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Molecular interventions have helped to explore the genes involved in fiber length, fiber 
strength, and other quality parameters with improved characteristics, particularly in cotton. 
The current study is an extension and functional validation of previous findings that 
Gh_A07G1537 influences fiber length in cotton using a chromosomal segment substitution 
line MBI7747 through RNA-seq data. The recombinant Gh_A07G1537 derived from the 
MBI7747 line was over-expressed in CCRI24, a genotype with a low profile of fiber quality 
parameters. Putative transformants were selected on MS medium containing hygromycin 
(25 mg/ml), acclimatized, and shifted to a greenhouse for further growth and proliferation. 
Transgene integration was validated through PCR and Southern Blot analysis. Stable 
integration of the transgene (ΔGh_A07G1537) was validated by tracking its expression in 
different generations (T0, T1, and T2) of transformed cotton plants. It was found to be 2.97-, 
2.86-, and 2.92-folds higher expression in T0, T1, and T2 plants, respectively, of transgenic 
compared with non-transgenic cotton plants. Fiber quality parameters were also observed 
to be improved in the engineered cotton line. Genetic modifications of Gh_A07G1537 support 
the improvement in fiber quality parameters and should be appreciated for the textile industry.

Keywords: CSSLs, fiber length, zinc finger, genetic transformation, cotton biology

INTRODUCTION

Cotton is one of the most important sources of natural cellulose in the world. The cotton boll 
protects seeds and delicate fibers (Von Mark and Dierig, 2014). This crop provides an excellent 
system for studying polyploidization and cell elongation (Wang et  al., 2019) with more than 
50 species which are further divided into eight diploid genomic groups (A–G, and K) 
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and one tetraploid genomic group (AD; Wu et  al., 2018). The 
growth of the textile industry is solely dependent on cotton 
crop production in more than 55 countries all over the globe 
(Kanat et  al., 2018).

Zinc finger protein (ZFP) is one of the most significant 
and large families in plants which is characterized by the zinc 
finger motifs (Znf). The ZFPs are classified into 14 gene families, 
among which RING finger, LIM, DOF, AP2/EREBP, and WRKY 
have been reported to play a vital role in plant growth and 
development (Liu and Zhang, 2017). The ZFPs are categorized 
into 10 groups (C2H2, C2HC, C2HC5, C2C2, C3H, C3HC4, 
C4, C4HC3, C6, and C8) based on the number of cysteine 
and histidine residues and amino acids (Moore and Ullman, 
2003). The cysteines and/or histidines coordinate with zinc 
ions to form a peptide structure (Hall, 2005). They have been 
involved in core biological processes like morphogenesis, signal 
transduction, development, and survival under environmental 
stresses (Stege et  al., 2002). Among ZFPs, Cysteine3 Histidine 
(C3H) consists of three cysteines and one histidine coordinated 
by a zinc cation, which is reported as DNA/RNA binding 
proteins (Wang et  al., 2008). Furthermore, CCCH genes play 
a vital role in hormone-regulated stress responses and cell fate 
determination. The Znf-CCCH has been reported to be involved 
in various developmental processes and adaptation under stress 
conditions. For example, AtPEI1 of the CCCH gene in Arabidopsis 
is essential for heart-stage embryo formation (Li and Thomas, 
1998). Overexpression of the CCCH gene, OsDOS, caused a 
delay in leaf senescence in rice by affecting the jasmonic acid 
pathway (Kong et  al., 2006). Similarly, overexpression of the 
CCCH gene (GhZFP1) in cotton resulted in enhanced salt 
tolerance and disease resistance (Guo et  al., 2009). Hence, 
numerous studies confirm the involvement of ZFPs in the 
fiber quality of cotton.

Many factors influence the cotton fiber quality (Xiao et al., 
2019) and several efforts have been made to improve its 
quality and yield (Ahmed et  al., 2018a). The cotton fiber is 
an epidermal single-cell extension, which consists of four 
overlapping and sequential stages of differentiation: initiation, 
elongation, secondary wall synthesis, and maturation (Ahmed 
et  al., 2018a). Its development is controlled by numerous 
genes, transcription factors, and phytohormones (Xiao et  al., 
2019). The qualitative and quantitative traits of the cotton 
fiber are significantly regulated by the genes involved in cell 
wall synthesis and extension (Guo et al., 2016). Several genes 
and transcription factors for expansin (Bajwa et  al., 2015), 
cellulose synthase (Arioli et  al., 1998), sucrose synthase 
(Ahmed et  al., 2020), and actin have been transformed 
successfully into cotton for the improvement of fiber quality 
and yield (Ahmed et  al., 2018a).

The molecular mechanisms involved in ovule epidermal cell 
development may help to explore cotton fiber quality parameters 
(Pu et  al., 2008) which can potentially have an impact on 
fiber length, fiber strength, micronaire value, and maturity 
(Seagull et  al., 2000). The molecular genetics of the genes and 
their isoforms provide a better understanding of their function 
at specific fiber developmental stages (Manik and Ravikesavan, 
2009). Several differentially expressed genes are required at 

different fiber development stages (Yang et al., 2009). However, 
fewer of the genes regulate the biosynthesis of fiber-specific 
structural proteins, enzymes, waxes, and polysaccharides (Li 
et al., 2002) to improve the cotton fiber quality (Rapp et al., 2010).

Chromosome segment substitution lines (CSSLs) are 
permanent populations possessing the same genetic background 
as a recurrent parent with a difference of one or few introgressed 
chromosomal segments. It effectively eliminates the interference 
of the genetic background, of which permanent populations 
are also used to determine the QTLs with minor effects. 
Therefore, CSSLs are considered to be  the ideal material for 
QTL fine mapping, investigation of QTL interaction, and gene 
cloning. Since the construction of CSSLs by Eshed and Zamir 
(1994), these have successfully been applied in rice, corn, and 
other plants (Liu et  al., 2015). However, there was a low 
frequency of the CSSLs conducted in cotton for QTL studies. 
It has been reported that 17 CSSLs of Sea iceland cotton 
(Gossypium barbadense) in TM-1 background of Gossypium 
hirsutum were constructed (Stelly et  al., 2005). Furthermore, 
it was reported by the same research group that sea island 
cotton has a significant contribution to fiber quality traits 
influenced by multiple genes (Zhang et  al., 2014).

At our ICR-CAAS, three CSSLs (MBI7561, MBI7285, and 
MBI7747) were developed from CCRI45 (G. hirsutum) and 
Hai1 (G. barbadense) using the conventional breeding methods 
and modern molecular marker techniques (Shi et  al., 2015), 
which subsequently were subjected to transcriptome sequencing 
together with their parents. Several differentially expressed 
genes (DEGs) responsible for fiber length were identified and 
suggested for further functional studies in Arabidopsis and 
subsequently in cotton (Li et  al., 2021). The current study is 
a continuation of the aforementioned hypothesis, suggesting 
that the differentially expressed gene (Gh_A07G1537) is located 
on chromosome 7 and it belongs to the CCC-H zinc finger 
gene superfamily which regulates the primary cell wall synthesis. 
Hence, overexpression of the afore-mentioned gene has a great 
potential to improve fiber length in cotton.

MATERIALS AND METHODS

Collection of Material
The cotton bolls of CCRI45, Hai1, and MBI7747 at 20 DPA 
were collected from the field of ICR-CAAS and brought to 
the laboratory in liquid nitrogen. The fiber was extracted from 
the collected cotton bolls and stored at −80°C.

Isolation of RNA and cDNA Synthesis
The total RNAs of all three materials (CCRI45, Hai1, and 
MBI7747) were extracted from the cotton fiber of 20 DPA 
using the RNAprep pure plant kit (Tiangen, Beijing, China) 
method. The genomic DNA contaminations were removed by 
DNase1. The quantity and integrity of isolated RNA were 
measured by Nano-Drop  2000 spectrophotometer (Thermo-
Scientific, United  States) and visualized on a 1% agarose gel 
electrophoresis. The quantified RNA of the materials was 
subjected to prepare cDNA transcript in a reaction volume 
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of 20 μl and final dilution was prepared in 100 μl using 
PrimeScript® RT Reagent Kit (Perfect Real Time, Takara 
Biotechnology Co., Ltd., Dalian, China).

Detection of Gh_A07G1537 Gene in 
CCRI45, Hai1, and MBI7747
A gene was amplified from the cDNA template with optimal 
PCR conditions; initial denaturation temperature was 95°C for 
3 min, denaturation 95°C for 45 s, annealing at 65.4°C for 45 s, 
extension 72°C for 2 min and final extension was 72°C for 
10 min. The total reaction volume was prepared in 25 μl; cDNA 
template 1 μl, F-primers 1 μl, R-reverse primer 1 μl, master mix 
Hi-Fi 12.5 μl and water 9.5 μl. An agarose gel of 1% was used 
in a freshly prepared 1X TAE buffer to visualize the bands 
of PCR products (see Figure  1). The gene-specific primer 
sequences; Forward primer sequence: 5'CCATGGATGCCT 
GATAATCGGCAAGTTCAGAAC3' and Reverse primer 
sequence: 5'AGATCTTCAATCATCATGTGAGGTTTTCGAAGA 
ACCC 3' were used for PCR detection.

Cloning and Sequencing of the Positive 
Clones
A 4 μl PCR purified product and 1 μl blunt zero cloning vector 
(TOPO TA cloning, cat#45-0641, Invitrogen) were taken and 
incubated at 27°C for 10 min using a thermal cycler. A reaction 
volume of 5 μl was transferred into a 1.5 ml Eppendorf tube 
containing 50 μl competent cells. The Eppendorf tube was then 
incubated in ice for 30 min. The tube was taken out and exposed 
to heat shock for 1 min at 42°C using a water bath. Then the 
tube was immediately removed and put back into the ice for 
a quick chill for 2–3 min. An aliquot (450 μl) of LB (tryptone 
10 g/L, yeast 5 g/L, NaCl 5 g/L) was added to the tube and 
incubated on a shaker at 37°C for 55 min with 200 rpm. Then 
a 25–100 μl of the cells in LB were spread over the Kanamycin 
(50 mg/L) plates and incubated at 37°C for at least 12 h or 
overnight. After overnight incubation, discrete colonies of each 
material (CCRI45, Hai1, MBI7747) were picked up into 5 ml 
of the LB medium containing Kanamycin (50 mg/L) and incubated 
at 37°C for overnight for PCR amplification. The plasmids of 
positive clones were isolated using a plasmid isolation kit 

(Thermo-Scientific, Cat#K0503). The positives plasmids were 
sequenced (Sangon biotech Shanghai, China) and analyzed 
using the DNAMAN software version 9 (see Figure  2).

Ligation and Transformation of the Gene 
Into Agrobacterium tumefaciens
The plasmid of the positive clone and plant expression vector 
PCAMBIA2300 were digested with the restriction enzymes 
BglII and NcoI and incubated at 37°C for 2 h. The purified 
products were then ligated using a fast ligation kit (Thermo-
Scientific, K1423.) at 22°C for 15 min. The ligated products 
were then run on the 1% agarose gel electrophoresis (see 
Figure  3). An aliquot of 5 μl of the purified product was 
transferred into 50 μl competent cells of Agrobacterium 
tumefaciens LBA4404 through the liquid nitrogen method. A 
volume of 450 μl of YEP (peptone 10 g/L, yeast extract 10 g/L, 
NaCl 5 g/L) was added to each tube and incubated on a shaker 
at 28°C for 48 h at 200 rpm. A 25–100 μl of the cells in YEP 
were spread over the plates containing Kanamycin (50 mg/L) 
and rifampicin (50 mg/L) and incubated at 28°C for 48 h.

Confirmation of Gene Constructs in 
A. tumefaciens Through PCR
The discrete and isolated colonies of A. tumefaciens that appeared 
on the YEP plates were picked and cultured in 5 ml of the 
YEP medium and incubated at 28°C for 48 h. A volume of 
100 μl of the culture was centrifuged at 14,000 rpm for 10 min. 
The supernatant was discarded and resuspended in the pellet 
in 50 μl of 1X TE buffer. The suspension was shifted to PCR 
tubes and incubated at 98°C for 12 min. The tubes were slightly 
spun and a volume of 5 μl of the clear supernatant was taken 
as a PCR template. The gene in A. tumefaciens was detected 
with full-length primers using PCR conditions; initial 
denaturation temperature was 95°C for 3 min, denaturation 
95°C for 45 s, annealing 65.4°C for 45 s, extension 72°C for 
2 min and final extension at 72°C for 10 min, whereas detection 
through short length primers using PCR conditions was done 
at the following conditions; initial denaturation temperature 
was 95°C for 3 min, denaturation 95°C for 45 s, annealing 60°C 
for 45 s, extension at 72°C for 2 min and final extension at 
72°C for 10 min. The total reaction volume was prepared in 
25 μl; cDNA template 1 μl, F-primers 1 μl, R-reverse primer 
1 μl, master mix Hi-Fi 12.5 μl and water 9.5 μl (see Figures 4, 5).

Transformation of the Gene Into Cotton
The seeds of CCRI24 were delinted, surface-sterilized, and 
soaked at 30°C for 48 h. The germinated seedlings were used 
for transformation using the shoot apex cut method (Ulian 
et  al., 1988). The embryos, after injury, were inoculated with 
the selected transformant A. tumefaciens strains harboring the 
gene construct in the MS medium (4.4 g/L, sucrose 30 g/L, 
phytagel 2.4 g/L) cultured for 1 h at 28°C. The embryos were 
allowed to grow on the MS medium plates supplemented with 
cefotaxime (100 mg/L) followed by screening in MS tubes 
supplemented with hygromycin (25 mg/ml) for 6 weeks. After 
screening, the cotton plants from the tubes were transplanted 

FIGURE 1  |  Identification and isolation of Gh_A07G1537 gene from CCRI45, 
Hai1 and MBI7747; Lane M: 1 kb DNA ladder; Lane 1: amplification from 
cDNA of CCRI45; Lane 2: amplification from Hai1; Lanes 3 and 4: 
amplification from the cDNA of genotype MBI7747.
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FIGURE 5  |  Confirmation of the recombinant A. tumefaciens through PCR 
(Short length primers); Lane M: 1 kb molecular weight marker; Lanes 1–9: 
MBI7747 (Gh_A07G1537).

into pots containing an equal proportion of clay, peat moss, 
and sand (1:1:1). Subsequently, the putative transgenic cotton 
plants were transplanted in the greenhouse of Four Brothers 
Genetics Inc. for acclimatization and hardening followed by 
molecular analysis (see Tables 1–3 and Figure  6).

Detection of the Gene in Putative 
Transgene Cotton Through PCR
The leaves of the putative transgenic cotton were taken for the 
confirmation of the gene (Gh_A07G1537), through PCR using 
the manufacturer protocol Green Plant direct PCR master mix 
kit, (Thermo-Scientific) using gene-specific short length primers; 
Forward primers 5' TTCTGCTGGTATTCTCGGATCG 3': Reverse 
primers 5' TGGGTTGATCAGGTCTTTCAGG 3' (see Figure  7).

Detection of Stable Integration of a Gene 
in Putative Cotton
The presence of a gene was confirmed through Southern blot 
analysis. The DNA of confirmed transgenic cotton was used 
to perform it. The extracted DNA was digested with EcoRI 
and a gene-specific probe was used for the detection of a 
gene (see Figure  8).

RNA Extraction and cDNA Preparation
Primer pairs of Gh_A07G1537 gene were designed using Primer3 
Input Version 4.0. The RNA from the putative transgenic cotton 

A

B

FIGURE 2  |  Analysis of sequencing results showing different SNPs and Indel in MBI7747 (Gh_A07G1537) as compared with its parents of CCRI45 and Hai1; 
(A) detection of Indel of 55 bp and (B) detection of SNPs.

FIGURE 3  |  Ligation of ΔGh_A07G1537 gene into PCAMBIA2300; Lane M: 
1 kb molecular weight marker; Lane 1: Gh_A07G1537; Lane 2: 
PCAMBIA2300; Lane 3: non-ligated mixture without ligase; Lanes 4–6: 
ligation of MBI7747 (Gh_A07G1537).

FIGURE 4  |  Confirmation of recombinant Agrobacterium tumefaciens 
through PCR (Full length primers); Lane M: 1 kb molecular weight marker; 
Lanes 1–9: MBI7747 (Gh_A07G1537).
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was isolated from leaves using the Agilent kit (Agilent 
Technologies, Santa Clara, United States). The RNA was quantified 
in ng/μl using Nano-Drop  2000 spectrophotometer (Thermo-
Scientific, United States) at 260 and 280 nm. The DNase-treated 
total RNA was used to prepare cDNA using PrimeScript® RT 
Reagent Kit (Perfect Real Time, Takara Biotechnology Co., 
Ltd., Dalian, China) and cDNA was stored at −20°C.

Expression Analysis of Cotton Transgene
The expression analysis of transgene cotton was performed by 
qRT-PCR using specific primers in triplicates with a product 
size of 128 bp following the protocol of Maxima SYBR Green/
ROX (Thermo-Scientific). The reaction mixture was prepared 
in a total of 20 μl with the following components of 1 μl of 
10 pmol of forward and reverse primers, 5 μl of Maxima® SYBR 
Green/ROX qPCR Master Mix (2x) and 1 μl (50 ng/μl) of cDNA. 
The relative expression was determined and GAPDH primers 
were used as an internal control for normalization. All of the 
assays were performed in triplicate (see Figure  9).

Analysis of Fiber Quality Parameters
The careful examination of the expression of the gene in 
transgenic cotton revealed that the quality parameters such as 
fiber strength and length were of great interest. Fiber samples 
from the transgenic and non-transgenic cotton were collected 
and sent to the Central Cotton Research Institute (CCRI), 
Multan-Pakistan for the analysis of fiber quality parameters. 
The data were collected and evaluated for fiber quality parameters 
(see Figure  10).

RESULTS

Isolation of Endogenous Gh_A07G1537 
Gene From Indigenous Cotton
The cotton bolls of the three cotton genotypes (CCRI45, Hai1, 
and MBI7747) at 20 DPA, were collected from the field and 
total mRNA was isolated for cDNA synthesis. The quality and 
integrity of the mRNA were checked using the Nano-Drop 2000 
spectrophotometer (Thermo-Scientific, United States). The gene-
specific primer sequences with forwarding primer sequence: 
5'CCATGGATGCCTGATAATCGGCAAGTTCAGAAC 3' and 
reverse primer sequence: 5'AGATCTTCAATCATCATGTGA 
GGTTTTCGAAGAACCC 3' successfully amplified a fragment 
of 1,314 bp (Figure  1).

Cloning and Sequence Analysis of the 
Isolated Gh_A07G1537 Gene
A PCR purified product and blunt zero cloning vector were 
taken and cloned in Escherichia coli competent cells. Plasmid 
DNA was isolated from the positive clones and was sequence 
characterized. The retrieved sequences were compared with 
the parents, to seek homology. It was found that the gene 
(Gh_A07G1537) isolated from the introgressed line was different 
in a few SNPs and Indel sequence of 55 bp as compared with 
the gene sequences retrieved for its parent (Figure  2).

Integration of the ΔGh_A07G1537 Into 
Plant Expression Vector PCAMBIA2300
The plasmid DNA of the positive clones and that of plant 
expression vector PCAMBIA2300 were digested with restriction 

TABLE 1  |  Numerical data for transformation experiments.

Exp. No. No. of embryos 
isolated

Agrobacterium 
treated embryos

Embryos on 
MS plates

Died Selection 
tubes

Plantlets 
died

Plants transferred 
to pots

plants died 
in pots

Plants shifted 
to greenhouse

1 105 104 104 95 9 3 6 3 3
2 122 114 114 109 5 2 3 1 2
3 110 109 109 102 7 3 4 2 2
4 98 96 96 91 5 2 3 0 3
5 103 99 99 94 5 3 2 0 2
6 180 175 175 171 4 2 2 1 1
7 183 179 179 173 6 4 2 0 0
Total 901 876 876 835 41 19 22 7 13

TABLE 2  |  Germination index.

No. of petri plates Total seeds No. of germinated seeds No. of ungerminated seeds Germination index

1 30 19 11 63.33%
2 30 21

TABLE 3  |  Transformation efficiency.

Agrobacterium treated 
embryos Control plants

Plants shifted to greenhouse Transformation efficiency

Control plants Experimental Control plants Experimental

876 45 20 13 44.44% 1.48%
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endonucleases BglII and NcoI. Desired DNA fragments were 
eluted (Figure  3) and ligation was performed using the fast 
ligation kit (Thermo-Scientific, Cat#K1423). The ligation mixture 
was transformed into E. coli top  10 competent cells. After 
confirmation, it was transformed into A. tumefaciens using the 
liquid nitrogen method. The recombinant Agrobacterium cells 

were confirmed by the PCR using full-length gene primers 
and primers flanking internal sequences (short length). 
Amplification of a fragment of 1,314 bp with full-length primer 
and a fragment of 128 bp with short length primers confirmed 
the transformation of the gene construct into Agrobacterium 
(Figures  4, 5).

A B C

D E

F

G H

FIGURE 6  |  A schematic procedure of Gh_A07G1537 gene transformation in cotton; (A,B) soaking of seeds, (C) shifting of embryos on MS plates, (D) shifting of 
embryos into the MS tubes, (E–G) shifting of plants into the pots, and (H) shifting of plants into the field.

FIGURE 7  |  Detection of the transgene into putative transgenic cotton line through PCR; Lane M: 1 kb molecular weight marker; Lane 1: negative control; Lane 2: 
positive control; Lanes 3–14: putative transgenic cotton plants.
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Genetic Transformation of Cotton With 
ΔGh_A07G1537
The seeds of the CCRI24 cotton variety were de-linted, surface 
sterilized, and soaked at 30°C for 48 h. The germinated seedlings 
were used for the transformation of the ΔGh_A07G1537 gene 
using the shoot apex cut method. After initial selection and 
screening, total cellular DNA was isolated from the leaves of 
the putative cotton transformants (Figure 6). The isolated DNA 
was subjected to PCR to track transgene integration using 

gene-specific short-length primers. Amplification of a fragment 
of 128 bp confirmed integration of ΔGh_A07G1537 into the 
cotton genome (Figure  7).

Detection of Stable Integration of the 
Transgene Into the Cotton Genome
The presence of the transgene was also confirmed through 
the Southern Blot Analysis. The DNA of three 
confirmed transgenic cotton plants was extracted and 

FIGURE 8  |  Confirmation of transgene integration into the cotton genome by the Southern Blot Analysis. Lane M: 1 kb molecular weight marker; Lanes 1–3: 
transgenic cotton; Lane 4: non-transgenic.
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FIGURE 9  |  Comparative expression analysis of transgenic (T0, T1, and T2) and non-transgenic cotton plants three each through Realtime qRT-PCR. Expression of 
the transgene was higher in all three generations of transgenic cotton plants as compared with that in the non-transgenic plants. Blue color shows non-transgenic: 
green, red, and royal color show relative expression of the transgene in T0, T1, and T2 transgenic cotton plants, respectively.
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digested with EcoRI, and a gene-specific probe was used for 
the detection of the transgene (ΔGh_A07G1537) representing 
the size of 1,314 bp. Blot analysis revealed that two copies of 
transgene were integrated into the host genome (lanes 1–3; 
Figure  8).

Tracking Expression of the Transgene 
ΔGh_A07G1537 in Different Generations of 
Putative Transformants of Cotton
The expression analysis of three transgenic cotton plants was 
performed by qRT-PCR (Thermo-Scientific, United  States) 
using gene-specific primers in triplicates following the protocol 
of Maxima SYBR Green/ROX (Thermo-Scientific, 
United  States). The GAPDH gene was used as an internal 
control for the normalization of the reaction. The quantitative 
expression analysis was performed in T0, T1, and T2 plants 
of the putative transformants. The variations in the relative 
expression of the ΔGh_A07G1537 gene were observed in 
the three generations (Figure  9). The expression of the 

transgene (ΔGh_A07G1537) was found to be  2.97-, 2.86-, 
and 2.92-folds higher in T0, T1, and T2 plants of transformed, 
respectively, as compared with that of the non-transgenic 
cotton plants.

Analysis of Fiber Quality Parameters
After validation, integration, and overexpression of the 
transgene, fiber quality was also assessed of the transgenic 
cotton plants. Fiber samples were collected from transgenic 
and non-transgenic cotton and analyzed for various fiber 
quality parameters. Data analyses revealed that fiber quality 
parameters were improved in the cotton plants engineered 
with the ΔGh_A07G1537 gene. Fiber length was found to 
be  improved by 4.4% (31.5 mm), fiber strength 3.0% (33.2 g/
tex), uniformity index 4.2% and micronaire value by 6.9%. 
Hence, overall parameters of fiber quality were improved in 
the transgenic cotton plants as compared with those of the 
non-transgenic plants. However, boll weight was found to 
be  reduced by 12% (see Figure  10).

FIGURE 10  |  Comparative analysis of the fiber quality parameters in transgenic (T0, T1, and T2) and non-transgenic cotton plants three each. Fiber quality 
appeared to be improved owing to the expression of the transgene.
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DISCUSSION

Cotton is one of the most important and integrated economic 
crops worldwide that produces high-quality natural fiber, which 
is being exploited by traditional breeding and molecular genomics 
methods for improved fiber quality and yield. Molecular 
approaches are more reliable and sophisticated than traditional 
breeding to get the desired characteristics of fiber quality and 
yield (Wilkins and Arpat, 2005). The improvement in cotton 
fiber quality through genetic modifications is a marked economic 
development in a short time (Ahmed et  al., 2018b). 
Agrobacterium-mediated transformation directly correlates with 
improvement in crop characteristics (Zhang, 2013). Therefore, 
the current study was performed with Agrobacterium-
mediated transformation.

Different plant expression vectors are used for plant 
transformation under efficient promoters. Promoter is a specified 
Segment of DNA that initiates a transcription of a specific 
gene (Yaqoob et  al., 2020). Promoters are selected or designed 
based on the expression of the required gene. Some of the 
promoters are constitutive whereas others are tissue specific. 
CaMV35S is most commonly used as constitutive promoter 
that expresses in all parts of the plant at different development 
stages. This promoter is used to study the transient and stable 
expression of the gene. For example, CaMV35S promoter is 
widely adopted and reported efficient transformation of foreign 
gene into the cotton plant. In a recent study of sucrose synthase 
(SuS) gene transformation in cotton, CaMV35S promoter is 
used and resulted in significant improvement in fiber quality 
(Ahmed et  al., 2020). This has been proved through various 
studies that revealed the relative expression of the tissue specific 
and constitutive promoters. The level of expression of the gene 
in cotton plant indicates the difference between constitutive 
and tissue specific promoter (Yaqoob et  al., 2020). The 
introduction of gene for overexpression in cotton using CaMV35S 
promoter causes visible differences in plant phenotypes such 
as plant height, boll number, boll weight, fiber strength and 
length (Li et  al., 2015).

The current study is the continuity of the previous study 
conducted at The Institute of Cotton Research-CAAS, Anyang, 
Henan, China. Different CSSLs such as MBI7561, MBI7285, 
and MBI7747 were developed. The transcriptome and RNA-seq 
analysis revealed some potential genes involved in the 
development of fiber length at 20 DPA. It was identified that 
the gene Gh_A07G1537 belongs to the ZFPs family and directly 
correlates with the primary wall biosynthesis (Li et  al., 2021) 
and thus brought under experimentation for further 
functional validation.

In this proposed study, the potential gene Gh_A07G1537 
was isolated and amplified from the material MBI7747 and 
transformed into cotton variety CCRI24 through Agrobacterium-
mediated transformation. Before its transformation, the gene 
was cloned for sequence analysis to compare the genotypic 
difference among MBI7747, CCRI45, and Hai1. It was found 
that MBI7747 showed an SNP and a complete Indel of 55 bp 
than its parents CCRI45 and Hai1. This finding strengthens 
the previous hypothesis that this gene might contribute a 

significant addition to the improvement of fiber length just 
like other transgenes such as expansin (Bajwa et  al., 2015), 
cellulose synthase (Arioli et  al., 1998), sucrose synthase 
(Ahmed et  al., 2020), and actin (Ahmed et  al., 2018a).

The southern blot analysis and copy number were 
performed to confirm the integration of the gene (Gh_
A07G1537) into the transgenic plants. Transgenic plants were 
integrated with two copy numbers and non-transgenic plants 
were integrated with a single copy number into their genome 
(see Figure  8). It was found that the expression level of the 
transgenic plants with two copy numbers was higher than 
that in the non-transgenic plants with a single copy number. 
The higher expression of the gene may be  due to copy 
number in transgenic plants, gene positional effects, gene 
insertion effects, internal cell programming, and environmental 
factors (Southern, 1975). Similar results were reported by 
Cantsilieris et  al. (2013).

Furthermore, the quantitative expression analysis was 
performed through the qRT-PCR for the differential expression 
of the gene. The Quantitative Real-time PCR for the analysis 
of transgenic and non-transgenic plants was performed which 
revealed a significant differential expression of the gene. The 
leaves of the three transgenic plant generations (T0, T1, and 
T2) each from the same cotton variety CCRI24 was taken and 
the variations in the relative expression of the gene in three 
transgenic plant generations were observed (see Figure  9). It 
was found that the relative overexpression of T0, T1, and T2 
was 2.97-, 2.86-, and 2.92-folds higher than that of the 
non-transgenic plants. Similar results for cotton fiber quality 
improvement were presented by Yang et  al. (2009), Corrêa 
et  al. (2010), and Li et  al. (2015). The overall difference of 
expression among the three generations was very low that 
may have been due to environmental stresses or human handling. 
However, it indicates stable transgene integration into the 
host genome.

A careful examination of the cotton fiber samples from 
the transgenic and non-transgenic cotton lines showed that 
in the transgenic plants, fiber length was improved by 4.4% 
(31.5 mm), fiber strength 3.0% (33.2 g/tex), uniformity index 
4.2%, and micronaire value 2.4% compared to those in the 
non-transgenic plants, whereas boll weight was reduced to 
12%. Interestingly, the same cotton variety was cultivated 
in Anyang, China and it showed fewer promising results. 
Comparing with the results of non-transgenic CCRI24 
cultivated in China and Pakistan, the cotton fiber quality 
parameters observed in Pakistan were even considerable than 
recorded in China.

Henceforth, the results of the current study revealed that 
overexpression of the ΔGh_A07G1537 gene contributed 
significantly to the improvement of fiber length in cotton. 
Hence, overexpression of ΔGh_A07G1537 may pave the way 
to the development of future cotton crops with improved and 
desired fiber quality.

Furthermore, we  anticipate that the learnings gained from 
this study would be  valuable in the future to exploit the gene 
ΔGh_A07G1537 through gene-editing technology for the 
improvement of fiber quality.
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CONCLUSION

The present study revealed that overexpression of the ΔGh_
A07G1537 gene in cotton has led to improved fiber quality 
parameters. The molecular analysis showed that the expression 
of the gene in transgenic plants was higher than that in 
non-transgenic plants. Further, the expression of the transgene 
in T0, T1, and T2 generations indicated its stable integration 
into the host genome. This overexpression of the genes ultimately 
resulted in the improvement of fiber length, since a significant 
increase in the fiber length and fiber strength may be  of great 
value for the textile industry.
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