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Abstract
The knowledge of genetic diversity is very important for developing new rapeseed (Brassica napus L.) cultivars. The
genetic diversity among 77 rapeseed accessions, including 22 varieties and 55 advanced breeding lines were analyzed by 47
sequence-related amplified polymorphism (SRAP) and 56 simple sequence repeat (SSR) primers. A total of 270 SRAP and
194 SSR polymorphic fragments were detected with an average of 5.74 and 3.46 for SRAP and SSR primer, respectively.
The cluster analysis grouped the 77 accessions into five major clusters. Cluster I contained spring and winter type varieties
from Czech Republic and semi-winter varieties and their respective breeding lines from China. The 16 elite breeding lines
discovered in Cluster II, III, IV and V indicated higher genetic distance than accessions in Cluster I. The principal
component analysis and structure analysis exhibited similar results to the cluster analysis. Analysis of molecular variance
revealed that genetic diversity of the selected breeding lines was comparable to the rapeseed varieties, and variation among
varieties and lines was significant. The diverse and unique group of 16 elite breeding lines detected in this study can be
utilized in the future breeding program as a source for development of commercial varieties with more desirable characters.
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Introduction
Rapeseed (Brassica napus L.; AACC, 2n=38) is the
second most economically important oilseed crop in the
world and the first important oilseed crop in China (Wang
& Yin, 2014). China, Canada, and European countries are
the leading rapeseed producing countries in the world (Li
et al., 2012). In China rapeseed quality improvement
breeding programme was initiated in the late 1970s after
the introduction of Oro, Tower and other single-low or
double-low B. napus cultivars from Europe, Canada and
Australia (Liu, 2000). Using these canola varieties as
parental lines, Chinese breeders have successively
developed a series of new varieties adapted to local
conditions. B. napus has become the most important
oilseed crop in China (Liu, 2000).
Genetic diversity information is very important for
developing new varieties of Brassica (Li et al., 2012). The
importance of such information has been demonstrated in
several genetic diversity studies of rapeseed. On the basis
of ecotypes, Diers & Osborn (1994) and Becker et al.
(1995), classified rapeseed into spring type, winter type
and semi-winter type groups. Hybridization between
winter, semi-winter, and spring rapeseed is an important
approach to broaden the genetic base of these three types
of rapeseed germplasm (Qian et al., 2009; Kebede et al.,
2010). European rapeseed (Hu et al., 2007) and US
rapeseed (Li et al., 2012) were discovered as important
germplasm resource for enriching the genetic background
of Chinese rapeseed. Chen et al. (2008) reported higher
genetic diversity and genetic distinctiveness of Chinese
germplasm, compared with Australian germplasm.
Various molecular markers have been successfully
used to study genetic diversity in Brassica, such as
restriction fragment length polymorphism (RFLP) (Diers

& Osborn, 1994), random amplified polymorphic DNA
(RAPD) (Hu et al., 2003; Yu et al., 2005; Li et al.,
2012), amplified fragment length polymorphism (AFLP)
(Jiang et al., 2007; Qi et al., 2008), simple sequence
repeat (SSR) (Hasan et al., 2006; Wang et al., 2009; Turi
et al., 2012; Younas et al., 2012), sequence-related
amplified polymorphism (SRAP) (Li & Quiros, 2001; Li
et al., 2011; Ahmad et al., 2014), and single-nucleotide
polymorphisms (SNPs) (Wang et al., 2014). SRAP is a
PCR-based molecular marker system primarily
developed for mapping and gene tagging in Brassica
species (Li & Quiros, 2001). Ahmad et al. (2014)
reported desirable genetic diversity between the
maintainer and restorer inbred lines in B. napus. SSR
markers are simple, reliable, easily detected, genome
specific, highly polymorphic and commonly used in
genomic applications (Li et al., 2013). Cunmin et al.
(2012) reported that SSR analysis is very effective for
the assessment of genetic diversity among B. napus
inbred lines.
The main objectives of this study were to (i)
compare the genetic variation between B. napus varieties
and their respective breeding lines on the basis of SRAP
and SSR markers data, (ii) identify desirable breeding
lines for future breeding program. This study will be
useful for plant breeders and geneticist in understanding
the genetic structure of B. napus in identification of
desirable lines for developing new varieties with
superior characters in future.
Materials and Methods
Plant samples: In this study, a set of 77 accessions of B.
napus (22 varieties and 55 breeding lines) were analyzed
for their genetic diversity (Table 1). Out of 22 tested
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varieties 19 belong to different rapeseed growing
provinces of China with 11 from Hubei, five from
Shaanxi, one each from Henan, Jiangsu and Zhejiang
provinces, and three exotic varieties were from Czech
Republic procured from the Crop Research Institute,
Prague. All breeding lines used in this study were
developed by Rapeseed Research Centre of Northwest
A&F University, Yangling, Shaanxi, PR China, by using
hybridization and/or backcrossing followed by pedigree
selection. All these accessions were planted in the
experimental station of Northwest A&F University at
Yangling, Shaanxi, PR China on 20 September 2013.
DNA extraction: Young leaves from 15 plants of each
accession were randomly collected from plants grown in
the field and ground in liquid nitrogen. Genomic DNA
was extracted following the cetytrimethylammonium
bromide (CTAB) method (Doyle & Doyle, 1990). All
DNA samples were tested on 0.8% agarose gel and DNA
concentration calculated by using Epoch Microplate
Spectrophotometer (Epoch, USA) and the final dilution
was done before use at 50 ng/µl.
Sequence-related amplified polymorphism analysis:
Forty seven primer combinations of SRAP were
screened from a collection of 350 primer pairs (Table 2)
because of their superior polymorphism shown in
previous work of our laboratory. These 47 selected
SRAP primer combinations were synthesized by
BioAsia (Shanghai, China). PCR were performed in a
PCR bar containing 2 μl of 50 ng/µl DNA template; 0.3
μl of each reverse and forward primer 10 µmol/L; 5 μl
PCR Mix containing 1 x PCR buffer, 500 µM dNTP
each, 20 mM Tris-HCL (pH 8.3), 100 mM KCL, 3 mM
MgCl2; Golden DNA Polymerase; 2.5 U/µl (Tiangen
Biotech Co., Ltd, Beijing, China) and 3 μl ddH2O were
used to complement the reaction. The PCR amplification
program was performed in C1000 Thermal Cycler
(BioRad Co. Ltd., USA) following PCR cycle steps: 1
min for pre-degeneration at 95oC; 1 min for
degeneration at 94oC, 1 min for annealing at 35oC and 1
min for extension at 72oC for 5 cycles; 1 min for
degeneration at 94oC , 1 min for annealing at 50oC and 1
min for extension at 72oC for 35 cycles; and finally 7
min incubation at 72oC. Polymorphism at each locus was
assessed by electrophoresis of PCR products on 8%
polyacrylamide (w/v) gel in 1 x Tris-borateethylenediaminetetraacetic acid (EDTA) (TBE) and
visualized by silver staining.
Simple sequence repeat analysis: SSR analysis was
performed by PCR with 56 pairs of SSR primers (Table
3). These primers were selected for good polymorphism
and easy to score quality. The PCR amplification program
was also performed in C1000 Thermal Cycler following
PCR cycle steps: 2 min for pre-degeneration at 94oC; 1
min for degeneration at 94oC, 0.5 min for annealing at
60oC and 0.75 min for extension at 72oC for 10 cycles; 1
min for degeneration at 94oC, 0.5 min for annealing at
55oC and 0.75 min extension at 72oC for 30 cycles; and
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finally 5 min incubation at 72oC. Polymorphism at each
locus was assessed by electrophoresis of PCR products on
8% polyacrylamide (w/v) gel in 1 x TBE solution and
visualized by silver staining.
Data collection and analysis: In the SRAP and SSR
molecular analysis only strong, reproducible and clearly
distinguished polymorphic fragments among all
accessions were used in the data analysis. The profile data
produced by SRAP and SSR markers were scored
manually for each fragment in every accession for each
primer pair and recorded as 1 representing the presence of
a fragment and 0 representing the absence of a fragment.
The following formula was used to calculate the
polymorphic information content (PIC) per marker:
n

PIC = 1 −,

∑P
j =1

2

ij

where Pij is the frequency of the jth allele of the ith
marker locus and n is the total number of alleles. The
data were analyzed using the qualitative routine to
generate simple matching coefficients (SMCs),
calculated as SMC = a/(n-d), where a is the number of
fragments in common between two accessions, n is the
number of fragments in the matrix, and d is the
number of fragments absent in both accessions (Sokal
& Michener, 1958). Simple matching coefficients
(SMCs) were used to construct a dendrogram by the
unweighted pair-group method with arithmetic mean
(UPGMA) and the sequential, hierarchical and nested
clustering (SHAN) routine in the NTSYS program
version 2.10 (Rohlf, 1998). The principal component
analysis (PCA) was performed with the same program
using the Decenter and Eigen procedures. The 0, 1
matrix of SRAP and SSR markers were used for
population structure analysis by Structure version
2.3.4 (Pritchard et al., 2000). All markers were treated
as dominant markers, so the recessive allele model
was used. The allotetraploid rapeseed was treated as
diploid and the admixture model was used in the
analysis. Length of burn-in period before the start of
data collection and number of Markov Chain Monte
Carlo analysis repeats after burn-in were both set at
10,000. The number of groups (K) ranged from 1 to
10. For the analysis of molecular variance (AMOVA)
analysis, all accessions were classified into two
groups, variety and breeding line. The components of
variance attributable to different varieties and breeding
lines were estimated from the genetic distance matrix,
as specified in the AMOVA procedure in ARLEQUIN
version 3.1 (Schneider et al., 2000). A nonparametric
permutation procedure with 3000 permutations was
used to test the significance of variance components
associated with the different possible levels of genetic
structure in this study (Excoffier et al., 1992). The
pairwise Fst values, a value of F statistic analogs
computed from AMOVA, were used to compare
genetic distances between any two groups.
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Marker polymorphism: On the basis of high level of
polymorphism and display of strong banding patterns
revealed in our initial screening, 47 SRAP primer and 56
SSR primer combinations (Tables 2 and 3) were used for
analysis of genetic diversity among 77 accessions including
22 varieties and 55 breeding lines of B. napus (Table 1).
SRAP and SSR primers produced sufficient polymorphism
in the tested 77 accessions, which was used for calculating
similarity coefficient. A total of 270 and 194 polymorphic
fragments were detected by SRAP and SSR markers,
respectively (Table 4). The fragment size ranged from 200
to 2000 bp for SRAP markers and 100 to 600 bp for SSR
markers. The average numbers of polymorphic fragments
detected by SRAP primer combinations were 5.74, whereas
those of SSR were 3.46. Among 47 SRAP primer
combinations, Em17 + Me24, Em5 + Me23 and Em15 +
Me23 proved highly effective in generating maximum
number of polymorphic bands 12, 10, and 9, respectively
(Table 2). In case of 56 SSR primers highest number of
polymorphic bands 11 and 9 were revealed by primers Ra3H09 and Ol11-G11 (Table 3). The percentage of
polymorphic bands ranged from 37.50% to 85.71% and
25% to 100% for SRAP and SSR primers, respectively.
Polymorphism information content (PIC) was
calculated for each of the 47 SRAP primer combinations
and 56 SSR primers to quantify allelic diversity at each
locus. The PIC values of the selected SRAP primer
combinations ranged from 0.49 for Em4 + Me8 to 0.87
for Em5 + Me23 with an average PIC value 0.73 per locus
(Table 2). The PIC values for SSR markers widely varied
among loci and ranged from 0.16 for primer sN2834 to
0.85 for Ra3-H09 with an average PIC value 0.51 per
locus, whereas, five primers were monomorphic (Table
3). For SRAP all primer combinations PIC value above
0.50 (50%) with maximum genetic diversity of 87%,
whereas for SSR 29 primers PIC value above 0.50 (50%)
with maximum genetic diversity of 85% was observed for
these genotypes which indicates high genetic diversity in
the studied plant materials.

divergent accessions and appeared in a separate cluster than
other B. napus accessions at a similarity coefficient value of
0.53. The similarity coefficient among the rest of the 75 B.
napus accessions ranged from 0.56 to 0.77. The Cluster
analysis placed all 77 accessions of B. napus into five major
clusters. Among these five clusters, Cluster I was found the
largest cluster which contained 58 accessions (19 varieties
and 39 breeding lines) including one spring type, two winter
type and 16 semi-winter type varieties, and 39 breeding lines.
This cluster was further divided into three sub-clusters (I-a, Ib, and I-c). Sub-cluster I-a included two varieties, one spring
type exotic variety (CZ25) of Czech Republic and one semiwinter type variety (ZS10) of Hubei province of China and
three breeding lines (2D74, 2C203, and 2C183) from
Shaanxi province of China. Sub-cluster I-b included two
exotic winter type rapeseed varieties (CZ02 and CZ38) of
Czech Republic and 11 semi-winter type varieties (ZS07,
ZS09II, D89, ZS06, ZS04, ZS02, C3, Shaan 2B, ZS05,
ZS09III, and ZY17) from Hubei, Jiangsu, Shaanxi, and
Zhejiang provinces of China along with their 21 respective
breeding lines (2D028, 2D08, 2C178, 2C198, 2D78, 2D54,
2D64, 2D56, 2D17, 2D65, 2C224, 2D11, 2C221, 2D37,
2D52, 2D43, 2D77, 2C225, 2C194, 2C195, and 2D01) from
Shaanxi province of China. Sub-cluster I-c included four
semi-winter type varieties (Qinyou3, Zaofeng1, Zaofeng5,
and ZS04-2), three from Shaanxi and one from Hubei
province of China, and 15 breeding lines (2D51, 2D13,
2C272, 2D20, 2D60, 2D19, 2D50, 2D75, 2C243, 2D18,
2D16, 2D21, 2C226, 2D79, and 2C212). The Cluster II
contained only three semi-winter type breeding lines (2D10,
2D32, and 2D67) with different pedigree. The Cluster III
consisted 10 semi-winter type accessions including two
varieties (220 and ZS09I) from Henan and Hubei province of
China and eight breeding lines (2D80, 2D34, 2D58, 2D02,
2D73, 2D24, 2D46, and 2D69). The Cluster IV included four
breeding lines (2C269, 2D44, 2C209, and 2D22). The
Cluster V included two elite accessions ZS11 semi-winter
type variety of Hubei province and one breeding line 2C268
from Shaanxi province of China.

Cluster analysis: The molecular marker data of 464 SRAP
and SSR markers were used to calculate genetic similarity
coefficient for all accessions and a dendogram was
constructed from the similarity coefficient data with the
UPGMA method (Fig. 1). Genetic similarity estimates
calculated among 77 accessions varied from 0.50 to 0.77 for
all accessions except for two breeding lines numbered 13 and
23 (2D78 and 2D54). Two accessions, numbered 21 and 29
(breeding line 2C268 and variety ZS11) were found the most

Principal component analysis: The principal component
analysis result was similar to the cluster analysis (Fig. 2).
The first two principal components accounted for 5.19%
and 4.19% of the total variation, respectively. The PCA
diagram revealed that all breeding lines assembled with
their respective varieties having similar genetic background
which gives an indication of genetic distance among the
varieties and breeding lines, and furthermore, all breeding
lines scattered more widely than the tested varieties.

Results

Table 4. Summary of amplification results of SRAP and SSR.
Marker type
SRAP
Polymorphic bands
270
Range of fragment size
200 – 2000 bp
Average No. of polymorphic bands/primer
5.74
Range of polymorphic bands
3 – 12
Maximum % of Polymorphic bands
85.71%
Minimum % of Polymorphic bands
37.5%
Range of PIC
0.49 – 0.87

SSR
194
100 – 600 bp
3.46
1 – 11
100%
25%
0.16 – 0.85

SRAP, sequence-related amplified polymorphism; SSR, simple sequence repeat; PIC, polymorphic information content
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Fig. 1. Clustering of 77 rapeseed accessions by unweighted pair-group arithmetic mean method with Dice index.
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Fig. 2. Biplot of the first two major principal components extracted from SRAP and SSR data.

Table 5. Analysis of molecular variance of 77 rapeseed accessions.
Source of variation

Df

Sum of squares

Variance
components

Percentage of
variation

Among populations

1

179.15

3.07

3.60

Within populations

75

6177.21

82.36*

96.40

Total

76

6356.36

85.44

‡Fixation Index Fst (a value of F statistic analogs): 0.03604; Significance tests (1023 permutations)
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Population structure analysis: The break point of
the estimated Ln probability of data [Ln P (D)] was
obtained when K = 6, suggesting the presence of six
groups, GI-GVI (Fig. 3). Group I included 12
accessions, two varieties and ten breeding lines, a
group of five accessions in Cluster I, three
accessions in Cluster II and two accessions in each
Cluster IV and Cluster V, respectively in the cluster
analysis. Group II included 15 accessions, three
varieties and 12 breeding lines in Cluster I; Group
III included 13 accessions, three varieties and 10
breeding lines in Cluster I; Group IV included eight
accessions, seven varieties and one breeding lines,
out of these eight accessions seven revealed in
Cluster I and one in Cluster III; Group V included 18
accession, five varieties and 13 breeding lines, 17
accessions revealed in Cluster I and one in Cluster
IV; Group VI included 11 accessions, three varieties
and eight breeding lines, one accessions in Cluster I,
nine in Cluster III and one in Cluster IV. Generally,
structure analysis result corresponds with the
clustering result that all breeding lines assembled
with their respective varieties having similar genetic
background.
Analysis of molecular variance: All 77 accessions were
classified into two groups, varieties and breeding lines, on
the basis of genetic background for analysis of molecular
variance (AMOVA). The results indicated that 3.60% of the
variance was due to differences among populations and
96.40% difference was within populations (Table 5). The
pairwise Fst value of varieties and lines was 0.036, which is
significant. This indicated that variation within populations
was high, whereas variation among population was very
low but significant.
Discussion

Fig. 3. Population structure of the tested rapeseed accessions
suggested by structure analysis (K = 6). Six colors represent six
inferred groups (GI-GVI). Each bar represents each accession.
The estimated genetic fraction of each accession of each inferred
group was indicated in different colors. The numbers under each
bar is the same accession numbers in Table 1.

Recently a number of studies on genetic diversity in
B. napus have been conducted throughout the world using
different molecular markers (Hu et al., 2003; Hasan et al.,
2006; Wang et al., 2009; Wu et al., 2009; Li et al., 2012;
Turi et al., 2012; Ahmad et al., 2014; Laila et al., 2014).
However, the ultimate purpose of assessment of the
genetic diversity in available B. napus genetic resources is
to effectively use them in the breeding programs. We have
developed a set of rapeseed breeding lines by using
hybridization and/or backcrossing followed by pedigree
selection method. In this study, a set of 55 elite breeding
lines were selected to compare their genetic diversity with
22 representative varieties, 19 from China and 3 Czech by
employing SRAP and SSR molecular markers.
The SRAP and SSR molecular markers were quite
useful and revealed considerable genetic diversity among
77 accessions of B. napus. The 47 SRAP primer
combinations amplified a total of 270 polymorphic alleles
with an average number of 5.74 polymorphic alleles
ranging from 3 to 12 polymorphic alleles per locus, which
is less than the SRAP marker of 8 alleles per locus as
observed by Ahmad et al. (2014) in rapeseed. Whereas,
56 SSR primer combinations amplified a total of 194
polymorphic alleles with an average number of 3.46
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polymorphic alleles per locus ranging from 1 to 11
polymorphic alleles per locus, which is more than 1.7,
2.7, 2.66, and 2.69 observed in genetic diversity studies in
rapeseed by previous researchers (Hasan et al., 2006;
Zhou et al., 2006; Turi et al., 2012; Laila et al., 2014),
respectively. This suggested the existence of considerable
genetic variation among the tested rapeseed accessions.
The cluster analysis separated all 77 B. napus
accessions into five major groups. Cluster I contained a
large group of 58 accessions including 19 varieties and
39 breeding lines into three sub-clusters. The spring
type variety CZ25 from Czech Republic and semiwinter variety Zhongshuang No.10 from Hubei and
three breeding lines (2D74, 2C203, and 2C183) from
Shaanxi province of China clustered together in Cluster
I-a (Fig. 1). Cluster I-b contained 34 accessions, two
winter type CZ02 and CZ38 varieties from Czech
Republic, seven semi-winter type varieties from Hubei,
one each from Jiansu and Zhejiang, and two from
Shaanxi province of China together with 21 breeding
lines. Most of semi-winter type varieties (ZS07,
ZS09II, ZS06, ZS04, ZS02, ZS05, and ZS09III) from
Hubei province of China along with their seven
respective breeding lines (2D028, 2D78, 2D64, 2D17,
2D11, 2D77, and 2D01) of Shaanxi province of China
clustered closely with winter type CZ02 and CZ38
varieties from Czech Republic in cluster I-b because
these accessions have Australian, European and
Canadian winter and spring type germplasm in their
genetic background, for example, accessions ZS07,
ZS06, and ZS05 possess Topas, Marrano spring type
varieties, and ZS09II, ZS04, ZS02, and ZS09III
possess Start winter type variety, respectively in their
ancestry (Table 1) The genetic diversity within this
cluster was very narrow because majority of the
accessions were closely related by pedigree and
derived from common germplasm with some specific
characteristics. Breeding lines 2D028 and 2D17, 2D64
and 2D01, 2D78, 2D11, and 2D77 contain
Zhongshuang No.4,
Zhongshuang No.7, and
Zhongshuang No.9 varieties, respectively in their
pedigree. This has made the genetic background of
these accessions very narrow and molecular markers
have grouped them into a single large cluster. It is
probably because since initiation of rapeseed quality
improvement in China during last five decades lot of
spring and winter type germplasm from Australia,
Europe and Canada have been extensively used in
Chinese rapeseed breeding programmes (Liu, 2000;
Ren et al., 2008). Cluster I-c included 19 semi-winter
type accessions, one variety (ZS04-2) from Hubei
province, and three varieties (Qinyou No.3, Zaofeng1,
and Zaofeng5) and their fifteen respective breeding
lines from Shaanxi province. All accessions except
2D13, 2D75, 2D16, 2D21, ZS04-2, and 2D79 have
spring type germplasm in their genetic background.
This sub-cluster exhibited enough genetic diversity
than accessions revealed in Cluster I-b.
Cluster II consisted three elite semi-winter breeding
lines with different pedigree. Cluster III contained two
semi-winter type varieties 220 from Henan and ZS09I
from Hubei and eight elite breeding lines (2D80, 2D34,
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2D58, 2D02, 2D73, 2D24, 2D46, and 2D69) from
Shaanxi province of China. Cluster IV included four
semi-winter elite breeding lines (2C269, 2D44, 2C209,
and 2D22) and Cluster V consisted one ZS11 semiwinter variety from Hubei and Qinyou 7P elite breeding
line from Shaanxi province of China. The 16 elite
breeding lines in Cluster II, III, IV and V indicated
higher genetic distance than accessions appeared in
Cluster I, and they will be valuable resource for the
future rapeseed breeding program. The principal
component analysis and structure analysis exhibited
similar results to the cluster analysis. AMOVA results
indicated that 3.60% of the variance was due to
differences among populations and 96.40% difference
was within populations (Table 5). This indicated that
variation within populations was high, whereas variation
among populations was very low but significant.
Conclusions
The present study demonstrated that SRAP and SSR
molecular markers contributed well in exploration of the
genetic diversity among B. napus accessions. The
integrative results of cluster analysis, PCA analysis,
structure analysis, and AMOVA analysis revealed the
genetic diversity of the selected breeding lines evaluated
was comparable to the B. napus varieties, and variation
between variety and line groups was very low but
significant. The diverse and unique group of 16 elite
breeding lines detected in this study can be utilized in the
future breeding program as a source for development of
commercial varieties with more desirable characters.
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