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ABSTRACT

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 in-
crease the reproducibility of the polymorphism and
specificity. For this polymorphic (RP-3, 1000 bp;
RP-19, 1250 bp and 1100 bp) and geographical spe-
cific bands (RP-9, 650 bp) from RAPD as well as ge-
notype specific band (1S-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 geno-
types from Rajasthan which might be important for
population admixture studies.
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1. INTRODUCTION

Cluster bean (Cyamopsis tetragonoloba L. Taub) com-
monly known as guar is a native plant of India principal-
ly 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, Rajas-
than 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 compen-
sated by present resources available for cluster bean im-
provement. Most of the farmers from tropical areas grow
it as a secondary crop because of its low production and
productivity. New varieties with higher vyield, 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 biotech-
nological approaches.

India conserves an enormous wealth of cluster bean
(2969 accession, NBPGR, Jodhpur) [4] along with a
wide variability in morpho-physiological [2,5] characte-
ristics. 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 im-
provement in the past in order to enhance the productiv-
ity 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 identifica-
tion, genetic mapping and marker-assisted selection of
plants, due to their simplicity, low cost and lower infra-
structure requirements. These markers have been exten-
sively used for identifying relationships at the cultivar
and species level [7,8]. Although reproducibility is a ma-
jor 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 spe-
cific for a particular genotype.

Such markers could be converted into sequence-cha-
racterized amplified region (SCAR) markers [10]. Com-
pared to arbitrary primers, SCARs exhibit several ad-
vantages 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 syn-
thesizing SCARs from RAPD and ISSR markers in clus-
ter bean.

2. MATERIALS AND METHODS
2.1. Collection of Seeds

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

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/ul for PCR analysis.

2.3. RAPD and ISSR Analysis

For RAPD and ISSR analysis, only those primers were
selected which showed reproducible and contrasting am-
plification 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 pl reaction mixture containing 50 ng of template
DNA, 0.2 mM dNTPs, 1X Taq buffer with 1.5 mM
MgCl,, 1 U Tag DNA polymerase and 6 pmol of each
primer. PCR amplification was performed in thermal
cycler (PEQLAB, Germany) using the following ampli-
fication 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 elonga-
tion 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 1x TBE buffer stained with ethidium bromide
(0.5 pg/ml) and photographed under UV light inside gel
documentation system (Biorad).

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
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PC software version 2.2 e [21]. The discrimination power
(D;) was calculated to find out the efficiency of the ran-
dom primers to distinguish between individuals [22].

2.5. Cloning and Sequencing of RAPD/ISSR
Fragment

The target DNA fragments in the RAPD and ISSR reac-
tions were extracted from agarose gels using the Nuc-
leopore Gel Extraction kit (Genetix Biotech Asia Pvt.
Ltd). The fragments were cloned into the pGEM-T easy
vector (Promega). E. coli DH5a competent cells were
transformed with the recombinant vector and were then
plated onto LB agar-ampicillin-IPTG-X-gal plates. Posi-
tive 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 con-
firm the size of the inserted fragment. The plasmids con-
taining 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 mark-
ers, specific primer pairs were designed using Primer 3
software and synthesized by Integrated DNA Technolo-
gies (IDT, USA). PCR amplification was carried out with
all 35 genotypes of cluster bean using 5 pmol of each
SCAR primer (forward and reverse), 1x PCR buffer with
1.5 mM MgCl,, 0.2 mM dNTP mix, 1 U Taq DNA po-
lymerase and 25 ng template DNA in 10 pl reaction vo-
lume. The amplification cycle consisted of an initial de-
naturation 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 exten-
sion 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 charac-
terized using RAPD, ISSR and SCAR markers. All the
DNA-based markers were found efficient for diversity
analysis of cluster bean genotypes. The study also re-
vealed first set of sequence-based SCAR markers.

3.1. RAPD and ISSR Analysis

In RAPD analysis, a total of 164 amplicons were ob-
tained 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% polymor-
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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 similar-
ity 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 ob-
served with primer 1S-8, 1S-14 and 1S-18 while it was
found minimum for primer 1S-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 ge-
notypes into 7 groups using average similarity coefficient
as cut-off value.

Primers produced maximum unique banding patterns
were considered as efficient RAPD primers in distin-
guishing 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 perspec-
tive, a band of 650 bp from RAPD primer RP-9 showed
its presence only in some genotypes of Rajasthan (Fig-
ure 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
DH5a competent cells using pGEM-T easy vector were
selected with accurate size of insert after restriction di-
gestion (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 de-
camers in 35 genotypes of cluster bean.

Primer Sequence (5°-3’)  Total bands  No. of polymorphic bands % Polymorphism Range of fragment Discrimination

size (bp) power (Dj)
RP-2 TGCCGAGCTG 9 9 100 450 - 1900 0.8
RP-3 TGACCCCTCC 9 7 7.7 250 - 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.

Primer Sequence Tm (°C) Total bands No. of polymorphic bands % Polymorphism Rangsei;)ef Itl;z:)g)}ment Di;gl\;\ilT:r(\IaDEi)on
1S-5 (AG)sT 50 8 8 100 560 - 3500 0.86
1S-6 (AG)sC 52 9 7 7.7 600 - 1800 0.85
1S-7 (GA)T 50 17 17 100 560 - 3500 0.96
1S-8 (GA),C 52 13 13 100 650 - 3500 0.99
1S-14 (GT)sC 54 5 5 100 1000 - 3000 0.84
1S-19 (AC)sT 50 7 7 100 500 - 3000 0.44
1S-20 (AC)sC 54 13 12 92.3 564 - 3000 0.94
1S-21 (AC)sG 54 13 13 100 450 - 2800 0.98
1S-23 (TG)sC 52 12 12 100 700 - 3000 0.97
1S-25 (AGC)s 60 8 8 100 564 - 2500 0.78

Total 105 102
Avg. 105 10.2 97 0.86

Copyright © 2014 SciRes. OPEN ACCESS
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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 1S-8 (lanel-35), Lane M- Lamda EcoR1/Hind
111 double digested.
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Table 4. Eluted fragments from RAPD and ISSR primers.
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Sr. no. Primer No. Genotype Size
1. RP-3 RGC-1003 1000 bp
2. RP-9 RGC-1031 650 bp
3. RP-19a RGC-1002 1100 bp
4, RP-19b RGC-1003 1200 bp
5. 1S-8 RGC-1031 550 bp

Fragment type Conc. of eluted band (ng/ul)
Polymorphic 142.5
Region specific 46.8
Polymorphic 22.6
Polymorphic 20.1
Genotype specific 55.6

M12 34567 89101112131415161718M,

=
-
—
—

Figure 2. M;-Lamda EcoR1/Hind 111 double digested, M,-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 frag-
ments were sequenced partially and RAPD primer se-
quence 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 par-
tially (551 bp) in all three triplicates. Among all 4 pri-
mers 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 ampli-
fied 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 geno-
types 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 poly-
morphism 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 poly-
morphism 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 I1S-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 specific-
ity for a genotype from Rajasthan (RGC-1031) and suc-
cessfully 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 amplifi-
cation.

4. DISCUSSION

With the rapid development of modern agricultural bio-
technology, molecular markers have been widely used in
molecular breeding, including molecular marker assisted
selection [23,24], variety identification, molecular map-
ping [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 disadvan-
tages associated with these markers have decreased their
fidelity as genetic markers and prevented their wide-
spread use in recent years. Therefore, the SCAR marker
system was introduced in order to increase the reprodu-
cibility of polymorphisms and specificity. SCAR markers
are powerful tool for identification of hybrid [28],
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1 TGACCCCTCC ATCACATAAC TACACTCCGC CACTACTCAT GCTTATAAAA
51 TATTTCAAAA ATATCAATAC GAGGATAATG TAAAATGACT ACTATTTTAG
101 TTATTATGAA ATATCTTGTG TTTTGTTGCC ATTCCTTGTT TATAACTAAC
151 TGGTGTCCTA GATTTATCCA ATTCACAAAT CAATAATCTC TCTAATAGAA
201 AATCCAATAA AATATTCACA TTAATTGTTT GCCTTGTTCC AATAGAACTC
251 TTGTTTTTAT TAAGTGGTTC TTCACAATTT GTTTTCTACG TTGAAGAGTT
301 ATATTTAAGG ACATAATTTT CATGTCCAAA CAGAAAAGTT ACAAAAGAAG
351 CCTTGCATTC TCCACCGGTA CACCATTGTT TAGCCTGATA TTTGATTTGA
401 TGACCTAAAT TTTAGACGAA AAGGATCTAT AAACCTTGTT TGAATTTTGT
451 TTCCCCTATA TGGTATATGC CTATATGGAA CCTATGTTAT AGTTGATCCT
501 AAGATATAAC TGCCATATTT ATTGACATAA GTTTAAAAAA TACTCTCAGT
551 ATTTG

137

1 AATTCCGTCA TTTGGTCAGC TCGATATGGC AGGCGTCCGG GGTGACCCGG
51 CCGGTAACCG TAAGGTCGAC AGCCGACGCT GCTTGGGCAT CGGTCATCGC
101 GGCCAGGCCA AGCACCATGA CCACATTTCG CCCCCATGCC ATCAGCATGG
151 GCAACGCCAG ACGCCGCCCA TGCCTGCCAC TATTCAAGGA CGGGGCGGCC
201 ATGGGTCAAA GGTACTTCAC TTCAAGGGTG GCGGAGCCGT CGATGGTGAC
251 TTCGTTGCTG AGGTCCATCC CGGCAGTGCC CATGATGAAG GTGTGTACTT
301 GCAGATCGAC CAGCAGGTCT TTGACAGGTA ACGGCTGGCT GTCGTCATCC
351 ATTGCGGCGA CCGACATGTA TAGGCCCGAA TCCCAGAACT TTTCTTTAAA
401 CCAGGTATTA CCTTGGTCGT ACGATGCAAT GGGTTGCACC ACTACACCAT
451 CCTCTGCCAG TGGATTGGCC CAGCGTGAGG TTGTATCCCC CGAGCTTCTG
501 GGTGTCATTG ATAAAGCCCA GGCCGTAATT CGAACCGATA CTTGAGGAGG
551 CACGGTTATC GATCGAGTGC AGGGCGAACT TGATTGGCGC GTCGCAATTG
601 ACGGCTAGGA TCAGGGTATG GTTGCCAATG ACGGAATT

(@

(b)

| CAGGCGGCGT GTATGTCGCA CGATAAAAGC GAACTGCTTG CTCAAACTGA
51 GCGCCGCGAA TTTCGCCATC TGAACCAATG AATGCGAGGG CATCGTCCTT
101 CGCTTTTTTC ATCATTGAGG GCCCGTAGAC TGCAAATGCT CCCGTTGTAC
151 CGCCGATGGC AGCCATCGGG AATTCGGATT ACAGGGTAGT GGCGCTCAGC
201 GCTCTCTCGA CCGGATTCTC GACGTACCAC GCCATTGCTT CAGCGCTGAT
251 TGATACCATA ACGACGGCTG CCAGGGTCTT CCATGAGTCC ATTCTTCGAT
301 GCTTCCATTG CGATCAGTGG GCGCCACCAT ACCAGAGCAG GGGATCAGCA
351 GAAACAAGAA GCCGGCGCCG GCACCCGGTG CATCGCGATG AATGTCGAGA
401 TCGGCTGAAT CACCGACACC ACGTCCTCAC CAGCAGGCCA ACAACGTGTC
451 CGGTTAGATC GGACACGATC CAAGTCGTTG TCCTACTGCC TCCAGGCTGA
501 ACGCATGCGG CTGGCGCCTA TTGCGGTTTG CGCGCACGGT CCGATGTATT
551 CCAACCCGAT CGCGATGTGG CAACAGATCG CCGATTTCCA CGCGAACAGC
601 CTCACCGGGG GGGGCGGTTT TCCTGAGGGC TGCCTGGTTT TCATGGGCGC
651 CCATCGGGCG AACCGGCGGG CGAGGCGTTC ATTGCTAGGC TTCAATGCCA
701 GCAGCGGCTA CCGCAAACCG GCAGCCGCCC TTGCGCGCCT TAAACCTTAA
751 ACCGCTCCAC CAACCGCTCC AATTCATGCC CCAACCGCGC CAGCTCGTTG
801 CTCGACGCGG CGGTTTCTTC GCAGGTGTTG GCCGTCTGGT CGGAGATGTT
851 GCGCACGTTG ATCACGCTGC GATTGATCTC CTCGGTGACG GCGCTTTGCT
901 GTTCCGCCGC CGTGGCAATC TGCTGATTCA TTGACTGAAT GATCGAGACC
951 TTGCCCGTGA TGTTCTCCAG CGCACTGACC GCCCGGTGGG TGCATTCCAC
1001 GCTGCTTTCG CTCAGTACCA GGCTGCTTTC CATACCTGAG GCCACGGCGT
1051 GGGTGCCGCT CTGTACCCCG GCGACCAGGC TTTCAATTTC TTCGGTGGAG
1101 CGCTGGGTCC GCAGGGCGAG GTTGCGGACT TCGTCTGCCA CCACAGCAAA
1151 GCCACGGCCA GCCTCGCCGG CGCGGGCCGC TTCGATGGCC GCGTTCAGCG
1201 CCAGCAGGTT GGTTTGCTGG GCGACGGCTT TGATCACATC CAGTACGCCG
1251 CCTG

1 CAGGCGGCGT GAAGCAAAGG CAGAGACAAG GTGTGGTTGT CCTGCAAGAT

51

101
151
20
251
30
351
401
451
501
551
60
651
70
751
80
851
90
951

1001

TTCGTGTGAA TTTTGATCCA CGAACGCAGC GTTGGCACAC ATCTTTTTTT
CGTGATGACC ACAACCATGA TTTAATGATT CAGAGCTTGA CGCCAATGTT
TCCCGCTCAT AGGGTGATGA CTGATTCTGA CATTTTACAA ATGATAGTAT
GCGCAGAGTT GGTATTAGCA CTCCCCAAAT ATTTGGGGCA TTGGCACAAC
AATCACGGGG CTATCACAAC GTTCGTTTCA AAAAGCGGGA TATGTATAAT
GAAATTGACA AGCAAAGACA TTTGCAATTG TCTGATGCAG CGGGTGCTTT
GATGTTTCTA CGTGATAAAA AACCAAGAGA TAAAGATCTA TTCTTTTTGC
CAAACAGTTG ACGACGAACG AAGACTAGAG CACTTAATGT GGTCCTGATG
GGCATAACCA GAGAGATTAC AAATGCCTTC AGTGATGTGC TTGCTTTTGA
CGCAACGTAT GGTAAGAACA AATACTCCTT GCCACTAGTT GTTTATTCTG
GTGTTAATCA TCACAATCAG TCAGTTATAT TTGCTAGTGC CCTTATTGCA
AATGAGACAG AAGAGACATA TATCTGGTTA CTTGAACAAT TTTTGGTGGT
AATGAAAGGA AAACAACCAT TATTGGTGAT TACAAATGGT GACAATGCAA
TGAAGAATGC CATATCGAAA GTTTTTCTAG ATGCTTATCA CCGTTTATGC
TCTTGGCACT TGTCACGCAA TGCAAATACT AACATAAAGA ATCGAAGTTT
TGTCATGGAG TTTGAGCAGT TAATGTATGG TGAATACAAT ATTGGTGAAT
TTGGGAGAAA ATGGACTGAG TTGGTTGCAC GACATGGGCT TGAGAACAAT
GTATGGGTAA ACAGCATGTA TGAGAAGAGG AAGATGTGGG CTACAACATA
CATTCGCGGT AAATTCTTTG TTGGTTTTAG AACAACTTCA CGTTGTGAGG
GGTTACATTT AGAGATTGGA AATTTTGTTC TCTCACGCTA TAACTTGGTG

1051 GAGTTTTTGC AACATTTAAG TCGTTATGTT GAATACATGC GTCTTAGAGA

1101

GCGTGACGCC GCCTG

(©

(d)

101
151
201
251
301
351
401
451
501
551

1 GAGAGAGAGA GAGAGACCAA ACGGACACAG CTTGCTCTGT GTCTATGTTT
51 TGTTTCAACT TTTGCCCGGC ATCTGTGTTC CAGGATTTGT CTCTTCAACC
AAGAGGAAAC TCTCCGTTTT CTTTCTAGAG ATTATTCAAA AAAATTGTTC
AAATGTTCCC AGTTTTCTCT AAAAATAATT CAAATGAAAA TCTGACAGAT
TCTGAATCTG TTCGTTGAAC AATTCGTTCG TCACACTTTT AATATCGATG
ATCGATTCGT TCATCACTAT GATTGTCTAT GACAGTGGCA AAGTTGGCAA
TGGACGAATG GCAGTATAGT ATTTGTTTAG GACTGCCAAA ACTAGCAAAA
TTTTCGGCGC TCATCTGTAT GATGTACAAA ATATTTTTTT CGAAATTGAT
TTGTCGAATT TAAAAAAATA CAAAATATCA TTTTCGAAAA TGTTCGATTT
CGAATTGTGT CTCACCCTGT GAATATTAAT AACGATTTCT CTCTCTCTCT
CTCTTTCTCT CCTTTGCTCG TTTAATTCGC GGAAGGGGTA AACAGGCACT
AGATTTCTCC TTCCTACTTT GTCTCTCTCT CTCTCTC

(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, 1S-8).

genotype [29], specific genes [30] as well as for sex di-
agnosis [31], and marker assisted selection (MAS) [32,

33].

First of all, the RAPD and ISSR profiles were careful-

Copyright © 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



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

M1 23 4 56 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

@

M1 23 4 56 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

(b)

M 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2829 30 31 32 33 34 35

- o aw

©

M1 2 34 56 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

©]

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 111 double digested.

Copyright © 2014 SciRes.
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Table 5. SCAR primers.

139

RAPD/ISSR Primers SCAR primers Sequence (5°-3°) Tm (°C) %GC Product Size
SCAR-1 RCTATTGGAACAAGGCAAACA 503 40 225p

. SCAR-2 R CAGAATGCAAGGCTTCTITT o3 137 p
TopeTcoeIes B3 5 e
CoCeCTCONGROTICT B B s
EoNscTowecoTCIIN B &
NAMEIV S LR SR
PooMTCCMITIT & 2 ww
pravassciararcer R SR
FSmSIsoommee  E 8
AT B 8 e
Flomeoenoencre 2 D
TmocmeeneTe R B e

SCAR-14 R CAAGTGCCAAGACCATAAAC o1 a8 420bp

RP-19b SCAR-15 F- GATAGTATGCGCAGAGTTGG 56 50 559 bp

R- AGCATAAACGGTGATAAGCA 56 40

SCAR-16 R COCTCTCTAAGACCCATGTA we s 080

SCAR-17 R TTITCCTAGTTITGGOAGTC we 0 217 bp

. SCAR-18 R TGCTAGTTTTGRCAGTCCTA w2 216 bp
SCAR-19 R ARACGGAGAGTTTCCTCTTG o1 a8 9 bp

SCAR-20 R AAACGAGCAAAGGAGAGAAA %68 40 513 bp

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 SCARSs has been
reported in other studies where a high number of poly-
morphisms 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 cu-
cumber [36], grapevine [37], wheat [38], Populus del-
toides [39] and common carp [23]. RAPD polymorphism
was mostly caused by mismatches on the primer sites or
molecular rearrangement. SCAR polymorphism origi-
nated from the variations within the amplified fragment
[40].

In the present study, it is also possible that the differ-
ences 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 se-
guences within the genome. Hence, it is relatively diffi-
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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 frag-
ment length polymorphism (AFLP), simple sequence
repeats (SSR), and the sequence-related amplified poly-
morphism (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 Macropho-
mina 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 eco-
nomic importance without validation steps. The current
set of SCARs has limited application in diversity analy-
sis and identification of cluster bean genotypes.
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