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Presence of Multiple cry Genes in Bacillus thuringiensis
Isolated from Dead Cotton Bollworm Heliothis armigera
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ABSTRACT

Cry genes encoding Cry proteins toxic to Lepidoptera, Coleoptera and Diptera species
were studied in thirty seven B. thuringiensis strains isolated from twelve naturally infested
Heliothis armigera larvae. To further confirm the isolates, two groups of species-indicative
biochemical tests were applied while discriminative biochemical tests being employed to
figure out the repetitive strains. A PCR experiment was performed using five sets of
universal primers for cryl, cry2, cry3, cry4, cry7/8 genes. All strains reacted appropriately,
for B. thuringiensis, to the biochemical tests and while the reactions to the discriminative
tests being varied. Based upon the results of the discriminative tests, twenty four non-
repetitive strains were selected and employed in the PCR assay. Each of the selected
strains presented one cry gene, at least; cryl being the most frequently detected one
(91.7 %), followed by cry2 (87.6%), cry3 (50%) and cry4 (42%) but no isolate harbored a
coleopteran-active cry7/8 gene. All the strains presented combinations of two or more cry
genes: 20% presenting cryl+cry2, 12.5% cryl+cry3, 4% cry2+cry4, 20% cryl+cry2+cry3,
20% cryl+cry2+cry4, 4% cryl+cry3+cry4 and 12.5% carrying all the four cry genes
studied and only one strain bearing a single cry gene. The cryl-cry2 combination was
common in many strains (72.5%). Genetic characterization of this collection provides an
opportunity for selection of strains with improved and multiple insecticidal toxicity.
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INTRODUCTION

With more than 9000 species of insect
pests Adversely Affecting the commercial
crops in the world, the annual cost of
chemical control agents has been estimated
at 7,500 million dollars (Arrieta and
Espinoza, 2006). Chemical agents are
efficacious in most cases and easy to use,
but are probable to lead to emergence of
insect resistance and have a long residual
effect along with toxicity to non-target
organisms (Song et al., 2008). Therefore,
such alternative biocontrol agents as
Bacillus thuringiensis-based biopesticides

are increasingly attracting interest. This
bacterium produces parasporal crystalline
inclusions (Cry proteins) which are toxic to
many important agricultural pests. The Cry
proteins are encoded by cry genes and so far,
many cry genes have been identified in
different B. thuringiensis strain collections
and classified as cryl to cry70
(http://www lifesci.sussex.ac.uk/home/).

Notwithstanding the diversity of cry genes
described up to date, it is still necessary to
search for more toxins, since a significant
number of pests cannot be controlled
through the presently available Cry proteins.
It is also important to provide alternatives

' Science and Research Branch, Islamic Azad University, Tehran, Islamic Republic of Iran.
2 Seed and Plant Improvement Institute, Karaj, Islamic Republic of Iran.
* Corresponding authore; e-mail: mkeshavarze @spii.ir

3 Department of Agronomy, Varamin Branch, Islamic Azad University, Islamic Republic of Iran.
4 Sugarbeet Seed Institute, Karaj, Islamic Republic of Iran.

1285


https://dorl.net/dor/20.1001.1.16807073.2013.15.6.13.0
https://jast.modares.ac.ir/article-23-8893-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.16807073.2013.15.6.13.0]

Khojand et al.

for coping with the problem of insect
resistance, especially with regard to the
expression of B. thuringiensis genes
encoding insecticidal proteins in transgenic
plants (Nester et al., 2002).

The need to identify cry genes has
prompted development of molecular
methods  for  quickly and  easily
characterizing cry genes present in B.
thuringiensis isolates. This technique which
was first introduced by Carozzi et al. (1991),
is now widely being used for screening cry
gene contents and particularly predicting the
insecticidal ~ activity of different B.
thuringiensis strains (Bourque et al., 1993;
Ben-Dov et al., 1997, 1999, 2001; Juérez-
Pérez et al., 1997; Bravo et al., 1998; Porcar
and Juarez-Pérez, 2003; Carozzi et al.,
1991).

Cotton is an important cash crop grown in
many countries including in Iran and the
cotton bollworm Heliothis armigera Hiibner
1805 (Lepidoptera: Noctuidae) is one of the
major pests of this crop worldwide. In his
previous work (Keshavarzi, 1998), the
author found many dead H. armigera larvae
totally infested with B. thuringiensis. The
observed 100% infestation of H. armigera to
B. thuringiensis in natural conditions is a
rare report that indicates naturally high anti-
lepidopteran activities of the strains.
Therefore, we became interested in further
studying them with regard to cry gene
contents potentially active against the three
major classes of insect pests: Lepidoptera,
Coleoptera and Diptera.

MATERIALS AND METHODS

Bacterial Strains

Thirty seven B. thuringiensis strains
isolated from twelve dead H. armigera
insects collected from a cotton field in
Torogh, Khorassan Razavi Province of Iran
were experimented (Keshavarzi, 2008). The
field had no history of B. thuringiensis
spray. B. thuringiensis strains 4D1, 4J3,
4AA1 and 4Q2 (supplied by Dr. Zeigler,
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Bacillus Genetic Stock Center, Ohio) were
used as standards for cry 1,2, cry 1,2,7/8,
cry3, and cry4 genes, respectively. The
strains were routinely cultured on Nutrient
Agar (NA) plates and maintained over 30%
glycerol in -80°C deep freeze.

Biochemical Characters

To narrow the number of strains isolated
from one dead larvae, biochemical methods
were applied. Three groups of biochemical
tests are routinely used for B. thuringiensis
classification (de Barjac and Frachon, 1990).
The first group consists of characters
positive for all the strains, the second,
groups together those characters that are
generally negative. The third category
contains characters which are taxonomically
useful because they can discriminate
between isolates. The main factors in the
third group include the presence of Arginine
Dihydrolase (ADH), enzymes for the
reduction of nitrates, urease as well and the
ability to ferment sucrose, mannose,
cellobiose or salicin. Therefore, all the local
strains were biochemically confirmed using
the first and second groups and as based on
the third one, repetitive (twin) strains,
coming from the same larva, were omitted
with only the non-repetitive strains being
used in the PCR assay.

Detection of Cry Genes

PCR analysis was performed to identify
cryl, cry2, cry3, cry4 and cry 7/8 genes in
the non-repetitive isolates (based on
discriminative tests). The PCR conditions
were according to Ben-Dov et al. (1997) but
using bacterial cell lysate as the template
DNA. The strains were grown for 12 hours
on NA plates. A loop of cells was
transferred to 100 ul water in a 100°C bath
for 5 minutes and the resulting cell lysate
was briefly centrifuged for 10 seconds at
10,000 rpm with 5 pl of supernatant being
used in the PCR. PCR reactions were carried
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out in 20 pl reaction mixture containing 5 pl
template DNA, 150 mM dNTPs, 20 pM of
each primer (Table 1) and 0.5U of Tag DNA
polymerase. Amplification was carried out
in a DNA thermocycler with the program:
one denaturing cycle at 94°C for 4 minutes,
35 cycles containing: 94°C for 45 seconds,
annealing at 48-55°C for 45 seconds and 1
minute at 72°C and then the reaction being
terminated by a for 4 minutes one at 72°C.
The optimal appealing temperature for each
primer set was estimated as based on its
nucleotide content and examined in standard
before running main procedure in local
isolates. The cry gene banding patterns were
visualized through agarose gel
electrophoresis. A 15 ul aliquot of each
amplification product was loaded onto 1.2%
agarose gel and run in TAE buffer (40mM
Tris-Acetate, 1 mM EDTA) at 100 V for 1
hour. The gels were stained with ethidium
bromide and documented with a 1-kb
molecular weight marker (Synagenta).

RESULTS AND DISCUSSION
Biochemical Characters

Frequently many B. thuringiensis isolates
from a single sample might be identical.
Therefore, biochemical tests were employed
to not only further confirm the nature of the
isolates (categories 1 and 2), but also to
identify the repetitive isolates from one

Table 1. Primers utilized in PCR assay”.

larval sample (category 3). Based on the
results, all the 37 B. thuringiensis strains
reacted positively to the positive tests and
negatively to the negative ones. There
existed variations in reactions to the
discriminative tests of ADH, urease, and to
the fermentation of sugars (sucrose,
mannose, cellobiose) but not for nitrate
reduction, and VP (Tables 2 and 3).
Accordingly, thirteen isolates (37%)
exhibiting similar reactions to the
discriminative tests were considered as
repetitive (twin strains) and omitted from
PCR analysis. Omission of twin strains has
already been reported by Uribe et al. (2003)
and Sauka et al. (2006). They used SDS-
PAGE and PCR to identify and discard
strains of similar insecticidal properties and
in the meantime not to overestimate the cry
gene distribution frequencies.

Cry Gene Content

The optimal annealing temperature for cry
1 and cry7/8 genes was determined as: 48°C,
and for cry2, cry3 and cry4, it amounted to
55°C. PCR amplification results showed that
the expected fragments of 270, 700, 590,
440 and 300 bp corresponding to cryl, cry2,
cry3, cry4 and cry7/8 genes were obtained in
tests with five sets of universal primers in
the standard isolates. The most frequent cry
gene identified was cryl (91.7%) followed
by cry2 (87.6%), cry3 (50%) and cry4 (42%)

Primer Sequence (5'-3") cry genes Predicted product size (bp)
Unl(r) TTG TGA CACTTCTGC TTC CCA TT Cryl 277,274
Unl(d) CATGATTCATGCGGCAGATAAAC

Un2(r) CGG ATA AAA TAA TCTGGG AAATAG T Cry2 701,689
Un2(d) GTT ATT CTT AATGCA GAT GAA TGG G

Un3(r) CAT CTG TTG TTTCTG GAG GCA AT Cry3 589, 595, 604
Un3(d) CGT TAT CGC AGAGAG ATGACATTA AC

Un4(d) GCATATGATGTAGCGAAACAAGCC Cry4 439
Un4(r) GCG TGA CAT ACCCAT TTC CAGGTC C

Un7,8(d) AAG CAG TGA ATG CCTTGT TTA C Cry7/8 423
Un7,8(r) CTT CTA AAC CTT GAC TACTT

“Ben Dov et al. (1997).
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Table 2. Reactions of 37 B. thuringiensis isolated from 12 dead Heliothis armigera to three

categories of biochemical characters.

Characters Positive reaction (%)  Characters No. of positive strains
Positive Discriminant
Hydrolysis of: ADH* 2
Starch 100 Nitrate reduction 37
Gelatin 100 Urease 9
Fermentation of: vp’ 0
Trehalose 100 Fermentation of:
Glucose 100 Sucrose 17
Negative Mannose 13
Indole production 0 Cellobiose 14
H,S production 0 Salicin 33

“Arginine Dihydrolase, ” Voges Proskauer

Table 3. Results of discriminative biochemical tests in 24 local B. thuringiensis strains isolated

from 12 dead Heliothis armigera.

Fermentation of:

Larva Strain
No. No. Sucrose Salicin Cellobiose = Mannose @ ADH  Urease
1 68 + + - - -
2 2 + + + - + +
" 86 + + - - - -
" 92 - + - + - -
3 56 - + - + + -
" 57 + + - - - +
4 83 + + + - - -
5 79 - + - - - -
7 45 - + - + - +
" 60 - - - + - -
8 17 + + + - - -
9 81 - + - - - -
15 85 - + - - + +
" 30 + + - - - -
16 62 + - - + - -
18 11 + + + - - -
20 55 + - + - - -
21 63 - - - + - +
22 73 - + - - - -
23 46 - + - - -
" 29 - + - - - -
24 53 - + + + - -
" 31 + + + - - +
" 54 - + - - - +

but no isolate was found to harbor
coleopteran-active cry7/8 gene (Tables 4 and
5, Figure 1). A high frequency of cryl genes
seems to be common to many B.
thuringiensis strain collections analyzed so
far (Hernandez et al., 2005; Cinar et al.,
2008; Sahukhal et al., 2008; Song et al.,

1288

2003). Uribe ef al. (2003) analyzed cry gene
content after removal of twin strains and
found the highest frequency (73%) for cryl
gene. Other than Uribe et al.’s (2003), other
studies have also been conducted on
collections with no emphasis on the removal
of twin strains. Bravo er al. (1998) found
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4JZESTIE4 5T 92863178

4J3 6230 83 81 17 60 45 56

700bp
590h)p (R

4AA1 46 63 53 5511303129

440bp

4DL57 92 2 68 83 M

4AA1 17736079 83 57 54 56

4D1 85 81 17 60 55864579 M

270bp|

4AA1628581928668452 M

590bp

440bp

Figure 1. Agarose gel electrophoresis of PCR products obtained with universal primers for
cryl (A, B), cry2 (C, D), cry3 (E, F, G), cry4 (H, I) genes in a number of B. thuringiensis strains
originated from dead H. armigera larvae. Lane numbers correspond to the number of isolates. M:

Marker (1 kb plus ladder).

49% frequency of cryl gene. Wang et al.
(2003) detected 76.5% cryl and 70% cry2
genes. Thammasittirong and Attathom
(2008) reported cryl at the same frequency
of cry2 (81.3% and 80.6%, respectively).
The observed high frequency of cryl genes
might be because cryl gene-containing
strains are possibly more abundant in nature.
In the present study, the high frequency of
cryl and cry2 might be related to the origin
of the isolates, the lepidopteran H. armigera.
Toxicity of Cryl and Cry2 proteins to H.
armigera has already been reported by
Padidam (1992) and cited by Porcar and
Caballero (2000). Seifinejad et al. (2007)
also found high frequency of cry2 and cryl
(56.5 and 49%, respectively) in 70 B.
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thuringiensis strains isolated from diverse
locations in Iran.

To date, there are very few reports on cry
genes of naturally infested insects (Xie et
al., 2010; Loépez-Pazos et al., 2009; Porcar
and Caballero, 2000). Xie et al. (2010)
isolated only six B. thuringiensis strains
from 100 diapausing silkworm larvae (6%)
but a high (100%) infestation of the target
insect (H. armigera) to B. thuringiensis was
observed in the present study which might
indicate a high natural toxicity of the
isolates. In strains isolated from dead larvae,
concordance between cry gene and toxicity
is usually observed. For example, cry2 was
the highest in Andean weevil (Premnotrypes
vorax, Coleoptera), a pest of potato in the
USA (Lépez-Pazos et al., 2009), while cryl
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Table 4. Distribution of four main
classes of cry genes among 24 B.
thuringiensis originated from 12 dead
Heliothis armigera.

Strain  Cryl Cry2
68

2 +
86
92

56
57
83
79

45

60
17
81
85
30
62
11
55
63
73
46
29
53
31
54

Cry3  Cry4

+

+ -

- +

+

+++ 0+t S+ o+
+ 4+ + 0+ o+
+ 4+ ¢ 4+ 1

O T T T S T S S S S S S A

+ + 4+ +
+ +

and cry2 were detected in a dead larva of the
lepidopteran Mythimna loreyi collected from
a corn crop in Spain during a natural
epizootic (Porcar and Caballero, 2000).

It is important to be noted that all the
isolates, except isolate number 56, presented
combinations of two or more cry genes; 20%
contained cryl+cry2, 12.5%, cryl+cry3, 4%
cry2+cry4, 20% cryl+cry2+cry3, 20%
cryl+cry2+cry4, 4% cryl+cry3+cry4 and
finally 12.5% contained all the four cry
genes studied. The presence of different cry
genes in the same B. thuringiensis strain has
frequently been reported. For example,
Aronson (1994) and Ben-Dov et al. (1997)
reported the presence of cryl, cry3, cry8 or
cry7, and Bravo et al. (1998) cryl, cry3 and
cry7 genes in the same strain. Lépez-Pazos
et al. (2009) demonstrated that 49% of their
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isolates carried combinations of cry genes.
Combinations of multiple cry genes in one
strain could be due to genetic information
exchange between different strains. Such
isolates could show simultaneous toxicities
towards different insect families and are
good candidates in the search for biocontrol
agents covering a wider spectrum of action.
The genetic characterization of the
collection in the present study has provided
opportunity for the selection of strains to be
tested in bioassays against H. armigera and
against other insect pests of agricultural
importance and as well for a design Cry
proteins of improved and multiple
insecticidal toxicities.

REFERENCES

1. Aronson, A. 1. 1994. Bacillus thuringiensis
and Its Use as Biological Insecticide. Plant
Breed. Rev., 12: 9-45.

2. Arrieta, G. and Espinoza A. M. 2006.
Characterisation of a Bacillus thuringiensis
Strain Collection Isolated from Divers Costa
Rica Natural Ecosystem. Rev. Biol. Trop.,
54: 13-27.

3. Ben-Dov, E., Manasherob, R., Zaritsky, A.,
Barak, Z. and Margalith, Y. 2001. PCR
Analysis of Cry7 Genes in Bacillus
thuringiensis by the Five Conserved Blocks
of Toxins. Cur. Microbiol., 42: 96-99.

4. Ben-Dov, E., Wang, Q., Zaritsky, A.,
Manasherob, R., Barak, Z., Schneider, B.,
Khamraev, A., Baizhanov, M., Glupov, V.
and Margalith, Y. 1999. Multiplex PCR
Screening to Detect Cry9 Genes in Bacillus
thuringiensis ~ Strains. Appl.  Environ.
Microbiol., 65: 3714-3716.

5. Ben-Dov, S.E., Zaritsky, A., Dahan, E.,
Barak, Z., Sinai, R., Manasherob, R.,
Khamraev, A., Troitskaya, E., Dubitsky, A.,
Berezina, N. and Margalith, Y. 1997.
Extended Screening by PCR for Seven Cry-
group Genes from Field-collected Strains of
Bacillus  thuringiensis. Appl. Environ.
Microbiol., 63: 4883-4890.

6. Bourque, S. N., Valero, J. R., Mercier, J.,
Lavoie, M. C. and Levesque, R. C. 1993.
Multiplex Polymerase Chain Reaction for
Detection and Differentiation of the


https://dorl.net/dor/20.1001.1.16807073.2013.15.6.13.0
https://jast.modares.ac.ir/article-23-8893-en.html

[ Downloaded from jast.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.16807073.2013.15.6.13.0]

Multiple cry Genes from Dead Heliothis larvae

10.

11.

12.

13.

14.

15.

16.

JAST

Microbial Insecticide Bacillus thuringiensis.
Appl. Environ. Microbiol., 59: 523-527.
Bravo, A., Sarabia, S., L6pez, L., Ontiveros,
H., Abarca, C., Ortiz, A., Ortiz, M., Lina, L.,
llalobos, J., Pefia, G., Noez, V., Soberén, M.
and Quintero, R. 1998. Characterization of
Cry Genes in a Mexican Bacillus
thuringiensis  Strain  Collection. Appl.
Environ. Microbiol., 64: 4965- 4972.
Carozzi, N. B., Kramer, V. C., Warren, G.
W., Evola, S. and Koziel, M. G. 1991.
Prediction of Insecticidal Activity of
Bacillus thuringiensis Strains by Polymerase
Chain Reaction Product Profiles. Appl.
Environ. Microbiol., 57: 3057-3061.

Cinar, C., Apaydin, O., Yenidunya, A. F,,
Harsa, S. and Gunes, H. 2008. Isolation and
Chracterisation of Bacillus thuringiensis
Strains from Olive-related Habitats in
Turkey. J. Appl. Microbiol., 104: 515-525.
de Barjac, H. and Frachon, F. 1990.
Classification of Bacillus thuringiensis
Strains. Entomophaga, 35: 233-240.
Hernandez, C. S. and Ferre, J. 2005.
Common Receptor for Bacillus thuringiensis
Toxins CrylAc, CrylFa and CrylJa in
Helicoverpa armigera, Helicoverpa zea and
Spodoptera  exigua.  Appl.  Environ.
Microbiol., 71: 5627-5629.

Juarez-Pérez, V. M., Ferrandis, M. D. and
Frutos, R. 1997. PCR-based Approach for
Detection of Novel Bacillus thuringiensis
Cry Genes. Appl. Environ. Microbiol., 63:
2997-3002.

Keshavarzi, M. 2008. Isolation,
Identification and Differentaiation of Local
Bacillus thuringiensis Strains. J. Agric. Sci.
Technol., 10: 493-499.

Loépez-Pazos, S. A., Martinez, J. W.,
Castillo, A. X. and Salamanca, J. A. C.
2009. Presence and Significance of Bacillus
thurimgiensis Cry Proteins Associated with
the Andean Weevil Premnotrypes vorax
(Coleoptera:  curculionidae). Rev. Biol
Trop., 57: 1235-1243.

Nester, E. W., Thomashow, L. S., Metz, M.
Gordon, M. 2002. 100 Years of Bacillus
thuringiensis: A Critical  Scientific
Assessment. American Society  for
Microbiology, Washington, DC, Online at:
http://www.asmusa.org.

Padidam, M. 1992. The Insecticidal Crystal
Protein CrylA(c) from Bacillus
thuringiensis Is Highly Toxic for Heliothis
armigera. J. Invertbr. Pathol., 59: 109-111.

1291

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Porcar, M. and Caballero, P. 2000.
Molecular and Insecticidal Characterization
of a Bacillus thuringiensis Strain Isolated
during a Natural Epizootic. Appl. Microbiol.,
89: 309-316.

Porcar, M. and Jua’rez-Pe’rez, V. 2003.
PCR-based Identification of  Bacillus
thuringiensis Pesticidal Crystal Genes.
FEMS Microbiol. Rev., 26: 419-432.
Sahukhal, G. S., Jayana, B. L., Shrestha, U.
T., Ben Dov, E. and Agrawal, V. N. P. 2008.
Screening of Cry-type Genes among
Bacillus thuringiensis Isolated from Soil
Samples in Phereche and Sagarmatha
National Park of Mount Everest Base Camp
Region by PCR. J. Food Sci. Technol.
Nepal, 4: 74-77.

Sauka, H. D., Cozzi, J. G. and Benintende,
G. B. 2006. Detection and Identification of
Cryll Genes in Bacillus thuringiensis using
PCR and Restriction Fragment Length
Polymorphism Analysis. Curr. Microbiol.,
52: 60-63.

Seifinejad, A., Salehi Jouzani, G. R.,
Hosseinzadeh, A. and Abdmishani, C. 2008.
Characterization of Lepidoptera-active Cry
and Vip Genes in Iranian Bacillus
thuringiensis Strain Collection. J. Biol.
Control, 44: 216-226.

Song, F., Zhang, J., Gu, A., Wu, Y., Han, L.,
He, K., Chen, Z., Yao, J., Hu, Y., Li, G. and
Huang, D. 2003. Identification of CrylI-type
Genes from Bacillus thuringiensis Strains
and Characterization of a Novel cryll-type
Gene. Appl. Environ. Microbiol., 69: 5207-
5211.

Song, L., Gao, S., Dai, Y., Wu, D. and Li, R.
2008. Specific  Activity of  Bacillus
turingiensis ~ Strain  against  Locusta
migratora manilensis. J. Invertbr. Pathol.,
98: 169-176.

Thammasittirong, A. and Attathom, T. 2008.
PCR-based Method for the Detection of Cry
Genes in Local Isolates of Bacillus
thuringiensis from Thailand. J. Invertbr.
Pathol., 98: 121-126.

Uribe, D., Martinez, W. and Cero'n, J. 2003.
Distribution and Diversity of Cry Genes in
Native Strains of Bacillus thuringiensis
Obtained from Different Ecosystems from
Colombia. J. Invertebr. Pathol., 82: 119-
127.

Wang, J., Boets, A., Van Rie, J. and Ren, G.
2003. Characterization of Cryl, Cry2, and
Cry9 Genes in Bacillus thuringiensis


https://dorl.net/dor/20.1001.1.16807073.2013.15.6.13.0
https://jast.modares.ac.ir/article-23-8893-en.html

Khojand et al.

[ Downloaded from jast.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.16807073.2013.15.6.13.0]

Isolates from China. J. Invertbr. Pathol., 82: thuringiensis from the Diapausing Larvae of
63-71. Silkworm and Identification of CrylA22

. Xie, L., Zhang, W., Liu, Z., Cai, Y. and Gene. Bt Res., 1(1):1-9, Online at:
Fang , X. 2010. Characterization of a New http://bt.sophiapublisher.com.
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