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VIP Cotton: A New Type of Transgenic Cotton

The Bt gene contained in Bollgard (Cry1Ac) is most effective
against tobacco budworm Heliothis virescens and cotton boll-
worm Helicoverpa zea, among all lepidopterans controlled by
the Cry1Ac protein. However, most cotton fields around the
world are attacked not only by these two species, but also by a
variety of other lepidopterans, including Spodoptera species,
such as fall armyworm and beet armyworm. Also, there is a
need to avoid the problem of development of resistance to the
Cry1Ac toxin. On along-term basis, the objectives of broad-
spectrum insect control and resistance management can only
be achieved by exploring and utilizing new generations of
transgenes significantly different from Cry1Ac. While Monsanto
has come up with a second generation Bt gene in Bollgard |1
expressing Cry2Ab, the Syngenta Group Company has devel-
oped an entirely new generation of the Bt gene with a broad
spectrum effect on insects threatening cotton production.

Soil bacterium Bacillus thuringiensis (Bt), used by Monsanto
and Syngenta to impart in-built resistance in cotton, is a natu-
rally occurring bacterium found worldwide. Different Bt strains
produce different Cry proteinsand there are hundreds of known
Bt strains. Researchers all over the world have already identi-
fied over sixty types of Cry proteinsthat could be used to con-
trol awide variety of pests, but most Cry proteins are specific
in their action and control only alimited number of pest spe-
cies.

Theuse of Cry proteinsisnot new in cotton. Cry proteins have
been used for over thirty yearsin liquid and granular formula-

tions of Bt insecticides. Since October 1995, when transgenic
cotton having the Bt gene imbedded into the cotton genome
was approved for commercial production in the USA for the
first time, the technology has changed the usefulness of the Bt
bacterium. The Bt gene in the embedded form has overcome
thefollowing limitations faced during commercial use of Bt as
an insecticide formulation:

e The Bt insecticide must be sprayed so that all plant parts
eaten by the target insects are covered by aminimum gquan-
tity of the Btinsecticide. If aplant or part of aplant ismissed
during the Bt foliar application, the target insects will sur-
vive on those plants/parts.

< The Bt toxin is rapidly degraded by ultraviolet light, heat,
high leaf pH or desiccation. The toxin can be degraded be-
foreitisactually consumed by the target insects.

» A specific dose of the insecticide isrequired to kill insects.
Insects must eat enough of the treated plant part to accumu-
late alethal dose.

» Experience shows that Cry proteins are less toxic to older
larvae.

« Btinsecticides must be sprayed, which is an additional ex-
penditure and al so demandsthat al precautions/requirements
for chemical insecticide applicationsbefollowed, including
equipment, uniform, complete coverage, drift, etc. The Bt
genewithin the plant changesthetoxin delivery systemto a
more effective method.
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VIP Technology

VIP (vegetativeinsecticidal protein) cottonisan alternate tech-
nology to Bollgard or Bollgard 11 insect control. The differ-
ence is that VIP cotton contains a protein that controls target
pests through anovel mode of action. Transgenic varieties, ei-
ther Bollgard or Bollgard 11, utilize proteins from the Bacillus
thuringiensis bacterium known as d-endotoxins. Bt d-endotox-
ins were discovered in the early 1900s and have been used in
many insect control applications other than cotton. In 1994,
Syngenta Group Company discovered V1P, an exotoxin derived
from the same soil bacterium Bacillusthuringiensis. Asan exo-
toxin, VIPis structurally, functionally and biochemically dif-
ferent than Bt d-endotoxins. VIPisexpressed in the entire cot-
ton plant, including thefloral parts, to provide protection against
target species. When VIP cotton isingested, the protein causes
larvaeto stop feeding and soon die. According to Mascarenhas
et al (2003), VIPtechnology differsfrom Bollgard and Bollgard
Il technology in the following respects:

» VIPisaproteinthat issecreted by Bacillusthuringiensisas
it grows, and thus it is classified as an exotoxin. Bollgard
and Bollgard |1 genesarefound during the sporul ation phase
and thus are classified as delta-endotoxins.

» CrylAc and Cry2Ab are found in a crystalline phase and
require solubilization before they can be activated by mid-
gut proteases. On the contrary, VIP is aready in a soluble
state and readily available.

» Both technologies, Bollgard/Bollgard 11 and VIR, target the
midgut receptorsin target species.

» Structurally, both types of proteins are different from each
other.

VIP Effects on the Midgut Cells

It is known that ingestion of endotoxins cause swelling and
disruption of the midgut epithelial cellsby osmoticlysisinthe
target insects. Thefollowing four factors play animportant role
for any insecticidal protein to be effective againgt its targets;
they also determine the insect host range:

» Presence of specific binding sites on susceptible cells
* Insertion of the bound toxin into the membranes

» Solubilization of the crystal protein

» Processing of midgut proteases

Ingestion of the insecticidal protein and target binding sites,
where the protein will be bonded, are the most important fac-
tors without which the biology of insecticidal proteinsfailsto
work. How quickly the insecticidal protein is solubilized into
thetarget cells/receptors will determine the duration of the ef-
fects of theinsecticidal protein on the target insect. If the pro-
tein is easily solubilized, the effects on target insects will be-
come visible faster in the form of slower feeding and slower
movements. If the protein has been ingested but it is sitting
there until it is properly absorbed into the epithelial cells, the
insects will continue to feed and damage the crop.

The VIP gene shows insecticidal activity against a variety of
lepidopterans and exhibits severe bioactivity towards Agrotis
ipsilon (black cutworm), Spodoptera frugiperda (fall army-
worm) and Spodoptera exigua (beet armyworm). A detailed
study on the effect of VIP3A on the midgut epithelium cells of
susceptible insects was published by Yu et al (1997). They de-
termined the VIP mode of action and examined the protein’'s
effects on target cells in susceptible and non-susceptible in-
sects. They used two highly-susceptible insects and one non-
susceptible insect in the same order, i.e., black cutworm and
fall armyworm, and European corn borer (Ostrinia nubilalis),
respectively. Studies were conducted on the histopathol ogy of
the insects’ midgut upon ingestion of VIP3A and in vivo bind-
ing of VIP3A to target cells. The second and third instars lar-
vae of the three lepidopterans were used in the study. Larvae
were reared on an artificial medium without VIP3A and with
VIP3A in various doses.

Feeding and Gut Clearance

The second instar larvae of black cutworm and fall armyworm
were monitored following the ingestion of a diet containing
VIP3A, from thetime of initial administration of the toxin until
larval death. For this purpose, larvae were placed on small diet
cubeswith asurface areaof about 1 cm?, which had been coated
with different amounts of V1P3 mixed with blue food coloring.
Feeding behavior and gut clearance activities were monitored
by checking the deposition of blue frass by light microscopy.
The quantitative measure of gut clearance was obtained by
counting the colored frass in different treatments. The larvae
given acontrol diet (no VIP3) showed active feeding followed
by uninterrupted gut clearance. But the addition of VIP3to the
diet showed asignificant effect on the feeding behavior of black
cutworm and fall armyworm. The larvae kept on feeding on-
and-off for 10-20 minutes at low protein doses of 4 ng/cm? of
diet. Nomortality wasrecorded at 4 ng/cm?, even after 48 hours.
The presence of blue color in the guts indicated feeding, but
the clearance of the gut contents was dramatically affected as
judged by the amount of frass. The larvae suffered gut paraly-
sisupon ingestion at aconcentration of 40 ng/cm? of VIP3, and
no frass was seen, indicating an almost complete lack of gut
clearance. 50% of the larvae died after 48 hours at 40 ng/cn.
When the dose was increased to over 40 ng/cm?, the larvae
stopped feeding after only afew bites, with no frassand amor-
tality rate reaching close to 100%. Black cutworm and fall ar-
myworm, both susceptible to the VIP3 toxin, showed similar
behavior to various doses of the toxin, but the European corn
borer did not show any changesin feeding behavior, even after
the VIP3 toxin dose was increased to over 40 ng/cm?.

Stability of VIP3A in Midgut and

Insecticidal Activity

Fresh gut juices were extracted from the third and fourth in-
starslarvae of the threeinsects by dissecting them and extract-
ing their gut contents by pipette. Gut juices were centrifuged
and protein concentration was measured in the gut juices. Pro-
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teolytic reactionswere al so performed using different amounts
of VIP3A containing supernatants and gut juices. The results
showed that when equal amountsof VIP3A wereincubated with
black cutworm, fall armyworm and European corn borer gut
fluids, four major VIP3A proteolysis products wereidentified.
However, whole insect and midgut tissue extracts from both
susceptible insects, probed with the same purified anti-VIP3A
antibody, revealed no background bands. The relationship be-
tween the proteolytic processing and insecticidal activity of
VIP3A was studied by Yu et al (1997) from the bioassays con-
ducted, following the incubation of VVIP3A with gut fluidsiso-
lated from all threeinsects. V1P3A processed by black cutworm
and fall armyworm gut fluids was active against the black cut-
worm and fall armyworm. VIP3A processed by the European
corn borer was found active against black cutworm and fall
armyworm. None of the VIP3A processed forms showed acute
activity against the European corn borer, anon-susceptible in-
sect.

Histopathological Studies

The second and third instar larvae were used for histopatho-
logical studies. Thelarvaewerefed an artificial diet containing
either no or 100-200 ng of VIP3A per cm? of diet cube. The
larvae were killed after 24, 48 and 72 hours of exposure. The
dead larvae, after specific processing including dehydration,
were embedded in paraffin for longitudinal crosssection. Analy-
sisof black cutworm gut cross-section showed extensive dam-
age to the midgut epithelium, indicating that midgut tissue is
the primary sitefor the VIP3A action. No damagewasfound in
the foregut and hindgut. Sections from the black cutworm and
fall armyworm larvae, which had been fed for 24 hours on a
diet containing VIP3A, showed that distal ends of the epithe-
lial columnar cells had become distended and bulbous. The
goblet cellsindicated some morphological changesbut did not
show any damage. Damage to the epithelial columnar cellsin-
creased with the increase in the time from ingestion to sample
taken. The goblet cells exhibited some damage after 48 hours,
but cells still remained attached to the basement membrane.
On the other hand, midgut cells from the untreated larvae
showed no signs of damage and remained closely associated
with each other. The European corn borer, fed on the diet con-
taining VIP3A similar to the susceptible species, did not show
any signs of tissue damage either.

Thework doneby Yu et a (1997) concluded that VIP3A showed
itsreal impact on larvae after 48 to 72 hours, alittlelonger than
Cry proteins, where theimpact has been confirmed to bewithin
16-24 hours after ingestion of the toxin.

Theinsecticidal protein VIP3A(a) has been purified from the
Bacillus thuringiensis strain AB88, and its homologue
VIP3A(b) fromthe Bacillusthuringiensisstrain AB424. A num-
ber of supernatants were collected and tested for insecticidal
activity against lepidopterans and found to carry insecticidal
activity against lepidopterans, but VIP3A wasfound to bevery
effective. Estruch et al (1996) have studied therel ease, expres-
sionand insecticidal activity spectrum of VIP3A. They detected
VIP3A at growth stages before sporulation asearly as 15 hours
after cultureinitiation. The Cry proteins could not be detected
until 36 hours after culture initiation. A high level of expres-
sion combined with the high stahility of the protein, produced
inlarge amountsin supernatants of sporulating cultures, makes
it extremely suitable for use as an insecticidal product. The
activity spectrum of VIP3A was determined in insect bioassays
in which recombinant E. coli carrying VIP3A geneswasfed to
larvae. Intheseassays, cdlscarrying theVIP3A(a) or VIP3A(b)
genes showed different degrees of larvicidal activity against
Agrotis ipsilon, Spodoptera frugiperda, Spodoptera exigua,
Heliothis virescens and Helicoverpa zea.

VIP3A scored complete mortality of larvae in the three major
pestsafter six daysof feeding ontheprotein. All larvae of black
cutworm, fall armyworm and beet armyworm werekilled after
six days of exposure to VIP3A at 140 ng/cm?. VIP3A protein
also proved fatal for tobacco budworm and corn earworm lar-
vae, but not all the larvae were killed. The results are an aver-
age of at least threetrialswith aminimum of twenty larvae per
trial. The bacterial extract containing V1P3A did not show any
activity against the European corn borer Ostrinia nubilalis.

According to Estruch et a (1996), Cry1A(b) and Cry1A(c)
proteins possessinsecticidal activity against the black cutworm
with LC, . of >80 ug and 18 ug of diet per ml respectively.
VIP3A provided 100% mortality at 62 ng of diet per ml. This
amount of proteinis 260-fold lower than the amount of Cry1A
proteins needed to achieve just 50% mortality, and it issimilar
to the levels of d-endotoxins used for insects susceptible to d-
endotoxins.

Effect of VIP3A on Various Insects

Dose Insect Mortality (%)
pg Protein  ng VIP3A Black Fall Beet Tobacco Corn European
percm2 percm2 Cutworm Armyworm Armyworm Budworm Earworm Corn Borer
15.0 28 82 44 65 19 20 12
3.8 70 96 78 95 25 22 10
7.5 140 100 100 98 35 25 8
15.0 280 100 100 100 45 35 10
225 420 100 100 100 75 50 7
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Field Testing of VIP Technology

A number of trials were conducted in seven statesin the USA
during 2002/03 by the Syngenta Group Company and universi-
ties. Dataare currently available only on anon-transgenic Coker
variety anditstransformed VIPform (Mascarenhaset al, 2003).
Both varieties were treated equally, and no insecticides were
applied for the control of lepidopterans, while all other insects
were controlled as needed, but only with narrow spectrum in-
secticides. Datawere recorded for percent infestation and per-
cent damageinterminals, squares, flowers, bloomtagsand bolls.
At the end of the season, yield data were also taken to see the
impact of infestation on the quantity of seedcotton harvested
per plot.

Theresultsreveaed that the VIPvariety isableto resist anum-
ber of lepidopterans and produce significantly higher yields
over its respective non-transgenic variety. The results showed
that the Heliothine complex hasno preferencefor avariety with
or without atransgene for oviposition. The average of all loca-
tions showed that the cumulative percent of terminals with at
least one egg were 12.4 and 11.3% for VIP and Coker respec-
tively. However, the VIP genedid not alow the hatched larvae
to survive for along time on the VIP variety, because terminal
infestation was low in V1P compared to normal Coker. Termi-
nal infestation ranged from 0t04.3%inVIP, compared to 1.4%
to 34.5% in Coker. Square infestation ranged from nothing to
6% in VIP compared to 2.5% to 34% in Coker. The level of
damage to flowers and bolls was much higher in Coker com-
pared to the VIP variety. Percent boll infestation ranged from
0.4%t0 3% in VIPplots compared to 3.1% to 41.5% in Coker.
Onaverage acrossthesix locations, larvaewerefound 9.2 times
morein Coker bollsthaninVIPbolls. Cumulative percent dam-
aged bolls ranged from 0.6% to 8.2% and 3.2% to 66.5% for
VIP and Coker, respectively. Averaged across all locations,
percent damaged bollsin VIP plots were 6.8 times lower than
in Coker.

Beet armyworm and soybean looper populations were signifi-

Effect of VIP Gene on Seedcotton Yield

Seedcotton Yield (kg/ha)

Location Coker VIP Variety
Beasley, TX 1,569 4,725
Brooks, GA 3,516 4,067
Houston Co., AL 2,130 3,081
Jamesville, NC 1,834 6,242
Leland, MS 2,997 6,496
Newport, AR 3,966 5,283
Tift Co., GA 3,521 3,669
Waco, TX 1,134 5,461
Winnsboro, LA 2,409 3,405
Winnsboro, LA 3,227 5,528
Average 2,630 4,796

cantly reduced on VIP cotton. Beet armyworm larvae decreased
by 89.3% to 100%, while soybean |ooper larvae decreased by
60-97% on the VIP variety compared to normal Coker. The
VIPvariety showed 3.2% damage by the cotton leaf roller com-
pared to 48.7% damage on the Coker variety.

A lower infestation of terminals, squares, flowersand bollsin
VIP contributed to productivity. Coker produced fewer first
position bolls, which may have an effect on quality, but no qual-
ity data are available. However, the yield difference alone is
significant, ailmost double inthe VIPvariety, which provesthe
usefulness of this new technology compared with insecticide
use.

Thetable reveals that yield differences between the VIP vari-
ety and anon-transgenic Coker variety werelowest in both tri-
alsin Georgia. The Georgiatrialslowered the differencein the
average of all trials by 20%. According to Mascarenhas et al
(2003), environmental conditions and a little insect pressure
areresponsiblefor equally good performance of Coker at Geor-
gialocations.

Plans for VIP Cotton

Although the new technology is currently called VIP, it could
be offered under adifferent brand name when it isreleased for
commercial use. VIP cotton is not currently registered or of-
fered for sale or usein any country. The Syngenta Group Com-
pany has submitted V1P Cotton™ for registration withthe U.S.
Environmental Protection Agency, and Syngenta anticipates
registrationintimefor commercia saleinthe USA for the 2004/
05 season.

If VIPtechnology isapproved by the U.S. Environmental Pro-
tection Agency, it will be stacked with the existing herbicide
glyphosate-resistant trait.

The technology has to be introduced through the accepted va-
rietiesif the required regulatory approval isreceived from the
U.S. government. In addition to Syngenta, Deltaand Pine Land
Company isalready testing VIPtechnology in potential cotton
growing areas. Accessto VIPtechnology in other countrieswill
follow approval inthe USA.
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Factors Affecting Adoption of Bt Cotton

Apart from the controversy over whether or not bi otechnology
isbased on environmentally sound science, there are many fac-
tors that determine whether or not to make use of genetically
engineered products. This article looks into the issue beyond
the acceptance of this technology as an innovative and suc-
cessful aternative to corresponding conventional practices. It
is known that two types of genetically engineered cotton are
available for commercial use, and athird stacked geneformis
also available. The three forms have been used on a commer-
cia scale, athough the transgenic cotton resistant to insects
has become more popular on the basis of nine countries that
have adopted transgenic cottonsso far. Thisarticleislimited to
the planting of Bt cotton that isapplicableto al countries, com-
pared to herbicide resistant or stacked gene forms, which are
not officially approved in all countries that have adopted
transgenic cotton varieties.

It is accepted that:

» The presence of Bt gene assures that a toxin will be found
and it will kill target insects. Target insects, in the case of
Bollgard and Bollgard |1 genes, are known and have been
extensively discussed in many previous issues of the ICAC
RECORDER. Even critics of the technology do not chal-
lenge thetoxicity of CrylAcand Cry2Ab genes. It isrecog-
nized that once the Bollgard and/or Bollgard |1 genesarein
cotton, target insects cannot survive and reach an economic
threshold, thus saving the crop from losses.

» Thereisafeefor the Bt technology, and there is a cost for
insecticides and spraying on acrop if Bt genes are not used.
The Bt technology fee is known before planting, while the
cost of insecticides vary depending on popul ation growth of
target pests during a season. The data on the technology fee
for the Bt gene and the herbicide gene within the USA, and
the technology fee for the Bt gene across countries, indi-
cates that the technology fee is based on the benefits ex-
pected from the technol ogy. The technology feefor the her-
bicideresistant genes (BXN or Roundup ready) ismany times
lower that the fee for the Bt gene, although the processes
involved in inserting these genes into cotton are the same.
Cotton growers have paid a different fee for the same Bt
gene grown in different countries. Because the fee is based
on economic benefits from the technology, the cost of the
technology hasto be kept lower than the cost of insecticides
used to save the crop against target pests.

* Itisalso certain that reduced use of insecticides is benefi-
cial for the environment. All pesticides carry risksto handle
and apply, but insecticides are more dangerous under small-
scalefarming systemswhere most spraying is donewith mo-
torized, but manually carried, sprayers. Air drift inhalation
and mishandling of insecticides and containers are hazard-
ous and carry serious conseguences. High volume insecti-
cide-application methods also throw insecticides on the

ground, which is one form of pollution. Many additional
forms of pollution are unavoidable. The use of Bt cotton
assures that fewer insecticides will be used, which is good
for the environment.

< However, the presence of Bt genes does not mean that in-
secticides will not be required to control insects on the Bt
crop. Insecticides still need to be used against non-target
species of insects on the transgenic crop. Datafrom Austra-
liafor six years of commercial production with the Bt gene
show that someinsecticide applicationsare required against
bollworm speciesnot effectively controlled by Bollgard, and
thereisalso avariation in the number of insecticide applica
tions against sucking pests.

» The Bt gene does not guarantee that cotton yields will be
higher than with anon-transgenic variety. When comparing
yields between Bt and non-Bt varieties grown under similar
agronomic practices other than insect control, yield varia-
tion will be determined by a single factor, which is how ef-
fectively insects were controlled on the non-Bt varieties. If
insects are controlled effectively on non-Bt varieties, there
will be no differenceinyield.

 |tiswrong to assume that the economics of growing Bt va-
rieties are always better than for non-Bt varieties. A number
of factorswill determineif it is economical to grow Bt cot-
ton. The cost of insecticides and insect pressure are the pri-
mary variables. Thereisawaysavariation in pest pressure
from year to year, and under low pressure growers can save
on insecticides without using the Bt gene.

« Planting Bt cotton does not eliminate the need to monitor
the crop in the field and undertake scouting for insects. Ag-
ronomic regquirements also do not changein Bt versus non-
Bt varieties.

Insecticide Use in Australia on Bt vs.
Non-Bt

Australia was one of the first countries to adopt commercial
production of transgenic cotton. In Australia, average cotton
yields are very high—the highest or the second highest in the
world for over two decades—but the Australian cotton produc-
tion system is characterized by high input use. Soilsarerichin
phosphorous and potassium, and only nitrogen is needed for a
good harvest. Pre and post herbicides are used on 100% of the
cotton area. | nsecticides have been used extensively for many
years, which resulted in the development of resistance. Cotton
used to be sprayed over 13 timesevery season during the 1980s.
But thanks to an insecticide resistance management program,
the number of insecticide applications has come down by over
3 sprays per season. TheAustralian insecticide resistance man-
agement program is one of the few stories of successful resis-
tance management in the world.
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Mirids Creontiades spp., thrips, mitesand aphids Aphis gossypii
are common sucking insects but the major pests during the boll-
worm stage are Helicoverpa armigera and Helicoverpa
punctigera. Work in Australia proved a strong correlation be-
tween Helicoverpa spp. eggs and larvae and yield, and con-
vinced cotton growersto useinsecticidesintensively and avoid
losses. The average number of sprays has come down to about
10 sprays per season, but as seen in the chart, the number of
spraysin some years can still be as high as 15 per season, and
most of these sprays are against Helicover pa species. Accord-
ing to Bruce Pyke (2003), who presented the datain the chart
above at the World Cotton Research Conference-3 heldin Cape
Town, South Africafrom March 9-13, 2003, from 1996/97 to
2001/02, the number of insecticide spraysagainst Helicoverpa
spp. on Bt cotton was 56% less than in conventional cotton.
Planting of Bt cotton also affected the number of spraysagainst
other pestsasfollows:

Pest Changein No. of Sprays
Aphids 2% more

Mirids 10% more

Mites 9% less

Thrips 3% less

On average, three sprays are used against all kinds of sucking
insects and mites. The total number of sprays made to control
sucking pests did not change but the rel ative popul ation of suck-
ing pestsdid change thus necessitating enhanced control against
certain pests while reducing the focus on others as their popu-
lation has fallen over the years since 1996/97. According to
Pyke (2003), production of Bt cotton in Australia has reduced
the use of both selective and broad-spectrum insecticides, not
only on Bt cotton, but also on conventional cotton. The total
number of sprays in 2001/02 on conventional cotton was 10,
compared to 15 in 1996/97, the beginning of cultivation of Bt
cotton. InAustralia, production of Bt cotton waslimited to only
10% of the cotton areain the beginning, which waslater capped
at 30% of total cotton area. With theintroduction of the second
generation of the Bt gene as Bollgard 11, there will be no limit
on the areato be planted to transgenic Bt varieties from 2004/

05. However, necessary refuge requirements are expected to
be followed.

Technology Fee in Various Countries

Thereisavariationin thetechnology fee charged to growersin
various countries. Cotton growers in Australia pay more than
growers in any other country. Australian cotton growers used
to pay afee higher than US$104 (Australian $185) in the be-
ginning. That has now come down to US$104. In India, the
price of Bt seed also includes the cost of F, generation hybrid
seed and is supposed to give ahigher yield than straight variet-
ies.

Thetechnology feein Australiawasashigh as US$137 (A$245)
in 1996/97. The fee was |owered to US$118 (A$210) net with
the resistance management plan (without the plan, it was still
US$137). The fee was lowered to US$104 in 1998/99. The
reasons for fixing a higher technology fee in one country over
another are not obvious. It has been often assumed that if grow-
ersare saving more on insecticides by using Bt gene varieties,
they will be willing to pay a higher technology price, but it
does not seem to apply in the case of China (Mainland) where
inthe Yellow River Valley the number of sprays had surpassed
the number in Australiawhen Bt cotton was adopted in China
(Mainland). Whatever may be the basis for fixing the technol-
ogy fee, itisnot related to yield levelsamong countries. Yield
differences are huge among countries, but differences in the
technology fee are not aslarge.

The technology fee has to be paid up front without knowing
whether target insectswill be as seriousasthey arenormally. A
grower will benefit from growing Bt cotton if target pests are
as serious as usual or more serious, but if target insects do not
become that serious in any particular year, and only alimited
number of sprays are enough to control them, a grower could
be at a disadvantage in spending more on the technology fee
than he would have spent on insecticides. Reports from India
indicate that some farmers were hesitant to make ahigh initial
investment without looking at crop conditions and pest dam-
age. The technology fee has an impact on the adoption of Bt
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cotton, which will be discussed in more detail after presenting
the situation in Argentina.

Bt Cotton in Argentina

In Argentina, the National Institute of Agricultural Technol-
ogy-INTA (Instituto Nacional de Tecnologia Agropecuaria)
signed an agreement with Monsanto for the incorporation of a
Bt geneinto varieties developed by INTA. The government of
Argentina approved Bt gene varieties for commercia produc-
tion in June 1998 and they were planted starting in 1998/99.
However, seed multiplication and distribution of Bt gene vari-
eties was handled by Genética Mandiyu, a joint venture be-
tween Monsanto, Deltaand Pine Land Company and Ciagro, a
local company. Genética MandiyU had the sole authority to
market cotton varieties carrying Bt and herbicideresistant genes.
Thefirst herbicide resistant variety, Guazuncho 2000, was ap-
proved for commercid cultivation starting in 2002/03. For more
details on the approval of Bt and other transgenic cotton vari-
eties refer to the article titled “ The Cotton Production System
and Bt Cotton in Argentina,” published in the June 2002 issue
of the ICAC RECORDER.

Bt cotton area reached its self-imposed limit of 30% of the
total area in Australia in five years after the adoption of Bt
cottonin 1996/97. In South Africaand the USA, Bt cotton area
reached over 70% of thetotal areain five years. China(Main-
land) and Mexico planted at least 50% of the total area to
transgenic varietiesin lessthan five years since theinitiation of
Bt cotton commercia planting in these countries. Indonesia
planted Bt cotton for the second year in 2002/03 while India
planted Bt hybridsfor thefirst timein 2002/03. So, the accep-
tance of Bt cotton and increases in area are yet to be seen in
India and Indonesia. In the last five years, from 1998/99 to
2002/03, area under Bt cotton has not increased in Argentina.

Bt Cotton Areain Argentina

Inthe USA, thetotal cotton areaplanted to transgenic varieties
was 77%, but only 40% was under Bt varieties either pure Bt
or Bt stacked with herbicide resistant genes. 2002/03 was the
first year of the herbicide resistant genein Australiaand South
Africa, so it isassumed that all the transgenic area was under
Bt varieties. The situation with regard to the adoption of Bt
cotton in Argentinais not only different but also needs to be
analyzed as to why the Bt cotton area has not increased asin
other countries.

The Impact of the Technology Fee

At the time of the introduction of Bt cotton in Argentina, the
technology fee was fixed at US$106 plus 21% tax for a total
feeof US$128/ha. Thefeewasreduced to US$90 ($25 for seed
and $65 for technology) plus 21% tax, for atotal of US$109/
ha. Although the fee has been reduced, the table showsthat the
feeistill the highest in Argentina. Qaim and de Janvry (2002
and 2003) have al so analyzed the situation and concluded that
the high cost of Bt seed is affecting the adoption of Bt cottonin
Argentina.

Australia, where the fee is lower than Argentina, can afford to
pay a higher price for the technology because of more relief
from insecticides and higher yields. The average number of
sprays in Australiais more than double the number in Argen-
tina. In Argentina, 50% of the cotton is sprayed less than five
times per season, 35% of cotton area gets only two sprays and
2% of areaisnot sprayed at all. Thereisno non-sprayed areain
Australia. Australiadoes not expect much variation in the num-
ber of sprays. The average number being 10 shows that the
range could vary from 8-12 sprays per season. Thus, reduced
savings on insecticides in Argentina do not encourage cotton
growers to plant Bt cotton.

I nsecticide use has been high prior to the adoption of Bt cotton
in China (Mainland), so it is expected that farmers save more
on insecticides by adopting Bt cotton. According to Russell
(2003), farmersin Chinareduced i nsecticide use by about 60%
in 2001/02, saving US$107/ha. Savingsoninsecticideswill vary
among various provinces in China (Mainland) depending on
use. Savings on insecticides is not the only benefit: additional
benefitsinclude savings on labor to spray insecticides and also

Year % Bt Area

1998/99 0.8

1999/00 3.9

2000/01 6.1

2001/02 4.6

2002/03 8.0

First Year of Bt Area Approved

Country Bt Cotton % Characters
Argentina 1998/99 8 Bt + Herbicide
Australia 1996/97 30 Bt + Herbicide
China (M) 1998/99 51 Bt (Local+Monsanto) US$69/ha
India 2002/03 <1 Bt (FqHybrids)
Indonesia 2001/02 1-2 Bt
Mexico 1996/97 50 Bt + Herbicide US$33-72/ha
South Africa 1998/99 74 Bt + Herbicide
USA 1996/97 40 Bt + Herbicide

Bt Cotton in Various Countries—2002/03

US$90 ($25 for seed & $65 for technology) + 21% tax = US$109/ha
US$104/ha. Full compliance with resist. mgment plans gives US$17/ha-rebate

US$106/ha (1,600 rupees for Bt and 450 rupees for refuge, for one acre)
US$52/ha including the cost of planting seed

US$70/ha (700 rands/bag of 25 kg for one hectare)
US$79/ha depending on variable seed drop rate

Technology Fee for Bt in 2002/03
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Technology Fee in Mexico 2002/03 (US$/ha)
Region Bollgard Stacked
Mexicali 55.6 110.8
Caborca 68.9 122.8
Sonora South 32.9 88.1
Chihuahua North 40.9 163.5
Chihuahua South 61.6 118.7

La Laguna 71.8 127.9

higher yields. Thisis one of the reasons that transgenic cotton
areaisincreasing rapidly in China (Mainland).

The price of the technology seems higher in India. However, it
is not only the fee for the Bt technology but also includes the
price of hybrid seed, which is expensive compared to normal
varieties, asit is supposed to give higher yields.

In Mexico, thetechnology feeis charged per bag containing 50
pounds of planting seed. The values given in the table below
have been cal culated from the price per bag, assuming that 50
kgsof seed are used to plant 1.6 hectares (four acres) of cotton.
In Mexico, Roundup Ready isnot licensed as asingle product,
but isregistered asastacked product with Bollgard. The stacked
form includes the Bt gene and Roundup Ready genes together
in the Delta and Pine Land varieties. In Mexico, the stacked
package includesthelicensefeefor Bt and 2.47 liters of herbi-
cide, except intheregion of ChihuahuaNorth, whereitincludes
the license fee and 3.7 liters of the herbicide.

The technology fee varies greatly among regions in Mexico.
Thehighest fee of US$71.8 isone of thelowest among all coun-
tries. In general, the technology fee for the Bt geneislower in
Mexico compared to other countries, but the technology fee
for the herbicide resistant gene including the herbicide to be
used on the stacked varieties is comparatively higher as the
price of the herbicide alone is approximately US$18/liter.

Thetechnology feein South Africaisalmost equal tothefeein
China(Mainland), yields are much lower in South Africathan
in China (Mainland). In South Africa, Bt cotton has been
adopted by the majority of small growers who have received
the maximum benefit in terms of increases in yield compared
tolargegrowers. Small growers’ higher increasesinyield indi-
cate that their chemical insect control operation was not good.
The higher increases have convinced small growers to adopt
Bt cotton in South Africa

In the USA, where Bt cotton was planted on only 50% of the
transgenic cotton areain the country, target pests are not seri-
ous pests throughout the USA. Tobacco budworm, the most
sensitive insect to the Bt toxins, is not uniformly distributed
throughout the cotton belt in the USA. Bt cotton was planted
on less than 15% of the cotton area in Texas compared to the
national average of 40% of areaunder Bt cottoninthe USA in
2002/03. Yields are the lowest in Texas, and the tobacco bud-
worm isnot aserious pest, asit isin Alabama, Mississippi and

other states where Bt cotton has been planted on over 60-70%
of the total area. The states where target pests are not serious
andyieldsarelow get relief in the technol ogy fee, which keeps
them growing Bt cotton.

Economic Impact of Bt Cotton in
Argentina

Qaim and de Janvry (2003) undertook an extensive analysis of
Bt cotton adoption in Argentina and its effects on insecticide
consumption, yield, insecticide resistance devel opment and net
incometo technol ogy adopters. InArgentina, Heliothisvirescens
and Helicoverpa gelotopoeon are usually the major insects
among lepidopterans, damaging cotton every year. Alabama
argillacea, Pectinophora gossypiella and Spodoptera spp. also
occur on cotton. A number of other insects that are not con-
trolled by the Bt gene also cause significant damage to cotton
every year. Qaim and de Janvry surveyed 89 cotton growers
who had grown Bt cotton for the second year and 210 farmers
who did not grow Bt cotton. The surveyed cotton growerswere
divided into two groups. small growers owning less than 90
hectares and large growers owning over 90 hectares. Large
growerswho planted Bt cotton also planted conventional vari-
eties and were interviewed for their practices on both cotton
varieties. Large-scale growers produce 70% of the total pro-
duction in the country. The survey was undertaken in the prov-
inces of Chaco and Santiago del Estero that grow about 90% of
cottonin the country. The studieswere carried out for two years
in 1999/00 and 2000/01.

The results showed that adopting farmers (who planted Bt cot-
ton) reduced insecticide use by more than 50% on Bt fields
compared to their conventional fields and that the reductions
werein the highly toxic insecticides belonging to groups | and
Il as defined by the World Health Organization.

Average Number of I nsecticide Spraysin Argentina

Category No. of Sprays
Large grower Bt field 214
Large grower conventional fieldswith Bt users 452
Average of al large growers 4.75
All conventional fields (large + small) 3.74

Thedatado not show the need for spraying, but the actual num-
ber of sprays made by farmers. The data showed that small
growersused insecticides|essthan large growers, which means
that small growers suffer losses due to inadequate control of
insects. The difference between the“ average of al large grow-
ers’ and “large grower conventional fields with Bt users”
showed that Bt users who are supposed to be advanced in pro-
duction practices useinsecticidesmorewisely on non-Bt fields
and thus save insecticides by 0.23 sprays/season. Less use of
insecticides by small growers indicates brighter prospects for
potential increases in yields with Bt cotton compared to large
growers.
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Bt Advantage Over Conventional Cotton in Argentina

Conventional Production

Category All Farms Large Farms Small Farms
Reduction in insecticide use (kg/ha) 1.9 2.6 1.4
Insecticide savings (US$/ha) 204 28.3 15.2
Yield gain (kg/ha) 386.8 294.6 446.8
Gross benefit (US$/ha) 91.3 82.4 97.2

Qaim and de Janvry (2003) al so concluded from their economic
estimatesthat conventional cotton insecticide applicationshave
to be doubled in order to achieve the same output per hectare
asinfieldswith Bt varieties. They predicted anet gaininyields
of 19% for large growers and 41% for small growers using Bt
varieties. The durability of thetechnology was studied by simu-
lating the development of resistanceto the Bt toxin using physi-
ology-based model s of Bt cotton-pest interactionsbased on local
agroecological and entomological data. The models showed
that the development of resistanceisunlikely if minimum ref-
uge requirements are properly followed. However, the model
does not suggest any long-term guarantee/sustainability of the
Bt gene because the situation could change due to many fac-
tors, including technology’s complex interactions with the en-
vironment.

Economic analysis of the data by Qaim and de Janvry (2003)
showed that on average Bt adopters had a gross benefit of
US$91.3, US$82.4 and US$97.2 over all conventional plots,
conventional plots of large growers and conventional plots of
small growers, respectively. Thetwo important contributorsto
the gross benefits are increase in yield and savings on insecti-
cides. However, the current technology fee in Argentina is
US$109/ha, which is more than the gross benefit. Thisiswhy
Bt cotton has not become popular in Argentina.

Conclusion

In Argentina, the high technology fee proportional to the gross
economic benefit from the technology has limited Bt cotton
areato lessthat 10% in thelast five years. In the same period,
Bt cotton area has significantly increased in other countries.
The net benefit from the adoption of Bt technology isacrucial
factor in determining whether or not to plant Bt cotton. In a
country like India, where the cost of the planting seed, being
hybrid, is aready high, growers may be reluctant to make a

high initial investment on the technology. The net economic
benefit to Indian cotton growers from the technology will be
the determining factor in how adoption proceedsin the largest
cotton growing country of the world.
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Genome Characterization of Whitefly-transmitted

Geminivirus of Cotton and Development of Virus-

resistant Plants Through Genetic Engineering and
Conventional Breeding

Yusuf Zafart, Shahid Mansoor?, Shaheen Asad*, Rob Briddon?, M. Idrees®,
Waheed Sultan Khan?, Peter Markham?, Judith K. Brown® and Kauser A.Malik*

(Thisarticleis based on the findings of the CFC/ICACO7 project funded by the Common Fund for Commodi-
ties and local institutions in Pakistan, the UK and the USA. The five-year project was coordinated by the
National Institute for Biotechnology and Genetic Engineering, Pakistan. The International Cotton Advisory

Committee supervised the project.)

Pakistan is the fourth largest cotton producing country in the
world with total production of 1.7 million tons in 2002/03.
Cotton is grown on the average on three million hectares, and
the averageyield in 2002/03 was 625 kg per hectare. The gov-
ernment of Pakistan launched an intensive educational program
called “Cotton Maximization Project” in both major cotton
producing provinces of the country in the late 1970s. The pri-
mary objective of the project wasto educate cotton growersin
the project areas about cotton production technology. Educa-
tional activitieswereintensified in the project areasand exten-
sion workerswere provided first-hand training by researchers.
The project areaswere moved every few years; however, at the
end of every season, yieldsin the project areas were compared
with adjoining non-project areas. Yield evaluation was under-
taken by aneutral government agency as a contractual assign-
ment. The program worked successfully for about 10 years,
and consequently, cotton production more than doubled in Pa-
kistan during the 1980s. The project motivated cotton growers
throughout the country. Coupled with contributions from re-

COTTON YIELDS IN PAKISTAN
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searchers through the development of heat tolerant varieties
and insect identification and control strategies, the project in-
creased cotton production to 2.2 million tons in 1991/92 and
Pakistan became the third largest cotton producing country in
theworld. The average yield rose to 769 kg/ha, indicating that
Pakistan has the potential to produce yields this high.

However, Pakistan enjoyed the status of being thethird largest
cotton production country intheworld, after China (Mainland)
andthe USA, for only oneyear in 1991/92. Thefollowing year,
cotton yields decreased to 543 kg/ha, and production dropped
by 30% to 1.54 million tons due to the leaf curl virus disease.
The government quickly realized the significance of the prob-
lem and started looking for solutions. The short-term approach
wasto get rid of varietiesthat were susceptible to the leaf curl
disease. However, along-term solution required in-depth sci-
entific analysis of the causal organism (geminivirus) and its
control.

Cotton is prone to many diseases and thus its production is
constantly under threat. According to the International Cotton
Advisory Committee, the epidemic of cotton leaf curl virusin
Pakistan threatened to spread to other countries, particularly to
China(Mainland) and India. Whitefly servesasavector for the
transfer of geminiviruses, and whitefly was already a serious
pest in both countries. Researchers realized that it was impos-
sible to eliminate whitefly as a pest on cotton, so the solution
lay in the development of varieties that were immune to the
virus responsible for causing the disease.

The cotton leaf curl virus (CLCuV) appeared asan epidemicin
1992/93 in Pakistan. The disease had been recorded in Paki-
stan many years before, but was never considered responsible
for causing economic losses in yield. It was estimated that in
1992/93, production losses due to the CL CuV epidemicin Pa-
kistan were around US$5 hillion. The project was originated
by researchers in the UK and the USA, and later joined by

1. National Institute for Biotechnology and Genetic Engineering, Pakistan

2. John Innes Centre, UK
3. University of Arizona, USA
4, Cotton Research Institute, Pakistan
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Pakistan with funding from the Common Fund for Commaodi-
ties (CFC). The following institutions worked on the project:

» National Institute for Biotechnology and Genetic Engineer-
ing (NIBGE), Faisalabad, Pakistan

» Cotton Research Institute (CRI), Faisalabad, Pakistan
» University of Arizona (UoA), Tucson, Arizona, USA
 John Innes Centre (JC), Norwich, United Kingdom

The National Institute for Biotechnology and Genetic Engi-
neering, Pakistan, served as the project executing agency. As
the international commodity body on cotton, the ICAC super-
vised the project. The CFC provided a grant of US$1.55 mil-
lion, with US$2.4 million contributed by the institutions men-
tioned above from local resources in the form of in-kind and
co-funding contributions. Thefive-year project started in Janu-
ary 1996, and was extended for one year to December 2001.
Related projects funded by FAQ, the International Atomic En-
ergy Agency, the Asian Development Bank and local projects
inthethree countries al so contributed to the implementation of
the project’s activities. It hastaken ateam effort to combat the
leaf curl virus disease.

The project had three major objectives:

» Characterization of the cotton leaf curl virus of the Old and
New World (NIBGE/JIC/U0A)

» Development of transformation technology for model cot-
ton (NIBGE, Pakistan).

» Development of virus-resistant commercial cotton varieties
by conventional methods aswell as by genetic engineering
(NIBGE/CRI, Pakistan).

Among the three objectives, the last two were exclusively car-
ried out by Pakistani components.

Characterization of the Virus

The cotton leaf curl diseaseis caused by geminiviruses, single
stranded DNA (SSDNA) viruses with circular genomes that
are grouped in the family Geminivirdae. Geminviruses have
been divided into four genera based on their insect vectorsand
genome organization (mono, bipartite). The whitefly-transmit-
ted geminivirus (genus Begomovirus) isthe most import group
of geminiviruses.

The cotton leaf curl disease in Pakistan turned out to be much
more complex than initially thought. Many important discov-
eries have been made by the project (Mansoor S. et. a. 2003).
The major achievement in molecular virology includesthe es-
tablishment of routine purification of geminivirus particlesfrom
cotton plants.

The project determined that the cotton leaf curl diseaseisasso-
ciated with several distinct monopartite begomoviruses show-
ing homology to other begomoviruses from the region. Full-
length clones of these viruses were systemically infectious to
tobacco and cotton but were unable to develop typical disease
symptoms, suggesting that unusual componentsare required to

cause symptoms. The conclusion resulted in concerted efforts
to identify additional components that resulted in the discov-
ery of DNA 1and DNA 3.

Thisproject identified athird group of begomoviruses, namely
monopartite begomovirusesthat are associated with a satellite
molecule (termed DNA [, called DNA beta) to induce symp-
tomsin some hosts. DNA 3was shown to require begomovirus
for replication, spread in plants and insect transmission, be-
having asasatellite. Theidentification of thismolecule, aswell
as the satellite-like molecule DNA 1, has opened up a whole
new area of geminivirusresearch. In fact, DNA 1 and DNA 3
arethefirst examples of functional satellitesin DNA viruses.

Four distinct begomoviruses cloned from infected cotton were
found to be associated with a single species of DNA 3. Co-
inoculation of any of distinct DNA A with DNA 3 was suffi-
cient to cause disease symptoms. Distinct begomoviruses as-
sociated with the disease are very often found in a multiple
infection, but these results showed that a multiple infection is
not necessary to devel op disease symptoms.

Another phenomenon observed in the course of the project was
the emergence of new begomoviruses by recombination of ex-
isting viruses and expansion in the host range of cotton leaf
curl and other begomoviruses. Several natural hosts and other
begomoviruses from the region were detected in several new
host plants.

The project showed that the geographi c range of diseases asso-
ciated with DNA 3 molecules covered all areas where
begomoviruses are known, with the exception of the Americas.
Thissuggeststhat DNA Rand begomovirusinteraction may be
an ancient one. These diseases cause lossesin anumber of im-
portant crops including cotton, peppers, okra, tobacco and to-
mato. Certainly the scale and number of diseases caused by
begomovirus-DNA 3 complexes are on theincreasein thisre-
gion.

Cotton Leaf Curl Virus—Sudan

Genomic-size begomoviral DNASs (2761 bp) were cloned and
the sequences obtained for natural population of isolates ex-
hibiting leaf curl and vein thickening symptomsin cotton, okra,
and Sdaalba from Gezira, and in okrafrom Shambat. Attempts
to detect aB component were unsuccessful. Host range studies
reveal ed that the CLCuV-SD wild type okraisolate was trans-
missible by the whitefly vector to okra (M. parviflora) and hol-
lyhock, but not to cotton, whereas, the CLCuV-SD cotton iso-
late infected cotton and hollyhock, but not okra.

The four viral genomes were found to be less than 3% diver-
gent, indicating the begomoviral component associated with
symptomatic source plantsisof the samevirus (Idrisand Brown,
in press). Prospective satellite DNAs (1.3 kb) from cotton, okra
and Sda spp. wereamplified by PCR, cloned, and the sequences
were determined. Phylogenetic analysis and sequence compari-
sons indicated the satellite DNAs were distinct from one an-
other.
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When full-length clonesfor the cotton leaf curl virus—Pakistan
(CLCuPKV) and CL CuV-SD associated Sda spp. sssDNA were
co-inoculated to cotton, leaf curl disease symptoms were ob-
served in cotton 10 days post-inoculation. This indicates that
both CLCuV-PK and CLCuSDV-Sida clones are infectiousin
cotton when present together with CLCuV-SD associated sat-
ellite DNA from Sida. Secondly, the results provided prelimi-
nary proof of Koch's postulates for CLCuV from Sudan.

Cotton Leaf Crumple Virus—USA

The cotton leaf crumplevirus (CLCrV), abegomovirus occur-
ringinArizonaand California, USA, and Sonora, Mexico, was
found to be a distinct bipartite begomovirus species. CLCrV-
Sonora (CLCrV-Son) shares >97% nt sequence identity with
the previously characterized isolate of CLCrV from Arizona
(Brownet. a., 2001). Experimenta and natural host range stud-
ies indicated that CLCrV had a relatively narrow host range
within the Malvaceae and Fabaceae families. The genome of
the Sonora isolates, designated CL CrV-Son, was cloned and
completely sequenced. Cloned CL CrV-son DNA A and B com-
ponents were infectious by biolistic inoculation to cotton and
bean, and progeny viruswastransmissible by the whitefly vec-
tor, Bemisia tabaci, thereby completing Koch’'s postulates for
thefirst time. CLCrV-AZ DNA A shared the highest nuclectide
(nt) sequence identity with the Bean calico mosaic virus
(BCMoV), cabbage leaf curl virus (CaLCV) and the squash
leaf curl virus (SLCV-R), at 76%, 76%, and 75%, respectively.
The CLCrV DNA B component shared the highest nt sequence
identity with the potato yellow mosaic virus (PYMV), tomato
mottle virus (ToMoV), and the abutilon mosaic virus at 67%,
66%, and 66%, respectively. Collectively, theseresults provide
intriguing evidencethat CLCrV isadouble recombinant, hav-
ing sequences from two distinct speciesand forming anew pro-
totype group among New World begomoviruses. An extensive
analysis of coat protein gene sequence among a large number
of geminivirus isolates resulted in the establishment of the
Geminidetective web side: http:Gemini @biosci.Arizona.edu.

A molecular virology study resulted in the development of
polyclonal anitsera against coat protein. A battery of six tests
was developed at NIBGE to help national breeders to screen
the cotton advance lines. In the related studies, alternate hosts
of the cotton leaf curl virus have been identified. It was ob-
served that there was an expansion in the host range of the vi-
rus and several non-Malvaceous plants including radish were
found to be infected with CLCuV.

Development of in-vitro
Transformation of Cotton

The cotton plant is non-responsiveto tissue culture, and regen-
eration is restricted to only a few lines, i.e., Coker 312 and
Siokra1-3. Moreover, most of thisinformation resideswith the
private sector. In such ascenario, NIBGE, Pakistan, made great
effortsin the establishment of aroutine systemfor the transfor-

mation of regenerable (Coker) varieties of cotton. Twenty-one
cotton lines, including commercially approved varieties, prom-
ising breeding lines, and exatic varieties were selected for re-
generation purposes.

Gossypium hirsutumL.

NIAB-78, S-12, MNH-93, Gohar-87, FH-87, FH-682, SLS-1,
NIAb-26, BH-36, CIM-70, CIM-109, CIM-240, RH-1, B-557,
A-1-85,A-18/87, AEM-52, Coker-312, Siokra1-3, Siokra-324

Gossypium arboreumL.
Ravi

The callus produced on both the above mediawas sub-cultured
on 40 different combinations of MSO, MSK(MS+KNO, 1.9 ¢/
1), BAR, IAA, NAA, kinetin and 2,4-D and zeatin hormones.
No callus growth was observed on IAA and BAP combina-
tions. In medium containing zeatin, callus remained green, di-
viding but no embryo was detected. Callus became brown and
dead inthe presence of Zeatin, IAA and Kinetin (NAA = Naph-
thalene acetic acid, IAA = Indole acetic acid, BAP = Benzy!|
amino purine, MS0 = Murashige and Skoog medium without
hormones, MS (K) = MS medium with kinetin).

Responseto embryogenesiswas restricted to Coker and Siokra
lines. Ninety percent of coker-312 seeds showed embryogenic
callus. All other varieties showed no response. Screening of 22
genotypes substanti ates the genotype specificity of the embryo-
genic response in cotton. Coker-312 exhibited a higher index
of embryogenesiscompared to al other varieties under the same
set of treatments. Data from these experiments suggested that
genetic componentsrather than culture componentsisthe most
critical factor in obtaining sufficient regeneration in cotton.

Response of Cotton Genotypes to Meristem
Tip Culture

Theresults of the meristem shoot tip indicated that its size con-
tributed significantly to the rate of plant formation. Mortality
rate was 50% when meristems of less than 0.5 mm size were
used for the formation of seedlings. Theresults of these experi-
ments revealed that media containing 0.46 mM kinetin was
better for shoot development whereas faster rooting was ob-
served on media containing 2.68 mM NAA and 0.46mM kine-
tin. Nointervarietal variability among 19 cultivarswas observed.
The project concluded that the methodol ogy issimpleand could
replace the existing protocols for meristem tip culture of cot-
ton.

Theavailability of aregeneration system and the establishment
of transformation procedures (agrobacterium and biolistic gun
method) enabled the project to develop virus resistant Coker
plants. Thisresulted inthe availability to cotton researchersall
over the world of a source of genotypic immunity to the vi-
ruses. Concurrently, atransformation system of local elite cul-
tivarsof cotton based on the transformation of mature embryos
by Biolistic and Agrobacterium was established and is now
being undertaken as aroutine.
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Development of Virus Resistant
Genotypes

The ultimate and most important objective of the project was
to develop virus-resistant genotypes. Thispart of thework was
carried out exclusively in Pakistan. To achieve this goal two
strategies were adopted:

Conventional Breeding

Development of virus-resistant varieties through conventional
breeding was an important objective of the project. This com-
ponent was exclusively taken up by the Cotton Research Insti-
tute, Faisalabad, Pakistan, which isthelargest monocrop insti-
tute of the Punjab government with five cotton research sta-
tions at various|ocations throughout the province. The Cotton
Research Institute maintains a huge genetic stock of local and
exotic germplasm of world collections. Breeders extensively
searched the avail able germplasm for possible existing sources
of CLCuV resistance. The project funding accel erated the pace
of conventional breeding programs of the institute.

Efforts to identify sources of natural genetic resistance to the
disease and their utilization for the development of new com-
mercial cultivars have been extensive. Upland cotton, whichis
an allotetraploid (AADD), is cultivated on more than 95% of
the total cotton areain Pakistan. Sources of genetic resistance
identified so far fall into two main categories. In the first are
two diploid cotton species of Asiatic origin, namely G arboreum
L. (AA) and G herbaceumL. (AA), but these species have not
been utilized in the devel opment of new commercial varieties
because of their diploid nature and inability to develop inter-
specific hybrids with hirsutum. The second category includes
two genotypesbelonging to G hirsutum, namely LRA5166 and
CP15/2. All breeders in both cotton growing provinces of the
country have extensively used LRA5166 and CP15/2 in their
hybridization programs.

In the first years of the project, the Cotton Research Institute
screened 414 accessions—including 292 exotic and 122 local—
of Gossypium hirsutum. L. for leaf curl virus resistance/sus-
ceptibility. Some genotypes that indicated at least some level
of tolerance to the disease were selected for extensive testing
over more than one year. The selected genotypes were planted
inreplicated formsat multiplelocations and in known hot spots
of the disease. A team of breeders visited experimental loca-
tions at various stages of crop development before advising
breedersto use LRA5166 and CP15/2 in breeding programs.

Extensive crossing with exatic sources of resistance, evalua-
tion of segregated generationsand multi-location trialsresulted
in the development of four commercial varieties. In Pakistan,
thevarietal approval systemisexecuted by anindependent bodly,
the Punjab Seed Council (PSC) in Punjab, and the Sindh Seed
Council in Sindh, whilethe Federal Seed Certification & Reg-
istration Department (FSC&RD) is the supreme body for the
approval and maintenance of seed quality in the country. The
seed councils require three years of coded candidate varieties

testing, coupled with agronomic requirements datain addition
toyield and fiber quality performance data on any variety that
is submitted for approval as acommercial variety. The candi-
date varieties are tested against candidate varieties devel oped
by the Pakistan Central Cotton Committee, the Pakistan Atomic
Energy Commission, universities, provincia governments (like
the Cotton Research Institute) and private companies. Each
institution has more than oneteam of cotton breeders, and each
team competes against all others for approval of avariety. All
candidate varieties are tested in one coded trial called the Na-
tional Cotton Variety Tria at multiple locations within and
across provinces.

The variety approval is not only highly competitive but also a
requirement for release of any variety for commercia produc-
tion. The project developed and released four varieties FH-
900, FH 901, MNH 552 and MNH 554 for general cultivation
in different zonesin the Punjab province. Release of four vari-
eties after formal approval and distribution of virus-resistant
genotypeto farmersin Pakistan isasignificant achievement of
the project. These commercial varieties now cover more than
20% of the cotton area in the country. Several other strains
developed by the ingtitute and NIBGE are in the pipeline.

Genetic Engineering for Virus Resistance

The development of Bt insect resistant cotton in the USA
through genetic engineering at the start of the project prompted
the project team to utilize thistechnology for the devel opment
of virus-resistant cotton. Pathogen- (virus) derived resistance—
by putting some genomic component of virusinto commercial
cotton varieties—was the main objective. This ambitious ob-
jective was challenging because no commercial variety of any
crop against Gemini (SS DNA) viruses had been developed in
any part of theworld through genetic engineering at that time.
This project achieved another milestone by developing virus
resistance in elite commercial varieties (S-12 and NIAB-78)
by utilizing various genomic (C1, C2 and C3) componentsin-
sense and anti-sense orientation. Eval uation of transgenic plants
was conducted in the lab, in a containment facility and in net
houseinthefield. Many dlite lines showing partial, delayed or
complete resistance are ready to be released after approval by
the National Biosafety Committee.

Capacity Building

Theproject laid astrong infrastructure and expertiseat NIBGE,
Pakistan, toinvestigate any viral epidemic at themolecular level.
Similarly, cotton transformation technology and genetic engi-
neering were established in the public sector, which will help
the country to undertake any other biotech program with surety
and confidence. Another important aspect of the project isthe
appearance of many high quality articles in reputed journals.
International linkages have also been devel oped allowing trans-
fer of technology and expertise in cotton biotechnology. Hu-
man resource devel opment was another important contribution
asthree Ph.D., nineteen M.Phil. and nineM.Sc. (Hon) research
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theses on cotton biotechnology were accomplished during the
project duration. Thisvital aspect resultedin developing avery
strong and dynamic team capabl e of meeting any future chal-
lengesin cotton production.

The project published adetail ed report on activitiesand achieve-
ments of the project in the form of Technical Report No. 22 of
the Common Fund for Commaodities. The 112-page report is
available on the web at http://icac.org/icac/projects/
commonfund/leaf/leafmain.html and free hard copies can be
requested from the ICAC at publications@icac.org.

Conclusion

International funding/support from the Common Fund for Com-
modities/International Cotton Advisory Committee, inaddition
to the Asian Development Bank, the Food and Agriculture Or-
ganization, and well-focused aggressive research by research-
ers in the country with deep collaboration with teams at JIC,
UK and UoA, USA, enabled Pekistan to control the leaf curl
virus problem and regain production of more than 1.8 million
tons during the last three years. Pakistan has gained the exper-
tise and the experience to undertake any future challenge in
cotton biotechnology. Participating institutions are indebted to
the international organizations, local institutions and partici-
pating researchersfor their financial, technical and moral sup-
port for the implementation of the project.
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