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A B S T R A C T   

Background: Cotton fibers, derived from the seed coat and used in the global textile industry for fabric pro
duction, are generally recognized as the predominant form of individual unicellular cells. The investigation of 
cellular proliferation and differentiation may be efficiently conducted by using cotton fiber production as a 
model system. Expression profiling techniques are very helpful to determine the tissue (stem and roots) and stage 
(0, 05, 10, 15 and 20 DPA) specific gene expression in cotton fiber. This profiling technique is helpful in the 
development of a new plant (variety) through transformation, resulting in the development of a new plant with 
desirable fiber characteristics. 
Methods: The expression profiling was carried out in upland cotton genotypes with variable staple length 
including: i) long staple length, ii) medium staple length and iii) short staple length) at five different days post 
anthesis (DPA) phases of fiber elongation (0, 5, 10, 15 and 20 DPA) through real-time PCR. Two internal controls 
(ubiquitin and 18sr RNA) genes were used for data normalization. Current research has focused on genetic basis of 
fiber regulation and understanding the molecular basis of fiber development in upland cotton (G. hirsutum L.) 
genotypes (‘CYTO-179′, ‘CIM-616′ and ‘CIM-707′) with variable staple length medium, long and short respec
tively. The present work aimed to investigate the expression levels of three fiber genes, namely PEPc, XTH, and 
GA-20 Oxidase, throughout several developmental phases. 
Results: All three genes have same expression at 15 DPA fibers in all three genotypes but PEPc transcripts are high 
at 15 DPA stage in ’CIM-707’ (long staple length genotype). These fiber development genes may be transformed 
to the plants with long fiber length through breeding programs. The molecular analysis of fiber development has 
significant importance in understanding the process of plant cell fate determination, which in turn may 
contribute to the improvement of fiber production in the long run. The primary impetus behind investigating the 
molecular mechanisms behind fiber creation is in the pursuit of enhancing cotton fiber quality and yield via 
prospective endeavors in genetic engineering and breeding.   

1. Introduction 

Cotton is widely recognized as a prominent cash crop in many re
gions around the globe, and has a position of considerable economic 
importance as one of the foremost crops worldwide. The cultivation of 
this crop is crucial for countries that mostly manufacture textiles from 
natural fibers (Jan et al., 2022). Cotton fiber plays pivotal role in making 
clothes and yarn for local and commercial textile industries. It is also 

used for extracting oil after the crushing of cotton seeds (Lee and Fang, 
2015; Ute et al., 2019). The unique fibers of cotton are attributed to the 
presence of seed trichomes, making it a singular botanical specimen. 
Given that cotton fibers are generated from individual epidermal cells 
inside the ovule, they provide a very suitable model system for inves
tigating this process (Arpart et al., 2004; Avci et al., 2013; Shahzad, 
2021; Tian and Zhang, 2019). A solitary epidermal cell resembling a 
trichome elongates to become a cotton fiber with an approximate length 
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of one millimeter, without undergoing division. The use of cotton fiber 
as a model system for investigating the phenomenon of cell elongation in 
the absence of mitosis is justified by its natural high rate of elongation at 
the individual cell level (Ruan et al., 2001). 

Due to the long fiber length, cotton is very important for both trade 
and industry purposes and has been used for years across the globe. It is 
the most popular plant for its use in clothing and decoration due to its 
porosity and decoration aesthetics (Iqbal et al., 2016). It is further used 
in local industries due to its staining, simply washed and absorbency 
properties. 

The expansion of fiber cells plays a critical role in facilitating the 
elongation of fibers, since it governs the augmentation of staple length 
(Beasley and Ting, 1973). The literature outlines five discrete but 
interrelated stages involved in the formation of cotton fiber. The process 
may be divided into five distinct phases. The first stage involves the 
development of fiber cells. Following this, the second stage entails the 
synthesis of the primary cell wall, which is characterized by fast elon
gation. The third stage marks the transition from primary to secondary 
cell wall synthesis. Subsequently, the fourth stage involves the biosyn
thesis of the secondary cell wall. Finally, the fifth step signifies the 
attainment of maturity (Qin et al., 2019; Tian and Zhang, 2019). All 
phases are very important because they fastened the expansion and 
elongation rate of fiber cells, results in the increase in staple length and 
other fiber characteristics. The elongation stage is more critical because 
it contributes the ultimate staple length. The process of cell wall 
expansion starts immediately after the cell initiation stage with the 
deposition of cellulose, hemicellulose fibrils and other water soluble 
minerals (Martínez-Sanz et al., 2017; Kim et al., 2018). This rapid 
elongation phase starts with the breakdown non covalent bonds in be
tween the developing fiber cells with the activation of expansins, xylo
glucans endotransglycolyses/hydrolyase and other vacuolar invertases 
genes. The process of cotton fiber elongation and Arabidopsis thaliana 
shoot elongation has been shown to be regulated by vacuolar invertases, 
expansins, and xyloglucans endotransglycolyses/hydrolyase, as reported in 
recent studies (Benitez-Alfonso et al., 2013; Fan et al., 2022; Fang, 
2018). The complex mechanisms of cotton fiber elongation and growth 
are influenced by a multitude of genes and pathways (Han et al., 2016; 
Jan et al., 2022; Lee et al., 2010; Levy et al., 2007; Liu et al., 2015; 
Naoumkina et al., 2016; Pu et al., 2008; Ruan et al., 2001; Saladié et al., 
2006; Song et al., 2018; Fang, 2018; Li et al., 2017). 

The investigation of the impacts of plasmodesmata-dependent 
mechanisms on turgor pressure and cell elongation may be conducted 
in cotton fibers. The role of plasmodesmata has been identified as the 
primary factor contributing to a notable augmentation in cotton staple 
length (Li et al., 2021). During the process of fiber growth, plasmodes
mata experience a change in permeability, shifting from an open state 
during the period of 0–9 days post-anthesis (DPA) to a closed state be
tween 10 and 15 DPA, and then returning to an open state from 16 DPA 
onwards. The emergence of this pattern may be influenced by the spe
cific cultivars and species of cotton (Hernández-Hernández et al., 2023). 
Plasmodesmata serves as the initiators of intercellular interactions. 
These structures promote the intercellular movement of many chem
icals, such as transcription factors, hormones, and carbohydrates, 
therefore establishing symplasmic continuity within a tissue. 

Multiple genes and pathways are involved in the intricate processes 
of cotton fiber elongation and growth (Jan et al., 2022). A large number 
of genes/transcriptional factors (i.e., MYB-MIXTA, GhACT_LI1, GhAC
TIN1, GhADF1, GhFIM2, and GhPFN2; the tubulin-related GhTUA9; and 
the kinesin-encoding GhKCH1) have been identified in Arabidopsis (a 
model plant) and other plants which are appeared to have evolved 
unique roles in fiber elongation and cell wall development. The appli
cation of exogenous hydrogen peroxide (H2O2) in wild-type (WT) plants 
resulted in an elevation in the synthesis of GhCaM7 and early elongation 
of fibers. Conversely, the overexpression of GhCaM7, a calmodulin 
protein found in cotton, induced higher levels of reactive oxygen species 
(ROS) and facilitated the advancement of fiber elongation at an earlier 

stage (Tang et al., 2014; Cheng et al., 2016; Hernández et al., 2023). 
Genes involved in cell wall synthesis, such as expansin and xyloglucan 

endotransglucosylase (XTH) were identified during the rapid elongation 
stage of cell wall development in both upland and Pima cotton. The 
process of cell growth in acidic conditions is facilitated by expansins 
proteins, as shown by the research conducted by McQueen-Mason et al. 
(1992). A significant number of GhEXPA1 copies were identified in 
cotton fiber throughout various stages of growth (Harmer et al., 2002). 
The enzymatic process of cell wall cellulose formation necessitates the 
presence of sucrose synthase (SuS), an enzyme responsible for facili
tating the conversion of sucrose into fructose and UDPglucose. The SuS 
gene has significant promise in enhancing the quality of cotton fibers, 
since previous research has shown that the expression of the SuS gene 
leads to modifications in both the structure and quality of cotton fibers. 
The promotion of fiber elongation is facilitated by the upregulation of 
SuS gene expression, which in turn increases turgor pressure inside the 
fiber cells. Glucose and fructose, which are types of carbohydrates, are 
carried into the fiber tissues (Ahmed et al., 2020). 

Real time polymerase chain reaction (RT-PCR) analysis is very 
important technique to explore the transcript level of tissue and time- 
based genes at small level in a large variety of crops. In cotton, 
reverse transcriptase RT-PCR analysis is used to identify the transcripts 
of a potential gene related to long staple length (Qin et al., 2019). This 
profiling technique is very helpful to identify the novel genes and their 
specific regulatory regions for the long fiber (Imran and Liu, 2016; Li 
et al., 2017). After the concluded transcriptional profiling data, we can 
examine the genes related to long staple length along with their acti
vation and expression stage during the fiber development. After that, the 
selected genes can be used to enhance the fiber propertied especially 
fiber length through the process of transformation into the commercially 
cultivated varieties. 

In the present study, three lines of upland cotton (G. hirsutum L.) 
were used to see the expression of three genes PEPc, XTH and GA-20 
Oxidase during the different fiber morphogenesis phases (0, 05, 10, 15 
and 20 DPA). 

Because cotton fiber length is a key factor for yarn quality. Our work 
may help understanding the mechanisms behind the regulation of long 
fiber and their respective genes expression into the commercially 
cultivated cotton varieties. This would help in the future breeding 
venture. The simple and basic intention of this study to find out the 
novel genes with high expression during the different stages of cotton 
fiber development. After the expression profiling, transformed these 
genes through a specific breeding program to develop a transgenic 
cotton variety with long fiber qualities. 

2. Materials and methods 

2.1. Plant material 

Non-transgenic cotton varieties with a different range of fiber length 
i) ’CIM-707’ ii) ’CYTO-179’ iii) ’CIM-616’ were selected for planting in 
the field of MNS- University of Agriculture, Multan during the cotton 
growing season 2022–23. Seeds of these cotton varieties were collected 
from Central Cotton Research Institute Multan, Punjab, Pakistan. Here, 
’CIM-707’ is a long staple length, ’CYTO-179’ is a medium staple length 
and ’CIM-616’ is a short staple length genotype and used to calculate the 
transcript abundance of long staple length related genes through RT- 
PCR. Fiber tissues were collected from the fully matured cotton plants 
in the field. All selected plants with cotton bolls were tagged before the 
anthesis. The main purpose of tagging to select the plants at their ac
curate stages i.e., 0, 5, 10, 15 and 20 DPA of fiber development. 

2.2. RNA extraction 

Total RNA was extracted and purified from the bolls of cotton plants 
at different i.e., 0, 05, 10, 15, and 20 DPA stages of fiber development. 
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All samples (bolls) were washed with DEPC (0.01 % w/w) treated water 
to avoid any adulteration and contamination. All samples were collected 
and preserved in liquid nitrogen cylinder at − 196℃ for total RNA 
extraction and expression analysis in the laboratory (Khatoon et al., 
2018; Nadeem et al., 2021; Iqbal et al., 2016). The determination of 
purity was conducted by using a Nanodrop ND-1000 spectrophotometer, 
while the assessment of RNA quality was performed using a 0.8 % 
agarose gel that was stained with ethidium bromide at a concentration 
of 0.5–1 mg/mL, as described by Ahmed et al. (2020). Ethidium bromide 
was used for running the buffer during the separation of DNA fragments 
by agarose gel electrophoresis. RNA extraction from fiber samples was 
performed using a plant RNA extraction reagent (Invitrogen, USA), 
following a previously established protocol as detailed in the studies 
conducted by Iqbal et al. (2016) and Nadeem et al. (2021). 

One µl of 1 mM dNTPs, one µl of Taq polymerase, one ul of 10 mM 
primer, and twelve µl of 10x PCR buffer, and 1 µl 10 mM primer 2 were 
used to prepare PCR master mixture. To make a final volume of 25 µl, 1 
µl of DNA template (25 ng) and 6 µl ultra-pure (U.P) water were added. 
The U.P water is free from any microbial activity, used in RNA extraction 
and cDNA synthesis. The cycle conditions for the PCR were as follows: 5 
min of initial denaturation at 95 ◦C, 30 s of further denaturation at 95 ◦C, 
60 s of annealing at 57 ◦C, 30 s of extension at 72 ◦C, and 7 min of final 
extension at 72 ◦C. Following analysis, a melt curve was created and 
held at 95 ◦C for 30 s. 

2.3. First strand cDNA synthesis 

The whole RNA extract was purified with the use of DNase1 (1 mg). A 
quantity of one milligram of RNA was used as the template for the 
process of first-strand cDNA synthesis, using a commercially available 
cDNA synthesis kit (Fermentas cat#1622). Following a synthesis period 
of 30 min at a temperature of 42 ◦C the first strand of complementary 
DNA (cDNA) was subjected to an incubation period of 10 min at a 
temperature of 70 degrees Celsius. The cDNA was then used at a con
centration of 2 µl per 25 µl in a reaction. A 10 µl of RNA sample of all 
fiber developmental phases (0, 5, 10, 15 and 20 DPA) was used to 
transcribe first strand cDNA. First strand of cDNA was reverse tran
scribed with the usage Revert Aid Reverse Transcriptase. All three fiber- 
related genes (PEPc, XTH and GA-20 Oxidase) transcript expression was 
determined by qRT-PCR (BioRad iCycler iQ5). The expression levels 
were normalized with an internal control ubiquitin. The RT-PCR reaction 
mixture (25 µl) consisted of SYBR green supermix (12.5 µl), forward 
primer (1 µl), reverse primer (1 µl), template cDNA (3 µl), and U.P water 
(7.5 µl). 

The sequence of cotton fiber length related genes (PEPc, XTH and 
GA-20 Oxidase) Gene Bank Accession number (EU032328.1, EF546794 
and AY895169) was retrieved from the National Centre for Biotech
nology Information (NCBI) GenBank database. The primers were 
designed by using online available program Primer 3 (Premier Biosoft 
International, USA and AmplifX (Jullien, 2013) were used (Iqbal, 2017). 
An internal control gene ubiquitin with gene bank accession number 
(CF932135) was used as reference gene for RT-PCR analysis. The gene- 
specific primers F PEPc (5′ CACCGACCTACTACACGAGGTGTG 3′) and R 
PEPc (5′ AGAAGCCTCAAAAGGCATTCCTTG 3′), F XTH (5′ CCAAAATT
CAGGCTGTGGAT 3′) R XTH (5′ TTGTTCCCTGTCACCCTTTC 3′), F GA- 
20 Oxidase (5′ CTTGCTTGGGGACTCTCTTG 3′) R GA-20 Oxidase (5′ 
ACGAAACTGCTTGCATACCC 3′) and an internal control F ubiquitin (5′ 
TGAATATTGTAATCAGCC 3′) R ubiquitin (5′ GAGCTCGGATACGATTGA 
3′) were used to analyze mRNA transcript expression. 

For the calculation of relative gene expression level, 2^△△ Ct 
method was used. By using this formula the temperature of a specific 
PCR cycle was calculated by taking the difference of temperature of 
interest gene to the temperature of reference gene (Ct interest gene -Ct 
reference gene). Here “Ct” is the cycle temperature. These values were 
calculated after the running of all fiber samples with their respective 
primers in a 96 welled plate. 

3. Results 

The objective of this study was to assess the relative expression levels 
of three genes associated with fiber formation at different time points (0, 
05, 10, 15, and 20 days post-anthesis) in upland cotton. The genes under 
consideration included Ubiquitin, GA-20 oxidase, PEPc, and XTH. The 
relative gene amplification and their expression was observed at five 
different stages of fiber development, i.e., i) fiber cell wall initiation, ii) 
rapid elongation or primary cell wall synthesis, iii) transition between 
primary cell wall synthesis and secondary cell wall synthesis, iv) sec
ondary cell wall synthesis (SCW) and v) maturation. Expression analysis 
was conducted to check the transcripts of three gene families (PEPc, GA- 
20 Oxidase and XTH) in fiber tissues through reverse transcriptase RT- 
PCR (Table1). Approximately the quantity of total RNA was in ranged 
of 0.2 µg to 0.5 µg of all fiber samples (Fig. 1). A dilution series of DEPC 
treated water (0.01 %) was used to balance the concentration of all fiber 
samples (Fig. 2). The initial step in generating cDNA involved the syn
thesis of the first strand using an enzyme called reverse transcriptase. 
Subsequently, the extracted RNA was subjected to evaluation through 
separation on a 0.8 % agarose gel and staining with ethidium bromide at 
a concentration of 0.5–1 mg/mL. The purity of the RNA was further 
verified using a Nanodrop ND-1000 spectrophotometer (Fig. 3). For PCR 
data normalization, an internal control (Ubiquitin) is used with all long 
staple length related genes in RT-PCR (Fig. 4). For the achievement of 
stable level of expression, all three long staple genes primer pairs were 
validated with a 10 times dilution series of template concentrations 
(Fig. 5). 

A variable level of expression of PEPc gene was observed in all three 
lines (CIM-707, CYTO-179 and CIM-616) with different ages of fiber 
development i.e., 0, 05, 10, 15 and 20 DPA. Transcript analysis results 
showed that an elevated gene expression of PEPc was observed 
throughout all fiber developmental stages with different DPAs (Fig. 6). A 
highest amplification profile was detected in elongation stage (15 DPA) 
of fiber development in both CIM-707 (long fiber length) and CIM-616 
(short fiber length). A stable transcript level was also observed in (me
dium fiber length) at 5 DPA. Further a stable amplification results of 
PEPc gene was also perceived in all three genotypes of cotton at early 
stage of primary cell wall synthesis (10 DPA) fibers. At SCW stage of 
fiber development (20 DPA) nearly a small (negligible) level of expres
sion was also observed in CIM-616. The expression level of PEPc was 
about to be doubled at 15 DPA stage in CIM-707 fibers than the others 
DPAs but the transcript level of PEPc was ultimately dropped at the same 
stage in both medium and short fiber genotypes. 

A variable transcript pattern of Oxidase gene (GA-20) was detected at 
the stages of fiber cell wall synthesis. At rapid elongation stage of fiber 
expansion, a stable transcript pattern of GA-20 Oxidase was detected in 
medium staple length genotype. A stable and continuous amplification 
results of GA-20 Oxidase discovered that the transcript pattern of Oxidase 
gene was exist at the rapid elongation phase of primary cell wall syn
thesis at 15 DPA in all three genotypes of upland cotton (Fig. 6). A higher 
transcript level of GA-20 Oxidase was recognized at primary cell wall 
synthesis stage at 10 to 15 DPAs and then ultimately declined to SCW 
stage at 20 DPA and onward. The transcripts of Oxidase gene were about 
to be doubled at the rapid elongation phase at15 DPA as compared to the 
fiber cell initiation phase at 0 DPA. The transcript pattern of GA-20 
Oxidase showed, a higher level of expression was detected in both ge
notypes CIM-707 and CYTO-179 at 20 DPA and 10 DPA respectively. In 
CIM-707, a variable and unstable level of expression of GA-20 Oxidase 
was noticed at both 0 and 5 DPA stages. Many transcript patterns of GA- 
20 Oxidase were also detected in CYTO-179 as compared to other lines of 
upland cotton. 

With the passage of time, the activities and expression levels of long 
staple length related genes also increased, results in the development of 
long fiber cells. At stage of rapid elongation at 15 DPA, all fiber length 
genes are fully active especially XTH. Expression profiling results 
showed that a stable and similar transcript pattern of XTH gene was 
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detected at first two stages of fiber development at 0 and 5 DPA. In 
CYTO-179, an elevated expression level of XTH gene was found in be
tween fiber cell wall synthesis and rapid elongation stages of fiber 
development at 10, 15 and 20 DPA. The RT-PCR results showed that the 

expression of XTH gene was much similar in both long and short staple 
length genotypes at fiber cell initiation stage at 0 DPA and SCW stage at 
20 DPA fibers. 

4. Discussion 

Fine quality and long staple length fibers are very acceptable for the 
textile industry. Universally, long staple length fibers are used as raw 
material for fabrics production in the textile industry. Many long staple 
length related genes including MYB gene family are activated, results in 
the long fiber development around the seed trichomes (Shahzad, 2021). 
Identification and selection of long staple length related genes is very 
helpful to produce new plants with high fiber length. Transcript analysis 
of cotton staple length related genes is very helpful to discover the 
transcripts of three different fiber development related genes at different 
phases of fiber morphogenesis (Qin et al., 2019). 

Many long staple length genes are highly expressed throughout the 
diverse phases of cotton fiber synthesis (Arpart et al., 2004). Most of 

Table 1 
Background information on the genes explored in the current study.  

Name of gene Primer pair Primer sequence (5′-3′) Primer Length Amplicon size (bp) Gene bank accession No. 

Ubiquitin RTUBCF 
RTUBCR 

TGAATATTGTAATCAGCC 
GAGCTCGGATACGATTGA 

18 mer 
18 mer 

132 CF932135 

PEP carboxylase RTPEPCF 
RTPEPCR 

CACCG ACCTACTACACGAGGTGTG 
AGAAGCCTCAAAAGGCATTCCTTG 

24 mer 
24 mer 

227 EU032328 

GA 20 Oxidase GA20F 
GA20R 

CTTGCTTGGGGACTCTCTTG 
ACGAAACTGCTTGCATACCC 

20 mer 
20 mer 

219 AY895169 

XTH RTXTHF 
RTXTHR1 

CCAAAATTCAGGCTGTGGAT 
TTGTTCCCTGTCACCCTTTC 

20 mer 
20 mer 

231 EF546794  

Fig. 1. Total RNA isolation from different stages of cotton fiber development. M 1 Kb ladder; Lane 1–5 total RNA extracted from five phases of three long staple 
length genotypes of cotton (Lane 1: 0 DPA fibers, Lane 2: 5 DPA fibers, Lane 3: 10 DPA fibers, Lane 4: 15 DPA fibers, Lane 5: 20 DPA fibers). This figure is created with 
Gel Documentation System. 

Fig. 2. Calibration of total RNA concentration in different fiber tissues. Lanes 
(1–5) illustrate RNA extracted from 0 DPA, 5 DAP, 10 DPA, 15 DPA and 20 DPA 
fibers respectively. This figure is created with Gel Documentation System. 

Fig. 3. Synthesis of first strand cDNA from five different phases of fiber synthesis. M- 0.5 bp ladder; Lane 1–10 cDNA synthesized from different stages of cotton fiber 
development. (Lane 1–5: 0, 5, 10, 15 and 20 DPA fiber of CIM-707 respectively), (Lane 6–8: 5, 10 and 15 DPA fiber of CYTO-179 respectively), (Lane 9–10: 15–20 
DPA fiber of CIM-616 respectively). This figure is created with Gel Documentation System. 
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them are found to be involved during the fiber expansion and its 
enlargement, results in the long fiber development. In literature, most of 
the fiber-related genes including EXP, SUS, LTPs, PEPc, tubulins, GA-20 
Oxidase and XTH are believed to be compulsory for the long fiber 
development (Li et al., 2005; Huang et al., 2013). The successful iden
tification and selection of long staple length related genes along with 
their upstream regulatory regions (promotors) was done only with 
expression profiling techniques. 

The reverse transcriptase RT-PCR profiling is a very important 
technique to explore the transcript level of tissue and time-based genes 
at small level in a large variety of crops. In cotton, reverse transcriptase 
RT-PCR analysis is used to identify the transcripts of a potential gene 
related to long staple length. This profiling technique is very helpful to 
identify the novel genes and their specific regulatory regions for the long 
fiber (Naoumkina et al., 2016; Li et al., 2017). The transcript analysis 
data may also help in the investigation and confirmation of the long 
staple length-related genes along with their stages of activation and 
amplification throughout the whole process of fiber development. After 
that, the selected genes can be used to enhance the fiber propertied 
especially fiber length through the process of transformation into the 
commercially cultivated varieties (Qin et al., 2019; Ruan et al., 2001, 
2004). After the expression profiling analysis, we can change and alter 
the fiber properties especially fiber length through the overexpression or 
knockdown mechanisms of fiber-related genes into a commercially 
cultivated variety, results in the development of a new transgenic plant 
with long fiber properties (Beasley and Ting, 1973; Cheng et al., 2016; 
Fang, 2018). 

A variable level of expression of PEPc gene was observed in all three 
lines (CIM-707, CYTO-179 and CIM-616) with different fiber morpho
genesis phases i.e, 0, 05, 10, 15 and 20 DPA. Transcript analysis results 
showed that an elevated gene expression of PEPc was observed 
throughout all fiber developmental stages with different DPAs (Fig. 6). A 
highest amplification profile was detected in elongation stage (15 DPA) 
of fiber development in both CIM-707 (Long fiber length) and CIM-616 
(Short fiber length). A stable transcript level was also observed in 
(Medium fiber length) at 5 DPA. Further stable amplification results of 
PEPc gene was also detected in all three lines with different fiber staple 
length (Long, medium and small) at 10 DPA fibers. At SCW (20 DPA) 
phase of fiber expansion, nearly a small (negligible) transcript pattern 
was also observed in CIM-616. The expression level of PEPc was about to 
be doubled at 15 DPA stage in CIM-707 fibers than the others DPAs but 
the transcript level of PEPc was ultimately dropped at the same stage in 
both medium and short fiber lines (CYTO-179 and CIM-616). 

A variable transcript pattern of Oxidase gene (GA-20) was detected at 

all fiber synthesis phases. The highest level of expression of GA-20 Ox
idase of fiber elongation gene was detected at 10 DPA stage of fiber 
morphogenesis in CYTO-179. A stable level of transcript and continuous 
amplification of GA-20 Oxidase discovered that the transcripts of Oxi
dase gene were noticed throughout the elongation phase (15 DPA) of 
fiber expansion in all three fiber length genotypes (Fig. 6). The highest 
level of GA-20 Oxidase transcript was identified at 10 to 15 DPAs and 
then declined to 20 DPA (SCW stage). The transcripts of this gene were 
about to be double at elongation phase than initiation phase. The tran
script pattern of GA-20 Oxidase showed highest expression in both lines 
CIM-707 and CYTO-179 at 20 DPA and 10 DPA respectively. A variable 
and unstable level of expression of GA-20 Oxidase was detected in all 
three lines at first two stages including 0 and 5 DPA but was much higher 
at 0 DPA in CIM-707. Many transcript patterns of GA-20 Oxidase were 
also detected in CYTO-179 as compared to other genotypes of upland 
cotton (Li et al., 2009). 

With the increase in days post anthesis (5 to 20 DPA) stages, the level 
of expression of this fiber-related gene was also increased but at 15 PDA 
fibers the level of expression was very high. The expression profiling 
results showed that there is a similar transcript of XTH gene were also 
detected in all three lines of cotton. Expression profiling results showed 
that in both CIM-707 and CIM-616 cotton fiber lines, a stable and similar 
transcript level of XTH gene was detected in first two stages (0 DPA and 
05 DPA) of fiber development. In CYTO-179, a non-constant transcript 
level of XTH gene was found at rapid elongation stage at 10, 15 and 20 
DPA in cotton genotypes. Transcripts of XTH genes were discovered in 
CYTO-179 at 15 DPA fibers but a low transcript level was observed at 5 
DPA fibers. The RT-PCR results showed that the expression of XTH gene 
was much similar in both CIM-707 and CIM-616 at 0 DPA and 20 DPA 
fibers. Real Time PCR results showed that a variable level of XTH 
transcripts were detected in all three staple length genotypes in cotton. 

5. Conclusions 

From the above discussion it is determined that three long staple 
length related genes exhibited variable expression throughout the 
different levels of fiber development in cotton fiber tissues. All three 
staple length related genes are highly expressed at fiber cell initiation 
stage at 5 DPA, primary cell wall synthesis or rapid elongation stage at 
10 and 15 DPA fibers. The comparative expression studies proved that 
all of these fiber developing genes showed a variable but stage specific 
expression in all fiber tissues. Highly expressed staple length related 
genes can also be used for changing the fiber characteristics through the 
process of gene transformation. The comparative expression study on 
fiber developing genes can be used to enhance the fiber length of cotton 
commercial cultivars to support the national economy. 
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