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ABSTRACT

Improving fiber quality of naturally colored cotton has become more important in recent years due to changes
in the spinning technology and consumer demand. The identification of quantitative trait loci (QTL) closely
linked to the fiber quality traits can allow marker assisted selection (MAS) which leads us to future’s
improved cotton cultivars. In this study, we performed genetic mapping on F, population of G. hirsutum (Yesil
x Nazilli 84) intraspecific cross, and identified QTL for fiber color parameters (L, a, b, AL, Aa, Ab, AE) and
fiber quality traits (fiber length, uniformity and elongation). The resulting genetic linkage map comprised of
123 amplified fragment length polymorphism (AFLP) markers and 27 linkage groups (LGs), covering
2068.5cM with an average distance of 16.8cM between two markers. Using single marker analysis a total of 43
QTL for fiber color parameters and fiber quality traits were identified, including four for fiber length, two for
fiber uniformity, two for fiber elongation, five for L, four for a, four for b, eight for AL, four for Aa, four for Ab
and six for AE. The identified QTL for fiber color parameters and fiber quality traits explained between 7.8%
and 14.6% and between 5.9% and 14.7% of the phenotypic variation, respectively. Additionally, recombinant
individuals having green fiber color together with long fiber length, high fiber uniformity and elongation were
obtained in the segregating population. These individuals can be used to develop new cotton varieties in the

future.
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INTRODUCTION

Being the world’s most widely cultivated fiber crop,
and the most important natural textile fiber, cotton has
significant importance to the world economy. Although
the demand for naturally colored cotton is increasing
every year, its cultivation has not increased accordingly.
This is largely because naturally colored cotton is often
associated with low yield and poor fiber quality since
there is a negative correlation between natural
pigmentation and yield and fiber quality that is hard to
break by traditional crossing and selection (Zhao et al.,
2009). Faster spinning systems, on the other hand, require
higher fiber quality.

Increasing yield and improving fiber quality have
always been the main goals of cotton breeding. However,
most of these traits are quantitative traits that are
controlled by many genes interacting with their
environment (Ulloa et al., 2007; Zhao et al., 2009). Using
molecular markers closely linked to the QTL is a faster
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and more effective approach for pyramiding desired traits
into a genotype. For this reason, molecular linkage map
construction using neutral genetic markers has been
recognized as an essential tool for plant molecular
breeding (Wu et al., 2009).

For over a hundred year, the genetic background of
naturally colored cotton has been the subject of several
studies, with substantively varying results. According to
Fletcher’s (1907) study on Mendelian heredity in cotton,
color is dominant over white. Some early studies stated
that the lint color is determined by a group of genes
situated at six loci (Lc1-Lc6) (Silow, 1944; Endrizzi and
Kohel, 1966; Kohel, 1985). However, Richmond (1943)
reported that in Texas green and brown lint, each color
was controlled by a single incompletely dominant gene. In
Murthy (2001), it was defined that the gene(s) for lint
color is often found to be pleotropic, i.e. controlling more
than one trait. Later, researchers (Shi et al., 2002; Fan et
al., 2009; Wu et al., 2010) reported that both brown and
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green colored lint are controlled by one pair of genes
incomplete  in  dominance on  nonhomologous
chromosomes, respectively. Li et al. (2004) and Zhan et
al. (2008) also reported that the fiber color of brown
cotton was controlled by a single incomplete dominant
gene. Zhu et al. (2003), on the other hand, indicated that
the cotton fiber color trait was a quantitative trait
controlled by polygene. Dutt et al. (2004) reported that
fiber color was controlled by a single dominant gene.
Feng et al. (2010) claimed that the genetic variation of the
brown lint in upland cotton is mainly derived from
additive and dominant effects, in which the additive effect
is predominant and the different fiber colors in F;
generation resulted from the different additive effects of
different varieties or lines.

In the current study, in order to understand the gene(s)
controlling the fiber color and the fiber quality traits we
crossed two upland cotton cultivars displaying different
fiber color and fiber quality traits. We then constructed a
genetic linkage map using F, segregating population and

finally identified the genetic markers linked to the fiber
color and the fiber quality traits by conducting QTL
analysis.

MATERIALS AND METHODS
Plant materials

Two upland cotton cultivars with different fiber color
and contrasting fiber quality traits were used to develop an
intraspecific F, mapping population (Table 1 and 2). The
female parent was G. hirsutum cv. Yesil with green fiber
color and the male parent was G. hirsutum cv. Nazilli-84
with white fiber color. The two parents were crossed in
the field experiment located in the Odemis Vocational
Training School fields and the resulting F; hybrid seeds
were grown at FIDAS, Inc. (Izmir, Turkey) until each of
the seedlings were 15cm in height. The seedlings were
then transferred to the greenhouse at the Department of
Bioengineering and planted there in the pots 30x30cm in
size and selfed to form F, population. A total of 94 F,
individuals were used to construct the linkage map.

Table 1. Phenotypic variation of the three fiber quality traits in 94 F, individuals and the parent lines Yesil and Nazilli-84

Fiber quality trait Parent lines Variation in the population

Yesil  Nazilli-84  Mean Min. Max. Std. Dev. Skewness Kurtosis
Length (mm) 18.5 27.6 26.3 16.9 29.5 1.49 -0.53 19.77
Uniformity (%) 77 85 83.04 774 87 1.71 -0.26 0.24
Elongation (%) 45 7.5 6.67 4.4 9.5 0.73 0.02 3.43

Table 2. Phenotypic variation of the fiber color parameters in 94 F, individuals and the parent lines Yesil and Nazilli-84

Fiber color Parent lines Variation in the population

parameter’ Yesil Nazilli-84 Mean Min. Max. Std. Dev. Skewness Kurtosis
L 57.59 85.97 69.79 59.63 87.37 4.06 1.49 5.99

a 0.58 3.18 -0.35 -3.21 10.01 1.76 4.07 22.3

b 20.4 9.71 16.11 3.45 24.52 2.69 -1.48 8.31
AL -35.6 -7.2 -23.4 -33.56 -5.83 4.03 1.51 6.14
Aa 2.9 0.29 -0.63 -3.49 9.73 1.75 411 22.65
Ab 22.55 11.87 18.26 5.61 26.67 2.69 -1.47 8.29
AE 42.28 13.96 29.88 8.12 44.07 4.57 -1.84 9.35

TFiber color parameters: L indicates color brightness (L=0 is black and L=100 is white); a indicates red-green (+ is red and - is green); b indicates
yellow-blue (+ is yellow and - is blue); AL indicates total black-white color change; Aa indicates total red-green color change; Ab indicates total
yellow-blue color change; AE indicates total color change independent from each other.

Trait phenotypic analysis

Fiber colors of the parents and each F, individual
were quantified as L, a, b, AL, Aa, Ab, AE parameters
using Minolta C400 Chromameter (Konica Minolta
Holdings, Inc., Tokyo, Japan). Fiber length, fiber
uniformity and fiber elongation were measured using
USTER Fiber Analysis System (USTER Technologies,
Inc., Knoxville, TN, USA). Basic statistical calculations
were conducted using Microsoft Excel, y* tests and
correlations were performed using TARIST software
(Acikgoz et al., 1994).

Marker analysis

Genomic DNA was extracted from young and fully
expanded frozen leaves using Doyle and Doyle (1987)
with a minor modification (precipitation in EtOH for 3
times). The AFLP procedure was followed according to
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the manufacturer’s recommendations (LI-COR NEN
Model 4300 DNA Analysis System, LI-COR Biosciences,
Lincoln, NE, USA) using AFLP 2-Dye Selective
Amplification Kit (Cat. No. 830-06197). Briefly, 200ng of
genomic DNA from each genotype was digested with
EcoRI and Msel, followed by ligation of the adapters to
the restriction fragments. A primer pair containing the
EcoRI- and Msel-adapter sequences with one selective
nucleotide was used for preamplification. A total of 64
primer pairs from a combination of EcoRI and Msel
primers were used for the selective amplifications
performed using primer pairs containing three selective
nucleotides extension. All of the EcoRI primers were
IRDye fluorescent labeled, four of which were IRDye
700-, and the other four were IRDye 800-labeled. A
selective amplification was carried out using one Msel
with two [IRDye labeled EcoRI primers. PCR
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amplifications were performed in a PTC-225 DNA Engine
Tetrad Thermal Cycler (MJ Research, Inc., Watertown,
MA, USA). The amplified fragments were separated and
visualized on polyacrylamide gels (8%) using LI-COR
4300 DNA Analyzer.

Linkage analysis and map construction

AFLP markers were first screened in the parents and
F, plants to detect the polymorphisms, then the
polymorphic markers were further used for genotyping the
F, individuals. Informative bands were scored as “A” or
“B” regarding the resemblances to the female or male
parent genome, while non-informative bands were scored
as “-”. Linkage analysis was carried out using MapMaker
3.0 (Lander et al., 1987) with logarithm of odds (LOD)
threshold of 3.0 and a recombination frequency of 0.50 to
provide evident linkage. The Kosambi map function
(Kosambi, 1944) was used to convert the recombination
frequencies to the map distances. The graphic
representation of the linkage groups was created at the end
of the linkage analysis.

QTL analysis

Single marker analysis was employed to determine the
effect of each marker on each trait measured in F,
segregating population using QGene 4.0 (Nelson, 1997).
A stringent LOD threshold of 3.0 was used to declare
significant QTL for fiber color and fiber quality traits.
Meanwhile, an LOD score value less than 2.0 was also
used to detect any putative QTL.

RESULTS
Trait phenotypic analysis

The phenotypic variations of the three fiber quality
traits and seven fiber color parameters were summarized
in Table 1 and Table 2, respectively. Transgressive
segregations were observed in F, population in all fiber
quality traits and fiber color parameters except for AL.
The frequency distribution of each parameter in F,
individuals showed typical quantitative variation (data not
shown). All variables fitted a normal distribution and none
were transformed in further analyses. The y° test results
for fiber color and fiber elongation were given in Table 3
and 4, respectively. The test results indicated that green
fiber color was controlled by a single dominant gene
(Table 3), while fiber elongation showed digenic
inheritance with an epistatic interaction as duplicate gene
action (Table 4). On the other hand, the y? test results
suggested a polygenic inheritance for fiber length, fiber
uniformity and all seven color parameters since the test

results did not agree with any segregation. However, they
indeed showed transgressive segregations regarding lower
and higher values (Table 1 and 2).

Table 3. 42 test result for fiber color in the F, population

1 p (5%)
White 0.025
Green 0.0086
Total 0.0336 3.84
Table 4. 2 test result for fiber elongation in the F, population
4 p (5%)
15 0.29
1 2.7
Total 2.75 3.84
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Polymorphism level and marker genotyping

AFLPs were first analyzed between the two parental
lines and their F; hybrids and then in 94 F, individuals for
marker segregation tests. Of the 64 primer combinations,
26 showed polymorphisms in the segregating population.
26 AFLP primer combinations yielded a total of 240
polymorphic bands suggesting that an average of 9.2
informative AFLP per primer pair was scored.

Linkage mapping

A total of 240 AFLP markers was employed to
perform linkage analysis. A hundred and twenty three
markers were distributed into 27 LGs (Figure 1). While
117 markers remained unlinked, suggesting that about
51% of the total polymorphic markers contributed to the
linkage map. The linkage map covered 2068.5cM. The
LGs varied from 3.2 to 183.6¢cM with the average distance
about 16.8cM between two adjacent markers.

QTL analysis

A total of 43 QTL for fiber related traits were
identified on 11 LGs based on single marker analysis. The
positions and effects of QTL contributing to the fiber
quality traits and fiber color parameters were summarized
in Table 5 and 6, respectively. Sixteen LGs had no
associations with any QTL for these traits. Of the 43 QTL,
8 were detected for the three fiber quality traits: four for
fiber length, two for fiber uniformity and two for fiber
elongation. Thirty five QTLs were detected for the seven
fiber color parameters: five for L, four for a, four for b,
eight for AL, four for Aa, four for Ab and six for AE. The
identified QTL for the fiber quality traits and for the fiber
color parameters explained 5.9 to 14.7% and 7.8 to 14.6%
of the phenotypic variation, respectively.



Dintam L& thae
M " Hl: [[n]
-

T 7 MCAABACTIZ
=T

T 5 MCRAEACGT
e

T B0 MCAAEACTH
sy T

T B8 MCAAEAGLE
wE —

T 113 MCAGEAGSE
&‘mm- LG H:rk!rm

-

T (118 MCAGEAGCE
¥y —

T (1101 MCAGEACTY
rE —

T 1136 MCAGEAGGS
B4

T 18 MCAGEAGCE
/T =

Y 081 MCTaEsAG:

Destance LGS Markes
cM Hao 1D

[ 117% MLCTAEAACE

1

H— 15 ek

[ (188) MCTAEACGEY

T (234) MCACEAGGT

[ (1TT) MCTAEAACE

[ (185 MOTAEACGS

Cestance LGE Aarkos
cht Mo 1D
-
T @174y MCTAEAALCY
HE—
T 124} MCAGEAGCT
H/p —
O (201 MCTCEAAG]
Distance LGH Marker
€ Mo WD
iy
T (191 MCTAEACTZ
4.0 =
T 83 MCAAEACTE
£55 =
T 208 MCTCEALGE
80 =
':—' (2080 MCTCEAAGS

Distanice LGT0 Madker
<M Ha

228

28—

24 =

0
{203} MCTCEAAG)

1233} MCACEACCZ

1227} MCACEAGCS

{216} MCACEAGCS

Diztance LGI Marks
€M Ho B

Dwtance LG4 Markar
oM He

LY

T (12T MCAGEAGCID T 1115 MCAGEACGI
22— P —
T (1B MCAGEAGC
F1— 48 MCAAEACGD
171
T (2 MCAGEAGCID awa =
7E— T 551 MCAREACGH
T 39 MCAAEACGS W’y —
s H— 151 moaTERCA)
':_ {156) MCAGEAGGE
Distonce LGE  Marker
M Ha
™
Distsncae LGT Marksr T 1 MCAAERACY
M Ha 1D 114 —
- T 188 MCTAEACSS
T 11400 MCAGEAGGID nas =
T 53 MCAAEACGE
2E— (F: R
T 1107 MCAGEAACTE
T 1121) MCAGEAGCS —_
155
T 1280 MCAGEAGCS
38— LR
T 173 MCTAEAACE
L= B
H— i3 WMCAAEAACH [ 1176 MCTARAACT
124
55 — T 188 MCTAEACSE
1 HnE—
a— 121 MCAAERACE
I 52 mcaspacos
1E5
T AL aik e AT 27 MCAAEACAR
o e in 85 —
5 T gy MCAGE&AC!
(1) MCTAEACGE .0 —
s T =32 moaceaco
T MCTAERACH
B —
AT MCAGEAGST
ws T
(45]  MCAAEACAZE
2y
130 MCAGEAGCIY
Wy —
11341 MCAGEAGGH
ws
1B MCTAEACTH
ws T
T =]
ma —
P98 MCAGERACI
1y —
130 MCAREACAI
2 =
. 33 MCAsEAsRl4

Figure 1. 27 linkage groups (LGs) resulted from linkage analysis
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Figure 1. 27 linkage groups (LGs) resulted from linkage analysis (contd.)
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DISCUSSION

As a step toward understanding more about the
naturally colored cotton genome, we first analyzed seven
fiber color parameters and three fiber quality traits in the
F, individuals using the fiber quality data collected (Table
1 and 2). Fiber elongation was the most variable trait
while fiber uniformity was the least variable among the
individuals in the segregating population. Additionally,
the color parameter “a” was the most variable among the
seven fiber color parameters, while L was the least

variable. The result of the fiber color parameter “a” being
the most variable trait is of particular interest since this
parameter defines the color range related to green. Even
though there is no similar study published on cotton fiber
color to compare our results with, there have been many
results reported on variations of cotton fiber quality traits
in different types of populations using different parental
crosses so far (Lin et al., 2005; Zhang et al., 2005; An et
al., 2010). Despite the fact that the amount of variations
existed for fiber length, fiber uniformity and elongation in
these studies were similar to our study.

Table 5. QTL linked to the fiber quality traits

Fiber quality trait QTL Marker ID Linkage Group LOD R%(%)"
Fiber length FL1 MCAAEACG7 1 2.9 14.7
FL2 MCAAEACT12 1 2.82 13.7
FL3 MCTAEAAC2 8 1.82 9.4
FL4 MCATEACAS - 1.63 8.6
Fiber uniformity FUl MCTCEAAG10 - 1.79 9.1
FU2 MCAGEAGG1 - 1.18 5.9
Fiber elongation FE1 MCACEAGG6 - 2.48 12.2
FE2 MCTAEACT4 - 1.6 7.9

"R?(%) indicates the percentage of the phenotypic variance explained by the QTL.

In the present study we observed transgressive
segregations in all of the fiber quality traits and color
parameters -except for AL- in the F, individuals. The
transgressive segregations for fiber length and fiber
elongation fell beyond both parents, while those for fiber
uniformity exceeded Nazilli-84. This shows an increase in
fiber uniformities in the segregating population. This
result was supported by Price et al. (2001) reporting that
naturally green colored cottons possess the most uniform
fibers among the naturally colored cottons. Transgressive
segregations exceeded Nazilli-84 in L, and both parents in
a, b, Aa, Ab and AE values. There are transgressive
segregations reported in fiber related traits in the literature
(Wang et al., 2006; Shen et al., 2007; Qin et al., 2008;
Luan et al., 2009; An et al., 2010), which were consistent
with our current results. It has been also demonstrated that
F, hybrids can exhibit superior performance for
agronomic and fiber traits when compared with their
parental lines (Gutiérrez et al., 2002).

Based on the y° test, green fiber color was controlled
by a single dominant gene (Table 3), while all of the fiber
color parameters and the fiber quality traits were
controlled by multiple genes. Only fiber elongation
expressed digenic inheritance with a duplicate gene action
(Table 4). Despite the differences in parents and type of
segregating populations, our results were comparable with
the other studies. Similar to our results, both Fletcher
(1907) and Dutt et al. (2004) reported that fiber color was
controlled by a single dominant gene. Chaudhary et al.
(2010) reported that dominancy and epistasis were
effective in fiber uniformity and fiber elongation while
only epistasis is effective in fiber uniformity. Subhan et al.
(2003) also denoted that dominancy or epistasis was
important in the inheritance of fiber length trait in F,
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population of upland cotton. However, Creatham et al.
(2003) stated that both additive and dominant genetic
effects control fiber elongation. Jambhale et al. (1998)
revealed the existence of duplicate gene action and the
role of both additive and dominant gene effects in the
control of fiber traits, and selected F, and BC individuals
with brown and green fiber color and longer fiber. In the
present study, we also obtained recombinant individuals
having green fiber color and long fiber length (max.
29mm), high fiber uniformity (max. 85.9%) and high fiber
elongation (max. 7.9%). These individuals can be
regarded as assets to develop new cotton varieties in the
future.

In order to identify QTL for fiber color and fiber
quality traits in naturally green colored cotton, we
constructed a genetic linkage map with AFLP markers
using the F, population. The resulting map contained 27
LGs (Figure 1) and covered 2068.5cM with the average
distance about 16.8cM between two markers. Based on
single marker analysis, we detected a total of 43 QTL
contributing to the seven fiber color parameters and three
fiber quality traits (Table 5 and 6). Of 43 QTL, 8 were
detected for the fiber quality traits and 35 were detected
for the fiber color parameters. However, typically an LOD
threshold of between 2 and 3 is required to ensure an
overall false positive rate of 5% (Lander and Botstein,
1989). Regarding the LOD values in our study, we
obtained LOD>2 with the three QTL for fiber quality
traits and 17 QTL for fiber color parameters. The rest of
the 23 QTL were below LOD 2. The results were
nevertheless reported for all the QTL in this study.
However, QTL having LOD values below the permutation
based threshold should be treated cautiously. The
identified QTL for the fiber quality traits explained 5.9 to



14.7% of the total phenotypic variation while for the fiber
color parameters explained 7.8 to 14.6% of the total
phenotypic variation. In spite of the fact the data in our
study shows that all QTL had relatively small effects
controlling less than 20% of the total phenotypic variation
(Table 5 and 6), suggesting the fiber color and fiber
quality traits might be controlled by minor genes. This
might be, however, resulted from the narrow marker
coverage. The identified QTL were located on 11 LGs,
while 16 LGs had no associations with any QTL for these
traits. This could be due to either limited marker coverage
or having no detectable QTL on the linkage groups.
However, similar results regarding this issue were
reported in previous studies (Zhang et al., 2005; Wang et
al., 2006; He et al., 2007; Wu et al., 2009).

There were many studies conducted to identify QTL
linked to fiber quality traits, using both interspecific (Jiang
et al., 1998; Kohel et al., 2001; Paterson et al., 2003; Mei
et al., 2004; Lacape et al., 2005; He et al., 2007; Lacape et
al., 2009; Zhang et al., 2011), and intraspecific upland
cotton maps (Shappley et al., 1998; Ulloa and Meredith,
2000; Zhang et al., 2005; Shen et al., 2005, 2007; Qin et
al., 2008; Wu et al., 2009; An et al., 2010). However,
there has been no report on QTL mapping of naturally
green colored cotton genome in the literature up to now.
Besides, the quantification of the individual’s cotton fiber
colors as seven color parameters using a chromameter
device was original in our study. By doing this, we
identified 35 QTL for fiber color parameters in total
(Table 6).

Table 6. QTL linked to the fiber color parameters

Fiber color parameter Marker ID Linkage Group LOD R*(%)"
L MCACEACAS5 12 3.11 14.6
MCACEACAG 12 3.11 14.6
MCAAEAAGS 15 2.33 111
MCAAEAAG?2 20 2.05 9.8
MCAGEACC2 - 1.79 8.7
a MCACEACC2 10 2.66 13
MCTAEACG2 9 1.79 8.7
MCTCEAAG1 2 17 8.5
MCAAEACA13 18 1.67 11.3
b MCACEACA7 16 243 11.6
MCAAEACA3 16 2.39 121
MCACEACAS 16 1.8 8.7
MCATEAGC4 - 1.64 8.1
AL MCACEACA6 12 2.99 14
MCACEACAS5 12 2.99 14
MCAAEAAGS 15 2.4 114
MCAAEAAG?2 20 2.17 104
MCAGEACC2 - 1.82 8.8
MCAAEACA3 16 1.78 9.1
MCAAEAAG6 15 1.73 8.4
MCAGEACG3 4 1.62 7.9
Aa MCACEACC2 10 2.7 13.2
MCTAEACG2 9 1.67 8.1
MCAAEACA13 18 1.67 11.3
MCTCEAAG1 2 1.65 8.3
Ab MCACEACA7 16 2.43 11.6
MCAAEACA3 16 2.39 121
MCACEACAS8 16 1.79 8.7
MCATEAGC4 - 1.62 8
AE MCACEACA6 12 251 11.9
MCACEACAS 12 251 11.9
MCAAEACA3 16 2.27 11.6
MCAAEAAGS 15 1.87 9
MCAAEAAG?2 20 1.76 8.5
MCAAEAAG6 15 1.61 7.8

"R?(%) indicates the percentage of the phenotypic variance explained by the QTL.
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We detected five QTL for L indicating color brightness
(L=0 is black and L=100 is white) on LG12 (2 QTL), 15,
20 and one was not located on any LG. Each QTL (LOD
3.11) on LG12 explained 14.6% of the phenotypic
variation. The three QTL can be considered as putative
due to LOD<2.5. Four QTL were detected for “a” on
LG2, 9, 10 and 18. The fiber color parameter “a”
describes the color range from red to green. The higher the
negative “a” value is, the closer the fiber color is to green
which is particularly important for our study. The QTL
(MCACEACC2) on LG10 with the LOD of 2.66
explained 13% of the phenotypic variation for “a”. Four
QTL were identified for b on LG16 (3 QTL) and one was
not located on any LG. Two of the putative QTL for b had
2<LOD<2.5. The fiber color parameter b gives yellow-
blue range, and the positive value is yellow while the
negative is blue. The eight QTL were detected for AL,
showing total black and white color change, on LG12 (2
QTL), 15 (2 QTL), 4, 16, 20, and one was not located on
any of the LGs. Each of the two QTL (LOD 2.99) on
LG12 explained 14% of the phenotypic variation. Total
red-green color change was described with Aa. Four QTL
were identified for Aa on LG2, 9, 10 and 18. The putative
QTL (LOD 2.7) explained 13.2% of the phenotypic
variation. All three putative QTL detected for Ab,
describing total yellow-blue color change, were located on
LG16, while one other was not located on any LG. Six
QTL were detected for AE which defines total color
change independent from each other on LG12 (2 QTL), 15
(2 QTL), 16 and 20. The LOD threshold values for the
three putative QTL located on LG12 and 16 were in
between 2.27 and 2.51. Our QTL results for fiber color
parameters were not completely comparable with the other
reports in existing literature because currently only two
studies were conducted on fiber color yellowness
(Paterson et al., 2003), and reflectance (Rd) and
yellowness index (+b) (Lacape et al., 2005). Lacape et al.
(2005) reported a total of 16 QTL detected for the two
color indexes, Rd and +b, and half of these QTL explained
variation observed for both indexes. Paterson et al. (2003)
identified a total of 11 QTL for fiber color yellowness but
five of these (on the chromosomes 6, 14, 25, and LGA02
and D02) met the permutation based threshold of 3.84. It
should also be taken into account that the parental lines,
the progenies and the types of the molecular markers used
in these studies were different from our study.

In the current study, we detected 4 QTL for fiber
length, 2 for fiber uniformity and 2 for fiber elongation
(Table 5). Of the 4 QTL, 2 were located on LG1 and one
was located on LG8, while the other one was not located
on any LG. The two QTL with the highest LOD
thresholds of 2.9 and 2.82 on LG1 explained 28.4% of the
phenotypic variation together. Two putative QTL were
detected for fiber uniformity, both were not located on any
LG and the LOD thresholds were below 2.0. Of these two
QTL, one with LOD of 2.48 explained 12.2% of the
phenotypic variation for fiber elongation. However, none
were located on any LG. Shen et al. (2007) reported eight
QTL for fiber length on A5, A12, D9, D5, D6 (2 QTL),
D11, LG3, four QTL for fiber elongation on A3, All, D8,
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LG3, and three QTL for fiber uniformity on D2, D6 and
LG2. Lacape et al. (2005) showed that fiber length was
associated with chromosomes 12, 14, 20 and 26, while
Shen et al. (2005) reported two QTL for fiber length
mapped to chromosome 7 and 16. Wu et al. (2009) also
identified 4 QTL for fiber length on chromosomes 12, 13,
14, 20 explaining a total phenotypic variation of 38.6%,
and 4 QTL for fiber elongation on chromosomes 14, 20,
26 and LG1 with a total phenotypic variation of 28.3%.
Ulloa et al. (2000) reported 3 QTL for fiber elongation on
LG3 (2 QTL) and LG9 with the phenotypic variations of
3.4, 119 and 31.6%, respectively. Qin et al. (2008)
detected one QTL for fiber uniformity on A6. Zhang et al.
(2009) identified 4 QTL for fiber length on chromosomes
6, 7, 8, 12, three QTL for fiber uniformity on
chromosomes 6, 7 and 12, and two QTL for fiber
elongation on chromosomes 7 and 14. They explained the
phenotypic variation between 8.7 and 43.1, 7.4 and 42,
and 7.4 and 38.8%, respectively. However, it is hard to
make a complete comparison among these results due to
only a few common marker existences among these
studies and the differences in maps, which covers different
chromosome regions of the cotton genome.

In conclusion, in the present study we obtained
individuals having green fiber color and long fiber length,
high fiber uniformity and elongation in the F, population.
These recombinant individuals are an asset for future
cotton variety studies. Regarding the identification of the
QTL controlling important fiber related traits, dominant
AFLP markers should be supported with co-dominant
markers to acquire more information. However, it is
known that all the intraspecific upland cotton maps were
characterized by low marker coverage of the genome
because molecular marker polymorphism is limited within
G. hirsutum (Zhang et al., 2009). Therefore, the number of
polymorphic DNA markers within upland cotton maps
should be increased in order to detect more QTL or QTL
with large effects that will provide a more dense linkage
map. The more those commonly informative molecular
markers are used in the cotton genome, the greater the
likelihood that QTL of interest for fiber color and high
fiber quality among various parental lines can be tagged.
Such common QTL may be used in MAS breeding to
improve fiber quality in naturally colored cotton.
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