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CROSS PROTECTION BETWEEN MAIZE DWARF MOSAIC VIRUS 

AND BERMUDA GRASS SOUTHERN MOSAIC VIRUS 
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AB���  
/�0 �*+(,(- .�&!'() %"�$" "�) Maize dwarf mosaic virus, MDMV(  2�E) ��(1� .�&!'() " )Bermuda grass southern 

mosaic virus, BgSMV ( 9�F�(� #�G,"�� HI �� ���,(G-(: �(: JKF) /"�3, LM� �� N�E8+ '!     ?	�OE� �+(EP+() " �P$I(+"�E�
 � ���$'�  �:�!� L	 .    �����
� � �!� Q�R8, #$! ��       ?S�
 �!�> ����� ��() %"�$" "� #$!  .  #$!�����    T+�> �� �    ��E��, �� �    �!�EP, )  �E	

      �,(� �� �� H!�
 .$ U)�� �!�P, ( �� �V!�4 .  �$�) U)�� �	����,   �:'  %"�$" '! .$ �	 �P�:�P) RW�! '! X� ���
 �� �	   9�E*$� %"�E$" �!�
�$�)   �:'(,Y   " Z�$�) �:'  %"�$" "�  ��   �:�
!�� �(4  �E:�(� . "�      '! �E7� �EW3	   �E$�)   �E:'     �[ \!�KWE�! �!�E� 9 H!  !       '! ���3WE�! �E� %"�E$" �  

 mRNA Capture Kit�:(�: �	����, '!  �� ��!���.�[ '!  H!  %(P7) �]$(:!�, ^"� �� %"�$" �!cDNA" ��=,    ��E	�
'�M[ ?E3� �� 
MD3F/MD1R " BgSMF90/ BgSMR90b H()'[ �� PCR�� ��_P,  . H()'[ `$�W:PCR   �E$�) �E- �!� H�FE:   �E:'   "� '! Z!�E- �E	 

  %"�$"'!    %"�$" ��_P,�*$�  �) ���
(�  �1- .  %��!��         �O> �+(P+() " �P$I(+(�� /�5a4! " H()'[ #$!�)        "� �E- ?ES�
 �b�W: H!(,
        " �:�!� �����
� � �!� L	 �� %"�$"�!���1$#    ?�! #P�)��  /"�3, LM�     9�+(P+() " �P$I(+(�� ��	   � .$�@: ���]� � �!��   L	    �1E��� �W�!�

�$(� �$ "  %"�$" .$ ��	�:(� c(]8) .  ���E��
� � �!� ����� #$! ��  %"�E$"   d�E�> �E:!�$! .E�&!'() )Iranian Johnson grass 

mosaic virus, IJMV ( %"�$" "� ��BgSMV " MDMV��   H!(15�	��@�:  �����
� � �!� e�	 �=:[ #�� �- �� �7+� ) ��$��F: .  
  
  

  

�I!" �	� f ��� : "$&!'() %"��*+(,(- .�" 9/�0 $&!'() %"���(1� .�" 92�) $&!'() %"��! .$:!��> �����
� 9d��  

  

  
  

*: ��������� �   !�"#��$ %&�'�  �  ()*  +,'��-' ,#� � %� +,# % (.��*��$ +,/�' 	-�' 	��*��$ 0123 +�456 7��"& * 89���:�:   
**:'*�;<=  �>� (?�5��<& )1@>& 8<�: masoumi@shirazu.ac.ir  

A. %�  C8���1D�' 	4  E��!!�"#��$�  ,#�  *�' 	8�� ��F8�4 !�"#�G�8: (.��*��$ +,/�' 	 (� ��*��$ 0123 +�-�' 	456 7��"& * 89���:�:   
H .	�;! �  IJ� K$�& ��8 * ?�I�L*� !�"#� : 8G��  ��*��$ +,/�' 	 (4  # +�-�' 	 (8   IJ� ��&��! * � �8    ��*��M$ ��1&N * ?�I4    IJ� KM$�& * 8  ?�MI
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�)�R)  
�1� L*��* �     +�M8� �  �GPotyviridae(  P�KM�      �  * Q��M�

    RMS& 4	�TM;U  V�J=    L*�M�* Q��M�      ,";>MG �G�M8: 4�MG

)Shukla et al. 1994, Fauquet & Mayo 1999, 

Fauquet et al. 2005.( �MM:O�* * �/�W1=*�MM! 4�MMG

      X3 * 4	���:	 (�'��K8& %"& 	 YZ& �/�W1=18� M�R    �  �M!�"#

        M� K��MF� 4 �M� RMS& 4�G��89&  %M'1: Q8    * �MG %M� ,[  4�MG

��1� L*��*  �G �!  +	1�)Shukla et al. 1994( \ �8]  * 

�MMM:O�* KMMM8'  %MMM^� � Q8MMM89� 4 �MMM� �=1MMM/=1& 4�MMMG  

%� ,[   L*�M�* * �G           �M!  %M;��: � �MU +	�_;M!  	�1M& �MG  

(Adams et al. 2005) .L*��* ��1�    ��MG�8: %M$ ���MG

�MM& +	1MM=N  � ��8&,MM": +�MM8� �TMM��& +*�MM:��� (,MM""$ �  

�MM& Y8/�MM�,MM"G	 )Gibbs and Ohshima 2010.(  

  �MMM� +*XMMM3 � �MMM�  �	  L*�MMM�* �/�MMM8' `MMM8a �1& 

)Sugarcane mosaic virus, SCMV( %MMMM! 

L*��*IJMV  (MDMV(   * BgSMV     bM2;�& ��MG�8: 

�& +	1=N  � +�8� Q�   ,""$)Masumi et al. 2011.(  

L*��*MDMV  Q8M=*         )�M! �	 ��M����� %M�  � 1M"3

%�1! �  4 SCMV(          ,M# �� KM: 1��MG*  �=��  c1"[ �  

(Williams & Alexander 1965) . X$1M# � ��M/FG *  

   )�! �	��d�   �  � �N %          +*�M: �	 YI;>M& 1eM3 `� � 1"3

   � 	�1& L*��* ��1�f    ,M'	 	 � �MU ,8a .   g�M8U 7M5"&  �M9856  

MDMV * ��MM�K8& �  01:�1MM! * ?�h�MM9856 4�MMG�N  

 �M&  ,"M#�� Ford & Tosic 1972, Toler 1985) .( �	

� �� MDMV     � * ��S_i  �  �1"$�� %      �  +	�;>M: ?�1Mi

    � �M�  )�F#)    ��;>M2: * � �,M'��& (     �M!  +,M# �� KM: 

(Moini and Izadpanah 2001, Masumi et al. 2004).  

BgSMV j�MM& 4*�  ,MM;�  �	 )Cynodon dactylon L.(  

        ,M�	�: +,G��M& ���8[ %I^"& �	  *      �	 �N 	1M[* klM!

   1�$ ��1"[ E6�"& 0�F�  ��;!  ,"'�& �      (��M&�$ (�SM#1� 4�G

 � 	�1MM& L��MM� c1MM"[ * ��;MM!�1]f  �MM��: � �MMU ,MM8a

)Farahbakhsh 2009, Masumi & Izadpanah 

1998, 2000, 2002a,b, c .(L*��* Q�   j�M& �M� +*X3  

�% 4,#� �9856 �16 )Eleusine compressa( ?�h *   �

�& +	1=N K8'  ,M"$)Masumi et al. 2011, Ghasemi & 

Izadpanah 1998.(  QMM�  �=1MM/=1& ?�MM9=�^& L�MM! ��

 %� L*��*    �� C8���MDMV    01:�1M! `8a �1& L*��* ( 

)Sorghum mosaic virus, SrMV ( *SCMV 

  	� 	  � �MM� �U Q��;�MM8�)Masumi & Izadpanah 

2002a .(     �W1=*�M! %>��I& �  Yi�m n��;'�/   (�=1M/=1& (

* �'�MM�K8& %MM"& 	o1MM'   %MM$ 	 	 ���MM' YMMU�' MDMV * 

BgSMV             �M=* ,M'� 	 RMG %M� 4	�M�� �G�5# BgSMV 

�%   %9^U p� Q;# 	 Y8=	qr�  �;�8� 4,8�1@2s1'  MDMV 

 %8m�' �	ʹt�W CP  %;# �� )�I;'  0,3 (Rhopalosiphum 

maidis   �MM� g�MM8U �	�MM<' +	1MM=N *MDMV  ?*�MM_;& 

�& ,#��) Zare et al. 2005.(  

IJMV Q8=*      )�! �	 �������   	 +�"�	K�  u!1�   g�8U �

� �8MM# � %MM� %�1MM! � 1MM"3 �  4 SCMV,MM# �� KMM:  

)Afsharifar & Izadpanah 1991 .( QMM/= ?�MMI8IJ�

  	 	 ���' 4,9�       � �� �U Q��;�8� %$      `M8a �1& L*�M�* ��

 N�)Zea mosaic virus, ZeMV( 	� 	 Y8a �MMM!  �  

,"v�G             %M'1: Q8M� K��MF� ,Mm �  �;F$ �S'N %���� � K8&   �MG

 M!  �)Masumi et al. 2001 .(     QM�  �2Mi  7M5"& g�M8U

         �& �N �3 �� 4�G ���K8& 01:�1! * ?�h * L*��* ,"#�� 

)Zare et al. 2005.(    � �M�  E6�M"& �MZ$  �	 L*��* Q�  

 �&1MMMM� * 	� 	 	1MMMM[*�1�MMMM$ QMMMM� �MMMM& ,MMMM#��  

)Masumi et al. 2011 ( ,"'�FG *MDMV  %;M# u!1� 

 4�MMMMGRhopalosiphum maidis  (R. padi  *

Schizaphis graminum�& YI;"& 01:�1! %�   	1M# .  �M& 

  wX]��MDMV   �	   �F' �8Z/� 4,�� *�& ���  +�8: ,M��� 
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)Zare et al. 2004.(�  M/��*� �    �MG49�  8M8  %M^� � Q

&MM8* ��MM�L*�%MM� * �MMG*MM�/_� +OMM81MM! `� %MM'1: * %

*�L*� �G4 	K' � %� `   	���:	 %9=�^& (RG4 & 8 �!�S'N �� .

 �      �M! ?�9=�^& �� + �FG ?�9=�^& QW1=*�/�   =1M/=1& * � 

 +*�: L�!  ,"�4 '1"$ � �1� � * �L*� �MG4 : 8  � ��MG� M8 +�

/��  � 0,":8& Y� ,"G	)Mathews 1991, Shukla et 

al. 1989, Tosic et al. 1990 .( %MM9=�^& �  w,MMG

 9� (�y�m88  	���:	 %^� � Q4 & 8��MDMV   * BgSMV 

  %� %$ �!      ?*�M_� Rz��� �1@2$1'  M8,4     Q8@�*�M� �W �	 

 ��MM#1�(Coat protein, CP) V�MMJ= �  (=1MM/=1&� 

	K' �G�5#� M/�  ,M'� 	 )Masumi et al. 2011.( M3 �	 8 Q

	�MM��:	 %MM^� � )�MMm4& MM8  ��MM�* *	 QMM� %MM^� � �MM� L*�

	���:	4     �M� �S'N IJMV '  M8   �I& 	�1M& K M�     %M;��: � �MU %>

�! .  

  

���� ^"��  
hO1)" $%"��	��)'[ ��() $i  

MDMV * IJMV%MMMM'1F' �  �MMMMG4U * ?�h MMMM8 g�

F[7 �*N4         L�M! �� ��:�: ��;!�S# ?�h o� K& �  +,# 

W1=*�MMM! �1MMM&�N�=  `MMM8 K4z 8I;>MMM&�8MMM;'N �MMM� R� 

 0�M!  �MG4MDMV-Ir ) Zare et al. 2004( * IJMV 

   IJ� K$�& �	 	1[1&8 * ?�I�L*� !�"#�   M# +�-�' 	 8 (� �

���8  ,',# +	 	 {. 75"& BgSMV   j�&    %MI^"& �  +	1=N 

  ��M[� �� 	1M�) Masumi & Izadpanah 2000.(   M� Q

*MM�: �	 L*�MM8� RMMU� 01:�1MM! +�MM8Z/� 0�MM8 �	 �N �  * �

 	���:	 �1&�N4    ,M# +	�_;M!   . ,[ M�%  �MG4 * � M!*��   %M� 

 '�/& �*�8/�          ?�_>M� ���M� �  +	�_;M!  �� �x/�   (�|1M& 

�pH  : %�8   01:�1! +��&�% '��   �&	 �	 * 4    �M��} C°Hx  * 

 �1' +�*	4 ��      * �*� �3�M! d        +	 	 � �MU CM# �3�M! 

,',#.  

()'[����
� H�  

 	���:	 %^� �4  � �	 8  * %! Q�  M� L*�%        	�1M& *,M� *	 �1M6

!����  ���: � �U  .�8��F�G4 �&�N  M���  M!��� �  *	 %M^� � 

*�L*�MDMV * BgSMV    �M� x  � �M/�) x    � ,M2: �� 

%�1� 401:�1!  � RU�80�(� ��# %� �,# 0�D'  �:  

� .�&  ,MMM;� MMM�% MMM'�� MDMV,MMM9� * 01:�1MMM! %MMM�   

 a �1& RMMMMaX3 �*�MMM� �  MMM8`(�& MMMM�% MMMM'�� BgSMV 

)BgSMV/MDMV( H. �&  ,MM;� MM�% MM'�� BgSMV %MM� 

     X3 �*�� �  ,9� * 01:�1!� a �1& R8`( �& �% '�� MDMV 

)MDMV/BgSMV( �. �&MM�% MM'��1MM� �* *	 0MM� �MM� L*�

  *�>MM& �MM�2z4 �. �& MM�%  MM'�� MDMV   �MMS"� %MM���  

x. �&�% '�� BgSMV �S"� %���  

�8��F�G4 �&�N ���     	�M��:	 �1&�N %� �1��&4 MDMV�

IJMV   * BgSMV �IJMV ' 8 � ,"'�FG K8��F�G4   �1M&�N

	���:	4 MDMV�BgSMV �"�8 ,# R.  M� % =	 M8   Y�  %M/"

F6 8       * *	 %M$ 	1M# Yi�m ��" M�      : �	 RMG �M� L*� M8  �	 +�

 �#�  	�� �:	 u4         �1M&�N 0�MF� �	 (,"M#�� %;# 	 � �U   �MG4 

	���:	4 * �    : %� �S"� 0*	 L*�8 '�MG�� �&  M�%  M'��     %M$ ,M# 

X3�  ,'	1� +	 	 R . ���"�� : Q8     �	 %$ +	1=N ��G�  )*,[H U 8 ,

    * %� �1��& �!  +,#�        :	1M=N * 	1M� ,MG 1] )*  L*�� 

*�       : 	 ,M9� �M�' �  0*	 L*�8    �� +	1M=N ��MG� M88�4   �  	�MD

	�$ ,G 1�'.  

�&�	�% '�� 1� �  * *	 0�  �� (L*�4 S� 8 �& % M�  MI2� %8  �  �

 * *	�   *�>& ��2z �� L*�4 * (�L*�   %� �G �*�&1T9&� 

 *� ��/FG )�rrr({=�] ��!4,',#  )Masumi et al. 

2000(  & * 8     �	 �S'N c�[ � KH��   +� ,M'  �;&1'�' : M8�4  * 

*�>MM& �MM�2z4S� 0 ,MM$�G �  MM8,MM# %. �  ,MM9� %MM;_G *	 

�&�% '�� %�1� (�G4   �� 01:�1! 4 9�  8M8  9My* Q8  :	1M=N �� 

 !��� 	�1&�  ,";��: � �U  .  : 	 ,M9�8      X3 �M� +	1M=N ��MG� M� R

a �1&8     �5>' * ���F# `  : Y$ %�8     %M$ ��MG�x�   �	 %M�1�    
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��"� �.�
'�M[ ?3� �	� MDMV " BgSMV i1-!" �� ���3W�! ��() RT-PCR  
Table 1. MDMV and BgSMV primers used in RT-PCR 

Annealing 
temperature 

(˚C) 
Sequence Nucleotide 

No. Direction Primer 

5'-GATGAGTTRAAYGTYTATGCACGAC-3'  25  Forward MD3F 
58 

5'-RTGCATRATTTGTCTGAAAGTTGG-3'  24 Reverse  MD1R 
5'-ACGAAAGCAAGAGGCTGAAAC-3' 21 Forward  BgSMF90 

55 
5'-CCACTGGGCTTCTCAGCAGC-3'  20 Reverse BgSMR90b 

  
  �"���. �!�7,   #�*:��) "  �:(�:        ����� �� �	��
 ��(+[ ��	  H()'[  %"�$" #�� �����
� ��	 MDMV  9BgSMV   "IJMV    H()'[ j(: " 

%"�$" ���$�� �!�� �6�KF,  
Table2. Number and percent of infected plants in cross protection tests among MDMV, BgSMV and IJMV and 
type of test for detection of viruses 

ELISA 
value 

Infected 
sample 
(A/B) 

No. tested 
plants/test 

Mean 
infection 

% 

Inoculation 
interval 
(days) 

Challenge 
virus 

Protective 
virus 

Test 
No. 

� 10/0 10/PCR 74ab�� 
6� BgSMV MDMV 

� 10/0 10/PCR 42c
 

9 MDMV BgSMV 

� 10/10 10/PCR 42c +  BgSMV MDMV 

I 

0.302: 
0.345¤ 6/6 6/E 80ab

 
6 IJMV MDMV 

0.440: 
0.310¤ 6/6 6/E

 
80ab

 
6 MDMV IJMV 

0.336: 
0.335¤ 6/6 6/E 68abc + MDMV IJMV 

II 

0.215: 
0.450¤¤ 6/6 6/E

 
42c

 
9 IJMV BgSMV 

0.421: 
0.243¤¤ 6/6 6/E

 
88a

 
6 BgSMV IJMV 

0.463: 
0.153¤¤ 6/6 6/E 56bc  + BgSMV IJMV 

III 

0.409 
§
 6/-  6/E 84a � � IJMV  

0.315
§
 6/- 

and10:0 
6/E 

And 10/PCR 78ab � � MDMV  

0.204
§
 6/- 

and10:0 
6/E 

and 10/PCR 44c �  � BgSMV  

PCR:    D'� �"$ * �1&�N 8+�  4 2� 8� �F   E : =  �1&�N M8 K4 z 8 I;>M&�8R   A :   %M'1F' 	 ,M9�  �MG4     * %M� +	1M=N  M�  L*�    )*  B :  	 ,M9�
%'1F' �G4   * %� +	1=N �   0*	 L*�� : '�&� %2i���� 8 Q�&�% '��*	 * �L*�   �� :& 	 ,3 8-'�8� n"� Q& � �/�  ,M#�� .    w*�Mm �M� 	 ,M3 

       �^! �	 Q/' 	 �1&�N �	 %���&� % "9& wX;] �  ,'� ,' � 	.¤  : � �	8�G��F4   �1&�N II 	���:	 4 & (8   * *	 c�[ � K M�    �1M&�N �	 L*�
= 8    �^! �	  K�  %   "9& wX;]  RG ��� ,'� ,' � 	  .¤¤  :� �	8�G��F4 �1&�N III	���:	 4& (8* *	 c�[ � K�  �1M&�N �	 L*�=  M8 �	  K

  �^!�  %   "9& wX;]  RG ���  ,'� 	 � 	  .§  :&8   * %! c�[ � K�  �& �	 L*��% '�� 	 �_'  4     =  �1&�N �	 01:�1! %� 8     �^M! �	  K� %  �M�
"9& wX;]  RG� ,'� 	 � 	  . + :�&�% '��  ��&KFG � : �& 0,3�% '��  

PCR: Polymerase chain reaction  E: Indirect ELISA  A: No. of plants infected by protective virus  B: No. of plants 
infected by challenge virus  �:

 Interval between inoculations of protective and challenge viruses   ��: Average of five 
replications. Means with the same letters are not significantly different at 1% level.  ¤ : The ELISA values of two 
(protective and challenge) viruses in test No. II, are not significantly different at 1% level.  ¤¤ : The ELISA values of 
two (protective and challenge) viruses in test No. III, are significantly different at 1% level.  § : The ELISA values of 
sorghum plants singly inoculated with each virus, are significantly different at 1% level.   +: Simultaneous inoculation  - 
: No inoculation 
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 � �G8  � (	1� ��F%    �I& * ,&N �!	� ��&N %>4 � 8� Q8 �� �G��Fx 

       ,# 0�D'  Q/' 	 �1&�N �� � �/�)  )*,[H.(    �  `M� �MG �  

��MMF8�+*�MM: 4�MMG  4�MMGMDMV� IJMV * BgSMV� 

IJMV( �          �M8z 4 KM8=  �1M&�N �� * �# 	�� %'1F'  >M&; R8I

 ,',# ������  . ��F8� �	  4�GMDMV   �� BgSMV � %  Y8=	

RG �;'N �'�#1�0�! �S'N 4�G  (        �1M&�N �  K��MF� 4 �M�RT-

PCR  ,# +	�_;!  .    �1�"& Q�,�  ��F8� �   4�G�  (H *  �  ( MG �

  `���          ,G�M# 4�MG��F8� �  * %M'1F' �   * x  (     *	 `M� �MG

%'1F' ���: � �U �!��� 	�1&.  

  

 �'�EEE�!�� 9%"�EEE$" \!�KWEEE�!RNAi1EEE-!" "   
RT-PCR  

  +��T3 �  k�    %M'1F' 4�M8:    �	 �MG�       ? �;8M! ���M� RMDm 

 018'1&N�/�(�|1&  x/� pH=     �5>M' %M� 0�M�*�2$ �� (�� 

       8�'*� �  * ,',# W1_��;'�! * ��F8� ,i�	 � Q%    +,M&N �!	

    %M8S� 4 ��cDNA    ,M�	�: +	�_;M!   .   � ��;M! RNA   �M� 

 �MM8$ �  +	�_;MM!  mRNA Capture )Roche ( EMM56

  +,'��MM! YF9= �1;MM!	* �"MM$ * �>MM�1' �� L1MM/9& 

)reverse transcription, RT ( R�KMMM'N �MMM�MmLV 

)Moloney murine leukemia virus) (Fermentas (

  �MMMMMMM: ��MMMMMMMzN �  +	�_;MMMMMMM!  �MMMMMMM�N1T) 5′-

GACCACGCGTATCGATGTCGAC(T)17- 3′ (

)Ha et al. 2007 (,# 0�D'  .cDNA  �"M$ * �  YMi�m  

RT+�MM8D'� �"MM$ * �MM�   �MM_[ �MM� � �MMF82� 4  4�MMG�:��zN

MD3F/MD1R �MM� BgSMF90/BgSMR90b ,MM# �MM8Z/�  

)  )*,[�( .�12�&	�1&  �"$ * �	 +	�_;!  PCR Y&�# x 

 �;8=*�/8&Taq DNA polymerase buffer) ×��( (x/� 

�MMMM28& )1MMMM& MgCl2 ( H/��MMMM28&  )1MMMM&�1MMMM2�&  

 dNTPs (�/�  )1MMM&*�/8&  4�MMMG�:��zN�  0 ,MMM$�G �   

 ��MMMM:�� * �MMMM��) )*,MMMM[�( (x  ,MMMMm *R�KMMMM'N  

Taq DNA polymerase )Cinagen, Iran ( *� 

  �;8=*�/8&cDNA         �	*K�  �� �12�& RDm ���S' �	 * 	1� 

          %M� Y��;M!  �8^I� ��� *	 �^I& cNx�    �M!� �M;8=*�/8&  +,'

,MM# . %MM&�'��PCR  %MM]�v `MM� �  Y/�MM;& �� %MM[�	 

�;'�!  %� 	 �:   ?,&�    %;#�! * �1�"& %� %I8U	     * %8=*  4��!

�x  %;#�! * Y&�# %]�v   �	 4��!��  �;'�M! %M[�	    	 �M:

%�   ?,&�    Q;��� (%I8U	 )annealing (%�    ?,M&�    �	 %MI8U	 

       �:��zN �_[ �G 4 �� C!�"& 4�&	)  )*,[� (   �	 K;"! *

�H %[�	  �;'�!      ?,& %� 	 �:H %I8U	 ( %�      %M]�v `� +*X3

   4�&	 �	�H   %[�	 �;'�!   	 �:%�   ?,&��    	 ,;&  4 �� %I8U	 

%;MM#� �MMG)extension (	1MM�.  �"MM$ *PCR +�-;MM!	 �	 

�2/��!1&�� ),M& �� * w�*,"�  �$�#  iCycler   �$�M#

Bio Rad  ,M# 0�MD'  .   )1TMJ&PCR  )W�	� %  �*��M:N

,# ��1�*�;/= .  
  

�b�W:k8� "   
      X3 �*�� �  k� �G��F8� %82$ �	�      ���FM# +	1M=N ��G�8: R

  ,',#)  )*,[H .(          �  0 ,M$ �MG %� �:	1=N �  ��"8F6  4 ��

L*��*         Q8M� 4	���:	 �1&�N 4�G��F8� �	 �GIJMV   *	 * 

  � (�-�	 L*��*%            �  �MS'N �/�W1=*�M! K��MF� ��M/&  YM8=	

          ,M# +	�_;M!  R8I;>M&�8z 4 KM8=  �1&�N �  (�-�,/� .  �M=*

�%      0�M! �M;'N �'�#1lFG Y8=	    4�MGBgSMV   * MDMV 

    ��/&  �*� Q�  �  +	�_;!     	1M5' ���M� .        �M� �MS'N K��MF�  �M=

 �1MM&�N �	 �i�TMM;]  4�MMG�:��zN �  +	�_;MM! RT-PCR 

           ��MG�8: �  � �/� �G �	 %'1F' *	 ��$ Q�  4 �� %$,# 0�D' 

 X3 ���   `8a �1& R)\�9F[ ��       ��MF8� �MG �	 %M�1�  (    QM�  �M�

�*� ���: � �U �!��� 	�1& ) )*,[H.(  
  

�.����
� H()'[ � BgSMV� MDMV  

 � �	8�G��F4 %��&  �'�  	 �M_' 4    �M� MDMV    �M��d % %M�1� 
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 +	1=N= 1;& *� BgSMV / MDMV �� �� %   (+	1M=N %M�1�

&8 :	1=N � K�   � %� �5>'8�G��F4    �S'N Y��I;& �"9� %��&  �'� 

= 1;&� BgSMV/MDMV   �� �H %* +	1=N %�1�  %M��&  �M'� 

%'�: ,[   %� BgSMV    �M��� % %M�1�(  :	1M=N � �  M8  �;� 	1M� 

))*,MM[H.( MM!������MM&N 4%MM�1� 	 ,MM9�  �MMG4 �	 +	1MM=N 

�8�G��F4    M�  +*�M: Q       M� %M$ 	 	 ���M' 8 � Q8     �M�' �  �MG��F

:	1=N�     %� 01:�1! �  * *	 Q�    ?*�M_� L*� �M"9&  4� 	  �	 

  �^!� % 	� 	 	1[*.    �	  M�  M!��� Q� & M8-'�8  %M�1� Q   �MG4 

   �	 +	1=N�8�F�G�4  %M��&   �M'�  = 1M;&�       RMG * RMG �M�   M"v8 Q

�8�G��F4 %��&  �'� %'�: ,[    %M� MDMV  M�� BgSMV   �M� 

RG   ?*�_� �"9&  4� 	  	 ;#," .  *	�8 :	1=N ��F� %'�: ,[   %M� 

MDMV= 1;& * � BgSMV/ MDMV     ,M;�  %M$ RMG ��

MDMV %��&  �'�  %� +,#  ���8   �� C�d %  *�� % :	1M=N�  *

RG "v8  Q  *	�8  ��F%��&  �'� BgSMV  �S"� %� �� * %��&   �M'� 

= 1;&� BgSMV/MDMV     ,;�  %$ BgSMV  %M��&   �M'� 

  +,#%� ���8   �� C�� %  *�H %:	1=N�  (  ?*�_��"9&  4� 	   �M� 

 RG' ,;#,")  )*,[H(.  

  

�. ����
� H()'[� MDMV�IJMV  

    W1=*�! ?*�_� %� %[1� ���/� IJMV   * MDMV(   �M�4 

�!�"#��    �  �S'N  =  �1&�N8 K4 z 8I;>&�8  R �_;M!   ,M# +	.  �	 

!���� � 8       %M$ ,M# {��& �G��F 	 ,M9�  %M�1�    �MG4  � 	 4 

X3 M�a �1& R M8 `�� �  ,MM9� �*�  %M��&  �M'�) )*,MM[H ( �	

&�F�� � 8��F  �G   	,3 %"& 	 �	 4 S���&� &�  RG * ,"#�� "v8 Q

�I&� & %>8-'�8Q � 8��F  �G4   �        ���M' QM/' 	 �1&�N �� +*�: Q

     �^! �	 %$ 	 	�`    ?*�_� (,i�	 �"9&  4� 	  G ��   ,'� ,' R

 & *�    %�1� 	 ,9� �_: � 1��G4    * *	 �G +	1=N �   �G �	 L*�

�8 �I� ��F�\�5 �   M& ��>M/� ,M#��.      � �  %M'1F' �M#8 �MG��F4 

%��&  �'�  = 1M;&�   1M� * �   �M� 04  ��M� 8   * o1M' { M�  L*� *

 F$ �D"!�   (�S'N     =  �1M&�N �M� M8 K4 z 8 I;>M&�8 ��  R M���� 

 ,',MM#) )*,MM[H .( MM�� Q8MM;'N *	 �MMG �MM� �MMG��F� 0�MM! 

MDMV-Ir  * IJMV,'	 	 ���' �"$ *  .��   M�  L�M!  Q

      * *	 �MG %$ ,# {��& M�   �MG �	 L*� *	 � 8  1M[* ��MF	 

  � * ,'� 	  %���53�  * *	 �    : �	 RG �� L*�8 Z/� +�8 & ���  ,M"��

  	���:	 %^� � *4 � 8   	� ,' 	1[* �S'N Q.   	���:	 �1&�N �	4 

�8  QMDMV�IJMV & (8    =  �1&�N �	 c�[ � K M8   ���M'  K

 �	 %$ 	 	%��& '�� ?*�_� (0 1� �"9& 4� 	� 8& Q8c�[ � K 

IJMV*MDMV ) MM�% ���MM8 C���/� * ��x/� ( 	1MM[*

 =* 	� ,'�    	 �=�m *	 �	 � & �-8   c�[ � KIJMV � 8  �  �;�

MDMV   	1� )  )*,[H.(  X3 o1'�   R�  � +,# 	�D  %z M8  �  �

�8 1� ��F�   %$ 0�*�/'   a �1& �� + �FG 8   `�   M& 	�MD�   (	�M$ �	

I�8 � %8 a �1& �G��F8  `F9&=1�    � �� * 	1�8�G��F4   ,G�#   %M$

  * �S'N �	�L*�  �G � %  	 �_'  �164 %��&  �'�    (,'	1� +,#  MG8 �

�*�_�� �# ,' .   L�! �� X3�R  �*�M/'      a �1& �M� + �MFG  M8` 

 �    �	 +,# 	�D%��&  �'�   * *	 0 1� �   & ��' %� L*��     %M$ ,M!�

 �RG �}  *,"  K� ��) Synergism (,FG���,"#�� %;# 	 �-.  

  

�. �
� H()'[ ����BgSMV�IJMV  

X3MM�R  �MM� +*�MM: QMM�  4�MMG��F8� �&�MMF� �	 +,MM# 	�MMD�  

 ,G�# 4�G��F8�  L*��* %$   �G � %   %��& %'�: ,[ �16    +,# �'�

(,'	1�        4� 	 %FG * ,";# ,' ��*�_� �8G X3�R  �	 `8a �1& 

P��  �G ,'	1� . 	  %�1� ,i�  ��F8� �	 +	1=N 4�G%��&  +,M# �'� 

�� IJMV   ��d� %   (+	1=N %�1��8�   ��F8��  �;%��&  �'�   +,# M�� 

BgSMV  �MM��� %1MM� +	1MM=N %MM�1�	 .RMMG  ��MMF8� �	 Q8MM"v

%��&       �= 1M;& �M'�BgSMV/  IJMV    �M� dd %    +	1M=N %M�1�

    �N k/3 ��F8� %� �5>') �H % +	1=N %�1� (	1=N�:  4�;�8� 

  	1[* 	�#)   )*,[H .(     4��M&N �M!���    	 ,M9� Q8-'�M8&

%�1�  �G   	 	 ���' +	1=N 4     4�MG��F8� %$ �& %M�     �M'�   * �= 1M;&

1��       ?*�_� RG �� +*�: Q�  0�"9&  4� 	 � 	 ', .RG   Q8� Q8"v

  4�G��F8�%��&  �'� %'�: ,[ %� IJMV * BgSMV   ?*�M_�
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H!��P�	 " g�-!0 :%"�$" #�� �����
� � �!� ����� .�&!'() ��	...  

���  

�"9&  4� 	   	� 	 	1M[*  .       �:	1M=N 4�MG��F8� Q8M� %M'�: ,[  

 %MMM�IJMV  �MMM�d� % �:	1MMM=N *%MMM��&  �MMM'��= 1MMM;&  

BgSMV/  IJMV �MM� dd % �:	1MM=N ?*�MM_��MM"9& 4� 	 

  	1[*	� ,' .��         +	1M=N %M$ ,M# {��& L�!  Q�    4��M!

%�1� �G  u!1�IJMV  �  �;�8�BgSMV�& ,#��.  

         0�! �;'N �� �25U +*�: ,"'�FG K8' L*��* *	 Q�  4�G

 4	1]Y��U,";>G {8���  )Masumi et al. 2011 ( �	

 ��!N  K8=  �1&�N %D8;'    L*�M�* *	 K��MF� 4 �� �*� Q���

	1� .      �1&�N �	 c�[ � K8&     0�! �;'N ��  K8=BgSMV  �	 

   � ,i�	 `� �^!%   �16�"9&  4� 	       �5>M' ��F8� %! �G �	 

 %MM�IJMV 	1MM� �MM;F$ ) )*,MM[H .( %MM$ 4��MMF8� �	 �MM;m

BgSMV   )*  %��&  �'�    	1� +,# )     c�M[ � K8& ��H�x/� (

         %M� �5>M' 4�M;F$ c�[ � K8&IJMV       c�M[ � KM8& �M� 

�x�/� �# 	  .  1� �1&�N �	�        	1M� �;�M8� wX;]  Q�  0  %M$

         �& K8' ���K8& Q�  �	 L*��* *	 ���U� �� Y8=	  ,#�� ,' 1� .

   ���M' )�m �S�          %M$ �M!  QM�  +,M"G	BgSMV    �  �M;F$

IJMV      �M&  ,8� �8Z/� 01:�1! �	  ,M"$.   �    �M!���  �M#

                R8I;>M&�8z 4 KM8=  �1M&�N �M� ��MF8� �MG �  �G�M8: %'1F'

 �	 %MM$ ,MM# {��MM&��MMF8� %MM��& �MM'� �= 1MM;& BgSMV 

/IJMV )  ��dd %� +	1=N %�1(  (   %� �5>'%��&  �'�    �N kM/3 

)IJMV/BgSMV   ���H %+	1=N %�1� (%'1F' %FG  �G �� (�G

          ,M'	 	 ���M' �5Z& �"$ * 0�! �;'N *	)   )*,M[H .(  QM� 

 ���' n��;'          4�G��F8� �	 L*��* *	 �G %$ �!  Q�  +,"G	

  1� * �= 1;&�    �& �8Z/� RG �� 0        4	�M��:	 %M^� � �8G * ,"���

	1[* �S'N Q8�	� ,' .  

   %�1� ,i�	 Q8-'�8& Q8�  �G    �	 +	1=N 4   ��MF8� %M��&   �M'� 

 �� %'�: ,[ BgSMV  (%��&   �M'�  1M� �   * 0 %M��&   �M'�   �= 1M;& 

IJMV/BgSMV _� (�  ?* �M"9&  4� 	    �M# ,' 	1M[* . �	

��MMF8� �MMG 4%MM��& �MM'�%MM'�: ,[  MDMV  �MM�IJMV ( �MM�

%��&  �'�   �= 1;& MDMV/IJMV      k/3�M� �= 1;& ��F8� * 

 �N)MDMV/IJMV(  ?*�_��"9& 4� 	   ,Mi�	 V�J= � 

%�1�  �G    	1[* +	1=N 4 ,'�#.    4��&N �!���  	 	 ���M'   %M$ 

 %�1� 	 ,9�   +	1=N 4�G        ,M;�  %M$ ���G��F8� �	MDMV   �M�

IJMV %��&  �'�  +,M#     ,M'        RMG %M� %85M#   +	1M�   �  �;�M8� * 

���G��F8�      ,;�  %$ �! BgSMV %��&  �'�  �!  +,#  . Q� 

>&f ���' %=  4��:��! +,"G	    �;�M8� MDMV * IJMV   �M� 

    %� �5>' 01:�1!BgSMV �!   .      4��M&N �1M&�N n��M;'

             4 �M�  KM8=  4�1M' c�M[ Q8-'�8& %$ 	 	 ���'IJMV   �M� 

 � KMM8&���/� * Q��;�MM8� BgSMV Q8-'�MM8& �MM� H��/� 

     +	 	 ��TM;]  	1] %�  � � ,I& Q��;F$  ,M'  .MDMV  �M� 

  Q8-'�8&��x/�     �  ,M9� IJMV         � c�M[ � KM8& Q��;�M8� 

 	�!  %;#.  

MM�% RMMG YMM8=	  0�MM! �MM;'N �'�MM#1� 4�MMGMDMV * 

BgSMV       �	 �MS'N {8��M� %M� �	�MU R8I;>M&�8z 4 K8=  (

	1MM5' �MMG��F8�( Q� ���MM"� �1MM&�N �  PCR  * K��MMF� 4 �MM�

   �S'N {8���  ,M# +	�_;! .      �1M�"& Q�,M�       �MG �  %M'1F' +	

�:��MMzN �MM� ��MMF8� �MMG �1MM&�N �	 �i�TMM;]  4RT-PCR 

 ,',MM# �MM!���.  L*�MM�*MDMV  �:��MMzN �MM_[ �MM� 

MD3F/MD1R    �1&�N �	 PCR  %M9^U       )1M6 %M� 4 bp 

���   * BgSMV � %    Q;# 	 Y8=	bp ��       %M� �5>M' �;�M8� 

MDMV %9^U  Q8-"! 4       )1M6 %� * ��bp �H�    �M8Z/�  � 

�&  ,"$) Y/M#�(             RMG �  L*�M�* *	 �:��MzN QM�  �M� %M$ 

 �MM& +	 	 {8��MM�,'1MM# . 1MM� ��MMF8�� �MM_[ �MM� KMM8' 0  

 4�MMMG�:��zNMD3F/MD1R%MMM9^U  bp ��� �MMM� * 

BgSMF90/BgSMR90b %MMMM9^U bp ��H �MMMM8Z/�  � 

�&      %M� %M$ ,M"$            �M8Z/� �  YMi�m ?�M9^U �-'��M' CM8���

MDMV   * BgSMV ,";>G ) Y/M#  �MG 4� * H(.  n��M;' 

 �  Yi�m Q�               �G�M8: %M'1F' +	 �MG �  %$ 	 	 ���' �1&�N 

 %MM'1F' %MMFG �	 (�= 1MM;& 4�MMG��F8� �	 �MM!��� 	�1MM&  �MMG

  )*  %$ �!*��*   %��& +�8: %�    �& �'�     L*�M�* �8Z/� �  	1#  
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 UP��. �(68) �'�(S"�WP+! ^(R: PCR 9MDMV " BgSMV �
'�M[ ?3� '! ���3W�! �� MD3F/MD1R���� �
� H()'[ �� 9  

Fig. l. Electrophoresis pattern of PCR products of MDMV and BgSMV using MD3f/MD1r primer pair in cross 

protection trials. 
A(  �&�% '�� = 1;&�MDMV kl! * BgSMVX3 �*�� �  ,9� �a �1& R8%9^U * ` Z/� �  %2i�m8 �MDMV 

B( �& �% '�� = 1;&� BgSMV kl! MDMVX3 �*�� �  ,9� �a �1& R8Z/� �  %2i�m %9^U * `8 �BgSMV 

C(  �&�% '��1� �* *	 0�%9^U * L*� Z/� �  %2i�m8� MDMV  

MDMV * BgSMV* �  %2i�m ?�9^U (� {=�] L*�  

 M �-'��' GenRulerTM100 bp DNA Ladder )Fermentas(  
A.  MDMV- infected plants challenge inoculated by BgSMV 
B.  BgSMV- infected plants challenge inoculated by MDMV 

C.  Plants simultaneously inoculated by MDMV and BgSMV and patterns resulted from amplification of MDMV 
MDMV and BgSMV: represent PCR products using each purified virus as template 
M, Gene RulerTM 100bp DNA Ladder (Fermentas) 

  

  �& 4�8:12[ 0*	,"$ .          4�MG��F8� �	 %M$ ?�1Mi QM�  %�

 �= 1MM;&MDMV/BgSMV(MMi�m %MM9^U  �MM� �MM8Z/� �  Y

   �:��zN �_[MD3F/MD1R    +� ,'  %�bp ���  L*��*

MDMVRMMMG *  �N kMMM/3 �= 1MMM;& ��MMMF8� �	 Q8MMM"v 

)BgSMV/MDMV((        �M8Z/� �  %2Mi�m %9^U    �M�  Q8MFG

 �MM_[  )1MM6 %MM� �:��MMzNbp �H� ( L*�MM�*BgSMV 

�& ,#��. %��& �	 1� �'���G�8: %'1F' +	 %FG K8' 0%�  *	 �G 

L*��*  ,'	1� +	1=N  ."9� %9^U �    �M� %M$ 4   �M_[    �:��MzN 

MD3F/MD1R�MM& �MM8Z/�  (	1MM# %MM� �1MM��& L*�MM�*

MDMV 	1�    L*��* * BgSMV \|�F;m   � %   ��2z Y8=	

    (+�8: �	 Q8���           +	 	 {8��M� ��MF8� QM�  �	 �:��zN Q�  ��

,�' .  � 4 �M�f        �  L*�M�* QM�  	1M[* ,M8a  �M_[    �:��MzN 

BgSMF90/BgSMRb        L*�M�* Q�  �S"� %$ ,# +	�_;!  

  ��MM& �MM8Z/� MM"$ * ,MDMV�MMF' �MM8Z/� ,MM��� . %MM9^U  

 

726bp 
636bp 

726 bp 
636 bp 
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  UP��.     �(68) '�(S"�WP+! ^(R: PCR %"�$"     ��E	MDMV   " BgSMV         �
'�EM[ ?E3� �E�  BgSMF90/BgSMR90b    ��E��, �� 

(, �
�(+[Y���� �
� H()'[ �� %"�$" "� Z.  
Fig. 2. Electrophoresis pattern of PCR products from sorghum co-infected with BgSMV and MDMV using 

primer pair BgSMF90/BgSMR90. 
`G � 4�G � �� �� 1� ��F8� �  ��	�T� %'1F' +	 � � 0   

BgSMV*  MDMV �:��zN �_[ �� {=�] L*��* *	 �  +,# �8Z/� ?�9^U (BgSMF90/BgSMR90b  

M : �$��&GenRulerTM50 bp plus DNA Ladder )Fermentas(  
Lanes 1 to 10, random sampling from 50 plants co-inoculated by both viruses.  
BgSMV and MDMV represent PCR products with BgSMVF90/BgSMR90b primer pair and purified BgSMV or 
MDMV template.  
M; Gene RulerTM 50bp plus DNA Ladder (Fermentas) 

  

��H   4,8�1@2$1'      Q�  �8Z/� �  %$�_[    ,# Yi�m �:��zN

 %� �1��& BgSMV  	1M� .   ��MG��F8� �	    %M$ �MDMV  * 

IJMV    � �� *  ,;�  %   %��& 4	 �_'  �16      ,'	1� +,# �'�X3� R

 �  ,MM9� `MM8a �1&� �*�  �MM�	*� �MM� * �	 * %MM$ 4	� 1MM&

BgSMV     � �� *  ,;� %     %M��& 4	 �M_'  �16   �M'�     	1M� +,M#

X3�R �    ,# �G�� ,9� �*� .��    �M& L�!  Q�  � 1M�   �M_: 

L*�MMM�* *	 �1MMMF$ +�*	MDMV * IJMV +�MMM8: �	 

+��1$ 01:�1!  �  ��BgSMV�!  .  

MM�% �1MM62$��MM& ���MM' �MM!��� QMM�  n��MM;'  %MM$ ,MMG	

MDMV * BgSMV * ,MM'� 	 4	�MM��:	 %MM^� � RMMG �MM� 

�MM!��� L�MM! �� Q8�MM8� �/�W1MM=18� * �=1MM/=1& 4�MMG  

)Zare et al. 2004, Masumi et al. 2011 (   �M�' %M�

�&   %$ ,!��   Q   L*��* *	  *	        �M� L*�M�* `M� %�1! *	

  L*��*�� �     ,"#�� RG %� `�	K' %^�       4	�M��:	 �S'N Q8� %$ 

 �& YF3,"$.     �  Yi�m n��;'    �1M&�N Q�      n��M;' �M�  �1M&�N

   Q8� 4	���:	 %M'1:   4�MG +*�M:��� SCMV  	� 	 �MI��^&  

)Krstic et al. 1995( .    {��M& �MS'N ?�M9=�^& L�! ��

 L*�MM�* %MM$ ,MM# 4�MMGSCMV (MDMV (JGMV  *

SrMV K8'                0 ,M$ �MG * %;M# ,' 4	�M��:	 %M^� � RMG �M� 

!*��*�   YI;>& ,";>G .  Q� �1&�N   � ,' 1� �& %    `M� � 1"3

 � �*�f  {8��� �	 4,8a   %'1: K��F� *     %�1! *L*��* �G

�S'N �/8&1'1>$�� %^� � Q889� * �% 	*� ��$.  

 �= 1� %>��I& �G,8! 4 "8&N %  �& ���'      4�MS;'  %M$ ,G	

�"8&NCP L*��* �	  k"[ 4�GPotyvirus �	 * ?*�_;& 

          �M��_m �28] �N �28>$1��$ 4�S;'  * �'�8& ��� Y��I&

�MM!  +,MM#) Shukla & Ward 1989, Ward & 

Shukla 1991( . ��� �=�]	 �1"$��  �M"8&N 4�MS;'  CP 

%;MM# �MM� )�MMI;'  �	 )Atreya et al. 1990(�MM$�m ( �	 

�'|16 ���>& )Dolja et al. 1994 (RG *   M� Q8M"vf �	 �8}

 L*�MM�* ��1MM� �'�MM�K8& %MM"& 	 �MMG)Xiao et al. 1993( 
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 ��	/   ���� /  ������ / ��� ����: �������  

�xH  

  �!  +,# {��& .   �=�]	 )�F;m    ��� Q�   o1U* �	 K8'

  �M!  +,# 	�S"�8� 4	�� �:	 +,�,�)Matthews 1991, 

Sherwood & Fulton 1982, Shukla et al. 1991.( 

`8;!�$  � ��/FG * ) ���x (          %M$ ,',8M!� %MD8;' QM�  %M�

 �� � K8&   w	 �� �	 Q8a�� %��     %M"8&N 4�G,8!      �M"8&N 4�MS;' 

CP�MM& ,MM' 1� Q8MM� �	 4	�MM��:	 %MM^� � �	1MM5' �MM� YMM8=	 

%�1MM!  4�MMGSCMV,MM#��  .L*�MM�* *	MDMV  * 

BgSMV �	 KMM8' %MM8m�'′x�W  CP  +� ,MM'  %MM� �MMS"� �� 

,'� 	 ?*�_� ,8�1@2$1') Farahbakhsh et al. in press, 

Zare et al. 2005( �!��� Q�  *  K8'  %M$ 	 	 ���'  %M^� �

    	� 	 	1[* �S'N Q8� 4	���:	 .��   �& L�!  Q�     �M_: � 1�

      	1M[* 4�"Z;!  %� %$ %M9^U��     �	 4,M8�1@2$1' BgSMV 

       �W �m 1' ���! �	 4,8�1@2$1' ?*�_�CP %�    ?*�M_� Rz�

   L*�M�* *	 Q8M� `M8;'W128�) Farahbakhsh et al. in 

press, Zare et al. 2005((  �MM��:	 %MM^� � �	 *	 4	

� L*��*fmX& Y��U �8}��!  %;# �-' %.  

  

h��1)  
  ?�J_Mi %� %�mX& �S[)117 -119 (    %M9[ �& �>M82-'  Q;M&

	1#.  
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