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The great efforts spent in the maintenance of past diversity in genebanks
arerationalized by the potential role of plant genetic resources (PGR) in
future crop improvement—a concept whose practical implementation has
fallen short of expectations. Here, we implement a genomics-informed
prebreeding strategy for wheat improvement that does not discriminate
against nonadapted germplasm. We collect and analyze dense genetic
profiles for alarge winter wheat collection and evaluate grain yield and
resistance to yellow rust (YR) in bespoke core sets. Breeders already profit
from wild introgressions but PGR still offer useful, yet unused, diversity.
Potential donors of resistance sources not yet deployed in breeding were
detected, while the prebreeding contribution of PGR to yield was estimated
through ‘Elite x PGR’F, crosses. Genomic prediction within and across
genebanks identified the best parents to be used in crosses with elite
cultivars whose advanced progenies can outyield current wheat varieties in
multiple field trials.

Genebanks are committed worldwide to maintain PGR, some of which  too closely related to the elite gene pool or with the inadvertent loss
have not been grown on farmer’sfield foracentury orneverbeenused  of novel haplotypes by selection in the field**. We and others®” have
ascropsatall'.PGRunderperform dramatically in currentagricultural  bemoaned the disconnect between genebank management and
environments’. Most of them, for example, succumb to pathogens  breeding resulting from a lack of effective and generally applicable
currently at large, preventing an unbiased assessment of their breed-  strategies to identify valuable germplasm as donors in prebreeding
ing value’. Prebreeders often end up in choosing ‘exotic’ genotypes  programs.
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A catalogue of resistance gene homologs and a
chromosome-scale reference sequence support resistance
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Summary

A resistance gene atlas is an integral component of the breeder’s arsenal in the fight against
evolving pathogens. Thanks to high-throughput sequencing, catalogues of resistance genes can
be assembled even in crop species with large and polyploid genomes. Here, we report on capture
sequencing and assembly of resistance gene homologs in a diversity panel of 907 winter wheat
genotypes comprising ex situ genebank accessions and current elite cultivars. In addition, we use
accurate long-read sequencing and chromosome conformation capture sequencing to construct
a chromosome-scale genome sequence assembly of cv. Attraktion, an elite variety representative
of European winter wheat. We illustrate the value of our resource for breeders and geneticists by
(i) comparing the resistance gene complements in plant genetic resources and elite varieties and
(ii) conducting genome-wide associations scans (GWAS) for the fungal diseases yellow rust and
gene enrichment sequencing, genome |eaf rust using reference-based and reference-free GWAS approaches. The gene content under
assembly. GWAS peaks was scrutinized in the assembly of cv. Attraktion.

Keywords: wheat, yellow rust, leaf
rust, association genetics, resistance

Introduction

Maintaining plant health in the face of evolving pathogen
populations is a perennial goal of breeders. Key to this endeavour
is the discovery and deployment of disease resistance (R) genes.
Hafeez et al. (2021) put forward the concept of an R gene atlas
and illustrated its potential for crop improvement in one of our
most widely grown crops, wheat. An important component of
populating the wheat R gene atlas is genotyping diversity panels,
or more broadly, knowledge of as large a fraction of the
resistance gene complement of as many genotypes as possible.
One approach to this aim, resistance gene enrichment sequenc-
ing [RenSeq, Jupe et al. (2013)], was developed with large-crop
genomes in mind. To reduce the genomic complexity of
sequencing libraries, and hence the required sequence effort,
capture probes are designed to target R gene homologs from the
nucleotide-binding and leucine-rich repeat (NB-LRR) family, or
more generally, the family of NB-LRR-related genes (NLRs, Ting
et al. (2008)). In its original implementation, RenSeq was com-
bined with short-read sequencing on the lllumina platform (Jupe
et al., 2013). A combination of RenSeq with long-read sequenc-
ing has been used to assemble the full complement of R genes in
the model plant Arabidopsis thaliana and analyse their evolu-
tionary dynamics (Van de Weyer et al., 2019).

RenSeq data for diversity panels in combination with matching
phenotype data have been used for genome-wide associations
scans (GWAS) to find genetic markers associated with disease
resistance (Arora et al.,, 2019). In the best case, this method,
termed AgRenSeq, can zoom in on individual candidate genes.
However, the limits of association mapping such as population
structure (Yu et al., 2006) and sensitivity to the genetic architec-
ture of the trait under study (Lopez-Arboleda et al., 2021) also
apply to AgRenSeq. Recently, Gaurav et al. (2021) reported the
use of whole-genome shotgun sequencing for association map-
ping of disease resistance in the wheat diploid progenitor
Aegilops tauschii. An advantage of WGS over RenSeq is its ability
to access also non-NLR resistance genes; a potential drawback is
the inability to assemble full-length genes from low to medium-
coverage (3x-10x) short-read data.

Independent of the choice of sequencing strategy, a potential
impediment to GWAS and a crucial aspect of R gene evolution is
structural variation (SV). R genes are subject to ubiquitous
presence-absence and copy-number variations (Michelmore and
Meyers, 1998; Van de Weyer et al., 2019). Reference-free GWAS
approaches have shown that the presence of peaks can be
influenced by the choice of the reference sequence (Voichek and
Weigel, 2020). In principle, the best resource for studying intra-
species NLR diversity are high-quality genome assemblies for a

1730 © 2022 The Authors. Plant Biotechnology Journal published by Society for Experimental Biology and The Association of Applied Biologists and John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use,

distribution and reproduction in any medium, provided the original work is properly cited



Acknowledgement

WP-1: Access and
Genotyping

WP-2: Biotic
Stress

WP-3: Novel/ trait
discovery

Projektirager Jilich
Forschungszentrum Jilich

GEFORDERT vOn

g]l:rg!if;ﬁ;isterium ’k “/ \ Gen e
und Forschung ".‘ /
[/ Bank

WP-4: Nitrogen Use R

Efficiency

WP-5: Pre-
breeding

WP-6: Biodiversity

Vsiss1an™

Informatics
\\vﬂ“’ IN o,
$ %
g
/ AARHUS IWGSC WEBINAR | SANDIP MALLIKARJUN KALE %% s
UNIVERSITY 20 JUNE 2024 TENURE TRACK ASSISTANT PROFESSOR Ry

DEPARTMENT OF AGROECOLOGY



Outline

/v

J GBS of 2K winter wheat accessions.
] Construction of TCCC.
1 WGS and introgression identification

1 RenSeq and GWAS for YR and LR

AARHUS IWGSC WEBINAR SANDIP MALLIKARJUN KALE

UNIVERSITY 20 JUNE 2024 TENURE TRACK ASSISTANT PROFESSOR
DEPARTMENT OF AGROECOLOGY




e o o o
=
~

IPK winter wheat Ex-situ collection

S
Western_Europe

Eastern_Europe
Mediterranean
South_Asia
North_America
Eastern_Asia
Western_Asia
South_America
Oceania
Central_Asia
Northern_Africa

2600
2041
990-.

5 i

** Atlantic Geean

VENEZUELA
ANA
COLOMSLA

427

/0
24
13

187

AAAAAAAA

~28K occessionws‘w
Genebank?2.0: 9700 accessions

crifa

AAAAAA

Arafura Sea

©2018H



5om




Disease resistance




GB2.0: Genebank activation pipeline
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ABD or only AB? Correcting passport data
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Exploring neutral diversity in the IPK genebank
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Breeding for disease resistance
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Reference based v/s Reference free GWAS
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Voichek and weigel: Nat Genet. 52, 534-540(2020)
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kmersGWAS for YR : Genome assembly is important!
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Trait-customized CC (TCCC): YR Example
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2-tailed selection
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TCCC: Overview
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Tracing the introgression history
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4A introgression and LR
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PC1 (5.9 %)

Resistance gene enrichment sequencing (RenSeq)

0.02 —
0.01
0.00 —
-0.01 —
* Elite (320) o RAED
—-0.02 4 * YRR (147) Sol ol b pag
A YRS (50) . Al
* LRR (150) o, J‘. .
A LRS (42) D,
iy _| * PMR (149) .
0031 , PMS (49) K

[ | | [ I
-0.02 -0.01 0.00 0.01 0.02

PC2 (4.3 %)

AARHUS
/ ¥ UNIVERSITY

DEPARTMENT OF AGROECOLOGY

tion

Hybridi

DNA fragmentation
|
Adapter ligation b S
¥ ¥
L}

NG

Index PCR and size :
selection
| Library
| multiplexing = p—
| ~18hr
Capture of NBS- \
‘ LRR fragments / Q
,, \ |
Amplification and |
size selection |

IWGSC WEBINAR
20 JUNE 2024

SANDIP MALLIKARJUN KALE
TENURE TRACK ASSISTANT PROFESSOR

Repeat for entire collection

RenSeq
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NLRs proportion

PanNLRome in hexaploid wheat
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OGs discovered (%)

PanNLRome in hexaploid wheat
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Genome Assembly of “Attraktion”
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WAS: YR
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GWAS: LR
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Summary

v Activated EU largest winter wheat collection.

v Compared diversity between Genebanks.

v" |dentified novel introgressions and studied their involvement in wheat breeding
v RenSeq: attempted panNLRome construction

v" Identified novel sources of resistance against YR and LR diseases
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