
  �������	 
���� � 
���
���	 ������ �����                       Crop Biotech.  

 ������ � 	
��� ���������� � 
��� 1391 )62-49(     Vol.2, No. 2, Spring and Summer 2012 

* ����� 	� �!�": $"�%�� &�����'�    E-mail: msohani@guilan.ac.ir  

 �� �����	� �
 ��
 ������ ���	���������� ������
��

(Agrobacterium tumefaciens)  �� ���! � "��# $%�&'� "�����

(�)��� "�
 �� �� �*��� ��+��� ,
�-�
 . /�� ��,
 0+�12 ��3��

 4�� �� ��
 ��+��� ���	���������In planta �- �����	� . $5�	� /�� 


,
 ��
 ��6
 �6
 ���7��� 8���� 9 	 :;	 � ���- ������< ��� �� =��

���� ��>� ��
 ?@�
 /��> ,�$ ,���> ,�@�� AB�� �� ,
 ,�CD� ���	 �
 ���

 (�&E��8<� ������
�� F�)&� � ��� �- .��	 �� �
 0�����, 

� ������
��)EHA105  �LBA4404 ( �� 	I2 "��B

pCAMBIAl105.1R ��J���	��	� 93&D ,	 $)Mµ200 $100  �0( ,	 $

 ��
 8!�)N�D � ���B $� -�+ (,
 ����� ���
 � ����� 4�� �� �

�O��P� QI��� RS N@�! �� � A������O =��T  ���� ,	 ���- ��U�� .

������ 9O�
 9���)� ����� �� �����	� �
 ���	��������� ,
 ��
 "�+

����  ���� �- 9O�
 ����� $/������J��+ V����
GUS  0���� �PCR  �


�- �	�
 W&�X� �� ,	 A!��B.  ,��	 $9��7� ��EHA105  8!� ��

��YB �
 $� -�+ Mµ100  /��Z�
 ����� �� �����	� �
 �� + ��J��	��	�

 ������ ���	���������)46/37 (%����� ��C� �� .:��� "�����2 A�� �� ��

/�� ,
 � �	�
 �a
  ��3��60  A�� �� ����T1 ���-� 9�� ,	 �� �����	� �
  ��-

���	��������� � ����� ���
21 %�� �- ���b� �+.  

 

��������	 ���: Agrobacterium tumefaciens $ $��J��	��	�

��  "�+"�� �
 $��  Oryza sativa L. var. indica  

 

 

 

Agrobacterium-mediated transformation technique is a 

powerful and essential tool for genetic transformation and 

transgenic plant production such as transgenic rice. In this 

study, an in planta transformation method was used for rice 

plants transformation. First, rice seeds were soaked for two 

days and the mature rice embryos were inoculated by means of 

an Agrobacterium coated needle. An experiment with factorial 

design including two strains of Agrobacterium tumefaciens 

(EHA105 and LBA4404) harboring pCAMBIAl105.1R, three 

levels of acetosyringone (0, 100 and 200 µM), three cultivars 

of rice (Hashemi, Hasani and Gharib) and two treatments of 

vacuumed and non-vacuumed operations was carried out in a 

Completely Randomized Design with three replications. 

Integration of the transgene into the genome of putative 

transgenic rice plants were confirmed using resistance of leaf 

tissues to Hygromycin, the histiochemical GUS assay and 

PCR with at least three different genes. The results obtained 

revealed that EHA105 strain and Hashemi cultivar, in presence 

of 100 µM acetosyringone in a vir genes induction medium 

and by using vacuum had the highest transformation efficiency 

of 37.46%. The stability of transformation was further 

analysed in T1 generation, with 21% of genotypes confirmed 

transgenic. 
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 &8�9��Agrobacterium tumefaciens � .4

 &:9�; � $< � �86 =4�"4-�4 . �$?5@A B!48� 
�

C;.	��DE &48� 4
 $"�F� �	�56 &�% �5�� &.��

$�  .4 $���G ��H�"4 �� &8�9�� � �  9DNA 

 ��; �5��I1)T-DNA (*� 8, � �	�56 ��"J *� 

	��DE $� E ����� . �	�56 8� 	�I3 &8�9�� K!4

	�". ��+� 8% *� L�@!8H� 4
 J ��H�"4 -5+��G .4 &4

!
�9�81 *+�MN�N�!
�9�! � �% �
4� �%(Danilova. 

2007; Tzfira. 2004) .  

 �� �5���
�<�"48�E O�
 P! ��!8�9���86

 ��H�"4 &48� $'5M8�J .4 $?5�� * �4� *� �%

*"�6 $� Q"8� *+�M .4 $34
. �%�56 &�%���� .

 �� �5���
�<�"48�E*� ��!8�9���86-�� R5D�  &
�9

 �S�� ���"4
 ���ET"48� C9 *U�" �4�?� 
� J

 -�4 $�.
4�� O�
 C9 * !:% � ��:5� ��"J
(Gelvin. 2006; Gould. 1996; Hiei et al. 

1997).  

P5 F� .4 $F! 8V�W ��W 
� Q!4
 &�%

*� NIX �5���
�<�"48� .4 	��<��4 Q"8� Y�Z;

EP5 F� *!�1 8� ��!8�9���86-/9 &�%  -�4 -7��

)Hiei et al. 2008 .(�4$+3 �� -78/51 CX
 &�%

-/9 C��5� 
� 85;4  �5D�� [%�9 Y�Z; 
� -7��

P� \�U�"4 � ]�% �8�5� �%�56 ��+� &�%

�
�<�"48� E $!4..�� � 	�� =�G� �� R��9 	�56 *� �%

-�4 	48�% ��"�+9���� =� � &S��. P5 F� &�%

-/9 *� -7��$14 N485^_� R5D� $@598��" � $F5�"J

8� $��.���89 ��+� K!4 =�G� `@� ��:5� &�%

$� 	�!�1 ���(Finnegan et al. 2000; Mohan. 

2001) .*�  &�4�?� [!��.E P! 
� ���a� 4� 3

-/9 P5 F� .4 	��<��4 �� Q"8� b5��"J � -7��*  -��

 .4 [5� *9 ��E200 E &��  ��"�+9���� =� � &4
4� �%

 �"���(An et al. 2005). �
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*78d $� $!�M ���(Rashid et al. 1996; 

Supartana et al. 2005; Supartana et al. 

2006). �%�56 &48� O�
 K!4 * 5�. 
� *9 $"

-/9 .�� � -7�� � ��% -U�8� $!4.) 	�56 � "��
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�5�� O�
 K!:c!�M �"4��
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 Q"8�(Supartana et al. 2005; Lin et al. 

2009)�  N
e(Chumakov et al. 2006) �� 6 �

(Supartana et al. 2006) 	�5� �� 6 �(Bratic 

et al. 2007) -�4 	�� O
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1. Virulence gene (vir gene) 
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(Hood et al. 1993)  �LBA4404 

(Hoekemaet al. 1983)  $%�56 �5��I1 R��W

pCAMBIA1105.IR )�5@��91 �� ��5D48��4 �48@"�9 �
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-7��-U!
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�o �
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$�"EP5��5�&�% K5�!���8c!4 3
(Hyg)� 

K5�5��F"�4 )Van (K5�5r��<!
 �5 (Rif)  �4�� �

$!�5�5� 5-bromo-4-chloro-3-indolyl b-D-

glucuronide (X-Gluc)  �4'-Hydroxy-3',5'-

dimethoxyacetophenone )��c !85����4AS (

��c5� -98� .46K5�!��� 5�Fr�4 �7 (Spec)  �

C5�9���<�8 )Cef (U1�
4� -98� .4 � *5�� [

�"�� &
4�!8;.  *5�� &48� .�5" �
�� $!�5�5� �4��

B5'� -98� .4 4�5��! ��+'� � &8�9�� -/9 &�%

v8�9 �"�� &
4�!8;.  
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 8gH� \E �� 
�� *� -!��" 
� � $"�<3�V *H5G�

                                                                     
1. Cambia 

2. Chalcone synthases 

3. Hygromycin 

4. Vancomycin 

5. Rifampicin 

6. Sigma  

7. Spectinomycin 

8. Cefotaxime 

9. Merck 
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�
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48G &8�1 f8z �
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E 
�5�;4 
� $7�9 -��A
  *"4�M �� -786 
48G �%

 � � ":�*/!
 ��
 .4 Rd�W &�5<�E 
� *q  8%�z �%

��� .  

*!��8� &8�9�� &�% O�
 {��4Gelvin 

(2006) *� B5'� *� 
� � *+W8� *� $A  N
�d

�"�� 	�4� -/9 *"�64�M . $"�+9 P! �{��4 K!4 8�

|!�� -/9 B5'� 
� � 4�M ���M -/9 .4 LB 

)g/L10  ���r1g/L10 �8�U� 	
�Z3 g/L5 NaCl �

7pH= ($�"E �� 	48�%P5��5� K5�5r��<!
 &�%

)µg/ml100 ( K5�!��� 5�Fr�4 �)µg/ml100(  
�

 &���28 $�"�� *M
� �� �486rpm250 *�  N��16 

-3�� -/9 
�����F"4 8F5� R;4� 
� �"�� 	�4� .

 
4�H�ml5/0 &8�9�� .4��
 &�% ��4 *+W8� 
� *�7�!

*� ml50  -/9 B5'� .4AB )ml50  87��

20XAB� ml 50  P�" ��+'�20XAB .
�9�� � 

5/0 % R9 C,W 
�1 8�5D(  ��% �� 	48�%

$�"E P5��5� �% &��� 
� � �� *7�V428  *M
�

$�"�� � �486rpm250 *�  N��16  -/9 -3��

 �� �"��OD600  ���W *� &8�9��1-8/0 ��8�. 

 Tr� -/9 B5'�AB  
�rpm 3000 *�  N��5 

5G� B5'� � J�5<!8�"�� *HLI��9 -/9 �� s
�; .

 P�"20XAB  R���gr/L NH4Cl20� 

7H2OMgSO4 gr/L6 �gr/L KCl3� gr/L2 

CaCl2  �FeSO47H2Omg50 $� 87�� � ����

20XAB R��� gr/L60 K2HPO4  �gr/L 

NaH2PO4 20  *9 -�4�I9��4 .4 R@G �pH  E

 &�
7 $� C5o � ��� .*� J j�HD4 
�o �  &�%

&
��5�  
� 4.E ���!8�9���86\��
 &8�9��  .4 	�� 	�4�

+W8�* 
� R@G ml100  $!�HD4 -/9 B5'� .4) P�"

XAB 1 N�<�7 87�� �mM2 
� 6/5=pH� mM 

50 2-(4-morpholino)-ethansulfunic acid 

(MES) :9�+6 �5/0% (� RW  P5D� 7 `598�
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-o+X 
� �c !8����4 $!��" &�%Mµ 200� Mµ 

100  �Mµ0  *7�V4 $!�HD4 -/9 B5'� �
� 
�

�� .&8�9��*� �%  N��24 -14 -3�� &��� 
� �25 

$�"�� *M
� � �486rpm 50 �"�� -/9.  

 �� 
�w� k5H+� -�ME *� .�� P! .4 ���!8�9���86

 8gG5/0 $+5� �� 	��<��4 8�� .K!4 *�  *5W�" 
�o �

*"4�M 
w� $ 5 M  .4 P! 8% *� *�/XE .�� �� 	�.

*!��% &�E$+5� P! ���W ~�3 �� ��!8�9���86  &8��

�� �4
�� .k5H+� 
�w� .4 $�5" Tr�  �4�9 8% �� 	��

!�� �� .4* E*� ���!8�9���86  B!48� -'� *"�64�M 
�A

��59� 	�c��� .4 	��<��4 �� �l; (Eppendorf, 

Concentrator plus)  ��. �� � B5'� &��� 
�

O�M  -/9 B5'� �
� ��+'� ��E 
48G $!�HD4

� �786 .k5H+� 
�w�  &��� �� ��
 PG��4 
� 	��23 

$�"�� *M
� *� �$F!
�� B!48� 
� ��486  N��9  .�


*c" *� N�� K!4 .4 �?� � � ":� *"4�M �� &
4�   
�o �

�� &8�9�� fwW $�"E C5�9���<� P5��5�

)mg/L1000 (K5�!���F"� �   )mg/L1000(*�  N��

 �"�� 
��5� -3�� P!(Bechtold et al. 1993).  

*]%�56 B5'� 
� -/F�E B!48� 
� Rd�W &�%

*!w��4�5��! &41  ]mM4/1NH4NO3� mM23/0 

NaH2PO4� mM51/0 K2SO4� mM1 CaCl2� 

mM7/1 MgSO4 �mM12 MnCl2� mM075/0 

(NH4)6Mo7O24� mM19 H3BO� mM15/0 

ZnSO4� mM15/0 CuSO4� mM36 FeCl3 � 
mM78 �5�4P!8�5�(Yoshida et al. 1971) [ 

�"�� -/9 . -o+X �� *9 
�9w� -/9 B5'�800 

$� 8�48� 
� ����5pH= P! .�
 �� 8% � C5o �  
��

�� �!�?� �%�56 $!4wX ��+'� . -!�H� .4 T1

*/!
 C��5�*]%�56 ��% *� -!��" 
� � 4�+6 �
4� �%

� �7�! ��H�"4 *"�U+6 .  

                                                                     
1. Yoshida 

 -�$�PCR  

 s48U��4DNA 4�M .4 *]%�56 m8� K!8� �� �%

 O�
CTAB 855�� �� ��,"4 *�7�!(Clarke. 

2009) .$D4��  [U� 
� ��M�� &�%T-DNA  
��9�

86.�XE R��� CaMV35S 
��� 5�8� �nos J �

GUS-PlusJ � *� -���H� &�%Hyg  �Spec �

�
�<�"48� �%�56 :5D�"E -�M	��� �� 	��<��4 .

$D4�� 8�!481 �<��4 �� 
�9w� &�%�8" .4 	�  
4:74

Primer3 )(http://frodo.wi.mit.edu  $W48A

 ��) ���M1 .([ 94� &�% PCR  R���1 �8F5�8�5D 

DNA  $�/68� � $�7
 &�%86.�XE ��cD4

)pmoles10 ( �4�9 8%1  �8�5D�8F5�1 �8F5� 8�5D

dNTPs )mM10( �5/1 �8F5�8�5D MgCl₂ 

)mM50( �10X buffer  �3/0 �8F5� 8�5D

polymeraseTaq  $!��" C,W 
�25 �8F5� 8�5D

 ��Z'� � 	��<��4PCR  .
�6E �J &�
1 % $�
8�

��.  

.)� �/ "��0* 
%��	�� ��"% �1��+

	� �)��$����#%  

 $!�5�5����5% [!��.EGUS *"��" &48� &�%

�
�<�"48�  �� ��,"4 K�8<M O�
 �� 	��

)Jefferson. 1987 .( C!:"E 85^_�GUS  &�


&48�����  ���8�)X-gluc (�
�487 R!�@� `@�	 

*"��" 
� $�E n"
 *� [ 94�$� -U!
48� &�% ��� .

n"
 ��+'� 
� $68� N�?gG 4���4 {��4 K!4 8�  $%�

)mg/ml5/0X-Gluc,  ( &��� 
�37  *M
�

$�"�� *� �486  N��16  ��+'� R;4� Tr� � -3��

-5@a�  	�  9)R"��4 50% �5%�D��87 �10% P5��4�5�4 �

10% (*� ���4 &��� 
�  N��10  	�� 	�4� 
48G *H5G�

+'� fwW .4 �?� � R"��4 
� ��7 ��70 %*c"  &
4�

��. *"��" -!��"
�J 8%�o� &48� �%   .4�5"�
�9�+6���

�"�� $�
8� ��F��8F5� 8!. $�E n"
 
��z �.  

  

  



   &:�
 8Z"4
�F�% �:  pD�� K5 M ��E � 
4�!�1 �5���
�<�"48�Q"8� ...  53  

���% ���2� ���	+
#)+ �% 3"% ��� 4�*��%

5�����"6���  

 ��.E K!4 
� ���W ��A *� $68� N�?gG 4���42 
$�"�� &��W ��+'� �
� � 	�� 4�M 	�56 8% .4 8��

6-benzylaminopurine (BAP) -o+X ��  

mg/L 1/0  �Hyg  -o+X ��mg/L 50 *A�X 
�
�"�� .*"��"�% *�  N��7  &��� 
� .�
25  *M
�

$�"�� B!48� 
� � �48616 *c" $!� ��
 -3��  &
4�
�"�� .E K!4 
� �
�<�"48�85X �%�56 �%�� [!��.
	����"4 .8�*"��" ��.E K!4 {��4 �%�56 $68� &�%

*"��" � �<W 4
 ��; :@� n"
 -U!
48� �%�� &�%
 -�4� � %4�; .�8F" .4 $��I3 � n"
 �
.(Wang 

and Waterhouse. 1997).  

&��� ����+ 7��8*  ��1�*��  

!�� �� �� [!��.E* E ��!8�9���86)EHA105  �
LBA4404 (�5��I1 &��W pCAMBIAl 

105.1R-o+X *� � AS )Mµ 200 �100 �0( *� �
 Q"8� CG
)`!8X � $ �W �$���% ( O�
 �� �

��� � ��59� *� ��59�  `D�G 
� � R!
��9�7 N
�d
 $7��Z� LI��9 �8A R��� 
48F� 8% � 
48F� *� 
�5 

��,"4 
w� 	�4� �" .4 	��<��4 �� [!��.E &�% *U�9 
�8"  
4:74SAS �"�� :5D�"E . .4 	��<��4 �� �%
4���" ����

 *��"8�Excel (2010) �"�� C�
 .  
  

9-� � ���$�  

 � :5D�"E -�M�_T"48� �5!P5"J *"��" ��� &�%

 $%�56) R�" 
�T0  �T1 ( 	�4� �8� O�
 *� 4���4

O�
 � �4�� [U� 
� 	�� �%�  -��HYG  &�


*"��"�� ��,"4 �% . K!4486 -@�" *� [!��.E�  ��4

 -38� � $"��E 	��3 -!:�$� E ���� . E .4 T1

85X �%�56 -�� -�M *5H� � fwW �
�<�"48�

 $!�5�5����5%GUS �"�� ��.E . �?� *+W8� 
�

 ��.E �� 8% *,5�" *9 $"�%�56 BH7HYG  �GUS 

E -�4 	��� -@a� �%�  � �"�� $H+� *�U!
48�

��.E  &�%PCR E &�
 �� ��,"4 �% . [ 94�

PCR  J &48�Spec � *"��" &48� -@a� &�%

$G�� 	��� �"�� �G�7 *9 $34�"4 �� � � �� ��,"4 	�"��  �"4

 .4 
�9 *�4�4 -�M �	�� $H+� $!�!8�9�� $6��DE �G�7

E �� 	��<��4 �% . -�� *�4�4 
�PCR  
��q &48�

$G�� J  	�"��)���M1 ( -'d �� �� ��,"4

��.E &�% � $+@G_��� �5! .  

8�$W48A &�%8�!481 {��4  	��) ���M1 ( 85aF�

 
��� 5�8�nos *� *?gG P!  ��Abp170 ) RF�1 �

A( J �GUS-Plus *� *?gG P!  ��Abp445 

) RF�1 �B( P! K5����8c!�% *� -���H� J �

*� *?gG  ��Abp480 ) RF�1 �C ( 
����81 �

CaMV35S *� *?gG P!  ��Abp450 ) RF�1 �

D ($� �5D�� 4
 � 9.  

E .4 *9 �M  *� -���H� JSpec 5W�" .4 s
�;* 

T-DNA  �%�56 
� ��7 J ��
4� 
48G $D�H�"4

�
�<�"48� $�" 85aF� $?G4� 	����� . 85aF� $�
8�

$� P�9 J K!4�4� �5U/� 4��� *9 � 9 

 .4 Rd�W &�%�"��PCR  �
��9� i+�U� N�?gG

$6��DE .4 Rd�W$!�!8�9�� &�% *]%�56 -�5" �%

) RF�1 �E .( R��9 fwW ����W4 [!��.E K!4 
�

 &8�9��E*� �5���
�<�"48� .4 �?� ��!8�9���86  ~!8A

�� $�
8� :5" 8c!� .*]%�56 
��5� .4 T1 �� �%

$�"E P5��5� &�%Cef  �Van .4 $68� N�?gG �

 �%�56T0  
� � *5��1 $+5�  
� R!8��4 \E 8�5D

\�5� R;4� &�%5/1 $+5� ��� \�5�E &8�5Dl µ100 

 B5'� &��W &8�1 f�8z &�
 8� ��7 ��+'� .4

 -/9LB $�"E �  P5��5�Spec *�  .�
 *� N��

�"�� -/9 .��3 �/" $"�+9 R5F/�  fwW 	� %�

 R��9E-7�� .4 ��!8�9���86 k5H+� $%�56 &�%  	��

-�4 	��� .Q!��"  Q!��" �� Rd�WPCR  � �� *�!�H�

 ���� 
� L�@!8H� �%�56 .4 -5+1 &�
 $"�+9 �5% �
4��

�/" R5F/� �"�� �G�7  �4� �/" *9PCR  &48�

$� -!�<9 $��!.
4� 9 . &48� BH7 ��.E K!4 4wD30 

 �� ��,"4 *]%�56 Q!��" �
4�� 8!�� 
� �PCR 

-786 
48G N���G vI�.  Q!��"PCR  .4 	��<��4 ��

�� $�
8� .
�6E �J .*� *78d 
�o � ��7 
� $!�M
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 [ 94� BH7PCR10 .4 ��3 *]%�56 &�% �
�<�"48�


�  *!�� 
��5�EHA105�  -o+X 
�Mµ100 

$���% CG
 ��59� ���34 �� �c !8����4  	�4� �/"

[ 94� � -�4 	�� &�%PCR 
��5� 8!�� �/" �%

�/" 	�4��" .*"��" -!��" 
� �
�� &�%�"�� *9 $!�%

4
 8o" 	�89 85aF� ��"4PCR � -@a� *� 	�56 4� 3 

�"�� $H+� -U!
48�.  

 ��.EGUS *"��" .4 � �� ��,"4 $68� &�%

-7���5� &48� ��F��8F5� 8!. $68� &�%  J

�"�� $�
8� .4�5"�
�9�+6��� . 
� $�E n"
 
��z

*"��"E �5���
�<�"48� -'d 	�  9�5!_� �%  	��� �%

 -�4) RF�2.(  
  

 ���M1- 86.�XE $D4��Q"8� 	�56 �5���
�<�"48� $�
8� -�M 	��<��4 �
�� &�%  
Tm (°C)   ��Z'� ��APCR  )bp(  $D4�� 86.�XE 

58.8 
450  

5’-AAC TCG CCG TGA AGA CTG G-3′ For-CaMV35s 

56.7 5’-GTC TTG CGA AGG ATA GTG G-3′ Rev-CaMV35s 

63.7 
445  

5’-CCG TCC CAA GCA GTT ACA A-3′ For-GUS 

64  5’-GGT CAC AAC CGA GAT GTC C-3′ Rev-GUS 

64 
170 

5’-GAA TCC TGT TGC CGG TCT T-3′ For-nos 

63.1 5’-TTG CGC GCT ATA TTT TGT T-3′ Rev-nos 

63.7 
480 

5’-GAT GTT GGC GAC CTC GTA T-3′ For-Hyg 

63.9 5’-GTG CTT GAC ATT GGG GAG T-3′ Rev-Hyg 

63.7 
373 

5’-ATT TGC CGA CTA CCT TGG T-3′ For-Spec 

63.9 5’-GAA CAT AGC GTT GCC TTG G-3′ Rev-Spec 

  

  
  

 RF�1-  [ 94�PCR *]%�56 &�%�
�<�"48� 
� 	��  *!�� 
��5�EHA105  -o+X 
�Mµ100  ���34 �� �c !8����4

 R�" 
� $���% CG
 ��59�T0 .*� *78d 
�o �[ 94� ��7 
� $!�M &�%PCR 	�/" 	�4� �/" �%
��5� 8!�� ��"4A(  85aF�

 �"��bp170  
��� 5�8� .4nos �B(  �"�� 85aF�bp445  J .4GUS-Plus �C ( �"�� 85aF�bp480  *� -���H� J .4

K5�!���8c!�%� D( �"�� 85aF� bp450 
����81 .4 CaMV35S  �E( ��3  �"�� 85aF�bp373  *� -���H� J .4

K5�!��� 5�Fr�4 .M( 	
��� � 89
��*"��" *� ���8� �%$� ��.E �
�� $%�56 &�%� ���.  

bp170  

bp480  

bp445  

bp450  
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 	��(A)  �%�� *"��" �(B)  

 *9 -�4� -�M_T"48� �5!P5"J  ���

$%  -�� 4���4HYG *"��" &�
 �%

85X �%-�M *5H� � fwW �
�<�"48� 

 $!�5�5�GUS �"�� ��.E.  [ 94�

*"��$G�� -@a� &�% �� ��,"4 	�"�� . 
�

�
�� �"�� 85aF� �� &� �
�<�"48� 8o"

 ��g� R�AS  $!4
�9 8� &8�9�� �

 ��.E *� .4 	��<��4 �� PCR {�6 �

 *9 �"�4� !��* EHA105  -o+X 
�

AS  &4
4�8�/5� ���?� $!4
�9 K!

 -o+X �� `5�8� *� E .4 �µM200  �

AS *�  $!4
�9 &4
4� `5�8�84/28 % �

 *!��LBA4404  -o+X 
�µM100 

 ���?� $!4
�9 K!05/31 % Tr� �

20  �µM 0  .4AS *� �8� $!4
�9 `5

/1 % �"�4� �/" 4
) RF�4.(  

 ��g� R��AS  $!4
�9 8� CG
 �

 	48�% $���% CG
 *9 �"�4� �/" 

100  .4AS  $!4
�9 ��51/40 % -@�"

 `!)24/38 (% $ �W �)01/37 (% 
�

AS  *9 -�4 *��4� &8�S�� $!4
�9 K!4

4 kg� 
� &
��E  %$ ?� ��� 
4�

 ��g� RAS  $!4
�9 8� ��59� �

  *9 �4� �/"8�/5� $!4
�9 K!

 -o+X 
� µM100  .4AS  �� 	48�%

A

  &:�
 8Z"4
�F�% �:  pD�� K5 M ��E � 
4�!�1 �5���
�<�"48�

$�E n"
 
��z �� .4�5"�
�9�+6��� J �5� �
�<�"48� *"��" 
�  	��

-7�� - *� Q"8� m8� &�%

�� ��,"4 . -�w6 .4 �?�7  .�


X � {��W 85 �
. �
�<�"48�

E 
� .�8F" �� 8%�z �% . N�?gG

�
�< ���3 	�� $G�� n"
 :@� L�

N�� �
�<�"48� � ���H� $68 �%

 4
 ��; :@� n"
 � ]�% [!��.

.(  

  

  
$�"E *� Q"8� m8� -7�� -� P5��5�

[!��.E =�8� .4 T1  .A(  *"��"

 � �
. n"
 
��z �� 	48�% �
�<�"48

  m8� N�?gG 
� :@� n"
 �<W

	��. 

9 -�4 89e R��G

*"��"$%�56 &�%

�� ��,"4 .5X �%�56

$!�5�5����5% -��

PCR *"��" &48�

*"��" -!��" �� &�%

�"�� $H+�.  

g� R��H�� N48^4

��4 �� �5���
�<�"48�

 �Hyg 9 �"�4� �/"

µM100  .4AS

91/40 %� E .4 �?� �

µM 0  .4AS

1/3 %� ��% . *!��

 .4AS 8�/5�4
�9 K!

 8!��H�µM200

45/24 % �99/

� R��H�� N48^4

�/" �5���
�<�"48�

 -o+X ��µM100

 `!8X CG
 �� *�

 -o+X ��%AS

&
��E 8o" .4 
4�H�

)RF�5.(  

�g� R��H�� 8^4

 �5���
�<�"48�

+X 
� �5���
�<�"48�

A

 

 RF�2- J �5�

  

-7�� -���H� ��.E

$�"E  P5��5�Hyg � ��,"4

��W �%�56 m8� N�?gG

� .�8F" C�I3 � 	�� n"


�
�<�"48� �%�56 $68�

�"�"�� .-7���H� $68� &�%

 [!��.E �!�1 .4 T1 $�W

 �"�89 �<W) RF�3.(

  

  

  

 RF�3- 7�� -���H� ��.E

 K5�!���8c!�%7 .4 T1 .�


�
�<�"48�85X �%�56 � �%��

*FD �	.�8F" &�%B (

*"��"�
�<�"48� &�% 	��
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 ���34 ��59�76/36%
� �$D�W  ��59� 4�H7 
� *9

$!4
�9 37/29 %-�4 	��� . -o+X 
�µM200  .4

AS ��59� �� 	48�% $!4
�999/20 % E ��� �

03/18 %-�4 	��� . $!4
�9 �5���
�<�"48� 
�

 4�H7AS  ��59� �� 	48�%3 %��� �  ��59�3/1 %

 -�4 	���) RF�6(.  

k5H+� i+�U� ��G
4 $�
8�  �� 	��E ��!8�9���86

$!4
�9 �d
� *9 �4� �/"  CG
 �5���
�<�"48�

 $���%)7/45 (% `!8X ��G
4 
� E 
4�H� *� -@�"

)8/39 (% $ �W �)8/30 (%*� $ ?� 
�A &
4�8�/5� 

-�4 . &8�9�� R��H�� 8^4 *F !4 K�V ×$ ?� CG
 
4�

-�4 	��@" .*!4
E:!
 [!��.E P! 
� &�
 �%

��+� �5�"�r���J .4 &�4�?� �9�@ � &�% &�%

�8� B@ ��  =�7�  $%�56   �  C5�H� �!   ��
 $D�+�

  

  
 RF�4- �5���
�<�"48� $!4
�9 �d
� 8� �c !8����4 � &8�9�� R��H�� 8^4 K5c"�5� *�!�H�  

  

  

  
RF� 5- �5���
�<�"48� $!4
�9 �d
� 8� �c !8����4 � CG
 R��H�� 8^4 K5c"�5� *�!�H�  

  

  

 
 RF�6-  R��H�� 8^4 K5c"�5� *�!�H��5���
�<�"48� $!4
�9 �d
� 8� ��59� � �c !8����4  

  

  

  

  

  

3.1

40.91

28.84
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31.05

24.45
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�
��
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��
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)�"
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 9
��

 ��6��"��#�� �0�:)µM(

EHA105 LBA4404
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40.51
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36.12
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 9
��

;)"% ,�<��

�c !8����4100 �c !8����4200 �c !8����40

3

36.76

20.99

1.3

29.37

18.03
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�
��
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��

��
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 9
��

 ��6��"��#�� �0�:)µM(

��59�+ ��59�-
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 	�56 �5���
�<�"48� *5D�4 RW48� 
� *9 �� $!��� �

 ��E*� ��!8�9���86  �"��� 	�� �5� $G48�74 
�A

(Veena et al. 2003) .[, � $6��DE &�%

��+�  �� �%E &�%�40" ��!8�9���86"��H�"4 �?���" 

) ��H�"4 $!�"4�� &4
4�T-DNA K5���81 � &�%vir ( �

"��H�"4 �H"" ) &�%�5��I1 �G�7Ti  
� 4���" �

 ��H�"4T-DNA( ��+� *9 �4� �/" $%�56 &�%

 .4 T16 ���1 -3�� ��?785X *� 8, � � 	�4�  ��

J&
��5� �� B@�8� &�% �!�86 $!4. . `D�M 
� �*F !4

 8�8!� RW48�)36-24 -3�� ( �� &�%�40" �� k5H+� .4

"��H�"4 �H"" J*� 
�9w� &�% $ ?� 
�A &
4�

	�� ��?7� 
�D�W$ ��+� *9 &�%�40" �� *9 $!�%

"��H�"4 �?���"  \�98� � ]�% ���� 	�� k5H+�

 �"��(Veena et al. 2003) .J \�98� &�%

&�%�40" �� $6��DE $A 
� $3�7�  i+�U�" �?���

��H�"4"  *9 �� 	�%�/� :5" N�/!��.E 8!�� 
�

[ 94� ~7�� �5���
�<�"48� P! 
� $3�7� &�%

$� \�98���� (Ditt et al. 2005) . [!��.E 
�

 �8V�W*!�� .4 �4�9 8% $!4
�9 &4
4� &8�9�� &�%

��?7 
� 85;_� �! � \�98� 
� ��F! J �� &�%

&
��5�  
� $!4.$���% CG
 	����"4 . \�98� 4:5�

J&
��5� &�% LS���W4 $���% CG
 
� $!4.8�/5�  .4

E �5� 4:5� � 	��� 8c!� CG
 �� *� �% $ ?� 
�A
4� 

-�4 *�7�! [%�9 .��?7 
� 85;_� �8c!� ����W4  ��

J K!4 
� $���% CG
 
� �% 8c!� CG
 �� �� *�!�H�

�-�4 	��� 	8�� *� ~7�� &8�9�� 4wD 8� .4 8��� &
4�

-�4 	�� CG
 K!4 
� ��:5� ��+� K5���  .  

 *!�� �� 8%EHA105  �LBA4404  
�

[!��.E � �%�56 *!�� i+�U� &�% `�� � &�%

48�	�� $78?� NIX �5���
�<�"48� & �"4

(Hellens et al. 2000) .��4  
� � [!��.E K!4 
�

 $!4
�9 	��<��4 �
�� CG
 *� �� ��@�
4

�
�<�"48� *!�� �5��EHA105 *� $ ?� 
�A &
4�

 *!�� .4 8�S��LBA4404 -�4 	��� .*!�� & 

EHA105 *� J K��4� R5D�&
��5� $7�V4 &�%  4.

!�� *� -@�"* LBA4404&
��5� ��7 �  �4� �� 4.* 

$� |5�� $"��:5����� . .4 `+X4 �5���
�<�"48� 
�

*!��&
��5� N
�G �� &�%  ��
 -38� � S�� 4. |!8�

$� 	��<��4 ���(Veluthambi et al. 2003).  

.4 	��<��4 �� �5���
�<�"48� E � �.�5" ��!8�9���86

��?7 J �� &�%vir -�4 .J K!4 4
 �%

�� c5�  j�HD4 P5D� 7 N�@598� 85o" $!�5�5� &�%

$�*� *9 �  9  :� � C;. �F� 
� $?5@A 
�A

$�  �"��(Peng et al. 1998) .J j�HD4 &�%

&
��5� 4.  B!48� 
�in vitro  .4 ��:74 ~!8A

$� ��,"4 86�HD4 $!�5�5� N�@598� *� 8, � *9 ���

!487 O8��6 �%�56 *� �5���
�<�"48� � 

85X *� {��WE$� ��!8�9���86 ���(McCullen 

and Binns. 2006) . $!�5�5� `598� .4 	��<��4

 85o" 86�HD4AS J &�HD4 &48� &�%&
��5�  
� 4.

R�?D4
���� .4 &
�5�� &48� 	��<��4 �
�� &�%

 -�4 	�� *5d�� NIX �5���
�<�"48�(Rashid 

et al. 2010; Zhao et al. 2001) . N�@598� *q864

RFD4 R!8<5 9 � "�� $<+�U� 86�HD41K!8<5 9 �2  R5�4 �

-5D�!873 $D� �"
4� ��M� :5" AS  48!. �
4� -5'M
4

-o+X 
�9 &�% C8^h�  N�@598� *5H� *� -@�" �-�4

j�HD4 -5d�; 86�HD4  $6�  98�/5� 8o" .4 �*��4� &

 -�5G &4
4� � {8��� 
� &
�,�8��9-�4 & 

(Dye et al. 1997; Gelvin. 2006).  

J j�HD4&
��5� *5W�" &�%  &�5�4 B!48� -'� 4.

) ���W5/5pH= ($� �
 LS��?� *9 ��%�pH  f48A4

 
� $�9 
�5�� j�HD4 � -�4 8<��:!
pH  ��<�4 $a ;

$���74 .B5'� .4 	��<��4 &4
4� *9 $ X -/9 &�%

5/7=pH  C5o � $�W � 	��� 	�@��4 j�HD4 &48� -�4 

pH E  :5" �%8^h�  -�5"(Liu et al. 1993; 

Fierer and Jackson. 2006) . 
� �{��4 K!4 8�

 -/9 B5'� .4 [!��.E K!4"�WRG4"  B!48� -'�

                                                                     
1. Coniferyl alcohol 

2. Coniferin 

3. Ethyl ferulate 
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�� 	��<��4 &�5�4 . *9 -�4 	�� -��^AS  
� :5"

 &�5�4 * �4�5/5 -5  K!4 j�HD4 
� 85^_� K!8�S�� &4
4�

J  -�4 �%(Yuan et al. 2007) . &��� $78A .4

J j�HD4 * 5��  &�%vir 4:5� *� ºC25  *9 -�4

K5!�1 L����3  * 5�� $/!�
 ��
 &48� E 
4�H� .4 8�

E8�9���86 ��!)ºC28 ( -�4(Alt-Moerbe et al. 

1988).  
� -/9 B5'� .4 8V�W RF��81½ MS 

M
� �� 	��<��4 ��D�9� !4 *5�� -�$D�W  $;8� 
� *9

$� ��� /51 \E N�/!��.E .4 ���.  

-o+X .4 [%�01 K!4 
�i+�U� &�% AS 

�� 	��<��4 .�/" Q!��"� %�	 8�/5� $!4
�9 K!

 -o+X &48� �5���
�<�"48�µM100  .4As ��� .

 -o+XµM200 4
4�-!��" 
� � B���� $!4
�9 & 

C9 kg� *� ���8� �5���
�<�"48� $!4
�9 K!8�

 .4 	��<��4 ��� AS���.  -o+XµM100 AS 

*�  -o+X 4� 38^h� J j�HD4 8�&
��5� &�% -�4 4. 

(Anand et al. 2008) .*� �5���
�<�"48� 
�o �

 �F!� !4 b5� Q"8� ��G
4 B!48� 
�in vitro *!�� �

EHA105 -o+X � µM100  .4AS B!48� P! �

 -�4 	�� $78?� �5���
�<�"48� 
� * 5��(Hiei et 

al. 2006; Hiei et al. 2008; Kumar et al. 

2005) .  

8� .4 	��<��4 [%�01 K!4 .4 Rd�W Q!��" {��4

*� ��59�  N��3-2  �
�w� k5H+� ��,"4 .4 T1 *H5G�

 *� 8, � *9 �� �5���
�<�"48� $!4
�9 [!4:74

 R;4� *� &8�9�� ��
� ���"4
 ��@�� `@� *� LS���W4

��+�-�4 	��� $%�56 &�% . *� ���8� O
4:6 K5D�4

 *� ���8� ��5���
�<�"48� -�M ��59� .4 	��<��4

 -�4 T5�1��5�4
E 	�56(Bechtold et al. 1993) .

 .4 8c!� �%�56 
� �k5H+� -�M ��59� .4 	��<��4

 4:+9 R5@G(Wang et al. 2003; Jin et al. 

2004; Xu et al. 2004) C+9 �(Liu et al. 

1998) �5��D �(Liu et al. 2005) *]�8� �(Curtis 

and Nam. 2001)  Q"8� �(Lin et al. 2009)  :5"

-�4 	�� O
4:6 .  

�� ��������'�)�"* 
��"% 7�) ����T1  

*� ��H�"4 � �5���
�<�"48� &
4�!�1 $�
8� 
�o �

T"48� �%�56 ��?� R�" *� JT1 $�
8� � :5D�"E 

�"�� .K!4 *�  �
�o �60 �%�56 .4 ��3 

�
�<�"48�  R�" 	��T0  $���% CG
) &4
4� *9

-�4 	��� �5���
�<�"48� $!4
�9 K!8�S�� ( \�U�"4

E 
w� �|�M *"�64�M �% 
w� P! �4�9 8% .4 � &
�E

�� -/9 .$�"E *� -���H� ��.E *� 8% P5��5�

 K5�!���8c!�%) RF�7(� GUS ) RF�8( � PCR 

) RF�9(  R�" �%�56 &�
T1 �� ��,"4.   

  

 
 RF�7- $�"E *� $68� -7�� -���H� ��.E P5��5�

�%�56 .4 K5�!���8c!�% T1 $���% CG
7  .4 T1 .�


[!��.E =�8� . �<W*"��" 
� :@� n"
 &�%

�
�<�"48�  	��)A  �B (	.�8F" � �
. � *"��" �� &�%

 �%��(C).  

  

$�
8� *,5�" *9 �4� �/" �%21 % �%�56 .4

 R�"T1 	��� �
�<�"48� � ]�%
� �"4$D�W  *5H� *9

��.E ���� �! $F! 
� RG4�W R�" K!4 �%�56 &�%

�/" �5!_� �/"��� �
�<�"48� 
�9w�.  {��4 K!4 8�

 	��DE .�� �� 
�w� k5H+� &48� `�� � �F� K55?�

 *�E-�4 C�� ��!8�9���86 . 
� Q"8� &�%
w� K5 M 
�

*"4�M ��W	��� �$".�!�
��!81 �! *5D�4 $D�+� &�%1 

�4�"4 C��!8� BH7 ���4 -�4 *�786 RF� i+�U� &�%

K5 M $!���"4��+� �5D�� 
� �% R5;� $/!4. &�%

� ��% .(Lersten. 2004)  N
�d 
� �� �

                                                                     
1. Primordial 
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� K *G��$� �%
w� $ 5 M *q  4wD ����

$� K5� .4 ��" &�?� RW4 RF� �! ��


 -�4� �%4(Lin et al. 2009) . $F!

 O�
 ��,"in planta  
��z15 -10 

85X &�%$?5@A  *� `5�E `@� *�

-�4 k5H+.  

 
 �%�56 m8� -7��.T1  

 �%��(B) 

  
E 
� i+�U� J  -�4 	�� $�
8� �% . .4

 
�nos �	
��� &�%5  ��8 *� ���8�  85aF�

  J .4GUS $�*� $c�% � � ���  `5�8�

 GUS *� T"48� 4� 3�"�/" �5!_� P5"J.  

 $ �W � `!8X �$���% $"48!4 Q"8� 

���&:��;�  

 --�!. *�5�9 	�c/"4� &
�� 7  

 [%�01 K!4 ��, $"4�
�G � 8F/�

bp170  

A 

  &:�
 8Z"4
�F�% �:  pD�� K5 M ��E � 
4�!�1 �5���
�<�"48�

��+� R5@G  *9 -�4 $/!4. &�%

$� ��H�"4 �?� R���! . �K!48�� �

 $!���"4 C��!8� 
� 9 k5H+� &4

*G�� L4�?� *9 - s
�; E .4 *q

*F !4  C;.`@� .�� �� $". 

                                               
1. Plumule 

� K5 M *� `5�E

*G���?� RW48� 
� *q

�4� �%4�; $?5@A85X

�
 ��,"4 NIF/� .4

*]%�56 �d
�  &�%

K5 M �4 k5H+� .4 T1

 RF8- *� .4�5"�
�9�+6��� J �5� 8� -7�� 
� $�E n"
 
��z N
�d

 �
�<�"48� *"��" 
� $�E n"
 
��z(A)  �%�� *"��" �

PCR  
� R�" �%�56 .4 ��3 
��qT1U� J *� 
��W *9 $���% CG


	
��� �89
 &�%1  ��4  �"�� 85aF� *� ���8�bp170  
��� 5�8� .4

K5�!���8c 	
��� � &�%9  ��12 *� ���8�  �"�� 85aF�bp445

 � ��% . 	
��� �%�562  �4 ��3 `@� *�  J 
� �"�� R5F/�

 
� &
��E &�%:5D�"E .4 Rd�W Q

 *9 �!��* EHA105  CG
 
�

µ100  .4AS  .4 	��<��4 �� 	48�%

 �5���
�<�"48� $!4
�9 K!8�S

� Q!��" .4 	��<��4 * -��  .4 	��E

-5H7�� �8�
�9 4� O�
 :5�E

in planta 
� 4
  �5���
�<�"48�

!4 Q"8� $��� CG
 *�

�4� O
4:6.  
  

 .4 -!��W

 I56 
�!4 ��,"4

$� ��� .  

bp445  

bp480  

B 

 

� R5@G K!4 �5���
�<�"48�

 �?� R�" *� $D�H�"4 J

5H+� &48� �F� K!8���

*G�� *q1 � *9 -�4 $ 5 M

$� ��� .*F !4 8c!� *�F"

                            

 

 RF�

  

 

 RF�9-  [ 94�PCR

 -�4
 *� bq-M ��� �89
��

�"�� bp480 !���8c!�% J .4

 �%�56 *� ���8�4-1 

  

  

d�W Q!��" *� *M�� ��

 *9 �� �U/� -!��"

 
��W �� �$���%Mµ

 K!8�S�� &4
4� ��59�

)46/37 (%-�4. 	��<��4 ��

$� [%�01 K!4�9 4��

 �5���
�<�"48�planta

bp

bp
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