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Homoeologous recombination is an on-going 
mechanism creating variation in B. napus

Chalhoub et al Science 2014
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A major quantitative trait locus on chromosome 
A9, BnaPh1, controls homoeologous recombination

Higgins et al, 2021, New Phytol. 229: 3281-3293

SNP genotyping and cytological 
assessment of segregating lines 

identified one major and two minor 
QTL loci controlling levels of 

homoeologous recombination
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Gene expression analyses of meiocytes 

Shunmugam et al. (2018) BMC 
Plant Biol 18, 293. 0.65 0.85 1.05 1.25 1.45 1.65

Size of Anther  (mm)

DH Leptotene
DH Zygotene
DH Pachytene
DH Diplotene
DH Diakynesis
DH Metapahse
DH Anaphase
DH Telophase
DH Tetrads
RB Leptotene
RB Zygotene
RB Pachytene
RB Diplotene
RB Tetrads

Collected meiocytes from 
staged anthers of:

DH12075
Resynthesised B. napus (RB1)
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Monitoring gene expression 
throughout Prophase I and 

Metaphase I of Brassica napus

S1: Leptotene S2: Zygotene S3: Pachytene S4: Diplotene

S5: Diakinesis S6: Metaphase I
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Three distinct phases of gene expression during meiosis
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Expression 
Landscape

Tracks:

Transposable Elements

Gene

Leaf tissue

Leptotene

Zygotene

Pachytene

Diplotene

Diakenesis

Metaphase I

Number of expressed genes mean(TPM)>0.1 in 
1Mbp window, min. 0, max. 200.
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Dynamic expression landscape during meiosis

Differentially expressed genes in two lines
Patterns of gene expression across stages 
in two lines (WGCNA clusters)
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Meiosis specific gene expression

• 371 (574) orthologues of known 
meiosis genes were expressed in 
the meiocyte data

• 176 known meiotic genes were 
specifically expressed only in 
meiocyte tissue

• An additional 4743 genes were 
specifically expressed in 
meiocytes
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Influence of long non-coding RNA

Multiple tissues Meiotic Tissue

Gene expression

lncRNA expression

Ratio lncRNA/genes

0
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Pattern of 
expression of 

orthologues of 
known meiosis 

genes
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PCC = 0.893 PCC = 0.849 PCC = 0.972

PCC = 0.209 PCC = 0.963

Meiosis genes underlying the A9 QTL
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Conclusions

• Active transcriptome landscape during meiosis
– minimal evidence of lncRNA activity

• Orthologues of known meiotic genes followed similar patterns 
of expression in natural and resynthesized B. napus
– Yet there were a number of key differences

• Only one orthologue of a known meiotic gene underlying the 
A9 QTL shows differential expression

• Many novel meiosis specific genes were identified and four 
that underly the QTL show dominant expression in DH12075
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