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CHAPTER- I 

INTRODUCTION 

 

Bacillus thuringiensis (Bt) is a gram-positive sporulating soil inhibiting bacteria 

produces a proteinaceous parasporal crystal (δ-endotoxin), which is toxic against a 

number of lepidopteron and dipterans (Burges 1982). The crystal protein genes are 

mostly located in large plasmids (15–120 Md) (Lereclus et al 1982). Transgenic 

insecticidal crops expressing the BT toxins provide an alternative method of remarkable 

level of insects control unsurpassed by any other insecticidal treatment.  

Over past several years, more than 100 different polypeptides have been identified 

and several of them have been employed in insect pest management programs. The cry 

protein has been used as bio-pesticide spray for more then 30 years. The expression of 

mcry1Ac genes provides protection against S. exigusa, M. sexta, and H. virescens. Hence, 

it is feasible to increase the level of resistance in transgenic plant and also employ 

different genes for managing development of resistance to Bt in insect population. The 

two Bt genes (mcryIAc and mVIP) modified, characterized and shown highly effective 

against the lepidopteran pest especially S. litura, Earias insulana, Chilo partellus, 

Spilosoma obliqua, Maruca testulalis, H. armigera and L. orbonalis (Selvapandiyan 

1998). 

In addition to the crystal protein, some insecticidal polypeptides produced during 

the vegetative growth of the bacteria known as VIP (Vegetative Insecticidal Protein) are 

gaining importance in recent years as bio-pesticides. The VIP protein possess insecticidal 

activity against a wide spectrum of lepidopteron insects and display bioactivity towards 

the black cutworm, fall armyworm & beet army worms.  



 Developemnt of vectors suitable for plant transformation is one of the prerequisite 

in transgenic research.  Several clong vectors were developed in the 1980s higher plants 

trasnformation and their use has led to the devlopemnt of genetically modified (GM) 

crops. It is a DNA molecule that carries foreign DNA into a host cell, replicates inside a 

bacterial (or yeast) cell and produces many copies of itself and the foreign DNA. Features 

of all cloning vectors: (1) Sequences that permit the propagation of itself in bacteria (or in 

yeast for YACs). (2) A cloning site to insert foreign DNA; the most versatile vectors 

contain a site that can be cut by many restriction enzymes. (3) A method of selecting for 

bacteria (or yeast for YACs) containing a vector with foreign DNA; usually 

accomplished by selectable markers for drug resistance. Two types of prokaryotic cloning 

vectors can be distinguished: extra-chromosomal plasmids, which cause antibiotic 

resistance of transformed cells, and bacteriophages like phage/1 and filamentous phages, 

which are mostly selected by plaque formation. Among plasmids the most versatile 

vectors for Escherichia coli transformation are those which are derived from the ColE1 

plasmid, such as pBR322, pBR325 and pBR328 (Bolivar et al., 1977., Bolivar, 1978). 

One of the binary vectors constructed in the early days was
 
pBin19 (Bevan, 1984), 

and pBI121 was created shortly after by
 
adding a marker gene to pBin19 (Jefferson, 

1987). Soon these
 
vectors and their derivatives were widely distributed among

 
plant 

scientists. Another popular series of vectors are pPZP
 
vectors (Hajdukiewicz et al., 1994) 

and pCAMBIA vectors (www.cambia.org),
 
which are modified from pPZP vectors. 

Recent modifications of
 
binary vectors provide a number of user-friendly features, such

 

as wide selection of cloning sites, high copy numbers in E.
 
coli, high cloning capacity, 

improved compatibility with strains
 
of choice, a wide pool of selectable markers for 

plants, and
 
a high frequency of plant transformation. Using a binary tumor-inducing (Ti) 

http://www.cambia.org/


plasmid vector system, several
 

plant species were transformed with a kanamycin 

resistance marker
 
(npt II gene).   

 Two novel insecticidal protein encoding genes mcry1Ac and mVIP cloned into 

exression vector pET-29(a) and chacaterized by ICGEB (International Center for Genetic 

Engineering and Biotechnology), New Delhi were obtained through MTA (Material 

Transfer Agreement). Development of suitable vector (Ti plasmid) for high efficiency 

transformation system in major agronomically important crops like rice, wheat, maize 

and other crops, the Agrobacterium offers a DNA delivery system requires less 

sophisticated and low copy integration of foreign DNA. Considering these facts a study 

entitled “Cloning and characterization of Ti plasmid based vectors carrying Bt genes 

for developing high efficiency plant transformation system.” was carried out to clone 

two Bt genes into a binay vector pBI 121 and develop the LBA 4404 Agro clones for 

plant trasnofrmation with the following specific objectives: 

1.  Cloning of Bt genes into the Ti plasmid back ground (pBI121) for high efficiency 

transformation. 

2.  Screening and identification of positive clones in E. coli system. 

3. Characterization of clones using restriction digestion analysis. 



CHAPTER- II 

REVIEW OF LITERATURE 

 

Biotechnology has opened unprecedented avenues for exploring biological 

systems and genetic engineering tools have paved transfer of genes across species and 

genus. Plant genetic engineering or transformations involves transfer of recombinant 

DNA (rDNA) into plant cells to generate transgenic species. Genes and genomes from a 

wide range of organisms are being manipulated for the benefit of mankind.  

Since the development of transgenic plants efforts has been made to improve and 

develop new plant transformation vectors and methodologies to increase the efficiency of 

plant transformation and to achieve stable expression of transgenes. Plant transformation 

is performed using a wide range of tools of which Agrobacterium and micro- projectile 

bombardment are currently the most extensively used methods Dai, S. et al., (2001). 

Recent developments in these two technologies along with the phenomenon of ‗gene 

silencing‘, which has come to centre stage after a large number of transgenic plants, have 

been carefully evaluated for transgene expression in successive generations. Due to the 

simplicity of the transformation system and precise integration of transgenes, the 

Agrobacterium Ti plasmid-based vector continues to offer the best system for plant 

transformation. The use of commercial crops expressing Bacillus thuringiensis (Bt) 

toxins has increased in recent years due to their advantages over crops that require 

traditional chemical insecticides.  

In Alabama alone, between 300,000 and 400,000 acres of Bt cotton have been 

grown annually since 1996. Tobacco was the first transgenic plant developed in 1983 and 

today more than 50 other transgenic plant species viz., tomato, potato, sunflower, cotton, 



carrot, grapes, etc. (Table 2.1), have been developed with foreign genes integrated in their 

genome. Initially, the production of transgenics was restricted to dicotyledonous plants 

but, now it has been extended to several monocots like wheat, maize, rice, oats, etc. 

Table 2.1.  Transgenic crop plants developed with insect and disease resistance  

                   genes 

Crops Genes Transferred Purpose 

Tobacco B. thuringiensis 

CpTI 

Chitinase gene 

aro A 

Insect resistance 

Insect resistance 

Disease resistance 

Herbicide resistance 

Tomato 

 

Bt 

aro A 

Sucrose phosphate synthase 

Insect resistance 

Herbicide resistance 

Increased sucrose and reduced starch 

Potato Bt 

Bacteriophage T4-lysosome 

Insect resistance  

Disease resistance 

Cotton Bt 

 

Insect resistance 

Rice Bt 

 

Insect resistance 

Maize Bt 

 

Insect pest resistance 

 

Sugarcane Bt Insect pest resistance 

 

* CpTI - Cowpea trypsin inhibitor; 

 

2.1 Bacillus thuringiensis: a natural insecticide 

Ishiwata in Japan first discovered the bacterium B. thuringiensis during 1902 in 

silkworm rearing unit and named it Bacillus scotto. In 1995, it was renamed as Bacillus 

thuringiensis. In the early twentieth century, Berliner provided the first insight that 

microbes could control insect pests. Bacillus thuringiensis exists in many locations, such 

as the soil, plant surfaces and in grain storage dust. B. thuringiensis can be distinguished 

from related Bacillus species by the presence of parasporal crystals that are formed 

during sporulation. The parasporal crystals consist of one or more δ-endotoxins or crystal 

(Cry) proteins of ~130 kDa (although truncated forms also occur). It is these that makes 



Bt an effective insect pathogen. B. thuringiensis was first discovered in 1911 as a 

pathogen of flour moths from the province of Thuringia, Germany. It was first used as a 

commercial insecticide in France in 1938, and then in the USA in the 1950s. However, 

these early products were replaced by more effective ones in the 1960s, when various 

highly pathogenic strains were discovered with particular activity against different types 

of insect. 

2.1.1 Use of Bacillus thuringiensis δ-endotoxins 

Bacillus thuringiensis, δ-endotoxin that is toxic against a number of lepidopterons 

and dipterans (Burges 1982). The gene(s) coding for crystal protein in different species 

and subspecies of Bt are plasmid encoded (Carlton and Gonzalez 1985) although 

examples of chromosomal location of the gene(s) have also been reported (Aronson et al 

1986). The crystal protein genes are mostly located in large plasmids (15–120 Md) 

(Lereclus et al., 1982). Toxin activity appears to be mediated by binding of toxins to cell 

membrane phospholipids (Drobniewsky and Ellar 1987; Chow et al 1989). Several 

studies revealed that the expression of the crystal protein gene is functionally related to 

sporulation specific events (Monro 1961; Lecadet and Dedonder 1971) and it was also 

found that one of the subunits of spore coat protein shares some similarities with the 

crystal protein (Lecadet et al 1972; Meenakshi and Jayaraman 1979). However, 

desynchronization of sporulation and crystal formation could be achieved by short-term 

temperature shift-up (Arescaldins 1969) or addition of chloramphenicol (Meenakshi and 

Jayaraman 1979) or erythromycin (Arescaldins 1969; Somerville 1971).  

B. thuringiensis δ-endotoxins are part of a large and still growing family of 

homologous proteins – more than 130 genes have been identified to date (see Bt toxin 

nomenclature at: http://epunix.biols. susx.ac.uk/Home/Neil_Crickmore/Bt/ index.html). 



These genes generate a rich source of diversity on which to draw for differing insect 

specificities. This specificity is an important aspect of the Bt Cry proteins: each protein is 

active in only one or a few insect species.  

2.1.2 Insecticidal crystal proteins (ICPs) of Bacillus thuringiensis 

The abbreviation ―cry‖ (for crystal) was first used by Held et al., (1982) to 

represent the insecticidal crystal producing genes of Bt strains. These crystalline proteins 

are highly insecticidal at very low concentrations. The ICPs are synthesized during the 

late growth phase of bacteria and are accumulated in the cytoplasm as crystals or 

inclusion bodies. The crystal may account for up to 30% of the dry weight of the 

sporulated culture. The ICPs produced by Bt are alpha-, beta- and gamma exotoxin and δ 

-endotoxins are used in agriculture. The δ-endotoxins are the most extensively studied 

toxin; its larvicidal specificity includes member of lepidopterons, dipteran and 

coleopteran insects. 

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 and have been under extensive use in agriculture, 

horticulture, forestry, animal health and mosquito control for the past four decades. 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. The first 

transgenic plants using cry 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 cry genes 



(cry1Ab and cry1Ac) for better expression in plant cells. An interesting example of 

native gene (cry1IA5) expression resulting in significant resistance to H. armigera in 

transgenic tobacco was provided by Selvapandiyan et al., (1998). Another important 

landmark is the introduction of a native cry1Ac gene into the chloroplast genome of 

tobacco, which expressed the Cry protein to a very high level (3–5% of leaf soluble 

protein). 

  Most families of Lepidoptera include species susceptible to the Cry1 and Cry2 

crystal proteins produced, in particular, by Bt serotypes kurstaki and aizawai. Currently, 

the crystal toxins 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 (www.biols.susx.ac.uk/Home/Neil-Crickmore/Bt/). 

2.1.3 Vegetative insecticidal proteins (VIPs) of Bt 

Research efforts in the past five years have led to the discovery of novel 

insecticidal proteins that are produced by certain isolates of B. thuringiensis. These 

proteins unlike well-characterized crystal proteins are produced during vegetative growth 

of cells and are secreted into the growth medium. These proteins have been termed as 

vegetative insecticidal proteins (VIP). Sequences encoding for a VIP have been cloned, 

sequenced and the protein has been expressed in E. coli (Estruch et al., 1996). The 88 

kDa vegetative insecticidal proteins have a putative bacillar secretory signal at the N-

terminal which is not processed during its secretion. It does not show any homology with 

the known crystalline insecticidal proteins. This structural dissimilarity is indicative of a 

possible divergent insecticidal mechanism than the other known Bt-toxins of polyphagous 

pest S. litura was titrated against VIP toxin no interaction between these legands was 

observed (Bhalla et al., 2005). These results together with observed structural divergence 



of VIP with other toxins make them an ideal candidate for development in insect 

management programmes together with the other category of Bt-toxins described earlier. 

Individually vip has been successfully expressed in monocots and dicot plants and efforts 

to pyramid vip in the Bt-transgenic crops are under way in several laboratories (Ranjekar 

et al., 2003). 

2.1.4 Classification of ICP genes 

B. thuringiensis strains produce two types of toxin. The main types are the Cry 

(crystal) toxins, encoded by different cry genes, and this is how different types of Bt are 

classified. The second types are the Cyt (cytolytic) toxins, which can augment the Cry 

toxins, enhancing the effectiveness of insect control. Over 50 of the genes that encode the 

Cry toxins have now been sequenced and enable the toxins to be assigned to more than 

15 groups on the basis of sequence similarities. Based on the primary target insect 

specificity and sequence similarity, insecticidal toxins have been classified into five 

major classes (Hofte and Whiteley, 1989). Table 2.2 shows the cry genes with their 

encoded protein sizes and specificity.  

 It has been known since the 1980s that the Cry toxins are encoded by genes on 

plasmids of B. thuringiensis. There can be 5 or 6 different plasmids in a single Bt strain, 

and these plasmids can encode different toxin genes. The plasmids can be exchanged 

between Bt strains by a conjugation-like process, so there is a potentially wide variety of 

a strain with different combinations of Cry toxins. In addition to this, Bt contains 

transposons (transposable genetic elements that flank genes and that can be excised from 

one part of the genome and inserted elsewhere). All these properties increase the variety 

of toxins produced naturally by Bt strains, and provide the basis for commercial 

companies to create genetically engineered strains with novel toxin combinations. 



Table 2.2: Classification of B. thuringiensis delta-endotoxin genes, protein sizes and 

specificity 

 

cry genes 
Crystal 

shape 

Protein 

size(kDa) 
Insect activity 

cry I (Several sub groups:A(a), 

A(b), A(c), B, C, D, E, F, G. 

bipyramidal 130-138 Lepidoptera larvae 

cry II (subgroups A, B, C) 

 

cuboidal 69-71 Lepidoptera & diptera 

cry III (subgroups A, B, C) 

 

flat/irregular 73-74 Coleopteran 

cry IV (subgroups A, B, C, D) 

 

bipyramidal 73-134 Diptera 

cry V-IX 

 

various 35-129 Various 

 

2.1.5 Mode of Action 

  Most studies conducted on histopathological reactions and mode of action of Bt 

have been carried out on lepidopteron larvae with toxin preparations derived from whole 

Bt crystals. These investigations showed that mechanism of action of Bacillus 

thuringiensis cryI proteins involve solubilization of the crystals in the insect midgut 

receptors and insertion of the toxin in to the apical membrane to create ion channels or 

pores (Luhty and Ebersold, 1981). For most lepidopteran, protoxins are solubilized under 

the alkaline conditions of the insect midgut proteases (Tojo and Aizawa, 1983), to 

become activated toxins. Major proteases are trypsin like or chymotrypsin like (Novillo 

et al., 1997).  Activated cry1 toxins have two known function, receptor binding and ion 

channel activity. Hoffman et al., (1988) have shown that the activated toxin binds to 

specific receptors on apical brush border of the midgut microvilli of susceptible insect 

binding being a two stage process involves reversible and irreversible steps (Rajamohan 

et al., 1995). Irreversible steps involves a tight binding between the toxin and receptor, 

insertion into the apical membrane of the columnar epithelial cells follows the initial 

receptor mediated binding rendering the toxin insensitive to proteases and monoclonal 



antibodies and induces ion channels or non-specific pores in the target membranes. The 

formation of toxin induced pores in the columnar cell apical membrane allows efflux of 

cellular content/ions. The disruption of gut integrity results I the death of insect from 

starvation or septicemia. The insecticidal properties of variety of Bt toxins produced 

naturally by Bt strains have provided basis for their commercial use to create genetically 

engineered strains with novel toxin combinations and their further use in insect resistance 

crop plants. A suitable cloning vector is prerequisite to develop any transgenic organisms 

and is especially developed to suit cytological parameters of both donor (generally 

microorganisms) and hosts (generally eukaryotes). 

2.2 Cloning Vectors for Plant Transformation 

 Cloning vectors for higher plants were developed in the 1980s and their use has 

led to the genetically modified (GM) crops. It is a DNA molecule that carries foreign 

DNA into a host cell, replicates inside a bacterial (or yeast) cell and produces many 

copies of itself and the foreign DNA. Features of all cloning vectors: (1) Sequences that 

permit the propagation of itself in bacteria (or in yeast for YACs). (2) A cloning site to 

insert foreign DNA; the most versatile vectors contain a site that can be cut by many 

restriction enzymes. (3) A method of selecting for bacteria (or yeast for YACs) 

containing a vector with foreign DNA; usually accomplished by selectable markers for 

drug resistance. Two types of prokaryotic cloning vectors can be distinguished: extra-

chromosomal plasmids, which cause antibiotic resistance of transformed cells, and 

bacteriophages like phage/1 and filamentous phages, which are mostly selected by plaque 

formation. Among plasmids the most versatile vectors for Escherichia coli 

transformation are those which are derived from the ColE1 plasmid, such as pBR322, 

pBR325 and pBR328 (Bolivar et al., 1977; Bolivar, 1978). 



Types of cloning vectors: (1) Plasmid: A small circular DNA molecule found in 

bacteria that replicates independently of the chromosome. Plasmids are used as cloning 

vectors. Example: PUC19, ColE1 origin of replication, high copy number, ampicillin 

resistance gene, 500-5000 kb inserts. Low copy number plasmid vectors such as pHOS 

(TIGR) and pSmart (Lucigen) series are thought to increase the randomness of small 

insert libraries. (2) Phage: A virus that infects bacterial hosts and may be utilized to 

introduce genes. Phages are/were widely used as cloning and expression vectors. 

Examples: M13, lambda phage. The M13 vectors are derivatives of the single-stranded, 

male-specific filamentous DNA bacteriophage M13. Double-stranded circular DNA 

(replicative form, or RF) can be isolated from cells by standard plasmid preparation 

techniques and used for cloning, while the single-stranded viral DNA (+ strand) can be 

isolated from phage particles collected from culture medium. Lambda phage has a linear 

45 kb chromosome, in which 9-23 kb can be replaced with DNA to be cloned. P1 

bacteriophage can hold more DNA than lambda and is the basis of PAC vectors. (3) 

Phagemid: A phage-plasmid vector able to replicate as single- or double-stranded DNA. 

Phagemids can be induced to produce phage particles containing single-stranded DNA. 

Example: pBluescript series (Stratagene), which contains a filamentous f1 phage 

intergenic region including the origin of replication. (4) Cosmid: Artificially constructed 

cloning vector containing the cos gene of phage lambda. Cosmids can be packaged in 

lambda phage particles for infection into E. coli; this permits cloning of larger DNA 

fragments (up to 45 kb) than can be introduced into bacterial hosts in plasmid vectors. 

Cosmids and cosmid recombinants replicate as plasmids. Likely to be less stable than 

plasmids because of large insert and high copy number. (5) Fosmid: vector containing the 

single copy E. coli F-factor replicon, developed as an improved method for constructing 



libraries of cosmid-sized (approximately 40 Kb) clones. The stability of inserts cloned 

into fosmid vectors has been shown to be substantially greater than in high copy vectors. 

Copy control fosmids, e.g. pCC1fos, contain both the E. coli F-factor replicon and the 

oriV high copy origin of replication, thus providing the user the clone stability afforded 

by single-copy fosmid cloning and the high yields of DNA that can be realized from 

cosmid clones. (6) Artificial chromosomes: YACs: yeast artificial chromosomes 

(replicate in yeast) BACs: bacterial artificial chromosomes (replicate in E. coli); contain 

the E. coli F-factor single-copy origin of replication. PACs: DNA constructs that are 

derived from the DNA of P1 bacteriophage. They can carry large amounts (about 100-

300 kb) of other sequence. 

2.2.1 Binary Vectors of Ti Plasmid 

One of the binary vectors constructed in the early days was
 
pBin19 (Bevan, 1984), and 

pBI121 was created shortly after by
 
adding a marker gene to pBin19 (Jefferson, 1987). 

Soon these
 
vectors and their derivatives were widely distributed among

 
plant scientists. 

Another popular series of vectors are pPZP
 
vectors (Hajdukiewicz et al., 1994) and 

pCAMBIA vectors (www.cambia.org),
 
which are modified from pPZP vectors. Recent 

modifications of
 
binary vectors provide a number of user-friendly features, such

 
as wide 

selection of cloning sites, high copy numbers in E.
 
coli, high cloning capacity, improved 

compatibility with strains
 
of choice, a wide pool of selectable markers for plants, and

 
a 

high frequency of plant transformation. Using a binary tumor-inducing (Ti) plasmid 

vector system, several
 
plant species were transformed with a kanamycin resistance 

marker
 
(npt II gene). Four Nicotiana species,

 
seven tomato cultivars, two potato cultivars, 

and Arabidopsis thaliana were transformed by the binary vector transformation
 
method. 

http://www.cambia.org/


In this method, various plant organ pieces were co-cultivated
 
with Agrobacterium 

tumefaciens cells carrying the binary vector,
 
pGA472, and a helper Ti plasmid.  

The Agrobacterium-mediated transformation method was improved by 

developing modern binary Ti vectors after the removal of all the genes for tumor 

induction and opines synthesis. Ti plasmids without the tumor-inducing function are 

called disarmed plasmids (non-oncogenic Ti plasmid). Ti plasmids have been engineered 

to separate T-DNA and vir regions into two distinct plasmids, resulting in a binary vector 

and a vir helper plasmid, respectively (Hoekema et al., 1983). 

Since disarmed binary plasmids, containing the T-DNA region, do not have the ability to 

move a T-DNA into the plant, they need the help of another separate plasmid containing 

the vir genes. Many Agrobacterium strains containing non-oncogenic vir helper plasmids 

(LBA 4404, GV3101 MP90, AGL0, EHA101, and its derivative strain EHA 105) have 

been developed (Gelvin, 2003). 

 Binary vector plasmids are small and easy to handle in E. coli and Agrobacterium 

when the wild type Ti plasmid is around 200 kb. The sizes of the processed binary 

vectors from wild type Ti plasmids have been reduced to less than 10 kb. The binary 

vector has a replication origin for both E. coli and Agrobacterium, an antibiotic selectable 

marker for bacteria and plants, a reporter gene and a T-DNA region containing a multi-

cloning site for insertion of genes of interest. The binary vector is transformed to 

Agrobacterium harboring a disarmed Ti-plasmid, called the helper plasmid, providing vir 

gene functions. The T-DNA region from the binary vector is transferred to the plant by 

expression of the vir gene in the helper plasmid (Klee et al., 1983). A binary vector 

consists of T-DNA and the vector backbone. T-DNA is the segment delimited by the 

border sequences, the right border (RB) and the left border (LB), and may contain 



multiple cloning sites, a selectable marker gene for plants, a reporter gene, and other 

genes of interest. 

A binary vector was invented soon after it had been elucidated that crown gall 

tumorigenesis was caused by genetic transformation of plant cells with a piece of DNA, 

T-DNA for transferred DNA, from a Ti plasmid (tumor-inducing plasmid) harbored by 

the soil bacterium Agrobacterium tumefaciens (Fraley et al., 1986). A key finding was 

that the virulence genes, which are involved in the transfer of T-DNA, could be placed on 

a replicon separate from the one with T-DNA (Hoekema et al., 1983). Thus, combination 

of a ‗‗disarmed‘‘ strain, which carries a Ti plasmid without the wild-type T-DNA, and an 

artificial T-DNA within a plasmid that can be replicated both in Escherichia coli and A. 

tumefaciens turned out to be fully functional in plant transformation. The term ‗‗binary 

vector‘‘ literally refers to the entire combination, but the plasmid that carries the artificial 

T-DNA is usually called a binary vector. 

The binary vector pBI121 has been widely used in plant transformation.  The total 

size of pBI121 is 12.8 kb according to its construction map (Jefferson et al., 1987); From 

construction experiments involving replacement of beta- glucuronidase (gus) gene in 

pBI121 by plant genes, it was found that a SmaI-SacI fragment (1.8 kb) carrying GUS 

coding region was the same size as predicted; however, the remaining SmaI-SacI 

fragment was approximately 13 kb, 2 kb larger than expected. In order to confirm the size 

of pBI121, the plasmid was double digested with HindIII and EcoRI (each restriction 

enzyme has only one recognition site within the plasmid), resulting in two fragments of 3 

kb and 12-13 kb. The 3 kb HindIII-EcoRI fragment carrying the cauliflower mosaic virus 

(CaMV) 35S promoter (835bp), GUS coding region (1812 bp) and nopaline synthase 



(NOS) terminator (253 bp); however, the 12-13 kb EcoRI-HindIII fragment would have 

been expected to be 9.8 kb. 

Standard methods using pBI121 as the transforming vector for plant 

transformation have been successfully documented in Tobacco and Arabidopsis plants 

(Newell, 2000). More recently, Agrobacterium-mediated transformation using pBI121 as 

a donor for the Kanamycin resistance was developed for several plants including Peanut 

(Rohini and Sankara Rao 2001; Sharma and Anjaiah 2000), shallot (Zheng et al. 2001), 

spruce (Le et al.2001), buckwheat (Kojima et al. 2000), poppy (Park and Facchini 2000) 

and pine (Tang 2001). Thus, the binary vector pBI121 is a valuable vector for plant 

transformation.   

 Great progress has been made in recent years in studies on the mechanism of 

Agrobacterium-mediated transformation and its application. Many details of the key 

molecular events within the bacterial cells involved in T-DNA transfer have been 

elucidated, and it is notable that some plant factors which were elusive before are purified 

and characterized. Vast kinds of species, which were either recalcitrant to or not included 

in the host range of Agrobacterium, can now, be transformed by this bacterium. 

 Agrobacterium tumefaciens has played a major role in the development of plant 

genetic engineering and the basic research in molecular biology. It accounts for about 

80% transgenic plants produced so far. Initially, it was believed that only dicots, 

gymnosperms and a few monocot species could be transformed by this bacterium; but 

recent achievements totally changed this view by showing that many ―recalcitrant‖ 

species not included in its natural host-range such as monocots and fungi can now be 

transformed. In addition, the transformed cells usually carry single or low copy number T 



DNA integrated in their genome with less rearrangement, and very large DNA segments 

can be transformed into the plants. 

2.2.2 Expression vectors 

Expression systems are designed to produce many copies of desired protein 

within a host cell. In order to accomplish this, an expression vector is inserted into a host 

cell. This vector contains all of the genetic coding necessary to produce the protein, 

including a promoter appropriate to the host cell, a sequence which terminates 

transcription, and the sequence which codes for ribosome binding (Purves et al., 2001) 

that yielded the protein products of the cloned genes. The main function of an expression 

vector is to yield the product of a gene, therefore a strong promoter is necessary. The 

more mRNA is produced, the more protein product is made.  

A pET vector is a bacterial plasmid designed to enable the quick production of a 

large quantity of any desired protein when activated. This plasmid (pictured below) 

contains several important elements - a lacI gene which codes for the lac repressor 

protein, a T7 promoter which is specific to only T7 RNA polymerase (not bacterial RNA 

polymerase) and also does not occur anywhere in the prokaryotic genome, a lac operator 

which can block transcription, a polylinker, an f1 origin of replication (so that a single-

stranded plasmid can be produced when co-infected with M13 helper phage), an 

ampicillin resistance gene, and a ColE1 origin of replication (Blaber, 1998). 

2.3 Important Bt transgenic crops 

 As of now, more than 30 plant species have been transformed with Bt cry genes 

Schuler, et al., 1998. (Table 2.3). The commercialization of Bt-crops started in 1996 with 

the introduction of bollworm-resistant cotton (‗Bollgard‘) in USA. Subsequently, potato 

and maize were also commercialized Krattiger, A. F., (1997). In India, intensive efforts 



are underway to introduce cry genes in crop plants such as rice, potato, cotton, sorghum 

and vegetables. The first transgenic plants of tobacco (cv. Hema and Jayasri) developed 

at the Tata Energy Research Institute by using modified cry1Ab and cry1C (obtained 

from Dr Bert Visser, CPRO-DLO, and the Netherlands) showed considerable protection 

against tobacco caterpillar (Spodoptera litura) in limited field trials conducted at the 

Central Tobacco Research Institute (CTRI). 

Table 2.3: Transgenic Bt Crops 

Crop Gene Target pests Reference 

Cotton cry1Ab/cry1Ac Bollworms Perlak et al., (1990). 

Corn cry1Ab European corn borer Koziel M. G. et al., (1993). 

Potato cry3a Colorado potato beetle Perlak F. J. et al., (1993). 

Rice cry1Ab/cry1Ac Stem borers & leaf folders Nayak P. et al., (1997). 

Tomato cry1Ac Fruit borers Mandaokar, et al., (2000). 

Potato cry1Ab Tuber moth Jansens et al., (1995). 

Eggplant cry1Ab/cry1B Shoot and fruit borer Kumar et al., (1998). 

Canola cry1Ac Diamondback moth Stewart et al., (1996). 

Soybean cry1Ac Soybean looper Stewart et al., (1996). 

Corn cry1H/cry9C European corn borer Jansens, S. et al., (1997). 

 

2.3.1. Transgenic Bt approaches for pest control and plant protection 

Bacillus thuringiensis is the most widely used biologically produced pest control 

agent. As of early 1998, there were nearly 200 Bt products registered by U.S. 

Environmental Protection Agency. Thought the use of biological pesticide in agriculture 

remains behind that of synthetic chemical pesticides, several safety and environmental 

consideration favor the development of Bt in future. cryI proteins that have been studied 



so far, are not pathogenic to mammals, birds, amphibians or reptiles, but are specific to 

the target insects.  

 The most effective Bt-mediated pest control system is the development of Bt 

transgenic plants. Other systems like Bt transgenic microbes, Bt-transgenic viruses and Bt 

formulations suffer many inherent disadvantages (Kumar et al., 1996). Recent advances 

in plant transformation technology have facilitated stable introduction of foreign genes 

into many crop including monocots. So there is considerable potential for genetic 

engineering of plants to express introduced Bt genes.  

 The main advantages of Bt transgenic plants against different pests include: (1) 

Protection of crop for whole season independent of weather condition. (2) Effective 

control of burrowing insects which escape the reach of sprays. (3) Control at all stages of 

insect pest development. (4) Non-injurious to beneficial insects like pollinators, 

predators/natural enemies of pests and also non-injurious to mammals including human 

beings.  

  The first transgenic plants expressing δ-endotoxin of cry proteins, having native 

coding sequences of cry gene was developed against tobacco horn worm in tobacco by 

Vaeck et al., (1987) analyzed expression of the full length and truncated native cryIAa 

gene in tobacco and found that no transformant produced detectable levels of Bt protein 

or mRNA. Northern blot analysis of these plants showed truncated mRNA species. 

Existence of this incomplete mRNA was attributed to inefficient post transcriptional 

processing or rapid turnover of the full length transcript.     

 Fischhoff et al., (1987) was successful in transforming tomato plants with a native 

cryIA(b) gene which showed insecticidal activity. Similarly a native cryIA(c)-npt II 

fusion in potato showed little insecticidal activity (Ebora et al., 1994). Carozzi et al., 



(1992) characterized the expression of native cryIA(b) endotoxin gene in field grown 

tobacco and observed that the level of Bt, (-endotoxin increased through the course of 

plant development with a substantial increase at the time of flowering). When unmodified 

crystal protein genes are fused with expression signals used in the plant nucleus, protein 

production is quite poor as compared to that of similar genes containing typical plant 

marker genes. However, truncation of the unmodified genes to synthesize only the toxin 

protein of the protein notably results in much improved expression. The relatively AT-

rich Bacillus genome contains a number of sequences that could provide deleterious 

signals to gene expression in plants; such signals may be splice sites, poly ‗A‘ addition 

sties, ATTTA sequences, transcription termination sites, as well as bias in codon usage. 

Plants show strong preference for coding sequence (Murray et al., 1989). When the 

native gene sequences which is poor in GC content in coding sequence. When the native 

gene sequences are modified with synonymous codons to reduced the potential 

deleterious sequence and generate a codon usage more like that of a plant, expression 

improves dramatically. (Murray et al., 1989). Instability of mRNA could be due to 

endonucleolytic / exonucleolytic degradation at specific sequences that destabilize the 

message during transcription or create pausing due to formation of secondary structures.  

 Perlak and others at Monsanto in 1990-91 made a pioneering study of the 

expression of partially modified and fully modified (synthetic) cryIAb and cryIAc genes 

in cotton. The level of insecticidal protein was increased by 100 fold, resulting in the 

effective control of cotton boll worm. Adang et al., (1993) modified cry3A gene in a 

similar way and transformed potato plants conferring resistance to Colorado potato 

beetle. This improved expression of cry3A gene was due to increase of GC- content from 

36 per cent to 49 per cent in modified gene. 



Table 2.4. Milestones in transgenic crop research involving Bt  

Year Milestone Reference 

1998 20% of US cotton crop was Bt cotton & 9% 

of corn was Bt corn 

Wadman 1999 

1996    

onwards 

Bt transgenic cultivar of maize and cotton 

released for commercial use 

Estruch et al., 1997 

1995 Used rational protein design to engineer PI 

with greater inhibitory activity  

Urwin et al. 1995 

1991 Modified the GC content of Bt gene for 

higher expression in plants 

Perlak et al., 1991 

1987 Expressed cowpea TI gene in tobacco and 

showed the transgenic plant to be insect- 

resistant 

Hilder et al., 1987 

1987 Expressed Bt gene in tobacco and tomato 

and showed the transgenic plant to be 

insect-resistant 

Vaeck et al., Barton et al., 

Fishchoff et al., 1987 

1981 Gene for Bt crystal protein cloned in E.coli Schnepf and Whitely 1981 

2.4 Methods of transformation of tobacco 

2.4.1 Tissue culture based techniques for tobacco  

 In the past, plant tissue culture techniques have been used in academic 

investigations of totipotency and the roles of hormones in cytodifferentiation and 

organogenesis. Currently, tissue-cultured plants that have been genetically engineered 

provide insight into plant molecular biology and gene regulation. Plant tissue culture 

techniques are also central to innovative areas of applied plant science, including plant 

biotechnology and agriculture. In addition, the management of genetically engineered 

cells to form transgenic whole plants requires tissue culture procedures. 

A tissue culture cycle involves the establishment of a more or less differentiated 

cell or tissue culture under defined conditions, proliferation for a number of cell 

generations and subsequent regeneration of plants (Larkin and Scowcroft, 1981). The 

concept of cell culture was first originated by Haberlandt (1902) who attempted to 

cultivate isolated plant cells in vitro on an artificial medium. The first plant tissue culture, 



in the sense of long-term culture of callus, involved explants of cambial tissues isolated 

from carrot (Gautheret, 1939; Nobecourt, 1939) and tobacco tumor tissue from hybrid 

tobacco (White, 1939). In vitro organogenesis could be chemically controlled by a 

balance between cytokinin and auxin was first indicated by Skoog (1944). According to 

White (1951) the selection of right plant material and the formulation of satisfactory 

nutrient medium are the two main factors for successful culturing of excised plant 

material. At present plant tissue culture technology has been reached in its much advance 

stage and making significant contributions to agriculture and industry.  

2.4.1.1 Plant tissue culture of tobacco- a model plant 

In vitro tissue culture is an experimental approach for basic and applied research. 

It is an essential component of breeding, biotechnology and genetic improvement of 

plants. Every plant cell is considered to be totipotent. The potentiality to readily 

regenerate plants from cultured tissue has been considered as a powerful tool for 

improvement and the simplest form of genetic engineering (Larkin and Scowcroft, 1981). 

The prerequisite of in vitro culture is the identification of tissues or cells which are 

competent for regenerating whole plant. Sub-culturing of tobacco twigs (with nodal 

segments) in the MS basal medium produce sufficient leaves for the transformation. Plant 

tissue culture is typically performed using a defined basal media, which is supplemented 

with hormones when optimum growth and differentiation are desired. A defined media 

usually consists of macro- and micro- salts, an exogenous energy source like sucrose. For 

the culturing of tobacco (Nicotiana) we will use a modification of the well-known media 

formulation of Murishige and Skoog (1962). Leaf discs were obtained from four week-

old tobacco plantlets grown in vitro. Sterile tobacco leaves were cut from plantlets and 

soaked in MS liquid media in a sterile Petri dish to avoid de-hydration. Fifteen leaf disks 



were placed per Petri dish on the co-cultivation media containing per liter: 4.4 g MS basal 

salts, 1.0 mg nicotinic acid, 1.0 mg pyridoxine HCl, 0.1 mg thiamine HCl, 100 mg myo-

inositol, 1.0 μg 6-benzylaminopurine (BA), 0.1 μg indole-3-acetic acid (IAA), 200 μM 

AS, 30.0 g sucrose, 10.0 g agar at pH 5.6 without antibiotic (Burow et al., 1990). Petri 

dishes were covered and sealed well with a strip of parafilm.  

2.4.1.2 Agrobacterium-mediated gene transfer approach  

Plants have been genetically engineered for the purpose of developing resistance 

to herbicides, insects or viruses; tolerance to drought, salt or cold; and increasing yield 

(Birch, 1997). At present Agrobacterium-mediated gene transfer is the most widely used 

system for genetic transformation of higher plants. A. tumefaciens is a gram negative soil 

bacterium which infects a wide range of dicot plant species. Transgenic tomatoes do not 

express the gene for polygalacturonase, an enzyme that degrades pectin, leading to 

softening of fruit tissues. As a result, the tomatoes can accumulate flavor components for 

a longer period of time. Cotton, potato and maize were genetically engineered for insect 

resistance, and soybean, canola and cotton were genetically developed for herbicide 

resistance. The Agrobacterium-mediated transformation method has not only been used 

for commercial purposes, but also for basic biology research to study gene regulation or 

protein function in transgenic plants (Mclntosh et al., 2004). Although it has been 

possible to make a genetically modified plant in some plant species, it is still not easy to 

make transgenic plants of all plant species.  This may due to the poor transformation 

event caused by improper environmental conditions during bacterial infection of the 

plant, poor plant regeneration frequency, gene silencing due to position effects or 

transgene copy number after stable integration into the plant chromosome. The 



Agrobacterium-mediated transformation method still requires improvement in these 

aspects. 

2.5 Molecular Mechanism of Agrobacterium-mediated DNA Transfer. 

2.5.1 Bacteriology, Host Range and Opines 

The Agrobacterium tumefaciens-mediated transformation method is commonly 

used to create transgenic plants because it has several merits compared with direct gene 

transfer methods such as particle bombardment, electroporation, and silicon carbide 

fibers. The advantages are: (1) Stable gene expression because of the insertion of the 

foreign gene into the host plant chromosome; (2) Low copy number of the transgene; and 

(3) Large size DNA segments can be transferred. Agronomically and horticulturally 

important crops, flowers and trees have been genetically modified using this method (Ko 

and Korban, 2004; Lopez et al., 2004).  

Agrobacterium tumefaciens is a gram-negative bacterium and soil phytopathogen 

that genetically transforms host plants and causes crown gall tumors at wound sites 

(Smith and Townsend, 1907). The interaction of Agrobacterium and eukaryotic cells is 

the only known mechanism for DNA transport between the different kingdoms in nature. 

Agrobacterium is usually classified by the disease symptomology (type of opine) and 

host range. Agrobacterium can transfer DNA to a broad group of organisms: angiosperms 

(dicots and monocots), gymnosperms and fungi, such as yeasts, ascomycetes, and 

basidiomycetes. Recently, it was found that Agrobacterium can transfer DNA to human 

cells (Gelvin, 2003). The genetic mechanism of host range determination is still obscure, 

but it was reported that several virulence (vir) genes on the Ti plasmid, virC (Yanofsky 

and Nester, 1986), virF (Regensburg-Tuink and Hooykaas, 1993), and virH (Jarchow et 

al., 1991) were involved in determination of the range of plant species. Hood et al. 



(1987) reported that the Ti plasmid in a natural host strain A. tumefaciens Bo542 cannot 

transform leguminous plant species, but when it is placed in the C58 chromosomal 

background, pTi Bo542 causes tumors in soybeans and other legumes. Interaction of the 

Ti plasmid with a particular chromosomal background in bacteria may also control the 

host range. However, it appears that the plant host also plays a role in transformation, 

because many monocot plant species such as maize, rice, barley and wheat can not be 

genetically transformed by Agrobacterium without addition of chemicals, or these plants 

do not develop a crown gall tumor after transformation (Gelvin, 2003). Complex genetic 

mechanisms of the host plants are also necessary for transformation by Agrobacterium. 

Agrobacterium is an effective tool for plant genetic engineering, since a portion of 

the plasmid DNA from Agrobacterium is incorporated into higher plant cells and results 

in crown gall in the host plant (Chilton et al., 1977). Tumor induction is initiated by 

bacterial recognition of monosaccharides and phenolic compounds secreted by the plant 

wound site. ―Activated‖ Agrobacterium transfers a particular gene segment, called 

transfer DNA (T-DNA), from the Ti plasmid, and T-DNA is stably integrated into the 

chromosomal DNA in nucleus of the host plant; the genes for opine synthesis and tumor 

inducing factors in T-DNA are transcribed in the infected cells. This expression of the 

foreign gene in the host plant results in neoplastic growth of the tumors, providing 

increased synthesis and secretion of opines for bacterial consumption (Nester et al., 

1984). Opine is the condensation product of an amino acid with a keto acid or sugar, and 

is a major carbon and nitrogen source for Agrobacterium growth. Agrobacterium is 

classified based on the type of opine. Different Agrobacterium tumefaciens strains 

produce different opine phenotypes of crown gall tumors, because a particular opine 

expressed in the tumor is used for particular bacterial growth. Most common 



Agrobacterium strains produce an octopine or nopaline form of opines (Hooykaas and 

Beijersbergen, 1994). Octopine and nopaline are derivatives of arginine. Agropine was 

found in octopine-type tumors, and it is derived from glutamate (Guyon et al., 1980). 

2.5.2 Tumor-inducing (Ti) Plasmid 

Several components of Agrobacterium are necessary for transferring the piece of 

bacterial DNA into the plant cell. One component is the chromosomal virulence A (chvA) 

gene, which is on the Agrobacterium chromosome and activated by sugars. ChvA protein 

triggers bacteria to bind to the wounded plant tissue and to respond to a specific chemical 

(chemotaxis). The Ti plasmid in bacteria contains the other main components, which are 

generated or activated efficiently for causing crown gall in host plants after bacteria 

attach to the plant wound site. The first is T-DNA, which is actually integrated into the 

plant cell chromosome. The second is the 35-kb virulence (vir) region, which is 

composed of seven loci (virA, virB, virC, virD, virE, virG, and virH). Expression of vir 

genes is triggered by a phenolic compound, which is secreted from the wound site of the 

host plant. The main functions of Vir proteins are to mediate the T-DNA excision from 

the Ti plasmid, export of the T-DNA piece from the bacteria, and insert it into the host 

plant chromosome (Gelvin, 2003). These two components are essential for a successful 

gene transfer. The Ti plasmid also has other components, an opine catabolism region, a 

conjugal transfer region, and a vegetative origin of replication of the Ti plasmid (oriV). 

Engler et al. (1981) found that these vir regions have sequence conservation between the 

octopine and nopaline Ti plasmids. 

2.5.3 Transfer DNA (T-DNA) of Ti Plasmid 

T-DNA is the DNA segment transferred into the plant cell. The T-DNA is present 

on the Ti-plasmid of the wild type Agrobacterium and its size is an average of 25 kb, 



ranging from 10 to 30 kb. The T-DNA region is flanked and delineated by two 25bp 

direct repeats, known as the right border and left border (Sheng and Citovsky, 1996). 

These border sequences are highly homologous and are targets of the border-specific 

endonuclease (VirD1/VirD2). The excised single strand of T-DNA from the Ti plasmid is 

exported from the bacterial cell to the plant cell by the activity of the other 

Agrobacterium Vir proteins. Howard et al. (1992) showed that deletion of the right 

border leads to a reduction of virulence, whereas the left border does not. These data 

suggested that the right border is essential for Agrobacterium pathogenecity. They 

concluded that the transfer of T-DNA is directed from the right to left border by the 

polarity. Additional evidence, that the right border is more important than left border, is 

that the VirD2 protein can alone bind to the single stranded right border sequence and 

cleaves a single-stranded T-DNA. The VirD2 protein remained on the 5‘-end (right 

border) of the resulting single stranded T-DNA molecule, termed the T-strand (Jasper et 

al., 1994). T-DNA of octopine-type Ti plasmid has an overdrive sequence near the right 

border, but not left border, which may enhance the functional polarity of right border and 

left border (Gelvin, 2003).  

Wild type T-DNA also has genes that are involved in plant hormone synthesis in 

the host plant. They are the tml, tms, and tmr regions for leafy tumor, shooty tumor, and 

rooty tumor, respectively, in the plant wound site (Ream et al., 1983). The opine synthase 

region is also located within the T-DNA. Agrobacterium strains are classified based on 

opine type, and components of the T-DNA are different in different opine types. If the Ti 

plasmid is a nopaline type, all components on T-DNA are a contiguous stretch, whereas 

the octopine type T-DNA consists of three individual parts, left (13kb), central (1.5kb), 

and right (7.8kb) Each segment has T-DNA border repeat sequences (Sheng and 



Citovsky, 1996); therefore, these segments are transferred separately to the other 

organism due to the sequence. After T-DNA is integrated into the host plant, opine is 

synthesized, and then secreted out of the cell and imported into Agrobacterium. The 

absorbed opine molecule is catabolized by a specific enzyme in Agrobacterium. Opine is 

degraded into amino acid and the sugar moieties, which can be used as carbon and energy 

sources for bacterial growth. 

2.5.4 Factors affecting transformation Efficiency 

Transformation efficiency can be increased by the manipulation of either the plant 

or bacteria for enhancing competency of plant tissue and vir gene expression, 

respectively (Henzi et al., 2000; Mondal et al., 2001; Lopez et al., 2004; Chakrabarty et 

al., 2002). Seedling age and pre-culturing of explants have been tested to increase the 

transformation efficiency. These trials were conducted to determine the best conditions 

for plant cell infection or increasing the number of dividing plant cells before bacterial 

infection (Amoah et al., 2001; Chakrabarty et al., 2002; Mets et al., 1995). To increase 

the virulence of bacteria by inducing the vir gene expression, temperature (Dillen et al., 

1997; Chakrabarty et al., 2002; De Clercq et al., 2002), medium pH (Mondal et al., 2001; 

Holford et al., 1992; Godwin et al., 1991; De Clercq et al., 2002) and chemical inducers, 

such as acetosyringone (SomLeva et al., 2002; Lopez et al., 2004; Le et al., 2001; 

Chakrabarty et al., 2002; Henzi et al., 2000; Cervera et al., 1998; De Clercq et al., 2002; 

Stachel et al., 1985), have been tested. These factors likely enhance bacterial pili 

formation required for gene transfer between bacteria, as well as between the bacteria and 

plants. Manipulation of other factors, such as bacterial density, co-cultivation duration, 

surfactant, and vacuum infiltration, have also increased transformation efficiency in many 

experiments (Mondal et al., 2001; Lopez et al., 2004; Cheng et al., 1997; Amoah et al., 



2001). According to previous experiments, inducing vir gene expression seems most 

important and effective for increasing plant transformation efficiency, regardless of the 

type of plant being studied. Although low temperature was very important to induce 

bacterial pili formation by inducing the vir gene, optimization experiments were 

conducted at room temperature or over 25°C for co-cultivation. 

2.5.4.1 Effect of Agrobacterium Concentration  

It has been considered in several experiments that transformation efficiency might 

be affected by bacterial growth phase and bacterial cell density. Different concentrations 

of the Agrobacterium have been used by different research groups and for different plant 

materials. In the standard protocol, cells are grown to the stationary phase (A600nm≈2-

2.4), pelleted and resuspended in inoculation medium to stationary or log or mid-log 

phase (A600nm≈0.1-1.15). High concentrations of bacteria at the stationary phase have 

normally been used for rice, legume and tobacco transformation (Hood et al., 1987; 

Kapila et al., 1997; Dillen et al., 1997), and low concentrations of bacteria at the log or 

mid-log phase have been used for broccoli (Mets et al., 1995), cabbage (Henzi et al., 

2000), wheat (Cheng et al., 1997), cottonwood (Han et al., 2000), and tobacco (Krugel et 

al., 2002). 

2.5.4.2 Effect of Co-cultivation Duration  

Co-cultivation for 2 to 7 days has been normally used in Agrobacterium-mediated 

transformation under various co-cultivation temperatures (Han et al., 2000; Mondal et al., 

2001; Cervera et al., 1998; SomLeva et al., 2002). Co-cultivation for 3 days resulted in 

high transformation efficiency. Many transformation experiments in different plant 

species, such as tea (Camellia sinensis L.), cauliflower, white spruce (Picea gluca) and 

citrange, showed that 2 to 3 days of co-cultivation resulted in high transformation 



efficiency under room temperature co-cultivation conditions (Lopez et al., 2004; 

Chakrabarty et al., 2002; Le et al., 2001; Cervera et al., 1998). The co-cultivation 

duration recommended from published protocols for tobacco leaf disk transformation 

varies from one research group to another. They are 2, 3 and 4 days at 26ºC, 24ºC, and 

room temperature cocultivation conditions (Svab et al., 1995). Most previous 

experiments indicated that 2 to 3 days were optimal at 25ºC co-cultivation conditions, 

regardless of plant species. No experiments have been conducted yet to find an optimal 

co-cultivation duration at lower than 25ºC.  

2.6. Current status of transgenic crops in India 

India recently made its long-awaited entry into commercial agricultural 

biotechnology when the Genetic Engineering Approval Committee (GEAC), Ministry of 

Environment and Forests, Govt of India, at its 32
nd

 meeting held in New Delhi on 26th 

March 2002 approved three Bt-cotton hybrids for commercial cultivation.  This is a 

historic decision as Bt-cotton became the first transgenic crop to receive such an approval 

in India. These transgenic hybrids were developed by MAHYCO (Maharashtra Hybrid 

Seed Company Limited) in collaboration with Monsanto. These contain Monsanto‘s 

lepidopteron specific Bollgard® Bt gene, cry1Ac, which offers protection against all the 

major species of Indian bollworms - Helicoverpa armigera, Pectinophora gossypiella, 

Earias vittella and E. insulana. These bollworms, especially H. armigera, have been 

responsible for heavy yield losses.  Annual losses caused by bollworms alone are 

estimated at about US$ 300 million despite repeated spraying of insecticides (6 to 16 

times or more for each crop). It is estimated that insecticides valued at $ 700 million are 

used on all crops annually in India, of which about 50% are used on the cotton crop 

alone.  Since dependable alternative methods were not available, farmers had no option 



except to ‗spray‘ or ‗pray.‘ Bt-cotton has brought in a ray of hope (Barwale et al., 2004; 

Mohan and Manjunath, 2002; Manjunath, 2004).   

 The approval of Bt-cotton or Bollgard®  (Bollgard® is the registered brand name 

for Monsanto‘s Bt-cotton) in India was preceded by about 500 field trials carried out in 

different agro-climatic regions between 1998 and 2001 to assess its efficacy against 

bollworms and the concomitant agronomic benefits.  Experimental data on the bio-safety 

of Bt-cotton were generated by several public funded research institutions as per the 

direction of Department of Biotechnology (DBT), Ministry of Science & Technology, 

Government of India.  

In addition to many trials conducted by MAHYCO as per DBT‘s guidelines and 

supervision, several Bt-cotton hybrids were also evaluated by ICAR (India Council of 

Agricultural Research) in multi-location field trials in 2001. 

The Bt-cotton hybrids approved were MECH 12, MECH 162 and MECH 184.  

Following the approval, Mahyco-Monsanto Biotech Limited (MMB), a joint venture of 

Mahyco and Monsanto, which had only a limited stock of the Bt cotton seeds, sold these 

in six states of south and central India (Andhra Pradesh, Karnataka, Tamil Nadu, 

Maharashtra, Madhya Pradesh and Gujarat) to cover about 29,415 hectares.  Thus, the 

first commercial planting of Bt-cotton occurred in the second half of 2002.  Following its 

success, the area of Bt-cotton increased to 86,240 ha in 2003 and to 530,800 ha in 2004. 

 



Table 2.5. Status of field trials of GM/Biotech Crops in India 2008 Status of field  

Institute Crops Transgene(s) Purpose 

Central Institute for 

Cotton Research, 

Nagpur 

Cotton Bt. cry gene(s) resistant to lepidopteran pests 

Central Potato 

Research Institute, 

Simla 

Potato Bt. cry1A(b) resistant to lepidopteran pests 

Central Tobacco 

Research Institute, 

Rajahmundry 

Tobacco Bt.cry1A(b) and 

cry1C 

resistant to Helicoverpa 

armigera and Spodotera litura 

Narendra Dev 

University of 

Agriculture, Faizabad 

Rice Cry1A(b) gene resistant to lepidopteran pests, 

bacterial and fungal diseases 

National Botanical 

Research Institute, 

Lucknow 

Cotton Cry1E and 

Cry1C with 

terminal altered 

at C-end 

resistant to Spodopotera litura 

and Heliothisis armigera 

Directorate of Rice 

Research, Hyderabad 

Rice Xa-21, cry1A(b) resistant to lepidopteran pests 

and bacterial and fungal 

diseases 

Indian Agricultural 

Research Institute, 

New Delhi 

Brinjal 

Tomato 

Cauliflower 

Cabbage 

Bt. cry1A(b) 

Bt. cry1A(b) 

Bt. cry1A(b) 

Bt. cry1A(b) 

resistant to lepidopteran pests 

resistant to lepidopteran pests 

resistant to Plutella scylostella 

resistant to Plutella scylostella 

International Centre 

for Genetic 

Engineering and 

Biotechnology, New 

Delhi 

Tobacco Bt. cryIIa5 resistant to Spodoptera litura 

Punjab Agricultural 

University, Ludhiana 

Rice Cry1Ab, 

Cry1Ac 

resistance against yellow stem 

borer 

 



CHAPTER- III 

MATERIALS AND METHODS 

 

The present investigation entitled “Cloning and characterization of Ti plasmid 

based vectors carrying Bt genes for developing high efficiency plant transformation 

system.” was carried out at Department of Biotechnology, Indira Gandhi Krishi 

Vishwavidyalaya, Raipur. The detail of the various experiments performed is explained 

below. 

3.1 Materials 

3.1.1 Plant material  

Tissue cultured tobacco (Nicotiana tabacum cv. petit Havana) plants available in 

the Plant Tissue Culture lab of Department of Biotechnology, college of Agriculture, 

I.G.K.V., Raipur was used for the study. Fresh leaves, about 20-25 days old, were taken 

as explants and cut into square sections of about 0.5 cm
2
, 0.75 cm

2 
and 1.0 cm

2 
by using a 

scalpel. 

3.1.2 Bacterial strains 

Escherichia coli - DH5- 

Agrabacterium strain- LBA4404  

Binary vector- pBI121 (plasmid backbone) 

3.2 Construction of recombinant vectors 

Two Bt genes (mVIP and mcry1Ac) were cloned into the expression vector pET-

29(a) (Fig.3.1) having T7 promoter and T7 termination sequences (Appendix I), obtained 

from ICGEB, New Delhi through material transfer agreement (MTA). The two genes 

have been tested for insecticidal activity against major lepidopteran pests viz., Pink boll 



worm, borers or brinjal, cabbage etc. The modified genes mcry1Ac and mVIP have 

shown highly effective against the lepidopteran pest especially Scodoptera litura, Earias 

insulana, Chilo partellus, Spilosoma obliqua, Maruca testulalis, H. armigera and L. 

orbonalis (selvapandiyan 1998).  

In the present investigation mcry1Ac and mVIP genes were cloned into Ti 

plasmid pBI121 (Fig. 3.2) which is a binary vector containing NPT II marker gene for 

developing Agrobacterium based plant transformation. Cloning strategies adopted for 

cloning Bt genes from pET-29(a) vector carrying mVIP and mcry1Ac genes into binary 

vector (pBI121). The pET-29(a) vector carrying mVIP and mcry1Ac genes was digested 

with BamH I and SacI restriction endonucleases to obtain 1.2 kb mVIP and 1.8 kb of 

mcry1Ac genes (inserts). The binary vector pBI121 was also digested with BamH I and 

SacI to obtain the vector backbone DNA having similar cohesive ends as that of pET-

29(a). A suitable vector for high efficiency transformation must possess following 

characteristics (1) beta-glucorinidase (GUS) cassette with CaMV 35S promoter in the 

binary vector pBIN 19 (2) high levels of GUS activity upon Ti-mediated transformation 

of tobacco cells (3) large DNA molecule transfer capacity (10
6
-10

7
/g) (4) Kanamycin 

resistance gene for selection in bacterial and plant cells:. 

The one step ligation reaction was performed to clone the 800 bp insert have 

BamH I and Sac I fragment into the pBI121 vector backbone having the sticky ends for 

the insert used for cloning. The mVIP gene was cloned into pBI121 backbone in between 

35S promoter and Nos terminator. Many putative bacterial colonies grown on the 

selective medium supplemented with kanamycin 50mg/l LB plates. The plasmid DNA 

was isolated from the putative positive clones and checked by restriction digestion 

method to identify the right clone to be used for transformation. 



3.2.1 Isolation of plasmid DNA 

Methods 

 Bacterial cells, E. coli containing the desired clone pET-29(a) and pBI121 were 

grown overnight at 37
o
 C in LB (Luria-Bertani) medium containing suitable 

antibiotic (Kanamycin) @ 50mg/L. 

 The cells were harvested by centrifuging 1.5 ml of E. coli culture at 12000 rpm 

for 7-8 min at room temperature (RT). 

 The supernatant was discarded completely and left the eppendorf tubes in an 

inverted position on a tissue paper for 4-5 minutes to drain off LB    completely.  

 50 l of Lysozyme was added and the pellet was resuspended in 200 l of 

solution I by gentle vortexing or with the help of pipetteman. 

 400l of freshly prepared solution II was added and mixed immediately by   

gently inverting the tubes few times till cell suspension became clear and 

incubated on ice for 5 minutes. 

 Then 300 l of chilled (stored at -20
o
C) solution III was added and mixed 

thoroughly but gently by inverting the tubes several times till a white coarse 

precipitation was visible and then incubated on ice for 15 min. 

 Centrifuged at 12,000 rpm at 4
o
C for 20 min and ~700 l of clear supernatant was 

transferred to a fresh micro centrifuge tube. Centrifuged again at 12,000 rpm at 

RT for 3 min and transferred 600 l of clear supernatant to a fresh micro 

centrifuge tube. 

 450 l of isopropanol was added and mixed well and incubate at RT for 10 

minutes then pellet down plasmid DNA by centrifuging at 12,000 rpm for 5 

minutes at RT. 



 Then supernatant was discarded carefully by decanting and left the tubes in an 

inverted position on a tissue paper for few minutes to drain off isopropanol 

completely. 

 The pellet was washed with 80 l of 70% ethanol to the micro centrifuge tube and 

then centrifuged at 12,000 rpm for 5 min at RT. The supernatant was discarded 

carefully by decanting. Centrifuged once again at above conditions for 1 min only 

and discarded the remaining ethanol with the help of pipetteman. 

 The DNA pellet was air dried for 5 min and dissolved in 25-50 l of TE buffer 

containing RNase A (50 g /ml). 

 The DNA was resolved on 1% agarose gel by electrophoresis as well as Nanodrop 

Spectrophotometer to check the quality and concentration of DNA. 

3.2.2 Restriction Digestion of plasmid DNA 

Restriction digestion of plasmid DNA was set-up in the following way. It is 

desirable to make the cocktail and dispense into eppendorf tubes containing plasmid 

DNA. 

Method: Setting-up digestion reaction 

Table 3.1. Reaction mixture for Single digestion 

Components Volume (l) 

Plasmid DNA 4.0 

Restriction buffer (10 X) 2.0 

Restriction enzyme (EcoR I) 1.0 

Water (Millipore) 13.0 

Make up the final volume 20.0 l 

 



Table 3.2. Reaction mixture component for Double Digestion 

  

 

 

 

 

 

The micro centrifuge tubes containing reaction mixture was incubated at 37
0
C for 1.5-2 

hours. The digested sample was resolved on 1% Agarose gel to check proper digestion. 

3.2.3 Spectrophotometer based quantification of Nucleic Acid 

The quality and quantity of the nucleic acid was determined by measuring the 

absorbance at 260 nm and 280 nm. The amount was calculated taking 1.0l (A 260nm) = 

50 g/ml for DNA. The purity of the nucleic acid was determined by calculating the ratio 

A 260/ A 280 for each sample.  

3.2.4 Elution of Plasmid DNA from the Agarose gel using silica column: 

    The gel slice was cut from the agarose gel containing plasmid DNA (pBI121 as 

vector backbone and inserts mVIP and mcry1Ac from the separate gels). 

    The vector backbone and inserts were collected along with gel slice in separate 

eppendorf tubes.  

    700µl of binding buffer was added and incubated at 60
0
C for 10-15 minutes. 

    Kept at room temperature for 5 min. 

    The gel mixed buffer was passed through the silica column twice by spinning at 

12,000 rpm for 1 min. 

Components Volume (l) 

Plasmid DNA 4.0 

Restriction buffer (10 X) 2.0 

Restriction enzyme (BamH I) 1.0 

Restriction enzyme (Sac I) 1.0 

Water (Millipore) 12.0 

Make up the final volume 20.0 l 



    The column was washed with 750µl of wash buffer by spinning at 12,000 rpm for 

1 min. 

    Then air dried the column for 10 min. 

     50µl of 10mM Tris-HCl (pH-8) was added for elution of DNA. 

3.2.5 Ligation of insert with vector backbone 

 The ligation of digested plasmid DNA with the gene of interest (mVIP and 

mcry1Ac separately) was set-up in the following way: The reaction mixture of 20 l was 

kept for ligation of mVIP and mcryIAc (inserts) into pBI121 vector backbone with the 

ligase enzyme. In general, vector: insert ratio of 1:3 was recommended. In most cases 

either 1:1 or 1:3 molar ratio of vector: insert works well. It works great, if the insert size 

was small or may be the same size as the vector. This has been suggested by Iruela- 

Arispe Lab University of California, Los Angeles.  

Table 3.3 Components for ligation reaction 

 

  

 

 

 

 

 

 

 

The stepwise protocol followed for ligating the two genes, one at each turn, to the vector 

backbone is as under 

 Millipore water (14.0 l) was taken in sterile 1.5 ml tube. 

 2 l of ligation buffer was added to the tube. 

Components Volume (l) 

Digested plasmid DNA 

(vector DNA) 

1.0 

Gene of interest (insert) 1.0 

Ligase buffer 2.0 

Ligase enzyme 2.0 

Water (Millipore) 14.0 

Make up the final volume 20.0 l 



 Buffer was gently vortexed before use and due care was taken because buffer 

contained ATP, so repeated freeze, thaw cycles can degraded the ATP thereby 

efficiency of ligation may decreased.  

 1.0 l of insert was then added to the tube containing buffer along with 1.0 l of 

vector DNA.  

 2.0 l of ligase was then added and whole ligation reaction mixture was incubated 

at 22.5°C for 30 minutes.  

 The ligase enzyme was denatured at 65°C for 10min and dialyzed for 20 minutes 

and finally stored at -20
o
C. 

3.3 Recombinant DNA techniques for cloning and DNA analysis 

3.3.1 Preparation of competent E. coli cells for transformation 

 

 Single bacterial (E coli- DH5-) colony was picked and suspended into 5 ml of 

LB medium. Grown at 37
0
C, 200 rpm for 16-20 hours. 

 Then 1 ml of the growing culture was transferred into 50 ml LB broth and was 

grown under similar conditions for 2.5 to 3 hours, till the optical density of the 

culture reaches 0.4 at 600 nm. 

 The culture was transferred into sterile polypropylene tubes and was stored in ice 

for 10 min. 

 Then it was centrifuged at 3000 rpm for 10 min at 4
0
C, to recover the cells. 

 The cells were resuspended in 20 ml of 100mM CaCl2 by gentle swirling. The 

cells were again recovered by centrifugation at 3000 rpm for 10 min at 4
0
C. 

 The pellet was resuspended in 3 ml of cold 100 mM CaCl2 and 1.5 ml of 50% 

sterile glycerol was added into it. 

 Aliquot of cells was taken in sterile eppendorfs (150µl) and store at -80
0
C. 



Table 3.4 Composition of the LB medium (Luria-Bertani) 

Constituents Concentration (g/L) 

Nacl 

Tryptone 

Yeast extract 

Agar 

10g 

10g 

5g 

15g 

 

3.3.2 Bacterial transformation using heat-shock method 

    The competent E. coli (DH5-α) cells were removed from -70
0
C on ice and add the 

plasmid DNA (pBI121 backbone + insert) to be transformed into it. The DNA 

should not be more than 50 ng in volume less than 10l. Incubate on ice for 20-25 

min. 

    The tubes carrying vector backbone (pBI121) and inserts (mVIP and/or mcry1Ac) 

were transferred to a water bath at 42
0
C for 90 seconds. Immediately chilled the   

cells on ice for 1-2 min. 

    850l of LB medium was added to the cells and was grown for half an hour at 

37
0
C, 200 rpm. 

    The appropriate amount of cells on LB medium was plated and supplemented 

with the suitable antibiotic (in this study, kanamycin) to select the transformed 

colonies. 

    The plates were incubated at 37
0
C for 12-16 hrs for transformed colonies to 

appear. 

3.3.3 Selection of positive clones 

    The competent E. coli cells were transformed with ligation mixture (carrying 

rDNA plasmids) using freez thaw method as given by Sambrook et al., (1989). 



    After 24 hours at 37
o
C, the single transformed cells were identified on the 

minimal medium containing respective antibiotic (Kanamycin) were isolated and 

reviewed in LB suspension culture. Selection of positive clones has been done on 

the selective medium containing Kanamycin @ 50 mg/L (Fig.3.3). 

3.3.4 Development of Agrobacterium with positive clones 

 Recombinant plasmid construct (modified pBI121) was transformed into 

Agrobacterium tumefaciens strain- LBA 4404 by freeze-thaw method. Transformation of 

Agrobacterium (LBA 4404) with recombinant pBI121 (having vector backbone and 

insert) plasmid construct was carried out by mixing 10 µg of DNA with competent E. coli 

cells (DH5-α) followed by immediate freezing in liquid nitrogen. Subsequently cells were 

thawed by incubating the eppendorf tubes at 37
o
C for 5 minutes. One ml of LB medium 

was added to the tube and incubated at 28
o
C for 3 hours. Cells were spread on LB agar 

plates supplemented with 50 g/ml Kanamycin and incubated at 28
o
C transformed 

colonies that appeared after 1-2 days were analyzed either by PCR or the positive 

colonies were confirmed by restriction digestion of the purified recombinant plasmids. 

3.4 Tobacco Transformation 

3.4.1 Tissue culture protocol for tobacco (Nicotiana tabacum cv. petit Havana) 

         Transformation 

 

Tobacco variety (Nicotiana tabacum cv. petit Havana) was used for 

Agrobacterium-mediated transformation (Fig.3.4). Propagation of sterile tobacco plants 

as a source of leaf disks. It is preferable to maintain continuously sterile tobacco plants 

than to surface-sterilize plants before each transformation. A tissue culture technique 

provides healthy, viruses, insect-pest and disease free plants.  



3.4.1.1 Plantlet propagation 

 Plantlets containing two leaves with the connecting stem were cut with a sharp 

knife and transferred to Magenta boxes containing fresh MS medium. 

 Plantlets were then allowed to grow for 4 to 5 weeks. At this stage, they may be 

used as a source of sterile leaf disks and can be cut and transferred again.  

3.4.1.2   Selection of explants 

Tobacco (Nicotiana tabacum) cultivar petit Havana was used as the source of leaf 

disks in the study. Havana is regenerated easily from leaf disks. The leaves of tobacco 

plant used for transformation were selected as of age not more than 30 days. Two tobacco 

plantlets were sufficient to provide 50 leaf disks. 

3.4.1.3 Co-cultivation Method of tobacco leaf disks with Agrobacterium 

 Tobacco plants were grown in sterile condition (in sterile magenta jar containing 

MS 30 Solid Medium.) for 1-2 months, or until fully expanded green leaves 

obtained. 

 Fully expanded, young leaves (2
nd

-6
th

 leaves) in sterile condition were collected. 

 The leaves were cut into MS 15 Liquid Medium in Petri plates and then 

resuspended in overnight grown Agrobacterium culture in MS15 Liquid Medium 

(0.4-0.6 OD at A595nm). 

 The leaves were transferred into Petri dish containing the MS 15 Liquid Medium 

and overnight grown Agrobacterium culture. 

 The leaves were cut with forceps and blade and left for 10 minutes with 

occasional agitation. 

 The cut leaves were blotted between two sheets of sterile Wattman filter paper.  



 The leaf segments were then placed on MS 30 Solid Medium for co-cultivation 

for 2-3 days at 28°C in growth chamber. 

 After incubation the leaves were transferred to regeneration media (MSBN 

Medium). 

 The infected leaves were kept in growth chamber under light for 3-4 weeks with 

intermittent transferred into regeneration medium in every 7 days. 

 When regenerated shoots were about 1.5-3.0 cm long, they were cut with sharp 

scalpel. 

 The shoot lets were transferred to selective medium and checked for rooting. If 

transformed, roots will appear within 2-4 weeks depending on gene constructs. 

 Selected transformed plants having roots were cut to multiply and transferred into 

magenta jars containing selective medium. 

 Plantlets were then transferred to primary hardening in sterile substrate under 

controlled growth conditions.  

 PCR screening of putative transformants was performed.  

3.4.1.4 Preparation of Agrobacterium culture for co-cultivation 

 The Agrobacterium inoculums of strain LBA 4404 containing desired gene 

construct were grown on the minimal media plates containing 50mg/L Kanamycin for 2 

days at 28±1°C in the dark.  Agrobacterium was scrapped from AB medium plates and 

inoculated the culture in 5 ml of liquid AB media (Table 3.5) with respective antibiotic, 

Kanamycin. The overnight grown 5 ml media was again inoculated in 50 ml AB medium 

supplemented with Kanamycin @ 50 mg/L on rotary shaker @ 200 rpm at 28°C for 2-3 

hours till the inoculums density OD600 reaches 0.4- 0.6. Inoculums density for the 

bacterial suspension was measured at OD600 using Spectrophotometer. 



Table 3.5 Composition of AB Media used for Agrobacterium culture 

Stock Components Amounts (g/500 ml) 

Stock -I 

 

KH
2
PO

4
   

NaH
2
PO

4
                                    

30.0 

10.0 

Stock-II 

 

NH
4
Cl  

MgSO
4
.7 H

2
O  

KCl  

CaCl2  

FeSO
4
.7H

2
O  

10.0 

3.0 

1.5 

0.1 

0.025 

Stock-III                                         Glucose 

Agar 

 5.0 

15.0 

 

 

3.4.1.5 Infection and co-cultivation of tobacco Leaf Discs with Agrobacterium 

            tumefaciens 

 

 Agrobacterium tumefaciens was grown at 28°C in AB minimal medium in the 

presence of 50 mg L
-1

 Kanamycin. The cells were harvested in log phase, washed, and 

resuspended in liquid MS media at an OD600 of 0.6–0.8. Leaf sections were incubated 

with resuspended cells for 5-15 min and blotted dry on sterile Wattman No.1 filter paper 

and transferred on to the co-cultivation medium under dark at 28°C for 2-3 days Leaf 

sections were co-cultivated with Agrobacterium for different periods of time ranging 

from 5 to 15 minutes before transfer to shoot induction media containing Cefatoxime for 

control of Agrobacterium and Kanamycin for selection of transformed tissue (Fig.3.4). 

Shoots were regenerated in the presence of 50 mg L
-1

 Kanamycin and 250 mg L
-1

 

Cefatoxime using the method previously described and rooted with antibiotics of the 

same concentrations in MS media without PGR (Table 3.6 and 3.7). 



3.4.1.6 Plant Regeneration Protocol 

 After 4-6 days of co-cultivation leaf discs were washed with liquid MS having 

antibiotic Cefatoxime 250mg/L to prevent Agrobacterium overgrowth followed 

by drying on sterile filter paper. 

    Leaf pieces were transferred to Petri plates containing selective medium having 

antibiotic Kanamycin 50 mg/L and wrapped with Para film. 

    Incubated in a 28°C growth chamber under 16/8-day/night photoperiod for 2 

weeks. 

    Leaf pieces were transferred to new MS Magenta jars with fresh selection 

antibiotic (Kanamycin), and incubated for an additional 10-14 days during which 

the 1
st 

or additional shoots would appear. 

    When shoots attached to the explants reached 2-3 cm height they were transferred 

to the MSO medium (without any hormone) with Kanamycin which prevents 

rooting of the escapes but facilitate the rooting of the transformants.  

Plant regeneration frequency was calculated as follows:  

                                                            Number of regenerated calli 

Plant regeneration (%) =         x 100 

 Number of calli incubated 

 

      

 

 

 

 

 

 

 

 

 

 

 

 



Table 3.6 Composition of MS Media 

 

 (a) Macro-nutrients Amounts (mg/lit.) 

KNO
3
 1900 

CaCl
2 

.2H
2
O 440 

MgSO
4
.7H

2
O 370 

NH
4
NO

3
 1650 

KH
2
PO

4
 170 

(b) Micro-nutrients Amounts (mg/lit.) 

KI 0.83 

H
3
BO

3
 6.2 

MnSO
4
.H

2
O 22.3 

ZnSO
4
.7H

2
O 8.6 

Na
2
MoO

4
.2H

2
O 0.025 

CuSO
4
.5 H

2
O 0.025 

AlCl
3
 0.025 

FeSO
4
.7H

2
O 27.85 

Na
2
.EDTA. 2H

2
O 37.25 

(c) Organic constituents Amounts (mg/lit.) 

Inositol 100.0 

Thiamine HCl 0.1 

Pyridoxine HCl 0.5 

Nicotinic Acid 0.5 

Glycine 2.0 

 

Agar-Agar- 8 gm/lit. Sucrose- 30 gm/lit, pH-5.7 

Note: FeSO
4
.7H

2
O & Na

2
.EDTA.2H

2
O dissolved separately in 450 ml distil 

water. Boil EDTA solution and add it to FeSO
4 

gently & pH -5.5 was 

adjusted. Then added distilled water to make the final volume to 1 liter. 

     

 

 



Table 3.7 Shoot and root induction media (MSBN) for tobacco 

 

Components Callus/shoots (mg/l) Rooting (mg/l) 

MS salts 4,400.0 4,400.0 

Thiamine 0.6 10.0 

Nicotinic acid 0.5 1.0 

Pyridoxine 0.5 1.0 

Inositol 100.0 100.0 

Sucrose 30,000.0 30,000.0 

BAP 2.0 - 

NAA
 

0.1 - 

pH 5.8 5.8 

Agar agar 8,000.0 8,000.0 

Kanamycin 50.0 50 

Cefotaxime 250.0 - 

 

Note:   Neomycin phosphotransferase (NPT) gene fusion confers resistance to 

Kanamycin (selectable marker). All hormones were added prior to 

autoclaving and all antibiotics are added post autoclaving. Antibiotics for 

bacteria control. The antibiotics should be sterilized and stored at 20
o
C. 

 

Table 3.8 Concentrations of various antibiotics used 

 

Antibiotic Abbreviation Concentration (g/ml) 

Kanamycin 

Cefatoxime 

Kan 

Cefa 

50 

25 

 

Antibiotic Solutions: 

 Kanamycin monosulfate (Sigma K 1377) was prepared as a 50 mg/ml stock 

solution in distilled water and filter sterilized. Stock solution was prepared fresh 

for each experiment or stored at -20°C for no longer than 2 weeks. 

 Cefotaxime (Sigma C 7039) was prepared as a 50 mg/ml stock solution in 

distilled water and filter sterilized. 



Note: All other antibiotic solutions were prepared in appropriate solvents (water or 

ethanol) and added to media which had been cooled to 55°C. 

Table 3.9 Different media used for tobacco transformation 

Medium Components Amount (g/L) 

MS 30 Liquid Medium (1 liter) MS salts 4.32  

 

 Sucrose (3%) 30.0 
MS 30 Solid Medium (1 liter) MS salts 4.32 

 Sucrose (3%) 30.0 

 Agar (0.8%) 8.0 

MS 15 Liquid Medium (1 liter) MS salts 4.32 

 Sucrose (1.5%) 15.0 

Shoot Regeneration Medium (1liter ) MS30 Solid 

Medium 
1Liter 

 BA (Benzyl Amino 

purine) 
2.0 mg 

 NAA 1.0 mg 

 Kanamycin 100 mg 

 Cefotaxime 250 mg 

Root Regeneration Medium (1 liter) MS30 Solid 

Medium 
1Liter 

 NAA 1.0 mg 
 Kanamycin 100 mg 

 Cefotaxime 250 mg 

Selective Medium (1 liter) MS30 Solid 

Medium 
 

 Kanamycin 100 mg 

 Cefotaxime 250 mg 

 

3.5 Molecular screening of putative transgenic plants by PCR analysis 

 

3.5.1 Genomic DNA isolation from T1 plants 

Genomic DNA was isolated by homogenizing 100-150 mg of leaf tissue and 

extracting essentially according to CTAB method given by Saghai Maroof et al., (1984). 

The stepwise protocol is given below: 



 About 100 mg of tender shoot was grinded in 400 l 2X CTAB exaction buffer 

with a glass rod on spot plate. 

 400 l more of 2X CTAB extraction buffer was added and mixed thoroughly, in ~ 

700 l of solution and then transferred, into 1.5 ml eppendorf tube. 

 Incubated at 65°C on water bath for 15 min and then cooled briefly and 700 l of 

Chloroform: Isoamyl Alcohol (24:1) was added. 

 The contents were shaken by hands intermittently and kept at room temperature 

for 15 min. Tubes were centrifuged at 13,000 rpm for 3 min. 

 600 l of upper aqueous phase was transferred into a new 1.5 ml eppendorf tube. 

900 l of absolute ethanol was added and mixed gently and the tubes were kept 

for 2 hrs at –20°C. 

 The sample was centrifuged for 3 min at 10,000 rpm, the supernatant was 

decanted. The pellet was washed with 70 % ethanol and air-dried. 

 DNA pellet was air dried and then dissolved in 50 l of TE buffer. 

3.5.2 Quantification of Genomic DNA 

Genomic DNA extracted from T0 plants was quantified with Nanodrop 

spectrophotometer as well as 0.8% agarose electrophoresis. About 3µl of DNA samples 

isolated from each plant along with the standards of known quantity of DNA was loaded 

on 0.8% agarose gel. The DNA was stained with Ethidium Bromide and observed under 

UV trans-illuminator. The quantity of DNA was estimated by comparing with 

fluorescence of standards. After the quantification DNA was diluted with sterile water 

such that the final concentration of DNA was 50 ng/µl. 

3.6. Reagents and solutions used for Genomic DNA isolation 

 1M Tris- HCl (PH-8.0)  



30.28g of Trizma base was dissolved in 200 ml of distilled water. The pH was set 

to 8.3 using concentrated HCl. The solution was allowed to cool at room temperature 

before making a final adjustment of pH. The final volume was adjusted to 250 ml with 

distilled water and sterilized by autoclaving. 

  0.5M EDTA (pH-8.0)  

186.1 g EDTA was dissolved in 800 ml distilled water stirred vigorously on a 

magnetic stirrer and the pH adjusted to 8.0 with NaOH.  The volume was made up to 1 L. 

 CTAB extraction Buffer  

5 g CTAB, 20.35 g NaCl dissolved in 200 ml double distilled water later 25 ml 1 

M tris HCl 10 ml 0.5 M EDTA were added and stirred vigorously on a magnetic stirrer.  

Volume was made upto 250 ml and stored in room temperature and 20 l /20 ml 2- 

Mercaptoethanol added into it prior to use.  

 TE buffer (pH-8.0) 

10 ml 1 M   Tris HCl mixed with 2 ml 0.5 M EDTA the volume was adjusted by 

using 988 ml of sterile double distill water. 

 PCR Reagents  

 dNTPs: (dATP/dCTP/dGTP/dTTP) 

 100mM stock of each dNTP was diluted to 1mM of dNTP (i.e. 10 µl of each 

dNTP + 990 µl of sterile water). 

   2.5 M CaCl2  

 36.8 g of CaCl2 was dissolved in 50 ml of Autoclaved double distilled water. 

 

 

 



 

 

 PCR Buffer (10X) 

Components Concentration 

1 M  Tris (pH 8.3) 4.0 ml (100mM final Conc.) 

1M    KCl 10.0 ml (500 mM final Conc.) 

1.5 mM  MgCl2 2.0 ml 

Gelatin 2.0 ml (1 mg/ml final Conc.) 

Sterile water 4.0 ml 

Total 20.0 ml 

 

 50X TAE buffer 

Components Concentration 

Trizma base 121.00 g 

Acetic acid (glacial)  28.55 ml 

0.5M EDTA (pH 8.0) 100.00 ml 

Water  50.45 ml 

Total    300 ml 

3.6.1 PCR analysis 

The initial screening for the presence of transgene in regenerated plants was done 

using PCR (Polymerase Chain Reaction) technique as per the methods described by Datta 

et al., (1999). Plant DNA isolated from leaf tissue was used as template to obtain 

amplification product of mcry1Ac and mVIP genes for screening of putative transgenic 

plants. For integration of transgenes, following gene specific primer pairs were used.  

cryIAc primer 

Forward-5‘ATG GAT AAC CCA AAC ATT AAC-3‘ 

Reverse-5‘GTA CTC AGC CTC AAG AGT GGC-3‘         

mVIP primer 



Forward-5‘GTT GAC CAC TAG AGC TTT GC-3‘ 

Reverse-5‘CTT AAT AGA GAC ATC GTA G-3‘  

The 100 ng of genomic DNA isolated from putative transgenic tobacco plants, the 

negative control (non-transgenic/non-infected) plant and plasmid DNA which was used 

for transformation were used as template for PCR reaction. The PCR reaction mixture 

consisted of 10 ng of template DNA, 50ng/µl of each the primer, 0.5mM dNTPs, 10X 

PCR buffer and 1-2 Unit of Taq DNA polymerase in final volume of 20ul (Table 3.10).  

Table 3.10 PCR components with their quantity used for screening the putative   

                   transformants of tobacco 

 

Components Concentration Quantity (µl) 

1. Genomic DNA 10 ng/µl 2.0 µl 

2. Taq Buffer  10 X 2.0 µl 

3. dNTPs  0.5mM 2.0 µl 

4. Primer F 50ng 1.0 µl 

5. Primer R 50ng 1.0 µl 

6.Taq Polymerase 1-2 U/µl 1.0 µl 

7. Sterile Water - 11.0 µl 

Total  20.0 µl 

 

The PCR was performed in Thermal Cycler (MJ Research, PTC 100, USA). The 

PCR conditions were set as per the transgene and primer combinations used (Table 

3.10(a) and 3.10(b). PCR products were separated on 1% agarose gel (in 1X TAE 

electrophoresis buffer) containing 0.5 µg/ml ethidium bromide. Separated products were 

visualized under UV light and photographed using gel documentation system (Bio Rad, 

USA) to examine the size of the amplification products. Based on the size of DNA band 



and its comparative position with amplified product of a plasmid DNA, transgenic plants 

were designated as positive. 

 

Table 3.10(a) Temperature profile used for the amplification of Bt gene, mcryIAc 

 

Steps Temperature (
o 

C) Duration 

(min) 

Cycles Activity 

1 

2 

3 

4 

5 

6 

94 

94 

50 

72 

72 

4 

2.0 

0.45 

0.45 

0.45 

4.0 

7.20 

1 

 

35 cycle 

 

1 

1 

Denaturation 

Denaturation 

Annealing 

Extension 

Final extension 

Storage 

 

Table 3.10(b) Temperature profile used for the amplification of Bt gene, mVIP 

Steps Temperature (
o 

C) Duration 

(min) 

Cycles Activity 

1 

2 

3 

4 

5 

6 

94 

94 

55 

72 

72 

4 

2.0 

0.45 

0.45 

0.45 

4.0 

7.20 

1 

 

35 cycle 

 

1 

1 

Denaturation 

Denaturation 

Annealing 

Extension 

Final extension 

Storage 

 

3.7 Standard deviation (SD) 

Standard deviation is the root of the sum of squares of deviation divided by their 

number. Calculated by the formula 

Standard deviation =  



CHAPTER- IV 

RESULTS AND DISCUSSION 

 

The present study entitled “Cloning and characterization of Ti plasmid based 

vectors carrying Bt genes for developing high efficiency plant transformation 

system” was undertaken to develop the Ti plasmid based suitable vectors for 

Agrobacterium mediated transformation of crops. Two Bt genes (mcry1Ac and mVIP) 

cloned into pET-29(a) expression vector were obtained from ICGEB (International 

Center for Genetic Engineering and Biotechnology), New Delhi and cloned into the 

binary vector pBI121 by replacing a reporter gene GUS with coding region of both genes. 

Further, the efficiency of cloned plasmids were assessed using transformation of tobacco 

(Nicotiana tabacum cv. petit Havana) - a model plant system for plant genetic 

engineering research. The study also aimed to evaluate the factors affecting tobacco 

tissue culture, its subsequent transformation efficiency and molecular screening of 

transformants.  

4.1 Construction of Vector 

The two modified Bt genes (mcry1Ac and mVIP) have been characterized and 

found highly effective against the lepidopteron pests especially Scodoptera litura, Earias 

insulana, Chilo partellus, Spilosoma obliqua, Maruca testulalis, H. armigera and L. 

orbonalis (Selvapandiyan 1998). These two modified Bt genes were generously provided 

by ICGEB, New Delhi in the pET-29(a) plasmid under the control of T7 promoter. The 

coding regions of 1.2 Kb of modified VIP (Vegetative Insecticidal Protein) and 1.8 Kb 

mcry1Ac (Crystal protein) fragments were cloned into binary vector pBI121, which is 

one of the popular vectors used in plant transformation (Jefferson et al., 1987). The 



binary vector pBI121 is very popular vector used for the Agrobactrium mediated 

transformation of several crop plants. The uses of pBI121 as the high efficiency 

transforming vector for plant transformation have been reported by several workers 

(Hofgen and Willmitzer, 1990, Chen et al., 2003, Newell 2000). Agrobactrium meditaed 

transformation using pBI121 as donor for the kanamycin resistance has been developed 

for many crops viz; peanut (Rohini and Rao, 2001, Sharma and Anjaiah, 2000), shallot 

(Zheng et al., 2001), sprouce (Lee et al., 2001), buckwheat (Kojima et al., 2000) and rice 

(Jadhav et al., 2008). The two clones were developed in the vector backbone of pBI121 

by replacing the reporter gene GUS with the mVIP and mcry1Ac coding regions in the 

present study. The cloning strategy used for the construction of two recombinant vectors 

is illustrated in Fig 4.1 and 4.2.  

The pET-29(a) vector carrying mVIP and mcry1Ac was digested with two 

restriction enzymes BamH I and Sac I to obtain the 1.2 kb and 1.8 kb fragments coding 

regions of mVIP and mcry1Ac genes respectively and fragments were gel eluted. 

Similarly, the binary vector pBI121 was also digested with BamH I and Sac I enzymes to 

obtain the vector backbone (Fig 4.1 for mVIP and 4.2 for mcry1Ac). The sticky end 

ligation for two different restriction endonucleases assured correct orientation of the 

genes into into binary vector pBI121 (Fig. 4.3). The orientation of the genes was then 

confirmed by restriction digestion analysis using complete digestion of newly constructed 

vectors with BamHI and SacI enzymes (Fig 4.4 (a) and (b). The resultant vectors pBI121 

mVIP and pBI121 mcry1Ac were 1.2 kb and 1.8 kb in length, respectively. The 

reconstructed binary vectors obtained as pBI121 containing the mVIP and mcry1Ac gene 

each driven by CaMV35S promoter and Nos terminator.   

 



4.2 Refinement of tissue culture based in vitro systems of Tobacco 

The tissue culture response for all the crops including tobacco is influenced by 

several factors viz; genotypes, age of the plants, target tissues, PGR concentrations etc. 

leaf area factors has been reported (Gu and Zhang, 2005; Raghu et al., 2006).  To validate 

the cloned vectors on plant transformation, tobacco (Nicotiana tabacum cv. petit Havana) 

has been transformed using leaf disc method mediated by Agrobaceterium tumefaciens. 

Sub-culturing of tobacco twigs (with inter-nodes) in the MS basal medium produced 

sufficient leaves to be used as explants for the transformation experiments.  

4.2.1 Effect of leaf age on shoot regeneration 

 

To analyze and understand effect of age of leaf on shoot regeneration, explants 

obtained from 20-30 days, 30-40 days and 40-50 days old leaves (Fig 4.5) were used. 

Shoot regeneration started within 25 days after the transfer of leaf explants to MSBN 

medium (regeneration media). Within four weeks, calli were observed with green shoot 

bulbs. Marked difference in regeneration was observed between leaf explants of different 

age. The results indicated that explants taken from 20-30 days old leaves had 85.33 % 

higher shoot regeneration on an average as compared to those explants obtained from 30-

40 and 40-50 days old leaves. As the age of the leaf increased, the shoot induction 

capacity from the cut ends of explants was found to reduced (Table 4.1). A variety of 

related work done on the other plant species has demonstrated that age of explants donors 

affected regeneration of shoot lets, although the specific factor influencing regeneration 

capacity remains a matter of debate and varies among plant species (Grant and Hammatt, 

2000). Our results suggested that the young leaves of 20-30 days old in vitro cultured 

plant showed better regeneration capacity than the fully developed leaves taken from 30-

40 and 40-50-days old plants which is in agreement with the findings of Perez-Tornero et 



al., (2000) and Gu and Zhang (2005) in Apricot (Prunus armeniaca L.) and Zhanhua 

winter jujube (Zizyphus jujube Mill) plants. Whereas in contradiction to results reported 

by Lane et al. (1998), Rout (2002) and Mahalakshmi et al., (2006), who suggested that 

primary leaf explants (cut at the node) taken from two cultivars of mungbean from four-

day-old and ten-day-old seedlings showed better regeneration than mature leaves. The 

varying response reported for regeneration capacity in relation to age of source explants 

in different species indicated that age of leaf in turn influences other metabolic or growth 

factors that affect shooting efficiency.  Similarly Rodriguez et al., 2008 reported the high 

tissue culture response in young /juvenile internodal young leaf segment of sweet orange 

(Citrus sinensis L.) compare to that of mature leaf and adult/mature tissues of the same 

crop.  

 Table.4.1. Effect of age of explant on shoot induction 

S. No Age of leaf  No of 

explants 

No: of Callus 

induced 

% of Callus 

induced 

No: of 

Shoot per 

explant 

1 20-30 75 64 85.33 
8 ± 5 

 

2 30-40 75 56 74.47 
6 ± 3 

 

3 40-50 75 44 58.67 
4 ± 3 

 

 

Data was collected on 25 day of incubation. Data presented here shows the effect of age 

of tobacco plant on callus induction in three treatments. 20-30 days old sub-cultured plant 

is giving good number of shoots. 

 

4.2.2 Effect of sizes of explants on in vitro callus induction of N. tabacum cv.           

petit Havana 

 

Earlier studies have revealed that the leaf disc method is very simple and 

convenient, since the selection and plant regeneration process is rapid. It has become the 

standard method for a number of dicots such as tobacco, petunia and tomato, etc (Li Wei 



et al., 2000). In order to study the effect of size of the leaf disc on in vitro callus 

induction, leaf disc of different sizes viz. 0.5, 0.75 and 1.0 square cm. area (Table 4.2 and 

Fig.4.6) were placed on callus induction medium with the adaxial surface toward the 

medium.  

It was observed that the leaf discs of 0.5 cm.sq. was most suitable for callus 

inducation as maximum number of calli wer obtained from these leaf discs. Similar size 

of leaf discs has been used for Agrobacterium-mediated transformation of tobacco lines 

in a routine laboratory procedure by Horsch et al., 1985; Rogers et al., 1986; Burow et 

al., 1990. Therefore in our investigation also leaf discs of about 0.5 square cm were used 

for further transformation experiments.  

Table 4.2: Effect of size of explants of tobacco on callus induction 

S. No 
Size of leaf disk 

in cm
2
 

No: of leaf disc 

inoculated 

No: of discs 

callusing 

% of calli 

induced
* 

1 0.50 50 40 80 ± 12.5 

2 0.75 50 38 76 ± 11.25 

3 1.00 50 29 58 ± 8.87 

Data collected after 25 days of incubation. The table showed the effect of size of leaf disc taken 

from the lower portion of sub cultured 20-30 days old plant. Out of three treatments, 0.5 cm.sq. 

showed the maximum percentage of callus induction. * Data is presented as ± SE 

 

4.2.3 Optimization of concentration of Kanamycin for selection of transformants 

Sensitivity of leaf discs to Kanamycin was established prior to actual 

transformation experiments in order to determine the effective concentration for 

selection. Higher Kanamycin concentration has been found to be too toxic to leaf disc 

and caused immediate browning (Husaini et al., 2008) while a lower concentration will 

allow regeneration of non-transformants and hence produce misleading results. To 

optimize the concentration of kanamycin for selection the maximum callus regeneration 

showing leaf discs of 0.5 cm
2
 area obtained from 25 to 30 days old tissue cultured plants 



developed through subculture of nodal explants, were used. These leaf discs were 

inoculated onto different medium supplemented with four levels of Kanamycin as 0, 50, 

80 and 100 mg/L. The time and number of leaf disc mortality was recorded to identify the 

optimum concentration of Kanamycin to be used for selection of Agrobacterium infected 

leaf discs of tobacco. The leaf discs were infected with Agrobacterium tumefaciens, as 

tobacco control plants (wild type) carry no selectable markers genes they will become 

necrotic when grown in regeneration medium containing Kanamycin at 50 mg/L 

concentration while, explants carrying Agrobacterium plasmid which confers resistance 

to Kanamycin will grow easily. Table 4.3 shows the appropriate concentration of 

Kanamycin for the selection, a 50 mg/l Kanamycin was used for selection of transformed 

cell in leaf discs (Fig.4.7). 

Table 4.3 Effect of various concentration of Kanamycin on tobacco explants. 

 

S. No 

kanamycin 

Concentration 

(mg/l) 

No of leaf 

discs co-

cultured 

Mortality of leaf discs 

3
rd

 of inoculation 7
th

 of inoculation 

No of Dead 

leaves 
% 

No of Dead 

leaves 
% 

1 00 25 All survived 

2 50 25 10 40 25 100 

3 80 25 20 80 00 00 

4 100 25 25 100 00 00 

 

Data was collected on 3
rd

 and 7
th
 day of incubation of explants on selection media containing 

different concentration of kanamycin. Same size (0.5 cm.sq.) leaf disc and age of leaf was kept 

constant to find the effect of kanamycin. 

 

In the absence of Kanamycin, the all leaf discs regenerated normally and 

produced multiple shoots on the periphery. The leaf discs showed total mortality on 3
rd

 

day at 100mg/L Kanamycin, similarly at 80mg/L Kanamycin the leaf discs showed total 



mortality within 7
th

 days. However, the growth of leaf discs was considerably restricted 

and bleaching was complete at 50mg/L Kanamycin on 7
th

 day (Fig. 4.8). Hence, 50mg/L 

Kanamycin concentration was identified as optimum for selection of transformed cells. 

Xu, et al., 2008 have also suggested the use of 50 mg/L Kanamycin as a selective growth 

system for genetically transformed M. zumi. 

4.3  Agrobacterium mediated transformation of model plants Tobacco using leaf disc 

method  

 

4.3.1 Transformation of Tobacco leafs with pBI121mVIP and mcry1Ac 

  Burow et al., (1990) has standardized the tobacco co-cultivation protocol which 

indicated that optimum effective Agrobacterium density from 0.4-0.6 at A600 and co-

cultivation period. Sterile tobacco young leaves of size 0.5 cm.sq. were cut from 20-30 

days old plant. Forty-five leaf discs were placed into one Petri dish for bacterial 

inoculation. Leaf disks were soaked in 10 ml of Agrobacterium tumefaciens harboring 

pBI121 with mVIP and mcry1Ac. 15-20 leaf discs were placed in one Petri dish and kept 

in co-cultivation media. 

4.3.2. Factors affecting the transformation efficiency 

4.3.2.1 Co-cultivation Duration Effect on transformation efficiency 

The known protocols for tobacco leaf disc transformation have revealed different 

duration of co-cultivation varying from 2, 3 and 4 days at 26ºC, 24ºC at room 

temperature (Svab et al., 1995). The reports on tobacco transformation have indicated 

that Agrobacterium concentration as well as co-cultivation time affects the transformation 

efficiency (Lopez et al., 2004 and Chakrabarty et al., 2002). Here in the study we found 

that both mVIP and mcry1Ac inserts showed best result at 0.4 O.D concentration of the 

Agrobacterium inoculum for 5 min (Table 4.4). A total of 100 explants were infected for 

each experiment and were kept in selection media after infection. The rate of callus 



formation was determined after 4 weeks when the leaf discs were in 3
rd

 selection. It was 

observed that most of the explants co-cultivated with Agrobacterium strain-LBA4404 

turned brown with more co-cultivation time, on transfer to the selection media (Table 

4.4). Figure 4.9(e) shows the optimum growth of shootlets in regeneration medium 

(MSBN medium). In our investigation we found that the extension of incubation of 

Agrobacterium-infected leaf disks from two days to seven days was the modification that 

contributed the most to the success of the transformation experiment.  

Table 4.4 Effect of Agrobacterium inoculum density and its exposure time on 

                 tobacco leaf disc transformation. 

             

S.No 
Agrobacterium 

density/Incubation time 

Number of 

explant infected 

Number of expants 

survived on selection 

medium after 30 days of 

inoculation 

1 0.4 / 5 min 100 28 

2 0.4 / 10 min 100 18 

3 0.6 / 5 min 100 23 

4 0.6 / 10 min 100 14 

 

Table shows the effect of culture density out of two treatments of optical density and 

time in   minutes, tested for high efficiency of regenerants for two clones. Maximum 

callus induced after infection for 5 min at 0.4 O.D was recorded the highest than other 

treatment. 

 

4.3.3 Selection of transformants   

Keeping the selection pressure on callusing and shoot induction media increases 

the chances of producing more number of positives among the regenerants and enhances 

the transformation efficiency .Similarly efficient transformation systems for leaf discs of 

Nicotiana tabacum were achieved with Agrobacterium was, 55.6 % by using the uidA 

and the luc reporter genes that encode beta-glucuronidase (GUS) and luciferase, 

respectively with neomycin phosphotransferase (nptII) selectable maker gene for 

kanamyin (E. Arican, N. Gozukirmir, K. Bajrovic, N. Gozukirmir 1997). Agrobacterium 



strain LBA4404 harboring a binary vector pBI121 containing neomycin 

phosphotransferase (nptII) gene as selectable marker was used for transformation 

(Fig.4.9). Kanamycin at a concentration of 50mg/l was used to select transformed cells. 

Inclusion of selection agent in the regeneration and rooting media was responsible for the 

production of putative transformed shoots that stably expressed transgene. The explants 

inoculated in MSBN media containing 50mg/L Kanamycin produced transformed 

shootlets in 3
rd

 selection. The calli survived in 3
rd

 selection were transferred into Magenta 

box containing 50 ml of rooting medium (as recommended by Burow et al., 1990; Horsch 

et al., (1985) and Rogers et al., (1986). 

Table 4.5 Transformation efficiency of Agrobacterium LBA 4404 strain with 

                 Kanamycin (50 mg/l).  

 

S.No. 

No of leaf 

discs co-

cultivated 

mVIP mcry1Ac 

No: of leaf 

discs survived 

on selection 

media 

% of putative 

transformants 

No: of leaf 

discs 

survived on 

selection 

media 

% of putative 

transformants 

1 90 5 5.56 5 5.56 

2 90 20 22.22 2 2.22 

3 90 10 11.20 19 21.11 

4 90 7 21.11 11 28.89 

Total 360 42 11.66 37 10.27 

Total leaf disc infected were 360 for both mVIP and mcry1Ac. Putative transformants are the 

callus with shoots. Data collected from all the experiment and compiled to get the average 

transformants in mVIP (11.66) and mcryIAc (10.27).Each attempts are compiled data of 14 days. 

   Out of total 360 leaf discs co-cultivated, 42 (11.66 %) and 37 (10.27 %) putative 

transformants were recovered for mVIP and mcry1Ac infected agro cultures respectively 

after 3rd selection (Table 4.5). Fig 4.9(c) showed the putative transformants on selection 

medium. Leaf disc based transformation of tobacco for the gene expression and vector 

validation has also been reported (Jahdav, 2008).  Optimal transformation efficiency of 



22.2% was obtained using high concentrations of augmenting as a bacteriostatic agent for 

a short period to inhibit the growth/ persistence of Agrobacterium, without compromising 

the regeneration potential of the tissue. Using a viral promoter-driven GUS reporter gene, 

morphologically normal fertile plants were obtained 

4.4 Molecular screening of putative transformants by PCR  

    Gene specific primers designed from the coding region of both the genes were 

used for molecular screening of putative transformants.  Four completely grown plants 

form the mVIP and mcry1Ac clones were analyzed by PCR.   

 The putative transformants generated from tissue culture based method i.e., 

Agrobacterium-mediated transformation systems were selected on Kanamycin containing 

medium and were subjected to PCR analysis for initial screening of presence or absence 

of gene of interest. A specific primer for cryIAc and mVIP gene was used to yield 780 bp 

and 900 bp amplification products respectively. Out of 42 (11.66%) putative 

transformants produced for mVIP and 37 (10.27%) for mcryIAc infected explants, four 

each of fully developed regenerants were tested for the presence of the gene of interest by 

PCR analysis. All four plants produced after mVIP Agro-infection were found positive 

(Fig 4.10a) whereas, the regenerants infected with mcryIAc Agro culture were found to 

be negative by PCR analysis (Fig 4.10b). Use of gene specific primers for PCR based 

screening of large number of transformants have been the routine practice in the 

development of transgenic crops (Kim and Li., 2001) .The identification of mVIP 

positive plants are in rooting medium and will be tranfered into pots.   



CHAPTER - V 

SUMMARY, CONCLUSION AND SUGGESTION FOR FUTURE 

RESEARCH WORK 

 

Genetic Engineering can be used to introduce specific traits into plants from any 

known organism, theoretically. Plant genetic engineering will not replace conventional 

breeding but can add to its efficiency as it widens the gene pool for crop improvement. 

The totipotency of plants i.e the ability to regenerate into a new plant from a single cell is 

the most remarkable feature that makes them feasible for genetic manipulation. Plant 

transformation vectors and methodologies have been improved to increase the efficiency 

of plant transformation and to achieve stable expression of transgenes in plants. Due to 

the simplicity of the transformation system and precise integration of transgenes, 

Agrobacterium Ti plasmid-based vectors continue to offer the best system for plant 

transformation. Being a natural parasite of dicots, Agrobacterium tumefaciens based 

transformations technique was more used in the dicots crops species. Genes are cloned 

into plant expression vectors that carry the right and left border sequences. They are 

introduced into plants with the aid of a disarmed Ti plasmid whose virulence gene 

products allow the genes to be transferred to the plant nucleus where they are integrated 

into the genome. In this case, callus tissue is regenerated on media containing an 

antibiotic to select transformants. It is often advantageous for plants to express the 

introduced transgenes in specific tissues or under specific conditions. As a result many 

genes are cloned downstream of tissue-specific or inducible promoters. The 35S promoter 

of the cauliflower mosaic virus is commonly used in dicots. 



A binary vector was invented soon after it had been elucidated that crown gall 

tumorogenesis was caused by genetic transformation of plant cell with a piece of DNA, 

T-DNA for transferred DNA, from a Ti plasmid (tumor-inducing plasmid) harbored by 

soil bacterium Agrobacterium tumefaciens. A key finding was that the virulence genes, 

which are involved in the transfer of T-DNA, could be placed on a replicon separate from 

the one with T-DNA. Thus, combination of a ―disarmed‖ strain, which carries a Ti 

plasmid without the wild-type T-DNA and an artificial T-DNA within a plasmid that can 

be replicated both in Escherichia coli and A. tumefaciens turned out to be fully functional 

in plant transformation. The term ‗‗binary vector‘‘ literally refers to the entire 

combination, but the plasmid that carries the artificial T-DNA is usually called a binary 

vector. Tobacco is referred as most feasible plant system for transformation and 

expression of transgenes from a variety of organisms. Among the many genes from 

different organisms expressed in tobacco plants, genes of bacterial origin are most 

commonly used to genetically engineer tobacco and then the same system is followed in 

other crop plants with some modifications. Increasing transformation efficiency in 

tobacco for insecticidal genes will significantly contribute to development of high 

efficiency transformation system in commercially important crops. The present study 

―Cloning and characterization of Ti plasmid based vectors carrying Bt genes for 

developing high efficiency plant transformation system. ― was thus undertaken using 

bacterial genes (mVIP and mcry1Ac) to genetically engineer tobacco for genes conferring 

resistance against lepidopteron insects and also to assess various factors affecting its in-

vitro regeneration efficiency in order to develop high efficiency Agrobacterium- 

mediated transformation system using Nicotiana tabacum cv. petit Havana.  



The mVIP and mcry1Ac gene earlier cloned in pET-29(a) vector provided by 

ICGEB, New Delhi were excised using BamH I and SacI enzymes and were subcloned in 

the plant expression vector pBI121 having CaMV 35S promoter and NOS terminator 

sequences. The gus reporter gene encoding Beta-glucuronidase (GUS) was replaced with 

mVIP or mcry1Ac genes. The resultant binary vector pBI121 was then mobilized into A. 

tumefaciens strain-LBA 4404 by freez and thaw method and was grown on LB media 

with Kanamycin selection. This was analyzed for mVIP and mcry1Ac genes by 

restriction digestion of cloned pBI121 and positive clones carrying both Bt genes were 

used for tobacco transformation. 

 The optimum leaf age showing maximum calli induction and age of explants from 

which leaf discs were taken, were analyzed in in-vitro regeneration study for their further 

use in tissue culture based transformation of tobacco and development of high efficiency 

plant transformation system. As tissue culture provides sterile, young, and disease free 

plants the tissue cultured tobacco plants of cultivar petit Havana were used for 

developing high efficiency plant transformation system. The tobacco leaf discs of 0.5 

cm.sq size taken from 20-30 days old plant was found suitable for Agrobacterium 

tumefaciens mediated transformation. It was observed that MS medium supplemented 

with 2.0 mg/L and 0.1 mg/L was efficient in regenerating transformed cells into shoots 

from leaf disc explants of 20-30 days old leaf. 

The optimum concentration of Kanamycin required to prevent growth of non- 

transformed cells of infected tobacco and not toxic for growth of positive transformants 

was also determined. Variations for the concentration of Kanamycin in selection medium 

were used for optimization of selection media. It was observed that tobacco calli required 

low dose of kanamycin (50 mg/L) for selection of transformed plants and killing of non 



transformed control calli. The 50 mg/L dose was used for the selection of transgenic calli 

on tissue culture based Particle gun as well as Agrobacterium- mediated transformation 

methods.  

PCR analysis with gene specific primers for mVIP and mcry1Ac gene was used 

for screening of putative transformants selected in the selection medium. It was noted that 

four positive tobacco transformants exhibited PCR positive signal for mVIP gene, it had 

shown the presence of distinct band of ~900 bp of mVIP gene, while no amplification 

have been observed in PCR screening of the mcry1Ac infected putative transformants. 

Four putative transformants (carrying mVIP gene) were produced from Agrobacterium-

based transformation experiments, for N. tabacum cv. petit Havana. Whereas, no 

transformants were obtained for mcry1Ac gene as no amplification with mcry1Ac gene 

specific primers was produced in PCR analysis, indicating lower efficiency of 

transformation by tissue culture based method.  

Conclusions: 

 The binary vector pBI121 carrying Bt genes (mVIP and mcry1Ac) under CaMV 35S 

promoter and NOS terminator sequences was developed and mobilized into 

Agrobacterium tumefaciens strain- LBA4404. 

 Two high efficiency Agrobacterium clones of LBA 4404 carring the novel Bt genes 

mVIP and mcryIAc were developed.  

 About 20 to 30 days old explants leaves and the leaf discs corresponding to 0.5 

cm.sq area were found to be most responsive for callusing and subsequent shooting/ 

plant regeneration.  

 Lethal dose 50 mg/l Kanamycine has been identified for selection of transformed 

calli. 



 The effects of optical densities (O.D) and duration (minutes) of Agro-infection, 

showed that tobacco leaf disc exposed to bacterial culture with density 0.4 O.D for 5 

minutes gives 28% of calli regenerated for mVIP and 23% of calli regenerated for 

mcry1Ac as shown in Table 4.4.  

 PCR screening was performed to trace the positive plants. Out of 42 putative 

transformants of mVIP and 37 putative transformants of mcry1Ac were transferred 

to rooting and shooting media, only four of them from each clone showed 

significantly higher shoot development and were selected for PCR analysis. 

 Four mVIP positive transformants were obtained after PCR screening and no 

transformants for mcry1Ac were developed.  

Suggestions for future work: 

  The regerants developed on slection medium should analyzed by PCR using gene 

specific primers. 

 PCR positive plants should be analyzed by southern analysis to confirm the 

integration of transgene.  

 A study should be planned to develop Bt transgenic in commercial crops using novel 

Agro strains LBA 4404 carrying pBI121 mVIP and pBI121 mcry1Ac binary vector.  



“Cloning and characterization of Ti plasmid based vectors carrying Bt genes for 

developing high efficiency plant transformation system.” 
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ABSTRACT 

 

Two Bt genes mcryIAc and mVIP were cloned in to the widely used vector 

pBI121 for plant transformation. The T-DNA region contains the right border, expression 

cassettes for neomycin phosphotransferease (nptII) selectable marker and β-

glucuronidase reporter gene and the left border. The pET-29(a) containing two Bt genes 

(mVIP and mcryIAc) were obtained from ICGEB, New Delhi (Selvapandiyan 1998). 

Two constructs, pBI121 mVIP and pBI121mcryIAc were made by replacing the reporter 

gene GUS from the pBI121 at BamHI and SacI sites.  The resultant vectors were 

transferred into Agrobacterium strain LBA 4404 and used in Agrobactrium-mediated 

transformation of Tobacco (Nicotiana tabacum cv. petit Havana) a model plant 

transformation system. Various factors for the leaf disc method of Agrobacterium 

transformation have been standardized. With 0.4 OD densities and 5 min agro incubation 

42 mVIP and 37 mcryIAc putative transformants were regenerated. Out of total 79 

putataive transformants, only four completely developed plants analyzed were found 

positive for mVIP gene by PCR analysis. The novel LBA 4404 Agro clones carrying 

mVIP and mcryIAc in the binary vector pBI121 background are useful in transformation 

of important food crops like rice, wheat and corn. The Agrobactruim-medtaied 

transformation is most widely accepted transformation method having added advantage 

of low copy and stable integration of genes with minimal distortion of target genome.  

   

 

 

Department of Biotechnology                                        (Dr. G. Chandel.) 

College of Agriculture                                    Major advisor 

I.G.K.V., Raipur.                     Date:   

 



REFERENCES 

Adang, M. J., Brod, M. S., Cardineau, G., Eagan, N., Roush, R. T., Shewmaker, C. K., 

Jones, A., Oakes, J. V. and Mc-Bride, K. E. (1993). The reconstruction and 

expression of a Bacillus thuringiensis cry IIIA gene in protoplasts and potato 

plants. Plant Mol. Biol. 21: 1131-1145. 

Amoah, B. K., Wu, H., Sparks, C., Jones, H. D., (2001). Factors influencing 

Agrobacterium-mediated transient expression of uidA in wheat inflorescence 

tissue. J. Exp. Bot. 52: 1135-1142. 

Arescaldins, I., (1969). Sensibilite' differentielle a'1' erythromycine de la sporoge'ne se et 

de la cristallog 'en'ese de Bacillus thuringiensis; C. R. Acad. Sci. (Paris) 269: 

1132–1135. 

Arican, E., Gozukirmiz, N., Bajrovic, K., and Gozukirmiz, N., (1997). Transformation of 

Potato and Tobacco via, Agrobacterium Rhizogenes Acta Hort. (ISHS) 447:321-

322. 

Aronson, A. I., Beckman, W. and Dunn, Ρ. (1986) Bacillus thuringiensis and related 

insect pathogens; in Microbiol. Rev. (ed.) J L Ingraham (Washington D C: 

American Society for Microbiology) pp 1–24. 

Barton, K. A, Whiteley, H. R, Yang, N. S, (1987). Bacillus thuringiensis delta-endotoxin 

expressed in transgenic Nicotiana tabacum provides resistance to lepidopteran 

insects. Plant Physiol 85: 1103-1109 

Bevan, M. (1984) Binary Agrobacterium vectors for plant transformation. Nucleic Acids 

Res 12: 8711–8721 

Bhalla, R., Dalal, M., Panguluri, S., Jagdish, B., Mandaokar, A. D., Singh. A. K. and 

Kumar, P. A., (2005). Isolation, characterization and xpression of a novel 



vegetative insecticidal protein gene of Bacillus thuringiensis. FEMS Microbiology 

Letters. 243: 467-472. 

Birch, R. G., (1997) Plant transformation: problems and strategies for practical 

application. Annu. Rev. Plant Physiol. Plant Mol. Biol. 48: 297-326. 

Blaber, M. (1998). Molecular Biology and Biotechnology. Prokaryotic Expression 

Vectors <http://wine1.sb.fsu.edu/bch5425/lect25/lect25.htm>. 

Bolivar, F., Betlach, M., Heyneker, H. L., Shine, J., Rodriguez, R. and Boyer, H. W. 

(1977). Origin of replication of pBR345 plasmid DNA. Proceedings of the 

National Academy of Sciences, U.S.A. 74, 5265 5269. 

Bolivar, F., (1978). Construction and characterization of new cloning vehicles. III. 

Derivates of plasmid pBR322 carrying unique EcoRI sites for selection of EcoRl 

generated recombinant DNA molecules. Gene 4, 121-136. 

Burges, Η. D., (1982). Control of insects by bacteria; Parasitology 84:79–117.  

Burow, M. D, Chlan, C. A., Sen, P., Lisca, A., Murai, N. (1990). High-frequency 

generation of  transgenic tobacco plants after modified leaf disk cocultivation 

with Agrobacterium tumefaciens. Plant Mol. Biol. 8:124-139. 

Carlton, B. C and Gonzalez, J. Ν., (1985). Plasmids and delta-endotoxin production in 

different subspecies of Bacillus thuringiensis; in Molecular biology of microbial 

differentiation (eds) J.Α. Hoch and Ρ. Setlow (Washington D C: American 

Society for Microbiology) pp 246–252. 

Carozzi, N. B., Warren, G. B., Desai, N., Jayne, S. M., Lotstein, R., Rice, D. A., Evola, S. 

and Koziel, M. G. (1992). Expression of chimerical CaMV35S Bacillus 

http://wine1.sb.fsu.edu/bch5425/lect25/lect25.htm


thurienginesis insecticidal protein gene in transgenic tobacco. Plant Mol. Biol. 20: 

539-548. 

Cervera, M., Pina, J. A., Juárez, J., Navarro, L., Peña, L., (1998). Agrobacterium- 

mediated transformation of citrange: factors affecting transformation and 

regeneration. Plant Cell Rep.18: 271-278. 

Chakrabarty, R., Viswakarma, N., Bhat, S. R., Kirti, P. B., Singh, B. D., Chopra, V. L., 

(2002). Agrobacterium-mediated transformation of cauliflower: optimization of 

protocol and development of Bt-transgenic cauliflower. J. Biosci. 27: 495-502. 

Chen, P. Y., Wang, C. K., Soong, S. C., To, K. Y. (2003). Complete sequence of the 

binary vector pBI121 and its application in cloning T-DNA insertion from 

transgenic plants. J. Mol. Breed.11:287-293. 

Cheng, M., Fry, J. E., Pang, S., Zhou, H., Hironaka, C. M., Duncan, D. R., Conner, T. 

W., Wan, Y., (1997). Genetic Transformation of Wheat mediated by 

Agrobacterium tumefaciens. Plant Physiol. 115: 971-980. 

Chilton, M. D., Drummond, M. H., Merlo, D. J., Sciaky, D., Montoya, A. L., Gordon, M. 

P., Nester, E. W., (1977). Stable incorporation of plasmid DNA into higher plant 

cells: the molecular basis of crown gall tumorigenesis. Cell 11: 263.271. 

Chow, E., Singh, J. G., and Gill, S. S., (1989). Binding and aggregation of the 25 

Kilodalton toxin of Bacillus thuringiensis sub sp. israelensis to cell membranes 

and alteration by monoclonal antibodies and amino acid modifiers; Appl. Environ. 

Microbiol. 55: 2779–2788. 

Citovsky, V., Wong, M. L., Zambryski, P. (1996). Cooperative interaction of 

Agrobacterium VirE2 protein with single-stranded DNA: Implications for the T-

DNA transfer process. Proc. Natl.Acad. Sci. USA 86:1193-1197. 



Dai, S. et al., Mol. Breed., 2001, 7, 25–33. 

Datta, K., Veluzhahan, R., Oliva, N., Mew, T., Khush, G. S., Muthukrishnan, S. and 

Datta, S. K. (1999). Over expression of cloned rice- thaumatin like protein (PR-5) 

gene in transgenic rice plants enhances environment friendly resistance to 

Rhizoctonia solani causing sheath blight disease. Theor. Appl. Genet. 98: 1138-

1145. 

De Clercq, J., Zambre, M., Van Montagu, M., Dillen, W., Angenon, G., (2002). An 

optimized Agrobacterium-mediated transformation procedure for Phaseolus 

acutifolius A. Gray. Plant Cell Rep. 21: 333-34. 

Dellaporta et al., (1983). Plant Molecular Biology Reporter 1, nr. 4, pp. 19-21. 

Dillen, W., De Clercq, J., Kapila, J., Zambre, M., Van Montagu, M., Angenon, G., 

(1997). The effect of temperature on Agrobacterium tumefaciens-mediated gene 

transfer to plants. Plant J. 12: 1459-1463. 

Drobniewsky, F. A. and Ellar, D. J., (1987). Toxin-membrane interactions Bacillus 

thuringiensis  δ-endotoxins; Biochem. Soc. Trans. 16 39–40. 

Ebora,  R. V.,  Ebora, M. M. and Sticklen, M. B. (1994). Transgenic potato expressing 

the   Bacillus thuringiensis cry IA(b) gene effects on the survival and food 

consumption of Phthorimea operculella (Lepindoptera: Gelechiidae) and Ostrinia 

nubilalis (Lepidoptera: Noctuidae). J. Econ. Entomol. 87: 1122-1127.  

Engler, G., Depicker, A., Maenhaut, R., Villarroel, R., Van Montagu, M., Schell, J., 

(1981). Physical mapping of DNA base sequence homologies between an 

octopine and a nopaline Ti plasmid of Agrobacterium tumefaciens. J. Mol. Biol. 

152: 183-208. 



Estruch, J. J., Warren, G. W., Mullins, M. A., Nye, G. J., Craig, J. A. and Koziel, M. G., 

Proc. Natl. Acad. Sci. USA, (1996), 93: 5389–5394. 

Estruch, J. J., Carozzi, N. B., Desai, N., Duck, N. B, Warren, G. W., Koziel, M. G., 

(1997). Transgenic plants: An emerging approach to pest control. Nature 

Biotechnol. 15: 137-141 

Fischhoff, D. A., Boedish, K. S., Perkek, J., Marrone, P. G.,  Mc Cormick, S. M., 

Niedermeyer, J. G., Dean, D. A., Kusana Krelzmer, K., Mayer, E. J., Rochester, 

D. E., Rogers, S. G. and Freley, R. T. (1987). Insect tolerant transgenic tomato 

plants. Bio/technology. 5: 807-813.  

Fraley, R. T., Rogers, S. G., Horsch, R. B., (1986). Genetic transformation in higher 

plants. CRC Crit Rev Plant Sci 4: 1–46. 

Gautheret, R. J. (1939). Sur la possibilite de realiser la culture indefinie des tissue de   

tubercules de carrote. C.R. Acad. Sci. (Paris) 208: 118-121. 

Gelvin, S. B., (2003). Agrobacterium-mediated plant transformation: the biology behind 

the Gene-Jockeying. Tool. Microbiology and Molecular biology Reviews 67: 16-

37. 

Godwin, I., Todd, G., Ford-Lloyd, B., Newbury, H. J., (1991). The effects of 

acetosyringone and pH on Agrobacterium-mediated transformation vary 

according to plant species. Plant Cell Rep. 9: 671-675. 

Grant, N. J., Hammatt, N., (2000). Adventitious shoot development from wild cherry 

(Prunus avium L.) leaves. New Forest. 20, 287–295. 

Gu, X. F., Zhang, J. R., (2005). An efficient adventitious shoot regeneration system for 

Zhanhua winter jujube (Zizyphus jujube Mill.) using leaf explants. Plant Cell Rep. 

23, 775–779. 



Guyon, P., Chilton ,M. D., Pettit, A., Tempe, J., (1980). Agropine in ―null-type‖. crown 

gall tumors; Evidence for generality of the opine concept. Proc. Natl. Acad. Sci 

USA 77: 2693-2697. 

Haberlandt, G. (1902). Kulturversuche mit isolierten pflanzenzellen. Sber.Akad. Wiss.  

Wien. 111: 69-92. 

Hajdukiewicz, P., Svab, Z., and Maliga, P. (1994). The small, versatile pPZP family of 

Agrobacterium binary vectors for plant transformation. Plant Mol. Biol. 25: 989- 

994. 

Han, K. H., Meilan, R., Ma, C., Strauss, S. H., (2000). An Agrobacterium tumefaciens   

transformation protocol effective on a variety of cottonwood hybrids (genus 

Populus). Plant Cell Rep. 19: 315-320 

Held, G. A., Bulla, L. A., Jr Ferrari, E., Hoch, J., Aronson, A.I., and Minnich, S. A., 

(1982). Cloning and localization of the lepidopteran protoxin gene Bacillus 

thuringiensis subsp. kurstaki, Proc. Natl.  Acad. Sci. U.S.A., 179: 60-65. 

Henzi, M. X., Christey, M. C., McNeil, D. L., (2000). Factors that influence 

Agrobacterium rhizogenes mediated transformation of broccoli (Brassica 

oleracea L. var. italica). Plant Cell Rep. 19: 994-999. 

Hilder, V. A., Gatehouse, A. M. R., Sheerman, S. E., Barker, R. F., Boulter, D., (1987). A 

novel mechanism of insect resistance engineered into tobacco. Nature 330: 160- 

163. 

Hoekema, A., Hirsch, P. R., Hooykaas, P. J. J., Schilperoort, R. A., (1983). A binary 

plant vector strategy based on separation of vir- and T-region of the 

Agrobacterium   tumefaciens Ti plasmid. Nature 303:179-180. 



Hofgen, R. and Willmitzer, L. (1990). Storage of competent cells for Agrobacterium 

transformation. Nucl. Acids Res. 16: 9877. 

Hofte, H. and Whiteley, H. R. (1989). Insecticidal crystal proteins of Bacillus 

thuringiensis, Microbiol. Rev. 53: 242. 

Hoffman, C., Vanderbruggen, H., Hofte, H., Van Rie, J., Janses, S. and Van Mellaert, H. 

(1988). Specificity of Bacillus thuringiensis endotoxins correlated with the 

presence of high-affinity binding sites in the brush border membrane of target 

midguts. Proc. Natl. Acad. Sci. USA. 85: 7844. 

Holford, P., Hernandez, N., Newbury, H. J., (1992). Factors influencing the efficiency of  

T - DNA transfer during co-cultivation of Antirrhinum majus with Agrobacterium  

tumefaciens. Plant Cell Rep. 11: 196-199. 

Hood, E. E., Gelvin, S. B, Melchers, L. S., Hoekema, A., (1987). New Agrobacterium 

helper plasmids for gene transfer to plants. Trans. Research 2:208-218. 

Hooykaas, P. J. J., Beijersbergen, A. G. M., (1994). The virulence system of 

Agrobacterium tumefaciens. Annu. Rev. Phytopathol. 32: 157-179. 

Horsch, R. B., J. E. Fry, N. L. Hoffman, D. Eichholtz, S. G. Rogers, and R. T. Fraley.  

(1985). A simple and general method for transferring genes into plants. Science 

227:1 229-1231. 

Howard, E. A., Zupan, J., Citovsky, V., Zambryski, P., (1992). The VirD2 protein of A.  

tumefaciens contains a C-terminal bipartitie nuclear localization signal: 

Implications for nuclear uptake of DNA in plant cells. Cell 68: 109-118. 

Husaini, A. M. and Abdin, M. Z. (2008). Overexpression of tobacco osmotin gene leads 

to salt tolerance in strawberry (Fragaria X ananassa Duch.) plants.Indian Journal 

of Biotechnology. Vol 7, pp 465-471. 



Ishiwata, S. (1902). On a kind of severe flasherie (sotto disease). Danihan Sanbshi Kaiho. 

9: 1-5. 

Jadhav, P. (2008). A Ph.D thesis on Development of efficient transformation systems to 

enhance insect resistance in rice (Oryza sativa L.) 

Jansens, S., Cornelissen, M., de Clercq, R., Reynaerts, A. and Peferoen, M., J. Econ. 

Entomol., (1995), 88, 1469–1475. 

 Jansens, S. et al., Crop Sci., (1997), 37: 1616–1624. 

Jarchow, E., Grimsley, N. H., Hohn, B., (1991) vir F, the host-range-determining 

virulence gene of Agrobacterium tumefaciens, affects T-DNA transfer to Zea 

mays. Proc. Natl. Acad. Sci. USA 88: 10426-10430. 

Jasper, F., Koncz, C., Schell, J., Steinbiss, H. H., (1994). Agrobacterium T-Strand 

production in vitro; sequence-specific cleavage and 5. protection of single 

stranded DNA templates by purified VirD2 protein. Proc. Natl. Acad. Sci. USA 

91: 694-698. Chemoecology, 12:177.183. 

Jefferson, R. A., (1987). Assaying chimeric genes in plants: the GUS gene fusion system. 

Plant Molecular Bio.Rep. 5: 387-405. 

Jouanin, L., Bonade-Bottino, M., Girard, C., Morrot, G. and Gibaud, M., Plant Sci., 

(1998), 131: 1–11. 

Kapila, J., De Rycke, R., Van Montagu, M., Angenon, G., (1997). Agrobacterium-

mediated transient gene expression system for intact leaves. Plant Sci. 122: 101-

108. 

Kim, H. S., and Li, M. S., (2001). Molecular cloning of new crystal protein Gene 

cry1Af1 of Bacillus thuringiensis NT04232 from Korean Sericultural Farms.  



Klee, H. J., White, F. F., Iyer, V. N., Gordon, M. P., Nester, E. W., (1983). Mutational 

analysis of the virulence region of an Agrobacterium tumefaciens Ti plasmid. J. 

Bacteriol. 153: 878.883. 

Ko, T., and Korban, S., (2004). Enhancing the frequency of somatic embryogenesis 

following Agrobacterium-mediated transformation of immature cotyledons of 

soybean (Glycine max (L.) Merrill). In Vitro Cell Dev. Biol-Plant 40: 552-558. 

Kojima, M., Arai, Y., Iwase, N., Shirotori, K., Shioiri, H., and Nozue, M., (2000). 

Deveopment of a simple and efficient method for transformation of buckwheat 

plants (Fagopyrum esculentum). Biosci. Biotechnol. Biochem. 64: 845-847.  

Koziel, M. G. et al., Bio/Technology, 1993, 11, 194–200. 

Krattiger, A. F., (1997). ISAAA Briefs, No. 2. ISAAA, Ithaca, N. Y., Krishnamurthy, K. 

V., Suhasini, K., Sagare, A. P., Meixner, M., de Kathen, A., Pickardt,  J. and 

Schieder, O., Plant Cell Rep., 2000, 19: 235–240.  

Krugel, T., Lim, M., Gase, K., Halitschke, R., Baldwin, I. T. (2002). Agrobacterium- 

mediated transformation of Nicotiana attenuata, a model ecological expression 

system. Chemoecology, 12: 177.183.  

Kumar, P. A., Mohapatra, T., Archak, S. and Sharma, R. P. (1996). Expression of 

Bacillus thuringiensis -endotoxin in transgenic tobacco and cauliflower. In: 

Chopra V. L., Sharma R. P. Swaminathan M. S. (eds). Agricultural 

Biotechnology, 191-197, Oxford-IBH. New Delhi. 

Kumar, P. A. et al., Mol. Breed., (1998), 4: 33–37. 

Lane, W. D., Iketani, H., Hayashi, T., (1998). Shoot regeneration from cultured leaves of 

Japanese pear (Pyrus pyrifolia). Plant Cell Tiss. Org. Cult. 54, 9–14. 



Larkin, P. J. and Scowcroft, W. R. (1981). Somaclonal variation: a novel source of 

variability from cell cultures for plant improvement. Theor. Appl. Genet. 60: 197-

214. 

Lecadet, M. M., and Dedonder, R., (1971). Biogenesis of the crystalline inclusion of 

Bacillus thuringiensis during sporulation; Eur. J. Biochem. 23: 282–294. 

Lecadet, M. M., Chevrier, G., and Dedonder, R., (1972). Analysis of a protein fraction in 

the sporecoats of Bacillus thuringiensis—Comparison with crystal protein; Eur. J. 

Biochem. 25: 349–358. 

Le, V. Q., Belles-Isles, J., Dusabenyagasani, M., Tremblay, F. M., (2001). An improved 

procedure for production of white spruce (Picea glauca) transgenic plants using 

A.  tumefaciens. J. Exp. Bot. 52: 2089.2095. 

Lereclus, D., Lecadet, M. M., Ribier, J., and Dedonder, R. (1982). Molecular relationship  

among plasmids of Bacillus thuringiensis: Conserved sequences through 11  

crystalliferous strains: Mol Gen. Genet. 186: 391–398. 

Li, Wei. GUO Guangqin and Zheng Guochang., (2000). Agrobacterium-mediated 

transformation: state of the art and future prospect. Vol. 45 No. 17 September 

2000. 

Lopez, S. J., Kumar, R. R., Pius, P. K., Muraleedharan, N., (2004). Agrobacterium 

tumefaciens mediated genetic transformation in tea (Camellia sinensis (L.) O. 

Kuntze). Plant Mol. Biol. Rep. 22: 201a-201j. 

Luhty, P. and Ebersold, H. R., (1981). Bacillus thuringiensis δ-endotoxin: histopathology 

and molecular mode of action. In: E. W. Davidson (eds.) Pathogenesis of 

invertebrate microbial diseases. Allenheld, Osmun and Co., Totowa, N. J. 235- 

267. 



Mahalakshmi, L. S., Leela, T., Kumar, S. M., Kumar, B. K., Naresh, B., Devi, P., 2006. 

Enhanced genetic transformation efficiency of mungbean by use of primary leaf 

explants. Curr. Sci. 91, 93–99. 

Mandaokar, A. D. et al., Crop Protection, (2000). 19: 307–312. 

McIntosh, K. B., Hulm, J. L., Young, L. W., Bonham-Smith, P. C. (2004). A rapid 

Agrobacterium-mediated Arabidopsis thaliana transient assay system. Plant. Mol. 

Biol. Rep.22: 53-61. 

Mets, T. D., Dixit, R., Earle, E. D., (1995). Agrobacterium tumefaciens-mediated 

transformation of broccoli (Brassica oleracea var. italica) and cabbage (B. 

oleracea var. capitata). Plant Cell Rep. 15: 287-292. 

Meenakshi, K. and Jayaraman, Κ. (1979). On the formation of crystal proteins during 

sporulation in Bacillus thuringiensis var. thuringiensis;Arch. Microbiol. 120: 9-

14. 

Mondal, T. K., Bhattacharya, A., Ahuja, P. S., Chand, P. K., (2001). Transgenic tea 

(Camellia sinensis [L.] O. Kuntze cv. Kangra Jat) plants obtained by 

Agrobacterium-mediated transformation of somatic embryos. Plant Cell  Rep. 20: 

712-720. 

Monro, R. A., (1961). Serological studies on the formation of the protein parasporal 

inclusions in Bacillus thuringiensis; J. Biophys. Biochem. Cytol. 11 321–331. 

Murashige, T. and Skoog, F. (1962). A revised medium for rapid growth and bioassay 

with tobacco tissue cultures. Physiologia planttarum 15: 473-497. 

Murray, E. E., Lotzer, J. and Eberle, M. (1989). Codon usage in plants. Nucl. Acids Res. 

17: 477-498. 



Nayak, P., Basu, D. Das, S., Basu, A., Ghosh, D., Ramakrishna, N. A., Ghosh, M. and 

Sen, S. K. (1997). Transgenic elite indica rice plants expressing cry I Ac -

endotoxin of Bacillus thuringiensis are resistant against yellow stem borer 

(Scirpophaga incertulas). Proc. Natl. Acad. Sci. (USA). 94: 2111-2116. 

Nester, E. W., Amasino, R., Akiyoshi, D., Klee, H., Montoya, A., Gordon, M. P., (1984). 

The molecular basis of plant cell transformation by Agrobacterium tumefaciens. 

Basic Life Sci. 30: 815-22. 

Newell, C.A. (2000). Plant transformation technology. Mol. Biotechnol. 16: 53-65. 

Nobecourt, P. (1939). Surla perennite et l‘augmentation de volume des cultures de tissues 

vegetaux.C.R. Soc. Biol. (Paris) 130: 1270-1271. 

Novillo, C., Castenera, P. and Ortego, F. (1997). Characterization and distribution of 

chymotrypsin like and other digestive proteases in colarado potato beetle 

larvae.Arch. Isect. Biochem. Physiol. 36: 181-201. 

Park, S. U., and Facchini, P. J., (2000). A. rhizogenes-mediated transformation of poppy, 

Papaver somniferum L., and California poppy, Eschscholzia California Cham. 

root cultures. J. Exp. Bot. 51: 1005-1016. 

Perlak, F. J., Deaton, R. W., Armstrong, T. A., Fuchs, R. L., Sims, S. R., Greenplate, J. T. 

and Fischhoff, D. A. (1990). Insect Resistant cotton plants. Bio/Technol. 8: 939-

943. 

Perlak, F. J., Fuchs, R. L., Dean, D. A., McPherson, S. L., Fischhoff, D. A., (1991). 

Modification of the coding sequence enhances plant expression of insect control 

protein genes. Proc Natl. Acad. Sci. USA 88: 3324-3328. 

Perlak, F. J. et al., Plant Mol. Biol., 1993, 22, 313–321.  



Perez-Tornero, O., Egea, J., Vanoostende, A., Burgos, L., 2000. Assessment of factors 

affecting adventitious shoot regeneration from in vitro cultured leaves of apricot. 

Plant Sci. 158, 61–70. 

Purves, W. K., David, S., Orians, G. H., Hellar, H. C., Life. (2001). The science of 

Biology 6
th

 ed. Gordonsville, Virginia: Sinauer Associates. Inc. 

Raghu, A. V., Geetha, S. P., Martin, G., Balachandran, I., Ravindran, P. N., (2006). 

Direct shoot organogenesis from leaf explants of Embelia ribes Burm. f.: a 

vulnerable medicinal plant. J. Forest Res. 11, 57–60. 

Rajamohan, F., Alcantara, E., Lee, M. K., Chen, X. J., Curtise, A. and Dean, D. H., 

(1995). Single amino acid changes in Domain II of Bacillus turingiensis cryIA(b) 

δ-endotoxin affect irreversible binding to Manduca sexta midgut membrane 

vesicles. J. Bacteriology. 177: 2276-2282. 

Ranjekar, P. K., Patanaker. A., Gupta, V., Bhatnagar, R., Bentur, J. and Pumar, P. A., 

(2003). Genetic Engineering of crop plants for insect resistance. Curr. Sci. 84: 

321-329. Ream L.W., Gordon, M.P., Nester, E.W., (1983). Multiple mutations in 

the T region of the Agrobacterium tumefaciens tumor-inducing plasmid. Proc. 

Natl. Acad. Sci. USA 80: 1660-1664. 

Regensburg-Tuink, A. J. G., Hooykaas, P. J. J., (1993). Transgenic, N. glauca plants 

expressing bacterial virulence gene vir F are converted into hosts for nopaline 

strains of A.  tumefaciens. Nature 363: 69-71. 

Ream, L. W., Gordon, M. P., Nester, E. W. (1983). Multiple mutations in the T region of 

the Agrobacterium tumefaciens tumor-inducing plasmid. Proc. Natl. Acad. Sci. 

USA 80:1660-1664. 



Rodriguez, A., Cervera, M., Peris, J. E., Pen a, L., (2008). The same treatment for 

transgenic shoot regeneration elicits the opposite effect in mature explants from 

two closely related sweet orange (Citrus sinensis (L.) Osb.) genotypes. Plant Cell 

Tiss. Org. Cult. 93, 97–106. 

Rogers, S. G., R. B. Horsch, and R. T. Fraley. (1986). Gene transfer in plants: Production 

of transformed plants using Ti plasmid vectors. MetK Enz. 118:627-640. 

Rohini, V. K., and Sankara, Rao, K., (2001). Transformation of peanut (Arachis 

hypogaea L.) with tobacco chitinase gene: variable response of transformants to 

leaf spot disease. Plant Sci. 160: 889-898.    

Rout, G. R., (2002). Direct plant regeneration from leaf explants of plumbago species 

and its genetic fidelity through RAPD markers. Ann. Appl. Biol. 140, 305–313. 

Saghai Maroof, M. A., Soliman, K. M., Jorgensen, R. A. and Allard, R. W. (1984). 

Ribosomal DNA spacer-length polymorphism in barley: Mendelian inheritance, 

chromosomal location, and population dynamics. Proc. Natl. Acad. Sci. USA. 81: 

8014 8019.  

Sambrook, Joseph; Fritsch, Edward F. and Maniatis, Thomas. (1989). Molecular 

Cloning: A Laboratory Manual. 2nd ed. New York, Cold Spring Harbor 

Laboratory Press, 999 p. ISBN 0-87969-309-6. 

Schnepf, H. E., Whiteley, H. R., (1981). Cloning and expression of the Bacillus 

thuringiensis crystal protein gene in Escherichia coli. Proc. Natl. Acad. Sci. USA 

78: 2893-2897. 

Schuler, T. H., Poppy, G. M. and Denholm, I., Trends Biotechnol., (1998), 16, 168–175. 

Selvapandiyan, A., Reddy, V. S., Kumar, P. A. and Bhatnagar, R., Mol. Breed., (1998). 4, 

473–478. 



Sharma, K. K. and Anjaiah, V. (2000). An efficient method for the production of 

transgenic plants of peanut (Arachis hypogea L.) through Agrobacterium 

tuefaciens-mediated genetic transformation. Plant Sci. 159: 7-19. 

Sheng, J., and Citovsky, V., (1996). Agrobacterium-plant cell DNA transport: Have 

virulence proteins, will travel. Plant Cell 8: 1699-1710. 

Skoog, F. (1944). Growth and organ formation in tobacco tissue cultures. Am. J. Bot. 31: 

19-24. 

Smith, E. F., and Townsend, C. O., (1907) A plant tumor of bacterial origin. Science25: 

671-673. 

Somerville, Η. J., (1971). Formation of the parasporal inclusion of Bacillus thuringiensis; 

Eur. J. Biochem.18: 226–237. 

SomLeva, M. N., Tomaszewski, Z., Conger, B. V., (2002). Agrobacterium-mediated 

transformation of switchgrass. Crop Sci. 42: 2080-2087. 

Stachel, S. E., Messens, E., Van Montagu, M., Zambryski, P., (1985). Identification of 

the signal molecules produced by wounded plant cells that activate T-DNA 

transfer in Agrobacterium tumefaciens. Nature 318: 624-629. 

Stewart, C. N., Jr., Adang, M. J., All, J. N., Raymer, P. L., Ramachandran, S. and Parrott, 

W. A., Plant Physiol., (1996), 112: 115–120. 

Svab, Z., Hajdukiewicz, P., Maliga, P., (1995). Methods in Plant Molecular Biology, 

Cold Spring Harbor Laboratory Press, New York. pp 55-77. 

Tang, W., (2001). Agrobacterium-mediated transformation and assessment of factors 

influencing transgene expression in loblolly pine (Pinus taeta L.). Cells Res. 11: 

237-243. 



Tojo, A. and Aizawa, K. (1983). Dissolution and degradation of B.thuringiensis delta 

endotoxins by gut juice protease of the silk worm (Bombyx mori). Appl. Environ. 

Microbiol. 45- 576-580. 

Urwin, P. E., Atkinson, H. J., Waller, D. A., McPherson, M. J., (1995). Engineered 

oryzacystatin I expressed in transgenic hairy roots confers resistance to 

Globodera pallida. Plant J. 8: 121-131. 

Vaeck, M., Reynaerts, A., Hofte, H., Jensens, S., DeBeuckeleer, M., Dean C., Zabeau, 

M., Van Vontagu, M. and Leemans, J. (1987). Transgenic plants protected from 

insect attack. Nature. 328: 33-37. 

White, P. R. (1939). Controlled differentiation in a plant tissue culture. Bull. Torrey Bot. 

Club 66: 507–513. 

White, P. R. (1951). Nutritional requirement of isolated plant tissues and organs. Annu. 

Rev. Plant. Physiol. 2: 231-44. 

Whiteley, H. R. and Schnepf, H. E. (1981). The molecular biology of parasporal crystal 

body formation in B. thuringiensis, Annu. Rev. Microbiol. 40: 549. 

Whiteley, H. R. (1989).  Two highly related insectidical crystal proteins of Bacillus 

thuringiensis subsp. kurstaki possess different host range specificities, J. 

Bacteriol. 171: 965. 

Xu, J.; Wang, Y. Z.; Yin, H. X. and Liu, X. J. (2008). Efficient Agrobacterium 

tumefaciens -mediated transformation of Malus zumi (Matsumura) Rehd using 

leaf explant regeneration system. ISSN 0717-3458. 

 http://www.ejbiotechnology.cl/content/vol12/issue1/full/4/index.html.  

Yanofsky, M. F., Nester, E. W., (1986). Molecular characterization of a host-range-

determining locus from Agrobacterium tumefaciens. J. Bacteriol. 168: 244-250. 

http://www.ejbiotechnology.cl/content/vol12/issue1/full/4/index.html


Zheng, S. J., Henken, B., Sotiari, E., Jacobsen, E., Krents, F. A.,and Kik, C., 2001. 

Molecular characterization of transgenic shallots (Allium cepa) by adapter 

ligation PCR (AL-PCR) and sequencing of genomic DNA flanking T-DNA 

borders. Transgenic Res.10: 237-245 


