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Aegilops tauschii as a source of genetic diversity for bread wheat improvement 

Aegilops tauschii
Wild relative of hexaploid wheat

• D-genome donor
• Diploid
• Genome size 4.36 Gb (Wheat = 16 Gb)

Hafeez et al. 2021

8000 YA

< 0.8 MYA



Aegilops tauschii as a source of genetic diversity for bread wheat improvement 

Illustration by Emma Waller. OpenWildWheat.org

Aegilops tauschii
Wild relative of hexaploid wheat

• D-genome donor
• Diploid
• Genome size 4.36 Gb (Wheat = 16 Gb)



Population genomics of Aegilops tauschii

Phase I
2017-2021



Population genomics of Aegilops tauschii

Gaurav et al. Nature Biotechnology. 2022

Sequenced diversity 
panel of 242 non-
redundant Ae. tauschii 
accessions 



Dissecting traits of interest using the resequenced and phenotyped panel 

Gaurav et al. Nature Biotechnology. 2022



Resource limitations of Open Wild Wheat Phase I

Adapted from Gaurav et al., 2022

L1 (116)
L2 (121)
L3 (5)
Wheat

Detecting rare alleles

ü Increase diversity 
panel size

High-quality genome assemblies

ü Generate the pangenome

Gaurav et al. Nature Biotechnology. 2022



Ae. tauschii panel
675 accessions

OWWC collection (GRU John Innes Centre)
Dr. Noam Chayut

242 accessions

Historic collection and SHW D-genome donors (GRU 
John Innes Centre)
Dr. Noam Chayut

84 accessions

Tajikistan collection (Tajikistan National Academy of 
Sciences)

Prof. Firuza Nasyrova
84 accessions

WGRC collection (WGRC, Kansas State University)
Dr. Jon Raupp

178 accessions

Azerbaijan collection (Azerbaijan National Academy of 
Sciences)

Prof. Samira Rustamova
20 accessions

PGRC collection (Plant Genetic Resources of Canada)
Dr. Dallas Kessler

34 accessions

Pakistan collection (Quaid-i-Azam University) 
Prof. Awais Rasheed

33 accessions

The expanded Aegilops tauschii diversity panel

Phase II

Future additions:  Iranian collection (Ilam University) Prof. Ali Mehrabi >50  accessions



Geographical distribution of the Aegilops tauschii diversity panel
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The Aegilops tauschii diversity panel

Lineage Total 
accessions

Non-redundant 
accessions

Genetic 
redundancy 

1 667 352 47%

2 270 153 43%

3 8 6 25%

945 511

ü 621/675 accessions -> Illumina WGS sequencing PE150 

~7.5x coverage

+ Public sequencing data for 324 accessions

(Zhou et al. 2021. Nature Plants; Zhao et al. 2023. Nature Plants)



The pangenome of Aegilops tauschii

44 accessions

Strategic traits of interest

Disease and pest resistance

Starch

Yield

Salinity tolerance

D-genome donors of SHW

Heat tolerance

Nitrogen use efficiency

Tiller number

Iron content

Agromorphological traits

Lineage 1
Lineage 2
Lineage 3

Wheat D-genome

Pangenome accessions 
not shown:
• PI690713 (L2)
• BW_01001 (L2)
• P99-95.1-1 (L1)
• BW_26072 (L1)
• TA10187 (L1)



Contig-level assemblies

ü Primary assemblies generated from PacBIO HiFi reads

TA1675

TOWWC0023



Contig-level assemblies

ü Primary assemblies generated from PacBIO HiFi reads



Chromosome-level assemblies per lineage

ü High-quality assemblies for anchoring pangenome to a lineage-level reference

ü Provide high resolution assemblies for structural variant calling

*NCBI RefSeq assembly: AL8/78 v5.0 (RefSeq GCF_002575655.2)

Assembly TA10171_L1 TA1675_L2 TA2576_L3 AL8/78*

Superscaffolds 7 7 7 7

Total assembled length (bp) 4,151,983,908 4,159,914,615 4,245,074,256 4,218,179,011

Unplaced scaffolds 924 884 3,045 109,190

Unplaced assembled length 
(bp)

45,447,308 53,352,240 121,041,196 123,803,079

Unplaced scaffold N50 (bp) 49,187 58,980 36,307 27,953



Chromosome-level assemblies per lineage

*NCBI RefSeq assembly: AL8/78 v5.0 (RefSeq GCF_002575655.2)

Assembly TA10171_L1 TA1675_L2 TA2576_L3 AL8/78*

Superscaffolds 7 7 7 7

Total assembled length (bp) 4,151,983,908 4,159,914,615 4,245,074,256 4,218,179,011

Unplaced scaffolds 924 884 3,045 109,190

Unplaced assembled length 
(bp)

45,447,308 53,352,240 121,041,196 123,803,079

Unplaced scaffold N50 (bp) 49,187 58,980 36,307 27,953

ü PacBIO CCS (HiFi) 67-97x coverage +   Illumina HiC 300 M reads

ü HiFi + HiC phased assemblies

ü HiC scaffolding to the chromosome-scale



Chromosome-level assemblies per lineage: HiC scaffolding

L2: TA1675
97x coverage

Contig N50 = 221 Mb 

L1: TA10171
77x coverage

Contig N50 = 53 Mb  

L3: TA2576
67x coverage

Contig N50 = 117 Mb 



Inter-lineage variation in number and location of gaps

1D 2D 3D 4D 5D 6D 7D

L1: TA10171

L2: TA1675

L3: TA2576

496 660 645 540Size (Mb) 586 522 659

507 663 644 541Size (Mb) 591 500 662

501 674 646 540Size (Mb) 594 511 659

* * * * * * *

*******

* * * * * * *

12 22 21 17Gaps 14 26 19

5 9 4 6Gaps 5 3 0

10 11 15 11Gaps 7 13 12

* = centromeric region



The pangenome of Aegilops tauschii
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Applications of the Ae. tauschii diversity panel and pangenome

Gene discovery and annotation

Evolutionary studies

Association genetics

Detection of structural and regulatory variants

Gene cloning

Genome engineering

Conventional breeding



High-quality reference genome assemblies improve association genetics

SrTA1662

Low quality assembly (contig N50 of 196 kb)

Associated k-mers for resistance to Puccinia graminis f. sp. tritici race QTHJC in accession TA1662 

SrTA1662

High-quality assembly (contig N50 of 58.21 Mb)



Low quality assembly (contig N50 of 196 kb)

Associated k-mers for trichome number in accession TA1662 

High-quality assembly (contig N50 of 58.21 Mb)

High-quality reference genome assemblies improve association genetics



Applications of the Ae. tauschii diversity panel and pangenome

Gene discovery and annotation

Evolutionary studies

Association genetics

Detection of structural and regulatory variants

Gene cloning

Genome engineering

Conventional breeding



Unraveling new disease resistance genes



Unraveling new disease resistance genes

SrTA1662 does not confer resistance to stem rust isolate Ug99!



Unraveling new disease resistance genes

TA1662 contig

Xwmc432

13.76 Mb

Xwmc222

Sr candidate genes

Functional validation

SrTA1662

Predicted NLR genes

*

Expressed gene

Gene

* Premature stop codon



SrTA1662 and Sr33: alleles or paralogs?

Olson et al. Theor Appl Genet. 2013



SrTA1662 and Sr33: alleles or paralogs?

AUS18911 1D

CPI110799 1D

AUS18913 1D

TA1662 1D

Gene

SrTA1662

Sr33

• Different specificities
• Low protein sequence identity (83%)
• SrTA1662 and Sr33 are in cis!



Applications of the Ae. tauschii diversity panel and pangenome

Gene discovery and annotation

Evolutionary studies

Association genetics

Detection of structural and regulatory variants

Gene cloning

Genome engineering

Conventional breeding



Dissecting leaf trichome regulation

Phenotypic trait or marker used to characterize wheat:

ü Easy observation

ü High heritability

ü Linked to pest resistance and abiotic stress

Credit: Eye of Science/Science Photo Library

Gaurav et al. Nature Biotechnology. 2022



The trichome phenotyping problem 



The Tricocam

3D design and optimization

“Final” product



Trichome counting automation process – Thya Technology
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Trichome counting automation process – Thya Technology

2cm





Dissecting leaf trichome regulation in Ae. tauschii

TOWWC0112 TOWWC0178 TOWWC0107TOWWC0137



Take-home messages

• Aegilops tauschii diversity panel of 511 non-redundant sequenced accessions

• Ae. tauschii pangenome with 44 high-quality genome assemblies

• Chromosome-scale reference assemblies for each lineage to anchor the pangenome

• Resource for enabling high-resolution genetic association studies, gene cloning, detection of 
structural variation, genome engineering, etc.
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