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Improving the Method of In Vitro Regeneration and Gene Transfer to the 

African Violet (Saintpaulia ionantha)  
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�� �D E�� F�����50 G�H I.�J �C K���4D�� B���K��D ��H  ��C�L$�� ����.  �M���N������!  ?O���C ?��3 ?O��  ?�+��

 O��;�D � O��
3 �C=J� ��PQ :+D R2�� �C MS   ��S:<
� 7
48�  �!�����! �!NAA +BAP �IBA +BAP   ���

���>U�� �2.�$  .�� �;��� VW; 	�C B���50 �C$ ���4;0K�� �����N��O���C � O��  �! �4�0 ��12$�2�  �!

:+D R2�� �C :+D �� A2>������D � A2>�����X2!:<
�  ���C ���84��  �!�4�0 �C A�� 5� 7
48�  �!12$�2�  ����5��

��C�3. :<
� ��� Y8+� 5� V- I;��� �4�0Z E�/4�� ?���84�� :+D R2��  ��� 12$�2��  �!AS1 � 4'CGT �� $�$2I � �

�C��4;�  ���; 	���4D����30 5�LBA4404 �2�;[-  ��S  �!pCAMBIA1304 �pBI121   B�D�� \�� 5� .�� 	�
��

��2
�5�
-  � .�� �C��4;� �48����$ ��!�23 ���;���  ��� 5����
24� �! C��� Y8+� E�� B���50 ����N�� �D O�� �

I;���� �����N�� A��$ D R2��:+ �
2� 1�  ��S �42. �� 	�3IBA  �BAP  �C �! ?=J� ��PQ.C�� I2D�$ A��4P� �
24� �! 

 R2�� �D C�C ��+� 	�C B���50M4 )  ��S I2$�$ ��50  �75 �
2�>�����X2! � A2>������D �42. �C 	�3 (A2����H  5� K��D

����� ���55����  �23�
� :8����$�2�  �!C .��D �P4�� ��48����$ ��!�23   �!�35��0 5� �C��4;� ��� ���L4UZ� C���  �!

B���50 .���� ^�84��  

�!�� :#��$� #�% ?���/���0 �+�����N����� ?:;C �U�� ?�_24�Z  5�� ?=2/4>� ���5.:��� :+D 

�(%�( 

  �+��� ���/���0 (African violet) �!�23 �.�;��Q �� 	�� ��
� Saintpaulia ionantha 5� ��2$ Gesneriaceae :;� )4(. 

O�� � K3  ���C V�� A���� ^�`�  �!K3 .���� �!��F���  �C ^�. �C �� a����X�5 �� =<����b��  ^�. �; ��C �-2� �C A

6������C C��� c��4�  �! )17.( V�� Saintpaulia  K��� � �C�� �2��N��$ � �2�D ����25 :;� ���3 )19.(  ��� \��N3

 �D :;����3 :+! Saintpaulia K��� S. ionantha   �C���P$ e�f� �C ��!�23 :;�P� IUCN����C ���J )8.( \5�� 

 C�L4J� A�� V�� ��K2.C �3,����!c��4� K_� � 6�� A4��C ��@�! � R���� �C ��� :2
��J ?��!�
3 ������$ ?g�$  :�$

 � ����L� ���B��N�� �C ��;0 �+��� �� E�; E�L� 	��$) ����11.( 
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+��C� � F�$��� G[�� ���32Z�.��_$� ? 5���+D ��_+��C ? �5 ��X+��CK�? +��C2�� � ���3 F�$��� G[�� 

�2Z�.��_$� ? 	�
� ��X+��C ��3�3 �f2�H m���� �  5���+D ��X+��C �  ?K��5���C�4;� +D ��_+��C ?�_�NW!�23 ���3���C�4;� � K��5 ��X+��C ? 5��� 

��_+!�,-  � 124�Z ����� :>�5  5���+D ��4;��H ? ��; �f2�H m���� �  5���+D 	�
� ��X+��C.����� ? ��; ?  
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  :2f���� ���3 A�� �f2�H  �! 5� :
� KX�� A4�� A2�����C ���J �pU e�f� �C  5���+D �f;�$  ��� �!  ��U�� 

���3����C ���J e��/�� �pU e�f� �C �0 �+S�  �! )2.( �� 5� ���/���0 �+��� �2q_$ ��[����  \��; ��2>� O�� ��
J �4�

:J�23�� �2.�$ \�� A�� r��H 5� ��23  C���� C��f$ � :;� � sC��=!A2�Q _+� \�� A�� �C[� �$23 ��Pt ���� ��!�

 ���2� �f;�$ � �2q_$ :P� C��5  �u� �� 5�2� ?���/4��� C��� �!C��C )21( .� 1� �f;�$ ?�
24� �C A��  ��� m��; �2q_$ \�

���3 C�L4J� O�N� :f��� 1� ?�!�23  �! \�� A��4P� 5� �_� .C�� �!��U �4��5 ��!�23 :f�� �Cq_$  ��� �! m��; �2

�2q_$ � v�S �C �D :;� :��� :+D  Z�.��_$ ?��!�23 ���3 ���C�; �+S�  �!������  �� � ��$�D ���5C����  �u  ��

A_�� �� C5�;)3 .(�>� :��� :+D 5� ��� r4+� ��!�23 �D :;� A�� �X�C =P� :�N� 1�.�$ ��!�23 �� : �� ��� �2

\���� ��C��U��  �4P� :�[; � �4+2� :2�2D 5� �.��f�  �!����� )12.( 

  ����w01? 1� x[D 5�  �!�2w���[� �� ^�2�D�D ���� �C C��f$  C���� 5� ���3�! ����� ����� ��� K3 �� ���4; 

)Cosmos bipinnatus( ?:Ly� Kz3��;��y� ).	�2���2 � (���2� K3 �)majus Antirrhinum (:��� ��C�� )18.( 1AS2 � 

CGT'4 3
 �Z �! �23�C =P� N4�; :;� 6�� C�5 ���2� K3 ��23 5� ����w0 ?�Z A�� ��2��!  �����U �� ����! �� � �X���! ��

�Z 5� �_�  �!����[� 3 �4�-5[2>D���2!4 )H3F( ��  CE���[����2! 4 -5�4D����5 )RDF(  12�_$ ��RNAi  C�
�� {���

) �2���$ K3 �C C�5 ����X��13) ���
2� � (6.:;� ��� ( ;��P�||� �||��F ���||�  �C!�23||�� �||� �_�||�� �||��55��  5�

��23 �$���48� �X4>�  C��C�D ���48���U  �C�SE �}�S �A� 12�_$ ����H K��JP��$�  ~���LU  �C�!�23� 5�4��  ���� 

�4>3\ �; .::;C 5� �C��4;�  ��� ��2P� �� 5�2� ���/���0 �+��� �4��5 ��23 G[�� �C �_24�Z  5�� � :��� :+D  5�;

�� ��23 A�� �� �Z E�/4�� ��������H   ���4� �D�4U�� �! I;��� :+D R2�� 5� �C��4;� �� � �C�D �48����$ �� �!�23  �!

 5��4U�� �!5 KJ��S �C K��D ��23 ?�48����$  �! A_�� ��2�:;C �� .C��0  �$�f.�p�����<��  �;��� R;�$ �Z E�/4�� ��_��

�����N�� r��H 5� 	���4D����30O���C  �!  ��2>��W;�; ��4U�� � ���/���0 �+��� ��23 �� :;� ��� 	�
�� )10(.  A2.��

�Z E�/4�� \��N3  ���/���0 �+��� ��23 �� R;�$) ����_�! � ��5�14( .�� �w��� �� ���3 A�+!�,-  �Z 5���2;�. �� :���/�

�4�0� ��C�D K/4�� ���/���0 �+��� �� 	���4D����30 5� �C��4;� �� �� A2>�����X2! 12$�2� �����N�� 5� �0 �C � �3��  �!

 O���C  ����� �C��4;� 	���4D����30 �� �2/
$ )14.(  ����_�! � �C�N����J ��23 ���55�� �48����$/���0 �+������ �C ��  R2��

  ��S50  �100 �
2�A2>������D �42. �C 	�3 ) ��C�C \��N33.( 

  � �Z��- A�����<�� :;C����  ��4�� .�� 	�
�� a�! �C ��  ��� A��4P� A4���:+D R2��  �+��� ����� �2q_$ :P�

���/���0?  N�� 5� ���>U�� ���55�������7
48�  �! �
3 ?�+�� ?O���C ?��3 ?O��)(O��;�D � O�  5�Q =J� ��PC R���� �

���C �+2�  � �:+D R2�� �C MS   ��S:|<
������! 7|
48�  �|! �!�23 ���  �!.:��3 ���J �;��� C���  ���C� �C

  C�L4J� � ��0��D K_$��- �� ��2;� :P�����<�� ��_�� ��Z E�/4� ���/���0 �+��� ��? ���4;0 K��$ �����N��O��  �! � 

O���C �4�0 �� ��23 A��12$�2�:+D R2��  �� :+D �� (A2>������D+A2>�����X2!)  �!�C ���84��  �!:<
�  ��  �!

7
48� .��C�3 ����5��   

	�
 � ���(�)  

�&�'(�' ��
�% �)�*�+,  

  ���/���0 �+��� =J� ��PQ 5� �}�S B!�,- �C )'Jolly Diamond'? 'LE-Polina viardo'?  'LE-karusel'� 'Streamer'(  ��

K3 �� I2$�$?�2�; 6�� ��  �!  .�� �C��4;� �$��� � ��0 ?B���
D2� ��3C�,� �! Saintpaulia +8��  ����
� 5���3C�,� 

��_+!�,- 4�Z21 5 ��:>�����.C�� ��4;��H  5���+D    KS��� 	��$���5��3  C�! ��5 �C���2�b  R���� �C ���K��D��H 

����� N�� ��4�� .:��3 	�
�� K��4;� F�� �� �!15  �/2JC ��0 .���� �4>� ^ VW; O��
3 � �+�� ����� N����  F��30  �2��M

����� N�� � O��;�D � O���C ?��3 ?O��  �! �/2JC 1� E���$� �C70 ���C ���5��3 � ��;�2�
  �+4>� �p/� ^0 �C�C ��

 K2�_$ :P� ����5��3 � �� ?��p; F�15  E�
�� �C �/2JC�2>D��- �Z���2! 2 �H�� ���C KS��� 	��$ �C .���� ��

 

1 - Aurone       2 -  Aureusidin synthase      3 - Chalcone 4'-O-glucosyltransferase      4 - Flavanone 3-hydroxylase       

5 - Dihydroflavonol 4-Reductase  
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���5��3 �����N��  ��S a�t KS��� �$ �� �C�C ��_$ �!���5��3 C�23 F��� �4P�. ����� N�� B���50 �C �C��4;� C���  �!

K���: 1 -  O��)O�� 5�23 ��4>��� :�>J 5� �4��� �f;�$ � ���� ?=.�;  �! C�f�� �C ��1×1 �4��; �4�( ?2 -  ?��33- 

O���C O�� 5� K��S) � ���� ?=.�;  �!��K��D��H �f;�$��4�� �5���� �� �! 1� �4��;( �4� ?4 -  ?�+��5 -  O��
3 K���)

 (C�� ��� ��� KX�C 5� �D K3 	�� KD �6 - O��;�D K3 5� K3 �;�D �� K��D O��;�D)(�� ��� �! .��C��  

+�����)�-)��. �/0+� 1��� 1/� 2�3�� #*��  

   B���50 5� :�>J A���� G�H I.�J �C K���4D�� F�����K��D ��H ��C�L$ ���_$ �; �� ���� �� �D I2$�$ A�� �� .

����� 5� �f� �!���5��3  ��  :+D R2��MS )Murashige 1978(   ��SBAP :<
� �� (A���- ��2�0 K�N��))  �!5/0  �1 

�
2��42. �� 	�3(  ����! ��NAA )1 -:<
� �� (�2;� 124;� A.�4�� ?���)  �!1/0 ?5/0  �1 �
2��42. �� 	�3(  �� �IBA 

) E�����3- :<
� �� (�2;� 1��$�� ?���)  �!1/0 ?5/0  �1 �
2��42. �� 	�3( ����<�� :;C �� R2�� A��4P� �C��0 �!  ���

�>U�� C�
������ K/4�� =2/4>� ���55�� �C �� .  ��C �C ��� 1J�$� �� VW;°C3±21   ��� R���� �16  ������� :��;

 �8   ��� �_���$ :��;��N C5��C�   �C�C E�/4�� K��D ��23 K2_+$ ����� . �!  ��������N��  �! ���CB�C  �4- 12  C��

 ������� �C�C ���J  �� ��; �� 	�
�� ���_$� :+D�� . ~����/$ N220 1� 5�� R2�� �C ������ �2P$ �5�$  �!  �f� .:��3 F���

 C��S 5�3 �5���� C��� N2� ���>U�� �2.�$ ���C .�� ������ ���>U�� �2.�$ ��M0 A2.�� ?�2.�� :+D 5� �4�!.:��3 ���J  �23 

 :P� �����N�� A��4P� ���C� �C:;C ��  �� �C�C :+D K��4;� �@!�23 �C��0 �������� �!�23 �C�� :P� �2/
$ C��� 

�C��4;� ���J .:��3 

�'(�'4)� 5�6& �'���. 7��8& 9���: � 9��  �� �)�-)��. �/0+���'.;�&(���% 

  � r2JC ^�84�� �� �4>��� �48����$ ��!�23 �2.�$ ��0��D �D �
�0 5�4U�� �!:��� � �! �D :;� 	5b ?:;� �48����$  �!

0 �2M�$ ���4;012$�2� �4�I;��� :<
� A22f$ :P� .C�� Y8+� �!  5��4�012$�2� �D� A2>�����X2! � A2>������D  �!

) E��� �C ���1 ( G�H I.�J �C�� ��H��K��D ��H  �� ��C�L$3  � ���_$20 �� �C��4;� (B�C  �4-) ���_$ �! KU�C �����.  
  

E��� 1- :<
� 12$�2� �4�0A2>������D  �!C��� A2>�����X2! + �����N�� �C �C��4;�.O���C � O��  �!  
Table 1. List of Kanamycin+Hygromycin antibiotics used in leaf and petiole explants. 

 

�����< � #����� �)(�=���&(' #�%   

  �4D�� Agrobacterium tumefaciens  A|�� �C �C��4|;� C���B!�,- ���|||; LBA4404  �Z  ���C �|||D C�|||�

 �|||� :|||���/�A2>2W�����  �|||��|||���.  N2� �C��4;� C���  �!�2�;[-pCAMBIA1304  �pBI121  �!�2�;[- A�� .C��

 ���U A2>������D �� :���/� �Z  ��S � ��23 �� ����� K/4�� B8� 5� I2$�$ ���Z ^�84���3 >�����X2! �� :���/� � A2

�� ����� K/4�� B8� KU�C A2>������D�4�0 �C 5� .���� 12$�2�A2>2W����� R2�� �C A2>������D �  �4D�� :+D  �! ��

$�$2I  �!�2�;[- v�S � �3C�.0 E��4S� 5�  �23�
�  ��� pCAMBIA1304  �pBI121  �C��4;� 	���4D����30  �4D�� �C

�4�0 5� � ��12$�2������X2!  �!�J�;�� ^�84��  ��� =! �� A2>������D+A2>�Z  ��S) �48����$  �! �! �f.�p� C��� AS1 

� 4'CGT �Z��- A�� �C .�� �C��4;� (�+!�,- �Z �! �f.�p� C���  AS1� 4'CGT  r��H 5� �2q_$ 5� V-PCR   �!�35��0 ��

 ?���L4U�$�$ ��2I KJ�� �C �! pCAMBIA1304  �pBI121 ?2��������+2- ACaMV35S  ��$�U � ���!CNOS 

���>�! 5� V- �X���! �� � ��C�3  5�;�$2�� ���
D ���50 PCR  5� :��P� �C � ��� K/4�� ��� �D� 	���4D����30 ��

.�� �C��4;� �2/
$ ��<�� �� 	���4D����30 

:+D R2�� 

Culture medium 

A2>������D A2>�����X2! + �
2�)(�42. �� 	�3  
 ) 1-mg L(Hyg) ( mycinKanamycin (Kan) +Hygro  

M1 MS+0 Kan+0 Hyg (without antibiotic) 

M2 MS+25 Kan+25 Hyg  

M3  MS+25 Kan+50 Hyg 

M4 MS+50 Kan+75 Hyg  

M5 MS+75 Kan+75 Hyg  

M6 MS+75 Kan+100 Hyg  
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�! >�-�'�#�% 1AS � CGT'4 �'(�'4)� �� #�% 2�� ���?�)�-)��. �/0+�  

  �����N���3��  �! �3���C �  ��� ���55�� ��!�23 5� ��� ��� ���/���0 �+��� =J� ��PQ��F���  =! 5� ��� ��

����� �2/
$ ��<�� �� .���� �2/
$ 	���4D����30 :+D R2�� �� � ��� �4��C�� 	���4D����30  �4D�� 5� ��
D 1$ ��4�� ?�!

)  �4D��LB �4�0  ���C (m���12$�2��! � A2>������D  A2>2W�����  .�� K/4��  1� VW;�����5��  �� ��$���_�� �_2� �C ��C

rpm 150  �  ��C28  ���C x�2>
; ��2;� 5� V- .�� �C�C ���OD  ��� E�H �C  �4D�� nm600  ��5/0  �$8/0 ?

�4U�� �! ��C �C �� �!rpm 3000   ��C �C8  ���Cx�2>
; F�� �� 10 �� �C�C ^�;� �/2JC �� �� K��S ^�;� � ��

 R2�� 5� �C��4;�MS � m��� =
S �20 �
2������ N�� VW; .�� ����;� �42.�3��  �! �3���C � ���5����  ����/$1×1  ��

 � �C�D �C��0=U5 C�
�� 5� �f� ��p;  �! �� �0�!�C�.0 :P� ? F�� ��  5�;30  R2�� A�� KU�C �C �/2JC ��� r2J�

 	���4D����3�.���� �C�C ���J �2/
$ 5� �f�? 1>�C�3��  �! �3���C �  VW; � �C��� 1+U �[D�$� ���� `��D  �� ���� 

R2�� =!� ���� K/4�� �4+D �C  ��C °C1 ±24 �� �_���$ �C F�� �; 5�� ����� ���C� �C .����  ���PX� R2�� �� �!

+D:�����!  ��S  �!�4�0 � �!�23  �!12$�2��J�;�� .���� K/4�� =2>D�$��; � A2>�����X2! ?A2>������D  �!  �!

+D R2�� �� ��� ���55��:  �!MS �4�0  ��S ����12$�2� �!  ��� �D������! �J�� ����� �C�C E�/4�� ?�!�23  �!. 

�C :��P� ��!�23 V- 5� �+����C ��� �� ���
3 ��S  �! :2.�- � x�� :2-  � K/4��  ���PX� �!�
3 ���5 �$ ���8
3 �C

 .����  

 @)��A � ��A �:�0��� #�%�,*�B.PCR  

   5� �!�35��0 �S��H  ��� �.��$  �P4�� � ��4��  �!�2$�n
D�� �ZAS1 ��X��� �.��$ �� ���$ �� ����  �!=�N�0 �! Nco I � 

BstE II  KJ�� �CpCAMBIA1304  �Z �4'CGT ��X��� �.��$ �� ����  �!=�N�0 �! Sac I � BamH I KJ�� �CpBI121   5�

	�� ��N��Oligo 7 �� �C��4;� .�4�� �C K2_+$ � �/
S K2_+$ 	�� �!�35��0 �.��$ .:��3 ���J �;��� C��� �!�35��0 A�� 5�  �

F������� :5� 

�Z ��+2-  �!�35��0 1AS :′3- ATGTTCAAAAATCCTAATATCCCATGGGG-5′  

 x�_f�  �!�35��0�Z 1AS : ′3- TTAGCCATCAAGCTCAATCTTGGTTACCGG-5′  

��+2-  �!�35��0  �ZCGT'4  : ′3-ATGGGAGAAGAATACAAGAAAGGATCCGG-5′ 

 x�_f�  �!�35��0 �ZCGT'4: ′3-TTAACGAGTGACCGAGTTGATGAGCTCGG -5′         
  �Z �2q_$  ����4��;�� ��4�� �! �C �2.��  5�;95 F�� �� x�2>
; ���C 5 �4��;�� VW; � �� 	�
�� �/2JC ? 5�;

F���S ���C �C I2$�$ �� ��� K��H � E�L$�  �!94 � 60  �� 	��D �! x�2>
; ���C �C ��� K��H � �/2JC 1� F��

F���S ���C 72  F�� �� x�2>
; ���C2 �/2JC  �C35  F�� �� ���P� ��� K��H :��P� �C � �� 	�
�� K_2;10  �/2JC

 �C72 ��C.:��3 F��� x�2>
; �  

#����� #���.  

  H:<
� A22f$  ��� �+���50 G�I;��� A22f$ A2�@�! � :+D R2|�� �C �����! I;���  �! A��$�����N��   ���

���>U�� �2.�$ �� G�H I.�J �C K���4D�� F�����K��D ��H  �� ��C�L$�;  �+���50 ���_$ �! �C .�� 	�
�� ���_$12 

 �����N�� ���J�C�C�U�� ��N2� .�|�C�� ��� 5� �|f� =2/4|>� ���53 �����N��  ��� �4�!�!  ��;��� 7
48�  �!���2$ �C.��  ��

��f� V������ ��N
$ 5� �C��4;� �
|�� F��M�  ��CI2D�$ �!  � ������!B�_�!�� �0 �|>��/� .:��3 ���J �;��� C��|� �!

A2X��|2���|�50 5� �C��4|;� �|� �|! ����C �|�Q�C�C K2
�$ � ��N
$ .�� 	�
�� A_��C  � 5� �C��4;� �|� B��|�50  �!

	�� �|!��N�� SAS 9.00 �� 	�|
�� 	�� 5� �C��4;� �� �!��C��� � ��N��)Microsoft Office 2013.����C�3 =;� (  

*���� 

 �C� �����NAA  �� =���& �:BAP ���3D�A ��	(& ��4�� ��  

   ���$ �� ���
24� �! ��50�B�!   =2/4>� ���55�� �D �� Y8+� ���>U�� �2.�$  ��� O�� �����N�� =J� ��PQ �! �C

  �/���0 �+��� ��23I;��� �����N�� A��$ C���  ��� :��; � ��N2� ���55�������N�� �2/� �� :�>�  �$b���C�C) :��C �! �!
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��+� �C��0 .(����
24� �!  5� K��SC�C ��+� V������ ��N
$ (:;� ��+� �w��� V������ ��N
$ E���) �;��� A�� �C �D  �M�

NAA  E��4S� �p; �C O�� ����� N�� 5� ���>U�� �2.�$ ��N2� ��)01/0P≤( ��f� ��C C��7
48� G�p; A2� � BAP  ��

���P�$ ��f� a[4U�.�+� ���C  ��C  

�
24� �! A2X��2� �>��/� �D C�C ��+�  I2D�$1 �
2� 5� �42. �� 	�3BAP  ��� :<
� �� ����!NAA  A2X��2� A��$b��

) ���>U��75/6 �4��;:��C ����! �� �� (�4�  K_�)1( .A�������  ��uS ��BAP  ��N2�M�$2� NAA  ���>U�� �2.�$ ��N2� ��

 ��� ��K��JP��$�  �22�$C�D .����H  �D  :<
� B��N�� � ��uS ��NAA �C ? 5� �p; �C �!BAP ���>U�� �2.�$ ��N2� 5� ?

 ��D ���/� �� �4;�D��. :<
� �C A2��-  �!NAA  ?���)1/0 �
2� B��N�� (�42. �� 	�3BAP  5�5/0  ��1 �
2� �42. �� 	�3

 I���B��N��  ���>U�� C��f$�� . G�p; A2X��2� �>��/�NAA  ��N2� B��N�� � ��uS �D C��� Y8+�NAA  I���

D��� ���� �� ���/�  C�_
�� �  C�L4J� ���. 5� ���/���0 �+��� �2q_$ �C �0 5� �C��4;� � ��� ���>U�� �2.�$ B!� ����

��� �2��$ �C�� s K_� �� ���$ �� A�������1  ���2$ I2D�$ ?NAA ���  �1/0 �
2� �� I2D�$ �C �42. �� 	�35/0  �1 

�
2� 5� �42. �� 	�3BAP I;����$.�� A22f$ ���>U�� �2q_$  ��� R2�� A�  

Fig. 1. Comparison of average interaction NAA and BAP treatment compounds on shoot production from leaf 

explants. In each column, the averages that have the same letter are not significantly different at the 5% 

probability level. 

 K_�1-  �>��/� A2X��2�B�_�!�� NAA � BAP  ��.O�� ����� N�� 5� ���>U�� �2.�$ ��4; ?����C ���+� a�S 1� KJ��S �D ���!

 E��4S� �p; �C5 ��f� a[4U� ���C������ =! ��  ��C.  

  

 �C� �����IBA  �� =���& �:BAP ���3D�A ��	(& ��4�� ��  

 �C�C V������ ��N
$!  �:;C �� ���0 (:;� ��+� �w��� V������ ��N
$ E���) ��+���f� ���!C  ��C �M�IBA  I2D�$ �C

 ��BAP  ���>U�� �2.�$ ��N2� �� .C���
24� �! C�C ��+� A2X��2� �>��/�  K_�)2 ( �D:<
� 5� �C��4;�7
48�  �!IBA  

 �� I2D�$ �CBAP �2� �� .�� ���>U�� �2.�$ B��N�� I��� �X�C �B�_�!�� IBA �BAP   � �4��C C����
24��!  C�C ��+�

�D BAP  ��N2� ��5/0  �1 �
2� �42. �� 	�3 I2D�$ �C ��IBA 1 �
2� �42. �� 	�3��f� �M� ���>U�� �2.�$ ��N2� ��  ��C ��)

 I2$�$ A2X��2� ��5/8 ?5/11 �4��;�4� (:��C s C��C :2�!� �@�0 A�������B�_�!�� =2<�$ �C A������D  �;��� � ���

 5� K��S  ���2$ F��2D�$�0:;�! K_� �� ���$ �� .2 ? A��$b�� :<
�IBA  �� I2D�$ �C5/0  �1 �
2� �42. �� 	�3 5�BAP 

B��N�� � :�q� B/� ���>U�� C��f$ �� ���!C .:��C�C mJ�� B�_�!�� :<
� �$b��  �!IBA  �4+2� ��N2� ��BAP �� �C A

 �
24� �Z��-^�
p��$ ��f� �.:;� �4��C  ��C A�������  :+D R2�� 5� �C��4;�MS   ��SIBA �
2� 1� �� �42. �� 	�3

 ����!BAP  :<
� ��5/0  �1 �
2� �42. �� 	�3������� I;����$�A A22f$ ������! ���2$ �C�3� ) K_�3(. 
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Fig. 2. Comparison of average interaction IBA and BAP treatment compounds on shoot production from leaf 

explants. In each column, the averages that have the same letter are not significantly different at the 5% 

probability level. 

 K_�2 -  �>��/� A2X��2�B�_�!�� IBA  �BAP  ��N�� 5� ���>U�� �2.�$  .O�� �������4; �C ?����C ���+� a�S 1� KJ��S �D ���!

 E��4S� �p;5 ��f� a[4U� ���C������ =! ��  ��C. 

 
Fig. 3. Effect of IBA in combination with BAP (1 mg L-1) on shoot production in all four cultivars of African 

violet leaf Explants.  A) Saintpaulia 'Streamer', B) Saintpaulia'LE-karusel', C) Saintpaulia 'Jolly 

Diamond' and D) Saintpaulia 'LE-Polina viardo'. 

 K_�3- M�$2� IBA  �� I2D�$ �CBAP �
2� 1�) �+��� O�� ����� N�� =J� ��PQ �! �C ���>U�� �2.�$ ��N2� �� (�42. �� 	�3

=J� (7.� .���/���0S. 'Streamer' ?(^ =J� S. 'LE-karusel'  ،(� =J� S. 'Jolly Diamond'   � (C =J�'LE-Polina viardo' 

 S.  

  

 7��8& 5�6& �'���.��D�)#�%��'. �� 1�)���& #�%&(��;��%  

  x�;� ���
24� �!  B���50 Y8+���  �D :<
�R2��  :+DM4 ) ��S 50 �2
�	�3 �42. �� �����D�>2A +75 

�2
��3! 	2����X�>2A �42. �� (����H  5� K��D��2-�U�� � ���5O�� ����� N�� =2/4>� ���5 O���C �  .C�D  �23�
�����H 

 �
D;���� :<
��!  4�0 7
48���2$�21�!   ��� �D����  3 ^�84��2��!� .��4S�� ���$��48 �D C�C ��+� ��2R :+D 

M4 �1 ��84�� ��+�� � I;����C�
 ��:<
� .��D ��2R :+DM4  ?M5  �M6 ����H K��D �2� � O�� {��� �����N�� �!� 
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 5� m��������N�� ���55�� �! ��0 �+�����/�� �� ?.�S�C��D :<
� �CM1  ?M2  �M3  I2$�$ ��100 ?95  �90 ���C  ���55��

 ��!�+� �� �����H K��D  �M��  5����55�� 3�
� �U��2�  �+�  E���)2(s  :+D R2�� 5� �C��4;� A�������M4 )MS 

  ��S50 �2
� 	�3�42. �� �����D�>2A +75 �2
� 	�3�42. �� !2����X�>2A (������� I;����$�A �2/
$ :P� ������! ���2$ 

 K_�) ��C�3 A22f$ O���C � O�� �����N��4.(  
   

 E���2- �����N�� �2� � O�� ���C ��N2��$ O���C � O��  �!:<
� : 7
48�  �!4�0��2$�21�!  ^�84��  ���

�@!�23.:8����$ ��/.��  �!  
Table 2. Percentage of mortality of explants under different concentrations of antibiotics for selection of 

potential transgenic plants.  

 

 
Fig. 4. Study of the results of different concentrations of antibiotics (Kanamycin and Hygromycin) in African 

violet leaf and petiole explants.  

 K_�4 - p� �f.��
24� �! :<
�12$�2� �4�0 7
48�  �!�����N�� �C (A2>�����X2! � A2>������D)  �! �+��� O���C � O��  �!

.���/���0  
  

�! >�-�'� #�%1AS � CGT'4 �'(�'4)� ���)�-)��. �/0+� 2�� ���? #�%  

  �C�.0 5� V-�����N��  5�;�3��  �! �3���C � �/���0 �+��� =J� ��PQ�Z  ��S 	���4D����30 �� ��  �!AS1 � 4'CGT ?

����� ��4��=! R2�� �� �!�� .���� K/4�� �����! ���� �4+D  x�;��
24� �!  �D ��C�3 Y8+� B���50 5� K��S

R2��  ���PX�=! :+D  �! F�� �� ������� �� �_���$ R���� �C �4+D3 �J�;�� �2.�$ ���. 5� �����Q F���$ 5��!  �

 5� �f� .��4���� �48����$72 =! :��;����� ?�4+D :+D R2�� �� �!MS �
2� 1�  ��S�� 	�3  �42.BAP  �IBA�4�0 ?

 12$�2�50 �2
������D 	�3�>2A +75 �2
�! 	�32����X�>2A  �250 �
2� 1� .���� K/4�� =2>D�$��; �42. �� 	�3���  �f�

����� E�/4�� 5�R2�� �� �!�����!  �!����� ?��C4� �! �5���� � 	���0�!  ��DO�N��$ B8� � ��O�� 5� ���! O���C �  �D

 �Z^�84���3 :�>J .��C�D ��� C�5 �� c��� ��C�� �C�_� :����C ����$�2�  �!���PJ 6�� �� � ��4�� A2� 5� �48�  �

�������� 	
� � 
	� ������   

Percentage of mortality of explants 

:+D R2�� 

Culture medium 
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����0�C K_�) 5 7.�.(  O���4U�� �!�3��  �!  �3���C ��� R2�� � ��� ��� R2�� �� 12.��� F��2D�$ ���$ {�

:+D�� 6�� C�5 �! 5� �f� .�� ���}� :+D R2�� �� A��2.��2- K2��� �
- ?���$ A�� 5�  �23�
�  ��� .����2  ���

�J�;���4�0 ��) 	��/� �48����$  �!12$�2� � (A2>������D+A2>�����X2!  �!=!A2�Q ��2- 	��/�  �! �� O�� O���C �  �!

 C��� =J� ��PQ�f.�p� ) ���� �!�tK_� 5 ^�J�;�� �5���� �D ����5 .( C��S �� �!5 �
2�R2�� �� �2;� �42. ����  �!

�4�0  ��S C��S 5� �f� .����C�3 K/4�� 12$�2�3  5� ����
24� �! �@!�23 ?�2.���4�0 �C �� 	��/�  �! �<� C��� 12$�2� ��

:;C ��0) �� K_�5 �.(  

 
Fig. 5. Stages of tissue culture of leaf and petiole explant after inoculation with Agrobacterium in four African 

violet cultivars. A) one month after transfer of samples to hormonal environments (yellowing of leaf and 

petiole Explant that did not receive the desired gene, browning of non-transgenic parts of leaf and petiole 

Explant), B) appearance of resistant transgenic shoots (To the antibiotics Hygromycin+kanamycin) as 

well as calluses resistant to the leaves and petioles of all four cultivars, C) Plants resistant to both 

antibiotics.  
K_� 5- .���/���0 �+��� =J� ��PQ �C 	���4D����30 �� �2/
$ 5� �f� O���C � O�� ����� N�� :��� :+D KS��� 7.� 5� �f� ��� 1� (

����� E�/4��R2�� �� �!�����!  �!O�� ����� N�� ��� C�5) ��C O���C � �Z �D �C�_� :����C �� �<� C�����PJ ?��� ���  �

:�>JO�� �����N�� :8����$�2�  �! O���C ��J�;�� ��� �!�t (^ ?(�4�0 ��) 	��/� �48����$  �!12$�2�  �!

 � (A2>������D+A2>�����X2!=!A2�Q ��2- 	��/�  �! �� O�� O���C � (� ?=J� ��PQ �! �@!�23�C �� 	��/�  �! 

�4�0.12$�2�  
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#����� ���)���& ��%��, �	(E	(�  

   ����$2��  ��C � ��uST-DNA �Z  ��S  �!AS1  �4'CGT  B�D�� �;��� ?���/���0 �+��� =J� ��PQ 	��Z �C

��2
�5  ��
-  5��� �� �4�0 �� 	��/� ��!�2312$�2��� A�� 	�
�� �� .�� 	�
�� A2>������D+A2>�����X2!  �!  �� B�D

DNA  ��PQ �! 5� ��� ���84;� ����Z ���/���0 �+��� =J� ?��D`� ���L4U�  �!�35��0 5� �C��4;� �� �� Y8+� �; �C �D

 ���/���0 �+��� =J� �48����$)Saintpaulia, 'LE-Polina viardo', 'LE-karusel' & 'Streamer' �Z 1� �P�$ (AS1  �5���� ��

1689 �� �2q_$  5�� :�� ) K_�6 .(.�S�C��D =J� �C )Saintpaulia 'Jolly Diamond'�C �! (  �H���� ��Z �fpJAS1  �

4'CGT  I2$�$ �� �5���� ��1689  �1374  �2q_$��C�3 s  ��� ���/���0 �+��� =J� A�� A�������B!�,-  �!  �f� ^�84�� �

.:��3 �!��U ���J �C��4;� C���  
  

  

Fig. 6. Confirmation of the presence of AS1+4'CGT genes in four cultivars of African violet transgenic plants. 

M: Marker 1Kb, WT1 and T1: non-transgenic and transgenic plants of S. Streamer, WT2 and T2: non-

transgenic and transgenic plants of S. LE-karusel, WT3 and T3: non-transgenic and transgenic plants of 

S. 'LE-Polina viardo'. WT4 and T4: non-transgenic and transgenic plants of S. Jolly Diamon, 

respectively. 

 K_�6 - �$2�� �Z ��uS  �!AS1+4'CGT  .���/���0 �+��� �48����$ ��!�23 =J� ��PQ �CM:  �D���Kb 1? WT1  �T1�� :  I2$�$

 =J� :8����$ � :8����$�2� ��!�23S. Streamer  ?WT2  �T2=J� :8����$ � :8����$�2� ��!�23 I2$�$ �� : S. LE-

karusel ?WT3 � T3 =J� :8����$ � :8����$�2� ��!�23 I2$�$ �� :S. LE-Polina  ?WT4  �T4 : ��!�23 I2$�$ ��

 =J� :8����$ � :8����$�2�S. Jolly Diamond'.  

+,� 

  �}�S B���50 �C�� ��<�� �2q_$���>U�� ���/���0 �+���? �����N��O��  �!? I;��������N�� A��$ PQ �! �C� =J� �

�f.�p� C���  C��� �����N�� �2/� �� :�>�  �$b�� ��� :��;:��C �!.  =2/4>� ���55��  ��� R2�� A��4P� A��$b�� �D

� ���>U�� c��$�� ��N2�C�D �2.�$ �? R2�� MS   ��S1 �
2��42. �� 	�3 IBA  ����! ��1 �
2� �42. �� 	�3BAP .C��  5�

 ��uS �X�C a�HBAP  ���P�$ ��M�$2� K��J���$ O�� ���>U�� �2.�$ �� �4�q� � A�� � :��C ���/���0 �+���  �!M�$2�  �C

:<
� 7
48�  �!IBA � NAA .:;� F���4� �
24� �! ���M�� B/� B!�,- A =2<�$����D �!�23 ���  �! j;�- �C

N�������Y8+� �� �! A2�2D�42; B/� .C�D =2>/$ 1���$ �C �!�4U�� ���� K2_+$  �/.� ?�>����C m�� ?��  ?�
���  ���

����� �!  E�4�D � ����� �U�Q�4U����! .:;� ��� F��M� ���U �� �����J �������!� �
D  ���
�� ��<�� 	 �4P� �Q�!

��� �� A2�2D�42; �� A2>D� ?�!  :+D R2�� �� =! �� �C�C�N�� �� ?���� �.�:�>�  A2>D� I;����� A2�2D�42; ��  c��

���3  �C��C �X4>� ����� N�� )22( .���C�5�2�	�UC��0 )15( �+!�,- �C  ��C��� O�� F�fpJ N�� 5� ��23 A�� ���55�� �� 	��J�

�D I2D�$ �C ���>U�� �2.�$ ��N2� A��4+2�  ���2$  �!NAA :<
� ��  �!1/0 �
2� ��� ��� �42. �� 	�3 ! ����1/0 
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�
2� 5� �42. �� 	�3BAP ?IAA �
2� ����� �42. �� 	�3 ! ����1/0 �
2� �42. �� 	�3BAP :;C ��  � ��0������� 

I;����$�A  .���� A22f$  ���2$ F��2D�$!=A2�Q  �D ��C�C \��N3BAP O�� 5� ���>U�� �2.�$ �� ���N>� B/�  �!

) C��C ���/���0 �+���15.(  B!�,-����_�! � B8������ )7( �D C�C ��+� =2<�$����D  BAP � �  �4+2� ������$ ���P�$

 �� :�>�NAA O�� � �U�� C��f$ B��N�� �C.C��C ��� K2_+$  �! :<
�  �!BAP )12/0  �08/0 �
2� ���� (�42. �� 	�3

NAA I;����$�A 	����  ��� �p; B���50 �C ���5�0�! :<
� � C��  b��  �!BAP  �NAA :<
� ��L8� b��  �!

NAA ���>U�� �� �����C5�� �M�) :��C ���57 .(�
24� �! ��50�B�!   �� g���
24� �! �w������  �f.�p� A�� �C/��p� N2�: 

.C��C  

 f.�p��  Hussein-Al  ����_�! �)1 (R2�� ?C�C ��+� MS  ��S μM NAA 54/0  �� �µM BA 30  �20 ?10  A��4P�

 I;���  �!���2$O�� �����N�� 5� ���>U�� ���55��  ��� ���/���0 �+��� :;� .�
24� �!  �+!�,- C�C ��+��D  5� �C��4;�

:<
�  �!1 �
2� 5� �4+2� � 	�3NAA ����� �2.�$ � �5� ��N2� ��� �4;�D ��+��� �@!�23 � �
���  �! � ���/���0��! ��

������ )21( .����_�! �  ����5 ��C�C \��N3 �����! �DBAP  � ��� I2D�$ �C �� ���P�$ NAA ; ��23 �CK3��U� 

)Echinacea purpurea L. (�J�;�� �2.�$ I��� C�f4�  �!�� CC�3)25(  �D ���
24� �! C ��� \��N3 �}�S B!�,- �

�� �>�! .����Sunpui  �Kanchanapoom )16 ( R2�� �D ��C�C ��+�MS   ��S3 �
2� 5� �42. �� 	�3BAP � ��$ �� � ���P

�� ! ����1 �
2� �42. �� 	�3NAA ���/���0 �+��� �4��5 ��23 �C �� ���>U�� ���55�� ���C A��$b�� C��C  �� �D4�2�
 �! 

�� r��p$ B���50 A�� 5� �
��S� �4�� B��N�� NAA  N2�M�$2� U�� �� �����C5��>.:��C ��� B!�,- Godo   ����_�! �)5 (

 �� :�>J �C����U 5�  �X�C V�� ?x�4��2>2. �3��  �!Gesneriaceae 5� �J�; A��4+2� �D C�C ��+� N2�  O�� �����N��

R2�� �C ) =D :<
�  ��S2 ?5/0  5� (�b����_2�NAA �� ��/.�.C�� �f.�p�  Kaviani  �� 4�� ���>U�� x�4��2>2. ���P

  �!���2$ �D C�C ��+�5/0  �1 �
2� �42. �� 	�3KIN  ����NAA  R2�� A��4P����>U�� 5�;  s:;�.�S�C��D  �C

  ��S  �!���2$1  �2 �
2� �42. �� 	�3NAA ���� ?KIN ���>U�� �2!��5) :��X� F��� �9.( 

 �4�0 �� KJ�� �C 5� �C��4;� \��N3 A2.�� B!�,- A��12$�2��� ����� K/4�� B8� KU�C �C F���4�  �! :P� �D ����

 .�� �C��4;� O���C � O�� ����� N�� 5� �2/
$ �C:<
� �;��� A2>�����X2! � A2>������D 7
48�  �!��X���! �   ���

�@!�23 ^�84���  �!��C�/� �D C�C ��+� B!�,- A�� �C :8����$ ��/.� A2>������D )50 (� �����! X2!A2>����� )75 (

�
2�	�3 ��  ��C�D C�
�� ��;��� ���84�� ��+� �42. �p; A�� �������� I;����$�A � �2/
$ :P� ������! ���2$ ����� N�

 O�� O���C �.��C�3 A22f$  ����_�! � ��5�)14( �+!�,- �C :<
� A2>�����X2! A2��-  �!20 �
2� C��� �� �42. �� 	�3

��C�� �C�C ���J �C��4;�  s�f.�p� �C ����X�C   ���+� ~����/$  ���
24� �!  �}�S �f.�p�:<
� 60 �
2� �� 	�3 �42. A2>������D

��� �� ^�84�� ������   I;���) ��C�� �C�C Y28+$23( .C5���C �4D��  ��   ��pJ�fF �3�� �+��� 0������/ :+D���  �C

R2�� 4+D =!�  �C�>��/� �� �$�$� �2>�� �� U�$2�  g��$���) �4��10( � ��4J �A� �fpJF   �� �C2��R �J�;�5�� �J�� 

����4��3  5��2S�� ����� ��?� ����H 0�4>! ��c� �� �PJ�  ���� �C���  ��2!���3 ���55�� !�+��� �X�C��:;� � A�� .

�� B�D�� K2.C �� ����$j;�- ��g :2;�>S �� ��B�D �_�5� �3��  �CK��/� ��/4;�� 0�3����4D��	 ���� � �� ��� �$���� 

CK2. ���;��� 0�3����4D��	 ������� �$�-�Z �!�23 �:;  �D �CK��/� �� �0B�D �� ��+�) �!C10.( :<
� ��N2� A2��-  �!

�4�0 �C �C =! �� 12$�2� �}�S B!�,-M�$2�   �� ����� N�� ?:���� �3���C � O��  �!.�S�C��D :<
�b��  �!   A��

�4�04��C �>_f.�� �M� 12$�2�� � �����N�� ��C�3 {�����PJ �!   ���� .����� A2� 5� �  

   ?�f.�p� A�� �CN
$�� � 
�$2K  ��!�23 �.�_.��.�� ��/�48����$ ��2
�5 B�D�� ��
-  �� ���/���0 �+��� =J� ��PQ �C 5���

��;�2�
 ) ���L4U�  �!�35��0AS1  �4'CGT =J� �P�$ �D C��� Y8+� (Saintpaulia 'Jolly Diamond' O��
3 ��  �!

=J� �2/� �C � ��C��� �2q_$ �� ��D`� ��Z �fpJ �C �! �2�; �Z 1� �P�$ N2� �!AS1 �$2�� .�� �5��  ����_�! �)14(  ��

;�. �Z E�/4�� �f.�p�5���2 I� ��+S� ���3 ^�$����� Lampyris turkestanicus  ���2� KJ�� �� pCAMBIA1304:P�  �+�

 N��J ����C 3��2 5�4�� ��0 �+������/� ��4U�C�- ..��0N2 PCR 3 	��Z �C �Z ��uS��2 �$ ���2�  .C�D=!A2�Q �
24� �! 

��. B
�; 5� K��S���2�4?  .�f�:2 N�0=� ;�.5���2 :��� �C ���!  3��� uf�� 3 5���!�2 C�C ��+� . ���
24� �!  A��
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 �f.�p� �>�! �D :;� ��� \��N3�Z �! ��_.�Q 5����N��1 )CHI(  �DFR   �X.� 5�cDNA  ��23 �2��4- �CKJ�� �! 

pBI121 � pCAMBIA1304 $�$ ��2I ��
D ���� =! 5� �C��4;� �� VW; ��4+D  �C�C E�/4�� ��$�$ ��23 �� (	���4D����3�)

 .�����
24� �! ��!�23 �0 5� K��S �48����$ x�X�5�X�! T2 �����- �D  ���C 1� �8>� �S�� 5� �48����$�! ��C��  ��+� ��

�
S�� .C�C  �f� �� �C��4;� 5� 1� C�_��� ?�.�_.��  �!��$�����>���$ T3 �����- �� �� C��� C��0 �D �X.� �! ��
48� �� �� 

���$ �� 6�� K3 :�>� �� C�
�� :8����$�2� ��$�$ ) ��C���20.(   

  �f.�p� �C ���3��� E�/4�� ��  �Z�!  O��
3 �� �2��4- �� ���2� K3 �C ����w0  N4�;�2� �23�C :P� 6�� ��0  �!

 � ��4U�C�- O��
3 6�� �22�$�
24� �!  �D C��� Y8+� B�D��4  C�� 5�9 ��23 �48����$?  �ZSRY4'CGT K3��0  �!- 

B8� ���5 :�`3 �� � ��C�C ��+� �� 6�� �2�;  �!�;26��� ����$�� O��
3 :��P� �C �$ �4��� B��N�� K3  �!����H 

 .���� �2�; K��D.��0 �!N2 PCR  �Z ��uS4'CGT 3 	��Z �C��2  �5���� �� ��1374  5�� :�� �$�2� C�D  �.�S�C��D f$ C��

K3 5� ��D �! �P�$ ��f�3  C�� 5�13  �Z  ���C �48����$ ��23SRYAS1 B8� �C��0  �!-��C�� 6�� �2�; )24 .(�
24� �! 

 ��� �D� �� g�� r2/�$ �C�
24� �!  �}�S �f.�p� ����8�!.:����  ����_�! � �C�N����J)2014 (E�/4��  �Z :J�� ��2� �

�X���N3 GUS ����� �C3��  �! ��23 K��4;� � �4��5 ���$�-N�� \�� �� ���/���0 �+��� �� ���J �;��� C�����C�C  �D ���55��

���D  ��S R2��  ���� A2>�50 �
2� �42. �C 	�3:;C �� B��N3 ��+� B��N�� :P� .��0? �55�� ��!�23��  R2�� �� ���

  ��S100 �
2�N2.��0 .�� K/4�� A2>������D �42. �C 	�3  PCR5� DNA  ��!�23 ��� ���84;����$� ��/.�� �48�Z ��uS 

Ech42  ��!�23 �C ���$2��  .C�D�
24� �! �+��� �C ��� A2.��  ��� K��S ��+� �� O�� F�fpJ 5� \N����$ �����D ���/���0 

C�C )3(  A���
24��! �����N�� ���4;0 K��$ A22f$ �� �!�� �>�! N2�.���� ��x�;�  B!�,- �D���$ ����_�! �)18( E�/4�� 

/���2:�02N �Z  N4�;�2� �2>� �C �23�C  �!A2��2;�4�0�!  �C=P��$�A 32��!� 5�4�� �
��5� D��2��C��C K3 ?  K3 ?

�218 �  5� K3O��
3 6�� G[�� :P� �!:;� ��� \��N3.   

�-���#���  
  B!�,-  :P� �}�S���C��0 :;C  I;���  ���2$ I2D�$  ������  �B��N��  ���/���0 �+��� ��23 ���C R���� �C

�2�+�  �� 	�
�� �D  �� ���$ ���
24� �! �����0 :;C �� �D C�D C�P�+2- ���$�����N��  O��I;���� �����N�� A��$ 

:+D R2�� IBA+BAP  1�  ��S�2
�	�3  5� �42. ��	��D�!  5������!�! �$ A��4P� ?=J� ��PQ �! �C2D .��C�� I���A���� 

�
24� �! �� �f.�p� A������$ ��J �C��4;� C��� ^���� �4��5 ��23 A�� �4f�� �2q_$  �4;�� �C .C�23 �=!A2�Q �
24� �! 

 �D C�C ��+� B���50�� ���/� I2$�$50  �75 �
2�84��  ��� A2>�����X2! � A2>������D �42. �C 	�3�48����$ ��!�23 ^� 

� I;��� �48����$ ��!�23 �;��� .C� �p; �CDNA  � ���L4U�  �!�35��0 5� �C��4;� ��A� PCR  C�C ��+�D�Z �  �!

 � :;� �C��U ���2- ���/���0 �+��� =J� 1� �� �P�$ �<� C��� a�!.�S�C��D  �P�$ �X�C =J� �; �CZ �AS1 �C�.��C�3 	� 

A������� A� 2/4>� ���55��=  � \��G�p� �Z E�/4��  A�� �C ���B!�,- ������$ P�: �Z �C�D C���
48� ����U  �! �� 7

 ��23 	��Z�/���0 �+���� � �M�� � ���D ��2>�.����  

./0�10#
�  
   ����� �.�� 1�D �� B!�,- A��980901  �f;�$ C�4;5�:>�����  :;� ��� 	�
�� .���A;�2�
  �.�� :���S 5� C�4;

 �f;�$5�:>�����   A2�@�! �����_�! ����$ 5� 	�4��   5���+D  ����� :>�5 � 124�Z ��_+!�,-H �D ��4;��

?��C��� F���>� B!�,- A��  ���� �C ����2�� �� ���C��JC��. 

2���(                                                                                                                                    References  
1. Al-Hussein, S., R.A. Shibli and N.S. Karam. 2010. Regeneration in African violet (Saintpaulia 

ionantha Wendl.) using different leaf explants, cytokinins sources, and light regimes. Int. J. Agr. Sci. 2: 

361-371. 

2. Eastwood, A., B. Bytebier, H. Tye, A. Tye, A. Robertson and M. Maunder. 1998. The conservation 

status of Saintpaulia. J. Cur. Bot. Mag. Jst. 21: 462–471. 

 

1 - Chalcone Isomerase  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
3.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

6-
11

 ]
 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.2.3.6
https://journal-irshs.ir/article-1-495-en.html


����_�! � ���� 

248 

3. Ghorbanzade, Z. and M. Ahmadabadi. 2014. An improved system for rapid In vitro regeneration of 

Saintpaulia ionantha. J. Plant. Tiss. Cul. Bio. 1: 37‐45 (In Persian). 

4. Grout, B. 1990. African violet. Handbook of plant cell culture. 15: 181-205. 

5. Godo, T., Y. Lu and M. Mii. 2010. Micropropagation of Lysionotus pauciflorus Maxim (Gesneriaceae). 

In Protocols for In vitro Propagation of Ornamental Plants. Humana Press. 127-139. 

6. Hoshino, A., T. Mizuno, K. Shimizu, S. Mori, S. Fukada-Tanaka, K. Furukawa, K. Ishiguro, Y. Tanaka 

and S. Iida. 2019. Generation of Yellow Flowers of the Japanese Morning Glory by Engineering Its 

Flavonoid Biosynthetic Pathway toward Aurones. J. Plant. Cell. Phy. 60(8):1871-1879. 

7. Iranbakhsh, A., M. Ebadi and M.M. Hamidi. 2009. The Semi-Industrial proliferation of of Saintpaulia 

ionantha Wendl by micro propagation method. J. Dev. Bio. 1 :1-10 (In Persian). 
8. IUCN, 2014. SSC East African Plants Red List Authority. Saintpaulia ionantha. The IUCN Red List of 

Threatened Species 2014: e.T158153A763135 (http://dx.doi.org/10.2305/ IUCN.UK.2014- 

1.RLTS.T158153A763135.en., last accessed: 30 March, 2017). 

9. Kaviani, B. 2014. Micropropagation of ten weeks (matthiola incana) and lisianthus (Eustoma 

grandiflorum) (two ornamental plants) by using kinetin (KIN), naphthalene acetic acid (NAA) and 2, 

4-dichlorophenoxy acetic acid (2, 4-D). J. Act. Sci. Pol-Hor. Cul. 13: 141-154. 

10. Kushikawa, S., Y. Hoshino and M. Mii. 2001. Agrobacterium-mediated transformation of Saintpaulia 

ionantha Wendl. J. Plant. Sci. 161: 953–960.  

11. Miranto, M. 2006. Living collections of botanic gardens as a means of ex situ conservation: A case 

study of African Violets (Saintpaulia) in Europe . 

12. Murashige, T. 1978. The impact of plant tissue culture on agriculture. J. Fron. plant. Tiss. Cul. 15- 26. 

13. Ono, E., M. Fukuchi-Mizutani, N. Nakamura, Y. Fukui, K. Yonekura-Sakakibara, M. Yamaguchi, T. 

Nakayama, T. Tanaka, T. Kusumi and Y. Tanaka. 2006. Yellow flowers generated by expression of the 

aurone biosynthetic pathway. J. Pro. Nati. Aca. Sci. 103: 11075-11080.  

14. Razmi, A., M. Jalali Javaran and S. Hosseinkhani S. 2013. Transformation of iranian firefly Lampyris 

turkestanicus luciferase gene with red emitting light into African violet plant. J. Cell. Mol. Res. 26: 

314-325 (In Persian). 

15. Shirzadian-khorramabad, R. and F.  Taghipour. 2019. Assessment of hormonal effects on test tube 

micropropagation of Saintpaulia 'Pretty Miss Kelly' using micro leaf segments. J. Plant. Res. 32: 166-

176 (In Persian). 

16. Sunpui, W. and K. Kanchanapoom. 2002. Plant regeneration from petiole and leaf of African violet 

(Saintpaulia ionantha Wendl.) cultured In vitro. J. Sci. Tech. 24: 357-364. 

17. Tatsuzawa, F. and M. Hosokawa. 2016. Flower colors and their anthocyanins in Saintpaulia cultivars 

(Gesneriaceae). J. Hort. 85: 63–69. 

18. Tanaka, Y., N. Sasaki and A. Ohmiya. 2008. Biosynthesis of plant pigments: Anthocyanins, betalains 

and carotenoids. J. Plant. 54: 733–749. 

19. The plant List. 2017. Saintpaulia. http://www. The plant list. org/tpl1.1/search?q= Saintpaulia. 

20. To, K.-Y. and C.K. Wang. 2006. Molecular Breeding of Flower Color. J. Flori. Orna. Plant. Bio. 1: 

300-310. 

21. Torres K. 1988. In vitro Propagation of African Violets. J. Tis. Cul. Tech. Hort. Crops. 80-85. 

22. Vessal, S.R. and A. Bagheri. 2004. Plant Tissue Culture Techniques. Astan Quds Razavi Publishing. 

200 pp (In Persian). 

23. Vinskiene, J., G. Staniene and V. Stanys. 2016. Influence of cefotaxime, kanamycin, mannose for shoot 

regeneration of African violet (Saintpaulia ionantha) in vitro. J. Sod. Darz. 35: 16–28. 

24. Wang, C.K., Y.C. Chin, C.Y. Lin, P. Chen and K.Y. To. 2015. Transforming the Snapdragon Aurone 

Biosynthetic Genes into Petunia Alters Coloration Patterns in Transgenic Flowers. J. Adv. Biosci. Bio. 

6: 702–722. 

25. Zebarjadi, A.R., M.J. Motamedi, E. Taravat and A. Ismaili. 2013. Micropropagation of Medicinal 

Purple Coneflower (Echinacea purpurea L.) Using Cotyledon and Hypocotyl Segments. J. Plant. Res. 

26: 311-319 (In Persian). 

 

 

 

 

 

 

 

 

 

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
3.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

6-
11

 ]
 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.2.3.6
https://journal-irshs.ir/article-1-495-en.html


� ���55�� \�� C��P� ... ���/���0 �+��� �4��5 ��23 �� �Z E�/4�� 

249 

Iranian Journal of Horticultural Science and Technology 22 (2): 237-248 (2021) 

Research article 

 

Improving the Method of in Vitro Regeneration and Gene Transfer to the 

African Violet (Saintpaulia ionantha)  
 

A. Rajabi, L. Fahmideh*, M. Keykhasaber and  V. Ghasemi Omran*1 

 

 African violet is a commercial ornamental plant with various colors. For direct 

regeneration, in the first experiment, the effect of leaf, node, petiole, root, petal and sepal 

explants of four African violet cultivars were evaluated on MS medium containing different 

concentrations of NAA+BAP and IBA+BAP hormones, which was performed as a factorial 

in a completely randomized design. In the second experiment, the tolerance threshold of leaf 

and petiole explants to Hygromycin and Kanamycin antibiotics was evaluated by culturing on 

selective media supplemented with different concentrations of given antibiotics. After 

determining the suitable concentrations of the antibiotics for selective medium, the 

transformation of AS1 and 4'CGT genes was conducted with Agrobacterium LBA4404 strain 

containing pCAMBIA1304 and pBI121 plasmids, respectively. PCR method was used for the 

detection of transgenic plants. First experiment revealed that the leaf explant was the best 

sample and MS medium containing 1 mg L-1 IBA+1 mg L-1 BAP was the best combination 

for in vitro regeneration of all genotypes. The results of the second experiment showed that 

the M4 medium (containing 50 and 75 mg L-1 Kanamycin and Hygromycin, respectively) 

completely inhibited the regeneration of non-transformed samples. Finally, transgenic plants 

were selected using PCR with specific primers for transferred genes. 

Keywords: African violet, Explants, Genetic manipulation, Directs branching, Tissue 

culture. 
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