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Characterization of Ethanol Inducible Gene Expression System in Transgenic Sugar 

Beet Calli Derived From Stomatal Guard Cells 
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��S@� �&���)+���2�>&�1	��B/�'���$%�������1�����

�Y��8/�4���>
Z���1�+��&1& &W#6��=�	���6�+	-&	�	��)��'

W	I)1& &6�3&-� >&����(Ren et al.2003)7�)*��#� 
�['���6�


#�)+������� 3�*)0��1��+	2#3� �L� ��	D��� U#&�� 8+� �,�	�E

4���,�-7��.�C$���C ��#�$(���)�8+�8� �;��3#&���1�,�����8+�

2	,��U��!9������-
#�6�+�U��Y��
�	�����-�#3��1)���$%��R

��-#����B���#����37���&�/��@	�AB��3)���\Constitutive 

promoter��CaMV 35S���+6�+	� ���1���6����$%��#3

2	�����4��� ,�-� ,3�]$������ 
�� ,3�]$��� ���)� <@	�AB�� '+	���

�3)���(�+���1���� �^��+�� U#�=()� N��� �#3�2	,�����3&-�7

E��P	<��4���<*��+	���)�1�0��#3�0)4W�+�_�(�)��)�0


�� _�(� 8������ �-#2	�-�+� �D�� 3#&�� ,�� 7#3��)<�3#&��

������&�+	����1���6�4WL�8+�4�'�C�����)������F/��C �� ���6�

���2��E�2� ���
	������ '�)3�?�C���	���>��� �#� 3�+8/��#3

�/	� 8�)� 8+� 3#�&�� <� .�$�/+	� ���1��D�� 3#&���	� 
�����-�+� �

(Li et al. 2005)� 7��+6��)� �#&D��� <D��	+� E	-� ��	�	��)�

W�����4���,�-�8/���3'IW���+)-�3�&��5`���	�	��)�_�(��

������&�+	�[&��(� �#��D��3#&���1���)�<-'#��3&��7�@	�AB�

�.&������+�,��&-��C �)*���
�@	�AB����)���
L�#3�8/�4��)�,�HB

�'4���,3�]$���
+�O�8�#I��(Padidam 2003)7��)�<@	�AB��
�

� a#�Ob�L1�)�� M&�	S�Z'��\Aspergillus nidulansc�


����"6�4��� ,�-�8/�+	&�'#� 8����� #3� �#� �1� ��)=��

D��	� E����/�(Felenbok et al.1988) 7�@	�AB���+� ,��&-� �C �

.&������&�'#����'�'3�
��-)=��4���7�.'�����'alcR��8/�4��

�.�$�/�4J�@	�AB��3)���CaMV 35S���1��+�,����alcR��
�

�a#�Ob�L1�)��M&�	4���S�Z'��'�>'3����'
�� ���5����1�8+

� ,����)� 0@	�AB�
O����
��CaMV 35S�'�)���� 0	�.��W� 8

� 4�3Z�+� ,���/@	�AB�alcA�*B�	� 
)4��� 8$W�7�d� #3	�e�

f�'�@��.&����	�<ALCR�+�.'�����'�
�	������3&-�����d	�.��W��

�� '� 4������ 8+� ���&�@	�AB�alcA�
g$��-,��$�� #3� '	��1� 8?

�+� 5�	�� �����3&-7��H������8/�.&�����J�� 8+	R�3&-� 8W�h���

f�'�@	<�ALCR�� .&����� �+� ,3�3� F�/�'� '�iW� #�$(���)���L

��		� ����)�A�� 3&(� .��W� 
*-� 8+� '� �+�)� 
���3&-� 7�)�
���� <

&�'#)=���,�-�.��W�8+@	�AB�alcA ��
g$����3&-�$��#3�'	�8?

�@�#3�5����1	)&�'#�4�3�<)=�����33�2�7$O'���5`��.&����

f�'�@�3&-	�<ALCR� ��W	4��3&(�4�3�
�� �#,3�3�'�����
�	�8

@	�AB�alcA�� ��#���3&-�+� '	�1� ����	I��@)���

���`@)3�(Caddick et al. 1998) 7��

@	�AB�D��� #3� .&����� �+� ,��&-� �C �	+� E	�#3� �1� ��

2	������D�	+�#L��	=+'�	����I�/���&�&���S	�
�j	���8"&2��

H��W���k��+�'4���8$W�2�#��O�,3�]$���3#&��\Caddick et al. 

1998., Deveaux et al. 2003., Roslan et al. 2001., Salter 

et al. 1998. and Sweetman et al. 2002c� �

�����)@�<	2�#3��&�/����AB	�#�+���O#���P�,���4���,�B��7

��#3)�<@	�AB��
�����
#��,���/��C ���d	������I?��
+�O�')�8

����+'� �-��+�O	4�,3�]$�����
L� #3),�HB�� '� 8�#I�3#�3� �#�7

� �L� �+� ,'!����� ��&�� �+� �#� .&����['#���6�]�$%���D�	��

-�@	'#� �+� ��6�4�=O���6�]���(� �	#� ����=)8B�����#3

'��� .&�J�6�%A�� .&����� '� .&����	,�-� ���	� I3&��� ,3�]$���

\Caddick et al. 1998; Deveaux et al. 2003; Roslan et 

al. 2001; Sweetman et al. 2002c7��)� <@	�AB���C �6�

P��	I6�F����+��+�#3���6�]�$%���D�	������2��������E(
)��

�	��#��6�� �	��= ��	�	� 0)$�� �	U��&���"� 
����3#�3�
(Caddick et al. 1998; Deveaux et al. 2003; Roslan et 

al. 2001; Salter et al. 1998; Sweetman et al. 2002)7��

EK����O#���P��)2�<	 &��,�	��#3��*-��)��&��'������

4��� .�$��� 7['#� 
�� ,3�]$��� �+���6����K���$�1	���*��� 0

�1� .�C$�����6�F��� 8+� 4�'�C���6�� '� ��$%�)��+� U�]�� �

-
#���D�	���� 8+� 4�'�C�� ��F/���+� ��6��IW�)�'� 3�*���� F

/	]	3#�3�3&"'���O#���P�.&gJ��4�7+�.�$�/	����)<��1����

=+�j��������
�#3	3&+����&(�[
#���+�#��7��+��+)�<�	4���
��

@� 8/	� ��&��� 8+� .&����� �+� ,��&-� �C �� �AB)*��I2� 
�)8���6�

��+�j����6�+�.�$�/	2�#3��1���	�3#&����O#���P�,��#�+��

2�#��O	3��7�) '��8 �C��<	�#�+�[#�I2�<��@	��+�,��&-��C ���AB

2�#3�.&����	��O#���P�,����K"�#3�4��7��

���


�
�%$<=���)
 


��+6�2� 8+� �1� .�C$��	.&��� ��$+�� ���O#���P� ,����6�

� 8�
'#� ��AKH���L� ���&(� 8/� ���-� 8+��'� ��"� N�+� 
�

K��4�!@&�'�@	�-�8� 74�!@&��@�
��Sb��K��M& �/���	�'�8

�$/�+'�2L� 
�� ,3�]$��� �+)M& �/� 8+� �D�� 3#&�� �1� >&��
C$��� ��

�-� 7,
�����6�\Constructsc��� 3#&�	�,�HB��3� 
�� 
�

Wageningen�K�� ����	�-� 8� 7��!@	� 8��2'3� �pBGW,O�

��
����1GUS��)�'�$��@�.�$�/�4J��8/�4���#�3	��C ���AB

�3#�3�#��O�,��&-$�1�8BC��8/	*���L��
*-�#3�l����B��� �

4��� ,�-� ,3�3� 7E��P	��+� <6��C�)��!@� 
�� 8=	�8��2'3� �

pB7WG2,O�'��6���1GUS��)'�$���@�.�$�/�4J��#�3	��AB

�3)��CaMV 35S���-�,3�]$��\�
*-�l�e7c��
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��
�
*-�n�,
�����6��1��M& �/�8+��1�.�C$���#3�,3�]$���3#&����6����O#���P\a�nc,
���'��6���1GUS��)�'�$��@�.�$�/�4J��#�3	��AB

�.&������+�,��&-��C �\b�nc,
���'��6���1GUS��)�'�$��@�.�$�/�4J��#�3	�3��AB)���CaMV 35S��
Figure 1. Constructs used for gene transfer  into calli of sugar beet. a. The construct containing gus-intron gene under 

control of the ethanol induced promoter. b. The construct containing gus-intron gene under control of the CaMV 35S 

promoter. 
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��#3)�<F�'G@��
����O#���PZ)�<NF���+6��Q��%$��

4�!@&�'�@��� ,3�]$���-� 7�&]��h� 
�� S@��+��#`6�

�
� 8��&"� '� ��O#���P��#'`+��8��&"����K$���)�� 4B/�
�� S@� '

8$]�� #�KP��N�+� 
����6�8��&"���6��K$���)���+6��Q��%$��

4�!@&�'�@��-�,3�]$���(Hall et al. 1993)7��3'��mo��>�2�

� N�+� 0�K@�$��)K�� 
	8�'�#3�� �I��� 
(�3O�+��'��6�mp�

�	�� 	3����;C��eL��$�O3�'3�U���8+	�3�(�E/�4�����+�8C

3�2)�� 7q&�%��� 
���� 
�� ,3�]$��� �+��� .�+�d)�&����pp�

�	�$�'�*6�W	�$���-,�� �+� 'L�$��� �;C�� e)�'� �-� 8$=-� 


@�� U��;O	'#� >#�6�W	�$�� �� 8+)�$@� 063)� F8��$�����$�6�

� 
C$��3�2)�� 7Sb���p��	�� 	� .&�J�� �$CPW9MCa�

\0����6��CPW��,�����8+r�s��.&$	���(w/v)�to��sCaCl2, 

2H2Oc�3�2� 8W�h�)� U��� 8+� '� �)��3� #3� 4���� 06��u���

#��KH�6��-�7=��b�&�	��&�
����U���8+)O3�0	#'3��+�8C�

gmm��$���)&]1�� �-� '3�2� 5`�� #'��-'#)��Sb�� '��e&�#

� #3� 
���mp��	�� 	Ei�� .&�J�� �$�\Ei�� .&�J���
��-

0��� 6��CPW�� ,����� 8+r� s� �.&$	���mM n-propyl 

gallate ��mop �(w/v)�mops�� 
Z&��RS�� '(w/v)�

�sMacerozyme R10 �3&+c��
�3�2)�7����k�@��	�� 	�
���$

8+� .&�J��)0��$@63)F�vp��	����$�6����8+� '� �-� 
C$

� U���v�4����� #3�m�$���� 8"#3��� 3��2� '#��� #3)*���8+

��#L���q&�%��-7�.�+�d�
��Ei��.&gJ����6���)�&����rw��'

mm��	�$�'�*6��-� ,3�3� #&A�� 7W� .&�J�	� �+� ,�-� �$�)�0

� .&�J�� E?�W	�$��� �$�)� ,�-� 
�)$���'I	0��#�36�wm�

��#3�.&/�@��'�m���#3�
#�/����q&�%�3�2)���8+�'���8 & �

��
L)� F����	�� 	�$6��-� 
C$��� 7� ��$+�� 8 & � ��� #3)�0

�	�� 	� .&�J�� �$CPW15S�\0��� 6��CPW�� ,����� 8+r�s

� �.&$	���Mm n-propyl gallate ��mop � '�ms�
#�/��� c��+

'#�4O36�=��b�&�	��&4�!@&�'�@�#)�'��-�8$%�Sb�mop�

�	�� 	.&�J�� �$9M�\r� s� '� .&$	���1mM CaCl2, 2 H2Oc�

�-� 8W�h�� 7>�?��� �+��$���)4���� �+� 1&]�gmm�� U��� 8+�p�

O3	8C��.&�����6�Z�#3�8�
'#���AKH�)�89M�X�"L#'6��-��7�

4�!@&�'�@���6�X�"#'L6��3� #3� ,�-
(�G L)=�/� U��	�E

J�� #3� '����-� ,3�3� #��O	�4B/� RK&P���		��)�T+�;�� 8$W�

['#��@	,�-�3�K�B����-�4B/�(Hall et al. 1993)�7��
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� 
�� S@�t�
'#��G L� 8J]�)U���=�/	E�'��6�

4�!@&�'�@������#�&�� U#&�� 8+�)�� x��� �+� k�@m��	����$�

J�� 8+� '� ,�-� ,3�3� [�+	���"� 4B/� R� PGo�'��6�)�0

�	�� 	� �&�#&�� �$BAP���3� #3� '� ���-� 
C$��6��t��8"#3

$�����3��2�� '#��� #3)*���#��KH6����-�\De Greef & 

Jacobs 1979c7�� 
�� S@)8$]�� 0����#�&�6�G L)��+� U��

�$/�+'�2�)C��� >&	���-� :7�.&�����6��$/�+'�2�)�>&

&�)8AGLO �'��6�� �1� 
O��GUS�� ,����� 8+@	�AB��3)���

CaMV 35S��')��@	�AB�J��#3��.&������+�,��&-��C �	4B/�R�

LB�8+�-� ,3�3� 4B/� 8��A-� U#&���7�Sb��� e&�#�$/�+6�

#3�J�	��� 4B/� R)� XPGo�\#&�� e`"6�mop��Q&�� .&9� #3

vpp��$�&���c��-�
��7��#�&�6�G L)�U���8+�U���p�O3	8C��#3

��36�J��8+�Sb��'����-�,3�3�#��O�u���	>�&��4B/�R�PGo�

'��6�)�� 0	�� 	� �&�#&�� �$BAP�� 
C$���-��3� #3� '� ,6�

�t�� 8"#3$�����3��2�#��� #3)*��'#� '3� U��� 8+
�#��KH�6�

���-7�8+��$/�+'�2L� 5`�� #&D��)�>&���#�&�6�G L)�8+� U��
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�v��

J�	R�� 4B/� ���"PG1B-BC�\PGO���	�� 0)� 6'����$	 

� �&�#&�BAP� ���m���	��0)� '� E	=/��&]�� �$	 � #3� >�2

��	����� �$	 � #3� >�2�F/�+)�M&W&�� c'��6�$�L�+	�&	�0

=/��&]�	� E��3� #3� '� ,�-� 
C$��6��t�� 8"#3$�����3��2�'�

#��)*��#��KH��
'#�'3�U���8+6����-�7�
'#�'3�
��S@'#��+6�

��#�&�6�G L)'��� U��6�M& �/���6�C��	��1� ,
��� �+� ,�-� :

� �H-#�I2GUS�'�@	�AB��3)���CaMV 35S����&�
L

�	-&$=	�	��)�GUS�+� '� 4W�2� U#&�	�� 4O&�� ��)� <1��

�#�+��3�2)��(Sevenier et al. 1998)7�M& �/���6��
��0P&/

'#6�&���#�6�LG )C���U��	��H-#�I2��1�,
����+�,�-�:GUS��'

@	�AB�J�� 8+� .&����� ,��&-� �C �	� ���"� 4B/� RPG1B-BC�

$���C� .)� U��� 8+� '� ��$W��m�#��� #3� 
'#)*����3� #3� '6��t�

� 8"#3$�����3��2���$W�2� #��O7��� 
�� S@)U��� <� �M& �/���6�

� �-#)� 8$W��3�?��J�� 8+	R�� ���"� 4B/PG1B-BC��.�C$��

)W��
��S@�'�8$�p����&�
L�
'#	-&$=	�	��)�GUS�'#��+6�

M& �/���6���-#)3�2�>�?���8$W�)��'��	+���I	��H-#�I2��1���
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���-� ,3�3� 7�L� z�#� .&�J�	I6�
��-�Tris-HCl�mp��	���
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*-�7c�4�!@&�'�@�

.&�����6�8�
'#� ��AKH��2�+��=C�� 8+� #3�O� ��O#���P	�E

 &������$=��(Hall et al. 1995)7�.&�����6�8�
'#� ��AKH��

�'�� #3)���� N�+� &��� 
)� I���)��+��'���"	� 4)�'� 4(�&�*

��$�) &���I��*B���#	�
����8/����3�
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www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

��������	
��
�
���
����
�
������
�
�������
���
����
� 
 


 


�w�

��)�3��AB	@��+��1�<)����	+�,
���� CaMV 35S 4���,�	2�#3�
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�
*-�:�K��
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'# \C�	�M��m��pc \}�nc=C�	 &���E��)8�
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�m��pc7 \U�nc��#�&�6�G L)'���U��6�M& �/��$/�+'�2L��+�8/)��W�8�&��>&	C���S�	�:)8$W�����7�\C�	�M�cm��c��~�cM& �/���6�

�.�C$���0P&/)W���#�&��
��8$6�G L)J��8+�U��	I2�4B/�R)F��'��6�)��0	��� �#3�>�2	+�F/������$�)M&W&��(�+��-#�'��

M& �/���6�#���)�4%\C�	�M�cm��c��
Figure 2. Protoplast isolation and callus production from guard cells of sugar beet and gene transformation method, a. In 

vitro culture of shoot tips and leaves growth for guard cell protoplast isolation (bar = 1 cm) b. Guard cell protoplasts 

(bar = 20 �m) c. Cell division of a guard cell protoplast after stabilizing in calcium alginate (bar = 20 �m) d. The strips 

of alginate containing the sugar beet calli infected with Agrobacterium tumefaciens (bar = 1 cm) e. Transferring very 

tiny calli from alginate strips to selection medium containing 1 mg/l bialaphos and the growth of transgenic calli (bar = 

1 cm).�
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L	-&$=	�	��)���1GUS���#�&�6�G L)'���U��6�M& �/���6�C��	�$/�+'�2���+�,�-�:)��W�8�&��>&	�#�3�S�6���1�,
��

��H-#�I2GUS�@�'	��ABCaMV 35S��+�,�����G L�#�&�)C���U��	��&���8+�,�B��:�����-\C�	�M�cm�mopc��
Figure 3. Histochemical GUS assay of alginate strips containing calli infected by A. tumefaciens carrying a construct 

with a GUS-intron gene under control of a CaMV 35S promoter and a fragment of alginate without transformation as 

control (bar = 0.5 cm). 
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�.&������+\a�c�'�����
����+�4���	�.&������+�#��\bc�7e�'�� ��
*-�'3����#3n�0��P���6�E5��'E7�'��6�M& �/���6�#���)�,
����+�4%

��1GUS�@�4J�	�3��AB)���CaMV 35S�0��P�'�4A������-���&���8+���6�A��B��C��D��'E1-4�'��6�M& �/���6�C��	��+�,�-�:

��1�,
��GUS�@�4J�	.&������+�,��&-��C ���AB��
Figure 4. Histochemical GUS assay of candidate transgenic calli with construct containing a GUS reporter gene under 

control of the ethanol induced promoter before treatment with ethanol (a) and after treatment with ethanol (b). In the 

both figures a and b: Wells E5 and E7 containing transgenic calli with a GUS gene under control of the CaMV 35S 

promoter as positive controls and wells A, B, C, D and E1- 4 containing the candidate transgenic calli with a GUS gene 

under control of the ethanol induced promoter. 
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