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Abstract 

Citrus bacterial canker, caused by Xanthomonas citri subsp. citri (Xcc), is amongst the important diseases of lime orchards in southern 

parts of Iran. Phage display has been used to produce specific antibodies for detection of pathogen-infected plants as well as development of 

resistant varieties. An effector, namely pthA and a pilus protein, HrpE, the major critical components of type III secretion (T3S) system with 

roles in pathogenesis, were chosen as antigens. Recombinant forms of the proteins (pthA and HrpE) were expressed in a bacterial host and 

purified via affinity chromatography. Tomlinson phage display libraries including single chain variable fragments were used for isolation of 

the specific antibodies. Biopanning, 3 rounds against pthA and HrpE proteins, allowed enriching antigen-specific phages. The specificity of 

phages was tested using ELISA. Moreover, the phages were able to detect the plants infected with citrus bacterial canker.  
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Fig. 1. recombinant phage contains recombinant antibody fragment fused to the N-terminus of coat protein III; (Kierny et al., 2012) 
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Table 1. Titers of phage libraries I eluted after biopanning processes against pthA and hrpE 

Output phage Input phage Panning rounds 
Phage dislay library 

(Tomlinson I) 

2.4*104 1013 1 
pthA 3.8*105 1013 2 

7.4*106 1013 3 

2.6*104 1013 1 

HrpE 4*105 1013 2 

7.9*106 1013 3 
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Fig. 2. Comparison of optical density in 405 nm from phages 

obtained in biopanning processes of Tomlinson I against HrpE. x 

axis: phages from the 1st, 2nd and 3rd rounds of biopanning. BSA and 

pthA protein used as a negative control. Different letters indicate 

significant differences between samples (P < 0.05). 
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Fig. 3. Comparison of optical density in 405 nm from phages 

obtained in biopanning processes of Tomlinson I against pthA. The 

horizontal axis contains the phages from the 1st , 2nd  and 3rd round of 

biopanning. BSA and HrpE protein used as a negative control. 

Different letters indicate significant differences between samples  
(P < 0.05). 
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6���    D�� 'V� �&)VG�PTA-ELISA .  |�#Vb

�`* ����A ����& 6�2, ����$* � ��&
',)	, J * ��  ����)P < 0.05(.  
Fig. 4. Specificity of selected polyclonal phages for detection of 

infected plants by PTA-ELISA. Different letters indicate significant 

differences between samples (P < 0.05). 
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'�& �& ��� D��/� �'$�N� ���  V��$-*  �V���� 1�=  �

&�VV=�� 'VV,)� �VV��  rVV�$-*Xanthomonas sp. VV�� 'VV�
 '�

D�� ��� H)G�#�= � X=D�� � ��� �$R*   #V�PCR   ��)V[

 8VVV�� 'VVV$�#�(Fang and Ramasamy, 2015) . 1� �&��$VVV��

D�� ���  r�$-*PCR      3)V,H 1� rV�$-* ��V`a] <�V�� #�

 #$%�V�� )Gottwald et al., 2001; Coletta-Filho et al., 2006; 

Rigano et al., 2010( � ��Y	
 D�� '`�)A JReal-time-PCR 

&� '�=�� #�= � �& 6H)A�V; w V
   V* XV	% �&)VG� ��  �V�% .� V= J

D�� VV��>b &)VV�� �VV� �VV�
VV>� 8
, �y�VV� 8VV]& � ��
 �VV�*1�

FjA
�*1� ��/=��52 *  '	� �& �&��$�� S��] � ������#�= k

�*1� �=5VV2�� VV	, �VV� ���VV�� )Cubero and Graham, 2005; 

Mavrodieva et al., 2004.( * �&VV
D�� 6� �VV�� ���VV��= 

H)G�#�=�.A �X
G� X
D�� 1� �/  �V��   �#V� l)V	`*� &� V=�� 

� �& 6H)A�;
�� 6���8 .�=  �&)V� �*���% � &�	$4� S��] D�� J

�; #� �=$,� &#���% ' &��� ��� [�\$(� -2A �&
  6H)A�V; h

VV* �VV��� (Fang and Ramasamy, 2015). G)A 8VVF�VV
 �

$,� &��� ��� [�\$(�  V*  �.A 1� 6�)VA V
 �V	, X= H�V� +� 

&)	, �&��$�� . �V�  �&��$V�� 1� �
 _$V>  �V	,=+  �H�V�  V* 6�)VA 

$,� �&����= �� �	A=S y�� 8R>, '�  V$,�  &�)V* 6H  #VZ, �� 1� 

*
6� '4)	j* ��
` 1� $,� �&��  �V�  T�V-$,� � }.A V
#  &#V%. 

$,� &��� ��� scFv ���&� /*=8 ��= * ����� .  'VR�U �'�	� 1�

.�A S.2* #�
X VH  �VL    ��V`a] �& cV�U� '%FV   6� �V�

* '��)* )�=_.  1� �&��$�� ��$,� &��� ��� scFv  FA 6�V.*� V
' 

l).�* ��� � l�`�=H)G),)	 V=X     XV�)% �1��V,� �V� 'V� * V
6�/ 

/� � y�� �)�( �� � 6���#�='�   _V% _��#V�  V*  &)V�  'V%  'V� 

,��� 1� #Z, $,H
.  SV��]  ��.$V�&�  V*  �V��� )Safarnejad   

et al., 2011(. ',�-��$%�& ��� $,� &���  �V�� %#A), V
  6�V.*� c

�
',�-��$% 6� ��� [�\$(� �#��   V$,� g�)V,�  &��& &)V�� 6H .

�Y	�
* J ',�-��$% 6�)A  �V�� %#A), V
  S.V� 'V� �� ccDNA  

���F5,� � �& � &#%= FA �& � &)V	, l��#U �� 6� �&�j* ��� V
 '

$,� &��� ���  &)	, �&��$�� 6� 1� l�,)�%)�*(Berry, 2005).  

�,�)A '� '�)A ��= y��� ��H�� '%�  � l�\A� �& ��� ���

&�=�� dA�#;
%#A), J
 V* �,��& c  � 1� 6�)VA V=  �#V� �V�H�� J� 

G)A
$,� � &��� �4 l�,)�%)�*
dA�#; '
J ���  �V� kRA#* �
  _$V>

@�#A #$%�� 3)� g),�   ��V��% �% 6H l�?$,� �� � &#% �&��$��

$,� &��� � l)�� '�
� � ��
�l)�� �& 6 ��� �
�� � 1�=  � &�Vj

;
 � 8�#V2
 ��V	�  �)V��
#�  &#V% )Shahryari et al., 2013b; 

Fischer et al., 2001.(  V�Y	�
 V* J      ��V`a] l�V\A� �V� 6�)VA

$,� &��� �dA�#; '
J ��� � �& #e)*
��	=�/= 6H)A�;    nV4�� ��V�

U
� S*�)4 6&#% l�`� #
��	=� �& �/
�� 6���.  V2-�#e� � V=J 

A�#$��:� * �� kRA#*
%#A S
R  V$,�  &�V��   dA�#V; �V�
  |�V� J

8�� )Huang et al., 2011; Le Gall et al., 1998.( 1� �j,�=  'V% 

�H)G)�.A �	,=+ �H�� ����& ���] #U�#5G�� � G�,�
/  �)V] 

VV* ��VV��� �VV�=/5=J D�� ��VV� &=�#VV5 �VV�,�* �H)VVG)�.A 

�
#RVV=�*�� ��#VV� G)AVV
� VV$,� l�VV,)�%),)* �&�VV� ��VV� 8VV�� 

)Schirrmann et al., 2011; Hu et al., 2012 .(  
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