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 Distribution and identification of Streptomyces species, the causal agent of potato common scab 

in Fars province 
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LSl V'
� �&�8% NIF   

  SB8  J
LSl V'
� �&�8%NIF   

  SC1  [
�!��B 
�"�MAG  �.,��",DPS 

  SC2  0!"��Sh  
�"�MAG  �.,��",DPS 

  SC3  0!"��Sh  
�"�MAG  �
=�0RS 

  SC4  0!"��Sh  
��,�
%MF �.4�"�ES 

 <�"��(group3)  SC5  "��
_\S 
�"�MAG  �.,��",DPS 

  SC6  "��
_\S 
�"�MAG  �",�.,�DPS 

  SC7  "��
_\S 
��/!�
%MD �.4�"�ES 

  SC8  -��0
 K 
�"�MAG  �.4�"�ES 

  SC9  J
LSl </�'M �&�8%IF   

  SC10  J
LSl </�'M �&�8%IF   

  SD1  ���U!E 
�"�MAG  �.,��",DPS  

  SD2  0!"��Sh  
�"�MAG  �.,��",DPS 

<�"�� (group 4) SD3  0!"��Sh  
�"�MAG  �.4�"�ES 

  SD4  0!"��Sh 
�/>�%DM �
=�0RS 
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 E���Ds) �%!/!(                         Table 1. (continued) 

  SD6  "��
_\S 
�"�MAG �.,��",DPS 

  SD7  "��
_\ S 
��,�
%MF �.,��", DPS 

  SD8  "��
_\S 
��/!�
%MD �.4�"� ES 

  SD9  -��0
 K 
�"�M AG �
=�0RS 

  SD10  J
LSl </�'M �&�8%IF   

  SD11  J
LSl </�'M �&�8%IF   

  SD12  J
LSl </�'M �&�8% IF   

  SD13  J
LSl V'
� �&�8% NIF   

  SE1  </
�M A 
�"�MAG �
=�0RS 

  SE2  ���U!E 
�"�MAG  �
=�0RS 

  SE3  [
�!��B 
�"�MAG  ��2�
 

  SE4  )!�!/D 
�"�MAG  ��2  

  SE5 0!"��Sh 
�"�MAG  �
=�0RS 

  SE6  0!"��Sh 
�"�MAG  �
=�0RS 

  SE7  0!"��Sh 
�"�MAG  ��2  

  SE8  0!"��Sh 
�"�MAG  ��2  

  SE9  0!"��Sh >�%
�/DM �
=�0RS 

  SE10  0!"��Sh >�%
�/ DM ��2  

<�"��group 5)(  SE11  0!"��Sh 
��,�
%MF ��2  

  SE12  "��
_\S 
�"�MAG �
=�0RS 

  SE13  "��
_\S >�%
�/DM �
=�0RS 

  SE14  -��0
 K 
�"�M AG �
=�0RS 

  SE15  -��0
 K �#�
Q �PS �
=�0RS 

  SE16  J
LSl </�'M �&�8% IF   
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 E���Ds) �%!/!(                         Table 1. (continued) 

  SE17  J
LSl </�'M �&�8% IF   

  SE18  J
LSl </�'M �&�8%IF   

  SE19  J
LSl </�'M �&�8%IF   

  SE20  J
LSl </�'M �&�8%IF   

  SE21  J
LSl V'
� �&�8% NIF   

  SE22  J
LSl �&�8%V'
�  NIF   

  SF1  0!"��Sh 
�"�MAG �.,��", DPS 

  SF2  0!"��Sh 
�"�MAG �
=�0 RS 

<�"�T(group 6) SF3  J
LSl </�'M �&�8%IF   

  SF4  J
LSl V'
� �&�8%NIF   

  SF5  J
LSl V'
� �&�8%NIF   
1- scab Deep pitted DPS =       2-scab  Erumpent ES=  

3-scab Russet = RS         4-scab Netted NS=  

A= Abadeh  E=Eghlid Sh= Shiraz S= Safashahr K=Kazeroun B= Bavanat  D= Darab 

SL = Soil AG= Agria DM=Diamont MD=Maradona MF= Marfona PS= Pikasoo IF= Infected field 

NIF= Non-infected field 

 

-�%0M-�%0M-�%0M-�%0M    �
����
����
����
���    �S�"2 �S	
�� �� ��!0�S�"2 �S	
�� �� ��!0�S�"2 �S	
�� �� ��!0�S�"2 �S	
�� �� ��!0 : : : :        

C��      �5d� ��F �� �S�"2 �  
�!��u7. �   
2 �H        ���_&�� �1�U/ v� [�% �� �\�/ /"��  �K��

    ��!�� ��l�% ��  �                [�K% �K� �K\�/ vK� �
�M )M h�5% ��"� ��0i�     
K%/ �/ >&
K�  °Ci� 

 ���� �!��=� .  </0 ��!�� 
	�C�      ". 
K� ��9�! 0! ����4�
9��� 
�  ) <�K��
��   �K�!��0! !   
K	(   
K�

>l�I CFU  �HG )��� )C� 
� �o!�  �/� THH".%��
�  (��
%  ��0/"�� ����'�' �/ �   �
Ko 
	

   �
�M )M >:  h�5%)  �\�/ v� (���� </!/ �!"U -�".� .  vK� �S�"2 �S	
�� �� �
��� VWX&

 ��/"� ���"� �(� �._	 �/ 
2(Schaad et al. 2001) .  

 xxxxssss     �9�2��, [
�\�]L ���"� �9�2��, [
�\�]L ���"� �9�2��, [
�\�]L ���"� �9�2��, [
�\�]L ���"�        

��� "� ^"� 8�%M  B�� +
�!���
� -!�
Q�	 � (Suslow et al. 1982)�� ^
e�!  . 3��(2 >��
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 m�

  ��!�� ���9�! <"�e�0 N��     h�K5% �� "K� �K  ��
	YMEA   �K�/�� <�K� �'
KL �   h�K5% �� "K� 

)M M    </!/ >:  �
�/"��  ���           �.�!/"� 
	��9�! *4c ����� �� ���"# ���
o 0! u9� �   ���K��   
K� 

     ��
K����8� 
K� ��K� ��QK��"Q�% 0! </
_.�! 40 X  �100X �Ko �/    �#�QK��"Q�% �K��%0 </ $U!

 ���� <�	
:% .       ���".Q'! ��Q��"Q�% 0! ��9�! pd� [
�\�]L <�	
:% !"�    B�� �� ��'"� ��

 ��2��� *!</
_.���    .( Shirling & Gottlieb 1966)��!�� ����"# ��� ���"� >��  h�5% �� 
	

YMEA ���"# ��� � </!/ >:  hd6% [��\ �� �H 
2 ��>�!//
� �(� 0��  �� .  

 �KK� � 0!�KK	 �KK�� -�KK%0M  0!�KK	(O/F)  B�� �KK� 8 �KK�� ��KK|o �/ 3KK4_�} � �KK�	3KK4_�} � �KK�	3KK4_�} � �KK�	3KK4_�} � �KK�	  

 (Hugh & Leifson 1953)���!�� ��
�!�2   
	��U 0! </
_.�! �/ 
	ISP)  
	�K�U $%
� :E!s  �0�K���!�M

/s/ �0�KK. �", s/ �8 �KK��s  / �8'��KK� �0�" �KK� �0�KK��,!� �E�.��
KK%s  �0�KK�%!� �0�KK��!0 

�.�KKKKK����!�8%E (  �0�KKKKKY�� � 3�KKKKK4�'
� 
	�KKKKK�U � B�� �KKKKK���' � ["KKKKKY%}KKKKK�
   

(Lambert & Loria 1989) �  �KKK��%M 
	��KKK�! 0! </
_.KKK�!  B�� �KKK�KKK,";�W
-!�
KKKQ�	 �   

(Faucher et al. 1993)�    >K:  h�K5% 0! ". 
� ��� <���!/0
� /!�% 0! ��
� >��� ���"�YMEA 

      V�K�
.# >K�!���2 <�K��!/0
� /!�K% �
Ko)µg/ml  �HH  ��H(   ^��'
K2 [
.K�! )µg/ml  �HH  ��H(� 

 >'��� E
.4�" )µg/ml  �/�( $�, �)µg/ml �(  ��!0M V��� � )H�/H(%   B�� �K� ��' � ["KY%} K�
 

(Lambert & Loria 1989)�� ^
e�! . -X�!0 
	"���# ��8e2 (Xylan) 3�.�!0 � (Xanthine) �/ h�5% 

Modefied Bennett Agar � 3�'�Q�! ��8e2 3�2���M � �  �K�!�� >K%�
1% 
� >��
4o ��
�0�!    �K� 
K	

�.�M v�2���    h�5% �/ 
	 >:    �.�M "�! 3��S�	     ��!�� ��� 0! "����� �/ v�2��� 
	/ 
� ��4  
K	 

KK.�M� ��2�KK� � �KK�� B�";�W
KK,-!�
KKQ�	 �  (Faucher et al. 1993) �KK� ^
KKe�! . >KK�'
(, �KK��"�

�KKKKKKK.�M  �KKKKKKK�!�� u�KKKKKKK�0���  ". 
KKKKKKK� �KKKKKKK��& 
KKKKKKK	 ��
KKKKKKK	"KKKKKKK�l�   

E. coli �Bacillus cereus  �Bacillus liquefaciens�Klebsiella. sp � Erwinia spp. � Pseudomonas spp. 

 B�� ��/
� -!�
7�	 � (Schaad et al. 2001) �� ^
e�! .-�%0M 
	    vK�� �K� $K�52  �^
K(F  �K�� 

��!��  �/ 
	pH  
	 a�.6% ���!�� ��� 
%/ �/ 
	  OC �G   ��'�2 ���"� � 3�0�"�2 0! 3��X% �

<8KKKKK�=�� "�
KKKKK� �
KKKKK	 KKKKK5% 0! </
_.KKKKK�! 
KKKKK� �h >KKKKK:; 
KKKKK	 Tyrosine Agar   
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 m�

� PYIA (Pepton-yeast extract iron agar)  B�� ��/
� -!�
7�	 � (Schaad et al. 2001)�� ^
e�! .  

////ssss     -�%0M -�%0M -�%0M -�%0MPCR -R ��6:2 >��  -R ��6:2 >��  -R ��6:2 >��  -R ��6:2 >�� nec1            

 -R ��
�/� >��nec1�
��� �/ �    �K��� �L"� ��!0   K1� 
K	 B�� 0! /�!/ � PCR   </
_.K�!

�� .    <���
�� ��9�! ��l�% 3�! ��    ��!�� 0! !     �� 
	� ���%           -�".K� h�K5% 0! "K.�'CRM)    8 �K��D� 

   0�" �� �^"�D�y     ^��8��% ��"�  �^"� D�/D�    -�.9�"2 �^"� D�          "K�6% <�
K]& �^"K� �    �/ �^"K� 

".�' ( �'�' �/    ��
% ��
%0M 
	    ��0/"��  �    [�K% �� ��z  
K2 z{   
K%/ �/ >&
K� °Cy�  �!�K�=� 

���� . x!"6.�! >��DNA� �/�% ���' � "K. 0!  K4�
9���� -�   �K'�' �/ �K�!�� "K	   q���K�#! 
K	  

v�   ���% V���     �.6�� ".�'  ��   �/ �Dy���   [�% �� �1�U/ �/ ��/ D�  �K�/"� R�_�".�
K� �1�U/  .  �K�

 $\
o )������ ",
K� ".�'�"Q�%  CTAB  (2%(w/v) cetyltrimethylammonium bromide (CTAB), 

1.4 M NaCl, 0.2% 2-mercaptoethanol, 20 mM EDTA, 100 mM tris-HCl (pH 8.0). TE: 10 mM tris-

HCl (pH 8.0), 0.2 mM EDTA) (Sambrook et al. 1989)  
%/ �/ � �,
�!°C��    [�K% ���  
K2 D� 

 >,"� �!"U �1�U/ . u9����^",�"�  ".�'�"Q�%   ~�K�6% ��  ,
K�!�/ � � Dy���   �K� �K1�U/ �/ ��/ 

  [�%D�   �� R�_�".�
� �1�U/  .3�:���   �� �'�'       q���K�#! 
K	 $K1.�%    �K��     -/�8K,! 0! uK#  ��� 

   E��
#�"#�8�! ".�'�"Q�%�/"�    �/ �!/�e% Dy���       [�% �� �1�U/ �/ ��/ D�  �K�/"� R�_�".�
K� �1�U/  .  

  )���  $\
o $Q'! 
� ��  8  �:.4�   <�� /!/ u# � 0!  /"K  v:L - /   !�K	 �"K(% ���  "K.�'�"Q�% 

     �,
�! -M �� -�".� "d1% )M /"� ��     -!��& �� � DNAtemplate   �/ PCR    �K� </
_.K�!  .  
K	"�0
IM

 �KKKKKKK\
].L! Nf�Nr   �KKKKKKK;q/!"KKKKKKK2 !�!/ *KKKKKKK�2"2 �KKKKKKK� 
KKKKKKK	’-

ATGAGCGCGAACGGAACGGAAGCCCCGGA-3’�5’-GCAGGTCGTCACGAAGGATCG-3’ 

 ��/�� �K� </
_.�! (Kreuze et al. 1999) . K;!� ��PCR    
K�� VKeo 
K��� ��% �'�"7�   $%
K� "K.�/� 

%�'�"7� "KK.D� × PCR Buffer �A�/�% �'�"7�"KK.MgCl2 � pmolD�  "KK	 0!KK� �
KK	"�0
IM 0! ��/� 

%�'�"7� 0! ".dNTPmix � D�/�% �'�"7� 0! ".Tag-DNA Polymerase )�2�� >;"� 0! <�� ��-R
� ( �

�/D % �'�"7�   0! ".DNA      � ^
e�! -�".� "d1% )M � >," .!"�  -�%0M ^
e�! <
=.�/ 0!��%"2  
� "K�7 

Biorad       -M �/ �; �� </
_.�! �� 
%"� $7�� '�! K�  �   $%
K�y U/ �    �/ �K1o
C�z   �y�  K� �    $%
K� $7D 
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 mT

U/�   �/ �1o
C ��  �DU/ � �/ �1o

C?� � �U/ ��1�/  o
CA�
�� �/ � � >D�U/ � �/ �1o

CA� �K%
�"�  � K�8 

/�� <��.(Kreuze et al. 1999, Schaad et al. 2001)   

�
�M ER0 � �/ �\�/ � ",
�TBE "�  B�� +
�!/
� -!�
7�	 � (Schaad et al. 2001) �2 K� � �

��� >,"� [��\ ��
%�"� ^����2! 
� 8�%M . �5_\ �� "� ERUV transilluminator ���"� /��% 

    <
=.KK�/ 0! </
_.KK�! 
KK� � Gel documentation  E�KK%(UVP-m-20, Apland, CA-USA) 0! -M 

<0!��! <�� "�`Q2 �(dU �'�Q'�% -0� ��]6% 
	" �
% v�  
� � �!/"Y4Q& �� "��.  

<<<<ssss    3�b2�"#0��,�".Q'!3�b2�"#0��,�".Q'!3�b2�"#0��,�".Q'!3�b2�"#0��,�".Q'!    �'��� 
	�'��� 
	�'��� 
	�'��� 
	::::        

   3�b2�"# N��2 ���"� >��         $�" M ER �/ /��& 0��,�".Q'! 0! �'��� 
	     V��K� �
o ��%M

 [
_'�� $��/�/)SDS ( B�� ���%}) (Laemmli 1970�� </
_.�! .  

  >�� 3�b2�"# x!"6.�!  �'��� 
	�    ��9�! 0! ��' v�  !�� ��  
	   �� �  
K2 �H %� K�� '� "K.   h�K5% 

  >: YME ��
%     ��0/"���    [�% �� � i� 
2 �� <
=.�/ �/ >&
�   
%/ �/ �"Q��°C�� 
� >&"� 

27
- -/��L  �iH �� </!/ �!"U �1�U/ �/ ��/  . u9��/D %��� '�".h�5% 0!    �/ ". 
K� �
o >: 

�'�'  
	    �.6�� q����#!   ��   �/ ��HHH        [�K% �� �1�U/ �/ ��/ �H      �K�/"� R�_�".�
K� �K1�U/  . K� �

      -�".� "d1% )M $\
o )����,
�! /"��  �  � 0! u#  /!/ -
Q2 -    �K�; �K� �     ^���K4�% R�_�".�
K� 

". 
�   )���  �� </!/            �
K� �K� 
K2 �/ )M 
K� �K:.4� $K�& � �!"KQ2/"�  K��.   )�K�� �� "K� 

 v� ". 
� �%���4�%%���' �". ",
� 0! A ) Tris-HCl, 0.03M, pH7.5;  EDTA, 0.002M ( ,
�!�� � .

'
=c�   ��� )OD (       x�% E�F �/ ".%�2�,�".Q9�! v�  ��THH    �/ ".%��
� �   �K�/"� V�l�2  .  V�8K�M

     ��
�� >l�I �� V�0�8�'�/H ���%     ���% �/ ^"�    </�8K,! -��K4�
9��� "	 �� ".�'  �K� �K���� �   �/ 
K	

°Cy�s�A  [�% �� �H  .,"��!"U �1�U/  �K� .    [
_'�K� $�K�/�/ V��K�(SDS) � is   �K� E��
K2!�.#
 "%

>l�I     ��
�� 
	i    �K���� �� �\�/        �,
K�! 
K	/"� K�  �  �    vK� 0! uK#           -�K� )�n � -/0 �K� �
K�

(freezing/thawing)  � [�% ��i   
2 �    �/ �1�U/ °C��   �� </!/ �!"U .u9� �����   
K	   �/ �HHHH   �/ ��/ 

�1�U/    [�% �� �H 1�U/    R�_�".�
� ������   �'�' �� 3�:���   ! 
	#   $1.�% q����/"��  �   �/ �°C��s 
2
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 mG

�� �!��=� </
_.�! -
%0.  

���   8�%M    E��5% �/ ERD/�  0
%�; �\�/      �
K.% E��5% �/ ��� E�  K�! ��  .K�! ��    )M � �  �K�

  >Y4�)� : � : D ( [�% ��    >,"� ^
e�! >&
� �� .    "Y=�� $�& K������      "KY=�� E�K�5% )  �
Ko

�6% E��
.% ~�s )M s     >Y4� �� v�.�! ���!�:�:� (   [�% ��D� U/ �  �1  ^
e�!   >K,"��  u9K�    ER 0! 

uKKKK7& �!/"KKKK��KKKK�  .  v�.KKKK�! ��KKKK�! 0! ER �!�KKKK�=� >KKKK��� %�KKKK� </
_.KKKK�!   

)Laemmli 1970 Ausubel et al. 1987.(  

        

.�.�.�.�����eeee����        

+�
, -
.�! �/ �
��� �� !"#+�
, -
.�! �/ �
��� �� !"#+�
, -
.�! �/ �
��� �� !"#+�
, -
.�! �/ �
��� �� !"# : : : :        

   *�� )"� �
��� VWX&      K� ��.K4�"� )"K� $%
K� ���%0     �5dK� )"K� � �K.,� �"K, )"

)  ��2 � �
=�0 (      *�� a�.6% rF
�% �/ a�.6% [
��/ 
�    �
  ���%0        �K�� ^"KL 0! VK&! -
.�!

)"�KKKKK�
_\( ��KKKKK��U! �</
KKKKK�M � 0!"�KKKKK� �[
KKKKK�!��) � -�KKKKK=��!/ ��KKKKK� �-�KKKKK��!/  

�'�
�%(  �  -��0
 )  </}
� � <"� (   )!�!/ �)/��
4, ( �� <�	
:%)   $7��(.  <�I 0!   *�K� 
	   �K��%0

!/       h�5% �� "� �� C% VWX& !�YMEA   � WA       0
�!�� >Y`% ^"� ". 
� v�   �K�  !�!/ �K 

���"#                "dU �� �%"c � �=�4�� �/�# ��L
� �L
� "	
� 
� /"� � !8e% ��
	�   
2 �H ���%      
K� "K.%

   <�K�U �<"�2 ".4 
L �".4 
L �3��� ".4 
L ��9�! </�2 ���  !  3K���  <�K�U 
K2 !  ��_K� �

  �� $�
%��/�� 3��� �2��\ � ^".   

�9�2��, [
�\�]L�9�2��, [
�\�]L�9�2��, [
�\�]L�9�2��, [
�\�]L : : : :        

 ��!�� �%
�2  
	�  ̂ ���K4�% �K  </�� �
Y�! 0!�	 � >Y`% ^"�     ̂ ���K4�% � �K:��� 
K	   
K	

  ��/"  ��'�2 ��!�	 .^����4�%       </"  ��
	��9�! ��'�2 ��!�	 
	   �K�/��       <"K�e�0 [��K\ �K� �K    !

.�!/ �!"U V	 "� >:#��<"�e�0 �  \ �/ �� ��9�! 
	�:S�# [�� )flexuous ( �S�#�
% �)spiral (

 ���� <��/.    �#�Q��"Q�% -�".Q'! ���"� 
��  !�� ��9�!�   /"� <�	
:% q
\ ����� �/ 
��M <0!��! �  

  /��o�s�/H × isi/�  /�� ".%�"Q�%  .   �.�M >�'
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Table 3. Pathogenicity test of 35 Streptomyces isolates on potato tubers and Radish seedling , and 

its relation with necl gene 

�9�2��, <�"�  
Phenotypic group 

 � ���!�  
Isolate code 

�
���  "� ��!0
 <�I ��

*�� ���%0  
Pathogenicity on 

potato tubers 
  

�
���  "� ��!0
 �S	
�� ��

�S�"2  
Pathogenicity on 

Radish seedling  

 -R /���necl  
Presence of necl 

gene 

S. scabies )".�!� 3
Z�"%(  

<�"��(Group 1) 

  
 

SA1  

+  
+  

+  
+  

+  
+  

 SA2  +  +    
 SA3  +  +  +  
 SA7  +  +    
 SA9  +  +    
 SA11  +  +    
 SB1  s  s    

<�"�i(Group 2)  SB3  +  +  -  
 SB5  s  s    
 SB7  s  s    
 SC1  +  +  -  
 SC2  +  +  +  

<�"��(Group 3) SC7  +  +    
 SC8  +  +    
 SC9  s  s    
 SD2  +  +  +  
 SD3  +  +    
 SD7  +  +  -  

<�"��(Group 4) SD8  +  +  +  
 SD9  +  s    
 SD10  +  s    
 SD11  s  s    
 SE1  +  +  -  
 SE3  +  s  -  
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 E���ys) �%!/!(                         Table 3. (continued) 
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�.% 
	  "��   ��
� v�  �6:%  �K�!�� 
�    
K	

SB1 �SB3 ���2 3�".�!  S. scabies��/�� ��
:%  . �K�!��   
K	SC5 �SC7 � SC9   � ^�K� <�"K� 0!  

 ��!��SD10 �/ ^�
�c <�"� 0!  </�� ��
:% 
	��
� ��!�M��!�� 
� �  
	SA1 �  SA3<�"� 0!  �E�!   
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 $Q��s��!�� h��2 <��/
e�! VWX&   
	Streptomyces. sp..   

*�� <�I �� "�  ����%0 �.,��", )"�)�( �.4�"� )"� �)i( �5d� )"� �)�.( 

Fig. 1. Symptoms of  potato Scab caused by Sterptomyces spp. 

1: Deep-pitted scab,   2: Erumpent scab,  3: Cork or superficial scap  
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 $7��s�
��� -�%0M 0! $\
o VWX&  *�� <�I �� "� ��!0 ���%0"�M VU� �
. 

Fig. 2. Symptoms of scab from pathogenicity test on potato buers var. Agria. 
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Q� $ys E�]5% 0��,�".Q'! PCR  -R nec1 ��!�� �/   
	Streptomyces.   

)�c �� >�!� 0!:�(" �
% �i( S. scabies   )Z�"% 3�".�!( �Gs�(��!��   
	SA1 �SA3 �SC2 �

SD2 �SD8 �SB3� SE16� SF1� DDs�	
�   
Fig. 3. Electrophoretic Analysis of PCR products with nec1 gene primers, from right to left : Lane 1: molecular 

marker , Lane 2 : S. scabies (reference strain) , Lane 3 – 7 : SA1, SA3, SC2, SD2, SD8 isolates , Lane 

8-10 : SB3, SE16, SF1 isolates , Lane 11, water control.  
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Q�$zs B�1� 0��,�".Q'! 3�b2�"# 
	 �'��� ��!�� 
	   Streptomyces !�� <�� 0! <�I  </�'M �� )"� 

� J
L.  0! >�!� �� �c :SC2 �SC1 �SE5 �SF3 �SF1 �SB3 �SB1 �Z�"% 3�".�!    

 (S. scabies)   �SA3 �SA1 �SD8 �SE16� SE13 �SE1 �SD10 .  
Fig. 4. Electrophoresis of whole cell proteins of Streptomyces isolates from infected potato tubers and soil.  

From right to left : SC2, SC1, SE5, SF3, SF1, SB3, SB1, S. scabies (reference strain), SA3, SA1, 

SD8, SE16, SE13, SE1, SD10. 
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 ��!��SD7��!�� �^�
�c <�"� 0!   
	SB1 � SB3 � ^�/ <�"� 0!  3�".�!Z�"%  S. scabies  [�
_2

  ��/!/ -
:� ��  .��!��    
	SE3  � SE5 �/ Ve�# <�"� 0!    ��K� � VK  0��K,�".Q'! B�1�  ��
K:% 

 �!"U $5% �/ � </�� "�� ��
� v� �6:%��!�� 
�  SF1 � V:� <�"� 0! �K�!��    
K	SC5 �SC7 �

SC9 � SD10 ��/�� ��
:% . ��!��SF1 
� V:� <�"� 0!  3�".�!Z�"% S. scabies ��  �6:% ��F �/

 /�� [�
_.% ".QY� 3�b2�"# v� 3.�!/) $Q�z .(  

  

�5��5��5��5�        

 ����� �/                    [
K��/ �/ )"K� �
K��� VKWX& +�
K, -
.K�! �/ E
� a�.6% E�], �/ �!/"�

      %  ���%0 *�� �� "� a�.6% ��/"� <�	
: .           � �K.,� �"K, )"� VWX& "��
_\ a�.6% rF
�% �/

            �K� <�	
:% ��,� �� 
�"�M � 
��/!�
% ^
U�! �� �/ ��]6� �.4�"� .    0!"�K� �/) -�K��!/ ,  ��K�

-�=��!/ ,�'�
�% (        ��2 � �
=�0 )"� VWX& -��0
  ���  "�M ^
U�! � �,�
% �

�  / � �>�%
  �
�4� 

� � �.,� �", )"� 0! "2/
�0�.4�"��/"� <�	
:% .  

   [�� � VWX& �}
�.o!            �K� �� CK% rF
K�% �/ �
��� a�.6%  K�
4o� ! > KU�
  *�K� ^   �K��%0 ,

  �
��� $%
& �!0M"#  >,
� �!0 �pH J
L�  �K% ~�K�"% �
��M N��   /�K� .    h�!"K� 
K� �K&�8% �/ �/

                   ��K�/�� [�
K_.% V	 
� �
��M N�� 
� � J
L >,
� 
� � VU� N�� �/ 
��2 �  -
4Q�     �
K��� [�K� 

  �� <�	
:% [�
_.% .                ��YK� V	 �� �X%
  �&!�0 >�"��% � >:  h�!"� �  �&�8% �/ �/ E
`% !"�

                 �K&�8% �/ <�K� <�	
K:% VKWX& � �
K��� [�K� �
Q�M ��F �� </��         J
KL >K,
� !�!/ �K  !  

���s/�� ".:�� /�� ".QY� � �%�'.  

��!��      $%
� E�! <�"� <���
�� 
	 SA1  �SA2  �SA3 �SA7 �SA9 � SA11��!�� �  SB3  <�"K� 0! 

 ��!�� �^�/    
	SC1  �SC2  �SC7  �SC8    ��!�� �^�� <�"� 0!      
K	SD2  �SD3  �SD7  � SD8  <�"K� 0! 

  ��!�� � ^�
�c    
	SE1   � SE13        )"� �
��� VWX& Ve�# <�"� 0! '��(%�     <�KI �� "� !�    
K	

             �
K��� VK	 �KS�"2 �S	
�� �� "� � </"  /
e�! ���%0 *��   �K�/�� !0 .  ! VKWX&�  �� <�K� /
Ke 

��* %0���!�� h��2 �
	 �Y� ��;�% �� �� ���
�'��(% )"� �� �%0 *��� � �/�� -
47.  
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  ��!�� 0! �L"�   <�"� 
	      $%
K� VK:� � Ve�# �^�
�c �^�� �^�/ 
	SB1 �SB5 �SB7 �SC9 �

SD11  �SE4  �SE7  �SE11  �SE17  �SE22  �SF1   � SF3      *�K� <�KI �� "� �   K��%0      �KS�"2 �KS	
�� � �

�
���   ��/�Y� !0 .  ��!�� 0! /!�(2   <�"� 
	           $K�YU 0! Ve�K# � ^�
K�c 
	SD9 �SD10 �SE3 �SE5 �

SE15   � SE16    <�I �� "� 
��2    *�� 
	    �
K��� ���%0               �KS�"2 �KS	
�� "K� � </!/ -
K:� !� �K�!0

�� ��/�� "��
2 . -R /���nec1�
��� $%
& -R -!��& ��    �KL"� �/ �K�!0 �K���    
K	 Streptomyces 

�.L
�� >�! <�� ) .(Kreuze et al. 1999  B�� 0! </
_.�! 
�PCR   ��;CK% -R /��� �/ �K�!��   
K	

SA1 � SA3 �E�! <�"KK� 0! SC2 �^�KK� <�"KK� 0! SD2 � SD8  �KK�!�� � ^�
KK�c <�"KK� 0! ZKK�"%  

  S. scabies  �� </!/ -
:�  .��!�� �/ �
��� 
	  !0SB3^�/ <�"� 0!  �SC1   �^�K� <�"K� 0! SD7 

      �^�
�c <�"� 0!SE1  �SE3  �SE5  �SE13   � SE16           �
K��� "K�I �K�!�� � Ve�K# <�"� 0!   !0SF1 0! 

     /��o �
l.�! /��% �(dU V:� <�"�GHH>_�   �/ 0
�PCR�:� "�`Q2  .��!�� ^
�2     �K�!� �K  ��
K	

  -Rnec1 ��/��  ,     <�I �� "� !� )"� VWX&   *�� 
	    �
��� � ���%0       �KS�"2 �S	
�� �� !� ��!0

  �K�/!/ -
K:�.   �!0M"K# -Rnec1   <!"K�	 �K� ORF  �K� �
K	     �K�!�� 3�K� �K1,! ��KF   
K	S. scabies�   

 S. acidiscabies  �S. turgidiscabies �.,
� E
1.�! �% "l� �� �   -R �1,! E
1.�! ���nec1  �K��% �1� 

  �
��� $%
Q2 �/        ��
� �.�!/ ���� �� 3�! �/ ��!0 '� ��   -Rnec1  |(� �/�   �K��� 0!  
K	 � � �
K�� !8

l�� "S. reticuliscabies  �S. ipomoea /�!�� /��� ) .(Kreuze et al. 1999  

       
� � �,�"2"9�	 ���� �	
  VWX&>,
�    ��/"%           0! �KL"� hK��2 �K  �S�"2 �S	
�� �� "�

�KK�!�� �
KK��� 
KK	   /!/ 
.YKK4� 
KK��M hKK��2 3�%�.KK4 
2 pKK�"2 �KK� �<�KK� /
KKe�! !0�KK% < /�KK�  

)Loria et al. 1995(  .�S	
�� �
��2  3�%�.4 
2 
� �S�"2 
	A�S	
�� ��� �	
  *Y�    � <�K� 
	

       3�%�.4 
2 >l�I ��!8,! 
� 
��M ���A              �K:�� �� -M "��
K2 �K  �K.,
� �	
K  ".K:�� �!�1% �� 

^��2 /
e�! [��\ �� �S�"2 >�! </�� �:�� �� ��
	 (Leiner et al. 1996) .N��2 0! ��\
o VWX&  

S. scabies *�� <�I �� �% 3�%�.4 
2 0! ��
� ���%0    �KS	
�� �� 3�K4 �2 3K�! !"�0 ���
�   
K	

>�! <�� �
��� VWX& 0�"� *Y� .��!�� ^
�2 -�� 
2   
K	Streptomyces   *�K� �� �K     �K��%0

�
���  </�� !0      </"K  3�%�.K4 
2 �K�'�2 �	
=K:�
%0M h�!"K� �/ ���!  �� � �K�! �K�!     �K�'�2 �K  ��
K	
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</"Q� 3�%�.4 
2 </�Y� �
��� /
e�! �� �/
U ��! ��! )King et al. 1991,  Loria, et al. 1995.(.  

 ��!�� ^
�2    �
��� "�I 
	      !0Streptomyces       <�K� �K��"� -�� 
K2 �            �K�'�2 �K� �/
KU ��K�!

 </�Y� 3�%�.4 
2  ��! .DNA     ��!�� 3�! 0! <�� x!"6.�!       -R 
� 
	1 nec    �K�!�� �/ �       �
K��� 
K	   !0

>�! <�:� ��"Y�	 /�!/ /��� . -R necl  -R �K� �KQ�8�, ��F ��      3�%�.K4 
2 <�K��  8.�K���� 
K	A 

>�! $].%  )Bukhalid & Loria 1997.(   

 !�� 0!�� 
	 � ��
� !0        <�KI 0! �K; Ve�K# <�"�   
K	 !�!/    5dK� )"K� VKWX& �)   )"K�

�
=�0  ��2 �  (0
�!��  ��2 �����  !�� 
�� 
	 SE1   � SE13  �� "�  � �   � �KS�"2 �S	
� �
K�  !0

  !�� � </�� K��  
K	 SE3   � SE5   � SE6    K	 ��    K�WX& �K��� ���� � �    �K�!�� -
K:� �KS�"2 �KS	
 .

!���� 
	 SE1   � SE13  <�I 0!  
	 !�!/    �
=�0 )"� VWX&   !�� �  K��  
K	 SE3   � SE5  � SE6 � 

SE17<�I 0!  
	!�!/  ��2 )"� VWX& 0
�!������ . ��2 )"� �/ �� VKWX&    �K� <�KI 

 	 [��\�,�"2"9�)    %�.4;
2 0! $\
o VWX&�3 (    2
K&XF! � </�KY��    %�.K4;
2 /��K% �/ � 
K� � 3� "

KK4;�2�3 
KK	'�2 KK����KK2 )"KK� $KK%
& hKK��2  }
KK�.o! � �.KK�!�� /�KK�� !�!/ 
KK	��.;
, 

���
� !0��% [�
_.% � ���
� (Bukhalid et al. 1998, King et al. 1991) .  

         �K��� �L"� h��2 3��
# 
%/ � )�F"% � ���! h�!"� �/ ��2 )"�   
K	Streptomyces  

  $K`%S. aureofaciens�   S. griseus   �K% /
Ke�!  /�K� .  �K�!�� 0! �KL"�   
K	S. scabies    [��KU 
K�

�
KKKK���    </"KKKK  /
KKKKe�! <�KKKKI �� !� VKKKKWX& N�KKKK� 3KKKK�! 8KKKK�� VKKKK  �KKKK�!0 �KKKK�!  
 .(Ndowora 1996, Loria et al. 1997)  

��!��                   �K�!�� � �.K4�"� � �K.,��", )"� VWX& 0! ".:�� ^�
�c � ^�� �E�! <�"� 
	    
K	

   <�I 0! Ve�# <�"�        ���� 0
�!�� �5d� )"� VWX& !�!/ 
	 .��!��     <�"� �/ J
L 
	    
K	

           �K�!�� � �K�.,"� �!"U V:� � Ve�# �^�
�c �^�� �^�/          <�KI 0! hK1, E�! <�"K� 
K	   
K	   </�K'M 

 ���� 0
�!�� .����      u�� a�.6% 
	Streptomyces     �!0M"K# [�K� ��Kd�5% h�!"K� �� �.4� 

               N�K�.% VWX& �9�2��, <�"� v� �/ �.o � </"  /
e�! !� �2�
_.% VWX& -
�8�% VU� � ". 
� ��!��
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2 >52 /
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2 ���.�
� ���/  ��!�� /!"�  0! ��
	S.  scabies , stelliscabies  S. �   S. europaeiscabies  

��!�� �/ �  �2��\ �/ �</"Q� /
e�! ��WX& ���� ��	  0! ��
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�.(Faucher et al. 1992)   
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K� N�K�2 "=�
 K��  
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& � �
K�   )"K� 

��* %0���% � ��
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&��� -!�
7�	 � (Eini et al. 2003)����  
	 S. scabies  �S. acidiscabies  �S. auropaescabies �  

 S. griseus  �S. stelliscabies  �S. tesda  �S. turgidiscabies � �K� ! &    K� )"K� $K%
& -!�K��* %0� K�� 
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.� 
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7�	 � (Eini et al. 2003)/�!/ . �I!!�� *��  
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