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1- Phenylalanine ammonia lyase 
2- Cinnamate 4-hydroxylase 
3- Chavicol o-methyl teransferase 
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�DD)�]5J�  CS :DD,�� ��DD2*#��6S C�&DD�   *DD��*� �� �DD2

���&'  :��, �� $��'&p8-&
 $�2NCBI    .:D;*# 7�D.
�

 
 *#��6S G�]'� $��� ���,��+ $�*�a2 N��_  �� C���FT�

   �C% *D2 0D� z&�*� $*�l�' G&]E� :E)PCR   $�*D�

 aDD.� �� C% *DD220 DD� *DD5��
*��� *;�DD� $
�PCR 10 

  �*DD��*�dNTP 2/0    ��K&DD� �DD8��MgCl2 5/1   �DD8��

 ��K&�10  ��2*#��6S �� 7��- *2 �� G&�&��B5/0   �D��


a�[DD
S polymerase Taq DNA  *DD5��
*��� 0DD, 


cDNA    *8���D,&�*' ��15D,� �� ��D/
 H�`�  s�
�D�B� 

   ��D-�
 ���D�� $&D1�� .:;*# 7�.
�  $�D2PCR   R��D+

:+*,�
  0��
� $��,DNA  $��� ��95   Z�D� 0� 0b��

2  
 0g�`�35  :D+*,�
 R��+ 0J*_   $�D�� �� $��D, 95 

 Z�DD� 0DD� 0DDb��30  $�DD�� �� G�DD]'� �0DD�
�i58  �DD'8/59 

G
�b) 1 Z�� 0� (30  $��� �� n�� 
 0�
�i72  0� 0b��

 Z��40      �� ���D�
 nD�� 7�.
�*D, 
 0D�
�i72    0D� 0Db��

 Z��5   ZK&D]E� ��&;
*5��� .�&� 0g�`�PCR � G% �

 ���#S8/1  *;�� 
 �)��TBE     :D��i %�D5�
 �� *D��*� a�
  
  

                                                           

1- Negative template control: NTC 
2- Fast PCR 
3- Gene Runner 

80  Z�� 0�5/1        $[D��S {D
� $�*D� .�D+ 7�D.
� :��D,

G%     �� C�D��FT� �� ^DB .�D+ ���V5,� ����
*� 7&���'� �� �2

    ��D-�
 �$*D�l�' G&D]E� :ED)   $�D2Real time 

PCR    N5;*D# *Du
 �� ��2     aD.� �� �D�%&�&�� ��*D�'

 ���DD�
5/12 DD5��
*���:DD�- �� ���V5DD,� �DD� *Maxima 

SYBER Green/Flourescein qPCR Master 
Mix    ���DD5��*;) ��
��DD, :-*DD+ RFI���&5DD,� HDD�T *DD�

   &D�- N�Db �&D'
� ��15,� �� (C�F�S4    (�D��*�S �C%�D�-)

  ��D-�
 ���D�� n��*+ .:;*# 7�.
�  $�D2 Real time 

PCR G�I; R��+  $��� �� a�[
S ����5�� $��,95  0b��

 Z�� 0�10  �0g�`�40      �� C�D+ :D+*,�
 R��D+ 0DJ*_

 $���95  Z�� 0� 0b��15    �� G�D]'� $�D�� �0�
�i58   �D'

8/59  G
�b)1  Z�D� 0� (30     $�D�� �� nD�� 
 0D�
�i72 

 Z�DD� 0DD� 0DDb��40  C% �� .�&DD� 0DD�
�is-rRNA 18  [DD�


0�  C�&��G��*
 :�b |b*� C% ���� $��,   .�D+ ���V5,� �2

��-�
 7�.
� �� ^B �E�� ��2  7��D- *2 0� z&�*� m
j �

C% �� R�+) �2 $�2 1 �2  
3   
 :D;*# ��*D` [���
S ��&� (

  �D�B 0D� 0b&' ��   0D� $�D2      C�&D� �D)�]5J� ��D�S :D,�

�*B �&b
 7�� 
 ZK&]E�     ��*D` �D��q' ��&D� *DF��� *F�

.:;*#  

-'�' ?��W� 	�  
  U���D- (*DT 0��B *� �����S      ��*D�' 0D, �D� �;��D]'

 .���*# �*b� $���S:�F- 
��� 0�  08�D,
  ����D
�   $*D�#

 ���[D;�  |D/I/'  ̂ �D,�&8; ��  0D.�5
  G�D]'�    �D� {D
�

7*
 ��[;�    &D�- N�Db �&D'
�   �D��*# N�D�I'.    7�DF'� �� ^DB

��-�
 0
�5,S �� ���g� �25  0- �+ 05;*# *u
 �� $�&T

G��1�,   .�D�- |Y` ��-�
 ���F
 ��; �� �� :�,�&8; $�2

   0�D,�E� �� ^DBCt    7*D
 ND�� �D�   ���Dg� ���[D;�    ��D�
 C�D��

C%       *VD) ��DF�') �2�D+ ��DF�' 0D� :��
 0I��Y� ��&� $�2

     @
� HDD�T (Z�
&FDD,�b RDD�5� �K&DD� �DD8��CT∆∆ 

���� $���S 0�[.' .�+ 0�,�E�  :u86 N5;*# *u
 �� �� �2

0� Z�
&F,�b R�5�     0D� C�D�� 
 �8D)� RD��� C�&��   C�&D��

0� ��*; R���       �D� C�D�� �� Z�DB :�8�LD,� (*DT Z�&)  
  

                                                           

4- Rotor-Gene Q 
5- Threshold 
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7*
  �[D;� �SAS   0kD�
1/9      7�D.
� �� RD�` .:D;*# 7�D.
�

���� C�&� G��*
 �^
����
 0�[.'     0D� G�D� Z�2��5D+� 
 �2

s�*#&F8- @
�-7*
 �� s&
*�F,� ��[;� MINITAB 

 0k�
16     N�1
�D�� 0D���g� .�D+ �D,�*�     �� ���V5D,� �D� �D2

    G�DF5�� XYD, �� ND�
�� C&��Sp≤0.05   7*D
 �D�   ��[D;�

SAS  0k�
1/9 .:;*# 7�.
�  

b&� � ]�	�� 

^
����
 0�[.' ���� �2  G
�b)2    *Di� 0D- ��� C�D/
 (

  C�DD�� RDD��g5�:DDu86 ��   C% C�DD�� C�[DD�� :VDD) $�*DD� 

CVOMT ��I� �� �(p≤0.01)     C�D�� C�[D�� $�*D� ��


 C%C4H �DD�I� �DDF
 ��� aDD2 .�DD+��  RDD�5� :DDu86 N�DD�_

G&8E� �� �I� C��� 
 Z�
&F,�b  �D�I� *i� �+�B  *D� $��� 

C��� ���
 C�[��  C%C4H ) :+��p≤0.05.(  

 �� �	
� �� �	�
(�	) �
�� �
*+�CVOMT   
 XY, �� N�
�� @
� 0� N�1
��� Z����g� t��5
 H�T

 G�DDF5��1  C% C�DD�� ��DD)��CVOMT  :DDu86 ��5/0 

    
 Z�
&FDD,�b RDD�5� �K&DD� �DD8��48   �� ^DDB :��DD,

G&8E�        R�D+) ��D,� C�[D�� N�*5D/�� 0D� �D+�B4.(   RD�5�

��
&F,�b 
 Z�
&F,�b   0D� ��D,�   G&D��&� C�&D��   $�D2

��DDD�2� G�DDDg5
�  RDDD��; Z�DDD��-*' �DDD��&' *�DDD�� �� 7�DDD�B

�� RF� $��O&
�B
*B ) ���-Memelink, 2009(.   

 :u86 ��5/0       C�[D�� Z�
&FD,�b RD�5� �K&D� �D8��

 C% C���CVOMT  C��� ��24 �48  
72    ^DB :��D,

G&8E� ��  0D� �+�B     C�[D�� 0D� }D�'*'13 �7/42  
22   *D��*�

 :��
     :Du86 �� .:D,� 0D5;�� ���[D;� *V) C��� 0�1/0 

      �� C% ND�� C�D�� C�[D�� [D�
 Z�
&FD,�b R�5� �K&� �8��

C���  $�224 �48  
72 0� :��,     C�[D�� 0D� }D�'*'47/3 �

28/6  
16/1   .��� C�D/
 ���[;� *V) C��� 0� :��
 *��*�

 �*���DD- 0DD- :DD,� ��DD+ ���DD+� Z�DDg�gE' �� $���DD�� ��

' �� $���DD�� �b��DDJ  RDD�5� �DD�
�� {�����1�DD, Z�DD��-*

C% C�DD�� *DD� N8�DD'� 
 ��DD,� ��8�DD���, �Z�
&FDD,�b  $�DD2

<,�B C%&'�B 0� ���2� C% �� $����� 
 �2    �D��&' *�D�� $�2

  �D� *ioD� $��O&
�B
*B R��; Z���-*'  ) �D+��Salzman  

et al., 2005(.  

  
 ��$)1-  �
E&� -��$�� � �	E�� �	�' C,����' -#	(5 C�.�	N7 ,;�
��� ��
f�� ?`;	g� '#
� �	�  

Table 1. Primer sequence, accession number, annealing temperature and amplicon size  
of the studied genes  
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:;� Forward: 5′- CTACGTCCCTGCCCTTTGTACA-3′ 

:/#*� Reverse: 5′- ACACTTCACCGGACCATTCAA-3′ 
AK059783 18srRNA 58.8 65 

:;� Forward: 5′-GACCACCCAATGACACTTTCC-3′ 

:/#*� Reverse: 5′-GGTGGCGTGGTTCTCATGTTTA-3′ 
AB530137.1 

G&��
�_  o-��*V�
�*' R�5�  
Chavicol o-methyl 

transferase 

59.8 298 

:;� Forward: 5′-GCCAACAACCCCGCTCAATG-3′ 

:/#*� Reverse:5′-CCAACGCCGAAGGGGAGGTATC-3′ 
HM990150 

Z�����, 4-����-
���2  
Cinnamate 

 4-hydroxylase 

58 119 
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 ��51-  �
���	� �� h�i ,�&��o -�������� �
��  

Fig. 1. Melt curve of chavicol o-methyl transferase gene 
 

 
��5 2-  �	�	�
� �� h�i ,�&��4-�!
�"�#$
�  

Fig. 2. Melt curve of cinnamate 4-hydroxylase gene 

 

 
��5 3-  �� h�i ,�&��18s-rRNA  

Fig. 3. Melt curve of 18s-rRNA gene 
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 ��$)2- � ,4�� �	
� ���
� �� �	�
(�	) �
�� �
*	� �	`��� =
^�	
��  �
���	� �	�O -� �������� �
��   

 �	�	�
�4- �!
�"�#$
� $�	5 #	(
� ?� %4���	&�# -	
. 
;
; ,��D" 6J# #'  
Table 2. Mean of squares for the effects of methyl jasmonate on the relative expression of chavicole 

O-methyl transferase and cinnamate 4-hydroxylase genes compared to control treatment in basil c.v. 
Keshkeni luvelou 

���

k� l4��  
Source of variations 

�'��7 ?)#'  
df 

 �
���	�O-�������� �
��  

Chavicol-o-methyl 
transferase 

 �	�	�
�4-�!
�"�#$
�  
Cinnamate-4-
hydroxylase 

:u86   Concentration 1 22.11** 345.30* 

�5+��8)� ��  Main error 4 1.49 3.34 
C���   Time 3 50.11**  226.47* 

C��� × :u86   Concentration × time 3 9.99**  8.36ns 
��*; ���5+�  Minor error 12 1.10 2.98 

(�)��) Z�*���' }�*�  Coefficient of variation (%)  24.67 12.75 
ns �*  
** 0� ��I� s�5J� �&b
 7�� }�'*' ��I� ����  G�F5�� XY, �� ���5  
1 �)�� �� .�+��  

ns, * and ** no significant differences, significant at the 5 and 1 % probadility level, respectively. 

 

 
 

��5 4-  %@KN #' �	�� ��	_�� �*� =
^�	
� ?��	_���  �
���	� �� ,4�� �	
�O - �
��  
) ���������CVOMT%4�� (  �	&�# -	
. 
;
; ,��D" 6J# #' $�	5 #	(
� ?�  


N m��S)��	D� �	��� ,�`� m!�n� '
)� -$��' ,� #�' ($5	�  
Fig. 4. Mean comparison for interaction of time*methyl jasmonate concentration on  

relative expression of chavicole O-methyltransferase (CVOMT) gene compared to control 
 in basil C.V. Keshkeni luvelou (non-identical characters show significant differences)  

  
  

 C%CVOMT C% �� ���   *�D�� N�� �� *�#�� $�2
��    :Du86 �� .�D+��5/0      Z�
&FD,�b RD�5� �K&D� �D8��

7��B G&��&� N�� C�[�� �� *5/�� ���2�   C�[D�� N��*���� �&+

�� [-&8#�� ��,� ��F��+ *��� ���
 $*5/   C�D�� 
 �&+

%    C% 0D8Fb �� *�D�� N�� �� *�#�� $�2CVOMT   0D-
      ��*D` $�D�O&
�B
*B RD��; Z�D��-*' �D��&' *��� $��5
� ��

 ����48 G&DD8E� �� �DDI� :��DD, �DD� ���[DD;� �DD+�B  .�DD���
     0D- :D,� ���� C�D/
 *D1�� C�2��# �� �V85k� Z�I��Y�

C% N�� C���  0.�5
 �� 
 �2:��&��5� C�[�� [5��,  0�&
�i $�2

 :E' �2��O&
�B
*B R��; 08Fb ��'q*�i R��&�  $��DI5� �� 
08Fb v*E�  ��D' ��2  $�D2  �5D���  
 �5D���*�6  *D���' 

�� ��- )1993 Werker et al.,a2 .(  � N�D�_  Z�DI��Y

 



C����F2 
 ���� : G&��
�_ $��
% C��� ���[;�O- Z�����, 
 ��*V�
*' R�5�... 108

 @
� �� ���V5D,� �� �8�` RT-PCR   �D� C�D/
    0D- �D2�
C% N�� C��� ��[;� $&F
 ��
� �T �� �2�� �   ND�� 0- ����

    ��*DF2 �D/��� ��
� �� C�DE�� ^
�,� ���[;� �� ���[;�

 �D�  ) �D+��Gang et al., 2001   *D1�� �D/����S �� .(

 ��,� ��8����, �� C�E�� ���# ��F�'2    �D��� �K&D� �8��
  C% C�D�� C�[�� ���[;�CVOMT    �� �DI� 7&D, �
� ��

     �2�D- C% ND�� C�D�� C�[D�� a.�B �
� �� ��
 �+ ��F�'

) :DD;��2015 Zarei et al.,aDD2 .(  �� ���V5DD,� N�DD�_
0� C�E�� �� C��&5�-     C% C�D�� C�[D�� v*DE� �� C�&��

CVOMT  ��24  
� C�[�� 0� ��F�' G�F�� �� ^B :��,

   �� C% ND�� C�D�� C�[�� 05��� .��� ���[;� �2�+ 0
&F
 *��*�
) :;�� �2�- C��&5�- G�F�� �� ^B a.�B �
�Naderi 

et al., 2014.(       �D8�� �D� ��DF�' *D1�� �D+��[# ��

   $*LD, �� �DI� 0-�5D,�#S ���# �� Z�
&F,�b R�5� �K&� 
 C�+24 ��I� ���[;� 0� *.�� ���F�' e
*+ �� :��,  ���

a�[
S :���I;  RD��; $�2   ) ��D����
&�S N�D
KSPAL 
 (4-

��1�� Z����&- 1(4CL)  ��F�' 0� :��
1/0 �8�� �K&� 

R�5� Z�
&F,�b 
 �+ ��F�'�2 N�F2 ��    
 �D��*# C�D��
0DD�  ���[DD;� �DD��� }DD�'*'30  
 $�DD)��165  $�DD)��

    N�DF2 �� �2�D+ ��DF�' �� 0���g� �� a�[
S 
� N�� :���I;

) �+ C���Rauf fard et al., 2014   :D���I; $�Dg�� .(
 a�[
S 
� N��      $�D�O&
�B
*B RD��; *�D�� C�D+ G�DI; 0
�/


  �D� Z�
&FD,�b R�5� n,&'  .�D+��    D+��[# ND�� HD�T Z�

v*E�   C% C�D�� C�[D�� 05;� ��- 0� $�2    �� *u
��&D� $�D2
C�2��# 0� :��
 �2�+ ���[;� ����  Z�+��[# N�� �� .�
�

 C�DD��24      C% C�DD�� y
� ��DDF�' G�DDF�� �� ^DDB :��DD,

CVOMT       �� Z
�DV' RD��� 0D� UK�DF5�� 0D- :,� ��&�
N�p'
*B .�+�� 05;� ��- 0� v*E� :u86 
 e&
   0D- ���2

�FDD,�B $�DD/6 ��0DD� C�DD2��# ��  :DD���I; �&5LDD,� C�&DD��

��  C��� �� ���-24  ��+ G�I; ��F�' G�F�� �� ^B :��,

G��1�, 0� e
*+ 
 �� �2�      ��&D� ��D�# �� Z
�DV' .�D��-
 �*�� �+�� Z
�V' N�� R�K� �� ��� :,� N�F� [�
 ��F�'

      ���� �� �&DJ \�DJ ���%&D�&�[�; Z��D)&]J ��D�# *2

�� ��# *1�� �+��[# �� .�+�� ��B 08�*� �� �� C�E�� �

                                                           

1- 4-Coumarate Ligase 

   ��D,� ��8�D���, G&8E� �� �2�8#2     ��DF�' �K&D� �D8��
      ��DF�' G�DF�� �� ^DB �
� t�DB 
 0D, �
� ��� 
 �
�*-

0
&F
 0� t��5
 .:;*# 7�.
� $���*�     @
� �D� ��D�S :D,�

Real time PCR  C% C�DDDD�� C�[DDDD�� ��� C�DDDD/


CVOMT    �D�
 0D5;�� ���[;� ��F�' �� �I� 7&, �
� ��
 ��   �2�DD- CS C�DD�� C�[DD�� a.�DDB �
�  :DD;��)Zarei 

et al., 2015(  0D5;�� �� 0-   �� RD)�� $�D2    HD�gE' ND��

    Z�
&FD,�b RD�5� *�iqD' *1�� �+��[# �� .���� :g��Y�
 
 ��1/0     ��D�# �� G&��
�D_ RD�5� C�[�� *� �K&� �8��

a�*�      C�D�� N�D� �� .:D;*# ��*D` �D,�*� ��&� �8#   $�D2

    �D��&' C�[D�� �D,�*� ��&�    C�D�� �� G&��
�D_ RD�5�48 
 :��, ^BG&8E� �� �� �&J y
� 0� �+�B  UK�DF5�� .�,� 

    �D- C% C�D�� ���[D;� HD�*T �� Z�
&F,�b R�5�  ��D��-  $

 a�[
SCVOMT      ��D+ G&��
�D_ RD�5� �D��&' 0� *.��
) :,�Rauf fard et al., 2011   *D��� HD�gE' �� .(

 C% C��� C�[�� [�
CVOMT  ��48  �&J y
� 0� :��,

� �DD� $&DDE
 0DD� t��DD5
 NDD�� N��*��DD�� .:DD,� ���DD,  �DD
�&'
���q' ����- 0� t��5
 $ .�+�� *��� H�gE' �� ���S :,�  

�� �	
� �� �	�
(�	) �
�� �
*+� C4H 

 :DDDu86 HDDD�gE' NDDD�� ��1/0  RDDD�5� �K&DDD� �DDD8��

      C% C�D�� C�[D�� ���[D;� �� �� *�iqD' N�*5D/�� Z�
&F,�b

C4H 0�   &' $�*D� 0YD,�
 a�[
S �� C�&��   Z�D��-*' �D��
 Z�
&F,�b R�5� :u86 ���[;� .:+�� $��O&
�B
*B R��;

��I� �2�- ����  R�+) �+ C% N�� C��� ���5 .(  

 ��F�' G�F�� �� ^B C% N�� C��� C�[��1/0  �K&� �8��
0� 05;�� ���[;� Z�
&F,�b R�5� $�&T  0-48  ^B :��,

G&8E� ��       �2�D+ ��DF�' 0D� :�D�
 C�[D�� N�*5/�� 0� �+�B

� R�+) :;�� �2�- CS �� ^B 
 ��,6.(  :u861/0  

5/0       C% ��D�
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