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Diversity of Bacillus thuringiensis cry genes in soils of Andhra Pradesh, India
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A total of 61 bacterial strains was isolated in soils from Chittoor and Kadapa districts of Andhra Pradesh, India using
sodium acetate selection method and preliminarily identified as Bacillus thuringiensis based on Gram's staining,
endospore staining and crystal protein stud. These strains were tested against the insect, Spodoptera litura under
laboratory conditions and found 18 strains with > 50% insect mortality. Further, these eighteen strains were analyzed
for the insecticidal crystal protein composition with fourteen cry specific primers. The results indicated that, among all
14 cry genes, cryll was the observed in 11 strains, followed by crylAa in 10 strains. At the same time a strain,
F493 collected from Talakona area identified as effective against S. litura with 100 per cent larval death and which was
also identified with 8 different crystal protein encoding genes (crylAa, crylAc, crylFal, cryll, cry2, cry2A(a)l, cn8,

cry9Cal).
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Bacillus thuringiensis, a Gram-positive rod-shaped
soil bacteria is capable of producing crystalline
inclusions comprised of Crystal and Cytolytic
proteins that act as potential biopesticides against
many crop insect pests. Biopesticides based on cell,
spore-crystal mixtures of B. thuringiensis seem to be a
good alternative for chemical insecticides. They are
eco- friendly, do not have a negative impact on non-
target organisms, including vertebrates, and are
effective in reducing the insect pest population'.
Search for novel B. thuringiensis isolates with a
higher and broader spectrum of activity in various
natural habitats is gaining momentum. New strains
are cultured from samples collected from soil®, leaves’
dead insects’, and other sources”’, and their
bioefficacy is being evaluated.

Entomopathogenecity of B. thuringiensis is mainly
due to its ability to produce insecticidal crystalline
proteins (ICPs) ‘6 endotoxins’ during the stationary
phase of its growth with concomitant spore
production®. The crystal proteins produced by each
B. thuringiensis strains are different and are encoded
by specific cry genes. Based on toxin production, the
insecticidal spectrum of strain is varied. Therefore,
large screening programmes, leading to important
collections of B. thuringiensis strains have been
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conducted worldwide from different environments and
characterized to evaluate their toxic potential against
various pests orders™'’. B. thuringiensis strains are
characterized in a number of ways, such as flagellar
serotyping'' profiling plasmid arrays or proteins, the use
of monoclonal antibodies and hybridization, or PCR
amplification, based on sequences of known cry
genes'” or by molecular fingerprints">">. Among the
various techniques, PCR based identification is more
reliable and having wider acceptability. Extensive
screening of B. thuringiensis strains for cry genes
encoding various crystal proteins has led to the
identification of more than 700 cry gene sequences.
These sequences have been classified according to
their amino acid sequence identity in at least 70
different cry gene groups (cryl to cry70). Cry toxicity
is mainly due to receptor recognition by cry toxins
that is fundamental for insect specificity'®. In the same
way, the present studies were conducted to isolate
Spodoptera litura effective strains and characterization
of those strains for cry genes encoding the crystal
proteins from the soils of Andhra Pradesh, India.

Materials and Methods
Isolation and Identification of B. thuringiensis

The present studies were conducted from 2014-15 to
2016-17 at the Department of Entomology, Institute of
Frontier Technology, Regional Agricultural Research
Station, Tirupati. A total of 264 soil samples were
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collected from forest ecosystems in Chittoor and
Kadapa districts of Andhra Pradesh, India. Collection
sites were 0.5 to 1.0 Km distance from the road and
were chosen in such a way that the soils were not
in cultivation, were never applied with any
B. thuringiensis formulations. Samples were obtained
from a depth of 10-15 cm in sterile polyethylene bags by
using a sterilized spatula and brought to the laboratory
and were stored at 4°C for further processing.

Sodium acetate selection method given by
Travers et al'’, was followed for isolating
B. thuringiensis soil samples with slight modifications.
Half a gram of soil sample was added to 10 mL of
Luria Bertani broth (LB) composed of Tryptone, Yeast
extract, and NaCl in a conical flask of 100 mL
capacity. The Luria Bertani broth was buffered with
0.5 M sodium acetate. The mixture was kept on a
shaker at 250 rpm for 4h at 28°C, followed by heat
shock at 80°C for 15 min. The samples were serially
diluted till 10 concentration and 100 pL of the
sample was spread on Luria Bertani (LB) agar media.
Three replications were maintained for each dilution.
The plates were incubated at 37°C overnight. Colonies
were picked up after comparing with morphological
characters (cream- colored and have the appearance of
fried egg like colonies on the plate) and were purified
by four- way streaking'® These cultures were
subjected to Gram’s staining'’ for separation of
Gram-positive and negative (bacteria). The Gram-

Fig. 1 — Identification Bacillus through Gram's staining
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positive isolates (Fig. 1) were streaked onto T3 media
plates and allowed to multiply for
72 h and tested for the endospore production®
(Fig. 2) with malachite green staining. The isolates
which were found to be positive in malachite
green staining were further screened for crystal
production” using Coomassie brilliant blue as per
standard protocols (Fig. 3). The resultant crystal
positive B. thuringiensis isolates were further used for
bio-efficacy studies and molecular characterization with
cry gene specific primers belongs to cryl, cry2, cry8,
and cry9.

Bioassay studies

Sixty- one (61) bacterial cultures identified as
B. thuringiensis based on various microbial techniques
coupled with microscopy were bioassayed to ascertain
insecticidal activity against third instar S. [itura.
B. thuringiensis (HD1) strain from National Beaureau
of Agricultural Insect Resources (NBAIR), Bengaluru
was used as a reference strain. Individual B. thuringiensis
culture was streaked on plain Luria Bertani agar
plates and incubated overnight at 37°C. One loop of
the overnight culture was inoculated in Luria Bertani
broth and kept for sporulation under shaking
conditions at 28°C for 72 h. The culture containing
spore crystal mixture was pelletized in Eppendorf
centrifuge at 10000 rpm for 10 min. The resultant
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Fig. 2 — Endospore stating of Bacillus strains
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F504

Fig. 3 — Crystal staining of B. thuringiensis strains

pellet was diluted in sterile water. The bioassay
was followed by leaf dip method developed by
Shelton et al.** A compound leaf of Groundnut was
dipped for 10 min into B. thuringiensis culture broth
(5 x 10* CFU mL™") containing 0.2% Triton X-100,
then kept leaf for air drying till leaf surface free from
moisture. After air drying, the petiole of the leaf was
swabbed with wet cotton to maintain leaf succulence
and turgidity. Two compound leaves were used for
one replication, which was placed on a Petri plate.
Ten larvae were released per one replication. HD-1
strain of B. thuringiensis served as a reference strain.
The leaf dipped in distilled water served as control.
The larval mortality was assessed after 72 h at regular
intervals till pupation. Day wise larval mortality was
counted, converted to percentages and subjected to
Analysis of Variance (ANOVA) for drawing necessary
conclusions.

DNA extraction and PCR amplification

From the results of insect bioassay studies, 18 strains
were chosen for screening an abundance of cry genes.
Total DNA was isolated from 18 B. thuringiensis
strains with 50% > mortality of III instar S./itura
along with standard check HD1 by adopting the
protocol of Sambrook and Russell” with slight
modifications as follows. Twenty five mL of an

overnight culture grown in Luria broth at 37°C for 16
h was centrifuged at 10000 rpm for 10 min. The pellet
was resuspended in 10 mm Tris, 100 mm Sodium
chloride solution and centrifuged at 10000 rpm for 10
min. The supernatant was discarded and the pellet was
resuspended in
2.5 mL of TE buffer and 500 pL of Lysozyme
(50 mg mL™"). The solution was incubated at 37°C for
20 min and 25 pL of RNAse (10 mg mL™") was added
and incubated at 50°C for 45 min. 50 pL of Proteinase
K (20 mg mL™") was added and incubated at 50 to
55°C for 10 min. Equal volumes of Phenol was later
added, mixed gently and centrifuged at 10000 rpm
for 10 min at 4°C. The aqueous phase was transferred
to a fresh tube and extraction was repeated twice.
Equal volume Phenol: Chloroform (1:1) was added,
centrifuged and the aqueous phase was separated out.
Equal volumes of Chloroform: Isoamyl alcohol (24:1)
was added, centrifuged and the aqueous phase was
separated out. To the supernatant, 1/10™ volume of
3 M Sodium acetate (pH 5.5) was added and
incubated in ice for 20 min. Two volumes of cold,
2-propanol were added and centrifuged for 10 min
at 4°C. The supernatant was discarded and the
pellet was washed with 70% Ethanol, dried DNA
and pellet dissolved in 25 pL of TE buffer. The
presence of DNA and its quality was checked through
agarose gel electrophoresis as well as nanodrop
spectrophotometer.

A total of 14 cry primers (crylAa, crylAb, crylAc,
crylC, crylDal, crylEal, crylF, crylFal, cryll,
cry2, cry2A(a)l, cry8, cry9Aal and cry9Cal) was used
in the study. The primers were synthesized with the
known sequences available in the database. The
composition of the reaction mixture was Taq assay
buffer (10X) 2.5 uL, dNTP’s (2 mM) 1.5 pL, 2.5 pL
of each forward and reverse primer, MgCl, (2.0 mM)
1.5 uL, Taq DNA polymerase (3 U pL™") 0.5 uL,
Template DNA (100 ng) 2.5 pL and made to a final
volume of 25 pL. The annealing temperature ranged
from 46.2°C to 57.2°C for various primer sets (Table 1).

Results and Discussion

Out of 264 soil samples, 71 Gram-positive isolates
were identified of which 68 having endospore
producing nature and finally 61 isolates were
identified in crystal production. These 61 isolates
along with standard check HD-1 were tested for
bio-efficacy against third instar larvae of S. litura.
The bioassay has resulted in cumulative mortality
of 0.00 to 100% at 168 h after treatment and F493
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strain has recorded 100% mortality, followed by F468
(86.67%) which were comparable with standard strain
HD-1 for their efficacy. The other strains, F287
(76.67%), F504 (76.67%) were identified as effective
treatments next to F493, HD-1, and F468 which were
statistically on par with each other. In untreated
control, the larval mortality was zero percent (Table 2
& Fig. 4).

Soil is considered as a rich source of microbial
fauna, B. thuringiensis said to be one such organism
which is abundant in soil samples. The diversity of
B. thuringiensis from various soil samples was
reported by several researchers across the countries **
including Brazil®®, China®, Egypt27, India®®, Iran®,
Mexico®’, Sudan’’, Syria32, and Thailand **. The
results of present study are comparable with earlier
studies of Nariman et al.** who reported 100 and 90%
mortality of second instar S. littoralis with two Bt
isolates Ts-5 and As-3 collected from seven
governorates of Egypt. Similarly, Lalitha and
MuraliKrishna® evaluated 114 Bt strains against I &
Il instar S. litura and found 375 strain recorded a

mortality of 90 and 70% which were on par with
standard strain HD1. Further, Li et al.*® reported that a
Korean B. thuringiensis isolate with high insecticidal
activity against two lepidopteran pests viz., Plutella

‘ F493

Fig.4 — Efficacy of indigenous B. thuringiensis strains against
S. litura in laboratory bioassay

Table 1 — Details of ¢ry primers used in the study

S.No.  Primer name Direction Primer sequence
. eyl Aa Direct ATTATCATATTGATCAAGTTC
Reverse CATAAGGAACCCGTACCTGG
N cry1Ab Direct GGACCAGGATTTACAGGAGG
Reverse GTTCTCCTACTAATGGTTTCC
N eyl Ac Direct CTCAATGGGACGCATTTCTT
Reverse CGGTTGTAAGGGCACTGTTC
. elc Direct AAAGATCTGGAACACCTTT
Reverse CAAACTCTAAATCCTTTCAC
D Direct GTAGCAGACATTTCATTAGG
> cryia Reverse ACATGAATAAGGCTAGTCAG
. erylEal Direct ATATAGAAGTAGGGGGACAG
Reverse TAGCCCTAGTTGATTTGTAG
. erylFal Direct GATTTGCTAATACAGACGAC
Reverse CGTGAACTCACTAAGTGTCC
. erylF Direct TGTAGAAGAGGAAGTCTATCCA
Reverse TATCGGTTTCTGGGAGTA
0 el Direct AGCTATGGCCTAAGGGGAAA
Reverse TTCCAACCCAACTTTCAA
0 5 Direct GTTATTCTTAATGCAGATGAATGGG
: ey Reverse CGGATAAAATAATCTGGGAAATAGT
Direct AAGGAGGAATTTTATATGAA
11. cry2A(a)
Reverse CATTTAGTTCCGTCAATATG
b o8 Direct ATGAGTCCAAATAATCTAAATG
Reverse TTTCATTAATGAGTTCTTCCACTCG
Direct ATCGTAGAGAGTGACATTG
13. cry9Aal
Reverse TGTTGTCCAGAGATTAGTTC
" er9Cal Direct GGATCTAAATGCAAGTGTAG
Reverse ACCATTTACATCGTAGTCAC

Reference

Salek, et al., 2012
_do-
-do-

Ceron et al., 1994
Pooja et al., 2013
_do-

_do-

Ceron et al., 1994
Nariman, 2007
Ben-Dov et al., 1997
Ogunjimi et al., 2002
Bravo et al., 1998
Pooja et al., 2013

_do-
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xylostella and Spodoptera exigua harbored crylAa,
crylAb, crylAc, crylE, cry2 genes and another cry
gene similar to cryl1Fal.

Molecular characterization of indigenous Bt strains
Molecular screening of Bt strains facilitates the
identification of mnovel c¢ry genes with high
entomopathogenic activity against various insect
pests. Bravo et al.’’ reported that the crystal proteins
toxic for lepidopteran insects belong to the cryl, cry9,
and cry2 groups, toxins active against coleopteran
insects are cry3, cry7, and cry8 proteins, cry1B, and
cryll proteins have dual activity. The cry5, cryl2,
cryl3, and cryl4 proteins are nematocidal, and the
cry2, cryd, cryl0, cryll, cryl6, cryl7, cryl9, and cyt
proteins are toxic for dipteran insects. At the optimum

annealing temperature, each primer set produced an
amplicon of respective target band. The amplicon size
for different primer set was as follows, cryl1Aa (390 bp),
crylAb (1111 bp), crylAc (238 bp), cry1C (130 bp),
crylDal (503 bp), crylEal (694 bp), crylF (290 bp),
crylFal (580 bp), cryll (189 bp), cry2 (689 bp),
cry2A(a)l (2000 bp), cry8 (376 bp), cry9Aal (376 bp),
cr9Cal (697 bp) (Fig. 5).

Diversity of cry genes in indigenous B¢ strains collected from
Andhra Pradesh

A total of 18 strains were tested for the cry gene
availability with 14 cry primers. Among the 14 cry
gene primers used in the present study, cryll was the
predominant which was observed in 11 Bt strains
(F268, F287, F323, F339, F361, F399, F435, F437,

Table 2 — Evaluation of Bt strains against S. /ifura under in vitro conditions

S. No Strain Percent mortality
1 F252 0.00 (0.00)*

2 F254 26.67 (30.79)+1
3 F256 16.67 (23.36)%f
4 F258 33.33 (35.22)%
5 F261 43.33 (41.07)hk
6 F262 46.67 (43.08)ik
7 F263 10.00 (18.43)%

8 F268 60.00 (50.85)m
9 F277 0.00 (0.00)

10 F281 43.33 (41.15)hik
11 F284 43.33 (40.78)Mk
12 F287 76.67 (61.22)!™
13 F297 50.00 (45.00)!
14 F307 53.33 (47.01)
15 F309 26.67 (31.00)*1
16 F316 16.67 (23.86)*"
17 F321 50.00 (45.08)!
18 F323 56.67 (49.22)
19 F328 50.00 (45.00)5!
20 F339 50.00 (45.00)!
21 F347 50.00 (44.71)
22 F361 53.33 (47.22)
23 F396 50.00 (45.00)5!
24 F399 66.67 (54.99)m
25 F429 16.67 (23.86)*"
26 F430 10.00 (15.00)™
27 F432 33.33 (35.01)%3
28 F433 50.00 (45.08)!
29 F434 10.00 (18.43)%
30 F435 50.00 (45.00)!
31 F436 43.33 (41.15)8hk
32 F437 60.00 (50.85)m
33 F438 0.00 (0.00)

S. No Strain Percent mortality
34 F440 26.67 (31.00)*
35 F441 10.00 (15.00)*
36 F443 26.67 (31.00)*
37 F444 26.67 (30.29)*1
38 F445 33.33 (35.01)%
39 F447 13.33 (21.14)*
40 F455 10.00 (15.00)™
41 F457 16.67 (23.86)"
42 F459 0.00 (0.00)
43 F462 63.33 (53.07)m
44 F463 26.67 (30.79)*1
45 F468 86.67 (72.78)™
46 F482 43.33 (41.07)%"k
47 F484 10.00 (18.43)%*
48 F486 33.33 (35.22)%
49 F487 60.00 (50.94)m
50 F490 33.33 (34.93)%
51 F491 50.00 (45.00)!
52 F493 100.00 (90.00)
53 F498 26.67 (30.79)*1
54 F500 16.67 (23.86)™
55 F503 10.00 (15.00)*
56 F504 76.67 (65.85)™
57 F505 43.33 (41.15)8hk
58 F506 26.67 (26.07)%En
59 F508 0.00 (0.00)®
60 F510 16.67 (23.86)™
61 F514 33.33 (35.22)%
62 HDI 96.67 (83.86)°°
63 Control 0.00 (0.00)™*

F.Pr. <.001
LSD 14.06
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462, F493, F504), followed by crylAa in 10 strains
(F321, F323, F328, F339, F347, F435, F437, F468,
F493, F504). The other cry genes such as crylAc
(F321, F323, F328, F437, F462, F493, F504) and
cry9Cal (F323, F328, F347, F361, F399, F493, F504)
were observed in 7 strains each. cry2A(a)l was
observed in 4 strains (F268, F323, F396, F493), cry1C

(F361, F435, F504), cry2 (F323, F437, F493), cry8
(F487, F493, F504), cry94al (F297, F328, F347)
identified in three strains each. Whereas cryDal (F321)
and crylFal (F437, F493) were observed in one and
two strains respectively. Whereas none of the strains
positive for cryl Ab, cryl1Ea and crylF genes (Table 3).
From the present study, it is evident that, among the
various cry genes screened, cryl related genes were the
most predominant, followed by ¢ry9 and cry2. Earlier
researchers™* reported a higher frequency of cryl

gene positive B. thuringiensis strains from their studies.
In the same way, the present B. thuringiensis strain
collections had cryl related genes in higher frequency.
Added to this, Shishir e al* also observed the
abundance of insecticidal cry genes from the soils of
Bangladesh and found cryl,cry2 and cry3 were the
most abundant among the cry genes tested viz., cryl,
cry2, cry3, cryda, cry8, cry9, cryl0 and cryll.
Contrary to the present investigations, Mendoza et al.”
found high frequency of cry2 genes (71%) followed by
cyt (40%) and cryl (36%) from the samples of Tijuana-
Ensenada region of northwestern Mexico.

Regarding the abundance of cry genes in the
present B. thuringiensis collection, eight cry genes
(8 cry genes) were observed in F493 (crylAa,
crylAc, crylFal, cryll, cry2, cry2A(a)l, cry8,
cry9Cal). This strain was collected from the Talakona

B. thuringiensis strains with crylAa gene

F321 F323 F3zs

F437 F46X F493 F504

E. thuringiensis strains with erylAc gene

Fig. 5— Molecular characterization of B. thuringiensis strains with different cry gene specific primers
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forest area which recorded 100% mortality against

Table 3 — Diversity of cry genes in indigenous Bt strains collected from Andhra Pradesh

S. No Cry gene Bt strain No. of strains
1 crylAa F321, F323, F328, F339, F347, F435, F437, F468, F493, F504 10
2 crylAb - 0
3 crylAc F321, F323, F328, F437, F462, F493, F504 7
4 crylC F361, F435, F504 3
5 cryDal F268, F287, F297, F321 4
6 crylEa - 0
7 crylFal F437, F493 2
8 crylF - 0
9 cryll F268, F287, F323, F339, F361, F399, F435, F437, 462, F493, F504 11
10 cry2 F323, F437, F493 3
11 cry2A(a)l F268, F323, F396, F493 4
12 cry8 F487, F493, F504 3
13 cry9Aal F297, F328, F347 3
14 cry9Cal F323, F328, F347, F361, F399, F493, F504 7

Table 4 — List of Bt strains identified as effective against S. /itura indigenous to forest ecosystem in Southern zone of Andhra Pradesh.

S. Bt strain Area of collection Mortality (%) cry gene(s) observed No. of cry genes
No.

1 F268 Bhakarapet ghat 60.00 crylDal, cryll, cry2A(a)l 3
2 F287 Talakona 76.67 crylDal, cryll 2
3 F297 Talakona 50.00 crylDal, cry9Aal 2
4 F321 Talakona 50.00 crylAa, crylAc, crylDal, 3
5 F323 Kalyanidam 56.67 crylAa, crylAc, cryll, cry2, cry2A(a)l, 6

cry9Cal
6 F328 Rangampet 50.00 crylAa, crylAc, cry9Aal, cry9Cal 4
7 F339 Sugalibidiki 50.00 crylAa, cryll 2
8 F347 Chinagottigallu 50.00 crylAa, cry9Aal, cry9Cal 3
9 F361 Rayachoti 53.33 crylC, cryll, cry9Cal 3
10 F396 Mamanduru 50.00 cry2A(a)l 1
11 F399 Rayachoti 66.67 cryll, cry9Cal 2
12 F435 Talakona 50.00 crylC, crylAa, cryll 3
13 F437 Bhakarapet ghat 60.00 crylAa, crylAc, crylFal, cryll, cry2 5
14 F462 Talakona 63.33 crylAc, cryll 2
15 F468 Bhakarapet ghat 86.67 crylAa 1
16 F487 Talakona 60.00 cry8 1
17 F493 Talakona 100.00 crylAa, cryl Ac, crylFal, cryll, cry2, 8
cry2A(a)l, cry8, cry9Cal
18 F504 S.V. Zoo park 76.67 crylAa, crylAc, crylC, cryll, cry8, 6
cry9Cal
S. litura in laboratory bioassay studies. Two more  genes. This might be due to variation in the

strains F504 (crylAa, crylAc, crylC, cryll, cry8,
cry9Cal) and F323 (crylAa, crylAc, cryll, cry2,
cry2A(a)l, cry9Cal) identified with six cry genes
which were collected from S.V. Zoo park area and
Kalyanidam. Present B. thuringiensis strains showed
differed efficacy against test insect, S. litura under
laboratory bioassay as well as varied types of cry

expression of genes governing the crystal toxin
expression (Tabashnik’') which require further
investigations related to protein profiling (Table 4).
Further, the present studies revealed that, the
coexistence of cry9 gene is very common with any of
the cry genes either cryl, cry2 or cry8. Among these,
the frequency of cryl and c¢ry9 combination was
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more. Similar way, Wang et al.> stated that among

90.7% strains of cryl gene containing strains also
harboured a cry2 gene. Baig et al.” also reported that,
out of 50 Bt strains, none of the strains harboured cryl
gene alone and it was always found in combination
with cry3. Further, they reported that the combination
of ¢ry2 + cry4 (14%) was high. And also they
reported that, the most dominant three gene linkage
was cryl + cry3 + cry4. Further profiling of the cryl
gene showed that the crylK gene was abundantly
present in all combinations such as crylA, crylD,
crylF, and cryll. However, cryl1C existed independently
of other subtypes. Likewise, Shahram et al.>* revealed
that, among the forty eight strains from 744 different
samples, cryl genes were the most abundant
(93.75%).

Added to this, in the present studies, some of the
cry genes observed at very low frequency in the
present B. thuringiensis strains, viz., cryl Ab, crylEal
and cry1F similar to Valicente e al.>> and Dos Santos
et al.>® who also obtained a low frequency of crylF
gene in strains of B. thuringiensis isolated from soils
in China (0.3%) and Mexico (4.8%), respectively.
Thammasittirong and Attathom®” reported a complete
absence of crylF gene B. thuringiensis isolates
collected from Thailand.

Conclusion

The present investigations revealed the diversity of
cry genes in indigenous B. thuringiensis strains
collected from undisturbed environments of Andhra
Pradesh. Bioassay studies against S. litura indicated
the effectiveness of indigenous strains in insect
control. As the present collection having novel strains
with different cry genes encoding various crystal
proteins, these can also be tested against other
lepidopteran insects and also can be used as potential
candidates for developing biopesticides.

Conflict of interest
All authors declare no conflict of interest.

Acknowledgment

The studies were conducted with the funding of
RKVY under a research project on “Strengthening of
Biopesticides Unit” at RARS, Tirupati.

References

1 Pritam C, Goutam B & Sayantan M, Recent trends of modern
bacterial insecticides for pest control practice in integrated
crop management system. 3 Biotech, 7 (2017) 60.

2 Ramalakshmi A & Udayasuriyan V, Diversity of Bacillus
thuringiensis isolated from Western Ghats of Tamil Nadu
State, India. Curr Microbiol, 61 (2010) 13.

10

11

12

13

14

15

16

17

18

INDIAN J. BIOCHEM. BIOPHYS., VOL. 57, AUGUST 2020

Nair K, Al-Thani R, Al-Thani D, Al-Yafei F, Ahmed T &
Jaoua S, Diversity of Bacillus thuringiensis Strains from
Qatar as shown by Crystal Morphology, 3-Endotoxins and
cry gene Content. Front Microbiol, 9 (2018) 708.

Saadaoui I, Al-Thani R & Al-Saadi F, Characterization of
Tunisian Bacillus thuringiensis strains with abundance of
kurstaki subspecies harbouring insecticidal activities against
the lepidopteran insect Ephestia kuehniella. Curr Microbiol,
61 (2010) 541.

Valicente FH, Picoli E & de Vasconcelos MJV, Molecular
characterization and distribution of Bacillus thuringiensis
cryl genes from Brazilian strains effective against the fall
armyworm. Spodoptera frugiperda. Biol Control, 53 (2010)
360.

Baig DN & Mehnaz S, Determination and distribution of cry-
type genes in halophilc Bacillus thuringiensis isolates of
Arabian Sea sedimentary rocks. Microbiol Res, 165 (2010)
376.

Hernandez-Rodriguez CS & Ferré J, Ecological distribution
and characterization of four collections of Bacillus
thuringiensis strains. J Basic Microbiol, 49 (2009) 152.
Feitelson JS, Payne ] & Kim L, Bacillus thuringiensis:
Insects and Beyond. Biotechnol, 10 (1992) 271.

Devaki K, MuraliKrishna, T & Hariprasad KV, Comparative
efficacy of native Bacillus thuringiensis strains in two
different sprayable formulations against Spodoptera litura in
groundnut. J Entomol Zool Stud, 8 (2020) 107.

Kumar K, Yashaswini KS & Earanna N, Molecular
characterization of Lepidopteran  Specific  Bacillus
thuringiensis strains isolated from Hilly Zone Soils of
Karnataka, India. 4fi- J Biotechnol. 12 (2013) 2924.

Martin PA & Travers RS, Worldwide Abundance and
Distribution of Bacillus thuringiensis Isolates. Appl Environ
Microbiol, 55 (1989) 2437.

Mendoza G, Portillo A, Arias E, Ribas R & Mand OlJ,
New combinations of cry genes from Bacillus thuringiensis
strains isolated from northwestern Mexico. Int Microbiol,
15 (2012) 209.

Zara GS, Zara NP, Mangia G, Garau C, Pinna G, Ladu &
Budroni M. PCR-based methods to discriminate Bacillus
thuringiensis strains. Annu Rev Microbiol, 56 (2006) 71.
Ramirez AR & Ibarra JE, Fingerprinting of Bacillus
thuringiensis Type Strains and Isolates by Using Bacillus cereus
Group-Specific Repetitive Extragenic Palindromic Sequence-
Based PCR Analysis. Invertebr Microbiol, (2005) 1346.

Cinar C, Apaydin O, Yenidunya AF, Harsa S & Gunes H,
Isolation and Chracterisation of Bacillus thuringiensis Strains
from Olive-related Habitats in Turkey. J Appl Microbiol, 104
(2008) 515.

Bravo A, Likitvivatanavong S, Gill SS & Soberona M,
Bacillus thuringiensis: A story of a successful bioinsecticide.
Insect Biochem Mol Biol, 41 (2011) 423.

Travers RS, Martin PAW & Reicneldorfer CF, Selective
process for efficient isolation of soil Bacillus sps. App!
Environ Microbiol, 53 (1987) 1263.

Merdan A, Salama HS, Labib E, Ragaei & Mand AEG,
Bacillus thuringiensis isolates from soil and diseased insects
in Egyptian cotton fields and their activity against
lepidopteran insects. Arch Phytopathol Plant Protection, 43
(2010) 1165.



19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

KAYAM et al.: DIVERSITY OF BACILLUS THURINGIENSIS CRY GENES IN SOILS

Cappuccino JG & Sherman N, Microscopy a laboratory
manual, (3™ Ed. The Benjamin publishing company, Inc.
Newyork, USA) 1992, 521.

Prescott LM, Harle YJP & Klein DA, Microbiology. (6lh Ed.
Avenue of America: New York) 2005, 26.

Singh RV, Sharma H, Gupta P, Kumar A & Babu V, Green
synthesis of acetohydroxamic acid by thermophilic amidase
of Bacillus smithii I1IIMB2907. Indian J Biochem Biophys, 56
(2019) 373.

Shelton AM, Robertson JL, Tank JD, Perez C & Eigenbrode SD,
Resistance of diamondback moth (Lepidoptera: Plutellidae)
to Bacillus thuringiensis subspecies in the field. J Econ
Entomol, 86 (1993) 697.

Sambrook J & Russel DW, Molecular cloning: A laboratory
manual (Cold Spring Harbour Laboratory, New York), 2001.
Martin PAW & Travers RS, Worldwide abundance and
distribution of Bacillus thuringiensis isolates. Appl Environ
Microbiol, 55 (1989) 2437.

Monnerat RG, Batista AC, de-Medeiros PT, Martins ES,
Melatti VM, Praca LB, Dumas VF, Morinaga C, Demo C,
Menezes-Gomes, AC, Falcao R, Siqueira CB, Silva-Wemeck JO
& Berry C, Screening of Brazilian Bacillus thuringiensis
isolates active against Spodoptera frugiperda, Plutella
xylostella. Biol Control, 41 (2007) 291.

Gao M, Li R, Dai S, Wu Y & Yi D, Diversity of Bacillus
thuringiensis strains from soil in China and their pesticidal
activities. Biol Control, 44 (2008) 380.

Haggag KHE & Abou-Yousaf HM, Differentiation among
Egyptian Bacillus thuringiensis strains at sporulation by
whole cellular protein profiles. World J Agric Sci, 6 (2010)
224.

Tripathi M, Arvind Kumar, Kalia V, Saxena AK & Gujar G,
Isolation and characterization of Lepidoptera specific
Bacillus thuringiensis strains predominantly from north-
eastern states of India. Indian J Exp Biol, 54 (2016) 431.
Aramideh S, Saferalizadeh MH, Pourmirza AA, Bari MR,
Keshavarzi M & Mohseniazar M, Isolation and identification
of native Bacillus thuringiensis in different habitat from
West Azerbaijan and evaluate effects on Indian moth Plodia
interpunctella (Hubner) (Lepidoptera: Pyralidae). Munis
Entomol Zool, 5 (2010) 1034.

Nazarian A, Jahangiri R, Jouzani GS, Seifinejad A,
Soheilivand S, Bagheri O, Keshavarzi M & Alamisaeid K,
Coleopteran-specific and putative novel cry genes in Iranian
native Bacillus thuringiensis collection. J Invertebr Pathol,
102 (2009) 101.

Gorashi NE, Tripathi M, Kalia V & Gujar GT, Identification
and characterization of the Sudanese Bacillus thuringiensis
and related bacterial strains for their efficacy against
Helicoverpa armigera (Lepidoptera: Noctuidae) and
Tribolium castaneum (Coleoptera: Tenebrionidae). Indian
J Exp Biol, 52 (2014) 637.

Ammouneh H, Harba M, Idris E & Makee H, Isolation and
characterization of native Bacillus thuringiensis isolates from
Syrian soil and testing of their insecticidal activities against
some insect pests. Turk J Agric For, 35 (2011) 421.
Thammasittirong A & Attathom T, PCR-based method for
the detection of cry genes in local isolates of Bacillus
thuringiensis from Thailand. J Invertebr Pathol, 98 (2008) 121.
Nariman AH, Effat AM, Ola OS & Fandary E, Isolation and
genetic characterization of indigenous Bacillus thuringiensis

35

36

37

38

39

40

41

42

43

44

45

46

47

48

479

strains toxic to Spodoptera littoralis and Culex pipens. Pest
Technol, 3 (2009) 34.

Lalitha C & Muralikrishna T, Laboratory evaluation of
indigenous Bacillus thuringiensis isolates against Spodoptera
litura (Fabricius). Current Biotica, 5 (2012) 428.

Li MS, Je YH, Lee IH, Chang JH & Roh JY, Isolation and
characterization of a strain of Bacillus thuringiensis ssp.
kurstaki containing a new -endotoxin gene. Curr Microbiol,
45 (2002) 299.

Bravo A, Sarabia S, Lopez L, Ontiveros H, Abarca C,
Characterization of cry genes in a Mexican Bacillus
thuringiensis strain collection. Appl Environ Microbiol, 64
(1998) 4965.

Song F, Zhang J, Gu A, Wu Y& Han L, Identification of
cryll-type Genes from Bacillus thuringiensis Strains and
Characterization of a Novel cryll-type Gene. App! Environ
Microbiol, 69 (2002) 5207.

Hernandez CS & Ferre J, Common Receptor for Bacillus
thuringiensis Toxins cryl Ac, crylFa and crylJa in Helicoverpa
armigera, Helicoverpa Zea and Spodoptera exigua. Appl
Environ Microbiol, 71 (2005) 5627.

Syamaladevi DP & Biswal B, Structural insights on Sucrose
transport by Oryza sativa L. Sucrose/H™ Symporterl
(OsSUT1) through refined sequence - template alignment
based structural modeling. Indian J Biochem Biophys, 57
(2020) 283.

Himani, Kumar R, Karunanand B & Datta SK, Association
of vitamin D receptor (VDR) gene polymorphism with blood
lead levels in occupationally lead-exposed male battery
workers in Delhi — National capital region, India. /ndian
J Biochem Biophys, 57 (2020) 236.

Lopez PSA, Martinez JW, Castillo AX & Salamanca JAC,
Presence and Significance of Bacillus thuringiensis cry
Proteins Associated with the Andean Weevil Premnotrypes
vorax (Coleoptera: Curculionidae). Revista de Biologia
Tropical, 57 (2009) 1235.

Saadaouni I, Thani RI, Sadi FAI, Belguith N & Hassen B,
Characterization of Tunisian Bacillus thuringiensis strains
with abundance of kurstaki sub species harbouring
insecticidal activities against the lepidopteran insect, Ephestia
kuehniella Curr Microbiol, 61 (2010) 541.

Baig DN & Mehnaz S, Determination and Distribution of
cry- type genes of Bacillus thuringiensis isolates from
Arabian Sea and Coastal areas Pakistan. Microbial Res, 165
(2010) 376.

Liang H, Liu Y, Zhu J, Guan P& Li S, Characterization
of cry2-type genes of Bacillus thuringiensis strains from
soil isolated of Sichuan basin. Braz J Microbiol, 42
(2011) 140.

Seong ES, Lee JG, Chung IM & Yu CY, Changes of
phenolic compounds in LebZIP2-overexpressing transgenic
plants. Indian J Biochem Biophys, 56 (2019) 484.

Patel KD, Purani S & Ingle SS, Distribution and diversity
analysis of Bacillus thuringiensis cry genes in different soil
types and geographical regions of India. J Invertebr Pathol,
112 (2013) 116.

Neil L, Isolation of a Bacillus thuringiensis strain from South
African soils and the characterization of its cry gene
sequence. A dissertation submitted to the Faculty of Science,
University of the Witwatersrand, in fulfillment of the



480

49

50

51

52

53

INDIAN J. BIOCHEM. BIOPHYS., VOL. 57, AUGUST 2020

requirements for the degree of Masters of Science.
Johannesburg, (2006).

Shishir A, Akter A Md, Hassan Md H & Kibria G,
Characterization of locally isolated Bacillus thuringiensis
for the Development of Eco-friendly Biopesticides in
Bangladesh. J Biopest, 5 (2012) 216.

Mendoza G, Portillo A, Arias E, Ribas R & Mand OlJ,
New combinations of cry genes from Bacillus thuringiensis
strains isolated from northwestern Mexico. Int Microbiol,
15 (2012) 209.

Tabashnik BE, Evaluation of synergism among Bacillus
thuringiensis toxins. Appl Environ Microbiol, 58 (1992) 3343.
Wang J, Boets A, Van Rie J] & Ren G, Characterization of
cryl, cry2 and cry9 genes in Bacillus thuringiensis Isolates
from China. J Invertebr, 82 (2003) 63.

Baig DN, Bukhari DA & Shakoori AR, Cry Genes profiling
and the toxicity of isolates of Bacillus thuringiensis from soil
samples against American bollworm, Helicoverpa armigera.
J Appl Microbiol, 109 (2010) 1967.

54

55

56

57

Shahram M, Abbas H, Akbar GK, Leila E, Sepideh K,
Isolation, toxicity and detection of cry genes of Bacillus
thuringiensis isolates from West Azerbaijan province, Iran.
J Entomol Zool Stud, 4 (2016) 111.

Valicente FH, Picoli EAT, Vasconcelos MJV, Carneiro NP
& Carneiro AA, Molecular characterization and distribution
of Bacillus thuringiensis cryl genes from Brazilian strains
effective against the fall armyworm, Spodoptera frugiperda.
Biol Control, 53 (2010) 360.

Dos Santos KB, Neves P, Meneguim AM, dos Santos RB,
dos Santos WIJ, Selection and characterization of the Bacillus
thuringiensis strains toxic to Spodoptera eridania (Cramer),
Spodoptera  cosmioides ~ (Walker) and  Spodoptera
frugiperda (Smith) (Lepidoptera:Noctuidae). Biol Control,
50 (2009) 157.

Thammasittirong A & Attathom T, PCR based method
for the detection of cry genes in local isolates of
Bacillus  thuringiensis from Thailand. J Invertebr, 98
(2008) 121.



