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DNA dot blot hybridizations with a cryV-specific probe and a cryI-specific probe were performed to screen 24
Bacillus thuringiensis strains for their cryV-type (lepidopteran- and coleopteran-specific) and cryI-type (lepi-
dopteran-specific) insecticidal crystal protein gene contents, respectively. The cryV-specific probe hybridized to
12 of the B. thuringiensis strains examined. Most of the cryV-positive strains also hybridized to the cryI-specific
probe, indicating that the cryV genes are closely related to cryI genes. Two cryV-type genes, cryV1 and cryV465,
were cloned from B. thuringiensis subsp. kurstaki HD-1 and B. thuringiensis subsp. entomocidus BP465, respec-
tively, and their nucleotide sequences were determined. The CryV1 protein was toxic to Plutella xylostella and
Bombyx mori, whereas the CryV465 protein was toxic only to Plutella xylostella.

Bacillus thuringiensis is a gram-positive bacterium that pro-
duces proteinaceous crystals during sporulation. Many differ-
ent B. thuringiensis crystal protein genes have been identified,
and the toxicity of the encoded proteins has been investigated.
At least four major classes of insecticidal protein genes have
been identified: cryI, cryII, cryIII, and cryIV. These genes en-
code lepidopteran-specific (CryI), lepidopteran- and dipteran-
specific (CryII), coleopteran-specific (CryIII), and dipteran-
specific (CryIV) proteins, respectively (11).
After the discovery of various B. thuringiensis strains that

have toxicity against a wide spectrum of insect pests, these
bacteria have been developed as the most successful commer-
cial microbial insecticide for the control of various insect pests.
However, several insect pest species of globally important
crops have little or no susceptibility to the existing insecticidal
protein of various B. thuringiensis strains. Development of re-
sistance in insect pests is another significant problem in the use
of B. thuringiensis as a successful microbial insecticide. B. thu-
ringiensis had been used commercially for more than two de-
cades without reports of substantial resistance development in
field populations. However, the diamondback moth, Plutella
xylostella, has evolved resistance in the open field in Hawaii and
more recently in Florida and Asia (6, 22, 23).
Recently, Tailor et al. (25) reported a new class of crystal

protein gene, cryV, cloned from B. thuringiensis subsp. kurstaki
JHCC4835. The encoded protein (CryV) has a molecular mass
of 81 kDa and is toxic to larvae of members of both the orders
Lepidoptera and Coleoptera. The known cryV genes are, how-
ever, silent in B. thuringiensis strains (9, 25), so we thought that
some B. thuringiensis strains may carry cryV-type genes that
encode insecticidal proteins having toxic activities against the
insensitive or resistant insect pests. Previously, PCR with cryV-
specific primers was used to screen the cryV-type gene content
(9), but PCR screenings do not work well with cryV-type genes
that have low homology with cryV-specific primers. Also, PCR
screenings do not show any information about the remainder

sequence but, rather, show only the amplified region of the
cryV-type genes of interest.
In this study, we used DNA dot blot hybridizations with a

cryV-specific probe to determine the cryV-type gene content of
B. thuringiensis strains and the content of cloned cryV-type
genes from B. thuringiensis subsp. kurstaki HD-1 and B. thu-
ringiensis subsp. entomocidus BP465. The nucleotide sequences
of cloned genes and the insecticidal activity of the gene prod-
ucts have also been analyzed.

MATERIALS AND METHODS

Bacterial strains and plasmids. B. thuringiensis strains were obtained from the
Bacillus Genetic Stock Center, Department of Biochemistry, The Ohio State
University, Columbus. B. thuringiensis subsp. entomocidus BP465 was isolated
from the phylloplane of an oak tree by procedures described by Smith et al. (20).
Plasmid pUC19 was the vector used to construct the genomic library, and plas-
mid pKK233-2 (Pharmacia) was used to facilitate the expression of toxin genes
in Escherichia coli JM109.
Chemicals and enzymes. Chemicals were purchased from Sigma Chemical Co.

unless otherwise specified. Restriction endonucleases, DNA-modifying enzymes,
and chemicals used for DNA manipulations were purchased from Boehringer
Mannheim Biochemicals and used as specified by the manufacturer.
Preparation of DNA. Plasmids were isolated by the alkali lysis method (1).

Total DNA was purified from B. thuringiensis strains as described by Kalman et
al. (13).
Preparation of probe DNA. The cryV-specific probe was prepared from total

DNA of B. thuringiensis subsp. kurstaki HD-1 by PCR with primers cry5A (59-
ATGAAACTAAAGAATCAAGA-39) and cry5B (59-ACCTGTGCTATACCA
TTTCA-39), which correspond to nucleotides 1 to 20 and 726 to 707, respectively,
of the cryV gene. The cryI-specific probe was prepared from B. thuringiensis
subsp. kurstaki HD-73 with primers LEP2A (59-CCGAGAAAGTCAAACAT
GCG-39) and LEP2B (59-TACATGCCCTTTCACGTTCC-39) specific for re-
gions 2003 to 2022 and 2988 to 2969 of the cryIA(c) gene as described by Carozzi
et al. (4). The DNA template for PCR was the same as the total DNA prepared
for DNA hybridizations. The PCR mix was as described in the GeneAmp kit
(Perkin-Elmer Cetus) with the addition of 0.2 mM each primer, 10 ng of template
DNA, and 1.0 U of Taq DNA polymerase. PCR amplification was carried out as
recommended by Perkin-Elmer Cetus. PCR-amplified cryV gene fragments were
excised from a 0.8% agarose gel and purified with a Geneclean II kit (Bio 101
Inc., La Jolla, Calif.). Both double-stranded DNA probes were labeled with
digoxigenin-dUTP by nick translation.
DNA-DNA hybridization. DNA dot blot hybridizations were carried out as

follows. A 1-ml (1-mg) portion of each total DNA sample was dispensed onto the
positively charged nylon membrane (Boehringer Mannheim Biochemicals), the* Corresponding author. Fax: 82-42-860-4594.
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DNA was denatured by transferring the membrane for 5 min to a Whatman
paper saturated with 0.5 N NaOH and 1.5 M NaCl, and then the DNA was
neutralized by transferring the membrane for 5 min to a Whatman paper satu-
rated with 1.0 M Tris-HCl (pH 7.5) and 1.5 M NaCl. Southern hybridization was
carried out by separating the restricted DNAs by electrophoresis in 0.8% agarose
gels and transferring them to a nylon membrane via a Trans-Vac TE80 vacuum
blotter (Hoefer Scientific). The DNAs were fixed to the nylon membrane by
exposing the wet membrane to UV light for 3 min. Prehybridization and hybrid-
ization of DNA-bound membranes were performed in a solution of 53 SSC (13
SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 0.1% N-lauroylsarcosine,
0.02% sodium dodecyl sulfate (SDS), and 1.0% blocking reagent (Boehringer
Mannheim Biochemicals) at 658C for 15 h. The membrane was subsequently
washed twice for 5 min at room temperature with 23 SSC containing 0.1% SDS
and twice for 20 min at 658C with 13 SSC containing 0.1% SDS. The stringency
of these hybridization conditions is expected to be approximately 80% homology.
Hybridized DNA was detected with the Dig nucleic acid detection kit (Boehr-
inger Mannheim Biochemicals) as specified in the instruction manual.
Construction of genomic libraries. Total DNAs purified from B. thuringiensis

subsp. kurstaki HD-1 and B. thuringiensis subsp. entomocidus BP465 were di-
gested with PvuII and BamHI and electrophoresed through a 0.8% agarose gel,
and 2- to 5-kb DNA fragments were excised and purified with a Geneclean II kit.
Purified DNA fragments were ligated with pUC19 digested with HindII and
BamHI at a 1:1 molar ratio and at a final DNA concentration of 20 mg/ml. After
ligation, the DNAs were used to transform E. coli JM109; preparation of com-
petent cells and transformations were as described by Inoue et al. (12).
DNA sequencing. DNA sequences were obtained by the dideoxy-chain termi-

nation method (19) with the Dig Taq DNA sequencing kit (Boehringer Mann-
heim Biochemicals). Appropriate subclones were generated for sequencing by
the unidirectional progressive deletion method with exonuclease III (10). DNA
samples for electrophoresis were obtained by PCR with a digoxigenin-labeled
sequencing primer as specified in the instruction manual. DNA and amino acid
sequence analyses were performed with the DNASIS V. 6.01 (Hitachi Soft
Engineering Co.) program.
Protein analysis. The E. coli cells harboring the cloned crystal protein genes

were grown in LB medium (1% tryptone [Difco], 0.5% yeast extract [Difco],
0.5% NaCl [pH 7.0]) for 24 h. After detection of inclusion bodies in cells by
phase-contrast microscopic observations, the cultured broths were concentrated
fivefold in 10 mM Tris-HCl (pH 8.0) buffer containing 1 mM phenylmethylsul-
fonyl fluoride, and the cells were disrupted by ultrasonic treatment until lysis was
complete. The lysates were then centrifuged at 10,0003 g to collect the inclusion
bodies, and, finally, the pellet was suspended at 1/10 the volume of the lysate in
the same buffer. These protein preparations were examined by SDS-polyacryl-
amide gel electrophoresis (SDS-PAGE) (12.5% polyacrylamide) before being
used for the analysis of the insecticidal activity. Protein concentrations were
determined by the protein assay method of Lowry et al. (17).
Insect toxicity assays. Insecticidal activity against the silkworm, Bombyx mori

(Lepidoptera: Bombycidae), was measured by incorporating suspensions con-
taining twofold serial dilutions of purified inclusions into the artificial diet.
Silkworms used were Ingong-saryo (Dongbang Co., Seoul, Korea). Toxicity stud-
ies on larvae of the diamondback moth, Plutella xylostella (Lepidoptera: Plutel-
lidae); the brassica leaf beetle, Phaedon brassicae (Coleoptera: Chrysomelidae);
and the alder leaf beetle, Agelastica coerulea (Coleoptera: Chrysomelidae), were
done on fresh leaf disks (diameter, 6 cm) by leaf residue bioassays (24). Disks cut
from leaves of cabbages grown in the greenhouse were used for Plutella xylostella
and Phaedon brassicae, and disks cut from leaves of alder, Alnus japonica, were
used for A. coerulea. Ten third-instar larvae were each placed on a artificial diet
or a leaf disk, and larval death was monitored after 2 days for Plutella xylostella
(24), after 3 days for B. mori, and after 7 days for A. coerulea and Phaedon
brassicae. Bioassays were repeated at least twice, and the 50% lethal concentra-
tion (LC50) was calculated by probit analysis (7).
Nucleotide sequence accession numbers. The nucleotide sequence data re-

ported in this paper have been filed in the EMBL/GenBank database under
accession numbers L36338 for cryV1 and U07642 for cryV465.

RESULTS

Screening. We prepared the cryV-specific probe from total
DNA of B. thuringiensis subsp. kurstaki HD-1 by PCR as de-
scribed above. Nucleotide sequences of the 0.7-kb PCR prod-
uct in both strands were analyzed (data not shown), and it was
confirmed that sequences in the probe region of the cryV gene
from strain HD-1 were exactly the same as those of the cryV
gene cloned from B. thuringiensis subsp. kurstaki JHCC4835
(25).
DNA dot blot hybridization was carried out to survey 24 B.

thuringiensis strains for the presence of cryV-type genes. The
cryV-specific probe hybridized to 12 of the 24 strains screened
(Table 1). We also carried out DNA dot blot hybridization with

a cryI-specific probe that is highly homologous to all known cryI
genes in order to compare the relative distribution of cryV and
cryI genes among B. thuringiensis strains. Of the 24 strains, 14
showed a positive signal to the cryI-specific probe, indicating
that these strains contain cryI-type genes (Table 1). Except for
B. thuringiensis subsp. thompsoni HD-542, all of the remaining
cryV-positive strains were also cryI-positive strains, which indi-
cates that cryV-type genes are highly associated with cryI-type
genes. However, B. thuringiensis subsp. kurstaki HD-73, B. thu-
ringiensis subsp. thuringiensis HD-2, and B. thuringiensis subsp.
darmstadiensisHD-146 seemed to contain only cryI-type genes;
there were no positive signals to the cryV-specific probe in
these three strains. Neither cryV-specific nor cryI-specific
probes hybridized to nine strains (Table 1).
Southern hybridization and cloning of the cryV-type genes.

B. thuringiensis subsp. entomocidus BP465 was isolated from
the phylloplane of an oak tree and showed insecticidal activity
against Spodoptera exigua species (data not shown). Total
DNAs prepared from strains HD-1 and BP465 were digested
with various restriction enzymes, electrophoresed through a
0.8% agarose gel, transferred to nylon membrane, and hybrid-
ized to the cryV-specific probe prepared from strain HD-1.
When total DNAs were digested with ClaI, 4.5-kb bands were
detected in both HD-1 and BP465 strains (Fig. 1, lane 1).
Because a ClaI site is present 0.3 kb 59 of the cryV gene (25),
we could deduce the BamHI site to be at approximately 0.5 kb
39 of the cryV gene by double digestion with ClaI and BamHI
(lane 2), and we could locate the PvuII site at approximately
0.6 kb 59 of the cryV gene by double digestion with BamHI and
PvuII (lane 3). Although these restriction enzyme sites of the
flanking region of cryV genes were shown to be the same in
both strains, different hybridization patterns were obtained
when DNAs were digested with other restriction enzymes,
which are present in the intragenic region of the cryV gene

TABLE 1. Results of DNA dot blot hybridizations for the presence
of cryV-type and cryI-type genes in B. thuringiensis strains

B. thuringiensis subspecies
and strain

Hybridization to probea:

cryV type cryI type

kurstaki HD-1 111 111
kurstaki HD-73 111
thuringiensis HD-2 111
finitimus HD-3
alesti HD-4 1 11
dendrolimus HD-7 111 11
morrisoni HD-12 1 11
kenya HDB-23 11 11
galleriae HD-29 1 111
aizawai HD-137 111 111
darmstadiensis HD-146 111
toumanoffi HD-201 1 111
pakistani HD-395
dakota HD-511
indiana HD-521
tolworthi HD-537 11 11
kyushuensis HD-541
thompsoni HD-542 11
israelensis HD-567
tohokuensis 4V1
colmeri HD-847 11 111
kumamotoensis HD-867
tochigiensis HD-868
entomocidus BP465 11 111

a Levels of signal intensities are relative to that of strain HD-1: 111, strong;
11, medium; 1, weak.
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(lanes 4 to 6). When total DNAs were digested with ClaI and
EcoRI, the cryV-specific probe not only detected the expected
1.4-kb fragment in HD-1 DNA but also unexpectedly detected
a fragment of approximately 2.4 kb in BP465 DNA (lane 4).
We also detected more, smaller ClaI-HindIII and ClaI-XhoI
fragments in BP465 than in HD-1. These data suggest the
presence of a novel cryV-type gene in strain BP465.
The same 3.3-kb PvuII-BamHI fragments containing the

putative cryV-type genes of HD-1 and BP465 were isolated,
and restriction maps of the resulting recombinant plasmids,
designated pBC70 for HD-1 and pBC80 for BP465, were con-
structed (Fig. 2). We could generate the positions and orien-
tations of the cryV-type genes, designated cryV1 for HD-1 and
cryV465 for BP465, within 3.3-kb PvuII-BamHI fragments (Fig.
2).
To sequence the cloned genes, the 3.0-kb ClaI-BamHI frag-

ments of both cryV1 and cryV465 were cloned into pUC19. The
sequence analysis (Fig. 3) showed the presence of an open
reading frame encoding a protein of 719 amino acid residues
and having a predicted molecular mass of 81 kDa. Nucleotide
sequences of the cryV1 gene were almost identical to those of
the cryV gene reported by Tailor et al. (25). There were only
two different nucleotides at positions 2133 (G to C) and 2134
(C to G). These two nucleotide differences result in two amino
acid changes: lysine to asparagine and glutamine to glutamic
acid transitions at amino acid residues 711 and 712, respec-
tively. The deduced amino acid sequence of the CryV465 pro-
tein was found to be 93% identical to the sequence of the
CryV1 protein and 90% identical to the sequence of the par-
tially identified CryV-type protein of B. thuringiensis subsp.

aizawai EG6346 in the N-terminal 380-amino-acid overlap (5).
Amino acid differences between the CryV1 and CryV465 pro-
teins appeared to occur randomly throughout the N-terminal
460 amino acid residues, and the remaining C-terminal amino
acid residues were nearly identical. The CryV465 protein also
has the five conserved blocks identified by Hofte and Whiteley
(11), but eight amino acid differences between CryV465 and
CryV1 are present within the region of the second conserved
block.
Expression of the cryV1 and cryV465 genes in E. coli. E. coli

cells harboring the cryV1 or cryV465 gene failed to produce the
toxin protein. It seems that transcription from the lac promoter
of pUC19 is prevented by the transcriptional terminator struc-
ture of the cryI gene present upstream of the cryV gene. Thus,
we cloned the cryV1 and cryV465 genes into pKK233-2. The
cryV1 gene was eluted as PstI-SmaI from pBC70 and inserted
into pKK233-2 digested with HindIII after cohesive ends were
filled in with the Klenow fragment, generating pBC73. The
cryV465 gene was also cloned into pKK233-2 by the same pro-
cedure to make pBC83. E. coli JM109 harboring pBC73 or
pBC83 expressed the toxin protein constitutively without the
addition of isopropyl-b-D-thiogalactopyranoside. We could de-
tect the refractile inclusion bodies in E. coli cells after 12 h of
growth by phase-contrast microscopic observations. The CryV1
and CryV465 proteins were partially purified from E. coli re-
combinant strains as described in Materials and Methods, and
SDS-PAGE analysis followed by densitometric scanning anal-
ysis showed that about 48% of the total protein was the 81-kDa
CryV protein (data not shown).
Insect toxicity assays. Insecticidal activities of the purified

CryV1 and CryV465 proteins against two lepidopteran and two
coleopteran insects are summarized in Table 2. The CryV1
protein was highly active against Plutella xylostella and B. mori,
whereas the CryV465 protein was toxic only to Plutella xylo-
stella, with a higher LC50 than that of CryV1 protein. The
CryV1 and CryV465 proteins did not show any toxicity against
Phaedon brassicae, one of major agricultural insect pests in
Korea, or against A. coerulae, one of the major forest insect
pests in Korea.

DISCUSSION

A wide distribution of the cryV-type genes among many
different B. thuringiensis strains has been indicated by previous
researchers (9, 25). However, there are some discrepancies
between their and our results. We could not detect the cryV-
type gene in B. thuringiensis subsp. kurstaki HD-73, which was
reported to contain a cryV-type gene (25). Also, B. thuringiensis
subsp. alesti HD-4, B. thuringiensis subsp. morrisoni HD-12,
and B. thuringiensis subsp. toumanoffi HD-201 showed weak
signals in response to the cryV-specific probe we prepared,
although they were reported to produce no PCR products
when PCR was performed with a cryV-specific probe (9). It
appears that the sequences of cryV-type genes of these strains
have low homology to the cryV-specific probe, so that PCR
products were not previously observed.
DNA sequence comparisons with other cry genes indicate

that the cryV gene is most closely related to the cryIB gene (9,
25). The cryV-specific probe region we used also has 67%
homology with the cryIB gene at the DNA level. However, the
stringency conditions used in the hybridizations we performed
could distinguish the cryV-type gene from the cryIB gene. B.
thuringiensis subsp. thuringiensisHD-2 has a cryIB gene (2), and
our cryV-specific probe did not hybridize to the total DNA of
the strain HD-2 (Table 1).
The cryV-type genes have been found to be located in close

FIG. 1. Southern blot analysis of B. thuringiensis subsp. kurstaki HD-1 and B.
thuringiensis subsp. entomocidus BP465. Total DNAs were digested with various
restriction enzymes and hybridized to the cryV-specific probe. Lanes: 1, ClaI; 2,
ClaI plus BamHI; 3, BamHI plus PvuII; 4, ClaI plus EcoRI; 5, ClaI plus HindIII;
6, ClaI plus XhoI; 7, HindIII-digested l DNA. Sizes (in kilobases) are on the
right.

FIG. 2. Restriction maps of plasmid pBC70 and pBC80 inserts. Black boxes
and arrows indicate the positions and orientations, respectively, of the crystal
protein genes. The hatched box indicates the cryV-specific probe region. Vector
sequences have been omitted.
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FIG. 3. Nucleotide sequences and deduced amino acid sequences of the cryV1 and cryV465 genes. The 2.8-kb cryV465 gene insert and deduced amino acid sequences
are presented. These sequences were aligned with the cryV1 gene sequences and its predicted amino acid sequences; only the differences in the open reading frame of
cryV1 DNA and amino acid sequences are shown. Both genes have 719 amino acid residues and the same start and stop codons. The inverted repeat is marked with
arrows above the sequence.
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proximity to and downstream of the cryI genes (5, 9, 25). We
detected a cryID-like gene located approximately 0.5 kb 59 of
the cryV465 gene, and this type of cryI-cryV linkage is very
common in other cryV-type genes. We also detected a cryIA(a)-
cryV gene linkage in B. thuringiensis subsp. kurstaki HD-1, a
cryIE-cryV gene linkage in B. thuringiensis subsp. tolworthi HD-
537, and a cryID-like–cryV-like gene linkage in B. thuringiensis
subsp. morrisoni HD-12 (data not shown). However, there was
one exception. B. thuringiensis subsp. thompsoni HD-542
seemed to contain only a cryV gene. The cryI-specific probe
could not detect any cryI-related sequences in this strain. There
is, of course, still a possibility that a cryI-type gene, such as a
cryIG gene (21), with a very low homology with our probe, is
located upstream of the cryV gene. Most of the characterized
crystal protein genes have been shown to be monocistronic, but
there are some crystal protein genes that constitute an operon
with other open reading frames, such as the cryIIA gene from
B. thuringiensis subsp. kurstaki (27), and cry40 and cry32 genes
from B. thuringiensis subsp. thompsoni (3). However, it is not
likely that the cryI-cryV gene linkage is an operon structure,
because the strong cryI transcriptional terminator is present in
the intergenic sequence of the two genes.
We cloned the cryV465 gene from B. thuringiensis subsp.

entomocidus BP465 and found that a very similar gene was also
present in B. thuringiensis subsp. galleriae HD29. It seems that
strains BP465 and HD-29 are very similar in terms of the
genotype of the crystal protein gene and some biochemical
characteristics. Both strains have a cryID-like-cryV465 gene
linkage. Strain HD-29 was reported to have a silent cryIC(b)
gene (13), which had toxicity to Spodoptera exigua when the
gene was expressed in E. coli cells. We found that strain BP465
also has the cryIC(b) gene (data not shown). Furthermore, the
two strains showed the same results from four kinds of bio-
chemical tests that were used for identification of B. thurin-
giensis (18): esculin utilization, acid formation from salicin and
sucrose, and lecithinase production. However, the insecticidal
activities of the sporulated cultures of these strains are clearly
different. While strain BP465 had toxicity against S. exigua,
strain HD29 had no significant toxic activity against Spodoptera
species (13).
The amino acid sequences of CryV1 and CryV465 proteins

were highly homologous to each other, but only the CryV1
protein was toxic to B. mori. The specificity domain of CryI-
type proteins responsible for toxicity against B. mori had been
located between residues 332 and 450 (8, 15). This region
corresponds to domain II, which was proposed as the region
involved in receptor binding (16). It is possible that the differ-
ence in toxicities between CryV1 and CryV465 against B. mori
can be explained by the variability of amino acid sequences in
domain II. However, amino acid differences between CryV1
and CryV465 appeared to occur randomly throughout the N-
terminal 460 amino acid residues, and thus a detailed domain

study with hybrid genes must be carried out to identify the
specificity domain of B. mori.
The CryV1 and CryV465 proteins did not show any toxic

activity against the coleopteran insects tested, including alder
leaf beetle, A. coerulae, which is sensitive to the CryIIIA pro-
tein (14). It seems that toxicity of the CryV protein against the
Colorado potato beetle, reported by Tailor et al. (25), is the
only reported case in which the CryV protein has toxicity
against a coleopteran pest. Gleave et al. (9) also failed to prove
the toxicity of their CryV protein against another coleopteran
insect, Tenebrio molitor. Although we could not demonstrate
the insecticidal activities of the CryV1 and CryV465 toxins
against the two kinds of coleopteran insects, both toxin pro-
teins, especially CryV1, showed significant toxic activity against
Plutella xylostella. Plutella xylostella is a major vegetable pest,
and substantial resistance to B. thuringiensis toxins has been
found in the field (6, 22, 23). However, in most cases, resis-
tance to one B. thuringiensis toxin does not confer cross-resis-
tance to other toxins, which suggests that toxin proteins with
different binding properties can be used to avoid resistance
problems (6, 26). The toxicity of the CryV1 protein may be
useful for management of Plutella xylostella strains that are
resistant to existing B. thuringiensis preparations.
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