Translational Bioinformatics Frameworks and
LAV Al Solutions for Multiomics Research

AgBioData Webinar
Aug 6, 2025

Dr. Trupti Joshi

Adjunct Faculty
Department of Biomedical Informatics, Biostatistics and Medical Epidemiology
Core Faculty MUIDSI, DPST, LSC, IPG, EECS
University of Missouri - Columbia



Outline

* Introduction

 Translational Bioinformatics Frameworks and Al Solutions
» Multiomics Data Framework Development

» Multiomics Data Integration Tool Development

» Multiomics Informatics Method Development




Genomics and Multiomics Datasets
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Omics instances

Integrated database

Mutant lines

Matural variations

Metabolic map

Metabolome profiles

Proteome / modificome profiles

Subcellular localization

Full-length cDNA clones, ESTs

Expression profiles

Non-coding ENA profiles

Co-expression network

Genome sequence, gene annotation

Re-sequencing

Focused gene family database (eg.
Transcription factor)

DMNA methylome

Chromatin epigenome

Informatics and
Computational methods have
rapidly become an essential
component for all biological,

- SRR piomedical, animal science

and plant science studies!




The Model Has Changed!!

The Model of Generating and Consuming Data has Changed !!

Old Model: Few organizations are generating data, all others are consuming data




What's Challenging?

It is the diversity of high-throughput
technologies and the amount of generated
data that need to be integrated together, to
convert data into meaningful knowledge and
making novel discoveries!

Multiomics data are often individually
scattered across different databases and
repositories, making it difficult for its users to
access them efficiently.

Getting a comprehensive view from data
iIntegration needs advanced techniques.
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Precision Agriculture

Precision agriculture is one of many modern
farming practices that make production more
efficient.

Decisions based on many Agronomic Data

— Hybrid selections, Plant populations

— Yield data , Soil data

— Pesticide, Fungicides

— Genotypes, Environments

— Economics, Market Prices

Data generated can be utilized and applied for
selected crop breeding, improving yield, pest
management, crop disease analytics, spraying
decisions and many more.
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Modern Farming
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Modern day farming and agnculture IS as much about data,
as it is about sowmg and harvestlng I



BIG Data Challenges
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Emerging Trends
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Joshi Lab
Enabling Translational Research

Data: Bulk & Single Cell Knowledge: Phenotypes:
Genomics & Epigenomics Functions Plants & Crops
Transcriptomics Pathways Animals & Pets
Proteomics Regulation Human & Diseases
Metabolomics Networks Microbes & Viruses
Phenomics and Others Homology

Data volume: huge Transform Data into Precision Agriculture
Data types: diverse - Knowledge with Precision Medicine
Data access: spread Informatics Algorithms, Food Security

Data complexity: high Tools & Databases Genomic Epidemiology

) o
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Joshi Lab - 3 Essential Research Pillars

Translational Bioinformatics

Multiomics Multiomics Multiomics
Informatics Informatics Informatics
Data Analytics Data Integration Method
& & &
Framework Web-based Tool Algorithm
Development - Development Development
O High Throughput Analytics O Multiomics Data Integration Q In Silico Hypothesis Generation
QO Database and Web-Based Techniques Algorithms
Portals Development O Web-based Tool Development O Machine Learning Methods
O Downstream Analysis and for discovery O Deep Learning Methods for
Inference Tools Development Q Public Accessibility and User Phenotype Predictions
U Training and Feedback Base Support Q Artificial Intelligence (Al)
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Joshi Lab

Enabling Translational Bioinformatics Research
|

Multiomics Multiomics Multiomics
Informatics Informatics Informatics
Data Analytics Data Integration Method
& & &
Framework Web-based Tool Algorithm
Development Development Development
e R - " -
Q High Throughput Analytics QO Multiomics Data Integration Q In Silico Hypothesis Generation
O Database and Web-Based Techniques Algorithms
Portals Development Q Web-based Tool Development Q Machine Learning Methods
O Downstream Analysis and for discovery Q Deep Learning Methods for
Inference Tools Development Q Public Accessibility and User Phenotype Predictions
Q Training and Feedback Base Support Q Artificial Intelligence

EE U G2PDeep

Soybean Knowledge Base G2PDeep

https://soykb.org/ https://g2pdeep.org/

Multiomics Data Integration

IMPRes

Allele Catalog Tool

KBCommons Knowledge
https://impres.missouri.edu/impres

Base GenVarX Tool
https://kbcommons.org/ SNPViz Tool
scPlantAnnotate
AccuTool https://scplantannotate.missouri.edu/
@ scPlantAnnotate
MADis Tool

)
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Translational Bioinformatics Resources and Al
Solutions

» Multiomics Data Framework Development

“*SoyKB and KBCommons
3D Omics Suite

*» Cross-species and Comparative Multiomics
Translation (CCMT) Tool




Soybean Knowledge Base (SoyKB)

. SoyKB is a comprehensive all-inclusive,
“one-stop-shop” web resource bridging
soybean translational genomics and
molecular breeding

« SoyKB provides integration of multi-omics
data types including

- Epigenomics - Genomics
- Transcriptomics - Proteomics
- Metabolomics - Phenomics

« SoyKB provides access to analytics linked to
XSEDE HPC and cloud data storage on
Cyverse

https://soykb.org

« Has 1000+ registered users across academic
and Industry all over the world

SO)’U P

Joshi et al. Plant Genomics Databases 2016; NAR 2014; BMC Genomics 2012.
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KBCommons Informatics Framework
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« Knowledge Base Commons s R
(KBCommons) comprehensive - e . https://kbcommons.orq
framework providing web-based | 2
access for

Zeng et al. 2018. BIBM; 2019 BMC Genomics

Add version to KB Create new KB

Quick search ] Gene Card___ [

4 Latest News

— Storage, management, sharing,
analysis, integration and
visualization of genomics and
multi-omics data.

— Adopts, expands and
customizes our SoyKB tools for
other model organisms, crops,
animals and biomedical
diseases. CYE e re——— B |

4 Sponsors

— Provides seamless links to HPC

Available for various important species including:
and cloud resources and P P g

int i fin-h - Plant & Crops (Maize, Arabidopsis, Rice, Camelina, Cuphea, Pennycress)
2]1 eglra IOQ O .Itn' O?Se hical - Animal & Pets (Mouse, Rat, Dog, Worm)
eveloped suites or grapnica - Human & Diseases (Cancer, Endometriosis)

visualization tools. - Microbes & Viruses (HIV, B. japonicum, SARS-CoV-2)

) s
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KBCommons Architecture

« KBCommons is implemented using Laravel-PHP
framework, Javascript, PHP, MySQL and MongoDB

databases.
SYSTEM IMPLEMENTATION
1
LARAVEL FRAMEWORK FRONT END CSS STYLE BACK END DATABASE
[ T 9 ] [ I 9 1 [ l:;)l 1 Q I_'_Ir::
[ Model |[ view |[ contraller | | HTML || Angulards || JavaScript | [ Bootstrap || w3css || custom | | PHP || Python | | Mysal || mongoDB |

N\ Laravel HTML Bootstrap MVSCImL

INNGULARIS 2 python” [JC RPN

JavaScript




KBCommons - V1Website redesign currently ongoing !! - V2

LOGIN SIGNUP CONTRIBUTORS FUNDING CITATION

& TTATNTIITE DATA INTEGRATION o . apgycs

‘FRAMEWURK g

KNOWLEDGE BASE COMMONS

I ->
' _) 3

BROWSE KB CONTRIBUTE TO KB ADD VERSION TO KB CREATE NEW KB
Below is the list of Got new data to update Did not find the specific Did not find the KB of
Organism we have. the existing organism version of Organism you Qrganism you are
Please select to with? Click below to are looking for?? Click looking for?? Click
proceed using the tools. add. Please login first!! below to add. below to add.

)
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3D Omics Studio

Differential Expression Suite being upgraded to 3D Omics Studio to support diverse multiomics data
and now incorporate Upset Plots, Function and Pathways Enrichment Analysis (GO, KEGG,
Reactome) and PPI Networks

3D Omics Studio
. Home I Gene Lists I Analysis & Results I 2D Volcano _

. Home I Gene Lists I Analysis & Results

Notch-Control_vs_WT-Control

e

. . . copy | csv Search:
Differential Expression -
GenelD Locus Sample_1 Sample_2 Status Value_1 Value_2 Fold_change Test_stat P_value Q_value Significant
Select the organism, gene version, data type, dataset and method
g 127- -
X . Bel6b L0228 2T N WT-Control ~ OK 0.54876  0.0983771 -2.47978 -1.20623 00002  0.00326563 yes
Organism Version DataType 70229798 Control
MusMusculus - GRCm38_83 - RNA-Seq FPKM - Differential - hr2:152626950-  Notch-
Rem1 o ot WT-Control  OK 132786 0554531 125076 -153058 000045 000656182 yes
152635198 Control
Dataset Method
- - Home Gene Lists Analysis & Results 2D Volcano
Select multiple conditions
Notch-Control_vs_WT-Control UpSet Plot n
[m] Notch-Control_vs_WT-Control [m] Notch-IL4_IL13_vs_WT-IL4_IL13 m Upset & Venn Plot
2D Volcano 5 o o | oo * Downregulated
Notch-IL4_IL13_vs_Notch-Control Notch-LPS_IFNY_vs_Notch-Control NotSignificant Reset 125
Fold Change i 1. Select Plot m
WT-LPS_IFNY_vs_WT-Control og - ° : .' . Significant elect Plo . o
25 o ouloe ® Upregulated Upset  J Venn % " o
b T T R R ET ecoloe - 5 H
o 0123456788910 48 2. Select condition from the plot (optional). 5w
Setup filtering parameters - o e g
5] . 2 1s
0 (0.05] 01 I M % iz
Fold change method: Absolute log a Jlie N
Ao g 15 “e
T ] o hi4 °
10g2(x): - 2 1 < Ighj . cz [ J
0 002 004 006 008 01 ~ ¥ | - Condition Legend
> Gm11632 s [ )
° 1 Code Name
. . ! REL 49305GBBRORIKC192hj2 oo o
Filter Value: -vall
tter Value: arvalue Color c1 Notch-Control_vs_WT-Control ‘ LJ
-val -val 0.05 A o 150 100 80 O
p-value e Selection 0.5 c2 Notch-IL4_IL13_vs WT-IL4_IL13 Set Size FARE)UMEY
Downregulated c3 Notch-LPS_IFNY_vs_WT-LPS_IFNY
Analysis Options: red - o— e I by Show 10 ~  entries Search:
Both Up-regulated  Down-regulated 1o s K s 1 s P R
NotSignificant Fold Change 1500015A07Rik RIKEN cDNA 1500015A07 gene
L m 3632451006Rik
Aak1 AP2 associated kinase 1
Ada adenosine deaminase
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3D Omics Studio

. . Protein Protein Interaction Network
Gene Ontology_ Function Analysis

PPI Score Selection
Select by id v @ @

Selectby Gioup w7
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Cross-species and Comparative Multiomics *
Translation (CCMT) Tool

Tool in KBCommons for comparing multiomics data between species and/or
between various multiomics data types within species and generating gene
regulatory networks

arative Translation Tool




CCMT Tool — Cross-Species

Cross-Species Translation Tool

SINGLE OMICS - CROSS SPECIES

O Transcriptamics

Transcriptomics Comparison

Select Organism Type

Plants and Crops

First Organism

Second Organism

-| Select 2 organisms
-| for comparison

Non-Homolog Gene Differential Gene Expression Statistics

Athaliana zmays

33.9%

M Up Reguiated B Down Reguiated M Not Significant

W Up Reguiated M Down Regulated Ml Not Significant

Non-Homolog Area Chart Both Organism- (Only Significant v

Gene Count

1 2 3 4 5 6

Log2 Fold Change

W Athalizna
o Zmays

Athaliana v Zmays
Version Version
TAIRLD - AGPV2_GM_5b
select File SelectFile
Jasmonate derivatives v B73_mutants_tip_base
General Information
Data Category Athaliana Zmays :
PeEERNES Homolog Gene Differential Gene Expression Statistics
Athaliana zmays
Total Gene 34133 7902
Total Homolog Pair (1:1,1:M,M:M) 3966 3966
278%
Total Homolog gene 3013 2268
Homolog Up regulated gene 412 789 I
Homolog Down regulated gene 320 848
Homolog Insignificant gene 2281 631
Total Non-Homolog gene 31120 5634 W Up Reguiated B Down Regulated B Not Signifcant W Up Reguiated B Down Regulated M Not Signific
Non-Homolog Up regulated gene 2012 2006
Homolog Area Chart Both Organism - (Only Significant) -
Non-Homolog Down regulated gene 1429 1910
P o
Non-Homolog Insignificant gene 27679 1718 ~
) I\
0
8 = 1 |
2 -

Statistics about homologous and non-

homologous genes

eaga A

... | Up and Down regulated

St hagtat rgog\ s vegeesa,

1 2 3 4 5
Log2 Fold Change

homologous and non-

homologous genes




CCMT Tool — Cross-Species

Homolog Gene Combination

M Different Regulation

orgl : Athaliana

Both Up
Regulated

Both Down
Regulated

Org1 Up Org2
Down

Org1 Up Org2
Not

Significant

OCrg1 Down
Org2 Up

OCrg1 Down
Org2 Not
Significant
Org1 Not
Significant
Org2 Up
Org1 Not
Significant
Org2 Down

Org2: Zmays

DEGs trend for homologous genes

Homolog Pair Pathway Information Both Up Regulated -

Metabolic pathways

Biosynthesis of secondary metabolites
alpha-Linclenic acid metabaolism
Plant hormone signal transduction
Flant-pathogen interaction
Phenylpropancid biosynthesis
Carotenoid biosynthesis

Arginine and proline metabolism
IMAPK signaling pathway - plant
Cysteine and methicnine metabalism
Linoleic acid metabolism

Pairwise Homolog Gene Relation

Zmays Log2 Fold Change
T

Both Up Regulated

Expression Patterns for

homologous genes

Mitrogen metabolism
Insulin resistance
Biosynthesis of antibiotics

Pathway and Domain Information

Homolog Pair Pfam Information

=

Pkinase o
UDPGT
p4s0
LRRNT_2
peroxidase
Abhydrolase_1
PP2C
PK_Tyr_Ser-Thr
AMP-binding
Exo70
Allene_ox_cyc
LRR &

Both Up Regulated v

2 3

Athaliana Log2 Fold Change



CCMT Tool - Comparative

e Translation Tool

SINGLE OMICS COMPARISION

= | Select 2 datasets or conditions in :
same organism for comparison v

1000-]
a0 v
800

T o ‘

8 soo .‘\ v

© B ~\

g fz:_ "‘ 1 W Anther

Comparative Translation Tool 200 ), \ oo
2004 "’
) N 100 p 1
O single Omics . . . . . . J . - -

MULTI OMICS COMPARISION Log2 Fold Change

O MultiOmics

Select Organism Type
pal
Plants and Crops L
P Common Gene Combination orgl: Anther org2: Sepal 5
Same can :
Regulated
. Zmays B |
organism ‘Reguiaed
Regulated
. . Select File orgt Up Orgzi
single omics -
roots in drought samples Org1 Up Org2 ] 7
Not .
d Significant | 5
a n Org1 Down
Org2 Up e
. . 4
. . . Org1 Down
I I l u |t| OI I I ICS Transcriptomics and Proteomics Org2 Not
Significant |
. Org1 Not
Significant
comparisons Org2 Up |
Org1 Not
Transcriptomics and Metabolomics e Significant
° Org2 Down |
Both not
M Same Regulation M Different Regulation Significant
. . 1‘0 Z‘D 5'0 OIG 5‘0 E‘G ‘0 EIO 9‘0 1 ‘30
Proteomics and Metabolomics B Combined Regulation

)
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CCMT Tool — Regulatory Network

1parative Translation Tool

Genie3 Tool

CROSS GENIE3 COMPARISION

O Cross Genie3 Comparision

Select Organism Type

Plants and Crops

Differential Gene Expression Statistics

Select Organism Selectan Condition [C_vs D v
TorgetGenes 203 Tanscption Factor 12
Gmax
Select Sample Select Sample
Genie3 Tool
Anther A Sepal
O Single Genie3 Comparision Select Condition Select Conditi
SINGLE GENIE3 COMPARISION
[o ol C_vs_D v C_vs_D
U ouitos B DownRaguatsa B st sgcan U Reuited W Do Rt B Mot Sncar
Select Organism Type
Flants and Crops General Information for Gmax Anther Tissue GENIES Gene Regutatory Network Resls
setectanConditon 20 <]
Gmax
Select Organism Data Category cwb lcwh e - Y vt v 7o [ceneme i
Gmax - - T O replotoryome ramily Anntation paolie ¢ avalie © foldchge ¢ RegoonSaus NoofTorgetenes
Select Sample Total Differentially Expressed Target Genes 201 445 807 T——— 2
Anther a] G e 016119500 TaLE BELLlke homeodomain 2 00102674 438191046 up_regulated 5
Differentially Expressed Up regulated Target Genes 200 442 800 0 @ owoceso o Sboxtypesine nger oy prtein oows  osezT uprepited p
o GLYMA 036130600 bHLH basic helix-oop-helix (BHLH) DNA-binding superfamily protein 00102674 2263093789 up_regulated 2
Differentially Expressed Down regulated Target Genes 0 0 0 ° P Scuence speifc oA Binding rnscption factrs cowssn  osusmss upregulied
o GUMAGRGOSITI  WYBMYSlaied  mybdamanprotenss cowdn  anamon upregulied 8
Total Differentially Expressed Not Significant Target Genes 1 3 7
Total Differentially Expressed Transcription Factor Genes 12 136 366

Select an organisms one or
two datasets for comparison
for gene regulatory analysis

Differentially Expressed Up regulated Transcription Factor Genes 12 136 363 Stat|St| CS Of D E G S (U p & DOWﬂ ),
Differentially Expressed Down regulated Transcription Factor Genes 0 0 0 TFS and ReQU|ated Ta rget genes
Total Differentially Expressed Not Significant Transcription Factor Genes 0 0 3 Wlth f0|d Changes In Cond”‘tons
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CCMT Tool — Regulatory Network

GENIE3 Gene Regulatory Network Results

Select an Condition
Gmax

Search: I Excel ‘[
O Regulatory Gene Family Annotation p_value q_value fold_change Regulg
- Status
@ GLYMA_14G103100  WRKY WRKY DNA-binding protein 40 0.0002 0.0314867 0.235681431 up_regy
@ GLYMA_18G176300  Dof DNA binding with one finger 2.4 0.00005 0.0102674 0.526679058 up_reg
GLYMA_01G179300 TALE BEL1-like homeodomain 2 0.00005 0.0102674 4.381910446 up_reg\§
GLYMA_D1G168500 DBB B-box type zinc finger family 0.00005 0.0102674 0.584312477 up_reg

protein

GLYMA_203221200

BLYMA_D1G142300 LYMA_170127300
GLYMA_113001200

BLYMA_166115800

BLYMA_IIG 182300 -
OLYWA_10G155300

GLYMA_ 14007290 MALISC218100 ALvMA 076214760
QLYMA_206232700

OLYMA_140052000
GLYMA_110135000 )
r GLYMA_DEG127400 OLYMA_HO073T00

GLYMA_ 106212600
OLYMA_18G200400

ELYMA, "QGNMDSL"M‘ o4a03600
BLYMA_D7G125500 S
BLYMA_1IGO1E700 CLYMA 100219200 Lt sfroTsty BLYIA 206218100

GLYMA_02G023500

GLYMA100053200

BLYMRDIEDGEL00

GLYMA_D2G082000 4 GLYMA_0G038 400

s menn
e i GLYMA_17G156200

SUYWABEESSH s 116163000

BLYMA_TIT005400

BLYMA_010166850

GLYUA_D4G289T00
BLYMA_BEG175200 QLVRIA_18G 150000~
‘S ot sbudng
4, 1861535
GLMAD3 125000 JUAM a1,

GLOMA_BEE235 4116051300

i nacsss SLTMACDIG 73T
GLYMA_DEGDS1T00 GLVMA_15G 116700

GLYMA_Yac077I00 GLYMA_05O181 3y 126055900

p—
cumagscs73b) . GLYNA_206183500 Surmh.00137500

'GLYMA_DBG 158580 ynA_3 26204
B VA_12G204200 GLYMA_15G209200

GLYMA_OTG1E4200
BLUYMA_156045400
GLYMA_0BG2083B0YMA_D4E015700

GLYMAL15G102800

Upset Plot

T T T T T T T T 1
88 90 80 70 60 50 40 30 20 10 0

Set Size

Intersection Siz

GLYMA_14G103100
GLYMA_D1G168500
GLYMA_D1G179300

GLYMA_18G176300

® Up Regulated L]
Target Gene

4 Up Regulated
Transcription
Factor

A Up Regulated
Target Gene And
Transcription
Factor

Down Regulated
Target Gene

# Down Regulated

Transcription
Factor

A Down Regulated

Target Gene And
Transcription
Factor

® Target Gene

Transcription
Factor

Down Regulated
Target Gene And
Transcription
Factor

Select 1 or many TFs to
see overlap and network
of regulated target genes




Single Cell Data Visualization in KBCommons

5 y P
i Pcsk2
. I Scg2
Cell Analysis Dashboard | Chga
Explore and analyze cellular data with advanced visualization techniques
Col25a1
Scn7a
g ? N p ; Srebf1
Cell Visualization Cluster Analysis Data Overview
Dive into the visual representation of Understand the behavior and Get a high-level overview of the datasets Ctss
single-cell data. Customize and interact relationships between cells using and the various parameters being C1qa
with the data through various filters. clustering algorithms. studied. I L Cx3cr1
Ccels
Cd3d
TR e me mm W W T Ee e e s e e w oW Lon2
Select Dimensionality Reduction Method: UMAP v ™ P Y P Cyp2f2
(R RERNN ERINY | TN Ea Krt18
Choose Annotation - P R TR I T B
ceurat clustere n Plotly Dimensionality Plot (UMAP) - Colored by seurat_clusters m A T R T R Emcn
. T T1 17T T sl FIt1
orig.ident .. ‘ e . TN N P
nCount_RNA 8 seurat_clusters ifie e e Be & L R ’Vap
nFeature_RNA g
Experiment X TR ENNE NN &= s &
percent.mt 6 . % 8 gn
integrated_snn_res.0.5 = ) 2 NN Y N Lum
HumanPrimaryCellAtlasData 4 _’;‘b‘ T it .“- - --. - ' .“ & . ik Den
BlueprintEncodeData & LB LA B
MouseRNAseqData - > <D QO 0
- o 4 &Y
g‘;zss:e?:;uneCeHEx i : & : r-. - ‘ ie gl “‘ . e .- il -' - . il 06 \\* '\$¢q’ s
pressionDatag - R L T N T L L < N ,} ~ Y
NovershternHematopoieticData b Y N \O 6“ '\\ t?
S T X a I E RN R N N T O R R R R T R R & PGS
> K
kmeans_3 < illlllllliq----'.-------......'..a.-q.--q.-... Q '*g
hc_corelation_3 N >
Cell Type 1 S b R T T I T T T e T TR T T T T S T T T T T TR T TR T T O N OQ ‘og
“ 2 : = | i | | & v
1 Endodermal Interstitial lineage <
6 - - »
” A ! ! o Epithelium o dorobled ciuaber, i
pd suspecied phag:
UMAP 1
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Translational Bioinformatics Resources
and Al Solutions

» Multiomics Data Integration Tool Development

“*Web Based Tools in SoyKB and KBCommons

— SNPViz v2.0 - Phenotype Distribution Tool
— AccuTool - Protein Sequence Logo Tool
— Allele Catalog

- MADis

— GenVarX




NGS Resequencing Data in Soybean

Soybean Curated Panels Soy775 Soy1066 Soy2939 *

Number of Positions 37,207,330 38,302,167 44,301,648
Number of Positions (SNPs) 31,694,543 32,524,427 37,351,027
Number of Positions (Indels) 5,738,668 5,523,044 6,691,310

Number of Samples 770 1,066 2,939

Utilizes the NGS resequencing data generated over a decade ago from prior USB investments and
enables newer discoveries by making it more accessible and interpretable for the community

Curated panels upgraded with newer accessions data from our collaborators

Community can submit their accessions of interest for yearly upgrades in future
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)50 BEANrKNOWLEDGE BASE (SoyKB)

. o~ eSO, j_r\:"f_@;S_oybean Translational Genomics
SoyHub in SoyKB o

Welcome to SoyHUB

Ahub for soybean-applied genomics predictions based on a curated panel of diverse soybean resequenced accessions (Soy1066).

Explore variation: Predict new causal mutations:

Allele Catalog AccuTool

- Find accessions with certain allele

https://soykb.org/soyhub.php/ _ - Use GIWAS resulsfor predicton

Find new alleles in known genes

- Calculate Accuracy for your markers or candidate causative
mutations (CM) based on Soy775 35.7M variant positions

GenVarx

A “HUB” for collection of soybean applied e ——— o

genomics prediction tOOIS based on the Eore AV hgpqﬁf;(pgeggm; gg“&:ﬁoﬁfsy%gggﬂgmggodsgtlggsetlg smpowered
soybean curated panels (Soy775, :
Soy1066 and Soy2939) including diverse o

- Mutative allele discovery - Search between reference genotypes, genome assemblies, or

reseq u e n Ced acceSSio nS : - Mutative allele position combinative calculations

Reference Interassembly Gene Browser

Protein Sequence Web Logo

- Generates sequence logos for protein based on multiple organisms

Survey for SoyHUB
We would love te hear from you about your experience with SoyHUE and our genomic analysis tocls. Your opinien is valuable to us as it will help us improve our existing tools

and develop new features. The survey should only take you a few minutes.

Your responses will be completely anonymous unless you lzave your email address to get in touch with us. VWe appreciate your inputt

Click here for Feedback Form

A




Tools and Methods Developed for Soybean

(and beyond)

« SNPViz
http://soykb.org/SNPViz2/

« AccuTool
https://soykb.org/AccuTool/

 Soybean Allele Catalog
https://soykb.org/SoybeanAlleleCatalog
Tool/

« Soybean Genomic Variation Explorer
(GenVarX)
https://soykb.org/SoybeanGenVarX/

Soybean Phenotype Distribution Tool
https://soykb.org/SoybeanPhenoDistTool

Soy Protein Sequence Logo Tool
https://soykb.org/SoybeanProteinSequen
celLogos/

Soybean Multiple Alleles Discovery
(MADis) Tool

https://soykb.org/SoybeanMADisTool/




Langewisch et
al. Plos One
2014

Zeng et al.
BIBM 2020,
IJDMB 2021

SNPViz v2.0 for Haplotype Analysis and Allele Discovery

A
. \ ‘SOYBEANKNOWLEDGE BASE (SoyKE)
Aweb r_e_'ls'm;_r'gld iﬂr_ Soybean Translational Genomics

I yeas se SNFVZ i published werk, please cite:

UK (200 8) Muper Sovbaan Matusity Case Fuplstypet Rirvealed By SNPAT Anaban of
el ent ol Soaan Camaames L8 OHE At eha1 S5 ot 16.) 31 el mene BOBATE

SNPViz v2.0 for haplotype analysis
and visualization of phylogeny and
haplotype to discovery allelic
variations.

Data version: _ Chromasome: Genome Version,

%‘ Chobe +— Chromosome Position

E"sm o | and Range Selection

Phylogeny Tree
Pasition: / ;

Range Type: 180568333 o8 & 3 ‘ ) 0 b 0 &«

|Rq_n£§_3nunesumnv| Range: P i g3 z28§E#8§:§¢:§8:58:§:835¢78:25¢2

Chogse Type 2000 {3:-:.—-.;-..---__.-??_-_;«.__-.1

Range around positin T

Range window . Annotation Table

- Selection for SNP and Haplotype Table i

SNP Option: D Jnd:_ais with fllterlng

(Gene Only options for coding

.

[Exons Only / genes, surrounding

it regions and SNPEFf

Only SNPs with SNPES annotations

| Only modifying §

Filter by p-valee 9 Y
Tenge [emamgle); Yes

Import GWAS sagmflcance pvalue and
Phenotype Color

Phenotype Color (lemplate): | Yes

MNPs

Drop Phenotype Color file here or click to upload
{Accepted files: .csv)

Pvalue Range

Highest:

oos Deop povalue file here or chick b upload
Lowest: [Acnpted fles: oum)
Visuizg SHPS Wil p-value

oy

230000000

.. SNP, INDEL and SNPEff Annotation

1

Tool is designed to utilize Soy Curated Panels to enable efficient identification of soybean
genes that control phenotypes by combining GWAS results and haplotype analysis

)
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Soybean Accuracy Tool (AccuTool) for Synthetic Phenotype to Causative Mutation
Analysis

= Main user input panel » AccuTool is a web-based product of the

S ] s R implementation of the Synthetic Phenotype

R S — o Association Study (SPAS) approach developed to

oo —— s enhance Genome-Wide Association Study (GWAS).

e T L,

P . o | oo iy * It allows calculation of the accuracy by associating

J ! wildtype (WT) and mutative (MUT) alleles and

O e o et Rt lhs s % E phenotypes to understand the impact of the mutation
B T ! ;- in order to capture causative mutations.

e Y AR

s ) lfg””"’““’"’”“ i mm. ‘3:0 *: wama * Through this methodology, more causative mutations

T Chromosome 13 {b0)

of novel genes can be discovered effectively to
evaluate the GWAS associations.

sty
e Pes  Avg Astwscy (W] Comb Agcu Pess (% et WIAteuS]  Mum of WT Linet  Missiog Gesotyps WT[%) MAUT Ascul)  Mum of MUT Lines  Missisg Gesotype MUT[]  Missing Phenotyps (%] Mulsie ALT = REF LT
BE0TTEE 58 orireas_pene_vania- b | B4

Re SLIl.t SECtIOn 18 29708395 B2 J1IGTI0  Gidownsieam_pwe_variant 6 an 8 e B o e
16 sEmTaT 0z dceamatream geca vanart - n A
e Clntamgerse. rogin " B me c
. 2ATREE Gintavena: megon 8. ] i G
Blova et al- 18 2arassa el wn R sl SE2418S Giyma 12g 140000 Chapmirmam _gene i 481 an 3 ne B4 |4 €
Genes 2023 18 Zab0008 Bk 35 CRRMBSMG  ssTiS61BS e 1g140400  Gipmissense,_variastDA70 03 an 4 8 B i ]
PP P e RN » Bl WD Chmortron sl 283 & i " - Py o
18 Sbeokie 8% 53 CMOMEMG  saTiSERIE e 18140500 Thopavaaes gane_variaet 18 ar i B £ T
Skrabisova et al- 2022 JOU I"na| 18 2peToR w7 T DMOTIIER  BTISERIR VA G000 GRS VR s an 43 mr B 27 ma c
of Advanced Research 18 Zmoes S0 £3 1 sarisedaioe Chrtmmaric regon os an ms wo B c

faini ) &1 25 OTEMMNG  aTISER107 Tt _saghn a2 am o R me

AccuTool is designed to identity causative mutations by effectively
evaluating GWAS hits by utilizing Soy Curated Panels
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Allele Cata log TOOl for :Llomf-fu'nction n::tatl;:r:;etﬂng a specific Glycine R Gene {G Lymaog{32351 DO) Use Case

max R2ZR3 MYB transcription factor result in brown

Alle le Discoverv and hilum and brown seed coats
Jasen D Gilman 2, Ashiay Tetiow, Jreng-Deorg L, J Grever Shannen & Kristin By
Phenotype Improvement “
X,
Soja_ | Landrace | Elite | Total | Cultivar | Gene |Chromosome| 45758816 | 45758833 4575 \ 45759100 45759137 \ 45759165 | 45760553 | 45760555 |
07 | 258 | 199 | 626 | 93 [Glyma. 09(‘235[00_ Chr()9 .[—m:f | GCAACTTTARef | NGIRef N CGiRef I IRef | S\ GIRef | ARef | GIRef |
0 | o9 94 239 3l Glyma09G235100] Chr09 | ClRef GCAACTTTAIRef ONgel "\ CGIRef [ ‘q_LRaf AlRef GlRef
0 | 44 46 90 5  Glyma09G235100] Chr09 CRef | GCAACTTTAIRef GIRY hg:e:r _ TCIRef Misplice_donor_variant&intron_variant|  AlRef GlRef |
0o | a7 18 55 9 Glyma09G235100] Chr09 CIRef | GCAACTTTARef | CIW3zs | ef | TCIRef GlRef ARef  GlRel |
o | 2 24 50 2 Glyma09G235100] Chr08 CIRef GCAACTTTAIRef GlRef  Clframeshift_variantG63fs TCIRef GIRef AlRef GIRef
2 . - 3 0  Glyma09G235100 Chi®® | AILI9I | GCAACTTTAIRef GlIRef CGIRef ] TCIRef GlRef AlRef GlRef |
1 1 0 Glyma09G235100] Chi09 | CIHEf | GCAACTTTARef GlRef CGIRef | TCRef GlRef ARef | CIEI66Q |
1 _ 1 0  Glyma09G235100] Chi® | C GOAACTTTARe! GiRef CGIRef TCRef GIRef CIEI6SA Gl |
0 10 1 0 Glyma09G235100] Chi® | C:af Glframeshift_variantlQ25fs.  GlRef CGIRef | TCIRef GlRef £ GlRef |

* The Allele Catalog can be used to discover new alleles in g&s""‘“——_\__ﬁ Newly Discovered Alleles
* The R geneis an R2ZR3 MYB transcription factor that shifts

pigment production from brown to black.

Figuras Figrss
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) = . . gl
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; g 1 s
1 an ] 6o
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’ g I 5 1o "G
Genomics. jo o fw " o
" o
154 " u Lbr
& Rbf
100 w = Dbr
o
m
R — P B
v ] GCAACTTTA ' [ GUAACTTTA
Genatype noty
Garotyps Funcionsl_(* r_Df_Accenmion_mim_ _mem I:M_ﬂ_lfwlf(m-\_ajmm-” Cﬂl_uj MWJJ w_ﬂm_ﬁjwm m Wm}mm wjﬁmmmmﬂ_ﬂmﬂ_ﬂ wj Furcesinge_si_M Coust_si_Mr Puroenisge_of i Cowrd_pl_Br Percentage_of_br
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T = s : o o o 5 Tar : [ Fa—- 5 = it ] i e ] j At =

Tool is designed to enhance the discovery and visualization of new alleles
and connect causative alleles to phenotypes by utilizing Soy Curated Panels
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Genomic Variations Explorer (GenVarX) Use Case to Target Copy Number Variations

Affecting Soybean Plant Height

GA20x8 Gene (Glyma.13G287600 and Glyma.13G288000) Use Case

Queried genes: GAZox8A gene

Chromosome] _Start | FEnd || Strand | Gene ID Gene_Deseription ]| (Glyme.13G287600)
Chrl3 || 38798562 | 38802911 | | iGlyma 13G287600[ OXIDOREDUCTASE, 20G-FE [ OXYGENASE FAMILY PROTEIN| | and GAZ2ox8B gene
Chri3 | 38235713 || 38839405 | | Glyma 13288000 OXIDOREDUCTASE. 20G-FE LI OXYGENASE FAMILY PROTEIN| | (Glyma.13G288000)

are enclosed in one

3

" Ee
§ G.osab
m
:
B o
‘ i I J — - -
o

Irmprovement_Status_Surmmary Bar Plot

B

The distribution of improvement status of soybean
1066 accessions in different copy numbers associate

to the GAZox8 gene.

CNV regions and accession counts in different CNs: CMNV region.
Ch | Start End Width | Swrand | N0 [ cNI cnz | cwa | cNa [ s CNe cNT_ | cns '___l_\
Chri3 || 38775001 || 38875000 [ ooo00 | ¢ ] o || 212 si3 | 1§ 28 [ 26 20 | 16 View Dtais} Gonoct Phenctypes |
CHN Box Plot
L=
N2
-] C.'\-i
= = — = & GG
o oN?
e . . .
— — The distribution of
I BN plant height phenotype
—— = .
associated to the
o —fe————— — — GAZ2ox8 gene is plotted

in a violin plot.

50 150 1
Phenstype Heasurement

CN Number_of_Accession_with_Phenotype] Number_of_Accession_without_Phenotype
CN1 58 154

CN2 195 318

CN3 1] 1

CN4 102 106

CN5 47 23

CN6 17 9

CN7 11 9

CNE 3 8

CN loss (CN1):

212 accessions Chan et al. 2023.
CN normal (CN2): Frontier in
513 accessions Genetics.

CN gain (CN3 - CN8):
. 341 accessions

A summary table associated with the
plant height phenotype plotted in the
violin plot above. This table
summarizes the accessions with or
without phenotype data in counts.

CN2

Other CNs

Ry, o
Y& q}

t

CN1

!
iy
27

"
g 11'
/A

Ay

Tool is designed to utilize Soy Curated Panels for discovery of variations in promoter
regions and copy number variations (CNV) impact on phenotypes

)
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Soybean Phenotype Distribution Tool for Allele Discovery from A Phenotype
Perspective

Generate phenotype distributions and utilize a mixed of statistics

that have high associations to the selected phenotype.

[ ] Gene || Phenatype [Phenotype_Data_Type|  Test Method | Minimum_Test_P_Value | Minimum_Negative_Log2 Test_P_Value | Maximum_Test_P_Value | Maximum_Negative_Log2_Test_P_Value|
| mm Vi Giyma 186089500 Mana-hiiney U Rank (o noonananos47a0z1487564 30 765626023041428 0.0431130601835487 4 535731220506188

14.0Z2785524 249258, .U.DZSEZZSUTWQDHST,

.;.5614951[!193954?. 5.126706108376455 . O rd er by minimum

| view Allels - ~ ] | Mdann-whitney U Rank| 0.000000000
| “cataicg |4 12hma. 18GOE2000 SREQWEIGHT foat | Teat; T-teat |0.000060078 75640362549

1730780 0.030TEETEA 1117643 l Q(P l } .
[ iz Whi 1l 1 T I =0 -vaiue) in
| vipetie | viow Dotats slmol“a:nsou SEEDWEIGHT fioat o initney U Rank |5 000000001 1478347082258 29.68831226867442 0042264622045 1 4 564405640897843 8
I i 1 T | . I T 1 I descending order.
e funte. | Viow Dotais (Giyma. 15007600 SEECWEIGHT o Mann-itney U Rank o o00p00gg 121728 10783487 29.45078963066033 0.0361080 4.791536451716971 g
| M; View Detais [Glyma. 175007000 SEEDWEIGHT fioat Maneriminey U Rank o 0000000016030584875526 28.969032194301377 0.00000000 19030534875526 28 963032194301377
% View Delas (Glyma. 15050800 SEEDWEIGHT float Man-niiney U Rank s poopaoonzeansasesisars 28 405432614678792 0.0166470892386301 1
Pinpoint causative variant positions in Allele Catalog Tool. e e n i s
- q it P oM THn OKD | TR | ORd | Okl Ok | THd | TR | CEIOG
i} & T o ] I Uit | TH | CHCEVME | TR e Okl | Okl | TEA Tt | TR |
Sapn | Lomdroen | Eie L] Lol | e . ER ) L S i [ANaY [ OTIME | TRe  OMIEW . TR Gl ksl Colead Toa TRe' | CHING
- — — | = — T [ANDMSY | OB | THM | ONEME | TR | CRd | Okl | OBl | TRM | THa | CHIOG
i . S Y [ e e e e e e — —
T ALY (e Ol Gl
; o Y| T ) || [ Y~ (S
I e W T hanalll Dl Mhiausa bl 1 THA | OMd Ol | TS | TR | TRd [ MPIL| Okl | O | TRA | T | TRt
¥ - - L2 L - i P PR e | ey oy ki e — ey ORI
: IR = ] r_,, . (Gt T TR | TR Ot o] Tt
» T omet | oma | ot ome . [y ey [y e e p— o — | — — —
i o e el Ol (il 1 J Pl | AHMAY | Ol TRS IR TR el :mlw'l el Lt o Rl
1 a i Al (et (e AT TR The et kel Cokel That Tl
- —b= T — T AR i AT | e ] |~
1 L] b Cad Ol ™o T T G el el ™A Tt Thal
1 ] Tl O ORel | TRl | o SR OWc | Ok Oko | TRo | The | T
T = T OOk TR CHGTE Tha | ORAOkeCa TR T | TR
[] a4 i Tkal m il That That Thai Gt = [= =] That That TG

Phenotype distribution

: | | visualizations for researchers
_ - . to understand the phenotype
differences in different
genotypes.

Tool is designed to easily identify the most important alleles for any given phenotype by
ranking all identified novel alleles by using the Allele Catalog Tool
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Soybean Protein Sequence Logos Tool for Cross Species Protein Discovery

Soybean Protein Sequence Logos

Sequence Logo Protein Sequence Multiple Sequenca Alignment

=Glyma. 13G288008.1.p pacid=30503433 transcript=Glyma.136288008.1 locus=Glyma.13G288800 ID=Glyma.13G2B8008.1.WmE2.a2.v1
MAYEPPFLETYKTLVQQHLGDSRNE-F———IVER—CDIPLIDLGRLSL——EREECMRETAEAAREWGFFQVVMHGISHELLKSLQIEQKKY FYQPFLNKSS———— TOGK
=XP_820235264.1 gibberellin 2-beta-dioxygenase 8 isoform X1 [Cajanus cajan] =XP_0829130542.1 gibberellin 2-beta-dioxyge
MDY EPPFLETYKTLVQKHVGDSRND =Y SC==5IVER-—=-CDIPLIDLSRLNL-DYDORDECHNE TAEAAREWGFFOVANHGISOELLESL QI EQRKY FYOPFLNKSAQ-ASFSSLSAR
>RDX68793.1 Gibberellin 2-beta-dioxygenase B, partial [Mucuna pruriens]

MDY EPPFLETYKTLVOKHVGDSRND-Y SW--SIVER-—-CDIPLIDLSRLNH-——-EREECMKQVAEAASEWGFFOVVNHEYSOELLENL QT EQRKV FYOPFUNKSS0-YNFSSFSAK
>TKY48976.1 Gibberellin 2-beta-dioxygenase 8 [Spatholebus suberectus]

MDY EFPFLETYETLVQKHVGOSKND = 5=mm== 5 LVER ===YEIPL I DLGWLNG====-ERDECKKE TAEAASKWGFFQVVNHGTSOELLESLQFEQKEVFYQPFYNKSAD=-VNFSSLSAKI
N =CAJ1956784.1 unnamed protein product [Sphenostylis stenocarpal

Entesr the gena mams in Gmaz vericn Baguenca Logo

W2 42 v1; La, Glyma §156000150): Glyma.13G288000

=1 EEEM@!CEEPE!:EEYKIL%EEQ‘?EDSFFf?'Ef i1

.8
L1
40

B, b el

a8

Entes gene nases 1o dowslosd (2ne per
ina:
MDYEPPFLETYKTLLOKHVGDSMND -YFC—STVER-—CDIPLIDLGKLSV-———EREECMRE I SEAAREWGFFQVVNHGIPOELLKSMOIEQKEVFYQPFUNKSTOQATFSTLSAK!
=¥P_@14522037.1 gibberellin 2-beta-dioxygenase 8-like [Vigna radiata var. radiata

MDY EPPFLETYKTLVOKHLGDSRANN -NDYCSSTVER-—CDIPLIDLGRLSY-——EREECMRE TAEAAREWGFFQVVNHGIFQOELLKS IQIDOQKKY FYQPFLNKSTOQATFSTLSAK
=XP_@87149705.1 hypothetical protein PHAVU_005G@9220@g [Phaseolus wulgaris] »ESW21699.1 hypothetical protein PHAVU_@asi
MDY EPPFLETYKTLLOKHVGDSRND =L FC==CTVER-—-CDIPLIDLGRLSL-—--EREECHR ARKEWGFFOVVNHEYPOELLKSMOTEQKEY FYOPFWNKSTODAIFSTLSAK

4 -
305
2303 Y >XP_§27344884.1 gibberellin 2-beta-dioxygenase 8-likeCTfbrus precatorius] -
o ngEl | ESEO-? VrlLQ \;Q o=y *NEENLSHKI MDY EPPFLETYKTLVOKYVGOSKND-YSF~-CTVER-—-CETPLIDLGKLNL-——~EKEECHRE TAEAASKWGF F QVVNHGVPKEVLESMOURENMKY FNOPFGDKSAT-VHFPSLSAK
ST SRl Y | HEL | Shs\Saf 8Ty s SlMee
o Fi-] 80 LiL as S0 o5 100

4.0
1
TS =XP_861341812.1 gibberellin 2-beta—dioxygenase 8-like [Gastrolobium bilobum] =XP_261341813.1 dybberellin 2-beta-dioxygi
MDYEPPFLETYKTLLOKHLVDSKND =5C===5MVET =—=CELPLIDLGRLNL-QHPERE K AAREWGFFOVVNHGTSKELLESMOFEQTYVFYKPFVNKSTOFD-=FSLSDK
B 2XP_B57457440.1 gibberellin 2-beta-dioxygenase 8-lik€[Lotus japonicus]

Proten‘. Seque nce logo to ShOW MDY EPPFME TYKTLVOKHIGDSKND -5V —-SVWET-—-CELPLIDLSALAL-EHPERDECMRHI SEAASHWGFFOGVNHGISOELLESMOYEQRKVE YOPFUNKCSESV—FGLSAK

=XP_004487602.1 gibberellin 2-beta—dioxygenase 8-like [Cicer argetinum] =XP_812572818.1 gibberell®n 2-beta-dioxygenase
the pOSSlble amino acid in MOHEPPFLNTYKTLLEKSSE=—=—-NDDOLYSMVEKSE--ELPLIDLEKL LN-P-HERDECMK§ ISEAAS EWGFFVINHGISKEVLENM I SEQKKL FYOPFUNKSDA-KNF FNLS PRI
>KAI4333B812.1 hypothetical protein L6164_B18573 [Bauhinia variejata)
st MNCDPPFLETYNTLLONSLGGIRS I-D-KPSHVVER-—CELPLIDLGRMNP-CYPEREECMKE TAEAAROWGFFOVVNHGISPELLESLQVEQNKY FHATFDDKSEE-——NFLNLSAK!

each pOSItlon of the sequence. >KAF1886118.1 hypothetical protein Lal_@@@45347 [Lupinus albus]
MDY EPPFLETYKTLLOENTEDSKDY =5C===5MVDT ===FELPMIDLSRLNF~-EHPEREECLHE ITEAAMEWGFFQVVNHGISOELLENMHS EQMEV FYERFVKKS TENV==FGLSSIC
>)P_883596638.2 gibberellin 2-beta-dioxygenase 8 [Medicago trufcatulal
MDFEPPFLKIYNTLLEKNLGONSEN-—-DLYSKVEGSE-—ELPLIDLEKLNL-EDPKREECMEE ISEAASKWGFFOI INHGISHE I LNEM I SEQKKL FY OPFVNKLSA-ETVFNLSPIC
>CAI8585378.1 unnamed protein product [Vicia fabal
MOYEPPFLNTYKTLLEKSLE———| EDTHLYSMVERSDDVOLPLIDLERLSH-E-EERDECMEET SEAAS EWGFFOVINHGYSNE IMEDMISEQKKL FHEPRVNKLCA-ETLFNLSPK
se [Trifolium repengl >WIX68756.1 gibberellin Zbeta-dioxygegase [Trifolium r

1 MAYEPPFLET YKTLVQQHLG DSRNEFIVER CDIPLIDLGR LSLEREECMR EIAEAAREWG Multiple sequence [P o e R EEISEMSEGERQVINGIPNELLEMISEQRKLFYOP JEOKLCA-ETVNLSEIC
61 FFQUVNHGIS HELLKSLQIE QKKVFYQPFL NKSSTQGKAY RWGNPFATNL RQLSWSEAFH . '
121 FYLTDISRMD QHETLRSSLE VFAITMFSLA QSLAEILVCK LNTKSNYERE HCLPKSSFIR alignment to enable

Sequence Logo Protein Sequence Multiple Sequence Alignment

181 LNRYPQCPIS SKVHGLLPHS DTSFLTIVHQ DQVGGLQLLK DGKWVGVKPN PHALVVNIGD protein discovery in
241 LFQALSNGVY KSIKHRVVAA EKVERFSMAF FYSPSEEAII QSQIKPPIYR KFTLREYRQQ .
301 TEKDVKQTGD KVGLSRFLL* other species.

The exact protein sequence from the queried genes.

Tool is designed to support identification and exploration of amino acid diversity in a
protein across species to support biological inference of Allele Catalog results
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Multiple Allele Discovery (MADis) Tool Use Case to Understand Pod Colors

Variant positions in Number of variant Score Black (n = 127) Brown and tan Explained ﬂ i
Glyma.19G120400 positions in the explained (n=605) explained  phenotype (%) MADis Tool Results

combination

1 37,806,091 6 704 124 504 98.1 ? Allele Catalog Tool Results :
37,806,119 OA 0
Position on Chromosome 19 (Glyma. 19G120400)
37,819,253 272 288 117 CIRaf GIRef CIRef Refins  GAIRef AlRef
781982 39 62 7 151 1 ClRef GIRef  [[CTCCGGAIRIZINGEIT] Refins  GAlRef AlRef
37819390 0 65 45 111 20 ClRef GlRef  [ICTCCGGARILINGEIT Refins [GIK4OSESY  AlRef
0 35 35 71 1 TIR31C GIRef [[CTCCGGARILAGEIT| Refins  GAIRef AlRef
0 17 1 18 1 CIRef AlGaop [WCTCCGGAIRINNGEIT Refins  GAIRef AlRof
0 2 0 2 0 CRef  GlRef [[CTCCGGAIRILINdEI) [TAILIETfSY]  GAlRef
0 2 0 2 0 CRef  GRef [CTCCOOARIIGEIN Relins  GARef —

== @ NPV DY

G. soja RI_indel Ri_indel R31C G40D L381fs K405fs E402fs
, + other

Skrabisova et al. 2024 Frontiers

in Genetics o o G. max 5

Allele distribution in Glyma.19G120400 in Soy1066 and its correlation with different pod-colored phenotypes.

* The Rl _indel-only allele has higher chance in leading to black pod colors.
* The Rl _indel-only allele is crucial for the production and accumulation of pigments responsible for
the black color of pods.

Tool is designed to identify multiple alleles and more importantly causative
mutations using Soy Curated Panels for phenotypes of interest
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Multiple Allele Discovery (MADis) Tool Use Case to Understand Pod Colors

Order  Variant positions in
Glyma.03G005700

Number of positions in
the combination

[rl 418) Tan (n-wn Explained
phenotype (%)

MADis Tool Results

Allele Catalog Tool Results

Posltlon on Chromosome 3 (Glyma.03G005700)

A
212 67 316 171 601 C‘ITIRef cmef CTIRef  GIRef GIRef GIRef CIRef cmn F
1 41 84 146 33 CTTIRef C|Ref  CT|Ref  G|Ref G|Ref G|Ref C|Ref TIRef  Nr
215 0 17 48 65 32 CTTIRef C|Ref  CTIRef  G|Ref [JA[Q53%) G|Ref ClRef = C|T3A NF
80 0 4 6 1 0 CTTIRef C|Ref  CT|Ref AIL61F  GIRef GIRef CIRef  CIT3A NF
o 0 9 2 1 0 CTT|Ref [T|WI16%] CTIRef  G|Ref G|Ref GlRef ClRef  C|T3A NF
0 3 1 5 0 CTTIRef C|Ref  CT|Ref  G|Ref G|Ref ClRef  C|T3A NF
0 2 1 3 0 CTTIRef  ClRef [CIR106fS8] G|Ref G|Ref G|Ref CIRef  C|T3A NF
0 2 0 3 0 CTTIRef CIRef  CTIRef  G|Ref GIRef GIRef  TIR36H CIT3A NF
0 3 0 3 0 [CIR267fs] CIRef  CT|Ref  G|Ref G|Ref GlRef ClRef  C|T3A NF
|—12
4 . 1
297 32 32 6 5 4 ’ 435 '
W Y@
Tn 37
T3A REF Q53* L61F W116* Q50* R106fs R36H R267fs T3A
NA only (F) (NF1) (NF2) (NF3) (NF4) (NF5) (NF6) (NF7) (NF8) + other

Allele distribution in Glyma.03G005700 in Soy1066 and its correlation with different pod-colored phenotypes.

Skrabisova et al. 2024 Frontiers
in Genetics

* The T3A missense mutation has higher chance leading to loss of pigment in
soybean pods.

Tool computes a score for a combination of variant positions in a single candidate gene
and based on the highest score, identifies the best number and combination of causative
mutations.
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Tools Expanded to Other Plants & Crops

« KBCommons and 3D Omics and CCMT -> All organisms
« SNPViz -> Arabidopsis, Maize, Mouse

« Allele Catalog -> Maize, Arabidopsis, Rice, Poplar

* GenVarX -> Arabidopsis, Rice

* Phenotype Distribution Tool -> Arabidopsis, Poplar

* Protein Sequence Logo Tool -> Arabidopsis, Sorghum
 MADis -> Maize




Translational Bioinformatics Resources
and Al Solutions
» Multiomics Informatics Method Development

+* Al Solutions

— G2PDeep — Phenotype Prediction using Deep Learning

— scPlantAnnotate - scRNAseq annotation using LLMs




- Genotype to Phenotype Deep Learning Framework (G2PDeep) for Genotype to
= Phenotype Prediction
(7 G2PDeep -

[ Gene expression ] [ miRNA expression ]m

https://g2pdeep.org/

Multi-omics data

[ DNA methylation ] [ Protein expression J

CNV

T .
TensorFlow

Modeling

CNN based modeﬂ [. ‘ .

Decision Tree

*+ SVM/SVR
* Logistic Regression
* Random Forest

Basic options

Advance option

[ Default hyperparameters} [Cusmm hyperparameters

Automate
hyperparameter tuning

& ER

Training strategy

55

62 = ?f

Enable Al through G2PDeep
framework for training multi-
omics data to create different
variant of models for crop
phenotype predictions and

Logistic Regression

SVM/SVR Model

A
1

/
'vv‘-l‘v‘-'vv‘lvv“'vvtl
/&
! Threshold Valus

Metrics Training information discover causative mutations. Lo
Zeng et al. 2021 — E L .
ass on p . .
NAR Web Serverr = Accuracy / AUC score A Modeil details CNN Model —
Regression Learning curve Decision Tree & Random Forest
Zeng et al. 2024 MAE / 2/ POC score N>+ Estimated training time s S o °
bioRXxiv; 2025 i I
Bioinformatics, = Model analysis e £ n
Under Review o . M‘ » ee @ O o \'
Prediction Discovery s o [\ N
* Categorical phenotype prediction  * Significant biomarkers WL,! 0 !.\i\' Ro0e9 " ®
Inference . Quantitative phenotype prediction * Gene Set Enrichment Analysis ok &6 doo

G2PDeep is a comprehensive web-based platform to do deep learning based phenotype
prediction and markers discovery using any (1-3) combinations of 6 diverse multiomics data types
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G2PDeep v2 — Omics Combinations

Multi CNN-based model

Input #1 Input #2 Input #3
CNN CNN CNN
CNN CNN CNN
Concatenate Representation 1 I Representation 2 Representation 3
Zeng et al. 2021
NAR Web Server
Zeng et al. 2024
bioRxiv; 2025 DNN
Bioinformatics,
Under Review l
Example : Predictions
1 Omics -> SNP & Evaluation

2 Omics -> SNP + RNAseq
3 Omics -> SNP + RNAseq + CNV

)
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G2PDeep Application to Soybean

» Soybean Soy1066 curated panel e ==
(32M SNPs) and GRIN Phenotypic [ frceae =
data overlap Y- o

« Bulk transcriptomics data available e fer
from Genome Sequence Archive ”u;'uﬁ;ﬁmi i
(GSA) database in BIG Data Center —=x= i
(CRA009979) for 600+ accessions — [—Eik i

» Together can be utilized for e s
phenotypic predictions for diverse e et
traits IWE:WE CARLL :”33




Soybean Cyst Nematode (SCN) Resistance
Prediction in Soybean

o [ ) [ )
Accessions Features
0SNPs 268 4162197 0
CNV 268 1092

Enrichment Analysis for GO Terms

xenobiotic detoxification by transmembrane export across the plasma membrane
signaling receptor activity

signaling

signal transduction

response to stress

response to hormone

response to biotic stimulus
response to auxin

response to abscisic acid

response to abiotic stimulus
phenylpropanoid metabolic process
pectinesterase activity

MAPK signaling pathway - plant
DNA repair

DNA damage response
detoxification

defense response to other organism
defense response

damaged DNA binding

cellular response to stress

cellular response to stimulus
cellular response to auxin stimulus
cell wall modification

carboxylic ester hydrolase activity
carboxylic acid binding
auxin-activated signaling pathway
transcription regulatory region nucleic acid binding
systemic acquired resistance
response to water deprivation
response to toxic substance
regulation of autophagy

defense response to symbiont

Intersection Size
| __I§

v s N

Fy =

(Omics | (Score) | Acouracy

SNP
CNV

SNP | CNV

2

0.7127
0.6845
0.7693

0.89
0.86
0.79

_y precision - recall 2tp

recall ! + precision

|Famity GeneTF |GeneTarget

|G2-like Glyma.09G211400 |Glyma.07G139700
bHLH Glyma.14G089600 |Glyma.06G286200
LBD Glyma. 156228100 |Glyma.08G265700
TALE Glyma. 146091200 |Glyma.08G1 18900
TALE Glyma. 146091200 |Glyma.09G 145000
GATA Glyma. 176192800 | Glyma.08G 108900
MYB_related |Glyma.09G167900|Glyma. 156031400
HSF Glyma. 086G 190600 |Glyma. 076139700

1
-logyo(P-value)

1 precision + recall  2tp+ fp+ fn’

New candidate gene

Currently under evaluation




Input: Output:
Reference
L i of Annotated
scRNA-seq data J L pure cell types single cells

scPLantAnnotate - scRNAseq annotations using LLMs

Marker-gene
based methods

Reference
based method

singleR

single-cell transcriptome
with each sample in the

Identifying variable -
genes among cell types
in the reference set

Step 1: Step3: Iterative fine-tuning—reducing the
reference set to only top cell types

Step 2:
Correlating each

reference set

Reference sample

. f@ﬁ@c"@@,&
& o & S
01234 F &P ‘x@‘ﬁ;

Single cell 0& W

Currently predictions being done using
scRNAseq datasets from maize, rice,
soybean available in scPlantDB and from our
collaborators.

)
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100

m ®
3 3

cell type prediction accuracy

100

90 4

Cell Type Prediction Accuracy (%)

40 A

[ scanpy
mmm scDeepClust [ ]
- singleR
W SCBERT

SRP171040 SRP173393 SRP182008 SRP235541

Arabidopsis thaliana root tip dataset

SRP330542

Accuracy on Arabidopsis Thaliana Other [Lsgyes

Use large language
models (LLMs) for
predictions.
scBERT-AT-Single is
ONE single model for
Arabidopsis.

Trained on 28 datasets
across all tissues, 1.2M
cells. 50 cell types.

80 1

70 4

60 4

50 4

9766 Oy T

Leafl pollen SA Leaf2
COT:cotyledon, INF:Inflorescence, SA:shoot apex, RL:rosette left

45

Trueleaf

EEE SingleR
W scBERT-AT
BN scBERT-AT-Single

Lu et al. 2025 JAR
Under Review




@ scPlantAnnotate  Introduction Organisms Datasets Results Compare GitHub

S m *

scPlant Annotate

Enhancing Plant Cell Type Annotation Through Advanced Deep Learning Approaches in
scRNA-seq Data.

Learn More

https://scplantannotate.missouri.edu/

Datasets

Use our demo datasets as examples

@Arabidopsis thaliana ~ N ~ ~

Arabidopsis thaliana Zea mays Oryza sativa Glycine max
scPlantAnnotate . Zea mays E;”"" 53,678 G 7,623 E:”M ‘;Ti'\m:
For Plant Research @ Onvzasetiva g

Glycine max

Sumganreseac] yataimry Suppor‘ced reo/ofi
G G T IR I 19 ) tearirommmrar €5 hif e R R

¢ LEHCA 00T B0 AT BIE SrRaer el
UL EEE R A1L6A O ORI 2INEroat

e i@ e, etz

(BTECETHON s WP W e o UPLOAD

Canlen e (1 CA L L BTN fiaorioe

Models

Choose among our models.

Annotate and Plot

|
Tl

SR

Arabidopsis thaliana

@ Annotate and Plot
@& Control vs Treatment

@& Compare Cell Types

Zea mays

@ Annotate and Plot
@ Control vs Treatment

& Compare Cell Types

Oryza sativa

@& Annotate and Plot
@& Control vs Treatment

@& Compare Cell Types

Glycine max

@ Annotate and Plot
@ Control vs Treatment

& Compare Cell Types

Treatment vs Compare Cell Type
Control Distribution Lu et al. 2025 JAR
s . Under Review
) ) Qe y Al
» & .20
.:: i ): e ' o g o } Hum 'j ‘

&)




Summary

« Translational Bioinformatics resources and Al solutions provide great
opportunities to incorporate genomics and multiomics information
into advancing research for a diverse set of applications including
crop breeding.

* As the technology and computational fields advance, it is important
to adopt and incorporate these advanced techniques and build
applications to facilitate easy translation.

« Making the advanced Al solutions more accessible to the users, will
facilitate easier adoption and biggest impacts!




Joshi Lab

Enabling Translational Bioinformatics Research
|

Multiomics Multiomics Multiomics
Informatics Informatics Informatics
Data Analytics Data Integration Method
& & &
Framework Web-based Tool Algorithm
Development Development Development
e R - " -
Q High Throughput Analytics QO Multiomics Data Integration Q In Silico Hypothesis Generation
O Database and Web-Based Techniques Algorithms
Portals Development Q Web-based Tool Development Q Machine Learning Methods
O Downstream Analysis and for discovery Q Deep Learning Methods for
Inference Tools Development Q Public Accessibility and User Phenotype Predictions
Q Training and Feedback Base Support Q Artificial Intelligence

EE U G2PDeep

Soybean Knowledge Base G2PDeep

https://soykb.org/ https://g2pdeep.org/

Multiomics Data Integration

IMPRes

Allele Catalog Tool

KBCommons Knowledge
https://impres.missouri.edu/impres

Base GenVarX Tool
https://kbcommons.org/ SNPViz Tool
scPlantAnnotate
AccuTool https://scplantannotate.missouri.edu/
@ scPlantAnnotate
MADis Tool

)
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’g G2PDeep
Cross MP

SoyKB - KBCommons Team Method Development Team Key Collaborators
«  Yen On Chan (MUIDSI) «  Mohammad Vahed (Scientist) * Dr. Dong Xu (EECS)
* Manish Immadi (CS) « Zhen Lyu (CS)

+ Sabin Dahal (CS) « Chunyang Lu (CS) | &

& Dr. Kristin Bilyeu ' g‘
Bioinformatics Analytics Team Recent Alumni ‘)@ Dr. Maria Skrabisova

*  Mohit Verma (Postdoc)  Shuai Zeng'.jf'lv Jana Biova

«  Sameep Dhakal (MUIDSI)

Anser Mahmood (Plant Sci)

*  Preethi Induri (Senior
Research Specialist Il) Multiomics Plant Project Collaborators

. Dr. Ron Mittler
. Dr. Ed Cahoon

. Dr. Marc Libault
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_ _ - G2PDeep Web Server {_"J G2PDeep
Web“nkS and ContaCt Deta”S https://g2pdeep.org/

« scPlantAnnotate @ scPlantAnnotate
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oybean Knowledge Base soyﬂ'{ibﬁ
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https://lkbcommons.org/
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