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1. Introduction
Cotton, as an annual crop, is the world’s leading natural 
fiber crop and an important crop for bioenergy production 
(Lusas and Jividen, 1987; Chen et al., 2007). It belongs to 
the genus Gossypium of the family Malvaceae and consists 
of approximately 50 species, including 45 diploids (2n = 
26) and 5 allotetraploids (2n = 52) (Fryxell et al., 1992). 
The species are grouped into A through G and K genomes, 
based on chromosome structures (Endrizzi et al., 1984). 
The allotetraploid species arise through the hybridization 
of an A-genome taxon related to Gossypium herbaceum 
L. (2n = 2x = 26), with a D-genome taxon related to G. 
raimondii Ulbrich and G. gossypioides L. (2n = 2x = 26) 
(Beasley, 1942; Wendel et al., 1992). They consist of 
G. barbadense L., G. darwinii Watt, G. hirsutum L., G. 
tomentosum Nuttall, and G. mustelinum Miers ex Watt 
(Percival et al., 1999; Wendel and Crohn, 2003).

Two economically important cultivated tetraploid 
species of cotton, G. hirsutum (also known as “Upland” 
cotton) and G. barbadense (Caribbean “Sea-Island”, 
“Extra Long Staple”, and modern “Pima” and “Egyptian” 
cultivars), dominate world cotton production. G. hirsutum 
L. is the principal cultivated cotton and accounts for about 
90% of the world’s cotton production (Chen et al., 2007). 
Conventional breeding methods generally aim to improve 
agronomically important traits by combining characters 
present in different parental lines of cultivated species or 
their wild relatives. The prediction of genetic similarities 
among genotypes is very important for crop improvement 
and accurate selection of parental combinations and the 
maintenance of sufficient diversity in breeding programs 
is necessary (Lacape et al., 2010).

Cotton fibers are highly elongated single cells of the 
epidermal surface of the seed and they are widely used 
as the raw material in the textile industry. Fiber quality 
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is defined by characteristics of the cotton fiber that 
allows its processing into yarn and end products (Shen 
et al., 2011). Different physical characteristics of cotton 
fibers are measured ranging from fiber length and length 
uniformity, strength, elongation (degree of extensibility), 
maturity (extent of cell wall thickening), micronaire 
(resistance to air flow across a plug of fibers) and fineness 
(linear density, a function of diameter and thickness), to 
color indices (reflectance and yellowness) (Lacape et al., 
2010). These mentioned characteristics are associated 
with the proficient spinning and weaving processes that 
alter the fiber into fabrics. Therefore, it is very important 
to improve fiber quality in locally dominating cotton 
genotypes to accomplish the requirements of the growing 
textile industry, processing and end uses (Ali et al., 2008).

More than a hundred quantitative trait loci (QTLs) 
influencing fiber quality properties related to fiber 
length, length uniformity, micronaire, and strength were 
identified (Chee and Campbell, 2009). These QTLs allow 
the estimation of the number of genes, their locations, 
and the phenotypic and genetic effects of individual QTLs 
on fiber traits. Identified DNA markers, tightly linked to 
fiber quality QTLs, promise to assist breeders in selecting 
genotypes from a large heterogeneous population for 
desired and valuable allele combinations during cotton 
cultivar development (Shen et al., 2011; Zhang et al., 2011).

Molecular markers originate from DNA mutations 
such as point mutations, translocations, duplications, 
insertions, or deletions that generally occur in noncoding 
regions (Mondini et al., 2009) and provide a useful tool 
for detection, efficient evaluation, and selection of plant 
materials (Kumar et al., 2009). Microsatellites, also 
known as SSRs, are highly polymorphic and tandemly 
repeated sequences of DNA, comprising basic short motifs 
generally varying between 2 and 6 base pairs in genome. 
They have advantages because they possess co-dominant 
inheritance, high allelic diversity, high abundance, and 
high reproducibility (Mondini et al., 2009).

The aim of the present study was to determine the 
genetic diversity of commercial cotton varieties released 
in Turkey since 1964, through morphological fiber traits 
and molecular SSR markers. We evaluate some important 
fiber quality characteristics and analyze the genetic profile 
of cotton varieties, using SSR markers and molecular 
markers linked to QTLs for fiber quality traits. 

2. Materials and methods
2.1. Plant material
Ninety-six cotton (94 G. hirsutum L., 1 G. herbaceum 
L., and 1 G. barbadense L.) cultivars released in Turkey 
(except G. barbadense L.) between 1964 and 2014 (Table 
1) were collected from preserved gene banks and breeding 

companies. Seeds of Giza 70 (G. barbadense L., Egyptian 
cotton) were used as an out-group control in the genetic 
analysis.
2.2. Morphological analysis
2.2.1. Field experiments
The seeds of 96 varieties were sown in the field under 
randomized complete block design with 3 replications 
during the 2012 and 2013 growing seasons in the 
Karaali region of Hatay, Turkey. All of the recommended 
agronomic and plant protection practices were followed 
from sowing to harvesting of the cotton crop. The matured 
bolls were collected from the first position of the middle 
fruiting branches of each individual plant and used for 
quality analysis.
2.2.2 Fiber quality analysis
The collected boll samples were ginned with a single roller 
electrical gin on an individual plant basis to obtain lint 
for fiber analysis. Before fiber quality analysis, lints were 
conditioned at 21 ± 1 °C and 65 ± 2% relative humidity 
for 48 h in a controlled room. An HVI 1000 (Uster, 
Switzerland) was used to analyze fiber quality traits and 
the most important cotton fiber properties, i.e. fiber length 
(mm), fiber strength (g tex–1), fiber fineness (micronaire), 
and fiber uniformity (%), were examined.
2.3. Molecular analysis
2.3.1. Genomic DNA extraction
The DNA was extracted from leaves by cetyl 
trimethylammonium bromide (CTAB) extraction method 
(Doyle and Doyle, 1987) with a few modifications. For 
each 100 mg of tissue, 300 μL of CTAB isolation buffer (2% 
hexadecyltrimethylammonium bromide, 1.4 M NaCl, 0.2% 
β-ME, 20 mM EDTA, 100 mM Tris-HCl, pH 8) was added 
to each tube, and homogenized by TissueLyser (Qiagen, 
Germany). More CTAB extraction buffer (450 µL) was 
added to each tube and the samples were incubated at 65 
°C for 60 min with occasional mixing. Due to the high 
content of polyphenolic compounds in cotton tissues, 750 
µL of phenol/chloroform/isoamyl alcohol (25:24:1 v/v) 
was added to each sample and the samples were vortexed 
and then centrifuged. The supernatants were transferred 
to a new tube and 500 µL of chloroform/isoamyl alcohol 
(24:1 v/v) solution was added. Next, 500 µL of ice-cold 
isopropanol was added to each tube and the tubes were 
incubated for 30 min at room temperature. The samples 
were centrifuged and the supernatants were discarded. 
The pellets were air-dried and then resuspended in 50 
µL of 10 mM Tris, pH 8.0, 1 mM EDTA buffer. Nucleic 
acids were measured quantitatively and qualitatively by 
spectrophotometer NanoDrop 2000c (Thermo Fisher 
Scientific, Waltham, MA, USA). The extracted DNA was 
stored at –20 °C.



ELÇİ et al. / Turk J Bot

1276

Table 1. Fiber quality traits and registration information of Turkish cotton varieties analyzed in this study.

No. Variety name
Fiber quality traits

Registration year
FL mm FS g/tex FF mic FU %

1 BA-525 Long Very high Coarse High 2006 a

2 Nazilli 84 Long Very high Average High 1984 b

3 DP 419 Long Very high Average High 2007 c

4 DP 5409 Long Very high Average High 1999 c

5 Claudio Long Very high Average Very high 2010 d

6 Sandra Long Very high Coarse Very high 2010 e

7 Menderes 2005 Long Very high Average Very high 2005 b

8 NATA Long Very high Average High 1999 f

9 Nazilli 663 Long Very high Coarse High 2003 b

10 DP 5690 Long Very high Coarse High 1999 c

11 Ege-69 Long Very high Average High 1977 b

12 ST 488 Long Very high Average Very high 2007 f

13 DP 50 Long Very high Coarse Very high 1999 c

14 Furkan Long Very high Average High 2011 g

15 Nazilli 84-S Long Very high Average High 1998 b

16 Julia Long Very high Average High 2008 d

17 Beyaz Altın 151 Long Very high Coarse Very high 2005 a

18 Gossypolsüz Nazilli Long Very high Average Very high 2002 b

19 Özbek 142 Medium long Very high Coarse Average 2002 b

20 ADN P01 Long Very high Coarse High 2008 h

21 Aydın-110 Long Very high Average Very high 2001 b

22 DP 388 Long Very high Coarse High 2001 c

23 ST 474 Long Very high Coarse Very high 2008 c

24 Diva Long Very high Average Very high 2002 i

25 SG 404 Long Very high Coarse High 1999 c

26 DP332 Long Very high Coarse High 2011 c

27 Deltapine 15121 Long Very high Coarse High 1964 c

28 Coker 100-A Long Very high Average High 1964 c

29 Beren Long Very high Average Very high 2010 h

30 Gürelbey Long Very high Average Very high 2002 b

31 Maydos Yerlisi Medium Average Coarse Average 1964 b

32 Delcerro Long Very high Average Very high 1977 b

33 DP 396 Long Very high Coarse High 2009 c

34 Primera Long Very high Average Very high 2011 j

35 Aksel Long Very high Coarse High 2008 a

36 Fantom Long Very high Average High 2008 j

37 Nazilli 66-100 Medium long Very high Coarse High 1975 b

38 GAPEYAM-1 Medium long Very high Average High 2006 k

39 PG 2018 Medium long Very high Average Very high 2011 a

40 SG 1001 Long Very high Coarse High 1999 c

41 DP493 Long Very high Coarse High 2004 c

42 Nazilli 87 Medium long Very high Coarse High 1987 b

43 Adana 98 Long Very high Coarse High 1998 h

44 ST 373 Long Very high Average Very high 2006 f

45 DP 5614 Long Very high Average High 1999 c

46 Assos Long Very high Average High 2008 l

47 Nazilli M-503 Long Very high Average High 1992 b

48 Ayhan 107 Medium long Very high Coarse High 2007 b

49 Coşkun-1 Long Very high Average High 2006 b

50 DP 499 Medium long Very high Coarse High 2008 c

51 SG-501 Long Very high Coarse Very high 1999 c
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Table 1. Continued.

No. Variety name
Fiber quality traits

Registration year
FL mm FS g/tex FF mic FU %

52 Sure-Grow 96 Long Very high Average High 2003 c

53 Sayar 314 Long Very high Average High 1980 h

54 Erşan 92 Long Very high Average High 1992 m

55 Nazilli 342 Long Very high Average High 2003 b

56 Nazilli 954 Medium long Very high Coarse High 2003 b

57 Sure-Grow 747 Long Very high Coarse Very high 2002 c

58 Dicle 2002 Long Very high Coarse High 2002 n

59 Flora Long Very high Coarse High 2007 d

60 Nazilli M-342 Long Very high Average High 1998 b

61 Carolina Queen Medium long Very high Coarse High 1968 o

62 Maraş 92 Long Very high Coarse High 1992 m

63 DP 565 Long Very high Average Very high 2002 c

64 NP EGE 2009 Long Very high Coarse High 2009 b

65 GSN-12 Long Very high Average High 2007 b

66 BA Gold Long Very high Average High 2006 i

67 Gossipolsuz-86 Long Very high Average Very high 1986 p

68 Celia Long Very high Average Very high 2007 d

69 NP ÖZBEK 100 Long Very high Average Very high 2009 b

70 DP-5111 Long Very high Coarse Very high 2001 c

71 Napa 122 Long Very high Coarse High 2007 b

72 Çukurova 1518 Long Very high Coarse High 1982 o

73 Deltaopal Long Very high Average High 1999 c

74 Barut 2005 Long Very high Coarse High 2005 b

75 Cosmos Long Very high Coarse High 2011 l

76 Carisma Medium long Very high Coarse High 2013 a

77 SG 125 Long Very high Average Very high 1999 c

78 BA-320 Medium long Very high Average High 2005 a

79 Şahin-2000 Long Very high Coarse High 2001 b

80 Lider Long Very high Average High 2004 i

81 Ekşi-911 Long Very high Coarse High 2002 b

82 Nazilli M39 Medium long Very high Coarse High 1992 b

83 DP-20 Long Very high Average High 1999 c

84 Flash Long Very high Average Very high 2008 a

85 Nazilli 303 Medium long Very high Coarse High 2003 b

86 Stoneville-453 Long Very high Average High 1995 d

87 Famosa Long Very high Coarse High 2011 j

88 Lydia Long Very high Coarse Very high 2012 a

89 ST 468 Medium long Very high Coarse High 2006 f

90 Lachata Medium long Very high Coarse High 1999 f

91 Campo Long Very high Average Very high 2004 i

92 Nazilli 143 Long Very high Average High 1998 b

93 Elsa Long Very high Average Very high 2011 d

94 Carmen Long Very high Average High 2001 d

95 PG-910 Medium long High Average High 2014 a

96 Giza 70 Extra long Very high Fine High Control

Scale: Fiber length: medium (22–25 mm), medium-long (26–28 mm), long (29–34 mm), extra-long (>34 mm); fiber strength: average (25–27), high (28–
30), very high (>30); fiber fineness: fine (3.1–3.9), average (4.0–4.9), coarse (5.0–5.9); fiber uniformity: average (80–82), high (83–85), very high (>86).
Maintainers: aProgen Tohum A.Ş., bNazilli Pamuk Araştırma İstasyonu, cMonsanto Gıda ve Tarım Tic. Ltd. Şti., dBayer Türk Kimya San. Ltd. Şti., eDemet 
Tarım Tic. Ltd. Şti., fMay-Agro Tohum San. Tic. A.Ş., gDoğu Akdeniz Geçit Kuşağı Tarımsal Araştırma İstasyonu, hDoğu Akdeniz Tarımsal Araştırma 
Enstitüsü, iÖzbuğday Tarım İşletmeleri ve Tohumculuk A.Ş., jGolden West Tohumculuk Tic. Ltd. Şti., kGAP Tarımsal Araştırma Enstitüsü, lBirlik Tohum 
San. Tic. Ltd. Şti., mKahramanmaraş Tarımsal Araştırma Enstitüsü, nGAP Uluslararası Tarımsal Araştırma ve Eğitim Merkezi, oÇukurova Tarımsal 
Araştırma Enstitüsü, pEge Üniversitesi Ziraat Fakültesi.
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2.3.2. PCR analysis
The 26 SSR primer pairs (DPL primer sets) and 14 
molecular markers (10 genomic SSRs and 4 EST-SSRs), 
linked to QTLs for important fiber quality traits as 
length, strength, fineness, and uniformity, were used for 
PCR analysis (Table 2). The PCR was carried out with 2 
µL of pure DNA, 0.5 µL of 10 µM dNTP mix, 1 µL of 25 
mM MgCl2, 2.5 µL of 5X PCR buffer, and 0.5 µL of 10 µM of 
each primer with 0.25 µL of 5 U/µL Taq DNA polymerase 
(Promega, Madison, WI, USA). Reactions incubated at 94 
°C for 2 min and following 35 amplification cycles (30 s at 
95 °C, 30 s at 50–60 °C, and 30 s at 72 °C) were performed. 
The final PCR products were visualized under UV light 
after electrophoresis on ethidium bromide-stained 3% 
metaphor-agarose gels. 
2.4. Data analysis
Morphological data analysis was performed based on 
the 4 fiber quality traits’ HVI measurements, i.e. length 
(mm), uniformity (%), fineness (mic), and strength (g 
tex–1), and the mean values of each trait for each genotype 
were calculated using the 2-year data. To standardize 
the assessments of numerical mean values of genotypes, 
they were scaled based on Bradow and Davidonis’ (2000) 
index and USTER Technologies indices (Switzerland, 
2010) (Table 3). The mean value of each trait for each 
genotype was then subjected to both principal component 
analysis (PCA) using the principal components procedure 
and hierarchical 2-way clustering analysis using the 
unweighted pair group method with arithmetic averages 
(UPGMA). These methods were recommended for the 
classification of the fiber quality properties to define the 
patterns of variation when different sizes of groups and 
numbers of characters were used (Franco et al., 1997); the 
analyses were performed using the JMP statistical program 
(version 10; SAS Institute, Cary, NC, USA). The Gower 
general similarity coefficient (Gower, 1971) was used in 
the cluster analysis of agronomical traits.

For the molecular data analysis, polymorphism 
information content (PIC) values of molecular markers 
were calculated according to the following formula: PIC 
= 1 − Σ P2i, where Pi is the frequency of the ith allele 
(Anderson et al., 1993). For genetic analysis based on 
molecular data, each amplified band was scored based 
on the presence (1) and absence (0) of bands. The binary 
qualitative data matrix was used to construct similarity 
matrices based on Jaccard similarity coefficients (Jaccard, 
1908) and to construct dendrograms using UPGMA on 
JMP software (version 10; SAS Institute).

Combined data analysis was performed using both 
morphological and molecular marker data in a join data 
set. PCA and UPGMA analysis were performed using this 
combined data set containing 107 characters, including 
4 morphological and 103 molecular SSR characters. The 

Gower general similarity coefficient (Gower, 1971) was 
used in the combined data analysis. The cubic clustering 
criterion (CCC), which is implemented in the JMP 
statistical program, was used to estimate the number of 
clusters for morphological, molecular, and combined data 
analysis.

3. Results
3.1. Fiber quality characterization
The fiber length analysis, based on Bradow and Davidonis’ 
(2000) index, showed that Maydos Yerlisi (G. herbaceum 
L.) has medium (23.7 mm) fiber length, and among the 
studied G. hirsutum L. varieties Nazilli 87, Carisma, PG 
2018, GAPEYAM-1, BA 320, Nazilli 66-100, DP 499, ST 
468, Lachata, Nazilli M39, Nazilli 954, Nazilli 303, Carolina 
Queen, Ayhan 107, PG 910, and Özbek 142 have medium-
long fiber length. Moreover, Giza 70 (G. barbadence L.) has 
extra-long fiber length (35.8 mm), while the remaining G. 
hirsutum L. genotypes have long fiber length. According 
to the USTER Technologies (Switzerland, 2010) indices all 
the genotypes have very high fiber strength except PG 910 
(high fiber strength with 28.9 g tex–1) and Maydos Yerlisi 
(average fiber strength with 27.7 g tex–1). The analysis of 
fiber fineness showed that Giza 70 has fine fiber fineness 
(3.7 mic), while the remaining genotypes have coarse 
(45 genotypes) or average (50 genotypes) fiber fineness. 
Fiber uniformity measurements showed that most of the 
genotypes (66) have high uniformity, whereas some (28) 
have very high fiber uniformity. Only 2 genotypes, Maydos 
Yerlisi and Özbek 142, have average fiber uniformity 
(80.7% and 81.8%, respectively) (Table 1).

The UPGMA analysis based on morphological markers 
clustered the genotypes into 4 main clades. The first clade 
included Delcerro and Giza 70; the second clade Özbek 
142 and Maydos Yerlisi; the third clade Claudio, Menderes 
2005, Diva, Aydın 110, Lydia, and ST 373; and the fourth 
clade all the remaining genotypes analyzed in this study. 
Based on the dendrogram, the most similar genotype pairs 
were Ege 69 and Sayar 314, Barut 2005 and Nazilli M39, 
and Adana 98 and Cosmos. Maydos Yerlisi clustered with 
Özbek 142, based on their medium fiber quality, whereas 
Delcerro grouped with Giza 70, based on their high fiber 
quality (Figure 1). 
3.2. Molecular characterization
Fourteen molecular markers linked to QTLs for fiber 
quality traits were analyzed in commercial cotton varieties 
of Turkey, including Egyptian cotton Giza 70 (G. barbadense 
L.) as an out-group control. Of these, 4 markers, CIR246, 
CIR381, JESPR65, and BNL4108, were found to be 
informative. EST-SSRs markers gave low polymorphism; 
marker NAU1369 showed the lowest PIC value (0.00). For 
fiber length, strength, and fineness traits, marker CIR246, 
which is located in the D2-1 linkage group of the cotton 
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Table 2. Information on molecular markers associated with QTL traits analyzed in 96 Gossypium varieties.

Trait name Marker Type* Primer sequence (5’-3’)* Linkage group* No. of alleles PIC values**

FL (mm)

JESPR208 Genomic CGCAACCAAACATATACTTCACAC chrD9 1 0.022

JESPR307 Genomic CTTGGCCATGTATTCCTTCA chrD6b 1 0.022

JESPR65 Genomic CCACCCAATTTAAGAAGAAATTG A5 3 0.239

NAU4024 EST ACAAGCATCTTCATGGACCT LG02 1 0.022

FS

JESPR127 Genomic GATTTGGGTAACATTGGCTC chrD8 1 0.022

NAU1369 EST TGGCAGAGATGAATGTAAGC D6a 1 0.00

BNL1231 Genomic TAATAAAAGGGAAAGGAAAGAGTT A11-1 1 0.022

BNL3140 Genomic CACCATTGTGGCAACTGAGT D9-1 1 0.022

FF (mic)
BNL3259 Genomic TTTTGAAATTCCAGCGAAGG D2 1 0.022

NAU2238 EST TTTTTCATGGCTGAACTTTG D6 1 0.022

FL, FS, FF
CIR246 Genomic TTAGGGTTTAGTTGAATGG D2-1 5 0.749

CIR381 Genomic TTTCCATCCTTTTGTGA D2-1 2 0.042

FL, FF NAU3260 EST TTTTGCAGATGTTTGTAGGG A10-1 1 0.022

FU BNL4108 Genomic TCCACCATTCCCGTAAATGT chr6 4 0.583

DPL - SSR 
Markers

DPL35 Genomic CATGGTTGTACCGGTTAGTATGTG c06 2 0.098

DPL68 Genomic GTTCAACAGGTCTGTACCAGTTCC c24 2 0.142

DPL71 Genomic GCAAACACCATCCTACCACAA c19 5 0.329

DPL75 Genomic GAGGTCATTTCAGTCCAACTCTTT c25 3 0.256

DPL80 Genomic GAACCAGAGGGATGATAATGACAC c06 4 0.29

DPL136 Genomic TGCTCGTATCATAAGAACCCTAGC c07 2 0.042

DPL146 Genomic ATATGTTGGAAGTTGGAACTGCTG c24 2 0.189

DPL212 Genomic TGATAATGCTGATGTCATAGACGC c19 2 0.042

DPL220 Genomic GTTGGCCTAAGCCTATAATGATGA c08 3 0.256

DPL253 Genomic TCACTATCTCAAGACCACCTTCAA c11 3 0.463

DPL273 Genomic ACCATTTCTTCCATAGACTTGCTG c04 3 0.159

DPL307 Genomic CCTCTCTTAATTAATGCTCCTCCA c23 3 0.219

DPL322 Genomic AAACCTCGTAGTCATAGGCTCAAA c15 4 0.353

DPL348 Genomic AGAATGGTTGAAGTGATGGGTTAG c18 2 0.022

DPL395 Genomic GTAACATCTTTCAATCTTGCTCCC c09 2 0.042

DPL405 Genomic GAGATCCATGCTAACGTCTTACAAA c17 4 0.656

DPL431 Genomic CTATCACCCTTCTCTAGTTGCGTT c10 4 0.663

DPL443 Genomic ACGATGACGTCAAGGATGGTAT c12 3 0.356

DPL486 Genomic CTTGATGCCTCTACTTATGCAACA c20 3 0.403

DPL490 Genomic AGTATCGTCACTTGTCAAAGTCCA c01 4 0.342

DPL513 Genomic AGACCCGGCTACTACATGTTATCTT c01 4 0.724

DPL752 Genomic CACATCACCTAATTACCATTGAAGC c01 4 0.497

DPL866 Genomic AGAGTCAACTTCGACGCCAA c12 3 0.211

DPL890 Genomic ACAGCATTAGCAGGCACCTT c26 3 0.209

DPL901 Genomic GATGTGGTTAGGTGAGAAAGCA c03 2 0.342

Average 2.564 0.2337

FL: Fiber length, FS: Fiber Strength, FF: Fiber Fineness, FU: Fiber Uniformity
*available at: Cotton Marker Database (CMD) 
**PIC: Polymorphism Information Content
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genome, was very informative (Supplementary data, on 
journal’s website), showing a PIC value of 0.749. The only 
tested marker for fiber uniformity, BNL4108, showed a 
medium (0.583) PIC value (Table 2).

One out of the 26 DPL SSR analyzed markers, selected 
from microsatellite-enriched genomic libraries of G. 
hirsutum (data provided by Dr David Fang, Delta and Pine 
Land Company, Winterville, MS, USA), DPL348 was found 
to be the least informative marker (PIC value = 0.022). 
Markers DPL513 and DPL431 showed 4 polymorphic 
alleles and were the most informative markers, with 0.724 
and 0.663 PIC values, respectively. The DPL markers 
located on chromosome 1 (DPL490, DPL513, DPL752) 
were very informative, with PIC values > 0.490 (Table 2). 

Thirty out of 40 SSR loci were highly polymorphic, 
rendering a total of 103 alleles with an average of 2.57 
alleles per locus ranging from 80 bp to 300 bp, with an 
average PIC value of 0.233 (Table 2). The UPGMA analysis 
of the molecular marker data resulted in more than 8 
clades (Figure 2). Egyptian cotton Giza 70 (G. barbadense 
L.) and the commercial cotton variety Maydos Yerlisi (G. 
herbaceum L.) were distinctly separated from all genotypes 
based on their taxonomic adscription and chromosomal 
structure. Within the remaining varieties, the most similar 
cultivar pairs were Sandra and DP5111, GSN12 and 
Cosmos, and DP419 and Furkan.
3.3. Combined data analysis
The more informative cluster analysis of the combined 
data revealed a cluster pattern similar to both the 
separate morphological and molecular dendrograms. The 
combined UPGMA analysis resulted in more than 8 clades 
(Figure 3). The upland cottons were also separated from 
lowland cotton Maydos Yerlisi and, within the upland 
cottons, Egyptian cotton Giza 70 (G. barbadense L.) was 

also distinctly separated from commercial cotton cultivars 
of Turkey (G. hirsutum L. species).

The PCA derived from combined data showed similar 
relationships between genotypes as revealed by the 
UPGMA dendrogram. Egyptian cotton Giza 70 and the 
commercial cotton variety Maydos Yerlisi were distinctly 
separated from the other genotypes. When these 2 distinct 
genotypes (Giza 70 and Maydos Yerlisi) were excluded to 
increase the resolution of genotypes, Özbek 142 (19), Dicle 
2002 (58), Nazilli M-342 (60), DP499 (50), Flash (84), 
DP5614 (45), and SG1001 (40) were distinctly separated 
as revealed by UPGMA of combined morphological and 
molecular data (Figure 4).

4. Discussion
Assessments of phenotypic and genotypic variability 
among plant varieties are essential for plant breeding and 
genetic diversity studies. Although phenotypic diversity has 
been characterized for decades, genotypic characterization 
studies depend on the recent challenges in molecular 
marker technology. Regarding phenotypic aspects, 96 
commercial cotton varieties were analyzed for fiber length, 
strength, fineness, and uniformity by HVI analysis. The 
analysis demonstrated that the quality of Turkish cotton 
fibers is high and it can be concluded that some varieties 
can have high potential for the textile industry (Table 
1). From 1964 to the present, critical improvements in 
fiber quality have been observed; for example, Maydos 
Yerlisi is one of the oldest varieties, released in 1964, with 
medium quality and is not cultivated nowadays. The most 
qualified genotypes detected in this study were Delcerro, 
Aydın 110, Diva, Menderes 2005, ST 373, Claudio, and 
Lydia (released in 1977, 2001, 2002, 2005, 2006, 2010, and 
2012, respectively), after Egyptian cotton Giza 70. While 

Table 3. The scale of fiber quality traits used in this study. 

Fiber length (mm)* Fiber strength (g/tex)**

Medium 22–25 Average 25–27

Medium-long 26–28 High 28–30

Long 29–34 Very high >30

Extra-long >34

Fiber fineness (mic)** Fiber Uniformity (%)**

Fine 3.1–3.9 Average 80–82

Average 4.0–4.9 High 83–85

Coarse 5.0–5.9 Very high >86

* Bradow and Davidonis (2000)
** USTER Technologies (Switzerland, 2010)
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Figure 1. Two-way dendrogram based on UPGMA analysis of morphological data with distance 
graph, showing relationships among 96 cotton varieties for fiber length, strength, fineness, and 
uniformity. FL: Fiber length, FU: Fiber uniformity, FS: Fiber strength, FF: Fiber fineness. Numbers 
indicate the clades and grayscale cells indicate the relative similarity of each variety in each fiber 
trait, with the gradient from white to black increasing intervals.
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Figure 2. UPGMA dendrogram based on molecular data from 30 SSR markers, 
showing relationships among 96 cotton varieties. 
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Figure 3. UPGMA dendrogram of both morphological and molecular data using 
107 characters, showing relationships among 96 cotton varieties.
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Delcerro (parent of Aydın 110) and Aydın 110 are the oldest 
cultivars ST 373, Claudio and Lydia are new cultivars with 
high fiber quality; therefore, they are promising varieties 
for fiber quality improvements in breeding programs and 
the textile industry. Akışcan (2012) also reported favorable 
improvements in the fiber quality traits of 44 commercial 
Turkish cultivars, released from 1980 to 2008. However, 
their agronomically important characteristics should 
be analyzed, i.e. adaptation ability, yield, and disease 
resistance, before they can be chosen for breeding. 

The UPGMA analysis of commercial cotton varieties, 
based on combined morphological and molecular data 
analysis, underlined that the cluster pattern is in agree-
ment with morphological and molecular dendrograms. 
The old variety Maydos Yerlisi was distinctly separated 
from all the genotypes and this is not surprising since it 
is the only lowland genotype and is visibly distinct from 
other upland genotypes. Although upland cotton has a 
very narrow genetic structure resulting from its evolution-
ary history, domestication, and breeding (Paterson et al., 
2004), significant genetic diversity was observed among 
the analyzed commercial Turkish cotton varieties, revealed 
by both PCA and UPGMA analysis (Figures 3 and 4). PCA 
indicated the relationships of genotypes in a more mean-
ingful form showing that PCA should be used along with 
the dendrogram to gain a better understanding of relation-
ships among genotypes. A recent study on the establish-
ment of genetic diversity, population structure, and identi-
fication of core sets of allelic richness in US Upland cotton 
indicated average genetic distance between G. hirsutum 

accessions with low levels of genetic diversity in the Up-
land cotton germplasm pool (Tyagi et al., 2014). Although 
there are many studies on genetic diversity of cotton culti-
vars, only some of the recent studies have analyzed Turkish 
cotton varieties for genetic variability. Erkılınç and Karaca 
(2005) analyzed the genetic variation in 36 Turkish cotton 
varieties using microsatellites and identified 2 distinct gen-
otypes, Delcerro and Aydın 110; our results confirm those 
findings. Bardak and Bölek (2012) used 7 commercial 
Turkish cotton genotypes to analyze the genetic diversity 
of diploid and tetraploid cottons, and reported that genetic 
distance among G. hirsutum L. genotypes was between 
0.04 and 0.23. Surgun et al. (2012) also analyzed 9 Turkish 
cotton varieties by RAPD markers and detected the rate 
of polymorphism among the genotypes to be 18.1%. To 
the best of our knowledge, this is the only in-depth study 
for the genetic diversity assessment of commercial cotton 
varieties released in Turkey since 1964 using both fiber 
quality traits and molecular markers. These findings can 
help cotton breeders to rapidly screen genotypes for fiber 
quality traits in a laboratory setting, and intensify the rapid 
improvement for new diverse cotton cultivars.

Regarding our SSR markers and DPL series SSR mark-
ers analysis the average of alleles per locus of 30 SSRs 
(2.56) is similar to that observed by Bertini et al. (2006) 
using 31 SSR primers to characterize 53 cultivars (2.13 
alleles per locus). PIC values provide an estimation of 
marker power by considering both the number of alleles 
at a locus and the relative frequencies of those alleles in 
the population under study (Pei et al., 2010). Our observed 

Figure 4. Principal component analysis (PCA) of 96 cotton varieties, based on both morphological (fiber length, strength, 
fineness, and uniformity) and molecular (SSR) data. A. Graph with all genotypes, including 96: Giza 70 and 31: Maydos Yerlisi. 
B. Graph, excluding the genotypes 96 and 31 to increase the resolution. Numbers indicate the genotype’s codes given in Table 1.
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average PIC value was 0.23, whereas the average PIC value 
of a core set of SSR markers for Gossypium species ranged 
from 0.0 to 0.82 (Yu et al., 2012). One of the findings of 
the present study is that the most informative markers are 
CIR246 with 0.749 PIC value among fiber quality linked 
SSR markers and DPL513 with 0.724 PIC value among 
tested DPL series primers. The PIC value result of marker 
CIR246 supports its relationship with yield and yield com-
ponents in cotton (Wang et al., 2007). In addition to the 
polymorphic information of marker CIR246 revealed in 
this study, Silva et al. (2014) reported that CIR246, which 
confers resistance to race 18 of Xanthomonas axonopo-
dis pv. malvacearum in cotton, was also associated with 
other bacterial blight resistance gene complexes. By 
contrast, Mishra et al. (2013) found CIR246 to be the low-
est informative marker for the validation of fiber quality 
linked markers in the diploid species G. arboreum. All this 
research indicates the importance of marker CIR246 
for breeding programs through marker assisted selec-
tion (MAS) for some traits. By contrast, our assessed 
EST-SSR markers showed the lowest information, prob-

ably caused by technical low resolution problems. The 
present study shows that SSR markers can be success-
fully applied to studying genetic diversity and relation-
ships in Gossypium species. It is strongly recommended 
that both morphological and molecular assays be used in 
tandem for analysis of cotton genotypes. Our analysis has 
estimated Turkish cotton diversity; this information 
would be useful in the selection of parental varieties for 
breeding. The plant materials used in the current study 
are also very important for further characterization studies 
since they consist of a pool of commercial cotton varieties 
released in Turkey since 1964.
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Supplementary Data: SSR profiles of amplified products for the analysis of 96 cotton varieties using marker CIR246. M: 100 bp marker 
(Thermo Fisher Scientific, Waltham, MA, USA). The parts include 32 genotypes per gel with given order listed in Table 1. Numbers 
indicate the groups.




