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Abstract 
In this study, the tms2 gene, the cause of crown gall, is detected in two Rosa hybrida L. (“Pearl” and “Angelina”) cultivars using 
electrochemical methods. In this study, stabilization, and hybridization of single-strand DNA (ssDNA) related to tms2 gene, Agrobacterium 
tumefaciens is investigated by electrochemical impedance spectroscopy. For this purpose, the pencil graphite electrode is modified with 
nanomaterials including reduced graphene oxide and gold nanoparticles. The biosensor could be used to detect infected samples of 
“Angelina” and “Pearl” roses. DNA/DNA hybridization is performed by placing an electrode modified with ssDNA at a concentration of 
two (µmol/L) target DNA. Results show proper stabilization and hybridization of DNA at the electrode surface. The designed biosensor has 
good selectivity. DNA-based nanosensor has advantages such as low cost, simplicity, and scalability and can be the basis for the 
development of genomic detection tools.  
 
Keywords: Biosensors, crown gall, electrochemical methods, Plant pathogens, Rosa hybrida L. 
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 ��I]k3Fe(CN)6 + KCL[ ������ -,��) 1 .1�-& *&�
��& 

4�
�-H�D 9� �� 
�,+��
-3,� �& DNA 7P�� 
I �� 

�& B�� ��YW �b,�� �� ��L[�NaOH  1/0 �J�� ��-� ���� 

� 9:+ �& iI �<,��
� 4�) �)�  ���� �))Razdari et 

al., 2019; Izadi et al., 2016(.  

  

2 .3�/&�
$ �� ����45 6�/"&�� .!�
"# �
� ��.  

 4,% �� 1-.%�& �,��@� ~�-F.+� 1�-&PrimePrepTM 

4%-) GeNet Bio  �& c&�S� *&�	V �-% ��G%

 #
 .�) ���h.+� -
� �$X0���.+�#2 *��L%  �� ��-%�)�

 �� ���I 4	
-2�� 4G% \,[� �� O�
-.%�&�-�� 1-.%�&5 

*L,� 4G% \,[� �� -.,0LB ]�
��0 4G% \,[�)- *��2-&

�	
�-> O�;�� 1�-& *��$  4G% \,[� #
 *+�	Y� 1��

) �
-L% �
�+ ���) � 4+� #,.��5 � ���Z  7(-.,0 -& O-

) -$F�5 ) 
�.:
-2 � (-.,0 -& O-�10 (4+� (-.,0 -& O-�[ 

 � �) R,bL2�& B��  ��2�&�/�� 
��� ��� ���3) #


 1��� 4[2 ���-/,)27 *.��+ �V�� .�) ���� 4G% ��-�

5/1 *L,� 1-.%�& ���3) 4G% �� -.,0�& B�� �+  �& �b,��

 4 -+rpm 8000 ��,h
-.��+  :���)Centurion K2015 7
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3 � �
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999

��L+ .�) (
�.�LH�� 4T�+1�� *&�+� 1�-& ~�-F.+� 

�,��@� �& ���h.+� �� 4,% ~�-F.+� �,��@� 

PrimePrepTM �� 1-.%�&1�� O-� *h	� ���h.+� �) .

��L+1�� 1-.%�&1�� �2 �,G� ��) �� 250 ,�/-.,0�- ->�& 

PR � ��) �D 79:+ .�) ��,h
-.��+ 250 -.,0�-/,� 

->�& PL �>�n� �) � �& ������ 1��+ �0�0 �) �2 ��YW ��& 

�� 1��� 7d�2� 1�-& B�� 
��� �% -2 �� N	� 7�b,�� �& 

*���I 6�LF� �).  9:+350  ->�& -.,0�-/,�PN  �&

 � ��-% �>�n� ��L[�_@��% ��,h
-.��+ .�) 6�LF� 

�& B�� 10 �b,�� ��rpm  13000 �� �-/,� ��,h
-.��+ 

O�;�� �). 
�.+ �& *
�� ��L[� 4:,� �� ���h.+� �& 1��

 ��		%��V)Spin Column(  1�-& � �) �b.	� 4,%30  �2

60  i�,2 
��� ��		%��V 
�.+ .�) ��,h
-.��+ �,��]

e$V ��I 1)collection tube(  9:+ .�) ���� ��-�500 

 ->�& -.,0�-/,�PO  � �) �>�n��& B�� 30  �,��]

 .�) ��,h
-.��+�� �,	W7 700 -.,0�-/,� ->�& PW �>�n� 

�) � �& B�� 30 �,��] ��,h
-.��+  �& ��		%��V 
�.+ .�)

 i�,2�-/,� #
5/1 *L,� � �) ���� ��b.�� �
-.+� 1-.,0

50 ->�& �� -.,0�-/,� PE  � �) �>�n� 
I �&�& B�� �� 

 1��� �� �,$+@� 1��D ��L[� .�) ��,h
-.��+ �b,��

20- *.��+ �V��H� ��-�.�) 1���Y  

~�-F.+� �,$+@� 4,h,% � 4,$% *&�
��� 1�-&  ��)

 1��D ���>�-./0� �� �� �A�� #
������ � ����I�o 

)LSPR and Micro-volume Spectrophotometer 

System, Nano Mabna Iranian(  4KLM .�) ���h.+�

~�-F.+� �,$+@�  ��)49/1  .��& -.,0�-/,� �� O-��-/,�

 1�-&�& 4+�  
���IssDNA~�-F.+� �,$+@� 7  �� ��)

 1��� �� iI O�$D90 *.��+ �V�� ��-��& B�� 10  �b,��

1��� �� *F
 O�$D �& �LA�>@& 9:+ � �) ���� ��-� 

N	� �) �b.	� ��-� *.��+ �V�� )Moattari et al., 2021; 

Izadi et al., 2016(.  

 378$ 	 9,
&1 .  

3 .1 . colony PCR  

4�
� *
���%*D�-� -H�D  *
�+�	) 4YV ��)

 1-.%�&A.tumefaciens �� �� ��� �� �� )"Pearl" 

�"Angelina" �& .�) *;	+ ��3. � ( E,FG2 ��K	� 

 "�� �� 1-.%�&PCR  �� E,FG2 4YV .�) ���h.+�

DNA ~�-F.+� *����  1-.%�& ��)�& 
��	   ���h.+� ���$�

 
� -,5/2 �� �X& 1-.%�& .�)-K����� -$
�-� �& �-G,� 1��

 ����I �� 1�� *.G�-& �1  -%��� �� ���h.+� �& �A��

1000  ��K.�� ���� ���& .�) 1��U���& 1��& 4hV

 ��Z[�PCR 7850bp  ����I �� -
�Z2 �� �% 4+�

*� ����G� �/)) ��)1 �	%�� �% ��� 
�G� N
�.� .(

�-,;��4����2 ��-$,L� 1� �& ���  �&�G�4�
� -H�D 

*D�-�  1-.%�& 7��)A. tumefaciens ���$� ��  ���0I 1��

) ��"Pearl" �"Angelina"( .��� E,FG2  

  

  
;M
 1 <)S�! .PCR  /:tms2 -��� D� .��=Q <: ���  

  

*+�-& B�-,,=2 RS+ ��-./0� �� �,D 4T�+ 

4�
�"�� �� ���h.+� �& -H�D 1-.��.0� �T-W 1� 

4>-� B��A .) �/)2N
�.� ( CV �D�-� 8L.F� 

?@A� RS+ ��-./0� �� 
�G� *� ��� . ?@A� �� 9�

 � �>�-� �& *.,>�-� ��-./0� RS+B��C����  �
�<>� � @�

 i�-� ��-b.+� �� 9� .4>�
 �
�<>� 
�
-V 
�<,� 7RS+



"#$% &'� (�%)* +,
- ����( %#�. %����( /�	0#�%-12 -	3+!�( -4!� 	,�5� 3,%)6!�7��� 
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1000

 43�� 
�
-V � 
�-./0� ��b.�� 
�<,� 7��-./0� RS+ 1��

 � �>�-� �& RS+ ?@A� �&B��C����  .4>�
 ���% @�

 #,	/28,� *;	+ 9���:�� 4YV *
�,$,)�-./0� *&�
��� 

 i�-� 4,352 *
���%)ssDNA(  *0��2 �& 
I 
�,+��
-3,� �

 N	� ��L[� �� �$/�*L,� �J�� ]k3Fe(CN)6 + KCL[ 

 .�) ���h.+�  

  

 
 ;M
2�*#T �#3!�3�� . ��#3M�% E*�, UC36! ;0%#! �%

�C
! VW� <)C�! ��  �X)!]k3Fe(CN)6 + KCL[  

  

4,352 DNA #2 �.)� 1� �� RS+ 7��-./0� #
 �
J 

O��b� �� RS+ ��-./0� ��;
� *�  ��b.�� �� e��� �% �	%

��) 
�-./0� � �� �;,.� 4���b� ��b.�� ��& �� �
�<>� 

*� ��� .
�,+��
-3,� -]� �� ssDNA �& DNA �$/� 

�& ��-� �,& #,2�.+��-./0� �X>�� ��;
� �,0� B�h�> 1��

DNA  
�<,� �& ��& ��b.�� 4���b� 7�,��,+ �-> �

�,& *T-& .4>�
 �
�<>� 1-2 �� ����� 
�-� "��<� 

���-% �% ��& ��b.�� 4���b� �& 
�,+��
-3,� �
�<>� 

*� �&�
 )Izadi et al., 2016; Moattari et al., 2021; 

Wang et al., 2011; Kafka et al., 2008.(  *+�-& 1�-&

 
�,+��
-3,�DNA #2 �.)� �� ��V�� �.)� �& (i�-�) 1�

 #
) ��V�� *0��2 �% ��� 
�G� N
�.� .�) ���h.+� 9���:��

*$� (�$/� �.)� �& B��h.� �,2��L%�� �& ����2DNA 

#2 �.)�4,352 1�  1���
�� ��Z2� ��-./0� RS+ 1�� ��)

��& ��b.�� 4���b� �,0� �,$� �& ��� �,/G2  -,,=2

�&��  .4)��� *YV�2 �/)) N
�.� c&�S�3-  (iDNA 

#2 �.)� 4,352 1� ?@A� ��-./0� RS+ 1�� -& ��)  ��)

 � �>�-� �&B��C����  ��V�� �.)� �& 4����.� 7@�

��-& �	% .��� �,/G2 1���
�� ���,� � �)�& �.)��  

  

  
  

  
;M
 3D@ EF
\)M��7 �W�W! .  �3
�DNA .% -+9 (U�%) .

>�#9 ]W$ �9 22mer  DNA  .% -+9 (N) (;	M!>�#9 ]W$ 

 �922 mer �)I�7 �3
� <)C�! :^�%#
 .5 �C
! �X)!

]k3Fe(CN)6 + KCL[  � ;
F7�3� ���-�!1500/0  �10000 V.  

  

 i�-� 4,352 *
���% *+�-& 1�-&DNA  RS+ 1��

?@A� ��-./0� 
��� 7@� B��C���� � �>�-� �& ��)  4,352

#2  �.)�DNA#2 4KLM 7  �.)�DNA  \
�-) �

����-./0� �	,Y& 4KLM �,,X2 1�-& .�) *+�-& 
�,+��
-3,� 

4KLM �� 1��10 75/12 725 750 775  �100  �J���-/,�

#2  �.)�DNA �&  B��30  1���� �� ��2�&�/�� �� �b,��37 

*.��+ �V�� ����& ��b.�� 4���b� N
�.� .���) ���� ��-� ��-�
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 4KLM �� �% ��� 
�G�5/12 ��-/,��,& �J�  
�<,� �
-2

 �	,Y& 4KLM � �) ����G� ��& ��b.�� 4���b�5/12 

�& �J���-/,�  �/)) ��I 4+�4 - 4KLM �� .(80� 1��25 

 �2100  ��& ��b.�� 4���b� �� 1��
� B��h2 �J���-/,�

�& �% �G� ����G� m�3)� �,0� ��H
�V 
�) 7��-./0� ��X> 1��

�-./0� RS+ 1�� -& i�-� ��Z2� �& .4+� ���.>� d�h2� �

 i�-� 4,3] �	,Y& 
��� *+�-& 1�-&DNA  RS+ 1��

?@A� ��-./0� �) ���X2 7��-./0�  B��C���� � �>�-� �& ��)

 �	,Y& 4KLM � @�5/12 
��� �� �J���-/,� 8L.F� 1��

)10 720 740 760 780  �100  1��� �� �b,��37  �V��

*.��+ � 4>-� ��-� (��2�&�/�� �� ��-� ��& ��b.�� 4���b�


�$� .�) 43]  �� 9� 4+� EFG� �/) �� �%���20 

 ��& ��b.�� 4���b� .4>�
 ���% ��& ��b.�� 4���b� �b,��

 
��� �% ��� 
�G�20 Q+�	� �b,�� 4,352 1�-& 
��� �
-2

 i�-�DNA  �/)) 4+� ��-./0� RS+ 1�� -&4 -  � (i

 i�-� 
��� �
� ��DNA ��-� �&���� *0�,2 1�� @� B��C

�& *� �,/G2 *��J���% ���,� ���% ���.���  

 i�-� 
�,+��
-3,� �	,Y& 
��� *+�-& 1�-&DNA  �&

4�
� 7�$/� �.)� �.T�+ -H�D  ��-./0� 4G�) ��)

�.T�+  4KLM 7�	,Y& \
�-) �� ��)5/12  �J���-/,�

#2  �.)�DNA  1��� 7(i�-�)37 *.��+ �V���& ��-�  B��

20  �J���-/,� �� ��L[� �� (�b,��DNA  �� P��


��� ) 8L.F� 1��15 720 725 730 735 740 745  �50 

 �� (�b,��37 *.��+ �V�� .�) ���� ��-� ��2�&�/�� �� ��-�

 �% ��� 
�G� �/) c&�S� ��& ��b.�� 4���b� N
�.� 9:+35 

�,& �b,�� & ��b.�� 4���b� P@.T� 
�<,� �
-2 ��� 
�G� �� ��

 �35 �& �b,�� �& 
�,+��
-3,� �	,Y& 
��� 
��	   ��I 4+�

 �/))4 -  .(~   

  

          

    

 ;M
4 .�W
49 �.�, /�!. �� N�#� E
1a@ (U�%) ./Q /)
,%-�#1
� � N�#� E
1a@EbCP #
cd@ (N) (UC36! ��� #9 N�#� UC36! ���

E
1a@ /�!. #
cd@ (e) (��#3M�% fg, #9 /Q�!� #
cd@ (�) (/)
,%-�#1
� #9 UC36! ��� <)C�! ./)
,%-�#1
� #9 UC36! ���5 �C
!  �X)!

]k3Fe(CN)6 + KCL[.  
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�& ��K	�  *+�-&-,]^2  7
�,+��
-3,� -& ���

4�
� �.T�+ -H�D  \
�-) �� ��-./0� N	� ���X2) ��)

 4KLM 7�	,Y&5/12  �J���-/,�#2 �.)� DNA �& B�� 

20  1��� �� �b,��37 *.��+ �V�� �� ��L[� �� (��-�

 �J���-/,�DNA ��� �� �$/�) 8L.F� 1��25 735 7

40 745  �50 *.��+ �V�� (��-��& B�� 35  ��-� �b,��

��& ��b.�� 4���b� N
�.� .�) ����  �
�<>� �& �% ��� 
�G�

 �2 ���35 *.��+ �V�� �
�<>� ��& ��b.�� 4���b� 7��-�

 �� 
�,+��
-3,� � 4>�
35 *.��+ �V�� ��& -5%��D ��-�

 �/))4 - ��� .(� J�& 1���& �,0�  1��+��V#2 �.)� 

DNA  
�,+��
-3,� �� e��� 7��-./0� RS+ �� (i�-�)

*� �� �&�G� N
�.� .���)_@3� �<�) 4+� ��) "�Izadi 

et al., 2016; Moattari et al., 2021(.  

  

3 .2):&;,
. <
=�� .  

8,� #,	/2 �� ���h.+� �&  7*
�,$,)�-./0� 9���:�� *;	+

4�
� ��& ��b.�� 4���b�*L,� N	� ��L[� �� -H�D  �J��

]k3Fe(CN)6 + KCL[ 4KLM ���D �� 8L.F� 1��DNA 

������ 7�$/� *	[	� � 1-,� *	[	� .�) �+� 
�,+�-3,0�%

4�
� 
�,+�-3,0�%*D�-� -H�D  �� �� *ST N�� �� ��)

4�� ����[� 1��4 -10  �213 -10 ��� 
�G� .��  ����[�

 *ST4 -10  �28 -10  �0��X� ��1/679 +x 5/708Y=  

)98/0=2
R ( *ST ����[� �� �9 -10  �213 -10  ��  

65/7  +x 75/68Y= )99/0=2
R*� 4,X32 ( �
� �� .�	%

 7\&���x  4KLMDNA  � �$/�y 4+� ��& ��b.�� 4���b� 

 �/))5 .( �& 
�,+�-3,0�% *	[	� �� *ST ����[� �� ��V�

4�
� ��$X� ��.>�*D�-� -H�D  ���)� 9���:�� �
�� -& ��)

g�+�-& .���� 8,� *;	+ 9���:�� *
�,$,)�-./0� �� ��L[� 

*L,� N	�  �J��]k3Fe(CN)6 + KCL[7 4KLM DNA P�� 

1�� RS+ ��-./0� �% 74+� �& �
�<>� 4KLM ��L[� 

DNA 7P�� RS+ ��-./0� m�3)� *� ��) � ��,��/� �-.	% 


�
��h
� ����G� *���) .�� 4KLM 1�� �,
�� -2 �� DNA 

7P�� �
�	W 
�/� �� RS+ ��-./0� 1�-& 
�,+��
-3,� 

��V� 7���� �� *0�D �% �� 4KLM 1�� -2J�& 
�/� 1�� ���I 

�% 1-2 �� RS+ ��-./0� 1�-& 
�)�
-3,� DNA P�� 

��V�  ����)Izadi et al., 2016.(  
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�D E,FG2 (LOD) 4�
�*D�-� -H�D ��)   
13-10×87/0 M g�+�-& Sblank/m3 7�) ��� �,$F2  ��

�S&�� �
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