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Introduction

Cotton fibres, or lint, are very long single cells containing aimost pure cellulose. The fibres develop
tilthe weeks after floweting from single cells on the surface of the young seed. Each fibre cents

sinnll at first but elongates and develops rapidly, eventually fomiing the mature cotton fibre. These

processes require the ordered expression of genes which mate enzymes, structural proteins and
signaling molecules that together deterThine the properties of the fibre.

Domestication has modified fibre development to produce cotton varieties with greatly improved
fibre length, strength and quality. However, the selection and breeding of plants with desirable

fibre characteristics is slow and expensive. As such, future crop improvement is likely to depend
upon genetic engineering and the cotton industry has been a leader in research and

conrrnercialisation of transgene technology, with momentous consequences for the agronomic
properties of the crop such as insect and herbicide resistance.

Whilst fibre improvement has not been the tinttial focus of the application of DNA technology,
research to this end has been vastly accelerated in the last decade, particularly in the USA. The
recent fomiation of the international Cotton Genome initiative between scientists in USA, France

and Australia represents a global effort to develop a saturated and fully integrated genetic and
physical Innp of the cotton genome. Gene discovery is also advancing rapidly, with the release of

over 20,000 partial gene sequences (called ESTs) from elongating fibres of both diploid and

tetraploid cotton, and the use of CDNA nitcroarrays to facilitate global expression profilirig.

Genetic modification of the cotton fibre has two major requirements. The first of these is an

understanding of the genes that control commercially important fibre properties. Potentially useful

fibre genes have been isolated in a number of laboratories including our own and fundamental
studies on these genes have led to the creation of the first molecular and cellular model of fibre

development (Wilkins and Jemstedt, 1999). The model has provided the basis for some early
success in the alteration of fibre growth (Wilkins at a1, , 2000), and this paves the way for near

Iinittless opportunities to alter the fibre by madpulation of the biosyiithetic and'or metabolic

pathways that impact on physical or biocherritcal properties. The second requirement is the

development of techniques for inserting genes of interest into cotton and regulating their
expression. Both of these subjects are being addressed in industry-funded research at The

University of Adelaide

777



Genes which are expressed during cotton fibre development

Previous CRDC-funded research in Adelaide has focused on identifying genes that are expressed at

haglilevels in fibre cells but not in other tissues, since these genes are likely to control fibre
characteristics such as yield and quality. Our work has identified six genes which are only
expressed tricotton fibres and not elsewhere tilthe plant, in tissues such as leaves, stems and roots.
All are structural genes which encode proteins mostly involved with cell wall synthesis, a result
which is not surprising given that cellwalldeposition is the primary activity of the rapidly growing
cotton fibre.

The most interesting isolate encodes an expansin (Odord and Tiniinis, 1998). Expansins are a large
faintly of well-characterised proteins which loosenthe components of rigidplant cellwalls, thereby
allowing a cento expand. We have carried out a detailed analysis of the expansin gene faniily in
cotton. Six members of the expaiisiri gene faintly were characterised (Harmer et @I. , in press),
including one which is expressed at litglilevels during elongation of cotton fibre cells. This
expansitiniay be pivotalto fibre cellinitiation and elongation (Ruan at o1. , 2001) and is therefore
an attractive target tilthe design of strategies to alter fibre growth. To this end, we have created a
number of transgenic cotton lines in which expansin gene expression in the fibres is prolonged,
down-regulated or up-regulated. The whole-plant transfonnations (being pertonned at CSRO
Division of Plant industry in Canberra) are progi. essirig such that we will be able to analyse them
late in 2002. These experiments provide the first example of alteration of the expression of an
endogenous cotton gene, and offer exciting prospects for the genetic improvement of cotton fibre
length.

Dissection of cotton fibre-specific promoters

The expression of genes is controlled by regions kilown as promoters, which detemimie the tinting,
location and level of gene expression in response to signals from inside and outside the cell. We
have identified six genes which are specifically expressed in cotton fibre cells (see above), and
have isolated the corresponding promoters. These promoters provide importanttools in the genetic
engineering of cotton fibres in several respects. Firstly, expression of transgenes only in the fibre
cells avoids any potential problems from gene expression in non-fibre tissues. Secondly, they
regulate the level and tinting of transgene expression and so controlthe effects of transgenes on
fibre characteristics. Finally, the promoters may be used with any transgene, and could therefore be
used to produce, for example, naturally pigmented cotton fibres or fibres with enhanced insect
resistance. in addition, desired changes in fibre characteristics could be achieved by manipulating

gene expressionby altering the promoterstheiuselves.

The aim of this part of the project is to detemiine how the promoters directthe tinting, level and
location of gene activity, and to identify the signals to which they respond. Sequence analysis of
our six fibre-specific promoters has identified a number of elements, such as TATA and CAAT
boxes (necessary for basal gene expression), elements that may respond to MYB transcription
factors and elements that mediate responses to plant bonnones. However, the precise sequence
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elements that regulate fibre-specific gene expression have not been isolated and calmot yet be
identified by computer comparisons.

Identification of such elements is therefore being approached by functional analysis of the

promoters. Lithe first instance, we are testing our balk of candidate fibre-specific promoters for
their ability to direct expression of a reporter gene, infour ways:

I. Transient assays tricotton fibres and other tissues by nitcroprojectile bombardment;
2. Stable transfomiation of cottonplants;

3. Stable transforrnationoftobaccoplants;

4. Stable transfonnationofrtrabidopsisplants.

Allsix promoters have been shown to be fibre-specific in transient assays in cotton (I above). That

is, the reporter protein was detected only tilthe fibres and not inbornbarded leaforpetaltissue. The

whole-planttransfonnations (2 above; also being carried out at CSRO Division of Plant industry
in Canberra) are progressing such that we will be able to analyse them late in 2002. Transgeiiic
lines will be tested for expression of the reporter gene only in fibres and not elsewhere in the plant.
Trailsgenic tobacco and Arabidopsis plants with stable genointc integration of each reporter
construct will also be generated (3 and 4 above). Tobacco andArabidopsis trichomes (hairs) are an
attractive model for cotton fibre growth because of the developmental sinxilarities between cotton

fibres and trichomes, and the cost and time factors involved in transforining tobacco and
Arabidopsis (approx 3 months) as opposed to cotton (at least 12 months). filthese cases the

reporter protein is expected to be detectable only in the leaftrichomes of transgenic plants.

Identification of fibre-specific promoter Gluments (FSEs) has been approached by a strategy in
which progressive 5' deletions of the promoter are tested using the reporter gene system as above.

The expefuiient has been completed for ourstrongest promoter, with the FSEs which are absolutely
required for fibre-specific gene expression being confined to a region of approximately 100 bp.
Two further promoters will be tested in a stintlar way, and a "minimal" fibre-specific promoter,
containing the nitnimal elements necessary for fibre-specific gene expression, can be defined. The

infonnation gained will be used to generate novel promoter constructs, by "cutting and pasting" a
combination of different promoter elements, which will then be tested for their ability to control
gene expression in a defined and predictable mariner. The promoter combinationsthat we intend to
investigate are unique to this research effort and (to our kilowledge) have not been studied in other
laboratories.

The promoters developed during this project could be used to controlthe expression of any gene of
interest in the fibre cells, and could enhance the function of specific fibre-modifying genes, such as
those for length and urnforrnity. Such genes have been isolated in previous and current research at

The University of Adelaide. in addition, the infonnation generated would provide a foundation for

developing improved systems forthe control of gene expression in plants. The results of this part of
the project are therefore expected to be useful in other cotton research and development programs
as well as in the genetic engineeting of cotton fibre properties.
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Gene expression in the cotton fruit

TheBttoxin from Bacillus th"ringiensis is a transgene which has been engineered into a number of

coriumercially gown cotton varieties, including in\IGARD' cotton in Australia. in these transgeiiic
crops, the toxin is expressed throughout antissues of the plant, at a high metabolic expense to the

cotton plant. Since more than 80% of crop losses attributable to cotton insect pests are the result of
species that attack fruit (Reyiiolds at o1. , 1982), and the most conrrnercially important product of

the cotton crop is the fibres, it would be advantageous to restrict expression of the toxin to the
cotton bon wall. This would fomi a physical barrier of toxin-expressing tissue to protect the fruit

and fibres from pest attack.

Current research is aimed at the isolation of genes which are expressed only in the outer wall

(pericarp) of the cotton bon. Our approach is based on a differentialscreening technique, which is
well-established intrie laboratory and has proven successful forthe isolation offibre-specific genes

(see above). The isolation of pericarp-specific inRNAs will allow identification of the

corresponding genes and promoter regions, which could be used to express the toxin (or other

transgene) only in the outer wall of the cotton bon in a transgenic cultivar. The other tissues of the
plant, such as leaves and seeds, would be free of Bt toxin (or other transgene) such that, for
example, seeds would be more acceptable for oil production or animal feed. All additional

advantage is that this would lead to reduced mortality among non-target species due to the reduced
Bttoxin manufacture, and the plants would, in essence, contain an in-builtrefiige crop.

The molecular switch to fibre cell differentiation

antiitriguing aspect of cotton fibre growth is the process by which fibre cells are dateiiLit. led. All
ovule epidermal cells are able to differentiate into fibre cells, but only about 10% elongate to

become fibres. Nthouglithe anatomy of young fibres has been well-studied by Tmcroscopy (Ryser,
1999), nothing is known about the molecular basis of cotton fibre initiation, except that the process

appearsto be controlled by plant growth factors such as auxins and gibberellins (Beasley and Ting,
1974).

A second type of differentiated GPidennal cell, "f11zz", ittitiates gowth up to several days after the
lint fibres and, being very short, these structures have little or no cornmercial value. If the

components of the developmental pathway can be 61ucidated, it may be possible to switch

development of"fuzz" fibres into lint fibres. Added to this exciting prospect is the clear indication
that metabolism in the cotton bon is able to sustain gi'eater cellulose synthesis in additional fibres if
"fuzz" fonnation can be abolished orreduced

We have approached this complex question using the trichomes of Arabidopsis than@"@ as amodel

system. Arabidopsis trichomes are branched hair-like structures which are found on allparts of the
plant, and, like cotton fibres, they originate from single epidennal cells. The simplicity, visibility

and dispensability of trichomes in Arabidopsis make them an idealsystem for studying plant cell

differentiation and momhogenesis, with the resultthat at least 20 genes havebeen implicated tilthe

process. A model of the control of lirabidopsis trichome initiation, into which all the available
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genetic and molecular data have been incorporated, suggests that nomial trichome initiation
requires only three or four genes (Saymanskiet@I. , 2000).

We have isolated and characterised four cotton hornologues of one of the pivotal/Ir@bido sis
inchome genes, TRANSPARENT TESTA GLABRA (AirTGl). at77Gl is required for both
trichome ittitiation and pigment production in Arabidopsis, with mutants having no trichomes and
colourless seeds. AtTTGl encodes a protein of 341 amino acid residues with four WD-4-0 repeats
(Walker et a1. , 1999). WD"1-0 proteins have been implicated a diverse range of cellular processes
such as signal transduction, RNAprocessing, generegulation, vesiculartraffic and regulation of the
cell cycle (Yu at a!., 2000). The identification of 'n'Gl as a W040 repeat protein indicated that
TT'Gl probably interacts with other proteirrs to controltrichome initiation, rather than actiri
directly as a transcription factor.

Four cotton genes were isolated using a combination of PCR-based and library screening
techniques. The sequences fallirito two distinct pairs, with one pair(GhTTGl and GhTTG3) having
80% amino acid identity to litTTGl, and the other pair around 62%. All four enes were
functionally tested using Matthiol@ incana plants which have a mutation tilthe n'Gl gene, such
that their nounally purple petals are white. White Matthiol@ flowers were particle bombarded
separately with the four constructs, and GhTTGl and GhTTG3 were able to "rescue"the pigment
pathway, producing purple spots on the bombarded petals. This significantresultindicates that two
cotton 'n'Gl-like genes were able to function triplant@ likeM@tthiola 77Gl.

Given the sequence and structural sirntlarity between At77Gl and cotton GhTTGl and GhTTG3,
and the result with Matthiol@, we hypothesise that either of the two cotton genes Tinglit be able to
substitute for the function of the lirabidopsis trichome regulator. This will be tested by stable
transfonnation of 77Gl mutant, 47abidopsis plants with the two cotton genes. Frogeny from the
transformed plants will be inspected for restoration of trichome fonnation and coloured seed coats.

It is possible that proteins produced by the two cotton genes act in a stintlar way to lirabidopsis
77Gl and may therefore play a pivotalrole intrichome, or cotton fibre, ittitiation. As no regulators
of cotton fibre cell growth have yet been isolated, further characterisation of these genes may lead
to significant advances in the understanding of cotton fibre ittitiation.

The wayforward

Since 1992 we have been conducting CRDC-funded research on the genes which are expressed
during cotton fibre development. Several genes have been analysed in detailsuch that the work has
recently entered a new and exciting phase. We are now in a position to carry out functional analysis
of developmental genes and cotton fibre-specific promoters, and to testthe effects of pertirrbing the
expression of a particular gene on cotton fibre characters' Cotton transfomiation experiments are
conxing to fruition and a large number of transfonnantlines will be available for analysis in 2002.

Findings from our research will contribute substantially to our kilowledge of the molecular control
mechanisms which underlie fibre cellinitiation, development and agr. orionxic properties. More
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generally, the project will contribute to our kilowledge of cell fate determination and control of
gene expression in plants by transcription factors. The research will significantly advance gene
discovery in cotton, particularly key genes that control growth and development of the cotton fibre,

and hence, datemfuie econonxically important properties. Such infonnation will provide a clear

basis for fibre quality improvement in Australian cotton cultivars through genetic engineeting, an
outcome which can only resultin econonxic benefits forthe Australian cotton industry.
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