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Plant colors are basically arisen from three categories 

namely, flavonoid, carotenoid and betalains. Flavonoid and in 

particular anthocyanins are main colored pigments of flower, 

fruits and seeds. The biosynthetic pathway leading to 

biosynthesis of anthocyanin among species is well conserved. 

One of the key enzymes in anthocyanins biosynthesis pathway 

is dihydroflavonol 4-reductase which converts 

dihydroflavonols into their leucoanthocyanidins. In order to 

investigate the role of the 134th amino acid position in 

substrate specificity determination of dihydroflavonol 4-

reductase enzyme, different amino acid sequences of this 

enzyme were collected from the database and analyzed. 

Multiple amino acid sequence alignment showed that the 

amino acid sequence of this enzyme is protected among 

different species. In the two studied species, neither of the two 

conserved amino acids including aspargine and aspartic acid 

were found in this position. Our results clearly indicate that 

this position alone cannot be responsible for determination of 

substrate specificity of dihydroflavonol 4-reductase enzyme, 

and that lateral positions of the 134th residue could also be 

involved. 

 

Keywords: Anthocyanins, Substrate specificity, 134th 

position, dihydroflavonol 4-reductase 

 

 

 
 

  
 �������������� ����� ���������� ������ ���134 #�$�%&'� �(   )�*�� ���&+���

�( ,���-.�����4-0������&�� *&����� �( 1�'( 2�&
���� ��  
  


����
��  �!�1 
  �#$� �%�&�'�٢* 

1 �2�  ���� 	
�����
 ������� ������ ����������
 ����������  !�"# ��$
� � �  

�������
 !������ %�"&� �%�"&� !�'����- %�")�  

)���)+ ��),-� :1/11/90 - ���)+ �2�)3 :2/12/90(  

  

 
Bioinformatical Study of the of role 134th Amino Acid Position in Substrate 

Specificity of Dihydroflavonol 4-Reductase in Anthocyanins Biosynthesis 
 

R. SARVESTANI1 AND M. R. NAGHAVI2* 

1, 2, M.Sc. Student, and Professor, Department of  Agricultural Biotechnology, 

College of  Agricultural, University of Tehran, Karaj, Iran 

(Received: Jan. 21, 2012 - Accepted: Feb. 21, 2012) 
 

 

����3  Abstract 



64   '��( )*+�,- . )�/0 1/2% �)03
( 
�+�45 !
���6 ������ � 	
������� 
������ � 
��� 1391 

 

4����  

 7� 89�� 
�+�45200000  3
 <�=4>7� ?/�@% A��

)% �49�� B�
 A3��3 � ���>  CDE D4� �+
F�+ )% ����� 

(Fiehn. 2002) .B�
  )+�5 � 
H� �	�4% �I5 !�+

J7� <�K�3 '49����% L�2� � �49�� 124�� 
� �+  !�+

1����M ��3 (Nakatsuka et al. 2007)  )��� N����3 �

6 <�=4>7� 1��� 1� (3�4O���P �4O����
�> ��+  � �+

Q49���  �+ ����+(Tanaka et al. 2005). 

�4O���P6 '49����% (3 )+�75 �+ 1����M !�+  1� 1> ��3

I4�6 RP> �4O���-�7- S/T�% �+  (3 )T4�� 1�%3� � ��3

B�
 U> �
( (3 �+ )% �49�� 3
 )�F �� B�
 ���> 

(Tanaka et al. 2008).  !3
3� �+�4O���P6 1�+

 
���V��15 1��7>  !3� 	���  X�3
F 1"/Y 1� 
�

1�6�� ��3 (Brenda. 2001). Q4��4����F  (3 )�P> �+

�4O���P6  �+ 	���	D�7Z�
 
�4% 
� 1> 
� A���% !�+ 

J7=/5 � )/[3 !3DE3 (3 �+1 )% 
���  I%�0 � ���


 X\�� �� )2�
�� (3 I5 B�
 ��2�3)% ]��$% ���� 

 )��4�4� 
��V�� �
F N����0 �+ Q44T� 
F B�
 	���>  �+

'�3 (Katsumoto et al. 2007).  <�=4>7� Q�3

� 	�� 	74V^ IO�>3� 
� �	��� ]F 
� ��/$% 1�  
�_

	��>37- 
�+�45 
�H� 
� L4�� ��3 (Tanaka et al. 

2008). 1�V��� X"� 	D�7Z�
 	�� �+ � Q4��4����F !

	D�7Z�
  �)`�> !�+� � �3�@��31  !745
�>

	�75 *63�
 �+ X@- � 	���> )% 
H� !�+ ���� 

(Brenda. 2001). Q4��4����F 	D�7Z�
 �+  )/[3 !�+

I5 	�4% � �+ )% �+  '4[�V �
F 7� 	�P0 � �����

�# �# � )��_7� !745�/E � )����93  ]��
 (3 	���>


� )�7a  J
 !�+  
���3  3
  ��
3�  (Saito  and   

  

Yamazaki. 2002). 1� Q4�b�+ U�4��`% 
3��0 

1��5 )=�7@� <37M3 �� 1/��"% !37� )��D�F74c  !�+

X�>3� 	�� 1�V��� 
,4�>3 75 ��3 (Diaponmaka 

et al. 2010). Q4��4����F 
���V�� 1� � �+  
�_

	�75 �3�T� d�V  1"/Y !�
 )/4�>�
�4+ !�+B  �

Q4��4����F <3744e� 	�75 �� �+  !�+!�
 )`4��%�
F 

B�
 Q4��4����F )% 7M3 �+ ��
3H5 .)���� B�
 

I5  3
 Q4��4����F <�=4>7� ��3 1E
� 
� 1> )��+

)% 1���=�3 )\/�@% !�+
��>�6 1� ���>  1/�E (3

 
��V��FQ4��4���� 	D�7Z�
 'f/c � A�� ��+  )`�> �+

 �pH �
3� )Z��� IO�>3�(Tanaka et al.  

2009) .<��\� Q4��4����F Q4� 1� g��7% !�76 !�+

	�75 �3�T� �3�T� � '4+�% �I4�>�
�4+ !�+

	�75  Q�3 '4TK�% ���`9�% 1� Ih�% !��K !�+

��h�3 �+)	�75 1> )�4TK�% ��`9�% 1� !��K !�+

)% Ih�%���� (	�75 �3�T� � '4+�% � i4��\49F !�+

��K 1� Ih�% !�4�3 i4��%�
F � ��`9�% 
� �+

)% ���� (Kong et al.  2003).  j4>7� 
�4% (3

 1> 	�� k
3D5 Q4��4����F �+�[ ?/�@% !�+
��>�6

 �Q��4��5
P- )/[3 Q4��4����F 1� !��=% 7�

��4��4�)% Q��4�4\9� � Q����� (Tanaka et al.  

2009).  
� Q��4��5
P- � Q��4\9� �Q��4��4�

X@� 1� 
�+�45 )>3
�V !�+  ���Y 
� j4�7�50 

�[
 ��12  � �[
�7 ��
3� ��E� �[
� (Kong et 

al. 2003). <�=4>7� 1��- Q4��4����F 1� Q�3  )Z�


1� � � 	��� )+�45� j4�7�1 B�
 	��
�F ��E� !�+

)% )9�"�7- � )�F �D%7K <��\� � �����
F �+  
�

1/4�>�
�4+ '4TK�% 1"/Y 	��B )%���� )I`�1(.  

 
 I`�1- Q��4��4����F 
���V�� .a :Q��4��4����F 1��- '/`�3  � �+b :	�75 )��DZ��E !�Z93 '4TK�% 
� ?/�@% !�+  !�+

 <��\�%(Tanaka et al. 2009)  
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Q4��4����F D����4� 74�% I`� 
� �+2  	�3� 
�*�

 Q�3 � '�3 	�� 74�%1��5 Q4� 
� �?/�@% !�+

1� '�3 	�� 'f6�$% )��V (Guo et al. 2008) .

753 X�>3� 7l>3 1a 
� 74�% Q�3 !D����4� !�+

1��5   ?/�@% !�+)% m7�*%<��\� �%3 ���� !�+

�49�� Q4��4����F A�� 
� )��% 1��5 7+ n��� 	��

�
3� ��E� (Holton and Cornish. 1995). 

Q4��4����F 1�+ 1��- '/`�31� (3 j>7% �+  1"/Y

)% )`4��%�
F����� (Koes et al. 2005) � 
� 1>

D��� ��(��4�)% 	74V^ IO�>3� 
� � 	������ .


��+ �+�4O���P6 I4`*� !37� '�3 ���T% 1> 
�_

 1�X4- �� 	��%P -���
�%�> U�D�F�>A I4��9�% �

 U�D�F�>A 1� 1> I4�6 (3 j4�7�I4��3 � Q4�oF

 U�D�F�>A 	�� S�*%)% (�4� ��3���� (Saito and 

Yamazaki. 2002).  ��`9�% i� j4>7�  

p-���
�%�>U�D�F�> A  �3 I4��9�% ��`9�% U�D�F�>

A )�>
�4+ 37�� ��`9�% i� �49�� 1� 72�% 
�`9�a

)% D����4� 
� !�4/> 1p�3� i� 1> ���

�4O���P6
�`9�a n��� X�>3� Q�3 � '��+�4�� (�

)% D49���> ��� (To and Wang. 2006). 

Q4��4����F �+1� 1/4�� ��(�`4/5 �+(37\��37�(GT)  
�

'4TK�%�(�`4/5 ?/�@% !�+1/ )%����  

(Jones and Vogt. 2001). 16�#3	�75 
�� !�+

Q4��4����F 1� I4�F � !
3���- X�3D63 q0�� �+

 '49PY
F �+ ��`9�% � 	�� 
� 3
 �+  1�D2� 7�37�

)% 'r�\Y )��D�F��> (Yu et al. 2009) � 

	�75 �3�T� X�3D63  1"/Y !�
 I�>�
�4+ !�+B 

Q4��4����F	�75 � �+  �	�� Ih�% I4�F !�+

Q4��4����F �+)�F '�� 1� 3
)% 744e� 
����+� 

(Tsuda et al.  2004).   
  

   
 I`�2 -  �4O���P6 D����4� 74�% 
�+�45 
� �+ .?/�@% 
�+�45 Q4� 
� 74�% Q�3 1� )��V 'f6�$% '�3 	�� .1[PV <3
�=0  	��

 1� �j4�7 :CHS :(���4� 
�`9�a( CHI : �(37%�D�3 
�`9�aF3H : 
3�P63 -4�>�
�4+ �(PFNS : �(���4� 
��P6FLS : �(���4� ����P6

F3'H : �4O���P6'3  �(P4�>�
�4+F3'5'H : �4O���P6'3'5 - �(P4�>�
�4+DFR : ����P6�
�4+ !�4 - �(��>���
ANS : Q��4��4����F

(���4� �GT : �(37\��37� ��(�`4/5MT : � (37\��37� I4�%AT :(37\��37� I4�F  (Tanaka et al. 2009).  
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!� U�D�F ����P6�
�4+4 -(��>���
 (DFR) 

!� X+�>����P6�
�4+Q��4��4����F�>�s9 1� 3
 �+ �+

) ����P64�3 ���� ()% D49���>��> ) I`�3(  �

Q��4��4����F�>�s9X4- �+ D����4� !37� !
�6 	��%

Q4��4����F)% �+����� (Shimida et al.  2004; 

To and Wang. 2006). !� U�D�F ����P6�
�4+

4 -(��>���
  D����4� 74�% 
� !�4/> U�D�F

Q��4��4����F)% �+
t � �����> !�+ 
� 
F 	���>

1��5 (3 !
�4�� �)�/_3 �<
^ I4=K (3 )+�45 !�+

I5 � u4����4�3
F ��E	�� )������ 
��4% 

(Holton and Cornish. 1995)  )93�� �
t !�+

1��5 Q4� 
� 
F�@% !�+1� )+�45 ?/  )��V

'f6�$%'�3 	�� (Liu et al. 2005).   Q�3

U�D�F !� C�4Y3 !37� �+���P6�
�4+�����P6 �� �+

(���4� �+(FLS) ����P6 1>� 3
 �+1 )% ��E� � ��
�F

 �+(P4�>�
�4+)F3'H   �F3'5'H (!� 7��� 1>

����P6�
�4+ 3
 �+�1  ��E�)%)% '��K
 ��
�F���> 

) I`�2 (U�D�F '49�T6 Q4� ���T� 744e� � !�+DFR 

 �FLS '�� (3 	��\��3 ��)% )`4��t !(
� ��3��

 �49�� X�3D63 �� � )67T% !37� !�4\% 
�`+3


Q4��4����F1��5 
� �+ !�+)+�45 ���� (Davies et 

al. 2003).   

  

  
I`� 3- U+ )93�� 1��5��a )\��
 ��4%F !�+  U�D�F !�4�3DFR  k�
 1�Clustal W (Thompson et al.  1994)  ��

 1%��7�DNA star  .@*% 14Y��v  	�� ��h�3 I$%NADP 1� 3
 )% 
�*� 
��>�6�> 
3��0 �+� (Lacombe et al. 

1997).  

 U�D�FDFR hV��� '4[  Q44T� 
� 3
 )�(
3

)% 
�*� ��V !37�����1� q0�� 1> �+� X����

�Z93 
�%F
�Q4��4����F (3 )h@*% !)% �+��� 

(Martens et al. 2002). hV� !37����� '4[

1���=�3 q0�� U�D�F Q�3Q4��4����F 
�� <��\�% !�+

1��5 
� 7+ 
F 124�� 
� 1> 	�� ?/�@% )+�45 !�+

1� 3
 )[�V B�
 1��5)% 
� X�����
�F .U�D�F 

DFR 1��5 )V7� 
�!� )+�45 )��+ ��7\w%�>�
�4+

1� 3
� 37����� 
3��01 )�� 
�>1��5 Q�3 � �7� !�+

)+�45 ��4����F �K�6Q4 Q��4��5
P- A�� !�+

)% ����� (Katsumoto et al. 2007).  '4[�h�V3

1�V��� 
3��a 37����� v4@*� 
� U�D�F Q�3 	��

'�4�. Beld et al. (1989) 14Y��� !31  ��_13 

��4%F1���3� '4[�h�V3 Q�3 Q44T� I$% 3
 �4�3 � ��3

Johnson et al. (2001) 'f6�$% 14Y�� i� 	��

�1  ��_26 �4�3 3
 1�4%F14Y�� 	��
3�7�
� 1> 13 �4�3

1�4%F  	��� D4� x�6 !3 '4[�h�V3 Q44T� 	�Z��E

	�7> �P03 37������Z��E � ��3 	134  3
 
F

Q44T�  	���>'4[�hV 1���3���3 (Johnson et al. 

2001). �� S4"$� Q�3 
� )93�� (3 	��\��3 !�+  

	�Z��- 
� ��E�% D49��F � 	�3� <�0P_3 !�+

 
� !�4�3��4%F 	�Z��E Q�3 X"� )`4��%
�\�3�4�

1��5 (3 !�3�T�1�V��� )+�45 !�+ )�
7� �
�% 	��

'675 
37K.  
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 I`�4- )93�� 1��5��a x�=p�3  !�+DFR 37����� v4@*� 14Y�� 
� .14Y��  14Y�� '�3 	�� v@*% 1=TE 
� 1> !3

)% 37����� '4[�h�V3 Q44T� ��s�% ���� )����*4- n��� 	��Johnson et al. 2001 (�4�3 1�4%F 	
��� !�+  (3 )*@� 
3�

 ��T6 I$%(active site) U�D�F ��3 . ���(
134 �4�3F1�4%  !�4/> X"� 1> '�3 !3�
3� 37����� Q44T� 
�) .����*4- 	��

 n���Johnson et al. 2001(.  
 

5�� � (�����  

)93�� 1� g��7% <�0P_3 3���3 X@� Q�3 
� !�+

�4�31�4%F U�D�F !3DFR 1��5 (3 3
 �� ?/�@% !�+

 '%76Fasta 	�Z��- (3 ?/�@% !�+ )��0P_3  

) !t�9��`��4� <�0P_3 )/% D>7% 	�Z��-

�`�7%3NCBI   )93�� <�0P_3 	�Z��- �  

 Q4s��7-Uni prot  )��7���3 R
�F ��

http://www.uniprot.org/uniprot (1� '�� �%F .

F Q�3	�Z��- 
� U�D�  �� )�4s��7- !�+EC: 

1.1.1.219 ���)% 1�V��� . � !t�9��+ 1%3�3 
�

)93�� )���`� !�+1� '�� (3 	�%F20  	�� 7>^ 1��5

 1%��7� i�> 1� o�� 
�BLAST �y�� �4� . !37�

U+ 1=��$%	�3� D49��F � )\��
 k�
 1� �+Clustal 

W �7� (3 !�+
3D63DNA star  �EBI  	��\��3�� .

X@� ���� (3 ��3 1/Y7% 
�)93�� !�+ 	��\��3 �+

U+ I�0 � 	�7>I%�> )\��
 (Global 

Alignment)  )��� <��4f�� �T� � 	�3� ��2�3 3


 ���03�� .U+ 124�� R��3 7� ��3 1/Y7% )\��


 1����- (3 )���KC )93�� � zP�V3 ��2�3 q0�� 1> �+

U+ ��0���� Q4� ]�/p% )\��
1)% �+ zHY ��

	�� U+ 1/Y7% Q4%�� � ���� 
F 
� 1> )\��


)93��  !3
3� �+330 �4�3 	��� 1�4%F�� ��2�3 ��3 .

	�P0  7� U+ Q�3)/$% )\��
 (Local 

Alignment) �3��/K 14Y�� �� 1� 	�� 14Y�� 
3��0

 D4� 37����� v4@*�1� <
�[  	�� ��2�3 1��53�E

'�3 .1��5 )�/0 ����% !�+ 1T9�p% Q�3 
� 	��\��3 �


 )��4��� �> �
F �+  U�D�F !37�DFR 	�Z��- 
� !�+

1� )��0P_3)% 7�( {7� ����:  
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67� � 8��&�  

1��5 (3 )�> �3�T� ���� �49�� )���3�� )+�45 !�+

B�
 1�+��
3� 3
 Q`�% !�+ . 
�Z�3����� (3 )V7�

1� 3
 I5 B�
 (3 !���$% 1�%3�)% X���� � ��
3H5

)% '����$% Q�3E� ��0 (3 )���  ��3�� 
t i� ��

Q4��4����F !D����4� )�37����� '4[�h�V3 �� � �+

Q4��4����F D����4� !�4/> U�D�F U�D�F )�T� �+

!�  ����P6�
�4+4 -�� (��>���
�� (Johnson et 

al. 1999). !� U�D�F ����P6�
�4+4 - i� (��>���


 �4O���P6 D����4� 
� !
�$% U�D�F)Q4��4����F( �+

)%�V 1� 1> ����!� 	�3��(��t�
�4+/ (��>���
 !�+

7�3 �� � 	742�( 	���>3���V� 	 DFR�
3� S/T� . Q�3

X4- U�D�F 	��% �49�� !�+  )%��0 74�% n��� 	��

I4�6 !D����4� 49 D����4� 
� 3
 �4O���-�7- � Q4�Z

�4O���P6 � �+1 )% 
�> �7� (Martens et al. 2002). 

Q44T� U�4��`%  	���>)5,�� � !37�����1  	�7� 
�>

1�V��� 
3��a U�D�F Q�3 
� 	��  � '�4� 	��

U+ )93�� )\��
 i�> 
3��a D4� �+ '�3 	��=� 	���> .

U+ )93�� (3 )V7� )�����a )\��
  Q�3 ��E�% !�+

 1%��7� i�> 1� 	�3� ?/�@% 	�Z��- 
� U�D�F

Clustal W (Thompson et al.  1994)  	�Z��- (3

EBI  	�� ��2�3'�3 . 124�� 
��7��� !37�

U+  1����- !����3 (3 )�����a )\��
C )93�� 1�+  !�+

]�@��3 zHY !
3�"% 	��  ��_ 1� �� 	��330 

���7� 1�4%F�4�3 .U+ )93�� )\��
  ��_ I> �� 3���3 �+

)/- 	742�(  
F 124�� 
� 1> '675 ��2�3 !�4�w-

)93�� Q4� 
� )�o�� 'r�\Y �% !�+
 )�
7� �

	�+�*% �� . 1����- 14Y��N 1� 1>  ��h�3 I$% 
3��0

NADP 1� Q44T� U�D�F 
��>�6�> 
3��0  ��� 	��

(Lacombe et al.  1997) )93�� Q4� 
�  �
�% !�+

�o�� 'r�\Y )�
7�'�3 	�3� 
�*� 3
 ) ) I`�4(. 

k
3D5 14Y�� 1� 	��  37����� v4@*� 14Y�� 
3��0

(Beld et al. 1989; Johnson et al. 2001)  D4�

)93�� 1�+ Q4� 
� '�3 	��� )�o�� 'r�\Y !3
3� �+ .

U+ )\��
 )93�� 1��5��a 
� �+ k
3D5 14Y��  	��

1�  37����� v4@*� I$% 
3��01� <
�[  D4� 3D2%

 I`� 
� 
F ~���� � 1�675 <
�[5  	�� 	�3� 
�*�

'�3 . Q4� 14Y�� Q�3 
� )�o�� 
�4�� 'r�\Y

�4�3 1�4%F 3� ��E� �+1�4%F�4�3 	�Z��E � 1��  !3134 

 
�
F �+ '�3 	�� v@*% . ����*4- 1�Johnson 

et al. (2001) Q44T� '4TK�% Q�3  	���>'4[�hV 

'f6�$% 744e� � 	��� 37�����  1�4%F�4�3 	��

Q�t
�w�F (N) i4�
�w�F 1� �4�3 (D)  	�Z��E Q�3 
�

!� Q�67�Hw� q0�� 1� ��7\w%�>�
�4+  37����� 
3��0

 U�D�F n���DFR )% ��� . Q�3 1E�� j9�E 1�`�

 �
�% 1��5 �� )93�� �
�>H% 	�Z��E 
� 1> '�3

 1��5 )�T� )�
7�Vaccinium macrocarpon  �

Fragaria ananassa �4�3 �� 7+ �K�6  1�4%F

'f6�$% Q�t
�w�F 	�� (N) i4�
�w�F � �4�3 (D) 

'�3 .1��5 (3 !�3�T� �
7� �
�% !�+ I%�� )

Gentiana retiflora �Vitis vinifera �

Cymbidium hybrid� Iris hollandica� 

Solanum lycopersicum� Nicotiana 

tabacum � Petunia hybrida  )���3��

D49���> !� 
�7>  124�� 
� � 1��3�� 3
 ��7\w%�>�
�4+

 
F 1�3�Z�
)�� �49�� 3
 Q��4��5
P- ���>(Tanaka 

Antirrhinum majus: P14721, Dianthus caryophyllus:P51104, Gerbera hybrid:P51105,  

zea mays: P51108, Petunia hybrida: P14720, Solanum lycopersicum: P51107, Vitis 

vinifera: P51110, Dendrobium hybrid: ACJ54348, Cymbidium hybrid: AAC17843, 

Gentiana triflora: BAA12736 , Ipomoea nil: BAA22072, Fragaria ananassa: Q5UL13, 

Rosa hybrid: BAH24302, Cyclamen graecum: BAJ08043, Torenia hybrid: BAB20075, 

Lilium hybrid: BAB40789, Iris hollandica: A9EDN7, Vaccinium macrocarpon: 

AAL89715, Nicotiana tabacum: ABN80437, Camellia sinensis: AAT66505 
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et al.  2009, 2010). U+ ~����  )�����a )\��


U�D�F 1> �3� 
�*� DFR 1��5 Q�3 
� �+  '4TK�% 
�

134 )% 74e�% ����.   

1��5 )93�� 
� !�+  Cymbidium hybrid �

Vitis vinifera 1� 1> 
�_  �49�� )���3�� �K�6 )T4=_

)% Q��4��5
P-  	�Z��E 
� �����134 �34�  1�4%F

 ~���� �� Q�3 � �
3� ��E� Q�t
�w�FJohnson et al. 
(2001)  
� Q�t
�w�F ��E� ��� 	�7> �P03 1>

!� D49���> q0�� 
�>H% 	�Z��E -  ��7\w%�>�
�4+

)% �
3� <7��e% ���  
�>H% 1��5 �� 37�(1� <
�[ 

3�� �K�6 )T4=_)% Q��4��5
P- �49�� )��� ����� . 
�

1��5 14"� 7>^ !�+��1� o�� 
� 	 1��5 
3��0  !�+

�4�3 �Q��4��5
P- �49�� 
� 
3����  1�4%F

i4�
�w�F �4�3 )D ( ~���� �� � 1��3� ��E� � 
����E

 
3
�`�+�
3� )�3�@�+ (Johnson et al. 2001). 

 U�D�F )93��DFR 1��5 (3 )V7� 1�V��� !�+  	��

1� 1��5 
3��0 �49�� !�+ Q4��4����F 	���>  A�� !�+

U+ Q�3 
� D4� Q��4��5
P- 	�� 	�3� '>7� )\��
  ��3

 I%�� 1>zea mays� Rosa hybrid� Gerbera 

hybrid  �Antirrhinum majus )% �����  U�D�F �

DFR 
F �+ !� D49���> )���3��  3
 ��7\w%�>�
�4+

1� �
3� 37����� 
3��0 (Tanaka et al. 2009, 

2010).  ~���� S=_1� '���� 
� 	�%F 1�+ )93

1��5  	�Z��E 
� 
�>H% !�+134 �4�3Q�t
�w�F 1�4%F 

)N (1�6�� �� Q�3 � '�3 1��3� ��E�! Johnson et 

al. (2001) �
3� '"��p% )I`�5(.   

U+ U�D�F !�4�3��4%F )93�� 1��5��a )\��
DFR 

 � �+�4O���P6 D����4� 74�% 
� !�4/> U�D�F i� 1>

�1 Q4��4����F d�hV �+1�
3��0 	D�7Z�
 )T4=_ !�+

)% )+�45���� (Martens et al. 2002).  !37�

 1�7f� )�
7�Johnson et al. (2001)  7� )�=%

Q44T� X"� 	�Z��E 	���>134  Q44T� 
�)5,�� 

'�3 1�675 ��2�3 U�D�F Q�3 !37����� . 
�*� ~����

1�V��� 14Y�� 1> �3� 	��'4[�h�V3 Q44T� !37� 

)93�� Q4� 
� 37�����
��+ ?/�@% !�+NP=K 1> 
�_  

'f6�$% 
�4�� ��� 	�� k
3D5 )% 	�� ����  

(Beld et al.  1989; Johnson et al.  1999,. 

2001).  	�Z��E134 )93�� 
� D4�  ��E� 
�>H% !�+

 U�D�F )93�� 
� �%3 '�3 1��3�DFR  1��5 ��

<�� )Z�76 (Fragaria ananassa) 	7K � K<� 

(Vaccinium macrocarpon)  
�!��4%F 	�Z��E 

�4+ 
�>H% �4�3 (3 �3�> 1�4%F 'f6�$% !�+  	��

 Q�t
�w�F(N) i4�
�w�F � �4�3 (D)  1��3�� ��E�

'�3 . ~����1� )��V )% 
�*�  Q`�% 1a753 1> �+�

 	�Z��E '�3134  '4[�h�V3 Q44T� 
� !
�$% X"�

 U�D�F !37�����DFR 1� �%3 ���� 1��3�  )�����

)��  � ���� 37����� '4[�h�V3 Q44T� ��s�% ��3��

NP=K Q�3  U�D�F '49�T6 1T9�p% � v4/@� ��DFR 

 
�Z�3(Vitis vinifera) 
�
� n�37� 
�  D4� 1*4�

 ��� 	�� '��M(Petit et al.  2007).  7>^ 14Y�� 
�

1� 	��  
3��0 7+ 37����� '4[�h�V3 Q44T� 14Y��

 (3 �3�>	�Z��E  37����� v4@*� 
� !�4�3��4%F !�+

)% ���� 1��3� X"� ��3�� .'4TK�% 14Y�� Q�3 
�  )��+

)93�� Q4� 
� 1> �
3� ��E�  74e�% ?/�@% !�+

)% )�T% 1p�3
 Q�6�� �%3 �����  � <3744e� Q�3 Q4� 
3�

 !
�> U�D�F n��� 	�� 	�3� v4@*� !37����� A��

'�3 
3��� (Johnson et al. 1999).  1� 7+

 !37����� U�D�F!�  ����P6�
�4+4 -(��>���
  I%��

!� ��7\w%�>�
�4+� !�  Q4�4��7%�
�4+� 

!�  Q4�4��7O�>�
�4+ U+ 1� 14=� 
�4�� 
��V�� 
�

)%  <��\� � �����
F �+ 	�75 �3�T� 
�  !�+

 1"/Y I4�>�
�4+B 
F �+ )% ���� (Liu et al. 

2005). ����*4- )%  ��� U�4��`% Q44T� !37�

Q44T� 14Y�� 1p�3
 ���� U�D�F '4[�h�V3  '4[�h�V3

37����� ��h�3 !�Z93 � � ?/�@% !�+ 	�75  !�+

 I4�>�
�4+
F �+ v9�V 1� Q�3 � ��� Q��
  !(��

 1� 7+ ��h�3 !�Z93 )�
7� � U�D�F �����7> 14�� �

37�����  ��h�3 14Y�� 1�
�
� n�37� 
� (�4� 1*4� 

�
3�.  
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