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Abstract 

Cachexia (Citrus cachexia viroid, CCaVd) and exocortis (Citrus exocortis viroid, CEVd) are the most important citrus viroid diseases 

in the world. Detection of the viroids through the common serological methods is not feasible and the current methods are time consuming 

and costly with some limitation. Purification and accurate detection of the viroids was studied by column chromatography with CF-11 

cellulose powder in presence of ethanol (common method for viruses’ dsRNA detection) in comparison to the conventional methods. During 

2010-2012, sampling was done from twigs of 22 Mandarin and 15 orange trees have symptoms of cachexia and exocortis, respectively, in 

East Mazandaran. Leaf samples were ground and mixed with extraction buffer. Purification carried out in CF-11 column and viroid 

molecules extracted with ethanol and precipitated by adding sodium acetate. The nucleic acid extracts were analyzed by 1% agarose gel 

electrophoresis and specific bands of the two viroids with molecular sizes of 7000-7800bp (circular form) and 300-400bp (linear form) were 

detected in warm and all months, respectively. The dsRNA nature of the bands was confirmed by nuclease treatment (DNaseI and RNaseA) 

and 2M LiCl extraction methods.Viroid entity of the each nucleic acid sample was recognized by RT-PCR method using specific primers of 

cachexia and exocortis viroids. 500 orange and 300 mandarin seedlings were tested in healthy citrus seedling production program.As regards 

of advantages of this method (repeatability, reliability, saving time and price) and confirmation by RT-PCR, the method is recommended for 

viroid detection in healthy citrus seedling production programs. 

Key words: Cachexia, citrus viroids, CF-11 column chromatography, Exocortis, RT-PCR. 

                                                 
���� Corresponding author: P_teymuri@yahoo.com 



���$�� � ��	! :���� ���	
�� ��� ����� ��� �� ���
�� ���������� ������ CF-11 ��

+��,�  

��N��
 ���X�wW�.  ���RNA i)<"��$� �'�B�  iM�-

 W�P*W�. @�� ��  �P,
�   B$�P8 �! <P- �5"PL� R  Ph&1.   �P�

��$�UPP
�� �PP�0��� ��PP��� TPP	*.� ��PP*�<2PP� FPPW�B �D 

 <"���! $� . ��5�� .��N�� P
  �"*M�P- <P�	� 0$ ����  TP.$�A R

"8V
* $� ��55-!�d�
��	� ��� �
��   �0$�P8$ �P� $�   !��PB �!

^j�  �)�l� )�x�-�8
��- ��AC3$ �U�� � � $��� �y-   7!�P	8

�, "z,
 �5"L� ���)Kees and Symons, 1985 .( TU$�B�  <8��

� 0$ Z&1.�N��
. �!�W� $� ��2-�. ����    P=�� <P- �P5- 0$ 

$�$! �PP�8��  7��! {�PP5) <PP8�� $�  �5"PPL�)Ben-shaul et al., 

1995 .(PPL*M�-
TPP.�A �PP� �Citrus cachexia viroid (CCaVd) 

DW�)�- _��.!�0 ��  <P��� <U�P# �|6} � $�  0 ~	Pg � P� �

D8��8 @�U�$ �! F#�,  ! {$�P8$ � X�P')�, �� �PD�   ��P2-�. 0$

. !�� .)��-�+�$
T.�A �� O Citrus exocortis viroid (CEVd) 

<"PP#�, QPPNCA �, 7�PP� <"PP#�,PP�DW�PP)�- �< �� $� X$�0 �� 

�,�< ���  ��2-�. ��LB)<# @�U�$ <n��� $� ($�. !�d �	8 P�� .

��N��
�3 0$ ����, [
      7�P�� |P�"&. [3�P5. <P� �!�PW� ��8�

 ��1"8$��3 0$ � <"���8�2t�� �$+�$ [ . T'"5. FW��# <� �8�� .

��N��
  �P, FP��t _�t$ ���
�5 . �!
    �! � <"P�$! !�P= 7�P�+

=�� �, 0$�<  ,
��8� ��� )��d)   Ph&1. QPNCA ��2-�. 

$ $��	8 !�d  �55-)Roistacher, 1991.(  

    D8��P8 ��P2s�. @�PU�$)Citrus reticulata Blanco. ( ���

 98��8 <��,)Citrus aurantium L. ( X�')�, �)Citrus sinensis L. 

Osbeck.(  ���
PPL8�, <PP��, ���)Poncirus trifoliata L. ( �

a��! �PP�� ���PP	
� QPPNCA _PP
)�) <PP� �7�  � �
PPLwM�s ��PP�

)��s�+�$
     �!$! 7�P18 X�P# FP1� �r�P� R
5P# �! $� O   �P8$

)Roistacher, 1991 .(W�)
, �
X��8 � ��8� ���   ��PA QW�P#�  0$

�
��PP	� �PP�� �PPL�.�  � TPP.$�A ��PPh= <PP� ��PP#��  �

<2� ��#�� W�$
$�� @0r b�� R� W�)
!�h"U$ �� �, �� �! �$�

 �P2-�. F65g FP#$ � .   X�P�8 F.CP# X�P"5-    7�P"=�! � �P�

3 �! ��2-�. W�) |�"&. TB$�.
  � QW�P# X��8 � P, 7� 0$ O

8�.0 TB$�. �!    �!�P. ��Pt�� �! Z&P1.�  <P8�&���  �P�� 

�*)
�� . ���g �
 !�)Hull, 2002.( 

x)��, %PP��, 7$�PP'�
PP5PPg�h= �
� ��
+�PP��*
	
�� 

PPg�= !�� _PP��. $�PP�&PP1) <PP- ��
� Z�N��PP
�PP� $� ��� 

������ $���#�5� 9� ����� ��� �
� ����	
��  �$��! P� �

F#$ �!�	8 R*	.�8 .� 0$ �!�\"#$
 $�P� i(. 7����  &P1)
 Z

��N��
���� $�� �! ���2-�.�$ f�� X� ��
 7�.0 ��. <8 �) <# R

8PP
  ��PP- � _PP#�5. FPPU! 0$ � !�$! 0� 8 �$!��PP=��
 FPPL

)Roistacher, 1991; Hull, 2002.(  �P#�/�� �  �P��  &P1)
 Z

U!
��6. [ $�� ���� �#�5�� ��N�� P
����    T.�P� ��P2-�.

 PP�, XV �! 0��PP���"*W$ �-$PP�.� TPP
W$�PP". � )Sequential 

polyacrylamide gel electrophoresis – sPAGE (� �
�2�#$�
 7�

'"L.
Q )Direct hybridization assay ($�$!� !��(.�F ���  �!

&1)
8 � Z
+� �5.0����8�*.$ � <5 �.0����D1 r��� F#$ .

 ���0�$ ���5. <�U!
 @$�P8$ F.C# [  ��P� �*) P
��  ��P2-�.� 

\�)
/�� [ ��� �#�5��  W�P*W�.    0�P# �!�P	8 �P��  P.$+W$ 

. ���� )Frison and Taher, 1991.(   ��. <P� <P��) �� P
 <2P� F 

 �! <"�� $� RNA ��N��
 ���)Kees and Symons, 1985 ($ �!� R

 7�*.$ %���,ZW�= 0�#� ��N��
���� CCaVd  �CEVd   �P�

�$���)�.��- 0$ �!�\"#$ 8�"# CF-11   �! �X�8�P)$ ��pB �!

�'.��� <L /����� #��� @�#�. �� .  

  

����� ���  

���� +��$�� :3 �! X�#  �P�� ���]   �P)���^   ��Pt��

7�"#��� ��2s�. ���      �P�!0�� ���P# � ��P1	N�U �TP��� �P� .

0$^^ D8��8 F=�!  RP# ���� �] �� X�P#� �, P�   �P� 98��P8 <

 �!�PW� <� ��*1. QNCA  PL*M�-
   X$�0 � |6P} T.�P� ��

.�	A <��� !��� � ��� �!0 ~	g �� �$�	� e�M  T(. �!

,
 �8�)Semancik and Roistacher, 1988( ���    X�P')�, FP=�!

��� �,PP�PPL8�, <
 � <PP� ��*PP1. QPPNCA �PP�$� ���
��PP	� 

 )��PP-�+�$
   ��PP�� ��PP5s T.�PP� �O   a�PP� /+PP��  ��PP�

     �P8�
, TP(. �P�0 �! <P5) 7�� <"#�, <"#�, � ��
w1=�#

)Bitter et al., 1987 (� ��       ��-IPW$ `�P� QPNCA �PU�� FP=�!



���$�� � ��-.    ����/ ��� : �	012 (��$3 4" ����53 4"678 ��

<8�	8�$!���   �.0� <P� ��Ph&1. F2� 0$ O, ��   TP'"5. ��DP1

�� .!�$ �) �5\#$ �!��� X�# F1�2� ����  ����j 8
 !$�6) +

�]]  � X�')�, @�U�$ 0$ X��8�]]   D8��P8 @�PU�$ 0$ X��8  $�P�� 

�!�PPh) ��PP3 <PP� X�PP�8 F.CPP# 7�PP.0� �PP� 7�"PPLW��8 0$� 

��# 7�"#����  ��� 4P	��  P#��� �   �P�)  X��P�� .(  �P�

$ <� <��)�� <*5�N�� P
 � _P�t$ � ��� P����  �P��   0$ ��P2-�.

�3� P	8 X�'"8$ T��U �I� [   �5P���)Roistacher, 1991(  ���P� �

0$ QW�# X��8 ��� N�� X�')�,
�� �I� 0$ )�C#�8(  �!�W� ���� �

� <��N��
� ��� )��-�+�$
L*M�- � O
)�) <� �
X��8 0$ _ ��� 

D8��PP8 � X�PP')�, )Alavi et al., 2010(� �PP� 0���PPL, ���

X��8 0$ ��2-�. ���  $�� <P� �!�W� X�')�, P� <B )Falaki et al., 

2013 (� ���) ����$+"L� X��8 0$ ��2-�. ���   �!�PW� X�')�,

 � <P�$� P�<  �P�� IR.n1  �IR.n2 �IR.n3  �IR.n4 )Alavi et al., 

2005 (k8�U <8�&�� �!
 '() +P-�. <5
  0���P1- ��P'�   7�"P#$

�� e�&"8$ 7$��80�..  

 9��0:; <8�	87$��80�. `�� �! ��$!�� <8�	8 7�*. i
*\) <� ��� ���� 4	� ���  
Table 1. Collected samples based on the region in the east Mazandaran 

+,<=�  
                                Region 

 >
�?
! 
�� 
�
@�
��
�

��A
&'
�


  
M

a
n

d
a
ri

n
 t

re
e 

w
it

h
 

ca
ch

ex
ia

 s
y

m
p

to
m

s
  

 >
�?
! 
�� 
9�
,��
#

B
���
�

�C
/

  
O

ra
n

g
e 

tr
ee

 w
it

h
 

ex
o

co
rt

is
 s

y
m

p
to

m
s

  

>�
?!
 �
D�-
 �
@�
��
�

  
M

a
n

d
a
ri

n
 t

re
e 

w
it

h
o

u
t 

sy
m

p
to

m
s

  

>�
?!
 �
D�-
 9
�,�
�#

  O
ra

n
g

e 
tr

ee
 w

it
h

o
u

t 

sy
m

p
to

m
s

  9�
,��
# 9
�5
�

  
O

ra
n

g
e 

se
ed

li
n

g
 

�
@�
��
� 9
�5
�

  
M

a
n

d
a
ri

n
 s

ee
d

li
n

g
 

����  
Sari 

7 6  3 2       

���
�� ��� E��AF�5�  
Citrus nurseries 

- - - - 500  300 

�5G$��D  
Ghaemshahr  

10  5 3  2       

H���  
Babol 

5 4 3 2       

I$0  
Total  

22 15 9 6 500 300 

  

 �J�KK� LF�KKMdsRNA  J (��N�KK� �KK�CF-11 :�-PP
 <

<PP8�	8   ZW�PP= /�� 0$ �!�\"PP#$ �PP� �PP� 0�PP#�   7�"PP# �PP�

�$���)�PP.��- +W��PP# CF-11PP#��� � PP�� . c$�&"PP#$PP#$
 �

x�-�8
i <8�	8 0$ ��� ��� 4	��   \�) �P� ��P� P
/�� [  �P�� 

Dodds and Bar-Joseph (1983) � Morris and Dodds (1979)  <�

0 ����F��� @�d8$ �.  

 �$�'.�   �P)m        �! <P8�	8 �P� 0$ 7$�P� a�P� FP��� @�P�

8
�. 7V��"� �� � !�= 4^] .
� W
 c$�&"#$ ���� �")^/]   �r�P.

��
L
 �R�/]   P#�",�8�. �r�P.
  ���\PL� Q�/]  ��- �r�P. P� �

�#� �Q]�/]  �r�.��-�5. �
+� �Q�/�  �g�!SDS ��]   �Pg�!

�X�8�PP)$�",�-�. 8 pH ( �PP� b�PP�&. ..PP
�D8�� FA�PP# �PP� +  

g �]]]]  ��. <��� U!
�� @�d8$ <' .18��
  PW�W <P� R<  ��P� 

��� X�'"8$ ��     ���P� �! {�2P�$ TP5� <P8�	8 �� QdB Q� � F��

�)�O pH 7.8  ��. <� � <��}$�� U!
 �P� b��&. <' . OzP# 

 ��. <��] U!
�! <' g �^]]] .
7� ���  �P. 0�P� ��� @�d8$ +� 4

��� ��� 4	��  ��. <� ��] U!
$�� F() <'� �$�U �C= f

 FP��� .�!    +W��P# �!�P, @�P�  CF-11)Whatman Ltd, UK(  �

��8 F��t �� X�8�)$� �l %   �P� �!�+P�$ 7� <P� . PL8�z#�#
 7�

�$���)�.��- <�\(. �! !���. �� �� � �� <"&�] .
� W
  �P"

 ����STE   X�8�)$)]�/]  �P) �r�.� �O]]�/]   �r�P.EDTA �

�/] .��- �r�.��# �� �Q�l �X�8�)$ �g�! 6.8 pH(  �P� Oz# �

� .
 P� W
 ���PP� �PP"STE  ��� 4PP	� � �PP1"L� TPP*W$ 7��P�� 



���$�� � ��	! :���� ���	
�� ��� ����� ��� �� ���
�� ���������� ������ CF-11 ��

!���� .. <�
 7$+��# ��"#$ 7� QdB Q�! i�Q � �r�. )pH 

6.2 ( �^     [P�k. X�8�P)$ QPdB ��$��  �P.! �! � �!�+P�$� ^]– 

 <��!��
L�#   �$�P�D8 _P� o� ��. <��  �P�.   <P.$!$ �!

.
�D8�� ��. <� +�] U!
�! <'g �]]]] !�� @�d8$� e�#� � �

 ��.� F#! <��! ^] .
W��*
 ���P� �"   ��$IP����)]j/]   �r�P.

 �O��)]^/]    �P# ��"P#$ �r�P.� �Q]]�/]   �r�P.EDTA�^] 

�� �g�!
 � X��L]�/] T5� @�� �g�! ��� (.$�� <�  ��. <�

�U! �! �) i
. �� <'
<� $�  "P#C,
*  �P#
� PL8�z#�# � ��
 7�

i��M �! Tg�B ��� 26)
   0��P�� XV �! ��P� < P�  �Pg�! i

)Low Melting Point, EEO type, BDH Co., India ( �!

0�����"*W$���� )]j/] �)�r�.� �O]^/]  �P# ��"#$ �r�.� �Q

]]�/] �r�. EDTA�7.8  pH (��     <P� 0��P���"*W$ � �P� <P"&

 ��.� i �! FA�#l]  FP��� @�d8$ FW� . P�   �P� iP��M i

      <P� ��P� c$�&"P#$ �CP#�8 ��P15. �� X�')�, QW�# X��8 <8�	8

 � �-IW$ `�� /��� 8 iP��M i P
   �-��P. �P� +DNA  8�P*�, 

��PP"5.��  TPPg$�� �PP�bp �]] )SM0331, Fermentas, Life 

Sciences, Germany(  <PP�.PP
PPg�) 7$+
��PP� < �PP��, . XV

  �"P#$ �Pk'. e� �� �1"L� <2)�. �! 0$ O, 0�����"*W$�  <P� T

� ��.
U! FL
��B 0�����"*W$ ���� �! <'� )$
���.��� @� P�� 

)�/] .
. �! @����*
� W
�" (   X�P3 �! OzP# � �� �!$! �$�U

 c�PP.�]^  PP#��� �".�8�PP8  �$!�PP� OPP*A �� )UVP-Gel 

Documentation Apparatus, USA (�� .<8�	8 �$!���  ZW�= �

0�#� �� @�d8$ X�# Th� ���M �! ��-I. /�� <�.   

������� �� OdsRNA  0���K��   E��K� JCF-11   +K�

C�. >P� ����$� :$��� �)
���. �
#$ F
x�-�8 �
 ZW�= i

<8�	8 �� 0$ Tg�B e�#� ����  P� T2U <�B�. �!� )
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DNaseI � RNaseA )�) <�
��- ��pB �! _�5. �
+� � Q��-� �

�#�Q #��� !���� (Dodds and Bar-Joseph, 1983) .) �!
 ��	

 �X�$�]] .
W��*
 ��PPB 7��"PP# �PPk'. e� �PP"� �/� �PPB$� 

DNaseI )�] .
. �! @����*
� W
�" (�
. 95, � ��- �r�. P� �
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+�#$ e�#� <� Q
x�-�8 �
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 ��. <� � <��}$�] U!
�.! �! <'� �] ��! <��
L�#  �$�PU 

F��� .   TP5� X�P�(. 7� QPdB Q� Oz#/ @�P����-/$�.��+ P
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 T*W$)^�:^j:� ( ���� <��}$�� U!
   P.$�� <P� <P'   � b�P�&.

.
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7!�+�$ 0$ O, � ��� �# ��"#$ � [�k. X�8�)$� Q�   <P��r�.
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_ . <�
 7$+�/^  ��]/�  ��. <� �7� QdB��$���  _P� i

 �!^]  # <��!��
L� F��� �$�U .) �!
  e�P#� <� @�! ��	

 ���.� F#! <��]] .
W��*
   ��PB 7��"P# �Pk'. e� �"� �/� 

�PPB$� RNaseA )�] .
. �! @�PP���*
PP� W
�PP" ( ��/]  �r�PP.

��-PP��PP# ��  ��PP. <PP� � <��PP}$ Q�] U!
 �! <PP'�]  <PP��!

��
L�# �$��D8� �� .�#�) �58�. TB$�. �
  ���Pg X�$ ��	

F���. .
�D8��8�	8 +< ��� ) 0$ Tg�B
����	�   <P� �-IW$ `��

 ��.�] U!
�! <' g��]]]  �P� @�d8$ .   �P. vIPB 0$ OP,� 4

��� �! ��.� F#! <� e�#� �^] .
W��*
  �$IP���� ���P� �"� 

)]j/] �)�r�PPP.� �O]^/] �PPP# ��"PPP#$ �r�PPP.� �Q]]�/] 

�r�.EDTA��B ��^]�� �g�!
� X��L]�/]   TP5� @�� �g�!

��� (.$�� <� L8�z#�#
�� 7� .� <8�	8
  0$ �P6� � T2U QW�# ��

�$���)�.��- 7�"# 0$ ��2A 8
    <P"��� �P�8 �! ���P� 7$�5A +

�� .�� @�d8$ T2U <�B�. �� <��1. 0���� XV �! 0�����"*W$.  

Q�J R=
�� (�� 	#� ���� +�A� �� J���  S�K&T� :

 <�) ���5.u$ �� ��.� F#! <� e�#� ��
N���� F
��. �
� P� R

$�� /��� ��
d80 %5s$� �<8�	8 ��      �$�P	� <P� 0$�P. P�, �$

   ��PPw6. ��$!�PP� <&PPL8)RT–PCR (  ��PP���0�t� fPP#�)

     O
)��Ps�+�$ � �
PLwM�s ����P
N���� <P� [�6". g�h"=$

)   ���	P� X��P�^ (   �P� @�Pd8$)Almeyda-Leon et al., 2007; 

Alvarado-Gomez et al., 2000.(  

<W�W <� ��.� F#! <� e�#� 0$ �"
W��w
. 95, �) �!  �P�� 

�]] .
W��*
�"� �� 7��"#� � �P� �!�+�$ �<"��� �$�U G .j] 

,
  ��PP*6. ��0�PPt� X�PP.�*(C-primer) �j .
W��*
 ���PP� �PP"

%5-$� Reaction buffer-5x )^�] .
 P�   �r�P.Tris-HCl �^�] 

.
� �r�.KCl �^] .
� �r�.MgCl2��] .
�  �r�P.DTT �8.3 

pH (� ! �PPk'. e�PP�8�
 7��"PP# �+)�PP�8 QPPdB �PP)�  ��PPd5,

.
W��*
�" (YC.�- � �!�+�$ �� b��&. . ��. <� Oz#� U!
 <'
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L�#    �� <�Pg��C� � ��P� �!$! �$�PU�  P� G

 � T'"5., ��. <� 7� 0$ O�] U!
�.! �! <'�   ��$�P�D8 `�)$

�� . �<W�W �� <�� +8��B$�� QMMuLV-Reverse Transcriptase 

)Fermentas, Life Sciences, Germany (� ^ .
W��*
 0$�PPP"

 b��&. dNTP mix  F��t ��j/] .
�  ��. <� � �!�+�$ �r�.

PP� �! FA�PP# i�l  <PP��!��
PPL�# �$�PP�D8� �PP�.  95PP,

.
W��*
��B X��(. 0$ �"� DNA  �DW$)cDNA ( ��.� F#! <�

<W�W <� T2U <�B�. �! ��� �� 7��"#� � T'"5. �^],
  X�P.�*

�PP� 0$ PP���0�PPt� 0$ i �PP�� '"PPL.
 Q)H-Primer (��PP*6. �  

)C-Primer(8 �
. Q
W��*
)�x�-�8 b��&. 0$ �"
 ���(dNTP mix) 

8 �
. Q
W��*
 �")�B$� o� ( +P8� 0$� QTaq-DNA Polymerase �

�. i
W��*
 �"MgCl2  �     �P) 7��"P# �+
8�P�! �Pk'. e� Oz#

��8 QdB� �
. FL
W��*
   �P� �!�+P�$ 7� <P� �" . PW�W<   �P� �!

 P)�$�B <=�M ��D"#! )MJ Mini 48-Well Personal thermal 

cycler, Bio-RAD, USA( U! �! ��. <� $�"�$
  �P.! �! <P'� �j 

 <��!��
L�#  ��6. �! Oz# ���   P)�$�B <P=�M )  <P�

)�)
 ��. <� _�] 8��
<  �!�j  �<P��! �] 8�� P
 �P.! �! <� �] 

 � <��!�] 8��
�.! �! <� l^  <��!��
L�# (  �P� �!$! �$�U

��8 /�"L� �=� �! ��  ��. <��] U!
�.! �! <'� l^  <��!

��
L�# F��� ���g . �P�8 X�h(.� PCR   0��P�� XV �!

�2U ��� �-� /�� �� <��1. �� #���.  

 

 9��0U;  �! �!�\"#$ !��. �
L*M�- � O
)��-�+�$ ��� �
N���� g�h"=$ �����0�t� ��h&1.RT-PCR  
Table 2- Specific Primers of Cachexia and Exocortis used in RT-PCR 

                              �/J�V. � �W XM��  
   References 

�F��  
Sequences 

�/J�V.  
Primer 

Yang et al., 1992 (5 –CCCTGAAGGACTTCTTCCCC-3) Ca – CEVd
 

Yang et al., 1992 (5- ATCCCCGGGGAAACCTGGAGGAAG-3) Hb– CEVd 
Levy and Hadidi, 1993, Francis et al., 1995 (5-TTGCCCCGGGGCTCCTTTCTC-3) Ca– CCaVd

 

Levy and Hadidi,1993, Francis et al., 1995 (5-CTCTTCTCAGAATCCAGCGA-3) Hb–CCaVd 

             a  : T	w. g�h"=$ ��0�t�( antisense primer )  

             b :7�L	� g�h"=$ ��0�t� ( sense primer )  

YZ� � +Q���  

 E��� J (��N�� �� �J�� LF�MCF-11 : ZW�= 0$ O,

0�#� #$
x�-�8 �
<8�	8 i  �P��  !��P.  P#���    0$ �!�\"P#$ �P�

 7�"#CF-11     �P}$� �P8�� �! �0��P�� XV �! 7� 0�����"*W$ �

  W�P*W�. @�P� <- �� ����1.   )�) <P� �P�8� P
 �! _. !��P( �

bpj]] �]]  �bpl�]] l]]]  �PP� �!0 R
PP	&) .PPL. �!
 �

 F-�B�8�� QW�# ����� �18 ����1. )Tw�� .(  

���8�� F-�B� #$
x�-�8 �
i   �P� 0$ ��.� F#! <� P�i 

QNCA ��$� 7�"=�! 0$ �
��	� L*M�-
 -�P8$ ��  �P#�4   0$ �P)

���8��� #$ <� b���.
x�-�8 �
i   �P� 0$ ��.� F#! <� P�0$ i 

QNCA ��$� 7�"=�! �
��	� )��-�+�$
!�� O.  W�P*W�. @�� 

W�$
R �8��  !��Bbpl�]] –l]]]  P	&)
   $� 7� <P- �P� �!0 R

�'�B @�� <�� (Circular) ��N��
����  ��2-�.�!$! F2L8   �P8$

Rezaian, 1999)(<M ��$ �      �0$�P8$ ���P� �P1"5. ��P��$+� �!

U!
 [$��8�� R 6)

R   FP#$ ��P18 )Rivera-Bustamante et al., 

1986; Beaudry and Perreault, 1995(. PP.�!
 R <PP- �PP8�� �!

!��PP(. �bpj]] �]] �$�PPU PPk= @�PP� <PP� b�PP��. �FPP��� 

(Linear) ��N��
����  !��.#���  !�P� . 8 ���Pg �! P
  <P� 0�

�#�5�� � {�8�N��
$+�$ �� ��  �XV X�P3 � 0�����"*W$ 7�.0 %

*\) T��U ���8�� P
   !�P� �P�$�= i)Rezaian et al., 1990 .(  @�P�

�'�B� ��N��
 ���.�	) �! ��. ���  �.$ �X�#k= @�� 7�  �!

!����� ��. ��. �=$�$ �) R��= <�  �� TP��U P� !�P� F  PW�  0$

TN$�$     PL� FP��t 4PU$�. _P�t$ �! ��. �5\#$ �=$�$ �) 7���
 ��

�,
�R "&# <� �  !�P� ����1. T��U .    �P, FP��t FP�A <P�
� R

��N��
���� ��. �! ��h= <� ��2-�. ��� ��� �X�# !�# 

$�� <-� &1)
� Z�N��
����   $ 0$ TP2U �P) ��2-�. P�  !��P. R



���$�� � ��	! :���� ���	
�� ��� ����� ��� �� ���
�� ���������� ������ CF-11 ��

 �� 0��P���"*W$ �<"��� �$�U �!�\"#$�  W$�P". XV  P�, �-$ P� T

.�
� )Sequential PAGE ($�� <- �!��� �#�5�� . P
  ��P8$ 7$+

#$
x�-�8 �
B$�3 i F#$ ��� ."B �.$ $ P�8 /�� R P
  <P� +

�, F��t F�A
�� R�N��
��d) @�U�$ �! ��    <P� �!�PU ���2-�.

�#�5�� ��N��
�!�W� 7�"=�! �! ���  Z&P1. QNCA �U��  �!

\�) @�+W �� � �!�28 ��t��
 �P#�5� /�� �� 7� [� �
V�W� P�i 

)�
i(. 7���( )u-
F#$ ��� � .'"L. !����- �!
$ Q� /�� R

�#�5�� 8
)�6kU $�"�$ r�	6. +    ��*P1. 7�P"=�! F#�, 0$

�!�W� <� �*) _#�5. X��8 <� $�
�� , <8�&�� �!
 �!�	8 �8� �

�*) 0$ OPP,PP
� ��N��PP
$ �! �PP�. R
7�PP�+ <PP8�&�� $� �RNA 

��N��
�� 0�����"*W$ Oz# � c$�&"#$ ���� W$�". XV  P�, 

�-$�.� T
!�� @�d8$ ��F#$ �� (Garnsey et al., 2002).  
 

  
H&3 "; ��� <8�	8   a�P� 0$ ��� c$�&"#$ i
x�-�8 �
#$  ��P2-�.

f#�)  7�"# CF-11: a,b :  �X�P')�, �C#�8 QW�# X��8c :    <P� �!�PW� ���P�

 �O
)��-�+�$d,e : <8�	8 7�"=�!QNCA ��$�  O
)��P-�+�$    0$ _P
)�) <P�

T��� � ���# .F :  ��
PL*M�- <� �!�W� ����g,h :     <P� �!�PW� 7�P"=�! <P8�	8

 �TPP��� � ���PP# 0$ _PP
)�) <PP� �
PPL*M�-L :8�PP�!�8 �D8�PP18 SM0331 

(Fermentas, Life Sciences, Germany) .  
Fig. 1. Nucleic acid samples extracted from citrus leaves by CF-

11 column; a,b: Healthy nucelar orange seedlings, c: Positive control 

of exocortis, d,e: Samples of citrus trees with exocortis symptoms 

from Sari and Babol, respectively, f: Positive control of cachexia, 

g,h: Samples of citrus trees with cachexia symptoms from Sari and 

Babol, respectively, L: GeneRulerTM DNA Ladder Mix#SM0331 

(Fermentas, Life Sciences, Germany). 
 

0�����"*W$ /�'8 �!� $���) <
 �B � P�  0���PL, ���

 �8�� �! ���2-�.dsRNA  �0$�8$ ���/�  ��/�    <P- �P� ����1.

  "*) @�P� �P�PP
�� )Replicative Form, RF (� P� 0���PPL, ���

 �!�� f2)�.)De La Torre et al., 2002(  ��� ���8���   FP#! <�

� 0$ ��.��N��
�! ���$�#��� R "��2�    7�P*.$ $IPW � <"�$�8

*\)
$ f#�) ��8� i�$! !��� /�� R F�)T*�^.(  
  

  
H&3 U; <8�	8���    a�P� 0$ ��P� c$�&"#$ i
x�-�8 �
#$  ��P2-�.

f#�)  7�"#CF-11:H :   �CP#�8 QW�P# X��8  X�P')�, �a,b :  <P8�	8 P"=�! 7�

 QPNCA ��$�  �
PL*M�-    ���P1	N�U � TP��� 0$d ,c :  <P8�	8  7�P"=�!  �P�$� 

QNCA O
)��-�+�$  ���1	N�U � T��� 0$e :     �O
)��P-�+�$ <P� �!�PW� ���P�

f,g : �0���PPPPL, <PPPP� �!�W����PPPP�L :8�PPPP�!�8 �D8�PPPP18SM0331  

(Fermentas, Life Sciences, Germany).  
Fig. 2. Nucleic acid samples extracted from citrus leaves by  

CF-11 column; H: Healthy nucelar orange seedling, a,b: Samples of 

citrus trees with cachexia symptoms from  Babol and Ghaeshahr, c,d: 

Samples of citrustrees with exocortis symptoms from Babol and 

Ghaemshahr, e: Positive control of exocortis, f,g: Positive control of 

psorosis, L: GeneRulerTM DNA Ladder Mix# SM0331 (Fermentas, 

Life Sciences, Germany). 

 

 ��
�w) @��)RF (�g$ ���) ����$+"L�  8 ��P2-�. P
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8 ��2-�.
 <M��$ +RF ��� A��  �P, �0$�8$ ��
�  PW� �P8�$! R 

�DW$ T=$�) 7�*.$� 0�����"*W$�   !�$�P8 !���)Roistacher, 

1991; Dodds and Bar-Joseph, 1983 .(  
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  +P8� �P� ��� ��	� QRNaseA   7��P� �NaCl�  �P8���  *P1)
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!�D8�� .)
$ ��	�+8� �� <8�	8 R� QDNaseI 8
�8�� +�   !��PB �!

bpl]]] *1)
!$! T .L. �!
   0�P# ZW�P= <P8�	8 ��   0$ ��P�

� F���
QW�# �� )�C#�8 ($ ����/�� R �8��� �18 ����1. . �!

 �!�.�#$
x�-�8 �
8 T- i
�8�� +�    *P1) Z&P1. ��P3 <�
 T

 F18 FW�B ��5) � �18(smear) �� P�!�� F P�� ) T*P�j.(   �P�

�"8 <� <��)� ���P8�� ���.� F#! <� 9�   <P8�	8 0$ TPg�B  �P�� 

0�# ZW�=�  7�"=�! a�� 0$ ����! <� �!�W� ��N��
  !��P. �

#�����. �
 FRNA  <"P�� �! $�    Pg�h= 0$ <P- <"P�$!
 ��

�g$ ��N��
. ��	� <� ��� ��� .�! � <"�� �� 4U$��N�� P
�� 

$! @�� � ��� Th". Q� <� ��"8$ �! �!�, <"L� ��
. $�  <P- �5- 

7�*. �! 7� 0$ O, ��� ��0�� <-�  ��P��� T	*.�    �$�PU QP�

. �
�	� <� �8����"=�# � ��� Th". �D�   <"P���! <2P� $� 

. ���� (Rezaian et al., 1990; Beaudry and Perreault, 1995).  

  
H&3 6; ��� <8�	8   a�P� 0$ ��� c$�&"#$ i
x�-�8 �
#$  ��P2-�.

f#�)  7�"#CF-11\ :a  ���$I���� ����b,c,d,e :��� <�$�� <8�	8IR.n1  �)

IRn4   ��PP2-�. �$+"PPL��) ���PP��)CTV (  ��PP'
'() +PP-�. <PP8�&�� 0$

 �7$��80�.f,g : <8�	8X�')�,�C#�8 QW�# X��8 �h :     <P� �!�PW� FP=�! <P8�	8

CTV  ����# 0$L: 8��!�8 �D8�18Lambda DNA/EcoR I DNA(Bioneer, 

Korea) .  
Fig. 3. Nucleic acid samples extracted from citrus leaves by CF-

11column; a: Loading buffer, b,c,d,e: IR.n1 to IR.n4 Citrus tristeza 

virus (CTV) isolates from research center screen house, f,g: Healthy 

nucelar orange seedling samples, h: Sample of CTV infected tree 

from Sari, L: Lambda DNA/EcoR I DNA marker (Bioneer, Korea). 
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#$    ��P� ZW�P=
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PLwM�  �    �P� ��P� ��P	
)DNaseI� c :  iP
x�-�8 �
P#$ 

F=�! ��� ZW�= O
)��s�+�$ <� �!�W�  �    �P� ��P� ��P	
)DNaseI�e,g  :

i
x�-�8 �
#$ 7�"=�! ��� ZW�=   <P� �!�PW� - �
PLwM�  �    �P� ��P� ��P	
)

RNaseA� f :i
x�-�8 �
#$ F=�! ��� ZW�=    O
)��Ps�+�$ <P� �!�PW� � 

 �� ��� ��	
)RNaseA� h :i
x�-�8 �
#$    FP=�! ��P� ZW�P=    <P� �!�PW�

�
LwM�s �  �� ��� ��	
)RNaseA+NaCl �i : iP
x�-�8 �
#$    ��P� ZW�P=

X��8  QW�#�  �� ��� ��	
)RNaseA+NaCl �j :i
x�-�8 �
#$    ��P� ZW�P=

F=�! �!�W�  <�O
)��-�+�$ �  �� ��� ��	
)RNaseA+NaCl�L :  �D8�P18 

8��!�8 SM0331 (Fermentas, Life Sciences, Germany).  
Fig. 4. Agarose gel electrophoresis of purified NA samples by 

CF-11 columnafter enzyme treatment; a: Total NA of healthy 

seedling before extraction by CF-11, b & d: DNaseI treatment of 

purified NAs from cachexia infected trees, c: DNaseI treatment of 

purified NA from Exocortis infected tree, e & g: RNaseA treatment 

of purified NAs from cachexia infected trees, f: RNaseA treatment of 

purified NA from Exocortis infected tree, h: RNaseA+NaCl 

treatment of purified NA from cachexia infected tree, i: 

RNaseA+NaCl treatment of purified NA from healthy seedling, j: 

RNaseA+NaCl treatment of purified NA from Exocortis infected 

tree, L: GeneRulerTM DNA Ladder Mix#M0331 (Fermentas, Life 

Sciences, Germany). 
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Fig. 5. RT-PCR products electrophoresis of purified NA 

samples with CF-11column (after amplification with Exocortis and 

Cachexia primers) on agarose gel; 

samplewith specific primer of CCaVd

Exocortis infected samples with specific primer of CEVd; d: 

NA of healthy sample with specific primer of CEVd; g, i, k: 

NAs of cachexia infected samples with specific primer of CCaVd; f 

& h: Purified NAs of cachexia infected samples with specific primer 

of CEVd; j & l: Purified NAs of 

specific primer of CCaVd; m: GeneRuler

SM0331 (Fermentas, Life Sciences, Germany).
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