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Abstract
Elite plant breeding programs could likely benefit from the unexploited standing genetic variation of obsolete genotypes without
the yield drag typically associated with wild accessions. Twenty-eight upland cotton genotypes were characterized using 100
SSR (simple sequence repeat) markers. However, only 22 (out of 100) SSR markers were polymorphic and justified further
analysis. Major allele frequency ranged from 0.29 (MGHES-20) to 0.93 (MGHES-15) with an average of 0.54. The average
gene diversity was 0.57 varying from 0.13 (MGHES-15) to 0.78 (MGHES-20). Polymorphism information content (PIC) values
ranged from 0.12 (MGHES-15) to 0.75 (BNL-3280) with an average of 0.53. Phylogenetic analysis supported the subgroups
identified by STRUCTURE. Average genetic distance between genotypes was 0.57 indicating low levels of genetic diversity in
upland cotton germplasm pool. Results from both phylogenetic tree and population structure analyses were in agreement with
pedigree information; however, there were few exceptions like NIBGE-115, NN-3, NIBGE-2472 which showed a little
admixture in structural analysis and not in the phylogenetic tree. Further, core sets of different sizes representing different levels
of allelic richness in upland cotton were identified. Establishment of genetic diversity and population structure from this study
could be useful for genetic and genomic analysis and systematic utilization of the standing genetic variation in upland cotton.
© 2019 Friends Science Publishers
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Introduction
Gossypium hirsutum L., also known as upland cotton,
represents 90% of the global cotton fiber production.
Gossypium barbadense L. known as Pima and Egyptian
cotton is valued for its higher and longer fibers and
contributes some share to the global cotton production. The
other three tetraploid species (G. mustelinum L., G. darwinii
L.and G. tomentosum L.) are wild and are not grown
commercially (Lacape et al., 2007; D'Eeckenbrugge and
Lacape, 2014). Hybridization between A-genome (old world
cotton) and D-genome (new world cotton) diploids and
subsequent polyploidization about 1.5 million years ago
created the five AD allotetraploid lineages belonging to the
primary gene pool that are indigenous to America and
Hawaii (Adams et al., 2004). These new world
allotetraploid cottons includes the commercially
important species i.e., G. hirsutum L. and G. barbadense L.

which
are
extensively
cultivated
worldwide
(Abdurakhmonov, 2007; Campbell et al., 2010). One of the
most important events in US cotton breeding history was
the introduction of Mexican highland stocks in the early
19th century, which laid the foundation of current upland
germplasm. However, within species, the G. hirsutum
shows great phenotypic diversity than the other three
cultivated cotton species (Abdurakhmonov et al., 2012; Ali
et al., 2017).
With a heightened risk of genetic vulnerability to
disease epidemics and climate change, the elite breeding
programs could benefit from the unexploited standing genetic
variation of old cultivars without yield losses which is
typically associated with wild accessions. It is also noted that
even within the domesticated upland cotton, unfavorable
agronomic effects were observed when un-adapted
germplasm from a different area is used in a breeding
program (Rana et al., 2005). The most effective utilization of
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the genetic diversity of Gossypium requires modern genomic
technologies that help to reveal the molecular basis of
agronomically important genetic variations (Dahab et
al., 2013). By characterizing genetic diversity between
and within groups, breeding efforts can be greatly
improved through better parental selection for generating
segregating populations.
Genetic diversity information is also helpful to identify
heterotic groups, understand population structure, and
identify a core set of lines for studying genetic analysis. Thus,
assessment of genetic diversity and population structure are
important in the upland cotton. Genetic diversity among
cultivated plants is of high value in biodiversity due to their
wide range of contributions to the world economy and
principal position in the production of important crops (Ditta
et al., 2018). Genetic diversity estimates have been made
using pedigree and morphological data, biochemical markers
and DNA-based molecular markers (Yu et al., 2012). In the
pedigree-based studies, estimate of genetic relatedness
between two accessions depends on the availability of
breeding records and validity of certain assumptions. In the
absence of such information, pedigree-based methods cannot
be used to accurately estimate genetic diversity. This is
especially true of ancestral lines or introductions, for which
detailed breeding records are not available. Genetic diversity
of cotton cultivars can be effectively evaluated by molecular
markers and the study provides useful information on the
selection of parental genotypes in the development of cotton
cultivars and hybrids (Wu et al., 2006; Ullah et al., 2012).
Molecular markers, on the other hand, are more reliable
and informative which can directly measure the allelic
diversity and provide robust estimates of genetic distances.
The most effective utilization of the genetic diversity of
Gossypium requires modern genomic technologies that help
to reveal the molecular basis of agronomically important
genetic variations (Dahab et al., 2013). A multitude of DNAbased marker systems including restriction fragment length
polymorphism (RFLP) (Becelaere et al., 2005), random
amplified polymorphic DNA (RAPD) (Rahman et al., 2008;
Ali et al., 2018), amplified fragment length polymorphism
(AFLP) (Abdalla et al., 2001), simple sequence repeat (SSR)
(Zhang et al., 2011), and inter-simple sequence repeat (ISSR)
(Liu and Wendel, 2001) markers were used for measuring
genetic diversity in cotton. The recent development of
plentiful cotton SSR markers has had a more positive effect
on the molecular characterization of the cotton germplasm
released from specific cotton breeding programs across the
world (Lacape et al., 2007; Zhang et al., 2008). The SSRs have
proven to be a best marker system due to their co-dominant
nature, reproducibility, multiallelic and PCR-based (Preetha
and Raveendren, 2008; Yonca et al., 2011). Therefore, a
comprehensive study involving a broad collection of
germplasm and more efficient genotyping platforms is still
needed to quantify overall genetic diversity in upland cotton
for its effective utilization in breeding, genetic, and genomic
studies. The objective of this study was to estimate the

genetic diversity through phylogenetic tree and population
structure analysis by using SSR markers in upland cotton
germplasm.

Materials and Methods
For the identification of genetic diversity in 28 upland cotton
genotypes at different locations of Khyber Pakhtunkhwa and
Punjab, Simple Sequence Repeat (SSR) analysis was
performed (Table 1). A total of 100 SSR markers located on
different chromosomes were surveyed for DNA
polymorphism. DNA was extracted from all the cotton
genotypes and polymerase chain reaction (PCR) and gel
electrophoresis were carried out.
DNA Extraction
The delinted seeds of the 28 upland cotton genotypes were
sown in disposable glasses filled with sand in glass house of
National Institute for Biotechnology and Genetic
Engineering (NIBGE), Faisalabad, Pakistan. After
germination and when the plants reached to 3-4 leaves stage
the young leaves from each genotype were cut and stored in
a freezer for DNA extraction.
In CTAB method, the DNA was extracted from 2-3
days old seedlings leaves (Iqbal et al., 1997). Water bath was
turned and set at 65°C to heat 2 x CTAB with 1% 2mercapthanol. Pestle and mortar were autoclaved first and
then pre-cooled with liquid nitrogen. Four to five young
leaves were cut and grinded to a very fine powder in liquid
nitrogen. This powder was then transferred to a 50 mL falcon
tube. Fifteen mL of hot (65°C) 2 × CTAB was added to the
tube, mixed gently and incubate at 65°C for half an hour.
After half an hour, 15 mL of chloroform/ isoamylalcohol
(24:1) was added and mix gently to form an emulsion.
Mixture was centrifuged for 10 min at 9000 rpm. Supernatant
solution was transferred to a new 50 mL falcon tube, whereas,
the remaining chloroform phase was discarded. This step was
repeated twice as to ensure the complete digestion of various
cell components and phenolic compounds. To precipitate the
DNA, 0.6 volumes of chilled 2-propanol was added to the
supernatant and then centrifuged at 9000 rpm for five min.
The supernatant was discarded. The pellet was washed thrice
with 70% ethanol and air-dried. The pellets were resuspended in 0.5 mL 0.1 × TE buffer. The suspension was
transferred into an eppendorf tube (1.5 mL) and then 5 µL of
RNAs was added to digest all the RNAs incubating for one
hour at 37°C. After it, equal volume of
chloroform/isoamylalcohol (24:1) was added and mixed
gently and, centrifuged for 10 min at 13000 rpm in a
microcentrifuge. The supernatant was transferred to a new
eppendorf tube and 1/10th volume of 3M NaCl solution was
added to supernatant and mixed gently. DNA was
precipitated with chilled absolute ethanol (2 volumes),
spinned at 13000 rpm for 10 min, supernatant was discarded
and pellets were washed with 70% ethanol. Pellets were air
dried, re-suspended in 0.1 × TE buffer and quantified.
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Table 1: Pedigree of 28 upland cotton genotypes used in the studies
S. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Genotypes
IR-NIBGE-901
IR-NIBGE-1524-4
IR-NIBGE-3
IR-NIBGE-4
IR-NIBGE-5
IR 3300-24
IR 3300-13
NIBGE-115
NN-3
NIBGE-2472
NIBGE-2
IR-2379
IR-NIBGE-3701-38
IR 1526
NIBGE-314
NIBGE-5
NIBGE-4
IR NIBGE-2620
NIBGE 758-8
IR NIBGE-3701-33-6
SLH-284
CIM-446
CIM-473
CIM-496
CIM-499
CIM-506
CIM-554
CIM-707

Parentage
PGMB-33/FH-90
PGMB-33/NIBGE-2
PGMB-33/FH-100
PGMB-33/CIM-448
PGMB-33/CIM496
PGMB-33/BH-160
PGMB-33/BH-160
S-12/LRA-5166
S-12/LRA-5166
S-12/LRA-5166
LRA/S-12
PGMB-33/FH-100
PGMB-33/CIM-448
PGMB-33/NIBGE-2
S-12/LRA
S-12/LRA
S-12/ CIM-448
IR-901/Rajhans
S-12/ CIM-448
PGMB-33/CIM-448
CP 15/2 × S 12
CIM-402 × LRA 5166
CIM-425 × 755-6/93
CIM-433 × 755-6/93
CIM-360 × CP 15/2
2579-04/97 × W-1103
CIM-243 × 738-6/93

Breeding center
NIBGE, Faisalabad, Pakistan
-do-do-do-do-do-do-do-do-do-do-do-do-do-do-do-do-do-do-doCRS, Sahiwal, Pakistan
CCRI, Multan, Pakistan
-do-do-do-do-do-do-

Released / under Approval
2011
2010
2012
2011
Under approval
Under approval
Under approval
2012
Under approval
Germplasm
2006
Germplasm
2010
Germplasm
Under approval
Germplasm
Germplasm
Germplasm
Germplasm
2010
Under approval
1998
2002
2005
2003
2004
2009
2004

A total of 20 µL volume was used for polymerase chain
reactions (PCR) using 15 ng of cotton DNA, 10 X buffer, 25
mM MgCl2, Primer-F 30 ng/µl, Primer-R 30 ng/µl, Taq
polymerase 5 U/µl and deoxy-nucleotide triphosphates 2.5
mM. The amplificantoin profile consisted of initial period of
denarturation at 94°C for 5 min, followed by cycle (step-1) of
94°C for 30 s, 50°C for 30 s annealing, 72°C extension for 1
min. The PCR amplifications were followed by incubation at
72°C for 10 min. DNA quantification was carried using the
NanoDrop® ND-1000. Quality of DNA was observed by
running 50 ng DNA in 0.8% agarose gel. The DNA samples
giving smear in the gel were rejected. Moreover, the quantity
of DNA was also confirmed by comparing with
Quantification Standards Phage  DNA (Gibco BRL) in
0.8% gel. Dilutions of 15 ng/µl were made from stock
solutions. The dilutions were also checked by comparing
them with the DNA quantification standards in agarose
gel. PCR reaction was carried out in eppendorf master
cycler gradient, Germany. To confirm that observed
bands amplified from genomic DNA, and not primer
artifact, genomic DNA was omitted from control reaction.
No amplification products were detected without genomic
DNA in any PCR.

were selected on the basis of their reproducible nature, PCR
based, highly polymorphic, small quantity of genomic DNA
requirement, easy interpretation in genotyping and easy
automation. However, only 22 (out of 100) SSR markers
were polymorphic and justified further analysis.

Genetic Markers

Amplification profiles of different cotton varieties was
compared with each other and bands of DNA fragments was
scored as present (1) or absent (0). The data was used to
estimate the similarity based on number of shared
amplification products (Nei and Li, 1979). A phylogenetic

For present study, the 100 SSR markers were provided by
Plant Genomics and Molecular Breeding (PGMB)
Laboratory, NIBGE, Faisalabad, Pakistan. These markers

Agarose Gel Electrophoresis
After PCR amplification, the concentration of amplicons was
determined on 1.2% agarose gel stained with ethidium
bromide. Then loading concentrations for agarose-based gel
electrophoresis (PAGE) was made according to the
brightness of bands on 2% agarose gel. All the PCR products
were loaded into the wells by using of pipette. The gel was
loaded at room temperature of 15 degrees while immersed in
1 x Tris/Boric acid / EDTA (TBA) buffer. Gels were run at
80 volts. Under these conditions the PCR products usually
was separated after 80 min. Voltage gradient can be raised as
high as 16 volts/cm to shorten time and improve band
resolution. After the run was complete, the gel was moved
into a large UV illuminator and photographed.
Scoring of Data
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tree based on similarity coefficient was generated using the
Un-weighted Pair Group Method of Arithmetic means
(UPGMA).
Power Marker
The power Marker v. 3.25 was used for measuring the genetic
diversity among various cotton genotypes.
Polymorphism Information Content
Polymorphism information content (PIC) value provides the
information about the polymorphism of a primer.
STRUCTURE Analysis
Main aim of association mapping was to find out the markers
which have association with QTLs controlling yield and yield
related traits. Population structure is a central part in
association mapping analysis because it can lessen type-1
error between molecular markers and traits of interest in selfpollinated species (Yu and Buckler, 2006). False positive is
the major issue in association analysis. There are different
approaches to reduce the effect of false positive. For
population structure analysis, the most frequently used
methods are implemented in the software STRUCTURE v.
2.3.1 developed by Pritchard et al. (2000a). The number of
populations denoted by K while Delta-K values determines
the sub-populations for K-ranging. Ten runs were conducted
for each value of number of populations (K), with K ranging
from 2 to 12. The length burn-in and number of replications
were 10,000 each. Accessions were assigned to subgroup if
the probability of membership was greater than 70% (Liu et
al., 2003). If membership was <70 %, then the accessions
were assigned to the mixed subgroup.

Results
Twenty-eight upland cotton genotypes were characterized
using 100 SSR markers. Out of these, only 22 markers were
polymorphic, 65 markers were monomorphic and 13
SSRs were not amplified (Table 2). However, these 100
SSR markers were identified and distributed on 17
chromosomes of the said cotton genotypes. Major allele
frequency was ranging from 0.29 (MGHES-20) to 0.93
(MGHES-15) with an average of 0.54. The average gene
diversity was 0.57 varying from 0.13 (MGHES-15) to
0.78 (MGHES-20). Polymorphism information content
(PIC) values ranged from 0.12 (MGHES-15) to 0.75 (BNL3280) with an average of 0.53. The number of alleles, average
number of alleles, gene diversity and PIC values are provided
in Table 2.
Phylogenetic Analysis
Neighbor-joining based phylogenetic tree based on genotypic
data for upland cotton genotypes was constructed through
software 'POWER MARKER'. The genetic distance among

Table 2: Genetic diversity among 28 upland cotton genotypes
based on 22 (out of 100) microsatellite markers
SSR Markers Major Allele Frequency Allele number Gene Diversity
MGHES-3
0.6429
4.0000
0.5434
MGHES-15
0.9286
2.0000
0.1327
BNL-1667
0.3571
5.0000
0.7219
MGHES-22
0.5000
2.0000
0.5000
BNL-1673
0.7500
3.0000
0.4005
BNL-4108
0.3214
6.0000
0.7449
BNL-3254
0.3929
4.0000
0.7117
MGHES-18
0.3929
3.0000
0.6607
MGHES-20
0.2857
5.0000
0.7781
MGHES-53
0.4643
4.0000
0.5944
MGHES-55
0.7143
5.0000
0.4668
MGHES-60
0.5357
6.0000
0.6556
MGHES-63
0.7143
3.0000
0.4464
MGHES67
0.4286
5.0000
0.6862
MGHES-75
0.6786
4.0000
0.4974
BNL-3886
0.8214
2.0000
0.2934
BNL-1066
0.3929
4.0000
0.6709
BNL-2449
0.7143
5.0000
0.4668
BNL-3280
0.4286
10.0000
0.7679
BNL-2495
0.5000
4.0000
0.6301
BNL-3255
0.4643
7.0000
0.7015
MGHES-14
0.6071
2.0000
0.4770
Means
0.5471
4.3182
0.5704

PIC
0.5063
0.1239
0.6715
0.3750
0.3586
0.7011
0.6606
0.5868
0.7420
0.5101
0.4431
0.6207
0.4014
0.6303
0.4580
0.2503
0.6048
0.4431
0.7483
0.5666
0.6630
0.3633
0.5195

Table 3: Genetic distances of different groups from
phylogenetic analysis
Groups
G1
G2
G3
G4
G5
Overall

Range
0.046 ------ 0.1419
0.092 ------- 0.1494
0.0805 ----- 0.3103
0.0575 ----- 0.1954
0.1379 ------ 0.2299
0.0460 - -----0.3563

Average
0.0912
0.1149
0.1509
0.1369
0.1589
0.1932

Genotypes
6
6
6
6
4
28

genotypes was estimated through un-weighted pair group
method of arithmetic means. On average, for genetic distance
the genotypes ranged from 0.0460 to 0.3563. Genotypes IRNIBGE-1524-4 and CIM-446 owned maximum genetic
distance (0.3563) (Table 3). However, minimum genetic
distance (0.0460) was observed among genotypes IR-2379,
IR-1526 and IR-2379 and NIBGE-2.
Based on phylogenetic tree, the cotton genotypes were
divided mainly into two groups and further sub-divided into
five groups (Fig. 1). In group first, six genotypes were
observed with genetic distance ranging from 0.046 to 0.0912
with mean genetic distance of 0.0912. Maximum genetic
distance (0.1494) was observed among genotypes i.e.,
NIBGE-5 and NIBGE-2, NIBGE-5 and IR-NIBGE-370138, while minimum genetic distance (0.046) was
observed between genotypes viz., NIBGE-2 and IR-2379,
IR-2379 and IR-1526. In group second, six genotypes
were found with genetic distance of 0.092 to 0.1494 with
an average genetic distance of 0.115. Maximum genetic
distance (0.1494) was observed among genotypes CIM707, CIM-499 and CIM-496. Minimum genetic distance
(0.092) was observed among various groups of genotypes
CIM-554 and CIM-506, CIM-506 and CIM-499, CIM-506
and CIM-496, CIM-499 and CIM-496. The third group
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with genetic distance ranging of 0.1379 to 0.1589 with
average value of 0.1589. Maximum genetic distance was
observed between genotypes NIBGE-2472 and NIBGE115 (0.2299) while minimum genetic distance (0.1379)
was recorded between genotypes NIBGE-115 and IR3300-13 (Table 3).
Population Structure

Fig. 1: Neighbor-joining clustering of the 28 cotton genotypes
based on 22 (out of 100) microsatellite markers

The selected 87 (minus not amplified) SSR markers were
used to estimate population structure of 28 cotton cultivars.
An admixture model assumes that individuals may also have
inherited a fraction of their genome from its ancestors in a
different subpopulation, and thus having a mixed
ancestry. The main objective of the population structure
analysis was to avoid false positives during marker trait
associations. In software options, a burn in length of 30,000
iterations and run length of 30,000 durations were used to test
the K value in the range of 1-28. Structure analysis revealed
that all the cotton genotypes were divided into two main subgroups i.e., G1 (1-10) and G2 (11-28) (Fig. 2). Based on K
value, all the studied cotton genotypes were also divided into
two major groups (Fig. 3).

Discussion

Fig. 2: Q-plot showing clustering of 28 upland cotton
genotypes based on analysis of genotypic data using
STRUCTURE. Each genotype is represented by a vertical bar.
The colored subsections within each vertical bar indicate
membership coefficient (Q) of the genotype to different
clusters. Identified subgroups are group 1 (red color) and
group 2 (green color)
Legends 1 = IR-NIBGE-901; 2 = IR-NIBGE-1524-4; 3 = IR-NIBGE-3; 4 = IRNIBGE-4; 5 = IR-NIBGE-5; 6 = IR 3300-24; 7 = IR 3300-13; 8 = NIBGE-115; 9
= NN-3; 10 = NIBGE-2472; 11 = NIBGE-2; 12 = IR-2379; 13 = IR-NIBGE-370138; 14 = IR 1526; 15 = NIBGE-314; 16 = NIBGE-5; 17 = NIBGE-4; 18 = IR
NIBGE-2620; 19 = NIBGE 758-8; 20 = IR NIBGE-3701-33-6; 21 = SLH-284; 22
= CIM-446; 23 = CIM-473; 24 = CIM-496; 25 = CIM-499; 26 = CIM-506; 27 =
CIM-554; 28 = CIM-707

consists of six genotypes ranging from 0.0805 to 0.3103
with mean genetic distance of 0.151. Maximum genetic
distance (0.3103) was recorded among genotypes
NIBGE-4,
IR-NIBGE-3701-33-6
and
CIM-446.
However, Minimum genetic distance (0.805) was
observed among genotypes NIBGE-758, IR-NIBGE2620 and NIBGE-4. Group fourth was having six genotypes
ranged from 0.0575 to 0.1954 with mean genetic distance of
0.1368. Maximum genetic distance (0.1954) was recorded
between IR-NIBGE-1524-4 and IR-3300-4, while minimum
(0.0575) was observed between genotypes IR-NIBGE-5 and
IR-NIBGE-4. In group five, four genotypes were observed

In present study, the estimated PIC value (0.53) was in the
range of average PIC values reported previously for cotton
SSRs i.e., 0.122 to 0.80 (Abdurakhmonov et al., 2008; Zhang
et al., 2011). In these upland cotton genotypes, lesser alleles
per locus with low PIC values were noted. Lower number of
alleles per locus and low PIC values in upland cotton, as also
observed in the current study, further substantiated the
previous reports on narrow genetic base in cotton (Campbell
et al., 2009). Some other studies also reported narrow genetic
base in upland cotton genotypes (Zhang et al., 2005; Ahmad
et al., 2007; Ali et al., 2017, 2018). According to Khan et al.
(2009), Indo-Pak and Pakistani cotton cultivars released since
1914-2005 had narrow genetic base. Rahman et al. (2008)
also reported narrow genetic diversity among elite cotton
cultivars in Pakistan. However, before the incidence of cotton
leaf curl virus (CLCuV) and its epidemic expression in
1991/92, the genetic diversity was high among the cotton
genotypes. It has been estimated that CLCuV epidemic
caused a loss of 4.98 million bales of cotton with an estimated
value of US$7.4 billion (Khan et al., 2009). After this heavy
loss in cotton, resistance against CLCuV got much attention
and breeders were concerned about the need of CLCuV
resistant cultivars in cotton. As a result, a major shift in cotton
breeding priorities was seen. Majority of the breeding
programs focused on development of CLCuV resistant
cultivars, however, fewer resistant sources were available in
this regard. The germplasm used in the current study has been
developed after that epidemic era. Therefore, the cotton
genotypes developed after CLCuV epidemic had narrow
genetic base which also authenticated by the present findings.
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Fig. 3: Estimating number of sub-populations using delta K
values for K ranging from 2 to 28 using method proposed by
Evanno et al. (2005)

Extensive use of closely related cultivars in cotton breeding
has resulted in narrowing the genetic base. the present study
manifested narrow genetic base for most of the genotypes
released after 2000. This might be due to rigorous reuse of
the available cotton genotypes in the breeding programs
(Haidar et al., 2012).
In several past studies conducted on different cotton
genotypes, similar kind of low genetic diversity was also
reported in upland cotton (Zhang et al., 2005; Shaheen et al.,
2010; Fang et al., 2013). However, the said estimates of
genetic diversity might be higher because the monomorphic
data of SSRs loci was excluded in the present study. Most of
the cotton genotypes in mixed group were located between
major clusters in the neighbor-joining tree. Results further
revealed that there was a good agreement between present
study and pedigree information. However, for some
genotypes there were discrepancies between pedigree
information and marker-based relationships. The
discrepancies might be due to the mutation in the available
cotton genotypes or may be using same lines again and again
in breeding programs by local breeders. Past observations
also reported discrepancies between cotton pedigree
information and genetic relationships based on SSR markers
(Iqbal et al., 2001; Ahmad et al., 2007; Fang et al., 2013).
According to phylogenetic tree, the genetic diversity
within each group was lower. However, the present
observations suggested that cultivars developed through
different breeding programs might be suitable to specific
geographic locations. This also could explain that in spite of
narrow genetic base in upland cotton, breeders were able to
develop improved cotton cultivars through breeding
procedure. Thus, the present results could help breeders to
identify and select appropriate genotypes for enhancement of
seed cotton yield through different breeding programs and

conservation of genetic diversity. Irrespective of
originating institutions, division of upland cotton into two
major groups was observed for some genotypes in
phylogentic tree. This might be due the same breeding
material being used in different institutions. Past studies
revealed that genetic diversity in 48 rice accessions had
divided them into two main groups and then into sub-groups
irrespective to their originating stations (Aslam and Arif,
2014; Ali et al., 2018). Buyyarapu et al. (2011) also observed
phylogenetic tree with four major sub-clusters for 23 species,
while three species branched out individually in upland
cotton genotypes.
According to Pritchard et al. (2000b), the software
"STRUCTURE 2.3.1" was used to determine the population
structure of all the cotton genotypes before marker trait
association analysis. The ideal number of clusters (K) were
found through method of Evanno et al. (2005) using online
program "Structure Harvester" (Yu et al., 2006). This value
reached a plateau when minimum number of groups that best
describes the population structure has been reached
(Pritchard et al., 2000a, b; Evanno et al., 2005). Population
structure analysis identified two different sub-populations in
upland cotton genotypes which were studied in this
experiment across different locations. Twenty-eight
genotypes were assigned to mixed group indicating little
admixture among the studied genotypes. This admixture is
possibly a result of closely related germplasm being shared
among different breeding programs. Admixture was also
observed between the two Gossypium species. Such
admixture between G. hirsutum and G. barbadense is
expected since introgressions from G. barbadense has been
used for cultivar development. An admixture model assumes
that individuals may also have inherited a fraction of their
genome from its ancestors in a different subpopulation, thus
having a mixed ancestry. Another reason could be the
frequent appearance of a few lines with favorable agronomic
traits of upland cotton in multiple breeding programs. The
clustering of individuals into subpopulations is based on the
genotypic data consisting of unlinked markers in upland
cotton (Guo et al., 2007; Li et al., 2008; Khan et al., 2010;
Paterson et al., 2010; Ali et al., 2018). Phylogenetic analysis
supported the subgroups identified by software
'STRUCTURE 2.3.1' (Tyagi et al., 2014).

Conclusion
The present study confirmed that pedigree information was
same as revealed by both phylogenetic and population
structure analysis in upland cotton germplasm and identified
the same groups of the genotypes. Average genetic distance
between the genotypes was indicating low levels of genetic
diversity in upland cotton germplasm. Present study revealed
that establishment of genetic diversity and population
structure analysis could be useful for genetic and genomic
analysis and systematic utilization of the currently available
genetic variation in upland cotton.
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