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Use of rapid serological and molecular methods in differentiating barley yellow dwarf viruses 
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0;���� �</�/��      >!�?6 ��/��/��  
 

*���@*���@*���@*���@        

                 �A� ��( 	,����- ���"�!�� B�C� � #�!" $�%&�)BYDVs (    FGAH ��( 	,��A��-�

)CYDV (            	A� 0A��
) 7I�AJ ���A��� 0�!��A� ��K4� 5�  �A'�� .     >�� BA�MN� OA�) ��   ��A


  ������ � 	�� ���!"         �A4+;! �)!C 	"�!� ���� ��"�!�� () *�! O�) #�!" $�%&� �)!� 	 .

 	�� ���!" ���'�� O�� ��Cocktail-ELISA, Indirect- ELISA,  DAS-ELISA � TPIA �� 5- 

        >�� ��4+;! �)!C *���+") ���� B�MN� O�)TPIA    5;!AP .���A�         0A����C �F�A8���) �� 	I�A�

        #�"� ��Q 5� 5/�7� R1" �� *���+")   >�� �Cocktail-ELISA   5;!AP .����       0AC� �� 	I�A�

     S���!A" 7��A�� � �A���� 5A� ���C 	��2 5� � �4+')� 	IT�� 	I)��-   �A8��� �A
 .  $�%A&� ��

             $��2 *���U �� 5- �' *���+") *��!���V��� *!�� 	���/ ��
!(�HU () 	������PAV   � RPV 

      *()�8) 5� 	��W1C X��!� 5���<<   � �<<     !�Y�� (�� 0�� �8�!- .  ��A
 S���!" *�GW�PAV � 

RPV��
!(�HU �� 	P�Z+2) G��- F��P 5�  	P�Z+2)  ��2  :4-)�   [�&8  �8�)� �   5�   

*    \�!�� 	��/ X1C F)��]+/) ���� 5��M� O�) 5� ^��!� F�M�MN� 0") 5+;! 3�_8) 	"�4'.  

 ** 5]���� `�Va�  
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 ��b

     *()�8) 5� 	��W1C X��!�c<<   � �<<    8U () (�� 0��   �' !�Y�� �� .  O�) d�)!' 0N� :���(U   ��A


   `��W� >��RT-PCR             ��) 0')�8 	�)��- *�� 3�2 *��Z/ �� �
 S���!" O�) $�%&� �)!� �

            	AP�Z+2) O���6 �� ��"�!�� O�) �()�8) 3)� 5� F��P ��)IC-RT-PCR (  5AW1C     ���A� ��A


�4+;�� !�Y�� ��K+8).  

  

* )�* )�* )�* )�    ��AA��- ��AA
��AA��- ��AA
��AA��- ��AA
��AA��- ��AA
     : : : :BYDV-PAV � � � �CYDV-RPVAA'�� �AA'�� �AA'�� �AA'�� � � 	�� ���!AA" #�!AA" $�%AA&� ��� � 	�� ���!AA" #�!AA" $�%AA&� ��� � 	�� ���!AA" #�!AA" $�%AA&� ��� � 	�� ���!AA" #�!AA" $�%AA&� ���

 �	������ �	������ �	������ �	������RT-PCR � � � �IC-RT-PCR � � � �Cocktail-ELISA            

        

5��M�5��M�5��M�5��M�        

                         !A�H � *�A8( .A�)�/ !��A" () 	A'�8 fIG/ �� FGH ���"�!���V��� fIG/ 0
�]'   �*�A8(

                  $�%A&� �*�A� �� \�!A�� O�I�6 ���a� 0K�H � 	&��U 0;�� 5� ��"�!�� O�) [��� ���N�

     �� `��') �� X�H) )� ��8U  �!�	� �4- .>��    5��� () \�!�� 	�� ����� ����g��!� 	4+]� ��


>�� O���) �5+' �� `�M+8) 0�P�Z+2)  5� ��"�!"��V��� ����� � $�%&� �� 5- �4+a
 	��


  �8) 5+;� ��- .    !A� �A�8U �� \�!�� $�%&� � 	����� 5�4�) 5� 5��� �� ��'�� O�)    (�!A� \�A")

     /) .A��C [)�A4@ �0A") �)�+A") fAIG/  	A�8 ��A�+   �4A'��)D´Arcy 1999 .(>��    `�A�W� ��A


                  [�!A+��) � � ���!A" BA���� �7A�� F)!A1C �� h�A"� ���AU �� 0&8 .�]C () 	�� ���!"

                 � $�%A&� �)!A� 	�)��A- �C�; *�� �� ��"�!�� O�) f- ���a� 0K�H 0�/ 5� �	6��"�!���

 	AAAAA� �AAAAA�8U �AAAAA���� �4AAAAA'�� .  	AAAAA��78U 	_4AAAAA" 	AAAAA4��) >�� ���� �AAAAA�  

)linked immunosorbent assay, ELISA ienzyme) ()7��) ( !+&�� X�)!�� 	+�"�aJ � 0/!" 5-

>�� ()    \�!AAA�� F�AAAW��1� 54NAAAP �� �AAA8�)� j!AAAP 	�� ���!AAA" ��AAA
 	AAA"�4'  

)Clark and Adams 1977( \�!���V��� $�%&� � 	����� �� 	��N� � ��U ����� �
 . ���� ��

         :
�- �>�� 0�"�aJ � 0/!" :�)7;) �)!� O�)        [�!A- X"�4� � *���+") ���� �)�� �)�M�

                     0A") *�A�U .A�/ 5A� )7A��) 5A���) >�� �� 	/�4+� ���a� F)����� �k�2 ��)�� �)!� >��  

)Henry and Francki 1992 �Torrance 1987 �Huth 1999 �1992 .D´ Arcy et al  .(  	A4��) >��

 0;�� !l) 	_4")tissue print immunoassay, TPIA ( � [U �� 5-     0A") 	;�A- 5A8��8 5A��� �)!
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 ��c

                 !AK8 () ���' *�)� ��&; [����8 �� 7���"�!+�8 m�&H ��� �!l) [��)? ��K4� 5� 0;�� () 	W1M�

 0") 	���� .��C 0�7� �)�)� �)�� �� 	��� 5;!P � ��- 0���")Huth 1999.(   

             *!A�_8( :4-)� >�� n)��) �� 5- 	�7� `�N� !,�� ��" ()   	A�6 �)    ()!A�)    �U 	A" 	A6( 

)polymerase chain reaction, PCR (     �� 7A�8 )� ��A"�!���V��� 	��A��� � $�%A&� ���U �����

 0;!!�)Robertson et al. 1991 (   !��A" �� X�-!� �� �� 	���4� 5� >�� O�) *(�!�) 5- ���1�

>�� 	4��) 5��� () �
  	_4")Immunocapture RT-PCR, IC-RT-PCR (  *!�(�� F��Z� X�H)

) *��U��0" .  

    >�� [)!�) ��  �W� ��
�                    �A���� � 	��A"�4' �)!A� T�A� �� *�A' !A-o .A�T� 5A� )7��) `

      0") *��� B;���8 ����( ��)�� �� FGH �� ��( 	,����- ���� ���"�!��)   !A&+4� F�AW��1�

*�&8 .( �!���- 	"�!� !p�J B�MN� () j�
RT-PCR �TPIA �IC-RT-PCR � Cocktail ELISA 

"�4' � 	����� ��\�!�� 	�� 0") [)!�) d�)!' �� FGH �� ��( 	,����- ���� ��
 .  

  

	"�!� >��	"�!� >��	"�!� >��	"�!� >��        

���!" 	+8U � ��"�!�� #]4����!" 	+8U � ��"�!�� #]4����!" 	+8U � ��"�!�� #]4����!" 	+8U � ��"�!�� #]4�        

   5��� ()       S���!" 5� *���U 3�4 ��
PAV       �A� ��( 	,����- \�!�� )BYDV-PAV (  �A� �

 S���!"RPV FGH ��( 	,����- \�!�� )CYDV-RPV (G]C 5- “ >�!� ��8U ����ELISA 

  �TPIA �l      5a��M� ���&���(U �� ��� *�' 0�   �' *���+") �) .     �A� ��A&���(U () 	A2!� O�A4r�


  5��� () *���+")          ���M+Aa� 5- ���( 5� G+]� �� �� 3�4 ��
 “    \��A; n�)7A� ())  [�]�+A") sA�) (

#��     0;! 3�_8) ���� *�' ���U .               	A+8U .��A' BA�MN� OA�) �� *���+A") ���A� ����!" 	+8U

  ����!"PAV  �MAV   � RPV      0-!' () *�' 5��� Bioreba) t�I�" (       *gA�� ����!A" 	A+8U �

PAV   � RPV      .N� �� *�' 5��� ) *�&8 !&+4� (��� .O�������8���)       >�� BA]Q �A
   � u�GA-

7�)�U) Clarok and Adams 1977 ($��2  0K�H �� � �(�"mg/ml ��8�' *���U .  

 [��(U [��(U [��(U [��(UDirect-ELISA            

             0]a8 5� [�
�� 0;���   5� �)  � [(�  fA_J 5 (      5A8��8 !;�A� ��)�/<    3!A KCl  ��/<   3!A 

NaN3 ���/� 3!AA Na2HPO4 ��/< 3!AA NaH2PO4 �� 3!AA NaCl ��/< �AAP�� Tween-20 � � 
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 ���

  �P��PVP       �!1M� hU !+�� �� �� �/c = pH (*��Z/           [)7A�� 5A� 3!;�!�- �� t9" � �!��< 

       �
�@ �� � *�' ����� *��Z/ f_J �P��       �8�A' 5A+%�� 0A��6�!��� ��
 .     O���A6 � O���A6

    f�78U 5� .Z+�) (����a; O�����U ( S���!" *g��   ��
PAV   � RPV     0]Aa8 5� �:�<<<    !;�A� �� 

�AAA4+;! �)!AAAC *���+AAA") ���AAA� 5AAA8��8 . >�� B��AAA1� .AAAJ)!� 5AAA�M�7AAA�)�U � u�GAAA-  

)Clark and Adams 1977 ( �' 3�_8).  

 [��(U [��(U [��(U [��(UIndirect-ELISA            

             !;�� �� [�
�� 0;���/<  )!+�" �T��    �3��8��U F�/b = pH *��Z/ �     �A48�� *��AZ/ � �!A�

      �' ����� 3!;�!�- �� f�M+a� �)7��) >�� .  S���!" *g�� O���6      0]Aa8 5� �
�:�<<<    O���A6 � 

     0]a8 5� >�!2 �p��<< :�       �4+;! �)!C *���+") ���� 58��8 !;�� ��  .     B��A1� .AJ)!� 5�M�

 >��O����� � \��8�-) Converse and Martin 1990 ( 3�_8)0;! .  

 [��(U [��(U [��(U [��(UCocktail-ELISA            

        [�!A- 5;�p) () �W� 5�P�;G� 5- F���� O�) �� 0;! 3�_8) f�M+a� �)7��) �48�� [��(U O�)

	+8U                   ^�A�%� 	��A2 5� 09�6�!��� u�8 �� � 5;�p) �
�@ .2)� 5� f�78U 5� .Z+� O���6 �[ 

�' . >�� B��1� .J)!� 5�M�!��� � )!+a���) Dijkstra and deJager 1998 (�' 3�_8).  

 [��(U [��(U [��(U [��(UTissue Print Immunoassay) ) ) ) TPIA((((        

        >�� �� 	�)!��v� 3�_8) �� [��(U O�) F�
 )Huth, 1999 (�' 3�_8) !�( F��P 5� : () �W�

d2     #�!� 5� �7���"�!+�8 m�&H 	&-    �@�- ��
�            �A� f��A" � *��A�U 0A;�� �	W�!� !+��+8�" 

      R1" � �' *�)� >!� 7��� .9���")     �' *�)� ��&; m�&H 5� !Z+%� ��Q 5� *��!�  . [��� () �W�

 F�� 5� m�&H [�)�� O+')�(�� !;�� �� 0/�" )blocking buffer(	+8U �  �� f�78U 5� .Z+� ����

     0]a8 5� O+')�(�� !;��� 5� �<<< ���� �� X' �� F�� 5� � 5;�p) [U 5� � B�C� ºC �  f��

 �' *�( .     " �&+a' !;�� �� m�&H t9"       F�� 5� ��� !
 ���� 5�<   �' �&+a' 5M�C�  .w8�  �7��U

 3����()!+�����!+�8 ���J w8� *���U k!C [�!- .J ��)nitro- blue tetrazolium, NBT (  ��i

���!�i�i�!�-i�i)��6 F��a; .����4�)i O���I����)5-bromo-4-chloro-3-indolylphosphate  p-

toluidine salt, BCIP( �� �/��� 	��� �' 3�_8) !1M� hU !+ .  ��A�� *���U k!C 5- ���)�� ��

 0')�8��/<	���   3!NBT � �c/<	���   3!BCIP	��� !
 �)() 5�   �� � .J !1M� hU �� !+��
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 ��x

       �' *�( f�� G��- O- ^��%�) �M�C� w8� `��N� “�' 5��� *���+") () .]C .(  �)!A� ���)�� ��

w8�  k!C ��/ �� ��7��UFast Red) Sigma( �� � t�!� `��N� !+�� 	��� �/<  	A6 �� �T�� 

  y)�/c   ���J mM �          0;! �)!C m�&H ��� !� � �' .J 3��7�4� ��!�-  .    �w8� ���z () t6

�' *���+") ��!+") {��"�!��� () !+M�C� 	"�!� �)!� � �&+a' !1M� hU �� m�&H.  

 [��(U [��(U [��(U [��(URT-PCR        

          \�!�� 	I�"�4' 0��      	P�Z+2) ��
!(�HU () �
BYDV-PAV   � CYDV-RPV   	J)!Q  

   d"�� *�'Miller    [)����
 � )      )�A�U *�,A&8)� () !A��� ��Aa;�!6 dA"�� �
!(�HU O�) j�)!�

 �' `�"�) (     dA"�� *�A�!���V��� *!A�� �)!A� *�' 	J)!Q 	���/ ��
!(�HU � [�Aa�!��� � 

 [)��AA��
)Robertson et al. 1991 (  �AA��! *���+AA") .  ��AA
!(�HU j�)!AA�BYDV-PAV   

�!+� XAAA�5´-AATAGGTAGACTCCTCAACA-3´ PAV-11:
 � CTGCCTCAACATCGGAT-3´ 

5´-GTT PAV-22:
  ��
!(�HU � CYDV-RPVX��!+� CTTAGA TCC AAT GGC AAT-3´  5´-

GTC RPV-1: �  5´- CAG CTA TCTGAA ACCAGT AGA-3´  RPV-2:��� .  

�U |)!%+")�U |)!%+")�U |)!%+")�U |)!%+") . . . .[)[)[)[) . . . . \�!�� �) \�!�� �) \�!�� �) \�!�� �)        

         `��W� [��(U �)!�RT-PCR�U � .[) .�) .- )total RNA (     *�A� � \�!A�� 5A� *���U *��

>�� B]Q f��" [�a�!���  [)����
 �)Robertson et al. 1991 ( �' |)!%+") !�( F��P 5� :

 )�+�)�/< �� � *���U�� ���6 F��P 5� #��� F() �� }!� *(�� 0;�� 3! � O�a��!;�� !+�� 	��� 

)M �/<     y) 	6 �� �/x   ���J �/<   �T�� NaCl (/*��Z  ���! �!� .       fA_J fA
 �W� 5�J!� ��

G��- � 5;�p) [U 5� n�]') `�4; �*��Z/ “ �� � ^��%�rpm ��<<< F�� 5� �< ���� �� 5M�C� 

  �'  ���!+8�" ~��) .      ̀ �4; ^��%� f_J �� 	IT�� :%� 5�i     �A48�� � ^��%� �5;�p) 3!;�!�- 

  ���!  ���!+8�" .]C .�/<     f��" F�+") f_J M �   � �/�   f_J        	AI�� #��A� 5� B�1� `�8��)

 F�� 5� � 5;�p)� ���� �� 0/�"  ºC �<i�' ��)��,8  .    �� [�!A-  ���!+8�A" () tA6rpm 

��<<<    F�� 5� ��       `�8��) �� .P�J h�"� �5M�C� c< %        .A��) [�' �&2 () t6 � �&+a'

 ���<<�� *�' ����� hU !+���!���  DEPC�' .J  .  
Immunocapture RT-PCR        

  U 5AAAA��� �)!AAAA�� .[) . \�!AAAA�� �)�� *���+AAAA") �)!AAAA� Immunocapture RT-PCR   

 (IC-RT- PCR) >�� 	�)!��v� 3�_8) �� �!�(� [)����
 � )Waziri et al. 2002 (   () *���+A") �A�
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 ��<

O���6 58�a�
 �4@ ��
  �)BYDV-PAV � CYDV-RPV !�( F��P 5� .�/�'  :	+8U ����  ��


 58�a�
 �4@     0C� �� �)�   5� �<<<  ;�� ��       [)7A�� 5� 	&'�6 !�<<         5A��� .A2)� 5A� !A+���!��� 

 j���AAAAAA46)�/<	AAAAAA���    F�AAAAAA� 5AAAAAA� � 5;�AAAAAAp) �!AAAAAA+��� �� 0/�AAAAAA"   

C º �c   �8�' *�)� �)!C  .      �&+a' !;�� �� �&+a' ��]��)PBS-T (          �A� �A&+a' ��A� 5A" �PBS-

T+� %BSA  �' 3�_8)  .         5A8��8 !;�A� �� !K8 ���� 0;��)� %PBS-T+PVP (     0]Aa8 5A��    5A� � 

*��Z/  F�� 5� [�!-  ���!+8�" () �W� � �!�� �� 5M�C� rpm �<<<< [)7�� 5� 	I�� #��� �µl 

�<<  5��� 5�        ���� �� X' �� � 5;�p) �
C º �0;! �)!C  .    !;�A� �A� �A&+a' ��� 5" !2U ��

 �&+a')PBS-T ( �� *�' ����� hU �� �&+a' ��� �� �DEPC�' 3�_8)  .  

 7+4" 7+4" 7+4" 7+4"cDNA�U () �U () �U () �U ()  . . . .[)[)[)[) . . . . \�!�� �) \�!�� �) \�!�� �) \�!�� �))))) 5�J!� 5�J!� 5�J!� 5�J!�RT( ( ( (         

     7+4" �)!�cDNA   �)�M� ��       �� *�' |)!%+") ��V�-�8��") !+���!��� �     !(�AHU !A+���!��� 

 \��W�)µ M �< ( ��/� �� *�' ����� hU !+���!��� DEPC   ��A�� �� � ^�A�%� C º x�  5A� 

 F����' *�)� F�)!J 5M�C�  . F�� 5� ^��%��< �� 5M�C� C º �< �)!C () �W� � 0;! �)!C 

�)� 5� �� ��� [��/b *7��U [U !+���!��� RT .��'  �/� ^��%� !+���!��� dNTPs)  mM�<( �  

� !;�� !+���!��� RT × � ��/<  f�7A8U !+���!��� MMLV ) µl /u ��( ��/<  !A+���!��� RNase 

inhibitor ) µl/u �< ( ���/�< �� *�' ����� hU !+���!��� DEPC F�� 5� � 5;�p) b< �� 5M�C� 

 ����C º �� �' *�)� �)!C )Waziri et al. 2002 .(   

 �(�" 54��� 0�- () *���+") �(�" 54��� 0�- () *���+") �(�" 54��� 0�- () *���+") �(�" 54��� 0�- () *���+")(PCR Optimization Kit) PCR            

         () *�A' 	AJ)!Q j�)!A� [��A� 0A"�� () [�A4��Q) �)!�(Roche) PCR Optimization Kit 

�' *���+") . ��
!;�� !+���!��� f�8� �� �b    :4A-)� �)�A� �A� *)!A�
 PCR    .�W�)��+A"� BA]Q 

�"    �' *�!� ���� !�Y�� �)!� *�8( .   *7A��U *�A4
� .��&� �)�� �)�M� � !�Y�� d�)!'PCR  �)!A� 

  :4-)���     ��� !�( �!' 5� �!+���!���  :c�/<         	AP�Z+2) ��
!(�HU () �� !
 () !+���!��� 

S���!"             *!A�� 	��A�/ ��A
!(�HU �A� � �A
Luteoviridae) µM �<(  ��/�     !;�A� () !A+���!���   

 PCR × �<  �c�/<  3�AA�7�4� �AA�!�- !AA+���!���<�/< ��T�AA� �/< ^�AA�%� !AA+���!��� dNTPs   

) m M�<( ���/< �� ()!���6 `��N� !+���!���)Taq DNA polymerase ( 0K�H ���  �� �AJ)� 

 �!+���!����/�b�� *�' ����� hU !+���!���  DEPC � ��� !+���!��� .[). X��C �))�,�).(  
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     *�,+"� 	I��� 5��8!�PCR�     .��A' 	AP�Z+2) ��A
!(�HU () *���+") ��  ��A�� �� 5AM�C�   

C ºx� t9" ��� 5��8!� �� .��" b< �� 5�8�l C º x� �b< �� 5�8�l C º b� � x< �� 5�8�l C º c� 

    F�AAA� 5AAA� 	I�AAA�+8) .��AAA" �AAA� ��< �� 5AAAM�C� C º c�  ��AAA�� �� ��)�AAA�,8 �  

 C º�   �A' 5A+;! !AK8 ��  . :4AA-)�PCR  *�,+A"� �� Thermocycler 53330  0-!AA' 02�A" 

  �' 3�_8) j���46) . 3���) () �W�PCR ��58��8 !
 () !+���!���  �� *)!�
 �w8� !;�� !+���!���   

) loading buffer) (�< �T�� 	��� "�� `�(!-" ���J �<(�!-�" �P��  (  (���AU `  ��� %

  ���<<     F�� 5� 0�� �   �' (��;�!+��) 0/�"  .w8�    ��!� 3�����) �� �7��U     �A� �!A],8� � �A��

0;!�?6 F��P !1M� hU . 5N�P ��� !� [U () t6 ` UV transilluminator �� � �' 	"�!� 

 *�,+"�gel documentation   	��A���� [(� k�AZ%� ��
!-��� ��- �� � ��)�!]a�/ [U () 

�' *�( O��%� *�' !�Y�� 5W1C .  

  

_�+8_�+8_�+8_�+85555        

        

	�� ���!" ���8��(U	�� ���!" ���8��(U	�� ���!" ���8��(U	�� ���!" ���8��(U        

     [��(U ��TPIA    ����!" 	+8U     5��/ *�' 5���BYDV-PAV   � CYDV-RPV     0AC� �� �   5A� 

��<<54��( :4-)� 58� ��
 � �8�!- ����� *���U *�� () )� f��" *�� 	��%�   f��" *�� �� �)

�&8 *�
�&� .w8� >�� ��  �� �7��UFast Red  7A�!C ^�M8 F��P 5� *���U *�� 	&��U 0;�� �

        � f��" *�� 	&��U �8�U �� 5a��M� �� w8�         ��A� *�
�A&� .A��C 	8�A"U 5)  .�A'� .( >�� ��

 w8� () *���+")NBT-BCIP 7�8 ���� O�) �� � ��U�� 	8)�H�) w8� 5� *���U *�� 	&��U 0;�� �

 ��� :4-)� [��� f��" *�� 	&��U 0;��) .�'�.(  

         >�� � )7��) f�M+a� !�H � f�M+a� ���'��cocktail-ELISA          � 	I�A"�4' 5A� ���AC 5" !
 

" ������8��� 	"�!� ���� ��
 S���! . *�' !-o ���'�� O�� ��cocktail-ELISA 5� 0]a8 

��� !+�� ��'�� 5�M� . f
 �� f�78U 5� .Z+� O���6 � 	
�� 58��8 5�4�) 5� 5��� �� [��(U O�) ��

�' 	I�� 5;!P [U 3�_8) [��( F�� �� � j?J [��(U () 5�J!� �� ��8�' 5;�p).  
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 .�'�i 5� ^��!� s��+8 TPIAw8� �  �� �7��UFast Red :     *�A� SA@ 0�A" � f��" *�� 0")� 0�"

   5� *���UBYDV-PAV      5A8��8 �� 5A+;! w8� 	&��U �8�U .N� ��8���6 �     [�A&8 )� *��A�U ��A


�4
���.  
Fig. 1. Results of TPIA, staining with Fast Red; Right healthy plant; Left:  BYDV-PAV infected palnt. 

Arrows show stained phoelm tissue in infected samples. 

 

 .�'� i 5� ^��!� s��+8 TPIAw8� �  �� �7��UNBT-BCIP  : *�� 0")� 0�" � f��" *�� S@ 0�"

 5� *���UCYDV-RPV.  
Fig. 2. Results of TPIA, staining with NBT-BCIP. Left, healthy plant. Right CYDV-RPV infected plant. 
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 [��(U [��(U [��(U [��(URT-PCR  

   �)!� *�' 	J)!Q 	P�Z+2) ��
!(�HUBYDV-PAV � CYDV-RPV C    	I�A"�4' 5A� ���

    $��2 *���U �� ��"�!�� O�)      G��A- � �8��� *���U *�� *��Z/ � *�' �() “   .A�/ 	AP�Z+2)

�8�!- . ()�b 0�- �� *���+") ���� !;�� 54���  ��(�"� !�Y�� �)!� !;�� BYDV-PAV   !;�A� �� �

   !A�Y�� �)!A�CYDV-RPV      �A8��� :A%� 5A_�+8) .�A'   ��A
��� .(   ��A
!(�HU () *���+A")

 	P�Z+2) BYDV-PAV 5W1C !�Y�� �/��   *()�8) 5� ��") ��V�-�8 () �)c<<   �A' (�A� 0�� 

).�'  ��
� �� .(O�) () *��!���V��� *!�� 	���/ ��
!(�HU5W1C \�!��   *()�8) 5� �)��<< 

 �8�!- !�Y�� (�� 0��) .�'� .( ���� ��CYDV-RPV     	AP�Z+2) ��A
!(�HU () *���+") ��

 *()�8) 5� �) 5W1C�<< �' !�Y�� (�� 0�� )  .�A'c .(IC-RT-PCR      *�A� 3�A2 *��AZ/ ���

!�� $�%&� 5� ���C �
!(�HU O�) 5- 	��J �� �)� )� s��+8 O��
 7�8 *���U 3�2 *��Z/ �� \�

 `��W� >�� �� *���U *��RT-PCR  �8��]8 ) .�'b.(  

  
 .�'�i54��� 0�- () *���+") s��+8   �(�" (PCR Optimization Kit) PCR ) ���b��+%� !;��  ( 54��� �)!�

 [��(U [�!-PCR  	AP�Z+2) ��
!(�HU �� BYDV-PAV   (���AU `  �� � :%  SA@ 0�A": 

 !-���DNA.   

�
�@  X��!+� �
� �� c �BYDV-PAV  $��2  � *�' �(�"�  �A� ��     �A� f��A" *�A� `!A+4- �

 *���' ��
!;�� () *���+")� �� c0�- � �� �� �� �BYDV-PAV $��2   ��
!;�� � *�' �(�"

�  �� �b0�- �5W1C   *()�8) 5� �)c<<   *���A' ��A
!;�� �� (�� 0�� � �� �� ��� ��� ��� ��� �

�b0") *�' !�Y�� .  
Fig. 3. Gel electrophoresis pattern of PCR Optimization kit (with 16     different buffers) and BYDV-PAV 

specific primers:   
Lanes: 1-7, purified BYDV-PAV and 8-13 healthy control preparation with kit buffers 1-7; 14-

22, purified BYDV-PAV with kit buffers 8-16. Note amplification of a 700bp segment with 

buffers 2, 3, 8, 12, 13, 14, 15 and 16. Left lanes: DNA marker. 
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 .�'�i54��� 0�- () *���+") s��+8   �(�"(PCR Optimization kit) PCR  )  ���b��+%� !;��  ( *���+") ��

() 	P�Z+2) ��
!(�HU CYDV-RPV $��2 \�!�� �     *�A' �(�A"CYDV-RPV  `  ��  

 (���U�:%  

�
�@ X��!+� �
:�!-��� �; � �� �c `�ZN� �PCR    ��A
 !;�A� �� �  �A� �b 0A�- � ��  �A� �� �

 `�ZN�PCR $��2 *���U ��� !�  f��" *��  *�' �(�"�  �� `�ZN� �PCR    \�!A�� �A� 

$��2  *�' �(�"BYDV-MAV   	AP�Z+2) ��
!(�HU () *���+") �� CYDV-RPV .   �A� �A�4�

 ��
!;�� () *���+")� � �5W1C   *()�8) �� 	P�Z+2) �)�<<0") *�' !�Y�� (�� 0�� .  
Fig. 4. Gel electrophoresis pattern of PCR product using PCR Optimization kit (with 16 different buffers) 

and CYDV-RPV specific primers. 

Lanes: 1, marker; 2-17, PCR product of purified virus and buffers 1-16 of the kit; 18-22, PCR 

product of purified prepparation of healty plant material; 23, PCR product of purified BYDV-MAV 

with CYDV-RPV specific primers. Only buffers 3 and 4 resulted in amplification of a specific 

800bp segment. 

  

 �N� �N� �N� �N�        

  )��               !,��A�� �A� [�A&���78 	�� ���!A" ���+
�]A' !Q�%� FGH ���"�!���V��� �(�"

 	� �)�'� �'�� .               0A") O��� \�!���V��� �� 5��/ *�' 5��� �) 58�a�
 �4@ ��
 3!" 	+8U

�4
� [�&8 :4-)� 7�8 *�! m��/) !��" �� . O�)S���!" ���� �� :4-)�  ��
BYDV-PAV  � 

BYDV-MAV  	&'�6 O�V��!6 ��N� () 5-  c�    0A") ~��AP !+A&�� ��8�)� � ����
 �P�� 

)Lister et al. 1985; Henry and Francki 1992  .( O���6 5���   58�Aa�
 �A� ��
   () *���+A") � �)

TAS-ELISA )!�2) �  “ �� $�%&�PCR �� ����� ����( ���J �� \�!    ��( 	,��A��- ��A


���M� )� FGH � ��  0") *�!- )Miller et al. 2002 a, b,  D´Arcy et al. 1999 .( ��  B�MN�   
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 .�'�i 0��
 ��I�� CYDV-RPV  � BYDV-PAV  >�� �� IC-RT-PCR  (���U `  ��  �%  

�
�@  XA��!+� �
:� !-��A� ��  �  `�AZN� �PCR   *�A�     	A+8U �A� f��A"   3!A" CYDV-RPV  �

 	AAP�Z+2) ��AA
!(�HUCYDV-RPV � � `�AAZN� �PCR 5AA� *��AA�U *�AA�  BYDV-PAV �AA� 

	+8U 3!"  BYDV- PAV 	P�Z+2) ��
!(�HU �  BYDV-PAV� � `�ZN� �PCR  *���U *��  

  5�BYDV-PAV  	+8U ��    3!"BYDV-PAV     	P�Z+2) ��
!(�HU�  BYDV-PAV )   ���Jc<< 

  (�A� 0��(� b ̀ �AZN�  � PCR   5A� *��A�U *�A� () CYDV-RPV  3!A" 	+8U�A�  CYDV-RPV � 

(�HU  	P�Z+2) ��
!  CYDV -RPV ) ���J�<< (�� 0�� . (  
Fig. 5. Confirmation of CYDV-RPV and BYDV-PAV identity by immunocapture RT-PCR. 

Lanes: 1,  Marker; 2, PCR product of healthy plant with CYDV-RPV antiserum and CYDV-RPV 

specific primers; 3, PCR product of BYDV-PAV infected plant with BYDV-PAV antiserum and 

CYDV-RPV specific primers; 4, PCR product of CYDV-RPV infected plant with CYDV-RPV 

antiserum and BYDV-PAV specific primers; 5, PCR product of BYDV-PAV infected palnt with 

BYDV-PAV antiserum and BYDV-PAV specific primers (a 700bp segment amplified); 6, PCR 

product of CYDV-RPV infected plant with CYDV-RPV antiserum and CYDV-RPV spectific 

primers (an 800bp segment amplified).  

  

 �!p�JTPIA +C� �� *g�� 3!" 	+8U O���6 ���BYDV-PAV  � CYDV-RPV     5A� ���AC 	��%�

        �)�A8 [�A&8 f��A" *�A� �A� 	&4-)� 58� ��
 � ��� *���U [�
�� 	��"�4' .   () [�A4��Q) �)!A�

 R�NP $�%&�TPIA �� 5- 	8�
�� �TPIA   �A� �A8��� *�)� [�&8 0]Y� :4-)� IC-RT-PCR  

 �8�' 	"�!� .      s��+8 	Z�%&� >�� �� O�)   �8�!- ����� )� !,���� .    :4-)� .��M+� 	"�!� ��

 S���!" 5� *���U *��BYDV-PAV     *gA�� 3!A" 	A+8U �� CYDV-RPV      5A� *��A�U *�A� �A� � 

 S���!"CYDV-RPV  *g�� 3!" 	+8U �� BYDV-PAV  	&4-)�   *�
�&� ���!,8 . *���+")  ()   
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.�'bi  �A�+%� ���'�� 5a��M� PCR      	AP�Z+2) ��A
!(�HU () *���+A") �A�BYDV-PAV  `  ��� 

 (���U�%  

�
�@  X��!+� �
�!-�� �� � `�ZN� �IC-RT-PCR    	A+8U �A� f��A" *�A�    3!A"BYDV-PAV � � �

 `�ZN�RT-PCR $��2 *���U ��    f��" *�� *�' �(�"� `�ZN� �PCR   �A� f��" *�� *��Z/ 

 3!" 	+8UBYDV-PAV  >�� 5�  one tube IC-RT-PCR � �  `�AZN� �RT-PCR �U  .[) .  .A- �)

 5� *���U *��BYDV-PAV � b `�ZN� �PCR  *�' $��2 \�!�� BYDV-PAV   	A+8U �A�    3!A"

BYDV-PAV   >�� 5� one tube IC-RT-PCR  c `�ZN� �IC-RT-PCR     5A� *��A�U *�A� BYDV-

PAV 	+8U ��    3!"BYDV-PAV  � `�ZN� �RT-PCR �' $��2 \�!��  *BYDV-PAV.  
Fig. 6. Comparison of different PCR methods using BYDV-PAV specific primers.  

Lanes: 1, marker; 2, IC-RT-PCR product of healthy plant sap with BYDV-PAV antiserum; 3, RT-PCR 
result with purified preparation of healthy plant ; 4, RT-PCR with healthy plant sap and BYDV-PAV 

antiserum; 5, RT-PCR product using total RNA  from infected plant; 6, PCR product with purified virus 

and BYDV-PAV antiserum in one tube IC-RT-PCR 7, IC-RT-PCR product of BYDV-PAV infected plant 

with BYDV-PAV antiserum; 8, RT-PCR product of purified BYDV-PAV. 
  

 .�4�� 	�6 .��))polyvinyl alcohol  ( O+')�(�� !;�� �� )blocking buffer (  �)!�) [��(TPIA 

              ���!,8 *�
�&� s��+8 �� 	����� 58�,r�
 � �)� :
�- 0/�" �� () !+�- 5� )� .    OA�) F�A


           � () ����a� �)!� 	IT�� 	I)��- �� � *�!+a F��Z� )� >��      ��A8�U !�H � ��8�U ���"�!�

0") *�!� ���� FGH)Huth 1999  .( () *���+")TPIA    \�AaJ � [)(�) ��A�U��- 	'�� [)�4W� 

       �'�� 	� 0��
) 7I�J 	����� � $�%&� �)!� .           0A����C � *�A� *��AZ/ |)!%+") 5� (��8 3�/

          8 �� � 7���"�!+�8 ?H�- F�� 	8T�Q ��)��,8 [���) �5/�7� �� )!�) �T�� *�� O��4@ �� [����

51M8 () t6  ���� �� ��)?�	+8�" 5���  5�� 0����C ��)! 58��8 ��)?  () t6 �&2 ��
�   
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 ��c

  
.�AA'ci ���AA'�� 	I)��AA- �AAa��M� one-tube IC-RT-PCR �IC-RT-PCR  � RT-PCR  () *���+AA") �AA� 

 *!�� *!8 � ��
!(�HULuteoviridae  �)!� CYDV-RPV  (���U `  ���  �:%  

�
�@ X��!+� �
: � !-�A� �� �  `�AZN� � PCR   $��A2 *��A�U �A�     *�A' �(�A" CYDV-RPV � 

	+8U  3!"CYDV-RPV  >�� 5�one tube IC-RT-PCR� � `�ZN� �RT-PCR  iIC    5A� *��A�U *�� 

CYDV-RPV  	+8U ��    3!"CYDV-RPV)         *()�A8) 5A� �) 5AW1C�<<        �A' !A�Y�� (�A� 0A�� ( � � �

N� `�ZPCR  IC-RT-�U   .[) . 5� *���U *�� .- �)CYDV-RPV 	A+8U ��    3!A"CYDV-RPV�  � �

  `�AZN�RT-PCR      *�A' $��A2 *��A�U �A� CYDV-RPV� b  `�AZN� �PCRiRT    *��A�U �A�   

$��2 f��" *�� *�' �(�"� c `�ZN� �PCR 	+8U �� f��" *��   3!"CYDV-RPV >�� 5� one 

tube IC-RT-PCR� � `�ZN� �RT-PCR iIC	+8U �� f��" *�� *��Z/   3!"CYDV-RPV.  
Fig: 7. Comparison of one-tube RT-PCR, RT-PCR and IC-RT-PCR efficiency with degenerate primers of 

the family Luteoviridae in 1% agarose gel. 

Lanes: 1, marker; 2, PCR product pf purified CYDV-RPV with CYDV-RPV antiserum using one 

tube IC-RT-PCR method (arrow shows, position of a weak 400 bp band); 3, IC-RT-PCR product 

of CYDV-RPV infected plant sap with CYDV-RPV antiserum; 4, IC-RT-PCR product from 

CYDV-RPV infected sap; 5, RT-PCR product of purified CYDV-RPV; 6, RT-PCR product of 

purified  healthy plant preparation; 7, PCR product of healthy plant preparation with CYDV-RPV 

antiserum using one tube-IC-RT-PCR; 8, IC-RT-PCR product of healthy plant asp with CYDV-

RPV antiserum.  

  

  ���         +A") [�A��) �hU �� [�8�Aa�2 0/�"             � n�)7A� �*��A+;)��� BQ�A4� �� >�� OA�) () *��� 

)� [��7�
 ��1� 58��8 ����( ���a��)�W� 	"�!� [���) �54�18!C ���
�,+a�  	;�-  [���  0C�   
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 ���

  
 .�'�i   `�ZN� (��;�!+��) s��+8RT-PCR S���!" 5� ^��!� BYDV-PAV   !(�HU () *���+") �� 

 *!�� *!8 �Luteoviridae (���U `  ��� �%  

�
�@ X��!+� �
�!-��� �� � `�ZN� �RT-PCR  *�' $��2 *���U ��  BYDV-PAV � � �

 `�ZN�RT-PCR �U   .[) . 5� *���U *�� .- �)BYDV-PAV � � `�ZN� �RT-PCR  *���U 

f��" *�� *�' $��2� � `�ZN� �RT-PCR �U  .[) .f��" *�� .- �)� b `�ZN� �RT-PCR  

*���U *�� *��Z/� BYDV-PAV.   
Fig. 7. Gel electrophoresis pattern of RT-PCR products of BYDV-PAV with degenerate Luteoviridae 

primers 

Lanes: 1, Marker; 2, RT-PCR product of purified virus; 3, RT-PCR product using total RNA 

from infected plant; 4, RT-PCR result with purified preparation of healthy plant; 5, 

 RT-PCR using total RNA from healthy plant;  6, RT-PCR product of BYDV- PAV  infected 

plant sap.  

  

 	A+8U O���6         S���!A" *gA�� *�A' 5A��� f�7A8U 5A� .AZ+� ���A� CYDV-RPV  �BYDV-PAV  

)�:��<< (  	A� >�� OA�) ���)7� ()  A'�� �)Camara et al. 2000 a, b, Huth 1999 .(   ���)�A� ��

 >��immunoprinting  >�� �AA� 0�AA"�aJ ��AAN� () IC-PCR 0AA") *��AA� 5AAa��M� .AA��C   

)a Camara et al. 2000 .( 7�8 � \�!�� O�) O+;! !K8 0N� � 	"�!� �� T�� ���)7� 5� 5��� ��

          () *���+") �\�!�� O�) �!")!" >!+a 5� 5��� ��   	� 5�P�� >�� O�) ��! .  �)!� O�4r�
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  >�� *!�(�� $�%&� Cocktail-ELISA 5;!P .��� 5� 	+8U �� 	���    � f�7A8U 5A� .Z+� ����

 >�� 5� 0]a8 (�� �� �� )!�) 0����C � 0C�DAS-ELISA ��)� �!�!� .  

   [��(U �� 	������ $�%&� ���� ��RT-PCR       �!A�� 	��A�/ ��A
!(�HU () *���+A") �A� 

��5W1C �*��!���V�  �()�8) 5� �)bp  �<< ��� !K8 ���� 	&'�6 O�V��!6 ��44- �- [  5� ^��!� 

 *�' $��2 \�!�� �� 	��BYDV-PAV  �()�8) 5� �) 5W1C  bp  ��<<   $��A2 \�!A�� ��� 

  *�'CYDV-RPV 5W1C   ���J �� �)�<<�' !�Y�� (�� 0��  .  !A�Y�� 5W1C 5�4�) 5� 5��� ��

   �� �� ��4� *�'   *���U *  � $��2 \�!��                *��A�U � f��A" *�A� �� � �A' *�
�A&� *�' �(�"

$��2    ���! 	���(�) 	"�!�� *�' !�Y�� 5W1C 0�
�� ����!,8 *�
�&� f��" *�� *�' �(�" .

   	� )� s��+8 O�)            ��� !A� ��K+8) ���� *�,��� () !�H 	
�,��� 5� !(�HU [��]a@ () 	'�8 [)��

 0a8)� 3�8  .   n�C� `��+J)          *!A8 � 5A� 5A��� �� !�) O�))degenerate (      :�)7A;) �!(�AHU [��A�

	� ���� . �����V�-�8 j�)!� O��W� �� 	+a��� *�' !�Y�� 5W1C 0�
�� F�]l) �)!� 	�- ��Q 5� ��)

 �� *�' !�Y�� 5W1C 	"�!� �� � [URFLP  ��,�) �(��;�!+��) >�M8 �� [U 5a��M� � CYDV-

RPV  �BYDV-PAV  .P�J [�4��Q)�!-  .  

     	AP�Z+2) ��A
!(�HUBYDV-PAV  � CYDV-RPV    5A�)�� �)!A� 5A-     	��A��!�U ��A


)��4���) (G��- F��P 5� � 	��%� �8��� *�' 	J)!Q “ ()!�' 5�)�� 	P�Z+2) BYDV-PAV 

 s�) 5�)�� � CYDV-RPV  !K8 ���� *()�8) �� )� c<< � �<<  �A8�!- !A�Y�� (�� 0��  .  s��A+8

2 \�!�� .��M+� :4-)� $��BYDV-PAV   !(�AHU � CYDV-RPV   $��A2 \�!A�� 7A�8 �   

RPV CYDV-   !(�HU �BYDV-PAV             �A
!(�HU OA�) 	AP�Z+2) ���Aa� �!A���/ *�4
� [�&8 

0") .!(�HU O�) $��2 \�!�� �� ��4� �
  �8��� *�' 	"�!� *�' �(�") �� 	Z%' F�]���� 

   Miller. W.A. (            �A
!(�HU OA�) BA�MN� OA�) �� 5A- 	��J ��   *�!+Aa ��AQ 5A�  >�� �A� �)  

 IC-RT-PCR �8�!- !�Y�� )� !K8 ���� �W1C � �4+;� ��- 5� 58�%� � 5/�7� 0;�� �� .  

  IC-RT-PCR 	� 	������ � 	�� ���!" >�� () 	M���� #C)� �� 5-      ���Aa� >�� ��A'��

       0A") FGAH ���A"�!���V��� 	��A��� � $�%A&� �� ��A�U��- )Gray et al.  2002  .( ��

5a��M�  O�� 5- �)RT-PCR ) $��2 *���U ��    *�A' �(�A"CYDV-RPV     XA��C [)�A4/ 5A�  (�  

 IC-RT-PCR )  X��C [)�4/ 5� *���U *�� 3�2 *��Z/ (  0A"� 5� 	8�a�� s��+8 0;! F��P
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 ��<

��U .   *��A" >�� �	��A���� 	����� ���'�� ���( *��W�) ~�; 0�"�aJ fH� 	�/RT-PCR   �A�

  �+8 	P�Z+2) ��
!(�HU          �
� $�%&� *���U [�
�� 3�2 *��Z/ �� )� \�!�� ���� 0a8) .

      $��A2 �A� 	
�A� *��AZ/ ��A�v� 5A- ��� 	��J �� O�)     BA���� O�A4r�
 � �(�A"PCR   �A� 

� ���8���) ) IC-RT-PCR  (  *��A�U [�
�� *��Z/ �� 	��2 5� )� \�!�� �*��Z/ ���v� [���

�8�!- 	����� .	� !K8 5� )?� !�� $�%&� 3�/ �"�  *��A" >�� �� ��"�RT-PCR     .A��� 5A�

 X��C 0K�H [��� O�I�6)template  (        O�AJ �� [U () 	���A� .A��C [)7A�� O+A;� 0A"� () �A�

�'�� :���(U . >�� 	�- ��Q 5�TPIA � IC-RT-PCR    	��A��� � $�%A&� 5� ���C 	��2 5� 

\�!��                �A&� \�!A�� 0AK�H 5A- [�+Aa��� .Z; �� 	+J FGH � �� ��( 	,����- ��
 F

 	� :
�-  	� ����� �4'�� .  	� !K8 5�     	� >�� �� O�) �"�     *�!+Aa � #�!" $�%&� �� �48)��

�8!� �)!C *���+") ���� ��&- �� ��"�!�� O�).  

  

�����  

 F�N�P 5� 5KJG� 0��(51-53)��' 5W�)!� 	a��,8) O+� .  

 

  

 �8��,8 	8�&8[� :     0�)!- � 	��12 3�4�� ��,+")� �4��  *�46�7�) 5�)    :%�    *��A&8)� �	�'79
�� 

()!�' *�,&8)� ��(���&-  
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