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Molecular characterization and genetic diversity among Iranian populations of 

Fusarium graminearum, the causal agent of wheat head blight   
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 B&���o) *�(4((                            Table 1. (continued) 
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+  %���Z
^ �-�S(%^  GHARAKHIL, GHAEM SHAHR Fg-26 

+  7
�%� �4
�6��?�  MOHAMAD ABAD, GORGA Fg-27 

+  7
�%�  GORGAN Fg-28 

+  7
�%�  GORGAN Fg-29 

o  %���Z
^ �-�S(%^  GHARAKHIL, GHAEM SHAHR Fg-30 

o  7
�%� �4
�6��?�  MOHAMAD ABAD, GORGA Fg-31 

+  ���#� �1(�   SOUTHERN PARTS Fg-32 

+  ���#� �1(�   SOUTHERN PARTS Fg-33 

+  7
�%�  GORGAN Fg-34 

+  �'
�; �1(�   NORTHERN PARTS Fg-35 
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 ���

 B&���o) *�(4((                            Table 1. (continued) 

+  �'
�; �1(�   NORTHERN PARTS Fg-36 

+  7
�%� �E�� 34�   NODEH MALEK, GORGAN  Fg-37 

+  �
$ �9
  �;4  DASHTE NAZ, SARI Fg-38  

+  7
�%�  GORGAN  Fg-39 

+  ���#� �1(�   SOUTHERN PARTS Fg-40  

+  �
$ �9
  �;4  DASHTE NAZ, SARI Fg-41  

+  �
$ �9
  �;4  DASHTE NAZ, SARI Fg-42  

+  *S%$ 7
�%� �*�,:  SORKHON KALATEH, GORGAN Fg-43  

+  �'
�; �1(�   NORTHER PARTS Fg-44  

+  �
$ �9
  �;4  DASHTE NAZ, SARI  Fg-45  

+  7
�%�  GORGAN Fg-46  

+  �'
�; �1(�   NORTHERN PARTS Fg-47  

+  7
�%�  GORGAN Fg-48  

+  �'
�; �1(�   NORTHERN PARTS Fg-49  

+  �'
�; �1(�   NORTHERN PARTS Fg-50  

o  7
�%�  GORGAN Fg-51 

+  �'
�; �1(�   NORTHERN PARTS Fg-52 

+  %���Z
^ �-�S(%^  GHARAKHIL, GHAEMSHAHR Fg-53 

+  �
$ �9
  �;4  DASHTE NAZ, SARI Fg-54 

+  7
�%�  GORGAN Fg-55 

o  �^(%. 7
�%� �*�?�  ARAGHI MAHALEH, GORGAN  Fg-56 

+  B
�: 7
�%� �4
�6  KAMAL ABAD, GORGAN Fg-57 

+  ���#� �1(�   SOUTHERN PARTS Fg-58 
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 ��e

 B&���o) *�(4((                            Table 1. (continued) 

+  %���Z
^ �-�S(%^  GHARAKHIL, GHAEMSHAHR Fg-59 

+  7
�%�  GORGAN  Fg-60 

+  7
�%�  GORGAN Fg-61  

+  �
$ �9
  �;4  DASHTE NAZ, SARI  Fg-62 

+  a�$� %���� ,:  ROSTAM KOLA, BEHSHAHR Fg-63 

+  �>� 7
�%� 4
�6  TAGHI ABAD, GORGAN Fg-64 

+  �^(%. 7
�%� �*�?�  ARAGHI MAHALEH, GORGAN  Fg-65 

o  �^(%. *�?�7
�%� �  ARAGHI MAHALEH, GORGAN  Fg-66 

+  7(�� 9
�  MAZANDARAN Fg-67 

+  7
�%�  GORGAN Fg-68 

+  ���#� �1(�   SOUTHERN PARTS Fg-69 

+  �G%��  JIROFT Fg-70 

+  7
�%�  GORGAN  Fg-71 

o  �
$ �9
  �;4  DASHTE NAZ, SARI Fg-72  

o  �
$ �9
  �;4  DASHTE NAZ, SARI Fg-73 

o  2�
L 7
l� 4
�6  PARS ABAD, MOGHAN  Fg-74 

+  7(�� 9
�  MAZANDARAN Fg-75 

+  2�
L 7
l� 4
�6  PARS ABAD, MOGHAN  Fg-76 

+  2�
L 7
l� 4
�6  PARS ABAD, MOGHAN  Fg-77 

+  2�
L 7
l� 4
�6  PARS ABAD, MOGHAN  Fg-78 

+  2�
L 7
l� 4
�6  PARS ABAD, MOGHAN  Fg-79  

+  2�
L 7
l� 4
�6  PARS ABAD, MOGHAN  Fg-80 

+  7(�� 9
�  MAZANDARAN Fg-81  

+  7
l�  MOGHAN Fg-82 
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 ��c

 B&���o) *�(4((                            Table 1. (continued) 

+  F���
   UNKNOWN Fg-83 

+  F���
   UNKNOWN  Fg-84 

+  K
�%��  TIRTASH Fg-85  

+  K
�%��  TIRTASH Fg-86 

+  F���
   UNKNOWN Fg-87 

+  F���
   UNKNOWN Fg-88 

  

%�9
=6 9( 34
/�$( 
� ��
$
#;%�9
=6 9( 34
/�$( 
� ��
$
#;%�9
=6 9( 34
/�$( 
� ��
$
#;%�9
=6 9( 34
/�$( 
� ��
$
#;    * �� 3O�& (* �� 3O�& (* �� 3O�& (* �� 3O�& ()    (species specific primers            

*�(�� ������ ��
$
#; (%� 	 * �� 3O�& 
	%�9
=6 9( 
 F. graminearum W$�� *: 

 �#���; 7(�
��	 &(Schilling et al. 1996)�; 34
/�$( �$( 3�; �1(%[ ) B&��J.( 

 B&��J o�& 
	%�9
=6 �$%�G 3O * ��  F. graminearum) * ( �4 34
/�$( 4��� 
	%�9
=6 &

 5�'
 6RAPD) **(  

Table 2. List of species specific primers for F. graminearum and  primers used for RAPD 

analysis 

�'(��  %�9
=6 )
   

5’GCAGGGTTTGAATCCGAGAC-3’ UBC85F410* 

5’-AGAATGGAGCTACCAACGGC -3’ UBC85R410
*
 

5´-GAAACGGGTG-3´ OPA07** 

5´-GTGATCGCAG-3´ OPA10** 

5´-TCGGCGATAG-3´ OPA12** 

5´-AGCCAGCGAA-3´ OPA16** 

5´-GACCGCTTGT-3´ OPA17** 

5´-GTTGCGATCC-3´ OPA20** 

5´- CCTTGACGCA-3´ OPB12** 

5´- GATGACCGCC-3´ OPC05** 

* Schilling et al. (1996)  ** Dusabenyagasani et al. (1999). 
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 ���

 @#:(&PCR aX1 �4 Jc�; )
X ( %��'&%���  )B&��� .( �+V� B%�#: -�
; @�
�96 %	

)DNA3�; *�S
#; *�(�� E�  (�/#� 
�'%�#: & ) @#:(& E�PCR 7&�� DNA & DNA 

��� !F. culmorum & F. pseudograminearum (4�� .*�
 %�PCR   -�
; �c   *S%NCº e� (%� 

 �4 *>�^Cº H�*>�^4 E� (%�  &Cº �J (%� J4�� *>�^4  . �4 *>�^4 E� (%� @#:(& �9
=6 �4

Cº e� �G%� �(%^ . �4 *�;� 7�; -��[ *�1%� E� �@#:(& %S6 �4Cº �J (%� M �4 *>�^4 

�; *�G%� %t  . B�R?�PCR 9&�
�6 B! &� M/��; 9��G&%��'( �0�4 . 

 %8 
�  �$�%� %8 
�  �$�%� %8 
�  �$�%� %8 
�  �$�%�RAPD        

! "�#� �$�%� �4*�(�� ����  3%�� 
� 
	  %8 
�  9( %��RAPD 34
/�$( %�9
=6 ��	 9( 

 �;)B&��J .( 9( b'
^ *� %�9
=6 B
R�( 
�4 F�%��� F���� (%�PCR�; 34
/�$( 7
�4(%�  .  

  

 B&���o3%�X 9 @#:(& (5�(   ()PCR (%�9
=6 (%�  @#:(& E� �4 * �� 3O�& 
	Jc 

%��'&%���  

Table 3. Components of  Polymerase Chain Reaction (PCR) for species specific primers in  a 

20 µl reaction 

�(�>�)Quantity(   4(��)Materials(  

Pmol JM   %��(%L(forward) 

Pmol JM   %��(%L(reverse) 

µl J  %G
�PCR) X�c(* 

mMJM  MgCl2  

UJM/c  Taq DNA polymerase 

mMM/J  dNTP mix 

NgJc  DNA 

(MBI-Fermentas)  Mcc����   �n�� KCl, (pH=8.8) ����   �n�� Tris HCl* 

  

*�
 %�PCR  �4 74%: 3���
 4 -�
; ºC e�  (%�J �4 B
R�( �*>�^4 Cº �M(%�  � -��[& *>�^4 
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 ��J

 ���� *�;� 7�;)extension ( �4Cº �J (%� J& *>�^4   |{$�M *S%N Cº e�(%�  Jc   *� 
�

Cº �M (%� �4 *>�^  &Cº �J (%� J4�� *>�^4 .  
� 
��#:(&�*�;� *�$�� *>�^4   �4 ����

 
�4Cº �J�; 34(4 *��
S  .�; �(%�� �
� *$ <
��
�96 )
�� .B�R?�PCR  %� 9��G&%��'( 
� 

 9&�
�6 B! &�J� & E��/� �0�4  *� � ��
�&%� )�����( *��$& & 5��6  *�;( 
� 
	� 
�

� �; �Z%� �@/#� (�&
� .34(4 
	  RAPD �	4 9
���( 
� )scoring ( 
	� 
� )
�� *�) 4�.� 

��d1 )�. (%� %/0 & ��d1 (%� ( �  *�
�� b�%z 9( 34
/�$( 
� &)Nei, 1973 ()%  &  �(5G(

NTSYS��4%� -��?�& *�5X� .  

        

X�� X�� X�� X�� ****& & & &      s?� s?� s?� s?� 

P��P��P��P��     �&6 �&6 �&6 �&6&&&&�� �� �� �� 9
$(9
$(9
$(9
$(�
��� -�
. �
��� -�
. �
��� -�
. �
��� -�
.         

 <
R����� *�(��  Fusarium  �$�%� 4���P�� -?� -�
;   �
�9
$ 3&%� & �&6

���&�  (VCG)B&�� �4 
� 6�3�; *0,S  �$( .*�(��  _[
#� 9( *: �$�%� 4��� 
	

P�� ���$& ��
�G(%l�  & *�;(4 ��(5��
��� <�; %t  9( 4
�9 "�#� �4�� 3��4%� �&6

�� 3�#�
�  �# (�� �� ���� ! "�#� *#��9 �4 <
�'
Y� )
X ( (%� �+$
#� 
	�#;
� ��� . 3&,.

 
�#�( %���*�+#$ 9( *: %8�4 *�(��   5�'
 6 *� f��%� <
�'
Y� �4 4�� 3�; (�� 34�'6 
	RAPD  

� �; �$�%� )B&���.( 

 * �� 3O�& 
	%�9
=6 9( 34
/�$( 
� ��
$
#; * �� 3O�& 
	%�9
=6 9( 34
/�$( 
� ��
$
#; * �� 3O�& 
	%�9
=6 9( 34
/�$( 
� ��
$
#; * �� 3O�& 
	%�9
=6 9( 34
/�$( 
� ��
$
#;))))species specific primers((((        

 * �� 3O�& %�9
=6 �$�%� 9( -0
1 U�
� F. graminearum4(4 7
�  �� ��1(� *� *:   7(��

 �0
R�S( � 
� E�bp ��J 4��  %�V�� * �� F�( �4 W>G (� )-�;� .( %�
$ �4 � 
� F�#N

* ��  * �� *��� 9( 
	F. culmorum & F. pseudograminearum��  3�	
��  . ��1 ��:A� � 
�

 �t�= �4M & M ./ 9( )%�� 
 DNA� 5�  ��� !  *��4%� %	
� �^ � 
� E� <��0. 

� 
	%�9
=6 * E� *� f��%� 3�; 34%� �
:) SCAR Sequence Characterized Amplified 

(Region )
#� SCAR85�� %�V�� (� *�1
  F�( & 34��  �##: . �4 *: �$( 34(4 7
�  7%�
$ *�5X�

 7��$(��%+�	DNA ��� ! F. graminearum k&%L 
� SCAR85 � 
� E� 7%�
$ 
��,� &� 

)B
#8�$ (
���� 3�	 4�; .�^ B
��1( *� (A'SCAR85��� 
� F��
L �{: 
� �'(�� E� *�   
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 ���

(low or single copy)�� f��%�   4�;)Schilling et al. 1996 .( (%� 
�#� *  
	%�9
=6 F�( 9(

��: P�%$ �����  *� \���� 
	F. graminearum �
��� -�
. v�
^ * �� F���� (%� 

'6 �G
� �4 a�>�D� ��[ *� 34�)in vivo detection (�G%� 3%�� 7(�� �� 5�  . -�
>� �4 K&� F�(

�^& �
�D� *: )�$%� ���!�'�G��� 
�;&� �0
R�S( %�= & %��  �0
S ���	( 9( �� (

�$( �(4��S%� .�� K&� F�( 9(  -1(%� �4 �
��� -�
. * �� ����� (%� ��1 7(��

 ��(���(o� -�
^ 7(�#N �
��� aZ,. 9�#	 *: �D�  ����o4��  34
/�$( 5�  . 

%� * �� F�( ����� (%� %8�4 _�>?� �4  7! 9( ���� %�V�� 2
$(� F�'���� 
�

)Nicholson et al. 1998(*�(�� F��	 
� � �; ��
�1 @	&OL F�( U�
�  �
	 .%�  _�>?� 2
$(

*�(�� B
V� 7(�#. *� ��:A� Fg-12  %�= E�F. graminearumm�	 3�; 34(4 �����  F�#

*�(��  
	F. graminearum �4 3�; ���
�  F�(%� _�>?� ��G @	&OL 2
$(  3&%� E� �4 %:A'(

 �#�G%� �(%^)Serajazari et al. unpublished data ( & *�;(4 �>�
Y� %z
1 @	&OL U�
�  
� *:

�� 76 �^4 9( �:
1 �;
�. 

 %8 
�  �$�%� %8 
�  �$�%� %8 
�  �$�%� %8 
�  �$�%�RAPD            

 <n�R?� *� f��%� � 
� �8'(PCR
=6 &4  %�9OPA07 & OPA10 
���; �4 J& � 

�$( 3�; *Z(�( .%� *;�S -��?� & *�5X� 2
$(  ()cluster analysis ( 9( -0
1 U�
� RAPD 
� 

%�9
=6 9( 34
/�$(OPA074(4 7
�    *�
�� `Y$ �4 *:�M*�(�� �0�4   *� 
	�M a�D>� 3&%� 

��  � �;)-�;�.(  

3&%� B&( 
	 )�
�N �  �a�  �a�; �aX#L � b��%� *� a	49
� �a	4�� �� ��� �� �JJ �M & 

�c*�(�� 9( �0�4  �#�G%� %� �4 (� 
	 .3&%� %�
$ �#�;(4 �d. E� 
�#� 
	 . *�
�� `Y$ �4ec 

3&%� 4(��� �0�4  *� 
	Je�G
� @�(5G( 3&%� . & *�5X� 9( -0
1 U�
�   -��?�RAPD 
� 

 %�9
=6 9( 34
/�$(OPA10*�(��  *�
�� `Y$ �4 (� 
	 �M *� �0�4 e4%: a�D>� 3&%�  

)-�;M .( b��%� *� a�/	 & a�; �)�$ �)&4 �B&( 3&%�J� �JJ�JH ��� ��&� 9( �0�4   

*�(�� & 
	 3&%� %�
$ ��;(4 �d. E� 
�#� 
	 . *�
�� `Y$ �4ec*�(�� �0�4   *� 
	�e 3&%� 

� �; a�D>�.  
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 ���

  

  
  

-�;�o �0
R�S( � 
� ��J �/�  9
�)7
��L ( * �� ����� (%� 34
/�$( 4���graminearum F.   

)n
�( & *�(�� 9( 4(��� �4 ��:A� �0
R�S( � 
�  � (%�( 
	)F�Z
L(���:A� * ��  �/#� B%�#:

)NG(.  
Fig. 1- Specific 332 bp band used for F. graminearum identification (up), the same band is shown in some 

Iranian isolates. 
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 ��M

  

  
 

-�;Jo <n�R?� *� f��%� � 
� �8'( PCR) PCR products (%�9
=6OPA07*�(�� �4  
	  

F. graminearum7(%�( 7
�$( �
�N 9( 3�; (�� .  

Fig. 2. Electrophoretic patterns of PCR products using OPA07 primer in F. graminearum isolates 

collected from four provinces of Iran. 
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 ��H

  

  

�; -�o <n�R?� *� f��%� � 
� �8'( PCR) PCR products ( %�9
=6OPA10*�(�� �4  
	  

F. graminearum7(%�( 7
�$( �
�N 9( 3�; (�� .   

Fig. 3. Electrophoretic patterns of PCR products using OPA10 primer in F. graminearum isolates 

collected from four provinces of Iran. 
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 ���

  

  
 

-�;�o34(4 *� f��%� )(%�&�� 4   
	RAPD %�9
=6 *��$�� 3�; %�V�� OPA07*�(�� �4   � (%�( 
	

Fusarium graminearum.  
Fig. 4. Dendrogram from RAPD data of Fusarium graminearum isolates amplified by primer OPA07. 
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 ���

  

-�;Mo34(4 *� f��%� )(%�&�� 4   
	RAPD %�9
=6 *��$�� 3�; %�V�� OPA10*�(�� �4   � (%�( 
	

Fusarium graminearum.  
Fig. 5. Dendrogram from RAPD data of Fusarium graminearum isolates amplified by primer OPA07. 
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 ��e

 � (9
�
#��(9&4 7(�
��	 &)Dusabenyagasani et al. 1999 ( 
	%�9
=6 F��	 
�MJF�%�$(   

F. graminearum� 4%: �$�%� (�  . �4 ��n
� ���� ! "�#� *: 4(4 7
�  7(%8�	&OL F�( U�
� 

����� 4�(4 4��& 
� 6 �$�%� 4��� 
	 .*�(�� �$�%� �4 U�
�  F��	 � (%�( 
	 ��6 �$��. 

 �����L
	 4
�9 4(��� 4��&)haplotype (�4 �����  � (%�( 
	F. graminearum�� 7
�  �  �	4

��� 9 *S%N �4 ���� @>  ���� ! �+�:%��  *:  r���� ��
�G(%l� �1(�  �4 v�
^ F�(

)7
�%� 7(�� 9
� � k�#� & -��4�( � (v�
^ u������ "�^& 
� U�
�  F�( & 4�(4  

)Gibberella zeae (� �
��� *�$�� _[
#� �4 U %� & <�y 
�
>� &� %� * �1(�  �4 3O�&

4�(4 �>�
Y� �'
�; . *�#�( -�'4 *�F. graminearum �D#� )%G *: 3�; 4
�#��L ��$( B
���	  

 4�(4 @>  ���� ! Q
?' 9( 7
D�� )�'�:�#�( 74�&6 a	(%G & 
>� �4 W>G)Cook 1981 .( 4��& 
�

F�(  �#��%�4 �)out crossing ( �4 n
��1(F. graminearum 3���L F��	 *: (%N �$( 7(&(%G 

* �� �4 �#��%�4  B
���	 
	Cryphonectria parasitica & Aspergillus nidulans  �� 5�   

��  �	4)Croft & Jinks 1977 Anagnostakis 1977, .( 3
8��
�96 �4 * �� F�( �4 �#��%�4 4��&

+�( *� �$( 3��$� <
)1997 Bowden & Leslie 1992 ( & 34�+  )���� ���+[ �4 76 7(5�� �'&

4�(4 %���$& <
�'
Y� *� 9
�  .�� (� ��
�'
Y� F�#N  
	%8 
�  9( 34
/�$( 
� 7(��RAPD 4��� 

4(4 )
X ( _�>?� F�( �4 34
/�$( .�� ��t#� F�( (%� �%��  7(��  
	DNA) DNA profiles  (

D��%L*�+#$ 9( *: ��
���� *�
� 
	  
	� 
� 
� F�%�$( �/� E� 
� 3�; � 9RAPD (� 3O�& 

5�'
 6DNA�� 
� & 4%:  �%��  7(��  ���+[ �4 *: )��D��%L E� E� 7&�4 
	��{$��$( 
	

4��  *D�
>� a	 
� (� �$( 3�; -����.  

P�
#�P�
#�P�
#�P�
#�        

 <
?/0 *� *t1,� ���(69-73)4�; *��(%� �D��8 ( F�� .  


� 3� �
8  � :���1 ����$ 2
+. �34(5��. *'(5�5. ���
/0 %0
   )(46 4�
	%� �7
���1� *'( 

 �
��� 3&%�      ���%� 3
8� (4 9�&
�: 3��� (4 �	
�� �$
#;    @��� �2���

                 3���� (4 ��A�� & B
��  *���� & C,�0( <
�>�>?� *D$�� �<,= <
>�>?�

      (4 �4%��
: E�� ! 5:%� 7(�� 9
� 3
8� (4 9�&
�:   9�&
��: )���. 3
8�

 F�&  
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