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B. thuringiensis strain LY-99 belonging to subsp. alesti

(H3a3c), was isolated from Chinese tobacco warehouse

and showed significantly high toxicity to Plutella xylos-

tella. For the identification of the cry1-type genes from

B. thuringiensis LY-99, an extended multiplex PCR-

restriction fragment length polymorphism (PCR-

RFLP) method was established by using two pairs of

universal primers based on the conserved regions of

the cry1-type genes to amplify around 2.4 kb cry1-type

gene fragments. Then the DNA fragment was cloned

into pGEM-T Easy vector and digested with EcoRI

and EcoRV enzymes. Through this method, a known

cry1-type gene was successfully identified from the ref-

erence strain, B. thuringiensis subsp. alesti. In addi-

tion, the RFLP patterns revealed that B. thuringiensis

LY-99 included a novel cry1A-type gene in addition to

cry1Aa, cry1Ac, cry1Be and cry1Ea genes. The novel

cry1A-type gene was designated cry1Ah2 (Genbank

accession No DQ269474). An inverse PCR method was

used to amplify the flank regions of cry1Ah2 gene.

Finally, 3143 bp HindIII fragment from B. thuring-

iensis LY-99 plasmid DNA including 5’ region and

partial ORF was amplified, and sequence analysis

revealed that cry1Ah2 gene from LY-99 showed

89.31% of maximum sequence similarity with cry1Ac1

crystal protein gene. In addition, the deduced amino

acid sequence of Cry1Ah2 protein shared 87.80% of

maximum identity with that of Cry1Ac2. This protein

therefore belongs to a new class of B. thuringiensis

crystal proteins.

Key words: Bacillus thuringiensis LY-99, Subsp. alesti,

Plutella xylostella, cry gene content, cry1Ah2

Introduction

Bacillus thuringiensis, a gram-positive spore-forming soil

bacterium, is the most well known and widely used as bio-

insecticide for the control of mainly lepidopteran, dipteran

and coleopteran insect pests because of its insecticidal

crystal proteins (ICPs) synthesized during sporulation

phase (Höfte and Whiteley, 1989; Schnepf et al., 1998).

To date, more than 3,000 insect species within 16 orders

were demonstrated to be susceptible to different B.

thuringiensis ICPs (Huang et al., 2004; Qi et al., 2005).

However, the development of pest resistance has threat-

ened the effectiveness of B. thuringiensis toxins used for

insect pest control. Although field resistance has been

found in a small number of insects (Ferré et al., 1991;

Herron et al., 2001), there was an evidence of insect resis-

tance to Cry proteins in laboratory conditions (Tounsi et

al., 1999). Therefore, a lot of research on B. thuringiensis

has been performed and advanced in various fields.

Among them, the work on the isolation of novel B. thu-
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ringiensis strains and new insecticidal crystal protein

genes are being continuously reported until now (Hwang

et al., 1998; Kim et al., 1998 and 2001; Rosso and

Delecluse, 1997; Tounsi et al., 1999). As the result of this

research, a large number of new insecticidal crystal pro-

tein genes have been cloned and characterized. So far,

about 336 different genes encoding the B. thuringiensis

endotoxin have been isolated and characterized. The genes

have been classified as cry1 to cry49, cyt1, and cyt2 accord-

ing to the corresponding protein homology (Crickmore et

al., 1998; Schnepf et al., 1998).

Although the majority of the toxins cloned consisted of

lepidopteran-active proteins, the search for novel toxins or

novel isolates including novel insecticidal genes against

lepidopteran pests is important for increasing the toxicity

and host range, and for the alternative of potential prob-

lems associated with insect resistance. Therefore, the iso-

lation of a novel B. thuringiensis strain including novel

cry1-type genes with high toxicity to lepidopteran insects

is becoming more and more important.

In the past several years, PCR-based methods had been

developed to detect different cry genes from B. thuring-

iensis strains (Ben-Dov et al., 1997, 1999 and 2001;

Bourque et al., 1993; Bravo et al., 1998; Carozzi et al.,

1991; Cerón et al., 1994 and 1995; Ferrandis et al., 1999;

Gleave et al., 1993; Juárez-Pérez et al., 1997; and Chak,

1996; Song et al., 1998). The first method specifically

designed to detect new cry genes was based on the com-

bination of PCR and restriction fragment length poly-

morphism (RFLP). However, when more than four cry

genes are present in a strain, the restriction profile is

often too complex and the identification of the corre-

sponding genes becomes difficult. Furthermore, due to

the high similarity between members of the cry1 sub-

family, the PCR-RFLP analysis was unable to detect

differences between close related cry1-type genes. Now,

many primer pairs have been designed to identify entire

groups and individual cry genes (Porca and Juárez-

Pérez, 2003). However, the list of cry genes is increasing,

and novel PCR primers are needed in order to identify

some of the recently described genes (Bravo et al., 1998).

In this study, we established an improved method based on

PCR-RFLP principle for identifying cry1-type genes from

a B. thuringiensis isolate. Both known and new cry1 genes

can be determined by using the improved method with the

universal primers that were designed based on the con-

served regions of cry1-type genes as previously (Kim et

al., 2005). A known cry1Ae gene was identified success-

fully from the reference strain, B. thuringiensis subsp.

alesti. At the same time, five known and one novel cry1-

type gene from a B. thuringiensis isolate, LY-99, was

found and characterized.

Materials and Methods

Bacterial strains and growth media

B. thuringiensis isolate LY-99 belonging to B. thuringien-

sis subsp. alesti (H3a3c), toxic against lepidopteran insects

was isolated from a dust sample collected from tobacco

warehouse in Longyan Cigarette Factory, Fujian, China (Qi

et al., 2005). A B. thuringiensis standard serotype strains,

subsp. alesti (H3a3c) including only cry1Ae gene (Lee and

Aronson, 1991; Qi et al., 2005), was kindly provided by Dr.

Ohba (Institute of Biological Control, Faculty of Agricul-

ture, Kyushu University, Japan). Escherichia coli TOP10

was used for DNA manipulation. For the purification of

plasmid DNA, SPY media was used (Chang et al., 1998). 

Plasmids and oligonucleotide primers

pGEM-T Easy vector does not including EcoRV restric-

tion site in its sequence, but including two EcoRI restric-

tion sites in its MCS (multiple cloning sequence) (Promega

Co., USA) was used for DNA cloning and sequencing.

Oligonucleotide primers, ATG1-F (5’-ATGCAATGCG-

TACCTTACAATTGTTTAAGTAAT-3’) and N400-R (5’-

CATCGATTCGGTTCACCGCACCTTCC-3’), were designed

based on the conserved regions of the typical cry1-type

genes. And the BeATG1-F (5’- ATGACTTCAAATAG-

GAAAAATGAG-3’) was specifically designed for the

cry1B-type genes. Another two inverse PCR oligonucle-

otide primes, I-F (5’-GAGGGTACATCGAAGATAGTC-3’)

and I-R (5’-CAAAAGCAGTAGCATAGGTTCT-3’), was

designed based on the sequence analysis of the active

region of the novel cry1-type gene from B. thuringiensis

LY-99 for amplification of the 5’ region and 3’ region of

the novel gene.

Preparation of plasmid DNA and PCR amplification

The plasmid DNA from E. coli cells was extracted by

the improved procedure of alkaline lysis method

(Birnboim and Doly, 1979). And the B. thuringiensis

strains were incubated in 10 ml of Luria–Bertani (LB)

(Maniatis et al., 1982) with shaking at 220 rpm at 28°C

overnight. Then 2 ml of the cultures were inoculated in

200 ml of SPY medium with shaking at 28°C; cells were

harvested at an optical density at 600 nm of 0.7. Plasmid

DNA being used as a template for PCR amplification was

prepared from B. thuringiensis by using a Qiagen plasmid

kit according to the manufacturer’s instructions (Qiagen

GmbH, Hilden, Germany) and dissolved in 100 µl of ster-

ilized distilled water. The 100 µl PCR mixture was com-

posed of 250 ng of templates, 10 µl of 10×Pyrobest

reaction buffer, 250 µM each deoxynucleoside triphos-

phate, 0.2 µM each primer, and 2.5 U of T4 Pyrobest

DNA polymerase (Takara Shuzo Co., Japan). PCR ampli-
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fication was carried out with the DNA Thermal Cycler

(Perkin Elmer Cetus, USA) for 33 cycles (at 94°C for

30 sec, 47°C for 1 min, and 72°C for 3 min). 

Cloning and PCR-RFLP analysis

The PCR products amplified from the reference strain,

B. thuringiensis subsp. alesti, and B. thuringiensis LY-99

by using ATG1-F/N400-R or BeATG1-F/N400-R primer

sets were cloned into pGEM-T Easy vector according to

the manufacturer’s instructions (Promega Co., USA), and

transferred into E. coli TOP10 according to the procedure of

CaCl2/RuCl of Maniatis et al. (1982). Then different positive

clones were digested by using EcoRI and EcoRI/EcoRV

enzymes (Takara Shuzo Co., Japan), respectively. The

restriction fragments were separated in 2.0% agarose gels. 

a Lowercase letters indicate nucleotides that differ from those in the primer sequences.
b The novel gene found in this study.
c cry1B and cry1Ea4 genes were detected with BEATG1-F and N400-R primer set; other cry1-type genes were detected with ATG1-

F and N400-R primer set.

Table 1. Predicted sizes of PCR products and the restriction profiles of various cry1-type genes

Gene or 

primer

Accession 

No.
Sequencea (5’-3’) Position

Predicted

size (bp)

Fragment size (bp) digested

with designated restriction enzymes

EcoRI EcoRI/EcoRV

cry1Aa M11250 AatgAATGCaTtCCTTAtAATTGTTTAAGTAAC

GGAAaGTGtGGaGAgCCGAATCGATG

548-580

2900-2925

2,378 248, 726, 580, 

824

248, 458, 168, 

100, 570, 10, 824

cry1Ab AY319967 AatgAATGCaTtCCTTAtAATTGTTTAAGTAAC

GGAAaGTGtGGaGAgCCGAATCGATG

22-54

2377-2402

2,381 248, 726, 583,

824

248, 458, 268, 

573, 10, 824

cry1Ac M11068 AatgAATGCaTtCCTTAtAATTGTTTAAGTAAC

GGAAaGTGtGGaGAgCCGAATCGATG

409-441

2767-2792

2,384 248, 726, 1,410 248, 458, 37, 

231, 585, 825

cry1Ae M65252 AatgAATGCaTtCCTTAtAATTGTTTAAGTAAC

GGAAaGTGtGGaGAACCGAATCGATG

102-134

2457-2482

2,381 248, 726, 583, 

824

248, 458, 268, 

573, 10, 824

cry1Axb DQ269474 AatCAATGCGTgCCTTAtAATTGTTTgAaTAAT

GGAAGGTGCGGTGAACCGAATCGATG

615-647

2970-2995

2,381 974, 1,407 706, 37, 231, 

582, 825

cry1BacX06711 tTGACTTCAAATAGGAAAAATGAG

GGAAGGTGCGGaGAACCGAATCGATG

1-24

2515-2540

2,540 2,057, 483 1,652, 405, 483

cry1Bec AF077326 tTGACTTCAAATAGGAAAAATGAG

GGAAGGTGCGGaGAACCGAATCGATG

1-24

2524-2549

2,549 1,276, 625, 165, 

483

1,276, 625, 165, 

483

cry1C X07518 AatCAATGCaTACCTTACAATTGTTTAAGTAAT

GGAAaGTGtGGaGAACCGAATCGATG

65-97

2447-2472

2,408 2,408 66, 640, 37, 

722, 943

cry1D X54160 AacCAATGtGTgCCTTACAATTGTTTAAGTAAT

GGAcctTGtGGaGAACCGAATCGATG

282-314

2592-2617

2,336 1,130, 1,203 1,133, 1,203

cry1Ea X53985 AatCAATGCGTgCCTTAtAATTGTTTAAaTAAT

GGAAaGTGtGGaGAACCGAATCGATG

151-183

2485-2510

2,360 242, 986, 1,132 242, 986, 225, 

907

cry1Ea4cU94323 tatAtgTaAgATAGGAAAAATGga

GGAAaGTGtGGaGAACCGAATCGATG

66-89

2743-2768

2,703 585, 986, 1,132 585, 986, 225, 

907

cry1F M63897 AatCAATGCGTACCTTACAATTGTTTAAaTAAT

aGAAaGTGtGGaGAACCGAATCGATG

496-528

2833-2858

2,363 883, 1,480 703, 180, 1,480

cry1G X07518 AatCAATaCaTcCCcTATAAcTGTTTgAaTAAT

GGAAaGTGtGGaGAgCCGAATCGATG

85-117

2398-2423

2,339 2,339 163, 555, 714, 

73, 834

cry1H Z22513 AatCAATaCGTgCCcTAtAATTGTTTAAGTAAT

GGAcctTGtGGaGAAtCGAATCGATG

551-583

2879-2904

2,354 1,760, 594 700, 1,060, 594

cry1J L32019 AaGCAATGCaTACCaTAtAATTGcTTAAGTAAT

GGAAGGTGCGGaGAACCGAATCGATG

117-149

2436-2461

2,345 1,524, 821 76, 477, 888, 73, 

831

cry1K U28801 AaaaAAatCGTACtaTACAATTtTcTTAgGTAAT

GGAAGGTGCGGaGAACCGAATCGATG

342-375

2914-2939

2,484 1,660, 395, 429 1,577, 83, 395, 

429

cry1L AY554171 caGgAATGCaTtCCTTAtAATTGTTTAAaTAAT

GGAAaaTGCGGaGAgCCaAATCGATG

22-54

2347-2372

2,351 1,757, 594 1,526, 231, 594
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Inverse PCR analysis

The 10 µl of plasmid DNA from LY-99 was digested

with HindIII enzyme according to the manufacturer’s

instructions (Takara Shuzo Co., Japan). And the HindIII

DNA fragments were extracted twice with phenol, once

with chloroform and purified with QIAqick PCR Purifica-

tion Kit (Qiagen Co.,Germany) according to the manufac-

turer’s instructions and dissolved in 50 µl of sterilized

distilled water. Then 8 µl of the restriction fragments were

circularized with ligation buffer including T4 DNA ligase

(Promega Co., USA) for 16 h at 4°C (Collins and Weiss-

man, 1984). The ligated samples were purified with QIA-

qick PCR Purification Kit again and dissolved in 40 µl of

sterilized distilled water and used as the template for

inverse PCR. The 5 µl of templates, 5 µl of 10×LA PCRTM

Buffer II, 250 µM each deoxynucleoside triphosphate,

0.1 µM each primer, and 2.5 U of TaKaRa LA TaqTM DNA

polymerase (Takara Shuzo Co., Japan) were mixed in a

final volume of 50 l. PCR amplification was carried out for

30 cycles (at 94°C for 1 min, 56°C for 1 min, and 72°C for

6 min). Then the HindIII fragment amplified by inverse

PCR was cloned into pGEM-T Easy vector and sequenced.

Results

PCR amplification of the active region from cry1-type

genes

The two universal primers, ATG1-F/N400-R or BeATG1-

F/N400-R, were used for amplification of the active

region of cry1-type genes from the reference strain subsp.

alesti and isolate LY-99, respectively. About 2.4 kb of

PCR products were amplified by using the ATG1-F/

N400-R primer set from reference strain subsp. alesti and

isolate LY-99, respectively (Fig. 1A). However, a 2.6 kb

of PCR product was only amplified from LY-99, whereas

no amplification from the reference strain subsp. alesti,

when using BeATG1-F/N400-R primer set (Fig. 1B). This

result was identical with the previous report that subsp.

alesti had only cry1Ae gene (Lee and Aronson, 1991) and

LY-99 included abundant cry1-type genes (cry1A, cry1B

and cry1E) (Qi et al., 2005). In addition, the size of PCR

amplified fragments were very close to the predicted one

(Table 1).

PCR-PFLP analysis

The PCR products of about 2.4 kb from subsp. alesti

and LY-99 were cloned into pGEM-T Easy vector and

digested using EcoRI and EcoRI/EcoRV, respectively.

Seven cry1-type RFLP patterns were found using the

PCR-RFLP method established in this study. According to

the RFLP patterns, cry1Ae gene was identified from stan-

dard strain and the agarose gel revealed four main bands

of 0.82, 0.72, 0.58 and 0.24 kb after EcoRI digestion and

four main bands of 0.82, 0.57, 0.45 and 0.26 kb after

EcoRI/EcoRV digestion (Fig. 2, Table 1). 

The B. thuringiensis LY-99 showed six different cry1-

type RFLP patterns. Among them, a cry1Aa-type RFLP

Fig. 1. PCR amplification of B. thuringiensis subsp. alesti

(Lane 1) and B. thuringiensis LY-99 (Lane 2) using ATG1-F/

N400-R (A) and BeATG1-F/N400-R (B) primer sets, respec-

tively.

Fig. 2. PCR-RFLP patterns of cry1-type gene (clone pGA1Ae)

from B. thuringiensis standard strain, subsp. alesti. The PCR

fragment amplified by ATG1-F/N400 primers was digested by

using EcoRI (Lane 1) and EcoRI/EcoRV enzymes, respec-

tively.
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pattern had four main bands of 0.82, 0.72, 0.58 and

0.23 kb after EcoRI digestion and six main bands of 0.82,

0.57, 0.45, 0.23, 0.16 and 0.10 kb after EcoRI/EcoRV

digestion (Fig. 3A, Lane 3; Fig. 3B, Lane 3). A cry1Ac-

type RFLP pattern had three main bands of 1.41, 0.72 and

0.23 kb after EcoRI digestion and two additional weak

bands of 0.16 and 0.10 kb in addition to four main bands

of 0.82, 0.58, 0.45 and 0.23 kb after EcoRI/EcoRV diges-

tion (Fig. 3A, Lane 1; Fig. 3B, Lane 1). A cry1Be-type

RFLP pattern had four main bands of 1.27, 0.62, 0.48 and

0.16 kb after EcoRI and EcoRI/EcoRV digestion, respec-

tively (Fig. 3A, Lane 5; Fig. 3B, Lane 5). A cry1Ea-type

RFLP pattern had three main bands of 1.13, 0.98 and 0.24

kb after EcoRI digestion and four main bands of 0.98,

0.90, 0.24 and 0.22 kb after EcoRI/EcoRV digestion (Fig.

3A, Lane 4; Fig. 3B, Lane 4). A cry1Ea4-type RFLP pat-

tern had three main bands of 1.13, 0.98 and 0.57 kb after

EcoRI digestion and four main bands of 0.98, 0.90, 0.57

and 0.22 kb after EcoRI/EcoRV digestion (Fig. 3A, Lane

6; Fig. 3B, Lane 6). In addition, a novel cry1-type RFLP

pattern was found from B. thuringiensis LY-99 using the

improved method, which had two main bands of 1.40 and

0.97 kb after EcoRI digestion and four main bands of

0.82, 0.70, 0.58 and 0.23 kb after EcoRI/EcoRV digestion,

which were different from the predicted sizes of cry1

genes (Fig. 3A, Lane 2; Fig. 3B, Lane 2; Table 1).

Cloning and sequence analysis

The PCR product of 2.4 kb from the standard strain,

subsp. alesti, was cloned into pGEM-T Easy vector to

make clone pGA1Ae (Fig. 2). In addition, the PCR prod-

ucts of 2.4 kb and 2.6 kb from LY-99 amplified by using

ATG1-F/N400-R and 1BeATG1-F/N400-R primer sets

respectively were cloned into pGEM-T Easy vector and

six kinds of positive clones (pGLA2, pGLA14, pGLA61,

pGLA71, pGLB3 and pGLB11; Fig. 3, Lanes 1, 2, 3, 4, 5

and 6) were obtained. All the clones were sequenced using

the universal sequencing primers of pGEM-T Easy vector.

The sequence analysis revealed that clone pGA1Ae from

standard strain showed 100% similarity with cry1Ae1

(GenBank Accession No. M65252). Among the six clones

from LY-99, pGLA2 showed 100% similarity with a

cry1Ac-type gene (GenBank Accession No. AY570733);

pGLA61 showed 100% similarity with cry1Aa12 (Gen-

Bank Accession No. AF384211); pGLA71 showed 100%

similarity with cry1Ea1 (GenBank Accession No.

X53985); pGLB3 showed 100% similarity with cry1Be-

Fig. 3. PCR-RFLP patterns of cry1-type gene from B. thuringien-

sis LY-99. The PCR fragments cloned into clone pGLA2,

pGLA14, pGLA61 and pGLA71 were amplified by using ATG1-

F and N400 primers, and into clone pGLB3 and pGLB11 were

amplified by using BeATG1-F and N400-R primers, respectively.

Different clones from LY-99 were digested by using EcoRI (A)

and EcoRI/EcoRV (B) enzymes, respectively. Lanes: M1, 3 kb

DNA ladder; 1, clone pGLA2; 2, clone pGLA14; 3, clone

pGLA61; 4, clone pGLA71; 5, clone pGLB3; 6, clone pGLB11;

M2, 100 bp DNA ladder.

Fig. 4. Inverse PCR product amplified by using I-F and I-R

primers from B. thuringiensis LY-99. Lanes: M, 3 kb DNA lad-

der; L, B. thuringiensis LY-99.
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Fig. 5. The nucleotide sequence (GenBank accession No. DQ269474) and deduced amino acid sequence of cry1Ah2. The putative

ribosome binding site (RBS) (bloated and underlined), the start codon (boxed) and the five conserved blocks of Cry1Ah2 (shaded)

are indicated.



Characterization of a Novel cry1-Type Gene from Bacillus thuringiensis subsp. alesti Strain LY-99 24

type gene (GenBank Accession No. AY570734); and

pGLB11 showed 100% similarity with cry1Ea4 (Gen-

Bank Accession No. U94323). However, clone pGLA14

shared 91.52% maximum similarity to cry1Ac14 (Gen-

Bank Accession No. AF492767), and indicated that clone

pGLA14 may be a novel cry1-type gene.

Inverse PCR and sequencing of the novel cry1 gene,

cry1Ax

The novel cry1-type gene from LY-99 found in this

study was named cry1Ah2 (Genbank accession No

DQ269474). The inverse PCR fragment was amplified

from the HindIII DNA fragments of LY-99 through

inverse PCR method, and cloned into pGEM-T Easy vec-

tor. Sequencing of the inverse PCR product showed that

the fragment was 1228 bp in length (Fig. 4). Finally, a total

of 3143 bp length sequence of cry1Ax was sequenced.

The sequence analysis of cry1Ah2 showed the presence

of 5’ region and partial open reading frame encoding a

protein of 850 amino acid residues (Fig. 5). In addition,

the novel crystal protein gene, cry1Ah2, shared 89.31%

maximum sequence identity to cry1Ac1 (GenBank Acces-

sion No. M11068). Compared with the other holotypes of

cry1A-type genes, the cry1Ah2 showed a sequence iden-

tity of 78.03% to cry1Ab1 (GenBank Accession No.

M13898), 76.61% to cry1Ae1 (GenBank Accession No.

M65252), 74.59% to cry1Aa1 (GenBank Accession No.

M11250), 71.57% to cry1Ad1 (GenBank Accession No.

M73250), 70.98% to cry1Af1 (GenBank Accession No.

U82003), and 68.16% to cry1Ag1 (GenBank Accession

No. AF081248), respectively. The nucleotide sequence of

cry1Ax was submitted to GenBank (accession number

DQ269474).

Homology analysis with known holotypes of Cry1A

proteins indicated that the sequence of Cry1Ax protein

sequence showed 87.80% maximum identity with that of

Cry1Ac2 protein (GenBank Accession No. M35524).

And Cry1Ax sequence identities with the other Cry1A

proteins were 74.94% [Cry1Ab1], 73.68% [Cry1Ae1],

68.50% [Cry1Af1], 66.70% [Cry1Aa1 and Cry1Ad1], and

63.12% [Cry1Ag1], respectively. Therefore, cry1Ah2

belongs to a novel cry1A-type crystal protein gene and its

encoding protein belongs to a new class of B. thuring-

iensis crystal proteins according to the B. thuringiensis

toxin nomenclature (Crickmore et al., 1998). 

According to the structure assignment of Cry1Aa pro-

tein reported by Grochulski et al. (1995), three conserved

domains of Cry1A cry1Ah2 were found. Domain I con-

sists of 221 residues (Asn33 to Arg253) with a calculated

molecular weight of 25.39 kDa. Domain II consists of 197

residues (Arg265 to Phe461) with a calculated molecular

weight of 22 kDa. Domain III consists of 147 residues

(Asn463 to Ala609) with a calculated molecular weight of

15.74 kDa. Moreover, five common conserved amino acid

sequence blocks of Cry protein (Höfte and Whiteley,

1989; Schnepf et al., 1998) existed in the Cry1Ah2

sequence; and they were located between amino acid res-

idues 153 and 182, 226 and 270, 452 and 498, 525 and

534, and 597 and 608, respectively (Fig. 6).

Discussion 

The PCR technology has been widely used for charac-

terization of genes coding for Cry proteins and for anal-

ysis of B. thuringiensis collections (Sambrook and

Russell, 2001). This technique was first introduced by

Carozzi et al. (1991) to identify cry genes in order to pre-

dict insecticidal activity. To date, many PCR-based meth-

ods for the identification of cry gene from B. thuringiensis

strains have been developed. Among them, specific-

primer PCR and multiplex PCR can only detect known

cry genes from B. thuringiensis (Ben-Dov et al., 1999;

Bourque et al., 1993; Carozzi et al., 1991; Cerón et al.,

1994 and 1995). Exclusive PCR and PCR-RFLP can iden-

tify not only known cry genes but also novel cry genes

(Ben-Dov et al., 1997; Bravo et al., 1998; Ferrandis et al.,

1999; Juárez-Pérez et al., 1997; Kuo and Chak, 1996;

Song et al., 1998). Undoubtedly, the two methods based

on PCR principal have greatly improved cry gene detec-

tion; however, both two methods have some limits. The

Exclusive PCR method needed to design a series of prim-

ers and needed multiplex PCR reaction. For the PCR-

RFLP method, when more than four cry genes are present

in a strain, the restriction profile is often too complex and

the identification of the corresponding genes becomes dif-

ficult. Furthermore, due to the high similarity between

members of cry1 subfamily, the conventional PCR-RFLP

analysis conducted by Kuo and Chak (1996) was unable

to detect differences between the cry1Ca cry1Cb cry1Ea

and cry1Fa genes. To resolve these problems, we estab-

lished an improved PCR-RFLP method to identify cry1-

type genes from B. thuringiensis. First, two pairs of uni-

versal primers for cry1-type genes were used as previ-

ously reported (Kim et al., 2005). Then the PCR amplified

fragments were cloned into pGEM-T Easy vector and

digested by using EcoRI and EcoRI/EcoRV enzymes

respectively to produce the predicted RFLP patterns.

Because there are not EcoRV restriction site, but two

EcoRI restriction sites distribute the both side of the clon-

ing site, and we selected EcoRI and EcoRI/EcoRV

enzymes to digest the PCR fragments cloned into the vec-

tor. The application of this method has two advantages for

identification of both known and novel cry1-type genes.
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On the one hand, just two pares of universal primers need

to be synthesized for PCR reactions. On the other hand,

because of just one cry gene fragment existed in every

clone, the different kind of restriction enzyme profiles of

clones identified accurately different cry genes. 

In this study, a standard strain and an isolate were used,

respectively. The standard strain was reported to contain

just cry1Ae gene (Lee and Aronson, 1991; Qi et al., 2005),

and showed a cry1Ae-type RFLP pattern (Fig. 2; Table 1).

Isolate LY-99 showed a novel cry1-type RFLP patterns as

well as five know cry1-type gene RFLP patterns (Fig. 3;

Table 1). Moreover, all seven cloned cry1-type gene frag-

ments were sequenced. And the results of the sequence

analysis conformed to that of the improved PCR-RFLP

method in this study and it proved that the improved PCR-

RFLP method was very effective for the identification of

known and novel cry1-type genes from Bacillus thuring-

iensis strains.

Although many cry1-type insecticidal crystal protein

genes were isolated and characterized worldwide, only

few of them has been used to effectively control some

determined insect pests and scientists have been striving

to find more novel cry1-type genes and more effective

strategy for identification of cry1-type genes because of

the developed resistance of Lepidopteran insect pests to B.

thuringiensis (Ferre et al., 1991; Tabashnik et al., 2000).

In this study, the novel cry1-type crystal protein gene,

cry1Ah2, was identified from LY-99 by suing the devel-

oped PCR-RFLP method. The sequence analysis of

cry1Ah2 and its encoding protein (Cry1Ax) revealed it is

a novel cry1A-type insecticidal crystal protein gene. It

will become a new class of B. thuringiensis crystal protein

gene, and a potential alternative as the control factor for

Lepidopteran insect pests. Therefore, the identification of

the novel cry1-type gene and the novel B. thuringiensis

isolate LY-99 including so many cry1-type genes (cry1Aa,

cry1Ac, cry1Be, 2 cry1Ea and cry1Ax genes) is particu-

larly important from an ecological as well as an econom-

ical point of view. 

Because of the resistance problems, isolation of new

strains and toxins is crucial. We established a developed

PCR-RFLP method for the rapid and exact identification

of cry1-type genes that can be used not only to retrieve

information on the presence of these genes in new isolates

but also to discover novel cry1 genes. We also found a

novel cry1-type gene successfully with the developed

method.
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Fig. 6. The deduced amino acid sequences of three domains of Cry1Ah2. The boldface and underline show the residues of

Cry1Ah2 which are different from those of the corresponding position in all known Cry1 crystal proteins.
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