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Genetic diversity of Fusarium oxysporum f.sp cepae, the causal agent of onion root 

and basal rot disease 
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�*��% )(Shishkoff, 1993; Singleton et al., 1993 "�)�� P	
4 ')�( g�J�4 "�	/ �!� 3�) 	(( 	B "�� "�.4 "*	%)�� �&  .  

B��
  C��	�*���  

C)��% ��9* "( ���
&� �&5 ! "
	/ �{	: 1/	� C!�7
 {	: '!	U 	B1:1:1 5 �.� �*�S� ��	/O ��	.   �!�SU10 

 �
9, �� '�	
�( 1/	2 +�	, "( ��&NO P�>% "*)� P�%$>��	� ��DU�)�, �	�� �#5 '	B    �	S�� �S�  ! �S� ��)�   �) fS� 	SB

�V ! &#79� 8�/ "( C��5 a#: ! $*&D224  �2	
 CO '!� ��ST gW
 '!� ! ��)� �)�,      C)�S�% {	S: C	S
B 	S( 	SB

�� ��)� d�&�.)��%C"�	/ �) f� 	B�� "*	[�% �� $*�  '	/�5±25 $7*	
 "����)�%  �(& � !70 %   '�&S* `!	S>4 	(12 

 �2	
 ! $�	>�!�12 �)�.M* $0��	4 �2	
 �B ! '"
 �*�� '�	�(O �	( a� �!� .�	
�4 �� �B	� '	B��T  '	SB �	S��   aS�

!�+�	, C&�9*	x
&
 	( 1�, ��)�!� d5- $4-  F)10 % 8�/ "(3 �V "J�,� 8�/ "( ! $*&D224    	S4 "7:	S
 	B� �2	


� a#: ! �*&5 "*&% C	
B "( fx
	7�" �*��. ��	5 �) f� �	/ a�� ��T     8�S� ! ���!O C!�S�( {	S: �) )� �	S�� '	B

 '!� '�	
�(��T�	�� '	B �( �F	
)  m*� ���|4 !��T $%��
&�	B o:	S� �� �   '	SB0 �10 �25 �50 �75  !100   3�S�?4

�� . �� $��	64 bY/	5 c�  ;N	, �� d�	/�Oe>� 04���% �)�, '�	/O "�LQ4 ��&/ �)� .    '�	S/O 1S��K4 ! "S�LQ4 �&=>/ "(

��)� �)L�) P�* �) 	BSAS9.1 ����% ��	D7
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 �) �?(72 "?W, ��&4	(&0*) �� '�)�.M* �2	
 v�K/ "( +�	, '!	U v�K/ ') �	%O `O2   �SE��    "S( fxS
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) 	(   ~&S( �S��5 �) )Booth, 1971(  C&S9�* !  C)�	S0
B ! )Nelson et al., 1983( 

 P	Q*)�� .CO �) "5 $4	6[#/ 8�	�2 �� ��	D7
) $�	
	>� ')�( �*�&(    	S� �&S�! �">%�� m*� ! ��� �&K* �">%�� �W, �)

 ���N	�� @&* ��&x
!��/Y5 @&* ��&x
!��/Y5 �&�! P�2 �0�/ �&S�! 	� C)�J� �P&�5!�!�x
) �&�! P�2 	� �&�! '�S�>5! �

 '��>5!�0�/ ��N&4 �&K*'��>5 ��)�*) ! 	B "5 	(z�L( 	( �&0
!�0�/  $�	S
* X400 ! X1000   ��)�S*) ! $S
��(  '�S�%

�*��.  
  

����� ��G
�!	�� ���F. oxysporum f.sp. cepae   H��I�"� 'DNA   

CO �)  �!� "5 $�	�RAPD  q&�: C)L�/ ! �
) $
	9U �	�9( �!�DNA �04 ! �,� ��KE ���) e�	7* '����

��)� $�)L
 "( ��G	4 ��/O �
� "(� "�)�� d�	/�O ��&/ +�	, '	B '!� �#5 v�K/PDA  +�	, ">%�� ! �� ��)� ���

 �)�[7
) �.�DNA ����% ��	/O .( ')� �)�[7
)DNA $/&*A$��/ a� "?W, a� �'�7/  +�	, P&���9/ �)e>�  ��!�

 '!� �#5 v�K/PDA 1:)� "( �"N&N ml5/1 7*) ��: �&n 8	x
) 	( CO '!� I�	/ CA!�7�* 37[�� 	( ! �� ��)� �	J "( !

CO lµ500 ��>>5 L�N ��	( )50mM Tris, 50mM EDTA, 3%SDS, 1% BME, 0.1 mg/ml K proteinase(  "�	V)

����% . �� �&�K/65 $7*	
 "��� �2	
 a� 8�/ "( �)�%'�)�.M* �� . �8�/ 3�) �) �?(lµ500 ) �&�K/ "( �&>� "�	V

 �!� 	( ! ����% h&�[/ !×g300  8�/ "(5 �� A&�D��7*	
 "J�,� . �	J7*) ���� `&�4 "( ! "7�)��( )� $�!� �	� fx


 ! ��)�lµ400  ��9* "( 10N) 1�/O!L�) P�&�!��524  "(1 ����% h&�[/ ! "�	V) CO "(.  $��, v�)�� F	
) �( A&�D��7*	


���% 8�&E b)��Q/ . "( ��	(!� $�!� �	� ! 1J7>/ ���� `&�4lµ400  8	7
) P&�*&/OM 5/7  �)�
B "(lµ50  ��W/ �&*	4)

 �� ! "�	V)20 - $7*	
 "��� 8�/ "( �)�%30  "J�,��� '�)�.M* . �!� 	( A&�D��7*	
 �fx
×g1500  8�/ "(20  "J�,�

�� P	Q*) . 10N) 	( "�E	U `&
� ! "7[�� �!� $�!� �	�70 �� ��)� &#79� �E�� .: �) �?( �� `&
� �C�� a#lµ50 

����% 1U 1��7
) �	( !� �WJ/ `O )$>( ! '�
K/$
�	B� 1384� (Singelton et al., 1993.  

��	/O ')�( h&�[/ '�	
PCR ��w04 �DNA  ��	?/ $
QU ��25 !�0�/�� P	Q*) �7�N . "( �)&/ )�7() ��&=>/ 3�) ')�(

 d>5)! �� "7�� �	5PCR  �) ��T "(DNA 4!�0�/ a� �� C!�7
 �&�5/1 $��/ "( 1E	U h&�[/ ! ����% h&�[/ '�7�N

 8�/3  -�L*O q&6: "( �)&/ 	4 �� ��� -B "( f04�! 	( "�*	GDNA �*��% h&�[/ $(&: "( �)�/ $�� )!�� �1.(  
 

  

 �!��1-  �.� ��� ��	D7
) 8	��5�4 ! �)&/PCR  

Table 1. Compounds used for PCR 
Material Concentration Quantity 

DNA 10- 50 ng 1µl 
Buffer PCR 10 X 1.5µl 

dNTPs 10mM 0.35µl  

Primer Forward 20 pmol/ µl  0.5µl  

Revers Primer 20 pmol/ µl  0.5µl  
MgCl2 50mM 0.5µl  
Taq DNA Polymerase 5Unit/ µl  0.5µl  

Water  10.15µl 

Total  15µl  
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 �)�?4 "( $M79( d>5)! �)�?4DNA ��)� .�x��!�0�/ '	W: �.� "( )�N �d>5)! �)�?4 "( "79( d>5)! -QU 	B

d�(����% "�.4 �	�* ��&/ -QU �) �4  ! d>5)! h&�[/ "�.4PCR  P	Q*) �� '!��� ."�U�/ ��  a
5 "( �?(

 ��x��!�0�/24 !�0�/�&�4!�0�/ "( y&� h&�[/ �) �7�N '	B2/0 $��/����% 1J7>/ '�7�N .!�0�/ a� �fx
 �) �7�N

DNA �x��!�0�/ a
5 "( "*&
* �B $/&*A '	B10 !�0�/ �&�4 �B C!�� h&�[/ "( '�7�NPCR �� "�	V). 

.* ��S0�/ ��	S`&�4!�7
� aB	n �B �� �	BS �	MPCR �*�� ��)� �)�, .$4�)�U "/	*�( �fx
 ) �!��2(  ')�(

d>5)! '	BPCR 8	?W, ��w04 ! DNA ����% -�=>4 �%�	TO ! �M*	#* @&* "( "79()Hibbett, 1992; Cenis, 1992; 

Arnheim and Erlich, 1992.( 

  

 �!��2- ":�n �� "7�� �	5 "( $4�)�U '	BPCR  
Table 2. Thermal cycles used in PCR  

PCR Cycle Time Temprature 
Initial Denaturing 1 Cycle 5 Min 94 ˚C 
Denaturing  1 Min 94 ˚C 
Annealing  35Cycle 2 Min 55 ˚C 
Extension  3 Min 72 ˚C 
Final extension 1 Cycle 10 Min 72 ˚C 

 

DNA  �) ��� �)�[7
)"�)�� '	B$%�&NO �) '�	2 	���J4 �&5�/ +�	, �=�T ! �*�&( $>��4!�� ! '���	5	
 $�� '	B

CO&70x
) �!� ! �!�	%O �A �) ��	D7
) 	( 	B 3�( '�7/&7�100  	4600 !�0�/ �� P�%&*	*�� ��!O�( �7�N . P	Q*) C	/� ��

 ��&�!�70N) d>5)!DNA �	( ��!�	%O �A '!�"*&
* 3�) '�)�%aB	n �� 	B���% P	Q*) $7[
 "( �A '	B. �) f�

 ��&�!�70N)DNA "*&
* P	
4 �) ��� �)�[7
) �!�	%O �A '!� 	B)7%TAE  (5)! P	Q*) �3�>n -B ! �'�7/&7�&70x
) d>

DNA �U 	4 ��� �)�[7
) '	B50  d>5)! �� �fx
 ! �*�� ��,� P�%&*	*PCR �>7��% �)�, ��	D7
) ��&/. 

���$��J'��
K"� >'	  

            �	M7S
� �) ��	D7S
) 	S( +�	S, "S�)�� �SB 3��4!�S� "S( aS���5&* ��S
) ��S9* ! a���5&* ��
) �)�J/ �!� 3�) ��

 �7/&7�!�70x
)Beckman DU530 [4�� ��� 3�
 . �DE ��2 �� 1��7
) �WJ/ `O '!	U $N	79��5 8&5 	( �	M7
� )�7()

�� -�=>4 .�	.n �fx
 !�0�/ �) �7�NDNA  "(596 !�0�/ �S� "�	V) oN	: �WJ/ `O �7�N .  ��)�S*) �) fS�   C)LS�/ '�S�%

 �� a���5&* ��
) '�&* ;��V260  �� 3��4!�� ! �7/&*	*280  �=�T �7/&*	*DNA "*&
*  	SB     �S�� �&S/�� �) ��	D7S
) 	S(

 �� "�
	K/ :  

  

 �&�K/ "��
! "( ��� `�� dD>( �)�!	/ �&* &4�� �)�J/DNA     �)�SJ/ �) $7�S9* -�J7S9/ �&  "(DNA   �� �&S�&/

�
) "*&
* . $(�� �&/ �&  ��nm260 ��	?/ ! a� �()�( ��9* 3�)50  !�0�/ �P�%DNA $/ "7�� !� �S�	( �  3�)�(	S>(

 �=�T "�
	K/ ')�(DNA � �	M7
� g�K64 ;��V50 ����% "�
	K/ .      �&S/ �&S  �� �&S* `�S� ;S
	>/ ��9* C&n

nm260  �� �&* `�� �)�J/ "(nm280  �"*&
* �B8/1    ��S
) ��S� �5R ��  ��)�S*) 3S�)  "S*&
* �'�S�%    ��S9* "S5 $�	SB

OD260/OD280 CO">/)� �� 	B �) ')7/1  	49/1 d�	/�O P	Q*) ')�( ��)� �)�, '	BPCR 	[7*)�� `.  
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*	��@ ;� *	�J'��
D� >'	  

[4 ')�(S
S�SJ/ 3S �)�DNA � �BS�)�S, "S�T �+�	S �=DNA BS5 �S�T 	( P)�S=S7
) �S*	S ��)�lµng/ 100 

5�	/ �SIII (Fermentas Co., #SM0191) �SN) �) fS�!�70S%O �A '!� ��&S ��	TAE 7/0 %Tris-acetate) (0/001M 

EDTA, 0/7% Agarose, 0/04M �	J/�� "9 .=>/ 3�) "(SJ/ ��&S0�/ "
 �)�S!�7�NS �) �DNA [7
)S� �)�S !� 	( ��

!�0�/ '�)�%�	( ��	( �7�N)Bromophenol blue, 0/03% Xylene cyanol FF, 60% Glycerol and 60 mM EDTA 

10mM Tris-HCl pH 7/6, 0/03% ( ��	%O �A '!� ! h&�[/TAE 7/0 ) C	��� 	( �2	
 !� 8�/ "( �E�� $0��70N80 

����% ��&�!�70N) �N! .m*� ��	/!�( P&���4) 	( �A 'L�/O)1gr Etbr. / 100ml H2O (�� P	Q*) .��B	#/ ')�(�*	( ' '	B

DNA  �&/ �&  	( dD>(�)�!	/ �&* &4�� �	M7
� �)254 �� ��	D7
) �7/&*	* . �)�J/DNA  '	B�*	( "9�	J/ 	( "*&
* �B

�)�J/ �M*	#* "5 �5�	/ 8!	D7/  �) $>�?/DNA �� ��� 3�
[4 ��&( );Migheli et al., 1998  �C)�	0
B ! $>/&/1384 .(  

  

���L�* ?�
�' *��4�9� ��)PCR(  

 $E	67:) ��w04 ')�(DNA "*&
* ���%�	TO �D� �) �	B �!� �� P&��)�&� +�	, 	( v�4�/ '	BPCR  ����% ��	D7
)

(Hibbett, 1992) .5)! ')�( ��	D7
) ��&/ �)&/ d>PCR �%�	TO �) �*�&( 8�	�2	B ITS1/ITS4 '��4&��5&* h&�[/ �

)CinnaGen Co., Cat no. DN7603C (��4&��5&* �) P)�5 �B '!	U "5 '	BdTTP �dATP �dCTP  !dGTP �&( ) �!��

3(�  �)�J/ "( C�� ��,� C!�(mM35/0  d>5)! �B ��PCR  �� ��	D7
)(Arnheim and Erlich, 1992)�  -�L*O

(CinnaGen Co., Cat no. TA7506C) Taq DNA Polymerase  e>� �=�T 	( "5unit !�0�/ ���� �7�N 20-  "���

$7*	
 �)�%"M*$/ '�)� ����% "�	V) h&�[/ "( d>5)! h&�[/ "�.4 �) �"�U�/ 3��:O �� ���(Cenis, 1992)�  ��	(PCR 

 �=�T 	( "510  ! �()�(3/8=  pH ��20- ���S "7*	
S$)�% �M*S" f04�! 1
2 P	Q*) ! C�� `!R �) �?( ��� '�)�) "(

�N�S�� 1S
� �) '��%&S
7U) `&Sa
* $N	�&/ '	BS�	( �� �&S� (D7
) ��&/S���% �)�, ��	 )(Cho et al., 1999; 

Ebrahimi et al., 2009 �=�T 	( -�L�>/ ����5 "�	� �&�K/ �50  �k&/ $��/)CinnaGen Co., Cat no. TP7506C ( C!�(

���% �)�, ��	D7
) ��&/ f04�! P	Q*) ! C�� `!R �) f� ! C�� ��,� . d>5)! �B �� �	�* ��&/ -�L�>/ ����5 �)�J/

5/1 ��/ !� 	4S$D7
) �k&/S� ��	S� ) �$N)!1388 .(Q*) ')�(S d>5)! P	PCR7() �S0�/ a� )�S!�
* �7�NS "*&DNA  ��

"N&N'	B2/0 !�0�/ '�7�NPCR � ��)� �)�, �fx
 ! �14 !�0�/ "*&
* �B "( "�	� �&�K/ �) �7�NDNA  -QU 	4 �� "�	V)

 "( d>5)! h&�[/15 !�0�/�
�( �7�N ."N&N ��0�	
&/�4 �	M7
� �� d>5)! P	Q*) ')�( 	B)Techne TC-512 (�>7��% �)�, .

 P	
4) �) f� �d>5)! �&6K/ ��D�5 �DU ')�(PCR"*&
* �70N) P	Q*) 	4 	BS!� ��&�!�� �� �A 'S �L��20 - ���S "

7*	
S$ �)�%"M*�*�� '�)� (Migheli et al., 1998).  

  

 �!��3- �%�	TO �D� ! P	* d�	/�O �� ��� ��	D7
) '	BPCR-RFLP  
Table 3. Primers used for PCR-RFLP and their sequences 

�	64) '	/� )˚C( 

Annealing temp. 

�	TO $N)&4�% 

Sequences 

�	TO P	*�% 

Primer 

56 ITS1 (White et al, 1990)  5’- TCCGTAGGTGAACCTGCGG-3’ ITS1 

56 ITS4 (White et al, 1990) 5’- TCCTCCGCTTATTGATATGC-3’ ITS4 
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?�
�' ���RAPD  

d>5)! '	BPCR �)�J/ �� '	B30 !�0�/ 	( �'�7�N15  �) P�%&*	*DNA �� P	Q*) ��0�	
&/�4 �	M7
� �� �"*&
* �B .

�%�	TO$N)&4 1/	� ���	D7
) ��&/ '	Bd>5)! �� 	� 3�) �� "5 �&( " &(�/ I(	>/ �) �=* ��&/ '	B '	BRAPD  '�)�?4 �)

�%�	TO '�
 �) �%�	TO '	BOPA �OPP �OPC �OPE �OPX  !OPD ) �!��4 (1/	�: OPA-03, OPA-04, OPA-07, 

OPA-13, OPA-16, OPA-19, OPC-06, OPC-08, OPD-01, OPD-09, OPE-01, OPP-16, OPP-17, OPP-19  ! 

OPX-14 *�&(S� )Bentley et al., 1994( 5S� $M
B "S�*&SB �	
�&S>79S� )van der Waals et al., 2004.( 

  

 �!��4- �%�	TO $0�7*A @&>4 $(	� $N)&4 �.� ��	D7
) ��&/ '	B"�)�� +�	, '	BFusarium oxysporum f.sp. cepae 

Table 4. Primers used for sequencing genetic diversity of  Fusarium oxysporum f.sp. cepae isolates 

 ����C+G  

C+G % 

���	
 ����  

Fusing temperature (˚C) 


����� ��
�	 

Primer sequence 


����� ��� 

Primer 

�����  

NO. 

60 36 5´-AGTCAGCCAC-3´ OPA-03 1 
60 34 5´-AATCGGGCTG-3 OPA-04 2 
50 33 5´-GAAACGGGTG-3´ OPA-07 3 
70 36 5´-CAGCACCCAC-3´ OPA-13 4 
60 34 5´-AGCCAGCGAA-3´ OPA-16 5 
60 34 5´-CAAACGTCGG-3´ OPA-19 6 
60 34 5´-GAACGGACTC-3´ OPC-06 7 
70 36 5´-TGGACCGGTG-3´ OPC-08 8 
70 37 5´-ACCGCGAAGG-3´ OPD-01 9 
50 33 ′3-CTCTGGAGAC-5´ OPD-09 10 
70 36 5´-CCCAAGGTCC-3´ OPE-01 11 
70 36 5´-CCAAGCTGCC-3´ OPP-16 12 
70 36 5´-TGACCCGCCT-3´ OPP-17 13 
60 34 5´-GGGAAGGACA-3´ OPP-19 14 
60 34 5´-ACAGGTGCTG-3´ OPX-14 15 

  
 d>5)!PCR "N&N �� d>5)! ')L�) I��&4 �) f�"*&
* C�!L�) 	( �	B 'DNA �� �&MN)  P	Q*) ��0�	
&/�4 �	M7
�

����% . d>5)! "/	*�(PCR  8�/ "( $4	/�J/ $M7��
)! 1U)�/ 1/	�5  �� "J�,�95 $7*	
 "��� "( $M7��
)! ��)�%

 8�/1  �� "J�,�95 $7*	
 "��� 8�/ "( �	64) ��)�%1  �� "J�,�36 $7*	
 "��� 8�/ "( ��79% ��)�%1  �� "J�,�

72 "��� $7*	
�)�% ��79% !  8�/ "( $�	.*8  �� "J�,�72 $7*	
 "����&( �)�% . ��79% 	4 $M7��
)! 1U)�/45 

�4�/S4 "S0S� �)�S� .* ��S.S ��	DNA� 'S�)�S"
��( ��&/ '	BS7
) 	( $SDSTO �) ��	S�%�	64 '	BS�w04 $��	S �

%S���S�  .(Dale et al., 2003; Migheli et al., 1998) 

  

 *� #2�, O���� ���L�RAPD  

�*	(�� �	�7/) 3��?4 ��A '!� ��� ��B	#/ '	B .P�* �) ��	D7
) 	( �	5 3�) �)L�)NTSYS-pc  ;��V �) ��	D7
) 	( !

����% P	Q*) ��	5	� "(	#4 .-B �)L�) P�* �) ��	D7
) 	( �3�>nPhotocapt MW �*	( '&MN) '	BDNA "�)�� �) a� �B 	( �	B

�%�	TO�>n '	B�� o[#/ $�0� .f��4	/ "�)�� $0�7*A "�E	�( 	B "�/O �
� ."�&: "�LQ4 $�4)�/ �!� F	
) �( ')

I
� ��/ �) ��	D7
) 	( !P�* �� '�!O �)L�)STATISTICA (Version5) "�&: ! P	Q*)"�)�� $0�7*A �()�, '�>( 	B

�� -�
�4 ."�&: -
� ')�( �!� �) '�>(UPGMA ����% ��	D7
).  
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 ?��$*@PCR – RFLP '�� ���������  

�B	�� 3��?4 ')�(8!	D4 	� 	B$N)&4 �� �&�&/ '	B '��4&��5&* '	BDNA "*&
* v
&4 ��� ��w04 '	BPCR �) �

 �!�PCR-RFLP �� ��	D7
). "JW>/ ��w04 ')�( 16SrRNA"*&
* )�7() � d>5)! v
&4 �&�&/ '	BPCR  a
5 "( !

�%�	TO �D�  ITS1/ITS4�*�� ��w04 )(Abawi and Lorbeer, 1971 . $N)&4 �;
	>/ $��( -�L*O `	[7*) ')�( �fx


:�(S� �) $S"�)�, '	BS� +�	S
��( CA a*	( �� P&��)�&S�� $ .D7
) 	(S
 �) ��	S ��	www.tools.neb.com �S�	S �	M

*O ��(S
�LSN)&4 $S$BS '	16S rRNA ?4S��S% 3S���S� .*O 3�( �)S�LS-� 	( $�	BS�	M�	��( '	BS>/ $S*O �;
	S�LS -

AluI ,MseI TaqI ,ECORI  �5�� �) ��� "�.4 Fermentas co.  �&6K/ ��( �.�DNA  "*&
* �B ��� ��w04

 �� ��	D7
)(Abdessamad et al., 2003) .� ')�( $
�L*O -�B ')�( ��	D7
) ��&/ v�)�� AluI! ECORI  37  "���

$7*	
�)�%,MseI,TaqI,  65 $7*	
 "����)�% �&( .	( 1�N� "("*&
* ��[�4 C	0/) ! 	/� C�&( k�)&* �) �	B ')�( -���)�	� '	B

"N&N �� 379( �B ! �� ��	D7
) 	B20  �� ��� I
� d>5)! 8)�W, C��#5 3��	� ')�( A&��!�0�/ 1
2 ��	( a� "J�,�

"N&N 'k	(���% P	Q*) �	B.(Lee et al., 2000)   

  

 ;�/5$ *	�J'��
D�PCR-RFLP  

�*	( ��B	#/ ')�(B d>5)! �) 1E	U '	PCR-RFLP�� ��	D7
) ��	/O 1��5) $�� �A �) � . "?W, ��)�*) "( "�&4 	(

�� ��	D7
) ��&�!�70N) �� ��	/O 1��5) $�� �A �) $E	: �=�T �) �-�L*O �B v
&4 "7�	� ��( . ��( 8	?W, a�0D4 ')�(

 -�L*O v
&4 "7�	�AluI � EcoRI�MseI  !TaqI  "(�L( 8	?W, �	Q�) 1�N� $�� �A �) �-�L*O 3�) v
&4 an&5 ! z

 �=�T 	( ��	/Y��5)5  3�) v
&4 �an&5 8	?W, �	Q�) 1�N� "( �"7�	� ��( 8	?W, ��B	#/ ')�( $N! �� ��	D7
) ��E��

 �=�T 	( ��	/Y��5) $�� �A �) �-�L*O !�12 ����% ��	D7
) �E�� )�$N)! 1388(.  

  

O���� 

����� 8�$*@ �	�$ ���  

"�)��, '	B+�	F. oxysporum f.sp. cepae   �!�� c�� "( d�	/�O ��&/�*�&( 1�R    +�	S, "S*&
* �) $SM
B "5  '	SB

�� ��� '�)�.M*  C	.DE) C	7
) $?��  I(	>/ ! '��!	#5 8	J�JK4 L5�/)'�	
�( ! 8	�O d[(	B (   C	S�0�/ vS
&4 "5 !

 C)�	0
B)1391 (C	7
) �)�)��� �C	.DE) '	B C	/�5 �)�� 1�(��) !	
 �����% �#5 ! '� �*�&() �!��5.(  

  

�	�4�� ��������� �P�* ���F. oxysporum f.sp cepae *��� C��	� �'	  

L/�, �C	�	5 ��D
 -,� "
 ��  '!� $%��
&� '�	
�( 8�� f*	��)! "�LQ4 �RO     "S5 �)� C	S#* �)&SB) ��D
 ! �.�

��9* L�* -,� "
 3�) "(   +�	S, "�)�� $
Fusarium oxysporum f.sp. cepae  S9US  S
�( ! ��&S( F	S S
4 �� '�	S $/	

�	
�4�� ���� d�	/�O ��&/ '	B. "�)�� ! P	,�)   $S>?/ XY7S:) -SB 	( '�	
�( 8�� �=* �) 	B   �	S
7U) gWS
 �� �)�1 %

 �>7�)�)�!�� 6 .(  

 '�	
�( 8�� 3�M*	�/ "9�	J/) �!��7 ( "S�)�� '�	
�( 8�� "5 �)� C	#* -,� "
 '!�    S
 -S,� �	S�� '!� 	SB ��D

d�( C	�	5�&( �M�� -,� !� �) �4 .d�("�)�� "( h&(�/ $%�&NO 8�� 3��4CO)�( '	B3 Q�&�2 ! "1    ;S�4�4 "S( "Q�&�2 !

100% �95 % !95 %�&( .-5)��� "�)�� )� $%�&NO 8�� 3��4 �5  '�	
�( 8�� 	(35 %   �)� q	S67:) �&S: "S( .  �	S�� ��

�RO L/�, -,� d�( �.�h&(�/ $%�&NO 8�� 3��4 �RO "�)�� "( �.�23  '�	
�( 8�� 	(92 %-5 ! )� $%�&NO 8�� 3��4

�)��S�	�� "1  !1 O�R �.�1 NO 8�� 	( ;�4�4 "(S $%�&15 % !11 %�>7�)� .,� ��S S�D
 �	�� -S     ;S�4�4 "S( LS�* �)&SB) �
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d�(-5 ! 3��4"�)�� "( h&(�/ $%�&NO 3��4�RO '	B �.�1  $%�&NO 8�� 	(100 %�	�� !1  8�� 	( $%�&NO25 %�&(.  

  

 �!��5- "�)��+�	, '	BF. oxysporum f.sp. cepae  I
� �	
 ! 1K/ ��	�� C	(L�/ �)CO '�!O	B  
Table 5. Isolates of F .oxysporum f.sp. cepae from onion, their site and year of collection  

C	7
�.�  

City 

�	
  

Year 

"�)�� P	* 

Isolate name 

"�)�� ��	
�  

Isolate NO. 

�)��� �Shiraz 2011 �)���10                  Shiraz10 1 

C	.DE) Esfahan 2011                  "5�	�/Mobarakeh 2 

�)��� Shiraz 2011 �)���5                      Shiraz5 3 

�)��� Shiraz 2011  �)���16                 Shiraz16 4 

E)DC	. Esfahan 2011 �	��1                         Ziyar1 5 

C	/�5 Kerman 2011                       C	/�5 Kerman 6 

���)� Shiraz 2011  �)���21                 Shiraz21 7 

1�(��) Ardebil 2011  �.��RO1            AzarShahr1 8 

�)��� Shiraz 2011 2 �)���2                 2Shiraz2 9 

���)� Shiraz 2011 1�)���2                  1Shiraz2 10 

E)DC	. Esfahan 2011                           CO�(Baraan 11 

�)��� Shiraz 2011 3�)���2                  3Shiraz2 12 

1�(��) Ardebil 2011 1�.��RO7        1Azar Shahr7 13 

E)DC	. Esfahan 2011 "Q�&�21                  Alavije1 14 

E)DC	. Esfahan 2011  CO�(3                     Baraan3 15 

�)��� Shiraz 2011 �)���2                      Shiraz2 16 

C	.DE) Esfahan 2011 CO�(2                      Baraan2 17 

1�(��) Ardebil 2011  �.��RO3           Azar Shahr3 18 

�)��� Shiraz 2011 1  �)���7               1 Shiraz7 19 

C	.DE) Esfahan 2011 CO�(4                      Baraan4 20 

1�(��) Ardebil 2011 1 �.��RO1       1Azar Shahr1 21 

1�(��) Ardebil 2011 1 �.��RO3      1 Azar Shahr3  22 

�)��� Shiraz 2011 4 �)���2                 4Shiraz2 23 

1�(��) Ardebil 2011 2 �.��RO9       2Azar Shahr9  24 

C	.DE) Esfahan 2011                              �	��Ziyar 25 

1�(��) Ardebil 2011  �.��RO7            Azarshahr7 26 

1�(��) Ardebil 2011 �.��RO23         AzarShahr23  27 

C	.DE) Esfahan 2011                        "Q�&�2alavije 28 

1�(��) Ardebil 2011 1 �.��RO9        1AzarShahr9 29 

1�(��) Ardebil 2011 �.��RO9            AzarShahr9 30 
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�!�� 6 - "�)�� v
&4 ��� �	Q�) ��  $%��
&� '�	
�( 8�� f*	��)! "�LQ4 '	BF. oxysporum f.sp. cepae �	�� -,� "
 '!� 

Table 6. Analysis of variance for disease severity of bulb rot induced by F. oxysporum f.sp. cepae isolates on three cultivars of onion 
  

                 8)���|4 I(	>/ 

 

'�)�O "��� 

df.                

 8	?(�/ 3�M*	�/MS 

S.O.V. C	�	5 ��D
 -,�  
Sefid Kashan  

�.��RO L/�, -,� 

Ghermez Azarshahr 

�)&B) ��D
 -,� 

Sefid Ahvaz 
Isolate                          "�)�� 29 662.87** 742.72** 1739.20** 

Error  	W: 60 199.44 1280.31 292.33   

Total (SST)  15                    89 18234.73 44812.50 79163.50      

  % C.V                  8)���|4 ;��V �E�� - 0.63  0.73 0.58 

:** $>?/ �	
7U) gW
 �� �)�1%.                                                                              level. **: Significant at 1% probability  
  

!�� �7- �( 8�� 3�M*	�/ "9�	J/"�)�� v
&4 ��� �	Q�) ��  $%��
&� '�	
'	BF. oxysporum f.sp. cepae  �	�� -,� "
 '!�  
Table 7. Mean comparison of disease severity of bulb rot induced by F. oxysporum f.sp. cepae isolates on three cultivars of onion 

             '�	
�( 8��Disease severity (%)    "�)�� P	*                  Isolate Name  

�)&B) ��D
 -,� 

AhvazSefid  

�.��RO L/�, -,� 

Ghermez Azarshahr  

    C	�	5 ��D
  

Sefid Kashan  
  

  

35  41  70   �)���10  Shiraz 10 

58  50  55  "5�	�/  Mobarakeh  

67  67  35   �)���5  Shiraz 5  

83  67  90  �)��� 16   Shiraz16  

25  15  45  �	��1   Ziyar1  

75  75  80  C	
4�5   Kertman  

50  42  45  �)���21   Shiraz21  

100  65  75  �.��RO1   Azarshahr1  

92  75  75  2�)���2   2Shiraz2  

42  75  55  1 �)���2   1 Shiraz2  

42  83  85   CO)�(  Baraan  

33  50  70  3 �)���2   3Shiraz2  

33  58  45  1�.��RO7   1Azarshahr7  

33  75  95  "Q�&�21   Alavije1  

75  83  100  CO)�(3   Baraan3  

20  20  60  �)���2   Shiraz2  

42  58  40  CO)�(2   Baraan2  

33  50  90  �.��RO3   Azarshahr3  

42  50 45  1�)���7  1 Shiraz7  

33  67  60  CO)�(4  Baraan4  

50  11  45  1�.��RO1  1Azarshahr1  

33  42  40  1�.��RO3   1 Azarshahr3  

33  75  45  4�)���2   4 Shiraz2  

42  75  90  2�.��RO9   2Azarshahr9  

67  83  80   �	��  Ziyar  

33  85  45  �.��RO7  Azarshar7  

58  92  60  �.��RO23   Azarshahr23  

33  75  95   "Q�&�2  Alavije  

67  25  45  1 �.��RO  1 Azarshahr9  

42  75  90  �.��RO9   Azarshahr 9  
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����� �
���� ���� !	�� Q9�I$ ���Fusarium oxysporum f.sp. cepae  �R��%� *� ���1�"� ��RAPD 

"�)��I
� '	BC	7
) �) ��� '�!O�C	.DE) '	B 1�(��)! C	/�5 �  �!� 	( F�	�RAPD  �) ��	D7
) 	( !15  "( �%�	TO

 $��	64 8�&E�)  �*�� $
��( $0�7*A @&>4 �=*) 10�1  !3(K4 ! "�LQ4 �) 1E	U P)�%!��*� F	
) �( "5 � ! e�	7* 1��

�*	( '&MN) 3�) $B�30  "(	#4 gW
 �� "�)��85  "( �E�� e>��!�% �� -�9J4 ) 10�2( ."�)�� 1/	� �!) �!�% '	B

�RO �.� 1 �1 �)��� 2CO)�( � 3�)��� ! CO)�( � 5 �*�&( .%SP!� �!� �S1/	 13 �S�� "�)�S �)�7 CO)�( �4 "Q�&�2 �1 �

�)���16�)��� �21�)��� �10�5 �C	/�.��RO ��	�� �7 �"Q�&�2 �2�)���3�)��� �2 ! 1 �RO �.�7 �&( .P&
 �!�% �� "�)��-

 '	B�	��1�.��RO �3  �.��RO !23 �>7��% �)�, . �!�% P�	.n1/	� "�)��'	B 1 �RO �.�9�RO � �.�9"5�	�/ �2 �)���2� 

CO�(2�  �.� �RO3  !1 �.��RO1 �&(  !"�)�� !� -Q>� �!�% �� '2 O�R �.�9 ! 4 �)���2 �>7��% �)�,.  

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

10� 1 -  '�*	( '&MN)RAPD "�)�� ��w04 �) 1E	U '	B1  	430 +�	,  Fusarium oxysporum f.sp. cepae 

Fig. 1. RAPD banding patterns amplified in 30 Fusarium oxysporum f.sp. cepae isolates 
  

 ')�( P	* "�)�� �!�� "( 	B1 �&� "?�)�/.                                           For name of isolates see Table 1. 
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10� 2 - "�)�� P)�%!��*�'	B Fusarium oxysporum f.sp. cepae  v
&4 RAPD  "/	*�( �) ��	D7
) 	(UPGMA  

Fig. 2 UPGMA dendrogram of the Fusarium oxysporum f.sp. cepae isolates by RAPD 

 

  

�0 13 -  ��&�!�70N)DNA '	B"�)�� �) ��� �)�[7
)+�	, r�7[/ '	B Fusarium oxysporum f.sp. cepae    
Fig. 3. Electrophoresis of extracted DNA from Fusarium oxysporum f.sp. cepae isolates 

 ')�( P	*"�)�� �!�� "( 	B1 �&� "?�)�/.For name of isolates see Table 1.                                                                 

  

d>5)! PCR "JW>/ '	B $N)&4 �)  ITS   

 �&=>/ "("�)�� $0�7*A @&>4 $
��( 1/	2 +�	, '	B�%�	TO �) �	�� ��  ! "#�� $%��
&� '�	
�( '	BITS1/ITS4 

L�*  CA '	>�/ �( "5 �����% ��	D7
)ITS ��� $U)� �*) . d>5)! ��PCR �D� �) �%�	TO '	B ITS1/ITS4 ) "?W,

�	=7*) ��&/ '��w04  bp700(�� ��	D7
) � )White et al., 1990( .>5)! �&6K/ ��&�!�70N) �� dPCR  �A '!�

�!�	%O%2/1 *"*&
!�U �� ��� ��w04 �*	( ')�)� 	B �bp 006 *�&(� )10� 4( .�� "*&
* '�*	( "*&% ��B -N	
 '	B '!�

�#* ��B	#/ �A. ��&( �%�	TO �D� 3�) 	( ��w04 ��&/ "?W, ;
	>/ �&  ��%�	TO 3�) �) ��	D7
) $�E) 1�N.  
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M :Ladder 100 plu  

 10�4 -  "?W, ��w04bp 600.≈  �%�	TO �D� v
&4ITS1/ITS4 "�)�� �)+�	, '	B Fusarium  oxysporum f.sp. cepae . 

Fig. 4. Multiplication of 600 bp segment by ITS1/ITS4  primers from Fusarium oxysporum f.sp. cepae isolates. 

  ')�( P	*"�)�� �!�� "( 	B1 �&� "?�)�/. For name of isolates see Table 1.                                                               

  

 ���L� '#�95� RFLP - PCR �����	�� ��� !Fusarium oxysporum f.sp cepae �'�� '����� ������  

9�	J/ 	(S�4&��5&* $N)&4 "S?W, '�S�w04 "S7�	� �S�U	* �) "S "ITS� "�)��	B $N)&4 	( 3�) �CA a*	( �� �&�&/ '	B

"�)�� 	( 	B99 E��S�� �S2 	( �B	S 1/)&HQ65896 �GQ77559 � GU136492 !HQ658958 M
BS�� $ %S�!� 

Fusarium oxysporum f.sp cepae �>7��% �)�, ."�)�� 3�( "(	#/ ��( '&MN) �&�! 	( L�N	*O �� 	BPCR-RFLP  	(

-�L*O �) ��	D7
) EcoRI�MseI � TaqI! AluI "J�  �!�% a� �� $M
B�*�� '�>( )10� 5.(   

  

  

10� 5-  '�*	( '&MN)RFLP  ��w04 �) 1E	U17  "�)��F.oxysporum f.sp. cepae 	(  -�L*OAluI 

Fig. 5. RFLP banding patterns amplified by 17 isolates of F. oxysporum f.sp. cepae by Alul enzyme.  
"�)���.� '	B/ '	B[ '&MN) ')�)� r�7RFLP �*�&( $.(	#/ ."*&
* �) $:�( ���*	( 	B �� ��B	#/ -B $D�?V '	B

$/ �=* "( "5�KE d>5)! P	Q*) P�2 1�N� ��
� gPCR $/">�.( 	( "5 ��	(&MN) 3�) d>5)! '�	
 X�U "�	V) '	B

 �*��
* !�S"*&	( v�4�/ $0� �  "6, $N&,)�RO "�)�� �.�1 ( 	( v�4�/ $0� ! �	�� 3�
�B)"5�	�/ "�)�� ( C)&>2 "(

"*&
*�*�� `	[7*) "2&
Q/ 15 �) $�	B �*�� ��	7
�� $(	� $N)&4 ')�( ! ."*&
*�� $(	� $N)&4 '	B �
Y( P	Q*) �) f� �

M 
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 "*&
* 	(HQ 65896  	( v�4�/ "5F. oxysporum f. sp. cepae  "#�� $%��
&� 	( v�4�/ CA a*	( �� 	0��/O �&#5 �) "5

 C	#* �B	�� �&( ��� ��)L% �	�� ��  !�)� ."�)�� ��4&u&�5&* �� ;�4�4 "( "5�	�/ '	B205� 412 �497 �.��RO !1 

�4&��5&* ��S� '	B271�482�370 � 	(S�)�S "HQ 65896 
&4 "5S v>95	
S	  C)�	0
B !)Saxena et al., 2010 ( -B

4 	( �3�>nSN)&S$M�� '	BS5 '�S� "S1/	 )Weber, 2012 (JQ77559 �GU136492 (Chen,1985) !HQ658958  

(Saxena et al., 2010) �)� C	#* �.(	#/. "�)��"�)�� 	( ��JK4 3�) '	BP�* �� y&� '	B�) �)Lmultalign >7��% �)�,S �

�/ "5S�� C)LS�B	D4 ! 	BS8!	CO '	B�M( �)�, $
��( ��&/ 	BS�� .��S�B		B D4 !S8!	10� �� 	B6  ��)� C	#* ���

�
) ).(Saxena et al., 2010; Chen et al., 1985; Weber, 2012  

  

 

�0 16- -B r���"�)�� $N)&4 '�	
 �%�	TO �D� 	( ��� ��w04 '	BITS1/ITS4 (P�* 	 �)L�)Multialign  ��	
 �� �&�&/

ExPASy )3�
�B: �.��RO "�)�� �&=>/ "6, $N&, ! "5�	�/1 $/��	(.(  
Fig. 6. Alignment of amplified isolates with ITS1/ITS4 primer and Multialyn application in ExPASY  site. 

  

$0�7*A&��� �:�� ���JK4 3�) e�	7* F	
) �( "�)�� �
Y( �) 1E	U�.��RO ! "5�	�/ '	B1 "�)�� 	( �&�&/ '	B

 �� o[#/ CA a*	( ��)10� 7.(  

  
 10�7 -  3�
�B "�)�� �
Y( �) 1E	U $0�7*A&��� �:��)"5�	�/ ( "6, $N&, !) �.��RO1 ("�)�� 	(CA a*	( '	B  

Fig. 7. Phylogenetic tree of the blast of Hersin (Mobarake) and Gholighese (Azarshahr1) isolates and 
isolates from Genbank 
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T5� 


BSC	& � 7* "5Se�	 C&/�O 
�(S'�	�� $�)�"�) r�7[/ '	B       �	S�� �S�  ! "S#�� $%��S
&� 1S/	2 +�	S, �)� C	S#* �

"�)��'�	
�( �) 	B '!� $4!	D7/ $�)�-,� "
 �RO �C	�	5 �	�� �*�&( �)��&:�( ��)&B) ! �.� 	
�( !'�CO $�)� P	,�) '!� 	B

�&( k	( �	��. �)�* �&�! �	
7U) �M*	�( @&V&/ 3�)   �S
) '�	S
�( 1S/	2 +�	, ��?
� �� a�A&N&�L�� '	B.     	S( e�	S7* 3S�)

"7�	� �	75)��	( '	BBayraktar, 2010)( "�)�� $0�7*A @&>4 q&6: �� +�	, '	BFOC  �)�S* �&�! !     +�	S, 3S�) ')�S( 	SB

'�	
�( �	�� �� )���)� $*)&[
B.  �!�RAPD  �( $>7�/ �!�PCR    $N)&S4 $��	S64 �S�w04 "�	� �( "5 �
)   $/&S*A '	SB

$/ CO "��
! "( ! �
) �)&7
) '�	M* �#M*) C)&4DNA   ��S5 "S�.4 )� ���p�� ! z�L( P&*A a� .   XY:�S( �!� 3S�) ��

�!� ��)�*	7
) '	BPCR  �&  "( �%�	TO a� �)10-9  '�	( r��� "5 ��4&��5&*"( CO    $S/ 3�S�?4 '�)��)�S, �&S   ���S%

$/ ��	D7
)�&� . "7�� !� '!� )� �&: 1
0/ h	J* ��D>/ �%�	TO a� d>5)! 3�) ��DNA  �� )� �&: ! )��� "*&
* $/&*A

 "7�� !� '!� h	J* CODNA $/ 167/�>5 . �%�	STO �	64) 1K/ �%)        �>S�	( aS��L* -SB "S( 1S(	J7/ "7S�� '!� �� 	SB

)"�E	� "5 ')DNA ,��	( ��w04 1(	 (  $S  �	64) "WJ* !� CO 3�( $N)&4PCR    �S� �SB)&: �S�w04 .   !� "Sp*	>n 3�)�(	S>(

 �) "?W, !� '!� $��	64 �&  "( �%�	TODNA ���!O�� �*��M( �)�,CO �) 1E	U '	B      8�	S�2 "S( ��&S( �SB)&: 8!	SD7/ 	B

 '&MN) ��M��RAPD CO�
) 8!	D7/ 	B . 8!	SD4 3�) �)   N) 8	S?N	W/ ')�S( 	SB    -S9���&/ $S�� '&SMDNA   vS()!� 3�S�?4 �

�$0�7*A&��� "#J* "�.4$/ $0�7*A '	B��5 ��	D7
) C)&4 . �5�	/ �) ��	D7
) 3�>p
BRAPD    �) CO 'k	S( '	S�)L/ 1�N� "(

�%�	TO �) ��	D7
) 1��,�$��	64 '	B  $N)&4 "( �	�* P�2DNA ( ��
B) �) &�75)&��)� �)&/ ! "�
) �)��&:�( $�)L
.  

Y2 "("( �!� 3�) �) ��!�M*	#* �) $0� C)&>2��?
� $0�7*A @&>4 "?N	W/ �� -./ $N&0N&/ '	B�)�* "( h&(�/ '	B  	SB

$/ ��	D7
)�&� . �!� 3�)�(	>(RAPD "($N&0N&/ "?N	W/ �.� �!� 3��7.( C)&>2 "�)�� 1/	2 +�	, '	B  �S� `	S[7*) .

 P	Q*) �N&.
RAPD 7*) 1�k� �M�� �) CO C�&( I��
 !�&( �!� 3�) `	[ . 

 �) ��	D7
)�!� RAPD �
�)�� C�&( $��	64 1�N� "( �9*)&7* 	B�!�      3S�) �� $S0�7*A @&S>4 $S
��( ')�( $�
	>/

�&� `&9K/ ��JK4 .�%) a�>04 	( "nPCR-RFLP "�)�� $/	
4 ��JK4 3�) �� "7�� �	5 "(   )� $.(	S#/ '�S*	( '&MN) 	B

-5 � 	>/ �) ��	D7
) 	/) �*�)� C	#*$/ ��� ��	DU �4  �S�	( ��S>>5 a
5 $0�7*A @&>4 3��?4 �� �*)&4 . -SB   �S( 3�S>n

�!�% $0�7*A @&>4 '	>�/$/ 	B�	0B)� C)&4 ��(�	5 "( ��7>5 ')�( $0�7*A �!�% ;9U�( )� $2&>7/ '	B.  $S/ �S=* "(  �S
�

 "JW>/ITS $
*"�)�� $0�7*A @&>4 $
��( ')�( $�
	>/ "JW>/ �*)&4�� P&��)�&� '	B �&� `&9K/ C)��).  RAPD a� 

#*SM*	S� ;N	T �
) ')�( "5  S
��(S$  S>4S@&  S0�7*AS$ !  �!�S% S>(S'�  S�S"�)�   +�	S, '	SBFOC   SD7
)S ��S� ��	  �S
) 

)Thompson et al., 1997; Ouborg et al., 1999; Mackill et al., 1995; Haley et al., 1994 .(  

 ��"�)�� 3�( "9�	J/B!�% 8	.(	#4 �=* �) 	B'�	
�( q&6: �� $>4 ! $�)�S0�7*A @&SCO $ S  3�) �	BS  S=* "S( �&S �

$/�* �&�! ��JK4 3�) �� ! q&6: 3�) �� $E	: h	�4�) "5 �
����) -5 "5 )�n  d�S( ! 3��S4    '�	S
�( 8�S� 3��S4

"( ��?7/ "�)��'	B  "�E	U P)�%!��*� �� P!� �!�%�&(.  

($
��'	B �( ! $0�7*A @&>4 q&6: �� ��� P	Q*)'�	
�� $�)�)"� 1/	2 +�	, '	B '�	
�( ��  ! "#�� $%��
&�

 �) "5 �)� C	#* 3�)A �&#5 �� "n�	�� ! �	��12 "JW>/ �:) "( �Q>/ "5 ')55  ��� +�	, 3�) �) "�)���&( )27  �) "�)��
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