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Abstract 
 

The present study was designed to evaluate genetic diversity among twenty cotton genotypes by employing thirty one SSR 

markers that were reported from Brookheaven National Laboratories. Out of thirty-one primers, six SSR primers were found 

polymorphic at different SSR loci. Maximum number of loci (33), were amplified by MNH-93, while minimum (22) by 238-

F. Total percentage of informative loci was 36.8%. Genetic diversity matrix of these genotypes was calculated by NTSYS-pc 

2.2 software. Genetic similarity coefficients ranged from 0.474 to 0.974. The highest dissimilarity (0.474) was observed 

between genotype 298-F and CIM-496. Cluster analysis as performed using un-weighted pair group method of arithmetic 

average algorithm showed that Nei and Li's coefficients ranged from 0.63 to 0.97. The dendrogram of cotton lines showed two 

major clusters except 238-F forming an out-group from other genotypes, thus showing maximum dissimilarity. Genotypes 

MNH-93 and K-68/9 showed maximum similarity coefficient of 0.97. Information obtained from the present study can be 

used to select divergent parents for future breeding programs. © 2013 Friends Science Publishers 

 

Keywords: Genetic diversity; Cotton; polymorphism; Molecular markers 
 

Introduction 
 

Estimation of genetic diversity and relationships in plants is 

necessary for crop improvement. Characterization of genetic 

similarity among genotypes is a valuable source to select 

parental combinations for maintaining genetic diversity in a 

breeding program (Becelaere et al., 2005). Genetic diversity 

studies have been carried out in cotton by employing 

different marker techniques e.g. amplified fragment length 

polymorphism (AFLP) (Abdalla et al., 2001; Rana et al., 

2005; Li et al., 2008), random amplified polymorphic DNA 

(RAPD) (Xu et al., 2001; Chaudhary et al., 2010) and 

simple sequences repeats (Qayyum et al., 2009; Arunita 

et al., 2010). 

Molecular markers have played an important role in 

revealing the structure of genetic diversity in a wide range 

of crops. Recent advancements have made possible to gain 

various goals including gene targeted surveys, investigation 

of population dynamics, advantageous in selection for 

domestication (Glaszmann et al., 2010). Microsatellite or 

short tandem repeats or simple sequences repeats are 

monotonous repetitions of very short (one to five) 

nucleotide motifs, which occur as interspersed repetitive 

elements in all eukaryotic genomes (Tautz and Renz, 1984). 

Throughout the past decade, association mapping has 

been successfully applied in human genetics. It has proved a 

powerful and promising technique for mapping complex 

quantitative traits of economic significance in plants than 

conventional method of linkage mapping (Al-Maskri et al., 

2012). According to Blenda et al. (2006), there are various 

uses of microsatellites for breeders of plants. Some of these 

are selective breeding improvement, genetic diversity 

estimation, introducing novel genes into breeding germplasm 

from exotic germplasm, cultivar protection and locating 

qualitative and quantitative trait loci. For developing SSR 

markers, sequences flanking microsatellites, are considered 

and flanking sequences are conserved among individuals. 

Cotton is an important crop grown for having natural 

textile fiber directly and used as oil seed as by-product. It 

serves as the backbone of textile industry (Rahman et al. 

2012). Cotton has contributed significantly in economic 

development of Pakistan by contributing more than half of 

the total exports (GOP, 2010). Estimation of genetic 

relationships among crop species helps to provide 

information about genetic diversity. Accurate assessment of 

patterns and levels of genetic diversity can be very 

important in crop breeding for various applications 

(Mohammadi and Prasanna, 2003). This can be important to 

introduce genes of interest from diverse germplasm into the 

existing germplasm (Thompson et al., 1998). Studies have 
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been reported exhibiting more polymorphic potential of 

SSR markers than other molecular markers (Belaj et al., 

2003; Ferreira et al., 2004) and also have been reported for 

showing low diversity in cotton (Gutierrez et al., 2002; 

Rungis et al., 2005). 

Knowledge of genetic diversity is important in the 

context of gene pool selection for further breeding purposes 

and development of better cultivars. The present study was 

conducted using microsatellites, with the purpose to reveal 

the genetic diversity among cotton genotypes, estimation of 

relatedness and to characterize genotypes with distinct 

fingerprints. 

 

Materials and Methods 
 

Plant Materials 
 

Twenty commercial cotton genotypes/varieties collected 

from different research institutes in Pakistan belonging to 
G. hirsutum, were studied. The parentages and research 
institutes of genotypes/varieties are given in (Table 1). 
 

DNA Extraction 
 

Fresh leaves 2-3 days old, which were grown on the top of 

the branches not fully expanded (4-5 g) were taken from 

plants. For each variety, genomic DNA was extracted by a 

modified cetyl trimethyl ammonium bromide (CTAB) 

method (Iqbal et al., 1997). After extraction, quality of 

DNA was determined by running on 0.8% (w/v) agarose gel 

and DNA was quantified by NanoDrop-1000 version 3.3.1 

spectrophotometer (Nanodrop, USA). 

 

SSR Analysis 
 

A total of 31 microsatellite primers (BNL113, BNL116, 

BNL118, BNL119, BNL137, BNL150, BNL193, BNL226, 

BNL243, BNL252, BNL285, BNL390, BNL530, BNL542, 

BNL569, BNL580, BNL597, BNL598, BNL632, BNL673, 

BNL827, BNL834, BNL840, BNL852, BNL946, 

BNL1045, BNL1047, BNL1053, BNL1059, BNL1061, 

BNL1064) reported from Brookhaven National 

Laboratories (BNL) were chosen randomly across the cotton 

genome. The primer sequences were obtained from cotton 

marker database (http://www.cottonmarker.org/). They were 

custom synthesized by Gene Link Co. USA. 

In the PCR reaction mixture reagents (10X PCR 

Buffer (MgCl2+(NH4)2SO4), 50 mM MgCl2, (1.5+1.5) µL of 

each Primer (forward+reverse) in concentration of 30 

ng/µL, 2.0 µL of genomic DNA (30 ng/µL), 4.5 µL of 0.2 

Mm of total dNTPS and 0.3 µL Taq DNA polymerase in the 

concentration of 5 unit/µL) were mixed and final volume of 

20 µL was made by adding deionized double distilled water. 

Reagents were purchased from Fermentas, USA. 

Amplification reactions were carried out using the 

Eppendorf Mastercycler (Germany). Mastercycler was 

programmed to work in the sequence as initial denaturation 

at 94
o
C for 5 min, followed by 35 cycles of denaturing at 

94
o
C for 30 sec, annealing at 55

o
C for 30 sec and extension 

at 72
o
C for 1 min. Then a final extension at 72

o
C for 10 min 

and hold at 22
o
C until the tubes were removed. 

Concentration of PCR amplicons was illustrated using 

3.0% (w/v) high resolution agarose gel and polyacrylamide 

gel electrophoresis to separate them on molecular weight 
basis. Visualization was performed using ultraviolet 

transilluminatoar and gel pictures were photographed by 

using GeneSnap version 7.6.03 of Syngene gel 
documentation system and GeneTool analysis system. 

 

Data Analysis 
 

The molecular size of each fragment was estimated using 

Gene Ruler 100 bp DNA ladder plus (Fermentas, USA) as 

standard. These were compared with the fragment size 

Table1: List of cotton genotypes used in study and their origin 

 
Varieties Parentage Research Institute 

CIM-496 CIM-425 X 755-6/93 Central Cotton Research Institute, Multan 
4F Selection from stray plants of American Cotton Cotton Research Institute, Faisalabad 

LSS Selection from 4 F single plant Cotton Research Institute, Faisalabad 

289-F 4 F – Selection Cotton Research Institute, Faisalabad 
199-F Selection from 4-F-98 Cotton Research Station, Multan 

238-F 289 F/43 – selection Cotton Research Institute, Faisalabad 

218-F Unknown Unknown 
216-F 4 F – selection Cotton Research Institute, Faisalabad 

298-F Unknown Unknown 

L-11 181 F – Selection Cotton Research Institute, Faisalabad 
262-F Unknown Unknown 

ACD-4 Unknown Unknown 

MS-39 Natural hybrid in L 11 (Lasani 11) Cotton Research Station, Multan 

MS-40 A single variant selected from AC 252 Cotton Research Station, Multan 

149-F 124FxBabdal Cotton Research Station, Multan 

Qalandri (M 4 x G. anomalum) x Karnak Cotton Research Station, Tandojam 
B-557 268F x L 5 Cotton Research Institute, Faisalabad. 

K-68/9 199 F x Wilds Cotton Research Station, Ghotki 

MNH-93 389/65 x C 158 Cotton Research Station, Multan 
Rahmani G. hirsutum21xMcNaire-TH14920 Cotton Research Station, Tandojam 
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reported in the literature and scored as present (1) or absent 

(0). Both monomorphic and polymorphic primers were 

included in the analysis and only reproducible fragments 

were considered. The data were used to estimate genetic 

similarity on the basis of number of shared amplification 

products (Nei and Li, 1979). A dendrogram based on these 

similarity coefficients was constructed by using unweighted 

pair group method of arithmetic means (UPGMA). This 

similarity matrix was analyzed using numerical taxonomy 

and multivariate analysis system (NTSYS-pc 2.2) and 

clustered with UPGMA algorithm to determine the genetic 

relationships among the 20 cotton genotypes. 

 

Results 
 

Out of thirty one primer pairs, six were able to reveal 

genetic diversity among twenty cotton genotypes (Table 2). 

Six polymorphic primer pairs were used to determine the 

genetic variability in the twenty cotton genotypes. The DNA 

fragments were amplified in the range of 100-500 base 

pairs. Maximum number of loci (about 33) was amplified 

by MNH-93, while minimum (about 22) by 238-F. Average 

number of loci per genotype were about 28.9. A total of 38 

loci were amplified. Total number and percentage of 

informative loci were 14 and 36.8%, respectively while the 

total percentage of informative primers was 19.35%. 

Average number of loci per primer was 1.22. Different 

primers produced a different level of polymorphism among 

the different varieties (Fig. 1 and 2). Cluster analysis was 

performed based on similarity values (Fig. 3). The cluster 

analysis revealed significant genetic variation. The 

dendrogram from SSR analysis formed two major groups 

(Fig. 3). Cotton genotype 238-F remained isolated forming 

an out-group from the rest of the genotypes showing 

dissimilarity from the major group consisting rest of the 

genotypes. Based on genetic similarity, the major group 

comprising rest of the genotypes was further divided into 

two sub groups A and B. These two subgroups contained 

further sub-clusters. The genotypes present in the same sub-

cluster are more alike than others. Nei and Li’s coefficients 

ranged from 0.63 to 0.97, with an average of 0.80 

accounting for 50% variation among the 20 genotypes. Sub 

group A contained 11 genotypes whereas genotype 189-F 

remained isolated forming an out-group from the rest of the 

genotypes in this sub group whereas other sub-clusters are 

formed by genotypes CIM-496 and 4-F, LSS and 218-F, 

289-F and B-557 and the genotypes 216-F and Qalandri. 

Genotypes MNH-93 and K-68/9 were most similar to each 

other among the whole genotypes, accounting for similarity 

coefficient 0.97. These two genotypes are of same era. 

Sub group A contained 7 genotypes whereas genotype 298-

F remained isolated, forming an out-group from the rest of 

the genotypes in this sub group, whereas genotypes L-11 

and 149-F, 262-F and MS-39 formed sister groupings. 

ACD-4 and MS-40 were most dissimilar genotypes. 
 

Discussion 
 

Zhang et al. (2008) described that the recent development of 

cotton SSR markers in large amount has raised more effort 

in molecular characterization of cotton germplasm 

originating from particular cotton breeding programs in the 

world. Genetic diversity was observed among twenty cotton 

varieties by applying thirty one SSR markers in present 

studies. Six SSR markers were able to show genetic 

diversity among twenty cotton varieties. Total percentage of 

informative loci was 36.8% and total percentage of 

informative primers was 19.35%. It has been reported in 

earlier studies that SSR markers target only one locus at a 

time and are useful source of observing molecular 

diversity and phylogenetic relationship (Liu et al., 2006). 

There are many reports on efficient utilization of SSR 

markers in cotton (Rahman et al., 2002) Recently, simple 

sequence repeats have been employed efficiently for 

distinguishing cellulase synthase genes in cotton (Lin et al., 

Table 2: List of Polymorphic Primers 
 

Primer Name Product Size Range 

BNL150 121-131 bp 
BNL193 100-120 bp 

BNL 285 235-250 bp 

BNL 530 130-141 bp 
BNL 1047 148-176 bp 

BNL 1061 140-160 bp 

  

 

 

250bp 

200bp 

150bp 

    M    1   2    3    4  5    6   7   8   9  10 11 12 13 14 1516 1718  19 20  
 

Fig. 1: PAGE picture for 20 cotton varieties (V1-V20) with 

primer BNL1047. Varieties (V1 and V2, V5-V7, V17 and 

V20) CIM-496, 4F, 199-F, 238-F, 218-F, B-557 and 

Rahmani showed polymorphism 
  

 

 

500bp 

200bp 

100bp 

 
 

Fig. 2: Gel picture for 20 cotton varieties (V1-V20) with 

primer BNL193. Varieties (V6, V8-V10, V12, V15 and 

V16, V18 and V19) 238-F, 216-F, 298-F, L-11, ACD-4, 

149-F, Qalandri, K-68/9 and MNH-93 showed 

polymorphism 
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2012) and gene flow evaluation from upland to mocó cotton 

(Dantas et al., 2012). 

In the present study, six SSR markers were able to 

discriminate among different varieties but none of them was 

able to distinguish all the varieties. Markers showed a 

considerable genetic diversity among varieties. According to 

Powell et al. (1996), SSR loci give good discrimination 

between closely related individuals in some cases even when 

only a few loci are employed. SSR markers have proved 

beneficial for the diversity analysis in cultivars regenerated 

using tissue culture technique (Sheidai et al., 2012). 

In present study dendrogram showed a unique 

relationship among genotypes and therefore genotypes can 

be identified by relationship among themselves. MNH-93 

and K-68/9 are most similar among whole genotypes. The 

results of the present study can further be utilized for 

selection of parental genotypes for breeding programs to 

develop better genotypes. 

In conclusion, the results indicated less genetic 

diversity among genotypes. The information, we gained in 

the present study provides us a useful guidance for cotton 

breeding programs. The cultivars used in this study can be 

used as parents for broadening the genetic base and also can 

be used for the evolution of new high yielding varieties to 

increase the productivity and quality of cotton. 
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Fig. 3: Dendrogram of 20 cotton genotypes developed 

from SSR data using the unweighted pair group method of 

arithmetic means (UPGMA). The scale represents the Nei 

and Li's coefficients of similarity 



 

Ehsan et al. / Int. J. Agric. Biol., Vol. 15, No. 5, 2013 

 972 

Rahman, M., T. Shaheen, N. Tabbasam, M.A. Iqbal, Y. Zafar and A.H. 

Paterson, 2012. Cotton genetic resources- A review. Agron. Sustain. 
Dev., 32: 419–432 

Rahman, M., T.A. Malik, N. Aslam, M. Asif, R. Ahmad, I.A. Khan and Y. 

Zafar, 2002. Optimization of PCR conditions to amplify 
microsatellite loci in cotton (Gossypium hirsutum L.) genomic DNA. 

Int. J. Agric. Biol., 4: 282–284 

Rana, M.K., V.P. Singh and K.V. Bhat, 2005.Assessment of genetic 
diversity in upland cotton (Gossypium hirsutum L.) breeding lines by 

using amplified fragment length polymorphism (AFLP) markers and 

morphological characteristics. Genet. Resour. Crop Evol., 52: 989–
997 

Rungis, D., D. Llewellyn, E.S. Dennis and B.R. Lyon, 2005. Simple 

sequence repeat (SSR) markers reveal low levels of polymorphism 
between cotton (Gossypium hirsutum L.) cultivars. Aust. J. Agric. 

Res., 56: 301–307 

Sheidai, M., Z. Noormohammadi, F.S. Jeshvaghani, S.G. Baraki, F. 

Farahani and O. Alishah, 2012. Simple sequence repeat (SSR) and 
inter simple sequence repeat (ISSR) analyses of genetic diversity in 

tissue culture regenerated plants of cotton. Afr. J. Biotechnol., 11: 

11894–11900 
Tautz, D. and M. Renz, 1984. Simple sequences are ubiquitous repetitive 

components of eukaryotic genomes. Nucleic Acids Res., 12: 4127–

4138 
Thompson, J.A. and R.L. Nelson, 1998. Utilization of diverse germ- 

plasmfor soybean yield improvement. Crop Sci., 38: 1362–1368 

Xu, Q.H., X.L. Zhang and Y.C. Nie, 2001. Genetic diversity evaluation of 
cultivars (G. hirsumtum L.) from the Changjiang river valley and 

Tellow river valley by RAPD markers. Acta Genet. Sin., 28: 683–690 

Zhang, H., Y. Li, B. Wang and P.W. Chee, 2008. Recent advances in cotton 
genomics. Int. J. Plant Genomics, 2008: 742304 

 

(Received 11 August 2012; Accepted 07 may 2013) 


