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ABSTRACT 
 

DNA markers application in marker-assisted breeding of cotton is handicapped due to low genetic 
diversity in cotton germplasm. The present study was designed to identify DNA markers, 
predominately simple sequence repeats (SSRs), associated with tolerance/resistance to heat stress 
as a consequence of boll shedding. To find out the genetic diversity a total of 24 cotton genotypes 
and 50 SSR primers were used. Total 288 alleles were produced with an average of 5.7 alleles per 
primer. Bootstrap cluster analysis used to generate a dendrogram that cluster the 24 accessions 
into two main clusters. Eleven out of 24 genotypes fall in a single cluster. Phenotypically H-4074 
gives more diversity, while genotypically H-4074 sheared the same genetic background as H-4070, 
H-4091 and H-4090. Low genetic diversity was observed among both genotypic and phenotypic as 
maximum varieties fall in single group. This study helps for selecting diverse accessions with 
multiple phenotypic traits, which were drought to boll shedding. It suggests further elaborating the 
molecular genetic diversity by using new SSR marker to improve the yield of cotton cultivars. These 
preliminary results set the stage for initiating in depth marker-trait association studies, which will be 
instrumental for initiating marker-assisted breeding in cotton. 
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1. INTRODUCTION 
 
Cotton (Gossypium spp.) is considered as the 
foremost natural fiber and oil source worldwide. It 
is indigenous to subtropical and temperate areas 
of 80 countries around the world [1]. Cotton is 
classified in the genus Gossypium and family 
Malvaceae [2]. The genus Gossypium comprised 
about 50 species globally [3]. Economic impact 
of cotton around the world is about $ 500 billion 
per year.  Cotton has different essential tasks for 
example, give oil that is healthy for eaten, seed 
cake and good quality fabric. Gossypium genus 

contains 45 diploid species of cotton and 5 
allotetraploid species [4]. There are four 
genotypes mostly used to cultivate, counting two 
diploids, G. arboreum L and G. herbaceum L. 
gives two percent of the world's cotton while two 
tetraploids species Gossypium hirsutum (G. 
hirsutum) that contribute about ninety percent 
and G. barbadense yield eight percent  [5]. The 
most cultivated species is G. hirsutum cotton. It 
has highly extensive adaptability and increased 
product yield. These four varieties of cotton are 
reported round about greater than 95% of cotton 
producing all over the world [6]. 
 
Cotton farming is subsequently widespread, it 
comprised 32-34 million hectares worldwide in 
2016 (USDANASS) [7]. Cotton production in 
2016 around the world was 103.17 million bales. 
Cotton production plays an essential role in 
strong economy of Pakistan as it holds 1.0% 
share in GDP value of Pakistan. It was estimated 
that round about 1.5 million peoples of Pakistan 
income resource is farming cotton. The world’s 
fourth large cotton producing country is Pakistan 
[8]. Despite its economic value, unfortunately the 
cotton yield in Pakistan among this year 
becomes low. Now it is the current requirement 
of Pakistan to sort out some recent cotton 
cultivars which are most resistant to any 
environmental state, gives better quality and high 
yield to meet the enough demand of textile fiber 
[9]. These can even better tolerate against biotic 
and abiotic stresses [10]. 
 
 Researchers thought that fiber and yield traits 
are main goals for better development and 
improvement in cotton quality. For this purpose, 
Marker selection considered to be a recent 
technique over genetic engineering for improving 
crop plants. Markers are the specific landmarks 
or DNA tags to identify the certain other position 
of the DNA. These are special landmarks that 
show behavior similar to other landmarks of 
genome, concerned with expression or 

phenotype [11]. So, markers are used to identify 
such sequence of DNA that are not known. 
Hence the DNA markers are the enriched 
genomes assets which are used for getting the 
advanced worth and yield of cotton [12]. There 
are various numbers of markers used for various 
reasons, like they can differentiate among 
dominant and co-dominant loci, homozygosity 
and heterozygosity of particular trait under study. 
Among all of the markers co-dominant markers 
are more beneficial [13]. There is an undeniable 
need for highly polymorphic molecular markers if 
progress in plant breeding is to be made. 
Molecular marker technologies can be classified 
into hybridization based, PCR based and 
sequenced based markers on the basis of their 
working mechanism. Among these, PCR-based 
markers, simple sequence repeats 
microsatellites (SSRs) represent the major class 
of markers in cotton genomics due to their high 
utility and exploitation. These are repetitions in 
genome ranging from 2 to 5 nucleotides and 
randomly repeated 5-50 times. For a genomic 
characterizations and consistent estimation of 
gene diversity, SSR (simple sequence repeat) 
markers are one of the best option of markers as 
their high genome exposure, co-dominant 
inheritance, sufficient informative character, 
comparative abundance, multi-allelic character 
and their reproducibility have been generally 
used in cotton expansion [14]. Simple sequence 
repeat (SSR) markers are mainly categorized 
into expressed sequence tag (EST)-SSR and 
genomic SSRs (gSSRs) [15]. Understanding of 
the genetic relationships among plant genotypes 
is significant to know the complexity of available 
germplasm, to discover the differences in 
available genotypes and to build up useful 
conservation plans. 
 
The purpose of this study is to obtain the high 
yield and good quality cotton varieties for stable 
economic status of the Pakistan and 
identification of lines with different genotypes of 
cotton germplasm by decreased boll shedding 
and improved yield in cotton. This study will 
reveal the number of good quality SSR markers 
for reduction of boll shedding and improved the 
yield of cotton. 
 

2. MATERIALS AND METHODS 
 

2.1 Cotton Material 
 
We obtained seeds of 24 genotypes of G. 
hirsutum two varieties 12 heat-tolerant and 12 
heat-susceptible from Central Cotton Research 
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Institute (CCRI) Multan, Pakistan. Heat tolerant 
genotypes were selected and grown in field of 
the Faculty of Agriculture Sciences and 
Technology Bahauddin Zakariya University, 
Multan.  
 

2.2 Genomic DNA Extraction and 
Quantification 

 
Fresh leaf specimens were taken from 10 
particular plants of each variety. The extraction of 
DNA was carried out by using CTAB protocol 
[16]. DNA quality and quantity was analyzed by 
using 0.8% Agarose gel electrophoresis. 
 

2.3 Molecular Markers 
 
A total of 50 SSR primers were used to identify 
polymorphisms among the 24 cotton genotypes. 
The sequence of each primer was obtained from 
Cotton Marker Database [17]. These primers 
were design from Oligo Humanizing Genomics 
Macrogen.  
 

3. RESULTS  
 

3.1 Genotypic Analysis 
 
3.1.1 Allele number 
 
Genetic analysis of boll shedding between the 24 
genotypes of G.hirsutum was evaluated through 
utilizing 50 SSR primers which randomly cover 
the entire genome. With the help of these 
markers over-all 288 loci were amplified with an 
average of 5.7 loci of each SSR primer. The 
allele range of primers was found from one to 
eight. Seven SSR markers (JESPER 153, BNL-
2448, NAU-2838, NAU-5465, NAU-4042, DPL-
0323 and DPL-0519) were amplified the 
maximum number of bands (8) while the 
minimum number of loci were amplified (4 band) 
by 10 primers (BNL-2662, BNL-1066, BNL-3948, 
NAU-5269, NAU-2715, DPL-0079, NAU-2161, 
BNL-2449, BNL-2709 and NAU-4105). Average 
size of band was among 100 to 500 bp. 
 
3.1.2 Genetic frequency 
 
To evaluate the gene diversity of 24 genotypes of 
cotton, power marker v 3.25 was operated. 
Having the mean 0.62 gene variability, was 
fluctuated from 0.00 (NAU2714, NAU1371) 
towards 0.93 (JESPER153). Although seven 
SSR primers (NAU4042, NAU5121, NAU1070, 
BNL1672, NAU2868, JESPER153, NAU3141) 

contributed the gene diversity at extreme point 
concerning boll shading as compared to other 
primers (SSR markers) having a gene diversity 
value 0.84, 0.85, 0.86, 0.88, 0.84, 0.93, 0.85 
correspondingly. Least gene diversity was 
assessed among no three primers (NAU2714, 
NAU1371 and NAU1367) with value of 0.00, 0.00 
and 0.15 respectively as given in Table 1. 
 
3.1.3 PIC 
 
In the assembly of genetic maps and molecular 
tagging, SSRs have been effectively utilized. 
Highest polymorphism was revealed in 
(JESPER153) having value (PIC) of 0.92, after 
that (BNL1672, NAU1070, NAU5121, NAU4042) 
having value of 0.87, 0.85, 0.84, 0.83 
correspondingly. Least polymorphism stayed 
experiential in (NAU2714, NAU3172 and 
NAU3167) having a PIC value of 0.00, 0.14, and 
0.14. The mean value of PIC is 0.59 of all traits 
that were observed as given in Table 1. 
 
3.1.4 Similarity index 
 
A similarity matrix utilizing procedure was 
developed to set a level of similarity among the 
24 genotypes. The average pair-wise similarity 
was found to be 0.76 fluctuated from 0.32 to 
0.89. Least similarity was estimated amongst 
BH-160 and CYTO-124 (0.89), CRIS-134 and 
CYTO-124 (0.87) while maximum similarity was 
obtained between H-4090 and H-4091 (0.32). 
Genotypes like CIM-602, CIM707, CIM534, 
MNH886, HV-4088, HV-325, H-4091, H-4070 
and FH-114 sheared common similarity index of 
(0.76) as given in Table 2. 
 
3.1.5 Phylogenic tree 
 
In order to approximate the genetic variation 
present among all studied clusters, a Ward’s 
dendrogram was constructed given in Fig. 1 as 
described previously [18]. The dendrogram 
showed the presence of wide variation among 
the clusters suggesting high variability among 
genotypes. Based on the phylogenetic cluster 
given in Fig. 1 and Ward’s dendrogram analyses, 
all the accessions are clustered into two main 
clusters as A and B. 
 
Cluster A contains 5 accessions and sub divided 
into two sub cluster named as A1 and A 2. Sub 
group A1 contained isolated CYTO-608 while A2 
further separated into sub-sub group (A2-a) 
comprising variety CIM-600 and (A2-b) more 
divided into sub-sub group (A2-b-i) contained 
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CYTO-124 and (A2-b-ii) contained two varieties 
CIM-534 and CIM-602. Cluster B contains 19 
genotypes by dividing into sub groups B1 and 
B2. Sub groups B1contains only one genotype 
HV-325.Sub group B2 more divided into (B2-a) 
and (B2-b). Sub-sub group (B2-a) is additionally 
distributed into two sub groups (B2-a-i) and (B2-
a-ii). Sub-sub group (B2-a-i) contains only one 
genotype i.e.BT-121, while sub-sub group (B2-a-
ii) is further sub-divided into two groups(B2-a-ii-a) 
contains one genotype i.e. CIM-554 and (B2-a-ii-
b) contains the FH-114 genotype. Sub-sub group 
(B2-b) is further divided into (B2-b-i) and (B2-b-
ii). Sub group (B2-b-i) is further divided into (B2-
b-i-a) having only one variety i.e. CEMB-88 and 
(B2-b-i-b) contains HV-4088. 
 
Sub-sub group (B2-b-ii) is further sub-divided into 
(B2-b-ii-a) and (B2-b-ii-b). Sub group (B2-b-ii-a) 

is sub-divided into (B2-b-ii-a-i) contains one 
genotype i.e. CIM-707 and (B2-b-ii-a-ii) further 
divided into (B2-b-ii-a-ii-á) having variety CIM-
506 and (B2-b-ii-a-ii-ᵬ) having a variety MNH-
786.(B2-b-ii-b) is further divided into two groups 
that are (B2-b-ii-b-i) and (B2-b-ii-b-ii). Sub group 
(B2-b-ii-b-i) is further two sub-divided into sub 
groups that are (B2-b-ii-b-i-á) contains two 
genotypes named as H-4090 and H-4091 and 
(B2-b-ii-b-i-ᵬ) contains two genotypes named as 
H-4070 and H-4074. 
 
Sub group (B2-b-ii-b-ii) is further divided into two 
sub groups (B2-b-ii-b-ii-a) which is also further 
divided into two sub groups (B2-b-ii-b-ii-a-i) 
contains only one variety named as BH-160 and 
(B2-b-ii-b-ii-a-ii) contains two genotypes named 
as CIM-482 and CIM-496. 
 

 
Table 1. SSR polymorphism revealed by 50 SSR primer pairs 

 

Marker Allele 
frequency 

Gene 
diversity 

PIC Marker Allele 
Frequency 

Gene 
diversity 

PIC 

NAU-5270 0.4167 0.7014 0.6548 NAU-5046 0.4583 0.7326 0.7064 
NAU-2437 0.7500 0.4271 0.4153 BNL-1672 0.2083 0.8889 0.8791 
NAU-2714 1.0000 0.0000 0.0000 BNL-3948 0.5417 0.6563 0.6251 
BNL-2651 0.3750 0.7569 0.7221 NAU-5269 0.5417 0.5903 0.5208 
JESPER-153 0.1250 0.9306 0.9263 NAU-5465 0.2917 0.8299 0.8097 
NAU-2868 0.2917 0.8403 0.8233 NAU-3911 0.3333 0.7708 0.7382 
NAU-980 0.5417 0.6701 0.6478 BNL-4096 0.4583 0.7083 0.6714 
BNL-2448 0.5833 0.6250 0.6005 NAU-4042 0.2500 0.8472 0.8318 
NAU-2838 0.6667 0.5069 0.4633 NAU-2715 0.5417 0.6563 0.6252 
BNL-2662 0.8750 0.2188 0.1948 BNL-3502 0.4167 0.7500 0.7191 
BNL-3442 0.2500 0.7986 0.7698 DPL-0079 0.8333 0.2951 0.2806 
NAU-2954 0.2917 0.7882 0.7566 DPL-0323 0.5417 0.6806 0.6647 
NAU-3414 0.2083 0.8472 0.8281 DPL-0519 0.7083 0.4826 0.4668 
NAU-1070 0.2500 0.8681 0.8557 JESPER-

36 
0.6250 0.5903 0.5751 

JESPER-134 0.3333 0.8021 0.7777 NAU-5121 0.2917 0.8472 0.8322 
BNL-1066 0.3750 0.7396 0.6993 NAU-2095 0.5417 0.6667 0.6420 
NAU-1366 0.5652 0.4915 0.3707 BNL-3171 0.3750 0.8021 0.7836 
NAU-1367 0.9130 0.1588 0.1462 JESPER-

292 
0.3750 0.7569 0.7211 

NAU-1368 0.7826 0.3403 0.2824 JESPER-
101 

0.6667 0.5243 0.4959 

NAU-1369 0.7826 0.3403 0.2824 JESPER-
110 

0.4167 0.7083 0.6611 

NAU-1370 0.7391 0.3856 0.3113 JESPER-
274 

0.3750 0.7639 0.7322 

NAU-1371 1.0000 0.0000 0.0000 BNL-786 0.4167 0.6667 0.6057 
NAU-1372 0.9130 0.1588 0.1462 NAU-998 0.8750 0.2292 0.2212 
NAU-2836 0.2917 0.7986 0.7690 NAU-2161 0.4167 0.7743 0.7541 
NAU-5172 0.7500 0.4167 0.3929 BNL-2449 0.7083 0.4514 0.4040 
BNL-827 0.4167 0.6667 0.6057 BNL-2709 0.4583 0.6319 0.5606 
NAU-4105 0.3750 0.7222 0.6775 BNL-3103 0.2917 0.8299 0.8100 
Mean 0.5057 0.6213 0.5906 Mean 0.5057 0.6213 0.5906 
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Table 2. Similarity index of 24 cotton genotype 
 

 
 

BH-160 BT-121 CEMB-66 CEMB-88 CIM -534 CIM-482 CIM-496 CIM-506 CIM-554 CIM-600 CIM-602 CIM-707 CRIS-134 CYTO 124 CYTO-608 FH-114 H-4070 H-4074 H-4090 H-4091 HV-325 HV-4088 MNH -786 MNH-886

BH-160 0.0000

BT-121 0.7679 0.0000

CEMB-66 0.5000 0.6786 0.0000

CEMB-88 0.6429 0.6607 0.6250 0.0000

CIM -534 0.7321 0.6786 0.7679 0.7321 0.0000

CIM-482 0.4286 0.6964 0.5536 0.5893 0.7500 0.0000

CIM-496 0.4107 0.6429 0.4643 0.6429 0.7679 0.3750 0.0000

CIM-506 0.5893 0.6964 0.6071 0.6607 0.7500 0.5179 0.5179 0.0000

CIM-554 0.7321 0.5357 0.6786 0.6429 0.7321 0.6250 0.6071 0.5714 0.0000

CIM-600 0.7321 0.6250 0.6964 0.6429 0.6607 0.6786 0.7143 0.7500 0.7679 0.0000

CIM-602 0.7679 0.6607 0.8036 0.7500 0.6071 0.7857 0.7679 0.8393 0.6964 0.6429 0.0000

CIM-707 0.7321 0.6786 0.6964 0.6071 0.8036 0.6607 0.5893 0.4821 0.5893 0.6607 0.7679 0.0000

CRIS-134 0.4821 0.6786 0.4286 0.6786 0.7321 0.5536 0.4286 0.6429 0.7321 0.7321 0.7857 0.6964 0.0000

CYTO 124 0.8980 0.7755 0.7959 0.7755 0.6122 0.7755 0.8163 0.7959 0.8367 0.6939 0.6531 0.7347 0.8776 0.0000

CYTO-608 0.8214 0.7321 0.8036 0.8214 0.7143 0.8036 0.8393 0.7857 0.7857 0.7321 0.6964 0.8571 0.8214 0.7143 0.0000

FH-114 0.6964 0.5536 0.5893 0.6071 0.7321 0.6964 0.6250 0.5714 0.5179 0.6607 0.7679 0.6429 0.6250 0.8163 0.8393 0.0000

H-4070 0.5536 0.6250 0.5893 0.5893 0.7679 0.4821 0.3750 0.4821 0.5714 0.7143 0.7679 0.5357 0.5893 0.7959 0.8393 0.6607 0.0000

H-4074 0.5893 0.6607 0.5357 0.6071 0.7857 0.6071 0.5357 0.5714 0.6607 0.6964 0.7857 0.5714 0.5179 0.8367 0.8393 0.6429 0.3571 0.0000

H-4090 0.6250 0.6429 0.5000 0.5893 0.7857 0.5714 0.5179 0.5714 0.6607 0.6786 0.8036 0.6250 0.5357 0.8163 0.8214 0.6071 0.4821 0.4464 0.0000

H-4091 0.5714 0.6429 0.5357 0.5893 0.8036 0.5179 0.4643 0.5536 0.6786 0.6786 0.7679 0.6607 0.5179 0.8367 0.7679 0.6250 0.4286 0.3750 0.3214 0.0000

HV-325 0.7679 0.7143 0.7679 0.5536 0.6607 0.7679 0.7857 0.7321 0.7679 0.7679 0.7679 0.7500 0.7321 0.8163 0.7679 0.7321 0.6964 0.6607 0.7143 0.6964 0.0000

HV-4088 0.6250 0.6786 0.6071 0.5357 0.7679 0.5714 0.5893 0.5893 0.6071 0.6964 0.8571 0.5714 0.6250 0.8367 0.7679 0.6429 0.5357 0.5714 0.5357 0.5893 0.6964 0.0000

MNH -786 0.5714 0.5893 0.5536 0.5357 0.7321 0.5357 0.4821 0.4286 0.6607 0.6786 0.8036 0.5179 0.5893 0.7755 0.8214 0.5536 0.4464 0.5179 0.4464 0.4821 0.6071 0.5179 0.0000

MNH-886 0.4643 0.7143 0.3750 0.6607 0.7321 0.4821 0.4286 0.5357 0.6786 0.7321 0.7679 0.7143 0.4464 0.8367 0.8214 0.6786 0.5357 0.5714 0.5714 0.5000 0.7321 0.6071 0.5893 0.0000
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Fig. 1. Bootstrap NJ tree showing genetic relationship among 24 G. hirstum accessions by 
SSR markers 

 
Sub-group (B2-b-ii-b-ii-b) is further divided into 
two groups that are (B2-b-ii-b-ii-b-i) contains only 
one genotype named as CRIS-134 and (B2-b-ii-
b-ii-b-ii) contains two genotypes named as 
CEMB-66 and MNH-886.  
 

4. DISCUSSION AND CONCLUSION 
 
The total 288 alleles were effectively amplified. 
The range was 4 to 8 alleles and mean was 5.7 
alleles for each primer. It is combinely 76% 
instructive. The mainly informative primer was 
JESPER-153 that gives the polymorphism up to 
92%. BNL-1672 formed 7 bands and 
accountable for 87% polymorphism. 
Approximately 7 primers NAU-1070, NAU-4042, 
NAU-5121, NAU-3414, NAU-2868, BNL-3103 
and BNL-3410 are informational than 80%, 
however one was capable to distinguish the 
entire varieties. Followed by SSR makers be able 
to be given away major genetic assortment 

amongst closely connected genotypes still when 
a small number of loci are utilized. SSR markers 
represent large quantity of genetic differences 
amongst similar genotypes [19]. 
 
The similarity matrix from SSR markers, which 
were computed to construct a phylogenetic 
bootstrap neighbor joining tree based on Nei 
1973 resemblance index was separated the 24 
genotypes under research into diverse clusters 
according to phylogenic resemblance. Two main 
clusters are created base on parentage i.e. 
tolerant and susceptible cotton varieties. Our 
results revealed that H-4090, H-4091, H-4070 
and H-4074 have strong genetic association and 
fall in the same group. In our results CYTO-608, 
CIM-600, CYTO-124, CIM-534 and CIM-602 
sheared the same cluster. These results describe 
the cultivars of cotton which are genotypically 
more stable regarding cotton boll shedding 
tolerant. 
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