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 )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



 ��������	�
 ���
�� ����
������ ��������� ����� ������� � ���� �!"
 #�� $  

  

  

  ��	

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
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0�� �-7��
 60 �  �5 

                ���K40�( �6�K2�0� � 6�KJ	�0� �/^�K,	�
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Golestan and west Azarbaijan provinces 
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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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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 

 



      ���%�$�& $ �'����� (��� ��)���
�� �*�+ �,�,�-.�� �	
�/ �)����  0�-�� )1 �2
�� ���� 0�3,��)45 $ 0�-!6+ ��7  

  

  

 ���

��	
	  � ����������� ���	
�� 
���
��   ��� 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
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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). 
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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). 
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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). 
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ABSTRACT 

 

Tomato Bacterial canker disease, firstly reported in Iran from Urmieh in West 

Azarbaijan province in 1988. The disease causes lesion (canker), wilting and dryness of 

plants, leaf and fruit spots and whole plant decline. In this study, about 160 samples of 

infected plants were collected and sixty-four bacterial isolates were obtained from the infected 

tomato plants in Golestan and West Azarbaijan during 2004-2005. All isolates identified as 

Clavibacter michiganensis subsp. michiganensis based on morphological biochemical 

characters and pathogenecity test. Isolate Cmm (NCPPB382, Germany) was used as standard. 

Isolates showed considerable differences in using different sources of carbon and in their 

electrophoretic (SDS-PAGE) profiles of soluble cell proteins. Cluster analysis dendrograms 

obtained based on information derived from biochemical characters and protein 

electrophoresis, using software NTSYS-pc version 2/o2e, UPGMA method and Jaccard′s 

coefficient. Three groups (clusters) with %77 similarity based on biochemical data, 5 groups 

with %86 similarity based on SDS-PAGE results were realized. The results indicated high 

correlation and complementarirty. Resultes revealed I) heterogenesis between Iranian isolates 

and standard Cmm (NCPPB382), II) homogenesis between Golestan and West Azarbaijan 

isolates, and III) presence of different populations (strains) among the isolates selected from 

different areas. This is the first report of tomato bacterial disease in Golestan provice of Iran. 

Key words: Clavibacter michiganensis subsp. michiganensis; Bacterial canker of tomato; 
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West Azarbaijan, Golestan province. 
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