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Abstract Cotton is the most important natural fiber

plant in the world. The genetic improvement of the

quality of the cotton fiber and agricultural productivity is

imperative under the situation of increasing consumption

and rapid development of textile technology. Recently,

the study of cotton molecular biology has progressed

greatly. A lot of specifically or preferentially expressed

cotton fiber genes were cloned and analyzed. On the

other hand, identification of stress response genes

expressed in cotton was performed by other research

groups. The major stress factors were studied including

the wilt pathogens Verticillium dahliae, Fusarium oxy-

sporum f. sp. vasinfectum, bacterial blight, root-knot

nematode, drought, and salt stress. What is more, a few

genes related to the biosynthesis of gossypol, other

sesquiterpene phytoalexins and the major seed oil fatty

acids were isolated from cotton. In the present review, we

focused on the major advances in cotton gene cloning

and expression profiling in the recent years.

Keywords cotton, expression profile, gene cloning, fiber

development, stress

1 Introduction

Cotton fiber is the most important natural fiber materials

for textile industry. Obviously cotton has an important

strategic status in the international economy. Under the

efforts of breeders, cotton fiber yield and quality have

been greatly improved. At the same time, other traits

such as disease resistance and insect resistance have been

improved, as well. However, the development of cotton

cultivars is lagging behind the rapid development of

textile industry. The fiber quality does not meet the

demands of modern textile technology. Cotton fiber yield

traits are negatively related with quality traits, and

therefore, it is difficult to improve the yield and quality

at the same time using traditional breeding methods. It is

hoped that cotton cultivars with high yields and good

quality could be bred by combining the methods of

genetic engineering with traditional breeding. The

development of cotton molecular biology is the base of

genetic improvement in cotton breeding. Fortunately,

cotton gene cloning, functional gene research and

expression profile analysis have given us a better

understanding of cotton.

2 Gene expression profiles and gene cloning
of cotton fiber development

Mature fiber cells can grow up to 2.5 to 4.0 cm in length.

Each fiber is a single cell. During the elongation stage,

millions of fiber cells undergo rapid and simultaneous

elongation without concurrent cell division and multi-

cellular development. Moreover, mature fibers are almost

purely composed of cellulose which dominates approxi-

mately 90 percent of the dry weight of cotton fibers.

Consequently, the cotton fiber is a perfect experimental

model for the study of the mechanism of plant cell

elongation, wall development, cellulose biosynthesis and

many other basic biological processes in plants. It is well

known that fiber development is composed of four

distinct and overlapping stages: fiber cell enlargement

and initiation from 23 to 1 day post-anthesis (DPA),

fiber elongation and primary cell wall synthesis after

anthesis until 25 DPA, secondary cell wall cellulose

deposition from 15 DPA to 50 DPA, and fiber cell

dehydration and maturation after 45 DPA (Basra and

Malik, 1984).

In order to gain an integrated understanding of the

developmental mechanisms of fiber at the molecular

level, G. hirsutum ‘Xuzhou-142’ and a fuzzless-lintless-

seed (fl) mutant of ‘Xuzhou-142’ were used to study fiber

development. About 60 clones preferentially expressed in
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cotton fibers were screened out from ‘Xuzhou-142’

cDNA library and genes encoding E6, expansin, annexin,

actin, a- and b-tubulins were included (Li et al., 2002a). Ji

et al. (2003) isolated 172 cDNA preferentially expressed

during the cotton fibers’ rapid elongation. A lot of genes

which accumulated in the rapidly elongating fibers were
identified. Some of them were genes encoding the

putative vacuolar (H+)-ATPase catalytic subunit, kine-

sin-like calmodulin binding protein and arabinogalactan

proteins. A huge expressed sequence tags (ESTs) project

was completed by Arpat et al. (2004) and 14000 unique

genes were assembled from 46603 ESTs which were

generated from 7–10 DPA fiber cDNA of G. arboreum.

Oligonucleotide microarrays analysis shows that more
than 2500 ‘‘expansion-associated’’ genes were down

regulated when the developmental stage switched from

elongation to the secondary cell wall synthesis and a

group of 81 novel genes were found preferentially

expressed at the beginning of secondary cell wall

synthesis. Lee et al. (2006) used G. hirsutum genetic

standard line ‘TM-1’ and its naked seed mutant N1N1 to

identify the fiber-associated genes. Many fiber-associated
genes were down-regulated in the N1N1 mutant and may

lead to a defective process in the early stages of N1N1

fiber development. Gene regulation associated with fiber

development was influenced in both negative and positive

ways in the N1N1 mutant. Cotton ovules expression

profiling was changed by treatment with cycloheximide

(Wu et al., 2005). Expression of protein synthesis genes

was intensively suppressed, whereas protein phosphor-
ylation genes, transport genes and transcription factors

were induced with higher expression than that expressed

in the normal ovules. They also found that cycloheximide

treatment clearly enriched the number of novel genes. In

order to identify genes that might regulate lint fiber

initiation, a microarray analysis of multiple mutant lines

was done by Wu et al. (2006). Only 13 different genes

were down-regulated in some or all of the mutants with
an increased expression in wild-type cotton fiber, such as

transcription factors MYB and homeodomain genes, a

cyclin D gene. Samuel et al. (2006) studied the gene

expression during the early stages of fiber cell develop-

ment by computational and expressional analyses of

32789 high-quality ESTs derived from ‘TM-1’ immature

ovules. Genes encoding putative transcription factors

and involved in auxin, brassinosteroid (BR), gibberellic
acid (GA), abscisic acid (ABA) and ethylene signaling

pathways were obviously assembled in the early stages of

fiber development. Shi et al. (2006) found that ethylene

played a major role in cotton fiber cell elongation and

was more efficacious than BR in regulating fiber cell

elongation.

To identify genes preferentially expressed during early

and late cotton fiber development, we constructed two
fiber suppression subtracted libraries on the basis of

PCR-selected subtraction using a pool of non-fiber

tissues as the same driver with 10 DPA and 20 DPA

fiber cells as testers, respectively (Liu et al., 2006).

Finally, 292 clones were identified in both libraries as

being preferentially expressed during fiber development

through differential screening. Many previously reported

cotton fiber related genes are included in the two
libraries. Northern blot analysis revealed the genes from

10 DPA fiber subtracted library expressed at high level

during early fiber development, such as the genes for

putative gibberellin-regulated protein, putative tonoplast

intrinsic protein and putative plasma membrane intrinsic

protein. On the other hand, those genes screened out of

the 20 DPA fiber subtracted library, like genes for

arabinogalactan protein and fiber glycosyl hydrolase
family 19 proteins, were found to be highly expressed

after 15 DPA. What is more, we constructed a normal-

ized fiber cDNA library (from 22 to 25 DPA) of G.

barbadense ‘Pima 3-79’ (Tu et al., 2007). More than 9000

plasmids randomly selected from the library were arrayed

on the nylon membranes and ‘Pima 3-79’ fiber RNA

from five developmental stages was used to screen the

cDNA microarray. The result was that 887 high-quality
ESTs were identified as fiber related genes and most of

them were assigned to functional categories using gene

ontology. The two largest functional categories were

energy/carbohydrate metabolism (18%) and protein

metabolism (18%). Additionally, subarray analysis of

the sequenced cDNAs indicated that most cDNAs were

highly expressed from 5 to 15 DPA. For the G.

barbadense fiber development, we found that expression
profiles of genes related to phytohormone synthesis and

signal transduction pathway usually varied. The gibber-

ellins (GAs) and their pathways are important in fiber

initial and early elongation. What is more, auxin signal

transduction pathways and ethylene were revealed to be

involved in cotton fiber elongation. The members of

GbCTLs and GbTLPs may participate in the secondary

cell wall synthesis.
Isolation and characterization of fiber-specific and

fiber-enriched genes represents the first step toward

understanding the mechanism of fiber development. As

of today, many genes preferentially expressed in cotton

fibers have been identified. Some of them are involved in

cell elongation. Some play important roles in cell wall

biogenesis, while some take part in cellulose synthesis.

There are approximately 50 genes cloned from cotton
fiber (Table 1). Unfortunately, this is just a vague

understanding about the molecular mechanism of fiber

development and the integration of these fiber-related

genes is still insufficient to elucidate the mechanism of

cotton fiber development. Although it is very hard to

perform functional verification in cotton plants, tobacco

and Arabidopsis thaliana could be used as excellent

models to verify the putative functions of preferentially
expressed cotton fiber genes. The trichome development

of tobacco and Arabidopsis has some common features

2 Diqiu LIU, Xianlong ZHANG



Table 1 A survey of cotton fiber specifically or preferentially expressed genes

gene expression

pattern (DPA)

putative function during fiber development references

E6 5–28 Probable cell wall structural proteins John and Crow, 1992

H6 10–30 Expressed predominantly in fiber cells; possibly functions in the secondary

cell wall assembly

John and Keller, 1995

B6 15–35 Probable cell wall structural protein John, 1995

Rac13 5–35 Encoding small GTP-binding proteins analogous to mammalian rac;

Rac13 highly expressed in cotton fibers with the maximal expression

occurring at the time of transition between primary and secondary

wall synthesis, which may be involved in the signal transduction pathway

that controls cytoskeletal organization.

Delmer et al., 1995

Rac9

GhRac1 8–20 A member of the Rac/Rop GTPase gene family; highly expressed during

the elongation stage; may be a potential regulator of fiber elongation

by controlling cytoskeletal assembly.

Kim and Triplett, 2004a

GhRacA

GhRacB

5–16 Two novel Rac genes from cotton were expressed in root, hypocotyls,

stem, leaf, and fibers; the highest level of transcripts was to accumulate

during early cotton fiber development.

Li et al., 2005b

Fbl2A 15–35 Highly expressed during late primary and early secondary wall

synthesis stages; Fb12A may have structural roles in the secondary

wall of fibers.

Rinehart et al., 1996

FS5 6–14 96% nucleotide identity with E6 Orford and Timmis, 1997

FS6 6–14 Encoding phospholipid transfer proteins (LTPs)

FS17 6–14 Encoding a putative polypeptide enriching proline; FS17 may be a

cell-wall protein with a possible N-terminal signal peptide of 23 amino acids.

FS18 6–20 Encoding a protein of 71 amino acids

GhEX1 6–24 Encoding an expansin with an N-terminal signal peptide; GhEX1 is

involved in cell wall extension during fiber elongation.

Orford and Timmis, 1998

GhExp1 6–28 Encoding a-expansins; specifically accumulated in developing

fibers and involved in cell wall extension during fiber elongation.

Harmer et al., 2002

GhExp6 6–26

GH3 5–20 Encoding an LTP; possible outer cellular location in fiber cells and

specifically expressed in fiber cells; GH3 may participate in cutin

synthesis during fiber development.

Ma et al., 1995

LTP6 5–20 Encoding an LTP, and 64% homologous to GH3; LTP6 may

participate in cutin synthesis.

Ma et al., 1997

FSltp1 6–12 Encoding full-length LTPs; expression patterns of them were

similar to each other and were expressed in fiber and other

non-fiber tissues.

Orford and Timmis, 2000

FSltp2 6–12

FSltp3 6–18

GhCelA1 17–35 Encoding the catalytic subunit of cellulose synthase; GhCelA1 was

expressed at high levels during active secondary wall cellulose synthesis

in the development of cotton fibers; involved in cellulose biosynthesis.

Pear et al., 1996

GhCAP 10–17 Encoding adenylyl cyclase-associated protein (CAP); GhCAP was

expressed mainly in young fibers.

Kawai et al., 1998

SS3 5–35 Encoding sucrose synthase; SS3 controls sucrose mobilization to

fiber and cotyledonary cells for biosynthesis of cellulose and seed

protein/oil.

Ruan et al., 1997

GhACP 2–20 Encoding acyl carrier protein (ACP), and predominantly expressed

during fiber elongation; GhACP may play a role in rapidly elongating

cotton fibers by involved in the synthesis of membrane lipids.

Song and Allen, 1997

GhMYB1-6 29–35 Myb-domain genes of R2R3-MYB family; GhMYB-1, -2,

and -3 were expressed in all examined tissues, but GhMYB-4,

-5, and -6 showed tissue-specific expression patterns.

Loguercio et al., 1999

GhMYB109 1–8 Encoding MYB transcription factors, and specifically expressed

in cotton fiber initial cells and elongating fibers; GhMYB109 may

be involved in cotton fiber initiation and elongation.

Suo et al., 2003

GhMyb7

GhMyb9

5–20 Encoding R2R3-MYB proteins, and specifically expressed in elongating

fiber and flowers; GhMyb7 and GhMyb9 transcriptionally regulated

the lipid transfer protein gene LTP3.

Hsu et al., 2005

GaMYB2 0–12 Predominantly expressed early in the development of cotton fibers;

GaMYB2 rescued the trichome formation of Arabidopsis gl1 mutant.

Wang et al., 2004
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gene expression

pattern (DPA)

putative function during fiber development references

GhRab11a 6 Encoding small GTP-binding proteins; GhRab11a and

GhRab11b are involved in cotton fiber elongation.

John et al., 1999

GhRab11b

CFL1 7–24 Homologous to yeast FKS1, a putative b-1,3-glucan synthase

gene; highly expressed during primary wall development; CFL1

could play a role in callose synthesis.

Cui et al., 2001

GhRGP1 2–40 Encoding putative reversibly glycosylated polypeptide (RGP);

GhRGP1 may be involved in plant cell wall non-cellulosic

polysaccharide biosynthesis.

Zhao and Liu, 2001

Ghprp1 5–31 Encoding cell wall proline-rich proteins (PRPs); GhRGP1 was

predominantly expressed in the fiber during the elongation stage.

Tan et al., 2001

GhTUB1 4–21 Encoding b-tubulin, and preferentially accumulated at high levels

in fiber; GhTUB1 may play a distinct and required role in fiber

development.

Li et al., 2002b

Gh-BTubL 10–20 Encoding b-tubulin; Gh-BTubL possibly plays a role in

cotton fiber elongation.

Ji et al., 2002

GhACT1 5–28 Encoding an actin; GhACT1 was involved in fiber elongation, but

not in fiber initiation.

Li et al., 2005a

GhWBC1 5–15 Encoding an ATP-binding cassette transporter of the WBC

subfamily; the over-expressed GhWBC1 interferes with Arabidopsis

seed and silique development.

Zhu et al., 2003

GhKCBP 10–17 Encoding kinesin-like calmodulin-binding protein (KCBP), and

expressed in elongating fibers; GhKCBP plays a role in interphase

cell growth likely by interacting with cortical microtubules.

Preuss et al., 2003

GhlecRK 6 Encoding a lectin-like protein kinase, and enriched in the boll

and shoot development; GhlecRK is probably involved in signal

transduction during fiber development.

Zuo et al., 2004

GhGlcAT1 5–30 Encoding glucuronosyltranferase, and highly expressed in

fiber cells; GhGlcAT1 may be involved in non-cellulose

polysacchrides biosynthesis of the cotton cell wall.

Wu and Liu, 2005

AnnGh1

AnnGh2

7–24 Encoding annexin, and highly expressed in the elongation stages of

cotton fiber development; AnnGh1 and AnnGh2 might play roles

in cell elongation.

Potikha and Delmer, 1997;

Shin and Brown, 1999

GhPFN1 3–21 Encoding profiling, and primarily expressed during the

elongating stages; GhPFN1 may be involved in the rapid elongation

of cotton fibers by promoting actin polymerization.

Wang et al., 2005

GhGLP1 4–20 Encoding a germin-like protein (GLP), and accumulating to

their highest levels during the period of fiber expansion; GhGLP1

may be important for fiber elongation.

Kim and Triplett, 2004b

GhKCR1

GhKCR2

3–20 Encoding 3-ketoacyl-CoA reductases and preferentially expressed

during the cotton fiber elongation period; GhKCR1 and

GhKCR2 play an important role in very long chain fatty acids

biosynthesis.

Qin et al., 2005

GhRLK1 6–27 Encoding LRR receptor-like protein kinase and expressed

during fiber secondary wall synthesis; GhRLK1 is likely involved in

signal transduction pathway of cotton fiber development.

Li et al., 2005c

GhBRI1-1

GhBRI1-2

0–30 Similar to Arabidopsis brassinosteroid insensitive 1 genes and

strongly expressed in rapidly expanding regions including fibers

and hypocotyls; GhBRI1-1 and GhBRI1-2 might be functional

components of the BR signaling pathway.

Sun et al., 2004

GhCTL1

GhCTL2

15–31 Encoding chitinase-like proteins and preferentially expressed

during secondary wall deposition in cotton fiber; GhCTL1 and

GhCTL2 are essential for cellulose synthesis in primary and secondary

cell walls.

Zhang et al., 2004

GhZIP 5–15 Encoding the basic leucine zipper (bZIP) protein and expressed in

ovule and fiber cells; GhZIP might be involved in the transcription

regulation of genes during cotton fiber elongation.

Jiang et al., 2004

GhTTG1

GhTTG3

6–24 Encoding WD-repeat proteins; expressed in developing fibers, ovules

and other tissues; GhTTG1 and GhTTG3 can complement ttg1

mutant phenotypes and restores trichome formation; may be

pivotal in fiber development.

Humphries et al., 2005

(Continued)
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with cotton fiber development. There is a long way to go

before we can comprehensively understand the mech-

anism of cotton fiber development.

3 Isolation of stress related genes and
expression profiles of cotton in response to
the wilt pathogens

There are many stress factors that threaten cotton plant

development, such as fungal and bacterial pathogens, a

variety of insects, drought, heat, salt, water, and so on.

Each of these stress factors can cause a severe decrease in

fiber production and damages the fiber and cottonseed

oil quality. Understanding the molecular mechanisms of

cotton defensive responses during stress will facilitate the

development of desirable cotton cultivars by genetic

engineering. Some genes with full-length sequences

related to stress responses have been isolated from

cotton. Their expression patterns and putative functions

are described in Table 2. There are a few genetically

modified stress-tolerant cultivars that have been released

for field production. We believe that, as the work

progresses, the stress-tolerance improvement of cotton

using biotechnology would be a key area both in research

and in application.

The NBS-LRR gene family is composed of a large

multigene family, whose members encode the nucleotide-

binding site (NBS) and leucine-rich repeat (LRR) motif.

About 75% of the plant disease-resistance genes (R-

genes) belong to this gene family. NBS and LRR are

short and conservative motifs of NBS-LRR genes. In

cotton, the first 33 resistance gene analogues (RGAs)

were cloned from root-knot nematode (RKN) resistant

G. hirsutum line ‘M-249’ (Tan et al., 2003). Homologous

searching in GenBank revealed that cotton RGAs were

somewhat identical to RGAs and R-genes from other

plant species and all RGAs had conserved NBS domain.

In our laboratory, 31 RGAs were isolated from G.

Barbadense line ‘Pima 90’ (Tu et al., 2003). The 31 RGAs

plus those RGAs from Tan et al. (2003) were multi-

aligned and they were divided into two classes. Most of

upland cotton RGAs were grouped into Class I, but all

sea-island cotton RGAs, as well as several upland cotton

RGAs, fell into Class II. He et al. (2004) identified 61

RGAs from G. hirsutum RKN resistance line ‘Auburn

634’. Among the 61 RGAs, 15 were mapped to 7

chromosomes or linkage groups. The distribution of

RGAs between A and D subgenomes seemed biased and

the majority of RGAs were mapped to the A sub-

genomes. Recently, Hinchliffe et al. (2005) isolated 55

novel RGAs from RKN resistance genetic source G.

hirsutum ‘Auburn 634 RNR’. In total, 61 RGA-sequence-

tagged site (STS) primers were designed according to the

consensus sequences or individual RGA sequences. Nine

RGA markers were mapped to a couple of homologous

chromosomes 12 and 26.

F. oxysporum f. sp. vasinfectum and V. dahliae are the

two major fungal pathogens of cotton. Both of them are

root-invading vascular pathogens with similar life cycles

in the plant. These two diseases cause the wilting of

cotton in many cotton-growing areas and greatly

influence the fiber yield and quality. Although conven-

tional breeding has done much to improve disease

tolerances, these two fungal diseases are still the

important factors causing yield losses in wide areas.

Table 2 The cotton genes related to stress response

gene homologous sequences, expression patterns, and putative functions references

cMsrA Similar to Brassica napus methionine sulfoxide reductase; enriched later and more weakly in

resistant variety than the sensitive under the salt and pathogens stress; cMsrA might protect

the cells against oxidative damage caused by stress.

Zhao et al., 2003

peroxidase

gene family

Encoding peroxidase; induced by Xanthomonas campestris pv. Malvacearum and somewhat

down-regulated during pathogen infection; members of the gene family may have various

functions in the defensive response to Xanthomonas infections.

Assigbetsé et al., 1999;

Delannoy et al., 2003

dHG-6-OMT Encoding desoxyhemigossypol-6-O-methyltransferase; methylating the phenolic group of

dHG at the 6-position; dHG-6-OMT may alter the resistance of terpenoids.

Liu et al., 2002

GbERF Encoding ethylene responsive element binding factors; GbERF can be induced by

ethylene, V. dahliae infection, salt, cold, and drought stresses; response to ethylene,

ABA, environmental stresses, and pathogen attack.

Qin et al., 2004

GhHb1 Encoding nonsymbiotic hemoglobin; inducing the expression in root by V. dahliae and

H2O2; GhHb1 may be involved in the defensive response of cotton to V. dahliae invasion.

Qu et al., 2005

GaPR-10 Encoding pathogenesis-related class 10 protein and inducing the expression by V. dahliae

and jasmonate; GaPR-10 might be involved in activated responses of plants to pathogens.

Zhou et al., 2002

MIC-3 No significant homology to the known sequences; inducing the expression in root by

nematode; MIC-3 may play a critical role in the resistance response to root-knot nematode.

Zhang et al., 2002

GhNHX1 Encoding plant vacuolar-type Na+/H+ antiporters; strongly induced by salt stress and abscisic

acid in cotton seedlings; GhNHX1 plays an important role in salt tolerance of cotton.

Wu et al., 2004

TPS Encoding trehalose 6-phosphate-synthase; increasing the expression in drought stressed

leaves and roots; TPS participates in trehalose biosynthesis and stress signal transduction.

Kosmas et al., 2006
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With the development of the biotechnology, the

defense mechanisms employed in cotton plants had been

partially known at the molecular level. Gene expression

profiles were different between F. oxysporum f. sp.

vasinfectum infected cotton root and hypocotyl tissues

(Dowd et al., 2004). Defense-related gene expression is

induced in hypocotyls while they appeared to be

constitutively expressed in the infected root tissues. It is

interesting that the number of plant genes induced in

roots was less than that of the repressed. It might be the

strategy for pathogen to suppress the host responses

during the infection. The pathogenesis-related genes,

gossypol and lignans biosynthesis genes were the major

infection-induced genes. In order to discover the molecu-

lar character of the defensive response of the cotton

plants to V. dahliae, some progress has been made

through constructing cDNA libraries enriching defense-

response related genes. Hill et al. (1999) identified 86

cDNA clones as V. dahliae up-regulated genes. These

cDNAs includes phenylalanine ammonia-lyase, putative

oxidoreductase, translationally controlled tumour pro-

tein, glucose-6-phosphate/phosphate-translocator, 14-3-

3-like protein, pathogenesis-related (PR) proteins, and so

on. Meanwhile, differentially expressed ESTs involved in

the defense reaction of sea-island cotton to V. dahliae

were isolated by suppression subtractive hybridization

(SSH) (Zuo et al., 2005). Among the 147 differentially

expressed ESTs, 131 ESTs were considered as over-

expressed and 16 ESTs were down-regulated. As for our

research group, Zhu et al. (2005) also constructed an SSH

library of sea-island cotton upon the infection of V.

dahliae. There are 78 clones which were up-regulated and

were putatively involved in the defense response.

Sequence and functional analysis demonstrated that

three kinds of genes were highly expressed during V.

dahliae infection. They were the root-knot nematode-

induced gene MIC-3, PR protein genes, and Arabidopsis

disease resistance-responsive family protein genes.

4 Isolation genes involved in the
biosynthesis of cotton terpenoids and fatty
acids

Cotton plants accumulate gossypol and other terpenoids

in the pigment glands of foliage and seed. Gossypol is the

major terpenoid in the seed and root. However, there is a

unique group of terpenes contained in foliage glands

except for gossypol. These compounds are elicited in

response to bacterial or fungal infection and are thought

to play a major role in defending cotton against

pathogens and insects. Apparently, understanding the

biosynthesis of the terpenoids will result in utilization of

these natural defense compounds to increase cotton

resistance toward insects and fungal pathogens. Martina

et al. (2003) proposed a putative biosynthetic pathway

for cotton terpenoids. As for cloning the key genes that

control the biosynthesis of cotton terpenoids, several

reports have indicated progress being made. A (+)-d-
cadinene synthase gene was isolated from G. arboreum

suspension cells infected by V. dahliae and the translated

product of the gene functioned as farnesyldiphosphate

(FPP) cyclase that produced the (+)-d-cadinene (Chen

et al., 1995). A year later, more cDNAs encoding (+)-d-
cadinene synthase were reported by Chen et al. (1996).

Obviously, the cotton (+)-d-cadinene synthase genes are

composed of a gene family. Xu et al. (2004) isolated a

transcription factor gene GaWRKY1 from G. arboreum

which can regulate the (+)-d-cadinene synthase-A.

Expression of GaWRKY1 was down-regulated in gland-

less or reduced-gossypol cotton cultivars. As a transcrip-

tion factor of (+)-d-cadinene synthase, GaWRKY1 plays

an important role in regulation of sesquiterpene biosyn-

thesis in cotton. A cytochrome P450 mono-oxygenase

was found to catalyse the hydroxylation of (+)-d-
cadinene and form 8-hydroxy-(+)-d-cadinene (Luo

et al., 2001).

The fatty acid is the major structural components of

plant cells and the biosynthetic pathway of fatty acid is a

primary metabolic pathway found in every cell. As of

present, several key genes involved in fatty acid

biosynthetic pathway have been isolated and character-

ized from cotton. Two genes, ghSAD-1 and ghFAD2-1,

were cloned from the upland cotton and found to be the

key enzyme determining the fatty acid composition of

cottonseed oil (Liu et al., 1996; Liu et al., 1999). They

encoded cotton stearoyl-acyl-carrier protein D9-desatur-

ase and microsomal v-6 fatty acid desaturase, respect-

ively. The ghFAD2-1 was highly and specifically

expressed in the cottonseed. What is more, a palmitoyl-

acyl carrier protein thioesterase (PATE) gene was

screened out from a cotton genomic library (Yoder

et al., 1999). Another cDNA encoding PATE was

obtained by screening a cDNA library with a heterolog-

ous Arabidopsis FatB1 probe (Pirtle et al., 1999). The

latter PATE gene was expressed in E. coli and a series of

assays demonstrated that this gene encodes a functional

thioesterase with a preference for saturated acyl-ACPs

(FatB) over unsaturated acyl-ACPs (FatA) (Huynh et al.,

2002). Pirtle et al. (2001) characterized a cotton gene,

FAD2-3, which encodes an enzyme that catalyzes the

desaturation of oleate into linoleate.

5 Isolation and characterization of genes
associated to cotton somatic embryogenesis

In order to accelerate the production of transgenic cotton

varieties, it is imperative to improve the embryogenic

competence and regenerability of a wider range of cotton
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cultivars. The identification and isolation of the vital

genes of somatic embryogenesis (SE) are of great

importance. Our research group has made advances in

the molecular dissection cotton SE. A systematic and

comprehensive analysis of the genes involved in the
process of cotton SE had been preformed by Zeng et al.

(2006). Totally 242 SE related genes were isolated by

suppressive subtraction hybridization and macroarray.

More than half had not been identified previously as SE-

related genes such as genes involved in transcription,

post-transcription, and transportation. Additionally,

many novel genes were found involved in cotton somatic

embryogenesis. Our study suggests that a complicated
and concerted mechanism involved with multiple cellular

pathways is responsible for cotton SE.
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