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Quick and Easy Genome Annotation Editing with Apollo 
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Precise descriptions of annotated genomes are vital for modeling the biological function of genomic elements. The 
ability of a researcher to visually identify and review diverse sets of information such as genomic and transcriptome 
alignments, predictive models based on sequence profiles, and predicted regulatory elements and repeat regions are 
essential for the iterative improvement of the modeling of genomic elements. During analysis, researchers also do 
functional enrichment analysis (such as GO), and need to update functional annotations. Furthermore, as projects 
increasingly include annotations of a growing number of organisms as well as geographically dispersed researchers, 
the ability to quickly integrate multiple genomes, sources of evidence, annotations and researchers is essential. The 
Apollo genome annotation editor fills these needs by providing a graphical platform for researchers to 
collaboratively review and revise the predicted features on a genome in real-time, similar to Google Docs. 
Refinement of genome annotations is made efficient through several features including drag-and-drop editing, a 
large suite of automated structural edit operations, the ability to pre-define curator comments and annotation status 
to maintain consistency, attribution of annotation authors, and a visual history of revertible edits. 

Here, we describe recent improvements that increase the efficient refinement of genome annotations. The first is the 
automated processing of genomic evidence for annotation, reducing the need for command-line processing of 
genome annotation evidence. Creating annotation projects can be done by simply uploading the genome's FASTA 
file. Similarly, genomic annotation evidence can be provided in most cases by uploading GFF3, VCF, BigWig, and 
BAM files directly in most cases. The second is the ability to associate GO annotations to genome annotations and 
export in formats such as GPAD or GPI. The third is the ability to predict the effect of individual variants to aid in 
the annotation of variants. Finally, we demonstrate numerous UI improvements to make annotation editing faster 
and easier as well as the simplicity of launching Apollo from a simple Docker command or via preconfigured 
Community AMI on Amazon cloud instances. 

In addition to the simplified installation process, Apollo provides extensive web-services that allow it to be 
integrated with other web-based environments. Apollo and its associated libraries allow numerous customizations, 
both within Apollo itself and via JBrowse, the genomic browser Apollo is built upon (http://jbrowse.org), which has 
a large library of plugins (https://gmod.github.io/jbrowse-registry/). 

Apollo is used in hundreds of genome annotation projects around the world, ranging from the annotation of a single 
species to lineage-specific efforts supporting the annotation of dozens of genomes.  

Source: https://github.com/GMOD/Apollo/  

Documentation: http://genomearchitect.readthedocs.io/en/latest/ 

License: Open Source - 3-clause BSD License 
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TreeGenes, https://treegenesdb.org, is designed to serve the specialized needs of the forest tree research community 
by pairing data resources, for both model and non-model species, with customized analysis tools. TreeGenes is built 
on open source tools, including Tripal, GMOD applications, and Galaxy to maximize efficiency, functionality, and 
interoperability. 

Genetic/genomic, phenotypic, and environmental data is sourced from primary repositories as well as direct user 
submissions using the Tripal Plant PopGen Submission (TPPS) module, which allows users to submit population 
genetic data and metadata. Over 1900 species from 157 genera are represented in the database.. Additional data 
available includes literature, colleague listings, and community resources.  

TreeGenes hosts tools adapted to the challenges posed by the complex genetics of forest trees. High performance 
computational resources to perform the analyses are hosted by TreeGenes through the Tripal Galaxy module, 
allowing users anywhere to run the common bioinformatic applications. Users can perform rapid sequence similarity 
search using the TSeq tool, visualize orthologous gene sets in a phylogenetic context with the OrthoQuery, and 
perform landscape and association mapping analysis within CartograTree.  

CartograTree, a map-based framework, provides an efficient interface for researchers to analyze georeferenced tree 
populations in conjunction with their associated genotypic and phenotypic metrics. Environmental layers such as 
WorldClim and soil types are integrated with data from TreeGenes as well as external databases like Dryad and 
TreeSnap. CartograTree is connected to Galaxy to allow users to run open-source tools such as Sambada, Plink, and 
Structure. 
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The Planteome Project (www.planteome.org) provides semantic integration of plant genomics datasets and reference 
ontologies describing domains in plant biology (plant anatomy, development, phenotypes, traits, growing conditions 
and treatments, plant stresses) across 95 plant species. The Planteome also hosts external reference ontologies, as 
well as species-specific Crop Ontologies developed by plant breeding and research communities from around the 
world.The latest release, Version 3.0 of the project database includes more than two million bioentities (data 
objects), with more than 21 million associations between bioetities and ontology terms. The online database and 
APIs provide researchers with tools to access resources for plant traits, phenotypes, diseases, genomes, gene 
expression and genetic diversity data across 95 plant species. In this presentation, we will demonstrate how to access 
the tools and database resources at the Planteomefor integration into your own research.  

The Planteome project is supported by the National Science Foundation award IOS #1340112  
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3D RNA-Seq - a Powerful and Flexible Tool for Rapid and Accurate Differential Expression and 
Alternative Splicing Analysis of RNA-Seq Data for Biologists 
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RNA-seq allows the quantification of expression of individual genes and transcripts and detection of alternative 
splicing (AS). Many RNA-seq differential analysis programs are unable to handle complex experimental designs 
(such as time-course data), require dedicated bioinformaticians and currently take months to obtain the results of the 



analysis. RNA-seq, despite its potential for accurate and rapid expression analysis at the transcript level, is often a 
source of frustration for biologists. We have developed “3D RNA-seq Shiny App”, which provides an easy and fast 
graphical user interface (GUI) for flexible and powerful Differential Expression (DE), Differential Alternative 
Splicing (DAS), Differential Transcript Usage (DTU) (3D) and isoform switch analysis of RNA-seq data in a matter 
of hours!! The program integrates the state-of-the-art, highly rated differential analysis tools (Limma) and adopts 
best practice for RNA-seq analysis. It can handle complex experimental designs, runs the analysis through a user-
friendly GUI, visualizes the intermediate and final results through graphics and tables, and generates publication 
quality heat-maps, volcano plots, expression profiles and GO enrichment plots. The software is also available as a 
web service at https://3drnaseq.hutton.ac.uk/.The 3D RNA-seq tool and detailed step-by-step graphic manual makes 
it very easy to use for both experienced bioinformaticians and non-bioinformaticians. The tool allows lab scientists 
to “take back control” of the analysis of their RNA-seq data and generate results themselves. 

The App takes transcript quantifications from Salmon or Kallisto, pre-processes the data (generating standardised 
read counts and reducing noise by removing low expressed transcripts and batch effects, and normalisation), sets up 
statistical models with user-specified experimental factors and parameters, and runs and generates a customized and 
comprehensive analysis report with a click of the mouse. In a typical analysis, transcript quantification takes up to 
two days, and the analysis and report generation using 3D RNA-seq takes a few hours (3-Day RNA-seq!). 

The App and pipeline have been successfully applied to RNA-seq data analyses in plants (e.g. Arabidopsis, potato, 
barley, etc.), human and animal research and enabled biologists to detect key and novel genes and transcripts under 
transcriptional and AS regulation. The App also allows biologists to re-analyse existing or publicly available RNA-
seq data to give consistent and improved differential expression analysis and novel AS information. The acceleration 
of RNA-seq analysis with 3D RNA-seq App potentially reduces the time for a complete RNA-seq experiments to 3-
4 months (RNA-seq data generation in 4-6 weeks, analysis in less than a week and interpretation in another 4-6 
weeks). This allows multiple consecutive RNA-seq experiments to be conducted in a year. This speed of analysis 
will revolutionise what is achievable with RNA-seq technology. The 3D RNA-seq App won the Best Innovation 
Award in the University of Dundee, School of Life Sciences (2018-2019). Since the first release of the App and the 
pre-print manuscript in bioRxiv (https://www.biorxiv.org/content/10.1101/656686v1, May 31st, 2019), the App has 
ca. 1000 users with over 250 recurrentusers from ca. 40 countries. The manuscript has over 13K pdf downloads. 
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The haplotype analysis for genomic prediction and estimation requires considerably more data processing and has 
many more possible configurations of the prediction model than single-SNP analysis. To facilitate haplotype 
analysis for genomic prediction and estimation, we developed a computing pipeline to implement haplotype 
analysis. The pipeline includes three components, preparation of input data for haplotype analysis, genomic 
prediction and estimation using GVCHAP, and analysis of GVCHAP results. The input preparation starts with 
formatting SNP data for two imputing programs. Based on the imputed haplotypes, a utility program defines 
haplotype blocks by a fixed number of SNPs or a fixed distance in base pairs per block, where each block is treated 
as a multi-allelic locus and is formatted as haplotype genotypes with two haplotypes per genotype. The haplotype 
genotypes are used as an input file for running GVCHAP. Another utility program fills in most of the parameter file 
required by GVCHAP as an input file. The data preparation step also contains utility programs for defining 
validation samples by random assignment of individuals to each validation sample or by a user provided list of 
individuals for assigning to validation samples. GVCHAP is the main program for genomic prediction and 
estimation providing GREML estimates and GBLUP for additive and dominance effects of haplotypes and single 
SNPs. To reduce the computing time in cross validations due to calculation of genomic relationships, GVCBLUP 
has a 2-step strategy to save the genomic relationship matrix during the first fold of validation and read in the 
genomic relationships for the remaining folds of validations. This 2-step strategy is helpful for k-fold validations and 
for multiple traits. The last component of the computing pipeline calculates observed prediction accuracies and 
produce input file for graphical analysis of haplotype and SNP heritabilities. 
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GridFree: A Python Package of Image Analysis for Object Counting and Measuring without Grid 
Restriction 

Yang Hu, Dept. of Crop and Soil Science, Washington State University, Pullman, WA 

Grain characteristics are critical component traits for grain yield, including kernel length, kernel width, and thousand 
kernel weight. Manual measurements and counting are expensive, forming the bottleneck for the dissection of their 
genetic architecture toward the ultimate genetic improvement on grain yield. High throughput phenotyping methods 
have been developed by analyzing images of spread kernels on a surface. The challenges remain in the segmentation 
of kernels from background variation or separating kernels that are next to each other closely. In this study, we 
developed a software named GridFree to overcome these challenges. GridFree uses an unsupervised machine 
learning approach K-Means to separate kernels from the background by using color-index based approaches and 
uses a divide-and-combine strategy to segment adjacent kernels. When adjacent multiple kernels are incorrectly 
segmented as a single object, they form an outlier on the distribution of kernel areas, length, and width. GridFree 
allows users to choose objects with multiple kernels as a cutoff for splitting. In addition to counting, GridFree 
provides the measurement length, width, and area of kernels with the option of either scaling with reference, not 
scaling. Benchmark evaluation against existing software demonstrated that GridFree had the smallest error on 
counting seeds of multiple crops, including alfalfa, canola, lentil, wheat, and soybean. GridFree was implemented in 
Python with a friendly graphic user interface. Users can fully stay in mental processes with sliding bars, which 
completely liberate mechanical repetitive labor. GridFree is freely available at the GridFree website 
(http://zzlab.net/GridFree). 
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Data is essential in science as it helps to infer and validate hypotheses. That is why researchers generate huge 
amount of valuable data, but it can be hard to access them as it can be published in various repositories spread across 
the world. 

 
FAIDARE (FAIR Data-finder for Agronomic Research, https://urgi.versailles.inra.fr/faidare/) is a web portal 
developed by INRA-URGI, in collaboration with Elixir and Phenome-Emphasis.fr. Its aim is to facilitate the 
discoverability of public plant datasets by gathering genetic resources, genotyping and phenotyping data from a 
federation of established data repositories. 

 
FAIDARE is based on the FAIR principles (Findable Accessible Interoperable and Reusable) and the Breeding API 
specifications (BrAPI) to create an easy-to-use interface with search and data retrieval capabilities. It also provides a 
standard interface accessible programmatically through web services (https://urgi.versailles.inra.fr/faidare/swagger-
ui.html). 

 
In this talk, I will present you how this portal works, what we did and plan to do to improve and enrich it and how to 
join the federation. 
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GRID: A Python Package for Aerial High-Throughput Phenotyping 
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Aerial imagery has the potential to advance high-throughput phenotyping for agricultural field experiments. This 
potential is currently limited by the difficulties of identifying pixels of interest (POI) and performing their 
segmentation due to the required intensive manual operations. We developed a Python package, GRID (GReenfield 
Image Decoder), to overcome this limitation. With pixelwise K-means cluster analysis, GRID users can specify the 
number of clusters and choose the clusters representing POI. Image grid patterns are automatically recognized by the 
POI distribution. The local optima of POI are initialized as the plot centers, which can also be manually modified for 
deletion, addition, and relocation. The segmentation of POI around the plot centers is initialized by automated, 
intelligent agents to define plot boundaries. A plot intelligent agent negotiates with neighboring agents based on plot 
size and POI distributions. The negotiation can be refined by weighting more on either plot size or POI density. All 
adjustments are operated in a graphical user interface with real-time previews of outcomes so that users can 
incorporate their knowledge of the field site. The final results are saved in text and image files. The text files include 
plot rows and columns, plot size, and total plot POI. The image files include displays of clusters, POI, and segments. 
With GRID, users are completely liberated from the labor-intensive task of manually drawing plot lines or polygons. 
The supervised automation with GRID is expected to enhance the efficiency of agricultural experiments. 

Availability: The GRID executable file, user manual, tutorials, and example datasets are freely available at 
http://zzlab.net/GRID. 

Contact: chun-peng.chen@wsu.edu 

Keywords: Field phenotyping, High-throughput, Aerial image 

Digital Tools and Resources Session 2 
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Accurately and efficiently transferring knowledge gained from model organisms to other species, and inferring the 
function of a gene of interest, are continuing challenges in plant biology. Individual gene duplications, 
allopolyploidy, and autopolyploidy are common in all plant lineages, and result in complex evolutionary 
relationships between related genes. Such genes can have similar sequences but highly divergent functions. 
Therefore, function inference often requires integration and analysis of multiple types of information beyond 
sequence similarity, such as phylogenetic relationships, expression data, and phenotypes. We have developed a new 
online resource (phylogenes.org) that presents phylogenetic trees of gene families along with available gene function 
information, experimental evidence, and publications for individual family members. By displaying information in a 
way that visually preserves phylogenetic relationships, PhyloGenes enables more efficient inference of gene 
function. PhyloGenes will increase the accuracy of inferred gene functions by making annotation evidence and 
sources and other metadata clearly evident and traceable. The current PhyloGenes release (version 1.1) includes 30 
plant genomes and 10 non-plant model organisms represented in over 8,000 gene families. The gene families and 
trees were constructed by using the PANTHER pipeline (pantherdb.org). Molecular functions of genes that were 
supported by experimental evidence were extracted using the QuickGO REST API 
(https://www.ebi.ac.uk/QuickGO/api/index.html). Gene function information is displayed in data rows that are 
aligned with the corresponding gene node in a gene tree. Users can remove (prune) genes from a tree for species that 
are not interested for their study. Features planned for upcoming releases include inserting (grafting) a user’s 
sequence to a gene tree, new datasets (e.g. protein domains, expression pattern), and user interface improvements. 
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GnpIS is a multispecies integrative information system which allows plant biologists to share genomic, genetic and 
phenotypic complete datasets. Final phenotypic datasets from the DROPS European project have been therefore 
published in GnpIS using the MIAPPE (Minimal Information About Plant Phenotyping Experiment) format. It 
encompasses 19 trials in Europe and Chile which survey 246 maize hybrids. Indeed, 24 variables are measured from 
these genotypes, both phenotypic including morphological, phenological and yield traits, together with 
environmental variables including light, growing temperature and soil conductance. Two watering conditions was 
implemented: irrigated and rainfed treatments. 

The data is displayed by level (microplot, genotype) with one level by matrix that integrates the data from multiple 
trial and years. These matrix show results for all accessions within a trial, by treatment (rainfed or watered parcels 
for DROPS data), for all observed variables. The data can be refined in multiple ways, for example, by phenotyping 
campaign year. Information about trial can be consulted on a dedicated webpage, including site, description, 
genotypes and contact sections. Some open format additional data files can be also downloaded and an export in 
MIAPPE/ISA-TAB or tabular format is possible for each matrix. Each germplasm is linked to a webpage reporting 
DOI, holding institution and taxonomy. A widget allows to navigate among variables and to browse information in 
BrAPI format (trait, variable, scale) and cross-reference leading to Crop Ontology variables are provided. Finally 
these phenotypic data are linked to maize genotyping and GWAS data already publicly available in GnpIS. 
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Population Structure Inference using Phenotype Data 
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Assigning individuals to populations is important for a variety of applications. Given the abundance of genotype 
data, multiple widely-used methods are available for population structure inference. Employing these methods, we 
have learned a great deal about evolutionary history of species. Phenotypic differences among populations are then 
typically studied given the genotype-based population assignments. However, it would be useful to infer population 
differentiation using phenotypic data alone. Studying the concordance, or lack thereof, between genotype and 
phenotype driven assignments can yield insights into local adaptation and identify useful sources of breeding 
material for crop and livestock improvement. I will describe a Bayesian Gaussian mixture model that uses (possibly 
replicated) measurements of multiple traits to infer population structure. I will present an R package, MuGaMix, that 
can perform such inference. Its performance will be assessed on simulated and real data. 
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NCBI Blast: Enhanced Web Usability through New Result Page, and Effective Genomic Data 
Access 
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NCBI provides BLAST services through its BLAST homepage (https://blast.ncbi.nlm.nih.gov) where the public can 
search against the nucleotide database (NT), the non-redundant protein database (NR), a set of NCBI Reference 
Sequence Project (RefSeq) genomic sequences, and their annotated RNA or protein sequences. 

In this presentation, we will describe new features contained in the recently updated BLAST result pages that 
significantly enhance the page’s usability. We describe the available RefSeq genomic databases and their 
relationship with genome records in NCBI’s assembly database, which will enable more rational selection of 
databases and their taxonomic subset during a BLAST search. We will also cover alternative ways to access 
genomic sequences of interest, through assembly records on the web or FTP, for use in local standalone BLAST. 
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Repbase: A Comprehensive Database of Eukaryotic Repeat Sequences and Transposons 

Kenji K. Kojima and Weidong Bao, Genetic Information Research Institute, Cupertino, CA 

Repbase is a comprehensive collection of representative repeat sequences in eukaryotic genomes. Since its first 
development in 1992, Repbase has been serving as a well-curated reference database fundamental for almost all 
eukaryotic genome sequence analyses. One main usage of Repbase is to mask repetitive sequences from the genome 
of interest with software such as Censor or RepeatMasker. Because most of the repetitive sequences originated from 
various transposons as well as integrated viruses, Repbase is also a fundamental source for the studies of 
transposons and their impact on the genome evolution. Transposons contribute to the birth of many functional DNA 
components, such as promoter, enhancer, or insulator, and thus, demands of mapping (not masking) of repeats are 
rising rapidly too. 

One distinguished feature of Repbase is the detailed characterization/annotation of the repeat sequences that 
includes the classification into a particular transposon superfamily, the average identity/similarity of sequence 
copies to the consensus, and the reconstructed protein sequences that were originally encoded by their ancestral 
transposons. 

We have transitioned Repbase to a community-supported subscription model; starting April 12, 2019, an active 
subscription is required to access Repbase. We offer subscriptions at both the individual and academic institutional 
level. Subscribers can access to the latest versions of Repbase (including RepeatMasker version), the contents of our 
online journal Repbase Reports, pre-repeat-masked genomes, and repeat maps. We also offer unlimited times of use 
of online Censor (homology-based search tool against Repbase) and RTclass1 (a classification tool for non-LTR 
retrotransposons) for subscribers. 
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The UCSC Genome Browser [2] is one of the most powerful and most convenient tools for visualization of genomes 
with their annotation. Track data hubs [1] allow the display of externally hosted genomic data via publicly available 
UCSC Genome Browser instances. Creating your own assembly hub for a novel genome, however, is often a tedious 
task that involves many steps that are in part difficult for scientists without programming background. 

MakeHub [3] has the goal to enable scientists to quickly and automatically generate assembly hubs of novel 
genomes, their annotation and informative RNA-Seq read alignments. Producing a complete assembly hub is a one-
step process with MakeHub. Implemented in Python, MakeHub utilizes tools provided by the UCSC Genome 
Browser group, SAMtools [4], and components of the gene prediction tool AUGUSTUS [5]. MakeHub is integrated 
in the BRAKER [6,7] pipeline for fully automated and unsupervised RNA-Seq based structural genome annotation. 
It is further compatible with the outputs of MAKER [8], GlimmerHMM[9], SNAP [10] and GeMoMa [11]. 

MakeHub is freely available at https://github.com/Gaius-Augustus/MakeHub. 

 
[1] Raney BJ, Dreszer TR, Barber GP, Clawson H, Fujita PA, Wang T, Nguyen N, Paten B, Zweig AS, Karolchik 
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We recently released the next generation of the online resources AraPheno 
(https://arapheno.1001genomes.org) and the AraGWAS Catalog 
(https://aragwas.1001genomes.org) . AraPheno is a central and manually curated 
repository for high-quality phenotypes for the model organism Arabidopsis thaliana. As 
of September 2019 AraPheno contains more than 462 publicly available phenotypes, 
making it the largest data resource for population-scale phenotypes in A. thaliana, by 
far. With this release, AraPheno has been extended to support RNA-Seq expression 
profiles for thousands of samples and genes. 

The AraGWAS Catalog is a central and manually curated resource of genetic 

associations for all available phenotypes from AraPheno. All GWAS results in the 

AraGWAS Catalog are re-computed using a standardized and permutation-based 

GWAS pipeline on an identical release of genomic data. This will not only enable and 



facilitate comparative analysis between GWAS results but also the detection of 

pleiotropic effects. The AraGWAS Catalog has been extensively updated to also provide 

more detailed information about associations and its allelic distributions. For the first 

time, the AraGWAS Catalog also includes novel associations between knockout (KO) 

mutations and population-scale phenotypes from AraPheno. Loss-of-function mutations 

can be an important source of genetic variation in the evolution of plant traits and we 

found an over-representation of KO-trait relationships toward smaller trait values. 

These resources enable researchers to easily asses massive amounts of public 

available data and use them to address their own research questions. 
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GrainGenes: Small Grain Resources, Tools, and Sharing 

Taner Z. Sen1, Victoria Carollo Blake2, Halise Busra Cagirici1, Laurel Cooper3, Gerard R. Lazo4, Steve 
L. Michel5 and Eric Yao6, (1)USDA-ARS, Albany, CA, (2)USDA ARS WRRC, Albany, CA, (3)Dept. of 
Botany and Plant Pathology, Oregon State University, Corvallis, OR, (4)USDA ARS WRRC, Albany, 
CA, (5)USDA-ARS-WRRC / GrainGenes, Albany, CA, (6)University of California, Berkeley, CA 

GrainGenes (https://wheat.pw.usda.gov; https://graingenes.org) is the centralized, curated USDA-ARS database for 
wheat, barley, oat, and rye, ensuring long-term data sustainability for small grains researchers. GrainGenes hosts 
JBrowse genome browser instances for the IWGSC RefSeq Chinese Spring assemblies, which are populated with 
multiple tracks including 1,000 Wheat Exome tracks generated by the Akhunov and Dubcovsky Labs, and Wheat 
10+ Genome browsers. GrainGenes contributes to the JBrowse genome browser development and is currently 
developing a BLAST plug-in that can perform sequence similarity searches from the genome browser tracks in 
collaboration with UC Berkeley. This plug-in will be available for implementation by other JBrowse users. Large, 
curated, mapping projects available through the comparative mapping tool CMap have been added to GrainGenes. 
This includes the Spring Wheat Nested Association Mapping (NAM) population which is based on 2,100 
recombinant inbred lines from 28 families and used to construct 588 chromosome-specific genetic maps. The 
genome assembly for durum wheat is shown in the GrainGenes Svevo genome browser with links to GrainGenes 
QTL pages. GrainGenes is an active participant in the Wheat Information System (WheatIS) under the Wheat 
Initiative. To facilitate data discovery, GrainGenes has indexed maps, QTL, germplasm, and genes from the Wheat 
Gene Catalog into the WheatIS. 
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Mining Microbial Genomes from Datasets on the Sequence Read Archive 

Bhavya Papudeshi1, Haley Leffler1, Sruthi Ganapaneni1, Sheri Sanders2, Carrie Ganote1 and Tom Doak1, 
(1)Indiana University, Bloomington, IN, (2)National Center for Genome Analysis Support, Pervasive 
Technology Institute, Bloomington, IN 

The declining costs of genome sequencing and growing amounts of genetic data has allowed the field of genomics 
to become more integrated with computational analysis. The use of high performance clusters (HPC) is necessary to 
compute the large amounts of data in genomic projects, however, many biologists lack background experience in 
working with HPC systems, which limits their ability to best address their research questions. The National Center 
of Genome Analysis Support (NCGAS) is an NSF-funded center that focuses on filling this need, by providing 
training as workshops, bioinformatics support on projects, and access to compute resources. As a byproduct of 
helping research projects, we develop open source workflows and make them available to the community. Here we 
present a developed workflow that will assist researchers in mining the Sequence Read Archive (SRA), to identify 



environments/datasets potentially containing genomes of interest, and identify their closely related genomes. As a 
proof of concept, we used two genomes to test the developed workflow, selected to ensure the flexibility of the 
workflow to generate results in formats amiable to further downstream analysis, based on the research question. The 
developed pipeline is made available through GitHub (https://github.com/NCGAS/CEWiT-REU-Identifying-
datasets-in-SRA-using-Jetstream), and available as a pre-installed workflow on the XSEDE Jetstream cloud 
computing infrastructure. 
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CitSATdb: Genome-Wide Simple Sequence Repeats (SSR) Marker Database of Citrus Species for 
Germplasm Characterization and Crop Improvement 

Naveen Duhan, Manish Mehsram, Cristian D Loaiza and Rakesh Kaundal, Utah State University, Logan, 
UT 

The Citrus genus is the world’s most widely cultivated fruit crop. Microsatellites or 
simple sequence repeats (SSRs) are popular co-dominant markers that play an 
important role in crop improvement. To enhance the genomic resources in citrus, we 
identified SSRs in genomes of 6 citrus species and characterized their frequency and 
distribution in different genomic regions. The advent of next-generation sequencing 
technologies and advancement in computational approaches have made possible the 
discovery of markers in bulk. The potential polymorphic SSR markers identified by 
cross-species transferability could be used for genetic diversity and population 
distinction in other species. We describe an online database, citSATdb 
(http://bioinfo.usu.edu/citSATdb/) having the highest number (~17,23,036) of putative 
SSR markers from Citrus genus so far, represented by six species: Citrus sinensis, 
Citrus clementina, Citrus maxima, Citrus medica, Citrus ichangensis, and Atlantia 
buxifolia. The database is based on a three-tier approach using MySQL, PHP, and 
Apache. The markers can be searched using multiple search parameters including 
chromosome/scaffold number(s), motif types, repeat nucleotides(1-6), SSR length, the 
pattern of repeat motif and chromosome/scaffold location. Cross-species 
transferability of selected markers can be checked using e-PCR. Further markers can 
be visualized using Jbrowse. These markers can be used for Distinctness, Uniformity, 
and Stability (DUS) tests of variety identification, marker-assisted selection (MAS), 
gene discovery, QTL mapping, and germplasm characterization. The database 
represents a source of markers for developing and implementing new approaches for 
molecular breeding, which are required to enhance Citrus productivity. 
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LegumeIP V3: Empowering Comparative Genomics, Transcriptomics, and Phylogenomics in 
Legumes 

Xinbin Dai, Yibo Dong, Zhaohong Zhuang and Patrick X. Zhao, Noble Research Institute, Ardmore, OK 

We present the LegumeIP, which is an integrative platform to study gene functions, biological networks, pathways, 
and genome evolution in legumes. We completely re-developed the new LegumeIP system (LegumeIP V3) with a 
focus on facilitating and empowering comparative genomics, transcriptomics, and phylogenomics in Legumes.  



The LegumeIP V3 includes a total of 783,393 protein-coding genes from 19 species, including 17 legumes and two 
outgroup reference species. The species in two economically important legume tribes Dalbergieae and Genisteae, 
such as peanut and lupin, were added into the LegumeIP database for the first time.  

In the gene expression module, we replaced traditional microarray with RNA-seq data that are available in the 
public domain. Such improvement extends the gene expression function from three model species to all 19 species. 
The new version accommodates 85 RNA-seq experiments which include 1,694 RNA-seq runs. It is worth 
mentioning that the gene expression module was designed to be flexible to add new RNA-seq data upon the user's 
request as long as the data is publicly accessible through the NCBI Sequence Read Archive (SRA) repository. 

Furthermore, the gene expression analysis functions were also re-written to enable users to perform integrative and 
interactive differential expression analysis, metabolic pathway analysis, and co-expression network analysis. Users 
can now select any subset of RNA-seq data and multiple species of their interest and perform these analyses on-the-
fly in the LegumeIP V3. The enhanced analysis functions provide useful and practical tools to discover key genes 
and regulatory networks in the hosted species and translated into other species through comparative genomics 
analysis. 

The LegumeIP V3 is available at http://plantgrn.noble.org/legumeIPV3. This website is free and open to all users, 
and there is no login requirement. 
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FAANGMine: Genomic Data Mining Tools for Domesticated Animal Species 

Deborah A. Triant1, Justin J. Le Tourneau1, Md Shamimuzzaman1, Amy T. Walsh1, Darren Hagen2 and 
Christine G Elsik1, (1)University of Missouri, Columbia, MO, (2)Oklahoma State University, Stillwater, 
OK 

FAANGMine (http://faangmine.org) is a genomic data mining warehouse for domesticated animal species, 
including species of interest to the Functional Annotation of Animal Genomes (FAANG) Consortium. FAANGMine 
provides simple and sophisticated search tools to enable researchers without scripting skills to create and export 
customized annotation datasets merged with their own research data for use in downstream analyses. The first 
FAANGMine release (v1.1) contains genomes of cat, chicken, cow, dog, goat, horse, pig, sheep and water buffalo. 
Gene annotations of human, mouse and rat are also included to facilitate comparison to model organisms. 
FAANGMine uses the InterMine platform to integrate data from external sources, including reference genome 
assemblies, genes (NCBI, Ensembl), proteins (UniProt), protein families and domains (InterPro), orthologs and 
paralogs (EnsemblCompara, OrthoDB, TreeFam), pathways (KEGG, Reactome), interactions (BioGRID, IntAct), 
Gene Ontology (GO), QTL (AnimalQTLdb), variation (Ensembl) and publications (PubMed). Built-in query 
templates provide starting points for data exploration, while the QueryBuilder tool supports construction of complex 
queries. The List Analysis and Genomic Regions search tools execute queries based on uploaded lists of identifiers 
and genome coordinates, respectively. Data can be exported in a variety of formats, including gff, fasta, json and 
tab-delimited files. We are working to expand FAANGMine by incorporating data generated by the FAANG 
Consortium to enable fine-grained data mining of functional elements in combination with gene annotations and 
additional biological data. 
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Federated Cloud Access to Datasets through Indexing and/or Graphs! 

Ben Busby, NCBI/NLM/NIH, Bethesda, MD 

When folks talk about cloud computing, they often cite ‘Federated Data’ as one of the primary benefits. Let’s think 
for a minute about what that actually means. Even if the technical hurdles are overcome, for example with Fusera in 
cloud buckets containing the NIH Sequence Read Archive (NCBI-SRA), one still can not do adequate compute for 
large scale applications -- say machine learning -- without being able to search across datasets. Knowing which 
datasets to search across requires adequate, harmonized biological metadata, which any biological data scientist can 
assure you is in short supply circa in early 2020. While we continue to work to make metadata better, through 



encouraging more metadata exposure through more complete and ontology-harmonized contributions to public 
databases, such as BioProject and BioSample we have taken a relatively novel approach to producing better 
calculated attributes -- through indexing and graphs. In 2019, we have been able to index viruses from thousands of 
metagenomes, come up with millions of new exons and start sites for RefSeq to review, and build and annotate 
usable graph infrastructure for diploid and haploid organisms, not only from existing datasets in the SRA, but from 
complementary datasets in other public databases (https://www.mdpi.com/2073-4425/10/9/714/htm). The goal for 
2020 is to make these data indices and graph infrastructure more accessible and easier to use for cloud 
interoperability and large scale data analysis using modern tools such as machine learning. Specifically, moving 
forward, we will work to annotate graph genomes, a possible solution among others for dealing with community 
genomes, with searchable calculated attributes and harmonized metadata through RDF in humans, viruses, microbes, 
and especially plants and animals (https://f1000research.com/articles/8-1751). 


