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Advanced generations of different transgenic lines of 
indica basmati rice (Basmati-370) expressing two 
unrelated Bt genes, cry1Ac and cry2A were evaluated for 
resistance to Yellow Stem Borer (YSB) and Rice Leaf 
Folder (RLF) under field conditions compared to 
control lines over three years (2003-2005). Homozygous 
lines were selected and analyzed for insect resistance, 
morphological, physiochemical properties and risk 
assessment studies. After artificial infestation of target 
insects, the transgenic plants showed significant 
resistance. Data were recorded in terms of dead hearts 
and white heads at vegetative and flowering stage 
respectively. Transgenic lines showed up to 100 and 
96% resistance against yellow stem borer at vegetative 
and flowering stages, respectively. Natural damage of 
rice leaf folder was also observed during the year 2005. 
The transgenic plants were 98% more resistant as 
compared to untransformed control plants. Variations 
in some morphological characteristics, e.g., the average 
number of tillers, plant height and maturity were also 
observed. Transgenic lines produced 40% more grains 
than control plants. All these characteristics were stably 
inherited in advanced generations. The transgenic lines 
had no significant effect on non-target insects (insects 
belonging to orders other than Lepidoptera and 
Diptera) in field or under storage conditions. Chances of 
pollen-mediated gene flow were recorded at a rate of 
0.14%.  

Rice (Oryza sativa L.) is one of the world’s most important 
crops, providing a staple food for nearly half of the global 
population (FAO, 2004). Almost 90% of the rice is grown 
and consumed in Asia (Khush and Brar, 2002). It feeds 
more than two billion people in the developing countries of 
Asia (FAO, 1995). Basmati rice varieties of Indo-Pak 
subcontinent are economically important due to high 
quality, distinguished long grain and aroma. However its 
production is lower than other varietal groups, as it is more 
susceptible to insect damage (Khan et al. 1991). 
The most destructive insect pests of the rice crop are 
Yellow Stem Borer (YSB; Scirpophaga incertulas Walk.) 

and Rice Leaf Folder (RLF; Cnaphalocrocus medinalis). 
Globally, YSB alone causes yield losses of 10 million tons 
and accounts for 50% of all insecticides used in rice field 
(Huesing and English, 2004). YSB attacks the crop from 
the seedling up to the harvesting stage and thus causes 
complete loss of affected tillers (Salim and Masih, 1987). 
Dead heart is produced when the insect attacks at 
vegetative stage while white head occurs when the stem 
borers attack at the time of ear development. Larvae of RLF 
fold the tip of the leaf over itself as a shield against the 
environment. It eats the green parts of the leaf until only the 
skeletal white parts are left. Moreover, the infected plants 
are predisposed to bacterial and fungal infection (Bashir et 
al. 2004a). 

The most significant breakthrough in plant biotechnology is 
the development of the techniques to transform genes from 
unrelated sources into commercially important crop plants 
to develop resistance against insect pests (Lycett and 
Grierson, 1990; Dhaliwal et al. 1998). Bacillus 
thuringiensis (Bt) is perhaps, the most important source of 
insect resistant genes. Genes from B. thuringiensis encode 
for crystal proteins, which are toxic against larvae of 
different insects, e.g. Lepidopterans (Whiteley and Schnepf, 
1986; Höfte and Whiteley, 1989; Cohen et al. 2000), 
Coleopterans (Krieg et al. 1983; Herrnstadt et al. 1986) and 
Dipteran insects (Andrews et al. 1987). These genes are 
generally safe for human consumption (BANR, 2000).  

Some groups have transformed rice with Bt genes and 
evaluated their effectiveness under greenhouse conditions 
(Cheng et al. 1998) as well as in the field (Shu et al. 2000; 
Ye et al. 2001a; Ye et al. 2001b; Ye et al. 2003; Bashir et 
al. 2004a; Breitler et al. 2004; Bashir et al. 2005). Most of 
the transgenic lines used in field trials expressed cry1Ab, 
cry1Ac, cry2A or a fused gene from cry1Ab/cry1Ac. 
Although these lines provide high level of resistance 
against lepidopteran insects, however Bt cultivars have the 
same weaknesses as many other technologies to control 
insects e.g. insects can evolve resistance to them 
eliminating their effectiveness. More than 500 species of 

Abbreviations: RLF: Rice Leaf Folder 
                                RCBD: Randomized Complete Block Design 
                                YSB: Yellow Stem Borer 

 

 
 

Figure 1. Construct map of pSM6 containing cry1Ac and cry2A transgenes. 
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insects have evolved resistance to conventional 
insecticides. So far, the track record of Bt is better. In the 
field, only one pest, the diamondback moth has evolved 
resistance to Bt sprays and none has evolved resistance to 
Bt crops (Ferré and Van Rie, 2002).  

To prolong the resistance development time against Bt 
crops, it was recommended that only the lines expressing 
two Bt genes should be released into environment (Cohen 
et al. 2000). It was also strongly recommended that any two 
Bt toxins that are used in combination must not be too 
similar to each other, otherwise a single mutation could 
confer cross-resistance to both toxins. More than 100 Bt 
genes have been cloned and sequenced and are found to be 
highly divergent in amino acid sequence and some 
biochemical properties (Frutos et al. 1999). Studies showed 
that Cry1Ac with Cry2A is good toxin combination for 
lepidopteran insects (Fiuza et al. 1996).  

A variety of issues in addition to development of resistance 
by target pest species, such as horizontal gene transfer, 
impact on non-target invertebrates, and morphological as 
well as agronomic performance must be considered when 
developing insect-resistant transgenic plants. In addition to 
gene pyramiding described above, the possibility of target 
insects evolving resistance towards transgenic plants could 
also be mitigated through the use of a high dose/refugia 
strategy. Not all popular cultivars should be transformed 
with Bt genes in order to maintain refugia (Cohen et al. 
2000). It is also important to check if advanced generations 
of these lines are also resistant to insects in the field or if 
they lose their effectiveness with the passage of time which 
could result in accelerated development of resistance in the 
target pests. The chances of pollen-mediated gene flow 
from these lines to wild relatives and other commercial 

cultivars are also important to consider. The response to 
non-target insects to these transgenic plants (e.g. Bashir et 
al. 2004a; Bashir et al. 2004b) is also important, both for 
herbivorous insects which may result in secondary pest 
outbreaks and beneficial invertebrates.  

Morphological characteristics and agronomic performance 
of transgenic crops are also of utmost importance when 
developing a commercially viable cultivar. Morphological 
variation has already been reported for rice transformed by 
PEG or protoplast electroporation (Jiang et al. 2000) in 
agrobacterium and particle mediated transformation. So, 
there should not be any compromise for 
morphological/agronomic traits like average no. of tillers 
per plant, average plant height, days to maturity and yield 
during selection of desirable lines. 

The present studies were conducted at the National Center 
of Excellence in Molecular Biology, Lahore, Pakistan 
(CEMB) as well as at various other locations in Punjab, 
Pakistan and the performance of advanced generations of 
locally transformed lines of Basmati-370 was determined 
against YSB and RLF. Bio-safety aspects i.e. effects on 
non-target insects, horizontal and vertical gene flow and 
allelopathic effects were also studied. 

MATERIALS AND METHODS 

Plant material and experimental design 

The seeds of Oryza sativa L. variety Basmati-370 were 
obtained from Rice Research Institute (RRI), Kala Shah 
Kaku, Lahore, Pakistan. Seeds were cultured on MS 
medium supplemented with 2,4-D (2 mg L-1), casein 
hydrolysate (200 mg L-1) and L-proline (300 mg L-1). One 

Table 1. The percent damage of target and non-target insect pests to transgenic and control rice. 

 
Year-wise percent insect damage 

S. No. Insect damaged 
2003 2004 2005 

Control (%) 

1. Damage of YSB 
    (a) at vegetative stage* 
    (b) at flowering stage** 

  
2.42b 

0.26b 

  
3.61b 

1.94b 

  
3.42b 

0.00b 

 
100a 

100a 

2. Damage of RLF ND ND 0.83b 100a 

3. Damage of storage insects ND ND 83.0NS 100a 

4. Damage of non-target insect 5.00NS 6.3NS 6.1NS 5.9NS 

Note: Values with the same letters are not significantly different from each other according to LSD test at 5% level of significance. 
ND= Not Determined. 
*Dead hearts were counted and expressed as percent of the total tillers. 
**White heads were counted and expressed as percent of the total tillers. 
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to two week old scutellum derived calli from mature seeds 
of rice were used for transformation experiments. Plasmid 
pSM6 carrying cry1Ac under the control of ubiquitin 
promoter and cry2A driven by CaMV 35S promoter were 
used in these studies (Figure 1). The transformation was 
done through particle bombardment method as described 
previously (Husnain et al. 1995; Husnain et al. 1997).  

The sixth generation of three homozygous transgenic lines 
L-8-22-2, L-8-22-32 and L-8-22-35 were selected on the 
basis of insect resistance, agronomical and morphological 
performance under field conditions (Bashir et al. 2005). All 
these lines harbour two un-related Bt genes i.e. cry1Ac and 
cry2A. These lines were sown under field conditions for 
three consecutive years (2003-2005) according to 
randomized complete block design (RCBD) with four 
replications of 700 plants per block (Figure 2).  

Experimental fields were surrounded with rows of 
untransformed plants, to serve as refugia. Purple leaved 
variety (CP-1) was sown between transgenic lines to trap 
pollen grains and to determine the chances of gene flow 

from transgenic lines to other cultivars. Sesbania canabena 
was grown around the field to isolate the field from 
surroundings. All agronomic requirements were fulfilled 
and studies were carried out according to the 
recommendations and Biosafety guidelines (NBC, 1999). 

Insect infestation and data recording 

The Entomology Division of CEMB provided YSB larvae. 
Their moths were collected from different rice growing 
areas in Lahore, Pakistan. These moths were reared on rice 
plants covered by muslin cloths at 28 ± 2ºC, 60-70% 
relative humidity with a 14 hrs photo phase. The egg 
masses were collected and hatched in glass vials under the 
same conditions. The artificial infestation was done in three 
instalments, two at vegetative stage and one at flowering 
stage. Twenty neonate larvae were starved for 12 hrs, and 
then released on to each plant using camel hairbrush on all 
175 plants. In this way, 10500 larvae of YSB were released 
in the field each year.  

Although naturally, YSB damages the rice plants from 
seedling to harvest depending upon the environmental 
conditions, artificial infestations were done at critical stages 
of plant growth i.e., after tillering stage and at flowering 
stage. Natural infestations of YSB and RLF were observed 
during 2005. Leaf folder was not infested artificially and 
the data was recorded only for natural attack during the 
year 2005.  

Insect damage was recorded at 20 days after transplanting 
by counting dead hearts and white heads per plant and 
expressed as percentage of total tillers and panicles. The 
damage in untransformed control plants was expressed as 
100% and the damage in different transgenic lines was 
expressed as percent damage in comparison with the 
untransformed control. To assess the damage caused by 
RLF, the number of infested leaves were counted and 

 
Figure 2. Lay out of the field. Transgenic rice along with its 
untransformed control grown under RCBD. Field surrounded by 
non-Bt refugia and Sesbenia canabena. 

 

 

Table 2. Comparison of morphological characteristics between transgenic and untransformed control basmati rice. 

 

Line No. No. of 
tilles. 

Plant height 
(cm) 

Days for 
panicle 

initiation 

Days to 
maturity 

Panicle 
length (cm) 

Flag leaf 
area (cm2) 

Average 
yield (%) Awns 

L-8-22-2 25a 109a 83a 104a 27NS 32NS 140a Absent 

L-8-22-32 23a 105a 85a 106a 26NS 30NS 140a Absent 

L-8-22-35 24a 111a 83a 104a 29NS 29NS 140a Absent 

Control 17b 156b 104b 131b 28NS 31NS 100b Present 

Note: Numbers with the same letter within a column are not significantly different from each other according to LSD test at 5% level of
significance. 
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expressed as percentage of total leaves.  

Morphological and physiochemical characteristics 

Different morphological characters including average 
number of tillers, plant height, days for panicle initiation 
and days to maturity, panicle length, flag leaf area, presence 
and absence of awns and average yield were studied 
according to the standards described by the INGER (1996). 
The yield of the transgenic plants was calculated as a 
percent increase or decrease relative to control plants. 
Likewise, the percent differences in physiochemical 
characteristics like kernel length, kernel width, length to 
breadth ratio, and so forth, of transgenc plants were 
calaculated relative to control plants. 

Biochemical analyses of transgenic seeds were undertaken 
to estimate the effect of transformation on different 
physiochemical properties of the rice. The average kernel 
length was determined with the help of vernier caliper and 
expressed in mm. The length-breadth ratio was estimated 
by dividing the length by the breadth. One hundred seeds 
from different transgenic lines were soaked in water in 
duplicate for 30 min and then kept in boiling water for 20 
min. After this treatment, the average length of randomly 
selected seeds was recorded and elongation percentage was 
calculated. Similarly the percentage of curling and bursting 
was also recorded.  

Alkali spreading values were recorded after immersion of 
milled seeds in 1.7% KOH at 30ºC for 24 hrs (Little et al. 
1958). Values were recorded by comparing the dispersion 
in comparison to check samples of known behaviour. 
Apparent amylose content was estimated by the method 
described by Williams et al. (1958) and modified by Juliano 
(1971). The presence or absence of aroma from cooked 
seeds was confirmed by a team of three scientists according 
to the method described by Dong et al. (2000). 

Risk assessment studies 

Solution extracted by soaking dry straw, @ 100g L-1 of 
pure water, from all transgenic and control lines was used 
to check the allelopathic effects on germination of three 
local varieties of wheat. The seeds of the wheat varieties 
were kept on filter papers for germination, which were 
soaked with solution extracted from transgenic and control 
lines according to the Completely Randomized Design 
(CRD). The data were processed through analysis of 
variance followed by LSD at 5% to determine the 
difference between means. 

Ten plants per plot were selected to study the extent of 
damage caused by different non-target insects. Firstly these 
insects were identified in the field and the damage caused 
by them was described, then the number of infected leaves 
per plant were counted and expressed as the percentage of 
the total leaves. One thousand seeds of stored rice were 
taken and the seeds damaged by red flour beetle (Tribolium 
castaneum Herbst.), a non-target insect, were counted. The 

 
Figure 3. CP1 grown between transgenic lines of Basmati-
370 to estimate percent gene flow from transgenic to 
untransformed control variety. 

Table 3. Comparison of different physiochemical properties of transgenic basmati rice and control plants. 

 

Line No. Amylose 
(%) 

Alkali 
spreading 

value 

Av. grain 
length 
(mm) 

Av. grain 
breadth 

(mm) 

Length 
breadth 

ratio 

Bursting 
(%) 

Curling 
(%) 

Elongation 
ratio Aroma 

L-8-22-2 24.05NS 4-5NS 7.55NS 1.95b 3.8b 6.1a 8.8a 1.38a Present 

L-8-22-32 23.40NS 4-5NS 7.70NS 2.19a 3.5a 9.4b 6.8c 1.25b Present 

L-8-22-35 24.00NS 4-5NS 7.85NS 1.96b 3.9b 9.8b 8.1b 1.22b Present 

Control 23.65NS 4-5NS 7.40NS 1.75c 3.7ab 6.7c 7.3c 1.71c Present 

Note: Values followed by the same letter within a column are not significantly different from each other according to LSD at 5% level of
significance. 
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data were expressed in terms of percent damage as 
compared to 100% damage in seeds of the control plants. 
The presence and activities of predators and visiting insects 
were also observed in the field. 

The Purple leaved line CP-1 was used as morphological 
marker to calculate the percent cross-pollination between 
transgenic lines and CP-1. Two pairs of recessive genes 
control purple pigmentation in CP-1 and at least one of 
them is inhibitory in action. This system can successfully 
be used as morphological marker to identify the hybrids 
(Mahalingam and Nadarajan, 2005). Plants of this line were 
sown between test lines (Figure 3). Progeny harvested from 
CP1 was studied for inheritance of leaf color and cross-
pollination was expressed in percentage (Figure 4). Seeds 
from CP-1 lines were harvested separately and in the next 
season were grown to identify hybrids.  

The CP-1 seeds were obtained from Nuclear Institute for 
Agriculture and Biology (NIAB), Faisalabad, Pakistan. 
Plants of this line were sown between test lines and 
progeny harvested from CP-1 was studied for inheritance of 
leaf colour and cross-pollination was expressed in 
percentage. Artificial crosses were also attempted between 
L-8-22-2, L-8-22-32, L-8-22-35, CP1 and B-370 in all 
possible combinations.  

Statistical analysis  

The data for insect damage were calculated and expressed 
as 100% in control and the damage in different transgenic 
lines was demonstrated as percent damage in comparison 
with control. Data regarding damage by YSB and RLF, 
non-target insects and storage pests were analyzed through 
analysis of variance (ANOVA) and the differences among 
means of lines were determined by using LSD test at 5% 
level of significance.  

Morphological as well as physiochemical characteristics 
like average number of tillers, plant height, days to panicle 
initiation, days to maturity, panicle length, flag leaf area, 
yield, amylose contents, grain length and breadth, length to 
breadth ratio, elongation ratio, bursting and curling were 
subjected to analysis of variance (ANOVA) separately. The 
differences among means were examined using LSD test at 
5% level of significance. 

RESULTS 

Resistance against lepidopteron insects 

Twenty days after transplanting, the dead hearts observed 
in transgenic plants were 0.26, 1.94 and 0.0% as compared 
to untransformed plants during 2003, 2004 and 2005 
respectively. All the transgenic lines were statistically 
significant as compared to untransformed parental control 
plants while the variation within transgenic lines was not 
significant (Table 1). Slight reduction in resistance against 
YSB was recorded at flowering stage as white heads 
observed during 2003, 2004 and 2005 were 2.42, 3.61 and 
3.42% respectively as compared to white heads observed in 
untransformed control. Thus transgenic plants exhibited 
high levels of resistance against YSB at vegetative and 
flowering stage as compared to untransformed control.  

Natural infestations of RLF were also observed during 2005 
and all the transgenic lines were significantly resistant 
against RLF. The transgenic line L-8-22-2 showed 100% 
resistance against RLF with no leaf damage while line L-8-
22-32 and L-8-22-35 showed 98.83 and 98.67% resistance 
as only 1.17 and 1.33% of leaves were damaged as 
compared to untransformed control (Table 1). The 
resistance against lepidopteron insects was stably inherited 
during 2003-2005 and all plants showed high level of 
resistance against lepidopteran insects. 

Morphological and physiochemical characteristics 

Remarkable statistical differences were observed for 
average number of tillers among or between different 
transgenic lines and the untransformed control. During 
three years of field trials the transgenic lines showed an 
average number of tillers 24 as compared to 17 in control 
(Table 2). Average plant height of 108 cm was recorded for 
transgenic plants as compared to 156 cm in control (Table 
2). Significant differences were observed when data were 
analyzed for the days required for panicle initiation and 
maturity. The transgenic plants were 25-27 days early in 
maturity when the data regarding panicle initiation and days 
to maturity were analyzed.  

Panicle length is an important characteristic contributing 
significantly to grain yield. No statistical difference was 
observed for this character in transgenic lines (Table 2). 
The same results were observed in all three years of field 
trials. Flag leaf area showed non-significant variation when 
different lines were compared with each other and control. 

 
 

Figure 4. Identification of hybrid of CP1 and transgenic lines. 
(1) Transgenic plant. 
(2) Hybrid of CP1 and transgenic. 
(3) CP1. 
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The presence or absence of awns is widely used to identify 
a variety or line and awns were absent on all transgenic 
lines while they were observed in untransformed control. 
Transgenic lines were superior to untransformed control 
during all years. Transgenic lines produced 40% more 
grains as compared to control (Table 2). 

The variation with respect to grain length was within the 
range of 7.55-7.85 mm. The average kernel length in the 
control was recorded as 7.40 mm, which is comparable 
with the different transgenic lines. The average breadth 
ranged from 1.95 to 2.19 mm in different transgenic lines. 
It was found that all plants had ratio greater than 3.5 and 
fell in the category of long slender grains. The elongation 
ratio of the cooked seeds was also observed which was 
significantly different between transgenic lines. Bursting 
and curling are important parameters of cooked rice. The 
transgenic lines were significantly different for these 
characters (Table 3). 

Average amylose contents were 23.67% for transgenic lines 
compared to 23.65% in the control. All the lines fall into 
intermediate amylose group according to the classification 
provided by INGER (1996). No variation was observed 
with respect to alkali spreading value, which ranged from 
4-5 and gave a clue about the intermediate gelatinization 
temperature. Aroma was present in all transgenic lines as 
well as in the untransformed control (Table 3).  

Risk assessment studies 

No statistical difference was found for the germination of 
the three local varieties of wheat on filter paper moistened 
with extract of transgenic straw. The germination 
percentage for different varieties and under different 
treatments ranged between 96.3 and 99.3 for the control 
and transgenic plants respectively (Table 4). So, there is 
likely to be no allelopathic effect of transgenic rice on 
rotation crops such as wheat. 

The presence of different non-target insects, predators and 

visiting insects (Table 5) was observed in the field and their 
activities were characterized. Transgenic plants did not 
have any effect on the survival of non-target insects. 
Throughout the field trial the damage was found 5.0, 6.1 
and 6.3% in transgenic lines while 6.2, 5.1 and 6.4% 
respectively in control (Table 1 and Table 5). There was no 
significant difference in transgenic and untransformed 
control when leaf damage was compared.  

Transgenic rice grains had no harmful effect on storage 
pests. Insect damaged transgenic grains as well as control 
with no significant difference. The damage in transgenic 
lines L-8-22-2, L-8-22-32 and L-8-22-35 showed 69.5, 86.5 
and 105% respectively as compared to 100% damage in 
untransformed control plants (Table 1 and Table 5).  

Twenty-one hybrids were identified in a population of 
15,000 plants on the basis of leaf color with 0.14% out 
crossing. Fifteen hybrids were subjected to insect bioassays 
and ELISA. Fourteen out of 15 plants were positive in both 
tests. In F2 population segregation ratios were tested on 
media containing 50 mg/ml hygromycin, 12 hygromycin 
positive plants were randomly selected from progeny of a 
single hybrid and subjected to ELISA, 7 out of 12 proved 
positive for cry1Ac. Chi square test confirmed the 
Mendelian inheritance for cry1Ac. Artificial crosses were 
also attempted between L-8-22-2, L-8-22-32, CP1 and 
Basmati-370 in all combinations. F1 plants were grown and 
it was observed that all F1 plants of transgenic lines and 
Basmati-370 as well as transgenic lines and CP-1 were 
ELISA positive for cry1Ac. It was determined that cry1Ac 
gene transferred in 58% of hybrid plants.  

DISCUSSION 

Transgenic rice expressing genes encoding insecticidal 
crystalline proteins from Bacillus thuringiensis could 
dramatically reduce the use of conventional broad-spectrum 
pesticides against insect pests. There is always a risk that 
insects could become resistant to Bt toxins after prolonged 
and repeated field exposure. The most practical approach to  

Table 4. Allelopathic effects of transgenic rice on germination of three varieties of wheat. 

 
Treatments (Genes) Punjab, 96 Uqab, 2000 Iqbal, 2000 

cry1Ac + cry2A 99.00a 97.70a 98.00a 

cry1Ac 99.30a 98.00a 99.00a 

cry2A 98.70a 97.00a 97.70a 

Control 96.30a 99.00a 97.30a 

Note: Numbers with the same letter are not significantly different from each other according to LSD test at 5% level of significance. 
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prolong the effectiveness of Bt crops was a high 
dose/refugia strategy and pyramiding of two or more genes 
in the same cultivar (Cohen et al. 2000). Here we review 
the performance of different locally transformed lines of 
basmati rice against devastating insects during 2003-2005. 
The response of transgenic lines to non-target insects, 
chances of pollen mediated gene flow, morphological and 
physiological variation in transgenic plants and lessons 

learned through six years of field trials are also discussed.  

Different transgenic lines provided up to 100% and 96% 
additional resistance against YSB at vegetative and 
flowering stage respectively while 98% additional 
resistance against RLF. Although white heads were 
observed in all transgenic lines expressing the two Bt genes 
but we failed to recover any live larvae from stem cutting 
rather all the larvae recovered were dead showing typical 

Table 5. Non-target insects of rice.

 
S. No. Common Name Scientific Name Family Order 

Non-Target Insects of Rice 

 1. Rice Bug Leptocorisa acuta (Thunberg) Coreidae Hemiptera 

 2. Rice Thrips Stenchaetothrips biformis Bagnall Thripidae Thysanoptera

 3.  White-backed plant hopper Sogatekka furcifera Horvath Delphacidae Homoptera 

 4. Green leafhopper Nephotellix cincticeps Ishihera  Deltocephalidae Homoptera 

 5. Brown Plant hopper Nilapavata lugens Stal Delpecidae Homoptera 

 6. White leafhopper Cofana spectra (Dist.) Cicadellidae Homoptera 

 7. Rice Grasshopper Hieroglyphus banian Fb. Acridae Orthoptera 

 8. Paddy Grasshopper Oxya hyla (Serv.) Acridae Orthoptera 

 9. Paddy Grasshopper O. velox Acridae Orthoptera 

 10. Rice Grasshopper Atractomorpha crenulata F. Acridae Orthoptera 

 11. Rice Grasshopper Acrida exaltata Wlk. Acridae Orthoptera 

 12. Rice Stink Bugs Oebalus pugnax Fabricius. Pentatomidae Hemiptera 

Predators 

 1. Praying Mantid  Stagmomantis Carolina Johannson Mantidae Mantodea 

 2. Dragon Fly Sympetrum vulgatum Aeshnidae Odonata 

 3. Damsen Fly Coenagrion puella Coenagrionidae Odonata 

 4. Spiders Attacobius attarum Corinnidae Arachnida 

Storage Pests 

 1. Red Flour Beetle Tribolium castaneum Herbst Tenebrionidae Coleoptera 

Visiting Insects 

 1. Red Pumpkin Beetle Aulacophora foveicollis Lucas Chrysomelidae Coleoptera 

 2. Sugarcane Pyrilla Pyrilla perpusilla Walk. Lophopidae Hemiptera 

 



Insect resistance and risk assessment studies of advanced generations of basmati rice 

 248

symptoms of Bt toxicity (Bashir et al. 2005). These lines 
provided built-in resistance against target insects at all 
stages of plant growth. Up to 8th generation and after five 
years of field exposure, it was observed that resistance 
against insects was very stable during all years.  

Resistance to different lepidopteron insects has been 
reported in Japonica and Indica rice expressing Bt toxins 
(Ye et al. 2001a; Ye et al. 2001b; Ye et al. 2003; Bashir et 
al. 2004a; Breitler et al. 2004; Bashir et al. 2005), and one 
report described resistance against eight lepidopteran 
insects through expression of the cry1Ab gene (Shu et al. 
2000). Present results showed that lines expressing two Bt 
genes are not only important for resistance management but 
also provided high level of protection against economically 
important lepidopteran insects.  

Recently, Zhau et al. (2003) reported results from a green 
house study that pyramiding two toxin genes with different 
modes of action into plants offers a means of achieving 
longer delays in the development of resistance and mostly 
fit the predictions of simple genetic simulation models. 
Toxin titer differs substantially among plant lines that are 
transformed with the same Bt gene construct (Cheng et al. 
1998; Datta et al. 1998) and declines substantially at 
reproductive stages in rice (Alinia et al. 2000). The 
selection of lines expressing high dose titer is extremely 
important. These lines expressed high levels of Bt protein 
during all stages of plant growth (Bashir et al. 2005)  

Lines harbouring two Bt genes were superior as compared 
to untransformed control with respect to the average no. of 
tillers, average plant height, days to flowering as well as 
lodging incidence. Lines L-8-22-2, L-8-22-32 and L-8-22-
35 had a 36-37% reduction in plant height and this 
characteristic was stably inherited up to 8th generation as 
data recorded in field were in line with data recorded in 
2001-2002 (Bashir et al. 2005). Reduction in plant height 
also contributed significantly to resistance to lodging in 
these lines.  Short plants are desirable from the breeding 
point of view and several reports indicated that 
transformation inherently reduced plant height (Jiang et al. 
2000). Lines L-8-22-2, L-8-22-32 and L-8-22-35 were up to 
25 days earlier in flowering.  

It is already documented that transgenic lines may be early 
or late in maturity (Jiang et al. 2000). Possible reasons for 
this morphological variation may be somaclonal variation 
(Larkin and Scowcroft, 1981), breakdown of plant genes 
caused by transgene insertion or insertion mutagenesis 
(Van Lijsebettens et al. 1991), pleiotropy or transgene 
induced endogenous silencing (Matzke et al. 2000). 
Somaclonal variation seems the most likely cause of these 
changes as it took more time to produce transgenic plants as 
compared to normal tissue culture procedure and the longer 
the tissue culture time the higher the frequency of 
somaclonal variation (Kaeppler et al. 2000). Antibodies like 
hygromycin in this case might also induce mutations in rice 
(Wu et al. 2000).  

No significant variation was observed for the characteristics 
like panicle length and flag leaf area. It was also concluded 
that the most affected characteristics were the average 
number of tillers, plant height and maturity and other 
characteristics were comparable with control. The yield of 
all transgenic lines was significantly superior to the control. 

In short, transgenic basmati lines expressing two unrelated 
Bt genes, cry1Ac and cry2A provided protection against 
lepidopteran insects throughout the growth period. Three 
homozygous lines (L-8-22-2, L-8-22-32 and L-8-22-35) 
derived from a single line provided high resistance against 
lepidopteran insects till harvesting and were desirable in 
morphological characteristic. Most importantly these lines 
showed resistance up to advanced generations and we did 
not observe gene silencing or segregation for cry genes. 
Although these lines were significantly different from 
untransformed control for plant height, days to maturity. 
These characteristics were stably inherited till 8th 
generation and we did not observe any abnormality or 
segregation associated with these lines.  

Only 5% of rice grown is used as processed food and 
humans consume 95% as unprocessed food, which 
increases the importance of its physiochemical properties. 
Grains were long and slender with average length between 
7.55 to 7.85 mm. variation with respect to apparent amylose 
content was not significant as all the lines fall in the 
category of intermediate amylose content (between 23-25% 
apparent amylose; IRRI, 1972). Little variation may result 
from environment, as amylose contents vary among 
panicles and plants. Variation of alkali spreading value was 
negligible.  

The response of all transgenic lines to cooking, i.e., curling 
and bursting percentage, elongation ratio and stickiness also 
varied among all lines. Aroma was present in all transgenic 
lines as well as in control plants. Small variation with 
respect to different physiochemical properties among lines 
may be correlated with the environment. Although all lines 
were sown in a similar environment and at the same time, 
these lines significantly differ in terms of the days required 
for maturity. Thus different lines experienced different 
temperatures at the grain ripening stage, which slightly 
changed their physiochemical properties (Stansel et al. 
1965). Therefore it was observed that transformation does 
not alter the physiochemical properties of rice. 

Risk assessment studies 

Allelopathic effects of transgenic rice on germination of 
wheat are extremely important in an ecosystem with wheat 
rice rotation. No difference was observed in the effects of 
transgenic lines on the germination of wheat. Results 
suggest that Bt rice is safe for non-target insects, storage 
pests and visiting insects and has no effect on the 
germination of wheat. The chances of pollen-mediated gene 
flow from transgenic lines to their untransformed 
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counterparts through natural cross-pollination are also very 
low (0.14%). 

The specificity of cry genes for particular orders of insects 
is their most significant attribute. Bt sprays do not disturb 
the overall buildup of predator or parasitoid communities or 
population trajectories of non-target herbivores (Plant 
hoppers and leafhoppers; Schoenly et al. 2003). A common 
method to check the response of transgenic lines to such 
insects is to compare the number of non-target insects on 
the transgenic lines and controls (Fitt et al. 1994; Sims, 
1995; Orr and Landis, 1997; Bashir et al. 2004a; Bashir et 
al. 2004b). Results from the present study suggest that Bt 
rice is safe for non-target insects, storage pests and visiting 
insects. 

CONCLUDING REMARKS 

Our group has been engaged in field trials of Bt rice since 
2000 and so far we have evaluated 16 different transgenic 
lines expressing one (cry1Ac or cry2A), two (cry1Ac + 
cry2A) and three genes (cry1Ac + cry2A + gna). 
Transgenic lines (L-8-22-2, L-8-22-32 and L-8-22-35) 
showed highest level of resistance against lepidopteran 
insects among all lines we have tested so far. Transgenic 
rice is a source of efficient control against most damaging 
insect pests of rice crop. The transgenic plants are more 
than 96% resistant against YSB and RLF. These lines also 
showed better agronomic and morphological characteristics 
as compared to control, i.e. plant height, number of tillers, 
days to maturity, grain length, yield, etc. These lines 
showed no harmful effects on non-target beneficial insects 
and no allelopathic effects on germination of wheat. The 
chances of pollen-mediated gene flow from transgenic lines 
to non-transformed plants were negligible. On the basis of 
data presented to date, these lines seem suitable candidate 
to be released as the first Indica basmati rice expressing two 
Bt genes. 
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