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Abstract 

Background and objectives: The beneficial characteristics of endophytic bacteria in general and environmental safety features 
of Bacillus spp. in particular, have made them potentially efficacious bacteria for plant growth promotion as well as plant defense 
elicitation against biotic and abiotic stresses. Given that the preservation of biodiversity and sustainability of the Hyrcanian forests 
in Iran is of utmost importance ecologically and environmentally, proper management of this ecosystem demands considerable 
attention and care. Studying the microbiome structure and activities, including determination of microorganisms living as 
endophytes or commensals can be regarded as the starting steps in this context. This study was aimed at the molecular 
identification and physiological characterization of endophytic Bacillus isolates recovered from the roots of hornbeam (Carpinus 

betulus L.) trees in some different locations of Hyrcanian forests. 
Methodology: Samples of hornbeam roots were randomly collected from Mazandaran and Golestan provinces, Iran, in the early 
spring of 2020. Root segments were surface-disinfected, washed in sterile distilled water (SDW) and crushed in drops of SDW 
using a sterile mortar and pestle. Isolation of bacteria was done by spreading drops of the suspension on plates of tryptic soy agar 
(TSA). Single colonies were selected after 3-4 days of incubation at 28˚C and restreaked on TSA to obtain pure cultures. Initial 
identification of the isolates was based on colony morphology, Gram-stain reaction, position of endospores, and production of 
catalase and oxidase. The isolates were characterized phenotypically, and their diversity was assessed by comparing their DNA 
fragment patterns following their amplification by REP-, BOX- and IS50-PCR and electrophoresis on agarose gels. The data were 
converted into a binary matrix using TotalLab TL120 software, where the digits 1/0 represented the presence/absence of a DNA 
band. Similarity matrix and clustering were generated using NTSYS 2.02e software based on the unweighted pair group method 
with arithmetic average (UPGMA) clustering algorithm. A representative isolate was selected for each of the DNA profile groups 
and a fragment of the 16S rRNA and HSP60 genes of each was amplified by PCR. PCR products were sequenced by Microsynth 
company (Switzerland) through the Sanger sequencing method. The nucleotide sequences were aligned and compared with those 
of a collection of Bacillus species retrieved from GenBank using the BLASTn program. Phylogenetic trees were constructed using 
the Maximum-Likelihood and Neighbor-Joining methods with 1000 bootstraps in MEGA X software package. Antibacterial 
activity of Bacillus isolates against Brenneria roseae, the causal agent of hornbeam wetwood disease, was investigated using 
sterilized blank paper disk impregnated with extracts prepared in dichloromethane. The isolates were assessed for their capacity 
to produce Indole acetic acid (IAA), hydrogen cyanide, protease, and biofilm. 
Results: Thirty bacterial strains were isolated from hornbeam roots on TSA medium and subsequently characterized. The absence 
of bacterial colonies on the TSA plates inoculated with the final rinse water from the uncrushed bark fragments indicated the 
effectiveness of the surface disinfection procedure. The isolates were grouped into three clusters based on their phenotypic and 
genotypic characteristics. Comparison of the nucleotide sequences of the 16S rDNA and HSP60 with the sequences obtained from 
GenBank (NCBI) led to the identification of Bacillus thuringiensis, B. subtilis, and B. mycoides as the species constituting the 
three clusters, with B. thuringiensis being the predominant group. B. subtilis was the most populated and B. mycoides the least 
encountered species. Phylogenetic analysis based on the HSP60 gene sequence proved to be a reliable approach for determining 
the Bacillus species. IAA production level varied from eight to 75 mg/L among the species, with B. mycoides isolates producing 
the highest and B. subtilis the lowest levels of IAA. Most of the isolates had the capability to produce lipase, gelatinase, lecithinase, 
protease, and amylase. The isolates of B. thuringiensis produced higher levels of protease than the rest of the isolates. Biofilm 
production was particularly prominent in isolates of B. subtilis. The dichloromethane extract of B. subtilis isolate rAqa2 exhibited 
the highest growth inhibition (18.3 ± 0.25mm in diameter) of Brenneria roseae. 
Conclusion: A high level of genotypic and phenotypic heterogeneity existed among the endophyte isolates recovered from the 
roots of C. betulus, despite their isolation from a common source species. This could be partly justified by viewing the Hyrcanian 
forests as a mixed-species ecosystem and a source of microbial consortia that could protect plants against stresses. This study is 
the first investigation on the molecular identification and characterization of endophytic Bacillus isolates from hornbeam roots in 
Iran. 
 

Keywords: Bacillus, endophyte, hornbeam, IAA, isolate, sequences. 



278                                                                                                                                 ���� 	
����
 � 	
����� ����������� ��� ��������... 

 

 ���� �����	
 � �������
	�� ��� ���������������  �� 
��� ������� !" )Carpinus betulus L.(  

����% �����  � �%�&	��"���'��  

  

����  !"# �� 1���!�%� �&' �!(% ) 2* )	+,-.  �/� 3 � ��-1# 23"# 3  

1 - �����	 ����
 ���
��
 ���� ������ ������������������� �� 
! �� 
! ���
�" ��#
��
 ��$%��
� ���
��
 � 

2*- �(�)*! ���*���  ���� �
��������������$%��
� +�,- ��#
��
 ��-�%$ +�,- ���
��
 � ����� ��%�� ��%�� �.�/0 1	��! �  

 :3������4� 5*�h.rahimian@sanru.ac.ir 

3-  ���� �%��
��
�������������� �� 
! �� 
! ���
�" ��#
��
 ��$%��
� ���
��
 � 

  

 :5"��%
 7�%�819/08/1402                   :>��?� 7�%�808/07/1402 

  

�����  

�+��� � 4 �: ����	���� ��%
A%5� B	�C�� B������ ��	D�,� ).spp Bacillus(� B	G�4
 ��C����� � � ��!
����H� I�J!��*�$ B	

����- �./�! K ! ���	 L���"� ��% � 5!��M! ������ %
 �	��	 L�8��� ���$ � ���$��N  �
�O����!����. BQ�8�	B	 B���� 5R�OS $� T��8 

����� � �%����� 
�Q�! %
 G#�Q��� �������� H��5� ��C��� %
 5����! U�� +�	�����$ S�8��  (�H�%�
� 
%�
� ������� .8 �U�� 

��C����� �����	��� O!��  �	 ��H�$%� �V��W� 5X"�J!������ %
 ������ U�� BMY�! �!����8 H ! LM�� %
 �U� !$B�� B���
 ���	. L��C� 

L���% �	 Z�� ��$����Q ������� � �	��$%� T��8 B���Q��� D�,���	 ��%
5�%  %
B
�% ���[%
 $�H! )Carpinus betulus L.( %
 

G#�Q��� ������� +���� ��.  

�'�# � 6����: B���Q��� ��	D�,� �	 >�% B��H��%�
�	 "
�\8� $� %B
� ���[%
 $�H! %
 G#�Q��� �������� ��%��$�! � ���*,� 

��Q�$�� ����. ��]������* G^�S  $�B
�%��� ��O-�_� �JY�  �YM! `a %
 ���
�[ b]� �%
 I�J! Tryptic soy agar 5
� 

��. 38���,��� D����	 ��C����� 5c�%��[��� `�c��� � �	 5
��� d4�[ ����. e,.8 B���Q��� B	5�
 ��!a���	�B %�5c����� 

,���� ���4�8 +�� L���� �%�]����� � 4�."5� *��$��� ��	 b�Q B	 $f�8�� �D�,� dc
! �� .��C����� �]�8��" � ��� 4��4�!� ��QB��� 

�	 B	����%�� PCR ����$�Na �	� 50IS� BOX  �REP U��.8 �� .�
�
�� %
 V%�^ %�gS �	 
�- 3� � +�- %�gS �	 
�- �O^ �	 

�
�O��� $� +��%��"� TotalLab TL120 �%�?��� � b��8�! B	�
8 � 5[%
 �����h�,�" B	i�8�8 �	 �
�O��� $� +��%��"� NTSYS 2.02e � 

K��%�#4� UPGMA K���8 ����. 3� �����H� $� B���Q���  `�c��� ���� �����a �b]� .�� ���	 ������� 4��4�!� �	 B	����%�� 

����$�Na� B�S�� S rDNA16  �h �60HSP  �	PCR k�8�� ���� .B.Yl k�8�� ���b� $� d4�[�$�� ��	� .8U��  5��� B	 Z
��8

Microsynth m��b�  (��%��� .Z
��8��� B	5�
��!a �	 Z
��8��� 
�Q�! %
 �h3��	 NCBI  >�% B	BLASTn �M!B*�  .��5[%
 

�����h�,�" G^�S $� B*��M! Z
��8��� ���8�),��� B���Q�� �	 B������ D�,���	 
�Q�! %
 3��	 �h �	 �
�O��� $� +��%��"� MEGA X 

� B	����%�� K��%�#4���� 5�%
�H��� 	�
�B� � B��*H� (�\8� �	 %�/�-� BQ%
���� 1000  K�%��. 5�4�." ��������	�_ B���Q��� 

D�,���	 �	 
�	%�� �%�\- �
���!��,� � >�% 3*�
 �?N�� B�,-�	 �����	 Brenneria roseae� G!�- �%�H�	 �*�[ `�n ���[%
 

$�H! ��%�	 ��. ������8 B���Q�� 4�8 %
�� �$) B�fK,�"��	(� �$�)8��� ������ �h�%��� �  ��!%��(����� ���3� ���� )IAA (��� $%��	�� 

��.   

7,�8�: T�H�!%
� 30 B���Q �����	 $� B��H���� B� 8��� $� B
�% ���[%
 $�H! �$����Q �� .o�� ���,� �����	 %
 3�
8��� ���� 

����
! �
� B� !�����8 �#����H� %����� `�,Y! >�% ���O-�_�$�� �JY� B	�
�	%����� � ����� �	 ��%
5�% �
�	 B���Q��� 



 �,Q ����� �	��^ � G#�Q V�M�MJ8 �H,- B��
�31 �%�H� 4                                                                                                                         279 

 

  

B	5�
��!a `�*J! 
�� .B���Q�� D����	 ��C����� 8��"�]� 8��h ��]� �M! .���"�� %��l ���! ���� B� %
B*� S�� Z
��8B� k�8�� ���

 $�S rDNA16  �60HSP Z
��8 �	��� 
�Q�! %
 �h3��	 NCBI � 5[%
 �����h�,�" ��8�H� ��
�����
 
�Q� B������ Bacillus 

thuringiensis� B. subtilis  �B. mycoides %
 B��H���  B��� .
�	B. thuringiensis U���
�	 �����"�  �B. subtilis �.	 B/8% %
�  �B. 

mycoides ��H� �Q��U� �����"� 
�	�� .Z
��8���  $� G^�S60HSP� U��.8 l
e� .l�!5� ���!���*��8 B���Q��� ��	D�,� %
 pY� 

B��� �% ���!���?� 
��. pY� IAA 4�8��� ��QB���  $�5
� �8 75 �,�!+�� %
 ���4 ��r�! 
�	 .B���Q��� B. mycoides 	U���
�  �

��QB���� B. subtilis U���H� pY� ��4�8 �% �����
 .i,N� B���Q�� %
�l B	 ��4�8 K���a��� �$�]�4 �$���8fh �$�����*4 $�)8��� � $s�!a ��
�	 .

B���Q��� B. thuringiensis  B��
�	pY� $�)8��� �% ��4�8 ��
�� � 
�	B�� %��M! �$ B�fI��8 B���Q��� B. subtilis ��4�8 ��. U���
�	 

B4�� ���%�
$�	 �%�\-� �
���!��,� B���Q��� D�,���	 B�,-�	 B. roseae e,.�! B	 B���Q rAqa2 B��� B. subtilis )�	 �Yl �%�
$�	 

25/0±3/18 �,�!��!( 
�	.  

�9�8��-�� 	�:: ��s-�	 T��8 G^�S $� �������	 �]�8��" � ��4��4�! 
�Q� T��8 %
 �[�	 $� ��C����� ���h�4����" %
 B���Q��� 

D�,���	 �!����8 �#��
� 8t��W ��M4�	 �g.	 $� B���Q��  %
��4�8 ��!%�����  u�J!��% � L���"� ��H�� ������ ���	. U��vH�� �W�V� 

��������	�_ � �R�OS� �a�� �!����8 B	����-  G!��-5*�$(���� %
 ������ ,#�Q�  G!��- �	��	 %
�%�H�	�$� ����	���� `�*J!  .
��

U�� �L��C� U�4�� ��%�	 %
 B��!$ ������� �4��4�! � U��.8 ��C����� B���Q��� D�,���	 ��%
5�% B
�% $�H! %
 ����� 5��.  

  

;
'�:� ��: ���  �B���Q �Z
��8 �D�,���	 ����� 3���� (����� �5�"����$�H!.  

  

���	�  

��%
A%5� �� ��5�"������ )Endophytic(� ����� $� 
��%����Q��% ���*� B� B	 5"�	��� ���%
 ������ 
%�� � %
 

�a�� �M�*! �!����� �!� Kms- �
� 
! %
 ���� ��	��! 

���� �H����� )Wilson, 1995( .U�� ��%����Q��%� LM� 
�H ! %
 
���� � B.��8 3� +�	���$�� %����� %
 ��4�8 

Vf�\J! �$%��
� ��%�
 .��%
5�%��� 5��!��� 
�������� ���	 ������ B,HQ$� 
�/ 	 ��% )Kang et al., 

2007(� L��� V�� �%�H�	 )Kloepper et al., 2004; 

Senthilkumar et al., 2007( �
���� K*����!��� �-�"
 
)Bargabus et al., 2002; Bakker et al., 2007(� 5�/k8 

��*�$ �h����� )Stoltzfus et al., 1997( � L���"� `?Q 
�^��- ���?N )Malinowski et al., 2000 (��%�
 .K !U��8 
��C����� �����	��� ��%
5�%� ������8 ���� 

��!%����� ����� B,HQ$� (����� 3���� ���� )IAA(� 
GS������ �O*"V� p��8 %�"�%��� � L���"� GHJ8 

������ %
 �	��	 L�8��� ���$ � ���$��N ���*� )Kandel 

et al., 2017.( U�� �����	�� B	 G�4
 5�.l�! ����! � 	�
! 

B� �	 �%��*	 $� G!��- �%�H�	��$ ����� %
 ��%
 ������ 
��%�
� i/� %� ! �� (���� �����%�H�	 ����� �	 >�%��� 

�O,�c! ��vH� 5	�l% B�?r8�� � �����! ��4�8 
��! 
���%�
$�	 � �M4� 5!��M! 3�H�*�� �!���� .�!5����� B� 

��%
5�%�� ���	 ������ ��%�
� i/� L���"� L��C��� 
%
 B��!$��� �������� �3���h 5*�$����� � ��%�	 ��Wt8 
�a�� �	 5�4�."��� ������ G!�S �a�� %
 ��#�*�$��� 

�.�/0 ��� 5�� )Kloepper et al., 2004(.   
��� $� K !U��8 ������� ��%
5�% ������� D�,���	 

)Bacillus( � b�Q��� 3�
�� �� �����Q $� �a ���*� .
b�Q D�,���	 I��8 F. Cohn %
 (�� 1872 UH_ 

����
! ��C�� ��4�8 %�]�� I��8 �a�� w�^�8 �� 
)Fritze, 2004; Ki et al., 2009 .(D�,���	�� e,.�! B	 

�
����[ Bacillaceae  ���*�� ���� -���!� $� �����	�� B	 
%�H� �!���a .U�� �����	��� +�� �5/k! B,�!��� �$��� �� 

�	�$��� �%���[� � ��%�
 5�,	�l ��4�8 %�]����� ���*� .
�[�	 ��C����� D�,���	 ����! �%���
 �4�,� �B�f��n 
��4�8 5�4�	��!��� B����W 	B�C�� ���a3�8��	��� �%��$�� 



280                                                                                                                                 ���� 	
����
 � 	
����� �������� ������� �������... 

 

B	 V����r8 `�,Y!�� I�J! 5*�$ B,HQ$� �!
� 
��! ����H�� 
� B.�� LO�	��" � ��% � ��k�8 1��� i,N� B������ �a�� 

i/� 5�H�� B������ U�� b�Q ��� 5�� )Turenne et 

al., 2015.( B������ D�,���	� ��� $� U�4�� �����	���� 

�	���� B� %
 �%��*	 $� L��C��� B,HQ$� %
 I	��% 

��*��H� B.4�Y! ��� ���)Maughan & Van der 

Auwera, 2011( .B	 G�4
 5�,	�l ��4�8 w�0 �.��� $� 
5�4�	��!�� B,HQ$� 
��! �	����!�_� ���a3�8��	�� � 

K���a��� B���8����� � ��H��� B������ U�� b�Q� 
U��#��Q��� �/���! ���	 
�	%�� B	 ����- G!��- (���� 

��*�$ `�*J! �!���� � B	 %�^V �
��*�  ����
�O��� 
�!���� )Fernando et al., 2007; Sari et al., 2006(. B	 

����- (�k!� B������ B. subtilis � B. 

amyloliquefaciens %
 (���� �%�H�	 3
8a i�� � �	s� 
B	 %�� �!���% .>%������ �
��$ %
 B��!$ ������8 

5*�$�4���� �[�	 U�������� B. subtilis %
 �%�H�	��� 
���� $� �[�	 B������ Fusarium � Rhizoctonia 
�Q� 

%�
�� )2011., et alGarcía -Pérez( .�
�O��� $� U�������� 
�
�.�! $� B������ B. subtilis� B. amyloliquefaciens 

� B. licheniformis 
%�! ��m�8 ��!$����� �?N � ��%�
 
5��!� ���?N � xOS V�8�/� ���*� )Gardener & Fravel, 

2002(.  
������� D�,���	�� %
 B��?� �	 B��� G������� � 

��C����� ���h�4����" � 5*�$����H�� �a�� %����� 
�	� 
�!� �	 L����� �� 
%�[�	 �	 B���Q��� ��
�	 � ���% B�����n 

1��� B.��8 >�%��� �������� ���#
��C� �	 B��H����� 
BQ��! ���� B� �	 ��C����� �]�8��" G	�l ������� ��
�/� 

)Suihko & Stackebrandt, 2003(. ��C����� �����h � 
�����h�,�" B	 >�%��� ������� ���� B"�_� .�� $� 

K !U��8 �a�� �!���8 B	 U��.8 ��C�� � Z
��8 rRNA�� 
�%��� 
�� .��%�	��� ��h�,�" D�,���	�� �	 �
�O��� $� 

Z
��8 B�S�� S rDNA16 �h���� �
�	 �a�� �% %���a 
�� 
)Maughan & Van der Auwera, 2011(. V�-s0� 

G^�S $� Z
��8 S rDNA16 i/� �$����Q ��n B��� $� 

b�Q D�,���	 � %��l �
�
 �a�� %
 b�Q��� �#�
 ��� 
5�� .%
 (�S �_�S� U�� b�Q ��%�
 
�	�� $� 380 B��� 
5�� B� 
��S 3��^ B��� �a �+����� "
���!� ��%�
 .B	 

���M- �%��*	 $� ���#
��C�� ��H- B������ D�,���	 $��� 
B	 �
%���	 
��! ��%�
 )Gupta et al., 2020(. B	���$�8  �	

B��
���	 �4��4�! $� ��% �4��8 +��h 352 B��� �
����[ 
Bacillaceae %
 (��2020� 
�	�� $� 3��^ B��� 

D�,���	 �%�	�
 ���! ���� � %
 L� b�Q 
Alkalibacillus� Cytobacillus� Mesobacillus� 
Metabacillus� Neobacillus � Peribacillus %��l 

���"�� . �%�	�
%
 3� ��4��a �����h�,�" �4��4�! 
V%�^B�"�� %
 (�� 2020 B� B����	 V�-s0� 
�Q�! $� 

�4��8��� 5R�OS��� 148 B��� �#�
 D�,���	 +���� ��� 
U�� B����� %
 17 b�Q �#�
 �������	 ����U�� . b�Q�� 

G!�� Alteribacillus� Ectobacillus� Evansella� 
Ferdinandocohnia� Gottfriedia� Heyndrickxia� 

Lederbergia� Litchfieldia� Margalitia� Niallia� 
Priestia� Robertmurraya� Rossellomorea� 

Schinkia� Sutcliffiella� Siminovitchia � 
Weizmannia ���*� )Patel & Gupta, 2020.(  

L��C���� �
��.! ��% ��%
5�%��� ������ 
�,#�Q %
 B*��M! �	 ��%
5�%��� Vf�\J! w,�c! 

�$%��
� +���� ��� 5�� .B������� $� Pseudomonas� 
Bacillus� Acinetobacter� Actinibacteria� 

Sphingomonas � Enterobacter $� ���[%
 �,#�Q 
�$����Q ������� �!� U���
�	 L��C��� ��% B������ 

D���!�
�� � D�,���	 ��� +���� 5�� )Pirttila & 

Frank, 2011( .%
 ������ B���Q��� ��%
5�% Bacillus� 
Pseudomonas � Stenotrophomonas $� B
�% � y�	 

���[%
 z�,	 M0��!� $� � � B��	 � �����! )����� ����
��( 
��Q � ������� ������ )Tashi-Oshnoei et al., 2017.( 

L�� L��C��% �	 Z�� ��$����Q ������� � �	��$%� T��8 
B���Q��� D�,���	 ��%
5�% B
�% ���[%
 $�H! 
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)Carpinus betulus L.B	 (����- ��� $� B������ ��[%
 
i4�N %
 G#�Q��� ��%��$�! � ���*,� +���� ��.  
  


��� 
 �
���  

 �=��' >  
B��H��%�
�	 $� B
�%��� ���[%
 $�H! %
 G#�Q��� 
��%��$�! )�S��� Km�l�� � �%�� � � 
 	 (� ���*,� 

)�S��� ������ ��%�[%� � � ���*���8( %
 T�O8%� 700 �8 
1500 ��! �8f�	 $� pY� ��%
 �	 I���! ����%�	 789 
�,�!��! %
 (�� � ��!
 I���! B�f�� C◦9/17 

)Zeraatpisheh et al., 2020( %
  (�� BH��%� 	 1399 +���� 
5"�� .$� b� ��Q �
�� u�[��� Z��0� �B
�% B��H��� �	 

`a ����� B�*� � 5H*l���� $� 5��� U�� B
�%�� ��Q 
�� � �	 (���8� 75 �^%
 	B V�! {�� BM�l
 � b]� �	 

(�,J! 5/0 �^%
 5��,��]�� K��� d4�[ )10 �^%
 
5��,��]�� K��� �%��8(  �%�	�
B	 V�! {�� BM�l
 

B	 V%�^�JY� ���O-�_ ��. b]� B�%�	 �	 `a �YM! 
����� B�*� ���� )Shen & Fulthorpe, 2015(. .YlB�� 

%
 3�
8 ���� ����� ���S �
 �8 %� n �,�!���4 
K���%��,� �^%
 3� ����� 
�[ ���� .�� B��H� B	 V�! 

10 �8 20 BM�l
 %
 ��!
 |�8� �%�� #� � b]� B	 V�! �
 
BM�l
 %
 g500 h��O������ �� .(�,J! ���% %
 g12000 

B	 V�! 10 BM�l
 h��O������ �b]� .�� `��% B,^�S %
 
3� ���� `a ����� GS � B	 V�! 10 BM�l
 %
 U	�%�! 
80 �����
��� %��l �
�
 �� .3� }�4 �� $� ���*��]��� 

���
�!�� %
 I�J! Tryptic soy agar )TSA (B	 V%�^ 
�Y[ 5
� �� .B	 %�X�! L���"� ��!���% �$����Q� 3� 
%���8 $� �� ���*��]��� ���
�!�� �	 K�S �	��	 $� I�J! 
5
� Brain Heart Infuxion 2X B� B	 �a B	 %��M! 

K�K�S� (�,J! ����� B���Q��$ %�]����� )���S 1%D-

glucose � 5/%0 Casaminoacid � 1/0% DL-Alanine (
�
��"� ��� 
�	� z�,c! �� . U��z�,c! B	 V�! B� 5-�� 

%
 ��!
 28 ����� 
���%
 ���� %�8�	���� �	 80 %�
 %
 
BM�l
 %��l �
�
 �� )Wakisaka & Koizumi, 1982; 

Turenne et al., 2015; Poormontaseri et al., 2017( .

��S 30 ���4����! $� ���*��]��� ��[� ��% I�J! 5
� 
TSA B	 V%�^ IYc! 5
� � 3�
8�� %
 ��!
 28 
����� 
�������H� ��� ���,��� �%�� #� ���� .

38���,��� D����	 ��C����� 5c�%��[��� `�c��� � �	 
5
��� d4�[ ����. $� �� B���Q ����*��]��� %
 

(��*�,� 30 �^%
� G����� B� 8 � %
 80- ����� 
���
�%�� #� ��. 

  
��#=?��� 	
�����   

B���Q��� B	5�
��!a  $��X� 5c�%����� ,���� �
��4�8  �%�]�����+�� L���� � 4�."5� *��$��� $f�8�� � 

B	%�X�! ���t8 e,.8 �a ��B	 b�Q ��	D�,� ��%�	 ����. 
b]�� ��Q�B�� .8 %�X�! B	U��  �T��8
%�! ��!$a��� 

�]�8��"  G!�����4�%�� U�4���a �U�m�8 80 �B���
�� 
8fhU� � �U���*4 4�8�� h%a��U� 
��$f�%��  ��%���$a 
S���� �V���� U�m���� ��4�8 �(VP) ,	�l �5� �
�O��� $� 

�V����� ��h���,� �(��*�,� (�-�$��!�% �
-"�%�$��� 
�
- ����,��(���$�������! �
- �$��4�!�$��	�,� �(���*4�
 
�
- �$���!(�-	�%a$���- �U�4���� �
-�%�$�/� �
-

 �$�����"�
- �$�4���8�
-,!��$��	 �
-�$�$�,� �$����� 
�
-,!��$���$ 
�-��!(��� 4�� �U�*� B	  U	�� 1/�! ����-
%��l ���"�� )Schaad et al., 2001; Turenne et al., 

2015(. 5
���  %
��!
 28 �����
��� %�� #��  �
L������� r8���  � ��%�� �
8G�  B4��%
 B���Q�� B	G�� 

 �8 B��$�%28  $�%�	��$%� ��.  
  

	��-� ���� 	@�8�
 �,' >�� �� 6����� rep-PCR  �
IS50-PCR   

B���Q�� B	 V�! 3� B��/�$�% %
 I�J! Tryptic soy 

broth )TSB (B	%�X�! ���c��� DNA 5
� �
�
 ���� .
���*��]��� (�,��� %
 �"�	 b��8 Tris-HCl) 10 

�,�!�%f�! pH 8 (B� 8 � %
 5000 %�
 B	 V�! {�� BM�l
 
h��O������ � `��% B,^�S �	 �"�	 ���
�� B�*� �� .DNA 
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(�,���� `��%B�"�� �	 �
�O���  e	�Y! � ���c��� �"�	 $�
� GH.4�%���
 �	5� GeneJET Genomic DNA 

Purification Kit �!�8 5��� )Thermo Scientific, 

Germany ���c��� (��.  
 >�%rep-PCR �	 ���#��
� $� �
�O���� REP  �BOX 

.�� +���� $� ��$�Na��� REP1-I: 5ʹ -

IIIICGICGICATCIGGC-3ʹ � REP2-I: 5ʹ -

ICGICTTATCIGGGCTAC-3ʹ ��	� REP-PCR  �
$� ��$�Na 5ʹ -

CTACGGCAAGGCGACGCTGACG-3ʹ BOX-

A1R: ���	 BOX-PCR  .�� �
�O���IS50-PCR  �	
B	����%�� ��$�Na 5ʹ -CAGGACGCTACTTGTGT-

3ʹ IS50: +���� �� L���� �� .PCR� G�
�! $� 
5/12!���4���� z�,c! L���� PCR Master Mix 2X 

��!�8 5��� 5/1 !���4���� ����$�Na $��  ��[�	 5X,N 
+������ �
� �
 ���4����! DNA d4�[ �  �YM! `a�%�- 

$� � � K�S �8 $�),����� 25 !���4���� .
�	 L���� ���	 �� 
�#��
� B	 %�0 B�����Q V%�^ 5"�� )Satomi et al., 

2006; Freitas et al., 2008.( �!
� (�\8� �����$�Na 
REP� BOX � IS50 B	i�8�8 42� 53 � 40 �����
���  �
��!$ ���	 (�\8� � >��*� �� B� �#��
� B	i�8�8 60 � 
150 B���W %
 �X� B�"�� �� .L���� PCR %
 ��#��
 

) �,�����!�8Veriti 96 Well �5��� Applied 

Biosystem.�� +���� ( B��H���� �����k�8 %
 (h $�%��a 
 �
�^%
 $%�"����4� ���� .(h�� %
 ��#��
 (h 5�!����
 
(�! Kodak Gel Logic 212 PRO �	 %�� LO�	��" 

�%�
�	���\8 � �
�
�� %
 V%�^ %�gS �	 
�- 3� � +�- 
%�gS �	 
�- �O^ �	 �
�O��� $� +��%��"� TotalLab TL120 

�%�?��� ���� .b��8�! B	�
8 � 5[%
 �����h�,�" 
B	i�8�8 �	 �
�O��� $� +��%��"� NTSYS 2.02e � K��%�#4� 

UPGMA K���8 ����.  
  
-�A@� � 2��/� 4�'-� �
��� S rDNA16  �60HSP 

L���� �����$�� $��H�,� �	  $� �
�O���DNA G� 
d4�[��� $� B���Q��� ic��! %
 ��!$a��� �]�8��" � 

T��8 �����h �	 B	����%�� 5OQ ��$�Na��� !�H-� f27 :
5ʹ -AGAGTTTGATCMTGGCTCAG-3ʹ  �

r1492:ʹ3-GGTTACCTTGTTACGACTT-ʹ5 
+���� �� )Weisburg et al., 1991( .��!
  (�\8����	 

����$�Na� �!�H- C◦54 � ��!$ �!B,S��� (�\8� � 
>��*� B	i�8�8 60 � 90 B���W %
 ��#��
 �,�����!�8 %
 

�X� B�"�� �� .���	 ��k�8 B�S�� �h HSP60 $� �����$�Na 
���h
 K�M�*! )5ʹ -

GGNCCNAARGGNA(C)GNAAYGT-3ʹ( � 
D��.! )5ʹ -

TCNCCRAANCCNGGNGCYTTNACNGC-3ʹ( 
�
�O��� �� )Sen et al., 2015 .(�!
 ���	 (�\8� 

�����$�Na 60HSP B	�
�	%����� C◦56 � ��!$ (�\8� � 
>��*� ���	 +����� 60 B���W %
 B!���	 PCR %
 �X� B�"�� 

�� .(�\J! PCR �	 �
�O��� $� GeneJET PCR 

Purification Kit 5��� �!�8 d4�[ � B	 %�X�! 
Z
��8�	�� B	 5��� Microsynth b�m�� (��%� �� .
Z
��8��� G^�S $� B���Q�� �	 Z
��8��� 
�Q�! %
 �h 
3��	 NCBI B*��M! �� � 3�
��U��8 B����� B	 Z
��8��� 

	B5�
��!a �	 �
�O��� $� >�% BLASTn dc
! �� .
5[%
 �����h�,�" G^�S $� B*��M! Z
��8��� ���8�),��� 
B���Q��� 
%�! ��%�	 �	 B������ D�,���	 
�Q�! %
 
3��	 �h �	 �
�O��� $� +��%��"� MEGA X � B	����%�� 

K��%�#4���� 5�%
�H��� 	�
�B� )Maximum-

Likelihood (� ) B��*H� (�\8�Neighbour-Joining (�	 
%�/�-� BQ%
���� 1000  K�%��8�),��� Z
��8 .��� S 

rDNA16  �HSP60 �����	 Staphylococcus aureus B	 
 ����-Z
��8��� B��� ���� �%�[ )outgroup(  �X� %


.�� B�"�� 

  
	��-�  �&�� �= �,C(E������)   
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�	��$%� ��4�8 �$ B�f B	 >�% 5�,�����! )Tissue 

culture plate, TCP( GH.4�%���
 e/0 Stepanović  �
) ��%��H�2007( .�� +���� *��]������ ��S� 810 (�,� 

%�� `?Q)� 1/0  %
600  (��!������ ��QB� %
 3� 
!�,����4 J!I� TSB B� 8  ��� 200 !���4���� �a B	 �� 

 3��n%
 3	�M
	 96 B��[ ,��������  .�� GM��!
3	�M
	�� �!
 %
� C◦28  V�! B	72  5-���%�� #� 
 .����3��n �� $� b�B�,c8 �V����J!  (����! �	95  �^%


 V�! B	15 l
BM� �� �	 b]� � B�*�(��*� �B4�� 3� �^%
 
 V�! B	{�� l
BM� ��%!a��� ���� .b� $� �
�*� �	 `a 

�YM! � �
��"� 200 !���4���� �� (�,J!�����3� 33 
�^%
� `?Q �%��  ��! (�0 %
545  ��#��
 �	 ��!����
���f� %��% MPR 4 PLUS  5���HIPERION 
�$�������� �� .%��M! 4�8�� �$B�f B	  >�%�������	 

��Y� %�� `?Q� )ODc: optical density cut-off( �	 
B	����%�� BY	�%: !)U�#��� OD O�! (�����) + (3  × Z��J��
.!%�� O�! (����� (U��.8 ��. %� n pY� ��4�8 �l��  �I���!

._w� O�! �� %
  .�� B�"�� �X�B���Q�� �	 
ODc×4>ODB��H� B	 ����- �l� � 
ODc×4≤ODB��H�<ODc×2� ODc×2≤ODB��H�<ODc � 
ODc≤ODB��H� B	i�8�8  B	����- ._ �I���!w� � O�!� 
�������	 ����J! .I� 4�[ 5
�� TSB  (���� ����- B	

O�!� �� B�"�� �X� %
.  
  
 �&�� =�G��-H  

5�4�." $�)8���� ��QB��� �	 B	����%�� I�J! 5
� 
%��a �?N�� ��S� ��� 	�n ���	� )Skim milk agar( 

8(������� )Tyndalized( � 5/0 �^%
 �%�\-  �Hc!
����G� +���� ) ��Maurhofer et al., 1995; Schaad et 

al., 2001( .���	� fB� �$��� J! $�I� LB ��� %
�L�
 
%B�c� .�� J! �
�H��� $� b�I� ��S 5
�� ��� �%� �a 
%B�c� ��. $� b�  5�?�3� �$�% B���Q�� B	 V%�^ 

BYM��� %
 pY� I�J! � 3�
8�� 5
�  �%
 �!
� C◦28 
%�� #�� .���� �
8G�  � Z��0� %
 Z�O� B4���� ��$  GJ!

��% ����	� b�  $�48 �5
� ��!$ $� 5-�� ��
��# 
����8�� ��QB��� 4�8 %
�� ��aK�  $�)8����M,8 �� .  

  
 �&��  ����� �
�� ��  

���*��]��� �%�� $� 5
� 24 B�-�� �����	 %
 I�J! 
%��a ���?N %
 `a �YM! G����� B� 8 � 100 ���4����! $� 

�a %
 pY� I�J! TSA )��%�
 4/4 +�� %
 ���4 U�*�s�( 
Lc� �� .?N�� �"�^ B�
Na B	  �
�^%
 V��	�� K��� � 

5/0 �^%
 ���� 3����� %
 5H*l �,[�
 `%
 3�
8 
5
��
�
��� %��l 5"�� � B/4 3�
8 �	 %��� K,�"�%�� 
��*! 

�� .B��H� ���� ��� B	 >�% B	�
! B� 8 ���!� � �l�" 5
� 
�����	 
�	 .3�
8�� B	 V�! 72 5-�� %
 ��!
 28 
�����
��� %��l �
�
 ���� .��4�8 ������ �h�%��� � %��M! 
�/*� �a D����	 ���r8 ��% ?N�� Z�.! B	 �
%$ ��Qa �8 
�� l�� ��%�� B� B	i�8�8 !��� ��4�8 K� �8 I���! � 
��$ 

�	��� �	��$%� �� )Alström & Burns, 1989(.  

  
&�� � 'I� �, 8�'J� �' �   

B���Q�� %
 I�J! 5
� LB ���S 5/0  �810 �,�!+�� 
%
 ���4 ��"��]��8 B	 V�! 72 5-�� %
 ��!
 C◦28 5
� 

�
�
 ���� )Patten & Glick, 1996( .�
 �,�!���4 $� I�J! 
5
� B	 `��8����! GM��!  ��� `��8����!�� B	 V�! 10 
BM�l
 %
 10000 %�
 %
 BM�l
 h�O������ ���� .3� 
�,�!���4 $� (�,J! ���% �	 �
 �,�!���4 (�,J! Salkowski 

)3� �,�!���4 (�,J! U�a���,� 3 )FeCl3 (K�� %f�! %
 
50 �,�!���4 3��,��� ���� 35 �^%
 (z�,c! � %
 ��!
 
28 �����
��� B	 V�! 30 BM�l
 %
 ���%�8 �%�� #� �� .

V�� ��% �8%�^ ��4�8��� �	 �$�������� `?Q �%�� 
)OD( B��H��� %
 (�0 ��! 530 ��!���� U��.8 �� .5X,N 

B�� 	 ��"��]��8 ���	 ��% �����	�� �	 �$�������� V%��� 
5
��� %
 600 ��!���� B/��J! ��. ��J�! 
%������� 

(����� 3���� ���� �	 B	%�� �
�	 5X,N��� �O^� B�� 
L�� 12� 25� 50 � 125 �,�!+��  %
���4 IAA d4�[ 

)5[�� u�! ��H4a (K�% ��.  
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L'-M8�' ;��N� O�P ��&���8#��� �,���Q �,' >��� 
������� � 	��-� ��&�/� 	,�,-8:�� R  
B���Q��� D�,���	 %
 I�J! 5
� TSB B	 V�! 5O� 

$�% %
 ��!
 28 �����
��� %
 ���� %�8�	���� 180 %�
 
%
 BM�l
 B	���� ���� .B��H��� %
 I���� ���%�8 )G��" 

�!����!�4a %
 Z��0� B
�� ���S I�J! 5
� (��% ��
�� .
I�J! 5
� ���S ���*��]��� �����	 �	 3�%���,����� 

{�� (�!�� B	 2 ̴ pH �����% �� � %
 g10000 B	 V�! {�� 
BM�l
 %
 ��!
 20 �����
��� h�O������ �� .(�,J! ���% 

�	 �
�O��� $� �
N �4�,������ 22/0 �����! ��,�" �� .
�%�\- ��������	 %
 I���� ���%�8 �	 �
�O��� $� (sS 

�
���!��,� �	 BQ%
 ��,[ Gas chromatography 
)GC (%
 B� B,S�! B	 5/*� �	��	 I�J! 5
� � (sS 
)K�S/K�S (%
 w�l %�����
 ���c��� �� .�%�\- 

�
���!��,� �	 �
��"� +�� 3� 3H� 5�O4�� K��� B	 V�! 
10 BM�l
 %
 ��!
 I�J! `a�
$�� �� . 

 

I� > 1- 	�T,���� 	
����� ;�-���� U�8M# ������� �����; #? =' �(,� ��8P�� =-!# �'� �=�# � ��83��  
Table 1. Phenotypic characteristics of the Bacillus strain groups isolated from hornbeam root in Mazandaran 

and Golestan provinces 

4 3 2 1 Group number 
S, C S  S, C  S  Spore position 

+  +  +  +  Nitrate reduction  
+  +  +  +  Voges-Proskauer (VP) 
+  +  +  -  Urease 
-  +  -  +  Arginine dihydrolase 
+  +  -  +  Gelatin hydrolysis 
+  +  +  +  Lecithinase 
+  +  +  +  Starch hydrolysis 
+  +  +  -  Tween 80 hydrolysis  
+  +  +  +  Aesculin hydrolysis 
        Utilization of:  
+ + + + Citrate  
+  +  +  +  Glycogen 
-  -  -  -  Rhamnose-L  
-  -  +  -  Raffinose-D  
+  +  +  +  Glucose-D  
+  +  +  -  Glycerol 
-  -  +  -  Myo-Inositol 

+  +  +  +  Maltose-D  
+  +  +  +  Cellobiose  
-  -  -  -  Dulcitol  
-  +  +  +  Mannose-D  
-  -  +  -  Arabinose-L  
-  -  +  -  Inulin  
-  +  +  -  Ribose-D  
+  
+  

+  
+  

+  
+  

+ 
+  

Fructose-D  
Trehalose-D  

+  -  +  +  Melibiose-D  
-  -  +  -  Xylose-D  
+  +  +  +  Sucrose 
-  -  -  -  Melisitose-D  
-  -  +  -  Manitol-D  
-  +  +  +  Salicin  

+: Positive, -: Negative, C: Central, S: Subterminal 
1, 3: Thuringiensis-like group, 2: Subtilis-like group, 4: Mycoides-like group 
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V@X 1- �P�� 	@�8�
���� VY�% =' �3,�+# 	&'����� � ���G�:�� �
 HSP60 �,' >��� �����; #? =' �(,� ��8P�� =-!# �� 

������� ������� ��>�# �� J��� �
 �� 6�� I�N�' �,�3!�) �� ;��Z8�' =' O-��'[�' MEGA X  
Figure 1. Phylogenetic tree of HSP60 of Bacillus isolates from hornbeam roots, constructed with the Neighbour-

joining method using MEGA X 
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V@X 2- �3,�+# \�]  �&�� �=�,C �� �,' >��� ������� �������  ���(,� ��8P�� =-!#  ��V^�>��� �'� �=�# � ��83�� �� 

6�� ���H�-@�# � 2��/� _ X `�� I�83,-: �&�,� �� I�. L�# 545 -8#���� 

Figure 2. Levels of biofilm production of endophytic Bacillus isolates from hornbeam roots in tissue culture 

plate stained with crystal violet 
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V@X 3- �&�� ; ��'�=�� ;��N� ����8#�-�: bX �,' > 

������� ����-� Brenneria roseae  

�,' >�� :1; rPass4 )B. subtilis() 2; rLajamr3 )B. thuringiensis() 3; 

rAqa1 )B. subtilis() 4; rPass7 )B. subtilis() 5; rKer1 )B. mycoides( 

� 6; rLajamr2 )B. thuringiensis(.  
Figure 3. Zone of inhibition produced by the six 

isolates of endophytic Bacillus against Brenneria 

roseae 
Isolates: 1; rPass4 (B. subtilis), 2; rLajamr3 (B. thuringiensis), 3; 

rAqa1 (B. subtilis), 4; rPass7 (B. subtilis), 5; rKer1 (B. mycoides), 

and 6; rLajamr2 (B. thuringiensis). 
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