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IDENTIFICATION AND DETECTION OF IRANIAN ISOLATES OF 

Grapevine fanleaf virus USING GREEN-GRAFTING AND RT-PCR 
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�(�<(  
92 �)D�
�� K�� 1&�	& (Grapevine fanleaf virus, GFLV) 

 LAMMN ,MM� ?MMGO"2Nepovirus
 9)�MMP & . Secoviridae 

)Sanfaçon et al. 2009(     9M2 ��MQ ?R�MA2 >MGS  �
 

(Vitis vinifera),MM� /   T�MM�2 �  �MM-	 3 9MMAH  U	�MM�

 1&�M	&      �M�  V�MW2 9M2 $�MC)Raski et al. 1983, 

Martelli & Savino 1988( .    &
 �  1&�M	& UM	  F9M)E

 �J ,OWX3   Y� �WP $   Z)RNA1   & RNA2 (    �M08WX �M�

  �8[2(+ssRNA)         $�MC�4")  �
 F (#�C ,Q '(+ \0-�� '� 

 &'^,� 
9P  G� ,��8)
 $ � 
 >0���� �A	�9)
J (poly A) & 

$& �M�  �MN(virus- protein-genome linked, VPg) 

�2 (AM+�� .  ��M�D	�*)�02 �
$     ��M*_ >0M+ �
 �   1&�M	& /

  Z ,� $ � 
	 �2 ,  Z �(M+�� M	  *AM� ,0 � $&�M` U0 '�M- �MC$ 

 � 
$    �J %9-�92 &
 �C 3  $Z/	   � $&�` �)�02 ,0 '�M- �MC$ 

 3 �J $ � 
 $   '��@+ �  Y8� & ��	 Z U	  � 
 ,$ � 0'�- �MC$ 

�J 3&(�3 �2 $ (+��(King et al. 2011).  

 ��$ ���A+ �	 & 	1&��C$       �  39M2�J �  >MGS  92  M0  D

 2 '
�a"� � � �2  
9+, �
0& b# �cGS \	K�� 1&� M)D� 
��� 

  B �
 920  R '
9�J 3�C��  '�M2  �MC$      %�M� F�MB ) M�, & M	  �
 'd

3�"6��� (� 0 ��6`  D0 �# ��  �� $ 
� 	��� & 	   
� ()  � 1&�

)Martelli 1993 .(bC A_0 eA# �� F(H U	& 3�6-	 1&�

eMM�� �
�MMC$B fMMG"�2 MM0) & '�MM0B
9MM�J D� �
 3�MM4A� 

� &	,MM" �MMC$ \MM@g"2 MM	9MM� �
 �	,�MMC$h2 MM	& bMM	1&�  

)Hewitt et al. 1962(
�  M	���   M	& U M	 2�M@� �
 1&�� 

&� \i M	��    M2 ,MN 92 \-�M2 �M� �  
9M+)Walter & 

Etienne 1987, Buzkan & Walker 2004( .  � 	  &�MA

�&��C$ A"82 �       �M� F9M)E �M� $  �M��A+ �	  
� &  M	���    M	 U

&	 � 1&�,    M2 ,"�B ��#� 
9M+ .
� M	��� &  M	  �R �  1&� M	?  

�J��j ���� ) �J0 � D, �
0         MH & '(M)� 
��� 
 9M2 
9MN& \ F(

    � 9� �� �C�B��SJ k
 �� l�8W) �   & F9M)E  M	   MP�� �
 1&�� 

 (N	,     & �29)E m9A� �n  �
 �C	       ,MN 92 %�-M+  �� '�B /1&�

  �M�  '
9�)Martelli & Savino 1988, Rowhani et 

al. 1993 .(�&� �MMo�` %�MM` �
�MMC$
(MMO"2 $ �MM� $ 

    # �� & ?92 p ��"� 0a0 Z�� �$ 3 �J  $   4� 92 �  0,A ��M�$ 

  �M�  '(M+ )Rowhani et al. 1993, Buzkan & 

Walker 2004, Daldoul et al. 2009, Osman et al. 

2011( .�, �
0 @C  \0   �	 & U	       & 9M2 ��# ?R�A2 �
 1&�

 
� F&D�	��� X
 0  4� 3J ?0,A  ��M�$  �J �&�  M��j  M�� M�� �J

 ��$
� 	��� (N 	,�C$�2J 	�-�	& 	 1&�)Rowhani et 

al. 1993(�J /��j���� Mq@# �J� )Cepin et al. 2010( 

 � �  '
�a"M�  &	 �JD M	,  �MC)Osman et al. 2011(  F�M=)  

�MM�  ,MM"�B.�	�MM=)J �   
� ,MMQMM	��� GFLV �
 �MM"` 

,)9@)     �R �  �8[2  D0�  $�C	 �J ?��j  M�� M��   MP�� �
 �J� 

 (N	,�C$   	) �� � , &	  (N 'd M	, �MC$ ���IJ 	 3�M= X�M+�   �M� 

   �M�  ,MN 92 \-�2(Bashir et al. 2011)  k�MR �  & 

 
� �*	
	���      & �B
9M�J 3 DM02 U	�"@Q 	   B �
 �M�&�0  3�MC�

  $�
�2 F ()  &�C$ [-� 0�$     B9MGN �9McA2 ,� 0�$    ���M")  �  

   r�� s (`  & �4)J�C$ (N 	    T�MA"N  $�M2  (    �M�  �	�M��) .

     �  k(C ���o�` ,O��W2 U	 ���A� M	     �M� >M��A2 �M+&� ,$ 

'
9@)   $���)Indexing ( �O2 &� �C�B��SJ �	    ��M# �M� �	 

  �� Z��$ 
� 	���  (N 	,�C$     fMG"�2  M	 & U M	  tM�9� 1&�

MMM��J�j MMM��MMM��3�"6MMM#�� �
 �J�MMMC$  '
9MMM�J MMM	3 �  

(+ F�=) .  

  

��!� B���  

��Z�� ��,���� ���	�� �$�!  

,)9@)�C$     B
9M�J ,M� u9-�M2 � MR �  � 9M"2 %�M� &
 � �
 

   R & ��4� t� & �    %�� 3�"6��� ;vwx  3�"6#�� �    /T�A� $�C

29`!        & U02  �0+ $�"�&� & D	�8� R�     %�� 3�"6��� & ��4� 

����  3�"6#�� �  �C$  yMX &    6M` �
 0       �MC� 
�M�J U)  3�"M� 
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d�'  8���K�	 � ��0  :����� ������ � ������� #!� $�!�� � �!�� ��	...  

���  

&DX	U( 2&�  /0           
&�MCZ & 3 �M4� ,M29` /3�M=)� /,)  3�"M� 

�
� 0\ (          tM�9� '(M+ f0Mz9� bM	hH 1�� �� G���M2�  & 

&��	9A)Martelli & Savino 1988(y@N �&J$ ()(+.  

  

:�  ������GFLV� '�  ��  e'K7( ��	  

 ���MM	
� $ �MM�GFLV,MM)9@) �
  39MM2�J /u9-�MM2 $�MMC

  1 
 �&� ,M� �-	E9�&�M�j�   M0  D(double antibody 

sandwich enzyme-linked immunosorbant 

assay, DAS-ELISA)  # �  '
�a"M�  �� & M0 ��M� �0 {

�z�iMM"P GFLV4� MM0  �#�MM+ tMM�9� '(MM+ ,	�90��MM8 

(BIOREBA, Switzerland)  (M+ F�=)  .   �M���� $ �M�

  �  392�J |	�")0    
�2 3
&D  �  (O� / D. ,A02�   $ }j  \0A&�"0) 

   �C /7�a6;~  Y	 ,�0X
   ,� ���    7(M2 M	     3 DM02 �H�M� Y

YC�_ �)� �00�� p92 %9R �
 �Cnm }�~       '
�a"M�  �� &

�  '�*"MMM�
 � MMM0 3 9MMMP  D(ELISA plate reader) 

'� ()  �0B (+ $ .YC�_�C�	  2 ,# 0*)�0  �9) T�N U$   �M4)J 

�0    2 �� �� &
 �  e0*)�0  �9) T�N U$  YMC�_  �MC$   %�M"A# 

aA2�) B M0  ��MH '�$   B
9M�J �  � (     M�G� �M8[2 /
9M��  (M+ () 

(Dijkstra & de Jager 1998).  

  

��  �, f�!3&�� 8���    C+�, 1gCF �� C)� C��  5+ � �, �C� .

+'hF'  i��!+���  

�J p ��"� 3  \Q $ (total RNA),)9@) �    �&� ?��MW2 �C

 3 ��M-@C & $DA# Y2 )MacKenzie et al. 1997(  F�M=)  

(+ .��J�j ����     ,G`�2 Y� �&� &
 ,� �J $    '
�a"M�  �� 

� SuperScript™ III One-Step RT-PCR System 

(Invitrogen, Germany) ,MMG`�2 &
 & $)  \2�MM+MM	 Y

   D"A� ,G`�2cDNA   
 ,G`�2 & 	    M� F�M=)  �*� M���J (  �M�

 �  '
�a"MM� RevertAid™ Reverse Transcriptase 

(Fermentas, Lithuania)(MMM+ F�MMM=)  .%&  �&� �
   

ng ���j^� 3 �J �   $   �MC�B��SJ �M� '(M+ p ��"�  \# $ 

�0   L� & 9� e  �cGS �
 9��C$ � 0
�4A�$  @O� �9"�
 &  \

 (+ F�=)  & �9G�2 '()��� �#�+. F&
 �&� �
 ng ^�� 

3 �J �  $ �MM� \MM# 	MM-��MMC�B��SJ �  $ Oligo d(T)16 /

Random Hexamer Primer & MMM	�B��SJ �  ��MMMC$ 

z�i"P � L�   9�)  %&(N�(    �� & �9G�2 $  D"AM� ,G`�2 

cDNA� �&� ?MMMM8R MMMM0
�4A�$ '()��MMMM� �#�MMMM+   

,�   '
����#(+ .^/�          eAM# & UM	  %9iMg2 �  �M"0�&�-02 

MM�,  �
 9MM*�  3 9MMAHeAMM# &'�MM0=)� $�MMC�MMG� $ � �MM2  


�9MMM2 �MMM�B � �MMMX '
�a"MMM�  .�B��MMMSJ �MMMaN &
 �   

Actin 7/actin 2 & GAPDH (m)F/GAPDH (m)R 

) 3E �MMMMM0[-� $ �MMMMM�  ,MMMMM)�P $�MMMMMC $� 
Actin & 

Glyceraldehyde 3-phosphatedehydrogenase( �R 

    ���J $ �� '(+ '��+  �&� &
j �����J   %�M"A# k(MC �� 

   eA# & F�=)  \` �2 �gz '
�a"�  �C  (M+  . 3 �J �  $   \M# 

N ��"� � � ,    eA# & �
 9*�  3 9AH�C$  M��J �j  M�� M�� �J

  '
�a"� (+. k
 ��  �C�B��SJ $       %&(MN �
 '
�a"�  
�92 � 

  ��  '(+ '
�&J .�C�B��SJ$      �
 '(+ �` �R 	  eC&d� U

  �J k
 �� 1�� ��3  $   '��@+ �  (N 	,�C$   	) �� & 	 1&�

 )D�
�MM� K�MM�� 9MM2 )'��@MM+ 1��MMC$ JQ071374 �MM� 

JQ071377 (D"A� ()(+ . D=� 	  Gg� & , M0   ) �MC�B��SJ \ M0 D

F�) t�9� � D Oligo�6) ! 7.24  (+ F�=).  

 ��$       M+ �B��MSJ �MaN �C 0  �M2
 >�	      \Mz 9 ,M� � 

,N�
 $   �  ��j   �� �� + 6G� ,N�
0   �M2
 �  19$   %�iM�  

  �C�B��SJ    MG`�2 3�2� 7(2 &!      1�M� �� �P�M� ; X
 0  ,M�

,MM�  � $ �MMC bp ����(MM+ ,8MM��g2  .F&DMM� 7�9MMz �
/ 

�&� �MMC$ MM� fMMG"�2 �MM�� �J(MMA)�2 touchdown&   

hot start) & 0G`�2 �
 D!� � M��  �M2
 ,MP�_ &
 �  �J�	 

   (� /(+ '
�a"�  fG"�2	 ��� U M0   �
 ,M# > ~     �  %&  ,MP�_ 

�MM2
$ °C}� �
 & v� (MMO� ,MMP�_ $MM+ �  0�MM2
 >	�  
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°C ~}j}w ,�      (+ '
�a"�  %�i�  $�2
 3 9AH .  3(M+�"4� $ ��

eA# &  $�C���Jj ���� &
 �J  ,MG`�2   $ 	     7�M80#�� �  �M-

^ %DMSO  /� %   %9)�� 9"��#�2 �"�	      �Z9M2 Y	 �cGS �KCl 

 (+ '
�a"� )McPherson & Møller 2006(.  7Z9iMg2 

��J�j ����     (Mz�
 �M	 �&��MBJ %E �
 %9@O2 ?��W2 �J

    {��P �  L� & ��9&�"5� ���$      # �  '
�a"�  �� %E �  0 �

NucleoSpin® Extract II)  �#�+MN3�@�J /(  �M� /$ 

O�0MM0�9:G#9) k
 �MM� UMM0($ ,MM� 	MM-��#�MM+ �  �MMC$ 

Macrogen) '�# �9AN� ( &4Base Lab)  3�M@�J (  %�M�� 

)(+(.  

  

��) �"-� � '  

,@GX�C$    '�MX bX� 92    6M-G# �  � 
0  �MC92 39$  ��MH $  �  

&	  ��� '�*�) 
 1&�0  4� 1�(2 �0(+ , .B
9�J�,@GX  �MC$ 

  '�X bX� 92 ,� � 
  B 3 9AH0  '()�)recipient ( ,)9@) & �MC$ 

    M� '(+ '
�a"�  92,      '(MAC
 3 9MAH)donor (     �  '
�a"M�  �M�

�  392�J0 M")J ��  D� 
�M�$ �MC$ iM"P  z��GH  M0 ,GFLV  /

Arabis mosaic virus (ArMV) /Grapevine virus 

A (GVA) & Grapevine leaf roll virus1 and 

3(GLRV1 and GLRV3)� �&� ?��MMW2 MM0
�4A�$ 

 '()��MM� �#�MM+(BIOREBA, Switzerland)�J &  MM��j 

�� ��  �� �J$ 
� M	��� Grapevine yellow speckle viroids 

   B��SJ �  '
�a"�  ���C�$ z9� 0    t�9� '(+ , N�M`�   & '
 � 

 3 ��M-@C (Hajizadeh et al. 2011) M���� �  & ()(M+ 

,)9@)�C�	  B
9�J �� �  ̀  �9G�2        � �MX '
�a"M�  
�92 & k�

(A"�*).  �� $   e�� �  '(AC
  �MC$      B 3 9MN & D8M� 0  3�MC�

   ,� '
9�JGFLV) � 0 �8[2  D (  hH (X� ,#	    '
�a"M�  ()
9� b

(+.  �� $ 4� 0   B & '(AC
 ,0  '()�cm ^j�   �� & ��Z�� 0	U  �  ��

 C�B \g2�  &�` ,# $ 	   �� 
9� K�� Y	 (+ '(.  �� L��  M	 ,

 � &0    � �  '
�a"�  �� u()90      ?M@H ,� ,A-�  ()9cm �  ,M�    bMC

   � \g2 & \i"20   ��� �� ()90 )�+9� bG0  (M+ '( . ,P�M+ �MC$ 

�0()9$ + ,� 0,��C�	 �WX ,� cm ��&�` $���  M0  %�M�")  �

()(MM+ '
 
 . MM	B U03�MMC�  �MM2
 �
 (MM+� YMMX��  �
 $  

^/� ± ��  6MG� ,N�
0    T&�MA� /19��    �AM+&� �H�M� �	  

  & �   ��M� �H�� 	-�       � (M4*) m�8M+  �M�9R� & $  ()(M+  .

�J0��$� 0u()9 �S %9Gg2 �� �C�	 Huglin and Julliard 

mediumMMz9� 0 tMM�9� '(MM+ fG���MM2 � 3 ��MM-@C & 

)Martelli et al. 1993( M� & ,   2 �
 �&� ,M� 7�9Mz M0 3�

 (+ F�=)  .����� hH 	     �� ,� �9��2 K�� �
 b	  ,)    '�MX bMX�

� 
 (� �  L� ,"aC ,� ��0���� ()9�(+ .  

  

\��&   
���"�M�   

�� 	��� ^�  y@N ,)9@) �&J$       %�M� �
 '(M+ ����   tM�9� 

 �  392�J0 #�`  D�  B
9�J �  � ��     ,M� ,)9@) GFLV  
9M�  . � 

 	 2 U0  3���  ,� ,)9@)    �9R 
�iM��   �M� $     �	J��MQ ,6M	��2 

�C�B��SJ$         eC&d� U	  �
 '(+ �` �R & y��A2 �
 
9N92 

  ��J 392�J �
�j �� M��    ()(M+ T�M�")  �J .  � ���  M)9@) ! 

y@N�&J$     %�� �
 '(+ ����    m9@=2 �
 ^�    '
9M�J ,)9@) 

  ,�GFLV ��� 0     ,# ()(+ '
 
 {�^    �  ,)9@) ^�   ,M)9@) 

       ��  $ �M� & T�M�")  k
�i� ,� M	���  �M#  ��	   $�MC�B��SJ 

���� 
�92 eC&d� U	  �
 '(+ �` �R�(A"�B � �X .  

  

:�+�, 2�[�� �� )����,  

eA# &�C$  M��J �j  M�� M��       �MC�B��SJ �  '
�a"M�  �M� �J$ 

z�iMMM"P �3E �MMMC$ Actin & Glyceraldehyde 3-

phosphatedehydrogenase      ,MOWX �M0[5� ,� �=A2  �MC$ 

  ,� ��c")  
�92 ���0   � (M)  ,M� >. bp��� & bp ��� ()(M+  .

�")	 eA# & | ��J $�C�j �� M��    �MC�B��SJ �M� �J$  M�O2 � 

     �
 y��A2 �
 '(+  %&(N�   ��  '(+ '
�&J  .  M� � 0  �MaN U  
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  ����:. �&  � 2�F�� \�	� +�, �� )���    �� !� ��� L�V � �,� ��  '�  X  ���j, 8�&�� � /!� 8�V�    �	!
*�Y, *� ���%&�� �� �    Z��C�( �� �'�'(  .

!
*�Y, i��!+ ���� �� �	�9�� ��� ����, .  
Table 2. The result of RT-PCR reactions on 14 grapevine samples collected in East- Azerbaijan using previously 

published primers.  Sequences of the primers are presented in table 1. 

eA# & 
 (O��C$�8[2  

No. of positive reactions 

��J�j����&
 �J   

,G`�2 $  

Two Step RT-PCR 

��J�j�����J  

	,G`�2 Y $   
One Step RT-PCR 


 '� () $3 � ��c")  
�92  

��� �aN >6`�� 

Expected DNA size(bp) 

�C�B��SJ �aN$'
�a"�  
�92  

Primer pairs 

0 0 856 5’NC/G0 
0 14 2128 5’NC/M4 
0 0 3660 5’NC/3’NC 
6 6 1489 M0/M4 
0 0 648 M0/G1 
5 5 854 M2/M4 
7 7 1623 G2/3’NC 
14 14 1665 GFLV-2048/3’NC 
0 0 1700 G2/Oligo(dT) 
0 0 1750 GFLV2048/oligo(dT) 
1 1 3020 M0/3’NC 
4 4 1226 GFLV-433V/3’NC 
0 0 1300 GFLV-433V/oligo(dT) 
9 9 1560 GFLV2081/GFLV3559 
3 3 404 GFLVA3300/3’NC 
0 0 ~100 G3/Oligo(dT) 

  

eAMM# & �
 '
�a"MM�  
�9MM2 $�MMC�B��SJ�MMC$��2(MM�2 �  

MM��J�j MM��MM��)�MM2� �MM4A� �J��MMC�B��SJ �MMaN ,MM# $  

GFLV-2048/3'NC   & 5’NC/M4    � �X '
�a"�  
�92 

  2�@� �
 (A"�B� eA# &   
 7�OWX �C$3  $    ��Mc")  
�92 

),� ���0     
&(M` �
 >����   & ����    ��M� �MaN  (�[- M0 �

	(A"� .    �B��MSJ �aNGFLV-2048/3'NC     &
 �MC �
 

 ��J �&��j ���� �& �J�      �B��MSJ �MaN 5’NC/M4 

  ��J �
 t��j �� ��  ,G`�2 &
 �J $  ��# �	  �M+ 
  . �


��	 eA# & ��C$   F�=)  	 ,OWX /,"� $ [-� 0 ) �0    & �M� M	 �


$3  $     P�� �
 �4A� �c) 
�92 �   (N �  	, [-� �C M0   (M+ �

) %&(MMN� .(��&�MMC$ Hotstart & Touchdown & 

  D0)    �MC�2
 �  '
�a"M� $     �M� fMG"�2 $     �B��MSJ %�iM�  

��n0�$  �") �
 	     �  \z�` |	 eA# & U     �M=A2 & �+ () �C

      ��c")  
�92 ,OWX D"A� ,�	    ,MOWX k�M` � �MC$ 
 $3  $ 

S0z�i"P �� (�)  .  
 k�R � 	    M� �  /�M*0  �MC�B��SJ U$ 

` �R�   � 9� 1�� �� '(+ � 3 �J   $ �@+   '��  (N 	, �MC$ 

 	) �� GFLV   �aN  �MC�B��SJ$GFLV-2A-s/G2-5R-

511as/G2-670s/G2-1570as  /G-1390s/G2-1570as/ 

GFLV-CP2-s/G3150as   /GFLV-CP2-s/GFLV3559R/ 

G2AHP.EcoRI.s/G2B.BamHI.as  /G2B.EcoRI.s/G2B.BamHI.as 

 &G2C.MfeI.s/G2C.BamHI.as ��MMMM# �	 & (A"MMMM+ 
 

  �9MM2 7�MMOWX (A"6MM) 9� 2�MM@� �
  � ��MMc")  
�MM��J �j 

�� �� �C�J$     &� '(M+ F�M=)  $ ��        �
 '(M+ '��M+  ,M)9@) 

  %&(N�  ) & 0  D�^ )9@) ! y@N  �&J$   �� �  '(+ 	 3�"�  �  �MC  
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 ����k. �& �2�F�� \�	� RT-PCR�� !� ��� L�V � � ��  '� XM� ��!� 9-J( �"� GFLV�	!
*�Y, *� ���%&�� �� � Z���( �� ��� �Q!5( 

H�!S ��� �� ��� �<l+ .� ���� �� �	!
*�Y, i��!+ O�9�� ��� ����, .  
Table 3. The results of RT-PCR reactions on 49 GFLV-ELISA positive grapevine samples using GFLV 

published primers and the primers designed in this study.  Sequences of the primers are presented in Table 1. 

eA# & 
 (O��C$ �8[2 )\Q(  

No. of positive 

reactions (Total) 


 '� () $3 �  
�92 

��c")   �aN >6`��

���  

Expected 

DNA size(bp) 

y8A2  

Reference 

�C�B��SJ �aN$'
�a"�  
�92   

Primer pairs 

 %������  %������    

35(35) 14(14) 330 to 345 This study G2AHP-EcoRI-s/G2-5R-511as 

35(35) 14(14) 900 This study G2-670s/G2-1570as 

35(35) 14(14) 180 This study G-1390s/G2-1570as 

35(35) 14(14) 248 This study GFLV-CP2-s/G3150as 

35(35) 14(14) 162 This study GFLV-CP2-s/GFLV3559R 

35(35) 14(14) 1785 This study G2AHP.EcoRI.s/G2B.BamHI.as 

35(35) 14(14) 990 This study G2B.EcoRI.s/G2B.BamHI.as 

35(35) 14(14) 1566 This study G2C.MfeI.s/G2C.BamHI.as 

35(35) 14(14) 1665 

This 

study/Wetzel et 

al., 2001 

GFLV-2048/3’NC 

19(35) 7(14) 1623 
Wetzel et al., 

2001 
G2/3’NC 

  

   %�� �
���� [-�  M0    (MAA# �)   %&(MN�( .   �MC�B��SJ �MaN$ 

5’NC/GFLV-784R    /GFLV-2A-s/GFLV-1855R /

G-1390s/GFLV-1855R & m433V/G-1350as' �MM@C  

  ,OWX D"A� ���C$ 
 $3  $ S  M0  z�iM"P  ��     ��M# & 
9M� �	 

8��A2�(A"+ () .  

  

��) �"-� � '  

  � �
 ,_�B0   �  e��  � (z�
 0�C()9$       �  LM� '(M+ F�=)  

  �+�B��   �� �� �       '(AC
 ,� �9��2 K�� �&)B M0  '
9M�J '� (

-�P0     ,@C �
 /(+ '(�� )9@) ! � 0    M�&  '(M+ ()90 hH U M	 b

GFLV �MM+�B �  LMM� ��� �  �&� 0 K�MM� �
 3
� (MM)9

  B ,� �9��20  '()�)  � 
 '�X bX� (   (z �
 & '(C��2 �
  (z

 � � 0�C()9$   B
9�J '(+ F�=)  �         '(M)�0B ,M� '(MAC
 '�0B �  

 (+ \�"A2 . & �9�`	  B �
 1&�0   �  392�J t�9� '()� M0  &  D

��J�j �����C�B��SJ �� �J$ GFLV-CP2-s/G3150as 

)0 � D�0	 (+ ( . 9� � �	 
 	    �� �*	 � ,-A0  e�� �  u()9�C�	 

 B � 0    ,� '
9�J '�GFLV 4� 0    hH ,# 
9� '(+ ,	 � b0��@$  �
 

 
 �4)J	 @) '(� hH /(+	  Mz9� b0      tM�9� '(M+ f G���M2�  & 

 &�M�	9A )Martelli & Savino 1988(  �M� $ GFLV �
 

B ,� \i"2 K��0 '()�)� 
 '�X bX� (
	 (+ '() \-+�(.  

  

ml�  
B9GN0�$   & ���")  �  	  ) & 1&�0   ,@GX �  '
�a"�  D�C$  b��� 

 �MM�$N r�MM� s (MM`  (MM	�&� �  (�MMC$MM2 � %�MM"A# �
 �n

 & 7��6P	  )D�
�� K�� 1&��   92 (A"6C .(�	4�    ,M# ��  

 3
9MM� bC �MMMM	X
 & U:MM@W2 �&� YMM0 �MM� ?$
� MM	��� 
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  gK��. nI � �� a� #!� �	�      ) *� �5� � g-/ '( � "-� � ' .A (  ) ��;+� �'l �  �) �� e� '�  !S *� �� ) O�   o��K�� � 'B   � C (nI C� p�*'( a C� q

 �� ��* +!+�  �� !� b� #!� �	� Z��  ��,�   8�&6F�+ *� ���   o�	D (nI� #� a��' �   �� !C� �  #!C�  �C	�  ZC�� ��,�     8�&6CF�+ *� ��C�  o�C	  

E (�<(� � �6� p�*'( ��V�   ��* q)  N�C� #!��� ( #� � ��'C �)    �C) #!C����� (    *� 4C)�T   ) *� *�� �   �� 8�* �C '� �)  C�  �)    B�� �!C/ aC/�(o  

F � H (nI���'  #� a�p�*'( � ���* q��� ��) � �)B�� �!/ a/� (:r) *� 4) *�� � o8�* � 'G (aM�� �	��  
Fig. 1. Symptoms on grapevine leaves before and after green-grafting. A: assembled scion and rootstock in cleft-

grafting; B and C: yellow mosaic symptoms on old and young leaves collected from vineyards, respectively; D: 

vein banding symptom on the leaves collected from vineyards; E: comparison of development of yellow mosaic 

(upper leaf) and vein banding (lower leaf) at 17 days post grafting (dpg) on rootstock of the variety Gerey-Dash; 

F and H: vein banding and yellow mosaic symptoms on the rootstock variety Gerey-Dash 20 dpg, respectively. 

G: healthy control. 
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&	 2�Z 1&�! ��
 	���    ,� 	  ��  b42 U .   
 k�MR � 	  �M*

    ��# ,# ��  '(+ '
 
 3��)�	��J �j ����   ,M� �86M) �J

� 0  �� &  D	 �&� � �MC$  E9�&�M� 	-�  
� �
     1&�M	& ���M	

� 92 �)D�
�� K��0 ��  �"�)Liebenberg et al. 2009, 

Wetzel et al. 2002 .(  ���MA�	  M�O2 �M� U� �MC�B��SJ $ 

z�i"P �   ��J �&� �X
 �j ����  2  � �J�   DM  3 9�	 e


 
 .R�   	 �g� U0 J��# ?�	  �B��MSJ  �MC$  M�O2 �    �
 '(M+ 

  �C�B��SJ �� y��A2$ ̀  �R �       �J k
 �M� 1�M� �� '(M+ 3  $ 

  '��@+�  (N 	,�C$   	) �� GFLV   �� 	(-	 ��2 �*	 (+ ,6 .

 � ���MMC�B��SJ �MMaN �MM4A� y��MMA2 �
 
9MMN92 �B��MMSJ $ 

5’NC/M4   & GFLV-2048/3’NC  & (A"6) 9� 	   � 1&�

   F�@� �
�� )9@) !���� � 
� '(M+  M	���  (MAA# )  %&(MN� .(

  ��# F(H�	   @) �C�B��SJ �	�� �   �
 ,M� �6) 9� M0   �9�M` \

'(MM)� 
��� 
 9MM2 MM	 �MM+ �	eAMM# & >MM��A2�) t(MM+�� �MMC.  

 [-� ,MMM#  �MMM	�MMM0�MMM�� ��3E �  �MMMC$,MMM)�P � 
$  

(House-keeping genes)#�` �    
 9M2 �9�M` F(MH �  

  eA# & �
 '()� 
���     �&� �  '
�a"�  & 
9� �C�C$   fMG"�2 

 ��$ ��J �j����  + & � 0 �M2
 >�	  �M� $ MG`�2 !  /%�iM�  

 �+ 
9N& %�@"` 	)  � >��A2�) t0�R�� D
�# k.  

MM�, 2�MM@� '&hMMH� ��MM` �R �B��MMSJ �  �
 '(MM+ MM	 U

 & eC&d�	   2�@� �
  � 1&�� �� )9@) !���� 
�92 �� � M0	 (


�# .   � 	   J��# F(H &� U�	    >GS   M	     �Z�M@"`  �MC�B��SJ U

,� �
0     %�i�  F(H \	       
9M� >M��X ,"+� ,� �C�B��SJ U .  M	 U

  
�@C �� %�@"` 	f ���$    �MC�B��SJ k
 �M� $    �
 
9MN92 

��A2   �J k
 �� �� y3  $   '��@+ �  (N 	,�C$   	) �� �� 0	  (+ (

)  %&(N� �9:G#9) /0�C(	�         M� bMGX �M� �9N�) %�i�  �� 0  & '�

�#0  � tP 3(	  '(M+ {��2 �4)J � (M)  .( bMC  MA_0  |	�M") U

�MM	bC�_0MMA� �MMC�B��SJ �MMaN k
 �MM� ,MM# 
 
 3��MM) $ 

5’NC/M4 & GFLV2048/3’NCG��X ,MM# MM0
� �MM	��� 

2�@��  (N 	,�C$ ��� ��    '(+ 	) ��        �M� �h2�M# /(A"M+ 
  � 

  (N k
 �� M	, �MC$   	 M) ��  ) 9M�@C �    (M)� 
 )   %&(MN� .(

 ���A�	   U	 �") U	 ) |0   ��# F(H D�	 �� 	    �
 ,M� �C�B��SJ � M0 \

    (N k
 �� 3
9� 3 9�@C�)	,�C$  	) ���  � ��2 (0	(AQ . � 

      �� F�Z 3�2� 7(2 ,# �=)J$ [-� 0  K�D� 7�OWX �   �86) ��

   7�OWX ,�Y_9#    )Z9MR �M��     �M�  �M�)   M��J eAM# &� j 

MM�� MM�� �B��MMSJ �MMaN �  '
�a"MM�  �MM� �J5’NC/M4 ,MM# 


$ 3   $    %9R ,� bp ����   2 D"A�  � �      eM+ 
&(M` (MAA#

 � �H��,  �2 %9R(2�=)  (  �� &$ 
� 	���     >M��A2 1&�M	& 

  �6M0))Kennedy & Oswald 2011 .( 9M� � $
 	  �M*

 ��$ 
� 	���   & (A_ 3�2D@C 	 R 1&��  9M2�J 3 �MC�	 c)  M0 �

real time PCR & multiplex PCR) MM0�MMC�B��SJ D$ 

Y_9# >��A2 ��    (A"6MC �M�)MacKay 2007(  &�MA	 �  /

�C�B��SJ	�  �� $ [-� 0 e�� ��C$ Y_9#    & F9)E ��	 1&�

` �R� ()(+  . 2 � 0 �C�B��SJ 3�$ ̀  �R �  �C�B��SJ '(+ $ 

GFLV-1855 /GFLV-7804& m433V  �MMM� '&hMMMH 


$ 3  $  c")  
�92    � 
 (MO� �� M	
�$   
 7�MOWX $3  $ �MC$ 

S0z�i"P �� [-� 0   2 ,# ()
�# ��  �
 ,� () 9�0    %�i�  \ M	 U

   B F9)E ,� �C�B��SJ0 2 '�0 (+�� 3��D . � 	   &�A M	   �MC�B��SJ U

 ��MM� >MM��A20()(�MM) '
 
 { .D=�MM	Gg� & ,MM0�MM� \ 

  F�) �  '
�a"�    � D oligo �  M0         ��M# F(MH ,M# 
�M# 
�4A��	 

�MMMC�B��SJ$MMM� 0e9MMM� �
#�� MMM0 �B��MMMSJ �MMM� >  

oligo (dT)162 ��
 ,� () 9�0� kh"P  \	�2
 
�$  %�iM�  

�0   U M	        �M2
 ,M# �_ /(M+�� �MC�B��SJ U$    �B��MSJ %�iM�    

oligo (dT)16 
&(MM` ºC ��   �
 ,MM# �MM�  MM	 �MM2
 U

�C��"P�MM�$MMGP 
 � MMP�� �
 
9MMN92 ��MMC�B��SJ �  $ 

�0e   �� �9AC 9�	()� ( . ���A�	      Mz9� |	�M") U	  1�� �� U0 ,

2�  �  �  
9+0�9:G#9)9*0($      
 (MO� �M� T �  M0   '
�a"M�  $�"�


9+.  

�C�B��SJ$ ̀  �R �      �
 '(M+  M	     (A"6M) 9� eC&dM� U

9*� $     (N �
  � 
9P 	,�C$   	) ��    (AC
 � �X k(C 
�92  .
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 	   �� �C�B��SJ U$  eM��  �MC$   3 �J fMG"�2  $    '��@M+ � 

` �R�    ) >6`�� �� ()(+ 0   ,M� & ��    �MN 3 9MAH	D*	U  �MC$ 

 
 
(O"2 #�� �0  �C�B��SJ �� >$  z�iM"P  �  M` �R �   '(M+ 

 ��$ �� 	 & �	1&��C$    
� k(C �� 92 	���     
�9M2 3�M2D@C 

B � �X '
�a"� 0()�.  

R�   	  � eC&d� U0   �� D8� ()9$ �&  0U   )
 �
 ���0  �� �$ 


�	��� Nepovirus  � �C,      '�X bX� & (+ '
�� ��# ) � 
 M0 D

�,   3 9AH	   �� bX� Y$ '
9@) ���$) Indexing (
 
� �	��� 

GFLV  ��  
�92 	���  ��B � �X  .�, B��#0�$  � �&� 0 ()9

     '�X bX� �  '
�a"�  �� D8�  ,� � 
  �� 3 9AH M	   �M� ,$ 
�  M	��� 

GFLV  ,)9@) �
  �C$ y@N  �&J$   6M� '(+ 0     
9M� (M2J��# ��

   �   �	��� )9@) !      �M� '
�a"M�  
�92 $ � 0     M*@C D8M� (M)9� 

   �H��	 hH 
�=	 & b	�&��  B �
 0 �� '�	   /()(+ , M"`�   �MB  

�0  hH (X� u()9	 �9-�&�#�2 b�  
9M�  .     �[# (M` & \X (M`

    �� F�Z 3�2� 7(2$ (C��2 . hH 	 B
9�J b�  & ,� 	  �
 1&�

 '�X bX�  ,� � 
 ���0 
&(` >�� & ��
9� �&�  .���`�
   ,MQ

)9B $ �� F�Z 3�2� 7(2! Vitis rupestris ,M� ,#    3 9MAH

��	!   �� >��A2 $ '
9@) ���$ GFLV �O2 �     '(M+   �M�

        ,M"aC ��M4_ �� ,� 
&(`)��    �M� �� �&�  (   � �  LM�0  (M)9

2�  (+��)Martelli 1993( .U	 ���A�z9� 02 ,�  
9+	 &
 U

B0   R bC �� '�� 	 �2�J Y	  �� e$ 
� 	��� & 	1&� �MC$   9M2 

�, &	  'dGFLV ��2 	   B �� ()9+ ,60  >M��A2 '�    {��M2 �M�


9MM+ .� �&�0 &� �MM� D8MM� (MM)9$�� MM	,�MMC$ LN33&   

Cabernet sauvignon�h8MMMX  1&�MMM	& ���MMM	
� $ �MMM� 

Grapevine leaf roll associated virus 3,�    ?M92 �9R

�, ��  '(+ '
�� ��# )Pathirana & McKenzie 2005(. 

      ,)9@) & D8� ,@GX ,# �=)J � �C$ B 0C�� � 0    �
 '(+ '
� ()9

+0,��C�	     b# �WX ��  � (M4*)$  M2 �   ��M /()9M+$  6M� 0 ��

�"@#$  ��2 �
 	 3 (GB �� ,6) �C0()� 
 �� .�,  D2 �  '&hH M	�$ 


	   �*	  G��X �&� U0           \iM %9MR F�M@� �
 �M4)J 
����# �

&�	��B  M0  �M�  '�)Pathirana & McKenzie 2005( .

�")	   |	         '�X bX� �� D8� ,@GX �&� 
 
 3��) eC&d� U  � 


,�   3 9AH	    �� >��A2 �&� Y$ 
� 	��� GFLV 2 �  (M+�� .
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