
Arc
hi

ve
 o

f S
ID

�  ��� ���	
� �	
��	�
��� �����  
 

	�	�	�	�����������	� �	�������	� �	�������	� �	�������	� �	�



�����������  ! ���  ! ���  ! ���  ! ����� "� "� "� "������#��#��#��#����        ����$�%�� & #$�%�� & #$�%�� & #$�%�� & #



� '� '� '� '



 #� #�( #� #�( #� #�( #� #�(

)� &	*�)� &	*�)� &	*�)� &	*�







��+���� ,!�#� -��+���� ,!�#� -��+���� ,!�#� -��+���� ,!�#� -



��������.	� .	� .	� .	� 



 " " " "'////00001��2 1��2 1��2 1��2 * 

Taxonomic position of two Iranian isolates of Sugarcane mosaic virus (SCMV) based on 

sequence of the 3'-region of the genome 
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 �� �� �� ��        

  ���  !�� "���#�  �$�%�� & #
� '
 #�()Sugarcane mosaic virus, SCMV (1	� "� 	�� 

KhzL66   KhzQ86%� � 5��;� 
� ")*��   7(� 7�#> #�(
	9L   #�(�M�	� N� �! ?6 

N�� ?	O*%�P � 6�	�#�%	Q6 %� �!	RO*� 	�   ���: �#�2! �  � 	� & #�L	3OP� 	� SCMV �

.	�
 "'/ @ � "� 	
�6 1��2 RT-PCRS�� 
%	* "�	���   #�!#� �� .)� %� U: =	)VW

 -

")VW ,!�#�   ���> N�� X� 	� ,!�#� ���Y "�  ZEFE[��+���� 
 \�	> "� ��6 7*�� �

O��W� ?2 %� NIb \� �CP   3'-UTR!��  ..	�
 "CP-UTR� %� ����  ! -�	* 	� ��#�� "� #

����" 	�� SCMV �! !���� GenBank	� "�	�#� 	� � MegAlign) DNASTAR (  CLUSTAL 

X8	�6 
�> ; .����� -�" !��)� 	� 	��,!�#� %�  	����: �  �& # 	��! ��  \�	> #� & #

$�%��
�8���� '� =�] )Maize dwarf mosaic virus, MDMV(  ��$�%�� & #
 1����* '

)Sorghum mosaic virus, SrMV(�    �& #   $�%�� 
'   W 
 ^	  )Johnson grass mosaic virus,   

*  =	<
<4� ?	�%	* =��	MO_� \4� %� `
<4� -�� 1	a�� "9�;� �%� 	(b ���_ cVW  

& #�  7*� ��> -
�	� �*	9>.  

**"M�	d� Z�+��   

JGMV(  ��$�%�� & #
� '���#�W 
 ^	)Iranian Johnson grass mosaic virus, IJMV (   � & #
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$�%��
 6% ')Zea mosaic virus, ZeMV ( �! !����GenBank	<� �!#�� 1	a�� %� U:   "�� e

%	*�A 7P�! "�	��9I 
O�2��
�� @ � 	� 	
�6 Neighbor-joining*#� 
!#� X�� .8	�6 �!
 ;

A
O�2��
�� fE �! ,!�#� g \�	> � #� MDMV �JGMV �IJMV   ZeMV �  SrMV%  !   � #

 � #�SCMV) %� � #�#I   (II�9OA#� ��#W . � �!�8	�6 -
��� -OA#� ��#W  ;�	� "� SCMV %� 

����� �	9� �! ?�#�" 	��#A6   #3� �	<���9� ��! % � � #�#I� � Z	�O.� -� !��  "� ���  !� 6

#O*� "��- 	��� ���#���	P h	(9� ��9>	� ��> !��  ��(� "� "��W 	�   "O>�! .  

�2� �2� �2� �2�     	�	�	�	������� �� �� �� 
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� �#�(� �#�(� �#�(� �#�(



  �#�(  �#�(  �#�(  �#�(����& #& #& #& #    	�	�	�	�������: �=jQ ��: �=jQ ��: �=jQ ��: �=jQ ����        ����� �& #� �& #� �& #� �& #����  ?	O*%�P �?�#  ?	O*%�P �?�#  ?	O*%�P �?�#  ?	O*%�P �?�#        

        

"��<�"��<�"��<�"��<�  

  �
 #�(���O)9L =k�34� %� �l��#O*� ��� �! '
�	�	���(� %� ��! 
7*	 .�� 7(� -

	
8	* �! Z�34��P� 
*  @#O�� ?	O*%�P ?	O*� �! #
)� �7*� "OA	 . SCMV "��� %� 

% \���_�� ��99�! �4�   �	M�	�7*� Z�34� - . SCMV U9� �m_Potyvirus� %� 
 �#

Potyviridae7*�  .� X$j_�  -�$�%�� =��L "� & #
 � '�� 
 Z	* �! #�(EFno �! 

;� ���� Z	* �!   �> ���	(� Enop�	� 
� \�	_ 7
�	�� �> -> � ?6 Z	<O�� ��4�   

) "� !�> 5���Koike & Gillaspie 1989 .(�* ?6 %� U:�" 	��� %� e�Oq� �  -� � & #� 

�
���> @��;� =�]   1����* �#�( . Z	* �!Enro� 
�	��$�%�� 
�8���� '� �! =�] 

#�6 s�9��	> 	�� �> N)Janson & Ellett 1963 ( ?6 \�	_  MDMV �m_ "� 7A#� 1	�  

!�#�� U9� %� Potyvirus� � �>	� .��  -�� �! t��)� & #�! =k	�#�6 #�� � 	��   =�] 

��� 1����*
!	3OW� 7�: 
 !#� ��)Toler 1985, Williams & Alexander 1965 .( SCMV   

MDMV�	
� @#O�� ��* ?�9�	�   ����! �" 	��% �!	� � 	
�6 %� �� 
1����* �=�] �#�( 

�  
Q ?	�	
_ �;� #���> @��;� =jQ  ��� . Z	* 	�EnFn�R� 
	��   '���� ;�" 	��� � -

 �& # % =j�(� 	� 	��!	�� 	� !�� "���� �� �! "�9� Z	* -Shukla &	*�#� ?��	���   

 ��l� 	��2�8 #* ���+� #: 
(>�: -� � #� �	
I �! �� 	
�6 �)�"��� �	
I 	 (1	� "� 	�� 

SCMV �MDMV � JGMV   SrMV��!�! ��#W )Shukla et al. 1989a,b .(��  -�& #  ?��9_ "� 	�

��:�  �& # 	����> , #)� =jQ  ��� .  �9I ?6 %� U:�! & #� #�1	� "� 	�� ZeMV  � 

IJMV  ��$�%�� & #
 u#� ')Bermuda grass mosaic virus, BGMV (  ��$�%�� & #
 '
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��9�� u#� )Southern Bermuda grass mosaic virus, SBgMV (   �$�%�� & #
 '  

9:� *
 1�O)Pennisetum mosaic virus, PeMV (� "�����> "A	v� � #� - Fan et al. 2003, Fan &) 

Li 2004, Masumi & Izadpanah 1998, Masumi et al. 2001, 2004,2005, Seifers et al. 2000, 

Salomon & Seifers 2004,Zare et al. 2005   .(	� )� ?�9�

q(�   -
�* w�" 	�� SCMV �! 

�!
#� 	@ � &	*� 	��2�8 #* ���� �
2�8����9��! �9�	� "� 
�	�;�)Y	<� 7x	R.   �  

)cross protection (P� "�!  ! �!  
8	�6 &	*� #� #
��+���� ,!�#� ;
��.	� 
 "'/ \�	> �1��2 

+� #: ?2
(>�: -�) coat protein, CP (.	�  
�(� "��#� "��) untranslated region, UTR( �

.	� wPk	�
	: "��6 "�	
9�) N-terminus ( ?2 �!CP 7*� ��> 1	a�� )Adams et al. 2004.(  

  .	�
	: "��6 "�	
9� ?2 CP �.	� '
y� tj�	� "

G:#�	��   7*� #��	�>6 ;�� 
�* -�" 	�� 

� ?	(� e�Oq�� ��! .��	�� -�.��� �! ;�! � #�CP � 	3'-UTR�� � X(z� #O� !��P .� 	�� "�
9

�
<<4� #O(
�#� -�	<� �	��   "����� ;�" .	� \� %� 	�
 "CP-UTR�!#� �!	RO*�  ��� . "I #��

Adams ?��	���   )oppf ( ?2CI) cylindrical inclusion (�#� ���	<� �	��   "��"��� ;    	�

�*�" 	����: �  �& # : 	�
� !	
9(� �99�8  ���� �! %�9� 
�	�.	� %� �!	RO*� N�	9� %� 
 "CP-

UTR7*� Z ��O� .  

 �$�%�� & #
� '
� �! #�(� Z	* �! ?�#E/{o#�   �> @��;� ?	O*%�P %�   &	*�

2�8 #* |�� ����L�3P   
2�8�A��� =	������ � "SCMV-SC-1�	� 
�> ��  

)Amiri & Izadpanah 1993 .(�*	W� ?��	���   )oppo (2�8 #* "V��� &	*� #�����  	

O�6� "�	��� �9I 1#* �� MDMV-B ?��%6 �! ELIZA$�%�� �8�� \���_ 
� �! '
! �� #�( �

��!�! ��#W � #�  ! �! ?	O*%�P "� � 1	9� ?6 � #� 'SC-Q86� 	� �O�6 -�  7MS� }9��  1#*

7>�! )Ghasemi 2005, Ghasemi et al. 2002 .(�*	W� Z	* �! opp[��+���� ,!�#� 
�� ! �. 

{pp%� %	� .	� 
 "´/��� � "SC-Q86   ���� '�! "� 1	9� #�SCMV-CP68 \�	> "� �� 

.	�
"UTR O��W   �	
O�� %� � ´/ ?2 CP� � )� ��>

!#� -.��3)� ���� ?��	���   �" 	�� 

SCMV#V� �� ?	O*%�P %� �8	�6 `
8��8�� ;�*�#� ��* �� 	
�6   � "SCMV-Aq(� 
 ��!�! w

)Masumi et al. 2004, 2006 .(!� ��<4� -
��� `�" 	�� KhzQ86   KhzL66 5��;� %� ��> ��� 

�
� ")*��   7(� 7�#> #�(
	9L   #�(�M�	� N�8	�6 %� �!	RO*� 	� 
8��8�� ;�.	� 
 "CP-

UTR*�#� !��� �	�   �9OA#� ��#W �������	� �	�
��� �! 	
�6 
�* ?	�" 	��   SCMV)� 

 -
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!#��� .� �!�:  "8	<� -
�#� !	
9(�%	� #���)v  �! 
��9� 7� SCMV��� �!#� "�7*� ��.  

        

*�#� @ �*�#� @ �*�#� @ �*�#� @ �����        

��� NM9���� NM9���� NM9���� NM9�����""""    	�	�	�	�����    SCMV        

���  !� "SCMV 1	W�� %� "� L66   Q86� ")*��   7(� 7�#> 5��;� �! 
   #�(

	9L�M�	� N�<4� ;�#� �!    ��> ��� ?	O*%�P �! 
���
�� 7�#> ?6 =	<�� � �! !�> 

��	�%6 -��9OA#� ��#W �!	RO*� !��� }.   

  ��#qO*�  ��#qO*�  ��#qO*�  ��#qO*�����%	*��� �& #%	*��� �& #%	*��� �& #%	*��� �& #����    RNA }9��     }9��     }9��     }9��    RT-PCR 

  ��� ��	3_ %� U: 	� "���� -
#�* #A	� Xa. "* �! 
���6 =�#O
 1�E/p ��k��   

[/r pH=<O�� �
 7M�� "� 1#A #�� 	� t	�/p� ��L�! 
#O�	*   �	�� � %	A %�   ���> 2�R�� 

�#��
� 
 "cDNA!#� �!	RO*� �� . ��#qO*�RNA %� �!	RO*� 	� �
 7(Roche) mRNA Capture 

Kit�6 %� �7A#� 1	a�� ���%	* \�)8���O*! `MY .?�.���#� "8�8 "� ��> sG� � }9��  

"q�� ��!#�� &��)� )reverse transcription, RT (;�6 	�� X)Moloney murine leukemia virus, 

MmLV (Expand Reverse Transcriptase) Roche (!#� �!	RO*��� . }9�� RT  ?!#� ���q� 	�

Ep� 
8 #�
 #A	� #O[ #��#� Expand RT� mM  f/p DTT�mM  f/p ���q� dNTP �U op 

RNase inhibitor�  µM r/p #�%	Q6 RCF1)  Z ��E ( Uop Expand RT
� 
!#� "�� . ���q�

 Xa. "� s6 ?! ;A� 	� \L	.[p� 
8 #�
	�! �!   ���	*� #O� C�fo =�� "� � 7_	��

���
����> .  

  cDNA }9��  %� ���6 7*�� RT� �#
a�% }9��  	� ��: � %�#� )polymerase chain 

reaction, PCR ( S��
�> # . }9��  ���q�PCR \�	> [� 
8 #�
 #OTaq DNA polymerase 

buffer) Ep x (�mM [/E MgCl2�mM  o/p ���q� dNTP� µM f/p	�#�%	Q6 %� 1��� #� %� � 

 7(�#�   7A�) Z ��E ( �U [6 ;�� XTaq DNA polymerase) Cinagen, Iran (  /� 
8 #�
 #O

cDNAV<� �	�  ! #V<� s6 ?! ;A� 	� "� !�� 
#O*� #� "� ?6 Xa. \[p� 
8 #�
�> ���	*� #O .

 "�	�#�PCR \�	> /F% �#> "� "P#I �!�� #: °CH� =�� "� /W! 
 "<) "P#I�'(� °C H�  "�

 =��/p�	� 
� " °C�g =�� "� �W! '
   "< °C{o =�� "� �W! '
 "<)"P#I 	��}> 	�  ! (� 

°C nf =�� "� /p�	� 
 � "°C[[ =�� "� �W! '
"<    °CBD  =�� "��W! '
 "<)"P#I 	�� 
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{ 	�/F .(	
��W! �! =�� "� }9��  ���q� t	O
	�! �! "<� °CBD ���
����>  

)Colinet & Kummert 1993.( 

  

 Z ��EEEE09��  �! �!	RO*� !��� �	�#�%	Q6 �#
a�% } ��: �� "���� #
S�� ��#� %�#� ���#�� �	� 
 SCMV   

Table 1. Primers used for amplification of SCMV isolates of Iran by RT-PCR.  

 

Reference Sequence Name Orientation 

Collinet & Kummert  1993 5´- gAC Tgg ATC CAT TTT CTA TgC AAC A-3´ Pot1 Reverse 

Collinet & Kummert  1993 5´-GaC gAA TTC TgT gAT gCT gAT ggt TTC-3´ Pot2 Forward 

Yang & Mirkov 1997 5´-CHA TWT Tgg ART ggg Ayg-3´ SC1 Forward 

* 5´-ggA CAC CAg CTA gAg CTA Agg AAg -3´ WEq1F Forward 

French & Robertson 1993 5´-AgC Tgg ACT CTT TTT TTT TTT TTT T-3´ RCF1 Reverse 

Marie-Jeanne et al 2000 5´-ATg gTH Tgg TgY ATH gAR AAY gg-3´ Oligo1n Forward 

Marie-Jeanne et al 2000 5´-TgC TgC KgC YTT CAT Ytg-3´ Oligo2n Reverse 

* 7*� ��> �.�#Y ?	����	�� |*�� #�%	Q6 -��.  
* This primer was designed by authors. 

 

   Z�34�PCR*�� 
 "�InsT/Aclone PCR Product Cloning Kit) Fermentas, Lithuania (

�*j: �! ���%	* \�)8���O*! `MY
 �pTZ57R/T#O�	� �!   !��  � E.coli#O*� � -DH5α 

%	* "�	����!#� �� .:�*j
 ��#qO*� %� U: 	��)Holmes & Quigly 1981 ()� ���9� "�

 -

 7�#> "� ,!�#�Macrogen) ��9� �#�� (!#� Z	*���)�   �

 �!	RO*� 	� ,!�#� - %�

	�#�%	Q6����_ � M13�> 1	a�� .  

8	�68	�68	�68	�6



A ;A ;A ;A ;



O�2��O�2��O�2��O�2��



��������        

	� ,!�#� 1	Q!� %� U:� %� \L	. o 	� f9�� ��	O9O*� ,!�#� �e�Oq� =	)VW %� � 

)consensus sequence (	���;A� 1#� %� �!	RO*� 	�� DNAMAN  EditSeq (DNASTAR) 7*�� 

��6 .��,!�#� - 	* ,!�#� 	� 	��  #�& # 	�� \�	> |M�#� SCMV �MDMV �SrMV �JGMV   

IJMV	<� �!#� "����� .!#���%	* e� "�	��9I )multiple alignment ("�	�#� 	� 	�� MegAlign 
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)DNASTAR (  CLUSTAL X) Thompson et al. 1997 (��+���� 7
�	(�   �> 1	a��
��   

�6
*��9
�� "�	�#� �! MegAlign!#� "M*	4� ��.  

  A 7P�!
O�2��
��!#�� %� \L	. �%	* e� "�	�#� �! "�	��9I Treeview1.6.6  

)Page 1996 (*�#�   ���	(��!#� �� .� �!�8	�6 -
  ;�$�%�� & #
"�� ' ��1�9�   

)Wheat streak mosaic virus, WSMV ( ?��9)�outgroup7A� �	�� .  

  "���� "��	<� ��#�  �	�KhzQ86   KhzL66���: #�	* 	�  & #�  	� � ,!�#� %� =jQ 

 \�	b ?2 ��
*��9
�6   ��
��+�b��CP��+���� ,!�#� "A	v� "� 
�� "
.	� 3'-UTR) CP-UTR (

�> �!	RO*� ."���� "��	<� ��#�  �	�SCMV�)�  !�opp ,!�#� SCMV �! !���� GenBank "� 

,!�#� %� �!��)� "A	v�  �	�MDMV �SrMV �IJMV   JGMV!#� s	qO�� �� . ,!�#�

"����  �	�SCMV "
.	� %� "b CP 	� CP-UTR �! e�Oq� �	���(b %� GenBank �!�! ��#W 

��V�  �"���� h	(9� �	���(b 	� ��(b �,!�#� �%���� "�	(� c�. #� �!�� ��> "�	���� 

 ���> �%	* e�!#��) Z ��o (�#� �d
O�2��
A 7P�!  � ��!#� X
*#� � #� #� ) =	_jY�

7*� ��(� �!�! ?	(� .("���� -
� %�  t	O�	
�   ����!#� s	qO�� �!��)� ���G� �	�/n "���� 

SCMV"���� 	�  & #�  #�	* �	� ���  !   	�� "SCMV 7P�! �� �! ")8	V� !��� 

�6 �d
O�2��
A ���> ;
8	) Z ��/ .( ��
��+�b�� "��	<� %� \L	. �A�#��:��).	�
 "CP-UTR (

 ��
*��9
�6  ).	�
 "CP ( %� \L	. �d
O�2��
A 7P�! 	
9� \
8! -
�
�   7>�! �!	�% "�	(�

��+���� ,!�#�
��7A#� ��#W �*�#� !���  .  

        

O�O�O�O�



aaaa""""            

  )W��
 %� ���6 7*�� =	)VW 7PCR	�#�%	Q6 	� �> �! e�Oq�  \�E ��> wq(� 

7*� .�a� %� U:
� N�\�	> ���6 7*�� ,!�#� =	)VW -EFE[��+���� 
!�� � .�� =	)VW -

�#����� �" 	�� KhzQ86    KhzL66�#� "�
�	�> &� 	� c 	��)Accession number (

DQ438949   DQ369960 �! GenBank���> �!�! ��#W  .S�� =	)VW
� \�	> ��> #
 "�'/ ?2 

NIb) )W��
 7E 	� rff ( �(>�: -
+� #: ?2  ) 7
)W��rf[ 	� E[F/ (7*� . "��#� "
.	�

���(�  '/) 3'-untranslated region , 3'-UTR (��+���� %�
 ��	�> �E[F{ 	� EFE[   �>	� �� 

 ��	�	: ? �bTAG 7
)W�� �! E[Ff 	� E[Fr !��! ��#W ) \d>E.(  
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 Z ��o0,!�#� !��)�   �	�SCMV  �! !���� GenBank?	�;
�   ��(� '
�R� "�   
Table 2. SCMV sequences deposited in GenBank, isolated from sugarcane, maize and some 

other plants in different countries 

 
 Sugarcane Maize Other plants 

USA 13 2 2 

Mexico - 1 - 

Germany - 9 - 

Spain - 3 - 

Egypt 1 - - 

Congo 20 - - 

Cameron 26 - - 

South Africa 5 - - 

Iran 4 - - 

China 26 37 2 

Australia 10 - - 

Brazil - - 14* 

Pakistan 1 - - 

Thailand 4  1 - 

Philippines The - - 4 

* ,!�#� ?	�;
� 7�
� 1��)� ��(� -�� %� ��> �#
P] �	�.  
* The hosts of these sequences are unknown. 

  

  �#Y  ��> 7x	R. �	�GNNSGQPSTVVDNTLMV   GDD1	�� �! "b   

& #�  	�� 1��2 	� RNA X�;�6 Z	)A \4� ��9�! ?	(�    ����! !��  7MS�  ��:  %�#� �9O��    
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Z ��    /0 �	�> &� GenBank-�#O*� ��	*� � "���� 	� 	� & #�  h	(9�   	�  %� "� =jQ �	�

!	RO*� '
O�2��
A ;
8	�6 �! 	
�67*� ��> �  
Table 3. Database accession numbers, strains or isolate designations and origin of poaceous 

potyviruses used in phylogenetic analysis 

Country Isolate, Strain Accession No. Virus 

   SCMV I 

Iran KhzQ86 DQ438949  

Iran KhzL66 DQ369960  

Egypt WGY70-1 AJ491963  

South Africa ZAF52-1 AJ491972  

India Uttar Pradesh AY241923  

Australia Sc D00948  

South Africa Nambour 7 AF006733  

Australia Strain A Brisbane AJ278405  

Pakistan CSSG-567 AM040436  

USA A U57354  

USA Lou41-1 AJ491966  

 So-b14 DQ316248  

Brazil FER-1 AY819719  

USA E U57357  

Congo CoN102-1 AJ491946  

 Wd-dz DQ316251  

China Mz-gz2 DQ316232  

China Gx-1 DQ227694  

China Strain D AY953351  

Australia/  USA USF 1 AF006737  

USA B U57355  

USA D U57356  

China Zhejiang AJ271085 SCMV II 

China Zhejiang AJ297628  

China Zhejiang NC 003398  

China Beijing AY042184  

China Henan AF494510  

China SCMV-SX AY569692  

Germany SCMV-Boetzingen X98168  
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 Z ���0) "��!�(                        Table 3. (continued) 

Spain S12 AJ311168  

Germany SCMV-G96 AJ006202  

Germany SCMV-Borsdorf X98167  

Germany SCMV-BC AJ006201  

China Sc AJ421468  

China mz-gz2 DQ316233  

China yuhang AJ310104  

Brazil BR14 DQ315497  

Brazil BR15 DQ315498  

USA SCMV-MDB D00949  

USA SrMV-Sch U07219 SrMV 

USA SrMV-SCI U57358  

USA SrMV-SCM U57360  

USA MDMV-JIL U07216 MDMV 

Bolgaria MDMV-BU AJ001691  

Iran MDMV-Maz   

Iran IJMV-Shiraz AF533363 IJMV 

Israeal ZeMV AF228693 ZeMV 

Australia Krish-infecting AF032404 JGMV 

Australia JGMV-AUST Z26920  

USA JGMV-KS1 U07218  

 

)Dougherty & Carrington 1988 (� ,!�#�  ! -�� �!
�� ���	(� ; ���> .�#Y �	�DAG  �! "� 

 !��! 78	P! "O> 	� Z	<O��)Atreya et al. 1991, 1995( �K/DK/DV	
O�� "
.	� @#� \4� � �9
�6 

)N-terminal ( ?2CP   MVWCIENGCSP "
.	� �! "b CP& #�  ���: �!   �#Y   	�

NEEVFHQ/A ?2 @#� \4� CP %� NIb#��! "�  � I "��� SCMV �9O�� ��> 7x	R. 

)Badge et al. 1997, Shukla et al. 1988(,!�#� -�� �! � �� ���	(� 	�  ���>) \d>o .(  !

 �
*��9
�6R    D "� �(>�: -
+� #: Z	3�� \4� "b RNA 7*� )Jacquet et al 1998  ( 	�

�! 7�j_� 7*� ��> wq(� �#) \d>o .(�#Y -�� 7
)W�� �> 7x	R. �	�  ! #� ��#� �

 Z �� �! "����f7*� wq(� .  
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 \�>E 0 "
.	� '
�	�> \�> '/ 7R� 	� ��> #
S�� =	)VW 7
)W��  �#�(
� '
$�%�� & #�  1��2 

 �	� "���� ���6 7*�� �	� ,!�#� N
�a� "a
O�   	�#�%	Q6KhzQ86    .KhzL66  
Fig. 1. Schematic representation of the 3'-terminal region of the sugarcane mosaic virus genome and 

position of PCR-products amplified with indicated primer pairs and assembled sequence of 

KhzQ86 and KhzL66 isolates. 

  

   \�>/�9M� #� �,!�#�  	����: 	� |M�#� �  �& # 	��� 
� ?	�	
 =jQ �# ?	(� ��

�� ��! .: \�> %� "��	9I
,!�#� 7*�� 	�� � #� "� ���#� SCMV%  ! �! � ��#W � #� #

�
�
��# .,!�#� 	�� MDMV � SrMV   JGMV #�  �"�	���� � #� ' ���(� �� 
� \� �9�!  .

IJMV   ZeMV�� ��#W "P	> �� �! ;
�   ��#
� .��+���� "�	(� ?�;
�
��"����   ? �! �! 	�

� #� #�) & #�  ( ;a�SCMV   MDMV %� #O(
� np %�� � #� -
�   �>	�  %� 	�///[ 	� 

{/f{7*� #
yO� �L�!  .�
 7�	M> ?�;)similarity (,!�#� �!  ��
*��9
�6   ��
��+�b�� �	�

� #� -
�   ? �! ��> e�!#��  Z �� �! 	�[7*� ��> wq(�  . ��
��+�b�� "�	(�

"����  �	�KhzL66   KhzQ86 r/nF 	
�6 ��
*��9
�6 "�	(�   �L�! r/nn�� �L�!  �>	� .

�6 ,!�#� "�	(�
*��9
��� �! 
�* -�" 	��  #� �� & #
 %� #O(np %� �!  
"��� -  %� 	�

o//n % 	�o/{F %yO�
�* 	�� 7*� #�" 	�� SCMV� %� �)M� ��_	W -
�� 7� �99�. 

 

PolyA 

oligo dT 

oligo dT 

Pot2 Pot1 

SC1 Pot1 

oligo 1n oligo 2n 

WEq1f 

oligo 1n 

KhzQ86 

KhzL66 

 

 1815 
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                  *        20         *        40         *        60         

KhzL66 : GNNSGQPSTVVDNTLMVILAFNYAMLSSGIQDNEIDNCCRMFANGDDLLLAVHPDYEHILDG :  62 

KhzQ86 : GNNSGQPSTVVDNTLMVILAFNYAMLSSGIQDNEIDNCCRMFANGDDLLLAVHPDYEHILDG :  62 

         GNNSGQPSTVVDNTLMVILAFNYAMLSSGIQDNEIDNCCRMFANGDDLLLAVHPDYEHILDG       

                                                                              

                *        80         *       100         *       120           

KhzL66 : FQDHFGNLGLNFEFTSRTRDKSELWFMSTRGIKCEGIYIPKLEKERIVAILEWDRSNLPEHR : 124 

KhzQ86 : FQDHFGNLGLNFEFTSRTRDKSELWFMSTRGIKCEGIYIPKLEKERIVAILEWDRSNLPEHR : 124 

         FQDHFGNLGLNFEFTSRTRDKSELWFMSTRGIKCEGIYIPKLEKERIVAILEWDRSNLPEHR       

                                                                              

              *       140         *       160         *       180             

KhzL66 : LEAICAAMVEAWGYSDLVYEIRKFYAWLLEMQPFANLAKEGLAPYIAETALRNLYLGSGIKE : 186 

KhzQ86 : LEAICAAMVEAWGYSDLVYEIRKFYAWLLEMQPFANLAKEGLAPYIAETALRNLYLGSGIKE : 186 

         LEAICAAMVEAWGYSDLVYEIRKFYAWLLEMQPFANLAKEGLAPYIAETALRNLYLGSGIKE       

                                                                              

            *       200         *        220         *       240               

KhzL66 : EEIEKYFKQFAKDLPGYLEDYNEEVFHQ/AGTVDAGAQGGDGKAGTQPPATGAAAQGGAQPPA : 248 

KhzQ86 : EEIEKYFKQFAKDLPGYLEDYNEEVFHQ/AGTVDAGAQGGDGKAGTQPPATGAAAQGGAQPPA : 248 

         EEIEKYFKQFAKDLPGYLEDYNEEVFHQ/AGTVDAGAQGGDGKAGTQPPATGAAAQGGAQPPA       

                                                                              

          *       260         *       280         *       300         *       

KhzL66 : TGAAAQPPATQGSQPPTGGATGGGGAQTGAGETGSVIGGQKDKDVDAGTTGKITVPKLKAMS : 310 

KhzQ86 : TGAAAQPPATQGSQPPTGGATGGGGAQTGAGETGSVTGGQKDKDVDAGTTGKITVPKLKAMS : 310 

         TGAAAQPPATQGSQPPTGGATGGGGAQTGAGETGSV GGQKDKDVDAGTTGKITVPKLKAMS       

                                                                              

                320         *       340         *       360         *         

KhzL66 : KKMRLPKAKGKDVLHLDFLLTYKPQQQDISNTRATREEFDRWYEAIKKEYEIDDTQMTVVMS : 372 

KhzQ86 : KKMRLPKAKGKDVLHLDFLLTYKPQQQDISNTRATREEFDRWYEAIKKEYEIDDTQMTVVMS : 372 

         KKMRLPKAKGKDVLHLDFLLTYKPQQQDISNTRATREEFDRWYEAIKKEYEIDDTQMTVVMS       

                                                                              

              380         *       400         *       420         *           

KhzL66 : GLMVWCIENGCSPNINGSWTMMDGDEQRVFPLKPVIENASPTFRQIMHHFSDAAEAYIEYRN : 434 

KhzQ86 : GLMVWCIENGCSPNINGNWTMMDGDEQRVFPLKPVIENASPTFRQIMHHFSDAAEAYIEYRN : 434 

         GLMVWCIENGCSPNING WTMMDGDEQRVFPLKPVIENASPTFRQIMHHFSDAAEAYIEYRN       

                                                    º                         

            440         *       460         *       480         *             

KhzL66 : STERYMPRYGLQRNLTDYSLARYAFDFYEMNSRTPARAKEAHMQMKAAAVRGSNTRLFGLDG : 496 

KhzQ86 : STERYMPRYGLQRNLTDYSLARYAFDFYEMNSRTPARAKEAHMQMKAAAVRGSNTRLFGLDG : 496 

         STERYMPRYGLQRNLTDYSLARYAFDFYEMNSRTPARAKEAHMQMKAAAVRGSNTRLFGLDG       

                                  º             

          500         *       520              

KhzL66 : NVGETQENTERHTAGDVSRNMHSLLGVQQHH : 527 

KhzQ86 : NVGETQENTERHTAGDVSRNMHSLLGVQQHH : 527 

         NVGETQENTERHTAGDVSRNMHSLLGVQQHH       

 \�>D0 "
.	� ��
*��9
�6 �%	* e�!#�� '/ 1��2 )NIb-CP ( �	� "����KhzQ86   KhzL66 & #�  

� '
$�%��#�(
 . "�	�#� 	� �%	* e�!#�� -�� MegAlign (DNASTAR)7*� ��> 1	a��  .

 @#� \4�CP %� NIb 7�j_ 	�  /7
)W�� �!oEf!�> �� ���! ,!�#�   . 7x	R.  �	� �#Y

 7*� ��>  wq(� -�#�% |P 	� �	
* X�W 	� 	� & #�  ���: �! ��>) "� !�> 5���

 Z ��f .( �
*��9
�6  !R    D	3�� \4� "b  "� �(>�: -
+� #: ZRNA 7�j_ 	� 7*� 

7*� ��> wq(� �#��!.  
Fig. 2. Alignment of amino acid residues of the 3'-region of KhzQ86 and KhzL66 isolates of  

Sugarcane mosaic virus. The alignments were generated using the MegAlign program (DNASTAR 

package). The putative cleavage site of CP from NIb  is indicated by / sign in position 214. The 

conserved motifs of potyviruses are demarcated in bold face and underlined (see Table 4). The 

conserved amino acids R and D involved in RNA binding are indicated by open circle. 
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  Z ��f0    "
.	� �! ��> 7x	R. �	� �#Y 7
)W�� NIb-CP �	� "���� KhzL66   KhzQ86 


� '
$�%�� & #� #�(  
Table 4. The position of the conserved motifs in NIb-CP region in KhzL66 and KhzQ86 

isolates of Sugarcane mosaic virus 
Amino acid position in 

KhzQ86 and KhzL66 
Conserved motifs 

45-47 GDD 

1-17 GNNSGQPSTVVDNTLMV 

208-215 NEEVFHQ/A 

221-219 DAG 

289-293 K/DK/DV 

375-385 MVWCIENGCSP 

 

 

  Z ��[0            "�
.	� �! ���
��+���� "�	�(� �L�! CP-UTR )        s���� |�P �k	�� 7���W (  

    "
.	� �! ��
*��9
�6CP )    s��� |P -
$	: 7��W (       �	�� & #��  -
��IJMV �

SrMV �JGMV �MDMV   � #�� #�%  !   I   SCMV II    "���	<� %� ����6 7�*�� �

 "�	�#� �! 	� ,!�#�MegAlign) DNASTAR(  
Table 5. The range of nucleotide similarity in CP-UTR (above diagonal) and amino acid similarity in CP 

(below diagonal) between IJMV, SrMV, JGMV, MDMV and two subgroups of SCMV (I and 

II). The sequence similarities were calculated by MegAlign program (DNASTAR package) 
MDMV-D* SCMVII SCMVI SrMV JGMV MDMV IJMV 

 

 

55.3 – 57.5 57.1 – 62.5 55.3 – 64.3 35.3 – 62.9 31.9 – 62.1 36 – 67.1 
 

 
IJMV 

56.6 – 63.5 57.0 – 63.4 58.2 – 65.7 63.3 – 74.7 38.7 – 56.7 

84.2 – 88 

 

91.5 – 94.2 

42.0 – 60.3 MDMV 

39.5 – 51.8 31.6 – 63.5 28 – 55.6 50.7 – 54.6 

90.2 – 97.4 

 

94.1 – 96.7 

39.2 – 57.7 43.4 – 57.7 JGMV 

55.5 – 59.4 53.3 – 63.4 57.1 – 62.7 
97.8 – 83.3 

 

96.4 – 98.5 

53.1 – 55.4 64.7 – 78.2 42.7 – 60.7 SrMV 

63.8 – 78.8 70.3 – 84.6 

91.7 – 99  
 

78.8 - 100 

66.7 – 73.9 52.5 - 58 56.9 – 76.8 62.9 – 62.0 SCMVI 

75.6 – 83.8 
84.0 – 100 

 

86.7 – 100 

74.4 – 78.8 54.3 – 70.5 54.8 – 61.0 71.0 – 76.1 62.2 – 69.3 SCMVII 

85.9 – 91.7 

 

86.7 – 94.0 

82.9 – 87.0 76.8 – 88.6 64.2 – 68.7 57.0 – 58.4 54.9 – 76.1 64.4 – 69.3 MDMV-B 

  ,!�#�  �	�SCMV "
.	� ��
��+�b�� ,!�#� &	*�#� "b �d
O�2��
A 7P�! �! CP-UTR 

8	�6
��#W � #�  ! �! ���> ; �9OA#�  )  \�>/.( "����  �	� ?�#��   �!  �	9b "����  �	�   #3� 
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)AJ491963 (#A6  �	<���9� � )AJ491972 (��(� � #� '
� \� ! !��)� 	� "� �9�!�#��%�   

�*�" 	��� %� ��> ��� 
 �9�	� #�(SCMV-E) U57357 ( �SCMV-A) U57354 (   

 SCMV-Sc) D00948 ( � #�#�% �!I�� ��#W  ��#
� ."���� ��
��+�b�� 7
�	(�  �	�KhzL66   

KhzQ86 � #� �	m_� 	� I %� F/no 	� F/nF � #� �	m_� 	�   �L�! II %� o/{o 	� n/F/ �L�! 

�� �>	� . Z �� �! "b ��V�	��[ �� ���	(�  7
�	(� ?�;
� !�> ��
��+�b��  ! -�� -
�

 � #�//{p 	� r/Ff�>	� ��  .8	. �! -��� %� }
� � #� #� ? �! "�	(� ?�;
� "b 7*� np 

7*� �L�! .  

  ��� ,!�#� �! = 	R� #� � j_��+�
��.	� 
 "CP-UTR"� �* �" 	��  SCMV  ! �! �� 

%� ���_ � #�#)I   (II� ��#W �  ��!) Z ��/(� "9��! �	48 "� �
�	�;�A�#y� �	(O�� �
$	�   

�6 ,!�#�
*� �9
�� @#� \4� CP� 
*	*� = 	R�  ;�� 
� -�%  ! -� !��! !��  � #�#)Z �� 

� .( �-
I �	� "���� #Sb� ��	
A�#y� #�� %� "����  �?	�86 �	� "���� 1	��SCMV-MDB 

)MDMV-B ( ���6 %�)	d�#�6(��� �9I   ��;d� %� "���� �� ��%#� %� "� � #� �! \II ��#W 

��#
� �� .<� ��� ��> ��� #d(
� %� "b -
I %� "���� �9I �	9SO*	�
"���� "  ��� =�] %� 	�

��� ��> . �!  � #� !��� I��� �	
I ;a� � %� "� "Musa textilisA �! 
�
�
 h	(9� ��� ��> ��� - 

 Z ��r0= 	R�   �8��8��   ��	�;
� �	�) @#� \4� "
.	� �! ��> 7x	R. �#YCP %� NIb (

� #�#�% �!  �	�SCMV-I   SCMV-II"���� -�� ��	
A�#y� }9��#:    	�  
Table 6. Differences in host specificity and molecular properties of conserved motif of NIb-

CP catalytic site and the geographical distribution of the isolates of subgroups I and 

II of SCMV 

    Group I Group II 

– CP Cleaving site  NIb  
USA NEEVFHQ/A 

Australia NDEVFHQ/A 
NEDVFHQ/S 

Host Sugarcane  Maize, a few on sugarcane 

Distribution worldwide Europe, China, Mexico, Brazil 
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 \�>/ 0,!�#� -
� ��
O�2��
A "V���  & #�  ���: �	� =jQ �#
� ?	�	
� �	� . %� \L	. 1�#� ���!

 ;
8	�6neighbor-joining  "�	�#� 	� CLUSTALX "
.	� ��
��+���� ,!�#� &	*� #� CP-UTR .

�! ?��9)� 1�9� �� "�� '
$�%�� & #�  %� ;
8	�6 -�� outgroup7*� ��> �!	RO*�  . 7�* �!

7*���"���  7*� ��> �!�! ?	(� ,!�#� � #� #� "� ���#� & #�  �	�.  
Fig. 3. Phylogenetic relationships among selected sequences of poaceous potyvirus species. Dendrogram 

derived by neighbor- joining analysis using CLUSTALX based on the nucleotide sequence of 

CP-UTR-region. Wheat streak mosaic virus was used as outgroup. Virus species related to each 

clade has been shown on the right. 

WSMV 

U07218 

AF032404 

Z26920 
1000 

1000 

AF533363 

AF228693 
1000 

U57360 

U57359 

U07219 
937 

1000 

U007216 

AJ001691 

MDMV 
880 

1000 

970 

AJ310104 

DQ316233 

AJ421468 

AJ006201 

AY569692 

NC003398 

AJ297628 

AJ271085 
725 

990 

AY042184 

AF494510 
720 

1000 

X98167 

AJ006202 

AJ311168 

X98168 

996 

1000 

997 

554 

1000 

D00949 

DQ315498 

DQ315497 
861 

1000 

U57355 

U57356 
827 

AY953351 

AF006737 

AF006733 

AY241923 

D00948 
1000 

AM040436 

AJ278405 

AJ491972 

AJ491963 

KhzQ86 

KhzL66 
613 

950 

AY819719 

DQ316248 

AJ491966 

U57354 
802 

AJ491946 

U57357 

DQ227694 

DQ316251 

DQ316232 
978 

1000 

1000 

849 

1000 

684 

997 

SCMV II 

 

JGMV 

SrMV 

MDMV 

SCMV I 

IJMV 

ZeMV 

www.SID.ir



Arc
hi

ve
 o

f S
ID

#�(
� '
$�%�� & #�  ���#�� "����  ! ��
������	� �	��	� …                                                   E[ 

"���� 1	�� �� #d(
� 	�  �>	�.  

 

�4��4��4��4�        

  �#Y !��  	�� )motifs (,!�#� �! ��> 7x	R. 	���6 
*��9
����� �" 	��� ��� ?�#� �

� -OA#� ��#W�,!�#� - ��: U9� �! 	��  � "���   & #SCMV7*�  .����" 	��� � 	� ?�#

��+���� "�	(�
�� r/nF 	� �L�! ����   #�F/no 	� F/nF	m_� 	� �L�! �% � � #�#I �	9� �! 

����� �! #��% -�� ��#W � #�#� �
��# .!;��' #��,!�#� - ,!�#� "� 	� 	��� ���� ?�#�" 	�� 

 #3�)AJ491963 (  #A6�	<���9� �) AJ491972 (��� 	� "� 7*��A 7P�! �! #�
O�2��
�� 

�% '��(� �� � #�#
� \� �9�! .��+���� "�	(�
����� � "KhzQ86   KhzL66��� 	� � #3� "

�#� "�
 co/nF   o/n{�6 "�	(�   �L�! 
*��9
���#� "� 	
�6 
 cEpp   //nn7*� �L�! . 

� ���	(� "� ��V�	��� �6 ,!�#� �! !�>
*��9
����� � "� #3� "KhzQ86!;� � 	� 7*� #O�

����! "�� #��?�# .  

  *�#� 	��	� ��P� "�!  ! �! "� 
� �! #� �"OA#� =��L ?�#SCMV "<V9� %� 	
9� 

7*� ��> ��� ?	O*%�P.�� 
#��   ��	9:!;) Enn/ (SCMV-SC1� %� �� 
 "�� 7R� "<V9� #�(

#�   ��!#� ��� 2�8 #* "V��� &	*���� �#�6 SCMVq(� 
��!�! w .8	�6
A ;
O�2��
�� "�	(�   

��+����
��� ?	(� �  "� ��!KhzL66   KhzQ86���  ! �!;� "� U: tk	�O.� "� �9O�� X
� '

� "� ! �  %����> `O(� ?�# ��� .#�?��%6 &	*� ELISA��� �� "SC-Q86 O�6 	� �  �9I 1#*

"�	��� �� MDMV-B  7>�! 7MS� }9�� )Ghasemi 2005, Ghasemi et al. 2002.("I#��  

MDMV-B 	� SCMV2�8 #* "V��� ���8  !��! �� ?!#� �!�86 "� �!	W 
� #�(
7� 

(Teakle et al. 1989).��3)� � ?��	���   )oppf (����� -�" #O*� �� 	�� - SCMV-Aq(�
 w

!��!� .8	�6  �!
A ;
O�2��
���L �! '
��� "��8	�6 �! #3� "
��� !�(� �!�! ��#W ;�" 	��� � ?�#

��� �	9� �!�" 	��8�#O*� 
 	)#O*�� -A Brisbane (#O*�  �- 	�� A   E#�6 � 	� )U57354   

U57357 ( #A6  �	<���9� � SCMV-sa� ��#W � �
��#.��� ,!�#� �" 	�� SCMV-Q86    

SCMV-CP68  �!GenBank !��! !��   )Ghasemi 2005 (8 �8�� 
� \�,!�#� 	
9� "�9{pp 

��+����
.	� %� �
 "CP-UTR�6 %� �!	RO*� ?	��� !�� &#O*! �! 	
� �! �8	�6 -
!#�� X��#A ;�� .

��� 7*� X��� "� "z�6�"  	��#O*� 	�- 	��! �#��� 
� �! ;�!��! !��  "<V9� -  
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                                                                                      ���3)�?��	d��      ١٦

(Amiri & Izadpanah 1993)  .SCMVQ 
� ?����%	� %� ?	O*%�P %� #
 7*� ��> @��;� ;

))�
9�   �	9:!;�� oppE (8 �W! =	_jY� 
<��* %� �� 7*! �! ?6 "
 #�9� =��L #� �! �7�

�� ��� "� �*��" 	��*�#� !��� ���	P h	(9� �"��W 	� tk	�O.�   "O>�!  	����!��  � "� 

�9>	� ��> }q:   !��  ��(� \P�!.  

S�� �!�	)8	V� #� � ?�9�	� "� ��* �" 	�� SCMV	�� 7*� ��> 1	a�� ��* ;�"  %� 	�

��+���� ,!�#� �	48
���6   
*��9
��L�3P   
� =	
2�8����� "9��! �9�	� 
�	�;� #�!   

!	:�) cross protection (	O�   7*� ��> ���	(��� %� \L	. ��� "8	<� -��� �� 5�v�� -
� �

��  �9�)Yang & Mirkov 1997, Chen et al. 2002, Oertel et al. 1997, Frenkel et al. 1991, 

Teakle et al. 1989, Handly et al. 1998, Algeria et al. 2003 .(� 	��� #�9� =	_jY� -�  "� �*�

#�� %	���9� � #� �! �� �  -�� #v & #��>	� .  

        

N�	9�N�	9�N�	9�N�	9�        

=	4RL "� "�.j� 7
�(1-5) �> ")��#� ��
���� -O� !.  

        

���;�*	�*���;�*	�*���;�*	�*���;�*	�*        

� 1%k ?	����	��
�	��� %� �9����	W6 ��*	W ?	*	* #O�! ?	� @ ��� &�9
�   

�	P#�	Y����� 7
a� ���� � 	� "�  �$�%�� & #
� '
��!��W   #�(� #�(�	�� ��9  .  

  

  

?	����	�� &�!6 :��3)� !��4��7��#�   5��% � 6 � � "8���	9:!;����<4� ;�#� 
%� 	(� =	<�   

MY N�	9�
)�<4� ;�#�   &�	A 
  =	<�*	9> & #�� 
�	� ���(��! �

%� 	(��> �	�(��! �
 %�#  
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