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Infectivity of the cloned genome of Iranian isolate of beet severe curly top virus in 

experimental hosts 
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	?%h �� �- � 	��)�( ������  i�-�A	�
 ������ �� �/�UN0� [�. �  �= >"� �*0��*+, 
j" -[= >"/ ��  ���, & �'&% S*� �� Curtovirus ) k%�- Geminiviridae  (K.�$ Beet 

curly top virus (BCTV)� Beet severe curly top virus (BSCTV) �Beet mild curly top virus 
&Spinach curly top virus   ��. /�<	  / $)Stenger 1998, Baliji et al. 2004 .( � �/� 1�%� ]

������ �BSCTV)  BSCTV-Ir ( & &��� '&%��� ��� �� &� '&%����%	 (�)��	 �- � 
��*+, �*0(Beet curly top Iran virus) E��2  &O-��#�$ l/�%- V ���  

 ) Briddon et al. 1998  Bolok Yazdi et al. 2008,( .  
&� %� �O?�H.�& �( '&%�)��	�" & �*0 ��*+, �- � ��� %�*	& �?/ �� �
 '&%� ��9 K

%" & 1�"3 :�@N�� 1�A.���%� K0�� ��%5R �� #/�JN"� ��&%m & ���3 n� �� �N$F �/ �:�@N�� 
>"� #/ � &%�&� KA5. .? -� ��� >� J9 �����
 �� �& V�op �O. �= �
 '&% �� U� 

	Th  &/ ��
( ��)dimeric ( &�NR �	 &/ ( q0�� ��(partial dimeric) V�� �/ '&%�& � �! �� 
 ��
&%��0T-DNAK.�R   ��� &/ ��
 Agrobacterium tumefaciens 

 )Grimsley et al. 1986; Elmer et al. 1988, Rigden et al. 1996 ( . �NI�"	 ��= ��*- �� �� $ 
& :�@N��� '&%. 1�"3 �� �
	�%� ��p ����A.� �A�� �*= �N�! ��O?�H. �A	? - ���� �� � & �

�.�3� r�� �� �&�@. #��.  [
�%B 2	/��"  .@7-�X�- � s*. �� %m�R � ��"��� >� J9 #� 
BSCTV-Ir �� 13 :�@N�� & � E&� �� #�agroinoculation>"� �NB% �� 8 .  

 

E&�E&�E&�E&� 	"�%�  	"�%�  	"�%�  	"�%�         

K.�= � �! BSCTV-Ir -��� �/ #�$ .�R !�B �%Nh�� KM13mp18  )���$ '� X97203 �/ 
 1! t���) ( Briddon et al. 1998  ( [�2�3 ��SphI �� M13mp18 .�R �� & ��� KpTZ57R  

(Fermentas) ���/ �=�	T.3 �� >.&�@. 1!  �$ KUN. / � V���" .���BSCTV-Ir   pTZ1.0�%�� 
 #��"K8�R u�ZN�� /%�� .�%�������
 >I�" �� >� J9 �BSCTV-Ir�   OH0 ��N����G�P 

��� >J��/ �.1�.��& ��� '&%BSCTV-Ir   pTZ1.0���  & �/����
 #�4� SphI /EcoRI 
���"\(pTZ57R  ��" �����
�/% ��- �v�h%- � ���"\(  pTZ0.7BSCTV-Ir&�R � � . /
& � �!�//% K8�R '&% . K.�= � �! ST"BSCTV-IrK7. �/ �=   SphI �/ E%�#�$ #// �  
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 ��pTZ0.7BSCTV-Ir����, �/% #��#��" �- �pTZ1.7BSCTV-Ir &�R � �/�& � �! � '&%
/ $ �NI�" .��#��" V  #��" l\I %�pTZ1.0BSCTV-Ir&�R ��! u ,��, 	 C1 &� '&% ��

>"� K.�= � W .bA- >����! u ,��, %	 C178 �= �#��" 1/ � xpTZ1.7BSCTV-Ir  �� 
. 1�5�	��;3 �� /�/ �
 %� BSCTVC1F) 5′-TGAAGCTTTACAAGGAAGTTTGATC-3′ ( & 

BSCTVC1R) 5′-ACGAGCTCCCTTTTTACAAAAAAGCC-3′(  r*=�& �/PCR�$ #/�JN"� . 
�W� �� S(� #��" >78 �� 1�*pTZ1.7BSCTV-Ir� ���� �� #��" V�  #�4 [�2�3 Hind III K.�R 
 ��� &/pBin20 #/�/ :�U-� �- �$ #��" pBin1.7BSCTV-Ir/ $ �NI�"  . .�� �� �����
 V

%N=��� Agrobacterium tumefaciens " � �C58 :�@N�� ��>B.  
������  1/ � ��#��"pBin1.7BSCTV-Ir   ���.��� �	�)
��  ��  ��*0��*+, ��
  �	4�%B

-#� -�)  Datura stramonium ( & E&� �� #/�JN"� �� `�*J"� agroinoculation>B% �� 8  .
�� ��= V �%Nh�� >5h ��A. tumefaciens #��" � N7. pBin1.7BSCTV-Ir  �� �%Nh�� X��2- & 

��� �  �0 W & 	���� ��
�1�
� [?�"  �$ ��<�� . >$F �� �O��C�-  �^@�- 1�.� �� �&� � x
 �/ K8�R [6\9��. 1�
���� �	 / �& & >B% ��%0 	"�%� /� . #�$ �/. 1�. y� �/ '&%�& 

��� 1�
��<�� � PCR�
 %��;3 �� #/�JN"� &  �   
 BSCTV-IrV1V)  5′-AGAAAATATACAAGAAATC-3′( &   BSCTV-IrV1C   
) 5′-TTAATAAAAATAACATCTAC-3′ ( �OH0 �= ��1! �� c-&%( �5$ ( V	& � �� '&%
bA-�. %	/ �� �$ 	"�%� .  
        
N�N�N�N�����<<<<����            

 K.�= � �! :�@N��BSCTV-Ir �� PGP�K.�R �� ��� >J� M13mp18 " �� ��$%� >	SphI  
K.�R �/pTZ57R @B . �� �& �$ ��<�� >  #��"pTZ1.0BSCTV-Ir�$ �NI�"  .N� �/� [z
 �<

2�3��	 � 1�.2�
�2�3 �� #��" V��
 [� SphI &    EcoRI�
 �OH0 	��
 #����� �� � G�� & �G�P 
& �� { �%. ��� >J��� �OH0 & '&%� #����� �� P���� K.�R �� { �%. ��� >J� � /�< �$

) KA$A� .( �OH0�G�P��� >J� �& �/% q?�I & `�%ZN"� :! �� '&%� � & ]�= ��
2�3�? [���4��  K.�R pTZ57R  �= ��32���
 [� SphI  & EcoRI �$ #/�/ E%�  / ��$ KUN.. 
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N"�/	K8�R #��" ) pTZ0.7BSCTV-Ir( 2�3 [z
 �� #/�JN"� �� ��	2�3 �� 13 1�.2�
 ��
 [� 
SphI& EcoRI N� �= � �OH0 1�$ /��3 13 �<�G�P��� >J� �� �� ��- / � #��" V�� �$ �)KA$ 

B� .(  
 �O� ��R%. �/:�U-� � �! K.�= �OH0 BSCTV-Ir ���" �$%� >	 SphI #��"  

pTZ0.7BSCTV-Ir�$ ��<�� .N� � �<��V��=  #��" >I�"  pTZ1.7BSCTV-Ir&�R �= / � � 
��%A- �OH0 & � �! K.�= �OH0� �G�P��� >J� � &�>"� '&% .2�3 [z
 ����	� � #��" V

2�3 ����
 [� EcoRI & SphI��*- �� ���= %
 	� �OH0 & � �! K.�=� #������ '&%PGP� >J� 
 ��� #��" �� ����$)  KA$C�]
�� �
 � �}�(.?�R �/ 	 �=  ��2�3 [z
��	 #��" 1�.2�
 

�� EcoRI   &SphI . 	�� �N�	 ��OH0 �G�P��� >J� � & G��� >J� ���& �'&% / $ /��3 
�
 �� �=�-%- V�&� %� v� �$ #�
�5. :! ) KA$C��
 ]
�� � G}� .( �� #/�JN"� ��

%��;3 �
�BSCTVC1F   &BCTVC1R�! u ,��, 	 C1 &�'&% #����� �� �C^� �� ��� >J� 
#��"pTZ1.7BSCTV-Ir bA- ��- �= �$ %��� ��%N5�N"�/ %� 	 / � #�$ �NI�" #��" )KA$ 

D�.(  
#��" pTZ1.7BSCTV-Ir 2�3 j" - [z
 �� S(�[Hind III �- &/ K.�R �� 	�pBin20 %� � #�

�
 �� #�$�2�3 V�@B . �� [��$ KUN. >�-  #��"  pBin1.7BSCTV-Ir &�R �=��"\( � �
pTZ57R� �/ $ �NI�" / � 2. � 1�.2�
 [z
 ���#��" V�� 2�3 ��
 [� EcoRI& Hind III   ��OH0 

�G�P & PGP��� >J� ��& �� { �%. �'&%� ��OH0 ��C & �PCCC��� >J� � �� { �%. 
 K.�RpBin20 �OH0 & P������ >J� � K.�R �� { �%. pTZ57R�= �$ K8�R  N"�/	 #��" 

pBin1.7BSCTV-Ir 6~- ��� / �� �)KA$ E�.(  
 #��" 1/ � �� >� J9pBin1.7BSCTV-Ir�. �� ��� �	 /�9 &/ � %
 �� �)
�� �� ]

��  �
�NZ.  Y��
�	 �.�3 /� .�r �� %N=��&%���
 � �&�R � ���$ 1�7N.� #��" V .�C  �- 
�^�. �� �O� �&� ��� �	- [6\9 �T�� ]�����( �)��	(  K.�$ �*0 ��*+, �- � �)��	�$ � �

� �� - & ��%��&� %� �*��. K��
 a%� �/ �
 a%�� � &/ %
 1� � � �*0 ��*+, �)
�
�$ #�
�5. . 1�$ �? ?� >"�� &�/ �� �$� r
�= & ��%� 1/�N�� / � [6\9 %4  

) KA$A , BP .(���"& V�� �������6�� 	"� ����� �� #�$ �NI�" �����
 �� . �/ &/ %
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 � �! 	6�� ������ ��������"  	��%�� ����� #�$ '&%�& ...   

� �)
�4�%B �� 	 [6\9 (�)��	��%� 1�$ ], = ���%� �6��N�� 	 �/���4? - = & 	 
 �- � �$ #�
�5.) KA$CP . (&� %� [6\9� &/ - ��� ( �� 8 �� `�*J"�)��	 n�N<. & 
1�$�
 a%� �. ���	�- � JI �� - ��
 �- � YOm ��/�� & a%�� Y�) KA$yy DP( &  %�
&��&/  - � ��- #� -�/�� �� U�( & �)��	�
 a%� � �$ #�
�5. 1� � )KA$  EP.( 

/ / �&�.1�.�� & � �/ '&%��. 1�
���� �	bA-  �� #�$ � %� �OH0��� c-&%(�5$ ( V	 
&� #����� �� '&%����
 %��;3 �� #/�JN"� �� ��� >J� �BSCTV-IrV1V & BSCTV-IrV1C  
�-�� �$ �)KA$ FP.(  

� �/�@7- V����= � s*. �� X	�� ��� >� J9 �����
 %N5� BSCTV-Ir �� �����
 >I�" 
 7��R�%W 	&�R �= �$ ���" �*���
 ��5*. &/ � �$��  .� �/� :�@N�� �� S( >?�R V

����
 �� �� >� J9 ��& � �! � #��%W �� '&%��%B X���"�*���
 �*��/ � 13 �/ �= 1�N�; #%
��" �*���
� �� ���"�*���
 ��5*. ]�. ��;3 	��" �*���
 ��5*. �/ & / $ �/ �. [NI %4	 
 �/ //%�. /��3 #�	/ $  ) Rigden et al. 1996 .( &/ K.�R���&�R � �Z���
 ���%A- � 
�� � �!�*	& ��N*. �
 '&%	 �� � ]�Z����"�*���
 ��5*. �� � ��2 �/ �. #��� 1��2����� �� 

>"�  .*, �/�/�� . V�=%- � ��	/ I �) homologous recombination  ( ��" /��3 �/� 
/�.1�.��& �/��/ r@� '&% .���@. �/ �
 �����
 V�� �����
 �� ���&�R �= � ��5*. &/ 

��" �*���
�?3 1�.���� �$�� / 	�� 	�%N�= � �/ & ����/ �%N�= ���@. �R�& 1�.� ]� �� 
�%B �
�/ Y�NZ. � .1� .y� K.�$ ssDNA& dsDNA    replicative ? - �� �. �	 �����*   
 )Rigden, et al. 1996.(   


 :�@N�� ������ >� J9 ���� BSCTV-Ir%N"� �� ��
 V�8�I 	%N=��&%3 �� � n�*. � � 
/&�7.����. �� �& ��. >"/ �� '&%	 3�� /� . n0� . �/ �= ���= ���@. ��	%N=�� �� � >�� 

��/ ?3 /�<	B�= 	. 	�$��  . %� #&\9O-��. V��
 1�� 2�& �'&%�  ����. �����
 V	 �� 1� - 
 1� *9�"& ]��%� ���"�%� 	�
 1! r@� �& �"�%� �'&%	 Y�NZ. ��0�� >.&�@. 

"�%� ��*0��*+,	��� & ���	 >.&�@. �
����! :�@N�� �� K8�R 1!�%- 1��& � �� '&%� 1�
�
.�$ .�I ���O?�H. �1��2	 1! ) gene  silencing  (/ /�� . &� #/�JN"� %4/ ��.  
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M

1942 bp (virus)

981 bp (virus)

2886 bp (vector)

A

1942 bp (virus)

2886 bp (vector)

B

1942 bp (virus)

981 bp (virus)

4828 bp

(vector+virus)

2923 bp

(virus) 

1    2    3   4   5    6  M      7        8         9      M
C

∼2900 bp (virus or vector)

310 bp p Bin20

12000 bp (pBin20 vector)

1942 bp (virus)

E

2886 bp (vector)

D

1058 bp

        
KA$ �} @� �� B&%NA?� E� (A) ��OH0 DNA #��" [z
 �� K8�R pTZ1.0BSCTV-Ir2�3 �� ��
 [� 

SphI & EcoRI�  (B) H0 ��ODNA [z
 �� K8�R �  #��"pTZ0.7BSCTV-Ir2�3 �� ��
 [� 
SphI & EcoRI � (C) ��OH0 DNA#��" [z
 �� K8�R �
 � pTZ1.7BSCTV-Ir 2�3 �� ��
 [� 
$%�	 SphI��*- �� 	�) �
 ]
���� �- �( �EcoRI ��*- �� 	�) �
 ]
��� � �- � ( 1�.2�
 &
2�3��
 [�  EcoRI & SphI ) �
 ]
��� � �- G( � (D) : U7. PCR �! u , ��, 	 C1� 
bA-� #�$ %#��" ���
 � pTZ1.7BSCTV-Ir�
 %��;3 �� � BSCTVC1F  & BSCTVV1R & (E) 

 ��OH0DNA�
 #��" [z
 �� K8�R � pBin1.7BSCTV-Ir 2�3 �� ��
 [�$%� 	 Hind III  & 
EcoRI  .M=marker.  

Fig. 1. Electrophoretic patterns of (A) DNA fragments released from a pTZ1.0BSCTV-Ir construct 

digested with SphI and EcoRI, (B) DNA fragments released from 6 pTZ0.7BSCTV-Ir constructs 

digested with SphI and EcoRI, (C) DNA fragments released from 3 pTZ1.7BSCTV-Ir constructs 

digested with SphI (lanes 1-3), EcoRI  (lanes 4-6) and SphI  plus EcoRI (lanes 7-9), (D) C1 ORF 

DNA fragment amplified from 4 pTZ1.7BSCTV-Ir constructs using BSCTVC1F and BSCTVV1R 

primers and (E) DNA fragments released from pBin1.7BSCTV-Ir constructs digested with Hind 

III  and EcoRI. M=marker. 
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Fig. 2. Typical symptoms induced by BSCTV-Ir infectious clone in experimentally agroinfected plants 

(A and B) stunting, leaf rolling, erect leaves and vein swelling in beet; (C) leaf curling, small 

leaves, yellowing and bunchy growth in tomato; (D) leaf curling and bunchy growth in spinach; 

(E) leaf curling and yellowing in Jimson weed; (F) Amplification of BSCTV-Ir coat protein DNA 

fragment in PCR using BSCTV-IrV1V and BSCTV-IrV1C primers from agroinoculated beet 

(lane 1), tomato (lane 2), spinach (lane 3) and Jimson weed (lane 4) plants. 
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