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Brassica napus

Extensive genome structural 
variations both at large 

chromosomal scale and small 
gene scale

Chalhoub et al., Science (2014)
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Why study SV?



SV underlining important traits in rapeseed
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SNP array or Illumina sequencing-based SV 
detection approaches

Dr. Christian Obermeier

Deletions

SNP arrays can detect large 
deletions but fail to pick up smaller 
ones due to large physical distance 

of SNP probes
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SNP array or Illumina sequencing-based SV 
detection approaches

Plant Biotechnology Journal, Volume: 15, Issue: 11, Pages: 1478-1489, First 

published: 29 March 2017, DOI: (10.1111/pbi.12732) 
Dr. Christian Obermeier

Solution ?? Generate longer reads

Can detect large SV but not enough resolution to detect gene size SV 
due to short read length 



Long read sequencing for Brassica napus
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Long read sequencing for Brassica napus
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Genotype Data type Type
N50 for raw 

reads

Quality filtered 

SV

Express 617 ONT

Winter

10,756 27,107

Quinta Pacbio 14,192 32,349

Tapidor Pacbio 14,448 32,757

ZS11 Pacbio

Semi-winter

10,552 37,496

Zheyou7 Pacbio 12,370 38,590

Gangan Pacbio 14,064 35,560

Shengli Pacbio 13,828 39,622

PAK85912 ONT
Spring

28,916 23,177

N99 ONT 27,139 34,848

Westar Pacbio 13,810 37,138

R53 ONT Winter Synthetic 11,253 33,851

No2127 Pacbio Spring Synthetic 15,369 44,516
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This size range is almost 
invisible to Illumina 
sequencing due to 

extremely high false 
positive rate
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Size and distribution of SV in rapeseed genome
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C-subgenome
38.2 SV per Mbp

A-subgenome
57.5 SV per Mbp

Lower SV frequency in the C-subgenome compared 
to A-subgenome

Winter

Synthetic

Spring

Semi-
winter



10 percent genes effected by small scale SV
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SV impact a significant part of protein coding regions 
of the the rapeseed genome
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SV in flowering time pathway

Curr Opin Biotechnol. 2015 Apr;32:121-129. doi: 10.1016/j.copbio.2014.11.023. Epub 2014 Dec 30.



SV in flowering time pathway

SV in winter types

SV in semi-winter types 

Curr Opin Biotechnol. 2015 Apr;32:121-129. doi: 10.1016/j.copbio.2014.11.023. Epub 2014 Dec 30.
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SV in spring types 
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Deletions in Flowering Time Locus T

Whole-Genome Resequencing of a Worldwide Collection of Rapeseed Accessions Reveals the Genetic 
Basis of Ecotype Divergence by Wu et al. 2019
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Clustering of gene scale SV

Winter 
synthetic

Spring 
synthetic

Gene scale SV events originating during or immediately
after allo-polyploidisation might rapidly 

confer ecogeographical adaptation
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SV contributing to disease resistance: 
Example Verticillium resistance

Express

617
R53

Whole 
genome SV

2

3

SV in VL resistance QTL*

SV in defense response genes

1

SV in genes

PCR validation 34

*Obermeier et al., (2013) in Molecular Breeding 31(2):347-361



725bp deletion in 4-Coumarate:CoA Ligase gene

Express 617

R53

PCR amplification 

Deletion in VL resistance QTL
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725bp deletion in 4-Coumarate:CoA Ligase gene

Express 617

PCR amplification 
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Deletion in VL resistance QTL
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Deletion in VL resistance QTL

Express 617

PCR amplification for 250 lines of ExR53 population

Single marker regression analysis

Experiment no No. of individuals phenotyped No. of genotypes 

sequenced

Adjusted R2(%)

1 100

250

19.4

2 32 NS

3 82 17.3

4 98 13.5

R53



Genomic prediction with SV
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Genomic prediction with SV
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Genomic prediction with SV
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Leaf angle Heading date Plant Height

“Expression PAV were not in strong linkage disequilibrium 
with neighbouring sequence variants (SV), and therefore 

provided an additional layer of genetic information.”
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Take home messages
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 Identified gene scale SV with precise break-points using long
range sequencing in 12 diverse B. napus genotypes

 More than 50 percent of SV were in between 100 to 1000 bp

 Higher frequency of SV in A subgenome than C subgenome

 5-10 percent of the total genes contain SV in oilseed rape

 Gene scale SV might contribute to eco-geographical adaptation
and disease resistance in B. napus

 Including SV in GS models might increase prediction accuracies
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Interested in learning more about SV?


