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    Rhizoctonia solani �� ��%���&' ("  �� ��%���&' ("  �� ��%���&' ("  �� ��%���&' (" 

(" )*�+�,"(" )*�+�,"(" )*�+�,"(" )*�+�,"    RAPD-PCR-��. / -��. / -��. / -��. / ���� 0 0 0 0ITS-rDNA        
Genetic diversity of sugar beet isolates of Rhizoctonia solani revealed by RAPD-PCR and 

ITS-rDNA analysis 
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=1� #>,�2��� / 7?@" A�=���%���&' �B� #�:"���(�2 )�C5�"* $(�/�5D )�!5�"*  / 

�3� )�C5�"* $(�/�5D )�!5�"*�E��2 4  

  

4F���* G/G/IGJK      L3�B<MG/N/IGJK  

  

!'!'!'!'���� )� )� )� )�        

��� �����"��  !�# $�
" �  �"3 Rhizoctonia solani  (" )�O "��4�>% $�
,�< ��)� � #5

��%���&'�  ,/ #� �  #�RAPD-PCR  -��. / �  0ITS-rDNA    4F3 �"3%  ,�3� *��2  .  ("��   3(�QR. 

       S�QD"/ �* )*�+�Q," *��Q2  F*�9�    $�Q
RAPD-PCR  ���    3(�QR.  �Q�'   �!QO    Q�  ��QT � �

"���#       �Q�*"* :�5�  ,�3� *��2 $�
 . )/3Q     #QO�T $�Q��   "�� $" Q�#   �Q
�      L/� (" )*�+�Q," �Q�  

simple matching) V3�  �"0F"SPSS version 11.5 ("���#   )/3Q #Q� X���2 $�
    $(�2��Q,��. $�Q


    #��5� YZ, �* "� [��\2% ��  ("��!�!+� 3C�*��� ^ .  Q�  Q9\52 #Z�"�� ��� ��Q�� ��   Q!

3�  E�,"RAPD-PCR� �� �"0_����F"3&� #=Z�2 � ���  /   `8�2  �� 3��� ) 2 4F���:��0 (�  4F�  

*#8��a2 b�c>2   
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�5� .�* d!��#�@�F  6"�� 3 �  �T"* (�,��� : � $�
�  $�Q
3(�R. (" )*�+�," ��  2/(�8ITS4  

 / ITS5 � #�Z% ^DNA )("��" #� e�f �� g�f*� (�� 4+� ��O  ��. 0�. �� ��DB2 #�Z%�h  $�


  O3�Pst1, EcoR1 / Tru91*3 hi
 �� .0�.� hPst1 3� j12 �%�F*�� L .   (" jQ@�6 $�QC-"

0�. hi
�h $�
 EcoR1 / Tru91"�� �#   )/3Q #Q� X���2 $�
     (" "� [Q��\2 $(�2��Q,��. $�Q


��!� �� 3C� *"* 0.    2 3k� #�    #� �,� ̂ �D  RAPD-PCR /  � -��. ��0 ITS-rDNA :"��� )/3   $�Q


 [��\2$(�2��,��. �����D/0�\5� "� ��*"* l.  

)�"/)�"/)�"/)�"/    �D $�
�D $�
�D $�
�D $�
����$�$�$�$� : : : :��� ������� ������� ������� ��������&' � !&' � !&' � !&' � ! ���%��� ���%��� ���%��� ���%���RAPD-PCR, Rhizoctonia solani ���� ITS-rDNA                 

        

#2�=2#2�=2#2�=2#2�=2        

 �����n/0�� o��(Rhizoctonia)             #Q;��p2 qQ� 	�"0���Q��� / 	a���Q-�n" �	a���� 3k� (" 

	2 ����2 �O�� . #Q�� Rhizoctonia solani         rQD32 #Q�� #Q� 	Qa���� �s�Q� ��Q�� t�Q1- #Q�   

(R. solani complex) 4QQ," ���QQ52  (Moore,1996).3QQ�   )/3QQ E�QQ,"  �(�2��QQ,��. ��QQ�� 

(Anastomosis group)#��  R. solani #� ��   ��Q��"0p2 hQ
 (" 	a���� 3k� (" #n l\52 )/3 

h�>=� 	2 ���� *�O .(Carling, 2000) �� ��/ �� u )/3 $�
 ( / �
� )/3Q3    $(�2��Q,��. $�Q


3�  � E�,"�4\  � � ,��O�"0_����    XF�2 (�2��,��. ���F� /    3��� L?�  �
�   :��D�Q� #QD )*��  

 QQ@�� $"3QQ�����  ���QQ�� [� � o�QQ� �* *�QQ��2  QQ!����D/0QQ� 4QQ," #QQ�F3 V�QQp�" �  

(Vilgalys & Cubeta 1994, Carling et al. 2002) .  

           L/� �Q� "�Q��" �Q
�����n/0�� 	Qa���� ��Q�� #�-�Z2         (��QF/3�a-" 3Q�k� 	�����QO��� ��Q


��c�/3<  
$�   b��12  -��, h�"(/0�. �  ( ��
           �* 3�Q5�� v3Q' ��
��Q," 0�-��. / ���a< V"3���"

             L/� / �QO �/3QO �(�2��Q,��. )/3Q �� / #�� 7�Z,      4Q>�"�� [Q��\2 	-�Qa-�2 ��Q


 *(�, ��aO. "� 4���� :/�* A�F?�T")Matsumoto et al. 1996, Salazar et al. 2000, Carling 

et al. 2002 .(  

L/� 2 $�
�:� #�-�Z2 $"3� $��'  -�!- $�
� �  2/(�8R. solani    �"3Q% )*�+�Q," *��Q2 

4," #�F3 .d!��#�@�F A��Z% 3   Q�T"* (�, (Internal Transcribed Spacers)    �Q� �Q��. L3Q� / 

0�.�h   $�
 )��
* L3�      j@�6 $�C-"  ,�3� / �  L/� ("  ! �
�      #Q�-�Z2 �* ���Q�; #D 4,"  
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 ���

��� ��QQ���  QQ% )*�+�QQ," *��QQ2 $(�2��QQ,��. )/3QQ / #QQ�� YZQQ, �*  QQ!4QQ," #QQ�F3 �"3  

(Liu & Sinclair 1992, Cubeta & Vilgalys 1997).��' (" )*�+�," ��  .  �!O�0�./0�h  / �
rDNA-

RFLP( w�< �$(�2��,��. )/3 $"3� )/33/*  (AG-2) Q@�� � �QO [ (Liu & Sinclair 1992) .

��D�� / �>������ (Kanematsu & Naito 1995)-��. �� � 0rDNA-RFLP( � )/33R. solani AG-2-3 

-/" $"3� "��@�� ��� �� �Q�*3D [ . -�Q�.�0 rDNA-RFLP (" �g"��  Q� #R. solani )/3Q ("    $�Q


     ( #D *"* :�5� [��\2 $(�2��,��.�)/33     )/3 �* *���2 $�
    $(�2��,��. $�
 Q�^ (AG-1) 

/* / (AG-2) 2  )/3 :"��; #� ���"�� @��  9\52 $�
� ���QO [ (Matsumoto et al. 1996) .

��O"� ��:"��!�
 / (Schneider et al. 1997)   #�Q@�F  6"�Q� �* *���2  �!O��' (" )*�+�," �� 

:�  �T"* (�,  $�
rDNA"�� ���>�"�� � Q�#  $�Q
 R. solani AG-2-t �Q, (" "� �( 3� )/3Q3   $�Q


     $(�2��,��. )/3 �* *���2(AG-2)      " (" )*�+�," �2" ���D "���   \5� 4�� L/� �� 3, l� `

"���# 
@�� "� ����*3!� # . Q�
 (" )*�+�," ���( L/� ��  )/3Q3R. solani AG-2-2LP Q@�� � [

�O (Hyakumachi et al. 1998) .d!�� -"�� / 3 �#�@�F  6"��  ��      Q6"3x #Q� 3Qp�2  �T"* (�,

   ( $"3QQQ�  QQQ@�9�T" $�QQQ
3(�R.� )/3QQQ3   $�QQQ
R. solani AG-2 4QQQQ," )�QQQO   

(van den Boogert et al. 1998, Salazar et al. 2000, Carling et al. 2002) .  

 �!�"* :"��!�
 /(Duncan et al. 1993) L/� RAPD-PCR\5� $"3�  8,��2 �"0�" "� � l

)/3    � $(�2��,��. $�
����D/0� \5� �� ��*"* l.     �2�Q2   :"��Q!�
 / )�ff� (  ��� ��Q���   Q!

"���# � $�
� $"0_���R. solani `�� ,"3T ��%���&' ��"02 (" )�O $�/.   (" )*�+�Q," �Q� "� :�

    -�!-�2 3C��5�RAPD     �!� :"�Q�; #Q� :. (" / �Q�*3D  ,�3� �    \Q5� $"3Q� rQ,��2  Q!� l

)/3    � $(�2��,��. $�
����D/0�  ����*3D *�." ��!� ��  �:. V�Qp�" �* 4;3, /  *�, ��y ^

-��.�h
 0 ��' :�2(���� E�D�- �� 2 h
"3F "�  ! ��D (Duncan et al. 1993).  �Z2 w��Q��  A�Q�-

�>-�< / q��-) Lubeck & Poulsen 2001( �/� �er�, (" )�O"�� �����n/0�� #�"��    	Q��2(

      q��a� (" )*�+�," �� ��%���&' /UP-PCR #Q�"�� ���
 0�-��. (" j@�6 w���� ��    3Q� �Q
   E�Q,"

rDNA-RFLP4O"* 4=��Z2  . �*"��  ,�3��# #;�02 $�
 $" R. solani AG-2-2   (" )�QO "�Q� 

�%���&'    ^�D #� �(�R.  A/�+�  F*�9� $�
3     $3Q9�\2 $�
* Q�  )� )�QO   �Q2"     3Qk� ("   :"�Q�

��"0_�����  �"�� ��#  )�
�52  x�8��" �
  4Q," )�Q5�) Zens et al. 1999.(    Q,�3� �*  ��Q��
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 ��e

��"0_����  ��"�� � #R. solani AG-4,/ #� � #�RAPD-PCR-��. / � 0ITS-rDNA"�� �#  �� $�


� A��QQ%�"0_��QQ��s�QQ�   (hypervirulent)QQ>� $�QQ��� $�QQC-" �S�QQD"/ �*  ���QQ52 �� $�QQ
  

RAPD-PCR �� ��!�"* 3C#�O �"� (Huang & Tschen 2000).  

)/3 :��D�� $(�2��,��. $�
 AG-4, AG-3, AG-2-2IV, AG-2-2IIIB, AG-2-1, AG-1-IC  /

AG-5)�O L�"0 ��%���&' ("  ��" (Sneh et al. 1991) .3����� ��" ���&' �*x ��%�,/ [�  �

 � ("�����            / #Q%�x / #Q5�� 	��Q,�< �#z
�� {32 #��� (" ��        rQ��2 "� 	Q3� 	C�T�Q,

	2 *�O  (Herr 1996) .)/3  �(�2��,��. ��
AG-3, AG-5, AG-2-1, AG-4, AG-2-2  rQ��3� #� 

4QQ��
"�      )�QQO L�"0QQ �QQ�%���&' #QQ%�x / #QQ5�� 	��QQ,�< jQQ2"�; :"�QQ�; #QQ�  �QQ�"  

(Windels & Nabben 1989, Rush et al. 1994). q� �(�2��,��. )/3 (AG-1)���' /   (AG-4) 

)/3 )"3�
 #�    #�Q>
/* �(�2��Q,��. $�Q
  �"AG-I, AG-E, AG-C, AG-A/ AG-K   #Q�   :"�Q�;

)�O 	F3�2 ��%���&' #z
�� {32 j2"�;  ��".(Sneh et al. 1991)  {3Q� 	C�T�Q, j2"�; (" � 

)/3QQQQ   �(�2��QQQQ,��. ��QQQQ
AG-2-2, AG-4 / AG-1  )�QQQQO L�"0QQQQ �QQQQ�"  

(Naito 1984, Whitney & Duffus 1986) .  

 ��� #�-�Z2� ��� ^�  4 3k� ("  1@ |�* �         #Q� }Q,�< �* jQ2�!�  C��C' (" Y L/�    $�Q


)(��82 [��\2 (McDonald 1997)L/� ~�\�" /  �2 3��2 $�
�3�� 4��
" (" �
3����/ 4�)u  $"

4," �"*��T3� .(Malvick & Percich 1998) �* "���� ����  ,�3� ��  !"���#  $�Q
 R. solani 

)/3 #� X���2  $(�2��,��. $�
(AG-2) / (AG-4)� [��\2 7�Z, �� �"0_����  (virulence)  ��

    3C��5� (" )*�+�,"RAPD  -��. /�0 ITS-rDNA  �O #�-�Z2 .  :�!2"���� "�� 0 Q�#      �Q� $�Q
  A��Q%

��"0_����   "�� (" s��  �#    �� $�
  A��%��"0_����   �<���    " (" )*�+�," ��  Q�     (" �3C��Q5� �*�  3QC

�"�
"" � �=1��X*�� .  

  

L/�L/�L/�L/�	,�3� 	,�3� 	,�3� 	,�3�         

"��"��"��"������####     ,�3� *��2 $�
 ,�3� *��2 $�
 ,�3� *��2 $�
 ,�3� *��2 $�
 

" �*�  ,�3� ���"�� �##;�02  $" R. solani #� X���2 )/3   $(�2��Q,��. $�Q
  (AG-2) / 

(AG-4)       ̀ �� ��5D $��D���&' [��\2 Xx��2 (" #D           "�� )"3Q�
 #Q� *�Q� )�O $�/. Q�#    $�Q
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 ��g

"����," �* *��    �� 3�D* ("  �F�     �O�
) $(�/�5D )�!5�"*�  O )�C5�"* �("3 (    �"3Q% )*�+�," *��2

���F3 .@�9T� "�� A��#        b/�� �*  ,�3� *��2 $�
�  4," )�2. . �� ��   $(�2��,��. )/3 �

� /�"0_����"��  �# *�� #�F3 �"3%  ,�3� *��2 ?8% ��
 ) $*��12 �:"��!�
 /�ff� .(  

  

 b/����"�� �# 
$�� ����D/0�$� S�D"/ �* )*�+�," *��2 RAPD-PCR-��. / � 0rDNA  
Table 1. Rhizoctonia isolates used in RAPD-PCR and ITS-rDNA analysis 

 

	�"0������ 
virulence 

`8�2 
source 

	���F"3&� #=Z�2 
geographic 

location 

������ h�?; 
disease 

symptom(s) 

)/3 
AG 

��,��.(�2#�"��  
isolate no. 

high - Kermanshah - 2 Rh125 
high - Khorassan - 2 Rh170 
high root Kerman root rot 2 Rh188 
high crown Moghan Root & crown rot 2 Rh211 
high - Chenaran - 2 Rh226 
low - Kermanshah - 2 Rh119 
low - Kermanshah - 2 Rh121 
low root Chenaran root rot 2 Rh145 
low root Chenaran root rot 2 Rh163 
high root Lorestan root rot 4 Rh129 
high root Lorestan root rot 4 Rh130 
high root Moghan root rot 4 Rh140 
high root Kerman root rot 4 Rh189 
high crown Lorestan root & crown rot 4 Rh251 
low root Nishabour root rot 4 Rh157 
low - Khorassan - 4 Rh158 
low root Hamadan root rot 4 Rh186 
low sclerotia Karaj - 4 Rh261 
- - - - 1 AG-1 
- - - - 2-1 AG-2-1 
- - - - 2-2 AG-2-2 
- - - - 3 AG-3 
- - - - 4 AG-4 
- - - - 5 AG-5 

������������2 )*�� #2 )*�� #2 )*�� #2 )*�� #�����>�>�>�>���� 2� 2� 2� 2�        

   �� 	2���>�2 �*�� ��-��#�"    ��12 �* 3����� ��
      `��Q2 4Q5nPDB)    ���Q9;�ff   V3Q 

r�,     �� )"3�
 	��2(��          v. 3Q��- qQ� �* (/3�Q>n* V3Q  (   4QF3 A��Q@ .     w�Q< �3Q% /*

	��2     	��n ��O�6 (" �3�2     ��Q
      )(/� w�Q< �Q� #Q,  #Q�"��              #Q� / )�QO #�QO"*3� 3��Q��� ��Q


Archive of SID

www.SID.ir

www.SID.ir


 ���

q,?F         �/�6 3��2 �-�" ��
�ff 	��2   ��12 3��-    `��2 45nPDB   �Q�*3 j=��2 . qQ,?F    �Q


  A�2 #� o�, ���     ��2* �* (/���  ���, #��* �*"3C  ���O )*"* �"3% 	�"�/* 3a�O �/�  . o<

�-�" (" q� 3
 �"��12 A�2 ��" (" ��
  )���QO  F�@ BR�D ("  Q� �Q��"/ ^ (Whatman No.1) 

    % $/� )�O )*"* �"3%�     ?QT �Q�< ^Q�D �� / 3�T�� [  �QO )*"* ��Q8;  .  	2���Q>�2 �*�Q� (" �

��12          3Z=2 v. �� / )�O "�� `��2 45n :/3�Q,    �Q�*3 �Q5�>O  .       (" oQ< 	2���Q>�2 �*�Q�

             �"3\�Q," �Q�632 �Q� / �O )*"* �"3% 	2����2�-. SO�< �* ��(�� / 4O"*3�DNA   ��Q2* �*

�f� ���, #��*� *"3C��*3 ��"��C�.  

 �"3\�," �"3\�," �"3\�," �"3\�,"DNA        

 �"3\�,"DNA  L/� X��QZ2   $(/��Q�)�ff� ( / �Q���/ )Weiland 1997 (   	Q�"3��&� �Q� /

	�0�) 3���,�       �* �/* �"0
 )* �� ��+#=�%*  "3O �* � �2(. ��)�C5 (   4QF3 A��Q@ .   �"�Q=2�/f 

#�"�� (" q� 3
 	2���>�2 )*�� (" V3  ��Q2* �* #n #�-�Z2 *��2 ��
 �f�   ���Q, #Q��*� *"3C

 ��"��C� �O*�� )�O )*"* �"3% 	��' :/�
 :/�* � .o�,*/�6 �ff3F�� 3��-/3a�2 �"3\�,"  

(100mM Tris-HCL(PH 8.0), 20mM Na2EDTA, 0.5 M NaCl, 1% sodium dodecyl sulfate)  #Q� 

  ��*3 #F�y" :. .             ��n "��< �3��T 4-�6 �� �O V3� :/�
 �* #=�%* q� */�6 	2���>�2 )*�� .

   /3a�2 #� j@�6 ���\2��v�   ��/��<" �/� 	��2   �O j=��2 �3��- .2��/3!�v�   A�Q2 #� �
�f 

%*�      V3 v. V��6 �* #=ef   ���, #��*   C� *"3��  ���O $�" .#����    %* w�< �
�   $/� #=�  �"3% }

���F3 .   3
 #��  2 (" ^��/3!�v�    ��12 hp6 h
 �
� 2 3
 A���/3!�v�   �3F�Q� ��8QO" ���\2 

   ja-" j�2./0�" Q V3F/3�n Q j�F)48>� #��� :�� :� ( / ��*3 #F�y"  %* w�Q< A�Q2 #��  �* #Q=

   ���" $�2*n   �O )*( h�� �?2� .2��/3!�v� �
    A�2 #� �f    �* #=�%* �ffff       �* / #Q=�%* �* �/* 

   ���O ��+�3���, ����" ��2* .    /3a�2 q� #� ��5�/� b��12��v�        b*�Q�2 / #Q�F�� b�=��" ���� 

e/f    :. hp6 )  */�6�ff 3��-/3a�2  (   �Q�*3 #F�y" :. #� *3, b���</3</0�" .2��/3!� �Q���  #Q� 

  A�2�f   * �* #=�%*   ��2�f�  ���, #��*�*"3C           A�Q2 #� :. (" o< / #�F3 �"3% �f    �* #Q=�%* 

�ffff        ��2* �* / #=�%* �* �/* ���"  ���O ��+�3���,  .        b���Q�" �Q� jQ@�6 v�,���   #Q��* 

              �* ���Q12 ��2* �* :�O q5T (" o< / �O )*"* �5�>O�f    �Q� �ff    3F�Q� 3Q��-/3a�2 TE  

  �/�6�f   	��2 �* V3/3a�2     � h�0�. 3��-  �O j6 �(�c�n���8� .#����        A�Q2 #Q� �
�f    �* #Q=�%* 
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 ���

  ��2*�g  ���, #��*�  *"3C  �*  V3 v. V��6  4F3 �"3%  .  " (" ���� 2 ����/3!�v�     $�2* �* �
� 

 ���, #��*�     ���O $�"��C� )*�+�," :�2( �� *"3C.      4Qk�R / ���T DNA       #Q� )�QO �"3\�Q," 

�� $3�2��F/3�!�," L/���*3 ���.  

 S�n"/ S�n"/ S�n"/ S�n"/PAPD-PCR            

/  S�n"PCR     `�(�� (" o<    S�n"/ �"0�"  #Q-�- �*   �Q
�  �Q�      #Q���� :*/0QF" DNA  �QC-" � �*  

   3�a��,�23� )�C�,*(Biometra)  V�Qp�"  �QO  .   S�Qn"/ #Q2��3�PCR    jQ6"32 j2�QO    	C�QO3,"/ 

  	��2�=2 A�2 #��f  �* #=�%*  C˚���   	C�O3,"/  A�2 #� ��  �* #����  C˚���   b�9�"    A�Q2 #Q� 

��  �* #����  C˚�/��  �    L3�>� A�2 # �f �* #����   C˚g� � 	���� L3�>  A�Q2 #Q��f  #Q=�%* 

�*C˚g� *�� .  L3�Q> ��  C�O3,"/ j6"32��  #Q8�32  *3 �"3Q!� Q�� (Weising et al. 1995). 

DNA "�� �#     ,�3� *��2 $�
 )  b/��� (    (" )*�+�," ����     F*�9� 3(�R. )   b/�Q�� (d!� Q� 3

�O .  

b/����)*�+�," *��2  F*�9� $�
3(�R.   
Table 2. Random primers used 

 (Sequence)3(�R.  -"�� (Primer)3(�R. 

5'-AAG CCT CCC C-3' UBC222 

5'-GCT GGG CCG A-3' UBC228 
5'-CTG GGA GTG G-3' UBC280 
5'-GGG AAA GCA G-3' UBC282 
5'-CCG CGA GCA C-3' UBC290 
5'-TTT GCC CGG A-3' AB01-16 
5'-AAG ACC CCT C-3' AB02-06 
5'-TGC GGC TGA G-3' AB02-14 
5'-GGA CTG CAG A-3' AB02-18 
5'-TGG TCG CAG A-3' AB03-18 
5'-CAA GGG CAG A-3' AB05-06 
5'-GGA TGC CAC T-3' AB05-15 
5'-GTA GGC CTC A-3' AB07-04 
5'-GGG GGA GAT G-3' AB09-09 
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 ��f

 b�912 	���(�" b�912 	���(�" b�912 	���(�" b�912 	���(�"PCR        

    S�n"/ b�912 	���(�"PCR /�  q� (��. b� � 4F3 A��@ �@�* .    ��Qk�2 �Q�" #Q�

  �"�=2e          �Q� )"3�
 S�n"/ 3
 b�912 (" 3��-/3a�2 �/�          :/�* #Q� ��"BQ��� 3F�Q� 3Q��-/3a�2 

q
�'           ��"3O 41� (��F/3�a-" / )�O #�\�� b� ��
�/�   4QF3 A��Q@ 3������, 3� 4-/  .

b� �(��F/3�a-" :���< (" o<   A�Q2 #� �
�� QQ�f  Q�12 �* #Q=�%*   �/�Q6 b�1µg/ml  �" Q���V� 

 ��� ���2/3�        A�2 #� o�, / �0�2.g��        �Q�� 3QZ=2 v. �* #Q=�%*      ���QO 	Q�"*( .  ��
�Q���

RAPD    �2s �3�2�* UV      oa; ���. (" / )�O )�
�52    ��*3 ��"*3� .     )�C�Q,* �* "3�" 3F��

��� (��F/3�a-"TAE ) �/�640mM Tris-acetate  / 1mM  Na2EDTA  (   ��"BQ��� 3F�Q� /6X 

) j2�QQOM�/� / �QQ�� jQQ�F�2/3� �QQ@�* K� 	QQ�(/ �QQ@�* �	QQ�p6 )w/v (��n�QQ,/((*�QQ�   

(Sambrook et al. 1989) .  

b/�����"0�" S�n"/  PCR  

Table 3. Components of PCR reaction  

4k�R 	����  final concentration 4O"*3� �"�=2 (µl)   �"0�" S�n"/  PCR components  
1.5 mM  1.5  )25mM (MgCl2  

0.2 mM  2   25mM) (dNTPs  
1 X  2.5  10X     Reaction buffer 1  
Unit 1  0.2  Taq polymerase (5 U / µl)   

50 ng  0.5  Primer (50ng / µl)   
50 ng  1  DNA (50 ng / µl)  
�  17.3  ddH2O  

1 [750 mM Tris-HCl (pH8.8), 200 mM (NH4)2 SO4 / 0.1% Tween20] 

        

��� ���� #�-�Z2��� ���� #�-�Z2��� ���� #�-�Z2��� ���� #�-�Z2����  !  !  !  !"��"��"��"������####    � $�
� $�
� $�
� $�
����3� 3���3� 3���3� 3���3� 3���     E�," E�," E�," E�,"rDNA        

d!��   A��Z% 3rDNA     (" )*�+�," �� p�( S�D"/�)3  $" �< �("3�      S�QD"/ #��52 / PAPD-PCR 

 " �* �QQO V�QQp�"QQ� $�QQ
3(�R. (" S�QQD"/ �ITS4:5'-TCCTCCGCTTATGATATGC-3' /    

 ITS5:5'-GGAAGTAAAAGTCGTAACAAGG-3'  2 #��  :"0�f  �* V3���� 2�-/3!�   )*�+�Q," 3Q�

�O (Schneider et al. 1997, Salazar et al. 2000)., �j! S�D"/  ��"36 $�
 PCR #� �3�� r�� 
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 ���

 ���, #��*�    A�2 #� *"3C� %* �#=  ���  ���, #��* � A�2 #� *"3C�%* �#=�ef���, #��* �  #Q� *"3C

  A�2� %* �#=  �g�  ���, #��* �    A�2 #� *"3C� %* �#=  �g�  ���, #��* �    A�2 #� *"3C�f %* �   / #Q=

"32�� V/* j6  V���'�f�O �"3!� #8�32 .  

(�"(�"(�"(�"���� b�912  �� b�912  �� b�912  �� b�912  ��PCR        

      S�Qn"/ b�Q912 	���(�"PCR    ��Q. b� �/� /  (%�/�� %�  3D" /  Q�j . 2 Q�� %�   A��Q@ 

4F3 .  �"�=2�         �� )"3�
 S�n"/ 3
 b�912 (" 3��-/3a�2 �/�         #Q� ��"BQ��� 3F�Q� 3Q��-/3a�2 

 q
�' :/�*           ��"3O 41� (��F/3�a-" / )�O #�\�� b� ��
�f 4-/      A�Q2 #Q� �/�  4;�Q,  

     / (/��. b� $"3�e   ����    3D" b� $"3� 4;�, �j . 2�  � 4F3 A��@ .���  2.�    )�
�Q52 / $0


����� L/� �� �4F3 A��@  �8% )�O *�.        

 b�912 hi
 b�912 hi
 b�912 hi
 b�912 hi
PCR            

0QQ�. ("�h  $�QQ
 EcoR1, Pst1 / Tru91  A�QQ�Z% hQQi
 $"3QQ�DNAd!� QQ�)�QQO 3 �QQ,�� 

$�
3(�R.  ITS4  /ITS5 �O )*�+�," .
 hi
 S�D"/ 3  hQp6 �*��2 �-/3!�  3Q� j2�QO  Q� ^

2� V3/3! b�912PCR0�. �6"/ #, �� �h�/�2 �-/3!�3�    S�QD"/ 3F�Q�10X     3Q
 ��Q9\2

0�.�h   / �/�g 2 �-/3!�3� .   Z=� ��� /* v�3  *�� :/3�,  .    A�2 #� hi
� 4;�, ^ Q� / � h �*�g 

  ���, #��*   #���� / V�p�" *"3 i
 $�
    �* )*�+�Q," :�Q2( �Q� )�O h�f�   ���Q, #Q��*    *"3Q

C������O $�".  

(�"(�"(�"(�"�����=2 /  ���=2 /  ���=2 /  ���=2 /  ������hi
 As�912 #>hi
 As�912 #>hi
 As�912 #>hi
 As�912 #>        

 2 )*�-/3!�   hi
 b�912 (" 3� )�O      2 /* )"3Q�
 #� �-/3!�     �Q�� 3Q�)   j2�QO��/f   �Q@�* 

  / ��� j�F�2/3��f	�(/ �@�* � 	�p6)w/v(��n�, /( (^
�' �* b� $�
 ��Q. / (%� /  Q�� 

3D"�j  2.�� %� � ��\     3� �* (��F/3�!-" / )�O #�  :��ff   A�2 #� 4-/  �  �Q�  ��    V�Qp�" 4;�Q,

*3�� . b����" ����2/3� V����� � .2� $0*3  ,�3� /��.  

0p�0p�0p�0p������1�/ #�1�/ #�1�/ #�1�/ #����)*"* j)*"* j)*"* j)*"* j    �
�
�
�
        

)/3 #O�T $��� "�� $"�#  L/� (" )*�+�," �� ��
simple matching) V3�  �"0F"SPSS version 

11.5 ( �O V�p�" . " �*�    *��/ L/� ��     �3� #� ���� *��/ V�; ��  )3Q�� �Q� r   $�Q
 Q�  3+Q@ / ^

(�"��O  �� .  

������������pppp####        
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 ���

��� ������� ������� ������� ��������"��  !"��  !"��  !"��  !����####    � $�
� $�
� $�
� $�
����3� 3���3� 3���3� 3���3� 3���     3C��5� E�," 3C��5� E�," 3C��5� E�," 3C��5� E�,"RAPD        

S�D"/ �*  $�
RAPD (" �� $�Q
3(�R. $3, (" 3(�R. University of British Colombia 

(UBC) / Advanced Biotechnology (AB) #D �O )*�+�," �� 3(�R. ��'  �!QO   Q�  ��QT � �

"���#        �Q�*"* :�Q5�  ,�3� *��2 $�
 .   $�Q
3(�R.UBC282   / AB01-16 "�� 3QdD" �* � Q�#   �Q


d!��   V�p�" $3��*"�� .   )/3 (" j@�6 V"3/���*   #O�T $���   "�� $"�#          �Q�  Q,�3� *��Q2 $�Q


 L/� (" )*�+�,"Simple matching  j!O �*�   :�Q5�  4Q," )�QO )*"* .   #��Q5� YZQ, �*%g� 

"���#  �"3% )/3 /* �* �
���F3 .�D�"�� #�# $�
  R. solani AG2-2  �*� )/3 ^/"�� �#  $�


   #� X���2AG-4   "�� )"3�
 #� �#   $�Q
  *�"����Q," ���       #�Q,* V/* )/3Q �*      ���QO $�Q�� .�D Q� #

)/3         #��Q5� YZQ, �* $(�2��Q,��. $�
 % ��   (" � �Q!� !+� 3C Q�  ���QO ^ ) j!QO�( .  #QZ�"�

 �  9\52�  ��� ���� �� !3�   E�,"RAPD-PCR� �� �"0_����"��  �#  F"3&� #Q=Z�2 ��
 Q��� /  

 � `8�2�3��� ) 2 4F���:��0( � �5� 4F� . � �*�        Q,�3� *��2  F*�9� $�
3(�R. �)   b/�Q�� (

 $�
3(�R.UBC280, AB05-06� AB02-06/ AB05-15 ���� #� V"�D 3
�   #��Q5� YZ, �*% �� 

#�,* #� �*�% "�� r,��2 $����# �2 $�
3�  ,�3� *� ��*�� $(�2��,��. )/3 E�," )j!O�.(  

        

��� ������� ������� ������� ��������"��  !"��  !"��  !"��  !����####    � $�
� $�
� $�
� $�
����3� 3���3� 3���3� 3���3� 3���    -��. E�,"-��. E�,"-��. E�,"-��. E�,"���� 0 0 0 0rDNA        

 d!� b�912�    (" )�O 3DNA"�� �# [��\2 $�
 $�
3(�R. (" )*�+�," �� ITS5-ITS4  $/�

 ��. b�/  (�/�    �@�*  (" j!5�2 � #�Z% ^DNA)("��" �� 3=� ��8 �:�>!�D $"3� �"�� #�# 
  �Q� �

 3=� :(/�   8gff  (�� 4+�  *�� ) j!O�(. (�"  Q�    b�Q912  ��PCR d!�  Q�       (" )*�+�Q," �Q� )�QO 3

$�
3(�R.  ITS5-ITS4 (/��. b� $/� %�"�� ��#  )/3 /* #� "� �
�  Q>=� $�Q��� /* / ^� h

*3D ."�� ("  T3��# 3=� :(/ #� ���� /* �
�  8gff / g�f-�� "� (�� 4+� � #D :. b�6 ��*3D �

=��  #�    3=� :(/ �� #�Z% ^�   8g�f�e�f       ��"* :�5� "� (�� 4+� ) j!QO� .(   ��Q
 Q�Z%   3Q�da� #

)�O         �Q�*3C� )�
�Q52 	+�2 ��
�
�O �* �" .�D Q� "�� # Q�#             )/3Q #Q� XQ���2 $�Q��� /* $�Q


 /* $(�2��,��.(R. solani AG2-2)��*��  .3�  " (" jQ@�6 $�C-" E�," Q�  b� $/� �Q
3(�R. �

(/��.% �"�� �# X���2 $�
 #� AG-4"�� (" �#  $�
AG-2-2!+� j��%  � ��*�� ^)j!O�.(  
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 ���

  

  
 

j!O�� 0p� � #O�T # "�� $"�# � $�
����D/0�)*"* (" )*�+�," �� �    ��� ��Q�� #Q�-�Z2 (" jQ@�6 $�
�   Q!

3�  3C��5� E�,"RAPD.  
Fig. 1. Clustering of Rhizoctonia isolates based on fingerprint patterns using RAPD markers. 
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 ���

  

  
  

 jaOM�   A�Q�Z% ��Q��� L�=� DNA #Q�"��    ��Q
R. solani    (" )*�+�Q," �Q�RAPD-PCR)   ��Q
3(�R.

UBC280) s�� (  /AB-2-06) ����< .()���O    ��
I   �� IJ  b/�� �* r��3� #� I 4Q," )�2.  .M 

4," 	-�a-�2 :(/ 3C��5�.  
Fig. 2. Fingerprint patterns of isolates of R. solani generated by RAPD-PCR with primers UBC280 

(bottom) and AB-2-06 (top). Numbers 1-18 are given in Table 1. M: size marker (2kb). 
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j!O� � b�912 $(��F/3�!-" L�=� PCR"�� �# � $�
����D/0� $�
3(�R. (" )*�+�," �� �ITS4 -ITS5 

 (/��. b� �*%�. M -�!-�2 :(/ 3C��5� .  
Fig. 3. Electrophoretic patterns of PCR –amplified ITS-rDNA of Rhizoctonia solani isolates in a 2% 

agarose gel. M: size marker. 
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 ��e

�=2�=2�=2�=2����0�. 3�" #>0�. 3�" #>0�. 3�" #>0�. 3�" #>����hhhh    L3� $�
L3� $�
L3� $�
L3� $�
    )��
*)��
*)��
*)��
* b�912 $/�  b�912 $/�  b�912 $/�  b�912 $/� PCR        

 � b�912d!�    (" )�O 3DNA"�� �# �[��\2 $�
  3(�QR. (" )*�+�," ��ITS5-ITS4 �  �Q� #Q, 

0�.�L3� h )��
*  EcoR1�Pst1  / Tru91"3O �* � 3
 $"3� r,��2 ��^� A�2 #� � 4;�Q, ^ 

 � /�  h��    b�912 / ���  ��. b� $/�/  (%�   /3D"�j  2. Q�� %�     )�QO (��QF/3�!-"  �" �Q� / Q��� V�

�2/3����� � .2�*3 $0��.. 0��L3� h )��
*Pst1 *�8� ��DB2 #�Z% $/� L3� j12 $"�"* .  

0�. �� L3�0�. �� L3�0�. �� L3�0�. �� L3����� h h h hEcoR1            

��  0�. hi
 �  As�912  �PCR"�� �# " �� [��\2 $�
�0�. ��h  A/�+�2 b�x �� #�Z% /*

  �2. 4,* #�.  "�� �* �#    $�
AG-2-2   ��. b� $/� /  (%� �     #� ��Z% ���� ^b�x 3=� �    Q8��f 

�O l\52  (�� 4+� ."���# $�
Rh125, Rh226, Rh121 / Rh163* ���� � #� $3C)("��" ��f 

��*"* :�5� (�� 4+� ."�� �*�#  $�
 AG-4��. b� $/� �/ (%�  !+� jQ��% �Q��� /*  Q�   *�Q� ^

)("��"  "�3D" b� �* �
���� ��j 2.�� %� ���f / �gf�\� (�� 4+� ��O )*( � )j!O�( .  

0�. �� L3�0�. �� L3�0�. �� L3�0�. �� L3�����hhhh Tru91            

 b�912 hi
 �*PCR�� "�#  $�
AG2-20�. ��  �h Tru91  ��Q. b� �* (��QF/3�!-" / /(   

%�3D" / �2. j��% � /*��� ���� ��O :� )j!O� .("�� �*�#  $�
AG-4��. b� $/� / (%�� � 0

    3=� )("��" �� ���� /*�   8��f   / �ef    �O l\52 (�� 4+�  ."� "�� � Q�#     3D" $/� �Q
 Q�j  2. Q� ��

    3=� )("��" �� ���� ���'�   8��f  ���f    ��ef   / ��f    ��� "� (�� 4+� � ���T�, :� ."���  #Rh157 

#� X���2 AG-4=� #� 48>�  �/�+�2 $�C-" �"�� #�#  $�
AG-4*"* :�5� *�T ("  ."�"�� �� �* #

 ��. b�/(% �      )("��" #� ���� /* ��f   / ��f3D" b� �* / (�� 4+� �j 2.�     b�Qx #Q� �Q��� #Q, �

��f ���f / �ef4O"* (�� 4+�  )j!O�.(  

  

�1��1��1��1�        

��� ������� ������� ������� ��������"��  !"��  !"��  !"��  !����####    � $�
� $�
� $�
� $�
�������D/0���D/0���D/0���D/0���� (" )*�+�," �� � (" )*�+�," �� � (" )*�+�," �� � (" )*�+�," �� �RAPD-PCR        

����     ��� ���� #�-�Z2 (" j@�6 w� "��  !�#   � $�
����D/0�         3C��Q5� #QD *"* :�Q5� �RAPD 

+2 �"0�"�" �* ���� #�-�Z2 $"3� $�� 2 ���% � �O�� . F3�2 (" o<  RAPD " (" :�Q�D" h
 � Q� �

L/� 2( �* �#� $�
  [��\2  \5��l  / �� ��� ����  ��� � ! "�� �# $�
 A��-�Z2 � '��%   
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 ��g

  

  
  

  

  jaOK�     b�912 �(��F/3�a-" L�=� PCR #�"��             L3Q� h�0Q�. �Q� )�QO hi
 �����n/0�� ��
   )�Q�
*

EcoR1(/��. b� �/�  .M .%M 	-�a-�2 :(/ 3C��5� )I��(�� 4+� .(  
Fig. 4. Electrophoretic patterns of PCR-amplified ITS-rDNA of Rhizoctinia solani isolates digensted with 

EcoR1 in a 2% agarose gel. M, size marker (100 pb). 
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 ���

  

  
  

j!O�� b�912 $(��F/3�!-" L�=� PCR"�� �# � $�
����D/0�0�. �� )�O hi
 ��L3� h )��
* Tru91 

3D" b� $/��j 2.��) �<��� .(M  -�!-�2 :(/ 3C��5� )�ff(�� 4+� .(  
Fig. 5. Electrophoretic patterns of PCR–amplified ITS-rDNA of Rhizoctonia solani isolates digested with 

Tru91 in 8% acrylamide (bottom) gels M: size marker (100 bp). 
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 ���

)*�    �� / $�����  F ��"/� ��������   2 )*�+�,"  !  *�O . " �*�   �L/� �DNA d!��   2 )�O 3    �Q�"��

            �� /  2/(�2/3D A��-�Z2 $"3� �/3O #Z=� :"��; #� �:�O :��D (" o<�       *��Q2  Q�� #Q5=� #

 �"3% )*�+�,"�*3 (Gurr et al. 1992) .��O"���:"��!�
 /  (Schneider et al. 2003) ���� #�-�Z2 �� 

����"��  !�# $�
  R. solani AG-2-2�," ��  #�  F*�9� $�
3(�R. (" )*�+ Q�  #Q�Z% ^1800bp 

  4,*�    "�� #� 391�2 #D ���F��#   " $�
� ( ��   3� / *�� )/33     4��  @�9�T" 3(�R. :. E�,"

*��  ��R. solani AG-2-2IIIB / |�T �* ���*3D  6"3x )� .   �Q�� *���Q," #Q��" w Q�  S
/uQ< �

 2    \5� �* :"��� "�� l�#   � $�
����D/0�   /3 #� X���2 $�)      " (" [Q��\2 $(�2��,��. $�
 Q� �

     4Q>� )3Q��  -�!-�2 3C��5�)    j!QO�( . )/3Q     #QO�T $�Q��    $"�� "��  Q� � #����D/0 Q�   �Q� �

@�9T� >� A��     " (" )*�+�," �� ����2 ���            *"�Q�� �Q� hQ
 :. / 3C��Q5� ���     � F*�Q9� 3(�QR. 

 "�� 4>�"���#     )/3 #� X���2 $�
         (" �Q9\52 "� [Q��\2 $(�2��Q,��. $�
� �Q!�2 3C �Q��� 0

����� . �2�2:"��!�
 /  )�ff� (����� ����  ,�3� �* 0�"��  !�# $�
 R. solani ̀ Q��   $�/.

     " :�,"3T ��%���&' ��"02 (" )�O�  $"3Q� rQ,��2 $�"0�" :"��; #� "� 3C��5� � (�" Q� ��  ��Q�� 

"���# $�
 R. solani ��*3D  F3�2 ." #� #��� ���)/3 #D � "�� $����# " $�
�3� ���% �  E�,"

v����" $32" $(�2��,��. )/3 B<���4," 3 (Carling et al. 2002)�� / ��3� ���� 7�Z, � E�," 

 $(�2��,��. )/3 (AG) 4%/   �3   �%�F / )*��     V(s 4%* "  2 �4,   3C��5� (" :"��RAPD #� �� �

  ��' :*3� ��D�    �� �*  F*�9� 3(�R. ���"�� $(�2��,��. )/3 ��#    4QF3 ^Q�D �Q
 .  #QZ�"�

 � $��!O.�F"3&� �5�2 ����"��  �# )/3 �� �
    3C��Q5� (" jQ@�6 $���RAPD  �Q5� )�
�Q52  .

   ��� #��5� *��/ #'3"� �  !� "�� ��#      #� ���32 $�
�   *�� *��52 #=Z�2 ^ .)/3    j@�6 $���

   3C��5� ("RAPD   � :"�� �� �"0_���� "��  �#    2 $(�,"�� j12 4F�� / �
�� :��0 Q� hQ
 0    �"�QT

4O"�� .1� �*=���� ����  ,�3� #� #D  =� "��  Q! Q�#   #Q;�02 $�Q
  $"R. solani   (" )�QO"��

� :"�� 3k� (" �*�� #�T"*3<  F*�9� 3C��5� ^�D #� ��%���&'�"0_�����  �"�� ��#   x�8��" �


*�� )�5� )�
�52 (Zens et al. 1999).:"��!�
 /  �2�2  )�ff� (�� ,�3� �* 0  *�T $�
 V?;"

)*���   #D ��" ��     3C��5� ^�D RAPD �2���  F"3&� #=Z�2 $�
���  � /  � "0_��Q��      Q,�3� jQ��%  

% �* �2" 4,"� �� E��2�$(�2��,��. )/3 ��� #��� ��T�* �4> .  
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 ��f

��� ������� ������� ������� ��������"��  !"��  !"��  !"��  !����####    � $�
� $�
� $�
� $�
�������D/0���D/0���D/0���D/0����3� �3� �3� �3� �        -��. E�,"-��. E�,"-��. E�,"-��. E�,"���� 0 0 0 0rDNA        

d!� A��Z% b�x� $�
3(�R. (" j@�6 $3ITS4  /  ITS5" �* ��� S
/u< � :.     #QD #Q'

2==1�   )/3 $"3�  �8% �          hQ
 �Q�*�� )*�/. 4Q,* #Q� $(�2��,��. $�
   4QO"*  �"�QT .  )/3Q

$(�2��,��.As�912 �*   PCR " (" jQ@�6  Q�    3Q� /  Q,�3� jQ��% ��Q
3(�R. � " Q�  E�Q," �

"���#     )/3 #� X���2 $�
      (" [��\2 $(�2��,��. $�
��!� !+� 3C� ���O ^ ) j!QO� .( �Q,� 3

==12�   " (" #D  ��  * �
3(�R. � -��. ��   / 0����       )*3D )*�+�," ���. (" j@�6 A��Z%  -"�� �  ��"  :. 

 )/3 $"3� "� "�� $����# � $�
����D/0�)/3 �� :. ��8��" / � ( / $�
�)/33   $(�2��Q,��. $�


+2�#�>�"* �  ��"(Kanematsu & Naito 1995, Gonzalez et al. 2000, Kuninaga & Carling 2000).  

" �*� (" #�-�Z2 �0�. #,�L3� h )��
* Pst1, EcoR1 / Tru91 d!� #Q�Z% hi
 4��  Q� $3

$�
3(�R. (" j@�6 ITS4  / ITS5�O )*�+�,"  .0�.� hPst1�� �   ��DBQ2 #Q�Z% $/� L3� )�C

4O"��.- �3�!�, / � (Liu & Sinclair 1992)$�
3(�R. (" )*�+�," ��  ITS1 / ITS4 / �f 0Q�. � h

L3� )��
*  � �!O��' d!� A��Z% � Q� "� ��F 3(�R. �,�� $3�"�� � Q�#   $�Q
AG-2  #Q�-�Z2 

��*3D .  ,�3� �*    � ���. $�
� 0�. 0�  hPst1   d!� A��Z% $/� �  $3AG-2     \Q5� jQ12 �%�F �  / l

*�� L3�.  

       b�Q912 hQi
 (" jQ@�6 A��Z%PCR"��  Q�#      0Q�. �Q� � Q,�3� *��Q2 $�Q
� hEcoR1 �

"���#    $�
AG-2   / AG-4 >=� )/3 /* #� "� �*3D h .�� r�R""�#  $�
AG-2 $"�"* � #� ���� ^

 3=� :(/�   8��f   ��*�� (�� 4+�  .      )*��\� L3� #�Z% b�x #� #��� ��  )g�f  (�� 4+�  (�O� �

%���      >� A��Z% #� ��F #�Z% b�x )�����  R ^'�D ���     ��. b� �,�� $(�,��!O. j��% 3/(% � 

�8��     / 4," )�O j� " ��   * #�Z% #D ��    b�x #� 3C�gf     +� #� �*�% (�� 4+� !�     #Q�Z% (" ^��f 

   (��. �,�� $(�� 4+�% �  ��   �O�� ."���#    $�
AG-4      3=� :(/ #Q� ���� /* �    Q8��f   / �gf 

(�� 4+�"� ���T�, ��!O.  .  

0�. (" )*�+�," �� �hi
 (" j@�6 $�C-"�h Tru91� �"�� ��#   ,�3� *��2 $�
��'   �!QO 

 *"* :�5� . � �*� "�� ��#    $�
AG-4 "�� ��    #Rh157 �C-" � �2    =� (" A/�+� "�� #�#     *"* :�Q5� �
 .

"� "�� �� 3� #  =� �?T� "�� #�#              :(/ #Q� �Q��� /* $"�"* #QD �Q
��f   / ��f   b� �* (�Q� 4Q+� 

��./        :(/ #� ���� /* $"�"* ���*�� (��f / �ef*�� (�� 4+�  ."���#  $�
AG-43D" b� �* � j
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 ���

2.� ��%  �!O ��'� ���*"* :�5� *�T (" $3�5 ." 3��"�� �E�," ��# $�
  AG-4 #� w�<)/3  

 )���' / $�i; ^� )/3 �{�0� )/3 ^ (>=�����O h ."���# $�
 Rh157 �Rh130 �Rh140 

 /Rh189   �* V"�D 3
����F3 �"3% #��"�� )/3 ^ .  

�QQQQQ���" (" jQQQQQ@�6 wQQQQQ�  �QQQQQ�� �QQQQQ�  QQQQQ,�3� ���QQQQQ, w�==12 3� QQQQQ�  

 (Kanematsu & Naito 1995, Schneider et al. 1997)  Q�. (" #D0� hEcoR1    Q,�3� 4Q��   �Q�'

 �!O"�� �# $�
 AG-2)*3D )*�+�,"         #�Q@�6 A�Q�Z% b�Qx *�/.3Q� �* A/�Q+� $��Q% �� ��"

4=��Z2*�"*  . 2 3k� #�  ,�3� *��2 `���2 E�," 3�   0Q�. (" :��D�Q� �,��h Tru91   Q,�3� �* 

 �!QQO �QQ�'� ����D/0QQ�4QQ," )�QQ5� )*�+�QQ," � .-�QQ�. �*� 0 �!QQO��' ITS-rDNA"  QQT3� � (

"���#    $�
AG-4      �����2�� A��Z% hi
 $�
�C-" (heterogenous)     0Q�. (" )*�+�," �* �  hTru91 

)"�� Q�#  Rh157 ( �Q��� �Q�*"* S . ��QO"� �� :"��Q!�
 /(Schneider et al. 1997)�  Q�  #Q�-�Z2 �* 0

"���#    $�
AG-2-1   / AG-t  �' #� �  R *�"�2 ��  ��*��T3� �����2 3 . �2"�; k� �  0�. 4k�R 3� �h

:�2( $�"��C�   0�. 3
 $"3� �         �"3\�Q," :�Q2( �*  *�-. *��/ �hDNA   ("  jQ2"�; F �0�   /  Q!

12� 2  Z3��  2   ��O�� . �2(. �"3!��   ��� BT" / S�         s* / )*3QD *� "� ��F As���6" #��52 w Q� j

*��' r>D $"3� $3C���� �� 2  p �8�x .��O"���:"��!�
 /   (Schneider et al. 1997)  *�Q�/ 

���" �*  �T"��!8x #� "� hi
 $�
�C-���D/3�
 4����� ^R. solani  ���Q>�"* �8�3Q2  .  *�Q�/

#�>
 �, �� #D $"�#�>
 3 �

 $�[�O�� #�O"* A/�+� $��%  .��D/3�
 �5�2� 2 :� �< ��"��� )�

 j<(bridging phenomenon)� �"�� ��#  / �
���� ���� ��   #QD �QO��  >�� #�632 (" j@�6  !

��   �  ,�3� #� (�� "* 3�5*� .   * #��� j��% #�!��   " #� #D 3C� �� ��     Q2 �Q2"*  �T"��!      *�Q�/ ��Q�(

-"�� �� [��\2 $��2/(�2/3D	  $�
ITS A/�+�24,"   (Schneider et al. 1997).-"�� 	  $�
ITS 

 (" [��\2�"�� ^�*3F #� 391�2 # R. solani 4," )�O L�"0 ?8% (Schneider et al. 1997) .  

�;�   ��� (" )*�+�," hR3  0�. */��2 *"� L3� h )��
* "�� ��#        )/3 YZ, �*  ,�3� *��2 $�


   (" $(�2��,��.��!� ���2 3C� ���O 0 . " ��� @�� ��       Q2 3Qk� #Q� �[         L/� (" )*�+�Q," �Q� �Q,�  

ITS-RFLP�< 3� � #PCR 2  \5� �* :"���)/3 l "�� $(�2��,��. $�
�#  $�
R. solani  )3Q�� 

4>� .  ==12 ("  T3��  �� ��y ��� \5� �� )/3 l       " (" )*�+�," �� $(�2��,��. $�
�  �L/� �

 )3QQ�� �QQ� QQ�( �:. (" $3��QQ�
/33� � /* $(�2��QQ,��. )/3QQ $"3QQ�  QQ� �QQ�*3D  QQF3�2 0  
(Liu & Sinclair 1992, Kanematsu & Naito 1995 Schneider et al. 1997, Hyakumachi et al. 
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 ���

1998(    *  T3� #!�. b�6 �  -* #� 3C�     �� :/�* �* ���� *��/ j"�#      #� X���2 $�
�  " �)/3 ^� �

\5� �* "� L/�� l:�,. / )32(/� )/3Q      \Q5� rQ,��2 $(�2��Q,��. $�Q
� *"�Q� l) " �Q� 

(Schneider et al. 1997, Lubeck & Poulsen 2001)   
 " �*�    ���� S
/u< �    	�n ��8>� *"���"�� Q�  #)��  #Q�"�� (   (" )*�+�Q," �Q�RAPD-PCR / 

ITS-RFLP    4F3 �"3%  ,�3� *��2 . ��� � ��� h� =1� w�    �Q, #Q� X�      / $(�2��Q,��. $�Q�
/3 3

\5� �* ���. (" )*�+�,"��/� l�)/3 � �
*�"* 	���a� A�=�=1� #� (��� .  

        

$�"0C,��,$�"0C,��,$�"0C,��,$�"0C,��,        

    ���  �;��12 3�D* $�%. ("�     �T" �* 3x�T #� $38�% ^�      $�Q
3(�R. ��QO"B ��ITS   (" / 

  ��2 E���2 h��T��D3,�  �� #     3D $�%. /  �O�
�    Q� (�/�Q5D h        $"3Q�" �* $��Q!�
 3x�QT #

�2(.�S  2  �"*��% / 3!5� �
 **3.  

`���2`���2`���2`���2        

 #k6?2 4�� `���2A�1+@ #�(223-227) *�O #��"32 	>��C�" ��2 .  

  

  

 :�����C� 	��5�: ,�    4�56 �7�892 *��12 �$*��12 3%���   6� #-"��� 0; �:��  �; #Q-"0 Q�  / )*"0

<� $(/��� :��  � =1� #>,�2�   �� / 7?@" A�=�  ��&' �B� #    )�!Q5�"* ��Q�%�

�3� )�C5�"* $(�/�5D )�!5�"* / :"���(�2 )�C5�"* $(�/�5D�E��2 4  
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