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ABSTRACT

Gossypium arboreum possesses favorable characteristics that are profitable for developing elite cotton cultivars. This
study analyzed genetic diversity and identifies marker-trait association analysis related to salt tolerance using SSR markers
for 215 accessions of G. arboreum. The salt tolerance-related traits like germination rate, fresh weight, stem length, water
content, chlorophyll content, electric conductivity, and MDA of the accessions were identified using 150 mM NacCl for 7 days
of seedling growth.

Two hundred fifteen accessions were categorized mainly into four groups based on the comprehensive index of salt
tolerance. Twenty-four accessions were classified as highly tolerant to salt treatment (>2.5). The natural population was
classified into 3 main groups by phylogenetic analysis. The classifications of phylogenetic analysis were largely congruent
with the breeding history and ecological region.

Twenty-two strong marker-trait associations were obtained with strict significant P value i.e. P< 0.01 and four makers
including NAU1023, NAU1099, JESPR222, and NAU2783 were significantly related to salt tolerance. The marker NAU2783
was highest associated (P= 1.98E-12) with relative electric conductivity, and with the highest phenotype variation of 20.87%.
Some markers are significantly associated with more than two traits. MUSS020 was significantly (P<0.01) related with relative
fresh weight, and relative MDA, NAU1375 was associated with relative fresh weight and relative stem length, while NAU3468
was significantly associated with relative fresh weight, relative germination rate, and relative water content. The strong marker-
trait association results might provide insights for marker-assistant selecting salt-tolerant varieties and will be useful for future

cotton breeding programs.
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INTRODUCTION

High salinity is a significant environmental factor that
not only hinders plant growth and productivity but has also
emerged as a global concern [1]. Salinity stress impacts ap-
proximately one billion hectares of arid and semi-arid re-
gions globally [2]. It has been estimated that soil salinity has
had adverse effects on 80 million hectares of the world’s cul-
tivated land [3] and may encompass more than half of the
world’s arable land by 2050 [4, 5]. This issue is escalating
due to climate changes, including variations in annual rain-
fall, evaporation, temperature, humidity, as well as unsustain-
able irrigation and excessive fertilization [2]. It is a wide-
spread problem found in over 100 countries globally and is
worsening in countries like the United States, China, Kuwait,
the United Arab Emirates, Hungary, and Australia. Further-
more, it is expected to become more severe in regions such
as North Africa, East Africa, the Middle East, East Asia, and
South Asia [6, 7]. In China, salinity is a significant concern,
with 6.6 million hectares of land reported as affected by var-
ious stages of salinization [8]. Additionally, around 17 prov-
inces, including those in the northwest, northeast, north, and
coastal areas, face annual salinity issues [9].

Scientists and agronomists have dedicated substantial ef-
forts to enhance and maximize the utilization of saline soil
through various approaches, including the use of chemicals,
biological methods [10]), and the introduction of salt-toler-
ant plant [11]. The screening or breeding of high-salt-toler-
ant crops using modern molecular techniques presents an

economical and effective solution to the current situation [2].
Nevertheless, our understanding of the genetic basis of salt
tolerance remains partial, owing to the diverse regulatory
mechanisms and the intricate genetic architecture associated
with salt tolerance [12]. Plants have developed a combina-
tion of biochemical and molecular mechanisms to adapt to
salt stress, encompassing processes such as ion regulation and
compartmentalization, the synthesis of compatible solutes, in-
cluding proline, glycine betaine (GB), sugars, and polyols, as
well as the induction of antioxidant enzymes like catalase, su-
peroxide dismutase (SOD), ascorbate peroxidase (APX), and
glutathione reductase [5, 13].

Conventional methods used for crop selection for salt tol-
erance are not consistent, because of the large effects of G
x E interactions, low value of heritability [14], and difficul-
ties in appropriate genotype selection, moreover these meth-
ods are time-consuming and labor-intensive with the low out-
put [15, 16]. Genome-wide association studies (GWAS) are
a potent method for dissecting complex traits by conduct-
ing genetic surveys across the entire genome to identify vari-
ants associated with a particular trait within natural popula-
tions. This approach has been highlighted for its effectiveness
[17, 18]. Within the realm of GWAS, quantitative trait loci
(QTL) and association mapping (AM) represent complemen-
tary strategies for pinpointing marker-trait associations. These
investigations are carried out using diverse DNA-based mo-
lecular markers, including simple sequence repeats (SSR),
single-nucleotide polymorphism (SNP) markers, and intron
length polymorphisms (ILD) markers.
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Simple sequence repeats (SSR), also known as microsat-
ellites, are characterized by short tandem repeat nucleotides
in DNA sequences, typically consisting of 2 to 6 base pairs
(bp). These microsatellites are widespread in genomes, occur-
ring across various organisms, both eukaryotes and prokary-
otes, and can be found in different genomic regions, includ-
ing protein-coding and non-coding regions. SSR markers are
frequently used in studying genetic diversity, genome map-
ping, and pedigree analysis and marker-assisted selection due
to their high reproducibility, multi-allelic nature, co-dominant
mode of inheritance, abundance, and wide genome coverage
(Pan et al., 2014). A population of 197 G. arboreum acces-
sions was genotyped using 80 genome-wide SSR markers
to establish patterns of the genetic diversity and population
structure [19]. The A-genome of 189 F2 plants derived from
the cross of two G. arboreum cultivars Jianglingzhongmian
x Zhejiangxiaoshanlushu was analyzed, and generated a link-
age map using 268 pairs of SSR primers with better polymor-
phisms [20].

In addition, using genome re-sequencing data, nine SNP
rich regions revealed 143 polymorphisms that distributed 40
candidate genes associated with relative fresh weight, rela-
tive stem length, relative water content, and a comprehensive
index of salt tolerance under salt conditions were reported
across 215 G. arboreum accessions [1]

Using a dataset consisting of 57,413 high-quality sin-
gle nucleotide polymorphisms (SNPs) and conducting a ge-
nome-wide association study (GWAS), researchers were able
to pinpoint a total of 158 stable quantitative trait loci (QTLs)
linked to three primary components of lint yield: single boll
weight, lint percentage, and boll number per plant. This analy-
sis encompassed 316 Gossypium hirsutum accessions studied
under four different salt conditions over a span of two years.
Additionally, by utilizing 17,264 single-nucleotide polymor-

phisms (SNPs), a set of twenty-three candidate SNPs associ-
ated with salinity stress-related traits was identified within a
larger group of 419 G. hirsutum accessions [7]. To assess the
genetic diversity in salt tolerance among various cotton spe-
cies, researchers evaluated 17 diverse accessions of both al-
lopolyploid (AD-genome) and diploid (A- and D-genome)
Gossypium species. They assessed a total of 29 morphologi-
cal and physiological traits linked to salt tolerance and ranked
17 Gossypium accessions based on their tolerance to moder-
ate and high salt stresses using comprehensive salt tolerance
index scores [5].

In a separate study, 215 accessions of G. arboretum under-
went investigation for 11 seedling biomass-related traits. Ge-
nome-wide association studies (GWAS) were conducted us-
ing a dataset of 142, 5003 high-quality SNPs. This analysis
resulted in the identification of 83 significant associations and
the discovery of 69 potential candidate genes [21].

The genetic foundation of G. arboreum represents a cru-
cial asset for genetics research aimed at improving key ag-
ronomic traits in cotton breeding. In light of this, the current
study was conducted with the following objectives in mind:
(1) to elucidate the genetic relationships among a range of geo-
graphically diverse accessions. (ii) to examine marker-trait as-
sociations employing SSR markers.

MATERIALS AND METHODS

Plant materials, Sample preparation, and Trait evaluation

The genetic materials included 215 accessions of G. ar-
boreum, including 209 accessions belonging to China, 3 ac-
cessions from the United States, and 3 accessions from India,
Pakistan, and Japan in the present study. The plant materials
were assembled from the Germplasm Bank of the Institute
of Cotton Research of the Chinese Academy of Agricultural

Figure -1 Germination of SiChuanSuiNing ZhongMianGuangZi under different NaCl
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Sciences (CAAS), Anyang, China. The detailed list of acces-
sions along with their origin was described in the S 1 Table.
After seven days of the germination, the 215 G. arboreum ac-
cession seedlings grown in the soil were evaluated for seven
physiological traits related to salt tolerance, such as germina-
tion rate (GR), fresh weight (FW), stem length (SL), water
content (WC), chlorophyll content (ChIC), electric conductiv-
ity (EC), methylene dioxyamphetamine (MDA) under 0 mM
(C) and 150 mM (S) NaCl treatment (Figure 1 and S1 Table).
The phenotypic and genetic experiments were performed in
the laboratory of the Cotton Research Institute of CAAS, Any-
ang, China. All Sample preparation and Trait evaluation meth-
ods were described in our previous study [1].

DNA extraction and marker amplification

Young leaves from five plants of each accession were
collected and stored at -80°C. The DNA was isolated from
frozen leave using the CTAB method [22] with some mod-
ifications. DNA concentration was quantified using a Nano-
Drop2000 instrument (Thermo Scientific, USA), and normal-
ized to 50ng/mL. Markers were analyzed by using PCR and
8% polyacrylamide gel electrophoresis (PAGE). PCR-ampli-
fication was performed in a total reaction mix of 10pl contain-
ing 1ul 10xPCR buffer, 0.2ul dNTPs (10mM each), 0.35pl la-
beled primers (Pf10ul), 0.2ul DNA polymerase (5U/p 1), and
1.5-1.6pl genomic DNA (50ng). Polymerase Chain Reaction
(PCR) was conducted using Takara PCR thermo cycler with
the first denaturation at 95°C for 3 min, followed by 30 cy-
cles of 94°C for 45 sec, 57°C for 45sec (decreases of 0.5°C in
each cycle), and 72°C for 1min and storage at 4°C. The chro-
mosome-specific primer pairs were selected based on previ-
ously published papers and their sequence information was
downloaded from the Cotton Marker Database (CMD; http://
www.cottonmarker.org). SSR data were scored as a domi-
nant marker type with “0”” for absent alleles, ““1”’, for a pres-
ent allele (?), and “-9” for the occasional non-amplification
or missing data.

Data analysis
Phenotypic and Genetic diversity

Analysis of variance (ANOVA) and assessment of pheno-
typic correlations among various physiological traits related to
salt stress were conducted using SAS 9.21. The relative value
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for each trait and the comprehensive salt tolerance index were
determined using the following formula: Relative value =
(Value under stress treatment (S)) / (Value under control treat-
ment (C)). Comprehensive index of salt tolerance = (Positive
index (GR + SL + FW + ChlC + WC) / (Negative index (EC
+ MDA)). Based on the polymorphic bands of the SSR prim-
ers, the number of alleles, gene diversity, and the polymor-
phism information content (PIC) were estimated using Excel.
Pi was used for first alleles frequency[JPIC used for polymor-
phism information content value, also known as Simpon poly-
morphism index, PIC=1-XPi2; and the Shannon-Weaver di-
versity index was used, (H"), H=1-XPiLnPi [23].

Population structure analysis and association mapping

Allele frequencies were used to produce a bootstrap anal-
ysis of phylogeny where Nei’s DA distance was generated
through neighbor-joining (NJ) tree analysis with 100 boot-
strap replications by POWER MARKER v3.25 software [24,
25]. The analyzed tree was exported to MEGAS to generate a
consensus tree [26]. A mixed linear model (MLM) was used
to construct markers-trait association tests using the TASSEL
2.0.1 software package [27]. The MLM association test was
performed by simultaneous accounting of multiple levels of
population structure (Q-matrix) and relative kinship among
the individuals (K-matrix) according to [28] method.

RESULTS

Phenotypic diversity

ANOVA analysis of seven salt tolerance traits as measured
for genetic diversity shows significant difference among the
accessions (P<0.0001). The positive correlation with signif-
icance (P=0.01), highly significance (P = 0.0001) and nega-
tive correlation (P = 0.01) were found between the traits. Ac-
cording to the comprehensive index (CIST) of salt tolerance,
215 accessions were categorized mainly into four groups.
Group 1 contained 12 accessions that were sensitive to high
salt treatment (<0.6), group 2 contained 26 accessions that
were moderately tolerant to salt treatment (0.6(11.5), group
3 included 153 accessions that were tolerant (1.5012.5), and
group 4 had 24 accessions that were highly tolerant to salt
treatment (>2.5). The result of ANOVA analysis, correlation
analysis between the traits, and classification according to the
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Figure - 2 PIC frequency of SSR markers used in the study
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MUSS193 (PIC= 0.009)

MON_CGR6061 (PIC=0.891)

Figure - 3 SSR primers have the lowest (MUSS193) and the highest PIC (MON_CGR6061) values

comprehensive index (CIST) of salt tolerance of accessions
were interpreted in our previous study [1].

Genetic diversity

The genetic relationship and genetic diversity of 215 G.
arboreum were analyzed by SSR primer pairs. In total 135
primer pairs produced 552 alleles with an average of 4.09 al-
leles per marker. The effective number of alleles (Ne) var-
ied from 1.009 to 9.163; The Shannon-Weaver diversity in-
dex (H') was 0.266 (ranging from 0.0433 to 0.367); the
PIC value was 0.591 (ranging from 0.00925 to 0.891). For-
ty-eight markers (36% of the 135 SSRs) were identified as
possessing a high PIC value (i.e. > 0.7). The PIC value of
thirteen primer pairs was more than 0.8, which markers were
MON_CGR6061, NAU945, BNL2634, MON_CGR5876,
JESPRO157, BNL2921, NAU761, BNL1673, BNL3031,
BNL1034, NAU1241, GH58, and BNL4053. Zhou et al.
(2013Db) also reported that BNL1673 and BNL1034 revealed
higher PIC of more than 0.8 in the genetic diversity study
of G.arboreum. Seventy-five primer pairs had PIC value of
more than 0.6 accounting for 55.55% of the total SSR primer.
The primer pair MUSS193 has the lowest PIC value (i.e.
0.009) with two polymorphic bands at about 250 and 260bp,
while primer pair MON_CGR6061 has the highest PIC value
(1.e.0.891) with 10 bands distributed between 100 and 500bp
(Figure 2, Figure 3, and S2 Table).

Phylogenetic relationship

Phylogenetic relation analysis allowed us to divide the ac-
cessions into three groups with 85, 34, and 96 accessions re-
spectively (Figure 4 and S1 Table). Group 1 (G1) contained
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85 accessions, a mixed group including 22 accessions from
the Yangtze River Region, 15 accessions from the Yellow
River Region, 38 accessions from South China, and 4 ac-
cessions from North China. Group 2 (G2) had 34 accessions
and represents the Yellow River accessions, 73.5% (25 acces-
sions of 34) of this group was from the Yellow River Region,
four accessions from North China, and four accessions from
South China, and only one accession from the Yangtze River
Region. Group 3 (G3) included 96 accessions, representing
Yangtze River accessions, 87.5% (84 accessions of 96) of this
group was from the Yangtze River Region, and six accessions
from the south China area that is close to the Yangtze River
Region (Figure 4 and S1 Table). These results further indi-
cated that Asiatic cotton accessions possessed extensive ge-
netic diversity in different growing areas.

Association mapping

Association between SSR loci with seven salt tolerance
traits (RGR, RFW, RSL, RWC, RChIC, REC, and RMDA)
of 215 accessions was performed using the MLM analyses in
TASSEL 2.0.1 software package (Bradbury et al., 2007). This
analysis showed 90 marker-trait associations with significant
level P < 0.05 (S3 Table). Twenty-two marker-trait associa-
tions with strict significant P-value i.e. P<0.01 were focused
on future analysis. Among these associations, 5 markers were
associated with relative germination rate (RGR), 3 markers
were associated with relative fresh weight (RFW), 4 markers
were associated with relative stem length (RSL), 4 markers
were associated with relative chlorophyll content (RChIC), 3
markers were associated with relative methylene dioxyam-
phetamine (RMDA), 2 markers were associated with rela-
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Figure 4 - Phylogenetic analysis of 215 G. arboreum accessions.
A Yangtze River Region; /A South China; @ Yellow River Region; o Nouth China; m Abroad

tive electric conductivity (REC), and 1 marker was associated
with relative water content (RWC) (Table 1). In this study,
highly significant marker-trait associations were found which
includes, NAU1023, NAU1099 (both of these were associated
RGR), and JESPR222 (associated RChIC) with higher P-value
(P>3), especially, the marker NAU2783 was highest asso-
ciated to relative electric conduct (REC) (-logP=11.7), and
also with the highest phenotype variation of 20.87% (Table
1). Some SSR markers were simultaneously associated with
two or three traits of interest. Among the 18 significant asso-

ciated markers, 15 markers (BNL1034, BNL1122, BNL2440,
BNL2921, BNL4108, DPL417, JESPR222, NAU1007,
NAU1023, NAU1099, NAU1215, NAU2156, NAU2783,
NAU2934, and NAU4036) were significantly (P<0.01) as-
sociated with only one trait. Two markers were significantly
(P<0.01) associated with two traits, MUSS020 was signifi-
cantly (P<0.01) associated RFW and RMDA, NAU1375 was
RFW, and RSL. Moreover, the marker NAU3468 was sig-
nificantly (P<0.01) associated with RFW, RGR, and RWC
(Table 1).

Table 1 Association of SSR markers with phenotypic traits and candidate genes in G. arboreum accessions (P<0.01)

Trait" Locus Polymorphic band F value P-value -logP R?
Number Size (bps)

RGR NAU1023 2 al50, 200 17.52 4.17E-05 | 4.379 0.0763
NAU1099 2 al75,b500 12.93 4.17E-04 | 3.379 0.067
NAU3468 2 8.1 0.0031 2.508 0.0463

6 al70, b180, c200 8.7495 0.0035 2.455 0.0411
BNL2921 d210, €230, 250
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NAU2156 | 5 al25, b140, c160, 7.8429 0.0056 | 2.251 0.0367
d175, €190
RFW | NAUI375 | 3 2200, b210, c240 9.78 0.0021 | 2.677 0.0518
NAU3468 | 2 8.081 0.005 2.301 0.0419
MUSS020 | 5| 250, b253, ¢225, d270, d300 | 7.3329 0.0074 | 2.131 0.0394
RSL NAUI375 | 3 2200, b210, c240 9.73 0.0021 2.677 0.0515
BNL1034 | 8| al75,bl80,c190, d200, €210, |8.7549 0.0035 | 2.455 0.0452
£250, g300, h400
BNL4108 | 5| al00,b110,c120,d130,e150 | 8.1287 0.0049 2309 0.0441
DPL417 5| al50,b190, c235, d245, €300 | 7.5271 0.0067 | 2.174 0.0381
RWC | NAU3468 | 2 7.4051 0.0071  |2.148 0.0385
RChIC |JESPR222 | 7| a75,b80, 90, d95, €100, f110, | 11.39 9.15E-04 |3.038 0.0632
2210
BNL1122 | 5| al60,b175,c180,d190,¢210 | 10.99 0.0011 2.958 0.0531
BNL2440 | 4 a190, b225, ¢275, d300 10.61 0.0013 | 2.8868 | 0.0481
NAU4036 | 4 a70, b80, ¢165, d170 7.1987 0.008 2.097 0.0385
REC | NAU2783 | 8| al80,b200,c210, d215, €225, | 55.91 1.98E-12 | 11.703 | 0.2087
NAU1007 | 4 al50, b160, c175, d185 9.15 0.0028  |2.552 0.0412
RMDA |NAUI2I5 | 2 al75,b185 7.3955 0.0071 2.148 0.0336
NAU2934 | 2 a300, b350 6.846 0.0096  |2.018 0.0364
MUSS020 | 5| a225,b250, c253, d270, e300 | 6.7045 0.0104 1.983 0.0361

*RGR, Relative germination rate; RFW, Relative fresh weight; RSL, Relative stem length; RWC, Relative water content;
RChIC, Relative hlorophyll content; REC, Relative electric conductivity; RMDA, Relative methylene dioxyamphetamin

DISCUSSION

Genetic variation in salt tolerance traits of G. arboreum
accessions

Global scarcity of the water resources, ecological pollu-
tion and enlarged salinization of soil and water became notice-
able problem in the beginning of the 2 1stcentury. But numer-
ous environmental stresses, like high temperatures, excessive
winds, flood, drought and soil salinity have predominately dis-
turbed the yield and cultivation of the important agricultural
crops [29]. Indeed, salinity is a major abiotic stress limiting
the growth and development of cotton plants at the germina-
tion and seedling stages [30]. G. arboreum has valuable fa-
vorable characteristics for the development of premium cot-
ton varieties [31]. ANOVA analysis, the result of Correlation
analysis between the traits, and classification based on the
comprehensive index (CIST) of salt tolerance of accessions
were discussed deeply in our previous study [1]. Our cur-
rent study mainly focused on genetic relationships and mark-
er-trait associations using SSR markers. Based on phyloge-
netic tree analysis, all 215 accessions were assembled into 3
main groups and were largely congruent with the breeding
history and ecological region, which includes three main cot-
ton-producing areas (Yangtze River, Yellow River, and South
China) respectively. Our report also shows the presence of
high genetic diversity among the accessions that belong to the
different groups, with varied geographical origins. This result
was in agreement with the previous studies that found that ac-
cessions of G. arboreum from different geographical regions
commonly clustered together elsewhere [31-33]. G. arboreum
has 5,000 years of cultural history, has been domesticated and
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cultivated for almost 2000 years in China since it was first in-
troduced from India. So, it is acceptable that the widely dif-
ferent environments of China contributed significant differ-
ence to the diversity of G. arboretum [34].

Marker-trait association analysis of salt tolerance
traits using SSR markers

In conventional breeding, it is difficult to breed varieties
with elite salt tolerance by hybridization of different salt-tol-
erance lines. By screening molecular markers that are related
to salt tolerance traits, and a combination of molecular and
traditional breeding, the efficiency of salt-tolerant breeding in
cotton can be greatly improved [35]. QTL mapping and asso-
ciation mapping for salt tolerance related traits have been de-
veloped for understanding and using the molecular basis of
salt tolerance in G. hirsutum [36]. The SSR genotype anal-
ysis illustrated that 215 accessions possessed extensive ge-
netic diversity. Therefore, G. arboreum accessions might be
an important source of new genes that are advantageous for
the molecular and genetic breeding of cotton. Perhaps for
confirmation of these results, more polymorphic markers and
germplasms were screened to identify the potential alleles. A
larger size of accessions helps to increase the detection power
and allows the quantification of more alleles that would have
enough counts for association analysis [36].

In this study, significant marker-trait associations were
found which including NAU1023, NAU1099 (both of these
were associated with RGR), JESPR222 (associated with
RChIC), and NAU27 (associated with REC[had high P-value
(P>3). We identified that the NAU3468 was associated with
RGR, RFW, and RWC with a highly significant correlation
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value (P =0.0001) between the three traits, while this marker
was reported to be associated with the germination rate of G.
hirsutum under 0.3% salt concentration by [37]. In our study,
BNL3255 (P<0.5) was associated with RMDA among the ac-
cessions, while BNL3255 was found to be associated with the
germination rate of G. hirsutum, under 0.3% salt concentra-
tion [38]. Remarkably, these markers, which are significantly
correlated with salt tolerance, can provide fundamental in-
formation for future molecular breeding of novel salt-toler-
ant cultivars in cotton.

CONCLUSION

Acknowledge on the genetic diversity of G. arboreum can
facilitate the efficient use of these resources in the develop-
ment of premium cotton varieties with favorable agronomic
traits. From our knowledge, these SSR markers in this study
may be used as references for studies of salt tolerance in cot-
ton.

ACKNOWLEDGMENTS

We are grateful to the Cotton Research Institute of the
Chinese Academy of Agricultural Sciences for providing the
215 G. arboreum accessions used in this study, for technical
help and financial support. The authors appreciate the support
of the National Science and Technology Support Program of
China (2013BAD01B03).

Authors’ contributions XD, GW, and DT conceived and
designed the experiment. DT performed the experiment and
drafted the manuscript. PZ and DP helped to collect and an-
alyze the data. XD and SM edited the final draft of the man-
uscript.

Competing interest The authors declare that they have
no competing interests.

REFERENCES

1.Dilnur, T., et al., Association Analysis of Salt Tolerance
in Asiatic cotton (Gossypium arboretum) with SNP Markers.
Int J Mol Sci, 2019. 20(9).

2.Zhu, G., et al., Genome-wide association reveals ge-
netic variation of lint yield components under salty field con-
ditions in cotton (Gossypium hirsutum L.). Bmc Plant Biol-
ogy, 2020. 20(1).

3.Yoshida, K., Plant biotechnology--genetic engineering
to enhance plant salt tolerance. Journal of Bioscience & Bio-
engineering, 2002. 94(6): p. 585-590.

4.Chen, Z., Y. Liu, and Y. Shen, Identification and Esti-
mation of Salt Tolerance in Peanut Germplasm. Chinese Ag-
ricultural Science Bulletin, 2015.

5.Dong, Y., et al., Salt-tolerance diversity in diploid and
polyploid cotton (Gossypium) species. Plant Journal, 2020.

6.Shahid, S.A., M. Zaman, and L. Heng, Soil Salinity:
Historical Perspectives and a World Overview of the Prob-
lem. 2018.

7.Yasir, M., et al., A Genome-Wide Association Study Re-
vealed Key SNPs/Genes Associated With Salinity Stress Toler-
ance In Upland Cotton. Genes, 2019. 10 (10): p. 829-.

8.Peng, Z., et al., An Efficient Approach to Identify Salt

Tolerance of Upland Cotton at Seedling Stage. Acta Agro-
nomica Sinica, 2014. 40(3): p. 476-486.

9.Li, F., et al., Genome sequence of the cultivated cot-
ton Gossypium arboreum. Nature Genetics, 2014. 46(6): p.
567-572.

10.Prittesh, P., et al., Amelioration effect of salt-tolerant
plant growth-promoting bacteria on growth and physiologi-
cal properties of rice (Oryza sativa) under salt-stressed con-
ditions. Archives of Microbiology, 2020.

11.Devi, S., et al., Phytoremediation potential of some
halophytic species for soil salinity. Int J Phytoremediation,
2016. 18 (7): p. 693-6.

12.Frouin, J., et al., Tolerance to mild salinity stress in ja-
ponica rice: A genome-wide association mapping study high-
lights calcium signaling and metabolism genes. Plos One,
2018. 13(1): p. e0190964.

13.Tang, X., et al., Global plant-responding mechanisms
to salt stress: physiological and molecular levels and impli-
cations in biotechnology. Critical Reviews in Biotechnology,
2015. 35(4): p. 425-434.

14 Krishnamurthy, S.L., et al., Analysis of genomic region
spanning Saltol using SSR markers in rice genotypes show-
ing differential seedlings stage salt tolerance. Journal of Plant
Biochemistry & Biotechnology, 2015: p. 1-6.

15.Abbasi, Z., et al., Association of SSR markers and mor-
pho-physiological traits associated with salinity tolerance in
sugar beet (Beta vulgaris L.). Euphytica, 2015. 205(3): p.
1-13.

16.Wang, X.P., et al., Study on Identification Methods and
Indexes of Salt Tolerance of Cotton Seedlings. Journal of He-
bei Agricultural Sciences, 2011.

17.Wang, Q., et al., Advances in genome-wide associa-
tion studies of complex traits in rice. Theoretical and Applied
Genetics, 2019(8).

18.Atashi, H., et al., Genome-wide association for milk
production and lactation curve parameters in Holstein dairy
cows. Journal of Animal Breeding and Genetics.

19.JIA, et al., Genetic diversity and population structure
of Gossypium arboreum L. collected in China. Journal of Cot-
ton Research, 2018.

20.Ma, X.X., et al., Simple sequence repeat genetic link-
age maps of A-genome diploid cotton (Gossypium arboreum).
J Integr Plant Biol, 2008. 50(4): p. 491-502.

21.Hu, D., et al., Genome-wide association study for seed-
ling biomass-related traits in Gossypium arboreum L. BMC
Plant Biology, 2022. 22(1): p. 54.

22.7Zhao, Y., et al. Genetic structure, linkage disequilib-
rium and association mapping of Verticillium wilt resistance
in elite cotton (Gossypium hirsutum L.) germplasm popula-
tion. in APS Meeting Abstracts. 2009.

23.Liu, L.P,, et al., Ameliorants improve saline—alkaline
soils on a large scale in northern Jiangsu Province, China.
Ecological Engineering, 2015. 81: p. 328-334.

24.Caihong Wang, X.L., Suotang Peng, Qun Xu, Xiaop-
ing Yuan, Yue Feng, Hanyong Yu, Yiping Wang, Xinghua Wei,
Development of Novel Microsatellite Markers for the BBCC
Oryza Genome (Poaceae) Using High-Throughput Sequenc-

83



Original article

ing Technology. Plos One, 2014. 9(3): p. €91826.

25.Fang, D.D., et al., 4 microsatellite-based genome-wide
analysis of genetic diversity and linkage disequilibrium in Up-
land cotton (Gossypium hirsutum L.) cultivars from major cot-
ton-growing countries. Euphytica, 2013. 191(3): p. 391-401.

26.Tamura, K., et al., MEGAS5: molecular evolutionary ge-
netics analysis using maximum likelihood, evolutionary dis-
tance, and maximum parsimony methods. Molecular Biology
& Evolution, 2011. 28(10): p. 2731-2739.

27 Bradbury, P., et al., TASSEL: software for association
mapping of complex traits in diverse samples. Bioinformat-
ics, 2007. 23(19): p. 2633-2635.

28.Yu, J. and E.S. Buckler, Genetic association mapping
and genome organization of maize. Current Opinion in Bio-
technology, 2006. 17(2): p. 155-160.

29.Shrivastava, P. and R. Kumar, Soil salinity. A serious
environmental issue and plant growth promoting bacteria as
one of the tools for its alleviation. Saudi Journal of Biologi-
cal Sciences, 2015. 22(2): p. 123-131.

30.Saeed, M., W.Z. Guo, and T.Z. Zhang, Association
mapping for salinity tolerance in cotton (Gossypium hirsu-

tum L.) germplasm from US and diverse regions of China.
Australian Journal of Crop Science, 2014. 8(3): p. 338-346.

31.Jia, Y., et al., Genetic diversity and population struc-
ture of Gossypium arboreum L.collected in China. Cotton Re-
search, 2018. 001(003): p. P.1-8.

32.Du, X., et al., Resequencing of 243 diploid cotton ac-
cessions based on an updated A genome identifies the genetic
basis of key agronomic traits. Nature Genetics, 2018.

84

33.Igbal, M.A., et al., Characterization of indigenous Gos-
sypium arboreum L. genotypes for various fiber quality traits.
Pakistan Journal of Botany, 2015.

34 . Wegier, A., V. Alavez, and D. Pifiero, Cotton: Tradi-
tional and Modern Uses, in Ethnobotany of Mexico: Interac-
tions of People and Plants in Mesoamerica, R. Lira, A. Ca-
sas, and J. Blancas, Editors. 2016, Springer New York: New
York, NY. p. 439-456.

35.Y.L. Zhao, HM.W., B.X. Shao, W. Chen, Z.J. Guo,
H.Y. Gong, X.H. Sang, J.J. Wang and W.W. Ye, SSR-based
association mapping of salt tolerance in cotton (Gossyp-
ium hirsutum L.). Genetics and Molecular Research 2016.
15(15027370): p. 10.

36.Yin-hua, et al., Molecular Diversity and Association
Analysis of Drought and Salt Tolerance in Gossypium hirsu-
tum L. Germplasm. Journal of Integrative Agriculture, 2014.
13(9): p. 1845-1853.

37.Shao, B., et al., Association Analysis of Salt Tolerance
with SSR Markers in Gossypium hirsutum L. Cotton Science,
2015.

38.Wang, et al., OTL mapping for salt tolerance at seed-
ling stage in the interspecific cross of Gossypium tomentosum
with Gossypium hirsutum. Euphytica : International journal of
plant Breeding, 2016. 209(1): p. 223-235.



Eurasian Journal of Applied Biotechnology. No.4, 2023

MOJIEKYJISIPJIBIK MAPKEPJIEPAIH KOMEI'IMEH A3USIJIBIK MAKTAHBIH (GOSSYPIUM
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ACCOUMALUANBIK BAMJIAHBICBIH 3EPTTEY
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TYWUIH

Gossypium arboreum MaKkTaHbIH )KOFapbl COPTTAPBIH JAMBITY YIIIIH KYH/IbI OOJIBII Ta0BUIATHIH KOJIAMIIBI CUITaTTaMallapra He.
Byt 3eprrey sxymbichl Gossypium arboretum-abIH 215 Typi yimia SSR Mapkepiiepi MeH Ty3Fa TO3IMIUTIKKE KATBICThI 7 OCNriciH
»KoHe Oip Ty3Fa Te3IMIUTIK HHJIEKCI apachIHIaFbl MapKep-0eIri acCONManMsITBIK KaThIHACTBI aHBIKTAy MaKcaThIHA KYPri3uii.
Maxkra 215 Typinig Tykbl 150 mM Ty3 KOHIEHTpalUsIChIHIA 7 KYH 6CKEHHEH KeHiH TYKBIMHBIH OHY KBUIIaMIIBIFbI, TYTaC
OCIMJIIKTIH caJIMarbl, cabaK Y3bIH/IBIFbI, JKAIBIPAKTHIH CY MOJIIIEp], XJI0PO(UIIT MOJIIIEpi, KaIbIPAKTIH JIEKTpP OTKI3TIIITIr
xoHe MetrieHanokcuaMmperamut (MDA) chIHIBI TY3Fa TO3IMIUTIKKE OalJIaHBICTBI OeNTriiep/ii 3epTTel OTHIPBIT CKPUHUHITEH
OTTI.

Tysra TO3IMAUTIKTIH KeIeH i nHaeKci OolpIHIIa 215 MaKTa TYpi HETi3iHEH TOPT ToNKa ikresi. Ty3ra skorapsl Te3iMII
(>2, 5) 24 1yp anbikranasl. G. arboretum MakTachbHbIH 215 TypiepiHiH TaOUFH NOMYJISIHACH! QUIOTeH/IK Tajiay OOHbIHIIA
3 Heri3ri Tonka ikrenai. PwIoreHaiK Tanaay HTHKeJIEpi HeTi31HeH TYpJepAiH TONTACTBIPBUIYBl ©Cipy TapuXbIMEH JKoHE
9KOJIOTHSUIBIK aMaKIeH calikec Keni skoHe G. arboretum TypnepiiH peHOTHITI MEH TeHOTHITI OOMbIHIIA OPTYPIIUIITIH KOPCETTI.

Bi3 xymti acconmarnusael Taly yiriH KataH P (P < 0,01) MoHIH KONTaHIBIK, jkoHE 22 MapKep-0eNTuTiK acCOHansITbIK
OaitmanbIcTHl anablK. OchrHBIY imriaae TopT Mapkep NAU1023, NAU1099, JESPR222 xone NAU2783 Ty3¥a TO3IMILIIK
OenrinepMeH xoraphl OaitmansicTa 6omapl. NAU2783 Mapkepi caidbICTRIPMAITBI SIEKTP OTKI3TIIITIKIICH YKOFaphl aCCOIHAITH-
suTBIK OaitmaneicTsl (p=1.98E-12), connaii-ak (heHOTHTTIH eH *KoFapsl BapuarmschiMeH (20,87%) OaitnmanbicTsl kopcetTi. Keitbip
MapKepJep eKiieH Kelr OeNnTiiepMeH KOFaphl aCCONUAIMSIIBIK OainanpicTa ekeHi aHbIKTainasl. MUSS020 canbicThIpMalts! skaHa
CaIMaKIeH JKOFaphl acCONManusuIbIK OaitnanbicTsl (P<0,01) kepcerTi. NAU1375 canpIcThIpMaItsl caTMaKIIeH CaTbICTRIPMAITBI
cabaK Y3BIHIBIFEIMEH jkoHE canbIcThipMaiisl MDA memmepiMer OaitmansicTsl 60mapl, an NAU3468 canbicThIpMaltbl caiMaKIicH,
CaJTBICTBEIPMAITBI OHY JKBUTIAMIBIFBIMEH JKOHE CANBICTRIPMAITBI CYy MOIIePIMEH aTapibIKTail OaitmansIcThl. KymTi Mmapkep-
OETTLTIK aCCOIMANIMSUTBIK HOTIKEIIepl Ty3Fa Te3IM/Ii COPTTap Akl TaHIAy/Ia )KaHa TYCIHIKTep Oepe ajaibl )KoHe MaKTa oCipyHiH
Ooamak OargapraManapsl YIIiH Maifianel akmapart oeperti.

Herisri ce3nep: Gossypium arboretum, Ty3fa TO3IMALTIK, KapamabiM peTTiTiK Kaiitamanys! (SSR), punorenernkaipk
TaJiay, ACCOLMALMSHBI Taay

AHAJIN3 TEHETUYECKOI'O PA3SHOOBPA3US U ACCOIMALIMA COJIEYCTOMYUBOCTH
ABUATCKOI'O XUIOITYATHHUKA (GOSSYPIUM ARBOREUM) C IIOMOIIBIO MOJIEKYJIAPHBIX
MAPKEPOB
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AHHOTAIMS

Gossypium arboreum obnanaeT 0J1aronpUATHBIMU CBOWCTBAMH, KOTOPBIC IIEHHBI JJISl BBIBSJCHHUS ITPEBOCXOIHBIX COPTOB
XJIOIMMYATHUKA. JTO UCCIEAOBAaHUE OBLIO MPOBEICHO C IEIBI0 aHAN3a TCHETUYCCKOT0 PA3HOOOpa3us U ONpPEACICHUS
accolraInyii MapKepOB U MPU3HAKOB, CBI3AHHOTO C COJICYCTONYMBOCTEIO, C HCIONIb30BaHHeM SSR-Mapkepos aist 215 oOpasnos
G. arboreum. IIpu3HaKu, CBS3aHHBIC C COJICYCTOMYMBOCTHIO, TAKHE KaK CKOPOCTh IPOPACTAHUS, Macca B CBEXKEM BUJIC, JUTHHA
CTeOJIs, CoIepKaHIe BOJIBI, XJIIOPO(HILIA, IEKTPOIPOBOAHOCTh U MDA naHHBIX 00pa3IoB XJIOMYAaTHHKA, OBLTH OIPEICICHEI
¢ ucnojib3oBaHueM 150 MM conu B TeueHue 7 AHEH pocTa IpOPOCTKOB.

CoriacHO KOMIICKCHOMY IOKa3aTelo CoJeycToiunBocTH 215 00pa3oB ObUIH pa3aeicHbl B OCHOBHOM Ha YeThIpe
rpymmnel. JIBaanaTe yeTeipe oOpasma ObUTH KiIacCU(HUIIMPOBAHBI KaK BRICOKOYCTOWYUBEIE K COJIEBOM 00paboTke (>2,5).
EcrecTBeHHas Moy sips Oblia pa3JeieHa Ha 3 OCHOBHBIE TPYIIIBI C IIOMOIIBI0 (DHIOreHeTHIecKoro ananmsa. Kinaccuduxanmm
(HITOreHeTHYECKOTO aHAIM3a B 3HAYNTEILHON CTEIICHN COOTBETCTBOBAJIN HCTOPHHU PA3MHOXKEHHUSI H OKOJIOTHYECKOMY PETHOHY,
YTO yKa3bIBaeT Ha OOLIMPHOE FeHETHYECKOEe pasHooOpasue 00pasoB G. arboreum Kax 1o (GEHOTHITY, TaK U MO TCHOTHITY.

I[BaI[LIaTb JABE€ CUJIBHBIE aCCOMUAINN MEX Y MapKEe€paMn U IPU3HAKaMH ObLIH TIOJIY9€HBI CO CTPOTr'0 3HAYMMBIM 3HAYCHUEM P
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(P<0,01). Brmrouass NAU1023, NAU1099, JESPR222 u NAU2783, ObUIH B 3HAUUTEIILHOM CTEIICHH CBSI3aHBI C YCTOUYUBOCTHIO
K COJIU B 3TOM HcciieioBannu. B wactHoctn, mapkep NAU2783 Ob11 HanbOosiee TecHo cBsizad (P=1,98E-12) ¢ otHOCHTENBHOM
JIEKTPONPOBOTHOCTHIO, @ TAK)KE C CAMOW BBICOKON N3MEHUYMBOCTHIO (henotuna - 20,87%. bpuio 00HapyKeHo, 4TO HEKOTOpbIE
MapKepbl JJOCTOBEPHO CBSI3aHbI OoJiee 4eM ¢ JByMs npu3Hakamu, Hanpumep, MUSS020 6su1 noctosepro (P<0,01) cBszan
C OTHOCHTEJBHBIM CBEXUM BecoM M OTHOCUTENbHBIM MDA, NAU1375 ObuT CBSI3aH ¢ OTHOCUTEIBHBIM CBEKUM BECOM H
OTHOCHUTEJIBHOU JUTMHOU cTeO1s1, B TO BpeMs kak NAU3468 ObuT JOCTOBEPHO CBsI3aH C OTHOCUTEIIBHBIM CBEKUM BECOM,
OTHOCHUTEIILHOU CKOPOCTBIO MTPOPACTAHUS, U OTHOCUTEIIBHOE COJIEpP:KaHue BOJIbl. Pe3ybTaThl CUIBHON accolMalid MapKepoB
C MPU3HAKaMU MOTYT JJaTh HOBOE MPEIICTABICHHE O MapKepaxX-IIOMOIIHUKAX MPU 0TOOPE COJICYCTONYUBBIX COPTOB U OYIyT
TOJIC3HBI ISl Oy IYIIUX TPOTrPaMM CEIICKI[UH XJIOTKA.

KutoueBsie cioBa Gossypium arboreum, coaeycTOWUYNBOCTH, IPOCTHIE MOBTOPHI IocieaoBaTeabHOCTH (SSR),
ACCOIMATUBHBIN aHATIN3
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