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����� � �!"# ��!$�� %�&�'( ��	Fusarium solani)�� *+ ��� +�� ,�-�(* 

./"�0" 1��+.� 234" 5 ���3& ,6��75�8FAFLP *

STUDY ON GENETIC STRUCTURE OF Fusarium solani POPULATIONS 
ISOLATED FROM POTATO, CUCURBIT, BEAN AND CHICKPEA BASED 

ON FAFLP MARKERS*
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��� D 
%� � �!"# ��!$�� %�&�'( �3E-(Fusarium solani �&3 &3( ./"�0" *+ �2�B!�+ ��FAFLP,��� �F���� ��F�D *+ G��FH I�+ �"+.�+ %�+��

"��J�(��K.
 �+.H L��(*A 2�3( .%�+�� N(�� �3OP( ��	QR%� %�+�� )�� *+ ��(A ��2 ,�F-�(*�R%F�+�� F. solani f.sp. cucurbitae ,

=�%�+�� F. solani f.sp. phaseoli 5�R%�+�� F. solani f.sp. pisi�"23� .S+.4!�+ *+ TUDNA %!K�� V.� ?��'H ��W@+ ,���J"A XY	 ,

L�U .�Z @ 5 �	�3!U+2A %� �.�:"* L-8+5 ,���4!"+["� �� ��� �+�"�0" .
*�\A )�8.@ %� *+ �2�B!�+ �� *+.���U �+ �F� ]�:"+ �"���3�K ��	.

I�73( *�3K5.! &+ ^�._ *+ ��� .�Z @ ?��'H(Capillary electrophoresis)@ 5 %�J:@ T`� 5 a� B@ 1�F�+.� NF��<��� �F-D ./"�0F" 

�� ]�:"+ N � .%�,��� ��	�0( � �!"# >3-@ >3�:( *+ ,��8 �3_�=%����� N$+2 � �!"# >3-@ %� c3�.( "��J�( ��	�5�%%F� c3�.(

 ����� I�� � �!"# >3-@ 23� �	 ."��J�( ����� ���D I�� � �!"# �	�9��*+ .!0�� ,�3OP( �=%23� .�!"# >3-@ I�/"��( �  �F�2 �2 ��F� �

����� %�+�� %� c3�.( ��	 )�� ��	 )�@.@ %� 234" 5 ���3& ,6��75�8 ,�-�(*����/R,���=/R,�Q��/R5�QRQ/R23F� .>3F-@ I�/"�F�(

 %�+�� %�	 �+.� � �!"# ��/��� �(��@ 5 ���.� 2�3( ��	 )�.d 1��+.� %�&�'( 2�3( �"# ��	Nei ,����/R��	�0( � �!"# >3-@ 5 23� 

%�+�� ����K+.e� %f'-( 5 6��J�( �� �_�9@�+ ��� ��+�" �	 ."3F�O 6�F(252 gF� �3OPF( ����� ���D 2+2 6�0" h��!"�(Clonal lineage) 

�-!i	 .����� I�� � �!"# �;�2J"�( 6�0" +� ��"A I�� �"# 6��.� 23�5 ���!j+ �	�	2.

�#+5 ��	 ����8 :Fusarium solani,!"# >3-@ �.� ,�;���k�W!$+ ].K ,�"���3�K ,�"# 6
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S
�TTU(Mart.) Sacc. Fusarium solani � G'�TTB��9TT� .

*  1�T�G48 %��T	* � �TC
 % 
 � " �
 � +#�T2V ?F' ��WW

+@�4< ��4
�)  .%
�I4� ��O	  J7) S
�U N	  +@�T4< %�@

 +<�4)9� " �	X� .+<��8A� YZ8 +R9F&8�@%�,T	
 .�948 

+8 �U�) "�9� .�,T	
 +<�4)9� J7) [�
�IR 
9'�8 S
�U

 � �C
 
� +8 \	A
 �&)  6]9^>8 *  %��	*�9� ._@N4F` 

�aR % 	� Q9)"� �"�b !9:58 .J/�8 �#9< N4
�I%�@%


 *9�	89+�) " 1�5#  	�F&5T@ 1 
9#�TV �)Booth 1971, 

Domsch et al. 1980& O’Donnell et al. 2008(.

S
�TTTUF. solani+TTT8 JTTT/�8 �TTT#9< \TTT	 �TTT��� 

7T) 1c +(9T3(98 +#d9M4� �C(�e8 "f4-,T
 J�W�T#9< 

�� +34&#d9M4� f-,8 .NT	  1�48 
��WQ�T� �T# .�T#9< 

f^-
 * \T	 �T@ �T' �F&T� � �9TV" S
�TU NT	  �T&��	 

�� �2#c �� � f4-,T
 +34&#d9TM4� N4TC8 �T#9< \T	 1 9FR

�#�� .�O#c * +	�/ �T� �TH�b !�Tb 
�% T	�T#9< N�T@

 0g
 Y��U +3	d9(9�
98 6�gh4 .�
 �# �9V" i	�#9< N@�

Q�# [�I)
 
 �<%��,# E��TF8 
� " �T#  �T� 1 9TFRF. solani 

TT	Q�TT� ��TT@%f^TT-
  �TT&��	TT	 �TTC(�e8 �
9TT8 �TT#9< N

8 
 �U+<4�#�)O’Donnell 2000.( 

�TT	 �V S
�TTU %�TT@F. solani �TTj# *  %
�TTI4�  *+TT	 

(�C� ��"�T>8 " �F&5T@ 6"�g&8 T4 �T4P *  �T2#c ��4�<
�TI 

9TTU %�TT@�<
�I4� �TT
%+TT8 ��TT�� .N	�&TT)  %�TT@�4�<
�TTI 

�"�T< �T� +#�T�G48 �TF8 � k�T) �� .�#9< N	  +@�4< +	�T@ 

+TT8 _45TT=
�#9TT� .�"�TT< NTT	  *  Q �TT' �TT@ �TT� �TT@ 

k�) %
�I4� f^T-
 Q�T� \T	 1 9TFR �>
 +	 * �T&��	

 +TT8 �&B�FTT��#9TT� .19F'�TT
��f^TT-
 Q�TT� �TT&��	 

��TTTTTTTT� +	�TTTTTTTT)�F� �TTTTTTTT#9< NTTTTTTTT	  
� 

�)  (Suga et al. 2002).

�� Q�T� f4-,T
 .+&FT) 
9D f^T-
 %�T@ S
�TU �T&��	 

F. solaniF'"�'�8 Y0� k�) �� 4" +#�T�G48 f^-
 .%�

198*c 1�9� +h�^&B  +T�G48c %�@(Mating test) ��9T� 

�)  .
� lT=� _T@ 1c .Q�T2�  1"�T� f4-,
 � 
 �2F
 �&7( 

 Q�� �
98 f^-
 %�@�&��	 �T2#c +5TFV YTZ8 �4(9
 �' % 

 9� �	�� 1�38  19T8*c *  ���g&)  ��Tj# 
� " +T�G48c %�T@

 +�G48c �4CIV N&��<(Mating population) +h�^&B 

 �)  ��9� �&��	 f^-
 Q�� �@(Matuo & Snyder 1973).

N	�&TTT)  +34&#d9TTTM4� G4(�TTT#c �TTT� mTTTMC&8 %�TTT@��

f^TT-
 Q�TT� S
�TTU �TT&��	F. solani �TT' � � 1�,TT# 

�TT4b�# +( 9TT
 �5TT	�=8ITS-rDNAQ�TT� �TT@ 
9'�TT8 %

�FZ&T)  �T�  
%F. s. f.sp. pisi .cucurbitae F. s. f.sp. "

F. s. f.sp. radicicola *  �$	�3	+8 G	�I&8 �F' .N	  [�FIH

 F'"�'�8 Y3� N4� +$&57I@ n4@ �' � � 1�,# m4=>
 T4 %�

 Q�� N	  %�#"�,	9B o�7

  "f^T-
 %�T@ �9TV" �T&��	

 �
 �#(Suga et al. 2000).

� 1�8*�) Q9#d +@��Q�T� �Tg@ �T� o9T��8 N	�&T)  

f^TTTTT-
 S
�TTTTTU �TTTTT&��	F. solanimTTTTT	�D *  

PFGE (Pulsed-Field Gel Electrophoresis) �,TT=# "

+#d +��	(Gene mapping) 
 �TU �5T	�=8 " +)
�� �
98 .

�TTT��< .�TTT@
 9# %9TTT$(  �TTT� �TTTV9
%+8"*9TTT8"�/ 

6"�Tg&8 %9T$(  \T	 N	�&T)  �T@ �T' � � 1�,# !d %"


 T� �75# N	�&T)  �T4=� ��
9T8 
� +T&b NT	  " �&T� � �T@ 

�aR %f^T-
 Q�T� \T	 +T8 ��@�,T8 GT4# �T&��	 �9T� .

+M0TTT� �TTTF` .mTTT4=>
 NTTT	  
� Q"*9TTT8"�' +(9TTTD 

)Chromosome Length Polymorphism, CLP ( % �TT�

N	�&)  Q�T� %�@ f^T-
 %�T@ �T&��	F. solani ��@�,T8 

��)Suga et al. 2002 .( 

%�@�$#�,T# AFLP)Amplified Fragment Length Polymorphism(

N	�&)  1�2F� +34&#d p9F
 1� � 1�,# % �� �T#9< " �@ %�T@
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6+��;�	 5 ���-;�+ �2+*2+.( :����� � �!"# ��!$�� %�&�'(��	....

���

�� \	�G# �	�T) �T	 +3	d9T(9�
98 6�gTh m	�D *  �' ._@

�"
1�TT38  +(9TT3(98 %�TT@ ���g&TT)  �
9TT8 .�5TT4# �	�TT�

+8 �F��� ..N	 ���TF�AFLP +C4T)" +3489#95T'�
 ���
�T' 

�
98 
� " �&� � 
�&B�T) G4(�T#c " +T34&#d p9F
 f4-,
 

qFV +&4CIV �4g8 .Q9	
 *9� YZ8 q3MrI' %�@ +8 �T��� .

%
�TTTT$# �,TTTT$#  �"
 *  ���g&TTTT) AFLP �TTTTV
� 

�TT#9< f4-,TT
 " G	�TTI
 *  +	]�TT� 1�,TT# Q9TT	
 *9� %�TT@ 

+TTT8 �TTT4g8 " %���
�TTT' .�TTT4M��U NTTT	  " �� ��TTT��� 

)Muller & Wolfenbarger 1999.( 

�"
 
�FAFLP (Fluorescent AFLP) %��	* � �C
 

��TT� 6�TCeU ��
9TB 
 �#�,TT# " �TT4Z0
 .Q9T#d �TT) �) *  

(Labeled)qrTT) " ��TT� ��$&TT)� iTT	 
� 6�TTCeU NTT	 

+( 9
 s�	(Sequencer) f-,T8 6�CeU �* �#  " i40g
 

+8 �9�(Grady et al. 2000).

*  ���g&)  �� m4=>
 \	 
�AFLP " N4T� +34&#d p9F
 

YB ��#9< 1��G48 *  Q9	
 *9� %�@ �^T8 
� tTM&-8 %�T@

 �)  ��� +��	�
 .mT4=>
 N	  
� LWQ9T	
 *9� *  �T	 �V 

*  6"�g&8 �#9< uF� �� mMC&8�$	�3	 �T4M/ " �T� G	�TI&8 

�	 �V 
� �@��"�Tb �T/ �F&��< 
 �U �&)X/ ��%_T@ �T�

 �F&� � �@�7� ." +	�T4� �wV �,TF8 N4� +F�"
 �e� 
 n4@

 x4
9#d ?	�T8*c NT	  
� ��T� ��O	  %�@�&)X/ �� 1��G48

 �� �# �9V"(Abdel-Satar et al. 2003).

Q�� *  +B�� �4I@  f^T-
 %�@	JT/�8 �T#9< �T&�� 

F. solani..%*
"�,' 6]9^>8 �� ��
 " 6
�5B �j# * 

 ��	* p9F
 %
�TI4�  *�T	 �V +T	 
� Q�T2�  .S
�TU NT	  %�T@

 Q�� +#��G48 f^-
  tM&-8 %�@ Q 9T
 �9TV" " S
�U N	

Q�� ��  
 �G4$#  N	  1��G48 \	 %"
 S
�U N	  tM&-8 %�@

 �	 �V +34&#d 
�&B�) �' �
"c �9V"%�@ �� * ��T8c �)�

J4) �4�9( " �9-# .%G4(�V 1�@�4< .+F48* �� %� �TC
 1 9FR

1�TT�G48 * �TT@% 
� S
�TTU NTT	  _TT28 TT	 k�TT) �� .1 �

�,$#  %
�$#DNA m	�D *  FAFLP �=8 " +T)
�� T	 �5

���< .�' �)  yH "���8�#�� GT	
 !�T&F' �T2V +TIMR %

!9^TTb 1"�TT� .%*
"�,TT' �TTh�R 
� JTT/�8 �TT#9< NTT	 

U� 6�RXD 4 GV  �
98 
� m%�9� �@ 9-# �	�� 1�38  .1c .

���.� V5� 

+)
�� N	  
��L� S
�U �	 �V F. solani 1�T�G48 *  %�T@

 ���< 
 �U �C(�e8 �
98 6"�g&8 .4� 
� �	 �V N	  N.�T@W�

�	 �VF. solaniJ4) *  .+F48*���	 �V F. s. f.sp. pisi 

.�9-# * ���T	 �V F. s. f.sp. cucurbitae " 1�4�"�T/ *  

�� �	 �V F. s. f.sp. phaseoli�F&� � �9V" .�4�9( *  .N	 

�	 �V 1�&T)  tTM&-8 mD�F8 *  �@ .%9TH
 1�T) �B %�T@

 FV 1�) �B .+(�I� 1�) �B " 1 �TI@ .1 �T2
 .k
�� .+�9

�#�� %
"c EIV Y4��
 .

�� z �-&T)  % �T� +`
�TU Q94M548 �42
 
9jF8DNA .

�	 �V Q94M548 *  +I' 
 �=8 ��T� �� � �T�
 +`
�TU %�@

 J4TT) l4TT>8 %"
 
�TT<c *"�&5TT'� +TTF48*(PDA) �TT� 

{�| NT(
  %�@��� %"�Tb %�T&4( +TM48 ��� +TM48 �T&4(

 T@�0	" E	�T8 +	 �TP l4>8 Q�(Wickerham’s medium) 

)G'9TM<L�19TT&r� .Q�T< ��TI-8 �
�^TTR .Q�T< �.Q�TT< 

�(�8 �
�^R��T&4( \T	 �
 �e=8 sc " Q�< (�T� YT=&F8 .

{�|�@��6�8L�
9
�T�93#  �34T� 
� �R�) )��� 
"� 

%�8� .�=4U� 
� ˚C�� (�#�� �� � 
 �U.

z �-&TTTTT) DNA�TTTTT	 �V * ���g&TTTTT)  �TTTTT� �TTTTT@ 

� z �-&TTTTTT)  �TTTTTT4' �TTTTTT$8"�� c 1  %(Promega) 

(Wizard  Magnetic DNA Purification System) "

�� Q�O#  
9'�8 �4' YIC( 
9&)� �� m��e8.

�TT� Q�TTO#  
9TTjF8FAFLP .��Q�<9#�TT# DNA �TT@ *  

_	GT#c lT)9
 +`
�TU �	 �V +T��� %�T@EcoRI "MseI

��� 6�CeU !�^
  qr) " �&��< 
 �U +I	G#c _a@ �
98
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TT� �TT&��	 �TT� Q�TTO#  �TTD9��8 +h�^TT&B  %�TT@
9&� �c �.

?F/ " �T� �T@
9&� �c !�^T
  " +TI	G#c _a@ %�@ 6
9Th

_@ %�8� 
� " 1�8*˚C�� �� �T� Q�TO#  JT� iT	 6�T8 .

+��TTT-&#  ?4TTT� �TTT4Z3
(Preselective amplification) 

)˚C}��TTT� 6�TTT8�.�TTT=4U� ��Y8�TTT� �TTTB�` ˚C�L 

�� 6�8��.�4#�~ ˚C�W��6�8���~" �4#˚C}���6�T8�

�TT=4U� (_TTOb �TT� +,TTF' " �TT����TT� Q�TTO#  �TT&4("�348 .

�TTTT� +��TTTT-&#  �TTTT4Z3
 ?FTTTT' " Q�TTTTO#  
9TTTTjF8 

(Selective amplification) .�/�!9^TT>8 *  �TT&4("�348 

�' �4("  �4Z3
 ?F' " �� 1 G48��:�
� .�9T� ��T� mT4U
 

_Ob �� +,F' "���T� �T4Z3
 �&4("�348 .?FT' " % �T�

3
 Y8�T� �<*�TPc J4'�
 �) *  +��-&#  �4ZEcoRI+AT - 

MseI+CG .EcoRI+G - MseI+CT "EcoRI+AC - 

MseI+CC �� ���g&)  .%�@�<*�PcEcoRI �T#
 �T� %�T@

 �F)
9M� tM&-8(Fluorescent dye)�#�9� ��� 
 �#�,# .

�<*�Pc s�-&#  Q�O#  6�=4=>
 %�F78 �� ?	�8*c �"
 " �@

 l)9
 ����0)9) "@1 
�0I (Susca et al. 2002) Q�O#  

�TT� .�TTMb�8 \TT	 Y8�TT� +��TT-&#  �TT4Z3
 ?FTT' " �TT8�#��

 �T4("  %*�T) ���) "(Primary denaturing) %�T8� 
� 

˚C�L%�8� 
� �B�` \	 " �=4U� "� % �� ˚C�L��6�T8

��.�4#�~ ˚CWW��6�8��" �4#�~ ˚C}���6�T8��T=4U� 

�9� .� �C
 �� 
9�G8 �B�` qr) NT	  �T� .�� 
 �3
 
�� �#

 !�^TT
  �TTMb�8 %�TT8� *  �TTB�` �TT@ 
� �TT' 6
9TTh

(Annealing) �T� _' �V
� \	 �T� * �T3	
9D˚CW� �T� 

˚C�})
4�.qrT)���TB�` ˚C�L �T� 6�T8��.�T4#�~ 

˚C�W �� 6�8��" �T4#�~ ˚C}� �T� 6�T8�iT	 " �T=4U� 

l5� �Mb�8)Extension ( %�T8� 
� +	�2#˚CW� �T� 6�T8 

�� �� Q�O#  �4#�~ .?F' " %�@ �T� +��T-&#  " �T4("  �T4Z3


 N4TT��8 *  ���g&TT) PCR !�TT8 9700 GeneAmp PCR 

System�� Q�O#  .

!9^TT>8 *  �TT&4("�348 \TT	 .+��TT-&#  �TT4Z3
 *  qTT�

 �TT� %�TT4Z3
���TT	�I8�� �TT&4("�348 (Formamide) "�/�

qTTT' 
 �
 �#�&TTT)  �$#�,TTT# �TTT&4("�348(GeneScan-

500_(Rox) Size standard)+
�CeU %"�b �' ��!9D��

�
��� *�� �gV +8�� o9M-8 .���� .o9M-8 �T� 6�T8�

%�8� 
� �=4U�C������< 
 �U .6�CeUDNA ��� �4Z3
 

N4�9T8 *
9T�"�&3(  m	�D * (Capillary electrophorsis) 

N4T��8 \T	 
�ABI PRISM 310 Genetic Analyser 

* �$	�TTT3	 �#�TTT�  �TTTV .Q�TTT# �TTT� .qrTTT)
 GTTT�  

Genescan collection version 3.1.2 %9T$(  .�T� �T)�

 %
�$# �,$#  " z �-&)  ��8c Q�# �� �@ 
 GT� Genotyper 

�T��< 
 �TU �	GO
 �
98 .6�TRXD  �T� q	�
�T8 6
9Th

 +	�
"�)
 9# �9V" �(GF8 �� \	DNA �	 peak �T� �gh "

\4� �	 
 9# 
9ab Q�R �(GF8 (�� z �-&) .�� � qr) �T@

Q�TT# 
� 
 GTT� Excel �TT� YTT4M>
 " �TT	GO
 �TT2V " �
 " 

Q�# 
 G� Pop-gene 32�� Y=&F8 .Q�# N	  * 
 G� ��
9TjF8

 Q�TI
 
� " +#��G48 �4CIV �@ 
� +M0� �F` 1 G48 N44C


 �T	 �V �T� ���g&TT)  �T@ .Q�T# NT	  *  ���g&TT)  % �T� .
 GTT�  

�	 �V ��G48 �4CIV �@ 
� �9V98 %�@ �T>
 " _T@ �T� +#

 fB�� " �F&��< 
 �U �"�< i	 
� 1 9FR i	 19T` +	�@

ne)+#d ��$	�V �@ 
� �~98 Y(  � �C
 l)9&8(.na)� �TC


 +#d ��$	�V �@ 
� ��� ��@�,8 Y(  ("h)+#d p9F
 (% ��

 �T8*c �
9T8 +#��G48 �4CIV 
�2`	?�T� " �T#�< �V 
9TD

_@ N4F`�	 �V Y/ % �� .�@���8c �)� .

%�T@
 9# 
9aTb Q�TR �T	 
9aTb �� �V9
 ��DNA .

�TT	 �V N4TT� +TT04&#d �MTTh�� J	�TTH *  ���g&TT)  �TT� .�TT@ 

+#(Nei, 1978) �MTh�� q	�
�T8 JT4
�
 N	�� " �7)�>8 

�	 �V N4� +04&#d �T� �T42
 �T@.�T� �T	GO
 Q�TO#  
9TjF8 

�TTTT�9B % (Cluster analysis) �"
 �TTTT� UPGMA .

�� � Q�TT# 
� �9TTV98 %�TT@GTT�  
 Excel Q�TT# �TT� 
 GTT�  
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Ntsyspc 2.0�� Y=&F8 .* Yh�b +04&#d �@�7� q	�
�8

 Q�# N	  ���g&T)  �
9T8 +T0	�G# " %
"� N44C
 �2V 
 G� 

���< 
 �U.

+(9TTTTTTTTT0(98 q#�TTTTTTTTT	
 " �TTTTTTTTT	GO
 
� 

(Analysis of Molecular Variance, AMOVA) �T� �T/ 

Q�# 
 G� GeneAlex 6.1  GTV  .�T��< Q�TO#  %q#�T	
 " 

�� N44C
 Y/ p9F
 
� �2#c *  i	 �@ _2) " �7)�>8 .

h��!"l<� 5

*  ���g&)  �� m4=>
 N	  
�FAFLP %
�T$# �,T$#  \T	 

DNA �T� �T4(9
 s9TB �T4g4' �� �4g8 6�RXD  %"�b .

�T	GO
�L� �T	 �V F. solani .�TgV �T) *  ���g&T)  �T�

 p9IO8 
� .�<*�Pc��� 
 9# DNA Y0T� �TF` )�$#�,T#

 3� �F`Y(N4� �2#c �* �#  �/ ��/ ��O	 }��
��� �TgV 

�9� *�� .�T� ��T� �T4Z0
 Y0� �F` %�@
 9# � �C
 N4$#�48

 .�<*�Pc �gV �@ % * �/���9� .J4'�
 % �� �<*�Pc %�@

EcoRI+AC-MseI+CC .EcoRI+AT-MseI+CG "

EcoRI+G-MseI+CT �� J4
�
L�.L�"WW
 9T# DNA 

�� +	�)�F� Y3� �F`.

48 � �TC
 N4$#�T48 .+M0T� �TF` 1 G48 .+#d p9F
 N4$#�

c��T$	�V �T@ 
� �~98 Y(  � �C
 l)9&8 " ��� ��@�,8 Y(

Q�# *  ���g&)  �� .+#d 
 G� Pop-gene 32�� �T/ �T8c �)�

 
�!"�V ��)  ��8c .

+8 +04&#d p9F
 *  +^B�� �/ +#d p9F
 N4$#�48 �T���

 p9IO8 
��L� �T� �� �� 198*c �
98 �	 �V ����/��9T� .

��$	�V % �� p9F
 N	  N4� tM&-8 +#d %�@�W�/��T
 �/�

�9TT� �TT4w&8 .% �TT� ��TT� ��@�,TT8 +TT#d p9TTF
 N4$#�TT48

�4CIV %�@ �	 �V �� o9��8 J4T) %�@ .1�4�"�T/ .+TF48*

 JTT4
�
 �TT� �9TT-# " �TT4�9(�L��/�.�}��/�.�W��/�"

�W�W/�8��< �7)�>	�.N4T� ��T� ��@�,T8 +T34&#d p9F


�	 �V �T	 �V +	�T4� �wV " +#�T�G48 ��,F8 �� +D�7

  �@ �T@

�� �#.

�4CIV "� �� "� �5	�=8 J	�TH k�) �� +#��G48 %�@

 1�,# +# +8 �2#c +04&#d �Mh�� " �@�7� 1 G48 ��F@� �T���

)!"�V�.(+8 ��@�,8 �/ 
9e#�I@ +T34&#d �@�7T� �9�

4CIV��	 �V %�@ 1��G48 %�@ 
� �C(�e8 �
98 tM&-8 %�@

 *  �&,T4� .+T)
�� N	 ��%�T)  .�MTh�� !�Tb N4TR 
�

 �	 �V �4CIV +34&#d J4) %�@ �T4CIV �	�T) �� +F48*-

+8 �I@ *  �&,4� +#��G48 %�@ N4T� �@�7T� �Z' �b " ����

�4CIV �	 �V %�@ +T8 ��@�,8 �4�9( " 1�4�"�/ %�@ �9T� .

�
�I� Y0� 
� 	�T4CIV 
�T2` NT	  +T04&#d �MTh�� i

+T# J	�H k�) �� +#��G48 �T� ��T8c Q �<"
�T#� 6
9Th

�) .

Q�# �� �/ +(90(98 q#�	
 " �	GO
 
� 
 G� GeneAlex 

6.1  GTV  �T
 �
 � �9V" 1�08  N	  .�� Q�O#  %q#�T	
 " 

�9T� N4T4C
 YT/ p9TF
 
� �2#c *  i	 �@ _2) " �7)�>8 .

� 1�,# �	GO
 N	  u	�&# 1"
� p9TF
 _2T) p9IO8 
� �/ � 

�4CIV �)  �&,4� �2#c N4� p9F
 *  �@)!"�V �.(��
9TD

 .��� ��@�,8 +34&#d p9F
 p9IO8 *  +M'��%�T� o9T��8

 �4CIV YB � +34&#d p9F
 l=� " �@�%p9TF
 �T� o9T��8

�4CIV N4� +34&#d+8 �@���� .

�TT�9B �TT	GO
 % (Cluster analysis)���g&TT)  �TT� * 

Q�#
 G�  Ntsyspc 2.0 �"
 �T� "UPGMA " �T� Q�TO#  

�/ � � 1�,#�L� ���,
 J	�H 
� 198*c �
98 �	 �V }�%


���
9#d �"�< 4+8 
 �U +r�#�4< .�&I/ ���,
 J	 �H 
�

 N	 �"�< ��� Q�P�  _@ �� �@ �� ���,T
 J	�TH 
� �T0	
9D

LW%�	 �V �I@ +8 
 �U +Mh  �"�< �) 
� �@ �T#�4< .N4T�

N	  �"�< �	 �V +	�4� �wV " +#��G48 �,F8 " �@ +D�T7

  �T@ 

�TT� �# �9TTV" .�"�TT< 
�+r4
9TT#d %�TT@�TT� .��TT8c �TT)� 
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�5���.��/��� NO �"# >3-@ ��(A %km$ %�+�� �+.� ���.� 2�3( �"# ��	 ��	F. solani �"��J�( ����� ���D *+ 

Table 1. Summary of Genic Variation Statistics for All Loci 
Percentage of  
Polymorphic 

loci 

Number of 
Polymorphic 

loci 

Mean of 
h

Mean of 
ne 

Mean of 
na 

Number of 
isolates 

Host Population 
code 

99.34 150 0.34 1.59 1.99 60Potato 1
97.35 147 0.37 1.67 1.97 30 Cucurbit 2
98.68 149 0.36 1.63 1.98 29 Bean 3
96.03 145 0.36 1.63 1.96 30 Chickpea 4
100 151 0.38 1.69 2149 -Total 

na = Observed number of alleles 
ne = Effective number of alleles  
h = Nei's gene diversity 

�5�� =.����� � �!"# %�k�K5 � �!"# �	�9� )�.d 1��+.� %�&�'( 2�3( ��	Nei32) (Pop-gene 
Table 2. Nei's genetic identity (above diagonal) and genetic distance (below diagonal) 

Pop ID Potato Cucurbit Bean Chickpea 
Potato **** 0.9218 0.9398 0.9270 

Cucurbit 0.0815 **** 0.9871 0.9482 
Bean 0.0621 0.0130 **** 0.9601 

Chickpea 0.0758 0.0531 0.0407 **** 

+--------------------------------------------------pop1       
 !
--3                                                      +-------pop2       

 ! +---------------------1   
 +-------------------2                            +-------pop3       
 !

+------------------------------pop4       
 
Between           And                  Length 
 -------               ---                     ------ 
 3 pop1                 3.65587 
 3 2 1.31055 
 2 1 1.69640 
 1 pop2                 0.64892 
 1 pop3                 0.64892 
 2 pop4                 2.34532 

 
Pop1: Isolates of F. solani from potato   
Pop2: Isolates of F. solani f.sp. cucurbitae 
Pop3: Isolates of F.  solani f.sp. phaseoli 
Pop4: Isolates of F. solani f.sp. pisi 

N;��.V5� *+ Nk�j ]+.
5��"2 UPGMA �" �	�9� )�.d 5(Nei, 1978) �"�F�J�( �F���� ��F�D �+.� 

%�+�� G��H ��	F. solani.

Fig. 1.  Dendrogram Based Nei's (1978) Genetic distance: Method = UPGMA.
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Table 3. Results of Analysis of Molecular Variance Among and Within Populations 

Population Pop1 Pop2 Pop3 Pop4 
n 60 30 29 30 
SSWP 1554.350 858.933 792.414 816.700 

Summary AMOVA Table 
Source df SS MS Est. Var. %
Among Pops 3 345.831 115.277 2.452 8% 
Within Pops 145 4022.397 27.741 27.741 92% 
Total 148 4368.228 30.192 100% 

WP: Within Populatins 
df: Degrees of freedom 
SS: Sums of squares 
MS: Mean squares 
Est. Var.: Estimated Variance 

�	 �V 1�T�G48 �� mMC&8 %�@ �F&T� � �9TV" 6"�Tg&8 %�T@.

��9B �	GO
 �T� ��T� Q�TO#  YT4M>
 " �T	GO
 �F#�8 G4# % 

Q�# 
 G� Pop-gene 32 NITH .+(90(98 q#�	
 " �	GO
 "

�T	 �V N4T� +T04&#d p9F
 1� � 1�,# .19T8*c �
9T8 %�T@

 �T4CIV " +04&#d p9F
 N	  N4� �/ �B�) f-,8 %�T@

)95>8 o�7

  �C(�e8 �
98 +#��G48+�
 �# �9V" .

�T4CIV +T)
�� N	  
� �T	 �V %�T@ +T# �	  %�T@F. 

solani k�T) �� 6"�Tg&8 1��G48 
�2` *  %
�T$# �,T$#  

DNA �$#�,T# *  ���g&)  �� FAFLP �T� �$	�T3	 �5T	�=8 

�#�� .NT	  �� �V9
 �� �T4CIV +T34&#d �@�7T� �T/ %�T@

#��G48+* �&,T4� �TC(�e8 NT	  
� 6"�g&8 ��%+T8 .�T��� 

�� +8 �j# #9TM/ 1�T8�"� iT	 �4CIV 
�2` N	  �/ �)
+

(Clonal lineage) �TF@� Y40,
  
 .J4T) �,T/ .+TF48*

7b !�) 
� %G4(�V 1�@�4< " 6��9 
� tTM&-8 +TR 
* %�@

  �,/ .�R
G8 i		_T@ �� i	�G# p
 G8 
� 6]9^>8 N

mD�TTF8 N4TT� 6]9^TT>8 NTT	  
�TT� " ��TTP +	�TTO��V "

?@�T/ 
� 1d 1�T	�V ?T=# !�TI&b  .tTM&-8 +	�4� �wV

 " +34&#d p9F
 �� �4CIV %*�) 1�5I@ �$	� 6
�7R  
 �T@

+8 �#
���F/ .

 u	�&# +)
�� *  %
�45� u	�&# �� m4=>
 N	 Q�TO#  %�T@

 6�	�Tw8 �T$	� +B�� �� " �=��e8 �4#� o�=# �	�) 
� ���

�
 � .Y#"�" )O’Donnell, 2000 ( +b 9T# +( 9T
 k�) ��

28S rDNA .ITS1"GTT<  "1"�TT&F	  " �TT@ 1d %�TT@TEF 

�
 G< +8 Q�� *  \	 �@ �' �F' %�@ S
�TU �&��	 f^-


F. solani 
 ��* +34&#d9M4� �#9< \	 1 9FR�$	�3	  �V 

+8 +(�b 
� .�F' �T	 �V \T43g
 �TH�b mT4=>
 
� �' �T@

 �54# �	�� 1�38  1��G48 k�) �� .Q�TO#  mT4=>
 
� [�FIH

 �	 �V *  Y#"�"  l)9
 ��� ���g&T)  S
�TU N	  +# �	  %�@

�)  ��,#.

lTT)9
 ��TT� Q�TTO#  mTT4=>
 
��<9TT)"1 
�TT3I@ 

)2000 Suga et al.(�TT4b�# +( 9TT
 N4TT4C
 k�TT) �� �TT' 

ITS �T&��	 f^-
 Q�� �g@ \43g
 _P
 +MR .�� Q�O#  

F. solani �TT&��	 f^TT-
 Q�TT� �TT) F. s. f.sp. pisi .

cucurbitae F. s. f.sp."F. s. f.sp. radicicola YTT��U 

�TT#�97# \TT43g
 .4&#TTO 1�TT38  Q�TTR �TTj# *  mTT4=>
 NTT	  �

TT� �TT&��	 f^TT-
 Q�TT� "� iTT40g
 �TTH�b mTT4=>
 �
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��W

�T	 �V  �T	* �
 � �T=��e8 +T# �	  %�T@F. s. f.sp. pisi "

cucurbitae F. s. f.sp. �TC(�e8 �
98 �H�b m4=>
 
� G4#

" �#�9���iI/FAFLP *  �$	�3	�#�,#  �V .

�TT	 �V Q9TT#d +TT@� 1�8*�TT) +TT)
�� 
� �TTg@ %�TT@ 

f^TTT-
 Q�TTT� lTTT)9
 �TTT&��	 1 
�TTT3I@ " �<9TTT) 

)Suga et al. 2002 ( %9$(  \	 �	 �V �@ �' �� f-,8

 �	 �V �4=� �� �75# 6"�g&8 
� +T&b �
98 N	  " �&� � �@

 GTTTTT4# �TTTT&��	 f^TTTT-
 Q�TTTTT� \TTTT	 %�aTTTTR  

+8 ��@�,8 �9� .YT��U ���,T
 \T	 .6"�Tg
 NT	  �9V" ��

 �	 �V %9$(  
� �V9
 %�@ f^T-
 Q�T� 
�T2` �� mMC&8

�TT&��	 F. s. f.sp. batatas .F. s. f.sp. xanthoxyli.

F. s. f.sp. piperis "F. s. f.sp. mori�)  �&� � �9V" .

�,T$#  %9T$(  
� �T' � � 1�,T# GT4# �H�b m4=>
 u	�&#

 �	 �V Q9#d %
�$# Q�T� �T@ %�T@ f^T-
 �T&��	 6"�Tg
 

+8 ��@�,8 Q�T� YTB � +T04&#d p9TF
 _2T) " �9T� %�T@

 f^-
 �&��	)��(%�&,4� +M4B ��� ��@�,8 p9F
 Y/ * 

 ) *  Q�� N4� +04&#d p9F
 _2 f^-
 %�@ �&��	)�(%�9T� .

Q�� f^-
 %�@�&��	 m4=>
 m7D �' %  1 
�T3I@ " �<9) 

�TC(�e8 �
9T8 .��� ��	� %��	* ���,
 �2#c Q9#d %9$(  
�

 ��97# �H�b m4=>
 Q�T� N	 ���TF� .�#  �T&��	 f^T-
 %�T@

 �"
 "� �TT� .mTT4=>
 "� NTT	  
� �TTC(�e8 �
9TT8 ��&,TT8

 98 tM&-8 ��97# \43g
 Y��U +(93( mT4=>
 "� �@ 
� " �# 

 �	 �V 
� ��T� ��@�,T8 6"�Tg
 +#�T�G48 �4CIV �@ %�@

�) .

+("1 
�3I@ (Li et al. 2000)*  ���g&T)  �� �F&5# 9
 

\TT`9' �TTb " �TT	* +( 9TT
rDNA Q�TT� .+	�	
�TTF'9&48 

f^T-
 �T&��	F. s. f.sp. glycines %�aTR  �	�T) *   
 

J/�8 �#9<F. solani1��G48 *  Y8�T� +@�T4< tM&-8 %�@

 J4) .�9-# .�4�9( .1�4�"�/ �TFF'  �V �O#9	 " +F48* .�T&7( 

 �C� !�) �)+'9�c "1 
�3I@ (Aoki et al. 2003) 1�,T# 

�	 �V �' �#� � Q�# �>
 X7U �' +	�@F. s. f.sp. glycines 

�T� mMC&8 �#�9� �C(�e8 �
98F. solani "� �T>
 " ��9T7# 

9< �#�T� y	�,T
 Q9T	
 *9� qFTV *  �T	�V �# .N	 ���TF�

�4CIV +#��G48 %�@F. solani�"
 �� ��lT)9
 �&�
 
�'

1 
�3I@ " +(�"
 �F#�I@ G4# FAFLP�� 
� �&�
 
�' N	 

�97# \43g
 Y��U .m4=>
.

%
�TTT$# �,TTT$# DNA�TTT	 �V %�TTT@F. solani 

1�TTTT�G48 *  %�TTTT@ %
9#�TTTTV " +@�TTTT4< tTTTTM&-8 

k�) �� %�@�$#�,T# PCR lT)9
 1 
�T3I@ " "�T4M	* �� 

)Brasileiro et al. 2004(%
�T$# �,$#  19�I@DNA 

�$#�,# l)9
FAFLP +T34&#d p9F
 �9V" .m4=>
 N	  
� 

�	 �V N4�  
 "� �T@ 
� ��� ��@�,8 p9F
 +(" � � 1�,# �@

 �T	 �V +	�T4� �wV " +#�T�G48 �,TF8 �T� +D�7

  m4=>
 �T@

�� �#.

�O4&# l)9
 ��� Q�O#  m4=>
 �� �H�b m4=>
+	�=� "

1 
�3I@)Baghayi et al. 2006(�T'  �T` �
 � �T=��e8

 +34&#d p9F
 +)
�� �� 1�<��78�# G4# �O#c��+T# �	  �	 �V 

J4) %�@�$#�,T# k�) �� S
�U N	  *  +F48*PCR NITH 

�	 �V N4� +34&#d p9F
 �9V" 1� � 1�,# o�T7

  Q�TR .�T@

 p9F
 N	 
 +	�4� �wV �,F8 ��  
��#��' �4	.

1�I@ +8 �jbX8 �' 
9D %�&T) 
 
� ]�T� 6�T=4=>
 �9T�

�4CIV \43g
 +#��G48 %�@F. solani 6"�g&8 %�@
 G�  ��

 �' �9� +(93(98��%*�T) �V NT	  .�
 98 �Z'  
� +M' 
9D

1�08  �T)  ��9T7# �	�T� ..6�T=4=>
 NT	  YT��=8 �Te=# 
�

+)
��  � �9V" +	�@ \4F3
 k�) �� �' �
 " +(93(98 %�@

?	�8*c�@%%
�I4�  *ETIO
 �T2#c �TO4&# " ��T� Q�O#  +	

 " tM&-8 +#��G48 �4CIV �F` �� �T2#c 1��T' +3	 +

�7R

 �)  ��9� .+8 6�=4=>
 N	  �MIV *  Q�TO#  m4=>
 �� 1 9


 lTTTT)9
 �TTTT4#�g4(�' 
� ��TTTT���TTTT78"
 "q	9TTTT	� 

)Romberg & Davis 2007 (�' �
�� �.1�,# N4==>8 N	 
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J4) �� �"XR �' �#� � [�=��) �/ +F48* �� 1�T�G48 �2F
 1 9FR

 S
�UF. s. f.sp. eumartii +8 �&B�F� .+T$#�� �TV9< .��

 G4# 1�O8��� " YgM� +8 �F��� S
�U N	  1��G48 �F# 9
 .[�FITH

 �	 �V +(93(98 +#d9M4� 1��G48 N	  *  Yh�b %�@ 1�,T# �@
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