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  تريكوگراما يهادر زنبور Wolbachiaافقي باكتري  انتقال

(Hym., Trichogrammatidae). 
  

  4اتك وربارشيو پاتر 3خنسيس هوينوس اري، مارت2ي، احمد عاشور*1شهرام فرخي
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  چكيده

  
 ������Wolbachia ���	�
� ������
�� �	�� � ����� ���� ������ ����� ��   �� ���!

�"�
��# �����$%!�	 &��'	 �	�  (��% �)��# ��)*�+, ���� ���	 ���-� �� ��'% �� .���"
���% �����/ ���	 . ������ 1�
�%� �
��� �� �,�# ��Wolbachia  !� � ���%!�- �� ���	 !� 2�#���

�	 34# 3�56��)� 7��8  1�
�%� 9���-� :,�	 ����)	 ��;	�)��# 3��)� �� �))<# =�� .�>��
��% �� ������  ����	 ��?� ��> .���� 1�
�%� ����� =�� ��  =)� � �%�"  ������ ���
�� �����

���	  �%���� =�@ �� .�-�" ���A ����� ���	 �	��"�
��# �����$%! =)� �� ���!B 11W+  ��$%!
Trichogramma brassicae  =����� �� ����B ��$%! ����� ��wBaT.bra =�@ � ���C��  ���

����� Y 175  ��$%!T. brassicae  �GD 011  ��$%!Trichogramma evanescens  ����� ��
��%�)" � ����B�)D �����$%!  �%�> ��-�" �E% �� .3� ��F<# �� ���G �� �� �� �
-� 1�
�%�  ��	!

���B�)D � ����B �����@� �� ��$%!   34# ��� H� !� I��J	 ��8Mamestra brassicae 
��� �� ���K% �� � �-�" L��M" �����$%! �� ������ ���) N�� �� ��%�PCR  ���+��� �� �

 �O �M�P�/� ����"!�DB !�wsp)G�% .� ITS-2  Q�����	��� �TTG 49 �)
-�	  ���� �)	B
�)�� L�$R� �� ������ 1�
�%� . 1�
�%� ���)	 S��T	 �� ��%�)" ���-� (��% ����� �� =)�U��

���� �%�"  �� ��V/XV % 1�
�%� �� �)
-�	 ��% �� ������F1  �� ������� ���
�� �
�   �� ���!
Z/[V %=)� ���G !� ��J)� .��?� ��% !� �%�" ����" ���B�� �� .���	 �� �,�# ��  �$�% ���

!���6�\��)]# ���� �	�%�� �� ���+��� ���� ���,  7)
'# =�� ^���% .]�O���)� 1���� ���
�	 $�, !� �%��#� ��A ���+��� ���	 ���������)" �.  
  

. �%�
�Wolbachia���� 1 :هاي كليدي واژه �1 �(= "�%�
�%� .�� �%�" .�	��"�
��# .��  
                           ���	 ���!.  

  

  مقدمه 

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

%�! , )�
-. /� �0��1�  *0 %! �
*�0 2"3�*� "$  0*��

�,
4  )�
-. 5��6� �"$�7  "�7� %
�4 /� �+*0  �* "$

�� 8�"�  0��(Werren, 1997; Jeyaprakash & Hoy, 

2000) .&�	'($ �	� "�;< �0* ,'= ����0 �"$ � 

"	
�!"#���,
>� &�"# ?�0�#  �* @"	">��# @�# /� ����6� �"$

�� �0�;< ���! .�
�!"#  0"A	� "# %B
< 8C;0 %# *�#'� �"$

                                                                                   
1. α-proteobacteria 
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�������  ����� ������ ��	�� �� ����� 

 DE"# @"#'C� 8F��C;�� G��CH *0 ���
CCI� J	�'��

0�(E �"K�
�� &L�*, , �� 0�� �
	M>  %=�� 0*�� ?�
��

��� NO�, �CKKP� �
� . �*"4/"H"
 8�"� )�
CCI� �	�

�(HQ>��CH� �!"�
� /� ��
# *0 %�! , )�
-. ?"$  "$

(Breeuwer & Jacobs, 1996)D
R� ? �/"H�  *0

�!"�
�  %# "�
< 8	�3� , "$

 �BC�
S &C1T, 
CCI� "# "$

�0"� �"$  ��<*"!(Juchault et al., 1992) ?"$

 ��-!� 

&6H /� �0��1� *0 �"# �"# ?@"��> U;�>  @V"#,0 , @�*�0

0�#"
 W	
X /�  

 �C�= @0
! (Jiggins et al., 1988; 

Hurst et al., 2000; Majerus et al., 2000)  ,�"K;� 

 �	�/
B#(Parthenogenesis inducing-PI)  )�
-. *0

�CY��	/�*"> (Stouthamer et al., 1993; Stouthamer et 

al., 1990) �� ��"# . @S �;��� Z"H� 
# �
�!"# �	�ftsZ  

 ,16S rRNA  �,
4 J� %#)�,
4 V"# (A-F  GC�K�

�� �,
4 %! 0��  �"$A ?B ?E  ,F �	
�H� 8�"�  �"$

��# %# %��#�, �� @"	">  ���"#(Vandekerckhove et al., 

1999; Lo et al., 2002) . "��� "��
4�B	
� �"$*�3
/ *0


�4 *0 %! ��	
�H�% Trichogramma bourarachae 

Pintureau & Babault  �*,<0�/ , �*,*"# J	�'�� DE"#

��  �,
4 %# W�1�� 0��A  �0�#(Vavre et al., 1999)  ,

�	
�H� 
	"H  ]=�� %! "$ �"K;��0"�   �	�/(thelytoky) 

�� �
!"# �"$*�3
/ *0 �
��  �,
4 *0 "̂��(EB  ,

 �,
4 �C�_($A %��
4 *�
O  �
�(Pintureau et al., 

2002; Zhong & Shen, 2004)  . �
�!"#Wolbachia 

���
� *0 �C;�� �"$  ���= 8F�)%`C# , @��(6� ( �0��1�

�� 
CFB� @"	">��# /� 
-. /� "�
< �"K�
� , 0���  �*0"�

�� )*�+ G6� GHQ>��CH W	
X /� a"�
 %# 40
C . %#

�� GHQ>��CH �O"� "̂3	
K� �
bH� %B
< 8C;0 ��"# � 

�� 'C
 "$

 %c
4 �
�� �0�;< �
�!"# �	� %# ��
���  � 

%# 

 )�
-.   JK
 "��
4�B	
� *�3
/ 0*�� *0 �d	,

�(
 "�	� �'C
"4*�,
BC� �	� �"K�
� *0 �
LR� ���! . �M;

0�0 eC=
� @"#'C� @���E %# �* �0"� f�= �
�!"# �	� , �

�'C
"B� "#  ���= &3�
 
CCI� &�= *0 5��6� �"$

g� )�
-. �� 
CL  0*�M4(Enserink, 1997; Boleat et 

al., 2000).  

                                                                                   
1. Cytoplasmic incompatibility-CI 
2. Feminization 
3. Male-killing 

�� 
h
 %#  �"K�
� , i*��� %! j�T�� �	� �H*

&�	'($ �0�(E @"#'C� *0 "$ �� k* �	"$  �X %! �$0

 l��"m�� �m��3($ U	 %# "�
< "# �0"(�� @"C;"H

��CH*  *0 ?�
� �
�!"# 0*��Wolbachia  %#  �1nO )*�+

��"# %����
 o��p� .�H*
# , �$��� /�  �"$

�
A� �� 
# �C�c 'C
 ���"B� , �H"��  �	� %! �	<

�
�!"# �� "$ %# &�	"#  %
�4 �C# *0 �K�� )*�+  , "$

�	
�H� %! �
c ?�
�� 8K��� &C1(= 5��6� 0�
��  �	"$

�� �BC�
S &#�
O ��*�0 %! �
�!"# /�  *0 ���"#

@"#'C� ��� &�"	 �	"$ �0* q"P; /� %! �
�  ���"B� , ���#

 
Cr  ����$ �
,"-	��(O’Neill et al., 1992; Rousset 

et al., 1992; Stouthamer et al., 1993; Werren et. 

al., 1995) . �
�!"# W	*'� %! ��"KCKP� /� 8+". s	"�


Wolbachia @/�H , &bC>,
BC� "# , t�p6� �"$ 

@"#'C� ��C�= %�.
� %# 5	
u *"C�#  /� �*"E �"$

 ��� �"A
� �
�!"#  �"K�
� *0 &CK��� /� �!". 'C
 &H�

@,*0 �K�� %
�4 %
�4 *0 �
�!"# ��  fm� �"$

Drosophila �C# �"K�
� , %
�4  fm� , %-> �E�
 *0 ��

�� %!
H  ��"#(Boyle et al., 1993; Braig et al., 

1994; Rousset & Stordeur, 1994) . *0 �C�_($

�H*
# �!"�
� /� %
�4 �	��c �,* ��� �"A
� �"$  ?"$

 �
�!"# �K�� �"K�
� Wolbachia �*"pE W	*'� v,* %#

 v*�'4 5	
u *"C�# �"$*�'#� "# *�
"= @��(6� "	 U(6�

 ���  &H�(Rigaud & Juchault, 1995) . �0*��� %�3;�

> %# �
�!"# W	*'� *0 &CK��� ��E /� G$�CY��	/�*"  �	"$

��
"�Muscidifurax uniraptor Kogan & Legner   ,

Nasonia vitripennis (Walker)   0*�0 0�=,(van 

Meer et al., 1996).  *"# �C;,� ��
# Grenier et al. 

(1998)  5	
u *"C�# W	*'� v,* %# ����
���

(microinjection)  /� ��	
�H� �CY��	/�*"> �"$*�3
/ *0

PI-Wolbachia 
�4 /� �*% Trichogramma pretiosum 

Riley 
C�� %#� 
Cr 0�;<� Trichogramma dendrolimi 

Matsumura  , �40�;< �,��� , �0�(
 8K��� &CK��� "#

�0"�   *0 �* �	�/��  )"3L� ��

C4 *�3
/ /� �;���� 8�


��	"(
 . �C�_($Fujii et al. (2001)  %! �
0�0 @"-


	
�H� U	 �"K�
� /� w;"� �Wolbachia ��  �
���

xC���� @"#'C� *0 �* ��,"��� �"$  5��6� �"$0�=, %# 

 �40�;< /� �	V"# k

 �,��� ��! *�X %# ��c 
$ ?0*,<
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   �!�"���	��# �: $	%&
�  '�&(	) �%"�Wolbachia �*+
, ��'	# ...  ��- 

8�
 *0 �	V /� �;���� , 0�1�� �"$ �"$  �0�;< �/"�  ���

 %# �(
 
�C� ��.�*  ��"#(van Meer & Stouthamer, 

1999; Pintureau et al., 2000b; McGraw et al.,. 

2002) .%! �KCKP� *0 Pintureau et al. (2000b)  "#

C�B� /� �0"��H� yFISH�  *0 �* �
�!"# &C(! "	 &h�r

 *�
O �#"	0* , �H*
# 0*�� "��
4�B	
� *�3
/ z;"#"
 8.�
�

 &h�r @0�# V"# Gr
C�E ?�
0�0Wolbachia �*"pE *0  ��

�
O �0"��H� 0*�� W	*'� ��
# %! %��
4 *  @�'C� "�
< ?0�#

�	V *0 �* �
�!"# �
�,�
�  eCK�� �"$ ���   %# ,* , 'Cc"


�
0�(
 v*�'4 J$"! .*"# �C;,� ��
# Huigens et al. 

(2000) �H*
# /� 0�� �$"m-	"�/< �"$ �K�� �"K�
� 

&C1(= �C# *0 �* �1C3X  *�3
/ �"$Trichogramma 

kaykai Pinto & Stouthamer *0 "O �. ��=�� 8#

�
0
! %#
A� . {	�
� @0�(
 G$�
� "# %! )*�+ �	� %#


�,
> G6� @0
| %�	/�*"> ��
# ]H"��% Trichoplusia ni 

(Hübner) �	V {H��  %# �0�;< , �0�;<
Cr �"$PI-

Wolbachia �+"� %#% 	MI� , 
m	�B	 /� &E"H ,0% 

0"� /� *�3
/ �"$,*V �!�
����  "̂�	"�
 ?G6� 8��0 �	�Mr

V �"$,*V /� %	MI� "# �* �	"	
�!"# �40�;< G;"H �"$,*

�
0�(
 ]�! �0�;< .N�"= �H*
# *0  �0"��H� "# %! �
�

�	V @���E %# "��
4�B	
� *�3
/ %
�4 *"�c /�  �"$


Cr 
�,
> %
�4 ,0 , �
�!"# %# �0�;< , �0�;<%  @"#'C�

(Mamestra brassicae, T. ni)  %# %��# ?&�
4 )*�+

, {	�
� @,*0 �"K�
� ��P
 %
�4 �C# , �� %
�4  ?���} �� 

 
L� 
# �* �	"	
�!"# �40�;< �0"� �"$*�3
/ /� �+*0


>�H G�C�	/�*">� ��;�� , G�C�	/�*">�  �
0�(
 &�"	*0

(Huigens et al., 2004) . /� ��+*0 �1# 8�
 *0

*�3
/ �0"� �"$   %# %!  %# �
0�# ��� �0�;< �4/"�  )*�+


B#  
 ?�	�/�
0
! �C;�� �0"� a"� . �40�;< @�'C� J$"!

8�
 *0  %# %��"	 �,��� ��1# �"$  0*�� *0 %! ��P


�	V /� �B	 �0"� a"�
 �"(� "$ 8�
 *0 �
!"# �"$  �"$F4 

 ,F9 �
�� 

 .%#   %! �
0�# @< �C3� s	"�
 ��! *�X

@,*0 �K�� �"K�
� %
�4 �C# �"K�
� "# %�	"K� *0 ��  %
�4  ��

K��� /�&H� *�0*��
# �
�-C# &C.  

%# ��F��C;�� 
h
 /� "��
4�B	
� �"$*�3
/   )*�+

                                                                                   
1. Fluorescence in situ hybridization  
2. Superparasitism  
3. Multiparasitism  

��>"$� �� 8(E ��CY��b	0  %# ?���!  �0"� a"�
 %! ��P


G6� /�   eCK�� �"$  ���)�CY��b	0 (G6� /� 

 a"�
 ,  �"$

 eCK��  ��-
)�CY��>"$ (�� 0"A	� �
�� . /� JC# �C# /�

�~�  "��
4�B	
� *�3
/ %
�4(Pinto, 1998) *0 8O��. ?

�~  �
�!"# JK
 "�
< /� %
�4Wolbachia  @���E %#

 8�"E"K;����!� �0"�  
B# 
L� *0 �	�/   %��"�� �	�/  ���

 &H�(Pinto & Stouthamer, 1994; Schilthuizen & 

Stouthamer, 1997; Stouthamer, 1997; Pintureau. 

et al., 2000a; Ciociola et al., 2001; Almeida,. 

2004; Zhong & Shen, 2004) . %# �0�;< �"$*�3
/ *0

PI-Wolbachia G6� /�  ��-
 eCK�� , ��� eCK�� �"$

 �0"� a"�
0�=, %# �� �	< .G6� *0 ��-
 *,*"# �"$ 

/"�"
< %�.
� *0 �
CCI��  k* �/��C� GC�K� �C;,�

��  %E�(A� @�� �	"�,0 ]=�� , �$0n  ��,/��,
!

�� �*0"�  00
4&�"4 @�� 
#�
# ,0 %# %!�  &H� ��H��

(Stouthamer & Kazmer, 1994).  
CCI�0�=, %#  ���<

 �C;�� G��CH *0 ��
< *"(C� U	 �"(E� "# ��F�  �BC��C#

 �	� *0 �,���� ��C� %# &-4
# , �,��� 8#"O

 0�# �$��� G6� �"$�CY��	/�*">(Stouthamer et al., 

1990).   

n#�* 8C�P� , %	'A�% "B���� Wolbachia-

Trichogramma  �C# *"B�< �m�$"($ ��E �E�
 
m
"C#

�
�!"# , "��
4�B	
� �
S��C� �� @< &�	'($  %! ��"#

�� �* @< &�E 0"	/ �"(�.� %#  �K�� �"K�
� *0 @���

 0�(
 �A��= �
�!"#(Schilthuizen & Stouthamer, 

1997) .�� k* �1O��� *0 V̂�(1� �K�� �"K�
�  %! �$0

�4%
 xC��!� , "$ G$ "��
4�B	
� 5��6� �"$  U	 @"�/

 ���! �"6�
� �'	
(6� ��
# �* @"#'C� G6�(Huigens 

et al., 2000) .�"K�
�  "# "$*�3
/ %! �0*��� *0 �K�� �"$

�	
�H� �� ?���"# �0�;< �
�!"# /� ����6� �"$  %# �
���

�40�;< %H "	 �	"�,0 �"$ 0�� 
A�� �	"� . %c
4

�40�;< "$ v*�'4 "��
4�B	
� *�3
/ *0 @��!"� %
"4��c �

 %# @"#'C� )�
-. 
	"H *0 "�� ?��-
  "# %! �	"�
< �d	,

�	
�H�  �"$CI-Wolbachia  ��$"-� ����$ 2"3�*� *0

 &H� ���(van Meer et al., 1996). �40�;<  �"$

                                                                                   
4. Anaphase  
5. Gamete duplication  
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���             �����	
� �
�������  ����� ������ ��	�� �� ����� 

�	
�H� 0"A	� @"B�� %
"4��c  G$�
� �* ]C!
��
 �"$

�� �	"(
 .H� �	��c *0 /� �	
�Wolbachia  �C�c

@S *0 �BC�
S )V0"3� wsp? (Wolbachia specific 

protein gene) � ��� �C	g  &H�(Jiggins et al., 2001; 

Werren & Bartos, 2001) . �K�� �"K�
� WCKP� �	� *0

 0*�� )*�+ ,0 %# "��
4�B	
� *�3
/ *0 �
�!"# �1C3X ,

 %��
4 *�
O �H*
# �
� �,� &;". �&H�@,*0 �"K %
�4  ��

 �"$*�3
/ {H�� @"#'C� G6� G�C�	/�*">
>�H W	
X/�

 �"K�
� �,0 &;". , ?%
�4 U	 /� �0�;<
Cr , �0�;< �*0"�

�C# %
�4 ��;�� W	
X/� ��  %�CH�# @"#'C� G6� G�C�	/�*">

%
�4 /� �0�;<
Cr, �0�;< �*0"� �"$*�3
/   5��6� �"$

�� ��"# .�� �H*
# �	� s	"�
 � �
��� {#�,* q"P; /

@"#'C� ���"B�� 3�= /� �C�_($ , �
�!"#%  �0
#*"!

0
C4 *�
O �0"��H� 0*��.  

  

  ها  مواد و روش

���������	 
����
�� �����  

@,*0 �K�� �"K�
� )"-	"�/< �"A
� *�h�� %#   ,

�C# %
�4 y� �"$*�3
/ /� �0"��H� "# ?�� �0"��  �	V %H

��"H� %# �'A� B 11W+  ,Y 175 �#
�
�4 %# 2% 

Trichogramma brassicae Bezd.  ,GD 011  W�1��


�4 %#% Trichogramma evanescens West.   "� , %C��

 {	�
� *0 8�
 �	��c )"-	"�/< @"�/°C�±�� ?

 �3�
 &#�X*��±�� *,0 ��X , �+*0�  �	"��,*��  ,

 �B	*"�~ G6� �,* &E"H �� GCKE �"$� 
�,
>%  0*<

(Anagasta kuehniella (Zeller))  �0�0 v*,
> �
�� .

 �
�
	� �	V %C;,� g-��B 11W+  �0�;< *�3
/ @���E %# %!

��$0 ,�  �
�!"#Wolbachia  ?&�
4 *�
O �0"��H� 0*��

G6� %�H0 %# 2�#
� %O"H %�	/�*"> �"$)*� �	">,*� *��� 

(Ostrinisa nubilalis (Hübner)) *0 %! 0�#  �"H��~� 

 �,* /� , 
��#"# /�C4�" o�� y��� "	 (Xanthium 

strumarium L.) N(= �
�� �*,< . &C1(= �	� *0

%# �0�;<
Cr , �0�;< 0�
�� /� �X��6�   "# %�6C�< )*�+

G$  (mixed)&��0 0�=, .�	V g-��  �"$Y 175  ,GD 

011 �

C4 , �0�;<
Cr �"$*�3
/ @���E %# %! 'C
� 

 %��
4 
h
 *0 �
�!"# G6� %# 2�#
� ?�
�� "$�	/�*"> �% 

                                                                                   
1. Isofemale  

��C�H  G�! �"$(Pieris spp.) ��  �"H*0 %! ��"#

��~�  5��6� @"CY"bC�c �,* /� , ���$ /�)%��#  �"$

G�! (N(= �
�� �*,<.  

���� ���� ������ ��������  ��� � !���  "�#� � 
�

��
�� �� 
��$�� ������ "%���� 
��  

@,*0 �"K�
� ��
# %
�4  �	
�H� ��wBaT.bra  �
�!"#

Wolbachia G6� %# %�	/�*"> �"$  %# "̂3	
K� %! 0�# /"C
 ��

 G$ *�X  �0�;< *�3
/ ,*V , G6� �,". @"�/) ���$0

�
�!"# ( �0�;<
Cr ,)��

C4 (G$  ���"# 0�� %
�4 . �"K�
�

@,*0 %
�4  ����$ �0�;<
Cr , �
�
	� �0�;< xC��!� �C# ��

T. brassicae �� �"A
� .�C# �"K�
� ��
# %
�4 � 'C
 �

G6� ��� &	/�*"> �"$  ��	0 �*��� ��  8.�
� %! ��

 �
�
	� �0�;< *�3
/ z;"#"
T. brassicae  �0�;<
Cr *�3
/ ,

 ����$T. evanescens �� 8�"� �* �
�� .*0  "# NO�,


>�H {	�
� @0�(
 G$�
�  "	 , G�C�	/�*">

��;�� 
Cr , �0�;< �"$,*V ?G�C�	/�*">  N3�� U	 /� �0�;<

�	�Mr �� %	MI� �
�-�  �	� *0 %BC�*�+ *0 , �
��

 %# �0�;< �"$,*V /� %	MI� "# �0�;<
Cr �"$,*V &#"O*

�� WY"� "�
< 
# �
�!"#  �"K�
� ��
# �/V 2
� ?�
��<

�� G$�
� �
�!"# �	0
4.  

 *0 @"#'C� G6� &C�C! , �/��
� 
CLg� %# %=�� "#

G$ v*,
> @"B�� &	/�*"> *�3
/ ��c "	 ,0 @"�/  ,

 %! ��3F� s	"�
 �C�_($Huigens et al. (2000, 

2004)  %�C�/ �	� *0&H0 %# G6� /� ?�
0*,< 
�,
> �"$% 

G�! Mamestra brassicae (L.) (Lep., Noctuidae)  %!

 @���E %# ?0�# ��� �C	g� �
�!"# %# "�
< @0�3
 �0�;<

�	V �
�-� @"#'C�  �0"��H� "��
4�B	
� 5��6� �"$

�� .V̂�(1� G6� *0 "��
4�B	
� *�3
/  �*'# "̂�3�
 �"$

 @"#'C��  �;�� �� *�
O G6� 0�E �$0 .G6� ���#�  �"$

 �0�;<
Cr �	V /� �0"� *�3
/ U	 *"C��� *0 G�! %
�,
>

 �0"� *�3
/ ?@< �M. "# &E"H ,0 /� f> , �� �0�0 *�
O

�	0
4 ��
1� %�	/�*"> @"#'C� %# �0�;< �	V /� �
m	0 .


$"u ��K�g� , �  �0�;<
Cr "	 �0�;< *�3
/ ��
1� *0 
�

 0*��
 �
�!"# �"K�
� &CK��� @�'C� *0 �
CLg�) )�
!�M�

 "# �$"��Huigens .( &	/�*"> /� f> &E"H %H "� ,0

G6� ?0�A� @��  %�	/�*"> �"$) ]C�
� %#}7  ,}�  0�E

@,*0 �"K�
� ��
# G6�  �C# , %
�4 �� ( a,
� @"�/ "�

8�"! )�
-.F1 %#  *��"#�B
� *0 %
"4��= *�X)°C�±�� ?
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   �!�"���	��# �: $	%&
�  '�&(	) �%"�Wolbachia �*+
, ��'	# ...  ��� 

��±�� %RH *,0 ,� "��,*	� *"� %#	B� ~:�� (

�
�� �*���m
 .%#   �0�(E �"K�
� &C1T, �H*
# *�h��

 ,"K;�� 
B#   �	�/(PI)0"� �"$*�3
/ a,
� /� f> ? �  %! ��

 GCKE G6� ?&��0 0�=, "�
< *0 �40�;< �"K�
� �"(�.�

��� A. kuehniella 0 )�� %# @"�*"C��� *0 /,* ,

0�A� , �� %���M4 �G6�  a,
� @"�/ "� %�	/�*"> �"$

 8�"! )�
-.F2  �O"# *��"#�B
� *0 �
�
"�.  

 �#"	0* ��
#Wolbachia 8�"! )�
-. *0 F1 , F2 

 v,* /� �
�!"# �"K�
� *0 &CK��� @�'C� �CC1� ,


4/"r< , �;�B;�� (primer)  @S �+"p���wsp )81F  ,

691R ("��H��� �0 . "$*�3
/ �
$"u ),"�� ��E 8C;0 %#

)�/��
� "	 l
* 
h
 /� (�	V *0 0�;<
Cr , �0�;< �"$�  

T. brassicae   ,T. evanescens  %=, ���"	 �C�_($ ,

�	V '	"(�  ����$ , �
�
	� �"$T. brassicae ��
# ?

 �"$*�3
/ �*0"� xC��!� "	 %
�4 �CC1� F1 /�

�0"��H� �;�B;�� �"$
m
"-
 �� .J	"�/< 0*�� *0 �"$ 

�C# �"K�
� %
�4 C."
 �+"p��� 
4/"r< /� �0"��H� "# ��% 

ITS-2 (Internal Transcribed Spacer-2) *0 ),"�� ?

/��
��  ��pP�PCR %
�4 �"$T. brassicae  , 

T. evanescens �/��
� %#  %# /"C
 @,�# ��. %! &H� ��

G	'
< v
# �"$ ���$0� 
< WCO0 UCB�� 'C
@"B�� "�  
	M>

�� ��"# .*0 J	"�/< t�p� �"$ @,*0 �"K�
� %
�4 �� 

�*��$"�'	* "$�  CT 122 (microsatellites)  ,TTG 49 

 ����
4 *�
O �0"��H� 0*�� �;�B;�� �"$
m
"-
 @���E %#

 �*��$"�'	* t"� 0*�� �	� ��
# %!TTG 49  '	"(�

xC��!� �C# �* �
��#  ����$ , �
�
	� �"$T. brassicae 

 0"A	� 0�(
 . �"$*�3
/ a"�
 �C# *0 �0"� 0�
�� *�`.


!"#� F1  �"K�
� 
m
"C# �����0 W�1� ��

C4 �	V %# %!

 �K��Wolbachia  ,"K;�� 
B#   %�3;� %! 0�# "�
< *0 �	�/

 0*�� @< &P+ ?�;�B;�� v,* "# 'C
 0�A� �C	g� ��
#

 *�
O �H*
# &�
4.  

 &�'�	 ()* �+��+�� �������� �� ����+�

,�	�$�  ��
�� -.�'� 
��  

 a�
6�H� ��
#DNA %
�(
 *0  W#"n� 
h
 0*�� �"$

 v,*Huigens et al. (2004)  @�� �'C
S�($ ��
# ���#�

%;�; *0 �0�
�
� )*�+ %# �* "$*�3
/ ?"�
< "$  �BC�HQ> �

                                                                                   
1. Restriction enzymes 

 *�0*0�/� ��C�  �
�C;)%;�;  �*,��>� �"$8	
�H� ( *�
O

 /� �0"��H� "# ?�0�0*��H"> &bC>  %��# @< �"��
� %! �

��< 0*�, �
p�6� *"-� %
�(
 �,* 0�# ��� . fbH�� 

 /� 
�C;,
BC�Chelex-100  , �+*0 s�>�  
�C;,
BC�

Proteinase K )����C� ��C� *0 �
4 
�C; (/� U	 
$ %#  

%;�; �� �0,'�� "$ .%
�(
  )�� %# 8O��. "$�  *0 &E"H

 �"�0 "# *��"#�B
�°C�� �� , @< ]O"1��  �"�0 *0 %KCO0
°C}� �
�� �0�0 *�
O .�
CA
/ J�!�, /�
(C�> �� (PCR) 

�*,��>� 
�B	"H��
� �"m�H0 *0� 0%;�; *  �"$�/� 

��C�  �	"�
 GA. "# �
�C;��  8�"� 
�C;,
BC�� 


�C;,
BC�DNA  
�(
%   ?
h
 0*��� '3H 
�"# 
�C;,
BC�� 

x5 (Promega, Madison, WI, USA) ?�/� � 
�C;,
BC

 2��6� /�dNTPs ) &h�r "# ���! 
$�� ��C� ���( ?

�/�  &h�r "# Z�B1� , ��= %# ,* �"$
4/"r< 
�C;,
BC�

��  ?
�C;,
BC� 
# ����BC>���/� 
�C;,
BC� 

Polymerase Go Taq )� ��C� 
# �.�, 
�C; (

)Promega, Madison, WI, USA ( ,~7�/�� 

�� �"A
� 8	
�H� 
nK� �< 
�C;,
BC� . , "$
4/"r< �;���

 %# "�
< /� U	 
$ ��
# �0"��H� 0*�� %�"

# ��+� �"�3�

0�# �
� �	�:  

�(  
ITS2-f 5’-TGTGAACTGCAGGACACATG-3’ 
ITS2-r 5’-GTCTTGCCTGCTCTGAG-3’  

 
%H  *0 %KCO0°C}� ?��  /� *�
B���  *0 %C
"L°C}� ?

��  *0 %C
"L°C��  ,��  *0 %C
"L°C7�  �1# &	"�
 *0 ,

/�  ?8BCH �	
�<��  *0 %KCO0°C7� (Silva, 1999).  

�(  
TTG49-f 5’-GTAGTCTGGTTTTCGATTCCCA-3’ 
TTG49-r 5’-TCCCCGACCTATCGATTTTCC-3’  

 
s�>  *0 %KCO0°C}� ?��  *0 %KCO0 U	 /� *�
B�

°C}� *0 %KCO0 U	 ?°C��  *0 %KCO0 U	 ,°C7�  *0 ,

 ?8BCH �	
�< /� �1# &	"�
�  *0 %KCO0°C7� 

)Huigens, 2003  ,�-
 
-��� v,*� Stouthamer .(   

�(  
wsp-f 5’-GGTCCAATAAGTGATGAAGAAAC-3’  
wsp-r 5’-AAAAATTAAACGCTACTCCA-3’ 

   

                                                                                   
2. Eppendorf thermocycler 
3. Green PCR reaction buffer 

Archive of SID

www.SID.ir

www.SID.ir


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

%H  *0 %KCO0°C}� ?��  *0 %KCO0 U	 /� *�
B�
°C}� *0 %KCO0 U	 ?°C��  *0 %KCO0 U	 ,°C7�  *0 ,

 ?8BCH �	
�< /� �1# &	"�
�  *0 %KCO0°C7� (Braig 

et al., 1998) . ��pP� /*��,
�B;�PCR %
�(
  ��+� �"$

 �
"#0

 
m
"-
 *"�! *0 �$"� ,��� &�= /"#�  )�� %#

7�  0*��
"�H� �S �,* %KCO0�/� �� �"A
� /*"4< �+*0 .

�*��$"�'	* /� %! �0*��� *0 %�3;� �� �0"��H� "$  �	0
4

v�H �C# �Y'= *"C�# �Q��� 8C;0 %#  U	 5��6� �"$


�4 �S /� ?%� ��/� 0,�. *0 �
"�/ )�� , �+*0 }� 

%
�(
 
�-C# %c 
$ UCB�� ��
# %KCO0 �� �0"��H� "$ .

�S /� fBE %C�� /� f> &	"�
 *0  �"$�
"# %�	"K� , "$

%
�(
 "# ��� 0"A	�  �"K�
� q"P; /� s	"�
 0*��
"�H� �"$


 , ��

C4 �	V �"$*�3
/ *0 �40�;<C1� 'CC %
�4 �	 "

��!�C/ x�
�� 
C��� , �#"	/*� *�3
 .  


���� /�.#	 � !�01	  

 �"! N#
� @��/< /� �H*
# �	� *0 (χ2-test) ��
#

 , �K�� �"K�
� �
�,�
� �H*
# , �*"�< %�	"K�"K;�� 


B#   �"$*�3
/ %# �	�/F2  @0�# @"��	 %| �	0
4 �0"��H�

@,*0 v,* ,0 
$ *0 �
�!"# �"K�
� �"(�.� %
�4  , ��

�C# %
�4 �� �� %��
4 
h
 *0 
�+ �
� @���E %#.  

  

  نتايج 

@,*0 �K�� �"K�
� /� �!". s	"�
 %
�4  , ��

�C#  %
�4  �
�
	� �	V /� �
�!"# ��B 11W+ �	V %#  �"$

0�;<
Cr� ����$ T. brassicae  ,T. evanescens 

��  �K�� �"K�
� v*�'4 �C;,� %! ��"# Wolbachia *0

%
�4 �	� �� ���P� "$ 0�� . &;". *0 �"K�
� �+*0

@,*0  %
�4  ��)
>�H 
L� 
# G�C�	/�*"> (�C# , %
�4  ��) 
#

                                                                                   
1. base pair - bp  

��;�� 
L� G�C�	/�*"> ( ]C�
� %# %! �0�# ),"���~/7~ %

 ,�/�~ %�	0
4 0*,<
# . /� 
�(! ��� 0*,<
# 
	0"K� %�3;�

� *0 �
�!"# �"K�
� �1O�, �+*0	 �
c ?&H� )"-	"�/< �

�r "	 G!�
� V̂"(�.� %! �"$*�3
/ /� ��
# *0 �
�!"# &h

 v,* %# �#"	0* 8#"O �. /� 
�(! �,� 8�
PCR 

�� ��"# .@,*0 �"K�
� @�'C� �*"�< q"P; /� %
�4  /� ��

�	V   B 11W+ %#Y 175 (T. brassicae)  %#  *�X

��1�  �*�0) enH *0� (% @< , �0�# 
�+ �
� /� JC#

�� 0* �*  ��!)��n =  ?���/�p <? }�/��=χ
2  .(*0 

�;". �C# �"K�
� *0 &CK��� @�'C� %! %
�4 �	V /� ��B 

11W+ (T. brassicae)  %# GD 011 (T. evanescens) 

��1� �Q���  �C	g� 
�+ �
� , %����
 0�=, �*�0

��  0��)��n = ? ��7/�p = ? ��/�=χ
2 ) ( �,�=� .(%#  

@,*0 �K�� �"K�
� &CK��� �+*0 ��*"3E %
�4  ��) ,0 �C#

!�%
�4 U	 /� xC�� (�C# �"K�
� /� %
�4 &H� 
�-C# �� .

�0"� &C1T, �H*
#   
L� 
# �	�/PI-Wolbachia  8�
 *0

 �,0(F2)  �0�(E �"K�
� *0 &CK��� @�'C� %! 0�0 @"-


%
�4 *0 ��1# 8�
 %# �
�!"# �"$T. brassicae  ,  

T. evanescens  ]C�
� %#�/�~ % ,�/�� % %! &H�

@"-
 ��$0�  �
,* 8�
 %# �
�!"# �"K�
� @�'C� *0 �;,'


�� �,0 ��"# . 
�(! &;". ,0 
$ *0 &CK��� @�'C� %c
4

JC> &CK��� �+*0 /�  "�� ?&H� 
�+ �
� *0 ��� ��C#

 enH *0 �*"�< 
h
 /�� % &;". *0 �"K�
� @�'C� ),"��

�C# %
�4  ��)*�3
/ �
�!"# ��

C4 %! evanescens  .T 

�� ��"# (� 
�+ �
� "#��1 �� 0* �* @< , �0�# *�0  ��!

)��n=? ���/�p=? �7/�=χ
2  .( &CK��� @�'C� %B
< �".

�

C4 , ���$0 %! �0�(E �"K�
� *0�  
$ �
�!"# %C;,�

�
0�# %
�4 U	 %# W�1�� ,0 (T. brassicae)  
�-C#

��  ��"#)��n=? ��/�p=? �~/�=χ
2) ( �,�=� .(  

  
  

$�01�2  3
) �%"� $	%&
� �
*�  '����� �  �
*�  '�&(	) '�Wolbachia 	����*���4 �*+
, ��  

���������	  

 
�  �
����  

  

����	  

������  

 ��� �����

������  

����	 �����

���� ����� 

���  

�!� "��
���  

 ��F1 
χ

2  P-value 

���� �#� $�	��� 

�%����	� ����  �	��

 ��� �����(F2)  

χ
2  P-value  

T. brassicae 
(B11W+) 

T. brassicae 
(B11W+) 

T. brassicae 
(Y 175) 

T. evanescens 
(GD 011) 

&' 

&(  

)) 

*(  

  

+/'+% 

)/-+%  

 

**&)/.0 
ns11/0  

00./0<  

(.'/0  

-/)+% 

(/*.%  

ns)+/.  
*-'/(  

  

*(0/0 

0))/0  

  * 2** :3�� 45
6�� ��� 
� ���� 7�8� �� 9-  ;. �=��  

  ns :3�� 45
6� �>�!� ���  
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   �!�"���	��# �: $	%&
�  '�&(	) �%"�Wolbachia �*+
, ��'	# ...  ��� 

  

 %# � *0 ��! *�X 8B� ,0 
$ *0 �K�� �"K�
� 0*��

�C# %
�4 @,*0 , �� %
�4 �0"� a"�
 �"(� '4
$ ?��  �"$

 %# �0�;< �
!"#Wolbachia  8CB-� �0"� �"$*�3
/ �*

�(
 �
0�0 . /� �,0 8�
 �"$*�3
/ �C# *0 j�(A� *0�} 

���| &�"	*0 *�3
/�  *0 �	�/
�# ?�
�|"#��  %# *�3
/

�0"� , 

 )*�+ �	�/�  *0 , %# 
m	0 *�3
/ J�  8��

�	�/

�  �* 

 �"$*�3
/ �40�;< @"B�� %AC�
 �	� %! 0�#

�� �C	g�  ��!) �,�=� .(�H*
# �C. *0 �C�_($  ,0 "$

�0�;< *�3
/ %
�(
 T. brassicae 

 8B� %#� �0"�� 

 &�= U	 , �0"� �"C;"�C
S ��*�0 %! �� ��$"-�

U�"�  �
0�# 

 .# G6� ����M4 *"C��� *0 "# 0*< �C

 �B�"� )"!
. %! "�
< /� �B	 "��� %! �� w6-�

�0"� %#"-�  @0
! %�	/�*"> %# *0"O ?&��0 �;�(1� �"$

0�# �0"E a"�
 �C;�� , @"#'C� G6�  .  

  

  بحث

 �K�� �"K�
�PI-Wolbachia �0"� a"�
 @"C� *0  �"$

�� �0�;< %�C�/ �
��� �*�= �OQ� , �3C!
��
 /"H �"$ 

(variants) ����6�  �	� %# %! 0�-# �
�!"# �	� /�

@�CH"��� ���� )�
L� /� )*�+  %�H"! "�
< 
`� �"$

0�� .@"B�� )*�+ *0  ?�K�� �"K�
� @0�3
 
	M>

�
�!"# U� )�0�=�� &�	'($ �"$ ���=�  /� "̂�
+ %!

 �0�(E �"K�
� W	
X)�
/
� %# *0"� (�� i*� %#  /� ?��H*

 %��"3
� @�CH"��� @�� c 
L� ��
"� "$ k
 �
0� ��"T  *�0

;��
� �	0 ��$��� %��+ . %�C�/ *0 @��!"� %! �A	"�


 �
�!"# �K�� �"K�
�Wolbachia "��
4�B	
� �"$*�3
/ *0 

deion) (T. kaykai & T. &H0 %#  /� �!". ���<

                                                                                   
1. deuterotoky 
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