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Abstract

This study was designed to explore the genetic relatedness among 30 Brassica juncea lines and varieties included in
“development of canola varieties in B. juncea” program, using Randomly Amplified Polymorphic DNA (RAPD) markers. All
used RAPD markers produced a total of 104 loci with an average of 8.6 bands per primer. The range of amplified bands was
between 300bp to 3kb. The largest fragment of 3kb was amplified with three primers, A-5, A-19 and B-05. On an average
84% similarity matrix (SM) was observed between all thirty genotypes. The most diverse genotype was RBJ-97001 with
average genetic diversity of 29% while RBJ-02017 showed the highest average genetic SM (87%) to all other genotypes. The
genotypes RBJ-07017 and RL-18 were observed most similar to each other with genetic SM of 95%, whereas, Raya 49/2 and
RBJ-97001 were found the most diverse lines with genetic SM of 71%. Unweighed pair group method of arithmetic means
cluster analysis indicated that 30 genotypes were capable of being classified into two major groups, A and B. Both groups
were further divided into two sub-groups. The information obtained on genetic distances will be useful in future breeding of
Raya cultivars for the development of canola type varieties along with germplasm characterization. © 2013 Friends Science

Publishers
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Introduction

Improved seed oil and meal quality have facilitated oilseeds
Brassicas in gaining the second largest oilseed crop position
and a major crop for the raw material supply in biodiesel
production (Burbulis et al., 2004; Hasan et al., 2006).
Brassica is loosely classified into oilseeds, vegetable and
condiment crops. Improvement of seed quality is one of the
most important objectives in Brassica breeding for
satisfying future edible oil requirements (Becker et al.,
1999; Shengwu et al., 2003). Oilseed breeders have
developed “canola” forms of B. napus and B. rapa to
improve oil and meal quality. Due to wider adaptability to
the hotter and drier areas and relatively higher oil content of
up to 44%, B. juncea is being widely grown in Pakistan,
India, China and in south-western areas of the former Soviet
Union as oil seed crop. However, B. juncea types grown in
Pakistan are known as mustard quality as they contain
higher percentage of erucic acid in the oil and elevated
concentrations of glucosinolates in the cake. In Pakistan, B.
juncea is the first choice for conversion to canola quality as
it exhibits better tolerance against heat and drought stresses,
and resistance against diseases and pod shatter compared to
B. napus (Woods et al., 1991; Kjellstorm, 1993; Getinet,
1996). Breeding for quality and yield has led to narrowing
the genetic diversity in modern cultivars in almost all major

crops. Resultantly, new cultivars are more prone to biotic as
well as abiotic stresses, necessitating induction of diverse
lines from germplasm in breeding program. Analysis of
genetic diversity amongst tailored cultivars or worthy
breeding materials may generate useful information to
broaden genetic base in modern cultivars (Talebi et al.,
2008). Genetic relationships could be obtained from
pedigree analysis, morphological characters or using
molecular markers (Mohammadi and Prasanna, 2003).
However, molecular markers are the best choice for
calculating genetic diversity as they are not influenced by
environmental factors. These molecular assays vary in
principle, function and type. Task and time requirements
are also considered, while selecting the molecular
methods. Polymerase chain reaction (PCR) based
methods are being commonly used for the
characterization of plant and animal genetic resources.
Randomly amplified polymorphic DNA is perhaps the
simplest method among numerous available molecular
techniques recruited to measure constitution, change and
progression of genetic material (Williams et al, 1990).
Despite controversies on limitations and reproducibility
of RAPD markers, they are still significantly used to
tackle various objectives in molecular biology, like
tagging a simple and dominant gene as well as to identify
multiple chromosome intervals controlling a quantitative
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trait (Basha and Sujatha, 2007; Grimmer et al., 2007; Pan
and Chen, 2010).

Thus, assessment of genetic diversity among B. juncea
accessions from present study will be helpful in base
building for the development of canola type varieties more
acceptable to farmers and ultimately share of good quality
oil will be increased in local economy.

Materials and Methods
Plant Material

Thirty B. juncea accessions, comprising approved cultivars
as well as exotic and local germplasm lines, from Oilseed
Research Institute (ORI), AARI, Faisalabad were used in
the study (Table 1). Genomic DNA (gDNA) was extracted
using CTAB method (Rahman et al., 2002) from fresh and
young leaves of two weeks old seedlings of each accession
selected at random. Quality and quantity of total gDNA was
assessed through NanoDrop-1000 3.3.1 spectrophotometer.
A sub-sample of three randomly selected accessions was
used to screen 50 arbitrary decamer primers for their
suitability to amplify DNA sequences, which could be
scored precisely. RAPD primers were evaluated for
unambiguous, visible bands, constancy and presence of
smearing. A final set of 12 primers showing good quality
banding patterns and ample polymorphism were selected for
further analysis. RAPD primers producing faint or hard to
detect bands were not used for amplification.

PCR reactions were performed in a 20 pl mixture
containing 10 mmol/L TrisHCI (pH 8.3), 50 mmol/L KClI,
1.5 mmol/L MgCl,, 200 umol/L each dNTP, 0.4 umol/Lof
decamer primer, 1 unit Tag DNA Polymerase and
approximately 20 ng of template DNA. Reaction mixtures
were overlaid with paraffin to avoid evaporation. DNA
amplification was performed in a programmable thermal
cycler (Master Cycler Gradient, Eppendorf, Germany). The
reaction mixture was preheated at 95°C for 3 min followed
by 40 cycles of one min denaturation at 94°C, one min
annealing at 37°C and extension at 72°C for 2 min. After the
last cycle, a final step of 7 min at 72°C was further added to
allow complete extension of all amplified fragments. The
PCR products were resolved on 1.2% agarose gel and sizes
of the amplified bands were estimated using a known
molecular weight marker (1kbp DNA ladder). The gels
were post-stained with ethidium bromide and gel imaging
was recorded on Nyxtechnik electrophoresis documentation
system.

Molecular data were recorded on the basis of presence
or absence of DNA fragments. Only clear and score able
bands were considered for genetic diversity analysis. The
binary data obtained were used to estimate the similarity on
the basis of the number of shared amplified products to
combine the data of all the accessions. Nei and Li’s (1979)
coefficients were used to generate genetic similarity
matrices. NTSyspc 2.0 software package was used for
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dendrogram construction using unweighed pair group
method of arithmetic means (UPGMA).

Results

During present study, the surveyed RAPD primers
produced 104 amplicons with an average of 8.6 bands per
primer. It is indicated in Table 2 that a maximum of 15
amplicons were generated by primer A-05; whereas, B-01
amplified only five DNA bands. The amplified products
ranged from 300 to 3000 bp in size. Lowest band size (300
bp) was amplified with three primers viz; A-05, A-10 and
A-19, while two primers A-05 and B-05 produced 3000 bp
fragments. Primer B-07 produced seven polymorphic bands
as depicted in Fig. 1.

Data obtained from RAPD analysis were employed to
generate similarity matrix (SM) using Nei and Lei
coefficient (Nei and Li, 1979). Twelve RAPD primers
generated 104 markers, which were utilized for final
analysis. The resulting SM revealed a mean genetic
diversity (84%) among the genotypes studied. As far as the
pair-wise combinations are concerned, similarity between
accessions varied with a range of 95 to 71% (Table 3).
The accession pairs BARD-1 and RBJ-03050 and RL-18
and RBJ-07017 emerged as the most similar pairs with
the highest SM of 95%. RBJ-03050 and RJ-96026 also
showed very low dissimilarity of 6%. Three accession
pairs including RBJ-03047 and Varuna, Varuna and KJ-
127 and Khanpur Raya and RBJ-07010 exhibited 8%
diversity. The accessions J-90-43001 and Varuna were
found most dissimilar pair with dissimilarity coefficient of
29%. J-90-43001 is a high yielding, low erucic acid and low
glucosinolate line introduced from Canada, while Varuna
is a high yielding Brassica juncea variety form India
with high erucic acid and glucosinolate contents. J-90-
43001 also showed higher dissimilarity with RBJ-02019, a
line selected from the cross of high yielding accessions
from Khanpur Research Station (KRS), a sub-station of
ORI mainly involved in rapeseed and mustard breeding.
While, 27% dissimilarity was observed between KH-38 and
KJ-117, J-90-43001 and KJ-127 and J-90-43001 and
BARD-1 pairs of accessions.

Comparison of each line with the rest of the
accessions showed a SM ranging from 81 to 95% (Table 4).
RBJ-96026 came out as the most diverse accession when
compared with all other 29 cultivars with a mean
dissimilarity of 19%. RBJ-07017 depicted the highest mean
SM of 95% with other accessions. Sultan Raya, Varuna and
Khanpur Raya showed mean SM of 86, 83 and 93%, with
the remaining accessions. Zem-1l and J-90-43001, showed
82% SM with all other genotypes.

Based on the analysis carried out on Nei and Li, SM
using the unweighted pair group method with arithmetic
mean (UPGMA), 30 B. juncea accessions were grouped
into two main clusters and a number of independent
accessions (Fig. 2). Group A (the largest cluster) comprised



Table 1: B. juncea accessions used in the study
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Genotypes

Origin

Sultan Raya

Khanpur Raya, RL-18

Arid Zone Research Institute, Bahawalpur. (AZRI)
ORI, AARI, Faisalabad.

BARD-1 National Agriculture Research Centre, Islamabad. (NARC)
Varuna India
Zem Il Australia

RBJ-96024, RBJ-99026, Raya 49/2, RBJ-03047, KJ-127, KJ-117, RBJ-02019, RBJ-03050, RBJ- Brassica juncea lines selected from Breeding Program at
96026, Raya 63/2, RBJ-02018, RBJ-2K024, RBJ-02017, KS-74, KH-33, KH-34, KH-38, KJ-119, ORI, AARI, Faisalabad.

RBJ-2K022, RBJ-97001, RBJ-2K027, J-90-43001, RBJ-07010, RBJ-07017

Table 2: RAPD primers with corresponding bands scored polymorphic bands observed in 30 B. juncea accessions

Oligo Name Sequences (5°-3”) Total No. of Bands Scored Size Range (bp) No. of Polymorphic Bands
GL DecamerA-04 AATCGGGCTG 8 400-1800 8
GL DecamerA-05 AGGGGTCTTG 15 300-3000 8
GL DecamerA-08 GTGACGTAGG 9 500-2100 4
GL DecamerA-09 GGGTAACGCC 7 400-1500 3
GL DecamerA-10 GTGATCGCAG 9 300-1500 2
GL DecamerA-17 GACCGCTTGT 8 500-2000 5
GL DecamerA-18 AGGTGACCGT 6 600-1700 1
GL DecamerA-19 CAAACGTCGG 13 300-3000 10
GL DecamerB-01 GTTTCGCTCC 5 900-2700 2
GL DecamerB-03 CATCCCCCTG 7 500-2200 2
GL DecamerB-05 TGCGCCCTTC 7 700-3000 7
GL DecamerB-07 GGTGACGCAG 10 400-1500 7
Total 104 59

Table 3: Pair-wise similarity matrix (%) for thirty B. juncea accessions

J2 J3 J4 J5 J6 J7 J8 J9 J10J11J12 J13 J14 J15J16 J17 J18 J19 J20 J21 J22 J23 J24 J25 J26 J27 J28 J29 J30
J1 087
J2 090 081
J3 0.84 0.82 0.89
J4 0.81 0.78 0.82 0.87
J5 0.82 0.80 0.85 0.87 0.92
J6 0.87 0.79 0.88 0.87 0.88 0.92
J7 0.84 081 0.83 0.87 0.85 0.89 0.91
J8 0.84 0.86 0.84 0.86 0.84 0.86 0.90 0.94
J9 0.88 0.81 0.89 0.90 0.85 0.86 0.92 0.89 0.91
J10 0.88 0.80 0.87 0.90 0.85 0.87 0.91 0.90 0.89 0.95
J11 0.83 0.79 0.86 0.88 0.83 0.86 0.87 0.89 0.87 0.93 0.94
J12 0.80 0.81 0.82 0.84 0.85 0.82 0.85 0.85 0.86 0.84 0.88 0.88
J13 0.82 0.83 0.84 0.83 0.82 0.84 0.85 0.87 0.89 0.86 0.84 0.85 0.84
J14 0.84 0.80 0.84 0.83 0.83 0.83 0.89 0.89 0.90 0.88 0.90 0.87 0.87 0.84
J15 0.87 0.78 0.85 0.82 0.82 0.82 0.85 0.83 0.84 0.86 0.86 0.86 0.85 0.87 0.87
J16 0.92 0.87 0.87 0.83 0.82 0.82 0.85 0.88 0.88 0.86 0.88 0.86 0.85 0.87 0.86 0.88
J17 0.91 0.82 0.86 0.85 0.79 0.81 0.84 0.82 0.83 0.87 0.90 0.85 0.84 0.84 0.86 0.90 0.92
J18 0.88 0.84 0.86 0.83 0.86 0.86 0.84 0.83 0.88 0.85 0.84 0.82 0.83 0.88 0.85 0.90 0.86 0.90
J19 0.90 0.85 0.83 0.82 0.80 0.82 0.81 0.81 0.87 0.87 0.86 0.82 0.80 0.85 0.84 0.85 0.85 0.89 0.89
J20 0.83 0.84 0.81 0.77 0.75 0.75 0.73 0.75 0.78 0.78 0.79 0.76 0.75 0.83 0.81 0.84 0.85 0.87 0.87 0.86
J21 0.84 0.80 0.82 0.81 0.82 0.78 0.80 0.87 0.84 0.83 0.84 0.83 0.84 0.81 0.83 0.78 0.87 0.79 0.78 0.83 0.79
J22 0.88 0.81 0.86 0.83 0.83 0.81 0.82 0.81 0.82 0.82 0.84 0.84 0.84 0.85 0.83 0.87 0.89 0.88 0.85 0.84 0.85 0.85
J230.83 0.77 0.81 0.81 0.71 0.73 0.75 0.72 0.73 0.80 0.79 0.79 0.76 0.76 0.78 0.79 0.80 0.80 0.77 0.79 0.83 0.77 0.85
J24 0.88 0.86 0.83 0.81 0.77 0.78 0.78 0.83 0.84 0.83 0.82 0.84 0.78 0.84 0.81 0.85 0.87 0.84 0.84 0.86 0.84 0.84 0.84 0.84
J250.89 0.84 0.89 0.83 0.76 0.78 0.80 0.82 0.85 0.85 0.81 0.83 0.81 0.87 0.81 0.85 0.87 0.83 0.86 0.84 0.85 0.81 0.83 0.82 0.89
J26 0.90 0.87 0.89 0.83 0.79 0.81 0.80 0.84 0.85 0.86 0.84 0.85 0.79 0.87 0.85 0.84 0.92 0.86 0.85 0.88 0.87 0.86 0.85 0.85 0.90 0.92
J27 0.86 0.84 0.83 0.80 0.78 0.81 0.79 0.86 0.87 0.84 0.83 0.80 0.78 0.85 0.85 0.86 0.91 0.87 0.85 0.86 0.82 0.81 0.80 0.77 0.84 0.86 0.94
J28 0.85 0.83 0.83 0.84 0.78 0.78 0.76 0.81 0.82 0.82 0.83 0.84 0.80 0.82 0.82 0.83 0.88 0.84 0.81 0.86 0.84 0.80 0.82 0.81 0.88 0.88 0.92 0.90
J29 0.85 0.83 0.88 0.83 0.79 0.81 0.80 0.85 0.86 0.86 0.84 0.86 0.82 0.88 0.86 0.88 0.90 0.86 0.84 0.88 0.86 0.84 0.87 0.83 0.90 0.91 0.94 0.92 0.95
J1= KH-33, J2 = KJ-119, J3 = KH-34, J4 = Raya-49-2, J5 = RBJ-03047, J6 = Varuna, J7 = KJ-127, J8 = KJ-117, J9 = RBJ-02019, J10 = BARD-1, J11 =
RBJ-03050, J12 = RBJ-96026, J13 = RBJ-02018, J14 = Raya-63/2, J15 = RBJ-2K024, J16 = RBJ-02017, J17 = KS-74, J18 = RBJ-97001, J19 = RBJ-
99026, J20 = KH-38, J21 = Zem-II, J22 = RBJ-2K022, J23 = J-90-43001, J24 = RBJ-2K027, J25 = RBJ-96024, J26 = Khanpur raya, J27 = RBJ-07010,
J28 = RBJ-07017, J29 = RL-18, J30 = RBJ-07017

Khanpur Raya, RBJ-07010, RBJ-07017 and RL-18).
Group B consisted of 11 constituents including two
approved varieties Varuna and BARD-1, and nine
advanced breeding lines KJ-119, KH-34, KJ-127, KJ-
117, RBJ-02019, RBJ-03050, Raya63/2, Raya 49/2,

of 13 accessions, which were subdivided into two
subgroups Al and A2. The Al subgroup contained seven
lines i.e., Sultan Raya, RBJ-02017, KS-74, RBJ-2K022,
RBJ-2K024, RBJ-97001 and RBJ-99026, whereas A2
included six accessions (RBJ-2K027, RBJ-96024,
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Table 4: Mean similarity of individual genotypes with rest of the accessions

Genotypes Mean Similarity Genotypes Mean Similarity Genotypes Mean Similarity
Sultan Raya 0.86 RBJ-03050 0.84 RBJ-2K022 0.84
KH-33 0.82 RBJ-96026 0.81 J-90-43001 0.82
KH-119 0.85 RBJ-02018 0.85 RBJ-2K027 0.88
KH-34 0.84 Raya 63/2 0.84 RBJ-96024 0.89
Raya 49/2 0.82 RBJ-2K024 0.85 Khanpur Raya 0.93
RBJ-03047 0.82 RBJ-02017 0.88 RBJ-07010 0.91
Varuna 0.83 KS-74 0.85 RBJ-07017 0.95
KJ-127 0.84 RBJ-97001 0.84 RL-18 0.86
KJ-117 0.85 RBJ-99026 0.85

RBJ-02019 0.85 KH-38 0.84

BARD-1 0.85 Zem-ll 0.82

J10J11J12 J13 J14 J15 J16 J17 J18 J19 J20 J21 J22 J23 J24 325 J26 321

1Kb ladder
- N n b 1 ™
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Fig. 1: PCR amplification profile of 30 Brassica juncea accessions using GL Decamer B-07 RAPD primer

M = marker (LKb), J1= KH-33, J2 = KJ-119, J3 = KH-34, J4 = Raya-49-2, J5 = RBJ-03047, J6 = Varuna, J7 = KJ-127, J8 = KJ-117, J9 = RBJ-02019, J10
= BARD-1, J11 = RBJ-03050, J12 = RBJ-96026, J13 = RBJ-02018, J14 = Raya-63/2, J15 = RBJ-2K024, J16 = RBJ-02017, J17 = KS-74, J18 = RBJ-
97001, J19 = RBJ-99026, J20 = KH-38, J21 = Zem-Il, J22 = RBJ-2K022, J23 = J-90-43001, J24 = RBJ-2K027, J25 = RBJ-96024, J26 = Khanpur raya,

J27 =RBJ-07010, J28 = RBJ-07017, J29 = RL-18, J30 = RBJ-07017

Sultan-Raya
RBJ-02017

KS-74
RBJ-2K022
RBJ-2K024 )

RBJ-97001 d

RBJ-2K027
RBJ-96024
KP-raya
RBJ-07010
RBJ-07017
RL-18

RBJ-99026

RBJ-02018

KH-38

KH-33
KJ-119
KH-34
Varuna
KJ-127
KJ-117
RBJ-02019
BARD-1

—

RBJ-03050 ——
Raya-63/2
Raya-d9-2 ———

RBJ-03047 ————
RBJ-96026

Zem-ll

J-90-43001

0.05

013

Coefficient

Fig. 2: Dendrogram generated by UPGMA cluster analysis of RAPD fragments based on similarity matrix representing

genetic relationship among 30 B. juncea accessions

RBJ-03047 and RBJ-96026. Advanced breeding lines
Raya 49/2 and RBJ-03047 in group B formed a separate
sub cluster. As expected from the SM, most of the
accessions were positioned close to each other by cluster
analysis, depicting a higher level of relatedness. However,
lines emerged from the crosses of varieties/lines of ORI,
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AARI, Faisalabad and allied research stations grouped
together, while the accessions descendent from exotic
and other varieties introduced from NARC were crowded
together. KH-38 and KH-33 are heat tolerant lines from
Khanpur research station, showed a distinct pattern in
grouping. Zemll and J-90-43001 were distant from all the
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accessions. Both these lines are low in erucic acid and
glucosinolate concentration introduced from Australia
and Canada, respectively did not crowd with any other
cluster having accessions with higher erucic acid and
glucosinolate contents.

Discussion

DNA markers are widely used to reveal DNA
polymorphisms (Gupta et al., 1999; Gupta and Varshney,
2000). Different molecular markers have been used to study
the extent of genetic relatedness in different crops (Al-
Qurainy, 2007; Cruz et al., 2007; Lopez et al., 2008; Ana et
al., 2009; Pezhmanmehr et al., 2009) and differ mainly in
their principles and amounts of data generated. Currently,
random amplified polymorphic DNA (RAPD), amplified
fragment length polymorphism (AFLP), single nucleotide
polymorphism (SNPs), cleaved amplified polymorphic
sequences (CAPs) and simple sequence repeats (SSRs) are
in use to determine the variability and diversity at molecular
level (Palmobi and Damiano, 2002; Agarwal and
Shrivastava, 2008; EI-Mouei et al., 2011).

When compared to present results, more or less similar
ranges of genetic dissimilarities in different Brassica lines
have also been reported in previous studies (Ali et al., 2007;
Abbas et al., 2009). Qun et al. (2009) reported amplification
of even shorter DNA fragments ranging from 150-1800bp
in B. campestris, which might be due to difference in crop
specie and primers used.

The results of the study under report indicated a low to
moderate level of genetic diversity in the B. juncea
germplasm. A number of studies have revealed lower levels
of genetic diversity in major crop species including Brassica
(Rabbani et al., 1998), alfalfa (Flajoulot et al., 2005), white
clover (George et al., 2006), rice (Thomson et al., 2003),
wheat (Wang et al., 2007), groundnut (Tang et al., 2007)
and maize (Leegesse et al., 2007; Yao et al., 2007). A
narrower range of genetic diversity has also been formerly
documented (Yuan et al., 2004; Astarini et al., 2004) in B.
napus and B. oleracea. Oilseed and vegetable genotypes
belonging to these groups are under extensive selection for
economic and quality traits. However, An et al. (1999)
reported the existence of extensive genetic diversity in B.
juncea germplasm collection. This difference might be due
to the inclusion of landraces in the study, while approved
varieties and better yielding selected lines were subjected to
diversity analysis during present study.

In the present study, lower level of genetic diversity
shows the narrow genetic background of the breeding
material, which is mainly due to their continuous
participation in canola breeding program. Selection for
higher yielding lines with better quality traits along with
adaptation to local conditions is a major input to diffident
diversity. A close association between oilseed cultivars from
Pakistan and Spain had been previously reported
(Tekelwold and Becker, 2006) through RAPD markers.
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BARD-1 and Varuna varieties were intermingled with other
lines belonging to different research stations in the cluster,
demonstrating no relationship between the RAPD banding
pattern and the geographic origin. Tekelwold and Becker
(2006) reported the amalgamation of B. carinata accessions
collected from different areas indicating a frail ecological
differentiation and non-significant changes in RAPD bands
incidence along the accessions grown in different areas.
This could be ascribed to absence of gene flow barriers and
presence of similar evolutionary factors in different mustard
growing regions. Differences in RAPD banding pattern may
not reveal the diversity in genes controlling the
agronomically important traits (Williams et al., 1993).
Hence, RAPD markers not always differentiate accessions
on the basis of area of adaptation. Similar results have been
reported by various researchers in B. juncea (Rabbani et al.,
1998), Chinese vegetable Brassicas (Ren et al., 1995), B.
napus (Mailer et al., 1994), Ensete ventricosum (Birmeta et
al., 2002), Sorghum bicolor (Ayana et al., 2002). However,
Shengwu et al. (2003) reported substantial genetic variation
between Chinese and European accessions of rapeseed due
to difference in gene pool.

It is concluded that an understanding of the presence
of genetic variability in Raya (B. juncea) germplasm will be
useful for efficient utilization of the existing genetic
resources for the development of canola type varieties.
Genetic diversity among the breeding germplasms of B.
juncea could be enhanced by broadening the gene pool
through international sources. RAPD being a simpler and
faster technique could be used to compare the genetic
relatedness and the patterns of variation among Raya (B.
juncea) accessions.

Acknowledgements

Authors are thankful to Zafar Igbal Qureshi, Director,
Agricultural Biotechnology Research Institute AARI,
Faisalabad for providing financial and laboratory facilities.

References

Abbas, S.J., Farhatullah, K.B. Marwat, I.A. Khan and 1. Munir, 2009.
Molecular analysis of genetic diversity in Brassica species. Pak. J.
Bot., 41: 167-176

Agarwal, M. and N. Shrivastava, 2008. Advances in molecular marker
techniques and their applications in plant sciences. Plant Cell Rep.,
27:617-631

Ali. W., I. Munir, M.A. Ahmad, W. Muhammad, N. Ahmed, Durrishahwar,
S. Ali and Z.A. Swati, 2007. Molecular characterization of some
local and exotic Brassica juncea germplasm. Afr. J. Biotechnol., 6:
1634-1638

Al-Qurainy, F.H., 2007. Genetic distance within and between two
Haloxylon salicornicum populations as revealed by RAPD markers.
Saudi J. Biol. Sci., 14: 221-226

An, X, B. Chen, T. Fu and H. Liu, 1999. Genetic diversity analysis among
Chinese landraces in Brassica juncea using RAPD markers. 10"
International Rapeseed Congress, Canberra, Australia

Ana, MJ,, KS. Ankica, S.P. Dejana, M. Radovan and H. Nikola, 2009.
Phenotypic and molecular evaluation of genetic diversity of rapeseed
(Brassica napus L.) genotypes. Afr. J. Biotechnol., 8: 4835-4844



Tahira et al. / Int. J. Agric. Biol., Vol. 15, No. 6, 2013

Astarini, L.A., JA. Plummer, R.A. Lancaster and Y. Guijun, 2004.
Fingerprinting of cauliflower cultivars using RAPD markers. Aust. J.
Agric. Res., 55: 117-124

Ayana, A., T. Bryngelsson and E. Bekele, 2000. Genetic variation of
Ethiopian and Eritrean sorghum (Sorghum bicolor (L.). Moench)
germplasm assessed by random amplified polymorphic DNA. Genet.
Resour. Crop Evol., 47: 471-482

Basha, S.D and E.M. Sujatha, 2007. Inter and intra-population variability of
Jatropha curcus (L.) characterized by RAPD and ISSR markers and
development of population specific SCAR markers. Euphytica, 156:
375-386

Becker, H.C., H. Loptein and G. Robbelen, 1999. Breeding: An overview.
In: Biology of Brassica Coenospecies, pp: 413-460. Gomez-Campo,
C. (ed.). Elsevier, Amsterdam

Birmeta, G., H. Nybom and E. Bekele, 2002. RAPD analysis of genetic
diversity among clones of the Ethiopian crop plant Ensete
ventricosum. Euphytica, 124: 315-325

Burbulis, N., R. Kupriene and L. Zilenaite, 2004. Embryogenesis,
callogenesis and plant regeneration from anther cultures of spring
rape (Brassica napus L.). Acta Univ. Biol., 676: 153-158

Cruz, V.M.V, R. Luhman, L.F. Marek, C.L. Rife, R.C. Shoemaker, E.C.
Brummer and C.A.C Gardener, 2007. Characterization of flowering
time and SSR marker analysis of spring and winter type Brassica
napus L. germplasm. Euphytica, 153: 43-57

El-Mouei, R., W. Choumane and F. Dway, 2011. Characterization and
estimation of genetic diversity in citrus rootstock. Int. J. Agric. Biol.,
13:571-575

Flajoulot, S., J. Ronfort, P. Budouin, P. Barre, T. Huguet, C. Huyghe and B.
Julier, 2005. Genetic diversity among alfalfa (Medicago sativa)
cultivars coming from a breeding program, using SSR markers.
Theor. Appl. Genet., 111: 1420-1429

George, J., M.P. Dobrowolski, E.Z. Jong, N.O.l. Cogan, K.F. Smith and
J.W. Forster, 2006. Assessment of genetic diversity in cultivars of
white clover (Trifolium repense L.) detected by SSR polymorphisms.
Genome, 49: 919-930

Getinet, A., G. Rakow and R.K. Downey, 1996. Agronomic performance
and seed quality of Ethopian mustard in Saskatchewan. Can. J. Plant
Sci., 76: 387-392

Grimmer, M.K., S. Trybush and S. Hanley, 2007. An anchored linkage map
for sugar beet based on AFLP, SNP and RAPD markers and QTL
mapping of a new source of resistance to beet necrotic yellow vein
virus. Theor. Appl. Genet., 114: 1151-1160

Gupta, P.K. and R.K. Varshney, 2000. The development and use of
microsatellite markers for genetic diversity analysis and plant
breeding with emphasis on bread wheat. Euphytica, 113: 163
185

Gupta, P.K., R.K. Varshney, P.C. Sharma and B. Ramesh, 1999. Molecular
markers and their application in wheat breeding. Plant Breed., 118:
369-390

Hasan, M., F. Seyis, A.G. Badani, J. Pons-Kuhnemann, W. Friedt, W. Luhs
and R.J. Snowdon, 2006 Analysis of genetic diversity in the Brassica
napus L. gene pool using SSR markers. Genet. Resour. Crop Evol.,
53: 793-802

Kjellstorm, C., 1993. Comparative growth analysis of Brassica napus and
Brassica juncea under Swedish Conditions. Can. J. Plant Sci., 73:
795-801

Leegesse, B.W., AAA. Myburg, K.V. Pixley and M. Botha, 2007. Genetic
diversity of African maize inbred lines revealed by SSR markers.
Hereditas, 144: 10-17

Lopez, P.A, M.P. Widrlechner, P.W. Simon, S. Rai, T.D. Boylston, T.A.
Isbel, T.B. Bailey, C.A. Gardner and L.A. Wilson, 2008. Assessing
phenotypic, biochemical and molecular diversity in coriander
(Coriandrum sativum L.) germplasm. Genet. Resour. Crop Evol., 55:
247-275

Mailer, R.J., R. Scarth and B. Fristensky, 1994. Discrimination among
cultivars of rapeseed (Brassica napus L.) using DNA
polymorphism amplified from arbitrary primers. Theor. Appl.
Genet., 87: 697704

1168

Mohammadi, S.A. and B.M. Prasanna, 2003. Analysis of genetic diversity
in crop plants: Salient statistical tools and considerations. Review
and interpretation. Crop Sci., 43: 1235-1248

Nei, M. and W. Li, 1979. Mathematical model for studying genetic
variation in terms of restriction endonuclaeses. Proc. Natl. Acad. Sci.
USA, 76:5269-5273

Palmobi, M.A. and C. Damiano, 2002. Comparison between RAPD and
SSR molecular markers in detecting genetic variation in Kiwifruit
(Actinidia delaiciosa A. Chev.). Plant Cell Rep., 20: 1061-1066

Pan, S.J. and F.Q. Chen, 2010. Genetic mapping of common Buckwheat
using DNA, protein and morphological markers. Hereditas, 147: 27—
33

Pezhmanmehr. M., M.E. Hassani, F. Jahasooz, A.A. Najafi, F. Sefidkon, M.
Mardi and M. Pirseiedi, 2009. Assessment of genetic diversity in
some lIranian populations of Bunium persicum using RAPD and
AFLP markers. Iran. J. Biotechnol., 7: 93-100

Qun, H.X,, M.R. Cali, L. Li, C. Jing and D.Y. Ping, 2009. Genetic diversity
analysis on Brassica campestris L. from Guizhou Province in China.
Southwest Chin. J. Agric. Sci., 22: 271-276

Rabbani, M.A., A. lwabuchi, Y. Murakami, T. Suzuki and K. Takayanagi,
1998. Genetic diversity in mustard (Brassica juncea L.) germplasm
from Pakistan as determined by RAPDs. Euphytica, 103: 235-242

Rahman, M., D. Hussain and Y. Zafar, 2002. Estimation of genetic
divergence among elite cotton cultivars-genotypes by DNA
fingerprinting technology. Crop Sci., 42: 2137-2144

Ren, J., J.R. McFerson, R. Li, S. Kresovich and W.F. Lamboy, 1995.
Identities and relationships among Chinese vegetable Brassicas as
determined by random amplified polymorphic DNA markers. J.
Amer. Soc. Hortic. Sci., 120: 548-555

Shengwu, H.U., J. Ovensa, L. Kucera, V. Kucera and M. Vyvadilova, 2003.
Evaluation of genetic diversity of Brassica napus germplasm from
China and Europe. Plant Soil Environ., 49: 106-113

Talebi, R., F. Fayaz, M. Mardi, S.M. Pirsyedi and A.M. Naji, 2008. Genetic
relationships among chickpea (Cicer arietinum) elite lines based on
RAPD and agronomic markers. Int. J. Agric. Biol., 10: 301-305

Tang, R., G. Gao, L. He, Z. Han, S. Shan, R. Zhong, C. Zhovu, J. Jiang, Y. Li
and W. Zhuang, 2007. Genetic diversity in cultivated groundnut
based on SSR markers. J. Genet. Genom., 34: 449-459

Tekelwold, A. and H.C. Becker, 2006. Geographic pattern of genetic
diversity among 43 Ethiopian mustard (Brassica carinata A. Braun)
accessions as revealed by RAPD analysis. Genet. Resour. Crop
Evol., 53: 1173-1185

Thomson, M.J, T.H. Tai, AM. McClung, X.H. Lai and M.E. Hinga, 2003.
Mapping quantitative trait loci for yield, yield components and
morphological traits in an advanced backcross population between
Oryza rufipogon and the Oryza cultivar Jefferson. Theor. Appl.
Genet., 107: 479-493

Wang, H.Y., Y.M. Wei, ZH. Yan and Y.L. Zheng, 2007. EST-SSR DNA
polymorphism in durum wheat (Triticum durum L.) collections. J.
Appl. Genet., 48: 35-42

Williams, J.G., AR. Kubelik, K.J. Livak, J.A. Rafalski and S.V. Tingey,
1990. DNA polymorphisms amplified by arbitrary primers are useful
as genetic markers. Nucleic Acids Res., 18: 6531-6535

Williams, J.G.K., M.K. Hanafey, J.A. Rafalski and S.V. Tingey, 1993.
Genetic analysis using RAPD markers. Methods Enzymol., 218:
704-740

Woods, D.L., JJ. Capcara and R.K. Downey, 1991. The potential of
mustard (Brassica juncea (L.) Coss.) as an edible oil crop on the
Canadian prairies. Can. J. Plant Sci., 71: 195-198

Yao, Q., K. Yang, G. Pan and T. Romg, 2007. Genetic Diversity of Maize
(Zea mays L.) Landraces from Southwest China Based on SSR Data.
J. Genet. Genome, 349: 851-860

Yuan, M., Y. Zhou and D. Liu, 2004. Genetic diversity among populations
and breeding lines from recurrent selection in Brassica napus as
revealed by RAPD markers. Plant Breed., 123: 9-12

(Received 05 October 2012; Accepted 01 April 2013)


http://www.cabdirect.org/search.html?q=au%3A%22Huang+XianQun%22
http://www.cabdirect.org/search.html?q=au%3A%22Ma+RongCai%22
http://www.cabdirect.org/search.html?q=au%3A%22Chen+Jing%22
http://www.cabdirect.org/search.html?q=au%3A%22Dong+YingPing%22
http://www.cabdirect.org/search.html?q=do%3A%22Southwest+China+Journal+of+Agricultural+Sciences%22

