
  

  

  هاي ايراني قارچ بررسي تنوع ژنتيكي جدايه

 Macrophomina phaseolina،عامل پوسيدگي ذغالي سويا ،  

  rep-PCRو  ISSRبا استفاده از نشانگرهاي  
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پوسيدگي عامل  ،Macrophomina phaseolinaهاي ايراني  تنوع ژنتيكي جدايهررسي به منظور ب

از اين قارچ جداسازي شده از مناطق عمده كشت سوياي ايران شامل  جدايه 24 ذغالي سويا،

با استفاده از دو روش مختلف انگشت نگاري  گلستان، مازندران، اردبيل و لرستان هاياستان

، سه آغازگر ISSRآغازگر  10از مجموع . مورد مطالعه قرار گرفتند rep-PCRو  ISSRمولكولي 

 ERIC 1R ،ERIC 2I ،BOX 1Aواجد چند شكلي و تكرار پذيري بيشتر بوده، به همراه آغازگرهاي 

اي مجموع دندروگرام حاصل از تجزيه خوشه .ها به كار رفتندجدايه DNAبراي تكثير  REP 2Iو 

درصد به سه گروه تقسيم نموده و به استثناي  58ا در سطح تشابه ها رجدايه ISSRآغازگرهاي 

هاي استان گلستان تفكيك هاي غير گلستان را از جدايهيك جدايه از استان اردبيل، ساير جدايه

ها را در سطح جدايه rep-PCRمجموع آغازگرهاي اي دندروگرام حاصل از تجزيه خوشه. كرد

ها ارتباط با محل جغرافيايي جدايهبندي بياين گروه. درصد به هفت گروه تقسيم نمود 59تشابه 

همبستگي . ها را تاييد كردبنديهاي اصلي نيز اين گروهنتايج حاصل از تجزيه به مولفه. بود

با يكديگر و به  rep-PCR و  ISSRهايهاي تشابه حاصل از دادهداري ميان ماتريسمثبت و معني

ميزان . نيكويي برازش خوشه بندي نيز در سطح بسيار خوب قرار گرفت. طور مجزا مشاهده شد

 91معادل  rep-PCR درصد و براي نشانگر 87معادل   ISSRچندشكلي بدست آمده براي نشانگر

كي نظير دهد كه با وجود خصوصيات مشترنتايج اين مطالعه نشان مي. درصد محاسبه گرديد

 ISSR، نشانگر rep-PCRو   ISSRنشانگرهايسيستم غالبيت، سادگي و سرعت عمل بالا در هر دو 

با توجه به محل  M. phaseolinaهاي قدرت بيشتري در آشكارسازي تنوع ژنتيكي جمعيت

  .ها داردجغرافيايي آن

 

  

  

  ژنتيك نوين

  1389 زپايي، 3 ، شمارهپنجمدوره 

  57-68 صفحه

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  ،پوسيدگي ذغالي

  ،سويا
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���� ��� ���� ��� ������ ��������� �� �

� �� ���� �!� �" #�$%��&��
 '(�)� �" *+���  �

,��� &��
��� ��� � -. ��� ,���� /01��2�� .� �"�, ����� 4� �

������ 1�� �"� �� 506 '(�)� ������� 7��8 9��&1 :��  ��

� ���� "��� #�$%� ���)6. :������ 7��; <��8Macrophomina 

phaseolina� =	 �>��8��� ?�@ �2�� � �A� �� BCDD 
 �,�
���� 

 �� '=EF�GDD /� �� �;� *"��,�1� *"�
. �� �H
�" � �H
� �)6)J.( 

��L�1 <��8 ��M� � "��� "��� �2��)NO .( �)��" �"�� *"�F&


:�,��4�� ��@��P� Q��� ��0F,� ���R� 9��8 �, � "��� �� 4

 S�1 T�%� �
��U�	 ���.��A�, V��� �A ������2 #�F)A

�� 5����� :"�2  �5�� �F1�� W,�P� �� ������ ��� ���� .� �

����������� ���� �),��� : :"�4A�1 ���  �" X��R� X�8�� �� *"�YF��

Y=�'� �� Z�� ��:�;��� � V��)� �"�$F8� :����  � ����

�=�; �� ������ ��� #�F)A *�� ���� �2�� . ��[)� �� :�F��� ��� �"

���,�� ����� � �����  5�E�� ��F1�� 51�)2 :�"�+)�� ���

 5���� �� 5���R� ������� 5
��� � 58" � �4������ 7��;

*+�� �,��"��1�� �� . :Q8�� �"�\" �� �]� �" '�@�� X�; *��; 7

������ 5����� ����
 ���:  ��F1�� �� S�,� 51�)2 �� �2�,

5�E�� �]�F,? �� �
����� ��� �2�� )O^ .(  

=;�� �)��" ����,��4� ���E�� :Q�5��� �� �,�
 5%� <��8 �

M. phaseolina � *"�" ���8����� 7��8 _�)� "��� �� � �,�2� 

E�� �" �6�5��� �� <��8 �Z`� :5�� *�2 Z��4
��� ��� 

a0��� b��,�
 ���� �)c� �� �.� � *���,��9�=������ :��

d�$1�P� :506 9���E�� �" ��5��� �� �" L�1 �" �
���

� �" _�)� � -��)� �� e��	������4��
" �� :��� _�)� 7� ���" Q

 �,�
�f�6 �" 9`�0� �� ��g,� 5&�2 �� 9�Yd �"�6�*��,� )h 

 �Ni.(  

���j,�0, �� *"�YF��� 
��
��� �)c� ��� DNA �� Z��� � �

���E� F,? _�)� 9�E
�!� �"��� ���� � �"��. 5����0)�  �"

	 ��F1�� "����U�E�� *��<��8 5��� =	�[, k���� � 

M. phaseolina ��� �)��" �6�E� 
 ���;��� ����� � *"�
. ���-

� :"�����2�� .���YF� _��,�� �� B)6�� ��� g,��*��� =	� ����

(PCR)  �=�� ��RAPD )J :l :Om  �N^( :RFLP )N :NJ  �im(: 

AFLP )^ :Ol  �iO (SSR )n  �ON ( �URP-PCR )Oi ( �"

F,? ��F1�� �E
�!���� E���5��� M. phaseolina �" :

����06� o=Fa� �F@� ��6 ���,�.  

 #�� ��OhhJ
��
�� �j,�0, :� ISSR (Inter-simple sequence 

repeat amplification) F,? 9�E
�!� �"��� <��8 ��� � 5@� ��6

)in.( � �"���� Z�� �� ��j, 50j,�� DNA ���. �����
� 

SSR P��� ��
��� p����� �F@����� � ���g��*������ 4 �" �6 ��

*�)6��	 X�,? ������,�: � *"�YF���"�2 . ���aF,� ���, Z�� ���

 � *"�����" �. ��������	� 
�(�  �� �����OJ  ��NN ��� 5Y� ) ��

 ���F,� �" *�2 -`8 9��d�i  ���n (���)2�� .q���� �" �� �

 ��rs �" :�j,�0,�
��� �� 7��� �
���. /���� SSR � �

Microsatellite � X�g,� :k���M	� #�( �" �=d�s _�)� � "�

�@.g,� B)6�� *"���*��� =	�E��� ����� ���s�� "��E� ��� 

�� 5�� *������4)iJ.(  

g,� B)6���*��� =	����� �)c� ��� 
�������  *�,�2 �����  

(rep-PCR)� ��j, 50j,� Z��� ��,?� "��j� .��6 �6 5���� 

��� �.� a0��
��
�� b� �,�
��� �F6������ "�
 9�ct�� *�

 5��)Nu  �ii .(*"��,�1��� 
������� DNA  �� *�,�2 �����

X�,��� 
���� 
�	�����)� ,? v��1 *�,�2 ������ (REP)� in  ��

Jm ��� 5Y��
��� :� R@���� ,? 71�" *�,�2 ������ 

�F6����F,����� (ERIC)� ONJ  ��ON^ ��� 5Y�� �$); � BOX 

OnJ ��� 5Y���,�
 X�,? ���" :��� �F6�� o=Fa��*�)6��	 ��-

�,� )On  �iN .( �>�
���
���.� rep-PCR ����  ����� �d�);

X�,? �" *�,�2��� ��6��	���� s��(� "�
� *�2 *���0� ��� :�,�

���
���. �6 5��� BOX :ERIC  �REP 
������� ��
��� ��-

��� ��6��	 �" *�,�2 ������9� ��)OJ (, ��1�� 4� X�,?��� 

>��8� R@�� �� �� ���q�� 5�� �� �))6)u (��� ��  �" _�)� �E
�!�

� w�!�� � �����" �x)� �,�
��� >��8� �F@� ��6 �� "�EF� �,�

)i :Oh :Nm  �NN .(��� �� :��rep-PCR �� y�Fc&, Z����� ���� 

                                                           
1 Repetitive Extragenic Palindrome- based Polymerase 
Chain Reaction  
2 Repetitive Extragenic Palindrome 
3 Enterobacterial Repetitive Intergenic Consensus  
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E���F,? _�)� ���� E�� �"�5��� >��8� �� � �6 �2��� �,���

Z����� 50j,� "������j,� )Fc��  ��DNA ��� ��� �)6 7

)OO .(�� ���j, 50j,� Z������ DNA q�� �� ���
��� ����� 

��H6 ����� @"�$� *�)6��	�  ��� �E!8 /DNA  �" *�,�2 �����

� :X�,?�� "�g��)6 .� �� *"�YF���, � �j,�0, �����
���. 4� 

��`���������� `c8 5� ����� F,? _�)���� ����� ��� �)�� 

M. phaseolina ������� 
 �� *�2� ���� *�2 Z��4
 o=Fa�

 5��)Nn.( ���� �� �z�s �E
�!�� F,? _�)���� �������� 

��,��� M. phaseolina ��� �����. Q�� :��  �� *�2Jl  7%�

 o=Fa�J �� :��06 ��F�� 
��
�� �j,�0, �" �� *"�YF���  o=Fa�

ISSR  �rep-PCR ��"��"�	.  
  

  

����� �>��8 ���  

 �" #�� �" �A ������"���Oiln ��F�� �" ���� _��4� �� ��� 

�"�� :����,��� :��F&=
���, :��. 7�; �� ��F��
 � 7�,  ���

 �� S�]0���	 �������
�� 
���� 
"��+	 �{`; ���  "��� �

� |�R,�*� 
 �8�� � �8�( �" },��Q�� *� ��.�  �� � *�2

���.�"�
 7RF)� *�j0��,� .�,��, ���  *"�
. -. �� ỳ ��6 ��F��

\ � 7
 �� �,�2 *"�" �0F&2� 
"�
. �� ��� %!�� �.  ��

�,�2 kMs .� �� xH���=6�H��� 5�,�Y;�z �d�" ~� �� 

"�
�~F0� ���" *"�
. 5@�� �� ���E!8 � *�  ��� ��F	 ���

%��*��$; �� ��
. -. 50A T  ��
. ���F&A" �)��� V�� �

(PDA)  ���sNnm � �" 5�&8�=� ��(ppm)  ���8 7]�)Y���=A

�2 *"�" .~F0� :<��8 �2� ��[)� �� ��" �" ��F	 ����C ˚ in� 

Nl ����j,� �,�2 .b
�1 ���� ����� � L�, Z�� �� ����& 

5@�
 X�g,� . _��g� ���� ���� �M. phaseolina  *��. 5�" ��


 ����� *�� :��� ����@��P� B)6��	 �� ���� �� �����  � -�aF,�

 �)F@� ��6 �� �z�s �E
�!� �")#���G .(  
  

 v��aF��DNA ���,?  

DNA ��,?� �������� >��8� �Yd Z�� '��!���  ������� �

)OilJ ("�
 v��aF��� �)O .( :��[)� ��� ��mg nm�Jm ��=&� X�

, �" <��8 *�2 �"�	��� �?��F� �� Q�� /������ -�ml n/O 

 xH� � 7RF)� µlJmm  �@�� v��aF��)mMOmm Tris-HCl :mM 

n EDTA  �MO/J NaCl ([pH=7.5-8]  �@�z� -�����]�� �� ��

��"�
 .�F%��� 9������� x���� *�jF�" T��� -�(vortex)  ��

,�t �)> 9���"�
 |�=a� ỳ ��6 � �2 *"� �� ��� .-�����]��  ��

 9�� �� xH�On 8"��. X��s �" �R� ���" ��˚C un  *"�" ���8

�,�2 .� #�RF,� �� x	������-��� �� ��� � "�� ��[)� �� :e

0, �� � ��2�����	 7��6 ��2 ���=	 � ��� ��6����F%� :���� 9�

������� 5;�� �� -�Ommm 8" �" ��"���" �" �R�˚C  J  �� �

 9��Om 8"��F,�� *�jF�" �" :�R� ?�Y�#�Ua��"  

(64R, Beckman) �F,����2 ?�Y .�� #�=%��� Fs� ���|� �� �� "�

� /�6�	����� �� 5H�������� -��" ���F� � 4��j�  7RF)�

 � *�2^/m � �. �gs�"�
 �@�z� #�,�	��	�4�� .������� �� -�

���.� �F%� �� �2 �,����� �" xH� � ""�
 |�=a� �. 9�

�F,�� *�jF�"� ���� ?�Y� #�Ua(Eppendorph 5415D, 

Hamburg, Germany) 9�� �� :On 8"�5;�� �� �R Ommm  ��"

8" �"��F,�� �R��2 ?�Y .� kMs �� x	� #�,�	��	�4)�� ��@��( :

��� ��E� �" 7d�s -���� 8�� �� 5@�
 ���8 ����� 7�
� *�,��

ac�� -��� � �DNA ""�
 /01 ��� 9���g� �" . xH�µlnm 

" -.�,�� -��� �� ���F� *4DNA  � �@�z�� �" V2 /� #�Ua

����j,�  �� �2DNA "�
 7s -. �"" . ��[)� �� � ���"� �"

 kMsRNA  :"������ /�
���� �FRNase mg/ml)Om ( ��

"�
 �@�z� 7d�s #�=%�� �� x	 � �N  �" �F@�
 ���8 5;��

��"� ��" �" *��. 5�" �� #�=%� :�����˚C Nm- ����j,� �2 .

6�Y� 5DNA �� �� *�2 v��aF��� �. 5[=� � ���@��F�
� �=

� *�jF�" T���� �F��F@�(Eppendorph AG 22331, Hamburg, 

Germany) 5@�
 ���8 Bg)� "���.  
  

 ��q��PCR #? ���@��F�
� �  

� ����
���. *" ��ISSR  �� :�)F@�
 ���8 ����. "��� �F��R� �A

M	 ����� �
���.��� =�2�)> �� ���F0� �,"�" ��0, �� . �"

F,����
���. *���� �� �
���. �� ��� �g� ERIC1R :ERIC2I :

BOX1A  �REP2I ���� q���=6 ����� ��� ���8 *"�YF�� "��� ��

 �)F@�
)#���N.(  

��� � �	
� ��  
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 #���G� ����� 9�$a0� ���M. phaseolina Q�� ���� �
��� �
����	 7��;��06 ��F�� ���> �� *�2 ���.  

"��o ��. Q�� 7%�� ��� �6�� "��o ��. Q�� 7%�� ��� �6�� 

O �6"�6�� ��F&=
  G-13* Nn j0Y6���� ��F&=
 G-Ka3 

N `8 �.� ��F&=
 G-16* Nu j0Y6���� ��F&=
 G-Ka4 

i � ��1��� ��F&=
 G-19* N^ j0Y6���� ��F&=
 G-Ka5* 

J "��. ��8� ��F&=
 G-20* Nl /&�
� ��F&=
 G-Lm1 

n &s�"��. �� ��F&=
 G-21* Nh /&�
� ��F&=
 G-Lm2* 

u "��. �!;� ��F&=
 G-22* im /&�
� ��F&=
 G-Lm3 

^ =;� "��.� ��F&=
 G-23* iO /&�
� ��F&=
 G-Lm4 

l �&=���� ����,��� M-30* iN /&�
� ��F&=
 G-Lm5* 

h �F0
�� ��F��
 L-Al* ii "��. �$,� ��F&=
 G-NA1* 

Om "��.�YE�� �"���7 A-Ja1* iJ "��. �$,� ��F&=
 G-NA2 

OO "��.�YE�� �"���7 A-Ja2* in "��. �$,� ��F&=
 G-NA3 

ON *"��\��� ��F&=
 G-Bj1* iu "��. �$,� ��F&=
 G-NA4 

Oi *"��\��� ��F&=
 G-Bj2 i^ "��. �$,� ��F&=
 G-NA5 

OJ *"��\��� ��F&=
 G-Bj3 il ��`6 ��� ��F&=
 G-Sk1* 

On *"��\��� ��F&=
 G-Bj4* ih ��`6 ��� ��F&=
 G-Sk2 

Ou *"��\��� ��F&=
 G-Bj5 Jm ��`6 ��� ��F&=
 G-Sk3 

O^ ��P�� �"���7 A-Mo* JO ��`6 ��� ��F&=
 G-Sk4 

Ol �=%� ��)=8� ��F&=
 G-Gm1 JN ����� ���� ��F&=
 G-Sm1* 

Oh �=%� ��)=8� ��F&=
 G-Gm2* Ji ��������� ��F&=
 G-Sm2 

Nm �=%� ��)=8� ��F&=
 G-Gm3 JJ ��������� ��F&=
 G-Sm3* 

NO �=%� ��)=8� ��F&=
 G-Gm4 Jn ��������� ��F&=
 G-Sm4 

NN �=%� ��)=8� ��F&=
 G-Gm5 Ju ��F&�������F&=
 G-Tu1* 

Ni j0Y6���� ��F&=
 G-Ka1* J^ ��F&�������F&=
 G-Tu2 

NJ j0Y6���� ��F&=
 G-Ka2 Jl ��F&�������F&=
 G-Tu3 

  يكيدر مطالعه تنوع ژنت ي استفاده شدههاهيجدا *            
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���� ��	�
/ ��
�����/������/����� ����  ��  

 

 #����� 
���� ���
���. 76�  ISSR �rep-PCR *�2 ����..  


���� �
���. �j,�0,  

5`-ACTGACTGACTGACTG-3` ISSR02*  
5`-CACCACCACCACCAC-3` ISSR10  

5`-TCTCTCTCTCTCTCTCC-3` P1  
5`-GCG(CGA)5-3` P4* 

ISSR 5`-ACACACACACACACACYC-3` P5 
5`-GAGAGAGAGAGAGAGAYG-3` P6 
5`-BDBACAACAACAACAACA-3` Stag1  

5`-CAACAACAACAACAA-3` Stag2  
  5`-CAGCAGCAGCAGCAG-3` Stag3  

5`-(GTC)7-3` PCMS*  
     

5`-ATGTAAGCTCCTGGGGATTCAC-3` ERIC 1R* 

rep-PCR  5`-AAGTAAGTGACTGGGGTGAGCG-3` ERIC 2I*  
5`-CTACGGCAAGGCGACGCTGACG-3` BOX 1A*  

5`-ICGICTTATCIGGCCTAC-3` REP 2I*  
* ���
���.�� M	 ����� �6��� =�2�)> �� ���F0� ��� � �F2�"� =6���� ����,�2 *"�YF�� ��. 

  

���� ���
���.� ISSR  B)6��PCR  B)6�� �gs �"µl Nm 

���� ��� ��� 7��2 �µl N �� �@�� PCR ХOm: µl n/Oi  -.

"�,��:���F� *4 µl u/m) MgCl2  mM nm(: µl J/mmix  dNTP 

mM) Om(: µl O  �� ��� �� /�
���.�� )µM Om( :n/N  �s��

4,.�� DNA polymerase Taq   �µl N �� DNA  �,��, )ng/µl 

Nm( 5@�
 9��d .���� Y)� #�F)6� µl N " -.�,�� �� ���F� *4

��� DNA �,��, "�
 k�$��� .q��� �PCR  *�jF�" �"

������� �=�(Eppendorph AG 22331, Hamburg, Germany) 

���� ���
���.� ISSR02  �P4  9��d �������R� �1�> /� 

�����R� �jF2���� 7s��� 7��2 n  �" �R�8"˚C hn #�$�� :

����R�� Jn  �" ��,�t˚C Jn����R� Z�F&
 :� �~ 8"��R �"  

 ˚C ^N ����� �. #�c," �� :il  �jF2���� 7s��� 7��2 �1�>Jn 

,�t��" �˚C hn #�$�� :Jn ,�t� �" �˚C nm Z�F&
 :�~ 8"��R  �"

˚C ^N �	 �" �� �=s�� :����, Z�F&
� �Om  �" �R�8"˚C ^N 

5@�
 9��d. ����  �
���.PCMS ��"�  �� �1�> �" #�$��˚C 

u^ a0� V��)���2 *"�" b.  

���� ���
���.� rep-PCR  |�=a� �" *"�YF�� "��� "��� � �gs

 �),��� B)6��ISSR "�� . ���,��PCR ���� ���
���.�ERIC   ��

�����R� �jF2���� �=s�� 9��dN  �" �R�8"˚C hn xH� :

 �����in �jF2���� �=s�� 7��2 �1�> �R�8" ~�  �"˚C hJ :

#�$�� �=s�� n/O �R�8"  �"˚C ni�=s�� :  Z�F&
 �R�8" �" �" 

˚C ^N �	 �" �� �=s�� ����, Z�F&
� �l  �" �R�8"˚C ^N 

5@�
 9��d.  

 ���,��PCR ����  �
���.BOX1A  9��d ��� �1�> /

����R��  �����R� �jF2���� 7s��� 7��2n  �" �R�8"˚C hJ :

����R� #�$��� N 8"��R  �"˚C ul: ����R� Z�F&
� N 8"��R �" 

˚C ^m  ����� xH� �JJ  �jF2���� 7s��� 7��2 �1�>�~ 

8"��" �R˚C hJ #�$�� :O 8"� �" �R˚C um Z�F&
 :N 8"��R  �"˚C 

^m �	 �" �� �� Z�F&
��,� �Om  �" �R�8"˚C ^m 5@�
 9��d.  

 ���,�� PCR����  �
���. REP2I 9��d ��N 8"��R  �"˚C hn :

im ,�t� �" � ˚C hN ����� xH� � :in  7s��� 7��2 �1�>

 �jF2����im ,�t� �" �˚C hN #�$�� :im ,�t� �" �˚C il :

 Z�F&
i 8"��R � ��,�t 5&� �" �˚C ul �	 �" �� �� Z�F&


��,�� l 8"��R  �"˚C ul 5@�
 9��d.  

 9\�$%� ���@��F�
�PCR  5��t ?�F
� 9�2 �� :"��� �� �"ln 

 ���
. #? �" :5
� ~��@�� �" �d�" 1Х TBE �2 X�g,� .��� 5

���,��� �� �� *"�YF�� �� :7d�s�������� X�� �)µg/ml O ( 5%� �

 ��,UV M	 X�g,��5@�.  
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�� ���� ��	�
/ ��
�����/������/����� ����  

 

*"�" 7�=%� � ��4g���  

� �� ���� ������j,�0, ��)� � �" �F@� �����R%� �� �4� '

���j,�0,� � V
���&Y� :Z�� �" �� �" :�)2��� "��� �� #? �

)O (� "��� X�; �)m (F�� �,������"� �2 .4g���2�1 ���  ��

 Z�� �� *"�YF���UPGMA�z :� ��4@� X�, � "��6�� ���0� V
�NTSYS-pc (ver.2.1) )Nh (5@�
 9��d .����  *���0�

� 7d��@���� ����E� �" 9��d �� ���
�,. �� :�4g� 4� �� �

�Y
����� =d�� �)� �2�1 Z�� 7��� ���); ��� ��� �� E��� �

jF&c��� ������ ��x��� 4g� �� 7d�s ���0��*"�" � �� :��

 �2 *"�YF�� 7F,�� ����.)Ou .(����� jF&c��� ������ �� x

F)@�6����� � /� ���0� x� ��z �=d�@�F)@�6 V�, /� ���); �� 4

E����� ���� 
 *���,���� ,����� �)� �2�1 Z����� 

(Goodness of fit)  5@�
 ���8 *"�YF�� "���)Nh.(  
  

  

���j, 50j,� 7�=%� � ��4g� ���,? ���ISSR  

� ����
���. *" ��ISSR  �
���. �� "��E� :*�2 ����.ISSR02 :

PCMS  �P4 M	 �������� =�2�)> �� ���F0�  � *"�" ��0, ��

F, �"���� �g� =6���� ��� �,�2 *"�YF�� ��)7�2O .( "��E�

���,��� 
��� '��!� ��,. *"��%� � �
���. �� T��� *�2 �

#���i ���2�� .�F,�4g� �� 7d�s W�=%� � �� _��g� 7

���j
�� �,��� ���
���. _��g� �� 7d�s� ISSR ����� �� ��

0� �!� �" ���nl &R� *��
 �� �� �d�"�"��, � . �" 9`	

�E�� 4g� �� 7d�s�=d� 9�$Fa� �� �� ,��� 4��� �� V=!� �

�� �2��)7�2N.(  

��� #�� *��
� ����,��� �)J ��� �d�"����( �" X�" *��
 :

�����"�� �� ����� *���� �� 7� ��F��
 �)Oi ��� �d�"���� ( �

��� 76 X�� *��
�����  ��F&=
)Oh ����� ( ����� /� �� �

�"��� 7)li ��� �d�"�� �� (5@�
�� �" �� .����)�� �� *"�YF�� �� �

���)qF�� �� :�j,�0, �� ���� �A-Mo �"�� ��F�� ����� :7� �

                                                           
4 Unweighted pair-group method 
5 Numerical Taxonomy and Multivariate Analysis System 
Version 2.1 

�������� ����� �� ��F&=
 ��F�� ������ �Y� ��F&=
 ��F��� /

"�
��,�.  

���j
� _��g� ��� �,��� ISSR :Jl ���,? *�j�  �6 �2 7d�s

�� B2�,? *�j� ���, � *"�� 7�2 /� �Fl^ =�2�)> �d�"� 

�,"�" ��0, .���F0��� ��,? *�j�  �
���. T��� 7�2�)>P4 )Ol 

���,? *�j� (�F�6 �� �
���. T��� �. �ISSR02 )h ��� *�j

,?� (�2 7d�s .� �"�� �� �
���. ��)� ���
���. �P4 ��)� ���� 

�Y� �� �"�8� /��� 7��6���)c� �� ��� @��P� �0)����� "�� .

���F0��z p��� �� ���0� ��� �" :"��6�� V���� �" ��� �G-21 

 �G-19  ������ � �jG-Sm3  �G-Na1  ������ �� �jOmm  �d�"

� � ���0���F0�F,? �=d�@ ���� � �"���� ����� �� ����,��� �� �

����� �� ��im �2 *���0� ���0� �d�" .  
  

���j, 50j,� 7�=%� � ��4g����,? ���rep-PCR   

���
���.� ERIC 1R :ERIC 2I :BOX 1A  �REP 2I  �� �"�8

�����j
� "�g� �,��� M	 ����� � 7�2�)>���� �� ��������  

 M. phaseolina F, �" � *"������ �g� =6���� ��� *"�YF�� ��

 �,�2)7�2�.( ���,�� "��E�� 
��� �� T��� *�2 � � �
���.

#��� '��!� ��,. *"��%�i ���2�� .�F,�4g� �� 7d�s W� � �

=%�����j
� 7� �,��� ���
���. _��g� �� 7d�s� rep-PCR 

����� ���0� �!� �" �� ��C� &R� *��
 5Y� �� �d�"�"��, � .

�E� �" 9`	� 4g� �� 7d�s�=d� 9�$Fa� �� �� ,��� 4� �

���� V=!� ���2�� )7�2� .(  

 *��
��� #��� ����,��� �)� ��� �d�"����( X�" *��
 :� /

���� ��F&=
 �)� ��� �d�"����(��� �" X�� *��
 :��"�� �� � 7

���� /� ��F&=
 �)G� ��� �d�"�� ��( ���> X���> *��
 :

���� ��F&=
 �)G� ��� �d�"����(��� �g)	 *��
 :� ��F��
 �)� 

��� �d�"�� ��( �02 *��
 :���� /��� ��"� 7)� ��� �d�"��-

�� ( �FY� *��
 �G� ���� ��F&=
 �)C� ��� �d�"�� �� ( �" ��

5@�
��.  

���j
� _��g� ��� �,��� rep-PCR :C� ���,? *�j�  �2 7d�s

 �6C ���,? *�j� ���, � *"�� 7�2 /� �F�G =�2�)> �d�"� 

�,"�" ��0, .���F0��� ��,? *�j�  �
���. T��� 7�2�)>  

REP 2I )G� ���,? *�j� (�2 7d�s .���F0� p��� �� ���0� �


����  
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���� ��	�
/ ��
�����/������/����� ����  �!  

 

�z�� �" :"��6�� V���� ������� G-Ka1  �G-Ka5  ���0� ��

F,?��� �� � � �d�"��F0�F,? �=d�@ ���� � �"���� ��� �

�� �� ����,������� ��� ��) ���� ���0� �d�" (�2 *���0� .�� �

@��P� ��%
 �� �j,�0,���� �Y� �� �"�8���� /�� ��"�c,.  
  

x����� �&��R�7F,�� ����. � ��  

��jF&c�� ��4� ������ ��x��� *"�" �� 7d�s ���0���� ISSR 

 �rep-PCR  ������ 7F,�� ����. �� *"�YF�� �� �4g� ��!� � �j

E���"�
 ��jF&c�� 9\�s X��� �" �6 �� )E� � 5cq��"�� ��" .

,����� �2�1 Z�����)�� ���� ��� ���0� x)�z� VF)@�6�/ (

)#���J (���� *"�"���  �� 7d�sISSR &� �!� �"� -�1 ��  

)r ≤ h/m(��� :� *"�"���  �� 7d�srep-PCR  -�1 �!� �"

)h/m ≤ r ≤ l/m (��� �� Y=��*"�" '���  �
���. �" �� �� 7d�s

,�&� �!� �" 4���� -�1 ������ "�
��. 

  

#���i� ���,�� *"��%� � "��E�� 
������
���. T��� *�2 �� ���� "����. 

�
���.  ���,�� _��g�  ���,�� "��E�� 7�2�)>  ���,�� *"��%�  
ISSR02 Oln  OOi  Nnm  ��Nmmm��� 5Y�  

P4 Onl  Onl   �� �F�6Nnm  ��Nnmm ��� 5Y�  
PCMS Num  Oll  nmm  ��Jmmm��� 5Y�  

 76ISSR  umi  Jnh   �� �F�6Nnm  �� ��Jmmm��� 5Y�  
ERIC 1R OJh  ONn  immm�Nnm ��� 5Y�  
ERIC 2I NmO  ONh  Nnmm�Nnm ��� 5Y�  
BOX 1A Oim  Oim  immm�nmm ��� 5Y�  

REP 2I OuJ  OJm  Nnm � ��� �� BOmmmm ��� 5Y�  

 76rep-PCR uJJ  nNJ  Nnm � ��� �� BOmmmm ��� 5Y�  
  

#���J� �F,� 7F,�� ����. W)Ommm��	 �c������� �05&�(  
ISSR+ rep-PCR rep-PCR ISSR  

hO/m r = 

mmN/m p= 

lN/m r = 

mmN/m p= 

hJ/m r = 

mmN/m p= 

jF&c��� ������ �� � "��6�� ���0� x

�����F)@�6 x��. �� 7d�s / 

  

  

  

  

  

  

  

  

7�2O� �j
�� �,���  �� 7d�s�� ���� VaF)� �M. phaseolina �
���. �� *"�YF�� �� P4. M :
��
�� �j,�0,� 1Kb :NC :Y)� #�F)6�. 

١٠٠٠٠ -

٢�٠٠ -

٢٠٠٠ -

١�٠٠ -

١٠٠٠ -

٧�٠ -

�٠٠ -

٢�٠ -
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�" ���� ��	�
/ ��
�����/������/����� ����  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

7�2N� ��� X��
���,"� Z�� p��� �� *�2 �UPGMA ���� �� ���� VaF)� �M. phaseolina  Y=� �� *"�YF�� ���*"�" '���  �� 7d�s

���j
�� �,��� ISSR �E� �" 9`	 �� 4g� �� 7d�s�=d� 9�$Fa� �� �� ���� Z�� ������0� x "��6��.  

  

  

  

  

  

  

  

  

  

 7�2�� �j
�� �,���  �� 7d�s�� ���� VaF)� �M. phaseolina �
���. �� *"�YF�� ��1R  ERIC  

M : �j,�0,
��
��� 1Kb :NC :Y)� #�F)6�.  

Coefficient
0.30 0.47 0.65 0.82 1.00

          

 G-13 
 G-20 
 G-22 
 G-Bj1 
 G-Bj4 
 G-16 
 A-Mo 
 G-Gm2 
 G-Ka1 
 G-Ka5 
 G-Lm2 
 G-Sk1 
 G-Lm5 
 G-Tu1 
 G-19 
 G-21 
 G-23 
 G-Na1 
 G-Sm3 
 G-Sm1 
 L-Al 
 A-Ja1 
 A-Ja2 
 M-30 

١٠٠٠٠ -

٣٠٠٠ -

٢�٠٠ -

٢٠٠٠ -

١�٠٠ -

١٠٠٠ -

٧�٠ –

�٠٠ -

٢�٠ -

bp 
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� �z�� ỳ ��6 ��( �� �)F&,��F, �j,�0,�*��
 ���� E��)�  �� ��

�)c�� @��P� �0)����� �,��� ���2. .�)c� �� :#�s ��� ��� 

 �� *��. 5�" �� X��
���,"�j,�0,ISSR  �� �6 "�6 |�c)F�� ����

��� �s �� Z�� ��"�� �Y� �� �"�8���� /����� �� ��F�� �

��� �� ��F&=
����� � ��F&=
 ��F����2�� .  

�[s`� 7��8 _�)� �z�s �E
�!��� ��"���� ������� ����� 

M. phaseolina a0��� ��z :"�" b�1�� ��)� ����� �� �� ��

 �� Z�� �"�����F�" �j�)�� �)� �F�" � *�2� 1��� "� �� �j

������ �" ��� �� Z�� �" �����"�� 9��YF� �j .����� *��
��� 

�0���� �� *�2 7� �=���j, 50j,� "�Y)� Z�� /� �����, �� -

� �� :�,�2�
" �����
���. �6 7� Y=Fa� '(�)� o=Fa��  X�,? ��

*"�" ���8 k�� �� F,? _�)� ���� Y=Fa� 7�2 �� ��� � ��0,� -

�)�" .�)� *��
� ��� 9��YF���� �� *"�YF�� �� ��� �" �j,�0, �" �

�6��	 9�E
�!��, ������� � �F��� "�� *�2 *���0� 4)�C.(  

*��
�)�� ��������� @��P� �0)� ������  �� �� ��")��� `q�� �

��� �� ��F��
����� �"���Z�� �" 7ISSR  ���� �� �A-Mo  ��

�"������ �� 7����� Z�� �" �� �" ��F&=
 ( ������� �j� �,���

2�,� � #�RF,� ����( �� �
����� �� �6 �2�� �M� '���� "�g������ 

�j
� ��� ��g,� ��06 �!� �" �� �� ��" '(�)� �" ���0�� *�

5�� .��� BR, �M� T��� #�RF,�� ��� �"�@��P� Q���� 

M. phaseolina ����  *"�6)� (\�� �!� �� \��Fs� ��  _�)�

F,?��� � �" *�2 *���0����� ����� �" ��� *"�6 /�6 �E
�!� �

5�� .  

�F,�� W�R%� ��� ��0, '� �6 ��"F,? _�)���� ���� �" Q� �,�
 �

=	 <��8�� �" ��)� �, k������� ������ �����4 '(�)� � ��

@��P����� E�� ���" �" ��=� :�4g��5��� ��������  Q��

��.�  �� *�2�� /�
 ���4���� Fs ��  �"� �R!)� /) `q�

�������� ����� ��F&=
 ��F�� �" ���Sm (,�" 4�� *��"�2 .


�E@�����H&,��� 5����� ��, � ���\�� ��� ��`�������5 ��

��F,? _�)� �" �,������ ���� �� *�2 "�g� �=6���,�c� &)� �c2� 

�� �2�� �t�� � ��� <��8 �)Nn .(� �� ���� ��� ��)

��9�=������ X��� �� ��� "�Y)� #�=� /�6�� �� �� #�=� �" V

� �"��0� ���g� o�� 7�6�� :�,"�
�� V�#�=� ���� ���0� 

����6��F� �,������6���, � *"�" 7�2 �� ���c� &)� �c2� �� �

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
84

43
9.

13
89

.5
.3

.6
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

g.
ge

ne
tic

s.
ir

 o
n 

20
25

-1
0-

29
 ]

 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.20084439.1389.5.3.6.1
http://mg.genetics.ir/article-1-1018-fa.html


 ...Macrophomina phaseolinaهاي ايراني قارچ  بررسي تنوع ژنتيكي جدايه                                 عباسيجلالي، ناصر صفايي، سعيد  فرناز  

  

���� ��	�
/ ��
�����/������/����� ����  �#  

 

�?���  ��" �� �F&�)l .(� _��g��� 9��, ��z�@ �� �6 �� �


��&�����	� �&(parasexualism) ,�� 4�
��Fs� Qc)� �,���� 
��� �

��,?����� ����R� :""�
 -�&%� ��� 5� �)6)Nn .(  

���� 7��8 9�;`(� �z�s �E
�!�� F,? _�)� �� �!��� �"���  �"

�������� ��,��� ����� M. phaseolina ��  �j,�0, �" /�6


��
��� o=Fa� rep-PCR  �ISSR "��. ����@ .����  �2��

� �F1���6���, ��4�c� E�� �"�5��� ���,��, <��8 ���"��� 

���� �!� �" � �F0�Q��� 5�� X�\ .�F,�� W� "�" ��0, �E
�!� �

� �6� �" _�)� ��4M. phaseolina 5�� \�� �Fc&, . "��� �"

���
���� @��	�� ���� �6�F,? _�)� :5�� V=( 5d�@ � 5��� 

c( �" �. ��R� �� \���� /�6 5E��)6 .������� F,? _�)���� 

�������� ��,��� M. phaseolina  ��F1�� L�" �" #�� �=s��

E���� 5���	 7��; �
����
�� 
���� �� � �[, �� � �2���  ���

� ��( ���F8� *+� Y�����. �� �6 5�� ��9�0in vitro  �in planta 

)���. �=�� ���� B������4�� �������&s � ���9��=6 �� 5 (,� 4

6���""�
 V.  

  

  

O.  X�". � :w �����s� :_ ���E� :_ *"�4�=; :� ���Yd

�)G��� (5�E�� ���F,? _�)� ����� � �
��
�� b�a0� ���

 �,����Fusarium graminearum  �=g� :X�)
 �=c)� 5�`� 7��;

������Z :����
 ����G�G���G�G. 

2. Almeida A M R, Abdelnoor R V, Arias C A A, 
Carvalho V P, Jacoud-Filho D S, Marin S R R, Benato L 
C, Pinto M C, and Carvalho C G P (2003) Genotypic 
diversity among Brazilian isolates of Macrophomina 
phaseolina revealed by RAPD. Fitopatologia Brasileira, 
28: 279-285. 
3. Arruda M C C, Miller R N G, Ferreira M A S V, 
and Felipe M S S (2003) Comparison of Crinipellis 
perniciosa isolates from Brazil by ERIC repetitive element 
sequence based PCR genomic fingerprinting. Plant 
Pathology, 52: 236–244. 
4. Babu B K, Reddy S S, Yadav M K, Sukumar M, 
Mishra V, Saxena A K, and Arora D K (2010) Genetic 
diversity of Macrophomina phaseolina isolates from 
certain agro-climatic regions of India by using RAPD 
markers. Indian Journal of Microbiology (In Press). 
5. Baired R E, Wadi P A, Allen T, McNeill D, 
Wang X, Moulton J K, Rinehart T A, Abbas H K, Shier T, 
and Trigiano R N (2010) Variability of United States 
isolates of Macrophomina phaseolina based on simple 

sequence repeats and cross genus transferability to related 
genera within Botryosphaeriaceae. Mycopathologia (In 
Press). 
6. Van Belkum A, Scherer S, Van Alphen L, and 
Verbrugh H (1998) Short sequence DNA repeats in 
prokaryotic genomes. Microbiology and Molecular 
Biology Review, 62: 275–293. 
7. Brooker N, Lord J R, Long J, and Jayawardhana 
A (2008) AFLP analysis of genetic diversity in charcoal 
rot fungal populations impacted by crop rotations. 
Communications in Agriculturel and Applied Biological 
Sciences, 73: 7-19.  
8. Das I K, Fakrudin B, and Arora D K (2008) 
RAPD cluster analysis and chlorate sensitivity of some 
indian isolates Macrophomina phaseolina from sorghum 
and their relationship with pathogenicity. Microbial 
Research, 163: 215-224. 
9. Dhingra O D, and Sinclair J B (1972) Variation 
among isolates of Macrophomina phaseoli (Rhizoctonia 
bataticola) from the same soybean plant. (Abstr.) 
Phytopathology, 62(suppl.): S1108. 
10. Ganeshamoorthi P, Anand T, Saravanan A, 
Prakasam V, Chandarmohan N, and Ragupathi N (2010) 
Cultural and genetic variability in Macrophomina 
phaseolina (Tassi.) Goid. And incidence of Mulberry root 
rot. Archives of Phytopathology and Plant Protection, 43: 
123-132. 
11. George M L C, Nelson R J, Ziegler R S, and 
Leung H (1998) Rapid population analysis of 
Magnaporthe grisea by using rep-PCR and endogenous 
repetitive DNA sequences. Phytopathology, 88: 223–229. 
12. Jana T, Sharma T R, and Singh N K (2005a) 
SSR-based detection of genetic variability in the charcoal 
root rot pathogen Macrophomina phaseolina. Mycological 
Research, 109: 81-86.  
13. Jana T K, Singh N K, and Sharma T R (2005b) 
Genetic differentiation of charcoal rot pathogen, 
Macrophomina phaseolina, into specific groups using 
URP-PCR. Canadian Journal of Microbiology, 51: 159-
164. 
14. Kaur B, Purkayastha S, Dilbaghi N, and 
Chaudhury A (2005) Characterization of Xanthomonas 
axonopodis pv. cyamopsidis, the bacterial blight pathogen 
of clusterbean, using PCR-based molecular markers. 
Journal of Phytopathology, 153: 470–479. 
15. Lupski J R, and Weinstock G M (1992) Short 
interspersed repetitive DNA sequences in prokaryotic 
genomes. Journal of Bacteriology, 174: 4525–4529. 
16. Mantel N (1967) The detection of disease 
clustering and a generalized regression approach. Cancer 
Researches, 27: 209-220. 
17. Martin F N, and English J T (1997) Population 
genetics of soilborne fungal plant pathogens 
(Introduction). Phytopathology, 87: 446-447.  
18. Mayek-Peres N, Lopes Castaneda C, Gonzalez-
Chavira M, Garcia-Espinosa R, Acosta-Gallegos J A, 
Martines-De Ia Vega O, and Simpson J (2001) Variability 
of Mexican isolates of Macrophomina phaseolina based  

����� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
84

43
9.

13
89

.5
.3

.6
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

g.
ge

ne
tic

s.
ir

 o
n 

20
25

-1
0-

29
 ]

 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.20084439.1389.5.3.6.1
http://mg.genetics.ir/article-1-1018-fa.html


 جلالي، ناصر صفايي، سعيد عباسي فرناز                                       ...Macrophomina phaseolinaهاي ايراني قارچ  بررسي تنوع ژنتيكي جدايه   

  

�� ���� ��	�
/ ��
�����/������/����� ����  

 

on pathogenic and AFLP genotype. Physiological and 
Molecular, Plant Pathology, 59: 257-263.  
19. McDonald J G, Wong E, and White G P (2000) 
Differentiation of Tilletia species by rep-PCR genomic 
fingerprinting. PlantDisease, 84: 1121–1125. 
20. Mehta A, Mehta Y R, and Rosato Y B (2002) 
ERIC and REP-PCR banding patterns and sequence 
analysis of the internal transcribed spacer of rDNA of 
Stemphylium solani isolates from cotton. Current 
Microbiology, 44: 323–328. 
21. Ndiaye M (2007) Ecology and management of 
charcoal rot (Macrophomina phaseolina) on cowpea in the 
sahel. PhD Thesis Wagening University, the Netherland, 
PP114. 
22. Palencia E R, Klich M A, Glenn A E, and Bacon 
C W (2009) Use of rep-PCR system to predict species in 
the Aspergillus section Nigri. Journal of Microbiology 
Methods, 79: 1-7  
23. Pearson C A S, Leslie J F, and Schwenk F W 
(1986) Variable chlorate resistance in Macrophomina 
phaseolina from corn, soybean, and soil. Phytopathology, 
76: 646-649. 
24. Purkayastha S, Kaur B, Dilbaghi N, and 
Chaudhury A (2006) Characterization of Macrophomina 
phaseolina, the charcoal rot pathogen of clusterbean, using 
conventional techniques and PCR-based molecular 
markers. Plant Pathology, 55: 106-116.    
25. Purkayastha S, Kaur B, Arora P, Bisyer I, 
Dilbaghi N, and Chaudhury A (2008) Molecular 
genotyping of Macrophomina phaseolina isolates: 
Comparsion of microsatellite primed PCR and repetitive 
element sequence-based PCR. Journal of Phytopathology, 
156: 372-381. 
26. Rademaker J L W, and deBruijn F J (1997) 
Characterization and classification of microbes by rep-
PCR genomic fingerprinting and computer assisted pattern 
analysis. In: Caetano-Anolles, G, Gressho, P. M. (eds), 
DNA Markers: Protocols, Applications and Overviews. 
New York, NY, USA, Wiley. 
27. Rajkumar Bashasab f, and Kuruvinashetti M S 
(2007) Genetic variability of sorghum charcoal rot 
pathogen(Macrophomina phaseolina) assessed by random 
DNA markers. The Plant Pathology Journal, 23: 45-50. 
28. Reyes-Franco M C, Hernandez-Delgado S, Beas-
Fernandes R, Medina-Fernandes M, Simpson J, and 
Mayek-Perez N (2006) Pathogenic and genetic variability 
within Macrophomina phaseolina from Mexico and other 
countries. Phytopathology, 154: 447-453.     
29. Rholf F J (2000) NTSYS-pc. Numerical 
Taxonomy and Multivariate Analysis System, version 2.1. 
Setauket, NY, USA, Exeter publishing.  
30. Su G, Suh S O, Schneider R W, and Russian J S 
(2001) Host specialization in the charcoal rot fungus, 
Macrophomina phaseolina. Phytopathology, 70 :13-17.  
31. Vandermark G, Martnez O, Pecina V, and 
Alvardo M J (2000) Assessment of genetic relationship 
among isolates of Macrophomina phaseolina using 

simplified AFLP technique and two different methods of 
analysis. Mycologia, 92: 656-664. 
32. Versalovic J, Kapur V, Mason E O J R, Shah U, 
Koeuth T, Lupski J R, and Musser J M (1993) Penicillin-
resistant Streptococcus pneumoniae strains recovered in 
Houston: identification and molecular characterization of 
multiple clones. Journal of Infected Disease, 167: 850–
856. 
33. Versalovic J, Schneider M, deBruijn F J, and 
Lupski L R (1994) Genomic fingerprinting of bacteria 
using repetitive sequence-based polymerase chain reaction. 
Methods of Molecular and Cell Biology, 5: 25–40. 
34. Weising K, Nybom H, Wolff K, and Meyer W 
(1995) DNA fingerprinting in plants and fungi. CRC Press, 
Boca Raton, Fla. P.322. 
35. Zietkiewicz E, Fafalski A, and Labuda D (1994) 
Genome fingerprinting by simple sequence repeat (SSR)-
anchored polymerase chain reaction amplification. 
Genomics, 20: 176-183. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
84

43
9.

13
89

.5
.3

.6
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

g.
ge

ne
tic

s.
ir

 o
n 

20
25

-1
0-

29
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.20084439.1389.5.3.6.1
http://mg.genetics.ir/article-1-1018-fa.html
http://www.tcpdf.org

