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ABSTRACT 
This study was conducted to optimizing of in vitro culture of Arbuscular Mycorrhizal Fungi (AMF) on in vitro root 
and petiole and greenhouse petiole and stem of carrot. Carrot seeds were disinfested and cultured on MS medium and 
pot. Four weeks old of in vitro root and petiole and 3 months old of greenhouse petiole and stem were inoculated with 
Rhizobium rhizogenes MSU, 15834 and A4 strains and cultured on MS medium. The effects of bacterial strain and 
explants type on hairy root production were studied. After the elimination of bacteria, growth rate of hairy roots 
obtained from each explants were measured in factorial experiment with completely randomized design with three 
replications and three explants in each replicate. Molecular confirmation of hairy roots induction and bacterial strains 
were performed using specific amplification of rolC gene in PCR reactions. The results showed that all bacterial 
strains could initiate hairy root production. Transgenic roots were thicker, more branches and higher growth rate 
compared to normal roots. 15834 bacterial strain and greenhouse petiole and in vitro root explants demonstrate the 
highest ability in hairy root production. The highest growth of hairy roots were observed in greenhouse stem explant 
with MSU bacterial strain.  
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�Á��Á�{YÂ»�ZÅ  
ÌÆeÈ�Ä¿Â¼¿�Ë��lËÂÅ�ÉZÅ  
ÉY�]���Â¿� Á{� �Y� ,Ä¿Â¼¿�Ë�� ¾Ë�fÆ]� [Zzf¿Y� Á� ¾ÌÌ e
rÅZÌ³ZË� ½Á�f�� È�� ½Á�{�� ¶Ë�f�Y�Ä�Ì���Á� �ÉY
Ä¿Zz¸³�� Ã{Z¨f�Y� ÉY|�Ä]� ��ÌÆe� �Â�À»È�ÅZÌ³rÈ�
Ä¿Zz¸³�� ,ÉYÉZÅ�~]��c|»� Ä]� lËÂÅÃ{��µÂ¿ZeY� �{� ÄÌ¿Zi

����a�Á�|��{�½M��Y��c|»�Ä]Ã{��µÂ¸v»��{�Ä¬Ì«{
�ºË|��dË�¸¯ÂbÌÅ�/���Ê¿Â¨�|��|��{|���b���|¿

���¬»�[M�Z]��Z]�|Àq½Á�f��½Y|¸³��{�Á�Ã|��Äf�� ��Z]
�d^�¿� Z]�dËÓ�a� Á� Ä�Z»� ,­Zy��\�ZÀ»�d�¯� �f�]

������ Á� d�¯� ��a�Ä�� d�~³� �Y��|��� �Y� ÃZ»
ÄrÅZÌ³�Ä«Z�� Á� ±�^»{� ,Ä¿Zz¸³� �{� ZÅ��º·Z�� ÉZÅ

Ä]�¿Â¼¿�Ë�� ½YÂÀ�È�� �|¿|�� Y|m�Ê¿Y|¸³ÉY�]��Ê¿Â¨�|�
Ä¿Â¼¿�Ë��� ,ZÅ�Z£M� �{��c|»� Ä]d�Ì]��½ZË�m� �{� Ä¬Ì«{

�a�Á�É�Zm�[M�½M��Y���ËZ»�ÉÁZu�[M��{�Ä¬Ì«{��ZÆq
��|Àf§�³��Y�«�Ã|ÀËÂ���b��c|»�Ä]����Ze�����{�ÄÌ¿Zi

� µÂ¿ZeY�� � Á� |��{����dË�¸¯ÂbÌÅ�µÂ¸v»� �{� Ä¬Ì«{
� ºË|��/��Ä�Â£� |��{��{YÂ»� �iY� ¥~u� ÉY�]� Á� �Á

Ê¿Â¨�|�����¬»�[M�Z]�,Ã|ÀÀ¯½Á�f���Ä]��Z]��ZÆq�Ze�Ä�
� c|»����|¿|�� Äf��� {ÂÅ� �Ë�� Ä¬Ì«{ ÌÆe� ÉY�]È�
rÅZÌ³È ½Á�f��,ÉZÅ�~]��c|»�Ä]�lËÂÅ�����{�Ä¬Ì«{

�ºË|��dË�¸¯ÂbÌÅ�µÂ¸v»��a�Á�Äf§�³��Y�«�|��{��Y��
���¬»�[M� Z]� Â�f��½Á�f�� ,����µÂ¿ZeY� �{� ÄÌ¿Zi���

Ä�Â£� |��{����¬»� [M� Z]� ÊËZÆ¿� ÉÂ�f��� �|¿|�� �Á
½Á�f���c�Â�� Ä¬Ì«{� lÀa� c|»� Ä]� �Z]� �Å� Á� �Z]� Ä�
� �d§�³ÉZÅ�~]��d�¯��Ìv»� �{� Ã|��Ê¿Â¨�|�MS 

)Murashige & Skoog�ÉÁZu�����Á���Z¯Z��|��{�/��
fË|Ì�Y� Z]� �Z³M� |��{È�� µ{Z »�/�-�/���d�¯|���|¿

É�fa��Ë{��É�Â¿��ËY��� Z]� |���©ZeY� Ä]� ZÅ����d�Z�
� Á� ÊËZÀ�Á���� ÉZ»{� Á� Ê°Ë�Ze� d�Z��±���m�{È�

�ÃZ»�®Ë��|¿|��¶¬fÀ»��ÂÌ�¸��a��d�¯��YÉZÅ�~]�
Ä¿Â¼¿�Ë�� ,lËÂÅ�ÄrÅZÌ³� �Y� Ä�Ë�� Á� ±�^»{� ÉZÅ��ÉZÅ

½Á�f��Ä]�Á� Y|m�Ä¿Â¼¿�Ë��É�Z³�Z���Â�À»���ËY���Z]�ZÅ
f�°¼ÅÊÄ¿Â¼¿� �Ë�� , � d�¯� �Ìv»� �{� ZÅMS��d�¯



���  ÃZÀa�½Y{�Ë�°¼Å�Á��½Y�ZÄÀÌÆ]�Ä�Ë��dÌ^je�Á�Z¬·Y�É�Z��Ä]�lËÂÅ�¾ÌËÂ»�ÉZÅ��Â�À»... 

 
É�fa� Á� Ã{Y{��Ë{���Á�Ê°Ë�Ze��ËY��� Z]� |���©ZeY� Ä]� ZÅ

�ÉZ»{���m�{È���Y��a�Á�¶¬fÀ»��ÂÌ�¸�����,d�Z�
Ä¿Â¼¿�Ë���ÉY�]�ZÅf�°¼ÅÊ��|¿|��Ã{Z»M  

  

Ã{Z»M�Á�ÄÌÆe�ÄËY|m�É�Z��ÊËZË�f¯Z]�ÉZÅ  
Ä]�� Ê���]� �Â�À»�ÌiPe ÄËÂ����]� É�f¯Z]� ¦¸fz»� ÉZÅ

�Ë�� |Ì·ÂeÈ�»� Á� ¾ÌËÂ»½M� |��� ½Y�Ì�� �Y� ,ZÅÄËÂ���ÉZÅ
�¾ÌaÁ�³YMSU�,�������ÁA4��É�f¯Z]R. rhizogenes�

�Ä¯�Ë��ÉZ¬·Y��{È��¾ÌËÂ»½YÂe��Ã{Z¨f�Y�,|¿�Y{�É�f�Ì]
� �|�ÄËÂ���ÉZÅÃ|�{ZË��ÃZ´�¿Y{�É�Â·ÂÀ°eÂÌ]� �¯�»� �Y

É�f¯Z]� ½ÂÌ�°¸¯� Á� |Æ�»� Ê�Á{�§��ÃZ´�¿Y{� Ê�ZÀ�
Ê·Á������l����ÄÌÆe�,½ZnÀ�§�|� .¹Y|¯�Å���Y�ÄËÂ��ÉZÅ

�d�¯��Ìv»�ÉÁ��É�f¯Z]LB )Luria Bertani�d�¯��
�ÉZ»{��{�Á�Ã|����m�{È��|¿|��É�Y|Æ´¿��ÂÌ�¸��

ÄËYÁ�{�ÉY )Ê¿ÂÌ�¿Zb�Â�(���Å��YÄËÂ���µZ¬f¿Y�Z]�È¿Z�¼Å
)Ê¿Â¸¯(�� d�¯� �Y��·Zy���� �{� É�f¯Z]� Äf�Z����

Ê¸Ì»���ËZ»�d�¯��Ìv»��fÌ·LB��®Ë�c|»�Ä]�Á�ÄÌÆe
Ä¿Z^��|À¿Y{�³� �{� �Á�Ç�Á{� ÉZ»{� Z]� �Y���m�{È�

�d���� Á��ÂÌ�¸�������|Àf§�³� �Y�«� Ä¬Ì«{� �{� �Á{
�ÌiPe��d�¸£�Ä��/��,�/���Á����YÄËÂ���ÉZÅA4�,MSU�
�Á�������Ë��ÉZ¬·Y��]È���Å�ÉY�]� �|��Ê���]�¾ÌËÂ»

ÈËÂ���Á�|��ÄÌÆe�Ä¿Â¼¿�Ë�� �Å� �Y� �Y�°e� �ZÆq� ,É�f¯Z]
¿Z^��d�¯��Y��aÈ ÄËÂ����{�É�f¯Z]�ÉZÅ�|���È�¨v»

Y{Y��·�� ��Y{�°Ì���ÂeZ]Â°¿Y(½M�d�¸£� ,���Y� Ã{Z¨f�Y� Z]� ZÅ
� ÃZ´f�{¦Ì���� É�Â¿� lÀ�É�f»Âf§Á�f°b�Y(���{� Á

µÂ��kÂ» ����Ã�Y|¿Y� �f»Â¿Z¿���b�� �|��É�Ì³Za� �]ÈË 
iPe�Ì���Â¼n»ÄËÂ��Ä�Ë���]�ZÅ�,ÊËY��d�¸£��\�ZÀ»�ÉZÅ

Ä¿Â¼¿�Ë�� Êf�°¼Å� ÉY�]� ÄÀÌÆ]� Á���Â¿� Á{� �Å� ÉZÅ
 e� �Y��a� �|��[Zzf¿Y� ÄrÅZÌ³� ÄÀÌÆ]�d�¸£�¾ÌÌ���

Ê¸Ì»����Y��fÌ·ÈËYÁ�{�·Â·��{�ÊËZË�f¯Z]È��c|»�Ä]�½Â°·Z§
Ã{��d����Z]�Á�Ä¬Ì«{�������ÂÌ¨Ë�f¿Z��Ä¬Ì«{��{��Á{

Ê«Z]� [Â��� Ä]� �|¿|��� Ã|¿Z»���Ê¸Ì»����¬»� [M� �fÌ·
½Á�f��� Á� |�� Ä§Z�YÄ]��Â�À»��Á� |��� ½Y�Ì»��ËY�§Y
¾´¼Å�� É�Z�ÈËYÁ�{���{� d�Z�� Á{� c|»� Ä]� ,É�f¯Z]
{�³|À¿YÇ ½Z�¼Å���ËY���Ìa���|Àf§�³��Y�«  

  
ÄËZ»�Ä¿Â¼¿�Ë��Ê¿���É�f¯Z]�Z]�ZÅR. rhizogenes 

Ä¿Â¼¿�Ë�� Z]� É�f¯Z]� Êf�°¼Å� ÉY�]�Ä¿Zz¸³� ÉZÅ��Á� ÉY

½Á�{�Ä�Ì���Ë�� |Ì·Âe� Á� lËÂÅ� ÉYÈ���Z¬¿� ,¾ÌËÂ»
Ä¿Â¼¿�Ë�� ¦¸fz»��Ê¼¯� ¾Ì·Â�¿Y� ²¿��� ­Â¿� Z]� ZÅ

� �b�� Á� Ã|�� Ê¼y��ÈËYÁ�{� �Y� Ê¼¯� �ZÌ�]� ½Y�Ì»
]�� ÄÀÌÆ]� d�¸£� Z]� É�f¯Z�-�/�OD= �� �{µÂ��kÂ» 

����¶v»�ÉÁ����f»Â¿Z¿���|��Ã{Y{��Y�«�,Ã|��ºy��ÉZÅ
Ä¿Â¼¿�Ë�� ¶»Z�� |ÅZ�� �Z¼Ìe��[M� ��Âe� Ä¯� {Â]� ÊËZÅ

ÄËZ»� ½Á�f�� ��¬»�Ä¿Â¼¿�Ë���b�� �|¿|�� Ê¿���ÉÁ�� ZÅ
�d�¯��Ìv»MS�Á�Ã|��d�¯���ËY����{�|���©ZeY�Ä]
�ÉZ»{�Á�®Ë�Ze���m�{È�¬fÀ»��ÂÌ�¸��ÉY�]��|¿|��¶
� �Z¼Ìe� �ÅÃ{�YÁ{�É�fa� Ä�� �{� �Y�°e���Y� �Ë{

Ä¿Â¼¿�Ë��Ä¿Zz¸³�ÉZÅ�½Á�{�Á�ÉY�Ä�Ì���Äf§�³���¿��{�ÉY
�|�  

 

Ä¿Â¼¿�Ë��t����Y�Ê³{Â·M�¥~u�ZÅ  
�Á� Ä¿Â¼¿�Ë�� �Â¿� Ä]� Äf�]� ,�Á�� Á{� d�~³� �Y� �a

·ZÅ� ,É�f¯Z]Ê]Z ·� È )É�ÔÌ�Â»(�É�f¯Z]� �Y��|��� ÉZÅ
Ä¿Â¼¿�Ë���Ë���{�Äf§ZË��»�ZÅ�Ê³{Â·M��§��ÉY�]��|��Ã|ÅZ
Ä¿Â¼¿�Ë�� ,ÊËZË�f¯Z]�� d�¯� �Ìv»� Ä]� ZÅMS��ÉÁZu

����Ê¸Ì»��fÌ·� �]� ¹�³�É�{Za )Êf¿M�®ÌeÂÌ](�
É�fa� �b�� �|¿|�� ¶¬fÀ»� ºÌ�¯ZeÂ¨���Ë{���{� ZÅ

�ÉZ»{���m�{È��½Z»�� Ze� Ê°Ë�Ze��ËY��� Á��ÂÌ�¸�
Ä�Ë���ÂÆ���É�Y|Æ´¿�¾ÌËÂ»�ÉZÅ|��½ZÀÌ¼�Y�ÉY�]��|¿

Z]� Ê³{Â·M� ¥~u� �YÄ¿Â¼¿�Ë�� ,ÊËZË�f¯���ZÆq� Ze� Á{� ZÅ
d�¯�Ë�� Ä^e�» ��ÅZ¯� Ä]� ÄmÂe� Z]� �Z]� �Å� Á� |¿|�

��Y�É�f¼¯�d�¸£� ,Ê³{Â·MÉ�{Za��Ã{Z¨f�Y�ºÌ�¯ZeÂ¨�
�½ZËZa� �{� �|�Ä �«�ÉZÅ ��Êf¿Z���Ä�Ë��­Â¿� �Y�É�f»

�d�¯��Ìv»�Ä]�Á�Y|mMS ½Á|] É�{Za��¶¬fÀ»|� .  
  
Pe|ÌË�Ä�Ë��Ê´fzË�Y�e�¾ÌËÂ»�ÉZÅ  

ÉY�//] Pe|//ÌË��e�Ä//�Ë��Ê//´fzË�Y����Y�,¾ÌËÂ//»�ÉZ//Å
�À¯YÁPCR ��ÉY�]�¿Á�§Y��½���Y�Ê�z]rolC��Ã{Z¨f�Y

�kY�zf�Y��|�DNA�Ä�Ë���Y���Ê·Â/¼ »�Á�ÄfzË�Y�e�ÉZÅ
�Ã|��ÄÀÌÆ]��Á���Y�Ã{Z¨f�Y�Z]�lËÂÅCTAB )Alaei et 

al., 2009d�¯��Y�Á����ÉZÅ����Ä��Äf�Z�ÈËÂ� �É�f¯Z]
R. rhizogenes�������/ÌÌ¤e�Ê¯|/¿Y�Z/]Ausubel et al., 

1992�d§�³�c�Â��� Ä�Ë��Ä]�lËÂÅ�Ê·Â¼ »�ÉZÅ��½YÂÀ�
��Á�Ê//¨À»�µ�/fÀ¯ÄËÂ//���É�f¯Z//]�ÉZ//ÅR. rhizogenes�

Ä//]�½YÂ//À��|ÅZ//� )µ�//fÀ¯(���À//¯YÁ��{�d//^j»PCR�



  ½Y�ËY�Ê�Y���½ZÅZÌ³�¹Â¸��Á{�,Ç ���Z¼��,Ç ��,½Zf�»� ����  ��� 

 
Ã{Z¨f�Y��½��Ê�Z�fyY�ÉZÅ�³�Z£M��|¿|�rolC���¶»Z/�

���Ê·YÂ////////e�Z////////]�d////////§���³�Z////////£M5�-

CTCCTGACATCAAACTCGTC -3����³�Z///£M�Á
��Ê·YÂ////////////e�Z////////////]�d////////////�³�]5�-

TGCTTCGAGTTATGGGTACA -3���Ã{Z¨f�Y|� 
)Moshtaghi, 2001��À¯YÁ���PCR��ÊËZÆ¿�ºnu�Z]���

��¶»Z/���fÌ·Á�°Ì»�/������,Ã�Ì¿Â/Ë{��/�¬»�[M��/fÌ·Á�°Ì»
�/�����Y��//fÌ·Á�°Ì»����À//¯YÁ��Â//¸z»Taq DNA 

Polymerase Master Mix Red, Amplicon 

Denmark�,����d§���³�Z£M��fÌ·Á�°Ì»����,�ÓÂ»Á�°Ì»
�����d//�³�]��³�Z//£M��//fÌ·Á�°Ì»����Á��ÓÂ//»Á�°Ì»��

��fÌ·Á�°Ì»DNA kY�zf�Y ��Á�]�ZÀ]��/»Z¿�]È �ËZ/»{���/Ë��Ê
�d/���YÁ��|��¹Zn¿Y ��/Ì·ÁY�É�Z/�È DNA����ÉZ/»{�Z/]���

m�{È�»�Ä]��ÂÌ�¸��c|���,Ä¬Ì«{����¶»Z��Äy�qÃ{�
��ÉZ/»{��{�É�Z��d���YÁ�ÄÌ¿Zi����/m�{È���,�ÂÌ/�¸�

���¸u�»�ÄÌ¿ZiÈ��ÉZ»{�Z]�µZ�eY����/m�{È���,�ÂÌ/�¸�
®//Ë�//¸u�»�Ä//¬Ì«{È��ÉZ//»{��{���f//�³���//m�{È�

�dËZÆ¿��{�Á��ÂÌ�¸��d/¨Å����ÉZ/»{�Ä/¬Ì«{����/m�{È�
�ÊËZÆ¿���f�³�ÉY�]��ÂÌ�¸�  

��À¯YÁ�µÂ�v»PCR����Z³M�µ���{���Z]�|��{��§Z]
TBE�� ¶Ì�¿Zfa� ¥ÔfyY� �{� Á� É�Y~³�Z]����d·Á

���Â§Á�f°·Y|�.  
  
iPe�Ì��Ë��|Ì·Âe�Á��ÂÆ��|��{��]�Ä¿Â¼¿�Ë���Â¿È�

¾ÌËÂ»  
ÉY�]��Ë��ÉZ¬·Y��{�Ä¿Â¼¿�Ë��¾Ë�fÆ]�¾ÌÌ eÈ���Y�,¾ÌËÂ»

Ä¿Â¼¿�Ë��½Á�{� ±�^»{� Á� Ä�Ë�� ÉZÅ�Ä�Ì���Á� ÉY
Ä¿Â¼¿�Ë��«Z�� Á�±�^»{�ÉZÅÈ�Ä¿Zz¸³���Y�°e� �ZÆq� Z]�ÉY

�Y� Ã{Z¨f|�� ZË� |Ì·Âe� �½Á|]��|Ì·Âe� |��{� �Ì¿� Á� |Ì·Âe
Ä�Ë��� ��Z¼�� Z]� ,ÊËZ¬·Y� ¾ÌËÂ»� ÉZÅ�Z¼���ÉZÅ�Y�°e

�Ë��ÉY�Y{È��Äf¨Å�Ä��d�~³��Y��a�Ã|�|Ì·Âe�¾ÌËÂ»
�|��Ê���]��Z¼Ìe��Å��{  

  
Ä�Ë��|���½Y�Ì»�¾ÌËÂ»�ÉZÅ  
Ä�Ë�� |Ì·Âe� �Y��a��¥~u� �Y� ½ZÀÌ¼�Y� Á� ¾ÌËÂ»� ÉZÅ

� ,É�f¯Z]Ä �«�ÉZÅ ��Êf¿Z��»Ä�Ë�� ¾ËY� �Y� É�f��ZÅ
� �Ìv»� �{� Á� [Zzf¿YMS��Ê·Â�� |��� �|¿|�� d�¯

Ä�Ë��É�fa�d�a��Y��Z]�®Ë��Á��Ä���Å�ZÅ��Ë{��Z]�Á�ZÅ

Ä¿Z�¿�Ã�Y|¿Y� É�Y~³�� É�Ì³|�Ä]� �ËZ»�M� ���c�Â�
�Á� �Y�°e�Ä�� Z]�Ê§{Z�e�¶»Z¯�s���\·Z«� �{�¶Ë�Âf¯Z§

Ë�ne� �|�� ¹Zn¿Y� Ä¿Â¼¿�Ë�� Ä�� �Y�°e� �Å� �{È��É�Z»M
Ã{Y{��Y�Z]�ZÅ¹�¿��Y�Ã{Z¨f��Y�§YSAS 9.1��ËZ¬»�Á�¹Zn¿YÈ�

¾Ì´¿ZÌ»ÄÀ»Y{�|Àq�½Â»�M��Y�Ã{Z¨f�Y�Z]�ZÅ��{�¾°¿Y{�ÉY
�É�Z»M�µZ¼fuY�t�����Ä^�Zv»�|��{|� .  

 
hv]�Á�lËZf¿  

Ä¿YÂm��Ê¿�ZÅ�~]  
ÉZÅ�~]�d�¯� lËÂÅ � �ËY��� �{� Ã|�½Á�{�Ä�Ì��ÉY�,

�Ã{Z¨f�Y� {�Â»� �Á�� ¾ËY�]ZÀ]� ,|Àf�Y{� Ê¼¯� Ê³{Â·M
»�ÊËY�Z¯rÅZÌ³� �d�Y{�\�ZÀÈ�Ä¿Zz¸³��|���d����ÉY

��|��d�¯�½Y|¸³�¾Ë|Àq��Â�À»�¾Ë|]� ,d�Y{�ÊÀÌËZa
{Z»� �Â¿Ç ¿Â¨�|�Ê�Ã|ÀÀ¯��½M� �Y� Ã{Z¨f�Y� �Á�� Á

Ä]�­Za� �Â�À»�� �Y� Ä¿Â¼¿�Ë��É�Z�¶»Z��ÉZÅ�Ã{Â·M �Ã|ÀÀ¯
� |ËZ]Ä]�Ä¿Â³�YÉ��Ä]� \Ì�M� ¾Ë�f¼¯� Ä¯� {Â�� [Zzf¿Y

� �Y� Á� Ã|�� {�YÁ� Ä¿Â¼¿�Ë�ÉÂ��� �´Ë{¶»Z��ÉZÅ�
Ã{Â·M � �|¿Á�]� ¾Ì]� �Y� Ã|ÀÀ¯Ä]�c�Z^��{�´Ë{Z»� ,Ç�

Ê¿Â¨�|� � |ËZ]� Ã|ÀÀ¯Ä]�Ã�Y|¿Y�YÉ���Z¼e� �{� Ä¿Â¼¿�Ë�� Z]
� Ä¯� |�Z]ZÆÀe�[Á�°Ì»� �YÂ¿Y���Y� Y�� Ä¿Â¼¿�Ë��t���ÉZÅ

�Á�{�^]�¾Ì]ÄfyZË�¿Â¼¿�Ë��ÉZÅÈ���{��|¿Â�¿�{Â]Z¿�ÊÅZÌ³
Ê���]��Y�É�ZÌ�]��,Ã|��¹Zn¿Y�ÉZÅ��Y��]�Ê����ÉZÅ�

lËÂÅ �d»Zz�� Ä]��� Ze��Ê¸Ì»��Ë��ÉZ¬·Y�ÉY�]� �f»È�
� Ã{Z¨f�Y�¾ÌËÂ»|���d�Y� ÃDeclerck et al��� ������

Fortin et al�������� Rezaee Danesh et al., 2006���
Ä]��~]�[Zzf¿Y�Ä]�,Ä¿Â¼¿�Ë��½YÂÀ���½YÂm�d§Z]�|Ì·Âe�d¸�

Ê¿Â¨�|�� {YÂ»� Z]� �Z¼e� �{� Ä¯� d�Y ��|Àf�Ì¿� Ã|ÀÀ¯
Ä]�µÂ¼ »�Â��� �~]���Âa�Ê³{Â·M� ,Ê¿Â¨�|�� �Y��a

¹Y|¿Y� Á� {�Y|¿�{� ÉZÅ¿Á�Ê»� Â¼¿� Á� |��� ½M� Ê��|ÀÀ¯
)Leifert & Cassells, 2001��Ì¿��ÅÁ�a�¾ËY�lËZf¿� ��

{Y{�½Z�¿,�ÄrÅZÌ³��Y�Ã{Z¨f�Y�Z]�ËÂÅ�É�~]�ÉZÅl��½Y�Ì»
Ê³{Â·M��Ìv»� Ê^¿Zm� ÉZÅ�d§Z]� Á� d�¯� ÉZÅ��ÉZÅ

�Z]�Ä�ËZ¬»��{�ÊÅZÌ³��]�ÉZÅ ÂÅlË��d�Y��f¼¯  
  
ÄÀÌÆ] ÄËZ»� ,d�¸£� É�Z��É�f¯Z]� Á� Ê¿����Y� ÊËY{�

Ä¿Â¼¿�Ë��t���ZÅ  
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Figure 1. The morphology of hairy roots obtained from greenhouse (A and B) and in vitro (D and C) explants.  
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Figure 2. A) Transgenic roots with many lateral branches. B) Non-transgenic roots.  
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Figure 3. Amplification of rolC gene in hairy roots obtained from in vitro (A) and greenhouse (B) 
explants. 
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Figure 4. The effects of bacterial strain on hairy root production in in vitro (A) and greenhouse (B) explants. 

Columns with the same letters are not significantly different at P ≤ 0.05 according to Duncan�s Multiple Range Test. 
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Figure 5. The effects of explants type on hairy root induction 

Columns with the same letters are not significantly different at P ≤ 0.05 according to Duncan�s Multiple Range 

Test. 
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Figure 6. The growth rate of hairy roots obtained from in vitro root (A) and petiole (B) explants. 
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Figure 7. The growth rate of hairy roots obtained from greenhouse stem (A) and petiole (B) explants. 
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Figure 8- The hairy roots growth compare in in vitro explants in bacterial strains 

Columns with the same letters are not significantly different at P ≤ 0.05 according to Duncan�s 

Multiple Range Test. 
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Table 1. ANOVA result of growth rate compare of hairy roots obtained from 

 in vitro explants in bacterial strains 

Source  DF  Growth rate 
(cm)  

    Final growth  
Bacteria  2  14/13**  
Explant  1  13/67**  

Bacteria*Explant  2  4/9*  
Error  12  0/8  

Coeff Var  -  15/59  
����,�Ä] e�eÌ\ cÁZ¨e À »Ê �Y{ �{ t�� µZ¼fuY � Á � |��{ 
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**,*: Significant difference at 1 and 5 percent respectively. 
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Figure 9. The hairy roots growth compare in greenhouse explants in bacterial strains.  

Columns with the same letters are not significantly different at P ≤ 0.05 according to Duncan�s 

Multiple Range Test. 
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Table 2. ANOVA result of growth rate compare of hairy roots obtained from 
greenhouse explants in bacterial strains 

Source  DF  Growth rate 
(cm)  

    Final growth  
Bacteria  2  38/91**  
Explant  1  5/91**  

Bacteria*Explant  2  25/36**  
Error  12  0/057 

Coeff Var  -  5/3  
**: cÁZ¨e À »Ê �Y{ �{ t�� µZ¼fuY � |��{ 

**: Significant difference at 1 percent. 
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