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ABSTRACT 
 

Cotton fibers, derived from the outer layer of seeds, are widely used in the textile industry for fabric production 

worldwide. Expression profiling techniques are valuable for identifying tissue (stem and roots) and stage-specific gene 

expression in cotton fibers. Expression analysis is a popular and successful technique for studying gene expression 

levels during tissue and stage-specific fiber development. In this study, expression profiling was conducted using real-

time PCR on three different staple length genotypes of cotton (G. hirsutum L.): long, medium, and short staple length. 

The analysis was performed at five different stages of fiber elongation (0, 5, 10, 15, and 20 DPA). Three fiber 

development genes (PEPc, XTH and GA-20 Oxidase) were examined from the initiation phase (5 DPA) to the 

termination phase (20 DPA) of cotton fibers. Two internal control genes (ubiquitin and 18sr RNA) were used for data 

normalization. The primary focus of the study was to investigate the transcript levels of genes related to long staple 

length at different stages of cotton fiber development. All three genes showed similar expression levels during the 

elongation phase (15 DPA) of fiber development, but PEPc exhibited higher expression at 15 DPA in all three lines. 

The main objective of this expression profiling study was to identify and select genes associated with long staple length 

in cotton genotypes. The selected novel genes with high transcript levels could extend the elongation phase of cotton 

fiber morphogenesis, leading to improved long fiber characteristics. As a result of expression analysis studies using RT-

PCR, cotton with high staple length genotypes has been commercially cultivated and utilized in the textile industry, 

reducing the need for imported long staple length cotton in local textile production. 
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INTRODUCTION 

 

Cotton is unique fiber crop that supports the national 

economy and serves as major cash crop around the globe 

(Zafar et al., 2020). It is the primary source of fiber and also 

it delivers edible oil (Cotton seed oil), and other things for 

human use (Zafar et al., 2022b). Cotton fiber development is 

a very complicated process because there is no cell division 

occur during the all stages of cotton fiber development. Due 

to this evolutionary mechanism, cotton plant is used as an 

ideal plant among all fiber-related crops (Khatoon et al., 

2018; Wang et al., 2019). An Industrial point of view, Due to 

the long fiber length; cotton is very important for both trade 

and industry purposes because it has been used from 

thousands of years around the globe (Lee and Fang 2015; Ute 

et al., 2019). 

The process of fiber cells expansion is very important 

because it determines the subsequent increase in the final 

length of fiber, leading into the increase in fiber yield 

(Razzaq et al., 2021; Razzaq et al., 2022). In literature, 

there are four fiber developmental phases like i) initiation, 

ii)  elongation,  iii)  secondary  cell  wall  synthesis  and iv)
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maturation (Razzaq et al., 2022). Among of them 

expansion (elongation) is very important for the 

development of a long staple length genotype because it 

controls and regulate the cellular growth and their progress 

during the long fiber development and its morphogenesis 

(Zafar et al., 2022a). The process of cell wall expansion 

starts immediately after the synthesis of primary cell wall 

and the elongation phase starts with the breakdown 

hydrogen bonds between the developing fiber cells. The 

breakdown of non-covalent bonds carried out after the 

activation of fiber elongation genes like expansins 

(Martínez-Sanz et al., 2017; Fry, 2018) and XTH (Han et 

al., 2016; McCann and Knox, 2018) resulting in the 

expansion of cotton cell wall (Zafar et al., 2021). During 

the initiation of cell wall synthesis, fiber initiation genes 

activate and helps in the expansion and elongation of cotton 

fibers tissues and cells (Yang et al., 2016) along with a 

large amount of water also entered into the fiber cells. 

Ultimately, other fiber expansion solutes especially 

potassium (k+) also entered inside the fiber cells, results in 

the expansion of fiber cells due to the high turgor pressure 

inside the fiber cells. Fiber elongation (2nd step of fiber 

synthesis) takes place immediately after the first stage of 

cell wall synthesis (Ma et al., 2018; Zhang et al., 2017; Kim 

et al., 2018). Secondary cell wall synthesis (SCW) is the 

third most crucial stage of fiber synthesis because it 

regulates the deposition of cellulose and hemicellulose 

fibrils along with other essential minerals inside the fiber 

cells. After the deposition, fiber cells turgid (enlarged) due 

to the increase in water potential inside the developing 

fibers. Critically, this cellulose deposition phase (SCW) is 

very essential for the regulation of final staple length 

(Ahmed et al., 2016; Nadeem et al., 2021). 

Cell wall expansion starts immediately after the 

termination of initiation phase during the long fiber 

development in cotton (Ruan et al., 2004). The process of 

fiber cells elongation starts with breakdown of hydrogen 

bonds between the cellulose and hemicellulose fibrils along 

with the overexpression of fiber elongation enhancement 

genes including expansin (EXP), sucrose synthases (sus), 

GhCaM-7, LTPs, PEPc, tubulins, and XTH, responsible for 

long staple length in cotton (Liu et al., 2015; Cheng et al., 

2016; Iqbal et al., 2016; Balasubramanian et al., 2016). 

(Iqbal, 2017) reported that the activation of these long 

staple length-related genes at elongation stage are thought 

to have necessary for the opening and closing of 

plasmodesmata, resulting in the intake of water and solutes. 

The turgor pressure inside the fiber cells increases with the 

entry of water and other solutes helps in the elongation of 

fiber tissues (Wang et al., 2010; Xiao et al., 2019). 

The breakdown of hydrogen bonds between cellulose 

fibrils was done with the activation of these potential genes 

(Yuan et al., 2015; Fang et al., 2018). So, the fiber 

elongation genes especially PEPc are believed to have a 

positive correlation with fiber elongation. In biotechnology 

studies, RT-PCR analysis provided the evidences of the 

strong link of PEP Carboxylase with the elongation and 

expansion of fiber cells (David et al., 2016; Iqbal et al., 

2016; Zhao et al., 2018). 

The cell wall loosening genes like expansin and 

xyloglucan endotransglucosylase (XTH) were observed 

during the first two stages (initiation and elongation) of 

fiber expansion in cotton. These genes are believed to 

have a starting role in fiber expansion because the 

breakdown of non-covalent bonds occurs with the 

activation of these cell wall loosening genes during the 

fiber morphogenesis in cotton. The cell walls loosening 

and the overexpression mechanism of XTH genes in 

transgenic soybean plants, helps to regulate and tolerate 

the flooding stress during the unfavorable environmental 

conditions (Naoumkina et al., 2015; Song et al., 2018). 

The reverse transcriptase RT-PCR analysis proved that 

the fiber length of G. barbadense is greater than 

G.hirsutum, because of the overexpression of XTH genes 

during the elongation stage of fiber morphogenesis in 

G.barbadense (Xiao et al., 2006, Avci et al., 2013). 

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. 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 activation 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 (Razzaq et al., 2022). 

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). 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. 

 

MATERIALS AND METHODS 
 

Sowing of Cotton Genotypes with Different Fiber 

Length 

The present study was conducted in three lines of a 

commercially cultivated variety G. hirsutum. Three cotton 

lines with varying fiber length (short, medium and long) 

were grown in the experimental field area of MNS- 

University of Agriculture, Multan during the cotton 

growing season 2020-21. These genotypes were grown in 

the field for fiber (samples) collection at different times of 

intervals (0, 5, 10, 15, and 20). These cotton lines were: 

 

1- Long fiber line   CIM-707 

2- Medium fiber line  CYTO-179 

3- Short fiber line   CIM-616 

 
Flower Tagging 

Fiber tissues were collected from the fully matured 

cotton plants in the field. The tagging of cotton bolls 

(samples) was done at the day of flower anthesis for 

accurate and defined selection of fiber tissues at 0, 5, 10, 

15 and 20 DPA stages. All collected tissues were washed 
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carefully with Diethyl Pyro Carbonate treated water and 

instantly stored in liquid nitrogen for RNA extraction. 

 

Extraction of Total RNA 

Collection of Samples 

The cotton bolls (fiber samples) were gathered from fully 

matured plants in the field at various stages of cotton boll 

development (0, 5, 10, 15, 20 DPA) to conduct transcript 

analysis (profiling) of long staple length genes. Before the 

assemblage of samples, cotton bolls were wash on the 

standing plant carefully with a spray gun. The samples 

were washed with DEPC (0.01% w/w) treated water to 

avoid any adulteration and contamination (Iqbal, 2017; 

Khatoon et al., 2018). After the collection of samples, 

stored in liquid nitrogen cylinder at -196℃ for a long-term 

storage. For the better results, accurate date and time was 

point out on tag before storing the samples. 
 

Total RNA Extraction 

Cotton fiber tissues were exposed by breaking the 

frozen boll walls by using the pestle and mortar. A plant 

purification RNA extraction reagent (Invitrogen, USA) 

was used for the total RNA extraction according to 

instructions given by the manufacturer. 
 

First-strand cDNA Synthesis 

A 10µg of RNA sample of all fiber developmental 

phases (0, 5, 10, 15 and 20 DPA) was used to transcribed 

first strand cDNA by using a reverse transcriptase enzyme. 

First strand of cDNA was reverse transcribed with the 

usage Revert Aid Reverse Transcriptase.  

 

Primer Designing for PCR 

A series of DNA sequences of long staple genes 

(PEPc, XTH and GA-20 Oxidase) were retrieved by 

commercially available online platform like NCBI and 

Primer 3 program (Premier Biosoft International, USA) 

(Wang et al., 2015; Iqbal, 2017). For the purpose of RT-

PCR primers designing; two online available software a) 

Primer3 and b) AmplifX were used (Jullien, 2013). The GC 

contents of designed primer were ranged 40-60% and the 

length was almost at 18 to 20 nucleotides. At last, the 

sequence of primer pairs was confirmed after the checking 

in BLAST (http://www.ncbi.nlm.nih.gov) examination 

analysis. A template of 15 DPA (fiber elongation stage) of 

G. hirsutum was used for the calibration along with the 

optimization of primer pairs. After the calibration, the 

selected pairs of primers were optimized with their 

concentration and annealing temperature to achieve best 

amplification results. After that, all samples were run on 

1% agarose gel and see their amplification bands under the 

UV light in gel electrophoresis. 
 

Detail of Primers used for RT-PCR Studies 

RT-PCR Analysis of Long Staple Length Genes 

For the reverse transcriptase PCR reaction, A master 

mix of SYBR green included super mix dye, nucleases 

water and amplified primers. The setup of one sample RT-

PCR reaction is as follows in Table 3.5. 

For the calculation of relative gene expression level, 

2^∆∆ Ct method was used (Hung et al., 2015). 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. 

A reference gene (18sr RNA) was used to compare the 

amplification and transcript level of all fiber genes. 

 

RESULTS 

 

The present study was conducted to estimate the 

relative expression level of three fiber developmental genes 

(GA-20 Oxidase, PEP Carboxylase and XTH) at different 

stages of fiber development (0, 05, 10, 15 and 20 DPA) in 

upland cotton. The relative gene amplification and their 

expression was observed at four different stages of fiber 

development i) initiation, ii) elongation, iii) secondary cell 

wall synthesis (SCW) and iv) maturation after anthesis. 

Expression analysis was conducted to check the transcripts 

of three gene families (PEP Carboxylase, GA-20 Oxidase 

and XTH) in fiber tissues through reverse transcriptase RT-

PCR (Table 1). Approximately the quantity of total RNA 

was 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 
 

Table 1: Description of primers used for RT-PCR studies for expression analysis      of   fiber-related genes in cotton 

No.  Name of gene   Primer pair Primer sequence (5'-3') Primer Amplicon Gene bank 

Length size (bp) accession No. 

1. Ubiquitin RTUBCF                  

RTUBCR                       

TGAATATTGTAATCAGCC              

GAGCTCGGATACGATTGA              

18 mer 

18 mer 

132 CF932135 

2.  PEP carboxylase RTPEPCF 

RTPEPCR                  

CACCG ACCTACTACACGAGGTGTG   

AGAAGCCTCAAAAGGCATTCCTTG     

24 mer 

24 mer 

227 EU032328 

3. GA 20 Oxidase GA20F                        

GA20R 

CTTGCTTGGGGACTCTCTTG                 

ACGAAACTGCTTGCATACCC               

20 mer 

20 mer 

219 AY895169 

4. XTH RTXTHF                  

RTXTHR1              

CCAAAATTCAGGCTGTGGAT             

TTGTTCCCTGTCACCCTTTC                 

20 mer 

20 mer 

231 EF546794 

 

Annealing temperature optimization for long staple 

length genes and their internal control 
Primer Annealing Temperature (ºC) 

18S rRNA 46 

PEP carboxylase 58 

XTH 55 

GA-20 Oxidase 55 

 

Procedure and Concentration of an RT-PCR Reaction 
Reagents Volume (µl) 

SYBR Green Supermix 12.5 

Forward primer 1 

Reverse primer 1 

Template (cDNA) 3 

U.P water 7.5 

Total volume  25 µl 

http://www.ncbi.nlm.nih.gov/
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RT-PCR Steps Temp. (ºC) No. of cycles 
Duration 

(Minutes) 

First denaturation 95 1 10 

i) Denaturation 

ii) Annealing 

iii) Extension 

95 

55 

95 

40 

 

0.5 

1 

0.5 

Final extension 72 1 10 

 Melt curve analysis 95 40 0.5 

 

the concentration of all fiber samples and their 

amplification (Fig. 2). The first strand of complementary 

DNA (cDNA) was synthesized from RNA by using a 

reverse transcriptase enzyme and then confirmed their 

bands after the visualization on gel electrophoresis (Fig. 3). 

For PCR data normalization, an internal control (18S 

rRNA) is used to achieve the stable gene expression (Fig. 

4). For the achievement of stable level of expression, all 

primer pairs were validated with a 10 times dilution series 

of template concentrations (Fig. 5).  

A variable level of expression of PEP Carboxylase 

gene was observed in all three lines (CIM-707, CYTO-179 

and CIM-616) with different stages of fiber morphogenesis 

i.e, 0, 05, 10, 15 and 20 DPA. Transcript analysis results 

showed that an elevated gene expression of PEPc was 

observed throughout the all-fiber developmental stages at 

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 a stable 

amplification results of PEP Carboxylase gene were also 

perceived in all three lines of fiber elongation stage at 10 

DPA fibers. At SCW stage of fiber development (20 DPA) 

nearly a small (negligible) level of expression 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 the stages of fiber expansion and 

elongation. At 10 DPA (elongation) stage of fiber 

expansion, a stable transcript pattern of GA-20 Oxidase 

was detected during the fiber morphogenesis in CYTO-

179. A stable level of transcript and continuous 

amplification of GA-20 Oxidase discovered that the 

transcript pattern of oxidase gene was exist at the 

elongation phase (15 DPA) of fiber expansion in all three 

fiber length genotypes (Fig. 7). A 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 doubled at the elongation 

phase (15 DPA) other than the initiation phase (0 DPA) 

of fiber synthesis. The transcript pattern of GA-20 

Oxidase showed highest expression in both lines 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 but was much higher at 0 DPA. A large number of 

transcript pattern of GA-20 Oxidase were also detected in 

CYTO-179 as compared to other lines of G. hirsutum 

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 fibres 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 G. hirsutum. 

Expression profiling results showed that in both CIM-

707 and CIM-616 cotton fiber lines, a stable and similar 

transcript pattern of XTH gene was detected at first two 

stages (0 DPA and 05 DPA) of fiber development. In 

CYTO-179, a variable transcript pattern of XTH gene 

was found at 10, 15 and 20 DPA stages of long fiber 

elongation stage 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 
 

 
 

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). 

 

 
 

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 

 

 
 

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) 
 

 
 

Fig. 4: Equalization and calibration of various templates 

concentration with 18S rRNA primer through PCR amplification. 
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Fig. 5: Primer validation and confirmation through a series of fiber cDNA of 10 DPA stage. PCR amplification using primers of (a) 

18SrRNA, (b) GA-20 Oxidase, (c) PEPc Carboxylase, d) XTH. 

 

 
 

Fig. 6: RT-PCR  analysis of three fiber related genes a) PEPc, b) GA-20 Oxidase and c) XTH of five different phases i) 0, ii) 05, iii) 10, 

iv) 15 and v) 20 DPA of fiber development in cotton. With the use of an internal control (18S rRNA), all transcripts’ data was equalized 

and normalized. 

A)   

 b)   

c)  

d)   
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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. 

 

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. A large number of long staple length 

related genes including MYB gene family are activated, 

results in the long fiber development around the seed 

trichomes (Wang et al., 2004). Identification and selection 

of long staple length related genes is very helpful for the 

production of 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. A large number of long staple length genes 

are highly expressed throughout the diverse phases of 

cotton fiber synthesis (Arpart et al., 2004). Mostly of 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 

identification and selection of long staple length related 

genes long with their upstream regulatory regions 

(promotors) was done only with expression profiling 

techniques (Razzaq et al., 2021).  

The reverse transcriptase RT-PCR profiling 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 (Yuan et al., 2005). 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. 

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 (Razzaq et al., 2021).  

A variable level of expression of PEP Carboxylase 

gene was observed in all three lines (CIM-707, CYTO-179 

and CIM-616) with different fiber morphogenesis phases 

i.e., 0, 05, 10, 15 and 20 DPA. Transcript analysis results 

showed that an elevated gene expression of PEPc was 

observed throughout the 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 

a 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 (Iqbal et al., 2016; Nadeem et al., 2021). 

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

was detected at all fiber synthesis phases. A highest level 

of expression of GA-20 Oxidase of fiber expansion 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 oxidase gene were noticed throughout the 

elongation phase (15 DPA) of fiber expansion in all three 

fiber length genotypes (Fig. 7). A 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 was about to be double at elongation phase than 

initiation phase. The transcript 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. A large 

number of transcript pattern of GA-20 Oxidase were also 

detected in CYTO-179 as compared to other lines of G. 

hirsutum (Iqbal et al., 2016; Nadeem et al., 2021). 

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 G. hirsutum. 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 10, 15 and 20 DPA stages 

of long fiber elongation stage 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. 

 

Conclusions 

From the above discussion it is determined that three 

fiber-related genes exhibited variable expression 

throughout the different levels of fiber development in 

cotton fiber tissues. All three fiber-related genes are highly 

expressed in 5, 10 and15 DPA fibers. The comparative 

expression studies proved that all of these fiber developing 

genes showed a variable and stage specific expression in 

fiber tissues. Highly expressed Fiber-related genes can also 

be used for changing the fiber characteristics through the 
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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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