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Abstract

Recent advances in plant molecular biology have opened new avenues for the production of genetically
engineered plants and in the precise transfer of novel genes into crop plants from diverse sources. A
series of genes has been transferred through various transformation techniques including genes for
several agronomically important traits such as herbicide resistance, enzyme inhibiters (amylase
inhibiters, protease inhibiters), lectin proteins, disease and insect resistance. The application of transgenic
technology has resulted in useful GM insect-resistant varieties by genetic engineering (GE). Crops
expressing Cry toxins derived from Bacillus thuringiensis (Bt) have been planted globally and are a vital
tool for pest control. Molecular techniques employed for identifying and monitoring establishment and
dispersal of specific biotypes of natural enemies. Production, formulation and storage of
entomopathogenic fungi can be dramatically improved through biotechnology and genetic engineering.
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Introduction

GMCs are plants used in agriculture, the DNA of which has been modified using genetic
engineering methods. The aim is to introduce a new trait to the plant which does not occur
naturally in the species. With the advent of genetic transformation techniques, it has become
possible to clone and insert genes into the crop plants to confer resistance to insect pests
(Bennett, 1994). The first genetically modified plant was produced in 1983, using an
antibiotic- resistant tobacco plant. The first genetically modified food approved for release was
the Flavr Savr tomato in 1994. China was the first country to commercialize a transgenic crop
in 1993 with the introduction of virus-resistant tobacco. A series of genes has been transferred
through various transformation techniques including genes for several agronomically
important traits such as herbicide resistance, quality improvement, disease and insect
resistance, virus resistance, slow ripening and softing (Willmitzer, 1988; Shi et al. 1994) (66 561,
The introduction of transgenic technology has added a new era to pest control and becoming
vital component of integrated pest management worldwide. In the past two decades, transgenic
technology has been developed to generate insect-resistant crops for reducing both yield loss
and pesticide utilization (Christou et al. 2006) . Resistance to insects has been demonstrated
in transgenic plants expressing genes for delta-endotoxin from Bacillus thuringiensis (Bt),
protease inhibitors, a-amylase inhibitors, enzymes and plant lectins (Sharma et al. 2000; Padul
et al. 2012) 5455 461 Bacillus thuringiensis (Bt) insect-resistant crops are one of the most
outstanding achievements in plant transgenic technology, which have achieved significant
success economically and ecologically. Most of the plant derived genes produce chronic rather
than toxic effects and some insect pests are not sensitive to some of these factors. The potential
of plant derived genes can be realized by deploying them in combination with host plant
resistance and exotic genes. Genes conferring resistance to insects have been inserted into crop
plants such as maize, cotton, potato, tobacco, potatoes, rice broccoli, lettuce, walnuts, apples,
alfalfa and soybean (Griffiths, 1998) [?61. The need for genetic transformation of crops to
improve crop production in the developing world has been discussed by Sharma and Ortiz
(2000) [>+5%1, There is an urgent need to develop a scientifically sound strategy to deploy exotic
genes for minimizing the extent of losses caused by insect pests. Equally important is the need
for following the biosafety regulations, more responsible public debate, social attitude and
better presentation of the benefits for a rational deployment of the genetically transformed
plants.

Importance of Biotechnology
There is a continuing need to increase food production, particularly in the developing countries
and this increase has to come from increased yields from major crops grown on
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existing cultivable lands. The most important objective is to
alter the amino acid compositions to improve the nutritional
properties of seeds. De Lumen (1990) 181 has discussed some
of the molecular approaches to improve the nutritional and
functional properties of seeds for food purposes. Genetic
engineering can be used to improve protein quality by way of
increasing the proportion of a specific amino acid within a
protein. Genes from bacteria such as Bacillus thuringiensis
(Bt) and Bacillus sphaericus (Gill et al. 1992; Charles et al.
1996) 15 151 have been the most successful group of organisms
identified for use in genetic transformation of crops for pest
control on a commercial scale. Protease inhibitors, plant
lectins, ribosome inactivating proteins, secondary plant
metabolites, vegetative insecticidal proteins from Bt and
related species, and small RNA viruses can also be used alone
or in combination with Bt genes to generate transgenic plants
for pest control (Hilder and Boulter, 1999) [0,

Application of Biotechnology for Insect Pest Management
Biotechnology has a significant role in improving efficacy,
cost-effectiveness and in expanding the markets for the bio
insecticides. Molecular techniques employed for identifying
and monitoring establishment and dispersal of specific
biotypes of natural enemies. (Tipvadee, 2002) 2, It provides
opportunities for the development of insect natural enemies
conferring beneficial traits such as pesticide resistance, cold
hardiness and sex ratio alteration. A humber of insect-specific
baculoviruses (NPVs) have been modified to contain genes
which, when expressed in the host insect, produce insecticidal
effects (Bishop, 1989). Development and deployment of
transgenic plants with insecticidal genes for pest control will
lead to reduction in insecticide sprays and increased activity
of natural enemies (Sharma et al. 2000) [>4-5%1,

Gene’s transfer for resistance to insects

Bacillus thuringiensis (Bt)

Bacillus thuringiensis is a soil inhabiting gram-positive,
faculatitive  bacterium, which produces proteinaceuos
crystalline inclusion bodies during sporulation. Ishiwata
discovered this bacterium in 1901 from diseased silkworm
(Bombyx mori) larvae. Berliner (1915) [l isolated it from
diseased larvae of Ephetia kuhniella and designated it as
Bacillus thuringiensis. Bt toxins are highly effective for many
insect pest, like lepidopterans, coleopterans, dipterans and
other related species (Talukdar, 2013) [ Genetic
manipulation of Bt genes encoding for proteins toxic to
insects offers an opportunity to produce genetically modified
strains with more potent. Bt is a potent insecticide containing
crystal protein endotoxin. The Bt-crystal (Cry) insecticidal
protein (3-endotoxin) genes are highly specific and represent
a class of numerous proteins with insecticidal action on larvae
from various orders. Cryl and Cry2 aretoxic for lepidopteran
pests, Cry2A for lepidopterans and dipteran pests, and Cry3
for coleopteran pests (Malone et al. 2008) [*4, Bt-cry protein
is toxic to insects, but non-toxic to humans and animals.
When the insect larvae feed on transgenic plant, crystals and
spores are ingested into the midgut of the insect. Since the pH
is alkaline in nature, so the the crystals become toxic to insect
midgut leading to septicaemia.

The first transgenic crop was grown in 1994 and large-scale
cultivation was taken up in 1996 in USA (McLaren, 1998) 42
and subsequently grown in several countries including
Argentina, Australia, China, Colombia, Indonesia, Mexico,
South Africa, and India (James, 2011) B8, The adoption of Bt
crop varieties by farmers has been rapid reflecting the benefits

of these crops such as reduced insecticide use, lower
production costs and higher yields (Brookes and Bar foot
2005) (191 Bt-maize and Bt-cotton are the only insect-resistant
GM crops for commercial planting in world (Ibrahim mabubu
et al. 2016) B4, The first generation of insect-resistant crops
that were commercialized expressed single Bt-Cry genes.
Each produce a single Bt-toxin active against important
lepidopteran pests and kill a narrow set of target pests, which
poses a relatively high risk that insect will evolve resistance to
the toxin. This narrow range of action and concerns about the
evolution of pest resistance accelerated to the development of
Bt-crops producing more than one toxin. Second generation
Bt crops have between two to six different toxins (Tabashnik
et al. 2009) B9, According to Gatehouse et al. (2008) 23 41
second and third generations have mitigated this risk by
stacking or pyramiding different genes such as multiple but
different Cry genes and Cry genes combined with other
insecticidal proteins, which target different receptors in insect
pests but also provide resistance to a wider range of pests and
delay evolution of resistance in pests. In comparison to single-
toxin Bt crops, multi-toxin Bt-crops can be more effectively
control pests and reduce crop damage, which may increase
environmental and economic benefits.

The effect of Bt toxins on a range of lepidopteran insects has
been studied including, Helicoverpa armigera (Estela et al.
2004) 9 Heliothis virescens (Ryerse, 1990) 9 Ostrinia
nubilalis (Hua et al. 2001; Li et al. 2004) [ 31 and
Spodoptera littoralis (Avisar et al. 2004) 4. VIP 3 has been
isolated from B. thuringiensis supernatants, which is highly
toxic to Agrotis and Spodoptera (Estruch et al. 1996) 9. VIP
3A+ Cry 1Ab expressing line (Cot 102/67B) gives maximum
mortality of susceptible and resistance strain of Heliothis
virescens as compared to individual toxin expressing line and
non Bt line. Bacillus israeliensis has been used extensively for
the control of mosquitoes (Barjac de and Sotherland, 1990) .
Bacillus thuringiensis var. morrisoni and B. israelensis carry
four genes that encode mosquito and blackfly toxins Cry IVA,
Cry IVB, Cry IVC and Cry IVD (Bechtel and Bulla, 1976) B,

Resistance Management Principles for Bt Crops

Recently there have been reports of field resistance to Bt
crops in pink bollworm, Pectinophore gosspiella, cotton
bollworm  (Helicoverpa spp. armyworm (Spodoptera
frugiperda) and western corn rootworm, Diabrotica virgifera
virgifera (Tabashnik et al. 2008) %, A refuge strategy is
necessary to ensure long term resistance management. The
main approach for delaying evolution of resistance to Bt crops
is the refuge strategy. Farmers are mandated to maintain an
abundance of host non-Bt crops as a refuge surrounding their
Bt crops (Gould, 1998) 1. Gene pyramiding strategy also
play important role in insect pest resistance management.
Genes, that have been used in genetic transformation of crops,
are either too specific or are only mildly effective against the
target insect pests. Some insect species are also insensitive to
some of these genes. Therefore, to convert transgenes into an
effective weapon in pest control, e.g., by delaying the
evolution of insect populations resistant to the target genes, it
is important to deploy genes with different modes of action in
the same plant. Activity of Bt in transgenic plants can be
enhanced by serine protease inhibitors (Macintosh et al.
1990) [0, Activity of Bt can also be increased in combination
with tannic acid (Gibson et al. 1995) 4. According to
Hoffmann et al. (1992) B4 tobacco plants expressing Bacillus
thuringiensis var. kurstaki HD-73 delta endotoxin or cowpea
trypsin inhibitor (CpTI) for their efficacy against Helicoverpa
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zea in the field. Mortality of H. zea larvae was significantly
higher and leaf damage significantly lower for the genotypes
containing Bacillus thuringiensis gene compared with non-
transgenic control. Transgenic sugarcane plants engineered to
express either the potato proteinase inhibitor 11 or the
snowdrop lectin gene showed increased antibiosis to larvae of
sugarcane grubs (Antitrogus consanguineus) in glasshouse
trials (Nutt et al. 1999) 141,

Grower education, adoption, and compliance are essential to
the implementation and success of a long term resistance
management strategy. Bt crops are to be used as part of an
integrated pest management programmme to enhance pest
management goals. Coordinated annual performance
monitoring and surveillance is necessary to detect or follow
resistance development. IRM strategies should be tailored to
address specific regional resistance management concerns, as
appropriate. Deployment of IPM tactics with different modes
of action, including conventional pesticides, Bt toxins
expressed in crops with different modes of action, biological
control methods and other control methods, it is essential for
sustainable pest management goals. Continued resistance
management research should be conducted to evaluate the
effectiveness of and be used to modify, as necessary, IRM,
strategies for Bt crops. Immediate and coordinated remedial
action for suspected and confirmed incidents of resistance is
necessary.

Alpha amylase inhibitors

The enzyme inhibitors impede digestion through their action
on insect gut. Digestive enzymes alpha-amylases and
proteinase, which play a key role in the digestion of plant
starch and proteins (Franco et al. 2000). Carbohydrate
metabolism in insects has been targeted through the use of a-
amylase inhibitors. Amylase inhibitors from wheat (WAAI)
and common bean (BAAI) have been identified. Since the
metabolic energy requirement is essential for larval
development, this energy is received by starch hydrolysates
(Carlini, 2002) [ Insect pests like, Callasobruchus
maculates seed weevils and maxican bean weevil, Zabrotus
subfaciatus, Red flour beetle, Tribolium castaneum (Herbst)
are extensively starch dependent insects and utilize a-amylase
for their survival (Strobl, 1998; Cinco, 2008) [58 161,
Transgenic tobacco expressing WAAI gene has been reported
to increase mortality of the lepidopteran larvae between 30 to
40% (Carbonero et al. 1993) [*4, Genes encoding for BAAI
have been expressed in pea by the phal gene promoter to
direct high levels of expression in seeds to increase the levels
of resistance to Collosobruchus spp. (Shade et al. 1994;
Schroeder et al. 1995) 2 51 Amylase inhibitors occur in
many plants as part of the natural defense mechanisms.
Amylase inhibitors are of great interest as potentially
important tools of natural and engineered resistance against
pests in transgenic plants (Ishimoto, 1989; Valencia, 2000) [ &3,

Protease Inhibitors

Protease inhibitors inhibit the protease activity of various
proteolytic enzymes, causes hyper production of digestive
enzymes which enhances the loss of sulphur amino acids,
which leads to stunted growth and weaker insects. (Johnson et
al. 1989; Hilder et al. 1992) 7. 231, Serine proteinases have
been identified in extracts from the digestive tracts of insects
from many families, particularly those of Lepidoptera
(Houseman, 1989) B4 and many of these enzymes are
inhibited by proteinase inhibitors. Serine proteinase inhibitors
have anti- nutritional effect against several lepidopteran insect

species (Applebaum, 1985) M. Trypsin inhibitors at 10% of
the diet were toxic to larvae of the Callosobruchus maculates
(Gatehouse, 1983) 2 and Manduca sexta (Shulke, 1983) 57,
The transgenic plants were resistant against herbivorous
insects such as Callosobrchus maculatus, Heliothis
spodoptera and Diabrotica and Tribolium sp. (Johnson et al .,
1989) B7 transformed tobacco plants with gene coding tomato
and potato inhibitor proteins and the transgenic plants found
resistant to M. sexta. The possible role of protease inhibitors
(PlIs) in plant protection was investigated as early as 1947,
when Mickel and Standish observed that the larvae of certain
insects were unable to develop normally on soybean products.
Subsequently the trypsin inhibitors present in soybean were
shown to be toxic to the larvae of flour beetle Tribolium
confusum (Lipker, 1954) (3],

Plant lectin

Plant lectins are a heterogenous group of sugar binding
proteins, which have a protective function against a range of
organisms (Sharma et al. 2000) 4% The most likely
mechanisms underlying the entomotoxic activity of lectins
involve interactions with different glycoproteins or glycan
structures in insects, which may interfere with a number of
physiological processes in these organisms. Since lectins
possess at least one carbohydrate-binding domain and
different sugar specificities and considering the variety of
glycan structures in the bodies of insects (Vandenborre et al.
2011; Vandenborre et al. 2010) 4 8 possible targets for
lectin binding are numerous. Antinutritional effects are often
observed as a result of lectin ingestion and could affect
several biological parameters in insects, such as larval weight,
larval development period, adult emergence fecundity,
pupation and survival (Oliveira et al. 2011) 3. The snowdrop
lectin (Galanthus nivalis agglutinin or GNA) has received
particular attention due to its toxic effects against hemipterans
and other economically important insect pests. Powell et al.
(1998) ™1 showed GNA binding to cell surface carbohydrate
moieties in the midgut epithelium of brown rice plant hoppers
(Nilaparvata lugens). Lectins produce chronic effects on
survival and development of insect pests belonging to
different insect orders (Czapla and Lang, 1990; Habibi et al.
1992) [7. 281 Transgenic tobacco expressing pea expressing
pea lectin has shown adverse effects against H. virescens
(Boulter et al. 1990) [,

Secondary plant metabolites

Secondary plant metabolites such as alkaloids, steroids, foliar
phenolic esters (rutin, cholorogenic acid, etc.) terpenoids,
cyanogenic glycosides, glucosinolates, saponins, flavonoids,
pyrethrins and non-protein amino acids act as potent
protective chemicals. Some of the secondary plant metabolites
are produced in response to insect feeding, infection by
pathogens, and abiotic stress factors. These compounds are
called phytoalexins (Sharma and Agarwal, 1983) [531,
Secondary metabolites present in plants apparently function
as defense (toxic), which inhibits reproduction and other
processes (Rattan, 2010) [ 8. Detarium microcarpum,
Sclerocarya birrea, Piper guineense as seed protectants for
maize (Sitophilus zeamais), Cassia nigricans Vahl oil and the
plant as grain protectants of stored wheat weevil, Tribolium
casteneum, as well as containing biologically active
compounds, that may serve as candidates for new
formulations in the treatment and prevention of livestock
diseases and pest management (Ayo, 2010) Bl Lantana
camara as grain protectants of cowpea seeds Causus
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maculates (Schery 1954; Champagne et al . 1989) 5% 131,
Arabidopsis mutants deficient in linoleic acid cannot
synthesise jasmonate and are susceptible to the fungal gnat
(Bradasia impatiens). Xu et al. (1993) 71 observed enhanced
resistance in rice by wounding methyl jasmonate and abscisic
acid in transgenic plants.

Future of transgenic crops for insect pest management
Over the next years, there is continuing need to increase food
production. The implementation of agricultural machinery
and food technology plays a prominent role in this increase,
as well as the amplification of planted land. With the wide
food supply, insect attacks will probably increase in the same
proportion. Transgenic crops have clearly increased
profitability for farmers in developed and developing
countries. We need to pursue the management strategy that
reflects the pest biology, insect plant interactions and their
influence on the natural enemies to prolong the life span of
the transgenics. Refugia can play an important role in
resistance management and should take into account the pest
complex, the insect hosts and the environment. Expression of
more than one gene (gene pyramiding) and single chain
antibody genes, which would be compatible with the likely
trends in pesticide discovery using biology derived target
based methods. Equally important is the need to follow the
biosafety regulations and make this technology available to
farmers, who cannot afford the high cost of seeds marketed by
the private sector.

Conclusion

The continuous use of pesticides for crop protection had
resulted in damaging impact on biological ecosystems. The
use of target specific compounds with low persistence of
intrinsic plant resistance mechanisms are safer alternative
strategies for effective insect pest’s management. The
transgenic crops developed for insect resistance need to be
compatible with other components of integrated pest
management programmes for pest resistance to be durable and
impact on agricultural systems. The ideal transgenic
technology should be commercially feasible, environmentally
benign (biodegradable), and easy to use in diverse agro-
ecosystems as well as show a wide-spectrum of activity
against the crop pests. It should also be harmless to the natural
enemies, target the sites in insects that have developed
resistance to the conventional pesticides, flexible enough to
allow ready deployment of alternatives (if and when the
resistance is developed by the pest), and preferably produce
acute rather than chronic effects on the target insects.
However, the use of biotechnology brings questions regarding
the potential impact of those genetically modified organisms
(GMOs) or plants to human, animal and environment.
National biosafety and regulatory systems for proper
management of GMOs must be in place to enable the full
exploitation of biotechnology.
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