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Background: 

Rapeseed (Brassica napus L.), an important oilseed crop, has

adapted to diverse climate zones and latitudes by forming three

main ecotype groups, namely winter, semi-winter, and spring

types. Although genetic variations among winter, semi-winter,

and spring ecotypes of rapeseed have been reported, the key

allelic variations underlying the divergence of the different B.

napus ecotypes are not fully understood.

⚫ Resequenced a worldwide collection of 991 B. napus germplasm accessions, including 658 winter types, 145 semi-winter types, and 188 spring types, from 39 countries.

⚫ Identified the global pattern of genetic polymorphism in B. napus and revealed the paths of allelic drift showing the splits and mixtures of populations among the major origins.

⚫ Studied the selective sweeps produced during natural and artificial selection, and uncovered the genetic basis underlying the divergence of the main ecotypes. GWAS of the

flowering-time trait identified SNPs in the promoter regions of FT and FLC orthologs, which specifically correspond to the three rapeseed ecotype groups.

⚫ Provided important insights into the genomic footprints of rapeseed evolution and flowering-time divergence among the three ecotype groups, and will facilitate screening of

molecular markers for accelerating rapeseed breeding.

Objectives:

(1) To identify the global pattern of genetic polymorphism in

rapeseed revealed by resequencing a worldwide collection of

991 germplasm accessions.

(2) To shed new light on the genomic footprints generated during

the process of natural and artificial selection and flowering-

time divergence among three major ecotype groups.

(3) To provide by far the largest genetic resource for screening

molecular markers for the genetic improvement of rapeseed.

Sampling

DNA extraction and sequencing

SNP and  InDel calling
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Fig 6. Circos Plot Showing Genetic Diversity and 

Selective Signals among Three Ecotype Groups.

1. Resequencing, Population Structure and Genomic Variation among the 991 Accessions

We generated a total of 7.82

Tb of clean reads from

whole-genome resequencing

of 991 B. napus accessions

originating from 39 countries

across the world with an

average of 6.6-fold-coverage.

After SNP and InDel calling,

5.56 million SNPs and 1.86

million InDels were detected.

Figure 1. Distribution, Population Structure, 

PCA, and LD Decay of the 991 Rapeseed 

Germplasm Accessions.

The geographic distribution of the 991

rapeseed accessions based on country of

origin and ecotype information(A) and

population structure and PCA (B). (C)

Population structure analysis using 293 498

SNPs (missing data < 50%, MAF > 5%, r2 <

0.2). (D) PCA plot distinguishes three types. (E)

Genome-wide average LD decay in the winter,

semi-winter, and spring ecotypes. (F)

Genome-wide average LD decay for the two

subgenomes of B. napus.

2. Paths of Allelic Drift among the Major Sites 

of Origin

Figure 2. Allelic-Drift Paths Showing Population Splits and Mixtures 

among the Major Sites of Origin of the Accessions.

The direction of gene flow for the winter-type rapeseed accessions was

from France to Russia, France to Sweden via Germany, Poland to Japan,

and Japan to China, while spring-type rapeseed spread from France to

Russia, France to Sweden via Germany, Sweden to Canada, and

Canada to China.

3. Selective Signals and Genes Associated with 

Flowering Time.

The strongest signal of a selective sweep was

found on Chr.A10 between the winter and

spring types, including an FLC ortholog

(BnaA10g22080D). Another strong selective

signal was found in a large region on Chr.A02,

including orthologs of FT (BnaA02g12130D).

Figure 3. Selective-Sweep Signals between the Three B. napus Ecotype 

Groups.

(A) Genome-wide distribution of selective-sweep signals identified through

comparisons between three ecotypes.

(B) Manhattan plots of GWAS results for the flowering-time trait on

Chr.A02 and Chr.A10. The identified SNPs were in located the regions

from 4 to 7 Mb on Chr.A02 (left) and the regions from 14 to 17 Mb on

Chr.A10 (right).

Conclusion

4. Identification of SNPs Corresponding to Ecotype Divergence

The ecotype-specific SNPs are associated with the expression levels of FT and FLC orthologs,

and could contribute to the differences in flowering time observed among the three ecotype

groups.

Figure 4. The SNPs Responsible for Flowering-Time Variation in the 

Region from 6.37 to 6.38 Mb on Chromosome A02.

Figure 5. The SNPs Responsible for Flowering-Time Variation in the 

Region from 14.99 to 15.00 Mb on Chromosome A10.


