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"*+,�+-� 9� �+� 6:	8%�� ;0< ���2� =5 E	��8 �	�� 4�+�

 F	G1:	��2� �-� 4H�I8� � *7�8 ����� 6:	��5+1� �+�

 ��� �&�& 9+�� 9��& ��%��� ����8 ��%�& 9�%&+� %& �% 9�'
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 ���+� +� �%+2	5 �� �%+	:5 +5 ;R�ST 6H�% %& E	��8 �	��

U �+� �%+2	5 "�&��%&+� �+� �%+V��+� W+J�%� 9+X�� � ;J0
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 �+1��&%(MTHFR) � =5 =� �����	0� ;2HI�] 9���  =5

 I1�� %& b	���!c ;� \2� F	��	1� � *7�8%�	���1� F0	1�

 ���)��  .( FH��1	� d+e1��(C) FH�	2	� =5(T)   �+QH+3 %&

 ��	��G0���#$$  �%��H+< "F	��� =5 F	�7] ;�HIQH+3 M�+5

 &��a =5 9] �	�+,8 4�+� � 6HI�] ;�%��af! % =:H+e� %&

*�QH���1� %& d+��� h	���� +5C/T   �$i % ��+a %&

 *�QH��2�T/T &�O ;�  . 6:	8%�� ;0<A1298C  9�
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 ����� ;� �%�< p+��� +5 9��& ��%��� =5 K1J� ����8 ��%�&

 ;
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 � ��O F		,��$�  �+� 6:	8%�� ;0< ���5 d�1�� =��2�

 d�2,�C677T "A1298C  9�MTHFR  6:	8%�� ;0< �

A66G  9�MTRR �O =18�j %��U 4H+��] &%�� . �
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 =,-U ����� �	{N� �+� �2H��< bp�!|  9�MTHFR  ��+a

 9���#$$ ���� +5;  5´gcc tct cct gac tgt cat cc3´  ���5

6	e1:� �j�+T] ;���� �5´gga gct tat ggg ctc tcc tg3´  ���5

k�N,� �j�+T] ���O ;a��X  . =5 W�5�� �+��j�+T] ;����

 6:	8%�� ;0<A1298C  9�MTHFR  �A66G  9�MTRR 

�� b	��� =5  Skibola et al, 1999  �Dr. Jill James  I��� ��

 *+e	e
� +NH��] ;�+�O 6��O =18�j  . �	{N� ���5

;0<  6:	8%��C677T" PCR  %&f�  ��+a \N	�}!  =5 =3%&

 *��fi  �+� =1O% ��+���3 �`3 =	�+@DNA  "�QH�NH ��

#i  =5 �2H��< d+v�� ���5 =e	U& EH *�� =5 =3%&DNA  �

$�  *�� =5 =3%&fi  =1O% ��+� \H�X �`3 =	�+@DNA 

�8�j *%��  . +5  ��15� +� \N	�}!  *�� =5 =3%&!  =e	U&

 �+� =1O% ��+���3 �`3DNA  %& � �O �+T] �QH�NH ��

 +5 +`1��$�  *�� =5 =3%&�i  ��+� \H�X \	2N� �`3 =e	U&

 =1O%DNA �	�% �+2�� =5  . *7�v
� �
� ~L�PCR  +5

�8�j %��U �	R+� &%�� m+2	e1:� ;���� F		,�  .*+J@� �`3 

;0< &�3�  6:	8%��C677T  d�v
�PCR  ��,� %& 9]

 ����& r�5 6HI�]HinfI (Roche, Germany) k+�� �5 "

Chen et al, 1996 �O 6�� . 6:	8%�� ;0< %��aC677T 

 9�MTHFR 6HI�] ���5 r�5 �+QH+3 EH "HinfI  &�3� =5

&%�] ;�  =,-U �& �	��� +5 =�DNA  �+� d�X +5 bp�iz  � 

bp�|$ � �� ~<��� �H�% \5+U �%�8��1N� .  4����PCR 

 �+� 6:	8%�� ;0< ���5A1298C  �A66G  lH��O =5+��

 6:	8%�� ;0< ���5 ��O d+2��C677T  9�MTHFR  *%��

 %& =� �j�+T] d+v�� �+�& p+�{1�� =5 �8�j!!  �+V�� =3%&

�H&�j  . d�X =5 ��O �	{N� =,-U bp�#f  6:	8%�� ;0< ���5

A1298C �5 6HI�] +5 ����& rMboII �O 6��Fermentas, 

Vilna,) (Lithuania ;�HIQH+3 =� "C  =5A  %+`_ �� ;NH

 6HI�] r�5 �+QH+3MboII &�5 ;� F	5 �� �%  . ���+�� ���

 =,-U %+`_ %��a +5 r�5)�z "f� "fi � bpz| ( &��8� %&

 =,-U s�< �+3 =5 =18+H 4`3)�z "f� "�z "fi � bp!# ( %&

 &�O ;� �	R+� 6�+� �+� *�QH��2�)f�  .( *+J@� �`3

 6:	8%�� ;0< &�3�A66G  9� %&MTRR d�v
� "PCR 

 d�X +5 9] bp�!|  �+G0������� 6HI�] l���NdeI  �O 6��

(Fermentas, Vilna, Lithuania).  

 ;�HIQH+3A  =5G  =5 6HI�] FH� ���5 �QH& ;O�5 �+QH+3 EH

a +5 =� &%�] ;� &�3� �+� d�X +5 =,-U �& %���|  �

bp�fi  =,-U EH �+3 =5 *�QH��2� =18+H 4`3 &��8� %& 

bp�!|  &�O ;� ���� 6�+� �+� *�QH��2� %&)ff  .(

 �	�KH��� ;0< d� %& ;2HI�] 6�� �� \�+a *+,-U�� %

���O ;�%�5  . *7�v
� �+� =v��� ;R+�+�O �`3

PCR �� =5+�� � ���O ;���� F		,� =��2� =� +5 +� 9] ;��

�� �&+
1�� BLAST (NCBI) ;�+:�� �+� ;���� +5 =5  �	R+�

�	�%.  
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 �:� +5 d�1�� � %+2	5 �+� =��2� %& ;0�� �+� ;�����8

Pearson χ2  %�I8� ��� �� �&+
1�� �SPSS Chicago,) (Ilinois 

�O F		,� . 9+	� &�3�� �+� 6:	8%�� ;0< F	5 W+J�%� ;�%�5

 ;�H���� p+��� k+�� �5 =�+j��3 d�1�� � %+2	5 �+� =��2�

�8�j *%��  . �5 9��& ����8 ��%�& 9�%&+� r�% FH� %&

 d�� ���j ";0�� ���j �& =5 ;��IH�� ;�H���� p+��� k+��

	:e� �%�< p+��� +5 ��& ���j � �%&+� p+��� +5���O 6 .  

 +� \�� r%+2O +5 6:	8%�� ;0< =� �� ���5 ;0�� �+� ;�����8

 ���5 =�+j��3 ���j �� ���5 �%+�] r�%� � �O =J�+
�

 ��])f.(  

       �����  
  

 �� ��	LH+��H%+� �+�I	�+�] k+�� �5�#i  "=��2��|z  =��2�

 �������� &��] ;��IH���� ��&�& 9+�� �% .DNA  +5 ��	LH+�

 �� �&+
1��!  ��%+�STR %& �% ;�H���� p+��� ;5�' =5 "��# 

 &�� ���� =��2�) �+V�� r�% =5 x3�% �1�	5 *+
	^��

~��8% %& +���%+� 6:	8%�� ;0< "4H+��]  �+�� ��  ���]

��� .( �������� &��] ;��IH�� F	�n2���  �+� =��2� %&

% &�V� �	R+� =5 ;��N��� r�% +5 ;0�� =� �	�) \NO�  ��.(  

  

 ���� : ����� �	�������� !���"PCR  #$ %& '��	 �� �(�)	��D3  ��* �&bp �+, 
D4  ��* �&bp -,.  �D5  ��* �&bp ,/.  

SM  :  : �)	�� 0���X 

               

  

  

  

  

  

 ���, : 1������)� �23 �4 �	�������� !���"5 % �)	�� '��	 '7� ���D3  	13 ��( #�8�"4 ����),/-( 	�7�& 
)�/,// ( 	=�� �)�// ( �)	�� �

D5 . 	13 ��( #�8�"4 ����),//( 	�7�& 
)�/,// ( 	=�� �)�/-.(  

SM  : �)	�� 0���X 

F :	13          P :	�7�&        M :	=��  
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 %& ;�H���� p+�����#  &��] ;��IH�� +5 =��2���  %&�}z 

 =��2�)z$ (% � �%&+� p+��� +5�z  =��2�)�f (% p+��� +5

���O �&�& �	��� �%�< . 6:	8%�� ;0< ���5 ;0�� ;�����8

 �+�C677T "A1298C  �A66G  +5 �5��5 d�1�� ���j %&

�/��) %f||/$f ( \�� ���5T "z/f�) %f||/��f ( \��C � 

#/f#) %f||/��# ( \��G �O =J�+
� . 

 \�� ;�����8T  6:	8%�� ;0< %&C677T    9�MTHFR  9+	� %&

 +5 �5��5 9��& ��%��� 9�%&+�|/�f) %|!�/�i# ( �O =J�+
�

 d�1�� ���j 9�%&+� =5 �J:� =�)�/��) %f||/$f (( ��7+5

&�5.  

��&��� 9+�� �%�& ;�,� W+J�%� �%+�] �+�I	�+�] ;��  .  

 \�� ;�����8T  +5 �5��5 �%&+� p+��� +5 �+� =��2� %&$/�! %

)f}#/�i� ( �%�< p+��� +5 �+� =��2� %& �$) %!#/| (

��] ���5  . ��%��� ����8 ��%�& 9�%&+� %& \�� FH� ;�����8

 \�� +�� &�5 %�&%�'�5 ��1�	5 ~�+��8 �� �%&+� p+��� +5 9��&

T �,� =-5�% 9��& ��%��� �%&+� \0� +5&��� 9+�� �%�& ;  .  

 9+��� \�� ;�����8C  6:	8%�� ;0< %&A1298C  =��2� \� %&

 +5 �5��5 9�%&+� �|�) %|!�/�}i( �%&+� p+��� +5 9�%&+� "

|/||) %f}#/�$#( �%�< p+��� +5 9�%&+� � "�!) %!#/�| ( =5

 ��] ��&) d��3�.(  
  

 ��1?� :� �"����� ��( @4 AB��	�� �23 �2�MTHFR  �MTRR 	�7�& � ����C D��E 	=  . ��& F�G8	� ���H8 'I? D1�� '�= %& �	��� J�	�

@��= K	1�� =�L�� � AB��	�� �23 �(.  

  

������� �	
 ����
 ���� 

 ����

����� 

����� ���� ) �
��

���(  

 �����

����� 

 �����

���
 

 MTHFR 677 CC  )!/"" (#$%  

#&' 

( $/%$ ) $#/&  ( %'/# ) 

#&$ 

( "/"# ) $* ( '/!" ) 

 MTHFR 677 CT +* ( %/*# ) 

"' 

( #/,, ) &"/&  ( +%/$ ) +& ( "/*" ) * ( ,/#* ) 

 MTHFR 677 TT % ( '/$ ) ! ( '/* ) *#/&  ( #*/# ) % ( &/, ) & ( &/& ) 

 MTHFR 1298 
AA %% ( $/$+ ) 

'+ 

( +/*" ) &/&  ( !/## ) "$ ( ,/$% ) #* ("&) 

 MTHFR 1298 
AC #,& ( "/"' ) 

', 

( */*$ ) &/&  ( +/! ) 

##% 

( %/"! ) #* ("&) 

 MTHFR 1298 
CC ,& ( ,/#, ) 

$& 

( %/## ) %"/&  ( $*/& ) ,& ( $/#" ) & ( &/& ) 

 MTRR 66 AA ', ( ,/,$ ) 

"' 

( #/,, ) +#/&  ( &,/& ) %% ( ,/,, ) ' ($") 

 MTRR 66 AG #,' ( %/%& ) 

#&* 

( "/%& ) &/#  ( &/& ) 

##! 

( %/"+ ) #+ ( +/%' ) 

 MTRR 66 GG #% ( #/' ) ## ( */% ) !*/&  ( &'/& ) #* ( #/' ) $ ( #/' ) 

Total $$% #'$   #+! $! 

  
 6:	8%�� ;0< �%+�] I	�+�] sH+1�A1298C   �+� =��2� %&

 �%&+� p+��� +5 9�%&+� +5 �% �%�& ;�,� W+J�%� EH %��S�

)i/iP=   �#/�! χ2= ( +5 �+� =��2� +5 ;
�� ;X+J�%� �

�%�< p+���  &�& 9+�� �%)�#�/i .(P=  =� ��& ;� 9+�� FH�

 6:	8%�� ;0<A1298C  �	
� ��
� ��� %& �% ;2`� �	@+�

 ����������  &%�& �%&+� p+��� +5) d��3�(.  
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 ��1?, : ��( @4 AB��	�� �23 �	��� J�	� � ��) M&�� !���"MTHFR  �MTRR ���1��� N�O�� P��� �& 	�7�& D��E 	=. 

 
 

6:	8%�� ;0< 

 p+���

;�H���� 

 r�%�

�%+�] 

 x5��

�+� 

MTHFR 
C677T 

�%&+� A[/A  A?/D  

�%�< A[/A  ?C/D  

\� ?D/A  DC/B  

MTHFR 
A1298C 

�%&+� AA/A  D/?[  

�%�< ?D/A  D[/B  

\� AA/A  AD/?>  

 
 

MTRR A66G 

�%&+� ZD/A  Aq/A  

�%�< DZ/A  qB/A  

\� Z[/A  AZ/A  

  

 h	��0<+� =,�+-�(CC/CC)  �+� 6:	8%�� ;0<��}z  �#$$ 

 h	���� =� &�& 9+��CC  6:	8%�� ;0<A1298C  %&}� %

 d+��� *�QH��2� +5 ���2�CC  6:	8%�� ;0< %&C677T  9�

MTHFR ���  . +� 6:	8%�� ;0< FH� ;J:� E:H% =J�+
�

 �+� hH+��0<+� +5CC/CC CT/CC  �CT/CC  +HTT  =5

 +5 �5��5 b	���$/$ "i/$ "$/$ ��] ���5  . ���+�� ���

 4`3 �& *�QH��2� ��8 9+�I2�(TT/CC)  =5 ����� ;�

 h	��0<+� FH� +5 ;R+� F	�3 ���5 �12� �+e5 ~�+O �0�

�O+5  .���� ;�����8 h	GG  6:	8%�� ;0< %&A66G  9�

MTRR  =5 �J:� 9��& ��%��� �+� =��2� 9�%&+� 9+	� %&

 ;X+J�%� �%+�] �+�I	�+�] +�� &�5 ��7+5 d�1�� ���j 9�%&+�

&��� 9+�� �%�& ;�,�  . 6:	8%�� ;0< ���5 �%�& ;�,� W+J�%�

 �+�C677T  9�MTHFR  �C66G  9�MTRR  �& �� %&

��+�� I	� 9�%&+� ���j��� �) d��3�.(  
  

      ���  

 E	1�� %�1�+8 �:H% ;�%�5 =5 %+5 F	��� ���5 =,�+-� FH�

 =1'�&�< 9��H� %& 9��& ����8 ��%�& 9�%&+� %& 9��& ��%���

���  .%�1�+8 E:H% =-5�% �	U& ;5+H�%� ���5 =,�+-� FH� %&  

  

 6:	8%�� ;0< +5 �%&+�  �+� 9� �+�MTHFR  �MTRR "

�H&�j ���� 9��& ��%��� �+� �&���+' %& ;�H���� p+���  .

 p+��� +5 9�%&+� ���j �& =5 9��& ��%��� =5 9+HK1J� 9�%&+�  

���O 6	:e� �%�< p+��� +5 9�%&+� � �%&+�  . =,�+-� FH� %&

�f % � �%�< p+��� +5 9�%&+�z$ % ;R+�+�O �%&+� p+��� +5

���O  . %�1�+8 �:H% �1`5 ;5+H�%� =5 ;�H���� p+��� F		,�

��� ;� �2� �%&+� �	1��  .  

 �%+�] �+�I	�+�] "�O =18�j ��� %& ;�H���� p+��� =� ;�+Q��

� W+J�%� 6:	8%�� ;0< F	5 �%�& ;�, A1298C 9�MTHFR 

 p+��� +5 9�%&+� +5 ;
�� W+J�%� � �%&+� ;�H���� p+��� +5

 �%�< ;�H������&�& 9+��  .+`�� =� =,�+-� FH�  F		,� �	2��

 ��%��� �+�%�1�+8 �:H% ;�%�5 �`3 �% ;�H���� p+���

 ;0< ;�����8 =� ��& ;� 9+�� =N05 ��& ;� 9+�� 9��&

8%�� 6:	A1298C  =5 �%&+� �	1�� %�1�+8 �:H% 9���� =5

 �%&+� p+��� +5 9��& ��%��� 9�%&+� %& �%�& ;�,� %�X

��� ��7+5  .  

 \�� ;�����8T  6:	8%�� ;0< %&C677T  9�MTHFR  \�� �

G  6:	8%�� ;0< %&C66G  9�MTRR  9�%&+� 9+	� %&

��7+5 d�1�� ���j =5 �J:� 9��& ��%��� =5 9+HK1J�  +�� ���
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��� ���+�� =,�+-� &%�� ���j �& %& �%�& ;�,� W+J�%�  .

 �	8%�� ;0< h	���� 9+�I2� %��aCC  %&1298  h	���� +5

 d+���CC  %&677  9�MTHFR  %&}� % ���+�� +� =��2� ��

�O  . hH+��0<+�TC/TT � %&+� *%�� =5TT/CC  �	� %&

��� ���+�� +� =��2� �� EH  . 9+HK1J� ��� �& ��%��� =5

 ���5 +5 ��� FN2� FH� � ���O ;� le� ���� �� \JU 9��&

 hH+��0<+�CC/TT  p+e5 ~�+O M�+5 � �O+5 =1O�& W+J�%�

&&�j F	�3 %& �12�  . 6:	��5+1� %& dK1'� F	5 =-5�% =_�j�

 ;��IH�� ���5 � *7�8��  ���� ���� ;�O�% =5 ����

+	� =-5�% 9+	5 =5 *+	^�8 �� ;NH +�� ��� 9�' 9+H�3 9

 d+a %& �+� �	���� \'�& ;�������� 6	:e� � ;��N	��8

��� ;� �%+O� 6	:e�  . ��% �5 =� ;�%�5 EH ;X�iii 

 *%�� ;�+:�� �	���� �� ���] ���5 ;��N	��8 xH+� =��2�

 %& �%+V��+� ���5 d+21a� =� �O ���� "�8�j

 +5 +� d�N	��8 %& ��+8+1� ��& �+� �������� ;���+��+�

O��� ��7+5 9�	:�� &�J2� lH��  . =� �O ���+�� F	�n2�

 y%+' 9�	:�� 9�I	� +5 d�N	��8 9�' 9+H�3 ;j�H�

��� lJ��� ;��N	��8  . =� �O ���� ;�%�5 EH ;X

;� 9�' F	G1:	��2� �-� 4H�I8�  "+	0	8�J���� M�+5 �����

 =V	1� %& � ;��N	��8 �+� ��H�� ��	01	<� bH��� � &��:��

%& dK1'�  %& �+� �	���� � +� d�N	��8 =5 ;�+�% 9�	:��

 &&�j FH�N� d+a)?q "B>  .( ���X� �+� ��H�� bH���

 l��� +� �	����Gaulder  �� "��� ��O r%�Ij I	�

 �0� ����� ;� ;���%�� d&+,� ��� =� &�� 9+	5 F	�n2�

 ;X E2�� =5 ;�+�% 9�	:�� 4�+� � 9�' 9+H�3 4�+�

�O+5 +� �	���� ��05  .  

 ��
� ��� �+� 6:	�+N� +5 W+J�%� %& ��1`5 �%& =,�+-� FH�

 �������� �	
���  E:H% 9���� =5 *7�8 9� 4`3 �

&%�] ;� 6���8 �% 9��& ��%��� �%&+� %�1�+8  . \��C  �%&+�

 6:	8%�� ;0<��}z  9�MTHFR  9��& ��%��� ���5 d+21a�

�'% %& ����� ;� � ��& ;� 4H�I8� �% �%&+� p+��� +5 ��� &�

 ���%����� �	
� ��
��� �O+5 =1O�& ��+'& . &�3�

 �+� hH+��0<+�CC/CC "CT/CC  �CT/CC  +HTT ;�  �����

 �� 4	5 �% 9��& ��%��� E:H%$  d�1�� ���j =5 �J:� �5��5

��& 4H�I8�  .;� �% +� hH+��0<+� FH� =V	1� %&  9���� =5 9���

 ��%��� ���5 %& �%&+� 6`� %�1�+8 E:H% EH ��� %& 9��&

 ��I� *%�� %& � 9��& ��%��� ��Q�+5�T � �8�j

 hH+��0<+� FH� +5 &��8� �+� �%�&%+5 %& ���� �� \JU �	���

&�� =	��� 9��� ;� �% +�.   

 h	���� �QH& �+� �	,23 %& *+,�+-�677TT  �	,23 %&

 &+VH� %& �%&+� %�1�+8 E:H% 9���� =5 ���� � ;R+NH��]

�& 9+�� 9��& ��%������ ��O �& . ���5 ���� �	,23 %&

 h	���� 9+�I2�CC ;0<  6:	8%��A1298C  h	���� �TT 

;0<  6:	8%��C677T  9��& ��%��� &+VH� E:H% "9�%&+� %&

 �%$  FH� =� "��& ;� 4H�I8� d�1�� ���j =5 �J:� �5��5

 ���] ���5 =,�+-� FH� %& =� ��� ��H&+e� =5+�� 9�I	�

 ���)|  ��#.(  

KX� FH� �		P� � ;N	1�� �+�%�1�+8 4e� �Q�+	5 *+�

 %& �%&+� E	1�� %�1�+8 E:H% 9���� =5 *7�8 6:	��5+1�

�O+5 ;� 9��& ��%��� &+VH� . E:H% &%�� %& �1�	5 *+,�+-�

 %& +� *+�KX� =5 ����� ;� 9��& ��%��� E	1�� �+�%�1�+8

+VH� +5 W+J�%� �������� ;��IH�� &�� ��� E2� .  
  

      ������� � ����  
  

 %& �	e
� FH� �:H� � �	1�� ;���`� ;0� �+Q����<

�8�j *%�� �a�� FH� ;�+� �H+2a � �%�+�8  . FH�5

 �� =0	��+8 �1�& +� 6�+'IR "�&�� ��R% =	2� � &+��+`3 �

 9+��+� ;�+213� %��� ;��J���� � �	��� ��1
� ���+,�

 9+�&�� k%��� ";R+�{1�� r%��< � r���] ;�+2� � ;R+�{1��

 � �N�� "��&�� �%+H �% +� ����< FH� �+V�� %& =� ;�+:�

6	�� ;� ;��&%�U.  
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