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Table 1 A list of fields trials of GM Crops being conducted by public research institutions
%5 No YEY) 4 FR Crops AEA) Year WEFE A Institute PR Traits
1 i Brinjal 2006 TARI, New Delhi HL A Insect resistance
2 E#BE Castor 2006 Directorate of Oilseeds Research, Hyderabad Fi i Insect resistance
3 % 64 Groundnut 2006 ICRISAT, Hyderabad PiW§FE Virus resistance
4 LA B Potato 2006 Central Potato Research Institute, Shimala HH# Fungal resistance
5 JKFE Rice 2006 IARI, New Delhi Pr A Insect resistance
6 KA Rice 2006 TNAU, Coimbatore Fi§ Disease resistance
7 PE4LHH Tomato 2006 IARI, New Delhi YU # Virus resistance
8 i ¥ Brinjal 2007 UAS, Bangalore it Insect resistance
9 jiiF Brinjal 2007 TNAU, Coimbatore P A Insect resistance
10 A3 Potato 2009 Central Potato Research Institute, Shimala BLZE B Tuber sweetening
11 J#E W 5 Chickpea 2009 ICRISAT, Hyderabad ) *},HFEE%HJME
Abiotic stress tolerance
12 E % Sorghum 2009 National Research Centre for Sorghum, Hyderabad i Insect resistance
13 P9 Watermelon 2010 Indian Institute of Horticultural Research HU B Virus resistance
14 PH 4T Hf Tomato 2010 Indian Institute of Horticultural Research P THE Virus resistance
15 P 4L A Tomato 2010 IIVR, Varanasi P H Insect resistance
16 P4 Tomato 2010 NRCPB, New Delhi SRR Fruit ripening
17 FAJK Papaya 2010 Indian Institute of Horticultural Research FiW§FE Virus resistance
18 H ¥ Sugarcane 2010 Sugarcane Breeding Institute PLH Insect resistance
19 B4 Sorghum 2010 Central Research Institute for Dryland Agriculture . ?ﬂ,:”:’jt%ﬂj}ﬁ
Abiotic stress tolerance
20 %4 Groundnut 2010 University of Agricultural Sciences, Bangalore . fﬂ,ﬁEﬁE%%ﬂ
Abiotic stress tolerance
21 & Mustard 2010 NRCPB, New Delhi AR A
Abiotic stress tolerance
22 FF AR Mustard 2010 University of Delhi South Campus, Delhi P PL e Heterosis
23 % 64 Groundnut 2011 ICRISAT, Hyderabad PiEH Fungal resistance
24 # & Rubber 2011 Rubber Research Institute, Kottayam LA P

Abiotic stress tolerance
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1 Introduction

India has made tremendous progress in terms of food
security and self-sufficiency since the green revolution.
The gains seen in the green revolution which led to
quantum jumps are now plateauing. The most recent
report of the 2012-2013 and 2013-2014 seasons shows
that the productivity is levelling off (Figure 1). While
the rate of growth in agriculture is slowing down as
seen by these numbers, the demand for food remains.
In addition,With rising incomes, the types of foods
needed by the population demand a diverse agriculture
system with enhanced focus on vegetables, legumes
and fruits. With the growing Indian population, impact
of climate change and dwindling natural resources, we
need to continue to improve productivity of diverse
group of crops to ensure food security, beyond rice and
wheat in years to come.

Technology continues to advance at a fast pace
and the use of these tools in agriculture is very much
required to see that the benefits of these flow to farmers
and ultimately to the consumers. The losses incurred
today in various crops due to insects, diseases and
various abiotic stresses again highlight the need for
applying advances in science and technologies to lower
these losses. Insect tolerant GM cotton crop has been
hugely successful and we need to see the other crops
and traits which are under development also be planted
on farmers fields. Molecular breeding is being used
more extensively in few commercial crops and that too
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will lead to superior germplasm and products. India
has a strong regulatory system in place and the list of
products under various stages of development include
multiple crops like okra, tomato, cabbage, cauliflower,
maize, rice, wheat, chickpea, rubber and many more
with traits which address insect tolerance, herbicide
tolerance, fertilizer use efficiency, salt tolerance,
drought tolerance, seed production technologies,
disease tolerance and others.

——Kharif —=—Rabi
5000 2431 2432
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40002005 2010 226
3000
1854
20001 1414 1457 1653 1802
1000
0 9th 10th 11th  12th plan 12th plan
plan plan plan  (2012- (2013-
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(DAC 2014)
Fig. 1 Productivity of food grains in kg/ha (Kharif
& Rabi) over IX, X, XI Plans and 2012-2013 & 2013-2014

2 The first biotech crops

Insect-resistant Bt cotton varieties were successfully
approved for commercial cultivation in 2002. The two
gene combination was approved in 2006. Several other
products were next in the pipeline such as mustard,
potato, brinjal, okra, rice. However, the moratorium on
Bt brinjal by Ministry of Environment and Forest in
2010 meant a considerable detour from an objective,
science-based, rigorous regulatory approval process to
a more subjective, non-science driven political decision
making process.
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3 Biotech regulation in India

Indian Acts, rules and regulations as well as procedures
for handling of genetically modified organisms (GMOs)
and rDNA products have been formulated under
the Environment (Protection) Act (EPA) 1986 and
Rules 1989. The rules in general cover manufacture,
use/import/export and storage of hazardous micro-
organisms, genetically engineered organisms or
cells and came into force from 1993. A set of rDNA
guidelines were issued in 1990 covering genetically
engineered organisms, genetic transformation of
plants and animals, mechanism of implementation of
biosafety guidelines and containment facilities under
three risk groups. The guidelines have been revised
matching with the needs of scientific knowhow in 1994
as “Revised Guidelines for Safety in Biotechnology”.
During 1998, to provide special review for genetically
engineered plants, “Revised Guidelines for Research
in Transgenic Plants and Guidelines for Toxicity and
Allergenicity for Evaluation of Transgenic Seeds,
Plants and Plant Parts” had come into force. In response
to changing needs of transgenic technology and safety
science globally, in 2008 another set of “Guidelines and
standards for operating procedures (SOPs) for confined
field trials of regulated genetically engineered (GE)
plants”.

In India, regulatory set up oversees the development
of GM (genetically modified) organisms including
cropsfrom the research stage to large-scale commercial
use through a three-tier system. The Institutional
Biosafety Committee (IBSC) operates at research
level approvals and the Review Committee on Genetic
Manipulation (RCGM) reviews all approved ongoing
research projects which are considered to be in the
high-risk category and controlled field experiments.
The Department of Biotechnology (DBT) under the
Ministry of Science and Technology, Govt. of India
provides recognition to IBSC which is in the institution
making the applications and also services RCGM
for regulating research and limited field experiments.
Finally, Genetic Engineering Approval Committee
(GEAC) functions as an apex body under Ministry of
Environment and Forests (MoEF) and is responsible
for the approval of activities involving large-scale use
of hazardous microorganisms as well as recombinant
products in research and industrial production from
an environment angle or commercial use. At State
Level, SBCC (state biotechnology and co-ordination
committee), DLC (district-level committee) inspect,
supervise and involve monitoring with the help of

scientists from state and central government institutions.

To address the policy challenges the government
had decided to restructure the regulatory framework
so as to establish a scientific, rigorous, efficient,
predictable and consistent regulatory regime articulated
as autonomous‘National Biotechnology Regulatory
Authority’ to provide effective single window clearance
mechanism which is still under discussion.

4 Bt brinjal as a case study

4.1 Rationale for the development of Bt brinjal
The brinjal fruit and shoot borer (FSB) is the most
damaging pest on brinjal crops, and farmers need to
spray 25-80 rounds of pesticides during each growing
season. Experts estimate that the financial loss to the
country because of the 50%-70% of damage caused
by the FSB is equivalent to Rs 1 000 crore per annum.
As present control methods for FSB involve heavy
pesticide sprays on the crop, brinjal produce potentially
contains significant amounts of pesticide residues,
posing health concerns for consumers as well as farm
workers. Bt brinjal, a genetically modified (GM) or
biotech crop, provides an alternative method for FSB
control and pesticide application reduction. Field
studies with Bt brinjal have demonstrated that farmers
can use 70% less insecticide for FSB control and, as
a result, 42% less pesticide overall for control of all
insect pests. Field studies have shown that this results
in an average 116% increase in marketable fruits
over hybrids and 166% increase over open-pollinated
varieties of brinjal. The higher yield and better quality
would result in higher net income for brinjal farmers to
the tune of Rs 16 000-19 000 per acre, which works out
to Rs 2 000 crore to farmers over India as a whole.
Before any biotech food crop can be released in
the environment in India, it has to undergo stringent
biosafety tests, including environmental safety
testing as well as food safety testing mandated by
the regulatory authorities. This article describes tests
conducted on Bt brinjal so far, which indicate that this
crop is safe to the environment and safe for human and
animal consumption.
4.2 Germination and weediness studies
Germination tests demonstrated that there is no
significant difference in the rate and/or time taken
for germination between Bt brinjal and its non-Bt
counterpart. Bt brinjal and its non-Bt counterpart did
not differ in growth characteristics or vigour. These
results demonstrated that there is no substantial
difference between transgenic Bt and non-Bt brinjal
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with regard to their potential for weediness.

4.3 Aggressiveness studies

A study was conducted to monitor the aggressiveness
of Bt brinjal as compared to its non-Bt counterparts.
This assesses any change in plant behaviour which
could lead to the crop posing a risk in the environment.
In the study, after complete harvesting of the Bt brinjal
crop, the area under planting was left undisturbed for
three months and irrigated on a regular basis to allow
for germination of any seeds that might have remained
in the ground after harvesting the main crop.

The data provides information on germination rates
and aggressiveness of naturally shed brinjal seeds
under field conditions in the plots where Bt and non-
Bt plants have been grown. Any plants emerging are
checked to determine the presence of the biotech trait.
In the study conducted on Bt brinjal there were no
brinjal plants observed to grow or germinate in the plot
over the period of the study. The data suggest that there
is no aggressiveness or weediness demonstrated by Bt
brinjal plants.

4.4 Pollen flow studies-2 Locations

Pollen flow studies on Bt Brinjal were conducted by
to determine the distance traversed by pollen from Bt
brinjal plants, which was found to be 20-25 m. The
majority of cross-pollinations occurred within a few
metres of the Bt plot.

4.5 Effect on fruit and shoot borer, non-target
insects and beneficial insects

In controlled field trials, significant differences were
detected between hybrids based on presence or absence
of Bt gene. For FSB counts, significant differences
were detected between Bt hybrids (containing crylAc
gene) and all three non-Bt checks. All Bt hybrids
were significantly lower in number of FSB larvae.
Differences were also measured between the Bt hybrid
and non-Bt check hybrids for shoot damage to plants
from FSB infestation. Percent damage to shoots was
significantly lower for the Bt group as compared to
non-Bt hybrids. The degree of such differences in FSB
feeding damage between Bt hybrids and non-Bt hybrids
was significant.

Observations were taken till completion of all
pickings, for the presence of secondary lepidopteran
pests, sucking pests and beneficial insects. No
significant differences were noted between Bt hybrids,
the non-Bt counterparts and checks in terms of
incidence of sucking pests (aphids, jassids, whitefly)
and beneficial insects (chrysopa, lady-bird beetle,
spiders).

Results of these multi-location replicated research

trials indicate that the Bt brinjal hybrids provide
adequate level of tolerance to BFSB and show good
yield potential, BFSB efficacy and marketable yield.
Bt brinjal hybrids showed a significantly lower damage
resulting from BFSB feeding in comparison to non-
Bt brinjal. Bt brinjal hybrids did not have any effects
on non-target insects, including beneficial insects; and
therefore can play a positive role within integrated
pest management strategies for sustainable brinjal
cultivation.

4.6 Effect on soil micro-microflora studies

The effect of growing Bt brinjal in open field on
soil microflora, residue of CrylA(c) protein and soil
invertebrates was studied over a number of growing
seasons and locations. It was clearly demonstrated
that there were no differences between Bt and non-Bt
plots vis-a-vis soil bacteria and fungal count both at
the rhizosphere and the soil beyond the rhizosphere.
Regarding residual Bt protein in the soil, after harvest
of the crop it was found to be non-detectable in any of
the soil samples tested.

Similar results in terms of bacterial and fungal
populations were obtained from soil samples collected
periodically from Bt and non-Bt brinjal plots. These
findings demonstrate that CrylAc levels as determined
through bioassays in soil samples was below detectable
levels in soil samples collected from Bt brinjal plots.
Further, microbial populations from Bt and non-Bt
plots showed similar patterns.

4.7 Substantial equivalence studies
Compositional analysis of Bt and non-Bt brinjal
fruit showed similarity in composition when major
components like protein, carbohydrate, oil, calories,
ash, nitrogen, crude fibers and moisture contents were
analyzed.

A comparative study for the chemical composition
of the tissues of brinjal plants was made using Bt
brinjal (incorporated with crylAc gene) entries and
three non-Bt controls. The chemical composition was
determined in the fruit, leaf, stem and root tissues
of the brinjal plant. The data obtained in this study
indicated that there were no appreciable differences
between Bt brinjal and non-Bt brinjal groups in the
chemical constituents of moisture, proteins, oil, ash,
carbohydrates, calories for fruit tissue and nitrogen, ash
and crude fiber contents in leaf, stem and root tissues.
4.8 Chemical fingerprinting of Bt and non-Bt
brinjal (alkaloids)

Estimation of the alkaloid content in Bt brinjal in
comparison with its non-Bt counterpart was done at
Indian Institute of Chemical Technology, Hyderabad.
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Assessment of the presence of alkaloids in Bt and
non-Bt brinjal fruit was done by chloroform and
methanol extraction method using chromatographic
techniques. There were no significant differences in
TLC and HPLC profiles of Bt and non-Bt brinjal fruit
in chromatographic analysis for alkaloid estimation.
4.9 Acute oral toxicity studies in rats

Acute oral toxicity study of transgenic Bt brinjal was
conducted at INTOX PVT. LTD. , Pune, Maharashtra,
India to assess the safety of Bt brinjal. Acute oral
administration of transgenic Bt brinjal expressing
CrylAc protein to Sprague Dawley rats at the limit
dose of 5 000 mg/kg did not cause any toxicity.
Proteins that are non-toxic by the oral route are not
expected to be toxic by the dermal or pulmonary route.
4.10 Sub-chronic (90 days) oral toxicity study in
Sprague Dawley rats

Subchronic oral (90 days) toxicity study of transgenic
Bt brinjal in Sprague Dawley Rat was conducted
at INTOX PVT. LTD. , Pune, Maharashtra, India.
Based on the findings of this study, the no-observed-
adverse-effect-level (NOAEL) of transgenic Bt brinjal
expressing CrylAc protein in Sprague Dawley rat,
following oral administration for 90 days was found
to be more than 1 000 mg/kg body weight. This study
demonstrates that Bt brinjal expressing Cry1Ac protein
is non-toxic to the study animal by oral route.

4.11 Sub-chronic (90 days) feeding studies using
New Zealand white rabbit

Subchronic (90 days) rabbit feeding studies were
conducted on New Zealand White rabbits at
Advinus Therapeutics Private Ltd., Bangalore, India.
The objective of this study was to compare the
wholesomeness and safety of transgenic Bt brinjal
containing crylAc gene with control non-Bt brinjal.
As per the findings of this study, it was concluded
based on the health, growth and physio-pathological
parameters analysed during the experiment that there
were no significant differences between the groups fed
with transgenic Bt brinjal containing crylA4c gene and
control non-Bt brinjal fruit.

4.12 Sub-chronic (90 days) feeding studies in
goats

Subchronic (90 days) goat feeding studies were
conducted at Advinus Therapeutics Private Ltd. ,
Bangalore, India. The objective of this study was to
compare the wholesomeness and safety of transgenic
Bt brinjal containing cryl/Ac gene with control non-Bt
brinjal. As per the results of this study, it was concluded
based on the health, growth and physio-pathological
parameters analysed during the experiment that there

were no significant differences between the groups fed
with transgenic Bt brinjal containing crylAc gene and
control non-Bt brinjal fruit.

4.13 Feeding studies on fish

A fish feeding study was conducted at Central Institute
of Fisheries Education, Mumbai, India using the
common carp, Cyprinus carpio. The objective of this
study was to evaluate Bt brinjal as a feed ingredient for
common carp and to study the comparative growth and
survival of fish fed with Bt brinjal. The study found
that fish fed with Bt brinjal showed similar growth
patterns to those fed with non-transgenic brinjal. Bt
brinjal, non-Bt brinjal-fed groups were found to be
statistically similar in terms of fish growth responses,
and histopathological alterations.

4.14 Effect on health of broiler chickens

A chicken feeding study was conducted at Central
Avian Research Institute, [zatnagar, India. The objective
of this study was to assess the impact of transgenic Bt
brinjal expressing crylAc gene on chickens, in terms of
growth performance and nutrient utilization. Results of
the present study showed that body weight gain, feed
intake and feed conversion ratio did not differ among
Bt and non-Bt treatments. Several blood biochemical
constituents did not differ statistically due to dietary
treatments including Bt and non-Bt brinjal incorporated
diets. This study found Bt brinjal to be as safe as non-
transgenic brinjal in terms of responses of chickens fed
with diet incorporating the two types of brinjal.

4.15 Feeding studies in lactating crossbred dairy
Ccows

Cow feeding studies were conducted at GBPUAT,
Pantnagar, to assess the nutritional value of transgenic
Bt brinjal fruit in comparison with non-Bt brinjal
fruit in lactating crossbred dairy cows in terms of
feed intake, milk production and milk composition
and to determine if the Bt protein was detectable in
milk and blood of lactating crossbred dairy cows fed
on ration containing transgenic brinjal fruits. From
the study it was concluded that the nutrional value of
both transgenic and non-transgenic brinjal fruits were
similar in terms of feed intake, milk yield and milk
constituents without any adverse effects on the health
of lactating crossbred dairy cows.

4.16 Food cooking and protein estimation in
cooked fruits

Cooked brinjal fruits are consumed in various forms in
India. Cooking studies carried out at Mahyco included
most of the forms in which brinjal fruits are consumed.
Tender brinjal fruits expressing the crylAc gene
(henceforth referred to as Bt brinjal) were used in these



58 Journal of Huazhong Agricultural University Vol. 33

studies to determine whether the Bt protein was present
in the cooked fruits. Uncooked Bt fruits and non-
Bt fruits were used as positive and negative controls
respectively, for ELISA. The fruits were harvested and
brought to the lab on ice and used in different cooking
experiments. The protein extracts from these samples
were used in ELISA for the detection of Bt protein. The
Bt protein was undetectable in the cooked fruits at the
first sampling time-point irrespective of the cooking
method used (roasted, shallow-fried 1, deep-fried or
steamed). The first sampling time-point was 5 min for
roasted fruit and 1 min for the other forms of cooking.
This study indicates that the CrylAc protein in Bt
brinjal fruits is rapidly degraded upon cooking.

4.17 Socioeconomic studies

A number of socioeconomic studies have been carried
out by academic groups such as those by Chong, and
Krishna and Qaim, indicate a receptiveness of farmers
to the technology, and the potential of Bt brinjal to
increase farmers’ welfare through insecticide reductions,
and an increase in marketable yields of brinjal.

4.18 Current status

A moratorium was imposed in 2010 by the then
Minister of Environment and Forest and still awaiting
a final decision. In the meantime, Bangladesh has
commercially released this event in Bangladeshi
varieties for cultivation in 2013 and the farmers took

the produce to market and were able to see the expected
control against the target pest. They are planting their
second season of the crop on a larger acreage.

5 Looking ahead

Transgenic crops approved for conducting contained/
confined limited field trials, including multilocation
field trials only from the public institutions are listed
in Table 1. In addition, industry is also working on
numerous traits. The pipeline is strong and we need to
move forward in the regulatory process to bring these
products to the farmers fields.

The GM debate has been the most divisive debate
we have seen in Agriculture for decades. However,
no negative health effects due to GM foods have been
documented in humans after being consumed for
17+ years by millions of people. Also the benefits of
the GM crops have been realized by small and large
farms, in developed and developing countries. The
regulatory systems are robust. The need is to create
higher level of confidence amongst the non-scientific
community and general public so as to bring the
pipeline products to market once they have cleared all
biosafety requirements. Enhancing productivity in a
sustainable manner is the need and GM crops can play
an important role.

Table 1 A list of field trials of GM crops being conducted by public research institutions

S. No Crops Year Institute Traits

1 Brinjal 2006 TARI, New Delhi Insect resistance

2 Castor 2006 Directorate of Oilseeds Research, Hyderabad Insect resistance

3 Groundnut 2006 ICRISAT, Hyderabad Virus resistance

4 Potato 2006 Central Potato Research Institute, Shimla Fungal resistance

5 Rice 2006 TARI, New Delhi Insect resistance

6 Rice 2006 TNAU, Coimbatore Disease resistance

7 Tomato 2006 IARI, New Delhi Virus resistance

8 Brinjal 2007 UAS, Bangalore Insect resistance

9 Brinjal 2007 TNAU, Coimbatore Insect resistance

10 Potato 2009 Central Potato Research Institure, Shimla Tuber sweetening

11 Chickpea 2009 ICRISAT, Hyderabad Abiotic stress tolerance
12 Sorghum 2009 National Research Centre for Sorghum, Hyderabad Insect resistance

13 Watermelon 2010 Indian Institute of Horticultural Research Virus resistance

14 Tomato 2010 Indian Institute of Horticultural Research Virus resistance

15 Tomato 2010 IIVR, Varanasi Insect resistance

16 Tomato 2010 NRCPB, New Delhi Fruit ripening

17 Papaya 2010 Indian Institure of Horticulture Research Virus resistance

18 Sugarcane 2010 Sugarcane Breeding Institutelnsect resistance
19 Sorghum 2010 Central Research Institute for Dryland Agriculture Abiotic stress tolerance
20 Groundnut 2010 University of Agricultural Sciences, Bangalore Abiotic stress tolerance
21 Mustard 2010 NRCPB, New Delhi Abiotic stress tolerance
22 Mustard 2010 University of Delhi South Campus, Delhi Heterosis

23 Groundnut 2011 ICRISAT, Hyderabad Fungal resistance

24 Rubber 2011 Rubber Research Institute, Kottayam Abiotic stress tolerance
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