Decoding the polyploid wheat genome using
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| S inaEam  Philippa Borrill W @PhilippaBorril




Outline

1) Why is polyploidy
relevant?

2) Why now?

3) Can we use gene
networks to escape
polyploidy?




Outline

1) Why is polyploidy
relevant?




Polyploid plants are abundant

* >70 % of flowering plants have a polyploid evolutionary history

* Many major crops are polyploid




The Challenge of Wheat
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Wheat chromosomes
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Functional redundancy hides variation

Dosage |
Dominant Additive Non-additive Functional
i redundancy
Full mutant effect | - = —
66% PPD2 G2 GPC SBE-II
33% |- VRV = Waxy MLO
—/
Wild type I ] 1 |
3 1 2 3 1 2 3

Hidden variation

witdtyoe (0OEOA000002000000 e
angie §OQ06008000000000000 ‘6%

double "".',.""..'.."’ H1EN
woe QHRODRO0D0IN0000000) -+

Song et al., 2007, Nature Genetics Wang et al., 2018, TAG Borrill et al., 2019, Plant J




In young polyploids recessive alleles are missed by breeders
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Incredible potential hiding in the wheat genome
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1) Why is polyploidy relevant?

* Polyploidy is common in major crop species

e Hides variation

Functional
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2) Why now?




Fully sequenced wheat genome
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/' 14.5 Gb assembled (genome size ~15.5 Gb -> 94%)

14.1 Gb in 21 pseudomolecules (97%)
1601 superscaffolds (avg 76 per chr.)

110,790 genes

IWGSC et al., 2018, Science



Integrating genomic resources

Gene editing DNA methylation MutRenSeq
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A roadmap for gene functional
characterisation in crops with large
genomes: Lessons from polyploid wheat
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Over 850 samples; developmental time course, etc
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Wheat eFP E
http://bar.utoronto.ca/
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www.wheat-expression.com
>1,000 wheat RNA-Seq samples
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2) Why now?

Wheat genome sequence
Functional genomic resources
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3) Can we use gene
networks to escape

polyploidy?




Grain yield
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Genes

Gene regulatory
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Transcriptional networks
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Predictive network modelling with CSI

. ‘o .- ey Co-expression
» Co-expression = “guilt-by-association

e CSI = predictive relationships m
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Computationally expensive therefore need to
prioritise genes to include in CSI

110,790 genes

52,905

@ Differentially expressed

9,533

@ TFs

341 genes

Borrill et al., 2019, Plant Physiol.



295 genes -

NAM
Uauy et al., 2006, Science

Borrill et al., 2019, Plant Physiol.
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Develop double mutants for candidate genes
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NAM-2 phenotyping
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Layering additional information

>200 gene candidates

How to choose which to prioritise?

Other expression data (www.wheat-expression.com)

Ortholog information

>1,000 RNA-Seq samples
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Gene network information
http://knetminer.rothamsted.ac.uk/



http://www.wheat-expression.com/
http://knetminer.rothamsted.ac.uk/

Wheat eFP
http://bar.utoronto.ca/efp wheat/cgi-bin/efpWeb.cgi
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Genie3 network
(Available at http://knetminer.rothamsted.ac.uk/)
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http://knetminer.rothamsted.ac.uk/

Future TFs to characterise

20 TFs with additional evidence

Rice orthologs frequently involved in:
* Nitrate response

* Drought



3) Can we use gene networks to escape polyploidy?
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Conclusions

1) Why is polyploidy relevant?
2) Why now?
3) Can we use gene networks to escape polyploidy?

* Polyploidy challenge and opportunity

* New resources for wheat (genome,
TILLING, expression)

e Gene networks can unmask
polyploidy
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Conclusions

1) Why is polyploidy relevant?
Challenge and opportunity

2)  Why now?
New resources for wheat

3) Can we use gene networks

to escape polyploidy?
Gene networks can unmask
polyploidy
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