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Abstract. Genetic diversity analyses were performed on 96 genotypes using 20 SSR markers to
determine the genetic diversity and population structure of the genotypes of Gossypium hirsutum L.
cotton at the molecular level. As a result of the bioinformatic analysis, 126 alleles ranging from 3 to 12
were produced for 20 SSR markers, with an average of 6.3 alleles per locus. In gene diversity analysis,
the highest value was 0.4478 and the lowest value was 08.13, the mean GD was 0.2419. The PIC value
ranged between 0.08 and 0.28, with a mean of 0.20. The genetic distance between the Upland cotton
genotypes was calculated as the highest 0.973 and the lowest 0.156. According to the UPGMA method,
the dendrogram obtained and the genotypes were divided into six main clusters. The optimum K number
was K =3 according to the analysis performed in the STRUCTURE v2.3.4 program examining the
population structure. Accordingly, the genotypes used in the analysis were divided into three different
groups. This information can be used in the development of mapping populations, in the selection of
parents to be used in cultivar development breeding programs through crossbreeding, and in determining
the polymorphic levels of SSR markers.
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Introduction

Upland cotton (Gossypium hirsutum L.) is cultivated for its natural fibers and seeds.
In addition to providing raw materials to many industries, it is also the main source of
income for millions of people (FAO, 2021). There are approximately 50 cultivars of
Gossypium spp. (Canbell et al., 2009) and 4 of them are cultivated. Two of the cultured
ones are allotetraploid (2n = 4x = 52), while the other two are diploid (2n = 2x = 26).
Most of the world cotton production is composed of allotetraploid cultivars, G. hirsutum
L. and G. bardabance L. (Wendel et al., 1992). While the cultivation of Upland cotton,
which has the highest adaptation, cultivation and spread in the world, is 90% of the
world cotton production, the cultivation rate of G. barbadense L. is 8%, and the
cultivation rate of G. herbaceum L. and G. Arboretum L. together is 2%
(Abdurakhmonov et al., 2012; Zhang et al., 2008). Upland cotton (G. hirsutum L.) is
superior in its high yield and wide adaptability, but poor in quality, disease and pest
resistance. The second most cultivated cotton, G. barbadense L. (Sea-island), is resilient
against diseases and pests, and high in quality, but has a low yield and limited
adaptation abilities (Wang et al., 2008).

Very important agricultural parameters, such as high yield and wide adaptability of
Upland cotton, have also improved other weaknesses, allowing biotic and abiotic
disease and pest resistance breeding programs to focus on this cotton type (Seyoum et
al., 2018). Underlying a successful and sustainable cultivar development breeding
program is the wide cultivar of genetic resources from commercial cultivars, wild or
foreign cultivars (McCarty et al., 2006) that breeders use when selecting parents
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(Glaszmann et al., 2010). On the other hand, limited genetic variation of upland cotton
genotypes limits variation development breeding programs (Paterson et al., 2004;
Abdurakhmonov et al., 2012; Brown, 1983). Huang et al. (2002) put forward that
genetic diversity is the basis of a successful breeding program, and limited genetic
diversity has a negative effect on breeding programs to have cultivars that are resistant
to biotic stress factors such as adaptation, diseases and pests, and abiotic stress factors
such as drought, salinity and frost. Limited genetic variation causes the cotton cultivars
to be prone to epidemic diseases and frail against climate change (Brown, 1983). Some
studies have shown that G. hirsutum L. cotton cultivars shows the greatest genetic
diversity among all other cultivars (Wendel et al., 1992), and the level of genetic
diversity is higher than the other three cultivars (Wendel et al., 1992; Abdurakhmonov
et al., 2012) but this has not been seen in current cultivars (Van Esbroeck et al., 1999).

Events such as the genetic drift in cotton variations, the founder effect, migration and
gene flow, mate selection, and population bottleneck at the mutation, isolation
(separation) and domestication phases (Igbal et al., 2001), using low genetic breeding
materials through crossbreeding in variation development breeding studies (May et al.,
1995; Bowman et al., 1996; Wendel et al., 1992; Brubaker et al., 1999) cause changes in
allele frequencies in the gene pool and consequently decrease the genetic diversity as
well (Haw, 2013; Anonymous, 2021; Purves et al., 2003; California University, 2016).
In addition, breeding studies conducted with close relatives cause decreases in genetic
variation (Wendel et al., 1992; Esbroeck et al., 1999).

Choosing the right parents, the first step in developing resistant/tolerant cultivars to
biotic and abiotic stress conditions through crossbreeding, increases the success of
breeding programs. For this, parents should be chosen from those who are as far from
each other as possible in terms of kinship. This is possible through genetic diversity
analysis. Genetic diversity analyses are conducted using morphological and pedigree
data (May et al., 1995; Van Esbroeck et al., 1999), biochemical markers (Wendel et al.,
1992) and DNA-based markers (Yu et al., 2012). However, since morphological and
pedigree data are affected by the environment (Huang et al., 2002), DNA-based markers
in genetic diversity analyses are being used more frequently as they are not affected by
the environment, can give safer results and are reproducible.

Molecular markers such as RFLP (Restriction fragment length polymorphism) (Ulloa
et al., 2005), RAPD (Random amplified polymorphic DNA) (Mumtaz et al., 2010;
Sapkal et al., 2011), AFLP (Amplified fragment length polymorphism) (Rana et al.,
2005; Badigannavar et al.,, 2012), ISSR (Intersimple sequence repeats)
(Noormohammadi et al., 2011) and SSRs (Simple sequence repeats) (Chen and Du,
2006; Abdurakhmonov et al., 2009; Cai et al., 2014; Tyagi et al., 2014; Zhao et al.,
2014) are being used in genetic diversity analysis. However, SSR markers are used in
cultivar fingerprinting, Association mapping, QTL mapping and Marker-assisted
selection (MAS), especially in genetic diversity analyses, due to their advantages such
as being multiallelic and highly polymorphic, their abundance in the plant genome and
their ease of use (Reddy et al., 2001; Zhang et al., 2008). SSR markers can be
effectively used in Gossypium spp. Germplasm resources to do molecular
characterization (Liu et al., 2000; Lacape et al., 2007; Sun et al., 2009; Zhang et al.,
2005; Reddy et al., 2001).

The aim of this study is to use 96 worldwide Gossypium hirsutum L. cotton cultivars
germplasm genotypes to assess the genetic diversity, genetic distance, and population
structure analyses.
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Materials and methods
Plant materials

A set of 96 genotypes of Gossypium hirsutum L., located at Agricultural
Biotechnology germplasm, Faculty of Agricultural of Kahramanmaras Siit¢ii imam
University (Turkey/Kahramanmaras), collected from different locations worldwide, and
which are known for their fiber quality, fiber yield, seed cotton yield, adaptation,
number of bolls, important economic parameters such as earliness and tolerance to
biotic and abiotic stress conditions were used in the study.

DNA extraction and SSR genotyping

Genomic DNA isolation was performed by taking 0.5 g leaf samples from true young
leaves of cotton genotypes and using the Cetyl trimethyl ammonium bromide (CTAB)
method developed by Zhang and Stewart (2000). Leaf samples were kept at -80 °C until
isolation. DNA isolation was performed after physical grinding with liquid nitrogen,
and the control of DNAs was tested by being executed in 1% agarose gel. To clean dirty
DNA, Proteinase K enzyme was used, and they have been purified from histone
proteins wrapped around the DNAs. Concentrations of DNA were determined by using
the Nanodrop spectrophotometer (Thermo fisher).

Genetic diversity analyses of commercial cultivars of 96 G. hirsutum L. cotton were
carried out using 24 Simple Sequence Repeat (SSR) markers distributed on 26
chromosomes of Upland cotton genome (AD genome). It can be said that in previous
studies, of the 20 microsatellites that gave polymorphic bands, 7 belonged to BNL, 5
belonged to JESPR and 8 belonged to NAU marker types were used. The primer
sequences of the SSR markers are available in the CottonGene
(http://lwww.cottongene.org) and Cotton Marker (http://www.cottonmarker.org) databases.

PCR amplification, PCR solution and gel electrophoresis were performed according to
the technique specified by Zhang and Stewart (2000). Reaction volume of 15 pL™* was
used for each PCR cycle. The PCR reaction mixture has 0.75 pL-1 dNTP (Conc.10 mM),
1.5 uL* 10X PCR buffer, 1 pL? forward primer, 1 pL? reverse primer, 0.5 uL™? Taq
DNA polymerase. PCR protocol consists of the following stages: Denaturation at 94 °C
for 5 min, then at 94 °C with 34 cycles for 1 min, at 60 °C for 1 min, annealing at 72 °C
for 2 min, and the extension at 72 °C for 7 min. (Conc.5 U/uL, 2 uL? template DNA
(Conc. 25 ng/uL?), 8.25 uL. ddH20 (double-distilled) components).

PCR products were horizontally electrophoresed with 1% agarose in 1X TBE (Tris-
Borate-EDTA) buffer solution. The length of the tapes was measured using a 100-bp
DNA ladder. After electrophoresis, the gels were kept in ethidium bromide solution for
20 min and visualized in a UV (Ultraviolet) device.

Data analysis

For alleles amplified by the SSR marker loci, if the bands were present, then they were
scored as “1”, and if not, as “0”. Alleles amplified by each SSR marker locus were
assigned letters such as A, B, and C. Parameters such as the number of alleles, genetic
diversity (heterozygosity) (Nei, 1972) and Polymorphic information content (PIC;
Botstein et al., 1980) were calculated using the PowerMarker ver. 3.25 program (Liu and
Muse, 2005) with the scored alleles. Gene diversity (GD) of a locus is accepted as the
response of expected heterozygosity (He). It shows the expected heterozygosity ratio of
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genotypes based on Hardy-Weinberg equilibrium as a measure of the genetic diversity of
the population (Nei, 1973). The genetic distance in phylogenetics (Nei et al., 1983) was
calculated based on the dissimilarity coefficient of the SSR markers between genotypes.
A phylogenetic tree was created using the genetic distance coefficients matrix obtained
from POPGENE 1.31 ver. (Yeh et al., 1999) program, and the clustering analysis for all
the genotypes in the main and subgroups were conducted using the Unweighted Pair
Group Method of Arithmetic Mean (UPGMA) technique. MEGA _11.0.10 ver. program
was used in creating, interpreting and organizing the phylogenetic tree (Tamura et al.,
2021). PIC value shows the number of alleles at each locus and the distinctive features of
the markers through the relative frequencies of alleles in the population (Pei et al., 2010).
PIC calculation was based on the formula given below:

PIC = 1-X(Pi)?

The P-value is the frequency of the i"" allele of the 96 Upland cotton genotypes subject
to the analyses (Weir, 1996).

Population structure

For clustering analysis of genotypes, a Bayesian model-based (Bayesian Model-
Based (MBB) STRUCTURE ver. 2.3.4 program using co-dominant genotypic data was
used (Pritchard et al., 2010). The subpopulation number (K) of the Upland cotton
germplasm genotypes was obtained by calculating the AK (Evanno et al., 2005) value.
The K value was adjusted between 2-10 and 5 repetitions were made for each K. The
STRUCTURE program settings, Leng of Burning Periods and the iteration number of
Markov Chain Monte Carlo (MCMC) was set as 10.000-100.000 (Chen et al., 2012;
Zoric et al.,, 2012). Optimum K value was identified for the population. The
Compressing results as a zip format were uploaded to the web-based “STRUCTURE
HARVESTER?” platform (Earl and VVon Holdt, 2012).

Results and discussion
Phylogenetic analysis and genetic diversity

In genetic diversity analyses performed on 96 genotypes of Upland cotton, 24 SSR
markers were used, 83.3% (20) of them produced polymorphic bands, 12.5% (3)
monomorphic bands and 4.2% (1) did not produce any. 126 alleles were produced from
24 SSR markers in total: 6 from BNL0852, 8 from BNL1317, 12 from BNL1690, 4
from BNL1694, 11 from BNL3031, 5 from BNL3140, 6 from BNL3255, 6 from
JESPR65, 6 from JESPR114, 6 from JESPR300, 9 from JESPRO0092, 7 from
JESPRO0122, 3 from NAU0923, 9 from NAU2173, NAU2196, 5 from NAU4024, 6
from NAU1037, 6 from NAU1093, 4 from NAU1248, 3 and 4 from NAU2302 markers.
For SSR markers that produced polymorphic bands, a mean of 6.3 alleles per locus was
produced, while the marker producing the most alleles was BNL1690 (12), while the
marker producing the least allele was NAU2196 (3) (Table 1; Fig. 1). Similar results
were also produced in literature. 5.6 alleles (Lacape et al., 2007), 5.08 (Zhang et al.,
2011), and 6.9 alleles (Moiana et al., 2012) were obtained per SSR locus. Liu et al.
(2000a) amplified 62 loci in cotton using 56 polymorphic microsatellites and produced
a total of 325 alleles, with a mean of 5 alleles per locus. Bertini et al. (2006), in their
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genetic diversity analysis in cotton using 31 SSR primary farmers, reproduced 31 loci
and duplicated BNL1964 and BNL3408 markers in two loci. They also obtained a total
of 66 alleles, with an average of 2.13 alleles per microsatellite locus. Liu et al. (2000b)
reproduced 2 loci with SSR primers. Gutiérrez et al. (2002) also reproduced 69 loci
using 60 polymorphic SSRs and produced a total of 139 alleles, with a mean of 2 alleles
per locus. Due to cotton’s allotetraploid genomic structure, SSR primer pairs appear to
reproduce multiple loci (Fang et al., 2013). Zhao et al. (2015) reported 2-5 alleles per
SSR locus, with a mean of 2.26. Most of the SSR primers used in the study reproduced
multiple marker loci polymorphically. In our study, the average allele amount per locus
and the total number of alleles were higher than previous genetic diversity analyses
(Bertini et al., 2006; Ai et al., 2017; Fang et al., 2013) performed on the same cotton
cultivars. It is thought that this may be due to the use of SSR markers with broad-
spectrum genetic diversity that show high polymorphism in genetic mapping.

In our study, the Polymorphic information content (PIC) value, which gives
information about each SSR primer pair, ranged from 0.12 to 0.35, with a mean of 0.20
(Table 1; Fig. 1). As expected in the study, gene diversity (GD) values were higher than
PIC values. The PIC values are always lower than the diversity (or He) values, and the
proliferation of alleles and the increase in the flatness in allele frequencies (the low
probability of individuals having similar heterozygous genotypes) bring the PIC value
closer to the GD values. Luo et al. (2019) produced similar values in their study as well.
These results are similar to the studies of Ai et al. (2017) who found 0.25 mean PIC, Fang
et al. (2013) who found 0.29 mean PIC, Rungis et al. (2005) who found 0.37 mean PIC
and Bertini et al., who found 0.40 mean PIC in 53 G. hirsutum L. cotton genotypes.
Tiyagi et al. (2014) found mean PIC values of 0.17 for upland cotton and 0.16 PIC values
for G. barbadense cotton cultivars in their genetic diversity analyses using G. hirsutum
and G. barbadense cotton cultivars and obtained results similar to our study. A PIC value
of “1” indicates that the marker is polymorphic, and a value of “0” indicates that it is a
monomorphic marker. At the same time, PIC values of 0.5 and above have the potential
to give more information about the marker, if they are between 0.5 and 0.25, they are
medium, and if they are less than 0.25, they give very less information about the marker
(Tiyagi et al., 2014). Polymorphic information content (PIC) is an analysis that measures
the informativeness of the markers used in the analysis (Guo and Elston, 1999). The PIC
value was first defined by Botstein et al. (1980) as a measure of the informative trait of a
marker independent of the mode of inheritance of the associated trait. Other researchers
also identified PIC as a measurement of polymorphism of SSR markers (Gupta and
Vershey, 2000; Shete et al., 2000; Botstein et al., 1980). Liu et al. (2000b) obtained PIC
values in cotton ranging between 0.05-0.082, with a mean of 0.31. Guang and Xiong-
Ming (2006) obtained a mean of 3.6 alleles, between 2 and 8 per primer. PIC values
ranged between 0.278-0.865 with a mean of 0.62. The fact that the PIC values in our
study were lower than some studies in the literature may be due to genetic diversity
analyses being conducted using cultured commercial cultivars. Igbal et al. (1997) and
Tatineni et al. (1996) concluded in their research that genetic diversity is low in molecular
diversity studies conducted using the cultured cotton cultivars. The low biodiversity in
cultivated Upland cotton is due to bottleneck events during the domestication phase
(Brubaker and Wendel, 1994; Wendel and Cronn, 2003; May et al., 1995; Igbal et al.,
2001). However, developments in the technology of obtaining transgenic cotton also
contribute to the decrease in the level of genetic diversity in other cotton growing
countries, especially in the USA (Zhang et al., 2005).
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Table 1. Polymorphic SSR marker properties used in this study

Allele | Gene diver

no. (GD) PIC

No. | Primer name Primer sequences Repeat motify | Location

F: TGCTTTCAGCCAATGACTTG
1 BNL0852 R: AACAATGCCCCCAATATTCA (CA)13 Chr9. 6 0.3185 0.27
F: AAAAATCAGCCAAATTGGGA
R: CGTCAACAATTGTCCCAAGA
F: TTTGTCTTTCTGTTACCAAATGG

3 BNL1690 R: CCAGGAAATTTGAGGTGGAA (GA)10 Chr9 12 0.0813 0.08

F: CGTTTGTTTTCGTGTAACAGG
4 BNL1694 R: TGGTGGATTCACATCCAAAG (AG)19, (TC)19 Chrl. 4 0.3462 0.27

F: AGGCTGACCCTTTAAGGAGC
R: AACCAACTTTTCCAACACCG

F: CACCATTGTGGCAACTGAGT
6 BNL3140 R: GGAAAAGGGAAAGCCATTGT (GA)11 A09. 5 0.2960 0.24

F: GACAGTCAAACAGAACAGATATGC

2 BNL1317 (AG)14 Chré. 8 0.2474 0.21

5 BNL3031 (AG)27 D09. 11 0.2547 0.22

7 | BNL3255 LRI ¢ | (o, AT(AC) 4| As. 6 04478 | 035
8 | JESPRO06S ;%%ﬁ%i%ﬁg;ﬁigégﬁé@ﬂg (GAA)25 A0S, 6 03495 | 028
o | JEspr1a | o FSAITTAABOTCTTIOATCCS - GT)12 D10. 6 03117 | 0.26
10 | JESPRB0D | (oo e e A | (CTT)S, (CATYS | Chi. | 6 02306 | 0.20
11| JESPRO092 | - COCACCTCTATTOAZIASCICORG | (camy2s D12. 9 02324 | 0.20
12| JEspRo122 | o SOTOCT OO T oCT oo, (CAT)S Chos. | 7 01357 | 0.12
13| NAU0923 sl i aocvon (TCTTTT)4 | chis | 3 03138 | 0.26
14| NAU2173 F: GCCAAATAGGTCACACACAA AAG (17) NA 9 02054 | 017

R: AGCGAGAAGGAGACAGAAAA

F: TCAAGAAAACATGCCTGCTA
15| NAU2196 R: CTATTTGCTCGTTGTTGACG CAT (4) Chr7. 3 0.3306 0.27

F: ACAAGCATCTTCATGGACCT

16 | NAU4024 R: AGAAGGATGATGCCAAAGAGG (GTC)6 Chrb 5 0.2345 0.20
F: CACCTTCACCTAACCATCAA
17 | NAU1037 R: GAAGAATTGCGAGAAGAGGA (CTGCCA)3 - 6 0.1570 0.14
F: TGTGATGAAGAACCCTCTCA
18 | NAU1093 R: AAATGGCGTGCTTGAAATAC (TA)14 - 6 0.1831 0.16
F: AATGTCAGCTGCCTATTTCC
19 | NAU1248 R: AAGACAGGCGATGTCATCTT (TCTTCC)3 Chrb5. 4 0.2281 0.20
F: CAAACCGTCAAATGAGACAA .
20 | NAU2302 R: GCCTCTAAGGGTCCCTAGTC AT(12); GA (10) | Chr12 4 0.2419 0.20
Mean - 6.3 0.2419 0.20
Total - 126 - -

In the current study, the genetic diversity varied between 0.08130 and 0.4478, with a
mean of 0.2419 (Table 1; Fig. 1). While BNL3255, JESPR0065 and NAU2196 showed
the highest genetic diversity values, BNL1690, JESPR0122 and NAU1037 markers
showed the lowest genetic diversity values (Table 1). There are studies with similar
results in the literature. Seyoum et al. (2017) obtained genetic diversity values ranging
from 0.020 to 0.492, with a mean of 0.279. The low genetic diversity in genetic
diversity studies conducted using the upland cotton may be due to the fact that the
developed upland cotton cultivars were obtained using very few genotypes (Chen and
Du, 2006; Du et al., 2007). Rungis et al. (2005) stated that the bottleneck events
occurring in the first stage of modern upland cotton cultivar developments lead to a
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significant decrease in the level of genetic diversity in upland cotton cultivars. Low
genetic diversity studies were carried out on Upland cotton cultivars (Tiyagi et al.,
2014; Campbell et al., 2009; Abdurakhmonov et al., 2008). Heterozygosity levels of
marker data can be calculated by averaging the similarity frequencies of alternative
alleles (Heterozygosity, H: 0.9 or 0.5 values indicate high heterozygosity, while H: 0.1

indicates low heterozygosity (Li et al., 2007).
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Figure 1. (A) Polymorphic information content (PIC), (B) genetic diversity (GD), (C) major
alleles frequency (MAF)

The genetic distance between the Upland cotton genotype pairs was based on the
pairwise matching technique of Nei (1972), and the genetic distance values between the
Upland cotton genotypes varied between 0.973 and 0.015. The highest genetic distance
was between 308 (Campo) and DPL-5614 and lIsrael-2 (0.9730). These were followed
by 308 (Campo) and Stoneville 506 with 0.9322 genetic distance value, and the values
between DP 5111, Nazilli 303 and 93 FF 01 and Nazilli 303 genotypes. The lowest
genetic distance values were obtained between Delcerro and 4SP, CA-228; DPL50-
DPL5409, DPL5614- DPL50 and DPL50- ERSAN-92 genotypes. The low genetic
distance between them is directly proportional to the degree of relation. Similar studies
have been carried out in the literature. The similarity coefficient ranged between 0.407
and 0.767, with a mean value of 0.587 (Hanci and Gokge., 2016). Nas et al. (2011)
recorded a GD coefficient as low as 0.40 between the two cultivars and stated that this
might be due to these cultivars being closely related. In addition, the genetic distance
between heterogeneous genotypes (generally wild cultivars) should be higher than
homogeneous (breeding genotypes) genotypes (Hinze et al., 2017). The genetic distance
in the genetic diversity analyses performed in the F> cotton population varied between
0.06-0.34 (Gutierrez et al., 2002). The genetic distance between genotypes of the
Upland cotton cultivars is higher than the F> segregation population from the same
mother and father, due to the possibility of having different parents. The genetic
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distance between G. hirsutum and G. barbadense varies between 42-54% (Kebede et
al., 2007). Lacape et al. (2007) revealed that there is a higher genetic distance between
G. hirsutum and G. barbadense (GD = 0.89-0.91). Analyses with highly polymorphic
SSR markers showed a high difference between G. hirsutum and G. tomentosum
(D:0.71-0.75) and between G. barbadense and G. tomentosum (D:0.80) (Lacape et al.,
2007). Kebede et al. (2007) also stated that the genetic distance between genotypes
belonging to cotton genome groups such as A and D varies between 29-42%. The
genetic distance between those included in the AD tetraploid cotton group also varies
between 0.80-0.88 (Liu et al., 2000).

Ninety-six upland cotton cultivars were divided into 6 main groups in phylogenetic
tree analysis conducted in the MEGA_11.0.10 computer program using short tandem
repeat markers (Fig. 2). The groups are as follows: Flash genotype in an independent
group, Marcell leaf brown, israil 2, Paymaster 2379, Acala 552, DP 388, Dulcerro, 308
(Campo), 153 F, and 111 glandless genotypes in first group, TX0091-2, STV 474, PI
528420, STV-132, Acala Prema, Lockette genotypes in the second group, Okra 201,
Nazilli 503, Mn nair 235-612, Acala 172, 93 FF01, 919 (leader) genotypes in the third
group, Acala 1517-D, PI 528872 (SEALAND 3), Acala 1517-99, Nazilli 87, STV-506,
DPL-529, Acala 3080, Is 10, Orgosta 644 genotypes in the fourth group, Tamcot Luxor
and Sahel 1 genotypes in the fifth group, Cabu cs 2-1-8-3, Deltapine 5111, BA 525,
STV 373, Deltapine 419, Celia, Pl 529128 (Acala 1517 D) and Deltapine 50 genotypes
in the sixth group. The remaining 63 genotypes formed subsets among themselves and
clustered in a separate sixth group (Fig. 2). Similar studies were conducted in the
literature. Ulah et al. (2012) stated that their dendrogram built using 19 Bt cotton
genotypes was divided into three main groups and two independent groups, Fang et al.
(2013) stated that 193 upland cotton genotypes formed 15 main groups and two
independent groups, and Erdal (2018) stated that the genotypes were clustered in four
main groups in dendrogram, and formed 8 subgroups.

Population structure analysis in MBB subpopulations

Using the STRUCTURE v 2.3.4 ver. (Pritchard et al., 2000) program, the structure of
the cotton populations and the genetic relationship between 96 upland cotton (G.
Hirsutum L.) cultivars obtained from different countries were tried to be revealed. The
K value shows the number of the clusters obtained in cluster analysis using genotypic
data. The most suitable K values was calculated via the log likelihood of the data and to
find the value of optimum K (Number of subpopulations), the number of clusters was
plotted against Delta K (AK), which indicates the highest peak point to K =3. Two
peaks occurred at K=5 and K =9. Since this provides information about these two
different populations, it is important. According to Seyoum et al. (2018), the entire
germplasm population was divided into three subpopulations in their clustering analysis
conducted using the STRUCTURE program. Population structure analysis shows that
the highest population number AK value is K = 3, and the whole population is divided
into 3 subpopulations (Figs. 2 and 3).

Population structure analyzes are the guides for understanding genetic diversity and
for association mapping studies and for planning the future. Since the presence of
population structure data in Association mapping (AM) analyses may cause incorrect
marker-trait matching, testing the population structure is the first step in establishing a
correct marker-trait match and determining the gene/genes controlling the trait (Eltaher
et al., 2018). While the number of subpopulations could not be determined in the Ln (K)
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plot in the study (Fig. 3a), 3 groups (G1, G2, G3) were determined based on the
optimum AK value (Fig. 3b). However, these three clusters happen to be mixed
significantly (Fig. 3c). Each group is indicated by a color. Similar results were obtained
in the phylogenetic tree (Neighbor-joining tree). Groups of different colors show that
they were bred in different geographic locations (Tiyagi et al., 2014). Ai et al. (2017)
has also reported similar results. Population structure and determining the relationship
between Upland cotton genotypes are of great importance for the development,
characterization and maintenance of genotypes. Results of our study are similar with the
studies of Jia et al. (2014b) and Ai et al. (2017) who divided the genotypes into three
groups as a result of STRUCTURE analyses using Upland cotton genotypes originated
in China. Although Mei et al. (2013) divided Upland cotton genotypes into two subsets
as a result of MBB structure analysis even though they used Upland cottons originated
in China, Tiyagi et al. (2014) used upland cotton cultivars originating from the USA and
the genotypes were divided into five main populations. It is thought that the difference
here may be due to the cotton genotype type, the breeding stage and the geographical
location of breeding.

Figure 2. Cluster analyses of 96 upland cotton genotypes using unweighted pair group of
arithmetic mean (UPGMA) Basid Neil 's 1972 in MEGA_11.0.10 (Tamura et al., 2021). Six
major clusters were obtained.
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Figure 3. (A) The plot of Ln (probability of data) analysis in the population structure. (B)
Estimating the number of subpopulations DK value (AK) using Evanno et al. (2005) method.
(C) The Q-plot indicates the Model-based Bayesian (MBB) structure clustering of a panel of 96
upland cotton genotypes. Each vertical bar represents a genotype. Each color represents the
estimated member individuals of each K group

Conclusions

Genetic diversity results from modification of the plant’s genome to adapt to
changing environmental conditions. As a result of such modifications, differences occur
in the genomes of plants and Microsatellites, which can detect these differences, are
used in genetic diversity analyses in cotton plants thanks to their high polymorphic
capabilities. As expected, in the study, the PIC values were lower than gene diversity
values. Polymorphic levels of SSR markers were found to be high and PIC values that
provide information about the marker were calculated using the PowerMarker program.
The genetic distance between the Upland cotton genotypes was similar to the literature.
As a result of UPGMA analysis, genotypes were divided into 6 main clusters and a total
of 5 large clusters were formed. The sixth major cluster covers the vast majority of
cotton genotypes. In the analysis of the population structure, the clusters were divided
into 3 groups depending on the geographical regions, but the genotypes were partially
mixed with each other due to the use of the parents obtained from different geographic
locations in breeding programs. The genetic diversity, which is generally low, is getting
lower. Genetic diversity analyzes and population structure analyses enable benefitting
from genetic variation in genomic studies. Considering the other economic
characteristics of the genotypes that are genetically far from each other, the
development of resistant cultivars against biotic and abiotic diseases and pests can be
used as parents in breeding programs using marker-assisted selection technology. In
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addition, SSR markers, whose polymorphic levels are determined, can enable the
development of mapping populations for genetic mapping such as high-resolution
linkage mapping and Association mapping.
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ELECTRONIC APPENDIX

This manuscript has an electronic appendix with the genotypes’ properties.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(5):3939-3953.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2005_39393953
© 2022, ALOKI Kft., Budapest, Hungary



