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>Sequence_ 1

GAGCATCGCACGATCGACGACTAGC
AGCAGCATCAGCAGCATCAGCAGCA
GCATACGAGGGACACACGCAGCTTA
GCATCAGCATCGACGATCGACTACG
CAGTACGACGACTACGCAGCATCAG
GGCAGCATCGACTACGCATCAGCAT
CGACTAGACTACGCATCAGCATCGA
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www.wheat-training.com

TILLING All PDFs Links

Genomic Resources

Home Wheat Growth

Contributors

Contact

This website provides background information and practical resources to help both budding wheat scientists as

well as researchers looking to expand their work into wheat.

There is a need to improve crops to feed the world’s growing population with the backdrop of climate change. Translation
of fundamental plant biology research (e.g. from Arabidopsis thaliana) into crops such as wheat provides a potential route
to deal with this challenge. However learning even simple tasks such as growing and crossing wheat plants requires time
and effort, while material and methods sections in published articles are often short and cannot substitute teaching aids.

This is also true for more complex topics such as the genomics aspect of wheat.

Here we provide information and training about:
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Wheat Transformation and CRISPR/Cas9
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Designing genome specific primers

Populations
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The importance of good gene models Gene
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Finding wheat orthologs?
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Pre-computed gene trees in e! to identify wheat orthologs
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expVIP (>1,000 samples) http://wheat-expression.com
Wheat Expression Browser powered by exovie Gene set

Home Studies Download Add your data Tutorials Videos Cite
One or two genes BLAST Scaffold
Gene set QRIS Gene:
Paste query sequence(s) or drag file containing query sequence(s) in FASTA

format here ...

Examples: TraesCS2A02G 103900 | TraesCS4B02G075700 | TraesCS2A02G103900.1 |
TraesCS4B02G075700.1

Multiple genes

If you want to compare more than two genes, you can add a list of genes separated by commas or one gene
in each line.

Nucleotide databases
Populate with example

N
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Developmental time-course of Chinese Spring
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Six unreplicated tissues from Chinese Spring. .
Chinese Spring flag leaves, 6 timepoints Bray et al 201 6 Nature BIOteChnOIogy
Chinese Spring early meiosis, early prophase BOI’I’I" et al 201 6 Plant PhySIOIOgy

Ramirez-Gonzalez et al 2018 Science
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Visual interface (>1,000 samples)
Wheat EXpression BroWSer powsss oy exvp Traes_4AL_F99FCB2SF 1 Gene sat

Home Studies Download Add your data Tutorials Videos Cite
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Wheat eFP (70 tissue*development stage)
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Data Availability

http://www.wheat-expression.com

Source code

Database and interface setup:

https://github.com/Uauy-Lab/expvip-web

®

open source
Initiative

Ricardo Ramirez-Gonzalez (JIC)

BioJS visualisation component:

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

Code Issues & Pull requests o EE Wiki Pulse Graphs

Home

homonecloco edited this page on 22 Oct 2015 - 9 revisions

Welcome to the expvip-web wiki! This wiki contains tutorials on how to setup the database and run it
locally.

1. Loading Virtual Machine. Instructions on how to setup Virtual Box to run expVIP

2. Loading Metadata. Detailed scripts in the virtual machine to prepare expVIP for your samples.

3. Loading data. Description on how fo prepare and load the data to expVIP.

4. Running Kallisto. Instructions on how to run Kallisto and load the results in the database in a
single step

5. Running Kallisto in batch. Instructions on how to run Kallisto and load the results in the
database in a single step from multiple samples

6. Starting up the web server. Instructions on how to start the local web server for expVIP

7. Exporting Data. How to extract data from expVIP database.

&. Graphical Interface Tutorial. How to get the most of the expVIP graphical interface, exemplified
with the Wheat Genome Browser.

https://opendata.earlham.ac.uk/wheat/under license/toronto/Ramirez-Gonzalez etal 2018-

06025-Transcriptome-Landscape/
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Mutants in every wheat gene: in silico TILLING
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capture e — - e
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dentificat TACT TGTT TGCT TGCT TGCT
ldentification  ~c7¢  agTe ceTe  TGTG CcoTa

Krasileva et al 2017 PNAS
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Access to >10M wheat mutants online
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Phenotypes of agricultural importance are “complex”

gene 1 gene 2 gene 3 gene 4 genen e.g. Yield,
] Nutritional Value

Continuous phenotypic
variation
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Phenotypes of agricultural importance are “complex”
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Combining mutations for full gene knock-outs
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Designing genome specific primers

Designing crossing schemes

polymarker

Ramirez-Gonzalez, Uauy, Caccamo 2015 Bioinformatics




Speed Breeding

Cadenza 38 days after sowing Amy Watson & Lee Hickey
(Univ Queensland)
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Speed Breeding
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QTL effects in wheat are subtle compared to diploid

Rice
50' ‘
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8 30+
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o
=
O
X 20+
Wheat
1
104 | ‘
B —
0.

TGW Length Width TGW Length Width
(26) @) (3 (10) (4 (5

Brinton and Uauy 2018 JIPB



Combining mutations to overcome redundancy [{ILE
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Wang et al 2018 TAG






Natural diversity populations

Collection Short description

MNumber of accessions

Genotyping

Data/seed availability

More information/
Reference

Wheat diversity panels

Watkins World collection of wheat landraces
historic grown as farmer saved seed before
collection of  the 1930s. Genetically stable
landrace collection developed by two
wheats generations of single seed descent

829 accessions [core set of 119
represent majority of assayed
genotypic variation). F4.5 mapping
populations against Paragon, mainly

for the core set.

35K Axiom breeders array

(Allen et al., 2017): subset exome
sequenced (Gardiner et al.,
2018)

Genotype:
https://www.cerealsdb.
uk.net/
cerealgenomics/
CerealsDB
faxiom_download.php
Seed: https://www.
seedstor.ac.uk/

(store codes
WATDEOOO1-
WATDE1063)

http://
wisplandracepillar.

c

ac.ukfresults_
resources.ntm :
Wingen et al.,
2014;

Wingen et al.,
2017

MNIAB, UK B-way (parents Alchemy, Brompton,
Claire, Hereward, Rialto, Robigus,
Xi19, Soissions); 16-way (Banco,
Bersee, Brigadier, Copain, Cordiale,
Flamingo, Gladiator, Holdfast, Kloka,
Maris Fundin, Robigus, Slejpner,
Soissons, Spark, Steadfast, Stetson)

'll A

%@%

% Adamski et al 2020 eLife
- .

MNIAB 8-way MAGIC:>1,000 RILs;
MNIAB 16-way MAGIC: ~600 RILs

Populations

(Table 2)

35K Axiom breeders array.
Genome sequence (Claire,
Robigus, others underway).
Exome capture sequence of 16-
way parents. Skim-seq of all RILs
under‘way

Keith Gardner James Cockram (NIAB)

Claire and
Robigus genomes:
https://opendata.
earlham.ac.uk/
opendata/data/
Triticumn
_aestivurn/El/v1.1/
Genotyping and
Seed:
https://www.niab.com
research/research-
projects
/resources

Mackay et al.,
2014;
Gardner et al.,
2016




Publicly available germplasm collections (eg SeedStor)

G oG W W

Reference panel of 376 European
winter wheats used in association
mapping research 2008-2009

Qa3 1 Wheat TILLING
Triticeae Genome Association panel in silico wheat TILLING
& populations (Exome capture)
P BREEDERS
- TOOL

DFW it

Designing Future Wheat
Breeders Toolkit @

Paragon Near Isogenic Line
Library @

£ RSt R -
DFW (EEEiis
Nested ' *“imauzwg‘
Association - RSREE '"!P?!i‘ i
Mapping | SUEREEEE 'g'.i; Li
Populations T IR

DFW Wheat Nested Association
Mapping (DFW-NAM) panel @

GEDIFLUX
Collection
1945-2000

Gediflux Northern European Wheat
Collection @

Wheat Pan Genome

-.—.'

C | ' %3 1 ;': ¢ !5( ;
INNINSNCTL !

Pangenome Collection ©@

Paragon x Chinese Spring
Mapping Population @

tauschii Diversity Panel @

wParagon

y Deletions

Paragon Gamma Irradiated
deletions @

- Adamski et al 2020 eLife
(Table 2)

Populations

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



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

Watkins NAM population

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

Parw224
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2

.

)/ DESIGNING
W7 FUTURE WHEAT
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>100 F, "off-the shelf”
mapping populations
(many phenotyped)

Nested
Association -
Mapping

DFW Wheat Nested Association Wingen et a| 2014 TAG
Mapping (DFW-NAM) panel @

Wingen et al 2017 Genetics



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

Original allele (hb) from CSIRO 4-way MAGIC
Candidate gene validated with TILLING mutant (tb-d17)
Functional validation with transgenic lines (Fielder)

|dentify natural variation

NIAB 8-way MAGIC QTL identifies B genome (TB-BT1)
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Plosd

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




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

PYRP2

PMID: 23370720

GLOBAL_NETWORK_850_SAMPLES  ppb published_i
/\ : NCUmmin
part_of TRAESCS5B01G 0.1 Keywan Hassani-Pak
part_of o€ (Rothamsted)

WGCNA_GLOBAL_MODULE_ e

=
, ESCSSAO

/ N ' TPR1
Signal Transduction 7 AN ~HS B1 \ A /\
\, /A\ \“ 5
Response To A‘ﬁoﬁc Stimulus \ -_—\
Respons;To Stress >SFB1
Cell ?ath ‘ N

Cell Communication leads_

has_r‘hutan} STO

Gene Networks Hassanl'Pak et al 2020 biORXIV




From one cultivar to over 10 sequenced cultivars

I LENOME
PRIJE[T

Curtis Pozniak
University of Saskatchewan




Variety
Lancer
Mace
CDC Landmark
CDC Stanley
Paragon
Cadenza
Weebil

Robigus
Claire
Arina
Julius

Norin-61
Jagger

SY Mattis

Kronos

Svevo
Zavitan

Habit
spring
spring
spring
spring
spring
spring
spring

winter
winter
winter
winter
winter
winter
winter

spring

spring

Australia
Australia
Canada
Canada
UK
UK
CIMMYT

UK
UK
Switzerland
Germany
Japan
US
Syngenta

US

Italy
Israel

Bread wheat (6x)

Durum wheat (4x)

| Wild emmer (4x)

GENOME
PROJECT



Variety

Paragon spring UK
Cadenza spring UK
Weebil spring CIMMYT
Robigus winter UK
Claire winter UK

Kronos spring us

DeEPEMAGIC 2.0

Sean Walkowiak
(Canadian Grain Commission)



Variety

Paragon
Cadenza
Weebil

Kronos

spring
spring
spring

winter
winter

spring

DeEPEMAGIC 2.0

;??.& e e (LR T T R
b

UK
UK
CIMMYT

Gy bioRyiv

THE PREPRINT SERVER FOR BIOLOGY

New Results

W2RAP: a pipeline for high quality, robust assemblies of large complex genomes
from short read data

Bernardo Clavijo, Gonzalo Garcia Accinelli, Jonathan Wright, Darren Heavens, Katie Barr, Luis Yanes,
Federica Di Palma

doi: https://doi.org/10.1101/110999

Clavijo et al 2017 bioRxiv

Bernardo Clavijo
(Earlham Institute)

g Earlham
Institute

Decoding Living Systems




Currently available

Variety
CDC Landmark
Arina
Julius
Jagger
Zavitan
Lancer
Mace
Norin-61
CDC Stanley
SY Mattis

Svevo

Paragon
Cadenza

Robigus
Claire
Kronos

Habit
spring
winter
winter
winter

spring
spring
winter
spring
winter

spring

spring
spring
winter
winter

spring

Origin
Canada
Switzerland
Germany
US
Israel
Australia
Australia
Japan
Canada
Syngenta

Italy

10G
10G
10G
10G
10G
10G
10G
10G
10G
10G

Interomics

Earlham
Earlham
Earlham
Earlham
Earlham

Coming to EnsemblPlants Soon!

Website

http://webblast.ipk-gatersleben.de/wheat_ten_genomes/
http://webblast.ipk-gatersleben.de/wheat_ten_genomes/
http://webblast.ipk-gatersleben.de/wheat_ten_genomes/
http://webblast.ipk-gatersleben.de/wheat_ten_genomes/
http://webblast.ipk-gatersleben.de/wheat_ten_genomes/
http://webblast.ipk-gatersleben.de/wheat_ten_genomes/
http://webblast.ipk-gatersleben.de/wheat_ten_genomes/
http://webblast.ipk-gatersleben.de/wheat_ten_genomes/
http://webblast.ipk-gatersleben.de/wheat_ten_genomes/

http://webblast.ipk-gatersleben.de/wheat_ten_genomes/

https://www.interomics.eu/durum-wheat-genome

https://wheatis.tgac.ac.uk/grassroots-portal/blast
https://wheatis.tgac.ac.uk/grassroots-portal/blast
https://wheatis.tgac.ac.uk/grassroots-portal/blast
https://wheatis.tgac.ac.uk/grassroots-portal/blast

https://wheatis.tgac.ac.uk/grassroots-portal/blast

Fei Lu (CAS)
25 Triticum/Aegilops ssp.
Zhou et al 2020 bioRxiv

ACTGCGT

@ X

Genome assemblies




Using the wheat pangenome to define haplotypes

100.00+
99.99-
99.98-
99,97
99.96
0 50.95-
299,94
99.93-
99.92-
99.91-

99.90+

19

iL

|

it

i

=

Jemima Brinton
(JIC)

100

Ricardo Ramirez-Gonzalez

(JIC)

200

300

400

Mace chromosome 6A (Mbp)

500 600

Brinton et al 2020 unpublished



Defining haplotypes across all cultivars (chr 6A)

Chromosome
6A

(Mbp) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII4E}DIIIIIIIII5IUUIIIIIIIIIE‘IIII

100 200 300

CadeNZa |
PTG O 5

ArinaLrFor | N I
Juliusm n e B I

Weebilges =& 1 1P i I
Landmark Fil 1 i I 1 'R
Maceliiii 1 & . 1

Stanley "IN "THEESSS e
Brinton et al 2020 unpublished




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

% Haplotvpes for 3Mbp v
o 50,000,000 100,000,000 150,000,000 200,000,000 250,000,000 300,000,000 350,000,000 400,000,000 450,000,000 500,000,000 550,000,000 800,000,000 850,000,000
L 1
., L L L L L L L L L L L L L |
o 50,000,000 100,000,000 150,000,000 200,000,000 250,000,000 300,000,000 350,000,000 400,000,000 450,000,000 500,000,000 580,000,000 800,000,000 850,000,000
L 1 L L L L L L L L L L L L 1

Cadenza

| [ | 5316000 Bl 11 EHI 11 N s ||
1 | [ - -_I - Il
B H N i § NN il IIII-

Chinese Spring
Claire

Jagger

Julius

LongReach Lancer

COC Landmark

Mace

NosinG 1

Paragon

Robigus

CDC Stanley

Elock no Asszembly Start End Length
3806 Jagger 30,000,000 623,000,000 303,000,000
3806 Weehill 28,632,000 623 400,000 306,770,000
3807 Jagger 50,000,000 600,000,000 350,000,000
3807 MNorinél 50,000,000 505,000,000 343,000,000
3808 Jagger 30,000,000 423 000,000 393,000,000
3808 ST Mattis 30,000,000 420,000,000 390,000,000
3800 5T Mattis 13,000,000 280,000,000 263,000,000
3800 Weehill 13,409,000 282,850,000 267 480,000
3900 MNorinél 263,000,000 513,000,000 220,000,000
3000 Weehill 206,200,000 517,620,000 221,530,000
3901 Robigus 426,770,000 633,310,000 206,540,000
3901 5T Mattis 420,000,000 623,000,000 203,000,000
3902 CDC Landmark 503,000,000 630,710,000 184,710,000
3002 CDC Stanley 510,000,000 660,000,000 130,000,000
3002 CDC Stanley 673 000,000 693 000,000 20,000,000

Brinton et al 2020 unpublished


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

VIRTUAL CONFERENCE

PLANT GENOMES
IN A CHANGING

R\ H’\x

E NVI RONM E NT Juiia Bailey Serres Giles Oldroyd
University of Sainsbury
12-14 October, 2020 California, Laboratory, UK

Riverside, USA

Abstracts due 01 September

Ana Cano-Delgado - CRAG, Spain
Jeff Habben - Corteva Agriscience, USA

Sandra Knapp - Natural History Museum, UK

Students £25 Francesco Licausi — University of Oxford, UK

Academic £50 Steve Long - University of lllinois, USA / Lancaster University, UK
Wenbo Ma - UC Riverside, USA / The Sainsbury Lab, UK

LMIC Delegates Special bursaries (£0) Sarah McKim - University of Dundee, UK

Jane Parker — Max Planck Institute, Germany

Corné Pieterse - Utrecht University, The Netherlands

bit.ly/2X6Tpbl

Michael Purugganan — New York University, USA



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

Concluding thoughts Jo*mEes Centre

* Open-access resources to enable biological understanding s el

* Polyploidy ‘hides’ useful phenotypic variation
* Be collaborative and open PLANT GENoMes DT, Iy/2X6prL
* For more info: R T A "
 www.wheat-training.com 12-14 October, 2020
AR ciee T
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Research to Deliver Wheat for the Future

Biotechnology and
, @CristobalUauy Biological Sciences

Research Council

Wheat (and human) diversity cristobal.uauy@jic.ac.uk
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