
The pangenome of Aegilops tauschii facilitates 
high-resolution genomics studies

Andrea Gonzalez Munoz

The Wulff Lab

Center for Desert Agriculture

King Abdullah University of Science and Technology (KAUST)

Thuwal, Kingdom of Saudi Arabia

PAG 30 / January 13-18, 2023, San Diego, USA



www.openwildwheat.org

The Open Wild Wheat Consortium



www.openwildwheat.org

The Open Wild Wheat Consortium
1. Agricultural Research Center, Egypt
2. Research Institute of Forests and Rangelands, Iran
3. Tel Aviv University, Israel
4. King Abdullah University of Science and 

Technology, Saudi Arabia
5. Quaid-i-Azam University, Pakistan
6. University of Minnesota, USA
7. Sichuan Agricultural University, Chengdu, China
8. Julius Kühn-Institut, Germany
9. National Academy of Sciences of Tajikistan, 

Tajikistan
10.University of British Columbia, Canada
11.University of California Davis, USA
12.Leibniz Institute of Plant Genetics and Crop Plant 

Research (IPK) Gatersleben, Germany
13.Wheat Genetics Resource Center, Kansas State 

University, USA
14.National Institute of Agricultural Science, Republic 

of Korea
15. Institute of Crop Science, Chinese Academy of 

Agricultural Sciences, China
16.University of Sheffield, United Kingdom
17.Genetic Resources Institute, Ministry of Science 

and Education, Azerbaijan
18. John Innes Centre, United Kingdom
19.Punjab Agricultural University, India
20.University of Sydney, Australia
21. Institute of Molecular Biology and Biotechnologies, 

Azerbaijan
22.Kansas State University, USA
23.USDA-Agricultural Research Service, USA
24.University of Nottingham, United Kingdom
25.University of Maryland, USA
26.South Dakota State University, USA



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

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
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• Diploid
• Genome size 4.36 Gb



Population genomics of Aegilops tauschii

Phase I
2017-2021



Population genomics of Aegilops tauschii

Gaurav et al. Nature Biotechnology. 2021

Sequence-configured
diversity panel of 242
non-redundant Ae.
tauschii accessions



Dissecting traits of interest using the resequenced and phenotyped panel 

Gaurav et al. Nature Biotechnology. 2021



Resource limitations of Open Wild Wheat Phase I

Adapted from Gaurav et al., 2021

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

Detecting rare alleles

ü Increase diversity 
panel size

Detecting cryptic gene variation High-quality genome assemblies

ü Generate the pangenome

Copy Number Variants

DNA methylation variants

Gene

Gene Copy 1

Gene Copy 1 Copy 2

Gaurav et al. Nature Biotechnology. 2021

ü Associative transcriptomics



Ae. tauschii
panel

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

242 resequenced accessions

Historic collection and SHW D-genome donors (GRU John Innes 
Centre)

Dr. Noam Chayut
74 resequenced accessions

Tajikistan collection (Tajikistan National Academy of Sciences)
Prof. Firuza Nasyrova

84 resequenced accessions

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

165 resequenced 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

Expanded Aegilops tauschii diversity panel – Open Wild Wheat Phase II

652 accessions

Phase II

Future additions: Pakistan collection (Quaid-i-Azam University) Prof. Awais Rasheed    33 accessions
Iranian collection (Ilam University) Prof. Ali Mehrabi >50  accessions



Expanded Aegilops tauschii diversity panel – Open Wild Wheat Phase II
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The pangenome of Aegilops tauschii

43 accessions of strategic interest to the consortium Phase II

Adapted from Gaurav et al., 2022. Nature Biotechnology

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



Sequencing and assembling the Aegilops tauschii pangenome

ü 43 accessions

ü PacBIO CCS (HiFi)  18 – 29X coverage (Mean= 23X)

ü Primary assemblies

ü Scaffolded using lineage-level assemblies

ü Accessions: TOWWC0052 (L1), TA1675 (L2), TA2576 (L3)

ü PacBIO CCS (HiFi) 67-97X coverage +   illumina HiC 300 M reads

ü HiFi + HiC phased assemblies

ü HiC scaffolding to the chromosome-scale

Lineage-level HiC-scaffolded high-coverage assemblies

Pseudo chromosome-level assemblies



Lineage-level assemblies

Assembly -> TOWWC0052 (L1) TA1675 (L2)
TA2576 (L3) 

(reference*-scaffolded)

Superscaffolds 7 7 7

Total assembled length 4,151,983,908 4,159,914,615 4,245,074,256

Scaffolded contigs per 
chromosome

13-27 1-10 18-32

Unplaced assembled 
length

45,447,308 53,352,240 114,633,098

ü Resource for anchoring pangenome assemblies

ü High resolution for structural variant calling

*Reference assembly: AL8/78 v5.0 (RefSeq GCF_002575655.2), chromosomes only



Lineage 1 and lineage 2 HiC scaffolded assemblies

L2: TA1675, 97X cov, N50= 221.04 Mb L1: TOWWC0052, 77X cov, N50= 53.38 Mb  



Genome assembly summary for 43 pangenome accessions

Feature Metric Mean Minimum Maximum

Contiguity

Assembled length (Gb) 4.17 4.12 4.23

Number of contigs 1833 1162 3687

N50 (Mb) 43.19 15.01 90.33

Completeness
Complete BUSCOs (%) 98.34 97.95 98.64

illumina reads k-mer completeness 
(%)

98.51 97.75 99.87

Correctness

Average HiFi read accuracy (%) 99.86 99.72 99.92

Base-level accuracy (QV) 44 31 48

Assembly unique k-mer count (%) 0.13 0.03 1.78

Reference-based* anchoring (% of 
total assembled length)

98.44 97.28 99.23

*Reference assembly: AL8/78 v5.0 (RefSeq GCF_002575655.2), chromosomes only



Applications of the Ae. tauschii pangenome resource

Gene discovery and annotation

Evolutionary studies

Association genetics

Detection of structural and regulatory variants

Gene cloning

Genome engineering

Conventional breeding



Rapid gene cloning application



Rapid gene cloning application

TA1662

Xwmc432

13.76 Mb

Xwmc222

7 Mb

13.76 Mb

SrTA1662

Predicted NLR genes

Novel Sr candidate 

genes!

ü RNAseq evidence

Functional validation
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