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INTRODUCTION 

Rice (Oryza sativa L.) is the world's most important crop as it is the major source 

of food and income for about 40% of the global population. In Asia, rice is the 

lifeline. More than 90% of the world's rice production, currently about 520 million 

tonnes, is produced in Asia, providing livelihood for 3100 million people in the 

region. With the growing population of the continent, by about 56 million every 

year, the domestic demand of rice is expected to exceed 770 million tonnes by the 

year 2025. If the present trends continue, within 20 years, most of the Asian 

countries will no longer be self-sufficient in rice. In the latest session of the 

International Rice Commission, held in Cairo, rice experts were describing the 

challenges ahead as "mind boggling". It was estimated that over the next 30 years, 

the yield ceiling of irrigated rice in Asia will need to be doubled, and this will have 

to be achieved using less land, water, labour and fewer chemical inputs, 

particularly pesticides. 

Out of the 22 species of the genus Oryza, only two, 0. sativa and 0. giaberrima, 

are cultivated. The three subspecies of 0. sativa (indica, japonica and javanica) 

are grown in different regions of the world. Indica rice is the most widely grown 

subspecies, occupying 80% of the cultivated area. Maintaining adequate supply of 

rice, with diminishing natural resources and increasing biotic and abiotic stresses, 

for the alarming annual increase in rice consuming population of Asia, is a 

formidable challenge to the rice growing and consuming countries. 
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Rice improvement through conventional breeding methods has met with 

considerable success. Green Revolution technologies, which spurred increases in 

annual rice production by more than 3%, are now considered "almost exhausted". 

Recent advances in modem biology, especially molecular biology and genetic 

engineering, offer numerous opportunities for genetic enhancement and meeting 

the challenges of declining productivity of rice. Genetic transformation methods 

have made it possible te introduce novel genes into rice, across barriers of genomic 

and sexual incompatibilities (Cao et al., 1992; Lucca et al., 2001). Transgenic rice 

plants carrying desirable traits such as enhanced resistance to insect pest, disease or 

herbicide tolerance, are becoming available (Christou et al., 1991; Fujimoto et al., 

1993; Rathore et al., 1993; Lin et al., 1995; Wunn et al., 1996; Alam et al., 1998; 

Tu et al., 1998; Maqbool et al., 2001; Khanna and Raina, 2002). Commerciali­

zation of transgenic Bt crops has been approved in several countries including 

some Asian countries such as India and China. In the year 2003, more than 18% of 

the global area under transgenic crops was planted with Bt transgenic crops (James 

2003). Philippines is the first Asian country to have approved a transgenic Bt-food 

crop (corn) for commercial cultivation, in 2003. 

Out of approximately 67000 pest species that damage agricultural crops, about 

9000 species are insects and mites (Ross and Lembi, 1985). Pest associated losses 

in major crops vary from 52% in wheat to about 84% in cotton (Oerke et al., 

1994). Insects not only inflict direct losses to the agricultural production, but also 

inflict damage indirectly due to their role as vectors of various plant pathogens. In 

addition to these losses in production, they also increase the cost of production by 

way of pesticides used, currently valued at us $10 billion annually. Extensive use 
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of pesticides impacts insect ecology, soil health, human health and ground water 

resources. 

About 100 insect species are known to visit rice. Of these, 20 are known to cause 

significant economic damage. The lepidopteran stem borers are generally 

considered to be the most destructive pests, causing estimated losses of 5-30% of 

the total yield of rice. Recovery of 5% of this yield loss (equivalent to 25 million 

tons of rice) could provide food for one year for the approximately 140 million 

people. Yellow stem borer (Scirpophaga incertulas) and striped stem borer (Chilo 

suppressalis) are widely distributed in Asia. 

Enhancing insect resistance in crop plants has been one of the major objectives in 

crop improvement. However, only a little is understood about the mechanisms of 

insect resistance. Despite screening of more than 30,000 accessions of rice at IRRI, 

Philippines, none of the rice varieties developed so far have more than a moderate 

level of resistance (Khan et al., 1991). Hence recombinant-DNA technologies are 

being considered to enhance resistance. 

In this period of transition, from "Green Revolution" to "Gene Revolution" 

technology, we are witnessing remarkable changes in biological sciences made 

possible by advances in biotechnology and bioinforrnatics. The power of genetic 

engineering has created unprecedented opportunities, not only for the manipulation 

of biological systems, but also for undertaking studies to understand the 

fundamental processes of life. It provides unusual scope for tailoring plants to suit 

different growing conditions and consumer needs. For example, the use' of 
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transgenes to enhance insect-resistance in crop plants provides an effective 

alternative to the massive use of insecticides for control of insect pests in 

agricultural fields. 

Chemical control of stem borers is difficult and often ineffective because the larvae 

hide inside the stem, protected from sprayed insecticides. Genetic transformation 

of crop plants with Bt gene(s) is an important technological advancement, as it is 

highly toxic, yet highly specific. However, as is the case with other genes for 

enhancing resistance, insect pests will eventually develop resistance to Bt toxins. 

Therefore, concerted efforts must be made to delay breakdown of resistance 

against the powerful tool. Many strategies to manage resistance to Bt have been 

proposed (Cohen et al., 2000; Shelton et al., 2000, 2002). There is widespread 

agreement that the "high-dose/refuge" strategy is the most promising and practical 

approach to prolong the effectiveness of· Bt toxin. Another important 

recommendation has been the deployment of two or more insecticidal genes with 

different binding sites andlor different mode of action. 

The present research work was taken up for genetic transformation of an elite 

indica rice breeding line, Pusa Basmati-l (a semi-dwarf, high yielding and fine 

grain aromatic rice variety, but highly susceptible to many insect pests and 

diseases). The specific objective was to develop Bt transgenic lines having more 

than one Bt cry genes driven by specific promoters. It was also proposed that only 

'clean DNA' transformation approach will be used to develop such transgenics, in 

view of concerns voiced by several stakeholders against incorporation of plasmid 

vector backbone sequences into the plant genome. 



REVIEW OF LITERATURE 

Rice is the major staple food crop in India, grown on 25% of the total cropped area 

and accounts for about 42% of the country's food production. While the current 

rice production is about 90 million tons, the projected requirement (year 2025) has 

been estimated to be about 140 million tons. Since independence, the popUlation 

has grown from about 350 million to more than 1 billion and is projected to reach 

1.6 billion by the year 2050. Though Indian agriculture has traveled a long way, 

however the growing population is a grim reminder of the need to still produce 

more food if the nation were not to relapse into deficit. The challenges in crop 

improvement are appearing at a much faster pace than ever before, with 

diminishing natural resources and increasing biotic and abiotic stresses. Biotic 

stresses take a heavy toll of crop productivity. In India, insects (Table 1), 

nematodes, weeds and fungal, bacterial and viral pathogens, collectively result an 

average of about 45% yield loss (Agnihotri 1999). World crop losses without 

pesticide llse and other non-chemical control strategies have been estimated to be 

about 70% of the production. Despite all efforts to prevent pre-harvest losses, pests 

continue to destroy over half of the global crop production (Pimentil and Raven 

2000). Only 5% recovery of the damage caused by the rice stem borers can provide 

food for 140 million people for one year. 

Stem borers belong to the order Lepidoptera. Adult moths (Fig. 1a) lay eggs 

mostly on the leaf blades (Fig. 1 b). The larvae (Fig. 1 c) bore jnto the plant stem 
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Table 1. Losses caused by some important pests 

Pest 

Common Name Scientific Name 

Brown Plant Hopper Nilaparvata Lugens 

Rice gall midge Orseolia oryzae 

Rice stem borer Scirpophaga incertulas 

Sorghum shoot fly Antherigona soccata 

Sorghum midge Contarinia sorghicola 

Maize pink borer Sesamia inferens 

Pulse stem fly Ophiomyia sp. 

Mustard aphid Lipaphis erysimi .. 
Cotton boll worm Spodoptera sp. & others 

Cotton white fly Bemisia tabaci 

Groundnut leafminer Aproaerema modicella 

Safflower aphid Dactynotus carlhami 

Caster semilooper Achea janata 

Linseed budfly Dasineura lin; 

Brinjal fruit & stem borer Lucinodes orbonaLis 

Chilli midge Aspordylia capsici 

REVIEW OF LITERATURE 

Productivity 

Loss (%) 

10-70 

15-60 

25-30 

30-60 

30-50 

25-75 

50-72 

30-70 

50-60 

53-80 

24-92 

9-67 

40 

30 

48 

60-80 

Source: Agnihotri, 1999. 
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and damage it while feeding inside the stem. Attacks during the vegetative growth 

stage of the plant (seedling to stem elongation) result into the death of the central 

shoot, the symptom typically known as "dead-heart" (Fig. Id). The damaged 

shoots do not produce panicle, and thus, no grain. Attacks of stem borers during 

the reproductive stage (panicle initiation to milk grain) cause severing of the 

developing panicle at its base. As a result, the panicle becomes chaffy and white in 

color. Such empty panicles are called "white-heads" (Fig. Ie). Chemical control of 

stem borers is difficult and often ineffective, moreover, the extensive use of 

pesticides results in adverse effects on the beneficial organisms, leaves pesticide 

residues in the food and results in the environmental pollution. Except for some 

moderate levels, genetic sources of resistance have not been identified despite 

extensive screening of rice accessions (Khan et al., 1991). It is in this context 

transgenic technology becomes an important and relevant part of the equation. 

2.1 Genetic transformation of rice 

Several methods of introducing foreign DNA into protoplasts and intact cells are 

available. Following methods have been repeatedly successful: (i) polyethylene­

glycol (PEG) and electroporation methods for introduction of DNA into 

protoplasts, (ii) Biolistic, and (iii) Agrobacterium-mediated methods of gene 

transfer for intact cells. In the absence of Agrobacterium-mediated T -DNA 

delivery system, protoplast transformation method was the only system of choice 

for transformation in rice. However, development of fertile transgenic plants from 

protoplasts is a laborious, time-consuming and genotype dependent process. In the 

past few years, methods for transformation of intact cells have been developed, and 

these include Biolistic and Agrobucterium-mediated methods of transformation. 
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Biolistic method of gene transfer has emerged as a simple and promising 

alternative for cereal transformation and has been successfully used in maize, rice, 

sugarcane and wheat transformation. 

Since monocots, including rice, are not a natural host to Agrobacterium 

tumefaciens infection, the transformation methods employed were largely 

restricted to direct gene transfer into isolated protoplasts. In early 1990s, attempts 

were made to introduce marker genes into some cereal plants using the T-DNA 

delivery system of Agrobacterium. (Raineri et aI., 1990; Mooney et al., 1991; 

Chan et al., 1992; Li et aI., 1992). Chan et al. (1993) were among the pioneers to 

demonstrate inheritance of transferred DNA in the progenies of transgenic rice 

plants generated using Agrobacterium. The most convincing demonstration of 

Agrobacterium-mediated rice transformation was shown by Hiei et al. (1994). 

Agrobacterium-mediated transformation method is preferred in many cases, as it 

does not involve protoplasts, and in general, results in higher transformation 

efficiency and a more predictable pattern of foreign DNA integration than any 

other transformation method (Hiei et aI., 1994; Sivamani et al., 1996; Rashid et al., 

1996; Toki 1997). Although, Agrobacterium relies on a host-parasite interaction in 

order to be successful, the limitations have been overcome with our increased 

knowledge of the biological vector (Hansen et al., 1994; Hiei et al., 1994; Ishida et 

al.,1996). 

The first transgenic rice was reported for japonica varieties by three independent 

groups (Toriyama et al., 1988; Zhang et al., 1988; Zhang and Wu, 1988). The fIrst 

fertile transgenic indica rice was obtained by Datta et al. (1990). In the recent past, 
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reports on transformation of indica rice have been accumulating (Christou et al., 

1991; Datta et al., 1992; Hayakawa et aI., 1992; Peng et al., 1992; Cao et al., 

1992; Fujimoto et al., 1993; Rathore et al., 1993). Currently, several protocols for 

transformation of indica rice by Agrobacterium-mediated (Hiei et al., 1994; 

Sivamani et al., 1996; Rashid et al., 1996; Toki 1997; Cheng et al., 1998; Khanna 

and Raina, 1999) and biolistic (Christou and Ford, 1995; Wunn et al., 1996; 

Ghareyazie et al., 1997; Khanna and Raina, 2002) methods are available. 

2.2 Biolistic transformation 

Biolistic method was invented by John Sanford at Cornell University (Sanford et 

al., 1987). The particle acceleration system as a method of gene delivery in intact 

cells and tissues has been also employed in cereals, including rice. Christou et al. 

(1991) were the first to obtain transgenic rice plants by DNA delivery into 

immature embryos of several commercially important indica and japonica rice 

cultivars using Acell technology. Later, Cao et al. (1992) reported the production 

of transgenic rice plants from embryogenic cell suspensions using the helium 

driven (PDS-l OOOlHe) biolistic gun. Since then, this method has been widely used 

for the generation of transgenic rice plants (Li et al., 1993; Duan et al., 1996; 

Wunn et al., 1996; Ghareyazie et al., 1997; Khanna et al., 1997; Datta et al., 1998; 

Tu et al., 1998; Khanna and Raina, 2002). 

A major advantage of biolistic transformation is that a wide variety of explant 

tissues can be used as targets for gene delivery. Therefore, this technique can be 

tested for transformation of species and cultivars that are not readily amenable to 

plantlet regeneration from protoplasts. Moreover, this method can be used to study 
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developmentally regulated gene expression m specialized cells or tissues by 

introducing different gene constructs into spatially distinct plant parts at particular 

stages in their development (Khush and Toenniessen, 1991). Multiple genes can be 

introduced by co-transformation (Hadi et ai., 1996; Chen et ai., 1998) and larger 

fragments of DNA, including yeast artificial chromosome, can be introduced 

(VanEck et ai., 1995). When combined with the 'clean DNA' transformation 

method, it produces transgenic plants with very simple integration patterns and low 

transgene copy numbers, resulting in stable expression of the trans gene over many 

generations and almost no gene silencing (Fu et ai., 2000; Loc et ai., 2002). 

2.2.1 Clean DNA transformation 

The two commonly used rice transformation techniques, viz. Direct DNA transfer 

(Christou et ai., 1991), and Agrobacterium-mediated transformation (Hiei et ai., 

1994), generally leads to the integration of vector backbone sequences into the host 

genome (Knonov et ai., 1997). The integration of vector backbone may exert 

undesirable effects in cis (Artelt et ai., 1991) as well as promotes transgene 

rearrangements. Although, it has been a common practice for all the vector 

backbone sequences to be removed before microinjecting the foreign DNA into 

animal eggs or embryos (Palmiter and Brinster, 1986), whole plasmid 

bombardment IS a common practice for plant transformation. In case of 

microprojectile-mediated direct DNA transfer, the vector backbone sequences of 

the linear or super-coiled plasmid, get integrated into the host plant genome along 

with the transgene( s). Even in the case of Agrobacterium-mediated transformation, 

initially thOUght to generate only 'clean' transgenic events, however, may show as 
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high as 33% transformants having T-DNA exceeding the left border repeat (Wenck 

et at., 1997). futegrated vector backbone sequences may serve as recombination 

hotspots leading to illegitimate recombination, trans gene rearrangement and 

plasmid multimerization, made possible by the presence of any AT rich 

recombinogenic sequences in the plasmid backbone (Muller et at., 1999). Besides, 

a large transgenic locus may be meiotically unstable and, thereby, more prone to 

excision and loss of trans gene expression (Stoger et at., 1998). There is also 

possibility of new replicons, comprising of plasmid ori and host plant genomic 

DNA, may escape into the environment (Fu et at., 2000). 

Unlike the Agrobactenum-mediated transformation, in which the use of whole 

plasmid is obligatory, vector backbone serves no specific purpose in biolistic 

transformation. Therefore, Fu et at., (2000) investigated trans gene integration and 

expression patterns in rice, following microprojectile-mediated direct DNA 

transformation using minimal trans gene cassettes (promoter-open reading frame­

terminator). Results revealed that such transformants had predominantly 'simple' 

integration events, produced transgenic plants with low-copy number and a low 

frequen,cy of transgene re-arrangements. fu a subsequent study, Loc et at. (2002) 

confirmed the utility of 'clean DNA' transformation technique for rice. Higher 

levels of trans gene product accumulation were found in transgenics derived from 

minimal gene cassette transformations, in comparison to those derived from whole 

plasmids. Besides, they did not find any instances of trans gene silencing after 

transformation with minimal gene cassettes, and co-integration of three genes was 

not affected by co-transformation with minimal gene-cassettes fragments. Co-
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bombardment with two 'clean DNA' gene cassette fragments, one carrying the 

gene of interest and plant selectable marker gene on the other, allows integration of 

transgenes at different loci of the host genome. Such integrations facilitate 

separation of any unwanted marker gene from the gene of interest during 

segregation of the genes in the progenies. 

A large number of Bt-transgenic lines of elite indica rice breeding line has been 

generated in our laboratory, mainly through the process of biolistic transformation 

(Khanna and Raina, 2002; Talwar and Raina, unpublished). 'Clean DNA' gene­

cassette fragments, generated by restriction digestion and gel extraction, have been 

used for rice transformation. However, isolating the gene-cassette fragment DNA, 

in sufficient quantities, is not only cumbersome and time consuming but also 

laborious and expensive process. Low yield of the desired fragment DNA, 

following restriction digestion and gel extraction, has been the main limitation, 

while availability of suitable restriction sites flanking the gene expression cassette 

was the other. Certain amounts of flanking vector backbone sequences are still 

retained, depending upon the availability of restriction sites for appropriate 

restriction enzyme(s). 

2.3 Bacillus thuringiensis 

Bacillus thuringiensis Berliner, commonly known as Bt, is a naturally occurring, 

ubiquitous, facultative anaerobic, gram-positive, rod shaped, spore forming soil 

bacterium (Fig. 2a). Bt research began when a Japanese bacteriologist, Shingetane 

Ishawata, isolated a bacillus from diseased silkworm larvae (Ishawata 1901). 
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About a decade later, a similar organism was isolated and named as Bacillus 

thuringiensis by Ernst Berliner (Berliner 1911). Berliner reported the existence of 

crystal within B. thuringiensis, and in 1916, Aoki and Chigasaki found that the 

insecticidal activity was due to the toxin present in the sporulated cultures (Beegle 

and Yamamoto, 1992). Bt produces crystalline inclusions during sporulation (Fig. 

2b) which contain insecticidal proteins called 3-endotoxins. More than 67 

subspecies of B. thuringiensis have been identified, the most commonly known and 

useful in agriculture is the subspecies kurstaki, which is active against a wide range 

of lepidopteran insects (Bajwa and Kogan, 2001). 

One of the main classification characteristics of B. thuringiensis is its ability to 

form insecticidal crystal protein (ICP) during sporulation (Fig. 2c). It is usually 

located outside the spore, often in the same cell. Bt isolates can be classified into 

about 30 serotypes based on biochemical properties and flagellar H-antigens (de 

Barjac and Frachon, 1990). However, this classification does not reflect the 

bacterial pathotype, which is essentially defined by the 3-endotoxins (Lereclus et 

al., 1993). This insecticidal protein is synthesized after stage II of sporulation (t2-

t3) and accumulates in the mother cell as crystal, which can account for up to 25% 

of the dry weight of the sporulated cells (Ribier and Lecadet, 1973). Hafte and 

Whiteley (1989) proposed nomenclature and classification of 3-endotoxins 

according to their insecticidal properties and molecular relationships. Initially, Bt 

toxins were classified into 14 distinct groups and 4 classes (Hofte and Whiteley, 

1989) based on their insect specificity (host spectrum designated in roman 

numerals). These are: 
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• CryI (contain proteins of 130 kDa, and are specifically active against 

Lepidopteran larvae) 

• CryU (contain proteins of 70 kDa that are specifically active against 

lepidopteran and dipteran larvae) 

• CryIII (contain proteins of 70 kDa specifically active against 

coleopteran larvae) 

• CryIV (contain proteins that are active against the dipteran larvae). 

Nomenclature of the proteins considers differences in the amino acid sequences 

with the already known ICP and chronological order of discovery of the proteins 

(Fig. 3). The system was further extended to include type V genes that encode for 

proteins effective against lepidopteran and coleopteran larvae (Tailor et al., 1992). 

Later many more classes have been added (Feitelson et al., 1992; Crickmore et al., 

1996). New isolates effective against nematodes and other pests have also been 

described (Edwards et al., 1988; Schwab and Halloran, 1989). More than 50 Cry 

proteins are known now, of which 28 genes have been isolated from 14 different Bt 

SUbspecies that have been shown to be effective against insects (Krattiger 1997). 

Classifications of new Bt toxin according to the old system (Hofie and Whiteley 

classification) became difficult, therefore a new system was designed (OSU, 1997; 

Krattiger 1997). 

2.3.1 Bt as biopesticide 

The attempts to use Bt for insect control started in late 1920s against European 

com borer (Ostrinia nubilalis) in southeastern Europe (Van Frankenhuyzen 1993). 
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ICP Gene and Protein Nomenclature 

~ crylAa -an ICPgene 
~ CrylAa - crystal protein 

Lowercase for "gene" Capital letter 

Uppercase for "protein" 1. Major differences in amino acid 

A7 
sequences 

2. Chronological order in which a gene 
sequence was published 

~Ir 

cry 1 Lowercase letter 

t 1. Minor difference in amino acid 
sequence 

.1 Principal host spectrum 
1 

2. Chronological order in which a 
gene sequence was published 

Fig. 3. Nomenclature system for Insecticidal Crystaline Proteins (ICPs) and genes. 

The first Bt product, as biopesticide, was commercialized in 1938 in France for the 

control of flour moth (Jacos 1951). The first Bt formulations were available for 

field testing in USA in 1958 (Faust 1974). Many wild type Bt isolates produce 

multiple o-endotoxins, each having a characteristic insecticidal activity. In the past 

decades, many Bt strains with different insect host spectra have been identified and 

used in biopesticide formulations. Identification of the subspecies kurstaki 

provided a boost for commercialization of Bt. The HD-I strain, identified by 

Dulmage (1981), is the most important Bt product in the market. Moreover, the 

problems associated with specificity, shelflife, potency and presence of viable 

spores have been overcome by using modem tools in microbiology and genetic 

engineering. 
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Bt has been used for a long time as an effective biopesticide in agriculture, yet it 

represents less than 1 % of the insectiCides used on global basis. Compared to 

chemical pesticides. microbial preparations of Bt have certain advantages: they are 

highly toxic and yet highly specific. Bt toxins are totally harmless to human, 

animals and a wide array of non-target pests. Therefore, it is ideally suited for 

integration in Integrated Pest Management (IPM) programmes (Nester et ai., 

2002). In spite of the advantages, Bt based biopesticides have several 

disadvantages also (McGaughey and Whalon, 1992). Production of the 

biopesticide is relatively expensive and its application requires the use of 

agricultural machinery. Most applications need to be repeated several times since 

sunlight (IN) breaks down the active ingredient and water (rain or dew) washes 

off the protein from plants, thus limiting the time when insects are exposed to it. 

The biopesticides, therefore, need to be applied repeatedly and are only effective 

against immature stages of lepidoptera, diptera, and coleoptera feeding on exposed 

plant surfaces. This limits its usefulness against insect pests that tunnel into the 

plants or plant parts. Examples include codling moth and com earworm, which are 

susceptible to Bt but rarely have an opportunity to eat it in field use. These 

limitations of inicrobial preparations can be overcome by expression of Bt genes in 

transgenic plants (Krattiger 1997). There are two noteworthy differences between 

the form of Bt toxins that occurs in transgenic plants and that present in Bt sprays. 

First, the Bt toxins in spray formulations are in the form of crystals and need to be 

dissolved in digestive tract of the insect before becoming toxic, while the toxins 

expressed in plants are already in a dissolved state. Second, the toxins expressed in 

plants are different from that of bacteria. Generally, Bt genes are modified (codon 

optimized and/or attached with eukaryotic promoter) to enable plants to produce 
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sufficient amount of toxins. Due to these modifications, additional biosafety tests 

of the toxins producing plants are needed. The tests conducted in United States 

have indicated that plant-produced toxins are not toxic or allergenic to test animals 

such as mice, rats, and quail, or to beneficial insects such as honeybees and 

ladybird beetles. 

2.3.2 Molecular biology of Bt toxin 

The Bt B-endotoxins constitute a family of related proteins for which more than 

140 genes have been identified (Crickmore et al. 1998). Crystalline proteins are 

inactive until they get solubilised by the midgut proteases (Tojo and Aijawa, 1983; 

Milne and Kaplan, 1993) in the insect's midgut at high pH (>9.5), releasing 

proteins called 8-endotoxins. The toxin portion is derived from the N-terminal half 

of the protoxin, while the C-terminal half is involved in the formation of parasporal 

inclusion bodies and is usually hydrolyzed into small peptides (Choma et al. 1990). 

The region within the N-terminal toxin domain (amino acids 1 to 279) is composed 

of a-helices, which are considered important in penetrating the peritrophic 

membrane of midgut epithelial cells. Cry protein has three domains: Domain I 

consists of a bundle of seven antiparallel a-helices in which 5th helix is encircled 

by the remaining helices (Fig. 4b). Domain II consists of three antiparallel f3-sheets 

joined in a typical "Greek key" topology and arranged in a so-called f3-prism fold 

(Sankaranarayanan et al., 1996; Shimizu and Morikawa, 1996). Domain III 

consists of two twisted, antiparallel f3-sheets forming a f3-sandwich with a "jelly 

roll" topology (Fig. 4a,b). The toxicity of Bt protein lies in the organization of 

a-helices derived from domain I. The C-terminal region (amino acids 461-695) 
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and the highly variable region (amino acids 280-460) are considered to be 

important in toxin specificity by coding for open 13-sheets that bind to glycoprotein 

receptors on brush border membrane vesicles (BBMV) in the midgut (Lee et al., 

1992). 

There may be many toxin binding protein (12 to 180 kDa glycoprotein) receptors 

(Garczynski et al., 1991; Knowles et al., 1991). The toxin gets inserted irreversibly 

into the brush border membrane leading to lesion formation. Positive correlation 

between toxin activity and its ability to bind BBMV (the number of receptors) has 

been observed (Gill et al., 1992; Van Rie et al., 1990). 

2.3.3 Mechanism of action of Bt toxin 

When insect ingest the bacterium and! or the protein, the functions of its digestive 

systems get disrupted, resulting into insect death. The crystalline inclusions are 

solubilized under alkaline conditions of insect midgut (Hofmann et at., 1988a), 

releasing the 8-endotoxins which, upon proteolytic activation (Lecadet and 

Dedonder, 1967; Tojo and Aizawa, 1983) exhibit a highly specific insecticidal 

activity (Fig. 5). Activated toxins have two known functions, receptor binding and 

ion channel activity. The activated toxin binds readily to specific receptors on the 

apical brush border of the midgut microvillae of susceptible insects (Hofmann and 

Luthy, 1986; Hofmann et al., 1988a, 1988b). Binding is a two-stage process 

involving reversible and irreversible steps, the latter step involves a tight binding 

between the toxin and receptor and insertion of domain I of the toxin into the 

apical brush border membrane (Flores et al., 1997). After binding of active toxin to 

the specific receptors, the a-helices penetrate the membrane to form an ion 



21 REVIEW OF LITERATURE 

channel into the apical brush border membrane (Fig. 6) (Knowels and Dow, 

1993). The formation of toxin induced pores in the columnar cell apical membrane 

allows rapid fluxes of ions. The pores are K+ selective (Sacchi et al., 1986), 

penneable to cations (Wolfersberger 1989), anions (Hendrickx et al., 1989) and 

solutes such as sucrose, irrespective of the charge (Schwartz et al., 1991). The 

disruption of gut integrity leads to death of the insect through starvation or 

septicaemia. 

The Bt toxins are highly insoluble in nonnal digestive system conditions, therefore 

not harmful to mammals, birds, fish or to most of the beneficial insects. Mammals, 

including humans,· do not have 8-endotoxin receptors in their guts and all the Bt 

toxins tested so far (except Cry9) are degraded within 20 seconds by the 

mammalian digestive enzymes (EPA 1998). Recent developments in cloning of 8-

endotoxin genes and their expression in transgenic crop plants have provided an 

efficient strategy for insect resistance. 

2.3.4 Bt gene for insect control 

Each Bt strain produces its own unique insecticidal crystal protein, which is 

encoded by a single gene on plasmid in the bacterium (Whalon and McGuaghey, 

1998). The genes encoding 8-endotoxins have been cloned since 1980s (Schnepf 

and Whitley, 1981). Expression of the gene in tobacco and tomato provided the 

first example of genetically engineered plants for resistance to insects (Barton et 

al., 1987; Vaeck et al., 1987). Since then, several cry genes have been introduced 

into crop plants (Estruch et al., 1997; Peferoen 1997). 
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2.3.5 Bt transgenic crops 

First reports of Bt transgenic plants encoding o-endotoxin gene were those of 

tobacco (Vaeck et al., 1987; Barton et al., 1987; Adang et al., 1987) and tomato 

(Fischhoff et al., 1987). None of the regenerated transgenic plants for native full­

length cry 1 Ab gene produced detectable level of insecticidal protein. Adang et al., 

(1987) used cry lAc (Bt var. kurstaki HD73) for Agrobacterium-mediated 

transformation of tobacco. One of the transforrnants showed some degree of 

toxicity to tobacco homworm. 

Fischhoff et al. (1987) used two truncated versions of crylAb: one encoding a 

protein with 646 amino acid and the other with 725 amino acid. Their findings 

demonstrated that expression of N-terminal fragment of o-endotoxin produced 

plants with a high level of insecticidal activity while plants containing full-length 

8-endotoxin gene did not. Subsequently, there were several reports of 8-endotoxin 

expressing transgenic plants (Table 2), including potato, cotton, tobacco, eggplants 

and tomato. 

The first report on field performance of transgenic tomato plants, expressing 8-

endotoxin gene, was that of Delannay et ai. (1989). Though crylAb gene, 

encoding 725 amino acids derived from Bt var. kurstaki RDI, was insecticidal 

against tobacco homworrn, however, higher level of the gene expression was 

needed for the control of agronomically important pests such as tomato fruit worm 

(Helicoverpa sp.). 
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Table 2. Reports of field-tested Bt transgenic crops. 

Crop Btgene used Against tbe pest References 

Com cTylAb Heliothis ,ea Koziel et al., 1993; Armstrong 
et al., 1995 

crylAc Pectin.ophora gossippielJa Buschman et 01 .• 1998. 

Potato Cry3A Leptinotorsa decemlineata PerJak et 01., 1993 
crylAb Potato tuber worm Duck and Evola, 1997 
crylAc Potato tuber worm Ebora et 01., 1994. 

Cotton crylAc Cotton ball worm Perlak: el 01.. 1990; Ienkins el 
01.,1997 

cry lAb Pink ball worm Wilson et 01., 1992; Benedict et 
al., 1996. 

Tomato crylAc Tobacco ball worm Peferoen et 01., 1987 
crylAb Tobacco homworm Delannay et ot.. 1989. 

Egg plant CrylAb Fruit borer Kumar et 01., 1998 
cT}'3B Fruit borer Iannacone et 01., 1997. 

Chickpea crylAc Pod borer Kar et al., 1997. 

Sugarcane crylAb Shoot borer Arencibia et 01., 1995, 1997. 

Rice cry lAb Yellow stem borer, Striped Wunn et 01., J 996: Datta et 01., 
stem borer 1998; Shu et 01., 2000 

cT}'IAc Yellow stem borer Nayak et al., 1997 
cry3A Rice weevil, Rice hispa Iohanson et 01 .• 1996 
cry2A-IAc-gna Rice weevil. Rice hispa Bano et al., 1999 
crylB - lAa Yellow Stem Borer Raina et al .. 2002. 

Field trial results of Bt transgenic tobacco (Carozzi et ai., 1992; Hofmann et al .• 

1992) and cotton (Wilson et al. , 1992) using truncated O-endotoxin genes were 

encouraging, but expression level of the gene was found to be lower due to the 

production of truncated transcripts. Modifications in the gene and/or regulatory 

sequences were considered necessary for enhancing gene expression. The year 

1996 marked a milestone in agricultural biotechnology: for the flfSt time Bt 

transgenic varieties of potato, cotton and com containing modified cry genes were 

released for commercial cultivation. 
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2.3.5.1 Enhanced gene expression 

Murray et al. (1991) examined expressIon of crylAb, crylAc and cry3A genes in 

electroporated protoplasts to study mRNA stability. Most of the transcripts were 

truncated and this was attributed to inefficient post-transcriptional processing or 

rapid turnover of mRNA. The instability of mRNA could be the result of 

endonucleolytic or exonucleolytic degradation at specific sequences. Codon usage 

in the native o-endotoxin genes is considerably different from that found in typical 

plant genes, which have a higher GC content. The production of truncated 

transcripts in the transgenic plants can be attributed to the high AT content of the 

bacterial native gene, which may leads to premature transcription termination or 

polyadenylation in the AT rich region or inappropriate splicing of mRNA. Later it 

was found that the truncated transcripts were the result of mRNA instability rather 

than truncation due to premature transcriptional termination. Considerable 

differences in the ORFs led to the anticipation that increasing GC content of the Bt 

genes and/or by using plant preferred codons could improve the expression of 

insecticidal proteins (Frutos et a/., 1999). 

Various strategies have been adopted to enhance Bt o-endotoxin gene expression in 

transgenic plants. These include truncation and sequence modification of the gene, 

use of regulatory elements, including tissue and temporal specific promoters. The 

problem of low level of Bt gene expression, due to AT rich sequences, was 

overcome by increasing GC content of the gene by partial or complete 

modification of the gene which resulted into significant increase in the gene 

expression (perlak et al., 1990; Koziel et al., 1993). Perlak et al. (1990) achieved 

100-fold increase in expression level, as compared to the truncated wild type gene 
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of crylAb and crylAc genes, in cotton by modifying the DNA sequence without 

changing the amino acid sequence. Koziel et al. (1993) synthesized a truncated 

crylAb gene encoding 1-648 amino acids of the protein wherein bacterial codons 

were replaced with maize preferred codons. The synthetic crylAb gene had 65% 

homology with the wild type gene and had 65% GC content instead of 37% GC 

content in the native gene. The synthetic gene was cloned under control of maize 

phophoenolpyruvate carboxylase (pepc) promoter, which gives green tissue 

specific expression of the gene, and under the control of maize pollen specific 
"~ 

promoter. Later, synthetic genes were extensively used to enhance o-endotoxin 

expression in com, potato, and rapeseed (Adang et al., 1993; Hoy and Head, 1995; 

Stewart et aI., 1997). Only four insect-resistant transgenic crops, viz. cotton, 

maize, tomato and potato producing Bt toxin have been commercialized, and only 

four Bt toxins, viz. CrylAa, CrylAb, CrylAc and Cry3Aa, are being produced in 

the commercialized Bt transgenic crop plants. 

2.3.5.2 Bt transgenic rice 

Fujimoto et al. (1993) were the first to generate Bt transgenic rice expressing 

codon-optimized truncated crylAb gene driven by constitutive CaMV35S 

promoter. The transgenic plants conferred mortality up to 50% for striped stem 

borer (SSB). Significant levels of protection against yellow stem borer (ySB), SSB 

and rice leaf folder (RLF) were observed in an indica rice cultivar IR-58 

expressing a synthetic crylAb gene under the control of CaMV35S promoter 

(Wunn et al., (1996). High level of expression of synthetic crylAc gene, driven by 

constitutive maize ubiquitin-l promoter, was observed in another indica rice 

cultivar IR-64 (Nayak et al., 1997). Insect bioassay results of the transgenic plants 
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showed effective protection of the transgenic plants against YSB larvae. Nayak et 

al. (1997) proposed, as suggested earlier by McGaughey and Whalon (1992), 

insect resistance management using their Bt transgenic lines grown alongside 

untransformed lines to serve as refuges. Enhanced resistance against YSB was 

observed in a deepwater indica rice variety Vaidehi expressing synthetic crylAb 

gene under the control of CaMV35S promoter (Alam et ai., 1998). Another 

synthetic gene, cry2Aa, encoding a Bt toxin with different receptor binding sites 

and known to be active against lepidopteran and dipteran insects, was mobilized 

into indica rice (Basmati-370 and M-7) varieties (Maqbool et ai., 1998). The 

selected transgenic lines showed 100% mortality of YSB as well as leaf folders. 

Brietler et ai. (2000) tested a codon-optimized crylB gene, driven by ubiquitin 

promoter, for enhanced resistance against SSB. Transgenic plants exhibited 85-

100% mortality of SSB larvae. 

Tissue specific expression of the Bt genes is considered to be a better strategy to 

manage insect resistance and also addresses certain biosafety concerns. Enhanced 

stem borer resistance was observed by Ghareyazie et ai. (1997) in indica rice cv. 

Tarom Molaii transformed with cry lAb under the regulatory control of pepc 

promoter. The gene expression was detected in leaf blades but not in dehulled 

mature ,grains and provided effective resistance to first-instar larvae of SSB and 

YSB. No dead-heart or whiteheads were observed on transgenic plants. Datta et al. 

(1998) transformed indica and japonica rice varieties by microprojectile 

bombardment using crylAb gene driven by green tissue specific andlor pith 

specific promoters. Cut-stem insect bioassays showed up to 100% mortality of 

YSB larvae. Highlevel CrylAb protein expression in green tissues (leaves and-



29 REVIEW OF LITERATURE 

stem) of the plants resulted in enhanced YSB resistance, and provided a better 

strategy for protection againsf the target insect pests, as also minimized the 

expression of the toxin in seeds and other tissues. Several other groups have 

succeeded in mobilizing Bt insecticidal genes into rice (Table 3). At the Center for 

International Co-operation in Agricultural Research for Development (ClRAD), 

France, the group working on Engineering Rice for Resistance to Insects used 

crylAa or crylB gene under the control of either the constitutive ubiquitin 

promoter or a wound-inducible promoter of maize proteinase inhibitor gene (mpi) 

for transformation of two rice cultivars. Insect bioassays of the transgenic plants, 

transformed with either ubi-cry 1 B or mpi-cry 1 B construct, provided full protection 

against SSB larvae in To to T4 generations. Accumulation of CrylB toxin in leaf 

and pith tissues upon wounding, and its absence in pollen grains and endosperms 

was demonstrated in mpi-cry 1 B transgenic plants. 

With the objective of prolonging effectiveness of the Bt toxin genes, and in 

keeping with the strategy of resistance management, a fusion toxin gene was used 

for rice transformation (Tu et ai., 1998). The fusion gene comprised of 1344 bp 

(encoding the N-terminus) of crylAb and 486 bp (encoding the C-terminus) of 

crylAc, Cut-stem insect bioassays of a homozygous transgenic line showed 100% 

YSB larval mortality. Maqbool and Christou (1999) co-transformed rice with two 

Bt genes (crylAc and cry2A) and a snowdrop lectin gene (gna). All the insecticidal 

genes were found to co-express, although at different levels. Based on a detailed 

molecular and expression profiling of 29 independent transgenic lines, the authors 

suggested that it would be appropriate to select transgenic lines with moderate 

levels of protein expression to minimize problems of developmental abnormalities 
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in transgenic plants. Co-transformants for all the three genes showed 100% 

protection against RLF and YSB, and 25% reduction in the survival of brown 

plant-hopper (BPH). Loc et aT. (2002) used the same three genes for rice 

transformation with minimal gene-expression-cassette bombardment. A simpler 

transgene integration pattern was observed, along with higher level accumulation 

of the insecticidal gene products and enhanced resistance against BPH and SSB, in 

comparison to the transformants generated by whole-plasmid bombardments. 

Raina et aT. (2002) tested translational fusion of cylB-lAa genes for transformation 

of indica" rice cultivars IR-64 and Pusa Basmati-I. Insect bioassays showed high 

level mortality ofYSB neonate larvae. 

2.4 Status of transgenic crops 

From a rather modest beginning (in 1992) of about 8,000 ha. in the Central Hunan 

Province of China, the global area of transgenic crops has grown to 67.7 million 

hectares in 2003 (James, 2003). In the year 2003, 99% of the global transgenic 

crop area was grown in six major countries with ten countries now growing 50,000 

. hectares or more of GM crops in all by 7 million farmers in 18 countries world 

over (see Tables 4; 5, 6 and Fig. 7). 

2.5 Future of transgenic crops 

There is increasing number of candidate genes that can be deployed for the 

development of insect-resistant crop plants. Recombinant-DNA technology and 

Bioinformatics, on the other hand, offer the possibility of developing entirely new 

biological insecticides (smart proteins) that have the advantages of classical 

biological control agents but have fewer of their drawbacks. 
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Table 3. Transgenic rice for Bt 8-endotoxin genes 

Genes Target pests 

crylAb SSB.RLF 

YSB, SSB, RLF 

YSB,SSB 

YSB,SSB 

YSB 

YSB 

crylAc YSB 

YSB.SSB 

YSB 

YSB. RLF. BPH 

YSB. SSB. etc. 

YSB 

SSB 

cry2A YSB. RLF. BPH 

(Multiple genes) YSB. RLF. BPH 

(Multiple genes) YSB, RLF. BPH 

(Multiple genes) YSB. RLF. BPH 

crylB SSB 

SSB 

Fusion genes 

cry lAb - lAc YSB, RLF 

YSB.RLF 

crylB -IAa YSB 

Cultivars OaponlcallDdk:a) 

Nipponbare 

IR-58 

Tarom Molaii 

9Cultivars 

Vaidehi 

IR-68899B (maintainer line) 

IR-64 

9 Cultivars 

10 Cultivars 

Basmati-370. M7 

Xiushui-Il 

PB- l, IR-64, Kamal Local 

Minghui 81. Minghui 

Shuhui 162 (restorer line) 

Basmati 370, M7 

Basmati 370, M7 

Basmati 370, M7 

Eyi-105, Bengal 

Ariete. Senia 

Ariete 

Minghui 63 

Minghui 63 

PB- I. IR-64 
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Table 4. Global distribution of transgenic crops. 

Country 2003 

S.No. Area (m hac.) % 

1 USA 42.8 63 

2 Argentine 13.9 21 

3 Canada 4.4 6 

4 Brazil 3.0 4 

5 China 2.8 4 

6 South Africa 0.4 1 

7 Australia 0.1 

8 India 0.1 

9 Romania 0.05 < 1% 

10 Uruguay 0.05 

Source:Ja~, 2003. 

Table 5. Global area of different transgenic crops. 

Transgenic crop 2002 2003 

Area (m hac.) % Area (m hac.) % 

Soybean 36.5 62 41.4 61 

Com 12.4 21 15.5 23 

Cotton 6.8 12 7.2 11 

Canola 3.0 5 3.6 5 

Source: James, 2003. 
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Table 6. Global area of transgenic crops with different agronomic traits. 

Transgenic trait 2002 2003 

Area (m hac.) Area (m hac.) 

Herbicide tolerance 44.2 75 49.7 73.5 

• Insect resistance 10.1 17 12.2 18.0 
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Commercial and ethical considerations have placed this technology beyond the 

reach of poorer section of society and have generated considerable public debate 

about its usefulness, effects on consumers and the environment, thus preventing its 

use as an additional tool for increasing and improving productivity of crops 

(Sharma et al., 2000). 

Biotechnological tools and techniques, if properly integrated into production 

systems, offer new opportunities to increase production and productivity by using a 

more sustainable and ecologically friendly agricultural system. Such a near-term 

biotechnological application is the insect resistant Bt transgenic crops. Review of 

the known insecticidal genes and possible insect resistance technologies reveal that 

Bt is beginning of new and safer technologies to augment productivity, to bring 

about sustainable agriculture, and to protect the environment. Bt alone is having 

more than 100 genes with insecticidal properties. Many of these can be deployed 

simultaneously to increase the level of protection and to reduce the risk of 

resistance development in the insects, provided they have different modes of 

action. 



MATERIALS AND METHODS 

3.1 Plant Material 

Pusa Basmati-1 (PB-l), a semi-dwarf, high yielding and fine grain aromatic indica 

rice breeding line, highly susceptible to many insect pests and diseases, was mainly 

used for transformation experiments. Mature seeds from pure line PB-l were used 

for the study. Panicles, free from fungal infection, were collected from pure line 

seed maintenance plot at IAR!. After drying at 37° C for a week, the seeds were 

stored in cloth bags at room temperature. Embryogenic calli induced from scutellar 

region of mature seeds (Khanna and Raina, 1997) were used as explants for 

microprojectile bombardments. 

3.2 Bt genes and Promoters 

The synthetic and codon-optimized &-endotoxin genes of Bacillus thuringiensis, 

crylAa, crylB and crylB-lAa translational fusion gene, obtained from Dr. R. 

Frutos, CIRAD, France, and tissue/temporal specific promoters were used for the 

constrqction of suitable gene-expression-cassettes. pepc promoter (driving 

expression of phosphoenolpyruvate carboxylase gene, specifically in the green 

tissues of maize, obtained from Novartis Agribusiness Biotechnology Research 

Inc. North Carolina, USA) and mpi promoter (driving expression of maize 

proteinase inhibitor gene in response to wounding to the plant) obtained from Dr. 

R. Frutos, CIRAD, were used. 
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To ascertain the exact base sequences and availability of restriction sites of the 

genes and promoters used for the construction of gene-expression-cassette, the 

promoters and genes were sequenced by single strand non-assembled primer 

walking reactions (Microsynth GmbH, Switzerland). Some of the sequencing 

results obtained for non-assembled primer walking reactions are given below. 

reactions. 

uencing reaction results received for translational fusion gene crylB-Aa. 
base sequences show overlapping sequences of the two consecutive 

318708 80207 FGBA v.Hand Ubi-1rev.1 
TCTCATAAATAACGTCATGCATTACATGTTAATTATTACATGCTTAACGTAATTCAACAGAA 
ATTATATGATAATCATCGCAAGACCGGCAACAGGATTCAATCTTAAGAAACTTTATTGCCA 
AATGTTTGAACGATCTGCAGGTCGGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCGAT 
AAGCTTGATGGGAATTCATTACCTCTCCAAGTCGTACTCGGCCTCGAACGTGACCTCGGCTG 
GGACGAACTCGATGCGGTCGATGTACACCTCGTTGCCGCTGTTGAAGACGTGAGCGCTGAG 
GGTGAAGACGCTGGAGCCGTTGGAGAAGTTGAATGGGGTGGTGAAGCCCACGGTCCTGAA 
GGAGCCGGATTGGAGGTTGCTGCCGGAGGACATGGTGGCGGAGAAGTTGCCTTGGTTGATT 
GGCCTGCCGTCGATGGAGGTGTGGAACTGCAGGTTCGTGGTGGAGGCGTAGCGGATGCGGA 
CGCGGTAGCGTTGGCTGAGTGGCGCGGTGATGTTCACGCGGAGGGTGGAGATTTGGCCT 
GGG 

328623 82669 FGBA v.Hand Ubi-1 rev.2 

GTTGAACTCGGCGGAGCGGTG1TGCCAGGAGAAGGTTGGAGCTCTGAGGGTGTACACAGCG 
CCAGCGGCTTGAGAGAGCATGGTCACGTGGGACAGGCGGTGGGAGAAGCCAGCGCGTGGT 
GGGACGGAGTTGTCTTGTGGTGGGATCACGTCGAGGGAGTCCACGGTGCCCCTTTGCCTGT 
AGATGGTGGATGGGAGGTTGGTGGTGAGGGAGGCGAAGGAGAACTCGGTGCCGTCCAGGA 
CGAACAGCTCTTGGTTGTTTGGGCCGGAGCCGAGGATGATGCGCCTGTACAGTGGGCTGGA 
GAGGGTGCGGAAGATGCCGAGGCCAGTGAGGGAGACGAGGACTGGTGGAGCGGCGTTACC 
GGCGTTGCCGAAGAGTGGGAAGGCGAACTCTGGGCCGGAGAAGCCGACTGGGGAGGCGGT 
GATTTGGTGGCCGGACCA.G.T .. -.

i 

ACGGATAGGGTAGCGTCTGGAGTCATAGTTGGA 
GAAGAGAGCCACGATGTCGAGAACTGTGAGGGTCAATTCTCTCCTGAACTGGTTGTATCTC 
ACCCAATCTCTAGAGTCTGGCCCCCAGACGCGCTCCAGGCCGGTGTTGTACCACCTGACGG 
CGTAGTCGGTGTAGTTGCCGATGAGCCTGGTGAGGTCGTTGTAGCGGGAGTTGATGGTAGC 
GGCGTCGAAGCCCCAGCGTTGGCCGAAGACGGACACGTCGCGGAGGACGGAGAGGTGGA 
GGTTGGCGGCTTGGACGTACACGGAGAGGAGTGGGACTTGGTAGTTTTGGACAGCGAGGA 
GTGGGATCGCTGTGGTGAGGGCGGAGTTCATGTCGTTGAATTGAATCCTCATCTCCTCGCG 
GAGGGCTGGGTTGGTTGGGTCGGCCTCCCACTCCCTGAAGGACTCGGCGTAGATTTGGTAG 
AGGTTGGAGAGACCCTCCAGGCGGGAGATGGCTTGGTTGCGGGCGAACTCCTCGATGCGT 
TGGTTGATGAGTTGCTCGATTTGGACTAGAAAGGCGTCCCATTG 
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The primer walking reaction results were assembled based on the overlapping 

sequences of two consecutive reactions. The assembled base sequences for the 

genes and promoters (Appendix A-6) were verified with the information received 

along with the genes and promoters as well as by comparing with the gene 

sequence information available in the NCBI (National Center for Biotechnology 

Information) GenBank using the Internet based program, Nucleotide-nucleotide 

BLAST (http://www.ncbLnlm.nih.govIBLAST /). 

3.3 Plasmid constructs 

The Bt genes and promoters were initially cloned in pCAMBIA-130S.1 (Accession 

No. AF3S404S; Fig. 8a) obtained from CAMBIA, Australia. 

3.3.1 Cloning of pepc promoter 

The synthetic pepc promoter was received in pCIB87S9 (Fig. 8b). The plasmid was 

digested with HindUI - Bamlll to take out 2.3 kb fragment of the promoter. The 

promoter fragment was then cloned into pCAMBIA-130S.1 plasmid digested with 

Hind ill - Bamlll which led to the construction of pSKPPC-OS (Fig. 8c). 

3.3.2 Cloning of fusion genes 

Translational fusion of crylB-1Aa along with the nos terminator was excised using 

Bamlll restriction digestion of the construct (pC 1300-Ubi-l B-1 Aa) received from 

ClRAD. The gene + nos terminator fragment was then cloned into the pSKPPC-05 

at Bamlll site, which led to the construction of pSKPBA-05 (Fig. 9). 
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Cloning was carried out in a high copy number plasmid (pCAMBIA-1305.1). Such 

plasmid was especially useful when using restriction digestion and gel extraction 

approach for' clean DNA' transformation experiments. However, larger size of the 

vector background (pCAMBIA-1305.l; 11846 bp) became a limiting factor in 

getting sufficient yields of the gene-expression-cassette (promoter-ORF­

terminator) fragments. Low yield of the desired fragment DNA, following 

restriction digestion and gel extraction, made it necessary to clone the specific 

gene-cassette in a smaller plasmid vector. 

3.3.3 Cloning in pGEM-7Z vector 

Plasmid pGEM-7Zf (+) (Accession No. X6531O; Fig. lOb) was identified as a 

suitable small size vector for cloning the gene-cassette of interest and, 

subsequently, obtaining relatively higher yield of the desired fragment DNA. The 

HindIII - BamHI digested 2.3 kb fragIDent of the synthetic pepc promoter was 

cloned into pGEM-7Z plasmid, which led to the construction of pSKPPC-7Z (Fig. 

10e). 

Subsequently, translatiollal fusion crylB-lAa genes fragment, excised out using 

BamHI restriction digestion from the construct (pC1300-Ubi-lB-lAa), was cloned 

in the pSKPPC-7Z? which led to the construction ofpSKPBA-7Z (Fig. 11). 

The yield of the gene-cassette fragment (6563 bp) DNA, on restriction digestion 

with SmaI - MluI, was expected to be more than two-third of the quantity of the 

plasmid DNA (9526 bp) used for restriction digestion. 
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3.3.4 Addition of restriction sites to the termini by PCR amplification of mpi 

promoter 

To add suitable restriction sites at both the ends of mpi promoter (Fig. 12), peR 

amplification strategy was adopted (Sambrook and Russell, 2001). HindIII site at 

the 5' end and BamIll site at 3' end were added suitably designed peR primers. A 

high fidelity proofreading enzyme, DyNAzyme EXT was used for the peR 

amplification. 

Forward primer: 

HindllI site 
S' ~ CGC 1'" n GTGGAG AGA CGA TAT TTA G - 3' 

Reverse primer: 

BamHIsite 
S' - CAC ~ CGA ACT GCC GGA CCA GTT GA - 3' 

3.3.4 Addition of restriction sites to the PCR amplified cry 1 B gene 

Suitable restriction site at the 5' end of crylB was added using PCR strategy. 

BamHI site was already present at the 3' end of the gene. DyNAzyme EXT was 

used for the PCR amplification. 

Forward primer: 

S' - CAT GGTTAC CTC CAA CCG - 3' 

Reverse primer: 

BamHIsite 
S' - GGA GCT CTC em 'AA G - 3' 
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3.3.5 Cloning mpi promoter in pGEM-7Z 

PCR amplified mpi promoter was cloned using UA hybridization technique 

(pDrive Cloning Vector; QIAGEN GmbH). The amplified mpi promoter fragment 

was first cloned into pDrive Cloning Vector (pDCV-Mpi, Fig. 13). Base sequence 

of the PCR cloned promoter fragment was confirmed by single strand non­

assembled primer walking sequencing reactions. The promoter was then excised 

from pDCV -Mpi using HindIII- BamHI restriction enzymes. The mpi promoter 

fragment, thus generated, was then cloned into pGEM-7Z at the multiple cloning 

site. The plasmid thus constructed was namedpSKMpi-7Z (Fig. 14). 

3.3.6 Cloning crylAa gene in pSKMpi-7Z 

The crylAa fragment was taken out from the pC1300-Ubi-IAa (Fig. 15) using 

BamHI digestion. The gene was then cloned into pSKMpi-7Z. The plasmid thus 

constructed (pSKMAa-7Z; Fig. 16), on restriction digestion with SmaI and MluI, 

gave 3194 bp (52% of the plasmid) linear fragment of the gene expression cassette. 

3.3.7 Cloning crylB in pSKPPC-7Z 

The PCR amplified cry 1 B fragment was first cloned in pDrive Cloning Vector 

(pDCV -IB). Base sequence of the gene was confirmed by single strand non­

assembled primer walking sequencing. The gene was then excised from pDCV -IB 

using BamHI restriction enzyme and cloned into pSKPPC-7Z. The plasmid thus 

constructed was named pSKPIB-7Z (Fig. 17). 
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3.4 Plasmid isolation 

3.4.1 Alkaline lysis method 

For plasmid miniprep, modified alkaline lysis method (Brinboim and Doly, 1979) 

was used. Single bacterial colony was picked up from freshly streaked LA plate, 

inoculated into 5 ml of LB (Appendix A-I) supplemented with suitable antibiotic 

and grown overnight (200 rpm) at 37° C. The cells were harvested and pellet was 

resuspended in 250 J.1l of Solution I (resuspension buffer, Appendix A-2). 250 J..llof 

Solution II (lysis buffer, Appendix A-2) was added, mixed by inverting the tube 4-

5 times and incubated at room temperature for not more than 5 min. 350 J..ll of 

Solution ill (neutralization solution, Appendix A-2) was added. Centrifuged the 

content (10 min, 13000 rpm) and supernatant was transferred to a fresh 

microcentrifuge tube. Isopropanol (0.6 vol.) precipitated DNA pellet was washed 

with 70% ethanol, air dried and dissolved in 25 J.d of 10 rnM Tris buffer. The 

plasmid DNA was used for downstream processes. 

3.4.2 Plasmid isolation kit 

For cloning, PCR amplification, particle bombardment, etc. purified plasmid DNA 

was isolated using the QIAprep Spin Miniprep kit (QIAGEN GmbH). The 

isolation procedure was as described by the manufacturer. 

3.5 Restriction digestion 

Restriction digestion of DNA was carried out by adding the components, in a 

given order, to an autoclaved microcentrifuge tube and incubated at the 
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reconunended temperature (generally 37° C) for 3-4 hrs or longer as per the 

requirements. 

3.6 DNA ligation 

DNA ligation was performed by incubating the DNA fragment with appropriately 

linearized cloning vector in the presence of buffer and T4 DNA ligase. The ligation 

reaction was set up by adding the components in a given order and incubated 

overnight at 7° C. A control reaction was set up that contained all the reagents 

listed below except the DNA fragment to be cloned. The control reaction helped in 

determining competence of the bacterial cells and/or working of ligation process, 

particularly when insertion of the fragment failed. 5 Jll of the ligation product was 

used for transformation of competent bacterial cells. 



3.7. Bacterial transformation 

3.7.1 Preparation of competent cells 
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Competent cells were prepared as per the standard CaCh method with minor 

modifications (Sambrook et ai., 1989). A single colony (E. coli, DH-5a) from 

freshly grown LA plate was used as inoculum. The bacterial culture of 0.6 00600 

and ice cold 0.1 M CaCh was used to prepare fresh competent cells. 

3.7.2 Transformation of competent cells : 

Transformation of competent cells was performed by heat-shock method 

(Sambrook et al., 1989). 200I.d of the competent cells and 50 ng of the plasmid 

DNA was mixed and incubated on ice for 30 min. Heat-shock was given for 90 sec 

at 42° C. Colonies from the transformed cells were seen after overnight incubation 

at 37° C. 

3.8 Rice transformation 

3.8.1 Generation of transgenic plants 

The whole process of generation of transgenic rice was carried out in the following 

steps: 

3.8.1.1 Callus induction 

Matured seeds of rice cultivar PB-1 (Fig. 18a) were dehusked manually and used 

as explants to induce embryo-derived calli. The dehusked seeds (Fig. 18b) were 

surface sterilized (70% ethanol) for one minute. The seeds were washed thrice 

before treatment with 0.1 % HgC}z for ten minutes with constant shaking. After the 
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1r<:almCnl . .ecds \\ ere thoroughly washed wilh sierile dislilled waler. -l-.'i limes. to 

remove any traces of mercuric ch loride. The seeds were then spread over sterile 

filler paper pads 10 remo\'C excess of"ater. St.:rilize{j seeds (25-30) were plated on 

callus induction medium (Appendix. A-4) in 90 mm petri-plates. The plates were 

sealed with paralilm and incubated in dark at 28' C for five days. The tissue 

culture protocol of Khanna <'.I 01. (1997) was adopted with minor modi fications. 

Fig. t8. Rice IPS-I, ..:«1. lL-.c<I"" cxplan". mature _0,. (0 ) and ""husked 
>cc,1> (b) Callus ilkiuetion from germinated seeds (c). and callo arr""l'cd ,'" 
MS \."nllu';'lng medium 10 tht' {'cnler I.Jrf>dri.~atc lor bombanJmcnt (d) 
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3.8.1.2 Particle bombardment 

Five day old scutellar calli (Fig. lSc) were excised from the germinated seeds and 

25-30 such calli were closely arranged within 2 cm (diameter) circular area in the 

center of a pre-sterilized plate containing fresh MS callus induction medium (Fig. 

18d). 

Gold particles (0.6- J.1m diameter) were prepared (Appendix A-II) and coated with 

DNA (Appendix A-12) using procedure described by Klein et al. (1988) with 

minor modifications. The gene-cassette fragment DNA for the genes of interest 

and selectable marker gene (2.5 f..lg. in a molar ratio of 4:1) were used for 

precipitation on the gold particles. Occasionally. GUS gene-cassette fragment 

DNA was used for bombardment to monitor the gene delivery. 

The Biolistic apparatus (He-driven Particle Delivery System; PDS-IOOOlBioRad), 

placed on the working bench of a laminar air flow hood, was thoroughly cleaned 

with 70% ethanol. The accessories for bombardment, such as rupture discs, 

stopping screens, macrocarriers and macrocarrier holders were sterilized by 

dipping in absolute ethanol for 10 min and air dried under the clean air laminar 

flow. Embryogenic calli, arranged in the centre of a petri plate were placed at the 

fixed distance (9 cm) from the microcarrier launch assembly (Fig. 19). The calli 

were bombarded once under vacuum (25mm Hg) using 900 psi rupture discs. The 

bombardment process was carried out under aseptic conditions and the protocol of 

Khanna et al. (1997) was adopted with minor modifications. After bombardment, 

the calli were incubated on the same medium at 28° C in dark for 24 hrs. 
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3.8.1.3 Clean DNA transformation 

Minimal gene-expression-cassettes (promoter-open reading frame-terminator) 

were used for clean DNA transformation. Co-bombardments involved two or more 

'clean DNA' gene-cassette fragments: one carried the selectable marker gene and 

the other carried gene(s) of interest. For most of the bombardments, minimal gene­

cassette fragments were isolated using restriction digestion of the plasmid DNA 

followed by agarose gel electrophoresis and gel extraction of the fragment of 

interest. Restriction enzymes, flanking the gene-cassette (Fig. 11, 20), were used 

and the gene-cassette fragment DNA was separated from remaining vector 

backbone by agarose (1.0%) gel electrophoresis. The DNA was eluted from gel 

using QIAEX II gel extraction kit (QIAGEN GmbH). 

Restriction digestion and gel extraction of gene-cassette was not only cumbersome 

and time consuming process but also low yielding. Considering the complexities 

involved in generating sufficient quantities of gene-cassette fragment DNA, an 

alternative approach of generating gene-cassette DNA was investigated. A pilot 

experiment was designed to test the utility of PCR amplified gene-expression­

cassette. 

The e:cperiment involved PCR amplification of GUS reporter gene-cassette using 

DNA polymerases with 3'-5' proof reading activity. Amplification products of 

three such high fidelity DNA polymerases, along with Taq DNA polymerase, were 

tested. The quantity and quality of amplification products were compared with that 

of the gene-cassette generated by restriction digestion and gel extraction. 

T- tY20 
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3.8.1.3.1 PC}l. amplification of GUS gene-expression-cassette : 

Minimal gene-express ion-cassette for the GUS reporter gene (Jefferson et al., 

1987) was generated from the source plasmid pCAMBIA-1305.1 (CAMBIA, 

Australia) by PCR amplification as well as by restriction digestion with SphI. 

pCAMBIA-1305.1 (11,846 bp) has GUSPlus under the control of CaMV35S 

promoter and polyA signal from nos (nopaline synthase gene). Due to limitations 

of restriction sites, 220 bp upstream of the promoter and 129 bp downstream of the 

terminator (Fig. 21) were retained along with the isolated gene cassette (tota13227 

bp). On the other hand, the PCR amplified gene expression cassette (2878 bp), 

amplified using 21 and 24 bases from the ends of the gene cassette as primers 

(Appendix A-13), was devoid of any vector backbone sequence. PCR 

amplifications were performed in 50 ~l reaction volume, using standard lOx buffer 

supplied with the enzyme, 1.5 mM MgClz, 50 ~M each of the four dNTPs, 20 pM 

each of forward and reverse primer, 50 ng pCAMBIA-1305.1 as template DNA 

and 1 unit of DNA' polymerase. 

Three different DNA polymerases with proofreading activity were tested for 

comparative evaluation of their performance: i) DyNAzyme EXT (Finnzymes); ii) 

High Fidelity PCR enzyme mix (MBI Fermentas); and iii) XT -5 PCR system 

(Bangal<?re Genei Pvt. Ltd.). Taq DNA polymerase (MBI Fermentas), having no 

proofreading activity, was also included to serve as control. The reaction 

conditions were as follows: denaturation at 94° C for 3 min, then 32 cycles (94° C, 

1 min; 54° C, 1 min; 72° C, 4 min.) followed by 7 min final extension at 72° C. 

PCR amplified gene-cassette DNA and gel extracted gene-cassette fragment were 
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3.8.1.3.2 Comparative evaluation of PCR amplified 'clean DNA' fragment: 

Mature embryo-derived scutellar calli of indica rice breeding line IR-64 were used 

as explants for microprojectile bombardment. However, instead of using 2.5J..lg 

DNA for precipitation on 3mg gold particles for a set of six bombardments, only 

0.5Jlg DNA was precipitated on lmg gold particles (0.6 Jlm) for a set of two 

bombardments. 

3.8.1.4 Transient GUS expression 

Transient GUS expression was observed in the calli 24 hrs after bombardment, as 

described by Jefferson (1987). The calli were submersed in GUS assay solution 

(Appendix A-6) and given a mild vacuum treatment for 15 min. The tubes were 

incubated at 37° C overnight. The calli were examined under microscope for the 

blue spots (GUS expression units). The average numbers of blue spots for each 

treatment (two plates of bombarded calli), over three replications, were statistically 

analyzed (Duncan's Multiple Range Test) to find significant differences among the 

treatment means. 

3.8.1.5 Selection of transformed calli 

Bombarded calli were transferred to the selection medium (Appendix A-4) 24 hrs 

after bombardment. One-third of the individual calli was pressed inside the 

selection medium .. The plates were incubated at 28° C in dark for 21 days. Small 

secondary calli observed to be appearing from the selected calli (Fig. 22a). These 

secondary calli were transferred to the freshly prepared selection medium and 

subjected to second and third selection rounds of selection, each of 21 days. 
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Untransformed calli (those not bombarded) were also plated on the selection 

medium, as control, and treated similar to that for the bombarded calli. 

3.8.1.6 Regeneration of transgenic plants 

The hygromycin selected calli were transferred to pre-regeneration medium in petri 

plates (Appendix A-4) and incubated at 28° C in dark for 14 days. The calli were 

then transferred to regeneration medium (Appendix A-4) and incubated at 26° C 

under 16 hrs photoperiod with light intensity of 110-130 mMlm2/s PAR using 

Philips F40/CW fluorescent tubes. Greening of the calli was observed, which 

emerged into shootlets (Fig. 22b). As the shoots reached 4-5 cm in length, they 

were transferred to the rooting medium (Appendix A-5). 

3.8.1.7 Rooting and hardening of putative transformants 

The regenerated shootlets were transferred to rooting medium (Appendix A-4) in 

culture tubes for root organogenesis (Fig. 23a). The tubes were incubated at 26° C 

under 16 hrs photoperiod. The plants with well developed roots and shoots were 

removed from culture tubes and adhering medium was removed by wash under 

running tap water. The plants were hardened by growing in hardening medium 

(Appendix A-4) in culture tubes for 14 days (Fig. 23b). The well developed 

hardened plants were then transferred to phytotron glasshouse and transplanted 

into pots filled with Agropeat (Fig. 23c). Plants were irrigated regularly with 

Hoagland's solution (Appendix A-I5 ). The putative transgenic plants were grown 

in the phytotron till maturity (Fig. 24). 
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3.8.2 Molecular characterization of putative transgenic plants 

The regenerated putative transgenic plants were screened for the presence of the 

gene(s) of interest using PCR. Southern analysis confirmed integration of the 

gene(s). Finally, RT-PCR was used to confirm transcription of the integrated gene. 

3.8.2.1 PCR screening of putative transformants 

The regenerated putative transgenic plants of PB-l were screened using 

polymerase chain reaction. 

3.8.2.1.1 Genomic DNA isolation: 

Genomic DNA from putative transgenic plants was isolated using a simple 

protocol standardized in our laboratory. A small piece (1 cm) of young leaf tissues 

was ground in 200 III of API buffer (QIAGEN DNeasy Plant Mini Kit) with a 

disposable plastic pestle, specially designed for grinding soft tissues in 

microcentrifuge tube. A few grains of acid washed, sterilized sand was added to 

help grinding of the leaf tissues. The ground sample was incubated at 65° C for 15 

minutes. To this, 65 III of AP2 buffer (DNeasy Plant Mini Kit) was added and 

incubated on ice for 5 min. The content was centrifuged at 13,000 rpm for 10 min. 

Isopropanol (0.6 volumes) was mixed with supernatant and centrifuged at 13,000 

rpm for 10 min. The pellet was washed with 70% ethanol, air dried and dissolved 

in 30 III of sterilized double distilled water. 

3.8.2.1.2 Polymerase Chain Reaction (PCR) : 

Gene specific primers (Appendix A-13) were used for PCR amplification of a part 

of transgene(s) to screen the putative transgenic plants. 
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Master mix of the components of peR reaction was prepared on ice, and dispensed 

into 0.2 ml thin walled peR tubes. The required amount of template DNA was 

added in the individual tubes. a quick spin was given to collect the content in the 

bottom of the tube. 

Biometra thermocycler was used for peR amplification of the targeted template 

DNA using the following programme. 
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The peR amplification products were subjected to agarose gel (1.2%) 

electrophoresis and visualized under UV light. Gels were photographed using gel 

documentation system. 

3.8.2.2 Southern hybridization 

The peR positive To plants were further characterized by Southern hybridization 

(Southern 1975). 

3.8.2.2.1 Genomic DNA isolation : 

Genomic DNA was isolated from young leaf tissues of the peR positive To plants 

and untransformed PB-1 plant (negative control) using DNeasy Plant Mini Kit 

(QIAGEN GmbH) following the procedure recommended by the manufacturer. 

The concentration of isolated genomic DNAs was gel estimated by running 

standard DNA marker (A DNA/Hind ill digest) along with the test DNA samples. 

3.8.2.2.2 Restriction digestion of genomic DNA : 

About 15 J.1g of genomic DNA (equivalent to 100 copies of rice genome) of every 

peR positive To plant as well as that of untransformed control (PB-1) plants was 

digested with BamHI (which takes out the Bt gene, see Fig. 25) or with Sacll 

- (which cuts the insert once, see Fig. 26). The plasmid construct used for generating 

'clean DNA' fragments for transformation was also restricted with the restriction 

enzyme and used as positive control. Reaction mix was prepared as follows: 
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Components Volume 

Sterile double distilled water calculated volume 560 J.1I • 

lOX buffer 1/10 volume 75 JlI 

Genomic DNA 15 Jlg lOOJ.1l 

Restriction Enzyme 10 unitslJlg DNA 15 III (10 ulJ.1I) 

Total reaction volume 50 J.LllJ.Ig DNA 750 JlI 

• The restriction digestion was carried out at 37° C for 16 to 20 hrs. Complete 

• 
restriction of the genomic DNA was confmned by loading 200 ng aliquots on 

0.8% agarose gel (Fig. 27). The restricted DNA was concentrated by isopropanol 

precipitation and dissolving in 30 III sterile distilled water. 

Lane No. 

1&15 
2 - 13 
14 

Description 

Marker (AlHindID digest) 
Genomic DNA BamID digestion 
Plasmid DNA BamID digestion 

20 J.!I of reaclion mix was loaded on 0.8% agarose gel. run at 60 
volt for 60 minutes. 

Fig. 27. Agarose gel electrophoresis to check complete digestion of plant 
genomic DNA with BamID. 

3.8.2.2.3 Agarose gel electrophoresis: 

The restricted genomic and plasmid DNA was run on 0.8% agarose gel prepared in 

IX T AE. DNA size marker (lkb ladder) was also loaded in one of the wells. 

Electrophoresis was carried out at 30 volt overnight. The gel was observed under 
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UV and position of marker bands was traced on a polythene sheet. The marker lane 

was cut removed from the gel before processing of the gel for transfer. 

3.8.2.2.4 Blotting of DNA from agarose gel: 

To facilitate transfer of restricted DNA to the positively charged nylon membrane 

(Hybond W) the gel was immersed in 500 ml depurination solution (Appendix A-

14), followed by slow shaking till the blue dye turned yellow. The gel was rinsed 

with sterile distilled water and immersed in 500 ml of denaturation solution 

(Appendix A-14) for 30 min on shaker. The gel was rinsed and submerged in 500 

ml of neutralization solution (Appendix A-14) for 30 min. 

An appropriate volume of 20X sse (transfer buffer; Appendix A-14) was poured 

into a plastic tray. The upward capillary transfer assembly was prepared on a 

platform made by keeping a glass plate over the plastic tray. The different 

components of the assembly were arranged in order, following the procedure 

described by Sambrook et al. (1989) (Fig. 28). The gel was placed upside down on 

the wick. The trapped air bubbles were removed carefully. 

Weight --------
'----' 

Glass plate ------c::=====::l 

Paper towels ------iiiii 
3 sheets filter paper 

Hybond 

Gel -----------C====~ 

Plastic tray ---"- • r::::=:'_-__:=:::\-~711 -\ t=4 F4 
Wick ----..-p'\\..::J:;__....IH-L. __ -J..tj....l-_"'.;::..l 

Fig.28. Upward capillary transfer assembly. 
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The capillary transfer of DNA was continued for 16-18 hrs. Once the transfer was 

over, the assembly was dismantled. Downward processing of the membrane was 

carried out as described by Sambrook et al. (1989). The membrane was used for 

pre-hybridization treatment. 

3.8.2.2.5 Probe preparation : 

Radio labeled probe was prepared by using HexaLabel Plus DNA labeling kit 

(MBI Fermentas). PCR amplified internal regions of the Bt genes was used as 

template for generation of gene-specific radiolabeled (with a_32p dCTP) DNA 

probe. The protocol used was as recommended by the manufacturer. 

3.8.2.2.6 Prehybridization and hybridization : 

The membrane was incubated in 20 ml of pre-hybridization buffer (Appendix A-

14) for 4 hours at 65° C in hybridization oven under continuous rotation. Then pre­

hybridization buffer was replaced with 10 ml of hybridization buffer (Appendix A-

14). The radiolabelled probe was added and hybridization was carried out at 60° C 

for 12-16 hrs under continuous rotation. 

3.8.2.2.7 Washing: 

After hybridization, the membrane was washed for 20 min at 60° C with each of 

the low, medium and high stringency wash solution (Appendix A-14). 

3.8.2.2.8 Autoradiography: 

The membrane was wrapped in saran wrap and placed inside a lead cassette. An x-

ray film (Kodak) was placed over the membrane while working inside a dark 



67 MATERIALS & MEmODS 

room. The cassette was incubated at -700 C for 3-7 days. The film was processed 

by submerging in developer and fixer (Kodak) for 5 min. The film was washed 

thoroughly under running tap water and air-dried. 

3.8.2.3 Reverse Transcription.peR· 

Normal growing Southern positive transgenic plants for crylB-lAa translational 

fusion genes were used for RT-PCR analysis. Four PCR positive but Southern 

negative plants (Nos. 26, 41, 48 and 61) were excluded from RT-PCR analysis. 

3.8.2.3.11solation of total RNA: 

Total RNA was isolated from 100 mg young leaf tissues of transgenic plants as 

well as from untransformed PB-l (negative control) plant using RNeasy Plant Mini 

Kit (QIAGEN) following procedure recommended by the manufacturer. 

Glassware, plasticware, pestles, mortars, etc. used for RNA isolation were treated 

with 0.1% DEPC (an RNase inhibitor) for 24 hrs and autoclaved before use. 

Appropriate precautions were taken while handling DEPC, since it is carcinogenic. 

The quality of RNA preparation was checked by loading 3 J.lI of isolated RNA on a 

denaturing agarose gel electrophoresis (Appendix A-15). The concentration of 

RNA was estimated spectrophotometrically. 

3.8.2.3.2 DNase treatment: 

The isolated RNA was treated with DNase I to make sure that the RNA preparation 

was free from any DNA contamination. The DNase treatment reaction was set as 

below: 
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The reaction mix was incubated at 37° C for 1 hr. Reaction was stopped by adding 

1111 of 0.5 M EDTA, incubated at 65° C for 10 min and stored at - 20° C until used. 

3.8.2.3.3 RT-PCR : 

OneStep RT -PCR Kit (QIAGEN) was used for RT -PCR. It involved, reverse 

transcription at 50° C for 30 min, followed by simultaneous inactivation of reverse 

transcriptases and activation of HotStar Taq DNA polymerase by heating at 95° C 

for 15 min. The protocol recommended by the manufacturer was used. The 

reaction mix was prepared as follows: 
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RNA template was added into the reaction tubes and loaded on thermocycler 

(Biometra T-Personal). A negative control, without template RNA, was included in 

the experiment. Following programme was used for the RT-PCR. 

The RT-PCR products were subjected to agarose gel (1.2%) electrophoresis and 

visualized under UV light. Gel was photographed using gel documentation system. 

3.9 Evaluation of Transgenic plants 

The PCR and Southern positive transgenic plants were evaluated for resistance 

against yellow stem borer (YSB). Cut-stem bioassay as well as whole plant 

bioassays of potted-plants were carried out to evaluate the transgenic plants. 

3.9.1 Cut-stem bioassay 

Seventeen PCR positive plants, showing normal growth, were evaluated for YSB 

resistance. Two of the non-transgenic plants (Plant Nos. 66 and 67) as well as 

untransformed control plants were also included in the cut-stem bioassay. 
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Individual tillers of the selected To plants were tested in a three-replication cut-

stem assay. 

3.9.1.1 Collection of YSB moths 

Yellow Stem Borer moths were collected from unprotected paddy fields of the 

research farms at Rice Research Station, Kapurthala (Punjab), a hot-spot area of 

rice stem borers. The moths were collected in round bottom flasks, either early in 

the morning or late in the evening, transferred to cloth-bag caged potted rice plants 

(Fig. 29a). The caged plants were carried to IARI, New Delhi. Generally, the 

moths laid eggs masses on potted plants within 24 hrs. The plants were transferred 

to lighted growth chamber maintained at 28° C for 7 days. Leaf blades carrying 

one or two egg masses were collected in conical flask and incubated at 37° C to 

facilitate egg hatching. The freshly released neonate larvae were used for 

infestation within 3 hrs of hatching. 

3.9.1.2 Infestation of YSB larvae 

Tillers of transgenic and untransformed control PB-l plants were collected from 

potted plants. Stems were cut into 3 pieces of 5-7 cm length. The stem pieces were 

plugged with wet cotton at both the ends (Fig. 29b) to prevent entry of the larvae 

from the cut ends. The prepared cut-stem was placed on a moist filter paper in 

polystyrene petri plate and infested with 5 freshly hatched neonate larvae (Fig. 

-
29c). The plates were properly sealed and incubated under 16 hrs photoperiod at 

28° C (Fig. 30). After 4 days of incubation, the stem pieces were dissected using 

scalpel and forceps (Fig. 31), and the larval growth and mortality was recorded 

(Appendix A-17). 
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Fig. 19. CUI -sl¢m b!o-as,,"> of BI Iran"~"nic PB·I planl • . (a) Call"U polled rl<~ pl.ul for 
II", collection of YSa ",ulns. jb) CUl->Iem or lr"n>genic planl plu~~u .1 bo4b Ibe mols 
wilh cOUon (c) nc:onatc lana uf)c1low :rr.ec;m borer n:kaSc:-tl on ("·ut-l'OICIII 
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Fig. 3 1. Oi.;s¢(1ton of bl~aMa)'c:d cul·S(.:11l.." to record 
Il)()nalil~ and gro".,h of)cllo" stem borer larvae. 
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3.9.2 Whole plant bioassay 

Only selected transformants were tested by whole plant bioassay. Four of the 

selected plants (To plant Nos. 7, 11, 38 and 64) were Southern and RT-PCR 

positive while two of the plants (To plant Nos. 47 and 59) were Southern positive 

but RT-PCR negative. One of the non-transgenic plants (To plant Nos. 67) was also 

included in the whole plant bioassay. Freshly hatched neonate larvae of YSB were 

used for whole plant bioassays. The potted transgenic plants along with the 

untransformed control were placed in isolation in polyhouse. Each potted plant 

was infested with 25 larvae. The plants were maintained under conditions suitable 

for growing rice in polyhouse. After 15 days of infestation, observations were 

made on the plants for the symptoms of YSB infestation. Affected tillers were 

dissected and critically analyzed for larval growth and mortality. 



RESULTS 

Gene-expression-cassettes were successfully constructed using specific promoters 

and Bt genes for 'clean DNA' transformation of indica rice. A large number of 

Pusa Basmati-l putative transgenic rice plants were generated using 

microprojectile-mediated gene delivery method. Putative transformants were 

analyzed for the integration of transgene(s) using PCR, Southern hybridization and 

RT-PCR. Southern positive transformants were tested for yellow stem borer (YSB) 

resistance by cut-stem and whole plant bioassays under controlled conditions. 

Detailed results of generation and evaluation of Bt transgenic PB-l plants are 

described. 

4.1 Sequencing of genes and promoters 

Sequencing results obtained for single strand non-assembled primer walking 

reactions (from Microsynth GmbH, Switzerland) for the genes and promoters were 

validated by BLAST with NCBI GenBank nucleotide sequences. Although, portion 

of the query sequence was found to have alignment with many different database 

sequences, complete alignment was seen only with the subject of interest. For 

example, when BLAST was performed for the assembled base sequence of mpi 

promoter, complete homology was observed with the base sequence for mpi gene 

from Zea mays available in the GenBank database (Fig. 32; Appendix A-7). The 

sequencing results for PCR amplified gene (crylB) and promoter (mpi) showed 

complete conformity to the respective known sequences. No errors 

(substitutions/deletions/insertions) were detected. 



75 RtsOL'IS 

< 411 4jl-5il 

1_B241~i"~~'~i~'~~'~i"~i~i~~~i~~l.i~i~i~i'i ~i~~i~i~I~~i'i~i~i'i~i~i~I~~ 
o 100 200 300 400 500 600 700 900 

Promoter ~ or the 
mpi geae from Zeo 1IttI}'S 

-- --

Fig. 32. Di<tributiofl or BI.AST hits on 1I>e q""',)' (nrpi prom",,,,,) .equen« showing oomplete 
alignment with m .. subject of interest (i.e. pro",,~er of the "'P' gene trom /"'" mays). 

4.2 Cloning genes a nd promoters 

4.2.1 Cloning pqx' promolt' r 

The synthetic pepc promoter was initial ly cloned in pCAMBIA·1305.1 and later in 

pGEM· 71 al MCS between lIindlTI-Baml [I sites. \\hich resulted into the 

constructs pSKPP('-05 (14.11 I bp) and pSKPPC-7Z (5.286 bp). respect ively. 

4.2.2 Cioninl( of trans lational fusion genes 

Translational fusion ore,-y/ B and erdA" genes was cloned iolo toc pSKPPC-05 at 

Baml U site. which resulted into the CQnstTuct pSKPBA-05 (Appendix A-I 0.1 ). The 

larger size or re,combinant plasmid pSKPBA-05 (18.346 bpI was limit ing factor in 

getting suflicieot yield of lhe gene-expressioo-casselle (Promoter-ORF-

I ~mlinator) fragment 01\A. The amount of gene-c.assene fragment DNA was 

expected to be one-third (3.8 ~g) of til<: amount of plasmid used ( 10 ~lg) for 

restriction digestion and gel extraction. however in real tenus toc amount oblained 

was 001\ one-Ilflh (2.2 ~lg) of the plasmid used. The 10\\ yiekl of the desired 

iTagmenl DNA became a major limitat ion in using this cooslmct for 'clean DNA' 

tranSlonnalion. 
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Therefore, the gene-cassette was cloned in a smaller pGEM-7Z plasmid vector. 

The resultant plasmid construct (pSKPBA-7Z) had crylB-lAa placed under the 

control of pepc promoter and nos terminator (Appendix A-IO.2). Restriction 

mapping with BamHI and Hindill enzymes confirmed the integrity of the 

recombinant plasmid (Fig. 33). The expected yield of gene-cassette fragment DNA 

(6,563 bp) in this case was more than two-third of the quantity of the plasmid 

(9,526 bp) DNA used for restriction digestion. 

H ind HI 

6.2 kb 

4.2 kb 

2.3 kb 

---
:U kb 

123M456 

Bam HI 3.9 kb 

5.3 kb 
3.9 kb 

2.3 kb 

Hilld III Bam HI 
~ ......................................................... ~ ............................. ...................................................................... ~ 

........ _ ........................................... _ ................... ~ ........... -........................................ _ ......................................................................... ~ ........ . 
5.3 kb ~ ~ 4.2 kb : 

Lane No. 

1&6. 
2&5 
3&4 
M 

Description 

Bam ill digestion 
Hind ill digestion 
Bam ill - Hind ill digestion 
Marker (')JHind ill digest) 

Fig. 33. Confirmation of the different elements in the 
recombinant plasmid pSKPBA-7Z by restriction mapping. 
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4.2.3 Addition of restriction sites to the termini of mpi promoter by PCR 

amplification 

The desired restriction sites were added to the ends of the promoter using suitably 

designed primers and high fidelity DNA polymerase for PCR amplification. The 

amplification product (970 bp; Fig. 34) had HindID site at 5' end and BamHI site at 

3' end of the promoter. 

4.2.4 Cloning mpi promoter in pGEM-7Z 

The PCR amplified mpi promoter fragment was first cloned in pDrive Cloning 

Vector (pDCV-Mpi. Fig. 13). After sequence confirmation of the promoter, the 

fragment was digested out (Hindill - BamHI) and cloned in pGEM-7Z at the 

multiple cloning site which resulted into the plasmid construct pSKMpi-7Z (Fig. 

14). 

4.2.5 Cloning crylAa in pSKMpi-7Z 

The crylAa fragment. digested with BamID enzyme from the pC1300-Ubi-lAa, 

was cloned into pSKMpi-7Z. The derived plasmid construct (pSKMAa-7Z) had 

crylAa under the control of mpi promoter and nos terminator (Appendix A-10.3). 

Restriction mapping with BamHI and HindID confirmed the structural details of 

the plasmid. 

4.2.6 Addition of a restriction site to the PCR amplified crylB gene 

The crylB-nos fragment was PCR amplified using suitable primers and high 

fidelity DNA polymerase. To the amplification product (2277 bp; Fig. 35) BamHI 

site at 5' end was added, while it had one already at 3' end (Appendix A-8.3). 
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4.2.7 Cloning crylB in pSKPPC-7Z 

The PCR amplified crylB-nos fragment was first cloned into pDrive Cloning 

Vector (pDCV-lB). Base sequence verified gene fragment was then cloned into 

pSKPPC-7Z at BamHI site. The derived plasmid construct (pSKPlB-7Z) had 

crylB placed under the control of pepc promoter and nos terminator (Appendix A-

lOA). Structural organization of the plasmid was verified with BamHI and HindIII 

restriction mapping. 

4.3 Generation of Bt transgenic plants 

In all, 98 putative transformants were generated following microprojectile delivery 

of minimal gene-express ion-cassette DNA encoding different Bt proteins and a 

selectable marker (Table 7). 

* 

Table 7. Bombardment of PB-l calli with minimal gene-express ion­
cassette DNA for generation of Bt trans genies of indica rice. 

Gene-expression-cassette for hygromycin resistance (selectable marker) gene comprised of 2x CaMV35S 
promoter-ORF-CaMV35S polyA. 

<P Transformation frequency == No. of embryonic-calli bombarded I No. of independent transformants for both 
the cry genes X J 00. 



Lane No. 

1. 
2. 
M 
3. 
4. 
5. 

79 

2 M 3 4 5 

Description 

- ve control (no template) 
Amplification product 
Marker (1 kb ladder) 

Amplification product 
Amplification product 

.... 970 bp 

- ve control (a different plasmid DNA) 

2 IJI of amplification product was loaded on 1.2% agarose gel. run 
at 75 volt for 25 minutes . 

Fig. 34. PCR amplified mpi promoter fragment (970 bp) 

1 kb ladder 

Lane No. 

I. 
2. 
3. 
M 
4. 
5. 

1 23M 4 5 

.... 2277 bp 

Description 

- ve control (no template) 
Amplification product 
Amplification product 
Marker ( I kb ladder) 

Amplification product 
- ve control (a different plasmid DNA) 

2 J.1I of amplification product was loaded on 1.0% agarose gel, run 
at 75 volt for 45 minutes. 

Fig. 35. PCR amplified cry] B gene fragment (2277 bp) 

RESULTS 
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4.3.1 'Clean DNA' transformation 

To avoid any undesirable consequences due to integration of vector backbone 

sequences, 'clean DNA' transformation method was used. Minimal gene­

expression-cassettes were generated either by restriction digestion and gel 

extraction or by PCR amplification. 

4.3.2 Minimal gene-expression-cassette 

Initially, the gene-express ion-cassettes were generated only by restriction digestion 

of the plasmid followed by gel extraction of the fragment of interest. Yield of the 

gene-cassette fragment, on restriction digestion with SmaI-MluI followed by the 

gel extraction, was 4.3 J..lg in case of pSKPBA-7Z; 3.2 J..lg in case of pSKMAa-7Z 

and 4 J..lg in case of pSKPIB-7Z from 10 J..lg of the respective plasmid DNA. The 

yield of hygromycin resistance gene-cassette fragment (2x CaMV35S promoter­

hpt-CaMV35 polyA) on restriction digestion with HindIII - SadI enzymes 

followed by gel extraction, was 1.5 J..lg from 10 J..lg of pCAMBIA 1305. 1. 

The restriction digestion and gel extraction of gene-cassette fragments was not 

only cumbersome and time consuming but also a low yielding process. 

Considering the problems involved in generating sufficient quantities of gene­

cassette fragment DNA, an alternative approach of generating sufficient quantities 

of the minimal gene-express ion-cassette DNA was investigated. This involved 

PCR amplification of gene-cassette using DNA polymerase with 3'-5' proof 

reading activity. In a pilot experiment, the quantity and quality of amplified 

product was assessed by comparison with that of the gene-cassette generated by 

restriction digestion and gel extraction process. 



81 RESULTS 

In this experiment, GUS reporter gene was used as a test system. The GUS gene­

expression-cassette DNA was PCR amplified using high fidelity DNA 

polymerases. Similar fragments were also generated by restriction digestion and 

gel extraction. The quantity of GUS gene-cassette DNA obtained through the 

process of restriction digestion and gel extraction was less than one-sixth of the 

pCAMBIA-1305.1 plasmid DNA used. Each column of the plasmid mini-prep kit 

yielded about lOJlg of the plasmid DNA. On restriction digestion of the plasmid 

with SphI and subsequent gel extraction, only 1.5Jlg GUS fragment (3227 bp) 

DNA was obtained. The quantity of 'clean DNA' so obtained was just sufficient 

for six bombardments. Due to limitations of restriction sites, 349 bp of the vector 

backbone sequences was retained along with the GUS gene-cassette fragment. On 

the other hand, PCR amplification using specific primers yielded the GUS gene­

cassette fragment (2878 bp) having no vector backbone sequences. Moreover, just 

one PCR reaction yielded a quantity (3 J.lg) of GUS fragment DNA that was 

sufficient for 12 bombardments. 

4.3.3 Particle bombardment 

Five-day-old scutellar calli of PB-1 were bombarded with the minimal gene­

expression-cassette DNA generated by restriction digestion and gel extraction. The 

microprojectile delivery system was monitored by using the GUS reporter gene. A 

large number of well spread blue spots were observed on the calli bombarded with 

GUS gene-cassette (Fig. 36). 

When the GUS fragment DNA generated by PCR was used for bombardment to 

assess the quality of amplified product, the results of transient GUS expression did 
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not show significant differences except for Taq polymerase (Fig. 37). Significantly 

fewer blue spots were seen on the calli bombarded with Taq polymerase amplified 

DNA. Differences for GUS spots, among the different polymerases with 

proofreading activity, were not significantly different at 5% level by D"MRT (Fig. 38). 

In comparison to the restriction digestion process, PCR amplification of the gene-

cassette DNA was simple, relatively less time consuming and also much less 

expensive. For isolation of 50~g gene-cassette DNA, comparison of cost estimates 

(for the consumables only) indicated that the process of restriction digestion and 

gel extraction is several times more expensive than PCR amplification (Table 8). 

Cost difference was more pronounced when miniprep rather than a midiprep kit 

was used for DNA isolation from bacteria. 

4.3.4 Selection of bombarded calli 

The bombarded calli were transferred onto hygromycin containing medium 

(selection medium), 24 hrs after bombardment for selection of the cells 

transformed with hpt gene and the gene(s) of interest. Most of the untransformed 
~ -, . 

calli could not survive on the hygromycin selection, as evident from the control 

where unbombarded calli were plated on selection medium. A few unbombarded 

calli were found to be proliferating on the selection medium, escaping the 

hygromycin selection system (Fig. 39a). By the end of third round of selection, 

most of the escapes were eliminated (Fig. 39b). The selected calli were 

subsequently transferred to regeneration medium. 



fig. 36. 'I ran:_..lcnl e\prc.s.~I-on of (It ''S ~nc III P6·1 
calli. ~4 hr. 3ftcr bornbardn-.ml 

R!,:>'l LIS 

Fig. 37. ( ;11$ >POI' "n :.<utdbr·call, (e\ IR·(>.I ) oomlx",kd ""h Illlnomal GUS g"~pr,,,,<i<>n· 
~<><Uc. I he h .... ar DNA iragm.", Yo.,. ge"",..,....J b~c (0) rCSlne""n d'II""'H)n and gel e,,,ract .. ,,,. 
(b) peR amrhfK'o"on USII'I' XT-5 IJI'-A polymer."." "lid (e) peR amphfic.';o n u",n~ Tu" DN" 
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Q 
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DyNAzyme M81- HF XT - 5 Taq . Poly GUS Frag (RD) 

DNA polymerases used for GUS gene-cassette amplification 

Fig. 38. Comparative profile of GUS expression units (GEU) per call us. following particle 
bombardment with GUS gene-fragment generated by PCR amplification or restriction d igestion 
and gel extraction. PCR amplification was carried out using DNA polymerases, with 
proofreading activity (DyNAzyme, MBI-HF and XT-5) or without (Taq polymerase). GUS 
fragment (RD) column represents GEU recorded with the fragment (GUS DNA) generated by 
restriction digestion of the plasmid. Means of three replications followed by a common letter are 
not significantly d ifferent at 5% level by DMRT. _-

Table 8. Cost estimates of consumables used for generation of 50 Ilg linear gene­
expression-cassette DNA. 

Restriction di2estion and 2el extraction ~~ PCR amplification 

Requirements Approx. cost (US$)· Requirements Approx. cost 
Miniprep Kit Midiprep Kit (US$) * 

Plasmid isolation 76.70 37.30 Primers 6.10 .. 
Restriction digestion 23.80 23.80 d.NTP mix 
Gel electrophoresis 22.30 22.30 Enzyme 
Gel extraction 61.30 61.30 Tem_plate 
Miscellaneous 1.90 1.30 Miscellaneous 
Total 186.00 146.00 Total 
Costlbombardment 0.93 0.73 Costlbombardment 

• I. As per listed prices in India. 

2. Cost of each plasmid isolation reaction kit (column. solutions. etc .) for minipreplmidiprep is US$ 2.3/ 11 .3. Each 
reaction gave 1001OOl!g high copy number plasmid DNA. On restriction d igestion. I~g plasmid DNA was expected to 
give 2.5l!g linear fragment of the GUS gene expression cassette. since the fragment is approximately one-fourth of the 
plasmid. However. after gel extraction only 1.5l!g linear fragment DNA was obtained. For 200 bombardments - 5~g 
linear DNA is needed. which can be obtained by restriction digestion of about 33~g plasmid DNA at a cost of USS 
76.70 (mini kit) or 37.30 (midi kit). For gel elution of the DNA fragments. 30 reactions of QIAEX n Gel Extraction 
Kit are needed. The miscellaneous expenditure (Eppendorf tubes. tips, etc.) is estimated at US$ 1.90 (mini kit) or 1.30 
(midi kit). About 6OnglJ.ll of amplified DNA was obtained when DyNAzyme EXT DNA polymerase was used for PeR 
amplification of the gene-cassette ON A. 
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4.3.5 Regeneration of putative transformants 

4.3.5.1 Shoot organogenesis 

RESULTS 

When hygromycin selected calli were transferred onto regeneration medium 

greening of the calli was observed after 3-4 weeks of incubation and shoot 

organogenesis was observed after 6-7 weeks (Fig. 40b). 

4.3.5.2 Root organogenesis 

The regenerated plantlets, of 4-5 cm 'height', were transferred to rooting medium 

in culture tubes for root organogenesis. Roots developed within 2 weeks of 

incubation (Fig. 41) and plant growth was faster after root development (Fig. 42). 

4.3.5.3 Hardening of transformants 

Well-developed plants, of which leaves touched the cap of culture tube, were 

transferred and hardened in liquid hardening medium. The hardened plants were 

transferred to phytotron glasshouse and transplanted into pots. Most of the 

regenerated plants survived through the hardening process. 

4.3.6 Growth and development of transgenic plants 

4.3.6.1 Vegetative growth 

Although normal vegetative growth was observed for many of the regenerated 

plants (Fig. 44), some of the regenerants showed retarded growth and remained in 

the vegetative stage for a comparatively longer period (Fig. 43). 



RESl' LTS 

(a) 

.og. 39. Sel«Uon (If call! 011 h)'llromyl'in conlammg "I<dium. ( 0 ) Un·bomb.rood call i (COIlIrOI) on 
iIyp'>lll) Cln conlaining "",dium (b) Calli ..,I<cud after Ihird round of selection on h)'groruycln 
cootaining_ medium. 

(0) (b) 

Fi!:. '*0. Seleclion and rcgcncrallon of transgenic callI. (0) Secondary call1l< "m"",iug ITGm 
one of the call i selecled 00 h)l!romycio conlaining medium ( b) ShoQt orga~cneSl.s from 
hygromycln ::;cleaed putative tr.msgeOic calh 



S7 

Fig. 41 . RoO! developmen. of plantlc •• r<generalc.<J on 
tr.tn$fcr to rooting medium. 

R£Sl LTS 



RESt I. rs 

Fig. 43. A pou,au \'C tnmsgemc plant "boWing retarded \"\,."1I.cra-UV'( growth 
10 companson 10 olhcr shov"lng normal growth. 

r'1:. 44. \"1"'<00< groY>1h of'r.n'g<:nK planl> In 'Il< Ph)1ocron 
glL'shouse . 



Int. "'5. & 46. Transgclu(' planl-S l\M\\ in,g nvnTlClI 
rlow\!I'iut= (I Ig. 45) and ~e..J !'o4.~lun!! j fig. 4M. 

~., RESl LT'i 



(a) 

(h) 

Fig. -47 IntO!'~c:01C ~anl.$ lIuu ren:ltll1<ed to \~dati\(" )'\haS4: (~nl~ (a). 
and another one (hat dHl flower hut lhd rn,')( have any SC'ctI set (1)). 

RES l I.T:-



91 RESULTS 

4.3.6.2 Reproductive growth 

Normal flowering and seed setting was observed in several transgenic plants (Fig. 

45 & 46). But some of the transgenic plants showed continuous vegetative growth 

and did not enter into reproductive stage (Fig. 47a), while a few did flower but did 

not had any seed set (Fig. 47b). 

4.4 Molecular characterization of transgenic plants 

4.4.1 peR screening 

All the 98 putative transgenic plants (67 plants for crylB-lAa translational fusion 

gene and 31 for crylAa + crylB) were screened using peR for detecting 

trans genes. The amplification product of expected size was seen in case of the 

plants harbouring trans gene (Fig. 48). Among the 67 putative transgenic plants for 

translational fusion genes, 17 were found positive for both the genes, while hpt 

gene was detected in 38 plants including the 17 Bt positive plants (Table 9). 

Among the 31 putative co-transformants for crylAa + crylB genes, 7 tested 

positive for crylB gene and 5 for crylAa, while only 2 were tested positive for 

both the genes. The hpt was detected in 23 plants including 14 plants positive for 

Bt gene(s) (Table 9). However, out of the 98 tested, 37 plants were non­

transformants, since they neither. tested positive for any of the Bt genes or 

selectable marker hpt. 
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Table 9. peR screening of PB-l putative transgenic plants using gene­
specific primers. 

Gene-cassettes Putative Positive for Positive for Positive for Negative for 
used for co- transformant crylB crylAa hpt hpt 
bombardment # # # # # 

PEP-C--crylB-lAa 67 • 17 17 • 38 29 
+ /zpt * •• (17 +21 ) 

PEP-C-crylB + 
• 23 31 • 8 MPI--cry I Aa + 9 (2 + 7) 7 (2 + 5) 

• •• 
hpt 

(5+2 +7+9 ) 

* 
** 

Plants PCR positive for cry /B. crylAa as well as for Izpt genes. 

Plants PeR positive for Izpt gene o nly. 

524 bo 

Lane No. 

1 &40 
2 & 39 
3 (M ) 
4 - 38 

Description 

- ve control (no template) 
Plasmid +ve control 
Marker ( I ()() bp ladder) 
Amplification produc t (534 bp) 

5 III of amplification product was loaded on 1.2% agarose gel. run 
at 75 volt for 25 minutes. 

Fig. 48. PCR screening of PB- l putative transformants for crylB-lAa 
translational fusion gene. using cry 1 B gene-specific primer. 

524 bo 
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4.4.2 Southern analysis 

Integration of the transgenes in the host genomic background was confirmed by 

Southern hybridization, using gene specific radio labelled probes. Most of the PCR 

positive plants were found to be Southern positive, except for a few cases (Figs. 

49-51; Table 10). Four plants out of 17 (tested PCR positive for translational 

fusion of crylB-lAa genes) were found to be Southern negative, while lout of 7 

and 2 out of 9 were found to be Southern negative for crylAa and crylB gene, 

respectively (Table 11). 

Sites of integration of the transgene was detected in the To plants (Nos. 7, 11, 38, 

47 and 64), which showed better response in the cut-stern and the whole plant 

bioassay. Two to five sites of integration of the transgene was detected (Fig. 52). 

Variation in the intensity of bands was also observed. At least in one case (To plant 

No. 38), where minimum of five sites of integration of the transgene was detected, 

complex pattern oftransgene integration was observed. 

4.4.3 RT - peR 

Transcription of the introduced gene was detected by reverse transcription 

polymerase chain reaction (RT-PCR) in the Southern positive plants for crylB-lAa 

translational fusion genes. Out of the 13 such Southern positive transgenic plants, 

11 showed RT-PCR bands. When crylB specific primers were used in the RT­

PCR, 534 bp band was observed in 11 transgenic plants (Fig. 53). Only two 

transgenic plants were detected negative for RT -PCR. 
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BamHl 

Description 

- ve control plant 
Plasmid +ve control 
PCR +ve transgenic plants 

RESULTS 

8amHi 

Fig. 49. Southern analysis of transformants for crylB-/Aa translational fusion genes. 
Genomic DNA was digested with BamIn and probed with cry/ B gene-specific probe. The 
solid bar in the coding region indicates position of the probe used. 
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Probe 

Lane No. 

I 
P 
3-11 

Description 

- ve contro l plant 
Plasmid +ve control 
PCR +ve transgenic plants 

Fig. 50. Southern analysis of transformants for cryl B gene. Genomic DNA was 
digested with HindID and probed with cry / B gene-specific probe. The solid bar in the 
coding region indicates position of the probe used. 
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Hind II I 

Lane No. 

I 
P 
3-9 
10 

8amHi 

Description 

- ve control plant 
Plasmid +ve control 
PeR +ve transgenic plants 
Non-transgenic plant (peR -ve) 

BamHI 

Fig. 51. Southern analysis of transformants for cry1Aa gene. Genomic DNA was 
digested with Bamffi and probed with cry1Aa gene-specific probe. The solid bar in 
the coding region indicates position of the probe used. 

lid) p ave 7 11 38 47 64 

Sad I 

c========~~i--------~----------[ -
Lane No. 

I (P) 
2 (-ve) 
3-7 

Description 

Plasmid restricted with Sac II (9.5 kb) 
Untransformed control plant 
Transgenic plants 

) 

Fig. 52. Southern analysis for detection of sites of integration of the trans gene (cry 1 B-1 Aa 
translational fusion gene). Plant genomic DNA and plasmid DNA was digested with SacII 
and probed with cry] B gene-specific probe. The solid bar in the coding region indicates 
position of the probe used . 
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1 (P) 
2&16(M) 
3- 15 
17 
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Description 

Plasmid +ve control 
Marker ( I ()() bp ladder) 
Amplification product (534 bp) 
- ve control (no RNA ) 

I 0 ~ of amplification product was loaded on 1.2% agarose gel. run 
at 65 volt for 40 minutes. 

RESULTS 

Fig. 53. RT-PCR of PB- I transformants for cry lB-1Aa translational fusion genes driven 
by pepc promoter using cry 1 B gene-specific primer. 

4.5 Evaluation of transgenic plants 

Insect bioassay was conducted mainly on the transgenic plants for translational 

fusion gene. 

4.5.1 Cut-stem bioassay 

peR positive plants, showing normal growth, were evaluated for YSB resistance. 

Mortality of YSB larvae was significantly higher (ranging from 31 % to 71 %) in 

comparison to the mortality (18%) in control plants (Table 12). The larvae 

recovered from control plants were healthy and well developed, while the larvae 

recovered from most of the putative transgenic plants were dead, if alive they were 

sluggish, weak and underdeveloped (Fig. 54). 
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Table 10. Southern analysis of PCR positive transformants for translational fusion genes. 

Untransformed control = Plant grown from normal seed 

Table 11. Southern analysis of PCR positive transformants for crylAa and crylB genes. 
crylAa crylB 

Untransformed control = Plant grown from normal seed Non-transgenic control = Plant regenerated from 
bombarded callus 
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Table 12. Mortality (%) of YSB neonate larvae under cut-stem bioassay of PB-l Bt 
transgenic rice plants. 

Untransformed control == Plant grown from normal seed Non-transgenic control == Plants regenerated from 
bombarded calli 

Table 13. Evaluation of PB-l Bt transgenic rice plants for protection against YSB attack in 
whole plant bioassay. 

Untransformed control == Plant grown from normal seed Non-transgenic control == Plant regenerated from 
bombarded caUus 
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4.5.2 Whole plant bioassay 

Only Southern positive transformants were tested by whole plant bioassay. 

Observations were recorded for the typical symptoms (dead-heart / white heads) of 

YSB attack. Up to 4 white heads per plant were· recorded for control plants (Fig. 

55a), while none in case of most of the transgenic plants (Fig. 55b; Table 13). A 

number of well-developed larvae were recovered in the control plants. A single 

whitehead was observed in the case of a few transgenic plants (No. 47 and 59) 

which were tested peR and Southern positive but RT -peR negative. Three 

whiteheads were observed in case of peR and Southern negative non-transgenic 

plant (No. 67). 
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DISCUSSION 

Bt transgenic crops have the potential to significantly enhance productivity and 

sustainability. However, the long-term impact can only be sustained if effective 

and responsible deployment strategies are adopted to maintain the durability of 

resistance offered by Bt genes. One such strategy is to use refugia so as to ensure 

abundance of susceptible moths. While this approach has been practiced 

satisfactorily in the large commercial farms of the Industrialized countries, the 

small-scale farmers of developing countries have too small land-holdings to 

maintain 20% of the crop as refugia (Krattiger, 1997). 

The present study was undertaken to generate two-gene Bt transgenic of indica 

rice so as to delay development of resistance in the insects. Rather than employing 

a strong constitutive promoter such as CaMV35S, known to show high level Bt 

protein expression in unwanted tissues such as seeds and roots, we have used a 

green tissue-specific and a wound-inducible promoter. Furthermore, so as to 

address biosafety concerns relating to undesirable integration of vector backbone 

sequences 'clean DNA' transformation method was used. 

A large number of Pusa Basmati-l transgenic plants were generated using 

microprojectile-mediated 'clean DNA' transformation procedure. Transformants 

were analyzed for the integration and expression of the trans genes using PCR, 

Southern hybridization and RT-PCR. The effectiveness of the Bt genes against 

manual infestation of the neonate larvae of yellow stem borer was assessed 
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through cut-stem bioassay and whole plant bioassay, under controlled conditions. 

The results are discussed. 

5.1 Sequencing of genes and promoters 

Base sequence information and availability of restriction sites of the genes and 

promoters were needed for the construction of appropriate gene-express ion­

cassettes. The whole exercise of sequencing genes and promoters afresh not only 

provided the necessary information but also helped in establishing accuracy and 

convincing identity of the tissue-specific and wound-inducible maize proteinase 

inhibitor promoters. Accurate sequence information helps in using molecular 

handles for (PCR, Southern hybridization and RT-PCR) characterization of the 

putative transgenic plants. 

5.2 Cloning genes and promoters 

Initially the genes and promoters were cloned in CAMBIA's new compact binary 

vector pCAMBIA-130S.1, which has pBR322 ori for high copy replication in E. 

coli. The vector has many improved features, such as a superior reporter gene 

(GUSPlus™) from Staphylococcus sp. and an intron from the castor bean catalase 

gene to ensure detection of plant-specific glucuronidase expression. According to 

CAMBIA (http://www.cambia.org).this new vector has been tested extensively in 

transgenic rice. 

However, in the present study, the large size of pCAMBIA-130S.1 (11846 bp) had 

to be replaced since the large vector backbone was a drawback in getting sufficient 
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yields of the gene-expression-cassette fragments. Low yield of the desired 

fragment DNA was a major limitation in using this construct for 'clean DNA' 

transformation. Therefore, the whole exercise of cloning the desired gene construct 

was conducted afresh by using pGEM-7Z, a relatively very small (3 kb) high copy 

number cloning vector. Cloning of genes and promoters in this plasmid 

considerably increased the yield of gene-cassette DNA. 

5.3 Generation of Bt transgenic plants 

One of the major advantages of particle bombardment-mediated transformation 

procedure is the ability to transform plants simultaneously with several different 

constructs (Maqbool and Christou 1999; Maqbool et al., 2001; Loc et al., 2002). In 

the present study, using minimal gene-expression-cassettes, two or three different 

constructs were co-bombarded; one carrying selectable marker gene (hpt) while the 

insect-resistance (crylAa and crylB) genes were carried on other constructs. 

Similar co-bombardment strategy was adopted by Loc et aZ. (2002). 

5.3.1 Minimal gene-expre&sion-cassette and 'clean DNA' transformation 

The commonly used rice transformation techniques generally lead to the 

integration of vector backbone sequences into the host genome, along with the 

desired transgene(s) (Kononov et al., 1997). The integration of vector backbone 

sequences may exert undesirable effects in cis (Artelt et al., 1991), promote 

transgene rearrangements, and serve as recombination hot-spot that may stimulate 

illegitimate recombination (Muller et al., 1999). In view of such concerns, Fu et af. 

(2000) and Loc et aZ. (2002) used minimal gene-cassette DNA lacking vector 

backbone sequences, to transform rice by particle bombardment. 
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In the present study, to begin with, minimal gene-cassette DNA fragments were 

generated by restriction digestion and gel extraction for plant transformation 

experiments. Although, yields of gene-cassette DNA improved considerably by 

cloning promoters and genes in a smaller plasmid vector pGEM-7Z, however, an 

alternate method for getting even better yields of gene-cassette DNA was still 

desirable. All the more so, since restriction digestion and gel extraction is not only 

a process yielding only limited amounts of gene-cassette DNA, but it is also a 

cumbersome and time consuming procedure. Therefore, an alternative and 

relatively simpler approach for generating minimal gene-expression-cassette DNA 

was investigated. The objective was to obtain relatively large amounts of the 

desired fragment DNA for undertaking large-scale bombardments. 

The alternative approach involved PCR amplification of the gene-cassette using 

high fidelity DNA polymerase with 3'-5' proof reading activity. DNA polymerases 

are prone to error (2.0 X 10-5 errors per nt per cycle) during in vitro DNA 

synthesis. However, the rate of error is very low in case of high fidelity 

polymerases (1.6 x 10-6 errors per nt per cycle; Lundberg et ai., 1991). High 

fidelity enzymes are routinely used for PCR cloning of genes (Lundberg et ai., 

1991; Cline et ai., 1996; Kitabayashi et al., 2003). To begin with, we tested the 

PCR amplification approach for crylB and the mpi promoter fragments. In both 

cases, suitable restriction sites were added to the respective termini. The amplified 

products were sequenced and in both the cases, no base substitution or any other 

error was noticed. Encouraged by the results, a pilot experiment was designed to 

test functionality of the PCR amplified gene-express ion-cassette for the GUS 

reporter system. Since the functional aspect of the PCR amplified gene-cassette 
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could .be tested just 24 hrs after bombardment, the GUS reporter system was an 

appropriate system for testing the quality of amplified product. If a considerable 

number of wrong bases were incorporated, during amplification (as expected in 

case of the normal Taq polymerase), the expression of GUS gene will be affected, 

which can be monitored by a comparative study of the number of GUS expression 

units (GUS spots). 

Results of transient GUS expression did not show any significant difference 

between the peR amplified and restriction digested gene-cassettes, except for Taq 

polymerase amplified gene-cassette. As expected, fewer blue spots were seen on 

the calli bombarded with Taq polymerase amplified GUS gene-cassettes. The 

higher error rate of Taq polymerase (2.0 x 10-5 errors per nt per cycle; Lundberg et 

al., 1991) which gets multiplied during peR, might have generated many 

erroneous gene-cassettes unable to produce functional gene products. The non­

significant difference for GUS spots, produced by the gene-cassettes that were 

amplified using high fidelity polymerases, was possibly due to the fact that all the 

three high fidelity polymerases tested in the experiment offer a blend of high 

processive Taq DNA polymerase and Pfu DNA polymerase that exhibits a 3' - 5' 

exonuclease activity. Fidelity of such peR enzyme mix, containing proofreading 

activity to remove miss-incorporated bases, may be several times greater than that 

of Taq DNA polymerase (Lundberg et ai., 1991). 

5.3.2 Bombardment of calli 

Scutellum-derived embyogenic calli from mature seeds have been extensively used 

in rice transformation as preferred explants due to the relative ease of availability 
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throughout the year (Sivamani et al., 1996; Nayak et al.; 1997; Ghareyazie et al., 

1997; Alam et al., 1998; Khanna and Raina, 2002). Five-day old embyogenic calli 

from mature seeds were bombarded with 'clean DNA' fragments precipitated on 

0.6 J.L gold particles in a molar ratio of 4:1 (or 2:2:1) for the gene(s) of interest and 

the plant selectable marker. The comparative higher ratio of the gene of interest 

has been shown to provide increased probability of co-transformation (Tang et al., 

1999). Fu et al. (2000) used a molar ratio of 3:1 for gene-cassettes of the gene of 

interest and plant selectable marker, whereas, Lac et al. (2002) used a molar ratio 

of 3:3: 1 for gene-cassettes of the genes of interest and selectable marker gene. 

5.3.3 Selection of transformed cells 

When the bombarded calli were plated on selection medium containing 

hygromycin, many of the calli were found proliferating in first round of selection. 

The number of escapes was much lower in subsequent transfers. The reduction in 

number of surviving calli was likely due to the elimination of escapes. Even after 

three rounds of selection, obviously all the escapes were not eliminated because 

more than 43% of the regenerated plants were found to be negative for the hpt 

gene. More extensive selection of calli on hygromycin containing medium has not 

been recommended, particularly for basmati rice cultivar since it seriously affects 

regenerability of calli (Khanna and Raina, 2002). We used hygromycin only in the 

callusing medium during the three rounds of selection. The observed 

transformation frequency for the gene of interest was up to 0.90%, while much 

higher (3.19%) for hpt. Use of hygromycin in the callusing, regeneration (Alam et 

al., 1998) and rooting medium (Ghareyazie et aI., 1997) might have helped in 

reducing the number of escapes but the observed transformation frequency was 
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very low. Relatively very high frequency of transformation has been reported 

using hygromycin B in callusing medium (Khanna and Raina, 2002). 

5.3.3 Growth and development of transgenic plants 

Although many of the putative transgenic plants showed normal growth and 

development, a few of them had stunted growth, while a few showed poor or even 

very poor seed set. Such abnormalities might be a consequence of somaclonal 

variations and/or due to trans gene integration into host genome at hot-spot 

genomic region harbouring genes for crucial house keeping functions. However, 

poor seed set of an otherwise normal looking transformant may, in some cases, be 

only due to phytohormone 'hangover', which does not persist in the seed derived 

progenies (Raina 1997). 

5.4 Molecular characterization of transgenic plants 

PCR screening of the putative transgenic plants revealed presence of the 

transgene(s) in the host genome. Transformation frequency for the translational 

fusion (crylB-1Aa) gene (as revealed by the Southern analysis) was observed to be 

0.90%, while transformation frequency for co-transformation with Bt genes 

(crylAa and crylB) was only 0.27%. About 43% of the regenerated plants were 

negative for the selectable marker gene (as revealed by the PCR analysis), whereas 

more than 31 % of the regenerants were PCR positive for only hpt gene. More than 

25% of the putative transgenic plants were PCR positive for translational fusion 

gene as well as the marker gene. Similar results have been reported with relatively 

higher frequency of co-transformants in a relatively smaller population of 

transformants by Loc et al. (2002) using the 'clean DNA' transformation approach. 



More than 45% of the hygromycin resistant plants showed co-transformation of the 

non-selectable cry genes, which is considerably higher than that reported by 

Khanna and Raina, (2002). None of the cry positive plants were detected negative 

for hpt gene. 

Southern analysis was undertaken to ascertain transgene integration and to detect 

the number of sites of integration of the transgene. Out of 17 PCR positive 

independent transformants for translational fusion genes, transgene integration was 

detected in 13 transformants (Table 10; Fig. 49). Similarly, the data presented in 

Table 11 indicate 2 independent transgenic events for individual crylAa and crylB 

genes driven by specific promoters. The site of transgene integration was analyzed 

only in the transfomants showed better response in the cut-stem and the whole 

plant bioassays. Two to five sites of integration of the transgene were detected. 

Variation in the intensity of bands was also observed (Fig. 52). In case of To plant 

No. 38, minimum of five sites (complex pattern) of integration of the transgene 

was detected. In other cases, 2 or 3 sites (relatively simple pattern) of transgene 

integration was observed. Simple to complex patterns of trans gene integration have 

been reported using biolistic method of transformation by many workers (Datta et 

at., 1998; Alam et at., 1998; Khanna nad Raina 2002). Expression of the 

transgene, in terms of transcription, was confirmed by RT-PCR. Among 13 

Southern positive plants tested for RT-PCR, all excepttwo displayed amplification 

product. The absence of amplification product in two transgenic plants might be 

due to no transcription or very low level of transcription of the transgene, which 

could not be detected by RT-PCR. Similar observations have been reported earlier 

by Khanna and Raina, (2002). 
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5.5 Evaluation of transgenic plants 

Several factors, such as, the method of transformation, the gene constructs used, 

and the site of integration into the host genome affect trans gene expression (Schell, 

1987; Perlak et al., 1991; Maas et al., 1992). Consequently, considerable variation 

may be seen among different transgenic events. Therefore, each transgenic event 

merit independent evaluation for morphological and physiological traits, including 

the trans gene expression. 

In the present study, inset bioassays were carried out to assess relative levels of 

insect mortality as a function of Bt gene expression. Larval mortality was in the 

range of 31 % to 71 % in cut-stem assays. This was considerably higher (at least in 

certain cases) than that recorded for control plants (18%). Slightly higher mortality 

rate of larvae in control plants may be due to handling of the larvae during 

bioassay. Many Bt transgenic Southern positive plants showed a low level of larval 

mortality indicating either lower level of Bt protein expression or post­

transcriptional complexities. Larvae recovered from the transgenic plants were 

dead or had not developed beyond the first instar stage. Comparatively, larvae had 

developed to the third instar stage in the control plants. Similar results have been 

reported by several workers (Nayak et aI., 1997; Ghareyazie et al., 1997; Datta et 

aI., 1998; Khanna and Raina, 2002). Lower levels of Bt gene expression have been 

reported in the leaf bases andlor the developing panicles of maize (Mellon and 

Rissler, 1998) and rice plants (Alinia et ai., 2000), where the Bt gene was placed 

under the control of pepc promoter. 
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More appropriate assessment of transgenic plants for insect resistance is the whole 

plant bioassay (Tu et aI., 2000; Khanna and Raina, 2002). In the present study, 

resistant or susceptible nature of the bioassayed plants was evaluated mainly on the 

basis of presence and the number of white heads following infestation. Up to 4 

white heads per plant were observed in case of control plants, while none in most 

of the transgenic plants. A single white head was observed in case of transgenic 

plant Nos. 47 and 59, both were Southern positive but RT-PCR negative. Possibly 

the level of Bt gene expression in these transgenic plants was too low to be 

detected by RT-PCR and yet provides effective protection against yellow stem 

borers. No dead-heart but only white heads were observed on the yellow stem 

borer infested control plants since they were tested only at the early panicle 

emergence stage. 

Four of the selected transgenic plants (Nos. 7, 11, 38 and 64) have shown high 

level of protection against neonate larvae of YSB. Transgene copy number (Fig. 

52) did not correlate with the level of protection, as evidenced by the whole plant 

bioassay. The To transgenic plants showed normal vegetative growth and 

development along with high level of gene expression, as evident from RT-PCR 

and also effective protection against YSB. 

Since the results presented here are based on the characterization and evaluation of 

To transgenic plants, progeny analysis of the transformants will be needed to select 

specific transgenic lines showing stable inheritance of the transgene as well as high 

expression. The expression level must show Bt-titre high enough to fit into the 

resistance management strategy while retaining the overall agronomic 
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characteristics. Although, genetic manipulation of any basmati rice cultivar, using 

recombinant-DNA techniques has been banned by the Govt. of India, the main 

objective of the present study was only to generate promising Bt transgenic indica 

rice lines which can then be used in rice breeding programmes as novel sources for 

enhanced resistance against yellow stem borers. 



SUMMARY AND CONCLUSIONS 

Stem borers have emerged as one of the three leading insect pests of rice causing 

serious losses to the crop in all the rice growing regions of India. During the last 

three decades, conventional breeding has made limited progress in developing 

stem borer resistant varieties, as resistance source of only moderate level have 

been found, despite screening of more than 30, 000 rice germplasm collections 

(Khan et al., 1991). Bt toxins are highly specific to the target insects, non-toxic to 

the beneficial insects, birds and mammals, and yet are as effective as any of the 

conventional chemical insecticides. Considerable efforts have been made towards 

development of Bt transgenic rice (Cohen et al., 2000). 

In the present study, development of novel Bt transgenic indica rice plants (Pusa 

Basmati-1) have been reported. These transgenics encode two dissimilar Bt genes 

under the regulatory control of tissue specific and temporal specific promoters. To 

address the biosafety concerns relating to the integration of undesirable vector 

backbone sequences in the transgenic plants, 'clean DNA' transformation 

procedure was used. A large number of Pusa Basmati-1 transgenic plants, 

generated through microprojectile-mediated transformation method, were analyzed 

for the integration and expression of the trans genes using PCR, Southern 

hybridization and RT-PCR. Efficiency of the Bt genes against yellow stem borers 

was evaluated through cut-stem and whole plant bioassays. The salient features of 

the study and results obtained are summarized below: 
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);> The Bt genes (crylB and crylAa genes as well as translational fusion of the 

two genes) were cloned under tissue (green tissue) and/or temporal specific 

(wound inducible) promoters in pGEM-7Z vector. 

);> Mature seed-derived embryogenic calli of PB-1 were co-bombarded with the 

minimal gene-express ion-cassettes for the Bt genes and selectable marker 

(hpt) gene, generated by restriction digestion and gel extraction. 

);> Realizing the problems encountered in generating sufficient quantities of 

gene-express ion-cassette DNA, PCR amplification of the gene-cassette, 

using high fidelity DNA polymerase with proofreading activity, was tested 

for the GUS reporter gene and found to be an effective alternative as well as 

a low cost and easier approach. 

);> Ninety-eight putative transgenic (To) plants were characterized for the 

integration and expression of the genes of interest by peR, Southern 

hybridization and RT-PCR. 

);> Transformation frequency ranged from 0.27%, for the transformants 

harbouring both Bt as well as selectable marker (hpt) genes, to 3.19%, for 

transformants harbouring at least selectable marker gene with/without Bt 

genes. 

);> Cut-stem bioassay of the selected transgenic plants for translational fusion 

genes indicated mortality of YSB larvae in the range of 31 % to 71 %, which 

was considerably higher than that observed in control plants (18%). 

);> Whole plant bioassay of the transgenic plants indicated complete protection 

against yellow stem borer larvae. No symptom of YSB infestation was 

observed on transgenic plants, while 4 whiteheads per hill were observed in 

case of control plants. 
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Progenies of selected Bt transgenic PB-l rice plants need to be examined for stable 

inheritance of the gene of interest. Selected lines harbouring only the genes of 

interest but without selectable marker (hpt) gene shall provide marker free 'clean 

DNA' transformants offering enhanced resistance to yellow stem borers. The 

selected lines can then be used in the rice· breeding programmes as a source of 

enhanced resistance against rice stem borers. 
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APPENDIX 

A-1 Bacterial growth media 

1.1 Luria Broth : 

Final volume made up to 1000 ml with double distilled water. The medium was 
sterilized by autoclaving at 15 lbs (121 0 C) for 18 min 

1.2 Luria Agar: 

Agar was added as solidifying agent after. Sterilized by autoclaving at 15 lbs (121 0 

C) for 18 min and poured into sterile Petri plates. under aseptic conditions under 
clean air laminar flow hood. 
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A-2 Solutions for plasmid DNA isolation 

2.1 Solution I (Resuspension buffer) : 

The solution was autoclaved and stored at 4° C. 

2.2 Solution II (Lysis buffer) : 

The above working solution was prepared by mixing equal volumes of 0.4 N NaOH 
and 2% SDS stock solutions. Stored at room temperature. 

2.3 Solution III (Neutralization buffer) : 

pH of the medium was adjusted with glacial acetic acid. The solution was autoclaved and 
stored at 4° C. 
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A-3 MS medium 

1 The iron stock solution was heated to boiling temperature after dissolving and mixing individual 
components, cooled down to room temperature before use. Individual 1O,OOOX stock solutions 
were made for CoCI2.6H20 and CuS04.5H20 (by taking 25 mg of each, dissolved in 100 ml) and 
used 2 ml of this (1 O,OOOX) stock for preparing 2 lits. of minor (lOX) stock. All the stock solutions 
were stored at 40 C. 

2 To prepare the medium, required amount of stock solutions were taken, to which sucrose and 
myo-Inositol were added. The plant hormones, which can be co-autoclaved ,were also added as per 
the requirements of the experiments. The pH of medium was adjusted to 5.8 (using IN NaOH or 
IN HCI) before adding solidifying agent. Agarose 6 gil or Phytagel 3 gil was used as solidifying 
agent, whenever needed as per the requirement of the experiments. After making up the [mal 
volume with distilled water the medium was sterilized by autoclaving at 15 lbs. (121 0 C) for 18 
min. 
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A-4 Culture media used for tissue culture 

1 Hygromycin was added when the autoclaved medium cooled down to bearable warmth, mixed 
well and poured into petri plates under aseptic conditions. 

A-5 GUS assay solution 

1 Potassium ferrieyanide and Potassium ferroeyanide stock solutions were stored in dark at 40 C. To 
prepare 100 mM stock solution of X-Glue, 52 mg of 5-bromo-4-ehloro-3-indolyl glucuronide, 
cyclohexyl ammonium salt (FW 521.8) was dissolved in 1000 III of DMSO and stored at - 200 C in 
dark. When colour of the stock solution of X-Gluc was changed to purple, it was discarded and fresh 
stock was prepared for use. 

2 To prepare GUS assay solution, the required amount of stock solutions, except for Methanol and X­
Gluc, were Inixed and filter sterilized using syringe and 0.2 Il filter disc. Then required amounts of 
Methanol and X-Gluc were added. The working solution, thus prepared, was stored at _200 C until 
used. 
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A-6 Gene / Promoter sequences 

6.1 pepc Promoter : 

TM.C1 i iGG'1ULIG'1 i U R:Gl IQ»~~·ao·a.DDC7 z · ;1' ; ' CY 

aAAA.iCi lei 11 UGJG2'J!~..,..,.,....alLi\X!iWXiCJClU;'1CA&1\XGlGlA'l'Cl"rc,.c' Iii :roo:: 
~AC'acaoTCQCA'i\XtWC'" i UI1GiWI1GlGC1ICGGl"CG9C"iJI • AUGGAriGiIGJtCACC 
'rGDI:WlGC<Xi iGOL Q aca'CUCCi 1A'tCXX! ~G9IGCCX: i iCGrASi&A'I"GG('" , :c •• "i 1& 
UXX:'4CI.~"""""1{PU"T.A.",,,,, IXI1IC£loul("'CACI:lu'd"!TAftaTNTG; 

GC:k:TlCftG'l:n::aGG'n"GA~11 ;W",A'C""V'"U'\:>X aGl lCCI""CX"1W::AI),OJ( n:w:::ttlt f 1 

T'DQCC'''CGCP,nacaaW' ' O''X?*3iGi ~'aocH:QICAM3GC'i"'CG'OC'C""GOC"ua 
.. GGi*GCA'CC7OC? 9CT: 'QCoCJ ~-.GCCGC·OC It b (aGGtlU::CCXl'QI;QId 19 ...... "i'CAGT.IGC 
AG'1ttC1V i ,. KYO w:a 'C:CCC1,(' ]Iii)' eM;' OH=J.GCMiI""3NX"'CVO"""?'·.,'PICjO " hi" 'C¥'CC' 

j :1 Ui i , GlIm 

6.2 mpi Promoter: 
~Wii nm eD' i1WRJi tctw:wct·p-·· jew QQ .'Wi w".~ 

i*U". & Wi fi' "m ... Z1AIiNCl" •• WtW:X;i. NXlC'P"N Q .JRXOJiiQ 

GAftAl tmlG11 i ....,...., •••• GQCGO 'lC'AG'rAIiiGGi 1 tACG1. ~;Q;rF A1=IQHJ 

TTrJIIiNaDDO'MrlQaC:HDr.n:x::XC:C:DlI1Gi IQlP"K :re,,, 'IJG* i i inn ~ 

&CGCI "UQ;AW!'IlU1 liGGett. 'N?C"'OOCID"CC'~ 1111 I111tXlGCAGIUti&CfU 
CIGI1ClilGliiCG£JOlGQCiiliiiIAU:CflAlGiGiX2JCGCG'iGCGt~:VliX!NCLi\1iCA. 

c:GC'.AACCrN¥""I'C'DTI'.~ , GiliGCAc'iOlliCTr •• n. ....... ~~." 
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6.3 crylB-1An translational fusion genes: 

GGA"l"CCJUQi ll!ACC'TClCJ' '~"CGi'GI "CGAGIl~II£'iM iGZG'l\XA IIICCI,( ICXX1iC ~ 
GGACCfttttx· MN Q ~ll"Gl'OCA1CGCl\ilI\G9GIC'ao.O~ iW'I'CA 
OCQCCf'!'; AI CG'KM • " CCQQCAYCA"-CA7CGC rGGCOQCA.'l"CCl jGGCQrtH lGGGCG'lco::::ATl"CGC~ 

CAQCI l'GC'DBfiiCflIIC tcCl OCCTCGTCGGOGAllI IGIQ)(XC~'-'1'OGG1IIGA1CI1C II 
_~IoCICA'I'CJ'~'l'C3COGN'''''~~~rQGCiti1iCiOCABG 

a.BQ'PC"D&! l"tX:GAC"Df: iGC!I&i 31106 roo rACA iIICAI IGGICrt!J' N:AGC'Tl'G~~ N G IGC 1 K 

c~o """""lhXQi AQQG&CC'1"C.ACCT'TGCllGGiilCC'lCGIGGICXX tt-rrax::AAGCT 

.TACaww.lGCC1'Ct'O .~GAOG"fCGAOO'ICCJ'CGGlCQGCGAG!I"'XJC.A'l'OGACOiM}cl'ACACOCCA.A'l' 
ACA'rt! l\XC K! rccc rt::ACJCCAAJ liX rex:::oc itXX"iAG 1 iQ; ~ I'GGC l1CGI'GC J'CGGCC !'COIG 

GACA~rt:l " GGiI" ~1 i iC'tAQJ'CCa··TCGAQC.~acca 
ACGCA:l"CGAGQlGJ LCGCCCGCA."CCA~CAJ'C'l"CCCGCC'l"GG'I.RiacJG!l'CiCi'C~~ 
CCGA&rt!C] K:A9CJCia i jt3<P63GCCGi'cx:c:A~~CCI\X.Ii";~'9G~ 

GA.CA'lG&ACICCGCXCl'CaccAnvrc""'~lCC'T'OGC'I'Q!'Ii:C.· '~l\X!'I\O!1\OX:OQr 
G"l"ACQ'l"OCAIWiCCOC' .'CC".l"CCAOC'!'CI'CCI'CC QCGIrI GlGliXGiC 1 l'CGOC CiA,. GCTGGIiIiIGCI K:G 
~~a.c"M:Ga.ccrc~'M::"'"Va.c;o:p.('!'rA(9' GrtJIIt.GG 
TGGTACAIIC:AOCGQOC I_SCQCQfC1V3OOOO CiIGIICTC""H'"tlA2 IGGGl'GAG"1'ACJIACC~ 
N.iAA~GACAl'CQTGiGicjCi'Cl iCle<::AACTA~1'CCGTA 

CAG'J\ii(>;C. a.C'T'rJhCC"p~GA It, ATC"rA TG 
~GAQCAU.Aa~'l'OCiIATA 

CGTCX"ACj¥jlC'jJlliMiM 1 iCAAC"D£!IGGiCCGI~:CN:C···'J'CA(.'X)9CCi· CCCltHrtX:JJGCi lCi'"CGGC" .saQT 
'tCGC(;XICCXACICI rcGOCII.CGC09GTAACOCCOC IOCACCIIG'rtX:XO>tCTCCC'ICI'ICTGGCX'OQGcAtC 
"M'CCOCh cc 1"CTCCIA("(':C~GGCOCA.t'CArtX!'mr" ":OOIXC"AC'~:\G'AGJC iGI1C<Jt 
CIC"l'GGA.c:::GGC......-cG .. ;I lCi'<X:tlCGiXtCCCr II::CAIX1'IIWX 1'C(X:'.llft"C~C*GQC"'"*'A£ 3: XA 

OCGTGIGACtCCCtC~GN~j:j'ijl~GA~~=~~~.~CC~jAC~A~.~sac~~"1"'C'lCCQ~~~~I~CCCACC;~~~"'~~=-~~j:lj~~:j1~'GGC~~I~i~C~rt:j'l()!Cj"'~:;C~Qs'11~"'~ 'I'CCCACG'!'GAO'lOCrt::rt:lCA~lGGCGCiG'NtACACCC'TCardGC'I'CCAAO ilCI'CCJtlW3CAacA 
CCGClCO"· ~~~ 
1'COGC rc:CQ)! ~ C Jcc::xt' leGI' • W'Jf'PiK"CAGGCi ICA.C:'C'QQ9I::'~:GACArtOC tcCGO:GC W'X 1«0:' ~ 
CAAA'I'C"f'C'CMXX 'I"CICOCG"l"'T'CACCGi:GCCM."'J'CAGCCA ~OCG'I'OCGCA1\X:iGTACGCX K 

TCGJ.CI'iI@C~.TCAa.oc..J~'" 1IC'J"CCOC'CNX':A7G'1' 
CC 1'(!'COr)C1IIGICA ~ ICC 1 h IQGACCG lGOCJC i b N"C&lXX'X"AT'l"CAAC I le:rvc.t IW:GQC 

__ " .,.- - ..... _ t'" 
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results of LAST 
BlASTN 2.2.9 [May~ .2OO4] 

~.,.: 

AltS(:hul, Steph~ r., TltooIas L. )I .. dden, AleJ andro ,.,. SchUter, 
Jln<)lwl Zhan<), then<) l.b.&nq, Webb Klller, 0:><1 Dav:d : . LlpNh 41 997 ) , 
"Gapped BLAST .bd PS:-BLAST: a ~ qener. : lon of prote~n ~t4D.se sea!ch 
proqr ... ·, ~uclelc Ac:d. Res. 25:3389-340c. 

RID: 1091490925-14 08-410) :514018 •. B:..ASTQ4 

(951 1ecters ) 

0._: JUl Gel\5ank+EH8L+OO8J+PD6 sequenc.. (but 1>0 tST, STS, 
GSS,envlronment~l aamplea or phAse 0, 1 or 2 HTGS 5equences) 

2,.34,031 sequence.; 11,969,012,090 total letter. 

If you hAve any probleas or questlons with the resy l ts of thls search 
ple .. e ,e'er to the IILAST r~ 

!liWlbutlon of 1 ~Int tiits QD the Quell' Sequence 

Mou~~ 10 show d~"lnt ~ s(Of~. elide 10 show ~nm~nts 

Cal... K8II r... R"& I I Scow .. 

t_7408i~~~il~~~i~~'~i~i~~'~i.i~i~'~''i~i·i~i~'~i~i"~'·'~i"~i~i~~~.~i~i~i~I~'.i~i~,~ 1 
e 00 200 JOO 400 5eO GOG 700 800 900 
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IX APPENDIX 

Al.i~ta 

l .... __ G_e_t _Sel_Kt_ed_S_eq_IIe_RC_e5_--J1 I SeIKt all II Deselect all 

o >w_JQ0997..h.!mb I X18988. ~ I ZI't1PI 
~n<Jtb • 1262 

tea mays MPT gene 

Score. 1675 bits (845 ), Expect. 0 . 0 
IdentltH!S· 878/889 (9 a t), Gaps. 2/889 (0 ' ) 
Strand = Plus I Plus 

Query: 6 qaqacqatatttaqqttccacAcaaaaccctctac99catcqtqqat99tccaccaccta 
11 1 11111111111111111111111111111111 II 1111 111 111 1 1111 11111 III 

Sb)ct: 1 gaqacga tatttaggttcta cacaaaa ccctctacggcatcgtggatgqtccaccaccta 

Query: 66 caagtggacggtccacgC<Jcctgcagagaagagcatagttatttgctccatgqtgaccta 
111 111111 1 11 II 1111 1 1111111111111111111 1 11 11 11I1 111 11 1111 1 111 

Sbjct;: 61 caagtqgacg9tccacgcgcctgcagagaagagcatagttatttgctccatggtgaccta 

Query: 126 cacgcgaacggtccagtgacctatcacgaaccgttcagcaecttgcagagaggtctccaa 
11111 11111111 111 1111 111111111 1 11111111111 111 11 11 11 1111 1 11 111 

Sb)ct: 121 cacqcqaac9qtccagtgacctatcacgaaccqttcaqcaccttgca9aga99tctccaa 

Query: 186 99tctcgactactcttqagcg9aatctagtgattattg9tqtttagcgcaaaaacgqcqc 
I I I I I II I I 1 I I I I 11 11 11 11 I I 1111 1111 111 11 1111111 111 11111 11 11111 

Sb)ct: 181 g<Jlctcgactactcatgaqcggaatctaqtgattattggtgtttagcqcaaaaacgqcqc 

Query: 2 46 caacagtagggtttacgtgcgaagtaagatggaqqqtcatag4gtttaagatatagaaat 
111 1 11 11 11 11 1 11111 1 11 1111111111111111111 II 1111 1 1 11111111111 

Sb)ct: 241 caacagtagggtttaegtgcgaa gtaagatggagggtcatagagtttaagatatagaaat 

Query: 306 tg«cagattcctcctattgttggataactcggcgqattttgttcagattgatttagacca 
1 111 II 1111 111 111111 II II II II 111 1 11111 11 111111 II II 111 11 11 11111 

Sb)ct: 301 tgacagattcctcctattgttggataa ctcggcggattttgttcagattgattta9acca 

Query: 366 ttttcacacactaCcagacgccqatcctagctaat99ccagaatctqagaaacaaacacc 
1111111 11 11 11 111 1 11111 1 111 11 11111111111111 1 11111 1 11 II II 11111 

Sb)ct: 361 ttttcacacactatc&qatqccqatcctagctaatggccAqaatctgaqaaacaaacacc 

Query: 426 ccgaaacgtaca9Cggtg9gcgaggtggttaggtcactgttcaccqagttttgataagtt 
11 I I I I I I I I 1 I I I I I I I I I 11 I 1 I 1 I I I I I I 1 I I I 1 I I I I I I I 11 I I I 1 I I I I I 1 I II I 

Sbjct: 421 ccgaaacgtacagcggtgggcgaggtggttagqtcactgttcaccgagttttgataagtt 

6~ 

60 

125 

120 

185 

180 

245 

240 

305 

300 

365 

360 

425 

420 

485 

480 



Query: 486 tctgtccgcgtcagcgccagctacgcgcgctggaaaatgctgactattttggct9caagc 

1111111111 II II " III 1111111111111111111111111111111111111111 
Sbjct: 481 tctgtccgcgtcagcgcca-ctacgcgcgctggaaaatgctgactattttggctgcaagc 

Query: 546 atgggataaccatgga-nnnnnnnncctgcagtgttgctatctgttctttgtttcgtagt 
1I11 ! I I II 1111111 11111 I1111 III! 11111I11111 , I111I1111 

Sbjct: 540 atgggataaccatggattttttttccctgcagtgttgctatctgttctttgtttcgtagt 

Query: 605 ggctgtttatcctcgtgtgcctcgcgtgcgtatatacacacacgtcctgcctgcacgcaa 
111111 ! 1111 ! 11111I111111111111111111111111111111111111111111 

Sbjct: 600 ggctgtttatcctcgtgtgcctcgcgtgcgtatatacacacacgtcctgcctgcacgcaa 

Query: 665' cgcagctctataaatacctcatcaccggtgcactcgcttaatatatatccaacaaccagc 
11111111111111111111111111111' 111111111111111 , II ! 1111III11II 

Sbjct: 660 cgcagctctataaatacctcatcaccggtgcactcgcttaatatatatccaacaaccagc 

Query: 725 agtgcaacaagcaagatttacctgcccgtgagtgtgcctttcaataatataatgtcttat 
1111111111111I11111111111111111I1111I11111 ! I11111111111 ! 1111 

Sbjct: 720 agtgcaacaagcaagatttacctgcccgtgagtgtgcctttcaataatataatgtcttat 

Query: 785 tttattattatgtttttgcagtgatagtagtctgtaataaatctctcctttcaatatata 
11111111111111111111111111111' 111111111111111111111111111111 

Sbjct: 780 tttattattatgtttttgcagtgatagtagtctgtaataaatctctcctttcaatatata 

Query: 845 taattcacatgccagatcgatcatatcgtcaactggtccggcagttcgc 893 
111111111111111111111I111111111111111I11 ! I111 ! III 

Sbjct: 840 taattcacatgccagatcgatcatatcgtcaactggtccggcagttcgc 888 

7.2 mpi promoter sequence in GenBank 

The assembled base sequence of mpi promoter showed homology with the promoter 

sequence of MP! gene from Zea mays, which is as given below: 

545 

539 

604 

599 

664 

659 

724 

719 

784 

779 

844 

839 
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-. 
ft'l: 

',~ ~~ : .... N~cfeQtlcte~ .. 
•• 

' . ..- - '""",*,. ---~ -
for ~I Clear I 

LlIlll1s 

I Display I Genllank Show: 20 I Send to I file 

o 1: ~. Zea mays MPI geoe ... (gr9909975] 

r..ocus 
Dl:FIHlTION 
ACa:SSIOH 
Vr;RSIOH 
KEYWORDS 
SOURCE 

ORGANlSl1 

RE I'ER!1ICE 
I\IJTHOflS 
TITLE 

JOUlUOU. 
MEDLIN!! 

PUlIHED 

R£ f'1!R IlNCIt 

JWrHORS 

TITLE 

JOURKIU. 
REFER£NCE 
~UTHORS 
TITLE 

JOUlUOU. 

REMAIlK 

REI'ERENCE 
AUTHORS 
TITLE 
JOURHAL 

ZMMPI 
zea .. ys MPI gene. 
:<18988 
X78988.Z GI:'~997~ 
protelDase lnhLbitor. 
z ... "Y5 
Zf!!_aI!J's 

1262 bp ON'" llnear PLN 23-AUG-2000 

Eukaryota; Virld>planta.; Streptophyta; &.bryophyta; Tracbeophyt.: 
S~ ... tOphyt": HaqnoliOphyta: LlliOpSlda: Pod .... : Poeeeae: PIICCAD 
clade; Panicoldeae: Androoooone.t: 1.ft~. 
1 
Cordero,M.J .• R~vento.,D. and S.n Sequndo,a. 
Expression or a Maize prole~n •• ~ inbibltor q6n~ 1S induced in 
, •• ponse to woundinq ~ funqal infectlon: .ys~~c wound-respon5~ 
ot • -=mocot qe.n~ 
Plant J . 6 (21. 141-1~O (1 994) 
Q"' Ou 04r 5 f.t 
"t ~; C .:!.i 
2 
BCelt le r, J . C., Cordero,M.J., [oyer,M .• Ke ynard,D .• San Sequndo,S. 
and Guiderdoni,E. 
The - 689/+191 reqlon of the m.1ze protease l nbLb~ to[ gene ~cects 
h1qh level, wound-inducible expre~51oo ot the ccylB qene which 
protect$ tranaqenic rice planta from steaborec attack 
Unr>Ublisbed 
3 
cordero,M.J. 
Direct submission 
Subautted (26-APR-1994} M.J. cordero, Ceatro de tnvesttq4clon y 
Desarrollo de Barcelona, ConseJo Superior 6e Inve5tl9aCl~, 
Ci.ntlficas, c!Jocdi Glrona Salqado, 18. 08034 Barcelona, SP~H 
Revised by 131 
4 (b •• es 1 to 1262) 
San S-e<jUndo,B. 
P1r.ct S~ •• lon 
Suboutted (22-lWG-2000) San S~ 8., ~netle. Hol.eular. 
InsLlLut de 8101oqia MOlecular de 8arcelOft~, CID, CSIC, Jor~ 
Girona 18, a.rc~lon~ 0803 4, SPAl~ 

On Aug 25. 201}0 this U'luence verSlon replaced gl: C~.: '; · . 
LoCAtloa!Qu.lltlers 
1. .1262 
!orq~sm="Z~ .ays" 
lmol_t~=-genoaic DNA· 
I.tr-alo-"inbred llRe 813· 
l'Ub_"r>eCie ... -~a ... ys L.· 
Idb xref~·t.xon:45?7· 
!tl;sue type· - l e.a t " 
/clone llb=· BK6LJ· 
Idev_stage-" 2 leave s staqe, Whole cocn seedltn9~· 
566 • . 690 
!evldence=exper1-ental 
668 .. 614 

l[ 



intron 

EolyA signal 

golVA signal_ 

691 .. 1262 
/gene="MPI" 
691 .. 1262 
/gene="MPI" 
/evidence=experimental 
747 .. 854 
/gene="MPI" 
895 .• 1116 
Igene="MPI" 
leodon start::::1 
/product="proteinase inhibitor" 
/protein_id="CA1l;555_88.1" 
/db xref="GI:475253" 
/db-xref="GOA:Q42420" 
/db-xref="UniProt/TrEMBL:Q42420" 
/translation="MSSTECGGGGGGAKTSWPEVVGLSVEDAKKVILKDKPDADIVVL 
PVGSVVTADYRPNRVRIFVDIVAQTPHIG" 
1164 .• 1169 
/gene="MPI" 
1243 .. 1248 
Igene="MPI" 

ORIGIN 
1 

61 
121 
181 
241 
301 
361 
421 
481 
541 
601 
661 
721 
781 
841 
901 
961 

1021 
1081 
1141 
1201 
1261 

/I 

gagacgatat ttaggtteta caeaaaaccc tctacggcat cgtggatggt ccaecaceta 
caagtggacg··gtccacgegc ctgcagagaa gagcatagtt atttgctcca t9gtgaccta 
cacgcgaacg gtccagtgac ctatcacgaa ccgttcagca ccttgeagag aggtctccaa 
ggtctcgact actcatgagc ggaatctagt gattattggt gtttagegea aaaacggcgc 
caacagtagg gtttacgtgc gaagtaagat ggagggtcat agagtttaag atatagaaat 
tgacagattc ctcctattgt tggataactc ggcggatttt gttcagattg atttagaeca 
ttttcacaca ctatcagatg ccgatectag ctaatggcca gaatctgaga aacaaacacc 
ccgaaacgta cagcggtggg cgaggtggtt aggtcactgt tcaccgagtt ttgataagtt 
tctgtccgcg tcagcgccac tacgcgcgct ggaaaatgct gactattttg gctgcaagca 
tgggataacc atggattttt tttccctgca gtgttgetat ctgttctttg tttcgtagtg 
gctgtttatc ctcgtgtgcc tcgcgtgcgt atatacacac acgtcctgcc tgcacgcaac 
gcagctctat aaatacctca tcaccggtgc actcgcttaa tatatatcca acaaecagca 
gtgcaacaag caagatttac ctgcccgtga gtgtgccttt caataatata atgtcttatt 
ttattattat gtttttgcag tgatagtagt ctgtaataaa tctctccttt caatatatat 
aattcacatg ceagatcgat catatcgtca act~~tss~~.?agttcgcga caccatgagc 
tccacggagt gcggcggcgg cggcggcggc gccaagacgt cgtggcctga ggtggtcggg 
ctgagcgtgg aggacgccaa gaaggtgatc ctcaaggaca agccggacgc cgacatcgtg 
gtgctgcccg tcggctccgt ggtgaccgcg gattatcgcc ctaaccgtgt ccgcatcttc 
gtcgaeatcg tcgeccagac gccccacatc ggctgataat atataagcta gccgctattt 
cctttecttg ccceagaact tgaaataaat atatataega tgaaataaeg cgggcatgcc 
gaataatgga tgtgtgaatt etcactaatt aagtaatgca taaataaacg tattcaaatg 
tc 

Disclaimer I Write to the Help Desk 
NCBll NLM I NIH 
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A-8 peR cloning of cryJ B gene 

8.1 Primer desigoi ng : 

r Of"'ftIrd pri 11M" .. 
GGl C'CGG('ACITCCCATGGlTACcrCCAACCGT AAGAACCACAAC(; .. \GATC<\ 1 C" "('G(,TCTG 
TCCAAU 'ACTCCG( T C A(; ~ T(;(;AC(TCCr< 'CCAI: \('C (TCCC o\T<'G \(;(': ,,('n '('TTGTGCA'rC 
C( ·fC."GC( :C. ... ACA -\CATCCACCCATfa;TCA(;CC<:'<TC< -\CCC rcc ",,-\CCCCL\ fCAACA 1 (' 
( ;(iGGCCCCA TCCfTC(;('(;TCn'GCC( 'GTCCC A nTGCAGGA( 'AC(TrCCrACTrrCT A(TCe 
TTCCT<.:(;TCGCC<;AG1TGTG<.:CCCAGGC(;C ACG(;."CC.AA TGG{ : .... GA rCfTCITGG AACA(,GTC 
(;A(;( ·.""-\("I·CA 1 C AAn 'AGe AGAT('ACCGA(:AA TGCC ACGAACACCC( TC'rCCCTCCT< TCC AG 
GGTTTGG{;TGACTCC .... rCAG(;(;UT A TC AACAGT('("I'GGAC(;ACTC.GCTCG."'G ..... -\C<'CCCAC 
GAC'CC'f ACC."'CC.-\GGAG(''GTCC' CTACA( 'CCAGT ACA TCC('ITfGGAA TrCGACfTCCTC A-"C 
G(, A TCCCA(lCTrCCCCA TCACCAAa ' ... AG .. \ GGTCCC ATTcrrGA TGGTCT AOC{TCAGGCT 
GCC.AAmGC ACCTCTfGTn;'rr( ;AGe.(;ACGC(I(,('CT(TTCC'( :CACCCAA l TCCGCCTCACT 
AG( 'C.-\GGAGATCCAGA{;(;TACTACCAGCGCCA. ... <.'CCACAGGACTACCCACTACTCCGACTA 
C'1'GCCTCCAGT{;(;TACAACACTGGTCTCAACACCfTGAC.G<XXACCAACG<.TGc-JTCCl'GGGT 
CACCHC .. ACC AGTrCCCC AGGCAC(,CAC( TTGe.<;TGTmCGACCTCCTCGCC<, T r rrcCC 
AACCT ACCA( :ACCCCC A('TT ACCCC ATCAAC A('(iC'f GCC<.:. ... GTTGACC AGAGAGGTTT A(' AC 
CG." TGc-J A TCGGTGCT ACTCGCCTGA.-\CA TC.GCC AGeA TGAACTCCTACAA('AA('MCGCCCC 
A TCCTT(T CCCCC.'" 1'< '(;AAG(T(;CCGCT A TC-\G(.'CCCCACACCTC(T(;(';AmC(lGGAGe A 
ACTCAn'A TC1,CAGCC.(,TTCCTCCCCCl·CCA{;(·A. .. CACC AGGC .... e, ... TGACCT A(lCGCCTCC 
T('ACACC ATCC AGTCCCGTCCCATCCCACCTGGCfTGAAC ... C("I'CCACCCA( 'CCAC("I'A(, AA 
CAC<.TCC A TCAACCCAGTG .... CCTTGC<;m C'GCCTCTCG I'G .... n;TGTACA(;(;AC('GAGAGCT A 
CCCCGCTCTC(TC(T(lCGGGCATrrACCTCGA(;CCCATTC,\('C(;CGll;CCAACCG1GAG(;'rT 
CAAC1TC ACC AACCC AC AGA .... C A T(TC<X;A TCGCG{;C ACTGCGAACT ACTCCC AAC('A T .... CGA 
CTC("a-ACGC< T C( 'AG'rre; .... -\(;CACTCn;ACA( Te. \ C'ITC("(' \ ( '( 'AGA(: A("I' ,\(TGAGCGTCC 
.HACT."CCAGTmACAGCC AC AG(;'rTCTCC( ' AC -\ rCGGC A TCATCCTGc'A(; 1'(1 AGCe"(;AA 
CGT(;("C ACTGTACTcrrcCA(lCAC AC.GTCTCCTCACCGC ACT AACACC A T<:CC<:CC AAAC A<': 
GA TC ACCC AAATCC< 'AA'I'GGT<': .A,\C,(: CCTCCG ACCTC C(' AC AAG<':CACC .... CC(;TGG TG AGC.G 
CACCAGGC· ITCA(TGG( ·GGCGACATCCI'{'AGG .... GGACCAACACTCCCC<XTl·CGGTCCCATCA 
CGGTC AC(''GTC AACCGCCC A ITCACCC ....... AGAT ACCCCATCCCCfTCCGc-J ACCfTTCCACCC 
TGGAmCCArJlClTCCTGTCCCGTGGTGGCACC A.CC<';T AAAC AA(- rTC."'G(;TrCCTCAGGA 
CCATC ........ C AGCCC;TGACCAGCTCAAGT ACGCC .... AmCGl'GAGG(.'GTGCCTT( 'ACCACCCC AT 
TCACCfTCACCC AC.A TCC .... AGAC A TC A TCCGCACCTCCATCCA.-\CGCCTCAGCCCCA.ACGG<X; 
AC(;TGTACAT CCACAACATCCAGATCATCCCAGTGACCGCc. ... ccrrCCAGGCCCAGTACGA(T 
TG(; .\C.AGGTAA ll; .... -\ ITrCTC'("AC(,CC M'Il' CGGTMTCa; ... ccn;c A • 

8.2 pe R am plification : 

PCR umpliftffi prooun "; Ib BII",H I . i.., a( tJw 3' end. 

nl, .. 3' 

[ro,RI 
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8.3 Cloning of PCR product : 

C loning in p Ori\'(' Cloning Vector 

pD,,~ Cloning Ve.:1or 
J 85 k" 

Hu",11I 

Ba .. IU _HI 

U 

t --
~ . 
. _ 
..... 
~ +-.... 
~ 

" ... 
~ 

.~ 

~ --Iqw '_ ~ '_., ... . _---._ 
ti ... _ 

U galion 

i 

pDCV. IB 

/ 

\ , 

Baclerial (£. ('Dli. DHS(l) Innsformalioo 

~ 

APPF.Nl> 

&",111 

Bact.rial colonies .. cre scrttllfll for IIw <Iono(.) barbouring rtCOmbiruo.nt plasmid witb tlw 
gent in..w rt in correct orientation by restriction aulysis U5iog BamlD rnt:rictioo tllzym.e 

(Bamlllt8kes aul 2.3 kb rraJ!l11Cflt, if the insc:rt is in corrM 
orientation: otberwi~ linearized .6 kb pla.'lI1lid is obtained) 

• COIIJirmalion by restrktion dia=esti-'m"pping of !be recombinant plasmid (pOCVI BJ 
lISiog £<o Rl 

(£c"RI digest ion gi,oes fragmmLS 01'3 .85 kb. 1.3 kb. 0.6 kb and 0.3 kb) 

~ 
8.4 Confirmation of base sequence: 

Bast Hq""nct < .... firm"lion of !bc PCR cloned geM by . i0ltk strand noa-L_m bled primer 
"",Iking Hquenciag reactioos 
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Assembled b~ .... uence.: 
ATAGGGAAAGCTCGGTACCACGCATGCTGCAGACGCGrTACG1ATCOGATCCAGMTICGTGATTCAiOOrlt\.('(_'·'l(TAA(X h 
r A.M; oVr.f._"GAGAM.'GMMl t'" rc",A('(j(_'r<TfGI('( A""-"( ACTCt'(j(ICAGA TGUAOCTC'rTC'('( '~l("TC(''(_ A I C'UACi('A('"1 C,_ 

cn(rt ac" T(."("a(TOAli(J(J(' AACAAl.~ TCGA(."(·(.' A nOO-I CA(iC(KX_"'1 (CM"l 'GlCC AAA('CGOC A 1t ,,"('A I C'QC"l tiQC'("C,C A-I 
c..--c-rrOOCGTtTlTG(K)(.."QTCC('" TIC.'(J(" ",GC.JA( All(. TT(;( T AQrrH." ACI cn"o., CGT('(j(iC(lAcmm'('r(j("C'(' A(j(j(K}(' A(j(i 
{LAce AA TGo<lAGA I cncrnNAACA('(JTt:C:;.MJCAAcn ATe AAC'C; AOCMiA I (AC'('\M.OAA 1 un Mi<]AA(' M,.'t.'Cj("l(,"1 (:(in 
("(j J ( TCCAOCi(llTl oGGl OACTCt.'rrC}'(l(;(iC('1 ATC "/CAO I crOGOAOGAO oat TC'(,iA(iAACCOCQAC'GM."OC"1 AcJGA(X 
AcAiA(i('(i1 C'(.~I CI A(' MXX'AGT At. 'ATChtTH(r("JAA 1 I (iGA(TfCOt AA(."("r( T ATG("CAC"i C'IT('G('(.:AI'C AOOAA('l AAGA(i(o 
I\,"'C't '''1 J 6TH;" WO IGr M."'OCI (. AGQ(._+I GCCAAmtK ACCH_ TTGTTGTTGA(j()GAtXi<C1 ('C('L-rrC;'GGCA<X'GIIA nCO{i 
C(_'I CAn AO('( 'A('j4;A<.JA rC\.. AtlAtiGl An ACe>AC.i('()('(·!.AG I C"VA(\AOOA('O,OOUA(T ACf('('(jACT ACfCi('Ci"1 G(;AGl (j(i I 
,,('AK At TOCTI CTC AM: AGtTrGA~ A('("AACQ(-I tlt..Tr<:C 1 OGGfCAOGTAC AA('( A(J" C(..'(i(' A()(i(;""-Ie AC\_ TUX; 
ar(,"TCTTGGAtTTCGJ G(j('C'( 'r(Tfn, AA(i(I AC('W.: ACl"('(i('An'l AC'('("(' A 1(,' AM: A("(~rCTOt"('(' A(.TITGA(.'(· MJAGAOO1 
n AC A(,'T'GA I (j(I AI ('()GlllI(l'An (f(jo«fr (tt\AC ATGGC'(' A(i(.' ATQ.AAL'HXi 1 At 'Iv\CAACAAC<X'CCC",'C(Trt "1'«('\1('('''1 ( 
(iAA(i('1 OC'\_ (O(_"" 1 ('AGGI (.'\XX A( A('('H.'(i'o(IA(Tlt.l 'TGGAOC AAL'I'('AL"t ·ATnicAOCC.c. 'rrocrCCC(J(_, GGt\tk.' hAC A 
C('AC,(j(' A!: ATGACt, llCl O<i(.'('il 001 (N,._·ACCA I OCWTCC('(il ('('CATCO(lAGG'I (i(ioCTI(lAA(' AO._ ,CCM':("(,:A('O(;AOCI A 
(,"I A .. \CAC't. TC'C/d (' "M-X'l'AGI (.iACCTr OC'GT' n ("()('\_' I C'TC(J 1 GA('o I (,'T M ' A(}oGAt.X:OAGA(j(' At."tiICcGGl G1 CCrl'tiC'1 (1 

<KKK' A lCI ACCI C(iAOCt:'(.' A1 rCI •• C(i(;C(ffO('(.'AA('(.'(;TGAC;KTITC A,\(TfC"l'C AMX"(' A.( ' :\O",M-A TC1 Ct'GA rC'OC'OGCAC 
ltj('(jAAl. 7 A('1 L'('C AAce AJ A(':OAtrr<X(X.ACIQC'(.TT('AGlTGAA(i(j,A('1 (.:cGA(iA('TGAm,.oa_-A(_"(' A(';AGAC'T ACTGAGCG 
It.'eM'''''' A('CoA(jTC-rT ACAt'W.,.'("Al- AOQrrOrCCCA('Al('(l(i(,:A 1 CAl ccroc A<irt. AO(l(rrGAAC'GTGC('AOTGT A(7CTTOO 
ACT C ,.t' AOOr ("T OCI GACO IC ACT A N: AI.:C: A Tc,."'(l(j('("CAAA(" AUO" [('ACCt'AA" 1 CC'C AA I GOTGA.-WC".t<X"l ('('(}.M)("T(J(_"C A 
tAAGOCACCM,,'C'GfCM:TGAtfOGOACCAOOC1!CA(lOOC(i(jCOACATC'CT(:AOOAiJG.MX_·AACN,°TG<l(;(J(iCTK'GGT('(.'(_·AT{ 
AG(j(HCACt.-U1 CAA('(i(i(:t'C..' A n (.;.M"CCAAAGA rAC'\_~~'AT(;(J(j(Tr('C()(7 A(,.'OCOCC AC(.'(TT(i(i,,\,(TrCOA( IrCTl CaT U I 
("("C(;r GGT OOC At:'< • AC'CGl AAAC AAC'iI (" AGG 1' -('("lC'.AOOAC'CAT (MAC A(J(X)GTGA(.'(j.AC,,( IC AAGT A("(i('iC AKJTCO'I (i A 

(J<.O<:G1'GLYTI(' A(:CACl'OC A rr(.'A(."'<-TIC AO ·(.'AGAT(.'(:AAOACAn.:.uCCUC Ac<" ("0\ l'L'('MOOCC'T( A(.;C(j()C -AA('(H._l(,G 
AtlUTQ"r At: A n :OA(" AAClA TetiA()A 1 CA-rCl."(~AGI GACCOCt.:ACCl7UGMJ(K'CGAUr ACGACTTC)(.lAGMJ(Tr AAJ GAA rrCCTG 
(. A(i('(:( A"nt'(KiT AC'('C('<lA("('1 (tc 

M:OTTAADCAIOTAAJMnAAC'ATGTAATOCATGAClITrAmAfOAGAl 

(lA'IClt'TAGAACK'n"',C'GA IAA(i( I r00A1('~lAhAG<.·I ('CMTCTGAAn 
TTCTCGAGCCT AGGCT AOCTCl'!<.GAfX,AC 

Collfirm~ baS(' .... ueo .. by romparing wilh th. original st"Jueo« 

8.5 Cloning the gene with promoter 

BamKI digestion 10 takr oUI Ih. ge .... from pDe"-1 B 

Cion. lb. g .... (uyIB) frag_nl in pSKPPC· 7Z al BumHl sil. 

1100<1111 

pSKPPC-7Z 
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JJUKtJ 11 IImdlli " mdl11 &am I tI 

pSKP1B-'TL 

BacteriaJ tnlOsfonnation .Dd ... reening of th~ bacterial coioIIies was dOlI" for tbe clon.e(sl 
harbouriDg .-..:ombin.at plasmid witII the geM iaHrted down the promoter ill ~t 

orieatation. by restriction aaaly>is usiag Hind m restrictiOll eazyme 

(Hindi)) takes out ~.6 kb fragment. if the insert is in corre<.1 ori<nl8tioo: 
otherwise only 2.3 kb promoter ITagment comes out) 

+ 
HUrdIU restriction enzyme WlO' 1I.~ t(l take out tb. u r lR l:en~xpl't'S-<ioD' 

ca ssette mgmeDt for c.lt"an DNA transrormatiun. 

A-9 Plasmid base sequence -
pSKPBA-7Z (9520 bp) : 

£tICG'~"<P 
~~~'l*r<:GIII11CC'.'-AC"'rA 
GG~'l'TA'QA 7lGCGi I jOO~111 iC'l'C~'a'''' ZQIIGIGa. 

AT 

9C.AGiGlihiilAa.~~·~o:aCCC"'fA'···TA'l'G'l"GA.A~~ 
C 11IWiCA!1V'111l'OIICOClOl3ltAn,A'~T·QC·GIIG'1"GGIlC'JW.iJilM>lQ}t3" lC 

leso;.; .... 'l'CJIG'l'TCT'l 
~'lQii'Qi t:AGGACACGlWll 

~'1'CTCA!T!C'I'A 

TT9I'" ''''~'''TGC:Id'"DG'Ac:::caD':J reNi •• ,'tA: ~ 
M'CIIC11111GruIGGlA.TA'l'OOC'AMXX"A'."J"OCkXiCtc"i\XJ'CA1d'OCQIG~11i "CCiii( ICiiIXOt'AG 
~'l\Xi':NCAA'ililiGiIGGlCitG~'Clr)Q()3CC~ 

TCC'l"'GC'" JW:JItIGJ'Cr.occ it:Xmo. 
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10X J~ll'C 1 ICXX: j<::CGIL!'QC1DC"'CTAC 1 JQC U , a.ca P010CC Ie Itx::ACId"OC'" a ancAM'CC'T 
~~OXXX:iCf\XOACATCCT~ 

GC:':C.*' ACOO""TA ~'GiI 'GGC'~0CM'TGi~' .....-.caTC'AC.N1C~GCC"··· AI3G 
AlJC./4U»>GGAQC·"ACCC·~ICIOC::WTCCCC (!"QCGA~ 

CACCCCTCTCCACA TOCCC [OCQ)cXOC 

TCCGl JGCGGTT~A~Q9C(QCGCX (11cca ·~GJGI'" - OCCCtH lCCCGTOC 
IICN3¢CN:;N:;1I£ 'l'TGM'CACCAAT 

OGCA'l'C'GCAGCAGC'1tCGI.GCA.GC'-CG(X;;G'I'GlCXXiICrcCA MX:GIC lCGC IICOGIGC"lTAIli(; i ['(;ICCQOC~ 
~ ~ N:lGA~TCArCA -':9 IGiGicc::1\ACCN: I«OC lCAGATGG 
ACCTCC ICCCAGAC9: J~ IiX:l1'GTGCA T'J'OG'I"CA,OC 

OCC1"'CCACCG'TCAAACCGGCAl'CAACAICOCl(J1(iiiC(O;QCATCCTTGGCGI'G#. IGGiGCGiCo::::A~CA 

GCnOC'rlttS1 11(; rAC'iCC I lCC109ICOOCG.lO'i JGl"GGOCCAoGGGGCGGGACC",TGGGAGAtCIIC 11'GG 

GGAC'l'AC1'CCGACTAC~K'N JV(I!C f'iC&~w.:ociGCiJC'C't 
~ ~ 

COGIIOCTAC'r 
ACOC'OGI:nG'I'CClCC it J'GGGGF~ 
AACCCACAGA 1ICI\'l'C'J'OOGA 
~'!'GAQT'I'GCCAO~~~ 
.IICATCGGCM'CA TGlICCGCACT 
~'l'CAOCCAAA'l'CTOO'tGA'GG<X ~TGCC""·IIGGCNXACCGT 

TCAC~'I"I"GN::OCAa"~rAC<::GC'A1tX1kiCi rtXGCTACGCTl'C'CACOG'C"M'CGACT'I'C 
I l'CG'iG'iC<X:G'TGGlVGICACCAJ.:)t;#f ~ 

T 
I'OX KGOCGGOGNlCGC~lICaccccAU'CGAC 

AICTCCC'I'CTCCC"I'CIICOCUi iCC lex:: IC~'V)l:;C·iJI WI IGG IGCI01GJCCiOi'I"GGA 
CA~ ~ 

1<: iCOCGCC IGGAGGGI'C 1'C l\XAACC'I"CTACal:a '!C"tACGCC 

~CIIGC'Ca 

ACGT<X'A'9CCGCCA~ICICCGl"CC"I''CXP'GCXaCGiGi:c::x:::G'"'' 1 Je"GQCCA a£Q: IGGGGCllo::JlAC 
G<X:GC'I'AoOCI\ ~~~~<:lIIoGGTG 

G'TAC.I' ~x)GO "ilG'; :>X·~i'C'I'GGQGGI' 'GAC'l'C"DlGAGArIGGGlGiJlGA"l'ACA WX:~ 

.u. 
G 1G'locc:A JICi"'I'NX'~ '1"QQC 

TCA>.OQCATCGIIOC.V..UICI~TQGIO.n~'I'ClICCA~~C"'OGAOG 
TC" 0JiiX rox· &QtCGGC I lCj~ 

G<:CT'J'C(X:ACTII<"~·'CGOC'GGrAACocu;cIO:a.c::cJ.GTCCTC(JrCr'CCCJCACrGGCC:roGIGCATCTT 
~1'GTI.C.AQCGC~'1"CAiiX tcGGJC rtX~C' 'A,Ca AC(':A MiAt3CfG'lICGTCC 

~CGGC""ACCGAG 1 1<:1« 1 fCQ(X: ICCC TCTA"oeca • &.099GCAOC 
G"I"GGACTCCC'~ac'~ • .a.c: rccGji CCACCACGC9 l"GGC'i iC iccc:::ACOiCCNTC 

C'CACG'J'GACCkl'OC ie Ie I' AAGOCG( rGGC:GC~~~I~"'EI~"'~T~II£:.J~~OoCX:C'i'CI\GAG§~~§~~~~~~~~~j~'~I~I~C~rtX:~~TGGC~~~.~~~~'~OC~ GC 1':::.::cGC":'GN7l'TC" ~ W::'~TCA'I'COCAI'(:X:: i\>CUa M'CNX'C" ." 
QGCTO:Q)( 1eI"C J'CCG'ICG'ICJ 1tO')!)()C CAGGC'i h A(X"GI»~.'<X! ICCOCCOCIt£C l\XXX I'IIGGCC'A 
.u.~'l'CllCCGCOOCIICI'CI\QCO~JDClGICm'ClCGCA7OCGCTAOGlOCICO< 

TGIT'CC 

~CGOCrt.'C1 i'CNiJGi&.c C<nGGIGC 11- 14DCN:X::;t:;;CA~ 
CAGCGTC'l"'1" 'TCQAG. icat'CC 



AATAGCTTGGCGTAATCATGGTCA~GCTGTTTCCTGTGTGAAATTGT~TCCGCTCACAATTCCACACAACAT 
ACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCT 
CACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGC 
GGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGC 
GGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAG 
CAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCT 
GACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTT 
TCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCC 
CTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAG 
CTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAA 
CCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCG 
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTG 
CTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGG 
TTTTTTTGTTTGCAAGCAGCAGATTACGC~GGATCTCAAGAAGATCCTTTGATCTTTTCTACGG 
GGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACC 
TAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTA 
CCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCG 
TCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGC 
TCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTT 
ATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCA 
ACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCC 
CAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGT 
TGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGC 
CATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCG 
AGTTGCTCTTGCCCGGCGTCAA~CGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGG 
AAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTG 
CACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCC 
GCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCAT 
TTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGC 
GCACATTTCCCCGAAAAGTGCCACCTGATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCAT 
CAGGAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCA 
ATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTT 
GGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGC 
CCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAA 
AGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAG 
GAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCG 
CCGCTACAGGGCGCGTCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCG 
CTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTC 
ACGACGTTGTAAAACGACGGCCAGTGAATTGTAATACGACTCACTATA 

A-tO Plasmid map 

The detailed map information of the plasmid constructs made is as given below: 
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A-tO.1 pSKPBA-05 
Translational fusion of cryJ Band cryJAa genes driven by green tissue 

specific pepc promoter 
(Size: 18346 bp) 

(1) Linear map 

HoMf II II ",dlll 

pC A.)-IBI.-\.·) JOS.' 

-4- ........ __ .... _-- 6.5 kb ...... .... ,., """. 
p .. n 

(2) pCAMBIA- 130S. I . the clon ing vector. ..." \ 
_, 

pCAMBIA- 1 305. I. a 
binary vector, baving 
GUSPlus reporter 
gene, Kanamycin 
resistance for 
bacterial selection and 
Hygromycin 
resistance for plant 
selection. 

(3) Circular ma p 

Translational fusion 
gene cryJ B-cryJAa 
driven by green tissue 
specific pepc 
promoter, cloned in 
pCAMBIA- 1305.1 
vcctor in the MCS at 
HindIII - Bamill site. 
Primarily suitable for 
Agrobacterium­
mediated 
transfonnation. 

Coastrueted by: Suresb Kumar 
Dale of cooslr1lcbon: 4* Jan. 2003. 

_ , 
_ t ;lU,,"Z\ 1'._" ... , 

.... j 

_ JO 

.. ---
no.. l . .... . .... 

- '"' 
..,.., ........ 

T """""' ''' 

---

pCAMBlA131l5.1 

l!R16 "" 

JOWt_ ..... " ...... "', 

IJutdlll ( 17~'J I 

f ,(Mt\' • I h ,ItO) _. 

", 
" 

.\""t l l,UN) 

t.:oRII I~7) 

rhol ()407l1 __ ... ay18 

Xhal ( 12S9n ) .' 

.\lK I (1 1'10) 

/'''flIIIM3) 

1I,-Ulll I 13~5 1 /;Iu",HI I IIOS$) 

IfUlodIll ( 11061 i 

pSKPBA.05 
l&306bp 

Jlmdl1) 

pe A" SI \· I)OS.I 

-_, .., .. --T """""' .. 

_ .. 

pCAJ\fBIA. 
1305.1 _ or 

Rice Transgenics Lab .• NRC-Plant Biotechnology, I.A.R.I .• New Delhi -110 012. 
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A-l0.2 pSKPBA-7Z 
Translational fusion of cryl B and cry /Au genes driven by green tissue 

specific pepc promoter 

(Siu: 9520 bpI 
(I) Linear map 

...... ,.. .. If( IfNtdIIl 

(2) pCEM-7z., the cloning vector. 

pGEM·7Z vector. 
having Ampicillin 
resistance for 
bacterial selection. 

(3) Circular ma p 

P(;EM-7Z 
\'Ktor 

Translational fusion 
gcnccrylB-crylAa 
driven by green 
tissue specif K: pepc 
promoter, cloned in 
pGEM-7Z vector in 
the MCS at Hindill ­
BamHI site. 
Particularly designed 
for Biolistic-mediated 
clean DNA 
transformation. Smal 
- !.nul digestion 
gives 6.5 kb fragment 
of the gene expression 
ca.ssctle for 
bombardmenL 

HUlffIIl ibCloO l ) 

'hOld1i1 tf)~ 73) 

ConslnKltd by: Suresh K umar 
Date of cOIlslroetioo: 6'" Sept., 2003. 

-'--

M"'I (6619) 

&non II 

I IJItdIJI t 711 

pSKPBA-7Z 
9520 bp 

J/Mdlll 

...... 1 
IJ.,{{ I 
Sow 1 
, _ I '1("", 
HmJ I II 
""- 111 

·7Z 

Rice Transgenics Lab .• NRC-Plant Biotechnology, I.A.R.I.. New Delhi - lJO 012. 
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A-IO.3 pSKMAa-7Z 
Bt crylAa gene driven by wound inducible mpi promoter. 

(Size: 6150 bp) 
(1) Linear map 

~ .. HI IlmdUl 

c:ryl.~11 gon. 

. ---
~ ...... _____ _ ... 3.2 kb 

(2) P(; EM-7Z, tbe cloning vector. 

Bm" III I/UO<J III s- I 

~ __ ~2bP • 

.,J 

/ 

teo I 
!.<>oIt I 
S-I 
r_, I MCS 

pGEM-7Z vector, 
having Ampicillin 
resistance for 
bacterial selection. 

(3) Circular map 

Bt cry I Ao gene driven 
by wound inducible 
maize prOlciB85e 
inhibitor (mpi) 
promoter, cloned in 
pGEM-7Z veclor in 
the MCS at Hindi II -
BamHl sile. 
Particularly designed 
for Biolistic--medialed 
clean DNA 
u-m;fufmalioo.. Smal­
MiMI digestion gives 
3.2 kb fragment of the 
gene expression 
cassetle for 
bombardmenL 

ConslJ'lKted by: Suresh Kumar 
Dale of coostruc:tioa: 16" (kL, 2003. 

pGEII-I. 7Z 
Vff:tor 

"Md III ....._ .u 

_,._ -.. 

I }..nll 112. 

s..1 C!tlll 

Ho .. ,O t 10.\ 11 

_ (32A9) 

lkuttlll (32.1 1) 

Rice Transgenics Lab., NRC-Plant Biotechnology, I.A.R.I., New Delhi -110012. 



A-IO.4 pSKPIB-7Z 
Bt crylB gene driven by green tissue specific pepc promoter 

(Size: 7566 bp) 
(1) Linear map 

(2) pGEM-7Z, the cloning vector. 

pGEM-7Z vector, 
having Ampicillin 
resistance for 
bacterial selection. 

(3) Circular map 

Bt cry 1 B gene driven 
by green tissue 
specific pepc 
promoter, cloned in 
pGEM-7Z vector in 
the MCS at HindIII -
BamHI site. 
Particularly designed 
for Biolistic-mediated 
clean DNA 
transformation. Hind 
In digestion gives 4.6 
kb fragment of the 
gene expression 
cassette for 
bombardment. 

Constructed by: Suresh Kumar 
Date of construction: 26th Oct., 2003. 

pGEM-7Z 
vector 

BamHl (4647) 

HindIll (4629) 

pGEM-7Z 

Himlm(73) 

(2367) 

Rice Transgenics Lab., NRC-Plant Biotechnology, I.A.R.I., New Delhi -110 012. 
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A-11 Preparation of Gold Suspension 

Weighed 6 mg gold particles (0.6!J.) in a 200 !J.l capacity microcentrifuge tube 
J. 

Added 100 !J.l of absolute ethanol 
.j. 

Vortexed for 30 seconds 
.I. 

Centrifuged for 10 seconds at 10,000 rpm 
.I. 

Pipetted off the supernatant 
J. 

This ethanol-washing step was repeated twice 
t 

A9ded 100 !J.l of sterile double distilled water 
.I. 

Vortex for 30 seconds 
t 

Centrifuge for 10 seconds at 10000 rpm 
.I. 

Pipetted off the supernatant 
t 

The washing step was repeated twice 
t 

APPENDIX 

The surface sterilized gold particles were resuspended in 100 !J.I of sterile double distilled water 
t 

Divide into two (50 J.Ll each) 

A-12 DNA preCipitation on Gold Particles 

Taken 50!J.l (3 mg) of sterilized gold particle suspension in microcentrifuge tube 
. .j. 

Added DNA (2.5 !J.g) into the tube while vortexing continuously at slow speed 
J. 

Added 50 !J.l of 2.5 M CaCl2, drop by drop while vortexing 
.j. 

Then added 20 !J.l of 0.1 M spermidine, while vortexing continuously at slow speed 
J. 

The content was vortexed at high speed for 3 min 
J. 

The mix was incubated at room temperature for 30 min 
J. 

Centrifuged for 15 seconds at 10,000 rpm 
J. 

Pipetted off the supernatant 
J. 

Washed once with 250 III of absolute ethanol 
J. 

Resuspended in 80 III of absolute ethanol 
J. 

Distribute 10 !J.l of coated gold partile suspension onto macrocarriers 
J. 

Allowed the macrocarrier to dry 
.j. 

Used for the particle bombardment (PDS-lOOOlBioRad) 
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A-13 Primer sequences used for peR 

A-14 Solution for Southern hybridization 
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A-15 Reagents for denaturing agarose (FA) gel 
electrophoresis 

APPENDIX 

• Toxic and/or mutagenic chemicals, appropriate safety measures were adopted. 

The mixture of FA gel buffer, agarose and water was heated to melt agarose 
particles. Cooled down to 650 C and added the required volume of formaldehyde & 
1 111 of Ethidium bromide. The content was mixed thoroughly and poured into the 
gel casting tray. The gel was equilibriated in 1X FA gel-running buffer for 30 min 
before running the gel. 
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A-16 Hoagland's solution 

The medium used for irrigation of tissue cultured plants in pots 



A-17 Cut-stem bioassay data sheet 
(A sample page of the cut-stem bioassay data) 

Cut-stem Insect Bioassay 
September, 2004 

Pusa Basmati-I, Bt Transgenic Rice 
(Harbouring crylB-lAa translational fusion genes driven by pepc promoter) 

11 1 

7 5 5 0 

4 5 5 

4 5 2 5 0 

4 5 

3 4 

1 4 

4 4 

7 5 1 4 

34 5 3 4 

11 5 0 

5 0 

5 

5 1 

2 

3 

2 

2 

c 5 4 

c 5 5 

c 5 o 
5 1 



A-18 Abbreviations used 
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A-19 Chemicals and the source companies 

The other chemicals of regular use were procured either from Hi Media Laboratories Limited, 
Mumbai or Qualigens Fine Chemicals, Mumbai. 




