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PCR METHOD FOR THE DETECTION OF cry GENES IN  
LOCAL STRAINS OF Bacillus thuringiensis IN THAILAND 

 
INTRODUCTION 

 
Thailand is an agricultural country facing many problems of noxious insects that cause 

significant reduction of major agricultural products. Almost all agricultural commodities in 
Thailand are destroyed by certain insect species. The insects spread in every area of the country. 
Chemical control is the main solution for insect pest problem in Thailand as well as in many 
countries in the region. The extensive and indiscriminate uses of chemical pesticides have created 
many problems. Chemical insecticides affect both beneficial insects and pest species. The 
resistant problem has become so serious that some insect pests are no longer controlled by major 
groups of chemical insecticide. Furthermore, chemical residues can cause environmental hazard 
and health concern. Consequently, biological agents have been considered and developed for use 
as alternative strategies for insect control. 

 
Bacillus thuringiensis is a soil-borne bacterium, producing a number of insecticidal 

toxins. It is a Gram positive, spore forming bacterium that produces proteinaceous parasporal 
crystalline inclusion during sporulation which is toxic to insect upon ingestion. This inclusion is 
commonly called crystal, parasporal body, delta-endotoxin or insecticidal crystal protein (ICP) 
(Hannay, 1953; Heimpel, 1967; Hickel and Fitch, 1990). The crystal composed of one or several 
polypeptides ranging from 24-140 kDa molecular mass which is protoxin (Hickle and Fitch, 
1990). When crystalline inclusion is solubilized in the midgut, this protein (protoxin) is activated 
by midgut protease. The activated toxin then interacts with the larva midgut epithelium causing  
a disruption in membrane integrity and ultimately leading to insect death (Gill et al., 1992).  
B. thuringiensis is a complex species composed of 92 serovars (Updated at http://www.ncbi.nlm. 
nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1428) which produce different types of insecticidal 
proteins (de Barjac and Frachon, 1990). These proteins are well recognized on their specific 
toxicity to different groups of insect. However, they cause little or no harm to humans, most 
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beneficial insects and other non-target organisms (Tabashnik, 1994). The existence of a diversity 
of B. thuringiensis insecticidal protein that is effective against a range of important pests make  
B. thuringiensis the most interesting microbial insecticide alternative to chemical agents.  
B. thuringiensis has been used in commercial product for over 60 years. The main focus in studies 
of B. thuringiensis strains is the ability of the bacterium to produce insecticidal crystals called  
δ-endotoxin or Cry protein. More than 290 ICP genes have been cloned and sequenced. These 
genes have been classified into forty six different groups on the basis of their sequences similarity 
(Crickmore et al., 2005). Several cry gene screening projects of B. thuringiensis collection in 
different regions have been described (Carozzi et al., 1991; Bourque et al., 1993; Kuo and Chak, 
1996; Ben-Dov et al., 1997; 1999; Bravo et al., 1998; Kim, 2000). The strategies employed in 
those screening projects were based on PCR method which has become the most powerful 
approach to identify the cry genes content, predict the insecticide activity, and detect the presence 
of novel cry genes.  

 
Thailand is located on hot and humid region which is an ideal habitat for  

B. thuringiensis. Several isolates of B. thuringiensis have been recovered from different sources 
collected from different regions in Thailand. Those isolates may contain different cry genes 
content which resulted in production of Cry proteins specific to different insect species. Studies in 
China revealed that cry1, cry2 and cry9 genes encode for Cry proteins that exhibit the strongest 
activity toward Lepidopteran insect (Wang et al., 2003). In this study, we aim to use PCR-based 
method to detect cry1, cry2 and cry9 in B. thuringiensis isolates randomly selected from the 
collection of local B. thuringiensis strains. Identification of cry genes content would enable us to 
predict the insecticidal activity of each isolate toward a certain group of insect. Result from this 
study will provide useful information for the selection of suitable strains of B. thuringiensis for 
the control of target insect species, particularly, the Lepidopteran insect which is a major group of 
economic important insect species in Thailand. 
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OBJECTIVES 
 

This study aims to characterize a number of the local strains of Bacillus thuringiensis in 
their cry gene contents using PCR-based method. It will emphasis on the detection cry1, cry2 and 
cry9 genes encoding Cry proteins specific to Lepidopteran insects, the most economic important 
group of insect in Thailand. Novel cry genes will be investigated using PCR-RFLP method. 
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LITERATURE REVIEWS 
 

1.  Characteristic of Bacillus thuringiensis 
 
In 1901 a spore forming bacterium was isolated in Japan by Ishiwata from diseased 

larvae of the silkworm, Bombyx mori. Ishiwata described this bacterium as sotto disease bacillus. 
The Japanese word “sotto” means limp, the typical condition of insect with this disease (Dulmage 
and Aizawa, 1982). In 1911, without the knowledge of the work done by Ishiwata, Berliner 
isolated this bacterium from disease larvae of Mediterranean flour moth, Anagasta kuhniella.  
In 1915, this bacterium was named Bacillus thuringiensis after the province of Thuringen where it 
had been discovered (de Barjac and Bennefoi, 1968). Hannay (1953) suggested for the first time 
that the pathogenicity of the organism might be associated with the diamond-shaped, parasporal 
body or crystal formed in the sporangium at the time of spore formation. In 1958, when Heimpel 
and Angus established several varieties of B. thuringiensis, B. thuringiensis var. thuringiensis was 
designates as the type variety of this bacterium species (Heimpel, 1967). 

 
Bacillus thuringiensis is an aerobic spore-forming bacterium. It is pathogenic to certain 

insect species (Hannay, 1953). It is closely related to B. cereus. This bacterium differs from  
B. cereus by the presence of the parasporal body or crystal in mature cell (sporulated cell) and by 
flagella antigen. Cell of B. thuringiensis is Gram-positive, rod shaped and frequently arranged in 
straight chain. The mature cell is about 1.0 to 1.5 microns wide and 4.0 to 5.0 microns long, 
having peritrichous flagella. Each bacterial cell forms a spore at one end and crystal at the other. 
They are of about equal size approximately 0.5x1.0 microns wide to 1.5 microns long (Benson 
and Smith, 1992). The endospore is a characteristic feature of Bacillus species. The spore locates 
in subterminal position within the sporangium. When cell lyses after sporulation, crystal and 
spore are set free into the medium and sediment together (Fast, 1981). Crystal development does 
not occur in vegetative stage but begins only after the sporulation phase when growth and nucleic 
acid synthesis stop. Commonly each sporulating cell contains one crystal, but cell containing two 
crystals has been seen (Heimpel and Angus, 1963). Most B. thuringiensis produce crystal in the 
shape of a bipyramid, a configuration composed of two pyramids bound together at the base.  
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The protein that forms bipyramidal crystal is typically 130 kDa in size and may contain several 
closely related proteins in a single crystal. Many B. thuringiensis isolates produce proteins that 
crystallized in different shapes, such as B. thuringiensis subsp. canadensis contained polymorphic 
crystals in which bipyramidal crystal was predominant. Spherical and cuboidal crystals were also 
observed but infrequently (Attathom et al., 1995). 

 
Life cycle of B. thuringiensis is more complex than that of non-sporulating bacteria. 

When vegetative cells are growing on rice medium, the cells do not form spores or crystals. 
However, both sporulation and crystal formation are induced at the end of logarithmic growth 
when the cells are deprived of carbon and nitrogen sources in the medium. The first appearance of 
crystal protein is at about two hours after the beginning of stationary phase but deposition into  
a crystal does not occur until eight hours (Bechtel and Bulla, 1976). Agaisse and Lereclus (1995) 
reported that the endospore developed in a sporangium consisting of two cellular compartments 
known as the mother cells and the fore spore. The development process was temporally regulated 
at the transcriptional level by the successive activation of six sigma factors, which, by binding to 
RNA polymerase, determine which gene promoters were recognized. These factors were the 
primary sigma factor of vegetative cells, σA, and five factors that were activated during 
development and called σH, σF, σE, σG, σK in order of their appearance during sporulation. The σA 

and σH factors were active before the septum forms, σE and σK in the mother cell and σF and σG in 
the forespore. 
 
2.  Distribution of Bacillus thuringiensis 
 

B. thuringiensis is a widespread bacterium that has been isolated from various 
geographical areas and from different sources. It is widely distributed in natural soils of various 
areas of the world (Martin and Travers, 1989). It was found in soil in the United States (Saleh  
et al., 1970; DeLucca et al., 1989), Philippines (Padua et al., 1984), Japan (Ohba and Aizawa, 
1986), Indonesia (Hastowo et al., 1992), New Zealand (Chilcott and Wigley, 1993), Taiwan 
(Chak et al., 1994), Africa (Zelazny et al., 1994), Korea (Lee et al., 1995) and Thailand 
(Attathom et al., 1996). 
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Martin and Travers (1989) isolated B. thuringiensis from soil samples in five continents 
(Africa, Asia, Europe, North and South America) and their associated islands. They found that the 
frequency of this bacterium is higher in East Asia than in other areas of the world. Their findings 
suggested that soil is the primary habitat of B. thuringiensis in nature. Dulmage and Aizawa 
(1982) suggested that the normal habitat of B. thuringiensis was the soil but it also occurred in 
other environments. Insectary was found to be a common source of this bacterium. It was isolated 
from the litters and soil in sericulture farms (Ohba and Aizawa, 1978; Hastowo et al., 1992; Ohba 
and Aratake, 1994). Other studies described the habitats of B. thuringiensis as it was isolated from 
dead and diseased insects (Chanpaisang et al., 1991; Chilcott and Wigley, 1993; Kaelin et al., 
1994; Itoua-apoyolo et al., 1995), insect habitats (Brownbridge and Margalit, 1986; Orduz et al., 
1992), grain dust (DeLucca et al., 1979) and leaf surface (Smith and Couche, 1991). 

 
The diversity of habitat from which subspecies of B. thuringiensis strains have been 

isolated indicates that the ecology of this bacterium is probably very complex (Itoua-apoyolo  
et al., 1995). 
 
3.  Toxins Produced by Bacillus thuringiensis and Their Mode of Action 

 
B. thuringiensis produces various toxic substances which toxic to the insect such as 

phospholypase C or α-exotoxin, fly factor or β-exotoxin, parasporal crystal or δ-endotoxin and 
water soluble exotoxin. Only two toxins the β-exotoxin and δ-endotoxin are significantly 
important in agriculture (Dulmage and Aizawa, 1982). The major toxins produced by  
B. thuringiensis are discussed below. 

 
3.1 Alpha exotoxin (α-exotoxin)   
  
     There are a small number of reports on alpha-exotoxin which was identified as 

lecithinase C or phospholipase C. The enzyme is water soluble, heat labile and toxic to insect. 
This thermolabile enzyme is accumulated during the exponential growth and is capable of lysing 
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many types of cell and toxic per os to mice and the diamondback moth (Plutella xylostella) 
(Dulmage, 1981), Galleria mellonella and some sawfly species and others (Rowe, 1987). 

 
3.2 Beta exotoxin (β-exotoxin)   
 

         β-exotoxin known as fly factor or thuringiensin, is a thermostable exotoxin secreted 
by some varieties of B. thuringiensis during the end of exponential growth and beginning of 
sporulation. It is a low molecular weight, water soluble substance which affects several orders of 
insect when injected into the body cavity (Heimpel and Angus, 1963). The mode of toxin action 
of thuringiensin in living system is by inhibition of RNA polymerase enzyme acting 
competitively with ATP. In human blood cells, it has been shown to increase chromosomal 
aberration. Because of its mutagenic and teratogenic properties, it is banned in North America and 
Europe, but is used for insect control in USSR (Rowe, 1987). 

 
3.3 Delta endotoxin (δ-endotoxin) 
 
     The delta-endotoxin is a major component of parasporal crystal, forming during 

sporulation and is packed into parasporal inclusions visible with light microscope. The delta-
endotoxin is referred to heat-labile, crystalline toxin, parasporal crystal or just crystal (Heimpel 
and Angus, 1963). The crystal is non-toxic until dissolved. The toxin which is synthesized as 
insoluble crystal protoxin of approximately 130-140 kDa, requires processing to become toxic. 
This action is mediated by the alkaline, pH and protease of insect midgut, yielding 60-70 kDa 
proteinase resistance toxin fragments that are derived from the N-terminal half of solubilized and 
proteolytically converted to a small active toxin. The active toxins bind to specific high affinity 
receptors on the border of the gut epithelium cells. The pore formation leads to lysis of the cell, 
breakdown of permeability barrier of the gut resulting in the death of the insect (Knowles, 1994). 

 
      The first three-dimensional structure of B. thuringiensis crystal protein, cry3A was 

illustrated by Li et al. (1991) using x-ray crystallography. This protein has been found to compose 
of three structurally distinct domains (Figure 1). 
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Figure 1  Three-dimensional structures of protein Cry3A, the crystal toxin of B. thuringiensis  
Source:  Li et al. (1991) 
 

 Domain I is composed of amino acid 1-290 and contains a hydrophobic seven-helix 
amphiphatic bundle, with six-helices surrounding a central helix. This domain contains all of the 
first conserved block and a major portion of the secondary conserved block of amino acid. 
Computer models showed that helix bundle of this domain could form a pore through the 
microvillar membrane of midgut epithelial cells.  

 
 Domain II extends from amino acid 291-500 and contains three antiparallel  

beta-sheets around a hydrophobic core. This domain contains most of the hyper variable region 
and most of conserved block three and four. The crystal structure of the molecule together with 
recombinant DNA experiments and binding studies indicate extended loop structures in the beta 
sheets are the portions of the molecular responsible for initial recognition and binding of the toxin 
to binding sites on the microvillar membrane. 
 

 Domain III is composed of amino acids 501-644 and consists of two antiparallel 
beta-sheet within which are found the remainder of conserved block number three along with 
blocks four and five. This domain is involved in maintaining the structural integrity of the 
molecule (Lee et al., 1995; Schnepf et al., 1998). 

Domain I 

Domain II 

Domain III 
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 The mode of action of B. thuringiensis has been reviewed by Schnepf et al. (1998) 
and can be summarized in the following stages: 1) ingestion of sporulated B. thuringiensis and 
insecticidal crystal protein (ICP) by an insect larva; 2) solubilization of the crystalline ICP in the 
midgut; 3) activation of the ICP by proteases; 4) binding of the activated ICP to specific receptors 
in the midgut cell membrane; 5) insertion of the toxin in the cell membrane and formation of 
pores and channels in the gut cell membrane, followed by destruction of the epithelial cells 
(Cooksey, 1971; Fast, 1981; Huber et al., 1981) and 6) subsequent B. thuringiensis spore 
germination in the hemocoel and septicemia may enhance mortality (Figure2). 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 2  Mechanism of toxicity of Bacillus thuringiensis delta-endotoxin toward insect. 
Source:  Environmental health criteria of United Nations Environment Program 1999 available  
                online at http://www.inchem.org/documents/ehc/ehc/ehc217.htm 

    
 The specific bioactivity of B. thuringiensis is dominated by the ICPs that are encoded 

by the cry genes and are active against susceptible insect species in the orders Coleoptera, Diptera 
and Lepidoptera. Specific B. thuringiensis activities against other insect orders (Hymenoptera, 
Homoptera, Dictyoptera, Mallophaga) and to nematodes (Strongylida, Tylenchida), mites (Acari), 
flatworms (Digenea) and protozoa (Diplomonadida) have been described (Feitelson, 1993). The 
ICP must be ingested to be effective against the target (Visser et al., 1993). 
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 Binding of the ICP to putative receptors is a major determinant of ICP specificity and 
the formation of pores in the midgut epithelial cells is a major mechanism of toxicity  
(Van   Frankenhuyzen, 1993). 

 
 Pore or ion channel formation occurs after the binding to the receptor and insertion of 

the domain one into the membrane, whereby the regulation of the trans-membrane electric 
potential is disturbed. This can result in colloid-osmotic lysis of the cells, which is the main 
cytolytic mechanism that is common to all ICPs (Knowles and Ellar, 1987; Schwartz et al., 1993; 
Schnepf et al., 1998). When the midgut epithelium of the larva is damaged, the haemolymph and 
gut contents can mix. This results in favourable conditions for the B. thuringiensis spores to 
germinate. The resulting vegetative cells of B. thuringiensis and the pre-existing microorganisms 
in the gut proliferate in the haemocoel causing septicemia, and may thus contribute to the 
mortality of the insect larva. 
 
4.  Crystal Protein Encoding Genes of Bacillus thuringiensis 
 

Gonzalez and Carlton (1985) reviewed reports in 1976-1980 which indicated that strains 
of B. thuringiensis frequently harbored an array of plasmids. Following this period, there 
appeared a number of reports indicated that strains lacking certain plasmids had lost the ability to 
produce parasporal crystals (Gonzalez et al., 1981). By 1981, plasmid curing studies had firmly 
established the concept that plasmids were involved in the production and expression of crystal 
proteins. However, some crystal protein genes are located on chromosomal DNA (Carlson and 
Kolsto., 1993). The discovery of the process of conjugal transfer in B. thuringiensis provided 
direct evidence for the plasmid localization of B. thuringiensis crystal protein genes. Hofte and 
Whiteley (1989) reviewed that a strain of one subspecies, cured of its crystal toxin-coding ability, 
could be converted to a strain expressing the crystal protein of different strain by transfer of 
specific plasmid following conjugal mating. Using molecular probing analysis, Kronstad et al. 
(1983) demonstrated that specific plasmid hybridized with DNA fragments of characterized 
crystal toxin genes. These two experiments confirmed the current view of crystal protein 
inheritance as being plasmid-borne. All strains of B. thuringiensis contain at least one plasmid 
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whereas most contain several (up to 17) (Whiteley et al., 1987). The plasmids have various sizes 
2-200 kb (Gonzalez et al., 1981, 1982; Gonzalalez and Carlton, 1985). Most  
B. thuringiensis plasmids are cryptic but a few functions have been assigned, including bacteriocin 
production and protoxin synthesis (Aronson et al., 1982). 
 
5.  Classification of Bacillus thuringiensis and Their Crystal Proteins 
 

There are many approaches for identification of B. thuringiensis which consists of 
several subspecies. The first classification system was based on morphological and biochemical 
characterization using conventional microbiological techniques (Burges, 1981). Bonnefoi and de 
Bajac (1963) and de Bajac and Bonnefoi (1968) reported that culture of B. thuringiensis 
distinguished serologically by comparing antibodies to their flagella proteins. The flagella 
agglutination technique was developed for B. thuringiensis classification and named  
H-serotyping. This method was widely used because it based its classification on specific, stable 
and reliable character, the flagella protein. Other approaches for B. thuringiensis classification 
include the use of phase contrast microscope, esterase pattern, crystal serology, plasmid pattern, 
DNA sequence, DNA probe, monoclonal antibodies and determination of specific insecticidal 
activity against a range of pest (Yamamoto and Powell, 1993). However, insect bioassays being 
time-consuming and exhaustive, pose a limitation for rapid screening for useful strains among the 
large collections of B. thuringiensis strains. Also biochemical testing and flagella antigen 
biotyping, though useful for determination of subspecies, do not directly reflect the specific cry 
genes classes contained in the corresponding B. thuringiensis strains.  Various techniques adopted 
to speed up screening include (i) Southern blot analysis in search of homologous genes (Kronstad 
and Whiteley, 1986); (ii) immunological characterization of ICPs (Zouari and Jaoua, 1997) and 
(iii) electrophoretic analysis of Polymerase Chain Reaction (PCR) amplified products using cry 
gene-specific oligonucleotide primers (Carozzi et al., 1991; Shevelev et al., 1998). 
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In 1989, Hofte and Whiteley developed a taxonomic system for naming B. thuringiensis 
genes and proteins in which the term “cry” for crystal designated the gene and “Cry” the encoded 
protein. From their classification scheme, the 42 B. thuringiensis crystal protein genes and single 
CytA protein have been published. All these genes were grouped into 4 major classes based on 
amino acid sequences and host range. The 4 classes include, type I gene encoded 130 kDa protein 
that is normally active only against Lepidoptera species, type II gene encoded 70 kDa protein that 
is active against both Lepidoptera and Coleoptera species, type III gene product of about 70 kDa 
is active against Coleoptera species, type IV gene products, including both 70 and 130 kDa 
crystal proteins, were originally isolated from B. thuringiensis subsp. israelensis, a subspecies 
that is highly active against mosquito and blackfly larvae.  The crystal protein gene of  
B. thuringiensis subsp. israelensis also codes for a 27 kDa protein, Cyt A that exhibits cytolytic 
activity against a variety of invertebrate and vertebrate cells. 

 
In 1992, Feitelson et al., discovered other two classes of Cry protein with nematocidal 

activity, designated as Cry V and Cry VI proteins. The Cry V proteins are in the 140-150 kDa size 
range and share considerable sequence homology with other Cry proteins. Cry VI proteins have 
masses of 44 and 55 kDa and share no homology with Cry I-Cry V proteins. Brown and Whiteley 
(1992) described the 34 kDa protein discovered in B. thuringiensis subsp. thompsoni which is 
toxic to lepidopterous larvae. Another new and interesting protein is the Cry V protein of 80 kDa 
described by Tailor et al. (1992). This protein is toxic to both coleopterous and lepidopterous 
insects. Recently, Koni and Ellar (1993) described a new 27.3 kDa Cyt protein, CytB, isolated 
from B. thuringiensis subsp. kyushuensis 

 
Since 1989, several novel cry genes have been discovered. Many of them have been 

shown to be active against nematodes and other pests, such as mites, protozoa and flatworms 
(Feitelson, 1993; Kim et al., 1995). Prior to these reports, all B. thuringiensis were identified to 
be effective only against insect. There were several inconsistencies in the original classification 
based on insecticidal activities. The discovery of new crystal protein genes with very different 
amino acid sequences and insecticidal activities urged the development of a new classification 
system. The new nomenclature principles were proposed by the B. thuringiensis Pesticidal 
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Crystal Protein Nomenclature Committee represented by Dr. D.H. Dean in the Annual meeting of 
Society for Invertebrate Pathology in 1995. In this proposed revision, Roman numerals have been 
exchanged for Arabic numerals and new system ranks crystal protein genes based solely on amino 
acid sequences. More than 290 crystal protein gene sequences have been published and classified 
into 46 groups, updated on December 22, 2004, at http://www.biols.susx.ac.uk/home/Neil_ 
Crickmore/Bt/ (Crickmore et al., 1998). The cry gene groups of B. thuringiensis and the number 
of member in each group are shown in Table 1. 
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 Table 1  Pesticidal crystal protein genes of Bacillus thuringiensis 
 

Name  No. of member    Name            No. of member 
cry1A       54    cry19         2  
cry1B       13    cry20         1 
cry1C      12    cry21         3 
cry1D        4    cry22         5 
cry1E        7    cry23         1 
cry1F        7    cry24         2 
cry1G       5    cry25         1 
cry1H        2    cry26         1 
cry1I       17    cry27         1 
cry1J        5    cry28         2 
cry1K        1    cry29         1 
cry1L        1    cry30         3 
cry2       22    cry31         2 
cry3      16    cry32         4 
cry4       8    cry33         1 
cry5       4    cry34        11 
cry6       3    cry35        11 
cry7       3    cry36         1 
cry8      11    cry37         1 
cry9      14    cry38         1 
cry10       3    cry39         1 
cry11       5    cry40         2 
cry12       1    cry41          2 
cry13       1    cry42         1 
cry14       1    cry43         3 
cry15       1    cry44         1 
cry16       1    cry45         1 
cry17       1     cry46          2 
cry18       3 

Source:  From the report of Crickmore et al. (1998), and updated on December 22, 2004, at     
                http://www.biols.susx.ac.uk/home/Neil_Crickmore/Bt/   
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The search and the characterization of B. thuringiensis genes are a worldwide project. 
Efficient identification method for known and unknown genes is important and needed. The 
commonly used method, serotyping does not directly reflect the specific cry gene classes in the 
strains and is laborious and time consuming. The more advance method, the Polymerase Chain 
Reaction (PCR) allows rapid determination of the presence or absence of a target DNA sequence. 
Recently, It has proven to be a powerful tool for identification of the specific insecticidal genes 
carried by different B. thuringiensis strains (Carozzi et al., 1991; Bourque et al., 1993;  
Chak et al., 1994; Ceron et al., 1995; Attathom et al., 1996). Prediction of insecticidal activity 
was made on the basic of electrophoresis pattern of PCR products (Carozzi et al., 1991). 

 
Recent advance in PCR-based technology has allowed the detection of novel cry genes of 

B. thuringiensis. The examples of these techniques are multiplex PCR developed by Ben-Dov  
et al. (1997), PCR-RFLP (PCR-Restriction fragment length polymorphism) developed by Kuo 
and Chak (1996) and Exclusive PCR (E-PCR) developed by Juarez-Perez et al. (1997). The 
resulting knowledge should provide novel alternative for control of different insects and coping 
with problem of resistance 
 
6.  PCR and Application of PCR-Based Techniques for cry Gene Detection 
 

In 1983, a new technique was introduced by Kary B. Mullis and his colleagues that 
enable to synthesize large quantities of specific nucleotide sequence from small amount of DNA 
in vitro without cloning.  This technique is called Polymerase Chain Reaction (PCR).  The only 
requirement is that the sequence of nucleotides on the either side of the sequence of interest 
should be known.  That information is needed to construct primer on either side of the interested 
sequence. Oligonucleotides complementary to these sequences are produced by automated 
chemical synthesis (Tamarin, 1999).  Once that is done, the sequence between the primers can be 
amplified.  The amplified products or amplicon can be detected by electrophoresis.  The 
technique offers a powerful approach to distinguish individual alleles in a genome, and thus to 
diagnosis of diseases that are defined at the sequence level or allows DNA to be amplified from 
very small tissue samples, which is useful for diagnostic and forensic purposes. 
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 The PCR takes place in three steps among three different temperatures.  First, DNA 
containing the sequences to be amplified is heat denatured (about 95oC) to separate its 
complementary strands.  Next, with a relatively low temperature (about 50oC) the single stranded 
is annealed with two short primer sequences (approximately 20 bases each), which are present in 
excess.  Finally, medium temperature (about 72oC) to allow DNA polymerase synthesizes a single 
strand in a 5′-> 3′ direction of each primer.  Then a second cycle of heat denaturation, annealing, 
and primer extension is carried out.  The cycle can be continued without interruption in PCR 
machines called thermal cycler that are simply programmable heating blocks that accurately and 
rapidly change the temperature surrounded the reaction mixture.  Currently a PCR machine can 
carry out 25 cycles and amplify DNA 105 times in as little as 57 min.   The entire cycle can be 
repeated up to 30 times and each cycle increases the plenty of duplex DNA species bounded by 
the oligonucleotide primers.  In principle, the number of copies of the target sequence is increased 
exponentially (Vierstraete, 1999) (Figure 3 and 4). 
 
 
 
 
 
 
 

 

 

 

           Figure 3 The Polymerase Chain Reaction (PCR). Step1: Denaturation, double helix of DNA is     
 separated by heating. Step 2: Annealing, primers anneal to DNA template by decreasing    
 temperature.  Step3. Extension, dNTPs incorporated into newly DNA synthesis chains by  
 adjusting temperature to optimum temperature of DNA polymerase. 

           Source:  Vierstraete (1999) 
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Figure 4  The exponential growth of amplification product 
Source:  Vierstraete (1999) 
 

6.1 Factors affecting Polymerase Chain Reaction   

 There are many factors that affect the PCR reaction and should be optimized. Some 
of the important factors are listed below. 

 6.1.1 Magnesium concentration Magnesium concentration is a crucial factor 
affecting the performance of Taq DNA polymerase. Reaction components, including template 
DNA, chelating agents present in the sample (e.g., EDTA or citrate), dNTPs and proteins, can 
affect the amount of free magnesium. In the absence of adequate free magnesium, Taq DNA 
polymerase is inactive. Conversely, excess of free magnesium reduces enzyme fidelity (Eckert 
and Kunkel, 1990) and may increase the level of nonspecific amplification (Williams, 1989; 
Ellsworth et al., 1993). For these reasons, it is important to empirically determine the optimal 
MgCl2 concentration for each reaction 
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 6.1.2 Deoxynucleotides Free deoxyribonucleotide triphosphates (dNTPs) are 
required for DNA synthesis. Concentration of each dNTP for PCR should be 20 to 200 µM and 
the four dNTPs (dATP, dTTP, dGTP and dCTP) should be used at equivalent concentrations to 
minimize misincorporation errors.  A final concentration of more than 50 mM total dNTP in the 
reaction was reported to inhibit Taq DNA polymerase activity (Innis et at., 1988). 
 
 6.1.3 Annealing temperature Annealing temperature is one of the most 
important parameters that need adjustment in the PCR reaction. The flexibility of this parameter 
allows optimization of the reaction in the presence of variable amounts of other ingredients 
(especially template DNA). Annealing temperature at 55oC is suitable for primers 20 nt long 
(50% GC). An annealing time of 30-45 sec is commonly used in PCR reactions. Increase in 
annealing time up to 2-3 min did not appreciably influence the outcome of the PCR reactions. 
However, as the polymerase has some reduced activity between 45 and 65oC (interval in which 
most annealing temperature are chosen), longer annealing times may increase the likelihood of 
unspecific amplification products (Henegariu et al., 1997). 
 

6.2  Application of PCR-based techniques for cry genes detection 
 

Carozzi et al., (1991) used PCR technique with the specific primers for cryI, cryIII, 
cryIV genes of B. thuringiensis encoded for proteins that are toxic to lepidopterans, coleopterans 
and dipterans, respectively to analyze 28 known B. thuringiensis strains. The 12 primers gave 
characteristic PCR products corresponding to the insecticidal activitiy of each strain.  Strains 
recovered with no known insecticidal activity gave no PCR products. PCR analysis of 11 
unknown strains isolated from soil and insect cadavers gave characteristic products that allow 
rapid prediction of insecticidal activity. Each isolate was bioassayed against the European corn 
borer, the Colorado potato beetle and mosquito larvae to confirm insecticidal predictions. The 
insecticidal activity predicted by PCR screen was in correlation to the result from insect 
bioassays. 
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Kalman et al. (1993) used PCR to determine the cryI genes which is specific to 
Lepidopterous insects. Eight cryI genes were detected in one reaction, allowing a rapid screening 
of a large number of B. thuringiensis strains. Additionally, they designed a PCR method to search 
for cryIC genes and identified a novel cryIC gene from B. thuringiensis subsp. galleriae strain 
HD29. They cloned a cryIC gene from B. thuringiensis subsp. aizawai and compared the 
sequence of novel gene from HD29 to all other cry genes simultaneously and found that it was 
indeed a subclass of the cryIC. 

 
Attathom et al. (1996) collected 2,364 B. thuringiensis isolates from different 

geographical regions of Thailand. The 884 isolates had been tested for their toxicity against the 
cotton bollworm, Heliciverpa armigera. Among these, 268 isolates (30.3%) showed high 
insecticidal activity and were selected for further PCR analysis of their cry genes content.  
Eight cryI specific forward and two reverse primers were used to amplify the DNA templates 
isolated from each strain. They detected cryIAa, cryIAb, cryIAc, cryIB, cryID and cryIE but 
could not detect cryIC and cryIF genes in their B. thuringiensis isolates. They found that most of 
them contained cryIAa, cryIAb and cryIAc genes which are known to code for Cry protein toxic 
to Lepidopterous insects.  

 
Isanont et al. (1997) characterized Crystal toxin of six local isolates of  

B. thuringiensis in Thailand (Bt. no. 28, 82, 96, 99, 121 and 292).  Morphological study using 
electron microscope revealed that three isolates, Bt. no. 28, 82 and 99, produced both bipyramidal 
and spherical crystal shape, Bt. no. 96 produced only bipyramidal shape, Bt. no. 292 produced 
only spherical shape and the last isolate, Bt. no. 121 produced bipyramidal, cuboidal and 
spherical shape. Insecticidal activity tests had demonstrated that all of these isolates had high 
toxicity to American bollwarm (Helicoverpa armigera) except Bt. no. 292. The cry genes content 
of these isolates had been revealed by PCR method using cryIA type specific primers. They 
detected cryIAa, cryIAb and cryIAc in four isolates (Bt. no. 28, 96, 99, 121); cryIAa and cryIAb 
in Bt. no. 292; cryIAa and cryIAc in Bt. no. 82. 

 
 



 
 
 
                                                                                                                                                          20

Bravo et al. (1998) isolated B. thuringiensis from soil samples collected from five 
macroregions in Mexico, which have very different climatic condition and a high diversity of 
insects. The strategy used was based on multiplex PCR analysis with novel general and specific 
primers that could detect cry1, cry3, cry5, cry7, cry8, cry9, cry11, cry12, cry13, cry14, cry21 and 
cyt genes. They found a high diversity of B. thuringiensis strains, containing some of the known 
cry genes and unknown cry genes coded for potentially novel Cry proteins, as well as strains with 
diverse profiles of cry gene that were not found in other regions. Characterization of high 
diversity of B. thuringiensis strains provided important data for the understanding of the ecology 
and role of B. thuringiensis in the environment. The distribution of B. thuringiensis strain is 
ubiquitous, and correlates with the distribution of insect species. 

 
Siriyan (1998) used PCR for identification of genes encoding crystal proteins of 23 

selected B. thuringiensis isolates collected from silkworm environment in Thailand. The PCR 
product profile indicates that 22 isolates of B. thuringiensis contained fragment of cry1Aa, 
cry1Ab, cry1Ac, cry1D and cry1E genes. Due to the primers they used were specific to known 
genes, therefore the existence of a novel cry gene in their B. thuringiensis strains with unknown 
nucleotide sequence was not identified. 

 
Ben-Dov et al. (1999) detected cry9 gene in B. thuringiensis strains by using 

multiplex PCR. They designed general and specific primers for detection cry9. They found that 
only 22 from 215 field isolates harbored cry9 gene. Using specific primers, they classified these 
isolates into three groups cry gene profiles according to their cry9 gene content. 

 
Hongyu et al. (2000) analyzed B. thuringiensis isolated from warehouse in China 

using PCR technique with specific primers for cry1Aa5, cry1Ab9, cry1Ac5, cry1Ba, cry1Ca1, 
cry1Da1, cry1Ea3, cry1Fa2 and general primers for cry2 and cry3. The distribution of cry genes 
depended on geography and type of warehouse. They suggested that gene profiles may be used as 
markers for insecticidal activity of B. thuringiensis strains. However the result showed that 
different isolates containing the same cry gene profile had different toxic levels to the tested 
insect, with their mortality levels ranging from 0 to 100%. The reason for this still remains to be 
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determined, but it is clear that the toxic levels of B. thuringiensis in the target insects are 
influenced by many factors including cry gene profiles, the level of expression and possibly 
synergism of different proteins in the crystal of each B. thuringiensis strain. 
  

Uribe et al. (2003) studied the distribution and diversity of cry genes in 108  
B. thuringiensis strains collected from different ecosystems from Colombia. They found that cry1 
was the most abundant (73%) and 27.8% of strains harbored cry3, cry7 or cry8 and 17.8% did not 
harbor any cry1, cry3, cry7 or cry8. 

 
7.  PCR-Restriction Fragment Length Polymorphism (PCR-RFLP) 
 

Restriction Fragment Length Polymorphism (RFLP) is a technique in which organisms 
may be differentiated by analysis of patterns derived from cleavage of their DNAs. If two 
organisms differ in the distance between sites of cleavage of a particular restriction endonuclease, 
the length of the fragments produced will differ when the DNA is digested with the restriction 
enzyme. The similarity of the patterns generated can be used to differentiate species (and even 
strains) from one another (Wang et al., 2003). Recent reports indicated the uses of this method to 
detect novel cry gene. 

 
Song et al. (2003) identified cry1I-type genes from B. thuringiensis strains and used 

PCR-RFLP to identify novel cry1I-type gene. They could detect cry1I gene in 95 out of 115  
B. thuringiensis isolates. By using PCR-RFLP they found 7 novel cry1I-type genes, one of them 
has been cloned and expressed in E. coli and the expressed product was toxic to diamondback 
moth (Plutella xylostella), Asian corm borer (Ostrinia furnacalis) and soybean pod borer 
(Leguminivora glycinivorella). 

 
On their study on distribution and diversity of cry genes, Wang et al. (2003) 

characterized cry1, cry2 and cry9 genes in B. thuringiensis isolates from China. They found that 
the strains that contain cry1-type were the most abundant (76.5%), 70% of isolates contained a 
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cry2 gene and 15.5% contained cry9 gene. One novel cry1-type gene was identified by using 
PCR-RFLP method. 

 
8.  Nucleotide Sequencing and Sequence Analysis  
 

8.1  Nucleotide sequencing   
 
 Nucleotide sequencing is the process for determination the exact sequence of 

nucleotide bases in DNA molecule. Two methods of nucleotide sequencing have been developed: 
the first is chemical method which uses base specific chemical cleavage and the second is 
dideoxynucleotide method which involves base specific termination of the enzymatic extension of 
DNA chains by dideoxy analogues (Sanger et al., 1977). One of the major advances in 
sequencing technology in recent years is the development of automated DNA sequencer. It is 
based on the chain termination method and use of fluorescent labels. The fluorescent dyes can be 
attached to the sequencing primer, to the dNTPs or the terminators and are incorporated into the 
DNA chain during strand synthesis reaction mediated by DNA polymerase. During the 
electrophoresis of the newly generated DNA fragments on a polyacrylamide gel, a laser beam 
excites the fluorescent dyes. The emitted fluorescence is collected by detectors and the 
information analyzed by the computer. The data are automatically converted to nucleotide 
sequence. Several automated DNA sequencers are now commercially available and are becoming 
increasingly popular. 
 

8.2  Sequence alignment  
 
 Sequence alignment is the procedure of comparing two (pair-wise alignment) or 

more (multiple sequence alignment) sequences by searching for a series of individual characters 
or character patterns that are in the same order in the sequences. Two sequences are aligned by 
writing them across a page in two rows. Identical or similar characters are placed in the same 
column, and nonidentical characters can either be placed in the same column as a mismatch or 
opposite a gap in the other sequence. There are two types of the pair-wise sequence alignment, 
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global and local alignment (Pevsner, 2003). In global alignment, an attempt is made to align the 
entire sequence, using as many characters as possible, up to both ends of each sequence. 
Sequence that are quite similar and approximately the same length are suitable candidates for 
global alignment. In local alignment, stretches of sequence with the highest density of matches 
are aligned. Local alignment are more suitable for aligning sequences that are similar along some 
of their length but dissimilar in others, sequences that differ in length, or sequences that share a 
conserved region or domain. In multiple sequence alignment, sequences are aligned optimally by 
bringing the greatest number of similar characters into register in the same column of the 
alignment. Multiple sequence alignment of a set of sequences can provide information as to the 
most alike regions in the set. In proteins, such regions may represent conserved functional or 
structural domain (Tatusov et al., 1994). The multiple sequence alignment program such as 
Clustal has been around for more than 10 years, and the authors have done much to support and 
improve the program (Higgins and Sharp 1998, Thompson et al., 1994 and Higgins et al., 1996). 
ClustalW and ClustalX are the more recent versions of Clustal, which provide more realistic 
alignments that should reflect the revolutionary changes in the aligned sequences and the more 
appropriate distribution of gaps between conserved domains. Once an alignment has been made, a 
phylogenetic tree may be made by the neighbor-joining method, with corrections for possible 
multiple changes at each countered position in the alignment. Another use for consensus 
information retrieved from multiple sequence alignment is for the prediction of specific probes 
for other members of the same group or family of similar sequences in the same or other 
organisms. Once a consensus pattern has been found, it may be used to design (PCR) primers for 
amplification of related sequences.  
 

8.3  Homology search  
 
  The most frequent analysis of an unknown sequence is to perform homology search, 

which is a search for sequence similarity with known sequence in the database. The international 
DNA databases available which provide sequence information at no cost over the internet consist 
of three databases, http://www.ebi.ac.uk/embl.html, http://www.ddbj.nig.ac.jp and http://www. 
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ncbi.nlm.nih.gov as shown in Table 2. All databases exchange their data daily to update the 
sequence information.  
 
Table 2  List of international primary sequence database 
 
Database                                         Sponsor                               Location (URL) 
 
DNA Data Bank of Japan     National Institute of Genetics       http://www.ddbj.nig.ac.jp 
EMBL Data Library             European Molecular Biology        http://www.ebi.ac.uk/embl.htm 
GenBank                               National Center for                       http://www.ncbi.nlm.nih.gov 
                                              Biotechnology Information 
          
Source: Burks (1999) 
 

 A homology search can be carried out either with nucleotide sequence or amino acid 
sequence. However, homology search with nucleotide sequence rarely gives valuable information 
(Brown, 1994). Since, the DNA sequence information is so simple, just four different bases (A, T, 
G and C). As a result, unrelated sequence can have high degrees of similarity and the 
identification for biologically significant homologies is very difficult. On the contrary, amino acid 
sequence information is relatively complex (20 different amino acids) and amino acid sequence 
similarity between proteins often indicates a corresponding similarity in the structure and 
function. Thus the determination for the structure and function of an unknown protein is easily 
achieved by comparing amino acid sequence of an unknown protein with previously characterized 
proteins (Pevsner, 2003). There are several programs for homology searching available free of 
charge from molecular biology databases on the internet. Sequence similarity search servers such 
as the Basic Local Alignment Search Tool (BLAST) at http://www.ncbi.nlm.nih.gov/ is the most 
widely used one for sequence database search and is backed up by a powerful computer system so 
that it is usually very fast. There are a number of different versions of the BLAST program for 
comparing either nucleic acid or protein query sequences with nucleic acid or protein sequence 
databases. 
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Recovery of Bacillus thuringiensis    Primer designing 

Total DNA extraction 

MATERIALS AND METHODS 
 

Work plan for this study are outlined as follows: 
 

 

   
  
 

         
 

 
 
 
 

     
 

  
 
 

 
          

              
 
 
 
 
 
 

Primer synthesis 

Detection of cry1, cry2 and cry9 genes by PCR 

Detection of novel cry genes by PCR-RFLP 

 Cloning and sequencing PCR products of expected novel cry gene 

Analysis nucleotide sequence of expected novel cry gene 
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1.  Bacillus thuringiensis Isolates 
 

B. thuringiensis samples were randomly selected from B. thuringiensis collection of 
Dr.Tipvadee Attathom, Department of Entomology, Faculty of Agriculture, Kamphaengsaen, 
Kasetsart University. Samples were originately collected from different sources in different 
regions in Thailand and kept in laboratory. The standard strains, B. thuringiensis subsp. kurstaki 
and B. thuringiensis subsp. aizawai were purchased from Microbiological Resources Centres 
(MIRCENs), Thailand and used as positive control in the experiment. B. thuringiensis was grown 
at 37°C in nutrient agar and nutrient broth.  

 
In this study, one hundred and thirty four B. thuringiensis isolates were randomly 

selected from the collection representing different geographical regions in Thailand as shown in 
Table 3. In addition, 28 B. thuringiensis isolates that had been proved to possess good insecticidal 
activity towards Lepidopterous insect larvae (Helicoverpa armigera) (Attathom et al., 1996) were 
included in this study for comparison. Because of their high toxicity toward Lepidopterous insect 
larvae, it could be implied that these strains may harbor cry1, cry2 or cry9 genes which encoded 
proteins that are toxic to the above mentioned insect order. 
 
Table 3   Number of B. thuringiensis isolates used for analysis of cry gene content and their  
                geographical origins in Thailand 
 

        Geographical origin                               Number of B. thuringiensis isolates 
North      18 
North-East     33 
Central      35 
East                      9 
West      15 
South      24  
Effective strains*      28 

                Total number                  162 
* Strains were randomly selected from those that have been proved to be highly effective to Helicoverpa                                    
   armigera (Family Noctuidae: Order Lepidoptera) (Attathom et al., 1996). 
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2.  Gram Staining 
 

Each isolate of Bacillus thuringiensis has been confirmed by Gram staining. According 
to Gram staining procedure, after smearing the colony of B. thuringiensis on a drop of water on 
glass slide, the smear was allowed to dry and heat fixed by moving the slide over flame two or 
three times. There are four steps for Gram staining. First step, the slide is placed on a slide holder 
and flooded with crystal violet for about 60 sec, then washed for 5 sec with water. The specimen 
should appear blue-violet. Second step, the slide was flooded with the iodine solution for about a 
min and rinsed with water for 5 sec and immediately preceded to next step. At this point, the 
specimen should still be blue-violet. The third step is somewhat subjective because using too 
much decolorizer could result in a false Gram (-) result. Likewise, not using enough decolorizer 
may yield a false Gram (+) results. To be safe the ethanol was added dropwise until the  
blue-violet color is no longer emitted from specimen, then rinsed the slide with the water for 5 
sec. The final step involves applying the counterstain, safranin. The slide was flooded with the 
safranin for about a min to allow the bacteria to incorporate the safranin and rinsed with water for 
5 sec to remove any excess of dye. The slide was allowed to dry and observed using light 
microscope. Gram positive cells will incorporate little or no counterstain and will remain  
blue-violet in appearance. Gram negative bacteria take on a pink color and are easily 
distinguished from the Gram positives ones. 
  
 
3.  Total DNA Extraction from Bacillus thuringiensis 
 
 According to Molecular Biological Methods of Bacillus (Harwood and Cutting, 1990),  
B. thuringiensis strains were grown on nutrient agar plate at 37°C for 16 hr. A loop full of cells 
was transferred to 2 ml of Luria-Bertani medium (LB) (Appendix A) and cultured overnight in 
incubator shaker (37°C, 200 rpm). The cells were then harvested by centrifugation for 10 min at 
9,000 rpm and the cell pellet was resuspened in 1.5 ml pre-cooled buffer (10 mM Tris.HCl, pH 
8.0; 150 mM NaCl; 10 mM EDTA), and centrifuged for 2 min at full speed. The supernatant was 
discarded and pellet was resuspened in 0.7 ml lysis buffer (20 mM Tris.HCl, pH 8.0; 10 mM 
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EDTA; 50 mM NaCl, 4 mg/ml of lysozyme) and incubated for 20 min at 70°C. The lysate was 
cooled on ice for 2 min, added with 700 µl phenol and centrifuged at full speed to separate phase. 
The upper phase was transferred into fresh tube and 600 µl chloroform : isoamyl alcohol (24 : 1) 
was added. The mixture was vortexed and phase was separated by centrifugation at full speed. 
The upper phase was collected and then added with 5µl of RNase and incubated for 15 min at  
37 °C. Total DNA was precipitated with EtOH and DNA pellet was resuspended in 100 µl of 
Tris-EDTA (10 mM Tris.HCl, pH 8.0; 1 mM EDTA, pH 8.0) and stored at 4°C until use. The 
concentration of total DNA was measured by UV-Vis spectrophotometer GeneSys5  
(MiltonToy, USA). 
 
4.  Oligonucleotide Primer Designing 
 

The oligonucleotide primer designing is critical step in our research study. 
Oligonucleotide primers for PCR detection of cry1, cry2 and cry9 genes were selected from 
highly conserved region by multiple alignment of all reported DNA sequences of each cry group 
using ClustalW computer program. An example of cry gene specific primer designing was 
demonstrated as follows:  

 
4.1 Seeking for cry gene sequences collection  

 
 The cry1G primer designing was explained here as an examples. The first step is to 

seek for the collection of all reported cry gene sequences which are available at http://www.biols. 
susx.ac.uk/home/Neil_Crickmore/Bt/ as shown in Figure 5. These reported cry gene sequences 
were linked to NCBI database, which gave information of each cry gene including Cry toxin 
name, accession number, author, year and source of the strains. The accession number was linked 
to NCBI database that gave amino acid and DNA sequence that will be used to design specific 
primer. 
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Figure 5   Database of cry gene including the recent discovery of cry genes 
Source:   http://www.biols.susx.ac.uk/home/Neil_Crickmore/Bt/ 
 

4.2 Finding the conserved region  
 

 To find conserved regions, sequences of cry genes of interest that have been retrieved 
from the database were aligned together with multiple alignment using ClustalW. The conserved 
regions were selected to be used as forward and reverse primers.  Figure 6 showed an example of 
multiple alignment of cry1G. 
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               Forward 

   
cry1Gb2       ATCACCCAAATACCGTTAGTAAAGGCTTTCAATCTTCATTCAGGTGCCACGGTTGTTAGA 
cry1Gb1       ATCACCCAAATACCGTTAGTAAAGGCTTTCAATCTTCATTCAGGTGCCACGGTTGTTAGA 
cry1Ga2       ATTACCCAAATACCGTTAGTAAAGGCTTTCAATCTTCATTCAGGTGCCACGATTGTTAAA 
cry1Ga1       ATTACCCAAATACCGTTAGTAAAGGCTTTCAATCTTCATTCAGGTGCCACGATTGTTAAA 
              ** ************************************************ ****** * 
 
cry1Gb2       GGACCAGGATTTACAGGTGGGGACATCCTTCGAAGAACGAATGCTGGTAACTTTGGAGAT 
cry1Gb1       GGACCAGGATTTACAGGTGGGGATATCCTTCGAAGAACGAATGCTGGTAACTTTGGAGAT 
cry1Ga2       GGACCAGGTTTTACAGGTGGGGATATCCTTCGAAGAACGAATGTTCGTAGCTTTCGAGAT 
cry1Ga1       GGACCAGGTTTTACAGGTGGGGATATCCTTCGAAGAACGAATGTTGGTAGCTTTGGAGAT 
              ******** ************** ******************* * *** **** ***** 
 
cry1Gb2       ATGCGTGTAAACATTACTGCACCACTATCACAAAGATATCGCGTAAGGATTCGTTATGCT 
cry1Gb1       ATGCGTGTAAACATTACTGCACCACTATCACAAAGATATCGCGTAAGGATTCGTTATGCT 
cry1Ga2       ATGCGTGTAAACATTACTGCACCACTATCACAAAGATATCGCGTAAGGATTCGTTATGCT 
cry1Ga1       ATGCGTGTAAACATTACTGCACCACTATCACAAAGATATCGCGTAAGGATTCGTTATGCT 
              ************************************************************ 
 
cry1Gb2       TCTACTGCAAATTTACAATTCCATACATCAATTAACGGAAGAGCCATTAATCAGGCGAAT 
cry1Gb1       TCTACTGCAAATTTACAATTCCATACATCAATTAACGGAAGAGCCATTAATCAGGCGAAT 
cry1Ga2       TCTACGACAGATTTACAATTCTATACGAATATTAATGGAACTACTATTAATATTGGTAAT 
cry1Ga1       TCTACGACAGATTTACAATTCTATACGAATATTAATGGAACTACTATTAATATTGGTAAT 
              *****  ** *********** ****    ***** ****   * ******   *  *** 
 
cry1Gb2       TTCCCAGCAACTATGAACAGTGGGGAGAATTTACAGTCCGGAAGCTTCAGGGTTGCAGGT 
cry1Gb1       TTCCCAGCAACTATGAACAGTGGGGAGAATTTACAGTCCGGAAGCTTCAGGGTTGCAGGT 
cry1Ga2       TTCTCGAGCACTATGGACAGTGGGGATGATTTACAGTACGGAAGATTCAGGGTTGCAGGT 
cry1Ga1       TTCTCGAGCACTATGGACAGTGGGGATGATTTACAGTACGGAAGATTCAGGGTTGCAGGT 
              *** *    ****** **********  ********* ****** *************** 
    Reverse 
    
cry1Gb2       TTTACTACTCCATTTACCTTTTC-AGATGCACTAAGCACATTCACAATAGGTGCTTTTAG 
cry1Gb1       TTTACTACTCCATTTACCTTTTC-AGATGCACTAAGCACATTCACAATAGGTGCTTTTAG 
cry1Ga2       TTTACTACTCCATTTACCTTTTCCAGATGCAAACAGACATTCCACAATAGGTCCTTTTGG 
cry1Ga1       TTTACTACTCCATTTACCTTTTC-AGATGCAAACAGCACATTCACAATAGGTGCTTTTGG 
              *********************** *******   **    * ********** ***** * 

 
 
 

Figure 6 Multiple alignment of cry1G using ClustalW. The symbol * below each column  
                  indicated the conserved sequence. The sequences for using as forward and reverse  
                  primers are shown in italic character with arrow indicated the region and direction  
                  of the primers.     

  
4.3 Web-based program for analysis of conserved regions of cry1G 

 
 The conserved regions that have been selected to be used as primers were further 

analyzed using web-based program. Primer analysis was performed by using CybergeneAB and 
Oligo Toolkit web server located at http://www.cybergene.se/primer.html and http://oligos. 
qiagen.com/oligos/toolkit.php, respectively. These programs calculated good information about 
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the sequence for using as primers, such as annealing temperature and primer dimer. The  
web-based primers analysis of conserved regions of cry1G was illustrated in Figure 7. 

 
A 

 
 
 
 
 
 
 
 
 
 

B 
 
 
 
 
 
 
 
 
 

 
Figure 7 The web-based primers analysis of conserved regions of cry1G for using as forward  
                 primer. (A) Primer information (B) the testing of primer dimer complementary 
Source:    http://oligos.qiagen.com/oligos/toolkit.php 
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 To confirm that the selected primer will amplify only the desired cry gene group, the 
primer sequence was further analyzed using BlastN, http://www.ncbi.nlm.nih.gov/BLAST/. This 
process gave information about primer specificity. The Blast result gave the possible of any 
sequence that primers will be annealed, therefore all of possible of cry gene sequences that have 
significant match must be considered. Figure 8 showed that the first to the forth sequences were 
highly match to B. thuringiensis cry genes. Therefore these sequences must be studied in details 
about Cry toxin that had been encoded by these sequences.  If primer is specific only to desired 
cry1G gene group, it can be used as primer. Both forward and reverse primers were synthesized 
on a DNA/RNA synthesizer (Polygen, Germany) at DNA Technology Laboratory, Kasetsart 
University, Kamphaengsaen Campus. If it is not specific, the other conserved regions will be 
selected and analyzed using the procedures described above. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 Specificity testing of primer by BlastN of cry1G forward primer sequence to test the  
                specificity of primer. The sequence of significant match will be sorted in the order of bit  
                score and expected value (E-value). 
Source:  http://www.ncbi.nlm.nih.gov/BLAST/ 
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5.  Optimization the Polymerase Chain Reaction (PCR) for cry Gene Detection 
 

The condition for each cry gene detection was optimized. Factors affecting PCR 
condition were studied including annealing temperature, Mg2+concentration and DNA template 
concentration. 

 
5.1 Annealing temperature  

 
 To optimize the annealing temperature, six PCRs were performed in which steps of 

reactions were set in the same manner in each reaction only that the annealing temperature was 
varied from Tm to Tm-5oC. 

 
5.2 Mg2+concentration 

 
  To optimize the optimum concentration of Mg2+, the PCR was set in six reactions in 

which various concentrations of MgCl2 were added into standard PCR buffer (1.5 mM Mg2+).  
Table 4 showed the final concentration of Mg2+and volume of 10 mM added into standard PCR 
buffer. 

 
Table 4  The final concentration of MgCl2 and volume of 10 mM MgCl2 added into standard PCR  
               buffer 

 
                      Final concentration of Mg2+                                   Required volume of 10 mM MgCl2 

                                                             (mM)                                                                                                 (µl) 
                                      1.5  0 
                                       2.0                                                                      1.25 
 2.5                                                                      2.50 
 3.0                                                                      3.75 
 3.5                                                                      5.00 
 4.0                                                                      6.25 
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5.3 Template concentration   
 

 To optimize the concentration of DNA template used in PCR and to determine the 
minimum concentration of DNA template that can be detected by PCR, seven different DNA 
template concentrations of each cry gene were set for the experiments. 

 
6.  cry Gene Detection by Polymerase Chain Reaction (PCR) 

 
PCR was carried out in a DNA Thermal Cycler (MJ Research, Wartertown, MA). The  

25 µl of PCR mixture contained: 1 µl of total DNA template, 200 µM of each deoxynucleotide, 
0.2 µM concentration of each primer, 0.4 U of Taq DNA polymerase (DyNAzymeTm II DNA 
polymerase), and 2.5 µl of 10x PCR buffer (FINNZYMES). The amount of MgCl2 added in each 
reaction were according to the result obtained from the study on the optimization of PCR for each 
cry gene detection as described in previous section.  
 
 The PCR conditions were set in similar manner for each cry gene detection which 
include denaturation at 94°C 1 min and extension at 72°C 1 min, exception was the annealing 
temperature which were set at different temperatures for each cry gene according to the results 
obtained from previous section. Three micro-liter of PCR product was analyzed on 1.5% of 
agarose gel in Tris-acetate EDTA buffer (40 mM Tris acetate, 1 mM EDTA). The gel was stained 
in a 0.5 mg/ml ethidium bromide solution (EtBr) and examined under UV-transilluminator to 
visualize the amplified bands. Fifty or 100 bp DNA ladder was used as DNA size markers. In 
each experiment, reactions containing template DNA and no template DNA were set up as 
positive and negative control. 
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7.  Detection of Novel cry Gene by PCR-RFLP 
 

All PCR fragments from the cry gene detection experiment were digested with suitable 
restriction enzymes based on restriction site on the gene (predict the restriction sites by using 
Webcutter 2.0 program available at http://www.firstmarket.com/cutter/cut2.html). The restriction 
enzymes Sua3AI and HhaI were used for digest cry1A, EcoRI and HhaI for cry1B, HhaI and 
Sau3AI for cry1C, EcoRI and HhaI for cry1D, HpaII and HaeIII for cry1E, MspI and HindIII for 
cry1G, EcoRI and XhoI for cry1I, EcoRI and DraI for cry1J, EcoRI and HaeIII for cry1L, DraI 
and HhaI for cry2, Sua3AI for cry9. The digested mixture contained 5µl of PCR product and 
other components according to the instructions of the manufacturer (New England Biolab, USA). 
The reaction mixture was incubated overnight at 37°C. The digested products were analyzed on 
2% agarose gel in TAE buffer (40 mM Tris acetate, 1 mM EDTA), stained with ethidium bromide 
and visualized under UV light. The result was compared with digest fragments using Webcutter 
2.0 program. 

 
8.  Agarose Gel Electrophoresis 
 

The concentrations of agarose used in this study were 1.5% in 1x TAE buffer for the 
analysis of PCR product and 2% in 1x TAE buffer for analysis of PCR-RFLP. The 1.5% agarose 
was prepared by adding 1.5 g of agarose powder to 100 ml of 1x TAE buffer. The slurry was heated 
in a microwave oven until the agarose was completely dissolved. The warm agarose solution was 
cooled to 45-55oC and then poured into the mold which had a comb placed about 0.5-1.0 mm above 
the mold. The gel was between 3-5 mm thick and no air bubbles were allowed. The gel was allowed 
to set at room temperature for 35-45 min. After that the comb was removed and the gel was ready 
for samples loading. The gel was then placed in the electrophoresis tank and the 1x TAE buffer 
(Appendix B) was added to cover the gel to a depth of about 1 mm. The DNA samples were 
mixed with gel loading buffer in the ratio of 3 : 1 (DNA : gel loading buffer) and added into the 
slots of the submerged gel. After that the electrical leads were attached to the electrophoresis tank 
and the voltage was applied. The DNA migrated toward the anode. The gel was run until the gel 
loading buffer has migrated to the appropriate distance through the gel. The gel was then stained 
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in 0.5 mg/ml ethidium bromide (EtBr) solution and examined under an UV-transilluminator to 
visualize DNA bands. 
 
9.  PCR Cloning of Expected Novel cry Gene 
 

Escherichia coli was used as the host cell for cloning PCR product of cry gene that 
exhibited unexpected PCR-RFLP pattern. The genotypes of E. coli DH5α strain was as follows: 
supE44 ∆ lacU169 (φ80lacZ∆M15) hsdR17 recA1 endA1 gyrA96 thi-1 relA1. The stock culture 
of this strain was maintained on 2x YT slant (Appendix A). It was normally grown at 37oC.  
 

The PCR product that gave unexpected PCR-RFLP pattern was purified by QIAquick® 
PCR purification kit (QIAGEN Inc., USA) according to the instruction of the manufacturer. 
Purified PCR product was cloned into pDrive cloning vector (QIAGEN Inc., USA). The physical 
map of pDrive was shown in Figure 9. The ligation reaction was set up as described in Table 5 
and incubated overnight at 4 oC. 

 
 

Table 5  The components of ligation mixture 
 
                                         Component                                          Volume (µl) 
 PCR product     3.0    
 pDrive cloning vector (50ng/µl)            1.0              
 Distilled water 1.0 
 Ligation Master Mix,2x 5.0                                                     
 Total volume                                           10.0                                                  
 
 Source:  QIAGEN PCR Cloning book (2001) 
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Competent cells were prepared using the procedure described by Sambrook et al. (1989) 
with some modifications. A fresh overnight culture of E. coli DH5α was grown in 40 ml of  
2x YT broth at 37°C with vigorous shaking to an OD600 of approximately 0.3-0.8. Cells were 
harvested by centrifugation at 5,000 rpm for 5 min at 4°C. The supernatant was removed as much as 
possible and the pellet was gently resuspended in 20 ml of 50 mM CaCl2 and placed on ice for 45 min. 
The cells were spun at 5,000 rpm for 5 min at 4°C and the pellet was then resuspended in the 2 ml of 
50 mM CaCl2 containing 20% glycerol and placed on ice for 30 min. Competent cells were kept in 
microtube (100 µl/tube) and ready for transformation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9  Physical map of pDrive cloning vector  with  U-overhangs and multiple cloning sites. 
Source:   QIAGEN PCR Cloning book (2001) 
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A five micro-liter of recombinant plasmid DNA was added into 100 µl of E. coli DH5α 
competent cells and the tube was stored on ice for 10-30 min. The cells were heat shocked at 37°C 
for 2 min and immediately transferred to keep on ice for 2 min and transferred into 1 ml of 2x YT 
medium and incubated at 37°C for 30 min (no shaking) after that shaking at 125 rpm for 30 min. 
Then 100, 150 and 200 µl of the transformed cells were cultured on 2x YT agar plate containing 50 
µg/ml ampicillin and 50 µg/ml X-gal (Appendix A). The recombinant clones were selected from 
white colonies formed on the plate and sub-cultured on Luria-Bertani (LB) agar for recombinant 
plasmid DNA isolation. 

 
 Plasmid DNA was extracted from those white colonies by alkaline lysis method 

(Sambrook et al., 1989) as described below. To characterize individual clone, PCR re-amplification 
and restriction digestion were performed. 

 
E. coli harboring recombinant plasmid was grown in 2x YT broth containing 50 µg/ml 

ampicillin, for 18-24 hr at 37°C. The cell suspension was resuspended in 100 µl solution I 
(Appendix B) prior to alkaline hydrolysis. Then, 200 µl of freshly prepared solution II (Appendix 
B) was added into the cell suspension and gently mixed by inverting the tube until the solution is 
clear and viscous. The tube was stored on ice for 5 min and 150 µl of ice-cold solution III 
(Appendix B) was added into the solution followed by vortexing and storing the tube on ice for 5 
min. The suspension was centrifuged at 10,000 rpm for 10 min. The supernatant was then 
transferred to a fresh tube and phenol extraction was then carried out by adding an equal volume 
of phenol : chloroform : isoamyl alcohol (25 : 24 : 1 v/v) to the sample. The upper layer of the 
mixture was transferred to a fresh tube after storing on ice for 5 min and centrifuged at 10,000 
rpm for 15 min. Then, plasmid DNA was precipitated with 2 volume of ice-cold absolute ethanol. 
The plasmid DNA solution was stored at –20°C overnight and centrifuged at 12,000 rpm for 30 
min at 4°C. The supernatant was removed and allowed the pellet of nucleic acid to air dry before 
redissolved in 20 µl of TE buffer containing RNase A (Appendix B). The solution was mixed by 
briefly vortex and incubated at 37°C overnight and stored at –20°C. Plasmid DNA was analyzed 
in 0.8% agarose gel electrophoresis. The gel was stained in 0.5 mg/ml ethidium bromide solution 
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(Appendix B), examined under an UV transilluminator to visualize DNA bands and then 
photographed.  

 
10.  Analysis of Nucleotide Sequences  
 

Recombinant plasmids were used as template for nucleotide sequencing. DNA template 
and sequencing primer were sent to be sequenced with big dye terminator sequencing kit by ABI 
PRISMTM377 (Perkin Elmer) at DNA Technology Laboratory (DNA TEC) at Kasetsart 
University, Khamphaengsaen Campus  
 

Comparisons of nucleotide sequences were performed using standard BLAST sequence 
similarity searching program located at http://www.ncbi.nlm.nih.gov/BLAST/ against previously 
reported sequences in Genbank database. Restriction sites of the obtained nucleotide sequences 
were analyzed using the Webcutter 2.0 program and were multiple aligned using ClustalW in 
order to compare with other reported cry genes in the same group. 
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RESULTS AND DISCUSSION 
 

1.  Bacillus thuringiensis Isolates and DNA Extraction 
 

 The total of one hundred and sixty two isolates of B. thuringiensis randomly selected  
from different geographical regions of Thailand were used in this study. They were confirmed for  
their properties by Gram staining and were morphologically observed under light microscope. 
The results indicated that they are Gram positive, rod shaped, spore and crystal forming bacteria. 
Thus confirmed that they are B. thuringiensis. They were grown on Luria-Bertani (LB) broth and 
the total DNA which including genomic and plasmid DNA were extracted according to 
Molecular Biological Methods of Bacillus (Harwood, 1990).  

 
Twenty isolates of B. thuringiensis were used as examples to demonstrate the 

information gathered for each of the 162 isolates used in this study. The information included: the 
accession numbers of B. thuringiensis which were derived from the original Bt collection of the 
Department of Entomology, Faculty of Agriculture, Kamphaengsaen, Kasetsart University, site 
and source of collection as shown in Table 6. There were predominantly recovered from soil 
samples and relatively few numbers were recovered from rice, sand, water and manure. The 
concentration and purity of DNAs were estimated using GeneSys5 (MiltonToy, USA) UV-Vis 
spectrophotometer. The values of OD260, OD280 and the ratio of OD260/280 were also shown in  
Table 6. The result indicated that the values of OD260/280 ranging from 1.67 to 1.89. The value of 
OD260/280 as near as 1.80 suggested that extracted DNAs were in high quality. Using the described 
DNA extraction procedure, the concentration of the total DNA extracted from each  
B. thuringiensis isolate varied from 51 to 362 µg/ml. The distinct differences in the amount of 
DNA obtained may due to growth rate and colony forming of each B. thuringiensis isolate. Some 
colonies of B. thuringiensis were packed and hence dissolving by DNA extraction buffer was 
difficult. Therefore it is necessary to determine minimal concentration of DNA that is sufficient 
for PCR for cry gene detection. In general, in 25 µl PCR reaction, it is required 5-25 ng of total 
DNA to achieve successful DNA amplification (Welsh and Mcclelland, 1990).  
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Table 6  The information of B. thuringiensis isolates collected from different geographical  
                   regions in Thailand. 
 

Site of collection Total DNA 

UV absorbance DNA 
concentration 

No Accession 
number 

Region Province 

Source of 
collection 

OD260 OD280 OD1
260/280 (µg/ml)1 

1      Bt726 Lamphun Soil 0.162 0.144 1.79 206 

2      Bt821 Phayao Soil 0.033 0.023 1.81 115 

3      Bt865 

North 

Mae Hong Son Soil 0.285 0.252   1.80 362 

4      Bt99-3 Khon Kaen Manure 0.298 0.290 1.67  97 

5      Bt158 Roi Et Rice 0.268 0.258 1.76 109 

6      Bt224 

North-East 

Sakon Nakhon Soil 0.342 0.315 1.80 296 

7      Bt6 Ratchaburi Rice 0.078 0.067 1.77 129 

8      Bt328 Phetchaburi Soil 0.017 0.011 1.76 68 

9      Bt356 

West 

Kanchanaburi Soil 0.049 0.038 1.80 121 

10      Bt657-1 Prachin Buri Soil 0.322 0.313 1.76 95 

11      Bt658 Chachoengsao Soil 0.329 0.131 1.78 183 

12      Bt697 

East 

Chon Buri Soil 0.314 0.305 1.77 108 

13      Bt547 Phuket Sand 0.034 0.040 1.88 61 

14      Bt567 Songkhla Soil 0.054 0.051 1.80 58 

15      Bt594 

South 

Narathiwat Soil 0.056 0.051 1.80 51 

16      Bt13 Ayutthaya Rice 0.091 0.082 1.81 103 

17      Bt81 Suphan Buri Soil 0.093 0.090 1.87 71 

18      Bt329-3 

Central 

Nakhon Pathom Water 0.078 0.071 1.84 75 

19      Bt26-13 Pathum Thani Rice 0.165 0.154 1.80 121 

20      Bt397-1 
Effective2 

isolate Nakhon Sawan Soil 0.088 0.082 1.89 62 

 
1 These value were estimated by spectrophotometer GeneSys5 (MiltonToy, USA)  
2 Isolates that had been proved to be effective against Lepidopterous insect 
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2.  Oligonucleotide Primer Designing 
 

According to the described process for primer designing, 14 primer pairs specific to  
cry1A, cry1B, cry1C, cry1D, cry1E, cry1F, cry1G, cry1H, cry1I, cry1J, cry1K, cry1L, cry2 and  
cry9 genes were designed and used in this study. The characteristics of each primer pair were  
shown in Table 7. The location of primers on each cry gene group and recognition sites of 
restriction enzymes on predicted PCR products were shown in Figure 10.   

 
 

Table 7  Characteristics of primer pairs designed for specific cry gene detection 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Primer 
Name 

Genes 
Recognized 

Product Size (bp) Sequence Tm 
 (OC) 

c1A 
cry1Aa, cry1Ab, cry1Ac, cry1Ad, 
cry1Ae, cry1Af, cry1Ag 

398 
5’ ATTCGCTAGGAACCAAGC (d) 
5’ AATCCGGTCCCCATACAC (r) 

55 

c1B 
cry1Ba, cry1Bb, cry1Bc, cry1Bd, 
cry1Be, cry1Bf 

900 
5’ CAGAAACAACAGAACGACC(d) 
5’ CACTTCCCCACCATCCAT (r) 

57 

c1C cry1Ca, cry1Cb 432 
5’ TAATCCACAGTTACAGTC (d) 
5' TATTATCCTCAGGCGGTAA (r) 57 

c1D cry1Da, cry1Db 641 
5’ AAGGGAAGGAAATACAGAGC (d) 
5’ CGAACGAACGAGATGTTAG (r) 

54 

c1E cry1Ea, cry1Eb 551 
5’ CAGCTATTCCTCTTTTTTCAGT (d) 
5’ ATGAGAAGTTACACGATGCC (r) 

55 

c1F cry1Fa, cry1Fb 1,099 
5’ TACTGGCAGATTACCGTTAG (d) 
5’ AAATGTTCGGGTGTGGTTCG(r) 55 

c1G cry1Ga,  cry1Gb,  cry1Gc 293 
5’ AATCTTCATTCAGGTGCCAC(d) 
5’ GAAAAGGTAAATGGAGTAGTAA (r)  

58 

c1H cry1Ha, cry1Hb 1,516 
5’ GGGGAGTTATTGGTCCTGAT(d) 
5’ GTTATTGGTGTGAAAAGAGTTG (r) 55 

c1I 
cry1Ia, cry1Ib, cry1Ic, cry1Id, 
cry1Ie 

468 
5’ TGAATATGTGGGGAGGACA (d) 
5’ CTAATGGTATTTGTGTAATGCT (R) 

55 

c1J cry1Ja,  cry1Jb,  cry1Jc,  cry1Jd 911 
5’ TTTTGGATGGGGAGAGGATA(d)  
5’ AGCCGTCATTTCAAGTCCTG  (r) 

56 

c1K cry1Ka 542 
5’ CTCGGACTTATCCCATTCCA (d) 
5’ TGGCTGTTCTGTCGTTTCAG(r)  55 

c1L cry1La 830 
5’ AATAGGCAACCAGAACGTGG  (d)  
5’ ACGCTGTGAAAATACGTCCC (r)  

59 

c2 cry2Aa, cry2Ab, cry2Ac, cry2Ad 1,171 
5’ TACCTT TATTTGCACAGGCA (d) 
5’ CTACCGTTTATAGTAACTCG (r) 

54 

c9 cry9Aa, cry9Ba, cry9Ca, 
cry9Da, cry9Ea, cry9Eb 439 5’ CACATGAGTTTTCTTCCTAT (d) 

5’ AGATACGATGCTTGTTGTAA (r) 54 
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(A) 
cry1Aa  

 
 
0            3531 

 
 
cry1Ab 
 
 
0        3778
  
  
 
(B) 
cry1Ba 

 
0           3687 
 
cry1Bb 

 
0         3934 
 
cry1Be 
 
0         3684
      
 
Figure 10  Location of primers on each cry gene group and recognition sites on predicted PCR products.  
                    (A): cry1A/HhaI Sau3AI; (B): cry1B/EcoRI HhaI; (C): cry1C/HhaI Sau3AI; (D): cry1D/EcoRI  
                     HhaI; (E): cry1E/HpaII HaeIII; (F): cry1F/BamHI EcoRI; (G): cry1G/HindIII MspI; (H): cry1H/HaeIII  
                     HhaI; (I): cry1I/ EcoRI XhoI; (J): cry1J/DraI EcoRI; (K): cry1K/MspI Sau3AI; (L): cry1L/HaeIII  
                     EcoRI; (M): cry2/DraI HhaI; (N): cry9/Sau3AI,         indicated  PCR  product with recognition site  
                     of restriction enzymes. Recognition site B: BamHI; D: DraI; E: EcoRI; H: HhaI; Ha: HaeIII; Hi:  
                     HindIII; Hp: HpaII; M: MspI; S: Sau3AI; X: XhoI. 
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(C) 
cry1Ca 

 
0          3646

       
 

cry1Cb 
 
0            4106 
 
 

 
(D) 
cry1Da 
   
0          3903 
 
 

cry1Db 
 

0         3913 
 
 
 
(E) 
cry1Ea 

 
0         3984 
 
 

cry1Eb 
 
0           3525 
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(F) 
cry1Fa 

 
0             3525 

 
 

 
(G) 
cry1Ga 
 
 
0              3886 
 
cry1Gb 
 
0             3931 
                          
  
 
(H) 
cry1Ha 

 
0          4148 

                                                                                                                                                                
cry1Hb 
 
0       4350 
       
 
 
 
(I) 
cry1Ia 

 
0                         2456 
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cry1Ib 
 
0         2847 
 
 
(J) 
cry1Ja 
 
 
0                                                                                                                                                                                 3713 

 
 
cry1Jb 
 
 
0                                                                                                       3766 
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(M) 
cry2Aa 
 

 
0           2269 

 
 

cry2Ab 

 
0         2924 
 
 
cry2Ad 

 
0       3121 
 
 
cry2Aa3 
 
0                                          4043
       
 
(N) 
 

cry9Aa 

  
0  3837 

  
 

cry9Ea 

 
0   3867 
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3.  Optimization the Polymerase Chain Reaction for cry Gene Detection 
 

 Attempts were made to optimize the condition of PCR for efficient cry gene detection. 
Factors that had been considered to affect the reaction included variation in annealing 
temperature, Mg2+ concentration and DNA template concentration were studied. PCR detection of 
cry1C was used as an example to demonstrate the results of this study. 

 
3.1 Annealing temperature  

 

 The annealing temperature was optimized by varying temperature between Tm to  
Tm-5oC. Figure 11 showed an amplified cry1C PCR products of approximately 432 bp, using 
different annealing temperature. The annealing temperature was set between 52 to 57oC in lane 1 
to lane 6 respectively. It was found that different annealing temperatures did not affect the 
condition of PCR amplification. At different annealing temperatures, PCR product bands with the 
same intensity were obtained. No non-specific PCR product was developed. Therefore, annealing 
temperatures ranging from 52-57 oC had no effect on detection of cry1C gene of B. thuringiensis 
by PCR method. 

 

 
 
 
 
 
 
 
 
 

 

Figure 11  Amplified PCR-cry1C products using different annealing temperatures. Lane M: 100 bp  
DNA ladder; lane 1: 52oC; lane 2: 53oC; lane 3: 54oC; lane 4: 55oC; lane 5: 56oC;  
lane 6: 57oC. Arrow on left panel indicated DNA ladder marker covered the PCR 
product size and arrow on right panel indicated the size of PCR product.  

500 bp 
400 bp 432 bp 
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3.2 Mg2+ concentration  
 

  To optimize the concentration of Mg2+ used in PCR reaction, six reactions were set 
using different concentrations of Mg2+ ranging from 1.5 to 4.0 mM by addition of 10 mM of 
MgCl2 into standard PCR buffer containing 1.5 mM MgCl2 to make final concentration of 2.0, 
2.5, 3.0, 3.5 and 4.0 mM. Figure 12 showed the result of the optimization for Mg2+concentration 
in PCR amplification which indicated that different concentrations of Mg2+ did not affect the PCR 
condition for cry gene detection. No non-specific band was observed and intensity of the 
expected PCR bands was similar. Therefore it was suggested that Mg2+ at concentration of 1.5 to 
4.0 mM caused no significantly different effect on PCR and thus this range of Mg2+ can be used in 
the reaction. In this study, 1.5 mM Mg2+ had been used in all reactions for the detection of 
cry gene of B. thuringiensis because it was already included in the commercial PCR buffer. 

 
 

 
 
 
                                                                                                                                                                      

                       
 
 
 

 
Figure 12 Amplified PCR-cry1C products using different Mg2+ concentrations. Lane M: 100 bp  
                 DNA ladder; lane 1: 1.5 mM; lane 2: 2.0 mM; lane 3: 2.5 mM; lane 4: 3.0 mM;  
    lane 5: 3.5 mM; lane 6: 4.0 mM.  Arrow on left panel indicated DNA ladder marker  
                 covered the PCR product size and arrow on right panel indicated the size of PCR       
                 product. 

 
 

500 bp 432 bp 400 bp 
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3.3 DNA template concentration  
 

  The minimum concentration of DNA template needed for detection of cry gene 
content in B. thuringiensis strains was estimated. The total DNA concentration of cry1C used in 
PCR reactions was varied ranging from 351 ng to 0.351 ng. Figure 13 showed the result on the 
optimization of DNA template concentration for cry1C gene detection.  It was found that DNA 
template at the concentration of 351, 70.2, 35.1, 7.02, 3.51, 0.702 and 0.351 ng gave PCR 
products of 432 bp which visualized in the gel as bright bands of the same intensity. The lowest 
concentration of DNA template, 0.35 ng could still provided PCR band of strong intensity. 
Therefore, in this study the concentration of total DNA extracted from each B. thuringiensis 
isolate per 1 µl (more than 30 ng) is sufficient for cry1C gene detection. 

 
 
 
 
 

 
 
 
 

 
Figure 13 Amplified PCR-cry1C products using different concentrations of DNA template.  
                    Lane M: 100 bp DNA ladder; lane 1: 351 µg; lane 2: 70.2 µg; lane 3: 35.1 µg;  
         lane 4: 7.02 µg; lane 5: 3.51 µg; lane 6: 0.702 µg; lane 7: 0.351 µg. Arrow on left 
                     panel indicated DNA ladder marker covered the PCR product size and arrow on  
                      right panel indicated the size of PCR product. 

 
 
 
 

432 bp 500 bp 
400 bp 
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4.  Detection of cry Gene of Bacillus thuringiensis by PCR 
  

 The detections of cry1, cry2 and cry9 genes in B. thuringiensis isolates selected for this 
study were accomplished using primer pairs specific to each cry gene as described in Table 7 and 
using the optimum PCR conditions (annealing temperature, Mg2+concentration and DNA template 
concentration) obtained from the experiments in previous sections. 

 
 4.1 Determination of cry gene content and frequency of occurrence 

 
  Only 11 out of 14 cry genes (cry1A, cry1B, cry1C, cry1D, cry1E, cry1G, cry1I, 
cry1J, cry1L, cry2 and cry9) were detected in B. thuringiensis samples. Three cry genes (cry1F, 
cry1H, cry1K) were not detected which indicated that these cry genes were not present in  
B. thuringiensis samples. PCR products of 11 cry genes (cry1-type genes, cry2 and cry9) were 
sequenced in order to confirm the correction of PCR amplification. 
 
 Illustrations in Figure 14 were examples of PCR detection of cry gene using the  
designed primers and PCR condition as described. B. thuringiensis isolates were those collected  
from the Central Plain area of Thailand. The amplified product size of 11 cry genes, cry1A, 
cry1B, cry1C, cry1D, cry1E, cry1G, cry1I, cry1J, cry1L, cry2 and cry9 were 398, 900, 432, 641, 
551, 293, 468, 911, 830, 1171 and 439 bp, respectively. 
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(A)       (B) 
 
 
 
 
 
 
 

  
(C)                     (D)                                       

 
 
 
 
 

 
            

(E)      (F) 
         

      
 
 
 
 
 
 

Figure 14 PCR detection of cry gene content in B. thuringiensis isolates collected from the Central  
                     Plain area of Thailand. Lane M: 50, 100 bp, or 1 kb DNA ladder; lane P: positive 
                     control; lane 1-25: B. thuringiensis samples; A: cry1A; B: cry1B; C: cry1C; D: cry1D; 
                     E: cry1E; F: cry1G; G: cry1I; H: cry1J; I: cry1L; J: cry2 and K: cry9. Arrow on left panel 
                     indicated DNA ladder marker covered the PCR product size and arrow on right panel  
                     indicated the size of PCR products of each cry gene. 
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(G)       (H)  
 
   
 
 
 
 
 

 

(I)      (J) 
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Figure 14  (Continued)  
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 The cry gene composition of 162 B. thuringiensis isolates and frequency of each cry 
gene were summarized in Table 8 and Figure 15. The 11 detected genes (cry1A, cry1B, cry1C, 
cry1D, cry1E, cry1G, cry1I, cry1J, cry1L, cry2 and cry9) were occurred within B. thuringiensis 
isolates in different frequencies. Isolates containing cry1-type were the most abundant and 
represented 135 out of the 162 B. thuringiensis isolates (83.33%). Strains containing cry2 were 
almost as many as those contained cry1 gene. There were 134 out of 162 strains (82.72%) that 
contained cry2 gene. B. thuringiensis isolates with cry9 gene were the least abundant, only 51 out 
of 162 strains (31.48%) harbored cry9 gene. About 25 out of 162 strains (15%) did not harbor 
either cry1, cry2 or cry9 gene. When compared the results of this study with those previously 
reported, it was confirmed that cry1-typed genes were the most abundant in B. thuringiensis 
isolates collected worldwide, the cry2 gene represented the second most frequent gene group, 
where as cry9 gene displayed the lowest frequency (Ben-Dov et al., 1997; Bravo et al., 1998; 
Kim, 2000; Wang et al., 2003). However in this study, the cry1, cry2 and cry9 genes were more 
frequently detected when compared with other reports for example, in their B. thuringiensis 
collection Bravo et al. (1998) detected cry1 49.5 % and cry9 only 2.60% and Wang et al. (2003) 
detected cry1 76.5%, cry2 70% and 15.5% for cry9 gene.  

 
 All of the different cry1 gene subgroups were observed with different frequencies. 

Among them, cry1A (56.17%), cry1B (53.08%), cry1G (55.56%) cry1I (56.17%), cry1J (29.63%) 
and cry1L (53.09%) were considered abundant, while cry1C (3.70%), cry1D (1.23%) and cry1E  
(3.70%) were less prevalent. In this study, cry1F, cry1H and cry1K were not detected in  
B. thuringiensis samples. In comparison, some of the results obtained in this study were similar to 
previous reports such as cry1A and cry1B genes were frequently observed in B. thuringiensis 
isolates collected in Mexico and Columbia (Bravo et al., 1998 and Uribe et al., 2003) while in 
China, cry1A gene was more widespread among the collected isolates (Wang et al., 2003). 
Moreover, cry1F, cry1H and cry1K genes which were absent in B. thuringiensis used in this study 
were also rarely found in the isolates from China. However, it was found that some of the results 
in this study were quite different from those reported by Kim (2000), Chak et al. (1994) and 
Wang et al. (2003) who found high frequency of cry1C and cry1D while cry1G was less 
observed. In this study cry1G was observed more frequently than cry1C and cry1D genes. 
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Table 8   The cry gene composition and frequency in B. thuringiensis isolates recovered from  
                  different geographical regions in Thailand 

          
cry gene type No. of isolates* Frequency (%) 

  cry1 135 83.33 
cry1A 91 56.17 
cry1B 86 53.08 
cry1C 6 3.70 
cry1D 2 1.23 
cry1E 6 3.70 
cry1F 0 0 
cry1G 90 55.56 
cry1H 0 0 
cry1I 91 56.17 
cry1J 48 29.63 
cry1K 0 0 
cry1L 86 53.09 

   cry2 134 82.72 
   cry9 51 31.48 
  cry1, cry2, cry9 negative 25 15.43 

 
                  * From the total of 162 B. thuringiensis isolates 
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Figure 15 The cry gene composition and frequency in B. thuringiensis isolates recovered from  
                  different geographical regions in Thailand 
 
 4.2  Diversity of cry genes combination of B. thuringiensis isolates  

 
 All of the detected cry genes were further analyzed to determine diversity of their cry 

genes combination. The result was illustrated in Table 9. Sixteen cry gene profiles were observed 
in 137 B. thuringiensis isolates containing cry1, cry2 or cry9 genes. More than 98.5% of  
B. thuringiensis isolates harbored more than one type of cry genes.  

 
 It is interesting to find that among cry1 gene containing isolates, 99.26% isolates also 

harbored a cry2 gene, while 100% of cry2 gene containing isolates also harbored cry1 gene.  
About 96.08% of cry9 gene containing isolates also harbored cry1 or cry2 gene. However, only  
36.30% and 36.57% of cry1 and cry2 genes containing isolates also harbored cry9 gene  
respectively. These results indicated that cry1 and cry2 genes had high tendency to occur  
together which were similar to those finding reported by the others (Ben-Dov et al., 1997;  
Kim, 2000; Zhang et al., 2000; Wang et al., 2003). Although cry1 and cry2 genes were often 
found with cry9 gene, however it is not necessary that cry9 is always present with cry1 and cry2 
genes.   
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 In sixteen profiles of cry genes combination, the most common profile was profile 
No.1 containing cry1A, cry1B, cry1G, cry1I, cry1L and cry2 that represented 71 out of the 137 
(51.82%) isolates (Table 9).  The second common profile was profile No.2 containing cry1J, cry2 
and cry9 which was frequently observed (25.55%). Profiles No.3 to No.16 were rarely found 
(0.73-4.38%) in B. thuringiensis explored in this study. Among the 137 isolates of  
B. thuringiensis examined, two isolates harbored only cry9 gene and one isolate harbored only 
cry1G gene. Comparing with other reports on the study of cry gene combination, Bravo et al. 
(1998) observed 33 cry gene profiles and profile containing cry1Aa, cry1Ab and cry1Ac was 
found the most which represented 11.7%. Wang et al. (2003) observed 43 cry gene profiles and 
the highest profile was that contained cry1A, cry1C, cry1D and cry1I, representing 34.6%. The 
cry1L gene was not included in their study. Uribe et al. (2003) observed 31 cry gene profiles and 
the most frequently found was the profile contained cry1Aa, cry1Ab, cry1Ac and cry1B, 
representing 11.67%. Result from this study suggested that there is low diversity of cry genes 
combination in B. thuringiensis isolated from different sources collected from different 
geographical regions in Thailand. 
 

 The study of cry gene combination also exhibited that genes in cry1-group were 
associated at high frequency. For instance, 98.90%, 96.70%, 92.30% and 86.81% of  
B. thuringiensis isolates containing cry1A, were also found to contain cry1I, cry1G, cry1L and 
cry1B gene respectively.  Comparing this combination study with other reports, similar results 
were clearly revealed. High level of gene combination was observed with cry1A and cry1I (Wang 
et al., 2003) and with cry1A and cry1B (Uribe et al., 2003) where as cry1G were found in less 
frequency and less combination with other genes (Kim, 2000 and Wang et al., 2003).         
 
 The cry1L gene combination was first described in this study which suggested that 
more than 80% of cry1L containing isolates harbored cry1L in combination with cry1A, cry1B, 
cry1G and cry1I genes. 
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Table 9  The diversity of cry gene combination profiles of B. thuringiensis isolated from  
                   different geographical regions in Thailand 

 

Profile                                                                                                  No. of            Frequency 
  No.                      isolates   (%) 
   1.    cry1A+cry1B+cry1G+cry1I+cry1L+cry2       71  51.82 
   2.    cry1J+cry2+cry9          35  25.55 
   3.    cry1B+cry1J+cry2+cry9           6    4.38 
   4.    cry1A+cry1G+cry1I+cry2             5    3.65 
   5.    cry1A+cry1B+cry1G+cry1I+cry1J+cry1L+cry2+cry9        4     2.92 
   6.    cry1A+cry1C+cry1E+cry1G+cry1I+cry1L+cry2         3    2.19 
   7.     cry1A+cry1B+cry1G+cry1I+cry1L+cry2+cry9          2    1.46 
   8.      cry1A+cry1C+cry1D+cry1E+cry1G+cry1I+cry1L+cry2        2    1.46 
   9.    cry9              2    1.49 
  10.    cry1A+cry1B+cry1I+cry1J+cry1L+cry2+cry9         1    0.73 
  11.    cry1A+cry1B+cry1I+cry1L+cry2          1    0.73 
  12.      cry1A+cry1C+cry1E+cry1G+cry1I+cry2         1     0.73 
  13.     cry1A+cry1J+cry2+cry9           1    0.73 
  14.     cry1B+cry1G+cry1I+cry1L+cry2          1    0.73 
  15.     cry1G              1    0.73 
  16.     cry1J+cry2             1    0.73 

  
 
 
 
 
 
 
 
 

cry gene profile 
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4.3 Distribution of cry genes 
 

  Distribution of cry genes in B. thuringiensis collected from different regions of 
Thailand was analyzed and compared with B. thuringiensis that have been previously proved to 
be the effective isolates against Lepidopterous insects. The results were shown in Figure 16 
which indicated that cry1A, cry1B, cry1G, cry1I, and cry1L genes were distributed in similar 
pattern. These genes were present in 30-40% of B. thuringiensis isolates collected from North 
region, 65-80% in the South and East regions, 35-50% in the West and North-East regions,  
45-50% in the Central region and about 75-90% of those effective strains contained these genes.   
For cry1J and cry9, gene distribution were in similar pattern, more than 60% of B. thuringiensis  
collected from  the North region contained these genes where as, these genes were present in less 
than 40% B. thuringiensis collected from the other regions. Less than 5% of the effective strains 
contained cry1J and cry9 genes. The cry2 gene was found in high frequency in which more than 
70% of B. thuringiensis distributed in every region contained this gene. Special interest, the 
distribution of cry2 gene in isolates collected from the Southern region and those effective strains 
were as high as 100% and 92% respectively.  The cry1C, cry1D and cry1E were seldom found 
and absent in some regions, less than 15% of B. thuringiensis contained these genes. The cry1F, 
cry1H and cry1K were not detected in B. thuringiensis isolates collected from different 
geographical regions in Thailand. 
 
 More than 70% of the effective B. thuringiensis isolates harbored cry1A, cry1B, 
cry1G, cry1I, cry1L and cry2 genes. Results from this study may provide clue to the toxicity of 
each isolate of B. thuringiensis containing the same groups of cry gene or different gene 
combination. B. thuringiensis isolated from the South and the East harbored similar cry genes as 
were found in those effective strains used for comparison. This may suggest that many isolates of 
B. thuringiensis in this collection were highly toxic to insect as well. However, it is necessary to 
further analyze those isolates for their insecticidal activity by bioassay against target insect 
species to reveal their true pathogenicity. Furthermore, the result suggested that cry9 may not 
involve in the insecticidal activity of B. thuringiensis to Lepidopterous insect since it was found 
in low frequency in the isolates collected from all regions except from the Northern region (~60%). 
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This cry gene had been found less than 5% in those effective B. thuringiensis strains.  
However, Cry9 protein may toxic to other insect taxa or other arthopods that have not been tested 
and it is worth to further determine its toxicity.  It could also suggest that among cry1-type genes, 
cry1C, cry1D and cry1E seldom found in the B. thuringiensis isolates and the undetected cry1F, 
cry1H and cry1K may not involve in the insecticidal activity of B. thuringiensis employed in this 
study.  

 
 The reports on cry gene distribution are quite variable. There are some cry genes that  
have been identified commonly everywhere in the world, such as cry1-type genes.  On the other  
hand, some cry genes are more frequent in some areas than the others, such as cry1A, cry1C,  
cry1D and cry2 were commonly found in B. thuringiensis isolated from Asia (Ben-Dov et al., 
1997; Chak et al., 1994; Kim, 2000; Zhang et al., 2000) than those from Latin America (Bravo  
et al., 1998). Frequency and distribution of cry genes were varied by the affect of biological,  
geographical and ecological of samples that were collected for example, Wang et al. (2003) and 
Zhang et al. (2000) studied the frequency and distribution of cry gene in different locations  
in China. Wang found more isolates harbored cry1C, cry1D and cry1B gene and less strains 
contained a cry1E gene than the results described by Zhang. Such variation of cry gene 
distribution is likely to rest primarily on the differences in biological, geographical and ecological 
features of the samples. 

 
 
 
 
 
 
 
 
 
 
 



 

61

010203040506070809010
0

cr
y1

A
cr

y1
B

cr
y1

C
cr

y1
D

cr
y1

E
cr

y1
F

cr
y1

G
cr

y1
H

cr
y1

I
cr

y1
J

cr
y1

K
cr

y1
L

cr
y2

cr
y9

cry
 ge

ne
s

Frequency (%)

Nor
th

Sou
th

Eas
t

We
st

Nor
th-E

ast

Cen
tral

Effe
ctiv

e
stra

ins

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig
ure

 16
  T

he 
cry

 ge
ne 

dis
trib

uti
on 

in 
B. 

thu
rin

gie
nsi

s is
ola

tes
 co

llec
ted

 fro
m 

dif
fer

ent
 ge

ogr
aph

ica
l re

gio
ns 

in 
Th

aila
nd 

cry
1A

     
cry

1B
     

cry
1C

     
cry

1D
     

cry
1E

     
cry

1F
     

cry
1G

    c
ry1

H  
    c

ry1
I   

   c
ry1

J   
  cr

y1K
     

cry
1L

     
 cr

y2 
     

 cr
y9 



 

62

5. Detection of Novel cry Gene by PCR-RFLP 
  

 In was previously well accepted that searching for novel cry gene was difficult and time 
consuming. Searching for a novel cry gene needed many analysis methodologies and some of them 
were fairly intensive for example DNA hybridization. Moreover, bioassay tests which were laborious 
and time-consuming, needed to be performed against various groups of insect species in order to 
determine toxicity of the protein toxin encoded by this gene. Until recently the powerful molecular 
approach, PCR, was described, as a consequence PCR-RFLP was developed and widely used at 
present as one of the efficient tool for novel cry gene discovery. 

 
 The PCR-RFLP method was applied with the objective to detect novel cry genes. Primers 
were designed to obtain PCR products of each cry gene group that harbored recognition sites of the 
specific restriction enzymes. The PCR products that contained those detected cry genes were further 
analyzed for the existing of novel cry genes by digestion with appropriate restriction enzymes as 
described in materials and methods. The digestion patterns of these cry genes were shown in Table 10. 
Figure 17 showed PCR-RFLP patterns of the 11 detected cry genes digested with different restriction 
enzymes with the attempts to detect novel cry genes. Three unexpected digestion patterns were 
observed when cry1A was digested with HhaI and cry1L was digested with EcoRI and HaeIII.  These 
different patterns may indicate the existing of novel cry genes.  The HhaI restriction map of cry1A, 
EcoRI and HaeIII restriction map of cry1L with unexpected PCR-RFLP patterns were shown in 
Figure 18 and Figure 20, respectively.  The agarose gel electrophoresis of PCR-RFLP of cry1A 
digested with HhaI and cry1L digested with EcoRI and HaeIII were shown in Figure 19 and 21, 
respectively. 

  
 PCR-RFLP analysis among subgroups of cry1A gene indicated that there is one HhaI 
restriction site on PCR products of cry1Aa and cry1Ag and none on PCR products of cry1Ab, cry1Ac, 
cry1Ad, cry1Ae and cry1Af (Figure 18). Therefore, two PCR–RFLP patterns were expected for these 
digestions. Figure 19, Lane 2 demonstrated the first expected PCR-RFLP pattern in which cry1Aa and 
cry1Ag were digested with HhaI and fragments of 41 and 357 bp were produced. The digested 
fragment of 41 bp was too small to produce band with strong intensity enough to be visualized on 
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agarose gel. Figure 19 lane 3 demonstrated the second expected PCR-RFLP pattern in which cry1Ab, 
cry1Ac, cry1Ad, cry1Ae and cry1Af were digested with HhaI and only one band (398 bp), the same 
size as undigested cry1A PCR product (lane1) was produced. The combination of these digestion 
patterns was shown in Figure 19 lane 4. One unexpected PCR-RFLP pattern was observed as shown 
in Figure19 lane 5. The pattern composed of 149 bp and 249 bp digested fragments. The PCR product 
that gave this unexpected PCR-RFLP pattern was suspected to be a novel cry gene.     

 
Table 10  PCR-RFLP patterns of cry1-type, cry2 and cry9 genes of B. thuringiensis. 

     

cry gene 
PCR product size (bp) 

Restriction enzyme 
cry gene 

 Sub-group  
Digestion pattern (bp) 

cry1Aa, cry1Ag 41, 357 
cry1Ab, cry1Ac, cry1Ad, cry1Ae, 
cry1Af 398 HhaI 

Unexpected restriction pattern 149, 249 
cry1Aa, cry1Ac, cry1Ad, cry1Ae, 
cry1Ag 

88, 310 

 
cry1A 

 
 

398 
 

Sau3AI 
cry1Ab, cry1Af 56, 88, 255 
cry1Ba 192, 708 
cry1Be, cry1Bf 165, 192, 540 EcoRI 
cry1Bb, cry1Bc, cry1Bd 900 
cry1Ba, cry1Be, cry1Bf 307, 593 

 
cry1B 

 
 

900 
 

HhaI 
cry1Bb, cry1Bc, cry1Bd 900 
cry1Ca 59, 119, 254 

HhaI 
cry1Cb 118, 313 cry1C 432 

  Sau3AI cry1Ca, cry1Cb 199, 233 
EcoRI cry1Da, cry1Db 125, 516 

cry1Da 21, 262, 358 cry1D 641 
HhaI 

cry1Db 262, 379 
HpaII cry1Ea, cry1Eb 164, 387 

cry1Ea 133, 418 cry1E 551 
  

HaeIII 
cry1Eb 551 



 

64

Table  10 (Continued) 
 

cry gene  
PCR product size (bp) 

Restriction enzyme 
    

cry gene 
  Sub-group   

Digestion pattern (bp) 
    

cry1Ga 293 
HindIII 

cry1Gb 41, 252 
cry1Ga 293 

cry1G 293 
MspI 

cry1Gb 45, 248 
cry1Ia, cry1Id, cry1Ie 27, 441 

EcoRI 
cry1Ib, cry1Ic 468 cry1I 468 

XhoI cry1Ia, cry1Ib, cry1Ic, cry1Id, cry1Ie 115, 353 
DraI cry1Ja, cry1Jb, cry1Jc, cry1Jd 275, 636 

cry1Jb, cry1Jc, cry1Jd 382, 529 cry1J 911 
EcoRI 

cry1Ja 911 
cry1La1 215, 276, 339 

HaeIII 
Unexpected restriction pattern 339, 491 
cry1La1 93, 737 

cry1L 830 
EcoRI 

Unexpected restriction pattern 830 
cry2Aa 37, 229, 905 
cry2Aa3 37, 229, 911 
cry2Ab 8, 37, 48, 173, 905 

DraI 

cry2Ac, cry2Ad 37, 48, 181, 905 
cry2Aa, cry2Ac, cry2Ad 230, 297, 644 
cry2Ab 230, 941 

cry2 1171 

HhaI 
cry2Aa3 297, 880 
cry9Aa, cry9Ba, cry9Eb 57, 67, 151, 164 

cry9 439 Sau3AI 
cry9Ca, cry9Da, cry9Ea 18, 32, 57, 164, 168 
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400 bp 
 300 bp 
 

398 bp 
 310 bp 
 88 bp 
 

(A) cry1A/HhaI    (B) cry1A/Sau3AI 
 

 
 
 
 
 
 

 
 
(C) cry1B/EcoRI    (D) cry1B/HhaI     

 
 
 
 
 
 
 
 (E) cry1C/HhaI    (F) cry1C/Sau3AI 
 

 
 
 
 
 
 
 
Figure 17  PCR-RFLP patterns of each cry gene using different restriction enzymes.  A: cry1A/HhaI;   
                   B: cry1A/Sau3AI;    C: cry1B/EcoRI;    D: cry1B/HhaI;    E: cry1C/HhaI;     F: cry1C/Sau3AI; 
                    G: cry1D/EcoRI;       H: cry1D/HhaI;       I: cry1E/HpaII;    J: cry1E/HaeIII;   K: cry1G/HindIII;  
                     L: cry1G/MspI;       M: cry1I/EcoRI;     N: cry1I/XhoI;      O: cry1J/DraI;       P: cry1J/EcoRI; 
                    Q: cry1L/HaeIII;      R: cry1L/EcoRI;     S: cry2/DraI;        T: cry2/HhaI;        U: cry9/Sau3AI. 
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(G) cry1D/EcoRI    (H) cry1D/HhaI 
 
 
 
 
 
 
 

(I) cry1E/HpaII    (J) cry1E/HaeIII  
 
 
 
 

 
 
(K) cry1G/HindIII   (L) cry1G/MspI 
 
 
 
 
 
 
 

 (M) cry1I/EcoRI  (N) cry1I/XhoI 
 
 

 
 
 
 
 
Figure 17 (Continued) 
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(O) cry1J/DraI  (P) cry1J/EcoRI 
 

 
 
 
 
 
 

 
(Q) cry1L/HaeIII  (R) cry1L/EcoRI 

   
 
 
 
 
 
 
 
(S) cry2/DraI    (T) cry2/HhaI   (U) cry9/Sau3AI 
 
 
 
 
 
 
 
 
Figure 17 (Continued) 
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                  PCR product      
 
       cry1Ab, cry1Ac, cry1Ad,  
       cry1Ae, cry1Af 
  

                  cry1Aa, cry1Ag  
 

Unexpected Restriction pattern 
  
Figure 18  Restriction map of cry1A-type genes digested with HhaI restriction enzyme 
 
 
 
 
 
 
 
 
 
 
 
Figure 19  PCR-RFLP of cry1A-type genes digested with HhaI. Lane M: 50 bp DNA ladder;        
                    lane 1: Undigested cry1A-type PCR product; lane 2-5: digested cry1A amplicons 
                    with HhaI, lane 2:  cry1Aa or cry1Ag, lane 3: cry1Ab, cry1Ac, cry1Ad, cry1Ae or  
                    cry1Af, lane 4: combination of lane 2 and 3, lane 5: unexpected restriction pattern. 
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 There is only one EcoRI restriction site on PCR products of cry1La1 (cry1La1 is the only 
member of cry1L group reported at present). The EcoRI restriction enzyme will digest cry1La1 
PCR product at position 737 bp providing two digested fragments of 93 bp and 737 bp as shown 
in Figure 20A. Only one PCR-RFLP pattern was visualized as expected for most of the  
B. thuringiensis isolates (Figure 21A, lane 1-3, 5-6, 8-19 and 21-22). However, there are three 
isolates that gave unexpected PCR-RFLP pattern (Figure 21A, lane 4, 7 and 20). PCR products of 
cry1L from these unique isolates had no EcoRI restriction site, therefore the digested fragment 
size was the same as undigested PCR product of cry1L using as control (Figure 21A, lane U). 
  
 One PCR-RFLP pattern was predicted when PCR product of cry1La1 was digested with 
HaeIII. The HaeIII restriction enzyme will digest PCR product of cry1La1 at position 276 bp and 
491 bp and give three digested fragments of 215 bp, 276 bp and 339 bp as shown in Figure 20B,  
The PCR-RFLP analysis showed one expected pattern for most of the B. thuringiensis isolates 
(Figure 21B, lane 1-3, 5-6, 8-19 and 21-22).   There are three isolates that gave unexpected  
PCR-RFLP pattern which composed of two PCR fragments of approximately 340 bp and 490 bp 
(Figure 21B, lane 4, 7 and 20). It was interesting to find that B. thuringiensis isolates that gave 
unexpected PCR-RFLP patterns when their cry1L PCR products were digested with EcoRI and 
HaeIII, were the same isolates (Figure 21A and B, lane 4, 7, 20). This gave high possibility that 
this specific PCR product may be a novel cry gene.  
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(A)  
    PCR product 
  
 cry1La1 
 
Unexpected Restriction pattern 
 
(B) 
    PCR product 
  
 cry1La1 
 
Unexpected Restriction pattern 
 

 
Figure 20  Restriction map of cry1L (A) digested with EcoRI (B) digested with HaeIII restriction 
                   enzymes 
 
 
  A B 
 
 
 
 
 
 
 
Figure 21  Restriction patterns of cry1L (A) digested with EcoRI and (B) digested with HaeIII.     
                  Lane M: 50 bp DNA ladder; lane U: undigested cry1L PCR product; lane1-22:  
                  restriction patterns of cry1L of effective strains of B. thuringiensis.  
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Wang et al., 2003 using the PCR-RFLP method to detect novel cry gene encoding 
Lepidopteran-active insect crystal protein. They emphasized on the detection of novel cry1A and 
cry2 gene in 243 B. thuringiensis isolates. For PCR-RFLP analysis, they used AluI and Sau3AI 
restriction enzymes to digest PCR products of cry1A and cry2 and found one isolate that may 
harbor novel cry1A-type gene. That isolate gave unexpected PCR-RFLP pattern when its 
amplified PCR product was digested with AluI. The pattern consisted of 158, 288, 311 and 560 bp 
fragments which were different from expected cry1A PCR-RFLP pattern that contained 6, 224, 
315, 321 and 560 bp fragments. However, they did not study in detail to acquire more 
information about this possible novel cry gene for example, its nucleotide sequence. 

 
 With PCR-RFLP method, Song et al., 2003 found one novel cry1I gene. The PCR 
product obtained from cry1I specific primers was digested with Bsp119I and BanI restriction 
enzymes. PCR products from six B. thuringiensis isolates gave different PCR-RFLP pattern from 
those predicted for cry1Ia, cry1Ib, cry1Ic, cry1Id. They cloned and sequenced the fragment of 
DNA of the isolate that harbored possible novel cry1I gene. The nucleotide sequence revealed 
that this novel cry gene has more than 80% homology to other cry1I gene. The B. thuringiensis 
Toxin Nomenclature Committee designated this gene a novel cry gene named cry1Ie1. 
 
6.   Characterization of Two Possible Novel cry Genes  
 

6.1 Cloning the possible novel cry gene PCR products 
 

        To further analyze our two possible novel cry genes (cry1A and cry1L subgroup), 
PCR products that gave unexpected PCR-RFLP pattern were cloned and sent for nucleotide 
sequencing.  
 
         PCR products of cry1A and cry1L-type genes that gave unexpected PCR-RFLP 
pattern were purified and cloned into pDRIVE PCR cloning vector. The recombinant plasmids 
were introduced into E. coli DH5α competent cells. The recombinant clones, carrying 398 bp of 
cry1A and 830 bp of cry1L PCR products were selected from white colonies. The recombinant 
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M      1 

plasmids were extracted from the selected white colonies by alkaline lysis method. The insert 
DNA was identified by digestion recombinant plasmid with EcoRI, analysis in 0.8% agarose gel 
electrophoresis and re-amplification as shown in Figure 22. As a result, the small (398 bp of 
cry1A and 830 bp of cry1L) and large (~3.85 kb) fragments were the PCR products and pDrive 
cloning vector, respectively (Figure 22 A and C).  Figure 22 B and D showed the re-amplification 
of cry1A and cry1L fragments using recombinant plasmid as DNA template which gave 398 bp 
and 830 bp of cry1A and cry1L PCR products. The selected recombinant plasmids were sent to 
determine their nucleotide sequences at DNA Technology Laboratory (DNA TEC), Kasetsart 
University, Khamphaengsaen Campus. 
 
 

         A     B 
 
 
 
       
 
 

  
                                  C                                                           D 
  
 
 
 
 
 
 
 

Figure 22 Recombinant plasmid identification. A and B: cry1A; C and D: cry1L; A and C: recombinant  
                   plasmids of cry1A and cry1L digested with EcoRI, lane M:1 kb DNA Ladder, B and  
                   D:  re-amplification of cry1A and cry1L from recombinant plasmids, lane M= 100 bp DNA  
                   ladder. 
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6.2  Analysis of nucleotide sequences  
 

        Each recombinant plasmid that harbored PCR product of cry1A or cry1L genes that 
gave unexpected PCR-RFLP pattern was used as DNA template for nucleotide sequencing. DNA 
template and sequencing primer were sequenced with big dye terminator sequencing kit using 
ABI PRISMTM377 (Perkin Elmer) at DNA TEC. The nucleotide sequences of cry1A and cry1L 
were shown in appendix C. and were deposited into GenBank database, GenBank accession 
number AY987396 and AY960637 were given respectively. 

 
 Comparison of nucleotide sequences of possible novel cry1A and cry1L genes were 

performed against GenBank database using standard BLAST sequence similarity searching 
program located at http://www.ncbi.nlm.nih.gov/BLAST/ and then were multiple aligned using 
ClustalW in order to compare with other reports of each cry gene group.  
  

 The nucleotide sequence of cry1A was very similar to previous reports of  
cry1A-type gene sequences with 99% identity. Result of multiple alignment of this sequence with 
other reported cry1A sequences revealed that cry1A detected in this study and gave unexpected 
PCR-RFLP pattern, contained only one different base pair from the others as shown in Figure 23. 
The difference was due to the change in the nucleotide GTGC to GCGC (recognition site of 
HhaI) at the position 148 bp of PCR product (Figure 23, italic C) which conferred these PCR 
products the restriction site for HhaI. As a consequence, an unexpected PCR-RFLP pattern was 
observed. After the nucleotide sequence of PCR product of cry1A was translated into amino acid 
sequence and compared with the sequences of previously reported B. thuringiensis toxin protein 
by using BlastP program, the result showed that amino acid sequence was not different from the 
other reported Cry1A proteins. Moreover, the different in nucleotide AGTGC and AGCGC 
observed from PCR-RFLP study were encoded for the same amino acid (AGT, AGC encoded for 
serine). It can be concluded that the PCR product, first predicted to be novel cry1A, was different 
from those existing ones, only in nucleotide level not amino acid. Therefore we could not 
designate this cry gene as novel cry1A-type genes because B. thuringiensis toxin nomenclature 
was based solely on amino acid, not on nucleotide sequence. 
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The difference in single nucleotide which conferred the HhaI restriction site for these 
PCR products may occur from point mutation of this cry gene not from the mismatch 
incorporation of dNTPs in PCR process because the same results were obtained in repeated 
experiments.  

 
cry1Aa2                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 587 
cry1Aa6                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 435 
cry1Aa1                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 961 
cry1Aa8                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 582 
cry1Aa11               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 515 
cry1Aa5                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 515 
cry1Aa4                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 435 
cry1Aa10               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 435 
cry1Aa3                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 507 
cry1Aa7                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 435 
cry1Ag1                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 593 
cry1Aa9                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 587 
cry1Aa13               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 462 
cry1Ad1                TTAACAGAAGAGATGCGTATTCAGTTCAATGACATGAACAGTGCTCTTACAACCGCTATT 435 
cry1Ad2                TTAACAGAAGAGATGCGTATTCAGTTCAATGACATGAACAGTGCTCTTACAACCGCTATT 435 
cry1Ae1                TTAAGAGAAGAGATGCGTATTCAGTTCAATGACATGAACAGTGCTCTTACAACCGCTATT 515 
cry1Ab5                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 575 
cry1Ab12               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 475 
cry1Ab3                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 590 
cry1Ab2                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 589 
cry1Ab14               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 507 
cry1Ab13               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 1073 
cry1Ab15               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 1919 
cry1Af1                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 606 
cry1Ab16               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 597 
cry1Ab11               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 507 
cry1Ab8                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 591 
cry1Ab4                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 597 
cry1Ab1                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 576 
cry1Ab9                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 507 
cry1Ab6                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 507 
cry1Ab7                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 435 
cry1A_cloning_seq      TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGCGCCCTTACAACCGCTATT 166            
cry1Ac3                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 773 
cry1Ac6                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 435 
cry1Ac7                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 1410 
cry1Ac1                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 822 
cry1Ac10               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 822 
cry1Ac9                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 822 
cry1Ac4                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 435 
cry1Ac12               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 515 
cry1Ac13               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 435 
cry1Ac2                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 673 
cry1Ac11               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 590 
cry1Ac5                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 435 
cry1Ac8                TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 587 
cry1Ac15               TTAAGAGAAGAGATGCGTATTCAATTCAATGACATGAACAGTGCCCTTACAACCGCTATT 560 
                       **** ****************** ***************** ** *************** 

                   

Figure 23  Multiple alignment of some regions of nucleotide sequence of predicted novel cry1A  
                   gene and those cry1A genes previously reported using ClustalW. Italic C  
                   indicated the different nucleotide conferring the restriction site for HhaI which  
                   created an unexpected PCR-RFLP pattern.  
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When compared the nucleotide sequence of PCR product of cry1L that gave 
unexpected PCR-RFLP pattern with the sequence of cry1L previously reported, the result 
revealed that this sequence was similar to cry1La1 with 87% identity. Result of nucleotide 
sequence alignment revealed that there were two recognition sites in which the nucleotides of the 
expected novel cry1L gene were different from those of cry1L previously described. The first 
nucleotide difference was demonstrated in Figure 24 (block 1) in which the nucleotide GGCC 
(recognition site of HaeIII) were replaced by GGAC at position 276 of PCR product. This PCR 
fragment, therefore contained restriction site at position 491 but no restriction site at position 276 
for HaeIII and thus providing the unexpected PCR-RFLP pattern on the gel. The second 
nucleotide difference was demonstrated in Figure 24 (block 2) in which the nucleotide GAATTC 
(recognition site of EcoRI) was replaced by GCATTC at position 737 of PCR product. This gene 
fragment, therefore contained no restriction site for EcoRI and thus providing the unexpected 
PCR-RFLP on the gel.  
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cry1La1            GACATTAATAGGCAACCAGAACGTGGTTGGAGCGGAAGTACAGGGATTACCATCCAAGGA 2100 
cry1L_cloning_seq  ------------------------------------------------ACCATCCAAGGG 12 
                                                                   ************  
 
cry1La1            GGAGATGACGTATTCAAAGAGAATTACGTTACACTACCAGGTACCTTTGATGAGTGCTAT 2160 
cry1L_cloning_seq  GGAGATGACGTATTCAAAGAGAATTACGTTACACTACCAGGTACCTTTGATGAGTGCTAT 72 
                   ************************************************************ 
 
cry1La1            CCAACATATTTGTATCAAAAAATCGATGAATCAAAATTAAAAGCCTATACCCGCTATCAA 2220 
cry1L_cloning_seq  CCAACGTATTTATATCAAAAAATAGATGAGTCGAAATTAAAAGCCTATACCCGTTATCAA 132 
                   ***** ***** *********** ***** ** ******************** ****** 
 
cry1La1            TTAAGAGGATACATCGAAGATAGTCAAGACTTAGAAATCTATTTAATTCGCTACAATGCA 2280 
 cry1L_cloning_seq TTAAGAGGGTATATCGGGGATAGTCAAGACTTAGAAATCTATTTAATTCGTTACAATGCA 192 
                   ******** ** ****  ******************************** ********* 
                      
cry1La1            AAACATGAGACAGTAAATGTTCCTGGCTCTGGCTCCTTATGGCCACTTTCAGTCGAAAGC 2340 
cry1L_cloning_seq  AAACACGAAATAGTAAATGTACCAGGTACAGGGAGTTTATGGACTCTTTCTGTAGAAAAT 252 
                   ***** ** * ********* ** **  * **    ****** * ***** ** ****   
 
cry1La1            TCAGTTGGAAAATGCGGAGAGCCAAATCGATGTGCATCACGGATGGAATGGAATCCCGAC 2400 
cry1L_cloning_seq  TCAATTGGACCTTGTGGAGAACCGAATCGATGCGCGCCACACCTTGAATGGAATCCTAAT 312 
                   *** *****   ** ***** ** ******** **  ***   * ***********  *  
 
cry1La1            CTAGATTGCTCGTGTAGGGATGGGGAGAAGTGTGCCCATCATTCCCATCATTTCTCTTTG 2460 
cry1L_cloning_seq  CTAGAGTGTTCTTGCAGAGAAGGGGAAAAATGTGCCCATCATTCCCATCATTTCTCCTTG 372 
                   ***** ** ** ** ** ** ***** ** ************************** *** 
 
cry1La1            GACATTGATGTAGGATGTACAGACTTAAATGAGGATTTAGGTGTATGGGTGATATTCAAG 2520 
cry1L_cloning_seq  GACATTGATGTTGGATGTACAGACTTAAATGAGGACTTAGGTGTATGGGCGATATTCAAG 432 
                   *********** *********************** ************* ********** 
 
cry1La1            ATTAAGACACAAGATGGCCATGCGAAAATAGGAAATCTAGAATTTCTCAAAGAGAAGCTG 2580 
cry1L_cloning_seq  ATTAAGACGCAAGATGGCCATGCAAGACTAGGAAATCTAGAGTTTCTCGAAGAGAAACCA 492 
                   ******** ************** * * ************* ****** ******* *   
 
cry1La1            TTATTAGGGGAAGCATTAGCACGTGTGAAGAAAGCGGAGAAAAAATGGAGAGACAAACGC 2640 
cry1L_cloning_seq  TTAGTAGGGGAAGCACTAGCTCGTGTGAAAAGAGCGGAGAAAAAATGGAGAGACAAACGT 552 
                   *** *********** **** ******** * ***************************  
 
cry1La1            GACAAATTGGAATGGGAAACAAATGTTGTTTATAAAGAGGCAAAAGAATCTGTAGATGCT 2700 
cry1L_cloning_seq  GAAAAATTGGAATTGGAAACAAATATTGTTTATAAAGAGGCAAAAGAATCTGTAGATGCT 612 
                   ** ********** ********** *********************************** 
 
cry1La1            TTATTCGTAGATTCTCAATATAGTAGATTACAAGCGGATACGAACATCGCAATGATTCAT 2760 
cry1L_cloning_seq  TTATTTGTAAACTCTCAATATGATAGATTACAAGCGGATACCAACATCGCGATGATTCAT 672 
                   ***** *** * *********  ****************** ******** ********* 
 
cry1La1            GCGGCAGATAAACGCGTTCATCGAATTCGAGAAGCGTATCTCCCAGAACTAACTGTGATT 2820 
cry1L_cloning_seq  GCGGCAGATAAACGCGTTCATAGCATTCGAGAAGCATATCTTCCAGAGTTATCTATAATT 732 
          ********************* * *********** ***** *****  ** ** * *** 
 
 

Figure 24 The alignment of expected novel cry1L gene with the reported cry1La1 gene   
                    retrieved from GenBank using ClustalW. Italic A (block 1) and Italic C (block 2)            
                    indicated the different nucleotides conferring restriction sites for HaeIII and EcoRI  
                    respectively which created the unexpected PCR-RFLP patterns. 
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The nucleotide sequence of PCR product of cry1L was translated into amino acid 
sequence and compared with that of Cry1La1 protein previously reported. The result showed that 
amino acid sequence was similar to previously reported Cry1La1 with 88.5% identity and 95% 
similarity as shown in Figure 25. Due to the difference in amino acid sequence, this cry1L may be 
a novel cry1L gene based on the Cry toxin nomenclature system.  

 
Comparing with other reports on detection of novel cry gene using PCR-RFLP 

method, Wang et al., 2003 found one unexpected PCR-RFLP pattern of possible novel  
cry1A-type gene. However they did not clone and sequence this possible novel cry gene. Song  
et al., 2003 found unexpected PCR-RFLP pattern of possible novel cry1I gene. They cloned and 
sequenced the DNA fragment of the isolate that harbored possible novel cry1I gene. The amino 
acid sequence of this possible novel cry1I gene showed the identity (94.9%) with Cry1Ib1 
protein, 93.4% with Cry1Ia1, 91.6% with Cry1Ic1 and 88.7% with Cry1Id1 protein. This novel 
cry gene was given its name as cry1Ie1 by Bt Toxin Nomenclature Committee. 

 
In this study the amplified fragment of expected novel cry1L gene is C-terminal of 

B. thuringiensis Cry toxin which is cleaved off with trypsin when toxin-core fragment is formed 
from N-terminal. However, the B. thuringiensis toxin nomenclature is based on sequence of the 
gene in full length, therefore the remainder N-terminal of this expected novel cry gene should be 
identified before its novel cry gene name is given. 
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Cry1La1        VKHAKRLSDERNLLQDLNFKDINRQPERGWSGSTGITIQGGDDVFKENYVTLPGTFDECY 720 
Expected novel       ------------------------------------TIQGGDDVFKENYVTLPGTFDECY 24 
                                                         ************************ 
 
Cry1La1              PTYLYQKIDESKLKAYTRYQLRGYIEDSQDLEIYLIRYNAKHETVNVPGSGSLWPLSVES 780 
Expected novel       PTYLYQKIDESKLKAYTRYQLRGYIGDSQDLEIYLIRYNAKHEIVNVPGTGSLWTLSVEN 84 
                     ************************* ***************** *****:****.****. 
 
Cry1La1              SVGKCGEPNRCASRMEWNPDLDCSCRDGEKCAHHSHHFSLDIDVGCTDLNEDLGVWVIFK 840 
Expected novel       SIGPCGEPNRCAPHLEWNPNLECSCREGEKCAHHSHHFSLDIDVGCTDLNEDLGVWAIFK 144 
                     *:* ********.::****:*:****:*****************************.*** 
 
Cry1La1              IKTQDGHAKIGNLEFLKEKLLLGEALARVKKAEKKWRDKRDKLEWETNVVYKEAKESVDA 900 
Expected novel       IKTQDGHARLGNLEFLEEKPLVGEALARVKRAEKKWRDKREKLELETNIVYKEAKESVDA 204 
                     ********::******:** *:********:*********:*** ***:*********** 
 
Cry1La1              LFVDSQYSRLQADTNIAMIHAADKRVHRIREAYLPELTVIPGVNASIFEELEGRIFTAYS 960 
Expected novel       LFVNSQYDRLQADTNIAMIHAADKRVHSIREAYLPELSII-------------------- 244 
                     ***:***.******************* *********::*                 
 

 Figure 25 The amino acid alignment of expected novel Cry1L protein that gave unexpected  
                    PCR-RFLP pattern and of the reported Cry1La1 protein using ClustalW 
 
Note: *  = single, fully conserved residue 
          :  = conservation of strong groups 
          .  = conservation of weak groups 
  blank   = no consensus 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

79

CONCLUSION 
  

One hundred and sixty two B. thuringiensis isolates randomly selected from those 
recovered from different geographical regions of Thailand were used to detect cry1, cry2 and 
cry9 genes composition. Distribution and frequency of each cry gene among B. thuringiensis 
isolates were determined. The existing of novel cry gene was also investigated using PCR-RFLP 
method. Results indicated that cry1-type genes were the most abundant and represent 135 out of 
the 162 B. thuringiensis isolates (83.33%). About 82.72 % of the isolates contained cry2 gene, 
31.48 % contained cry9 gene and about 15% of the isolates did not harbor either cry1, cry2 or 
cry9 genes. It was a high tendency for cry1 and cry2 genes to occur together. Although cry1 and 
cry2 genes were often found with cry9 gene but cry9 was seldom found with cry1 and cry2 genes. 
Many subgroups of cry1-type genes were observed but in different frequencies. Among them, 
cry1A (56.17%), cry1B (53.08%), cry1G (55.56%), cry1I (56.17%), cry1J (29.69%) and cry1L 
(53.09%) were abundant, while cry1C (3.70%), cry1D (1.23%) and cry1E (3.70%) were less 
prevalent. The cry1F, cry1H and cry1K were not detected in B. thuringiensis samples used in this 
study. Diversity of cry gene combination was exhibited in which sixteen cry gene profiles were 
observed. The most common profile contained cry1A, cry1B, cry1G, cry1I, cry1L and cry2 
representing 71 out of the 137 (51.82%) isolates. Another one common profile contained cry1J, 
cry2 and cry9 which was also frequently observed (25.55%). In different geographical regions of 
Thailand, distribution frequencies of cry1A, cry1B, cry1G, cry1I, and cry1L genes in collected 
isolates of B. thuringiensis were in similar patterns. The cry1J and cry9 genes were distributed 
with similar patterns. The gene cry2 was detected in high frequency and distributed in every 
region in which more than 70% of B. thuringiensis collected from each region harbored cry2 
gene. Of special interest, 100% of B. thuringiensis isolates collected from the Southern region 
and 92% of those effective strains used for comparison in this study, contained cry2 gene.   
The cry1C, cry1D and cry1E were presented in isolates collected from certain regions, however 
in low frequency. They were also found in low frequency among those effective isolates. 
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PCR-RFLP was used to detect novel cry gene. When cry1A-type genes were digested 
with HhaI and cry1L was digested with HaeIII and EcoRI, three unexpected restriction patterns 
were observed. PCR products of these possible novels cry genes were cloned and sequenced. The 
nucleotide sequences were analyzed and results revealed that the PCR product of cry1A was not a 
novel cry gene because the difference occurred only in nucleotide level and not in amino acid 
level. However, for cry1L, difference occurred at amino acid level therefore, it was highly 
possible that this gene is a novel cry gene. However, full length sequence of this cry gene is 
required before this gene can be designated a new name. 
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FUTURE PROSPECTS 
 

 Detection of cry gene content in the bacterium, B. thuringiensis isolates employed in this 
study based solely on molecular technique and there is no information on toxicity level of each 
encoded Cry toxin. To fully utilize these isolates of B. thuringiensis as effective bioinsecticide, it 
is required to bioassay each isolate against specific insect species especially the Lepidopterous 
insect in order to determine the relationship between the cry gene composition and the 
insecticidal activity of each B. thuringiensis isolate. 

  
 It was predicted that the cry1L that gave unexpected PCR-RFLP pattern is a novel cry 
gene. To confirm this prediction, it is necessary to sequence this gene in full length before the 
new name is given which is beyond the scope of this study. However, it is worth to acquire more 
information about this cry gene which may encode highly toxic Cry protein for future utilization 
as biological insect control agent.  
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APPENDIX A 
 

Bacterial media and antibiotic 
 
1.  2x YT medium  

Tryptone   
Yeast extract    

                      NaCl 

16.0 g  
10.0 g 

                                   5.0 g 
pH of the medium was adjusted to 7.0 with 5.0 N NaOH. The volume of the solution was 

adjusted to 1 liter with distilled water.  Sterilization was achieved by autoclaving for 15 minutes 
at 121°C.  For agar plate, agar (15g/l) was added to the liquid media before autoclaving. 

 
2.  Luria-Bertani medium (LB medium)  

Tryptone   
Yeast extract    

                      NaCl 

10.0 g  
5.0 g 

                                   5.0 g 
The pH was adjusted to 7.0 with 5N NaOH (~0.2 ml).  The volume of the solution was 

adjusted to 1 liter with distilled water.  Sterilization was achieved by autoclaving for 15 minutes 
at 121°C.  For agar plate, agar (15g/l) was added to the liquid media before autoclaving. 
 
3. 2x YT agar plate with ampicillin 

In 1 liter of 2x YT medium, 15 g of agar was added and allowed the medium to cool to 
50OC before adding ampicillin to a final concentration of 100 µg/ml. The medium can be stored at 
4OC for up to one month or at room temperature for up to one week. 
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4. 2x YT agar plate with ampicillin and X-Gal 
The 2x YT plate with ampicillin was prepared as above-described, and then supplemented 

with X-Gal to a final concentration of 50 µg/ml. 
 
5.  Ampicillin solution 

Ampicillin stock solution (50 mg/ml) was prepared by dissolving 50 mg of ampicillin in 
1 ml of distilled water, sterilizing by filtration through a 0.22 micron disposable filter. The 
solution was stored at 4OC 
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APPENDIX B 
 

Chemical reagents and buffers 
 

1. Alkaline lysis buffers for minipreparation of plasmid DNA from E. coli 
1.1 Solution I 
      50 mM glucose 
      25 mM Tris HCl (pH 8.0) 
      10 mM EDTA (pH 8.0) 
      Solution I can be prepared in batches of apploximately 100 ml, autoclaved for 15 

minutes at 15 lb/in2 and stored at 4oC. 
 

1.2 Solution II 
      0.2 N NaOH 
      1% SDS 
      The solution was freshly prepared from stock solution of 2 N NaOH and 10% SDS. 
 
1.3 Solution III 
      5 M potassium acetate  60.0 ml 

                   Glacial acetic acid   11.5 ml 
      H2O    28.5 ml 
     The resulting solution is 3 M with respect to potassium and 5 M with respect 

 to acetate. 
  

2. TE buffer 
10 mM Tris HCl (pH 8.0) 
  1 mM Na2-EDTA (pH 8.0) 
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3.  TE buffer + RNase A 
TE buffer   

                      RNase A (2 mg/ml)  
960 ml  

40 µl 
    Store solution at 4°C. 

 
4.  Solution for agarose electrophoresis  
 4.1  Tris-acetate (TAE) 

       1x TAE buffer was used as an electrophoresis buffer throughout the study.  The 
working solution of 1x TAE buffer was prepared from stock solution of 10x TAE buffer, as 
follows: 

Tris-base   4.84    g 
Glacial acetic acid 1.15  ml 
0.5 M EDTA.2Na  (pH 8.0) 2.00  ml 

The volume of the solution was adjusted to 1 litter with distilled water and 
sterilized by autoclaving for 15 minutes at 121°C. 

 
4.2  Gel loading buffer 

Bromophenol blue  
                      Glycerol  

0.025   g  
3.0     ml  

 
5. Ethidium bromide solution (10 mg/ml) 

The ethidium bromide solution was prepared by dissolving 1 g of ethidium bromide in 
100 ml of distilled water.  The solution was stored in light-tight container at room temperature. 
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APPENDIX C 
 

Nucleotide sequence of expected novel cry1A gene  (Accession number AY987396 ) 
 

        1 ATTCGCTAGG AACCAAGCCA TTTCTAGATT AGAAGGACTA AGCAATCTTT ATCAAATTTA 
       61 CGCAGAATCT TTTAGAGAGT GGGAAGCAGA TCCTACTAAT CCAGCATTAA GAGAAGAGAT 
        HhaI 
      121 GCGTATTCAA TTCAATGACA TGAACAGCGC CCTTACAACC GCTATTCCTC TTTTGGCAGT 
      181 TCAAAATTAT CAAGTTCCTC TTTTATCAGT ATATGTTCAA GCTGCAAATT TACATTTATC 
      241 AGTTTTGAGA GATGTTTCAG TGTTTGGACA AAGGTGGGGA TTTGATGCCG CGACTATCAA 
      301 TAGTCGTTAT AATGATTTAA CTAGGCTTAT TGGCAACTAT ACAGATCATG CTGTACGCTG 
      361 GTACAATACG GGATTAGAAC GTGTATGGGG ACCGGATT 
 
Appendix Figure 1 Nucleotide sequence of 398 bp cry1A-PCR product that gave unexpected  
                                     PCR-RFLP pattern. Underline GCGC indicated the recognition site of HhaI  
                                     restriction enzyme. Bold C indicated the different nucleotide conferring  
                                     different PCR-RFLP pattern. 
 

Nucleotide sequence of expected novel cry1L gene  (Accession number AY960637) 
 

 1 ACCATCCAAG GGGGAGATGA CGTATTCAAA GAGAATTACG TTACACTACC AGGTACCTTT 
       61 GATGAGTGCT ATCCAACGTA TTTATATCAA AAAATAGATG AGTCGAAATT AAAAGCCTAT 
      121 ACCCGTTATC AATTAAGAGG GTATATCGGG GATAGTCAAG ACTTAGAAAT CTATTTAATT 
      181 CGTTACAATG CAAAACACGA AATAGTAAAT GTACCAGGTA CAGGGAGTTT ATGGACTCTT 
      241 TCTGTAGAAA ATTCAATTGG ACCTTGTGGA GAACCGAATC GATGCGCGCC ACACCTTGAA 
      301 TGGAATCCTA ATCTAGAGTG TTCTTGCAGA GAAGGGGAAA AATGTGCCCA TCATTCCCAT 
      361 CATTTCTCCT TGGACATTGA TGTTGGATGT ACAGACTTAA ATGAGGACTT AGGTGTATGG 
         HaeIII   
      421 GCGATATTCA AGATTAAGAC GCAAGATGGC CATGCAAGAC TAGGAAATCT AGAGTTTCTC 
      481 GAAGAGAAAC CATTAGTAGG GGAAGCACTA GCTCGTGTGA AAAGAGCGGA GAAAAAATGG 
      541 AGAGACAAAC GTGAAAAATT GGAATTGGAA ACAAATATTG TTTATAAAGA GGCAAAAGAA 
      601 TCTGTAGATG CTTTATTTGT AAACTCTCAA TATGATAGAT TACAAGCGGA TACCAACATC 
      661 GCGATGATTC ATGCGGCAGA TAAACGCGTT CATAGCATTC GAGAAGCATA TCTTCCAGAG 
      721 TTATCTATAA TT 

 
Appendix Figure 2 Nucleotide sequence of 732 bp cry1L-PCR product that gave unexpected  
                                       PCR-RFLP pattern. Underline GGCC indicated the recognition site of HaeIII  
                                       restriction enzyme. Nucleotide GGAC and GCATTC in block indicated the  
                                       different in nucleotide A and C conferring no recognition site for HaeIII  
                                   (at position 276) and EcoRI (at position 737 of PCR product) respectively. 
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