
Arc
hi

ve
 o

f S
ID

                                                                          ����   � ����	
      ������	  

                                                                        ��� ��� ����� �� ������ ����  

 ��� 

  

�������� � �	��
�� �
�� ��������  ��������� ����� ������ 

��
� ���! �" �#���  �$���% ��&����'( � ���)*� �∗  
Phenotypic and protein profile diversity of tomato bacterial  

canker in Golestan and West Azarbaijan provinces 

  

���� ����	�∗∗
�� ����� ����������� ��������� � �  

����� ������������ �!" #�� $�  

��! "#$% ��&	&'( ��)* +,�-.��	/0��( �  

1� -��2( ��3)405 �6���)7 ��,)405  

�� ��3)405 �6���)7 ��,)405 60�	�  

)9����5 :���( : �<��=>?@��AB :���( � : /�
��=>�(  

 
%#�
&  

   #�� �����D7�
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 ��]�^�G���! ��\_)!����	
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  ���

  ���b( 5��� �34�	
    ��            �,	(��K���D]G0 @�&4 � d�D_! e
�J! 60 �5�bD%0 ���40�( �5 f_)! �

  �G��% E��'! F	g(��B     @�� 60 �5�bDK%0 �
  SDS-PAGE  5�K
 .   �505 h0����K45     �K��   60 VK[�a 

� ���	�	��	
 ��	[�\P      �0-K�0 h�K4 60 �5�bDK%0 �K
 F	g(��KB 6�����D]G0NTSY`S-pc Version 

2/02e   @�� �UPGMA    O%� 5��*�� Q��i �  ��5�  .        E5�Kj! 9��2� �[�5 �
 ��� #% 50�j(

�� %    �505 60 V[�a h0����45 �5    �� ���	�	��	
 � �  cJB       E5�j! 9��2� �[�5 �
 ��� �H % �5

���45   �505 60 V[�a h0�    ��   ��5� f_)! �J	g(��B � .     #�0�� F	
 �5 �4^��D� l�� c��D4    ��� 

  �0          #K�0�� F	K
 �4^�K�� �5�0�4�DK%0 #4��4 �
 �40�     �K�           5�K�� � �K
�L /�KM��
�<� � /�D$K� �

9	j��    ��    #�0�� F	
 �5 ���bD! �    ��     505 /�)4 0� d�D_! WT�J! � �K4.        60 @�0-K F	KG�0 FK�0 

�� ����	
 5���9%0 /�D$� /�D%0 �5 �34�� #�� �����D*�
 �]4.  

%'�$  �(�#�)* �: Clavibacter michiganensis subsp. michiganensis � �����D*�
 �]4��

#�� ��34��  �/0��0�
�L /�M��
�<�� /�D$�.  

  

�#�  

 �34�� #��(Lycopersicon esculentum Mill.)��D7�
 60 �50�j( /�
-	!    �K� ���K�	
 �  �06

#��� 60 ���	:  
Clavibater michiganensis subsp. michiganensis (Cmm) 
Xanthomonas campestris pv. vesicatoria (Xcv) 
Ralstonia solanacearum (Rs) 
Erwinia carotovora subsp. carotovora (Ecc) 
Pseudomonas syringae pv. tomato (Pst) 

  

�!  ���
)(Jones et al., 1991; Bryan, 1933; Gleason et al., 1993 .  ��D7�K
 FK�0 F	
 60  �K� Cmm �

Xcv � Pst Omn` 5�M�0 �34�� #�� ��	! ��� �!  �J���4)(Bryan, 1933; Gleason et al., 1993. 

              E�K% �5 ��K
 F	KG�0 �0�K
 �34�� #�� �����D*�
 �]4���opo     #K4�_� �5 ��5n	K!     eKq0� �0  

   K! �K]��!� /�3	)K	! 9G��0 �5    rK%�( E�K% /�K�� �5 � ����)Erwin F. Smith  �5 � @�0-K   

 E�%�o�p4 @�0- �� �� /� 5��! �5�	%� s�t #
 )Smith, 1910 .( ����	
 F�0 ��
 F	G�0 ��

 0�Bacterium michiganensis 4 �5 #K* ��	!�4 ��    �K%��
 Z�K%0 �K
 9K�   �K�   ��� ��K� h�KM40 �  
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      ���%�$�& $ �'����� (��� ��)����� �*�+ �,�,�-.�� �	
�/ �)����  0�-�� )1 �2
�� ���� 0�3,��)45 $ 0�-!6+ ��7  

  

  

 ���

   F	g(��KKB 6��KK���D]G0 ��G��KK% ��0�KK�5 ��KK2	*�(   h�KK4 9KK'( ���	�	KK��	
 ��\KK_)! �   

Clavibacter michiganensis subsp. michiganensis #
 � �5�
 E�2q 5��! -	4 �6��!0 #* �� ��	!�4 

 ��*�!  5��)Davis et al., 1984 .( �`50 -	4 /0��0 �5�! #4�)4 F	G�0 5��  ��  E�K% �5 ����	
 F�0 �

��H�        �D%��� #!�a �5 �34�� #�� #`�-! u� �5    �� ����)! #	!��0 / .   �0���)K! FK�0  �5 

 E�%���v   �	K%� 9K2w #
 �`�0-! r%�( )(Mazarei., 1993 .  E�K% �5���X   �5 l�K� ���K�	
 

  �K�5� ����)K! �	� QM` � -��2( x0�T0 � #4�	! ��4�! Y�0-! (Mohammadypour, 1988) . �5

  E�%����  ���� #i��` y    S� ��	,)P Omn` �
       ��34�� #�� #(�
 #��T#�    �� ���q �  �0

    U�2!5 � #q�% ��� z4�    �� )�,4�� (   Y�0-! �5  /�D%0  ��5� ����)! /�D$� .   �5 ����	
 ���

 #(�
 �{j
    ��       |n!�7 0� ��	 #7 5�
 ��a #
    5�
 �5��4 S)P  . �i�a W	&'(  �%��
 c��D4    �K� ��

      K�0�� �KJ	g(��B � �.	(�KJ� Y�J( �%��
 � ���%�J� ��6�%0�� #J	!6 �5 #7 9%0#   �K�  VK!�` �

9%0 ��� h�M40 �34�� #�� �����D7�
 �,4�� ����	
 .  

  

 ��+�� ,$+  

-��.   �/�0�� �+�#�1� ��2���#3     �(   �4����	 5��6�78 ��+�� $  :   �U�K
 60 �(�KjIq

  ��	! � #q�%    ��    Omn` �
 ����	
   �34�� #�� �]4��         �� �505 �)D$� }� O�n! /���� ��6 �5  .

#4��4    ��    ��! #
 �5 	q5         #
 � ��� #)D$� /��D% �I&! }� �5 #&     ��     ���a /��D% �J	t /� �5

   #% �(��	! �D	G    V&DJ! /��D% �I&! }� #D)    �
�P #
 �   #D%5 �
    ��  � #G /�  �4��5� 9P0�J,�  .

  9�A 60 �j
     �5 �( cJB           ���Ka ��DB SD)( ��� V[�a /�	$4�.%�% 60 s�G S� #&	q5 NA  

(Nutrient Agar)� Nutrient Broth Yeast extract) NBY ( � SCM)Semiselective medium for  

C. michiganensis (��5� rI_! .SD)( ����!5 �5 V[�a � C°vH   cJKB 60 ~KB � ��0��34 

     �J�7 F	
 60 6�� 9b� �(    ��   �J�7 ���� ���� �    ��             ��K! OK_( V,K� #
 � �M4��4 #
 V��! 5�6 �

      r	'! ��� 60 ��� ���	4NA   � NBY  �J�* �     ��         r	'! ��� 60 ��D$*�P #
 V��! z4� h�* �

SCM r	KK'! ��� � }�KK_D40 NA �KK	�,(�4�KK�  )Keleman, 1954; Fatmi & Schaad, 1988; 

Shirakawa & Sasaki, 1988( .�5�bD%0 ���J! #
  ��      }� #K
 #K4��4 SK� �F��DK%0 �K� 60 ���j
 �

    #4��4 � E�&D40 /��D% �I&!    ��    -	�	��	G -	4 ��)lyophilize (���5�4. ���!6�  �� 	� �-  ��,�^�KG��
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 ��������	�
 ����� ����
������ ��������� ����� ������� � ���� �!" #�� $  

  

  

  ���

    ��D7�
 �0 #�A�( � ���	�	��	
    ��        @�� Z�K%0 �K
 ��K� 0�� �     �K�    �,�^�G���D7�K
 E�K�j! � 

)Schaad et al, 2001( 9�� h�M40.  

9. �+���� �/�2:  �34�� #�� ��A
 0�D
0)Early urban(/0�� VP05 �5    �K�  �,	DK%nB �

     � #%�! �Z� /��D% ���_! ���a  
 ��P  92$4 #
 U�    ��   �4�� #D��* ���$! � .#�0��     �K� �

 @�� Z�%0 �
 �����D*�
)Van Steeklenburg (1985 r	'! ��� NA  �K	�,(  ��K!5 �5 � C°vH 

 �4��5� ��0��34 . 60 �j
   9�AvX   #�0��60 �4�	$4�.%�% �9`�%    ��     �K� #K	�( �����D7�
 � .

  /�	$4�.%�% ����7 ~.%    �� )OD(     ��! E�T �5 Hpp !�4�4     �D!�D���D,.%0 �
 �D  �Ka �5 v/p� 

�/p  �� O	�J(  .     5��a ���a /�	$4�.%�% F�0�p�   �5 ��46 E��% ��	!    �KD	G)cfu/ml ( 5�K
 .  �K


    U�
 F	G�0 U�2!5 l�� /�	$4�.%�% #
 #D)L� V.G�,%0  ���	 �&	&a � ��t /��#Db� �  #�� �0

      �� �505 @�
 #q�% �,�5-4 60 �34�� . #(�
 ~.%    ��  �� �5�G� �         �K
 �K�� SKq�(0 �5 �34�� #

   �2$4 9
�T��p    ��0�a ��[�5 C°v�      ���4 r�0�� 9'( � �H    ����J��� 9`�% �   9`�K% 

�4�� ��0��34 �,���( )Van Steekelenburg, 1985 ( 60 ~B �cJB �( �5 #KDb�    ��K� � /0-K	! 

����	
 ��06�60�40 Z�	&! Z�%0 �
       cJKB �K( �bK[ ��K	Frosheiser and Barnes)  �bK[ = �K` h

   �Omn` 5���� =  U�
 /�� ��	%nB     �K�  �v=  ��K�q �0      /�K� zK4�    U�K
 #	K��a     �K�   ��0�K	B �

OP6  �� ���q � �0       #q�% ��� ��	% #
 V��! )�]4��(  �X = S� ��	,)P  U�
 #��T    ��  �� = U�!

��	 (  K�� �0�Kq �%��
 5��!9 Frosheiser & Barnes, 1978) .(     ����K�	
 OKmn` ��K�� 60 �Kj


���
�5 ��D7�
#(�
 � U�
 60   ��/� ��� �q0�D�0 � �%�%0 /�!6� �Jt � �6�%0��  ���� h�M40 .  

;.   <���!= >�	 ?�2@  :         �K%�2` #KG� ��K	 �5 /�K!6� F�0� (Four-O'clock)    @�� #K
 

Gitaitis (1990) @�� #K
 �40�j�� � /�(�( ��	 �5 �  Klement et al. (1963)�  Klement et al. 

(1990)��5� h�M40 .   

A.  ��B�$�C 2+�	$�0
��  :#�0��    ��   t 60 ~B ��        r	'! ��� ��� 6�� cJB �( �NA  ��!5 �5  

C°v��v�    u� �5 ���	!      ���K
 �KD	GNaPBS-EDTA) :NaPBS-EDTA �/�pH=  ��/Xp  �K�	!   �KD	G

Na2HPO4.2H2O v/p   ����! �/o ��	!   �D	GNaH2PO4.2H2O v/p   ����! �   h� NaCl  �H/��  h� 

                                                           
"#  Mirrabilis jalapa 
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 ���

EDTA   � o�p ��	!     ��� /��D% �I&! }� �D	G (/�	$4�.%�%      ��K! #
 � vp     �5 #K&	q5 �pppp 

        ��7 F�0 �4��5� ^�b��D4�% #&	q5 �5 ��5#%     ���J! #
 ��
      ����*�K% �K�B ���K*   �K�   ���KP �

  �G��%)EPS (  �� �0�,( �����D7�
 .  V[�a �����D7�
 }�%� 60       u� �5 #4��4 �� ��	!    ���K
 �D	G

     �0�&! � Va #4��4��� G��,	!      O�06�-�� E��'! 60 �D	)  E��'!X      O�06�-K�� �K[�5 )   #K
 /6�

OMa (    �5 ��� VaTris-HCl �p ��	!   ���!�
 pH   �
0�
 � ( /� #
  ��    �K� �5�-K�0  .     �KJt 60 ~KB

  #4��4 �~,(�� #	4�w    ��    ��! #
 �5      ��K!5 �5 9`�% C°��     �4�K� �505 �0�Kq .       60 h0�K7 �K� #K


#4��4  �� ��bG�% V	%5 �5 O��% �)SDS; sodium dodecyl sulfate (4 9��L �
 �K� ��vp  �K[�5 

  #4��4 � #��i0    ��    ��! #
 �p    @�� }� �5 #&	q5  C°o� �0�q   �4�� �505 �  %    ��! #
 ~. cJKB 

 �5 #KK&	q5�pppp�KK4��5� ^�b��D4�KK% ��5  .F	g(��KKB 6��KK���D,G0  �KK� E^ �5 �v �KK�B �KK[�5 

 �	!n��7�)polyacrylamid gel ( #D%�	B�4 OD$	% �5)discontinuous(  @�� #K
 Laemmli (1970) 

9�� h�M40.  

 �0-� �5 S� E��'! �5 E^�!�7% ��
 �)Coomassie blue (�5  S	DK%0 �	%0 � }� �E�4�D! 

   92$4 #
�:�:�    ��! #
     #% �( �5             �K! #K
 zK4� /��
 Ena /��� �5 � �-	!� z4� 9`�% �

   9`�% �5 �( u�        S	D%0 �	%0 E��'! �5 � ��234��p  �34 �[�5 �� ��0� .�4�
  ��  �J	g(��B �

   #�0�� ��� �-	!� z4�    ��           5�0�4�DK%0 #K�0�� �K
 -K	4 � �3��,� �
  Cmm) NCPPB382 ( �m0�K�0 

dG�5�� ��$���BQG F	)�0 ) /��G�(�4��5� #$��&!  )Ausubel et al., 1987.(  

 �D�8 �/EF� ��) �0��H( : #��P #��M( �0   @�� 60 �]�   ��       9K%0 ��K	�D! �Jt ���!� �

  #*     /� 60 �5�bD%0 �
�!       ��� #
 0� F3���4 #j!�� u� /0�(  ��         50�K�0 #K]���I
 �5�K�4 O	$K&( ��

     #`��M! ��'G 60 ��� �� VP05      � O� #
 ��b[ 60 �02           ���K% 50�K�0 �K
 � #DK�05 ��D)	
 9��

���  ��  �J��
 ���bD!  .   F�0 0AG@��   �505 #�-M( �0�
     ��      �K	�D! F	K
 �5 #* ��   �K�     �K( ��K
�! �

�� �5��a ��&G�
 � �J!5�% ���� 5�05 5��� �3D$2�! ���
 )Joanna & Eaton 1983 .( ��n`

     �D%n* #�-M( /� �
�!    ��� /5�* 0�	B �5 �40�( ��/�%� �%��
 � �jq0� � ���b( �(  �K�  F	K
 �

�505  �� ���
 �	b! )Moghadam et al., 1984(.  

@�� #��P �5 #
�)( �� #�[�� #2%�'! ���J! #
 ��5�jD! �5�05 5��� � . �� �m0��* #*

@�� 60 h0�* ��#J	!6 � ��jG�I! Y�4 #
 �3D$
   ��5�05 �5�
��* � . �6���)* ��&	&'( �5
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 ��������	�
 ����� ����
������ ��������� ����� ������� � ���� �!" #�� $  

  

  

  ��	

E��j! F��( �@�� UPGMA )Unweighted Pair-Group Method Using Arithmetic Average( 

 ���b( �� #
�)( r%�D! ���� � �	(�4^ F	
 �]	D4^ xnDP0 �� #
�)( #* 9%0 �
 �	(�4^ /�

�	(�4^ ���% �� ��� �5 5���! ��!  ���
)(Gerami, 1984.  

  

�F�0�J"� $   

 #4��4 F	J���       )! Omn` �
 ����\_#   ����	
 �         #
 � ���� e�� �
�L /�M��
�<� Y�0-! 60 

 #4��4 �0���         D�� �0�q �%��
 9'( /�D$� ����J)   V,��.(   t �( #%��       9)K7 60 ~KB 6�� �

 #	�( /�	$4�.%�%   9�$q 60 ���     ��   �nD2! �  �J�*    �K�      |�D2$K4 �O�J!�K4 5�K �     �}�K'! �9K��5 

              r	K'! ��� zK4� �M4��K4 � ��	K� �5�6 �V,� �����	4NBY   � ��H       �9)K* 60 ~KB 6�� 

�J�7    ��    �Iq #
 ��v�� ��	!              r	'! ��� ��4�� �]
� � 5� ���D$*�P #
 V��! h�7 z4� #
 �D!

SCM  �4�� ���� . ��( �! #�0��  ��   9'(  ����	
 /�!6�       �K34�� #K�� ��� �K�06     �K� t � �K� �

#Db�  Oq� �0Early urban�	 ��� 9	%�$a l�� �J70� �  ���40�j�� � �%�2` #G� �/�(�( / 

#�0�� ��70 #7 �JD�� �0�q  ���4505 /�)4 92�! �J70� .  

              �	%0 �	G�( ����2�0 �60�� �/5�
 92�! h� V	2q 60 ���	�	��	
 � �.	(�J� ��	[�\P �5

  r	'!Dye-c             �D
 �E�D	4�5� 60 �	%0 �	G�( h�` �G� 6��7�% � 6�D7��� �6�J	
0�� �-7�� 60 �  �5 

                ���K40�( �6�K2�0� � 6�KJ	�0� �/^�K,	� �K� #D%�)4 �F��D$75 �E�D	
��% �E�D	$G�5 ���6�7��

                  0��K(��( � ��0-K0 ���K4�G�! ���K4��D7�� ���K!�� 60 �5�bDK%0 h�` � �0�D	% 60 �5�bD%0 ��  

  ~JK� ���%�J� �5 9��D	4 #
 �0�D	4 ��	a0 h�`Clavibacter )Fatmi & Schaad, 1988(   ��K* #K
 

9��.                  � 6�KD7��� 60 �	K%0 �	G�( �6��7�% �[�5 cJB ���a �A�! ��� ��� �
 }��I! ��� 

          �KbG� �K� F	G�J�0 �E�D	
��% �E�D	$G�5 60 #4 �G� 6��7�%�  VK	D! �       60 �5�bDK%0 ��K�6�7�� �5 

�0�D	%                  F	m�K( -	G���K	� h�K` � F
�K7 e
�KJ! ��J( /0�J` #
 ���! � �p      #K4� f	_)K( �5  

C. michiganensis) Davis et al., 1984; Bradbury, 1986; Davis, 1986; Fatmi & Schaad, 1988; 

Gitaitis, 1990; Van DenBulk et al., 1991( �� �5�bD%0.  
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 �
DL.�D7�
 �,4�� ����	
 Omn`  ��� ����)! �34�� #�� ����  

/�D%0 �5 ���
�L /�M��
�<� � /�D$� �  
Fig. 1- Symptoms of tomato bacterial canker observed in  

Golestan and west Azarbaijan provinces 

  

         � /0�G �6�J�6����( �5� V	D! �J70� /5�
 �bJ!��      �JK70� /5�K
 9K2�! � 6�D7��D7   �K� �

  J	D$G � 6�(�b$�     6� �	G�( ���40�( �6�H2S    �/�D.B 60            �� ������	� 
������ � ������ ����� ��������

���  ��                 ���� �� ��	� ���� !"���#�$# �� �����	� %�& � �'$( )'��* +��& ,' "���-(	 � "��	� .   ��� .

    6�4�! �5 � 6�	
��% �5          /0�( 1��2* .�� �3� !4����* ,�'$( 53 67�� �� ��	� ���� %�& �    ��� .

TTC  !CNS   �     ���a ��0AL ���X  ��   � H        9��L V�'( � O��% ����7 �[�5 �     SK�4 �K[�5 

h�jT    /5�K7 F	Kj! �5  #K4� �K�6 michiganensis (C. m. subsp. michiganensis) )Schaad et al., 

2001; Bradbury, 1986(    9K�� �0�Kq �5�bDK%0 5��K!  .   �KR�� Z�K%0 �K
   �K�  ��,�^�KG���! �

���	�	��	
 �  ( #�A� ��0 #�0��    ��           #7 �4�� -���D! O� 60 ��* ��� #% �5 ��    �3���� �
 �[�5 

�JD�05 9�
�)! )E��� �(.  

�D�8 �/EF� �� :��� #�0�� ��J
  ��  #K!�4�
 60 �5�bD%0 �
 NTSY`S-pc Version 2/02e�   �K
 

    @�� 60 �5�bD%0UPGMA    Q��i � Jaccard  �� h�M40  .       0 �K
 9��2� /0-	! F		j( 60 ~B  Z�K%

��              FD��K ��4 �5 /��
 ����	�	��	
 � �,�^�G��-	� ��	[�\P #��� 60 �.	(�J� 9	[�\P 

 /6�(Un weighted Pair-Group Method Analysis)t ��� ���` ��� � #K
    f	_)K( �K�6 ��K� 
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  ��


�� �505�4) V]� v:(  

 %$�M I:#�0�� ��� F�0   �� 60 ��Cmm      ��K� ���� eK�� �K
�L /�KM��
�<� 60 #K7 �45�
 

�45�
5 � ���b( -	4 5�P F	
 �  �� ���JD�05.  

  ���II :   #�0�� V!�� ��� F�0    �� �45�
 �� #*        /�DK%0 dK�D_! WT�KJ! 60    �K�   /�KM��
�<� �

   e�� /�D$� � �
�L   �45�
 ��� ���� �                � ���	�	K��	
 ��bK[ �KP�
 �5 ���Kb( ��K'G #K
 

    ��� 60 �,�^�G��-	�I         �P�
 �5 -	4 5�P F	
 �5 � �45�
 -���D!    ���b( ��b[ 60      �K�   /�)K4 ��

�! �4505 . #�0��5�0�4�D%0 )NCPPB382(9�� �0�q ��� F�0 �5 -	4 .   

  ���III  :   #�0�� V!�� ��� F�0    ��          �K
�L /�M��
�<� /�D%0 d�D_! WT�J! 60 #7 �JD$� ��

e��   �45�
 ��� ���� �          ��bK[ �P�
 �5 ���b( ��'G #
     �^�KG��-	� � ���	�	K��	
   �5 60 �,

���KK I � II �0�05 l�KK� ��bKK[ 60 �KKP�
 �5 -KK	4 5�KKP F	KK
 �5 �KKG� �KK45�
 -��KK�D! �KK3�5 

���b(  ���45�
 �� .  

#�0��    �� ��� � I    ��� �II    Q	(�( #
H/�H �  ��   �[�5  � �#�0�    ��    ���K �III   5��Ka 

�/�p  
 �[�5    �JD�05 #
�)( 5�0�4�D%0 #�0�� � .#�0��    ��   5��! �      5�P 60 ��� #% F�0 �5 �%��
 

 5��a���4505 /�)4 9��2� �[�5  .  

   ��D7�K
 60 #K�0�� S� F	J���Xanthamonas malvacearum pv. axenopodis     /0�KJ` #K
 �  

out group$��&! F�0 �5 # 9�� �0�q ��&D$! ��� �5 #7 9�� ��7 #
 )IV(�) V]� v.(  

   ��B�$�C ��1���/�#3    �( :60   F	
 H�        ��K�4 5��K! #K�0�� ��      Z�K%0 �K
 #K�0��    F��D)K	


����	
  ��06                 /� �G��K% E�K�'! F	g(��KB �]	(��K���D]G0 @�K&4 � }�K_D40 �#&IJ! �� �5    �K� 

 �� �%��
 .   �4�
 u	]b( ���J! #
  ��    �]� �Jt � /�$�� �+   �K3G0 �5    �K�  �   #K
     60 ��K!� 9K%5

 �2$4 9*�a ��	j!)Relative factor( �� Rf�� �5�bD%0  .���T #
  D40 �K( 0�D
0 60 #* �K�  60 �K4�
 �

  ������    ����� �( �p   ��5� ��J
 O	$&( �4  �4�
 ~.% �  ��     u� 9q5 �
 ��	!        -��K�D! OK� 60 �KD!

�4�� .         /^ u� Vq0�a 5��� ��J���4 �J	g(��B �4�
 ���!      ��K`nT0 F�0�
�J
 ����
SDS-PAGE 

 Q$4 r
0�� 9P�J� �0�
 +�06#4� F	
 �5  �� eq0� �	b! �!  5��)Singh et al., 1991(.  
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 ���

 ����������� ���	
�� ���
��   �� �Clavibacter michiganensis subsp. michiganensis   

����� ����� ����� ����� ��
! "� #�$ ���  �����%�! & �'�( ��)��'*+, �  

Table 1- Phenotypic characteristics of Clavibacter michiganensis subsp. michiganensis isolates obtained 

from different tomato growing areas of west Azarbaijan and Golestan provinces 
 

 8�.�$)Reaction( Characteristics ;��<�=>  

+  Gram reaction ��� �����  

	 Motility 
��� 

Y/V Pigment ��� ��� 

	 Oxidase ������� 

O Oxidative / Fermentative  ����� ��� /����� �  

	 Levan production ���� �����  

+ Hypersensitive reaction �����! "�# ����� 

+ Catalase �$���� 

+ Phosphatase ����%�# 

+ Aesculin hydrolysis &���'�� (������� 

	 Casein hydrolysis &�)��� (������� 

	 Tween 80 hydrolysis  &�)�� (�������*, 

w Gelatin hydrolysis �������&��$- ( 

+ 5%NaCl tolerance  ��.0 12� 32��4�5�6  

+ 6%NaCl tolerance  ��.0 12� 32��7�5�6  

+ 7%NaCl tolerance  ��.0 12� 32��8�5�6  

	 Nitrate reduction 9��:�� ;��!� 

	 Urease �< =��� 

+ Lecithinase ����:�� 

	 Tyrosinase ���>����� 

+ Growth at 35˚C  �6 ���?4:��� @A�6  6��� 

+ Growth on TTC  ��� ���TTC 

+ Growth on CNS  ��� ���CNS 

+ H2S formation  �����H2S��:BC ��  

	 Indole formation D���� �����  

	 3-Ketolactose  �����?	��:�$�:�   

	 Methyl red 6� 3�:E ����� 
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  ���

��	
	  � ����������� ���	
�� ���
��   ��� Clavibacter michiganensis subsp. michiganensis   

����� ����� ����� ����� ��
! "� #�$ ���  ���%�! & �'�( ��)��'*+, ���  

Table 1 continued- Phenotypic characteristics of Clavibacter michiganensis subsp. michiganensis 

isolates obtained from different tomato growing areas of west Azarbaijan and Golestan provinces 
 

?��-�� ��/ �$) �@�  )�1 :Action on Litmus milk 

 ) +42%(  Alkaline >���H 

 ) +58%(  Acidic �����  

	 Reduction I�2:�� ;��!� 

8�.�$ #<)1 

Percentage of reaction(+) 
Carbon Source 

������. B� C1�D-�� 1)�  

87.4 D-Glucose (���� �6 

70 Sucrose ������ 

47 Raffinose ����#��  

100 D- Cellobiose ������� �6 

34 Trehalose �� ����� 

80 D-Fructose ��:���# �6 

10 D-Ribose ��J>�� �6 

35 Melibiose ���� �E 

66 D-Mannose ����E �6 

58.4 D-Arabinose �������< �6 

0 Lactose :�$�� 

64.6 D-Melezitose ��:>(�E �6 

90 Ramnose ���E�� 

28 Maltose ��:��E 

0 Adonitol D�:��6< 

0  Dolcitol D�:����6 
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 ���

��	
	  � ����������� ���	
�� ���
��   ��� Clavibacter michiganensis subsp. michiganensis   

����� ����� ����� ����� ��
! "� #�$ ���  ��'*+, ������%�! & �'�( ��)  

Table 1 continued- Phenotypic characteristics of Clavibacter michiganensis subsp. michiganensis 

isolates obtained from different tomato growing areas of west Azarbaijan and Golestan provinces 
 

8�.�$ #<)1 

Percentage of reaction(+) Carbon Source ������. B� C1�D-�� 1)�  

25 Mannitol D�:���E 

0 D-Sorbitol D�:����� �6 

14 Dextrin &>�:��6 

4 Inolin &����>� 

100 Citrate 9��:�� 

0 Fumarate 9�E�# 

0 Gluconate 9������� 

0 Benzoate 9��(�� 

0 Malonate 9�����E 

0 Oxalate 9$�(�� 

0  Galactronate :�$��9���� 

0 Tartarate 9������� 

90 Acetate 9�:�� 

0 Propionate 9����C��C 

100 Succinate 9�������  

87.7 Lactate 9�:�$ 

7 α-methyl D- glucoside �%�<	 �>������ �6 3�:E 

w: L, �� M,, %@>��A  ��=6�6 ��O� P�.Q �JRE �����  ���.  

90-100 % of isolates with weak positive reaction. 

Y :���� O :������� V :	�� �
 �� ���� �����:���� � ������ ����� ����� .  

Y: Yellow; O: Orange; V: Various colors such as pink, red, orange and white. 

 :+*, �� M,, %@>��A  ��=6�6 ��O� �JRE �����  ���.  
80-100 % of isolates with positive reaction. 
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  ���

Cluster Analysis of Phenotypic Characteristics

Jaccard`s Coefficient
0.63 0.68 0.73 0.79 0.84 0.89 0.95 1.00

          

 1100 
 1102 
 1131 
 1103 
 1104 
 1105 
 1121 
 1106 
 1107 
 1109 
 1108 
 1110 
 1111 
 1112 
 1113 
 1114 
 1118 
 1119 
 1120 
 1115 
 1117 
 1125 
 1145 
 1146 
 1147 
 1148 
 1159 
 1126 
 1127 
 1129 
 1128 
 1154 
 1162 
 1161 
 1149 
 1150 
 1151 
 1156 
 1163 
 1165 
 1164 
 1157 
 1158 
 1134 
 1135 
 1136 
 1137 
 1138 
 1139 
 1140 
 1141 
 1142 
 1143 
 1144 
 1153 
 1155 
 1160 
 1116 
 1122 
 1123 
 1124 
 1130 
 3107 

  
  

��� ������� ���� 	
��    �� �Clavibacter michiganensis subsp. michiganensis  ���� 

           ����� ����
 ���� ���� � ���� �!� �� �"#�$ ���� ����%&� �'#(     ��    
 ��)*)�(�)� �

      +%�,�"-� �� 	��%!� � �.�/�-��0)$UPGMA)  ������     ��  �223342252    �,6� �%�!� ��   ��7�

 ����� 8���9225:����� 
 �*-� ��   � �225;4 22<5�%=>� �%!� �� .(  
Fig. 2- Cluster analysis of Clavibacter michiganensis subsp. michiganensis isolates, 

causal agent of tomato bacterial canker based on the results of biochemical and physiological 

test (+ & -) and using UPGMA method. (Isolates 1100-1151 from West Azarbaijan province, 

isolates 1154-1165 from Golestan province and 1153 from Germany). 

I  

II  

III  

IV  

Jaccard's Coefficient 

Cluster Analysis of Phenotypic Characteristics 
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 ���

   	,*( �����22AB  �&�C ,�     �      D��E� ��=�# �F/3  8:/A   
 5/5  ������ 8     ��  �225;  
 

225B  �&�C ,�     �    D�E� ��=# �F/3   
 5/5 ����� 8    �  �2235   
 22A2  �&�C ,�     �  ��=# �

  D�E�F/3  85/2   
 :/A   ����� 822<A  �&�C ,�     �    D�E� ��=# �F/3  8:/A  85/;   
 5/5  ����� 8

22:A  �&�C ,�      ��      D��E� ��=�# �F/3  85/2  8:  8A/:   
 B/5  ������ 8     ��  �22;5   
 22;:  ,� 

�&�C    �    D�E� ��=# �F/3  85/2  8:   
 A/: ��� 8  ��22:F  �&�C ,�      ��      D��E� ��=�# �F/3 8

:/A  
 5/;����� 8  � �2233 
22:H�&�C ,�    ��   D��E� ��=�# �F/3 
 5/; ������ 
    �� �

222B 
 22AA���&�C ,�   ���  D���E� ��=��# �F/3 8:/A 85/; 
 5/5  �,��#%��!� ������� ��� 

NCPPB382     �#��� �I# J
�K )  �'(: .(    ������ L)�� ,�     ��    %I�)� �%=�>� �    ,� J
��K L��

�&�C    �    D�E� ��=# �:/A   
 5/;  ����� 
     �    �&�C ,� ���9 �7��,6� �    �    D��E� ��=# �

5/2  85/;   
 5/5 ���  . ����� L)�M*�    �            D��E� ��=�# ��&�C ,� �, J
�K L��%I)� �%=>� �

5/2  ����� �     �    �#��� �I# ���9 �7��,6� �.       ��� �-�>�! L)NK
��O �,�$
�%.-� P�%# ���     �� �

Cmm                �.�( ,� Q���
,�#� J,�R �� 
 ��07K 	�( �� S
, �� 	��%!� � ;     ��( 	��� �I�#  .

�*�       	��� �.( ,� �� �#����              ���T L)NK
��O �,��$
�%.-� S�U# �V# �� �>� 	
�� P�O ��(

 W)XIK�� ��(� .  

  	
��I :�����    �        8Z[%\� �#� ]� � 	
�� L�� �B<         ��I�K �"���*� �� �R,�    
 �%�(��

  ��,��A    	
�� ���  ���#� .       	
�� � 	
�� L�� ��IK ��0)�III)     �,��#%�!� �����NCPPB382 (B3 

��� �R,�.   

  	
��II :�����    �          8Z[%\� �#� 
� K ]� � 	
�� L�� �F/B;     ��I�K �"���*� �� ��R,� 

    �� 
 �%(��:    ��� +)=UK 	
�� ��� ��#� .      	
��� � 	
�� L�� ��IK ��0)�III)   �,��#%�!� ������ (

B3��� �R,� .  
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  ���

  
  

  

  

��� ��������� �	
������� ���� ������   ��  ������ ������ �   ��� �Clavibacter michiganensis 

subsp. michiganensis  ���!��"� ��� #$ 
%)�����   ��� �&&'( *&&+, *&&'& *&&-' *&&., *&&.- *&&-/ *

&&++ *&&&( *&&'' � &&-0���1�2 3���4��1
56 3����� 	�  :&&,. *&&,( *&&7' � 3�����8 3����� 	� &&,- 

)NCPPB382( 3�;�6 	�.(  
Fig. 3- Comparing cell protein electrophoresis of Clavibacter michiganensis subsp. michiganensis 

isolates on polyacrylamid (Isolates 1129, 1105, 1121, 1142, 1145, 1144, 1148, 1100, 1119, 1122 and 

1147 from west Azarbaijan province; 1154, 1159, 1162 from Golestan province and 1153"NCPPB382" 

from Germany). 

1129
 1154
 1159
 1105
 1121
 1162
 1132
 1153
 1145
 1143
 1138
 1100
 

1119
 1122
 1137
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 ���

 	
��III : �� �*-� �� �,��#%!� ����� 	
�� L�� ,��$��.  

	
�� IV :�����    �     � 	
�� L�� �233   ,� ��IK �R,�  � ^    ��%$�� ,��T �07� 	
��  .  ��0�)�

 	
�� � 	
�� L�� ��IKIII) �,��#%!� �����( F<�R,� ���  .  

	
�� V :�����    �        �"��*� � 8Z[%\� �#� ]� � 	
�� L�� � B<        
 �%�(�� ��I�K ��R,� 

     	
�� ��� �! ��,���� (��� .       	
�� � 	
�� L�� ��IK ��0)�III)   �,��#%�!� ����� (F<  �R,�  �

���.  

  

JACCARD`s Coefficient
0.86 0.89 0.91 0.93 0.95 0.98 1.00

          

 1129 

 1154 

 1159 

 1138 

 1100 

 1137 

 1162 

 1119 

 1122 

 1153 

 1105 

 1121 

 1132 

 1145 

 1143 

 
 �����  ������ ���=1 >��8    ��� �Clavibacter michiganensis subsp. michiganensis   �?���@ A���B 

     >%�% C��� �1 �D��� ���8 �����E�1    ��             F�
��D�� 	� >%�G��� ��1 ��=������ 	
����?�� ���� �UPGMA  � 

    ��?��$ ��H�� I�J� K���L )&&'(  *&&+,  *&&'&  *&&-'  *&&.,  *&&.-  *&&-/  *&&++  *&&&(  *&&''  � 

&&-0�1�2 3�4��1
56 3��� 	�  :&&,. *&&,( � &&7' � 3���8 3��� 	� &&,-3�;�6 	� .(  

Fig. 4- Cluster analysis of Clavibacter michiganensis subsp. michiganensis isolates, the causal 

agent of tomato bacterial canker based on data derived from protein profile, using UPGMA method and 

different coefficient of genetic distance (Isolates 1129, 1105, 1121, 1132, 1145, 1143, 1138, 1100, 1119, 

1122 and 1137 from West Azarbaijan province, 1154, 1159 and 1162 from Golestan province and 1153 

from Germany). 

I  

II 

III  

IV 

V 

Jaccard's Coefficient 
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  ��	

   _)K�#/ L)NK
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