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Part3.3 - Fin"IRC:ports
(The points below are to be used as a guideline when completing your final report.
Postgraduates please note the instructions outlined at the end of this Section. )

I. Outline the background to the project.

We have had CRDC support formvestigating the genes that control fibre morphology since
1992, with the recent realisation of one of our primary goals, namely the isolation,
characterisation and in pionto demonstration of several different fibre-specific gene
promoters. The work described here aimed to capitalise on and extend this success and other
exciting results obtained during CRDC projects UA4C and UA5C.

Genetic engineering to confer useful agronomic and fibre traits will lower the cost and time
required for producing improved cotton varieties and will promote environmentally-friendly
farm practices. The benefits of genetic engineering of cotton in Australia have been realised
in the fonm ofBttransgenic cotton, commercialised as Ingard' and Bollgardll' varieties but,
despite the obvious potential, these techniques have notyet featured significantly in the
improvement offibre quality.

Genetic engineering of cotton requires both the identification and characterisation of useful
genes and the capacity to insert them into the cotton genome. Research in our laboratory has
aimed to address the firstrequirement, concentrating on genes which are expressed in fibres
but not in other cotton tissues, such as leaves, sterns and roots. This research is based on two
main premises. Firstly, there is a strong probability that genes which are expressed at high
levels only in fibre cells will have critical roles in fibre development or properties (and
therefore we expectthem to control fibre yield or quality). Secondly, we have identified the
corresponding sequences (promoters) within the cotton genome which directly controlthe
fibre-specificity and timing of expression of these genes. Fibre-specific promoters allow the
expression of any particulartransgene to be targeted to the fibres only, avoiding any
detrimental effects of expression on growth and morphology elsewhere within the plant, and
they could therefore be vital tools in the genetic manipulation offibre characteristics.

We have identified six different promoters within the cotton genome which directly control
the fibre-specificity and timing of expression of genes. Each of the six promoters was fused
to a reporter gene, 13-glucuronidase (GUS), and, in transient assays, shown to directreporter
gene expression that was confined to the fibres. The first aim of this project was to test each
promoter for its ability to drive fibre-specific gene expression in whole-planttransformants.

The second aim of this project was to identify which of our candidate genes have potential
for alteration offibre characteristics, by preparing gene constructs designed to change their
expression and testing their effects in whole-planttransfonnants. Our primary candidates for
fibre manipulation are the six fibre-specific genes, four of which encode structural
components of the cell wall. We have also targeted some other genes, identified outside
cotton, which could actto regulate cotton fibre growth. Of these, the 77Gl and GL2 genes,
identified in the modelplantArobidopsis, are likely to be involved in the initiation offibres
and determination of their density on the seed coat. Other candidates are genes encoding a
family of transcription factorstermed MADS-box proteins, the expression of which we have
detected in elongating cotton fibres.

Constructs were to be made, in which selected genes are assembled under the control of over-
and under-expressing promoters and promoters that alter the time of gene expression. These
promoters are available from our bank offibre-specific isolates. Such constructs were then to
be tested triplonto by transformation of cotton. Manipulation of the genes will identify their



function and effects on cotton fibre growth and development, and transgenic cotton plants
were to be screened for differences in fibre properties.

2. Listthe project objectives and the extent to which these have been achieved.

The original project objectives were to:

I. Identify which of our candidate genes have potential for alteration offibre quality, by
characterismg them further at a molecular and functional level.

2. Prepare gene constructs designed to change the expression of the chosen gene(s) and
testtheir effects on fibre development by transformation of whole cotton plants.

3. Evaluate fibre-specific gene promoters fortheir ability to drive reporter gene
expression only in the fibres of transgenic cotton plants, and make them available for
wider cotton research and plant breeding.

The objectives of this project were, to a large extent, achieved, and progress was significant
despite the interference of a number of interruptions. The move of the Genetics Discipline to
a new building in September 2000 caused longer disruption than was foreseen, particularly to
plant growth facilities. Sharon Orford was on maternity leave for 12 months from 12 March
2001 and on her return to work, a large amount of time was devoted to ensuring that the
project complied with new federal OGTR legislation for working with genetically modified
organisms. It should also be noted that aim (2) of this project hinged on a collaboration with
Dr Danny Llewellyn at CSIRO Division of Plantlndustry in Canberra, where the cotton
transgenesis was to be performed. Early in the project we received an indication from CSIRO
that new transformation experiments would not be undertaken. Aim (2) wastherefore
modified to involve only those transgenics which were already underway at the
commencement of the project, namely evaluating the effect of expansin misexpression on
cotton fibre development.

In addition to the work described in section 4 below, Sharon Orford attended the XIX
International Congress of Genetics in Melbourne in July, 2003, where she presented a poster
entitled "Two WD-repeat genes from cotton can replace the function of the transparenttesta
glabral(TTGl) gene in Matthiolo incono". In 2001 Sharon Orford was awarded an Adelaide
University Small Research Grant of $10,000, an application which was supported by the
CRDC. In addition to annual Discipline seminars, Sharon Orford presented results of this
project in two invited seminars, the firstifwhich was in the Department of Chemical
Pathology at the Women's and Children's Hospital, Adelaide, in August 2000 and entitled
"Engineering a better Australian cotton fibre". The second fomied part of the Waite Precinct
Plant Researchers Seminars Series in March 2004 and was entitled "The molecular genetics
of cotton fibre initiation and development". In 2000 our work was the subject of an article in
the "Adolaidean" newspaper and "LabNews" magazine, and Jeremy Timmistook part in a
radio interview for ABC National. In 2003, Sharon Orford reviewed papers for publication in
the international journals "Planta" and "Biochimica et Biophysica Acta".
A significant part of this research includes the involvement of Sharon Orford and Jeremy
Timmis in the supervision of postgraduate students' Our laboratory has been particularly
successful in this regard, with the awarding of two CRDC Honours scholarships(UA9C,
UAIOC) and three new CanC PhD studentships(UA8C, UAllC and UA12C) during the
tenure of this project. In addition, we supervised two further Honours students on cotton
projects, in 2000 and 2004, and a summerstudent in 2003. We also supervised a PhD student
(funded by ARC-SPIRT APA(I)scholarship) who was awarded her Doctorate in July 2003.
These students were attracted to cotton research by results from CRDC-funded projects and
contribute valuable results which underpin the more applied research which we carry out for
the CanC.



3. Detailthe methodology and justify the methodology used.

I. Candidate genes were to be further characterised using standard molecular biological
techniques, including isolation and sequencing offull-length inRNAs and
corresponding genes and expression analysis by RT-PCR, Northern blotting and/orin
situ hybridisation. Such procedures are well-established in our laboratory. In the
absence of access to cotton transformation, functional analysis was to be carried out,
where possible, by transformation of mutantrtrabidopsis plants.

2. The most promising of our genes analysed to date encodes an expansin, a protein
thoughtto control plant cell growth by chemical modification of cell wall components.
Expansins could therefore play a critical role in determination offibre quality and
yield. Four constructs were made, in which the expansin gene was placed under the
control offour different promoters, designed to alter native expansin expression. The
gene constructs were used to transforrn whole cotton plants during the tenure of project
UA5C, and, idealIy, 8-10 independentlines from each of the fourtransforrnations were
to be analysed as follows:

. Planttransfonned lines (seeds of the Tl generation) and isolate genomic DNA from
4-8 individual plants of each line.

. Test forthe presence of the transgene in each plant by PCR, using specific primers
for each construct. Pertorrn Southern blotsto detennine the copy number of the
transgene and to confirm different genomic contexts in differenttransfonmed lines.
Discard negative plants.

. Collect T2 seed from positive plants, grow T2 plants and test forthe presence of the
transgene as above. Discard negative plants.

. Collect fibres from various ages and use Northern blots or PCRtechniquesto show
that expansin gene expression in the fibres is perturbed, as compared to that in wild-
type (untransformed) plants. Evaluate fibre properties such as length, strength,
micronaire, uniformity and maturity forthe effects of the altered expansin
expression.

3. Six different fibre-specific promoter::GUS reporter constructs were transfonned into
cotton as part of project UA5C, and, idealIy, 8-10 independentlines from each of the
six transformations were to be analysed as follows:

. Planttransformed lines (seeds of the Tl generation) and isolate genomic DNA from
4-8 individual plants of each line.

. Test forthe presence of the transgene in each plant by PCR, using specific primers
for each construct. Perform Southern blotsto determine the copy number of the
transgene and to confimn different genomic contexts in differenttransfonned lines
Discard negative plants.

. Collect T2 seed from positive plants, grow T2 plants and test forthe presence of the
transgene as above. Conduct a preliminary staining for GUS expression in fibres and
other tissues, and discard negative plants.

o Collect various cotton tissues at a range of time points and carry out quantitative
GUS assays to confirm the fibre-specificity of each promoter and to determine the
temporal expression pattern and relative strength of each promoter in cotton fibres.



4. Detail and discuss the results including the statistical analysis of results.

Chordcterisotion of candidate genes forgenetic manipulation o100!!^!sI

We had previously identified a number of cotton genes which could be involved in the
determination offibre morphology and these will be addressed in turn.

. The expansi" gene family in cotton

Expansins are a family of plant proteins thoughtto allow cell growth by modification of
plant cell wall components The expansin work, including detailed characterisation of the
gene family in cotton, analysis and testing offibre-specific expansin gene promoters and
assembly of constructs designed to misexpressthe expansin gene in transgenic plants, was
carried out by a PhD student(funded by ARC-SPIRT APA(I)scholarship), Sarah Hanner,
who was awarded her Doctorate in July 2003 under the jointsupervision ofJeremy
Timmis and Sharon Orford. The research on expansin genes which was carried out as part
of this projectis detailed in part 2 below.

Putative cotton hornologues of, 4r"bidopsis trichome regulators

Arabidopsis trichome (leafhair) development has been extensively studied as a simple
example of plant cell differentiation, and the pivotal genes have been cloned. We and
others have proposed that development of Arabidopsistrichomes is a suitable modelfor
cotton fibre initiation because of the momhological and apparent molecular similarities
between the two systems. One/Irobidopsis gene, TTGl, encodes a WD-repeatprotein
which is absolutely required fortrichome initiation, and we have sought 77Gl
hornologues in cotton under the premise that similar genes could be involved in fibre
initiation.

Five 77Gl-like genes were obtained previously from an Australian cotton cultivar, either
as genomic DNA fragments(by library screening) or as genomic PCRproducts. Where
necessary, the sequencing of these genes was completed, with at leastthree independent
genomic PCRclonessequenced in the cases ofGhTTG2 and Gh7TG3. The}.. GhTTG(B)
genomic clone wassubcloned into aplasmid vector, and sequencing of the coding regions
showed that}.. GhTTG(B) overlaps with 71, GhTTG(C)such that they encode the same gene.
The remaining three sequences were unique, resulting in the identification offour distinct
77Gl~like sequences, a summary of which appears in Table I.

TABLE I:Summa
Cotton TTGl-like

se uemce

GhTTGl

GhTTG2

ofTTGl-like isolates from cotton
CDNA clonePCRclone

GhTTG3

GhTTG4

TTGO

699 bp

TTGO
694b

TTG(I)
1253 by (partial)

TTG(U)
1694 b

KGhTTG(A)
(PTTG(A)E5 andpTTG(A)Ex2.5

subclones , 1584 b
GW PCR, then genomic

three clones , 1924 b
GW PCR, then genomic

three clones , 2008 b
AGhTTG(C)

(PTTG(C)E2 subclone), 1837 by
A, GhTTG(B)

(PTTG(B)Bl subclone), 905 bp,
overIa s with KGhTTG C

Genomic clone



A comprehensive sequence analysis of the four cotton 77Gl-like genes showed that they
are very similar to each other and to lirabidopsis 77Gl, as well as to a number of other
genes encoding WD-40 proteins. The nucleotide sequences were deposited in the
GenBank database with accession numbers AFS30907-AFS30912. The foursequences
form two pairs, with GhTTGl and GhTTG3 being similarto each other, and Gh7TG2 and
GhTTG4 grouping together. Of these, GhTTGland GhTTG3 showed the greatest
similarity to lirabidopsis 77Gl. It is possible that a single gene in lirabidopsis
corresponds to a number of redundant genes in tetraploid cotton, which may be expressed
differentialIy or have diverse developmental roles which are not necessarily concerned
with fibre development.

Since Northern blot analysis produced only weak or undetectable signals, we investigated
the expression patterns of the four genes using the more sensitive technique of reverse
transcriptase PCR (RT-PCR). An alignment between the four cotton sequences allowed
the design of gene-specific primers, which were tested on a bank of cotton genomic and
clone DNAs. InterestingIy, all four genes are derived from the diploid ancestor most
closely related to G. rotmondii, orthe D subgenome.

RT-PCR was carried out on total RNA templates from fibres of various ages as wellas
from ovule (O DPA), leaf, flower, stem and roottissue. As for/Irobidopsis ITGl,
transcription of the four GhTTG genes was detected in all organs tested, with the overall
level ofGhTTG3 transcripts being lower than those of the other three genes. Allthe genes
were expressed throughoutthe expansion and elongation stage offibre development(-Ito
21 DPA) and transcripts persisted into secondary cell wallsynthesis (15 to 40 DPA).

Southern blots of cotton genomic DNA, using the four 77Gl-like genes as probes,
indicated the presence of three-five WD-repeat family membersrelated to each of the two
groups, even when a gene-specific probe was used. This is in agreeance with all other
cotton genes isolated in our laboratory, which appear to be members of gene families.

Although molecular analysis of the cotton 77Gl-like genes as part of this project yielded
new and valuable information, it is difficult to tell from the results described here which of
the four genes, ifany, is a functional hornologue offIyobidopsis 77Gl. A functional
analysis of the genes was approached by attempting to complementt!gl mutations in
heterologous plantsystems, namely Matihiolo incono andArobidopsis rholio"a. These
experiments, carried out by a PhD student in the laboratory under the joint supervision of
Ieremy Timmis and Sharon Offord, are detailed in reports for project UA9C, UA12C and
in our publication of this work (see section 9).

A second trichome gene, GLABRA2 (GL2), is a member of the homeodomain (HD) class
of transcription factors and is involved in the control of trichome cell expansion. We
isolated an excellent candidate (as a CDNA clone) forthe cotton hornologue ofGL2 as
part of project UA5C, and work was to be continued on a collaborative basis with CSIRO
Division of Plantlndustry. We had isolated one genomic clone in a library screen with the
GL2-like CDNA, and a4 kb subclone had been constructed by Jeremy Timmis as part of
project UA6C. During the tenure of this project, we sequenced the subclone to obtain
approximately 2 kb of non-contiguoussequence. Sequence analysis showed that the gene
corresponded to our CDNA and that the coding region was interrupted by a large number
of introns. The genomic subclone contained approximately 1.5 kb of promotersequence
and the initiation codon but appeared to be partial, missing about one third of the coding
sequence at the 3'end. The information was shared with our collaborators, who undertook
a number of other experiments to be included in ajoint publication (see section 9).



The Mans-box family of transcription factors

Previous work in our laboratory by Sharon Orford (UA5C) and Darnien Lightfoot
(UAIOC) had shown that at least four genes encoding MADS-box transcription factors are
expressed in developing cotton fibres, and that one of these genes, 24.11, is alternatively
spliced. Alternative splicing is a phenomenon by which several different proteins can be
produced from transcription of one gene and is an important source of variation in higher
organisms. A large number of 24.11 CDNA clones were sequenced, and foursequence
variants were observed in addition to the splicing variants. Genomic sequence was
obtained for only one of the variant groups. In this projectwe aimed to complete the work
begun in UA5C and UAIOC, by cloning additional gene(s) which gives rise to the
alternatively-spliced MADS-box transcripts.

Two genomic clones containing MADS-box genes had been obtained from a library
screen. The one which hybridised most strongly to a CDNA probe was subcloned into a
plasmid vector, but ourset offour MADS-box primers could not amplify a product from
the subclone and no further analysis had been carried out. As part of this project, fresh
glycerol and plasmid DNA stocks of the subclones were prepared, theiridentity checked
by Southern blotting and the previous PCR results verified. A PCR-based experiment was
therefore used in an effort to clone the 24.11 gene(s). Gene-specific primers for 24.11
yielded a 1.1 kb PCR product from tetraploid cotton (cv. Siokra I-4), and direct
sequencing showed it to be a mixture of amplification products from more than one
template gene. The PCR product was cloned and 11individual clones sequenced in full.
The clones formed three groups, one consisting of seven members which matched the
existing isolate, one containing three clones which matched the other main CDNA
sequence variant, and one gene which was clearly 24.11-like but did not correspond in
sequence to any 24.11 CDNA clones. Gene-specific primers were designed in an attempt
to isolate the two remaining 24.11-like genes, and the PCR reaction conditions adjusted
untilspecific products were obtained from a bank ofRT-PCRand genomic clone DNAs.
PCRs on cotton genomic DNA with the same sets of primers yielded products which were
cloned, butsequencing results of two independent clones from each experiment were
inconclusive. The sequences were clearly 24-11 genes but, as the only sequence
differences between these genes and the existing isolates are builtinto the primers, it
cannot be detennined whether or notthey correspond to new variants. Results from the
MADS-box experiments were written into a manuscript for publication (see section 9).

The effect of exponsi" Eerie misexoressio, z on cotion fibre develonment2

In previous work, four genetic constructs were made, in which the expansin gene was placed
under the control of different promoters designed to alter native expansin expression in cotton
fibres. The gene constructs were used to transform whole cotton plants late in 1999, and the
first Tl seeds from the experiments were sent to Adelaide in December 2002. We received
Tl seed from a total of 42 differenttransgenic lines during the tenure of this project.

Between December 2002 and April2004, 4-8 seeds from 25 of the transgenic cotton lines
were planted. Initial experiments involved trialling of a number of different methods for
small-scale genomic DNA preparation from leaves of the transgenic plants. Genomic DNA
from each plant wastested forthe presence of the transgene by PCR, using primers forthe
kanamycin resistance gene (At?110 and/or forthe specific construct. Of these, 16 lines were
100% transgenic (that is, a PCR product was detected for all plants tested), and nine lines
were segregating forthe transgene. Negative plants were discarded and plants grown to
fruiting before T2 seed was collected from between one and four plants pertransgenic line. A
summary of this work appears in Table 2.



TABLE 2: Summary of transge"icswith expa"sin misexpression constructs
No. TlConstruct Expt FirstExpectedCompositionConstruct
linesseedssenttoexpansinname

obtained recoveredCanberraexpression

FS6 romoter::ExpPR6EXP

FS18AEXP FS18A romoter::Exp

FS18BEXP FS18B romoter::Exp

pPR6antiEXP PFS6promoter::
antisense Exp

42 (33)TOTAL

*Numbers in bracketsreferto the number of lines known to be independent. In some
transfonned lines, more than one plant was obtained from the same callus, and, whilstthey
should be clones of the same transformation event, they have been treated as differentlines in
these experiments until Southern analysis can resolve the question.

Due to the time-consuming nature of cotton transgenics, the transgenic lines were grown to
T2 during this project but further analysis was not carried out. The fibres of the Tl plants did
riotshow any startling characteristics (for example, the antisense transforrnants contained
fibres) but fibre properties were not evaluated in any detail. Genomic Southern blots were
performed in an effort to distinguish between the lines and to determine the copy number of
the transgene, butthese were unsuccessful due to a number of technical difficulties such as
DNA loading on the agarose geland use of aheterologous probe. A more appropriate probe
was obtained buttime constraints prevented a repeat of the experiment.

increased

rolon ed

rolon ed
decreased

Dec 1999

Dec 1999
Dec 1999

Jan 2000

3. Demonsir@liono Ibre-s eciic e"e romoteroctivi intronsormedcotton 10nts

In previous work, genetic constructs were made in which our six putative fibre-specific gene
promoters were fused upstream of a GUS reporter gene. The gene constructs were used to
transform whole cotton plants in 1999, and the first Tl seeds from the experiments were sent
to Adelaide in February 2002, although the inI^ionty were received in 2003, such that a total
of 50 different plantlines were recovered.

Between September 2002 and March 2004, 4-8 seeds from a total of 24 differentlines were
planted. Genomic DNA from extracted from leafsamples of eachplant andtested forthe
presence of the transgene by PCR as forthe expansin misexpression experiments described
above. Of these, 12 lines were 100% transgenic, ten lines were segregating forthe transgene
and in two cases all plants tested negative forthe transgene. Negative plants were discarded
and plants grown to fruiting. Plants from two of the lines did not set fruit. T2 seed was
collected from between one and fourplants pertransgenic line for 20 lines. A summary of
this work appears in Table 3.

T338

T336

T337
T334

Jan 2003

Jan 2003

Dec 2002
Dec 2002

*

96

10 9
16 14

7 (4)

T2 seed

collected

(ino.
lines *

96
55

55

6 (3)

250

TABLE 3: Summary of transgenics with promoter::Grus reporter fusions
No. linesFirstComposition Construct ExptConstruct

recoveredseedssent toname

obtainedCanberra

June1999 T312, T313 Feb2002FS3 romoter::GUS

Jan 2004June1999 T311FS6 romoter::GUS
Jan 2003June1999 T310FS18 romoter::GUS

Jul 2003Nov1999 T332FS17 romoter::GUS

Feb 2002June1999 T315FS14 romoter::GUS

Jul 2003Exansin romoter::GUS June1999 T316

TOTAL

3GUS1.5

6GUS1.4

18GUS1,2

17GUS1.2

GUSEX1.2

GUSEX1.4

66

I I

10 9

24 7

33

10 4

54 (30)

T2 seed

collected

ino. lines

44

11

65

77

22

20 (19)



*Numbers in brackets refer to the number of lines known to be independent, as in Table I
above.

Once again, a small number of known independenttransgenic lines was able to be grown to
T2 during this project and further analysis was prevented due to time constraints. In addition,
the transgenic testing of our most promising fibre-specific promoter did not provide seed
untilJanuary 2004, and then only from one line. It is this promoter which we are most
interested in characterismg in detail. However, as much progress as possible was made with
the material and growth facilities available.

Provide a conclusion as to research outcomes compared with objectives. What are
the "take home messages"?

The research objectives were completed as fully as allowed by the time- and labour-
consuming nature of cotton transgenics. Whilst notproviding the scope envisaged in the
initial project application, the collaboration with CSIRO has been a fruitful one, with the
receipt of seeds from 96 differenttransgenic cotton lines, from 10 transformation
experiments. Where possible, at least five independentlines from each experiment wastested
for presence of the appropriate transgene. Plants from a total of 49 (41 confirmed
independent) lines were cultivated and tested and T2 seed was collected from positive plants
of 45 (37 confirmed independent) lines. The T2 seed awaits planting and a full evaluation of
the effects of each transgene on development of cotton fibres.

6. Detailhowyour research has addressed the Corporation'sthree Outputs-
Economic, Environmental and Social?

The primary impact of our work lies in the area of cotton biotechnology. Our ultimate aim is
to produce cotton varieties with improved fibre characteristics, thereby ensuring the
profitability and international competitiveness of the Australian cotton industry. Genetic
manipulation offibre properties requires an understanding of the genes which are involved in
fibre development, a subject which is poorly understood at the molecular level. It is this
paucity in knowledge which we are addressing in our research at Adelaide University.

In addition, genetic engineering to confer useful agronomic and fibre traits will lower the cost
and time required for producing improved cotton varieties and will promote environmentally-
friendly farm practices. The benefits of genetic engineering of cotton in Australia have been
realised in the form ofBttransgenic cotton, commercialised as Ingard@ and Bollgard@11
varieties but, despite the obvious potential, these techniques have not yet featured
significantly in the improvement offibre quality.

Provide a summary of the project ensuring the following areas are addressed:

a) technical advances achieved (eg commercially significant developments, patents
applied for or granted licenses, etc. )

by other information developed from research (eg discoveries in methodology,
equipment design, etc. )

c) are changes to the Intellectual Property register required?

The aims of this project were to characterise and evaluate a number of cotton genes and
promoters, obtained in Adelaide, fortheir eventual use in cotton genetic engineering. A
number of genes were characterised using molecular biological techniques, and one of the



genes was used in misexpression studies in transgenic cotton plants. Transgenic seeds were
also obtained in which a reporter gene is under the control of several different fibre-specific
gene promoters. Whilst a large number of transgenic cotton lines were obtained during the
tenure of this project, they were not evaluated in any detail beyond testing for presence of the
transgene and collection ofT2 seed. It is in the next, detailed phase of testing that we expect
to generate results of industrial significance (see section 8).

Detail a plan for the activities or other steps that may be taken:

(a) to further develop or to exploitthe projecttechnology.

(b) for the future presentation and dissemination of the project outcomes.

(c) for future research.

There is a clear path forthis project in terms offuture research and development of the
projecttechnology. Having completed the initial testing phase in 10 transgenic cotton
experiments, it only remains to grow the T2 seed and evaluate plants from each line forthe
effect of the transgene on measurable fibre properties, or in the case of testing of the fibre-
specific promoters, quantify reporter gene expression.

Results from the first component will contribute valuable infomiation on the gene(s) involved
in cotton fibre development, as well as providing novel germplasm for use in cotton breeding
programs. The second component will provide a range of extensively characterised gene
promoters which could be used to express any gene specifically in fibre cells and in a defined
temporal manner. These promoters, after full evaluation, will be available for use in other
cotton research, such as gene misexpression studies (like those carried out in this project) or
in the production of coloured cotton fibres. We would look to the CRDC for direction asto
how best to supply these resources to the cotton breeding and biotechnology community.

9. List the publications arising from the research project and/or a publication plan.
01B: Where possible, please provide a copy of any publication/s)

Codere"cepresenta!ions during the tenure of this prey'eci. '

armer, ,g_gz_an jinmis, a;acerisaiono eexp g 'y'S Harmer, S Orford and J Timmis, "Characterisation of the expansin gene family in
Gossypi"in hirs"twin (cotton)", 23'' Loine Genome Conference, Victoria, Australia,

S Delaney, S Orford and J Timmis, "Functional analysis of a cotton fibre-specific gene

February 2001 (poster)

promoter" Australian Cotton CRC Annual Scientific Meeting, Toowoomba, June
2002 (paper)

S Delane S Offord and J Timmis "Develo meritof ene romoters for cotton fibre

improvement", 11'' Australian Cotton Conference, Brisbane, August 2002 (poster)
S Offord J Hum hries and J Timmis "Two WD-re eat enes from cotton can re lace the

function of the TRANSPARENTTES7>I GLABRA1(77Gl) gene in Mathio!o
incono" the XIX International Congress of Genetics, Melbourne, Australia, July
2003 (poster)

S Dejaney, S Orford and J Timmis, "Functional analysis of a cotton fibre-specific gene
promoter" the XIX International Congress of Genetics, Melbourne, Australia, July
2003 (poster)



D Li htfoot S Orford and J Timmis "Protection of cotton fibres", 25'' Loine Genome
Conference, Victoria, Australia, February 2004 (poster)

J Hum hries, S Orford and J Timmis, "Anal sis offibre initiation in cotton", 25th Lorne

Parbl^^orions. .

Genome Conference, Victoria, Australia, February 2004 (poster)
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*Significant progress has been made on the papers in preparation and they will be
submitted to the appropriate scientificjoumals as they are completed.

10. Haveyou developed any online resources and whatisthewebsite address?

11. Provide an assessment of the likely impact of the results and conclusions of the
research project for the cotton industry. Where possible include a statement of the
costs and potential benefits to the Australian cotton industry or the Australian
community.

The aim of this project is to develop the moleculartools required for genetic improvement of
cotton fibre properties. The research has two main components, namely:

I. Characterisation and evaluation of genes with significant roles in the determination of
cotton fibre characteristics, and;

2. Assessment of a bank of cotton gene promoters fortheir ability to drive fibre-specific
gene expression in transgenic cotton plants.

We therefore expectthe project to provide novel, partially characterised germplasm for use in
cotton breeding programs aimed at improving cotton fibre properties, and a valuable bank of
moleculartools which would allow expression of any gene in a defined manner in cotton
fibre cells. These resources will lower the cost and time required for producing cotton
varieties with improved fibre characteristics, the commercial cultivation of which will ensure
the profitability and international competitiveness of the Australian cotton industry.
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Provide a one page Summary of your research that is not coinmcrcialill confidence, and that
call be published o1/1/16 \\,'orld \\^'ide web, Explain the main outcolnes of the research and
provide contact details I'br Inorc ill^^'mation. It is important tliat tlie Executive Summary
highlights concisely the key outputs from the project and. \\, hell tiley are adopted. what this
\\IillinCan to tile Cotton industry.

CanC Project UA7C:
GENETICMANIPULATIONOFFIBREQUALITYNAUSTRALIANCOTTON

Genetic engineering to confer useful agronomic and fibre traits will lower the cost and time
required for producing improved cotton varieties and will promote environmentally-friendly
farm practices. Genetic improvement of cotton fibre morphology requires both useful genes
and appropriate expression of the genes in cotton fibres. Previous CRDC-funded research in
our laboratory has aimed to address both these requisites, concentrating on genes which are
expressed in fibres but notin other cotton tissues.

We have identified six different promoters within the cotton genome which directly control
the fibre-specificity and timing of expression of genes. Fibre-specific promoters allow the
expression of any particulartransgene to be targeted to the fibres only, avoiding any
detrimentaleffects of expression on growth and morphology elsewhere within the plant. Each
of the six promoters was fused to a reporter gene, GUS, and, in transient assays, shown to
directreporter gene expression that was confined to the fibres. The six promoter::GUS
constructs were then used to transform whole cotton plants and a large number of transgenic
lines were recovered. These have been tested for presence of the transgene and T2 seed
collected. Future work involves quantitative GUS assays on fibre extracts in order to confirm
the fibre-specificity of each promoter and to determine the temporal expression pattern and
relative strength of each promoter in cotton fibres ofT2 plants.

The second aim of this project wasto identify which of our candidate genes have potential
for alteration offibre characteristics, by preparing gene constructs designed to change their
expression and testing their effects in whole-planttransfonmants. The most promising of our
genes encodes an expansin, a protein thoughtto controlplant cell growth by chemical
modification of cell wall components. Expansins could therefore play a critical role in
determination offibre quality and yield. Four constructs were made, in which the expansin
gene was placed under the control offour different promoters, designed to alter native
expansin expression. These promoters were available from our bank offibre-specific gene
promoters. The gene constructs were used to transform whole cotton plants and a large
number of transformed lines were recovered. These have been tested for presence of the
transgene and T2 seed collected. T2 plants will be tested forthe effects of the transgene on
fibre properties such as length, strength, micronaire, uniformity and maturity.

For more information contact:

DrSHARONORFORD

Discipline of Genetics
SchoolofMolecular and Biomedical Science

University of Adelaide
Adelaide, SA 5005
Ph (08) 8303 7540
Fax (08) 8303 4362
Email: sharon. orford@adelaide. edu. au


