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Abstract: Bacillus strains i.e., four Bacillus cereus and two Bacillus subtilis were isolated from soils

of different governorates of Egypt, and tested for their ability to inhibit the plant fungal pathogens F.

oxysporum  by using three different media , nutrient agar (NA), King’s medium (Km) and King’s medium

3supplemented with FeCl . All strains produced inhibition zones on Km medium while no effects were

found when NA medium was used. Results indicated different systems of fungal antagonism among the

tested strains. Each BcIs-6, BcSn-8 and BcNv-29 was found to produce siderophore as the antagonistic

effector's. While the other three strain were had one or more different systems for fungal antagonisms.

The six Bacillus strains were described for their antibiotic resistance and plasmid content. Different

antibiotic resistance and plasmid profiles were found. Plasmid numbers were ranged from one to five

per tested strains. Only one plasmid with the same size was found among all B. cereus strains. The

genetic relationships of the six Bacillus isolates were determined by a random amplified polymorphic

DNA (RAPD)-polymerase chain reaction (PCR) method with seven random primers. The seven primers

produced multiple band profiles with a number of amplified DNA fragments ranging from 1 to 11. The

size and number of amplified fragments also varied with different primers which indicate random pattern

of amplification. This pattern of amplification indicates a genetic heterogeneity between the studied

bacterial isolates. The  maximum  number (53fragments) was amplified with primer (B3) and the

minimum number (20 fragments) was amplified with primer (A3). Therefore the markers used in the

present investigation proved to be quite powerful in distinguishing different isolates. The identification

of unique fragments for  each  isolate  will  help  in rapid identification of the isolate and also can be

further utilized to design a diagnostic marker which is isolate-specific. Such marker can be utilized for

tracing the isolates and also to study their fitness in field. RAPD analysis was used to construct the

parsimony tree depicting relationships among the six studied bacterial isolates. Data showed closer

proximity between BcIs to BcLs (88.6%). 
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INTRODUCTION

The overuse of chemical pesticides has caused

soil, water and air pollution and harmful effects on

human beings and living organisms. Biological control

of Fusarium wilts by application of antagonistic fungi

and bac teria iso lated  from so ils  has been

accomplished . Accordingly, Biological control[26,28,27,33,35]

of soil borne diseases has been attracting situation.

Many species of bacteria, fungi and plants produce

enzymes that degrade chitin which is a major

structural component of most fungal cell walls .[11,12,39,17]

Various species of Bacillus have been shown to

secrete chitinase, including Bacillus cereus .[34,20]

Chitinase producing microorganisms have been

reported as biocontrol agent for different kinds of

plant fungal diseases .  B.  subtilis  BNI  strain is[31]

effective against Macrophomina phaseolina . A[40]

number  of methods have been used for typing

Bacillus species e.g., stereotyping, bacteriophage

typing, bacteriocin activities, antibiogram and

biotyping,  plasmid  typing,  analysis  of  fatty acid
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content, native – PAGE, small – subunit ribosomal

RNA sequencing and genome analysis . [1,3,9,2]

Most of the plasmids described in spore-forming

bacteria such as B. subtilis are cryptic plasmids .[42,43]

A few exceptions exist such as plasmid pBC7 and

plasmid pBC16 which determine bacteriocin production

and tetracycline resistance respectively in B. cereus .[4]

Large variety of specific biochemical functions such as

fertility, resistance to antimicrobial drugs, production

of bacterocin has been attributed to these genetic

elements .[4]

The work within hand aims at isolating and

identifying certain Bacillus spp. of high efficiency in

suppressing the growth of plant pathogenic fungus

Fusarium oxysporum . In this study randomly amplified

polymorphic DNA (RAPD)-PCR analyses will be

carried out with Bacillus isolates to evaluate the

genetic heterogeneity in the Bacillus genus.

MATERIALS AND METHODS

Media: Nutrient agar medium  was used for bacterial[15]

isolation. Luria Bertani (LB) complete medium  was[13]

used for Bacillus strain growth. Potato Dextrose Agar

(PDA) or broth (PDB) media  were used for fungal[6]

growth. King's agar complete medium (Km)  was[23]

used in an antagonism test. Fungal strain: Fusarium

oxysporum f.sp. sesame was Kindly obtained from Dr.

S. Zedan Plant Pathology Dept., National Research

Centre, Egypt.

Isolation of Bacillus spp.: A number of soil samples

were collected from environmentally different

agricultural fields in Egypt belonging to the following

Egyptian  governorates,  Ismaileya, Sinai, Gharbeya

and New valley. Dilutions of the tested soil samples

were pasteurized on 80<C for 15 minutes, aliquots of

1 mls. were poured into plates of nutrient agar and

incubated at 30<C for 48 hrs. The developed colonies

of  different morphologies were picked up and

purified. Different morphological and biochemical

studies  were carried out including Gram staining,

spore formation and position, swelling of sporangium,

V.P. test, starch hydrolysis, glucose fermentation,

nitrate reduction, catalase production and growth on

5% NaCl .[41]

Bacterial Antagonistic Effect: The antagonistic effect

of Bacillus cereus and Bacillus subtilis against

Fusarium oxysporum f.sp. sesame growth was carried

out according to Gauthier et al. , using  three[19]

different agar media; nutrient agar (NA), King's

medium (Km) and  King's medium supplemented with

3FeCl . The used medium were inoculated with the

tested bacterial strain and Incubated at 30<C for one

day, then plates were overlaid with PDA culture of

Fusarium , incubated at 28<C for three days and the

growth inhibition zones were recorded.

Antibiotic Resistance Test: Resistance to antibiotics,

chloramphinicol (Cm), streptomycin (Sm), tetracycline

(Tc), rifampicin (Rif), and ampicillin (Amp) for six

Bacillus strains were tested by streaking the isolates

on LB plates containing one of these antibiotics. The

final concentration were; 35µg chloramphenicol/ml,

200µg streptomycin/ml, 100µg rifampicin/ml, 100µg

ampicilin/ml, and 15µg tetracyclin/ml. Plates were

incubated at 30<C for three days. 

Plasmid Isolation: Indigenous plasmids of the Bacillus

strains were isolated using mini prep method of

Rodryguez and Tait . [38]

PCR and Gel Electrophoresis: According to Williams

et al.  and Kuske et al. , PCR was performed in a[48] [25]

reaction volume of 25 µl using 25 ng of genomic

DNA, 25 pmol of each primer (Table 6), 10X 2 Taq

DNA polymerase buffer including MgCl, 25 pmol

dNTPs and 0.8 U Taq DNA polymerase (Fanzyme).

Thermal cycling (Biometra T-Personal) was carried out

by the following PCR program: 1 cycle at 94°C, 4

min; 35 additional cycles consisting of 94°C for 5

sec., 37°C for 20 sec. and 72°C for 20 sec. The

samples were cooled at 4°C. The amplified DNA

fragments were separated on 1.5% agarose gel, stained

with ethidium bromide, visualized on a UV

tra n s i l lu m in a to r  a n d  p h o to g r a p h e d  b y  g e l

documentation system (Gel Doc. BIORAD 2000 USA).

Data Analysis: All gels were scanned using gel

documentation system (Gel Doc. BIORAD 2000 and

analyzed with software data analysis for Bio-Rad

Model 620 USA (quantity one). The densitometric

scanning of a band based on its three dimensions

characteristics. Each band is recognized by its length,

width and intensity. Accordingly, relative amount of

each band quantity could be measured and scored.

Each band were scored as present (1) or absent (0),

and pairwise comparisons between isolates were used

to calculate the Jaccard s coefficient of genetic,

similarity matrix. Hierarchical cluster analysis to

produce a dendrogram was performed using

unweighted pair-group method with arithmetical

(UPGMA). These methods were carried out through

SPSS (Statistical Package for the social Sciences, )[32]

computer package.
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Table 1: Bacillus strains and their code.

Strains Governate Code Name

Bacillus cereus Ismaileya, BcIs-6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bacillus cereus Ismailya, BcIs- 7
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bacillus cereus Sinai Bc Sn-8 
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bacillus cereus New valley Bc Nv-29 
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bacillus subtilis Sinai Bs Sn-12
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bacillus subtilis Gharbeya Bs Gh-18

Table 2: Inhibition of Fusarium growth by Bacillus strains.

Strains Nutrient agar King’s medium King’s Fecl3

Bacillus cereus BcIs-6 - +++  -

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus cereus BcIs- 7 -  + +++

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus cereus Bc Sn-8 - ++++  -

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus cereus Bc Nv-29 - ++  -

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus subtilis Bs Sn-12 -  + +++

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus subtilis Bs Gh-18 - +++ +++

- : No inhibition zone     

+: The number of + (% 1-4) corresponding to degree of inhibition.

Table 3: Intrinsic antibiotics resistance of Bacillus isolates.

Bacterial isolates Cm Sm Rif Tc Ap

Bacillus cereus BcIs-6 S S S S S
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bacillus cereus Bc Is- 7  S S S S S
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bacillus cereus Bc Sn-8 R S S R R
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bacillus cereus BcNv-29 R S S R R
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bacillus subtilis Bs Sn-12         S S S S R
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bacillus subtilis Bs Gh-18 S S S S R

Table 4: Primers, their nucleotide sequences and total number of amplified DNA bands for each isolate produced by seven.

Isolates

Primer code Prime sequence ------------------------------------------------- Total Polymorphic Monomorphic Amplified
BcIs BcIs Bc Sn Bs Sn BsGh Bc Nv Bands bands bands bands

A2 5'-TGCCGAGCTG-3' 4 5 5 4 4 4 26 8 1 9

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
A3 5'-AGTCAGCCAC-3' 5 5 1 7 1 1 20 8 1 9

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
A5 5'-AGGGGTCTTG-3 8 9 7 6 8 7 45 11 2 13

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C5 5'-GATGACCGCC-3' 5 5 7 4 7 9 37 10 1 11

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B3 5'-CATCCCCCTG-3' 9 9 8 10 8 9 53 5 7 12

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C3 5'-GGGGGTCTTT-3' 3 5 7 11 9 5 40 12 1 13

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B2 5'-TGATCCCTGG-3' 8 6 3 4 7 6 34 9 1 10

Total 42 44 38 46 44 41 255 63 14 77
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Table 5: Specific markers for each isolate across RAPD-PCR analysis

Isolates MW (bp) BcIs-6 BcIs-7 BcSn-8 BsSn-12 BsGh-18 Bc Nv-29

A2
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

A3 1 2 1
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

A5 1 1
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C5
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B3 1
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C3
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B2 1 1

Total 1 2 3 1 1

Table 6: Genetic similarity and distance values calculated from amplified DNA bands.

BcIs-6 BcLs-7 BcSn-8 BsSn-12 BsGh-18 BcNv-29

BcIs-6 o..886 o..293 o..594 o..390 o..397

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BcLs-7 o..886 o..333 o..593 o.431 o.439

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BcSn-8 o..393 o..333 o..368 o.443 o..451

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BsSn-12 o..574 o..593 o..368 o..328 o..313

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BsGh-18 o..390 o..431 o..442  o..328 o..653

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BcNv-29 o..397 o..439 o..452 o..313 o..653

RESULTS AND DISCUSSION

In this study, we isolated and identified six strains

of Bacillus from local soils to select effective

biocontrol agent against Fusarium oxysporum f.sp.

sesame. Isolates of Bacillus subtilis and Bacillus

cereus  have been shown to possess in vitro inhibitory

activity against Fusarium oxysporum f.sp. sesame.

Many strains of B. subtilis have the potential as

biocontrol agents against fungal pathogens. The

principal mechanism of this antifungal action involves

the  production  of  antibiotics . However, it  is[18]

likely that several mechanisms act in concern to

achieve control, including the production of volatiles,

which have a significant effect on soil microbiology .[29]

B. subtilis strains also produce volatiles that antagonize

a range of organisms including the soil-borne plant

pa thogens  R h izo c ton ia  so lan i  a nd  P y th iu m

ultimum . The suppression of wilt by Fusarium and[49,16]

yield increases in cotton have been reported when

Bacillus subtilis was used , while inoculation with B.[22]

subtilis strain GBO3 increased the number of healthy

cotton plants by 13.3% versus a standard chemical

seed treatment . The antifungal activity of B. subtilis[5]

is achieved via the production of iturins, which

possess broad spectrum of antibiotic activity .[24]

Bacillus spp. has also been reported to suppress

diseases caused by Pythium spp., R. solani and

Fusarium spp. .[46,22,5]

Isolation of Bacillus Strains: Bacillus strains were

isolated from different local soil samples within five

Egyptian governorates. All Bacillus isolates were Gram

positive; rod shaped, starch hydrolysis and could

ferment glucose. More than 150 Bacillus were isolated

and subjected to the identification procedures of smith

et al. . Among identified Bacillus cereus and[41]

Bacillus subtilis strains, six strains were used for

further studies. These strains were from different

governorates; Ismailya governorate (Bacillus cereus 6

and 7), from Sinai governorate (Bacillus cereus 8 and

Bacillus subtilis 12), from New valley governorate

(Bacillus cereus 29) and Gharbeya governorate

(Bacillus subtilis 18), results are listed in Table (1). 

Bacterial Antagonistic Efficiency: The capacity of

Bacillus cereus and Bacillus subtilis strains to inhibit

the growth of Fusarium oxysporum f.sp. sesame was

carried out using three different media; Nutrient agar

(NA), King's medium (Km) and King's medium

3supplemented with  FeCl .  The results present in

Table (2) and Fig. (1) indicate that all strains gave
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inhibition zones on King’s medium, with different

efficiencies while they could not inhibit Fusarium

oxysporum f.sp. sesame growth when nutrient agar

(NA) medium was used. Results also showed the

3 effect  of  FeCl on antagonistic expression when

added to King’s medium. Three Bacillus cereus strains

lost  their  antagonistic effects of Fusarium  as an

3effect  of adding FeCl , they are Bacillus cereus Bc

Is- 6, Bacillus cereus Bc Sn-8 and Bacillus cereus Bc

Nv-29. At the same time the antagonistic effect of

Bacillus  cereus  Bc Is-7 and B. subtilis Bs Sn-12

3was improved by adding FeCl  while no effect was

noticed  with  B. subtilis  Bs Gh-18. B. subtilis Bs

Sn-12, B. subtilis Bs Gh-18 and Bacillus cereus Bc

Nv-29 strains have been chosen for further

investigation.

It was found that each of Bacillus cereus and

subtitles isolates had different patterns of inhibitory

effect against Fusarium oxysporum f.sp.sesame on the

three different media. Using Nutrient agar medium

(NA) did not show any inhibition in F. oxysporum

f.sp. sesame. It showed that BcIs-7, Bs Sn-12 and

BsGh-18 isolates gave inhibition zones on two media

and each of BcIs-6, Bc Sn-8 and BcNv-29 isolates

gave inhibition zones on King s medium (Km) only., 

The pattern of inhibition was affected by the

composition of media. According to Liao  conclusion[30]

that strains which ihibit Fusarium  on King s medium, 

but not on N.A or Km- FeCL3 were considered to

produce siderophore, each of BcIs-6, Bc Sn-8 and

BcNv-29 are probably induce siderophore. 

Intrinsic Antibiotics Resistance of Bacillus Isolates:

Five antibiotics were used to test all obtained Bacillus

strains for their antibiotic resistance response, data are

presented in Table 3. The results showed that all

Bacillus isolates were sensitive to rifampicin (Rif) and

streptomycin (Sm). At the same time, Bacillus cereus

BcSn-8 and Bacillus cereus BcNv-29 were resistant to

the three antibiotics, chloromphinicol (Cm), tetracycline

and ampicillin (Ap). As shown, the six isolates were

genetically different in their patterns of antibiotic

resistance except BcIs-6 which resembled Bacillus

cereus BcIs-7 resistance pattern and Bacillus cereus

BcSn-8 which resembled Bacillus cereus BcNv-29

resistance pattern. The susceptibility of bacilli to

different antibiotics has been studied previously, and

it has been demonstrated that in principle it should be

possible to identify species on the basis of the results

of susceptibility tests . A large number of[7,8,10,14,37]

Bacillus  strains  assigned  to  different species were

Fig. 1: Growth inhib ition zones of Fusarium

oxysporum  f. sp. Sesame on each of Nutrient

agar (A), King's (B) media.

tested to determine their susceptibilities to antibiotics.

Considerable interspecific differences in susceptibility

were observed with chloramphenicol, ampicillin, and

tetracycline . [36]

Plasmid Patterns: Plasmid DNA represents an

important role of the Bacillus sp. in the present study.

The number and size of Bacillus plasmids were

determined using the method described by Rodryguez

and Tait . The plasmid patterns of Bacillus strains[38]

are presented in Fig. (2). Results showed different

plasmids patterns among the six Bacillus strains, the

plasmid numbers were ranged from one to five

plasmids. Five plasmids has been found in Bacillus

cereus Bc Nv-29 strain, three plasmids were found in

BsSn-12 strain, one plasmid was found in each of

Bacillus cereus BcIs-7, B. subtilis BsGh-18 isolate,

Bacillus cereus Bc Sn-8  and Bacillus cereus BcIs-6

isolates. Most of the plasmids described in spore-

forming bacteria such as B. subtilis  are cryptic[42,43]

plasmids. A few exceptions exist, such as pBC7 and

pBC16, which determine bacteriocin production and

tetracycline resistance, respectively, in B. cereus .[4]

Large variety of specific biochemical functions such as

fertility, resistance to antimicrobial drugs, and

production of bacterocin has been attributed to these

genetic elements . [4]

One plasmid with the same size was found in all

B. cereus and B. subtitles isolates. Only BcNv-29 had

five indigenous plasmids among them.  BsSn-12 had

three plasmids while BsGh-18 had only one plasmid.
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Fig. 2: Plasmid content of Bacillus strains. Lane 1

(Lambda HindIII), lane 2 (Bacillus cereus Bc

Nv-29), lane 3 (Bacillus subtilis Bs Gh-18),

lane 4 (Bacillus subtilis Bs Sn-12), lane 5

(Bacillus cereus Bc Sn-8), lane 6 (Bacillus

cereus BcIs- 7), lane 7 (Bacillus cereus

BcIs-6).

RAPD PCR: Seven random primers (Table 4) were

used to identify the genetic similarity among the six

bacterial isolates. All seven primers were successfully

amplified specific fragments of the genomic DNA.

Figure 3 shows the polymorphic bands of the random

primers the six bacterial isolates under study. These

primers had amplified 255 PCR product bands among

77 amplified bands Table (4), out of which 63 were

polymorphic bands, these bands represent 46.8 % and

14 were monomorphic bands 18.2%. The seven

primers produced multiple band profiles with a number

of amplified DNA fragments ranging from 1 to 11.

The size and number of amplified fragments also

varied with different primers which indicate random

patte rn o f amplification . This pattern o f[21]

amplification indicates a genetic heterogeneity between

the studied bacterial isolates. The maximum number

(53fragments) was amplified with primer (B3) and the

minimum number (20 fragments) was amplified with

primer (A3). Therefore the markers used in the present

investigation proved to be quite powerful in

distinguishing different Bacillus isolates. The mean of

genetic similarity among the six bacterial isolates is

0.32 with a range of 0.15 to 0.49 (Table 6). Fig. (3)

demonstrates the relationships among the six bacterial

isolates based on data recorded from polymorphism of

RAPD markers.

Fig. 3: The amplified DNA fragments produced by

different primers among Bacillus isolates:. Lan

1 ; BcIs-6; . Lan 2:  BcIs-7 ; Lan 3 :

BcSn-8; Lan 4 : BsSn-12; Lan 5:  BsGh-18;

Lan 6: Bc Nv-29. M; Marker from top to

bottom; 

Table (5) gives information on such unique

fragments obtained in 6 specific isolates using specific

primers. The isolate BsSn-12 is found to generate

more unique fragments (3 fragments) compared to

other  isolates, indicating  that  it  might  contain

more diverse sequences. The identification of unique
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Fig. 4: Dendrogram of Bacillus species based on RAPD-PCR. 

fragments for each isolate will help in rapid

identification of the isolate and also can be further

utilized to design a diagnostic marker which is isolate-

specific. Such marker can be utilized for tracing the

isolates and also to study their fitness in field. RAPD

analysis was used to construct the parsimony tree

depicting relationships among the six studied bacterial

isolates (Fig. 3). Data presented in Table (6) showed

closer proximity between BcIs-6 to BcLs-7 (88.6%).
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