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Abstract
Cotton fibre is a subject of great interest for scientists and 
industrialists across the world due to its importance to the 
textile industry. Fibre quality is attributed to its various 
characteristics including fibre length, strength, micronaire 
value, colour, etc. Alteration of one or two of these traits 
can be interesting to evaluate their impact on quality but, 
being a multifactorial trait, it is necessary to use a combi-
national approach of genetic modification so as to breed 
all the desired alleles together to gather as many traits as 
possible for high-quality cotton fibre. Moreover, the use 
of genome editing technologies can also be very useful to 
knockout the traits responsible for inhibiting the expres-
sion of fibre related genes. The current study highlights 
important aspects of genome-based strategies for cotton 
fibre improvement and their application in detail.

Cotton from Plant to Fabrics
Cotton is one of the most significant crops worldwide. It 
is a major source of raw material for the production of 
textile products, cotton seeds (which are used as highly 
nutritional feed for livestock) and cotton seed oil (which 
is used in soap making and cooking). Cotton is a member 
of the family Malvaceae, which contains at least 50 spe-
cies under the genus Gossypium. Amongst these, only four 
species are commercially used — Gossypium arboreum, 
Gossypium herbaceum, Gossypium hirsutum and Gossypium 
barbadense (Khan et al., 2016; Iqbal et. al., 2001).

Cotton Fibre Development
Development of cotton fibre starts from single cell ovule in 
four complex overlapping stages: 
•	 Initiation, 
•	 Elongation, 
•	 Primary cell wall synthesis, and 
•	 Secondary cell wall synthesis (Basra & Malik, 1984). 
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The staple length and fineness of cotton fibre play a very 
important role for its utilisation in the textile industry 
(Bajwa et al., 2013). Cotton yield is very important for the 
cotton growers and this can be achieved by increasing the 
number of fibres produced on the developing ovules (Xiao 
et al. 2016).
Various factors affect cotton fibre development. Some of 
these are summarised in this article.

Effects of Abiotic Stresses on Fibre 
Development
Abiotic stresses affect the overall quality and yield of fibre. 
The optimum temperature for cotton leaf, stem growth, 
fruit and seed development is 23.5-32oC. Cellulose for-
mation during fibre cell wall synthesis is slowed down 
if temperature is decreased (Zheng et al., 2012). During 
early stages of fibre development, it also inhibits the axial 
growth (Qiu et al., 2007), whereas Schrader et al. (2004) 
reported that increase in temperature above 38oC will in-
hibit photosynthesis. 
The regular functions of a cotton plant such as metabolism 
and turgor potential decreases when soil water contents 
are limited (Wang et al., 2016). Drought, therefore, imparts 
negative effects on both quality and yield of cotton fibres. 
There are several studies which showed that water stress 
not only alters the fibre quality and cotton yield, but also 
reduces weight and number of cotton bolls (Lokhande and 
Reddy; 2014). Increasing water supply during square and 
boll formation stages is reported to enhance boll numbers, 
boll size and fruit-bearing branches. It has been reported 
that extreme conditions such as low rains reduce cellulose 
accumulation and impair photosynthesis while excess 
rains with cloudy weather decrease photosynthesis and 
thus fibre quality (Sawan, 2017). Fibre length is also re-
duced due to nutrient deficiencies (Lokhande and Reddy; 
2014).
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Genes and Transcription Factors 
Responsible for Fibre Development
Over 90% of lint is obtained from upland cotton (G. hir-
sutum) but its major disadvantage has been the relatively 
lower fibre quality in comparison to the superior extra-
long-staple (ELS) cotton (G. barbadense). Genetic improve-
ment plays a key role in meeting this agricultural chal-
lenge. Studies reveal that thousands of genes are respon-
sible for fibre development (Fig. 1). Modern biotechnology 
focuses on introduction of more than one gene from differ-
ent sources to one target (Khan et al., 2016; John & Keller, 
1996; Iqbal et al., 2016; Ahmed et al., 2018). 

Epidermal cells of ovules are the source of single cellu-
lar cotton fibre origination; as a result, alterations in the 
genetic makeup of these epidermal cells can improve the 
quality of the originating fibres (Shi et al., 2001). Genes 
are controlled by master regulators known as transcrip-
tion factors (TFs). (Pati et al., 2006). GhMYB25-like tran-
scription factors are very important in fibre cell initiation 
and differentiation whereas GhMYB25, GhMYB109 and 
GhMYB2 transcription factors play significant role in fibre 
development (Huang et al., 2013). 
GhHox3 genes play a vital role in production of fine-qual-
ity elongated fibres (Shan et al., 2014). GhWLIM5 gene 
belongs to cotton LIM-domain proteins which have the 
ability to bind with actin cytoskeleton and bundling of F-
actin filaments, therefore these are reported to be widely 

expressed in fibre elongation (Li et al.,2013). GhHOX3 is 
involved in the cotton fibre elongation and its silencing re-
sults in 80% reduction in fibre length (Shan et al., 2014). 
Pectin methyl esterase enzyme (PME) plays an impor-
tant role in different developmental stages of fibre (Li et 
al. 2016). Plant LIM proteins have been reported as one 
of the key actin-binding proteins (ABP’s) (Thomas et al., 
2007). The nuclear LIM-domain proteins act primarily in 
tissue-specific gene regulation and cell fate determination, 
whereas the cytoplasmic LIM-domain proteins function 
mainly in cytoskeletal organisation (Han et al., 2013). It 
has been reported that GhLIM5 protein has a role in actin 
filament bundling (Li et al., 2013) and down-regulation 

of the GhACTIN1 gene resulted 
in shortening the length and 
weakening the strength of 
cotton fibres (Li et al., 2005). 
Therefore, it is surmised that 
over-expression of GhACTIN1 
and GhWLIM5 genes would re-
sult in increased fibre length 
and strength respectively. 
In cotton, the developing cotton 
boll acts as a sink and break-
down of sucrose into its com-
ponent hexoses and is the first 
step for utilisation of sucrose 
for fibre development. Sucrose 
cleavage is essential as it re-
sults in production of UDP-glu-
cose (Li et al., 2019). Sucrose 
synthases (SuS) and invertases 
control the degradation of su-
crose in most plants (Shua et al., 
2009). Invertases hydrolyse su-
crose into fructose and glucose 
(Gou et al., 2007; Kleczkowski, 
2010; Brill et al., 2011). UDPG 
plays a vital role in cytosolic 
formation of sucrose and syn-

thesis of polysaccharides (e.g. hemicelluloses) and pectin, 
and components of cell wall (Amor et al., 1995; Gibeaut, 
2000; Johansson et al., 2002). Studies have revealed that 
decreased SuS activity at fibre initiation stage affects fibre 
development (Ruan et al., 2003; Ahmed et al., 2019). Dur-
ing secondary cell wall synthesis, SuS channelises UDPG 
to cellulose synthase (CES) located in cell membranes of 
fibres. Toward the end of the elongation phase, cellulose 
synthesis is hastened and leads to secondary wall depo-
sition (Haigler et al., 2001). The high SuS activity at dif-
ferent stages of fibre development has a potential towards 
sucrolysis of sucrose into component hexoses, which are 
used for cell elongation. The increased cellulose contents 
will result in improved fibre smoothness and strength. 

 
	  Figure1: Genes involved in development of cotton fibre
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Effect of Cellulose Content on Fibre 
Development
The process of cellulose synthesis is catalysed by the en-
zyme cellulose synthase (Saxena et al., 1994). A number 
of bacteria such as Agrobacterium, Azotobacter, Pseudomo-
nas and Acetobacter are naturally found to be pronounced 
cellulose producers (Wong et al., 1990). Among these the 
most efficient cellulose synthesising bacteria come from 
the genus Acetobacter, especially Acetobacterxylinum 
which was later on reclassified as Gluconacetobacterxy-
linus by Yamada et al. (1997). Bacterial cellulose (BC) is 
known to possess several unique characteristics in com-
parison to plant celluloses such as ultra-fine network of 
cellulose microfibrils, increased water holding capacity, 
high strength and high moldability (Nishi et al., 1990). 
Hence, transformation of the Bacterial cellulose synthase 
(Bcs) genes in cotton can play a significant role in improv-
ing the cotton fibre quality. In G. xylinus strains the process 
of cellulose synthesis was found to be regulated by an op-
eron consisting of four genes, acsA, acsB, acsC and acsD. 
Out of these, acsA and acsB, were reported to be essential 
for the production of cellulose in-vitro (Lu et al., 2002). 

Role of Flavonoids Pathway on 
Cotton Fibre Improvement
Flavonoids, along with various pigments and co-pigments, 
contribute to different flower colours (Grotewold, 2006). 

The role of flavonoid pathway in cotton 
colour development and its potential in 
improvement of fibre quality was re-
ported by Liu et al., (2018). Therefore, 
it is possible that fibre quality param-
eters can be enhanced through over 
expression of flavonoid genes (Ahad et 
al., 2018).

Marker-assisted 
Selection for Fibre 
Quality Improvement
The majority of fibre properties are 
under genetic control and are inher-
ited quantitatively. For example, the 
length, strength and fineness of cotton 
fibre are influenced by 12 to 21 Quan-
titative Trait Loci (QTLs) (Park et al., 
2005). Significant improvement in fi-
bre length and fibre strength (~70%) 
can be achieved by transgene exploi-
tation through breeding but the later 
remain unstable in inheritance (May et 
al., 2002). Until now, 28 different QTLs 
for fibre quality have been identified 
(Zhang et al., 2011).

Effects of Phytohormones on Fibre 
Development
Plants use different hormones to regulate different stages 
of fibre development (Hao et al., 2012; Tan et al., 2012). 
Auxin and gibberellins in combination enhanced the fibre 
growth (Ji et al., 2003, Seagull et al., 2004). Indole acetic 
acid and phenyl acetic acid improve the fibre length in 
some cultivars (Gokani & Thaker, 2002). Some hormones 
like ABA (abscisic acid) have a negative impact on fibre 
growth (Haigler et al., 2012).

Management of Cotton Fibre Quality 
through Combined Approach
Fibre quality traits are controlled by several genes. Be-
cause of the polygenic control of fibre quality, it is difficult 
to achieve all the desired characteristics of fibre quality 
through a single approach, such as plant breeding and or 
the introduction of a few fibre trait-related genes through 
transgenic modification — or even through knockout 
of a few genes responsible for inhibition of fibre related 
gene expression (Sawant et al., 2018). Expression of indi-
vidual fibre traits in cotton could lead to improvement in 
a step-wise manner, thereafter the scope of which can be 
increased through gene pyramiding of different transgen-
ic traits into a single plant variety through conventional 
plant breeding combined with knockout of inhibitors in-

 
	  Figure 2: Schematic diagram of actin filament elongation and bundling by 

GhACTIN-1 and GhWlim5 in cotton fibre  
(A) Cotton fibre elongation by GhACTIN-1 gene when expressed under 
normal condition (B) Actin filaments bundling by GhWlim5 gene when 
expressed under normal condition (C) Actin filament elongation and 

bundling by over-expression of GhACTIN-1 and GhWlim5 genes resulted in 
increased cotton fibre length and strength respectively (Iqbal et al., 2019).
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volved through a genome editing technology, like CRISPR/
Cas system to develop varieties harbouring all these traits 
to meet the growing demands of consumers and the textile 
industry. It will be helpful to achieve these difficult tasks in 
a short time by improving fibre properties using a combi-
nation of approaches that could save economic losses due 
to poor quality fibre waste that are generally incurred by 
textile industry (Li et al., Morello et al., 2019).

Conclusion
Improvement of cotton fibre quality is a topic of great in-
terest for scientists and the textile industry. Any efforts to 
improve fibre traits will lead to greater success for the cot-
ton sector. Scientists are trying to work on various factors 
that may enhance quality of cotton fibres. With the advent 
of new technologies, a combined approach to target more 
than one aspect simultaneously will be more fruitful.
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