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Abstract: Cotton plant is an important crop cultivated under biotic and abiotic stress conditions 

worldwide. The best way to avoid the harmful effects of chemicals used to combat these stresses is 

to develop tolerant or resistant varieties in plant breeding programs. In the present study, some of 

Upland cotton varieties were screened with 20 polymorphic SSR primers, and their population 

structure and genetic diversity analysis were examined. 17 SSR primers amplified 99 alleles with a 

5.82 allele per locus. The mean PIC value of the markers was 0.312. The highest PIC value (0.491) 

belongs to the Nau3736 SSR marker while Bnl1611 and Bnl3449 markers had the lowest PIC value 

(0.105). The Genetic Distance (GD) values of the markers varied between 0.26 and 1.09. The highest 

GD values were between Sure Grow 96 and Carmen, Sealand-542 and Siokra ¼, and between 

Sphinx V and Stoneville-453 cultivars. As a result, the genetically distant cultivars (Acala maxxa, 

Carmen, Aleppo 40, Siokra ¼, and Tex) can be recommended to use as parents in Marker-assisted 

selection (MAS) technology to develop new cotton varieties which are resistant or tolerant to stress 

factors.  

 

 

SSR Markörleri Kullanılarak Bazı Upland Pamuk (Gossypium hirsutum L.) Genotiplerinin 

Genetik Çeşitlilik Analizlerinin Yapılması 
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Öz: Pamuk bitkisi dünya genelinde biyotik ve abiyotik stres koşullarında yetiştirilen çok önemli bir 

tarla bitkisidir. Bu stres koşullarıyla mücadelede kimyasal ilaçlarının olumsuz etkilerinden 

kaçınmanın en etkili yolu, bitki ıslah metodlarıyla biyotik ve abiyotik stres faktörlerine 

dayanıklı/tolerant yeni bitki çeşitlerini geliştirmektir. Bu çalışmamızda bazı upland pamuk 

genotipleri 20 adet polimorfik SSR primerleriyle taranmış, populasyon yapıları ve genetik çeşitlilik 

analizleri yapılmıştır. 17 SSR primeri lokus başına 5.82 allel olmak üzere totalde 99 allel üretmiştir. 

Markörlerin ortalama PIC değerleri 0.312 olmuştur. En yüksek PIC değeri (0.491)’ni Nau3736 SSR 

marköründe elde edilirken, en düşük PIC değeri (0.105) Bnl1611, Bnl3449 markörlerinde elde 

edilmiştir. Markörlerin genetik mesafe değerleri 0.26 ile 1.09 arasında değişmiştir. En yüksek 

genetik mesafe Sure Grow 96 ve Carmen, Sealand-542 ve Siokra ¼ ile Sphinx V ve Stoneville-453 

arasında ölçülmüştür. Sonuç olarak, genetik olarak birbirinden uzak olan çeşitler (Acala maxxa, 

Carmen, Aleppo 40, Siokra ¼, and Tex), stres faktörlerine karşı dirençli çeşit geliştirme teknolojisi 

olan Markör Destekli Seleksiyon (MAS) ıslah programına ebeveyn olarak kullanılabileceği güçlü 

bir şekilde önerilmektedir. 

 

 
1. INTRODUCTION 

 

Cotton (Gossypium spp.) is an important crop as a source 

of natural fiber and oil. It covers 35% of the fiber used 

worldwide. There are about 50 species of cotton, and 45 of 

these are known to be diploids (2n = 2x = 26), and 5 are 

allotetraploid (2n = 4x = 52) [1].  The most common 

diploid ones are G. arboreum L. and G. herbaceum L. with 

AA (2n = 2x = 26) genome group, and the tetraploid ones 

are G. hirsutum L. and G. barbadense L. with AADD (2n 

= 4x = 52) genome group [2]. 

 

Approximately there are 20 diseases, pests, and harmful 

stress factors that reduce the yield, quality, and restrict 

cotton cultivation worldwide.  Particularly, more than 

41% of the yield loss is due to biotic factors such as insects 

(15%), weeds (13%), and other harmful pathogens [3].  To 
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combat such stress factors, Cook. [4]. has proposed four 

possibilities: (i) breeding new tolerant or resistant 

varieties, (ii) developing a healthy root environment, (iii), 

increasing the quality of water, and (iv) protecting the 

plants from airborne threats. Developing tolerant/resistant 

genotypes against biotic and abiotic stress conditions are 

more environmentally safe compared to chemicals that 

pollute the atmosphere.  

 

Corresponding to recent climate changes, the 

identification of desired alleles at QTL underlying 

tolerance/resistance to biotic and abiotic stresses is a 

primary breeding strategy for improving crop productivity 

and production under stress conditions [2;5]. The strategy 

involves germplasm screening, QTL mapping, and the 

development of DNA markers linked to QTL. Marker-

assisted selection (MAS) in breeding programs has been 

applied to introduce the desired alleles into the genetic 

backgrounds of elite varieties [6]. 

 

Fundamental studies on quantitative traits associated with 

stress tolerance/resistance are necessarily required to 

apply marker-assisted selection to practical crop breeding. 

On the other hand, diversity studies may contribute to 

screening desired genotypes as parents for crossing but 

cannot directly contribute to breeding through marker-

assisted selection.  When a broad range of diverse 

germplasm and genome-wide DNA markers are used for 

the analysis, genome-wide association mapping using 

genotypic and phenotypic data is applicable to identify 

chromosomal regions involving QTL/genes conferring 

target traits [7; 8; 5; 9]. 

 

Genetic diversity comes from the allelic variation in the 

genome (insertion, deletions in DNA) and constitutes the 

basis of Marker-assisted breeding. Genetic diversity and 

the selection of parents play important roles in terms of the 

level of variation, and heterosis (hybrid vigor), hybrid 

strength, molecular breeding, and in obtaining cotton 

genotypes tolerant or resistant to diseases and pests, early 

with high efficiency. To achieve this, molecular markers 

that measure the genetic diversity at the DNA level must 

be employed [5; 9]. DNA markers can be classified as 

sequence-based (SNP, Single Nukliotit polymorphism), 

hybridization-based (RFLP, Restriction Fragment Lenght 

Polymorphism), and PCR-based markers (RAPD, 

Randomly Amplified Polymorphic DNA; AFLP, 

Amplified Fragment Lenght Polymorphism; SSR, Simple 

Sequences Repeats) [10]. Genetic markers are used for 

predicting the genetic diversity in wild and designed 

populations [11; 12; 13], Quantitative Trait Loci (QTL) 

and association mapping [7; 8; 14; 15; 16], pedigree 

analyses [17], heterotic group classification [18; 19], and 

for the protection of genotype rights [20].  

 

The Simple Sequence Repeat (SSR) (Microsatellites or 

Short tandem repeat) molecular markers were used in the 

genetic diversity analyses because they have a high ability 

to show genetic differences between cotton genotypes, 

they are present in all eukaryotic cells, show uniform 

distribution throughout the genome, provide the 

opportunity to determine genetic diversity, are repeatable, 

allow working on low DNA samples amount, are cheap 

and co-dominant, and give reliable results. SSR markers 

are in 1-4 to 1-6 nucleotide length [21; 22; 23; 24; 25]. 

Bertini et al. [26] reported that they obtained 66 alleles in 

total, with an average of 2.13 alleles per locus in her 

genetic diversity with 53 cotton varieties using 31 SSR 

markers. Liu et al. [27] reported that they obtained 165 

polymorphic DNA fragments in a study using SSR 

markers on Asian cotton (Gossypium arboreum L.), and 

the genetic similarities of the accessions were between 

0.58 and 0.87. The development of new varieties against 

biotic and abiotic stress factors increased the quality, 

germination, emergence, seedling, growing, and yield of 

cotton [28; 29; 30; 31]. 

 

Some important parameters must be known about the 

individuals that will be used as parents in developing new 

varieties with the breeding method. Genetic differences 

and the degree of these differences among the genetic 

materials that will be used in the breeding program have 

critical importance in variety breeding. Islam et al. [32] 

reported that a high rate of stability was observed in yield 

in some regions because of the use of germplasm sources 

as breeding materials, where genetic diversity is very 

small. Therefore, genotypes to be used in plant breeding 

should be analyzed to determine their kinship degrees and 

those have close kinship degree is not recommended to use 

in plant breeding program. 

 

The present study was conducted to determine the genetic 

diversity between upland cotton (Gossypium hirsutum L.) 

germplasm and examine population structure using 20 

SSR markers. 

 

2. MATERIALS AND METHOD 

 

2.1. Plant Materials 

 

A total of seventeen upland (G. hirsutum L.)  cotton 

genotypes belong to the AD1 genome group collected from 

different countries (The USA, Syria, Turkey, Australia, 

Albania) used for genetic diversity analysis, in 

Kahramanmaras Sutcu Imam University, Faculty of 

Agriculture, Department of Agricultural Biotechnology, in 

Kahramanmaraş City-Turkey. 

 

2.2. DNA Extraction, and Visualization Genomic DNA 

 

From the young leaves, 0.5 g amount picked up at the 3-4-

leaf stage, from each genotype with sterile scissors. The 

samples were then washed with distilled water (dH2O) and 

ethanol and placed in plastic tissue bags in thermally 

insulated containers with -80oC dry ice during transport to 

the laboratory and were kept in the -80ºC freezer until 

DNA isolation. The Genomic DNA isolation protocol 

Centyltrimeyhtlaminiumbromide (CTAB) was developed 

by Doyle and Doyle. [33] was modified and used in this 

study. 

 

2.3. SSR Amplification  

 

Amplification with PCR and gel electrophoresis stage was 

performed according to Zhang and Stewart. [34]. The PCR 

protocol consisted of incubating at 94ºC for 5 min, then 34 
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cycles of at 94ºC for 1 min, at 60ºC for 1 min and 72oC for 

2 min; later at 72ºC for 7 min. A reaction volume of 15 μL 

was used for each PCR process. In PCR reaction mixture, 

there were 0.75 μL dNTP (Conc.10 mM), 1.5 μL 10X PCR 

buffer, 1 μL forward primer, 1 μL reverse primer, 0.5 μL 

Taq DNA polymerase enzyme (Conc.5 μL, 2 μL template 

DNA (Conc. 25ng/μL), 8.25 μL ddH2O (double-distilled) 

components [35]. 

 
Table 1. Information about Simple sequence repeat (SSR) used in this study

Primer  

Name 

Species, 

 Germplasm 

 

Chromosome 

Repeat  

motif 

 

Publication 

BNL1079 G. hirsutum L, Deltapine 90 AD_chr.18 (CA)11 (GT)11 Mei et al. [36]. 

BNL1604 G. hirsutum L, Deltapine 90 AD_chr.7-16 (AG)25 Mei et al. [36]. 

BNL3449 G. hirsutum L, Deltapine 90 AD_chr.18 (AC)15, (TC)6T (AC)15G(CA)2 Yu et al. [37]. 

BNL3479 G. hirsutum L, Deltapine 90 AD_chr.18 (AC)15(TC)6T(AC)15 G(CA)2 Yu et al. [37]. 

BNL2571 G. hirsutum L, Deltapine 90 AD_chr. 13-18 (AG)13, (TC)13 Yu et al. [37]. 

BNL1611 G. hirsutum L, Deltapine 90 AD_chr.19 (AG)12 Yu et al. [37]. 

CIR 0141 G. hirsutum L Guazuncho-2 AD_chr.07-16 (TG)30 Nguyen et al.[38]. 

CIR0253 G. hirsutum L, Guazuncho-2 AD_chr.5-19-22 (TC)15, (N)8(A C)5(N)7(CA)8 Nguyen et al. [38]. 

CIR0099 G. hirsutum L, Guazuncho-2 AD_chr.18-25 (GT)8 Nguyen et al. [38]. 

NAU3736 Gossypium raimondii AD_chr.01-15 (GTA)6 Guo et al. [39]. 

NAU2714 Gossypium raimondii AD_chr.6-25 (TTA)7 Guo et al. [39]. 

NAU4024 Gossypium raimondii AD_chr.14 (GTC)6 Guo et al. [39]. 

NAU2761 Gossypium raimondii AD_chr.02-17 (TTAA)6 Guo et al. [39]. 

NAU2173  G. hirsutum L, Xuzhou 142 AD_chr.14 AAG (17) Han et al. [40]. 

JESPR0065  G. hirsutum L, Tamcot Sphinx AD_chr.04-12 (GAA)25 Reddy et al. [41]. 

JESPR0153  G. hirsutum L, Tamcot Sphinx AD_chr.13,18,20 (CTA)18 Reddy et al. [41]. 

JESPR0114  G. hirsutum L, Tamcot Sphinx AD_chr.09-23 (GT)12 Reddy et al. [41]. 

MGHES16  G. hirsutum L, Acala Maxxa AD_chr.11-21 (CT)10, (TCT)4 Qureshi et al. [42]. 

MGHES31  G. hirsutum L, Acala Maxxa AD_chr.12-26 (CAT)9 Qureshi et al. [42]. 

NAU2251  G. hirsutum L, Xuzhou 142 AD_chr.12-26 AGA (8) Han et al. [40]. 

 

In table 1., it is indicated the SSR markers properties were 

obtained from the varieties of G. hirsutum L. and 

Gossypium raimondii cotton species. Bnl1079, Bnl1604, 

Bnl3449, Bnl3479, Bnl2571, Bnl1611 SSR markers were 

obtained from G. hirsutum L. species’s Deltapine 90 

variety; Cır0141, Cır0253, Cır0099 from Guazuncho-2; 

Nau2173, Xuzhou 142, Jespr0065, Jespr00654, 

JesprR00654 from Tamcot Sphinx; Mghes16 and Mghes31 

were obtained from Acala Maxxa variety. Nau3736, 

Nau2714, Nau4024, Nau2761, Nau2173 SSR markers 

were obtained from the cotton species, Gossypium 

Raimond. Besides, in table 1, the references, repeat motifs, 

and chromosomes that SSR markers used in this study were 

also displayed [43]. 

 

2.4. Genetic diversity and phylogenetic analyses 

 

Each SSR marker locus, amplified alleles were scored as 

either '1' (present) or '0' (absent). Each amplified allele of 

SSR was indicated with A, B, C and so on… letters. 

Analysis of genetic distance (GD) to obtain genetic 

dissimilarity matrix PopGENE 1.32 ver. software was used 

[44]. 

 

Genetic diversity was conducted for all SSR locus across 

germplasm individuals based on the number of alleles, 

polymorphic alleles numbers, percent of polymorphism, 

gene diversity [45], and the polymorphic information 

content (PCI) [46] was determined with PowrMarker 3.25 

version program [47]. Genetic distances (GD) [48] were 

calculated, and the phylogenetic tree was built with the 

distance matrix using UPGMA (Unweighted pair group 

method with arithmetic) data panel provided in 

PowerMarker 3.25 [47]. The phylogenetic tree was created 

in MEGA-X 10.1.7 version. PIC values show the number 

of alleles at each locus and the distinctive features of the 

markers through the relative frequencies of alleles in the 

population [49]. PIC calculation was made based on the 

formula given below. 

 

PIC=1-Σ(Pi)2 (1) 

 

In equation 1, the P-value is the frequency of the ith allele 

of the total Upland cotton genotypes subjected to the 

analysis [50]. 

 

2.5. Population Structure Analysis 

 

The genetic structure of the subpopulation (Q-matrix) was 

analyzed with Bayesian Model-Based (MBB) analysis 

model provided in Structure 2.3.4 version software [51]. 

To calculate the Q matrix, the software was set up to run 

under 10,000 (Leng of burning periods)-100,000 (Number 

of reps after burning) Markov Chain Monte Carlo iteration 

after the burn-in and Number of the population (K) from 1 

to 10 and number of iterations was 5. The average 

likelihood value L(K) was calculated for each K cross of 

all the runs. The number of populations is estimated by 

estimating ΔK [52]. The results were transferred to the 

web-based “Structure Harvester” 

(http://taylor0.biology.ucla.edu/structureHarvester/) 

program. 

https://www.cottongen.org/node/66376
https://www.cottongen.org/node/66376
https://www.cottongen.org/node/66376
https://www.cottongen.org/node/61126
http://taylor0.biology.ucla.edu/structureHarvester/


 

Tr. Doğa ve Fen Derg. Cilt, Sayı, Sayfa 80-89, 2022    Tr. J. Nature Sci. Volume, Issue, Page 80-89, 2022 
 

 

83 

3. RESULTS and DISCUSSIONS 

 

As a result of the amplification made using 20 polymorphic 

SSR primers, 99 alleles were produced. There was an 

average of 5.82 alleles per locus. Zhang et al. [53] and 

Lacape et al. [54] obtained 5.5 alleles per average locus that 

ranged between 2 and 26 per locus, which was similar to 

the results of the present study. Besides, Lacape et al. [54] 

also reported that the number of the alleles obtained per 

marker did not only stem from the diversity in germplasm, 

but also depended on the marker type, the fragment 

separation technique used, and the resolution. 

 

As given in figure 1, after scanning with 20 SSR markers 

[43] the cotton varieties belong to G. hirsutum L. 17 SSR 

markers were found as polymorphic. Polymorphic 

information content (PIC) ranged from 0.0-0.5 with an 

average of 0.312; Each SSR marker amplified at least 2 loci 

and Jespr SSR produced the most alleles. Genetic diversity 

among SSR markers differed from 0.0 to 0.6 (Figure 1). 

 

 

 
Figure 1. Major allele frequency (MAF), Polymorphic information content (PIC), Genetic Diversity (GD), and Number of Alleles per SSR locus 

 
   Table 2. Analysis results of SSR primers used in this study 

Primer 

Name 

Forward  

Primer (5'-3') 

Reverse  

Primer (3'-5') 

Alleles Band 

size (bp) 

Allele 

no. 

  PIC 

BNL1604 
AGAGGGAGTAAAGATTTGGGG TCCAGTTCTTTTTGCCTTGG 

120-50 6 0.362 

BNL3449 
AAGCTGTGGCTATGATGCCT AGAGCAAAAAACAATTACAAAAGC 

180-150 2 0.105 

BNL3479 
AGTGGGTTGGACTTTCATGC CACGGGCTTTTTTTTTTTCA 

350-200 5 0.216 

BNL2571 
TCGCTATCGCTCTGAAATCA ATGCCACGGAATTAGCAAAC 

400-320 3 0.345 

CIR 0141 
CGCACAAGGAATAGAAG ACCCAACATAAGGACTAAA 

300-200 4 0.271 

CIR0253 
CCAACCAAGAAACCAG GTAAGCATGGGCATTT 

150-50 11 0.256 

NAU3736 
CATGTGCATTTCATCCTGTC CCAAGTGAGAGGCATTTTCT 

200-80 6 0.491 

NAU2714 
GCAGCCATTACAGAACATCA TCATTGATCCATTGCTTCTG 

300-200 6 0.384 

NAU4024 
ACAAGCATCTTCATGGACCT AGAAGGATGATGCAAAGAGG 

200-150 3 0.449 

NAU2751 
GACAAGTTTTTGGACCCACT TTCATAGAGGGGTTTTGCAT 

350-50 2 0.345 

NAU2173  GCCAAATAGGTCACACACAA AGCGAGAAGGAGACAGAAAA 350-320 6 0.450 

JESPR0065  CCACCCAATTTAAGAAGAAATTG GGTTAGTTGTATTAGGGTCGTTG 300-200 12 0.325 

JESPR0153  GATTACCTTCATAGGCCACTG GAAAACATGAGCATCCTGTG 300-100 12 0.390 

JESPR0114  GATTTAAGGTCTTTGATCCG CAAGGGTTAGTAGGTGTGTATAC 300-100 4 0.248 

MGHES16  ACCCCAATACAACCCCATTT GCAGAGAAAAGGGACAGAGG 400-50 5 0.154 

NAU2251  TTCTCCAGTAACCAACAAAGG AAAATATCATCCCCGTCAAA 400-200 9 0.422 

BNL1611 CAATGAACAAAAAATGTAAGGG TGGGCATTTAGCCATTTACC 100-50 3 0.105 

    Mean=     

5.82 

Mean= 

0.312 
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As indicated in table 2. the average Polymorphic 

Information Content (PIC) of the markers was 0.312. The 

PIC values of the markers changed between 0.105 and 

0.491. The Nau3736 marker had the highest value with a 

PIC value of 0.491, and the Bnl1611 and Bnl3449 markers 

had the lowest value of 0.105. While the mean of alleles is 

5.82, each of Jespr0065 and Jespr0153 SSR markers has 

amplified 12 loci (The highest alleles number) and both 

Bnl3449 and Nau2751 amplified 2 loci (2 alleles) markers. 

As a result of the amplification with 31 pairs of SSR 

primers, Bertini et al. [26] reported similar results with 2.13 

alleles per average SSR locus, with PIC values ranging 

from 0.18-0.62 to 0-0.41 in 66 alleles. Seyoum et al. [35] 

propounded also close results such as PIC value ranged 

from 0.319 to 0.019 with 0.279 mean value, the number of 

alleles per locus ranged from 2 to 12 with 4.53 average. 

 

Liu et al. [55] made amplification with 62 SSR primers and 

identified 139 alleles in 69 SSR locus as 2 alleles per locus, 

as well as 325 alleles as 5 alleles per locus; Lacape et al. 

[54] reported that they identified a total of 1128 alleles 

including an average of 5.61 alleles per locus because of 

201 SSR markers using 47 wild Gossypium genotypes. The 

reason that Lacape et al. [54] had more alleles and higher 

average alleles per locus than us could be depended on their 

SSR amount and wild Cotton genotypes. Iqbal et al. [56] 

reported that they obtained 349 alleles with 50 primers, and 

detected polymorphism in 23 cotton genotypes using 49 

primers. In these studies, it is considered that the reason for 

producing more alleles than in the present study is related 

to the excessive SSR primers used. 

 

In figure 2, the Bnl1611 SSR marker produced 3 alleles 

with 100, 75, 50 bp between 100-50 bp fragment size. The 

Bnl1611marker amplified the target locus in all genotypes 

except Gloria and produced at least 2 maximum 3 alleles 

in genotypes except the Nazilli 84s. The reason for not 

being able to produce bands in the Gloria genotype may be 

due to pipetting errors or absences of template DNA. 

 

The gel image taken under UV light after Bnl1611 running 

through 1% agarose was given in Figure 2. Scoring 

fragments were performed in all genotypes except the 

Gloria variety. 

  

 
Figure 2. PCR gel image of BNL1611 (Locus) SSR primer. M=Marker, DNA ladder= Vivantis 10 bp (1% agarose 1 X TBE). 1=Gloria, 2=Aleppo-40, 

3=Carmen, 4=Cukurova 1518,5=Albania-6172, 6=Nazilli 84S, 7=Siokra 1/4, 8=Sphinx V, 9=Stoneville-453, 10=Sure grow 96, 

11=TamcotSP37, 12=Tex, 13=Sealand-542, 14=Acala 1517-95, 15=Acala Maxxa, 16=TMS 108/2, 17=Candia 
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Figure 3. Dendrogram based on Nei’s [45] genetic distance: Method = UPGMA of G. hirsutum L.  genotypes based on 20 Genome-Wide SSR 

markers 

 

The results of UPGMA (Unweighted pair group method 

with arithmetic) analysis were shown in Figure 3. The 

genotypes are divided into two main clusters. 1st main 

cluster consists of 7 genotypes (Nazilli 84S, Çukurova 

1518, Aleppo 40, Sphinx, Carmen, Acala 1517, Stonville 

453), the 2nd cluster consists of 10 genotypes (Sealand 542, 

Acala maxxa, TMS 108/2, Siokra, Sure grow 96, Tamcot 

SP 37, Tex, Albania 6172, Candia, Gloria). The 1st main 

cluster is divided into two subclusters and 2nd main cluster 

is also divided into two subclusters. Accordingly, 15 

different subclusters emerged in total. In this respect, 

Sealand-542, Acala maxxa, TMS 108/2, Siokra ¼, 

Suregrow96, Tamcot, Tex, Albania-6172, Candia and 

Gloria were classified in a different cluster, in other words, 

they have pedigree relations, Stonville-453, Acala-1517, 

Carmen, Sphinx V, Aleppo-40, Çukurova 1518 and Nazilli 

84S genotypes were classified in a different cluster. The 

first cluster was also divided into further subclusters, and 

Sealand-542, Acala maxxa, TMS 108/2, Siokra ¼, Sure 

grow 96, and Tamcot, were included in the first subcluster 

of this cluster while Albania-6172, Candia, Gloria, and Tex 

were included in the second subcluster.  

 

Although Stoneville-453, Acala-1517, and Carmen 

varieties in Group 4 were collected from different 

geographical areas, there was a unity of origin among 

them. The Sphinx V, Aleppo-40, Çukurova 1518, and 

Nazilli 84S were classified in Group 3. Again, it was seen 

that the second subcluster of the second main cluster also 

may have common parents even though they were the 

genotypes obtained from different regions, as was the case 

in the first subcluster. Eminenur and Hancer. [57] 

conducted genetic diversity analysis with G. hirsutum L. 

genotypes (Flash, BA119, ST506, Tamcot Sp21, Tamcot 

22, Tamcot 94, Tamcot Camd-eS and Tamcot Sp23, 

Sphinx v, Stn468), and G. barbadance L.  (Giza 70) 

variety, and reported that Giza 70 was included in a 

separate cluster and the remaining genotypes were 

included in a separate cluster.  

 

In Figure 3, some genotypes classified in the same cluster 

have some similar characteristics. This may be clarified 

that they come from a common pedigree. For instance, 

Sealand-542 which is an interspecies hybrid (G. hirsutum 

L X G. barbadance L.), and Acala maxxa were classified 

in the same cluster. Nazilli 84S, which is a hybrid of 

Carolina Queen X 153-F and Çukurova 1518 are also 

among the closest relatives. It was seen that Sure Grow 96 

and Tamcot SP37 genotypes, which were clustered in 

Group 12 that originated from the USA, and Candia and 

Gloria, two Australian originating varieties, were in Group 

15. 

 

SSR markers were distributed on 20 different 

chromosomes, and produced a total of 99 alleles ranging 

from 2-12 with a 5.82 average. Tyagi et al. [58] reported 

similar results in that they produced 546 alleles in 141 loci 

in genetic diversity study with 381 cotton accessions using 

120 Genome-wide SSR markers. Bardak and Bolek. [59] 

reported similar results with the present study as they 

obtained a total of 173 alleles, including 3.93 alleles per 

locus, as a result of their study with 39 SSRs and 5 ISSRs 

using for screening 25 cotton genotypes.  

 

According to Nei’s [45] pair-wise comparison on the 

genetic distance between genotypes, and according to the 
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results of the Genetic Distance matrix, the highest GD 

(1.09) was measured at the highest score between Carmen 

and Sure Grow 96, Sealand-542 and Siokra ¼, and Sphinx 

V and Stoneville-453 genotypes.  The lowest GD (0.26) 

was measured between Gloria and Carmen, and Tex and 

Stoneville-453 genotypes. The GD between the genotypes 

varied between 0.26 and 1.09, in this respect, it was seen 

that the GD between Cukurova 1518 and Gloria, Nazilli 

84S and Siokra ¼, Tamcot SP37 and Cukurova 1518, TMS 

108/2 and Çukurova 1518, Sure Grow 96 and Tex, Acala 

Maxxa and Tamcot SP37 and Acala-1517 and TMS 108/2 

were the same. Bardak and Bolek. [59] also reported close 

results to this study that the lowest GD (0.04) was detected 

between Siokra ¼ and Nazilli 84S, and the highest GD 

(0.58) was between Erşan 92 cotton variety of the AD 

genome and G. sturtianum of the C genome group 

Nandewarense variety. 

 

In the present study, the Genetic Distance (GD) between 

upland cotton genotypes ranged from 0.26 to 1.09. The 

previous studies were reported Genetic distance between 

0.06-0.34 [60], 0.06-0.38 [61]; 0.82-0.93 [56] and 0.19-

0.36, [62] in upland cotton genotypes. These results are on 

the line with the previous genetic diversity studies. 

 

Zhao et al. [63] have reported the highest genetic diversity 

in cotton from the USA followed by China; Chen and Du. 

[64] indicated the higher genetic diversity of introduced 

genotypes particularly obtained from China and USA 

countries than the domesticated genotypes. 

 

The Structure analysis of population results revealed the 

highest population numbers took place at K:5 and this can 

be evaluated as cotton germplasm can be grouped into five 

subpopulations (figure 4). Five (5) different colors in 

Figure 4, and each color represents a population or 

genotype collected from the same geographical area. 

 

 

 
Figure 4. Plot Q-Matrix shows the genotypic data analysis of cotton genotypes in Structure 2.3.3 ver. software. Each colored subsection bar represents 

the cotton genotypes group origin 

 
These genotypes were obtained from the United States 

(Acala maxa, Sure Grow 96, Stoneville-453, Tamcot SP 

37, Teks, Sealand-542, Acala-1517, Siokra ¼, Sphinx V), 

Turkey (Çukurova 1518, TMS 108/2, Nazilli 84S), Albania 

(Albania-6172), Syria (Aleppo-40) and Australia (Carmen, 

Candia, Gloria). Abdurakhmonov et al. [65] reported that 

the germplasm materials they used were divided into three 

categories as native, Mexican, and African origin. Bardak 

et al. [66] reported that 48 cotton genotypes they used were 

divided into 3 different groups. Tyagi et al. [58] reported 

similar results as their 381 cotton genotypes were divided 

into 5 different groups. Genetically distant genotypes 

should be selected as parents as much as possible when 

breeding programs are carried out. 

 

4. CONCLUSIONS 

 

As it is already known, the success of breeding depends on 

the selection of the right parents, which is the first and most 

important step in the strength and success of this process. 

Genetic distance between parents in a breeding program 

brings the possibility of allelic diversity and improved 

phenotypic values as well as a higher chance of hybrid 

vigor. 

 

Therefore, exploring the genetic diversity, in other words, 

determining the genetic distance between genotypes plays 

a key role in the development of a new variety.  

 

In the study, most SSR primers produced polymorphic 

bands. Some of them didn’t produce. 

 

The cotton varieties with far distance from each other such 

as Acala maxxa, Carmen, Aleppo 40, Siokra ¼, and Tex, 

(onsidering the high yield and quality) are highly 

rCecommended to use as parents in Marker-assisted 

selection (MAS) to develop new varieties. 
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