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allotriploids 
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BREEDING CONSTRAINTS: 

 
• Generation of large progenies  

• Impossibility to separate some genes 

INTEREST: 

 
To control the number and distribution of 

COs events 

 The higher rates of recombination are often 

located on distal parts of the chromosomes 
 

 No CO are formed in the vicinity of centromeres 



Why the rapeseed is a good model for studying meiotic recombination? 

SCIENTIFIC CONTEXT 

• Formed 7,500 years ago 

• 1st oleaginous species in Europe and 3rd in the world (70 Mt) 

• Use for: Oil production & Seed cake 

B. rapa AA, 

2n=20 

B. oleracea 

CC, 2n=18 

B. napus 

AACC, 2n=38 

X 

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

(Chalhoub et al., 2014) 

(U et al., 1935; FAOSTAT, 2015) 
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Strikingly, CO rate between homologous A07 

chromosomes is much higher in AAC hybrids  
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QUESTIONS 

 
What about the rate and distribution of COs 

between the 10 homologous A chromosomes in 

AAC hybrids? 
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• ArAr = B. rapa cv. C1.3  

• Ar’Ar’ = B. rapa cv. Chiifu (Sequenced) 

• CoCo = B. oleracea cv. RC34.  
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ArAr’Co 

(2n=29) 

• AnAn = A genome of B. napus cv. Darmor extracted  

• Ar’Ar’ = B. rapa cv. Chiifu (Sequenced) 

• AnAnCnCn = B. napus cv. Darmor. 
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1980 SNPs 

60 K Illumina Array® 

(52127 SNP) 

214 SNPs 

• Polymorphic SNPs between 

Ar’Ar’  and ArAr, ArArCoCo, AnAn, 

AnAnCnCn 

204 SNPs 

• Progenies genotyping KASPAR®  

• Genetic mapping at 2pt LOD > 3 

• Genetic mapping = physical 

location 

• SNPs Homogenously distributed 

along the 10 A chromosomes 

(Wang et al., 2011) 

• Adapted to KASPAR® 

Selection of polymorphic SNP markers covering the whole A genome 

1 SNP / 1.25 Mb (SE = 0.04, n = 194) 

Covering 94% of the A genome 
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x 3.4 

CO rate: AA <<< AAC 

At the whole A genome the number of COs 

is 3.4-fold higher in AAC hybrid 

 

The number of COs is positively correlated 

with the A chromosome size 

CO rates between the homologous A chromosomes in AA and AAC hybrids 

A chromosome size (Mb) 

(2x) 

(3x) 
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 In AA hybrid, ~10% of the A genome is totally deprived of COs, especially close to the centromeres 
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COs distribution along the A chromosomes in AA and AAC hybrids 

In AA hybrid 

Expected Recombination landscapes are 

observed along each A chromosome 

With: 

 No CO in the vicinity of centromeres 

 Gradient for CO rates along chromosome arms 

 

What is going on in AAC hybrid? 
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COs distribution along the A chromosomes in AA and AAC hybrids 

 Does CO rates increase proportionally along the A chromosomes compared to AA hybrid? 
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COs distribution along the A chromosomes in AA and AAC hybrids 

 Does CO rates increase proportionally along the A chromosomes compared to AA hybrid? NO 
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COs distribution along the A chromosomes in AA and AAC hybrids 

 In AAC hybrid, CO rates increase significantly in most intervals compared to AA hybrids 
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 Even in intervals close or including the centromeres, where new recombining regions are formed  
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COs distribution along the A chromosomes in AA and AAC hybrids 

CAPTION  

In AAC hybrid 

Recombination landscapes along each of the A 

chromosomes are ≠ AA hybrid 

 

 COs are formed all along the A genome, even in 

the vicinity of the centromeres 

 No Gradient for CO rates along chromosome 

arms 
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 COs number :    
 

 COs distribution :     

In conclusion, the additional C genome allows to change:   

C genome from 
B. oleracea  

ArAr’ <<< ArAr’Co  

ArAr’   ≠   ArAr’Co 

AnAr’ <<< AnAr’Cn  

AnAr’   ≠   AnAr’Cn 

C genome from 
B. napus  

AnAr’ <<< AnAr’Cn  

AnAr’   ≠   AnAr’Cn 

C genome from 
B. napus 

All these results were 

confirmed whatever:  
 

 The C genome origin  

 The sex of meiosis 
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In conclusion, the additional C genome allows to change:   

ASTONISHINGLY: 
 

Comparing genetic and 

cytogenetic data, we found 

that in male AAC hybrids, 

extra-COs formed 

compared to AA hybrids 

belong mainly or only to 

the Class I 

3x 2x 

x 1.7 COs I 

AA AAC 

(Leflon et al., 2010) 

MLH1 

x 1.8 COs 
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AnAr’ <<< AnAr’Cn  

AnAr’   ≠   AnAr’Cn 

C genome from 
B. napus  

AnAr’ <<< AnAr’Cn  

AnAr’   ≠   AnAr’Cn 

C genome from 
B. napus 



What about the regulation of homologous recombination in AAC hybrids? 
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• ArAr = B. rapa cv. C1.3  

• Ar’Ar’ = B. rapa cv. Chiifu (Sequenced) 

• CoCo = B. oleracea cv. RC34.  
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• AnAn = A genome of B. napus cv. Darmor  
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The B. oleracea C09 chromosome 

explains ~50% of the CO rate variation 

between  AA and AAC hybrids 

 

 Between almost all homologous A chromosomes, 

extending at the whole A genome the results of Suay 

et al. (2014) 
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 The additional C09 chromosome from B. oleracea modify the COs distribution similarly to the C genome   

The C09 chromosome from B. oleracea is 

responsible for the modification of COs 

distribution observed in AAC hybrids 

 

What happens when it comes from B. 

napus? 
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The B. napus C09 chromosome has 

no effect on CO rates  

 

Between all homologous A chromosomes 

 

And on COs distribution? 
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 The additional C09 chromosome from B. napus DO NOT modify the COs distribution 

The C09 chromosome from B. oleracea 

and B. napus have a contrasted effect on 

homologous recombination 

 

Probably due to the genome 

evolution in a polyploid context 
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 AAC vs AA hybrids, whatever genetic background and male/female meiosis: 

 
• Increase of CO rates  

• Change of COs distribution 

• Due to Class I COs in male meiosis 

 

 The additional C09 chromosome of B. oleracea explains: 

 
• ½ of CO rates variation 

• Change of COs distribution 

 

 The additional C09 chromosome of B. napus DOSEN’T explain: 

 
• CO rates variation 

• Change of COs distribution 

 

Prospect: 
 

 Use in breeding programs 

 

 What are the mechanisms responsible for modifications of CO rate and distribution? 

Epigenetics? (Melamed-Bessudo and Levy, 2012 ; Mirouze et al., 2012; Yelina et al., 2012) 

 

 What is/are the gene(s) on the C09 chromosome of B. oleracea involved in the reshaping of 

homologous recombination in AAC hybrids 

Allowing to break the linkage 

disequilibrium in rapeseed breeding 

programs by using AAC hybrids 

CONCLUSIONS 

Suggesting a genetic control 

Possibly due to genome evolution in a 

polyploid context 
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