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��������������������    Ralstonia solanacearum��� �� ��� �� ��� �� ��� ��     ��� �� � ��
��� �� � ��
��� �� � ��
��� �� � ��
     ! 	"�#$ ! 	"�#$ ! 	"�#$ ! 	"�#$

 %�"&� $' ���()�' �� *�+ %�"&� $' ���()�' �� *�+ %�"&� $' ���()�' �� *�+ %�"&� $' ���()�' �� *�+PCR    *        
 

Diagnosis of Ralstonia solanacearum in potato seed tubers and soil, using PCR technique 

 

,�-# �./0,�-# �./0,�-# �./0,�-# �./0    �.(1# �'2� �	3�+�.(1# �'2� �	3�+�.(1# �'2� �	3�+�.(1# �'2� �	3�+**'4�45 �'4�45 �'4�45 �'4�45 �6666��'4��5 7��'4��5 7��'4��5 7��'4��5 7        

8.0 � � ! 9��3 :��� ! ;<=' :-�># %�)3? @�A�AB� C�� ��D�3'� �$�!��0 ��&�3'� ! 

E��# F��.�  

        
FG���� �H/�/����         J.� K�/��/����  

  
���&L���&L���&L���&L        

 �.)0��Ralstonia  solanacearum M#'25 $' 	&� 	���.)0�� 	�.#NK ������ M#�5 ,O�#   ��

  ��� 92PB# C
�0      ��3 ! .�-#. QR�"# �� 	"�#$7    	O# .�O-#.  �OS�� .      UO�' :O)(�3 	�2O6V

  ��� �� ������                    ��2O6V .O�� ��O�0�+ �� WV X�.O� J.)O- �O�2# ,6�O� '.
�Y �� � ��


	# ��. .    .R�+ U��
 7� Z2# 9.)"0      7� 	���)�� �"#$��3 WV .      ���O�� E�-[ ! Q�\� ���S!�

    ��� ! *�+ �� 	�26V  	#  �S�� .Q�AB� U�' ��	�'��0  %�"&� PCR ��� �'.�  	62O&62# ��

 �.)0��R. solanacearum FOG. �'.\ 	��.� ��2#  .      	��O��� 7O� ���O\ 	��O�"� 7O� J!� UO�'  

F�]��     �[ �� �.)0�� U���K ��
 CFU/ml �^�    ��� ���P5 �� �.)0��  ��26V       $' _OK 	O6! �2�  

	"� 7�[.# %�  @�# 7� �$��`aF5��  �� F-3'2� CFU/ml �^   ��26V *�+ ! ��� �� �.)0��  

* �-\W���K $' 	) E��# F��.� ��D�3'� 7� ��S 7b'�' �9!' c�3��D3 �S�' 	��"S��0 :#�3        

 **7/��&# 92d-#  
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'�4�3 ����3 	����"S  .  �.)0�O� J.)- ! �2f[ J!� U�' $' ���()�' ��R. solanacearum �� 

        ��.
 ,\� 7� �� ��26V W�
�� :\�� ! ����           ��O
.��'.K $' ���()O�' �� �3��G ! g2&�3 759   ! 760 

�S ��'� W��3 . :]h\ %� 	=�P)+' �2h� �20 # ��
.��'.Kiaj ��
 7�'�� $' �$�� F(� R. 

solanacearum�3�2�3 ��62�  .      �.)0�O� �2O�! FO�AG2# �O� J!� UO�'R. solanacearum �� '� 

 ���)1�� CFU/ml jk �jkl �jkm ! jkn �2O�3 	����� ��26V *�+ c�S 	"� c��P5 ��  .  MO�5

 	"� C�K ��           ��""0 F]3��# @'.Z' W�2�3 	o"+ p5�� W?2��K F�]�� C�'4G' .� �!<5 �$   ! �


 %�"&� �� ����� F\� C�'4G' ��2# F���3 ��PCR���. .        

�?'!�?'!�?'!�?'!     ��OO��0 ��OO
 ��OO��0 ��OO
 ��OO��0 ��OO
 ��OO��0 ��OO
 : : : :��OO���OO���OO���OO�      	��OO�.)0�� 	OO�.#NK �	OO"�#$  	��OO�.)0�� 	OO�.#NK �	OO"�#$  	��OO�.)0�� 	OO�.#NK �	OO"�#$  	��OO�.)0�� 	OO�.#NK �	OO"�#$����    Ralstonia  solanacearum � � � �PCR � � � �        

	"�	"�	"�	"�    �$���$���$���$��        

        

7#�A#7#�A#7#�A#7#�A#        

 �.)0��Ralstonia  solanacearum  ( Yabuuchi et al. 1995) 	���.)0�� 	�.#NK ������ M#�5

  M#'25 $' 	&� ,�#  C
�0  c�"
�   ��� 92PB#         7O��3 ! .�O-#. QR�"# �� 	"�#$     7O� .�O-#.

	# ���S �!� (Hayward 1991).     �2O�0 ���3�)O�' $' ����O-� �� .O�+' ���6�� �� ������ U�' 

     ��� 92PB# 7� @�S 7� 	�2"� QR�"# �� �=2P+  @��-+ 	"�#$  FO�' ��2�3 ��'!  �.\�O�

.�+   ����V)jlni(�  ! 	Z��� �2A� )jlaj.(      ��.)O- 	3��4�# 7"#'� M�6� 7� �.)0�� U�' �� �$��/# 

��� ! �����V Q�.R $' WV 9�A)3' ! t�)�# QR�"# ���0�+ �� WV X��! 	�"0'.K 4�3 !  70 	��


     F�' M&�# ���-� �3�'� W��"K 	�26V.      25 U�.)��# $' 	&� X\'! ��       UO�' 	3�O�� C"0'.K M#'

                    ,Ob<5 $!.O� W!�O� ��O3!V FG�� �� W?2��K  X�u� ! .�o&� 	��3'2� �� W��"K 	�26V �������

	# ������  �S��)Hayward 1991 .(    g2O�]# v�OD"
 .O�� �����26V ! �.� 	�'2
 ! wV x�'.S

     	# ������ ,b<5 $!.� v�5 ��2# ��. .             	�2O6V ���O�� W�2O� M&O�# .Oy�[ 9�O[ ��

��� 	# ��2# �� � ��
  70 �2S �.)0��R. solanacearum   ��O� xO�2� 	)['.�    �� O� ��O


      ,6�� .
�Y 7� 	6! ��26V        t�)�# z�A3 7� ! .D�� 9�� 7� 	6�� $'  ���� 9�A)3'  .   9.)"0 �'� U�.)��

                   v!�OA# v�O\�' $' ���()O�' 4�3 ! ��26V .�� ���0�+ �� ������ $' ���5 �! � FS�0 ������ U�'
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	# S��   :��� �'.� 70 �    ��3V  7� 	���)��            ! *�O+ �� 	�2O6V ����� E�-[ ! Q�\� ���S!� 

    F�' ����$ F��
' 4b�[ ��� .   .� �!<5 ��S!� U�' F\�  ! F5.� $' ����  	�g�O� F�=�P)+' 

4�3  S�� �'��2+.� "   F�]�� �"3'2)� �� �   7�'�� U���K ��
   �'4���O��� ��
     '� �.)0�O� ��    $' .O)�0 

  �OOOO-+ pOOOO5�� 7OOOO0 	BhOOOO����OOOOP)\' @�	OOOO#  ��.OOOO� �OOOO"���3 	��OOOO���   

(Elphinstone et al. 1996,  Hayward 1991).  

    �.O�u3$ C"O0'! J!� �$!.#'   �$'.O���K �'(Polymerase Chain Reaction, PCR)  @�2OP� 

��.)-             	# �'.\ ���()�' ��2# ��23�� ! 	
�� ���3?2��K 	����� ! ����� �� �' �.� .  UO�'

 S!� �� 7-��A# �� J!�    ���O-� 	�'��O0 ! F5.O� �F���-[ �	��� $' ����� 92�]# ���

F�' �'��2+.� �.�g�� . �.���0PCR    �.)0�O� 	��O��"S �'.O� R. solanacearum  ��O�)1�� �� 

    ��� c�� FG�� �� U���K  FO�' 7)S'� 9�/3� 7� '� 	��� ��#' {��)3 W2"0�� *�+ ! 	"�#$.  7O)/6' 

 F�AG2# 70 FS'� 7�2� ����PCR���� ��  x�'.S ! |�
 	6'2� ��
.��'.K F�=�P)+' 7� �

         �$�� 	# �!�B# '� WV c��()�' ! 7)S'� 	D)-� C"0'! .           $' W'��O&�
 ! M�O� ��O� U�O6!'PCR  

 ����� �'.��.)0�� R. solanacearum   �O3�.0 ���()O�' ��O� ��  .     	��O��� 7O0 �O")G���� �O�3V

�.)0�� U���K ���)1�� R. solanacearum' �� ��� c��P5��  $' ���()�PCR   FO�AG2# �O� 7���
 

��""0 F]3��# �'�'� ���P5 '.�$ F-�3 �'.�
  .�o&� X3�# 70 F�' ����-� ��
DNA 	# |�
 

 �32S(Seal et al. 1992,  Seal et al. 1993).   

        ��""0 F]3��# .� �!<5 70 ��'� W��3 ��S v�u3' @�A�AB� 	62�� ��
�  ���()O�' �'2# 	
� 

    8'.�)�' �� ��SDNA         .�o&� �� ��""0 F]3��# W'2"]� 4�3  DNA  	# M�5   .��"� �"���3   �'.� U�'

  7� 	���)��DNA ��O""0 F]3��# $' ���5         �.O#' �O��"# 8'.�)O�' J!� %O� $' ���()O�' �O


	# .13 7� ��!.y  ���.(Rossen et al. 1992)       8'.�)O�' tO�)�# J!� �� _�O# ! %�.)��K

DNA �.)0�� 7� ��26V c�� $'  R. solanacearum W��3 ��3V @����#$V {��)3 ! �3�2�3 7-��A# '� 

8'.�)�' J!� 7� 70 �'�  DNA  $' ���()O�' �� SDS  �CTAB   8'.�)O�' FO�0 ! DNA-Easy $' 

 8'.�)�' 7� ���\ ! �3�'��2+.� 	�g�� 	�'��0DNA       ��O� c��OP5 $' w2O+ ���O-� FO�(�0 �� 

 	O#  �"OS��(Pastrik & Maiss  2000)   O&�
 ! }O3��.
  W'��   %O�"&� $'PCR    	��O��"S �'.O� 
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 ���"�.)�'R. solanacearum ! �O3�2�3 ���()�' t�)�# 	���G'.~� QR�"# $'      7O0 �O3�'� W�O�3

 ��
.��'.KPS96I  !  PS96H   	O��.� ��2O# ���"�.)O�' v��� �")-3'2� ! ��2� 	=�P)+' ���-�  

R. solanacearum �"
� ����� '� (Hartung et al. 1998). W��
 ��    $' W'��O&�
 ! 2O)�' 9�O�

	=�P)+' ��
.��'.K759  !  760  	����� �'.� R. solanacearum�3�2�3 ���()�' *�+ ��  . ��3V

��""0 F]3��# �2�! 70 �3�.0 ��
��#  �'���K ! M#�0 F�6�]G $' X3�# *�+ �� W'!'.G ��
Taq 

DNA Polymerase .�o&� ! DNA ��1)3' ��2# :]h\ �2�Y ! bpiaj�. 	# � . 70 �.D�� 9�&S'

         	�'��0 v�5 �3�S !.�!� WV �� �2�4# �!.PCR         �2� ��.# ���62�� $' ��3$ ���62�� 4���� �� 

(Ito et al. 1998) .   

   J!� 	�'��0 Q�AB� U�' ��PCR7� W��"K 	�26V ����� �'.� 7�'��   �'N3 ��
l.)0��  �

R. solanacearum ��� �� ��� ��
 ��$�' ��2# *�+ ! 	"�#$FG. �'.\ 	�. 

        

	��.� J!�	��.� J!�	��.� J!�	��.� J!�  

7�'��7�'��7�'��7�'��    �.)0�� ��
�.)0�� ��
�.)0�� ��
�.)0�� ��
        

   $' 	R2��#7�'��  X�� ��
 ��!V       ���\' ! W'!.�S �*'�' �W�. $' ��S   ��26V �'.�    �$�O�

��� v�\�' *�+ ! 	"�#$FG. �'.\ ���()�' ��2#  .7�'�� U�' ��� ��� $' �
  ! ��S '�� 	"�#$

 �'2��i3 ! N �'l�3�S U��]�  .	"�0 U�' 7�'��  �
 x�B# �!� TZC )   �O�'.�0 v2O�6!$ '.O)� (  7O�

                        '.OG 84O6 �'2O# �O� �'.O�
 ,1"#�O3 ! ��(O� 7�OS�[ �O� }O3.�0 4O#.\ ��. @�2=  �2O� W'!  

.(Winstead and Kelman 1952)7�'�� :�
  .� 	��.� ��2# ��
 E�-[ ,\� �!�.�#.K'4������  

�2OO�� �� ! W2OO#$V) ( Nitrocellulose Membrane Enzyme Linked Immuno_Sorbent Assay)  

(NCM-ELISA 	OOO)3V �OOO� 	OOO=�P)+' ���OOO� R. solanacearum �OOO3�'� FOOO/o# C"OOO0'!   

,�-# 	3�+ )jlak.(  

��26V ! 	
�� �'2#��26V ! 	
�� �'2#��26V ! 	
�� �'2#��26V ! 	
�� �'2#    ��3V �$����3V �$����3V �$����3V �$��        

���  �
     ��� v�\�' F�6'.K2� :A/R �� � � $           @�OA�AB� CO�� $' �O3��G ! g2&�3 ���.
 	"�#

��� $           � � ! 9��3 :��� ! ;<=' :-�># $��K ! 	"�#         ��2O# 	��.� U�' �� ! ����. 7��� 8.0
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  FG. �'.\ ���()�' .  ��2O6V F��    7O�
�� �$�O�            �O� 	32�O-3���2� �7O3��� �� .A)O-# ��O


FOO1��CFU/ml  jka)      ! .)#2)G!.)&�OO�' ��D)OO�� $' ���()OO�' �OO� FOO1�� UOO�'Cu"OO�  

Optical Density (OD)  ��e^� U)G. .13 �� ! .)#23�3 OD= 0/45 = 109 CFU/ml ]� U������. 

   F�0 $'i`  7�'�� :)5��      �S ,
'.G �
 ��'$ U-[ )jln` (       :O�!'$ 7� U�62-3' }3.� :���2� !

     7�
�� �� g�� $' �.� U�#2�   ��
`  ���. Q��4� 	.�  .    ��O#� �� ��2O6V W�O
��lk  :O��� 

	)3��     @�# 7� �'.ik   �3�S ��'��D3 $!�  . ��� �!� ������ ,b<5 @�# U�' FS  $' _K

26V ���. :-��A# �
�S ! �� .(Winstead & Kelman 1952)  

 8'.�)�' 8'.�)�' 8'.�)�' 8'.�)�'DNA' ' ' ' �� c��P5 $�� c��P5 $�� c��P5 $�� c��P5 $���� *�+ !  *�+ !  *�+ !  *�+ !         

  7"��� �21"# 7�    8'.�)�' �$��DNA   v�u3' ! PCR��� c��P5 $'     7O� 7O0 	�6�O� ��
   �2OR

    F/-3 7� 	52"P#jk   7� j  F1�� ��               �2O� ��OS z2O��# �.)0�O� W2�O-3���2� tO�)�# ��


 ���. ���()�' .   U�' �'.� _K ��0     ��� 	32(5�y ! 2�)-S $'        ,��O� F�.�02��
 �� ,6�� ��


%�     ���P5 ! '�� ��� W262)�' 7�[�3 $' 	��]h\  �  F/-3 7� �
 ���P5 ! �S �.��^  7O� �  �O� 

F1�� ��
j jk ���^H  CFU/ml     z2��# �.)0�� W2�-3���2� ���..   _�� µl �^^  ���OP5 $' 

  �� ��26V ���µl ��^4�6 .G��   ��""0) �^^�g2# 	��# NaCl   ��� , pH  �^�g2# 	��# Tris-HCl 

!  � 	��#  �g2#EDTA ( �S z2��#  !  @�# 7� ��0.��^7A�\�  �� ��    7O�  _�O� ! 7O��� 

 @�OOO#�7OOOA�\� �OOO� �� �OOOS ��'�OOO�D3 .  �OOO]� 7OOO�[.#��µl �^,�$!4OOO�6 92OOO�B#   

)50mg/ml Tris-HCl 10 mM pH 8( 7� ���. 7G�y' �2G ��0.� ! 732�3   �� �O
�H   7O� 7O���  

 @�OO#�^ 7OOA�\� ��'�OO�D3�3�OOS  _�OO� µlmkk  8'.�)OO�' .G�OO� CTAB M#�OOS 7OO0   

% iCetyl trimethy1 ammonium bromide  � �^^ 	O��#  �g2O# Tris – HCl��/�  �g2O#  NaCl �

�^	��#   �g2#EDTA    @�# 7� ! �S 7G�y' �2G ��0.� 7� �2��^ 7A�\�  ���# U� v��[ ���k 

 7���G. �'.\F.732�3   �
����^^^ 7A�\� �� �!� (rpm) @�# 7� �� ! �3�S ?2(�.)3�� 7A�\� 

 	�!� $�G   �� µl �^^ v.G!.�0 �    M&6' M�#V!4�' )i`:j ( �S z2��#�  ����!� !   �� rpm��^^^   7O� 

  @�#�   �S ?2(�.)3�� 7A�\�  .  $�G	b!�    � ! �S 7)S'�.�   :O626 7    MOA)"# �O��� !  ,O
  ,Ou[WV  

  �.� 923�K!.K!4�' 92�B#      �"L @�# 7� ! ���. 7G�y'   �� F5���^�       �OS ��'� �'.O\ 7O���  .
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732�3     �� �
rpm��^^^    @�# 7� ��  ?2(�.)3�� 7A�\�  �3�S .    %�d�023 ���' w2��  7�=�[ _K

 �"L $'           �� ���' ��#� �� W�S %�+ F5��µl �^^ M�.)�' .hA# wV Q�\� �OS  .   7O]G� .O


µl�$'      W'2OOO"5 7OOO� ��OOO#V FOOO��� 92OOO�B#DNA �� 2OOOD6' PCR �OOO��. ���()OOO�'    

(Pastrik & Maiss  2000) .  

 8'.�)�' �'.�DNA��� 	32(5 �y ! 2�)-S $' _K �	]�/R 	�26V �� 7\�� �� ��� $'   �


 �.�02��
 ��F   ,��� %j        ���P5 ! '�� ��� W262)�' :�[�3 $' 	��]h\ �  �S �.� .  _��µl jkk 

  �� ��26V c�� c��P5 $'µl iik z2��# ��""0 4�6 .G��   ��OS ��� J!� 7� 8'.�)�' M['.# ! �S

�S v�u3' g�� $'.  

�'.� 8'.�)�' DNA ��26V �21"# 7� '�)�' ��+ $'  	52"P# �$��,   !� �O� *�O+ v.O %�  

	��#  wV .)�6        ?2(�.)3�� $' _K ! ���. z2��# 	�2+ 7�  )  7�  @�#��    �� 7A�\� rpm��^(  $�G

	�g��   �S 7)��� �!� . w2��     '��Ou# MO=�[   !� ��  �# 	O�         M�.)O�' .OhA# wV .O)�6  @�2OP�

! �#V�� W2�-3���2� F/-3 7� �^ 7� �F1�� ��   ��
�^ �� CFU/ml n jk �.)0�� W2�-3���2�

 ��26V���. . 8'.�)�' DNA  8'.�)O�' �'.� 70 	S!� Q��h# ���26V W2�-3���2� U�' $'DNA 

FG. @�2= �S ��'� ;.S ��� c��P5 $'.   

 C"0'! C"0'! C"0'! C"0'!PCR        

 ����"�'!PCR[ ��  ,uµl mkM#�S   .G�� 1X PCR  �W?�"��mM m/iMgCl2   �pmol im $' 

  ��O
.��'.K $' %� .
mM i/k  .O
 $' dNTP � Um/j $'Taq DNA Polymerase  ! W?�"�O� µl m 

DNA  ���. 7��� 2D6'.  

.��'.K 	=�P)+' ��
759 	6'2� ��)5´ GTC GCC GTC AAC TCA CTTTCC3´(!  760   �O� 

�6'2� (5´ GTC GCC GTC AGC AAT GCGG AAT CG3´) (Ito et al. 1998)  .O�o&� �'.� DNA  

�S ���()�' . ����&�� PCR  M#�SM&�� %� �� ��#�C  o�� @�# 7� �7A�\� � ��O#�  C o ml 

   @�# 7�� 7A�\� � ��#� C o H�    @�# 7� �/� 7A�\�    _�� lk    �� M��� ��#� C o ��   @�O# 7� 

��   7�3�Z ) FS.�'! 7�[.#( �  ��#�C oe^ 7�   @�# �� 7�3�Z )9�P�'(�  ��#�C o H� @�# 7� �� 

 7�3�Z)F+�� 7�[.#( !  %� �� .�o&� :�[.#��#�C oH� @�# 7� �7A�\�  �2� (Ito et al. 1998) .
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M&�� v���' $' _K  @g2PB# �C"0'! ��
PCR $!��V 9? �!� �� %m/j _K !  $�2G!.)�6' 

 }3� $'        �23 .�$ ���#!.� v2����' �� �4�#VUV �#   �O3���. ��
� .  $'DNA    ?�OG Lambda   ,Of
 

 �� ��SHindIII! ECORI	62&62# .D3��3 W'2"]� S ���()�' �.  

	"�	"�	"�	"�    ���P5 �� �.)0�� �$�����P5 �� �.)0�� �$�����P5 �� �.)0�� �$�����P5 �� �.)0�� �$��        

	"� .Z' F\� C�'4G' �� �$��F���-[ ! PCR ���. 	��.�  .   
 �2O1"# UO�' �'.O� O( F

   W?2��K F\�)jk  ��jkn  CFU/ml (  �� *�+ c��P5 �� _�O� ���. 7��� ���  µl �^^  .O
 $' 

 �� FOOOO\�7OOOO626 ��OOOO
  �OOOO� 7OOOO3�'�� µl �^^x�OOOOB#  7OOOO��3 X��OOOO#  	��OOOO�)3'  

Semi-selective media, South Africa (SMSA)  (Englebrecht 1994)�S z2��# !  �� �^ 7��� 

	)3�� �'.    F�0 W4�
 �2���2&3' ��  ���.  .      $' _K ��S F�0 ����.)0��`a  F5�O�    FO�� 

'.�)�' 8DNA ��2#  ���()�' �")G. �'.\ .  

        

u�)3u�)3u�)3u�)37777        

 	����� ! ����� 	��.� U�' ���.)0�� R. solanacearum  %O�"&� $' ���()�' �� PCR  �O� 

FG. @�2= F�AG2#. C"0'! PCR.��'.K $' ���()�' ��  ��
 	O=�P)+' 759 ! 760 FO-3'2�  

7]h\  c$'�3' 7� �'bp ����.)0�� $'  R. solanacearum  .�o&� '� ����3) ����&Sm�j .( ! ;2y!

         .��"� �2� @!�()# t�)�# x�'.S �� ��S .�o&� �3�� @�S U�'         %O�"&� 	�V��O0 C�'4OG' �'.O� 

PCR ��.)0�� U�' ����� ��  '�)�' 8'.�)�' ���S!�DNA  ! ��
�2)0�G C"0'! PCR  �O"3�# 

 F1��MgCl2 F1�� !  Taq DNA Polymerase7"���  ���. �$�� .9�o# �2h� FO1��   MgCl2  

     �� 	��2� M��\ .Z'      ��
�3�� ! FS'� C"0'! @�SDNA         FO1�� �� ��OS .O�o&� �/�   	O��# 

 �g2O# MgCl2 ! �m/j  ,�4O3V �O['! Taq DNA Polymerase       �.O0 ��Ou�' '� ;2Oy! U�.)O���  

) M&Sj( .  

 PCR3'2�F- F1��      �.)0�O� t�)�# ��
 '�   ��    ��O� ��O� c��OP5     @�2OP� 7O0 	O"�#$

 �2O� ��S ��26V �.)0�� �� 	52"P# $' � �^ ��^eCFU/ml    �O
� ���O��  )  M&OSi( .  �'.O�

    %�"&� 	�V��0 C�'4G'PCR      �$�O� 	O"� .OZ' �         	
�O� c��OP5 �� �.)0�O�       ! FO\� �!� .O�
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     	��.� J!� U�' F���-[���. .���P5                 $' MO/\ *�O+ ! ��O� �	
�O� FOG�� c�2O6V ��O


  8'.�)�'DNA    @�# 7� ��    x�B# �� F5�� SMSA	"� X��#  �3�S �$�� .	"�    pO5�� �$�O�

              %O�"&� �O� 7O&��2h� �OS .�'.� �'4
 �� J!� U�' F\� C�'4G' PCR      	O"� �'.O�
 7O�   �$�O�  

)PCR Post-enrichment(F1�� ��  CFU/ml �^���. 	����� ��� ���P5 �� �.)0��  )&SMl.(   

 $' ���()�' ��%�"&� PCR Post- enrichment2f[    �.)0�O� J.)O- ! �R. solanacearum  

               ��26V 73��� �� 	52"P# @�2P� 70 �3��G ! g2&�3 ���.
 ,\� 7� 7\�� ! ��� ��    ��OS �$��

 ���. W����3 	�26V @�S! W'4�# F�AG2# �� ! �S ��'� ����� �3�2�)M&S`.(  

 %�"&� .D�� C��#$V ��PCR �.)0�� t�)�# ���)1�� 	����� �'.� R. solanacearum ��  

     F�AG2# �� ! �S 7)G. ��0 7� *�+���)1��  �^� jkl� �^�!�^H CFU/ml    '� *�+ �� �.)0��

 �2�3 	����"S .�#'          �'.&� ! 	)+'2"&� .D�� U�AAB# x�2� ��S v�u3' @�]6�h# �"3��
    �.� OK

   ���.D3 ��
��# {��)3 M#�0     g2�]# M&�# U�'      ��O""0 FO]3��# �2�! M�6� 7�     �� W'!'.OG ��O
 

*�+ @�]h\ .�o&� X3�# 70 F�' DNA	# 2D6'   �3�.)M�Sm(   .(Ito et al. 1998)  

M&Sj� F1�� .Z' :-��A# MgCl2  J!� 	�'��0 W�.� g�� ��PCR 	����� �'.� R. solanacearum �� 

  ��2O6V W�O
�� c��P5 .  C"O0'!PCR   FO1�� �O�  mMm/i MgCl2)   W2)O�j! i(  FO1��! �  mMm/j 

MgCl2)  W2)�l! `(.D3��3 �kbj)  W2)�M.(  
Fig. 1. Effects of MgCl2 concentration on enhancing PCR efficiency  for detection of  

R. solanacearum. PCR products (281 bp) using 2.5 mM MgCl2 (lane 1 and 2) or 1.5 

mM MgCl2 (lane 3 and 4). Lane M is 1kb DNA size marker.  
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M&Si� 7)G�� .�o&� @g2PB#  PCR $!��V 9? �!� .�m/j���()�' �� �=��  $' DNA   ��OS 8'.�)O�' 

���P5��� ���     �.)0�O� tO�)�# ��O�)1�� �� 	52"P# �2R 7� 70 	"�#$ R. solanacearum 

  F�' ��S ��26V.   ���32)�j   �� `     @g2PB# c�"
� W��3 PCR�      ���)1�� �� ���.� 7� jkl   �O�

jk� CFU/mlW2)� ! �.)0�� M� .D3��3 1Kb 	#  �S��.  
Fig. 2. PCR products on 1.5% agarose gel, amplified using DNA extracted from plant tissues artificially 

inoculated with various concentration of R. solanacearum. Lane. 1- 4, extracts containing 103 to 

106 CFU/ml of bacteria, respectively, and lane M is 1kb DNA size marker. 

  
&SMl� @g2PB# .�o&� 7)G��  PCR $!��V 9? �!� .�m/j���()�' �� �=��  $' DNA   ��OS 8'.�)O�' 

���P5��� c�� c�S 	"�    O1�� �O� 	52"P# �2R 7� 70 	"�#$F    �.)0�O� tO�)�# ��O
 R. 

solanacearum   F�' ��S ��26V.   ���32)�j   �� n     @g2PB# c�"
� W��3 PCR      �O� �O��.� 7� �

���)1��jkj� jkn 
CFU/mlW2)� ! �.)0��  M� .D3��31Kb 	#  �S��.  

Fig. 3. Amplified PCR products on 1.5% agarose gel using DNA extracted after enrichment of potato 

tubers artificially inoculated with different concentrations of R. solanacearum. Lanes 1-7 PCR 

products amplified from samples containing 101-107 CFU/ml of bacteria, respectively; lane M, is 

1kb DNA size marker. 
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&OOS M��� @g2OOPB#  :OO)G�� .OO�o&PCR:\�OO� ! ��OO� c��OOP5 $' ��OO�  	OO"�#$�.)0�OO� 7OO� ��2OO6V         

R. solanacearum   7O3��� �� ��OS ��26V ��3��G ! g2&�3 � ��.
 ,\� 7� �� .   9!' W2)O� 7O�

        ��.
 ,\� 7� c�� c��P5 7� z2�.#)j( g2&�3 � ' )i (   �3��G !)l(   ���32)� �`  �m   ! � ���.� 7� 

   7\�� c��P5 7� z2�.#  �' ��
   W2)� �,\� 7� Un     W2)� �	("# �
�S �a     W2)� �F/o# �
�S �� �

W2)� ���S ��26V c�� c��P5jk W2)� ! ��S ��26V :�2� :\�� c��P5 �M .D3��3 1Kb.  
Fig.4. Post-enrichment PCR products of tuber and stem tissues of potato cultivars Herta, Nicola and Fiana 

in the greenhouse. Lanes 1-3, tuber extracts; lanes 4-6, stem extracts; lane 7, negative control 

(H2O); lane8, positive control (DNA of R. solanacearum); lane 9, artificially inoculated tuber 

extract; lane 10, artificially inoculated stem extract and lane M, 1kb DNA size marker.  

  

pB�pB�pB�pB�        

%�"&� PCR     W�2� '�'� M�6��      $' ���()�' F62�� ! F5.� �F���-[    g�O� 	��O3'2� 	�    .O#' �� 

        FO�' �'��2O+.� '4���O��� M#'25 X�.� 	����"S .    UO�' ��     ���()O�' �O� QO�AB�  .��'.K $'  ��O
 

   U�AAB# x�2� 70 	=�P)+' </\   ��S J�'4 �2�  W�&#' �����  7O�'�� X�.�    	O3'.�' ��O


 �.)0��R. solanacearum,
'.G ���.  .J!� �.���&� PCR   92O�]# ���OS!� �� 7-��A# �� 

�%�?262G�2# ����� ! F�0 �"3�# �.)0�� ����� �%�?262��  ���S!�  %�?26!.�   !   
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&SM m�    7)G��.�o&� @g2PB# PCR   $' DNA            	�2O6V  �O� *�O+ c�OS 	O"� ���OP5 ��OS 8'.�)O�' 

� 	52"P# �.)0�� 7R. solanacearum9? �!� .�    $!��V�/� �O=�� .  ���32)O� j  �O� n  7O� 

     ���)1�� c�"
� W��3 ���.�j jk�� H �^ CFU/ml 92�� �.)0��    	��# .
 ��     *�+ ���P5 .)�6 

��2#F�'  ���()�'  . W2)�a ! 	("# �
�S  W2)�M .D3��3 1 Kb	#  �S��.  
Fig. 5. PCR products of enriched soil extracts inoculated with different concentraitions of 

R. solanacearum on 1.5% agarose gel: lanes1-7, samples containing 10- 107 CFU/ml bacteria, 

respectively; lane 8, negative control (H2O) and lane M, 1kb DNA size marker. 

 

    �� 	����"S �� �N�2� W2��'��./�
       ��O� 	��O�.)0�� 	�.#NK �"3�# 7)(�3 �������    �'�'� 	O"�#$

    F�' �.)��� 	��� ! F\�.      7� %�"&� U�' F���-[F]3��#  ��""0        *�O+ ! 	
�O� ��O
 $'  

   	OO# ���OOS 7OO� WV c�OO�5 @g�&OOS' �!� Elphinstone et al .1996,  Niepold 1999,)   

2000  Pastrik & maiss(  

 $' 	&� �'4O�'   "O0'! �� ,O�# ���O-�  CPCR  ,�4O3V Taq DNA Polymerase  FO�'   7O� 7O0 

F]3��#  ��""0      732�3 ����P5 �� �2�2# ��
             ��2O# 	�����OS �'2O# ����A� 4�3 ! 	&�?262�� ��


    8'.�)�' �� ���()�'DNA  	O# E�-[ �        .O�o&� �� 9<)O+' �O�2# .O#' U�O�
 ! �OS��DNA 

	#  ��.(Rossen et al. 1992) .2�h# 7u�)3 �-0 �'.� U�'.��"� $' w.� 	")/# ���S!� PCR �� 

     8'.�)OOO�' �'.OOO� �OOO��"# J!� %OOO� $' �OOO��� 9!' 7OOO�[.#DNA �2OOO�3 ���()OOO�'   

(Pastrik & Maiss 2000) .    %O�"&� F�O��-[ ! 	�'��O0 C�'4G' �'.� '�)�' Q�AB� U�' �� PCR 

7"���       FG. @�2= WV �� .Z># ��
�2)0�G �$�� .            c�O""0 U�O�]� COA3 7� 7�2� �� W��# U�' $'
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.�0 ,�43V F�6�]G �� ,�4�"# ��Taq DNA polymerase7"���    FOG. @�2O= WV �$�� .  7O&�3�#$

 ��'�3�)�' F1��mM m/j     :O]h\ .O�o&� �OS ���()O�' ,�4�"# ��.�0  bpiaj    U���OK FO�(�0 �O� 

 7� ,�4�"# ��.�0 F1�� C�'4G' �� 7&�6�[ �� ���. ��
��#mM m/i :]h\ �C"0'! �� bp iaj 

   62� 	�2+ ;2y! �� �S �� .              7O� �O
.��'.K 9�OP�' ,�4O�"# �O�.�0 F1�� C�'4G' ��DNA   2OD6' 

 	# C�'4G' ���� .        ,�43V �$'.���K F�6�]G C�'4G' ��2# ,�4�"# W2�Taq  	# 4�3       .O�o&� ! ��.O

 :]h\DNA�.� 	# @�2= �.)��� 	b'��0 �� |�
  (Newton & Graham 1995) .  M�&O�� 7)/6'

 ��
.��'� DNAW�.� g�� �� 4�3    	O# C�'4OG' ,�4O�"# W2� F1��        ��.O 	O# pO5�� 7O0 �O���

                 �O"��� .�o&� 	=�P)+' .�� �2R 7� �3' 7)G�� 9�P�' .D��&� �� 	��� !� @�2P� 70 	��
.��'.K

 �3�!V ���K '� %L20 @�]h\ $' 	]�u� !) M&Sm�j .(U�'.��"� Q�AB� U�' �� DNA J!� 7� 

CTAB      $' ���()�' �� ! ��S 8'.�)�'    ��
.��'.K 760   ! 759     7]h\ %� DNA  c$'�3' 7�  bp ��� 

732�3 $' ���. .�o&� ��26V ��
. 7�'�� 	����"S   	O3'.�' ��
R. solanacearum     $' ���()O�' �O�

PCR ! ��
.��'.K	=�P)+' 759  ! 760  	# J�'4 �2�0 �� ��� U�6!' �'.� ��. .  �O"L .O
 

�.)0�� !� �
.��'.K U�'   v�O3 7O� .OD��    ��O
Ralstonia  syzgii !      $2O# 	32O+ ���O��� MO#�5  

(Blood disease bacterium) '� 4�3  .D�� @�]h\  ��62� �� DNA :]h\ $' .�� �bp iaj   	����"S

	# ����3 .(Ito et al. 1998) :]h\ ��u�' 	6! bp iaj   	=�P)+'R. solanacearum     	O#  �OS��. 

        +' 	����"S �� �2G c�S ��.� ��&� ��
.��'.K F�AG2#7�'�� 	=�P)  ��
X��   $' ��OS ��!V

G ���6'.)�'� UK'? ! W'2��� �U��� �2� ��S J�'4 </\ 4�3(Ito et al . 1998) 

               Q�.R $' ��26V ���0�+ �� �.)0�� ����� 70 �2� ��'� W��3 	�/\ @�]6�h# {��)3PCR  $' 

 �.)0�� F1�� W�2� g�� @�2= �� xAG ! F�' �'��2+.� �4�L�3 F���-[)CFU/mljk�≥ ( 

 ��'� 	b'��0 .        @�O# 7O� W�'� F�0 �� ��26V *�+ c��P5 '�)�' Q�AB� U�' �� F�5 U��
 7�`a 

	"� F5�� �S �$�� . %�"&� @�2= U�' 7�PCR   ��O�)1�� FO-3'2�  �^j �O� H �^  CFU/ml  

      	"� c�26V *�+ c��P5 �� '� �.)0��    ����3 	����� ��S �$�� .       $' ��2O# UO�' �� MO=�[ {��)3

  	)+'2"&� �'.&� !             ��O�)1�� 7� z2�.# ����"0'! �� 70 ��2R 7� ��2/3 �'��2+.� 	)��Z �.� K  
e �^� jk`!  i �^  CFU/ml� 	=�P)+' �3� bp ��� ��3 ��62� ) M&Sm .(	# .1"�  U�' 70 ���
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     ��""0 F]3��# c�3���\�� $' 	S�3 9�&S'            7O32�3 $' 	O+.� �� 7O0 �S�� *�+ �� �2�2# ��
   �O


�3 | [ M#�0 �2h��2� �� .���.D3 ��
��# 	
�� FG�� c�26V ��
 732�3 �� M&�# U�' . 2)�' 

�.)0�� 	����� �'.� W'��&�
 ! R. solanacearum     M�6�O� 7O0 �O3�.0 ���"O��K *�+ $' �2O�!  

F]3��#  ��""0       W'!'.G ��
  ��      F�' v$g *�+DNA     8'.�)O�' $' �]�   $!��OV 9? �� *�O+ $'

 $�2G!.)&6'�'23 ! ��S �!�[  �3��DNA  FO�0 �� !  '�� �.)0�� Gen clean II �6�O+    �$�O�

S��    _�� ! DNA     �'.� ��#V F��� PCR  ��.O ���()�'  .     7O&"�' 7O� 7O�2� �O�   J!� UO�' �O�

'.�)�'8DNA  FO1�� $' �      *�O+ �� �.)0�O� �g�O� ��O
) CFU/ml e �^(  �O�"�  ng�^ DNA 

 	# F���  ��V�           UO�' $' .)�0 �� �")-3'2)3 �2G U�AAB# ' 6      ��.)0�O� FO1��DNA    �'.O� v$g 

  C"0'!PCR   �3�!V F��� '� .               FO1�� 7O&�3�#$ *�O+ �� �.)0�O� ���O�� W�O&#' 7u�)3 ��

   F�AG2# F�' ,0 �.)0��      g��)[' ! ��2/3 4�#VF]3��#   ��O""0            $' *�O+ 7O32�3 �� �2O�2# ��O


 F�6�]GTaq DNA Polymerase  4�3	# �.�2�� �"���3.  

      �'.O�
 7O� QO�AB� U�' {��)3       �.)0�O� ���O�� 7O0 �'� W�O�3 	O�/\ U�OAAB# @�OS�'4  

R. solanacearum $' ���()�' �� *�+ �� PCRW�&#'  F�' .� K . 8'.�)�' F��DNA �2�+ �� 

 8'.�)�' J!� $' ���()�' .�g�� DNA     .O�o&� ! ���O�� �O� F�' 	#'46' �.)/��"# DNA  �O�

   �.� @�2= .)��� F62�� .      � 70 �'� W��3 U�"��
 �# {��)3	"          $' MO/\ *�O+ c��OP5 �$�O�

 8'.�)�' DNA F\� C�'4G' �� �.Z># v� PCR	#  �S�� . �� %�"&� U�' $' ���()�' �'.� 7)/6'

                 @�2O= ��'4O# *�O+ 	]�/R 	�26V ����� �� WV 	b'��0 	���$�' F�' v$g �X��! �h�

�.� K.  

.�    {��)3 |<+PCR           � ! ��� FG�� c��P5 �� �.)0�� ����� �*�+ $' M=�[    ��2O6V :\�

	"� v�u3' W!�� �.)0�� 7� ��S  F1�� �� �$�� CFU/mljk`  �S v�u3' F�AG2# ��)  M&OSi .(

 70 �'� W��3 {��)3 U�'PCR    	O=�P)+' ���O�� �'.O� 	/��"# J!� R. solanacearum  	O# 

�S�� .	"� .Z'  ! ��� FG�� �� �.)0�� ����� F���-[ C�'4G' �� 	
�� FG�� c��P5 �$��

 <#�0 7\��     	"� W!�� 7&��2h� �2� �2��#          FO1�� $' ��"� �.)0�� ����� �$��CFU/mljk` 

  	"� $' _K 	6! ���. v�u3' 	
�� c��P5 �� g�� 7�      ��O�)1�� �� �.)0�O� ���O�� ��$�O�
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   �� U���KCFU/ml jk     W�&#' ��� c��P5 �� 4�3     �S .� K)  M&Si ! l .(     xAG 7&"�' 7� 7�2���`a 

   	"� �'.� W�#$ F5�� �$��           8'.�)O�' $' MO/\  �$�O� 	O"� v�u3' U�' .��"� �F�' v$g DNA  

 �.)0�� ����� �'.�R. solanacearum	# 7�=2�  ��. .	# .13 7� 	"� ���  �� W�#4�
 �$��
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