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ABSTRACT 

 
The variation in Bt toxin was measured in three cotton genotypes (MNH-886, 
FH-142 and FH-Lalazar) at Agricultural Biotechnology Research Institute, AARI, 
Faisalabad, Cotton Research Station, Sahiwal, Cotton Research Station, Vehari, 
Pakistan during 2012. The varieties were measured in seed, 20 days old leaf, 
peduncle of 20 days old leaf, anther, stigma, pedicel, ovary, petals and& bracts, 
immature stem, mature stem, 15 days old boll, 30 days old boll, fully matured 
boll, main roots, secondary roots and all leaves from top to downwards 
position. Seed hasmaximumMaximum Bt toxin protein was measured in seed 
14.9 (µg/g fresh weight) followed by leaves (5.18 µg/g) irrespective ofto location 
and genetic background. All the floral parts including anthers, stigma, pedicel, 
ovary and petals contained varying magnitude of Bt toxin. No Bt toxin was 
detected in mature stem, 15 days old boll, 30 days old boll, fully matured boll, 
main roots and secondary roots. FH-142 had maximum Cry1Ac protein followed 
by MNH-886 and FH-Lallazar. The expression of Bt toxin was higher at Sahiwal 
followed by Faisalabad and Vehari. The top most leaf of stem contained 
maximum amount of Bt toxin in all types of genotypes at all and locations. The 
Bt toxin gradually decreased in leaves from top to downwards and uptoup to 
8

th
 position leaf, it remaineds 2.28 µg/g on fresh weight basis which is 

sufficient for the control of lepidopteron insects.  
 
KEYWORDS: Gossypium hirsutum; cultivars; Bt cotton, Bt toxin; Cry1Ac; 

Pakistan. 
 

INTRODUCTION 
 

Bt cotton was planted on 23.8 million hectares in 13 countries of the world 
during 2013 (7). All the cultivated transgenic events contain Cry1Ac or 
Cry1Ac+Cry2Abor fusion of these genes and gave effective control against 
lepidopteron insects. Up till now 48 different transgenic events in cotton have 
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been approved in 19 countries (7). The event MON531 is the most popular 
and carry Cry1Ac Bt toxin and got 37 approvals in 17 countries. In 2013, Bt 
cotton was planted on 2.8 million hectares in Pakistan and globally ranked 3rd 
followed by India and China (7). All the Bt cotton varieties grown in Pakistan 
evolved through back crossing with MON531event containing Cry1Ac gene in 
parental genotypes. The efficacy of these Bt cotton varieties for controlling 
lepidopteron insects was evident from very low attack of three bollworms 
(pink bollworm, spotted bollworm and heliothisAmerican) in cotton field 
planted in Punjab, Pakistan (22). The insect controlling efficacy depends 
upon the amount of Bt toxin available in different parts of the plant. The 
consistency of Bt cotton for controlling lepidopteron insects over the season 
and genotypes were also ere reported by earlier scientists (11). Type of gene 
and gene insertion sites gave different gene/genes expression (4, 5, 6 and). 
Different plant parts produced different quantity of Bt toxin, (8). The structural 
and environmental variation in expression of Bt toxin lead to unsatisfactory 
control of target insects and development of resistance against Bt toxin. 
 
A field survey was conducted by AARI scientists (AARI)team in 2012 
inCSand no resistance was found to Bt toxin produced by Cry1Ac so far in 
the field. The field survey also indicated the survival of targeted lepidopteron 
insects in Bt cotton field adjacent to fields of okra crop. Therefore, the 
However, evolution of resistance against Bt toxin is the major weakness and 
permanent threat in future to Bt cotton grown in Pakistan. Hence, 
understating the variation in Bt toxin in different plant parts of Bt cultivars at 
different locations of major cotton growing areas is required for resistant 
management and effective control of targeted insects/pests. The major 
objective of the study was to determine amount of Bt toxin (Cry1Ac) in two 
mainly cultivated plantedBt cotton varieties in Punjab and one genotype in 
pipeline in different plant parts, at different locations and in leaves from top to 
downward using Double Antibody Sandwich Enzyme Linked Amino Sorbent 
Assay (DAS-ELISA). 
 

MATERIALS AND METHODS 
 
Four rows of each Bt cotton genotype (FH-142, MNH-886 and LallazarFH-
Lalazar) were planted in five meters length in last week of March at three 
locations, (Agri. Biotechnology Research Institute, Faisalabad, Cotton 
Research Station, Sahiwal and Cotton Research Station, Vehari, Pakistan). 
The experiment was laidout in RCBD during 2012 with six replications. 
Recommended crop management practices were followed at all sites and 
replications. Ten consecutive plants of 100 days old were used from each 
replication, varieties and locations for quantification of Cry1Ac protein 



Structural, environmental and varietal variation in Bt toxin  

J. Agric. Res., 2014, 52(2) 

209

contents in 20 days old leaf, immature stem, ovary, anther, bracts, stigma, 
peduncle, seed, petal, mature stem, 15 days old boll, 30 days old boll, fully 
mature boll, main roots and secondary roots. In three replications data from 
another ten consecutive plants were recorded for leaves from top to 
downward for fifteen leaves. The Cry1Ac protein contents were quantified 
using EnviroLogi x QuantiPlate™ kit for Cry1Ab/Cry1Ac. Cry1Ac was 
estimated from 3 to 4 replicate samples of leave and other plant parts. 
Twenty milligrams of plant part samples were weighed before being 
homogenized in extraction buffer provided with ELISA kit. ELISA was 
performed on BiotekuQuant (USA) according to the method described on 
EnviroLogi x QuantiPlate™. Cry1Ac was quantified by plotting absorbance 
values of the test samples on the standard curve generated with purified 
Cry1Ac standard on each of the ELISA plate, using Gen5 software and 
expressed as µg Cry1Ac/g fresh weight of the tissue. Analysis of variance, 
LSD and correlation were carried out using MSTAT-C version 1.3.The BT 
Cry1Ac targeted insects mortality data was also recorded in terms of (pink 
boll worms, spotted boll worms and HelianthosAmerican boll worms) damage 
percentage by these insects in bolls, squares and flowers of 100 days old 
plants. (Weather data is given in Appendix). 
 
 

RESULTS AND DISCUSSION 
 
Analysis of variance indicated significant differences for Bt toxin at 0.5% 
probability level for varieties, locations and interaction of varieties and 
locations for 20 days old leaf, immature stem, ovary, anther, bracts, stigma, 
peduncle, seed, petal and mature stem. No Bt toxin was detected in 15 and 
30 days old and fully matured bolls. Main roots and secondary roots also had 
zero Bt toxin. 
 
Significant differences in three varieties indicated that Cry1Ac gene produced 
different quantity of Bt toxin in 20 days old leaf, immature stem, ovary, 
anther, bracts, stigma, peduncle, seed, petal and mature stem of FH-142, 
MNH-886 and LallazarFH-Lalazar. The highest level of Bt toxin in Bt cotton 
was observed for seed (14.90µg/g) followed by 20 days old leaf (5.18µg/g), 
peduncle (4.29µg/g), anther (3.28µg/g), stigma (2.42 µg/g), pedicel (2.34 
µg/g), ovary (2.18 µg/g), petal (1.73 µg/g), bracts (0.70 µg/g) and immature 
stem (0.56 µg/g) in fresh tissues on average in three varieties at three 
locations (Table 1). These findings are in accordance with earlier studies 
(33). Higher Bt toxin was reported in fully expanded leaf than those in roots, 
stem and petiole.  They also found considerably higher level of Bt toxin in 
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ovaries as compared to pistil and stamens. In another study highest level of 
Cry1Ac  expression  in  leaves  followed  by  sepal,  petals, anthers and ovary 
was  found  (8).  The  FH-142  yielded  more  Bt toxin in seed (18.03µg/g), 20  
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days old leaf (6.2µg/g) and stigma (3.72µg/g) as compared with MNH-886 
and -LallazarFH-Lalazar as compared to other characters under study. MNH-
886 produced more Bt toxin in peduncle (6.63µg/g) and pedicel (2.9µg/g) as 
compared to other characteristics under study at three locations. LallazarFH-
Lalazar gave produced higher Bt toxin measured in fresh weight inof ovary 
(2.9 µg/g), anthers (5.72 µg/g), bracts (1.55 µg/g), petals (1.83 µg/g) as 
compared to other parameters plant parts in three varieties (Fig. 1).   
 

 
 

Bt toxin was higher in seed (14.9µg/g), 20 days old leaf (4.62 µg/g), ovary 
(2.2 µg/g), anther (3.29 µg/g), bracts (0.67 µg/g), stigma (2.4 µg/g), 20 days 
old leaf peduncle (4.47 µg/g), immature stem (0.65 µg/g), and pedicle 
(2.27µg/g) at Sahiwal followed by Faisalabad and Vehari as compared to 
other characterplant parts under study. Petal (1.99 µg/g) produced more Bt 
toxin at Vehari followed by Sahiwal and Faisalabad as compared to other 
characteristics under study (Fig. 2). 
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Seed showed positive significant (>0.05) correlation with 20 days old leaf 
(0.8) and immature stem (0.84) whereas ) whereas seed hadve negative high 
correlation with anther (-0.9), ovary (-0.81) and bracts (-0.98) for the quantity 
of Bt toxin. Twenty days old leaf yielded significant (>0.05) positive 
correlation with pedicel (0.75) and immature stem (0.78) for Bt toxin. For Bt 
toxin anther gave positive significant correlation with ovary (0.87) and bracts 
(0.96). The stigma yielded significant (>0.05) positive correlation with 
immature stem (0.91) whereas negative significant correlation with petals (-
0.84) for Bt toxin. Ovary gave positive significant (>0.05) correlation with 
petals (0.83) and bracts (0.74) whereas negative significant correlation with 
immature stem (-0.84) for Bt toxin.  
 

Analysis of variance also gave significant differences for Bt toxin among 
varieties, locations, leaf position (from top to downward) interaction of 
varieties into locations, varieties with leaf position, location with leaf position 
and varieties x× location x× leaf position in 100 days old plant leaves. 
Maximum Bt toxin protein was found in top most leaf (10.34µg/g) and 
gradually decreased from top to downward 2

nd
, 3

rd 
and 4

th
 position leaves 

with 9.54, 7.94 and 6.00 µg/g, respectively. 
 

The Bt toxin was 5.18 µg/g at the 5th position leaf which is fully expanded leaf 
and usually used as standard for quantification of Bt toxin.  The Bt toxin 
remained more than 2 µg/g (2.28 µg/g fresh leaf weight) upto the 8

th
 position 

of leaf on an average at three locations and varieties under study (Fig. 3).  
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While comparing the varieties, it was noted that FH-142 produced highest Bt 
toxin (12.36µg/g) followed by MNH-886 (10.97µg/g) and LallazarFH-Lalazar 
(7.71µg/g) on average basis at three locations in leaves from top to down 
ward. The gradual decrease in Bt toxin followed the same pattern uptoup to 
6

th
  leaf position, i.e., FH-142 at the top followed by MNH-886 and 

LallazarFH-Lalazar, respectively. The quantity of Bt protein increased from 7th 
leaf position in LallazarFH-Lalazar(2.98 µg/g) as compared to MNH-886 (2.61 
µg/g). At 10th leaf position Bt toxin in LallazarFH-Lalazar was at the top 
(1.67µg/g) followed by MNH-886 (1.58 µg/g) and FH-142 (1.38 µg/g). 
Cultivars MNH-886 and FH-142 had zero Bt toxin at 15

th
 position leaf. The Bt 

toxin was observed zero at 13th leaf position in FH-142 (Fig. 4). 
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The quantity of Bt toxin was at the top at Sahiwal(11.3µg/g) followed by 
Faisalabad (10.33 µg/g) and Vehari (9.4 µg/g) at top most leaf position and 
gradually decreased from top to down ward and this pattern remained intact 
up to 7th leaf position. From 8th to down ward position, Bt toxin was higher at 
Faisalabad (2.43 µg/g) followed by Sahiwal (2.37 µg/g) and Vehari (2.02 
µg/g) whereas at 11th position leaf Bt toxin was near to similar (0.8 to 0.83 
µg/g) at all locations.From12th to 14th position leaf the Bt toxin was more at 
Faisalabad (0.23) and Vehari (0.23) followed by Sahiwal (0.13). At 15th leaf 
position Bt toxin was zero at Vehari (Fig. 5).  
 

CONCLUSION 
 
It is concluded from above results that Cry1Ac varies in different genetic 
backgrounds, locations and plant parts. Seed has maximum Bt toxin protein 
(µg/g in fresh weight) followed by leaf for different locations and genetic 
backgrounds. All the floral parts including anthers, stigma, pedicel, ovary and 
petals contain Bt toxin. No Bt toxin was detected in mature stem, 15 days old 
boll, 30 days old boll, fully matured boll, main roots and secondary roots. FH-
142 had maximum Cry1Ac protein followed by MNH-886 and LallazarFH-
Lalazar. The expression of Bt toxin was higher at Sahiwal followed by 
Faisalabad and Vehari. The top most leaf contain maximum amount of Bt 
toxin in all types of genotypes and locations. The Bt toxin gradually 
decreased from top to down ward leaves and upto 8

th
 position leaf, it 

remained 2.28µg/g fresh weight which is sufficient for the control of 
lepidopteron insects. 
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Appendix:  Meteorological data of three locations for the experimental period 

                             from March 2012 to November 2012. 
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Location 
Month 

 
Temperature (0C) Relative 

Humidity (%) 
Rain fall 

(mm) Maximum Minimum 

Faisalabad 

March 28.1 12.9 65.0 1.8 
April 33.4 19.8 61.1 35.4 
May 39.7 24.3 39.1 0.1 
June 41.6 27.4 52.2 11.4 
July 38.6 27.9 67.7 63.0 
August 36.7 27.0 72.6 24.0 
September 34.3 24.2 80.1 147.9 
October 31.8 16.9 73.8 21.0 
November 27.3 11.3 85.5 0.0 

Sahiwal 

March 29.4 9.4 78.9 0.0 
April 34.4 19.0 76.3 5 
May 42.2 22.3 90.2 0.0 
June 42.3 22.3 90.2 0.0 
July 40.2 28.2 84.2 219.11 
August 37.0 26.9 89.9 135 
September 35.3 24.6 93.6 85.1 
October 33.0 13.3 88.2 0.0 
November 28.4 12.6 88.2 0.0 

Vehari 

March 26.06 11.56 72.77 0.0 
April 35.13 17.2 71.7 19 
May 38.5 20.93 60.45 1 
June 45.63 29.13 46.13 0.0 
July 44.83 28.12 54.09 56 
August 39.2 27.6 50.74 123 
September 34.83 24.37 70.33 75 
October 32.35 23.19 78.54 18 
November 27.0 15.7 85.1 0.0 


