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SUMMARY 

Agriculture serves as a jugular vein in the economy of Pakistan and a good chunk of the 

population in the country depends directly and indirectly on agriculture. It is the source of 

livelihood of almost 44.7 percent of the total employed labour force in the country. With the 

present contribution to GDP at 21.8 percent, agriculture sector is the mainstay of the rural economy 

around which socio-economic privileges and deprivation revolve.   

The importance of cotton can hardly be over emphasized in the economy of Pakistan. 

Pakistan is one of the ancient home of cultivated cotton, 5th largest producer of cotton, the 3rd 

largest exporter of raw cotton, 4th largest consumer of cotton, and a leading exporter of yarn in the 

world. Transgenic cotton expressing Bt (Bacillus thuringiensis) toxins is currently cultivated on a 

large commercial scale in many countries, but data has shown that it behaves variably in toxin 

efficacy against target insects under field and green house conditions. 

The present study was conducted to determine stable integration and spatio -temporal 

expression of two insecticidal genes (Cry1Ac and Cry2A) in advance lines of transgenic cotton 

variety CIM-482. The quantitative levels of these insecticidal genes were determined. Seasonal 

decline in expression differed significantly among different cotton lines tested in green house and 

field conditions., the aim of study was to quantify the expression of these insecticidal genes with 

the age of plants as well in different plant parts because the sustainable expression of Bt genes is 

crucial for its effectiveness to control the lepidopteron insects pest especially American bollworms.  

The leaves of the Bt cotton plants were found to have the highest levels of toxin expression 

followed by squares, anthers, petals and bolls. Expression of Bt genes decreased consistently with 

the age of plants.  
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Compared with the temporal or spatial-specific expression of the toxin, constitutive 

expression of foreign proteins in transgenic plants may cause adverse effects, such as the metabolic 

burden imposed on plants for constant synthesis of foreign gene products, and these may increase 

the potential risk of resistance of the target insects to Bt. There is also concern about the food 

safety of genetically modified plants (Kuiper et al. 2001; Shelton et al.  2002; Conner et al. 2003). 

Therefore, in certain circumstances, it is desirable to use expression-specific promoters which only 

express the foreign gene in specific plant tissues or organs (Cai et al. 2007). 

Generally Genetically Modified (GM) crops contain the viral 35S CaMV promoter to drive 

insecticidal and herbicidal resistance genes. In cotton the reductions in the efficacy of Bacillus 

thuringiensis toxin (Bt) expressing plants has been attributed to reductions in promoter activity.  

Sustained expression of these endotoxins through out the life of cotton plant is possible by using a 

promoter with robust activity.  

For this purpose, a promoter from RuBisCo (Ribulose-1,5-bisphosphate carboxylase 

oxygenase) was isolated from Gossypium arboreum. RuBisCo is the bifunctional enzyme found in 

the chloroplasts of plants that catalyzes the initial carbon dioxide fixation step in the Calvin cycle 

and functions as an oxygenase in photorespiration. RuBisCo is the most abundant protein found in 

plant leaves, representing up to 50% of the soluble protein. These promoters and their transit 

peptides are attractive candidates for expression of genes at high levels. A construct was developed 

by isolating RbcS (RubisCo small subunit) promoter from Gossypium arboretum. This RbcS 

promoter was fused with Cry1Ac gene; followed by NOS terminator (construct was named as Rb-

Ac in which Cry1Ac had been cloned under RbcS promoter). After the formation and confirmation 

of construct, a local cotton variety NIAB-846 was transformed with this construct using 

Agrobacterium tumefaciens strain LB4404. Same cotton variety was transformed with another 

construct pk2Ac harboring Cry1Ac under 35S promoter.  Transformation efficiency remained 
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0.20% in case of Rb-Ac construct while it was 0.15% in case of pk2Ac plants. The putative 

transgenic plants were screened using GUS assay. Furthermore, these transgenic plants were 

subjected to PCR and southern blot to confirm gene integration. The comparative study for 

insecticidal gene expression in Rb-Ac and pk2Ac plants showed that RbcS is efficient promoter to 

drive the expression of Cry1Ac gene consistent throught out the life of cotton plant as compared to 

35S promoter. As promoter activity would be restricted to green tissues, there would no expression 

of Bt gene in soil and seed; hence no threat to soil organisms, environment and to users of cotton 

products and by products. 
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1. INTRODUCTION 

“Cotton is the most important cash crop and backbone of textile industry of the world.  

Pakistan is the fifth largest producer of cotton in the world, the third largest exporter of raw cotton, 

the fourth largest consumer of cotton, and the largest exporter of cotton yarn.  1.3 million Farmers 

(out of a total of 5 million) cultivate cotton over 3 million hectares, covering 15 per cent of the 

cultivable area in the country. Cotton and cotton products contribute about 10 per cent to GDP and 

55 per cent to the foreign exchange earnings of the country. Taken as a whole, between 30 and 40 

percent of the cotton ends up as domestic consumption of final products (Economic Survey of 

Pakistan 2008-09). “ 

“Cotton is susceptible to attack by more than 15 economically important  insects, the major 

lepidopteron being, american Boll worm (Heliothis armigera), pink Boll worm (Pectinophora 

gossypiella), spotted Boll worm (Earius insulana/vitella), army Bollworm (spodoptera lithura). At 

present, crop protection in agricultural system relies almost exclusively on the use of broad 

spectrum highly toxic agrochemical that has led to serious environmental problems and human 

health concerns, leading to make efforts towards developing its biological control measures 

(Bakhsh et al. 2009). To combat losses from insect pests, insecticides are used excessively every 

year in developing countries like Pakistan. In 2006-07, 16,495.00 tons of pesticides were consumed 

which cost 66 Millions US Dollars (Economic Survey of Pakistan 2008-09). “ 

“Cotton breeders have continuously sought to improve cotton through conventional plant 

breeding which has introduced numerous improvements in crop yield during past centuries. 

However, resistance to insect pests and diseases does not exist in available germplasm. This has led 

to a limit in availability of new genetic information into plants and to create plant varieties with 

novel characters through plant breeding techniques (Hussain et al. 2000). Current approaches to 
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cotton improvements include use of genetic engineering that has gained momentum in developed 

as well as developing countries. “ 

“One of the goal of plant breeder is to pyramid the genes expressing agriculturally desirable 

characteristics. This strategy has also been adopted by the biotechnologists. In order to increase the 

protective efficacy, the spectrum of activity and durability of resistance, it is envisaged that 

packages of different genes will be introduced into the crops. For this purpose cotton has been 

genetically engineered by insecticidal genes taken from Bacillus thuringienesis. “ 

“Bacillus thuringiensis (Bt) is a gram positive, spore-forming, soil-dwelling bacterium that 

produces crystalline protein inclusions known as δ-endotoxins. The number of sequenced crystal 

proteins in Bt is more than 100, encoding Cry and Cyt proteins (Schnepf et al. 1998). These crystal 

proteins are toxic to larvae of different orders of insects e.g. lepidoptera, coleoptera and diptera. 

These are being widely used to develop insect resistance in various crops (Gasser and Fraley, 

1992). The traditional breeding program could successfully accomplish pyramiding the foreign Bt 

genes with native insect resistant trait, in a single genetic background (Altman et al. 1996 and 

Sachs et al. 1998). “ 

“The most significant breakthrough in plant biotechnology is the development of the 

techniques to transform genes from unrelated sources into commercially important crop plants to 

develop resistance against insect pests (Lycett and Grierson, 1990; Dhaliwal et al. 1998). Bacillus 

thuringiensis (Bt) is perhaps, the most important source of insect resistant genes. Genes from B. 

thuringiensis encode for crystal proteins, which are toxic against larvae of different insects, e.g. 

Lepidopterans (Höfte and Whiteley, 1989; Cohen et al. 2000), Coleopterans (Krieg et al. 1983; 

Herrnstadt et al. 1986) and Dipteran insects (Andrews et al. 1987). These genes are generally safe 

for human consumption (BANR, 2000). “ 
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“Genetically modified (GM) crops were grown on 800 million ha globally (James 2008). 

Among them, transgenic cotton expressing insecticidal proteins from Bacillus thuringiensis (Bt) 

has been one of the most rapidly adopted GM crops in the world (James 2002, Barwale et al. 2004, 

Dong et al. 2005) containing Cry gene(s) such as Cry1Ac, Cry1Ac + Cry2Ab or Cry1Ac + Cry1F, 

Bt cotton is considerably effective in controlling lepidopteran pests, and is highly beneficial to the 

grower and the environment by reducing chemical insecticide sprays and preserving population of 

beneficial arthropods (Gianessi and Carpenter, 1999; Tabashnik et al. 2002). “  

“Mechanism of endotoxins to kill the targeted insect is actually the action of the Bt Cry 

proteins involving solubilization of the crystal in the insect midgut, when ingested by larvae, toxin 

proteins bind to specific receptors in the midgut region, and toxin binding in susceptible insects 

disrupts midgut epithelium, thereby causing overall toxic effects and ultimately resulting in death 

of the larvae (Kranthi et al. 2005). This strategy proved to be beneficial in many cotton growing 

countries of the world in order to get rid of heavy pest pressure which was really costly and 

laborious in terms of spraying schedule and was not environmental friendly as well. “ 

“Transgenic cotton expressing Bt (Bacillus thuringiensis) toxins is currently cultivated on a 

large commercial scale in many countries, but data has shown that it behaves variably in toxin 

efficacy against target insects under field and green house conditions conditions (Kranthi et al. 

2005). Understanding of the temporal and spatial variation in efficacy and the resulting 

mechanisms is essential for cotton protection and production. “ 

“For the Bt cotton to be sustainable, it is important that the toxin protein be expressed in 

adequate quantities in appropriate plant parts at the requisite time of the season to afford protection 

against major target insect pests. However, a number of studies conducted in Australia, USA, 

China and India have indicated that the levels of Bt protein in cotton tissues fluctuate during the 
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whole growing season, and may logically cause variation in efficacy of Bt cotton against 

lepidopteron pests (Benedict et al. 1996; Chen et al. 2000; Greenplate et al. 2001; Mahon et al. 

2002, Kranthi et al. 2005). “ 

“Constitutive promoters are widely used in insect-resistant transgenic rice to express Bt 

genes, such as the 35S CaMV promoter (Cheng et al. 1998; Alam et al. 1999), the ubiquitin 

promoter (Chen et al. 2005; Tang et al. 2006) and the actin promoter (Wu et al. 1997; Tu et al. 

2004). Nearly all transgenic crops around the world utilize the CaMV 35S promoter (Odell et al. 

1985) (or similar promoters from closely-related viruses) to drive transgenes. It is only now 

becoming clear that this promoter is not as robust as laboratory and glasshouse studies have 

suggested and its function is influenced by as yet undefined physiological and perhaps 

environmental factors (Sunilkumar et al. 2002). “ 

 “The second most common group of promoters after viral promoters for plant 

biotechnology have come from highly-expressed plant genes, such as those for seed storage 

proteins, photosynthetic proteins or housekeeping genes, all of whose mRNAs were easily cloned 

and characterized (Potenza et al. 2003). Actin, ubiquitin and tubulin gene promoters have all been 

used in various plant species for expressing transgenes or selectable markers. As sophistication in 

biotechnology improves, the need for more developmentally or environmentally regulated 

promoters has become evident and considerable effort is going into the discovery of specific tissue 

or biotic, hormonal or abiotic stress responsive genes and promoters (Potenza et al. 2003). “ 

“RuBisCo is the bifunctional enzyme found in the chloroplasts of plants that catalyzes the 

initial carbon dioxide fixation step in the Calvin cycle and functions as an oxygenase in 

photorespiration. In higher plants it consists of eight each of two subunits, a large subunit (LSU) 

encoded by the chloroplast genome and the small subunit (SSU) polypeptide encoded in the 
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nuclear genome (Ellis, 1981). The SSU polypeptides are formed as precursors containing an 

amino-terminal extension termed a transit peptide that is involved in the transport of the SSU 

polypeptide into the chloroplast during which the transit peptide is removed. Rubisco is the most 

abundant protein found in plant leaves, representing up to 50% of the soluble protein. Thus, the 

SSU promoters and their transit peptides are attractive candidates for expression of genes at high 

levels in green tissue and for targeting of different proteins into the chloroplast (Ellis, 1981). “ 

“The small subunits promoters and their transit peptides have been used for expression of 

genes at high levels and have shown promising expression results in driving the expression of 

introduced genes (Wong et al. 1992; Fujimoto et al. 1993; Datta et al. 1998: Song et al. 2000; Jang 

et al. 2002; Liu et al. 2005; Panguluri et al. 2005; Amarasinghe et al. 2006; Anisimov et al. 2007; 

Suzuki et al. 2009; Kim et al. 2009). “ 

“A study was conducted by Amarasinghe et al. (2006)  in which he used RbcS (Rubisco 

small subunit) promoter to drive the expression of Bt gene and he found that the Bt expression was 

consistent in plants in green house and field conditions. Anisimov et al. 2007 studied activity of the 

highest expressing rubisco small subunit (RbcS) promoters (pRbcS) from the cotyledons of 

germinating seedlings of Brassica rapa var. oleifera to drive high-level and preferably stage 

specific transgenic protein expression in Brassicaceae plants. The mRNA level of RbcS and of 

gusA quantified in transformed plants. The results demonstrated that promoter most active in 

seedlings under native conditions was also most active in transgenic constructs at the same stage of 

plant development. “ 

“A locally approved cotton cultivar CIM-482 was transformed with two insecticidal genes 

Cry1Ac and Cry2A using Agrobacterium mediated transformation. A construct pk2Ac was 

developed by isolating Cry1Ac and Cry2A genes from locally soil dwelling bacterium and further 
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transformed in cotton (Rashid et al. 2008).  Both genes were driven by constitutively expressing 

CaMV 35S Promoter that enables the expression of both endotoxins in almost all plant parts. “ 

The present study was conducted on transgenic cotton lines derived from locally 

transformed CIM-482 cotton variety with two insecticidal genes Cry1Ac and Cry2A. The study was 

carried out at campus of National Centre of Excellence in Molecular Biology (CEMB), University 

of the Punjab, and Lahore, Pakistan with the purpose to determine stable integration and spatio 

temporal expression of insecticidal genes in advance cotton lines. Variation in endotoxins 

expression levels was found at different growth stages of the crop and also in different plant parts. 

A strategy was devised out to make the endotoxins levels consistent in cotton plant. For this 

purpose, a promoter from photosynthetic genes (RuBisCo small subunit) was isolated from 

Gossypium arboreum and a construct was developed in which Cry1Ac gene was driven by RbcS 

promoter, followed by NOS terminator. The transformation of this construct was carried out in 

local cotton variety (NIAB-846) using Agrobacterium mediated transformation. The same cotton 

varity was transformed with another construct pk2Ac having Cry1Ac gene under 35S promoter. 

Molecular analysis of the putative transgenic plants showed the integration and expression of 

Cry1Ac gene. The further results showed that endotoxin was being produced in higher quantity in 

Rb-Ac plants; also the expression was consistent as compared to plants transformed with pk2Ac 

construct. 
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2.  LITERATURE REVIEW 

“Bacillus thuringiensis is a gram positive, spore forming, soil dwelling bacterium that 

produces crystalline protein inclusions known as δ-endotoxins (Martin and Travers, 1989). These 

crystalline proteins and spores have been used as microbial insecticide for over forty years (Flexner 

et al. 1986) and are highly insecticidal at even low concentrations (Schnepf et al. 1998). As these 

proteins are non-toxic to mammals and other organisms, Bt strains and their insecticidal crystal 

proteins (ICPs) have acquired acceptability as eco-friendly biopesticides all over the world. Bt 

protein is under extensive use in agriculture, horticulture, forestry, animal health and mosquito 

control from the time of its discovery (Schnepf et al. 1995). These ICPs are classified on the basis 

of amino acid sequence homology. The ICPs fall under 40 different classes with some toxins 

exhibiting specificity to multiple insect orders (Crickmore et al. 1998). “  

“It has been concluded that the mechanism of action of the Bt Cry proteins involves 

solubilization of the crystal in the insect midgut, when ingested by larvae, toxin proteins bind to 

specific receptors in the midgut region, and toxin binding in susceptible insects disrupts midgut 

epithelium, thereby causing overall toxic effects and ultimately resulting in death of the larvae 

(Kranthi et al. 2005). “ 

“The presence or absence of the appropriate receptors is believed to play a role in the 

specificity of the mode of action of the Bt proteins. There have been two main receptor types, the 

cadherins or cadherin-like proteins (Dorsch et al. 2002; Xie et al. 2005) and aminopeptidase N 

(Knight et al. 1994; Luo et al. 1997). Hossain et al. (2004) hypothesized an interaction between the 

two types of above mentioned receptors for Bt protein, in the mid gut of susceptible insects. “ 
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“With the advent of molecular biology and genetic engineering, it has become possible to 

use Bt more effectively and rationally by introducing the ICPs of Bt in crop plants (Kumar et al. 

1996). The first transgenic plants using Bt genes were developed in 1987. The tobacco plants 

engineered with truncated genes encoding cry1Aa and cry1Ab toxins were found to be resistant to 

the larvae of tobacco hornworm (Jouanin et al. 1998). However, the levels of Cry protein 

expression in the plant tissues were not very high. “  

“A significant breakthrough was made in 1990 by researchers at Monsanto Company 

(USA) who modified the Bt genes (Cry1Ab and Cry1Ac) for better expression in plant cells (Perlak 

et al. 1991). Expression of such modified genes in crop plants, Cry1Ac in cotton and cry3Aa in 

potato, conferred considerable protection against lepidopteran and coleopteran pests respectively. 

Subsequently, many crop plants which include rice, maize, peanut, soybean, canola, tomato and 

cabbage were transformed with various modified Bt genes (De Maagd et al. 1999). Selvapandiyan 

et al. (1998) provided an interesting example of native gene (cry1IA5) expression resulting in 

significant resistance to Helicoverpa armigera in transgenic tobacco. “ 

“Genetically modified (GM) crops were grown on 800 millionth hectares globally in 2008 

(James 2008). Among them, transgenic cotton expressing insecticidal proteins from Bacillus 

thuringiensis (Bt) has been one of the most rapidly adopted GM crops in the world (James 2002; 

Barwale et al. 2004; Dong et al. 2005). Containing Cry gene(s) such as Cry1Ac, Cry1Ac + Cry2Ab 

or Cry1Ac + Cry1F, Bt cotton is considerably effective in controlling lepidopteran pests, and is 

highly beneficial to the grower and the environment by reducing chemical insecticide sprays and 

preserving population of beneficial arthropods (Gianessi and Carpenter, 1999; Tabashnik et al. 

2002). “  
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2.1 Insect Resistance Management (Two Genes Strategy) 

“It was believed in the past that insects will not develop resistance to B. thuringiensis 

toxins. However, a number of insect populations of several different species with different levels of 

resistance to B. thuringiensis crystal proteins were obtained by laboratory selection experiments in 

mid 1980s using either laboratory adapted insects or insects collected from wild populations (Ferré 

et al. 1995; Tabashnik 1994). Examples of laboratory-selected insects resistant to individual Cry 

toxins include the Indianmeal moth (Plodia interpunctella) (McGaughey, 1985), the almond moth 

(Cadra cautella) (McGaughey and Beeman 1988), the tobacco budworm (H. virescens) (Gould et 

al. 1992), the Colorado potato beetle (Leptinotarsa decemlineata) (Whalon et al. 1993), the 

cabbage looper (T. ni) (Estada and Ferré, 1994),  the beet armyworm (S. exigua) (Moar et al.1995),  

European corn borer (O. nubilalis) (Bolin et al.1995), the cotton leafworm (Spodoptera littoralis) 

(Cohn et al.1996).  It is important, however, to keep in mind that selection in the laboratory may be 

very different from selection that occurs in the field. Insect populations maintained in the 

laboratory presumably have a considerably lower level of genetic diversity than field populations. 

The potential for fast evolution of insect resistance to Bt crops threatens the benefits achieved by 

planting the transgenic Bt crops (Tabashnik, 1994; Gould, 1994). Hence, evolution of resistance to 

the single toxin plants will not only have immediate negative consequences but also far reaching 

implications for integrated pest management.” 

“Resistance management strategy generally relies heavily on the theoretical assumptions 

and on computer models simulating insect population growth under different conditions (Mallet 

and Porter, 1992; Roush, 1994; Gould, 1994; Tabashnik, 1994; Alstad and Andow, 1995; Ives et 

al. 1996). The proposed strategy includes the use of multiple toxins i.e. pyramiding or stacking 
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(Salm, et al. 1994). Cry toxins that recognize different receptors in  same target species can be 

deployed in this strategy: since they are very less prone to cross-resistance. “ 

“Cohen et al. (2000) reported that there is always a risk that insects could become resistant 

to Bt toxin after prolonged and repeated field exposures. “The most practical approach to prolong 

the effectiveness of Bt crops has been refugia strategy and pyramiding of two or more genes in the 

same cultivar (Cohen et al. 2000).” 

“Insect populations, which are relatively resistant against one crystal protein, show wild 

type sensitivity towards crystal proteins of other classes (Salm et al. 1994). Therefore, 

simultaneous application of different crystal proteins is a necessary component of sound resistance 

management. So strategies to avoid the evolution of resistance include expressing multiple Bt 

toxins at high doses or fusing Bt toxins together, with resistance in both approaches requiring the 

unlikely acquisition of multiple simultaneous mutations. Theoretical models also suggest that 

plants containing two dissimilar Bt toxin genes (pyramided plants) have the potential to delay 

resistance more effectively than single-toxin plants used sequentially or in mosaics (Zhao et al. 

2003).” 

“Bt cry toxins could be combined with other insecticidal proteins. The multiple-attack 

strategy assumes that within a population, if insects homozygous for one resistance gene are rare, 

then insects homozygous for multiple resistance genes are extremely rare. Crops or sprays 

deploying multiple toxins would still control even insects homozygous for one or two resistance 

genes yet heterozygous for another gene. “Simultaneous introduction of three insecticidal genes 

cry1Ac, cry2A and GNA  into indica rice basmati 370 have been reported (Maqbool et al. 2001) 

while cry1Ab and cry 1Ac (Cheng et al. 1998), “tobacco was transformed with cry1Ac and GNA 
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(Zhao et al. 2001), tomato with cry1Ab and cry1Ac (Salm et al. 1994). “Cotton larvae which were 

fed fresh plant tissue indicated that dual toxin B. thuringiensis cultivars expressing cry1Ac and 

cry2A endotoxin were more toxic to bollworm (Helicoverpa zea) army worm (Spodoptra 

frugiperda) and beet worm (Spodoptra exigua) than single toxin (Stewart et al. 2001). Crop 

rotation, high or ultrahigh dosages, and spatial or temporal refugia have also been recommended 

(McGaughey and Whalon, 1992; Tabashnik, 1994).”  

“A unique model system consisting of Bt transgenic broccoli plants and the diamondback 

moth, (Plutella xylostella) a greenhouse study was conducted using an artificial population of 

diamondback moths carrying genes for resistance to the Bt toxins cry1Ac and cry1C. After 24 

generations, resistance to pyramided two-gene plants was significantly delayed as compared with 

resistance to single-gene plants deployed in mosaics, and to cry1Ac toxin when it was first used in 

a sequence. These results have important implications for the development and regulation of 

transgenic plants.”  

“A plant expression vector containing Cry1Ac protein and the proteinase inhibition gene 

API-B was introduced into an elite cotton cultivar by Agrobactertium tumefaciens (Wu et al. 2003). 

Based on the results of kanamycin resistant test and insect bioassay using Heliothis armigera, PCR 

detection and Southern-blot, they found that the inheritance and segregation of Bt gene were 

complicated, some transformants were in accordance with mendelian patterns of inheritance, yet 

others were non-Mendelian patterns. “ 

 “Greenplate et al. (2003) performed laboratory studies to characterize the lepidopteran 

toxicity of cotton plants expressing two different toxin proteins from Bt, Cry1A only, Cry2Ab 

only, or both toxins. In all cases, the Cry2Ab component was the larger contributor to total toxicity 
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in the two-toxin isoline. Toxin-specific, ELISA tests confirmed that the levels of each toxin in 

tissues of the two-toxin isoline were not statistically different from the levels found in the 

corresponding tissues of the respective single-toxin isoline. Considering the additive interaction of 

toxins, a relatively simple insect resistance monitoring procedure was proposed for the monitoring 

of commercial cotton varieties expressing both toxins.” 

” “Efficacy of the transgenic cotton, Gossypium hirsutum (L.), genotype, Bollgard II 

(Monsanto 15985), which expressed two Bt proteins (Cry1Ac+Cry2Ab) active against 

lepidopterous pests was compared with Bollgard (DP50B), which expressed only one Bt protein 

(Cry1Ac), and, in all tests, the conventional variety, DP50, was used as a non-Bt control. Dual-

toxin Bollgard II genotype was found highly effective against lepidopterous pests that were not 

adequately controlled by the current single-toxin Bollgard varieties (Chitkowski et al. 2003). “ 

“The double construct Bollgard® II Bt cotton, with the two genes cry1Ac and cry2Ab was 

approved in Australia in 2002. It was the first approval for the product globally, with clearance in 

the US. Bollgard II is more effective than Bollgard I and will further reduce insecticide 

requirements and most importantly provide more durable resistance (Bosch et al. 2002). The two 

genes together in the Bollgard II package deliver an effective punch against lepidopteran pests. The 

second toxin expresses itself in high levels in the leaves, squares, bolls and flowers. There are 

added benefits of the two genes working in concert together.”  

Second generation dual- Bt gene cottons Bollgard II® (Cry 1Ac + Cry 2Ab) and 

WideStrike™ (Cry 1Ac + Cry 1F) express two Bt endotoxins and were introduced in order to raise 

the level of control for H. zea, which was not satisfactorily controlled by the Cry 1Ac toxin alone 

(Jackson et al. 2003; Ferry et al. 2004; Bates et al. 2005; Gahan et al. 2005). The Cry 1Ac and Cry 
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2Ab toxins have different binding sites in the larval midgut and are considered to be a good 

combination to deploy in delaying resistance evolution. This is due to the fact that a species cannot 

easily evolve resistance to both toxins because that would require two simultaneous, independent 

mutations in genes encoding the receptors (Jackson et al. 2003). This argument was reinforced by 

Bird and Akhurst (2005) when they found that insects developed resistance to one crystal protein 

group by changing particular receptor sites but were still fully susceptible to other crystal proteins. 

For the sustainable resistance in cotton plants, Rashid et al. (2008) transformed a locally 

approved cotton variety CIM-482 with two insecticidal genes Cry1Ac and Cry2A using sonication 

assisted Agrobacterium mediated transformation. Cry1Ac and Cry2A genes were isolated from 

locally soil dwelling bacterium and further transformed in cotton. This strategy delayed the 

targeted insect pest resistance in cotton.  

“The Single-gene Bt plants are most prevalent but from a resistance management standpoint 

they are inferior to dual-gene plants. Fiber quality, the agronomic characteristics of the plant and 

seed composition remain unchanged. Industry trends suggest that pyramided plants may be favored 

in the future. Along with effective insect control, pyramided plants have an added advantage of 

requiring a smaller refuge, a part of the field where non-Bt plants are grown. Refuges create 

opportunities for Bt-resistant insects to mate with other insects that do not have resistance. The 

offspring of such a mating will be susceptible to the toxins. New cotton technology is being 

developed to provide improved insect control and a wider spectrum of activity (Perlak et al. 

2001).” 

Selection pressure in transgenic plants can be reduced by restricting the expression of the 

crystal protein genes to certain tissues of the crop, the remainder providing a form of spatial refuge 

(Schnepf et al. 1998; Shelton et al. 2000). This strategy is based on differential toxin expression 
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across the crop’s phenology. Material from the extremes of the plant (the tips, bolls and leaves 

adjacent to the bolls) results in high mortality to insects whilst lower mortality was observed from 

feeding on leaf tissue in the 2nd to 4th node and in the flowers (Harris et al. 1998). 

 “Transgenic cotton expressing Bt (Bacillus thuringiensis) toxins is currently cultivated on a 

large commercial scale in many countries, but observations have shown that it behaves variably in 

toxin efficacy against target insects under field conditions. Understanding of the temporal and 

spatial variation in efficacy and the resulting mechanisms is essential for cotton protection and 

production (Bakhsh et al. 2009). “ 

2.2 Temporal and Spatial Variations in Insecticidal Protein 

“It is important that the toxin protein be expressed in adequate quantities in appropriate 

plant parts at the requisite time of the season to afford protection against major target insect pests 

to contain sustainability. A number of studies conducted in Australia, USA, China and India have 

indicated that the levels of Bt protein in cotton tissues fluctuate during the whole growing season, 

and may logically cause variation in efficacy of Bt cotton against lepidopteron pests (Benedict et 

al. 1996; Chen et al. 2000; Greenplate et al. 2001; Mahon et al. 2002; Kranthi et al. 2005). “ 

“Fitt et al. 1998 reported that cotton plants carrying Cry1Ac have shown significant 

declines in efficacy against Helicoverpa spp. During the growing season, particularly from 

flowering onwards (Greenplate et al. 1998). It was reported that toxins to Helicoverpa armigera in 

leaves of a commercial Chinese cotton variety GK-12 that contains Cry1Ac were significantly 

decreased as the crop approached maturation (Wu et al. 2003), while insecticidal protein levels in 

GK-19, a transgenic Bt cotton cultivar carrying a Cry1Ac/Cry1Ab fused gene, were higher during 
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the early stages of cotton growth and significantly declined hereafter, behaving more variably than 

in GK-12 during the whole period of cotton growth and development (Wan et al. 2005). “ 

“The season-long differences in expression of Cry1Ac among cultivars can vary as much as 

twofold throughout the growing season (Adamczyk et al. 2001;  Adamczyk and Sumerford, 2001;  

Greenplate et al. 2001). “Resistant power to the targeted boll worm in Bt transgenic hybrid cotton 

remained only for 110 days, after which the crop can be exposed to bollworm attacks. The Cry1Ac 

level declined as the plant grew and was found to drop below its lethal level of 1.9µg /g within 110 

days after sowing (Kranthi et al. 2005). “  

“Many researchers reported that it seems to be a common phenomenon that the efficacy is 

relatively high in early growing season, but significantly declines during late season for most 

commercialized Bt cotton varieties (Greenplate, 1999; Greenplate et al. 2000; Xia et al. 2005). “  

“Chen et al. (2000) reported that Bt protein concentrations also differ in different parts of 

the plant. Toxin protein content in the fully expanded leaves was significantly higher than those in 

roots, stems and petioles during the seedling stage, while ovaries at anthesis expressed 

considerably more toxin protein than pistils and stamens at the flowering stage. It was further 

indicated that in a seven to nine leaf-stage plant, the fully expanded leaves on main stem were 

considerably higher than older basal leaves in toxin protein concentration, while the young leaves 

near the stem terminal expressed the lowest levels of toxin proteins. “ 

“Olsen and Daly et al.( 2000)  concluded that not only is there less Bt protein in older 

plants, it appears that the protein is either less available or less toxic to neonates. The concentration 

of Cry1Ac protein, as a proportion of total protein, also declines during the season (Holt et al. 

1998). “ 
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“Guo et al. (2001) introgressed transgenic lines containing Bt genes among each other as 

well as with non transgenic conventional lines. Efficacy of transgenic lines against bollworms was 

evaluated at different growing stages and it was found that there was a declining level of efficacy 

with the plant age as the mortality (%) of Helicoverpa and Bt toxin protein expressional level 

decreased gradually. “ 

“Mahon et al. (2002) reported that endotoxin protein concentrations in Bt cotton plants 

decline markedly after squaring, and molecular analyses pinpointed the change to the production of 

mRNA. Finnegan et al. (1998) found that Cry1Ac levels decreased consistently throughout the 

growing season, and concluded that part of the decline in Cry1Ac expression was related to 

reduction in the levels of mRNA production. “ 

“Kranthi et al. (2005) reported that in Bt transgenic hybrid cotton containing Cry1Ac, the 

leaves were found to have the highest levels of Cry1Ac expression followed by squares, bolls and 

flowers. The toxin expression was the lowest in the ovary of flowers and rinds of green bolls which 

are the most favoured sites of bollworm attack. “ 

“Olsen et al. (2005) reported that the developmental decline in bioefficacy in field-grown 

plants was associated with reduced Cry1Ac transcript levels and Bt toxin levels in post-squaring 

cotton. Changes in the efficacy of Bt toxin were attributed to changes in plant chemistry associated 

with the maturation of the cotton plant. “ 

 “Xia et al. (2005) investigated the changes of Bt gene and its expression at different 

developmental stages at DNA, mRNA and protein levels in the R4 generation of GK139-20 insect-

resistant transgenic materials. It was found that the expression of Bt toxin gene was in a temporal 

or spatial manner, and the content of Bt crystal protein in the same tissue decreased along with the 
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growth of the transgenic cotton plants because of the decrease in full-length Bt toxin gene 

transcripts. The over expression of Bt toxin gene at earlier stages led to gene regulation at the post-

transcription level and contributed to the consequent gene silencing that was developmentally 

regulated. Lower expression level of Bt insecticidal gene at late development stages correlated with 

changes in the methylation state of the 35S promoter region. “ 

“Bakhsh et al. (2009) studied the spatio -temporal expression of two insecticidal genes 

(Cry1Ac and Cry2A) in transgenic cotton.  The quantitative levels of both Cry1Ac and Cry2A genes 

were found variable among the cotton lines and also varied between different plant parts. The 

expression of both genes declined gradually with the age of plant as well as in different plant parts 

through out the season. The maximum endotoxins expression was found in leaves of Bt cotton 

followed by squares, bolls, anthers and petals. Toxin level in fruiting part was less as compared to 

other parts showing the inconsistency in toxin level inspite of using 35S CaMV promoter which is 

constitutively expressing promoter. “  

Manjunatha et al. (2009) studied four Bt cotton hybrids (MRC-7201, MRC-6918, RASI 

XL-708 and SP-11) for Cry1Ac protein profiling  in fully opened terminal leaf, first terminal pre-

candle square and first terminal bolls at  80-90, 110-115, 135-140 and 150-165 days after sowing. 

The results indicated that the expression of Cry1Ac was declined over season independent of the 

genotype. Among the hybrids the expression level was different. 

“Adamczyk et al. (2009) developed a method to determine if differences in the overall level 

of Cry1Ac among Bollgard lines could be correlated to the mRNA transcripts using quantitative 

real-time polymerase chain reaction (qPCR). The commercial cultivars of Bollgard cotton, 

Gossypium hirsutum L., used in this study differed in the amount of expressed Cry1Ac protein. He 
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found that Cry1Ac mRNA transcript differs among Bollgard lines and are correlated with 

corresponding Cry1Ac protein levels. The plant-mechanism for which this occurs is still unknown. 

2.3 Factors Contributing to Endotoxin Variability 

“Several factors might be responsible in gene expression variation ie. Change nucleotide 

sequence of the gene, promoter, and the insertion point of the gene in the DNA of the transgenic 

variety, transgene copy number, the internal cell environment, as well as several external factors in 

the environment (Hobbs et al. 1993; Guo et al. 2001; Rao, 2005). Therefore, investigation at 

molecular, genetic, as well as physiological levels should help in understanding the differential 

expression of transgene and the quantitative changes in insecticidal proteins in Bt cotton plants. “ 

“The full expression of transgene(s) in a transgenic crop variety is crucial to agricultural 

production, but the expression levels of a gene in the transgenic crop may decrease as the age of 

the crop advances, vary between young and older parts such as the leaves or between comparable 

parts in vegetative and reproductive phases. Factors such as soil characteristics, rainfall, the 

severity of pests and diseases, and adequate, appropriate and timely farming management have 

direct or indirect influences on the performance of the crop and may affect the expression of the 

transgenes. All these factors, inherent in the varieties and the environment, vary from crop season 

to season, make the difference between optimal or below optimal performance of a crop or its 

failure (Rao, 2005). “ 

“Several environmental factors in genetically modified crops have been reported to affect 

the expression of transgenes such as water stress in Bt Maize (Traore et al. 2000) or by nitrogen 

deficiency (Bruns and Abel, 2003), transgenic petunia that contains the gene encoding a 

dihydroflavonol reductase by high light intensity and temperature (Meyer et al. 1992), transgenic 

tomato that carries a gene encoding polygalacturonase and pectin methylesterase by high 
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temperature (Lurie et al. 1996), and transgenic peas containing a seed-specific r-amylase inhibitor 

by water deficit (Sousa-Majer et al. 2004). “ 

“Although the molecular mechanism in the differential expression of Cry genes in Bt cotton 

is not fully documented, a number of studies have indicated a close relationship between levels of 

Bt toxin and the nitrogen as well as carbon metabolism. “  

“Nitrogen is an essential nutrient for cotton production, but the traditional rate of nitrogen 

fertilization for cotton may not have been optimized for the Bt transgenic cotton. It is assumed that 

the pattern of allocation to defensive compounds depends on the relative availability of carbon and 

nutrients as well as their relationship with the plant growth rate (Bryant et al. 1983). In Bt 

transgenic cotton, the production of toxin protein was affected by an interaction between CO2 and 

nitrogen, and elevated CO2 deceased N allocation to Bt toxin (Coviella et al. 2002). A significant 

correlation of Bt toxin concentration with whole-plant N concentration in Bt transgenic maize was 

found by Bruns and Abel et al. (2003). “  

“The increasing levels of available N may increase protein levels in plant tissues, especially 

in vegetative cells in most plant species including cotton (Tisdale and Nelson et al. 1975). The 

increased protein is mostly in the form of enzymes and can be used for further growth and 

development. Therefore, as availability of N to the plant is increased, greater quantities of the 

endotoxin-synthesizing enzymes and/or mRNA are likely produced, thus greater quantities of the 

Bt toxin protein will be synthesized (Bruns and Abel et al. 2003). “ 

“The leaf tissue with low chlorophyll does not fully express Cry1A (Abel and Adamczyk et 

al. 2004). It was further suggested that photosynthesis-regulating factors related to mRNA 

transcription and translation should have effects on Cry1A production and insect control. Pettigrew 

and Adamczyk et al. 2006 found that through applying varied rates and sources of nitrogen 
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fertilization to three commercial cotton varieties including two transgenic varieties, that higher 

rates of nitrogen fertilization did not increase lint yield but produced higher leaf chlorophyll 

concentrations and increased the expression of the Bt endotoxin protein. “ 

“By practicing the foliar applications of chaperone, a plant growth regulator, greatly 

improved late-season endotoxin levels through the enhancement of protein status in Bt cotton, 

particularly in the squares which  resulting in increased mortality of neonate bollworms feeding on 

the treated plants (Oosterhuis and Brown et al. 2003& 2004). It was further suggested that 

chaperone appears to increase protein concentration and the efficiency of endotoxin expression 

even at high-temperature stress (Brown and Oosterhuis et al.  2003). “ 

“Decline in endotoxin proteins in cotton tissues may also result from degradation of the 

proteins or remobilization (translocation) of total N for further growth and development. It was 

suggested that high temperature might result in degradation of total and endotoxin protein in the 

leaf, and thus reduced the amount of the toxin protein and Bt cotton efficacy (Chen et al. 2005a). “ 

“The reduced levels of the toxin protein in early-planted cotton leaves were presumably 

caused by remobilization of the leaf N to support the larger developing boll load compared with 

late-planted cotton (Pettigrew and Adamczyk et al. 2006). Rui et al. 2005 detected a large amount 

of endotoxin protein in xylem sap of Bt cotton plants and leaves of non-Bt cotton plants that were 

grafted to the Bt plant, respectively, providing strong evidence that the endotoxin protein is 

transportable. “ 

“A significant decline in glutamic-pyruvic transaminase (GPT) activity and soluble protein 

contents was found (Chen et al. 2005) suggesting that high temperature may result in the 

degradation of soluble protein in the leaf, with a resulting decline in the level of the toxin Cry1A. “ 
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“Thirteen commercial varieties of transgenic Cry1Ac Bacillus thuringiensis Berliner (Bt) 

cotton were examined across two sites know about the potential factors that impact endotoxin 

expression. It was found that two varieties (NuCOTN 33B and DP458B/RR) having same parental 

background (DP 5412) expressed Cry1Ac at significantly higher levels compared to the 11 other 

Cry1Ac varieties. The data strongly suggest that parental background has stronger impact on the 

expression of Cry1Ac than the environment (Adamczyk et al. 2001). However studies also show 

that variability in endotoxins expression is independent of genotypes who tested eight commercial 

hybrids and found the variation in endotoxins expression (Kranthi et al. 2005). “ 

“Constitutive promoters are widely used in insect-resistant transgenic rice to express Bt 

genes, such as the 35S CaMV promoter (Cheng et al. 1998; Alam et al. 1999), the ubiquitin 

promoter (Chen et al. 2005; Tang et al. 2006) and the Actin promoter (Wu et al. 1997; Tu et al. 

2004). “  

“Regulation can occur at many different stages of gene expression, and can be particularly 

important during transcription. The promoters that drive transgene expression ensure this control. 

Promoters are regions of the DNA upstream of a gene’s coding region that contain specific 

sequences recognized by proteins involved in the initiation of transcription (Buchanan et al., 2000). 

““ “Nearly all transgenic crops around the world utilize the CaMV 35S promoter (Odell et al. 

1985) (or similar promoters from closely-related viruses) to drive transgenes. It is only now 

becoming clear that this promoter is not as robust as laboratory and glasshouse studies have 

suggested and its function is influenced by as yet undefined physiological and perhaps 

environmental factors (Sunilkumar et al. 2002). “ 

“Nilsson et al. (1992) transformed hybrid aspen (Populus tremula x P. tremuloides) with 

fused bacterial luxF2 gene under cauliflower mosaic virus 35S promoter via Agrobacterium 

tumefaciens.  The luciferase expression in all transformants was determined by destructive 
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enzymatic assay as well as by non-destructive image analysis in leaves left attached to intact plants. 

Variation in luciferase expression was found by both measurement techniques.  It was found that 

enzymatically assayed luciferase activity in leaves was notably lower in transgenic hybrid aspen 

plants than in tobacco plants transformed with the same vector. This was not due to a difference in 

luciferase enzyme activity between the two species, and therefore it indicated that the 35S 

promoter is not as active in hybrid aspen as in tobacco. “ 

“A study was conducted by Pauk et al. (1995) in which gene fusions between the β-

glucuronidase (GUS) reporter gene and the promoters of the cauliflower mosaic virus 35S RNA 

transcript (CaMV 35S) and the mannopine synthase (mas) genes were introduced into rapeseed 

varieties via Agrobacterium-mediated transformation. Fluorometric assay of β-glucuronidase 

activity indicated that both promoters were functional in the majority of the studied organs of 

transgenic rapeseed plants, but the promoter activity varied considerably between the organs at 

different developmental stages. “ 

“Wessel et al. (2001) reported the variation in expression patterns of three promoters 

(Cauliflower Mosaic Virus (CaMV) 35S, modified CaMV 35S and the promoter of an Arabidopsis 

thaliana Lipid Transfer Protein gene) using firefly luciferase reporter system.  The expression of 

luciferase gene varied not only among independent transformatants but also between leaves on the 

same plant and within a leaf. Imaging of luciferase activity in the same leaves over 50 days period 

showed that individual transformatants show different types of temporal regulation and also this 

spatial and temporal pattern is inherited by the next generation. “ 

“Though 35S CaMV is presumed to be a constitutive promoter, some reports suggest that it 

is not expressed in all cell types. The expression profile of this promoter was investigated using the 

green fluorescent protein (GFP) gene as a reporter system in cotton during embryo development, 
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and in all the vegetative and floral cell and tissue types. After germination, varying levels of 

promoter activity were observed in all cell and tissue types in the hypocotyl, cotyledon, stem, leaf, 

petiole, and root. The promoter was also expressed in all floral parts. Although cotton pollen 

exhibited a low level of greenish autofluorescence, Thus it is concluded that the expression of the 

35S promoter was developmentally regulated being expressed in most cell and tissue types in 

cotton albeit at different levels (Sunilkumar et al. 2002). “ 

“The binary transformation vector pVW432 carrying the GUS gene was fused to the CaMV 

35S promoter to test transformation efficiencies and promoter activity in B. napus. Having studied 

the transformation efficiencies, different developmental stages of plants were analysed by protein 

assay to analyze promoter activity. β-glucuronidase activity altered from maturity to senescence 

indicating that the CaMV 35S promoter has different activity at different developmental stages in 

B.napus (Haddad et al. 2002). “ 

“Yang et al. (2005) transformed soybean (Glycine max L.) with chimeric -glucuronidase 

(GUS) gene under the control of the 355 CaMV promoter using direct DNA transfer via electric 

discharge particle acceleration. Expression of GUS gene in plants was localized using thin tissue 

sections. Different levels of GUS were obtained in various tissues, being maximum in leaf, 

parenchyma cells in xylem, and phloem tissues of stem while very low or no GUS activity was 

detected in cortex cells of root, vascular cambium cells in stem, and the majority of cortex cells in 

leaf midrib. They concluded that 35S CaMV promoter is cell type specific and is developmentally 

regulated in soybean. “   

“We must rely on conventional breeding and selection to solve these problems of variable 

efficacy of transgenic cotton, but it will be useful, in the longer term, to identify other gene 

promoters that can drive strong expression of transgenes throughout the season. It is also important 
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to have such promoters available for the next generation of transgenic cotton so that different traits 

can be stacked without relying on the same promoter so as to avoid transcriptional gene silencing 

induced by multiple copies of a single promoter such as the CaMV 35S promoter (Fagard & 

Vaucheret, 2000). “ 

“The second most common group of promoters after viral promoters for plant 

biotechnology have come from highly-expressed plant genes, such as those for seed storage 

proteins, photosynthetic proteins or housekeeping genes, all of whose mRNAs were easily cloned 

and characterized (Potenza et al. 2003). Actin, ubiquitin and tubulin gene promoters have all been 

used in various plant species for expressing transgenes or selectable markers. As sophistication in 

biotechnology improves, the need for more developmentally or environmentally regulated 

promoters has become evident and considerable effort is going into the discovery of specific tissue 

or biotic, hormonal or abiotic stress responsive genes and promoters (Potenza et al. 2003). “  

2.3 Ribulose-1, 5-Bisphosphate Carboxylase/Oxygenase Gene as Promoter 

“RuBisCo is the bifunctional enzyme found in the chloroplasts of plants that catalyzes the 

initial carbon dioxide fixation step in the Calvin cycle and functions as an oxygenase in 

photorespiration. In higher plants it consists of eight each of two subunits, a large subunit (LSU) 

encoded by the chloroplast genome and the small subunit (SSU) polypeptide encoded in the 

nuclear genome (Ellis, 1981). The SSU polypeptides are formed as precursors containing an 

amino-terminal extension termed a transit peptide that is involved in the transport of the SSU 

polypeptide into the chloroplast during which the transit peptide is removed. RuBisCo is the most 

abundant protein found in plant leaves, representing up to 50% of the soluble protein. Thus, the 

SSU promoters and their transit peptides are attractive candidates for expression of genes at high 

levels in green tissue and for targeting of different proteins into the chloroplast (Ellis, 1981). 
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“Tissue-specific promoters have been shown to work efficiently in dicots, and a few reports are 

available describing their expression in monocots (Matsuoka et al. 1994; Yin and Beachy, 1995). “ 

“The small subunit of ribulose-1, 5-bisphosphate carboxylase (rbcS) is encoded by gene 

families in most plants. Promoters from one group of these genes contain two cis-acting elements, 

the I-box and the G-box, that are important for tissue-specific expression (Donald and Cashmore, 

1990; Manzara et al., 1991). Analysis of transgenic tomato plants expressing a rbcS -

promoter/GUS fusion gene confirmed that promoter fragments ranging from 0.6 to 3.0 kb of rbcS1, 

rbcS2, and rbcS3A genes were sufficient to confer the organ-specific expression pattern (Manzara 

et al. 1993; Meier et al. 1995). In these genes, the I-box and G-box are located within -600 to -100 

bp upstream of the transcription initiation site. The 560-bp promoter fragment from the cotton rbcS 

gene used to assemble the GUS reporter gene construct includes putative I-box (-287 to -274 base 

pair) and G-box (-260 to -252 base pair) sequences confers expression comparable 35S CaMV 

promoter (Song et al. 2000). “ 

“Truncated cry1Ab gene has been introduced into several cultivars of rice (indica and 

japonica) by microprojectile bombardment and protoplast system. The expression was driven by 

two constitutive promoter (35S from CaMV and Actin-1 from rice) and two tissue specific 

promoters (pith tissue and PEPC for green tissue from maize). The results demonstrated that 

PEPCP in general and 35SP in some lines act as strong promoters in CryIA(b) expression. The 

level of Bt protein was generally high in the leaves for the PEPC promoter which was comparable 

with the levels of a few high Bt protein plants with the 35SP or Actin-1 promoter. (Datta et al. 

1998). “ 

“The expression of the modified gene for a truncated form of the cryIA(c) gene, encoding 

the insecticidal portion of the lepidopteran-active CryIA(c) protein from Bacillus thuringiensis var. 
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kurstaki (B. t.k.) HD73, under control of the Arabidopsis thaliana ribulose-l, 5-bisphosphate 

carboxylase (RuBisCo) small subunit atsiA promoter with and without its associated transit peptide 

was analyzed in transgenic tobacco plants. Examination of leaf tissue revealed that the atslA 

promoter with its transit peptide sequence fused to the truncated CryIA(c) protein provided a 10-

fold to 20-fold increase in cryIA(c) mRNA and protein levels compared to gene constructs in which 

the cauliflower mosaic virus 35S promoter with a duplication of the enhancer region (CaMV-

En35S) was used to express the same cryIA(c) gene (Wong et al. 1992). “ 

“Fujimoto et al. (1993) transformed rice plants with tissue specific promotor.  The 

transformed plants had nearly 0.05% toxin of the total soluble leaf protein, and showed resistance 

to the rice leaf folder (Cnaphalocrosis medinalis) and yellow stem borer (Chilosuppressalis sp). “  

“A 5'-upstream regulation region of rice RuBisCo small subunit gene (rbcS) was cloned 

from a Chinese cultivar Wuyunjing 8, and its sequences were confirmed by comparison with the 

known genome sequences of both japonica and indica rice. The cloned rbcS promoter was fused to 

the 5'-upstream of GUS (Beta glucuronidase) coding region in a binary vector, and was introduced 

into rice by Agrobacterium-mediated transformation. The results of both histochemical staining 

and quantitative analysis of GUS activity showed that the expression level of GUS fusion gene was 

significantly stronger in leaf blade and sheath than in other organs of transgenic rice plants, and the 

GUS activity was restricted to the mesophyll cells of leaf tissue, which showed that the rice rbcS 

promoter could control not only the tissue- but also the cell-specific expression of foreign genes in 

transgenic rice. The rice rbcS promoter might be very useful for the expression of target genes in 

transgenic rice, with particularly high efficiency in leaf tissues (Liu et al. 2005). “ 



27 

 

“Panguluri et al. 2005 isolated green tissue-specific promoter of RbcS gene family from 

pigeon pea by PCR and studied the expression of uidA gene encoding β-glucuronidase in the 

transgenic tobacco plants under the control of pigeon pea RbcS promoter. The results showed that 

this promoter was as strong as pea RbcS3A promoter characterized earlier. “  

“Zheng et al. 2005 applied agrobacterium-mediated genetic transformation to produce beet 

armyworm (Spodoptera exigua Hubner) resistant tropical shallots (Allium cepa L. group 

Aggregatum). A cry1Ca or a H04 hybrid gene from Bacillus thuringiensis, driven by the 

chrysanthemum ribulose-1,5-bisphosphate carboxylase/oxygenase small subunit (Rubisco SSU) 

promoter, along with the hygromycin phosphotransferase gene (hpt) driven by the CaMV 35S 

promoter, was used for genetic transformation. Molecular Analysis confirmed the integration and 

expression of foreign genes. The amount of Cry1Ca expressed in transgenic plants was higher than 

the expression levels of H04 (0.39 vs. 0.16% of the total soluble leaf proteins, respectively). There 

was a good correlation between protein expression and beet armyworm resistance. “  

Amarasinghe et al. (2006) isolated RbcS promoter from Gossypium hirsutum L. cv. Coker 

315 and transformed Arabidopsis and cotton with GUS reported gene liked with isolated RbcS 

promoter to determine its expression level. They reported that RbcS had the highest expression 

throughout the vegetative and reproductive stages.  Histochemical results in T2 lines revealed that 

cotyledons and leaves had very high expression of the GUS gene. The roots had almost no 

detectable GUS expression. Young stem and the young floral buds also had low levels of GUS 

expression. In mature open flowers staining was observed in the green bract surrounding the 

flower, in the green ovary wall, and in the stigma, and pollen, but not in ovules. “  

“Lee et al. (2006) reported the integration and expression of Cry1Ab insecticidal genes 

under RbcS promoter in transformed oil palm. A Biolistic method was used to transform immature 
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embryos (IEs) of oil palm. More than 700 putative transformed IEs from independent 

transformation events were generated. Transient transformation efficiency of 81-100 % was 

achieved.  The presence of Cry1Ab mRNA transcripts showed that it is fully functional in oil palm, 

at the transcriptional level. “  

“Anisimov et al. 2007 studied activity of the highest expressing RuBisCo small subunit 

(RbcS) promoters (pRbcS) from the cotyledons of germinating seedlings of Brassica rapa var. 

oleifera and Nicotiana tabacum plants that were transformed using an Agrobacterium-mediated 

transformation strategy to drive high-level and preferably stage specific transgenic protein 

expression in plants. The mRNA level of RbcS and of gusA quantified in transformed plants. The 

results demonstrated that promoter most active in seedlings under native conditions was also most 

active in transgenic constructs at the same stage of plant development. “ 

“Two truncated versions of the pRbcS-2 (360 bp and 624 bp), a full version of pRbcS-2 

(1.6kb) and 35S CaMV promoter were fused to the gusA gene to determine minimal length of the 

most active promoter  in transgenic tobacco plants after Agrobacterium transformation. GUS 

protein expression was determined quantitatively in recovered shoots by an enzymatic assay in 

vitro. GUS expression levels under both truncated pRbcS versions did not differ significantly from 

each other; however, it appeared to be more than fourfold lower than that of gusA under the 1.6-kb 

pRbcS-2 promoter, while being higher than 35S-gusA expression (Anisimov et al. 2007). “ 

“RuBisCo contents were substantially increased in Rice (Oryza sativa L.) plants after 

Agrobacterium-mediated transformation with the rice rbcS sense gene under the control of the rice 

rbcS promoter. The primary transformants were screened for the ratio of Rubisco to leaf-N content, 

and the transformants with >120% wild-type levels of RuBisCo were selected. In the progeny of 

the selected lines of the transformants, the mRNA levels of one member of the rbcS gene family 

were increased from 3.9- to 6.2-fold, whereas those of other members of the rbcS gene family were 
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unchanged. The total levels of rbcS mRNA were increased from 2.1- to 2.8-fold. The levels of rbcL 

mRNA were increased from 1.2- to 1.9-fold. RuBisCo protein content was significantly increased 

by 30% on a leaf area basis (Suzuki et al. 2007). “  

“Cia et al. (2007) isolated a tissue specific promoter (PD54O) from rice and used it to drive 

the expression of Cry1Ac encoding Bacillus thuringiensis endotoxin against rice leaf-folders. No 

Cry1Ac protein found in endosperm or embryo. A reporter gene regulated by a series of truncated 

PD54O showed various tissue-specific expression patterns. “ 

“Suzuki et al. 2009 reported that four out of five members of the RbcS multigene family 

(OsRbcS2-Os RbcS5) were highly expressed in leaf blades of rice (Oryza sativa L.) irrespective of 

plant growth stage, whereas accumulation of all RbcS mRNAs in leaf sheats, roots and developing 

spikelets were quite low. A highly positive correlation was observed between total RbcS and RbcL 

mRNA levels and RuBisCo content at their maxima, irrespective of tissues and growth stage. The 

results indicated that the total RbcS mRNA levels may be a primary determinant for maximal 

RuBisCo protein content and that RuBisCo gene expression is well coordinated through the whole 

life of rice. “ 

“The insect resistant gene Cry1C under rice rbcS promoter was transformed in Zhonghua 

11 (Oryza sativa L. ssp. japonica) via Agrobacterium-mediated transformation to confer resistance 

against yellow stem borer (Tryporyza incertulas Walker), striped stem borer (Chilo suppressalis 

Walker) and leaf folder (Cnaphalocrocis medinalis Guenec). An elite transgenic line RJ5 was 

selected which possessed high resistance to leaf folders and stem borers and had very good 

agronomic performance. The levels of Cry1C were at undetectable in endosperm. It was noted as 

only 2.6 ngg-1 in the endosperm (Ye et al. 2009). “ 
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“A synthetic truncated Cry1Ac gene was linked to the rice rbcS promoter and its transit 

peptide sequence (tp) and was transformed in rice using Agrobacterium-mediated transformation 

method. Use of the rbcS-tp sequence increased the Cry1Ac transcript and protein levels by 25- and 

100-fold, respectively, with the accumulated protein in chloroplasts comprising up to 2% of the 

total soluble proteins. The high level of Cry1Ac expression resulted in high levels of plant 

resistance to three common rice pests, rice leaf folder, rice green caterpillar, and rice skipper, as 

evidenced by insect feeding assays. Transgenic plants were also evaluated for resistance to natural 

infestations by rice leaf folder under field conditions. Throughout the entire period of plant growth, 

the transgenic plants showed no symptoms of damage, whereas non transgenic control plants were 

severely damaged by rice leaf folders (Kim et al. 2009). “ “ 

2.4 Agrobacterium -Mediated Transformation 

2.4.1 Genus Agrobacterium 

“The genus Agrobacterium has been divided into a number of species on the basis of 

disease symptomology and host range. Thus, Agrobacterium radiobacter is an “avirulent” species, 

Agrobacterium tumefaciens causes crown gall disease, Agrobacterium rhizogenes causes hairy root 

disease and Agrobacterium rubi causes cane gall disease. A new species, Agrobacterium vitis has 

been proposed that causes galls on grape and a few other plant species. (Otten et al. 1984). “ 

“Agrobacterium has the ability to transfer DNA in a wide range of group of organisms 

including many monocot and dicot gymnosperms (Loopstra et al., 1990; Levee et al., 1999; 

McAfee et al., 1993; Yibrah et al., 1996; Wenck et al., 1999) and angiosperm species (DeCleene 

and DeLey 1976; Anderson and Moore 1979; Porter 1991).  Agrobacterium has the capability to 

transform fungi including yeasts (Bundock et al. 1995; Bundock and Hooykaas, 1996 ; Piers et al. 

1996), basidiomycetes (De Groot, 1998) and ascomycetes (Abuodeh et al. 2000;  De Groot, 1998) 
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and it has been reported that Agrobacterium can transfer DNA to human cells (Kunik et al. 2001). 

“  “Plant transformation employs the use of Agrobacterium tumefaciens in most of the cases. 

This bacterium is a naturally occurring soil borne pathogenic bacterium that causes crown gall 

disease. Agrobacterium tumefaciens naturally infects the wound sites in dicotyledonous plant 

causing the formation of the crown gall tumors. The first evidences indicating this bacterium as the 

causative agent of the crown gall was reported in 1907 (Smith and Townsend, 1907). The crown 

gall disease is due to the transfer of a specific fragment “T-DNA” (transfer DNA) from a large 

tumor-inducing (Ti) plasmid within the bacterium to the plant cell (Zaenen et al. 1974). “  

“T-DNA gets integrated into the plant genome and ultimately leading to the development of 

the crown gall phenotype (Chilton et al. 1977). Two bacterial genetic elements are required for T-

DNA transfer to plants.  The first element is the T-DNA border sequences that consist of 25bp 

direct repeats flanking and defining the T-DNA. The borders are the only 12 sequences required in 

cis for T-DNA transfer (Zambryski et al. 1983). The second element consists of the virulence (vir) 

genes encoded by the Ti plasmid in a region outside of the T-DNA. The vir genes encode a set of 

proteins responsible for the excision, transfer and integration of the T-DNA into the plant genome 

(Godelieve et al. 1998). “ 

         “The three important facts make the use of T-DNA in plant transformation. Firstly, the tumor 

formation in the plant cells is the result of T-DNA transfer and integration of and the subsequent 

expression of T-DNA genes. Secondly, the T-DNA genes are transcribed only in plant cells and do 

not play any role during the transfer process. Thirdly, any foreign DNA placed between the T-

DNA borders can be transferred to plant cells, no matter where it comes from (Maqbool, 2009). “ 

“Several Agrobacterium tumefaciens and plant tissue specific factors influence the transfer 

of T-DNA and its integration into the plant genome. These include plant genotype, explant, 
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vectors-plasmid, bacteria strain, addition of vir-gene inducing synthetic phenolics compounds, 

culture media composition, tissue damage, suppression and elimination of A. tumefaciens infection 

after co-cultivation (Alt-morbe et al. 1989; Bidney et al. 1992; Hiei et al. 1994; Komari et al. 

1996; Nauerby et al. 1997; Klee, 2000). “ 

“These well-established facts, allowed the construction of the first vector and bacterial 

strain systems for plant transformation (Hooykaas and Schilperoort, 1992; Deblaere et al. 1985; 

Hamilton, 1997; Torisky et al. 1997). “ 

2.4.2   Agrobacterium Mediated Transformation in Cotton  

“Agrobacterium-mediated transformation is the most widely used method to transfer genes 

into plants. Transformation is typically done on a small excised portion of a plant known as an 

explant. The small piece of transformed plant tissue is then regenerated into a mature plant through 

tissue culture techniques.  The first reported plant transformation by Agrobacterium was in 1983 

(Fraley et al. 1983). Since then, major advances have been made to increase the number of plant 

species that can be transformed and regenerated using Agrobacterium. “ 

“The first genetically engineered cotton plant was reported in 1987 (Firoozabady et al. 

1987; Umbeck et al. 1987). In the report by Umbeck et al. (1987), hypocotyl explants of 

G.hirsutum cv. Coker 312 were transformed by Agrobacterium tumefaciens strain LBA4404 with 

neomycin phosphotransferase II (NPT II) and chloramphenicol acetyltransferease (CAT) genes 

driven by nopaline synthase promoter (NOS). Molecular analysis confirmed that the genes were in 

the primary plants, but progeny evaluation was not reported. “  

“An agronomically valuable gene Cry1A was transformed in cotton cultivar Coker 312 by 

using A208 strain of Agrobacterium strain for the first time. This gene was isolated from Bacillus 
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thuringiensis and was driven by CaMV 35S promoter. The expression of the Bt protein in the 

primary transgenic plant was confirmed through immunological (Western) analysis and insect 

feeding bioassays. The Bt gene was inherited as a single dominant Mendelian trait in the progeny 

and plants were phenotypically normal. Field tests of these transgenic plants in 1992 showed good 

protection against cotton bollworm (Pectinophora zea), the pink bollworm (Perlak et al. 1990). “ 

“Transgenic cotton resistant to the herbicide 2, 4-D was reported by Bayley et al. (1992). 

Transgenic primary plants and progeny were tested by spraying with 2, 4-D and damage was 

recorded at 3 weeks. Molecular analysis was done using PCR analysis. Progeny were also assayed 

for 2, 4-D monooxygenase activity and a 3:1 segregation pattern of inheritance was confirmed. “  

“A method for rapid genotype-independent transformation as well as regeneration of shoots 

from germinating seedlings of cotton (Gossypium spp.) was reported by Gould et al. (1998). 

Isolated shoots were inoculated with a super-virulent strain of Agrobacterium tumefaciens. This 

strain was used for inoculation in isolated shoots, subjected to a mild selection of antibiotic then 

regenerated directly as shoots in vitro. “ 

“Zapata et al. (1999) solved the problem of genotype dependent regeneration in cotton by 

using shoot apices as explants. “The seedling shoot apex was transformed using Agrobacterium 

tumefaciens LBA4404 to transfer the nptII and GUS genes driven by a CaMV 35S promoter. 

Transformation was confirmed by the Kanamycin resistant phenotype in progeny and by Southern 

hybridization analysis of the progeny. The transformation efficiency was low (only 0.8%).“ 

“Zhao et al. (2001) fused a synthetic Bt Cry1Ac gene with a secretary signal coding 

sequences at 5' end and a modified GNA gene were used to construct a plant expression vector 

pBSGS1M+ and this vector was transferred into tobacco (Nicotiana tabacum L.) by 
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Agrobacterium-mediated transformation method. Results of PCR, Southern blot and Slot blot 

analysis indicated that both the chimeric Bt Cry1Ac and GNA genes were integrated into the 

genomes of transformed plants. Western blot analysis indicated that at least the Cry1Ac protein was 

produced in transgenic plants. “ 

“A protocol for efficient transformation and regeneration of cotton was reported by 

Leelavathi et al. (2004).  Embryogenic calli co-cultivated with Agrobacterium carrying cry1Ia5 

gene were cultured under dehydration stress and antibiotic selection for 3-6 weeks to generate 

several transgenic embryos.  About 83% of these plants have been confirmed to be transgenic by 

Southern blot analysis. An efficiency of ten kanamycin-resistant plants per Petri plate of co-

cultivated embryogenic callus was obtained. The method is extremely simple, reliable, efficient, 

and much less laborious than any other existing method for cotton transformation. “ 

Ikram ul Haq (2004) reported a different method of recovery of putative transformants in 

cotton (Gossypium hirsutum L.) cv. Cocker-312using Agrobacterium-mediated gene transfer 

system. The hypocotyl-derived embryogenic calli (two month- old) were infected through 

agroinfiltration for 10 min at 27 psi in a suspension of Agrobacterium tumefaciens strain GV3101 

carrying tDNA with the GUS gene, encoding β-glucuronidase (GUS), and the neomycin 

phosphotransferase II (nptII) gene as a kanamycin-resistant plant-selectable marker. Six days after, 

the histochemical GUS assay revealed 46.6% and 20% GUS activity respectively. The putative 

transgenic plants were developed via somatic embryogenesis. In 4 independent experiments, up to 

28.23% transformation efficiency was achieved. To confirm the integration and expression of 

transgenes, PCR amplification and Southern blot analysis were performed. “ 

“To get a high transformation frequency, Wu et al. (2005) developed a simple protocol for 

transformation of cotton (Gossypium hirsutum L.) through Agrobacterium mediation coupled with 
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the use of embryogenic calli as explants. Two Chinese cotton cultivars, cv. Ekang 9 and Jihe 321 

were inoculated with Agrobacterium tumefaciens strain LBA4404 having binary vector pBin438 

carrying a synthetic Bacillus thuringiensis-active Cry1Ac and API-B. The forty five regenerated 

plants were successfully transferred in soil, among these 12 proved to have the active Cry1Ac and 

API-B gene. The transgenic plants were highly resistant to cotton bollworm (Heliothis armigera) 

larvae. The mortality rate was ranging from 95.8 to 100%.“ 

“Zhao et al. (2006) transformed the most economically significant Chinese cotton cultivar 

(Gossypium hirsutum L. cv. Zhongmian 35) via Agrobacterium tumefaciens-mediated DNA 

transfer. The aroA-M1 gene that confers resistance to the glyphosate was fused with a chloroplast-

transit peptide of Arabidopsis thaliana 5-enolpyruvyl-3-phosphoshikimate synthase (ASP) and 

expressed in cotton plants under the control of a CaMV35S promoter. Transgenic plants were 

directly selected on medium containing glyphosate. Thirty-four independent transgenic lines were 

obtained after selection, giving a maximal 1.9% transformation frequency. DNA hybridization, 

Western blot and PCR techniques were used to confirm the integration and expression of the aroA-

M1 gene in T0 plants and T1 progenies. There was an increased resistance of T0 and T1 transgenic 

plants towards glyphosate. “ 

 “An elite Indian genotype (Bikaneri Nerma) of cotton (Gossypium hirsutum L.)  was 

transformed with a synthetic gene encoding Cry1Ac δ-endotoxin of Bacillus thuringiensis via 

Agrobacterium-mediated genetic transformation. The shoor apical meristems were isolated from 

seedlings as explants.  Regeneration of shoots was carried out in selection medium containing 

kanamycin after co-cultivation of the explants with Agrobacteriumtumefaciens (strain EHA 105). 

Progeny obtained by selfing T0 plants was grown in the greenhouse and screened for the 

integration of neomycin phosphotransferase (nptII) and Cry1Ac genes by polymerase chain 
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reaction (PCR) and Southern hybridization. The quantity of Cry1Ac was measured by Quan-T 

ELISA kits. Insect bioassays and field tests of the promising lines (T2 and T3 generations) ensured 

potential of the transgenic cotton for resistance against cotton bollworm (Katageri et al. 2007). “ 

“Sonication assisted Agrobacterium mediated transformation (SAAT) procedure has shown 

promising for the transformation of plants. This method has the potential for uniform 

transformation of meristematic tissues. Furthermore, the SAAT procedure produced a 100-1400 

fold increase in gene expression in a variety of tissues (Trick & Finer, 1997). “ 

“Hussain et al. (2007) reported a new procedure for cotton transformation based on 

cavitations caused by sonication which results in thousands of micro wounds on and below the 

surface of plant tissue and allow Agrobacterium to travel deeper and completely throughout the 

tissue. This wounding fashion increases the probability of infecting plant cells lying deeper in 

tissue. Many parameters were optimized for the enhancement of GUS transient expression in 

cotton using mature embryos as explant. GUS was first detected 24h following incubation of the 

explants and by 48h, GUS expression was very intense which served as a useful indicator of 

successful transformation of the cotton explant following sonication assisted Agrobacterium 

mediated transformation (SAAT) procedure. The study also showed the competitive advantage of 

this procedure over other transformation procedures being routinely used.  

Rashid et al. (2008) transformed a locally approved cotton variety CIM-482 with two Bt 

genes (Cry1Ac and Cry2A) using sonication assisted Agrobacterium mediated transformation. 

Putative transgenic plants were confirmed via PCR, Southern hybridization, and western-blotting. 

Those showing mortality of 75 to 100% for the second instar ofHeliothis armigera (compared with 

0% for the control) were considered Bt-positive. This strategy has delayed the targeted insect pest 

resistance in cotton. A local cotton variety CIM-482 was transformed with Arabidopsis thaliana 

PhyB gene under the control of CaMV 35S promoter, cloned in pBinPhyB vector through 
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Agrobacterium tumefaciens strain LBA 4404 to enhance photosynthetic rate in Gossypium 

hirsutum L. After Successful transformation of Phy B gene, transgenic plants showed increased 

photosynthetic rates (Qayyum et al. 2009). 

 “The four upland cotton cultivars, Ekangmian10, Emian22, Coker201 and YZ1 were 

transformed with novel Bacillus thuringiensis genes (Cry1C, Cry2A, Cry9C) and bar gene via 

Agrobacterium-mediated transformation. With the bar gene as a selectable marker,  about 84.8 % 

of resistant calli have been confirmed positive by polymerase chain reaction (PCR) tests, and 

totally 50 transgenic plants were regenerated. Southern blot was performed to confirm the 

integration of inserts. Bioassay showed 80 % of the transgenic plantlets generated resistance to 

both herbicide and insect. “  

“In order to produce transgenic cotton resistance to insects, hypocotyl explants were 

transformed with Agrobacterium tumefaciens strain LBA4404 harboring the recombinant binary 

vector pBI121 containing the cry1Ab gene under the control of CaMV 35S promoter. The 

selectable marker used was neomycin phosphotransferase.  Inoculated tissue sections were placed 

onto co-cultivation medium. Transformed calli were selected on MS medium and cefotaxime. 

Plantlets were subsequently regenerated from putative transgenic calli. Polymerase chain reaction 

(PCR) and southern blot analysis were used to confirm the integration of cry1Ab and nptII 

transgenes into the plant genome. Western lot analysis of transgenic plants revealed the presence of 

a 67kDa band in transgenic cotton lines using the anti-Cry1Ab polyclonal anti-serum. A 

homozygous line in T2 progeny plants (Line 61) showed promising performance against Heliothis 

armigera larvae (Tohidfar et al. 2008). “ 

Li et al. (2009) reported the transformation of two cotton genotypes, Simian 3 (SM 3) and 

WC. These genotypes were co-transformed using a mixture of four Agrobacterium tumefaciens 
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cultures of strain LBA4404, each carrying a plasmid harboring the following genes, Bt + sck (for 

Bacillus thuringenesis protein and modified Cowpea trypsin inhibitor), bar (for glufosinate), 

keratin, and fibroin. The frequency of callus induction, embryogenesis, and plant regeneration were 

notably different between the two genotypes. However, there were no differences between the two 

genotypes for number of plantlets carrying multiple gene copies of different gene combinations as 

well as transformation frequency for different gene combinations. The results PCR analysis 

indicated that more than 80% of plantlets carried the nptII gene for kanamycin resistance. Overall, 

the co-transformation frequency of two or more genes was about 35%. The integration of the target 

genes into the cotton genome was confirmed by southern blot analysis. “  
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3. MATERIALS AND METHODS 

3.1 Experimental Material  

Seed cotton of transgenic lines of T4 progeny was taken from CEMB cotton Store. It was 

delinted with commercial H2SO4   at a rate of 100ml/kg of seed. After removing the fuzz, seed was 

washed with tape water four to five times to remove the remaining acid from seeds. The advance 

homozygous lines 3001-1, 3009-8, 3010-14,  3013-3, 3016-1, 3010-2, 3033-4, 3012-3, 3043-7, 

3010-14, 3038-3, 3043-4 were selected on the basis of agronomic and morphological performance 

under field conditions  and insect resistance being good  in  expression of endotoxins ( data 

obtained in T3 generation), lesser boll damage %age in field after being artificially infested. These 

lines were sown along with their parent variety (untransformed CIM-482) according to randomized 

complete block design (RCBD) with three replications. Only insecticides not active on lepidoptera 

were applied to all plots throughout the season.  

Experimental fields were surrounded with rows of untransformed CIM-482 and MNH-93 

(another locally approved cotton cultivar) to serve as refugia to prolong insect resistance. Sorghum 

bicolor was grown around the field to isolate field from surroundings following recommendations 

of National Biosafety Committee guidelines (NBC, 1999). 

3.2 Confirmation of Gene Integration and Expression 

Molecular Analysis i.e PCR and Southern blot were performed to confirm the stable 

integration of insecticidal genes Cry1Ac and Cry2A in advance cotton lines.  

 

 



40 

 

3.2.1 Genomic DNA Isolation 

“Transgenic plants were subjected to DNA isolation along with non transgenic control 

plants. Saha et al. (1997) method of DNA isolation was used with some modifications. The leaf of 

cotton plant was grinded to fine powder in liquid nitrogen in pestle and mortar. “One gram fresh 

young leaves were grinded to very fine powder in the presence of liquid nitrogen. Then 1mL of 

extraction buffer (Appendix-I) was added and centrifuged at 3000xg for 20min. The supernatant 

was discarded and pellet was resuspended in 700µL of lysis buffer (Appendix-I). The tubes were 

incubated at 65°C for 30 min-1hour.After that equal volume of Chloroform: isoamyl alcohol was 

added, mixed and centrifuged at 14K for 20min at 4°C. This step was repeated again. The aqueous 

phase was shifted to new tube and 0.6volume of isopropanol was added and incubated at room 

temperature for 15-30 min. The tubes were centrifuged at 14K for 15 min. The supernatant was 

discarded and the pellet was washed with 70% ethanol and air dried after it. The tubes were 

incubated at 4°C for 30min-1 hour. The tubes were centrifuged at 14K for 15 min. The pellet was 

resuspended in 100µL of TE buffer and incubated at 65°C for 30 min. The tubes were centrifuged 

at 14K for 15 min. The supernatant was shifted in another 1.5 mL tube. RNase was added and 

incubated at 37°C for 15 min. Two volume of 100% ethanol+ 0.1 volume of 3M sodium acetate 

was added and placed at -20°C for 1 hour. The DNA was pellet down at 12K for 15-20 min. “  

“After washing with 70% ethanol, pellet was air dried and finally dissolved in water. DNA 

was resolved by running on 0.8% agarose gel on the basis of molecular weight. Ethidium bromide 

of concentration 0.5-1µg/mL was added. Gel was run at 70-80V for 1-2 hours. “ 
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3.2.2 Polymerase Chain Reaction (PCR) 

Genomic DNA was isolated from fresh cotton leaves using the method described by Saha et 

al. (1997).  PCR was run for the detection of integrated Cry1Ac and Cry2A genes by amplifying 

internal fragments of 565bp and 600bp respectively by a modification of the method by Saiki et al. 

(1988).  DNA extracted from untransformed plants was used as negative control and that of 

plasmid pk2Ac as positive control. PCR was carried out in reaction volume of 20 µL containing the 

genomic DNA template 100 ng, forward and reverse primers 50 pM each (Cry1Ac and Cry2A 

specific primers , dNTPs 200 µM, 1X PCR Buffer (50 mM KCl, 1.5mM MgCl2 and 10mM Tris-

HCl) and Taq Polymerase 1 unit. “ 

The PCR was performed at 94ºC for 4 minutes 94ºC for 1 minutes 54ºC for 1and 72ºC 

for 1 minutes followed by 35 times. The amplified PCR fragments were resolved on 1% agarose 

gel and observed under UV light.  For amplification of genes, gene specific primers sequences 

were used (Table-3.1) 

Table-3.1: Primer list for PCR amplification of Cry1Ac and Cry2A genes 
 
.  

Primer Name Primer Sequence Annealing Temp. 
  

Product Size 
 

Cry1Ac Forward 5’-ACAGAAGACCCTTCAATATC-3’ 52°C 565bp 
 

Cry1Ac Reverse 5’GTTACCGAGTGAAGATGTAA-3’ ----- ----- 

Cry2A Forward 5’-AGATTACCCCAGTTCCAGAT-3’ 52°C 600bp 
 

Cry2A Reverse 5’-GTTCCCGAAGGACTTTCTAT-3’ ------ ------ 
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3.2.3 Southern Blot Analysis 

Southern analysis was performed on genomic DNA from leaves of transgenic plants and 

from non transgenic control plants as described by Southern (1975). DNA was extracted as 

described in the section 3.2.1. Genomic DNA (20μg) was digested with Hind111 for Cry1Ac gene 

to excise from the cassette. The digested DNA samples were run in 1% agarose gel in 1X TAE 

buffer at 10 V and 20oC for 18-20h. Gel was stained with ethidium bromide and photographed.  

Gel was denatured with 1.5M NaCl + 0.5M NaOH for 30 minutes and depurinated with 

1.5M HCl for 10 minutes. Gel was neutralized with 1.5M NaCl and 0.5M Tris-HCl, pH 7.5. 

Digested DNA samples were transferred from gel to Hybond-N+ nylon membrane (Amersham) 

with 20X SSC (Appendix-I) by capillary action. The DNA on membrane was fixed by exposing to 

UV light for 3-5 minutes.   

The membrane was put in the pre-hybridization solution (Appendix-I) for one hour at 65oC 

in hybridization tube. Hybridization with probe was carried out for 16-18 hours. After 

hybridization, detection procedure was followed according to the Fermentas Biotin Chromogenic 

Detection Kit (Cat# K0661). The membrane was washed in 30mL of 1X blocking/washing buffer 

for 5 min at room temperature with moderate shaking. Then the membrane was submerged in 

blocking solution for 30 min with moderate shaking. 20µL of diluted streptavidin AP conjugate 

was prepared and added to the membrane for 30 min after removing blocking solution. Afterwards, 

the membrane was again washed with 1X blocking/washing buffer. The washing buffer was 

removed and 30mL of detection buffer was added for 30 min. Finally enzymatic reaction was 

performed by incubating the membrane in 20mL of freshly prepared 1X NBT/BCIP dissolved in 

detection buffer.  
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3.2.3.1 Probe Labeling  

Probe for the detection of Cry1Ac was labeled by Fermentas Biotin DecaLabel™ DNA 

Labeling Kit (Cat #K0651). According to the instruction given in the manual, added 10μL of 

template (100ng), 10μL of decanucleotide in 5x reaction buffer and nuclease free water (40μL) in a 

1.5mL tube. The tube was vertexed and spun down. The tube was incubated in boiling water bath 

for 5-10 min and cooled it on ice quickly. After it, 5μL of biotin labeled mix was added in the tube 

along with 1μL of Klenew fragment (5U). The contents of the tube were spun down. The tube was 

incubated at 37oC for one two hours and reaction was stopped by adding 1μL of 0.5M EDTA (pH 

8.0). The labeled DNA (probe) was estimated by spotting it on nitrocellulose membrane along with 

control labeled DNA (provided in the kit) in serial dilutions and was finally detected by using 

Fermentas Biotin Chromogenic Detection Kit (Cat# K0661). 

3.2.4 Western Blot Analysis 

3.2.4.1 Protein Extraction  

Fresh leaves of transgenic and non-transgenic plants were taken and approximately 200-

500mg weighed leaves were taken and grinded in liquid nitrogen in pre-chilled pestle and mortar. 

Ground material was transferred to autoclaved 1.5mL tube and 400 μL of protein extraction buffer 

(Appendix-II) was added. Samples were homogenized, incubated at 4oC (30 minutes to 1 hour) and 

then centrifuged at 4°C for 10 minutes at 14000 rpm. Supernatant was taken in another 1.5mL tube 

and protein was quantified with the help of BioRad reagent (Bradford, 1976). 

For further study of the expression of introduced genes in transgenic plants, western blot 

analysis was performed.   
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3.2.4.2 SDS Polyacrylamide Gel Electrophoresis  

SDS-PAGE was performed in a BioRad Mini gel apparatus following basic procedure 

described by Laemmli (1970). 50-100 μg of total plant protein was separated on 12% SDS-

polyacrylamide gel (Appendix-II). 

3.2.4.3 Western Blotting 

Proteins separated by SDS-PAGE were blotted on to Nitrocellulose membrane (Hybond-

C Amersham) using a Trans-Blot Semi-Dry Transfer Cell (Bio-Rad). Western blot analysis was 

done as described by Towbin et al. (1979). Nitrocellulose membrane with gel was sandwiched 

between 5 pieces of whatman blotting papers, three at the lower side and two on the upper side. 

The nitrocellulose sheet was towards the cathode. After transfer membrane was blocked for an 

hour at room temperature or overnight at 4ºC in blocking solution (5% skim milk in 1X PBST, 

Appendix-II) followed by one-hour incubation at room temperature in the respective primary 

antibodies diluted at 1:10000 in the blocking solution. After three washings, 10 minutes each wash, 

with PBST, the membrane was incubated at room temperature with alkaline phosphatase 

conjugated anti-rabbit antibody (secondary antibody) diluted at 1:5000 in blocking solution for one 

hour. The membrane was again washed three times (10 minutes each wash) with PBST. Color was 

developed with Sigma Fast NBT/BCIP tablet dissolved in 10mL autoclaved water as alkaline 

phosphatase substrate. The membrane was air dried after final washing with distilled water.  

3.2.4.4 Temporal and Spatial Expression of Cry1Ac and Cry2A Endotoxins  

The amount of insecticidal protein (Cry1Ac& Cry2A) present among twelve different 

transgenic lines was determined throughout the season. Because differential expression of Cry1Ac 

occurs among different plant structures (Greenplate, 1999; Adamczyk et al., 2001), a single 
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structure was selected for quantification. For each sample date and for all transgenic lines, a single 

main-stem terminal leaf was collected from five plants/transgenic line. The samples were 

transported to the laboratory and were processed same day. 

Expression of both Cry1Ac and Cry2A insecticidal genes in cotton transgenic lines was 

quantified by Enzyme Linked Immunosorbent Assay using Envirologix Kit (Cat # AP 007). The 

whole procedure was followed as provided in the kit. Negative and positive controls were added to 

the wells along with test samples. The titer of both the toxins was measured along with the age of 

crop as well as in different plants of plant. For this purpose, after every fifteen days intervals after 

the crop has 5-6 leaves, plant samples were brought to the laboratory, ground in liquid nitrogen. 

The one third of grinded powder (100mg) from leaves and from other plant parts was taken in 

1.5mL tube.  Added 300 μL   protein extraction buffer (Appendix-II). After 1hr of ice incubation, 

centrifuged at 13000 rpm for 25 min, Supernatant was used for further analysis.          

ELISA was performed according to procedure given in the kit and quantification of both 

Cry1Ac and Cry2A endotoxins was done by plotting absorbance values of Cry1Ac and Cry2A test 

samples on the standard curve generated with purified Cry1Ac standards on each of ELISA plates 

and expresses as ng of Cry1Ac and Cry2A per gram of fresh tissue weight. The different fruiting 

parts i.e anthers, petals, ovary and bolls were undertaken for this study. 

Protein expression data of both genes (Cry1Ac and Cry2A) was further subjected to 

statistical analysis using SPSS software (version 11.0, SPSS Inc) to evaluate the differences among 

transgenenic lines, sampling dates and interaction of transgenic lines and sampling dates at 5% 

level of significance. 
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3.3 Leaf Biotoxicity Assay  

To check the efficacy of endotoxins against targeted insect pests, laboratory biotoxicity 

assays of transgenic and control cotton leaves with Heliothis larvae (2nd instar) were conducted.   

The five leaves from the upper, middle and the lower portion of each line were detached  in  Petri 

plates after 30, 60 and 90 days of crop age, placed on moist filter papers and  brought back to the  

laboratory. The 2nd instar Heliothis larvae were fed to them. After 2-3 days, mortality rates of 

Heliothis larvae were noted alongwith the control CIM-482. The mortality rates were calculated as 

follows: 

%Mortality =       No.of dead larvae *100 

                 Total no. of larvae 

3.4 Isolation of RbcS Promoter from Gossypium arboreum L 

3.4.1 Total RNA Extraction 

For total RNA extraction the method of Jaakola et al. (2001) with some modifications was 

used .Fully expanded young leaves were collected and pulverized tissue to a fine powder in a pre 

cooled mortar. To each 1g of grinded sample, 15mL of pre-warmed (70ºC) extraction buffer 

(Appendix-III) was added and vortexed for two minute. The tubes were incubated at 70ºC for 20 

minutes, during incubation sample were vortexed after every 5 min and centrifuged at 12,000g for 

10 minutes at 4ºC. The supernatant was shifted to 1.5mL tubes and centrifuged at 13,000rpm for 20 

min. Supernatant was transferred to new 1.5mL tubes and extracted twice with an equal volume of 

Chloroform: isoamyl alcohol. Phases were separated at 13000rpm at room temperature. To the 

aqueous phase supernatant 1/4 volume of 10 M Lithium Chloride was added and mixed gently. 

RNA was precipitated by incubating samples overnight at 4ºC. The tubes were centrifuged at 
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13000rpm for 20 min at 4ºC. The pellet was washed with 500μL of 70% ice cold ethanol. After air 

drying the pellet was dissolved in 100ul of pre-warmed (65 ºC) SSTE buffer (Appendix-III). The 

contents of tubes were extracted once with an equal volume of Phenol: Chloroform: Isoamyl 

alcohol. To the supernatant, two volume of ice cold absolute ethanol was added to precipitate RNA 

at -20ºC overnight. The tubes were centrifuged at 13000rpm for 20 min at 4ºC. The pellet was 

washed with 500μL of 70% ice cold ethanol. The pellet was air dried and resuspended in DEPC 

treated deionized water. 

3.4.2 Agarose Gel Electrophoresis 

Agarose gel electrophoresis was used to check integrity of RNA.  Agarose gel of 1% was 

prepared in 1X TAE buffer (Appendix-I). Ethidium bromide of concentration 0.5-1µg/mL was 

added. Gel was run at 80 -100V for 30-45 min. 

3.4.3 Quantification of Total RNA   

RNA concentration was measured with spectrophotometer. Samples were prepared by 

adding 5μL of total RNA into quartz cuvette and 495μL of water, spectrophotometer was run and 

results were taken at A260 and A280. These results were calculated by following equation 

Concentration in μg/μL =A260*40*100*dilution factor 

Dividing A260/A280 checked purity of RNA; ratio should be equal to 2.00. 

3.4.4 cDNA Synthesis 

cDNA was synthesized by using Fermentas cDNA synthesis kit. For cDNA synthesis the 

following reagents were used.  

DNase treated RNA                                         1µg 
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Anchored oligo dt primers (20 μM)                  1µL 

DEPC-treated water                                         to 12µL 

Reaction mixture was incubated at 70ºC for five minutes and quickly chilled by placing on 

ice. Then 4µL of 5X reaction buffer, 1µL of ribonuclease inhibitor (20µ/µL) and 2µL of 10mM 

dNTP mix was added and incubated at 37ºC for 5 min. Finally 1µL of H minus M-MuLV reverse 

transcriptase (200µ/µL) was added and mixture was incubated at 42 ºC for 60 min. The reaction 

was stopped by heating at 70ºC for 10 min. 

3.4.5 Polymerase Chain Reaction (PCR) 

cDNA was used to amplify 445bp fragment of RbcS promoter (RuBisCo Small Subunit). 

Primers for the amplification of RbcS promoter (445 bp) were designed from sequence of 

Gossypium hirsutum RbcS gene (NCBI Accession No. X54091). PCR was carried out in reaction 

volume of 20 µL containing the genomic DNA template 100 ng, forward and reverse primers 50 

pM each (RbcS specific primers), dNTPs 200 µM, 1X PCR Buffer (50 mM KCl, 1.5mM MgCl2 

and 10mM Tris-HCl) and Taq Polymerase 1 unit. The PCR was performed at 94ºC for 4 minutes,  

94ºC for 1 minutes,  56ºC for 1 min and 72ºC for 1 minutes followed by 35 times. The 

amplified PCR fragments were resolved on 1% agarose gel and observed under UV light.  For 

amplification of genes, following primer sequences were used (Table-3.2).  

 
Table-3.2: Primer list for PCR amplification of RbcS Primers 
 
Primer Name Primer Sequence Annealing 

Temp. 
  

Product 
Size 
 

RbcS Forward 5’-GCGGTACCCAAAAGAGTCTCACTGATCC-3’ 54°C 445bp 
 

RbcS Reverse 5’-GCGGTACC CTCTTTGTGGTCATAATGGT-3’ ----- ----- 
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 3.4.6 Purification of DNA fragment from Agarose Gel  

PCR product was purified from agarose gel with Fermentas DNA purification Kit (Cat# k 

0513) in such a way that the required band was cut from the gel, weighed and incubated with  3 

volumes  of DNA binding solution in a 1.5mL tube at 550C temperature till gel slice get dissolved. 

3µL of beads were added in 1.5mL tube after thorough mixing and put at room temperature for 5 

minutes. Supernatant was removed after centrifugation and pellet was washed three times with 

washing buffer provided in the kit.  Again supernatant was removed, the pellet was air dried and 

resuspended in TE buffer (pH.8.0) and put at room temperature for 10 minutes.  

3.5 TA Cloning and Transformation of the Eluted DNA 

Eluted PCR products were cloned into Invitrogen TA vector (pCR®2.1) according to the 

protocol given in TA cloning kit (Invitrogen, Cat # K 4500-01).  

3.5.1 Ligation of Insert in TA Vector 

The eluted DNA insert was added into TA vector solution. The reagents that were used for ligation 

are given in (Table-3.3). Samples incubated at 140C overnight. 
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3.5.2 Transformation in E. coli 

The E. coli strain DH5α was used for various plasmid and ligation mixture transformations. 

The 2µL ligated product was transformed in to DH5α chemically competent (50µL) and mixed by 

tapping. These cells were incubated on ice for one hour and were subjected to heat shock at 42°C 

for 40-60 seconds. SOC medium (Appendix-V) was added to them, and incubated in 37°C shaking 

incubator for 1 hour. 40µL IPTG (100mg/mL) and X-gal (40mg/mL) solutions were spread on pre-

warmed LB-kana plates (50µg/mL). Cells were then plated on these plates and incubated at 37ºC 

for overnight. 

3.5.3 Screening of Positive Colonies 

The blue and white colonies appeared on plates after overnight incubation. White colonies 

were assumed to contain the insert and blue colonies contained self-ligated vector. So white colonies 

Reagents Required 

Template 20-50ng 

Vector 50ng 

10X Ligation buffer 1µL 

Ligase 1µL (4.0 Weiss units) 

Total volume 10µL 

Table-3.3: Reaction Mix of Ligation 
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were picked by a sterilized tooth- pick and used for inoculate 3mL of LB broth (Appendix-IV). The 

cultures were incubated for sixteen hours at 37°C with shaking at 250 rpm. 

3.5.4 Plasmid DNA Isolation from Positive Colones 

“The cells were harvested at 5000rpm for 1 minute. 150µL of solution-1 (Appendix-VI) 

was added to resuspend the pallet and samples were incubated in ice for 10 min; 200µL of 

solution-2 (Appendix-VI) was added and incubated at room temperature for 10 min. until it became 

transparent. Then 200µL of solution-3 (Appendix-VI) was added and kept in ice for 10 min. 

Centrifuged the tubes for 10 min. at 13000rpm. Supernatant was recovered in new tubes and 

extracted with equal volume of phenol: chloroform: isoamyl alcohol. Supernatant was taken 

carefully and shifted in new tubes. DNA was ethanol precipitated, pellet was washed with 70% 

ethanol, air dried and dissolved in sterilized water. The samples were treated with RNAase by 

using 1 µL of RNase A (sigma). “  

3.5.5 Restriction Analysis of Cloned DNA 

Insert was confirmed with restriction digestion of DNA with EcoR1. Reaction mix used is 

given in (Table-3.4) 

Table-3.4: Reaction mix of Digestion 

Reagents Required 

DNA to be digested 1µg 

10X EcoR1 buffer 2µL 

EcoR1 (10µ/µL) 1uL 

H2O  made volume up to 20 uL 
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Samples were incubated at 37°C for 2 hour. The results were analyzed by running the digested 

samples on 1 % agarose gel. 

3.5.6 Sequencing of Positive Clones 

The reagents used for sequencing of the positive clones are given in (Table-3.5). The 

sequencing PCR was performed at 96ºC for 20seconds, 96ºC for 20seconds, 52ºC for  15 

seconds, 60ºC for 4 min followed by 35 cycles. 

 

Table-3.5: Reaction mix for Sequencing 

Reagents Required 

DNA 100-200ng 

M13 Primers (3.3µM) 1µL 

Big Dye Sequencing Mix 1µL 

5X dilution buffer 1µL 

H2O made volume up to 10ul 

 

3.5.7 Preparing a Sequenced Product for Loading on ABI Prism 3100 Sequencer 

After sequencing reactions PCR products were precipitated by adding 20 µL of 75% 

isopropanol. The reactions were mixed by vortex and left for precipitation at room temperature for 

30 minutes. The samples were centrifuged at 14,000 rpm for 20 minutes at room temperature. The 

supernatant was fully discarded. The pellets were washed with 50 µL of 75% isopropanol. The 

pellets were air dried. Furthermore, the pellet was suspended in 15 µL of formamide. The samples 
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were shifted in 96-wells plate and denatured at 95°C for 5 minutes and quick chilled by placing in 

ice for ten minutes before loading on the ABI PRISM 3100 sequencer genetic analyzer according 

to the manufacturer’s instructions given in technical manuals. Sequence was analyzed manually by 

using Chromas software version (v 1.45). 

3.5.8 Removal of Vector Sequences From Sequence Results 

Analyzing the Invitrogen TA vector (pCR®2.1) map showed that the sites of M13 primers 

are away from the insertion site of PCR- Product, so the sequence reads with M13 primers contain 

additional sequences of vector along with the sequence of PCR-Product. Vector was screened both 

manually and NCBI’s online software VecScreen. The vector sequences were removed and pure 

sequences were obtained.  

3.5.9 Promoter Analysis  

The pure promoter sequences obtained after the sequencing were subjected to bioinformatics 

tools ie. “ChloroP 1.1” (devised by Technical University of Denmark, available online) for the 

predication of transit peptide in RbcS promoter. The ChloroP server predicts the presence of 

chloroplast transit peptides (cTP) in protein sequences and the location of potential cTP cleavage 

sites. The transit peptide is required for their transport across the relevant membranes from their 

site of synthesis in the cytoplasm. 
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3.6 Cloning of RbcS and Cry1Ac Gene into Plant Expression Vector pCAMBIA-1301 

The binary vector pCAMBIA-1301 (11837bp) was used for cloning of Cry1Ac gene under 

RbcS promoter in plant expression vector; one of the main objective of study. The map of vector is 

shown in (Figure-3.1). The vector contains kanamycin gene for bacterial selection and hygromycin 

for plant selection resistance genes. “This vector contains a fully functional gusA reporter 

construct, the construct uses E.coli gusA (N358Q — to avoid N-linked glycosylation) with an 

intron (from the castor bean catalase gene) inside the coding sequence to ensure that expression of 

glucuronidase activity is derived from eukaryotic cells, not from expression by residual 

Agrobacterium tumefaciens cells” 

Figure-3.1: Map of vector pCAMBIA-1301. Adaped from http://www.cambia.org/) 
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3.6.1 Amplification of Cry1Ac+NOS Terminator from PIA-2 vector 

For cloning of genes in plant expression vector pCAMBIA-1301, insecticidal gene Cry1Ac 

(1.82 kb) was amplified from PIA-2 construct along with NOS terminator (0.270 kb) under kpn I 

and BamH I sites. PIA-2 is pGEM-4Z based vector harboring Cry1Ac gene under ubiquitin 

promoter (Figure-3.2).  To amplify Cry1Ac+NOs fragment, folwoing primers were used (Table-6). 

 

 

 

 

Figure-3.2: pGEM-4Z based PIA-2 vector having Cry1Ac under Ubiquitin 

 

 

 

 

 

Primer  Sequence Annealing 

Temp. 

Product 

Size 

Cry-NOS F 5’-GCGGTACCAGGAGGCCATTGCTATTACT-3’ 54oC 2.11 Kb 

Cry-NOS R 5’-CGGGATCCAATTCCTATAATCGACATCAAAA-3’ ----- ----- 

Table-3.6: Sequence of primers used for amplification of Cry1Ac+NOS terminator 
from PIA-2 vector  

Ubiquitin Cry1Ac gene NOS  

1.845Kb 0.270Kb 2.02Kb 

HindIII  BamHI BamHI EcoRI
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Table-3.7: Reaction Mix of Digestion with Kpn1 and BamH I 
 

Ingredients Required 

DNA to be digested 1- 5µg 

10X Buffer Tango 4.0µL 

Kpn I (10µ/µL) 1.0µL 

BamH I(10µ/µ) 1.0µL 

H2O  made volume up to 20µL. 

These primers introduced Kpn1 and BamH I restriction sites upstream and downstream 

respectively. PCR was carried out in reaction volume of 20 µL containing the genomic DNA 

template 100 ng, forward and reverse primers 50 pM each (Cry1Ac + NOS terminator-specific 

primers (Table-3.6), dNTPs 200 µM, 1X PCR Buffer (50 mM KCl, 1.5mM MgCl2 and 10mM Tris-

HCl) and Taq Polymerase 1 unit. The PCR was performed at 94ºC for 4 minutes,  94ºC for 1 

minutes,  54ºC for 1 min and 72ºC for 1 minutes followed by 35 times.  

The amplification products were run on 1% agarose gels, visualized with UVP gel 

documentation system (Molecular Probes, Inc., USA), excised gel band was purified by using 

Fermentas DNA purification kit (Cat# k0513). 

3.6.2 Restriction Digestion of PCR Products and pCAMBIA-1301 

The purified PCR products and pCAMBIA-1301 vector were double digested with Kpn I 

and BamH I restriction enzymes to produce overhangs in desired fragments of Cry1Ac+NOS and 

pCAMBIA-1301 vector. Reaction mix used is given in (Table-3.7). 
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The samples were incubated for 2 hour at 37°C. The digested vector was run on 0.8% 

agarose gel and PCR products on 1% agarose gel at 80V for 90 min and analyzed under UV-light. 

The gel slices containing digested product were cut with sterilized blade and were eluted according 

to the protocol of Fermentas Gel purification kit (Cat # K0513) to elute the DNA. 

3.6.3 Ligation of Insert (Cry1Ac+NOS) into pCAMBIA 1301 Vector 

Both insert and vector overhangs were ligated by using T4 DNA Ligase (Fermentas) 

according to manufacture protocol. Vector to insert ratio was 1:1 and ligation temperature was 

22°C for 2 hours. Reaction mix used for ligation is given in (Table-3.8). 

Table 3.8: Reaction Mix of Ligation 

Ingredients Required 

Insert (Cry1Ac+NOS) 100ng 

10X Ligation buffer 1.0µL 

Vector 500ng 

T4 Ligase 1.0µL 

H2O  made volume up to 10uL 

 

3.6.4 Transformation of plasmid in E. coli 

Ligated product was transformed in E. coli competent cells strain DH5α by heat shock 

method as mentioned in section 3.5.2. 
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3.6.5 Plasmid DNA Isolation 

 Plasmid DNA was prepared by inoculating single bacterial colony in 3ml LB broth 

containing the kanamycin 50μg/mL from the overnight grown plate. The samples were incubated at 

37ºC at 250 rpm for 12-16 hours. The whole process of plasmid DNA isolation (miniprep) was 

repeated as mentioned in 3.5.4 Section. The isolated recombinant plasmids DNA of construct were 

confirmed by double restriction digestion with enzymes Kpn I and BamH I and by PCR analysis.  

3.6.6 Restriction Analysis of Cloned Fragment of Cry1Ac+NOS terminator 

Insert was confirmed with restriction digestion of plasmid DNA with Kpn I and BamH I. Reaction 

mix used is given in (Table-3.9). 

                                  Table 3.9: Reaction mix of Digestion 

 

Reagents Required 

DNA to be digested 5µg 

10X  buffer Tango 2µL 

Kpn I (10µ/µL) 1µL 

BamH I (10µ/µL) 2µL 

H2O made volume up to 20µL 

 

Samples were incubated at 37°C for 2 hour.  
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3.6.7 PCR Confirmation of Cry1Ac+NOS Integration in pCAMBIA 1301 

PCR reaction was conducted to amplify 2.01 kb fragment of Cry1Ac+NOS from plasmid 

DNA. PCR eluted fragment of Cry1Ac+NOS fragment was used as positive control. The PCR was 

performed at 94ºC for 4 minutes 94ºC for 1 minutes 54ºC for 1and 72ºC for 1 minutes followed 

by 35 times. The amplified PCR fragments were resolved on 1% agarose gel and observed under 

UV light.   

3.6.8 Restriction Digestion of RbcS PCR Products and pCAMBIA-1301 

The purified PCR products of RbcS (promoter region) and pCAMBIA-1301 (carrying 

Cry1Ac+NOS terminator cloned under Kpn1 and BamH1 sites) vector were  digested with Kpn I to 

produce overhangs in  desired fragments of RbcS and pCAMBIA-1301 vector. Reaction mix used 

is given in (Table-3.10) 

Table 3.10: Reaction Mix of Digestion with Kpn1 
 

Ingredients Required 

DNA to be digested 1- 5µg 

10X Buffer 2.0µL 

Kpn I (10µ/µL) 1.0µL 

H2O made the volume up to 20µL

 

The samples were incubated for 4 hour at 37°C. The digested vector was run on 0.8% 

agarose gel and PCR products on 2% agarose gel at 80V for 60 min and analyzed under UV-light. 

The gel slices containing digested products were cut with sterilized blade and were eluted 

according to the protocol of Fermentas Gel purification kit (Cat # K0513) to elute the DNA. 
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             Table 3.11: Reaction Mix of Ligation 

 
Ingredients Required 

Insert (RbcS) 100ng 

10X Ligation buffer 1.0µL 

Vector 50ng 

T4 Ligase 1.0µL 

H2O  made volume up to 10µL 

 

 

3.6.9 Ligation of Insert (RbcS) into pCAMBIA-1301 Vector 

Both insert and vector overhangs were ligated by using T4 DNA Ligase (Fermentas) 

according to manufacture protocol. Vector to insert ratio was 1:1 and ligation temperature was 

22°C for 2 hours. Reaction mix used for ligation is given in (Table-3.11). 

 

 

 

 

 

 

 

3.6.10 Transformation of plasmid in E. coli 

Ligated product was transformed in E. coli competent cells strain DH5α by heat shock 

method as mentioned in section 3.5.2. 

3.6.11 Plasmid DNA Isolation 

 Plasmid DNA was prepared by inoculating single bacterial colony in 3mL LB broth 

containing the kanamycin 50μg/ml from the overnight grown plate. The samples were incubated at 

37ºC at 250 rpm for 12-16 hours. The whole process of plasmid DNA isolation (miniprep) was 
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repeated as mentioned in section 3.5.4. The isolated recombinant plasmids DNA of construct were 

confirmed by double restriction digestion with enzymes Kpn I and BamH I and by PCR analysis.  

3.6.12 PCR Confirmation of RbcS Integration in pCAMBIA 1301 

PCR reaction was conducted to amplify 445 bp fragments of RbcS from plasmid DNA. 

PCR eluted fragment of RbcS fragment was used as positive control. The PCR was performed at 

94ºC for 4 minutes 94ºC for 1 minutes 54ºC for 1and 72ºC for 1 minutes followed by 35 times. 

The amplified PCR fragments were resolved on 1% agarose gel and observed under UV light.   

3.6.13 Restriction Analysis of Cloned Fragment of RbcS+ Cry1Ac+NOS terminator 

 To confirm the integration of cloned fragments, a digestion reaction was performed to 

excise 2.56 Kb fragment of RbcS+ Cry1Ac+NOS terminator from pCAMBIA-1301 vector. As 

RbcS promoter was cloned under Kpn I sites and Cry1Ac+NOS fragment was cloned under Kpn I 

and BamH I sites, so the excision of 2.56 fragment of RbcS+Cry1Ac+ NOS was not possible 

(Figure-3.3). That’s why the unique restriction site of EcoR I present in the vector before Kpn I 

was used to excise cloned fragment of RbcS+ Cry1Ac+NOS terminator (Table-3.12)  

 

Table 3.12: Reaction Mix of Digestion with EcoR I and BamH I 

 

Ingredients Required 

DNA to be digested 1- 5µg 

10X Buffer 2.0µL 

EcoR I(10µ/µL) 1.0µL 

BamHI (10µ/µL) 1.0µL 

H2O   made volume up to 20µL 
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3.6.14 Orientation Confirmation of Cassette in pCAMBIA 1301 

 Primers were designed from the promoter region (RbcS) and Cry1Ac gene to confirm the 

orientation of cassette (RbcS+Cry1Ac+NOS). The primer sequences designed to confirm the 

orientation of integrated genes are given in (Table-3.13). 

Table-3.13: Primer list for PCR amplification of Orientation Primers 

Primer Name Primer Sequence Annealing 
Temp. 
  

Product 
Size 
 

Rb-CryF 5’-ACCAAAGATACCCCAGATG -3’ 56°C 350bp 
 

Rb-CryR 5’-CCAAAGATACCCCAGATGAT -3’ ----- ----- 

                  Agrobacterium tumefaciens strain LBA 4404 containing Cry1Ac insecticidal gene driven 

by RbcS promoter was used for transformation. A construct pk2Ac carrying Cry1Ac and Cry2A 

under 35S CaMV promoter was also transformed in cotton (Figure-3.4). The purpose was to 

compare expression of insecticidal gene Cry1Ac driven by RbcS and 35S CaMV promoter. 

 

 

 

 

  

 

 

 

 

 

 

Figure-3.3: Cry1Ac under under RbcS promoter in pCAMBIA1301 (Rb-Ac)  

RbcS  Cry1Ac  NOS 

KpnI  BamHI KpnI 

35S  Cry1Ac  NOS 35S Cry2A NOS 

HindIII  HindIII  PvuII  PvuII 

Figure-3.4: pk2Ac cassette showing Cry1Ac and Cry2A under 35S CaMV 
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3.7 Electroporation of Plasmid in Agrobacterium  

Electroporation of plasmid Rb-Ac in Agrobacterium competent cells (LBA4404) was done 

using Bio-Rad electroporation device (# 165-2105). Competent cells (100μL) were mixed with 

2μL of Rb-Ac plasmid (100ng) and pk2Ac plasmid and placed on ice. The electroporation device 

was set at a capacitance of 25μF, voltage 2.2kV with a 200 ohms resistance. After electroporation, 

1mL of SOC (Appendix-V) medium was added and incubated at 28ºC for 2-3 hours at 200 rpm. 

Culture was spread on plates containing YEP (Appendix-VII) medium and 50 µg/mL of kanamycin 

for selection of transformed cells. The plates were incubated at 28ºC for 24-48 hours. Transformed 

Agrobacterium cells were selected in the form of distinct colonies. Cultures were prepared from 

these colonies in YEP broth containing kanamycin 50µg/L at 28ºC for 24 hours and glycerol stocks 

were prepared and stored at -70ºC. 

3.8 Transformation of  Gossypium hirsutum Var. NIAB-846  

3.8.1 Delinting of Cotton Seeds 

To remove lint from cotton seeds (Gossypium hirsutum L. Var. NIAB-846), concentrated 

H2SO4 (95-98%) was used at the rate of 100 mL/kg of seeds. The seeds were continuously stirred 

with the help of spatula after adding H2SO4 for 10-15 minutes until all lint was removed from seeds 

and shiny surface of seeds appeared. Seeds were washed 5-6 times with tap water to remove the 

acid completely. The seeds, which floated at the surface of water, were removed. 

3.8.2 Seed Sterilization 

After washing, seeds were sterilized by adding few drops of Twene 20 in water washed by 

vigorous shaking. After that seeds were washed three times with autoclaved water. For surface 

sterilization, seeds were dipped in 0.1% HgCl2 and 0.1% SDS for 15 minutes with constant 

shaking. After that seeds were washed five times with autoclaved distilled water. The whole 
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washing was done in the laminar air flow cabinet to maintain the sterilize conditions. Then the 

seeds were soaked in autoclaved distilled water for one hour. After one hour excess water was 

removed and the seeds were kept in the dark for germination at 30°C overnight. 

After the vector transformation and confirmation, mature embryos of local cotton variety 

NIAB-846 were transformed with Rb-Ac and pk2Ac constructs. The method used for this purpose 

was shoot cut apex method (CEMB modified shoot apex cut method as done by Gould et al., 

1998).  

3.8.3 Isolation of Embryo 

 Next mornings, with a forceps, testa of the seeds was removed carefully and cotyledonary 

leaves were excised with surgical blades. Mature cotton embryos were isolated from the 

germinating seeds. The isolated embryos were kept on moist filter paper so that they may not 

become dry. 

 3.8.4 Medium Preparation 

To culture the transformed embryos, MS (Murashige and Skoog, 1962) broth (Appendix-

VIII) was used. The medium was sterilized at 121ºC and 15 lbs psi for 20 minutes in an autoclave 

chamber. After autoclaving, medium was allowed to cool down to 50°C and antibiotics 

hygromycin and cefotaxime were added as 75µg/mL and 250µg/mL respectively to the medium for 

selection of transformants. Then medium was poured in glass culture jars and petri plates and 

allowed to solidify at room temperature. 

3.8.5 Bacterial Inoculum Preparation 

Agrobacterium strain LBA4404 containing plasmid Rb-Ac and pk2Ac individually was 

streaked on solidified agar medium containing kanamycin 50µg/mL and incubated for 24-48 hours 
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at 28oC. Single colony was picked and inoculated 10mL of YEP (Appendix-VII) broth containing 

50µg/mL of kanamycin in 50 ml culture tube. The samples were incubated on rotary shaker at 

temperature 28ºC for 24 hours with 200rpm. After completion of incubation period bacterial 

culture was centrifuged at 3000xg for 15 minutes. Supernatant was discarded and resuspended the 

pellet in 10mL of MS broth. 

3.8.6 Agrobacterium Culture Treatment 

Shoot tips of the isolated embryos were injured by using sharp treat blade held on petri 

plate, shoots were highlighted by using light microscope. After cutting, embryos were immediately 

shifted to the Agrobacterium inoculum suspension for treatment with bacterial culture and 

incubated for 1 hour on a rotary shaker at very slow speed. Total 4, 000 embryos were used in the 

transformation experiments. 

3.8.7 Cocultivation 

After bacterial innoculum treatment, the culture was removed and embryos were shifted to 

MS+kinetin (1mg/mL) medium and cocultivated for 72 hours. At this stage antibiotics were not 

added to the media. The cultures were kept in growth room at a temperature of 25°C± 2°C and a 

photoperiod at 16 hours light and 8 hours dark. 

3.8.8 Selection of Transformants 

The survival percentage of the embryos at different growth stages e.g. after cocultivation, 

antibiotic selection, shoot and root formation was observed on MS media containing (Appendix-

VIII). 
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3.8.9 Transient Expression of GUS Gene 

Transient expression of GUS gene was studied through histochemical GUS assay. GUS 

solution was prepared containing 25mg/L X-gluc, 10mM EDTA, 100mM NaH2PO4, 0.1% Triton 

X-100 and 50%methanol, (pH was adjusted to 8.0). The GUS solution was protected from light. 

After 72 hours of cocultivated embryos were dipped in GUS solution in an eppendorf and kept at 

370C overnight and viewed under microscope for blue spots. The tissues were incubated with X-

glu solution at 37 0C for 16 hours. The blue spots were observed. Transformed plant tissues were 

checked with GUS assay using non-transformed plants as negative control. 

3.8.10 Selection on Antibiotic Medium 

After three days (72hrs) of cocultivation, plantlets were shifted to selection medium i.e. MS 

plus hygromycin (75µg/mL) and ceftriaxone (250μg/mL). Medium was also supplemented with 

different growth hormones i.e. Kinetin (1mg/mL), Zeatin (1mg/mL) and BAP (1mg/mL). Control 

plants were maintained on simple MS media. Plants were subcultured to fresh selection medium 

after every 10 days till 6-8 weeks. The transformation efficiency was calculated after eight weeks 

of transformants growing on selection medium. For this purpose number of plants surviving after 

eight weeks on selection medium was counted and percentage was calculated in comparison with 

total number of embryos cocultivated in all the experiments. This was evaluated on the basis of 

plant formation on 75μg/mL hygromycin and ceftriaxone 250μg/mL. The hygromycin level was 

selected high to reduce the number of false positive plants or escapes.  

3.8.11 Transformation Efficiency 

Total 4,000 embryos were used in the transformation experiments. The transformation 

efficiency after eight weeks of transformants growing on selection medium was calculated. This 

was evaluated on 75mg/mL Kanamycin. 
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 3.8.12 Root Formation 

After 6-8 weeks, the selected plants with well developed shoots were subcultured to 

selection free medium i.e. antibiotics were not added to the medium. At this stage  MS medium as 

supplemented with different growth hormones in combinations or alone to observe the rooting 

(kinetin 1mg/mL+1mg/mL), (kinetin 1 mg/mL+IBA1mg/mL), (IAA1mg/mL). Plants were 

continued to subculture on the selection free medium supplemented with growth hormones for 4-6 

weeks. 

3.8.13 Transformation of Transgenic Plants to Soil 

 A soil mixture was prepared to shift the transformed plants from glass culture tubes to soil. 

The mixture was composed of clay + sand + peat moss in ratio of 1:1:1, mixed well, moistened 

properly with distilled water, filled in a bag and autoclaved. After autoclaving the composite soil 

was allowed to cool and filled in plastic pots having at the bottom drain hole. Then rooted shoots 

were taken out of the glass tubes, the root was washed with autoclaved water, dipped into IBA 

(1mg/mL) and then planted into the pot filled with soil mixture. None transformed were shifted to 

soil without IBA treatment and pots were covered with polythene bags. Plants were kept in a 

growth room at 30ºC+2ºC for 16 hours photoperiod in light intensity (250-300µmol m-2 S-1). After 

3-4 days the covers were removed occasionally two times daily. After 1-2 weeks the cover were 

removed completely. The plants were ready to shift to glass house. 
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3.9 Molecular Analysis of Transgenic Plants (T0 Progeny) 

3.9.1 Genomic DNA Isolation 

Genomic DNA was isolated from putative transgenic plants after two weeks of shifting in 

green house and then to the field conditions. The leaves of putative transgenic cotton plants was 

grinded to fine powder in liquid nitrogen in pestle and mortar. Saha et al (1997) method of DNA 

isolation was used with some modification mentioned in section 3.2.1. 

3.9.2 Polymerase Chain Reaction (PCR) 

Genomic DNA was isolated from putative transgenic cotton plants using the method 

described by Saha et al. (1997).  PCR was run for the detection of integrated Cry1Ac genes by 

amplifying internal fragments of 565bp by a modification of the method by Saiki et al. (1988)  

DNA extracted from untransformed plants was used as negative control and that of plasmid pk2Ac 

as positive control. PCR conditions were kept the same as mentioned in the section 3.2.2. 

3.9.3 Southern Blot Analysis 

PCR positive transgenic plants of Rb-Ac and pk2Ac were further subjected to southern 

blot analysis as described by Southern (1975). DNA was extracted as described in the section 

3.2.1. Genomic DNA (20μg) was digested with EcoRI and BamHI restriction enzymes to excise 

Cry1Ac gene from Rb-Ac plants.  The restriction enzyme HindIII was used to excise Cry1Ac gene 

from pk2Ac plants. The protocol for southern blot was followed as mention in the section 3.2.3. 

3.9.4 Temporal and Spatial Expression of Cry1Ac gene 

The Expression of Cry1Ac in transgenic plants of Rb-Ac and pk2Ac was estimated at 

different intervals using the procedure as mentioned in the section 3.2.4.4. Enzyme Linked 

Immunosorbent Assay was performed using Envirologix Kit (Cat # AP 007) and concentration of 
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Cry1Ac gene in Rb-Ac and pk2Ac plants was quantified and expressed as ng per gram of fresh 

tissue. The whole procedure was followed as mentioned in section 3.2.4.4.    

3.10 Molecular Analysis of Transgenic Plants (T1 Progeny) 

The transgenic cotton plants in T0 progeny were carefully picked from the field and were 

raised in green house conditions for further multiplication of seed and confirmation of Cry1Ac 

integration in next progeny. 15 plants of Rb-Ac and plants of Rb-Ac were raised in pots in green 

house. 

3.10.1 Polymerase Chain Reaction (PCR) 

Genomic DNA was isolated from transgenic plants at 5-6 leaf stage in green house. DNA 

was isolated using the procedure as described by Saha et al. (1997) with some modification as 

mentioned mentioned in section 3.2.1.  PCR was run for the detection of integrated Cry1Ac genes 

by amplifying internal fragments of 565bp by a modification of the method by Saiki et al.  (1988) 

DNA extracted from untransformed plants was used as negative control and that of plasmid pk2Ac 

as positive control. PCR conditions were kept the same as mentioned in the section 3.2.2. The PCR 

results were subjected to Chi Sqaure test to check the segregation of Cry1Ac segregation in T1 

progeny. 

3.10.2 SDS Polyacrylamide Gel Electrophoresis 

SDS-PAGE of transgenic Rb-Ac and pk2Ac plants was carried out by the method of 

Laemmli (1970). About 50-100 µg of isolated protein was mixed with loading dye denatured by 

heat shock in boiling water bath for 5 minutes and quick chilled on ice. Prepared 12% resolving, 

and 4% stacking gel (Appendix-II) in gel assembly. Stained the gel with Commassie stain for 30 

minutes and destained it with destaining solution. 



70 

 

4. RESULTS 

4.1 Confirmation of Gene Integration and Expression 

The different molecular analysis were performed to confirm the integration of insecticidal 

genes Cry1Ac and Cry2A  in advance lines of transgenic cotton being grown in the field condition. 

  4.1.1 PCR Analysis of Insecticidal Genes  

Polymerase chain reaction (PCR) of both genes Cry1Ac and Cry2A was performed for all 

transgenic cotton plants including positive and negative controls. Few plants were taken as 

representative from each transgenic lines. PCR analysis confirmed the stable integration of Cry1Ac 

and Cry2A genes in these cotton lines. A 565 bp and 600 bp internal fragments for Cry1Ac and 

Cry2A  respectively were amplified (Figure-4.1& 4.2) in all transgenic plants along with that of  

plasmid (pk2Ac) DNA as positive control . No amplification was detected in negative control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-4.1: PCR amplification of Cry1Ac gene from cotton transgenic lines 

Lane 1             :        Lamba HindIII Marker 

Lane 2-13        :       Transgenic plants of cotton lines  

Lane 14           :       +ve control (pk2Ac plasmid) 

Lane 15           :        -ve Control (Non transgenic CIM-482)      
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Figure-4.2: (A&B) PCR amplification of Cry2A gene from cotton transgenic lines 

A
Lane1        : 1Kb plus ladder (Ferments) 

Lane 2- 7   : Transgenic plants of cotton lines  

Lane 8       : -ve control (Non transgenic CIM-482) 

Lane9        : +ve control (Pk2Ac plasmid) 

A

600 bp 

1    2      3       4     5     6     7     8     9   

B

B
Lane1        : 100 bp plus ladder (Ferments) 

Lane 2- 7   : Transgenic plants of cotton lines  

Lane8        : +ve control (Pk2Ac plasmid) 

Lane 9       : -ve control (Non transgenic CIM-482) 



72 

 

4.1.2 Southern Blot Analysis 

Few of the PCR positive plants were further preceded and the presence and stable 

integration of Cry1Ac gene in cotton genome was confirmed by Southern blot. These transgenic 

plants were belonging to 3001, 3010, 3016 and 3033 lines. Gene integration was detected by a 

Biotin DecaLabel™ gene specific probe.  Plant genomic DNA was digested with HindIII 

restriction enzyme along with plasmid DNA (pk2Ac) to release 3 Kb fragment. The digested DNA 

was transferred to Nitrocellulose membrane (Hybond-N) Amersham and hybridized with Cry1Ac 

specific probe. It showed the integration of Cry1Ac gene in cotton genome of few transgenic lines. 

Non transgenic CIM-482 plant DNA was used as negative control that showed no any signal while 

that of plasmid DNA pk2Ac was used as positive control (Figure-4.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-4.3: Southern blot of Cry1Ac gene in transgenic plants 

Lane 1      :  Negative Control (Non transformed CIM-482 plant) 

Lane 2      :   Positive Control   (Plasmid DNA Pk2Ac) 

Lane 3-5  :  Transgenic Plants of cotton lines 

 

3 kb 
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4.1.3 Western Blot Analysis 

The Western blot is the authentic way to check the expression of exogenous genes 

introduced in plant genome. The plants showing the integration of Cry1Ac gene in southern blot 

were subjected to western blot. Polyclonal anti-rabbit antibodies were used to detect 68Kda band. 

A Bacillus thuringiensis  strain HD-73 was used as a positive control while the protein isolated 

from the transgenic plant (CIM-482) was used as negative control. Transgenic lines showed 68Kda 

band while no band was observed in negative sample (Figure-4.4). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-4.4: Western blot showing 68Kda band of Cry1Ac protein in transgenic plants 

Lane 1      :  Positive control (Bacillus thuringiensis strain HD-73 

Lane 2      :   Negative Control (Non transformed plants CIM-482) 

Lane 3-7   :  Transgenic Plants of cotton lines 

68Kd
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4.2 Temporal and Spatial Expression of Cry1Ac and Cry2A 

4.2.1 Temporal Expression of Cry1Ac gene 

Enzyme Linked Immunosorbent Assay (ELISA) is sound technique to detect and quantify 

any target protein present in transgenic plants.  The one of the main objective of the study was to 

quantify the insecticidal protein levels along with the age of transgenic cotton plants. For this 

purpose, Expression of Cry1Ac gene was quantified in these lines after 15 days interval using 

Evirologix ELISA kit (Cat # AP 007).  Result showed that the toxin level declined along with the 

age of plant (Figure- 4.5) being maximum at vegetative stage, 30 days crop. As the crop progressed 

towards the maturity, there was a gradual decline in expression. Similar expression pattern was 

found in all these transgenic lines. Statistical analysis revealed that these Cry1Ac differences 

among transgenic lines, sampling dates and their interaction were significant at 5% level of 

significance (Table-4.1). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-4.5: Temporal expression of Cry1Ac gene in transgenic cotton lines 
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Source df  Sum of Squares Mean Square F Sig. 

Transgenic lines 11 71110.507 6464.592 39.047 0

Sampling date 5 160351.93 32070.386 193.708 0

Lines * Dates 55 27186.734 494.304 2.986 0

Error 216 35761.075 165.561 

Total 288 1240383.778
 

To establish the level of significance among various transgenic lines, sampling dates ane Lines * 

Dates interaction, Least Significance Difference (5% level) was applied.  

 

 

 

Table-4.1: ANOVA for Cry1Ac Expression among Transgenic lines and Sampling dates 
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4.2.2 Spatial Expression of Cry1Ac gene 

Enzyme Linked Immunosorbent Assay (ELISA) was used to quantify the spatial expression 

of Cry1Ac gene in transgenic lines. For this purpose, different plant parts i.e. Leaves, square buds, 

bolls, anthers, petals and ovary were sampled from the field and subjected to assay for the 

quantification of protein being produced in these plant parts. Result revealed that the expression of 

Cry1Ac was variable in different plant parts, being maximum in the leaves followed by square 

buds, bolls and anthers respectively (Figure-4.6). Petals were showing less toxin expression in 

every plant as compared to other plant parts being only 8-10 ng per gram of fresh tissues weight 

while Cry1Ac expression in ovary remained undetectable.  
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Figure-4.6: Spatial expression of Cry1Ac gene in transgenic cotton lines 
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4.2.3 Temporal Expression of Cry2A gene  

The expression of Cry2A insecticidal gene was also quantified in these transgenic lines 

using Enzyme Linked Immunosorbent Assay. As these transformed lines were transformed with 

two genes Cry1Ac and Cry2A, so the same protein samples were used to quantify the expression of  

Cry2A protein.  Result showed that the Cry2A toxin level also declined along with the age of plant 

(Figure-4.7) being maximum at the vegetative stage of crop plants. Afterwards, the protein levels 

of Cry2A declined slowly as the crop age increased. Statistical analysis revealed that these 

differences among transgenic lines, sampling dates and their interaction were significant at 5% 

level of significance (Table-4.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-4.7: Temporal expression of Cry2A gene in cotton lines 
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Source df  Sum of Squares Mean Square F Sig. 

variety 145051.11 11 13186.464 374.652 0

date 201738.87 5 40347.774 1.15E+03 0

variety * date 12954.876 55 235.543 6.692 0

Error 7602.462 216 35.197 

Total 1503763.6 288

To establish the level of significance among various transgenic lines, sampling dates ane Lines * 

Dates interaction, Least Significance Difference (5% level) was used.  

 

 

 

 

 

 

 

Table-4.2: ANOVA for Cry2A Expression among Transgenic lines and Sampling dates 



79 

 

4.2.4 Spatial Expression of Cry2A gene 

Cry2A protein levels were also quantified spatially by Enzyme Linked Immunosorbent 

Assay. The different plant parts i.e. Leaves, square buds, bolls, anthers, petals and ovary were 

undertaken for this study to quantify the protein being produced in these plant parts. Result showed 

that the expression of Cry12A was variable in different plant parts, being maximum in the leaves 

followed by square buds, bolls and anthers respectively (Figure-4.8). Petals were showing less 

toxin expression in every plant as compared to other plant parts being only 8-10 ng per gram of 

fresh tissues weight while Cry2A expression in ovary remained undetectable. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure-4.8: Spatial expression of Cry2A gene in cotton lines 

3001-1 3009-8 3013-3 3016-1 3033-4 3038-3

Transgenic Lines
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4.3 Biotoxicity Leaf Assay 

Laboratory Biotoxicity assays with 2nd Instar Heliothis larvae were conducted to confirm 

the variation in expression of these insecticidal genes along with the age of plant.   In this  assay, 

mortality %age of insect larvae was  checked by detaching ten leaves of transgenic plants in petri 

plants along with control plants at 30,60 and 90 days of crop age . The 2nd Instar Heliothis larvae 

were fed to these leaves.  Larvae dead or alive were counted in each petri plate (Figure-4.9).  

Transgenic lines showed a varying mortality rate of Heliothis larvae that ranged between 60-90 %. 

The varying mortality rates indicated a gradual decline in insecticidal proteins levels.   Temporal 

change in the efficacy of these transgenic lines against target insect pest has been shown in (Figure-

4.10).  A transgenic lines 3016 that showed 100 mortality rate at 30 days crop age, had 80% 

mortality rate at 90 days crop age. Similar was the case with other transgenic lines while in case of 

non transformed control CIM-482, no any larval mortality was noted. 

 

 

   

 

 

 

 

 

 

 

 

 

Figure-4.9: Leaf biotoxicity assay with 2nd instar Heliothis larvae 
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Figure-4.10: Mortality of Heliothis Larvae in different lines at 30, 60 and 90 days of crop   
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4.4 Isolation of RbcS Promoter from Gossypium arboreum 

4.4.1 RNA Extraction and cDNA Synthesis 

Total RNA was extracted from leaves of Gossypium arboreum by method of Saha et al 

(1997). RNA pellet was resuspended in DEPC treated water. The quality of RNA was checked by 

running on 1.2% agarose gel in TAE buffer and samples were mixed with RNA loading dye prior 

to loading. The products were visualized as a smear with ethidium bromide staining (Figure-4.11) 

along with   two distinct ribosomal RNA bands, 28S and 18S respectively. RNA quantification was 

done by nanodrop spectrophotometer. A total of 1µg of mRNA isolated was reverse transcribed in 

a 20 µL reaction volume using fermentas cDNA synthesis kit (Cat #K1612) according to the 

instruction given by the manufacturer. The integrity of cDNAs was evaluated by running in 1.2% 

agarose at 50 volts for 3 hours.  

 

 

 

 

 

 

 

 

 

 

 

 

       1        2       3        4         5      6

Lane1-5     : RNA of leaf samples of Gossypium arboreum  

Lane 6          : 100 bp Ladder (Fermentas) 

Figure-4.11:  Total RNA extracted from Gossypium arboreum var. FDH-786 

28S 

18S 



83 

 

4.4.2 Amplification and Gel Elution of RbcS Promoter 

RuBisCo small subunit (RbcS) promoter region was amplified by using Gossypium 

arboreum cDNA as template. Using gene specific primers, a band of 445 bp was obtained as 

required (Figure-4.12). This required band was amplified in all samples of  Gossypium arboreum. 

While designing the primers, KpnI restriction sites were introduced in both forward and reverse 

primers along with additional sequences for proper sitting and functioning of the enzyme.  

Amplified product was eluted from the gel by (DNA extraction kit Fermentas). Eluted DNA pellet 

was dissolved in TE buffer. Size and quality was estimated by running 4uL of eluted fragment on 

1.5% agarose gel at 90V for 20 min.. This fragment was further cloned in Invitrogen TA vector 

(pCR®2.1). 

 

 

  

   

   

   

 

   

 

 

 

 

 

 

Figure-4.12:  PCR Amplification of RbcS promoter from desi cotton (Gossypium arboreum) 

                         var.FDH-786. 
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4.4.3 Sequencing of RbcS Promoter Region 

Cycle sequencing of the purified products was performed with an ABI prims 3100 

automatic sequencer using Big Dye TM terminator cycle sequencing ready reaction kit (Perkin 

Elmer, Branchburg, NJ, USA).  The data obtained in CD from the sequencing lab. was analyzed.  

The pure promoter sequence (445bp) obtained after removing Invitrogen TA vector (pCR®2.1) 

sequences. The promoter sequence obtained was subjected to transit peptide prediction server 

(ChloroP 1.1) to confirm the presence of transit peptide in the sequence (Figure-4.13).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-4.13: Promoter sequence of RbcS isolated from desi cotton (Gossypium arboreum) 

var. FDH-786 
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4.5 Cloning of Insecticidal Gene under RbcS promoter in Plant Expression     

Vector pCAMBIA 1301 

4.5.1 Amplification and Gel Elution of Cry1Ac+NOS Fragment  

One of the main objective of this work was to clone the Cry1Ac gene under RbcS promoter 

in plant expression vector. For this purpose, Cry1Ac+NOS terminator fragment was amplified from 

PIA-2 construct; pGEM-4Z based construct already available in CEMB, Plant Molecular Biology 

Lab. (Figure-4.14). While designing the primers, KpnI and BamHI restriction sites were introduced 

in both forward and reverse primers respectively to facilitate its removal and insertion in plant 

expression vector along with additional sequences for proper sitting and functioning of the enzyme. 

A fragment of 2.11 kb (Cry1Ac 1.845kb and NOS terminator 0.279 Kb) was amplified (Figure-

4.14). The `PCR product was gel eluted using Fermentas DNA purification kit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

PIA-2 

Figure-4.14: PCR Amplification of Cry1Ac+NOS terminator from PIA-2 construct  

Lane 1-8          :       Plasmid DNA PIA-2  

Lane 9             :       Lamba HindIII Marker 

1    2    3   4    5     6   7   8   9 

Ubiquitin Cry1Ac gene NOS  

1.845Kb 0.270Kb2.02Kb 

HindIII  BamHI  BamHIEcoRI
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4.5.2 Ligation & Transformation 

The insert (Cry1Ac+NOS) and pCAMBIA 1301 were digestion individually with KpnI and 

BamHI enzymes to nicks for proper ligation of insert into plant expression vector. The digested 

pCAMBIA 1301vector and digested Cry1Ac + NOS fragment were subjected to ligation after 

knowing the concentration of vector and insert. The concentration of both fragments was 

determined by spectrophotometer. As the size of pCAMBIA vector was large (~11kb) so the vector 

to insert ratio was taken as 1:1. The ligated product was transformed into DH5 alpha competent 

cellsusing heat shock method of transformation.  A good quantity (~1µg/µL) of plasmid DNA 

(having cloned Cry1Ac+NOS insert) was recovered which was further used for the confirmation of 

cloned fragments. 

4.5.3 Confirmation of Insert (Cry1Ac+NOS Fragment) in pCAMBIA 1301 

To confirm the integration of Cry1Ac+ NOS fragment in the pCAMBIA 1301 under KpnI 

and BamH I restriction sites, PCR reaction was performed using gene specific primers for Cry1Ac+ 

NOS insert. Also, plasmid DNA was digested using KpnI and BamH I restriction enxzymes to 

excise 2.11 Kb fragment of Cry1Ac+ NOS. PCR assay amplified a 2.11 kb fragment of Cry1Ac+ 

NOS terminator from samples. Similarly, a fragment of same length was excised as a result of 

digestion reaction which confirmed the integration of insert (Cry1Ac+ NOS) in pCAMBIA 1301 

(Figure-4.15).  
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Lane 1     :    Lamba HindIII Marker 

Lane 2-3:    Plasmid DNA 

Lane 4   :    +ve control (Gel Elueted Cry1Ac+NOS )

Lane 1-3     :    Excised fragment Cry1Ac+NOS 

from   pCAMBIA 1301 

Lane 4        :  Lamba HindIII Marker

Figure-4.15: PCR and Restriction digestion confirming the integration of Cry1Ac+ NOS insert 

 1           2        3          4       1         2      3          4      

2.11 Kb 
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4.5.4 Ligation & Transformation 

The Cry1Ac+ NOS cloned pCAMBIA 1301vector was further used in cloning to insert the 

RbcS promoter ahead of Cry1Ac insecticidal genes under KpnI restriction site. For this purpose, 

Cry1Ac+ NOS cloned pCAMBIA-1301vector was digested with KpnI and likewise, RbcS fragment 

(freshly gel eluted) was also digested with KpnI. The digested fragments were gel sliced and 

ligation was preceded.  Before ligation, the concentration of both fragments was determined by 

spectrophotometer. The vector to insert ratio was taken as 1:1. The ligated product was transformed 

into DH5 alpha competent cells. Miniprep yielded in good concentration of plasmid DNA. 

4.5.5 Confirmation of Insert (RbcS+ Cry1Ac+NOS Fragment) in pCAMBIA 1301 

PCR and Restriction digestion reaction were conducted to confirm the integration of RbcS 

in pCAMBIA 1301 already cloned with Cry1Ac+ NOS terminator. PCR reaction was conducted 

using gene specific primers for RbcS promoter and Cry1Ac gene to yield 445bp and 565bp 

fragments respectively.  A digestion reaction was also conducted to excise a fragment of 2.56kb 

(RbcS + Cry1Ac+ NOS Fragment) using EcoRI and BamHI restriction sites. The PCR product was 

run on 1.5% agarose gel while digestion gel was run on 1% agarose gel.  The amplification of 

445bp fragment of RbcS and 565bp fragment of Cry1Ac confirmed the integration of these inserts 

in pCAMBIA 1301 (Figure-4.16). The digestion results further confirmed the results as 2.56kb 

fragment was released from pCAMBIA 1301 (Figure-4.17).  The insecticidal genes Cry1Ac was 

cloned under RbcS promoter (Figure-4.18). 

 

 



89 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-4.16: PCR Amplification of RbcS promoter and Cry1Ac gene from vector pCAMBIA-1301 

   

445bp 

 565bp 

Lane 1        :    Lamba HindIII Marker 

Lane 2-7     :    Plasmid DNA 

Lane 8         :    +ve control (Gel Elueted RbcS )

Lane 1      :    Lamba HindIII Marker 

Lane 2-6   :    Plasmid DNA 

Lane 7    :  +ve control (PIA-2 plasmid DNA) 
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Figure -4.18: Cassette in pCAMBIA 1301 showing Cry1Ac under RbcS promoter (Rb--Ac) 

Lane 1        :    1Kb plus ladder (Fermentas) 

Lane 2-7     :    Digested samples of plasmid DNA 

Figure-4.17: Restriction digestion excised a fragment of 2.5kb confirming the integration of RbcS+ 

Cry1Ac+ NOS insert in pCAMBIA 1301 

RbcS  Cry1Ac  NOS 

KpnI  BamHI KpnI 

1          2        3        4       5       6        7

2.5 Kb

  1         2        3           4           5       6         7 
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4.5.6 Orientation of Rbcs and Cry1Ac in pCAMBIA 1301 

The proper orientation of RbcS promoter and Cry1Ac gene in pCAMBIA 1301 vector was 

further confirmed by designing primers from RbcS as well as Cry1Ac gene sequences. Primer 3 

software was used to design primers that would amplify a band of 350 bp from RbcS to Cry1Ac 

region. PCR assay confirm the orientation of inserted fragments by amplifying a band of 350 bp 

size in all samples of plasmid (Figure-4.19). 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

Figure-4.19:  Orientation confirmation of RbcS and Cry1Ac integration in pCAMBIA 1301 

Lane 1             :        1kb Plus ladder (Fermentas) 

Lane 2-9          :       Plasmid DNA samples 

350 bp  

1        2         3        4      5         6        7       8        9 
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4.6 Electroporation and Agrobacterium Mediated Transformation  

After the confirmation of construct, a commercially approved local cotton variety NIAB-

846 was transformed with this construct having Cry1Ac under RbcS promoter. The same variety 

was transformed with another construct harboring Cry1Ac under 35S promoter. After 

electroporation of competent cells of Agrobacterium tumefaciens strain LB4404, few colonies were 

confirmed through PCR with respective gene primer and further preceded for transformation in 

cotton. 

4.6.1 Transient expression of GUS gene 

After Agrobacterium mediated transformation, transient expression of GUS gene was 

studied through histochemical GUS assay. The (X-gluc) 5- bromo, 4- choloro, 3- indolyl 

glucoronide, gives a blue precipitate, a very insoluble and highly indigos formed by oxidative 

dimerization of colourless indoxyl derivative that result from hydrolysis of X-gluc by β-

glucoronidase enzyme. After 72 hours of cocultivation, embryos and leaves were incubated with x-

gluc solution and kept 37ºC overnight. The blue colour indicated the transformation of GUS gene 

into transformed embryos and leaves as compared with non transformed embryos and leaves where 

no blue colour were observed (Figure-4.20). 

 

 

 

 

 

 

 

 

 

 

 

       1                     2                      3            4                     5                      6    

Figure-4.20: GUS Immunohistochemical assay of transgenic embryos and leaves  

Lane 1-2: Embryo transformed with Rb-Ac and pk2Ac construct respectively 

Lane 3    : Non transformed embryo as –ve control 

Lane 4-5:  Transgenic leaves transformed with Rb-Ac and pk2Ac construct resp. 

Lane 6    :  Non transgenic leaf as –ve control 
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4.6.2 Transformation Efficiency   

A total of 4,000 mature embryos were used in all the transformation experiments. After 

eight weeks of selection on 75mg/mL hygromycin, 50 plants of Rb-Ac and 43 plants for Pk2Ac 

plants were obtained. Among these 50 plants of Rb-Ac plants, only 4 plants were shifted in the 

field while only 3 out of 43 pk2Ac plants were shifted in the field. Therefore, the overall 

transformation efficiency in both types of transgenic plants remained 0.175% (Table-4.3). 

 

 

 

 

 

 

  

4.6.3 Establishment of Transgenic Plants in Soil 

Out of 50 Rb-Ac putative transgenic plants obtained after MS hygro selection, only 4 

Finally two plants of Rb-Ac and two plant of pk2Ac established in the soil properly and were 

subjected to molecular analysis to confirm the introduced gene integration and expression in cotton 

genome. 

 

 

 

 

Table 4.3: Transformation efficiency of cotton variety NIAB-846 with Rb-Ac and Pk2Ac 
constructs 

 
Construct No. of 

Embryos 
Survival % 
(3-4 weeks) 

Survival % 
(7-8 weeks) 

Plants in 
soil 

Transformation 
Efficiency (T.E %) 

Rb-Ac 2000 225 50 4 0.20% 

 

Pk2Ac 2000 735 43 3 0.15% 
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Figure-4.21: Schematic representation of cotton transformation steps 

A B

C D

A: Isolated mature embryos of cotton 

B: Selection of transformed shoots on MS medium  

C: Transformed plants growing in vitro 

D: Transfer of rooted plants in the soil 
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 4.7 Molecular Analysis of Transgenic Cotton Plants (T0 Progeny) 

 4.7.1 PCR analysis of Transgenic plants  

A total of 2 Rb-Ac and 2 pk2Ac putative transformants were shifted to field conditions and 

further analyzed for the integration and expression of Cry1Ac gene at the molecular level. Analysis 

revealed that both plants of Rb-Ac and plants of pk2Ac were positive. The integration of RbcS 

promoter and Cry1Ac gene in Rb-Ac putative transgenic plants was checked by PCR of genomic 

DNA of transformants. The amplified fragment of 445 bp of RbcS promoter and 565 bp fragment 

of Cry1Ac suggested the successful transformation in these cotton plants (Figure-4.22). Hence two 

types of the transgenic plants were obtained; plants with Cry1Ac under RbcS promoter and other 

plants with Cry1Ac under 35S promoter. All the transgenic plants were phenotypically normal and 

grew well.  

 

 

 

 

Figure-4.22: Amplification of RbcS promoter and Cry1Ac in putative Rb-Ac transgenic plants 

445bp 

1       2         3          4 

565bp 

1      2     3      4     5 

Lane 1-2: Amplification of RbcS promoter 
in transgenic cotton plants 

Lane 3   : Positive control (RbcS) 

Lane 4   :  1Kb plus ladder (Fermentas) 

Lane 1   : 1Kb plus ladder (Fermentas) 

Lane2-3:  Amplification of Cry1Ac in transgenic 
cotton plants 

Lane 4   : Negative control (NIAB-846) 

Lane5    : Positive control (plasmid DNA)       
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1      2      3      4     5 

190bp 

1      2       3     4      5 

565bp 

Figure-4.23: Amplification of 35S promoter and Cry1Ac in pk2Ac putative transgenic 
cotton plants 

Lane 1    :  50bp plus ladder (Fermentas) 

Lane 2-3:   Amplification of 35S promoter in 
transgenic cotton plants 

Lane 3   : -ve Control 

Lane 4   : Positive control (plasmid DNA) 

 

Lane 1   : 1Kb plus ladder (Fermentas) 

Lane 2   : Negative control (NIAB-846) 

Lane3-4:  Amplification of Cry1Ac in transgenic 
plants 

Lane5    : Positive control (plasmid DNA)    :   
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4.7.2 Southern Blot Analysis of Transgenic plants 

                      PCR positive plants of Rb-Ac and pk2Ac were further subjected to southern blot to 

confirm the integration of Cry1Ac gene in transgenic plants. Rb-Ac plants were digested with 

EcoR1 and BamHI enzymes while pk2Ac plants were digested with HindIII enzyme. A 3kb 

fragment (35S+Cry1Ac+NOS terminator) in case of pk2Ac plants was detected while a fragment of 

2.5Kb (RbcS+Cry1Ac+NOS terminator) was detectected in Rb-Ac plants showing the integration 

of Cry1Ac in cotton genome (Figure-4.24) 

 

   

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

Lane 1   : Negative control (untransformed NIAB-846) 

Lane 2   : Positive control (plasmid DNA pk2Ac) 

Lane 3-4: Transgenic plants of pk2Ac in T0 progeny 

Lane 5-6: Transgenic plants of Rb-Ac in T0 progeny 

Figure-4.24: Southern Blot of Cry1Ac in putative transgenic plants 

1           2            3           4           5            6
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4.7.3 Temporal and Spatial Expression of Cry1Ac Gene 

The transgenic plants of Rb-Ac and pk2Ac were subjected to Enzyme linked 

immunosorbent assay for the quantification of insecticidal protein Cry1Ac levels along with the age 

of transgenic cotton plants. Expression of Cry1Ac in both types of transgenic plants after every 15 

days intervals showed that Rb-Ac plants were producing maximum expression of Cry1Ac protein 

and no decline in expression was observed in these plants. While in case of pk2Ac, Cry1Ac levels 

declined as the crop progressed towards the maturity (Figure-4.25). Expression in Rb-Ac plants 

was upto 250ng per gram of fresh tissue weight even when the plant was 90 days old. 

 

 

 

 

 

 

 

 

 

 

 

Figure-4.25: Temporal Expression of   Cry1Ac in Rb-Ac and pk2Ac transgenic cotton plants  
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Cry1Ac protein was also quantified in different plant tissues of Rb-Ac and pk2Ac plants. 

Plant tissue ie. leaf, boll, square, anthers, petals and ovary were taken for this purpose. A result 

showed that leaves of both Rb-Ac and pk2Ac plants were having maximum Cry1Ac concentration 

followed by bolls and squares. No expression was detected in petals and ovary.  Rb-Ac plants 

showed more expression of Cry1Ac in bolls and squares as compared to pk2Ac plants while no 

expression in anthers (Figure-4.26). 

  

 

 

 

 

 

 

 

 

 

 

Figure-4.26: Spatial Expression of Cry1Ac in Rb-Ac and pk2Ac transgenic cotton plants  

 



100 

 

4.8 Molecular Analysis of Transgenic Cotton Plants (T1 Progeny) 

4.8.1 Polymerase Chain Reaction  

A total of 15 Rb-Ac and 15 pk2Ac transgenic plants were shifted to the green house 

conditions and further analyzed for the integration of Cry1Ac gene in plant genome.  PCR assay 

showed that all Rb-Ac plants were positive while 10 plants of pk2Ac out of 15 plants were 

showing a Cry1Ac band of 565 bp. 11 positive plants of Rb-Ac and 9 positive plants of pk2Ac have 

been shown in gel pictures respectively (Figure-4.27 & Figure-4.28).  Chi Square test was applied 

on PCR results to check the segregation of Cry1Ac in Rb-Ac and pk2Ac plants. Chi square 

calculated value was higher than tabulated value at 5% level of significance indicating that Cry1Ac 

gene was following the distorted medelian ratio in T1 Rb-Ac plants (Table-4.4) while Chi square 

calculated value was lower that tabulated value at 5% level of significance indicating that Cry1Ac 

gene was following the medelian inheritance pattern in T1 pk2Ac plants (Table-4.5).  

4.8.2 SDS Polyacrylamide Gel Electrophoresis 

Expression of Cry1Ac protein in transgenic plants of Rb-Ac and pk2Ac in T1 progeny was 

confirmed by SDS Polyacrylamide Gel Electrophoresis. A 68 kDa band of Cry1Ac protein was 

observed in all the transgenic plant samples including positive control while no such band was 

present in negative control (Figure-4.29) thereby confirming the expression of introduced gene 

(Cry1Ac) in transgenic plants.  
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     Figure-4.27: Amplification of Cry1Ac in Rb-Ac transgenic plants (T1 Progeny) 

 

 

 

 

 

 

 

 

      Figure-4.28: Amplification of Cry1Ac in pk2Ac transgenic plants (T1 Progeny) 

 

 

 

 

Lane 1         : Lamba HindIII Marker 

Lane 2-12    : Transgenic plants of Rb-Ac (T1 Progeny) 

Lane 13        :  Negative Control (Non Transformed NIAB-846) 

Lane 14         : Positive control (plasmid DNA) 

565bp

Lane 1               : Lamba HindIII Marker 

Lane 2-8, 10-11: Transgenic plants of pk2Ac (T1 Progeny) 

Lane 9, 12 & 13: Undetected plants of pk2Ac 

Lane 14             : Negative Control (Non Transformed NIAB-846) 

Lane 15             : Positive control (plasmid DNA) 

565bp
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Table-4.4: Chi Square test to evaluate goodness of fit test of Cry1Ac gene in Rb-Ac plants  

 

 

 

Table-4.5: Chi Square test to evaluate goodness of fit test of Cry1Ac gene in pk2Ac plants  

  

 

 

Rb-Ac Observed  ( O) Expected (E) 
 

(O-E)2/E χ2 =∑ (O-E)2/E Tabulate value 
(df=1) at 5% 
probability 

level 

Cry1Ac 
Detected 

15 11.25 1.25 5.00 3.84 

Not Detected 0 3.75 3.75 

pk2Ac Observed  ( O)      Expected (E) 
 

         (O-E)2/E χ2 =∑ (O-E)2/E Tabulate value 
(df=1) at 5% 
probability 
level 

Cry1Ac 
Detected 

10 11.25 0.138 0.554 3.84 

Not Detected 5 3.75 0.416 



 

  1     2     3      4       5       6      7       8      9      10    11  

68kd

Figure-4.29:  SDS page showing 68Kda band of Cry1Ac protein in transgenic plants of Rb-Ac 
and pk2Ac 

Lane 1           High Molecular wt. Protein Marker 

Lane 2-5        Transgenic plants of Rb-Ac (T1 progeny) 

Lane 6-9        Transgenic plants of pk2Ac (T1 progeny) 

Lane 10          Negative Control (Non Transform CIM-846) 

Lane 11          Positive Control (Bacillus thuringiensis var. HD-73) 

102 
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5. DISCUSSION 

Transgenic cotton lines encoding insecticidal crystalline proteins from Bacillus 

thuringiensis can reduce the use of conventional broad- spectrum pesticides dramatically against 

targeted pests. There is always a risk that insects could become resistant to Bt toxin after prolonged 

and repeated field exposure. The most practical approach to prolong the effectiveness of Bt crops 

has been refugia strategy and pyramiding of two or more genes in the same cultivar (Cohen et al. 

2000). 

This study was undertaken to determine the integration and spatio temporal expression of 

insecticidal genes Cry1Ac and Cry2A in transgenic cotton lines. Molecular approaches revealed 

that genes remained stable in subsequent generation as it was confirmed by PCR (Figure-4.1& 4.2) 

and Southern blot analysis of the transgenic plants (Figure-4.3) while expression level of these 

genes varied temporally and spatially (Figure-4.5- 4.8). 

To confirm the expression results further in field, biotoxicity assays were conducted to 

determine the mortality %age of Heliothis larvae (2nd instar) at different time intervals of crop age. 

Cotton leaves were collected for biotoxicity assay after 30, 60 and 90 days of crop age which 

showed that there was gradual decline in efficacy of insecticidal genes expression against targeted 

insects after 30 days time intervals as some of larvae survived after 90 days.  These results are in 

accord with Karanthi et al. (2005) who found that toxin titer in different fruiting parts in 110 days 

crop cannot confer full protection against target insect pest. 

Study of toxin titer in cotton plant is very crucial as it must be in sufficient quantity at any 

time to protect the crop against lepidopterans especially boll worms. In the present study, a gradual 

decline in endotoxin expression was found along with the passage of plant growth and most 
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importantly, the expression level was lower in reproductive parts of plants which are the most 

susceptible parts for attack of boll worms that is an alarming sign for the cotton scientist to combat 

against these insect pests. 

Expression level of Cry1Ac and Cry2A genes declined progressively over the crop growth 

with toxin level falling to 15-20 ng/g of fresh tissue weight ((Figure-4.5& 4.7).   These results are 

in agreement with the previous studies conducted by Finnegan et al. (1998), Fitt et al. (1998), 

Greenplate et al. (1998), Chen et al. (2000), Mahon et al. (2002), Karanthi et al. (2005), Xia et al. 

(2005), Olsen et al. (2005), Bakhsh et al. (2009), Manjunatha et al. (2009) and Adamczyk et al. 

(2009) who have reported inconsistency in insecticidal gene expression over the crop growth 

period.  Expression levels of insectidal genes were also found variable in different plant parts. The 

leaves of Bt cotton were having maximum expression as compared to certain fruiting parts 

(Greenplate, 1999; Greenplate et al. 2000; Adamczyk et al. 2001; Gore et al. 2001).  In this study, 

the lowest expression was found to be in the petal of plants while the expressions in ovary 

remained undetectable.  

  Adamczyk et al. (2001) examined 13 commercial varieties of transgenic Cry1Ac Bacillus 

thuringiensis Berliner (Bt) cotton across two sites to know about the potential factors that impact 

endotoxin expression. He found that two varieties (NuCOTN 33B and DP458B/RR) expressed 

Cry1Ac at significantly higher levels compared to the 11 other Cry1Ac varieties while no 

significant differences  were  found   among  these 11 varieties derived from a single 

transformation event 531.  But in this study variation in expression pattern of insecticidal genes 

was observed in all transgenic lines. 

It was found by Olsen et al. (2005) that initiation of squaring is associated with decrease in 

the levels of Cry1Ac transcripts detected in cotton plants in a controlled environment while in the 
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field major decline in efficacy occurred when the plants were flowering. In our study there was a 

gradual decline in efficacy, being less in reproductive parts as compared to leaves.  

Olsen et al. (2005) also mentioned that reduction in Cry1Ac transcripts was most likely due 

to failure of 35S promoter at post squaring cotton rather than developmentally induced post 

transcriptional gene silencing, as two other transgene under the same promoter also showed a 

decline in transcript level at post squaring.   

A recent  study was conducted by Adamczyk et al. (2009) in which author  has correlated 

the overall differences of  Cry1Ac levels  to mRNA transcripts in Bollgard cotton lines using 

quantitative real-time polymerase chain reaction (qPCR). He found that mRNA transcript levels 

varied among Bollgard lines ultimately leading to decline in Cry1Ac protein levels. Such results 

were also previously described by Mahon et al. (2002), Olsen et al. (2005) and Xia et al. (2005). 

However it was also mentioned that plant mechanism for which this occurs in still unknown.   

The commercial cultivars of Bollgard cotton differ in the amount of expressed Cry1Ac 

protein. Many researchers have correlated this decline in efficacy to the increased survival rates of 

H. armigera (Holt, 1998; Adamczyk and Gore, 2004; Kranthi et al. 2005; Olsen et al. 2005; Wan et 

al. 2005).  

Gene expression varies with the nucleotide sequence of the gene, promoter, and the 

insertion point of the gene in the DNA of the transgenic variety, transgene copy number, the 

internal cell environment, as well as several external factors in the environment (Hobbs et al. 1993;  

Guo et al. 2001; Rao, 2005).  Therefore, investigation at molecular, genetic, as well as 

physiological levels should help in understanding the differential expression of transgenes and the 

quantitative changes in insecticidal proteins in Bt cotton plants. 
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Adamczyk et al. (2001) and (2004) reported that the expression of Cry1Ac δ-endotoxins in 

commercial cultivars remained variable and the genetic background of these varieties is the main 

contributing factor towards this differential expression of Cry1Ac.  However, the variation in 

Cry1Ac expression has also been observed in varieties having dissimilar genetic background 

suggesting that genetic background may not be the contriburting factors towards this variation 

(Khan et al. 2008; Bakhsh et al. 2009; Manjunatha et al. 2009).  

The expression level of a gene may be influenced by its copy number (Hobbs et al. 1993; 

Agaisse et al. 1995; Guo et al. 2001; Rao, 2005). All the transgenic lines under investigation 

showed similar pattern of gradual decline in Cry1Ac expression in spite of having different copy 

numbers ((Noreen et al. 2008). Shirsat et al. (2003) reported that the number of gene copies of the 

introduced legA genes could not be correlated with expression levels in the same plants, suggesting 

that the variation in expression resulted from other factors. 

Nearly all transgenic crops around the world utilize the CaMV 35S promoter (Odell et al. 

1985) (or similar promoters from closely-related viruses) to drive transgenes. It is only now 

becoming clear that this promoter is not as robust as laboratory and glasshouse studies have 

suggested and its function is influenced by as yet undefined physiological and perhaps 

environmental factors (Sunilkumar et al. 2002). 

Wessel et al. (2001) reported the variation in expression patterns of three promoters 

(Cauliflower Mosaic Virus (CaMV) 35S, modified CaMV 35S and the promoter of an Arabidopsis 

thaliana (Lipid Transfer Protein gene) using firefly luciferase reporter system.  The expression of 

luciferase gene varied not only among independent transformatants but also between leaves on the 

same plant and within a leaf. Imaging of luciferase activity in the same leaves over 50 days period 
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showed that individual transformatants show different types of temporal regulation and also this 

spatial and temporal pattern is inherited by the next generation. 

“ In the present study, expression of insecticidal genes under 35S CaMV promoter has been 

variable in different tissues and at different crop growth stages indicating that 35S promoter is 

developmental promoter. These results are in accord with  Yang et al. (2005) who transformed 

soybean (Glycine max L.) with chimeric -glucuronidase (GUS) gene under the control of the 355 

CaMV promoter using direct DNA transfer via electric discharge particle acceleration and  found 

that expression of GUS gene in R1 plants were localized using thin tissue sections. Different levels 

of GUS expression were obtained in various tissues, being maximum in leaf, parenchyma cells in 

xylem, and phloem tissues of stem while very low or no GUS activity was detected in cortex cells 

of root, vascular cambium cells in stem, and the majority of cortex cells in leaf midrib. He further 

concluded that 35S CaMV promoter is cell-type-specific and is developmentally regulated (Nilsson 

et al. 1992; Pauk et al. 1995; Wessel et al. 2001; Sunilkumar et al. 2002; Haddad et al. 2002; Yang 

et al. 2005; Amarasinghe et al. 2006; Bakhsh et al. 2009). 

Transgene promoter activity can be characterized by the distribution of different expression 

levels with in a plant, each level occurring with its own frequency. The temporal and spatial 

expression feature of a transgene in different independent transgenic lines must be intrinsic to the 

promoter activity. Since every independent transformant shows minor or major differences in 

spatial and temporal regulation of a transgene, apparently in every transformant, there is a different 

influence from flanking plant DNA sequences. Thus, the promoter driving the expression of 

transgene specifies the cell types in which transgene is expressed and defines the temporal 

regulation of transgene promoter activity with in these cells (Wessel et al. 2001).  
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 Keeping in view the decline in efficacy of insecticidal genes, the present study actually 

triggered research to find possible new promoter that can induce more consistent expression of 

insecticidal genes throughout the growth period of the cotton plant.  

We must rely on conventional breeding and selection to solve these problems of variable 

efficacy of transgenic cotton, but it will be useful, in the longer term, to identify other gene 

promoters that can drive strong expression of transgenes throughout the season. It is also important 

to have such promoters available for the next generation of transgenic cotton so that different traits 

can be stacked without relying on the same promoter so as to avoid transcriptional gene silencing 

induced by multiple copies of a single promoter such as the CaMV 35S promoter (Fagard & 

Vaucheret, 2000).   

The second most common group of promoters after viral promoters for plant biotechnology 

have come from highly-expressed plant genes, such as those for seed storage proteins, 

photosynthetic proteins or housekeeping genes, all of whose mRNAs were easily cloned and 

characterized (Potenza et al. 2003). Actin, ubiquitin and tubulin gene promoters have all been used 

in various plant species for expressing transgenes or selectable markers. As sophistication in 

biotechnology improves, the need for more developmentally or environmentally regulated 

promoters has become evident and considerable effort is going into the discovery of specific tissue 

or biotic, hormonal or abiotic stress responsive genes and promoters (Potenza et al. 2003).   

RuBisCo is the bifunctional enzyme found in the chloroplasts of plants that catalyzes the 

initial carbon dioxide fixation step in the Calvin cycle and functions as an oxygenase in 

photorespiration. In higher plants it consists of eight each of two subunits, a large subunit encoded 

by the chloroplast genome and the small subunit polypeptide encoded in the nuclear genome (Ellis, 

1981). The SSU polypeptides are formed as precursors containing an amino-terminal extension 
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termed a transit peptide that is involved in the transport of the SSU polypeptide into the chloroplast 

during which the transit peptide is removed. RuBisCo is the most abundant protein found in plant 

leaves, representing up to 50% of the soluble protein. Thus, the SSU promoters and their transit 

peptides are attractive candidates for expression of genes at high levels in green tissue and for 

targeting of different proteins into the chloroplast (Ellis, 1981).  

The small subunits promoters and their transit peptides are attractive candidates for 

expression of genes at high levels and have shown promising expression results in driving the 

expression of introduced genes (Wong et al. 1992; Fujimoto et al. 1993; Datta et al. 1998; Song et 

al. 2000; Jang et al. 2002; Liu et al. 2005; Panguluri et al. 2005; Amarasinghe et al. 2006; 

Anisimov et al. 2007; Suzuki et al. 2009; Kim et al. 2009). 

The expression of the  modified gene for a truncated form of the cryIA(c) gene, encoding 

the insecticidal portion of the lepidopteran-active CryIA(c) protein from Bacillus thuringiensis var. 

kurstaki (B.t.k.) HD73, under control of the Arabidopsis thaliana ribulose-l, 5-bisphosphate 

carboxylase (Rubisco) small subunit atsiA promoter with and without its associated transit peptide 

was analyzed in transgenic tobacco plants. Examination of leaf tissue revealed that the atslA 

promoter with its transit peptide sequence fused to the truncated CryIA(c) protein provided a 10-

fold to 20-fold increase in cryIA(c) mRNA and protein levels compared to gene constructs in which 

the cauliflower mosaic virus 35S promoter with a duplication of the enhancer region (CaMV-

En35S) was used to express the same cryIA(c) gene (Wong et al. 1992).  

  Anisimov et al. (2007) studied activity of the highest expressing Rubisco small subunit 

(RbcS) promoters (pRbcS) from the cotyledons of germinating seedlings of Brassica rapa var. 

oleifera to drive high-level and preferably stage specific transgenic protein expression in 

Brassicaceae plants. The mRNA level of RbcS and of gusA quantified in transformed plants. The 
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results demonstrated that promoter most active in seedlings under native conditions was also most 

active in transgenic constructs at the same stage of plant development. In the present study, the 

results of protein expression found in case of Rb-Ac plants (Cry1Ac under RbcS promoter) were 

much higher than pk2Ac plants (Cry1Ac under 35S CaMV). These results are in accordance with 

the results found by Wong et al. (1992), Amarasinghe et al. (2006) and Anisimov et al. (2007). 

RbcS (RuBisCo small subunit) promoter region was isolated from Gossypium arboreum by 

reverse transcribing RNA isolated from leaves of desi cotton (Figure-4.12) and was cloned in a 

plant expression vector (Figure-4.16& 4.17). After successful cloning, the further objective was to 

transform a cotton cultivar with insecticidal gene (Cry1Ac) driven by RbcS promoter.  Also the 

same cotton variety was transformed with insecticidal gene (Cry1Ac) driven by 35S CaMV 

promoter. In the present study pCAMBIA 1301 vector was used to transform as it has been used by 

many researcher to transform the genes like cbnA gene in rice (Shimizu et al. 2002),  acsA and 

acsB genes, USP-1 and HSP-26 genes in cotton (Li et al. 2005; Maqbool 2009),  HMGR gene (3-

hydroxy-3-methylglutaryl-CoA reductase) in Taraxacum plants (Bae et al. 2005). 

Plant transformation is powerful techniques that can be used to knock out genes or to 

introduce in plants. Plant transformation provides an opportunity to introduce traits of own choice 

from different species, adding characteristics which would be difficult or even impossible to 

acquire using traditional breeding techniques, such as insect resistance, herbicide resistance, cup 

quality and tolerance to abiotic stress like drought or frost. Difficulties are encountered in 

transferring genes between species because of natural barriers, which result in reduction in fertility 

after genetic transfer (Ribas et al. 2006). 

Most of the successful strategies of the cotton transformation involve development of 

embryogenic callus and subsequent plant regeneration. Cotton is a recalcitrant crop and the success 
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is limited to only those varieties which are regenerable like Coker lines and Siokra 1-3 cultivars 

(Trolinder and Xhixan, 1989; Stewart, 1991). Although to-date, no Pakistani variety has been 

identified with such regeneration property yet attempts were made to regenerate any variety and to 

learn more about the regeneration process of Coker as standard using different explants and 

regeneration procedures. 

Agrobacterium strains play an important role in the transformation process, as they are 

responsible not only for infectivity but also for the efficiency of gene transfer. The suitability of 

LB4404 strain harboring various plasmids for the transformation of cotton was observed in this 

experiment. Agrobacterium tumefaciens strain LB4404 was found to be infective with respect to 

transformation.  

An efficient transformation system is an important tool for gene manipulation. In the 

present study, a modified shoot cut apex method as described by Qayyum (2009) was used.  Four 

thousands embryos of cotton variety NIAB-846 (commercially approved local cotton variety) were 

isolated. Under 75 mg/mL hygromycin selection pressure, a total of 965 transgenic (after 3-4 

weeks) and 93 transgenic plants (after 6-8 weeks) were recovered. Finally 4 transgenic plants (2 

plants of Rb-Ac and 2 plants of pk2Ac construct) were shifted to the field. The overall 

transformation rate in the present study was 0.175%.  

The root formation in transgenic plants is inhibited by antibiotic so an intermediate level of 

hygromycin (75mg/mL) is important to minimize the false positives (Zapata et al. 1999; Zhang et 

al, 2001; and Wu et al. 2006). Moreover, after transplant root regeneration is minimized due to 

antibiotic so growth and low survival rate make the final plant formation much slower (Hazra et al. 

2000). Maximum rooting was observed when black portion of growing root on selection medium 

was cut, treated with IBA 1mg/mL and then cultured on simple MS medium. This practice reduced 
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transformation period from one year to 3-4 months (Firoozabady et al. 1987; Umbeck et al. 1987).  

The plants obtained in the present study were phenotypically normal. The plants were shifted to the 

field after they had developed 5-6 leaves.  After that, the transgenic plants were subjected to 

different molecular analysis.  

The different molecular analysis ie GUS assay; PCR, Southern blot and ELISA were 

performed to confirm the integration and expression of introduced genes in putative transgenic 

plants.  The functional GUS gene produces blue coloration when placed in GUS substrate (X Gluc) 

which indicates the expression of introduced genes (Basu et al. 2004). GUS expression in mature 

embryos and leaves of cotton variety NIAB-846 was studied through histochemical GUS assay. 

The blue spots on the embryos and leaves confirm the transformation system and hence indicate 

the integration and expression of GUS gene in recipient host. Non transformed embryo and leaves 

had no blue color (Figure-4.20). 

The newly transformed plants were subjected to PCR to confirm the integration of RbcS 

promoter and Cry1Ac gene in Rb-Ac plants. Similarly integration of 35S promoter and Cry1Ac 

gene was confirmed in pk2Ac plants. Amplification of 445bp and 565 bp confirmed the integration 

of RbcS promoter and Cry1Ac gene respectively in Rb-Ac plants (Figure-4.22) while amplification 

of 190bp and 565bp confirmed the successful transformation of 35S promoter and Cry1Ac gene 

respectively in pk2Ac plants (Figure-4.23). 

PCR positive plants were further subjected to southern blot. A detection of ~2.5 kb 

fragment on membrance confirmed the integration of Cry1Ac gene in Rb-Ac plants and ~3 kb in 

case of pk2Ac plants (Figure-4.24). The presence of the expected hybridization signals in the 

transformed plants showed that the promoter and Cry1Ac remained intact when integrated into the 

cotton genome in both Rb-Ac and pk2Ac plants.  
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The titer of Cry1Ac toxin in Rb-Ac and pk2Ac quantified at different developmental stages 

indicated clearly that Rb-Ac plants were expressing Cry1Ac toxin at high concentration as 

compared to pk2Ac plants. This further suggests that RbcS is efficient promoter driving the 

expression of Cry1Ac consistent in cotton plant as a decline in Cry1Ac was observed in pk2Ac 

plants (Figure-4.25). Spatial expression of Cry1Ac gene in different plant parts further confirmed 

that promoter activity is limited to green parts of plants ie, leaf, stems, square buds and anthers. 

The high expression of Cry1Ac protein was quantified in Rb-Ac plants being maximum in leaf as 

compared to pk2Ac plants that were showing less concentration of Cry1Ac titer. Expression of 

insecticidal protein is most critical in leaves as majority of the newly hatched lepidopterans larvae 

initially feed by scraping chlorophyll in the tender leaves and, as they grow, moves over to the 

squares and bolls for further feeding and development (Jayaraj, 1982; Gore at al. 2002).  

There are many reports regarding the inheritance and expression stability of foreign genes 

in transgenic crops. The mendelian inheritance of the foreign genes in transgenic plants has been 

observed in alfalfa (Micallef et al. 1995) in rice (Duan et al. (1996) in maize (Fearing et al. 1997) 

in cotton (Canming et al. 2000; Zhang et al. 2000; Xia et al. 2007; Zhang et al. 2007; Daud et al. 

2009) and in cow pea (Ivo et al. 2008). However in many cases, the foreign gene displayed 

complicated segregation profiles instead of Mendelian segregation (Spencer et al. 1992; Wan and 

Lemaux 1994; Somers et al. 1994; Altman et al. 1996; Wu et al. 2002; Rashid et al. 2008). In the 

present study, the  same cotton variety was transformed with two construct having Cry1Ac under 

different promoters. T1 progeny analysis of Rb-Ac plants showed the distorted medelian 

inheritance of Cry1Ac gene (Table-4.2) while it followed mendelian inheritance in case of pk2Ac 

plants (Table-4.3). So in case of Rb-Ac plants, we can postulate about the integration of Cry1Ac to 

a particular position on chromosome that remained linked during meiotic division and stably 

inherited in next progeny. 
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Efforts could be focused on developing transgenic cotton varieties with tissue-specific 

promoters to enhance the expression of toxin genes in fruiting parts that are more susceptible to 

attack. In this study, variability in expression of insecticidal genes was made consistent by the use 

of promoter (RbcS) that would drive the expression of insecticidal genes throughout life of a cotton 

plant. The use of this promoter is also useful for adressing the biosafety issues as this promoter 

activity is limited to green parts of plants, hence no gene expression in roots  and in cotton seed, 

ultimately no threat to soil organisms and safety of cotton products and by products would also be 

assured. 
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8.APPENDICES 

APPENDIX-I 

DNA Extraction Buffer 

0.5M glucose. 

0.2M Tris-Hcl 

5mM Ethylenediaminetetraacetic acid (EDTA) 

2% Polyvinylpyrrolidone (PVP)  

0.2% Mercaptoethanol 

DNA Lysis Buffer 

0.2% Mercaptoethanol 

1.4 M NaCl 

25mM Ethylenediaminetetraacetic acid (EDTA) 

2% Hexadecyltrimethylammonium bromide (CTAB) 

2% Polyvinylpyrrolidone (PVP) 

5x TBE Buffer 

Trizma base  54g 

Boric acid  27.5g 

0.5M EDTA  20mL 

Adjust volume to 1 liter with distilled water. 

6x DNA Loading Dye 

Ficoll   20 % 

EDTA   0.1M 
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SDS   1 % 

Bromophenol blue 0.25 % 

Xylene Cyanol 0.25 % 

20x SSC 

NaCl   350.6g 

Na-Citrate  176.4g 

Adjust pH to 7.0 with NaOH and make up volume to 2 liter with distilled water  

  Pre-Hybridization Buffer 

SSC   5x 

Blocking reagent 1% 

Sarkosyl  0.1% 

SDS   0.02% 

Dissolve blocking reagent at 65-80ºC with constant shaking and store at –20ºC. 

  Hybridization Buffer 

Add 5-20ng of probe per mL of pre-hybridization buffer. Store at –20ºC. 

APPENDIX-II 

  Protein Extraction Buffer (5mL) 

 Glycerol    0.5mL 

 0.5M EDTA   0.4mL (pH 7.5) 

 5M NaCl  0.15mL 

 1M TrisCl  0.05mL (pH 7.5) 

 NH4Cl   26.7mg 

 DTT   15mg 

 PMSF   2mM 
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Carbonate Buffer 

 Na2CO3  0.04M 

 NaHCO3  0.06M 

 Adjust pH of Na2CO3 to 9.6 with NaHCO3 and store at 4ºC. 

Phosphate Buffered Saline (PBS) 

NaCl   8 g 

KCl   0.2 g 

KH2PO4  0.24 g 

Na2HPO4  1.44 g 

 Dissolve in 1 liter of distilled water; adjust pH to 7.4 and autoclaved. 

Phosphate Buffered Saline-Tween 20 (PBST) 

Tween-20  500 μL (0.05 %) 

Dissolved in 1 liter of 1x PBS. 

 12% separating gel 

            Water   2.8mL 

 Acrylamide (30%) 3.2mL 

4xTris-SDS  2.5mL (pH8.8) 

APS (10 %)  26.7μL 

TEMED  5.3μL 

4% stacking gel 

Water   2.5mL 

Acrylamide (30%) 0.533mL 
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4xTris-SDS  1mL (pH6.8) 

APS (10 %)  31.5μL 

TEMED  6.3μL 

 

10% APS (ammonium per sulphate) 

APS   0.1g 

Water   1mL 

4x TRIS-SDS Buffer pH 8.8. 

 Trizma base  18.2g 

 SDS   0.4g 

Adjust pH to 8.8 with concentrated HCl, make up volume to 100mL, filter sterilize and store 

at 4ºC. 

4x TRIS-SDS Buffer pH 6.8 

 Trizma base  6.05g 

 SDS   0.4g 

     Adjust pH to 6.8 with concentrated HCl, make up volume to 100mL, filter sterilize  and 

store at 4ºC. 

10x Running Buffer 

Trizma base  30.05g 

Glycine  142.5g 

SDS   10g 

       Dissolve in 1 liter of distilled water 
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Transfer Buffer 

Trizma base  3.032g 

Glycine  14.416g 

Methanol  200mL 

      Adjust volume upto 1 liter. 

Coomassie Stain 

           Coomassie blue 2.5g 

           Methanol  455mL 

          Glacial acetic acid 91mL 

           Adjust volume to 1 liter with distilled water. 

Coomassie Destain 

 Methanol  250mL 

 Glacial acetic acid 70mL 

 Adjust volume to 1 liter with distilled water. 

2x Sample Buffer 

 4x TRIS-SDS Buffer 2.5mL (pH 6.8) 

 Glycerol  2mL 

 SDS   0.4g 

 β-mercaptoethanol 200uL 

 Bromophenol blue 200uL 

Adjust volume upto 10 mL with distilled water. 
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Blocking Solution 

 Skim milk  1.25g 

 1x PBS  25mL 

APPENDIX-III 

RNA extraction buffer  

2%  Hexadecyltrimethylammonium bromide (CTAB) 

2% Polyvinylpyrrolidone (PVP)  

100 mM Tris HCl pH:8 

25mM EDTA 

Spermidine .5g/L 

2% Mercaptoethanol 

2M NaCl 

SSTE buffer 

1M NaCl 

0.5% SDS 

10mM Tris HCl pH:8 

1mM EDTA pH:8 

APPENDIX-IV 

LB Broth (1L) 

Yeast extracts             5g 

Bactotrypton           10g 

NaCl            10g 

Dissolved in 1 liter of distilled water, adjusted pH 7.5 and autoclaved. 

LB AGAR 

LB containing 15 g / liter of Bacto Agar 
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APPENDIX-V 

S.O.B. MEDIUM 

Tryptone   20 g 

Yeast Extract   5 g 

NaCl    0.584 g 

KCl    0.186 g 

             Dissolved in 1 liter of distilled water, adjusted pH: 7.0 and autoclaved. 

S.O.C. MEDIUM 

2M Mg++ STOCK 

MgCl2. 6H2O   20.33 g 

MgSO4.7H2O   24.65 g 

            Dissolved in 100mL of distilled autoclaved water. 

APPENDIX-VI 

Solution-1 

25mM Tris HCl 

10Mm EDTA 

50mM Glucose 

Solution-2: 

0.2M NaOH 

1% SDS 

Solution 3 

3M Potassium Acetate (pH 4.8) 

APPENDIX-VII 

YEP Broth 

Yeast extract   10g/L 

Bactopeptone   5g/L 

NaCl    10g/L 
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pH    7.5 

YEP Agar 

YEP containing 15 g / liter of Bacto Agar  

APPENDIX-VIII 

MS Medium (Murashige and Skoog, 1962) Composition 

MS Salts   4.33g/L 

MS Vitamins   1mL/L 

Sucrose   30g/L 

Gelrite    3g/L 

pH    5.6-5.8 

MS Vitamins 1000X 

Nicotinic acid   50mg/100mL 

Thiamine hydrochloride 50mg/100mL 

Pyridoxine hydrochloride 50mg/100mL 

Myo-inositole   100mg/L (of medium) 
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