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STUDY ON THE GENETIC DIVERSITY OF MYCOSPHAERELLA 
GRAMINICOLA CAUSE OF SEPTORIA LEAF BLOTCH OF WHEAT IN 

IRAN USING SSR, SCAR AND REP-PCR MARKERS 
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A.�e. 

.
�@4� �� �G	 H$'B I�� �1	
15D& �J4#� 
� H$'B K3" .�A

 �J&�)Shaner et al. 1975(.8
1JL 
� .
�J@4� MJ	�

 ��JJJ=	� NJJJO�� �	�1JJJA , PQ R	��JJJ%  �1JJJ� $O�7JJJ" 

�JJ" H$JJ'B +1SJJ0" 
� $	$JJ% 8
�7JJT ���JJB . �CJJ4" 

�U 8
�7T �� <J&�'" R	��J% �J0
 .
�J@4� M	� �� VL 

�� �
 �W$JL
� )$J% �
�CJB H$J'B X�7JU H�JY
� 
� 

�JJJJ&�)King et al. 1983 .( .
�JJJJ@4� VJJJJ"�O

Z
�YMycosphaerella graminicola (Fückel) J. Schröt and Cohn 

�" $%�� .RJ&1
 
�J� M4J6,� .��� .
�@4� M	� X�	��@J&� 

(Desmaziers 1842) �CJJJB !7JJJ#��� �� , $JJJ	��B �
 

$J% �
�CJB �J4#� [�JE# �	�& ��  Q �� 2� ..
�J@4� MJ	� 

RJJJ&1
 
�JJJ� M4JJJ6,�  ��JJJ	� 
�\��JJJ5� ,.
�	$']JJJ&� 

(Petrak & Esfandiari 1941)  Q �� $J^� , $J% �
�CJB 

_	�% ,��%
�)Sharif & Ershad 1966 ( �� �
  Q �1J`,

 $JJJ#��? �
�CJJJB 
1�JJJ? CJJJ4T H$JJJ'B >a�JJJ'" �	�JJJ& 

)Torabi 1979 .(	)�
 �� �G +�J5'? .��J� )$% !4L1
 .�A

 �J" H,�JE" H�JY
� �� )��]5J&� -.
�@4� M	� $J%�� .!J� 
1Jb'"

 c1J'
 �4^Jd, �� �A�JBQ -H,�JE" H�JY
� P��5#� , efL�

 !	�$` �G45#g ����Y  �C4" M44^
 , �G45#g V"�O Z
�Y .�A

 �J4^@` VJT�� 
� .
�@4� .��J	� �J4@A� �� Z
�JY .�JA

 �J&� 
��
1T��(McDonald et al. 1995).�7J'` H�J� 


�� M46,� Z
�Y R&1
Sanderson +�&
� �h�� $'6�14# 
� 

-$% �	�&�'%&-$J'iA -VJ	��� -�46��5J&� .�A
1�J? �� 2D

 �JG	�"Q, 24Ji*#�)Eyal et al. 1987(�J4T� ,j����J#�? �� 

)Hoorne et al. 2002 ($	��B �
�CB .!� !`1
 �� �J4@A�

 ��	� M	�  �1� �� 8
�7T , �5&� 
� .
�@4� �A_Ji5�" .

!? M	� !� !`1
 �� , 
1�? �� cfa� Z
�JY �JG45#g 
�5T�& 


� .
,�d .
�@4� �	�	$" .��� <&�'" .�A��9A�
 k��
� 

�� )��]5JJ&� �JJ� $JJ	��B �fJJ
 �JJ&
�� MJJ	� 
� ��JJ6 �JJ&�

.�A�*#��JJJ# (Simple Sequence Repeats) SSRs 

,SCARs (Sequence Characterized Amplified Regions) 

�4^@` �G45#g c1'
 Z
�Y .�A5�� )��]5&� �� , ���B M44^


 �*#��JJ#rep-PCR (Repetitive element-based polymerase chain reaction) 

!	�$` �G45#g ����Y  �C4" l��" �A�1%.

���'� ^6� 

M�� A!$�! ��6N ��		��
 �

M	� 
� !#1@# �&
�� KJmfO .�
�� .�A 15DJ& .
�J@4� �1	


H$JJ'B I�JJ� +�JJ& 
�JJ3� 
� ���n!JJ� ����SJJ
 8
1JJL �� 

 1#�? )�1J6Q .�A 
1�J? 
� .
�J@4� !J� oJ@` !J� , .
,Q

 VE5'" )�*�	�"�Q $#$	��B . �5&� �� .�A - �57JiB - �
$#��"

 V4��
� -X
�� - �5&�1T) �p"(,Hf	� H�$? �A �� h!#1@# 

oJ@`  �5&�  Q �	�4���p` _i5�" >a�'" �� !? $J% .
,Q )

�1�-!J� )��J#�"�?  �5&� �� �6, $	��B P��5#� M4	�J� VJ46�

 $% ���	
� !#1@# 
�3q RE� �B�16Q rs&  �1� .j�JO1@=" 

��$^
��t	�"�Q 
� !	�$` $	��B 
1b'" �A)+,$` �.(

�+��1��j9�K 6�+������� -.�/ Q��B �

�� .
�@4� V"�O Z
�YI�� �16Q .�A)$J4'G4� .�
�� !J? H1	 

Z
�Y �1� -$# $% .��&�$` .8�^sY KmfO .�
�� I�J� �JA

 f"�? R	��% 
�" ,�5& �0s& �#1]O$d , )$J% .2DJ&

 �JJA 
�JJ3q �JJ	 !JJ& vJJ	 
� I�JJ� !JJ^sY .�JJ5� v5�JJ
 

$#$J% )��� 
��JY 
�JBQ PQ ��J? R4J0" .,�U .�� $J^� 

�nw��'4� �	� 
� I�� 8�^sY �O�& 1-$J% �J&
�� �61?

 $4'G4� �� H1	 )��? �,� $461
 !? �	�A$#�1�v@? ��  �1J& 

 ,�5JJ& -Z
�JJY .�A
1DJJ&1	$4'G4�R4JJ0" !JJ� PQ ��JJ? 


�BQ�/�) %��PQ �546 v	 
� 
�BQ H�B (J	��J? R4J0" �
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Table 1. Characteristics of isolates Septoria tritici leaf blotch of wheat sampled from different provinces of Iran 
during 2005-2006 

o@` V0" .
,Q 

Sampling Location 
!	�$` )
�@%

Isolate No. 

o@` V0" .
,Q 

Sampling Location 

!JJJ	�$` )
�@JJJ%

Isolate No. 
Mazandarn, Ghaloghah St16 Golestan, Ghonbad St1 
Mazandarn, Ghaloghah St17 Golestan, Ghonbad St2 
Mazandarn, Ghaloghah St18 Golestan, Kalaleh St3 

Kermanshah, Bistoon St19 Golestan, Ghonbad St4 
Kermanshah, Bistoon St20 Golestan, Aghgala St5 
Kermanshah, Bistoon St21 Golestan, Bandar Turkman St6 
Kermanshah, Bistoon St22 Golestan, Ata Abad St7 

Ilam, Dehloran St23 Golestan, Ghonbad St8 
Ilam, Dehloran St24 Golestan, Bandar Turkman St9 
Ilam, Dehloran St25 Mazandarn, Sari St10 
Ilam, Dehloran St26 Mazandarn, Tirtash St11 
Ilam, Dehloran St27 Mazandarn, Tirtash St12 
Ilam, Dehloran St28 Mazandarn, Tirtash St13 
Ilam, Dehloran St29 Mazandarn, Tirtash St14 
Ilam, Dehloran St30 Mazandarn, Ghaloghah St15 

Ardebil, Pars Abad St47 Ilam, Dehloran St31 
Ardebil, Pars Abad St48 Khuzestan St32 
Ardebil, Pars Abad St49 Khuzestan St33 

Fars, Norabad Mamasani St50 Khuzestan, Safiabad St34 
Fars, Norabad Mamasani St51 Khuzestan, Andimeshk St35 
Fars, Norabad Mamasani St52 Khuzestan, Safiabad St36 
Fars, Norabad Mamasani St53 Khuzestan, Sardasht St37 
Fars, Norabad Mamasani St54 Khuzestan, Sardasht St38 

Fars, Firooz Abad St55 Khuzestan, Sardasht St39 
Fars, Firooz Abad St56 Khuzestan, Sardasht St40 
Fars, Firooz Abad St57 Ardebil, Bilasovar St41 

Fars, , Norabad Mamasani St58 Ardebil, Bilasovar (Ajirlou) St42 
Ardebil, Pars Abad St43 
Ardebil, Pars Abad St44 
Ardebil, Pars Abad St45 
Ardebil, Pars Abad St46 

YMDA)�/WH�JJJB �JJJ5#Q vJJJ4
14�M47JJJ	�"15��5&�-

�JJ546 vJJ	 �JJsE" PQ-n�,�57JJ?� H�JJB -n)
�SJJO H�JJB 

�6�"-n�J@�" )
�SJO H�JB-��
�JBQ H�JB ()��� +�JE5#� 

$#$JJ% .l6�JJT .��JJ� �JJ� -.
�JJ@4� VJJ"�O Z
�JJY .��JJ& 

�� )��]5JJ&� y1JJ6  ,�5JJ& �� !JJ'B�� )$JJ% V4G�JJ
 .�JJA 

j��$JJ=" �JJi9Y ��JJ? R4JJ0" 
� YMDA!JJ� 
1JJL 8

$J% )��� ��J? .��1" [1sT .�J%�B �� $J^� �J6� !J& 


�3q �,
 v	v
!J'B�� R4J0" !J� , P�J�5#� YMDA 
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�hW 

+�E5#� $% )��� .!'B�� v
 M	� $%
 �� VL�U .�A!'B�� -�A

Z
�JJY t	�JJ"�Q !JJ"��� .��JJ� !JJ? $JJ#�1� �SJJ6�T .�JJA �JJA 

$#$% )��]5&� .

l1'P �1DNA 

1DJ&�  147#�D&1& )$% l6�T !	�$` �A �� !J43
 
$J% ,

R40" .,�U v5�
 
�3q rs& !�YMDA $J	��B VE5'" .

v5�
 
1
��1G#� 
� �A�±��!`
� X147i& $J'5��B 
��Y .


�3q �6� !& �� $^� Z
�JY !J? �,
 $J#�1� )��J? $J%
 �JA

!� oJ@` R40" rs& ��  ,�5& V�
�G&� !i4&, .
,Q ,!J�

v5�JJ
 .�JJA VJJE5'" V	�5JJ&� !JJ� ,8$JJ" �n�O�JJ& 


CJJJ	�� 
� �Ww!JJJ`
� X147JJJi&$#$JJJ% )��� 
��JJJY .

!J� 2D& 8$J"�n�O�J& 
��J	�
� CJ	�� )�*5J&� +$J"

)Christ-Alpha 1-4 ($#$	��B v�T .Z
�JY �JA .v�JT

  ,�A 
� )$% �'4q .�A 
CJ	�� 
� f9JY !J?  ,�5J&�Ww

X147i4& !`
� $J#�1� )$% )��� 
��Y $#$J% 
�1J� -)MJ	�

 Z
�JY {,�T �� $^� !iL��f� V@O �� �� �JA H�J=#� �J	�
�C	

 Z
�Y �
 ���B �A.$J#�4*# �
 R40" ��1a
 )$% v�T .( 

.��JJ� {���5JJ&�DNA �,
 �� �"1JJ#g ��,�JJ� , 
$JJ	�
 

Raeder & Broda 1985) ($	��B )��]5&� .DNA {���5&� 

!JJ	�$` )$JJ% Z
�JJY .�JJAM. graminicola 
CJJ	�� 
� 

�Ww!*# $#$% .
�� .�4]4? , �4@?DNA {���5J&� .�A

 R&1
 )$% , M4J4^
 �
�JBQ +g , �5"1
1�,�5GDJ&� )�*5&� 

!� �3#Q �bi|ng/µl�W$% K4b'
 .

=GG�E�� �( �GG�� !" #$GG%& �GG��'� �GG	�Q��GGB 

M. graminicola +1 �(�2 G�1 �� '3!�4G! ��	(SSRs) 6

(SCARs) 
!� 
� �JG45#g c1J'
 �J&
�� 
1Jb'" VJT�� �J4^@` �JA .

M. graminicolao@` i5�" >a�'" �� )$% .
,Q
1�? _

��!JJJ#�JJJ]` �B��|Q .�JJJASSRs RJJJ&1
 !JJJ? }�,  , 

 �
�JJJJG@A (Owen et al. 1998)KJJJJA ,M4JJJJ'q 

�]` !&�B��|Q .�ASCAR RJ&1
 !? �J@? , M	,�1JB 

(Goodwin & Kema 1998) $J#�1� )$J% c�$J�� , ���^" 

)��]5&�B��	$.M	��B��|Q �?�J% RJ&1
 �AFermentase 

)tJJ#�� $JJ'	Q�� �?�JJ% �B$JJ'	�@# !JJ� (JJ&!5T�$#$JJ% .


� )��]5&� �
1" .�A�B��|Q 8�S��" +,$J` �,��J?k 

�&� )$	��B.

t'JJ?�, .��JJ� PCR VJJ?1
,�� ��  �
�JJG@A ,  ,� 

(Owen et al. 1998) )��]5J&� 8��J44p
 �?$#� �� $J	��B.

M	� �

��U !T�q�,
 V"�J% !JT�q !5J%�&�, .��J& 

!46,�
�h�!`
�X147i& !� 8$"��W !4#�~ -�W!JT�q 

�JJA !JJ?!JJT�q
� .��JJ& �JJ%�&�, !JJiU�" !JJ& V"�JJ% 

h� !`
�X147i& !� 8$"�W�B��|Q +�S
� -!4#�~ M4� 
� 

�W �JJ
��!JJ`
� X147JJi& 8$JJ" !JJ��W!JJ4#�~ R7JJ� -

�A�B��|Q 
���!`
�X147i&!�8$J"nWvJ	 , !J4#�~ 

!T�q 
� �JA�B��|Q R7J� �	�3# ��!J`
� X147Ji& !J�

 8$JJ" �W!JJE4Y� �1JJ� .R	��JJ% 
�!JJ'43� !JJ43
 .��JJ���

+1SJJ0" �� �JJ546,�G4"PCR 
�$JJE" �/��PQ �JJ546,�G4" 

�JJJJsE" �JJJJ4sE
 
�JJJJ� ,� -�/W�JJJJA �� �JJJJ546,�G4" 

B��JJ|Q�)l�/pmol�(-�/����JJ� �JJ546,�G4" PCR 10x -�

�546,�G4"[1i�" mM) dNTP�/W(-��J546,�G4"MgCl2

mM)�(-�/WK	CJ#Q �J546,�G4" Taq DNA Polymerase 

)	 +��^" $U�, v(,�/W�546,�G4"DNA !#1@# )ng/µl�W (

$	��B )��]5&� .�4�G
DNA �iG	�J& 1J"�
 )�*5J&� R&1
 

Bio-Rad)+$" �G	�"Q I Cycler (�J��B 8
1JL ..��J�

�
1JJJJ�,�5G6� �	�JJJJ3# 8�1SJJJJ0" PCR )�*5JJJJ&� �� 

Sequencing gel Apparatus+$JJ" Sequi-Gen® GT  

Bio-Rad)�G	�"Q (,i� +g�Q$4"Q V	�? �%.C4"Q �#
 �� 

!� $	��B )��]5&� )�E# 8��54# �,
 .
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�h� 

�6���.6 ]�kP4. �91$&'
+�ZN ��	SSRs�(�2 �1 (�$. =G�E�� �G�� !" #$%& ���'� �( Q��GB ��G	Mycosphaerella 

gramimicola01'�1 �( 

Table 2- Name and sequence of SSRs primers used for studying genetic diversity of populations of 
Mycosphaerella gramimicola in Iran  

�A�B��|Q H�# 

Primer name 

��G
 �6�1
 )$% �
�CB )$#1% 

Reported repeat motif 
�A�B��|Q �6�1
 

Primers sequence 
ST2C10 (AGCGG) 5΄AGGCCGAGAAACTTGCTTGCAG3΄ (F) 

5΄AATGAACCGTCCCATGGACGTG3΄ (R)

ST1E7 (CGG) 5΄GATCTCGAGCAGGGCGGAAGT3΄ (F) 
5΄TCACACGCTGGTCTGTGAATC3΄ (R)

ST2E4 (GGC) 5΄GAAGATCAACAGCAT GGGCGG3΄ (F) 
5΄CTCCAGAGGGATCACAAAGGC3΄ (R)

ST1E3 (CGG) 5΄GTTCCGCCGGTCGAAGTCG3΄ (F) 
5΄GCCAAGGCACTGCTGCTC3΄ (R)

ST1B3 (CGG) 5΄ACGTTCACATCTTCATACC3΄ (F) 
5΄CTCTAGCTCTACCTTAAT3΄ (R) 

ST1G7 (TG) 5΄ATGCTGAGAAGTTCGGTGAGG3΄ (F) 
5΄CGTTCTTCCACCTCCTCCAACACT3΄ (R)

ST1A2 (GGC)/(GGT) 5΄TTTTCCTCTCTCCCGTGC3΄ (F) 
5΄CTCTCGTCAACCCCAGAC3΄ (R)

ST1A4 (CCG) 5΄GGTTCGATGGAGAGATTT3΄ (F) 
5΄ TCACCTCCTCATCGCAGA3΄ (R)

ST1D7 (AC) 5΄ATCCTCCATTCACTACTGCAT3΄ (F) 
5΄TGTGGAACAGGAATAGGCTTG3΄ (R)

�+�$J6' �91 ^$e! +1 ��1('� =�1((�� 

 �, �$J5�� VJL�U .�A$J#�� �61JG61"  �, !9J&�0" .���

 KJA , �
�$#�5&� �*#��# .�A$#�� �� H�$?�A �61G61" M4J'q

 !iJL�� 2DJ& $J	��B M4J4^
 vJA�q .�$5�� �� �3#Q !iL��

 8�^sYDNA !J	�$` �� )$J% �J4�G
 Z
�JY _Ji5�" .�JA 

M. graminicola _JJi5�" .�JJA�?
�" �� )��]5JJ&� �JJ� !JJ? 

SSR ,SCAR .�$JJJJJ5�� �� �1JJJJJ� )$JJJJJ% �JJJJJ4�G
 

vA�q )��$#� �A $J	��B .�4B .!J"�#�� �� )��]5J&� �J� 2DJ& 

Gel ver. 2. 1)Thompson 1989 ( �JJA �61JJG61"  �,

$JJ% )�� M4JJ@�
 !JJ^sY .8�JJ^sYDNA �JJ� )$JJ% �JJ4�G
 

 �, �61G61" .�A!� 8,�]5" V6Q  �1'O  �JG" _Ji5�" .�A

 $#$	��B 
1b'" �&
�� �
1" �#g .!	�$` �
1" 
� !J? �	�A

 �1J� )$�J# V4G�J
 
�Jb5#� �
1" $#��-$J#�� V4G�J
 H$JO 

!� V6Q  �1'ONull$% !5��B �b# 
� )+,$` n.(

�(1( C�9�!N =G�E�� �( �G�� !" #$G%& AT��;. 6 �	 ��G	 

M. graminicola  
!� � 
1b'" !J#1@# �J4^@` VJ? 
� �G45#g c1'
 �
,Q� .�JA 

M. graminicolao@` 
1�? _i5�" >a�'" �� )$% .
,Q

KJJA ,�JJ4^@` VJJT�� 
� �JJG45#g c1JJ'
 �
,Q�JJ� M4JJ'q

!#1@# VJ6Q �� H�$J? �JA �J#�,��� �$J5�� - �5&� �A .�A .�JA

 !	�$` �4^@` V? 
� _i5�" !#1@# �4^@` , �A �JA .�A

 2DJJ& $JJ	��B �
,Q�JJ�  �5JJ&� +1JJ"�� �� )��]5JJ&� �JJ� 

�	�)1973 Nei:( 

H = 1- ∑ Xi
2

$J	��B !9J&�0" �J#g  �JG"  Q .��� �G45#g c1'
 .
�

�1� +1"��H�JG45#g c1'
 )�Ji6Q c1J'
 �J	 �J#g c1J'
 (

�" �&
�� �
1" �4^@` , $J%��Xi�� H�$J? �JA �J#�,���

VJJ6Q �JJ" �JJ#g  �JJG"  Q _JJi5�" .�JJA $JJ%�� .KJJA M4JJ'q 

` VJJ? �JJG45#g c1JJ'
!JJ	�$ +1JJ"�� �� )��]5JJ&� �JJ� �JJA 
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�h� 

�6���.6 ]�kP4. �91$&'
+�ZN ��	SCARs�(�2 �1 (�$. =�E�� ��� !" #$%& ���'� �( Q��GB ��G	Mycosphaerella 

gramimicola01'�1 �( 

Table 3- Name and sequence of SCARs primers used for studying genetic diversity of populations of 
Mycosphaerella gramimicola in Iran  

�A�B��|Q H�# 

Primers name 
�A�B��|Q �6�1
 

Primers sequences 
I12 5΄TTGCTTTTATTCCGACACGTC3΄

5΄TCGCGCCTTGCATAGTTCAGT3΄
(Forward) 
(Reverse) 

W6 5΄ATGTATGAGCGGCGGTTGGCG3΄
5΄GCCCTGCAAATACCGACATTC3΄

(Forward) 
(Reverse) 

M13 5΄ACGGCGTGGCACTGACAGGTG3΄
5΄CGCAAGTCCGTTCTTCTTTCAATC3΄

(Forward) 
(Reverse) 

�6���.-G9N (1�GE& 5��� '�\�& ]�E[B �9$�9$. 0+6 5�	'
+�ZN ��k&1 A%��� ��.( Q��GB =G�E�� �( ��G� ���G��%� ��G	

Mycosphaerella graminicolaA�1�� (1�E& 6�L �6'��. ��	'3!�4! �( �$! -9N �1�1( ��	 6 =SCAR 

Table 4. Optimum annealing temperatures, molecular weight of amplified fragments, numbers of identified 
alleles and number of isolates of M. graminicola with null allele using SSRs and SCARs markers. 

!	�$` ��$^
 .�
�� .�A

+1# V6� 

No. of isolates with 
null allele 

�	�&�'% .�3i6� ��$^


�4^@` 
� )$% 

No. of alleles 
amplified 

8�^sY �61G61"  �,

)$% �4�G
)bp(

Range of amplified 
fragment size (bp) 

+�S
� !'43� .�"�

�A�B��|Q( ºC )

Optimum annealing 
temperature 

�A�B��|Q 

Primers 

1490-124 58 ST2E4

1352-60 58 ST2C10 
3298-109 50 ST1G7

1290-98 50 ST1E7

20 31136-1416 65 M13 
12132-152 58 W6

�	��# )1973 Nei:( 

HT = HS + DST 
�J4^@` VT�� �G45#g c1'
 !� �J4^@`  �J4" , �JA �JA

  Q 
� !? $	��B !	C=
HT, �4^@` V? �G45#g c1'
 HS


� �4^@` �G45#g c1'
 M4*#�4"  �5J&� �� H�$J? �JA .�JA

 , �JJ&� �JJ&
�� �
1JJ"DST  �JJ4" 
� �JJG45#g c1JJ'
 

�4^@` �&� _i5�" .�A .

!� �4
1i��A ��$^
 �	�&�'% 
1b'" �1`1" �61G61" .�A

!#1@# �4^@` V? 
� �J&
�� �
1" .�AM. graminicola 

�,
 �� �
�G@A , �@61?)Kolmer et al. 1995()��]5&� 

$	��B.

01CGG�. �GG��'� AGG�1�� ��!6�4GG�$K RGG� P. ��GG	 

M. graminicola�� d�%�& +1 �(�2 �1rep-PCR 

M	��*#��# �6�1
 l4��
 �4i��Y �JA .$#1J% 
��JG
)
�

H1#g VT�� �3#Q M4� �U�1# �4�G
 ,X�J&� M	� �� , �
�� �


 ��*#� .��� .
�*# DNA !J	�$` �	�J&�'% , Z
�JY .�JA
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01����	 6 �!�7��8 :& ���'���� !" #$% .. Mycosphaerella graminicola 
.

�h� 

!	�$` .�A!���" ,��	1T  �C4" M44^
 ,�J3#Q .$# )��]5J&�

�1JJ% �JJ" .�JJ&
�� MJJ	� 
� )��]5JJ&� �
1JJ" .�JJA�B��|Q 

2	1J& +�
$J� )�*�J#�� 
� $J6�#,� vJ" 2	
1J� �5?� �� 

$	��B �T� .�6�1
 �B��|Q MJ	� !J� �JA �J	� 8
1JL �1� $J#

)Brunner et al. 2008; Versalovic et al. 1991, 1994.( 

'
+�ZN 

( Reverse) (BOX 1AR))5΄-CTACGGCAAGGCGACGCTGACG-3΄(

6'
+�ZN 

)2 (ERIC)Forward) (5΄-AAGTAAGTGACTGGGGTGAGCG-3΄(

MJJ	��B��|Q �JJARJJ&1
 �?�JJ% Fermentas)!JJ�  �JJ@6Q

�B$'	�@# �� �?�% Qt#�� $'	 (, �
�]J& !5T�J& $#$J% .

MJ	� �� )��]5&� 
� �A�*#��J# 8,�J]
 !J	�$` �JA ��$J^
 
�

 )$% )$A��" .�A$#�� )�6�1
 ��$^
 JG
 .�A 
� )$#1J% 
��

 �A H1#g VT��!	�$` ()$% �4�G
 .�A$#�� �61G61"  �, ,

�" $%�� .

!'43� .��� .��J&PCR �J� �B��|Q .�JA )��]5J&� �
1J" 

>JJ9a t	�JJ"�Q�,
 RJJ&1
 )$JJ% H�JJ=#� $JJ6�#,� vJJ" 

)�S�% 8�9
�G"($% c,�% .!=45# +1SU .��� !"��� 
�

 �
��44p
 �b# �
1"
��J��B 8
1L VG
,�� .KJ=U VJ?

 +1i0"PCR VG
,�� M	� 
� ��!J5��B �Jb#
� �J546,�G4"

V"�% !? $% :��/��-�sE" PQ �546,�G4"����� �546,�G4" 

PCR 10x -��JJ546,�G4" [1JJi�" �� mM) dNTP�/W(-

��JJJJ546,�G4" mM) MgCl2n(-��/W�JJJJ546,�G4" 

�JJA �� �B��JJ|Q)pmol/µl�W(-�/WCJJ#Q �JJ546,�G4" K	

Taq DNA Polymerase )$JJJJU�, vJJJJ	 +��JJJJ^"(-

�/W�� �546,�G4" DNA!#1@# ng/µl) �W(�1� .

�

��U !T�q �� �1J� 8
�9O �4�G
 .��� )��]5&� �
1" :

v	 !T�q�%�&�, !46,� .��& 
�h�!J`
� X147Ji& 

!� 8$",�-!E4Y� ��!JiU�" !& V"�% VG4& �A !? VG4& 


� .��& �%�&�, hn !`
�X147i&!�8$J"�W-!J4#�~ 


�
� �B��|Q +�S �� !`
� X147Ji& J�!8$J"�W!J4#�~ -

�A�B��|Q R7� 
���!`
�X147i& !� 8$"�'� !E4Y� ,

v	!T�q
� �A�B��|Q R7� �	�3# ��X147i& !J� 8$J"

��A!E4Y� .

+1SJJJ0"PCR �
�JJJBQ +g .,
�/�%)�*5JJJ&� 
� 

g�56, �� �
1�,�5G6��W!�8$" n�!E4Y� $J% �
1J�,�5G6� -.

�� )$JJ% �JJ4�G
 8�JJ^sY �61JJG61"  �, !9JJ&�0" .��JJ� 

�
�$#�5&� �*#��#bp�WW $	��B )��]5&� !J� �	�J5# ,�J&�

 )�*5JJ&� RJJ&1
 )$JJ"QGel Documentation Uvi Doc 

)Uvi Tec- �57Ji*#� (2JGO $J% .
���J� .�A$J#�� �� ,

�%����	 VL�U $% .
���� .

�(1( A�C7& �	

!� !���J
  �C4" M44^
 
1b'" !J	�$` .�JAM. graminicola 

)��� �$5�� !� �A $J#�� 
1�U 8
1L)�(
1�JU H$JO �J	 ,

$#��)W(!J"�#�� 
�Excel �
�, J%�� )��]5J&� �J� 2DJ& $

2JJ	�� !���JJ
 <	�JJd)Dice's coefficient ( !JJ"�# �JJ�
�

SIMQUAL 
�CJJJ�� H�JJJ# 
� NTSYS-pc (Version 2) 

$	��B !9&�0" !���
 2	�
�" .��]5J&� �J� 2DJ& !J"�#�� �� )

SHAN $5" ,UPGMA !%1T !	C=
 $	��B H�=#� .�.

m�� ! 


�J3q �J&
�� �
1J" �	f5J&,�G4" �B��J|Q �J]` !# ��

 .�A�B��|Q V"�% �]`ST2E4-ST2C10-ST1G7,ST1E7

$#$J% .1JY .�A$J#�� �J4�G
 !J� 
��Y !?-t	�J"�Q .��J� 

$#$J% P��5#� .!J� �JA�B��|Q !J4E� $J#�� $J461
 H$JO VJ46�

S5T� $J'5��*# 
��JY )��]5&� �
1" �b# �
1" �L� .VGJ% �

V6Q �B��J|Q �]` R&1
 )$% �4�G
 _i5�" .�AST2E4�


$JJA$4"  ��JJ#..�JJA�B��|Q �JJ]` !JJ& ��SCAR �JJ]` 
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�hn 

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34  

-���.-9N=�L � 6'���. '3!�4! n�$& ��� '�\�& R� P. ��	 ST2E4A�1�� D���( ��	St1-St34 

Mycophaerella graminicola 01'�1 R� P. UV�%. A� o$�'.)����� -�� �b�� �( ��� l�( (1�/1

A�1�� 6 ��� +�$J6' �91 ��	M(�1�!� �1 '3!�4! bp ������ �. .0���p -91 A� q!� ���� ��	 R� P.

�. 0�4! 1� �!" 0��. d� �%	((

Fig 1. Different alleles amplified using ST2E4 microsatellite marker among 34 isolates of 
Mycosphaerella graminicola from different parts of Iran ( line 2 to line 35 are St1-St34 and 
line 1 is 50bp DNA size marker) 

 

��|Q .�A�BM13 ,W6!	�$` �G45#g 8��44p
 $'57#�1
 �JA

 �B��|Q �]` �6, $'A�  ��# �
I12 !J? ��� V4G�J
 .$#�� 

!	�$` �"�@
 
� �
�, 8�9J&�0" 
� M	����'� -�1�  �7G	 �A

$	��*# .�$J5�� Z
�JY �4^@` 
� �G45#g c1'
 �&
�� .���

 V6Q �#�,��� !� .�A 
� �B��J|Q �J]` �A R&1
 )$"Q �&�

�A $J	��B !9J&�0" 
1�J? V? 
� ,  �5&� .c1J'
 �J&
��

!	�$` �4^@` V? 
� �G45#g Z
�Y .�AM. graminicola 

�J4^@` �JG45#g c1J'
 M4*#�4" !? ���  ��#nn/W, �1J� 

�G45#g c1'
 VY�$U)��/W(�*#��J# �J�ST1G7��?�$JU ,

�JJG45#g c1JJ'
)��/W(�*#��JJ# �JJ�M13 $JJ	��B !9JJ&�0" 

)+,$` �.('
 �5Y,  �G" �A .��� )$% !9&�0" �G45#g c1

 �JJ4^@` VJJT�� �JJG45#g c1JJ'
 !JJ� M4JJ� , Z
�JJY .�JJA

�4^@` K47E
 t	�"�Q �
1" .�A -$J% .$'���%
� c1J'


 �JJ4^@` VJJT�� , �JJA��%oJJ	�1
 >a�JJ'" M4JJ� c1JJ'
 

�1� )$%)+,$`�.(

)��]5JJJJJJ&� �JJJJJJ� �,
 �� �
�JJJJJJG@A , �@61JJJJJJ? 

)Kolmer et al. 1995 ( ��$^
���4
1i��A M4� 
� _i5�"

�� $	��B �	�&�'% �&
�� �
1" !	�$` .�J4
1i��A M	� �JA

)�4
1'� .�A�61G61" (J�!>a�J'"  �J4" 
� ����SJ
 
1Ja

 !#1@# _i5�" $J#�1� )$% o	�1
 .
���� .!J� 
� +�J�" 
1Ja

 �J]A �J&
�� �
1J" !J	�$` !J# M4J� 
� - �
$J#��"  �5&�

 vJJ	 
� !JJ	�$` ,� RJJE� , $JJ	��B �	�JJ&�'% �JJ4
1i��A

$JJ'5��B 
��JJY �JJ4
1i��A .�JJ4
1i��AHP1 M5JJ%�� �JJ� ��%

- �5J&�1T -HfJ	� >a�'" 
� , �1� <6�| �4
1i��A �#�,��� 

150 bp 

100 bp 

50 bp 

50 bp 
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28        29      30       31        32        33       34       35        36      37        38       39       40       41      M 

-���.!� +1 -r�> �+�$J6' �91 ^$eA�'�
��8rep-PCR ��	'
+�ZN ��ERIC1AR 62 BOX D���( 

A�1�� ��	St28- St41 Q��B Mycosphaerella graminicola 01'�1 R� P. UV�%. +1 ��� 1�� )(1�/1

�( ��� l�( A�1�� ����� 5-�� �b�� =�1� A� s@ +1 _�&'& A� ��� +�$J6' �91 ��	St28 �& St416

M(�1�!� �1 '3!�4! bp ����.����(

Fig 2. Electrophoresis pattern of rep-PCR products by ERIC 1AR  & BOX 2 primers among 

Mycosphaerella graminicola St28-St41 isolates from different parts of Iran (left to right. line 
1 to line 14 are St28-St41 isolates and line 15 is 100 bp DNA size marker)  

�6���.=G�E�� �( �G��'� (�$G. UV�G%. 0��. �( 6 -K1( �( ��� !" #$%&Mycosphaerella graminicola 

'3!�4! ���@ +1 �(�2 �1 �� 01'�1 R� P. UV�%. A� o$�'.SSR '3!�4! 6( 6SCAR.

Table 5.Genetic diversity within and among locations of Mycosphaerella graminicola populations 
using four SSR and two SCAR markers. 

V6Q c1'
 >a�'" VT�� 
� �A 
Allelic diversity within 

locations 

V6Q c1'
 >a�'" M4� 
� �A 

Allelic diversity among 
locations 

�A V6Q V? c1'
 

Total allelic 
diversity 

�A�B��|Q 

Primers 

0.42 0.08 0.50 ST2E4

0.26 0.15 0.40 ST2C10 
0.19 0.06 0.25 ST1G7

0.37 0.06 0.43 ST1E7

0.42 0.19 0.62WM13 
0.37 0.06 0.43 W6

0.34 0.10 0.44 Mean 

1000bp 
900 bp 
700 bp 
600 bp 
500 bp 
400 bp 

300 bp 

200 bp 

300 bp 

200 bp 

www.SID.ir



Arc
hi

ve
 o

f S
ID

������ �	��
 ���/��� ��/������/������� :������� 

�h� 

�1� )$'?��� X
�� , V4��
�)+,$`�.(

!� .�A�B��|Q .�4B
�?ERIC 1AR ,2 BOX �7J#�1


 �� .�$JJJJ^5" 8�JJJJ^sYDNA JJJJ#g!JJJJ	�$` H1 .�JJJJA 

M. graminicola �J4�G
 8�J^sY RJE� �J"� $	�@# �4�G
 �


 M4� )$%bp �WW �
 bp ��WW $	��B 
1b'" 8�9&�0" 
� .

�O1@=""��� !^sY DNA !	�$` �4^@` V?  �4" 
� .�A

 �	�J�
��G
 , 
��
1JT �� ��1T e1d, �� !? �&
�� �
1"

 $J	��B 
1Jb'" 8�9J&�0" 
� , �	�J&�'% $#�1� .VGJ% �

!J	�$` .�
1J�,�5G6� �1E# .�JASt28 �J
 St41  ��J# �


�" �
�$#�5J&� �*#��J# +,�  15J&  Q 
� !J? $JA�bp �WW 

�" $%�� .!%1T !	C=
 !=45# !���J
 <	�d �� )��]5&� �� .�

 �,
 , 2JJ	��UPGMA !JJ	�$` !JJ? ���  ��JJ#St 20 

o@` !	�$` , )��#�"�? �� )$% .
,QSt 29o@` )$% .
,Q

 Hf	� ���WW %��J@5U� , $J#�1� !���" �*	$@A ��",� �JA 

�J� !	�$` ,� M	� M4� , $'%�� �G45#g  �"�,� v	 �� !	�$`

 !	�$` !4E� �J%�� �1J`, !���
 M	�5@? �A)�� �J5@?�.(%

KA !	�$` M4� M4'q .�ASt 23 ,St 24 o@` �� )$% .
,Q

!	�$` -Hf	� !Es'" .�ASt 4 -St 5!	�$` ,.�ASt 3 -St 2 

`o@!J	�$` ,  �57JiB  �5J&� �� )$% .
,Q .�JASt 10 ,

St 11oJJ@` �� t4JJ�  �
$JJ#��" !JJEs'" �� )$JJ% .
,Q 

�W %�%�� �1`, !���
 .!J	�$` j�'@d .�JASt 27 , St28 

o@` M5%�� �� Hf	� �� )$% .
,QnW%!	�$` , !���
 .�JA

St 12 , St13 oJ@` !J	�$` - �
$J#��" �� )$J% .
,Q .�JA 

St 35 -St 36 o@` !J	�$` ,  �5J&�1T �� )$% .
,Q .�JA 

St 54 , St53o@` ��,$U X
�� �� )$% .
,Q��%!���J


 $'5%��)VG%�.(

u;� 

K3" �� �G	 I�� �1	
15D& .
�@4� M	�
 �" H$'B .�A $J%��

!JJ� .
1JJa 
��JJY �JJ4@A� +,� !JJ`
� 
� �JJ�,
� 
� !JJ? 

�J" �
�, +1SJ0" !J� �3`1J
 VJ��Y 8
�7T , �
�� �
,Q

(Shaner et al. 1975; Anonymous 1965; Shaw and 
Royle 1989; Thomas et al. 1989).�J� H�JY
� �� )��]5&�

 �� .
�47� ,  ��	� 
� �4T� +�& $'q 
� +1S0"�� , )�
1?

 �J&� )$J% .
�J@4� MJ	� ��57JB NO�� �*	� .�A
1�?

Torabi et al. 2002)(. �1JJ� v	F
��5JJ&� !JJ� !JJ`1
 �JJ�

 , H$'B +1S0" !J� ��J4# -H$J'B �	�]? �1T �]U �&�4&

 , +�JJ5'? .��JJ� �61JL� , r40JJL .�JJA
�GA�
 �� )��]5J&�

 �" X�7U� �� 8
�7T .
�@4� M	� �	�	$" �1J% .M4J� 
�

 )�
 H�@
 tA�J? , .
�J@4� M	� +�5'? .��� !? �]i5�" .�A

 !J�  Q 8
�7T H,�JE" H�JY
� �� )��]5J&� -�J&� !J5�
 
�J?

�!M:J@s"  �1J'O SJ5Y� , M	�J
.�� �J� )�
�J9" �,
 M	�J


 �" .
�@4� $%�� .!�-.
�J@4� !J� H,�JE" H�Y
� P��5#� 
1b'"

 �J4^@` �JG45#g c1J'
  �C4" �� �A�BQ VJ"�O Z
�JY .�JA

 �J&� .
,�d .
�@4� .!J? ���  ��J# �J&
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Table 6.The haplotype groups of M. graminicola identified based on the frequency of alleles of SSR and SCAR 
markers at different location of Iran 

>a�'" 
� ��$^
 

Numbers within locations 
�4^@` M4� 
� ��$^
 

Numbers within 
population 

�61G61" �4
1'�)�4
1i��A(

Molecular phenotype (Haplotype) 
��A ),�B1iD4
�

Haplotype group 

,)1(7,)1(6,)2(5)1(471 1 1 1 1 1HP1 
)3(7-)2(6-)1(161 1 2 1 1 1HP2 
,)1(7,)2(6,)2(4)1(261 1 1 2 1 1HP3 
)�(n11 1 1 1 2 1HP4 
)2(5,)2(141 1 1 1 1 2HP5 
)1(611 1 1 1 1 3HP6 
)1(511 1 1 1 1 4HP7 
)2(222 2 1 1 1 1HP8 
)1(411 1 2 1 1 2HP9 
)2(621 1 1 2 2 1HP10 
)2(4,)1(131 1 1 2 1 2HP11 
)1(311 1 3 1 1 3HP12 
)1(212 2 1 1 2 1HP13 
)1(5,)1(121 1 2 1 2 2HP14 
)1(411 2 2 1 2 2HP15 
)1(312 1 2 2 1 3HP16 
)1(211 2 2 2 1 3HP17 
)1(411 2 3 1 2 2HP18 
)1(113 1 1 2 1 1HP19 
)1(113 1 1 1 1 2HP20 
)1(511 1 1 1 3 2HP21 
)1(111 3 2 1 2 2HP22 
)1(211 3 1 1 2 3HP23 
)2(321 1 3 1 1 2HP24 
)1(211 3 1 1 2 2HP25 
)1(711 3 1 3 2 1HP26 
)1(211 3 1 1 2 3HP27 
)1(213 3 1 1 2 3HP28 
)1(111 1 1 2 1 4HP29 
)1(511 1 1 1 2 4HP30 
)1(611 4 1 2 2 1HP31 
)1(511 3 4 1 2 2HP32 
)1(212 2 5 1 1 2HP33 
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Similarity of 58 isolates of Mycosphaerella graminicola collected from seven provinces of Iran
using Dice coefficient

Dice Coefficient
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6��!( ��R� P. A�1�� Mycosphaerella graminicola R� P. UV�%. A� o$�'. 

1 �(�2 �1 �� A8 01'�1 ^6� +UPGMA �$391 I��1 '� Y�1( A��4& _�': 6DNAA� ��� '�\�& d�8

 '3!�4!rep-PCR)��	'
+�ZNERIC1AR 62 BOX (=�1 ���('
 v��'& .

Fig 2. Dendrogram of similarity of 58 isolates of Mycosphaerella graminicola from different 
parts of Iran using rep-PCR markers (ERIC 1AR & BOX 2 primers) and UPGMA 
clustering method and Dice's similarity coefficient. 
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