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Abstract 
 
The first-generation transgenic cotton (Gossypium hirsutum L.), Bollgard, which contains a single toxin protein gene 
cry1Ac from Bacillus thuringiensis var. kurstaki Berliner, was approved by the National Biosafety Committee (NBC) for 
commercial growing in Pakistan in 2011 and the yield enhancement is promising, with an increase in cotton bales up to 
150 million- the record productivity of the cotton sector. However, the planting of illegal Bt cotton varieties in farmers 
fields could be traced as back as in 2003. The wide spread cultivation of these mixed character (varying expression of 
Bt toxin) varieties has threatened the potential evolution of resistance in target insects. After two years of field trials for 
agronomic and ecological assessment, the commercialization of another GM event, MON89034xNK603 is imminent. 
The purpose is to provide an effective control of lepidopteran insect pests in maize crop to reduce a reliance on 
chemical pest control as well as a flexible, environment friendly utilization of glyphosate based weedicides. This review 
presents a situation analysis for the need of this technology in Pakistan. Aspects regarding the previous adoption of GM 
cotton are discussed to pre-determine the prospects and potential risk of cross resistance between MON531 and MON 
89034. It is necessary because partial control of lepidopteran insects especially Helicoverpa spp. (Helicoverpa 
armigera, Helicoverpa zea), Pectinophora gossypiella, Spodoptera littoralis, Spodoptera exigua, Earias vittella, Earias 
insulana without structured refuges for the Bt crop provides a basis for an increase in frequency of resistant alleles.  
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INTRODUCTION  
 
In Pakistan, maize is a multi-purpose food and 
fodder crop, generally grown in Khyber 
Pakhtunkhwah and Punjab provinces which 
make up 98% of total area under this crop. The 
crop accounts for 4.3% of the total cropped area 
and 2.5% of the value of agricultural output. It 
covers an area of 1.11 million hectares with an 
average yield of 3.62 t ha-1 [15]. It is the third 
most important cereal after wheat and rice and 
is usually grown by a vast majority of resource-
poor farmers.  
Main productivity constraints include weeds 
and insect pests. Chilo partellus, Helicoverpa 
armigera, Helicoverpa zea, Spodoptera spp., 
Agrotis ipsilon, and Atherigona spp. are the 
major insect pests and the loss may range 10-
70% depending upon the pest intensity.  
Chemical control of insect pests is common i.e. 
stem borer and shoot fly can be controlled by 
application of insecticides such as Furadan 
granules or by spray of Karate, Monitor, 
Fenvelerate etc. 

Common weeds include mostly broad leaf 
weeds such as Circium arvense, Polygonum 
convolvulus, Convolvulus arvensis, 
Chenopodium album, Ranunculus arvensis, 
Stelaria media, and Setaria viridis. For the 
seasonal weeds, a spray of Primextra Gold 
before the sprouting is recommended. In case 
of perennial weeds in rain fed areas, a spray of 
Round Up (glyphosate based) before land 
preparation on standing weeds is practised. 
In order to avoid harmful effects of pesticides 
[19] and led by the successful adoption of 
mono-trait transgenic technology for insect and 
weed control in various crops in a number of 
countries around the world, there is a sense of 
urgent need of adoption of the second 
generation biotechnology traits in Pakistan. So 
far, only one transgenic crop, MON531 cotton 
has been formally commercialized.  
 
MATERIAL AND METHOD  
 
A review of contemporary agricultural policy 
regarding the field evaluation of GMCs and the 
handling of trials’ data by the monitoring 
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committees in Pakistan is carried out. Visits to 
the concerned Government departments, 
individual meetings with relevant scientists and 
consultation of a vast literature about the 
genomic structure of maize and its modification 
process make up various sources of data and 
information. 
 
RESULTS AND DISCUSSIONS 
 
FIELD EVALUATION OF MON89034 x 
NK603 
In Pakistan, the trials were set up Okara and 
Sahiwal regions which are main maize growing 
areas. The data collection and comparison of 
performance of transgenic maize hybrids with 
that of the conventional hybrids continued 
between 2008-2010. The purpose was to 
monitor for the agronomic/ phenotypic 
characteristics, ecological interactions, gene 
expression, bio-efficacy, weed control with 
glyphosate herbicides and crop safety in 
domestic agricultural environment prior to its 
formal release. The data was yearly reported to 
the vigilant subcommittee of the technical 
advisory committee (TAC).  
In 2010, the producer company Monsanto 
submitted an application dossier to TAC 
containing scientific details of all trials seeking 
license to commercialize event VT Double Pro 
(MON 89034 X NK603). TAC forwarded a 
positive assessment report to the National 
biosafety committee (NBC) -the final authority 
for authorization to new GM events in the 
country. In this wake, the commercialization of 
the triple gene stacked technology is imminent. 
 
STACKED GENE EVENT (MON 89034 X 
NK603) 
The transgenic event is a combination of two 
individual genetic transformation i.e. NK603 
(ep4 epsps) to provide tolerance against 
glyphosate-the active ingredient of a number of 
weedicides primarily for the control of broad 
leaf weeds in maize and MON 89034 
(cry1A.105+ modified cry2Ab2- T-DNA I)) 
which is produced by transformation through 
Agrobacterium tumefaciens-mediated gene 
transfer excluding the nptII expression cassette 
(T-DNA II). The MON 89034 event is resistant 
against Lepidopterans and is commercialized in 
nine countries including USA and Canada 

whereas other countries such as, Australia, EU, 
Japan, and N. Zealand although gave positive 
assessments on the field evaluation data from 
Monsanto, have opted for its use as food, feed 
and industrial processing only. 
MON 89034XNK603 combines the previously 
existing transgenic events by traditional 
breeding methods. It involves the separation of 
traits into an herbicide tolerance trait stack on 
one inbred parent line and an insect resistance 
trait stack on the other inbred parent line. Pure 
bred lines of these individual stacked lines are 
generated by multiple backcrosses and then 
combined. It consists of three basic steps: 

I. cry2Ab2 
 

Single varietal plant 
 

Transformed plant 
X 

Parent plant 
 
 

Stable transformed event                       
 

Selfing                   
 

Backcross 
 
The same process is repeated for cry1A.105 
and the two parent pure bred transgenic plant 
lines are crossed to yield a double stacked 
event. 

II. cry1A.105 Hybrid X cry2Ab2 
 

Hybrid MON89034 
 
III. The event MON89034 is crossed with 
transgenic parent line of NK603 event by 
conventional breeding to yield a triple transgene 
stacked event. 
Monsanto produced the comparison data for 
GM maize MON89034 by comparing the 
transformed LH198 x LH172 hybrids to three 
commercially available isogenic conventional 
maize hybrids, the commercial varieties being 
different at each of five trial sites, in the year 
2004 in USA and in 2004-2005 in Argentina. 
The growth of such stacked genes maize seems 
typically to rise due to a broad spectrum control 
of weeds and insect pests along with reduced 

140



 

 

regulatory costs due to minimum evaluation 
required prior to their commercial release. 
However, during the after-release monitoring 
procedure, each individual transgenic trait is 
evaluated separately for its ecological 
interactions. 
 
CHEMICAL COMPOSITION OF THE 
TOXIN 
Cry proteins produced by Bt share a similar 
tertiary structure and the classification of cry 
genes is based upon amino acid homology in 
various domains of the Cry toxin. The toxins 
with more than 90% amino acid homology in 
the toxins are classified together with a three 
letter nomenclature for novel genes such as 
Cry1Aa, Cry1Ab, CrylAc, etc. The protoxin 
consists of N-terminal and C-terminal regions. 
The N-terminal region is the active toxin and 
comprises of domains I, II and III. Domain I 
affects the ionic homeostasis across the brush 
border mosaic vesicle (BBMV) through the 
formation of cation selective pores. Both 
domains II and III are involved in the 
identification and binding of the toxin with the 
specific receptors in BBMV. Thus the 
configuration of amino acids in the protein 
domains determines the host range [4]. C-
terminal sequence relates to the crystalline 
structure of Bt proteins and is cleaved off 
during the initial proteolytic digestion of the 
protoxin-the process which yields the active 
toxin.   
Cry1A.105, although a Chimeric gene, belongs 
to the cry1A class of genes and thus the protein 
possesses a large portion of identical amino 
acid sequence with Cry1Ac and Cry1Ab toxins. 
The Cry1A.105 protein being a synthetic Bt 
protein consists of domains I and II of 
Cry1Ac/Cry1Ab protein, Domain III of Cry1F 
protein, and the C-terminal domain of Cry1Ac 
protein. Overall, it has an amino acid sequence 
similarity of 90.0%, 93.6% and 76.7% with 
Cry1Ab, Cry1Ac and Cry1F proteins, 
respectively. 
The Cry2Ab2 protein is a variant of the wild-
type Cry2Ab2 protein isolated from Bacillus 
thuringiensis subsp. kurstaki and shares more 
than 95% amino acid sequence homology with 
Cry2Ab class of proteins. The cry2Ab2 gene 
expressed in MON 89034 has been slightly 
modified for an optimised expression of the 

codon in the plant. Cry1A.105 and Cry2Ab2 
proteins have different primary structures with 
only 14% of amino acid sequence similarity 
and thus no synergistic effect of cry1A.105 and 
cry2Ab2 genes is presumed. 
 
POTENTIAL CROSS RESISTANCE IN 
TARGET INSECTS 
Resistance to a Bt toxin is a genetically based 
decrease in the frequency of susceptible 
individuals to a toxin and is usually caused by 
an extensive exposure of the target pest 
population to the toxin. Cross resistance is the 
tolerance to another toxin as a result of prior 
exposure to a similarly acting substance. It 
occurs due to a similarity of the amino acid 
sequences in the protoxins and the overlapping 
of binding sites which can bind to more than 
one Cry protein [12]. Cross resistance has been 
reported in a few lepidopteran pests e.g. in Bt 
maize and Bt cotton [25]. 
Following are the most important potential 
factors which may exacerbate the evolution of 
resistance in target insects, in case the new Bt 
maize is commercialized without 
accompanying resistance delaying tactics (Fig. 
1). 
The control efficacy of Bt cotton is dependent 
upon the extent of constitutive expression of the 
cry genes and the temporal, spatial and 
environmental variation of toxin quantity exerts 
an insufficient control of targeted insects 
resulting in an evolution of the resistance to Bt 
cotton. Helicoverpa zea exhibits a strong 
preference for the flowering stage of its hosts 
and cotton is susceptible to damage especially 
after senescence of preferred alternative hosts 
such as maize, soybean, and tobacco. The 
expression of these preferences is dependent 
upon the temporal and spatial availability of the 
desired developmental stages of these plant 
hosts. Due to spatial and temporal changes in 
toxin productivity, the mono-trait transgenic 
Cry1Ac cotton is reported to provide only a 
partial control of target insect pests especially 
H. armigera, H. zea, and P. gossypiella [21]. 
However, Bollgard II with cry1Ac and cry2Ab 
genes is shown to delay the resistance evolution 
in Helicoverpa zea in transgenic cotton 
provided that both of the transgenes are 
expressed sufficiently through all susceptible 
stages of the target insect [29]. 
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Fig. 1. Potential factors for enhancement of resistance evolution 
 

However, several studies indicate that in 
Bollgard II, the expression of Cry1Ac protein 
tapers off towards the crop maturity and the 
control of Helicoverpa zea at late growth stages 
mainly depends upon the relatively stable 
expression of the toxin quantity from cry2Ab 
gene [16]. In case of in-sufficient expression of 
cry2Ab gene and an already existing population 
with resistant alleles on an alternative host 
crop, the increase in resistant insects is 
expected to rapidly diffuse through populations 
in all cropping areas as occurred with synthetic 
pyrethroids in the recent past [13]. The low 
expression of Cry2Ab toxin in Bollgard II is 
shown to increase the frequency of resistant 
alleles in Helicoverpa armigera in Australia 
where the resistant insects could tolerate upto 
15 fold doses of the expressed upper level of 
cry2Ab [9]. Cry2Ab resistant H. armigera are 
also found resistant to Cry2Aa and Cry2Ae 
toxins in Australian populations [6], which 
suggest a low success of substituting the 
existing Bollgard II cotton with other 
transgenic events which carry Cry toxin from 
the Cry2A class in this agricultural landscape. 
Cry1Ab and Cry1Ac toxins share more than 
95% amino acid homology, 49-52% N-terminal 
sequence and a common binding site. 
According to L. Xu, et al. (2010), the 
Helicoverpa armigera selected for Cry1Ab 
resistance has varying levels of cross-resistance 
to other Cry1A proteins. Cry1Ah sequence is 
most closely related to Cry1Ac with 88% 
amino acid identity and the insects resistant to 
Cry1Ah are found resistant to Cry1Ac toxin. 
However, genes belonging to cry1A and cry2A 
classes are known to have different attachment 

sites on the BBMV in H. zea, H. armigera and 
P. gossypiella and the insects possess a low 
potential of cross resistance between the two 
types of cry genes. According to Anna Estela, 
et al. (2004) Cry1Ac does not share binding 
sites with cry2Ab and single mutations in field 
populations are unlikely to confer cross 
resistance between the toxins. Moreover, 
Cry1Ac-resistant P. gossypiella, and H. 
armigera show no detectable cross-resistance to 
Cry2A proteins [2]. Thus the pyramiding of the 
two Cry toxins in MON89034 with different 
target sites is predicted to delay resistance 
evolution among the target pests especially 
Helicoverpa spp. which usually has 3-4 
generations per cotton season and is innately 
moderately resistant to the Cry toxins. 
However, it pre-determines the condition that 
the resistance to one or more toxins does not 
already exist and resistance delaying strategies 
are implemented by the farming community 
because there is evidence for broad cross-
resistance (low levels of resistance) for Cry1A 
and Cry2A in laboratory-selected strains of H. 
zea which indicates a low potential for cross-
resistance through a range of other Bt resistance 
mechanisms [10]. 
The field evaluation data reveals a low 
likelihood of cross-resistance between 
cry1A.105 and cry1Ab; and between cry2Ab2 
and cry1Ac [3]. In transgenic sugarcane the 
Cry1Ab toxin resistant D. saccharalis 
demonstrated only a low level (4-fold) of cross-
resistance to Cry1A.105 and had no cross-
resistance to the Cry2Ab2 [32]. It suggests the 
existence of independent mechanisms or target 
sites for Cry1A.105 and Cry1Ab toxins. 

Low Refuge 
compliance 

Low Gene 
expression

Chemistry of toxins 

Increase in resistant 
insects 

Existing Cry1Ac 
resistant allele 

frequency 
Similar upcoming 
GM crop events 
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However, the Cry1Ab resistant strain of D. 
saccharalis exhibits cross resistance to toxins 
belonging to the same class i.e Cry1Aa and 
Cry1Ac suggesting a common binding site. 
The release of Cry1A.105 (stacked genes in 
transgenic maize exert their influence 
independently) in a scenario of previously 
existing Cry1Ac cotton eludes to a rapid build 
up of cross resistance in Helicoverpa sp. on 
maize and cotton. According to EFSA (2009), 
the issue of potential cross-resistance between 
Cry1A.105 and Cry1Ac has not been elaborated 
in dossier of MON 89034.The possibility of 
such cross resistance may impact long term 
durability of the transgenic event. It is one of 
the reasons that MON89034xNK603, although 
permitted for use as food and feed is not 
granted the permission for large scale 
cultivation in EU where cry1Ab event already 
exists. 
The resistance in Lepidoptera insects is 
principally a homozygous recessive trait it and 
the majority of the heterozygous progeny is 
disabled or killed at a high dose of LD99. 
Similarly, the resistant individuals face a 
competitive disadvantage due to a fitness cost 
incurred by carrying the resistance allele. The 
refugia facilitate simultaneous/random mating 
to dilute the frequency of resistance alleles. The 
planting of Bt cotton (and Bt maize) in Pakistan 
without refuge set up may invalidate the 
prospective usefulness of transgenic maize for 
control of insect pests. High dose/refuge 
strategy is the primary requirement for planting 
Bt crops in USA, Canada and other Bt crops 
producing countries. The regular monitoring of 
the commercialized transgenic events for 
ecological interactions support the fact that the 
cry1Ab and cry1Ac mono trait transgenic events 
have not resulted in any resistance build-up in 
target pests in USA and Canada where the 
compliance to refugia is more than 86 and 90% 
respectively.  
A widespread planting of below-the-threshold- 
toxin producing illegal Bt cotton [24] varieties 
was common place before 2011 when the Bt 
cotton (MON531 event) was commercialized. 
Because of concerns with potential resistance 
evolution to Bt proteins, the agriculture 
department maintains that each Bt cotton field 
must be surrounded by a non-Bt refuge of a 

popular non-Bt hybrid on at least 20% of the 
field area. However, the field reports indicate a 
disregard to its compliance on a large scale 
primarily due to a lack of extension services to 
the farmers. Moreover, many agriculturists 
maintain that there is no need of refuge 
compliance because a diversity of alternate host 
plants which exist in the vicinity of cotton 
fields are sufficient to dilute the frequency of 
resistance alleles in targeted insects. Thus 
today, when country-wide adoption of Bt cotton 
is more than 90% the situation implies an 
extensive noncompliance to refuge set up. The 
non refuge policy is practised on a large scale 
in China and India as well [32]. 
However, the policy of non compliance to 
refuge strategy has not been successful as there 
are reported cases of field resistance in H. 
armigera populations to Cry1Ac cotton in 
China, in Pectinophora gossypiella to Cry1Ac 
cotton in India, in S. frugiperda to Cry1F maize 
in Puerto Rico and in Busseola fusca to Cry1Ab 
maize in South Africa. 
Bt cotton has comprised approximately two 
third of the total area under cotton in China 
since 2003. There is no refuge requirement for 
planting of Cry1Ac cotton, and (as is the case 
in Pakistani agricultural scenario), it is not 
known whether natural refugia are sufficient to 
prevent an increase in resistance alleles. 
However the studies indicate a transient build-
up in frequency of resistance alleles where the 
field surveys show that the numbers of H. 
armigera eggs laid on Bt cotton plants 
increased consistently from 2003 to 2007 [22]. 
A resistance monitoring for 9 years (1999-
2007) indicates that the frequency of the 
Cry1Ac resistance allele in H. armigera 
populations in Qiuxian County (northern 
China) increased from 0.0058 in 1999 to 0.091 
in 2007. Moreover, the bioassays with purified 
Cry1Ac toxin have also demonstrated that 
populations collected from Bt cotton plants in 
2007 were significantly less susceptible to 
Cry1Ac toxin than a laboratory susceptible 
colony [22]. 
In India, results show increase in the LC50 of 
Cry1Ac for H. armigera from 200-2002 to 
2004-2006 in four major cotton growing 
regions [18].In the 2004-2006 data, eight of 
12(67%) of the field derived strains tested had 
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resistance ratios >10 and one strain from the 
Bhatinda region had a resistance ratio of 120. 
The report indicates a partial or an entirely 
decreased potency of the toxin over time. The 
increase in frequency of resistance allele is 
attributed to non compliance to refuge set up 
and the planting of illegal varieties especially in 
Gujrat where such germplasm comprised upto 
26% in during 2007/2008 [20]. 
Cry1F maize has been withdrawn from 
commercial cultivation in Puerto Rico due to 
multiple cases of reported resistance 
development in target insects. The adoption rate 
for Bt maize in Puerto Rico is not available, but 
it is believed to have been very high with little 
or no refuge in the regions where resistance to 
Bt maize occurred in S. frugiperda.  Laboratory 
bioassays in 2007 documented that insect 
populations collected from two regions -Santa 
Isabel and Salinas, (about 10 km apart) were 
>160-fold more tolerant to Cry1F toxin than a 
laboratory susceptible strain [27].  
Similarly, the  non compliance to refuge 
strategy in South Africa led to development of 
resistance in African stem borer, Busseola fusca 
Fuller (Lepidoptera: Noctuidae), to Cry1Ab 
maize. Cry1Ab maize hybrids provide effective 
control of B. fusca in the vegetative growth 
stages of maize during the first growing season 
(1998/1999) so after its introduction, the 
adoption of Bt maize in South Africa increased 
rapidly, approaching 1.61 Mha in 2009 i.e. 67% 
of South Africa’s total maize area [31]. 
However in the same year of 2009, damaged 
plants and diapausing larvae of B. fusca were 
observed on various Bt maize hybrids which 
highlighted a low dose production by Bt maize 
plants-not sufficient for killing of B. fusca. The 
underlying reason was the non compliance of 
maize producers to plant non-Bt refuge maize 
which would place a very high selection 
pressure on the field population of B. fusca 
thus, leading to resistance. 
There is a dearth of peer reviewed data about 
the expression of cry1A.105 and cry2ab2 in 
MON89034.The expression of a transgenes is 
influenced by a host of factors such as 
photosynthesis [1], soil quality [17], nitrogen 
fertiliser [5], plant part and growth stage [23]. 
The results are often varied with respect to 
protocol adopted for quantification [8]. 

Moreover, the counter check of the field data 
submitted from the producer company is a hard 
task to accomplish given the scarcity of 
research facilities. 

 
CONCLUSIONS  
 
The factors for a successful adoption include 
strict ecological monitoring of the transgenes, 
regular field monitoring for cases of resistance 
evolution at early stages, compliance of the 
refuge by the farmer community and a multi 
stage independent field research in Universities 
and agricultural organizations to counter check 
the validity of data submitted from the producer 
company. 
The chemical composition of the genes 
Cry1A.105 and Cry1Ac shares structural 
similarity and there are cases of broad cross 
resistance between different classes of 
transgenes. The non compliance to refuge and 
the previous non availability of data regarding 
the frequency of resistant alleles (which seems 
very high due to illegal planting of Bt cotton 
before formal approval) suggest a strong 
possibility of resistance evolution in target 
insects. For the pest population of Helicoverpa 
zea and Helicoverpa armigera with resistance 
to Cry1Ac on cotton, Bt maize with Cry1A.105 
may act like a consumable plant tissue with 
control primarily achieved by modified 
Cry2Ab2 only. If so, for these Cry1Ac resistant 
populations, the potential benefits of 
pyramiding two toxins will not be fully realized 
in terms of delaying resistance.  
The dilemma among agriculturists in the 
country revolves around how to compromise 
between the conflicting goals of delaying 
resistance (which favours complete compliance 
to resistance management strategies) and 
minimize constraints on farmers (which favours 
minimal regulation). Thus, introduction of 
MON 89034 into a landscape dominated by 
Cry1Ac cotton varieties may maximize the rate 
of Cry1A resistance evolution in insect pests. 
And according to Zhao, et al. (2005) “If market 
forces result in a complicated mix of one- and 
two-gene Bt plants, the impact of the 
pyramided Bt plants on slowing resistance 
evolution could be undermined.” 
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Currently, there are a number of transgenic 
maize technologies in the international market 
which offer an effective control of insect pests 
and weeds of maize  and the release of NK603 
event combined with a transgenic event 
carrying an entirely different class of cry gene 
may resolve the issue of cross resistance in 
insects (Table 1).  
There is a need for the adoption of transgenic 
technology with a proper compliance to refuge 

strategy at least in those areas where maize and 
cotton crop are grown simultaneously such as 
districts of Multan, Sahiwal and Faisalabad in 
Punjab. For an efficient insect control, IPM and 
better extension services will not only prevent 
the resistance evolution in target pests in cotton 
but also pave the way for a durable introduction 
of other would-be available transgenic crop 
events. 

 

Table 1. Available transgenic maize products with alternative class of transgenes 

Trait 
developer(s) 

Product name Transgenic 
event(s) 

Trait genes Trait targets 

Dow 
AgroSciences 
and Pioneer     
Hi-Bred 

Herculex® CB TC1507 Cry 1Fa, pat Lepidopteran pests; 
Weeds 

Dow 
AgroSciences 
and Pioneer     
Hi-Bred 

Herculex® XTRA 
/Roundup 
Ready® 2 

DAS-59122-
7, TC1507, 
NK603 

pat, CP4 EPSPS, 
Cry34Ab1, 
Cry35Ab1, 
Cry1Fa2 

Lepidopteran and 
coleopteran pests; 
Weeds 

Source: GM Crop Database [14]  
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