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Introduction
cotton belongs to the Gossypium genus and has long been 
a focus of genetic, systematic and breeding research and is 
the backbone of Pakistan’s economy, contributing more than 
60% of its foreign exchange. cotton leaf curl virus (clcuV) 
disease surfaced in the early 90s in cotton fields in the Punjab 
area of Pakistan and played havoc with cotton productivity 
incurring considerable losses from 1988 to 1998. enormous 
efforts from cotton breeders helped to minimize the disease 
attack through development of new clcuV resistant cotton 
varieties including ciM-1100, ciM-448, Fh-900 and Fh-
901. however, the disease resurfaced in 2001, all the varieties 
proving susceptible.

Genetic diversity has been considered a pivotal factor in 
improving crop productivity. Domestication of crops has 
resulted in narrowing the genetic base in almost all major crops 
including cotton. Plant breeders depended upon morphological 
descriptors to estimate variation and characterize the 
germplasm. the development of DnA markers opened a new 
arena for obtaining more reliable estimates of genetic variation 
among the varieties/species. Among the DnA markers, random 
amplified polymorphic DNA (RAPD) remained the marker of 
choice as it does not require prior sequence information of 
the target DnA, and a large number of loci and individuals 
can be screened in limited resources. Despite controversies on 

limitations and reproducibility of the RAPD assay, they can 
still be instrumental to address various objectives in molecular 
biology including diversity analysis (6).

Simple sequence repeats, also termed microsatellites, 
are tandemly repeated DnA sequence motifs that consist 
of 2-6 nucleotide core units widely dispersed in the human 
genome (8) as well as in plant genomes (2). SSRs are prone 
to mutations caused by polymerase slippage during DnA 
replication, resulting in differences in the number of repeat 
units (15). SSRs have been reported to be more variable than 
RAPD (3). the distinguishing features of SSR loci include 
their high information content, abundance, even distribution 
across the genome, co-dominance, reproducibility, and locus 
specificity which have undoubtedly made SSRs a marker of 
choice for genetic diversity studies (5). the potential of SSRs 
as co-dominant marker has been exploited (11).

in this study RAPD and SSR assays were employed to 
study the genetic relationship among four cotton varieties of 
Punjab, Pakistan, claimed to be a first line of defense against 
clcuV.

Materials and Methods
Plant materials
the study was conducted at the Department of Bioinformatics 
and Biotechnology, Govt. college University Faisalabad 
and Agricultural Biotechnology Research institute, Ayub 
Agriculture Research institute Faisalabad. Seeds of four 
cotton varieties (Fh-901, Fh-900, ciM-1100, and ciM-448) 
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were obtained from the cotton Research institute Faisalabad, 
Pakistan. Plants were grown in pots in green house under 
controlled environmental conditions.

DNA extraction
total genomic DnA was extracted from 6-8 bulked leaves 
obtained from 3-4 randomly selected plants of each variety by 
the CTAB method (13). The quantification of extracted DNA 
was determined by nanoDrop-1000 3.3.1 spectrophotometer 
and comparison was made with standard DnA electrophoresed 
on a 0.8% agarose gel.

RAPD and SSR analysis
A total of 110 RAPD and 92 SSR primers were employed for 
finger printing of cotton varieties. For RAPD analysis, the 25 
µl PCR amplification mixture contained 2.5 µl of 10 × PCR 
buffer [50 mM of tris (ph 8.3), 500 mM of Kcl]; 1.5 mM 
of Mgcl2; 0.2 mM of dAtP, dctP, dGtP and dttP each 
(Fermentas, USA); 0.3 mM of a decamer primer (Genelink, 
USA); one unit of Taq DnA polymerase (Fermentas, USA); 
and 25 ng of genomic DnA as a template. temperature cycles 
for DNA amplification were a first denaturation step of 5 min 
at 94°c followed by 40 cycles of 94°c for 1 min, 36°c for 1 
min and 72°c for 2 min. After the completion of 40 cycles, a 
final extension at 72°C was carried out for 7 min.

For SSR analysis, a reaction volume of 20 µl was set up 
containing 2.0 µl of 10 × PCR buffer [50 mM of Tris (pH 
8.3), 500 mM of Kcl]; 1.5 mM of Mgcl2; 0.2 mM of dAtP, 
dctP, dGtP and dttP each (Fermentas, USA); 0.3 mM of 
each reverse and forward primer (Genelink, USA); one unit 
of Taq DnA polymerase (Fermentas, USA); and 25 ng of 
genomic DnA as a template. the temperature cycles were a 
first denaturation step of 5 min at 94°C followed by 35 cycles 
of 94°c for 30 s, 55°c for 30 s and 72°c for 1 min, followed 
by a final extension at 72°C for 5 min. All PCR reactions 
were performed in Mastercycler Gradient (eppendorf, 
Germany). the completed reactions were then held at 4°c 
until electrophoresis. RAPD and SSR products were run on 1.2 
and 2.5% agarose gels, respectively, visualized by ethydium 
bromide staining under UV light and photographed using 
GeneSnap Syngene gel documentation system.

Data analysis
to analyze the genetic relationship among the varieties assayed 
each band in a variety was considered as a single locus. 
only scoreable bands were considered for genetic diversity 
analysis in the case of RAPD. Most of the SSR markers 
showed homozygous status in the varieties studied, thus all 
the alleles were treated independently as binary variable with 
1 for presence and 0 for absence. Genetic similarity matrices 
were generated on the basis of Nei and Li’s coefficients (10). 
ntSYSpc 2.2 software package was used for dendrograms 
construction using unweighted pair group method with 
arithmetic mean (UPGMA).

Results and Discussion
DnA marker technique is a powerful technique for generating 
information on the genetic distances and similarities among the 
germplasm, which is useful for improving crop productivity. 
our study was conducted to probe the genetic diversity among 
four cotton varieties, ciM-448, ciM-1100, Fh-900 and Fh-
901, which have been declared as a first line of defense against 
clcuV. A total of 110 random decamer primers were used 
for analyzing the RAPD patterns of 4 varieties, out of which 
16 primers were found polymorphic. the DnA fragments 
amplified were in the range of 250 to 1500 bp. A total of 449 
loci were amplified with an average of 4.08 loci per primer. 
out of these 449 loci, 22 loci were polymorphic with 4.89%. 
the results from the similarity matrices generated using nei 
and Li’s (10) coefficient indicated a high level of similarity 
among the varieties studied (Table 1). the similarity among 
the varieties assayed was found to be 96%. it is known that 
RAPD polymorphism occurs due to base substitution at primer 
binding sites due to replication slippage (12), which prevents 
the stable association of primer with the template (17). the 
dendrogram from the cluster analysis revealed three distinct 
groups among the Upland cotton varieties. Group i comprised 
varieties Fh-901 and Fh-900. Group 2 comprised only one 
variety, ciM-1100, and group 3 comprised variety ciM-448 
(Fig. 1).

A   

B   
Fig. 1. Dendrogram of cotton varieties ciM-448, ciM-1100, Fh-900 and Fh-
901 generated from data of 110 random amplified polymorphic DNA (A) and 
92 simple sequence repeat (B) primers.

For SSR analysis a total of 92 SSR primers from Bnl, cM, 
CIR, MGHES and JESPR series were surveyed to find genetic 
diversity in the four varieties. out of these, 6 primers were 
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polymorphic (Fig. 2). The DNA fragments amplified were in 
the range of 58 to 500 bp. A total of 149 loci were amplified 
with an average of 1.61 loci per primer. out of these, 13 loci 
were found polymorphic with 8.69%. the comparatively high 
level of polymorphism associated with SSR markers, as found 
in this study, was expected because of replication slippage. 
the better polymorphism produced by the SSR system as 
compared to other systems has also been reported in previous 
studies (1, 4, 9, 14, 16). however, like that of RAPD results, 
the genetic distance between the accessions assayed was only 
3% (Table 1).

Fig. 2. Simple sequence repeats (SSR) finger prints of cotton varieties FH-
901 (V1), Fh-900 (V2), ciM-1100 (V3), and ciM-448 (V4) using Bnl-409, 
Bnl-786, ciR-03 and JeSPR-86.

TABLE 1
Similarity matrix for cotton varieties ciM-448, ciM-1100, 
Fh-900 and Fh-901 generated from data of 110 random 
amplified polymorphic DNA (upper diagonal) and 92 simple 
sequence repeats (lower diagonal) primers

FH-901 FH-900 CIM-1100 CIM-448
FH-901 1.00 0.94 0.94 0.94
FH-900 0.97 1.00 0.91 0.91

CIM-1100 0.99 0.98 1.00 0.92
CIM-448 0.98 0.97 0.99 1.00

the two molecular markers used in this study showed a 
capacity to differentiate the varieties. the RAPD method is 
rapid and cost effective and there is no need for prior genome 
sequencing. however, for RAPD analysis the problems of 
reliability and transferability among laboratories should be 
considered. obtained RAPD data can be considered as reliable 
when a standard protocol is followed, amplification reactions 
are replicated, and a conservative criterion is used for band 
selection (1).

SSR markers are the markers of choice for variability 
studies in many crops as they are transferable, highly 
polymorphic and simple to interpret, and are multiallelic and 
co-dominant. like previously reported (7), the results obtained 
here confirm their reliability and usefulness in the estimation 
of genetic difference in cotton varieties.

Conclusions
the results from our study revealed that cotton has a very 
narrow genetic base and varieties of the same institute fall 

into the same group, indicating a close resemblance. this 
resemblance might be due to repeated use of parents of the 
same genetic background in their breeding program. this 
narrow genetic base is very alarming for cotton because it 
has made this crop prone to biotic and abiotic stresses such as 
cotton leaf curl virus, insect pest attack, salt and drought. this 
very low genetic difference found may be one of the reasons 
for early clcuV resistance breakdown in these varieties.

the study also revealed a correspondence between SSR 
and RAPD data sets which suggests that either method or a 
combination of both is applicable to diversity studies in cotton 
varieties/lines. the choice of techniques should be guided by 
knowledge of both the advantages and drawbacks of the two 
marker approaches.
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