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Why Sorghum?
<+ Fifth largest crop worldwide

> grain, forage, sugar crop (wine) glqum

+» 2nd Jargest source of biofuel in US

pores reduce
sorghum'’s leaf

It only tak ix
water loss SR ases s

inches of total water
Dormancy traits to produce the first
allow sorghum to bushel of grain sorghu

% Climate resilience ._ Qg ST
> The Camel Of the Crop Sorghum has a long planting

season anddiverse hybrid
portfolio, offering farmers a
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in moisture during of mositure patterns
dry conditions
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m Soil adaptability ; i P N
> Efficient in conversion of solar energy ! e
and use of water - A
> Sustainable agriculture

heat tolerance water holding capacity
and reduce runoff
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Sorghum’s fibrous

+» Model organism for C4 photosynthesis ] .o -
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Genetic Variation

> Planta. 2022 Jan 11;255(2):35. doi: 10.1007/s00425-022-03821-6.

Explore the Impact of Variants o Genomes

= SorghumBase: a web-based portal for sorghum
m genetic information and community advancement

News

Relevant developments in Sorgt

Nicholas Gladman ', Andrew Olson 1, Sharon Wei ', Kapeel Chougule ', Zhenyuan Lu !,
Marcela Tello-Ruiz 1, Ivar Meijs 1, Peter Van Buren 1, Yinping Jiao 2, Bo Wang !, Vivek Kumar 7,
Sunita Kumari 1, Lifang Zhang 1, John Burke 2, Junping Chen 2, Gloria Burow 3, Chad Hayes ¢,
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* Resource interoperability / unification s
.:. community outreach We .would love to hear from I
> News - 120 posts in the last 12 months st
- > Events - 153 events last year + 16 upcoming
> Publications - 953 papers
e! > Research Highlights - 87 in last 12 months et
> Funded Projects - 289 Nkl
Yo > Training - User guides, YouTube vignettes*
§ /' > (Sl seminars
> Workshops - In-person bootcamp December, 202
>
o Custom Workflows Scientific Advisory Board
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Sorghum Breeding Lead
Corteva Agriscience Purdue University Clemson University
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Sorghumbase Infrastructure Diagram

Data Databases Web Services User Interfaces

Genome assemblies Ensembl web server G
Genetic variation > , core, compara | ~—*>  Ensembl REST API enome
’ : browsers
Gene structures e. variation DBs BLAST service

Reactome web server
~ —»< ’
Curated Pathways % Plant Reactome [—> Reactome AP Plant Reactome
:"'ﬂ" e :
EBI Atlas
Atlas web server

@ EBI Atlas eFP [~ Atlas API
Genes web app

Gene Expression - N

BAR eFP services
Metadata

Germplasm identifiers
Taxonomy
Ontologies

.mongo JSON docs \
Gene names

Y

Search interface
Summary views

Gene descriptions Gene search APIs Gene details
Location
" Expression
= - = Search index Pathways
SEBs., - (SO
Papers
/\
v
Content Y
Management \
icati ‘'WORDPRESS
Publications W Python Flask App ) SORGHUMBAGSE
News & Events < /
Release notes
s Code &
Training guides GitHub

fundedprojects Documentation




Curated Genomic Input Data

Data

Genome assemblies
Genetic variation
Gene structures

Curated Pathways
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Gene Expression
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Gene Expression

EBI Expression Atlas: 8 baseline expression studies, 3 differential
expression studies available on the site. 10 in the pipeline to be
release in next cycle.

BAR: we curated 6 studies and generated pictographs for eFP
browser. 10 new studies to be processed for next release.

| Natural Variation EMS Populations m

All

Tao et al (2021)

S. propinquum

|$369-1, AGG324436|

|CNs0314264

Tao et al (2021)




e/ Genome Browser

Data Databases Web Services User Interfaces
- Ensembl web server Genome
- Ensembl REST API browsers
BLAST service

e i
e genome browser for each assembly
o local, regional, chromosome, and karyotype
o custom tracks
e gene/transcript/protein pages
gene trees and orthologs
e genetic variation views
o population genotypes, frequency
o Variant Effect Prediction (VEP)
e BLAST: genome, transcriptome, proteome
e export data and views
e REST API

SeTToTes T FAAS O

Genome assemblies
Genetic variation
Gene structures




A7 Pathway tools

Data Databases Web Services User Interfaces

Genome assemblies

Ensembl web server Genome
Genetic variation > , core,compara | >  EnsemblRESTAPI - browsers
Gene structures e. BLAST service

variation DBs

o .
Metabolism \\

. ..'. .nd regulafion \

Reactome web server < > L4 i

Curated Pathways > —> - Plant R m : H
Y f( Plant Reactome Reactome API s EaSrame : : ‘ . !

Plant React me . o 3

‘Gramons Pathways

Fireworks view (hierarchy) = Iy =
Pathway diagram “ -V |
Access gene expression data t _ |
Integrated interaction data - e
Programmatic access via AP i A

S — — A romologe




@ Gene Expression

Curated Pathways =

(f\’ Plant Reactome

Gene Expression

@ EBI Atlas @eFP

=TS

T

BAR

Reactome web server
Reactome API

Atlas web server
Atlas API
BAR eFP services

e Curated sample metadata
(ontologies)

Anatomograms
Customizable heatmap view
Data export
Programmatic access

Showing 50 of 24,388 genes
found: ® Gramene genome browser v Download =+

Glick on a cell to open the selected genome browser with attached tracks if available

&
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SORBI_3004G180301

SORBI_3004G198701

SORBI_3003G305700 _—
Sorghum Stress Atlas eFP Browser

Based on data from McCormick et al. (2018) The Plant Joumnal 93:338

potassium and sodium nitrate
as sole nitrogen source

Control - 30 DAE grown under
standard conditions

S. bicolor

30 DAE grown on 5mM urea
ammonium sulfate as sole as sole nitrogen source

o s
Masked nitrogen source
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Building the Search Index

Metadata

Germplasm identifiers
Taxonomy

Databases

core, compara
variation DBs

e/
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Plant Reactome
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Ontologies
Gene names
Gene descriptions
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. mongo JSON docs

S —
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Solr 2 Search index
v
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@ EBI Atlas eFP

e Extract genes, gene trees, pathways,
expression levels and domain
annotations from primary databases

e Extend annotations with synonyms,
ontologies and hierarchical metadata

o GO, PO, TO, taxonomy, etc.
o Interpro domain hierarchy
o Pathway hierarchy

e Identifiers and common names for
genes and germplasm

e Load into mongoDB collections

e Build Solrindexes

o genes
o suggestions (search terms)
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Integrated Search

e Deploy APIs at data.sorghumbase.org
e Genes web app (javascript)

o Redux state management

o React components

o Embedded 3rd party widgets

BAR

Genes web app

Search interface
Summary views
Gene details
Location
Expression
Pathways
Homology
Papers

.mongo‘ )12 JSON docs

e »
"
SOl.ré Search index

Gene search APIs
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Community info

e WordPress content management system

Publications

O

o Research Highlights
o News and Events

o Funded Projects

e GitHub: code, release notes, and documentation
e Access through sorghumbase.org

e Bulk data access at ftp.sorghumbase.org

Publications
News & Events
Release notes
Training guides

GitHub Co%&

Documentation

/

N
%

Summary views
Gene details
Location
Expression
Pathways
Homology
Papers

Y
Python Flask App —><ﬂ SORGHUMBASE . )

Gene search APls
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Search Views Are Completely Integrated

many ways to find genes of interest
not all genes are well annotated -
homology helps

not all gene models are okay - curate
new integrated views based on user
feedback

> Sequences tab - quick access to DNA, RNAs, (

proteins
> Germplasm with protein truncating variant
(PTV) alleles

Short Root

Genes 404 terms

Website 4 matches

Plant Ontology: anatomy

( woo apicaL wemisTew o I LLLLLLLLLLL I uuuuuuuuuuuuuuuuuuuuu I oooooooooooooo o [ RRRRRRRRRRRRRR © | rrmary roor )
LLLLLLLLLLLLLL o ] RooT cAP @ I RooT TIP @3 I ROOT ELONGATION ZONEQ@D |
InterPro: Family
[ RooT_car @) I v @ I ...... ) I anananananan o I 1213 @B ] uuuuuuuuuu o I wus_ran @D 1 NNNNN @ I @D I 2@ |
Trait ontology
[ oooooooooooooooooooo o I oooooooooo o ] ooooooooooo T oooooooooooo I oooooooooooooooooooooo o I oooooooooo o)
[ uuuuuuuuuu o I ooooooooo o ] ooooooooooooo o I rrrrrrrr @ )
Gene Ontology: biological process
[ LLLLLLLLLLL o I ros N ) I LLLLLLLLLLLLLLLLLLLL @ [ AAAAAAAAAAAAAAAAAAAA o
[ .......................... ) I rrrrrrrrrrrrrrrrrr @ | sreicHosasT orFreRenTIATION o I nnnnnnnnnnnnnnnnnn ) ( AAAAAAAAAAAAAAAAAAAAAAA o ]
AAAAAAAAAAAAAAAAAAAAA o )
=3 =]
HH
News Tools Events

Relevant developments in Sorghum research Gene Search, Genome Browser, BLAST

Uncoming Meetings and Conferences
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Q SORGHUMBASE

Genetic Variation

Explore the Impact of Variants on Gene Structure

News

Relevant developments in Sorghum research.

NEWS _

ENGAGE _ GENOMES _ TOOLS _

Gene Expression

Access Curated Gene Expression Data

c—
L— |
Tools

Gene Search, Genome Browser, BLAST

RESEARCH

ABOUT _

Pathways

Plant Reactome Pathways on Community Reference Genomes

c'—nh

[EH]
Events

Upcoming Meetings and Conferences

Search

14



Streamlining Data Integration Through
Standards

% 4+ AgBioData




*2i+ AgBioData

Standards for Genetic Variation WG . ”
Coordinate With EVA For My ;/ e e e
Stable Variant IDs - EMBIEED

Collect and centralize data, easy to find, share, organize, maintain (FAIR)
Reduce redundancy, stable unique identifier for each unique genetic locus
Crosslink to other data archival resources

NCBI dbSNP & EVA provided ‘ss’ & ‘rs’ identifiers for human and non
human species

Identifier Example Description

type

ssID ss335 Submitted SNP ID assigned by dbSNP or EVA.

rsID rs334 Reference SNP ID assigned by dbSNP or EVA. ssIDs of

the same variant type that colocalise are combined to
give an rsID for that locus.



Sorghumbase 2023-2024 Highlights

% Data
> 41M SNPs assigned rsIDs (EVA releaseb)
> 234 GWAS traits from meta-analysis of 25 studies (SAP population)
> Non-coding feature tracks for all genomes (tRNA, miRNA, snoRNA ...)
> Sorghum Literature: 214 papers, 30 highlights, 289 funded projects
> expression data sets from 11 studies were curated
* Tools and functions
> eFP expression browser
> Sequence tab
> Germplasm tab serves Protein Truncation mutant lines from GRIN Global
And SorbMutDB
> Papers tab for community curation



(GWAS meta-analysis)
Phenotype

data Genotype => Phenotypes

Variants with associated phenotype

Related conditions for Protein @

© Ontology tel

TO:0000490 - seed protein composition trait

EELLENEEL Y v T0:0000598 - protein content

il

‘ SORGHUMBASE BLAST Help Feedback ~Genome Browser Reld .
Sorghum bicolor ssp. bicolor BTx623 (sorgh lor_NCBIV3 Accession
“ SORGHUMBASE BLAST Help Feedback Genome Browser Release Notes u 9 P. (Borghumiblcolor NGBS, . Definition

Losaon: 25700470557 664706 Varant sTsterte.
olor BTx623 (Sorghum_bicolor_NCBIv3) ¥ Phenotype-based displays
AsSaclated joc] Loci associated with Protein @

ﬂ Sorghum bicolor ssp.

Variant: rs872512714 Related conditions

Variant displays £ Configure this page

|- Explore this variant rs872512714 snp Filt Annotatio : Al
S sanamcconon A Y Poetrs e ALY Arvtaten soura PhenotypelDiseaserTai

protein content
TO:0000598 (TO)

[T ¥ Mapped ontology term: All [l ¥ Filter Other Columns.

_Showlh le columns

Search.

|- Genes and regulation Most severe consequence missense variant | See all predicted consequences = escioucn M pod onoIouVEEIT) am
L Rk soquaes ‘ Frotn e o .
| Genotype frequency Alieles AJT | Highest population MAF: 0.63 o — renpowen -
in conten in conten -
lLPhenotwe data Location Chromosome 2:57664706 (forward strand) | VCF: 2 57664706 rs872512714 A T |[ESEIEEIUEEEN Name(s) Type Genomi £2ehn.coiel plaien.col
Sample genotypes rs873693523 | Variant 1:31429: Leaf crude protein protein content = - 1
|- Linkage disequilibrium HGVS names This variant has 3 HGVS names - Show [ — T Variant s e 7
|- Phylogenetic context Synonyms SAP_Boatwright_study tmp_2_57664706_A_T e  Variant Protein (% dry basis) protein content - 7 =
|- Citations 155421528692 ] Variant 2575698)  proiein digestbl T - R 5
3D Protein model gxl,elmﬂl, Links rs5421590975 | Variant 2:57607
riginal source Short variant data imported from EVA @ (release 5)
£# Configure this page About th " P9 @ ) rs162660399 | Variant 2:57607!
ut this variant This variant overlaps 1 1 t, has 400 sampl 0 d ted with 7 phenoty =2 : Equi "TOx g
is variant overlaps 1 transcript, has 400 sample genotypes and is associated with 7 phenotyg T | Varant 2:576282] "+ Equivalent to the ontology term "T0:0000598
N Custom tracks — e ssveona] 18+ Child torm of TO0000508"
15 ariant
Phenotype Data @ ! *._: Term related to "TO:0000598"
4 Export data 15266788758 ] Variant : 7 1
Significant association(s) 15872411270 ] Variant 2:57633531 (+) - MURAL_META_GWAS_MashR Rhodes et al. 2017
¢ Share this page
1872411270  Variant 257633531 (+) - MURAL_META_GWAS_MLM  Rhodes et al. 2017
F Bookmark this page Show I entries Show/ide cokims (1 hidoen) 15873138595 | Variant 2:57633547 (+) - MURAL_META_GWAS_MLM  Rhodes et al. 2017
Phenotype, disease and trait 4 Source(s) External reference Reported g 15267048224 | Variant 257633560 (+) - MURAL_META_GWAS_MLM  Rhodes et al. 2017
Eat MURAL_META_GWAS_MLM Bhodes et al. 2017 SORBI_300 15266386005 ] Variant 2:57634606 (+) - MURAL_META_GWAS_MLM  Rhodes et al. 2017
MURAL_META_GWAS_MLM Rhodes et al. 2017 SORBI_300 15266318394 ] Variant 2:57634668 (+) . MURAL_META_GWAS_MLM  Rhodes et al. 2017
Protein+Fat MURAL_META_GWAS_MLM Rhodes et al. 2017 SORBI_300 155421475604 | Variant 2:57651922-57651958 (+) - MURAL_META_GWAS_MLM  Rhodes et al. 2017
Starch+Protein+Fat MURAL_META_GWAS_MLM Rhodes et al. 2017 SORBI_300 1s875367578 ] Variant 257651948 (+) - MURAL_META_GWAS_MLM  Rhodes et al. 2017
Starch:(Protein+Fat) MURAL_META_GWAS_MLM Rhodes et al. 2017& SORBI_300 155421510286 | Variant 2:57652008 (+) 2 MURAL_META_GWAS_MLM  Rhodes et al. 2017
ST MURAL META_ GWAS_ MLM Rhodes et al, 20178 soRBI 30d 155421495708 | Variant 2:57652050 (+) - MURAL_META_GWAS_MLM  Rhodes et al. 2017
1871056070 Variant 2:57652069 (4 - MURAL_META_GWAS_MLM  Rhodes et al. 2017
Starch:Protein MURAL_META_GWAS_MLM Rhodes et al. 2017 SORBI_300 I & EMETA QAo
155421581394 | Variant 257662626 (+) - MURAL_META_GWAS_MLM  Rhodes et al. 2017
1873057973 ] Variant 257664673 (+) SORBI_3002G190300 MURAL_META_GWAS_MLM  Rhodes et al. 2017
Genes in this region 15266985672 ] Variant 257664687 (+) SORBI_3002G190300 MURAL_META_GWAS_MLM  Rhodes et al. 2017
The following gene(s) in the region of this variant might have associated phenotype data: Ll [ ZEEs) LTI DR MEIMSEELI  Gisoc Wil
15873209183  Variant 257664729 (+) SORBI_3002G190300 MURAL_META_GWAS_MLM  Rhodes et al. 2017
Gore HGNC name 3 1 \aciant 2576607860 gL MUBAL META_GWAS MM, Rhodas atal 201
SORBI_3002G190300 - Overlaps variant

GWAS Data from Mural et al (2021)

Phenotype => Genotypes



Associated Phenotypes in Karyotype View

Chromosome Protein Coding Genes Short Non Coding Genes % GC GWAS SNPs aTL
6 Repeats
E =|
GWAs peaks |
(Mural et al, 2021) :
Meta-analysis <
234 traits ST {
400 SAP ]
The Sorghum
== )
QTL Atlas
(Mace et al, 2019) —
—
é |
—1
- = , ﬁ,}.
= —
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Click here to
order seeds

NEW Search Feature
Germplasm Tab e Integrated LOF alleles
e Links to obtain germplasm
e Find other impacted genes
Sorghum bicolor ssp. bicolor BTx623 5 5 Closest Annotated Homolog
Os. Japonica Nipponbare
SORB|_30066095600 SPH 86% identity
Sb069g018040, Sobic.006G095600
similar to Lipoxygenase
Sequences Location Expression Homology Pathways Add Papers Xrefs
Predicted loss-of-function alleles were detected in these germplasm.
Explore other variants within this gene in the Variant image page in the Ensembl genome browser.
Order Germplasm Synonyms Study/Population VEP Consequence Allele Status All LOF Genes
— P| 678262 P1678262 Purdue EMS stop gained heterozygous m
Pl 701663 ARS105 USDA Lubbock EMS splice acceptor variant heterozygous m
Pl 701655 ARS97 USDA Lubbock EMS splice acceptor variant heterozygous m
SorbMutDB LBK_15M2-1535 USDA Lubbock EMS stop gained heterozygous

Search for all genes with potential LOF alleles in this accession T

SEARCH
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Community Engagement Is Our Priority!
contact@sorghumbase.org

Mailing list
o Visit www.sorghumbase.org to join!

Events (https://www.sorghumbase.org/events)

Training guides and videos (https://www.sorghumbase.org/quides)

1-on-1 training is always available
Training opportunities
o Navigating and using website
o Community curation of gene structure
o Metadata and sample submission
o Content management system
Working Groups
o Community Mapping Panel, Reference Genomes

o Phenotype (future working group)



mailto:contact@sorghumbase.org
http://www.sorghumbase.org
https://www.sorghumbase.org/events
https://www.sorghumbase.org/guides

Quick
Guide

Becoming an expert at SB
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Mailing List
variation Contact Us

Variation

Variation in SorghumBase is available for short variants (genetic variation, which in turn may be naturally occurring or chemically
induced) and QTL variants associated with physical traits.

Genetic & Phenotypic Variation

Genetic variation data sets are available as over 61 million sorghum variants including more than 57 million natu o o
Nucleotide Polymorphisms (SNPs), and 4.3 million chemically-induced variants (i.e., ethyl methanesulfonate /™ Tra | n | n g

In addition, we host nearly 6,000 QTLs for 220 sorghum traits from the Sorghum QTL Atlas. .
. o available
Naturally occurring genetic variation - SNPs

Currently in SorghumBase, there are two SNPs data sets for sorghum BTx623: Conta Ct US!

¢ The Lozano SNP dataset (Lozano et al, 2021) consists of nearly 13 million SNPs in 499 sorghum accessions, inc' <
TERRA-MEPP and TERRA-REF population panels, and the samples previously reported by Emma Mace and col’ .ors
al, 2013).

« The Boatwright SNP dataset (Boatwright et al, 2022) consists of almost 44 million genetic variants including nearly 38 mili NPs

and 5 million indels genotyped in 400 Sorghum Association Panel (SAP) accessions via whole-genome sequencing (WGS).

hemically induced genetic variation - EMS-induced mutations

Currently in SorghumBase, there are two collections of EMS-induced mutant lines. EMS is a chemical commonly used to cause point
mutations, that is, to change single nucleotides in the DNA of a plant seed.

¢ The Xin EMS dataset (Jiao et al. 2016) includes over 1.7 million EMS-induced G/C to A/T transition mutations annotated from 252 M3
mutant family pools selected from the 6,400 sorghum mutant library in BTx623 background described by Xin and colleagues (Xin et
al. 2008). Genomic DNA used for sequencing was pooled from 20 x M3 plants per M2 family (Jiao et al. 2016). This set superseded
the 1.5 million mutations originally called in the Jiao study.

¢ The Addo-Quaye dataset (Addo-Quaye et al. 2018) with over 2.5 million variations identified in 486 sorghum accessions from the



https://www.sorghumbase.org/contact
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