Genebank genomics - now and the future: a barley example
Nils Stein, IPK Gatersleben & Georg-August-University Gaottingen
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‘ About 250.578 accessions Text: Hordeum vulgare @ Excluding Historic @

1. 35774 « Hordeum vulgare L. - HORDEUM VULGARE - Breeding/Research Material * Czechoslovakia, Czechoslovak Socialist Republic
POLO0O03 - Plant Breeding and Acclimatization Institute, Poland + DOI: N/A

2. 35773 * Hordeum vulgare L. - HORDEUM VULGARET - Breeding/Research Material * Czechoslovakia, Czechoslovak Socialist Republic
POL003 - Plant Breeding and Acclimatization Institute, Poland * DOI: N/A

3. 35775 * Hordeum vulgare L. var. nigripallidum Ser. - HOREUM VULGARE - Breeding/Research Material + Czechoslovakia, Czechoslovak Socialist Republic
POL003 - Plant Breeding and Acclimatization Institute, Poland + DOI: N/A

4. 35777 * Hordeum vulgare L. var. erectum Schubl. - HORDEUM VULGARE (ANATOLIA) - Breeding/Research Material
POL003 - Plant Breeding and Acclimatization Institute, Poland * DOI: N/A

5. AGG402712BARL * Hordeum vulgare - HORDEUM VULGARE/ELYMUS MOLLIS - United States of America

AUS165 « Australian Grains Genebank, Department of Economic Development Jobs Transport and Resources, Australia * DOI: N/A
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https://www.genesys-pgr.org/

Barley diversity
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>20,000 barley accessions at IPK genebank

How do you know which accession is of importance for your purpose?




Barley diversity




FAQs Apply to Join = info@divseekintl.org Search... n

DIVSEEK
INTERNATIONAL —

RETNORKING: HOME  ABOUTUS ~ HOW WE WORK ~ COMMUNITY ~ . CONTACT US

MOBILIZING CROP DIVERSITY

The DivSeek International Network is a global community driven Not-for-Profit
organization that aims to facilitate the generation, integration, and sharing of data
< and information related to plant genetic resources (PGR). >

ABOUT US

HARNESSING CROP DIVERSITY

DivSeek aims to unlock the potential of crop diversity so that it can be utilized to
enhance the productivity, sustainability and resilience of crops and agricultural

systems.
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barley genebank genomics




barley diversity and geographic origin

PCA (20,267 samples, 76,419 SNPs) Milner et al. 2019, Nature Genetics
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explained variance PC1: 15.03 %
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L" frontiers

https://bridge.ipk-gatersleben.de/  |EEEES
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Dataset: | PCAdomesticatedsample~ | Xads | PCi - | Yais | P2 - BRIDGE - A Visual Analytics Web
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It is technically feasible to unlock barley diversity at species’
level!

* What is your reference?

e 25K (IPK) or 250K (Genesys) represent global diversity?




How to best capture barley diversity

ﬂ Barley reference sequence: PCA (20,267 samples, 76,419 SNPs)
/) cultivar Morex
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explained variance PC1: 15.03 %




From gene bank genomics to barley pan-genome

PCA (20,267 samples, 76,419 SNPs)
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ol The barley pan-genome reveals the hidden legacy of
mutation breeding

explained variance PC1: 15.08 % pc1|

Murukarthick Jayakodi, Sudharsan Padmarasu, [...] Nils Stein =]
i

*) Nature 588, 284-289(2020) ‘ Cite this article
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Barley pan-genome alighments
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Pan-genome v2 selection in diversity space
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Black: Pangenome V1 (N=20)

: Near Eastern barleys from ,orange” ADMIXTURE group (N=13)
Purple: Mediterranean barleys from ,,purple”“ ADMIXTURE group (N=2)
Red: Hand-picked barleys to cover PCA space / ADMIXTURE groups (all from CORE1000, most CORE50) (N=9)
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Barley pan-genome — towards barley personal genomics

50+ genomes pseudomolecule alignments, pan-genome

But: pan-genome visualizations and data ale SV/PAV, pan genome
analysis in context of pan-genome

references is still matter of R&D!!!
PAV, Haplotypes

~4,000 genomes skim WGS Haplotypes

22,000 genomes Global dlver5|ty




Global barley diversity
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collaboration with:

ICARDA: A Amri
VIR: E Potokina, | Loskutov, E Grigoreva
WHEALBI: Nat. Genet. 51 (2019) 905-911

CAAS: G Guo
Swiss G.: B Schierscher-Viret, B Keller




Partners Activated Genebank Network News & Events Pu

Global Access to Plant Genetic Resources
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http://www.agent-project.eu/

Mega environments

AGENT will analyse data for plant height, flowering time
and weight (TKW) across gene banks through:

« trials with checks to understand trait-specific
genotype-environment patterns:

» bridging genotypes to connect present and historic
phenotypic data across gene banks:

AGENT will verify and refine the categorisation of regions
with similar climatic conditions (‘'mega environments’).

Southern Europ

ZSAGENT



Training data and genomic prediction

Drought stress

Precision collection of 500
genotypes per gene bank will be
genotyped and phenotyped for:

Leaf rust
-
[\
-“' Yellow rust
1‘?“\\ Septoria

% Powdery mildew

TEL AVIV UNIVERSITY



Summary - Discussion

Genotyping: no better access to PGRFA without!
What would you make different? Lessons learned?
* capable of detecting novel variation

* integration of independently generated datasets
e ultimately: sequencing

To continue unlocking crop
species’ genome diversity
for R&D&B:

DSl has to be and remain
FAIR, Open Access and a
public common good

Ploidy, zygosity, homogeneity, self-compatibility, sexual reproduction

,in for a penny, in for a pound”

* genotyped material becomes the higher value accessions

* it requires to implement QC/QM for tracking, cost recovery
There will be errors — no reason to wait

Basis for integrated efforts of data generation, e.g. genomic prediction
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