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CpaBHUTeNbHAA oueHKa npodunen akcnpeccumn reHa GhCIPK6
NpPu pasaunyHbiX KOHUueHTpaymnax NaCl B npopocTKax xnon4yaTHUKA
(Gossypium hirsutum L.)
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Annomayus. Haxorenne Ca®* y pacTeHUil B YCIOBHSX COJIEBOTO CTpecca yJlydllaeT Nepejady CHTHajIa U
3alMIIaeT ux oT ¢aranbHbIX nocieactsuit. Kaneuuneiipun B-nono6usie 6enxu (CBL) npencraBnstor coboit
yHUKaNnbHY!0 rpynmy Ca?*ceHcOpoB, KOTOpbIE JeKkoaupytoT Ca*"cHrHasbl IyTeM akTHBALMU CEMEHCTBA PacTH-
TeNbHO-CIeN()UIHBIX MMPOTEHHKUHA3, N3BecTHRIX Kak CBL-maTepakTiBHBIe mpoTtenHkuHasbl (CIPK). Cemeii-
ctBo reHOB CIPK ydacTByeT B peakiusax Ha aOHOTHIECKUE CTPECCOPHI, TAKHUE KaK COJIb, 3aCyXa, BBICOKUE U HH3-
Kue TeMmeparypsl. B pabote usydena orHocurensHas skcnpeccusi GhCIPK6G B ycioBusix crpecca mpu KOHICH-
tparuu NaCl 100 u 200 MM y 31 reorpaduuecku yaaJeHHOrO COPTa XJIOMYATHUKA, OTHOCAIIETOCS K BHIY
Gossypium hirsutum L. YV coptoB HabGmroganach pasiuuHas TUHAMHKA OTHOCHUTEIBHOM 3KCIPECCHUHU, KOTOPHIE
OTJIMYAIOTCS CBOCH CONEYCTOMYMBOCTHIO. YBenuuenue TpanckpuntoB GhCIPK6 HaGmoaanoch Kak y yCcTOHYH-
BBIX, TaK U y BOCIIPUMMYHUBBIX COPTOB. IIpH 3TOM CHIKEHHE YPOBHS HKCIIPECCHH ONPENEIUIOCh KaK B PE3H-
CTCHTHBIX, TaK M B YyBCTBUTEIIbHBIX TeHOoTUNAaX. [lomydeHHble pe3ynpraThl nokazaind, yto GhCIPKG B pasHoit
CTENCHN MHIYLMPYETCS COJIEBBIM CTPECCOM M MEXaHHM3MBI, 00CCIICUMBAIOIINE COICYCTOHIMBOCTD Y PACTCHHH,
Ppa3MYHEIL.

Knioueevte cnosa: xnomyatHuk, coieBoil crpecc, Kambiuneiipun B-nogoOneiii 6enox (CBL), CBL-
B3auMoJieiicTByromas nporennkuHasa (CIPK)
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Abstract. Ca?* accumulation in plants under salt stress improves signal transduction and protect them from
fatal consequences. Calcineurin B-like proteins (CBLs) are a unique group of Ca®* sensors that decode Ca®*
signals by activating a family of plant-specific protein kinases known as CBLinteracting protein kinases
(CIPKs). The CIPK gene family is involved in responses to abiotic stressors such as salt, drought, high and low
temperatures. In this investigation, the relative expression of GhCIPK6 was studied under stress conditions of
100 mM and 200 mM concentration of NaCl in 31 geographically distant cotton cultivars belonging to the
species Gossypium hirsutum L. Different dynamics of relative expression patterns were observed in cultivars that
differ in their salt tolerance. An increase in GACIPK6 transcripts was observed in both resistant and susceptible
cultivars. At the same time, a decrease in the expression level was determined in both resistant and sensitive
genotypes. The obtained results showed that the GhCIPK6 is induced to different degrees by salt stress and the
mechanisms that ensure the salt tolerance in plants are different.
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Introduction

Soil salinity is one of the serious abiotic stresses caused by high concentration of salt ions in soil that affect
plant growth and development, and reduce plant productivity and crop quality. More than 800 million hectares of
land and 20% of the arable land throughout the world are affected by salt stress [Lin et al., 2021].

Plants have evolved complex signaling mechanisms to respond to harsh environmental conditions [Alizada et
al., 2020]. Calcium signaling is a crucial mechanism that allows plants to respond to environmental stimuli. In
plants, have been identified several classes of calcium-sensing proteins. Ca?*-binding proteins include
calmodulin (CaM), CaM-like proteins (CMLs), calcineurin B-like proteins (CBLs), and calcium-dependent
protein kinases (CDPKs) [Deng et al., 2013]. Calcineurin B-like protein (CBL)-interacting protein kinase
complex (CIPK) is a major component of calcium sensors in the perception of various biotic and abiotic stress
signals. CBL proteins contain four elongation factor motifs capable of binding four Ca?* ions [Shu et al., 2020].

CIPKs are plant-specific protein kinases and belong to the SnRK3 subfamily of plant protein kinases. As major
regulators of several ion channel proteins this proteins are regulating plant growth and development [Bai et al., 2022].

CIPK consists of two structural domains: an N-terminal and a C-terminal domain. This domain are connected
by a junction domain. The N-terminal domain, the site of phosphorylation and comprises three conserved amino
acids that are crucial for the proper CIPK functioning and activity. The C-terminal is also the regulatory domain
of CIPK and further comprises NAF/FISL and PPI. Each member of this gene family generates unique proteins
that helps in plant adaptation to a variety of stressors by interacting with calcium ion signals. In plants, the
CIPK-CBL interaction plays several roles reacting to abiotic stress, ion homeostasis, and biotic stress factors
[Yang et al., 2022].

Under salt stress, the mechanism of regulation of ion homeostasis and balance of Na* and K* ions inside the
cell was studied through the CBL-CIPK complex. High Na+ concentration activates the formation of
CIPK24/SOS2 and CBL4/SOS3 complex. This complex, in turn, activates SOS1, which allows Na* to flow out
of the cell through plasma membrane anti-porters. The flow of Na* ions into the vacuole is regulated through the
CBL10-CIPK24/SOS2 complex [Yin et al., 2020]. The importance of the Ca* complex in regulating the amount
of K ions inside the cell through the AKTI channel was noted [Li et al., 2006].

The overexpression of SICIPK24 increased salt tolerance in tomato [Huertas et al., 2012]. In Arabidopsis
expression of 4tCIPK3 modulate abscisic acid and low temperature signal transduction and increase tolerance to
high salt, low temperature and drought stress. [Kim et al., 2003]. In grapevine genome (Vitis vinifera) eight CBL
and 20 CIPK genes were identified and diverse expression patterns of VvCBLs and VvCIPKs determined in
response to salt stress [Xi et al., 2017].

The expression levels of 4/CBL and AICIPK genes were investigated under 600 mM NaCl stress conditions
in a halophyte model Aeluropus littoralis. Among the studied genes one AICBL gene was not expressed under
the tested conditions. After 24 h. of salt treatment three genes were differentially induced: they were upregulated
in the leaf, while they were downregulated in the root. Only one A/CIPK gene was downregulated in both root
and leaf. Other AICIPK genes showed different dynamics in different time intervals [Arab et al., 2023].

Chen et al. [2014] studied transgenic Arabidopsis plants under two different concentration of NaCl. Over-
expressing ZmCIPK21 markedly increased resistance of transgenic plants to salt than wild-type plants under salt
stress. Therefore, the content of H2O» in wild-type plants was higher than in transgenic plants. These findings
showed that over-expression of ZmCIPK21 might improve membrane integrity and keep ROS levels low during
salt stress.

The expression patterns of 42 AvCIPKs were investigated in the salt-tolerant ZMH kiwifruit variety at four time
points after salt stress and results showed the expression profile of AvCIPK genes had distinct profiles after salt
stress [Gu et al., 2023]. Overexpressing of different OsCIPK genes in transgenic rice significantly improved
tolerance to different abiotic stress factors including salt stress [Yong et al., 2007]. It is determined that by mod-
ulating ion homeostasis, the CBL4-CIPKS5 pathway promotes salt tolerance but not chilling or drought tolerance
[Huanga et al., 2020]. In transgenic Arabidopsis plant overexpression of NtCIPK11 approximately twice improved
seed germination under 100 mM or 150 mM of NaCl treatment. Furthermore, in transgenic plant the proline sig-
nificantly accumulated compared with WT and transgenic plants grew more vigorously under salt stress conditions
[Lu et al., 2021]. Under high-salinity conditions, 7aCIPK25 expression in transgenic wheat did not decrease and
remained much higher than in wild-type. Furthermore, transmembrane Na*/H* exchange was hindered in transgenic
wheat root cells, implying that TaCIPK25 negatively controlled salt response in wheat [Jin et al., 2016].

Cotton is an important commercial crop and a major source of raw material for a wide range of consumer
goods [Mammadova et al., 2021; Akparov et al., 2021]. It accounts for approximately 35% of total fiber
production worldwide. This plant is cultivated in more than 80 countries and it is a leading plant in more than 30
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countries [Billah et al. 2021; Anuzane, 2022]. Cotton is a relatively salt tolerant crop with a salinity threshold of
7.7 dSmL. In order to create salt-tolerant cotton cultivars researchers have concentrated their efforts on identi-
fying the major molecular components that involved in the response to salt stress [Wei et al., 2017].

The cotton samples stored in the National Genbank of Azerbaijan were evaluated mainly on the basis of
morphometric descriptors, and the durability of the samples was not studied at the molecular-genetic level. The
main goal of the research work is to evaluate the expression level of the GhCIPK6 gene under salt stress condi-
tions based on a gene-specific marker, and to compare the change in the expression level in salt-resistant and
sensitive genotypes.

Materials and Methods

The research was carried out in the Department of Industrial and Forage Crops of the Institute of Genetic
Resources of the Ministry of Science and Education of Azerbaijan. 31 cotton varieties belonging to the species
Gossypium hirsutum L. were used as research material. The seeds of the cultivars were received from National

Genebank. The used varieties and their used and their origin are presented in Table 1.

Table 1
Research material used for analysis
Genbank ID Genotype Origin Genbank ID Genotype Origin
AzGR-10139 Aghdash-3 Azerbaijan - Select Greece
AzGR-3601 AP-317 Azerbaijan AzGR-3590 Kirqizistan-174 Kyrgyzstan
AzGR-10202 Bayraqdar Azerbaijan AzGR-13638 Beyaz altun-440 Turkiye
AzGR-11836 Barakat Azerbaijan AzGR-13637 Edessa Turkiye
AzGR-5852 Ganja-110 Azerbaijan - CSN-12 Turkiye
AzGR-7733 Ganja-114 Azerbaijan AzGR-13640 Carisma Turkiye
- Ganja-160 Azerbaijan AzGR-13636 Lima Turkiye
AzGR-11468 Ganja-182 Azerbaijan - May-344 Turkiye
AzGR-12215 Ganja-195 Azerbaijan AzGR-13641 PG Turkiye
AzGR-12216 Ganja-200 Azerbaijan - Sezener-76 Turkiye
AzGR-11839 Zafar Azerbaijan AzGR-13639 Flash Turkiye
AzGR-835 Kharabakh-11 Azerbaijan AzGR-3591 Navai-9 Uzbekistan
- Kharabakh-12 Azerbaijan AzGR-5396 Tashkent - 1 Uzbekistan
- AsSos Greece - Tashkent - 2 Uzbekistan
- Cristina Greece - Tashkent - 3 Uzbekistan
- Prime Greece

Growth Conditions and Salt Treatments: For the control and salt variants 10 pre-fumigated seeds of each
variety were planted in plastic containers. Plants were irrigated of Hoagland's solution [Hoagland, Arnon, 1950]
without sodium chloride until the first true leaf stage. From the transition phase to the first true leaf, 100 mM and
200 mM of NaCl were added to the solution until the final concentration reached [Basal, 2010]. 72 h after the
application of salt stress the leaf, root and stem samples of control and salt treated variants were collected and
stored at -80°C until RNA extraction. The experiments were performed in three biological replications.

Molecular genetic analysis: The extraction of total RNA was carried out using a RNX Plus (Cat. No:
EX6101). SinaClon First Strand cDNA Kit (Cat. No. RT5201) was used to perform first strand cDNA according
to manufacturer’s instructions. The primers designed by using online tool https://primer3.ut.ee/. Beta tubulin
encoding gene (GhTUBL1) was used as an endogenous stabilizing factor (Table 2). The RT? SYBR Green qPCR
Mastermix (Qiagen, Cat. No: 330502) was used to evaluate the relative expression, in Rotor Gene Q Splex
(Qiagen, Cat. No. / ID: 9001570). The quantitative PCR reaction was carried out in the following steps:
activation stage at 95°C for 5 min, 35 cycles (at 95°C for 15 s, at 58°C for 30 s, at 72°C for 1 min), melting curve
(at 72°C for 1 min). The relative expression level of GhCIPK6 gene was calculated using the 2°44CT method
[Pfaffl, 2001]. The least significant difference test was performed using SPSS (IBM, SPSS v.25) software.

Table 2
Characteristics of GhTUB1 and GhCIPK6 primers
Gene GenBank ID Primer Sequence Tm (°C)
GhTUB1 AF487511.1 Forward ATGGATCTGGAACCCGGTAC 59.35
Reverse AATCGCAATTCTCGGCTTCC 57.30
Reverse GCAGCTTCGGGATGGTAATG 59.35
GhCIPK6 HM002633.1 Forward CCAAATACCCGAATCACCAC 58
Reverse CAAACAACGGTGACAAATCG 56
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Results and Discussion

In previous studies, the salt resistance of studied cultivars was evaluated based on the germination index
(which includes various germination parameters), total chlorophyll content, dry and wet parameters of the root
and shoot, and sensitive and resistant cultivars were determined [Alizade, 2022; Alizade, Mammadova, 2023a;
Alizade et al., 2023b].

Significant differences between group were found in control and both stress variants in stem and root for
GhCIPK®6 gene expression (Table 3). However, in leaves, significant differences were determined in the control
and 200 mM concentration of stress variant.

Table 3
One-way ANOVA analysis of relative expressions of GhCIPK6 gene
Multiple Comparisons
i Mean 95% confidence interval

Dependbelnt varn- (I) Treatment ((J) Treatment | difference EStd' Sig. Lower Upper
able (1-9) fror. Bound bound
GhCIPK6 Control 100 mM -1,83 4,81 ,704 -11,40 7,73
Leaf 200 mM -9,65" 4,81 ,048 -19,22 -0,09
GhCIPK6 Control 100 mM -27,57" 7,63 ,000 -42,73 -12,42
Stem 200 mM -22,93" 7,63 ,003 -38,08 7,77
GhCIPK6 Control 100 mM -19,47" 8,56 ,025 -36,47 -2,47
Root 200 mM -45,26" 8,56 ,000 -62,26 -28,26

Note: * - the mean difference is significant at the 0.05 level.

The studied genotypes showed significant different expression changes under NaCl treatment in leaves
(Table 4). Although a change in the expression level was detected in the leaves of all studied cultivars, this
situation was not recorded in the root and stem. At the same time, an increase or decrease in the expression
profiles of all the three investigated vegetative organs was not determined. GhCIPK6 gene was upregulated in 16
cultivars and downregulated in 15 cultivars under 100 mM and 200 mM of salt concentrations. Expression
patterns of this gene were downregulated in only one tolerant sample at 100 mM concentration. At this
concentration, the expression level decreased in sensitive varieties.

Table 4
GhCIPK®6 gene expression under salt stress in different vegetative organs
Genotype Salt Leaf Stem Root
tolerance 100mM | 200mM | 100mM | 200mM | 100mM | 200 mM

Aghdash-3 moderate up up up down up down
AP-317 tolerant up up down up up up
Bayraqdar moderate up down up down - up
Barakat moderate down down down up up up
Ganja-110 moderate down down up down up down
Ganja-114 moderate down down up up up down
Ganja-160 moderate down down up - down -
Ganja-182 sensitive down up up up down down
Ganja-195 moderate up up down down up up
Ganja-200 moderate down down - down down up
Kharabakh -11 moderate down up up up down down
Kharabakh -12 moderate up up up up - up
Zafar moderate up up - down down up
Kirqizistan-174 tolerant up down up - up up
Tashkent-1 moderate down down up up up -
Tashkent-2 tolerant up up up down up down
Tashkent-3 tolerant up down - up down up
Navai-9 tolerant up up up up down up
Edessa moderate down down down up down down
Sezener-76 moderate up down up down up up
May-344 moderate up up up up up -
Beyaz altun-440 tolerant down up down - up up
CSN-12 moderate up up up up down down
PG moderate down down - down up -
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End of the table

Genotype Salt Leaf Stem Root
tolerance 100mM | 200mM | 100mM | 200mM | 100 mM | 200 mM
Flash moderate down down up - up up
Lima moderate up up down up - up
Carisma sensitive down down up up up up
Cristina moderate down down down down up up
Assos moderate up up down - down down
Prime moderate down up up down up up
Select moderate up up down - up up

Moreover, the cotton genotypes showed a wide spectrum of GhCIPK6 gene expression in stem and root. In
stem, the expression of GhCIPK6 was upregulated in 18 samples and downregulated in 9 samples, while in 200
mM concentration, it was upregulated in 14 samples, and downregulated in 11 samples. Although the expression
level of GhCIPK6 gene increased in sensitive cultivars at both concentrations of salt, a wide diversity was de-
termined in the change of expression patterns in resistant and moderately resistant cultivars.

In root, under 100 mM concentration of NaCl, expression patterns of GhCIPK6 were upregulated in 18 samples
and downregulated in 10 samples, while at 200 mM concentration of NaCl, it was upregulated in 18 samples, and
downregulated in 9 samples. The expression level decreased in both concentrations in 1 sensitive varity.

The analysis of mean realtive expression values of GhCIPK6 gene showed an increasing at 100 mM salt
concentration in all vegetative organs, however under 200 mM salt concentration.increasing were detected in
leaf (Fig. 1.) and root (Fig. 3.) and decreasing were detected in stem (Fig. 2.).

12,000
10,000
8,000

6,000

Mean GhACIPK6 (Leaf)

4,000

2,000

0mMm 100 mm 200 mM

Treatment

Fig. 1. Mean value of GhCIPKG® in leaf

In maize under 250 mmol/L NaCl treatment ZmCIPK genes expression in leaf and root showed similar or dif-
ferent expression dynamics in salt-tolerant variety. Also there were different expression patterns of ZmCIPKs
between cold-sensitive and cold-tolerant genotypes under cold stress [Chen et al., 2011]. Moreover, in
Marchantia polymorpha plants under three concentration of NaCl two CIPKs and three CBLs genes showed
different expression dynamics [Tansley et al., 2023]. Tripathi et al. [2009] studied CIPK6 for development and
salt tolerance in plants. Overexpression of CaCIPK6 promoted salt tolerance in transgenic tobacco, whereas
Arabidopsis mutants were more sensitive to salt stress compared to wild-type. Morever, tobacco mutants showed
a developed root system and increased basipetal auxin transport. Four CIPK6 genes were upregulated in roots of
salt tolerant wild diploid cotton species Gossypium klotzschianum under 300 mM of NaCl treatment [Wei et al.,
2017]. GhCIPK6a overexpression lines revealed increased salt tolerance through involvement in MAPK
pathways and ROS scavenging [Billah et al., 2021]. In addition, transgenic Upland cotton lines with high
expression of GhCIPK6 showed significantly higher seed germination, seedling field emergence percentages,
fiber quality under saline conditions than wild type [Su et al., 2020]. Taghizadeh et al. [2018] evaluated
GhCIPK6 gene expression level under two different concentration of NaCl. The results showed that relative
expression of GhCIPK6 was increased after 14 days under salt concentration than 7 day in leaf stem and root.
Moreover relative expression of this gene was higher in tolerant cultivar than sensitive cultivar.
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Fig. 2. Mean value of GhCIPKG6 in stem
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Fig. 3. Mean value of GhCIPKS® in root

Conelusion

In this study, the relative expression level of GhCIPK6 gene was evaluated in 3 different vegetative organs
under two different salt conditions in 31 geographically distant cotton genotypes that differing in salt tolerance.
The average value of the relative expression level of GhCIPK6 increased in all vegetative organs at low concen-
tration of salt, although, the increase was observed in leaves and roots at 200 mM concentration of salt. In addi-
tion, LSD (least significiantdifference) means test results for relative gene expression of GhCIPK6 gene in dif-
ferent vegetative organs showed significant differences between group.

Similar results were obtained in the assessment of the expression level of mitogen-activated protein kinase
(GhMAPK) [Ammzane, 2023] and antiporter encoding (GhNHX1) [Alizade, Aliyeva, 2024] genes in 31 studied
cotton varieties at 100 and 200 mM concentration of NaCl and the differences between the susceptible and re-
sistant groups allow us to talk about the stability samples are controlled by individual dominant genes.

Based on the obtained data, similar and different changes in the levels of transcripts belonging to different
geographical groups and differing in salt tolerance indicate that salt tolerance has a complex genetic structure. At
the same time, the differences between the susceptible and resistant groups suggest that the resistance of the
samples is controlled by individual dominant genes. At the same time, there is a need to study more CIPK genes
in cotton to evaluate salt tolerance in cotton.

The obtained results can be useful in the research works conducted in the direction of salt resistance in
cotton.
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