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Abstract 
Citrus greening has been reported from south of Iran in 2007. The molecular basis of compatibility and disease development in this 

system is poorly understood. We have carried out a cDNA-AFLP analysis to identify resistance genes of Citrus grandis and Candidatus 

Leiberibacter aciaticus susceptibility genes in late infection development stage. Selective amplifications with 10 primer combinations 

allowed the visualization of about 25 transcript-derived fragments (TDFs) in inoculated leaves, which were differentially expressed. We 

sequenced 16 fragments, which were identified as Citrus grandis transcripts after homology searching, while 5 were homologous to 

sequences in NCBI databases and were attributed to Candidatus Leiberibacter asiaticus. Many Citrus grandis genes spanning almost all 

functional categories were upregulated during infection. This study provides the first global catalogue of Citrus grandis and Candidatus 

Leiberibacter asiaticus genes expressed during inoculation, together with their functional annotations. This will help to elucidate the 

molecular basis of the resistance process and identify genes and chemicals that could help to inhibit the pathogen. 
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# �&���   ��O�+�& 9��O;) �
�cDNA-AFLP  ��� +&TDF   ���	O�

]� �	�&�0OOOO� ��63F:5'CCATTGCAGGGATTCATCTT3'  �

63R:5'TACGTATCGAACGCAAACCA3' �OO� �*�Q;OO/& +& N�OO) 

�&7�& �'
 &  OX&�L  �O� �   :�� 4O�Semiquantitive RT-PCR 

%�
� 	, %� ���+�& ��  (Sperisen et al., 1992) .  

                                                 
��  Transcript derived fragments 

S4� ; �Q�1 

I	%1 ,1& �$	�   �&	L��3- ; �	���� �	
5� �	 RNA 

�	� &� �� :  �*�O � %���
� +& �)�
0 �/�# ���	
� k�2;)& 9��;)

k��) 4�  ���	
� H�a` 4, *�	) sZ(1 ')��) ������h   ��O1

 +& V04��1 )+ \�� �* 1 %���	) �� *�� . 4, *��  �X �* J�&

       ��OI,�1 %�U�O/ ��O� O)+ 4O��1 %�O��
� %�1+ J�& k�L �*

�)*&�) %�() 	qa` 4)�'r
� .���+�&   OQ
,RNA   �&�Z;O/&

 +����� k$ �* ���./� +& ,�X �=�*   RO/�!1 ?
Q
,RNA 

�&�Z;/&  ��O�  �O�  :��CTAB  O1  �O��� ) e"O� �.(  %&7O
1 

iF� ���) 4)�	) RNA �*  k�OL  ��O1 .]�  �;1�)�O) � O
�')� 

	,
? RNA 1 ���� )k��� .(.  

 cDNA-AFLP:  ��	W1 �*.] 4Z5) +& 4<UP  +& )$ ���

 7
 �)�cDNA-AFLP     4O� 4O< �U1 *��O1 ��I,�1 %�U�/ \�� �*

   %�O
� �*�O � %���
� �� 45��21 �* H �/ %���
� �* 4, �1� ?/*

  �!;OO�&* #��OOQ;1) e"OO�. .(    J
OO� ��OO<UP JOO�& �+&�OO)&  

.Y��Y�� �OO� �*+ J
OO	Z# +�OO� ?OOQ� . &�OO# OO/���  ��OO�

  O1 %�O() ��<UP J�& 4� b���1 !
�#��0      &�O# 4O, �O�*�] 

4ZOO5) 4OO� 4
IOO� 4OO<UP OO� 4OO� 4
IOO� 4OO<UP 9!OO0 � %�OO�7
1 ��

J
�#��0  O1 ��;,�� ���  �O��� .  ��O�h  &�O#     �O� �O'�* 4O<UP
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��	�� ; �	/�     �	 , 	� : 35-AB ��	�C *D ��$�%C *DBEF ��

 &�# ^)�� �* ��� ?I_ ��� �!;�&�) ;��I� #�`aL& ���. 

 
 I;3-+H 4)�	) ���+�& �&�*�)�) ��';/* �� �� 

Table 2. RNA Samples assay by nanodrop 

RNA Sample 
Concentration 

(ng/µl) 
260/280 260/230 

Citrus grandis healthy 1 354/4 2/03 2/31 

Citrus grandis healthy 2 238 2/05 2/38 

Citrus grandis infected 1 198/6 2/06 2/34 

Citrus grandis infected 2 347/9 2/04 2/21 

Citrus grandis infected 3 343/7 2/06 2/27 

Citrus grandis infected 4 134/3 2/01 2/43 

  
 �<C#H  �O' &�  +��O���;" & k$  +���O�� ./�  % 4O)�	)  �O�� RNA 

�&�Z;/& ��� +& ^��h ���I,�1 %�U�/  ���A,B 4)�	)   %�U�O/ H �/ ���

^��h � ��I,�1  ���C-F 4)�	) 4� b���1 4��1 ���   7IO/ ��
1 e1�` �� )+

?/& ��I,�1. 

Fig. 1. Agarose gel electrophoresis of RNA samples of  
C. Grandis infected by Candidatus Leiberibacter asiaticus (C-F) and 

healthy plants (A-B).  
  

 I;3-2H  &�# ?���(1 TDFs �/ ��� &�# � ��� �/�!�� �0 �* ���� �*&* ��'NCBI 

Table 3. Homologies of TDFs to sequences in the databases 

TDF 
Accetion 

number 
Length(bp) I/R1 Annotation Evalue 

 Stress respones/defenses 

17 JZ775571 349 I Populus trichocarpa chorismate synthase (CS2), 2e-47 
33 JZ775574 606 I Ricinus communis UDP-glucosyltransferase, putative, 1e-17 
89 JZ775578 324 I Vitis vinifera probable methyltransferase PMT9-like 1e-10 

119 JZ775572 462 I Arabidopsis thaliana BI1-like protein (AT4G15470) mRNA 3e-04 
 transporte    

712 JZ775577 367 I 
Arabidopsis thaliana Vps51/Vps67 family (components of vesicular transport) 

protein (AT1G10385) 
9e-32 

63 JZ775576 549 I Ricinus communis auxin:hydrogen symporter, putative, mRNA 1e-32 

 Protein synthesis destination   
118  345 R Decumaria barbara 26S ribosomal RNA gene, partial sequence 8e-23 

220  332 I Dirachma socotrana 18S ribosomal RNA gene, complete sequence 1e-163 

46  216 R 
Opuntia sp. MCCPL-2012 cultivar Palma redonda clone 31 18S ribosomal RNA 

gene, partial sequence 
3e-39 

413  211 R Astragalus sieversianus 18S ribosomal RNA gene, partial sequence 1e-24 

188  562 R Cymbomonas tetramitiformis 18S rRNA gene 2e-05 

 Photosynthesis    
613 JZ775602 286 I Ilex cornuta voucher FLAS:M.J. Moore 308 ATP synthase 8e-26 

611 JZ775600 456 I Citrus sinensis chloroplast, 5e-06 
 Cell metabolism 

51 JZ775575 196 I Solanum tuberosum phosphoglycerate mutase 7e-21 

 Pathogen related TDFs  

31 JZ775574 379 I Uncultured bacterium clone TZ39 16S ribosomal RNA 2e-13 

34 JZ775584 304 I Uncultured bacterium clone DB-D11 16S ribosomal RNA 2e-37 

37  342 R Uncultured bacterium clone DB-D11 16S ribosomal RNA 3e-29 

 Unknown function 
32 JZ775574 361 I Ricinus communis UDP-glucosyltransferase, putative, 0.34 
39 JZ775581 178 I Thielavia terrestris NRRL 8126 glycoside hydrolase family 32 0.020 

612 JZ775602 245 I Rhodopseudomonas palustris DX-1, complete genome 0.77 
222 JZ775580 216 R * 2.3 

12 JZ775570 220 R *  
18 JZ775579 350 I *  

223 JZ775573 250 R *  

1- Induced/ reduced;          *No similarity find in databases. 
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�� 	!  ���	?�  ; :����� ���	
� �	� ��  �	� ��Citrus grandis  ����	� �� �����Candidatus Liberibacter asiaticus �	���� ��� ��� ��	�� ��	� ��

  
 �<LLCK H �OO;)� +��OO���;" & +& eOO=�X 9CDNA-AFLP  �OO�

,�#
&�0 R��	� EGAC-MCG ����� �0 k$ �,��1� e
� .*��p  �O�� 

H1-H2 4)�	) 4� b���1 ��� *� �H �/�p ��� I1_I4  4O)�	) 4� b���1  �O�� 

� �*� � M �/�1 �,��1 7 ���� .S�� %�() �� ��!�* � �0    ���	O� [��O1

��� � ��� 1 ���� . 

Fig. 2. Representative results of polyacrylamide gel of cDNA-

AFLPs generated by the primer; combinations EGAC-MCG. Wells 

H1-H2, I1-I4and M present non-infected, infected and 100 bp DNA 

size marker, respectively. Arrows represents a differentially 

expressed transcript-derived fragments (DE-TDFs) 118 and 188 

  

 *&�<# +&.]    T&*��OX ���O�  &�O# �&�� ��� k�/�& 4<UP 

.� % 4OO� b�OO��1Stress Responses/Defenses �� % 4OO� b�OO��1

Transporter �.� %1   4O� b�O��Protein Synthesis Destination �

�� %  4OO� b�O��1Photosynthesis and Energy �Y % 4OO� b�OO��1  

Cell Wall �Y %   4O� b�O��1Cell Metabolism�.�  %   4O� b�O��1

Pathogen Related TDF  �� %1 N��<1�) *�"�	` �� �!���.  

�;)�+�& 9��� 	,  ?��)��]�  :�� 4�Semiquantitive 

RT-PCR #�
��;) ��!!, �� 9CDNA-AFLP 1  &7O�& � ����� S

�
& %��4)�	) �* &� ?��)�� J ���  �1 ��OI,�1 %�U�/ O� O)+ 4 

1 e1�` �� ���
1 %�() ��I,�1 7I/ ��  ��*) e"�� .(  

#H TC�1;�   �LU	1 �� 	L� ��	V�   ,OL9�� �	L :   9��O;)

 ?��)�� 4, *&* %�() /��� J�& +& e=�X]� ) k���� ( 4,

eP�) %$ 4� 4��(1    O1 !
O5,& ��O�     %�U�O/ %�O��
� �* �O���

  %�O
� S�&7�& ��I,�1 7I/ ��
1 e1�` �� ��� )+ 4��1 ��I,�1

4;�&* �)& . 	, 4	
) :�� 4� ���+�& 9��;))Semiquantitative 

PCR ( �*&* JO�& 7
)  # &� �O��  �O
� O1   �O!,)  e"O�� .(  +& O"�

H�1 H;5
/ J��#     eO1�X ���O
� %��*  �O2;)& ��O�    k�O2;)& ��O�

1 J
5,& �!��� .  SO2) +& O"�     �* J
O5,& %�O1����;
� ��O�

 %��7
1 S!"	���–  @O/�0 H
U!# %$�#�0     %�O�7
1 `�O�* ��O�

?/& .lU/ )��* k��!�&��� ^
;/&  <
IL ���= 4� �
/&

 �&�P !
��0 �X �* ��
� �*� *�&*  � HOf+ +��� +& V0   *�OW�&

 O1 S�&7�& �*� � %*�, *��31 �&�� �*� �   �O���)Mayda  

et al., 2000.( � e<� S2)   `�O�* S!,&� �* !
5,& �w�<Q)&

 ���O	
� e1&�` 4� ��
�       4O� ?O/& ��O� 4O< �U1 ��O��;,�� �&+

      ���O	
� eO1&�` �O�&�� �* ��O
� ��O�* k�O|1 %&�!`    �O!)�1 O�&+

Pseudomonas syringae  ��Alternaria brassicicola   4;O5�&� 4,

1 J�
#& 4� # ?3# ������;
� �
_ J
5" �  �!)�1 ���Camalexin 

1 �&�P *�
� )et al., 2010 Chaouch .(��a` ��  �JO�&   i�,�O/

H;5
/      ?O
 �<� +& ��
��O�� �O`�� !
O5,&  �2;)& ���SA �

 4O)��   %�
OO5,& k�O<� ��O� )ROS ( � J
O5" ��;
�   �OO!)�1 ��O�

Camalexin 1  **��)et al., 2011 Robert .(1 �o) 4� &F    �O/�

4��1 ��I,�1 %�U�/ �*  7
) ��I,�1 7I/ ��
1 e1�` �� ��� )+

H5
)�"1 K��L +&   ��O
1 e1�` %$�#�0 e��21 �* d�� 4��(1 ���

   � �*�O	) ?O1��21 ��OI,�1 7I/     ?O��)�� %�O
� S�&7O�&]� 

) k���� ( �*S!,&� H
2;51 �
� H
o!# ��;/&�    `�O�* ��O�

?/& �*�� %��7
1 ��
�.  

  
 

 �<CBH k$ V"` ��� �*����� +����  �O�� Semiquantitive PCR � 

I1-I4 4)�	) 4� b���1 ���  � �*� �H1-H2 4)�	) 4� b���1 ��� ?/& H �/. 

Fig. 3 .Agarose gel electerophoresis of Semiquantitive PCR 

products, Lane I1-I4 related to infected samples and Lane H1-H2 

related to healthy ones. 
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��	�� ; �	/�     �	 , 	� : 35-AB ��	�C *D ��$�%C *DBEF ��

+H TC�1;� �� ��CChorismate Synthase :  %�() 9��;)

 ?��)�� %�
� 4, *&*�� ) k���� (  %$ 4
IO� 4,Chorismate 

Synthase 4��1 %���
� �*  ��
1 e1�` �� ��I,�1 %�U�/ ��� )+

4;�&* %�
� S�&7�& H �/ %���
� �� 45��21 �* ��I,�1 7I/  �O)& .

�
51  Shikimate��;,�� �* 4, k��/� ���	Z1 ���   ��O
� ���

   �
O/& 7;!O/ 4� �W!1 ?/& ��� ��/�!�Chorismic    4O, ��O�

   ����
O/& ��OU<1 ��I
,�# �
 �# �* /�/& S2)   eO
!� 4O!
1�

     �%�OOO��;���# � k��OOO!�& ��2;OOO(1 �J�+��OOO
# � J
OOO)w�

Dihydroxybenzoic Acid (DHB)  J
;,�O���;)& 7;!/�
� �&�� 4, �

1 �*�Q;/& %�1���� ���
q� �" � +& ���
5� �*��    ��O
� ��O�

*�&* ^
�
OO5
 �/ �
OO/& �OO!)�1 )Giles, 1978; Pittard, 1987; 

Wildermuth et al., 2001( . J
OOO!r	� �
OOO/& ^
�
OOO5
 �/  

 %$�#�OO0 4OO
�` �OO� ?OO1��21 �* OO	�1 SOO2)  �*�OO	) �OOQ�& �OO�  

)Van Huijsduijnen et al., 1986 (     ?O1��21 *�OW�& e1�O� 4O,

 ^
	;5
/ ��5;,&)SAR(� 1   %$�#�O0 4�	X %�1+ �* � ����

SZ� �* ?1��21 �`�� ��
� +& SZ� ^� �*  �O'�* ���   ��O
�

OO1  **�OO�)2002 Taiz and Zeiger, .(SOO2) +& OO"�  %$ ��OO�

Chorismate Synthase   %�O�7
1 S!"	��� �*–    H
OU!# %$�#�O0

@/�0  ?/& %��7
1 `��* ���)Van Huijsduijnen et al., 1986 (

  �O��� 4;�&* ��I,�1 %�U�/ �* &� (2) J
!h ?/& J"	1 4,

*�&* �
	"# ��< �U1 4� +�
) %� ��I_& 4,. 

2H TC�1;�  �� �� ��CNADH dehydrogenase:   9��O;)

   ?O��)�� 4O, *&* %�()�� )  k��O�� (   4O� 4
IO� 4O,NADH 

dehydrogenase 1   4O��1 ��OI,�1 %�U�/ %���
� �* ����   O)+

          H �O/ %�O��
� 4O� ?IO5) ��OI,�1 7IO/ ��O
1 eO1�` �O� ���  

  4;O�&* %�O
� S�&7�&  �O)&. NADH  +�)$���O
�* )    %&�O!` 4O� 4O,  

Ubiquinone Reductase  V"��	, �� ��    ���O!,�;
1 �O(� �*

1 {�U1 ���� (   ���O!,�;
1 O�f&* ��(� �* uP&� H�7)� ^�

  +& %��O;" & k�O2;)& 4, ?/& NADH    H�7)��O, 4O�Q (COQ)  &�

1 7
 �#�, H�7)� +& "� %&�!` 4� � ���	)   �* HO�1 �*��� ���

                                                 
��  systemic acquired resistance 

OO1 ���OO!,�;
1 �* �
#&�
OO5,& %�
OO/a���Q5� �OO!���� �OO��� 

)Nakamaru-Ogiso et al., 2010.(  ��2;O(1 NADH  4O�  %&�O!` 

^� e1�` ?,�� H�1 ����!���� �* ��!!,   �* %��O;" & k�2;)&

�
 �# ?��  ��/ ����(�   O1 eO	` �$�)&  �O!��	) .NADH 

�
 �# S�&7�& 4� R��1 ATPH�1 %&�!` 4� �    �O
 �# uOI!1 J��#

1  ��/ �$�)& ����� 1 **�� .  �O
 �# S�&7�&ATP  4O�  4O��) 

*�f �
 �# �$�)&  ��/ 1  *��)Grivennikova et al., 2007 .(

�
 �# �� �$�)& #��
_ �� ?f�/ � +�/ �,  eO1�` ��
�  ��O
�, 

�&�OO�  OO1 pOO�;Z1 OO(!# ��&�OO� �* ��OO
� ��&�OO�')  �OO���

(Federico et al., 2012) .     T�;IO5) ��O
� ���OI8�1 %�U�O/ ��O
� 

  O1 ��OI,�1 7I/ ��
1 ���	
� ��&�� �* N��21   �O���)Ute and 

Kim, 2008; Chang et al., 1993 (  eO��21 �* ��;(
� �$�)& 4� �

  ?O/& �O!1+�
) %$�#�0 ��&�� �* ��
� +& ���* �&�� H �/ %���
� .

1 �o) 4� J�&���!�   ?O��)�� %�
� S�&7�& �/���   ��;O/&� �*

#� �&�� +�
) *��1 �$�)& J
1     %�U�O/ ��O
� �* ?O1��21 *�OW�&

���� ��I,�1 7I/ ��
1 e1�` �� ��� )+ 4��1 ��I,�1. 

WH TC�1;�   �� �L� ��CUDP-Glucosyltransferase : 

/��� 1 %�() ��  ?��)�� �* %�
� 4, ��*�.  ��� ) k���

� ( %$ 4O� 4
I� 4,  ��O�Glucosyltransferase    %�O��
� �* ?O/&

4��1  %�U�/ ��� )+ ?I5) ��I,�1 7I/ ��
1 e1�` �� ��I,�1

?/& 4;��� S�&7�& H �/ %���
� 4� .%$ +& "�  e
f* H�1 ���

� "
 ���;1 ����
51 �*   ��/Glucosyltransferase 1 ���� .

H�1 +& "� H�7)� J�&      �*  ��O/ ��O�* �* eO
f* &7O�& J��#

j�;OO/& �OO�&�� � OOU
31 ��OO� OO1 ;OO5�+ �OO��� .(UGT)   

UDP-glycosyltransferases   ?O
 ���;1 ?f�O/ �* 	�1 S2)� 

 ��OO
� 4OO��)�_ ��O� � j�;OO/& �OO� 4OO��&�1 � OOU
31 ��OO�  �OO�

@OO/�0  %$�#�OO0 4OO
�` �OO� ROO/�!1 ��OO�  �OO)�&* ��OO�` �OO� �OO�   

.(Albrecht, 2012)  ?OOO1��21 �* %$ JOOO�& SOOO2) J
OOO!r	�

 4� V
50��
�&��Pseudomonas syringae pv tomato  ��� ?��_

 ?/&)2005 Langlois-Meurinne, .(    O1 �Oo) 4O� &FO    �* �O/�

 �* 4, ��I,�1 7I/ ��
1 e1�` �� ��� )+ 4��1 ��I,�1 %�U�/

  S�&7O�& ��*�	) ?1��21 ��I,�1 7I/ ��
1 e1�` %$�#�0 e��21
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 S!O,&� H
2;51 �
� H
o!# ��;/&� �* ?��)�� J�& %�
�   ��O�

?/& �*�� %��7
1 ��
� `��* . 4O� +�
) 4��o) J�&  O/���   ��O�

u1�� *�&* �# .  

XH TC�1;�  �� ��CATP Synthase : /���    %�O() �O�

1  ?��)�� %�
� 4, ��*]�� ) k���� (%$ 4� 4
I� 4,  ��O� 

ATP Synthase   ��OI,�1 %�U�/ ��� )+ 4��1 %���
� �* ?/&

  4O;��� S�&7�& H �/ %���
� 4� ?I5) ��I,�1 7I/ ��
1 e1�` ��

?/& .ATP Synthase      �O)&�# O1 4O, ?O/& 	�7)�ATP +& &� 

ADP  �OO!, 7;!OO/ ��QOO5� � .  � ���OO!,�;
1 �* H�7OO)� JOO�&

*�&* ���X �* �� ?/a0���, . ���1ATP 1   %&�O!` 4� �)&�#

���	
�  �	;X& H5
)�"1  �O��� ��
� �* �&+ )Federico et al., 

2012( . ?��)�� %�
� S�&7�&]�� ��I,�1 %�U�/ %���
� �*� 

 V0 ��14��1 +&    HOqa` +�O!� 4, ��I,�1 7I/ ��
1 e1�` �� )+

�*&�) +��� &� ���	
� 1 ��)& ?
 �<� S�&7�& +& ��) �)&�#  ���

� 	5
 ���;1   �O��� ��O
� `��*.      eO1�` �O� 4O���21 �&�O� ��O
�

���	
� H5
)�"1 &+ 1 k�<� &� `�!;1 ���   �O� 4���21 4� �# ���	)

���	
� e1�` *+&*��� &+ . k�<�  HO5
)�"1 JO�& %*�,    N7�;O51 �O�

 ��
���, 4� � 7;!/ATP 1 ��
� lU/ �* �;(
�    �* 4O, �O���

    %$ %�O
� S�&7O�& 4O� �OW!1 4W
;)     7;!O/ �* eO
f* ��O�ATP 

1  �)*��(Federico et al., 2012).  

YH TC�1;�  �� ��CGlycoside Hydrolase:  O/���   �O�

1 %�()   ?O��)�� %�
� 4, ��*�� )  k��O�� (  4O,   4O� 4
IO�

%$ ��� Glycoside Hydrolase ?/& .  ��O� )+ 4��1 %���
� �*

     %�O��
� 4O� ?IO5) ��OI,�1 7I/ ��
1 e1�` �� ��I,�1 %�U�/

 ?OO/& 4OO;��� S�&7OO�& H �OO/ . H�7OO)� %�OO��
� �*Glycoside 

Hydrolase H�7)� +& "�      HO5
 ���;1 ��O!!, k�O;!, �O=& ���

1 4;/�() ���� (Wang et al., 2009). �*  H�7O)� J�& %���
�   �O�

 � pO�;Z1 ����!���� �*       e1�O� 4O, �!;O5� �O
��* `�O!;1

 %$�#�O0 ��&�� �* ���* �4;/�() H5
 ���;1  � �O�    ��&�O�* ��O�+��

  O1  ��O/  �O��� )and Jouanin, 2006 Minic.(    %�O
� S�&7O�&

 ?OO��)����  �* ?OO/& JOO"	1 ��OOI,�1 %�U�OO/ %�OO��
� �*

  ��O
1 e1�` %$�#�0 :�;5� ��&�� �* ��
� "�7
� ���* ��;/&�

���� ��I,�1 7I/.# �&���   O1 *��!O(
0 ��Oy�1 J�& �
�   **�O�

4)�	) ��� �� "�$� �#�0�;5
� ��< �U1     4O< �U1 *��O1 ��O�

*��F0 N�W)&. 

ZH TC�1;�  � �L� ��C �	 �    �	L� ,�;&�L�$� �	L  :

?��)��  ���..� ��] ����  ���  %$ 4
IO�  ��O� SrRNA �� 

   �O� ��O� )+ 4��1 ��I,�1 %�U�/ %���
� �* %�()�
� 4, �)*��

Las 1 %�() S�&7�&   ?O��)��  � ��*���   %�O��
� JO�& �*

*�OO� 4OO;��� S��OO, S)�OO
� .S!OO# 4OO� S!OO,&�  �OO� �I#�OO1 �OO�

H5
)�"1  k��O/ ;o��31 ���   ?O/& �O�     *�&�O1 Of�� �* 4O,

1 +��� J
�#��0 7;!/ �/�# ���� .J
�#��0 7;!/ S�&7�&   4O, ��

1 d�Q#& S!# ��&�� �*     ��&�O� �O� *�O��1 d�IU)& �&�� �;�&

?/& .S!# ��&�� �* *���1 N�)$    V)&�O# �O1& �?O/& �&���0 ��-

 N�;���,) ?
<	�mRNA ( N��#��0 �)  J
�#��O0 ?O
<	� ( �*

 � ;OO5�+ S!OO# 4<OO/�# k�OOLOO1 �OO

c# ;OO5�+ �OO
�  �OO!,

(Kosakivskaet et al., 2008) .    %�O��
� S!O# N�O'!� �* J�&���!�

S!,&� 1 +��� *�f +& N��#��0 lU/ �* #��Q;1 ���  � �!�*

  O1 S�&7O�& ��
� �* J
�#��0 7;!/ *�&�1 f�� �*    VO0 ��O���

  ��OI,�1 %�U�/ 4� 4, ;5�+ S!# 4� 4��# �� 4, ?/& J"	1

 4� S!,&� �*     ��O� *�&� ��OI,�1 7IO/ ��O
1 e1�` �� �*� �

     J
�#��O0 ����O	
� eO1�` �O� 4O���21 �&�� ��
� �?/&   &� �+�O/

%$ %�OO
� �* �OO

c# 4OOW
;) �* ?OO/& �*&* S�&7OO�&  ��OO�rRNA 

1 ���� �*�� �;/&� J�& �* ?/& 4;5)&�# )Kosakivskaet et al., 

2008(. 

RH TC�1;�    �L� ��CMethyltransferase :   �O�  j�O/&

  ?O��)�� %�
� /��� J�& +& e=�X 9��;)�� ) k��O� � ( �*

        7IO/ ��O
1 eO1�` �O� ��OI,�1 %�U�O/ ��O� )+ 4��1 %���
�

      ?O/& 4O;��� S�&7O�& H �O/ %�O��
� 4O� ?I5) ��I,�1.  H�7O)�

Methyltransferase %&�!` 4� 4,  H�7O)� Methylase    4;f�!O� 7O
)

  eO
;1 ���� k�2;)& 4, ?/& +&�Q5)&�# H�7)� ��) ^� ?/& ���

   �O� &� ��O)��F0 ^O� 4� ��!�* ^� +&  *�&* ��O�`.   %�
O/a
;1

�* ^
��,�) SZ� �* R��&  ��;f�/DNA    4O!
1� ����
O/& ��

1 �� J
�#��0 ��;f�/ �* ��* .Methytransferases   ���O� ^�
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    �* *���O� 4O� &� O(!,&� e
;1S��   J
)�O
;1 eO�+�)*)SAM( 

 �O!��	) 1 e�;1 )et al., 1992 Li.(    ?O
 �<� H�7O)� JO�&   ��O�

*�&* ���` �� k��/ �* &� Q�;Z1 ./��� 1 %�() ��   4O, ��*

    H�7O)� �O/�# �
O/& ^
O5
 �/ +& �a
5
 �/ e
;1 %���
� �* 

Methyltransferases 1 7;!/ *�� . ��
5� S2) �a
5
 �/ e
;1

�* 	�1  ���*� ���� ��&�� %$�#�0 *�&* ���` �� �� )Liu et al., 

2010(. +& ���
5� MESA  %$�#�O0 4�	X +& V0 4,    uO	W# �O�

1  �O/�# �!���benzoic acid/SA carboxyl methyltransferase 1 

(Atbsmt1) 1 7;!/ �)��. S2) 4� 4��# ��     JO�& pO�;Z1 ��O�

#�& k��/ �* H�7)�I�* H�7)� J�& %�
� S�&7�& b�    %�U�O/ ��O
�

4��1 ��I,�1    �O��� ��OI,�1 7I/ ��
1 ���	
� e1�` �� ��� )+

*�� /��� �;(
�. 

[ H TC�1;� ���J	" �� \���� �	 #:     9��O;) j�O/& �O�

?��)�� %�
� /��� J�& +& e=�X  ����� ��� ��� )  k��O�

� (  7IO/ ��
1 e1�` �� ��I,�1 %�U�/ ��� )+ 4��1 %���
� �*

 4� ?I5) ��I,�1� ?/& 4;��� S�&7�& H �/ %���
�   ?O��)��

... 4��1 %���
� �*  7I/ ��
1 e1�` �� ��I,�1 %�U�/ ��� )+

?/& 4;��� S��, H �/ %���
� 4� ?I5) ��I,�1 . %�
� S�&7�&

%$ 1 �o) 4� %��7
1 ��� �* �/�    HO5
)�"1 %*�O, k�O<�   ��O�

 `��* +& %��7
1 48    SO"�� ?O��� �* j� �O, i�/� 4� �W!1

1  **�� O1 �_�1   �O���(Wang et al., 2009) .   �O1& JO�&  %�O()

1 H5
)�"1  � ?/& k�<� ��
� �* %$�#�0 ��*   ;1��O21 ���

���	
� � H�a` +��� +& u)�1 ��
� ?/& ��� %$�#�0 �&+ . 

#]H TC�1;�  8^J;�" �� ��CBI-1
K:    9��O;) j�O/& ��

 ?OO��)�� %�OO
� OO/��� JOO�& +& eOO=�X��� ) k��OO�� ( �*

4��1 %���
�  ��I,�1 7I/ ��
1 e1�` �� ��I,�1 %�U�/ ��� )+

?/& 4;��� S�&7�& H �/ %���
� 4� ?I5) .H
o!# \�1   � ��O/

 H;O5
/ �� �I#�1       %$�#�O0 �O� 4O���21 �* %�O��
� ��O�* ��O�   �O�

1 ���� .S2) BI-1 �*   ��O/ ��� �7�� 41�)�� \�1 (PCD) 

��) +& S!#  ;5�+ �
� � ;5�+ ���   ?O/& %�O��
� �*  4O, 

                                                 
��  Pathogen related TDF 

�E  Inhibitor BAX 

Tw�	<1 �� �

c# �* ?
<y�   �w�O2;)& � eO2)   ��O/ �   lUO/

1 S2) ��Q�& 	/a0�;
/ H
5�,  ���	).(Ralph et al., 2002) 

    ����O(1 %�O��
� �* ?
O/�5X d�� S!,&� 4"!�& 4� 4��# ��

   %�U�O/ ��O
� �* J
�#��0 J�& %�
� S�&7�& S2) � b�I#�& �()

4��1 ��I,�1  ��� )+*�� /��� �;(
� ����. 

##H TLLC�1;�  �LL� ��LLCVps51/Vps67 family
B :  �OO�

 ?��)�� %�
� /��� J�& +& e=�X 9��;) j�/&��. ) k���

� (  7IO/ ��
1 e1�` �� ��I,�1 %�U�/ ��� )+ 4��1 %���
� �*

    ?O/& 4O;��� S�&7O�& H �O/ %���
� 4� ?I5) ��I,�1 .  4OQ
��

  � eO	X �*&�)�Of J�& �=&  � eO2)     ��O�;)& � &�O;�& +& k�O2;)&

N�+��)& 1 ���� ?	/ 4� �� ���� . �*&�)�fVps51    %&�O!` 4O�

H�1 +& "� � e2) �* �
��* ��I
,�# J��#  �* ��)�� �w�2;)&

1 {�U1 ��
�  ����)et al., 2002 Siniossoglou .(    4O� 4O��# �O�

    O# �O��� %$�#�O0 ��';O5�+ %*�� ��)���    JO�& %�O
� S�&7O�& �
_

 ��I
,�#    ��O
1 eO1�` %$�#�O0 �� ��I,�1 %�U�/ S!"	��� �*

*�� /��� �;(
� ��I,�1 7I/.  

#+H TC�1;� P�5��	1 ��<5�� 	� �	 :    9��O;) j�O/& ��

?��)�� %�
� /��� J�& +& e=�X  ����. ��� �..� ) k���

� (  7IO/ ��
1 e1�` �� ��I,�1 %�U�/ ��� )+ 4��1 %���
� �*

1 N��<1�) ���= 4� ��I,�1 ���� .%$ J�&  ��) ?O��)��  �O� (

%$ 4� b���1 ?/& J"	1 ���	
� �* 4, �!��� ���  e
f* �&+

%$ �� � �!;5�      S!O,&� �* �O� � �!O��� %$�#�O0 4� b���1 ���

�)�&* S2) ��
� e	3# �� ?
/�5X . N&�, �� K
P* S2) J

<#

?��)�� J�& +&        eO1�` �O� ��OI,�1 %�U�O/ S!"	��O� �* �O�

 7I/ ��
1 ���	
�*�&* �
	"# /��� 4� +�
) ��I,�1.  

��(��1+� 4� ��f %�() *&* 4,  ���OQ#  ���"O��  %�O
1 

��' & %�
� %$  e1�` �� ��� )+ 4��1 ��I,�1 %�U�/ ��
� �*

 ��1 +& V0 ��I,�1 7I/ ��
1���h  �O�*�� *�W�& ��1.  +& VO0

� %�1+ J�& ?�F�   &�# J

<# ��.Y  �;O��)�� 4<UP   9��O;)

 ?/* 4� ��f �O1� .   %$ JO�& %�O
� S�&7O�&     �O� b�OI#�& �* �O�

                                                 
�C  Vacoular protein sorting 

Archive of SID

www.SID.ir

http://www.sid.ir


�� 	!  ���	?�  ; :����� ���	
� �	� ��  �	� ��Citrus grandis  ����	� �� �����Candidatus Liberibacter asiaticus �	���� ��� ��� ��	�� ��	� �	
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%� %�
� 4, k��/ �* �� 4��1 ���      �*�O� 4O;��� S��O, ��O� )+

J
�#��0 4� K�<;1 *�� %$�#�0 ��;,�� ��� .   ��O�*�I	, +& O"�

4��1 ��I,�1 %�U�/ S!"	��� 4< �U1 �&�� *���1   O� O)+ ��

   1�O)$ eO1�, ��`aL& *��� N�` ��I,�1 7I/ ��
1 e1�` ��

1 %��7
1 �&�� ���� .1 %�() 4< �U1 J�& 9��;)   �O�*  4O,  %�O
�

 &�# R��&      �*�O � 4O/��0 OL �* ��O1� ?/* 4� )$ ���

?/& 4;�&* S�&7�&.  &�# +& �*&�<#   �* %�O()�
� 4O, )$ ��� 

     ��O
1 eO1�` �O� ��O� )+ 4��1 ��I,�1 %�U�/ S!"	��� L

  %�O��
� S!,&� �* 1�	` ���= 4� �*�, �

c# ��I,�1 7I/

S!# ���/ ��  O1 �

c# 7
) ;5�+ �
� � ;5�+ ���  �O��	) . �*

[��	
�0 +& �*&�<# e��21  4, /��� J�& �* ��� ����(1 ���

%$ �� ?��I�  ���BI-1 Tw�	;X& ��)�&*  S2) J�& �* =��;f&

�)�&* ���` 4� S!"	��� . &�# +& �*&�<#  J�& �* 4, )$ ���

 &�# �� ;��I� �?/& ��1� ?/* 4� 4< �U1   �* ��O� ?I_ ���

  4O	
) e1�<# �* 4, *�&* *��� k�	;X& J�& � �!;�&�) %$ ^)��

4��1 ��I,�1 %�U�/ S!"	��� ���+�/   ��O
1 e1�` �� ��� )+

 �OO
��* ��OOI,�1 7IOO/�!OO��� . +& �*&�OO<# �OO�!# OO/��� JOO�&

42�X  �� ��� )+ 4��1 ��I,�1 %�U�/ S!"	��� ��� H� ���

 sZ(1 �&�� � ?/& �*�	) %���	) &� ��I,�1 7I/ ��
1 e1�`

���	
� e1�, 4f�h %��       ��O< �U1 +�O!� %$�#�O0 JO�& O�&+

*�� N�W)& ���� �*��+ .�!�       J
O �& 4O< �U1 JO�& �O1 ��O`aL& ��

�� �OO� OO/���%$ %�OO
� �&�OO

c# �  � ��OOI,�1 %�U�OO/ ��OO�

Candidatus Leiberibacter asiaticus    ���O	
� OL �* 4, ?/&

1 d�Q#&  �O;�& .   O1 9��O;) JO�&      ��O`aL& ?��O(
0 4O� �O)&�#

%$ ��/�!� � ���	
� �)�� 4� b���1  �" �1   �* eO
f* ���

���	) ^	, %�.  
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