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ABSTRACT

Sultana, A., Alam, M. Z., Islam, M.R., Tumpa, F. H. and Khokon, M. A. R. 2018. PCR-based
identification of native Bacillus subtilis isolates and its in-vitro growth suppression ability against
Magnaporthe oryzae. Bangladesh J. Plant Pathol. 34 (1&2): 43-52

The present investigation focused on the molecular
characterization of native rhizospheric Bacillus
subtilis strains showing potential antagonistic activity
against  Magnaporthe  oryzae.  Morphological
characters were the basis of identification for
Magnaporthe oryzae. A total of 66 bacterial isolates
were collected from rhizosphere soils of different
agro-ecological zones of Bangladesh which were
initially identified as Bacillus spp. based on their
cultural and morphological characters. Dual culture
technigue was followed to screen potential
antagonistic Bacillus isolates against Magnaporthe

oryzae. Nine bacterial isolates showed growth
suppression activity and the isolate BSL-17 showed
the highest mycelial suppression against Magnaporthe
oryzae by 85.12-87-30%. The isolate BSL-10 also
showed a significant inhibitory (82.80%) effect
against Magnaporthe oryzae next to BSL-17 followed
by BSL- 31, BSL-41, BSL-27(ii), BSL-15(ii), BSL-
21, BSL-26(iii) and BSL-8. Nine effective bacterial
isolates were further confirmed as Bacillus subtilis by
molecular analysis of 16S rDNA gene. Isolate, BSL -
17 showed 97% homology with Bacillus subtilis Bex1
of Changchun city, China.
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INTRODUCTION

Blast disease caused by Pyricularia oryzae Cavara
[teleomorph: Magnaporthe oryzae (Hebert) Barr)], is
one of the most destructive diseases of rice (Oryza
sativa L.) in worldwide (Koutroubas et al. 2009). Rice
blast pathogen is most common on leaves, causing
leaf blast during the vegetative stage of growth, or on
neck, nodes and panicle branches during the
reproductive stage, causing neck blast (Bonman
1992). Neck blast is considered the most destructive
phase of the disease and can occur without being
preceded by severe leaf blast (Zhu et al. 2005). It had
a wide host range infecting more than fifty plant
species including rice, wheat, finger millet and barley
(Talbot 2003). Every year it is estimated that rice
blast destroy food more than enough to eat for 60
million people and 50% of the rice yield is lost in the
field by the occurrence of blast (Barman and Chattoo
2005). In general, the disease causes 10-20% vyield
reduction in susceptible varieties, but in severe cases
the loss may be up to 80% (Koutroubas et al. 2009).
Over use of the chemicals has led to loss or decrease
in their efficacy, toxicity to the environment, and
harmful effects on the non-target organisms, which
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collectively affect their commercial applicability
(Ongena and Jacques 2008). Moreover, continuous
use of chemical may increase resistance of the
pathogen to fungicides (Gossen et al. 2001; Mueller et
al. 2002). Therefore, the greatest precautions should
be concerned for the development of novel, durable
and environmentally safe strategies to manage this
devastating fungal disease.

The use of biological control in the management of
agriculture pests and diseases is an effective
alternative to the use of pesticides, which are often
accumulated in plants and are lethal to beneficial
organisms present in the soil. This is a more
environmentally and friendly option than chemicals.
Moreover bio-control might be effective against those
pathogens which are difficult to control by
conventional means. Bacillus subtilis is a bacterium
which is nonpathogenic and lives in soil, often in
association with roots of higher plants. B. subtilis
cells are capable of forming dormant spores that are
resistant to extreme conditions and thus can be easily
formulated and stored (Pinnnt and Hilhert 2004) It
compounds with a broad spectrum of activities toward
phytopathogens and that are able to induce host
systemic resistance (Stein 2005; Butcher et al. 2007;
Ongena and Jacques 2008).B. subtilis, B.
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amyloliquefaciens and other closely related Bacillus
spp. can control phytopathogen through producing
various antimicrobial metabolites like surfectin, iturin
and fengycin (Hou et al. 2006; Stein 2005).

Study and understanding of bio-control mechanism
may bring benefit regarding the utilization of bio-
control agents. Biological interaction might be
involved in the mechanism of disease suppression
which includes parasitism, competition, antibiotics
and plant induced resistance. There is a need to
develop beneficial and antagonistic microbes for
making bio-fungicides around the glove. Multifarious
ability of bio-control agents is suitable for crop
production (Choudhary and Johri 2009). Very scanty
research has been reported on the exploitation of B.
subtilis for blast disease management in Bangladesh.
Considering the above facts, this study was designed
to isolate, identify and characterize Bacillus subtilis in
order to develop effective strategy for sustainable
management of rice blast disease caused by
Magnaporthe oryzae.

MATERIALS AND METHODS

Isolation and Identification of Magnaporthe oryzae
The infected plant parts of rice (base of the infected
panicle) were cut into small pieces and sterilized with
10% clorox solution for 30 seconds and then washed
with distilled water for three times. The inocula were
plated on moistened blotter paper and incubated at
26+2°C and the spores were aseptically transferred to
PDA plate for multiplication. Hyphal tip from the
fungal colony grown on PDA was successively
transferred to PDA medium following incubation at
26+2°C to get pure culture. The fungus was further
sub cultured on Corn Meal Agar (CMA) media at
26+2°C to induce sporulation. The fungus grown on
CMA medium was preserved in the refrigerator for
further studies.

Isolation and preservation of effective strains of
Bacillus spp.
Sixty six bacterial isolates were isolated and
preserved from rhizosphere soil samples collected
from different places of Jamalpur, Mymensingh,
Tangail, Kishoreganj, Dhaka, Meherpur, Kushtia,
Jessore, and Satkheera. For isolation of bacteria, 1 g
of soil from each sample was added to 5 ml of
nutrient broth and incubated at 35°C for 24 hours
(Amin et al. 2015). After incubation period, 100pL
of the supernatant of each tube was inoculated by
spreading a sterile glass rod on Carboxy Methyl
Cellulose Agar (CMCA) plates (Kim et al. 2012).The
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as were detected by clear
halos around the colonies (Berlemont et al. 2009).

The plates were examined and the expected colonies
were selected for further streaking on Nutrient Agar
(NA) medium plate to get pure cultures of Bacillus
spp. Bacilli like colonies were roughly identified on
the basis of their colony characteristics such as size,
shape, color, margin and elevation. Pure cultures were
obtained by repetitive streaking to get single colonies
on NA plates. Plates were incubated for optimum
growth for 48 hour at 28°C (Mardanova et al. 2016).
The Bacillus isolates preserved in glycerin solution in
1.5ml cryogenic vial at -80°C for further study. In
order to preserve, 750ul of NB culture supplemented
with 750ul of 50% glycerol in a total volume of
1.5ml. For broth culture, the inoculated falcon tubes
with NB were incubated in a rotary shaker incubator
for overnight at 30°C with 150 rpm.

In-vitro antagonism assay for selecting potential
Bacillus spp.

Potential Bacillus spp. were screened having
antagonistic ability against Magnaporthe oryzae
following dual culture technique on Corn Meal Agar
(CMA).Disks of about 10 mm were cut from 7 days-
old culture of M. oryzae and were placed on CMA
plate and bacteria were streaked on the same plate a
bit away from the mycelial block. After incubation at
24°C for 5 days, the mycelial growth inhibition was
evaluated following a scoring system. Bacteria over
grown by hyphae scored as 0, hyphae at the edge
(<0.5 cm) of the bacterial colony scored as 1 and a
distinct inhibition zone (>0.5cm) around hyphae,
bacterial colony scored as 2. Only those bacterial
colonies that were able to induce a distinct inhibition
zone (scored as 2) were selected for further
characterization.

Growth suppression through dual culture assay
The effective bacterial isolates were tested for their
ability to suppress the growth of M. oryzae in vitro
dual culture method. Three replicates per treatment
and three plates per replication were maintained in all
cases and these plates were incubated at 24°C for 7
days. The experiment was carried out following
Completely Randomized Design (CRD).Data on
mycelial growth (mm) were recorded at 2, 3 and 7
days after inoculation (Single line method).After
incubation period, when the growth in control plate
reached maximum, the radial mycelial growth of the
pathogen was measured (Triangular method).Percent
inhibition of mycelial growth was calculated using the
formula (Vincent 1927)

Inhibition (%) = =T yoo
c

Where, C= Growth in control; T = Growth in
treatment.

Molecular identification of Bacillus spp. by PCR amplification of 16S rDNA gene



Total DNA extraction of the isolates was done using PROMEGA kit following the manufacturer’s instructions. The
concentration of genomic DNA solution was determined at 260 nm by the following formula: DNA Concentration

(ng/ul) =

Volume of deionized water (upl

Absorbance reading x
Amount of DNA taken (upl

Working solutions of 50ng/pl DNA were prepared by
adding the required amount of sterile distilled water
(SDW) by following the formula:V1 x S1 = V2 X Sy;
The diluted DNA solution and the original stock were
stored in a refrigerator at -20°C for other experiments.

Polymerase Chain Reaction

The primer used in this experiment was 16SrDNA
primer. The amplification of 16SrDNA gene was
done by using universal bacterial 16SrDNA primer
1492R  (5-TACGGTTACCTTGTTACGACTT-3")
and 27F (5-AGAGTT TGATCTTGGCTCAG-3')
(Frank et al. 2008). The master mix of 25uL were
composed of 1lul of bacterial culture as template
DNA, 1uL of each primer (10uM), 12.5uL of 2xTaq
PCR Master Mix (50 units/ml of Tag DNA
polymerase supplied in a proprietary reaction buffer
(pH 8.5), 400uM dATP, 400uM dGTP, 400uM dCTP,
400uM dTTP, 3mM MgCl,.), and9.5uL of Nuclease-
Free Water.The PCR consisted of primary

denaturation for 5min at 94°C; 30 cycles of
denaturation at 94°C for 30s, annealing at 55°C for
30s, and extension at 72°C for 100s; and an

additional reaction for 10 min at 72°C. The amplified

DNA obtained from PCR were utilized for
electrophoresis on 1.25% agarose gel at 90V for 30
minutes. The gel was taken out carefully from the gel
chamber and immersed on ethidium bromide solution
for staining and finally placed on the UV trans-
illuminator in the dark chamber for image
documentation.

Nucleotide sequencing and phylogenetic analysis of
16S rDNA gene

The sequence of 16S rDNA gene was performed
directly from PCR products according to the standard
protocols for the ABI A3500 genetic analyzer
(Applied Biosystems, Foster city, CA, USA) with
BigDye®v1.1 and 3.1 Cycle Sequencing Kits. The
resulting sequences were compared with sequences
found in Gen-Bank database using Basic Local
Alignment Search Tool (BLAST) program at the
National Center for Biotechnology Information
(NCBI) BLAST server (http://www.ncbi.nih.gov/
BIAST/). The quality of nucleic acid sequences was
evaluated using Chromas (Version 2.6) software to
avoid the use of low quality bases. The phylogenetic
tree was constructed with sequences of bacteria in

X Conversion Factor (0.05)x1000

Genbank considering the highest homology. The
phylogenetic tree was constructed by using
(Phylogeny.fr) (Anisimova and Gascuel 2006).

Statistical Analyses

The collected data on radial mycelial growth were
analyzed statistically by using MSTAT-C package
program. The means for all the treatments were
compared by DMRT (Duncan Multiple Range Test).
The significance of the difference among the means
was calculated by LSD (Least Significant Difference)
test.

RESULTS

Morphological characters of Magnaporthe oryzae
During isolation from infected panicle of rice, we
found two types of conidia viz. macroconidia and
microconidia.

IE‘T WY /?l
Plate 1. Morphological characters of Magnaporthe
oryzae(A) M.oryzae on infected plant tissues on wet
blotter paper (B) Pure culture of M.oryzae on Corn
Meal Agar plate (C) Macroconidia- spindle shaped,
hyaline, and three celled on wet blotter paper (D)
Microconidia- crescent shaped, unicellular and
hyaline on culture medium.

The macro conidia were pyriformed, three celled,
hyaline and mostly profusely found on wet blotter
paper. On the other hand, unicellular, hyaline,
crescent microconidia were abundant on corn meal
agar media culture plates. On culture medium the
fungus exhibited smooth mycelial growth with dense
velvet texture having greyish white color (Plate 1).
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Initial screening of Bacillus spp. from rhizosphere
soils

A total of 66 Bacillus spp. isolates were isolated on
specific media(CMCA) from different locations of
different agro-ecological zones of Bangladesh.In
order to find out potential Bacillus spp. having growth
suppressing ability against M. oryzae a triangular

Plate 2. Scoring system during primary screening- (A)
Bacteria overgrown by hyphae scored as 0, (B)
Hyphae at the edge (<0.5 cm) of the bacterial colony
scored as 1 & (C)A distinct inhibition zone (>0.5cm)
around hyphae of bacterial colony scored as 2.

method of assay was followed (Score=0,1,2.).Among
66 initialBacillus isolates, 36 isolates did not show
any growth inhibition ability against M. oryzae (Score
= 0), 19 isolates showed moderate inhibition
(Score=1) and 11 isolates showed higher growth

inhibition (Score=2) (Plate 2). The bacterial isolates
showing higher inhibition (Score=2) were further
studied for identification at molecular level and to
find out the best isolates as a candidate for
commercial formulation.

Growth suppressing ability of the selected isolates
of Bacillus spp.(Single line method)

Initially nine Bacillus isolates were selected for
further characterizing the growth suppression ability
following dual culture assay (Single line method)
against M. oryzae.Growth suppression ability was
measured at 2,3 and 7 days after incubation. The
radial mycelial growth of M. oryzae ranged from 10
to 78.18 mm in dual culture assay after 7 days of
incubation. The average lowest growth (10.00 mm) of
M. oryzae was recorded in dual culture assay plate
with Bacillus isolates BSL-17, whereas the highest
mycelial growth (78.18mm) was found in control
plate (Table 1, Plate 3).Isolate BSL-10 also showed
statistically significant growth suppression (82.80 %
at 7 DAI) followed by BSL-21,BSL-15(ii) and BSL-
31(Table 1).

Table 1. Mycelial growth of M. oryzae and %lInhibition by different bacterial isolates in dual culture assay (Single

line method)

Name of Mycelial growth (mm)
Sl isolates 2 DAI 3 DAI 7 DAI
No. Mycelial growth % Mycelial % Mycelial % Inhibition

Inhibition growth Inhibition growth

1 BSL-10 10.04 f 48.33 1333 ¢ 55.23 1355 e 82.80
2 BSL-17 8.423 g 56.64 10.00 h 66.42 10.00 f 87.30
3 BSL-31 13.27 de 31.70 1578 f 47.01 16.44 d 79.13
4 BSL-26(iii) 14.08 cd 27.53 1711 d 42.54 1741 d 77.90
5 BSL-21 1237 e 36.33 15.89 ef 46.64 16.44 d 79.13
6 BSL-41 1543 b 20.58 19.78 Db 33.57 20.11 b 74.47
7 BSL-27(ii) 14.60 bc 24.85 16.56 de 44.39 17.00 d 78.42
8 BSL-15(ii) 13.00 e 33.09 16.56 de 44.39 16.89 d 78.56
9 BSL-8 14.27 cd 26.55 1789 ¢ 39.92 18.66 ¢ 76.31
10  Control 1943 a 29.78 a  ------- 7878 a = ------

LSD value 1.006 0.7114 1.010

CV (%)= 4.35 2.40 2.61

DAI=Days After Incubation.

In a column means followed by a common letter are not different significantly.
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BSL-17 BSL-31

BSL-26 (iii)

BSL-27 (ii)

Control

Plate 3.Growth suppression of Magnaporthe oryzae
by selected Bacillus isolates in dual culture assay
(Single line method)

Growth suppressing ability of some selected
Bacillus isolates against M. oryzae (Triangular
method)

To ensure the growth suppressing ability the
previously tested Bacillus isolates were further
examined in dual culture assay following triangular
method. Based on the previous experiments, growth
suppression data were recorded after 7 days after
inoculation. At 7 DAI the lowest mycelial growth
(12.30mm) was recorded in BSL-17 indicated 85.12%
growth suppression compared to control (without
Bacillus ).Considerable growth suppression were
recorded in BSL-10 (82.21%) and BSL-31(80.37%)
(Table-2).

Table 2. Assessment of growth suppressing ability of
some selected isolates of Bacillus spp. against M.
oryzae (Triangular method)

SL  Name of Mycelial %Inhibition

the isolates  growth (mm)  over control
(7 DAI)

1 BSL-10 1470 f 82.21

2 BSL-17 1230 g 85.12

3 BSL-31 16.22 e 80.37

4 BSL-26(iii) 19.27 ¢ 76.69

5 BSL-21 19.06 c¢ 76.94

6 BSL-41 17.13 de 79.27

7 BSL-27(ii) 1845 ¢ 77.68

8 BSL-15(i)) 18.27 cd 77.90

9 BSL-8 20.80 b 74.84

10  Control 8267 a -

LSD value  1.187
CV (%) 2.90

DAI= Days After Incubation
In a column means followed by a common letter(s)
are not different significantly.

Plate 4.Growth suppression of Magnaporthe oryzae
by selected bacterial isolates in dual culture assay
(Triangular method) after 7 days of incubation

Identification of Bacillus Spp. isolates at molecular
level

Amplification of 16s rDNA gene, the universal
Primer,(27F and 1492R) were used.DNA samples of
all the bacterial isolates were used during running
Polymerase Chain Reaction (PCR) instead, one
negative control (without DNA template).The
amplified DNA obtained from PCR were utilized for
electrophoresis in 1.25% agarose gel. A band of
1650bp was obtained on the lane 1-9, PCR without
any template did not show any band (lane W) (Figure
1).

1Kb Plus DNA Ladder

Figure 1. Agarose gel electrophoresis of selected
bacterial DNA (16S rDNA) amplified with primer.
Lane M-1kb plus DNA ladder; Lanel- Isolate BSL-
10; Lane 2- Isolate BSL-17; Lane 3- Isolate BSL-31;
Lane 4- Isolate BSL-26(iii); Lane 5-1solate BSL-21;
Lane 6- Isolate BSL-41; Lane 7- Isolate BSL-27(ii);
Lane 8- Isolate BSL-15(ii); Lane 9- Isolate BSL-8;
Lane W-Water. An amplicon size of 1650bp found
after electrophoresis of PCR products.

Nucleotide sequencing and analysis

The nucleotide sequences with their translated amino
acids done by amino acid translator software and the
nucleic acid sequence quality found very well when
evaluated using Chromas (Version 2.6) software. Best
antagonistic isolate: BSL -17 showed 97% homology
with Bacillus subtilis Bex1 . Isolate: BSI -10 showed



BSL -31 showed 96% homology with Bacillus
subtilis Al-Khrj7, Isolate: BSL -26(iii) showed 95%
homology with  Bacillus subtilis MUST-2, Isolate:
BSL -21 showed 95% homology with Bacillus
subtilis  BcX1, Isolate: BSL -41 showed 94%
homology with Bacillus subtilis SH23 , Isolate: BSL

-27(ii) showed 96% homology with Bacillus subtilis
subsp. gingdao QND-8, Isolate: BSL -15(ii) showed
95% homology with Bacillus subtilis SH23, and
Isolate:BSL-8 showed 81% homology with Bacillus
subtilis BHR3P2B5-M (Table 3).

Table 3. Closest relatives of Bacillus spp. based on 16S rDNA sequences.

SL Isolates(Location) Close relatives Accession  Location Alignment Homology
1 BSL-10 (Meherpur)  Bacillus subtilis TC-1 EU489517.1 China 843/908 93%
2 BSL-17(Mymensingh) Bacillus subtilis Bex1 JX504009.1 Changchun City, China 1292/1331 97%
3 BSL-31(Mymensingh) Bacillus subtilis Al-Khrj7 KY123860.1 Riyadh, Saudi Arabia 1235/1289 96%
4 BSL-26(iii)(Jamalpur) Bacillus subtilis MUST-2 KF727585.1 Pakistan 1391/1469 95%
5 BSL-21(Dhaka) Bacillus subtilis BcX1  JX504009.1 Changchun City, China 1376/1453 95%
6 BSL-41 (Meherpur) Bacillus subtilis SH23  KP735610.1 Viet Nam 1297/1374 94%
7 BSL-27(ii) Bacillus subtilis subsp.  KM234223.1 Shandong 266109, 1335/1386 96%
(Kishoreganj) gingdao QND-8 China
8 BSL-15(ii) (Meherpur) Bacillus subtilis SH23 ~ KP735610.1 Viet Nam 1289/1357 95%
9 BSL-8 (Jamalpur) Bacillus subtilis KC849252.1 Odisha, India 1064/1314 81%

BHR3P2B5-M

Phylogenetic analysis of 16SrDNA gene

The phylogenetic tree was constructed based on
sequence of 16S rDNA gene of antagonistic bacterial
isolates and compared with previously reported
isolates of different places using Phylogeny.fr
(Anisimova and Gascuel 2006).The length of
Phylogenetic tree expressed the genetic distance of
the isolates from the ancestors. The isolate-11 was
much more distantly related to the ancestor than the
other isolates. The value 0.5 meant the genetic
distance of the isolates of each group. Phylogenetic
tree analysis of the isolates based on the amino acid
sequences of 16S rDNA gene revealed that all these
B. subtilis isolates were distributed in two main

groups. Isolate-11 belonged to Group | and there
were 8 strains included in Group Il. These strains
were again grouped into two main clusters (Figure 2).
Cluster | (Isolate-10, Isolate-4 and Isolate-3) and
cluster Il (Isolate-9, Isolate-6 and Isolate-2). The
isolates of these two clusters were supported by
bootstrap value of 75% (Figure 2). All the members
of Cluster | were not very close to each other and
generated one sub cluster consisting the isolates 10
and 4. That sub cluster was supported by bootstrap
value of 93% (Figure 2). The bootstrap value is a
value of statistical confidence in clustering of isolates
during construction of Phylogenetic tree.

Isolate_7 (BSL-41)
Isolate_I{BSL-10)

0.93

|.\'t1|.'11-.‘_\‘s{BSL-31}
——Isolate_10(BSL-15(ii})

e Isolate_4 (BSL-26(iii))
Isolate_9 (BSL-27(ii)

Isolate_6 (BSL-21)
Isolate_2 (BSL-17)
Isolate_11(BSL-8}

0.5

Figure 2. Phylogenetic tree constructed based on amino acid sequence of partial 16S rDNA gene of isolates of
Bacillus subtilis (Phylogeny.fr) (Anisimova and Gascuel 2006).
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DISCUSSION

The mode of action in biocontrol activities in Bacillus
spp. is mainly through direct antagonism of
Phytopathogen (Yu et al. 2002) and stimulation of
plant disease system through the induction of
systemic resistance (Choudhary and Johri 2009).
Again Bacillus isolates can survive in adverse
environmental conditions, resistant to high heat
(80°C), and high salinity (Perez-Garcia et al. 2011).
Magnaporthe oryzae is an emerging phytopathogen in
Bangladesh. Most recently the incidence and severity
of rice blast in case of popular rice cultivars BRRI
dhan28, BRRI dhan29, BRRI dhan34, BRRI dhan47
become very alarming. So, a durable and eco-friendly
strategy is becoming more important.

The fungus M. oryzae produced two types of conidia.
Macroconidia were spindle shaped, three celled and
hyaline. And the microconidia were hyaline, crescent
shaped and unicellular.  This finding is strongly
supported by Chuma et al. (2009).In dual culture
assay among nine isolates the BSL-17 showed highest
inhibitory effect against M. oryzae. The mycelial
growth was 10mm in single line method and
12.30mm in triangular method which indicates strong
inhibition in dual culture. In case of %inhibition,
isolate-BSL-17 showed 85.12% to 87.30% mycelial
inhibition against rice blast pathogen. This result is
much better than the research findings of
Subhalakshmi and Devi (2017). They found P.
fluorescens B 24 giving maximum mycelial inhibition
(77.5%) among the bacterial bio-control agents
against rice blast pathogen.

There were clear inhibition zones (greater than
0.5cm), which were similar to those observed during
the initial screening to identify effective isolates. The
inhibition zone formed in dual culture assay was due
to the secretion of antimicrobial metabolites (Kumar
et al. 2012). Presence of inhibition zone during dual
culture assay proved the presence of biologically
active metabolites that diffused through the agar
medium and protect the fungal growth (Yoshida et al.
2001).This research finding is also more or less
similar to the findings of Yu et al. (2011). They
examined the significant potentiality of Bacillus
subtilis as biological control agent against 15 plant
fungal pathogens including rice blast pathogen. The
strain B. subtilis CAS15 showed strong antagonism in
dual-culture with rates of inhibition ranging 19.26 to
94.07%.The present study revealed much better
results compared with the result of Leelasuphakul et
al. (2006). They identified B. subtilis NSRS 89-24
which resulted in approximately 60% inhibition of P.
grisea in dual culture test. Similar work was
conducted by Taguchi et al. (2003) and the antagonist

B. subtilis 1K-1080 was cultured with the rice blast
fungus on potato sucrose agar plates. They observed a
significant suppression of hyphal growth of rice blast
pathogen.

This study consists nine bacterial isolates with
suppressive abilities against M. oryzae. For effective
and  antagonistic  isolates,  phenotypic  and
morphological characteristics and 16SrDNA sequence
confirmed that all the isolates belonged to Bacillus
genus and all the isolates were different strains of
Bacillus subtilis. Sequencing of 16S rDNA is a
powerful tool for identifying bacteria and determining
phylogenetic,  evolutionary  relationship  and
classification of microorganisms (Weisburg et al.
1991).

Polymerase Chain Reaction (PCR) was performed for
bacterial isolates with primer set 27F and 1492R to
multiply 16S rDNA gene. The amplicon product gave
an amplicon size of 1650bp. All the nine isolates
showed positive in PCR amplification. The same
research work was conducted by Liu et al. (2009) for
molecular detection of Bacillus subtilis. The research
work of Vijayalakshmi et al. (2012) aligned the
sequence of 16S rDNA (1468bp) by using the BLAST
program to identify the most similar sequence in the
database of NCBI. They downloaded 16S rDNA
sequences of different strains of Bacillus subtilis and
its phylogenetically related species and genera from
GenBank database and constructed a neighbour-
joining phylogenetic tree using CLUSTALW
algorithm with the help of MEGA software version
4.1. This research work is much coincided with the
present research methodology. The result of nucleotide
analysis in present study revealed that all the bacterial
isolates were matched with different Bacillus subtilis
strains of different places. Best antagonistic isolate:
BSL -17 showed 97% homology with Bacillus subtilis
Bcexl  from  Changchun city in China.  The
phylogenetic tree showed that all the isolates were
closely related to the Bacillus subtilis strains of
different places of China, Saudi Arabia, India, Viet
Nam and Pakistan.

Bio-control agents may or may not work in the field
especially for panicle blast of rice. However, the
present study is a first solid step towards developing a
sound bio-control agent for this important disease of
rice in Bangladesh. The findings of the present study
ventilate the way of more investigation on
identification and application of antimicrobial
metabolites of these antagonistic bacteria. It is also
important to develop suitable bacterial formulations
with higher degree of stability and survival for the
commercialization of bio-control agent.

Vol. 34, No. 1 & 2, 2018 49



LITERATURE CITED

Amin, M., Rakhisi, Z. and Ahmady, A.Z. 2015.
Isolation and Identification of Bacillus
Species From Soil and Evaluation of Their
Antibacterial Properties. Avicenna J. Clinical
Microbiology and Infection 2(1).

Anisimova, M. and Gascuel, O.2006.Approximate
likelihood ratio test for branchs: A fast,
accurate and powerful alternative. Systematic
Biology 55(4):539-52.

Barman, R.S. and Chattoo, B.B. 2005.Rice blast
fungus sequenced. Curr. Sci. 89: 930-931.

Berlemont, R., Delsaute, M. and Pipers, D. 2009.
Insights into bacterial cellulose biosynthesis
by functional metagenomics on Antarctic soil
samples. The ISME J. 3(9):1070-1081.

Bonman, J.M. 1992. Blast. In: Compendium of Rice
Diseases (Eds. RK Webster, PS Gunnel). The
American Phytopathol. Soc., St. Paul,
Minnesota, USA, pp. 14-16.

Butcher, R.A., Schroeder, F.C., Fischbach, M.A.,
Straightt, P.D., Kolter, R., Walsh, C.T. and
Clardy, J. 2007. The identification of
bacillaene, the product of the PksX
megacomplex in Bacillus subtilis. Proc. Natio.
Academy of Sciences of the United States of
Americal04:1506-1509.

Choudhary, D.K. and Johri, B.N. 2009. Interactions of
Bacillus spp. and Plants with Special
Reference to Induced Systemic Resistance
(ISR). Microbiol. Res.: 493-513.

Chuma, I.,Shinogi, T., Hosogi, N. and Ikeda,K.
2009.Cytological characteristics of
microconidia of Magnaporthe oryzae. J.
Genetics of Plant Pathol. 75: 353-358.

Frank, J.A., Reich, C.L., Sharma, S., Weisbaum, J.S.,
Wilson, B.A. and Olsen, G.J. 2008. Critical
evaluation of two primers commonly used for
amplification of bacterial 16S rRNA genes.
Appl. Environ. Microbiol. pp. 2461-2470.

Gossen, B.D., Rimmer, S.R., and Holley, J.D. 2001.
First report of resistance to benomyl fungicide
in Sclerotinia sclerotiorum. Plant Disease
85:1206.

Hou, X., Boyetchko, S.M., Brkic, M., Olson, D.,
Ross, A. and Hegedus, D. 2006.
Characterization of the anti-fungal activity of a
Bacillus spp. associated with Sclerotia from
Sclerotinia sclerotiorum. Appl. Microbiol.
Biotechnol. 72:644-653.

Kim, Y.K., Lee, S.C., Cho, Y.Y., Oh, H.J. and Ko,
Y.H. 2012. Isolation of Cellulolytic Bacillus
subtilis Strains from Agricultural
Environments. ISRN Microbiol. 2012.

50 Bangladesh J. Plant Pathol.

Koutroubas, S.D., Katsantonis, D., Ntanos, D.A. and
Lupotto, E. 2009. Blast disease influence on
agronomic and quality traits of rice varieties
under Mediterranean conditions. Turkish J.
Agric. 33: 487-494.

Kumar, P., Dubey, R.C. and Masheshwari, D.K.

2012.Bacillus strains isolated from
rhizosphere showed plant growth promoting

and antagonistic activity against
phytopathogens. Microbiol. Res. 167:493-
499.

Leelasuphakul, ~ W.,  Sivanunsakul, P. and
Phongpaichit, S. 2006. Purification,
characterization and synergistic activity of -1,
3-glucanase and antibiotic extract from an
antagonistic Bacillus subtilis NSRS 89-24
against rice blast and sheath blight. Enzyme
and Microbial Technol. 38:990-997.

Liu, B., Qiao, H., Huang, L., Buchenauer, H., Han,
Q., Kang, Z. and Gong, Y. 2009. Biological
control of take-all in Wheat by endophytic
Bacillus subtilis EIR- j and potential mode of
action. Biological control 49:277-285.

Mardanova, A.M., Hadieva, G.F., Lutfullin,
M.T.,,Evna K.V,  Minnullina, L.F.,
Gilyazeva, A.G., Bogomolnaya, L.M. and
Sharipova, M.R. 2016. Bacillus subtilis
Strains with Antifungal Activity against the
Phyto pathogenic Fungi. Agricul. Sci. 8:1-20.

Mueller, D.S., Dorrance, A.E., Derksen, R.C., Ozkan,
E., Kurle, J.E., Grau, C.R., Gaska, J.M.,,
Hartman, G.L., Bradley, C.A. and Pederen,
W.L. 2002. Efficacy of fungicides on
Sclerotinia sclerotiorum and their potential
for control of Sclerotinia stem rot on soybean.
Plant Disease 86:26-31.

Ongena, M. and Jacques, P.
2008. Bacillus lipopeptides: versatile weapons
for plant disease biocontrol. Trends in

Microbiology 16:115-125.

Perez-Garcia, A., Romero, D. and de Vicente, A.
2011. Plant protection and growth stimulation
by microorganisms: biotechnological
applications of Bacilli in agriculture. Curr.
Opinion in Biotechnol. 22:187-193.

Piggot, P.J. and Hilbert, D.W. 2004. Sporulation
of Bacillus  subtilis. Curr. ~ Opinion  in

Microbiol. 7:579-586.

Stein, T. 2005. Bacillus subtilis antibiotics: structures,
syntheses and specific functions. Molecular
Microbiol. 56:845-857.

Subhalakshmi, T., and Devi I. 2017. Blast of Rice in
Manipur and its Bio control by Pseudomonas
fluorescens and Trichoderma sp. Int. J. Curr.
Microbiol. and Appl. Sci. 6(6): 1619-1634.


http://www.iisc.ernet.in/currsci/sep252005/930.pdf
http://www.iisc.ernet.in/currsci/sep252005/930.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=23724328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=23724328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=23724328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oh%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=23724328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ko%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=23724328
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3658498/
https://www.scirp.org/Journal/articles.aspx?searchCode=Ayslu+Mirkasimovna++Mardanova&searchField=authors&page=1
https://www.scirp.org/Journal/articles.aspx?searchCode=Guzel++Fanisovna+Hadieva&searchField=authors&page=1
https://www.scirp.org/Journal/articles.aspx?searchCode=Marat++Tafkilevich+Lutfullin&searchField=authors&page=1
https://www.scirp.org/Journal/articles.aspx?searchCode=Irina++Valer%e2%80%99evna+Khilyas&searchField=authors&page=1
https://www.scirp.org/Journal/articles.aspx?searchCode=Leyla++Farvazovna+Minnullina&searchField=authors&page=1
https://www.scirp.org/Journal/articles.aspx?searchCode=Adelya++Gadelevna+Gilyazeva&searchField=authors&page=1
https://www.scirp.org/Journal/articles.aspx?searchCode=Adelya++Gadelevna+Gilyazeva&searchField=authors&page=1
https://www.scirp.org/Journal/articles.aspx?searchCode=Lidiya++Mikhailovna+Bogomolnaya&searchField=authors&page=1
https://www.scirp.org/Journal/articles.aspx?searchCode=Margarita++Rashidovna+Sharipova&searchField=authors&page=1
https://www.scirp.org/Journal/articles.aspx?searchCode=Margarita++Rashidovna+Sharipova&searchField=authors&page=1
http://scholar.google.co.in/citations?user=5YCdwHAAAAAJ&hl=en
http://scholar.google.co.in/citations?user=5YCdwHAAAAAJ&hl=en

Taguchi, Y., Hyakumachi, M., Horinouchi, H. and
Kawane, F. 2003. Biological control of rice
blast disease by Bacillus subtilis 1K-1080.
Japanese J. Phytopathol. 69: 85-93.

Talbot, 2003. On the trail of a cereal killer: Exploring
the biology of Magnaporthe grisea. Ann. Rev.
Microbiol. 57: 177-202.

Vijayalakshmi, K., Sushma, S. and Chander,
A.P.2012.1solation and Characterization of
Bacillus Subtilis KC3 for Amylolytic
Activity. Int. J. Biosci.,, Biochemistry and
Bioinformatics 2(5):

Vincent, J.M. 1927. Distortion of fungal hyphae in
the presence of certain inhibitors. Nature 159:
850.

Weisburg, W.G., Barns, S.M., Pelletier, D.A. and
Lane, D.J. 1991. 16S ribosomal DNA
amplification for phylogenetic study. J.
Bacteriol. 173:697-703.

Yoshida, S., Hiradate, S., Tsukamot, T., Hatakeda, K.
and Shirata, A. 2001. Antimicrobial activity of
culture filtrate of Bacillus amyloliquefaciens
RC-2 isolated from Mulberry leaves.
Phytopathology 91:181-187.

Yu, G.H., Sinclair, J.B., Hartman, G.L. and

Bertangnolli, B.L. 2002. Production of iturin
A by Bacillus amyloliquefaciens suppressing
Rhizoctonia solani. Soil Biology and
Biochemistry 34:955-963.

Yu, X,, Ai, C,, Xin, L. and Zhou, G. 2011. The
siderophore-producing  bacterium, Bacillus
subtilis CAS15, has a biocontrol effect on
Fusarium wilt and promotes the growth of
pepper. European J. Soil Biol. 47:138-145.

Zhu, Y.Y., Fang, H., Wang, Y.Y., Fan, J.X., Yang,
S.S., Mew, T.W. and Mundt, C.C. 2005.
Panicle blast and canopy moisture in rice
cultivar mixtures. Phytopathology 95: 433-
438.

Vol. 34, No. 1 & 2, 2018 51



52 Bangladesh J. Plant Pathol.



