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The expression of chitinase genes (nag1 and ech42) of Trichoderma atroviride in interaction 

with Pseudomonas fluorescens 
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O�0� O��� �( �7��0R0�� L3(0- �( .#
+�V(  � 
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��� 8�$��3 �# P�;9�
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 �# L3(0- P�( N��� h�03 �g��63 K0eA � XM
�3 �# K$���0�� L3(0- $�]�3 Q�(�
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+V
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 8V( .�) Q	
�� N
���
��� 8�$��3(Duffy et al. 1996, Lorito et al. 1996) . N
�	(� �( Q'�

:3 P�( $� ��3? X�
AQ3 K$���0�� L3
- ��J �
3;�	 N$���
'� �L'  �)
�(Genowati 2001) .
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% �(;�3 &�(;A(

K$��%0�� 
	�
��4 O�3(# �#3 Q_�5m�V�  8V( .�) #
��:�I $4 

 Pierson & Weller 1994, Duffy & Weller 1995, Duffy et al. 1996, Raupach & Klopper 1998,) 

(Genowati 2001, Rini & Sulochana 2006 ` O:��	 n0o03 P�( O�*R(
 p# 82��)�(;� ��
� �

;��O� 8V( P�( $9�
:� #$��
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Table 1. Pseudomonas fluorescens strains selected for study 

 

Pseudomonas strain Origin Location 

CHA0 Tobacco rhizosphere Switzerland 
B119 Sunflower rhizosphere Orumieh 

Z7 Wheat rhizosphere Tabriz 

P17 Wheat rhizosphere Karaj 
P4 Wheat rhizosphere Karaj 
P6 Wheat rhizosphere Karaj 

P21 Wheat rhizosphere Karaj 
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��� �R(04 �( .#
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�3 $��RHPLC  �0[/ ���
4 ($� � ��#$� L/ 

Q��?  .
9�V# �( .#
+�V( 
� �^�40��HPLC K�3 Shimadzu-SPD-6VA8A$� �($" O1R
_3 #�03  .

O�0��  N
	D|�$'�3   �0�V �# N$��RHPLC #
1�( O� �/�*Dz|Q��3   n0� �( $�3Nucleosil 120-5-

C18 �p
4( N
3# �# ,0'13 �
A G�� 
� ���) X��;4 . j$5�3 �
A 8-$V) L3
)�| % T
+2A

 @�V
�ID/|���3   � �{03�| %  
� L�$���0�V(F/z=pH (Q��3 ^� #0� OY�"# �# $��R . ^�I

 ^�40�� Q��? N($� #�(��
�V(DAPG �uFE $�b
4 �
3� � $�30�
� u/�#0� OY�"#  . �,
V( P�( $�

O�(�� iV04 .�) ��R04 ^�40�� Q��? �(�Y3  N
	P. fluorescens Q��3 �# x$��$'�3 h2/ $� 

��#$� O*V
53 8:� i�53 $��R.  

!�
" �
����% �� �
�� �(;�3 �V�$�!�
" �
����% �� �
�� �(;�3 �V�$�!�
" �
����% �� �
�� �(;�3 �V�$�!�
" �
����% �� �
�� �(;�3 �V�$�    T. atroviride    
� &�'�	$� �#
� &�'�	$� �#
� &�'�	$� �#
� &�'�	$� �# $�%
�$�%
�$�%
�$�%
�    P. fluorescens �( .#
+�V( 
�  �( .#
+�V( 
�  �( .#
+�V( 
�  �( .#
+�V( 
� 

�(��2�( ;�0�� $9)�(;� @�2�V�(��2�( ;�0�� $9)�(;� @�2�V�(��2�( ;�0�� $9)�(;� @�2�V�(��2�( ;�0�� $9)�(;� @�2�V        

 QR
��/( $U( QV�$� �0r���P. fluorescens �� �
�� �# ech42)  .���%�%�
����% @�;�? 

ECH42  ( �nag1)  @�;�? .���� ��N-acetyl-ß-D-glucosaminidase ( �#T. atroviride� ^� �( 

 �(��2�( ;�0�� �� �
�� ,
V( $� $9)�(;� @�2�V(gox) (Mach et al. 1999)�) .#
+�V(  . ($�

 P�$�V( ��
% P�(ech42-gox)   $9)�(;� �� L3
/goxA �� 
� h��$4 �# ech42 ( P�$�V( �

nag1-gox)  $9)�(;� �� L3
/goxA �� 
� h��$4 �# (nag1���) .#$� �
'�  
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(Mach et al. 1999, Lutz et al. 2004)  . $�%
� O�(�� 8+	 $U(P. fluorescens �# P�( �
�� �# � 

 �R$��%0�� @�3 ��T. atroviride �(�
'�	 � ;40R G�� X�
_3 (Lutz et al. 2004)��#$� QV�$�  .

�0r�3 P����O�(��  ��$�V i�53 �# Q�
�$�%
� 
	LB  )°Cu� �rpmD�| (h) l� T�3 O� 

#��/ 
4 ��$�V $_Y3 s? 
� \<V � .�) .#(# �)�108cfu/ml  (OD600 = 0.125)�) X�"�  . �(

 O7R �
�J ���
�$�%
� �0�2�
<V0V P�(u| n
1) O� .$�(# l� �03($�I $��R�$7�3 E$�����
V   
�


23 L`(0A �
�? 8R
3 8:% i�53 �
/ $�I ^�:4 l� �# �z/DO�
3 �`�#  ��#$� Q�� .

.�
4 8:% �( �$" l� �\<V 
3�#07�$4 !�
"   $9)�(;� L3
/ ech42-gox 
� �  nag1-

gox 
3# �# �7��
4 �# � .�) O�)(H� 8:% i�53 iV� �# O���(� �0M O� °Cu� �(��9� 

�) . �( �1����8-
V 2�3 t_V O�/
� !�
" x0��Q�aI ^� iV04  .�(��( $�3 �) N$�� . �\<V

D|Q��3   T
+2A $A
� $��R) L3
)u/D $��R �# x$� KH2PO4 ��/u $��R �# x$� K2HPO4 �

D/�=pH (l�:4 � .�) OA
o( N$�I ^�:4 $	 O�   T�3 O� 
	E| �# OY�"# F| OY�"# �# ��# 

���) .#(# �
'4 .3 T
1_" �
/ O% ^�:4 $	 L`
/ m�
3 OR0R ^� �# �#0� ;�� !�
" Q30��2�

m�� �0�+�$��
V  �# � ��?DF|| T��� ��# Dz��#$� �0�+�$��
V OY�"#  . P�)(#$� �( \I

�;�� G�� �( �Q��� K0�53(Geisen 1995)  �(�
'�	 � �
3 � (Mach et al. 1999) .�(��( N($� 

��#$� .#
+�V( ��(��2�( ;�0�� 8�R
1A �(;�3 N$�� .u|�R�$'�3  O� v0�$3 ���� K0�53 �( $�

 
� 
	�
��4 �( l� $	DF| &�%(� K0�53 �( $��R�$'�3 ) L3
)zQ��3   ;�0�� $��RD ��{03 u 

Q��3  @�;�? $��RHorseradish Peroxidase) Roche�
�R?  � ( 8r�w 
�(10U/ml) �D|Q��3   $��R

ABTS (2,2´-azino-di-[3-ethylbenzthiazoline sulfonate]) u��3 �  �{03)Roche�
�R?  �( ^� �

Q��3  @��V T
+2A $A
� $��RDDD���3  �{03  
�F/z = pH ( 8��I ^	
J $	 �# � .�) v0�63

�) O�6�� (;�R( . �# N�0� sH� &�(;A( �(;�3 �OY�"# ^� �( \I�u| 
� O*4$3 OV �# $�30�
� 

 .
9�V# iV04 OY�"# OV Q�
3� O�`
AELISA Reader Sunrise� .�(��( �) N$� . �/(� $	

�$7�3 l� �0�V(��2%( ($� �
�� #�03 @�;�? �(;�3 T�0e� �(��2%( ;%0�� @�;�? 8�R
1A  K03

 
3# �# OY�"# �# ;%0��°C uz) F/z=pH (��#$� P��14 . 
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3�? P�(
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" �# O�
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3� QM��#$� �($74 .
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�";=4 �.#(# N�
3? O �<V( T�0e� 
	� �
3� �# TaI 8


I �$M hR
" �#�a3
� O" �(;A( x$� �( .#
+�V( 
� QA#
e4 SPSS138A$� T�0`  . L�R��
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3� L�
Y�3 $U(��
�.#(# �  �( x(�% $	 ($� g��63 
��
3� �( L`
/ 
	

���) x
w#( 
	�
��4.
Y3 �3 O2�9�
�P O�3(# ��J �03�? ^�� 
� 
	  K
��/( t_V �# P'�(# N(z 

�) x
=�( �`�#. 

 !�
" �
����% �� �
�� �(;�3 �V�$� !�
" �
����% �� �
�� �(;�3 �V�$� !�
" �
����% �� �
�� �(;�3 �V�$� !�
" �
����% �� �
�� �(;�3 �V�$� T. atroviride    
� L3
14 �#
� L3
14 �#
� L3
14 �#
� L3
14 �# $�%
� $�%
� $�%
� $�%
�     P. fluorescens X�$M �(  X�$M �(  X�$M �(  X�$M �( RT-

PCR        
 $U( QV�$� �( L`
/ d�
�� ���
4 �0r���P. fluorescens �� �
�� �# ech42 �# T. atroviride 

)�:/� ��4 ( $9)�(;� �( .#
+�V( 
�gox� G�� �( RT-PCR�) .#
+�V(  . �&�
3�? P�( �#

\I � �#0� {
� G�� ���
�	 N$��
� � !�
" 8:� .05� �( �� 8-
V �9�N�(� t_V O�/
� �

!�
" x0��2�3Q�aI ^� iV04  .�(��( $�3 \<V � N$���( .#
+�V( 
�   ��$�V O]�4 l�

m�� ��?�) .  

 �($6�V( �($6�V( �($6�V( �($6�V(RNA;��V � ;��V � ;��V � ;��V �  cDNA  

m�� �( \I  �
�30��2�3 ��?RNA �( .#
+�V( 
� Tri-Reagent (Sigma) G�� X*M 

��#$� �($6�V( .���
V O�
b�
� N#
��:�I . s0V� RNAL`
/ K0�
4( 
� �| % \I � O�2)

��$�V $_Y3 s? �# ���) ^:b �((RNAse-free) #$� L/ �� .�( �1� �
��4 @�;�? 
� )(Roche 

DNase 8r�w �RNAO�0�� �#   �0_� $�30�A�$�'<V( �( .#
+�V( 
� 
	�r�4 8b(0�'�� .��#$� @ 

cDNA8�% �( .#
+�V( 
� RT Super Script III � �$:� �� $�) O�b
V:  

 v0�63z �( x$��$7�3 RNA ��I $��
w? �( $��R�$7�3 l� .($��� T �( $��R�$7�3 l� �

 QA#
e4 �R(04 
� $��
w?) l� $	z|K03�$7�3  ( v0�63 �( $��R�$7�3 l� �dNTPs) D| 

���3 K03( @=/ O� $_Y3 s? �#�;A( 
� �DE�( \I � .��
V� $��R�$7�3  z"# � N�(��9� OY

�#°C�z�  O�`
Aa��3 O� T�"# ^� N�� OY��) O�)(H� y . $��R�$7�3 l� \<V)u||�/(�  (

 @�;�? �(RT-Super Script III $��R�$7�3 l� �)�|�/(�  (RNasine $��R�$7�3 l� � DDT 

 $A
� �( .#
+�V( 
� ��
�� @=/ � .�) OA
o( K03 @	�7�) L3
)mM uz| �@�V
�I ��$�% mM 

uz| Tris-HCl 
� E/F=pH �mM uz|% ��$�% @�2� ( O�u|��V� $��R�$7�3  .P�( \<V v0�63 

 T�3 O�� �# 8-
V ^°Cz|�) N�(��9�  ;��V &�%(� 
4 cDNA#0) L��74 .  
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.$�=�� &�%(�.$�=�� &�%(�.$�=�� &�%(�.$�=�� &�%(�    ��I (��I (��I (��I (     �($3 �($3 �($3 �($3))))PCR((((  

 �( $��R�$7�3 l�cDNA L3
) �M0�63 �# .�) O��4 z/u���3   �( K03MgCl2 �z/| 

���3  K03 dNTP �z/|���3   $��
w? K03Ech42-F l )5'-ATG TTG GGT TTC CTC GGA -3'( �

z/|���3   $��
w? K03Ech42-R) 5'- TCA TTC GGG ATG GTT GTC A -3' ( �z �/(� DNA 

 �($���ITaq $A
� �( .#
+�V( 
� �? ��
�� @=/ � .�) OA
o( �PCR? �  O� $_Y3 su| $��R�$7�3 

��V� . �4�($/ Ob$J O3
�$�PCR Ob$J l� L3
) °C�� �� .��# l� \<V � OY�"# E| 

Ob$J  L3
) Ob$J $	 O% (°C�� �Ez �O��
U °C�| ��z �O��
U °C�u ��| l� �
�
I �# � O��
U 

 Ob$J°C �u �D|#0� OY�"#  . O1_" &�%(� K0e53DNA Du�E8+�  �3 �
� �)
� .N($� 

 �(�Y3 �
V �
27�cDNA T
:�
3�? �# .�) .#
+�V( PCR �� �( �Actin��#$� .#
+�V(  .

 
�:�%(� ($�PCR 
	$��
w? �( P��%( �� Act-F) 5′- AGA AGT TGC TGC CCT CGT T -

3′ ( � Act-R)5′- CTC AGC CAG GAT CTT CAT C -3′ ( O1_" �? K0e53 O% �) .#
+�V(

z�z8+�  �3 �
� �)
� . K0e53PCR ��
�? K� �# u %�) ��0A�$�7R( . �# �� �
�� �(;�3

 �(;A( x$� �( .#
+�V( 
� g��63 N
	�
��4ImageJ��#$� O2�
Y3 .  

        

=���=���=���=���OOOO        

O�(�� ��
�#�O�(�� ��
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�#�O�(�� ��
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	���? .���%��R04 N
	���? .���%��R04 N
	���? .���%��R04 N
	    l�40��l�40��l�40��l�40��     
	 
	 
	 
	Phl �  �  �  � PCA        

 O% #(# �
:� O�R�( N
�:�
3�? d�
��O�(�� $�%
� 
	
�$r� �( �V�$� #�03 Q� �����(#�
� 

�)� Ggt  ��#0� T�
+�3 @	 
�).#(# .�:� .#��? 
	 ��((.���? O7��
=�? �(  
�7�40��  Phl�   

 PCA (;��
��� L3(0- K$��% �#  O��� �(Ggt ���(#�0b$� ��{
� 8��	( �( )Thomashow & 

Weller 1988, Keel et al. 1992, Harrison et al. 1993; Sharifi-Tehrani et al. 1998, Raaijmakers 

(et al. 1998, 1999, McSpadden et al. 2000, Weller et al. 2002, Ownley et al. 2003   P�($�
��


��� #0�����? P�( .���%;��V  �# 
�7�40�� O�(��  
	P. fluorescens G�� �( .#
+�V( 
� PCR 

8A$� �($" �V�$� #�03 . d�
��PCRV( 
�  $��
w? 8+� �( .#
+� phl2a� phl2b O1_" O%  (

 K0_���z�3 $�S74 �
� 8+�  ���%(Raaijmakers et al. 1997) O�(�� O% #(# �
:� �  
	CHA0 �

Z7 �B119 � P17�� ��(� phlD �3   ��)
�) L')D.(  

 &�
3�? �#PCR $��
w? 8+� �( .#
+�V( 
�  PCA2a�PCA3b  O�(�� �( 
��4 P4 O1_" 
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 L')D~~~~ �� ��
�#� phlDO�(�� �#   
	P. fluorescens $��
w? 8+� �( .#
+�V( 
�  phl2a�phl2b  . O1_"

DNA .�(��( 
� �
r��( #�03 N��zO�(�� �# �
� 8+�  N
	 CHA0 �B119 �Z7 � P17 $�S'4 

��#$� .8+� ,
V( $� $9�
:� N
	��
� .�(��( �3 �
� �)
� .M : �30�� $9�
:�)kb D ( �C :

Q+�3 �	
).  
Fig.1. Detection of phlD gene in P. fluorescens isolates using phl2a and phl2b primers. The expected 745 

bp DNA fragment was amplified from CAH0, B119, Z7 and P17 isolate. Marker fragment sizes 

are shown in base pair. M= Molecular marker (1 kb), C= Negative control. 

 

  
 L')u~ K0e53 ��0A�$�'R( d�
�� PCRO�(��   N
	 P. fluorescens N
	$��
w? �( .#
+�V( 
� 

PCA2a�PCA3b  . O1_"DNA NDDz|N�
� 8+�  O�(�� �# 
��4 �
r��( #�03 P4�) $�S'4  .

8+� ,
V( $� $9�
:� N
	��
� .�(��( �3 �
� �)
� .M : �30�� $9�
:�)kb D( �C :Q+�3 �	
).  
Fig. 2. Agarose gel electrophoresis of PCR products of P. fluorescens isolates using PCA2a and PCA3b 

primers. The expected 1150 bp DNA fragment was amplified only from P4 isolate. Marker 

fragment sizes are shown in base pair. M= molecular marker (1 kb), C= Negative control. 
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 L')E ~ �� �
�� ech42-gox (A) � nag1-gox (C)Q30��2�3 �)� �  T. atroviride  P�$�V( ech42-gox (B) 

 �nag1-gox (D)O�(�� �0[/ �#  N
	P. fluorescens. O'R �
�J T�0e� 
��$��
� u| 

 O�`
A O� N$��R�$'�3E���
V  �( N$�3  T. atroviride T�3 O� � ���) 8:� �� �# 8-
V 

���) N�(��9� Q'��
4 .8V( &�
3�? $	 �# �($'4 &) 
� &�
3�? OV P�9�
�3 �
��4 $	 .

Q�13 �a�b( P'�(# �03�? ,
V( $� ���( .�) .#(# �
:� T�
+�3 ��$/ 
� O� Q�
�	�$�  �(#

 ��#(# �
:�)|z/|p≤ .(  
Fig. 3. Expression of ech42-gox (A) and nag1-gox (C) fusion and growth of T. atroviride derivatives 

ech42-gox (B) and nag1-gox (D) in presence of the P. fluorescens strains. The bacteria were 

inoculated with four spots of 20 µl in 3 cm distance of T. atroviride and plates were incubated for 

66 h at 24°C in darkness. Each value is the mean of 3 experiments with 6 replicas per treatment. 

Bars with different letters are significantly different according to Duncan’s multiple test (p≤ 

0.05).  
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Fig. 4. RT-PCR results to study the expression of T. atroviride ech42 gene in co-inoculation with several 

P. fluorescens strains, including CHA0, Z7, P6, P17 and P4. T: P. fluorescens alone. Actin was 

used as a control. 
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