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ABSTRACT. We screened and assessed published cotton simple
sequence repeat (SSR) primers to establish a set of core SSR markers
suitable for cotton major cultivars in China and analyzed genetic
diversity based on the core marker set. Using a stepwise screening
strategy, 12 leading cultivars for preliminary screening and 96 cultivars
for rescreening were evaluated. A total of 184 polymorphic SSR markers
were initially screened from 3299 candidates, and a core set of 52 SSR
markers with wide genome coverage (2 markers per chromosome)
was obtained. Among 96 major cultivars, 273 amplification genotypes
were generated using the core marker set. Polymorphism information
content values ranged from 0.28-0.83, with an average value of 0.56.
The core SSR marker set detected on denaturing polyacrylamide gel
electrophoresis indicated that the band genotype was either a single
or double band on conventional cultivars, while most were double
bands (65.4%). Among 56 hybrids, the average heterozygosis rate was
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35.8%, ranging from 7.1-55.4%. Eighteen of 96 cultivars had distinct
band genotypes. The genetic diversity analyzed using the of NTSYS-pc
V2.10 software indicated that the Yangtze River valley cotton region
had the highest polymorphic level, followed by Xinjiang and then the
Yellow River valley. The genetic basis of conventional cultivars was
narrower than that of hybrids. The core marker set can be used for
fingerprint construction, variety identification, and purity tests of major
cotton cultivars in China.

Key words: Genetic diversity; Core marker; Cotton; Major cultivar;
Simple sequence repeat

INTRODUCTION

Cultivated cotton is the world’s leading fiber crop and the second most important
oilseed crop (Yu et al., 2012a). The authorization and release of high-quality cultivars is im-
portant in agricultural production. Recently, the use of various breeding parents has increased,
resulting in genetic similarity among cotton cultivars and difficulty in distinguishing these
cultivars based on phenotypic performance. Transgenic technology has added to the challenge
because modifying a single trait can produce a new cultivar (Kuang et al., 2011). Traditional
variety identification technology using the grow-out test involves growing plants to maturity
and assessing several morphological characteristics that distinguish individual plants. Envi-
ronmental influences on morphological characters and time factor make it difficult to col-
lect morphological data; other limitations include unambiguous differentiation of genotypes
(Ashok et al., 2011). These characteristics have created disorder in the cotton market and made
the supervision of seed production and trade very difficult. Molecular markers can be used to
distinguish between cultivars because they offer a fast and reliable technique for precisely as-
sessing plant genotypes. Therefore, DNA fingerprint identification is important for ensuring
that seed quality is robust.

Microsatellites, also known as simple sequence repeats (SSRs), have a number of
advantages over many molecular markers, including their co-dominant inheritance, relative
abundance, extensive genome coverage, ease detection by polymerase chain reaction (PCR),
and reproducibility and locus specificity (Powell et al., 1996; Eillis and Burke, 2007). Over
the last decade, thousands of SSRs have been identified (Blenda et al., 2006; Guo et al.,
2007; Lacape et al., 2009; Yu et al., 2011, 2012a). These cotton SSR markers were de-
veloped either from random-enriched small genomic clones, large insert bacterial artificial
chromosome clones, or expressed sequence tags (ESTs) of Gossypium species. Their use is
limited by great variability among markers in polymorphisms, amplification quality, loca-
tion, and distribution in the genome, and should be examined to determine their usefulness.
Previous studies have demonstrated that the evaluation of primer polymorphism levels is
greatly influenced by the material type and range of materials selected (Liibberstedt et al.,
1998; Matsuoka et al., 2002). A core set of SSR markers was evaluated for DNA polymor-
phisms in 12 genotypes of 6 Gossypium species, collectively known as the cotton marker
database panel. The results indicated that the core marker set was robust for characterization
of Gossypium germplasm (Yu et al., 2012a). Although polymorphism levels for these primers
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are high in different Gossypium germplasms, levels are low in cultivated varieties such as
upland cotton. However, most cotton major cultivars are upland cotton and have a narrow
genetic base because of the factors described above. Thus, it is difficult to identify general
SSRs for major cotton cultivars in China. This explains why variety identification technol-
ogy based on SSR markers has not been widely applied in the cotton seed market. Selection
of highly polymorphic primers in our study was based on common upland cotton varieties,
making these primers significant for related studies and application to ordinary cultivars. In
our study, 96 cultivars collected from 3 main cotton regions (Yangtze River valley, Yellow
River valley, and Xinjiang cotton region), including 8 main cotton production provinces at
the present stage were used for primer polymorphism evaluation. All samples were upland
cultivars excepted for 1 Sea Island cotton cultivar from Xinjiang. We predicted that 2 mark-
ers per chromosome would be necessary to cover the whole genome. The objective of this
study was to thoroughly screen and assess published cotton SSR primers to establish a set
of core SSR primers suitable for major cotton cultivars in China. Genotype characteristics
and genetic diversity were analyzed based on the set of core markers. This core marker set
can be used in fingerprint construction, variety identification, and purity testing for major
cotton cultivars in China.

MATERIAL AND METHODS
Materials

Ninety-six main cotton cultivars were used in this study, including 95 upland cotton
varieties and 1 Gossypium barbadense variety coded 31 (Table 1). Twelve varieties from the
Chinese National Crop Germplasm Repository (asterisk in Table 1) were used for preliminary
screening. The 12 varieties were leading cultivars planted in 3 main cotton regions, includ-
ing 4 cultivars from the Yangtze River valley, 5 cultivars from the Yellow River valley, and 3
cultivars from the Xinjiang cotton region.

All of the 96 cultivars were used for rescreening materials consisting of 40 conven-
tional cultivars coded from 1-40 and 56 hybrid cultivars coded from 41-96. Ninety-six cul-
tivars, except for 12 preliminary materials, were collected from 8 main cotton production
provinces distributed in 3 main cotton regions in China.

DNA extraction

Cotton genomic DNA was extracted from dry seeds of each cultivar following a
method described by Kuang et al. (2010). The quality and quantity of DNA were estimated by
measuring optical density at 260/280 nm with an ultraviolet spectrophotometer.

Screening of SSR primers

SSR primer pairs used in this study were developed by different research groups in
the cotton research community. The sequence of individual primer pairs and the source clone
for each SSR can be found in the cotton marker database (http://www.cottonmarker.org/). All
primers were synthesized by TaKaRa Company (Dalian, China). The 12 leading cultivars were
used for preliminary screening and 96 cultivars were used for rescreening.
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Table 1. Ninety-six cotton cultivars used in this study.

No. Cultivar No. Cultivar No. Cultivar No. Cultivar
1* Lumianyan 21 25% Zhongmiansuo 49 49%* Zhongmiansuo 63 73 Ezamian 5
2% Lumianyan 28 26* Xinluzao 33 50 Jichuangmian 1 74 Ezamian 6
3* Zhongzhimian 2 27* Xinluzao 42 51 Jimian 589 75 Ezamian 14
4* Zhongmiansuo 50 28 Xinluzao 36 52 Hengmian 4 76 Ezamian 13
5 Zhongmiansuo 41 29 Xinluzao 31 53 Yuza 37 77 Ezamian 16
6 Zhongmiansuo 45 30 Xinluzhong 26 54 Kaimian 5 78 Jinzamian 288
7 Hanmian 103 31 Xinhai 21 55 Yuza 35 79 Zhongkangza 1
8 Shikang 126 32 Xinluzhong 33 56 Lumianyan 30 80 Xiangzamian 7
9 Guoxinmian 3 33 Xinluzao 28 57 Lumianyan 15 81 Xiangnongmian 8
10 Chuangmian 3 34 Xinluzhong 47 58 Lumianyan 24 82 Xiangzamian 3
11 Handan 284 35 Xinluzao 48 59 W8225 83 Zhenghuamian 1
12 Jifeng 106 36 Xinluzao 19 60 Daiza 1 84 Xiangzamian 8
13 Hanmian 103 37 Xinluzao 12 61 ‘Wanmian 31 85 Xiangzamian 16
14 Fengkangmian 1 38 Xinluzhong 40 62 Wanza 5 86 Xiangfengmian 3
15 Jinke 178 39 Guokangmian 1 63 Quanyin 2 87 Kemian 3
16 Jinmian 38 40 Sikang 1 64 Guofengmian 12 88 Siza 3
17 Kuaifeng 868 41 Zhongmiansuo 47 65 Wanza 3 89 Fumian 2
18 Yinshan 6 42 Zhongmiansuo 48 66 Wanza 8 90 Nannong 6
19 Kaimian 21 43 Zhongmiansuo 51 67 ‘Wanmian 25 91 Nankang 9
20 Shannongshengmian 1 44 Zhongmiansuo 59 68 Wanmian 19 92 Yankangza |
21 Renhe 39 45% Zhongmiansuo 70 69 Ezamian 26 93 Xuza 3
22 Lumianyan 27 46* Ezamian 10 70 Ezamian 17 94 Suza 201
23 Xingiu 1 47* Suza 3 71 Ezamian 23 95 Suzamian 66
24 Lumianyan 29 48% Xiangzamian 10 72 Gangzamian 8 96 Nannong 98-7

*The 12 leading cotton cultivars used for preliminary screening.

PCR and detection

All PCR amplification was carried out in a total volume of 20 uL containing 40 ng

genomic DNA, 1X PCR buffer, 1 U Tag DNA polymerase (TaKaRa), 1.5 mM MgCl,, 0.15 uM
of each primer, and 0.1 mM dNTPs. Amplification was performed under the following condi-
tions: 4 min at 94°C for strand separation followed by 32 cycles of 45 s at 94°C for denatur-
ation, 45 s at 55°C for annealing, and 45 s at 72°C for primer extension, and a final extension
at 72°C for 7 min. Amplified PCR products were separated on 6% denaturing PAGE at 90 W
for 1 h. Silver staining method followed the method described by Wang et al. (2004a).

Statistical analysis

The genetic diversity of each SSR locus was obtained by calculating the frequency
of the genotype based on polymorphism information content (PIC) following the formula
developed by Anderson et al. (1993). A similarity matrix was constructed using Nei’s genetic
distance, and Nei’s genetic distance were determined using NTSY Spc ver. 2.10 (NTSYS-PC
2.10, Applied Biostatistics, Setauket, NY, USA). The dendrogram showing relatedness among
the 96 cotton cultivars based on Nei’s genetic distance was constructed using unweighted pair
group method with arithmetic means.

RESULTS
SSR polymorphism

A total of 184 polymorphic SSR markers were initially screened out of 3299 candi-
dates assessed by 12 leading cultivars. Next, 184 polymorphic SSR markers were distributed
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on 26 chromosomes of the cotton genome, with an average of 7 SSR markers on each chromo-
some, ranging from 3-13. The difference may be related to different recombination rates of dif-
ferent chromosomal regions. Chromosome 5(c05) showed the most abundant polymorphic SSR
markers with 13. Based on the genetic map by Yu et al. (2012b), c05 showed the longest genetic
distance. Among the 12 leading cultivars, a total of 559 polymorphic genotypes were detected
by 184 SSR markers, with an average of 3.04 genotypes per SSR marker, ranging from 2-6.

Two SSR markers were identified from each of the 26 cotton chromosomes to ensure
even distribution of the markers on the cotton genome, giving a total of 52 core SSR markers
(Table 2). Those with high polymorphisms and good repeatability were successfully rescreened
out from 184 SSR markers assessed by 96 main cotton cultivars, including 12 leading cultivars.
The set of core SSR markers consisted of 27 pair EST-SSRs and 25 pair genomic-SSRs. Among
the 96 main cultivars, the number of amplification genotypes generated using the set of core
SSR markers was 273, including 130 genotypes generated by EST-SSR and 143 genotypes
generated by genomic-SSR. The results suggest that each EST-SSR can detect an average of
4.81 genotypes and each genomic-SSR can detect 5.72 genotypes.

Table 2. List of core SSR markers and information.

Primer Type Map No.of PIC Heterozygosis Primer Type Map No. of PIC Heterozygosis
location  genotypes rate (%) location  genotypes rate (%)
NAU3254 EST 1 4 0.50 35.7 CIR246 Genomic 14 7 0.71 429
BNL3085  Genomic 1 4 0.59 429 NAU1070  EST 14 4 0.54 35.7
NAU3419 EST 2 5 0.51 232 BNL3033 Genomic 15 4 0.54 32.1
NAU2277 EST 2 4 0.45 41.1 HAU1001  EST 15 5 0.51 36.4
NAU3995 EST 3 9 0.78 44.6 BNL1026  Genomic 16 4 0.43 21.4
NAU1071  EST 3 4 0.57 357 JESPR292  Genomic 16 3 0.51 35.7
HAUI1300 EST 4 4 0.40 14.3 HAU2786  EST 17 9 0.78 44.6
MUCS101 EST 4 3 0.56 45.1 HAU2014  EST 17 3 0.59 44.6
NAU6094 EST 5 4 0.57 36.7 TMB1638  Genomic 18 15 0.83 26.7
NAU1200 EST 5 4 0.50 41.1 TMB2295  Genomic 18 5 0.46 273
DPL0238  Genomic 6 4 0.56 35.7 NAU1102  EST 19 4 0.54 51.8
DPL0O811  Genomic 6 5 0.56 39.3 DPL0556  Genomic 19 5 0.52 214
NAU1362 EST 7 8 0.67 53.6 BNL3948  Genomic 20 4 0.55 30.4
NAU1085 EST 7 3 0.57 44.6 GH277 Genomic 20 6 0.66 42.6
DPL0133  Genomic 8 7 0.51 17.9 DPL0376  Genomic 21 4 0.54 375
NAU1369 EST 8 3 0.34 16.7 NAU1103  EST 21 4 0.58 345
NAU859  EST 9 7 0.54 393 CGR6410  Genomic 22 4 0.58 35.7
CGR5707  Genomic 9 4 0.29 17.9 NAUS5099  EST 22 7 0.49 7.1
NAU1233 EST 10 7 0.70 439 BNL3173  Genomic 23 4 0.28 12.5
DPL0296  Genomic 10 4 0.49 33.9 BNL3140  Genomic 23 5 0.57 40.0
DPL0528  Genomic 11 10 0.71 50.0 NAU0478  EST 24 5 0.57 33.9
HAU2026 EST 11 4 0.59 42.9 NAU1125  EST 24 5 0.58 44.6
DPL0917  Genomic 12 10 0.79 44.6 CGR6932  Genomic 25 7 0.57 28.6
BNL3261  Genomic 12 5 0.60 434 HAU2022  EST 25 3 0.50 375
CER0168  EST 13 4 0.60 55.4 CIR170 Genomic 26 3 0.52 33.9
BNL1421  Genomic 13 9 0.72 48.2 MGHES44 EST 26 4 0.39 33.9

Table 2 shows the PIC values of each core SSR marker among the 96 main cotton
cultivars. The level of genetic diversity between Gossypium hirsutum and G. barbadense de-
tected using the core SSR marker set was higher than that within the G. hirsutum genotypes.
PIC values of the core SSR markers set on the 96 main cotton cultivars ranged from 0.28-0.83,
with an average value of 0.56. Most SSRs from the core SSR marker set were highly informa-
tive (PIC > 0.5) and 8 SSR markers were moderately informative (0.3 < PIC <0.5), while only
2 were slightly informative (PIC <0.3).
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Genotype characteristics

The core SSR marker set detected on denaturing PAGE showed either a single band or
double band for 40 conventional cultivars, with most appearing as double bands (65.4%). The
results are consistent with the genetic characterization of cotton showing that the A-genome
and D-genome were of high homology. Figure 1 shows the DNA fragments amplified by the
core SSR marker NAU1102 in 96 major cotton cultivars.

Combined with the band type displayed for the 56 hybrid and 40 conventional culti-
vars, 3 heterozygous band types of hybrids showed the following patterns: 1) double band in
the hybrid, with a single band in conventional cultivars; 2) triple band in the hybrid, with a
double band in conventional cultivars; 3) 4 bands in the hybrid, a double band in conventional
cultivars. The second type accounted for 57.7%, followed by the first type, accounting for
34.6%, while the third type accounted for only 9.61%. Among 56 hybrid cultivars, the average
heterozygosity rate of the core marker set was 35.8%, ranging from 7.1-55.4% (Table 2). The
marker referred to as CER0168 showed the highest heterozygosity rate; this marker can be
considered to be the preferred primer in the hybrid seed purity test.

Eighteen of 96 cultivars showed distinct band genotypes amplified by 17 specific
primers. The unique sea island cotton cultivar known as Xinhai21 had the most abundant spe-
cific primers, with 32 of 52 core markers, accounting for 61.5%. The result is consistent with
the significantly different genetic backgrounds between upland cotton and sea island cotton.
Among otherl7 upland cotton cultivars, 2 cultivars had 3 specific primers, 3 cultivars had 2
specific primers, and 12 cultivars had 1 specific primer (Table 3). These specific primers can
be directly applied for variety identification for the corresponding cultivars.

Figure 1. DNA fragments amplified by core SSR marker NAU1102 in 96 major cotton cultivars. Lanes 1-40 =
conventional cultivar; lanes 41-96 = hybrid cultivar; lane 31 = sea island cotton.

Table 3. Cotton cultivars with specific primers.

Cultivar Specific primer Cultivar Specific primer

Zhongmiansuo 59 NAUS859, BNL1421,TMB1638 Suza 201 NAU3995, HAU2786, CGR6932
Xinluzao 36 NAU859, HAU1001 Siza 3 NAU1102, TMB1638
Yankangza | DPL0528, BNL3140 Zhongmiansuo 41 DPLO133

Guoxinmian 3 DPLOS811 Yinshan 6 BNL3261

Shannongshengmian 1 TMB2295 Xinluzao 33 BNL1421

Zhongmiansuo 51 TMB1638 W8225 DPL0917

‘Wanzamian 31 NAUI1362 ‘Wanmian 19 NAUS859

Ezamian 14 NAUI1125 Xiangnongmian 8 CGR6932

Xiangzamian 8 DPL0528

Genetic distance and diversity

SSR amplification results were used to generate a genetic similarity matrix. Genetic
similarity coefficients among 96 main cultivars ranged from 0.6300 to 0.9927, with an average
of 0.7660, indicating that the cultivars we used had a vast genetic base. The average genetic
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similarity coefficient of 12 leading cotton varieties used for preliminary screening was 0.7769,
suggesting that 12 leading cultivars were well-represented. The genetic diversity analyzed us-
ing the NTSYS-pc V2.10 software indicated that Yangtze River valley cotton region had the
highest polymorphic level, followed by Xinjiang cotton region, and then Yellow River valley
(Table 4). Forty-six cultivars, except for 2 from the Yangtze River valley, were hybrids, while
all cultivars from Xinjiang were conventional cultivars. There were 36 cultivars from the Yel-
low River valley, including 24 conventional cultivars, accounting for two-thirds, and 12 hy-
brids accounting for one-third. The average genetic similarity coefficients of 40 conventional
cultivars and 56 hybrids were 0.8122 and 0.7617, respectively. The results indicated that the
genetic basis of conventional cultivars was narrower than that of hybrids.

The general cluster of 96 cultivars was analyzed using the unweighted pair-group
method with arithmetic means based on similarity coefficients (Figure 2). The unique sea is-
land cotton coded 31 was clustered in an individual group. Another 95 upland cotton cultivars
were clustered in 2 groups. The first group consisted of 56 cultivars, including 37 conventional
cultivars and 19 hybrids, while 12 hybrids were clustered together. The second group con-
sisted of 39 cultivars and the entire group except for 2 cultivars included hybrids, indicating
that the same types of cultivars were clustered together in some cases.

Table 4. Genetic diversity of 3 main cotton regions.

Cotton region Maximum Minimum No. of cultivars Average of similarity coefficient
Yangtze River valley 0.9450549 0.6739927 46 0.7618
Yellow River valley 0.992674 0.6776557 36 0.8071
Xinjiang 0.9267399 0.6446886 14 0.7892

T T T T T T
065 074 082 091 099
Coefficient

Figure 2. Unweighted pair group method with arithmetic mean clustering analysis of 96 major cotton cultivars.
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Figure 2 shows that 3 cultivars, including Lumianyan 28, Hanmian 802, and Renhe 39,
were very closely related, with similarity coefficients of 0.992674, 0.992674, and 0.985348,
respectively. Genetic genealogy indicated that both Lumianyan 28 and Hanmian 802 were
related to Zhongmiansuo 12, sharing some morphological traits such as growth period, plant
type, leaf type, and boll type. Both Hanmian 802 and Renhe 39 were the offspring of Simian 3.

DISCUSSION

The development and selection of a set of core SSR primers are important for variety
purity determination, identity detection, and DNA fingerprint database construction to ensure
robust quality seed in cotton cultivars. In previous studies, accessions with significantly dif-
ferent phenotypes and genetic backgrounds were used for primer screening, and the obtained
markers were applied for genetic diversity assessment, genetic map construction, quantitative
trait loci mapping, etc. (Bertini et al., 2006; Chen and Du, 2006; Pang et al., 2006; Guo et
al., 2007; Pan et al., 2008; Yu et al., 2012b). These markers may represent polymorphisms
between different Gossypium species. However, the ability to distinguish between upland cot-
tons is poor, particularly among upland cotton cultivars. To obtain a set of SSR core primers
of cotton cultivars, a stepwise screening strategy was adopted. First, 12 leading cotton culti-
vars from 3 main cotton regions were used for preliminary screening. Subsequently, 96 main
cultivars collected from 8 main cotton production provinces were used for rescreening. In this
study, we proposed and reported a core set of 52 SSR markers with wide genome coverage of
2 evenly distributed markers per chromosome for 26 chromosomes. The results indicated that
most markers were highly informative for the 96 main cotton cultivars. The core SSR marker
set was suitable for identifying main cotton cultivars at the current stage in China and will play
an important role in fingerprint construction, seed genuineness, and purity identification of the
main cotton cultivars.

Previous studies have demonstrated that the polymorphism level of SSR primers is
associated with the number and the type of repeated units, genomic region, database source
for primer development, and materials used for detection (Wang et al., 2007). Dong (2007)
studied the genetic diversity of 4 cultivated species using SSR markers and demonstrated
that the SSR loci distributed on different chromosomes were at different evolutionary levels.
Macaulay et al. (2001) studied SSR primers in barley and found uneven SSR distribution in
the genome. Our results also suggest that the distribution of polymorphism SSR primers was
uneven in the cotton genome. Uneven distribution of SSR primers throughout the genome is
an obstacle for selecting a set of core markers. Thus, we reduced the stringency of selection
with low primer density to ensure an even distribution of primers on chromosomes.

Yang et al. (2005) used genomic-SSR and EST-SSR markers to measure the genetic
diversity among the hexaploid wheat population; the results showed that the polymorphism
revealed by EST-SSR was lower than that by genomic-SSR. Studies of other crops also dem-
onstrated that polymorphism levels were generally lower in primers developed from ESTs
with unknown functions and genes with known functions compared to those developed from
the entire genome (Leigh et al., 2003; Ghislain et al., 2004). Our results suggest that polymor-
phisms of genomic-SSR were higher than those of EST-SSR in 96 main cotton cultivars. The
polymorphism level of SSR primers was generally higher in non-coding regions than in cod-
ing regions. This may be the results of a decrease in allele combinations, resulting in decreases
in the polymorphism level of linked SSR markers.
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There are 3 methods available for DNA fingerprinting, including the distinct band
method, primer combination method, and core primer combination method (Wang et al., 2003).
In our study, 18 of 96 cultivars had distinct band genotypes amplified by 17 specific primers.
The 18 cultivars could be identified using only 1 corresponding specific primer. However,
most (78 of 96) cultivars showed no distinct band genotypes and the distinct band method was
useful only in fixed materials. When the materials were enlarged, samples originally showing
a distinct band genotype no longer showed a distinct band genotype. The primer combination
method could discriminate all materials by different primers’ limited combinations, avoiding a
large amount of primer-screening. In our study, a core set of 52 SSR markers with wide genome
coverage were successfully screened. Data from different laboratories can be compared and
integrated using a set of fixed core primer combination, standardizing cotton DNA fingerprint
analysis methods.

The genetic diversity analyzed using the NTSYS-pc V2.10 software indicated that
Yangtze River valley cotton region had the highest polymorphic level, followed by Xinjiang,
with the lowest from the Yellow River valley. The genetic basis of conventional cultivars was
narrower than that of hybrids. However, Liu et al. (2003) suggested that the genetic basis of
hybrids were narrower than that of conventional cultivars. Both Xu et al. (2001) and Wang et
al. (2004b) suggested that the genetic basis of the Yellow River valley cultivars was similar
to that of Yangtze River valley. These results of these studies differed from our results. The
reason for this difference may be that the genetic basis of hybrids was improved because of
the development of hybrids through broad selection of parent and intermingles of unknown
consanguinity during breeding process in recent years. The genetic relationships of cultivars
derived from the same cotton region were similar to a certain extent. These results reflected
the differences among different ecological regions with different breeding goals. Specifically,
most cultivars from the Yangtze River valley and most cultivars from the Yellow River valley
were clustered together, while cultivars from Xinjiang cotton region were spread throughout
the Yellow River valley. These results are consistent with the results of Bie et al. (2001) and
Bai et al. (2012).
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