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�X5 ��0� %�(��� ���Y 
�!����. ��  P����B��& �� [��7E �	� ��\]� �GT ^0� ��0� /��15 20���15	��E )A4& A7& A13 	 ATCC 15834( 	 �� ^0� ��0��_�� &`�5) R��010V�� 	 (�	!���01 �5 ��_�� /�B� ���� P�O0� �� P�� 	� ��0� M�3B��L5 
���5 !����. �� [��7E &2	� ��\]� a��� >�1�/ ��= b��X� )MS& MS 1/2& MS 1/4 	 B5( �5 
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6�W0 	 
���� 0��? �����/ P�O0� ��0� 
5�7�� ���Y .>?�� M��� ��� ��� �1 �� ��0� L. reticulatus H.& P�����5 ��_�� /�B� ���� P�O0� )78%( �� ��0��_�� �	!���01 e���� %!  5 ��0� A7 	 �f1�!g �7	 �� )25/6 (2�� 	 A�c )5/0 (2�� �� a��� >�1 ��= MS >�!5 .!�E 5 �"0� �5 &M��� �f1�!g �0�? R1 )82/3 
��� 2��A�B� !��� �5 2�� %�� (�� 	 !�O0�	I? R1 )7 
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 !�" &����� ���� 	 
�	��� ���� ������ �����	�36 %��  &1         23  ���	�  o�" M�3B��L5 � p�5 ���� )Hyoscyamus( q���� �5 %��� Solanaceae 
�! 5 �1 9 ��0� �E r��s��� �� ����� 	   18 ��0� �� ����� 	 /��0�1 t��u� 
�!�1��= .���� ��0� L.reticulates  H. ���
 
(�� 	 A��B� � �B�	� .>�� P�� %�� �05 
qu�� A�c 	 ����A�c &�s� v0�"v�4 �E�& ����� 	 1���� >�� )1987 vis,aD.( 2�� [X5�/ P�� %�� /	g >�B05�� /0�\ !�O0B6BE %�05 �1 w�1>� 	 >�(�1 �E �� 2�!��/� b��X� �	(�� .>�� ��!�� !�O0B6BE �� 2�!��/� b��X� ��0� H. reticulates R�  ���� 7� 08/0 � 15/0 )��&! `�5� 7� 06/0 � 17/0 &!)�� �Y� 02/0 	 ��L5 06/0 � 1/0 !)�� ��k�� 
�! 5. P����G� �!�O0B6BE/ P�� %�� �� P����0�� 	 EP��Q0=06� (P��0��) R�6�� 
�.!��� ��0� L. pusillus .H 
6� �8�� 7� ��0��/ P�� o�" 	 
��� A��B� 	 xc �V�/� &
�  ^��_� 	 qu�� ��5 >�� )1996 Mozaffarian,(. 
6� 7� �	(�/� �6 E P�� ��0� 5 ��� ��0��& Q5 ��05 ��_�� P��Q0=06�E >3:� �5 P����0�� �� �� 2�!�� &���� �Y� 	 `�5 
�! 5. ��_�� P��Q0=06�E �5��0�� !�O0B6BE 
�)� P�� %�� �� 2�!��/� b��X� �	(�� %�05 	 �� ���� 087/0%& �Y� 057/0% 	 `�5 090/0% K��_� %!  >�� )2009 .,al et Bahmanzadegan(. 5 �"0� �5 �6��� /U�� /��� /��5 P��Q0=06�E >3:� �5 P����0�� �5 R�B� K7�� 
�	��� 10 �5��5 ����5 >�� ) .,al et Madani 2015(& P�� ��0� 
���0�! N3�� 
3��� /��5 P��Q0=06�E .! 5 5 �"0� �5 ����6 _��� 
����  P�� n�1��� %!�l�= 	 ��_�� !�B0� G�E �5��0) 
��3u S1 %�05 	 y��X��� G�E ���_�/� /��7 &�����5�� 
���0� /��15 20���15	��E _�W	_��� )rhizogenes Agrobacterium( �� z�B� ���� P�O0� �� /��!�� 7� ���� ���� �5 %�(��� 7� �����/ P�O0� �5��0�� 
�3�� /��5 !�B0� �?E%��	/� 
�	��� %!  >�� )2006 .,al et Flores(. 
���1 
�X����� a�0� /��15 20���15	��E >�� ��\]� ^0� &{��0�W ^0� 	 P� &��0��_�� ��0� /��15 	 ��8��/� 
B06B0� 
�! 5. ��0��/ b��X� 20���15	��E _�W	_��� 
���0�/� 
�	(�� �� ��_�� 
�X����� !���� )2006 Li, & Tao(. �� 
����� Noori 	 ���6�� )2017( ��\]� ��0��/ b��X� 	��E520���1 �5 ��_�� �0�? �����/ P�O0� %�� R��c�� )purpurea Echinacea( �� 
���5 ��1% 	 M��� ��� ��� �1 �����/ R)g 7� e���� 5 ��0� A4 P�����5 ��_�� �0�? �� !�� ��. P��l�� �� %�(��� 7� rhizogenes A. �5�0|�� ����� �W �5 ��&�� 5�! R��0� (��X�
 ���"7� �� �a >�1 ���G5 /7�!�0  )2012 .,al et Kabirnetaj.( ���G5 /7�1���n/� ���a >�1 �����/ 0�P�O ��5/ �_?��[ ! � 	 B0��! B05���>�/ /0�\ �	�U�>: )2013 ,.al et Sharafi.( �5 �|� 
�!�� ���k� ����� ��0� /Lk� a��� >�1 ��=& ��\]� R5Y �|gI�/� �5 ! � �����/ 0�OP� ���� 	 >|�4 	 ^0� ��0� R�6��%!��� a��� >�1 �� ��_�� ! � A� P�Q ���� 0�OP� ��\]� R5Y 
G"0� .���� P���5�5 ���G5 /7�a��� >�1 �5�0|�� ! � v0��� 	 [��_?� N��� >�B05��� �� >�1 �����/ 0�OP� ��:5 _Og >���� >�� )0092 .,al et Shinde } et Condori 2010 .,al(. [��_?� >|�4 20��0�E �� a��� >�1 �����/ O0�P� ~_�5  )belladonn tropaA( ��5 [�1 ! � !����& �� Bg
�1 [��_?� >|�4 ������ ���� �5 [��_?� _���0�5 !�O0B6BE 	 N��� �E %!  	 P�����5 ��!�� >:�7%�0� 	 ��6��� �!�O0B6BE 5 [�1 �� 	� e�� N3�� 
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�� �Y	� 
���0�! %	I��5 ���k� ��_�� ! � �����/ &P�O0� !�B0� 05��B>�/� /0�\ 	 
��E��!�:1�� �� _�� >�� ��\]� ���Y !�� )Singh, 2007(. >|�4 /Q5 
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���0�! a���  
��� ���� %��1 	 ��5 !�B0� ��0��/ �<�:1� [�1�	��L= &���� �� ����� 
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�!�� )2007 Wu,.( 5 �"0� �5 >���� 	� o�" pusillus H. 	   
reticulatus H. �5R�B� P� �� /�!�O0B6BE 5 &K7�� P�?� 
��� ��5/ !�B0� ��7�� 	 N��� G�E 7� q��u �����/ 0��OP �	�U/ �5 �|� 
�!��. �5 �P� �0|��& �� P�� q���� �\� ��0��/ b��X� /��15 	 _����0���/ b��X� �5 !)�� /�B� ���� P�O0� 	 P��l�� ��\]� ���G5/7� a���  ! � ����/� 0��OP 7� q��u vX��� P���G5 ^0� a��� >�1 ��= 7�) �|� !�B0� >:�7%�0� 	 
�<�	�/ 
���� 0��? ���"7� ��_�� �0�? &R1 !�O0�	I? R1 	 >�B�? S�_�E�/ 
��E��!�:1�
( �� 	� ��0� 7� %�� M�3B��L5 �5��0�� P�B	� 2� �\�� �� >�1 ����/� O0�P�  /��5[��_?� !�B0� >�B05��/� /0�\ ��B�� .!����   
���  ����  *)" !�	+� � ���, -�	�./�.!�  �L5 ��0� 7��  ��0� 	�M�3B��L5 7� >1�  �1= �L5 �G()� /��!��c 	 �� 7�� �0� ����Q a�0� R6B� �0��� 70% �5 �!� A� ���Y� 	 �0��� >���10V�� S�!� 5/2% �5 �!� 10 ���Y� 
�0(�!U !����% 	 o= 7� �E 3 �5 5 vE���� �5 �!� 1& 3 	 5 ���Y� 0��:  %��� ! .  ��L5 /��5 ���0"
�7 	 ��G� ��0��_�� �� a��� >�1�/ MS )1962 Skoog, & Murashige( /	g   7 2�� �5 ���B E�� >�1 	 �� ��� ! � 5 /�� 2±25 �"�� 
������� 	  ��a���  /�0� 16 >�� 
�� 	� 	 8 >�� 
6��� ���Y .!��?��    
�	(� (�01, 2/. ��/�  (�"!� � 2/. �./�.-�	 (�  !%&� �)�	 ��3/4  P�� [��7E �5��0) R��0�1? �� nBY H�u rI�1 
?�s� �� �� 	� ��0� 2��� !  �1 �0�1? �	� ^0� ��0� /��15 �� �GT e�� )��0��/ A4& A7& A13 	  ATCC 15834( 	 �0�1? 2	� ^0� ��0��_�� �� �� e�� )&�	!���01 R��010V�� 	 (`�5 �� �� ���6� .�05 _����0���/ ��0� %�(��� �� P�� [��7E 	� ��(�/� .!��05 2�� ��0�� 7� A�5 
5	�6�� ���:� 
�� 
�!�G� A���W 	 /W0B0�6�0�5 )���G�-�����( ��G� .!���� A� �0�1 �� ��0� �� a��� >�1 LB N�� )5119 ,Bertani( �5 �!� 48 >�� 	 �� �6�  �0�506�� 5 /�� 28 �"�� 
������� ���Y .!��?�� >|�4 ���G5 /��15 )600OD( /��5 e���� �5 ��_�� 5/0 � 6/0 P���� .!���� 
��� _����0��� �5 K	� �u04/�	 a�0� ��0� /��15 ���� .!�!  P�!5�0|�� _����0��� o= 7� ���� Sc7 
��� a�0� RVB6�� R����� �� R�� `�3�� 	 >�= &`�5 �5 �!� 10 ���Y� a�0� �0�:�V�0� /��15 e���� 	  /��5 S�
��1 �� a��� >�1 ��= MS !Y? �0��0� �5 �!�   48 >�� 	 �� a���  
6��� ���Y %��� .!�!  !�5 7� > L� 48 >�� S�&
��1 ��0��_�� /��5 tLg /��15 �5 a��� >�1 ��= MS /	g 200 
��� 2���5 ���B 
��EA��0�5 S�:1�0(� R���� !  )2019 .,al et Nourozi(. o= 7� �0G� �����/ &P�O0� !)�� ����
��7 >3\ 	 P���G5 ��0� 	 ^0� ��0��_�� �5/� �� ��0� �X�� .!����    (�01, 5�64 *)"!�  ��!7 8��94 (� �:	 �)�	!�  ��3/4  o= 7� P���� P���G5 ^0� ��0� 	 ��0��_��&  /��5 ���G5 /7�a���  >�1 �����/ P�O0�& �\� 4 ^0� a��� >�1 N�� b��X� )MS& 1/2MS& MS 1/4 	 B5( �5 !�B0� >:�7%�0� �����/ P�O0� 	 
�<�	�/ �� 0��?�
� ��0� 
���5 ���Y .>?�� �5 P��  R�B�A� 2�� 7� �����/ %7� �5 PB�� ��� 250 
������B/ /	g 20 
������B 7� �� A� 7� a���/� >�1 R���� 	 >�1 ��� �6�  �0�506�� 5 >��� 100 �	� �� ���Y� 	 /�� 25 �"�� 
�������  /��5! � ���Y %��� .!�!  !�5 7� �L>  21 7	� 7� >�1& �����/ P�O0�  /��5%7�!��/��� �7	 �� 	 A�c 	 E/�_�B� 
���� 0��? ��0� %�(��� ���Y .!��?��  
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�	��� ���� ������ �����	�36 %��  &1         25  �	!;< (�= 
&/.!�4  �(� �#��.� (�= *�&!>? 
�.@.����"�
� �?/A � ��3/.�B? C" 1/0 2�� 7� �����/ O0��P _��? &%!  �� �	� 	 a�0� �7� N�� v��E %!  	 �5 Rc�� �B0B [��7E R���� ����!. 02 
������B �0��� 80% �5 �� �B0B �?U� 	 �5�!� 30 ���Y� �� /�� 30 �"�� 
������� A��0����B	� �!�) E120H >c� �0�1 (��BE !���� 	 �� >�G� %�s� R)g %!  7� L41 
?) �03� %��� %!  	 �� �lX�   4 �"�� 
������� /��!G8� !  )2201 ,Fattahi(.    DE�� *�&!>? 
�.@.����"�
 �� F�	 DPPH   /��5 %7�!��/��� >�B�? 
��E��!�:1�
 �5 50 ���B	�6�� 7� %�s� 
B0��� ��0���& 2 
������B �0��� DPPH   )picrylhydrazyl-1-diphenyl-2,2( )mol/lit 5-10×6( �?U� 	 ��_�� vL" o= 7� 15 � 30 ���Y� 5 %�(��� 7� ���0�?	��6V�� �� �0u y0� 517 ���0�� %!��0c !  	 5 %�(��� 7� �0��? ��7 >�B�? 
��E��!�:1�
 P���� !����. /��5 ��G� !�  (A��5) 
��E ��!�:1�_�� �5 K	� Q5 R�� 	 a�? �5 /" %�s� &
��� 50 ���B	�6�� �0��� 80% �?U� !  )2007 .,al et Chiou.(    (AC-AS/AC)×100 AC: ��_�� vL" A��5 }AS: ��_�� vL" ��0��    �#��.� (�= *�&!>? 
�.@.����"�
 �� F�	 FRAP )Ferric Reducing Antioxidant Power( ��!�� 
sX�� 7� �� %�s� 5 3 
������B 7� t��� %7� FRAP �?5) ���� S�!� 300 
����Q0� 5 ���!��� 6/3& A��? - /�� R�!��=- �� -P�7��� 2 	 A��? (!���1 5 S� �0�X� .!�!  �0�X� R)g �5 ��! 30 ���Y� �� 2�g vE 2�� /��) 37 �"�� 
�������( ���Y >?�� 	 vL" �E �� �0u y0� 593 ���0�� 	 5 %�(��� 7� %8��� ���0�?	��6V�� >3:� �5 !�  %!��0c .!  7� �(B0� P�E /��5 S�� 
���� ���!���� %�(��� !���� 	 M��� %���� ����5   WF /g2+Fe mmol ��5 !  )2014 .,al et Žugić.(    �#��.� (�= �?/A C"  �5�0|�� %7�!��/��� �?0� R1 �!�5� �5 30 ���B	�6�� %�s� &
B0��� 90 ���B	�6�� vE 	 600 ���B	�6�� P�B0? 10% �?U� 	 o= 7� 5 � 10 &���Y� 480 ���B	�6�� ��5�1 S�!� 10% %�	_?� !  	 �� >�G� 5/1 � 2 >�� �� a���  6���
 /��!G8� !���� � p�� ��0��� �5 [(�5 ���k� !�1 	 !�5 ��_�� vL" 5 %8��� �6V�����0�?	� �� �0u y0� 765 ���0�� %!��0c .!  �� >�G� ��!�� vL" )Y( �� ��5�� R)g 7� �0����3�B1 �"/��L8 %!  	 ��!�� �?0� R1 )X( �5 n:g )WF /galG mg( 5>�! .!�E 7� A�B� !��� )Gallic acid( �5��0�� ���!���� /��5 S�� 
���� �0����3�B1 %�(��� !  )Slinkard & Singleton, 1977(.   0.0007X+0.0145Y  �#��.� (�= ��3/.�B? C"  /��5 %7�!��/��� !�O0�	I? R1 �5 500 ���B	�6�� 7� %�s� &
B0��� 150 ���B	�6�� >����� S�!� 5% �?U� .!���� o= 7� 5 ���Y�& 300 ���B	�6�� !���1 20����0BE 10% �?U� 	 o= 7� 5 ���Y�& 1 
������B �0� 1 �Q0� _�� �?U� %!���� 	 �� >�G� S�g 
�G� 5 vE ���� �5   5 
������B %!��� ! . ��!�� vL" �� %8��� �6V�����0�?	� 	 �0u y0� 380 ���0�� >O��Y .!  ��!�� vL" )Y( ��  ��5����7 /��L�" %!  � ��!�� !�O0�	I? R1 )X( �5 :gn )DW /geQu gm (>�!5 !�E. 7� P�����O01 )Quercetin( �5��0�� ���!���� /��5 S�� 
���� �0����3�B1 %�(��� !  )2007 .,al et Shin(.    Y= 0.0094 X+0.8712   
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  H�(9��� �	!;< 
�!�=   �(�DE�� *�&!>? G�-.@!� 5/0 2�� 7� �����/ P�O0� _��? %!  �� A� 7� ��0�� �70�P ! % 	 �5��_�� 5 �5��5 �7	 �E �?5 HCL-Tris 50 
����Q0� 5 5/7pH= �5 gn: 
������B �?U� 	 �5 /	� C� �5 �!� 20 ���Y� ��c !  � A� %�s� rI�1 P8�� >�!5 .!�E %�s� R)g �� 12000 �	� �� ���Y� �5 �!� 20 ���Y� �� /�� 4 �"�� 
������� 5 %�(��� 7� %8��� W0�(����� �lX���� �!�) 15000CFNH-VS >c� �0�1 %�1 (
50�" W0�(����� .!  �0��� 
�	� 7� v0�� 5 >Y� �!" %!  	 �5 ��	/� _��� R���� 	 5 >��� 9000 �	� �5 �!� 15 ���Y� �� /�� 4 �"�� 
������� W0�(����� !����. �� &��= ��	� �5 
���E 7� %8��� W0�(����� y�c %!  	 �0��� 
�	� �� !�T ��	 AT01 N�70� .!���� %�s� R)g /��5 [��� >�B�? S�_�E�/ &7Q�1 �01�� 7�!�:1��= 	 �5�06�E 7�!�:1��= ��0� %�(��� ���Y >?�� )2001 .,al et Sudhakar(.    �#��.� (�= *�&!>? G�-.@ #I!,!" )CAT(  �!�5� �?5 �(:? 50 
����Q0� 5 7=pH ��G� ! . oV� �5 ��_�� 5/2 
������B 7� �E �?5 	   20 ���B	�6�� vE ��<�:1� )2O2H( 3% /��5 �� ��0�� �� ���5 .!  P�� ��0� 5 S� �0�X� %!  	  !�5 20 ���B	�6�� %�s� 
��_�E �5 �E %�	_?� 	 �����k� vL" �� �0u y0� 240 ���0�� 5 %�(��� 7� %8��� ���0�?	��6V�� �5 �!� 1 ���Y� 
���5 .!  /�0��� >�B�? S�_�E �5 n:g �����k� !g�	 vL" �� ���Y� �5 /�7� 2�� �7	 �� )FW 1-g U( �3���  !���� )1974 Aebi,(.    �#��.� (�= *�&!>? G�-.@ A/"!�!= #����"�(7 )GPX(  >�B�? S�_�E �01�� 7�!�:1��= 5 %�(��� 7� �01�� �5��0�� ���:50� 	 ����5 K	� Adam-Mac 	 ���6�� )1992( %7�!��/��� ! . �0�X� [�1�	 	g /25 ���B	�6�� %�s� &
��_�E 77/2 ���B	�6�� �?5 �(:? S���= 50 
����Q0� 5 ���!��� 7& 100 ���B	�6�� vE ��<�:1� 1% 	 100 ���B	�6�� �01�� 4% .�05 [��_?� vL" �5 R�B� �0���!�:1� �01�� �� �0u y0� 470 ���0�� �� �!� 1 ���Y� %7�!��/��� .!  oV� ��_�� >�B�? S�_�E �5 n:g �����k� !g�	 vL" �� ���Y� �5 /�7� �� 2�� �7	 �� )FW 1-g1-min ODI( �3��� .!����    �#��.� (�= *�&!>? G�-.@ J!�	/K�@ #����"�(7 )APX(  o= 7� %��E/7� %�s�/� 
��_�E& /��5 [��� >�B�? S�_�E �5�06�E &7�!�:1��= �0�X� [�1�	 	g /2 
������B �?5 �(:? 50 
����Q0� 5 7=pH& 200 ���B	�6�� vE ��<�:1� )2O2H( 3%& 200 ���B	�6�� �5�06�E 50 �Q0�	�6�� 	 100 ���B	�6�� %�s� 
��_�E �� 2�g C� 5 �8�!6� �0�X� .!���� 
���� �����k� vL" �� �0u y0� 290 ���0�� %!��0c .!  /�0��� >�B�? S�_�E n:g�5 �����k� !g�	 vL" �� ���Y� �5 /�7� �� 2�� �7	 �� )FW 1-g U( �3��� !���� )1981 Asada, & Nakano(.    D�"�� �(�E.# � #�(���7 )PCR( �5�0|�� �]!�� �0�g �W Brol& DNA 
�0�W ��0���/ �����/ P�O0� �5 K	� CTAB )Cetyl Trrimethyl Ammonium Bromide( y��X��� !���� )1420 .,al et Kamalizadeh(. [�1�	 %����7/� 7�����= �5�0|�� !��]� �0�g �W B rol 20���15	��E _�W	_��� �� �����/ P�O0� 5 %�(��� 7� /���74E 
)s�c� �W B rol 2��� !  ���74E) 5 %�(��� 7� 2����_?�     



 !�" &����� ���� 	 
�	��� ���� ������ �����	�36 %��  &1         27  oligo 
g��u ! (. �� a� ��
� ��0� %�(��� ��5/ �W Brol R�  > ���	7�/ B	��� �� ��/ 94 �"�� �5 �!� 5 Y�&��� 35 �c�T R�  ��/ 94 �"�� �5 �!� 1 &���Y� 06 �"�� �5 �!� 80 &���\ 72 �"�� �5 �!� 90 ���\ 	 a:5 G�
� �� 72 �"�� �5 �!� 10 Y���� �05. ��0s� PCR �� �W 7��E 1% 7�0?	��6B� !����.    F: 5´-TGGATCCCAAATTGCTATTCCACGA-3´    R: 5´-TTAGGCTTCTTTCTTCAGGTTTACTGCAGC-3´    ��-E,C��6,�  	!4@ �L�L!�  2�� [��7E� �� nBY H�u rI�1 
?�s� 2��� ! . %����/ R)g 7� [��7E� �� 2����_?� 29. SAS ��0� ��_��R����	 /��E ���Y .!��?�� �:��� P�8��� %���� ����5 �0�7E !�T ������/ P6��� 	 �� e�� ���g� 5% 2��� !  	 ����0�� 5 %�(��� 7� 2����_?� 2007 Excel S�� !����.         CK:1- �)�	 �:	 8��94 C��(4 
��	�L �!�= ��3/4  !�H. reticulatus )A � (H. pusillus )B(  �)�	 	/�N (8&��./�.-�	 #� ��3/4  !��)�	 �:	 (O �P/�(�"!��(=@ !� ��?!� Q�%�,  !� � �4!R *)" 5�64 	L ��3/4  !�  �)�	 *)" (H'�!4 *)" 5�64 	L ��3/4  !�        



28   �����  #!� $!%&�  �	!" � '�(��)�	 ... �����   (�01,2/. ��/� � �./�.-�	 (� �S	L  !%&� �)�	 ��3/4   ��0� ��H. reticulates& 15  ��0� �� 	 7	�H. pusillus& 10 ���� e���� 7� !�5 7	� /	� �5 Sc7 R�� 7� P�O0� /� ��0��_�� R6 ) !�!  ��� �1.(  o����	 ��_�� _�B�E M��� %��� ��0��_�� ^0� 	 /��15 ��0� ^0� R5��� �\� �1 ��� ��� ����� z�B� !)�� �5 ���g� e�� �� ��0� 	� �� �� P�O0� /� 1% 
���
� ��� �	!") ! 51 ^0� /��\� P�8��� �:��� .(���� !)�� �5 ��0��_�� ^0� 	 ��0���0� 
��7 pusillusH.  ���� !)�� P���Q5 �1 ��� ���) 
��790% ��0� �� (A13  	 e���� 
�	!���01 ��0��_�� �� .!���� R)g `�5 ��0��_�� ��0� 5 %! A7  	A4 ���� z�B� ��08l�� !���8� %!��� /� ��0� G�� 	 /�A13  	15834  ���� /�B� 7� �� 
���= !)�� �5) P�O0� n����33/3%  	01% ��0��_�� �� .!���1 !�B0� ( ��� R��010V����0� 7� A� ���� ���� �5 ��Y /��15 /� 
Bg �� &!�!�� P�O0� 
�Q5 !)�� !�B0� 5 `�5 ��0��_�� �1��0� ��� a�0� P�O0� ���� 7� P���� ��0��_�� P���G5 � !���� R6 )2 -  ��0� �� .(bB�H. reticulates  ��0�A7  	  ��0��_�� ��0� 	 P�����5 
�	!���01A13  ��0��_�� �� ���� !)�� P����1 R��010V��R6 ) ��� ��� �� 
��72 - .(v     A��R1-  T.!�	�� ��-E, A��R(�01, �)�	 $!%&� �S	L (� �./�.-�	 2/. � -.��-��	 P/�(�"!��(=@ ��/� 2/. �./= �L 	L ��3/4  !�  U�V&�	+�)H. reticulatus  �H. pusillus(  J!>�(4 ��W.!�4 �R	L  L�#@  J�(��X, '�!�4  �)�	 �S	L
��# 
H. reticulatus  H. pusillus      **52/977  **21064 2  �./�.-�	 )a( **065/6371  **74/148  3  (�"!� ��/� )b( **34/310  **51/118 6 ) C�!%�4 (0�a×b( 50/53  88/6  24 
)�!4#@ �!V�:� 04/18  33/10  J�(��X, Y�(Z  )CV%( **: ���
��� tI�c� %!��� ���g� e�� �� ���1% 
�! 5.      CK:2- (�01, (0� !�  U�V&�	+� �!�= 	L ��3/4 �)�	  !%&� �S	L (� �./�.-�	 2/. �  (�"!� ��/� 2/. C�!%�4  8&�:  �./=H. pusillus  �O : �./=H. reticulatus  ��� �:6� t	�g
��� tI�c� �0"	 2!� %!��� ���g� e�� �� ���5% .>�� P6��� �0�7E 5   O 8&� 



 !�" &����� ���� 	 
�	��� ���� ������ �����	�36 %��  &1         29  ,�1�� 
&/K&/4 *��!4 
�9�	�(, �)�	!�  ��3/4  M��� _�B�E 0?	��6B��7 �W 7��E 1% �0s�� [�1�	 %����7/� 7�����= /��5 �����/ >X����� &
B��g� �0�g ���Y bp 780 �05�� �5 �W B rol �� �� �����/ R)g �� _����0���/ b��X� a�0� ��0��/ 20���15	��E _�W	_��� ��� ��� R6 ) 3(. %7�!�� ���Y ��f6� %!  �� ��0�� ����1 >3f� 20���15	��E) ��0� %�(��� �� (e���� �5�� /�!�5 /��f6� �� �����/ >X����� .�05 P��l�� �� DNA R)g 7� �����/ 
��3u %�� �5)��0�� ����1 (
(�� ��� /!�5 %!��� .!���8� �T��� �0W0B0?� /! � A�=	��0�WI= N��� 5 !�B0� �5���� ��	��? �� a��� >�1 !Y? &�0��0� t��� ���� /�0��OP ��0� ��B�� &�05 5 P�� �g 
���5 >��� ��X����� G�E a�0� A��6� PCR ��5 /��f6� ��Y�� /7� �W B rol 5 %�(��� 7� A� >(" ��74E 
)s�c� �5 R6  ����!" 2��� ! . �0G� �����/ P�O0� 
 � 7� 20���15	��E &_�W	_��� R)g ����� 
�X5 7� �W/� �0"0� �5 /	� DNA-T !���I= Ri P�� /��15 �5 �0�� 
��� 
�! 5. P���5�5 
���5 >��� ��X����� �����/ P�O0� �� 
���0� 5 
5��� �W/� �0"0� �5 /	� DNA-T P�� /��15 �1 P����G� G�E �W C rol &A rol 	B rol >��& 2��� ���   )2001 .,al et lickaóKr.(       CK:3- A/;64 #	!=@ A� #	/?�(�K&� �(�E.# D�"�� #�(���7  � �(� ,1 ��� [� 	/\�rol B �)�	 	L*9�	�(,  !�  L :DNA  �1��1kb )Fermentase &(+1C ��0� 20���15	��� /��15 :A7 �5 ��0� /��5 >3f� ����1 ��0��H. reticulates  &+2C : ��0� 20���15	��� /��15A13: �5 ��0� /��5 >3f� ����1 ��0��H. pusillus & 1-C���� :�5 >X�������4 /� &�	� 
(�� ����1 ��0��2-C [�1�	 :PCR  /08B� �	!5DNA �52	� 
(�� ����1 ��0��& 1M :�����B� P�O0� /�z ��0��_�� �� %!  ��0� 
�	!���01 /�H. reticulates  	2M :�����B� P�O0� /�z  %! ��0��_�� �� ��0� 
��5 /�H. pusillus   (�01, 2/. 5�64 *)" (� [#� (, � ])^ �)�	!�  ��3/4  M��� ��_�� o����	 ��\]� a��� >�1�/ ��= b��X� �5 ��_�� �7	 �� 	 A�c �����/ P�O0� %�� H. pusillus 	 
H. reticulates )�	!" 2( ��� ��� �1 �7	 �� 	 A�c �����/ P�O0� �� �� 	� ��0� �5��0) 
������/ >�� ��\]� ^0� a��� >�1 ��= 
�! 5 )50.0<P(. �� ��0�   

H. pusillus P�����5 ��_�� �7	 �� )25/5 (2�� 	 A�c )43/0 (2�� �� a��� >�1 ��= MS 	 P����1 ��_�� �7	 �� )64/2 (2�� 	 A�c )13/0 (2�� �� a��� >�1 ��= 1/4MS >3\ .!���� �� ��0� H. reticulates _�� 5�n���� a��� >�1 ��= MS ��5 !�B0� P�����5 �7	 ��   )25/6 (2�� 	 A�c )5/0 (2�� 	 a��� >�1 MS 1/4 ��5 !�B0� P����1 �7	 �� )64/3 (2�� 	 A�c )18/0 (2��  ! R6 ) 4(.  



30   �����  #!� $!%&�  �	!" � '�(��)�	 ... A��R 2 -  T.!�	�� ��-E,(�01, �)�	 ])^ [#� � (, [#� [�-�4 (� *)" 5�64 2/. �./= �L 	L ��3/4  !�H. reticulatus  �H. pusillus J!>�(4 ��W.!�4  �R	L   L�#@ J�(��X, '�!�4 ])^ [#� (, [#� ])^ [#� (, [#� 
H. reticulatus  H. pusillus    **064/0 **86/3 **057/0 **87/3 3 *)" 5�64 2/. 003/0 017/0 002/0 03/0 8 
)�!4#@ �!V�:� 92/19 79/2 89/19 89/4  J�(��X, Y�(Z )CV%( **: ���%!��� 
��� tI�c� ���g� e�� �� ���1% 
�! 5.    CK: 4- (�01, 2/. 5�64 *)" (� [�-�4 [#� (, (8&�) � [#� ])^ (O) 	L  �L=./� H. pusillus � H. reticulates  t	�g �:6� ���%!��� 2!� �0"	 tI�c� 
������ �� e�� ���g� 5% 5 �0�7E P6��� .>��     (�01, 2/. 5�64 *)" (� [�-�4 A/�? � ��3/.�B? C" �)�	!�  ��3/4  M��� ��_�� o����	 ��\]� ^0� a��� >�1 �5 ��_�� �0�? 	 !�O0�	I? R1 ��� ��� �1 �� ��0� H. pusillus ^0� a��� >�1 ��= ��\]� 
������/ �� e�� ���g� 5% �5 ��_�� �0�? R1 �����/ 0�OP� > ��& �� 
Bg�1 ^0� a��� >�1 �� ��0� H. reticulates �� e�� 1% �5 ��_�� �0�? ��\]� 
������/ ��� ��� �	!") 3.( �� ��0� H. pusillus P�����5 �0�? R1 �5 ��_�� FW 1-g GAE mg 26/2 �05�� �5 a��� >�1 ��= B5 	 P����1 �E �5 ��_�� FW 1-g GAE mg 21/1 ��5�0 �5 a��� >�1 ��= MS 1/4 .�05 P�� ��!�� �� ��0� H. 

reticulates & 5�n���� 69/1 	 52/1 �5��5 >3:� �5 ���0 H. 

pusillus [��_?� ��� ���. P�����5 ��_�� �?0� R1 �� �����/ P�O0� ��0� H. reticulates �� a��� >�1 ��= MS 	 P����1 ��_�� �E �� a��� >�1 ��= B5 %!��� !����. �� &R5�� �\� ^0� a��� >�1 ��= �5 ��_�� !�O0�	I? R1 �� �� 	� ��0� 
��� ���.�03� �f1�!g !�O0�	I? R1 ) 1-g QE mg FW22/9( �� ��0� H. pusillus �� �����/ P�O0� >�1 %!  �� a��� B5 %!��� !���� 	 RY�!g !�O0�	I? R1 ) mg FW 1-g QE16/6( �� a��� >�1 ��= MS 1/4 >3\ ! . �� ��0� H. reticulates & P���Q5 e�� !�O0�	I? R1 ) QE mg FW 1-g7( �� a��� >�1 ��= MS 	 P����1 e�� !�O0�	I? 1R )FW 1-g QE mg32/4( �� a��� >�1 ��= MS 1/4 >�!5 E!�& T��!� �1 �:��� ���P�8 tI�c� /��E 
������/  ��P�5 a��� >�1�/ b��X� �� �� 	� ��0� ��� ��!� R6 ) 5 .(�	(� �� �0�? 	 !�O0�	I? R1 �� ��0��/ b��X� rQ��g� 
 � 7� �	(� �� �6� /��8�" DNA-T �� 20�W �0�� >X����� ���] A��� 7� ��0�� 
�! 5.  



   A��R3- 
�.@ *�&!>? � C" ��3/.�B? �C" A/�? [�-�4 (� *)" 5�64 2/. (�01, T.!�	�� ��-E, A��R F�	 �L �� 
.����"�DPPH  �FRAP �)�	�./= �L 	L ��3/4  !� H. reticulatus  �H. pusillus J!>�(4 ��W.!�4    
H. reticulatus  H. pusillus    
�.@*.����"�  )FRAP( 
�.@*.����"�  )DPPH(  ��3/.�B?  A/�? 
�.@*.����"�  )FRAP( 
�.@*.����"�  )DPPH(  ��3/.�B?  A/�? �R	L   L�#@ J�(��X, '�!�4 **25/14 ns67/8 ns88/3 **07/3 **78/6 **59/30 ns64/5 *74/0 3 *)" 5�64 2/. 04/1 17/2 73/3 11/0 57/0 90/1 72/3 17/0 8 
)�!4#@ �!V�:� 04/13 45/14 95/33 12/13 02/17 95/8 96/23 73/25 J�(��X, Y�(Z )CV%( **& *  	ns: 5���� n�������%! 
��� tI�c� ���g� e�� �� ���1% &5% 
��� /��E tI�c� �0"	 2!� 	��� 
�! 5.   :CK 5- (�01, 2/. 5�64 *)" ��!7 (� [�-�4 A/�? C" (8&�) � ��3/.�B? C" (O) 	L �)�	 !� ��3/4 CS!� #� �L �./= H. reticulatus  �H. pusillus  t	�g �:6� ���%!��� 2!� �0"	 tI�c� 
������ �� e�� ���g� 5% 5 �0�7E P6��� .>��     � ���  



32   �����  #!� $!%&�  �	!" � '�(��)�	 ... (�01, 2/. 5�64 *)" (� [�-�4 *�&!>? 
�.@.����"�
 )DPPH � FRAP( �)�	!�  ��3/4  ��  P��q���� >�B�? 
��E��!�:1�
 5�����	 	� K	� b��X� DPPH 	 FRAP ��0� 
5�7�� ���Y .>?�� M��� ��_�� o����	 �� 	� K	� ��� ��� �1 �\� ^0� a��� >�1 ��= �� H. pusillus �� �� 	� K	� ��0� ��B�� �� e�� ���g� 5% 
��� ���!����& �� 
Bg�1 ��  
H. reticulates >�B�? 
��E��!�:1�
 �5 K	� DPPH 
��� ����03� 	 �� K	� FRAP �� e�� ���g� 1% �\� /�
������/ �� ��� ��� �	!") 3(. �� M��� R)g 7� �:��� P�8��� �X�� !���� �1 >�B�? tLg �6����/� ��7E �� ����/� P�O0� ��:5�	 �5 ^0� a��� >�1 
�! 5. 5�/�0u �1 �f1�!g >�B�? 
��E��!�:1�
 )12/20%( �� H. pusillus �5 K	� DPPH �� a��� >�1 ��= MS 	 �5K	� FRAP �� a��� >�1 ��= B5 )FW 1-g 2+Fe mmol 05/6( R)g .!���� �� 
Bg�1 �� 

H. reticulates P�����5 >�B�? 
��E��!�:1�
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39 Iranian Journal of Medicinal and Aromatic Plants, Vol. 36, No. 1, 2020  Optimization of rapid and efficient hairy root induction in two  
Hyoscyamus reticulatus L. and Hyoscyamus pusillus L.  R. Ghodsi1, B. Hosseini2* and A. Hedayati3  1- M.Sc. studendt, Department of Horticulture, Faculty of Agriculture, Urmia University, Urmia, Iran 2*- Corresponding author, Department of Horticulture, Faculty of Agriculture, Urmia University, Urmia, Iran     E-mail: b.hosseini@urmia.ac.ir 3- Ph.D. studendt, Department of Horticulture, Faculty of Agriculture, Urmia University, Urmia, Iran  Received: December 2018      Revised: Julu 2019   Accepted: November 2019  Abstract     Hyoscyamus species such as H. reticulatus L. and H. pusillus L. are rich sources of tropane alkaloids, mainly hyoscyamine and scopolamine, which are used for their mydriatic, antispasmodic, anticholinergic, analgesic and sedative properties. In this study, in the first experiment, the effects of four strains of Agrobacterium rhizogenes (ATCC 15834, A4, A7 and A13) and three explants (leaf, hypocotyls, and cotyledon) on hairy root induction were investigated in both H. reticulatus and H. pusillus species. In the second experiment, the effects of various culture media (MS, 1/2 MS, 1/4 MS, and B5) were evaluated on some morphological and phytochemical traits of hairy roots. The results showed that in H. reticulatus, maximum hairy root induction (78%) was obtained in the cotyledon explant inoculated with A7 strain and maximum hairy roots fresh weight (6.25 g) and dry weight (0.5 g) were recorded in MS medium. In this species, the highest total phenol (3.82 mg GAE g-1 FW) and total flavonoid  (7 mg QUE g-1 FW) content were observed in MS medium; however, no significant changes were observed in the activity of antioxidant enzymes of hairy roots cultured in different media. In H. pusillus, the leaf explant inoculated with A13 strain showed maximum hairy root induction (90%), and the highest hairy root fresh weight (5.25 g) and dry weight (0.43 g) were observed in MS medium and the highest total phenol (2.26 mg GAE g-1 FW) and flavonoid (9.22 mg QUE g-1 FW) content were obtained in B5 medium. This study showed that basal culture medium type and plant species had a significant impact on the biomass and phytochemical characteristics of hairy roots.  Keywords: Agrobacterium rhizogenesis, basal media culture, total phenol and flavonoid, hairy root. 


