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2Heterosis is not fully exploited in oilseed rape

• Hybrid breeding is one of the landmark contributors to crop yield increase 
• Heterosis is when a hybrid has phenotypic superiority over parents in 

particular traits
• Can we optimise hybrid breeding in oilseed rape?

• One common breeding pool
• Diversity low

• LD conservation high

• Separate heterotic pools
• Better hybrid vigour
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3Rapidly create heterotic pools
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founder lines
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4
Perfect dataset to develop novel prediction models

Heterosis
Performance

Founder lines Hybrid

Origin of haplotype block 
is traceable!
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Simulation-driven crossings:
Max recombination 

Max hybrid breeding value

“Haplotype indexing”
of 100 founder lines
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5
Application of supervised machine learning methods on 

heterogeneous data

June 2019, bioRxivApril 2018
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6Genomics data of 100 founder lines

2x50
elite founder lines

15X whole genome 
sequencing

Genome wide SNPs

20X bisulphite 
sequencing

Genome wide 
methylation patterns

mRNA sequencing
Protein-coding gene 

expression
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7

50X PacBio
reads

40X Nanopore
reads

1907 contigs

BioNano optical 
map

280 scaffolds

Assemble
Canu v1.8

Correct and scaffold
Chimericognizer, NovoStitch

Express617
930 Mbp

Correct and place as pseudochrs
ALLMAPS

Genetic maps

Construction of Express617 reference genome

N50: 5711635 bp

N50: 4417422 bp
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8The Express617 genome assembly

Darmor 4.1

Exp
ress6

1
7

 v2

“All assemblies are wrong, some are useful” – Adam M. Phillippy
Assemblies are constantly being improved!
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9The Express617 genome assembly
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10Construction of a pangenome together with pool representatives

contigs
910 Mbp

contigs
896 Mbp

250X Illumina reads
15X PacBio reads

250X Illumina reads
15X PacBio reads

Pangenome
1021 Mbp

(930 + 90 Mbp)

Green representative 

Red representative 

Express617
930 Mbp

align

align
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11Founder lines genome-wide SNPs

Nearly 70% of SNPs are 
shared between pools 

Pools highly overlap, we already know that!
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12

Let’s look closer

SNPs show pool specificity
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13Founder lines genome-wide methylation rate

chrA01         chrA02        chrA03           chrA04           chrA05            chrA06          chrA07       chrA08        chrA09          chrA10
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14
Methylation rate for CG CHG and CHH show pool 

specificity

Differentially methylated regions: 

Rate difference >=50% per bin and

Score test p value <= 0.01
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15Moving towards an optimized hybrid breeding system

Adapted from Fernie and Yan, 2019

Preference
Experience

Statistics test
Mechanization

Fertilizer/pesticide

Marker assisted selection
Transgenic technology

Knowledge driven
Multi-dimension data

1st Green 
revolution

5000 BC - 1900
2nd Green 
revolution

Present – 3rd Green 
revolution

• We show that SNPs and methylation patterns in founders are pool-specific
• The fixation of these variants contributes to successful pool separation
• Together with mRNA and miRNA, we hope to use haplotype index data to better 

predict heterotic potential with ML approaches 
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