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ABSTRACT 
Tomato yellow leaf viral disease (TYLCV) is one of the most damaging agents that causes very high yield losses 
worldwide and has spread to most parts of Iran. Numerous strategies have been developed to combat this disease, but 
these methods have been practically ineffective. In order to investigate the role of transmission and combination of 
TY-2 and TY-1/3 gene loci in a number of sensitive and desirable line, the present study was performed. Results 
showed that the lines containing the two TY-2 and TY-1/3 gene loci experienced less damage regarding chlorophyll 
content and total protein content. In the study of proline content and PAL gene expression, it was observed that lines 
containing two gene loci showed lower levels of proline and gene expression. Also, in order to detect viral infection 
by polymerase chain reaction (PCR) using specific primers, it indicated that the virus genome does not replicate in 
the lines containing both gene loci. In general, the results of this study indicate the high role of the presence and 
pyramiding of two gene sites TY-2 and TY-1/3 in order to create resistance in tomato against TYLCV and lead to a 
reduction in damage against this virus. 
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Figure 1. Oscar primers to identify and trace two gene loci TY-2 (T0302) and TY-1/3 (P6-25) in different tomato genotypes. 
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Figure 2. The various steps of the correctional program in order to make resistance to the TYLCV virus. 
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 &D��� (2-5%) CTAB  ��]! ]? �9�.-Y@��)& 

�&�=��& 3
-. -C .�6rN� +L8�	� & �6��&3��C& & 

D��� 2-3
 D�� ��& �&�=��& �9�. �� U68�?&6�0�C�� .  

  

 +,-� ��.� ��.�$ $�/��� �(PCR)   

-?6. )��7#�.�t � w�=H? )&�. )�(-562 �78�9 

��;� )��@U��NC �8* )�(  +���,� D3NNCTY-2  �

TY-1/3 ) ��;�& )�(�2�tG &SCAR ��;� �� )&�. (

 �8*TY-2 )T0302 � (TY-1/3 )P6-25D�� ��& (  3


O;
)1D��Q8 BNC&� .( )&  �!�A8 `Q@ �� &�	�Y0

μM20  O��
μM10 ) Z;�������2X Red PCR (

)Ampliqon, Denmark �(μM5  DNA �-86	8 �( �

�2�tG )0/5 μM<G �. -C ( DF�86!�  �!�A8 `Q@ -.

D38���  BNC&� .3
&�	�Y0 )& D��Q8  -S�� ]! �.

 \3� -. �?�&�@5  )��� �� -,�J�94  -5��

��8��  �&�2 Z[� �35  ��3
 -�
��&� O��
 -S��

 \3� -. i�?�? -. f�. � �(�2�tG U�V?&30  �� -�8�%

 )���94 ��8�� -5�� �&�2 )��� �� -,�J� ]! �53 

��8�� -5��  �&�2 �� ��� \3� � �2�tG �� �( )&�.

 )��� �� -,�J�72 ��8�� -5��  �&�2 +A5 ��!�0 �� �

 )��� �� -S�� ]! �!�A8 f�.72 ��8�� -5��  �&�2

 \3� -.5  �Y;!��6��? D�7��� & D�� ��& �. -,�J�

+C�
 +S��Bio-Rad  #& .3
 '�Q8& �69���;

D��Q8 BNC&� U6V"�% ��2G U* �� &�	�Y0 )&1  �

 �9�. ��TBE O��
)Tris-Base [pH=8.0] �Boric 

Acid � (EDTA   *��#� �.80  \3� -. +#�75  -,�J�

 '�Q8& (/��0 �*68 D3!30) �,9& �69���;#& & D�� ��& �.

Z;I � � �C D3(�H� )&�. .3
  & Z0 �U* & )�&��.

T8�  )F��G-86	8 D��Q8 BNC&� \d6V"� &�	�Y0 )&

 +_�8 -.) �� U* �.1 � �� U*99  �� �(�s,� <G

) �&� U* D�7���Gel document (U3� )SB-14006 

 �68 �! �� � (+�! +9�. U6Y� +C�
 +S��UV 

 �!���N
 � w�=H? )&�. >�N1	( .+9�!b0 \�6$

-?6. �� /��!� '68*-562 )�( D�6#G �78�9  -. D3


� /��!TYLCV  ZN� �$�V�S& )�(�2�tG &

)Sense) ZN� ��8G � (Antisense) (Pico et al., 

1998-LsJ -C �( ��3@ �� )&670 �* & �. + 5  )�(

�� ��h;? &� /��!� ��C�@ � �H
60 >�e?��0 �3NNC

D�� ��& d�. �� D3
 �Co O@&�� � �?�&�@ -��8�. �. 

 .3
  

  

 0�1�2 +.,% � &�'(%  ��� 3�*���-) �0(,%�(*

(6�7�,��2�- � 

D&38& +A5 -. O�9��YC �&3,� )��2 a �b  O�9��YC � 

 E�� & �(3�M6N?���C �&F�� BQN� >�N1	( � OC

)Lichtenthaler, 1987�6� U6a & ( )�(663  ���68�8

 O�9��YC )&�.a  �645  O�9��YC )&�. ���68�8b  �470 

�6�9���;[�& f�6? �(3�M6N?��C )&�. .3
 D�� ��& ��

U6��9 & D�� ��& �. +!�A8 �� O�9��YC �&F�� �! )�(

a �b  �� '�2 �. '�2 �Y�� i�@ �. �(3�M6N?���C �

-. -86	8 �? .3�G +��  

Chl. a = (12.25 A663.2 – 2.79 A646.8). 

Chl. b = (21.21 A646.8 – 5.1 A663.2). 

Chl. T = Chl. a + Chl. B. 

Car=((1000 A470–1.8 Chl. a–85.02 Chl. b) / 198).

  
U�35 1 .)�(�2�tG \�V=H� D�� ��& ��6�.  

Table 1. Specifications of primers used. 
Reference Reverse Forward Gene Name 

Aime et al., 2013 R-AGCTCTTTTCCTGGCTGAAA F-ACGGGTTGCCATCTAATCTG PAL 
Aime et al., 2013 R-TCTGCTGTAGCATCCTGGTATT F-AACCTCCATTCAGGAGATGTTT β-tubulin 
Pico et al., 1998 R-GCCATATACAATAACAAGGC F-CGCCCGTCTCGAAGGTTC TYLCV sense/ antisense 

Garcia et al., 2007 R- AGTGTACATCCTTGCCATTGACT F-TGGCTCATCCTGAAGCTGATAGCGC T0302 
Ji et al., 2007 R- GCTCTGCCTATTGTCCCATATATAACC F- GGTAGTGGAAATGATGCTGCTC P6-25 

  

  

  



842   :����� � !�
 � �"#�$�%& '�( ��) �* )�( +���,� -. �!/�� 0�1�23� 4�. �� -562 �78�9  ... 

 
  

8�"��� �0�� +.,%  

 �6� U6a �� >�#��0 �&F��520 D&38& ���68�8 )��2

-. >M6#6? & � 3
  D�7��� �. � 3
 D�� ��& 3(�
 �&6NI

 �5&�=��& >�#��0 �&F�� .3
 +M&�J ���6�96�;[�&

�.��;�� /��&�� '�2 �� U6� ��&38���& U�35 & ��?

-.  3�G +��Bates et al., 1973).(  

  

3- 8�9���� ):�
 +.,%  

E�� & D�� ��& �. U6Y"� OC >�e?��0 +rYt BQN� 

Bradford )1976 ( �6� U6a ��595  ���68�8

D38&6S 3
.  /��& �. OC >�e?��0 +rYt �&F��

�Y�� .3
 -_��"� �? +9�. '�2 �. '�2  

  

 &�'(%RNA 0(,% ;cDNA +,-� ��.� � 

qRT-PCR. 

 �&�=��& �6rN� -.RNA 4�. & OC  D��2-562 �78�9  &

 �9�.Iraizol +�! +C�
 N9�) �8� �&��RNA �. D&�	(  (

 O	L#&�6��� k_a �. U68�?& �U68�0��0�F!& �'�69��YC

D�� ��&  F�N� Z[� .3
cDNA  �� +�C & D�� ��& �.

-Y@���. ��G F�AQ? ��;! +C�
 )&  O	L#&�6��� /��&

 �* ���. U��NC � ����. )&�. .3
 '�Q8&PAL  �* &β-

tubulin  ��h;? .3
 D�� ��& �YS&� U��NC �* �&6NI -.

�* )�(PAL  �β-tubulin &38& �6rN� -.D  �* ���. )��2

 BNC&� f�6?Real Time PCR �.   ��&38���& E�� /��&

-.  �� �_�8 +�	C .+9�2 '�Q8& �_�8 \�6$Real 

Time PCR D&38& -Y��� -.  �HLH? B!&F9& )��2

T8� U�V?& -Q��8 �� ZN��6Y9SYBR Green 

)Ampliqon, DenmarkC .+9�2 '�Q8& ( BNC&� )&F5& O

�!�A8 `Q@ �� μM20  O��
 -C ��6.Master Mix )10 

μM �(cDNA )5 μM) �2�tG �( � (0/5 μM �. -C�6. (

 )&�. <6Ys� )��� .3��� �!�A8 `Q@ -. <G ���F9&

 U�35) �.�N� /��& �. �2�tG �� �( U�V?&1 � <�=�8& (

 \�H!��G >�N1	(qRT-PCR  D�7��� & D�� ��& �.

;!��6��?�?�&�@ -��8�. �. �Y 94 ��8�� -5�� �&�2  -.

 \3�5  -�&�& �� � �-,�J�40  \�6$ -. -S��1 -,�J�

 )��� ��94 ��8�� -5�� �&�2 �1)��� �� -,�J� 58 

��8�� -5��  �&�2 �1  )��� �� -,�J�72  -5��

��8��  �&�2 \3� BNC&� f�. �6rN� -. -�&�& �� �5 

 )��� �� -,�J�72 ��8�� -5��  �&�2 �� .+9�2 \�6$

D�&� BNC&� )�A�8&-. '�S )�(  \�6$Ct )Threshold 

cycle -� -86	8 �( )&�. .383
 �&�=��& D�7��� & (

 E�� & � 3
 -�9�2 �r8 �� �&�;?∆∆Ct  -!FQ? )&�.

D�&�D�� ��& �( ) 3
Livak and Schmittgen, 2001 .(  

B!��G -	(� �. � �&�;? -� �. �( O,��� -86	8 -

D�&� O�Y"? � -!FQ? .+9�2 '�Q8& '�8 & D�� ��& �. �(

 �&F9&SAS  -=�81/9 >�78��� -�!�,� � /��& �. �(

 E��LSD �� 3$�� uN0 U�	�@& �s� .3
 '�Q8&  
  

A2� � B��-!  

 /��!� �.�!�� � )��	�. �2�6#G ��Q!&TYLCV  �.

 BNC&� & D�� ��&PCR �(�2�tG & D�� ��& �. � )

 �$�V�S&sense  �antisense )Pico et al., 1998 Z0 (

 +
b2 &30 ) �2�6#G ��Q!& & ��IAP-86	8 (  � )�&��.

O;
) 3
 �.�!��3����. .( BNC&� u!��8 )�(PCR 

 -C �&� ��H80Z  & +
b230  �2�6#G �tG & ��

>!d  �3(�
 )�(128  >!d �7  ����. v6~� �. 38�.

-LsJ) )�?d�.  ��3@ �� )&670 �* & �. + 5 )�(

 � 38�&� O;H? &� (/��!� ��C�@ � �H
60 >�e?��0

>!d �!�� -C +�& �#�@ �� >!& &� �V=H� 38�. �(

D�&38 O�;H?.38&  

  

  

O;
 3 \d6V"� )�69���;#& u!��8 .PCR �2�tG + 5 & D�� ��& �. )�(sense  �antisense )Pico et al., 1998 ��2G U* �� (1 .3$��  
Figure 3. Electrophoretic resulte of PCR products using a pair of sense and antisense primers (Pico et al., 1998) in 1% 

agarose gel. 
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��	( �. �2�6#G ����. -L#�s� u!��8 �� -C -862

 BNC&� & D�� ��&D��Q8 &�	�Y0 )& (PCR)  D3(�H�

>!d �� �3
� )��@ )�( �* ��;� �TY-2 � TY-1/3 

>!d �!�� 3N8�	( �r8 ��6� 38�. O�;H? \�6$ �(

 �6c@ & �
�8 +���,� ��Q!& �78��. iYs� >!& +9�78

 �8* ��;� ��TY-2  �TY-1/3 >!d �� PY�=� )�(

-562 �78�9 �� '68* )d�. ��h;? & �8�� -C 3
�.

�� ��.F�� ��(��2 �� /��!� -Y.�,� �6rN� -. .3
�. �.

�*6?�0 +�#�L9 & �
�8 �2�6#G >!3N� -. ��(��2 ��(

�� FAQ� �I�9� ��C�� O�&6I >!& �.&�. �� �? 3N
�.

��	�. >!& & X68 ]! .3N(� ��H8 +���,� �6S & &F!

BNC&��* ���. �
6��S /��& �. �I�9� )�( )�(

�� ����!� �* �
6��S `��8�;� �� O��
 -C �3
�.

) ��!68�� -Y@�� ��Transcriptional gene 

silencing=TGS ��!68�� & Z0 �* �
6��S � (

)PTGS=post-transcriptional gene silencing +�& (

U6Y� �� /��!� ��h;? '3I -. �QN� -C ��.F�� )�(

��) ���2Gupta et al., 2021 �� -C D3
 D3(�H� .(

>!d �8* ��;� )��@ )�(TY-1/3  '68* ��h;? �&F��

. /��!�>�!�0 ���� �� /��@ ��(��2 & �? .3
�.

)��@ ��(��2 Ty-1/3  & �!d�. �s� siRNA��S 

TYLCV �� ��H8 &�  ���F	( �6��K��� -C 3N(�

�. -,sN� � �6S �6?6���0 -,sN� >!6��� )�(

�?6���0 V1 /��!� �� �&�J y3( &�  >!& -C �3N(�

+���,� `��8�;� O	I(TGS)   ��Q!& &� -�9�H�0

��  ��.F�� �� /��!� '68* ��h;? & �8�� � 3NC

��  386
(Butterbach et al., 2014)�* -� �( . Ty-

1� Ty-3  �Ty-3a O#G 3@&� �8* ��;� ]! PY�=� )�(

��O#G .3N
�. ]! D3NNC 3C �8* ��;� >!& )�(RNA 

polymerase  -. -��.&�RAN )RDR�� ( 3N
�.

)Nevame et al., 2018; Verlaan et al., 2013 �.  .(

O;
 -56?3  D��	
 >!d ��7  ��;� �6c@ -. -56? �.

 �8*TY-2  )d�. ����. �&F�� -. /��!� '68* D��2 ��

 +���,� �3
 -��;
 �78��. iYs� >!& -C -�9�! ��h;?

 /��!� �.&�. �� �8* ��;� >!& & O$�@TYLCV  .+�&

TY-2 �* �F5) �Y$& )�(R -C +�& +���,� (

>�e?��0 �( D��2 )NBS–LRR �� 3C &� D��2 �� � 3NC

�� �&�J �8* ]? +���,�) ���2Mahmoudabadi et al., 

2017 �* -�~�9 /��& �. �8* ]? +���,� `��8�;� .(

�� )�6	I +���,� ��. lI�. � D�6. �* )&�. -	( .���2

�*�	8 ��H8 &� O��C �N	!& ��8* ]? +���,� )�( 3N(�

�* ]? � )�(R  &� +���,� �_�8 v6s� +�& >;	�

) 3NNC ��Q!&Michelmore et al. 2013i��G .(  �!b0

 +���,� ��6.TY-2 -!6� & �S�. �.&�. �� )��	�. )�(

 �� 4�. �23�1�0 ����!�-562 �78�9  �S�. ��

) \�
�&F2Barbieri et al., 2010) � (Ohnishi et al., 

2016 >!& u!��8 �. -C +�& D3
 -M&�& ( ]! �� -L#�s�

.��&� �&�J ���&�  

>�78��� -�!�,� ����. �� �6�G) �(LSD �� 

3$�� uN0 U�	�@& �s� O�9��YC �� (a  >!��	C

) 3(�
 D��2 �� �&F��96/10  �? �� '�2 �. '�2 �Y��

 >!d �� � (-86	8128 )10/12  �� '�2 �. '�2 �Y��

D3(�H� (-86	8 �?  D��	
 >!d .3
7  �&F�� �.)32/14 

) )&FQ� D��2 �� (-86	8 �? �� '�2 �. '�2 �Y��c (

 >!d �� � +9�2 �&�J6 )33/18  �� '�2 �. '�2 �Y��

 D��	
 >!d � (-86	8 �?210 )69/18  �. '�2 �Y��

D3!� �&F�� >!��H�. (-86	8 �? �� '�2  �r8 & � 3


) D��2 ]! �� )���Ga U�35) 3N�9�2 �&�J (2 .(  

  
 U�352. >�78��� -�!�,� O�9��YC \� $ )�(a �b OC >�e?��0 � >�#��0 �3�M6N?��C �OC � .�78�9 -562 )�( >!d   

Table 2. Mean comparison of chlorophyll a, b and total, carotenoids, proline and total protein of tomato lines. 
Total protein 
(mg/g FW) 

Proline 
(μmol/g -1FW) 

Carotenoids 
(mg/g FW) 

Total chlorophyll 
(mg/g FW) 

Chlorophyll b 
(mg/g FW) 

Chlorophyll a 
(mg/g FW) 

Genotypes 
(Line) 

4.86 ±0.75) d( (11.55 ±0.3) a  (2.92 ±0.6) e 15.86 ±0.5) e(  4.90 ±0.53) d(  (10.96 ± 0.5)  e Line of control (-,-)  
7.433 ±0.63) c(  (10.25 ±0.9) b (3.70 ±0.4)  e 18.99 ±0.64) d(  6.89 ±0.5) c(  12.10 ± 0.5)  d( Line128 (-,-)  
8.98 ±0.5)  bc( 9.01 ±0.6) bc(  4.93 ±0.62)  d(  (22.67 ±0.63) c 8.35 ±0.49) b(  14.32 ± 0.6) c( )TY -2( Line 7 
10.99 ±0.5) ab( 6.86 ±0.4) d(  (7.22 ±0.5)  bc 29.14 ±0.5) ab(  (10.80 ±0.6)  a (18.33 ± 0.5) a )TY -2. TY-1/3( Line 6  
10.85 ±0.7) ab(  7.306 ±0.35) d(  6.65 ±0.65) c(  28.00 ±0.95) b(  (10.21 ±0.51)a 17.87 ± 0.7) ab( )TY -2. TY-1/3( Line 119  

(10.93±0.65) ab 7.763 ±0.3) cd(  7.95 ±0.5) ab(  (29.05 ±0.5) ab 11.12 ± 0.6) a(  (17.92 ± 0.6) ab )TY -2. TY-1/3( Line 17  
(10.96 ±0.6) ab (6.99 ±0. 25) d  (7.64 ±0.35) bc  (27.98 ± 0.95) b (10.43 ±0.52)a 17.55 ±0.5) b( )TY -2. TY-1/3( Line 85  
11.69 ±0.8) a(  (8.126 ±0.39) c  8.19 ±0.7)  ab(  28.39 ±0.7) ab(  10.17 ±0.5) a(  18.40 ± 0.5) ab( )TY -2. TY-1/3( Line 141  
(11.19 ±0.9)a  6.916 ±0.3) d(  (7.35 ±0.39)  bc (29.07 ±0.4) ab  (10.85 ±0.51)a 18.21 ± 0.5) ab( )TY -2. TY-1/3( Line 189  
(12.11 ±1) a  7.703 ±0.45) cd(  8.88 ±0.5) a(  29.97 ±0.4) a(  11.27 ±0.58) a(  18.69 ± 0.5) a(  )TY -2. TY-1/3( Line 210  

 U�	�@& �s� �� )�&� �NL� \�� ? ���H� y�@ ]! OJ&3@ �. )�( >�78��� �6�� �( ��5 38�&38 3$��.  
In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level. 
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 D3(�H� (

>!d210  97/29 '�2 �Y��)  (-86	8 �? �� '�2 �.

D&38& U�35) 3
 )��22 .(  
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 )F�N�6�9 )�(

�2�6#G �. Z!��YC ��Q!& -. �QN� -C ����!� )�(
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