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Abstract: In order to address biosafety concerns regarding the constitutive expression of foreign genes in crops, we applied 
a strategy aimed at confining foreign gene expression in insect wounding sites of cotton. For this purpose, a plant expression 
construct was designed by cloning the AoPR1 promoter (pathogenesis-related protein gene isolated from Asparagus officinalis) 
upstream from the insecticidal gene cry1Ac. The Turkish cotton cultivar cv. STN-468 was transformed using the Agrobacterium 
tumefaciens strain LBA4404 containing the recombinant binary vector pRD400 harboring cry1Ac under a wound-inducible 
promoter. The neomycin phosphotransferase (nptII) gene was used as a selectable marker at a concentration of 100 mg/L. The 
primary transformants were analyzed for T-DNA integration and expression using standard molecular approaches. The efficacy 
of insecticidal gene control of the AoPR1 promoter was investigated using leaf bioassays with 2nd instar larvae of Helicoverpa 
armigera and Spodoptera littoralis. Positive primary transformants from T0 progeny were further raised under greenhouse 
conditions to obtain progeny (T1). The introduced gene was properly inherited and expressed in T1 progeny. The mechanical 
wounding of plants resulted in increased cry1Ac protein levels during 0-48 h of the wounding period. The transgenic lines 
exhibited appreciable levels of resistance against targeted insect pests in the leaf bioassays. The use of a wound-inducible pro-
moter to drive insecticidal gene expression is a valuable insect resistant management strategy as gene expression will remain 
limited to the insect biting sites of plant and crop, food and environmental concerns can be minimized.
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INTRODUCTION

Cotton has a significant contribution in Turkish econ-
omy as Turkey is one of the eight largest countries that 
produce 80% of the cotton in the world. Cotton as a 
raw material is important to Turkish industries, espe-
cially the textile and ready-to-wear clothing sectors. 
To combat the losses incurred by insect pests, crop 
protection relies on the use of broad-spectrum highly 
toxic agrochemicals [1]. No transgenic cotton has been 
allowed in the country to date for general cultivation.

The area under biotech crops has gradually in-
creased since 1996 and has reached 186.5 million hec-
tares [2]. Cotton is the most extensively planted and 
marketed crop in world after soybean and maize. The 

cultivation of insect-resistant cultivars has resulted in 
increased farm productivity and decreased environ-
mental pollution [3]. 

With the advancement in genetic engineering 
technologies, several genes have been incorporated 
in cotton. Insecticidal (cry) genes from Bacillus thur-
ingiensis [4-7], cowpea trypsin inhibitor [8] and oth-
ers provide resistance to insect pests and have been 
commercialized [9]. 

In order to confer appreciable protection against 
targeted insect pests in transgenic cotton expressing 
insecticidal gene(s), sufficient Bacillus thuringiensis 
(Bt) toxin should be expressed at appropriate times 
in the cotton growing season. However, the bulk of 
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literature suggests an inconsistent expression of Bt 
toxin in cotton at different plant growth stages and 
plant parts; this has led to the unexpected perform-
ance of Bt cotton against lepidopteron pests [10-14,7]. 

The constitutive expressing 35S promoter isolated 
from the cauliflower mosaic virus is widely used to 
drive the expression of foreign gene proteins in trans-
genic crops, including Bt cotton [15]. The promoter 
provides robust expression of Bt or other related genes 
in every plant organ and at different growth stages 
of the crop. The constitutive expression of Bt toxin 
in transgenic plants can be disadvantageous as it can 
affect the constant synthesis of foreign gene protein; 
it can also lead to potential risks of resistance devel-
opment in targeted insects to the introduced genes 
[16-18]. In such circumstances, the targeted expres-
sion of foreign gene proteins is considered to be very 
valuable for the next generation of transgenic crops. 

Wounding, predator or pathogen invasion induces 
defense-related proteins in plants. The genes encoding 
defense-related proteins can be used to targeted for-
eign gene expression. Paul et al., [19] and Harikrishna 
et al., [20] reported that mechanically ground fresh 
suspensions of the mesophyll of asparagus seedlings 
can be a source of wound-induced messenger RNA, 
which has led to the isolation of wound-induced 
cDNA and the corresponding promoter [21,22]. 
β-glucuronidase (GUS) reporter gene analysis based 
on expression levels in transgenic tobacco plants 
demonstrated that the AoPR1 promoter is activated 
in response to wounding, pathogen invasion and treat-
ment with hydrogen peroxide [23]. The present work 
was conducted to develop transgenic cotton lines ex-
pressing the insecticidal gene cry1Ac, which is under 
the control of the AoPR1 promoter and confined Bt 
expression at insect-biting sites of the plant.

MATERIALS AND METHODS

Construction of plant expression vector

To subclone the AoPR1 promoter (900 bp) into the 
plasmid pRD400, the plasmid AoPR1 GUS-INT carry-
ing the AoPR1 promoter was excised with BamHI and 
KpnI. The AoPR1 promoter was subcloned into the 
plasmid pRD400 predigested with BamHI and KpnI. 

The resulting plasmid was named pAoPR1. The cry-
1Ac gene was excised from its source plasmid, pKUC, 
by digestion with BamHI and subcloned downstream 
of the AoPR1 promoter in pAoPR1 predigested with 
BamHI. The resulting plasmid was named pAoPR1Ac-
NPT-II (Fig. 1) and was transferred to Agrobacterium 
tumefaciens strain LBA4404 as reported by Gulbitti-
Onarici et al. [24] (Fig. 1). The plasmid contained neo-
mycin phosphotransferase (nptII) for plant selection 
that encodes resistance to kanamycin.

Cotton transformation

Cotton (Gossypium hirsutum L.) cv. STN-486 was se-
lected for transformation as it has a good regeneration 
potential along with other desirable agronomic char-
acteristics. The seeds were delinted and surface-ster-
ilized with Tween-20 for 3 min and further subjected 
to a 0.1% HgCl2 and 0.1% sodium dodecyl sulphate 
(SDS) solution mixture; they were thoroughly washed 
with distilled autoclaved water three times every 5 
min. The sterilized seeds were placed in the dark at 
30oC overnight for germination. The shoot apices of 
two-day-old germinating embryos were used for Agro-
bacterium-mediated transformation according to the 
procedure described earlier by Rao et al. [25], Khan et 
al. [26] and Bajwa et al. [27]. The inoculated explants 
were cultured on MS medium [28] containing 100 
mM acetosyringone, 10 mM MES and 0.1 mg/L kine-
tin for 3 days at 28±2°C. After co-cultivation, plant-
lets were subcultured on selection medium, i.e. MS 
containing 100 mg/L kanamycin, also supplemented 
with 0.1 mg/L kinetin, 0.1 mg/L benzylaminopurine 
(BAP) and 0.1 mg/L α-naphthaleneacetic acid (NAA). 
Augmentin (amoxicillin and clavulanic acid) was also 
added (500 mg/L) to inhibit bacterial overgrowth. 
Subculturing was performed every two weeks. The 
rooting medium contained half-strength MS me-
dium containing 1.5-2 g/L of activated charcoal, 0.3 

Fig. 1. Schematic representation of pAoPR1AcNPT-II plant ex-
pression vector containing cry1Ac under the control of the wound 
inducible (AoPR1) promoter isolated from Asparagus officinalis 
and neomycin phosphotransferase driven by the nos promoter. The 
plasmid pAoPR1AcNPT-II contained nptII that encodes resistance 
to kanamycin for plant selection
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mg/L IBA and kanamycin at a concentration of 50 
mg/L. The putative transgenic plants were moved to 
pots containing equal proportions of field soil and 
peat moss (1:1). Finally, the plants were moved to the 
greenhouse and subjected to various molecular analy-
ses to confirm gene presence and expression.

Molecular evaluation of putative transformants

Polymerase chain reaction (PCR) was carried out using 
gene-specific primers to amplify cry1Ac from putative 
transgenic cotton plants. Genomic DNA was extracted 
and purified from leaves based on the protocol of Li et 
al. [29]. PCR was performed in a total reaction mixture 
volume of 20 μL containing 1X reaction buffer, 50 ng 
of DNA template, 1.5 mM MgCl2, 1 mM of each of the 
dNTPs, 10 ng of each primer and one unit of Taq DNA 
polymerase. PCR was carried out in a thermal cycler 
under the following conditions: initial denaturation at 
94ºC for 4 min followed by 35 cycles of denaturation 
at 94ºC for 1 min, annealing at 54ºC for 40 seconds, 
extension at 72ºC for 40 s, followed by a final exten-
sion at 72ºC for 10 min. The plasmid DNA was used as 
positive control, and the DNA isolated from untrans-
formed plants was used as negative control. 

A double-antibody sandwich enzyme-linked im-
munosorbent assay (ELISA) was used to quantify the 
accumulated levels of the cry1Ac protein expressed in 
the leaves of putative transgenic plants using Envirologix 
kit (Cat# AP051). About 500 mg of fresh terminal leaves 
were ground in liquid nitrogen, protein extraction buffer 
was added and a quantification procedure was followed 
according to the instructions provided in the kit. The 
optical density (OD) values at 430 nm were used to cal-
culate the amount of cry1Ac protein by comparing it 
with the standard cry1Ac protein.

Leaf biotoxicity assay

To determine the efficacy of the introduced insecti-
cidal genes (cry1Ac) under the wound-inducible pro-
moter against the targeted insect pests, cotton primary 
transformants in T0 progeny were subjected to leaf 
bioassays with second instar larvae of the American 
bollworm (Helicoverpa armigera) and Armyworm 
(Spodoptera littoralis). Five fresh leaves from each 
plant were taken and placed on wet filter paper in 

Petri plates, one leaf per plate. A 2nd instar larva, pre-
fasted for 4-6 h, was released onto each plate and al-
lowed to feed on the leaf. The data on insect mortality 
were recorded on a daily basis up to the third day. 

Confirmation of gene integration and expression 
in T1 progeny

Primary transformant cotton plants positive for the 
introduced gene (based on PCR, ELISA and leaf bio-
assay data) were carefully picked and their progenies 
were grown in the greenhouse and further subjected 
to various molecular approaches to confirm gene in-
tegration and expression using PCR, ELISA and leaf 
bioassays. PCR was run to amplify the internal frag-
ment of cry1Ac (412 bp), AoPR1 (900 bp) and nptII 
(450 bp). ELISA was performed to quantify the accu-
mulated levels of cry1Ac by mechanically wounding 
the leaves of transgenic plants at 0, 6, 12, 24 and 48 h 
and data was recorded. Initial screening in T0 progeny 
was made using one larva per Petri plate, having in 
mind the number of larvae available for the experi-
ment. The T1 progeny was thoroughly screened using 
five second instar larvae of Helicoverpa armigera and 
Spodoptera littoralis per Petri plate, with the transgenic 
as well as control plant leaves to evaluate the efficacy 
of cry1Ac protein against these targeted insect pests. 
Mortality of the larvae was recorded following their 
incubation.

RESULTS

A total of 5000 shoot apical meristems were used for 
inoculation with the Agrobacterium strain LBA4404 
harboring the gene of interest. After 8 weeks of selec-
tion on 100 mg L-1 of kanamycin, nine putative trans-
genic plants were obtained. The regenerated plants 
grew well, were allowed to self-pollinate and fertilized 
normally. The nine primary putative transgenic plants 
(SP1-SP9) that grew well in soil were subjected to PCR 
for confirmation of the introduced cry1Ac in the cot-
ton genome. Results showed that three (SP2, SP4 and 
SP6) of the nine plants indicated amplification of the 
required band of 412 bp of the cry1Ac gene, 450 bp of 
nptII and 900 bp of the AoPR1 promoter (Fig. 2). The 
primary transformants (SP1-SP9) were also subjected 
to ELISA for the determination of cry1Ac protein. The 
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same three plants (P2, P4 and P6) expressed cry1Ac 
protein (Fig. 2). The quantity of cry1Ac protein re-
corded as 0.23-0.25 μg/g of fresh tissue weight. 

Biotoxicity assays of PCR and ELISA positive T0 
plants conducted against larvae of Helicoverpa ar-
migera and Spodoptera littoralis showed that cry1Ac 
expression was sufficient to kill the targeted insects 
(Table 1). An appreciable resistance level (80-100%) 
against H. armigera and S. littoralis was observed in 
the SP2, SP4 and SP6 putative transgenic plants; the 
other plants with less resistance were not considered 
further. No mortality of larvae was recorded in nega-
tive non-transgenic control plants (Fig. 3)

Evaluation of transgene progeny (T1)

Primary cotton transformants positive for the intro-
duced gene (based on PCR, ELISA and leaf bioassay 
data) were carefully picked and their progenies were 
raised in the greenhouse. Genomic DNA was isolated 
and subjected to PCR to amplify the internal frag-
ments of cry1Ac, nptII and the AoPR1 promoter. A few 
representative transgenic plants from the progeny of 
each positive plant were taken for further molecular 
analysis. The progenies of transgenic plants (SP2, SP4 
and SP6) showed the amplified bands of cry1Ac (412 
bp) and nptII (450 bp) (Fig. 4). 

The leaves of T1 transgenic plants were mechani-
cally wounded in order to determine the amount of 
cry1Ac protein expressed with the passage of time. 
The concentration of cry1Ac protein was recorded 
after wounding the transgenic leaves. In the T1 prog-
eny of transgenic plants, the levels of cry1Ac increased 
from 0.090 to 1.875 µg/g of fresh weight between 6 

Table 1. Leaf biotoxicity assay in T0 putative transgenic plants. 
The 2nd instar H. armigera and S. Littoralis leaves were fed on 
T0 putative transgenic cotton. P2, P4 and P6 plants showed ap-
preciable levels of resistance against the targeted insect pests. No 
larval mortality was recorded in non-transformed cotton plants.
Transgenic lines
(T0 progeny)

H. armigera S. littoralis

SP1 0.00±0.00 0.00±0.00
SP2 100.00±0.00 100.00±0.00
SP3 40.00±2.49 30.00±1.55
SP4 100.00±0.00 90.00±0.00
SP5 40.00±3.33 30.00±5.77
SP6 100.00±0.00 80.00±0.00
SP7 0.00±0.00 0.00±0.00
SP8 20.00±4.44 20.00±2.55
SP9 0.00±0.00 0.00±0.00
Negative control 0.00±0.00 0.00±0.00

Fig. 3. Leaf biotoxicity assay conducted were on leaves of T0 and 
T1 progeny plants of cotton. The transgenic plants showed ap-
preciable level of resistance against H. armigera and S. littoralis. 
A – dead S. littoralis larvae after feeding on the transgenic leaf. 
B – dead H. armigera larvae after feeding on leaves of transgenic 
plants. C – larvae feeding on the leaf of control plants were alive 
and healthy

Fig. 2. Molecular evaluation of primary cotton transformants (T0 
progeny). A – PCR assay showing the amplification of a 412 bp in-
ternal fragment of cry1Ac. Lane 1: positive control (plasmid DNA); 
lane 2: negative control (DNA from non-transformed plant), lanes 
3-5: Primary transformants of STN-468; lane 6: DNA ladder mix. 
B – PCR assay showing the amplification of required band of 
nptII. Lane 1: positive control (plasmid DNA); lane 2: DNA ladder 
mix; lanes 3-5: putative transgenic plants; lane 6: negative control 
(DNA from a non-transformed plant). C – PCR assay showing 
the amplification of 900 bp of the AoPR1 promoter. Lane 1: DNA 
ladder mix; lanes 2-4: putative transgenic plants of STN-468; lane 
5: negative control (DNA from a non-transformed plant); lane 
6: positive control (Plasmid DNA). D – ELISA confirmed the 
expression of cry1Ac in putative transgenic plants. Positive and 
negative controls were provided in the kit.
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and 48 h of the post-wounding period. Fig. 5 depicts 
increasing levels of insecticidal protein after post-
wounding in transformants. The highest levels of 
cry1Ac protein (1.875 µg/g) were found in SP4-1 after 
48 h of post-wounding (Fig. 5) while lower expression 
levels (0.275 µg/g) were found in SP6-3. 

The transgenic plants in T1 progeny were found 
to be as effective as their T0 parent plants in causing 
the mortality of Helicoverpa armigera and Spodoptera 
littoralis larvae. The bioassay results showed that the 
wound-inducible expression of cry1Ac in transgenic 
progeny conferred enough protection against target-
ed insect pests (Table 2). The larval mortality on the 
transgenic plants was recorded as 70-100% after 24 h 
of bioassay. The transgenic plants SP2, SP4 and SP6 
were highly effective in causing larval mortality in a 
shorter time. The control non-transgenic plants did 
not exhibit any larval mortality (Table-2).

DISCUSSION

Most transgenic Bt crops utilize the CaMV 35S pro-
moter [15] that induces a robust foreign gene ex-
pression in every cell type and at every plant growth 
phase. Studies have suggested that the acceptability 
and adaptability of Bt crops may be reduced as a result 

of the continuous synthesis of foreign proteins in a 
plant [30,31]. Additionally, it also increases the risk 
of resistance evolvement in insects [32,33].

Concerns that the constitutive overexpression of 
Bt toxins in crop plants will increase resistance de-
velopment in targeted insects [34] have led the En-
vironmental Protection Agency (EPA) to work out a 
policy of planting refuges of conventional crops to de-
lay resistance development in insects. In such circum-
stances, it becomes desirable to use expression-specific 
promoters that induce foreign gene(s) in specific plant 
tissues or organs [35,36]. We adopted a similar strat-
egy to avoid the presence of unwanted toxic protein 
products of insecticidal cry1Ac in transgenic Bt cotton 

Fig. 5: ELISA conducted to quantify the levels of cry1Ac protein at 0, 6, 
12, 24, and 48 h of mechanical wounding. Positive and negative controls 
were provided in the kit. The results show that cry1Ac protein accumulated 
after wounding.

Fig. 4. Molecular evaluation of transgenic cotton plants 
(T1 Transgenic progeny). A – PCR assay showed the am-
plification of the internal sequence of the 412 bp of cry1Ac 
fragment. Lane 1: DNA ladder 100 bp; lane 2: positive con-
trol (plasmid DNA); lane 3: negative control (DNA from 
non-transformed plant); lanes 4-11: transgenic plants. B 
– PCR showing the amplification of the nptII band. Lane 1: 
negative control (DNA from non-transformed plant); lane 
2: positive control (plasmid DNA); lane 3: DNA ladder mix; 
lanes 4-13: transgenic plants in the T1 progeny 

Table 2. Leaf biotoxicity assay in T1 transgenic plants. The leaves 
from T1 putative transgenic cotton were fed to 2nd instar H. ar-
migera and S. littoralis. Expression of the introduced gene was 
enough to confer resistance against targeted insect pests. No larval 
mortality was recorded in non-transformed cotton plant.
Transgenic lines
(T1 progeny)

H. armigera S. littoralis

SP2-1 100.00±0.00 93.33±6.67
SP2-2 100.00±0.00 100.00±0.00
SP2-3 83.33±3.82 70.00±1.00
SP4-1 90.00±3.00 80.00±2.55
SP4-2 100.00±0.00 90.00±1.80
SP4-3 100.00±0.00 80.00±2.31
SP6-1 90.00±2.55 80.00±1.80
SP6-2 86.67±3.33 40.00±3.33
SP6-3 100.00±0.00 100.00±0.00
Negative control 0.00±0.00 0.00±0.00
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plants at insect wounding sites. The AoPR1 promoter 
used in the study drives the expression of AoPR1 pro-
tein in Asparagus officinalis, a class of pathogenesis-
related (PR) proteins that are induced in response to 
different stresses, such as pathogen attacks, wound-
ing and the application of chemicals. Promoters from 
other PR proteins have previously been shown to drive 
the expression of Bt in transgenic broccoli, cabbage 
and tobacco [37,38,24]. 

The Agrobacterium-mediated binary vector sys-
tem is an efficient system of natural exchange of ge-
netic material. Based on our earlier experiments, we 
used the LBA4404 agrobacterium strain harboring 
pRD400 plasmid to infect apical meristems in genetic 
transformation experiments [39]. The transformation 
efficiency achieved in the present study has been low 
compared to earlier studies [40-42,25]. This may be 
attributed to the regeneration capability of cv. STN-
468, which was good but comparatively lower than the 
cultivars transformed by other researchers.

Expression of the insecticidal gene under the 
control of wound-inducible promoter (AoPR1) in 
transgenic plants (T0 and T1 progeny) was confirmed 
by standard techniques, including PCR, ELISA and 
leaf biotoxicity assays. Many researchers have used 
these approaches to confirm gene integration and ex-
pression in transgenes [5,43,44,26,7]. The transgenic 
cotton plants expressing cry1Ac under the control of 
AoPR1 suggested that the expression of the cry1Ac 
gene was dependent on wounding of the plant tis-
sues as revealed by the assays. The amount of cry1Ac 
protein increased enough to cause 80-100% mortality 
of the larvae tested during 0-48 h of the experiment. 

The toxic activities of both progenies of trans-
genic cotton plants expressing cry1Ac under AoPR1 
promoter against the larvae of Helicoverpa armigera 
and Spodoptera littoralis were examined. The progeny 
of transgenic cotton plants (T1) conferred protection 
against the targeted insect pests. This indicates the 
wound-specific activity of the AoPR1 promoter to 
express cry1Ac at the wound sites only. The levels of 
cry1Ac protein accumulated in 48 h were sufficient to 
cause 80-100% mortality. These results are in agree-
ment with Breitler et al. [33] and Gulbitti-Onarici et 
al. [24] who obtained insect-resistant rice and tobacco, 

respectively, harboring the insecticidal gene driven by 
wound-inducible promoters.

The previous reports of insect-resistant crops with 
the 35S promoter [4-6,45,46] indicate a strong and 
constitutive expression of insecticidal protein, whereas 
delivering targeted and effective doses of the protein 
to the insect pest at the threshold level of damage may 
provide the most effective approach in delaying the 
build-up of resistance in the target insect population. 
The ingestion of a small part of transgenic leaf by a 
targeted insect pest was enough to confer protection 
against them, offering an efficient insect-resistance 
management strategy. We conclude that insect control 
can be achieved by a confined and limited expression 
of Bt toxin under the control of the wound-inducible 
AoPR1 promoter.
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