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• Understanding and dealing with genome complexity in Brassica species

• Genome structural variation resulting from homoeologous exchange

• Genome structural variation resulting from ionising radiation
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Genome complexity in the cultivated Brassica species
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Genome complexity in the cultivated Brassica species

Targeted high quality genome 
sequencing showed:

• Conserved synteny between 
protein-coding genes

• Interspersed gene loss results in 
~4 orthologues in B. napus for 
each gene in Arabidopsis

Cheung, et al. Comparative analysis between genome segments of Brassica napus and its 
progenitor species reveals extensive sequence-level divergence. Plant Cell 21:1912-1928, 2009
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~3 Gb mRNAseq / plant

Map to unigene or CDS reference 
for SNP-calling & quantification

“Functional genotypes” from mRNAseq data

Trick, et al. SNP discovery in the polyploid Brassica napus using Solexa transcriptome sequencing 
Plant Biotechnology J. 7:334-346, 2009

A need to overcome stochastic sampling effect
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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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Chalhoub, et al. Early allopolyploid evolution in the post-Neolithic Brassica napus oilseed genome. 
Science 345:950-953, 2015

B. napus genome sequence was difficult to assemble
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AC pan-transcriptome reference sequence for B. napus

He, et al. Construction of Brassica A and C genome-based ordered pan-transcriptomes for use in rapeseed 
genomic research. Data in brief 4: 357-362, 2015.
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Improving the organisation of Brassica genome sequences

Chimaeric and mis-mapped scaffolds 
are common in genome sequences

Allotetraploid Brassica genomes pose 
particular problems 

Genome Ordered Graphical Genotypes 
(GOGGs) proposed as part of quality 
control process for genome sequence 
assembly

He and Bancroft. Organisation of the genome sequence of the polyploid crop species Brassica juncea
Nature Genetics 50:1496-1498, 2018
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A (B. rapa) C (B. oleracea)Graphical genotypes 
for TNDH population

39 lines used for 
transcriptome SNP 
mapping

Only simple SNPs 
used for mapping

4509 markers in 
different genes 
mapped in A genome

2084 markers in 
different genes 
mapped in C genome

GOGGs for B. napus using AC diploid CDS reference pan-genome
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Diploid genomes collinear in both allotetraploid populations

GOGGs for diploid genomes indicate conservation of organisation across species
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Identifying orthologous gene triplets across genomes 

21,359 reciprocal top 
BLAST hit triplets

Identify triplets of orthologues 
between Brassica A, B and C 
genomes, as 3-way reciprocal 
top BLAST hits between CDS 

gene models

A B

C
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Homoeology relationships between A and C genomes
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Homoeology relationships between A and C genomes
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Natural and induced genome structural variation in oilseed rape
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• Understanding and dealing with genome complexity in Brassica species

• Genome structural variation resulting from homoeologous exchange

• Genome structural variation resulting from ionising radiation
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A2 Reference

C2
Reference

C2 Other
varieties

A2 Other varieties

Chalhoub, et al. Early allopolyploid evolution in the post-Neolithic Brassica napus oilseed genome. 
Science 345:950-953, 2015

Conventional visualisation of genome dosage
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A2 Reference

C2
Reference

C2 Other
varieties

A2 Other varieties

Chalhoub, et al. Early allopolyploid evolution in the post-Neolithic Brassica napus oilseed genome. 
Science 345:950-953, 2015

Genome dosage difficult to determine, especially when HEs in reference
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Conventional visualisation of genome dosage



Visualizing genome dosage variation using mRNAseq data

Quantify transcript abundance (RPKM) using 
AC pan-transcriptome reference sequence 

Filter data for reciprocal top BLAST hit gene pairs

Code intensity of shading based on RPKM values

Visualise using tile plots with gene pairs ordered by one genome
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Visualizing genome dosage variation using mRNAseq data
Positions of 31,591 homoeologous gene pairs, arranged by 
the order in the C genome of the C genome homoeologoue
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Quantify transcript abundance from B. oleracea
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Visualizing genome dosage variation using mRNAseq data

Quantify transcript abundance (RPKM) using 
AC pan-transcriptome reference sequence 

Filter data for reciprocal top BLAST hit gene pairs

Use CMYK colour-coding based on RPKM values

Visualise using tile plots with gene pairs ordered by one genome

Harper, et al. Genome distribution of differential homoeologue contributions to leaf  gene 
expression in bread wheat. Plant Biotechnology Journal 14:1207-1214, 2016
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in silico A + C (B. napus) = blue

A (B. rapa) = cyan

C (B. oleracea) = magenta
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Assessment of a panel of B. napus varieties by mRNAseq
27 varieties selected across all crop types; x 4 biological replicates
Expect to see blue signal throughout the genome
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Assessment of a panel of B. napus varieties by mRNAseq
Homoeologous exchanges duplicating the A genome appear cyan, those 
duplicating the C genome appear magenta
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Assessment of a panel of B. napus varieties by mRNAseq
Homoeologous exchanges duplicating the A genome appear cyan, 
those duplicating the C genome appear magenta
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Confirmed by genome sequencing as structural variation

Homoeologous exchanges confirmed by genome skim sequencing
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Homoeologous exchanges in B. napus RIPR diversity panel

383 B. napus accessions
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383 B. napus accessions

Homoeologous exchanges in B. napus RIPR diversity panel
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383 B. napus accessions

Homoeologous exchanges in B. napus RIPR diversity panel
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Extensive homoeologous genome exchanges in allopolyploid crops revealed by mRNAseq-
based visualization. Plant Biotechnology J. 15:594-604, 2017

Homoeologous exchanges affect crop traits

Substitution of active orthologue of 
FAD2 by inactive orthologue reduces 
seed oil PUFA content

Substitution of active orthologue of 
HAG1 by inactive orthologue reduces 
seed glucosinolate content
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Natural and induced genome structural variation in oilseed rape
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• Understanding and dealing with genome complexity in Brassica species

• Genome structural variation resulting from homoeologous exchange

• Genome structural variation resulting from ionising radiation
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Genomics-led predictive mutation breeding
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Radiation-induced structural variation
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Gamma irradiation M2 lines (paired siblings)in
 s

ili
co

 A
A

C
C

C

in
 s

ili
co

 C
B

. o
le

ra
ce

a
C

C

in
 s

ili
co

 A
C

C
in

 s
ili

co
 A

C
C

C

in
 s

ili
co

 A
A

C
in

 s
ili

co
 A

A
A

C
C

in
 s

ili
co

 A
A

A
C

B
. r

ap
a

A
A

in
 s

ili
co

 A
A

C
C

in
 s

ili
co

 A

Untreated

D C + C

D AA+ A

D CC+ C

D C + C

Siblings inherited corresponding deletions and duplications

750 Gy 1500 Gy 1750 Gy 2000 Gy

Radiation-induced structural variation

Further details of 
the radiation 
mutagenesis 
panel by Dr. Lenka
Havlickova in 
Wednesday 
morning session: 
Mutagenesis and 
Gene Editing
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