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Abstract

Desi cotton (Gossypium arboreum) or the Asian tree cotton occupies the least area amongst all the cultivated Gossypium
species, but it is of paramount importance as a vital source of high-quality lint and stress resistance for commercially
cultivated cotton species. Hence, it is essential to analyze the genetic diversity of this crop for future advancements in cot-
ton breeding. An study comprising of 30 G. arboreum accessions was undertaken to estimate the genetic variability using
morphological traits, fibre quality parameters and oil quality. Likewise, molecular diversity analysis using 24 SSR markers
was carried out for the 30 G. arboreum genotypes and 11 additional cotton species. Presence of substantial genetic vari-
ability was revealed by analysis of variance (ANOVA) amongst all genotypes for all the traits. Morphological studies indi-
cated that genotype PA 255 had higher seed cotton yield (80.07 g/plant). Examination of fibre and oil quality suggested
that genotype Cernuum had the highest fibre fineness (7.27 ug/inch) and oil (17.68%), while genotypes 824 (29.57 mm)
and PA 812 (29.30 g/tex) had the maximum UHML and fibre strength, respectively. 30 genotypes were classified into 3
classes based on the seed cotton yield, which is considered a very important trait. Manhattan dissimilarity co-efficient
based phenotypic diversity divided the 30 genotypes into four main clusters, with an average dissimilarity value of 0.17,
indicating low phenotypic variability. The dendrogram generated using SSR marker data based on Nei's genetic distance
grouped 41 genotypes into three clusters, with average distance of 0.47. Based upon the placement of the number

of genotypes in same clusters in both matrices, it can be inferred that there is considerable correlation between mor-
phological and molecular analysis as the value for Mantel statistic R was 042 (p value 0.0003). Fatty acid profiles of 30

desi cotton genotypes revealed the presence of nine different fatty acids of which linoleic, palmitic and oleic acid were
found to be in highest amount, with an average of 43.22%, 25.13% and 24.97%, respectively. Overall, the study suggested
that the variability available in diploid cotton can be exploited through hybridization, mapping population development
and polyploidization based pre-breeding.
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Introduction

Cotton holds a prominent position as one of the most
significant commercial crops, playing a vital role in agri-
cultural, economic, and social spheres. It is recognized
as a cash crop and a valuable source of fiber, making it
highly important for various industries and livelihoods.
It is classified within the family Malvaceae and the tribe
Gossypieae. Among the eight recognized genera in Gos-
sypieae tribe, cotton falls under the genus Gossypium.
Cotton displays extensive genetic diversity with over 50
species. Of these, 46 are diploids and 7 are tetraploids.
Worldwide, only four cultivated cotton species are rec-
ognized, including Gossypium arboreum, G. herbaceum,
G. hirsutum, and G. barbadense, all of which are grown
in India. G. arboreum and G. herbaceum, known as old
world or Asian cottons, are diploid (2n=2x=26) with
A1 and A2 genomes, respectively, and are exclusively cul-
tivated in Asia. Tetraploid species, G. hirsutum and G.
barbadense, account for 98% of global cotton production,
while diploid species, G. arboreum and G. herbaceum,
contribute only 2% of the total global output (Shim et al.
2018).

Gossypium species are classified into primary, sec-
ondary, and tertiary gene pools based on their genetic
hybridization properties. The primary gene pool com-
prises of both cultivated (G. hirsutum and G. barbadense)
and wild allotetraploids (G. tomentosum, G. mustelinum,
and G. darwinii). Diploids with A, B, D, and F genomes
make up the secondary gene pool, while diploids with C,
E, G, and K genomes form the tertiary gene pool (Shim
et al. 2018).

The leading cotton-producing nations include China,
India, the United States, Brazil, and Pakistan. India stands
out with the largest cotton cultivation area, accounting
for approximately 40% of the global total. In terms of
production, India ranks second, contributing 23% to the
world’s cotton output. In the 2021-22, cotton cultivation
in India covered an area of 12.37 million hectares, yield-
ing 31.1 million bales of 170 kg each. India’s productivity
stands at 428 kg/ha, which is lower than the global aver-
age yield of around 755 kg/ha (Anonymous 2021).

In addition to being a primary fiber crop, cotton holds
a significant position as a major oilseed crop worldwide.
Cotton is predominantly cultivated worldwide for its
fiber, but it also serves as a significant source of edible oil
(15-25%). Cottonseed oil, derived from cotton seeds, is
renowned as a premium quality vegetable oil. Notably,
cottonseed oil is cholesterol-free, enhancing its appeal
as a healthy dietary option (Khan et al. 2007). The fatty
acid profile of cottonseed shows that it consists of 70%
unsaturated fatty acids including 18% monounsaturated
(oleic), and 52% polyunsaturated (linoleic and linolenic)
and 30% saturated fatty acids (Daniel 2007).
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Asian cotton (G. arboreum L.), also known as tree/desi
cotton, is indigenous to the Indian subcontinent. From
G. arboreum, several races have evolved, including indi-
cum, burmanicum, sinense, sudanense, cernuum, and
bengalense. Despite accounting for only 2—3% of global
cotton production, diploid species play a crucial role
as they serve as a valuable source of essential genes for
resistance against biotic and abiotic stresses (Parekh
et al. 2018). Desi cotton, cultivated extensively in India, is
well-suited for rainfed conditions. With the rise of chal-
lenges like pink bollworm and the whitefly-Cotton Leaf
Curl Virus complex, there is a renewed interest in desi
cotton (Parekh et al. 2016). Unlike Bt hybrids, desi cot-
ton demonstrates sturdiness, tolerance to various pests,
resistance to abiotic stresses, immunity to the cotton leaf
curl virus, and reduced reliance on chemical inputs due
to natural selection under environmental stress. Due to
its lower production costs, higher net returns, and cli-
mate resilience, desi cotton is anticipated to play a vital
role in ensuring sustainable and increased cotton yields
in India (Blaise et al. 2020). The diverse landraces of desi
cotton hold great significance as genetic resources for
the enhancement of tetraploid cotton. These landraces
possess adaptive characteristics that can contribute
immensely to cotton-breeding programs by introduc-
ing valuable genes for early maturity, stress tolerance,
and high fiber strength (Xiang 1988; Rahman et al. 2002;
Mehetre et al. 2003; Liu et al. 2006).

A thorough understanding of the genetic relationships
at morphological and DNA level among desi cotton geno-
types as well genetic relation with other species is crucial
as it facilitates efficient utilization and harnessing of their
potential for developing superior cotton cultivars with
desirable agronomic traits. By unraveling these genetic
relationships, breeders can make informed decisions and
implement effective strategies to exploit the diversity pre-
sent in desi cotton, ultimately leading to the development
of improved cotton varieties. Research on genetic diver-
sity using microsatellites (simple sequence repeats, SSRs)
is relatively limited, especially in India (Sethi et al. 2015;
Saravanan et al. 2021; Santosh et al. 2021). Additionally,
many of these studies have not conducted comparisons
of genetic diversity between cultivated and wild species.
Moreover, previous studies have been conducted with-
out considering morphological or quantitative traits. As a
result, it is difficult to obtain a clear understanding of the
variability within the germplasm. Taking into account all
the aforementioned facts, the current study was carried
out to investigate the genetic variability of Asian cotton.
The study encompassed both morphological traits and
molecular markers to comprehensively assess the diver-
sity within desi cotton.
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Materials and methods

Experimental materials and field evaluation

The current study was conducted during the Kharif
(an Indian term for summer) season of 2021-22 at the
Regional Cotton Research Station (RCRS), Anand Agri-
cultural University (AAU), Viramgam. The experiment
was executed in a randomized complete block design
with three replications, and the plants were spaced at
120x30 cm. During the study, standard agricultural
practices were implemented. In the present experimen-
tal study, a total of thirty diverse Asian cotton genotypes
were selected for the evaluation of morphological traits.

Phenotyping for morphological and fibre quality traits

For each genotype in the study, five competitive plants
were randomly selected and labeled within each replica-
tion. These plants were used for collecting various char-
acters viz. days to 50% flowering (DFF), days to maturity
(DM), plant height (PH; cm), monopodia per plant
(MP), sympodia per plant (SM), bolls per plant (BP), boll
weight (BW; g), seed cotton yield per plant (SCYP; g),
lint yield per plant (LYP; g), ginning out turn (GOT; %),
seed index (SL; g), upper half mean length (UHML; mm),
fibre strength (FS; g/tex), fibre fineness, (FF; pg/inch), oil
content (OC; %). Plot-based recording was conducted
specifically for two phenological characters: days to 50%
flowering and days to maturity.

Fibre samples (100gm) were submitted to Central Insti-
tute for Research on Cotton Technology (CIRCOT) lab,
Navsari Agricultural University (NAU), Surat to assess
fiber quality. The pooled fibre sample was analyzed for
fibre quality traits. The testing was performed under con-
trolled conditions of 65+ 2% relative humidity and a tem-
perature of 27 +2 °C, using the High Volume Instrument
(HVI) mode. The determination of total oil content was
performed through the extraction of oil using a Soxhlet
apparatus and hexane (AOAC, 1965) as the extraction
solvent. For the measurement of oil content, a quantity
of 0.5 g of finely ground cotton seed powder (from which
lint has been removed) was employed.

Fatty acid profiling

Fatty acid profiling, also referred to as the analysis of fatty
acid methyl esters (FAME), serves the purpose of assess-
ing the quality of oil. This analysis involves the identifica-
tion and quantification of the various fatty acids present
within a sample. Oil profiling was determined using the
procedure given by Ravi et al. (2013). To separate and
detect different fatty acids from the total oil, a gas chro-
matograph (Thermo Trace 1110) equipped with an FID
(Flame Ionization Detector) was utilized. The separation
of fatty acids was performed using a SP-2560 column
(100 mx0.25 mm i.d., 0.2 um). The injector temperature
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was set at 230 °C. The oven temperature program was
as follows: starting at 120 °C (held for 2 min), ramping
at 4 °C per minute to 210 °C (held for 3 min), and then
further increased at 7 °C per minute to 230 °C (held for
10 min). Nitrogen gas served as the carrier gas at a con-
stant flow rate of 1.5 mL/min. The detector temperature
was maintained at 250 °C. The total run time for the
analysis was 40 min. For each compound, peak identifi-
cation was achieved by comparing retention times with
standards. The peak area was automatically calculated
by integrating the peak with baseline-to-baseline meas-
urements. The concentration of each compound was
determined using an equation based on the ratio of peak
areas between the respective standard and the sample.
The fatty acid profiling in pooled samples was carried out
without replication.

Molecular diversity using SSR markers

The molecular diversity investigation was undertaken
using SSR markers among 30 genotypes of desicotton
and 11 other accessions of different Gossypium species
of cotton. DNA was extracted from newly expanded
fresh leaves using Cetyl Trimethyl Ammonium Bromide
(CTAB) protocol (Doyle and Doyle 1990). The quality
assessment of DNA was performed on a 0.8% agarose
gel, while the quantity was measured using a Nanodrop
ND-1000 (Thermo, USA). Then, the DNA was diluted to
a concentration of 25 ng/uL using nuclease-free water.

To conduct the genetic analysis, SSR (Simple Sequence
Repeat) primers developed by Jena et al. (2012) were
employed for PCR (Polymerase Chain Reaction). The
PCR reaction conditions involved an initial denaturation
step at 94 °C for 5 min, followed by 35 cycles of denatura-
tion at 94 °C for 45 s, annealing at a temperature specific
to the primers (AT °C) for 45 s, extension at 72 °C for
45 s, and a final extension step at 72 °C for 7 min. The
PCR was carried out using a SensoQuest Thermocycler
(Germany). Electrophoresis and gel documentation were
performed following the procedure described by Sagar
et al. (2022).

Data analysis

The data collected for the studied traits were utilized to
conduct an analysis of variance (ANOVA) and calculate
the critical difference (CD) to identify significantly dif-
ferent genotypes. For SSR marker data, the size of each
amplified band for every microsatellite marker was
determined by comparing its migration to a molecular
weight size marker (100 bp DNA Ladder). A morpho-
biochemical and fiber traits-based dissimilarity matrix
was constructed using Manhattan coefficients using
NTSYSpc 2.0 (Rohlf, 1998). The data obtained from the
allele molecular weight analysis was processed using
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Power Marker v 3.25 software (Liu and Muse 2005) to
calculate major allele frequency, gene diversity, heterozy-
gosity, and polymorphism information content (PIC).
The processed data obtained from this analysis was then
utilized to calculate the dissimilarity matrix using DAR-
win 6.0 (Perrier et al. 2003). For constructing the dendro-
gram, a pairwise dissimilarity matrix was generated using
the simple matching coefficient. The Neighbor-Joining
method, as proposed by Saitou and Nei (1987) and imple-
mented in DARwin 6.0, was used for this purpose. The
method employs the relative neighborhood criterion,
the weighted average for dissimilarity updating, and
an adjustment to an additive tree distance to build the
dendrogram. Mantel statistic based on Spearman’s rank
correlation was carried out between morphological and
SSR markers based distance matrices in R using vegan
(Oksanen et al., 2024). Since, fatty acid profiling was car-
ried out with replication hence only mean and range was
calculated.

Results and discussion

Genetic variability refers to the sum of genetic distinc-
tions present among individuals within a population.
A diversity study involves quantitatively estimating
these genetic differences. Such studies provide valuable
insights into the level of genetic diversity within the pop-
ulation. This understanding helps to better comprehend
the genetic composition and supports research in fields
like biology, evolution, and breeding.
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The analysis of variance revealed that the mean square
due to genotypes was highly significant for all 15 charac-
ters studied, indicating a substantial amount of variability
among the genotypes (Table 1). This abundance of varia-
tion opens up numerous research opportunities for plant
breeders to select elite and superior genotypes for further
crop improvement. The wide range of diversity observed
among the genotypes offers promising prospects for
enhancing crop traits and achieving desirable agricultural
outcomes.

Morphological traits
Early maturing genotypes offer significant advantages,
especially in regions with frequent terminal droughts.
They can also evade high pest or disease occurrences,
adapt to abnormal weather conditions, and free up the
field for timely sowing of the subsequent crop. Early
flowering in cotton is favored, indicated by days to 50%
flowering ranging from 60.67 to 77.00 days (mean 66.81).
PA 826 and CNA 1065 were earliest (60.67 days), while
Cernuum was late flowered (77.00 days), followed by
AKA 9431 (75.00 days) and PAIG 8/1 (74.33 days). In the
present study, the germplasm exhibited earlier flowering
than observed in Sangwan et al. (2008) with an average of
80 days to 50% flowering. However, the current result is
comparable to Ranjan et al. (2014), where the mean days
to 50% flowering were 57 days.

The role of plant height in cotton is not well-defined, as
it depends on the specific objective. For machine picking,

Table 1 Analysis of variance and mean performance of quantitative characters in 30 genotypes

Trait Source of variation and Mean squares Mean Range S.Em.t CD at 5% CV%

Replications Genotypes Error

(Df:2) (Df: 29) (Df: 58)
Days to 50% flowering 1.01 76.96** 3.55 66.81 60.67-77.00 1.09 3.08 2.82
Days to maturity 3.38 36.75** 6.03 154.34 149-160.33 142 4.01 1.59
Plant height (cm) 84.72 559.00%* 135.69 139.89 82.60-15847 6.73 19.04 833
Monopodia per plant 0.21 2.56%* 0.1 346 1.93-6.00 0.19 0.54 9.52
Sympodia per plant 6.31 49.79** 2.02 154 4.93-21.73 0.82 2.33 9.24
Bolls per plant 6.26 137.15%* 22.55 36.76 16.13-47.27 274 7.76 12.92
Boll weight (g) 0.03 0.63** 0.04 2.06 1.70-4.35 0.12 034 10.03
Seed cotton yield per plant (g) 75.93 478.80%* 61.2 40.68-80.07 479 13.56 13.55
Lint yield per plant (g) 545 76.49%* 8.02 19.29 10.73-28.73 1.64 4.63 14.68
Ginning out turn (%) 0.84 36.56** 2.05 31.29 23.79-37.83 0.83 234 4.57
Seed index (g) 02 1.70%* 0.1 599 5.00-7.83 0.2 0.55 5.66
Upper half mean length (mm) 0.96 13.81%* 1.09 258 20.00-29.57 0.6 1.7 4.04
Fibre strength (g/tex) 0.84 12.88%* 1.84 25.86 20.07-29.30 0.78 221 5.24
Fibre fineness (ug/inch) 0.28 1.79%% 3.88 3.00-7.27 0.18 0.51 7.98
Oil content (%) 0.29 3.64** 0.32 16.07 14.31-17.68 0.33 0.93 3.55

" indicate significant at 1% levels of probability
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shorter sympodial varieties are preferred. However,
under poorly managed conditions, taller genotypes with
more monopods may be more suitable. In general, a plant
height of around 150 cm is reflected best suitable (Sang-
wan et al. 2008). Plant height exhibited substantial vari-
ation among genotypes [82.60 (Cernuum) to 158.47 cm
(PAIG 379)], with a mean of 139.89 cm. Generally, dwarf
plants are well-suited for high-density planting, leading
to increased yield potential.

Monopodia (vegetative branches) and sympodia (fruit-
ing) branches are crucial in cotton as they determine
plant architecture, branching pattern, and fruiting effi-
ciency. Monopodia contribute to the main stem and
primary branches, while sympodia form secondary and
fruiting branches. Balancing their development and man-
agement is vital for maximizing crop yield and overall
cotton productivity. Moreover, monopodial genotypes
can be sown with wider spacing, reducing the need for
costly hybrid seeds and subsequently lowering produc-
tion costs. Generally, a lower number of monopodia per
plant is preferred. Mean data for monopodia ranged
from 1.97 (PA 812) to 6 (CINA 310) had the maximum.
The overall mean for monopodia per plant was 3.46. The
sympodia per plant varied from 4.93 to 21.73 with mean
value of 15.40. The genotypes PAIG 379 had the high-
est sympodia per plant (21.73) while lowest value was
recorded for the genotype Cernuum (4.93). Of 30 geno-
types, 15 had higher for sympodia per plant than mean.
The per plant monopdia and sympodia was higher than
Erande et al. (2014), where mean was 1.29 and 15.88,
respectively.

Bolls per plant significantly contribute to cotton yield.
The 30 genotypes showed a wide variation in bolls per
plant (16.13 to 47.27). PA 255 (47.27) had the most, fol-
lowed by CNA 1065 (43.53). Cernuum (16.13) and AKA
9431 (23.93) had the lowest values. Low bolls per plant
for race cernuum have also reported earlier by Mohan
et al. (2001). The general mean was 36.76, with 22 gen-
otypes surpassing this mean. The studied genotypes
showed more bolls per plant than Ranjan et al. (2014) and
Erande et al. (2014) where balls per plants were 34.14 and
14.76, respectively. The seed cotton yield is determined
by the balance between flower production and the shed-
ding of flowers or bolls. Prioritizing genotypes with a
higher number of effective bolls is essential for maximiz-
ing cotton yield.

Genotypes with higher boll weight play a crucial role
in contributing to cotton yield as well as easy picking
with less waste content. Larger boll weight signifies the
potential for more cotton fiber production, resulting
in increased overall yield per plant and per unit area.
Selecting and breeding for genotypes with higher boll
weight is an essential strategy for improving cotton yield
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and productivity. The range of boll weight varied from
1.70 to 4.35 g with the mean 2.06 g. Genotype Cernuum
showed exceptionally high average boll weight (4.35 g).
On the other hand, genotypes GSav-1056 (1.70 g) and
AKA 9431 (1.71 g) exhibited low boll weight.

The range of mean values for days to maturity var-
ied from 149.00 to 160.33 days and general mean was
154.34 days. Among all the accessions, PA 826 and PA
869 (149.00 days) were the earliest in days to maturity fol-
lowed by PA 778 (149.33) and PA 741 (150.00 days). PAIG
8/1 was found to be the latest genotype (160.33 days)
in terms of days to maturity followed by Cernuum
(159.33 days) and AKA 9431 (159.00 days). The trends
are similar to that of days to 50% flowering but no exact
literature was obtained to support the results of present
study for days to maturity.

Yield traits

The main objective of cotton breeders is to enhance the
development of varieties and hybrids with higher yield
potential while ensuring acceptable fiber characteris-
tics. This focus on yield improvement and fiber quality
has two main objectives. First, it aims to enhance cotton
production to meet the demands of the textile industry.
Second, it seeks to ensure agricultural sustainability.The
knowledge of variability for yield, a complex polygenic
trait, is essential to maximize the crop harvest. In current
study, the seed cotton yield per plant exhibited a wide
range of variability, ranging from 40.68 to 80.07 g among
all genotypes. PA 255, CINA 1067, and PA 842 were
among the highest yielding genotypes, while GSav-1056,
PAIG 8/1, and AKA 9431 had the lowest yields. Thirteen
out of 30 genotypes surpassed the mean yield of 61.2 g
per plant. The seed cotton yield per plant was lower than
Ranjan et al. (2014) where it was 72 g. The seed cotton
yield per plant in the study of Mankar et al. (2021) ranged
from 22.00 to 45.50 g with a mean of 33.49.

The lint yield per plant in cotton holds immense impor-
tance as it directly influences the overall productivity
and profitability of cotton cultivation. Maximizing lint
yield per plant ensures higher fiber production, meeting
the demands of the textile industry and generating bet-
ter economic returns for farmers. Selecting and breeding
cotton varieties with improved lint yield is a key strategy
for enhancing cotton production and meeting global cot-
ton demands. Lint yield per plant ranged from 10.73 to
28.73 g. PA 842 (28.73 g) ranked first, followed by PA 826
(28.20 g) and PA 255 (26.29 g). Conversely, GSav-1056
(10.73 g) and AKA 9431 (11.31 g) had the lowest yields.
The overall mean for lint was 19.29 g. A wide range of
variability for lint index (3.21-6.37 g) was also recorded
by Mankar et al. (2021). Erande et al. (2014; 10.90 g)
observed lower lint yield.
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Ginning out turn (GOT) is a crucial factor in the cot-
ton industry as it directly impacts the amount of lint
obtained after ginning. A high GOT is desirable for cot-
ton growers as it increases the market value of lint and
improves profitability. The ginning out turn (GOT) dis-
played a range from 23.79% to 37.83%. PA 826 recorded
the highest GOT (37.83%), while PA 741 had the low-
est (7.80%). The overall mean for GOT was 31.29%. The
GOT in previous studies of Erande et al., (2014) and Igbal
et al. (2015), GOT ranged from 33.61% to 39.87% (mean:
37.71%) and 18.75% to 36.94% (mean: 28.95%), respec-
tively. These variations highlight the importance of GOT
assessment in cotton, as it directly influences lint yield
and overall cotton quality.

Seed index is important in determining yield and oil
content. The mean seed index of the 30 genotype was
5.99 g, ranging from 5.00 g (PA 255) to 7.83 g (AKA
9431). These results are in agreement with Sagar et al.
(2022; 6.09 g) and Saravanan et al. (2021; 5.29 g). The
larger-seed have reduced surface area-to-seed mass ratio,
which leads to lower seed lint. Thus, seed index is a con-
trasting trait in cotton, and a lower seed index is consid-
ered favorable.

Fibre quality parameters

Cotton Upper Half Mean Length (UHML) is a critical
measure in the textile industry to evaluate the quality of
cotton fibers. Longer UHML values are desirable, as they
indicate the presence of more consistent and uniform fib-
ers, which are ideal for producing high-quality textiles.
Cotton with UHML below 24 mm may have reduced
spinning performance. Cotton-based industries favor
longer fiber lint. In current study, UHML ranged from
20.00 to 29.57 mm. Genotype 824 recorded the high-
est UHML (29.57 mm), while Cernuum had the lowest
(20 mm). The overall UHML mean was 25.80 mm. Ear-
lier Mohan et al. (2001) reported 2.5% span length of
17.0-21.8 mm. A UHML in a range of 12.91% -23.81%
was recorded by Igbal et al. (2015) in G. arboreum of
Pakistan origin. However, in a previous study conducted
by Wang et al. (2013), a higher mean value of 35.35 mm
for UHML was recorded for barbadense cotton. Variabil-
ity in UHML values can be attributed to different cotton
species and environmental conditions.

Cotton varieties with superior tensile strength are
preferred by the textile industry for producing durable
and high-performance textiles. Earlier, fiber strength
in a range of 17.50-20.50 g/tex with a mean of 19.27 g/
tex was reported by Erande et al. (2014) in G. arboretum
of Indian origin. Similarly, Mankar et al. (2021) fiber
strength was between 18.40 and 28.60 g/tex (mean:
25.54 g/tex). In current study the fibre strength varied
from 20.07 (Cernuum) to 29.30 (PA 812) g/tex. The
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highest fibre strength was found in accession PA 812
(29.30 g/tex). The overall mean (25.99 g/tex) was similar
to earlier studies.

Micronaire is a critical measure of fiber fineness, with
a lower value being desirable. It significantly impacts
the texture of the fiber, distinguishing between soft and
coarse, and silky and harsh attributes, which can be
affected by environmental factors. Maximum micronaire
value was observed in genotype Cernuum (7.27 pg/inch)
which had exceptionally high fibre fineness as compared
to other genotypes under study. Minimum micronaire
value was observed in genotype PA 741 (3 pg/inch).
This genotype considered as a fine fibre. The overall
mean for fibre fineness was 3.88 pg/inch. With a mean
of 5.47 pg/inch, Igbal et al. (2015) reported micronaire
value between 4.37 and 6.79 pg/inch. The mean value of
current study was significantly lower than Erande et al.
(2014) and Mankar et al. (2021).

Oil content and fatty acid profiling

Despite cotton being primarily cultivated for fiber pro-
duction, the whole cottonseed serves as the important
source of vegetable oil (Liu et al. 2002). The oil extracted
from cottonseed is rich in nutritional value and finds
applications in the food industry as edible oil. Accord-
ing to Shahrajabian et al. (2020), cotton ranks as the sixth
major source of edible oil worldwide. Its high tocopherol
content makes cottonseed oil valuable for human con-
sumption and various food applications. With a mean of
mean 16.07%, oil in current study ranged from 14.31 (PA
873) to 17.68% (Cernuum). Earlier, Jogender et al. (2023)
recorded oil content in a range of 14.20-15.60% with a
mean of 14.87% (Table 1). Kulkarni et al. (2009) also
reported a similar range of values, with an oil content of
20.4%.

Cottonseed oil is renowned as a cholesterol-free “heart
oil” and is highly regarded in the world of edible oils. Its
unique taste and cooking qualities are attributed to spe-
cific ratios of saturated and unsaturated fatty acids. The
relative content of various fatty acids influences the qual-
ity and palatability of cottonseed oil. Cotton seed oil con-
sists of various saturated and unsaturated fatty acids in
variable proportions.

The major fatty acids detected in the oil of 30 desi cot-
ton genotypes were linoleic, palmitic and oleic, with
an average of 43.22%, 25.13% and 24.97%, respectively
(Table 2). The fatty acids detected in minor quantities
were a-linolenic, arachidic and myristic with an average
of 0.17%, 0.30% and 0.42%, respectively. Myristic (14:0),
palmitic (16:0), palmitoleic (16:1), oleic (18:1), linoleic
(18:2) and a-linolenic (18:3) were detected in all the 30
genotypes, while the fatty acids namely arachidic (20:0),
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Table 2 Range and detection of various fatty acids in desi cotton
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stearic (18:0) and cis-vaccenic (18:1) were detected in 29,
17 and 12 genotypes, respectively.

Linoleic acid was the highest among all fatty acids
and was detected in the range of 36.78% — 54.05% (].
Tapti). Palmitic acid was the second highest fatty acid
after linoleic acid and was recorded in the range of
21.73-26.82% (PAIG 27). Oleic acid varied in the range
of 15.72%—31.48% (PAIG 379) (Table 3). Previously,
Garg et al. (2003) obtained similar results where linoleic
acid, palmitic acid and oleic acid had the ranges of
38.43%—55.14%, 24.08% — 36.33% and 15.95% — 33.70%
respectively in desi cotton.

Fatty Acid Range (%) Fatty acid detected in
——————— number of genotypes
Min Max

Myristic acid (14:0) 0.29 069 30

Palmitic acid (16:0) 2173 2682 30

Palmitoleic acid (16:1) 0.75 154 30

Stearic acid (18:0) 287 443 17

Oleic acid (18:1 Cis-9) 1572 3148 30

Cis-vaccenic acid (18:1 Cis-7) 1.75 48 12

Linoleic acid (18:2) 36.78 5405 30

a-Linolenic acid (18:3) 0.08 116 30

Arachidic acid (20:0) 0.1 05 29

Table 3 Oil profiling of different desi cotton genotypes (ND: not detected)

Genotypes Myristicacid Palmiticacid Palmitoleic Stearicacid Oleic acid cis- Linoleicacid a-inolenic Arachidic acid
(C14:0) (%) (C16:0) acid (C18:0) (C18:1Cis-9) vaccenic C18:2 acid C20:0
(%) (C16:1) (%) (%) (C18:1 (%) C18:3 (%)
(%) Cis-7) (%)
(%)

J. Tapti 0.69 25.18 1.03 3.14 15.72 ND 54.05 0.1 0.1
CINA310 043 2263 0.92 443 22.14 ND 49 0.11 032
AKA 9431 0.58 25.08 091 ND 23.05 ND 43.84 0.19 0.29
PAIG 8/1 0.67 2173 0.89 2.05 17.2 ND 43.98 1.16 ND
PAIG 27 047 26.82 1.19 ND 22.38 4.26 44.37 017 0.35
DLSA 17 046 227 0.75 ND 26.27 4.8 44.66 0.12 0.24
DLSA 24 038 25.69 1.38 2.87 2574 ND 4359 0.11 0.25
PA 255 0.69 26.28 1.06 293 17.55 ND 51.08 0.14 0.26
824 034 25.87 1.32 36 27.81 ND 4061 0.13 031
Cernuum 04 26.07 143 ND 28.26 3.52 39.27 0.19 0.5
AKA 7 033 25.65 117 35 27.59 ND 41.31 0.12 033
Gsav-1056 038 23.83 147 ND 30.97 3.82 39.08 0.13 0.34
SRTGMS-1 036 2595 135 ND 2817 3.76 39.96 0.13 032
PA 741 0.54 24.56 0.86 3.99 21.11 ND 4847 0.14 0.33
PA 778 0.38 2592 1.36 ND 28.05 3.99 39.82 0.12 0.36
PAIG 373 0.39 26.08 13 ND 28.19 3.87 39.73 0.14 03
PA 796 0.31 25.65 117 3.35 24.69 ND 4445 0.08 0.29
PA 812 0.29 26.24 12 333 25.52 ND 43.02 0.1 0.28
PA 833 035 26.17 133 3.08 247 ND 44.06 0.11 0.2
PA 842 0.32 25.03 1.25 298 24.2 ND 4591 0.13 0.19
CNA 1054 036 2538 1.14 ND 26.55 362 42.56 0.12 0.28
PAIG 377 0.33 2537 13 341 27.29 ND 4191 0.13 0.27
PA 826 03 2342 12 3.03 238 ND 47.82 0.13 0.31
CNA 1065 038 25.11 1.16 363 26.11 ND 4321 0.11 0.29
PA 873 033 2511 1.25 3.15 25.03 ND 448 0.12 0.21
PAIG 379 045 25.14 1.54 ND 3148 41 36.78 0.16 0.34
PA 869 0.3 24.5 122 3.32 25.27 ND 4491 0.14 0.33
CINA 1068 045 26.12 1.45 ND 31.46 1.75 3826 017 0.34
CINA1069 045 2546 147 ND 31.07 262 3844 0.17 033
CINA 1067 042 25.08 147 ND 30.8 4.23 37.51 0.15 0.35
Average 042 2513 1.22 328 2497 3.69 4322 0.17 03
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Germplasm clustering using morpho-biochemical

and fiber traits

The Manhattan dissimilarity coefficient based clustering
partitioned 30 genotypes into four clusters at a cut-off
value of 0.17 (Fig. 1, Table 4) indicating susbtantial phe-
notypic variability. The dissimilarity between genotypes
ranged from 0.054 (PAIG 373 and PA812) to 0.54 (PA873
and Cernuum). Cluster 1 and 2 had 8 genotypes each
while cluster 3 and 4 had 13 and 1 genotype(s), respec-
tively. Cluster 3 was characterized with high sympodia
per plant, bolls per plant, seed cotton yield per plant,
lint yield per plant and ginning out turn. Cluster 4 with
single genotype was superior for oil content, seed index
and boll weight. Of 4 CINA series genotypes, 3 grouped
together in cluster 3, while PAIG series genotypes were
scattered in 3 different clusters. This suggested that PAIG
genotypes are more diverse at morphological traits that
CINA genotypes. The cluster mean values of different
traits are presented in Table 4. The SCYP was maximum
(60.16 g) in cluster 2 which was also had higher bools
per plant and Sympodia per plant. The HSD test further
confirmed that the cluster means are significantly dif-
ferent for most of the traits studied (Fig. 2). Among all
genotypes, cernnum was highly distinct as values for all
studied traits for this genotype was very far from mean
values of clusters. Genotypes with superior fiber quality

—

). Tapti
PAIG 8/1
CINA 310

DLSA 17
AKA 9431

GSav-1056
DLSA 24
SRTGMS-1
PAIG 27
PA 741
824
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Table 4 Variability for mean values of 15 traits in four clusters
identified by clustering analysis of 30 genotypes

Trait Cluster and genotypes per cluster
1(8) 11(8) m(3) ()
Days to 50% flowering 72.04 65.13 63.85 77.00
Days to maturity 157.79  153.21 15254 15933
Plant height (cm) 14342 13974 14222 82.60
Monopodia per plant 437 352 2.97 2.13
Sympodia per plant 11.48 15.69 1844 493
Bolls per plant 31.12 37.36 4146 16.13
Boll weight (g) 1.84 1.96 2.09 435
Seed cotton yield per plant (g) 4793 60.16 71.26 45.07
Lint yield per plant (g) 14.62 16.74 2408 14.75
Ginning out turn (%) 30.31 27.85 33.89 32.65
Seed index (g) 6.74 6.04 543 6.83
Upper half mean length (mm) 24.46 2832 25.51 20.00
Fibre strength (g/tex) 2431 2761 2649 20.07
Fibre fineness (ug/inch) 3.80 391 3.88 427
Oil content (%) 16.27 16.10 15.86 16.78

traits can be directly released as varieties. Alternatively,
they can be used as donor parents in hybridization after
multi-year evaluation of their yield performance across

PA778
PAIG 373
PA 812

PA 796
PAIG 377
AKA7

PA 873

PA 255

PA 833
CINA 1068
CINA 1069
CNA 1054
PAIG 379
CNA 1065
PA 869
CINA 1067
PA 842

PA 826
Cernuum

—F
——

i

T T T T T T T T T

0.06

—
0.26

Coefficient
Fig. 1 Dendrogram showing relationship among 30 Gossypium arboreum genotypes generated using Manhattan distance
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Table 5 Top 10 genotypes for different fiber quality and oil content traits with their agronomic performance

Trait

Name of genotypes [Bolls per plant, Seed cotton yield per plant (g)]

(Range, mean)

Bolls per plant

Seed cotton
yield per plant
(9)

Lint yield per plant (g)

Ginning out turn (%)

Seed index (g)

Upper half mean length (mm)

Fibre strength (g/tex)

Fibre fineness

QOil content (%)

PA 842 (41.93, 78.40), PA 826 (43, 74.68), PA 255 (47.27,80.07), CINA 1067 (41.2,
79.67), PA 869 (40.33,77.87), CNA 1065 (43.53, 76.15), CINA 1069 (40.27, 67.13),
CINA 1068 (42.27, 74.47), PAIG 379 (39.53,70.53), PA 833 (4247, 73)

PA 826 (43, 74.68), AKA 7 (39.67, 58.92), PA 873 (37.8,56.39), PA 842 (41.93, 78.4),
CNA 1054 (39.67,59.1), CINA 1069 (40.27, 67.13), DLSA 24 (37.33, 54.32), PA 255
(47.27,80.07), SRT GMS-1 (38, 59.99), Cernuum (16.13, 45.07)

AKA 9431 (23.93,41.4), DLSA 17 (32.6,46.97), CINA 310 (32.8, 53.3), Cernuum
(16.13,45.07), 824 (38.07, 58.28), PAIG 8/1 (28.73,41.3), DLSA 24 (37.33, 54.32),
PA 741 (38.07,67.17), PAIG 27 (27.73,43.56), J. Tapti (29.47, 45.47)

824 (38.07,58.28), PA 778 (3833, 62.9), PAIG 377 (40.67, 70.47), PAIG 373 (38.53,
59.65), PA 812 (38.53,59.67), PA 796 (38.93, 59.57), PA 741 (38.07, 67.17), PA 873
(37.8,56.39), PA 833 (4247, 73), PAIG 27 (27.73, 43.56)

PA 812 (38.53,59.67), PA 778 (38.33,62.9), PA 873 (37.8, 56.39), PAIG 379 (39.53,
70.53), CINA 1069 (40.27, 67.13), PAIG 373 (38.53, 59.65), PA 796 (38.93, 59.57),
824 (38.07,58.28), PA 833 (4247, 73), CINA 1068 (42.27, 74.47)

Cernuum (16.13, 45.07), PAIG 8/1 (28.73, 41.3), DLSA 17 (32.6, 46.97), CINA 1065
(43.53,76.15), PA 869 (40.33, 77.87), CINA 1067 (41.2, 79.67), DLSA 24 (37.33,
54.32), CINA 1069 (40.27, 67.13), AKA 7 (39.67, 58.92), PA 873 (37.8, 56.39)

Cernuum (16.13, 45.07), PAIG 377 (40.67, 70.47), DLSA 17 (32.6, 46.97), AKA
9431 (23.93,41.4), PA 741 (38.07,67.17), PA 796 (38.93, 59.57), CINA 1065 (43.53,
76.15), CINA 310 (32.8, 53.3), PAIG 379 (39.53, 70.53), CINA 1067 (41.2, 79.67)

39.53-47.27,42.18

16.13-47.27,38.11

16.13-38.07,30.49

27.73-4247,3791

37.8-42.47,3947

16.13-43.53,35.76

16.13-43.53,34.74

67.13-80.07, 75

45.07-80.07,63.41

41.30-67.17,49.68

43.56-73,61.06

56.39-74.47,64.16

41.30-79.67,60.38

41.40-79.67,61.03
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various locations. In this study, the top ten fiber quality
rich genotypes had bolls per plant 16.13 to 47.27 and had
41.30 to 80.07 g of seed cotton yield per plant (Table 5).

Genetic diversity using SSR markers and Mantel test

The present investigation was undertaken to study the
genetic diversity using SSR markers among 30 genotypes
of desi cotton and 11 other accessions which consisted of
different species of cotton other than G. arboretum. Ini-
tially, 55 SSR primers were tested on five DNA samples to
identify reproducible, scorable, and polymorphic prim-
ers. Among them, 50 primers (89%) successfully ampli-
fied. Out of the 50 primers, 26 (52%) were monomorphic,
and the remaining 24 (48%) were found to be polymor-
phic (Table 6). A representation of SSR markers amplifi-
cation in cotton genotypes is shown in Fig. 3.

The molecular weight of amplicons ranged from 89 bp
(NBRI_gJ018) to 280 bp (NBRI_gL029), reflecting signifi-
cant differences in the number of repeats among different
alleles. Among 41 cotton accessions, a total of 134 alleles
were detected, with an average of 5.58 alleles per locus
(range: 2 to 11).

This average number of alleles per locus is consist-
ent with findings by Azmat and Khan (2010) with 5.76,
Celik (2022) with 5.82, and Sagar et al. (2022) with 5.31
alleles per locus in various Gossypium species. However,
Guang and Xiong-Ming (2006) reported a lower number
of alleles per locus (3.6), and Guo et al. (2006) found even
fewer alleles (2.13) using different sets of SSR markers on
genotypes with varying degrees of variability.

The major allelic frequency ranged from 0.49 (NBRI_
gHO040) to 0.95 (NBRI_gE013-1), with a mean value
of 0.70, which is consistent with the findings of Sara-
vanan et al. (2021). The gene diversity (He) showed the
highest level for NBRI_gH040 (0.67) and the lowest for
NBRI_gE013-1 (0.09), with an overall mean gene diver-
sity of 0.46 (Table 6). Santosh et al. (2021) reported simi-
lar results with an average gene diversity of 0.37 (ranging
from 0.04 to 0.66), while Saravanan et al. (2021) reported
gene diversity values ranging from 0.10 to 0.53 with an
average of 0.36. Heterozygosity displayed significant vari-
ation, ranging from 0.00 (NBRI_gPC_10) to 0.17 (NBRL_
gE005-1), with an average of 0.07. As cotton is often
cross-pollinated, gene flow between populations is lim-
ited, potentially resulting in reduced genetic diversity and
increased homozygosity, preventing the combination of
different gene pools. This process can have implications
for the overall genetic variability and adaptability of cot-
ton crops.

The PIC values of SSR markers in the present study
ranged from 0.09 (NBRI_gE013-1) to 0.62 (NBRIL_
gHO040), with an average of 0.42. The markers were cate-
gorized based on their informative power: NBRI_gE013-1
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and NBRI_gM175 were uninformative (PIC<0.3), while
NBRI_gH040 was highly informative (PIC>0.3). The
remaining 21 markers fell within the range of moderately
informative markers (PIC: 0.3 to 0.6). The average PIC
value (0.42) in the current study was higher compared to
other studies. Sethi et al. (2015) reported an average PIC
value of 0.21 (0.02—0.80) in desi cotton, Saravanan et al.
(2021) reported an average PIC value of 0.29 (0.09-0.45),
and Santosh et al. (2021) reported an average PIC value
of 0.31 (0.04—0.6). On the other hand, Guo et al. (2006)
obtained a higher average PIC value of 0.89 (0.52-0.98)
than the present study. The discrepancies in PIC values
can be attributed to the use of different genotypes and
markers in the respective studies. The high PIC values
and a large number of alleles per marker could also be
influenced by the nature of the materials studied (Sai-
yad and Kumar 2018). The diverse germplasm used in
the current study may have contributed to the observed
variations in PIC values, highlighting the significance of
genotype selection for genetic diversity studies.

The results from the molecular studies have provided
substantial evidence that the SSR markers successfully
amplified not only the DNA of desi cotton genotypes
but also that of all other cotton species considered in
the study. Table 7 displays the amplicon sizes of the desi
cotton genotypes and other cotton species, along with
the number of alleles obtained. The inclusion of diverse
cotton species has significantly contributed to a compre-
hensive understanding of the genetic diversity among
cultivated and wild cotton species.

The reliability of the SSR markers used for molecular
analysis is further validated by their successful amplifica-
tion in all cotton species. This verification confirms the
robustness and suitability of the chosen primers for accu-
rately assessing genetic diversity in the various cotton
species under investigation. The study’s comprehensive
approach and the use of well-performing SSR markers
have enhanced our insights into the genetic relationships
and variations within the cotton genus, making it a valua-
ble contribution to the field of cotton genetics and breed-
ing research.

The 41 cotton accessions were classified into three
primary clusters: A, B, and C, comprising 23, 17, and 1
genotype, respectively (Fig. 4). Cluster A exclusively con-
sisted of desi cotton genotypes, further subdivided into
two subclusters, A1l (22 genotypes) and A2 (1 genotype).
Subcluster Al was divided into two groups, one contain-
ing genotype Cernuum and the other consisting of 21
additional genotypes. The solitary genotype in A2 was PA
255, which demonstrated superior morphological per-
formance in terms of seed cotton yield per plant. Cluster
B comprised 7 desi cotton genotypes and 10 other cot-
ton species, split into two subclusters, B1 (16 genotypes)
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Table 6 Allele information, diversity index and PIC value of SSR primers
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Locus name 5’-3" Primer sequence (Forward/reverse) Amplicon size (bop) Number Major allele H, H, PIC
of alleles  frequency

NBRI_gA112 CCTATCTTCAAGCAATACAGC/ 175-199 9 0.66 054 007 052
TTAAGCCACGTTCTTTACATGAAC

NBRI_gB008 AAATTCACGATCACCATCTTC/ 128-145 6 0.71 047 005 044
CTCCCTTGCCTTCCTAGC

NBRI_gD111 TATGGCCTATGGCACTATTAA/ 145-176 8 0.68 051 005 048
ACTCGTTGCTAGTTGAATCATG

NBRI_gE005-1 ATGCCATGTGCCTGATAAGA/ 117-130 6 0.72 046 017 044
CCTCAACATGGATTCTTGGTC

NBRI_gEO013-1 CCAAGTTCTTTCTACTTGCTGTTG/ 185-200 4 0.95 009 005 009
TCACATGCGTGAACACTTTG

NBRI_gF012 GAGTTGAGGGTCTGGGATTG/ 118-135 4 0.72 044 002 040
ACCGGGTTACCTGACTAGCAA

NBRI_gF025 TCTTAAGCTGTGAAGTCGATGG/ 139-169 6 0.65 0.54 007 051
TGAAGAACATGATGCTGAAGG

NBRI_gH040 CGGAACTCAAACACGAGTCA/ 132-154 6 049 067 017 062
CTCGCTTCTCATCACTTTTGG

NBRI_gJ018 CAACTTTCCGAGCTGGATTC/ 89-104 2 067 044 002 034
AATTCCCCCACAAGAAAACC

NBRI_gJ036 CCTTTTGTGGGGTGGAAATA/ 154-167 3 0.71 043 002 037
TTGAAGGAATTTAAAACAAGAGGAA

NBRI_gL006 TTGGATGAAATCGAAAAA/ 152-165 5 0.74 041 012 037
GGGTGGAAAAGTGGAGGAAT

NBRI_gL029 CAAAAGCCTTTCTTGACACTGA/ 257-280 8 0.59 060 010 056
GGCGACTCCACATTTTTGTT

NBRI_gPC_10 ACATTTGTGGACTTCATTCAC/ 131-150 3 0.80 033 000 031
GATCGTGCGTAGTATGAAAAT

NBRI_gPC_51-1 GGAACCTGTTTTTCATCTGTT/ 129-142 4 0.80 033 000 031
GCATCAAATTAAACAGCCATA

NBRI_gPC_52-1 GACGGTGACGAGCAAAGT/ 154-161 3 0.85 026 012 024
GGTTCACTGCAGAAAGTAAGA

NBRI_gPC_56 AATAGCCGAAGACTCTGTTTT/ 167-180 8 0.57 060 005 055
TACTAGTTCCATTGGTTCAGC

NBRI_gPC_67 AATAAATGGTGAGGAAGGAAA/ 127-143 6 0.65 054 012 051
CCATAATGGAAACCCAAAATA

NBRI_gPC _72-1 CCTTTACCTCTTATCTAACCCTA/ 125-171 8 063 056 005 053
GAAGAGTTGGATTTTGTGTGA

NBRI_gPD_27-1 ACATCAACATCAGAGGAAGTG/ 169-191 5 0.57 060 015 056
GGACGGAAAATTAAAAACTGT

NBRI_gPD_61 GAAATCGTAGGTGATTTCCTT/ 144-156 4 063 053 002 048
AAAGCACACGAGATTTGTTTA

NBRI_gPD_8 TTATAAAGATTGGAGCCTGGT/ 143-153 4 0.82 032 012 030
GGACATAGCTTTTCCCATTAT

NBRI_gPD_88-1 ATTCCCAAAAGGAAATGAGTA/ 149-164 8 0.70 050 010 048
AAGAAATTTAGCCTCATTCGT

NBRI_gMé CGTTAATTAATAGCCATTTCG/ 145-187 1 0.63 057 010 055
ATACAACGAGAACCCTCTCTC

NBRI_gM175 GCAGAGTCTTGAATGAGAGAA/ 155-161 3 091 016 002 015
TCCTGTATTTCAATTCCAAAG

Total 134 - - - _
Average 5.58 0.71 046 0.07 042

and B2 (1 genotype). Cluster C included a single acces-
sion, namely G. davidsonii. The clustering analysis has
effectively grouped the cotton accessions based on their

genetic similarities, facilitating a better understanding of
the relationships among different cotton genotypes and
species. The clustering behavior of cernuum was same in
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Fig. 4 Dendrogram showing relationship among 41 Gossypium genotypes generated by DARwin using SSR marker data

both clustering analysis as it was detected highly diverse
and fall away from rest of the genotypes. In both cluster-
ing analysis there was some harmony between the group-
ing pattern for example CINA and DLSA genotypes
grouped together in different clusters.

The pairwise comparison values of Nei’s (1973) genetic
distance among the 41 cotton genotypes displayed a wide
range, varying from 0 to 0.875. The highest genetic dis-
tance of 0.875 was observed between PA 741 and CINA
310, indicating a substantial genomic difference between
these two genotypes. Similarly, genetic distances of 0.854
were observed between G. davidsonii and J. Tapti, G.
davidsonii and CINA 310, G. thurberi and CINA 310,
and G. hirsutum and PAIG 8/1, highlighting their distinct
genetic backgrounds.

These highly divergent genotypes can be valuable
resources for developing bi-parental mapping popula-
tions and enhancing cotton improvement programs to
broaden the genetic diversity of various cotton geno-
types. On the other end of the spectrum, the lowest
genetic distance of 0 (zero) was observed between PA 869
and 824, indicating their close genetic relationship.

The average genetic distance among the 41 cotton
genotypes was calculated to be 0.47, reflecting the over-
all genetic variability within the studied cotton popula-
tion. The knowledge of genetic distances between these

genotypes facilitates the identification of potential paren-
tal combinations for breeding strategies aimed at enhanc-
ing cotton crop diversity and improving desirable traits.
The Mantel test analysis showed that a moderate cor-
relation (0.42 at p value 0.0003) between SSR marker-
based and quantitative trait-based distance matrices. This
suggested that genetic differences captured by molecular
markers moderately aligned with differences in morpho-
biochemical traits. In case when association is not strong
indicated that genetic variation influence the quantita-
tive trait variation some extent but other factors like
environment and crop management may also a play role
in expression of studied quantitaive traits (Saiyad and
Kumar 2018). Though, in current study, correlation was
moderate but grouping of few genotypes in dendrogram
was same like cernnum was highly different from rest of
the G. arboreum genotypes in morphological trait and
marker based grouping. Like wise, not only CINA series
genotypes were grouped closely but also PA 812 and
PA 878 were in same group. PAIG 8/1 and ]. Tapti also
showed a consistent relationship in both dendrograms,
aligning in the same group based on both morphological
traits and SSR marker-based grouping. Molecular mark-
ers are typically considered selectively neutral, meaning
they do not directly influence traits or undergo natural
selection. As a result, they may not always accurately
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represent the diversity in functional or adaptive traits
(Kumar et al. 2013). But in current study, the result indi-
cated a significant level of agreement between the two
methods of classification.

Way forward for utilization of diploid cotton in tetraploid
improvement

Globally, cotton breeding is focused either in genetic
improvement of tetraploids (G. hirsutum or G. bar-
badense) cotton due to their high yield potential and bet-
ter spinning capacity (Khadi et al. 2003). But tetraploids
fiber face challenges of less fiber strength compared to
dillpods. Moreover, use of same or similar elite parents
in cotton breeding narrowed the genetic variability (Yang
et al. 2020). In such case diploid cotton may be used to
transfer valuable traits into elite cultivars of tetrataploid
cotton to improve fiber quality. One of the key challenges
in deploying diploid cotton for G. hirsutum improvement
is the difference in ploidy levels, which obscure the inter-
specific breeding efforts. Polyploidization is the lone tool
that leads the genetic diversity of diploids to polyploids
but it is frequently difficult to get fertile hybrids through
crossing between tetraploid and diploid species as trip-
loid will be sterile (Khidirov et al. 2023). The fertility of
hybrids can be recovered by polyploidization, resulting
in hexaploids (Montes et al. 2017). Recently, Khidirov
et al. (2023) have developed interspecific hybrids of G.
herbaceum L. (Al-genome) and G. mustelinum Miers
ex Watt (AD4-genome) species followed by polyplodiza-
tion of the sterile triploid. The synthetic polyploids were
fertile and were also confirmed through genomic and
cytogenetic analysis. The successful example of Khidirov
et al. (2023) suggested that superior genotypes identified
in current study can be used through polyploidization
breeding for broadening the tetraploid cotton diversity
as well as development of new genetic resources through
pre-breeding.

Conclusion

The experiment effectively acknowledged elite genotypes,
such as PA 255, CINA 1067, and PA 842, with more seed
cotton yield per plant and associated traits, making them
key candidates for future cotton breeding programs
designed at improving yield. The exceptional genotype,
Cernuum, deals valuable genetic diversity, underlining
its prospective role in targeted trait improvement and
the management of genetic resources. The amalgamation
of SSR markers through diverse Gossypium species has
providing a widespread knowledge of species diversity,
supporting the reliability of SSR markers. Besides, the
consistency between morphological and molecular
diversity results highlights the reliability of SSR markers
in reflecting phenotypic diversity. The unique genotypes,
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particularly those like Cernuum, should be conserved
and utilized to maintain and broaden the genetic base of
cotton, ensuring long-term sustainability and resilience.
Including a broader range of cotton species in molecular
studies will further enhance our understanding of genetic
diversity and improve the robustness of marker-assisted
selection. The highly diverse genotypes can be used to
create bi-/multi-mapping population followed by QTL
mapping to swift the molecular breeding in desi cotton.
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