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Detection of the causal agents of potato soft rot and blackleg in Isfahan province 
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���   !"# 
�	���� ����� 
����&1   
����� ��?&� .� %�� $���  (�+�� �� 
&��'
@�� 
A �(��)*�  �����B �=.C��   $	D '�   ���%�� 
&��'���� � !"# 
�	���� EFG� 
�	1 $��� �� $�"��
 9-�� .#��# ����"� ��	/H   	1 �����"+I�� .��	� 
 9�� .� 	�J . "�


�L�  M��� � ������&1 9N
O�+P� 9�O�/- 5�#   
�����1��� �
P�Q�O��5�- �� �
P�+�� 
(��&� .� .��	�(Dch) Dickeya chrysanthemi	#	1 .+R�&1  . ��	/H�� S�TO .� "8�� .��	� 

� U �)+� U��*�VR 
W/��1�����
�.�  .#�� "�' (��&�(Pcc) Pectobacterium carotovorum 

subsp. carotovorumO  �	#	��"� 
����&1  
��#J '� !�	I X��  (Pa) P. atrosepticum Y�N6H 
	6# $��� .�+# 9T*����&1 �� $	�J 9�	� Z
�� ����� � 9)� �"�� ��P� �� "����
��"�'�DJ�*�V+R� 
$"�[#' \&I�  ��  

� �� # '�"��]H 5���"� 	�	 .��"� .���� ��
 �� �

���� "�'�DJ '� $��)+��
 G1/L1 
^��# ITS.��	�   �	#�� ��8O� M��� "�   	1 "�_PH ��
� �$	1 	�O�H��	� `�	&+-"� ��"C $ "� .� �� �� .. @ � $ "� ITS-PCR ab- � .��	� c

 ���	#�+��)(EcaSCRI1043"� �� ��  9-"� ..��	� (��'J M��� "� .I 
���    
�����1��� ���
 
P�Q�O��5�-Pcc� $ "� �� �	#	1 
-"/�  ! ITS-PCR  	&+-"� ��"C   .��	�   ���Dch�  $ "�  

  
 *6N�
�� '� ���&1��7 .��# (�
��� @ � $	#��8# 	1�� F+/&* $�86#�� .� $	1 $
(��)*�   
**.2H�P� @�e0�   
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 !��ITS-PCR4)H .7	#��� ��P6H �� �� c� (��'J !�[#� �� ��� "� `RFLP ITS-# �	1 	��]H 5 .
�+# M��� "��� Z���"� `
 �Dch     Pcc .�H"H�� %���"������ %O�D �� ��� $	&&7 ��[�   $�

�����	
 !"# %�� 
&��'���&1 (��)*� �� 
�	#	1 .  
        

$Q� $Q� $Q� $Q�     �	�
7 ����	�
7 ����	�
7 ����	�
7 ���::::    Pectobacterium����Dickeya  � � � � !"# 
�	���� !"# 
�	���� !"# 
�	���� !"# 
�	����%��%��%��%��    
&��'
&��'
&��'
&��'��� ���� ���� ���� �    $���$���$���$���    %��%��%��%��    
&��'
&��'
&��'
&��' � � � � \&7�  \&7�  \&7�  \&7� 
$"�[#'$"�[#'$"�[#'$"�[#'    '�"��
� ��'�"��
� ��'�"��
� ��'�"��
� ��        

        
.�	b�.�	b�.�	b�.�	b�        

"�'   .#�� .#��  ���Pectobacterium  $���#�R .� j
/+�Entrobacteriaceae .
�� '� 
"������ ���
� k�0T� 
���"+I�� E��   !"# 
�	���� (����� '� ����' ��	/H �� .I 	#�1

��� ��[
 	&&7 ."+��� '��"+7���+4� `��������� 	O�� ��	
"+7�� .� !"# � 

Pectobacterium  atrosepticum (Pa) (van Hall) Gardan �P. carotovorum subsp. carotovorum 

(Pcc) (Jones) Hauben et al.    chrysanthemi (Dch) (Burkholder) Brenner et al. Dickeya. 
%�� �� .7 	&+0� 
� ��[�� ������ 
&��'  	&&7 .(Perombelon & Salmond 1995) @��/� ��A .�

Pa��� ������ %���   $���(blackleg)%�� ��  OJ .I ��"� 
� 
&��' ��<� $	D '� 
���

� U]6# �"�� . ������ `�� .� '�[� 
���OJ "_I�	^ �(�"�� .
�� '� �(��� �����6I "_I� ��

 l��5� ��%�� ����� �<� 	�O�H 
� .+-"� "?# �� ��5� �� m� '� "+�I 
&��' ��1 

)www.nak.nl/documents( .
� ����b� ���+# �� $���  U��0R ED"�%�� 
�	��O .[ "� 
&��' 
"o��"+I�� 9�O�/-  ���Pcc   Dch ER' �T� ��  ��"� '�&� �.C�� ��   .C�A �� $��� ���

.��� "?# '� .��5� �� ��#J ��W^ %�� �<� �	&� 
�# @���� 
*�R 9�� 	T� 
&��' ��1 .
%�� $	D   .C�� 9-�� (	1 $��� .>"�� ��� ������ 

*� U�VN6� .
�� '� 
&��'  �� $���

 .
�^ "o�  Pa�
� 	1�(Harrison & Niellsen 1981)��� a��"1 9TH 
O  �� `P�� �.��5� !"� 
�"+I�� 9��  ���Pcc   Dch	&���# ��[�� �� 
�FG� `�&> 5�#   

.(Molina & Harrison 1977)  ��"� ����   kJ .I �V- ��� � �� ��P�"�� (��� � 9O��� ��
 ���� ��� Pa%�� $��� ��� 

*� "������  � k�0T� 
&��'
 �"�� .I �V- "R� � �� 
O  �

 9�� "Hp�� ���Pcc
� �� %O�D "������ U��* .�   	�J1980) Powelson .( `�&q��Pcc �� 
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 ��"
I )Molina & Horrison 1977 ( �# 5��J  )Staghellini & Meneley 1975 ( (��&� .�
 $��� ��� ������ ���� `�"+O �	+�%�� 
&��'9�� $	1 ;��5�  .F�"�� ���� Dch  

*� ����

� $��� ����% �'�&
� 
  	1��)Lumb et al. 1986 ( 9O��� ��  )Rs (Rio Grande do sul ��'"� 
%�� $��� ��� $	&&I ��[�� ����� 
&��' Pa %)tt(�Pcc%) gt (  Dch %)f ($	1 !G��  	#�

)Oliveria et al. 2003.( "o� "� $	�J ����� EFG� 9���6� `�� Pa �� Pcc ��   Dch� u��� 
  ��1
"� .7"��v U�VN6� M����"� .H�� �� ���� �w����� Pa�2C�/+� .7 ��1 $�' M	^  " ��
 .��� %�� �	&� 
&��' � ���  .� @�41� ��<� ���
 �� J.  

!��"+I���+P� m�P)H   
����&1 ��� 	O�� ���  �� U �)H .��� "� !"# 
�	����   $���
   
�����1��� �
��5������ U��*�VRP�Q�O��5�-
(J  �� (Schaad et al. 2001)  U �)H 5�#  

T� �� 	1� ��"� !'p 
����� 967 aCrystal Violet Pectate (CVP) (Cupple& Kelman 1974) 

� !��"� 	1��. ��W^ .�O � ;��5�Pa (��)*� �� )Bahar & Danesh 1985 ( 
����&1 5�#  

��� ����� ��6I l��5� �� !"# 
�	����   $���  
Soheyli-Moghadam & Hassanzadeh 2004, Zohoor et al. 1998) ((��'J ��&2� "� 5�#  ���

9�� .+-"� U��* 
�����1���   
P�Q�O��5�- .*�VR `�� .4#J���  ��� ���+�� ���C U�
a�T� .��H ! 5O 
O  �	&+0�  '� $	�J 9�	� Z��+# 92o ��"� 
#p�A (��'   3
+N� 96I ���

��'J�\ ���� �1�����
�4)H   
����� �� .���� �46� �� �� ������ ���� j�C�   y�"� c
�
 �'�� .; � '� $��)+�� ���
P�Q�O "�  (DeBoer & Naughton 1987,  DeBoer et al. 1979) 

&8���# ��O� .� 5�#
\&I�  ���    
P�Q�O "�  .#�� ( �� 
/A�bH ��� .��	� ��  ���
y��  J
���-�"z� jA�&� '� $	1 ��3
+N� !��"+I���+P� j�C� Y�N6H ��"� 
��� y#�� �  ���

��� 	O����	
%�� !"#  9�� 
&��'.  "81 �I .��H(probe)  
����&1 ��"� 
*�V+R�
.��	�  ���Pa   Pcc (����	�"2�� '� $��)+�� �� DNA1 � �
 `�� Y�N6H ��"� y�"� 
�"+I�� 9�� $	1 (��&� �� (J '� 
I	#� 9�/�� 
+^    �� �� ��
� 
����� $	D 	&I  

(Ward &. DeBoer. 1990; Ward &. DeBoer 1994) � U�5��[H .� '��# � ; � 
�	�q�� 
O  
 9�� .+R�� � 	T� �� ; � `�� �"���I �p�� {�+20# .&�5�  ���'(Darrase et al. 1994).  

@�� �� $"�[#' \&7�  ; � '� $��)+�� "�R� ��� ��
� �'�"�  
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  (Polymerase Chain Reaction, PCR) '� 
+�0C "�_4H ��"� 
*�V+R� ���"�'�DJ '� $��)+�� ��
9�� .+-"� ��"C .��H ���� "������ !�#Q .�y�"� �$��� ; � `��  $��� 
*�V+R�   M�0^
/��  ��A .� �E7 .&�5� ��O� .� 
!��"+7���+4� 
����&1 9��  
� ��P� �� � �   

 .(Darrasse et al. 1994, De Boer & Ward 1995, Nassar et al. 1996, Kang et al. 2003)� �� � `
.#�� m�P)H ��"� 
)
+N� ���"�'�DJ .}��� .#��"�'   �� $	1 3�"/H !��"+I���+P� ���  .I	#�

������ $	&&I ��[�� ����� 
�����   
����&1 ���#J '� $��)+�� 

*� ~	� ��� ���    $���
%�� �� !"# 
�	���� 
� 
&��' 	1��.��  �� $��)+�� ���� ���"�'�DJ `�� PCR "�'�DJ 9)� �

Y1/Y2!��"+7���+4� '��O U�+4� (Q �	�H�e
I�# 
O��H .��� "�  .7 9�� $	1 
^�"A ��  9��

����&1Pc   Pa
� $��)+��   ��"�)Darrasse etal. 1994( .�"� � 
*�V+R� 
�����   
����&1 

Pa��  %�� 
&��'
*�V+R� "�'�DJ 9)� � Eca1f/Eca2r	1 ���&6�� 9�� $ 9)� `�� �� .I 
 �"�'�DJDNA '�.#��"  ���P.carotovora  # �5 D. chrysanthemi_4H  ��# "
 	#�1 . 
*�V+R�

"�'�DJ `�� 9���0^   (���  
����� ��   $ "� !��H 
����&1 ���Q�O "� �4
 Pa �� 
$	D ; � .� 920# $��OJ ��� p� "�?# c�Q�O "� ����
� "+6�� �5 	1��  

(De Boer & Ward 1995( . "�'�DJ 9)�ADE1/ADE2 "+�G7 $	1 9v�)^ .�^�# M���"� .7 
pel ADE#Q �����"� 
*�V+R� �� ������5
� Dch^�"A �
9�� $	1 �*�V+R� ��}� 
 
`�"+��  ��5������ ���Dch
� 
����&1 ��  	&7 (Nassar et al. 1996)  . .��� "� "8�� U�b�bTH ��

�e
I�# 
O��H �	�HURP-PCR �"+I�� Pcc � "�'�DJ 9)� ���  "81 �I �	+�� ��
 ExpccF/ExpccR
����&1 9�� Pcc  -"/�
�"� �
� "�'�DJ 9)� `�� '� $��)+�� �� .7 	  (��H

.��	� !��H  ��� Pcc  ��
����&1 ���# .(Kang et al. 2003)  
���VT#� "�_PH ��"�   $��� 
*�V+R� �$��1� ���� ���"�'�DJ !��H ����� '� 
P� 

 "������Dch� Pa   Pcc$	1 ���&6��  	#� . `�� '� !�	I"� 9O�R� `��/H ��"� %�H"H `�� .�
 3
+N� \&I�  .� !�[#� .� '��# ���"+I��PCR
�   ����� ��   ���� !�	I ��"� YN6� �H 	1��

��� ' "� �� � !"# 
�	���� ��   $����% �'�&
�"� .7 	#��� 9O�R� �+�� ���
 .� +#�5� �.[� .&
' (��'  ����9�� !'p .� .��H"H `� (��5�� ��}� 	#��+� .I 
���� "�'�DJ m� .� 
�"+�� %

"������ ���� .� "�Dch � Pa   Pcc� "�   $���# "�_PH %��&� 9C� �� � '� �	#�� ��8O� M���
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S�TO .� �	&I m�P)H E�U�6���'J .&�5� \��I   ��� 9�"� ��� ��' 9�������� . �� 
'� $��)+�� 
���� "�'�DJG1/L1
^��# .��� "� .I 16S – 23S rRNA intergenic transcribed 

spacer (ITS)  U����I "� 
����&1 9�� 9�� $	1 
^�"A �� (Jensen et al. 1993)�
 �� (��H 
 \&I�  m� !�[#�PCR�"+I�� �  ���Pcc �Dch   Pa '� $	1 	�O�H �	#�� ����8O� M��� "� �� 

P)H E�(J   ���# m� ��� Y�N6H 5�# !"# 
�	���� ����� "��� '� �� �� .� ��� 	�F]H ����� `
 5�O�#J '� $��)+�� �� 
����&1RFLP @�VT� � � "� PCR
� U��*  �"�� (Toth et al. 2001) .

 "�'�DJ '� $��)+�� 
����I 	1 
/� 
��"� `�� ��G1/L1 \&I�  �� PCR   
����&1 ��"� 
4)H��� ����� c��� "���� %�� !"# 
�	����   $���    "8�� ���"�'�DJ �� .0��b� �� 
&��'

; � `�&q�� �"1 �� 
�����1��� ������"� 
���'�� (��)*� .b}&� a.  


��"� ; �
��"� ; �
��"� ; �
��"� ; �        
3O�3O�3O�3O�BBBB4�Q�O��5�- ���#��'J !�[#�   ���	�8# ��'���	� 4�Q�O��5�- ���#��'J !�[#�   ���	�8# ��'���	� 4�Q�O��5�- ���#��'J !�[#�   ���	�8# ��'���	� 4�Q�O��5�- ���#��'J !�[#�   ���	�8# ��'���	� 



�	� 
�����1���   �	� 
�����1���   �	� 
�����1���   �	� 
�����1���   ����....    ��������        


A$��  ������"�  f�|�"�1   � ��f�|�l��5� �%��   (�+�� 3
+N� jA�&� �� yC�  
&��'
 (��)*�)(��� G-   .>�� �!"��� ����J 3[# �(����> �(	�"- (	&+-"� ��"C 	��'�� ���� .
� !�C���% �'�&
� �� 967 ���� �� l��5� `� 9#���)"-�.>�� �(����> �(	( �#�-��� �)��� �!"
(����> ( .+#��  )(��� G- ����J 3[# (	#��� .	I "� �� EFG� .I .H�� `�	&> l��5� '� !�

D (	1 $��� �� $�"�� !"# 
�	���� ������
� (�6# �� $��� ���   $	 �	#���   	#	1 k�N+#� 
$	D .C��   �� 	#	��"� �b+&� $�86���'J .� $��OJ ��� . ������� ����� �'���	� ��?&� .�
.C�� $	D   �� �O ���� 
O��/� kJ (��"� �� $		#	1 .+01 .���9-�� '"� '� 
H�/}C   ���

	, '� ��   	��"� �	� $��OJ   EO��  
#�)�g� @�
T� �� .�#�o  E�	� 9�"
I����%t./) ��� y
H��[H
)� � $	&&7 	%f� (( "+�"}b� kJ �� �6+01  � .� .#���	� ��A .� ���5� U�/}C 
.O�O 

�� Z&� � �^ ��� 	#	1 �b+&� ( "+�"}b� kJ "+�O .��	�8# '� ��� .�  U	��� �.b�C� 

96I a�T� � � ��O m� �$	�J 9�� .� (��0#����� '� )EMB (eosin methylen blue .� 
	��"� 96I 
}R ; � .%�� $	��O \N� .�1�^ .� ( "+� ��O ����� 
W/� ��  
&��'

96I a�T� � � E�b+0� ��A .� $	��O 9-�� y���  	1 $��OJ  EMB96� a}N�  .c+6H ��� 
�"+� ��� �� � °C�r '� ��   	#	1 ���	�8# g| �� .&�"� 	&> c+6H "� '� 9��� 
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�"�   $	1 k�N+#� m�O�+� 52� 
�	&6R���YO�R  '���a�T� � � {��	[� �EMB U��* .� 
	��"� 96I a}N� .�"��_4H ��	� "�.  
��<D ���J a�T� '� ��nutrient agar (NA)	1 $��)+�� .  
YO�R '� 	/� .&�"� '� ��O m� ��'��   ����	� "��.O�O .� �"+I�� .  a�T� � �^ ���

96I  nutrient broth (NB)	��"� .-�,�  . '� ��=� �� $	&#�'"O $�8+�� � � 	1� 9��� 


�� m� �$�86���'J  �� .#���	� ��A .� .��	� "� (��0#����� '� "+�O���� � "4  `�"�0�
� "+�O

��� (Q "+�# �� y�"� ���[#� '� ��   	1 ��
N� ��"+��y� �5�"-  .� °C��B �H 	��"� �b+&� 
��1 $��)+�� �	/� U�6���'J �� ..��	�  ���	#�+�� ���EcaSCRI1043 (Pa) �EccSCRI193 

(Pcc)    EchSCRI3739 (Dch) )   
��	��Dr.Toth���' U�b�bTH .0��� �
 Dundee B 
	&
H�4�� (.��	� 5�#  (Pa)  Ecash) #�� 
P15����� $ "� ��bH "+7� 
��	��'�"�1 $�86 ( .� 5�#

��"� �� 	��1 (��&�����	/� �	&+-"� ��"C $��)+�� ���� .  
.��	� 
��5������ 
��#��H .��� �� $	�J 9�	� ���  96I '� ��O m� 
#'=� "� .+��� 

 �� .��	�NA.C�  � � "� � %�� ���    �"+� �R�� 
&��'�$")^ � $	D �� $	1 .�2/H ���  ���
%�� 
T}� 
#�)�	, 
&��' E�	� 9�"
I���� �� $	1 %t./ �PO�   %���"� 
���'��  �	 .
&q��� �`��	� c� .b}&� "� '� YN6� ..#��# ����"��	� $�"�� .� $	1 �. ��� "� ���	#�+�� 

 ��.H��  ���� �% �'�&
�� �. #'
	1  .� .��# � 	^ ��?&� `�� E�

 O�0#����� '� "+�(�=� 
 	1� 9�����	� "� .+-��T� �� .�aNB O�8> �� �
��# �) optical density( �=./B�./ 	^�  

OD ��� @�A �� ���p�� 9�0C �� �"+� �#�# �.H�� .C�A  ���� $�"7 	1� $��  � �% �'�&
 
"�� EC���5H ��	1 j .�"���� �. #'
� ��"� $��)+�� ( "+� "}b� kJ '� 	��1 (����	.  

(��'J �   
P�Q�O��5�- U��*�VR `��/H .� ���"� ���.��	� 
�����1��  ���
; � M��� "� �$	�J 9�� .� !��"+I���+P� ��&1 �"+I�� �� @��/� ���
� ���
  

 (De Boer & Kelman 2001; Schaad et al. 2001)9-"� !�[#� .  

kkkkBBBB ��"N+��  ��"N+��  ��"N+��  ��"N+�� DNA            
 ��"N+��DNA.��	�  ; � .� �� CTAB) (cetyl trimethyl amonium bromide                         

et al. 2001) (Cullen 	1 !�[#�  . ��?&� `�� .� (��0#����� '� "+�O 

�� .��g 	1� 9��� 
�"+7�� $�"I
��<D a�T� �� NB 	1 $��� k���  . �� �*�^ k���t�� "-�� "+�O  "4�� 
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��"N+�����1  :h|t/f� !"� K2HPO4

  �f� !"� CTAB
 

  �|�/g� !"� NaCl    t��"+�O 

��  
* .� ( "+�"}b� kJ U	� .�   $	�J �� (��0#����� U��ft .b�C�  ��C° ht	1 ���	�8# . 

@�
� ��� �� �"+I�� h��� U	� .� .b�C� �� � � f� .� 
� � '�-   	1 $��� k��� .b�C� 
.O�O 	��"� �b+&� 	�	� ��� .y��� '�- E[^ E� ������
N� !"- "
7 -  �4O� ���J 5��)�g:f (

)�"+#��   	1 .-�,� .#��# "� .���Q	��"�  . ~<^ ��?&� .�RNA � '� "+�O "P�� .�RNase-A 
)Sigma ( ���� �� !"� kJ !��^ �� 9��� m� U	� .�   	��"� .-�,� .#��#"� .�C° �r 

9-"� ��"C . �"� @�#�� "� 5�� 
� � ' �- E[^ E� �	/� .
^"� ��  f/ �E�	� U�+�� E[^  
� �p�� ) =/� pH  ( (��� k��� 9��DNA�# "� .�  ��   	1 .-�,� .#�fg��� �� � � 

 U	� .�   .b�C�ft��)�"+#�� .b�C� Q�"� �	 . k���DNA  @�#�H� �� �6+01 '� �� �*�^r� 
 �� ���   $	1 m6R ��� �"/� �� 	*��t� �^ ( "+� ���  � "}b� kJ "+�O "4�� 

 .�   	��"� �5�"-°C ��B	1 �b+&�  .  9�)�I   9��I `��/H ��"�DNA; � '�  ��� 
 '� "+�O "P�� Z&� '��- "+PO�   �"+��+-�+P���DNA '���J @Q �� $	�J 9�	� � ./ "-�� ��

TAE "8#�6# U�/}C ���	#�+�� ��	b� �� (J 	#�� EI�"H .0��b�   III (λ-DNA- EcoRI / HindIII) 
	1 $��)+��.  

 � � � �BBBB \&I�  !�[#� \&I�  !�[#� \&I�  !�[#� \&I�  !�[#�PCR
*�V+R� ���"�'�DJ �� 
*�V+R� ���"�'�DJ �� 
*�V+R� ���"�'�DJ �� 
*�V+R� ���"�'�DJ ��         
 ���"�'�DJADE1/ ADE2�Expccf/ ExpccR    Eca1f/ Eca2r  
����&1 ��"� %�H"H .� .I 

�Dch (Nassar et al. 1996) �Pcc (Kang et al. 2003)  Pa   (De Boer & Ward 1995) 
-"/� 
$	1 	#��.��	� !�#Q '� 
+�0C "�_PH ��"�  	&+-� ��7 .� 
��"� ���� ��� . "� �� ��?&� `�� .�

 '� "+�O "4��  � �"+�O 

�� E�# .O�Ong/µl)  DNA �� B =� ( ��=�� ��
N� '� �p��  "4�� 
dNTP ��/�'�"��
� mH E�5#J 	^�  c� �"�'�DJ 9)� "� '� �p�� "4��   

(Taq DNA polymerase)   �/�"-�� '� "+�O "4�� X PCR ��  	#	1 ��
N� . (�"I .-�,� '� ��
.#��# �( "+� 
#	/� `D � $"}C m� "
P�����"H $�8+�� �� ��  (Genius FGEN 05TD) 

	&+-"���"C . 9I"1 '� 
��5#J   
�����1 ����Roch )�#���EB(��OJ( 5�# ��"�'�DJ   	1 .��H 
 97"1 a��HTIB  )O"��`B(��OJ (	#	��"� 5+&�.  
 a��"1PCR.#��# "�_4H ��"�  .b�C� Z&� .R"> c� U��* .� ��  .�O � 91"��  ��
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)denaturing (��C˚�t ��� ��t1"��  ���1 .R"> �� 9C˚ �t.� U	� �� @�VH� �.�#�o 
)annealing ( ��C ˚h� U	� .� gt ;"+0�   .�#�o )extension( ��  C˚ r� U	� .� gt .�#�o 

�� 
���# ;"+0� .R"> c� �(���� ��   9-�� !�[#�  C˚ r�.� U	� f�9-"� U��* .b�C�  .
 "�'�DJ ���� ��ADE1/ADE2����   @�VH� ���� � .��6� ;"+0� �	4�"8) C˚ �= ( "�  

 U	� .� !�	7��.��#"� .�#�o  	1 �5�� . @�VT� '� "+�O "P�� 9)� �\&I�  !�[#� '� 	/�PCR 
m��> ��   ��
N� ���<���� "-�� "+�O "P�� .� �� ���J @Q ��� '�/f  "-�� �� 	*��TBE 

Tris-borate-EDTA) ("� U	1 ��� (���� �

	��"�'��- "+PO� "��J  .�#� !�[#� '� ��  �5��J
 	��� "� !��	�H� a��H)µg/ml t/�(� ��� �� ./1� "�' �� ��	#�� $	��6� \)&� )=��"+��#�# � 

UV( $�8+�� �� ����"20P�   Photoducument9-"� U��* .        
����BBBB \&I�  !�[#�  \&I�  !�[#�  \&I�  !�[#�  \&I�  !�[#� PCR .�^�# 
��5#J EW�    .�^�# 
��5#J EW�    .�^�# 
��5#J EW�    .�^�# 
��5#J EW�   ITS            

4)H   y�"� 
����&1 ��?&� .��.��	� (��5�� c  (��'J ���PCR'� $��)+�� ��  9)� 
 "�'�DJG1/L1   (Jensen et al. 1993)9-"� !�[#� 

2C $5��J $	&�� ��46H ���� ��   � `�� �� 

 .7 U �)H�/� "+�O "4�� )dimethyl sulfoxide (DMSO    =�/�"+�O "4�� ) BSA (bovin serum 

albumin 10 mg/ml .-�,� \&7�  "� .�   	1 .�"1� \&7�   aPCR}� "�'�DJ 9)� `�� ��  j��
 $	1 .�*�H .��#"�(Jensen et al. 1993) U��* .� � .R"> c�C� c�.b ��O � 91"��  � .�� 

C˚�t ��� �=t �� 91"��  ���1 .R"> C˚ ��.�  U	� �� �� @�VH� �.�#�o C ˚�� .�  U	�
Z&� C��.b;"+0�    �� C˚ r� U	� .�  �.b�C�  9-�� !�[#�   ;"+0� .R"> c�  (���� ��  

�� 
���# C˚ r�.�  U	� f�9-"� U��* .b�C� .\&I�  !�[#� '� �� � Up�VT� PCR .� 
E�5#J �� $	�J 9��  "�� 	T� ���CfoI   RsaI	&+-�� ;"�  . 
��5#J ;"� \&7� ��� �  "4

O�"+� ���1 �� "+�O "4�� DNA �$	1 "�_4H �/� "-�� "+�O "4�� 10X�"� %��&��5#J � �E�  c
   
1"� E�5#J "+�O "4���/=�  .� ���I (�"7 ��
N� '� �� .7 ��� ( "+� "}b� kJ"+�O "4�
��� �� 9��� .� U	�� C˚ ��	1 $��� ��"C  .#�� $'�	#�   ��	/H ;"� "� �� $	1 	�O�H ���	


��5#J '���J @Q �� %="-�� �� TBE  "8#�6# '� $��)+�� ��   Ladder ��'��  ���
	1 .  
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[�+#[�+#[�+#[�+#....            
  $	D '� .C�� %�� ��� 7 
&��'���� .�EFG�  (	1 $��� �� $�"�� !"# 
�	����  �	#���

 ��	/H�� 	�J 9�� .� �"+I�� .��	� ) @ 	�� .(��� '� �� .+)� c�. #'
�	� �.  �� ��
.C�� ��� %�� 
&��'G� .#�N
� �� $	1 967 �� ��� E�G� .��6� $�� 	1 $	��6� .��5� E

R"� �	[� 967 '� .7
 � ��#J'� �T� � aEMB.&�"�  ���O�+� 52� ��	� �� .��6� c�. ��� 
���. #'
	�J 9�	� $	1  ..C�� ����� �. #'
� ( "+�"}b� kJ �� $	1 �G� .#�8q��
 (�6# �� 

	#��	# .�	��. 
�L�  M���"� ��  j
/+� 
P�+O�+P� 9�O�/- 5�#   
�����1��� �
P�Q�O�-"� ���
�&� .� ��� Dickeya   PectobacteriumN6H �	#	1 $��� Y )@ 	�= .( Z��+# ~G+R�

�� 	1� �'��I�� '� $	&&I ���^� ���� 	�O�H !	�   @ 	&�� 	�O�H �'�H�)0-C˚�� 	��� 	�O�H 5�#   
�"H '� .��	� 	��5I�
� ��+��)OJ   '�O�� (J .0��b�   �� .��	� �� ��  ���	#�+�� ���

EcaSCRI1043 �EccSCRI193   EchSCRI3739.��	� .I ���# YN6�  b}&� ��� �� (��)*� .

� ��"C $ "�  � 	#"�� . .I @ � $ "���
� ���1 �� .��	�   92_� \&I�  ��O� .� 	#	1

�� 	1� 
��#��H �'��I�� '� ���� ���^� !	�  �'�H�)0-C˚�� 	�O�H `�&q��   @ 	&�� 	�O�H � 


� �'�&����J ���	&C '� 	��� ��O�H !	�   '�+Ip   '���� 	��"H ���	&C '� 	 �'�O�� ��+� �)OJ 

 (��&� .� '�&�Hp��   	�'�I�
� ��Dch	#	1 .+R�&1  . ��	/H��C�� .��	� � ! � $ "� .� $	#��
 ���	&C '� 	��� 	�O�H 	&#�� 
�����1��� U��*�VR 
W/� "?# '� .I 	&+1�� j
/H�"H    '�O��

'�+Ip`�&q��   	�'�I�
� �� ��+� �)OJ   '�&�Hp�� ���	&C '� $��)+�� !	�    	1� 
��#��H 
��C˚��O�H   @ 	&�� �'�H�)0- 	�O�H !	�   �^� ���� 	�.#�� "�' �� '��I�� '� $	&&7 � Pcc  

 	&+1�� ���I 9��21) @ 	�= .(.��	� '� !�	Pq��  .� 
��"� ���� U��*�VR S�TO '� ��
 .��	�EcaSCRI104 (Pca)) !�� $ "�( 21�	#��2# . .�"��  �"� 9O�R� @��+^� (	1 `1 � 
"+7��� Dch   Pcc� �� �� ��[����� � � �� ��� .� G+2� .#��# 96� �.H�� c� � $��T� � a

EMB�"� 967 �	 . 	1� '� ���= .#��# c+6A "� '� �.+��� ��O�+� 52� .&�"� � ��}�  c
�"� YO�R 967 �5[��	$	&+-"� ��"C 
�����1��� U�6���'J 9TH    .� ������� X� 
H �)H 

.��	� `�� �� ��� '� $	�J 9�	� �� .H�� c�	6# $	��6� ��� ..[�+# `�&>  (����H ��W^ ��
"+7��� ��� Dch   Pcc �� ������ 	�O�H ��"� �A ��� .H�� c
� �
� 
)+&� �
��"� ` �'��.  
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 \&I�  '� �*�^ Z��+# 
��"� ��PCR 
*�V+R� "�'�DJ �� Eca1f/ Eca2r ���� ./}C  �
 ��?+#�h��.��	� �� �	�H�e
I�#    EcaSCRI1043 '� !�	I X�� 
O  �	1 "�_PH .��	� ��� "8�� 

./}C `�&> _4H �� ���"  	#���&#)�41f .( "�'�DJ 9)�ADE1/ADE2  
����&1 ��"� .I 
 
*�V+R�Dch�� 9�� $	1 
-"/� EchSCRI3739 5�#   .��	� ���$ "�  @ � ) $ "�Dch ( 

 ��?+#� ���� ./}Cg��_4H �� �	�H�e
I�# � 	#�"I ") �41� .( .#�� X�� "�'�DJ 9)� `��
.��	� �� �"�_PH  `�&q��   ! � $ "� ���.��	� ���� ���	#�+�� ���	# !�[#� "8 . �*�^

 \&I� PCR "�'�DJ �� ExpccF/ExpccR� 	^ ./}C m� 	�O�H tt� $ "� .��	� �� �	�H�e
I�# 
 ! �) $ "�Pcc ( .��	� ��A `���  EccSCRI193 ���  .�� .[�+# `�&> \&I�  ��"� PCR �� 
.��	�  ���EcaSCRI1043   EchSCRI3739 5�#   .��	� ��� 	���# 9�	� @ � $ "� ) �41�.(  

  \&I�  @�VT� 
��"� ��  ITS-PCR.��	�   "�'�DJ 9)� �� ��G1/L1.��	� �   ���� ���
	&+-"� ��"C $ "� .� �� 
��"� .���1 ab- @ � $ "�  EcaSCRI1043� �� U�/}C .I ���  $'�	#

"bH�2
 ���  ���� ��=�   ������# "�_PH �� �	�H�e
I�#  .�	�� ! � $ "�� .EccSCRI193   
.��	� (��'J .��� "� .I 9-"� "� �� �� 
���  ���PCR 
4�'�O��5�-   
�����1���� Pcc .b2A 

	#��� $	1 �	&� . (��'J ��ITS-PCR� ��"+7�� `� � 	^ U�/}C  ����� ����   ��� 
�H�e
I�#	#�"I ��[�� �	 . 9���# ��EchSCRI3739.��	�     .� U�6���'J `�� 
A .7 
���
 (��&�Dch � 	^ U�/}C "�_PH �� 	#	1 .+R�&1 ��� ����   ���  !�� $ "� �� �	�H�e
I�# 

ITS-PCR	&+-"� ��"C  )�41�.(  
 !�[#� 9��RFLPE�5#J'� � $ "� �� %��&+�   $	1 .�*�H "�� 	T� 
1"� ���  ���ITS-

PCR	1 $��)+��  . !��   @ � $ "� m�P)H ��"� ��?&� `�� .�ITS-PCR "�� 	T� E�5#J �
 
1"�CfoI ! � $ "� Y�N6H ��"�   �ITS PCR 
1"� E�5#J RsaI9-� ��P�  .ITS-RFLP 

�	� ���1 ab- .7 @ � $ "�� ���	#�+�� . EcaSCRI 1043 E�5#J �� ��� CfoI ���� U�/}C 
��?+#���� ���� �==� ����	#�"7 ��[�� �� �	�H�e
I�#  . ! � $ "�ITS-RFLP.��	� .I   ���

 .� j
/+� Pcc   EccSCRI193
� "��� ��   E�5#J �� 9-"�RsaI � 	^ U�/}C ��� �=��   ��� 
	#���# 	�O�H �	�H�e
I�# . .��	� E�5#J `��� ��Ecash1 � $'�	#� .� {�2�"bH 
H�/}C '�"��� �

��� �==�   ����"7 ��[�� .��	� �� .��	� `�� U �)H "8#�6# .I  � ���� .��	� .
�� '�   "8
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���	#�+�� EccSCRI 193 
�  	1�� ..��	� ���DchH1 �DchE1  �DchF2�DchC4     EchSCRI 3739 
 E�5#J "�o]H 9THCfoI � 	^ U�/}C ��[�� �� ��� ���� �=��   ��� � �	�H�e
I�# ITS-RFLP 

 	#��� ��P6H �� !�� $ "�)41��.( 

  
        
        
        
        
        
        
        
 

 �41�B �� "�_4H Z��+#  PCR.��	�   ���	#�+�� ���Pectobacterium� �Dickeya.��	�     �� (��)*� ���
 "�'�DJ'� $��)+�� Eca1f/Eca2r  :M"I��� III ��PccA1: �=PccB1: �� :PccB2� �PccC1: �

�PccE1: ��DchA1: ��DchB3: � : DchR1 ��: DchZ  ��� :EccSCRI193 ���Ech SCRI 3739:  �
�=: Eca SCRI 1043 ��� : 
)&� 	��1)"}b� kJ(.  

Fig. 1. Results of PCR amplification of standard isolates of Pectobacterium, Dickeya and isolates 

obtained from Isfahan using primer pair Eca1f/Eca2r. M: Marker III, 1: PccA1, 2: PccB1, 3: PccB2,  

4: PccC1, 5: PccE1,  6: PccA1,  7: DchB3,  8: DchR1,  9: DchZ,  10: EccSCRI193,  11: 

EchSCRI3739,  12: Eca SCRI1043,  13:negative control (distilled water).  

        
uT�uT�uT�uT�        

 9���� ��O	�Pa	&� MG7 U��"b� "?# '� �%�� ����� ��<� $	D U����*     
&��'
# �J `+-"� $	���# 5 
���OPcc  Dch $��� ��� EFG� 9���6� .� .��H ��   U��"b� `�� �� 

 � 	* �� $�2+1� '� �"���
� ��"� .I 9�� �� ", ��"+I�� .� `�� a��H $	�J �����
%�� U����*   U����    ��<� 
���� 
&��'���� ������ y�"�   j�C� Y�N6H   $���

%�� .��H ���� 
&��'   ��"C    �"�� . ��    `��      j�bTH     $��)+��     '�     9)�    ���"�'�DJ 

 bp��٧ 

 bp٨٣١ 

bp  �٩٠  
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 �41=B ./}C "�_PH  bp�=� �� DNA.��	�   ���Dch (��)*�  "�'�DJ 9)� '� $��)+�� ��ADE1/ADE2 
M : "I���100bp  �� :EchSCRI3739 �= :DchA1 �� :DchB2 �� :DchD3 �� :DchE2 �� :DchF3 �
� :DchG2 �� :DchH3  �� :DchI2 ��� :DchM2 ��� :DchR1 ��= :Z1 Dch ��� :EcaSCRI1043 �

�� :EccSCRI193 ��� : 
)&� 	��1)"}b� kJ(.  
Fig. 2. Polymerase chain reaction(PCR) amplification of a 420bp DNA fragment from Dch isolates in 

Isfahan using primer pair ADE1/ADE2. M: 100bp ladder, 1: EchSCRI3739, 2: DchA1, 3: DchB2, 

4: DchD3, 5: DchE2, 6: DchF3, 7: DchG2, 8: DchI2, 9: DchI2, 10: DchM2, 11: DchR1, 12: Dch Z1, 

13: EcaSCRI1043, 14: EccSCRI193, 15: negative control (distilled water). 

  
ADE1/ ADE2�Expccf/ ExpccR   Eca1f/ Eca2r  H .� "[&��� ��?+#� ���� U�/}C "�_P .��	�  ��

 `�� �� 
�����1���   
P�Q�O��5�- U��*�VR M��� "� ��#J �	&� $ "� Z��+# �� .I 	1
91�� ���I 9b��}� 
��"� .  
�����1��� ��� ; � '� $	�J 9�	� Z��+# .���[�PCR 
 ���O�� �� .I ���# YN6�.#��# ����"�) f�|�Bf�|= ( �"+I��Pa6b# 
 "� �� � '����� 

%�� $��� ���  $	�� ��}�   9�� .+1�	# (��)*� �� 
&��'Dch ����� .�b� ��   Pcc '� 
.H�� $	D   �� 	��"� �'���	� ����� ��� . (��� %O�DDch �� $	D ������ .� G+2�   �� $���

l��5� �� p�� {�+20# ����   `���� 9��A� .� .��H .b}&�  (��)*�  (�	&>  E�   � �  '�  ��?+#�   

bp  �٠٠ 
 bp
٠٠ bp  
٢٠  
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�41�B./}C 	�O�H bp ��� ��  DNA.��	�  ���Pcc "�'�DJ '� $��)+�� �� (��)*� ExPccF/ExPccR.. :M 

"I���III ��: EccSCRI193 �= :PccA1 �� PccB1: ��PccB3: �� :PccC1� �PccC2: ��PccD1: �
�PccD2 : ��PccE1 : ��� :PccE2 ���EchSCRI3739 : ��=: EccSCRI193 ��� :  
)&� 	��1) kJ

"}b�(. 

Fig. 3. Polymerase chain reaction(PCR) amplification of a 550bp DNA fragment from Pcc isolates in 

Isfahan using primer pair ExPccF/ExPccR  M: Marker III, 1: EccSCRI193, 2: PccA1, 3: PccB1, 

4: PccB3, 5: PccC1, 6: PccC2, 7: PccD1, 8: PccD2, 9: PccE1, 10: PccE2, 11: EchSCRI3739 , 12: 

EccSCRI193, 13: negative control (distilled water). 
 

90�# . ;��5�Dch $��� ��� "������ (��&� .�   %�� 
&��' ���� 
P6R E�
C� .I ��F�"�� �� 
(Lumb et al. 1986) 9�2O�D 5�#   Pcc l��5� !"� a��"1 �� %�� '
&�� �P�"�J   

)Powelson 1980 ( ���' ���0� 9���� ���b� ��Pa k�A"�   m&R ���� �� $��� ��� ' "� �� 
 �� ��)Molina & Horrison 1977 (
� k�0T� .�,"- `�� 9��bH ��"� �	���1 	#�1. {p��+^� 

 �(��)*� 
��
C� a��"1 (��� m6R   !"� ��O� .�Pa%�� l��5� �� 90�# ���C  &� 
&��' .b}
 	1�� .+1�� ����' ;"+0� . .� $��� ��� 
���OJ 	*�� `��/H � �"- `�� @�2C U��* ��

 "o� "� $	�J ��� Pa%�� l��5� ��  $	��6� U��* .� {p��/� .I 5�# 
&��' 
� !�[#� ��  ��1

�# $��� ��� l�C  
���'�� ��"� 90�� ",   	1�� �����R"� 
-�I ��2+�� '� 	#��H ��   l��5�   

 bp��٠ 
bp  ��٧  
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�41�B"�_4H   U�/}CDNA .�^�# '� ITS"�'�DJ '� $��)+�� �� .G1/L1  M :"I���III  ��: EcaSCRI1043  �
= :EccSCRI193  �� :EchSCRI3739  ��Ecash :   �� :PccA1�   �PccB2 :   ��PccC2 : � 

�DchA1 :   ��DchB2 :  ��� :DchC4   ���: DchF2  ��= :DchE1  ��� :DchH1�  �� : 
)&� 	��1
)"}b� kJ(. 

Fig. 4. ITS-PCR amplification patterns using primer pair G1/l1. M: Marker, 1: EcaSCRI1043, 2: 

EccSCRI193, 3: EchSCRI3739, 4: Ecash, 5: PccA1, 6: PccB2, 7: PccC2, 8: DchA1, 9: DchB2, 10: 

DchD4, 11: DchF2, 12: DchE1, 13: DchH1,  14: negative control (distilled water.)  
  

�<� 
����� 	* 9���"�� U��* 5�# 

��PH U�6���'J � . Z��+# 9b��}� ED"�
�
(��'J \&I�  Z��+# �� 
�����1���   
P�Q�O��5�- ���  ���PCR ��O� .� �
��"� `�� �� 

�O�� ; � '� $��)+�� 9PCR � ��7 .� ��"� +6�� 9��O � %��&� ���"�'�DJ���� �" . .> "�
 "�'�DJ .� "�Eca1f/ Eca2r  �ExpccF/ExpccR   ADE1/ADE2  ����"+I�� %��&� 9C� ��Pa �

Pcc � Dch	�� '� �� � 3
+N� \&I�  .� !�[#� '� k�&+�� ��"� 
O  �	#�"I 5���+� "8PCR 
��� ������ ���� j�C� Y�N6H '� (�&��A� ��"� y�� .+R�&1�# ��� .#��# �� $���  �� J $	1

 "�'�DJ '� $��)+�� �.��5� '�G1/L1 3
+N� �	#�� ��8O� �� \&I�  m� 
A 9�� ���C .I 
 ��"�Pa � Pcc � Dch '� �� ��#J ���� �"+6�� 92��&� 	&I m�P)H E� . .� ���C "�'�DJ 9)� `��

 .�^�# "�_PHS rRNA ITS=� �Sfh�&� {p��+^�   !��"+I���+P� ��� .#��   �"+I�� "8�� ���
 �� \&I� PCR
�  	1�� . ��"� YN6� $	1 	�O�H �	#�� ��8O� ��O� .� ���Pa � Pcc   Dch .#  
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�41 �B @�VT� 
��5#J ;"� ��8O� ITS-PCR.��	�   �� (��)*� (�+�� ���4��   !��"+I���+P� ���
 ��  
��5#J EW� '�CfoI   RsaI .:M"8#�6# bpLaddert� �� :EcaSCRI1043 �=  

EchSCRI3739 �� :DchC4 �� :DchF2 �� :DchE1 �� :DchH1 �� :EccSCRI193 �� :Ecash �� :
PccA1 ��� :PccC2. 

Fig. 5. Restriction Fragment Length Polymorphism (RFLP) analysis of ITS-PCR product Pectobacterium 

and Dickeya isolates in Isfahan province after digestion with CfoI and RsaI . M: 100bp Ladder, 1: 

EcaSCRI1043, 2: EchSCRI3739, 3: DchD4, 4: DchF2, 5: DchE1, 6: DchH1, 7: EccSCRI193, 8: 

Ecash, 9: PccA1, 10: PccC2. 
  

.#�� Y�N6H ��&H �&� "��� '� ���5� ���  '� .#�� .� `�� m�P)H .P
� 
���"+I�� ���
A�   9O��� �� "8�	��
� U��* 
-�I (�&�� �"�� )Toth  et al. 2001(.   


� �� J��� a��H $	1 "�_PH �	#�� ����8O� ��1G1/L1 �	&� .b2A 3
+N� $ "� .� �� 

� ��"�. .#�� @ � $ "� Pa � 	^ U�/}C "�_PH �� �� ��� ���� ��=�   ���   �	�H�e
I�# 

.#��P. wasabiae "bH $'�	#� �� U�/}C "�_PH �� �� �2
 ��� ���� ��=�   �=� �	�H�e
I�# 
� ���1
��1  . �! � $ "� ��Pcc   P. carotovorum subsp odoriferum � ��  l�#  �	#�� ��8O�

  P. wasabiae  P. cacticidae 	#��� ��"C �	#�� ��8O� l�# m� ��  .   !�� $ "�ITS-PCR � 

 
 

٠٠ 

٠٠ 
 
 

١٠٠ 

�٠ 

RsaI CfoI 
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Dch� ���1 �� 
  
^��# U�/}C "�_PH �� .I ��1ITSl�# \1 �
� ��[�� �� �	#�� ��8O�  	&I .
 $ "� "� �� $	1 "�_PH U�/}C $'�	#� (�>ITS-PCR
� m��5# E� .� ���0�  	1��   � `�� '� �

 (��'J  !�[#�RFLP @�VT� � � "� ITS-PCR
� .�*�H  ��"� . ��"� $	1 !�[#� ���&6��  j2A
 $ "�ITS-PCR E�5#J !��  @ �  CfoI 
��5#J \&I�  !�[#� ��"�    E�5#J ! � $ "�RsaI 


�  	&1�� 	&���� ���0� $ "� �R�� ��W�� m�P)H ��"� 	#��H(Toth et al. 2001) . `�� ��
 "�'�DJ �"����I .� 
��"�G1/L1 (��'J !�[#�   RFLP @�VT� � � PCR ���I 9C� �� 

.��	� ��� .� ���"� Pa� Pcc   Dch1��� ���1 � �� (J Z��+# .I ���# m�P)H E� '� ��  
�����
 "� ���� j��}� $��)+�� ���� ���"�'�DJ "���  	&> .��	� U�/}C $'�	#� U �)H Ecash 

)'�"�1 $�86#�� ( ��.��	� ���� �	&� .b2A ����	#�+�� ��	� `��"H ��>� �� .����#  	.  .��H ��
 "�'�DJ 9)� �"���7 (��H 
� $	�J 9�	� Z��+# .�G1/L1 ���� j�C� 
����&1 9�� �� 

��� � !"# 
�	����   $��%�� 
&��'���# ���&6�� l��5� �� .  
  

 @ 	��B.��	� 
��H�&- U��*�VR  �   !��"+7���+4� ����4� ��  !"# 
�	���� �����
%�� .#�� �� .0��b� ��  �(��)*� �� 
&��'  ���	#�+�� ���Pa  Dch .#�� "�'  Pcc  

Table 2. Phenotypic characteristics of potato soft rot causing Pectobacterium and Dickeya 

isolates of Isfahan in comparison with standard isolates of Pa and Dch and subspecies Pcc 
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!"� \&7�   Gram reaction B B B B B 
%�� (	�#��O 
&��'  Potato rot + + + + + 

}�T� �Q�H  Peritrichous flagella + + + + + 


� 	1� �'���  �'���  Oxidative/ Fermentative * * * * * 

'p�H�7  Catalase + + + + + 
'�	�07�  Oxidase B B B B B 

 (Test) 
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 @ 	��B) .����(                        Table 1. (continued)  

.+��6# 5�O �	��  Starch hydrolysis B B B B B 
'�H�)0-  Phosphatase + B B B + 

U�"+�# ���^�  Nitrate reduction + + + + + 
(��O 	�O�H  Levan production + + + + + 

@ 	&�� 	�O�H  Indole production + B B B + 
�O�H'��7��'� $	&&7 ���^� ���� 	  Reducing substance from 

sucrose 
B B + B B 

 �� 	1� C° ��  Growth at 37°C + + B + + 
'� 	��� 	�O�H:  Acid production from:      

'�O�� �"H  Trehalose B + + + B 
'����
�  Cellobiose + + + + + 
'�&����J  Arabinose + + + + + 

@�+�����  Sorbitol B B B B B 
'�+7 "-  Fructose + + + + + 
@�+�#��  Mannitol +  +  +  +  +  

@�+�0�O��  Dulcitol B  B  B  B  B  
'�+O��  Maltose +  +  +  +  +  
57�
�  Glucose +  +  +  +  +  

'��� 

�  Melibiose +  +  +  +  +  
'�&�Hp��  Pallatinose B  B  +  B  B  

	�'�7�
� ��+� �)OJ  α-methyl glucoside B  B  +  B  B  
  

 :+               	1� �� 92_� \&7� Positive reaction or growth  
B :  	1� !	� �� 
)&� \&7� Negative reaction or no growth  
* � 
'��� ����+R� �                       Facultatively anaerobic    
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y��&�y��&�y��&�y��&�        
U�T)* .� .?^G� 9��(53-56) 1 ./��"� 
0�
8#� `+� ��. 

  
  

(��	#��8# M��J:  �' "�- .�,�� "+I�   ���� ��/0� "+I�
2# 3�"1 !�"�� �� $ "��415� $�
 �
'� �67 $	46#���+/&* $�86#�� �
(��)*�  
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