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Abstract. Cotton is one of the most economically important crops. Screening and selection salt-tolerant 

cotton genotypes using DNA molecular markers not only introduces tolerant cultivars valuable for 

hybridization and breeding programs, but also identifies DNA regions implicated in the salinity tolerance 

mechanism. Screening and selection of cotton genotypes resistant to salinity stress and Verticillium wilt 

disease using DNA molecular markers not only introduces tolerant cultivars valuable for hybridization 

and breeding programs, but also identifies DNA regions implicated in the tolerance mechanism. The 

lowest Disease Severity Index was recorded in AP-317 (0.37) and Tashkent-2 (0.32) varieties. A total of 

63 bands were generated based on 12 ISSR primers, 50 of which were polymorphic. The highest PIC 

value was recorded for UBC841 (0.466). AP-317 of Azerbaijan origin and Kirqizistan-174 of Kyrgyzstan 

origin were the most distant (0.358) genotypes and at the same time showed high resistance to 

Verticillium wilt. The obtained results showed that ISSR markers were an effective tool for determining 

genetic variation and identification of cotton cultivars. 
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1. Introduction  

 

Upland cotton (G. hirsutum) is the most important fiber crop for the global textile 

industry (Akparov et al., 2021; Mammadova et al., 2021; Alizada, 2022; Zhang et al., 

2023). As a globally important cash crop, cotton provides approximately 35% of total 

fiber used worldwide and is also an important source of oilseed (Cui et al., 2021). Cotton 

is grown in more than 80 countries and plays an important role in social and economic 

development of Azerbaijan (Alizada et al., 2024a). 

There are about 20 major diseases affecting cotton including Verticillium wilt, 

which is a vascular disease that is caused by soil-borne fungus Verticillium dahlia 

(ElSharawy et al., 2015). The fungus invades through the roots and once in the xylem 
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produces conidiospores that spread throughout the plant. During infection, the V. 

dahliae secretome supplies a range of molecules to manipulate the host responses and aid 

its growth that can result in vascular occlusion, which prevents the transfer of water and 

other mineral substances from roots to the leaves and tissues and causes wilting, drying, 

a reduction in photosynthesis, shedding of immature bolls and importantly a significant 

reduction in fiber yield. In the field, the disease is characteristically associated with 

vascular discoloration, leaf chlorosis, necrosis and plant death in severe cases (Wilson, 

2024). The disease would occur in the whole growth period of cotton and reach the peak 

in the fowering and boll-setting period from July to August and the infected cotton leaves 

would gradually turn yellow, wither and fall of, which would lead to small cotton bolls 

and high boll drop rate and fnally result in a decrease in yield and quality (Lu et al., 2023). 

Strategies opted so far to control V. dahliae infection are not enough. Research at 

morphophysiological, biochemical and molecular levels is required to understand the 

infection mechanism and most importantly the response to cotton towards infection is 

critical (Umer et al., 2023). Because of its highly variable pathogenicity and strong 

vitality, it is extremely difficult to control Verticillium wilt disease (Zhang et al., 2018). 

Salt stress is the second most prevalent abiotic stress after drought, impairing plant 

growth and reducing agricultural production worldwide. Due to poor management 

practices and lack of regulation, salt stress is getting worse every year. Saline irrigation 

increases the amount of sodium chloride in the soil, which can lead to soil degradation 

(Anwar et al., 2023).  

Cotton yield decreases at a salinity level of 7.7 dS m-1 and a 50% reduction in output 

was noted at 17.0 dS m−1. Cotton plants are affected in multiple ways by salt stress, 

including diminished growth, limited leaf area expansion and impaired nutrient uptake 

(Alizada, 2024b). Under salt stress, fiber strength, length and micronaire values decrease 

in both Gossypium hirsutum and Gossypium barbadense. Moreover, the early 

developmental stages of cotton are particularly vulnerable to salt stress, which has a 

significant impact on eventual crop output (Anwar et al., 2023; Alizada et al., 2020). 

 Salt tolerance is a quantitative trait which is affected by the environmental factors. 

However, selection based on genetic rather than phenotypic characteristics is a fast, 

reliable and cost effective approach which can enhance the identification of tolerant 

cotton genotypes. Inter-simple sequence repeat (ISSR) fingerprinting is a PCR based 

method was developed such that no prior sequence knowledge was required 

(Ahmadizadeh et al., 2011; Khayatnezhad et al., 2010; Zaefizadeh et al., 2009). This 

technique has proven to be a simple, quick and inexpensive method which can generate 

high percentages of polymorphic loci. ISSR technique reported as an easy and 

informative genetic marker system for revealing both inter and intraspecific variations in 

cotton, yielding a multi locus marker system useful for fingerprinting, diversity analysis 

and genome mapping (Abdi et al., 2012).  

This study aimed to determine the of Verticillium wilt resistant genotypes, also 

investigation genetic diversity of 31 cotton cultivars that studied under salt stress 

conditions, compare genetic distance estimated from ISSR markers. 

 

2. Materials and methods 

 

Plant material  

Seeds of 31 cotton (G. hirsutum L.)  varieties were obtained from National Genbank 

of Azerbaijan. Information about varieties is presented in Table 1.  
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Table 1. List of studied genotypes  

 
Genotype GenBank ID Origin Genotype GenBank ID Origin 

Aghdas-3 AzGR-10139 Azerbaijan Navai-9 AzGR-3591 Uzbekistan 

AP-317 AzGR-3601 Azerbaijan Kirqizistan-174 AzGR-3590 Kyrgyzstan 

Barakat AzGR-11836 Azerbaijan Beyaz altun-440 AzGR-13638 Turkey 

Bayraqdar AzGR-10202 Azerbaijan Carisma AzGR-13640 Turkey 

Ganja-110 AzGR-5852 Azerbaijan CSN-12 - Turkey 

Ganja-114 AzGR-7733 Azerbaijan Edessa AzGR-13637 Turkey 

Ganja-160 - Azerbaijan Flash AzGR-13639 Turkey 

Ganja-182 AzGR-11468 Azerbaijan Lima AzGR-13636 Turkey 

Ganja-195 AzGR-12215 Azerbaijan May-344 - Turkey 

Ganja-200 AzGR-12216 Azerbaijan PG AzGR-13641 Turkey 

Kharabakh-11 AzGR-835 Azerbaijan Sezener-76 - Turkey 

Kharabakh-12 - Azerbaijan Assos - Greece 

Zafar AzGR-11839 Azerbaijan Prime - Greece 

Tashkent-1 AzGR-5396 Uzbekistan Select - Greece 

Tashkent-2 - Uzbekistan Cristina - Greece 

Tashkent-3 - Uzbekistan    

 

To evaluate Verticillium wilt resistance, plants were planted in 3 replicates and 10 

plants per replicate in 2019-2021 at the Absheron Research Base of the Institute of 

Genetic Resources on an artificial wilt background. At the end of the vegetation period, 

the evaluation of the disease according to the cross-section of the stem was performed 

according to the Karman (1971) method. The disease severity index (DSI) was calculated 

using the following formula: 

 

DSI =
0a + 1b + 2c + 3d + 4e

n
 

 

DSI: Disease severity index; a, b, c, d, e:  

The plant number with degree 0, 1, 2, 3, 4 respectively,  

n = total number of plants  

The 0-4 scale used in determining the reaction against Verticillium Wilt:  

0 - No visible chlorosis on the leaf; 1 - chlorosis in 1/4 of the leaf; 2 - 1/2 chlorosis, 

necrosis or paleness on the leaf; 3 - chlorosis or necrosis in 2/3 of the leaf; 4 - The leaf is 

ready to fall or has fallen; 

DNA extraction and amplification 

For molecular-genetic analysis fresh true leaf samples of 31 cotton varieties were 

collected, frozen in liquid nitrogen and stored at - 80˚ until the DNA extraction. Total 

DNA extraction was performed using CTAB method with modifications (Doyle and 

Doyle, 1990). DNA quantity and purity determined by using Nanodrop 2000c 

(ThermoFisher Scientific, USA, Cat. No. / ND2000CLAPTOP). 15 primers were used 

in the study and 12 primers were polymorphic. Information about polymorphic primers 

is presented in Table 2. 
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Table 2.  List of polymorph primers and primer sequence 

 
Primer Sequence 5`-3` 

ISSR-1 AGACAGACGC 

ISSR-2 GACAGACAGACAGACA 

ISSR-3 AGAGAGAGAGAGAGAGC 

ISSR-7 CACACACACACACAGT 

ISSR-12 GTGTGTGTGTGTGTTG 

ISSR-14 GTGTGTGTGTGTGTCT 

ISSR-16 CACACACACACAAG 

ISSR-19 AGAGAGAGAGAGAGAGT 

UBC816 CACACACACACACACAT 

UBC823 TCTCTCTCTCTCTCTCC 

UBC825 ACACACACACACACACT 

UBC841 GAGAGAGAGAGAGAGAYC 

 

Polymerase Chain Reactions were carried out by using FIREPol® Master Mix 

(Solis Biodyne, Estonia, Cat. No. / 04-11-00125) in a 25 µl volume mixture containing 

as follows: 5 µl of a total DNA, 4 µl primer (5 µM), 2 µl dNTPs (200 mM), 2.5 µl Taq 

buffer (10X), 2 µl MgCl2 (25 mM) and 1.5 U of DNA polymerase. The samples were 

amplified on a Biobase Digital Thermal Cycler (Bioer Technology, China, Cat. No. / TC-

96/G/H(b)C). PCR program was: 1 cycle hot start, 94°C (3 min); 35 cycles, 94°C (1 min), 

(45-55)°C (1 min), 72 (2 min); 1 cycle extension, 72°C (7 min) and then cooling down to 

4°C. The amplified ISSR products were separated separated and analysed using in 1.8 % 

agarose gel with 0.5X TBE buffer (40 mM Tris-acetate and 1 mM EDTA, pH 8) 

containing 0.5 µg/ml ethidium bromide and visualized under Chemidoc XRS system 

(Bio-Rad, USA, Cat. /No. / 721BR07370). The absence or presence of fragments was 

scored as 0 or 1 for each band, in order to determine variation between accessions.  

Marker’s data analysis 

Data analysis was done by SPSS v25 software package. Cluster analysis was 

generated using Ward’s method based on Euclidean distances was conducted. PopGene 

1.32 software was used to calculate Shannon`s Information Index.  

The genetic diversity index was determined using the formula proposed by Weir 

(1990): 

 

H = 1 – Σp2
i 

 

where H – index of genetic diversity, pi – frequency of alleles. 

The PIC value for each locus was calculated according to the formula of Roldan-

Ruiz et al. (2000): 

 

PICi = 2fi (1 – fi), 

 

where PICi is PIC for locus i, fi is the frequency of amplified fragments and 1 – fi is the 

frequency of nonamplified fragments. 

For the calculation of RP, information of a band (BI) was measured as:  

 

BI = 1 - (2x |0.5-p|), 
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where p is the percentage of the six species having bands (Raza et al., 2020). 

Then, RP of each primer was measured as: 

 

𝑅𝑃 = ∑ 𝐵𝐼i

𝑛

𝑖=1

, 

 

where n is the total number of bands for that marker (Prevost & Wilkinson, 1999). 

MRP for each marker calculated as: 

  

𝑀𝑅𝑃 = 1/𝑛 ∑ 𝐵𝐼i.

 

𝑖

 

 

EMR was measured as a total number of polymorphic bands/per primer multiplied 

by the percentage of the polymorphic bands per their total number. 

 

𝐸𝑀𝑅 = 𝑛𝑝 (
𝑛𝑝

𝑛
), 

 

where np is the number of polymorphic bands and n is the total bands number. The high 

EMR value indicates the more efficiency of the primer-marker system (Raza et al., 2020). 

MI is a statistical parameter used to calculate the total effectiveness of the primer-maker 

system. MI is the product of the PIC values and EMR (Raza et al., 2020). MI was 

measured as: 

 

MI = PIC x EMR. 

 

3. Results and discussion 

 
Table 3.  DSI and salinity tolerance of studied genotypes 

 

Genotype DSI Salt tolerance Genotype DSI 

Salt 

tolerance 

Aghdas-3 0.79±0.05 Moderate Navai-9 0.58±0.06 High 

AP-317 0.37±0.03 High Kirqizistan-174 0.50±0.04 High 

Barakat 0.44±0.05 Moderate Beyaz altun-440 0.55±0.08 High 

Bayraqdar 0.58±0.04 Moderate Carisma 1.07±0.12 Sensitive 

Ganja-110 0.95±0.01 Moderate CSN-12 1.22±0.14 Moderate 

Ganja-114 1.02±0.11 Moderate Edessa 1.49±0.21 Moderate 

Ganja-160 0.47±0.05 Moderate Flash 0.62±0.07 Moderate 

Ganja-182 0.50±0.05 Sensitive Lima 0.46±0.05 Moderate 

Ganja-195 0.49±0.03 Moderate May-344 0.79±0.06 Moderate 

Ganja-200 0.43±0.05 Moderate PG 0.95±0.11 Moderate 

Kharabakh-11 0.80±0.07 Moderate Sezener-76 0.73±0.08 Moderate 

Kharabakh-12 1.29±0.03 Moderate Assos 0.60±0.02 Moderate 

Zafar 0.46±0.05 Moderate Prime 0.42±0.05 Moderate 

Tashkent-1 1.07±0.17 Moderate Select 0.52±0.03 Moderate 

Tashkent-2 0.32±0.03 High Cristina 0.91±0.07 Moderate 

Tashkent-3 0.45±0.04 High    
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Among the studied Azerbaijani cotton varieties, AP-317 received the lowest value 

according to the DSI indicator and was highly resistant to wilt disease, while Kharabakh-

12 genotype was evaluated as highly sensitive (Table 3). Furthermore, the salinity (NaCl) 

resistance of these varieties were evaluated based on biometric parameters in our previous 

studies (Alizade, 2022; Alizade et al., 2023c) and the AP-317 variety was evaluated as a 

highly resistant variety to salt stress (NaCl) in our previous studies (Alizade et al., 2023a; 

2023b). Carisma variety from Turkey that sensitive to salt stress and CSN-12, Edessa 

varieties, which were evaluated as moderately resistant to salt stress, were evaluated as 

sensitive genotypes to Verticillium wilt. Among the introduced varieties, the highly salt-

resistant Tashkent-2 and Tashkent-3 varieties were observed to have a low rate of 

infection with wilt disease.  

Polymorphism detected by ISSR analysis: 

The selection an appropriate molecular marker technique for measuring genetic 

diversity requires careful evaluation of criteria such as statistical power, reliability and 

the number of polymorphisms (Mammadova et al., 2023; 2024). 
 

Table 4. Marker parameters calculated for each ISSR primer 

 
Primer Band size 

(bp) 

TNB/    

TNPB 

 

PR, % 

 

PIC 

 

H EMR RP MI MRP I 

ISSR-1 200-800 3/3 100.0 0.448 0.853 3.00 2.13 1.34 0.71 0.472 

ISSR-2 250-850 3/3 100.0 0.423 0.801 3.00 1.87 1.27 0.62 0.452 

ISSR-3 350-950 4/4 100.0 0.387 0.751 4.00 2.19 1.55 0.55 0.547 

ISSR-7 400-900 9/8 88.9 0.349 0.853 7.11 2.9 2.48 0.36 0.489 

ISSR-12 350-500 7/5 71.4 0.455 0.793 3.57 2.06 1.63 0.41 0.527 

ISSR-14 550-950 6/4 66.7 0.396 0.737 2.67 2.39 1.06 0.60 0.47 

ISSR-16 450-900 4/4 100.0 0.436 0.801 4.00 2.84 1.74 0.71 0.638 

ISSR-19 350-950 8/5 62.5 0.46 0.876 3.13 3.48 1.44 0.70 0.478 

UBC816 450-950 5/4 80.0 0.453 0.851 3.20 3.35 1.45 0.84 0.498 

UBC823 350-1200 6/5 83.3 0.394 0.783 4.17 2.58 1.64 0.52 0.571 

UBC825 450-1100 4/3 75.0 0.437 0.812 2.25 1.65 0.98 0.55 0.459 

UBC841 350-1000 4/2 50.0 0.466 0.716 1.00 2.45 0.47 1.23 0.536 

Total 63/50         

Mean 5.25/ 

4.17 81.48 0.425 0.802 3.42 2.49 1.42 0.65 0.511 

 

TNB-Total  number of amplified bands; TNPB-Total number of polymorphic bands; PR-Polymorphism 

rate; PIC-Polymorphism Information Content; H-Genetic diversity index; EMR- Effective multiplex ratio; 

RP- Resolving power; MI-Marker index; MRP- Mean resolving power; I-Shannon information index 

 

12 polymorphic primers were used for the study of genetic diversity and the 

characteristics of the primers are presented in Table 4. A total of 63 bands were 

synthesized on these primers, 50 of them were polymorphic. The total number of bands 

varied between 3-9 and the total number of polymorphic bands varied between 2-8. ISSR-

1, ISSR-2, ISSR-2 and ISSR-16 had the highest polymorphism at 100% and UBC841 had 

the lowest at 50%. The highest value of PIC was observed in UBC841 (0.466) and the 

lowest value was observed in ISSR-7 (0.349). Genetic diversity (H) index varied between 

0.716 (UBC841) and 0.876 (ISSR-19). Bilwal et al. (2017) studied genetic diversity of 9 

cotton genotypes and obtained 209 total band for 22 ISSR primers of which 142 were 

polymorphic. Sagar et al. (2020) during his research on 9 elite cotton genotypes, among 

15 polymorphic ISSR primers observed a total of 460 alleles with an average of 11.80 
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bands per primers. They also noted the maximum PIC value (0.68) for primer ISSR 32 

and UBC 842. Sahin et al. (2018) observed average PIC value 0.41, with minimum PIC 

0.19 and maximum PIC 0.68 during the analysis conducted with 24 ISSR primers on 30 

cotton varieties. 

 
Table 5. Genetic similarity index of studied cotton varieties 
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Cluster analysis of 31 cotton cultivars was used to produce a dendrogram showing 

the genetic relationships between genotypes based on ISSR data and Jaccard’s similarity 

coefficient (Figure 1). The varieties clustered in the 1st clade originated from Azerbaijan 

and Uzbekistan. Tashkent-2 and Tashkent-3 genotypes of Uzbekistan origin were highly 

resistant varieties due to Verticillium wilt and salt resistance. The local varieties clustered 

in this clade mainly showed moderate resistance to salt stress. 

 

 
 

Figure 1. Dendrogram showing genetic diversity among selected cotton genotypes 

 

The varieties concentrated in the 2nd clade were mostly Turkey varieties and in this 

group Beyaz altun - 440 variety was highly resistant to salt stress, while other genotypes 

were moderately resistant. The 3rd clade was the largest group and the cultivars 

concentrated in this group mainly showed moderate resistance to both stress factors. 

Varieties clustered in 4th group were local varieties and were selected high resistance to 

Verticillium wilt. Both cultivars clustered in clade 5 showed moderate resistance to salt 

stress. The cultivars concentrated in clade 6 were genotypes highly resistant to salt stress. 

Varieties included in this group are also distinguished by their high resistance to 

Verticillium wilt. 

 

4. Conclusion 

 

Genetic recombination from natural diversity is abundant and can be used to test for 

salt tolerance. One useful tool that can be used in this type of investigation is DNA 

molecular markers.  

In this study the maximum PIC values were found for primers UBC 841 and ISSR 

12, indicating that these primers made the most contribution to the diversity analysis. 

Furthermore, the results indicated that the ISSR molecular marker could be a valuable 

tool in cotton breeding for salt tolerance; however, further research using additional 

primers could explore this possibility. 
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The tree cluster analysis resulted that AP-317 and Kirqizistan-174 genotypes were 

quite distinct. These genotypes from various clusters can be used in hybridization to 

ensure the production of heterotic combinations for breeding programs. The current 

study's result on genetic relatedness using pooled molecular makers data will be useful 

for selecting parents for crossbreeding, expanding the genetic bases of breeding materials 

and improving cotton  breeding. 
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