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Abstract: In the evolution of flowering plants major driving forces for the evolution is polyploidy and whole-genome duplication. The 

genus Gossypium contains 45 diploid (2n = 26) and six tetraploid (2n = 52) species. During evolution, polyploidy (allo-tetraploidy) 

enhanced the fiber traits in allo-tetraploids as compared to diploids, resulting in higher fiber yield and quality. The advancement of G. 

hirsutum genome into AD-genome (allo-tetraploid) brings by the polyploidization event between diploid progenitors of A- and D-

genome. The genome size of G. raimondii and G. arboreum is 880 Mb and 1,700 Mb respectively reveals that the size of D-genome is 

lesser than the genome size of A-genome. Initiation and elongation are the best understood developmental stages at the transcriptional 

level among different stages of fiber development.  However, scanty knowledge is available about the SCW stage-specific transcriptional 

regulation and its detailed molecular mechanism. Since specific promoters regulates transcription in fiber cells hence the knowledge of 

novel fiber specific regulatory elements along promoters and their interacting transcription factors might be a better tool to be used in 

the genetic manipulation of fiber quality parameters. 
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1. Introduction 
 

The cotton fiber is a single cell structure initiated on the 

epidermal surface of an ovule and eventually undergoes into 

four developmental stages namely: initiation, elongation, 

secondary cell wall (SCW) synthesis and maturation (Basra 

and Malik 1984). A single mature cotton fiber consists of the 

thin outer primary cell wall (PCW), an inner thick secondary 

cell wall (SCW), and a central lumen. In spite of being a 

valuable resource for the textile industries cotton fiber is an 

excellent model to study the cell differentiation and 

development. Cotton fiber is an important raw material for 

the textile industry. Economy of the world and daily human 

life is affected by the world wide cotton production. The 

genus Gossypium contains 45 diploid (2n = 26) and six 

tetraploid (2n = 52) species (Hawkins et al., 2006 Grover et 

al., 2015). The genus, Gossypium is a perennial shrub 

belongs to malvaceae family, grown mainly for the seed hair 

(textile fiber). The spinnable fiber is produced by two 

tetraploids (G. hirsutum and G. barbadense) and two 

diploids Gossypium species (G. herbaceum and G. 

arboreum).  

 

In the evolution of eukaryotic organism’s specially in 

flowering plants the main driving force for the evolution is 

polyploidy and whole-genome duplication (Soltis et al., 

2014; Hegarty et al., 2008; Otto et al., 2007; Jiao et al., 

2011). During evolution, polyploidy (allo-tetraploidy) 

enhanced the fiber traits as compared to diploids, resulting in 

higher fiber yield and quality (Chen et al., 2007; Paterson et 

al., 2012; Li et al., 2014; Guan et al., 2014). The G. hirsutum 

is an allo-tetraploid (AD-genome) species evolved through 

the polyploidization event between diploid progenitors of A- 

and D-genome during the course of evolution (Page et al., 

2013). D- genome is dominating than A- genome inferred 

from the origin of AD genome, transposable elements (TEs) 

and reduction in the genome size (AD) resulted from allo-

polyploidization (Li et al., 2015) during course of evolution 

of Gossypium spp. The G. hirsutum, in which fiber length is 

approximately 25 to 34 mm, is most widely cultivated cotton 

overall and more than 90% of lint fiber of world’s total 

cotton production is obtained from G. hirsutum (Lin et al., 

2009). Thus, the G. hirsutum tends to become the intensive 

target of basic and applied research. 

 

2. Evolutionary divergence of Gossypium  
 

The phylogenetic analysis revealed Gossypium arboreum 

and Gossypium raimondii evolved from T. cacao (Li et al., 

2014; Figure 1). The differences in the size of Gossypium 

arboreum (AA; 2n = 26) and Gossypium raimondii (DD; 2n 

= 26) genome are due to the insertions of long terminal 

repeats (5 million years back). 
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Figure 1: The schematic diagram of the G. arborium, G. raimondii and six other genomes descended from common eudicot 

genome ancestors. Number represent the evolutionary time in million years (Mya) (Source: Li et al., 2014). 

 

Allo-tetraploid cotton (AADD) evolved from the natural 

hybridization between A and D genome species and has split 

into six species, including the widely cultivated G. 

barbadense (AD2) and G. hirsutum (AD1). The Gossypium 

spp. comprises of nine different genome groups (A, B, C, D, 

E, F, G and K). The genomes sizes of different genome 

groups (A, B, C, D, E, F, G and K) vary due to the lineage-

specific proliferation of retro-transposons (Hawkins et al., 

2006). The genome size of G. raimondii and G. arboreum is 

880 Mb (Hendrix et al., 2005; Paterson et al., 2012; Wang et 

al., 2012) and approximately 1,700 Mb (Li et al., 2014) 

respectively implies that the genome size of D genome is 

less than the genome size of A genome. Genome 

duplication, retro-transposons and polyploidization events 

during course of evolutionary process in Gossypium spp. 

including flowering plants and many crop plants results in 

divergence of genome into different sub-genomes (Renny-

Byfield et al., 2014; Gong et al., 2013). However, the 

molecular mechanism of occurrence of allopolyploids and 

the fiber traits of cotton remains limited. 

 

 

 
Figure 2: The schematic presentation of the evolution of allotetraploid (AADD) genome of cotton 

 

G. hirsutum (AD1) and G. barbadense (AD2) splits from 

allotetraploid cotton (AADD) which evolved from A- and 

D- genome. Numbered axis represent time in million years 

(Mya) and evolutionary events are represented by arrows 

and encircled in boxes. Red star indicates pseudogene 

production. Gr: G. raimondii; Gb: G. barbadense; Gh: G. 

hirsutum, LTR: Long terminal repeats (Source: Liu et al., 

2015).  

 

3. Expression Pattern of Genes in Cotton Fiber 

Development 
 

A number of reports have been generated to identify the 

genes related to fibre development. People have used 

microarray to identify the genes involved in fibre 

development of domesticated, mutant and poor fibre quality 

cotton cultivars (Li et al., 2002, Wu et al., 2007; Yang et al., 

2006, Nigam et al., 2014). The differentially expressed 

genes (DEGs) during different stages of fiber development 

are required for fiber differentiation and development. 

Several genes from developing cotton fiber have been 

cloned and characterized (John & Crow, 1992; John & 

Keller, 1995; John & Keller 1996; Reinhart et al., 1996; Ma 

et al., 1995, 1997; Song & Allen, 1997; Smart et al., 1998; 

Whittaker & Triplett, 1999; Orford & Timmis, 2000; Liu et 

al., 2000). So far, only few of these genes are known to 

involved in the biosynthesis of cell wall components have 

been identified.  

Initiation and elongation stage of fiber development is better 

understood. Some of the characterized initiation and 

elongation-specific regulator and genes include; MYB25 

(Machado et al., 2009; Wu et al., 2006), MYB25-like 

(Walford et al., 2011), Sucrose synthase (Sus) (Ruan et al., 
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2003), GbPDF1 (Deng et al., 2012), GhH2A12 (Hao et al., 

2014), IAA (Zhang et al., 2011), GhMYB2 (Wang et al., 

2004), GhHD1 (Walford et al., 2012) and GhJAZ2 (Hu et 

al., 2016),  GhFAnnxA (Zhang et al., 2016),  GhCaM7-like 

(Cheng et al., 2016), GhMYB109 (Pu et al., 2008) and 

GhPK6 (Zhang and Liu, 2016) etc. During fiber 

development fiber cells undergo dramatic changes in gene 

expression that lead to massive changes in the level of 

proteins and metabolites important for fiber development 

(Mansoor & Paterson, 2012). A detailed microarray analysis 

of fiber development in contrasting genotypes of G. 

hirsutum suggested about the transcriptional reprogramming 

during fiber development (Nigam et al., 2014). Some fiber 

genes are reported to be constitutively expressing whereas 

others are reported to express during the specific stages 

(John & Crow, 1992; Delmer et al., 1995; John & Keller, 

1995; Ma et al., 1997; Song & Allen, 1997; Smart et al., 

1998; Loguerico et al., 1999; Whittaker & Triplett, 1999; 

Orford & Timmis, 2000; Xu et al., 2008; Nigam et al., 

2014).  

With the recent availability of progenitors genome 

sequences (Paterson et al., 2012; Wang et al., 2012; Li et al., 

2014), more focus on cotton genomic studies is now shifted 

towards gaining insight into the mechanistic details. The 

study of mechanisms involved in regulation of critically 

important genes and metabolic networks at various levels is 

of immediate need to utilize the rapidly increasing cotton 

genomic resources for the betterment of cotton fiber. 

 

4. Involvement of Promoter in Fiber 

Development 
 

Several promoters have been reported that regulate gene 

expression in cotton fibers during the initiation and 

elongation stages (Delaney et al., 2007; Hussey et al., 2011; 

Larkin et al., 1996; Li et al., 2002; Li et al., 2005; Ma et al., 

1995; Ni et al., 2008; Song and Allen, 1997; Wang et al., 

2004; Wu et al., 2009). The promoter of GaRDL1, GhTUB1 

and GhMYB25 are active early during the initiation stage (Li 

et al., 2002; Machado et al., 2009; Wang et al., 2004), while 

the glucuronosyl transferase promoter (PGhGlcAT1), has 

been shown to be highly active during fiber elongation (Wu 

et al., 2007). The fiber-specific lipid transfer protein 

(FSltp4) promoter has also been reported to be active during 

fiber elongation and has been shown to be functional during 

the synthesis of fiber cutin (Delaney et al., 2007). 

GhACTIN1 is another gene expressed in fiber and its 

promoter has been shown to be elongation-specific (Li et al., 

2002). Promoters for the genes, GhLTP3, GhDET2, 

GaMYB2, and GhMYB109, have also been reported to be 

active during initiation and some of them continue to be 

active until the elongation stage (Liu et al., 2000; Luo et al., 

2007; Pu et al., 2008; Wang et al., 2004). There are other 

promoters, such as PGhRING1, that are active in all the stages 

of cotton fiber development, starting from initiation to the 

SCW stage (Ho et al., 2010). Among different 

developmental stages of the fiber, initiation is the best 

understood at the transcriptional level. However, there are 

scanty knowledge about the SCW stage-specific 

transcriptional regulation and its detailed molecular 

mechanism. Recently SCW stage specific GhGDSL 

promoter have been cloned and characterized in cotton 

transgenic lines and showed enhanced GUS and GFP 

expression at SCW biosynthesis stage (19-25DPA) of fiber 

development. In this study through yeast one hybrid 

interaction  (Y1H) it has been shown that GhGDSL promoter 

interact with GhMYB1 which is the regulator of SCW stage 

specific expression in Gossypium hirsutum (Yadav et al., 

2017).  

 

Efforts to understand and manipulate fiber development 

would be greater by an improved knowledge of the promoter 

elements and transcription factors that regulate fiber-specific 

gene expression. Promoters are DNA sequences that 

determine the expression level, time and tissue specificity of 

gene. Genetic engineering for improved agronomic traits 

requires specific promoters for the modification of fiber 

properties (John, 1998). The promoters of fiber-specific 

genes may regulate gene function and fiber development by 

altering transcription of fiber cells.  

 

Table 1: Some conserve motif sequences of promoter 

S.No. Conserve 

Sequences 

Motifs ID Putative Functions References 

1 CW8G CARGCW8GAT A variant of CArG, binding site for AGL15 Plant Physiol (2006) 

2 ACACNNG DPBFCORE Age & developmental regulation Mol Cell Biol (2012) 

3 GATA GATABOX Tissue-specific promoter activity of legumin gene Mol Gen Genet (1989) 

4 GCCGCC GCCCORE Light & SA-inducible expression Plant Mol Biol  (1995) 

5 GRWAAW GT1CONS Transcriptional activation of the rbcS 3A gene EMBO (1988) 

6 GGTTAA GT1CORE Pathogen & salt-induced SCaM4 gene expression Plant Physioly (2004) 

7 GAAAAA GT1GMS Regulation of expression of histone H3 gene Plant Cell Physioly (1989) 

8 ACGTCA HEXMOTIF Light-regulated transcription Plant Mol Biol (1995) 

9 GATAA IBOXCORE Light responsive transcription  of psadb gene Plant Journal (2002) 

10 TAAATGYA L1BOXAT Consensus sequence for plant introns Nucleic Acids Research (1986) 

11 WAACCA MYB1AT 
Trichome regulation, phospholipid signaling (GLABRA2) & 

epidermal differentiation 
Plant Cell (2004) 

12 YAACKG MYB2CONSAT Transcriptional activators in abscisic acid signaling Plant Cell (2003) 

13 CNGTTR MYBCORE Transcriptional activators in abscisic acid signaling Plant Cell (2003) 

14 AACGG MYBCORE Regulate flavonoid biosynthesis in stress EMBO (1995) 

15 GGATA MYBST1 Cell cycle regulation Plant Mol Biol (2002) 

16 GGATA MYBST1 Function as a transcriptional activator EMBO (1994) 

17 CATGTG MYCATERD1 Function in dehydration stress and dark-induced senescence Plant Cell  (2004) 
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18 GANTTNC EECCRCAH1 Regulate light & tissue specific expression Plant Cell (1990) 

19 CACATG MYCATRD22 Regulation of ABA-induced transcription Plant Cell (1997) 

20 CANNTG MYCCONSAT Phenylpropanoid biosynthesis genes Plant Cell (2005 

21 ACTTTA BBF1ARR Tissue-specific expression & auxin induction Plant Cell (1999) 

22 AGAAA POLLEN1AT52 Play role as polyadenylation signal for plant genes Nucleic Acids Res (1987) 

23 ACTCAT PREATPRODH Pollen-specific transcription Plant Mol Biol (1998) 

24 CATGCA RYREPEAT Required for phytochrome regulation Plant Cell (1996) 

25 ATGGTA S1FBOX ABA-responsive complex for seed-specific expression Plant Mol Biol (1999) 

26 RTTTTTR SEF4MOTIF Developmental regulation of a house-keeping gene Mol Cell Biol (1993) 

27 GGGCC SORLIP2AT Nuclear factors interact with soybean embryo factor Plant Cell (1989) 

28 TTATCC SREATMSD Phytochrome A regulated expression, circadian regulation Plant Physiol (2003) 

29 GAGAC SURECOREAT Circadian regulation Plant Physiol (2003) 

30 TAAAG TAAAGSTKST1 Regulate gene expression in axillary bud outgrowth Plant Physiol (2005) 

31 TATTTAA TATABOX Regulation of a light-regulated gene Plant Physiol (1995) 

32 T-3ATATA TATABOX Binding site for OsTBP2 in pal promoter Plant Cell (2002) 

33 TATCCA TATCCAOS TATA and  MYB binding site in GapC4 promoter Biochem Biophys Acta  (2001) 

34 ATTC-3GC TE2F2NTPCNA Required for high-level expression of alpha-Amylase Plant Cell Physiol (2001) 

35 TGACGT TGACGTV Involved in transcriptional activation Plant Journal (2002) 

36 TGAC WRKY Phyto hormonal signalling GA & ABA EMBO (1999) 

37 TGACY WBox Transcription activation Biochim Biophys Acta (2004) 

38 CAAT CAATBox Act cooperatively with HSEs to increase promoter activity Plant Physiol (2002) 

39 GATA GATABox Required for light regulation and tissue specific expression Plant cell (1990) 

 

Several promoters have been shown to drive fiber-specific 

gene expression in transgenic plant (Rinehart et al., 1996, 

Wu et al., 2009, Wu et al., 2007, Delaney et al., 2007, Li et 

al., 2002, Harmer et al., 2002, Botha et al 2011, Ni et al., 

2008, Pyee and Kolattukudy 1995, Wang et al., 2004). Fiber 

characteristics have also been manipulated by coupling 

fiber-specific promoters to specific transgenes that may 

improve fiber quality (John and Keller 1996, Rinehart et al., 

1996). 

 

5. Transcription regulation  
 

Promoters from some of the fiber specific genes have been 

isolated and their activities have been evaluated in 

transgenic plants. The conserve cis-regulatory elements help 

in transcription of genes in fiber cells (Table 1). Several of 

these promoters are proven to be applicable in genetic 

engineering of fiber. Trichomes in Arabidopsis and tobacco 

show a number of structural and genetic similarities to 

cotton fibers (Wang et al., 2004, Humphries et al., 2005). 

Because promoter analysis in cotton is limited by the 

resources and extended timeline (minimum 12 months), the 

activity of cotton fiber-specific promoters has been also 

monitored in the heterologous model systems (Hsu et al., 

1999, Liu et al., 2000, Wang et al., 2004, Wu et al., 2006).  

 

The developing cotton fiber is an excellent model for 

unraveling the fundamental process of plant cell growth, 

differentiation, cell wall biogenesis and number of fiber 

mutants is available for exploring the regulatory mechanism 

of fiber growth and developmental processes. Recently 

much of work has been done for promoter characterization 

specific to fiber tissue in transgenic plants (Table 2).The 

promoter of LTP6 gene was shown to drive expression of 

gus gene specifically in tobacco leaf trichome cells and may 

contain similar regulatory factors for tissue specific 

expression of gene in fiber cells (Hsu et al., 1999). Recently, 

the promoter of GhTUB1 gene was shown to direct gus 

expression in transgenic cotton fiber cells (Li et al., 2002).  

 

 

Table 2: Some Trichome/Fiber specific promoter, expression stages and putative function in transgenic plants 
S.No. Promoter Expression stage Putative function References 

1 GhLTP6 Initiation & Elongation Fiber morphogenesis Hsu et al., 1999 

2 GhGlcAT1 Fiber elongation Cell wall synthesis Wu et al., 2007 

3 GhACTIN1 Elongation Fiber elongation Li et al., 2002 

4 GhE6 Elongation  Fiber growth John & Crow 1992 

5 FSltp4 Fiber elongation Synthesis of fiber cutin Delaney et al., 2007 

6 GhLTPxGH3 Initiation & Elongation Fiber morphogenesis Ma et al., 1995 

7 AtTSG Initiation Fiber morphogenesis Ni et al., 2008 

8 GhMYB109 Initiation- Elongation Fiber formation  Wang et al , 2008 

9 GaRDL1 Initiation Fiber formation Wang et al., 2004 

10 AtGL1 Initiation Fiber morphogenesis Larkin et al., 1993 

11 FbL2A  Elongation and wall synthesis  Fiber growth Rinehart  et al., 1996 

12 GhLTP3 Initiation & Elongation Fiber morphogenesis Liu et al., 2000 

13 GhTUB1 Early stage  Fiber initiation Li et al., 2002 

14 GhGlcAT1 Elongation Fiber development Wu et al., 2007 

15 GhTUA9 Elongation Fiber growth & development Li et al., 2007 

16 GaMYB2 Initiation & elongation Fiber development Wang et al., 2004 

17 GhMYB25 Initiation Fiber formation  and growth Machado et al., 2009 

18 GaHOX Initiation & Elongation Fiber formation Guan et al., 2008 
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19 GhCesA4 Elongation & SCW  Cell wall morphogenesis Wu et al., 2009 

20 GhSUS3 Initiation Fiber morphogenesis Ruan et al., 2009 

21 GhRING1 Initiation to SCW Fiber formation Ho et al., 2010 

22 GhXTH1 Elongation  Fiber growth Lee et al., 2010 

23 GhSCFP Initiation and Elongation  Fiber development Hou et al., 2008 

24 GhDET2 Initiation & Elongation Fiber formation Luo et al., 2007 

25 GhGDSL SCW Cell wall biosynthesis Yadav et al.,2017 

 

The promoter of a cotton lipid transfer protein gene, FSltp4, 

was isolated and shown to direct fiber-specific transcription 

in cotton. In transgenic tobacco, this promoter was strongly 

active in foliar trichomes. Deletion analysis of the promoter 

identified an AT-rich 84 bp fiber specificregion (FSR) 

necessary for activity solely in the fiber cells. Cotton fiber 

proteins that bind the FSR were isolated using a yeast one-

hybrid assay (Delaney et al., 2007). There are several CesA 

genes which belongs to multi-gene family have been 

reported for primary and secondary cell wall cellulose 

synthesis in Arabidopsis (Fagard et al., 2000). In 

Comparison to these cotton homologs such as GhCesA1, 

GhCesA2, and GhCesA4, were expressed at high levels in 

cotton fibers during secondary cell wall synthesis while 

GhCesA3 gene expression was observed during both 

primary and secondary cell wall biogenesis stages (Kim and 

Triplett, 2001). GhCesA4 promoter activity was conferred 

by GUS activity in transgenic tobacco plant (Liu et al., 2000; 

Wu et al., 2007). In the study of GhGlcAT1 promoter (Wu et 

al., 2007) it was observed that it direct temporal, spatial and 

inducible expression of a reporter gene in transgenic tobacco 

and shows transcriptional regulation in transgenic plants. 

Ltp6 and Ltp3 promoter activity were conferred in transgenic 

tobacco (Ma et al., 1997). The transgenic plants 

demonstrated highly specific gus expression in the leaf and 

stem trichomes, with some expression in the vascular tissue 

and leaf margin. Deletion assay were performed to find out 

the promoter regions necessary for trichome specific gene 

expression (Hsu et al., 1999, Liu et al., 2000) and with 

removal of the basal promoter elements CAAT and TATA 

boxes, Ltp6 promoter resulted in a progressive reduction in 

GUS activity therefore basal promoter activity ceased in 

transgenic plant (Hsu et al., 1999). Recent experiment on  

RDL1 promoter provide envisage that cotton and 

Arabidopsis use similar transcription factors for regulating 

trichomes and GaMYB2 may be a key regulator of cotton 

fiber development (Wang et al 2004). Thus, promoter 

regulatory regions and interacting factors may be employed 

for the improvement of cotton fiber trait.  

 

6. Conclusion 
 

Cotton fiber is one of the important commercial crops 

worldwide and its development takes place in the stage 

specific manner. The regulation of cotton fiber 

developmental stages is very important for fiber quality 

parameters. Promoter is crucial region of gene which plays 

an important role in the fiber-specificity and regulation of 

timing of expression of genes. The promoters of these genes 

are of prime interest because they control transcription in the 

fiber cell and may be used in the genetic manipulation of 

fiber quality. Promoter allows the expression of transgenes 

targeted to the fibers and avoid detrimental effects on 

growth and phenotype elsewhere within the plant. This will 

help in developing new strategies to better utilize the 

promoter for the regulation of gene expression during fiber 

developmental processes and ultimately in improving the 

cotton fiber quality and yield. 
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