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Abstract Genomic technologies have been used to
improve cultivated crop species. For example, Bt genes
such as CrylAc, Cry2Ab, CrylF and Cry3Bbl are derived
from Bacillus thuringiensis, a soil bacterium. Such genes
provide protection against lepidopteran insect pests. Bt
genes have been introduced in corn, cotton, soybean, rice,
potato and canola. Genetically modified (GM)-cotton,
containing the CrylAc gene, was released for cultivation in
the mid-1990s in the USA and later in 28 countries
including China and India. Potential harmful effects of the
Bt-crops on non-targets were assessed before release into
the environment. Most commonly, cultivation of the Bt-
crops was found safe. Safety was tested using various
experiments including: the insertional impact of transgene
and its regulatory elements on plant phenotype and agro-
nomic performance; effect on non-target organisms; and
nutritional impacts on multiple experimental models, albeit
the studies were conducted for limited durations. However,
skeptics always claim for conducting extensive clinical as
well as field trials and also cast doubt on methods and
procedures of calculating the ecological risks. This debate
got further momentum especially after the publication of
reports on substantial reduction in monarch butterfly
caterpillars when exposed to Bt-maize pollen—though
later nullified—and detection of traces of transgene in
various tissues of experimental animals. It is generally
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accepted that procedures, methods and protocols for eval-
uating the potential risks of GM-crops and foods should be
standardized for building confidence of all stakeholders.
Efforts should be exerted in deploying genes of interest,
marker genes and regulatory sequences invoking no or
little issues of potential risks to the ecosystem.
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Abbreviations

GM Genetically modified

GE Genetically engineered

Bt Bacillus thuringiensis

NTOs Non-target organisms

PIPs Plant-incorporated protectants
CaMV35S Cauliflower mosaic virus 35S promoter
GFP gene  Green fluorescent protein gene

nptll gene  Neomycin phosphotransferase gene
IgE Immunoglobulin E

IgG Immunoglobulin G

ELISA Enzyme-linked immunosorbent assay
PCR Polymerase chain reaction

MBC Biomass carbon

MBN Biomass nitrogen

Introduction

Genomic techniques, such as genetic engineering,

emerged rapidly over the last two decades, have made
possible the introduction of alien gene(s) into a plant
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species, called as genetically engineered or genetically
modified (GM) plant, and their product or by-products
are used as food are referred as GM-food. Plant-derived
GM-foods comprising staples such as soybean, maize,
canola, rice and potatoes have been commercialized.
Expression of desired traits which are beneficial for the
consumers is attributed to this technology (Magafa-
Gomez and de la Barca 2009).

First GM-crop was commercialized in 1996, and since
that many other crops like GM-soybean, maize, cotton,
potato, and canola have been made public. We have
witnessed the rapid expansion in global area of GM-
crops with a sustained growth 3—4 % (181.5 million
hectares, James 2014). GM-crops have been classified on
the basis of introduced trait. First-generation GM-crops
are derived for enhanced production; however, the crops
are not considerably different from their conventional
equivalents except these crops have genes for combating
plant disease, insect pests, viruses and herbicides, ex-
hibiting that these are similar in taste, appearance and
nutritional value for the consumers, while second gen-
eration of GM-plants is comprised of crops containing
new traits of direct value to the consumers. It offers
benefits to the processor, end user and consumer. Third
generation of GM-plants by manipulating their genomes
will have a greater ability to combat abiotic stress such
as drought, high temperatures and salinity. Moreover,
some modified crops are able to provide food with
supplemental health benefits or renewable raw materials.
This generation also includes “pharmaplants,” which are
used as biological production systems for producing
high-grade active pharmaceutical elements (Magaia-
Gomez and de la Barca 2009). This article is an abridged
version of the chapter by Rahman et al. (2015).

Spectrum of Bt genes diversity
Discovery of Bt genes

The bacterium Bacillus thuringiensis (Bt) was first dis-
covered by Japanese biologist, Shigetane Ishiwatari. Later
in 1911, Ernst Berliner found a bacterium that killed a
Mediterranean flour moth, named as B. thuringiensis, after
the name of German town Thuringia where the moth was
found. The presence of crystals was discovered in Bt in
1915 (Sanahuja et al. 2011), but its activity was described
much later. In the USA, Bt was registered as a pesticide in
1961. In the 1980s, use of Bt sprays was substantially
increased when insect pests became increasingly resistant
to the synthetic insecticides (www.bt.ucsd.edu/bt_history.
html).
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Bacillus thuringiensis (Bt) produces insecticidal crystal
proteins, solubilized in the larval midguts, are activated by
the midgut proteases. Numerous kinds of Cry proteins
found to be toxic for different orders of the insect family. A
number of Bt genes have been introduced in crops around
the world such as cotton (CrylAc, Cry2Ab2, CrylFa2),
maize (CrylAb, CrylAc, CrylFa2, Cry3Bbl, Cry9C) and
potato (Cry3Aa) (Hellmich and Hellmich 2012, Fig. 1).
Engineered chimeric Bt toxins in PIPs (e.g., a CrylAc/
CrylFa hybrid protein; Perlak et al. 2001), binary Bt tox-
ins, as well as hybrid Bt toxins targeting multiple insect
orders were introduced. Moreover, crops like apple, broc-
coli, cabbage, tobacco, tomato, soybean and rice have also
been engineered to express Bt genes (Huesing and English
2004).

Bt-crops

GM-crops are the most popular commodities in agriculture
and at the same time are the most controversial from bio-
safety point of view (Tabashnik 2010). In the early 1980s,
GM-plants were developed by multiple groups indepen-
dently at the Washington University in St. Louis, Missouri,
the Rijksuniversiteit in Ghent, Belgium, Monsanto Com-
pany in St. Louis, Missouri, and the University of Wis-
consin (Framond et al. 1983). In the 1990s, a first
commercially grown GM-tomato was produced by Cali-
fornia-based company called the FlavrSavr, for improving
the shelf life (takes longer to decompose after being
picked). A variety of the tomato was used to make tomato
puree that was sold in Europe in the mid-1990s, but later
many safety concerns were raised over GM-crops. Since
1995, GM-crops including soybean, barley, potato, cotton
and corn were commercialized (Rahman et al. 2012)
(www.gmcrops.ewebsite.com/articles/history). Cotton and
corn have been GM to mitigate the utility of insecticide
sprays. Before the Bt-corn was introduced, insect pests
have caused losses of $1 billion per year in the USA
(Tabashnik 2010).

Targeted insect pests species

Bacillus thuringiensis produces a diverse group of Cry and
Cyt proteins which act as toxin to a small range of insect
pests, and this specificity is attributed to specific pH levels,
enzymes and furthermore specific midgut receptors. This
specificity can be explained by a “lock and key” theory.
Insect death will only occur if the lock and key match. For
example, midgut receptor can be considered as “lock™ and
the Cry protein can be considered as “key” (Hellmich and
Hellmich 2012).
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Fig. 1 Map showing the distribution of Bt-crops growing on more than 1 million hectare in different countries

Benefits of cultivating Bt-crops

GM-crops are being cultivated on 181.5 million hectares in
about 28 countries worldwide (James 2014). An important
trait used in GM-plants is resistance to insect pests.
Development of GM-crops containing Bt genes is a step
toward making agricultural system profitable for the pro-
ducers including small farming community through
increased earnings by reduction in chemical pesticides as
well as farm labor required to protect crops from the insect
pests infestation (Pray and Naseem 2007). Profitability
earned by cultivating GM-crops may be diverted to
improve the quality of life (Mal et al. 2011; Hellmich and
Hellmich 2012). Also, the GM-technology helps in saving
time of the women and children working as a farm labor in
most developing countries, sparing them to engage in
household and educational activities, may have high social
significance for a society (Chen and Lin 2013).

Both the macroeconomic level outcomes and microeco-
nomic level effects of cultivating Bt-crops investigated in
different countries showed that whole farming community
in India including small and big farmers can reap benefits by
cultivating Bt-cotton. Later, a significant impact of Bt-
cotton cultivation to mitigate poverty was observed in India
(Subramanian and Qaim 2010). Such commonalities of

increased yield per hectare were observed in China (Huang
et al. 2010) and Pakistan. Fluctuations in yield are largely
due to weather conditions and pest pressure. Similarly,
cultivation of other Bt-crops like eggplant and rice, com-
pared to their non-Bt counterpart, will also add in the farm
income by cutting down the cost of pesticides and farm
labor. In Bangladesh, the Bt-brinjal was approved for cul-
tivation on Oct 30, 2013 (James 2014).

Other indirect benefit of Bt-crops is the substantial
reduction in lepidopteron insect pest populations, not
requiring chemical pesticides to apply on non-Bt-crops. For
example, lepidopteron populations in cotton have been
substantially declined in China (Huang et al. 2010) as well
as in corn in the USA (Hutchison et al. 2010).

Assessment of potential risks of Bt-crops

to the ecosystem

Procedures and methods

Since the development of first transgenic plant, debates and
discussions on the safe release and their usages have been

initiated which resulted in formulating guidelines for
assessing the safety of foods derived from GM-crops by a
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group of international experts on food safety evaluation.
Some non-GM activists still have divergent views, e.g.,
demand for long-term safety assessment by adopting high
stringent conditions which are even more rigorous than for
any other foods. Methods for testing the safety of GM-
crops and their by-products have strengths as well as
weaknesses. Guidelines designed to regulate the introduc-
tion of GM microbes and plants into the environment found
to have some critical gaps in the scientific knowledge
concerning the compositional effects of genetic transfor-
mation and also in the safety testing procedures (Prado
et al. 2014). Similarly, the concept of substantial equiva-
lence was introduced in 1993 for comparing the properties
of GM-food with its conventional counterpart, and the GM-
food will be regarded as safe as its conventional counter-
part after establishing the substantial equivalence, and no
further safety consideration is needed, concluded by the a
Joint Food and Agriculture Organization (FAO)/World
Health Organization (WHO) expert consultation on
biotechnology and food safety. It was found imperative for
growing GM and its parental varieties under similar con-
ditions for making comparisons of key compounds as well
as the genotypic and phenotypic differences. Secondly,
unintended consequences of GM-crops have been reported.
For example, higher lignin contents in Bt-maize than in
non-Bt-maize, depleted plant flavonoids in herbicide tol-
erant soybean, etc. have been reported (Kuiper et al. 2001).
Hence, the concept of substantial equivalence is not an
acceptable method for GM evaluation because of its
inability to detect unintended effects. Theoretically, the
unintended changes may arise due to the insertion of
genetic construct, gene regulation, gene—gene interactions
and also possible interferences in metabolic pathways. For
predicting such changes, DNA-based technologies such as
DNA analysis, DNA/mRNA microarray hybridization, and
proteomics and chemical fingerprinting (metabolomics) are
required for quantifying the differences in GM-crops and
their non-GM counterpart. Now it is accepted that for
safety assessment of a GM-crop, substantial equivalence
together with other parameters such as molecular charac-
terization, phenotypic characteristics, key nutrients, toxi-
cants and allergens should be considered, based on the
guidelines prepared by the International Life Sciences
Institute Europe and FAO/WHO in 1996. Despite the
official standards for food safety evaluation published by
the Codex Alimentarius Commission of FAO/WHO in
2003, risk assessment guidelines of GM-foods have not
adopted as described. It is agreed that the safety evaluation
of GM-crops will be conducted on a case-by-case basis
(Pakistan National Biosafety Rules 2005). Also, it was
emphasized that standardized methods, designs and statis-
tical analysis for conducting animal feeding trials should be
followed.

@ Springer

DNA-based genotoxity test

The comet assay, described by Singh et al. (1988), is used
to detect the extent of DNA damage at individual cell level,
one of the indicators for evaluating genotoxicity of GM-
crops. In this test, the amount of sheared genomic DNA
(degrades after exposing to various mutagens) that forms a
tail-like structure is calculated by the fluorescence. A
numerical value is assigned to each of the migrating
genomic DNA for quantifying the extent of genotoxicity
(Tice et al. 2000). In this particular test, tail length and the
percentage of DNA-damaged cells are important parame-
ters for estimating the impact of genotoxicity. A study was
conducted using the organ samples of rabbits fed on Bt-
cotton as well as its conventional type. No significant
differences for damaged cell (2-3 %) within and between
the normal and Bt-cotton exposed groups were found,
highlighted that the transgenic cotton containing CrylAc
gene is quite safe for other than target organisms (Rahman
and Co-workers, unpublished results).

Potential harmful effects of Bt-foods to mammals

Globally, numerous studies for assessing the environmental
risk of Bt technology have been conducted in different
countries on multiple Bt-crop species such as maize,
potato, soybean, brinjal, popular, rice and cotton (Prado
et al. 2014). Earlier, rodents (rats) were exposed for
90 days to the semisynthetic diet containing 10 % (w/w) of
lyophilized powder of Bt-tomato and non-Bt-tomato
(Noteborn and Kuiper 1994). Based on multiple clinical,
toxicological or histopathological studies, it was found that
the group of rats fed on diet containing Bt-tomato is safe.
Similarly, sheep were exposed to GM-corn (containing
CrylA) and conventional corn, and the GM-corn was found
equally safe as the change in body weight gain and feeding
were non-significantly different (Barriere et al. 2001). Such
commonalities were found in many other studies conducted
on different animals, such as chicken fed on GM-corn
containing Cry9c gene (Yonemochi et al. 2002) and dairy
cattle exposed to GM-corn containing CrylAb gene
(Donkin et al. 2003). Also, in another set of experiments,
the non-toxic impacts of Bt pesticidal protein to aquatic
animals like fish, and mammals and invertebrates were
reported (Xu-Chongren and Chang 2001). In multiple
investigations, various experimental animals such as mice,
zebra fish and eelworms were exposed to Bt-cotton plants/
seeds/leaves. Based on acute and chronic toxicity trials,
and also the genotoxicity experiments, each of the animals
responded normally when fed on Bt-transgenic cotton
plants/seeds/parts (Prado et al. 2014).

Recently, a study was conducted for evaluating the
safety assessment of Bt-cotton (containing CrylAc,
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Mon531) in Pakistan. In this study, various clinical trials
such as sign of allergenicity, weekly weight gain, hema-
tological parameters and histopathological studies were
conducted on two groups of rabbits (one group fed on Bt-
cotton leaves/seeds, and the other was exposed to non-GM
seeds and leaves of cotton), and it was declared that Bt-
cotton has no toxic impact on the health of rabbit (Rahman
and Co-workers published data).

Potential impact on non-targeted organisms

Harmful impact of Bt-crops, particularly on non-target
organisms, was a major apprehension. A unique quality of
Cry genes is their specificity for killing certain orders of
insects. After the development of Bt-crops, relative impact
of transgenics and their control was estimated on the
population of NTOs (Mendelsohn et al. 2003), and gener-
ally, no toxic impact of the transgenic crops was observed.
For example, the harmful effect of Bt-rice on the popula-
tions of NTOs was not found (Chen et al. 2006; Rahman
et al. 2007). Similarly, no harmful impact on arthropod
community was found while comparing the data (family
composition, diversity index etc.) collected from the
transgenic and non-transgenic rice (Chen et al. 2006). Such
commonalties were also found while comparing the influ-
ence of Bt-corn versus its conventional counterpart on
communities of NTOs such as predators and parasitoids. A
total of five predator populations were monitored in various
Bt and non-Bt-corn plots of Iowa State; a significant
depression (29-60 %) of the M. cingulum population was
found in Bt-corn field (Pilcher et al. 2005).

Only one major contrary report showed substantial
reduction in the population of monarch butterfly caterpil-
lars, Danaus plexippus, due to feeding on milkweed leaves
treated with Bt-maize pollen (Mendelsohn et al. 2003).
However, later insignificant influence on the population of
monarch butterfly was reported (Hellmich and Hellmich
2012). Also, a positive impact of Bt-corn cultivation was
found on biodiversity in comparison with the corn treated
with chemical insecticides (Romeis et al. 2008). In subse-
quent years, a comprehensive study conducted jointly by
the scientists of USA and Canada showed no acute toxic
effects at different pollen densities in laboratory as well as
in the field due to low level of Bt protein expression in
pollens of Bt-hybrids http://www.isaaa.org/resources/pub
lications/pocketk/6/default.asp.

Potential threats to human health

Bt proteins are target specific, and their specificity lies in
their receptor-mediated responses. Thus, the Bt protein can
harm the organisms having receptor sites in their gut,

making the protein receptor mediated. By chance, most of
the beneficial insects and human lack these receptors.

Prior to commercialization, stringent regulatory tests for
evaluating the toxicity and allergic responses of Bt-crops
are mandatory requirement. Bt proteins have been assessed
at high dosage for evaluating their toxicology by the US
Environmental Protection Agency (US-EPA). Also, the
Extension Toxicology Network (Extoxnet), multi-univer-
sities project in the US dealing with the pesticide infor-
mation, did not report any complaint of toxicity/poison
when a group of 18 humans were exposed to 1 g of com-
mercial Bt preparation for five but on alternate days or for
three consecutive days. Moreover, in vitro studies revealed
a rapid degradation of Bt proteins in human gastric fluid
(Mendelsohn et al. 2003).

Potential risk of the introduced gene cassette

In most GM-crops, cauliflower mosaic virus 35S promoter
(CaMV35S) has been used that can be transferred hori-
zontally which may cause disease, carcinogenesis and
mutagenesis. In few cases, the promoter sequences may
lead to reactivate the dormant viruses as well as can gen-
erate new viruses (Hodgson 2000). In contrary to this
hypothesis, CaMV, present in the normal food, cannot
cause infections and thus mammals cannot absorb it (Ho
et al. 2000). No disease or recombination with human
viruses has ever been reported irrespective of the fact that
humans have been ingesting high levels of CaMV and its
35S promoter (Paparini and Romano-Spica 2004). Recent
studies conducted using mice as an experimental animal
were unable to detect DNA transfer as well as transcrip-
tional activity of the CaMV35S quantified through real-
time PCR (Paparini and Romano-Spica 2006).

In most Bt-crops, antibiotic resistance genes have been
used as selectable markers which may potentially transfer
to microflora, comprising of 500-1000 distinct bacterial
species, of human gastrointestinal tract, thus reducing the
efficacy of antimicrobial treatment. However, under very
stringent laboratory conditions, very low frequency of plant
DNA transfer to bacterial species has been demonstrated
between the homologous sequences (De Vries et al. 2001).
In another study, it was shown that without introducing
homologous sequences in the recipient strain, uptake of the
transgene is not possible. These phenomena were demon-
strated on multiple crop species like sugar beet, tomato,
potato and oilseed rape containing the nptll gene (De Vries
et al. 2001). Also, a jellyfish green fluorescent protein
(GFP) gene, another marker gene, was utilized but did not
find any risk of toxicity and allergenicity (Richards et al.
2003).

There are concerns about the aforementioned potential
impacts of genes that can cause gene silencing, changes in
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expression level, or can turn on the existing silent genes
(Conner and Jacobs 1999). Alternatively, expression of the
Bt proteins may potentially alter the metabolism and bio-
chemical pathways of the plants. For example, interaction
of two genetically produced foods, tryptophan and g-li-
nolenic acid, has created new toxic compounds (Sayanova
et al. 1997). Also, the epigenetic changes may occur in
GM-organism that may raise concerns like unpredictability
of genetic modifications, non-reproducible results and
instability of the products, and thus together suggest that in
animals, toxicity assessment of whole food should be
evaluated instead of the single novel protein. Though it is
very well conceived, it is difficult to generate a dose—re-
sponse relationship (Kuiper et al. 2004).

Horizontal gene transfer to the consumer species

Another important potential hazard of the GM-crops or
GM-foods is associated with their capability to transfer the
transgene to animals including humans through their guts.
GM-soybean containing glyphosate-resistant gene was fed
to pigs; however, DNA fragments were not detected in
tissues of the pigs (Jennings et al. 2003a, b), whereas short
DNA fragments were detected in the gastrointestinal tract
of pigs when exposed to Bt-corn but were absent in the
blood stream (Chowdhury et al. 2003) suggesting that a
very small proportion of the transgene cassette is not
degraded in the digestive tract, and this small quantity is
difficult to amplify with PCR from the genomic DNA
isolated from the blood because of their low level, but can
easily be amplified in animal tissues (Pusztai 2001). It
shows that the PCR assays may affect the interpretations
(Murray et al. 2007) and thus need to be optimized. In spite
of the fact that DNA fragments were detected but it is much
unlikely that the DNA taken up by the cells of gastroin-
testinal tract will be integrated into the host genome that
usually degrades in the cell (Flachowsky et al. 2005).
Possibilities of horizontal gene transfer from Bt-crops to
soil microflora were also explored because of the evidence
of such transfer reported after conducting several planned
experiments to facilitate the transfer. However, such con-
ditions are not possible to occur in open environment.
Furthermore, gene incorporated in Bt-crops is already
present in most of the soil bacteria. Therefore, it was
concluded that horizontal gene transfer is a rare event in
Bt-crops (Mendelsohn et al. 2004).

Potential allergic response
GM-foods derived from GM-crops including GM-soybean
expressing methionine (Nordlee et al. 1996) and GM-corn

expressing Bt protein (Bernstein et al. 2003) may cause
allergic hypersensitivity (Taylor and Hefle 2002). It has
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also been conceived that the transgene expressing non-al-
lergenic protein such as GM field pea, expressing alpha-
amylase inhibitor-1, may have potential to produce product
with allergenicity (Prescott et al. 2005). Thus, each of the
GM case should be treated separately (case-to-case basis).

In order to assess the allergic response of GM-crops,
GM Brassica juncea was added in the diet of mice and low
IgE response was observed because of the expression of
choline oxidase gene (transgene) in B. juncea, whereas, in
another study, expression of the gene did not cause any
allergic hypersensitivity (Singh et al. 2006), highlighting
the need to undertake safety evaluation test on multiple
experimental models for establishing a valid correlation
between IgE response and toxicity. Farmers may have
allergic sensitivity when exposed to GM-crops containing
various Bt genes as skin sensitization and IgG antibodies
were detected in farm workers exposed to Bt pesticide
(Bernstein et al. 2003).

Allergenicity assessment

According to a decision tree approach, formulated in
1996 and later it was revised (FAO/WHO 2001; Met-
calfe 2003), if the conventional counter part of the GM-
plant species is known for causing allergy and or toxi-
city, then the whole GM-plant of that particular species
should be evaluated for quantifying the chances, if any,
of increasing in toxicity. A 90-day-long study for toxi-
city testing is required in rodents through comparing
concentration of allergens in non-GM-crop versus GM-
crop. Possibilities for the differential accumulations of
toxic compounds or allergens in GM-crops containing
single transgene with GM-crops containing stacked
events should be considered as in each case interaction
with the host genomes may vary. For example, interac-
tion of the transgene conferring regulatory proteins if
transferred into an entirely different background may
fluctuate (De Schrijver et al. 2007). At this point of time,
sequence analysis of amino acids is difficult to predict,
thus limiting their utility for comparing their sequences
with the known allergens (Prescott and Hogan 2006).
Also quantifying their degradation in vitro system has
been the major challenge in establishing valid correla-
tions with allergens (Bannon et al. 2003) which set a
stage for conducting such experiments in vivo systems
(Pusztai et al. 2003). It has also been shown that no
single animal model can help in testing allergenicity
responses of various GM-foods as different animal spe-
cies respond differentially to the allergens, indicating that
animal models should be validated (Tryphonas et al.
2003). A comprehensive study addressing the aller-
genicity in human in response to GM-food has been
discussed by Germolec et al. (2003).
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Potential impact to the environment
Pollen flow

Gene flow or transmission of genetic material from GM-
crops to their wild types is a potential threat (Messeguer
2003). Maize is an open pollinated crop, and pollen can
travel miles of distances through air currents. Thus, culti-
vation of GM-maize should be separated from the related
species that have tendency for hybridizing with maize. In
another study, chances of pollen-mediated gene flow from
transgenic lines of rice to their untransformed counterparts
through natural cross-pollination were found to be very low
(0.14 %) (Rahman et al. 2007).

Bt-cotton, another important crop commercialized in
1996, is predominantly a self-pollinated crop (usually 2-5 %
cross-pollination was reported mainly through insects) in
most of the cotton-growing countries. However, in a few
countries like Panama, the cross-pollination rate may even
increase to 80 %. Its pollens are sticky, thus eliminating the
chances of traveling through wind (Poehlman 1994). Hence,
crossing is only possible when honeybees collect pollens
(Oosterhuis and Jernstedt 1999). Also, propensity of shifting
pollen from one flower to another could substantially be
minimized by increasing the distance between the two cot-
ton genotypes. We studied that pollen transfer rate reached to
<1 % if the distance between the two genotypes is more
than 100 ft (Rahman and Co-workers, unpublished result).
In another study, chances of gene flow between transgenic
lines and their untransformed counterparts through cross-
pollination are found to be low (0.14 %; Rahman et al.
2007). Secondly, a chance of transfer of pollen to other
species even with in the same genus is extremely low as
phyletic barriers exist among different species. Lastly, Bt-
crops have no sound potential of transferring transgene to
nearby cultivated wild relatives because of difference in
chromosome number, phenology and territory. In few states
of America, Bt-cotton cultivation was restricted to Hawaii,
Florida, Puerto Rico and the US Virgin Islands due to
chances of transfer of the Br gene from the cultivated Bt-
cotton to their wild relatives (Mendelsohn et al. 2003).

Grain yield

Grain yield is one of the most important parameters for
studying the agronomic performance of crop species. In
multiple studies, Bt-crop varieties out yielded their non-Bt
counterparts. For example, Bt-corn hybrids exhibited 11 %
more grain yield than the non-Bt-corn hybrids (Subedi and
Ma 2007), while few reports have shown no differences in
any of the parameters including grain yield and chemical
composition from non-Bt-corn hybrids (Yanni et al. 2011).

Like other Bt-crops, cultivation of Bt-cotton has also got
popularity among the farming community because of the
increased protection against lepidopteron insect pests,
ultimately resulted in high yield especially in developing
countries like China (Huang et al. 2010), India (karihaloo
and kumar 2009) and Pakistan (Zaman 2015). It has been
shown that the Bt-cotton cultivar is much like their parental
varieties by comparing traits like germination rate, estab-
lishment, rate of vegetative growth, flowering duration,
fruiting potential, fiber yield and fiber quality. In another
study, Bt-cotton variety IR-NIBGE-901 was grown along
with its conventional variety FH-901 for a period of
4 years in Pakistan, and it was found that Bt-cotton and the
parental variety were similar in all morphological and
quality characteristics (Zaman and co-workers, unpub-
lished results).

Differences in morphological parameters such as plant
height, flowering duration and lodging resistance have been
reported in Bt-rice developed in China (Jiang et al. 2000)
and Pakistan (Bashir et al. 2005). Such fluctuations in
morphological traits are generally attributed to the insertion
of transgene in the host genome which may cause gene
silencing (Matzke et al. 2000). However, somaclonal
variations are the much likely cause of creating variations
in transgenic lines (Kaeppler Shawn et al. 2000). Also,
chemicals like hygromycin may also induce variations in
rice (Wu et al. 2000). In contrary to this, characters like
panicle length, aroma and flag leaf area were found to be
similar in Bt-rice/non-Bt-rice, where fluctuations in aver-
age number of tillers, plant height and maturity were
reported (Rahman et al. 2007). Small differences in phys-
iochemical properties between the transgenic and non-
transgenic lines were observed due to fluctuation in the
prevailing environmental conditions, late maturing lines
find slightly different environment than the early maturing
lines (Rahman et al. 2007).

Weediness

Weediness indicates that if a cultivated crop species
establishes as a weed, survival beyond economic life, in the
succeeding crop or neighboring crop. Potential indicators
of weediness can be numerous. For example, seed-related
characters (prolonged and high seed production with dis-
continuous germination under different environmental
conditions), and physiological and morphological traits,
together lead to evolve or enhance the capability of pro-
ducing allelochemicals, special seed dispersal mechanisms,
unusual high growth rate etc. Chances of producing such
traits are very much unlikely as most domesticated crops
species have lost, if not all, many traits which add in
weediness traits (Mendelsohn et al. 2003). Also, the traits
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make the plant species to be domesticated render them
unsuitable for sustaining in a wide range of environments.
Detailed experimental studies revealed that Bt trait did not
add in the fitness of the Bt-plant, except that Bt gene
confers resistance to the lepidopteron insect pest species.
For example, in Pakistan, a study was conducted for a
period of 4 years, investigated the potential weediness trait
of Bt-cotton, showed non-significant differences in agro-
nomic characteristics between Bt-cotton and its parental
variety. Bt-cotton meets all morphological, yield and
quality characteristics of non-Bt-cotton varieties produced
in Pakistan. Based on such mechanistic arguments and field
experiences, insertion of the Cry/Ac gene into the cotton
genome would not add any effect toward the weediness
trait of the cotton.

Persistence of Cry proteins in soil

Persistence of Bt protein in the soil is moderate and thus
considered immobile due to its less mobility and leaching
with groundwater. However, it is not persistent in acidic
soils as it degrades rapidly upon exposure of UV radiations
in the sunlight (http://www.isaaa.org/resources/publica
tions/pocketk/6/default.asp).

In another experiment, the presence of CrylAc protein,
assayed by ELISA and bioassay, was not detected in soil
samples collected from Bt-cotton fields (Head et al. 2002).
A substantial rapid degradation of Bt proteins in soil cul-
tivated with Bt-cotton (CrylAc), Bt-potatoes (Cry3Aa) and
Bt-corn (CrylAb) is a major cause for not reaching the
concentration of biologically significant levels (Palm et al.
1994; Sims and Holden 1996; Head et al. 2002). In few
countries like Australia, where cotton is cultivated on soils
with pH ranging from 7.5 to 8.5 (Tapp and Stotzky 1998)
that helps in rapid degradation of Bt endotoxins by soil
microorganisms. Pakistan, another important cotton-grow-
ing country, where pH of the soil is in the range of 8.5-9.5,
is likely to degrade Bt proteins relatively faster. It may be
concluded that there are meager chances of accumulation
of CrylAc proteins in soils as a result of repeated rounds of
Bt-cotton cultivation.

It is much likely that soil microorganisms can be
exposed to Bt proteins because of the occurrence of root
exudations or during the decomposition of Bt-plant in the
soil as this phenomenon has been reported in Bt-corn
containing CrylAb gene (Saxena et al. 1999; Stotzky
2000). Some studies also confirmed the release of Bt pro-
tein in soil cultivated with Bt-cotton (Gupta et al. 2002).

Multiple studies conducted to evaluate the impact of Bt-
crops on soil organisms showed that Bt proteins have no
harmful impact on the soil microbes even at far higher
concentration of the Bt proteins. In another study, varia-
tions were not found in the soil microbiota of the fields
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with Bt-plant material versus the fields with conventional
plant material http://www.isaaa.org/resources/publications/
pocketk/6/default.asp. Also, substantial changes in the
counts of soil microbes were not found from the fields
cultivated with Bt-cotton and non-Bt-cotton in Pakistan
(Zaman et al. 2015).

However, recently a report appeared, showing a sig-
nificant reduction in actinobacteria (17 %), bacterial
(14 %) count as well as acid phosphatase (27 %), phytase
(18 %), nitrogenase (23 %) and dehydrogenase (12 %)
activities in the Bt-cotton fields versus non-Bt-cotton
fields of India. Fungal and nitrifier counts, and esterase
and alkaline phosphatase activities were not affected by
the introduction of Bt-cotton in fields. Nonetheless, sub-
stantial decline between 8 and 9 % in biomass carbon
(MBC) and biomass nitrogen (MBN) was observed (Ja-
gadish et al. 2012).

Allelopathic impact

To explore the allelopathic effects of Bt-crops is important
especially in developing countries because most farmers
adopt crop rotations. For example, in subcontinent, cotton
wheat or cotton rice rotations are very popular for har-
vesting maximum profitability per unit area of land. Mul-
tiple planned experiments were conducted for testing the
allelopathic effect of Bt-crops including rice, cotton, and it
was shown that the cultivation of Bt-rice has no harmful
effect on the germination of wheat (Rahman et al. 2007).
Similarly, field experiments were conducted for 3 years to
assess the impact of plant residue containing Bt protein on
weed population of the Bt-cotton field at various intervals.
Weeds were allowed to grow in one big plot of Bt-cotton
field and non-Bt-cotton field in various locations of Pak-
istan. Non-significant differences were observed between
the weed populations of Bt and non-Bt-cotton fields (Za-
man 2015).

Conclusions

Cultivation of GM-crops has been gaining popularity
worldwide every year among the farmer community.
Beneficial impact of cultivating Bt-crops has been found
relatively high in developing countries than in the indus-
trialized countries. The indirect benefit of cultivating Bt-
crops is a substantial suppression in insect pest populations
which may help in controlling pests on their non-Bt
counterparts with fewer inputs. However, cultivation of Bt-
crops may help minor pests to emerge as major pests
because of reduced insecticides application on Bt-crops.
Thus, this phenomenon may arise much faster in devel-
oping countries where farmers are not much educated
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about IPM programs. For harvesting maximum benefits of
the Bt-crops, public sector organizations should make
deliberate efforts to educate farmers for controlling insect
pests by supplementing with some other control measures.

So far, numerous crop varieties modified with genes
expressing Cry toxins have been developed, and no detri-
mental impacts of the Bt-crops on NTOs populations were
found in experiments conducted at laboratory scale as well
as in the field. Furthermore, populations of beneficial
insects are increasing on Bt-crops, further strengthening the
defense umbrella of crops. In future, new genes derived
from different wild species, preferably belonging to the
same genus, should be kept on incorporating in major
domesticated crops. It will help in releasing crop varieties
with little potential risks of developing resistance in the
target insect pest species. Secondly, the efficacy of the Cry
genes in various genetic backgrounds should be tested as
the expression of the gene(s) fluctuates in different back-
grounds; it will facilitate in designing strategies regarding
“when to introduce new genes or stacked genes with dif-
ferent mode of action.” It will help in cultivating crops
containing diverse genes which will set a stage for
designing IPM strategies for combating resistance concerns
in insect pests. Thirdly, even after two decade of Bt toxins
deployment, their mode of action is not fully explored.
Many Bt toxins are active against insects of more than one
order. Thus, it is vital to characterize thoroughly any new
Bt gene before introducing into a crop variety.

Antibiotic-resistant gene has been used extensively as a
marker gene in most Bt-crops, which needs to be replaced
with other reporter genes like green fluorescent protein
gene and herbicide tolerant gene that will set a stage for
building confidence of most of the skeptics regarding the
safe use of GM-foods. It is suggested that potential risk of
every marker gene should be tested for a longer period of
time by exposing a significant number of animals to draw
trustworthy conclusions.

For studying harmful impact of Bt-crops on soil
microbial communities, it is imperative to carry out
experiments in different ecological zones as we know that
microbial communities fluctuate in various ecological
zones. Also, for each of the new gene of the same family,
such studies should be carried out individually.

For assessing the safety of Bt-food, evaluation of the
allergic responses should be treated case-to-case basis. Also,
the individuals having some allergic issues should orally be
given GM-foods expressing known allergens. While study-
ing the allergic response of GM-foods in human, both
allergy history and immunodeficiency problems of individ-
uals should be considered to avoid erroneous conclusions.

Genotoxicity studies should be undertaken on each of
the animal species without considering the specific toxic
properties. Some antagonistic effects of two genes of the

same family have been reported. Thus, it is imperative to
study the interactions of the genes not only in the GM-plant
but also in the GM-food. Similarly, synergistic effects of Bt
toxins with chemicals such as pesticides were reported.

In few studies, small traces of ingested DNA were
found. It is likely that the ingested DNA may get into the
blood stream or be excreted. For addressing such issues,
intensive scientific inputs as well as the influx of funds are
required for predicting and exploring the possible conse-
quences on NTOs including humans and animals. Also, the
post-release monitoring of the GM-crops should be
undertaken stringently for studying allergic issues, espe-
cially in infants and individuals. Thus, the debate initiated
on risk associated with GM-crops over the last two decades
educated the end user which paved the way toward the
rapid adoption of this technology instead of many contro-
versies raised by the skeptics. The present knowledge about
the genes and their functions of different important plant
species would further accelerate the progress for intro-
ducing new genes (of plant origins) in domesticated crops
which would ultimately improve the socioeconomic con-
ditions of the resource-poor farming community, especially
living in developing countries.
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