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ABSTRACT

Cotton (Gossypium hirsutum L.) is a multifunctional crop of immense economic importance, yet
its productivity is frequently constrained by abiotic stressors, particularly soil salinity. The Drought-
Induced 19 (Di19) gene family, which encodes conserved C2H2 zinc-finger transcription factors, has
been identified as a critical regulator in plant stress responses. While the roles of Di1l9 members
vary across species — acting as either positive or negative regulators — molecular characterization
of these genes in local cotton germplasm remains limited. In this study, the expression profiles of
GhDi19-1 and GhDi19-2 genes in 31 diverse cotton cultivars sourced from the National Genebank
of Azerbaijan under 100 mM and 200 mM NacCl stress conditions were investigated. Quantitative
PCR (gPCR) analysis revealed significant transcriptomic variability between genotypes and stress
levels. Notably, no universal expression trend was identified; both genes exhibited divergent up-
regulation and down-regulation patterns across salt-tolerant and salt-sensitive varieties, consistent
with previous findings regarding the functional diversity of this family. These results underscore
the complex regulatory role of Di19 genes in cotton and provide essential data for future functional

studies aimed at improving salinity resilience in cotton through targeted breeding strategies.
Keywords: cotton; salt stress; Di19; resistance; qPCR; Gossypium hirsutum

1. INTRODUCTION

Cotton is one of the world’s most important
fiber crops and also a valuable source of seed
and oil products, making it central to both the
textile industry and agricultural economies
(Akparov et al., 2021). Salinity stress is one of
the most damaging abiotic stresses in agricul-
ture because it reduces germination, slows
growth, disrupts water and nutrient uptake, and
ultimately lowers crop yield and quality across
many species (Zorb et al., 2019).

Plants respond against salt stress through
coordinated mechanisms involving osmolyte
accumulation, antioxidant defense, ion homeo-
stasis, hormone regulation, and transporter
control (Huang et al., 2020; Alizade, 2022). In
plants, Di19 genes encode a conserved family of
C2H2 zinc-finger transcription factors that help

link developmental programs with abiotic-stress
signaling, especially drought, salinity, and ABA
responses, but their effects can be either posi-
tive or negative depending on the species and
specific Di19 member (Qin et al., 2014; Zhao et
al., 2022a).

Cotton germplasm held at the National Gen-
ebank of Azerbaijan has undergone extensive
morphometric assessment; however, molec-
ular genetic characterization regarding stress
tolerance remains limited. This study aims to
bridge that gap by quantifying the expression of
GhDi19-1 and GhDi19-2 genes under saline con-
ditions, specifically comparing transcriptomic
variations between salt-tolerant and salt-sensi-
tive cotton genotypes.
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2. MATERIALS AND METHODS

This study was conducted in the Depart-
ment of Industrial and Forage Crops at the In-
stitute of Genetic Resources of the Ministry of
Science and Education of Azerbaijan. For this
investigation, 14 local (Aghdash-3, AP-317,
Bayraqdar, Barakat, Ganja-110, Ganja-114, Gan-
ja-160, Ganja-182, Ganja-195, Ganja-200, Khar-
abakh-11, Kharabakh-12, Zafar) and 17 intro-
duced (Kirqizistan-174, Tashkent-1, Tashkent-2,
Tashkent-3, Navai-9, Edessa, Sezener-76, May-
344, Beyaz altun-440, CSN-12, PG, Lima, Caris-
ma, Cristina, Assos, Prime, Select) cotton culti-
vars of the species Gossypium hirsutum L. were
analyzed, with all seed samples sourced directly
from the National Genebank.

For each experimental variety, ten pre-fu-
migated seeds were sown in plastic containers.
All plants were initially irrigated with standard
Hoagland’s solution (Hoagland & Arnon, 1950)
until they reached the first true leaf stage.
To induce salinity stress, NaCl concentrations

were gradually increased to final levels of 100
mM and 200 mM. Leaf samples were harvest-
ed from both control and salt-treated plants
and flash-frozen at —80 °C for subsequent RNA
extraction. All experiments were conducted in
triplicate.

Total RNA was isolated using the RNX-Plus
reagent (Cat. No: EX6101). First-strand cDNA
synthesis was performed using the SinaClon
First Strand cDNA Kit (Cat. No: RT5201) in accor-
dance with the manufacturer’s protocols. Specif-
ic primers were designed utilizing the Primer3
online platform (https://primer3.ut.ee/), with
the GhTUBI1 gene (encoding beta-tubulin) serv-
ing as an internal reference (Table 1). Relative
gene expression was analyzed via quantitative
PCR (qPCR) using RT? SYBR Green Mastermix
(Qiagen, Cat. No: 330502) on a Rotor-Gene Q
5-plex system (Qiagen, ID: 9001570). Expression
levels of GhDi19-1 and GhDi19-2 were deter-
mined using the 277~CT method.

Table 1. Characteristics of gene-specific primers used in the study.

Gene Primer Sequence (5'->3’) nmol Tm (°C) GC (%)
Forward ATGGATCTGGAACCCGGTAC 17.19 59.35 55
GhTUB1 Reverse AATCGCAATTCTCGGCTTCC 19.16 57.30 50
chpilod Forward GCTGATTCATGGAGTGCTCG 16.06 59.35 55
Reverse TATCAACGCCCACCCTCATT 16.62 57.30 50
. Forward TGCAATGAGGGTGGGAGTAG 15.71 59.35 55
GhDi15-2 Reverse CGAAGACAGCAACGGATCAG 16.05 59.35 55

3. RESULTS AND DISCUSSION

Under 100 mM NacCl stress, the expression
level of GhDi19-1 was increased in 17 and de-
creased in 14 of the 31 analyzed genotypes.
At the higher concentration (200 mM NaCl),
expression decreased in 15 and increased in
16 genotypes relative to the control (Table 2).
Among local genotypes, Bayragdar showed the
highest increase in GhDi19-1 expression under
both 100 mM and 200 mM NaCl stress. Among
the introduced genotypes, Navai-9 (Uzbekistan)
demonstrated the most pronounced expression
increase at both concentrations.

Evaluation of GhDi19-2 under the same
conditions revealed a similarly wide genotyp-
ic variation. Under 100 mM NaCl, expression

decreased in 16 samples and increased in 15;
under 200 mM NaCl, expression decreased in
19 and increased in 12 samples. Among local
genotypes, Kharabakh-11 showed the highest
increase in GhDi19-2 expression at both con-
centrations, while among the introduced variet-
ies, Navai-9 and Tashkent-2 exhibited the most
marked increases at 100 mM and 200 mM NacCl,
respectively.

These results revealed no clear directional
trend distinguishing salt-tolerant from salt-sen-
sitive varieties — both up-regulation and
down-regulation were observed among cultivars
of each category, at both concentrations. This is
consistent with previous reports on GhDi19-3
and GhDi19-4, which act as negative regulators
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of salt tolerance (Zhao et al., 2022a), and with which similarly demonstrated the functional di-

findings in soybean (GmDi19-5: Yunhua et al.,
2023) and wheat (TaDi19-7: Linying et al., 2023),

versity of the Di19 family across species.

Table 2. Changes in the expression level of drought-induced-19 genes in cotton plants

Genotype Nacl | GhDi19-1  GhDi19-2  Genotype Nacl | GhDi19-1  GhDi19-2
concentration concentration
100 mM 4.0.354 1031 100 mM 12.848 13.506
Aghdash-3 Tashkent-3
200 mM 10.46 10.624 200 mM 1.0.049 1.0.006
100 mM 13.972 1,0.693 100 mM N729.1 N139.1
AP-317 Navai-9
200 mM N5.657 10.49 200 mM ™18 179.89
100 mM 1T138.1 12.014 100 mM 10.019 {10.12
Bayraqdar Edessa
200 mM 182.14 4,.0.019 200 mM 10.074 1.0.115
100 mM 10.029 1.0.268 100 mM 1282.1 M™1.79
Barakat Sezener-76
200 mM 4,0.012 4,0.003 200 mM 1.0.599 1,0.005
100 mM N52.35 12.204 100 mM N1.434 1,.0.006
Ganja-110 May-344
200 mM 13.63 1.0.01 200 mM M™1.625 1.0.435
100 mM 110.7 4,0.005 Beyaz 100 mM 10.979 1,0.015
Ganja-114
200 mM 12511 1.0.006 altun-440 200 mM 1.0.002 11.693
100 mM 10.137 1,0.005 100 mM 138.32 1N46.53
Ganja-160 CSN-12
200 mM N1.24 4.0.722 200 mM N1.424 N45.25
100 mM 1,0.036 40.113 100 mM 129.24 10.196
Ganja-182 PG
200 mM 1™39.4 4,0.325 200 mM 4,0.005 1.0.027
100 mM N394 N12.64 100 mM 10.052 1.0.187
Ganja-195 Flash
200 mM 4,0.624 N7.111 200 mM 4,0.018 1,.0.002
100 mM 16.964 N4.228 100 mM 126.72 N74.03
Ganja-200 Lima
200 mM 4,0.415 1,0.035 200 mM M™12.55 N54.57
100 mM 4,0.002 120.68 100 mM 10.013 1.0.796
Kharabakh-11 Carisma
200 mM 167.18 M™N17.27 200 mM 10.086 10.029
100 mM 11.087 1N2.204 100 mM 1.0.409 16.021
Kharabakh-12 Cristina
200 mM 14.563 15.579 200 mM 10.426 12.639
100 mM 118.51 4,0.042 100 mM 10.261 1,0.002
Zafar Assos
200 mM 1.0.006 18.574 200 mM N1.347 10.467
100 mM 1398.9 11.102 100 mM 10.019 1,0.007
Kirgizistan-174 Prime
200 mM 10.031 1.0.006 200 mM 1710.27 11.385
100 mM 10.015 4,0.012 100 mM ™8 11.042
Tashkent-1 Select
200 mM 10.177 10.06 200 mM 110.34 11.959
100 mM 1,0.004 5.315
Tashkent-2
200 mM 18.938 1™129.8

4. CONCLUSION

This study examined the expression profiles
of GhDi19-1 and GhDi19-2 genes in 31 cotton
genotypes under salt stress. Results demon-
strated significant, genotype-dependent vari-
ations in transcriptional response at both 100
mM and 200 mM NacCl, with no consistent pat-
tern distinguishing salt-tolerant from salt-sensi-
tive varieties. High-performing genotypes, such

as Bayragdar, Navai-9, and Kharabakh-11, exhib-
ited pronounced expression increases, highlight-
ing the functional complexity and variability of
the Di19 family in cotton. These findings suggest
that GhDi19 genes act as dynamic transcription-
al regulators, and that their role in salinity tol-
erance is context-dependent rather than a uni-
form indicator of resistance.
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