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e Bt- Cotton:

The Bt is a short form of ubiquitous soil bacterioum Bacillus thuringiensis. This bacterium is gram
positive and spore forming that forms parasporal crystals during stationary phase of its growth
cycle. The synthesized crystalline proteins called ‘endotoxins’ are highly toxic to certain insects.
They Kill the insect by acting on the epithelium tissues of midgut of caterpillars. These protein often
appear microscopically as distinctly shaped crystals and constitute about 20-30% of dry weight of
sporulated cultures. These proteins are characterized by their insecticidal activity and are
therefore grouped into four classes i.e. Lepidoptera-specific (Cry 1), Lepidoptera and Diptera-
specific (Cry 1), Coleoptera-specific (Cry Ill) and Diptera-specific (Cry 1V). Different strains of Bt
produce more than 25 different but related insecticidal crystal proteins (ICPs). These are toxic to
larvae of different insects including disease vectors and many agricultural pests. Cotton bollworms
belong to the order Lepidoptera and therefore are sensitive to Bt Cry | and Cry Il proteins, which
are specific to them. Other beneficial insects are unaffected by these proteins. The gene bank
data base of Bacillus Genetic Stock Centre (BCSC) have given a list of Cry(Crystal), Cyt(Cytolytic)
and Vip genes either synthetic or modified versions from B.thuringiensis. about 22 classes of Cry
including 126 Cry genes have been registered along with a Crt gene and 3 Vip (Vegetative
insecticidal protein) genes. But popularly and effectively utilized are Cry 1 Ac, Cry 1 Ab in different
crops.

Indian cotton

bollworm

whitefly

e Whatis Bt Cotton?
A genotype or individual which is developed by the techniques of genetic engineering is referred
to as transgenic. In other words, genetically engineered organisms are called transgenics. A
transgenic may be a plant, an animal or a microbe. Transgenic plants contain foreign gene or
genetically modified gene of the same species. The foreign gene may be from a distantly related
species, closely related species or unrelated species or from micro-organisms such as fungi,
bacteria and viruses. Bt cotton refers to transgenic cotton which contains endotoxin protein
inducing gene from soil bacterium Bacillus thuringiensis. The first transgenic plant was developed
in 1983 in tobacco (Fraley et.al.1983) in U.S.A. In cotton, the first transgenic plant was developed
in 1987 in U.S.A. by Monsanto, Delta and Pine companies (Benedict and Altman, 2001).Later on,
the research work on development of transgenic was intensified all over the globe and several
transgenic plants were developed. The transgenic cotton is of two types viz. (1) bollgaurd and (2)
roundup ready cotton. The former confers resistance to bollworms and the latter is resistant to
herbicides. The area under herbicide resistant transgenic cotton is resticted to USA. However,
bollworm resistant Bt transgenic cotton has spread to several countries. Transgenic disease
resistant cottons have not yet been developed. Characterization of antifugal factors is underway
at the USDA (Rajasekharan et.al.1999). In India, a few resistant genes against Fusarium and
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Verticillium wilts have been isolated and are being transformed into cotton. Chinese scientists
have isolated ‘GO’ gene and have transformed them into cotton which have shown resistance to
both the wilts (Zhang et.al.2000).

e How Bt cotton is developed?

For development of transgenic of any crop, there are five important steps: (a) Identification of
effective gene or genes, (b) Gene transfer technology, (c) Regeneration ability from protoplasts,
callus or tissues, (d) Gene expression of the product at desired level, (e) Proper integration of
genes so that are carried for generations by usual means of reproduction.

Once identification of bollworm inhibiting genes has been achieved, molecular biologists have
step by step solved the problems to achieve perfect transgenics. In case of cotton, Agrobacterium-
mediated gene transfer technique has been essentially used (Firozabady et al. 1987). Although
now for direct gene transfer to protoplast, biolistic gene transfer techniques are available. The
regeneration of cotton plants from callus and somantic embryogenesis have so far been restricted
to few ‘Coker’ genotypes. All cotton genotypes are not amenable to regeneration and that is one
big hurdle in gene transfer. There are reports of induction of somantic embryogenesis has also
been reported from china and Australia but in India, attempts to repeat it with Indian genotypes
have been unsuccessful .To circumvent the problem of genotype-limited regeneration of callus or
leaf tissues, transformation and regeneration from meristematic tissues was attempted which was
found useful. Using Cry 1 Ab and Cry 1 Ac genes, transgenic cottons with perfect integration,
expression and reproduction was achieved first in USA in 1987. Subsequently, there are reports
from china and Australia. In coming years, the techniques are being invented and the problems of
genotype-dependent regeneration will be sorted out.
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:% DNA containing
» O gene for desired trait Plant Cek"-

_oL o | (3]
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plasmidl |nsertion of Intro- i Rege-
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There are four important methods of foreign gene (DNA) transfer in crop plants viz. plasmid
method, particle bombardment, direct DNA uptake and micro-injection (Stewart, 1991). These
methods are also known as systems of DNA delivery for genetic transformation. The soil borne
bacterium Agrobacterium tumifaciens (termed as Nature’s Genetic Engineering) is used for
development of transgenic plants. This method has three main limitations viz. host specificity,
somaclonal variation and slow generation. There are two main advantages of Agrobacterium
mediated DNA transfer method. Firstly, this method has some control over the copy humber and
site of integration of transgene which is not possible in particle bombardment method. Secondly,
this is a cheaper method of genetic transformation than particle bombardment method. Perlak
et.al. (1991) transferred successfully the Cry 1 Ac gene to cotton via Agrobacterium with CaMV
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promoter and the Cry protein produces by transgenic cotton was found highly toxic to bollworms.
This method was later used extensively by others.

The particle bombardment method in which the foreign DNA is delivered into plant cells through
high velocity metal particles, has some advantages over the Agrobacterium mediated method of
DNA transfer, This method does not exhibit host specificity. Hence, it can be effectively used for
the development of transgenic plants in various plant species. Moreover, this method is technically
simple than Agrobacterium mediated DNA transfer method. In this method, there is no need of
isolating protoplast. The other two method viz. direct DNA transfer and microinjection technique
are rarely used for developing transgenics in cotton.

Currently, two DNA delivery system, viz. (1) Agrobacterium mediated gene transfer, and (2)
bombardment of cells with plasmid DNA coated particles, are widely used for development of
transgenic (genetically engineered) plants in cotton (Umbeck et.al 1987; Firoozbady et. Al. 1987;
Finer and McMullen, 1990). The first two workers used Agrobacterium method while the last
workers used biolistic method of gene transfer in cotton for developing transgenic plants. More
than 37 transgenic plants have been developed in cotton so far by these two methods.

e Roundup Ready® Soybean:
Soybean, also known as soya bean, is a species of legume that is native to East Asia. It is widely
grown for its edible bean and has many uses for human and
animal consumption.
Soybean has the remarkable ability to produce more edible protein per acre of land than any other
known crop. On average, dry soybean contains roughly 40% protein and 20% oil, has the highest
protein content among cereals and other legume species, and has the second-highest oil content
among all food legumes. Soybean is highly versatile and can be processed into a wide variety of
food products including tofu, soybean sauce, soymilk, energy bars, and meat substitutes. A major
food use for soybean is purified oil for use in margarines, shortenings, and cooking and salad oils.
Soybean meal is the portion of the soybean left after oil is extracted. It is used as a supplement in
feed rations for livestock. Soybean meal is the most valuable component obtained from processing
the soybean, accounting for roughly 50-75% of its overall value. By far, soybean meal is the world's
most important protein feed, accounting for nearly 69% of world protein meal supplies (ASA,
2008).

e Weeds and Crop Growth:

Weed management is an important factor in agricultural production that impacts crop yield (the
amount of a crop that is produced and harvested). Uncontrolled weeds reduce the quantity and
quality of a planted crop. Nutrients (found in the soil) and water are necessary, but limited, natural
resources for healthy plant growth. Weeds (unwanted plants) compete with planted crops for water
and nutrients, thus decreasing the overall harvest and decreasing the efficient use of

natural resources.

Farmers can use a variety of weed control methods, which are commonly divided into five
categories: preventative, cultural, mechanical, biological, and chemical weed control.
Biotechnology is one of many tools helping farmers use these control methods to produce more
food, fuel, and fiber while reducing their agricultural footprint. Weeds are a constant challenge for
every farmer. Herbicides are the primary and most effective tool for farmers to control weeds and
maximize crop yields. Using herbicides (rather than other weed control methods like hand weeding
and tillage) can reduce labor, increase convenience, conserve soil, and make food less expensive
to produce. Information compiled from “Genetically Engineered Crops: From Idea to Product” and
the Monsanto lesson packet “Crop Biotechnology: Growing and Testing Roundup Ready
Soybean.”
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e Creating the Roundup Ready Soybean.

The Roundup Ready® soybean was developed
to help farmers manage weeds in their fields.
When weeds are left to compete with soybeans
for the entire growing season, yield losses can
exceed 75%. Nearly all soybean fields receive
some type of herbicide treatment. Monsanto
scientists developed the Roundup Ready®

soybean technology as a tool to help farmers

control weeds in soybean fields. The Roundup

Ready® soybean began with the discovery of a

o ” ” naturally occurring gene in the environment that

was responsible for conferring tolerance to the

herbicide glyphosate (which is commercially

known as Roundup®). The gene, abbreviated as

® CP4 EPSPS, was found in a microbe. The gene

was isolated and extracted from the microbe and

then inserted into a plasmid. Using particle gun

bombardment and plant transformation,

50 m"”‘ scientists inserted the gene into the genome of

the soybean (Glycine max). The particle

bombardment method starts with coating

tungsten or gold particles (microprojectiles) with plasmid DNA. The coated particles are coated on

a macroprojectile, which is accelerated with air pressure and shot into plant tissue on a Petri plate.

A perforated plate is used to stop the macroprojectile, while allowing the microprojectiles to pass

through to the cells on the other side. As the microprojectiles enter the cells, the plasmid DNA is

released from the particle surface. Some of the DNA will then be incorporated into the

chromosomal DNA of the cells. The transformed plant cells are then regenerated into whole plants
using tissue culture, a common method of plant propagation.
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e Plant Testing and Regulation:

Once a genetically modified (GM) crop has been developed, the process of field testing and
regulation begins. The Roundup Ready® Soybean was developed in 1990, but it was not
commercially available to farmers for six more years while these steps were completed. First, the
newly engineered seed variety with the chosen trait (herbicide resistance) is grown and observed
for any changes to the typical growth habits and appearance of the plant. If the GM crop passes
these tests, additional tests are performed and data is collected to assess and ensure the food
and feed safety of the crop as well as safety to the environment. GM crops and conventional (non-
GM) crops cannot have any compositional differences, such as changes in nutrients, toxins,
allergens, or other compounds normally present in the crop. For crops used as animal feed (like
soybeans) they must also pass an animal feeding study to show no change in animal growth and
nutrition between GM and conventional feed. Once all the regulatory steps have been completed
successfully, the genetically engineered seed can be made available to sell to farmers.
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