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Challenges for Sustainable Agriculture 

POPULATION 
INCREASE

FOOD SECURITY - 
YIELD

FOOD SECURITY - 
NUTRITION

8 billion at 1.1%

CLIMATE CHANGE

- Insufficient yield 
- Limited arable lands

Enough food ≠
             nutritious food

This is not one country’s burden, but a global one, requiring global policy solutions 
and collaborative research across nations

The burden is not shared equally across nations and groups, so we need to be 
mindful of inequalities



Plant Geneticists

Plant Breeders

Agronomists

Soil Scientists Entomologists

Programmers

Computational Biologists

Data Scientists

Curators

We need more research to address agricultural challenges



How can we increase the value of research 
data even more?

Dataset 1 Dataset 2 Dataset 3

Publication
(Suppl. Mat?)

Deposited at Figshare Student’s computer

Not Linked / Not Connected 
What is LOST by these gaps?

Why linking/associating data important?



Value of Linked Data – “Chez Panisse” Example
Restaurants Menu Reviews Addresses

The value of a centralized location that provides linked datasets and tools to users 
through the same website/browser 

“Werner 
Herzog 
eats his 
shoe”



GrainGenes
(Est. 1992)

https://wheat.pw.usda.gov

https://wheat.pw.usda.gov/


GrainGenes is a Global Resource 

We serve small grains researchers



GrainGenes
https://wheat.pw.usda.gov

Data Tools

Research Partners

Global 
Small Grains 
Community

https://wheat.pw.usda.gov/


COMMUNITY TOOLS



GrainGenes - Jobs



GrainGenes – Job board

Advertisement cost: $0 



GrainGenes email lists



GrainGenes - Tutorials



GrainGenes – Tutorials



GrainGenes – Species Portal



DATA CONTENT AND TOOLS



FAIR Principles 
Increasing the utility of data - “Chez Panisse”

Findable
Accessible
Interoperable
Reusable

★ 15 Guiding Principles published in 2016
★ Guidance for scientific data 

management and stewardship
★ Promote maximal use of research data

Original slides provided by AgBioData

Equity issues 
need to be taken 
into account



GrainGenes – Search for Data



GrainGenes – Search for Data



GrainGenes – Linked Search

protein



Data Veracity  <-> Curation – Genetic examples
One of the strengths of GrainGenes

Stripe Rust QTL curated from the Vavilov wheat diversity panel
• Forty-seven Stripe rust QTL from Jambuthenne et al. (2022) were mapped on the IWGSC v1 

assembly with DArT markers, 14 of which overlapped with previously described genes. 

New diagnostic PCR markers for Yr27, Yr28, Sr46, and Rg-B1 in wheat. Diagnostic marker data 
were contributed to GrainGenes by Naveenkumar Athiyannan via the GrainGenes Data Template forms. The 
papers below were curated for new diagnostic PCR primers for Yr27, Yr28, Sr46, and Rg-B1.

● Athiyannan N et al. (2022) Haplotype variants of the stripe rust resistance gene Yr28 in Aegilops 
tauschii. Theoretical and Applied Genetics online.

● Athiyannan N et al. (2022) Haplotype variants of Sr46 in Aegilops tauschii, the diploid D genome 
progenitor of wheat. Theoretical and Applied Genetics 135:2627-2639.

● Athiyannan N et al. (2022) Long-read genome sequencing of bread wheat facilitates disease 
resistance gene cloning. Nature Genetics 54:227-231.

● Abrouk M et al. (2021) Population genomics and haplotype analysis in spelt and bread wheat 
identifies a gene regulating glume color. Communications Biology 4:375.

GWAS results for pathology, salinity, and agronomic traits added to the IWGSC Chinese 
Spring v1 browser (Genetic-Genomic contexts)

CMap

Genome Browser



Genome Browsers

• IWGSC v1, v2

• Wheat 10+

Upcoming
• Svevo2: available 

under the Toronto 
Agreement

• PanOat: under 
embargo

• Barley Pangenome: 
Currently building



Einkorn Pangenome
(https://wheat.pw.usda.gov/GG3/pangenome)



Accusyn Visualizations

Einkorn Pangenome
(https://wheat.pw.usda.gov/GG3/pangenome)



GrainGenes – GWAS QTL tracks



GrainGenes – GWAS QTL tracks



Watkins Collection +



Watkins Collection Tracks

 



BLAST – Nucleotide - wheat

 



BLAST - Protein

 



BLAST – Linkages to Browser

 

FAIR



Genome Browser to BLAST

32



GrainGenes – Links to other Resources



GrainGenes – Links to other Resources



Genome Browser – AlphaFold/Protein 3D structure  links
(Chinese Spring IWGSC v1 | Durum Wheat | Aegilops v4 | Triticum urartu | Barley Morex v3 | Oat Sang)

 



Nomenclature
& Data Standards

FAIR
- Please use the guidelines (“Chez Panisse”)
- More work on protein naming (Cristobal Uauy 
taking the lead)
- Genotype abbreviations will be/are in GrainGenes



RESEARCH



Research: Phosphorylation Prediction

Poretsky, Andorf, Sen, Plant Direct, 2023



Research: Pan-Interactome Networks in Maize

Poretsky, Cagirici, Andorf, Sen, G3, 2024

• Our method captures substantially more functionally enriched clusters with 
unique GO term annotations. 



Research: Pan-Interactome Networks in Maize

Poretsky, Cagirici, Andorf, Sen, G3, 2024

Using functional enrichment to annotate PPI clusters can be used 
for putative protein function prediction and prioritization of trait-
specific candidate gene sets.

• Simple integration of 
supporting information 
such as gene 
coexpression and gene 
description annotations 
with the predicted 
interactomes, increases 
the breadth of genomic 
annotations that can be 
included in the pan-
interactome analysis. 



The GrainGenes Team
• Taner Sen – Lead Scientist

• Gerard Lazo – Scientist

• Victoria Blake – Curator

• Steve Michel – System and Interface Admin.

• Eric Yao – Browser & BLAST

• Elly Poretsky – Postdoc

• Parva Sharma - Postdoc



PARTNERS



(Some) Global Partnerships 
v Agriculture and Agri-Food Canada (Nick Tinker and Charlene Wight) for oat data curation

v PanOat Consortium

v Tetraploid Wheat Consortium         

v Pepsico and Corteva

v ARS Databases

v AgBioData 

v BrAPI

v International collaborations with Italy (durum wheat), UK, Germany, Turkey, Israel (wild 
emmer), among others; Wheat Gene Catalogue (Bob McIntosh – Australia; Japan, USA), 
IWGSC, Ensembl, IOC for IWC 

v International Wheat Information System (global) – URGI GrainGenes QTL; germplasm; 
genetic map data sets are discoverable and searchable at WheatIS. FAIDARE



Take home message - 1
• We have extraordinary global challenges when it comes to 

agriculture, shaped by climate change

• We need to put more efforts into research to ensure a 
sustainable and nutritious agriculture that provides foods to 
billions

• We need to make sure data is FAIR and linked
 
• GrainGenes strives to serve the small grains research 

communities through curated and linked data, tools, 
community building efforts, and research 



GrainGenes: why do we do what we do?
Wheat          Barley          Rye          Oat

food – fodder – beverage - > Calories and Nutrition

Take home message - 2

We also help 
bring  fun!



Please cite us:  Yao et al., Database 2022 

• We appreciate
– Data generators
– GrainGenes Liaison Committee

contact us for your needs


