Introducing new genetic variation into crops

Many approaches are available for finding |
trait control genes via allelic variation ’
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Novel variation traditionally introduced by:
A Wide crossing (aliemtrogression
A Mutagenesis (radiation, chemical)

We can now use genomics to accelerate breeding based on knowledge of trait control ge!
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A Introduction to rapeseed genomics
A Genome structural variation bjpomoeologousexchange

A Genome structural variation by alien introgression

A Genome sequence and structural variation by gamma irradiation
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Rapeseed: a crop type ®&rassicanapus

Primary productis seedil0 4 € T pnk 00 dopradkct (FeSHSRn RY{BU:
Rapeseed ighe third largest source of vegetable oil globally
EU produces ~10 million tonnes of rapeseed oil annually

Opportunities for enhancing further cgproducts, e.gphytosterols, antioxidants

Breeding targets: tolerance to pests and diseases, nitrogen use efficiency, oll yi
and fatty acid composition
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Rapeseed: a crop type ®&rassicanapus

Rapeseed

Crop rotation is essential
for the control of pests,
diseases and weeds

Field beans Barley
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Genome complexity in the cultivate®rassicaspecies

AncestralBrassicaceae

20 MYN

Arabidopsis
thaliana
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Genome complexity in the cultivate®rassicaspecies

AncestralBrassicaceae

20 MYN Brown mustard
(Diploid) Black AB_ Chinese cabbage
mustard Brassica turnip
B / juncea A
_ Brassica Brassica
(Tetraploid) nigra rapa
// ‘\ 8 MYA /’
Ancestral Ancestral
Brassicea€e W gy Prassica, v
BC AC
Brassica Brassica
carinata napus
_ _ Ethiopian \ C_ /’ Oilseed rape
Arabidopsis mustard Brassica swede
thaliana oleracea

Broccoli, cauliflower, cabbage
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Genome complexity iipolyploidscomplicates genotyping

Seqguence polymorphisms betwedmomoeologuedor paralogues) are much
more abundant than allelic variation and can easily be misinterpreted, especially
if sampling depth is insufficient to overcome stochastic effects.

Genomic sequences Called bases
Diploid A. thaliana
Cultivar 1 locus AGCTA 1GCT AGCTA |gcT
Cultivar 2 locus AGCTA :CECT AGCTA |CICT

simple SNP
Allotetraploid B. napus
. =X r hemi-SNP

Cultivar 1 locus AGICTAIGCT —

TR AGYTA |[S|CT
Cultivar 1 homoeologue AG :T: TACCT

Cultivar 2 locus AGECETAECECT AGYTA |C|CT

Cultivar 2 homoeologue AG ET: T Ai Ci CT

inter-nomoeologue allelic variant
polymorphism

Plant Biotechnology Trick et al. SNRliscovery in thepolyploid Brassicanapususing Solexatranscriptome sequencing
Journal Plant Biotechnology J. 7:33346, 2009
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CDS ounigenereference sequence

TCTTCAAGGGTCTCTTGGACAEBCTATGTCCCGTGARAARCTCARRAEBACTACTCTCCTGLCGA
TCTTCAAGGGTCTCTTGGARCACCTATGTCCCGTGARAARCTCARRAYACTACTCTCCTGLGA

GTGRARACTCAAAA T 4CTaCTcTC
GTGARRACTCAARA Ctactcte
GAARAAC TCARAAC
~GTGARARAC TCAAAA
CGTGRARAC TCAAAAC
CGTGARRACTCARAAC
c CGTGARARACTCAARARAC
CTTGGACACETATGTCccgtgzasA
CTTGGACACCTATGT-CCGT
CTTGGACACCTATGTCCCZT
CTTGGACACCTATGTCccGTzasa .
ct-AtGECCCGTGARARC TCARRACAC
TeTe- cGtGARRRC TCARRACAC
GTGAARACTCAARAA 'ACTACTCTCCTGE
CAARA TACTACTCTCCTGCGA

TCTTCARAAGGGTCTCTTGGA
TCTTCAARGGGTCTCTTGGAC

MRNA —> SRS

CTATGTCCCG. GaRARRCTCARAaaCACTACLcTC
GTCCCGTGRAAARCTCAzaa
Aaaa "ARAcaCEACECECCT2CGA

3,000,000,000 bases of [H iy e e

CCTATGTCCC
cCTatGTCCCGTGARARACTCA

Sequence per plant ;}I:TTI: H:_ :‘TEE:TE“FHCHC[:HTI‘TIIIZI‘TFQQQHFTCQ

TCTTCARGGGTCTCTTGGACACCTAT
TCTTCARGGGTcTeT

(~one human genome) ,

Ningyou 7

SRR = TTe Y e alatelleread Trick et al. SNRiiscovery in thepolyploid Brassicanapususing Solexatranscriptome sequencing
Journal Plant Biotechnology J. 7:33346, 2009

lan Bancroft 2% May, 2019 UNIVERSITY@”%#(



Transcriptome SNPs as molecular marker8imapus
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g}mrc hnol Bancroft, et al. Dissectinghe genome of thepolyploid crop oilseed rape by transcriptomsequencing
e 24 Nature Biotechnology 29:768, 2011
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AC panrtranscriptome reference sequence fd. napus

B.rapa
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panGenomeQ2-12

57,804 2654

B He, et al.Construction ofBrassicaA and C genoméased ordered partranscriptomes for use in rapeseed

genomic researchDatain brief4: 357-362, 2015.
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by gene order in a genome
sequences provides a quality
control for genome assemblies
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Chimaericand mis-mapped
scaffolds are common in genome
sequence assemblies
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Genome Ordered Graphical
Genotypes (GOGGS) help
identify errors for correction
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He and Bancroft. Organisatioof the genome sequence of thpolyploid crop specieBrassicguncea

Nature Genetics 50:1496498, 2018
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