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TAXONOMIC STUDY OF ARGININE DIHYDROLASE,  
OXIDASE – POSITIVE Pseudomonas SPECIES ASSOCIATED  
WITH SHEATH ROT OF RICE BY RFLP – PCR OF 16S rRNA 
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���AB 
�� ����� C��*� ���+� * �����D� �"ED! ��	 -F. �
��F�"/ �0 1�20 3�#"!*0"� GD� '45! 6H*���	 �0 I�#J�K =6���$L� =:#+F� ,

�� ����� M�� �*K 9"!6K 6� �0�78�� �� 0���#�8�� ����� �� �� ��+�	 ��� ���F	 ���F��� �6=�F� &*+/ N"FO# �"FP?� * ������F�"�� ���FD 

�D8Q+
 ��+R ����6�� 0�"! .�F�"2 1F��T& * ��UV& 3���+� ���0�0 ��F	 ������F�"��=�F���� �F	 �*+F
 *0 * U��F�8! +8F�-L ��F�B �0 

W& �"X<�*+
 �#�� ��D� .&*+/ N"O# �$��O! ����* �DY	I�DB Z��;"[2 ������ �6=�F� �F���� ���F�Q�+\� 1FT! * YFR� ]"F# ��F	 

+8�-L I�� 6� W�+	 6� ��D���# ����� �DB �� W� =�(?�^! 0�"! �#�F� _�`8#� �	 .�F���� 0���#�8F�� �F#"
 �F� ��+F�	 �F� ��FD���# ��F	

Pseudomonas fuscovaginae=P. marginalis *P. fluorescense 6� �0�78�� �� PCR – RFLP 9J 16S rRNA�D8Q+
 ��+R �(?�^! 0�"! .�F�

 ��"2 1��T& * ��UV& �0�0 �� ��	 "P?� 6� 1;�> Y�U#K ��+� ��	 ��	 ����� I�� IA� 0*�T! �	YF	 6� U��F�8! a�&"#J * ��"2 b� �0

�*+
 �D��#�� �.����� ��	������ �6�^! 0�"! �1!�� a�&"#J ���B �0 �(?P. marginalis 6� Z*�F78! * YF	 6� U��F�8! aF�&"#J �F� *

����� ��	�D8Q+
 ��+R �$��O! 0�"! 0���#�8�� .����� 6� W� c�	 ��	 0���#�8F�� ����� ���@! a�&"#J ����0 �(?�^! 0�"!P. fuscovaginae 
Y�! 6� � � �% �#�0 d#� +��\& * �
���"/ 1!�"< I�+&�!�#0"4# =����.

�J�* ��	 ����L :=YB+/ e+� ,-. ����+8L�� �
���"/ =:#+� 16S rRNA – RFLP 
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!"1P1� .	�?1� QRST 3A"1):�(Sheath Rot Complex) 

.	�?1� �� 3/� .�@ U�,:?D  V �)� J'�� !:S2W �� .��"S# 

 SS'�
 XSS'	 �SS11Y� & Z[�SS� \�SS� QRSST 3A"1SS):� �SS� 

3SS, ]1SS^:� 

�SSA .& %"SS5E, _F�SS*, 	
 .	�SS?1� `SS�� 

�17,�A J'�S� aS1b �S1'
  S� !NS�& 3A"S'	�� �S� 3KF�S*, 	
 

 SS+ 
�SS�� 3*57SS�I  SSCc�,(Booting) & SS#:b 3SS@
 

8	�7Sb dSD�� & �S)� G��S# "S#�� �,
 e@�+ �� !��?@ 

_F�SSS*, `SSS�� 	
 %:fSSSL,  SSSg:� HSSS��W3SSS, 

�SSSA 

(Zeigler & Alvarez 1987, Cottyn et al. 1996, Jaunet 1996).�@ 

3��S��5V�� & 3[	�W H,�D &
  S� `S�� "S6:, HS,�:D ��:S*D

 !"# 3��E, .	�?1� "'� !"S# 
�S>�� .�@�Sh Z$RD �:[ &

 ���, �2'I i):� 3, 0�S)��� �S2*� 3SEW�& j1��� -"#��

 �S)� H4�S, Z$RD(Cottyn et al. 1996, Naeimi et al. 2003).

.�5+�� �:*+�� .�S@ .
"SE5,  S� �S� i9��S, HS,�:D ��:S*D

 !"# �	�aA QRT 3A"1):� !"1P1� .	�?1� "'� `S�� ��  +

  ��"g `1�  S':A  � k:��, .�@ .�S@ .
 `1S'l	I ��"17S+� 

0�':,&
:) �9m, �n&	
"1@  � !"S?D ��:*D `��S� HS,�:D

 "*57S@ .	�?1� `�� �� i9��,)Zeigler & Alvarez 1990, 

Zeigler et al. 1987, Cottyn et al. 1996 ab(. .	


 S��"g -3o1�:S*� 8�1^:fb 0�)� ��  16&� 8�E6�p, .�S@

 SS':A �SS�  ���SS,fuscovaginae P. SS�  SS��"g ��:SS*D .�SS@

 ��"17+� .	�S?1� `�� �� i9��, �9m, �n&	
"1@ .
 `1'l	I

 �)� !"# �	�aA ����� ��)Rostami et al. 2004.( 

 SCc�, "*[ 3,:':7V�� 8�E6�p,  5#�A  @
 &
 	
 .�

 � q:fb Z71'�A	�&�41, a16�'I �� !
�r5)� �� �S@ spS) 	


 36:46:, tR^� 	
 �	 3?2, eK'!
	 "*� 0�':,&
:) .�@

 SV �S)�  5#�
 36�:S� 0�S)� �S� 8�SE6�p, `1S� `S�� �� 

16S rRNA �SS)� !
:SS�  SSg:� 
	:SS,  SS?@ �� e1SS� 

)Young et al. 1992, Vandamme et al. 1996, Jeng et al. 

2001, Jeng et al. 2001, Palleroni Anzai et al. 2000,
Laneet et al. 1985, 1993, Kersters et al. 1996,(

RFLP-PCR �l 16S rRNA � _�:, �&	 u� ��:*D

  ':A a��?� 	
 .�@v*g .�@ -]C5�,  S� q:fSb !&�SA 

0�':,&
:S) .�S@ �*S)	:C�)Laguerre et al. 1994(&

 S��"g 3'l:SC1� 3S)	�� .�S@P. fuscovaginae �S(�
 &

0�':,&
:) �*)	:C� .�@ .�@ QRST 3A"1):� �� !��?@

� J'�� �S)� !"#  5��A 	�V)Jaunet et al. 1995. (`S��

 �)�*# �2g 	
  E6�p,3� ':A .�@ 0�':,&
:) .	�S?1� ��

& QRSST 3A"1SS):� �SS� i9��SS,  5b�*SS#�' &ZSS@ `1SS*[ 

 SS��"g 3/1,:':7SS+�� �1ESSw& `1SS1E� .�SS@ xSS�
a' 

 SSS':A  SSS� fuscovaginae P.  SSS16&� 8�SSSE6�p, 	
  SSS+ 

)Rostami et al. 2004(�S2'I �1@�,  S� j��S, 35S)	


 � !
�r5)� �� 
:� !"�
�(' �:,�I �-3o1�:*� .�@.	�?1� ��-3S� 

�&�� �:SSK' .:SS(6�11.�@�('��SS' & 3SS* 36:SS46:, H,�SS#

�A��TI .�S@:(6� HS1CL� &  S�a>� -v*Sg 3^�f5b� .�@

PCR – RFLP �l 16S rRNA�)�  5��A B�>'� .

���+� N*� 

��* ���0+� �#"�# ��� 6���

 �:� .�@  S'�
 X'	 �11Y� & QRT 3A"1):� Z�RD �� J'�� 

3SD�	� HfS� 	
 ��	"'��, ��5)� .	�416�# y	�a, �����z 

G?g 	&I "# ..& .��)�"gj6�b ��) �S� .	�?1� H,�D .

�&	 �� !
�r5)� .�@ �S��A B�S>'� 3@�(�S��,�I %:S?E, .


�SSE��  SS� 3��SSEpW 	:SS{*, `SS�� .��SS�|/O×��SS� �×�

35'�) �5, & �"g !
:6I & Z6�) ���� `1� �?7W ��  �8"S,

�| �� �O~I �S� 	�S�  S) voS) & ~I �1S# ��� 	
  K1W
 

"'"# :�57# �&�5) �pK, .3*1[ �&�@ i):� 8�EpW `��

 "'"S# �:17'�o):) �&�5) �pK, ~I 	
 & !"1�:V H��5)�.

�� "SSE��O�SS� �| SSK1W
 �OO �:17SS'�o):) �� �SS516&�41, 
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XSSS*1+ ��SSV i1SSL, .&	 	:V�SS,�~)KB ( &
 	


 .�SSS,
 	
 & ip�,	��SSS4��±�� 0:17SSS1C)  SSSg	
 

 (' 	�
 "'"�
�A ..�� "SE�z�3S*CV  S) HW�"Sc �D�S) 

.��S� & ~�S�5'� !��"S'� & XS'	 - H4S# ��L6 �� 8&�r5,

j6�b i1SL, .&	 
"S>, .��)KB "S# iSp�, ..��S�

�"g ��) 
�"E� 	�� �� .	�?1� H,�D .�O�S@ �� 	�S� 
"SD 

 ':?' �� u� �11Y� Z�RD .�	�
  V �@ & ~��5'� "'
:� X'	

 3Lp) .:�57# �� "E�  � 8",�O��OaS1' �S2'I ��  K1W
 

 S':?' .��S� !"# �V� �&	 "*'�, .�S@ .��S)�"g QRST

"# B�>'� .	�?1� H,�D.

������� ��	�(?�^! 0�"! ����+8%�� 

 SS��"g .�SS@ �� _SS1KL� `SS�� 	
  SSE6�p, 
	:SS, 3��SS��5V��

 SS':?' .�SS@GSS?g 	&I %�SS) 	
 !"SS# .���z ZSS$RD �SS�

  SS'�
 XSS'	 �SS11Y� & QRSST 3A"1SS):� )�� SS��"g (-

 SS��"g .�SS@ �SS�R� ZSS$RD �SS�  SSP@�1A �� !"SS# �"SSg 

)| ��"g ( ��"g -.�@  ':?' �� !"# �"g .�S@ GS?g 	&I .

QRT & 	�� �� !"# .�@ %�) �� !
:6I���� �� ���� aV�, 

H,I J'�� 8�K1KL� )��`��5)� ( ��"g &.�S@ 
	�"'�5S)�
(IBSBF 1890) Burkholderia andropogonis-.(IBSBF 199) B.

gladioli pv. gladioli (IBSBF 973) Pseudomonas fuscovaginae-

P. s. pv. syringae (CFBP1655) -P. marginalis &P. fluorescense 

�:174CV �� !"#  12� .�@IBSBF -H���� CFBP - 7S'��� 

!�(���,�I.�5V�� 3)�*# !�(�'�
 .	�S) .�	&��SV B:SCD 

!�SS1A 8�SSK1KL�  7SS):, & SS12� -`SS�&� -	:�SS+ 3/SS#a� 

"#)%&"g �.(

��9"!6K ������ �6��

3*57SS�I  SSCc�, &
 	
 �SS>� J'�SS� B�SSW	� .&	 �:SS,�I

(Booting) SSP@�1A &.�)�|�SS� �O!�&	(�SS��A B�SS>'� .

�:,�I.	�?1� ��3��S� 3*57S�I  SCc�, 	
 �6�� ��@�1A .&	

 _�	a��/O1,3C�S{CT �S� �:17S'�o):) �� �S516�O�cfu 

	
3C1, �S516 ��SV ���z\�S� QRST 	
 .�5V�S�  5D�S) 

"# B�>'� Z[�� . S>*� J*S� .&	 HW�"c .�5V��  ��"g �@

  �:� &
 .&	 ��, 3'�"�
�A .uS� �@ 	
 "@�# 	�?1� .���

  �:� �� �S@ H��5S)� �SpK, ~I �S�  S>*� &
 �S� uS� 
�"SE�

 ��, 3'�"'"# .

I�:,� .	�S?1� ��3S�  SP@�1A  SCc�, 	
 _S�	a� �S� .� 

cfu �O���SSSV �:17SSS'�o):) �� �z.�5V�SSS�  5D�SSS) 

 P@�1A .&	 3SA�� 	�S2[ �S�  S)  SCc�, 	
 J'�S� .�S@ 

)�|���O!�&	 (���A B�>'� .	
 \�� QRT `1� 	
 _�	a�

  C^��|35'�)  SV .	�"SK,  S� & ��"CA sp) �� ��n�� �5,

 �� QRT `1� .��� 

�A )�/O3SC1, �S5, (�S��A B�S>'� .

��"CA �@ 	
  P@�1A 	�2[ HW�"c  S� 	��S4� 	�S2[ ��:S*D

 	
 "@�S# 	�S?1� .���  P@�1A &
 & .�5V��  ��"g �@ .���

 "#  5��A �{' .�SpK, ~I �� �2*� "@�# .�@	�?1� �� u� �@

 H��5)� ��, 3'�"'"# . ��"g 3��@ �&�S4' 
�>�� =g:,  V

HW�"SSc SS� %:SSFmm �O"'"SS# s1SSKC� HSSL, Q��SSF� 	
 

 SSS�  SSS��"g ��:SSS*D.	�SSS?1� ��"'"SSS#  SSS5��A �SSS{' 	
 

)Zeigler & Alvarez 1987, Duveiller et al. 1998,

Zeigler and Alvarez 1990 ( 

���A�J"F?"�U�Q * =������F�"�� Z��;"[F2 ���+� 

 ��"g �	

 ��"g 34�l:6:�a1� & -3��1?1#:1� 8�1^:fb .�S@ 
	:S,

 E6�p,)�O ��"g (���|�:,�I )%&"g �(�� !
�r5S)� ��&

�&	 .�SSS@ "SSS# B�SSS>'� .l:SSS6:1�&�/1, 
	�"'�5SSS)� 

Schaad et al. 2001, Mew and Cottyn 2001).( 

��&*+/ 6�"Q*+8 ?���I

�&�� �:K'  7��K,11`.�@  ��"g 36:C) �@�	:S�&�546� �S�
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Table 1. Origin, characteristics and pathogencity of bacterial strains isolated from rice sheaths 

 J'�� .&	 3��a�	�?1� 

)on rice pathogenicity(

 SSSS��"g !	�?SSSS#

)Strain number(

.��)�"g B�"'� ����

 !"# 

(Tissue used for 
isolation) 

.�  P@�1A  Cc�, 

)seedling stage(

QRT  Cc�,

)booting stage(

HL,G?g 	&I!"# .

)Location(

30, 43 QRT)sheath(++��	"'��, ��5)�)Mazandaran pro.(

34, 42 QRT)sheath(+w+��	"'��, ��5)�)Mazandaran pro.(

39, 33, 35 QRT)sheath(+-	"'��, ��5)���)Mazandaran pro.(

36 QRT)sheath(+w-��	"'��, ��5)�)Mazandaran pro.(

102, 103, 104, 105 QRT)sheath(--��	"'��, ��5)�)Mazandaran pro.(

15, 16, 29 	��)seed(++��	"'��, ��5)�)Mazandaran pro.(

32 	��)seed(+w+w��	"'��, ��5)�)Mazandaran pro.(

114 	��)seed(-+w��	"'��, ��5)�)Mazandaran pro.(

38 	��)seed(+-��	"'��, ��5)�)Mazandaran pro.(

40, 108, 110, 111, 
113, 115, 119, 120, 

121 
	��)seed(--��	"'��, ��5)�)Mazandaran pro.(

123 	��)seed(--0	�� ��5)� )Fars pro.(

201, 204  P@�1A)seedling(++w��	"'��, ��5)�)Mazandaran pro.(

202, 203, 205  P@�1A)seedling(--��	"'��, ��5)�)Mazandaran pro.(

403 j��,�')un known(NT NT ��	"'��, ��5)�)Mazandaran pro.(

 ��"g 
	�"'�5)� .�@ 

P. fuscovaginae j��,�')un known(NT NT IBSBF 973 

PP.. ss.. ppvv.. ssyyrriinnggaaeej��,�')un known(NT NT CFBP( 1655) 

B. andropogonis j��,�')un known(NT NT IBSBF (199) 

BB.. ggllaaddiioollii ppvv..
ggllaaddiioollii

j��,�')un known(NT NT IBSBF (1890) 

PP.. mmaarrggiinnaalliissj��,�')un known(NT NT *

P.fluorescens j��,�')un known(NT NT *

: +.	�?1� ��)virulent(-+W:.	�?1� ]1Ew 3���)weakly virulent(--:.	�?1� �1T ��)avirulent(-NT : ���(' 	��W �:,�I 
	:,)not tested(

* 6&a�� .	�) .�	&��+ B:CD !�(�'�
 	
 
:g:, .�@ 

Strains from culture collection of College of Agriculture, Sari University 
 �+	�,Kb �-1-3r*, "@�# -2
	�"'�5)�  ��"g -P. s. pv. syringae -3
	�"'�5)�  ��"g -P. fuscovaginae -4
	�"'�5)�  ��"g -P. 

marginalis -5 ��"g -�Oz� -6 ��"g -��� -7 ��"g -��z -8 ��"g -�|-9 ��"g -��-10  ��"g -�z-11  ��"g -�|-12  ��"g -z�-13 -

 ��"g�O� -14 
	�"'�5)�  ��"g -B. andropogonis -15 
	�"'�5)�  ��"g -B. gladioli pv. gladioli -16 
	�"'�5)�  ��"g -Acidovorax avenae 

MM,, LLaaddddeerr 11 KKbb ;; 11,, NNeeggaattiivvee;; 22,, PP.. ss.. ppvv.. ssyyrriinnggaaee ;; 33,, PP.. ffuussccoovvaaggiinnaaee;; 44,, PP.. mmaarrggiinnaalliiss ;; 55 ,, 110044;; 66,, 111111 ;; 77,, 111144;; 88,, 1155 ;; 99,, 1166;; 1100 ,,

3344 ;; 1111,, 3355 ;; 1122 ,, 4422 ;; 1133 .. 220011;; 1144 ,, B. andropogonis ;; 1155 ,, BB.. ggllaaddiioollii ppvv.. ggllaaddiioollii ;; 1166 ,, 2299 ((AAcciiddoovvoorraaxx aavveennaaee))
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Table 1. Phenotypic characteristics of bacterial strains isolated from rice  with sheath rot and grain discoloration symptoms  
 #:b)Cluster(  #:b)Cluster* ( 8�1^:fb)characteristics(

D C B A

8�1^:fb)characteristics(

D C B A

�� "1)� "16:� :(Acid from) + V V + "16:� 

2- ketogluconate)Production  2- ketogluconate(

- + - - �:1�:C))Cellobiose( - V V V 8��51' .�1c�)Nitrate reduction(

- + - - �:5+n)Lactose( + + - -  5)��' a16&	"1@)Starch hydrolysis(

- V - - .
–�:*1��	 )Raffinose( + + + - `1�nl ~&�)Gelatin liquefaction(

- + - - `1716�))Salicin( + + + - `1$:� a16&	"1@�O)Tween 80 hydrolysis(

- + V - %:5��:*��)Inositol( - + + V `1$��+ a16&	"1@)Casein hydrolysis(

+ + - - %:51�	:))Sorbitol( + - V V ����r7�)Phosphatase(

+ + + - %:51'�,)Mannitol( - V - - �&�+:SSSS) �� !"SSSS**+ ��SSSS1c� 
�:SSSS, "SSSS16:�

)Production  of reducing substances from sucrose(

- + V - %:51'�
I)Adonitol( V V - - "16:� H2S `1;571) ��)H2S from cystein(

+ + + - %�–%:51��	I )L – Arabitol( + - - - "16:�H2S 8�r6:) :1� �� )H2S from thiosolfate(

V V - - �:56�,)Maltose( V - + + Z�") "��C+ 	
 "#	%|)Growth in NaCl 5 %(

+ V - V %:'���)Ethanol( - - V - ��  57@)Ice nucleation(

+ + V V �:1� 3C,)Melibiose ( V V + + 	
 "#	 C˚��)Growth at 37˚C(

- - - V %:5��5�	�)Erythritol( - - - V 	
 "#	 C˚zO)Growth at 40˚C(

+ V - V ��–%:'��&�� )N – Propanol( - V - - ��*��&�1�)Tyrosinase(

- - - V %:1'�	l)Geraniol ( �� "1)� "16:� :(Acid from) 

�� �1CW "16:� :(Alkali from) + + V V �:6�@�� )Trehalose ( 

+ + V + 8�':6�,)Malonate( + + - + �:C���)Xylose(

- - V V %�–8�	��	��)L – Tartrate( + + - - %���:*1��	I )L – Arabinose(

- - - V 8�&a*�)Benzoate( + + - - %�–�:*,�	 )L – Rhamnose(

- - V V 8n�7+�)Oxalate ( - V V - �&�+:))Sucrose(

*: #:b  $�	� B��A&"'
  � k:��, �@ H/# 	
 !"#�3,"*#�� .�: +�O ��"g �� "^	
 �"S'
:� �S9m, �I �� �5�1� �� �@V:���S� ���� "S^	
 

 ��"g �"'
:� �9m, �@�:�O ��"g �� "^	
 "'
:� 3r*, �I �� �5�1� �� �@ 
*: cluster number from numerical analysis of phenotypic data +, 80 % or more strains positive; v, between 21 – 79 % strains positive 
(numbers in parantheses are percentages of strains that tested positive); -, 80 % or more strains negative 

�&�SSS�118�r6:SSS) H1SSS) 
&
 Z�"SSS) 	:�SSSc 	
 `

"SSSSS# B�SSSSS>'� 3SSSSSC?6  5SSSSS):1��' Z57SSSSS1) 	
 

)Vancanneyt et al.1996, Zarnowski et al. 2001.( �S�

 �&�� �:SSK'  7SS��K,11& 3SS*ZSS@ `1SS*[ �8�1^:fSSb 

.	�?1� ��-3� B�"'� -���a1, ZW	 y:' �"g ��) HSL, & !"# .

 ��"g 3��1���Yg .�@  S��"g "S*[ �S� uS� - SE6�p, 
	:,

 �5S)RV `S�� �� u��@ �� !"*��?' �S@ "'"S# ~�S�5'� .`S��

 ��"g �@ S��"g !��S?@  S��Oz  S��"g &.�S@ 5S)� 
	�"'� 
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��z

P. fuscovaginae-P. marginalis -P. fluorescense -

"*5��A 	��W 3����	� 
	:, 36:/C, 8�E6�p, .���.

h�i�+`8�� DNA �!"#J 

����5SS)�DNA3,:SS'l  SS� �&	0:SS;�	:� ��	�SS4?@ &

(Porteous et al. 2002)&	 .7SS'�o):) 1HSS^�c �: 

��SS+ ���z�5+�SS�  5D�SS) .SSL, 	
 1��SS+ iTSB 

)tryptic soy broth, Merk ( "S# B�S>'�.&	�"SK, e>*S)

 q:CbDNA !�(5S)
 �� !
�r5S)� �� 3,:'l !"# ����5)� 

"# B�>'� �5,:5�:5/o)�.

j�k�`@& �?"A?"! ����� �	+
6�.K 6� �0�78�� �� ��	

 GD� �l�*Pseudomonas 

5 &FF� +3,:SS'l  SSEpW16S rRNA v*SSg 3^�fSS5b� 

SS@�A��TI�� !
�r5SS)� �SS� 0�':,
:SS) .�PS-rev/PS-for 

 � �&	�,"�&&��	�/?@ (Widmer et al . 1998) B�S>'� 

"# .

PS-for (5'-GGTCTGAGAGGATGATCAGT-3' ) 
PS-rev (5'-TTAGCTCCACCTCGCGGC-3' ) e*V�& 

PCR�2' Z>c 	
 3��O�516&�/1,2�1
�A  �.�aSg�  S+ "

-����� u� �{CT �� ���� �� H4�5, e*V�&|/�C1,3	n:S, 

MgCl2 -mM �/O- �@"S1�:;CV:'�� u� �@ �� |/�"Sc�& 

���S, 3C� Z�a'I ��(Taq DNA Polymerase Cinna Gen) 


:�.

��) �#�)�& �� .�1m4�  ,�'��.6&� 1.�,
 	
  C˚�z

� vo) &  K1W
 	�2[ 8",�O b�[  ��#�)�& 8	:^

 �,
 	
 �"#.C˚�z �8",��A��STI �"197[ - K1W
 x

 �DNA �S,
 	
 3,:'l .C˚�� S� 8"S, S� &  SK1W
 x

m/�1�DNA �,
 	
 .C˚�� �8",�"S# B�>'�  K1W
 x.

�2' i7�3�	
C˚��� ���A B�>'�  K1W
 �r@ 8", .

��RFLP +� �D84! PCR 9J 16S rRNA 

.�@�A��TIA1 (5'-GAG TTT GAT CAT GGC TCA G-3' 

)&B6 (5'-TTG CGG GAC TTAACC CAA CAT-3') 

)���S�� �l �*1S) ."S16:� �+�# �b�) (�S1m4� .��S� �l 

16S rRNA ��"g .�@3)	�� 
	:, 3����5+�� �!
�S� 	�S+

 "S#(Monceau and Horvais 1997) . e*SV�&PCR 	
 

�2' Z>c3�|OJ*S� �� H4�S5, e*V�& k:C�, �516&�41, 

�516&�/1, �S{CT �S� ���� �O�S���� )ammonium sulfate mM

�OO-)z/�pH(Tris–HCl -KCl Mm|OO (-MgCl2 mM|/�-mM�|/O

-�@"1�:;CV:' �� u� �@ ��pmol �OJ*S� & �A��STI �S@ �� 

���, 3C� Z�a'I �� "c�&(Taq DNA Polymerase Cinna Gen) �S� 

���A B�>'� �C4��):,�� !�(5)
 �� !
�r5)� ..�S1m/�  ,�'��

 �A��SSTI .��S� .�S@ A1/B6SS� .�SS,
 	
  SS16&� �S#�)�& �

�|  g	
  S� voS)  SK1W
 	�S2[ 8"S,�O�S� �|H41S) 

 � �S,
 	
 �"# �#�)�& 8	:^.C˚�z8"S,  S� S� x

 � �A��TI �"197[ - K1W
DNA �S,
 	
 3,:S'l .C˚�O

 � 8",�m/� &  K1W
 x1�DNA�,
 	
 .C˚�� S� 8"S,

�"S# B�>'�  K1W
 x.�S2' i7S�3�	
C˚��S� 8"S,�O

���A B�>'�  K1W
)Monceau & Horvais 1997.( 

��1F��T& * ��UV& 1FT! ��F	 �6�F� ��4F� * N+F�

"P?� ��	Y�U#K ��+� ��	IA� 0*�T! 

8n:fL, 3?�a'I Z�@PCR 9J16S rRNA uS��@ �S�

Z�aSS'I �� .�SS@AluI-Taq1)Fermentas (Z�aSS'I &.�SS@

Hinf1 -HindIII-Msp I)Takara ( 0�SSSSSS)��� 

Z�aS'I !"'��S) �+�#  1^:� S>'� �S@ "S# B� .8n:fSL,

 Z�aS'I �� xS� �S@ 3S?�a'I Z�S@ �� H^�c �S@ .��S� �l 

16S rRNA 	%l .& .�@|/����S� 	
 �	�SAI "^	
 TBE 

)mM EDTA �-Tris – MHCl�/O-Boric acid [pH 8] -M�/O(�� 

�SS��� ��SS56&V/cm | SS� @!��"SS'� �('��SS' uSS� !��SS? 
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��|

)Size marker (bp �OO"# �	:�&�546� .c .:(6� �� H^�

 �&	 �� !
�r5SS)� �SS� 8�SSEpW 3SS?�a'I Z�SS@UPGMA &


	�SSV�g =��SSw)Jaccard (  SS,�'�� �SS� &B�SS' 	�aSS��.

MVSP"*5��A 	��W a16�'I 
	:,.

V�8#�

 ':?' .�@ GS?g 	&I 3A"1S):� .	�S?1�  S� R5S9, !"S# .

J'�S� QRST & 	�S� 	
 �	 ZS$RD �� 3E1)& ]1F -QRT

 "'
�
 ���' .' �� QRT .&	 Z$RD !:2W k�K .� /6 �� .�S@

&!:2W .�@	�:' �� .�QRT H,�+ 3A"1):� 3@�A &-�1Y5, 


:� .

 ��"g  ?@ .�@.	�?1� �� SP@�1A  Cc�, 	
 .��� "SE�

 HSL, 	
 �&	  ) �� &
 G��S, S'� 
�S>��  5b:7S�I k�SK' 3

!:S2W voS) &  5b:7S�I .�S@	�:'  S�  V "'
:?' .�!�S1� 

 � �� J*� %:F�O35'�) �5, "'"S# H�"9� \�� QRT .&	 .

�� "SSE� �&	  SS) �SS� &
 Z[�SS� \�SS� QRSST .&	 ZSS$RD 

G��, '��"5�� -3  �  SV "'"S# �@�Sh  5b:7S�I k�SK' 8	:^

  46 `�� vo) �@& !"# !�&�4' �8	:^ !�&�4' .�@	�:' 

�S� & n�S� Q�F  � .�57V�b X'	  �1�HSL, `G��S, S'� 3

"'
�V ����1� . /6 `�� �@8"S# 8	:S^ 	
 	
 3A
:S6I

 !:S2W XS'	  S� & "*5��� ��57A QRT %:F B�?� .�!�S1�

 "'
�
 X'	 �11Y� .QRST .&	 ZS$RD �S2*� a1' .
	�:, 	


 Z[�� \��  �  46 8	:^ .�@ !:2W �� .�57V�b .�	
 !�1�

 "# 
&"L, s1KC� HL,  ��"g 3��@ �S11Y� =Sg:, �S2*�  +

	�SS� XSS'	 3SS, �SS@ "'"SS# SS�  SS��"g ��:SS*D .�SS@��:SS� �SS� 

.	�?1� 3��� "'"S# ~:7L, ]1Ew . S#:b 	:S2h �S@ ��

QRT 
	�:, �5�1� 	
 !
:6I .�@  � 8	:S^ jW�S' 8	:^ 

3, ���A .� .	:F  V�S25'� B	�S2[ xS� �S� B:S) xS� 3�

�	�b QRT ��  #:b 3?'  PC9*S) 	:SL, & "# �S@ "S#	

"*5SS#�
 jW�SS' . SS#:b .�SS@ .�	�
 =SSCT� !"SS# �@�SSh

 PC9*) .�S@ S'	  S� & !
:S� �:S� 	
 �S� & .�57SV�b X

!:S2W X'	  � 3A
:6I 8"# 8	:^ .�XS'	 �S11Y� !�S1�

"'
�
 . '�
 �@QRT &.�S@ �� "SE� �&	 !
 !
:S6I G��S, S'� 3


	�:S, =CT� 	
  V "*5��A 	��W 3����	� 
	:, Z$RD  E):�

.�5V�� .�@ �*)	:C�.	�?1� ������ �� !:9'� �1E?g �� �S@

"'"# .��)�"g.

H1CL� &  �a>�  #:b .�!
�
 .�@ �:,�I �� H^�c .�@

 �&	 !
�r5)� �� 3o1�:*�UPGMA !
�S)  ���S� =��w &

)Simple matching ( ��"g  + 
�
 ���' .�@  SE6�p, 
	:,

)�O ��"g ( ���S� sp) 	
�O S#:b 	�S2[ 	
 "S^	
 

	��W a��?5, 3, :�SD &
 HW�"Sc .�	�
 B�"S+ �@  + "'�1A 

3, "*S#�� . S��"g .�S@zO&�O�  S� xS� !&�SA 8	:S^

 .:�D!&�A "*� "'"# .)H/# �.(

 SS#:b  SS?@ �SS@�:SS,�I 	
 .�SS@B�SSA e*SSV�&=�:SS� 

�1)�7c =-��:6 "16:�  SW	& �"S1'�26 .�S@ 3S*1,� =1S) =

`16:/)� a16&	"1@ =`1�:�	I -�I !	&� ="S#	 -%&"S*�� "16:�

.��:@ �1T i���# 	
 =e*+�& 
	 HS15,)MR(-VP ="S#	

 � .&�SSc i1SSL, 	
 ̀ 1'nI�SS5� & `16:SS*� =�� "1SS)� "SS16:�

 .
 �� �1CW "16:� -�:'�, & %:51716&
–8�	��	�� =& `1'l	I 

:+1��:S,�I 	
 & "*5S#�
 3Sr*, e*+�& 8�* .�S@ -�n�S��V

 XS'	 "16:� -�*S)	:C�  S'�
 a16&	"S1@ -��"17S+� -�n�S��V

 Z�") "��C+ 	
 "#	 -`1'l	I�%�5� �� !
�r5)� -1�& `"16:�

 �� �1CW �9m, e*+�& 8��51) & 8�;6�, -8�5)� "S'
�
 ���' .

 #:b A�n&	"S1@
 `1S'l	I ��"17S+�  ��"g �r@ H,�# 

��:S�  S+ 
:� �9m, .	�S?1� 3S��� "*5S#�"' �	 J'�S� .&	 .

`S��  S+ 
�
 ���S'  #:b `�� 3o1�:*� 8�1^:fb  7��K,

  S':A �S�  ���, 8�1^:fb .�	�
  #:bP. putida 
:S� .

 SS��"g �� 3SSb��  SS[�A� .�SS@ �� 3�SSE� 	
 �5SS)RV `SS�� 
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���

1A��.* ��UV& 6� 1;�> m�+
*�#0 ��"2 1��T& ���0�0 ����� �f�&"DQ Z��;"[2 6� 1;�> ��	 ��F� ���F�+8%�� ��	

:#+� 6� ��� d#� +�\& * ,-. ����+8%�� �
���"/ Yg-< �� ��	 �#�0)0 �	 ����� Z�[`@! �*�� ��'�� ��!K .(

Fig. 1. Dendogram based on  cluster analysis of phenotypic data of bacterial strains recovered from rice plants 
with sheath rot and grain discoloration symptoms (characteristics of strains are shown in Table 1). 

�:,�I �@`�� �� 8&�r5, �S� .�5�S1� �@�9S# & "'
:�  ':A 

P. fluorescens biov III"*5#�
 .�&�� �:SK'  7��K,113S*

 ��"g �@ #:b `��  S��"g  S+ 
�
 ���S' .�S@�O� -�O| -

��O -��� & -��|UR,�SS+ HSS1�&�� .�	�
 "SS'
:� 32���SS, .

 ��"g .�@��� &zO� ���S)  S� �97' .��	&
  C^�� 	
 

��A 	��W  #:b `�� .��D� "S*5 B�"S+ �S@ &.:S(6� .�	�


 "'
:� .
�r� �fL*, .�&�� �:K'  7��K,11��  #:b `�� 3*

 ��"g .�@ 
	�"'�5S)� marginalis P. &P. fuscovaginae 

 ��"g �� x� �1@  + 
�
 ���' �@ ���S,  S��"g &
 `S�� ��

"'
:9' . ��"g���  � � �� !"S*��?'  ��"g ��:*D S�  S#:b `

8�E6�p, .���36:46:, "# ~��5'�.

 SS��"g .�SS@  SS#:bB ���SS� spSS) 	
 �O"SS^	
 

 ��"g H16
 `1?@  � -"'
�
 ���' .�1Y5, 8�1^:fb .�S@

 ��n��  ���� sp) 	
  #:b `��)�z"^	
 ( 7S��K, 
	:,

 "*5��A 	��W . )  �  #:b `�� 0�)� `�� ��!&�A��� B1 -

B2 &B3 "SS# xSS1/r� .3o1�:SS*� 8�1^:fSSb  7SS��K,

!&�A��� B1 ̀ ��5S)� `1S� ��  V 
�
 ���' .�S@ & ��"17SV�

 .
 `1'l	I �	  ���S� `��5�S1�  7��K, 
	:, �9m, �n&	"1@

 � P. putida - `1S�nl a16&	"1@ �:,�I 	
 "*[ �@ "*5#�


 �I �� �:SS�:� .&	 �1)�7SSc �:SS� e*SSV�& & ��*1517SS6

UPGMA

Simple Matching Coefficient

15
16
40
32
33
36
39
38
34
35
30
42
43
104
108
120
103
119
114
118
113
121
201
102
105
110
115
111
123
403

0.64 0.7 0.76 0.82 0.88 0.94 1
0.8
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���

"'
:� 8&�r5, .3o1�:*� 8�1^:fb !&�SA���B2 
�
 ���S'

 `��!&�A�����n��  ��3��S�P. fluorescens biov I
	�
 .

`��!&�A��� "S*W �� "1)� "16:� "*'�, 3��1^:fb 	
 .�S@

 �� %:SS51'�
I & %:SS5��:*�� -%:SS5��:*�� -�&�V:SS) -�:6�SS@��

!&�A��� B1 "'
:� 8&�r5, .�&�� �:K'  7��K,11&
 `�� 3*

!&�A���  S��"g  V 
�
 ���' .�S@��� -��� -��� & -�O� 

�����!&�A B1  SV 36�Sc 	
 "S'
:� 32���, �:K' .�	�
 

 ��"g .�@��z &��� 8&�Sr5, & ZS@  ���, �:K' .�	�
 

�(�
 .��D� �� "'
:�Z@`1S*[  S��"g .�S@��O -�Oz &

�O�)!&�A��� B2(�&�� �:K' .�	�
 a1'113*& ZS@  ���,

 �� a��?5,!&�A��� B1"'
:� . ��"g  ?@ .�@  S� k:��, &


!&�A��� �%&)B1 &B2 ( S� `��5S)� aSg��z J'�S� .&	 

�1T.	�?1� ��"'
:� . ��"g��z XS'	 �S11Y� =Sg:, �S2*� 

ag3� '�
 	
 �@"#.!&�SA��� B3  S��"g  S) ���O-z�

&z�J'�S� .&	 �S2'I 3S(?@  SV !"S# H14�� .	�S?1� ��

"'
:� . 7��K,  ��"g `�� 3o1�:*� 8�1^:fb �S@ 
�
 ���S'

 5, 8�1^:fb �2'I  V8&�r  ��"g �� .�� .�S@ & ��"17SV� 

"'
:�  7��K, 
	:, �9m,�n&	"1@
 `1'l	I . S��"g `�� �S@

 "S16:� -3S*1,� =1S)  SW	& �"1'�26 	
2- ketogluconate 

 ���SSSSS, %:SSSSS5��:*�� �� "1SSSSS)� "SSSSS16:� B"SSSSSD &

P. fuscovaginae  SS��"g `SS�� 3SS��F �� & "SS'
:� �SS@ 

)!&�A��� B3 (�:,�I 	
 .�S@ ��S51' .�S1c� & ��*1517S6 -8

.�,
 	
 "#	 C˚���I �� -)P. fuscovaginae ( & a��?5,

 ���,P. marginalis "'
:� . ��"g `�� �S@ �:S,�I 	
 .�S@

 %:SS51'�
I & ��V:SS) -�:6�SS@�� -%:51�	:SS) �� "1SS)� "SS16:� 

"SS'
:� �SS1Y5, . SS��"g y:SS?>, 	
 .�SS@��z -�Oz &z�

 SS�  SS��"g ��:SS*D .�SS@� �� uSS� �SS@ �� !"SS*��?'  SS) `SS� 

!&�SSA���)B1 -B2&B3 ( �5SS)RVB8�SSE6�p, .��SS� 

"'"# ~��5'� 3C1?/�.

 ��"gzOxS� 	
 3o1�:S*� 8�1^:fSb ��SL6  �  + 

.:�D x� !&�A!&�A "*� �1^:fSb .�	�
 -
:S� !"# .

��  ���, 3o1�:*� P. fluorescens biov III  
:� . ��"g `��

  P@�1A  Cc�, 	
  [ J'�� .&	 .�	
  [ &QRT  Cc�, 

.	�?1� ��
:9' .

 SS#:b C`1SS'l	I & ��"17SSV�  SS��"g �SSr@ .�	�


�SS9m, �n&	"SS1@
3SS,  SSCc�, 	
 �SS2'I 3SS(?@  SSV "SS#��

 P@�1A .�J'�S� .&	 .	�S?1� �� S��"g �S2*� & "S'
:� ��

.	�?1� 3��� �S#�
 J'�S� .&	 QRST  Cc�, 	
 3r1Ew .

 SS��"g .�SS@ �� .a��SS?5, �1^:fSSb !&�SSA `SS�� �SS(�


g ��" .�@ "'
�
 ���' QRT 3A"1):� �� i9��, 
	�"'�5)� .

�&�� �:K'11 ��"g `�� 3* �@ S��"g  SV 
�
 ���'��-�z-

�| & -��`1S� `S�� ��  SV "'
:�  ���, �9��K� �:K' .�	�
 

 ��"g�|3o1�:*� 8�1^:fb ��L6  � �	 .�5�1� �@�9# 

�&�� �:K' &11
	�"'�5)�  ��"g �� 3*P. marginalis ���'

 
�
 . ��"g .�@��-��&���&�� �:SK' B�"SV �S@113S*

SS� �fSSL*,  SS��"g ���SS) �� 8&�SSr5, & 
�SS� �SS@ -"*5SS#�


 ��"g .�@�|&�z�5)RV `�� �� 36:/6:, 8�E6�p, .���

"'"# ~��5'� 

 S#:bD SS��"g &
 .�	�
 �|&��3S, 	
  SSV "SS#��

 .:�SD u� !&�A �� 34�
a' 	�17�  C^��zO!&�SA "S*� .

�)� !"# . ��"g .�@ �5)RV `��.	�?1� ��3S� �	 ."�"S#

 "'
�
 ���' J'�� 	
 QRT  Cc�, 	
 .8�1^:fSb  7��K,

 SS��"g 3o1�:SS*� 	
 �SS2'I  SS+ 
�
 ���SS' �5SS)RV `SS�� .�SS@

�:,�I .�@ ��A "16:� -�I !	&�H2S 	
 "#	 -8�r6:):1� �� 

B�EF u?'�%-�:SC��� �� "1)� "16:� - ��*15176 -& �:S191C,

%���� %:SS51��	I P. fuscovaginae "SS'
:� a��SS?5, .`SS��

 ��"g �@�:,�I 	
 .�@ 	
 "#	C˚���:56�, �� "1)� "16:� -

�SS1Y5, %:'�SS�&�� �� &"SS'
:� .�&�� �:SSK'  7SS��K,113SS* 

 ��"g `�� �@�� .a��S?5, �:SK' .�	�
 �S2'I  SV 
�
 ���' 

P. fuscovaginae "'
:� . ��"g��' .�	�
 �� a��?5, 3#:K
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���

 ��"g�|��  ���, &P. marginalis
:� .

!N�& .�@�A��TI v*g .0�S)� ��  + 0�':,
:)9J

16S rRNA!"# 3c��F -"'� �
�V a��?5, & j1��� .���

 ��"g .�S@  S��"g �� 0�':,
:S) v*Sg  S� _SCE5, .�S@

v*g J'�� QRT 3A"1):� .	�?1� �� i9��, & u�
a' .�@

)B. gladioli  -B. glumae -Acidovorax avenae ( &

Z@ `1*[  S��"g 3��S��	� .��S� .�S@ .�	�
  SV 35*S)	:C�

  SS':A �� 8&�SSr5, 3o1�:SS*� 8�1^:fSSb .�SS@ %&�"SS5, 

S� -"S'
:� v*Sg `S�� 	
 !"S#  5b�*# "S#  S5��A 	�SV .

.�@�A��TIPS-rev PS-for/ 3,:S'l  SEpW �S1m/� =g:, 

 � 39��K� %:Fkb��O  ��"g  ?@ .��� @.�	
  E6�p, 
	:,

 "'"# 3)	�� `��)H/# �.(

 SSS��"g 	
 .�SSS@ 
	�"'�5SSS)�B. andropogonis &

gladioli pv. gladioli B.  S��"g &��)Acidovorax avenae(

 �  EpW J1@ -!&�A �� �	�b .��D� ��:*D .�"�S' �S1m/� .

 S��"g 3,�?� 0�)� `�� �� .�S@  SE6�p, 
	:S,  S� ��:S*D

:) v*g .��D�"'"#  5b�*# 0�':,&
 .

8n:fSL, �� HS^�c ��� .:(6�PCR 3S'l  SEpW 

16S rRNA ��"g 3,:':7+�� �1Ew& 3)	�� .��� .�S@

 spS) 	
 J'�S� �� i9��, �9m, �n&"1@
 `1'l	I & ��"17+�

 &  ':AZ@`1*[ S� �2'I `1� x151'l:C1� i��&	 3)	��  	�S+

 "#  5��A . ��"g 	:{*, `�� .��� .�@"*��?' !"# ~��5'� !

)�� ��"g ( #:b �� .�S@A-B-C&D S��"g  S) �S�

 
	�"'�5S)�P. fuscovaginae -P.marginalis -P .fluorescens 

"*5��A 	��W  E6�p, 
	:, ..�@�A��TIA1 &B6 3S'l  EpW 

 1c�'  � k:��,16S rRNA � 3S9��K� %:F1250bp 	
 �	 

 ��"g �� x� �@ 1m/�  E6�p, 
	:, .�@"'
:?' �.

Z�a'I `1� �� .�@Z�a'I - E6�p, 
	:, .�@ 3S#��Hinf I

&TaqI�� B�"+ �@ ��	 ��S� .:(6� `��5�1� ��� .:(6� 

 ��"g `1� 	
 .�@ "'
�+ 
�>��  E6�p, 
	:,)H/# �.(


	�"'�5S)�  S��"g 8�SE6�p, `S�� �� HS^�c J��5' 0�)��� 

P. fuscovaginae U�597'  C^�� 	
 97S' .	&
 ���S)  S� �

 ��"g �1�:'l 	
 �@I	��W 3,
�1A .x�
a' `���  � �1�:'l

 �1�:'l �I II '�� 
�S>�� ��S� .:S(6� 0�)� �� �2*�  + 

Z�aS'I i):� !"#HinfI)��S� .:S(6�B(a��S?5, �I �� 

3, 
�A .�1�:'lII  S��"g &
 �� �Oz &�|!"S# H1/�S� 

�SS)� . SS��"g J��SS5' `SS�� 0�SS)� �SS��Oz �� !"SS# �"SSg 

 P@�1A �@ ��"g �� 3/�
a' 3/15'l  p��	�|
	�
 .�1�:'l

III  #:b �� !"*��?'  ��"g  ) �� .�@A&B!"# H1/�� 

�SS1�:'l xSS� 	
  SSE6�p, `SS�� 0�SS)� �SS�  SS+ �SS)� 

	��SSW3SS, "SS'�1A .xSS�
a' �SS1�:'l `��SS� �SS2'I  SS� �SS@ 

�SS1�:'l .�SS@I&II3SS, .	&
  CSS^�� 	
  SS+ "*SS#�� 

�2'I  � �97')�z	
 ���� "^ (0�S)� �S�  S+ "'	�
 	��W

 iSSS):� !"SSS# 
�SSS>�� 
�SSSr� �fSSSL*, ��SSS� .:SSS(6� 

Z�a'IHinfI)��� .:(6�C(�S1�:'l �S(�
 & �S2'I �� �S@

a��SS?5,3SS, "SS'
�A .�SS1�:'lIV :SS(6� �� HSS^�c .�SS@ 

PCR – RFLP  S��"g H,�S# .�S@  S#:b &
 �� !"S*��?'

 8&�r5,C&D)��(
	�"'�5S)�  S��"g &P. marginalis 

3SS, "SS#��.�SS1�:'lV SS��"g &
 H,�SS# �Oz  SS��"g &


	�"'�5)�P. fluorescens
:� .�� 3/�
a'  C^��  #:b `��

  #:b ���)  � �97' 	�2[  #:b �S@ �S#�
 . S��"g�O� 

 � �1�:'l  ��"g �2*� ��:*D VI �97S' 	&
 	�17�  C^�� 	


  ��"g ���)  � !&�A �@ "S*� "S# ..0�S)� �S�  S��"g `S��

:SS(6� Z�aSS'I iSS):� !"SS# 
�SS>�� ��SS� .TaqI���SS) �� 

 ��"g �@a��?5,3,

�A)H/#z&%&"g �(.

pT� 

�S��5V�� 3A"1S):� uS1o1� Z$RD ��  ���, Z$RD3�QRST 

(bacterial sheath rot) (Ou 1985) !:S2W 3A"1S):� &.�

QRT(Miyajima et al. 1983)& 
&"SE, 
	�:S, 	
 �S2*� 
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���

1A��.#�+�V#6 bD%�* :��8 ����� 6�+! ��/ �� 3�#"!*0"� GD� �;�[82� ��	+
6�.K �� �(?�^! 0�"! ��	.

Fig. 2. Amplification of specific fragment (990 Kb) using Pseudomonas-selective primers in strains isolated 
from rice. 

1A��.ZH"[T! ��� 0�V�� N+� ��	"P?�PCR �#J �(^R16SrRNA��+� Y�U#K �� HinfI.

Fig. 3. Electrophoretic patterns of PCR-amplified fragments of 16SrDNA after HinfI digestion.

M+%��! =Kb �q10���#�8F�� ����� =P. fuscovaginae q20���#�8F�� �F���� =P. marginalis q30���#�8F�� �F���� =

P. fluorescens q4����� =��q5����� =�hq6����� =�r� q7����� =�r� q8����� =��� q9����� =��q10 ����� =

�� qM2 +%��! =bp �rr.

M1, ladder 1kb ; 1, P. fuscovaginae ; 2, P. marginalis ; 3, P. fluorescens ; 4, 15 ; 5, 16 ; 6, 201 ; 7, 204; 8,114; 9, 
35; 10, 42 ; M2, ladder 100bp.

B	�SSF B�SSW	� .&	 & .	�416�SS# GSSr��, _F�SS*, 	
 �5�SS1�

"# !"�
 3?#�@.

�:,�I 	
 !"# 
�>�� Z$RD.	�?1� ��3� ���S, Un:S?E,

  ��"g `1� 	
 Z$RD 8"#  [�A� 
:� .�@  S��, 3S'� !"S#

 �#�
 8&�r� .�� �2*� .	�?1� .l:6:1�� `11E� 0�)� `�� ��

 ?, Z$RD 0�)� �7S1' `/ .8�SE6�p,  SD:?>, 0�S)���

 �&�� �	:�&�546� -3o1�:*� 8�1^:fb �� H^�c1136:C) `

�l ��� .�@:(6� a16�'I &16S rRNA  SV "S# j��S,

 ���5V�� H,�:D3�	
 QRST 3A"1S):� .	�S?1� �S� .
"E5, 

 ��"g & "*57@ k�9�	� .�@  S� _S1KL� `�� 	
  E6�p, 
	:,

 v*Sg ��  ':A `�"*[ Pseudomonas "S'	�
 _SCE� .`S��

v*g  � v*g �� 34� ��:*D .�@ 	
 H1b
 %&�"5, & 3C^� 

1000 bp

500 bp

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1M

M2 3 5 6 7 8M1 1 10 92 4
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�zO

1A��.��	"P?� 6� 1;�> m�+
*�#0 PCR – RFLP �!"#J �(^R 16Sr RNA �F� �0 �F(?�^! 0�"F! �F�+� Y�U#K :D/ �� 

* 0���#�8�� ������r-. �
���"/ 1!�< s`8D! ����� :#+� ,)�*�� �0 �	 ����� Z�[`@!�'�� ��!K .(

Fig. 4. Dendrogram based on 16S rRNA – RFLP patterns using five restriction enzymes from three standard 
strains and ten selected srains isolated from rice sheath rot (characteristics of strains are shown in Table 1). 

*�& VI –a�&"#J ��	"P?� 6� 1;�> ��	 PCR – RFLP �!"#J �(^R 16S rRNA�(?�^! 0�"! ��+� Y�U#K :D/ �� 

*. Genotypes numbered from  I to VI  represent  the combination of restriction patterns of 16S-rRNA genes 
digested with five individual restriction enzymes  

�*���.a�&"#J ZH"[T! N+� U�?�#K 6� 1;�> ��	 PCR 9J16S rRNA 
Table 2. Genotyps determined by analysis of RFLP patterns of amplified 16S-rRNA digested with restriction enzymes  

�1�:'l*

Genotype * 
 ��"g 
�"E� 

No. of strain 

Z�@ �� H^�c ��� .�@:(6� 8n:fL, 3?�a'IPCR �l 16SrRNA1 *

Restriction patterns of  16S-rDNA digested with enzymes ** 

Taq I HifIBamH IMsp I Hind III 

I1AAAAA

II 1ABAAA

III 3ACAAA

IV 4BBBAA

V2BBABA

VI 1CBAAB

*:�1�:'l .�@ I  �� VI���' "*@
Z�a'I x� �@ �� H^�c ��� .�@:(6�  D:?>, !3, 3#�� .�@ "#��.

*: Genotypes numbered from  I to VI  represent  the combination of restriction patterns of 16S-rDNA genes digested with five 
individual restriction enzymes  

** : �@ i):� !"# 
�>��  ���, ��� .�@:(6�Z�a'I x� � �@ \	a� Q&�c 8	:^)C–A("'"# j��,.

**: Groups of similar restriction patterns of each restriction endonucleases are designated by the same uppercase letter (A – C). 

UPGMA

Jaccard's Coefficient

p.fuscovaginae
15
204
114
42
111
P.marginalis
16
35
34
P.fluorescens
104
201

0.28 0.4 0.52 0.64 0.76 0.88 1

0.66

II 

III 

IV 
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�z�

H,�:D �� H^�c  '�
 X'	 �11Y� & QRT 3A"1):� .	�?1�

�SS��5V��3��SS)� !"SS#  5b�*SS# .!"SS'	�
�� 	
 v*SSg `SS�� 

Z2, & `��5�1�  S':A `��� .�S@ `S�� �S� i9��S, 3��S��5V��

 �SS)�*# �:*+�SS�  SS+ .	�SS?1�3�!"SS# -"SS'�3SS, "SS#�� 

(Zeigler et al., 1990, Cottyn et al. 1996) .  &  �a>� ��

 SS#:b HSS1CL� .�!
�
 .�SS@:SS(6� �� HSS^�c .�SS@ 3SS#��

Z�a'I .�@  ��"g 3#�� .�@ 	
  E6�p, 
	:, & �5)RV e#

 Z@ �� a��?5, �1�:'l !&�SA "S*� `1S� `S�� ��  S+ "'"S# .

 ��"g .�@.	�?1� ��H,�# �1�:'l 	�2[ 	
  E6�p, 
	:, .

�SS1�:'NP. marginalis & ZSS@ �� a��SS?5, �SS1�:'l  SS) &

 ��"g �� 8&�r5, "S*5��A 	��SW  7��K, 
	:, 
	�"'�5)� .�@ .

 SS��"g �� uSS� �1SS@ .�SS@l .�	�
  SSE6�p, 
	:SS, �SS1�:' 


	�"'�5)�  ��"g  ���,P. fuscovaginae "S'
:9' ..�5V�S�

P. fuscovaginae � G1S)& e*V��S� �� �A	�?1� u� ��:*D

 _F�*, 	
J'�� a1b & �1'
  S� 3A"1S):� ZS2, HS,�D ��:S*D

  SS'�
 XSS'	 �SS11Y� & QRSST)!:SS2W 3A"1SS):� .�QRSST (

�SS)� !"SS#  5b�*SS#.(Zeigler 1990)  �SS�  SS':A `SS��

8�1^:fb  S':A �S(�
 �� a��S?5, & j��, 3o1�:*� �S@

 �SSS)� !"SSS# ]1SSS^:�(Miya.jima et al. 1983)

� 
	:S, aS1' �S(�
 
��S�� i):� &��S)�  S5��A 	��SW "S1�
(Duvellier et al.1998, Root et al. 1991, Zeigler & 

Alvarez 1990) ."SSE� 
"SSE5, 8�SSE6�p, �� !
�r5SS)� �SS�

 , & 3/�l:6&�SS) -3o1�:SS*� 8�1^:fSSb:6`1SS� 36:SS/

 ��"g .�S@ !"S#  5b�*S#  S� ��:S*DP. fuscovaginae �� 

& ]C5�, _F�*,Z@`1*[  ��"g �@8&�Sr� �('�1� 
	�"'�5)�

  ':A �&	
 .��I3,"#�� ."S# j��S, 8�SE6�p, `�� 	


  ':A  VP. fuscovaginae �S)� uS1�	:, 3C�  ':A u� 
Rott et al. 1991, Cottyn et al. 1996 b, Cottyn (et al. 2002, 

Jaunet el al. 1995 .  S#:b 3o1�:S*� 8�1^:fSb  7��K,D

) ��"g�|&��(iS):�  S16&� 8�SE6�p, 	
  + -3?5S)	 

��	�/?@ & S�  S��"g ��:S*D .�S@  ���S, 8�1^:fSb �S� 

P. fuscovaginae �5S)RV `��  + 
�
 ���' -"'"#  5b�*#

 �{' �� �)�*# .��� !"# �V� ."1CV �1^:fb ��@3�&

a��?�P. fuscovaginae.�5V�� �� .�S@ `1S'l	I & ��"17SV�

.
 �(�
 �9m, �n&	"1@)Rott et al. 1991("16:� 	
 �2'I

 "SSS16:� & %:51�	:SSS) �� "1SSS)�2- ketogluconate �I �� 

3S, 8&�Sr5, "*S#�� .�5�SS1� 3o1�:S*� 8�1^:fSb  7S��K, 

)||�:SS,�I (�SS1� `��5SS)� 3o1�:SS*� 8�1^:fSSb �SS� 

P. fuscovaginae)Miyajima et al. 1983, Zeigler and 

Alvarez 1990 (�� �	 �S2'I 8&�Sr� aS1' P. fuscovaginae 


�
 ���'.

3)	�� J��5' 0�)��� .�@ �&�� �	:�&�546� -3o1�:*�11`

.�@:(6� &RFLP 3'l  EpW 16S rRNA  V "# j��, 

 ��"g �� u� �1@ .�@ QRST 3A"1S):� �� i9��,  S� 	�S+

"# !
��  S':A 	
  E6�p, `�� 	
 !P. fuscovaginae 	��SW 

3?' "'�1A .

�:S�&�546� -3o1�:S*� 8�1^:fSb 0�)� �� y:?>, 	


�&��11Z�a'I �� H^�c .�@:(6� & ` S��"g 3#�� .�@ .�S@

 �5)RV  � k:��,A)`��5)� .�S@�O� -�O| -��O -��� -

��| (&!&�A��� B1 ) ��z -��� (3/�
a' i��&	 .�	�
 

���(�"4� & !
:�  ��S(�
 �� a��S?5, =S1�:'l xS� ��:S*D

 ��"g !"# 3)	�� .�@3,"#�� .�S{' ��  #:b `��  [ �A�

 -"S*5��A 	��W Z@ �� �a>, !&�A &
 	
 3o1�:*� 8�1^:fb

  ��"g `�� �@ S��"g �(�
 ��  7��K, 	
 �S@ 3o1�:S*� �S���W

  S� �	 .�5�S1�P. putida "S'
�
 ���S' . S��"gz�� �� `S�

�SS1�:'l SS�  SS#:b �� !"SS*��?'  SS��"g ��:SS*DB3 .�	�
 

�&�� �:SSK' & 3o1�:SS*� 8�1^:fSSb11&
 �� 8&�SSr5, 3SS*

  ��"g��� &��z  ��"g & 7S��K, 
	:S, 
	�"'�5S)� .�S@ 

3, "#�� .341,:':7SV�� �1EW:, _1W
 `11E� H16
 `1?@  �

 l 36�:� `11E� "*'�, �5�1� 8�E6�p, "*,��1' �I�.�S@ ���S�� 

9�	 3,&�: �q:fb 3'l  EpW 16S rRNA3, "#�� .
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�&�� �:SK' -3o1�:S*� 8�1^:fb y:?>, 0�)���11& 3S*

 SS��"g 3o1�:SS'l .�SS@  SS� _SSCE5,!&�SSA��� B2 SS� ��:SS*D 

P. fluorescens biov I "'"SS#  5b�*SS# . SS��"g `SS�� �SS@ 

 �  S��"g ��:S*D .�S@ ��:S� "SW�� .	�S?1� `S�� �S� i9��S,

.	�?1� 3���J'�� .&	 3,"*#�� .

.�5+��  [�A�P. fluorescens �S(�
 8�SE6�p, "*'�?@

)Zeigler and Alvarez 1990( SS� 0�':,&
:SS) ��:SS*D

 �SS1T �*SS)	:C�.	�SS?1� ��.	�SS?1� �SS� !��SS?@ %&�"SS5, .

�	�aSSSA 3SSS6& "SSS#  5b�*SSS# .�SSS@ �SSS(�
 
"SSSE5, 

)Jaunet el al. 1995, Cottyn et al. 1996 ab, Yuan 2004(

g 
:g& �� 3*9, ��" .�@.	�?1� ��3o1�:S*� 8�1^:fb �� 

��  ���, 391�:'l �� &P. fluorescens 	
  SE6�p, 8	&�Sw

  S��"g `�� 3,:':7+�� �1EW:, _1W
 `11E� q:fb �S@ &

Z@ `1*[`#&	 �	 .	�?1�  E):� 	
 �2'I eK' 3,"*+ .

 ��"g !"# B�>'� 8�E6�p, y:?>, 0�)��� .�@ _SCE5,

 �1�:'l  �III)S��"g  ��) S#:bD( S��"g &.�S@��-

�z -�|-��) #:bC( � S��"g ��:S*D .�S@ �S1�:'l �S� 

P. marginalis"'"#  5b�*# .3CD ZT	 !&�SA "S*� `S�� .

 ��"g  #:b 	
 �@ .�@ 8�1^:fSb  7S��K, -ZS@ �� �a>,

  #:b &
 `�� 3o1�:*�)D&C( #:b `��  + 
�
 ���' �@

�(�
  � �97' 3/�
a' i��&	  #:b �@���(�"/� & "S'	�
 

 ���� sp) 	
��%. ��"g .:�D x� !&�A !��?@  �zO

	��W !&�A x� 	
 3, "'�1A .3o1�:S*� �1^:fSb  7S��K,
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