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Abstract: In this paper the results of 16S rRNA and ITS 

region genotyping of the nucleotide sequences of 

subtilis and some isolates of pathogenic fungi, as well as the 

results of studies of growth and morphology of pathogenic 

fungi under the influence of Bacillus subtilis

Cohn culture, held in the framework of the project 01 

"Development of a biological p

stimulating and fungicidal activity on the basis of rizo

planosphera microflora and medicinal plants" which is part 

of Target scientific and technical program O.0590 "Creating, 

maintaining, keeping and use of microbial resources in 

Republic of Kazakhstan" for 2012-2014.

Five isolates of pathogenic fungi were isolated from rizo

and planosphera of the wormwood (Artemisia glabella Kar. Et 

Kir.) and Ajania shrub (Ajania fruticulosa (Ledeb.) Poljak

the Karaganda region of Kazakhstan. The strain of bacteria 

Bacillus subtilis was isolated from plano

deposited in the Republican Collection of Microorganisms 

for the purpose of storage and warranty of Patent Procedure 

under number RKM B-0561. 

The identity of the obtained 16S rRNA gene and ITS 

region nucleotide sequences of some isolates proved by 

comparing the nucleotide sequences loaded in the 

international database GenBank NCBI BLAST. Under the 

influence of the strain Bacillus sub

growth and development of the studied pathogenic fungi are 

inhibited to varying degrees depending on their species.

The strain of Bacillus subtilis RKM B

develop a new kind of biological products for controlling o

plant pathogens. 

The identity of the obtained 16S rRNA gene and ITS 

region nucleotide sequences of some isolates proved by 

comparing the nucleotide sequences loaded in the 

international database GenBank NCBI BLAST. Under the 

influence of the strain Bacillus subtilis 

growth and development of the studied pathogenic fungi are 

inhibited to varying degrees depending on their species.

The strain of Bacillus subtilis RKM B

develop a new kind of biological products for contro

plant pathogens. 
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In this paper the results of 16S rRNA and ITS 

region genotyping of the nucleotide sequences of Bacillus 

and some isolates of pathogenic fungi, as well as the 

results of studies of growth and morphology of pathogenic 

Bacillus subtilis (Ehrenberg) 

Cohn culture, held in the framework of the project 01 

"Development of a biological product with growth-

stimulating and fungicidal activity on the basis of rizo- and 

planosphera microflora and medicinal plants" which is part 

of Target scientific and technical program O.0590 "Creating, 

maintaining, keeping and use of microbial resources in the 

2014. 

Five isolates of pathogenic fungi were isolated from rizo- 

Artemisia glabella Kar. Et 

Ajania fruticulosa (Ledeb.) Poljak) in 

the Karaganda region of Kazakhstan. The strain of bacteria 

was isolated from planosphera of Ajania and 

deposited in the Republican Collection of Microorganisms 

for the purpose of storage and warranty of Patent Procedure 

The identity of the obtained 16S rRNA gene and ITS 

region nucleotide sequences of some isolates proved by 

comparing the nucleotide sequences loaded in the 

international database GenBank NCBI BLAST. Under the 

Bacillus subtilis RKM B-0561, the 

growth and development of the studied pathogenic fungi are 

inhibited to varying degrees depending on their species. 

RKM B-0561could be used to 

develop a new kind of biological products for controlling of 

The identity of the obtained 16S rRNA gene and ITS 

region nucleotide sequences of some isolates proved by 

comparing the nucleotide sequences loaded in the 

international database GenBank NCBI BLAST. Under the 

lus subtilis RKM B-0561, the 

growth and development of the studied pathogenic fungi are 

inhibited to varying degrees depending on their species. 

RKM B-0561could be used to 

develop a new kind of biological products for controlling of 

Phytopathogenic Fungi, 

haracteristics, The Nucleotide 

1. INTRODUCTION

An important step in disease control programmes 

involves selection of effective biocontrol agents. 

species including B. subtilis

properties, hence their importance in the biological control 

of a number of plant and animal diseases [1] 

An efficient antagonistic strain of 

isolated from the rhizosphere of established tea bushes, 

was found to cause structural deformities in six pathogenic 

fungi under in vitro culture conditions. The inhibito

effect caused by volatiles was greater than that by 

diffusible compounds [5]. 

Based on a long term study on the rhizosphere 

microbiology of tea, involving a number of tea gardens of 

Indian Himalayan region, several strains of 

were isolated and screened for their antifungal activity 

against a range of saprophytic and pathogenic fungi [6], 

[7]. This investigation characterises one of the selected 

strains of B. subtilis [7] with respect to antagonistic 

activity and induction of 

by production of diffusible and volatile compounds, in a 

number of fungi in culture.

Biocontrol appears to be a reliable alternative to 

chemical fungicides, which have raised serious concerns 

of food contamination, environme

botanic phytotoxicity [9]. Since then, people have made 

considerable efforts to find different biocontrol methods 

for soil-borne diseases, including the application of plant 

extracts [10], antagonistic microorganisms 

from antagonistic strains of fungi and bacteria 

disease-resistant varieties [13]

The results of the nucleotide sequence of 

microorganisms confirm classical identification methods 

[14], [15].  

 

2. MATERIALS 

Research objects: We used five isolates of pathogenic 

fungi from the current collection, consisting of 309 

isolates of different taxonomic groups, as well as 
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NTRODUCTION 
 

An important step in disease control programmes 

involves selection of effective biocontrol agents. Bacillus 

B. subtilis are known for their antifungal 

properties, hence their importance in the biological control 

nimal diseases [1] - [4]. 

An efficient antagonistic strain of B. subtilis, originally 

isolated from the rhizosphere of established tea bushes, 

was found to cause structural deformities in six pathogenic 

fungi under in vitro culture conditions. The inhibitory 

effect caused by volatiles was greater than that by 

 

Based on a long term study on the rhizosphere 

microbiology of tea, involving a number of tea gardens of 

Indian Himalayan region, several strains of Bacillus sp. 

were isolated and screened for their antifungal activity 

against a range of saprophytic and pathogenic fungi [6], 

[7]. This investigation characterises one of the selected 

[7] with respect to antagonistic 

activity and induction of structural abnormalities caused 

by production of diffusible and volatile compounds, in a 

number of fungi in culture. 

Biocontrol appears to be a reliable alternative to 

chemical fungicides, which have raised serious concerns 

of food contamination, environmental pollution [8], and 

. Since then, people have made 

considerable efforts to find different biocontrol methods 

borne diseases, including the application of plant 

antagonistic microorganisms [11], fungicides 

from antagonistic strains of fungi and bacteria [12], and 

[13]. 

The results of the nucleotide sequence of 

microorganisms confirm classical identification methods 

ATERIALS AND METHODS 
 

We used five isolates of pathogenic 

fungi from the current collection, consisting of 309 

isolates of different taxonomic groups, as well as Bacillus 
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subtilis RKM B-0561 strain, isolated from wormwood and 

Ajania rizo- and planosphera. 

Species affiliation of the isolates by sequencing of 

16S rRNA gene: Preliminary identification of individual 

bacterial isolates was obtained by classical tests [16], [17]. 

Such identification included the shape of cells, Gram stain 

and colony morphology on solid nutrient media,

media, and biochemical tests. Genetic identification of 

isolates was performed by determining nucleotide 

sequences of 16S rRNA genes. Extraction and purification 

of DNA from bacterial cells were carried out by the 

hexadecyltrimethyl ammonium bromid

[18]. Fragments of the 16S rRNA gene were amplified 

using universal oligonucleotides FD1

CTGGCTCAG) and RD1 (AAGGAGGTGATCCAGCC) 

as forward and reverse primers, respectively [19]. PCR 

was performed in a total volume of 50 

mixture containing approximately 10 ng of genomic DNA, 

5x GoTaq reaction buffer, 0.2 mM of each 

deoxynucleoside triphosphate, 2 mM of each primer (fD1 

and rD1) and 1.5 units of GoTaq DNA polymerase 

(Promega). Thermal cycling consisted of an ini

denaturation at 95 °C in 5 min followed by 30 cycles of 1 

min at 95 °C, 1 min at 50 °C, 2 min at 72 °C, and a final 

extension in 7 min at 72 °C. The PCR obtained products 

were purified with illustra GFX PCR DNA and gel band 

purification kit (Amersham Biosciences, GE Healthcare) 

according to the manufacturer’s protocol. Partial 16S 

rRNA gene sequences were performed using a set of 

BigDye Terminanor v 3.1 Cycle sequencing Kit on an 

automated genetic analyzer ABI 3730xl (Applied 

Biosystems, USA) and the sequencing primers fD1 and 

rD1 according to the protocol of the manufacturer. The 

resulting nucleotide sequence was compared to all 

bacterial sequences available in the Gene Bank database 

using the BLAST program [20]. 

Genome DNA isolation and ITS

sequencing: Preliminary identification of five pathogenic 

fungi species was carried out on the basis of physiological, 

morphological and cultural features study of the isolates 

[15], [21], [22]. 

DNA was extracted using the method of Kate Wilson 

(Wilson, 1997) [18]. 

For genetic identification of different fungal isolates the 

fungus-specific PCR-forward primer ITS 1 and the reverse 

primer ITS 4 (Sigma) were used and DNA amplification is 

done by using a thermal iCycler IQ5 (BioRad, USA). The 

sequencing of the amplified DNA fragments was carried 

out using of BigDye® Terminator v3.1 Ready Reaction 

Cycle Sequencing Kit on the ABI PRISM 3730 DNA 

analyzer (Applied Biosystems Inc., USA) according to the 

manufacturer’s instructions. The nucleotide sequence was 

determined for approximately 560 base region of the ITS 

and 5.8S rDNA gene from each of fungal isolates [23]. 

Antagonistic activity: The culture of test bacteria was 

inoculated by solid "grass" on the surface of meat

agar in a Petri dish and incubated at +37°C for

for the accumulation of inhibitory compounds in the agar. 
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0561 strain, isolated from wormwood and 

the isolates by sequencing of 

Preliminary identification of individual 

bacterial isolates was obtained by classical tests [16], [17]. 

Such identification included the shape of cells, Gram stain 

and colony morphology on solid nutrient media, liquid 

media, and biochemical tests. Genetic identification of 

isolates was performed by determining nucleotide 

sequences of 16S rRNA genes. Extraction and purification 

of DNA from bacterial cells were carried out by the 

hexadecyltrimethyl ammonium bromide (CTAB) method 

[18]. Fragments of the 16S rRNA gene were amplified 

FD1 (AGAGTTTGATC

CTGGCTCAG) and RD1 (AAGGAGGTGATCCAGCC) 

as forward and reverse primers, respectively [19]. PCR 

was performed in a total volume of 50 μL of the reaction 

mixture containing approximately 10 ng of genomic DNA, 

5x GoTaq reaction buffer, 0.2 mM of each 

deoxynucleoside triphosphate, 2 mM of each primer (fD1 

and rD1) and 1.5 units of GoTaq DNA polymerase 

(Promega). Thermal cycling consisted of an initial 

denaturation at 95 °C in 5 min followed by 30 cycles of 1 

min at 95 °C, 1 min at 50 °C, 2 min at 72 °C, and a final 

extension in 7 min at 72 °C. The PCR obtained products 

were purified with illustra GFX PCR DNA and gel band 

Biosciences, GE Healthcare) 

according to the manufacturer’s protocol. Partial 16S 

rRNA gene sequences were performed using a set of 

BigDye Terminanor v 3.1 Cycle sequencing Kit on an 

automated genetic analyzer ABI 3730xl (Applied 

equencing primers fD1 and 

rD1 according to the protocol of the manufacturer. The 

resulting nucleotide sequence was compared to all 

bacterial sequences available in the Gene Bank database 

Genome DNA isolation and ITS-region 

Preliminary identification of five pathogenic 

fungi species was carried out on the basis of physiological, 

morphological and cultural features study of the isolates 

DNA was extracted using the method of Kate Wilson 

For genetic identification of different fungal isolates the 

forward primer ITS 1 and the reverse 

primer ITS 4 (Sigma) were used and DNA amplification is 

done by using a thermal iCycler IQ5 (BioRad, USA). The 

DNA fragments was carried 

out using of BigDye® Terminator v3.1 Ready Reaction 

Cycle Sequencing Kit on the ABI PRISM 3730 DNA 

analyzer (Applied Biosystems Inc., USA) according to the 

manufacturer’s instructions. The nucleotide sequence was 

proximately 560 base region of the ITS 

DNA gene from each of fungal isolates [23].  

The culture of test bacteria was 

inoculated by solid "grass" on the surface of meat-peptone 

agar in a Petri dish and incubated at +37°C for 1-2 days 

for the accumulation of inhibitory compounds in the agar. 

Then agar blocks with grown culture of the strain were 

excised and installed on the surface of the Capek agar 

medium in another Petri dish pre

of test cultures. Plates were incubated in an incubator at 

28°C for 5-7 days [5], [16], [24]. The degree of the test 

culture new strain antagonist activity was judged by the 

width of test cultures growth inhibition area around the 

agar blocks (Fig. 2). 

As the control of phyto

were planted in Petri dishes.

Micrographs of the pathogenic fungi hyphae

and aerial mycelium were performed in the study of 

preparations obtained by the pressure drop [25], using a 

“Polivar” microscope with Nomarski 

 

3. RESULTS A

The strain Bacillus subtilis

characterized by the following cultural

features. 

When culturing the strain on the meat

37°C over 18-24 hours flesh

of oval or round shape, 5-6 mm in size, with wavy edges, 

finely wrinkled and  mucous consistency. The growth in 

meat-peptone broth results in turbidity, the film formation 

on the medium surface and a sediment appearance on the 

bottom. 

In the culture smears gram

with rounded or "chopped off" ends were revealed, 

arranged singly, in pairs, chains or crowded. Aerobic cells 

form endospores. 

According to the results of genotyping 16S rRNA strain 

the following nucleotide sequen

AACACGTGGGTAACCTGCCTGTAAGACTGGGAT

AACTCCGGGAAACCGGGGCTAATACCGGATGGTT

GTTTGAACCGCATGGTTCAGACATAAAAGGTGGC

TTCGGCTACCACTTACAGATGGACCCGCGGCGCA

TTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGC

GACGATGCGTAGCCGACCTGAGAGGGTGATCGGC

CACACTGGGACTGAGACACGGCCCAGACTCCTAC

GGGAGGCAGCAGTAGGGAATCTTCCGCAATGGAC

GAAAGTCTGACGGAGCAACGCCGCGTGAGTGATG

AAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGG

AAGAACAAGTGCCGTTCAAATAGGGCGGCACCTT

GACGGTACCTAACCAGAAAGCCACGGCTAACTAC

GTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAG

CGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGC

AGGCGGTTTCTTAAGTCTGA

GCTCAACCGGGGAGGGTCATTGGAAACTGGGGA

ACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACG

TGTAGCGGTGAAATGCGTAGAGATGTGGAGGAAC

ACCAGTGGCGAAAGGCGACTCTCTGGTCTGTAAC

TGACGCTGAGGAGCGAAAGCGTGGGGAGCGAAC

AGGATTA 

The identity of the sequence in comparison with the 

nucleotide sequences loaded in the GenBank NCBI 

BLAST international database (CP009749.1 

subtilis, CP009611.1 Bacillus subtilis
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Then agar blocks with grown culture of the strain were 

excised and installed on the surface of the Capek agar 

medium in another Petri dish pre-seeded with solid "lawn" 

ates were incubated in an incubator at 

7 days [5], [16], [24]. The degree of the test 

culture new strain antagonist activity was judged by the 

width of test cultures growth inhibition area around the 

As the control of phytopathogenic fungi species they 

were planted in Petri dishes. 

Micrographs of the pathogenic fungi hyphae-substrate 

and aerial mycelium were performed in the study of 

preparations obtained by the pressure drop [25], using a 

“Polivar” microscope with Nomarski interference optics. 

AND DISCUSSION 
 

Bacillus subtilis RKM B-0561 is 

characterized by the following cultural-morphological 

When culturing the strain on the meat-peptone agar at 

24 hours flesh-colored colonies are formed 

6 mm in size, with wavy edges, 

finely wrinkled and  mucous consistency. The growth in 

peptone broth results in turbidity, the film formation 

on the medium surface and a sediment appearance on the 

ture smears gram-positive rod-shaped cells 

with rounded or "chopped off" ends were revealed, 

arranged singly, in pairs, chains or crowded. Aerobic cells 

According to the results of genotyping 16S rRNA strain 

the following nucleotide sequence was obtained: 

AACACGTGGGTAACCTGCCTGTAAGACTGGGAT

AACTCCGGGAAACCGGGGCTAATACCGGATGGTT

GTTTGAACCGCATGGTTCAGACATAAAAGGTGGC

TTCGGCTACCACTTACAGATGGACCCGCGGCGCA

TTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGC

GACGATGCGTAGCCGACCTGAGAGGGTGATCGGC

CACACTGGGACTGAGACACGGCCCAGACTCCTAC

GAGGCAGCAGTAGGGAATCTTCCGCAATGGAC

GAAAGTCTGACGGAGCAACGCCGCGTGAGTGATG

AAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGG

AAGAACAAGTGCCGTTCAAATAGGGCGGCACCTT

GACGGTACCTAACCAGAAAGCCACGGCTAACTAC

GTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAG

CGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGC

AGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCG

GCTCAACCGGGGAGGGTCATTGGAAACTGGGGA

ACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACG

TGTAGCGGTGAAATGCGTAGAGATGTGGAGGAAC

ACCAGTGGCGAAAGGCGACTCTCTGGTCTGTAAC

TGACGCTGAGGAGCGAAAGCGTGGGGAGCGAAC

The identity of the sequence in comparison with the 

uences loaded in the GenBank NCBI 

BLAST international database (CP009749.1 Bacillus 

Bacillus subtilis, KM052377.1 



 

 

 

 

Bacillus subtilis, KJ655543.1 

KJ655538.1 Bacillus subtilis) is 99% at E value = 0.0.

Five isolates of pathogenic fungi characterized by the 

following cultural-morphological features.

Alternaria alternata 52 colonies on Czapek medium are 

thick, felted, grayish-brown, edge of the colony is lighter 

(Fig. 1 A). The reverse is not painted.

Microscopy revealed septate, not colored hyphae of 

different diameters. Diameter of thin hyphae is 1,91

micrometeres, thick - 3,83-5,75 m. Conidiophores are 

single, brown. Conidia are colored, dark brown, connected 

in straight-line (rare - branching) chains, mural, contai

3-7 transverse septa and 1 (rarely 2) incomplete 

longitudinal bulkhead. Dimensions of conidia are 28,73

51,72 x 9,58-13,41 m. Septa are constricted. The apical 

cell is short or long, a colorless sprout

According to the results of ITS region of isolates 

genotyping the following nucleotide sequence was 

obtained: 

GATCTCTTGGTTCTGGCATCGATGAAGAACGCA

GCGAAATGCGATAAGTAGTGTGAATTGCAGAATT

CAGTGAATCATCGAATCTTTGAACGCACATTGCG

CCCTTTGGTATTCCAAAGGGCATGCCTGTTCGAGC

GTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGGG

CGTCTTGTCTCTAGCTTTGCTGGAGACTCGCCTTA

AAGTAATTGGCAcGCCGGCTACTGGTTTCGGAGC

GCAGCACAAGTCGCACTCTTCATCTAGCAAAGGT

CTAGCATCCATTAAGCCTTTTTCAACTTTGACTCG

ATCAGGTA 

The identity of the sequence in comparison with the 

nucleotide sequences loaded in the GenBank NCBI 

BLAST international database (HM222961.1 

alternata) is 99% at E value = 0.0. 

Colonies of Cladosporium cladosporioides

potato agar medium are dark green, brownish, zoned, with 

a white edge, velvety in appearance (Fig. 1 C). Reverse is 

black with a white stripe on the edge. Smell is unpleasant.

Microscopy revealed the formation of conidial 

structures - single, erect, dichotomously branched, painted 

conidiophores. Basal conidia are elongated. Their 

dimensions are 13,06-8,126 x 4,08

connected in long chains, greenish, unicellular, ellipsoidal 

or lemon-shaped, dimensions are 4,08

1 D). 

According to the results of ITS region of isolates 

genotyping the following nucleotide sequence was 

obtained: 

TTACAAGTTGACCCCGGCCTCGGGCCGGGATGT

TCACAACCCTTTGTTGTCCGACTCTGTTGCCTCCG

GGGCGACCTGCCTCCGGGCGGGGGCCCCGGGTGG

ACATTTCAAACTCTTGCGTAACTTTGCAGTCTGA

TAAATTTAATTAATAAATTAAAACTTTCAACAAC

GGATCTCTTGGTTCTGGCATCGATGAAGAACGCA

GCGAAATGCGATAAGTAATGTGAATTGCAGAATT

CAGTGAATCATCGAATCTTTGAACGCACATTGCG

CCCCCTGGTATTCCGGGGGGCATGCCTGTTCGAG

CGTCATTTCACCACTCAAGCCTCGCTTGGTATTGG

GCGACGCGGTCCGCCGCGCGCCTCAAATCGACCG

GCTGGGTCTTTCGTCCCCTCAGCGTTGTGGAAACT
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, KJ655543.1 Bacillus subtilis, 

) is 99% at E value = 0.0. 

pathogenic fungi characterized by the 

morphological features. 

52 colonies on Czapek medium are 

brown, edge of the colony is lighter 

(Fig. 1 A). The reverse is not painted. 

eptate, not colored hyphae of 

different diameters. Diameter of thin hyphae is 1,91-2,87 

5,75 m. Conidiophores are 

single, brown. Conidia are colored, dark brown, connected 

branching) chains, mural, containing 

7 transverse septa and 1 (rarely 2) incomplete 

longitudinal bulkhead. Dimensions of conidia are 28,73-

13,41 m. Septa are constricted. The apical 

cell is short or long, a colorless sprout-like unit (Fig. 1 B). 

ITS region of isolates 

genotyping the following nucleotide sequence was 

GATCTCTTGGTTCTGGCATCGATGAAGAACGCA

GCGAAATGCGATAAGTAGTGTGAATTGCAGAATT

CAGTGAATCATCGAATCTTTGAACGCACATTGCG

CCCTTTGGTATTCCAAAGGGCATGCCTGTTCGAGC

GTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGGG

TCTTGTCTCTAGCTTTGCTGGAGACTCGCCTTA

AAGTAATTGGCAcGCCGGCTACTGGTTTCGGAGC

GCAGCACAAGTCGCACTCTTCATCTAGCAAAGGT

CTAGCATCCATTAAGCCTTTTTCAACTTTGACTCG

The identity of the sequence in comparison with the 

nucleotide sequences loaded in the GenBank NCBI 

national database (HM222961.1 Alternaria 

Cladosporium cladosporioides 11-4, on a 

potato agar medium are dark green, brownish, zoned, with 

a white edge, velvety in appearance (Fig. 1 C). Reverse is 

black with a white stripe on the edge. Smell is unpleasant. 

Microscopy revealed the formation of conidial 

rect, dichotomously branched, painted 

conidiophores. Basal conidia are elongated. Their 

8,126 x 4,08-3,27 m. Conidia are 

connected in long chains, greenish, unicellular, ellipsoidal 

shaped, dimensions are 4,08-6,53 x 3,27 m (Fig. 

According to the results of ITS region of isolates 

genotyping the following nucleotide sequence was 

TTACAAGTTGACCCCGGCCTCGGGCCGGGATGT

TCACAACCCTTTGTTGTCCGACTCTGTTGCCTCCG

GGGCGACCTGCCTCCGGGCGGGGGCCCCGGGTGG

ACATTTCAAACTCTTGCGTAACTTTGCAGTCTGAG

TAAATTTAATTAATAAATTAAAACTTTCAACAAC

GGATCTCTTGGTTCTGGCATCGATGAAGAACGCA

GCGAAATGCGATAAGTAATGTGAATTGCAGAATT

CAGTGAATCATCGAATCTTTGAACGCACATTGCG

CCCCCTGGTATTCCGGGGGGCATGCCTGTTCGAG

CGTCATTTCACCACTCAAGCCTCGCTTGGTATTGG

GCGACGCGGTCCGCCGCGCGCCTCAAATCGACCG

CCTCAGCGTTGTGGAAACT

ATTCGCTAAAGGGTAGCAGCGGGAGGCCACGCCG

TAAAAC 

The identity of the sequence in comparison with the 

nucleotide sequences loaded in the GenBank NCBI 

BLAST international database (JX868638.1 

cladosporioides) is 99% at E value = 0.0.

Colonia Cochliobolus tuberculatus

medium, taking a half of the dish square, is brownish

pressed, the center is gray and fluffy, with a whitish band 

on the edge (Fig. 1 E). Reverse is black, lighter on the 

edge. Smell is the faint, unpl

Microscopy revealed hyphae of different diameters 

(from 1,45 to 5,83 micrometere

painted). Conidiophores are single, light brown, 4,37

m in diameter. Conidia are tetrachoric, dark brown, 

sometimes slightly bent, one ce

Dimensions of conidia are 29,15

F). Clearly visible oil droplets are into conidia young cells.

Colonies of Fusarium sp

are whitish, fluffy, slightly zoned, occupying almost the 

entire cup. The center of the colony is pink (Fig. 1 G). 

Reverse is yellow, pink in center.

Microscopy revealed unpainted hyphae with granular 

contents, with a diameter of 19,23 to 5,77 

with an intense and incorrect branching, resulting in 

formation of small structures such as unpainted 

microsclerotia. Some hyphae are densely packed in the 

strands. Macroconidia are absent, there is a small number 

of oval microconidia. 

Because of the absence of macroconidia sporulation or 

other structures used for the identification, the species

level identification of the sample is not possible. Judging 

by the presence of microconidia and featured mycelium, 

the sample may belong to the genus 

According to the results of ITS region of isolates

genotyping the following nucleotide sequence was 

obtained: 

CGTTGGGACCAGCGGAGGATCATTACCGAGTTT

ACAACTCCCAAACCCCTGTGAACATACCACTTGT

TGCTCGGCGGATCAGCCCGCTCCCGGTAAAACGG

GACGGCCCGCCAGAGGACCCCTAAACTCTGTTTC

TATATGTAACTTCTGAGTAAAACCATAAATAAAT

CAAAACTTTCAACAACGGATCTCTTGG

ATCGATGAAGAACGCAGCAAAATGCGATAAGTA

ATGTGAATTGCAGAATTCAGTGAATCATCGAATC

TTTGAACGCACATTGCGCCCGCCAGTATTCTGGC

GGGCATGCCTGTTCGAGCGTCATTTCAACCCTCA

AGCACAGCTTGGTGTTGGGACTCGCGTTAATTCG

CGTTCCTCAAATTGATTGGCGGTCACGTCGAGCTT

CCATAGCGTAGTAGTAAAACCCTCGTTACTGRTA

ADCGTCGCGGCCACGCCGTTAAACCCCAACTTCT

GAATGTTGACCTCGGATCAGGTAGGAATACC

The identity of the sequence in comparison with the 

nucleotide sequences loaded in the GenBank NCBI 

BLAST international database (

oxysporum f. sp. cepae, FR852561.1

f. sp. melonis, HM756256.1

phaseoli) is 99% at E value = 0.0.
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ATTCGCTAAAGGGTAGCAGCGGGAGGCCACGCCG

The identity of the sequence in comparison with the 

nucleotide sequences loaded in the GenBank NCBI 

BLAST international database (JX868638.1 Cladosporium 

) is 99% at E value = 0.0. 

Cochliobolus tuberculatus 1-3F on Czapek 

medium, taking a half of the dish square, is brownish-gray, 

pressed, the center is gray and fluffy, with a whitish band 

on the edge (Fig. 1 E). Reverse is black, lighter on the 

edge. Smell is the faint, unpleasant. 

Microscopy revealed hyphae of different diameters 

micrometeres) and color (more mature 

painted). Conidiophores are single, light brown, 4,37-5,83 

m in diameter. Conidia are tetrachoric, dark brown, 

sometimes slightly bent, one cell more than the rest. 

Dimensions of conidia are 29,15-38,63 x 11,66 m (Fig. 1 

F). Clearly visible oil droplets are into conidia young cells. 

Fusarium sp. 46, on the potato agar medium 

are whitish, fluffy, slightly zoned, occupying almost the 

ntire cup. The center of the colony is pink (Fig. 1 G). 

Reverse is yellow, pink in center. 

Microscopy revealed unpainted hyphae with granular 

contents, with a diameter of 19,23 to 5,77 micrometeres, 

with an intense and incorrect branching, resulting in 

mation of small structures such as unpainted 

microsclerotia. Some hyphae are densely packed in the 

strands. Macroconidia are absent, there is a small number 

Because of the absence of macroconidia sporulation or 

or the identification, the species-

level identification of the sample is not possible. Judging 

by the presence of microconidia and featured mycelium, 

the sample may belong to the genus Fusarium (Fig. 1 H). 

According to the results of ITS region of isolates 

genotyping the following nucleotide sequence was 

CGTTGGGACCAGCGGAGGATCATTACCGAGTTT

ACAACTCCCAAACCCCTGTGAACATACCACTTGT

TGCTCGGCGGATCAGCCCGCTCCCGGTAAAACGG

GACGGCCCGCCAGAGGACCCCTAAACTCTGTTTC

TATATGTAACTTCTGAGTAAAACCATAAATAAAT

CAAAACTTTCAACAACGGATCTCTTGGTTCTGGC

ATCGATGAAGAACGCAGCAAAATGCGATAAGTA

ATGTGAATTGCAGAATTCAGTGAATCATCGAATC

TTTGAACGCACATTGCGCCCGCCAGTATTCTGGC

GGGCATGCCTGTTCGAGCGTCATTTCAACCCTCA

AGCACAGCTTGGTGTTGGGACTCGCGTTAATTCG

CGTTCCTCAAATTGATTGGCGGTCACGTCGAGCTT

CCATAGCGTAGTAGTAAAACCCTCGTTACTGRTA

CACGCCGTTAAACCCCAACTTCT

GAATGTTGACCTCGGATCAGGTAGGAATACC 

The identity of the sequence in comparison with the 

nucleotide sequences loaded in the GenBank NCBI 

BLAST international database (HQ658965.1 Fusarium 

FR852561.1 Fusarium oxysporum 

HM756256.1 Fusarium oxysporum f. sp. 

phaseoli) is 99% at E value = 0.0. 



 

 

 

 

Colonies of Macrosporium commune 

agar medium are fluffy, gray-dirty-green, zoned (Fig. 1 I). 

Reverse is black, alternating with lighter areas.

Microscopy revealed septated hyphae of different 

diameters from 1,93 to 5,79 micrometere

became colored. Conidiophores are single, brown, long 

 

 

 
А. Colonies of  

Alternaria alternatа conidiophore

scale of 

 
E. Colonies of 

Cochliobolus 

tuberculatus 

F. Hyphae

scale of 

 

 
Macrosporium commune

Fig. 1 – Appearance

Bacillus subtilis RKM B-0561 showed a relatively low 

degree of antagonist activity (Table 1) with respect to the 

isolates of Macrosporium commune

zone of inhibition was (21,8 ± 1,07) mm and (27,4 ± 1,78) 

mm, respectively. The degree of activity of that

relation to other isolates was slightly higher (Table I, Fig. 

2). 

It should be noted that the degree of antagonistic effect 

on development of studied phytopathogenic fungi 
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Macrosporium commune 3 on the potato 

green, zoned (Fig. 1 I). 

Reverse is black, alternating with lighter areas. 

Microscopy revealed septated hyphae of different 

micrometeres. Mature hyphae 

became colored. Conidiophores are single, brown, long 

(102,32-133,20  micrometere

colored, dark brown, smooth or rough, colle

mural, contain 4-6 transverse septa with constrictions and 

0-1 (rarely 2) incomplete longitudinal bulkhead. 

Dimensions of the conidia are 23,17

m. In some conidia cells visible lipid droplets are located.

  

B. Conidia on 

conidiophore (arrow), the 

scale of 10 micrometer 

C. Colonies of 

Cladosporium 

cladosporioides 

 

Hyphae and conidia, the 

scale of 20 micrometer  

G. Colonies of 

Fusarium sp. 

 

 

 

I. Colonies of 

Macrosporium commune 

J. Conidiophore, the scale 

of 10 micrometer 

Appearance of pathogenic fungi colonies on a Petri dish and their

 

0561 showed a relatively low 

degree of antagonist activity (Table 1) with respect to the 

Macrosporium commune and Fusarium sp. The 

zone of inhibition was (21,8 ± 1,07) mm and (27,4 ± 1,78) 

mm, respectively. The degree of activity of that strain in 

relation to other isolates was slightly higher (Table I, Fig. 

It should be noted that the degree of antagonistic effect 

on development of studied phytopathogenic fungi 

decreases in the following order: 

tuberculatus, Alternaria a

cladosporioides, Fusarium sp

The most appreciable effect of 

growth observed against fungus 

1-3F, in which the zone of inhibition was (34,2 ± 0,58) 

mm. 
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micrometeres) (Fig. 1 J). Conidia are 

colored, dark brown, smooth or rough, collected in chains, 

6 transverse septa with constrictions and 

1 (rarely 2) incomplete longitudinal bulkhead. 

Dimensions of the conidia are 23,17-34,74 x 9,65-11,58 

m. In some conidia cells visible lipid droplets are located. 

 

 

 

D. Conidia, the scale of 

15 micrometer 

 
H. Formation of 

structures such as 

microsclerotia (arrows), 

the scale of 15 micrometer 

 

 

the scale  

a Petri dish and their morphology 

decreases in the following order: Cochliobolus 

Alternaria alternata, Cladosporium 

Fusarium sp., Macrosporium commune. 

The most appreciable effect of Bacillus subtilis on the 

growth observed against fungus Cochliobolus tuberculatus 

3F, in which the zone of inhibition was (34,2 ± 0,58) 



 

 

 

 

Table I: Inhibition zone of the pathogenic fungi growth when cultured with Bacillus subtilis RKM B

№ 

1 
Alternaria alternata (Fr.) Keissl.(=

Ellis) Jones et Crout.), 

2 
Cladosporium cladosporioides 

cladosporioides (Fresen.) Sacc.

3 
Cochliobolus tuberculatus 

isolate 1-3F, isolated from Artemisia

4 Fusarium sp., isolate 46, isolated

5 Macrosporium commune Rabenh.

n=3, Р<0,002 

 

Fig. 2 – The joint growth of Bacillus subtilis with phytopathogenic fungi: Alternaria alternata, Cladosporium 

In the study of the influence of Bacillus subtilis

on the growth and development of the fungus Alternaria 

alternata the appearance of nodules on hyphae was noted 

in submerged mycelium. Individual cells of hyphae 

become swollen and acquire a darker color (Fig. 3). 

Sometimes in these cells intragif development is observed, 

which in turn can thicken (Fig. 4). 

 

Fig. 3 – Thickening at the submerged Alternaria alternata 

hyphae, the scale of 10 micrometer
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Table I: Inhibition zone of the pathogenic fungi growth when cultured with Bacillus subtilis RKM B

(mm) 

Test-objects 

(Fr.) Keissl.(=Alternaria fasciculata (Cooke et 

 isolate 52, isolated from Artemisia 

Cladosporium cladosporioides (Fresen.) G.A. de Vries (=Hormodendron 

(Fresen.) Sacc., isolate 11-4, isolated from Ajania 

 Sivan. (=Curvularia tuberculata B.L.Jain), 

isolated from Artemisia 

46, isolated from Ajania 

Rabenh., isolate 3, isolated from Artemisia 

The joint growth of Bacillus subtilis with phytopathogenic fungi: Alternaria alternata, Cladosporium 

cladosporioides, Fusarium sp. 
 

Bacillus subtilis culture 

on the growth and development of the fungus Alternaria 

alternata the appearance of nodules on hyphae was noted 

in submerged mycelium. Individual cells of hyphae 

become swollen and acquire a darker color (Fig. 3). 

development is observed, 

 
Thickening at the submerged Alternaria alternata 

micrometer 

Fig. 4 – Thickening and intrahyphae hyphae (arrow) on 

the submerged hyphae of Alternaria alternata, the scale of 

10 micrometer

In the control group Microscopy of 

aerial mycelium revealed hyphae of different diameters. 

Diameter of thin hyphae is 1,91

– 3,83-5,75 m. 

Under the influence of 

hyphae of Alternaria alternata
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Table I: Inhibition zone of the pathogenic fungi growth when cultured with Bacillus subtilis RKM B-0561 on the 7th day 

Growth inhibition zone 

32,8±1,24 

30,8±0,49 

34,2±0,58 

27,4±1,78 

21,8±1,07 

The joint growth of Bacillus subtilis with phytopathogenic fungi: Alternaria alternata, Cladosporium 

 
Thickening and intrahyphae hyphae (arrow) on 

the submerged hyphae of Alternaria alternata, the scale of 

micrometer 

 

In the control group Microscopy of Alternaria alternata 

aerial mycelium revealed hyphae of different diameters. 

hyphae is 1,91-2,87 micrometeres, thick 

Under the influence of Bacillus subtilis culture aerial 

Alternaria alternata gather in bands of several 



 

 

 

 

pieces (Fig. 5), the individual cells of hyphae grow in size 

and swell (Fig. 5, 6). Developing in them intrahyphae are 

seen quite clearly (Fig. 7). 

Despite the rather significant changes under the 

influence of Bacillus subtilis, fungal hyphae cells contents 

are clearly visible, some hyphae and cells are highly 

vacuolated. 

Colonies of Alternaria alternatа

characteristic color (in the control -

brown, with lighter edge) and sporulation (Fig. 1 A).

Fig. 5 – Aerial hyphae of Alternaria alternata with 

swellings and strands (arrow). Scale of 6 

 

Fig. 6 – Aerial hyphae Alternaria alternata with swellings. 

Scale of 5 micrometer

 

Fig. 7 – Intrahyphae (arrow) in the hyphae of the Alternaria 

alternata aerial mycelium. Scale of 6 
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pieces (Fig. 5), the individual cells of hyphae grow in size 

veloping in them intrahyphae are 

Despite the rather significant changes under the 

, fungal hyphae cells contents 

are clearly visible, some hyphae and cells are highly 

Alternaria alternatа are white, without 

- thick, felted, grayish-

brown, with lighter edge) and sporulation (Fig. 1 A). 

 
Aerial hyphae of Alternaria alternata with 

swellings and strands (arrow). Scale of 6 micrometer 

 
Aerial hyphae Alternaria alternata with swellings. 

micrometer 

 
Intrahyphae (arrow) in the hyphae of the Alternaria 

alternata aerial mycelium. Scale of 6 micrometer 

Substrate mycelium of 

(Fresen.) GA de Vries (isolate 11

culture Bacillus subtilis is modified. Cells of the most 

hyphae swell, change their usual form and are dark 

colored (Fig. 8, 9). 

 

Fig. 8 – Hyphae of the Cladosporium cladosporioides 

substrate mycelium with swollen cells. Scale of 20 

micrometer

Fig. 9 – Swollen hyphal cells of Cladosporium 

cladosporioides substrate mycelium. Scale of 10 

micrometer
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Substrate mycelium of Cladosporium cladosporioides 

(Fresen.) GA de Vries (isolate 11-4) under the influence of 

is modified. Cells of the most 

hyphae swell, change their usual form and are dark 

 
Hyphae of the Cladosporium cladosporioides 

ycelium with swollen cells. Scale of 20 

micrometer 

 

 
Swollen hyphal cells of Cladosporium 

cladosporioides substrate mycelium. Scale of 10 

micrometer 



 

 

 

 

Fig. 10 – Conidiophores with conidia of Cladosporium 

cladosporioides (arrows). In the background you can see 

numerous cells of Bacillus subtilis. Scale of 10 

 

Being observed via the microscope such hyphae look 

empty and dead. Intrahyphae are not marked. 

Hyphae and aerial mycelium cells changes are not 

observed. 

Colonies of Cladosporium cladosporioides

by Bacillus subtilis culture are characteristic b

in color, however, there is no zoning, characteristic for 

colonies in control (Fig. 1 C). Sporulation of the fungus is 

not suppressed. Conidiophores are dark brown, solitary, 

erect, branched. Terminal branches are dichotomously 

branched, segmented, forming conidia at the ends. Conidia 

are collected in long chains, light, single

or lemon-shaped, (5,71 x 3,26) m in size.

Modifications in the morphology of conidiophores and 

conidia were not observed (Fig. 10).

In the substrate mycelium hyphae of 

(strain 46) under the influence of Bacillus subtilis

little changes are observed. Like in the first two 

experiments, the cells of the hyphae becomes bloated  

(Fig. 11), however, hyphae do not die: inner contents and 

large central vacuole can be clearly seen (Fig. 12).

Fig. 11 – Hyphae of the Fusarium sp. substrate mycelium with 

swollen cells. Scale of 15 
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Conidiophores with conidia of Cladosporium 

cladosporioides (arrows). In the background you can see 

numerous cells of Bacillus subtilis. Scale of 10 micrometer 

Being observed via the microscope such hyphae look 

empty and dead. Intrahyphae are not marked.  

Hyphae and aerial mycelium cells changes are not 

Cladosporium cladosporioides influenced 

culture are characteristic brown-green 

in color, however, there is no zoning, characteristic for 

colonies in control (Fig. 1 C). Sporulation of the fungus is 

not suppressed. Conidiophores are dark brown, solitary, 

erect, branched. Terminal branches are dichotomously 

ed, forming conidia at the ends. Conidia 

are collected in long chains, light, single-celled, ellipsoidal 

shaped, (5,71 x 3,26) m in size. 

Modifications in the morphology of conidiophores and 

conidia were not observed (Fig. 10). 

celium hyphae of Fusarium sp. 

Bacillus subtilis culture 

little changes are observed. Like in the first two 

experiments, the cells of the hyphae becomes bloated  

(Fig. 11), however, hyphae do not die: inner contents and 

rge central vacuole can be clearly seen (Fig. 12). 

 
Hyphae of the Fusarium sp. substrate mycelium with 

swollen cells. Scale of 15 micrometer 

Fig. 12 – Swollen hyphal cell of Fusarium sp. substrate 

mycelium. Scale of 10 

On some hyphae of the aerial mycelium the rapid 

formation of lateral branches (presumable conidiophores) 

are noted  conidiophores (Fig. 13). Characteristic of this 

isolate strands of hyphae formation and small structures 

(such as unpainted microsclerotia) 

by the culture of Bacillus subtilis

Under the influence of Bacillus subtilis

of Fusarium sp. become fluffy, white (in control 

colonies, fluffy, slightly zoned, fast

almost entire dish, with pink center of the colony (Fig. 1 

G). Macrosporulation is absent as in the original isolate. 

The formation of microconidia of not disturbed 

morphology is observed (Fig. 14).

Fig. 13 – Fusarium sp. aerial mycelium hyphae with 

abundant branching. Scale of 20 

Fig. 14 – Fusarium sp. aerial hyphae and microconidia (arrow). 

Scale of 10 
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Swollen hyphal cell of Fusarium sp. substrate 

mycelium. Scale of 10 micrometer 

 

On some hyphae of the aerial mycelium the rapid 

formation of lateral branches (presumable conidiophores) 

are noted  conidiophores (Fig. 13). Characteristic of this 

isolate strands of hyphae formation and small structures 

(such as unpainted microsclerotia) appearance influenced 

Bacillus subtilis are suppressed. 

Bacillus subtilis culture colonies 

. become fluffy, white (in control - whitish 

colonies, fluffy, slightly zoned, fast-growing, covering 

entire dish, with pink center of the colony (Fig. 1 

G). Macrosporulation is absent as in the original isolate. 

The formation of microconidia of not disturbed 

morphology is observed (Fig. 14). 

 
Fusarium sp. aerial mycelium hyphae with 

anching. Scale of 20 micrometer 

 

 
Fusarium sp. aerial hyphae and microconidia (arrow). 

Scale of 10 micrometer 



 

 

 

 

4. CONCLUSION

 

Thus, we can conclude that under the influence of 

isolated from Ajania planoshaere Bacillus subtilis 

B-0561 strain the growth and development of the studied 

pathogenic fungi are inhibited to varying degrees 

depending on their species. The resulting strain 

subtilis can be used to develop a new kind of biological 

products to control plant pathogens.
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