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Study on mating types of Mycosphaerella graminicola causative agent of septoria leaf 

blotch of wheat using molecular markers and its importance in Iran 
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      BCC	$ (+CC�� D�CC�EF� �CC�� "CC
 �+CCG�� 4CC
 �CC�    H��CCI �5CC�� J"CC� �CC�1	�� �  

Mycosphaerella graminicola    K��C� �+&C/ !�EC�� 7�� L� !�"*� �( !� 7	��� � ���/�"- � 

!�E��  ���   �!�E�L+M �!�E5� �!���'L��   
(�� �N���	  K)!�O�(� � *  ��&'��"P � JQ  !+'�/ 4/    �C� �

      D�� �( ��'(+
 ����	
 R#�9;<S T"
   ��      � ���� U�� �(+V� �W< �� � C*     � X�CYE'� 4DNA  � 

!� ���� Z�"YE��  .B	$ (+�� ���"
 �� L� �(��E�� �
 !�"*� �( H��I ��1	�� �Multiplex PCR 

 "L�\� 7�� �( �MAT 1-1 � MAT 1-2�� J�]'�  . 4/ (�( !�&' ���"
 ^*� _*�E'�`  4C*��� 

D�� a+' ��1	�� B	$ L�(MAT1-1) �'�
 4/ �'(+
  �� �L��'� 4
 �*;Sb�
 7��   � �C'(+�' �	V+$ L

�`        J�( a+' ��1	�� B	$ L� 4*��� )MAT1-2 (�'(+
  �'�
 4/   �C�      �L��C'� 4C
 �*��b     L�C
 7C�� 

 �'(+�' �	V+$ .     ��$ �( ��1	�� B	$ �( "���       �C*(" �*�C���� ���"
 (�+� cd��� .    �C��"
 �C


 e�+�+*�*� 7@5'  ��     4*��� 7	f�� �( ���� 7��
 �    ��        �C�1	�� BC	$ �( "� ����"
 (�+� � 

          7@5' ����( � �'(+
 ��(�+M "
 !�50* �'���"� L�9:9         D+C�"� L� �(��EC�� � �'(+
 Chi-square 
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$ �� _*�E' ^*� 1	'g(+�' �	* .h&$ "
 D�( ���� 7�( 4
 _*�E'	 H��I �5�� J"� KSeptoria tritici 

�� !�"*� �( ���
.  

"%��  �&�'( ���: Septoria tritici  �e�+�+*�*� �Multiplex PCR.  
Abstract 

In order to study presence, distribution and importance of mating types of the fungus 

Mycosphaerella graminicola (Fückel) J. Schröt in Cohn (anamorph Septoria tritici Roberge in 

Desmaze.) causative agent of septoria leaf blotch, fifty eight isolates were collected randomly 

from wheat fields of Golestan, Mazandaran, Ardabil, Ilam, Khozestan, Kermanshah and Fars 

provinces of Iran, during 2005. DNA was extracted based on standard protocols. Multiplex 

PCR was conducted using two mating type primers viz MAT 1-1 and MAT 1-2. Results 

showed that 29 isolates produced MAT 1-1 idiomorph with 340 bp molecular weight and 29 

isolates produced MAT 1-2 idiomorph with 660 bp molecular weight. Both idiomorphs were 

detected in all locations. Chi-square analysis showed that two mating types have 1:1 ratio and 

strongly suggests that sexual reproduction of the fungus occurs in Iran. The pathogen with 

both sexual and asexual reproductions will have potential to overcome rapidly the race 

specific resistance sources. Therefore, it would be desirable to use cultivars with race non 

specific resistance genes. 

Key word: Septoria tritici, plant diseases, idiomorphs, Multiplex PCR. 

  

���)�  

  H��CI 4'+ i�+$ 4/ J�� T"
 L+*�+E2� ����	
 Septoria tritici Rob. ex Desm.   (�C]*�

��    (+��0*  ����	
 L�   ��   �� J�� R#� �              jkC� �CF�� �( J�C� �C	V+$ l��/ mn�
 4/ ���


��                      (��� J�C� D+oC)� 4C
 �#�+C$ KC
�I ���5CM �	'( p�3' L� ���	5
 �( � ((" �C�   �C�/ 

(Shaner et al., 1975).     (�C]*� mCn�
 �*�+C� � X� i*�"� !(+
 �n�5� ��+q �( ����	
 ^*�

      J�� D+o)� �( �*�� ���5M�� "(( .         i*�"C� 7)$ ����	
 ^*� L� Kq�F ���5M !�1	�

 L� r�����W �$ Wb    7C�� ��C� =��1C J�� N�5F J�I�� �( �q�( )Shipton et al., 1971; 

(King et al., 1983 .  

 i�+$ ��
 ^	V�� ����	
 ^*�Desmaziers (1842)   L� !� L� ,C- � �C*(" =��1 45'�"� L� 
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 �

�� =��1 �	'( p�3' "*�� .	
 ^*�   iC�+$ ��C
 ^	V�� !�"*� �( ����Petrak & Esfandiari (1941) 

 J�' 7)$Septoria graminum Desm.  !� L� �f
 � �� =��1 )Sharif & Ershad (1966  (+C�� 

 �'("/ =��1 �+&/ 1	M J�� cd��� "*�� L� �� !�)Torabi 1979 .(D�� �( ��  �(��EC�� "	M� �

       0� ��$+/�- 4�	' � N� (�L J�I�� L�            X+C�k� ("C0��n � s�
 �"*>- (+/ 7	q�M �
 J�� �0*1

            � � �("E5C ��&CE'� rC�+� t+� ����	
 4
 N�5F �V� �C#         7C�� ��C*(" ���C�	
 ^C*� �'  

(Eyal et al. 1973; Shearer & Wilcoxson, 1978) . ��� L� �C0*  �C�     D"CE�/ ��"C
 ��C� 4	Cq+$ �

      J��3� J�I�� L� �(��E�� �����	
�� ���
 .    Cq� �+CG�� 4
         L� ���C� �J��C3� J�CI�� X�CYE'� � uQ

     7	f�� KM�( �( �0	E'v a+�$ 7	fw�  ��            �C	V+$ a+C' ^	C�x�� � ���C�	
 KC��n H��I �   KCy�

)�5�� "	\ �* �5�� (   7C�� ��(�+CM"
 �(�*L 7	��� L� H��I(McDonald et al., 1995).  J"C� 

 ����	
 K��n H��I �5��Mycosphaerella graminicola (Fuckel) J. Schröt in Cohn ��  4/ ���


 ��
 ^	V��i�+$(1972)  Sanderson��VL+	' �(  �C���� �* ��C�  C�  �+&CP L� ,2  �C�� V�"EC�� 	 ��

L"
 C*  C�%'� ��C��� �K	"��� ,*  �Ch)Eyal et al., 1987(   �(�C'�/ L� �"C	M� � )Hoorne et al., 2002 (

 �*(" =��1.         �+&/ �( ��� J�]'� ��3	3)$ N��� "
  ��   �5�� J"� 4/ �*     (��( (+C�� H��I 

�+2�+0��  ��         ����	
 4*�� (�L 4	V�� U@�� (�L �+� ���       #� l3' �5�� J"� (+�� � ���
 �C�   �(

   (�zC' l*��C	- � �C0	E'v a+�$ (�]*�  �C� (��( �C*�� �) .Jürgens et al., (2006   ��C0
 �C
   �"C	

"%'�&' �� �RFLPH��I �0	E'v a+�$  M. graminicola 7	f�� �( ��  �� ��� UC�� �  L� ��C� �

           7	f�� ��@I ��3	3)$ _*�E' �
 � ��� "
 �	V�"E�� � ^	E'�v�� �!�"*�   �C�       L� ��C� ���� UC�� �

 �+&/ "*��  ��  �'(+�' 45*�3�  .          4*��� 7	f�� 4/ (�( !�&' ��� "
 ^*� _*�E'  ��    ���� UC�� �

        4*��� 7	f�� 4
 7@5' !�"*� L� ���  ��            (+C
 ��(�+CM"
 �"CE�/ �C0	E'v a+C�$ L� K	{�"�� �. 

 4]	E' !�("@��'    |s��EF� 4/ �'(+�' �"	 4'+�'    ��           �+2C�� �n+�oC� �+Ck
 4/ �&*��L� a��1� L� 

   U�� �'(+
 ��� ���-   �'(+
 ��*(" ���� . 7	f�� ���   �C�           "C	\ a��1C� L� ��C� ���� UC�� �

        7	f�� �
 �#
�&� �0	E'v a+�$ ����( ^	E'�v�� �( �&*��L�  ��        � �C-��� �( ���"
 (�+� ��@I �

*"��  �'(+
 �V��� ��0 . 7	f�� ^	�x��  ��           �C0	E'v a+C�$ ����( �	V�"E�� L� ��� ���� U�� �

�'(+
 �(�*L .!�0� ^	
 �%E5@�� 1	V�'� J�]'� �
 !�("@��'  �C�  �C'v �)Multilocus association 

test ( t��$� �5�� �@	/"$+' �	V�"E�� 7	f�� �( 4/ �'(�( !�&'�� �E�� .  
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    4
 4�+$ ����	  7  (�*L�    � !(+
 �L ���5M * 
 ^	����  !�E�� �(   ���       �C
 � �+&C/ }�EY� 

    40�*� 4
 4�+$ L� aQd�    H��I Ky� �	V+$ �+)'  �(   �z$�"E�� ~�Y$�   ��       7*"*�C� 7C#� rC���� �

    D�� �( �7�� ���"w ����	
  ��  =Q$ "	M� �  ��         H��CI �5�� J"� (+�� ��@�� ��"
 �(�*L �

7�" ��+q !�"*� �( .Haghdel & Banihashemi (2005)5�� J"� ��E5'�+$ ��  C*  �� H��CI ^ L�

   N��� !�E��L������  V� ���P � �+2�+h��   ��� L����� �   4
 �(�I ���   � =��$  � * 
 (�]	���� 

�'(+@'.  

    H��I 40�*� 4
 4�+$ �
    ����	
 K��n���(� � 	 ��L�� RE5� V�$�"E� 	  C@kI�( R5�  7C��  �  

�"
�h&$ 	5�� J"� K� $ �( �+�CF  C	�� B	 C�1� )mating types (  ��"Cw ��L�C�� 7C��  �

          0)� K	V( 43k�� �( ��1	�� B	$ �( "� (+�� ��@�� ^*�"
��
��         KCy� �C	V+$ (+C�� D��EF� "


    - �( � H��I �5���       7	f�� �( (�*L �0	E'v a+�$ a+I� !�  ��  �+&C/ �( ����	
 K��n H��I �

7�� .        B	$ �*����� � ��� "
 40�*� 4
 4�+$ �
  ��    ��	
 K��n H��I ��1	�� �   =�� �C
 ��   �C� �

                   4C�	�L ^C*� �( �"CE�/ ��CfV�k� �>CV 7�� ��+�( ��	5
 ���%&*��L� i*�"� �( �E�� J+�"�

  7�� 4E�" ��+q .  D�� �( 4'�EY@�+M  ��         �C	�0$ L� �(��EC�� �
 �*�-��� ^	33)� "	M� �   �C� �

  !v ��E5'�+$ �V+0V+�  ��    B	$ L� J��/"� D+�5� �  ��        �*�C���� �� ����	
 K��n H��I ��1	�� �

  "%'�&' � �(+�'   �C�            !� �
�C*(� � �	Y&C$ ��"C
 �q�oCEM� �V+C0V+� �   �C�     �C�*��' �C�"f� 

)Waalwijk et al., 2002.(��( *��"
 ^��*(" =Q$  �
 �"	��0
 "%'�&' ���   �C�"f� �V+0V+�

   B	$ (+�� D��EF� ���  ��            !� �C'���"� � ���C�	
 KC��n H��CI �C�1	�� �   �C�      RC#� cd�C�� �(   

�+&/ 1	M J����"
 �((" .  

  

���*+ ,��  

-. ��/ 0�1���
��   �&�2 �&��3��4 �+ "5
	/   M. graminicola:  �"C
� C��"
 �  a+C�$ 

E'v	h� H��I M. graminicola�( �1	M J�� R#� cd��� 
 �( ��+&P �# D�� �9;<S 4C'+�'    �C�� 

���(�  
 R{Qn 	����  !+'�P L�   ���   !�E�� K��� �(+V�   ���   !�E�L+M �!�E5� �!���'L�� �   �N��C�


(��	  K)!�O� (�*   U�� ��&'��"P � JQ ����   7P�- �( �   ��� >\�P �  �� 4P �    ��oY&� J��P "� 

    U�� K)� K��� 4'+�' "� ���� ��$ �*  ��("
 4'+�' 8�   � RI� �	    ��� U�� J�' � �!�
1�   7@� ����P 
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 �

  ��"I �(+
 ���  �� �(�( �   ��L� 4
 � * K3E�� ��%& �'�*("  .  ��E
�4'+�'   ��      ��C� 4C
  C* � �   �( 4CE�

�"�* V+�f� i� ��L� *  ��%&)���"F ºC � ± �b ( ��"I�'�� �(�(|Q��P �$     ,2C� �'+C� �&CM 

   ��f
 ��&*��L� J�]'� ��"
 �(  ���(  W  E'�� 4��( �    �( (�"* ���#%' D�xY� �'�*(".   ^*� �( 

  !�E�� L� ���"
  ��  �  �!�E�L+M �!�E5� �!���'L��  
(�� �N���	  K)!�O�( �  � *JQ      J��C/ "� L� ` 

                    L� �CV� �C*(" X�CYE'� (+C
 ��� ���� U�� !�E�� !� �*�	��"O� }�EY� cd��� L� 4/ 4'+�'

        �(+V� jk� !(+
 ^	*�- K	V�
 ��&'��"/ !�E�� � i3��#�   �� 7��*�( 4'+�' .     �C��"
 ^C*� �(

 (��f$ �n+�]�W<�*(" �+G�� ��&*��L� �( 4*���  .  

�� �����1�   ���� 6	�7 �    + 8��! 3��4 �����  �� ��   ��
   �9&� ���5�  ;9<=!  :  ��"C


   ���%&CC*��L� �( ���CC�	
 KCC��n H��CCI �L�CC� ��CC�T"CC
 �CC�� �+E2CC� 4CC
 �(+CCV� *L L+CC* "

�+0��"0	�+*"E�� (L�
 *   4hV L� � �   ��*�  ���( 4P � - 	�h	�J+*   H��I 
 K��n	����  $�fkI �'(+
  �

 (�f
� 4
 W�S E'�� �  "
 "E�* �� ��.   ��fkI    ��� ��*"
    �� 4'���� ��+o
 T"
 "�� *   (�Cn �

   �
 Js	  �'�� KoE� �"       �(+CV� �+&CE5� 7#� ,2� �   )kC� �          jkC� L� ��C@\ � ("C � 

T"
  ���  ' KI��F 	  L 7n�� R*  ��� X� "�    "&
 KM�(    �'�C� �(�( ��"CI .  L ,2C� C*     �( � (+C� "

�"�*  i!�"E�   4'+�'   ��� �$ 	 ��� 1   '+�n �w 7#� � )k� �    ��C�
 ;�� I( 	     D+C�)� �( 4C3

�	"�P+2* �� 7*R W/b   �q�( )��*E ��]$ ,h� W (%  �'�� �(�( ��"I .  4C'+�' ,2�    �C�     ��C
 4C� 

    "k3� X� i�+$!�"E� +&E5�  �(�(       "� �f
 � �'�� S�;      �( T"C
 4fkI  C*�    CE- �E&C$ "� 

��F� )� 	         �'�C� �(�( ��"CI ��C� X� 7&P i .    L� �Cf
�S�9�      C"
 ��CfkI 7n�C� � L  C* "

�+0��"0	�+*"E�� ��"
 �    - L� � �'�� 	�h	�*J+  ���*  V+$ 4P 	 �� �  �'(+
 �("P L  ��/ �
   !L+� 

!�"E�� �+2�+*�	�0	-   ��   ����	
 K��n H��I �  )� 4
 	i     ��� X� 7&/ )9W      �C* �( ��� J" 

X� "E	V (WA *   7&C/ i	C)� �) Malt Dextrose Agar (Yeast YMDA)    �C* !�"EC�"k3� X�

 "CCE	VMalt extract 4 g; Dextrose 4 g; Agar 15 g � Yeast extract 4g (��CCF� ppm �bb 

��+E-"E��*5	^�'�� �(�( D�3E'� ) Eyal et al., 1987.(�"
��V�M  L���
 K��n H��I 	 ��C��  �C
 �

 L� �(��E��   �+V !�"E�   L�   4�"-  ���  ��� K	0&$   )� �( 	   7&P iYMDA      4EC��("
 �E�5CI� 

  L�+� p+kM ��+o
�   �� �(�( 7&P  .    7�> L� �f
S�; L��       4C�"- 4C/ �d+kM L�     �C�   4C
 

  ��� �1]� ��+q  �'(+
 �(+�'  �*   �$ 4�"-      C)� 4C
 � X�YE'� 	  iYMDA     �C� �(�( D�C3E'� .
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  �

4�"-   ���    � ��� L� Kq�F *   �$ ^4�"-   �� H��I �  ��� oV�M �   �"
 4P �'(+
 �   ��L� 4C��(�  C* ��&

�'�� �(��E��.  

>.   ?�*@��� DNA ��1 ��   �&    ���9��+ 8��! 3��4 �:  ���"� L� C*        �( 4C/ ��C� �V�CM 4

  ���CF �"E- �E&$YMDA  7&C/       !("CP 4��Cw� �C
 (+C
 ��C� �(�(cc9    �!�"EC� "Ck3� X�

   �*(" 4	#$ �+2�� !+	5'�2�+� .    ��� "� 4
 p+
"� !+	5'�2�+�*    4C
 4S       i	C)� ���CF �"CE- 

YMDA                 �C� 4E&C\� !+	5C'�2�+� �C
 i	C)� jkC� J�C�$ 40*�+k
 ��*(" K3E�� .    �( ,2C� 

    ��� ��"
 �+$�
+0'�S�;  7�" ��"I L��  .J+	�5	� ��� L� �f
 ��� �+2��   �C�    �C* ��	C�� 4C
 

          �+2�� � ���� U�� i	)� jk� L� (+� "*L !�"E� K2V�0��  ��    ��� "� 4
 p+
"� �*    �C* �( 4

         ��� ��"
 � �� �(�( ��"I �"E- �E&$�S       �1C*"� �( 7n�C� )C°�b� (   ��"CI 7C�" .  ,2C�

�E&$  ��  J+	�5	� ���F �  �� �+2���    �C�        ��C� 4C
 H��CI ��S       "C*��(1*"� ��%EC�( �( 7n�C�   

) D��Christ- Alpha 1-4 (�'�� �(�( ��"I . 7�> L� �f
�SJ+	�5	� 4/ 7n��  ���+2���   �C� �

       "� ��'�� �&M "*��(1*"� ��%E�( KM�( �( H��I ���*     �( 4'���� �+k
 4  ��    |Q@I 4/ ��	� !�

   �1*"� �(C° �b�           ��� �( �(+- ��+o
 �$ �� ��	
+/ �(+
 ��� �(�( ��"I  .    L� ���� 7��
 �(+-

��� "�*  X+C	$�"0	� �( 41.5 ml        cC@d ,2C� � �C� �(�( ��"CI �1C*"� �( � 4CEY*� !�"EC� 

=��(1985)  Raeder and Broda   Z�"YEC�� KCF�"� DNA  �C� J�C]'�  .DNA   ��C� Z�"YEC�� 

4*���  �� H��I �S. tritici  �1C*"� �( C° �b�  �'�C� ����C#%'  .   7C	�	/ � 7C	�/DNA   �C� �

 E�+E��"E02C�� ��%E�( i�+$ ��� Z�"YE�� �" )  D�C�Biophotometra Eppendorf AG 22331 (

 L��� Dv � !��V� �+&/ 7M��9 %  7CG�\ � �� ^		f$DNA  �C�$ ��   4C*���  �C�  4C
 20ng/µl 

�� R	G�$.  

A. B���� Multiplex PCR: �"
�$ (+�� ��@�� 	B ����� 	�1�    �( ���C�	
 KC��n H��I

7	f�� KM�( �����"
 (�+� � l�P�� L� Multiplex PCR� (" �(��E�*� .|���+$ l�/�� ^*� �( 

 7�� �( L�"L�\� 1� MAT 1 � 2�MAT 14P  i�+$ )Waalwijk et al. (2002   ��C*(" ��"f�

�� �(��E�� (+
 ."L�\� ^*� �V�+$ ��L� �'(+
 ���@n :  
MAT 1-1:   5'-CCGCTTTCTGGCTTCTTCGCACTG-3' (Forward) 
                   5'- TGGACACCATGGTGAGAGAACCT-3' (Reverse) 
MAT 1-2:   5'- GGCGCCTCCGAAGCAACT-3' (Forward) 
                   5'- GATGCGGTTCTGGACTGGAG-3' (Reverse) 
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 �

"L�\� 7�� 4/ MAT 1-1   4CfkI "C	y0$ 4C
 �(�I   L� ��DNA   D+Cd 4C
  bp;Sb  7C�� � 

 "L�\�MAT 1-24fkI "	y0$ 4
 �(�I   L� ��DNA (��F D+k
  bp��b �� ���
 . "L�C\� ^*�  �C� 

i�+$   7P"� Fermentase   !��V� ) ���*��' 4
  �"� 7P"� * l'�( ��( 1E�� �� .     �C��"
 ^C*� �(

��"
 4�	#
 �L�� l�/�� PCR �
 "L�\� ��� Mating type l*��L� c@d =�� Zhan et al. (2002) 

        / "E#
 4]	E' D+oF �+G�� 4
 � �� a�"���      /�� (�+� 7G�\ �( ��"		O$  7�" ��+q l� .

     l�/�� D+�)� K/ R]FPCR �W  (+
 "E	V�"0	�   K��� 4/ :<b/9�     �"k3� X� "E	V�"0	�9�W/b 

�"0	�  "E	V)|�n+�]� W/b"E	V�"0	�  (   "L�C\� 7C�� �( "� L�(100 Pmol) ��  "CE	V�"0	� dNTP 

(10 mM) ��   "��C
 "CE	V�"0	� 10X PCR ��  "CE	V�"0	� (50 mM) MgCl2   �CF�� �C* �(0.2 µl) 

R*1'�DNA Polymerase   Taq �W/b "E	V�"0	� DNA 4'+�' (20 ng)(+
 .  

{��( 4M"�� =�� c@d Zhan et al. (2002)L� (+
 ���@n 4/ �� J�]'� : ;b 4M"�  "C� 4P 

  4M"�      L�C� 4EC�"��� 4�F"� 4� K���� (Denaturing)   �( oC `S      ��C� 4C
�b '��  C	   D�oC$� �4

  "L�\�(Annealing) �( oC �< ���
 ;b  4	'���  "L�\� i5
  �� )Extension(   �(oC ��    ��C� 4


943	I(  �* � 4M"�' �#"L�\� i5
 �* �� (Final extension)�( oC �� ��� 4
 9bI( 	43(+
 .  

      l�CP�� L� Kq�F D+�)�PCR ���   ��C� Dv �  L9  �Cq�(         �C*���"
 J+*�C	$� ���CF  �(

   L�+��"EhV� ��%E�(Bio-Rad    v�EV� �
 V<b      ��C� 4C
�b I( 	     �C� L�+C��"EhV� 4C3  |���Cw    ��"C
 

          (���'�E�� "%'�&' L� ��� "	y0$ ��fkI �V+0V+� !L� 4@��)�bp 9bb   � �*(" �(��E��   ,2C�  

  Kq�F �L�+��"E0V� =+3' L *  "+'  �UV  (" ����&� *  �E' � �*        ��%EC�( iC�+$ ��C�� 7��
 _

Gel Documentation Uvi Doc )7/"� 7M�� Uvi Tec!�E5�%'� ( ��("
 ,hn�� @� 7�*(" .  

C.    "5�5 ��D�E   �& 8F�� � :     �&3' 4� �5�� Ky� �	V+$ 40�*� (�+� �( ����I �+G�� 4


4*��� 7	f�� �(  �� �M. graminicola      ��CE
� (��( !�"C*� }C�EY� cd�C�� L� ��� ���� U�� 

��� "	y0$ ��fkI �'���"� DNA "� 4
 p+
"� *B	$ L� � ��  �C�1	�� �), MAT 1-1 MAT 1-2 (

  �� K/ �(     7	f�� KM�( �( ^	�x�� � 7	f  ��           �C*(" 4@C��)� 4C'���� �+Ck
 !�EC�� "� � .

      D+�"� L� �(��E�� �
 ,2�2 χ                BC	$ L� J��C/ "C� ��C� ����&C� �C'���"� 7@5' (�+� �(    �C� �

          B	$ L� J��/ "� ��"
 ��GE'� (�+� �'���"� 4
 7@5' ��1	��  ��       J"C� a+I� ��+q �( ��1	�� �

�*(" ����I H��I �5�� .� "
D+�"� ^*� N��:  
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  �

  

2 = ∑ (O-E)2/E                                                                                                         χ  
  

    !� �( 4/O     B	$ L� J��/ "� �'���"�   ��           (�+C� 7C	f�� KCM�( �( ��� ����&� ��1	�� �

    � 7�� ���"
E     B	$ L� J��/ "� �'���"�   ��              J"C� a+CI� ��+Cq �( ��CGE'� (�+C� �C�1	�� �

      7�� ���"
 (�+� 7	f�� KM�( �( �5�� .   (�n 4
 4�+$ �
2 χ      C*�3� � ��C�� 7��
     �C
 !� 45

   D��� (�n2 χ     D��EF� jk� �( `W) %       4Cd+
"� �(�L� 4C��( 4C�+$ �
 (       J"C� a+CI� (�+C� �(

�*(" ����I �5��.  
  

 G�+ � �����  

 l*��L� _*�E'Multiplex PCRB	$ 7I( 4
 7�� �(�I =�� ^*� 4/ (�( !�&'  �� ��1	�� �

      �*��' �	0�$ "%*��� L� �� H��I ^*� .      4*��� L� J��/ "� �(  �� 3�    !v L� �0* i  ��    4C
 p+
"� �

B	$ ���*(" "	y0$ ��1	�� � . 4*��� �( ��!v K��F 4/ �*MAT1-1 �'�
 ��'(+
  �� �L��'� 4
 �*

;Sb       4*��� �( � �*(" "	y0$ L�
 7��    ��  !v K��F 4/ �*MAT1-2�'�
 ��'(+
  ��   �L��C'� 4C
 �*

��b   yh$ L�
 7�� 	   �� ")   ����� K0�9 .(    4C*��� L� J��0x	� �(   �C�      |�C��+$ !v �( "C�    "C	y0$ 

4*��� L� J��0x	� �( � �*("%'  ���*("%' ����&� �'�
 K	0&$ J�n .  

   a+C�]� ^	C
 �(W<   H��CI 4C*���  M. graminicola    �+&C/ L� ��C� ���� UC��)  K��C�

!�E��  ��        ��&'��"/ � N��� �K	
(�� �!�E�L+M �JQ*� �!���'L�� �!�E5� � (     L� �'�5C0* �C'���"�

v L� J��/ "�! ��B	$ D+�5� � ����� 7��
 ��1	�� � .�`!v K��F 4*��� MAT1-1  � �'(+
 

�` !v K��F 4*��� MAT1-2�'(+
  . 75$ L� Kq�F _*�E' χ 2   �C*(" "�Cq �
 "
�"
 4C/  !�&C' 

��   B	$ �'���"� ��(  ��        B	$ �'���"� �
 7	f�� �( ��� ����&� ��1	�� �  ��     (�+C� �C�1	�� �

)� (�n � �(+
 "
�"
 ��GE'� ��� 4@��)b,b = χ
 2 ( D��EF� jk� �(`W %  L� ��(�L� 4C��( �* �


(�n<S/; D��� �( Chi – square) Steel et al., 1997 (��+/   D�C�EF� 4
 � 7�� "$`W  �Cq�( 

B	$ �'���"� �� ��1	�� �MAT1-1 � MAT1-2 H��I 7	f�� K/ �(  M. graminicola 7@5' L� 

9:9  7�� ��(�+M"
  .     C� �C'���"� ^	C�x��     BC	$ L� J��C/ "   �C�        7C	f�� KCM�( �( �C�1	�� �  

M. graminicola!�E�� L� J��/ "� �(  �� !�EC�� K��� ���"
 (�+� �  �C�   �!���C'L�� �!�E5C� �

          �*(" (��� "
 ��&'��"/ � N��� �K	
(�� �!�E�L+M �JQ*�)  D���9 .(     !�&C' ���"
 ^*� _*�E'
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     B	$ a+' �( "� 4/ (�(  ��   ��1	�� �MAT1-1   � MAT1-2  ��$ �(��      (+C�� ���"
 (�+� cd���

7��(.      e�+�+*�*� ^*� L� �* "� (+��   ��   !� �'���"� �   ��         D�C�EF� �H��CI 7C	f�� KM�( �( 

 H��I �5�� J"� K	0&$S. tritici ��@�� !�"*� �( �� ��     �C��"
 _*�CE' �C
 4CE��* ^*� � ��/  �C� �

Haghdel & Banihashemi (2005)   ��CI ^C*� �5�� J"� ��E5'�+$ 4/    �CV� �C��/ �L�C���� �� H

 ����	
 ��E5'�+E'  �+2�+0�� �*�L  ��         (��( 7C3
�k� �C�*��' ��@�� �� ��� ��� � .     7C�� JLs �C��

���"
  ��   (� ��"
 �"E&	
 �  ���/+0�� �
�*  ��         �+&C/ }�EY� cd��� �( ����	
 K��n H��I �

�*� K�f
.Waalwijk et al. (2002)"%'�&' L� �(��E�� �
  �� �Mating type B	$ (+�� �� ��1	�� �

MAT 1-1  � MAT 1-27	f�� �( ��   �C��  M. graminicola  UC��   �+&C/ L� ��C� ����  �C� �

�'(+�' =��1 ���� � ,*+� ��0*"�� �����'�( �^	E'�v�� ��"*1]V� �4*�+� .Zhan et al. (2002) 

"%'�&' L� �(��E�� �
 �� �Mating type ���"
 �
 �b;W  ��C�	
 KC��n H��I 4*���   ���� UC�� �

   L� ���9�             �( �#
�&C� �'���"� ��5�� B	$ �( 4/ �'(�( !�&' }�EY� �*�	��"O� 43k��  4EC�  � 

 7	f�� !�	� �( �'�50* U*L+$M. graminicola�'��( 7f	@d �(  .    �5C�� BC	$ �( !�C("@��'

         �E'�� ��� L� "E0�+/ N�	3� �( �EF �� "/>V� t+�             �*�C���� T"C
 �C* jkC� �( UC
"� "E�

�'(+�' .  

  

  

  

  

  

  

  

 8HI-. e�+�+*�*�  ��� ��� "	y0$ MAT1-2� MAT1-1    

�( Multiplex PCR �
 "L�\� L� �(��E�� ����q�oEM�   
Fig. 1- Amplified idiomorphs of MAT1-1 and MAT1-2 in  

multiplex PCR using specific primers 
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�

���� ����� �� ���� 	
 ����	�  �
 ������ �M. graminicola ����� �� �
������� �  

������	�  !��� �"�#��� ������$% ��&'� ��������� 

Table 1- Mating types frequency in the populations of M. graminicola in Golestan,  

Mazandaran, Kermanshah, Ilam, Khozestan, Ardabil and Fars provinces. 

��	�	
� MAT1-2  
Frequencies 

��	�	
� MAT1-1  
Frequencies 

��
� ��� ����� 

Locations 

0.56 0.44 Golestan 

0.89 0.11 Mazandaran 

0.75 0.25 Kermanshah 

0.78 0.22 Ilam 

0.22 0.78 Khozestan 

0.33 0.67 Ardabil 

0.11 0.89 Fars 

 
)2004 Razavi & Hughes (2001;"%'�&' L� �(��E�� �
  ��QE��"0	� �   (+C�� ��E5C'�+$ 7*

 H��I �5�� J"�S. tritici         ^	C33)� "*�C� ��Cf
 ��C3	3)$ 4C/ �C��/ �C�	
 l	C- �(�'�/ �( �� 

(Hoorne et al., 2002)l	- 7)q  !� ��	
 ��    7CV�*� L� H��CI �5C�� J"� � �	'��� ��@�� 4
 �� 

�*(" =��1 �(�'�/ �( �
+E	'��. )Sommerhalder et al. (2006$ ��E5'�+$ 	B ����� 	�1�5�� � 

 H��IStagonospora nodorum {����� ������P . !� �� $ 7@5C'  C	B  �C���� 	 C�1�  �� H��CI 9:9 

5�� J"� (+�� � �'(��� 7��
���"
 (�+� cd��� �( �� H��I �- 	l 
	���'("P  .  

     7	f�� KM�( �( �5�� J"� (+��  ��    mn�
 H��I ���     ��
 "� �( 4/ (+�     �5C�� 4CM"�

   53$ KF�"� �d �(    !v L� ��*�� r	/"$ L+	� R	 ��   (�C]*� 4C
 "]�� ��*�- ^*� 4/ ((" Kq�F 

    �*s�
 �0	E'v a+�$��       B	$+'v l*��	- 4
 "]�� ��� � (("  ��  "���	
 L� �* ��      L� 4C/ (("C

         � ��E5� ��(�+M"
 �"E&	
 c
�k$ � �*�1*���	
 ���I��  |�f*"� ��'�+$    7���3� 4
 	   !�C
1	� ��

 ��*��' 4@�\ .z*+
    B	$+'v 4'+%�*� l*��	- D��EF� �  ��  
 �( 	"���  ��      4M"� �( 4/ 7�� "E&	
 �*

  ��C	- "	y0$ �5�� "	\ R� � �5�� =�� 4
 R� (+M ��'L �C�   �C��/)Mc Donald & Linde 

2002 .( H��I 4h�*� 4
 4�+$ �
M. graminicola  ��C	- "	y0$ �5�� "	\ R� � �5�� =�� 4
 R� 
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��      � L� Kq�F _*�E' � ��/  � ���"
 ^*.           !�"C*� �( H��CI �5C�� J"� K	0&$ �* �C�     �>CV �C��


  B	$+$�- l*��	- D��EF�  ��                 4C/ 7C�� (�C*L 4C3k�� �( �C'��( �"E&C	
 �*�1*���	
 ���I 4/ �*

��       ((" J�I�� 7���3� !�� 4E50� mn�
 �'�+$ .         J�CI�� L� ����	
 ^*� D"E�/ �+G�� 4
 ^*�"
��


���� !v ����( 4/ ���� "	\ J��3� � (�z' 4
 4E5
)race non- specific resistance (�I�� �* ���   4C/

(+�' �(��E�� �E5*�
 ��E5� J��3� !v ��� ����( .  

  

 ���DJ��K�  

   � �V�� ��n�5� L�.          � ^	C�x�� � �+&C/ �0C�12��	 ��C3	3)$ 45�.    ��C3	3)$ 45C�

 �'�(��I �("� "E/( ��I� X��� �z*+
 �L���&/ �v+V+�0$+	
�� (("∗.  
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