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Fig. 1. Schematic representation of Agropine type Ri plasmid of A. rhizogenes 
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� P�$� >� >X$��� '3]7

   N�M3KK7 >KK&�' TKK��]+ �KK/'� 0_KK/ dKKJ� �OKK�b�O�
'

 �
��
     �
� �'�K7� >K�O4+ '� .�K2 ���1   @�K� �
 �K�   '
OK�


MSTATC  >KKK� � �KKK���1  ��_#KKK�
  >KKK���J7 '3KKK��7

N�%���7   >K�7
� �K�h �37�� �
 ��     .�K2  ��_#K�
 NK)�
� �


 @�K� d�3+ `�
�� � ��'
�3�� ;�'   '
OK�
2010 Excel 

.0��1 *'3/  

���� �E�0E�� ��E� &     '� ���(#4)� �4% ����4� ���

PCR  
 }
�^#KK�
DNA >KK&�' �
 �73KK�b  � �$3KK�=7 ��KK�

 G�' '� �+
���c+ �
  ��_#�
 �� I��J2 N�M37Edward  �

) �
'�)��1991    >K( *'3K/ NK�
 >� .0��1 @�4�
 (150 

�KK��7 >KK&�' �KK+ ��� �
 @�KK1 �KK�  '�300  ���KK� �KK#�$��)�7

  }
�^#K�
 ���� >( �2 N%�� ���� �
  ��_#�
 �� }
�^#�


) P7�KK2W/V (5/0�KK/'� SDS �mM 250 NaCl �

mM 100 Tris-HCl ��' ;���+ �pH=8  �mM 25 

EDTA   0
�K� �� YX� .�3�rpm 13000    *�K7 >K�5 

        `�K�� >K� �K��' `3K�]7 >K7
�
 '� .�K2 b3�_��#��K� >J�k�

     '
�KKJ7 �KK� �KK�
�� � �KK2  �
� `�KKJ#�
 �KK���  �� ;KK4	

 *�7 >� YX� .�2 >��S
 ��� `3��?��?�O�
30-25  >J�k�

 ��7� '�20-   �� �
 YK? � �2  �
� '
�k t3���� >�'�

 0
�� ��rpm 13000  *�7 >�10  .�2 b3�_��#��� >J�k�

<� '� ����' `3�]7 ��2 '�^� �
 Y? �DNA   �73K�b

 '�50  ���� �#�$��)�7TE )mM 10 Tris-HCl ;���+ �

 ��'4/7pH=  �mM 1 EDTA.�2 �3����X�3� (  

>�    >K=qk '3K~	 ����+ '3��7T-DNA   ���K�.?Ti 

>&�' '�  �b ����1��W� �
 ��rolB�$
3+ �� �  �' �1��W�
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3�� >�:   
5´-GCTCTTGCAGTGCTAGATTT-3 ́ 

 :�#&1�� �1��W� � 

5´-GAAGGTGCAAGCTACCTCTC-3´ 
 

 ��4�� m�(
� �
�� �
����? �
 )PCR(   �K���1  ��_#�

)Fumer et al., 1986.(     �b �K��)+ �
�K� ���K7� d�
�2

rolB >#2��
� P7�2  >�$�
 ����DNA    *�K7 >K�4   >KJ�k�

 ��KK7� '�94   �t3�KK��� >KK�'�35 >KK<�h  �KK��)+DNA 

>#2��
�)  ����DNA 3%$
  *�7 >�1    ��K7� '� >KJ�k�94 
 >� ���1��W� `�e+
 �t3���� >�'�DNA>#2' T+ �  �

 *�KK7 '�1   ��KK7� � >KKJ�k�55    >=KK�3+ �t3�KK��� >KK�'�

  *�K7 >� �1��W�1    ��K7� '� >KJ�k�72    � (t3�K��� >K�'�
 *�7 >� ���8� >=�3+10  ��7� '� >J�k�72   t3�K��� >�'�

 

 ̀ �KK7 z'��KK�?
 ��)��KK�37��+  �%#KK�� '� AG 22331 

 �
  �2 ���)+ *:3e]7 ��'�� �  ���&7 08� .�2 @�4�

 �'�1� `b �� �'3���#)$
1  ���	 �/'�gel read   0K8�)

��'  0��a b�#$� �� (�O�7�90    *�K7 >K�  TK�   ;�K� � 0
�K�

 '3� d�3+ >�/�	 `b �
 YX� .�2  ��_#�
UV     ��_#K�
 �K�

 `�7 j
� `b  �%#�� �
UVi Tech Y)
   @�K4�
 �'
���
.0��1  

X��#  a�% �  
>�3� >��  ���A. rhizogenes    TK��]+ >K� I�37

>�3�� '� �$� ���2 I��J2  ��1 '� N�M37 >&�'  ���2 ���
>�O4+ p��#� .�&� ��$3+ ���M37 >&�' Z�� Y���'
�  �
�K� 

  �K�'�� �'3K7 �1n��  >K�3��O�' �� '�   � ��
3K� @
�K�
 � 

 `��� '� >X$��� '3]7)1(  .0�
  �2  �
� ��&� 

  
 +�.51- X��#  ���]	 b ����� ���% ��M�� �VE��' ���� � ����� "�. � � �2 ��� �� �)��% ���� ���  

Table 1. Analysis of variance (ANOVA) for studied traits in excised shoot and hypocotyl explants 
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df 

J����d	 e=/�  
S.O.V 

5.2* 5.2** 11.2* 5472** 1 
�7� 

Temperature 

11.8** 8.3** 2.3 1731.7** 2 
>�3�  

Strain 

0.152 2.9* 2.8 403.64 2 
�7�  ×>�3�  

Temperature× strain 

5.5* 3.9* 11.1* 2373** 1 
0&( d�]7  

Medium 

0.001 0.012 0.684 550.2 1 
�7� × 0&( d�]7  

Temperature × Medium 

0.829 0.255 1.4 1093.75* 2 
 >�3� ×0&( d�]7  

Strain × Medium 

0.134 0.109 3.4 52.08 2 
�7� ×  >�3� ×0&( d�]7  

Temperature × Strain × Medium  

0.933 0.544 3.6 291.9 36 
�q< 

Error 

16.24 12.75 18.69 22.16  
) *
���c+ s��S�/'�(  

CV (%) 
 * � ** �> s�+�+ ���� z.#<
  ���( ��=7 '
� '� iq� 01/0 � 05/0 �7  .�2��a �c  �d  R��
3� @
��
 >�3��O�' �
��b >X$��� >�3��O�' �
��.  

* and ** Significant at 0.01 and 0.05 probability levels, respectively. a, c and d for excised shoot; b for hypocotyl. 
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>&�' N�$�
  02H1 �
 Y? N�M37 ���8  i�J�+ �
 ��'

       .���KK2 ���KK{ ��
3KK� @
�KK�
 >KK�3��O�' '� ��#(�KK� �KK�

0^�' >&�' N�
 ����2      *��K_#7  �K�1 �K=�,U >K&�' �� ��

>� �3� �'3U >� >(  P]7 '� >qJ� T� �
 � ;(
�#7 *'3/

�1n�� .���2 ���{ �� >� T��O� �� � ;<�   ��K2' ���

>&�' 7 N�M37 ���     *���=K&�
 �K�$3+ � \��K� �K2' �� I,q�  

  

 P)2) �3� �
�
��2.( 

����� ���� ����	 .F�� 

�/'� d�]7 '� N�M37 >&�' T��]+   � vK�#^7 ���

 >�3KK� �
�KK�   '� vKK�#^7 ��KK�2  ��KK7�25  �17  >KK�'�

 P)2 '� �#&( ;� t3����)3(  .0�
  �2  �
� ��&� 
  

  
 90�2-  �� ����� ���� �<)�	� �2 ���  '� .<% ���
� ���� ����� "�. �8 )A ?(16 )B � (24 )C '� b: '�� ( �% i�
O	

Agrobacterium rhizogenes �  ��  �VE��' ���� � �2 ���12 ) i�
O	 '� .<% '��D(.  

Fig. 2. Development of hairy roots in excised shoot explants of P. somniferum L. A, B, C: 7, 16 and 24 
days after inoculation, respectively, and D: 12 days after inoculation of hypocotyle explant. 

  

 

 
 90�3- ���% ����� ���� ����	 .F�� �% ��$ ;��� � ���) ?��� �G� ����� "�. � � �2 ���. 

Fig. 3. Effects of temperature, strain and medium on hairy root induction in  
excised shoot explant (P≤0.01). 
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���� �7  ���&7 >( '3U  >�3K� �32  �ATCC15834 

 0&( d�]7 '�½ MS   ��K7� �25    �t3�K��� >K�'�

   `�KJ#�
 '� ��
'�K( N��+:��T-DNA   >K�3��O�' >K�   ��K�

   �
OKK�7 >KK�) 
' ��
3KK� @
�KK�
87/71 �KK/'� .�
� ��KK&� (

 ;K�     0K&( d�K]7 '� N�K�h½ MS   ��K7� �25   >K�'�

>�3� t3����  ���GMI9534  �A4  >K�   �'
� sK�+�+

5/62  �62/40  �K/'�      >K�3��O�' '� N�M3K7 >K&�' �K�$3+

.�KKK��3� ��
3KKK� @
�KKK�
 2 ;KKK� �
 YKKK? ��'  �KKK� �#KKK&(

 @3��#(�KK���1�>KK�3��O�' �OKK�b�O�
'  �KK7�� d�KK]7 >KK� �KK�

 ;�K��+ ���� ���^#�
       N�#K�^� .���K2 PKJ#�7 �K2'  �K��(

N�M37 >&�'  �
 Y? ��8    >K�3��O�' ;K<� PK]7 �
 ���'   �K�

 P)2) ���2 '
���?2-A  �
 YK? .(12   �K+16   >K&�' ��'

N�M37  P)2) ��#2
� \��� �2' I��J2  ��1 >#^�'
�+ ���

2-B0&(��� �
 Y? .( #7 ���>�3��O�' �$
3    `�KJ#�
 � �K�

  >K&�' '� ��:�K� �2' 0
�� � ��+ d�]7 >�    N�M3K7 ��K�

 P)2) �2 ��4�
2-C    N��+:�K� ��
3K� @
�K�
 >�3��O�' .(

>� �
� ��&� N�M37 >&�' T��]+ >� 
' m�(
�  �'3KU   >K(

>�3��O�' '�  >&�' T��]+ �/'� N��+:�� ��
3� @
��
 �

 >�3� >� �3��7 N�M37ATCC15834 >�   �
OK�787/71 

�KK/'� d�KK]7 '� >KK( �3KK� MS ½  ��KK7� �25  >KK�'�

����1 P/�	 t3����  P)2)3>�3��O�' �7
 .(   '3K]7 �

       N�M3K7 >K&�' TK��]+ '� �8�3K+ PK��k �
OK�7 >� >X$���

>� .�3� v�=S  >K�3��O�' '� >( �+'3/    �>KX$��� '3K]7 �

 >�3� >� �3��7 N�M37 >&�' T��]+ �/'� N��+:��A4 

 �
O�7 >�2/31  �/'�  d�K]7 '� >( �3�½MS   ��K7� �

25 � t3���� >�'�> 0��      >K( 0K�
 �K(g >� @�: .�7�

  ��K7� � >�3��O�' N�
 '� N�M37 >&�' T��]+ �/'�25 

>�3� �
�� t3���� >�'�  �ATCC15834   �
OK�7 >�

1/28 �/'� d�]7 '� MS ½    P)K2) �3K�4   '3KU >K� .(

 d�]7 '� N�M37 >&�' T��]+ �
O�7 ��(MS ½  0,��

 d�]7 >� MS >�3��O�' �
��  >K�� '� �>X$��� '3]7 �  �

>�3� .�3� �#&�� ��  

 ��.<	�A�@ W�<� �  �� +�> �� ����� ����

�# �) � �2 ��� '� �#� 

�#��� T� '� �
�� f�=&�
 �
�=+ N��#&�� �#7   >� �3��7

 >�3�ATCC15834  �
O�7 >�6/4  d�]7 '� ��
MS  �

 ��7�25  K� t3���� >�'�>  0K��     P)K2) �K7�5  d�K]7 .(

MS >� '3U  ��#&�� �
�� f�=&�
 �
�=+ d�
�2 >�� '� ��(

 �� >���J7 '�½ MS >�)  s�+�+2/3  P��J7 '� ��
7/2  (��


      >�3K� >K( 0K�
 >K�3+ sK$�� .��( ��$3+GMI9534  '�

 d�KK]7MS  ��KK7� �17   f�=KK&�
 �
�KK=+ t3�KK��� >KK�'�

�#��� T� '� �
��  �
O�7 >� ��+:�� �#78/3    >K� 0,K�� ��


>�3� �%��  P)2) 02
� �7� N�
 '� ��5.(  

 

  
 90�4- ���% ����� ���� ����	 .F�� �% ��$ ;��� � ���) ?��� �G� �VE��' ���� � �2 ���. 

Fig. 4. Effects of temperature, strain and medium on hairy root induction in  
hypocotyl explant (P≤0.05). 
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� �2 ��� �� ����� ���� ��.<	 

 �
�� ��
3� @
��
 >�3��O�' '� N�M37 >&�' �
�=+ N��#&��

 >�3�ATCC15834  d�]7 �½ M  ��7� '�25   >K�'�

 �
O�7 >� t3����5/4 � ��
> 0��  ;� .�7�   >�3K� N�
 N��h

 ��7� �$�  �2 �(g d�
�2 '�17  �� O�� t3���� >�'�6/3 

   
' ��
3K� @
�K�
 >�3��O�' '� N�M37 >&�' �
�=+ N��+:�� ��


 >�3K� �%�� >� 0,��        P)K2) ��K( �K�$3+ �K7� NK�
 '� �K�6 .(

 >�3KKK�GMI9534   ��KKK7� �� �KKK� '�25  �17  >KKK�'�

 >�3� >� 0,�� t3����A4  �� N�M3K7 >&�' �
�=+  '� ��#K&

  P)K2) ��( ��$3+ ��
3� @
��
 >�3��O�'6.(   d�K]7½ MS 

 d�]7 >� 0,��MS >�3� �7��+ �
��   ��7� �� �� '� � ��  

>�3��O�' '� N�M37 >&�' �
�=+ ) ��#&�� ��
3� @
��
 �2/3    
  

 P��J7 '� ��
5/2 .��( ��$3+ (��
  

���) ���% ����� ���� .�E�	 . �� NO#�� ���  

>&�' T��]+ �
O�7 ��'��     ��K���' '� N�M3K7 ��K�8 �

12 �16 �20  �24 ;� �
 �=� �����') >�3� �
�� (�#&(  ���

A. rhizogenes  P)KKK2)7 >�3KKK� >KKK( �
� ��KKK&� (  �
ATCC15834  >�3K� ���� >� 0,��     m�
�K�? 0
�K� �K�

   ) 0KK2
� ��#KK&�� N�M3KK7 >KK&�'8  ;KK� �KK=� ��'  .(�#KK&(

>� �'3U  d�]7 '� >(½ MS 7� � ��25    t3�K��� >K�'�
>�3� �8�+  �ATCC15834     �
OK�7 >K� ;#K&� ��' '�3/6 

�/'� �$�	 '� .02
� N�M37 >&�' T��]+  >�3K� �� >(  �

 >�3K� >��&7 d�
�2 �� �%��     >K� ;K���
�� ��' '� �'3(HK7 �
 P)2) �����' N�M37 >&�' T��]+ �
O�7 N�
C -7.(  

 

 
 90�5-  �G��# �) �� +�> �� ����� ���� �A�@ W�<� � ��.<	 �% ��$ ;��� � ���) ?��� ����� "�. � � �2 ��� ���% �#�. 

Fig. 5. Effects of temperature, strain and medium on number of lateral branches per 1cm in 
 excised shoot explant (P≤0.01). 

 

  
 90�6-  ;��� � ���) ?��� �G������ "�. � � �2 ��� �� ����� ���� ��.<	 �% ��$. 

Fig. 6. Effects of temperature, strain and medium on number of hairy root per explant in 
 excised shoot explant (P≤0.01). 
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 90�7- ���� .�E�	 8���� . �� ���) ���% (����� "�. � � �2 ��� ��) ����� ���  ���A. rhizogenes    ��  

 ���'��8 ?12 ?16 ?20  �24. A  �B;��� �� Y�	�	 �% : MS  ���� �25  �17 T��-O) �5�� C  �D Y�	�	 �% :  

;��� �� ½ MS  ���� �25  �17 T��-O) �5��. 

Fig. 7. The rate of hairy root production (in excised shoot) by A. rhizogenes strains after 8, 12, 16 and 
24 Days after inoculation (DAI). A, B: in MS medium and temperature 25 and 17 ˚C, respectively. C, 

D: in ½ MS Medium and temperature 25 and 17 ˚C, respectively. 
 

���� �#�����	 �)��% �% ����� ��� PCR 

 �b >KK( �KK4�� �
rolB  0�KK�k '�T-DNA  ��#(�KK�

�7 t��
 N�
 �� �'
� '
�k   >K&�' �K#^�'
�+ 0���7 �
3+   ��K�

>� .��( *�,a
 
' N�M37     >K&�' �K#^�'
�+ �K�'�� '3K��7   ��K�

 ��4�� m�(
� '� N�M37   �b  nK�� ����1��W� �
 �
����? �


rolB ���� � �2  ��_#�
 �7 '��#�
 >( '3U   >K� �+�=qk 0�'

 `3Ubp 423    ��K&� >K( .�K���1 ���)+ �   �$
3K+ `�KJ#�
  �K��   

T-DNA `3�� @3�b >�     0K^�'
�+ >K4�#� '� � ���K�1 ���

>&�' ��3� '� .0�
 N�M37 ��� �$�	  ��' '� *�=qk N�
 >(

>&�' �
�� �'3���#)$
 `b   '� � �K&� ���{ >#^�'
�+ ��W ���

  >K&�' '� �b NK�
 >( �2  �
� ��&� >4�#�    >K#^�'
�+��W ��K�

 P)2) �'
�� �3��8  .(  

>&�' �#^�'
�+ �/'� �
O�7    I��JK2  �K�1 '� N�M37 ���

 ��PCR 100 �/'�     >K&�' NK�
 �3K�� >K7�: 
��� �3�   ��K�

 �� ��3KK� 0KK^�'
�+ �N�M3KK7   ��KK%�� �+'�KK,
 >KK� .0KK�
 �KK�

>&�'   �K7 P�)K&+ �+'3/ '� N�M37 ���   �b >K( ��3K2   ��K�
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rolA �rolB  �rolC   0�K�k '� >(T-DNA   ���K�.?

>4�#� '� .����� `�J#�
  ��1 >� ��'
� '
�k ��#(��    NK�
 `�KJ#�
 �

�b  >KK&�' ��KK�   '
�KK��? 0KK^�'
�+ N�M3KK7 ��KK� �KK7 ��3KK2 
)Ozyigit et al., 2013.(   `�KJ#�
T-DNA   ��#(�K� �


A. rhizogenes    �K�r�? �K����� ����1 @3�b >�   0K�
 �


)Ozyigit et al., 2013 KK�b�O�
' @3��#(�KK���1� .( O

 ����.? �
'
�Ri �b � 0�
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'
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 90�8-  ���$�� X��# PCR ���� �#�����	 .��Z	 �C5  �F�[#7� �����'�\& '� ���(#)� �% ����� ���  

 8!rolB  .���
� ���� ��M:100 bp  DNA Ladder? 1����) �(/� +�#/$ : ?(�E�2<� ���  

2 .�2)`:) �=l� +�#/$ :Ri  '�A. rhizogenes ?(3 �4���� : �#�����	 ����� ���. 

Fig. 8. Polymerase chain reaction (PCR) analysis for detection of the rolB gene in 
 transgenic hairy roots of P. somniferum L. Lane M: molecular size  

marker (100 bp ladder, Fermentase); lane 1: negative control 
 (non-transformed root); lane 2: positive control 
 (Ri plasmid); lanes 2-4: transgenic hairy roots. 
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1- Biotic and abiotic elicitors 

References 

1.  Akramian, M., Tabatabaei, S.M.F., and Mirmasoumi, M. 2008. Virulence of  
       different strains of Agrobacterium rhizogenes on genetic transformation of four 
 



�������  :�
'�)�� �>&�' T��]+  '� 0^�'
�+ N�M37 ������'
�  ��1 ... 

 

12

Hyoscyamus species. American-Eurasian Journal of Agricultural & Environmental 
Sciences, 3: 759-763. 

2. Alpizar, E., Dechamp, E., Espeout, S,. Royer, M., Lecouls, A.C., Nicole, M., 
Bertrand, B., Lashermes, P., and Etienne, H. 2006. Efficient production of 
Agrobacterium rhizogenes-transformed roots and composite plants for studying gene 
expression in coffee roots. Plant Cell Reports, 25: 959-967. 

3. Balandrin, M.F., Klocke, J.A., Wurtele, E.S., and Bollinger, W.H. 1985. Natural 
plant chemicals: Sources of industrial and medicinal materials. Science, 228:  
1154-1160. 

4. Baron, C., Domke, N., Beinhofer, M., and Hapfelmeier, S. 2001. Elevated 
temperature differentially affects virulence, virB protein accumulation, and  
t-pilus formation in different Agrobacterium tumefaciens and Agrobacterium vitis 
strains. Journal of Bacteriology, 183: 6852-6861. 

5. Bensaddek, L., Villarreal, M.L., and Fliniaux, M.A. 2008. Induction and growth of 
hairy roots for the production of medicinal compounds. Electronic Journal of 
Integrative Biosciences, 3: 2-9. 

6. Bivadi, V., Zakaria, R.A., Zare, N., and Yazdani, B. 2014. Effects of different tissue 
culture conditions in hairy roots induction in Hypericum perforatum L. International 
Research Journal of Applied and Basic Sciences, 8: 597-604. 

7. Cao, D., Hou, W., Song, S., Sun, H., Wu, C., Gao, Y., and Han, T. 2009. Assessment 
of conditions affecting Agrobacterium rhizogenes-mediated transformation of 
soybean. Plant Cell, Tissue and Organ Culture, 96: 45-52. 

8. Chandra, S. 2012. Natural plant genetic engineer Agrobacterium rhizogenes: Role of 
T-DNA in plant secondary metabolism. Biotechnology Letters, 34: 407-415. 

9. Desgagne Penix, I., and Facchini, P.J. 2012. Systematic silencing of benzylisoquinoline 
alkaloid biosynthetic genes reveals the major route to papaverine in opium poppy. 
The Plant Journal, 72: 331-344. 

10. Edwards, K., Johnstone, C., and Thompson, C. 1991. A simple and rapid method for 
the preparation of plant genomic DNA for PCR analysis. Nucleic Acids Research, 
19: 13-49. 

11. Furner, I.J., Huffman, G.A., Amasino, R.M., Garfinkel, D.J., Gordon, M.P., and 
Nester, E.W. 1986. An Agrobacterium transformation in the evolution of the genus 
Nicotiana. Nature, 319: 422-427. 

12. Gamborg, O.L.C., Miller, R.A., and Ojima, K. 1968. Nutrient requirements of 
suspension cultures of soybean root cells. Experimental Cell Research, 50: 151-158. 



 ��� �(��'��&( ���
 >�47) ����1 *
��$3+39   '��24 ���#�7� 95 

 

13

13. Le Flem-Bonhomme, V., Laurain-Mattar, D., and Fliniaux, M.A. 2004. Hairy root 
induction of Papaver somniferum var. album, a difficult-to-transform plant, by A. 
rhizogenes LBA 9402. Planta, 218: 890-893. 

14. Majumdar, S., Garai, S., and Jha, S. 2011. Genetic transformation of Bacopa 
monnieri by wild type strains of Agrobacterium rhizogenes stimulates production of 
bacopa saponins in transformed calli and plants. Plant Cell Reports, 30: 941-954. 

15. Mishra, B.N. and Ranjan, R. 2008. Growth of hairy‐root cultures in various 
bioreactors for the production of secondary metabolites. Biotechnology and Applied 
Biochemistry, 49: 1-10. 

16. Murashige, T. and Skoog, F. 1962. A revised medium for rapid growth and bio 
assays with tobacco tissue cultures. Physiologia Plantarum, 15: 473-497. 

17. Ozyigit, I.I., Dogan, I., and Tarhan, E.A. 2013. Agrobacterium rhizogenes-mediated 
transformation and its biotechnological applications in crops. In Crop Improvement, 
pp: 1-48. 

18. Park, S.U. and Facchini, P.J. 2000. Agrobacterium rhizogenes-mediated transformation 
of opium poppy, Papaver somniferum L., and California poppy, Eschscholzia 
californica Cham., root cultures. Journal of Experimental Botany, 51: 1005-1016. 

19. Pirian, K., Piri, Kh., and Ghiyasvand, T. 2012. Hairy roots induction from Portulaca 
oleracea using Agrobacterium rhizogenes to noradrenaline’s production. International 
Research Journal of Applied and Basic Sciences, 3: 642-649. 

20. Rostampour, S., Sohi, H.H., Jourabchi, E., and Ansari, E. 2009. Influence of 
Agrobacterium rhizogenes on induction of hairy roots and benzylisoquinoline 
alkaloids production in Persian poppy (Papaver bracteatum Lindl.): preliminary 
report .World Journal of Microbiology and Biotechnology, 25: 1807-1814. 

21. Sevon, N. and Caldentey, K. 2002. Agrobacterium rhizogenes-mediated transformation: 
Root cultures as a source of alkaloids. Planta Med, 68: 859-868. 

22. Sharafi, A., Sohi, H., Mousavi, A., Azadi, P., Razavi, K., and Otang Ntui, v. 2013. A 
reliable and efficient protocol for inducing hairy roots in Papaver bracteatum. Plant 
Cell, Tissue and Organ Culture, 113: 1-9. 

23. Sharifi, S., Sattari, T.N., Zebarjadi, A., Majd, A., and Ghasempour, H. 2014. The 
influence of Agrobacterium rhizogenes on induction of hairy roots and ß-carboline 
alkaloids production in Tribulus terrestris L. Physiology and Molecular Biology of 
Plants, 20: 69-80. 

24. Tetenyi, P. 1997. Opium poppy (Papaver somniferum), botany and horticulture. 
Horticultural Reviews, 19: 373-408. 



�������  :�
'�)�� �>&�' T��]+  '� 0^�'
�+ N�M37 ������'
�  ��1 ... 

 

14

25. Yoshimatsu, K. and Shimomura, K. 1992. Transformation of opium poppy 
(Papaversomniferum L.) with Agrobacterium rhizogenes MAFF 03-01724. Plant 
Cell Reports, 11: 132-136. 


