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ABSTRACT

1. INTRODUCTION

Cluster bean, one of the most important cash legume
crop has played an increasingly important role in
wide range of industries. Owing to the significance of
molecular marker studies in numerous applications
including in genetic improvement of crops, there is an
obvious need to undertake such studies in cluster
bean. In the present work, 35 genotypes of cluster
bean were collected from different states of India and
analyzed using RAPD and ISSR markers. Further
SCAR marker system was introduced in order to increase the reproducibility of the polymorphism and
specificity. For this polymorphic (RP-3, 1000 bp;
RP-19, 1250 bp and 1100 bp) and geographical specific bands (RP-9, 650 bp) from RAPD as well as genotype specific band (IS-8, 550 bp) from genotype
RGC-1031 (Rajasthan) from ISSR were selected and
converted into SCAR markers. The study revealed
first set of sequence-based SCAR markers in cluster
bean which found more specific information using
RAPD and ISSR profiles. One genotype specific
SCAR-20 for RGC-1031 (tolerant genotype against
Macrophomina phaseolina), could be used to prove
identity of the genotype for improvement as well for
its genetic purity assessment. Another SCAR-8 was
selected due to its specificity for cluster bean genotypes from Rajasthan which might be important for
population admixture studies.

Cluster bean (Cyamopsis tetragonoloba L. Taub) commonly known as guar is a native plant of India principally grown for its green fodder and pods that are used for
food and feed. Cluster bean is grown mainly in India,
Pakistan, United States, Sudan, South Africa, Brazil,
Malawi, Zaire and also in some parts of Australia [1].
India is a major producer of cluster bean and contributes
to 80% of the world’s total production of cluster bean [2],
which is 7.5 to 10 lakh tonne annually. In India, Rajasthan alone contributes 70% of India’s total production.
Cluster bean is a cash crop for its application in textile,
paper, petroleum, mining, pharmaceuticals, explosives,
and food industries because of its galactomannan rich
endosperm. Particularly last year, world demand for guar
gum has skyrocketed and the price of guar has increased
by approximately 230% and even more, mainly because
of increased oilfield shale gas demand. As a consequence,
there has been a 75% jump in exports from India [3]. The
increasing demand of this seed crop cannot be compensated by present resources available for cluster bean improvement. Most of the farmers from tropical areas grow
it as a secondary crop because of its low production and
productivity. New varieties with higher yield, disease/
insect/pests resistant, higher seed quality, larger seed size
and high gum content are urgently needed. Therefore,
paramount efforts are required to improve yield and gum
quality of cluster bean using conventional and biotechnological approaches.
India conserves an enormous wealth of cluster bean
(2969 accession, NBPGR, Jodhpur) [4] along with a
wide variability in morpho-physiological [2,5] characteristics. Biochemical marker studies using allozyme have
been carried out in the past [6] in cluster bean. On the
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contrary, very limited breeding work has been done and
very little attention has been given to its genetic improvement in the past in order to enhance the productivity levels of cluster bean.
Owing to unavailability of sequence based molecular
markers in some of the orphan crops, RAPD and ISSR
are the markers of choice. In such crops, RAPD and
ISSR have been widely used in the genotype identification, genetic mapping and marker-assisted selection of
plants, due to their simplicity, low cost and lower infrastructure requirements. These markers have been extensively used for identifying relationships at the cultivar
and species level [7,8]. Although reproducibility is a major concern in such markers [9], they explore the whole
genome and sometime generate information which might
be of interest for molecular breeders such as amplicons
co-segregates with a particular trait or an amplicon specific for a particular genotype.
Such markers could be converted into sequence-characterized amplified region (SCAR) markers [10]. Compared to arbitrary primers, SCARs exhibit several advantages in mapping studies, map based cloning as they
can be used to screen pooled genomic libraries by PCR,
physical mapping, locus specificity, etc. SCARs also
allow comparative mapping or homology studies among
related species, thus making it an extremely adaptable
concept. In the past, SCARs has been widely applied in
studies on genetic diversity [11,12], gene tagging [13,14]
and genome mapping [15,16]. Among molecular markers
only RAPD has been used for genetic variability analysis
in cluster bean [17-19]. To best of our knowledge, no
work has been reported on sequence based marker for
characterization of cluster bean genotypes. Hence, in the
present investigation, an attempt has been made at synthesizing SCARs from RAPD and ISSR markers in cluster bean.

2. MATERIALS AND METHODS

Haryana, Madhya Pradesh, Punjab, Rajasthan and Uttar
Pradesh (Table 1). These were grown in green house and
healthy leaves were collected for the extraction of DNA.

2.2. DNA Isolation
DNA was extracted from healthy leaves of all genotypes
using the CTAB method of Doyle and Doyle [20] with
slight modifications. Its integrity was checked on 0.8%
agarose gel electrophoresis. Purified DNA was measured
using Nano Drop (Nano Drop ND-1000 Version 3.1.1).
After quantification, the DNA was diluted with TE buffer
(Tris-10 mM and EDTA-1 mM, pH 8.0) to a working
concentration of 25 ng/µl for PCR analysis.

2.3. RAPD and ISSR Analysis
For RAPD and ISSR analysis, only those primers were
selected which showed reproducible and contrasting amplification patterns. Using this scale, finally 20 RAPD
primers out of 40 and 10 ISSR primers out of 30 were
selected for the diversity analysis of the current set of
cluster bean genotypes.
The RAPD and ISSR-PCR reaction were performed in
a 25 µl reaction mixture containing 50 ng of template
DNA, 0.2 mM dNTPs, 1X Taq buffer with 1.5 mM
MgCl2, 1 U Taq DNA polymerase and 6 pmol of each
primer. PCR amplification was performed in thermal
cycler (PEQLAB, Germany) using the following amplification profile; initial denaturation of template DNA at
94˚C for 4 min followed by 44 amplification cycles of
denaturation at 94˚C for 1 min primer annealing at 37˚C
(RAPD) and 52˚C - 62˚C (ISSR) for 1 min and elongation at 72˚C for 2 min followed by a final extension step
at 72˚C for 5 min. The PCR products of both RAPD and
ISSR were resolved by electrophoresis on 1.5% agarose
gels with 1× TBE buffer stained with ethidium bromide
(0.5 µg/ml) and photographed under UV light inside gel
documentation system (Biorad).

2.1. Collection of Seeds
Total 35 cluster bean genotypes were collected from six
major guar growing states for this study viz. Gujarat,

2.4. Data Analysis
The RAPD and ISSR data were analyzed using NTSYS-

Table 1. Different genotypes of cluster bean collected from various states of India.
States

Genotypes

Rajasthan

RGC-197, RGC-936, RGC-986, RGC-1002, RGC-1003, RGC-1031, RGC-1017,
RGC-1053, RGC-1066, RGC-1030, RGM-111, RGM-112, RGM-115, Bundel guar

Haryana

HG-365, Priya-151, HG-353, HG-563, HG-75, HG-890, FS-22

Gujarat

Swati-55, Jyoti-555, Parasiya, Guara-80

Uttar Pradesh

Pusa-Navbhar, Amul-51, Neelam-51, PNB, Krishna

Punjab

Jyoti-55, Local-selection, Ageta-111

Madhya Pradesh

Pusa Selection I, Pusa Sadabhar

Copyright © 2014 SciRes.
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PC software version 2.2 e [21]. The discrimination power
(Dj) was calculated to find out the efficiency of the random primers to distinguish between individuals [22].

2.5. Cloning and Sequencing of RAPD/ISSR
Fragment
The target DNA fragments in the RAPD and ISSR reactions were extracted from agarose gels using the Nucleopore Gel Extraction kit (Genetix Biotech Asia Pvt.
Ltd). The fragments were cloned into the pGEM-T easy
vector (Promega). E. coli DH5α competent cells were
transformed with the recombinant vector and were then
plated onto LB agar-ampicillin-IPTG-X-gal plates. Positive colonies were determined by blue/white screening.
Plasmids from randomly selected white colonies were
extracted using the QIA mini preparation kit (Qiagen).
Restriction digestion with EcoRI was conducted to confirm the size of the inserted fragment. The plasmids containing the fragments of the correct size were sequenced
with ABI Big Dye Terminator Cycle Sequencing Kit
(Applied Biosystem) in ABI PRISM® 3730 automated
sequencer using M13 forward or M13 reverse primer.

2.6. SCAR Primer Designing and Validation
Based on the sequence of cloned RAPD and ISSR markers, specific primer pairs were designed using Primer 3
software and synthesized by Integrated DNA Technologies (IDT, USA). PCR amplification was carried out with
all 35 genotypes of cluster bean using 5 pmol of each
SCAR primer (forward and reverse), 1× PCR buffer with
1.5 mM MgCl2, 0.2 mM dNTP mix, 1 U Taq DNA polymerase and 25 ng template DNA in 10 µl reaction volume. The amplification cycle consisted of an initial denaturation at 94˚C for 4 min followed by 35 cycles of 1
min at 94˚C, 1 min at according to Tm of each primer,
and 2 min at 72˚C, and finally terminated with an extension of 5 min at 72˚C. The annealing temperature was
adjusted according to the Tm of the primers.

3. RESULTS
In present study 35 cluster bean genotypes were characterized using RAPD, ISSR and SCAR markers. All the
DNA-based markers were found efficient for diversity
analysis of cluster bean genotypes. The study also revealed first set of sequence-based SCAR markers.

3.1. RAPD and ISSR Analysis
In RAPD analysis, a total of 164 amplicons were obtained with an average of 8.2 bands/primer which ranged
in size from 220 to 2050 bp. Total bands ranged from 3
(RP-15) to 13 (RP-44). Of the 164 amplified bands, 147
were polymorphic with an average of 90.30% polymorCopyright © 2014 SciRes.
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phism which ranged from 57.1% (RP-42) to 100% (11
primers). Only 2 out of 20 primers showed less than 75%
polymorphism (Table 2). Jaccard’s similarity coefficients
among all pair-wise combinations of accessions ranged
from 0.38 to 0.91 with a mean genetic similarity of 0.69.
Dendrogram clustered all the genotypes into 9 main
groups on the basis of cut-off value of Jaccard’s similarity coefficient.
A total of 105 band positions were obtained using 10
ISSR primers. The number of scorable markers produced
per primer ranged from 7 to 17 and the size of amplified
products ranged from 450 bp to 3500 bp. Out of 105
band positions, 102 were found to be polymorphic with
97% of polymorphism (Table 3). The results showed that
polymorphism index varied from 77.7% to 100% for
different primers. The highest polymorphism was observed with primer IS-8, IS-14 and IS-18 while it was
found minimum for primer IS-6. ISSR-based genetic
similarity coefficients among all pair-wise combinations
were ranged between 0.20 and 0.88 with a mean value of
0.61. The ISSR-based dendrogram clustered all the genotypes into 7 groups using average similarity coefficient
as cut-off value.
Primers produced maximum unique banding patterns
were considered as efficient RAPD primers in distinguishing all the genotypes. A band of 1000 bp from
RAPD primer RP-3 was found highly polymorphic with
good reproducibility (Figure 1). In another case, two
bands (1100 bp and 1250 bp) from RAPD primer RP-19
were also found highly polymorphic (Figure 2). The
RAPD primers also accounted for bands present only in a
set of genotypes from a particular region. In this perspective, a band of 650 bp from RAPD primer RP-9 showed
its presence only in some genotypes of Rajasthan (Figure 3). The ISSR primer IS-8 produced one specific
band (550 bp) position for a genotype of Rajasthan
(RGC-1031) (Figure 4).

3.2. SCAR Analysis
For SCAR marker polymorphic, geographical specific as
well as genotype specific bands were selected. Among
20 RAPD primers, primer RP-3 produced polymorphic
band of size 1000 bp. Similarly primer RP-19 produced 2
polymorphic bands of size 1250 bp (genotype RGC-936)
and 1100 bp (genotype RGC-1003) respectively. Primer
RP-9 produced distinct band (650 bp) among genotypes
of Rajasthan. Similarly one specific band (550 bp) from
genotype RGC-1031 (Rajasthan) amplified using through
ISSR primer was eluted for conversion into SCAR
marker (Table 4).
The recombinant plasmids after cloning into E. coli
DH5α competent cells using pGEM-T easy vector were
selected with accurate size of insert after restriction digestion (Figure 2) and sequenced in triplicate for each
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Table 2. Total number of ampliﬁed fragments and number of polymorphic fragments generated by PCR using selected random decamers in 35 genotypes of cluster bean.
Primer

Sequence (5’-3’)

Total bands

No. of polymorphic bands

% Polymorphism

Range of fragment
size (bp)

Discrimination
power (Dj)

RP-2

TGCCGAGCTG

9

9

100

450 - 1900

0.8

RP-3

TGACCCCTCC

9

7

77.7

250 - 2025

0.98

RP-5

AGGGGTCTTG

7

6

85.7

475 - 1350

0.65

RP-7

GAAACGGGTG

9

9

100

450 - 1400

0.94

RP-8

GTGACGTAGG

4

4

100

250 - 1200

0.71

RP-9

CCGTCATTGG

9

9

100

350 - 3000

0.95

RP-10

GTGATCGCAG

12

11

91.6

350 - 1580

0.92

RP-13

CACCACCCAC

10

6

60

250 - 1900

0.4

RP-15

TTCCGAACCC

3

3

100

850 - 1000

0.4

RP-19

CAGGCGGCGT

5

5

100

550 - 1000

0.87

RP-42

AGTAGGGCAC

7

4

57.1

250 - 930

0.11

RP-44

GGACGCTTCA

13

12

92.3

250 - 1900

0.95

RP-45

GGGTAACGTG

5

4

80

300 - 1700

0.41

RP-46

AGTGCAGCCA

12

10

83.3

450 - 1375

0.85

RP-48

AGGGTGGGTG

11

11

100

250 - 1350

0.91

RP-51

GGGACGATGC

10

8

80

350 - 1580

0.88

RP-54

AGTGCGCTGA

9

9

100

250 - 2000

0.88

RP-55

CCGCGTCTTG

6

6

100

250 - 1450

0.75

RP-57

CCCCGAAGGT

6

6

100

450 - 2025

0.49

RP-59

GGCTAACCGA

8

8

100

250 - 1580

0.68

Total

164

147

Average

8.2

7.35

90.3

0.72

Table 3. Total number of ampliﬁed fragments and number of polymorphic fragments generated by PCR using ISSR primers in 35
genotypes of cluster bean.
% Polymorphism

Range of fragment
size (bp)

Discrimination
power (Dj)

8

100

560 - 3500

0.86

9

7

77.7

600 - 1800

0.85

50

17

17

100

560 - 3500

0.96

(GA)8C

52

13

13

100

650 - 3500

0.99

IS-14

(GT)8C

54

5

5

100

1000 - 3000

0.84

IS-19

(AC)8T

50

7

7

100

500 - 3000

0.44

IS-20

(AC)8C

54

13

12

92.3

564 - 3000

0.94

IS-21

(AC)8G

54

13

13

100

450 - 2800

0.98

IS-23

(TG)8C

52

12

12

100

700 - 3000

0.97

IS-25

(AGC)6

60

8

8

100

564 - 2500

0.78

Total

105

102

Avg.

10.5

10.2

Primer

Sequence

Tm (˚C)

IS-5

(AG)8T

50

8

IS-6

(AG)8C

52

IS-7

(GA)8T

IS-8

Copyright © 2014 SciRes.
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97

0.86
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(a)

(b)

(c)

(d)

Figure 1. RAPD profiling of 35 cluster bean genotypes (a) with primer RP-3; (b) with primer
RP-9; (c) with primer RP-19; (d) with primer IS-8 (lane1-35), Lane M- Lamda EcoR1/Hind
III double digested.
Copyright © 2014 SciRes.

OPEN ACCESS

P. Sharma et al. / Advances in Bioscience and Biotechnology 5 (2014) 131-141

136

Table 4. Eluted fragments from RAPD and ISSR primers.
Sr. no.

Primer No.

Genotype

Size

Fragment type

Conc. of eluted band (ng/µl)

1.

RP-3

RGC-1003

1000 bp

Polymorphic

142.5

2.

RP-9

RGC-1031

650 bp

Region specific

46.8

3.

RP-19a

RGC-1002

1100 bp

Polymorphic

22.6

4.

RP-19b

RGC-1003

1200 bp

Polymorphic

20.1

5.

IS-8

RGC-1031

550 bp

Genotype specific

55.6

Figure 2. M1-Lamda EcoR1/Hind III double digested, M2-1 kb
Ladder, Lane 1-18- Restriction digestion of plasmid isolated
from different clones.

eluted fragment. All sequences were analyzed with the
help of BioEdit software and sequences from different
plasmids were used to form final contig of each fragment.
Out of five fragments, three were sequenced completely
and in these sequences the nucleotides at both ends of the
sequences obtained matched completely with the RAPD
primers and ISSR primer (Figures 3(a)-(e)). Two fragments were sequenced partially and RAPD primer sequence was present only at one end. But no homology
was found between the sequenced marker fragments and
known sequences in the NCBI database using BLAST.
From four RAPD and one ISSR clones, four pairs of
specific primers were designed for each band to amplify
different sizes of fragments (Table 5). Fragment eluted
from RAPD primer RP-3 (1000 bp) was sequenced partially (551 bp) in all three triplicates. Among all 4 primers designed from this sequence SCAR-4 primer with
maximum product size amplified smaller region (359 bp)
and generated amplicon which were present in all the
genotypes at same location (Figure 4(a)). SCAR markers
were generally a dominant marker. Each marker amplified one fragment; however, there were other cases
where one marker produced more than one fragment.
However, SCAR-1 (225 bp), SCAR-2 (137 bp) and
SCAR-3 (226 bp) generated multiple bands and were not
of any use.
One region specific band eluted from RAPD primer
(RP-9, 650 bp) was almost fully sequenced (601 bp).
SCAR-8 (573 bp) showed region specific band in genotypes of Rajasthan which is considered as region specific
marker and showed polymorphism among genotypes of
Copyright © 2014 SciRes.

Rajasthan (Figure 4(b)). Other 3 primers deigned from
this sequence amplified 2 and 3 fragments and the polymorphism of the SCAR amplification was not similar to
those of the original RAPD amplification.
Polymorphic fragments from RAPD primer RP-19
(1100 bp and 1250 bp) were sequenced completely (1101
bp and 1251 bp). Among all designed primer for these
fragments, SCAR-12 (1020 bp) and SCAR-16 (1080 bp)
having maximum product size amplified similar polymorphism in all genotypes for these fragments (Figures
4(c) and (d)). Remaining SCAR primers i.e. SCAR-6,
SCAR-7, SCAR-9, SCAR-11 and SCAR-15 did not
show amplification with all genotypes.
From ISSR primer IS-8, one genotype specific band
(550 bp) was eluted from RGC-1031. This fragment was
sequenced completely (551 bp) and 4 primers were
deigned from this sequence. Only SCAR-20 having
product size 513 bp was found suitable to infer specificity for a genotype from Rajasthan (RGC-1031) and successfully amplified the respective band (Figure 4(e)). All
other primers SCAR-17 (277 bp), SCAR-18 (276 bp) and
SCAR-19 (95 bp) showed multiple bands or no amplification.

4. DISCUSSION
With the rapid development of modern agricultural biotechnology, molecular markers have been widely used in
molecular breeding, including molecular marker assisted
selection [23,24], variety identification, molecular mapping [25] and so on. In present study, a great range of
diversity was observed in cluster bean genotypes using
both RAPD and ISSR markers. However, less number of
ISSRs found more informative over 20 RAPD primers.
The ability of ISSRs in detecting high polymorphism
compared to RAPD is well known and observed by a
number of studies [26,27]. Despite of the simplicity and
rapidity of RAPD and ISSRs, a few technical disadvantages associated with these markers have decreased their
fidelity as genetic markers and prevented their widespread use in recent years. Therefore, the SCAR marker
system was introduced in order to increase the reproducibility of polymorphisms and specificity. SCAR markers
are powerful tool for identification of hybrid [28],
OPEN ACCESS
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(a)

137

(b)

(c)

(d)

(e)

Figure 3. DNA sequence of eluted fragments from RAPD (a) RP-3; b) RP-9; c) RP-19a; d) RP-9b) and ISSR (E, IS-8).

genotype [29], specific genes [30] as well as for sex diagnosis [31], and marker assisted selection (MAS) [32,
33].
First of all, the RAPD and ISSR profiles were carefulCopyright © 2014 SciRes.

ly observed to select amplicons which were reproducible
over repetition and useful in molecular marker based
studies. Using RAPD and ISSR profile, 3 SCARs for
polymorphic RAPD markers, one for genotype specific
OPEN ACCESS
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(a)

(b)

(c)

(d)

Figure 4. Amplification of 35 cluster bean genotypes (a) with primer SCAR-4 (359 bp); (b)
with primer SCAR-8 (573 bp); (c) with primer SCAR-12 (1020 bp); (d) with primer
SCAR-20 (513 bp), Lane M- Lamda EcoR1/ Hind III double digested.
Copyright © 2014 SciRes.
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Table 5. SCAR primers.
RAPD/ISSR Primers

SCAR primers

Sequence (5’-3’)

Tm (˚C)

%GC

Product Size

SCAR-1

F- TACACTCCGCCACTACTCAT
R- CTATTGGAACAAGGCAAACA

55.8
56.3

50
40

225 bp

SCAR-2

F- TGTTTGCCTTGTTCCAATAG
R- GAGAATGCAAGGCTTCTTTT

56.3
56.3

40
40

137 bp

SCAR-3

F- CTACACTCCGCCACTACTCA
R- CTATTGGAACAAGGCAAACA

56.5
56.3

55
40

226 bp

SCAR-4

F- GACCCCTCCATCACATAACT
R- GAATGCAAGGCTTCTTTTGT

56.3
57.1

50
40

359 bp

SCAR-5

F- CATGGGTCAAAGGTACTTCA
R- AAGAAAAGTTCTGGGATTCG

56
56

45
40

197 bp

SCAR-6

F- CAGGTCTTTGACAGGTAACG
R- AAGAAAAGTTCTGGGATTCG

55.8
56

50
40

83 bp

SCAR-7

F- CGAATCCCAGAACTTTTCTT
R- TATCAATGACACCCAGAAGC

56
56.1

40
45

137bp

SCAR-8

F- GGTAACCGTAAGGTCGACAG
R- GCAACCATACCCTGATCCTA

57.2
57.5

55
50

573 bp

SCAR-9

F- GTATGTCGCACGATAAAAGC
R- CAGTAGGACAACGACTTGGA

56
56.3

45
50

478 bp

SCAR-10

F- AGCGCTGATTGATACCATAA
R- CATTGAAGCCTAGCAATGAA

55.9
56.6

40
40

456 bp

SCAR-11

F- TCCAAGTCGTTGTCCTACTG
R- GAGCGGTTTAAGGTTTAAGG

56.3
55.8

50
45

289 bp

SCAR-12

F- GTATGTCGCACGATAAAAGC
R- GAAAGCAGCCTGGTACTGAG

56.01
57.7

45
55

1020 bp

SCAR-13

F- GCTATCACAACGTTCGTTTC
R- AGCATAAACGGTGATAAGCA

55.9
56

45
40

492 bp

SCAR-14

F- GGTGCTTTGATGTTTCTACG
R- CAAGTGCCAAGAGCATAAAC

55.9
56.1

45
45

420 bp

SCAR-15

F- GATAGTATGCGCAGAGTTGG
R- AGCATAAACGGTGATAAGCA

56
56

50
40

559 bp

SCAR-16

F- AGACAAGGTGTGGTTGTCCT
R- CGCTCTCTAAGACGCATGTA

57
56.9

50
50

1080 bp

SCAR-17

F- TGTGTTCCAGGATTTGTCTC
R- TTTTGCTAGTTTTGGCAGTC

56
55.8

45
40

277 bp

SCAR-18

F- TCTGTGTTCCAGGATTTGTC
R- TGCTAGTTTTGGCAGTCCTA

56
56.2

45
45

276 bp

SCAR-19

F- ACACAGCTTGCTCTGTGTCT
R- AAACGGAGAGTTTCCTCTTG

56.1
56.1

50
45

95 bp

SCAR-20

F- GAGAGAGACCAAACGGACAC
R- AAACGAGCAAAGGAGAGAAA

57.2
56.8

55
40

513 bp

RP-3

RP-9

RP-19 a

RP-19 b

IS-8

ISSR marker, and one for region specific RAPD marker
were designed. Out of 20 primer pairs, only 5 generated
true to type amplicons and were further selected for study.
The inability to convert the RAPDs to SCARs has been
reported in other studies where a high number of polymorphisms were identified through RAPD analysis and
only a small subset of these were convertible to SCAR
markers [29,34].
It has been argued that RAPD polymorphisms might
be the result of mismatch at the priming sites, rather than
sequence divergence or structural re-arrangements [35].
The difference in polymorphism between RAPD and the
SCAR markers or the lost polymorphism of converted
Copyright © 2014 SciRes.

SCAR markers was also shown in the studies of cucumber [36], grapevine [37], wheat [38], Populus deltoides [39] and common carp [23]. RAPD polymorphism
was mostly caused by mismatches on the primer sites or
molecular rearrangement. SCAR polymorphism originated from the variations within the amplified fragment
[40].
In the present study, it is also possible that the differences in the polymorphism between RAPD and SCAR
markers or the lost polymorphism of converted SCAR
markers are mainly because of the complex structure of
the cluster bean genome and the highly repetitive sequences within the genome. Hence, it is relatively diffiOPEN ACCESS
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cult to detect reliable polymorphic bands in the cluster
bean genome only by using the RAPD technique, and
then converting them into stable SCAR markers. Some
high polymorphic markers, such as the amplified fragment length polymorphism (AFLP), simple sequence
repeats (SSR), and the sequence-related amplified polymorphism (SRAP) could be considered to be used or
jointly used in future studies.
This is the first time that we have introduced SCARs
to find more specific information using RAPD and ISSR
profiles. However, the development of SCARs is more
cumbersome and their specificity is trustworthy. In our
study, one genotype specific SCAR for RGC-1031, one
of the tolerant genotype of Rajasthan against Macrophomina phaseolina [41] could be used to prove identity of
the genotype as well for its genetic purity assessment.
Another SCAR was selected due to its specificity for
cluster bean genotypes from Rajasthan which might be
important for population admixture studies. Although the
SCARs generated in present study were not developed
for any agronomic characteristics, the methodology could
be harnessed in further studies in tagging genes of economic importance without validation steps. The current
set of SCARs has limited application in diversity analysis and identification of cluster bean genotypes.
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