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Ustilago maydis A%B�(%!�!C�� ,:�� C+ �	� D(�$ 5 ������ E�9( �(%�$ #	�� F%
�%� 5 A�G �( ���� .+!I     ,J:�@ �%JK �L ,JM%


  +�+L L%: �
�MC�    N*9( DO+�( P%Q�	� L  �!��B!�%�  L 5 #!P%R� 4�+ � .    5L I�� �ST� ��+ �L          U�J� VWJ� �5� ��
C�J� ��P%Q�	 �%� 
 L�X!+ Y��%!��6!L ,O�(�( � ,� �L�S ,Z L%������ +C�!
 �L � ���( ���� .,@ �
+U. maydis�K C+ !F+�M+ [ �	�+%	 �!� 5  J!   ,J� �L�JS ,-

   T$ �15 4�+ G%\M!    F+�M+ �5� �]&� ������ >     �	�? �!+%	 ��	�( L%� .   + ,� ,�%� ��!  � A�^��� ,B&!   _`M ,-a�� �]( ���     J� AT(�J2� �L � I

�  �� 5 ��! ( ��M�
�+5�B�>a    + �L L�+L �	!    _`M ,21�W( IGR24) !  � �L�( #�����!      �*J�+ �J� ,��-J( !�]M%*"/%0 ( �^� �L J! 1�23 # J�4  �J	� 
3�8!7%1%!� 5 #!49 ��&��  U. maydis����� �� .d5� C+ �L�\*�+ �� ��	�C+�M+ N*9(  
���1%� e\&� �( �f� .+8��� A+� 1%J� e\&� 

�^� C+ �2�!%� #!, ��	 N*9( U. maydis �� GR24�C+�M+  
�����  . ," L+L .�-M �( A+�	�-(!�^� C+ �2� 4$�� #!(  #�  e\&J� .+8
1%�� gg  +83+ �=�L !  _!        �^� 4$�� h&Q 5 ,� C+ �2� �(+ 43�! (  #�  1%� e\&� .+8� ,�  ����  ( ,� )�       _	�" �=�L h&Q 5 4-	 .+8!  4J3�
 + ,"! 	�" I  _�(  ,� �M+%�   4$���i >�  +LC�!      ���: �%B1%( �� L�%:�� �L j��S � ����  .(� � .+8� L+�2� .��  .7 C+   ��	 :L �  � �L D�35��%�  5 

1%� e\&�� d5� C+ �L�\*�+ �� Real-time PCR43�
 �+�S ���!C�+ L�%(  .�*M! .�-M h �J(    .7 .�J�� ,J" �J	L  ��J	  1%J� e\&J� � �L 
�%�  ��	 �^� !    �� ��� #GR24    +83+ �	�� ,� 4<aM !  _!43� . + ��!   ��O IGR24 � �  f� �L ������  �	�? DB� ��  �<� 5 !    �J�9( 4J1�O D� 

( C�3 ,��a�(%�%� !,  �	P%Q��U. maydis4�+�M  .+! +8J3+ �� �%B1%( I!  1%J� e\&J� _�  �J(   kJQG%\M �L �JM+%�!��  � ,J� j��JS  J! 5 ,-
_&"+5 ��	$�3L �
 �( ��l15 ���� ���-`M ������� �L  +C �!+ j��S!M �\�� �&".  
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  ;��<= Ustilago maydis (Dc) Corda. (syn. U. zeae) >?@�#

  A, 3�, AB�0	7	#%'��%8    , 9<#�C � ' ��<-.    <+ D�<E# ' F2�
#%-C(     G%1�%+ � !�H (# 70�,. � 	I        �
 �<, 6�J<C A<�%1

#'        A<K� �
  L�<:��
3�, 3� M%< L�,N .�   �<2     A<K� F<� �  �.   �<2 
9#�<<0Carica papaya, Asparagus officinalis- 

Allium sativum , Solanum tuberosum , 

Nicotiana tabacum- Phaseolus vulgaris, L. cv. 

Negro queretaro, Sorghum bicolor Moench cv. 

Esmeralda, Oryza sativa L. cv. Morelos A92, 
   �<+� 67<0 ���N1 N'�)Leon-Ramirez et al. 2004( .

   %OB A, AP%� �,	    � 
� A, �OQ/# !�	    !�@��R# �
 ;��= I
3	�� +�/0(  S2 �  /T' ���U I' A"/P N   .�<2     9<#�%C V<?�E# 

<<#W �
 �X.��<<-', (<<	�3��<<@��R#  (�<<��%� Y%O<<B �
 (	 
6
%�U 3�+. 1 '  ,��U $7# 6�'���7'  � Z+%� [	     
�%<# A<�%1 I

3��<<<	,�(  �<<<+� A<<<��1 ���<<<=  . L���<<<8-2 � 37<<</#  
) Méndez et al. 2005( %<+ A5 7�
�
 L�4� 	
 A	\%?K <' 7

U .maydis��0 �
 	U Z�#3	2�:4(    L
�<] 6
%<�U A<, �
�= 
Arabidopsis thaliana (<<# 7<<0�, .A<<B�T17<<�3 (  

U. maydisG��^# �%K+� L
3 A��%P 3�   )?�'�%K+% (��_. 
 �%K+� ��`T	7.   3�aU (#  �2 A5 
%0 <	� 3� F <	  �2�%K<+� I

��_. � '-(   ��b !�CJc� 3� '8(  ��, G3d .      � L7<0 �<eP 
�%�'7� 	A�, '��-.  �3(# 70�, .  

 3� [�   $%?+ L70 �eP    �<2.  ��13�<+       �
 A��<2 �
 
�<<	A�7P <<	 ���<<= S<<2 ��<</5 �
 7(<<# 1'# � 7<<��<<'?�' G%

	��8	�%<<'F) n+n(, '��<<-. 84<<� �� �3' 9(<<# 7<</2
 .

  .��13�+�/P(  � �
 	   <, ;��= IA      <"R= ��<`T !�%<f(  � 
9�U �
 Z+%� a � b$��/5 (# %0 A] 
 9<�U  �<2. a  $%&�<# 

�%�'   �
 � L%#� 7	�� 67//5 �29�U �  �2. b $%&�#  � 7<0� 
 A@<<+%�  A�<<	� 7<<0� .�1 �
 <<'# 6�'  L�<<,N (<<# , 7/<<0�  

)Banuett 1989( .6��<<� �
 �.  �<<X� �
 
��%<<# 3� <<	 F

��g/2��. # '3%.   �
 ?�' �%K<+%  <	  F   $%?<+
	\%?K <'7.  3�
   , LU L
3 A��%PA   
%P�(# U <	7      L�7<, A<5 � <'    A<, 3�  �<eP

��13�+      �%� A<, �
�= <'  7� <	A� ��  <	4(   %<e� � H  (<#  7<0�, 
)Sabbagh et al. 2010(.     67<0 G�<g�� !�<@��R# G�<-� 

  �� �, L%/5��.  G�7<��    .�<2  �%<2 (	 1 '      A<@��R# 
�%<# L�<2�
   �<<+� A<<��1 !�%<<f)Méndez et al. 2005, 

Snetselaar & Mims 1994, Snetselaar et al. 

1996( .U .maydis�c 3� �+� �
�= 	� > <	  N<'� !�H A4
�<<�, 
��� �<<2.# '+ �
 � 
%<<0 L�<<,N<<'� S��<<	<<�_ � A4( 

G�7�� .�2�%2 (	� ' ����1 N	 7,�)Sabbagh et al. 2006( .
�<<	1 A4'� �
 L�<<2�	 9<<#�%C h�<<@# �
 6��%<<-2 �e<<+�N

   3 i%/�# � V?�E# <	��(     � �
 � �<+�  <	 # I <'   !�Q<0�� L�
�<<	 �<<, j<<^� A4'<<-`# ��( <<, !J#�<<@� �
 '1 I<<' � 6�
#'��1����8'S�   �<2 
��
  .�
	   �<+ �<�	   � !�Q<0�� k <	 A4

   �2 Z+%�	        �N<� l<C�, m�<B �
 
%<P%# 9#�%C 3� F	 j
 -P�`� !�7=(   �,�<=� � (       �<+ �<,��, �
 �<`�U 	   !�
%<P%# �

      �  7@, 9_��# �
 A5 70 72�%B	   AR,�� I(#     A<, �g/# 7��%�
.��-',   (<	�3  <	 N-2 � <	��(  �-���<#  #U <'  
%<0 N .	 <8(  3� 

5��' � !�Q<<0�� �
 
%<<P%# !�<<"<<	��<<+� A4	 �`�%�5d%:  
)5��'\%/��� !�<<"<<'7.  �<<# 3� 67<<0 N�/<<+ ', �' N�/<<+%

\%��J<<<'�27 ( 7/��<<<2)Akiyama et al. 2005, 

Bouwmeester et al. 2003, Tamasloukht et al. 

2003(  ��� A5 'I   1 3� ��,'   A<, A"/� 6�    L�%</C <	    �
 m�<Q# F
   1 ��, L
3 A��%P' 3���� 6�	 ��+� �	  <�@# �:(     
�%<# � 7<0 

3��	,�( ��1 ���= )Cook et al. 1972(. � <	5�� I'  !�<"
,A   L%<#�%2 L�%/C   .�<2 1  <'2�(    � !�Q<0�� �
  <	   G�<-� A4
1' �@# L�2�( 670     �Q� lC�, A5 7��	   �3 A��%P � F(  �%K+� 

;��=  .�2 # '�%8	  S2 � N /T'    � A@+%� � 70� I	A�  .�2   �<`�U 
1 9B�
 �
' 6�(#   7�%<0)Umehara et al. 2008( .  j<^�

�	 5�� I'   N-2 Z,��� �
 !�"	��( , ' ;��= I �2. # ' �%<8	  � N
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;�<= : �����GR24.%*"/%0!�*�+ �� ,��-( �$%&'( )�"�� #!   �	...  

���  

1'AQ<<<0�� L�<<<2�  <<<+� !�<<<"X� A<<<, 67<<<//5'�<<<+� 67  
)Akiyama et al. 2005, Besserer et al. 2006( .

 �n?a 
�,��5  .�2   V?�E#  <	    <0 6
�<# F'-'�(	     �<, A,�4<# 
��+�	L%�5d%:   �2(GR24)    � oR<+ �
 <	 1 A4 <'  6�	  A<g�%

(Medicago sativa)<<<<^?� '��5�<<<<, �<<<<, 67<<<<0 o. 
Sinorhizobium meliloti�N<<� l<<C�, 	 A<<P%� 9<<,�= j

 6�1 
�7@�  .�2 ��_ . ��5�, .   � oR+ �
  <	    �<+� 67<0 A4 .
���	     � A5 �+� 6
�
 L�4� p	 q� I''� A,  �
'  <� 9rX'     �<5H 6
�<# �

  �N� �
 670	 # j' , L�N <' Lb L�   .�<2  $%&�<#  84<� '  6�<1 9
)nod factor ((#  70�,)Soto et al. 2010( .  A<, AP%� �,

 # j^�W � �X	 5�� I'   � !J#�@� �
 !�" <	A4 �.   S<2 �   </T' I
 
���U. maydis �c 3�	� >	+��,  !�H A4(  A<@��R# � 

 � �X�	   R/� �
 
�%# I'  , � S' Lb L�  .�2 , '���%(    !�<@��R# � 
=
'>   � !J#�@� ��	A4 �.   ���s � G3d .    �n� A,  (<#  7<+� .

� 3� t72	^Q� I'@� >''��+� j^� I	�5d%:L% �2(GR24) 

 �Q� �
 	 , F' Lb L�  .�2 B
 '   �
 9.��-',   (<	�3 ) Lb   .�<2 
,<<'���%(( q�  <<''� !��	�B�/<<0 �<<E( � 'N	b%<<�%	8(  

U. maydis (# 70�,.  

  

���� d5��  

%�!, �	�@��S �+�� 5 !4-" n  

   A	%<+ 3� A<@��R# I<	� �
    7<'\%?��2 .�<2FB6a and FB6b 
)Banuett 1989( A	%+ �  Lb%���%�%+ .�2FBD11/pOTEF 
)Spellig et al. 1996(  7<0 6
�e�+� . A	%<+    �<5H .�<2

        I<��� A<, .�<-E# 980 A, 670    .�<2uvv  (<?'#    .�<�'�
  .��<_)vv (<?'#      �4<5 Z'<Q# �<�'�PDB (Potato 

Dextrose Broth, Sigma) 
�1 A�<s�  <	 �<#
 �
 � 7. 
°C wx  ��� � 	8( �� . 0 ' ����
 �8(  �, )vy=
 �
 ��
 '  A<^

7/��1 ���=.  

]�� ,GR24  

 <<<<<0 $%<<<<<8�%#'-'�(	 ��<<<<<+� A,�4<<<<<# 	%: L%�5d  
(Chiralix, Nijmegen, Netheland) GR24   �<n?a �
 

wz)v    L%�+� �
 �d%#)v  ̀ � 7f�
 '     =� L%�+� �
 � 70 A <' >
    DU �
 670)) %  L%�+� /  DU (   �<`� �<n?a(	xz)v   �d%<# 

`�' 
�1 A	7 .)v # '���8'   3� ��GR24    �n?a �, xz)v  �d%<#
 �)v# '���8' L%�<<+� $%<<?Q# 3� �<<�) % A<<,)v# '<<?( �' �<<�

+%+���K' T��= L%(  ��<_ .)vy      # �<2 �
 $%?<+ ' <?( �'  �<�
A, ���'��, |.� '��1 ���= 6
�e�+� 
�%# 72�0 � ��-.  
  

 ��+GR24f� �� ��� A+�!*:�&� 49�  

3��	,�(�X� GR24  ���� �, 'N	b%�%	8( ��� �
 �, ;��= 
  Q# 3� 6
�e�+�'  �# �45 Z	     
�1 G�<g�� 7#�P � k <	7 . ��<,. 

Q#'  �<# Z	   k�} # '���8'  3� �<�    $%<?Q# GR24    �<n?a �<,   
~z�}  �d%# )  �<`� �n?a(	   <Q# �
 '    �4<5 Z�z�} �d%<# (

��,. � '  ��, � ��-. A�%-�   �2.    3� 72�0 �} # '���8'  L%�+� ��
� %    $J_ L�%/C A,GR24   �
 �} # '?( �'   �<��K+%+ �<�' L%

      �n?a �, 670 �45 63���}�     # �<2 �
 $%?+ ' <?( �'   �
 �<�
I���  �2. �}} # '?( �'��.    7<0 6
�e�<+�  .� I<��  �<2. ��<_ . 

$%?+  �2.   Xr� �Q� ;��= ' � �	     �� �<, $%<8�%# I.   6�:�<+
 
    !7# A, L�3��	             �
 � 7<0 6
�
 ���<= �C�<+ p/� � A+  F

�C�+  �2. @� ''  q� 670 I'' �2�� !��.) �-E#z  �<# '?'G% (
  # �, �`�%?+' �%� �%8+��8.   ,3�<, 
�%# '/(    �<�1 ���<=  .

��<<<<,.<<<<Q# '<<<<Q# 3� 7<<<<#�P Z' �4<<<<5 Z' $b�<<<<�  
) (Phytagel, Sigma��<<_. S<<5 �<<f�/C   � t�O<<#

  70 6
�e�+� t�O#�� .
�7@�.       <Q# �
 F<T%5 F<2�T ' Z
 � �45	      ��7<^# � 
�<g�}} # '���8'      6
�<# 3� �<�GR24   �<, 
  �n?a~z�}   � �`�U �
 �d%#	     
�7<@� [K+  A�E�}}   $%?<+ 

    %+ �2 3� 63�� �-E#	  �� �, A. Q# '      7<0 j<E� �4<5 Z .
��,.    3� 72�0 �}} # '  � ��<8'     L%�<+� �<�� %  <2�T �
F   �<2 
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 70 6
�e�+� .F�4�  �2. ��� .��_ .    A<5�Q# 6
�<# � ;��<= 
 �#
 �
.°C��  ��0 �
 	 ��� Z	8(    7�7<0 6
�
 ���=  .   3� 7<@,

  A, 3�� �
   !7#	  q� $�-�_� A�e2 F''�2�� !��.$%?+    �<2
, �,'+��, 
�%# ��%5�/(��1 ���= .  
  

 ��+GR241%� e\&� �� �  

63�7�� 1'�. #  <'    �%?<+ [e/<� L�N(     3� 6
�e�<+� �<,    ��� �
 
��1��d%<<<<�(7<<<<0 G�<<<<g�� [��<<<<+�%? �  . ��� �


��1��d%�(   q� ��
%-� �"X '' �e/� !��(     3� 6
�e�+� �,  <	 F
     ��� >"c 
���8�� m�J5���,    L���8-2 � )wvv� ( G�g��

7<<0 . t�<<@# 3� [��<<+�%? ��� �
CellTiterBlue �
 
mJ� �2.   t�e0 ��  �<� (	    7<0 6
�e�<+�  . 7<,	    3� �%<n/# I

 :�� $%?Q#( ��3�3�	  ,U A5 I(       7<0 6
�e�<+� �<+� ���  .
�	    �5� �X� �
 6
�# I'+�7' 7"� L%	  �%�3� A, 9	    �<�� N#�= I

  Q# �
 �' ��_ Z. 67���
3�,  �2.  �%?+ [e/� ( n� ' <+ �'��' 7
2'   e+ �C�+ A, Lb��7' # 7( 
%0 .     �7�,� F2�T �2 �
)vv 
#'���8'   �Q� $%?+ 3� �� <	       [K<+ � 67<0 Fwv # '���8'  �<�

   t�@# $%?Q#CelltiTerBlue  70 A�s�  .��,. A�%-�  �2. 
  Q# 3� 72�0'         T��<= $%<?Q# � 67�3 $%?+ L�7, �45 Z( 

�Q�	   674� F)L%�+� (  
�1 6
�e�<+� <	7 . ��<,. -c� '   3� L�</
    $%?<+ L
%<, 67�3         �%?<+ [e/<� G�<g�� � �<2(   <Q# �
 '  Z

+3�'��' 2 7'  # A, Lb��7' L�N	# F' <?(     F<2�T �<2 �
 G�<1
 7	
�1 6
�e�+� .   F	 |��= �
 j	�#3U      � (
�O<� �J#�5 ��c 

     7<0 G�g�� ���8� A+ �, . mJ<�         6�:�<+
 �
 �<n� 
�%<# .�<2  
(Bio-tek, Vermont, USA). Fluoroskan FL600  � 

   \�^�� �%# $%c �,( u�v  P��B � ( u�v    �<#
 �
 ��#%��<� . 
°C wu     # � 7�70 6
�
 ���= ' q� L�N''    �%?<+ [e/<� !��(  �
 

     63�7<�� 670 $�-C� L�#3 A+ 1 <'�.  6
�
 �   �<2.     �<, 9<f�_ 
G�� 3� 6
�e�+�  ��N�MSTAT���U '��� N	7�70 [��.  

  

2���]� 4op I� ,&GR24�^� �L !1%� e\&� #�  

 @� �`P''  <� IrX'   ̀ , �<n?a �'   A</GR24  ��@ �
  <'�  �<2. 
�e/�( U. maydis# 6
 '?( �'���K+%+ 3� ��'$%?+ L% �2. 
T��=(  %+ �
 	   \%?��2 � Lb%���%�%+ A'    <Q# A<, 7'   �4<5 Z

PDB ��_ .  �<n?a  �<2. uz )v     �z)v     yz)v     ))z)v  � 
)�z)v   5�� 3� �d%# '  |GR24  
�1 A�s� 	  ��, � 7.   72�<0 

      70 6
�e�+� 7f�
 F	 L%�+� 3� �`/� .   [e/� !��''q� L�N'#
 V<<<'c 6�:�<<<+
 �<<<, (�%?<<<+ (<<<:�� 6
�<<<# � (g/<<<+  

 CellTiter Blue �<<0�1 3� 7<<@, �<<	 
�%<<# �C�<<+ F
3��	,�(  ��1 ���=  .��,.  %+ �2 	    A<+ A    ��<0 �
 ���<8�	 Z

70�.        # Z+%�# � 70 A��1 �n� �
 A,�4# ' �N� L�N	  j <	 �
  �%?+ [e/� j2�5(  $%?+ �
  �2. � '       72�<0 A<, �"�<� ��-

+��, 
�%#(��1 ���= .  
  

� .%(Ci����� +C�!  

��<<,.3�� <<	,�(, '��<<-. �3(<<	 U. maydis !�H ���<<, 3� 
$�.G�.
3�� (LMZ66 - France)A,  # L�%/C'  ���<_ L�,N

 "c �'@(  70 6
�e�+�  .��,. � 	       !7# A, �2��, �7�,� ��5 I)u 
=
'   #U �?5 Z+%� A^' � I(   �
37/1 7f�
 A+ (	    A+ [K+ � 

       =
 p/� !7# A, A@
 �2 � A@
'       
 �<R^# DU �<, A<^ <	�%' 6N
  7�70 6
�
 %4��0 .     A<��%P �<`P �2��<,  <�3(    <Q# A<, ' Z

�45PDA   A<��%P 3� [<� � 9^�/#   <�3( L�7<?1 �
   �<2. 
��_.   70 L���+ m�B   6)  L�7?1 �2 �
 ��, �
 ( 6
�
 �45

7�7<<0 .    �<<0�5 3� [<<� A?<<f�J,<<	# F'<<?( �' 3� �<<�
 �<��K+%+'  �<n?a �<, L% )vy  # �<2 �
 $%?<+ ' <?( �'  3� �<�

$%?+ �2. � '      Z<+%� ;��= 670 ��-GR24    � ��</5 �
  <	 A4
  A<��%P 63�<�      <0%� L���<+ m�<B �<, � A�<s� 6
3'7<<0 67 .

1'A�2� �2.�# 	A �3(  �<#
 �
 7<0 670 . u °C ±wx/)� � 
��0	 �%� Z.  ��� � 	8( ) )x    �%<� �C�<+ .   � )v   �C�<+ 
���	8( (A,       ��7<`:� A�e2 p/� �� A+ !7#.     ��<, [K<+ � . 
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���  

84�'7�70 9^�/# A��E?1 A, A0%B 9.  
  

q+�9*�+RNA  

��,.   ���E�+� RNA  $%?+ �7�,�  �2. � '  �, 670 ��- GR24 
   72�0 �)L%�+�/DU (    L�#3 A+ �
	       �C�<+ p/<� � A+  F

�,)xvvv ��
   =
 �
 ' ����+ A^	e'     k<-P 3� [� � b% ��U.  �
 
°C�vz ��7`:� . 7�70  .  95RNA $%?+  �2.  T��<= (   �<, 

    9/ 
��7���+� ��� 3� 6
�e�+�z        �<, � ���E�<+� G�%<��?5 
���B �'5 3� 6
�e�+�  .3�+RNA) Promega, France( 

 70 %4��0 .     L�#3 9-@���%�+
 A, AP%� �, [K+ 7/,.  670 
   �<,  67�3�<+ �5�0 Z+%� N<�U	 SRNase-Free DNase 

Set) Promega, France (�'7�70 ��- .+��,(-5  <' � �
5'e'  �RNA , A   A, 67#U �+
 ���'       6�:�<+
 3� 6
�e�<+� �, |

V'c  ���
%��� (g/+) (Nanodrop ND -1000, USA �
   3��1U $b)% ���  #U'N.   �� �, 670  <'7	 �#��, G% <	   G�<g�� 7

70 . 3�� �`P	,�( =
 '>  5 ��'e'  $%<8�%# �  <2�. RNA  3� 
5'b� �	��J(Agilent 2100 Bioanalyzer; USA)  � 

�^#	 �27��, A�. RNA   �, rRNA  70 6
�e�+�  .  G�g�� �`P
AE�<<� ��
�<<,.  �B�<<+ � �%<<8@# cDNAN<<�U 3� 	 S

ImPromII) Promega, France (  �%�<<<+
 >,�<<<R# �
    
�1 6
�e�<+� 67�3�+ �5�0 <	       ��<E� A�<0� � 7cDNA 

���B 3�+.  -5 � '   �e�+� �, LU �   c 6�:�+
 3� 6
'V  g/<+( 
 3�� ���
%���	,�( 
�1  <	7 .)vvzuv       $�� A�<0� 3� G�1%��<� 

cDNA   5 3� 6
�e�<<+� �<<, G�
 A�<<0� N�/<<+ �<<`P <<' �
SmartTM cDNA (Bioscience, Clontech, USA.) 

70 6
�e�+� 67�3�+ �5�0 �%�+
 >"c �.  

  
O+�K� F�XM+ 5 �	�
C�pi qRT-PCR  

     Lb (��%� ��+��, A@��R# I	� �
 �2        �<, Z"��<# 67<0 A�B�/0 .
 (���%<<',)Kahmann & Kamper 2004(S<<2 �   I'<</T

Lb �<<-	��� �	�<<+ ><<	�c 3� � (�%?<<+ [e/<<� $%&�<<# .�<<2� 
bin/primer3/ primer3_ -http://frodo.wi.mit.edu/cgi( 

)www.cgi  �2�13�aU 3�. �� '�%&?5%�%:'7.    7<0 6
�e�<+�  .
A, ?5�%c( ))   Lb $%&�# ��@ '� �2. , '���%( )  $�7P)( 

      ��@ AB�T �, Z"��# Lb �e2 �'� �2. �e/� ( ) $�7<Pw( 
      # � 7<0 A��1 �n� �
 <' , L�N <'      �Q� �<X� �
 �<`�U L� <	   �<, F

GR24  �^# �
 	    3�� 
�%# 72�0 �, A� <	,�(    �<�1 ���<=  . 3�
Lb �2. GNAT� EF1 A,  Lb L�%/C �2. A<, kP�#  ��� <' |
��,.  , A?_�# '���%(   �%?+ [e/� � (  70 6
�e�+�  .�N�	 j
  �	  Lb j2�5 � �2.       3� [<� A@��R# 
�%#  <	      p/<� � A<+  F

    -5 jg/+ L%#3U �, �C�+( (qRT-PCR)  mJ� �
  �2. 
��x82�<<T ( 6�:�<<+
 �<<, � ABI PRISM 7900 HT 

(Applied Biosystems; USA)G�g��  07 .7,	 �%n/# I
)v # '���8'           � 7<0 A�f� F2�T �2 A, j/5�� $%?Q# 3� ��

   # �4<2 [K+'���8'       �<+ t�<@# �%<?E# 3� �<�	 �<1 �"	 I
)SYBR Green PCR MasterMix(  )v# '  �d%<# ��8

�%&?5%� 7<</T �13�<<aU �<<2 3�<<'7. ) �<<`� �<<n?a(	 ( �
 �
#'���8'  ��)uv G�1%���  (  3�cDNA       A�<s� � �%?E# S2 �, 


�1	7.  
<<,��., ���<<8� �
 L�<<#3 �<<2 'b%<<�%	8() �Q�<<	 �<<, F

GR24 (  /8� ���<8� A<+ �'<<8() -5 <' g/<+ �( ( �<<n� �

  7<0 A��1 .        �<#3U 
�%<# mJ<� �
 �<2���8�	   �<RB �<, j. 

/8�'8(  3 tJ�B� 	  �u/v + '  � 
�%# 98r\ <'    7</��1 ���<= 7 .
  g�3 j/5�� 9_��#' ?� 6�(  �%� 3��# . , A  3 !�%f	 n/� �' S

70:°C  �u��, . )v=
 ' A^ ��<, �. xv  ��%<�# A<B�T (  �<, 
 ��#3 A#���,(  �#
 � (	 °C �u ��, . )u ��X '   � A°C �v ��, . 

	 =
 F'  70 G�g�� A^ .0' /Q/# |( ��<, 
��7���+� .  A"<+�Q# 
�s	 $%#� 3� 6
�e�+� �, L�#7��� | E = 10

-1/slope A"+�Q#

�1	 7(Ptaffi 2001) .��,.@� '' �n?a IcDNA  
�%<# 

�'  �=� 3� 3� �2. )v    �<� )vv      7<0 6
�e�<+� G�1%��<�  .  Lb 3�  
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 �5��� ..7 ��rB� 4]� �L�\*�+ L�%( ��	�
C�pi 4�1�23 ,� s%��( ��	  �L �35��%�� ��	Ustilago maydis 

 Table 1. The primers used to amplify region genomic of genes related to biotrophy activities in Ustilago maydis 

  
 �5��� .�	�
C�pi�rB� 4]� �L�\*�+ L�%( �O+%M ��1+%� ,� s%��( � �	�� � �+�M�-M ��� .� (EST) �LSporisorium reilianum  

Table 2. The primers used to amplify region related to Express Sequence Tag (ESTs) in Sporisorium reilianum 

Right primer (5'-3') Left primer (5'-3') 
Gene 

Ontology 
Name of gene 

GGACGAATCCATTTCTGGAC  GTGGCATACCACCAAGACCT  0004129  Cytochrome-coxidase 

activity  
ACGCCATCTTCAAGACCATC  GGCGGACTACGTTTACAAGC  0004449  Isocitrate dehydrogenase 

(NAD+) activity  
AAGCTCGACTACCGTGCTGT  CGGAGAGGGATGATGTCAAT  0050660  FAD Binding  

TGCTTGGGTCACTTGAGTTG  CGCCTTCAAGACGTACAACA  0008137  NADH Dehydrogenase 

(ubiquinone) activity  
GACTTGAGTGCAGCCAATGA  TTTGATTTCCAGTCGGTTCC  0016491  Oxidoreductase activity  

  

Reference Right primer (5'-3')  Left primer (5'-3') Function  Name of 

Gene 

Smith et al. (2004) 

 

TAGCAGCTCGCGGT

TGAGCG 
TAGCGTGCCTCGTCG

GGGT 
p21-activated 

protein kinase Smu1 

Mayorga & Gold 

(2001) 

 

CCCGAATTCCGCGC

CACTGT 
TCGCCACTACAGGT

CGGAGCA  

conjugation 

tube 

formation 
ubc2 

Lee & Kronstad 

(2002) 

CGGCAGTATCCAAC

ACATC 

ACCATTGAGGACTC

TTACC 

small G 

protein 
 

ras2 

Andrews et al. 

(2000) 

GCCATGACGCCTGT

GCCCAT 
GGCGTTAACCGCGG

GTGTGA  
MAPKKK 

 kpp4 

Müller et al. (2003) 
TGCGACGACCTAGG

CAAAGCA 
ACGGGCTCGCCCAC

AAATGG  
formation of 

appressoria  ubc4 

Banuett & 

Herskowitz (1994) 

CCCGAATTCCGCGC

CACTGT 
TCGCCACTACAGGT

CGGAGCA  
MAPKK  

 fuz7 

Andrews et al. 

(2000) 

TGCGACGACCTAGG

CAAAGCA 
ACGGGCTCGCCCAC

AAATGG  

conjugation 

tube 

formation  
ubc5 

Brachmann et al. 

(2003) 

CCAGCGCAGCCCGG

TTCTAC 
GGCAGATCGTCGTG

CTCTGGC  MAPK Kpp6 

Müller et al. (1999) 
GCTGCTGTCCGTGG

GCATGT 

TGCTGATGGGCAGC

TGTTCACA  

filamentation 

and  

formation  
 

ubc3 

Kämper et al. 

(1995) 

 

AACAAGATCGCGGT

GCGGGG 
AGCTCGACCATGCC

TCTGCGA  
MAP kinase  

 crk1 

Kämper et al. 

(1995) 

TCAGCAATCAACAC

CTCTGC 
TGCCATCCTCGACTT

TATCC  

Glycine N-

acyltransferas

e  
GNAT 
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���  

GNAT A,      ��, � kP�# Lb L�%/C. 	�B�%/8 3�+.  ��<0 	 Z
�#3U	  70 6
�e�+� j . 6
�
 G�-� �2. , A      6
�e�<+� �, 67#U �+


G�� 3� (��%� �'E4� S��'+ ��N� (Sequence Detection 

System software , SDS 2.2) G�� �   |<��# 9�5� ��N�
���U �'7�70 N.  

  

�*M!h  

����� GR24 .7 �� �	�a\&� �  

Lb �<<2. <<+'�<<5� G��<<5 %�'�<<5� � 3�7' 3� A<<5 3�<<�5�
� �7
Lb  �2.    j/5�� AB�T �
 S`#   �2. �e/� (  (<#    7/<0�, <	 F

      3� 6
�e�+� 3� [� �C�+GR24 ,  '��4	 # I'  , oR+ L�N' L�
 7<<�
�
 L�4<<� �� .�N<<�	, j<<'Lb L� �<<2.� 	<<+�N' !���

2
'   � 3��b��7	,%( 5 '    ��, 72�0 A, �"�� L%/.  L�<#3   �<2. 
     2�4# S2 �C�+ p/� � A+ 
�1 67	 �� 7( # ' �N� L�N	  �`�U j

  � A, �"��' ��#3 ��-( 	  A, �C�+ F �	 ��, 6�.    <+ Lb �
 ' %�
 �5� G��5'  �5� � 3�7'   
%, ��-5 3��5�
� �7 . �<�-5	 # I <' L�N

,<<' 3� 7<<@, L�<<	�Q� �C�<<+ F<<	 Lb A<<, �%<<,�# F  
FAD binding protein  �Hydrolase activity@�  '<' I

70 .A, ?5�%c(    670 $�-C� .�2��-'� �
        p/<� � A+ 3� [� 
     Lb L�', L�N'# AT �1� �C�+  �2     �<'��@ A<, �%,�# .   �<2 .

          �	 A, �"�� �`�U j	�N� L�N'# (�� �0�
 j	�N� (�e/�
 
%, ��-] $�� �C�+)980w(.  

  
�����  GR24��1�23 �4 �	�a\&� �  

#' q� L�N''    �%?<+ [e/<� !��(       �<n?a �<, A<P�%# �
    �<2. 
  V?�E#GR24     L�#3 A+ �
 	     p/� � A+  F    
�%<# �C�<+

+��,(  ��1 ��= )  $�7P�( .���	 � p	 �#3U I	    
�
 L�4<� j
   5�� 3� 6
�e�+� A5'  |GR24    �n?a �, uz)v     l<C�, �d%<# 

 # j2�5'  �%?+ [e/� L�N(    %+ �
 �2 �
 	  A (<#     �
 � 
%<0
�n?a))z)v   � �z)v � ' A, N ���' , |'��4	  ��-5 � I	  <� IrX' �

  �N� �
 ��	 # j'  �%?+ [e/� L�N( 7/�0�
  .�n?a �2. yz)v 
  �)�z)v  A, �d%#  ���'   �� �<, |.  %<+ 	A   �<2.   Lb%���%�%<+ 

FD11  \%?��2 � '  7FB6   �Q� l<C�,  <	 ̀ , F'    �N<� � A</	 j
��@'�`�.�e/� (
�1 	 7)980�(.  

  
���� �GR24.7 ��  �	�1�23 ,� s%��( �4 �	�� �35��%�  

��<<,.3�� <<	,�( 6
�<<# �<<X� GR24�� �<<, .f%O<<B ' !�
,'���%( q�  '', !��'
�7@� L�.� Lb 3 �2.B
 ' 9_��# �
 9

���' , A'���%(   ?5 �n� 3� (  3�� 
�%# 	,�(  ��1 ���=  .���	 p
   # A5 
�
 L�4�' q� L�N'' , !��' Lb L�   �<2.     �
 V<?�E#  <	 F

g�3' �b 6�(  �+� !��e�#  .A,   Lb $��# L�%/C   �<2. Smu1  � 
Ubc2       �<+
 d�, �
 A5 <	 g�3 F <'  <�b 6�(     7/�<0�
 ���<= 

A, ���'      , �"�� �,��, j0 � �e2 |    �N<� 72�<0 A	 , j <' L�
  �� 7�
�
 L�4�( Lb   �2. �� '	   � �<+
 I <	   n� A<C%-g# I <' �

Kpp6   � Ubc4 ���
 . q� ''  An_J# 9,�= � �.   , oR+ �
 ' L�
7�
%"� .,'��4	 , I' Lb L�  �2.     670 A@��R# 	    7<@, �C�+ F

    L70 A�s� 3�GR24           �C�<+ p/<� � A<+ 3� [<� �  <	 F
0' 42�5 |(    , oR<+ �
  <'   Lb A<-2 L�  �<2. <+��, (  67<0 

 70 672�4#)980)(.  
  

 _`MGR24������ 5 ��	�? A+���f� �L  �!+C  

   6
�# �X�GR24 �� . q� '' �2�� !��. $%?+    �<2.  T��<= ( 
     Q# �
 �45 ��� �
 �,'     �<# � 7<#�P Z	   3�� 
�%<# k <	,�( 

 ��1 ���= .���	 � p	 �#3U I	     A5 
�
 L�4� jGR24 � rX'�. 
 q� �
''  �2�� 980 �. $%?+   �2. \%?��2 '7. n� ' !�,�@4�� � 
<<C�( <<	2 7<<0� �<<��_ �'<<e(<<"R= � ( A<<C%-g# L7<<0 

#'?�'#%( 
��7�  .  � 3� 6
�e�+�	   �n?a �, 6
�# I  �2.   V<?�E# 
 �� �,. ?� '    �%� A, p�/# ����%�� ;��= �%K+%' $%?<+ 7  �<2. 


	\%?K<<'7.<<Q# �
 Lb%���%�%<<+ '
%<<0 7<<#�P �4<<5 Z .
 ��� ��+��,	 , pA      67<#U �+
GR24  <� rX'�.   @<s� �
 ' �  
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DB� g ..7 .��� .+8�(  ��	4�1�23 ,� s%��( ��	 �35��%�� Ustilago maydis �� #!�^� ��+ �L GR24 �M�(C �C�� ,� �L )  h&JQ 5 ,�  #!

4$��(  
Fig. 1. Gene expression level related to biotrphy activities of Ustilago maydis by induction with GR24 at three 

time point (1h, 3h, 5h). 
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DB�t.( �� .+8�.7 .� �	�  s%��(1%� e\&� ,��  Ustilago maydis�^� ��+ �L! �L�( �� #GR24 M�J(C �C�� ,� �L � ) J!   h&JQ 5 ,J�  #

4$��(  
Fig. 2. Gene expression level related to cell respiration of Ustilago maydis by induction with GR24 molecule at 

three time point (1h, 3h, 5h) 
  

��<<^���(\%?��2 �<<��_ 3� ;��<<= <<'
 A<<, 7	��<<8	�%'8( <<	 �

	\%?K'7.) ��,. �%K+� 	7. (
��7� . , L%#3U'��-. �3 (<	  3� 

�c	 � >	      $%?<+ 3� 6
�e�<+� �, A4   �<2.  %<+ 	   Lb%���%�%<+ A
�Q�	    �, 670 FGR24    �� 3� 6��
 �
 	4(      !7<# A<, )� 

+    , 3��, S\JC ����%�� �C�'��-. n� ' � �	    �� $�<1 
�<g. 

<<+ � A=�<<+'�� F2�.<<�_ A<<0%B ( 3� 7<<@, <<	 3� 6�<<# F
6
%�U 3�+.��0 �
 	�#3U Z	� 6�:4	�-� 
�g	7.  

  
u^�  
 ;��=U. maydis, 9#�C '��-.  <+ D�<E# ' #%<-C F2�(   
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 DB��.2� ��]� 4op I� ,&GR24�^� �L !1�23 #�4 �	�1%� e\&� �%� 5L �L !P%Q�	 ,� .7%��Q%1%� 5 �Ustilago maydis  

Fig. 3. Determination of dose response of GR24 on stimulation of cell respiration activities in haploid and 

Solopathogenic strains of Ustilago maydis. 
  

    ;��= 3� G%1�%+ � !�H  �2.  3�, AB�0 	7	%#'  ��%8(#  70�,
     3 !���<B A��+ �2 � <	
�.         �
 !�H �4<5 >c�</# �
 �� 

�	  �+ � L��	   � L�`P >c�/# �	  
�g(# 7/5 .�	I    A<�%1	 <8(  3� 
S�'��1����8'#  �2    ��	3 A�0� �
 $7# .      � (�%?<+ (<+�/0

     o'Qf � ��`, m�
 .��, (�%8�%#    j/5 S2 �, ��   �<2   I'<, .
 .��-', !�
%P%#     +� 
�%# L�2�'1 � �3    �+� A��1 ���= 6
�e�

(Kahmann & Kamper 2004) . ;��<<=U. maydis 
���
. f%OB '    n� 
� A, �OQ/# !�' ��0 �	    �45 L�+U Z

 G� 
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M�(C�) !  #4$�� h&Q 5 ,� (3+�
5�TQ d5� C+ �L�\*�+ ��� 5 CellTiterBlue ND :�C+�M+ 
����-M .  
Table 3. Measurement of oxygen consumption in cells stimulated by GR24 (10-7M) from different strains of 

Ustilago maydis at three time point (1h, 3h, 5h) using Polarography and CellTiterBlue method. ND: Not 

Determined. 

 
Cell respiration measurement 

O2 consumption 

(Polarography) % 
 

Redox potential 

(CellTiterBlue) % 
Ustilago maydis strain  

1h 3h 5h  1h 3h 5h 

Haploid strain FB6a +11.9% +6.5 +2  +19.1 +12.2 +8 

Haploid strain FB6b 12 +5.5 +2.5  +18.2% +12 +8.5 

Two haploid strain compatible +13.1% +3 -2.2  +11.6 % +11.5 +8.2 

solopathogenic FBD11 ND ND ND  +11.8% 10.7 -1.2 
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