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The Role of Biotechnology in Cotton

Jim Peacock, CSIRO Plant Industry, Australia

The cotton industry owes alarge part of its successto the
efficiency and cleverness of breeding. Breeding has
brought the industry varieties that could for example re-
sist pathogens or flourish in environments where produc-
tionwasoncedifficult.

But in thisindustry we can never rest on our laurels, and
there are major challengesfacing uswhere breeding onits
own will not be enough to overcome them.

Fortunately there are new opportunities provided by bio-
technology that we can use to make breeding more pow-
erful so that the cotton industry can continue along the
path that leads it to be profitable, sustainable and accept-
able.

When we start to consider the role of biotechnology in
cotton, | think we need to remind ourselves about what a
geneis. Like any other part or component of our body a
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geneisachemical substance, it is DNA and its chemical
has very special properties.

It contains coded information. In fact it is the biological
software for the devel opment of any organism and for the
way in which an organism functions. The code iswritten
in four genetic letters and this is read in triplets for the
information to make proteins, the gene products (Graph
1.

The DNA molecule also contains other coded informa-
tion, which controlsthe“activity state” of the gene. These
coded regions provide binding sites for proteins that act
together to switch the geneinto activity (Graph 2).

It is comparable to you switching alight on. Your hand
hasto activate the switch before thelight will comeon. In
fact, it is much more complicated than that, there are a
number of switchesthat haveto act together to switch the
gene on.

Components of a Gene

TIME QUANTITY

PLACE ENTRY STABILITY
& ~ ,
BT @ rusliee @

45

PROTEIN

TATAA § ATG
ATATT  TAC ATT

a @

START STOP

NEXT
GENE ~qt

NEXT
- GENE

Graph 2.

ICAC online


Carmen S Leon
This paper was presented at  the Technical Seminar of  the 59th Plenary Meeting, held in Cairns (Australia), 5-10 November 2000.


So the gene is not a simple piece of code, it is a multi-
partite coded structure. The genetic language for the gene
product isuniversal — it'sthe samein animalsasin plants,
but the control gear for gene activity differs between ani-
mals and plants.

This means that the criticism that you often hear of afish
gene being put into atomato isjust an oversimplification
and clearly it's not going to work. The only way to havea
piece of coded information from afish protein work in a
plant isto equip the gene construct with the correct series
of plant switches.

When a gene construct is inserted by alaboratory proce-
dure into the genetic tape it is the same requirement as
when the gene construct isinserted by conventional plant
breeding. All the switch gear has to be intact and correct
to havethe genefunctionintheright cellsat theright time
and to the right amount.

It isimportant to note here that everyday we eat billions of
genesin our food and we do not acquire the characteris-
tics of our food whether it isanimal or vegetable.

The process of developing a transgenic organism and in-
troducing it into commercial useisalso complex. InAus-
tralia the regulatory component of this process will be
controlled by legislation, which isbeing introduced early
next year (Graph 3).

But Australia has already managed this whole complex
process extremely well. To get the one transgenic crop we
have in Australia— the cotton crop, which is protected
frominsect damage by theinclusion of anew insect proof-
ing gene — it took some years to go through all of these
complex procedures aswell asthe safety checks required
at all stages of development of the crop. Infact, toamuch
greater extent than isrequired for any new cultivar or va-
riety that isintroduced asaresult of “conventional breed-

ing”.
Perhaps the one deficiency | could cite against our Aus-
tralian experience is that clearly we have not been effec-
tive enough as a country in communicating about this
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The role of biotechnology

Gene technology in cotton:

* DNA sequences as markers
* modify or manipulate existing genes
* add a new gene

¢ identify multiple genes
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technology. There needsto beagreat deal of communica-
tion in order for the public to understand and trust this
technology and the regulatory processes in place. It is
something new and people need to be comfortable with
respect to just what exactly isinvolved and in particular
they need to be sure that they can rely on our regulatory
procedures.

They need to know the transgenic food and crops are as
safe as any other food and crops we use. This failure or
poor performancein communication has provided the op-
portunity for the fueling of emotions surrounding the in-
troduction of the technology. It's also unfortunately pro-
vided the opportunity for alot of misinformation and mis-
interpretation to be fed to the mediaand it hasresulted in
concern in the community.

So let’slook at the role of gene technology — how do we
apply itin cotton? (Graph 4)

» Genetechnology will provide tremendous advantages
and help to conventional breeding through the appli-
cation of gene markers. Although it has been difficult
to achieve in cotton, we are now starting to develop
techniques that work, and there is no doubt that this
technology will make breeding smarter and more effi-
cient because we have seen this occur in other crop
plants.

* We can modify or manipulate existing genes.
* We can add anew gene.

We can identify multiple genes at atime giving usthe
opportunity to gather far greater knowledge and un-
derstanding of gene function than ever before.

Let's look at these roles more closely and see how they
arebeing applied (Graph 5).

DNA markers offer the opportunity to speed up conven-
tional breeding so we can look forward to getting new
varieties out to growers sooner.

DNA markers al so make the breeding process smarter be-
cause breeders can pick plants with desired characteris-
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DNA Markers for Cotton Breeding
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tics within one generation, and use only those plants to
work with.

L et me give you an example of how DNA marker technol-
ogy would work: With markersaDNA sequence actsasa
flag for awanted genein abreeding program. Itisjust like
following the Japanese group’s flag carrier in the crowds
at the Olympic Games.

We are exploring the use of a DNA sequence flag for a
bacterial blight resistance gene. The breeder can quickly
identify the cotton plants in the breeding program that
havethe DNA flag— thered flag— and can discard all of
the plants that don’'t have this correct and wanted gene.
Then he or she is able to make a cross to produce the
variety inwhich all plantswill have the wanted resistance
gene.

It is to emphasize here that plants bred with the aid of
gene markers are not transgenic. Markers are used as a
guideonly, likeared flag carried by tour guidesthat says
totourists“Herel am—follow me.”

But gene technol ogy can be used to modify or manipul ate
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existing genes to produce what are called transgenic or
genetically modified organisms. A transgenic organismis
one that has a new piece of genetic code introduced or
modified by a laboratory procedure. An example is the
modification of cotton seed oil to makeit healthier.

We can produce high oleic cotton seed oil, which is a
liquid at room temperature and can be used for cooking, or
high stearic cotton seed ail, which is solid at room tem-
perature and can be used in margarine or confectionery.
These oils are healthier because hydrogenation, a pro-
cessthat producestransfatty acidswhich raise blood cho-
lesterol, isavoided (Graph 6, 7).

Gene technology also allows us to add a new gene to an
organism. For example INGARD cotton, which hasin-built
resistance to the heliothis caterpillar. Ingard cotton has a
genefrom acommon soil bacterium, Bacillusthuringiensis
(Bt), that makes a chemical that kills insects. The cotton
plant makesthe chemical, but only initsleaves. When the
caterpillar eatsthe leavesit dies.

In Australia, Ingard cotton has been shown to require 50
per cent less chemical sprays than conventional cotton.
That has been very good news for the environment and
for the communitiesin cotton growing regions.

At the moment, Ingard cotton has a single gene. By 2003
we hopeto have avariety with 2 Bt genes, which will see
afurther decline of chemical use by up to 90 per cent.

Management of the technology iscritical — we' velearned
that through our experiencewith chemical pesticideswhere
misuse or overuse has led to a build up of pest popula-
tions resistant to these chemicals.

Management of the technology is aso critical because it
provides a platform from which we can launch real inte-
grated pest management (IPM) (Graph 8).

But probably gene technology’s most important contri-
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Add a New Gene
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bution is the new knowledge it is giving us about how
plants, animals and ourselves develop and function
through genomics.

Genomics allows us to identify single or multiple genes,
and this has provided the basis of a major revolution in
the capacities of biological research. The rate with which
we have been able to increase understanding how plants
work and how they grow isnot comparableto anythingin
our history.

Genomicswill enable usto better understand, for example,
how a cotton plant might be able to be changed to better
resist frost or even to grow in saline land or water logged
land. It will aso help usto understand the devel opment of
cotton fiber, and that knowledge may then be used to
develop plants of specific or novel fiber qualities. (Graph
9

Benefits

Benefits can be summed up from examples of the role of
biotechnol ogy — gene technology —in cotton (Graph 10).

» The technology has the potential to help us increase
yields and also to beat pests and diseases by allowing

Identify Multiple Genes
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Gene Technology: Benefits

The Science —what can it do?

* Greater yields, beat pests and diseases

* Lint with increased market value,
higher value seed oils

* Cleaner environment

* |P — assets for cotton industry
Graph 10.

us to achieve better management of them.

» It can bring us lint with increased market value and
healthier, higher value seed oils.

» Genetechnology offersusaway to acleaner environ-
ment, for example by reducing the use of chemical
sprays to control pests and we're seeing that already
intheAustralian experience.

» All of these benefits can create | P and therefore assets
for the cotton industry.

IPisone of the most important features of gene technol-
ogy. It's al'so a complex, but worthwhile feature. (Graph
1)

|P— so important in manufacturing industriesand in in-
formation technology industries — is now critical in
agribusiness. Biotechnol ogy, with information technol ogy,
has made agriculture a new economy, and the cotton in-
dustry hasto be smart about I1P to develop it, keep it and
share its benefits.

Current Status (Graph 12)

Where is gene technology at in cotton? Some of points
mentioned earlier are;
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Current Status

The Science —where is it at?

* New knowledge at unprecedented rate

* Increased efficiency of breeding

* Generating IP

* Producing results - Safety tests at all stages
* Transgenic crops - 43 million ha worldwide

e Community concern - confusing messages

Graph 12.

* New knowledge at unprecedented rate — genomics

» Increased efficiency of breeding — use of markersin
breeding programs

» Generating | P—through new knowledge

» Producingresults- Safety testsat all stages—INGARD
cotton as an example

» Transgenic crops—43 million haworldwide—amajor
part of which is cotton

»  Community concern — confusing messages. The cot-
ton industry has the opportunity to set an example.
Thereisavery real need to communicate with the com-
munity to work with them, to understand their con-
cerns and raise awareness of what the technology can
do, how it will be used, how it will be regulated, how it
will affect them. We need to get balance back into the
gene technology discussion —we all owe the commu-
nity that.

Cotton Opportunities (Graph 13)

There are some major opportunities for biotechnology in
the international cotton community because of the range
of productsit potentially offers and the range of benefits
it could bring:

* An opportunity to provide sustainable agriculture
* To ensure environmental security

* To ensure human health and safety

* To promote trust in regulatory systems

* To communicate and increase the awareness of gene
technology

Cotton Opportunities

* Provide sustainable agriculture

* Ensure environmental security

* Ensure human health and safety

* Promote trust in regulatory system

* Increase awareness of gene technology

Graph 13.

In conclusion, what lies ahead for the Australian industry
and this probably applies to the cotton industry in many
other countries. The cotton industry has two choices to
make about the role of gene technology and it has to be
clearly understood that the choicesit makes now, will have
impacts on its future survival.

» The Australian industry can choose not to go down
the path of using biotechnology. But faced with an
ongoing battle against pests and diseases, the need to
be sustainable and to ensure a clean and healthy envi-
ronment, as well as develop new and better varieties
to meet consumer expectations, which would be an
unwise choice.

» If the industry chooses to include biotechnology as
having arolein the industry, thiswill lead to a profit-
able and sustainabl e industry using a technology that
is acceptable to the public.

Choice for Australian Cotton
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