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The treatment of corrosive strictures is a challenge for a surgeon and, indeed, a
successful procedure is most gratifying. However, little attempt has been made to
prevent their occurrence. In the USA, the introduction of legislation in the early
1970s regulating the sale and storage of household substances with a caustic content
has decreased the extent of this problem. However, in India, there has been no effort
towards this end. It is time that we regulate the availability of corrosive substances
which cause this morbid disease in our young and economically productive population.
Until this is done, corrosive injuries are unlikely to be avoided.
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Genetically Modified Organisms:
Concerns and biosafety issues

Modern genetic techniques allow scientists to create new varieties of living organ-
isms by directly manipulating their genetic make-up. However, the consequences of
one manipulation may be completely different from those of another, based on the
traits modified. In modern usage, the term genetically modified organism (GMO)
refers to a plant, microorganism or animal altered using new genetic techniques such
as recombinant DNA (rDNA) technology. The living modified organism (LMO)
refers to a GMO that is still alive, such as a fresh vegetable, fruit or seed, and has been
modified using rDNA technology. 1 The use of the terms GMO or LMO can thus be
confusing, because many crops have been genetically modified through traditional
plant breeding for thousands of years. A GMO can be an organism in which the
genetic material has been altered in a manner that does not occur naturally by mating
or natural recombination. The creators of these GMOs emphasize the potential
benefits of genetic engineering to society, for example, by increasing crop yields or
improving food quality.' However, many scientists warn that GMOs could pose a
threat to human health and the environment. There are many schools of thought
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expressing concerns about the benefits, and ethical and social implications of
GMOS.2,3

Steps in the development of GMOs
Genetically modified plants have been maximally manipulated. Taking their exam-
ple, the following steps are involved in the development of a GMO:

1. Identification and cloning of a particular gene, which would impart a useful
character to the target plant. This involves the construction and screening of a
genomic library, and isolation of the relevant genomic clone with a probe or
marker DNA.

2. Modification of this isolated gene for expression in target plants. This involves the
selection and manipulation of a promoter, a coding sequence for facilitating
efficient binding of ribosomes to the constituted mRNA, and selecting the
appropriate terminator sequences. This also involves the incorporation of all these
sequences with the target and marker genes along with the correct positioning of
the promoter and the terminator sequences.

3. Incorporation of the modified gene construct into the target plant genome, which
involves transferring the modified gene into the plant through an appropriate
mechanism or through a suitable intermediate host-vector system.

4. Regeneration of a whole plant capable of transmitting the incorporated target
gene to the next generation. This process takes the help of a selection agent which
is usually an antibiotic resistance gene marker. Cells not containing the resistance
marker gene would get destroyed under the influence of selection pressure.

Concerns about transgenic plants and GMOs
In GMOs, genes coding for specific properties and characteristics unrelated to the
natural plant, become an integral part of the transgenic plant genome. In the process,
the newly incorporated genetic material is adopted through generations in a different
genetic environment. This is expected to manifest as newer behavioural characteristics,
which cannot be predicted over a short span of time. Thus, the behaviour of a
transgenic plant in the open environment cannot be predicted in any generalized
manner.' Transgenes expressed in specific genotypes may show variations in
expression when back-crossed with near relatives. Therefore, the level of expression
could vary in different near relatives although the genes may be the same. Environment
(heat, humidity and light) also has a role to play in controlling the level of expression.
Therefore, the results of assessment of transgenic plants containing specific genes in
one environment may not be valid in another, Proximate analysis of the transgenic
and non-transgenic cultivars would enable assessment of the constitutional changes,
if any, in the two plants grown in different agro-climatic locations."

Some gene expressions in natural conditions are safe. However, expression of such
genes in unnatural hosts may alter them and thus raise questions of safety. Pollens
are known to travel long distances in the open environment assisted by pollinator
insects and the wind. The maintenance of proper isolation distances would prevent
the dissemination of transgenic pollens into the wild. This would decrease the
concerns about uncontrolled contamination of natural plants and the associated
safety issues."

Transgenic plants resistant to a viral disease remain susceptible to other viruses.'
Recombination between the modified gene of the transgenic plant and the wild
viruses may provide opportunities for the evolution of newer virulent strains of
viruses. The occurrence of such recombinations is increased in viral disease-resistant
plants, as the transgenes are present in all plant tissues, Transgenic RNA has been
shown to be capable of recombination and concerns regarding this are indeed
justified. 3,5 Transgenic plants containing different 'unnatural' proteins would produce
flowers with these transgenic proteins. Such proteins can be expected to alter the
properties of nectar and may alter the behaviour pattern of pollinating insects."

The recombinant genetic material used for making transgenic plants usually has
marker and enhancer genes in addition to the gene(s) coding for the modified trait.
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These marker and enhancer genes code for specific proteins, which are implicated
with, say, antibiotic resistance or resistance to certain stress conditions otherwise not
encountered by the natural genotypes. The safety implications of these genes and
their products also need to be ascertained.'

There are also concerns that the use of some of these plants and their products in
the human food chain could prove allergic or toxic to some people. Consequently,
food safety issues are in the forefront of societal concerns while accepting transgenic
plants in food or animal feed." Transgenic soyabean plants coding for allergenic
Brazilian nut 2S seed storage proteins were found to retain the allergenic properties.'

The integration of trans genes into hosts by random integration methods is
expected to produce new types of transgenic plants with each new experiment.
Random integration of trans genes into the chromosomes of host plants is expected
to trigger newer metabolic pathways or suppress some existing properties. Unless a
stable and safe genotype is isolated, assessed, found to be useful and further
propagated in the Mendelian manner for a couple of generations, the safety and
usefulness of the transformed plants cannot be ascertained with certainty.' Therefore,
there should be no hurry in releasing transgenic plants into the open environment,
even though the mandatory protocols specifying the transgenic constructs, hosts and
the environment may have been followed and documented."

Comparatively long chains of DNA fragments can survive in nature for thousands
of years under certain conditions. Despite the fact that enzymes capable of hydrolys-
ing DNA (DNases) are widely distributed in nature, free DNA has been found in the
entire ecosystem'> (water, aerosols, sediments, soil and seabed). Transgenic plants
can transfer transgenic traits to near relatives. In nature, there is also evidence of gene
transfer between unrelated species." In some cases, genetically engineered products
have produced toxic metabolites or unwanted products. The Bt protein (a bacterial
protein) is widely used in transgenic plants to produce insecticide resistance.'
Transgenic plants expressing this protein can target non-target organisms. Some
other examples of the transfer of genetic material from transgenic plants or in nature
are given below:

1. Field trials on genetically modified rapeseed have shown that it may transfer its
transgene by cross-pollination to wild varieties of the rapeseed and other wild
species of radish."

2. Evidence has been found that in field conditions native species have received
genes from genetically modified crops via pollen.s-"

3. Total sequencing of the Chlamydia trachoma tis genome has indicated that this
intracellular parasite has picked up large sequences of genetic elements from
eukaryotic host organisms."

4. Mice given feed containing M13 bacteriophage DNA showed the phage DNA in
their blood and faeces.'?

5. A comparison of ribosomal RNA genes of human mitochondria with Rickettsia
prowazekii has shown links between them."

6. About 20 OOO-year-old dung of an extinct ground sloth has provided clues to its
ecology indicating that DNA can remain undamaged for long periods.'

7. The use of L-tryptophan, produced through genetically engineered Bacillus
amyloliquefaciens, resulted in 1500 cases of chronic neurological and antoimmune
symptoms and 37 deaths. This was alleged to be the result of the production of a
toxic material during fermentation that caused the eosinophilia-myalgia syn-
drome (EMS).II

8, Yeast, modified genetically to enhance glycolytic activity during fermentation
accumulates methyl-glyoxal in toxic concentrations.'?

9. It has been reported that genetically engineered tobacco plants, designed to
produce gamma-linolenic acid, produced mainly octadecatetraenic acid which
was unwanted."

10. Engineered crops with insecticidal toxins can poison beneficial insects, e.g.
potato plants engineered with the lectin gene harmed ladybirds. Ladybirds
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predating aphids that had ingested such potato tissue had a considerably reduced
life expectancy and reproducibility. Similarly, lacewings which feed on caterpil-
lars and aphids, which in turn have consumed insecticide Bt toxin-engineered
maize plants showed evidence of poisoning.":"

The main concern with GMOs is an accurate assessment of the magnitude of the
consequences of their use to the habitat including humans, animals, plants and the
overall environment. Chemical herbicide-resistant transgenic plants may confer
properties to near-relative wild plants and make them also resistant to the currently
used herbicides.P'This could lead to a scenario where agricultural production would
become more expensive. Viral disease-resistant transgenic plants may provide
opportunities for the evolution of newer virulent strains of plant viruses against
which the target plants are not protected, leading to their destruction." Excessive
deployment of pest-resistant transgenic plants in the open environment may lead to
the development of resistant pests faster than can be surmised. Such possibilities are
expected to be witnessed earlier in those areas where very large stretches ofland have
only monoculture crops raised. Many transgenic plants and their products may be
toxic or allergenic to humans and animals.":" There are also concerns that transgenic
DNA pieces could get integrated along with marker genes into microbes which are
present in the animal and human gut leading to a fresh set of health problems. IO Such
DNA could enter into mammalian cell lines.'

Biosafety aspects
In India, many developments have taken place relating to the regulation of GMOs
and their products." These include the approval for commercial use of certain
varieties of Bt cotton, a proposal to amend the Environment Protection Act, 1989 so
that GM-free certification can be insisted upon from exporting countries. Similar
developments have also taken place at Codex, the European Union and other such
bodies. These developments have given a thrust to many of the issues in India relating
to policy, implementation and India's position in the international fora on GMOs.
The major issues associated with the use of this technology include enhancing
existing capacities to assess long term environmental risks and to conduct evaluation
and risk assessment for food allergenicity including data analysis on a case-by-case
basis for informed decisions and a deeper understanding of the behaviour and
interrelationships among transgenic plants, animals and microorganisms, as well as
the implications for environment and food safety. 1,4

The Department of Biotechnology, Ministry of Science and Technology,
Government ofIndia, in accordance with the Guidelines for Safety in Biotechnology"
has permitted experiments on GMOs under controlled and contained conditions.
Scientists from different organizations, including agricultural universities and
institutions, are monitoring the experiments on various crops. The state governments
are also involved in such experiments. The work on transgenic plants has started in
many Indian institutions and private companies and is largely related to transform-
ing plants containing Bt toxin genes. It is anticipated that some transgenic plants,
through the efforts of the pri vate and public sectors, will be ready for commercial use
within a few years after the necessary information on safety is generated and assessed
by the competent authority.

Data have now started trickling in on the impact of dispersal of naked DNA from
GMOs as well as the positive impact of the use of GMOs which are now available.
This has built up pressure for their quick use. The negative consequences, as of date,
are theoretical, especially in the long term perspective. It is anticipated that
technological solutions not available today for any long term visible impact of GMOs
would soon be found. With these perceptions and expected benefits, as well as the
large investments in money, talent, time and the scientific enthusiasm in GMO
research, it is important that a cautious approach is adopted to the use of GMOs in
India, especially the first-generation ones.
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