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>�� �0��� �� �0�� �B$C����	 ��D�B�+�D� ����@ ��  8:�� 8�"�E ��'�	 �" ����>����B�F�@ %�D %���� � � �� ,���
 #�G� H�BC$�� � %,�B� ���EI�J������8:�� H�C$�� . � ��� 8C����	 %�D�,,����  �$C����	 ��D��+ K���� ��in vitro  ��

����� . .M��E,I N�� ������ ��'�	 O��$�� ��� K���� �� �$C����	 ��D��+ . ��P!E N��� Q��� RG� �� ��?� �*��!�� S�	 �E��
 ����T�U���� V �	�!" ��� �� W��� � 
�X: N�! .RU, N�!V �� ���I OG��Y �� �!�!V ��Z!E [\�  �� �� � ��, ����

 
���$"����+� [!����: �E�	)Agrobacterium tumefaciens(  OE�Y OG��pCAMBIA1105. 1R 	]��0 ���� . ^��'�
�& �D% vir �� 
���� 8�� ��� �Y��_ ��P!E N��� �" �`�U 8�" K��E �� . ��?�a��X� V���� �, � � �� ��� K���� 8�	

����" ��� O��$�� . ��D��+ 
��& ���� �� �'��$�� �& b��'� ���c	���	�$C� OT� T0 � T1  >�� ,� ���d$�� ��PCR  OE���� 
 ��Z!E OU�� �� �&T-DNA �� �+�� 8:�� 8E���E .$�I� e�	��� 8:�� ��E,I � N�T��E��7��D ������� GUS �� 
���� .

�$��� N� �����" OT� �� �����E��dT���	T0  ����	 �� f���ERU,  ��, ��
���$"����+� �� �$��I O\'�*�� �� >��U �0���   ��
 ��J�E72/11  �`�� ����D RG� ��75/9  �`��8�� ���� . �����" �����E��dT���	�,�� K���� �� ����D RG� ��  ��,

�!XE ��_ �� J�� ^�U �� ����D  ]��0	 ,� %���8�� ���� �$��� ^�U��� K���� 8�	 . �$C����	 �& %�����@ ����� ��P!E ��
 OT� ��D��+T1 ����E #��_ ��  OT�T0  ��!F�D �" ��� ���� Q��$� � ��� �'�*'�E J�'��I19  OT� ��D��+ �`��T1 

��	8C�� ���� ��� .  
  

4��� 
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$��7�  

�D��+ ��'�	8C����	 � ,� ���d$�� �� Agrobacterium
tumefaciens  ��  8B:�� 8�" ���@)Hiei and Komari, 

2008( O�$TE �� �  � 8:�� 8�" ,� ���Z`�i in planta 
 ���`�E  ���+)Betchtold, 1993( .���6 �	N� >��  �BD% 

 �� �����E��dT���	
�Y   
�� ���B+ ,� �j�Y ���B�   kB�_ �
 �� �� �� ��D��+ ,� �X���E� ��+��. �E�  N��>��  �BD  %����

 N��B� �l��XE   i�B� �!$BTD:  ��   OB�lG NB�� R$BT��  %�BD
�����E��dT���	 .  eB� ,� 8BC����	 ��D��+  � 
�0B�   8B:��

 ,� �X� ��� 
��dT���	�� +��"%�� >�� k0$CE %�D�,,���� 
�E O`�Y���� .�0�� >�� N��  m�B_ 8B�" 
J0$TE �D ��

   K���B� �� ��B� 
��dBT���	 8:�� ��E  �B��� ���� )in
vitro( �!$TD )Newell, 2000( �"  N�� �_ ��,���,�� �D. 

8C�� O�T��$@ 8�� N*�E 8C����	 ��D��+  %����� � ���,
 �BB!D�� 8BB�� ,� �� ��BBU. 
���0"�E�BB� W�BB!	 �BBD� n�  �

 �E�,�E��" �l�"�	�� ���I �D   �B$d�� b�Bd	� . .��B!�� ,�   NB��
lG O� �& ���� ����� %��� �l��!E %�7'� 8C����	 ��D��+

��� �$:�� 
��$���!��� )Larkin and Scowcroft, 1982; 
Kaeppler et al., 2005( .  

 %���
�� �D% D��+ �����E��dT���	 %���$E�!��E ��� 
� Q��� ��0��� e�!*	 ��lo� ��+�� 
���$"����+� 8�" %�D
 8:��D��+� ���8�� � .N�� �� R$T�� ��V� %�D�, ,���� 
 e��!���:  �$Y � �!$T�� �E��6���+ %�D  ,��� RG� e�

 �D�7���E,I >�� e� �� � ��� �!�o���� ���+��V�� 
)Danivola, 2007( ..�?'  8:�� 8�" ��!F�D OE�6 e�

��!!" ����E ���T� �� �E ������I . �� ���6�N� �D. 
 Q��� 
�G�� �����E��dT���	*��!�� S�	�  �E ���" �� �"

 ����� ��V�>�� ,� ���d$�� �� 
���E %�D806 ��  8�:�p
 N���@�, ,���� �Io� O*�E �	  ,�	S� %�D �*���@�& 8�� 

)Hiei and Komari, 2008( .N�����!�.  �0Y�E q?Y �� ,��
�,��  Q��� �� [�����'�	  ��D��+��� 
��dT���	  M��J:�

�E���� G� �� ��m�� ���V �:�` ��!�JD � 8 ��� �D��U �D 
)Rakoczy- trojano Wska, 2002( .  

 � r��� >�� e� �X��	 .�X'�ZE N�� 
���� ,� q�D
��"I ���� Q��� ���+ �*�$�& �����E��dT���	 ��P!E �� �E

 8:�� 8�" R$T�� ,� ���d$��8�� �,��E� �" . ������	
 %���, s�tU N�� �� 
�Y ��8�� 
���� . N�� ���E,IM� 

uc	��  W��RG�  .>�� k0$CE %�D��, RU,  ]��0	 ��P!E ��
 �����  
���$"����+� k0$CE %�D [!����: �E�	 �� �����"

 �����E��dT���	 OT� ��T0  �T1  �������8�� � .  
  

 � 8���#�� 
�  
 +��
3�9 � ���� ;
<��
,�=:  RG� �� #���	 N�� ��

 ������ Q������+ � ����D  
�G�� ,� �E��!�� S�	�*�� )O. 
 Indica. ssp sativa ( ,�Q��� ������	 �T��E ���" .

 8�� � ��o	 ���d$���� .�j ��P!E �� 6 ��$�� .�?� ���d
�?��D  .�!$:�+ ���G O��$�� HI �� ���G� �!v ��E ��

 ��E �� [\�1  O��	� �� ���G�90 %�j ���� ���d6 . ��
�?� �E����D  ��E ��20  �� ���G�D 8��0"�\�R��� ) �0"

 
�X:5 (%30 %�_�� ��  �� OE�" ��_ �� �UI �0Y�E �� �
���� ��*�I O��$�� HI .��, ����V ,��I ��P!E ��. �?��D 

 ��E ��2  %�E� �� ,��20 �$��� �V�� ���+ HI ��
���� ����T�U . 8�?+ ,� �X�2  ��Z!E ��� ��d� � ,��

�!�!V. �?��D  ���EI���� 
���$"����+� �� ]��0	 .  
 ><
��8$�
� $��	 �48

"	� 8��� ;���"�
����� �
�: 

 ���� �� ,� #���	 N�� �� 
���$"����+�)Agrobacterium 
tumefaciens(  OE��LBA4404  �EHA105  ���d$��

�� " � �E���e ��� ��� ��x�  � �, ��%����� ���G m�� ���, 
8�� .����  %�D
���$"����+�  ,� ���d$�� �� >��

 N����@��$*'�(Bio-Rad) ��  OG��pCAMBIA1105. 
1R ) .��lE�"��'��$�� .��l��" �& e��� ���$�� ����� �� .

AF354045 (�� 
��dT���	�� . �& %��Y OG�� N��
 �� 8E���E �&J+�!��7  N�T��E��7��D)hpt( �  N�!F�D
 �& %��Y �7���J+ ,�������"�0+�$�)GUSPlus(  ���$!�� ��

,�$!�� ��*'�v ���@ e��J� �� ��5� 8�� . �� �D�&  ��
 ��Y��T-DNA  � ����� ���G8:�� H�C$�� ��P!E ��  %�D
�D��+  ��� 8C����	 ���d$��E� ���� . �� 8E���E �&

 N�T��E�!�$*\��)aadA1 ( M!�J+ ��P!E ���$"��%  %�D
 ��� 8C����	8�� ��� �Y��_ ��$"� N�� �� .N�� �&  ��
�& �� �T���E E. coli gusA ��TY %���� %�$��� 8�

 ����	 8�	 �+�� ��XZG r��� %��?@ y�� z6�� � 8��
E� ��� 
��$Y� � {�d� y�� ��I �� 8�TG �D% ��� 

 MD�" �� ��� 8C����	E�  �D�)O*� 1( .  
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�

  
NOS�Poly�A�

�
 O*�1 -  ��Y�� ����T-DNA  ��$"�pCAMBIA1105. 1R  OE���& �D N�T��E��7��D �� 8E���E %)HYG( �7���J+ �& � 

)GUSPlus ( �����@ e��J� �� ,�$!� ��*'�v ���$!�� ����D ��5�  ��!D� ��	�U �NOS 8��� %�D,�E OU�� �� )R (Sv � )L( .  
Figure 1. Plasmid map of pCAMBIA1105. 1, the plasmid has hygromycin resistance (HYG) and �-
glucuronidase (GUSPlus) genes with castor bean catalase gene intron near the 5� end.  

  
 +�
7-� *�� ?�0��� 
�� vir .%�$"�� 8�" �D

 ^��'� ��P!E �� � �0Y�E �� �_�& ���!E%����� %�D  �,
� 
����� )Gelvin, 2006( .a��t$CE  �*!�� %�D��x�

 
���$"����+� %�E� ��°C28  �5 �0�E  8�" K��E �$�'
YEP )10  .��$\@ 
�+10  .8'�E ���t6 
�+5  
�+NaCl 

�$�' �� ( N�T�\E�d�� %��Y)μg/mL 100( � 
!�$*\��� N�T��E)μg/mL 100 (�� rpm 250 ��  
�_
" ���� 8��� .a����Y 1/0 �0�E  8�" K��E N�� ,� �$�'

 ��10 �0�E ,��"�� OG��Y 8�" K��E �$�'AB  )AB  ��
20 ����� 8P0� :60  
�+K2HPO4. 20  
�+NaH2PO4. 

 R�P!	pH %�� 7 ( �50 ml �:�� e�� �D% AB  ��20 
����� 8P0� )20 
�+ NH4Cl .6 
�+ MgSO4·7H2O .3 

 
�+KCl .2/0  
�+CaCl2 � 50 �0�E  
�+
FeSO4·7H2O ( ��900 �0�E  ,��"�� �$�'5/0  �`��

 OE��$�I� e�	��� �D �� ����� �	 � 8�" ��� �"{ %
8P0� A600 = 0.8 �!$:�� ��� . [\��$"��% �D  ��E ��

5  �� ���G�g 9000  � &�d��$��� ��2  ����� R�Y K��E
 ��E �� ����'� 8�"24-14  86�� � �7$TDI �� � 8�"

 ��50  ���G� �� ������� ��*	 ���� . �o$�� ���$"��% �D 
 �� � &�d��$���8�" K��E 8:�� �D% �D��+ MS  ��

 8P0������ R�� ���� ]��0	 �I �� ��?� � OY .  
��E �� ,� ����'� K e� ���E�+��'� �& %�D�%���� �,  
�� ��

�� �$��!���7 )3  �5- �T"�$E- 4- D���� T"� 
��!:�$�� .AS; Sigma-Aldrich(  8P0� ��100 

 
�E��*�E�� ���d$�� .  

 ���	
���
������A��B� 8��� �
�  
� �� 48

"	�
;���"�
����� .�?�%�D  ��� ���d6 �j ��E ��2  �� ,��

 �Z�E HI ��E N�� �_ �� HI � ��� ����T�U1  %��� ���
 ,� %��+�0V%����� OE��6 ���	 �,�� |��X . N�� ����E, 
!�!V 8�TG� �?�.�� ��d� �D !D �E��� ,���  � �v

�G��  �D�p �v����� . ]��0	 ��P!E ���?��D  ��
���$"����+� 
��!�I �� �" �?� �!�!V 8�TG �$��@ �I ,� �G��  }��U �v

E� ��� �e� �  �,��) �ZG ��5/0�0�E �$E(  O\'�*�� �� �
%�$"�� �� �$��I  ���Y #�6 ��1 �0�E  ��	�	 �� �$E

������U �� n���� �� . %�D����	 ��~U �����  �?� %�D
 %�$"�� �� ����D ��7$�� �� 
�'�"�!�� ��EI >�V ��E, �	

 
��"�)Eppendorf, Germany( ���� ���� ���G . ��?�
���� ���� �� ��� ]��0	 � H�_�E 8�m�@ %��Y %�D

 ��E �� � ���� ���� 
��$�� �:�` ?��" %��9  �� ,��
 %�E� �� � �*���	ºC23 7����� %���o . ,� [@9  � ,��

����V ��, ���Y 75 % %�$"�� q?Y ��P!E �� .��?� ,�
 R�T"�	�d� 
�0�E1000 �0�E 
�+  �$�' ���� ���d$�� .

 ��E �� ��?�1  ����T�U R�T"�	�d� 
�0�E �� 86��
 [\� � ����a�E�"  � ��*�I O��$�� HI ��+�FD��  �� �D

 �������0+ �D ���!E ��U %��Y %�$��
� ���� ����. 
+�FD��  %�E� �� � ��� eG�	� �� �?� ��'�	 �0Y�E �	 �D

°C28  8�	 ������ %���o7� ���!E K���� )Lin et
al., 2009( .

 
 
 
 

          HYG (R)     5S             35S    GUSPlus 

T-BORDER (L)                                                      T-BORDER 
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  �BBB���	 ��BBBP!E �BB� 
���$"�BBB���+� OBBBE�" q?BBBY ,�

+�BBFD�� �BBD  ��BB� 
��dBBT���	 %[BB@  ��BB��	 ,��BBo�I  �BB�
$�I� e�	��� R�T"�	�d�. 	�XZG�  
�_ ��2-1 �$���  �$E ,�

��� ��D��+ ���o$�� %�D OT�T0  � ��o	 �� O��$�� HI ��
 H��	 OU��5/1 �0�E  �$�' H���I���� .O`�Y ���t6  %��

 q��BBBp %�BBB$@%��BBBY  8BBB�" K�BBB�EYEP �BBBE�V � 
$�I� e�	��� %�D N�T��E�!�$*\��  N�T�\E�d�� �   ��BE �B�

 ,�� �� %�E� ��ºC28 ���� 8�" . 
� C��D"	DNA  ;
E�� �F���� 
�� PCR . ��

 ���� ��D��+ H�C$�� MD�" ��P!E���  ���!6 �� ��v�@
 �������P!E ��  }��C$��DNA  �� ���d$�� .���, ���

 RD ��v�@ ,�MC�  ���o$�� %�D�!E� ^�E  ���+� �am��$Y 
 N��MC�  %�D ���o$�� ��'�	 ��
�0� �D%  ���� �!��E ����,

 M�� RC	 
�0� � ���+����� )Supartana et al., 2005( .
 ��P!E �� ����	���	8C�  M!"�� ,� ��D��+ ����PCR �� 2 

V �+,��I 8d�� ���d$�� .OE�� R��$TE %�D�+,��I :5�-
GAT GTT GGC GAC CTC GTA T-3�  �

��*XE5�-GTG CTT GAC ATT GGG GAG T-3� 
 �" �XZG e�bp 480  %�D�+,��I � N�T��E��7��D �& ,�

R��$TE :5�-GAA TCC TGT TGC CGG TCT T-3� 
 ��*XE �5�-TTG CGC GCT ATA TTT TGT 

TTT-3�  �" �XZG e�bp 170 ��� ��!D� ����@ ,� )nos( 
 ��� �& %�o$�� ���E ���*	 ,�������"�0+�$ !"!� . �U�v

 M!"�� ���E�PCR  %��� ���*	OE�� N�T��E��7��D �& :
8����� ��'�� %,�� %�E� �� ºC95  ��E ��5  .���G�

���*	 �0Y�E :8�����  %,�� %�E� ��ºC95  ��E ��30 
����u �+,��I 
�t	� . %�E� ��ºC57  ��E ��30  KT� .����u

 �+,��I %�E� ��ºC72  �� ��E30  ����u � �����X	 35 
���o� KT� � �U�v  %�E� ��ºC72  ��E ��10  ���G�

�� 
���� . M!"�� ���E� �U�vPCR  %��� �XZG ���*	bp 
170 ����@ ,�  ��!D�nos  
���� N�T��E��7��D �& ����E J��

 M!"�� N�� �� 
�t	� %�E� K�: ��PCR %�E� �� .ºC 
57  ��E ��20 ����u �� 
���� .  

=    $G� +G��� *GH
� *��
7� ���� G"�=+   IG�����
����
�����
� .      8B:�� 8BE���E ��BE,I 
�B��� ��BP!E ��

 �� �+��$�I� e�	���  �+�� ��XZG .N�T��E��7��D
�_ �� 
2 �$���  �$E ,� ��� N��	m��+��� �v �D% ]��0	  ��o	 ��� �

 ���C$�� K��E ����Y% 6-  N���B@�!�EI OB�J!� )6-BA(  �
50 �0�E  
�+��   �B$�'    ��BE �B� N�BT��E��7��D7   ���BG ,��

�!$:�+ )Wang and Waterhouse, 1997(.  
 ����=+�
�.�� *H
� 
"� *�-
JH- ���G�������!� 

)GUS.( ������� 8:�� M��E,I GUS    �B���� ��BP!E ��
 �& ��BB��GUSPlus ��BB� ]�BB�0	 ��BBD��+ �� �BB� 
�BB��� .

 �+�� ��XZG)5/0 �0�E �$E(  %�E� ��°C37  ��E ��3-2 
  ��dBBBT: �:�BBB� �� ,��M 050/0 )pH=7(  %��BBBY5/0 

�0�E   
�B+ ���0�E  �$�'���E 5-�E���-4��0"-3-O�'��!��- ��
%�-������"�0+ )X-gluc( �!$:�+ ���G .    ��BEJ�D ��B_ �B�

 ��E ��	�" ���� e� ~BU    �B� 
�B�6� JB�� .   q?BY 8BoV
 O�:��0"��� �D  O��	� �� �� �_ ��70 % ���B� ���� ���G 

)Jefferson, 1987( .  
 �� #���	 N������  OT� Q��$� �� f���E �DT0   ,� [B@

 OT� �� �& 
��$�� ����	T1     %��BEI OB�0�	 � �B�J�	 ���E
  M��BE,I ��P!E N�� %��� �!$:�+ ���G  ���B` �B�   M��BE,I

 ���@ �� O���$"�: i�_a�E�"  ���*	 �D � ���*	 �� �� �:��t	
 OE��500 �� ��V� �?� .�: �BP� ���E %�D��$"   ,� �B!	��l6

 RG�)RG� �D% �0�E ����D � ���+ ( ]��0	 ���� �)  �,�B�
5/0 �0�E �$E �,�� .5/0 �0�E �$E  �� ����D  K���B� �� H?V

~U �    O\'�*B�� �B� >��BU (  ���B� � %�$"�B� )EHA105 � 
LBA4404(. N�!F�D ����  O��l	 ,� [@ �D   ,� ���d$B�� �B�

  ��JB:� 
�B� )Version 8. 0( SAS   ��B���� �B�J�	 [  %��B� �
N�7���E �T���E ��E,I   JB�� �BD     ]ZB� �� NB*��� ��BE,I ,�

 
��$Y�5 �� ���d$�� �`�� .  
  
 ��
"�L0� �  

 �� �����E��dT���	 �����" ����� M��E,I N�� ��
 M!"�� ,� ���d$��PCR�� �+�� 8:�� 8E���E ��E,I . 

$�I�  ������� 8:�� ��E,I � N�T��E��7��D e�	���GUS 
 ��D��+ %��OT� T0  �T1 �� 
���� . ���D��+ K�:

��	��� 8C��  �" ���� ��0	 �XG��$� ��E,I �� �D ���
PCR �� �+�� 8:�� 8E���E .$�I�  � N�T��E��7��D e�	���

 ������� 8:�� ��E,IGUS �I�o ��� 8l�E�� .  
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F���� PCR  +�
�8� ������ 
�$"H
� M
7"�� �  �8

�
�
�� .c	 ��P!E �� �& ���Y ��� �� 8E���E
 ��D��+ �� N�T��E��7��D]��0	  ��� OT�T0  �T1  M!"��

PCR �`�t$U� %�D�+,��I �� �& N��  e� �" �� 
����
�XZG bp 480  ���*	 �& N�� ,��� )O*� 2( . N�!F�D ��

 M!"�� ��EJ�D ��_PCR  ����@ �`�t$U� %�D�+,��I ��

 ��� ��!D� J�� 
����8:�+�" .  �XZG e�bp 170  ����@ ,�
��� ��!D� �E ���*	 �� ,�������"�0+�$� �& %�o$�� ��!"!� 

) O*�3( . �� �D���� N�� ��V� ��� ]��0	 ��D��+E� ����	 
 N�T��E��7��D �& }�� ������"�0+�$� �� ,����� OU�� ��

���� Q��� ���+ 
��& .  

  

  
 O*�2 -  M!"��PCR N�T��E��7��D �& OT� �� T0 .M : .�,���� �7����1 : 8l�E 
�$!")pCAMBIA1105. 1R( .2-5 : ��D��+

 .��� 8C����	 k���6 :d!E 
�$!"� )��� 8C����	 ��� ��D��+( .  
Figure 2. PCR amplification of hpt gene. M: Size marker, 1: positive control (pCAMBIA1105. 1R), 2-5: putative 
transformed plants, 6: non-transformed control plants.  

  
 O*�3 -  M!"��PCR  �XZGnos. M :�,���� �7���� .1 : �d!E 
�$!")��� 8C����	 ��� ��D��+( .2-11 :	 ��D��+��� 8C����   ��

 OT� ��D��+T1 . 
Figure 3. PCR Reaction of nos fragment. M: Size marker, lane1: negative control (non-transformed plants), lanes 
2-11: putative transformed plants (170 bp band).  
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 *�� *��
7�*H
� 
��  +��� $�����
�����
� .

��D��+ �� N�T��E��7��D �& ���� �����  ,� O`�Y]��0	 
 �� OT�T0 � T1  
������ . �" ��� ���� Q��$� �+�� 8:��

 ��D��+�Y ���C$�� 
�0�E �� ��� 8C����	 %�
$�I� e�	���  N�T��E��7��D 8�?+ ,� �X�7  ��!F�D ,��

 �G�� y�� Jl� E� ���E �E�. �X� ��� 8C����	 ��� ��D��+  ,�
8�?+  �� W��� ,�� �!v�,��*�  8��o� �� � ��� ����@ ��
M��E,I a�E�" ��oG y�� %� ���� ) O*�4( .  

*�� +�
�.�� *H
� GUS .	c 8C����	 ���o� ���
�D��+ ���� ,� ���d$�� �� � ��E,I������� 8:�� GUS  ��

����  O�X'���$��N��dV )Jefferson, 1987( 
���� 

�� .��D��+  OT�T0  �T1  ��E,I �"PCR  �� 8E���E �
 N�T��E��7��D�I �D  ��E,I 8�	 .��� 8l�E8:��  �������

GUS �!$:�+ ���G . ����	 ,� [@8:�� �D% � .���*'  %�D
 y�� ��I��D��+ ��  8C����	E �� ��D��) O*�5( . �$*�

!�� RoE �* ��E,I ������� 8:��GUS E��	 ��D��+ �
 N�T��E��7��D �� 
���E��l� 8l�E �"  8�� N*�E06O 

 �0�V ,� k0$CEn�  �& �G�� }�� �� � �& ���E�U ����
,�������"�0+�$� ���� )Yasmeen et al., 2009(.  

  

  
 O*�4-  M!"��8:�� �D �� �+�� %I$��  e�	����D N�T��E��7�7 M��E,I W��� ,� [@ ,�� .A : �d!E 
�$!")��� 8C����	 ��� ��D��+( .

B :��� 8C����	 ��D��+ .�����E �G�� Jl� ��!F�D M��E,I ����@ �� ��� 8C����	 ��D��+ ��� .  
Figure 4. Leaf tissues reactions to Hygromycin. A: Negative control (non-transformed) plants, B: transformed 
plants. Leaf tissues from transformed plants remain green till the end of experiment. 

  

  
 O*�5 -  ������� 8:�� ��E,IGUS Q��� �+�� ��XZG .A : �d!E 
�$!")8C����	 ��� ���+ ���( .B : .��� 8C����	 ���+ ,� �+�� �XZG

 ��I y�� �� ��� 8C����	 ��D��+ ��� ����Y��EI�� ���  y�� �� 8C����	 ��� W���� �" �'�Y ������ ��� .  
Figure 5. Histiochemical GUS assay of leaf tissues. A: Negative control (non-transformed plant), B: Leaf 
fragment of transformed plant. 
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 ��
"�$��E� N�
����  �O�8���	
���
����� �8 

P!"D� �
��
.�� . �" ���I ,�����  �`�� �TY �� �D
���� ��� . >�� ,� %,�� 
�E�� 8oVArcSin  O��l	 %���
����  ���d$�� �D�� . 8d` %��� [������ ��J�	 
��V Q��$�

 ���� �����E��dT���	 �����" �`����� �u� �" ���0`� 
]��0	 ���� � RG�  �J�� �u�  RG� O���$E×  �� ]��0	 ����

 
��$Y� ]Z�5 �!XE �`��  ����� �) 
��V1( .  

  
 
��V1- � Q��$�����E��dT���	 �`�� [������ ��J�	 �� k0$CE %�D����	  

Table 1. Analysis of variance for transformation percentage in different treatments 

���	 r��!E 
Source of variation 

%��,I �V�� 
Degree of freedom 

��X��E N�7���E 
Mean of squares 

RG� 
Cultivar 

1 1. 462* 

%�$"�� 
Bactrium 

1 0. 066ns 

 ����]��0	 
Inoculation 

2 1. 794* 

RG�  ×%�$"�� 
C×B 

1 0. 013ns 

RG�  × ����]��0	 
C×I 

2 0. 908* 

%�$"�� ×]��0	 ���� 
B×I 

2 0. 062 ns 

RG� ×%�$"�� ×]��0	 ���� 
C×B×I 

2 0. 003ns 

�ZUM��E,I % 
Experimental Error 

24 0. 094 

ns �!XE ������                                                                       ns Non significant  
* �!XE 
��$Y� ]Z� �� ���5          .%* Significant at 5% level of probability. 

 
������  RG� O���$E �u�×  ]��0	 ���� �`�� %��

 �����E��dT���	 OT� ��T0  ������� �"  �`�� N��$���
 �����E��dT���	)72/11 (% � ����D RG� �� f���E ��


���$"����+� �� �$��I O\'�*�� �� >��U �0��� � � 8��
 �EI�!XE ���d	 �"  �7�� �����E��dT���	 �`�� �� %���

8��� �D����	 ) O*�6( . ]��0	 K���� 8�	 ����D RG�
��  �,��5/0 �0�E �$E ����D ���� J�� 
��"� �� �`�� %

  �����E��dT���	�oV�	 O��G )75/9(%  ���d	 �" ���
�!XE  K���� 8�	 ]��0	 �� %��� �,��5/0 �0�E �$E  ����

8��� 
��"� . �`�� N��$��� ���+ RG� �� f�l	�� ��
 �����E��dT���	)54/7 (% ���� ]��0	 K����  �,��5/0 

�0�E �$E ����D � 
��"� �� ��!XE ���d	 �" �EI 8�� ��� %

 ��]��0	  �0��� ��O\'�*�� �� >��U )4/1(%  � �� ]��0	
 �,��5/0 �0�E �$E 
��"� ���� )2/1 (%8��� ) O*�6( .  

 ���� Q��$���� N��X	 �"  %��� ���!E ��*E�0	�] 
�?��D  
���$"����+� �� ���'I �,�� �� Q��� ���+ �� %����

8�� %���, 8��D� .����V 
�Y �� Q��� %�D�?� N�!V ��-
���	 .��,��������@ �� ��'�� �'�0� %�D )Primordial( 


����8�� �$:�+ O*� k0$CE %�D.  R$T��E K�: �E�
N�!V ���o$��
�0� ��'�	 �� �D�!$TD O�U� ����, %�D 

)Lersten, 2004( .�����E��dT���	 ���` �� �o!	  N��
 O�lG
�0� �X� OT� �� �'��$�� �& �" 8�� ����, %�D

��$�� �E���� .N�����!� ��*E N��$o� . %����0	�]  ��!"

 ���o$�� R$T��E�G��  �" 8�� �!�!V %�D�?� �va��X�  �G��
�E }��U �I ,� �v���.  
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 O*�6 -  O���$E �u�RG� ×  ]��0	 ���������E��dT���	 �����" %�� .]��0	 ���+ � ����D RG� �� >�� �� �� (A  �ZG �� �,��5/0 
�0�E  .�$E(B  �ZG �� �,��5/0 �0�E  � 
��"� �� ����D �$E(C O\'�*�� �� >��U �� 
���� .��$����	 %�D ��	�	 �� N��� � E#0X$  ��

�+ � ����D RG��E ���!���.  
Figure 6. The interaction effect of cultivar × inoculation on transformation efficiency. Two rice cultivar 
(Hashemi and Gerdeh) were used in combination with three types of inoculations: A) needle with 0. 5 mm, B) 
needle with 0. 5 mm � and vacuum; C) Wounding with an scalpel.  

  
 �,�� �+� .N�� ��V� ���$TE�a�� �G�� ���� ��  �!�!V �v

 ���� ���I ��� �� 8�� N*�E �v �G�� .��� ���� �D�?�
������ N�� ,� ��� %�X� OY��E �� . �� �D s�tU N�� ��

 �� ����� ���� 8���TY ��, RU, �� ��� �� Q��� RG�
���+ �Y �	 �" %� ��"�45 %���+ ��E  �D���*	 �U�� �� �v

�� ��D��E .  
N��$���  �����E��dT���	 �`�� OT� ��T0   RG� ��

�� � ����D  �0���>��U  �� �� �$��I O\'�*��
� 
���$"����+� ��EI 8���" �	��` �� . ���+ RG�  �l���	

 N�� 8�	 �� ����E N��$�"K���� � 8���  �" �����I ,�
� 8lT� ����D RG� � ���+ RG�8�� %�$+�J� ��?� %���� 

 ���$� N���E ����	  806 �� �� ]��0	 ��*E #�G� 
�$!" 
�6
 �,�� �� 8lT� O\'�*�� �� ���+ RG����� . O\'�*��

�E ����	  {�d� ��*E�%�$"�� �D  �� �����J�� �� �D� M��J:�
�E�.  O\'�*�� #��_ ,� ����� ���I %�� �� ���+ RG� ��uc	

 %�$���%�� ?� ��E � ��E ��J�E8��� ��� ]��0	 �� .  
�� ]��0	 K���� 8�	  �,��5/0 �0�E �$E ����D  ��

��"� �" �� ��D��E 
�!XE ���d	  %��� J�� 8�	 ]��0	 ��
 K���� �,��5/0 �0�E �$E 8��� 
��"� ���� �" ��  RG�

 J�� ����D �����E��dT���	 �`���� ]��0	 K���� 8�	 
 �,��5/0 �0�E �$E �D��� ��"� �� 
�V�	 O��G  ��� �" N��

 ���� Q��$���� �"  ,� ���d$���E ~U K����  M�� ����	
 %�u�E �� ��%�$"�� {�d� M��J:�  �$��� �����J�� 8:�� ��

���� . ,� ���d$��~U K����  �����E��dT���	 >�� ��in
planta  �� %�$"�� {�d� M��J:� ��P!E �� �'�0� N�� %��:

��  � ���+� ��� 8C����	 ��D��+ ���X	 M��J:���$�  ���+ ��
�� 
���� [�T@������I )Bechtold et al., 1993( .

 M��E,I �0X: ,� ���d$�� ��uc	 J��~U  �� �`�� M��J:�
 ��� 8C����	 ��D��+ �� ���c	��" . ���� �� �DEHA105 

 �LBA4404  ���E,IM� %�D ���� ���!6 �� k0$CE  %�D
��	 %��� ���!E���� �:�XE ��� �����E��dT� 

)Hellens et al., 2000( . N�� ��M��E,I.  ���d	
�!XE  %��� N�� ���� ��EHA105  �LBA4404  �P� ,�

 �����E��dT���	 �����"��� ��D��E .  
 RG� O���$E �u� �����×  �" ��� ���� ]��0	 ����

 �� ���+ RG� �� 8lT� ����D RG� �����E��dT���	 �`��
XE ��_�! 8�� �$��� %��� . 8�� N*�E ���6 806 e�

 ,� �������d	 �D���� �E�� RG� �� N�� �*�$�& %  �" �D
 ���Y s�tU �� 
��"40 Q��� �& ��JD  W�!	 %����

r��� �*�$�& �7��*� ,� O�$TE � 8�X�V OU�� �� 
�!$TD.  
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 �" �C��@ W�� � ��E, ���E �� ��6�_� ���+ ���J�E

 ���� 
���$"����+� ����� ��E�  ;��@ �� �I �T���E � �D�
 �7�� �� ���+�$"��%  � �DM!	 �D �0�U � R" �E��6 %

8�� ����E )Anand et al., 2011( . #���	 e� �� ��
 M!"�� 8X�l_ N��X	 ��P!E �6�:�D��+��  �� ]��0	 ��

 >�� ,� 
���$"����+�cDNA-AFLP �� ���d$�� . q�D
 �����!� M��E,I�& �D �� 8�� ���� 
�0� 8�" �� �"

 ���+Ageratum conyzoides 
���$"����+� �� ��� ]��0	 
 �D�� �� �T���E �� ��_ ��G��$:� � ����E� ���� . J�'��I

16000  �XZGcDNA  �" ��� ����251  %�	�I �D )6/1 (%
 ,� �X�48  �	��d$E ���� %�7'� %���� 86������ ���  �"

OE�� �& �D%����� �� Kl	�E % �, .�� 
��$�� � 
�!7�� ���
 
�!7������ ��� )Ditt et al., 2001( . ���� Q��$� N��

E� �D�  �Y �v �	 �"�& �D%  �	��d$E N�� O���$E M!" ��
 %�$"���%���� �,  ���+ �E� ����	 ���� �$��� M�� .  

 8P0� ,� >�� N�� �� N�!F�D�M 100 AS  ��
�& ^��'� ��P!E %�D�%���� �,  ,� ���d$�� .�� ���d$��

 �!��E �+��'� ������� ��l�"�	AS �& %��'� %��� %�D
�%���� �, O�X'���$�� �$��� �� ���d$�� ���E %�D %���

8�� ��� ��`�	 ��� �����E��dT���	 )Hiei et al., 
2006; Saharan et al., 2004(.  �+��'� ��l�"�	 �v�+�

����� ��V� �d0$CE �E� AS  
��X$�� �$���E� ���  ���,
8P0� �� �� 8lT� N���@ %�D����  %���� �+��'� ��l�"�	

8�� %�$��� �+�!!" ^��'� 8�`�U � 	 �P� ,�� �� %��
�� 8��G � ��$���!E �	% ���� )Dye et al., 1997( .  

 
���$"����+� %�$"�� OE�" q?Y 
��$Y� M��E,I N�� ��
 �����E��dT���	 ,� �X� � �� ��?� ����	$�I� e�	��� 

 R�T"�	�d��� ����� . ���0" ��D ,�� �� 8�?+ ,� [@
@ %��$%� 	 �D��� O�*�  �" OE�" q?Y ��!D� ����

 ,� 
���$"����+�8:�� �D% �D��+  ��� ]��0	 �����" �
$�I� e�	��� ��� .���$� ��.  ����� � �+��'I 
��$Y�

 H{�" %�D����PCR ����� �� %�D ,� O`�Y �" �D��+
 
���$"����+��d$!E ����  ����8�� .  

 .#���	 N�� �� ����'� 8�" K��E W�� s�tU ��
a�lG  �" 8�� ��� 8��u^��'� �& �D% vir  ��pH ���� %

)6-2/5( 8�� ����E ��"��Y �� )Chang et al., 1996(. 
AS  %���� �!E�� �� J��5/5- 5  %�����	m��N� uc	��  ��

 N�� ^��'��& �D 8�� )Yuan et al., 2008(.  ^��'� %�E�
�& �D% vir ���Y ºC25  �" 8��a�E��6 �@N�� �	  ,� ����E

 
���$"����+� ����� ��� %��� �I)ºC28-25 (8�� )Alt-
Moerbe et al., 1988( . �� 8�" K��E ,� �j�Y O*	��@

  MS2/1  �� ���d$�� 
�'�"�!�� ��o	 8oV 8��j� Q��$� �
 ��� MC�M��E,I ,� �U�� �� �" �'�Y �� �D  ��o!��@ HI

E� ���.  
  

�����	
Q	  
N��� 8���Y ,� �0��� �ZG � ���+ ��7���� �'�E %�D

" MD�x@ N�� 
���� %��� Q��� ��06����@ ,� �$�TG �  �E��
 
�� ��!T���8���E %��J7��\� ������` .��� .  
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Abstract 

Transgenic plants are often produced by tissue culture-dependent methods that require careful 
preparation and selection of explants, selection of transformed cells and regeneration of transgenic 
plants. In this in planta transformation method, the mature embryos of soaked seed were pierced by an 
Agrobacterium tumefaciens -coated needle or scalpel. The inoculated seeds were germinated and grew 
under no sterile conditions. In order to evaluate the effects of cultivars (Hashemi and Gerdeh), A.
tumefaciens strains (EHA105 and LBA4404) and Three methods of inoculation (0. 5 mm Ø needle, 0. 
5 mm Ø needle together with vacuum infiltration, Wounding with a scalpel) on transformation 
efficiency. A CRD based factorial experiment with three replications was applied. Integration of the 
transgene into the genome of transformed plants (T0 and T1) was confirmed using PCR method, 
resistance of leaf tissues to hygromycin and histiochemical GUS assay. Accordingly, the highest 
significant transformation efficiency (11. 72 %) was obtained in Hashemi cultivar wounded with a 
scalpel. Transformation efficiency of the same cultivar inoculated by a needle under vacuum 
infiltration was significantly higher than treatment of inoculation in the absence of vacuum. Seventy 
T0 seedlings were selected randomly and analysed further at T1 generation, which ~19% confirmed to 
be positive.  
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