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� �&  ���� .9E <�=>� 
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Fusarium Head Blight (FHB), which is caused commonly 
by Fusarium graminearum, has ability to result significant 
reduce in yield and also cause indirect losses due to the 
accumulation of potent mycotoxins (trichothecenes) in 
harvested grain as secondary metabolites; which are hazardous 
for human and animal health. Trichothecene mycotoxins (such 
as deoxynivalenol, DON) are potent protein synthesis 
inhibitors for eukaryotic organisms. Trans expression of AYT1 

gene from S. cerevisiae is capable of trichothecene 3-O-
acetylation and converts DON to a less toxic acetylated form. 
One of the detoxification and resistance to mycotoxins is 
acetylation. The main goal of this study is to evaluate tolerant 
of tobacoo, transgenic tobacco model plants to DON. In order 
to detect expression of the AYT1 transgene, we added cMyc tag 
via PCR-Tagging method and introduced it into tobacco plants 
through Agrobacterium-mediated transformation in an attempt 
to detoxify DON. Then integration of AYT1-cMyc gene into 
the tobacco genome confirmed by molecular analyses, 
Immuno-blotting and serological protein studies and 
trichothecene acetyl transferase activity analysis confirmed the 
expression of AYT1 and tolerance to 10 ppm concentration of 
DON in transgenic lines was observed. 
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5�	8�  
8)�9���:!��  ,�9'�  � ;'�)"1   49  � 4 42)�� 

Fusarium graminearum  +!<� $
��)� =��3
�� 6 4��> ,��!
'%�72 ,� �);�� ����  4��� %'

8���:!(�3  +��.(Bai et al. 2002)  @(A� 49
4"'�  ��"' ,��<� (� ,��2B��" 
�CD D �� 	��;D $�.

,� $�E (� F�"'�)G � �
'H6 (Chen et al. 2000). 
DON +J"��� K!  
� 8))��(0 L� � 	�  9

F�!
�9�! $
��)� =G'(� 
� 49 +��.  �� M
�N ,!'%
� 4� �! � �<�>' ��5!'O()> 8)���(0 �)� 8�>'�"'  $�.
 +���P� �� Q&�(� $
��)� �!�-� R3�� 	�)6 
�

,� ��� (Eudes et al. 2000). �(7  ,!�)�)� $�.
 , ���:!(� ��:;�� K! S2�T�) � "��DON  �

3A-DON (��2� $�
 (� ,���U�� +)��  $�.
�"
'� ,.�)6. ��5"' F�J;�B� V!��"  	�'� �-" 	��

=)�9�
�). 	�(6 �)�<)��' 49 +�' C3 
8���:!(�  +)�� %' �.D �.  ,�E�� =��N 'L)� 4�

,� �.�9 (Kimura et al. 1998) .'H;�  $
��� 8!'
 =!�&� W!(X %' 49 +7(6 F�NDON  Y)9(� 4�

 ,�� (��93A-DON ,�  4� �.�)6 +���P� '��
DON  $
��)� 4� =�Z� D ��&"� 4� �FHB  
� '


�'� [!'L7' F<\. ] %' ,:!  
� $
�(^ $�.
8���:!(� L� ��)� �.�  ]Tri101  42�E %' 49 +�'

_�)"�:� M
�N , �!' ��> $�. F. graminearum 
,� L)" %' � ���� 42)��' W!(X  �(9

8)�9���:!��  4E
� �� ,��&)9(� 4� , ���:!(� $�.
8)!�0 +)�� (�� 8)�9�� (�'(� 
� M
�N %'  `��> $�.

,� +a7�Z� �!��" (Manoharan et al. 2006) .
, 29 $�. Schizosaccharomyces pombe 

 �� +T!
'(�Tri101  S2�T� b�B� 4� =�Z�T2 
 8)�9��)8���:!(� 4��� %' �. (�"�'� %�(� '
 

                                                                     
1. (DON) Deoxynivalenol 
2. Fusarium haed blight(FHB) 
3. Trichothecene 

(Kimura et al. 1998)�  (� , &� L)" ,���
'L6 �
 4� =�Z� �!�-�DAS4 )8���:!(� %' (c!� ,:! �. (

���� 
� ] �� +T!
'(� $�.Tri101 �
'� ��E� 
(Muhitch et al. 2000) . ]'(� �)�Tri101  
�

4� +���P� %�(� Y&� V"(� 	�)6  ug/ml DON40 
,��!%
' 
��
� $�.4-)�	�� $' �"'(Ohsato et 

al. 2007)  42& � ,��0
�e�' � ��� =�" V"(� $�.
 �� +T!
'(�Tri101  M
�N $�.
�e�' ��F. 

graminearum  
� '
 +���P� %' ,G�B� L)"
,�
(� $�.4"�T26�"�'� �-" $' (Kimura et al. 

2006). 4T�" $�
 (� %'(U�"'(� =)��' %' $'
 	
��� ��%���(97  (�T�Saccharomyces 

cerevisiae (ORF-Y1106Bc)  49 	�� ,!��� �
AYT1  f�Z; %' D ��AZ� � +�' 	�� $
'Hc��"

 4� 4)&� $�(:2�3 � ,"���>��TRI101 +�' 
(Alexander et al. 2002). ��5"' F�P)PZ� V!��"

 �(:2�3 ,�
(� 
� 4�7�!AYT1  49 +�' 	�'� �-"
8���:!(� (�'(� 
� (�T� +���P� [!'L7' 
� ] 8!'

�
'� [P" �. (Alexander et al. 2002) .  
D %',!�E(� 49
 � 	�)6 
� ] 8!' �(:2�3 ,�

 � +�' 4�7(6 
'(N 4E�� �
�� (��9 D , )���(0 �)�
,�
(� $�.$
'��� �� L)" K!]�;� �!' ,!�.

+��(��
� 4J;�B� 8!' 
�� ,0' g�� cMyc
5   ] 4�

 %'(U�"'(� =)��'(AYT1) %' 	��U��' �� PCR-

Tagging  8!h 
� ]'(� �)� �� �� 	��L7'  $�.
	%�� �� ���� +T!
'(�  ,"]AYT1-cMyc  	��U��' ��

,�"D %' ,0' 4)23 $���  g��cMyc ��� ,�
(� . =�Z�
" 4� +T!
'(� �.�)6 
� 	�� 	�.�-� ,&�

 8)�9���:!��DON ,��!%
' 
� �
� $�. 4-)� $'� 
 ]'(� $%'(U�"'(� =)��' +);�J7 4� AYT1-cMyc 

 $�
 (� DON� 	
�A3 
�4 +��  �.�)6 8!' %' 	��D
�� 	�'� +&�".  

                                                                     
4. 4,15-diacetoxyscirpenol 
5. EQKLISEEDL 	� ,;'�� �� ,!��  
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9�" � ������  
������  �� �	��AYT1  

  i'(T��' %' j0DNA  (�T� ,��"] ] , 29 %'
 ()�> 4!�� +-9 %' =k�G �(U �) �'(�� �4!�� '(!'

'(!' ( Q)Z� $�
 (�[YPD `�
 �� Hoffman 

and Winston (1987)�  ]AYT1  ��5"' ��
 [ 9'�PCR $�
 (� ng50  %'DNA  ,��"]

4� $�.(6%�\D +UE � �c;' 4��
 '� 3 AYT1Fw � 
AYT1Re ),G'(X ] ,;'�� %' 	��U��' �� 	�� 

AYT1 K"�� 
� ��E�� (�T� ] NCBI  	
��� ��
 ,�(���NC-001144�  ���E1 ( �unit 1  %'
 _!L"D(Roche, Manheim, Germany) 

Expand DNA polymerase �!�(6 ()l:�. 
+�(�'� $��� �=��� [ 9'� ,!��� Q!'(�  ��

ºC93 )60 4)"�C( ��A�' $��� �°C56 )60 4)"�C( �
=!�X $��� ��ºC 72 )60 4)"�C ( $'(� 49 ���30 

=!�X 42G(� � 
'(:� 4>(n ,!��" ��ºC 72  4�
��� 4P)N� 	� F�� . Fh�AZ�PCR  =N�" 
�

 $�)��<0pBluescript SK (Strategen) 
4"���. ,0' ��L7' 42G(� 
� �� �"�� $%��  g��

4� �"()6 
'(N 	��U��' �
�� �c;' '� 3 .  

�� �� ��  �� �! "#$AYT1 %&�� �! 	� '��

PCR Tagging.  
 [ 9'�PCR 4� ,0' ��L7' 
�a � g���  4� ,X

 (6%�\D ,G'(X �� � 42G(�AYT1MYC-FW 
) $���"'3'  ]AYT1  $'���' � �!�0 ��9 ���

,0' ,;'�� g�� ( ,�-6(� (6%�\D �MYC-RV 
),0' ,;'�� $���"' g�� ( ���E 
� 491  	�'� �-"

	���"'� +7(!H0 ��5"'.  42G(� 
���' µM 5/0 (. %' 
$�.(6%�\D %' K! AYT1MYC-FW � MYC-

RV  %' 	��U��' ��unit5/0 _!L"D %' Expand DNA 

polymerase (Roche,Manheim, Germany).  
 ��A�' $��� �°C47 )60 4)"�C  �10 4>(n (

 � ] $���"' =��� 49 �"�(9 ()l:� '
 $(�!'(0�c�
,0' ,;'�� =9 ,� g�� �� .�\D +UE �� je�$�.(6% 

AYT1Fw  ��AZ� �PCR =&N 42G(�) �c� 
(�!'(0 ( ] �AYT1 4"���. $%�� 
� 	�� pSK 

4� ,"] 	%�� ��c;' '� 3 AYT1-cMyc �4 ��D +�� .
 ,"��% � ,!��� Q!'(� 
�+�(�'� $��� =���  ��

ºC93 )60 4)"�C($��� �  ��A�'°C47 )60 4)"�C( �
=!�X $��� ��ºC 72 )60 4)"�C(�� � 20  4>(n

=!�X 42G(� � 
'(:� �� ,!��"ºC 72 )4P)N� 	� (
��� .�'�J� �(�h�� $'(� 4T�"  K! 	��()l:� $�.

 [ 9'�PCR �� ,!��" µM5/0  ,!���"' $�.(6%�\D
AYT1ATG1 � MYC-RV  �unit 1  _!L"D %'

Expand DNA polymerase  Q!'(� ��. ��
8!' � ,"��% � ,!���  �� 
��30  $�
 (� 4>(n

AZ� ��� 42G(� ��PCR �!�(6 
'(:� . je�
	%��  ,"]AYT1-cMyc =N�" 
� $�)��<0 

pBluescript SK (Strategen) 4"���. $%��  	��
��2� 4� � �J��� $�. E. coli  4!��DH5α  ��P�"'

�� 	�'� .,;'�� 4"���. 4JBN ,��! $%��  Q��� 	��
 +9(�MWG -Biotech (Ebersburg, 

Germany) +7(6 ��5"' . 4JBN ,;'�� +Zk
AYT1-cMyc 4"���. $%��  ,;'�� �� 4�!�P� �� 	��

 ]AYT1 K"�� 
� ��E��  �)!�� ] �� .  
_. ,;'�� ,U!�
  �.)$�)�'� )�D � $�)���9�" (�� 

 (6�5��EBLASTn Ver. 2.2.10 [Oct-19-

2004]  
� ��E��K"�� ] NCBI  ��5"'  
��.  

  
 ���E1- � $�.(6%�\D ,;'��4 4"���. 
� 	�� 4�7(6 
�9  ,"] 	%�� $%��AYT1-cMyc 

AYT1-Fw 5' –ATCGAATTCGAAGGTAGATGGATGTTTAGAG- 3' 
AYT1-Re 5' –TAGTCGACATATCATCATCCTATATGTGTAG- 3' 
AYT1MYC-FW 5'–TATGGACGCCTGAAGGCTGAACAAAAGCTTATTTCTGAA-3 
MYC-RV 5' –TTGAGCTCAAAGATCTTCTTCAGAAATAAGCTTTTGTTC- 3 



76  +�!% ,-.�/0 1 ,�23 425� ��� ,3'
% �.�)6 $
�� 7���� 	
���  ���������� � 
��� 1391  
 

  
 

'	�� �! �#$#$ ������ 
&)���*$  
��  
AYT1-cMyc.  

 4JBNAYT1-cMyc  (6���Z� _!L"D �� ��
BamHI, SacI 4"���. =N�" %' i
�> $%�� )=:�1( 

 4"�6�� =N�" 
� �(CLONTECH) pBI121 
4"���.  4� p�q � ���5"' `�
 �� je� r�!�(6 $%��

 $(�9��Agrobacterium tumefaciens 4!�� 
LBA4404 �� 	�'� ��P�"' . 	�)6 ,�T!
'(� $'(�

� ���(Nicotiana tabacum cv. Xanthi)  %'
s(�  F�JBN �t;�� � '�E $�.20  ��25 ,2)�  $(��

4� � 	�!(�  F��1  ,;�2� �)�"�e��� 
� 4P)N�
�
�� 
��>�� $��G +T!
'(� $(�9��4X�\ (a"  
�

�"�� ._. 42G(� je� 4� ,�-9  
� %�
 �� F��
 $��� � ,:!
��oC25 _. Q)Z� 
�  ,�-9(CoC) 

�� $(e� ) ���E2 .(4"��"L!
 �42G(� 8!' %' j0  �.
,�"D �� �-��� %' j0  +a2\ �� _)�9���U� K)��)�

mg/L 500 4>�� u�P;' Q)Z� 4�  ,!'%(SIM)  =P� �
4>�� �� �"��  � ��
 8)�!���"�9 4� ���P� L&� $�.

� ��! L!��� .,�"D  +a2\ �� _)�9���U� K)��)�
mg/L500  ��
 
��� $'(�D9���(64� ��!(�  4�7(6 
�9

�� .4>�� �Y�� � ��
 %' j0  4� � �"�!�(6 '�E �.
=!�X Q)Z�  4>�� ��(SEM) �"�� =P� � . j0

 %'14 4>�� %�
 4-!
 u�P;' Q)Z� 4� L&� $�.  ,!'%
(RIM) �"�� +-9'� .4v.�)6 +T!
'(� $�. 	��  $'

4-!
 Q)Z� 
� 49  4�7�! ��
 ,7�9 	%'�"' 4� ,!'%
�� %' j0 �"���4-!
 =��9 $�-�  _!<� �!(E �� �.

4-!
 %' +-9 Q)Z� 49 $�Z" 4� pD  �.4� 
�X 
�26 4� ���� 	�� 	���% =��9' �. ,:)��<0 $

 =!(��') (BN9 ,�"�� (�� ( w�> $��G) +&�"1:1:1 
+);�:)�
� � +)0 �+);(0 %' ( �"�� =P� � 	���<9��'

`�0(� �� � ,:)��<0 @�U� $�. ) xUG $'(�
 Q)Z� �� y�&B"' 42G(� %' 
H6 � �.�)6 +��X


4"�T26 ( �� ��
 KN��' 
� � �"�� 	�"���016  +3��
 � ,!� ��
8  $��� 
� ,:!
�� +3��25  4E
�

,�"�� 4c" �'(6 �"�� $
'� . (. $
�)�D48  +3��
K!  Q)Z� �� 
�� z!��MS2/1  K! %' j0 � ��5"'

`�0(� 4�U.  4� �.{'
�� V!
��  �� y�&B"' �� �"�� 
'�
 4"�T26 Q!'(�4� 
�X �(!H0 ��5"' =��9 . �.�)6 8!'

4c" ,.�
H� 42G(� �� �"�� $
'�.  ���� �.�)6
 �� +T!
'(�D �)��<0 $��G ��!(�9���(6pBI121 

 (c�
'L6 ] $'
'�GUS  ,!'%%�� `�
 8)�. �� L)"
4� 42k�G +T!
'(� �.�)6 � � ,U � �(� 9 '� 3 


(6 (a"�� 4�7 .��> =k�G $�.
H� =�" ,G�P;T0 
z�E  8)�9�� 4� +���P� ,��!%
' $'(� � 	�!�(6 $
�D

�"�!�(6 	��U��'.  
  

 ���E2-  
� 	��U��' �
�� +-9 $�. Q)Z� Y)9(�
���� �.�)6 ,�T!
'(�  

RIM  SEM  SIM  CoC  Components 
1/2X  1X  1X  1X  MS Salt  

7  7  7  7  Agar (gl/L)  
3%  3%  3%  3%  Sucrose  
0  1  1 0  BAP(mgl/L)  
1 0.1 0.1  0.1  NAA(mg/L)  

100  100  100  0  Kanamycin  
200  500  500  0  Cefotaxim  
5.7  5.7  6  5.5  pH  
  

�)���*$ ������ 
+#,+#�  �+��- 
 '���' 
�a � 8!' $'(�DNA %' �,��"] $

s(� .�)6 L&� � '�E $�.� +T!
'(� ���� 
i'(T��' �!�(6 (Bai and Shaner. 2004)  �

 (6%�\D %' 	��U��' �� je�AYT1-ATG1  �
MYC-RV  ] ()l:� Q!'(� �� 4��-� Q!'(� �

AYT1� 8!h 4� ]'(� ��P�"' ,!'%%�� $�.  �
�� 	��
+7(6 
'(N ,�
(�. 4T�" F�&C' $'(�  ]'(� %' $
'�(�

 AYT1�  '���'RNA +)9 �� =9 RNX-PlusTM 

(Cinna Gen, Iran)  '(T��'i  je� �cDNA 
�� 4�>�� . $�.(6%�\D %'AYT1-ATG1  �

MYC-RV  ()l:� +�EcDNA  ��. �� 4X��(�
] ()l:� [ 9'� Q!'(�  AYT1�� 	��U��' . �� 8!'

4JBN (6%�\D  ���J� $'kb 4/1 ,� ()l:� '
 � !��".  
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 .�/$*� 0��#+#���� 
��*! AYTI-cMyc �!
�,+ 1� 	� '��%&�� ���2� 

u�-\(Roche, Germany)  PVDF  %' j0
8!' 4� 49  F��30  � ��"��� 
� 4)"�C30 
� 4)"�CTBS 

=��� )NaCl 9% �9 -7  =mM Tris pH100 ( 
'(N
�� 	�'�� 4BP" 	�c��� +��9 
� 
'H61 � 4�7(6 
'(N 
 ���J�5 ,2)� �(6 4"��" %'  =9 8)���(0 $�.
i'(T��' ()\ � +T!
'(� �.�)6 %' 	��  +T!
'(�

)4� ,U � �(� 9 '� 3 ( `�
 �� 49Ohsato et al. 
(2007) ��� 	�� 8)���(0 i'(T��'�  K.�n (. 
�

�� +)&l� u�-\ $�
 (� $()6'�. �� � 4�T!
 . 8!'
4� u�-\ ,�"D ��2Z� 
� +3�� �� F�� $��� cMyc 
 +N
 ��500/1  �3/0  �(6Skim Milk  �ml6 

��2Z� TBS  +3(� �� (:)� $�
70  4P)N� 
� 
��
4� 
�� (. � 4&�(� 4� je� � +7(6 
'(N  V 0 F��

 ��2Z� �� 4P)N�TTBS =��� TWEEN 20 %
1/0TBS+ �!�(6 �-��� .
� je� u�-\ ml6 

 ��2Z�TBS ,�"D �  +N
 �� 4!�"�C $���1000/1 
4� +7(6 
'(N (:)� $�
 (� +3�� �� F�� .

4� 
�� (. � 4&�(� 4� ��5� $�-���  V 0 F��
 ��2Z� �� 4P)N�TTBS �� ��5"' . 
� �!�0 
�
 '(����� ��2Z�) =��� µl10 pD 4"/)�9'� ml 

10TBS  �  ml1 ���U"�(29 ( 
'(N (:)� $�
 (�
4� $%��
�:�D 42G(� �� �� �� 	�'�  +)9 K�9

(BIORAD, Germany) �(!H0 ��5"' . %' j010 -
5 4:; 4P)N�  $'(� 49 �"�� (.�~ �"
 [U � $�.

 +)&l�D ��. � 
� u�-\+7(6 
'(N (BP� pD =>'.  
 .�/$*� 0��#+#���� 
��*! AYTI-cMyc�! 

� �+� �#�	- 	� '��%&�� 
 '���'30 (�);�(:)� ) ���J�5 ,2)��(6( ���(0 %'8) 

i'(T��' =9 s(� %' 	��  � +T!
'(� �.�)6 $�.
 +T!
'(�()\)4� ,U � �(� 9 '� 3 ( �� '
80 

[��0 (7�� (�);�(:)�  	� .�) =���6/10  �(6

                                                                     
1. Blloter 

_!�� F� �(9� 4/8 ,� �(6  � _!�� F� �(92/0  �(6
(BP� pD (�); K! 
� �!'%D _!�� �6-9=pH(  Ä�2T�

4� � 	�(9 $��� 
� Y� K! F�� oC4  'L);' +)20 
�
�� 	�'� [��0. ,�"D  +&�" 4� '
 4);�' $���500/1  ��

8)Å�� (7��/ 8)Å%�9 X10 )8=pH(  � 	�(9 W)N
50 
�� 	��L7' K.�n (. 4� =k�G ��2Z� %' (�);�(:)� .

4� +)20 
� +3�� �� F�� oC37 4c"  je� � $
'�
8)Å�� (7�� ��/ 8)Å%�9X 1 �!�(6 �-��� 4&�(� 4� .

,�"D +N
 4� 
� '
 4!�"�C $���500/1� 1000/1  �
2000/1 8)Å�� (7�� ��/ 8)Å%�9X 1  � 	���" 4)��50 

' (�);�(:)�4� � �� 	��L7' K.�n (. 4� D %  F��1 
�� 2 $���
� +3�� oC37 4c" �!�(6 $
'� . %' j0

8)Å�� (7�� �� �-��� 
�� 4�/ 8)Å%�9X 1  ��L7' ��
$'(����� (Dak, Cytomation) OPD 2 $'
'�

K.�n 4� %'�)�9'(0 _!L"D  � ��5"' $%��
�:�D �.
 i�� ��X 
� 
�" pHE499 j0 4P)N� 	� � (���"�" 

�!�(6 +&C '(����� ��L7' %'.  
���*$ 	�*%���*$ 3�&�� 4� �- ��+�5� 
��*! 

AYTI-cMyc �! ��6 
��*�#$��*7 	� '��%&�� 
 8	��3 

 ��AZ� ,�!L"D +);�J7 %' � )�X' ��AG $'(�
 ]'(�AYTI-c-myc� (� `�
 Ç��'Ohsato et 

al. (2007) ���(0 '���' 	�)6 8!h +U. %' =9 8)
 _��)� %' 	��U��' �� je� � 	�� i'(T��' +T!
'(�

 w%�" 4!h ,7'(6�����(9(Ridel-de Haen™, 

Germany) 42)��' +);�J7  �
�� ]'(� 8)���(0 �(9
+7(6 
'(N ,�
(� .4� +T!
'(�()\ �.�)6  '� 3

� �7(6 
'(N 	��U��' �
�� [!��%D ,U � �(� 9 .
' =)�' ��2Z�F��� /8Å�;�� )3/1 (4�  %�7 '� 3

�� 	��U��' w(Z��.   

                                                                     
2. O- Phenyl enediamine di hydrochloride  

3. Thin Layer Chromatography (TLC) 
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���� ���9� 
��*! ���  ������ ���
.��7#$ �! �)���*$ DON  

 _!�� +!(29�e). �� +T!
'(� �.�)6 $�.
H�1 %
(� � ,"�U3�^ 
$�  [�) H7� � (BN ��10/1   

,2)� (�� ( Q)Z� 
�MS �"�� +-9 .4v.�)6  j0 �.
�� 42G(� 4� �)�
 %'  Q)Z� 4� ,6(�MS  z!��

 $��Gppm 5  8)�9��DON  �! �3A-DON 
 $�.(!�� 8;
' �
�250 ,2)�  � �"�� =P� � $(�);

4�  $
�" Q!'(� 
� 4�U. K! F��16  +3��
 � ,!� ��
8  (:)� $�
 (� ,:!
�� +3��

)rpm120 (�"�� 	�'� 
'(N .42G(� 8!' 
�� 
4"'� +�
 )0 $
�6%�� 8)�9�� 
�ÉG Q!'(� 4� �. '�
,� �  9 .4"'� 4�U. K! %' j0 +�
  Q)Z� 4� �.

 $��Gppm 10 DON �! �3A-DON   =P� �
�"�� .4�U. 4� %' j0�  � +T!
'(� �.�)6

��
 'L)� (a" %' +T!
'(�()\ )4-!
 � 4>�� ��X( 
%� � 	%'�"' �
�� (� � K->  � 4�7(6 
'(N $()6

�(" �� $
��D $�.L);�"D  
'L7'MSTAT-C Ver.1.42 
� 8)c"�)� 4�!�P�  ��%D �� �.LSD  ��5"'   ��.   %'   

  

 �.�)6 +T!
'(�()\  �  $'
'� +T!
'(� �.�)6
 �)��<0pBI121  (c�
'L6 ] �E'�GUS 

4� �� 	��U��' ,U � �(� 9 '� 3 .  
  

:!���  
������ '	�� �	��  
��AYT1-cMyc 

 ��AZ�PCR  %'DNA �� (�T� ,��"]  +UE
 $�.(6%�\DAYT1Fw  � AYT1Re] ()l:� 

AYT1 4� �
�� 	%'�"' 
� � �(U � �"�� F
�k 
�a�"' 
)Kb4/1 ( �� (.�~ %
�7�(�:;' �] $�
 (� 49 ���
) =:�2 .( Fh�AZ� PCR Tagging��� 42G(�  
� �
�� �(U � �"�� L)" ��� 
�a�"' )Kb4/1 ( �-" '


 49 	��� (�-)� ��� 42G(� �"�� F�� 4�&;' 49 �"�'�
 %' ,��"4T�" �'�J� 8�7
h�� $%��� "��. $�.  %' 	��

 %' 	��U��' �� ��� 42G(� %' =k�G �c;' 4��

 $�.(6%�\DAYT1ATG1  �MYC-RV ��� 

) =:�2.( 4"���. 4JBN ,;'�� +Zk $%��  j0 	��
_. %' K"�� 
� ��E�� ,;'�� �� ,U!�
  �)!�� �
�� ]

 +7(6 
'(N) =:�3.(  

 
=:� 1- 	%�� K)���� b(X  ,"]AYT1-cMyc 4"���. $%��  =N�" 
� 	��pBI121  

  

  
  
  

  
1 ( ] ()l:� ��AZ�AYT1 $(�T� ��"] %'  
2 (] ()l:� ��AZ� AYT1 Y)9(��" 
��9� %'pSK+   

M(  (c"�-"1Kb Ladder (Fermentas)   
3 (AYT1-c-myc  ��� 42G(� ��AZ� PCR -Tagging  
4 (AYT1-c-myc  ��� 42G(� ��AZ� PCR -Tagging  
5 (AYT1-c-myc  Y)9(��"
��9� %'pBluescript SK    

 =:�2- ,0' ��L7'  ] 4� g��AYT1  %' 	��U��' ��PCR –Tagging  

1    2     M    3       4      5 

Bam HI  Sac I  

  caMV35 NosR cMyc  AYT1 
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=:� 3- _. 8)���(0 4 )�D $�.�)�' ,U!�
AYT1CMYC K"�� 
� ��E�� ,;'�� �� �-" 49 ]��3 	� .�  ,;'�� 
� ())Ñ�
	��L7' � ,0' �� ���(0 4� g��,� (a"�
�� 8)����.  

  

 
 =:�4- 	%�� �� ���� ,�T!
'(� =G'(� ,"]  AYT1-cMyc:(A) 4"��"L!
 Ö)P2� Q)Z� 
� �'�
'(N � ��!(�9���(6D �� �.

_. ,�-9 )(CoC� (B)  Q)Z� 
� +T!
'(� $�. 4v.�)6 ,!'%%��4>�� u�P;',!'% (SIM) � (C) $�
 (� L&� 4v.�)6 =):-�
 Q)Z�,��T�"' 4>�� �� =!�X (SEM).  
  

'	�� �! �#$#$ ������ 
&)���*$  
��  
AYT1-cMyc. 

 ,!'%%�� =G'(� ,X %' j035  ���� 8!h
	%�� �� +T!
'(�  ,"]AYT1-cMyc �4  49 ��D +��

8!h �� ,���U� ,:!]�;�7�� (a" %' +T!
'(� $�.  	��
 $'
'� =N�" ��(c�
'L6 ]GUS   �.�)6 �

�"�'�" �-" ��> %' +T!
'(�()\ ) =:�4 .( 8) v�.
 4J;�B� 8!' 
� 49 _)P��� ,!'%%�� `�
 %' 	��U��' ��

�� 	��U��' D %'� Ç�;�9 42G(�  ,!'%4� 
�X  =��9

 ,;�"�29���� Ü� � %�(� %' ��> 4��" 4� 49 �� @HG
4� $()6�2E Ç�;�9 %' ,!'%%�� (C' 
� ,� =�3 �
�D.  
�)���*$ ������ 
+#,+#�  �+��- 

 V!��" PCR $�
 (�DNA ,��"] i'(T��'  	��
%'  $��G Q)Z� $�
 (� 49 +T!
'(� �.�)6

�"��� 4�7�! ��
 8)�!���"�9� (6%�\D �� �� 
AYT1ATG1  �MYC-RV 4JBN  ���J� $'

kb4/1 � �"�� ���J�4 +��  =N�" %' 	��DpBI121 
,"] 
��>�� $��G AYT1-cMyc 49 �� 	�.�-� 

AYT1    :MFRVKIISQKRTKSVQMLENDQLDILGQQPSLYKLYTQICSIYRVPDPSAHDHIVNTLTRGLETLAKNFQ :84
AYT1cMyc:.................................................................... :84

 

AYT1    :WLAGNVVNEGADEGNTGTYRIVPSDKIPLIVQDLREDLSAPTMDSLEKADFPIYMLDEKTFAPCMTINPP :168

AYT1cMyc:.................................................................. :168 

 

AYT1    :GNTIGMAAKSGPVFAVQANFISGGLVLTIVGQHNIMDITGQESIINLLNKSCHQKPFSDEELLIGNIDKS :252

AYT1cMyc:.................................................................. :252 

 
AYT1    :KSIPLFDETWEPDTTLVHEIVETSRNTSGEEKEQSCSSNSTWAYVEFSAISLQNLRILAMQTCTSGT :336

AYT1cMyc:.................................................................. :336 

 

AYT1    :STDDIVTAFIWKSVSRARLSRLKPETKSNLGRAVDVRKRLGLPETYPGLLVNMTFNTGSLKSLDHKSL :420

AYT1cMyc:.................................................................. :420 

 

AYT1    :LASQIRRKLDPKVFDLAYNTCALATLLSRCPDKTKVSIPQPIDTLSGIMVSSWAKVSLYDVDFNLGLG :504

AYT1cMyc:.................................................................. :504 
 

AYT1    :KSVRRPRFISLESLIYFMPRSSRGEMVVALCLRDKDWECLNADKEWTNYATHIG                         : 588
AYT1cMyc:......................................................EQKLISEEDL   : 588 

A 

B  

C  
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�-"  ,c�. 49 +�' D 	� .�D �. ]'(� $'
'� 
,� (a"�
�� � ��� ) =:�5 .(��G 8)3 
�� ��5"' 

PCR  $�
 (�DNA,��"] $ i'(T��'  %' 	��
 �� +T!
'(� �.�)6 � +T!
'(�()\ �.�)6  

�)��<0 pBI121  (c�
'L6 ] $'
'�GUS 
á).  �-" 
��L� (6%�\D �� �� '
 $�"�� 4"�6�'�".   j0

 i'(T��' %'RNA i'(T��' =9 %' 	�� 20  49 , !h

 
� ]'(� W)U2�D �. ��� 	�� F�&C'� cDNA 
4JBN +!��" 
� � �� 4�>�� 4X��(�  ��. �� $'

 	%'�"'kb4/1 (6%�\D �� %' 	��U��' ��  AYT1FW �
MYC-RV  
�8!h =k�G +T!
'(� $�. �� ()l:� 

)=:� 5 (�-" 49 4T�" 	� .�  %' =��9 $
'�(�
+�' 42k�G +T!
'(� �.�)6 
� 
�9H� ]'(�.  

  

       
  

 =:�5- 8!h ,;�:;�� L);�"D  �� +T!
'(� $�.gPCR (A) 1�  +&l� �(� 9) AYT1-cMyc
�pBluescript( r2�  �(� 9
+&l� ) AYT1-cMyc
�pBI121 ( r3-8�  �� +T!
'(� �.�)6AYT1-cMyc r9� ,U � �(� 9 )+T!
'(�()\ 	�)6( rM� 

 (c"�-"1Kb Ladder (Fermentas) � (B) RT-PCR 4T�" �)!�� $'(� ]'(� $
'�(� AYT1-cMyc r1 � +&l� �(� 9
)AYT1-cMyc 
� pBI121( r2-6�  �� +T!
'(� �.�)6AYT1-cMycr 7�  ,U � �(� 9)+T!
'(�()\ 	�)6( r8�  ,U � �(� 9
)RT-PCR  ���Reverse transcriptase ( �M�  (c"�-"Kb Ladder (Fermentas) 1.  

  
 ������ �� ���*$ ���! 0��#+#���� 
��*!

�,+ 1� 	� '��%&�� �! �)���*$   ���2�
� �+� �#�	- 

  ]'(� �)�AYTI-cMyc  ��%D �� (. ��
4:; K!]�;� �!'  F�&C' 4� 'L);' � , )���(0 $
'H6

�)�
 .+T!
'(� ���� 8!h V 0 
�� 4:;  Ä��(� $�.
�
�� ]'(� �)� 4� �� 	�.�-� u�-\ $�
 (� (a"� 


�,;�G 49 ��� 4:; 8!' �N�7 +T!
'(�()\ 	�)6 
)=:�6�7 .( ��%D 
� ]'(� �)� %' L)" ,���-� V!��"

� 'L);'4 ��D +�� .�4 $
�X 49 � 
� $
�" pHE 'L)�
K.�n ���(0 $��G $�.8!h 8)  ,�G +T!
'(� $�.

 +N
 
�2000/1 ,�"D 4� 4!�"�C $���  F
�k
, J� K.�n %' (�h�� $
'� ��� �(� 9 $�. ) =:�8.(  

���*$ 	�*%���*$ 3�&�� 4� �- ��+�5� 
��*! 
AYTI-cMyc. 

 ]'(� ��AZ�AYT1-cMyc �E�� 8)���(0 
� �

i'(T��' 8!h %' 	��  8)�9�� $�
 (� +T!
'(� $�.
DON�  	�'� �-" ��> %' $%'(U�"'(� =)��' +);�J7
4:; �  
�ÉG 4� Ä��(� $�. 3A-DON ��%D 
�
TLC �!�(6 	�.�-� ) =:�9.(  

���� ���9� 
��*! ���  ������ ���
.��7#$ �! �)���*$ DON  

à>��  � 4-!
 � 4v.�)6 ��X $�.%�  � (�
4"'� ,� K-> � +�
4  %' =k�G 
�H� %' 	��D +��

8!h ,Z)P2� ��>  Q)Z� 
� +T!
'(� $�.MS  z!��
 $��Gppm 10  8)�9��DON  �! �3A-DON 

+�'���! 4�U. 4� %' j0 �� $
'�(� . $�.L);�"D
 +-9 Q)Z� 
� 8)�9�� ��E� (C' 49�'� �-" $
��D

 	�)6 â)��"] �)+T!
'(�()\ � +T!
'(�(  8) v�. �
 =��P�� (C'D �.  ÖB� 
�1 %à>�� ���� $'(�  �.

, J� �-" 49 +�' 	��� 
'�  ,J)&X ��
 	� .�
 �� 4�!�P� 
� 8)�9�� 
�ÉG 
� +T!
'(� �.�)6

  

A  

1.4kb 

B  

1   2    3    4    5    6   M    7     8  

1.4kb 
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 +T!
'(�()\ �.�)6)�.�� (,� ���� . ��E� 8) v�.
 8)�9��DON 4� 
�X , J�  �.�)6 ��
 %' $
'�

4� +J"��� �.�� +�' 	�
�D =�3 
�,;�G 49 ()CO� 
3A-DON +�' 	��� (��9 D %' ) =:�10 .(  

  

  
 =:�6- ]'(� �)� ,��!�
 AYT1-cMyc 4:; ��%D %' 	��U��' �� r$
'H6 1-6�  +T!
'(� $�. 8!hT2� T4� T6� T8� 

T11  �T14 r7� ()\ 	�)6 +T!
'(�)�.��( r8�  r$��� ,�"D9�  r(BP� pD10� +&l� �(� 9  
  

  
 =:�7-  ]'(� �)� 'L)� ,�
(� AYT1-cMycr'L);' ��%D %' 	��U��' �� A�  +T!
'(�()\ 	�)6),U � �(� 9(r B-E � 

8!h  +T!
'(� $�.T2� T4� T6  �T8  +N
 4� ��D,�"  4!�"�C $���(1: 1/500, 2: 1/1000, 3: 1/2000) r4� ���(0 8)
,0' $'
'�  g��)+&l� �(� 9(  

  

  
 =:�8- =)��' +);�J7  8)���(0 $%'(U�"'(�AYT1-CMYC  �� +T!
'(� �.�)6 
�AYT1-cMyc :1� DON  à;�>

)(9
��( r2� +T!
'(�()\ 	�)6 + DON ),U � �(� 9( r3-6� +T!
'(� 	�)6 + DON r7� +T!
'(�()\ 	�)6 + 3A-DON 
),U � �(� 9( r8�  3A-DON à;�>)(9
��(  

1         2       3       4          5       6        7  

A           B              C             D             E 

1 
  
  
 
2 
  
 
3 
  
 
4  

7                   6                        5                     4                     3                      2 

8                                                                    9                     10                    1 
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 =:�9- 4"'� =�Z� 'L)� ,�
(� +�
  +T!
'(� $�.)AYT1-cMyc(  r8)�9�� 4�A�  +T!
'(� �.�)6)AYT1-cMyc (

 
�ÉG 
�ppm10DON  rB�  
�ÉG 
� +T!
'(�()\ �.�)6ppm10DON rC�  +T!
'(� �.�)6)AYT1-cMyc ( 
�
 Q)Z�MS 8)�9�� �N�7  

  

  
  

  
 =:�10- 	�(6  8)�9�� ()CO� $� �DON  � 3A-DON(� à>�� 	%'�"' ��
 $�. $()6  �� +T!
'(� �.�)6 
� 	��

AYT1-cMyc )T ( �.�� �.�)6 �(WT) rA�  r4-!
 � ,;�X ��
 4�!�P�B� %� 4�!�P� K-> � (�  
  

 ;<# 
�� +!���Z� 4� 4E�� `�
 $�.  +!(!�� $�.

 $
��)� �(� 9FHB ��3 �  ÖB� 49 ,��N
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��� 
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sporotrichioides  +�'(Kimura et al. 1998) 
,� %'(U�"'(� =)��' ,3�" D ��AZ� 49  49 ����

 =!�&� (��9 +)�� �� ,��&)9(� 4� '
 8���:!(�
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S)��� %' ,>(� � 	%'�"' f�Z; %' ] 8!' � �
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� ��
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,� [!'L7' �.�(  �)�AYT1  +)���G +�' 4��"'��
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[T�  +�' �.�)6 $�.(Bottalico et al. 1989) .

,��!%
' 
� 8) v�. �
� $�. 4-)�  L)" $'()CO� ,�'
Ç�;�9 ��
 %' $()6�2E � "��� 4"'� +�
  ��
 � �.

 +�' 	�� 	�.�-� 4-!
(Snijder. 2004) . 4E�� ��
�
'�� 8!' 4�� à>��  � 	�)6 ,;�X ��
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