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>Sequence_1
GAGCATCGCACGATCGACGACTAGC
AGCAGCATCAGCAGCATCAGCAGCA
GCATACGAGGGACACACGCAGCTTA
GCATCAGCATCGACGATCGACTACG
CAGTACGACGACTACGCAGCATCAG
GGCAGCATCGACTACGCATCAGCAT
CGACTAGACTACGCATCAGCATCGA

Genotype Phenotype



In the past 4 years

IWGSC et al 2014 Science

Clavijo et al 2017 Genome Research

Avni et al 2017 Science

Luo et al 2017 Nature 

Zimin et al 2017 GigaScience

Ling et al 2018 Nature
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Maccaferri et al 2019 Nature Genetics

Alonge et al 2020 bioRxiv

Walkowiak et al 2020 under review
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Borrill et al 2016 Plant Physiol

Ramirez-Gonzalez et al 2018 Science

Ramirez-Gonzalez et al 2015 Bioinformatics
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Gardiner et al 2018 Genome Research

Li et al 2019 Genome Biology
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www.wheat-training.com

http://www.wheat-training.com/


Adamski et al 
2020 eLife



Adamski et al 
2020 eLife

The importance of good gene models 
(and clear nomenclature)



Pre-computed gene trees in e! to identify wheat orthologs



Where is my gene expressed? 

Philippa Borrill
(JIC)

University of Birmingham 

Ricardo Ramirez-
Gonzalez (JIC)



We use Kallisto to quantify the expression (Transcripts per Million, TPMs). 

http://wheat-expression.com

Borrill et al 2016 Plant Physiology
Ramirez-Gonzalez et al 2018 Science

Bray et al 2016 Nature Biotechnology

expVIP (>1,000 samples)

http://wheat-expression.com/


Visual interface (>1,000 samples)

Borrill et al 2016 Plant Physiology
Ramirez-Gonzalez et al 2018 Science



Wheat eFP (70 tissue*development stage) 



Debernardi et al 2020 
Plant Journal

Schilling et al 2020 New Phytologist

Susanne Schilling Rainer Melzer

Univ. College Dublin



Data Availability

http://www.wheat-expression.com

Source code
Database and interface setup:
https://github.com/Uauy-Lab/expvip-web

BioJS visualisation component:
http://biojs.io/d/bio-vis-expression-bar

https://opendata.earlham.ac.uk/wheat/under_license/toronto/Ramirez-Gonzalez_etal_2018-
06025-Transcriptome-Landscape/

Ricardo Ramirez-Gonzalez (JIC)

http://www.wheat-expression.com/
https://github.com/Uauy-Lab/expvip-web
http://biojs.io/d/bio-vis-expression-bar
https://opendata.earlham.ac.uk/wheat/under_license/toronto/Ramirez-Gonzalez_etal_2018-06025-Transcriptome-Landscape/


Epigenetic marks http://bioinfo.sibs.ac.cn/cs_epigenome

Li et al 2019 Genome Biology

Zijuan Li 
(CAS)

Yijing Zhang 
(CAS)





EMS
Mutant Population

DNA

Exome
capture

Mutant
Identification

ATGT
TACT
CGTG

ATGC
TGTT
AGTG

ATAC
TGCT
CGTG

ATGC
TGCT
TGTG

ATGC
TGCT
CGTA

Seeds

Mutants in every wheat gene: in silico TILLING

Krasileva et al 2017 PNAS
Uauy, Wulff, Dubcovsky 2017 ANR Genetics

Andy Phillips 
(RRes)

Jorge Dubcovsky 
(UC Davis)

Ksenia Krasileva 
(Earlham)-
Berkeley



Access to >10M wheat mutants online

Krasileva et al 2017 PNAS
Uauy, Wulff, Dubcovsky 2017 ANR Genetics

Bruno Contreras
Moreira

Guy Naamati

Dan Bolser



Not Presence - AbsenceContinuous phenotypic variationChallenges

Phenotypes of agricultural importance are “complex”
gene 1 gene 2 gene 3 gene 4 gene n

…

Diploids

Sugar cane Coffee Rapeseed Wheat

Polyploids

e.g. Yield, 
Nutritional Value

Continuous phenotypic 
variation



Phenotypes of agricultural importance are “complex”
gene 1 gene 2 gene 3 gene 4 gene n

…

gene 1 gene 2 gene 3 gene 4 gene n
…copy 1

copy 2
copy 3

…
…

Multiple genes

Multiple copies

Diploids

Polyploids

Functional 
Redundancy

Continuous phenotypic 
variation



Combining mutations for full gene knock-outs

Ramirez-Gonzalez, Uauy, Caccamo 2015 Bioinformatics



Speed Breeding

Accelerated 

growth

Normal 

growth

Cadenza 38 days after sowing

Watson et al 2018 Nature Plants
Ghosh et al 2018 Nature Protocols

Amy Watson & Lee Hickey 
(Univ Queensland)

Sreya Ghosh & 
Brande Wulff (JIC)



Brinton and Uauy 2018 JIPB

QTL effects in wheat are subtle compared to diploid



Grain Width 2 (GW2) A
B
D

GW2-A
GW2-B
GW2-D

Single mutant

Wildtype

Triple mutant

Combining mutations to overcome redundancy

GW2
A
B
D

GW2
A
B
D

GW2-B
GW2-D

Wildtype Single 
mutant

Triple 
mutant

+ 21%

+ 6%

20 grains

Increase grain weight

Simmonds et al 2016 TAG
Wang et al 2018 TAGJames Simmonds (JIC)





Natural diversity populations

Adamski et al 2020 eLife
(Table 2)

Keith Gardner James Cockram (NIAB)



Publicly available germplasm collections (eg SeedStor)

Adamski et al 2020 eLife
(Table 2)

https://www.seedstor.ac.uk/search-browsecollections.php

https://www.seedstor.ac.uk/search-browsecollections.php


Watkins NAM population http://wisplandracepillar.jic.ac.uk/

Wingen et al 2017 Genetics
Wingen et al 2014 TAG

Simon Griffiths (JIC)

>100 F6 ”off-the shelf” 
mapping populations 
(many phenotyped)

Luzie Wingen (JIC)

http://wisplandracepillar.jic.ac.uk/


Original allele (hb) from CSIRO 4-way MAGIC

Candidate gene validated with TILLING mutant (tb-d1)

Functional validation with transgenic lines (Fielder)

Identify natural variation 

NIAB 8-way MAGIC QTL identifies B genome (TB-B1)

Laura Dixon (Leeds) Scott Boden (Adelaide) Dixon et al 2018 Plant Cell



Knowledge Networks https://knetminer.rothamsted.ac.uk/Triticum_aestivum/

Hassani-Pak et al 2020 bioRxiv

Keywan Hassani-Pak 
(Rothamsted)



From one cultivar to over 10 sequenced cultivars

Curtis Pozniak
University of Saskatchewan



Variety Habit Origin
Lancer spring Australia
Mace spring Australia

CDC Landmark spring Canada
CDC Stanley spring Canada

Paragon spring UK
Cadenza spring UK
Weebil spring CIMMYT

Robigus winter UK
Claire winter UK
Arina winter Switzerland
Julius winter Germany

Norin-61 winter Japan
Jagger winter US

SY Mattis winter Syngenta

Kronos spring US

Svevo spring Italy
Zavitan - Israel

Bread wheat (6x)

Durum wheat (4x)

Wild emmer (4x)



Variety Habit Origin
Lancer spring Australia
Mace spring Australia

CDC Landmark spring Canada
CDC Stanley spring Canada

Paragon spring UK
Cadenza spring UK
Weebil spring CIMMYT

Robigus winter UK
Claire winter UK
Arina winter Switzerland
Julius winter Germany

Norin-61 winter Japan
Jagger winter US

SY Mattis winter Syngenta

Kronos spring US

Svevo spring Italy
Zavitan - Israel

Sean Walkowiak 
(Canadian Grain Commission)



Variety Habit Origin
Lancer spring Australia
Mace spring Australia

CDC Landmark spring Canada
CDC Stanley spring Canada

Paragon spring UK
Cadenza spring UK
Weebil spring CIMMYT

Robigus winter UK
Claire winter UK
Arina winter Switzerland
Julius winter Germany

Norin-61 winter Japan
Jagger winter US

SY Mattis winter Syngenta

Kronos spring US

Svevo spring Italy
Zavitan - Israel

Bernardo Clavijo
(Earlham Institute)

Clavijo et al 2017 bioRxiv



Variety Habit Origin Website
CDC Landmark spring Canada 10G http://webblast.ipk-gatersleben.de/wheat_ten_genomes/

Arina winter Switzerland 10G http://webblast.ipk-gatersleben.de/wheat_ten_genomes/

Julius winter Germany 10G http://webblast.ipk-gatersleben.de/wheat_ten_genomes/

Jagger winter US 10G http://webblast.ipk-gatersleben.de/wheat_ten_genomes/

Zavitan - Israel 10G http://webblast.ipk-gatersleben.de/wheat_ten_genomes/

Lancer spring Australia 10G http://webblast.ipk-gatersleben.de/wheat_ten_genomes/

Mace spring Australia 10G http://webblast.ipk-gatersleben.de/wheat_ten_genomes/

Norin-61 winter Japan 10G http://webblast.ipk-gatersleben.de/wheat_ten_genomes/

CDC Stanley spring Canada 10G http://webblast.ipk-gatersleben.de/wheat_ten_genomes/

SY Mattis winter Syngenta 10G http://webblast.ipk-gatersleben.de/wheat_ten_genomes/

Svevo spring Italy Interomics https://www.interomics.eu/durum-wheat-genome

Paragon spring UK Earlham https://wheatis.tgac.ac.uk/grassroots-portal/blast

Cadenza spring UK Earlham https://wheatis.tgac.ac.uk/grassroots-portal/blast

Robigus winter UK Earlham https://wheatis.tgac.ac.uk/grassroots-portal/blast

Claire winter UK Earlham https://wheatis.tgac.ac.uk/grassroots-portal/blast

Kronos spring US Earlham https://wheatis.tgac.ac.uk/grassroots-portal/blast

Currently available

Coming to EnsemblPlants Soon!

25 Triticum/Aegilops ssp.
Zhou et al 2020 bioRxiv

Fei Lu (CAS)



Using the wheat pangenome to define haplotypes

Jemima Brinton
(JIC)

Ricardo Ramirez-Gonzalez 
(JIC) Brinton et al 2020 unpublished



Chromosome
6A
(Mbp)

Mace
Landmark

Robigus
ArinaLrFor

Stanley

Claire
Jagger

SY mattis

Norin 61
Lancer

Julius
Weebil

Paragon
Cadenza

Defining haplotypes across all cultivars (chr 6A)

Brinton et al 2020 unpublished



Visualisation interface (chr 4B example) http://www.crop-haplotypes.com/

Brinton et al 2020 unpublished

http://www.crop-haplotypes.com/


Students £25

Academic £50

LMIC Delegates Special bursaries (£0)

bit.ly/2X6TpbL

https://t.co/K78cHYgdyk?amp=1


• Open-access resources to enable biological understanding
• Polyploidy ‘hides’ useful phenotypic variation
• Be collaborative and open
• For more info: 

• www.wheat-training.com
• Adamski et al 2020 eLife

Concluding thoughts

Wheat (and human) diversity

@CristobalUauy

cristobal.uauy@jic.ac.uk

http://www.wheat-training.com/

