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(U, 1935 ; Cheung et al., 2009 ; Chalhoub et al., 2014)

Divergence occurred since B. napus formation
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How can we study this evolution?

Functional & Epigenetic Changes
(Lukens et al., 2006; Albertin et al. 2006; Gaeta et al.,

2007 ; Xu et al., 2009)

Burst of Genetic Changes
(Song et al., 1995; Gaeta et al., 2007 ; Szadkowski et al.,

2010;2011; Xiong et al., 2011)

Limited to the first few 

generations

Short-term: Resynthesized B. napus

Natural B. napus (AACC, 2n=38)

x 



How can we study this evolution?

Long-term: Comparing B. napus to 

the present B. rapa / B. oleracea

B. oleracea 
(CC, 2n=18)

B. rapa 
(AA, 2n=20)

Present B. napus AACC, 
B. rapa AA and B. oleracea CC
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How can we study this evolution?

Genic conversion

Gene Loss / Gain

Rearrangements

(Wang et al,. 2011 ; Chalhoub et al., 2014, Liu et al,. 2014)

But progenitors have evolved 

independently since B. napus 

formation
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Long-term: Comparing B. napus to 

the present B. rapa / B. oleracea

Present B. napus AACC, 
B. rapa AA and B. oleracea CC



How can we study this evolution?

Long-term: Subgenome Extraction
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How can we study this evolution?

Long-term: Subgenome Extraction
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Diploid B. napus component (AA, 2n=20)
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Only used in AABBDD Wheat 

for extracting the AABB 

component
(Kerber et al., 1964)

Evolution in polyploid context

Interdependency between each 

original genome?

Present B. napus 
(AACC, 2n=38)

Present B. rapa 
(AA, 2n=20)



Strategy 1

Extraction of the B. napus AA component

B. napus cv. Darmor
(AACC, 2n=38)

x

F1 Hybrid
(AAC, 2n=29)

B. rapa cv. C1.3
(AA, 2n=20)

Theoretical % 

of B. napus A 

subgenome in 

AAC hybrids

50



Leflon et al., 2006
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AA component (2n=20)

F1

Leflon et al., 2006

Strategy 1

Extraction of the B. napus AA component

Theoretical % 

of B. napus A 

subgenome in 

AAC hybrids
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B. rapa cv. C1.3
(AA, 2n=20)



Strategy 1

No Seed

AAC hybrids Yield
(Nb. Seed / 100 

Pollinated Flowers)

Leflon et al., 2006
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Strategy 1

No Seed

AAC hybrids Yield
(Nb. Seed / 100 

Pollinated Flowers)

Extraction of the B. napus AA component
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Impossibility to obtain the 

pure AA component of B. 

napus:

• Rearrangements ?

• Evolution in a polyploid

context of the B. napus A

subgenome ?
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B. rapa cv. C1.3
(AA, 2n=20)

B. napus cv. Darmor
(AACC, 2n=38)
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Strategy 2

F1 AAC (2n=29)

Extraction of the B. napus AA component

Theoretical % of B. napus A 

subgenome in AAC hybrids



B. rapa cv. C1.3
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Strategy 2

F1 AAC (2n=29)

AA G1 

Extraction of the B. napus AA component

Theoretical % of B. napus A 

subgenome in AAC hybrids

25



B. rapa cv. C1.3
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B. napus cv. Darmor
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Self fertilization
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68.3

76.3

…

C
y
c
le

 5

x

x

x

F1 AAC (2n=29)

AAC (2n=29)

AAC (2n=29)

AAC (2n=29)

AACC (2n=38)

AACC (2n=38) AA G4

AA G5

Extraction of the B. napus AA component

Theoretical % of B. napus A 

subgenome in AAC hybrids

AA G1 25



B. rapa cv. C1.3
(AA, 2n=20)

B. napus cv. Darmor
(AACC, 2n=38)

x

x

xAACC (2n=38)

x

Self fertilization

C
y
c
le

 1
C

y
c

le
 2

,3

x

C
y
c
le

 4

Strategy 2

Self fertilization

Self fertilization

68.3

76.3

…

C
y
c
le

 5

x

x

x

F1 AAC (2n=29)

AAC (2n=29)

AAC (2n=29)

AAC (2n=29)

AACC (2n=38)

AACC (2n=38) AA G4

AA G5

Extraction of the B. napus AA component

Theoretical % of B. napus A 

subgenome in AAC hybrids

AA G1 25



Molecular characterization of the G4 and G5 AA plants

% B. napus A subgenome extracted

7,846 SNP

60 K Illumina Array®

(52,127 SNP)

Polymorphism between: 

B. rapa (C1.3) 

B. napus (Darmor) 

2,290 SNP

Genetically & physically 

anchored on A subgenome 

(Darmor/Yudal genetic map)

B. napus C subgenome introgressions

18,674 SNP

60 K Illumina Array®

(52127 SNP)

Polymorphism :

B. napus (Darmor) ++

B. rapa (C1.3) --

4,807 SNP

Genetically & physically 

anchored on C subgenome 

(Darmor/Yudal genetic map)



Molecular characterization of the G4 and G5 AA plants

% B. napus A subgenome extracted B. napus C subgenome introgressions

% B. napus 

theoretical

% B. napus 

observed

AA G4 68% 57%

AA G5 pl1 76% 65%

AA G5 pl2 76% 68%

Extraction of B. napus A 

subgenome is significantly lower 

than expected in all AA plants 

(χ² test, α<0.001)

C01 start
(0.53 Mbp)

C02 start
(4.64 Mbp)

C02 end
(2.27 Mbp)

AA G4 X X

AA G5 pl1 X

AA G5 pl2 X X

3 introgressions detected and 

validated (sequencing) with 

variations between G4 & G5



Molecular characterization of the G4 and G5 AA plants

% B. napus A subgenome extracted B. napus C subgenome introgressions

% B. napus 

theoretical

% B. napus 

observed

AA G4 68% 57%

AA G5 pl1 76% 65%

AA G5 pl2 76% 68%

Extraction of B. napus A 

subgenome is significantly lower 

than expected in all AA plants 

(χ² test, α<0.001)

C01 start
(0.53 Mbp)

C02 start
(4.64 Mbp)

C02 end
(2.27 Mbp)

AA G4 X X

AA G5 pl1 X

AA G5 pl2 X X

x B. napus
Selfing

Introgressions of B. napus C 

subgenome don’t impact the yield

Pure B. napus AA plant may not 

survive deprived of C subgenome?
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2,290 SNPs
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Genes density

Chromosomes

Molecular characterization of the G4 and G5 AA plants

Homozygous B. napus (Darmor)

Homozygous B. rapa (C1.3)

Heterozygous
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2,290 SNPs

B. napus 

Genes density

Chromosomes

Molecular characterization of the G4 and G5 AA plants

Where are located fixed 

B. napus regions in AA 

plants?

In all the 10 A 

chromosomes 

But unevenly 

spread

Homozygous B. napus (Darmor)

Homozygous B. rapa (C1.3)

Heterozygous
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Molecular characterization of the G4 and G5 AA plants

Homozygous B. napus (Darmor)

Homozygous B. rapa (C1.3)

Heterozygous

What is unexpected?

21.5% (G4) & 12.7-15.5% (G5) 

of the A genome is fixed 

in a B. rapa homozygous 

stage*

B. Rapa is remained in a 

high proportion

*8.9 and 5% were expected 

in G4 and G5, respectively



G4

G5 pl1

G5 pl2

2,290 SNPs

B. napus 

Genes density

Chromosomes

Molecular characterization of the G4 and G5 AA plants

Homozygous B. napus (Darmor)

Homozygous B. rapa (C1.3)

Heterozygous

What is unexpected?

21.5% (G4) & 12.7-15.5% (G5) 

of the A genome is fixed 

in a B. rapa homozygous 

stage*

B. Rapa is remained in a 

high proportion

*8.9 and 5% were expected 

in G4 and G5, respectively

B. rapa genomic regions remaining

Are they essential for the B. napus 

AA component viability?

And why?



Molecular characterization of the G4 and G5 AA plants
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1,925 genes lost

along the A 
subgenome

Genes lost are more 

represented in B. rapa 

genomic regions 

remaining than fixed in a 

B. napus state

(χ² test, α < 0.05)

(Chalhoub et al., 2014)



Molecular characterization of the G4 and G5 AA plants

G4

G5 pl1

G5 pl2

2,290 SNPs

B. napus 

Genes density

Chromosomes Homozygous B. napus (Darmor)

Homozygous B. rapa (C1.3)
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1,925 genes lost

along the A 
subgenome

Genes lost are more 

represented in B. rapa 

genomic regions 

remaining than fixed in a 

B. napus state

(χ² test, α < 0.05)

(Chalhoub et al., 2014)

B. rapa genomic regions remaining 

could allow restoration of 595 

genes lost since B. napus 

formation

Some of them seem essential for 

the B. napus AA component 

survival



❖ We were unable to produce pure B. napus AA plants and AA plants generated (G4

& G5) presented a lower proportion of B. napus extracted than expected

❖ These results were related to the B. napus structural evolution in a polyploid

context (genes lost)

❖ And suggest that only 7,500 years of coevolution leads to interdependency

between the original subgenome

595 candidates genes

68% of the B. napus A subgenome extracted

CONCLUSION

How far can we go? New cycle ongoing but:

Functional characterization of the genes restored by the B. rapa

genomic regions remaining in AA plants

Low pollen 
fertility

Poor
Vigor

B. napus B. rapaAA
G5



…And thank you for your attention
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