
Introduction

Promoters. Promoter is upstream region of gene through

which RNA polymerase-II binds and initiates transcrip-

tion. Various transcription factors interact with these

regulatory sequences and alter the expression of gene

(Gou, 2007). A promoter comprises of various regulatory

regions which influence the rate of transcription inclu-

ding transcription initiation site and cis acting elements

scattered on whole promoter region (McKnight and

Tjian, 1986). Depending upon distance from transcription

start site promoter can be divided into two regions; core

promoter and distal promoter. The core promoter region

is site for binding of RNA polymerase-II with general

transcription factors to form transcription pre initiation

complex (ASO et al., 1994). A crucial core promoter

motif TATA box (TATAAAAAA) is located in the core

region where TATA binding proteins (TBP) bind along

with protein TF including TFIID, TFIIB. CAAT box is

also located in core promoter region which is essential

for promoter strength.

Distal promoter region may be thousands of base pairs

away from transcription initiation site.

Core promoter contains TATA box while, distal promoter

contains cis acting regulatory elements. Distal region

is thousands of base pairs away from transcription start

machinery.

Types of promoter. Promoters can be divided depending

upon their mode of controlling gene expression including

constitutive, tissue and developmental stage specific

and inducible promoters.

Constitutive promoters are used to derive expression

of gene in all tissues and during all developmental

stages across species and genera. Most commonly used

are promoters for dicot expression to derive constitutive

expression include 35S or 19S promoters from Cauli-

flower Mosaic virus (Benfyet al., 1990). Promoters

other than viral origin are octopine synthase promoter

(Ellis et al., 1987) and nopaline synthase promoter (An

et al., 1986) used to express in heterologous system.
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Fig 1. Promoter regions in relation to distance

from transcription initiation site.
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These promoters have enhancer regions for binding of

transcription factors and of transcription. On the other

hand, tissue specific promoters have certain motifs

essential for tissue specificity. These include PEP

carboxykase active in photosynthetic organs, E8 a fruit

specific promoter (He et al., 2008) and LEAFY promoter

(Douliez, 2000). Inducible promoters and tissue specific

promoters modulate gene expression not during all

conditions but under specific biotic or abiotic stresses

or certain tissues. Some examples of inducible promoters

include promoter of maize sucrose synthase 1 gene

(Yang and Russell, 1990) and  sweet potato peroxide

promoter (Kim et al., 2003).

Along with these categories hybrid and synthetic

promoter are also being used to derive gene expression.

These promoters are synthesized by assembling various

regulatory regions of promoter without disturbing their

functionality (Salinas et al., 1992). Hybrid promotes

are synthesized by fusion of promoter sequences and

functional domains from two or more distinct sources

(Masood et al., 2017). The objective to generate hybrid

promoter is over rule patency issues.

Cis-acting regulatory elements. Whether constitutive

or tissue specific, all promoters have specific motifs

scattered in whole promoter region. These include W

box (TTGACC/T), dehydration response elements

(Ruston et al., 2010), ABA responsive elements

(Deikman et al., 1998) and ethylene responsive elements

(Gou et al., 2008). These motifs are related to stress

responsive expression of promoter. There are various

light responsive motifs including G box, F box (Paquis,

2010) and I box (Guiliano et al., 1988). G box present

in the prompters of light regulated genes also exhibit

organ specific expression (Salinas et al., 1992). There

are few available data bases those provide information

about promoter cis-acting elements and transcription

factor binding sites for promoters. These include Plant

CARE (Lescot et al., 2002), TRANSFAC (Wingender,

2001) transcription regulatory region data base (TRRD)

(Kolchanov et al., 2002).

For transformation of useful genes in plants, a variety

of promoters are desirable to prevent any genetic

recombination caused by identical sequences. In cotton,

promoter study helps to understand the mechanism of

gene regulation in fibre cells. Therefore, there is need

for novel promoters which are organ, developmental

stage specific or activated by external stimuli. A large

number of constitutive promoters have been isolated

and being used in molecular research. But use of

constitutive promoter may cause unnecessary metabolic

burden on plant or their product may be accumulated

that may cause deleterious effect on plant life. In contract,

tissue specific promoter express specific genes with

controlled expression for recombinant product.

Cotton fibre promoters. A number of fibre specific

promoters have been discovered (Qin et al., 2013) in

cotton. Transgenic plants transformed with majority of

these promoters have showed tissue specific expression

especially in trichomes. These fibre specific promoters

are active during certain period of fibre growth and

may be used to alter gene expression during certain

fibre developmental phase. A fiber specific promoter

isolated from up stream region of E6 gene was found

to express specifically in fibre (John and Crow, 1992).

John promoter of E6 gene was used to drive fibre

specific expression for modification of cotton fibre

quality (John and Keller, 1996). An up-stream region

of another E6 gene was evaluated as promoters which

exhibited trichome specific expression using GUS and

GFP reporter genes (Aimin and Jinyuan, 2005). Up-

stream regions of various LTP genes have also been

showed tissue specific expression (Wu et al., 2007).

Promoter of cotton beta galactosidase gene (GhGal1)

exhibited expression in various tissues of transgenic

tobacco including roots, vascular tissues, trichomes and

fruits). Sequence analysis revealed many already reported

motifs in promoter sequence (Wu et al., 2006).

Li et al. (2002) isolated a promoter of fibre specific

TUB1 gene which showed fibre specific expression.

Promoter of cotton reversibly glycosylated polypeptides

exhibited tissue specific as a well as induced expression

(Wu et al., 2006). Up-stream region of an arabinoglactan

GhH6L gene showed GUS expression in the pedicle

and petiole of tobacco (Wu et al., 2009). Promoter of

MYB transcription factor genes including MYB2,

MYB109 and GhMYB25 involved in fibre development

also exhibited GUS expression in tobacco trichomes as

well as fibre tissues (Pu et al., 2008). A cotton proto-

dermal factor GbPD gene promoter showed GUS

expression on ovular surface and developing fibres.

Deletion analysis  revealed a HDZIP2ATATHB2 element

found to essential for promoter activity (Deng et al.,

2012).

A novel cotton fibre specific promoter GhSCFP was

isolated from a fibre specific gene was found to derive

fibre specific expression from initiation till maturation
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stage (Hou et al., 2008). A promoter region of fibre

specific gene FbL2A isolated from sea land cotton

Gossypium barbadense was found to be expressed

during primary and secondary cell wall synthesis stage

of fibre development. This promoter was found to derive

fibre specific expression of genes coding for acetoacetyl-

co-enzyme reductase and poly hydroxyalkanoic acid

synthase. A cotton fibre glucronosyl-transferase gene

(Gh GlcAT1) promoter was found to express in root

cap, seed coat and trichomes of transgenic tobacco.

Deletion analysis of promoter revealed many regulatory

motifs involved in the trichome specific expression,

sugar and stress responsiveness (Wu et al., 2007). Fibre

specific promoters may regulate the process of fibre

development by expressing genes in fibre cells during

distinct phase of fibre development. These promoters

can be used for expression of fibre specific genes for

development of transgenic cotton (Li et al., 2005). To

analyze expression of cotton fibre specific promoters

in relatively shorter time a novel expression system of

cultured cotton ovules has been optimized (Iqbal et al.,

2017).

Along with fibre specific expression, various promoters

of fibre related gene can derive vascular tissues specific

expression. These promoters can be used to express

defense genes for resistance against pathogen attack

which are translocated through vascular tissues of plants.

These promoters can be used to block the viral or other

pathogen movement in vascular tissues. These tissue

specific promoters may use coupled with transgene for

specific expression in heterologous system (Renihart

et al., 1996). For example, tomato pollen specific

promoter expresses in tobacco (Twell, 1990). Promoters

of lipid transfer proteins show trichome specific expres-

sion in tobacco (Liu et al., 2000), Arabidopsis pGc1

promoter shows specific expression in Arabidopsis as

well as tobacco guard cells (Yang et al., 2008 ).

Conclusion

Promoters are not only important for gene expression

but also help to understand gene function. A large variety

of promoters are used to express genes in plants. Along

with constitutive and inducible promoter, tissue specific

promoters are of great importance the express genes in

controlled manner. In cotton, fibre specific promoter

may help to express gene in fibre tissues to improve

fibre quality. A number of promoters of fibre genes

have been isolated as up-stream regulatory sequences

from cotton genome. Bio-informatics tools help to

identify promoters and their regulatory elements. The

up-stream region of various genes have been identified

and analy-zed for promoter activity. Through expression

analysis of genes, their upstream sequences may also

be selected and further evaluated for promoter expression

and strength. Promoters of cotton fibre genes including

E6, lipid transfer proteins, expansions, XTH and MYB

proteins show expression in fibre and other cotton

tissues. These promoters also show expression in various

organs of Arabidopsis and tobacco like trichromes,

roots, vascular tissues and pedicles. Therefore, these

promoters may be used in cotton and other plants to

derive gene expression in diverse tissues.
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