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Introducing new genetic variation into crops

Many approaches are available for finding 
trait control genes via allelic variation

.ǳǘ ǿƘŀǘ ƛŦ ǘƘŜ ǊŜǉǳƛǊŜŘ ǾŀǊƛŀǘƛƻƴ ŘƻŜǎƴΩǘ 
exist in the available germplasm?

Novel variation traditionally introduced by:

ÅWide crossing (alien introgression)

Å Mutagenesis (radiation, chemical)

We can now use genomics to accelerate breeding based on knowledge of trait control genes



Genomics-ƭŜŘ άǘǊŀŘƛǘƛƻƴŀƭέ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŎǊƻǇ ƎŜƴƻƳŜ ŜƴƎƛƴŜŜǊƛƴƎ
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Å Introduction to rapeseed genomics

Å Genome structural variation by homoeologousexchange

Å Genome structural variation by alien introgression

Å Genome sequence and structural variation by gamma irradiation
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Rapeseed: a crop type of Brassica napus

Primary product is seed oil όϤ ϵтрлκǘύ ǿƛǘƘ ŦŜŜŘ ƳŜŀƭ co-product (~ ϵнллκǘύ

Rapeseed is the third largest source of vegetable oil globally

EU produces ~10 million tonnes of rapeseed oil annually

Opportunities for enhancing further co-products, e.g. phytosterols, antioxidants

Breeding targets: tolerance to pests and diseases, nitrogen use efficiency, oil yield 
and fatty acid composition
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Rapeseed: a crop type of Brassica napus

Wheat

Field beans Barley

Rapeseed Potatoes

Crop rotation is essential 
for the control of pests, 

diseases and weeds



Genome complexity in the cultivated Brassicaspecies

Ancestral Brassicaceae

Arabidopsis 
thaliana

20 MYA 
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Genome complexity in the cultivated Brassicaspecies

Ancestral Brassicaceae

Ancestral
brassica

A
Brassica 

rapa

Arabidopsis 
thaliana

C
Brassica 
oleracea

B
Brassica 

nigra

BC
Brassica 
carinata

AC
Brassica 

napus

AB
Brassica 
juncea

20 MYA 

4 MYA 

8 MYA 

8 MYA 

Black 
mustard

Brown mustard

Chinese cabbage
turnip

Oilseed rape
swede

Broccoli, cauliflower, cabbage

Ethiopian 
mustard

Ancestral 
Brassiceae

(Tetraploid)

(Diploid)
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Cultivar 1 locus

Cultivar 2 locus

simple SNP

allelic variant

A G C T A G C T

A G T T A C C T

A G C T A C C T

A G T T A C C T

A G C T A G C T

A G C T A C C T

A G C T A G C T

A G C T A C C T

A G Y T A S C T

A G Y T A C C T

Genomic sequences Called bases

Allotetraploid B. napus

Diploid A. thaliana

Cultivar 1 locus

Cultivar 1 homoeologue

Cultivar 2 locus

Cultivar 2 homoeologue

hemi-SNP

inter-homoeologue

polymorphism

Genome complexity in polyploidscomplicates genotyping 

Sequence polymorphisms between homoeologues(or paralogues) are much 
more abundant than allelic variation and can easily be misinterpreted, especially 
if sampling depth is insufficient to overcome stochastic effects. 

Trick, et al. SNP discovery in the polyploid Brassica napususing Solexatranscriptome sequencing 
Plant Biotechnology J. 7:334-346, 2009
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mRNA

3,000,000,000 bases of 
sequence per plant

(~one human genome)

CDS or unigenereference sequence

άCǳƴŎǘƛƻƴŀƭ ƎŜƴƻǘȅǇŜǎέ ŦǊƻƳ mRNAseqdata

Trick, et al. SNP discovery in the polyploid Brassica napususing Solexatranscriptome sequencing 
Plant Biotechnology J. 7:334-346, 2009
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Bancroft, et al. Dissecting the genome of the polyploid crop oilseed rape by transcriptome sequencing
Nature Biotechnology 29:762-6, 2011

Transcriptome SNPs as molecular markers in B. napus

B. napus

transcriptome 

SNP map: 23k 

mapped 

markers
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AC pan-transcriptome reference sequence for B. napus

He, et al. Construction of BrassicaA and C genome-based ordered pan-transcriptomes for use in rapeseed 
genomic research. Data in brief 4: 357-362, 2015.
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He and Bancroft. Organisation of the genome sequence of the polyploid crop species Brassica juncea
Nature Genetics 50:1496-1498, 2018

Chimaericand mis-mapped 
scaffolds are common in genome 
sequence assemblies

Genome Ordered Graphical 
Genotypes (GOGGs) help 
identify errors for correction

Graphical genotypes displayed 
by gene order in a genome 
sequences provides a quality 
control for genome assemblies
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