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Abstract. The use of naturally colored cotton fiber, which eliminates the need for chemical
dyes and reduces environmental pollution, is a requirement of modern sustainable textile
production. However, fiber color is usually negatively correlated with fiber quality in cotton. The
objective of this study was to determine the polymorphism of fiber quality and color traits in cotton
varieties and F4 hybrid combinations using SSR markers. As a result, hybrid combinations with
high fiber quality stability (107 and 135 bp) and improved coloration, associated with a pleiotropic
locus on chromosome 7 (genome A), were identified. Markers BNL1604 and NAU1043
demonstrated high informativeness for genotype identification, making them promising tools for
molecular tagging of breeding material and accelerated selection for fiber quality and color traits.
The use of SSR markers BNL1604 and NAU1043 enabled the identification of allelic
combinations associated with improved fiber properties. The F4 hybrids L-001 x 010444 and
Bukhara-6 x 02408 are recommended for further breeding as donors of genes for high fiber quality.
Marker-based identification confirmed the effectiveness of SSR technology for accelerating
selection in cotton breeding programs. The results of this study have both scientific and practical
significance for developing environmentally safe varieties of naturally colored cotton with
improved fiber properties.
Keywords: cotton, fiber color, fiber quality, SSR markers, primers, polymorphism,

molecular breeding.
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Annotatsiya: Tabiiy rangli paxta tolasi ishlab chigarishda kimyoviy bo‘yoqlardan
foydalanishni kamaytirish va atrof-muhit ifloslanishini pasaytirish imkonini berishi sababli
zamonaviy barqaror to‘qimachilik sanoatining muhim talabi hisoblanadi. Biroq, paxtada tola rangi
odatda uning sifat ko‘rsatkichlari bilan salbiy korrelyatsiyada bo‘ladi. Ushbu tadqiqotning
magsadi paxta navlari va F4 duragay kombinatsiyalarida tola sifati va rang belgilari polimorfizmini
SSR-markerlar yordamida aniglashdan iborat edi. Natijada 7-xromosomada (A genomi)
joylashgan pleiotrop lokus bilan bog‘liq holda yaxshilangan rang va yugqori tola sifati barqarorligi
(107 va 135 juft nukleotidli allellar)ga ega duragay kombinatsiyalar aniglandi. BNL1604 va
NAU1043 markerlari genotiplarni identifikatsiya qilishda yuqori informativlik ko‘rsatdi, bu esa
ularni seleksiya materiallarini molekulyar markirovkalash va tola sifati hamda rang belgilariga
yo‘naltirilgan tezlashtirilgan seleksiya uchun istigbolli vosita sifatida tavsiya etish imkonini
beradi. BNL1604 va NAU1043 SSR-markerlaridan foydalanish yaxshilangan tola xususiyatlari
bilan bog‘liq allel kombinatsiyalarini aniglash imkonini berdi. F4 duragaylari L-001 x 010444 va
Bukhara-6 x 02408 yuqori tola sifati genlari donorlari sifatida keyingi seleksiya ishlari uchun
tavsiya etildi. Molekulyar markerlar asosida o‘tkazilgan identifikatsiya SSR texnologiyasining
paxta seleksiyasi dasturlarida tanlash jarayonini tezlashtirishdagi samaradorligini tasdigladi.
Olingan natijalar tabiiy rangli paxtaning yaxshilangan xususiyatlarga ega, ekologik xavfsiz
navlarini yaratishda ilmiy va amaliy ahamiyatga ega.

Kalit so‘zlar: g‘o‘za, tola rangi, tola sifati, SSR-markerlar, praymerlar, polimorfizm,
molekulyar seleksiya
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Annoranusi. Vcrons3oBanue HAaTYypaJIbHOTO OKpPAIICHHOI'0 XJIOMKOBOI'O BOJIOKHA,

UCKITIOYAIOIIee HEOOXOJUMOCTh NPHMEHCHUS XHMHUYSCKHX KpacuUTelied W CHIDKAIomee
3arps3HEHUE OKPYXKAIOMICH Cpebl, SIBISICTCS TPEOOBAHMEM COBPEMEHHOTO YCTOWYHUBOTO
TEKCTUIILHOTO TPOou3BOACTBA. OJHAKO IIBET BOJIOKHA OOBIYHO OTPHUIIATEIIFHO KOPPEIUPYET C
KayeCcTBOM BOJIOKHa B XJomke. Llenmplo JaHHOTO WCCienoBaHUs OBUIO  ONpeseeHue
nonuMopdu3mMa MPHU3HAKOB KauyecTBa M I[BETAa BOJIOKHA y COPTOB XJIOTKA W THUOPUIHBIX
koMOuHanmii F4 ¢ ucnons3oBanueM SSR-mapkepoB. B pesynbrate ObUTH MACHTUDUIUPOBAHBI
ruOpuIHbIE KOMOWHAIIMM C BBICOKOH CTaOMIBLHOCTHIO KadecTBa BojiokHa (107 m 135 mH.) u
YIY4IIEHHOW OKPAacKO#, CBSI3aHHBIC C IJICHOTPOMHBIM JIOKYCOM Ha Xpomocome 7 (reHom A).
Mapkepst BNL1604 u NAU1043 npoaeMOHCTpUPOBAIN BBICOKYIO HH()OPMATHBHOCTH JUIS
UACHTH(DHUKAITIY TEHOTHIIA, YTO JISIAeT UX MEePCIICKTHBHBIMUA HHCTPYMEHTAMH JIJIST MOJICKYJISIPHOM
MapKUPOBKH CEJIEKIIMOHHOTO MaTephalia M YCKOPEHHOH CEJIeKIIMHM I10 KAadeCTBY BOJIOKHA M
BeTOBBIM Tpu3HakaM. Mcmombs3zoBanne SSR-mapkepoB BNL1604 m NAU1043 mo3Bonwmio
UACHTU(DHUIIUPOBATH allJIeNIbHbIe KOMOWHAIIMH, CBA3aHHBIE C YIYUIIEHHBIMUA CBOHCTBAMU BOJIOKHA.
I'ubpumast F4 L-001 x 010444 u Bukhara-6 x 02408 pekoMeHAYIOTCs sl JaTbHEHIIIeH CeleKIIuu
B KauecTBE IOHOPOB T'€HOB BBHICOKOTO KadecTBa BOJIOKHA. MaeHTuduKaius Ha OCHOBE MapKepoB
noaresepauia 3GGEeKTUBHOCTh TEXHONOTHMH SSR [Isi yCKOpeHHsI CeNeKIMd B Mporpammax
CEJICKIIMH XJIOMKA. Pe3ybTaThl JaHHOTO MCCIICA0OBAHUS UMEIOT KaK HAy9IHOE, TaK U IPAKTHIECKOE
3HAUEHUE JIIS pa3pabOTKU IKOJIOTUISCKU 0€30MaCHBIX COPTOB HATYPATHLHO OKPAIIEHHOTO XJIONKA
C YJIY4IICHHBIMH CBOWCTBAaMHU BOJIOKHA.

KiroueBble c10Ba: XJIOMOK, IIBET BOJIOKHA, KAYeCTBO BOJIOKHA, SSR-Mapkepsl, paiiMepsl,
OJTMMOP(HH3M, MOJICKYIISIPHAST CEJICKITHS.

INTRODUCTION

As the entire world moves toward environmentally friendly and organic textile production,
naturally colored cotton fiber has become a new innovative breakthrough in the textile industry.
The creation of new varieties of colored cotton with high fiber quality remains one of the most
urgent challenges of the present time. The modern development of the textile industry is aimed at
producing eco-friendly, organic, and sustainable materials. One of the most promising directions
is the use of naturally pigmented cotton fiber, which eliminates the need for chemical dyes and
thereby reduces environmental pollution (Rakhmonova et al., 2025). However, compared to white
cotton, colored cotton usually shows a decrease in fiber yield and its mechanical characteristics,
which limits its wide industrial application (Pavan M., Paschapur N.S., 2022).

Colored cotton is generally inferior to white cotton, especially with respect to fiber quality,
including shorter and weaker fibers and lower micronaire. There is typically a negative correlation
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between fiber color and fiber quality traits, mainly due to the pleiotropic effects of fiber color
genes (Wang L. et al., 2014).

SSR markers (Simple Sequence Repeats) are convenient for research due to their ability to
demonstrate high polymorphism and relatively low cost. Molecular marker technologies (Marker-
Assisted Selection, MAS) allow selection at early stages of ontogenesis, without waiting for the
phenotypic traits to appear in the field (Wang H. et al., 2024). SSR markers have gained the widest
application because of their informativeness, reproducibility, and ease of interpretation of results.

Genetic linkage analysis was carried out to map the fiber color loci Lcl and Lc2 on two
brown cotton cultivars with SSR and EST-SSR markers in the reference map by F2 segregation
populations (Wang L. et al., 2014).

This experiment used upland cotton green fiber germplasm line 1-4560 and the genetic
inbred line TM-1. The lipid profiles of green fibers at 30 (white stage) and 35 days post-anthesis
(DPA) (early greening stage), as well as those of TM-1 at the same stages, were analyzed. Among
the 109 differential types of lipids (DTLs) unique to green fiber, the content of phosphatidylserine
PS (16:0_18:3) was significantly different at 30 and 35 DPA. It is speculated that this lipid is
crucial for the pigment accumulation and color formation process of green fibers. These findings
provide a new theoretical basis for studying cotton fiber development and offer important insights
into the specific mechanism of green fiber color formation (Li T. et al., 2024).

MATERIALS AND METHODS

The objects of the study were parental forms of cotton such as L-001, L-100, Bukhara-6,
Bukhara-102, and S-01 with white fibers, as well as accessions 010444, 011283, 02408, 04511,
and 08814 with colored fibers, and hybrid combinations of the fourth generation (F4) obtained as
a result of crossings between white- and colored-fiber varieties of G. hirsutum L. In total, 20
genotypes were studied: 10 parental forms and 10 hybrids.The research was conducted in 2023—
2025 at the Scientific Research Institute of Cotton Breeding, Seed Production, and Agrotechnology
(Tashkent, Uzbekistan).

The reagents used in DNA extraction, PCR, and electrophoresis included: Tris, EDTA,
STAB, NacCl, boric acid, ethyl alcohol (70%), agarose, potassium acetate, sodium acetate, RNase,
ethidium bromide, bromophenol blue, BZA, dNTP (deoxyribonucleotide triphosphates), isoamyl
alcohol, isopropyl alcohol, xylene cyanol, Metaphor agarose, RNase, magnesium chloride, Taq
polymerase, liquid nitrogen, 2XxCTAB buffer, 10xCTAB buffer, chloroform/isoamyl alcohol
(24:1), TE buffer, DNA markers, and pairs of primers.

The equipment used included a PCR thermocycler (Heal Force), pipettes (single-channel
and 8-channel, Labnet, USA), centrifuge (Biobase), thermoshaker (ZHICHENG 2102C), vortex
mixer (Vortex), mortar and pestle, tubes (1500 pL), rubber gloves, pipette tips (100 pL, 200 pL,
and 1000 pL), electrophoresis apparatus, vacuum concentrator, microwave oven (Artel), analytical
balance (AE323), and a gel documentation system (I BRIGHT 900).

Genomic DNA was extracted from the leaf tissues of parental forms and F4 hybrid plants
using the CTAB method (Paterson A.H. et al., 1993; Zhang J. et al., 2000).

RESULTS AND DISCUSSION

After the DNA samples extracted from the parental forms and F4 hybrids were adjusted to
a uniform concentration of 50 ng/uL, screening PCR analyses were performed using 10 SSR
primers consisting of a set of microsatellite markers. From this set, the DNA markers BNL1604
and NAU1043, which are genetically associated with fiber quality and color and exhibit high
polymorphism, were selected, and PCR analyses were carried out.
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The SSR marker BNL1604, genetically linked to fiber quality, was amplified by PCR in
20 cotton genotypes, revealing clear polymorphism (Fig. 1). Three distinct allele sizes were
observed at this locus: approximately 107 bp, 123 bp, and 135 bp, as confirmed by the band
patterns on the gel. Each genotype produced between one and three PCR fragments, indicating
that BNL1604 amplifies multiple loci.

The presence of multiple alleles (e.g., in 04511, 08814) suggests that BNL1604 targets at
least two homologous loci, which is consistent with previous studies, as this SSR marker locus is
located on more than one chromosome in cotton (homologous chromosomes 7, 16, and 17) (Wang
H. etal., 2011).

The hybrid combinations and their frequencies in the panel were as follows: 107, 123, and
135 bp were observed in genotypes 11, 12, and 15 (11 — F4 L-001 x 010444, 12 — F4 010444 x L-
001, 15 — F4 Bukhara-6 x 02408), while 107 and 123 bp were detected in all other genotypes. The
123 bp allele was present in nearly every genotype (20 out of 20 genotypes, 100%), the 107 bp
allele was present in 17 genotypes (85%), and the 135 bp allele was present in 5 genotypes (25%).

The 123 bp allele is likely fixed at a single subgenomic locus in the cotton genotypes,
whereas the 107 bp and 135 bp fragments segregate among genotypes, reflecting different genetic
backgrounds. Hybrid combinations F4 L-001 x 010444, F4 010444 x L-001, and F4 Bukhara-6 x
02408, which carry the 107 bp and 135 bp alleles, were identified as materials with high fiber
quality.

M 1 2 3 4.5 @6 7 &9 1011 1213 14 15 16 17 1819:20

150b
100 b
50 bp

Fig. 1. PCR analysis of parental forms and F4 hybrids using the BNL1604 marker.

The BNL1604 marker, associated with fiber quality, exhibited a high level of
polymorphism. Three alleles were identified: 107 bp, 123 bp, and 135 bp. The 123 bp allele was
present in all genotypes (100%), the 107 bp allele in 85%, and the 135 bp allele in 25%.

The F4 combinations L-001 x 010444 and Bukhara-6 x 02408 showed a stable combination
of the 107 bp and 135 bp alleles, indicating their high fiber quality.

Overall, the observed polymorphism and multilocus profile confirm that the BNL1604
marker is highly specific and precise for the identification of these cotton genotypes.

To identify new loci of quantitative traits (QTLS) responsible for fiber color and to
understand the relationship between fiber color and its quality, white- and colored-fiber cotton
varieties and accessions, as well as F4 hybrids obtained from their crosses, were analyzed using
PCR screening with the SSR marker NAU1043, which is genetically linked to fiber color (Fig.2).

According to the results of the study, among the NAU1043 markers on chromosome 7 (A
genome), a locus with multiple effects was identified, and the QTLs gqLC-7-1 and qFC-7-1 had a
positive influence on this locus.
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Fig. 2. PCR analysis of parental forms and F4 hybrids using the NAU1043 marker.

For the NAU1043 marker, associated with fiber color, three alleles were identified: 155 bp,
180 bp, and 200 bp. The greatest effect on color expression was observed in the hybrids 11 — F4
L-001 x 010444, 16 — F4 02408 x Bukhara-6, and 19 — F4 S-01 x 08814.

Among the 10 F4 hybrid combinations, alleles of 155 bp, 180 bp, and 200 bp were observed
in hybrids 11, 16, and 19, whereas alleles of 155 bp and 180 bp were detected in the hybrid
combinations located in lanes 12, 13, 14, 15, 17, 18, and 20.

Based on PCR screening using the SSR marker NAU1043, genetically linked to fiber color,
dominance for fiber color was observed in hybrids 11 — F4 L-001 x 010444, 16 — F4 02408 x
Bukhara-6, and 19 — F4 S-01 x 08814, which carried all three allele sizes. This confirms that fiber
color inheritance in the progeny depends on the parental genotype.

To identify new loci of quantitative traits (QTLs) responsible for fiber color and to
understand the relationship between fiber color and quality, white- and colored-fiber cotton
varieties and accessions, as well as F4 hybrids obtained from their crosses, were analyzed using
PCR screening with the SSR marker NAU1043, which is genetically linked to fiber color.

According to the results, among NAU1043 markers on chromosome 7 (A genome), a locus
with multiple effects was identified, and the QTLs qLC-7-1 and qFC-7-1 had a positive influence
on this locus, improving fiber color in the progeny (Hongjie Feng et al., 2015).

Analysis showed that the gLC-7-1 locus (chromosome 7, A genome) exerts a multiplicative
effect, positively influencing fiber color intensity while maintaining fiber quality.

The presence of multiple alleles indicates the polygenic nature of traits associated with
fiber quality and color. The combined use of the BNL1604 and NAU1043 markers provides
reliable genetic identification and selection.

The results obtained are consistent with the findings of Feng et al. (2015) and Wang et al.
(2024), confirming the negative correlation between color intensity and fiber strength, while also
demonstrating the possibility of improving both traits through proper selection of parental
material.

CONCLUSION

The study revealed a high level of genetic polymorphism for fiber quality and color traits
in F4 cotton hybrid combinations. The use of SSR markers BNL1604 and NAU1043 allowed the
identification of allele combinations associated with improved fiber properties. The 135 bp allele
(BNL1604) and the gL C-7-1 locus (NAU1043) had a significant influence on fiber quality and
color, respectively.
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The F4 hybrids L-001 x 010444 and Bukhara-6 x 02408 are recommended for further
breeding work as donors of high-quality fiber genes. Marker-assisted identification demonstrated
the effectiveness of SSR technologies in accelerating selection in cotton breeding programs.

The results of this study provide both scientific and practical value for programs aimed at
developing environmentally friendly colored cotton varieties with improved fiber properties.
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