strategic plan, which it is now seeking comment 
on. Community members can read and comment on the framework at the Big Data and Cyberinfrastructure group at www.plantae.org. 
 
W936: Systems Genomics 
Integration of QTL, eQTL and Allele Specific Expression to Unravel Genotype by Watering Regime Interaction in 
Cultivated Tomato 
Mathilde Causse, Génétique et Amélioration des Fruits et Légume, MONTFAVET CEDEX, France 
Tomato is both a model species and important crop. Tomato fruit quality is characterized by a large number of components influenced by the 
genotypes and the environment, notably water status. In order to unravel the genetic control of these components, quantitative trait loci for 
metabolic and phenotypic traits (pQTL) have been mapped under control and drought conditions. We used a RIL population derived from an 
intraspecific cross between a cherry tomato line and a large fruited line. The genomes of both parents were sequenced and differ by more than 2 
million SNPs. RNAseq of parental lines revealed a number of functions affected by water stress, but also some major differences according to the 
parents. On the RIL population we harvested fruit and leaf samples and performed eQTL mapping for 100 differentially expressed genes using 
the fluidigm technology. Several eQTL were mapped, some with strong effects, a majority of which acting as cis eQTL, and clusters of eQTL 
and pQTL were demonstrated. Analysis of the transcriptome of the F1 hybrid allowed the quantification of allele specific expression and 
identification of other strong effect cis eQTL. Results will be discussed in regard to the gene functions and co-localisations with metabolite or 
phenotype pQTLs.  
Elise Albert, Christopher Sauvage, Jean-Paul Bouchet, Frédérique Bitton, Matthieu Beukers, Yolande Carretero, Mathilde Causse  
INRA – GAFL Genetics and Breeding of Fruit and Vegetables – Avignon - France 
 
W937: Systems Genomics 
A Large Scale microRNA and Long-Noncoding RNA Annotation and Network Analysis in Plants 
Hikmet Budak, Montana State University, Bozeman, MT 
 
W938: Systems Genomics 
Development of a Gene-Based Breeding System in Cotton: A New Method Powerful and Efficient for Enhanced Fiber 
Quality Breeding 
Yun-Hua Liu, Texas A&M University, College Station, TX 
Continued crop genetic improvement will largely depend on application of new technologies. We previously cloned 474 GFL (Gossypium Fiber 
Length) genes using the gExpress technology (U.S. Patent Serial No.: 62/298,606). Here we report a gene-based breeding (GBB) method using 
these GFL genes. GBB designs and breeds superior cultivars based on alleles and expression profiles of the genes controlling the targeted trait. 
For targeted gene allele selection, we identified 740 SNP/InDels from 226 of the 474 GFL genes that increased or decreased fiber length by 2.1% 
- 22.6% and 185 genes that gave better-parent heterosis or heterozygous weakness on fiber length by 2.1% - 16.4%. We found the numbers of 
favorable alleles of these 226 genes were significantly associated with fiber length (r = 0.84, P = 0.00E+00). Using these results we developed a 
gene allele selection chip that allows designing and breeding superior fiber quality cultivars. Furthermore, we predicted the fiber length with nine 
genomic selection models using both the GFL SNPs/InDels and the GFL expression profiles. The 226 GFL SNPs/InDels predicted fiber length at 
a correlation coefficient between predicted and observed fiber length of r = 0.43 – 0.58 (P = 0.00E+00) and the GFL expression profiles 
predicted fiber length at r = 0.67 – 0.85 (P = 0.00E+00), while none of the randomly-selected gene controls could predict fiber length. These 
results provide a new line of evidence on the efficiency of the gExpress technology in genome-wide high-throughput gene cloning and an 
efficient method for enhanced cotton fiber quality breeding. 
 
W939: Systems Genomics 
Network Biology Discovers Pathogens’ Contact Points in Host Protein-Protein Interaction Networks 
Shahid Mukhtar, University of Alabama at Birmingham, Birmingham, AL 
Networks consist of systems’ components, referred to as ‘nodes’, and interactions between them, termed ‘edges’. The understanding of how 
networks function in the schema of an entire system is fueling the development of network based approaches. Such a framework is pertinent to 
evaluation of diverse networks including social media-fueled networks, telecommunication networks, banks transaction networks of businesses, 
information flow on the internet and biological networks. It is becoming increasingly evident that distinctive networks in nature and technology, 
regardless of their diversity and scale, display similar topological features. Understanding these topological properties and deciphering the 
network architecture can provide insights into the identification of new community structures, unknown signaling pathways, and novel 
relationships between host proteins.  



Here, we applied a network science framework to identify host proteins targeted by pathogen effectors in two unrelated experimental protein-
protein interaction networks. Towards this, we curated a comprehensive dataset of ~4,350 unique phenotypes in Arabidopsis. Unexpectedly, we 
demonstrated that hubs and bottlenecks are enriched in conditional phenotypes unlike centrality-lethality rule shown for yeast and other systems. 
We discovered that nodes located in close proximity of the network core are targeted by pathogen effectors and display enrichment in 
conditional, as well as immune-related phenotypes. Moreover, the average degree, betweenness and information centrality of these proteins is 
higher than the nodes in the periphery of the network. We also demonstrated plant immune system functions for these nodes. Finally, we expect 
that this dataset and network science framework will be useful for future studies including transcriptional regulatory networks. 
 
W940: Systems Genomics 
A Gene Expression Map of Shoot Cell Types Reveals New Regulatory Mechanisms 
Yuling Jiao, Institute of Genetics and Developmental Biology, CAS, Beijing, China 
Gene regulatory networks control development via cell type-specific gene expression. In seed plants, self-renewing stem cells located in the 
shoot apical meristem (SAM) produce leaves from its peripheral zone, making the whole shoot a ramifying system. Leaves then develop polarity 
patterns following initiation to form a planar shape. Here we provide a rigorous and comprehensive comparison of translating RNAs among 
SAM and leaf cell types. We used RNA sequencing to quantify gene expression in target cell types labeled for translating ribosome affinity 
purification to generate a cell type-specific translatome map covering representative vegetative stage SAM and leaf cell types. We show that 
many cell types have previously overlooked cellular functions, and provide evidence that some cell types, which previously had been considered 
to have limited similarity, utilize similar regulatory modules. Further experimental studies validated the importance of leaf cell type-specific 
cytokinin response in leaf polarity patterning. This dataset provides a community resource for further study of shoot development and response to 
internal and environmental signals. 
 
W941: Systems Genomics 
Dreiss: Using State-Space Models to Infer the Dynamics of Gene Expression Driven by External and Internal Regulatory 
Networks 
Daifeng Wang, State University of New York at Stony Brook, Stony Brook, NY 
 
W942: Teaching Genetics, Genomics, Biotechnology, and Bioinformatics 
Genotyping By Sequencing (GBS) Based Approach in Ultra-Density Genetic Mapping, SNP Discovery and Population 
Evolution 
Noel Chen, Novogene Corporation, Chula Vista, CA 
 
W943: Teaching Genetics, Genomics, Biotechnology, and Bioinformatics 
Bio-Question Driven Bioimage Informatics Workflow Design Using Bio-TDS 
Etienne Gnimpieba, University of South Dakota, Sioux Falls, SD 
Biological images (bioimages) acquisition using high-throughput screening technology has led to a large increase of dataset amount in bioscience 
research labs. However, management infrastructures (collect, store, transfer, share, etc.) and analysis remains the bottleneck in most research 
project. The analysis challenge include providing the community with relevant analytic tools at each step of the bioimage informatics workflow 
development based on user questions of interest. Bio-TDS (Bioscience query Tools Discovery System) provide a free text ontology annotation 
approach to discover the most relevant Bioinformatics tools from user question. This allow a researcher to accelerate the image informatics 
workflow design by asking successive stepwise questions that lead to the analysis goal. For example, you can ask question such as “how can I 
compare two or more cell confocal microscopy images?” From this first step question, you can decide if you will like to compare your images 
by sub-region (using ttorg) or compare the cell network structure (using cellset). This first choice will lead to a new step in the workflow with a 
new question such as “how accurate is the 3D cell network structure projection from image?” Bio-TDS suggest to use im2net to build the 3D 
projection of your image. We tested Bio-TDS and compare with existing tools repositories and Bio-TDS outperform any state of the art retrieval 
system both on the precision and the recall.  
Reference  
1. Gnimpieba,E.Z., VanDiermen,M.S., Gustafson,S.M., Conn,B. and Lushbough,C.M. (2016) Bio-TDS: bioscience query tool discovery system. 
Nucleic Acids Res., 10.1093/nar/gkw940. 
 
W944: Teaching Genetics, Genomics, Biotechnology, and Bioinformatics 
Teaching Bioinformatics By Social Networking: The Pokémon Factor 
David A. Lightfoot, Southern Illinois University, Carbondale, IL 
I have been teaching Bioinformatics for 15 years to almost a thousand students. We use the book by Jonathon Pevsner. It is both online every 
semester and face to face once a year. The book has really good quizzes and problem sets for every chapter. The students are allowed to network. 
All I ask is they identify their network group. Every student will struggle with some questions and problems. But together they overcome that. So 
less work for me. Some links in the text are broken or changed. I give extra credit for reporting those to me and the author. At the end of the 
course I give a jargon exam based on the acronyms we all use. The Pokemon factor is can most people can remember 150-250 acronyms. That 
test is taken as an individual. It allows me to rank the class. Just occasionally a student can get all of them. It is a special kind of intelligence. My 
Starbucks barrista can remember a thousand names and faces. Me, about 50… 
 
W945: Teaching Genetics, Genomics, Biotechnology, and Bioinformatics 
Teaching Introductory Genetics to Agricultural Science Students 
Khalid Meksem, Department of Plant Soil and Agricultural Systems, SIUC, Carbondale, IL 



The objective of an introductory genetics course is to teach the basic principles of inheritance, and assist the students to develop a basic 
understanding of genetics and how it is involved in agricultural production, plant breeding, biotechnology, and in issues facing modern society. 
Since this course might be the only genetic course for many agricultural sciences undergraduate students, we tried to cover most subjects in 
introductory genetics by providing a solid background for students interested in taking further plant breeding, genetics, genomics and 
biotechnology courses. A working experience is provided every year to undergraduate student to learn about soybean reverse and forward 
genetics methods, mutation breeding and functional genomics. The impact of this experience was very beneficial to, the students’ career choices 
and the graduate program. 
 
W946: The Analysis and Role of the Microbiome 
Investigations of Microbiome in Aquaculture Species 
Barbara F. Nowak, University of Tasmania, Launceston, Australia 
Growing human population and increased wealth have resulted in an increasing demand for high quality proteins. The desire for protein from 
aquaculture has risen dramatically as total wild fisheries production is unable to meet market demand for seafood, with many species being 
overfished. The development of sustainable aquaculture industries is underpinned by research addressing various aspects of the farmed species 
and their environment. There has been an increasing interest in research on microbiomes of aquaculture species as shown by soaring numbers of 
new publications in the area in recent years. This is due to our increased appreciation of the significance of the microbiome to animal health and 
performance as well as an increased availability of methods for microbiome analysis and their reduced cost. This presentation will discuss case 
studies of the microbiomes of three iconic aquaculture species: Atlantic salmon, Salmo salar, Southern bluefin tuna, Thunnus maccoyii, and 
spiny lobster, Panulirus ornatus. We investigated the effects of diet and fresh water treatment against Amoebic Gill Disease on the gut 
microbiome of Atlantic salmon and determined baseline microbiomes for Southern bluefin tuna and spiny lobster. The results show potential 
applications of microbiome research to sustainable aquaculture 
 
W947: The Analysis and Role of the Microbiome 
Divergent Gut Microbiomes of Toothed and Baleen Whales 
Charlotte Lindqvist, University at Buffalo, Buffalo, NY 
The mammalian gastrointestinal tract is inhabited by a multitude of microbial communities, providing functional features the host may not have 
acquired during their own genomic evolution. Obligate aquatic mammals such as whales, having invaded the water millions of years ago, may 
represent ideal closed systems with which to study deep time evolutionary associations of the intestinal microbiota. In this study, we explored the 
distal gut of the bowhead whale (Balaena mysticetus) and the long-finned pilot whale (Globicephala mela), a baleen and a toothed whale, 
respectively. We show that these two whale species harbor unique gut microbiota, with the pilot whale being highly divergent from terrestrial 
mammals. The predicted functions of the microbiomes from the two whale species were highly similar to terrestrial mammals, although similar 
functions are encoded by different microbial assemblages in the two whales, with the bowhead whale appearing more comparable to terrestrial 
herbivores, and the pilot whale more similar to carnivores. We hypothesize that these differences in microbial flora between whale species are 
the result of different dietary, environmental, and evolutionary influences, and that their gut microbiomes co-diversified with their marine host to 
occupy functions that are largely convergent across mammalian phylogeny. 
 
W948: The Analysis and Role of the Microbiome 
Genomic Host Control of the Rumen Microbiome, Breeding for Optimal Productivity and Low Environmental Impact in 
Pastoral Livestock Systems 
Suzanne Rowe1, Rebecca Clarke1, Janine Wing1, Wendy Bain1, Michelle Kirk2, Jamine Ward1, Sharon M. Hickey3, Ken Dodds1, 
Siva Ganesh2, Graham Wood1, Arjan Jonker2, Sinead Leahy2, Sandra Kittelmann2, Peter Janssen2 and John McEwan1, 
(1)AgResearch, Invermay Agricultural Centre, Mosgiel, New Zealand, (2)AgResearch, Grasslands Research Centre, Palmerston 
North, New Zealand, (3)AgResearch, Ruakura Research Centre, Hamilton, New Zealand 
 
W949: The Analysis and Role of the Microbiome 
Effect of Italian "Grana Padano" Cheese on the Oral Microbiota Composition: A 16S rRNA Metabarcoding Approach 
Alessandra Stella, Fondazione Parco Tecnologico Padano, Lodi, Italy; ADAPTMAP Consortium, Lodi, Italy 
Milk and Cheese are considered functional foods and have a role on oral health. There are several mechanisms by which cheese exerts its 
beneficial effects on teeth (Ingered et al. 2002)). The aim of the present study was to examine whether short-term consumption of hard cheese 
would affect the oral cariogenic microbial flora of healthy adults. Next Generation Sequencing approach was applied to study the effect of Italian 
"Grana Padano" (GP), as a prototype of typical hard cheese, on oral microbiota composition. Twenty oral healthy adults were instructed to eat 
25gr of GP cheese for 5 consecutive days and supra-gingival oral samples were collected at three time points. Metabarcoded 16S rRNA 
sequences were obtained both from oral samples and GP cheese using MySeq platform and analyzed against Human Oral Microbiome 
database. Taxonomic analyses revealed that Firmicutes was the most abundant phylum, followed by Proteobacteria and Actinobacteria. Principal 
component analyses revealed that eating Italian "GP" cheese for 5 days decreased the amount of several species such as Lactobacillus 
crispatus, Lactobacillus sp, Lactobacillus acidophylus and Lachnoanaerobaculum saburreum known to have a effect on developing caries. Our 
results revealed that a portion of GP cheese eaten after dinner provides important micronutrients and improves the oral health reducing the 
amount of several bacteria associated to dental caries. 
 
W950: The Analysis and Role of the Microbiome 
Comparison of Methods for Functional and Phylogenetic Charactersiation of Rumen Metagenomic Data 
Mick Watson, The Roslin Institute and R(D)SVS, University of Edinburgh, Edinburgh, United Kingdom 
 



W951: Transposable Elements 
De novo Annotation of Transposable Elements: Tackling the Fat Genome Issue 
Véronique Jamilloux, INRA - URGI, Versailles, France, Josquin Daron, INRA, Clermont-Ferrand, France, Frédéric Choulet, INRA 
GDEC, Clermont-Ferrand, France and Hadi Quesneville, URGI, Versailles, Versailles, France 
 
W952: Transposable Elements 
Mobilized Transposable Elements As a Tool for Crop Improvement 
Etienne Bucher1, Michael Thieme2, Marie Mirouze3 and Sophie Lanciano3, (1)Institut de Recherche en Horticulture et Semences, 
Beaucouzé, France, (2)University of Basel, Basel, Switzerland, (3)Institut of Research for Development (IRD), Montpellier, France 
The rapidly changing climate puts commonly used crop plants under strong pressure. It is therefore essential to develop novel breeding 
technologies to rapidly enhance crops to better withstand newly emerging stresses.  
Interestingly, a clear link between transposable elements (TEs), crop improvement and varietal diversification exists. Furthermore, in recent 
years the importance of (TEs) in evolution and adaptation to stresses has been recognized. However, the use of TEs in crop breeding is currently 
very limited because it is currently very difficult to trigger TE mobility. We have now identified a novel highly conserved epigenetic silencing 
mechanism that represses the activity of TEs in Arabidopsis. Based on these findings we developed a drug treatment capable of inhibiting this 
mechanism thus allowing us to generate controlled TE bursts in Arabidopsis. Because these drugs target highly conserved enzymes we could also 
mobilize TEs in rice. We are therefore able to produce TE bursts in a controlled manner in virtually any plant. We can thus, for the first time, 
generate and study TE bursts in crop plants in real time.  
The described approach thus unlocks the use of TEs in plant breeding in virtually any crop irrespective of the availability of its genome sequence. 
 
W953: Transposable Elements 
Specific Sequencing of Mobilomes Reveals Real Time Transposable Element Activity in Rice 
Sophie Lanciano, Alain Ghesquière and Marie Mirouze, Institut of Research for Development (IRD), Montpellier, France 
Transposable elements (TEs) are mobile genetic elements that constitute a major part of eukaryotic genomes. They represent a main source of 
genomic diversity and an evolutionary force in both plants and animals. Host genomes have developed epigenetic mechanisms to control and 
prevent their proliferation. However, under specific stress conditions or at precise developmental stages, some TEs can be remobilized and 
proliferate in plant genomes. Today, only a few active TEs have been identified in plants and the mobile part of the genome or mobilome, 
comprising these elements, is unknown. To address this question we developed a strategy of high throughput sequencing that detects TEs 
extrachromosomal forms aiming at establishing an unbiased repertoire of mobile TEs.  
Our method successfully identified known active TEs in Arabidopsis thaliana and rice Oryza sativa samples with destabilized epigenomes. 
Furthermore, I will present the identification of a new active retrotransposon in rice, which is both controlled by epigenetic and genetic 
mechanisms. Altogether, our mobilome-sequencing method represents a novel approach to understand and evaluate the impact of real time TE 
mobility on plant genomes. 
 
W954: Transposable Elements 
Virus-like Attachment Sites as Structural Landmarks of Plants Retrotransposons 
Marie-Anne Van Sluys, Edgar Andres Ochoa Cruz, Fabiana Firetti, Guilherme M. Q. Cruz, Andreia P. Vieira, Erika Maria de 
Jesus, Cushla J. Metcalfe, Nathalia de Setta and Jonas W. Gaiarsa, Universidade de Sao Paulo, Sao Paulo, Brazil 
The genomic data available nowadays has enabled the study of repetitive sequences and their relationship to viruses. Among the repetitive 
sequences, long terminal repeat retrotransposons (LTR-RTs) are the largest component of most plant genomes, the Gypsy and Copia 
superfamilies being the most prevalent. Our group has retrieved 26,092 putative complete LTR-RTs from 10 lineages in 10 fully sequenced 
angiosperm genomes (Arabidopsis thaliana, Brachypodium distachyon, Glycine max, Medicago truncatula, Populus trichocarpa, Oryza sativa, 
Setaria italica, Sorghum bicolor, Vitis vinifera and Zea mays). Based on HMM models, plotcon and phylogenetic signatures we identified 
putative lineage specific virus-like attachment (vl-att) sites and structural landmarks conserved across these genomes. This signature, originally 
described for retroviruses, is recognized by retroviral integrase, which confers specificity to the integration process. Remarkably, each plant 
genome has a distinct LTR-RT lineage amplification pattern that can be related to the vl-att sites diversity. These patterns produce a specific 
quick-response (QR) code for each genome. All the structural vl-att site signatures are strong candidates for functional studies. We focused on 
2432 Del elements that are organized into three clusters in plants. Each cluster is composed of elements with distinct LTR features, including 
lineage specific CpG island patterns. Further, based on the universal distribution of LTR-RTs, we investigated the Anemopaegmaspecies 
complex LTR-RT genome component and reveal that each plant genome has a distinct LTR-RT lineage amplification pattern, supporting 
Barbara McClintock`s understanding that these elements may underlie some species formation.  
Financial support: FAPESP and CNPq 
 
W955: Transposable Elements 
Dynamic Transposable Element Expression Across Development in Maize 
Sarah N Anderson, University of Minnesota, Twin Cities, St. Paul, MN, Michelle Stitzer, University of California, Davis, Davis, 
CA, Jeffrey Ross-Ibarra, University of California, Davis, CA, Nathan M. Springer, Department of Plant and Microbial Biology, 
University of Minnesota, St. Paul, MN and Cory D. Hirsch, University of Minnesota, St. Paul, MN 
Transposable elements (TEs) comprise a large portion of many eukaryotic genomes and are unique in their ability to replicate and move within 
the genome. The maize genome size is largely inflated by TE insertions, with the majority of these sequences derived from retrotransposons. 
While a handful of specific TE families have been well characterized in maize, the majority of TEs have been difficult to characterize due to 
challenges associated with annotating and mapping reads to the repetitive regions of many TE families. Maize TEs have been associated with 
transcriptional changes in nearby genes, however little is known about the expression dynamics and regulation of the TEs themselves. We have 



utilized a new structural annotation of maize TEs in combination with novel approaches to assess multi-mapped reads to perform whole-genome 
characterization of TE expression on a per-family basis. This methodology allows for the identification of families with variable expression 
across tissues and/or genotypes. We find substantial variation in the proportion of the transcriptome derived from TEs in different maize tissues. 
There is also evidence for many TE families with tissue-specific expression, suggesting dynamic control of TE expression during plant 
development. 
 
W956: Tripal Database Network and Initiatives 
Tripal Introduction and Core Development Efforts 
Stephen P. Ficklin1, Chun-Huai Cheng1, Nick Watts2, Ming Chen3, Connor Wytko1, Brian Soto1, Lacey-Anne Sanderson4, Sook 
Jung1, Kuang-Ching Wang2, Margaret Staton5, Dorrie Main1, Alex Feltus6 and Jill L. Wegrzyn7, (1)Washington State University, 
Pullman, WA, (2)Clemson University, Clemson, SC, (3)University of Tennessee, Knoxville, TN, (4)University of Saskatchewan, 
Saskatoon, SK, Canada, (5)University of Tennessee, Knoxville, Clemson, SC, (6)Genetics & Biochemistry, Clemson University, 
Clemson, SC, (7)Department of Ecology and Evolutionary Biology - University of Connecticut, Storrs, CT 
Tripal is a toolkit to help research groups with new biological data, such as new genome assemblies, publish their data online using community 
standards. It provides data loaders, display pages, and search tools for scientific data. Such sites have the ability to control user access, allow non-
technical users to provide content as well as some curation, and facilitate community interaction. Tripal is currently in use by quite a few genome 
databases including KnowPulse, the Genome Database for Rosaceae, GeneNetEngine, i5k, Banana Genome Hub, Hardwood Genomics, Legume 
Information System and more. The toolkit also provides a programmer's interface for groups who wish to fully customize their site. Several new 
features are currently under development such as RESTful web services, support for data exchange between Tripal sites for greater sharing, and 
integration with Galaxy, a package for large-scale scientific workflow analysis. To support data exchange and large-data analysis, Tripal core 
developers are working to create a national-level cyberinfrastructure to reduce bottlenecks in data transfer. 
 
W957: Tripal Database Network and Initiatives 
Development of TripalMap 
Katheryn Buble, Sook Jung, Jodi L. Humann, Chun-Huai Cheng, Taein Lee, Stephen P. Ficklin, Jing Yu and Dorrie Main, 
Washington State University, Pullman, WA 
TripalMap provides an interactive and responsive visualization for genetic maps using the D3.js Javascript technology. Similar in functionality to 
the existing GMOD-CMap map comparison tool, TripalMap offers the benefit of using map data directly stored in GMOD-Chado, a generic 
database schema. Data duplication can be reduced for sites that maintain both Chado and CMap as no separate underlying database is required 
with TripalMap. Also TripalMap is an extension of Tripal, integrating directly with the Tripal API framework for online site visualization of 
genomic, genetic and breeding data. This improves data searching capability and provides a more seamless experience for site developers. The 
TripalMap interface can be integrated in any Tripal map page and hyperlinked from any Tripal page that is displayed in maps (marker, QTL, 
heritable morphological marker and/or gene). In Version 1 of TripalMap, interfaces show all linkage groups of a map, with zoom into specific 
regions of a linkage group, and will show comparisons of maps that share the same markers. Marker and QTL colors and display patterns are 
configurable from the Tripal map page. In future versions marker and QTL colors and display patterns will also be configurable from the Admin 
page. The Admin page will allow configuration of a custom query for building materialized views as well, which provides both better 
performance and flexibility in the way data is stored in Chado. Future versions will provide comparison between greater than three maps, show a 
dot plot, allow scaling of maps with different base units, enhanced filtering for marker correspondences, and provide map set information and a 
correspondence matrix. Future versions will also offer comparison of entire maps. We will present the Version 1 features of TripalMap 
implemented in Cool Season Food Legume Database (https://www.coolseasonfoodlegume.org/MapViewer). 
 
W958: Tripal Database Network and Initiatives 
Extending Tripal for Community-Based Management and Distribution of Genotypic and Phenotypic Data 
Lacey-Anne Sanderson, Reynold Tan, Carolyn T. Caron and Kirstin Bett, University of Saskatchewan, Saskatoon, SK, Canada 
Tripal is a freely available, open-source construction toolkit for community-focused, biological data web portals. There is a growing need for 
community-accessible storage of minimally filtered genotypic and phenotypic data collected by multiple research groups with the goal of 
increasing collaboration. In an effort to satisfy this need, we have developed two Tripal Extension modules (ND Genotypes, 
https://github.com/UofS-Pulse-Binfo/nd_genotypes; Raw Phenotypes, https://github.com/UofS-Pulse-Binfo/rawphenotypes) with tools to load, 
manage and distribute genotypic and phenotypic data. ND Genotypes provides an administrator-friendly interface which loads genotypes from 
multiple file formats efficiently; whereas, Raw Phenotypes provides a completely automated researcher-friendly upload page with Microsoft 
Excel file drag-and-drop upload, data validation and new trait detection. Genotypic data is presented to the user through a researcher-filtered 
marker-by-germplasm table in addition to being summarized on marker pages. Phenotypic data is summarized using a general heatmap diagram 
and trait-specific histograms. Both modules provide access-controlled download forms with filter and format options catering to further analysis 
of these data. These modules are currently in use on KnowPulse (http://knowpulse.usask.ca) and have been tested on a generic Tripal install to 
ensure they can be used by the wider Tripal community. In conclusion, these modules provide upload, visualization and download of minimally 
filtered and analyzed genotypic and phenotypic data within a Tripal community data web portal to ensure data is community-accessible for 
increased collaboration. 
 
W959: Tripal Database Network and Initiatives 
CartograTree Workflows with Tripal API for Association Mapping in Forest Trees 
Nic Herndon1, Qiaoshan Lin1, Michael Wynne1, Emily Grau1, Stephen P. Ficklin2, Margaret Staton3, Sook Jung2, Dorrie Main2, 
Alex Feltus4, Damian Gessler5 and Jill L. Wegrzyn6, (1)University of Connecticut, Storrs, CT, (2)Washington State University, 
Pullman, WA, (3)University of Tennessee, Knoxville, Clemson, SC, (4)Genetics & Biochemistry, Clemson University, Clemson, 



SC, (5)University of Arizona, Tucson, AZ, (6)Department of Ecology and Evolutionary Biology - University of Connecticut, Storrs, 
CT 
CartograTree, a web-based framework of genotypic, phenotypic, and environmental data associated with georeferenced forest trees, is designed 
to enable forest tree researchers to query and analyze these data to determine how genotype and environment influence the phenotype. 
CartograTree will serve data from the TreeGenes database and other public repositories. Migration of TreeGenes to Tripal will enable data 
sharing with Hardwood Genomics Web and the Genome Database for Rosaceae. It will also allow for simple and consistent website design, and 
access to community developed modules. As part of the Tripal Gateway project, we will develop custom workflows to enable association 
genetics and landscape genomics analysis. Tripal Gateway focuses on interaction with the Galaxy API to develop analytical workflows. Among 
Tripal-supported databases, data will be queried, transferred rapidly, and integrated for analysis and visualization. Workflows developed in 
Tripal will implement web services to send the selected data for analysis on high performance computing (HPC) resources at the Texas 
Advanced Computer Center (TACC). The workflows will have users upload their own data and/or access the data available in the system. The 
georeferenced trees considered for analysis will be displayed on the map, along with the environmental data, allowing the users to filter the data 
used for association mapping. Once filtered, the users can select a custom analysis workflow, provide the parameters for that analytical Tripal 
workflow, and submit the data for analysis via HPC (TACC). 
 
W960: Tripal Database Network and Initiatives 
Mainlab Chado Loader, Chado Data Display and Chado Search for Sequence, Map, Marker, QTL, Genotype, Phenotype 
and Germplasm Data 
Sook Jung, Chun-Huai Cheng, Taein Lee, Stephen P. Ficklin, Jing Yu, Jodi L. Humann and Dorrie Main, Washington State 
University, Pullman, WA 
We report here the release of three Tripal extension modules, Chado Loader, Chado Data Display and Chado Search. These modules provide site 
developers with tools 1) to collect and upload data 2) to organize and display data and 3) to enable advanced search functions. Supported data 
types include organism, marker, QTL, Mendelian Trait Loci, germplasm, map, project, phenotype, genotype and their associated metadata. The 
Chado Loader module provides data collection templates and PHP loaders to enable site developers to collect and store various types of data that 
are required to build comprehensive genomic and genetic databases. The Chado Data Display module contains a set of Drupal/PHP templates 
which can be used as is or customized as desired. The Chado Search module provides comprehensive search and download functionality for 
sequence, gene, marker, map, QTL, phenotype, genotype and germplasm. Also included are the tools to build map data and species summary 
pages. The use of materialized views in the Chado Search module enables better performance as well as flexibility of data modeling in Chado, 
allowing existing Tripal databases with their data stored in different ways to utilize the module. These Tripal Extension modules are 
implemented in the Genome Database for Rosaceae (rosaceae.org), CottonGEN (cottongen.org) and Cool Season Food Legume Database 
(coolseasonfoodlegume.org). 
 
W961: Tripal Database Network and Initiatives 
Customizing Tripal Sites with Non-Tripal Components at the Legume Information System and Peanutbase 
Sudhansu Dash1, Joel Berendzen1, Jacqueline D. Campbell2, Ethalinda Cannon2, Alan Cleary3, Maria Hadres1, Sam Hokin1, Wei 
Huang2, Alex G. Rice1, Pooja E. Umale1, Nathan T. Weeks4, Andrew Wilkey4, Andrew Farmer1 and Steven B. Cannon4, (1)National 
Center for Genome Resources (NCGR), Santa Fe, NM, (2)Iowa State University, Ames, IA, (3)Montana State University, 
Bozeman, MT, (4)USDA-ARS-CICGRU, Ames, IA 
The Legume Information System (LIS, legumeinfo.org) and PeanutBase (peanutbase.org) are primarily Tripal sites and serve as portals for 
genetic and genomic data to the legume research community. Most of our genetic and genomic data are in the GMOD Chado database schema. 
Most of the project's needs are also well served by the Tripal core utilities and its extensions, developed by the Tripal community and also by us. 
In the last three years of our development, we have integrated a few other utilities outside the Tripal toolkit. These integrations include the 
GBrowse and JBrowse genome browsers, multipage tours traversing in and out of Tripal views and non-Tripal pages, catalog of germplasm 
images, legume-specific NCBI services, and other in-house Drupal customizations. The talk will describe this experience at two closely related 
Tripal web portals, where the focus was on seamless integration, making use of available Drupal and other resources,and avoiding adverse effect 
on user experience. Some of these have resulted in Drupal modules and can be adopted at other sites. 
 
W962: Tripal Database Network and Initiatives 
The i5k Workspace@NAL 
Christopher Childers, USDA/Agricultural Resarch Service/National Agricultural Library, Beltsville, MD 
The i5k initiative is a transformative project that aims to organize the sequencing and analysis of the genomes of 5,000 arthropod species. 
Decreases in sequencing costs have brought the sequencing and assembly of non-model genomes in reach of individual research groups with 
little bioinformatics or big data infrastructure experience. There is a significant gap between the data generation phase (genome sequencing and 
assembly and automated feature prediction) and the dissemination of data through a portal or platform for widespread access, data querying, and 
community-based curation. The National Agricultural Library (NAL) has implemented the i5k Workspace@NAL (https://i5k.nal.usda.gov/) as a 
centralized platform to help meet the i5k initiative's genome hosting needs.  
The i5k Workspace@NAL includes organism pages and tools for creating a project, downloading data, sequence search, genome visualization 
and manual annotation. All of our resources are open source, and include the use of Tripal for content management, a customized interface 
sequence search using BLAST, Clustal and HMMer, JBrowse and Apollo for genome visualization and manual annotation, and OGS generation 
services. All of our internally generated code is available at https://github.com/NAL-i5K.  
As of November 2017, the i5k Workspace@NAL incorporates 55 arthropod species, including species relevant to agriculture, invasion biology, 
systematics, ecology, evolution, and developmental research. Any research group with an arthropod genome in need of a home is encouraged to 
contact the i5k Workspace with their genome project details. 
 



W963: Tripal Database Network and Initiatives 
New Tripal Extensions: Elasticsearch and Gene Expression Visualization 
Margaret Staton, University of Tennessee, Knoxville, Clemson, SC 
Tripal extension modules have become an essential part of the Tripal software ecosystem by providing flexible and customizable interfaces for 
new datatypes while leveraging the functionality and stability of the core modules 1 . In order to build new search capabilities and 
data visualizations for transcriptome data in the Hardwood Genomics Database HGD, www.hardwoodgenomics.org ), we have developed two 
new extension modules. Tripal Elasticsearch leverages the widely adopted, open source ElasticSearch engine to deploy fast, scalable searching of 
a Tripal website encompassing data from both the Drupal database and the Chado database 2 . The module provides a default site-wide search 
option as well as advanced searches of specific tables by individual fields. The administrative backend controls indexing for each individual 
Chado table, customization of search forms, and formatting of search results. The second module, Tripal Expression Analysis, stores and 
displays two data types: RNA biomaterial library records and normalized gene expression values derived from RNA sequencing of those 
biomaterials. A heatmap of gene expression across all available biomaterials is built and displayed for each gene page. Additionally, the module 
provides a web form interface to build custom heat maps from a user-specified list of genes. The heat maps are built with the javascript graphics 
libraries d3 and plotly to provide user interaction with the image, including zoom, pan, hover, and click. The beta version of both modules are 
available in the Tripal GitHub repository and may be viewed in use at the HGD. Key Words: database, Chado, Tripal, searching, transcriptome, 
gene expression, heatmap 1 Ficklin SP, Sanderson L-A, Cheng C-H, et al (2011) Tripal: a construction toolkit for online genome databases. 
Database 2011:bar044. 2 Mungall CJ, Emmert DB, others (2007) A Chado case study: an ontology-based modular schema for representing 
genome-associated biological information. Bioinformatics 23:i337–i346. 
 
W964: Triticeae Genetics and Genomics, Session 1: Progress in structural and functional genomics 
Genetic Architecture of Recombination Rate Variation in Wheat Revealed By Analyzing a Nested-Association Mapping 
Population and Reverse Genetic Screens 
Katherine Jordan1, Shichen Wang2, Shiaoman Chao3, Yanni Lun4, Etienne Paux5, Pierre Sourdille6, Jamie Sherman7, Alina 
Akhunova4, Robert King8, Andy L Phillips8, Cristobal Uauy9, Jorge Dubcovsky10, Luther Talbert7 and Eduard Akhunov1, 
(1)Kansas State University, Department of Plant Pathology, Manhattan, KS, Manhattan, KS, (2)Department of Plant Pathology, 
Kansas State University, Manhattan, KS, (3)USDA-ARS, Fargo, ND, (4)Kansas State University, Manhattan, KS, (5)INRA 
Auvergne-Rhône-Alpes, Clermont-Ferrand, France, (6)INRA GDEC, Clermont-Ferrand, France, (7)Montana State University, 
Bozeman, MT, (8)Rothamsted Research, Harpenden, United Kingdom, (9)John Innes Centre, Norwich, United Kingdom, 
(10)University of California, Davis, Davis, CA 
Recombination is essential for meiosis and have profound impact on the rates with which new haplotypes originate in populations and change in 
frequency over time. The constraints imposed on recombination rate variation across genome affect our ability to map genes and the efficiency of 
selection in crop breeding. Previous studies showed significant recombination rate variation among individuals in populations. Here we used a 
nested association mapping population developed by crossing 32 diverse founders with broadly adapted cultivar Berkut to investigate the genetic 
basis of recombination rate variation in wheat. The population consists of 2,400 individuals that is comprised of 32 separate mapping populations 
of 75 recombinant inbred lines each. Genetic maps for each population were constructed with nearly 50,000 markers per map with about 235,000 
markers genotyped across the entire population. Joint linkage mapping of QTL for recombination rate revealed 42 QTL, encompassing multiple 
candidate genes known to affect this trait in plants and animals. The effects of candidate genes on recombination rate have been validated in the 
TILLING populations of both tetraploid and hexaploid wheat. The identified genes were shown to be parts of the conserved network of genes 
controlling recombination in different organisms. While the epistatic interaction was demonstrated for several genes, the majority of 
recombination rate controlling genes acted additively suggesting the possibility of manipulating the recombination rate in wheat by combining 
multiple allelic variants of these genes. An integrated view of the gene network affecting recombination rate variation in wheat will be presented 
and discussed. 
 
W965: Triticeae Genetics and Genomics, Session 1: Progress in structural and functional genomics 
The Impact of Genomic Interactions on Gene Expression in a Wheat-Barley 7HL Addition Line 
Elodie Rey1, Gabriel Keeble-Gagnere2, Sandrine Balzergue3,4, Ludivine Soubigou-Taconnat3,5, Veronique Brunaud3,5, Marie-Laure 
Martin-Magniette3,6, Takashi R. Endo7, Michael Abrouk1, Jan Bartoš1, Rudi Appels8 and Jaroslav Doležel1, (1)Institute of 
Experimental Botany AS CR, Olomouc - Holice, Czech Republic, (2)AgriBio, Melbourne, Australia, (3)Institute of Plant Sciences 
Paris Saclay IPS2, CNRS, INRA, Université Paris-Sud, Université Evry, Université Paris-Saclay, Orsay, France, (4)Epicenter team, 
IRHS, INRA, AGROCAMPUS-Ouest, Université d’Angers, Beaucouzé, France, (5)Institute of Plant Sciences Paris-Saclay IPS2, 
Paris Diderot, Sorbonne Paris-Cité, Orsay, France, (6)UMR MIA-Paris, AgroParisTech, INRA, Université Paris-Saclay, Paris, 
France, (7)Department of Plant Life Science, Faculty of Agriculture, Ryukoku University, Shiga, Japan, (8)Murdoch University, 
Perth, Australia 
Alien gene transfer has been practiced for more than a century as a way to improve wheat by introducing agronomic favourable genes or alleles 
from its relatives, wild or cultivated. However, only very few wheat-alien introgressions have made their way into practical use in agriculture, 
due to genetic incompatibility between wheat and its relatives. Despite a keen interest in transferring favourable agronomical traits from barley 
(earliness, salt tolerance and drought tolerance) into wheat, very few wheat-barley introgression lines have been reported. In order to characterize 
changes in the function of a gene transferred into a different genome, we performed a RNA-seq analysis using a wheat-barley ditelosomic 
addition line 7HL, together with the host hexaploid wheat cv. Chinese Spring and the 7HL donor barley cv. Betzes. Comparison of the 
expression of barley genes in their own genetic background and in wheat background revealed extensive down-regulation of the 7HL genes in 
the addition line. On the other hand, only a small fraction of the wheat host genes had altered expression in the addition line carrying the 
chromosome 7HL of barley, with 490 genes being down-regulated and 243 genes up-regulated. However, this small effective account with 
important components of central metabolic and stress related pathways for the plant, such as carbohydrate metabolism, photosynthesis, and heat-



shock response. The analysis of the gene networks affected by the changes in expression of the wheat and barley genes in the ditelosomic 
addition line 7HL, provide a basis for understanding the effects of alien gene transfers into wheat.  
 
W966: Triticeae Genetics and Genomics, Session 1: Progress in structural and functional genomics 
The Repetitive Landscape of the Barley Genome 
Thomas Wicker1, Manuel Spannagl2, Alan H. Schulman3, Georg Haberer4, Klaus F.X. Mayer2, Martin Mascher5, Nathan M. 
Springer6, Guoping Zhang7, Ilka Braumann8, Chengdao Li9 and Nils Stein10, (1)Department of Plant and Microbial Biology, 
University of Zurich, Zurich, Switzerland, (2)PGSB - Plant Genome and Systems Biology, Helmholtz Center Munich, German 
Research Center for Environmental Health (GmbH), Neuherberg, Germany, (3)LUKE & University of Helsinki, Helsinki, Finland, 
(4)PGSB - Plant Genome and Systems Biology, Helmholtz Center Munich, German Research Center for Environmental Health 
(GmbH), Munich, Germany, (5)Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Seeland, Germany, 
(6)Department of Plant and Microbial Biology, University of Minnesota, St. Paul, MN, (7)College of agriculture and biotechnology, 
HangZhou, China, (8)Carlsberg ResearchLaboratory, Copenhagen, Denmark, (9)Western Barley Genetics Alliance, Murdoch 
University, Murdoch, Australia, (10)Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Stadt Seeland, Germany 
Most plant genomes are so large, with a mean mean size of over 5,600 Mb (1), that animal genomes are dwarfed by comparison. Although 
transposable elements (TEs) comprise the majority of DNA in large plant genomes, it is poorly understood how TEs shape genomes and 
contribute to their evolution. Here we present an analysis of the repetitive fraction of the 5,000 Mb barley genome, which is the first actually 
“normal-sized” plant genome sequenced. Only about 2% of the genome is gene space, while the rest is overwhelmingly comprised TE-derived 
sequences. Interestingly, we found that the barley genome is highly compartmentalized with different types of TEs occupying different “niches” 
within the genome. Their evolutionary history and genetic makeup seems to enable them to specifically target their preferred genomic region. 
Different families of large elements (e.g. retrotransposons) show a variety of preferences for different chromosomal locations such as telomeres, 
centromeres or central parts of chromosome arms. Interestingly, gene space is its own distinct genomic compartment which is enriched in small 
non-autonomous DNA transposons. The latter have evolved to specifically target promoters and downstream regions of genes. Furthermore, we 
found evidence that insertions of TEs in promoter regions of genes may be part of a feedback mechanism that prevents regulatory regions from 
being methylated. In summary, the near-complete genome sequence of barely has revealed a broad inside into dynamics and evolution of TEs in 
a large plant genome.  
 
W967: Triticeae Genetics and Genomics, Session 1: Progress in structural and functional genomics 
Developing a Toolkit for Barley Genebank Genomics 
Sara G. Milner1, Matthias Jost2, Elena Rey Mazón3, Stefanie Kreide3, Axel Himmelbach4, Stephan Weise5, Markus Oppermann5, 
Matthias Lange5, Helmut Knuepffer1, Uwe Scholz5, Andreas Graner6, Andreas Boerner7, Nils Stein8 and Martin Mascher9, (1)IPK 
Gatersleben, Stadt Seeland, Germany, (2)Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany, (3)IPK-
Gatersleben, Stadt Seeland, Germany, (4)Institute of Plant Genetics & Crop Plant Research, Gatersleben, Germany, (5)Leibniz 
Institute of Plant Genetics and Crop Plant Research (IPK) Gatersleben, Stadt Seeland, Germany, (6)Leib-Inst Plant Gen & Crop 
Plant Res, OT Gatersleben, Stadt Seeland, Germany, (7)IPKGatersleben, Stadt Seeland, Germany, (8)Leibniz Institute of Plant 
Genetics and Crop Plant Research (IPK), Stadt Seeland, Germany, (9)Leibniz Institute of Plant Genetics and Crop Plant Research 
(IPK), Seeland, Germany 
Genomics and biodiversity informatics are rising as fundamental tools to harness genetic resources harbored in germplasm collections, an 
essential albeit mostly untapped reservoirs of genetic diversity for crop research and improvement. The BRIDGE project aims to molecularly 
characterize more than 20,000 accessions of domesticated (Hordeum vulgare L. subsp. vulgare) and wild (Hordeum vulgare L. subsp. 
spontaneum) barley hosted at the German ex situ genebank at IPK Gatersleben, by means of a genotyping-by-sequencing (GBS) approach. The 
data are being analyzed in context of the barley genomic framework to study genetic diversity and population structure, gaining an insight on the 
historical flow of pedigree haplotypes during breeding practices. The outcoming genome diversity catalog will enable a more informed 
classification of genebank accessions based on non-redundant molecular passports. Moreover, a novel warehouse infrastructure will provide a 
systematic valorization of the upcoming genomics data and a link to the passport and phenotypic data accumulated by the IPK genebank 
conservation management. First results of the GBS analysis conducted on more than 10,000 barley accessions will be presented. 
 
W968: Triticeae Genetics and Genomics, Session 1: Progress in structural and functional genomics 
From Zero to Many: Assembling Wheat Genomes with w2rap 
Bernardo J. Clavijo, Earlham Institute, Norwich, United Kingdom 
 
W969: Triticeae Genetics and Genomics, Session 2: Trait genetics and gene identification 
Developmental Genetics of Reproductive Architecture in Barley 
Sarah M McKim, University of Dundee at the James Hutton Institute, Dundee, United Kingdom 
The selection of beneficial architectural variation in cereals, especially of the grain-bearing inflorescence, remains key to increasing grain yield. 
The barley inflorescence is an unbranched spike with the central axis or rachis flanked by alternate triple spikelet clusters, each arranged into a 
central spikelet and two laterals. Depending on whether the central spikelets alone or the central and both lateral spikelets are fertile, the spike 
forms two or six rows of grain, respectively. In two-rowed barley, multiple Six-rowed spike or VRS loci act to repress lateral fertility. Of the four 
VRS genes cloned to date - VRS1, VRS2, VRS4 and VRS5 - all encode transcription factors. Here, we add to the known VRS genes and identify 
VRS3 as an epigenetic modifier. Exploiting a near-isogenic mutant panel, we show that defective vrs3 in combination with other vrs alleles lead 
to novel, improved routes to fully six-rowed grain set. Our analyses of higher-order mutants reveal that VRS3, along with VRS4 or VRS5, are also 
required for spikelet determinacy to establish barley’s species-specific unbranched spike and triple spikelet form. Lastly, we expand the role of 
VRS3, VRS4 and VRS5 outside of the spike, revealing a shared role in regulating whole plant branching. Our data support a model where VRS 



genes function together to regulate reproductive architecture of barley and where tweaking the combined contribution of specific VRS genes can 
reveal novel pathways to improving yield. 
 
W970: Triticeae Genetics and Genomics, Session 2: Trait genetics and gene identification 
VRS2 Regulates Hormone-Mediated Inflorescence Patterning in Barley 
Helmy M. Youssef, IPK-Gatersleben, Gatersleben, Germany 
Plant architecture has clear agronomic and economic implications for crop plants, such as wheat and barley, as it is a critical factor for 
determining grain yield. Despite this, only little molecular information is available about how grain-bearing inflorescences, called spikes, are 
formed and maintain their regular, distichous pattern. In the present study we elucidate the molecular and hormonal role of the Six-rowed spike 2 
(Vrs2)—a SHORT INTERNODES (SHI) transcriptional regulator during barley inflorescence and shoot development. Here we show that Vrs2 is 
specifically involved in floral organ patterning and phase duration by maintaining hormonal homeostasis and gradients during normal spike 
development; but similarly influenced plant stature traits. Furthermore, we establish a link between the SHI-protein family and sucrose 
metabolism during organ growth and development which may have implications for deeper molecular insights into crops’ inflorescence and plant 
architecture. 
 
W971: Triticeae Genetics and Genomics, Session 2: Trait genetics and gene identification 
Wall Associated Kinases; Subversion By Necrotrophs to Cause Disease in the Cereals 
Robert S. Brueggeman, Department of Plant Pathology, North Dakota State University, Fargo, ND 
Plant resistance against biotrophic pathogens relies on immunity receptor-mediated programmed cell death (PCD) that sequesters the pathogen 
and inhibits further colonization. Necrotrophic pathogens evolved effectors to hijack these resistances to activate PCD and colonize the resulting 
dying and dead tissue. Thus, immunity receptors, including the wall-associated kinases (WAKs), effective against biotrophic pathogens can 
become necrotrophic pathogen dominant susceptibility targets, typically characterized as recessive resistances. Genetic and functional data 
determined that resistance to the necrotrophic fungal pathogen Cochliobolis sativus, previously designated the dominant Rcs5 gene, is actually 
recessive in nature. High-resolution mapping delimited rcs5 to ~0.32 cM representing an ~ 234kb physical region containing four WAK genes, 
designated HvWak2-5. Allele analysis determined that HvWak2 and 5 contain no amino acid polymorphism between resistant and susceptible 
alleles. However, HvWak3 has a 620 bp deletion in the resistant cv Morex allele eliminating a predicted Epidermal Growth Factor-Calcium 
binding domain, and HvWak4 has amino acid polymorphisms present in the N-terminal region making both strong candidate Rcs5 dominant 
susceptibility genes. Silencing the candidate genes using virus induced gene silencing (VIGS) in resistant and susceptible cultivars showed that 
specific silencing of both HvWak3 and HvWak4 resulted in susceptible cultivars having significantly higher levels of resistance as compared to 
the HvWak2, and HvWak5 silencing constructs and VIGS controls. The transcript analysis of HvWak3 and HvWak4 showed no expression in 
resistant and susceptible lines prior to pathogen exposure but HvWak3 was induced at 36 hours post inoculation (hpi) and HvWak4 at 12 and 72 
hpi in the susceptible line Steptoe. Thus, the high resolution mapping, post-transcriptional genes silencing and expression analysis data suggests 
that HvWak3 and HvWak4 both function as susceptibility targets of C. sativus in an inverse gene-for-gene manor. This WAK gene function is 
similar to that shown for the Parastagonospora nodorum dominant susceptibility gene Snn1 that was recently reported in wheat. 
 
W972: Triticeae Genetics and Genomics, Session 2: Trait genetics and gene identification 
miR172 Plays a Critical Role in the Origin of Free-Threshing Wheat 
Juan M. Debernardi1, Justin D. Faris2 and Jorge Dubcovsky1, (1)University of California, Davis, Davis, CA, (2)USDA-ARS, 
Fargo, ND 
Wheat domestication from wild species involved mutations in the Q gene. The q allele (wild wheats) is associated with speltoid spikes and hulled 
grains, whereas the mutant Q allele (domesticated wheats) confers subcompact spikes and free-threshing seeds. Previous studies showed that Q 
encodes an AP2-like transcription factor, but the causal polymorphism of the domestication traits remained unclear. In this work, we show that 
the interaction between microRNA172 (miR172) and Q allele is reduced by an SNP in the miR172 binding site. Besides, the inhibition of 
miR172 activity in transgenic wheat by a miRNA target mimic approach resulted in compact spikes. By contrast, overexpression of miR172 was 
sufficient to induce speltoid spikes and non-free-threshing seeds, similar to those observed in three loss-of-function mutations in the Q gene. We 
propose that the cleavage of AP2-like transcripts by miR172 promotes wild characters and that selection of a nucleotide change at the miR172 
binding site of the Q gene contributed to subcompact spikes and free-threshing seeds during wheat domestication. 
 
W973: Triticeae Genetics and Genomics, Session 2: Trait genetics and gene identification 
Extracting New and Useful Alleles from Wheat Landrace Cultivars of the AE Watkins Collection 
Simon Griffiths, John Innes Centre, Norwich, United Kingdom 
The Watkins collection is a rich repository of genetic diversity with potential value for wheat breeding. In the UKs Wheat Improvement Strategic 
Programme (WISP) we have established a pre breeding pipeline for the exploitation of this variation. Landrace accessions have been multiplied 
from single seeds of 1050 cultivars and subjected to high density genotyping to reveal nine ancestral groups which we then sampled to form a 
Watkins core set of 120 lines. Each line of the entire core set was crossed with one UK spring wheat variety, Paragon, to produce a nested 
association mapping population of over 10,000 F4 recombinant inbred lines, all of which have been genotyped and used to construct unique 
consensus genetic maps, which reveal more of the surprising variability of genome organisation in wheat. Multi site field experimentation at 
contrasting fertiliser regimes, dissecting biomass, yield, and N partitioning, have identified over 1000 QTL in these populations. From these, 150 
Watkins alleles of potential value for breeding have been introgressed into Paragon by a process of marker assisted backcrossing producing Near 
Isogenic Lines (NILs) accompanied by Axiom 35K genotyping. Where the NILs confirm the beneficial effect of the Watkins allele they enter 
multisite commercial yield trialling as part of the WISP Breeders Diversity Toolkit (BTK) together with a set of single nucleotide KASP markers 
for marker assisted breeding. All of the resources described are available upon request and visible via the WISP website. The future direction of 
the landrace BTK and its potential impact will be discussed. 
 



W974: Triticeae Genetics and Genomics, Session 3: Application of genomic resources to Triticeae improvement 
Genomics of the Barley Immune System 
Matthew J. Moscou, William Jackson and Inmaculada Hernández-Pinzón, The Sainsbury Laboratory, Norwich, United Kingdom 
Positional cloning of resistance (R) loci to biotrophic pathogens in angiosperms has revealed that the majority of genes encode proteins with two 
critical domains: a nucleotide binding (NB) domain and tandem arrays of leucine rich repeats (LRRs) [reference]. Localized to the cytoplasm, 
NB-LRRs recognize the presence of pathogens through direct recognition of pathogen-derived elicitors or through indirect recognition of host 
proteins that are modified by the pathogen. NB-LRR encoding loci are highly complex, exhibiting substantial copy number variation, structural 
rearrangements, and novel gene content between allelic variants. Collectively, these characteristics render this gene family a major challenge 
with modern assembly and annotation from next-generation sequencing. Using the Morex whole genome shotgun reference assembly as a 
starting point, we identified 328 NB-LRRs are present in the annotated Morex genome. The NB-LRRs are unequally distributed across the 
genome, with particular enrichment on chromosome arms: 1HS, 2HS, 6HL, and 7HS. Here, we describe a substantial extension of the number of 
annotated NB-LRRs to 355, which was achieved by integrating a transcriptome-based discovery pipeline and RenSeq/PacBio, an exome capture 
that specifically targets the NB-LRRs from barley. We are now leveraging the leaf transcriptomes derived from 39 elite, landrace, and wild 
barley accessions to assess allelic diversity including phylogenetic relationship and degree of presence/absence variation relative to the reference 
genome. High expression was observed for many NB-LRR encoding R genes, including Mla and Rpg5. The annotated NB-LRRome, RenSeq 
capture design, and physical anchoring will be a critical resource in the rapid identification of R genes in barley. 
 
W975: Triticeae Genetics and Genomics, Session 3: Application of genomic resources to Triticeae improvement 
Stb6 Is a Wall-Associated Kinase Gene That Provides Gene-for-Gene Resistance Against Zymoseptoria tritici in Wheat 
Cyrille Saintenac, INRA/UBP, Clermont Ferrand, France 
 
W976: Triticeae Genetics and Genomics, Session 3: Application of genomic resources to Triticeae improvement 
Genomics Approaches Reveal the Genetic Architecture Regulating Senescence in Wheat 
Philippa Borrill, John Innes Centre, Norwich, United Kingdom 
 
W977: Triticeae Genetics and Genomics, Session 3: Application of genomic resources to Triticeae improvement 
Barley Breeding using Genomic Selection 
Kevin P. Smith, University of Minnesota, Saint Paul, MN 
 
W978: Triticeae Genetics and Genomics, Session 3: Application of genomic resources to Triticeae improvement 
Mutual Benefits of Genome Engineering and Haploid Technology 
Jochen Kumlehn, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany 
 
W979: UCSC Genome Browser - a home for all organisms 
UCSC Genome Browser - A Home for All Organisms 
Robert Kuhn, UC Santa Cruz, Santa Cruz, CA 
The UCSC Genome Browser is a widely used platform for displaying genomic sequence and annotations for more than 100 animals and selected 
other model organisms. Users may load their own data for viewing alongside a large number of publicly available datasets covering gene 
predictions, mRNA alignments and comparative genomic multi-species alignments.  
The Browser now features new display modes that allow users to selectively view multiple regions not contiguously arranged in the genome, as 
well as an exon-only mode suitable for viewing whole-exome or RNA-seq results by excluding intergenic and intronic regions.  
This presentation will demonstrate how to use the new multiple region display, how to load user data into the Browser and how to use the Table 
Browser to manipulate data presentation for RNA-seq and other data. 
 
W980: UCSC Genome Browser - a home for all organisms 
UCSC Genome Browser -- Assembly Hubs: Display Any Organism 
Brian Lee, UCSC, Santa Cruz, CA 
Due to the explosion in the number of sequenced organisms now available, including plants, the Browser features a mechanism for loading the 
DNA sequence of any organism, called an assembly hub. Assembly hubs allow a user to independently display genomes not in the primary 
UCSC collection, while still including the full capability of the Genome Browser, as well as enabling features such as BLAT sequence similarity 
searches. 
This workshop includes a demonstration of an assembly hub's architecture and a glimpse at a large project in which we intend to mass-produce 
assembly hubs for many organisms not currently supported on the Browser. 
 
W981: Weedy and Invasive Plant Genomics 
The Genomics of Ambrosia artemisiifolia: Invasion History and the Genetics of Glyphosate Resistance in a Notorious Weed 
Kathryn A. Hodgins1, Kristin Nurkowski1, Lotte van Bohemeen2, Matt Silcocks2, Loren H. Rieseberg3 and Michael D. Martin4, 
(1)Monash University, Melbourne, Australia, (2)Monash University, Clayton, Australia, (3)University of British Columbia, 
Vancouver, BC, Canada, (4)Natural History Museum of Denmark, University of Copenhagen, Copenhagen K, Denmark 
 
W982: Weedy and Invasive Plant Genomics 
RNA Exchange Between the Parasitic Plant Cuscuta and Its Hosts 



James H. Westwood, Virginia Tech, Blacksburg, VA 
Obligate parasitic plants have evolved sophisticated mechanisms to detect and colonize host plants. Cuscuta pentagona (lespedeza dodder) is a 
stem parasitic plant that forms symplastic connections to its host in order to gain resources for growth. These connections are unusually open, 
and Cuscuta spp. have long been known to transmit viruses between plants. We have characterized the movement of mRNAs from hosts to 
parasites, using a combination of transcriptomics and quantitative RT-PCR approaches to investigate this phenomenon. Our results indicate that a 
large number of mRNAs move in a bidirectional manner between hosts and the parasite and that the transcripts moving from host to parasite 
differ between host species. Considering that RNAs (mRNAs and small RNAs) are systemically mobile in plants and have shown capacity to 
influence gene expression and plant development, it is interesting to speculate on the function of RNA trafficking in Cuscuta-host systems. I will 
discuss the possibility that RNA exchange comprises a form of plant communication in Cuscuta interactions. 
 
W983: Weedy and Invasive Plant Genomics 
Mechanism of Genome Adaptive Response to Glyphosate Challenge in Amaranthus tuberculatus 
Mithila Jugulam, Educational, Manhattan, KS 
Glyphosate is a non-selective, most widely used herbicide world-wide, especially upon commercialization of glyphosate-resistant crops. As a 
result of extensive and exclusive use of glyphosate, many agricultural weeds have evolved resistance to this herbicide. The molecular target of 
glyphosate, 5-enopyruvlyshikimate-3-phosphate synthase (EPSPS) gene amplification, conferring resistance to this herbicides is a novel 
mechanisms and was first documented in glyphosate-resistant Amaranthus palmeri, and later in many others economically important and 
troublesome weeds, including A. tuberculatus. However, information about the mechanisms and cytogenetic consequences associated with 
EPSPS gene amplification is elusive. Use of advanced molecular cytogenetic techniques enable understanding of genome response to glyphosate 
selection resulting in EPSPS gene amplification. Results of florescent in situ hybridization (FISH) analysis indicate that the native locus of 
EPSPS gene is located on homologous chromosomes, at pericentromeric region of A. tuberculatus. Further characterization of A. tuberculatus, 
with varying EPSPS copies demonstrate that the initial EPSPS gene duplication may have occurred as a result of unequal crossovers, and that the 
subsequent multiplication of the loci may can occur as a result of other chromosomal aberrations. Overall, unequal recombination may prompt 
change in EPSPS copy number and also a prerequisite for further EPSPS gene amplification in A. tuberculatus. 
 
W984: Weedy and Invasive Plant Genomics 
The Draft Genome of Kochia scoparia : A Foundation for Studying Adaptive Evolution and Its Impacts on Genome 
Architecture 
Eric Lloyd Patterson1, Christopher A. Saski2, Dean J. Pettinga1, Daniel Sloan1, Patrick Tranel3, Karl Ravet1 and Todd Gaines1, 
(1)Colorado State University, Fort Collins, CO, (2)Clemson University Genomics & Computational Biology Laboratory, Clemson, 
SC, (3)University of Illinois, Urbana, IL 
Kochia scoparia (kochia) is one of the most important weeds in the western United States and Canada. It currently infests hundreds of thousands 
of acres of farm and range land across North America and causes millions of dollars in crop loss annually in sugar beet, canola, wheat and corn 
fields. K. scoparia has evolved resistance to many of the most important herbicides used for its control, including glyphosate, dicamba, and ALS 
inhibitors. Additionally, K. scoparia is an extremely hardy plant that can tolerate substantial abiotic stress from drought, salt, and both extremes 
of temperature. This suite of traits all contribute to its success as a weed. Our research aims to make K. scoparia a model organism, not only for 
weed research but also as a plant extremophile. Initial analysis of Illumina reads suggested that the K. scoparia genome is highly complex. To 
circumvent problems surrounding highly repetitive regions of the genome we are utilizing a hybrid low coverage PAC-BIO and high coverage 
Illumina approach. Currently, we have assembled ~83% of the genome with 711 mb in 19,671 scaffolds. Our initial ALL-Paths assembly 
suggests that K. scoparia contains substantial sequence duplication throughout the genome and that this may lead to rapid genome evolution and 
increased genetic diversity at key loci involved in abiotic stress response. We begin our exploration by examining the contig that contains the 
EPSPS gene, a tandemly duplicated gene that provides resistance to glyphosate in some K. scoparia populations. 
 
W985: Weedy and Invasive Plant Genomics 
Is Convergence at the Level of the Phenotype Mirrored Across the Genome? the Repeated Evolution of Glyphosate 
Resistance in the Common Morning Glory, Ipomoea purpurea 
Regina S. Baucom, University of Michigan, Ann Arbor, MI 
The common morning glory, Ipomoea purpurea, exhibits variation in nature for resistance to glyphosate, with some populations showing high 
survival post-herbicide application and others exhibiting high susceptibility. The pattern of resistance across the landscape appears to be a 
mosaic, such that resistance potentially evolved independently multiple times. We used a Rad-seq approach to identify the genetic basis of 
glyphosate resistance across independent populations followed by target-capture exome sequencing to identify potential causative SNPs. Using 
BayEnv and Bayescan, we identified approximately 80 loci potentially involved in resistance. Exome sequencing of predicted genes near these 
loci found five genes whose allele frequencies covary with resistance and show similar patterns among the spatially disjunct resistant 
populations. The data thus far suggest resistance is controlled by the same gene (or few genes) among resistant populations, indicating that the 
convergent herbicide resistance phenotype is due to a parallel genetic basis. 
 
W986: Weedy and Invasive Plant Genomics 
Whole Genome Resequencing Provides Insights into Adaptation through De-Domestication in Weedy Rice (Oryza sativa) 
Kenneth Olsen, Washington University, St. Louis, MO 
Weedy strains of rice (Oryza sativa L.) have evolved multiple times in different world regions from different domesticated varieties and wild 
relatives. De-domestication has played a major role in this process, and the independent evolution of weed strains from different cultivated 
ancestors provides opportunities to examine the relative roles of shared vs. different genetic mechanisms in this process. Recent insights into the 
origins and adaptive evolution of US and Asian weed strains are discussed based on whole genome sequencing, comparative QTL mapping and 
candidate gene analysis. The morphological similarity of weedy rice strains around the world belies a complexity of different ancestries and 



distinct genetic architectures underlying weediness traits. In regions of Southeast Asia where wild Oryza populations occur, wild-to-weed 
introgression further contributes to the dynamics of weedy rice evolution. 
 


