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��&�3-+>
 �( -(�	 %�%(� I	S� T;U� �(&!=1% 
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�	;�� � ��2%� .&6�� 164418  �274649 86 (��)+! �� �

) =1%Anonymous, 2012( .��&�3-+>
 ��2	!� �4H�+ -

	�� (�\;��  =1%�� ]M&
\� +�/� �! ^�	� .&6�� 
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�-&� )Chiemsombat  et al., 2008 .( �% 
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� %48 �4H�+�	� �
2%&6 �! �4H�+ _%�&��[ '��	 

)Cucumber mosaic virus (CMV (� �4H�+ �(+�`:
 

��.%� ��&�3-+>
 )Tomato spotted wilt virus 

(TSWV) (��	�% (&
- �� �% +;
 �48 �4H�+	�� %�6�	*' 

��� ��&�3-+>
 � +a�% _����2	 �
�/�	! )Elliot 1990; 

Sokhandan et al., 2008; Escriu et al., 2003(. �4H�+ 

%�&��4[ '��	  9/� �! P�\;�Cucumovirus  �� =1%

%�%(� 2%�) �\ZK �1%� [6 �;��%�  =5a�=1% )King et 

al., 2012( .%48 �4�H�+ %�&� T_b� ��+! X514��[ 

�U��/!
 % � 2��4(	�  c+! �( R�	6��&�>3-+
 �
 -

(&�. �4H�+ %�&��4[ '��	 �% PQ	/� ��
� �&�� � 

/d
��8 W+e.	
� �&�� ��� LM&JN� f�;G� �% ��
� 

��&�3-+>
 A�%�� ��� =1% �� 	! ^/�%+: �4(	� �%+
� 

�(&! =1% )Sokhandan et al., 2008(. L�	U6 � g&/6 

T_b� �( %��4�	�� f�;G� �41�+
 �( g�%�� ��&� -

3-+>
 8�
� 1%= �( +h% 	��&;�	>� U�;G�
 ��	! 

�&Z!4�� T_b� %4(	� ��� �;*! �! %��4� �4�H�+ g&- TK� 

� %+�4i N��Z
 8�
� =1% L�	U;� ��	! � /d
��8 

�(&.)
 2	��
� 	! 	14+ �4H�+	� �
�-%&6 =�� /j�8 

�&/6
 �( �/�%( 1��k ��+! T_b� ��	! )Rizos et al., 

1992; Sokhandan et al., 2006( .�4H�+ �(+�`:
 ��. -

%� ��&�3-+>
 &l� 6�m  9/�Tospovirus =1% �� 

%�%(� 2%�) �\ZK �1%� �;�� [6%� �
��	! .2%�)%� 

c��! 	! 5ZK�= U/�
 � 2%�)%�	�� i1&;� )M (� 

[j&� )S (�( 5ZK
 )ambisensce (�/;*� )King et al., 

1996( .%48 �4H�+ �( n%&-
 f�;G� W) � %&�
4 &!4�` 

�( PQ	/� *�+��+� � -��
*�+��+� �( g�%�� ��&�3-+>
 

A+;*� (�%( )Hull, 2014(  �% o�	!4(	�  � ��+�- ���+��
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 c+! �(	� � ��.	�� ���+�� &S�n� ��� 

���& �
(&� )Gallitelli, 2000; Chen et al., 2011 .(
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f�;G� %42%+ �( ��&�3-+>
 � 	14+ ��2	!�	� +�p- 1�X -

���/
� &14	 � ��2	�	 �4;/
 +! H	1% A��	�� 

q&.�+14�
 � ��2	�	 ��2	!� (&�� (�%( )Hajiabadi et 

al., 2012, 2009; Golnaraghi et al., 2007, 2001; 
Ghotbi et al., 2005; Pourrahim et al., 2001; Bananej 

et al.,  1996 .(	! � �/�%( �! ��&6�-	!�
 1��k %48 �( �4H�+ 

�( LM&JN� f�;G� R	
;n% �(&.)
 2	��
� � L�	*' 

�4(	 (&�� (�%( )Zehnder et al, 2000( .�( 5Q�=\ R	
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�(&.)
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��64� _b�T �41�+
 � 	 -4]	; L�	*' ��4+6� ��%&' �� 

)Hull, 2014( .  

�%��%�-%�  �\1&6 �4[ 1�T;* K(�P (�4!	
 �! kK&� � 

(�� I	3/�� 	1	/�
4 �	�) �
 K(�P r&J' �%�L	  g&/6 �

%48 !�	�+��	
 	�(%`- ��  �;*!%��!  	 -)�( 4[ �SZ/��  �(

��4+4= ! R+;/���	
� ��+s L�	*' ^�	� = � �(� 

!� +p- �
�1� .+! H	1% %48 �	�)
 �
2%&6 =5*- �! 

W	G;-% � =�	� I	K�% I�	S� �! �4H�+ I%�K% (&
- 

)Agrios, 2005(.  

	! ��&6 �! 
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� �&�� � 	1	/�
4 7�%&� 

f�;G� (��N� ��//� =�� %48 R&JN�� t�� �%  I	�-%

%48 SN6�P� 	1	/�
4  �(�4!	
 �4H�+ %�&��4[ '��	  �

�4H�+ �(+�`:
 ��.%� ��&�3-+>
 �-&
- �(	�� 

��&�3-+>
 %�%(� � T_b�41�+
  � �-	�%�� L�&J!

/d
��8  1�+!
 (&�� �(&.)
 2	��
� %48 � �(4H�+ � 

h	6�+ 2)	� �(    ��+!�  L��T_b�  �! =5*-�(&.)
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-	�� =�%(+! 
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�! u&��� T4b� ���	�� �!  
�(&.) 7�	� 
1�+4�

4%�&� =>	! � �&S�n ��. ���+�- � ��+�� ��(�� �[�


�(+� ��&�B� 2	�	�� ��� 36 k
� 
�	�� �-&
- ���)

���-&
- L	JG�� .k
� �	� T_b� 7�5K �% ��� ���)

k
� ?4�	6 � 7N� ���� ���	�� 9�1 � =�%((	4 ���)

�-&
-�+! �%+! �	3�4	��) �! ?4 ��� +p-(�&� �	� +;��! 
1

.�-�� 7S;/�  

���% O��PJ����  

v%+G;1% 2%�)%� �% (��n 100 ���
I+� =>	! �-&
- -

	�� ��(&.) P!	Z� 	! A�� I�	 j -	n��
 )Rowhani et 

al., 1993 I	�-% (��. �! 
��8 �&p/� %�;!% =>	! �+!
 �( 

4[ ���
.�+; +>	! v%+G;1% (+1 -q&
���� �� � �( g1000   

� �( 	�(� C˚ 4 �! L�� �1 K(��S +;-	14q&U �-�� .�	> 

��
4 �( �.&.	�� ��4� �! L�� 20 K(��S �( g 16800 

]%(��� +;-	14q&U �-�� .2)�	� W&1� %4(	� �( µl200 

+>	!  *-	�1&1�2& ��//� �! =.	n *-	�1&1�2& �( �(��) �� 

� 9�1  µl25 R&�N� 10 �r�( SDS �! �.&.	� �>	s% �� .

�.&. 	� �! ��L 10 K(��S �( 	�(� C˚60 �%+K �(%( �-�� .	! 

2(��>%  µl80  L	;1% 1	;:�T w/: �M&� �! %48 ��.&. �! �%�)
 

F&�G� �-�� � 9�1 �! L�� -�T =�	1 �( 7'%( 4? �%+K 

�(%( �-�� )4	 �! L�� �-	5� �( C˚4 �
2%&6 �%+K (%( .(�! 

R	5-( �2) 7
� +;-	14q&U �! L�� 15 K(��S �( g16800 

I	�-% =>+� .�	> ��
4 �! �.&. ��4� R	S;-% � �%�S� 1/0 

T�n �2) L	;1% �14T �1 �M&� )2/5 pH  (� �! ��%�-%� 

T� T�n 2) %4R&-	:�+:�� (+1 �! +� �.&. �(��>% � �! �%�)
 

F&�G� (+�4� � 9�1 �.&.	� �( 	�(� C˚20  - �! L�� 

4[ =�	1 �%+K �(%( �-�� .9: �% �2) �.&.	� �! �L� 20 

K(��S �( g16800 +;-	14q&U �-�� .�	> ��
4 %4(	��� ��( 

�4�;G �� � =�: 	! R&-	6% (+1 80 %(�&� &�;*� �%+K 

=>+� .�( ��n+� 	 -
4 2%�)%�  v%+G;1%���  i1&630 

��.�+��+; +;1% +ZS� W)47 *-	�1&1�2& �� � �( 	�(� 

C˚80 –�%� 3-� ��2%�) v%+G;1% +! ��b� .%� P!	Z� 

�A� ��&�B� �% '+!
 �-&
-	� 	! �(	U;1% �% ��= v%+G;1% 

2%�)%� )RNX- PLUS (P!	Z� 7
\.%�&;1( =�+� 

���-�	1 2%�)%� � =>	! �% 7���	
  v%+G;1%�� .  

 5������� (��	 ��  

�( ='	1 �%+!2% ^� +��	y) �% 7
�� �%


>(	J6 ���6&z��&-  � =�� ='	1cDNA
1 

)HyperScriptTM( +� ='	1=�GeneAll   
�/�%� �(

 
4	 - T�n 	!10  .�� �(	U;1% +;�.�+��� �-&
- +� �%+![4 

 R&�N� �% +;�.�+���2/0  84% +;�.�+��� �( I+��+���

+��	y) )Random Hexamer(  	! �	 j2%�) �% +;�.�+��� -

 7� �% R(	\�)2  (I+��+��� �	�( �( � �4(+� F&�G�65 

 ���( H&�*��1K �S�K( w/: L�� �! ]	;4	 - � �� �(%( �%+

 ��r	>b!�% +;�.�+��� w/:  =�� ='	1cDNA 

)HyperScriptTM(  �% I%�� +� �!{&�6�+��� 	� �>	s% ��� 

�+���6{&� 	�+��4	1&�+6 �	3;1( �( )ASTEC, PC 320, 

Taiwan( �� �(%( �%+K�-�( ='	1 ��	-+! .2% 7
�� �%

 �	�( �'+j [4 7�	�C˚ 55 ! =�	1 [4 L�� �! �%+

�G*- T4�-) =�.	\> ���( �( �'+j [4 � H&�\� �%(+!

 L�%+nC˚ 95  84% 2(+� R	\> +�y �%+! �S�K( w/: L�� �!

 .�� %+�% T4�-) ^� +��	y) �% �(	U;1% +! ��b�

�( ='	1 �%+! 
>(	J6 ���6&z��&-2% �&p/� �! �7
�� �%

 �%+! ��- 
r	J;'% �	�+��	y) �% �	�+��	y) 84% 
1�+!

 ='	1�(2%.�� �(	U;1% �(�%&� �( 7
�� �%  

0��+!� N�E�
�����)� ��  

�+��-� ^/�%�
�: �%) �%+�PCR �-	�%�� L�&J! %�;!% (

 �	�' [�4%�&� H�+4� 
r	J;'% �	�+��	y) �% I%�� +� 	!

 �4%�� H	1% +! ��� 
n%+Q)B13 AY871070 I+- i1&6 �

 �%�>%Primer premier 6 (
�(+� :̀ H�+4� � ��.�% 

��&�
3-+> )Wu et al., 2009 R���) (1(  
4	 - T�n �(

5/12  7�	� +;�.�+���25/6  +;�.�+���2Master mix  ='	1

 =�+�Ampliqon �25/0  T�S;*� �	�+��	y) �% +;�.�+���

H�+4� �% I%�� +� 
r	J;'% H&�\� �) 	�CMV 

                                                             

1- Hyperscript TM Reverse Transcriptase 

dNTPs (mixture), Reaction buffer, Stabilizer and 
RNase inhibitor 
2- Taq DNA Polymerase Mix Red-Mgcl2 1.5 mM 
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 :2%�	�
� � �%&' (	!)... �	�' [�4%�&� H�+4� 2	��
� 
4	1	/�  

�TSWV)  =p�y 	! �-	�%�� L�&J!10 
��� ��M&�2 

�( +;�.�+���2% �% 7
�� � &3.%75/3  ���-&4( W) +;�.�+���

 ��	-+! .�� I	�-%
:
1 �)L�&r �! =�+1%� ��n+� [4 -

 �	�( �( ��.�% ��	1C˚ 94  �%+!2 =�+1%� ��S�K( ��	130 

 �( ��-	hC˚ 94 R	J6% �30  �( ��-	hC˚50  �%+!)TSWV � (C˚ 

54  �%+!)CMV ( i*! �30  �( ��-	hC˚72   �%+!35  � 7��1

4 L�� �! 
4	 - i*! ��n+� [10  �( �S�K(C˚ 72  I	�-%

 ^/�%� �% 7r	n w4	;- 
1�+! �&p/� �! .�4(+�
6�) -
: -


1�) �4  ^/�%� +� �% 7r	n �(��)+> +;�.�+���
:
1 �)

 ��	�) Rq ��� +!1+>	! �( %TBE 1X  ��&>�+;�.%��.  


: I	�-% +! ��b�
1 �&p/� �! ��-	�%�� L�&J! �)

� 
!	4(�
: A�� H�+4� �( 84% 2	��

1 	! 2	��
� �)

=�+1%� ��	-+! �	�( �( ��.�% ��	1C˚ 95  �%+!2  ��S�K(

=�+1%� ��	145  �( ��-	hC˚ 95 R	J6% �60  �( ��-	hC˚ 52 

 i*! �60  �( ��-	hC˚ 72  �%+!35  i*! ��n+� [4 � 7��1

 L�� �! 
4	 -10  �( �S�K(C˚72   2	��
� (+!�	� 	!

+��	y) �	�CMV  �TSWV  �(	U;1% (%&� 2%��� .�� I	�-%

 �7�	� ���25/6  +;�.�+���Master mix  =�+� ='	1

Ampliqon �2/0  H&�\� � T�S;*� �	�+��	y) �% +;�.�+���

 R���) 
r	J;'%1H�+4� �% I%�� +� () 	�CMV 
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Table1- Sequences of primers used in this study 

Reference Region Sequences Primers 
name 

This study CP CGGATCCATGGACAAATCT
GAATCAACC 

CMVCPF 

This study CP GGCGGCCGCTCAGACTGGG
AGCACCCCAG 

CMVCPR 

Wu et al., 2009 N ATCGGATCCATGTCTAAGG
TTAAGCTCAC 

TSWVNF 

Wu et al., 2009 N ATCCTCGAGTTAAGCAAGT
TCTGTGAGTTTTC 

TSWVNR 

  
 .
1�2 - ����A��	 
 (��DE) �D�	 7�������1� ���g)JP	 ��� CMV �� ����	 �Z �!�ANCBI ���J!Z�)�" 5��� 4�� ���A  

Table 2- Accession numbers, region and hosts of different strains of CMV in GenBank for 

phylogenetic tree

  
 

Strains Host Origin 
GenBank 
Acc. No. 

21Tahaa Momordica charantia France FN554692 
J&K Cymbopogon India EF153737 
Ker.Ker.Pep Piper Iran JX112021 
Ker.Ker.Mel.1 Cucumis sp. Iran JX112019 
Ab Abutilon theophrasti Iran KJ173756 
Ker.Ker.Mel.2 Cucumis sp. Iran JX112020 
ToM2 Solanum lycopersicum Iran JX865599 
ToM3 Solanum lycopersicum Iran JX865600 
ToM15 Solanum lycopersicum Iran JX865602 
Bas3 Cucurbita pepo Iran JX025989 

Bas3  - China AF127977 

Hawaeii Musca sp. Hawaii U31219 
B23 Cucumis sp. Iran AY871071 
B13 Cucumis sp. Iran AY871070 
S337 Cucumis sp. Iran AY871069 
SH17 Cucumis sp. Iran AY871068 
Ri-8 Solanum lycopersicum Spain AM183119 
Esf172 Solanum lycopersicum Iran JX025995 

D8  - Japan AB004781 

Y  - Japan D12499 

VAL90 Solanum lycopersicum Spain AJ829779 
Pl-1 Solanum lycopersicum Spain AM183116 
Tfn Solanum lycopersicum Italy Y10886 
BAR92 Solanum lycopersicum Spain AJ829778 
Ixora Solanum lycopersicum United states U20219 
Tsh Solanum lycopersicum China EF202597 
VAL90/1 Solanum lycopersicum Spain AJ829779 
BJ-tomato Solanum lycopersicum China HQ829827 
CMV-to1 Solanum lycopersicum Iran KT962088 
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 :2%�	�
� � �%&' (	!)... �	�' [�4%�&� H�+4� 2	��
� 
4	1	/�  

  

 .
1�3 - ����A��	 
 (��DE) �D�	 7�������1� ���g)JP	 ���TSWV �Z �!�A �� ����	NCBI ���J!Z�)�" 5��� 4�� ���A 

Table 3- Accession numbers, region and hosts of different strains of TSWV in GenBank for 

phylogenetic tree 

  

�-&
- 
-%�%+> ��� �� 
4	� [�4%�&� H�+4� �! 
�(&.)

(&! +;��! �/;�%( �	�'  7��)2( T_b� .�(%+U-%  H�+4�

��. 
�(+�`:��&� �% 7!	K ����� �( L��/! 
3-+>

(&! ���	��  7��)1( �JG�� T_b� 	! �%+
� ]M&
\� %+4� �

��. 
�(+�`: H�+4��% ��&�> 
3-+F	S- )  �( ���+�-

c+!��. T_b� (&�� � 	��&�� �( �%( T_b� �+34(  �/-	�

Strains Host Origin 
GenBank 

Acc. No. 

TSWV_DRT2 Solanum lycopersicum Dominican   Repablic KJ399315                 

Gerbera-14 Solanum lycopersicum India KF146703                 

TSWV_DRB1 Pappa  Dominican Repablic KJ399313                 

NC-16 Solanum lycopersicum United states DQ777618 

Chrysanthemum-27 Chrysanthemum sp. Venezuela KF146701                 

M8G7 Arachis hypogaea  United states FJ234627                 

NC-32 Solanum lycopersicum United states DQ777105 

p202/3WT Solanum lycopersicum Italy HQ830187                

TomUSA Solanum lycopersicum United states FR693268 

Gerbera-2 Solanum lycopersicum India KF146702                 

Sr-739 Nicotiana tabacum Serbia GU369724 

Is-344 Capsicum annuum Montenegro GU369717 

Is-56 Nicotiana tabacum Montenegro GU369729                 

Is-246 Primula sp. Montenegro GU339508                 

F1G6 Arachis hypogaea United states FJ234581                 

NC-20 Solanum lycopersicum United states DQ777505                 

P156 Piper   Spain FR693096 

M10G7 Arachis hypogaea United states FJ234585                 

L3N7 Arachis hypogaea United states FJ234601 

NC-33 Solanum lycopersicum United states DQ777444 

TN-2 Solanum lycopersicum United states JF808217                 

TP-16 Solanum lycopersicum Turkey KT192625 

SC-13 Solanum lycopersicum Turkey KT192624 

Antalya Solanum lycopersicum Turkey KM407603                 

SC1-NRB Solanum lycopersicum Turkey KM379142                 

p202/3RB Piper Italy HQ830186                

P302 Piper Italy KM096541                 

TOS-101 Solanum lycopersicum Iran KT899947 
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��� ������	 �
��
 �A �����% ����� :� 7 0 7O 7B 7g�� .�

��� ����	
� �
��
 �A 0���% :� 
 B 7g������ �� .� !�"

 �A 0���% :B 
 g��CMV 
 TSWV .��	��� \��LA 

Figure 1. Symptoms of some samples collected 

from fields. A, B, C, E, F infected by CMV. A, 
B, D infected by TSWV. A and B mixed 
infected of CMV and TSWV. 
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 �A 0���%CMV �!��!)  ���2 7374 75  
6  �A��A j�'�' �A

 0���� (�� � 
 0 7O 7B 7g�� �A 5��1(  
Figure 2. Electrophoresis analysis of   RT-PCR 

amplification using CMVCPF/CMVCPR primers. 
M: Gene Ruler DNA ladder 100bp. Lanes 1-6 
positive samples infected by CMV. (lanes 2,3,4,5,6 
respectively A, B, C, E, F in Fig 1). 
 
 

 

 

 

 

 

 

 

 

 

 

(��3- ���"
�J��� .�L*	 RT-PCR �A 0��IJ�� 

5I��� ����C%TSWVNF/TSWVNR   7M :

� !�D!Gene Ruler 100bp    DNA Ladder  1�'3 :

�!��! ���5&[	 0���% �ATSWV )1 72  
3   j�'�' �A

 0���� (�� � 
 B 7g��  �A 5�� �A��A1( 

Figure 3. Electrophoresis analysis of   RT-
PCR amplification using TSWVF/TSWVR 

primers. M:   Gene Ruler DNA ladder 100bp. 
1, 2,3 positive samples infected with 
TSWV(1,2,3 respectively A,B and D in Fig 1).  

 

 
 

 (��4 - .�L*	 ���"
�J��� RT-PCR  
� �� 0��IJ�� �A

����C% 5I�TSWVNF/TSWVNR    
CMVCPF/ 
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 �ATSWV  73  
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CMV  0���� (�� B 7g��  �A 5�� �A��A j�'�' �A)1(. 

Figure 4. Electrophoresis analysis of   RT-

PCR amplification using two pairs of primers 
(TSWVF/TSWVR, CMVCPF/CMVCPR) 
simultaneously. M:   Gene Ruler DNA ladder 
100bp. Lanes 1,2 negative control. Lanes 3-8 

infected to CMV. Lanes 3, 5,9 infected TSWV. 
Lanes 3,5 mixed infected CMV and TSWV 
(respectively A,B in Fig 1). 
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Figure 5- Phylogenetic analysis based on the deduced nucleotide (right) and amino acid (left) 
sequences of the CP gene including Iranian strains that have mixed infection generated using 

neighbor-joining method by Mega 6. Bootstrap values on the branches represent the percentages out 
of 1000 bootstrap replicates program. PSV-ER used as the out group. 



10 

 :2%�	�
� � �%&' (	!)... �	�' [�4%�&� H�+4� 2	��
� 
4	1	/�  

 
 (��6 - ���1� (�)*' ���+'��� ����	
� �
��
 ������� �� 1��� 
 (m2) ���M)E�! 1��� ��� 0��� ���� �A � !�"

���	%� Y�)P	 �����% �E �!���� ���1� (	�� 1�/RE�M)E�! �Z (5���) ��a
� �����A 1�J��Neighbor-Joining  �E

 ���"� T�! ��Mega6  �� N�A �����@� ���� .5�� 01� 4���'50 ���� �b�A �� 1K�����1� 
 01� 0��� N���! ��  �!����

 .5�� 01� oPD	 0���� �A TCSV_DRSP1�A 1���� B�PJ!� 0
�� �
�A �p? ����?.  

Figure 6- Phylogenetic analysis based on the deduced nucleotide (left) and amino acid (right) 
sequences of the nucleocapsid gene generated including Iranian strain that have mixed infection 

generated using neighbor-joining method by Mega 6. Bootstrap values on the branches represent the 
percentages out of 1000 bootstrap replicates program. TCSV-DRSP1 used as out group. 
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Abstract  

Cucumber mosaic virus (CMV) and Tomato spotted wilt virus (TSWV) are important 

viruses in tomato fields. In this research, 36 tomato plant samples showing viral 

symptoms were collected from fields in various regions of the west and northwest of 

Iran.  To detect CMV and TSWV, cDNAs were prepared using Random Hexamer primer 

and total RNAs extracted from the collected samples. The prepared cDNAs and specific 

primers for CMV-coat protein (CP) gene and TSWV-nucleocapsid (N) gene were used to 

amplify a part of each virus genome by Polymerase Chain Reaction (PCR), separately. 

The results revealed that a 654 bp fragment from the CMV-CP and a 777 bp fragment 

from TSWV-N were amplified from six and three samples, respectively. To detect mixed 

infection of CMV and TSWV in tomato plants simultaneously, we used their specific 

primers in a single PCR assay. DNA fragments from both viruses were amplified from 

two samples. In these plants, more severe symptoms such as deformation, mosaic, 

chlorosis and necrosis on the leaves were observed and compared to the specific 

symptoms in plants infected by either CMV or TSWV. Phylogenetic tree of mixed 

isolates based on nucleic acid and amino acids showed that the isolates of CMV in this 

research were grouped with isolates from Iran and India whereas TSWV isolates were 

grouped with isolates from different countries such as Turkey, Italy and Montenegro.   
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