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ABSTRACT. The intensity of genetic diversity amongst chickpea 
genotypes and their crosses is unknown. The current study investigated 
the genetic diversity of chickpea genotypes and their F1 crosses by 
using random amplified polymorphic DNA (RAPD) markers. We 
assessed the variation among 6 chickpea genotypes and 15 F1 crosses 
with the RAPD markers. The 6 parents and their 21 hybrids were 
carefully studied based on the presence or absence of bands. The 
level of polymorphism varied with different primers. Of 28 primers 
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used, 21 amplified the genomic DNA in all the varieties, 15 generated 
polymorphic bands among all the varieties, and 6 produced similar 
banding patterns. 

Key words: RAPD markers; DNA fingerprinting; Genetic diversity; 
Chickpea; Hybrids

INTRODUCTION

Chickpea is an edible, protein-rich legume and is one of the earliest cultivated 
grain legumes. Almost 7500-year-old remains have been found in the Middle East (Duke, 
1981; Tanno and Wilcox, 2006; Redden and Berger, 2007). In accordance with FAO data, 
8.7 million tons of chickpea are produced per annum from 10.6 million hectares, with an 
average seed production of 819 kg per hectare (FAO, 2006). It is grown in large areas 
around the world, but with comparatively low yield (Cani and Toker, 2009; Toker, 2009; 
Upadhyaya et al., 2001). Containing 17-24% proteins, 41-50.8% carbohydrates, and a 
high percentage of other mineral nutrients and saturated linoleic and oleic acid, chick-
pea is one of the most important crops for human consumption (Hulse, 1991; Huisman 
and van der Poel, 1994; Kerem et al., 2007). With a low production cost, wide climate 
adaptation, and the ability to be used in crop rotation and atmospheric nitrogen fixation, 
chickpea is one of the most important legume plants in a sustainable agriculture system 
(Smithson et al., 1985; Singh and Ocampo, 1997; Cani and Toker, 2009).

The classification of diverse genotypes of crop species is vital when various suc-
cessions of crop germplasm are to be exemplified. With the advent of polymerase chain re-
action (PCR) technology, it has become possible to study the genetic differences in plants 
and animals. DNA fingerprinting, gene mapping, and polymorphic studies have benefited 
tremendously from PCR. One variation of PCR is random amplified polymorphic DNA 
(RAPD), which generates DNA fingerprinting with a single synthetic oligonucleotide 
primer (Williams et al., 1990). RAPDs are inherited in simple Mendelian fashion and are 
usually dominant markers. Gene mapping using RAPD markers has several advantages 
over restriction fragment length polymorphism. The RAPD procedure is less expensive, 
faster, requires less DNA (0.5-50 ng), and does not involve radioisotopes. Simple DNA 
fingerprinting of multifaceted genomes can be created using single randomly selected 
primers and PCR, and strains can be identified by evaluating polymorphisms in finger-
prints, such as in Staphylococcus, S. pyogenes, and Oryza sativa (Welsh and McCielland, 
1990; Williams et al., 1990). 

PCR-based RAPD markers were used to assess diversity in 23 chickpea geno-
types. Forty of 100 random primers exhibited polymorphism. Most of the primers re-
vealed a single band and only 14 were polymorphic (Rakesh et al., 2002). Another study 
by Rao et al. (2007) predicted heritable associations among 19 chickpea cultivars and 
5 accessions of their wild parents with RAPD markers. On average, 6 bands per primer 
were observed in RAPD analysis with 51.7 and 50.5% polymorphic bands among the 
wild accessions and chickpea cultivars, respectively. The markers generated by RAPD 
can provide useful information for the management of genetic resources. The RAPD tech-
nique has been used extensively for checking the genetic diversity in diverse crops, which 
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yielded a varied array of bands exhibiting polymorphism, e.g., cotton, chickpea, gram, 
black gram, etc. (Souframanien and Gopalakrishna, 2004; Talebi et al., 2009; Khan et al., 
2010). These studies demonstrated the efficient and reliable use of RAPDs for analyzing 
genetic variation in colored and white-linted genotypes of cotton.

Keeping in view the present status of chickpea in Pakistan, we planned this pres-
ent study to determine the genetic diversity and genetic relationship among 6 varieties of 
chickpea and their F1 crosses. 

MATERIAL AND METHODS

Plant sample

The seeds of 6 parental genotypes, i.e., CM-98, AUG-786, Bittal-98, Balksar-2000, 
Wanhar-2000, Punjab-2000, and their F1 single crosses were grown in earthen pots and sup-
plied with the optimum amount of water and nutrition through the Hoagland solution. Later, 
leaf tissues were collected for DNA extraction.

DNA extraction

The total genomic DNA was extorted by the CTAB method (Doyle and Doyle, 
1990). Young leaves (4-5) were washed, dried, and ground into powder with liquid 
nitrogen. The resultant paste was transferred to a 15-mL Falcon tube to which 15 mL hot 
CTAB (65°C) was added. The tube was inverted gently several times to mix the suspension 
and subsequently incubated at 65°C for 30 min. Soon after, 15 mL chloroform-isoamyl 
alcohol (24:1) was added and gently inversion mixed to form an emulsion. The mixture 
was centrifuged for 10 min at 9000 rpm. The supernatant was dispensed to a new Falcon 
tube. The above steps were repeated twice and 0.6 volumes 60% isopropanol (pre-chilled) 
were added and mixed gently to precipitate the DNA. The tubes were centrifuged at 9000 
rpm for 5 min and the supernatant was discarded. The pellet was washed with 70% ethanol 
twice or thrice and air-dried at room temperature, following which 0.5 mL 0.1X TE buffer 
was added. RNAase (7 µL) was added, mixed gently, and incubated for 1 h at 37°C. 
An equal volume of chloroform-isoamyl alcohol (24:1) was added and mixed gently; 3 
M NaCl was added and the mixture was gently mixed. The DNA was precipitated with 
absolute ethanol (cold, 7 mL). The sample was spun at 13,000 rpm for 10 min and the 
resultant supernatant was discarded. The pellet was washed with 70% ethanol, air-dried, 
and resuspended in 0.1X TE buffer or d3H2O, and the concentration of DNA was measured 
at 260 nm.

Estimation of DNA quantity

For the estimation of total genomic DNA from 21 samples, absorbance was measured 
at 260 nm with a spectrophotometer. A solution with an OD260 contained 50 µg DNA/mm, fol-
lowing which the DNA quantity was calculated with the following formula:

DNA concentration (µg/mL) = absorbance at 260 nm x dilution factor x 50.
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RAPD analyses

DNA concentration in the working solution of approximately 12 ng/μL in d3H2O 
was confirmed by spectrophotometer. For RAPD analysis (Williams et al., 1990), the con-
centration of genomic DNA, 10X PCR buffer with (NH4)2SO4, MgCl2, dNTPs, Taq DNA 
polymerase (Fermentas), and 10-mer random primers (Table 1) (Gene Link Company, 
USA) were optimized. The DNA amplification reactions were performed in a thermal cy-
cler. The PCR profile consisted of 1 cycle of 94°C for 5 min, 40 cycles of 94°C for 1 min, 
36°C for 1 min, 72°C for 2 min, and a final extension at 72°C for 10 min.

No. Primer Sequence (5ꞌ→3ꞌ)

1 GLD-11  TAGTAAGCTTTAGTAGGCGTTCGCCTAC 
2 GLA-01 GCCTCTCGAGCTTAGGCTTCGTGAGAGA
3 GLD-01 AAGAGCCACCATGGCATTATAACACATAC
4 GLB-14 GCTCAGATCAAGTCGTGAACGCTGGGCCG
5 GLC-20 CAGGAGTCCCTAACACATGSTGCAAGTCGC
6 GLA-09 TGGCTCAGAGGCCTTGAACGCGCGGCAG
7 GLA-02 GTTTAACGAACGCTAGCTAAGCATGGGC

Table 1. RAPD polymorphic primers used in this study.

Analysis of RAPD data

Amplification products were analyzed by electrophoresis on 1.2% (w/v) agarose 
gel and were identified by ethidium bromide staining. All visible and definite scorable 
fragments amplified were counted. The profiles of all 21 chickpea genotypes were com-
pared with each other and DNA bands were scored as present (1) or absent (0). The data 
were used to calculate the resemblance (Nei and Li, 1979). Resemblance coefficients were 
utilized to generate a dendrogram by means of unweighted pair group method of arithme-
tic means (UPGMA).

RESULTS AND DISCUSSION

The generated RAPDs were used to establish the genetic diversity between 6 
parents and their 21 Pakistani chickpea hybrids. Numerous polymorphisms were observed 
among the chickpea cultivars. Amplification of genomic DNA was performed by using 
28 primers, in which 21 exhibited amplification in all the varieties, 15 primers generated 
polymorphic bands among all the varieties, and 6 produced similar banding patterns 
(Figures 1-7). The 6 parents and their 21 hybrids were carefully studied based on the 
bands. The level of polymorphism varied with different primers. We used 28 primers 
for the PCR. Of these 28 primers, 21 amplified the genomic DNA in all the varieties, 
15 primers amplified polymorphic DNA bands among all the varieties, and 6 produced 
similar banding patterns. Approximately 25% of the total reactions could not amplify 
genomic DNA. This was due to contamination in the reaction mixture, which may have 
caused primer degeneration and resulted in complete failure of amplification.
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Figure 1. Amplification profile of 21 chickpea genotypes with primer GLD-11. Lane M = 1-kb ladder; lane 1 = 
Balksar-2000 x Bittal-98; lane 2 = Wanhar-2000 x Punjab-2000; lane 3 = Wanhar-2000 x Bittal-98; lane 4 = Bittal-98 
x CM-98; lane 5 = Punjab-2000 x Balksar-2000; lane 6 = Aug-786 x Punjab-2000; lane 7 = Bittal-98 x Aug-786; 
lane 8 = Wanhar-2000 x Balksar-2000; lane 9 = Bittal-98 x Punjab-2000; lane 10 = CM-98 x Wanhar-2000; lane 
11 = Aug-786 x CM-98; lane 12 = CM-98 x Punjab-2000; lane 13 = Balksar-2000 x Aug-786; lane 14 = Aug-786 
x Wanhar-2000; lane 15 = Balksar-2000 x CM-98; lane 16 = Punjab-2000; lane 17 = Wanhar-2000; lane 18 = 
Balksar-2000; lane 19 = CM-98; lane 20 = Aug-786; lane 21 = Bittal-98.

Figure 2. Amplification profile of 21 chickpea genotypes with primer GLA-01. Lane M = 1-kb ladder; lane 1 = 
Balksar-2000 x Bittal-98; lane 2 = Wanhar-2000 x Punjab-2000; lane 3 = Wanhar-2000 x Bittal-98; lane 4 = Bittal-98 
x CM-98; lane 5 = Punjab-2000 x Balksar-2000; lane 6 = Aug-786 x Punjab-2000; lane 7 = Bittal-98 x Aug-786; 
lane 8 = Wanhar-2000 x Balksar-2000; lane 9 = Bittal-98 x Punjab-2000; lane 10 = CM-98 x Wanhar-2000; lane 
11 = Aug-786 x CM-98; lane 12 = CM-98 x Punjab-2000; lane 13 = Balksar-2000 x Aug-786; lane 14 = Aug-786 
x Wanhar-2000; lane 15 = Balksar-2000 x CM-98; lane 16 = Punjab-2000; lane 17 = Wanhar-2000; lane 18 = 
Balksar-2000; lane 19 = CM-98; lane 20 = Aug-786; lane 21 = Bittal-98.

Figure 3. Amplification profile of 21 chickpea genotypes with primer GLD-01. Lane M = 1-kb ladder; lane 1 = 
Balksar-2000 x Bittal-98; lane 2 = Wanhar-2000 x Punjab-2000; lane 3 = Wanhar-2000 x Bittal-98; lane 4 = Bittal-98 
x CM-98; lane 5 = Punjab-2000 x Balksar-2000; lane 6 = Aug-786 x Punjab-2000; lane 7 = Bittal-98 x Aug-786; 
lane 8 = Wanhar-2000 x Balksar-2000; lane 9 = Bittal-98 x Punjab-2000; lane 10 = CM-98 x Wanhar-2000; lane 
11 = Aug-786 x CM-98; lane 12 = CM-98 x Punjab-2000; lane 13 = Balksar-2000 x Aug-786; lane 14 = Aug-786 
x Wanhar-2000; lane 15 = Balksar-2000 x CM-98; lane 16 = Punjab-2000; lane 17 = Wanhar-2000; lane 18 = 
Balksar-2000; lane 19 = CM-98; lane 20 = Aug-786; lane 21 = Bittal-98.
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Figure 4. Amplification profile of 21 chickpea genotypes with primer GLB-14. Lane M = 1-kb ladder; lane 1 = 
Balksar-2000 x Bittal-98; lane 2 = Wanhar-2000 x Punjab-2000; lane 3 = Wanhar-2000 x Bittal-98; lane 4 = Bittal-98 
x CM-98; lane 5 = Punjab-2000 x Balksar-2000; lane 6 = Aug-786 x Punjab-2000; lane 7 = Bittal-98 x Aug-786; 
lane 8 = Wanhar-2000 x Balksar-2000; lane 9 = Bittal-98 x Punjab-2000; lane 10 = CM-98 x Wanhar-2000; lane 
11 = Aug-786 x CM-98; lane 12 = CM-98 x Punjab-2000; lane 13 = Balksar-2000 x Aug-786; lane 14 = Aug-786 
x Wanhar-2000; lane 15 = Balksar-2000 x CM-98; lane 16 = Punjab-2000; lane 17 = Wanhar-2000; lane 18 = 
Balksar-2000; lane 19 = CM-98; lane 20 = Aug-786; lane 21 = Bittal-98.

Figure 5. Amplification profile of 21 chickpea genotypes with primer GLC-20. Lane M = 1-kb ladder; lane 1 = 
Balksar-2000 x Bittal-98; lane 2 = Wanhar-2000 x Punjab-2000; lane 3 = Wanhar-2000 x Bittal-98; lane 4 = Bittal-98 
x CM-98; lane 5 = Punjab-2000 x Balksar-2000; lane 6 = Aug-786 x Punjab-2000; lane 7 = Bittal-98 x Aug-786; 
lane 8 = Wanhar-2000 x Balksar-2000; lane  9 = Bittal-98 x Punjab-2000; lane 10 = CM-98 x Wanhar-2000; lane 
11 = Aug-786 x CM-98; lane 12 = CM-98 x Punjab-2000; lane 13 = Balksar-2000 x Aug-786; lane 14 = Aug-786 
x Wanhar-2000; lane 15 = Balksar-2000 x CM-98; lane 16 = Punjab-2000; lane 17 = Wanhar-2000; lane 18 = 
Balksar-2000; lane 19 = CM-98; lane 20 = Aug-786; lane 21 = Bittal-98.

Figure 6. Amplification profile of 21 chickpea genotypes with primer GLA-09. Lane M = 1-kb ladder; lane 1 = 
Balksar-2000 x Bittal-98; lane 2 = Wanhar-2000 x Punjab-2000; lane 3 = Wanhar-2000 x Bittal-98; lane 4 = Bittal-98 
x CM-98; lane 5 = Punjab-2000 x Balksar-2000; lane 6 = Aug-786 x Punjab-2000; lane 7 = Bittal-98 x Aug-786; 
lane 8 = Wanhar-2000 x Balksar-2000; lane 9 = Bittal-98 x Punjab-2000; lane 10 = CM-98 x Wanhar-2000; lane 
11 = Aug-786 x CM-98; lane 12 = CM-98 x Punjab-2000; lane 13 = Balksar-2000 x Aug-786 ; lane 14 = Aug-786 
x Wanhar-2000; lane 15 = Balksar-2000 x CM-98; lane 16 = Punjab-2000; lane 17 = Wanhar-2000; lane 18 = 
Balksar-2000; lane 19 = CM-98; lane 20 = Aug-786; lane 21 = Bittal-98.
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With primer GLA-09, most of the amplified bands among the chickpea cultivars were 
monomorphic (Figure 6). A maximum number of polymorphism and monomorphism among the 
chickpea cultivars were observed by using primer GLD-01 (Figure 3). We amplified 70 bands 
from 21 random primers in the different chickpea genotypes. Of these arbitrary primers, almost all 
exhibited polymorphism among the chickpea cultivars. Monomorphic bands are constant bands 
that cannot be used to study diversity, while polymorphic bands reveal differences and can be 
used to study and create a logical association among genotypes (Hadrys et al., 1992). Broad DNA 
polymorphism has been reported by means of RAPD in quite a few other crops (Hilu and Stalker, 
1995; Iruela et al., 2002; Hou et al., 2005). The quantity of RAPD portions produced per primer 
varied from 2 to 10 fragments, which was the highest number of fragments produced. The results 
confirm the findings of Kernodle et al. (1993), who stated that the deviation in the number of bands 
amplified by primers is influenced by inconsistent aspects such as primer configuration, template 
amount, and few annealing sites in the genome. Mahmood et al. (2009) reported parallel results 
in Gossypium spp. The sensitivity of the working environment and equipment used can influence 
RAPD amplification (Devos and Gale, 1992). The use of PCR markers is an influential means that 
discloses broad DNA polymorphism, and it has turned out to be helpful in genetic analysis (Davi-
erwala et al., 2000; Porreca et al., 2001; Neeraja et al., 2002; Saker et al., 2005). Since RAPD does 
not involve prior sequencing and uses a randomly chosen short primer, as compared to a routine 
PCR to amplify genomic DNA, excess polymorphic DNA markers may be easily generated.

After scoring the bands, a similarity matrix was developed after multivariate analysis 
by means of the Nei and Li (1979) coefficients presented in Table 2. The similarity coefficients 
ranged from 0.0889 to 0.631. Maximum similarity (63.1%) was detected among Wanhar-2000 
x Bittal-98; Bittal-98 x CM-98 and Punjab-2000 x Balksar-2000, and the lowest similarity 
(8.89%) was observed between Bittal-98 x Punjab-2000 and CM-98 x Wanhar-2000. The simi-
larity coefficient values in the present study are almost similar to the observation of Rasul et 
al. (2007), who reported similarity coefficient values ranging from 0.36 to 0.86 among teasel 
gourd cultivars, with an average similarity value of 0.72, and this value indicated slight ge-
netic variability in the improved varieties. The results are also similar to those of Talebi et al. 
(2008a,b), who reported that the average polymorphic information content was 0.43, ranging 
from 0.68 to 0.12 among elite lines of chickpea.

Figure 7. Amplification profile of 21 chickpea genotypes with primer GLA-02. Lane M = 1-kb ladder; lane 1 = 
Balksar-2000 x Bittal-98; lane 2 = Wanhar-2000 x Punjab-2000; lane 3 = Wanhar-2000 x Bittal-98; lane 4 = Bittal-98 
x CM-98; lane 5 = Punjab-2000 x Balksar-2000; lane 6 = Aug-786 x Punjab-2000; lane 7 = Bittal-98 x Aug-786; 
lane 8 = Wanhar-2000 x Balksar-2000; lane 9 = Bittal-98 x Punjab-2000; lane 10 = CM-98 x Wanhar-2000; lane 
11 = Aug-786 x CM-98; lane 12 = CM-98 x Punjab-2000; lane 13 = Balksar-2000 x Aug-786; lane 14 = Aug-786 
x Wanhar-2000; lane 15 = Balksar-2000 x CM-98; lane 16 = Punjab-2000; lane 17 = Wanhar-2000; lane 18 = 
Balksar-2000; lane 19 = CM-98; lane 20 = Aug-786; lane 21 = Bittal-98.
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The similarity indexes were used to build a dendrogram by means of UPGMA analysis 
in order to determine the cluster of the varieties (Figure 8). As shown in the dendrogram, the 
cluster of 6 chickpea varieties and their hybrids revealed associations among the experimental 
materials. Chickpea genotypes were classified into 6 main clusters, namely a, b, c, d, e, and f. 
Cluster a was genetically more diverse than the others were. Cluster c was further subdivided 
into 4 subclusters. Two parents, Wanhar-2000 and Balksar-2000, belonged to one cluster. The 
parents Punjab-2000 and Bittal-98 also belonged to the same cluster. The positions of Wan-
har-2000 x Balksar-2000 and Balksar-2000 x CM-98 at the end of the dendrogram revealed 
maximum variation from the rest of the cultivars. This shows that a large amount of genetic vari-
ation exists among chickpea genotypes, and this can be utilized in breeding programs to develop 
high-yield cultivars. The RAPD-based dendrogram of chickpea genotypes displayed the genetic 
relationships between these accessions, which are in accordance with previous studies on chick-
pea (Ahmad et al., 1992; Tayyar and Waines, 1996; Iruela et al., 2002). It was evident from the 
results that the RAPD marker-based dendrogram was in accordance with the dendrogram based 
on morphological traits, as reported for other crops (Loarce et al., 1996; Fernandez et al., 2002).

Figure 8. UPGMA clusters analysis-based dendrogram depicting genetic relationships among 7 chickpea cultivars.
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The results of our findings are indicative of the genetic association of chickpea geno-
types. To increase diversity further, breeders should use parents with diverse origins and it will 
be helpful for further breeding programs. 

CONCLUSIONS

A broad conclusion from the current investigation is that RAPD is capable of disclos-
ing the practical stage of DNA polymorphism amongst chickpea varieties. These findings en-
dorse the ideas of incorporating RAPD markers in chickpea propagation. The limited appraisal 
of chickpea lines in this study led to the identification of genetic variation, which exists in the 
accessions. In addition, high genetic deviation, which prevails among chickpea genotypes, can 
be used proficiently for genome mapping to explore favorable traits. This is suggested based 
on the findings of the present study in that the chickpea cultivars Wanhar-2000 x Balksar-2000 
and Balksar-2000 x CM-98 will produce greater hybrid vigor when they are used in breeding 
programs because they are genetically distinct from other chickpea cultivars and have mini-
mum genetic similarity.
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