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ABSTRACT

Objective: Random amplified polymorphic deoxyribonucleic acid-polymerase chain reaction (RAPD-PCR) methodology promoted the development 
of molecular assay system to detect DNA polymorphisms. Analysis of genetic diversity among exclusive Kabuli accessions collected from IIPR, Kanpur, 
was demanding.

Methods: The present study apprised application of RAPD in assessing genetic diversity predominantly in Kabuli chickpea seed accessions.

Result: Of the 10 RAPD primers tested, the average number of bands per primer per accession accounted to 9.5. Maximum number of bands scored 
by the primer OPA-17 was 28 while least number of bands displayed by OPG-04 was 14.

Conclusion: The accession KAK-2 exhibited polymorphic among all and therefore diverse. Thus, it can be utilized as one of the parents in future 
chickpea breeding program.
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INTRODUCTION

The second most important edible food legume in the world is 
“chickpea” popularly called as “channa” in the Indian continent. The 
seeds of chickpea supplement exceptional source of proteins and 
nutrition that is required for human growth [1]. As such, there exit two 
leading categories of chickpea seed cultivars that are grown generally. 
They are Kabuli and desi type seed accessions demonstrating two 
diverse set of gene pools [2]. These seeds have different protein and 
antinutritional composition [3]. In addition, seeds enclose flavonoids 
and various health promoting elements [4] and an important protein 
called lectins  [5]. Lectins are carbohydrate-binding proteins [6,7]. 
Chickpea seed contents and chickpea lectins are being characterized 
substantially at our research laboratory [2]. This includes screening 
of lectins/phytohemagglutinin in more than 100 genotypes [8], 
purification and characterization [9-11], X-ray characterization [12], 
antimicrobial activity [9], fungal resistance [10], MIPS gene [13], 
anticancer activities [14], apoptosis inducing activity [15], and its 
various pharmacological attributes [16].

Seeds of pulse when consumed in raw state can cause negative side 
effects in humans mentioned as anti-nutritional [17]. Chickpea seeds 
of both Kabuli and desi do contain such anti-nutritional elements. 
Published report describes that nutritional levels, however, get elevated 

on germination and anti-nutritional contents gets deteriorated [18,19]. 
Earlier studies stated that desi chickpea seed types are more sensitive 
to these physical methods removing anti-nutritional elements than 
Kabuli when subjected to normal and treated environments [20]. 
Furthermore, gamma-rays have been observed effective in enhancing 
antioxidant levels in chickpea seeds [21]. Consequently, chickpea seeds 
can be made available as a fortified food products in coming days.

Genetic diversity analysis enhances the chances of selecting better 
genotypes for breeding based on polymerase chain reaction (PCR) [22]. 
The differences at the deoxyribonucleic acid (DNA) level make 
available information about genetic relationships. PCR is an in vitro 
DNA amplification method, using arbitrary primers, has been widely 
employed in plant genotyping [23]. The random amplified polymorphic 
DNA (RAPD) amplifications based on the PCR are one of the most 
commonly used molecular markers. RAPD markers are the amplification 
products of anonymous DNA sequence using single, short, and arbitrary 
oligonucleotide primers thus they do not require prior knowledge of 
DNA sequence [24]. RAPD identification techniques can be used at any 
stage of plant development and they are not affected by environment 
factors [25]. It is rapidly being used by the research community in 
various fields of crop improvement. The technique was successfully 
employed in studying chickpea genetic diversity [26,27], phylogenetic 
studies [28], genome mapping [29], and evolutionary biology in a wide 
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range of other crop species [22]. The aim of this study was to appraise 
Kabuli chickpea seed accessions employing RAPD markers to provide 
information on DNA polymorphism.

METHODS

Plant material
An authenticated representative set of seven Kabuli chickpea seed 
accessions was analyzed employing PCR. Agronomic particulars of all 
these accessions are given in Table  1. All accessions were obtained 
from Indian Institute of Pulses Research, Kanpur (U.P.), following MTA 
understanding.

DNA isolation
For DNA extraction, single seed was used following the 
cetyltrimethylammonium bromide (CTAB) extraction method as 
described Talebi et al. [30], with slight alteration. Seed material 
(100 mg) was crushed in liquid nitrogen and homogenized with freshly 
prepared extraction buffer (1  ml). To this, 20% SDS was added and 
incubated at 6°C for 30 min. Then after, 92 µl of 5M NaCl was added 
and subsequently, 75 µl of CTAB solution was mixed and reincubated 
at 65°C for 15  min. To this cocktail, 300 µl of chloroform:  isoamyl 
alcohol mix (24:1) was added and subjected centrifugation at 12,000 g 
for 15  min in cold using Remi C-24 centrifuge. Chloroform:  isoamyl 
alcohol mixture was added for a 2nd  time to the supernatant in 1:1 
volume and recentrifuged at 12,000 g for 15 min. Subsequently, DNA 
precipitation was done by adding ice-cold isopropanol 40%  v/v as a 
final concentration. The precipitated DNA was centrifuged. The ethanol 
washed DNA was air dried overnight and dissolved in 100 µl of Tris-
EDTA buffer (19 mM Tris-HCl pH 8.0; 1 mM EDTA pH 8.0). Isolated DNA 
was stored at –20°C.

RAPD primers
A set of selected 10 RAPD primers that were synthesized indigenously 
(courtesy: Operon Tech. Inc., Almeda, USA) and available in the 
laboratory was used in the study. Particulars of primers are signified 
in Table 2.

RAPD-PCR
The PCR procedure for DNA amplification was followed with some minor 
modifications [30]. Reaction carried out in 25 µl volume contained 10 
mM Tris-HCl pH  9.0; 50 mM KCl; 0.1% Triton-x-100; 1.5 mM MgCl2; 
0.1 mM dNTP; 2 mM primer; 0.5 unit of Taq DNA polymerase (MBI, 

Fermentas, Richlands B. C., Qld) and 25 ng template DNA. Amplification 
reactions was processed in a Bio-Rad 3.03 version thermocycler. The 
reactions were programmed for 35 cycles with an initial melting at 94°C 
for 4 min followed by denaturation at 94°C for 1 min. The annealing was 
performed at 37°C for 1 min, then followed by polymerization at 72°C 
for 2 min. Final extension was done at 72°C for 5 min.

Agarose gel electrophoresis and dendrogram construction
The PCR products were separated on 1.5% agarose gel prepared in 
1× TAE; electrophoresis at 100 V for 3 h and bands were detected by 
ethidium bromide staining. Three kb standard molecular weight of MBI, 
Fermentas, Richlands B.C, was used as a marker. Clearly resolved bands 
were scored visually for their presence or absence. The DNA fragment 
profiles representing a consensus of two independent replicates 
were scored in the form of a matrix with “1” and “0,” indicating the 
presence and absence of bands in each accession. Jaccard’s similarity 
coefficient  [31] was estimated from these binary data using Past 
software [32].

RESULTS AND DISCUSSION

RAPD amplification
RAPD analysis done by PCR revealed DNA polymorphism at a small 
scale among the Kabuli chickpea accessions that are experimented. 
Each primer yielded detectable bands of variable intensities and 
therefore used for scoring. Out of 10 RAPD primers tested, five could 
amplify while other five did not. Such kind of non-amplifying primers 
were previously also been reported in chickpea [33]. Rest of the five 
amplifying RAPD primers yielded a total of 95 bands in a molecular 
weight range of 500–2000 bps. The average number of bands per primer 
per accession accounted to 9.5. Maximum number of bands scored by 
the primer OPA-17 was 28 while least number of bands displayed by 
OPG-04 was 14. The representative RAPD-PCR amplification patterns 
as generated by primer OPA-17 and OPA-18 are shown in Fig. 1.

Based on this RAPD-PCR amplification data, a consensus was scored 
using a binary matrix indicating absence (0) and presence (1). For this 
observation, software PAST was taken for an assistance. A  similarity 
matrix was constructed employing the Jaccard coefficient using 
binary data. For dendrogram construction, these data were further 
subjected to UPGMA cluster analysis, as shown in Fig. 2. Based on the 
cluster analysis, Kabuli accessions grouped into two clusters. Cluster 
I contained two accessions that are IPCK-12-287 and IPCK-12-288. 
Cluster II included IPCK-12-286, IPCK-12-277, IPCK-12-291, and JGK-1 
while KAK-2 came as an outgroup.

Analysis of genetic diversity among only Kabuli accessions collected 
from IIPR, Kanpur, was demanding. Earlier, for a long time, genetic 
diversity exploration has been done based on the morphological 
characteristics. Morphological traits display a continuous change in 
phenotypic behavior and as a quantitative trait, their expression is 
mostly controlled by multigenes. Qualitative traits are equally effective 
in diversity assessment in plant species with molecular markers [29].

Table 2: RAPD primers deployed in the study

Primer Sequence motif Tm GC content (%)
OPA-18 5’-AGGTGACCGT-3’ 32°C 60
OPG-11 5’-TGCCCGTCGT-3’ 34°C 70
OPG-04 5’-AGCGTGTCTG-3’ 32°C 60
OPA-12 5’-TCGGCGATAG-3’ 32°C 60
OPA-17 5’-GACCGCTTGT-3’ 32°C 60
OPA-11 5’-CAATCGCCGT-3’ 32°C 56
OPA-08 5’-GTGACGTAGG-3’ 32°C 80
OPAC-06 5’-GGCTTCGCAA-3’ 32°C 60
OPZ-06 5’-GTGCCGTTCA-3’ 32°C 60
OPZ-10 5’-CCGACAACC-3’ 30°C 62.2

Table 1: Agronomic particulars of Kabuli chickpea seed 
accessions used in the study

Accession Agronomic features
IPCK-12-286 Kabuli, white and bold seeded, wilt resistant
IPCK-12-287 Kabuli, white and normal seeded, wilt resistant
IPCK-12-291 Kabuli, white and medium seeded, dwarf
IPCK-12-277 Kabuli, white and small seeded, wilt resistant
JGK-1 Kabuli, white and bold seeded, released variety
IPCK-12-288 Kabuli, white and small seeded, wilt resistant
KAK-2 Kabuli, white and normal seeded, released variety

Fig. 1: Amplification of Kabuli accessions with primer (a) OPA-18 
and (b) OPA-17 M: markers Lane 1 -07: IPCK-12-286 IPCK-12-287 

IPCK-12-291 IPCK-12-277, JGK-1, IPCK-12-288, and KAK-2

ba
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Then after, another era occurred, in which biochemical markers, 
namely, isoenzyme and protein-based markers were explored as a 
means of tapping genetic diversity. Total storage proteins were able to 
address extent of genetic diversity using SDS-PAGE [34,35]. In addition, 
seed storage proteins were investigated employing 2G electrophoresis 
coupled with mass spectroscopy [36]. Same experimental approach 
was moreover experimented in other legumes such as mung bean and 
moth bean [37-39]. Being a best source of food proteins, chickpea seed 
proteins are reported to provide not only a food source but as a good 
source of medicine when experimented in vitro and in vivo [9,11,40-44].

With the advent of time, PCR-based molecular markers are being 
routinely exercised for tapping genetic differentiation and/or 
understanding species relationships, if any. Genetic diversity normally 
described as an average sequence variation between any of the two 
individual species for a given loci. The degree of polymorphism though 
at a small scale in this study compared to other reports appears 
belonged to a different Kabuli chickpea seed accessions. In this study, 
RAPD produced a higher number of bands because RAPDs are random 
in nature and can anneal anywhere in the genome. In parallel to RAPD, 
other maker like ISSR is proven equally applied in assessing genetic 
diversity [45-47]. The technique of ISSR-PCR was equally worked well 
in other legumes crops like moth bean too [48].

CONCLUSION

RAPD-PCR methodology promoted the development of molecular assay 
system to detect DNA polymorphisms. The various molecular markers, 
however, have technical differences in terms of cost and reproducibility. 
Looking at the massive chickpea germplasm available in the gene bank 
and being a self-pollinated crop, genotype screening using DNA-based 
markers must be performed continuously unless whole germplasm is 
totally evaluated, like we have attempted herein. Such published reports 
can be documented by chickpea research organizations and gene banks 
to provide guidelines in executing future breeding programs. The 
present research provides small-scale polymorphisms at DNA level in 
Kabuli chickpea seed accessions by RAPD markers.

REFERENCES

1.	 Gupta N, Shrivastava N, Bhagyawant SS. Multivariate analysis based 
on nutritional value, antinutritional profile and antioxidant capacity of 
forty chickpea genotypes grown in India. J Nutr Food Sci 2017;7:3.

2.	 Bhagyawant SS, Gautum AK, Narvekar DT, Gupta N, Bhadkaria A, 
Srivastava N, et al. Biochemical diversity evaluation in chickpea 
accessions employing mini-core collection. Physiol Mol Biol Plants 
2018;24:1165-83.

3.	 Bhagyawant SS, Srivastava N. Assessment of antinutritional factors and 
protein content in the seeds of chickpea cultivars and their divergence. 
J Cell Tissue Res 2008;8:1333-8.

4.	 Bhagyawant SS, Gupta N, Srivastava N. Biochemical analysis of 

chickpea accessions vis-a-vis; zinc, iron, total protein, proline and 
antioxidant activity. Am J Food Sci Technol 2015;3:158-62.

5.	 Gautam AK, Shrivastava N, Sharma B, Bhagyawant SS. Current 
scenario of legume lectins and their practical applications. J Crop Sci 
Biotechnol 2018;21:217-27.

6.	 Peumans WJ, van Damme EJ. Lectins as plant defense proteins. Plant 
Physiol 1995;109:347-52.

7.	 Gautam AK, Gupta N, Narvekar DT, Bhadkaria A, Kumari S, 
Srivastava N, et al. Chickpea lectin: Purification strategies, 
characteristics and potential applications. Biochemistry research trends. 
In: Hemagglutinins: Structures, Functions and Mechanisms. New York: 
Nova Science Publishers, Inc.; 2019. p. 107-33.

8.	 Gautam AK, Srivastava N, Chauhan AK, Bhagyawant SS. Analysis of 
wild chickpea seed proteins for lectin composition. Int J Curr Res Acad 
Rev 2017;5:8-14.

9.	 Gupta N, Gautam AK, Bhagyawant SS. Biochemical characterization 
of lectin from wild chickpea (Cicer reticulatum L.) with potential 
inhibitory action against human cancer cells. J  Food Biochem 
2018;43:e12712.

10.	 Gautam AK, Gupta N, Narvekar DT, Bhadkariya R, Bhagyawant SS. 
Characterization of chickpea (Cicer arietinum L.) lectin for biological 
activity. Physiol Mol Biol Plants 2018;24:389-97.

11.	 Gautam AK, Srivastava N, Nagar DP, Bhagyawant SS. Biochemical 
and functional properties of a lectin purified from the seeds of Cicer 
arietinum L. 3 Biotech 2018;8:272.

12.	 Katre UV, Gaikwad SM, Bhagyawant SS, Deshpande UD, Khan MI, 
Suresh CG. Crystallization and preliminary X‐ray characterization of a 
lectin from Cicer arietinum (Chickpea). Acta Crystallogr Sect F Struct 
Biol Cryst Commun 2005;61:141-3.

13.	 Bhagyawant SS, Bhadkaria A, Gupta N, Srivastava N. Impact of phytic 
acid on nutrient bioaccessibility and antioxidant properties of chickpea 
genotypes. J Food Biochem 2018;42:e12678.

14.	 Gupta N, Bisen PS, Bhagyawant SS. Chickpea lectin inhibits human 
breast cancer cell proliferation and induces apoptosis through cell cycle 
arrest. Protein Pept Lett 2018;25:492-9.

15.	 Gupta N, Bhagyawant SS. Bioactive peptide of Cicer arietinum L. 
induces apoptosis in human endometrial cancer via DNA fragmentation 
and cell cycle arrest. 3 Biotech 2021;11:63.

16.	 Bhagyawant SS, Narvekar DT, Gupta N, Bhadkaria A, Gautam AK, 
Srivastava N. Chickpea (Cicer arietinum L.) lectin exhibit inhibition 
of ACE-I, α-amylase and α-glucosidase activity. Protein Pept Lett 
2019;26:494-501.

17.	 Bhagyawant SS. Antinutritional factors in pulses and their diversity. 
Innov J Food Sci 2013;1:27-9.

18.	 Bhagyawant SS, Shrivastava N. Recent advances in Plant Molecular 
Biology. Karnataka: Himalaya Publishing House; 2019. p. 11.

19.	 Singh PK, Gautam AK, Akare UR, Bhagyawant SS. Studies on 
enzymatic changes and their impact on antinutritional factors of pulses 
during germination. Biosci Biotechnol Res Commun 2014;7:27-31.

20.	 Singh PK, Shrivastava N, Sharma B, Bhagyawant SS. Effect of 
domestic processes on chickpea seeds for antinutritional contents and 
their divergence. Am J Food Sci Technol 2015;3:111-7.

21.	 Bhagyawant SS, Gupta N, Shrivastava N. Effects of gamma irradiation 
on chickpea seeds vis-a-vis total seed storage proteins, antioxidant 
activity and protein profiling. Cell Mol Biol 2015;61:79-83.

22.	 Singh M, Malhotra N, Singh, K. Broadening the genetic base of cultivated 
chickpea following introgression of wild Cicer species-progress, 
constraints and prospects. Genet Resour Crop Evol 2021;127:8.

23.	 Welsh J, Mcclelland M. Fingerprinting genomes using PCR with 
arbitrary primers. Nucleic Acids Res 1990;18:7213-8.

24.	 Gubae TT, Petros Y. Genetic diversity of chickpea (Cicer arietinum L.) 
cultivars from Ethiopia by using ISSR markers. J  Agric Biotechnol 
Sustain Dev 2018;10:178-84.

25.	 Sadhu S, Jogam P, Thampu RK, Abbagani S, Penna S, Peddaboina V. 
High efficiency plant regeneration and genetic fidelity of regenerants 
by SCoT and ISSR markers in chickpea (Cicer arietinum L.). Plant Cell 
Tiss Organ Cult 2020;141:465-77.

26.	 Yadav P, Koul KK, Shrivastava N, Mendaki MJ, Bhagyawant SS. DNA 
polymorphisms in chickpea accessions as revealed by PCR-based 
markers. Cell Mol Biol 2015;61:84-90.

27.	 Bhagyawant SS, Gupta N, Gautam A, Chaturvedi SK, Shrivastava N. 
Molecular diversity assessment in chickpea through RAPD and ISSR 
markers. World J Agric Res 2015;3:192-7.

28.	 Yadav P, Koul KK, Shrivastava N, Mendaki MJ, Bhagyawant SS. 
ITS-PCR deciphers molecular phylogeny in chickpea. Plant Biosyst 
2016;151:429-35.

29.	 Valadez-Moctezuma E, Cabrera-Hidalgo AJ. Easy strategy used to 

Fig. 2: Dendrogram of chickpea accessions based on random 
amplified polymorphic deoxyribonucleic acid-polymerase chain 

reaction amplification



9

Innovare Journal of Agri. Sci, Vol 9, Issue 4, 2021, 6-9
	 Gupta and Bhagyawant	

detect the genetic variability in chickpea (Cicer arietinum L.). Physiol 
Mol Biol Plants 2018;24:921-8.

30.	 Talebi R, Fayaz F, Mardi M, Pirsyedi SM, Naji AM. Genetic 
relationships among chickpea (Cicer arietinum) elite lines based on 
RAPD and agronomic markers. Int J Agri Biol 2008;10:301-5.

31.	 Jaccard P. New research on flower distribution. Bull Soc Vaudoise Sci 
Nat 1908;44:223-70.

32.	 Pavlicek A, Hrda S, Flegr J. Free tree: Freeware program for 
construction of phylogenetic trees on the basis of distance data and 
bootstrap/jackknife analysis of the tree robustness. Application in the 
RAPD analysis of genus Frenkelia. Folia Biol (Praha) 1999;45:97-9.

33.	 Bhagyawant SS, Srivastava N. Genetic fingerprinting of chickpea 
(Cicer arietinum L.) germplasm using ISSR markers and their 
relationships. Afr J Biotechnol 2008;7:4428-31.

34.	 Bhagyawant SS, Srivastava N, Koul KK. Diversity in chickpea and its 
wild relatives based on seed protein profiles. Crop Res 2008;37:168-73.

35.	 Singh PK, Kumar A, Srivastava N, Agarwal RM, Bhagyawant SS. 
Association of protein profiling and agronomic traits in chickpea as 
revealed using SDS-PAGE. J Cell Tissue Res 2012;12:3279-84.

36.	 Singh PK, Shrivastava N, Chaturvedi K, Bhagyawant SS. 
Characterization of seed storage proteins from chickpea using 2D 
electrophoresis coupled with mass spectrometry. Biochem Res Int 
2016;2016:1049462.

37.	 Gupta N, Srivastava N, Singh PK, Bhagyawant SS. Phytochemical 
evaluation of moth bean (Vigna aconitifolia L.) seeds and their 
divergence. Biochem Res Int 2016;2016:3136043.

38.	 Gupta, N, Srivastava N, Bhagyawant SS. Vicilin-a major storage 
protein of mungbean exhibits antioxidative potential, antiproliferative 
effects and ACE inhibitory activity. PLoS One 2018;13:e0191265.

39.	 Bhadkaria A, Srivastava N, Bhagyawant SS. A  prospective of 
underutilized legume moth bean (Vigna aconitifolia (Jacq.) 
Marechàl): Phytochemical profiling, bioactive compounds and in vitro 

pharmacological studies. Food Biosci 2021;2021:101088.
40.	 Gupta N, Bhagyawant SS. Impact of hydrolysis on functional properties, 

antioxidant, ACE-I inhibitory and anti-proliferative activity of Cicer 
arietinum and Cicer reticulatum hydrolysates. Nutrire 2019;44:5.

41.	 Gupta N, Bhagyawant SS. Enzymatic treatment improves ACE-I 
inhibiton and antiproliferative potential of chickpea. Vegetos 
2019;32:363-9.

42.	 Gupta N, Bhagyawant SS. Angiotensin-I converting enzyme (ACE-I) 
inhibitory and antiproliferative potential of chickpea seed protein 
hydrolysate. Ann Plant Sci 2018;7:2149-53.

43.	 Gautam AK, Gupta N, Srivastava N, Bhagyawant SS. Proteomic 
analysis of chickpea roots reveal differential expression of abscisic acid 
responsive proteins. J Food Biochem 2019;43:e12838.

44.	 Bhagyawant SS, Narvekar DT, Gupta N, Bhadkaria A, Koul KK, 
Srivastava N. Variations in the antioxidant and free radical scavenging 
under induced heavy metal stress expressed as proline content in 
chickpea. Physiol Mol Biol Plants 2019;25:683-96.

45.	 Bhagyawant SS. RAPD-SCAR markers: An interface tool for 
authentication of traits. J Biosci Med 2015;4:1-9.

46.	 Singh PK, Sharma H, Srivastava N, Bhagyawant SS. Analysis of genetic 
diversity among wild and cultivated chickpea genotypes employing 
ISSR and RAPD markers. Am J Plant Sci 2014;5:676-82.

47.	 Gautam AK, Gupta N, Bhadkariya R, Srivastava N, Bhagyawant SS. 
Genetic diversity analysis in chickpea employing ISSR markers. 
Agrotechnology 2016;5:1000152.

48.	 Bhadkaria A, Gupta N, Narvekar DT, Bhadkariya R, Saral A, 
Srivastava N, et al. ISSR-PCR approach as a means of studying genetic 
variation in moth bean (Vigna aconitifolia (Jacq.) Maréchal). Biocatal 
Agric Biotechnol 2020;30:101827.


