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Abstract: Arasbaran natural ecosystems are among the most diverse in the Iran. For this reason, we isolated
strains of the entomopathogenic bacteria Bacillus thuringiensis (Bt) to determine their diversity, distribution
and abundance. A total of 62 Bacillus thuringiensis strains were isolated from 150 soil samples collected from
the five macroregions of the Arasbaran. The characterization of the strain collection provided useful information
on the ecological patterns of distribution of B. thuringiensis and opportunities for the selection of strains to
develop novel bioinsecticidal products. PCR analysis was applied to identify isolates harboring different cry
type genes. Forty seven percent of the strains amplified with the cry 1 primer, 29% with cry 3 and 13% with cry
4. A total of 21 strains did not amplify with any of the cry primers used: cry 1, cry 3 and cry 4. Nine different
genetic profiles were found; while, two of the 62 Bt isolates were harboring a combination of different cry genes,
such as V-F-8-5 harbored lepidoptera-active cry 1Aa, coleoptera-active cry 3 gene and diptera active cry 4 gene.
These profiles of cry genes indicate that V-F-8-5 isolate was active against lepidopteran, coleopteran and
dipteran insects.
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INTRODUCTION lepidopteran and coleopteran larva of plant pests as well

Arasbaran is a UNESCO registered biosphere reserve for a variety of human diseases [3].
(since 1976) and an Iranian Dept. of Environment Bacillus thuringiensis is a member of a group of
designated "Protected Area" in East Azarbaijan Province, crystalliforeus spore forming aerobic, Gram-positive
Iran, with a varying biodiversity providing a rich source bacteria of the family Bacillaece [5]. It produces parasporal
for the discovery of new species and strains of crystals containing one or more Cry proteins that may be
microorganisms. The genetic resources obtained from toxic for different insect orders including the ones
microorganisms play an important role in the production damaging agricultural plants and products. It is also an
of new enzymes, antibiotics and bioinsecticides by the alternative to synthetic insecticides that often have
biotechnological industry [1, 2]. unintended harmful effects on non target species. The Cry

Bt is a Gram positive bacteria of the Bacillaceae family proteins are encoded by cry genes that are frequently
that has been used as a bioinsecticide for the biological carried on plasmids and to date nearly 300 cry genes have
control of plagues of economic importance in agriculture been identified and classified into 51 groups and
over the last decades [3]. This bacteria synthesizes subgroups on the basis of amino acid sequence similarity
crystalline  insecticidal  proteins    or -endotoxins. [6].
These -endotoxins form parasporal inclusion bodies, The identification of Bt cry genes by PCR  has
which are very toxic and highly specific to the target proven to be a very useful method for strain
insect  but  are  innocuous  to  animals and humans [4]. characterization  and  selection  [7].   In  addition  [8]
Bt-based bioinsecticides have been formulated against found correspondence of toxicity  with   the   amplification

as against mosquitoes and black flies, which are vectors
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of    particular      cry     gene    profiles,    introducing PCR Light Microscopy: Cultures of approximately five days
as  a  tool  to  predict  B. thuringiensis insecticidal were analyzed by light microscopy by staining with
activity. Coomassie blue (0,25% (w/v) in 60% ethanol (v/v) and 7%

The aim of the present study is to detect and isolate of acetic acid (v/v), to determine the presence of
different cry genes toxic towards the larvae of members of parasporal inclusions [3].
the orders lepidopteran, coleopteran and dipteran in some
local B. thuringiensis isolates based on PCR method with DNA Extractions: DNA was extracted using the protocol
specific primers, as well as predicates their insecticidal described by Bravo et al. [10]. B. thuringiensis strains
activity. were grown for 12 h on a nutrient medium plate. A loop of

MATERIALS AND METHODS frozen at -70°C for 20 min and then transferred to boiling

Sample Collection: One hundred and fifty environmental was briefly centrifuged (10 s at 10,000 rpm) and 15 µl of
soil samples were collected from five areas that include supernatant was used as a DNA sample in the PCR. DNA
the diverse ecosystems and life zones of Arasbaran. concentrations were estimated by fluorometry at 280 nm.
Samples  were collected from the different five zones
(ahar, horand, varzegan, kaleibar and jolfa) and from the PCR Analyses: Molecular characterization was performed
three soil  type  (agriculture,  pastureland  and  forest). to identify the toxin-encoding genes through PCR by
Soil samples were collected from the surface to a depth of using a variety general and specific primer for the cry1,
10 cm. The samples were dried at 50°C for 24 hours and cry3, cry4, cry1A (a), cry1A (b) and cry1A (c). The PCR
stored at room temperature. mixtures were prepared using 0.2-0.4 µM each of the

Isolation of Bt:  Isolation  of  B.  thuringiensis  strains DNA polymerase, 200 µM dNTP, 10 mM Tris, 50 mM KCl
was conducted according to the method described by
Travers et al. [9]. One gram of each sample was
suspended in 10 ml sterile distilled water and pasteurized
at 80°C for 30 min. For the selection of B. thuringiensis 1
ml of each suspension added to 10 ml of Luria-Bertani
broth  buffered  with  0.25  M  sodium  acetate   pH 6.8.
The suspensions were incubated at 30°C C for 4 h and
then heated at 80°C for 3 min. Suspensions were diluted
and plated on T3 medium (per liter: 3 g tryptone, 2 g
tryptose, 1.5 g yeast extract, 0.05 M sodium phosphate pH
6.8 and 0.005 g of MnCl ).2

cells was transferred to 0.1 ml of H O and the mixture was2

water for 10 min to lyse the cells. The resulting cell lysate

forward and reverse primers (Table 1, Table 2), 2U of Taq

and 1.5mM MgCl2 and 5 to 20 ng of DNA. PCR conditions
were as the following: a single denaturation step for 2 min
at 95°C, followed by a 30 amplification cycles including
denaturation at 95°C for 1 min, annealing at 48°C for cry1
and cry3 genes; 52°C for cry4 gene; 51°C for cry1A(a),
cry1A(b) and cry1A© genes for 1 min, elongation at 72°C
for 1 min and a final extension at 72°C for 5 min.
Amplifications were carried out in a thermal cycler. After
electrophoresis of 10 µl of each PCR product on 2.5%
agarose-EtBr gel, DNA bands were visualized in a gel
documentation system.

Table 1: General primers for cry1, cry3, cry4 genes
Primer pair Sequence(5’-3’) Gene recognized Product size(bp) Annealing temperature (°C) Reference
CJI-1 TGTAGAAGAGGAAGTCTATCCA
CJI-2 TATCGGTTTCTGGGAAGTA cry 1 272-290 48 Ceron et al (1995)
CJIII-20 TTAACCGTTTTCGCAGAGA
CJIII-21 TCCGCACTTCTATGTGTCCAAG cry y3 652-733 48 Ceron et al (1995)
Un4(d) GCATATGATGTAGCGAAACAAGCC
Un4(r) GCGTGACATACCCATTTCCAGGTCC cry 4 439 60 Apaydin et al. (2005)

Table 2: Specific primers for cry1 gene
Primer pair Sequence (5’-3’) Gene recognized Position Product size (bp)
1 (d) ATTATCATATTGATCAAGTTC 2595-2590
(r) CATAAGGAACCCGTACCTGG cry1Aa 2965-2985 390
2 (d) GGACCAGGATTTACAGGAGG 1474-1495
(r) GTTCTCCTACTAATGGTTTCC cry1Ab 2564-2585 1111
3 (d) CTCAATGGGACGCATTTCTT 209-229
(r) CGGTTGTAAGGGCACTGTTC cry1Ac 427-447 238
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Table 3: Distribution of B. thuringiensis isolates from soil sample collected in Arasbaran
Location Sample No. Positive sample No. Bt Isolate No. Bt Index
Ahar-agriculture 10 1 5 0.1
Ahar-pastureland 10 2 1 0.2
Ahar-forest 10 4 3 0.4
Horand- agriculture 10 1 2 0.1
Horand- pastureland 10 1 3 0.1
Horand- forest 10 4 8 0.4
Varzegan- agriculture 10 3 1 0.3
Varzegan- pastureland 10 5 4 0.5
Varzegan- forest 10 2 5 0.2
Kaleibar- agriculture 10 4 7 0.4
Kaleibar- pastureland 10 5 8 0.5
Kaleibar- forest 10 7 12 0.7
Jolfa- agriculture 10 0 0 0
Jolfa- pastureland 10 0 0 0
Jolfa- forest 10 2 3 0.2
Total 150 41 62 0.27

RESULTS

A total of 62 Bt strains were isolated from
environmental samples from diverse natural ecosystems
collected from 15 soil type-area of Arasbaran. Bt strains
were obtained from 27% of the samples. Bt was isolated in
23% of the samples collected in the Ahar area, in 20% of
the samples collected in the Horand area and in 33% of
the samples collected in  the  Varzagan.  In  the  Kaleibar Fig. 1: Distribution of cry 1, cry 2 and cry 3 genes of the
Bt was isolated in 53% of the samples and in the Jolfa was Arasbaran Bacillus thuringiensis strain collection
found in 7% of the samples (Table 3). Statistical analysis
indicated significant differences in relation to the
efficiency of Bt strain recovery from different area.

The Bt index was calculated for each sample as the
number of positive sample carrying of B. thuringiensis /
number of total samples. The Bt index ranged from 0 in
Jolfa- agriculture and Jolfa- pastureland to 0.7 in Kaleibar-
forest samples studied (Table 3).

PCR analyses showed that from a total of 62 strains,
29 had the cry 1 gene, 18 cry 3 and 8 cry 4 genes. (Fig. 1).
Also it is important to mention that 21 strains did not Fig. 2: Distribution of cry 1 families genes of the
amplify with any of the primers used. Table 4 shows the Arasbaran Bacillus thuringiensis strain collection
distribution of the genes of the collection according to
soil and area type. All types contained Bt strains with with the general primer for cry 1 family were further
different type of cry genes, also their frequencies differed. characterized  with  specific  primers  for  this subfamily.
The kaleibar area and forest samples showed the greatest It was observed that 11 strains presented cry 1A (a), 5 cry
number of strains with cry 1, cry 3, cry 4 and cry 1A (a) 1A (b) and 4 cry 1A(c) (Fig. 2). Seven strains did not
genes. Several strains presented great diversity of cry amplified with any of specific primers tested for cry1
genes, for example V-A-4-5-9-1, K-P-4-3, K-F-4-3, K-F-6-6 subfamilies and ten strains produced diffrenet PCR
amplified with cry 1A (a), cry 1A (b) and cry 1A (c) genes. products. A total of 3 different genetic profiles were found
Also K-A-4-4 amplify with the primers for cry 1, cry 3 and for the cry1 family. A total of 9 different genetic profiles
cry  4  genes  and  V-F-8-5 amplify with the primers for cry were found, mainly due to the combination of cry 1 and
1A(a), cry 3 and cry 4 genes. The 29 strains that amplified cry 1A (a) genes with other genes.
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DISCUSSION The second most abundant genes in the Arasbaran

The      characterization         of       the     Arasbaran (Fig. 1). This distribution of cry genes was different from
B. thuringiensis strain collection is presented. This the distribution reported for other B. thuringiensis strain
collection has great value, since Arasbaran has very collections. [18] presented an interesting PCR analysis of
different climatic regions with a high diversity of insects. 215 B. thuringiensis strains collected from soil samples
We found a high diversity of B. thuringiensis strains. from Israel, Kazakhstan and Uzbekistan. They found that

Very different Bt index values were frequently strains containing cry 1 genes were the most abundant;
reported in several studies to range from 0 to 0.2 in United however, strains harboring cry 4 genes were the second
States [11], 0.2 to 0.5 in New Zealand [12] and 0.75 in most abundant, while strains with cry 3 genes were
Bangladesh [13]. [14]suggested the Bt index may be a absent. On the other hand, [19] presented a PCR
consequence of biotic environmental factor, e.g., characterization of 225 B. thuringiensis strains isolated
microorganism in the soil, the type of insect commonly from soil samples from Taiwan that showed a different cry
found in the area, or the vegetal top besides, abiotic gene distribution. They reported five different profiles of
factors such as the pH, texture, oxygen and nutrient cry genes in their collection. The cry 1A genes were the
availability, temperature and humidity. For this reason most abundant, followed by the cry 1C and cry 1D genes;
they avoided comparing their result with those of other only four strains harbored cry 4 genes and no strains
authors, as they considered that the procedures of harbored cry 3, cry 1B, cry 1E, or cry 1F genes. It is
collection of sample, storage, processing and surprising that no cry 3 genes were found in any of the
identification of the bacteria are influence by the Asian B. thuringiensis strain collections [18, 19]. It will be
experience of the working group and this may influence interesting to analyze if the distribution of cry  genes  in
the result. B. thuringiensis strain correlates with the abundance and

We determined the presence of different cry genes distribution of insects in these regions.
within the collection (Fig. 1, Fig 2 and Table 4). The cry 1 Some strains containing combinations of cry genes
genes were the most frequently found in the Arasbaran that were less frequently observed, such as lepidopteran-
strain collection (Fig 3). A high frequency of cry 1 genes active cry 1, coleopteran-active cry 3 and diptera-active
seems to be common to all B. thuringiensis strain cry 4 genes were identified. These strains are good
collections analyzed so far. Abundance of cry 1 gene in Bt candidates in the search for biocontrol agents with a
isolates supported dominance of this gene worldwide as wider spectrum of action. Other groups have reported the
reported by many authors [15, 16, 17]. presence of cry 1 genes and cry 3, cry 8, or cry 7 genes in

strain collection were the cry 3 genes and then the cry 4

Table 4: PCR-detection of different cry genes in the Arasbaran Bt isolates, according of local and soil type
Bt isolate No. cry 1 cry 3 cry 4 cry 1A(a)

Ahar-agriculture 5 3 2 - -
Ahar-pastureland 1 - - - -
Ahar-forest 3 - 2 - -
Horand- agriculture 2 2 1 - 1
Horand- pastureland 3 - - 1 -
Horand- forest 8 3 4 2 2
Varzegan- agriculture 1 1 - - 1
Varzegan- pastureland 4 - - - -
Varzegan- forest 5 1 1 1 1
Kaleibar- agriculture 7 4 2 3 -
Kaleibar- pastureland 8 2 2 1 1
Kaleibar- forest 12 10 3 - 4
Jolfa- agriculture 0 - - - -
Jolfa- pastureland 0 - - - -
Jolfa- forest 3 3 1 - 1
Ahar 9 3 4 - -
Horand 13 5 5 3 3
Varzegan 10 2 1 1 2
Kaleibar 27 16 7 4 5
Jolfa 3 3 1 - 1
Agriculture 15 10 5 3 2
Pastureland 16 2 2 2 1
forest 31 17 11 3 8
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Table 5: Distribution of cry1, cry2 and cry3 gene profiles present in the B. thuringiensis Arasbaran strain collection
No. of strains cry gene profile %
17 cry 1 27
6 cry 3 10
6 cry 4 10
10 cry 1, cry 3 16
2 cry 1, cry 3, cry 4 3
21 Not identified 34

Table 6: Distribution of cry1 gene profiles present in the B. thuringiensis Arasbaran strain collection
No. of strains Cry1 gene profile %
7 cry 1A(a) 24
1 cry 1A(b) 3
4 cry 1A(a), cry 1A(b), cry 1A(c) 14
7 Not identified 24
10 Different product 35

Fig. 3: Detection of Bacillus thuringiensis strains’ may be toxic for new targets. The isolation and
insecticidal genes with cry1 general primers, Lane sequencing of novel cry genes should be encouraged
M: DNA ladder, Lane 1: A-G-3-4, Lane 2: V-F-8-5, once the target insect is identified and more evidence on
Lane 3: K-F-4-2. the potential of novel toxins as biological control agents

Fig. 4: Detection of Bacillus thuringiensis strains’ 2. Samsonov, P., R.I. Padrón, C. Pardo, J. Cabrera and
insecticidal genes with cry1A (a) specific primers, G.A. De la Riva, 1997. Bacillus thuringiensis from
Lane  M: DNA ladder, Lane 1: K-F-10-11, Lane 2: biodiversity to biotechnology. J. Industri. Microbiol.
J-F-1-1. Biotech., 19: 202-219.

the same B. thuringiensis strain [20, 18], suggesting that
strains with dual activity are also present in other regions.
Also, it is important to mention that many of the strains
harbored more than one cry gene, suggesting that B.
thuringiensis strains have a high frequency of genetic
information exchange.

Finally, 10 strains gave PCR products of different
sizes (Fig 4, Table 6) when assayed with cry 1 specific
primers. Also, 21 strains did not react with any PCR primer
(Table 5). These strains are candidates for harboring
putative novel cry genes. The identification of putative
novel B. thuringiensis strains could be the first step in the
sequence for finding novel toxicities, since novel toxins

is available.
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