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)*� � +,�	� 
;�< =>5?�2�2" @�<91$9�� (HbF)AB8��&�, #%?�5;�8 #<��C< < ��%� ��9DE ?�DF %�D!%�98 GD�&HbF )
H&	<����?%�G��F ��&��.�549F9�HBS1L–MYB J�39��#F ��6q23  )BCL11A J�39D��#F �� 
2p16 �.K���$<91$�@�<%%�!G=>5HbF < ����5;�8 �< LCM� .%����D� N�DM8�% ���D	�<2&.�DO��>� ��
P92F�)Q#< N�M8�%�1��!�9��/R��?%�!%G=>5 �&2��HbF < ����D5;�8 �D< LCM� .%����/��D5 �%#D!% �
3�%<��&	.

� #�� -�� 	�
��9� S9P 3% �&	 J�TP% �O��>� D&��	?�9< .��%�O��>� @1� �5�!�9��/R�	Urs4895441  )rs11886868 

�rs28384513 V�� 3% ���WC5% �< PCR - RFLP� ���.���<���� �5;�8 �< LCM���C< �<HbF %�!%G� �C!�
�� /��5 �#! �<HbF O8 X��#P��89PK @�&P&	 Y./7��P-��<�8#8�Z�<RsaI)MboII �BstXI� &	 J�TP%

O8 3% [���89PK @��P9�P Y��)�1�- [P�6#! SNPs HbF ��#D$ �� �� �DF .9D�3- �D<?J#DP \D598 �� �%�D!%
�:SPSS �%#�� �< SNP analyzer 2 ]!#$ H�9^.
+!�	� 	�

�� ]P�89� _�- ?%#< [P�6#!rs4895441 )rs11886868 �rs28384513 Z�8#8 �<*��/�)�*�/��
��/���
� /��5 ��#$
��/�)�*�/��*�/����9< ����< ��#$ .N�M8�% 2O����%?<�1� �5 @�!�9��D5�#< ��9� /R�

%�!% � /��5 �%#!% ��� G�.%� HbF ��<�LCM� .%��� &�P �&����.

��& +.�!/�
��'�� �O��>� �� �F�?�� 1Ma�%@1��!�9��/R����BCL11A �HBS1L - MYB loci �<%�!%G=>5HbF 

% �� )&P�9< N�M8�% ��1� ]5% @b�� �O��>� @�!�9��/R��?�#c?%#<?%�!%GHbF O�" ���GD�P �� ]
&2	�< �C	%�.

��0�*��0 1	:�P�RP% @�d8�#� )�2�2" @�<91$9�� )��5;�8 �C<BCL11A�1� )/R�!�9�)e�CPK(

������ ����	 :�//��
����� ����	 :��/��/��

��������	��� ����� 	 !"�# $ %�&'� ()�* +��)��" $�� �&�&,'*-*��* ��&. -*��* $ -*�/	 $
�$PhD -*��* ��&.�� �&�&,'* �������	��� ����� 	 !"�# $ 0�����# %�&'� -*��* $ -*�/	 $
�1-*��* ��&.�� �&�&,'* �������	��� ����� 	 !"�# $ %�&'� ()�* 0.��)��" ��23'*� -*��* $ -*�/	 $
41�	��� ����� 	 !"�# $ �������5���# ()�* +��)��" -*��* ��&.�� �&�&,'* ������-*��* $ -*�/	 $
6$PhD $ 0'�,'* %�&'� ���3'*� �7�" 0'�,'* %�&'� ����� 	 !"�# 5 -*��* ��&.�� �&�&,'* �������	��� ����� 	 !"�#-*��* $ -*�/	 $
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0B� C�D	�* E,����# ��FBCL11A 5HBS1L-MYB ��HbF G�� -*���HF 5 0I�J 0H)�F K�* 

��� 

���	� 
��BJ�HF�	����0�F;*��L�	���$2�F�' =* K&$.� <��$F�

&7*�5 0#0($) �7* KM (�)���(�# 5 N�$# �$� $� '�$/I �0
('�*�)�(.�*(R	�R��S# =*K�F*!�* KM ('�*� -�3'�� T$�-�

��BJ�HF��I <��0;�7�	 U���$� �() �� TV� ��D/� ���0
'�A EM0.*�0H.W�	 �&� 5 XY)0��*�)�;�.(-*�5� ��
�*=�'�;��$BJ�HF�<F(HbF) ��$BJ�HF K$��<A(HbA) 
Z	��# �0��5 (��0F�J0*��R	 <�2'= G�� [� KX$#�M ��\
5��# ]^�� 5 [�*('0�� KM ��) ' _��$� �*�$�* $� ($`�� !
HM0��BJ�HF�<F8�B$. =* �/�	 KM ��) [(F�3# �$F�F

)F cell (# �3�#0J�('�)14(.*!�*���BJ�HF T�<F;a(^
2'= 8��R	�[��$F���$BJ�H$.W�	 �$&� �� *� <05 TF�$M

@^�� E���H�# ��D/� *�0(3V� .�� �*��* KHF ��	 K$� _� $� (
0$$H" �*($$�#)=* �$$&HM�%1�%��$$BJ�HF X$$M =*�<(=*

��BJ�HF�<F0$# K#*�* ($�F�)(.�*($�# 8�B$. �$F�F5
HbF # ���� �*�$�* -��Z��$� 5 ��$H�$� E��$. <KX$��c ��$\
/I�	0�.* �5�d&#)�e1f;4.(�gM* K$h�J* $� Z��$� ��<
HbF =* �&HM�/e%��$BJ�HF X$M�;($'�*� *� <�e�$	�6

($$`�� �*�$$�*;*!$$�* �*($$�#�T�K$$&�� *��$$	6%-�$$3' *�
#0(�F�)��(.�*��*�� KM�=* �&36%*!�*�8�B. T�F�F

*�$$'�*�(;-*�$$�^ �$$ 	Hereditary Persistent Fetal 

Hemoglobin )HPFH ($$.��� ���$$#0$$# �*�$$c0J�($$'� .
HPFH �B#�$^ (�h �d` U0*!$�* �$� [($) K&A��$)�T

��BJ�HF �*(�# 8(&R#��I <��0�$.* -W�,J�!� ��)��(.
&c50KMHPFH ���&�H.W�	0'�A EM 50.*�0K� XY)

# ;(.�� i�*0��	 [�=�� ('*�	���BJ�HF (��I <�$�0K$� *�
 S.0*!�* �.* (�#��. KM�(F� T)�;�(.K$" <$�* �$�

 T$�' �5�$d	 <$�* �� j�$I 5 <. (�'�# 0S� # X#*�^
'�A 0.��� �#* ;('�*�[�*� %�&'� E/# T�' ��I5 �k'��� �F

�5�d	 K'�J <�* �� i�*�	 5�.* [��� �F)f.(X#*�^cis-

acting .�	�# 5�-��F����'�J�$&� -� +�$M�� ��B���<;
A��0Z	 =*��l�	 *� �*��# m0F��()��;6(.� �#*�=* �&$3
6e %�*5�K&�F;K� nD	�#*�' +�M�� <��,.*���8�. �F�
=����# ��o	0KM ()HPFH ��rs7482144 +�$M�� ��

��BJ�&��$k&,DHF <$0��*�)�4(.=�� 0��3'�IC�$KT�� 
[�k��I �6�–-� ��BJ�#�J�K� a�.�# <XmnI;�K�^$-*� 

�� ��&"cis-acting 0# K&A��) ��) .�5�d	 E/. <��&3�� �F
��$$BJ�HF ����I <�$$�0X$$#*�^ �$$B^ K$$� trans-acting 

F$�&,$()�6(.$. ��$8��ee� ;$�'�.$-*��YHF 5$$$ -*��
5� +�$$$M�� trans-acting Quantitative Trait*�$$$��
�*5$$�j'� 8�B$$. �$$F�Fa5=�$$#5�M ��6q 5Xp *���

[�*�'�A �$F0�'�$A E$M �$�0$.*�0K$3�' XY$) �*��$��
('��M)�(.
��T' �	�!=�B" �2&$,I �$� -*��YHF 5�K$�S�#6/�
#�B�=�$� -���*5 ;�K$& �$F�a5=�$#5�M �� *� :$B&V#6q 

('��M pV3# .R��S#K��F k&,DHF0&'��Y0'�($�h !�<
SNP )Single Nucleotide Polymorphisms (* ���q�' <�K

# �� r��	 �� KM *����$BJ�HF -*!��I <�$�0-W�$,J�!� ��
��*� C�D	�*;��R#0($'��M .*$�<SNP �� �$FBCL11A 5

HBS1L-MYB ($$$'�*� �*�$$$c .*$$$� ;+�$$$M�� K$$$. <
)�6(%BCL11A ;)��(%HBS1L-MYB [*�$$HF K$$� )�e(%

XmnI��	 ;�s�$$D 6e%Z	$$��8�B$$. �*� �$$F�F-�$$3' *�
#0(�F�)�f(.�k�*��7*�5 ������*5��'� �$F�*�$��� L
*$�K$. <QTL )Quantitative Trait Loci (��	�s�$D 44%=*

X$$M r�$$�	HbF 8�B$$. 5F8�$$#�' �*�$$�* �� *�RHI$$� �
Y3	�X0#(�F�)��(.�Kt�* =* �$�<;($�h�<QTL ���$k
'��.��) !0�[() -> j'�$M�� �#* ('* RHI �� �$F $��5 �$F

E/. 8�B. r��	 �� -�) �F�F�$.* [(3' pV3#)�4.(
*����*�	 KM ('�*� -�3' -*��YHF 50� �#�* <$�-� <5 �$F

�W�o # ->�FgY	 ����H	 5 ��� ;��8�B. !�F��*($I*�
-�A =�.5#�8�B. -*! �F�'�A0 #�S0R��S# ��K��$F 
q�'*�07�	�('�*� �)�e;��(.* ���C�$D	�* <;$R��S#K��$F 
,�����$B� ���$# ��0���#�E$, �$F�-� �$� nD	�$# �$F�

BCL11A 5HBSL1-MYB Mu�	 �� K�# E�8�B. -*! �$F�
FRHI �� ('�*� T�'���F�:B&V# �$.* [($) a�$2'* .

<�	 ;*���;[�$&� $.��� �� -�$3'*��YHF 50�$F��� ��$A
��-*��$$H �$$&�H$$$.W�	0'�$$$A E$$M 50$$.*�0XY$$$);
B�0���#�E,�F�rs4895441 5rs11886868 C�$D	�* �� *�
�!'�Y0*!�* �����BJ�HF T�<F�. 5�$# ��d$` �9�� �7
A�)$p�F�'�A$0&' 5 [(F�3#�K2J���* KM ('��M $� <
B�0�#���E,��$� �*�$7* �($) TF�$M �� �$F��0* �� $� <
���' -*��H$# T$9('�*� �7)��1��(.F$* =* v(�KR��S# <;
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$$.���$0$$D	�*$$$B� K$$. C�0���#�E$$, �$$� nD	�$$#T�*!$$�* 
��BJ�HF��I <��0� ���RHI <�* =* K$R��S# ���# �$�-*�
5 ��� * [() w�S# T.���> KM ��� <�$�R# C�D	�* �0�*��
$$��* <$$�$$B� <0���#�E$$, RHI �� �$$F$$� ��$$� E��$$. �*�$$�*

 5 K&��� TF�" 0���I <���BJ�HF*!�*�THbF � ���-*��$H
H.W�	0�5��#;x��*� ��I5 


 ����
� ��
���# r�' =* KR��S# $(F�)���� .�f'�$A K'�H'0=*

KRI*�# �*��* ��M�#=> K� [(�&'� [�k3�V$3	 U�$� p�=* T
(��	)PND (&,'*�* ��&.�� �&�-*� ('() T��#=> .*��*��* <

,�	 [5�J 5� K��('() E:�*�$�* 85* [5�J�=* K$M ($'���
jM('* �u' �F�-�A .��)0# 5���$BJ�HF -*!��I <�$�0;

D\�$$R0$$# ��H$$) K$$�0($$�&��)=* �$$&HM�%HbF X$$" =*
 <���BJ�HF-�A �� (.� 5� K&�� �k�H$.W�	 �$&� -*��$H0

�5��#pA�) �u' =* KM ('��� �$F�-�$A $.��)0*�*��
*!�*���BJ�HF T��I <��0��=* �&3�%<���$BJ�HF X" =*
-�A)=* �	W��6%R#���(('��� .* ���.��� <0;��-*��H �&�
H.W�	0��BJ�HF �� �5��#�<F=* �	W�$��%K$R��S# ��*5

� 5 ('()�W�	 -*��HH.0��BJ�HF ���<F����<=* �	�%=*
('($) v�q KR��S# .sW�$HR# *�*� �*�$�*���$BJ�HF�<F

=* �	W�� 6%��$BJ�HF �$� �*��* -*��^ K��<F�$u' �� W�$�
# K&��J0('�).* ���*�� KR��S# <�*�<�$) <yHS# KM�E
K'�H' s�RSc �F ��BJ�HF�<FW��0�R# ;($'�*� $���K$� �5�5

 KR��S#�%($) K$&��J �$u'�� W�� K� .' E��$. �*�$�* �� $� !
K'�H' �F�0��BJ�HF ���<F=���%8�$&�M [5�J -*��^ K�

('() KR��S# ��*5 .�l� �A* =* j���K#�' =*5 E��. �*��*
��H$$.W�	 -*��$$H0K$$RI*�# �#=> K$$� [($$��M�&'� [�k$$3$$� U

V3	�� p�(��	 =* T)PND (&,'*�* ��&.�� �&�-*�;�*($�#
6�	�e0B�# �&�� K$��� �� -�A K'�H' �$F�5�$q�EDTA 
/	�() K.� =*�;[($��M K$RI*�# ��*�# <6eK$� @&$D# ��$�

H.W�	0X#�)��5 -=����# ��=�	��$. z0$��<��$	
6� 8�. 5#�k'���. <0��8�. T�*!�* �� [*�HFHbF <��
�/�e�	f6<�k'��# 5 (`��6/6�(`��)=* �&3���(%=*

BJ�HF -�A X" <��� -*��^ K� �5��$# 0H.W�	 K� -��@&D#
('() K&��J �u' ��.4fX#�$) ��$��f5 -=�e�$� ��$#

=�	��. z0��<��	�e8�. 5#�k'��<�e8�. K"�$u' =*
pA�$$) �$$F�-�$$A $$.��)0;��$$BJ�HF�<F=* �$$&HM�%

*� X" <���BJ�HF {�$V&'* E��$. �*�$�* -*�$�^ K$� (�&)*�
('($$).DNA #�$$'�0K$$'�H' �$$F�8�B$$. =* -�$$A �$$F�
$$.�M���&0��*('�&$$.* �5� =* [��d&$$.* �$$�Salting out 

|*�V&$.*5$$�$R	 =* j�$$�$$uBt <$$Dc 5 �$$$2'* =* X$a�
(R� Xq*�#��� ;�#��ºC �e-�*(/k'�())��(.

*���$q*�\0;�$F�J=�t> �*�$	0q*�$'0�5�$2# SNP 
	�^@\* U'�� K� KRI*�# �� v(F0dbSNP � zc*5�� ��[�$k

*�&'�&�0http://www.ncbi.nlm.nih.gov/dbsnp 5 |*�V&.*
�$$F�J=�t>�K$$#�'�� �$$� }$$.��#Gene Runner $$q*�\0

($$))85($$I�.(*�$$��gY	$$�5 �$$� v*�$$\* ��$$RSc [~
B�0#����E,�F��u' ���#;2'= T�$M*5 $�[�*�$B�0=*�$#

(PCR) $$$.* �$$$� =* [��d&6ee a�J�'�$$$'DNA #�$$$'�0;f
��=* 8�#�Y��F�J=�t> `�o&A*0)<J�$/���" �	(*�$��

B� �F0���#�=* [��d&$.* �$� E$, $� !$'> ($q*5 U�ESuper 

SmarTaq DNA Polymerase )�M�) �$#�������'�'LTD (;
6/�#�$$B0�W�$$# MgCl2;�ee #��W�$$#5�Y dNTP 5��
#��5�Y�S�	 ���5� {> �&�a�$2'* �($) .PCR �$F $� =* U
B�0���#�E,�F�[�k&$.� �� KR��S# ���# v�5($��*)8($#

Mastercycler gradiant ;-�H�> (() a�2'* .'�$#= K#�'��0$
�#�0�/��2'= T�M*5 K��B� [��� =*�H K	�	�Xq*�# X#�) }
=���� �:=�$t> {5� KBq�#�X#�$) <°C �6�($# K$�6
c��-> =* j� ;K��6�#� �*�Y	0���.*��	�'���$#� �� -��

°C �4�($$# K$$��c���$$#� ;K$$��8�$$o	* °Ce *�$$��
rs4895441 5rs11886868 �($$# K$$��c���$$#� 5 K$$��

8�o	* °C 6/�*���rs28384513 �(# K�6e'�7�K$� 5 K
=�.(�'�HF -> 8�D'���5* $� �$#� �� K�°Cf� �($# K$��

c��5 K� �\ j�.�X=�.��/'0��#� ���°Cf� �K�($# 
4c��() a�2'* K� .��'> =* j���W�o # !PCR 5� �$��

!'> E$$�F ;=��$$J> 8��$$H0�W�$$o #PCR n$$.�	
!'>�E�$F�5 �J�5($ # $� X#�$) [~RsaI;MboII 5BstXI

))$$$M�$��$$#�������'�' LTD($$�$K	�	�$$$$� }$$$$$$*��
rs4895441 ;rs11886868 5rs28384513 [5�J 5� �F ��

��H$' 5 ��$a�2'* 8�#�)$$(..���Y'*��W�o # -�PCR 
��[() ��H �Kn$.�	 �^�. T) �(#RsaI5MboII ��
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0B� C�D	�* E,����# ��FBCL11A 5HBS1L-MYB ��HbF G�� -*���HF 5 0I�J 0H)�F K�* 

��� 

X�&"�:?&�89d169P Z�8#8 � ��%98 ]5#g!?��#$3�h- /�P- � �&	 #�ij8 X9k(� X9E )X�k8% ?��� )�&	 �'%#E ?%#< ���WC5% ��9� ?��
�1� �5 3% e #� Y�89PK @��O8 /R�!�9�rs4895441 )rs11886868 �rs28384513 )�5 _�-�/=Wt(

3% [� H�O>a X9E
���P- /7� 

/�P-
#$��&(� 

X9E
X9k(�
�&	 #�ij8

?���
X�k8% ��%98��#$3�h- SNPs 

�e6 +6�� A

�e� +�e6 +4�e G
RsaIf�f bp ºC �/ers4895F: TTGGCCAGAGCACACTTGAATG 

rs4895R: GGATGGGTGATCATGTGTTTGC 
rs4895441
RefSNP 

Alleles: A/G 
Wt: A

fe +4f� C

64e T
MboII 64e bp ºC ers1188F:TTTGGTGCTACCCTGAAAGAC 

rs1188R:ACTCAACAGTAGCAGAATGAAA
GAG 

rs11886868
RefSNP 

Alleles: C/T 
Wt: T

��� +�� A

4�6 C
BstxI4�6 bp ºC 6/�rs2838F: GAATGCCCACTGTGTGCTTAATC 

rs2838R: ATACTGATAAGGCGCCAACTG 
rs28384513

RefSNP 
Alleles: A/C 

Wt : A

#�$$��°C�f !'> �� 5�EBstXI� ��#��°C 66��$$\ K$� 
�$��J ���$` K'�D) .!'> ��$� �W�$o #�$H08� �� ;

=��J>�%$�M ��$' ��$� 8�$o # ���K$&��PCR �M��$# 5
DNA ('() =���5�&Y�* ;.�$'� =* j� #>$�!�	* �$� $�(�a�
�#5����F('�� ;(�[�k&$.� n$.�	 �$u' ���#UV Gel Doc 

(Transilluminator) ($) [(F�3# .5 0$B�> 0$'*5*�� j�$.
 0��	�'�K'�H' �F�*�� �F�=* USNP ��F.��� ���#0�$�
�M -�#=>�5�a�' n.�	 �� �� �*!�* $� {5 KSNP Analyzer2 

�� �� ��I�#�[�khttp://snp.istech.info/istech a�$' 5�*!$�*
��#>��SPSS  ��=�* ���#0����J �*�c.

����� ��
�$$l�q K$$R��S# ��;$$B�0���#�E$$, �$$F�rs4895441 ;

rs11886868 5rs28384513 ���f� ����H$.W�	 ��$H05
*�� E��.�*!�* �� <&)*� T�'���BJ�HF T�<F[��d&$.* ��

 =*�5� PCR-RFLP ���#.���0($�&��J �*�$c .��PCR 
K� C���#rs4895441 ;* =* j��<a�H	 �� () pV3# KM
K'�H' �*�	 �F0f�f	�yBM�' |5=�(���A K�0gY	 $� ��K$&��

8�o # ;�.* PCR ->!$'> n$.�	 �$F�ERsaI[�*� ��$�
().

�'� #>�!�	* ���(��#5�� a��*�� KM �*� -�3' (�Z	���A

* ����I <�[�k(rs4895441) ;8�\ K� KRSc 5�6��5�e6 
=�� �dI�[(F�3# 0$# ��$) .!$'>�ERsaI* �$����$2 $� U

�I�[�k �$� ��$�K'�H' �� �k �F0$� M$Z	 K$�� �AK$�G*�

KRSc �� 6�� dI$$$� �$$$=��rs4895441 (�&$)*�;*$�<
5� K� *� KRSc KRSc4�e5�e� =�$� �dI�$,�	���$M E
r�H2# �� KM ��KRSc�e6=�� �dI�� KRSc K. K�$.�

(#> .�k�* ���=���5�&Y�*��F 8�o #$) E$$RSc [($K
*�*��Z	$$�� �A;�$$'��$�$$k�* �� 5 (�&Y�*$$$�5�$=���
o #$�F 8�$) E$[(KRScZ	 �����AK�G;�X$��c ('��

��� (F*�A [(F�3#)X�)�(.

_j	�:�DO>a #D�ij8�
� �D< N9D<#� ?&D�89d169Prs4895441 �
/�DDP- \DD598 .- V#DD< ?9DDc�%RsaI.?3�9DD!�#Cj�% ?9DDc�%

 �O>a �&	 /7� H;9k(��
� �< N9<#� ?&�89d169Prs4895441 .
 e��m�X9k(�PCR �&D�P ��%� V#D< .eD��m*#6��D���� 

e��m )?3�< ]W" ?��
�8�*�DO>a �&	 /7� H;9k(��
� 
?&�89d169P .e��m �� ?��
)�)�)���*�X9E �< �O>a ��
* 

�*�� #��n8 ?%#< %� 3�< ]W"A.9C5 �� �:)�����DO>a �D5
�
� )*�� ���* #D��n8 ?%#D< 3�< ]W"G�D� �&��D�� �9D	.��
.9C5 ?���)����
)H�O>a�
* )�
� )*�� ���* ?3�< ]W"

 .��3 /� ?9c�% �� �< N9<#�A�G]5% ]o� _<�a .

��RSc [=*('*
=�� �dI K� 

f�f 
6�� 
4�e 

�e6 

�e� 
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X�&"*:P�6#! U398�1� ]P�89� _�- [/R�!�9� �5�#< ��9� ?�� �1�- �P%�%#! �/��5 �%#!% � ��K�� ��5;�8 ��#$ �� 

SNPs _�- Ancestral Allele 
]P�89� _�- [P�6#!@�< �� D ?�6 .9�3-

��#$ �� _�-
p-value 
�1�- [P�6#! /��5����<

rs4895441 A/G A�46/e�/ee�/e���/e
rs11886868 C/T T4f�/e4�/eeeeee4/e���/e
rs28384513 A/C A�e�/e��e/eee4/e�4�/e

X�&"
:�1� Y�89PK [P�6#! U398 /R�!�9� /��5 � ����< ��#$ �� �� �5�#< ��9� ?�� 

rs28384513rs11886868rs4895441Y�89PK C/C (%)A/C (%)A/A (%)T/T (%)C/T (%)C/C (%)G/G (%)A/G (%)A/A (%)
)��(�)��(��)6(�)��(��)6�(��)�4()��(��)�(�)6�(��H��
)f/��(�f)�(�4)6�(��)4/��(��)�/4�(��)/�f(4)6/�(�6)��(��)6/6�(E��.

e�/ee�4/ee��/e��"15�
��6/e���/e��6/ep-value 

_j	*:��%98 V#< p�CP��� 69P?&�89d1 N9D<#� �D< rs118868 
)�:#6��DD���� )?3�DD< ]DDW"*:X9DDk(�PCR )
�DD8��:

���P- V#< H;9k(� .( \D598 �D��P- /D7� #A% ��MboII )
��%98��� #��n8 ?%�%� ?&�89d169PT�<C�O>a �� �<��� ���

�� ��%� V#< ?&�89d169P �9	).�DO>a��_D��� �D< ?&D�89d169P
K �� ).�9< em96 �D�P �&D� �<9Q �< 3��$- X�9D	 .( eD��m

 ����	�:#6������ ?3�< ]W" .����	 e��m*:X9k(�PCR.
e��m ?�����
�P9�P .%����< ?�� .

8�o #PCR KRSc64e=�$� �$dI�gY	 =* X$`�q $� �
rs118868 Z	 5� KM���C5T3' ;('�*� *�$M �*� -�$$�� K

!'> E�F �7*�H0��MboII Z	���T�KC;RSc 5� $$$ K4f�
5fe=���*�# ��20��);<Hl *�<$RSc K$M$Kfe=|5
=����� K��-��� �&Yh�M X=��J> 8� ����A K�[(F�3# 0
H'$0��))XY)�.(�F$!'> E�H$0KRSc4�6=�� �dI�

rs28384513l !'> �7* ���EBstXIZ	 �� K$M �*� -�3' $�� �
CKRSc4�6 =�� �dI�* -5(����� ��2 c��0$#0($'�#
�50Z	 �����A;*��*�	 <0	�yBM�'�(�KRSc 5� K��� 5

��� � |5=$=���$# [�*� ��0$$ ��$).*$��� K$RSc 5� <
��A K� =��J> 8�0Yd	 EF =*�) U$� 5 [($$5� ���` K

('�� � *!2#�() [(.!'> E�F =* j��H;0$B�> j'�M��05
0��	�'�B� �F0���#�E,KD$.� # K'�J*(I ($) .j'�$"��

 �� �$'�	�# X$�> �*�$� 0B�>rs4895441 ;rs11886868 5
rs28384513 }�	�	 K��46/e;6��/e5�e�/e[5�J ��
 5 E��$$$$.�ee/e;6�e/e5��e/e��$$$$H�� [5�$$$$J ��

���)(I*85�5�.(�*� -�3' L��&'('0B� K" E$,����# �$F
 ���$BJ�HF T�*!�* �� [*�HF �5��# 0H.W�	 -*��H�� �� <F

E��. �*��* �� K,���# ��;p-value =* �&3��e6/e(�&)*� *�.
��� 

'�A EM0.*�0H.W�	 �&� 5 XY)0X$��c r��	 5� �F
/I�	0� �($) �� *����$H�$# -�$3'05 ($�F��$Y0=*

�F��&M���* �� TV� ��D/�����# <;�'*�	0�$	*�0��	 $� (
��BJ�HF��I <��0�.* .��. ���A* -��pV3# �K$M ()

Z&#��F��'�A0&'� ��&A�. n.�	�Y0��7�	 � 	 -*��H��
# �*�c0J�('�)�4;��(.(�h -��M�	�*!$�* �� ��&M�� <�T
S.$B. m$8��F�F��BJ�HF 5�$�I <��0EF;<. -�h 

��RSc [=*('*
=�� �dI K� 

64e 
4f� 

�ee 
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0B� C�D	�* E,����# ��FBCL11A 5HBS1L-MYB ��HbF G�� -*���HF 5 0I�J 0H)�F K�* 

��� 

�*5 ;j�I��'� �F�&'��Y0����' 5 K&.��+�$M�� K� K&.�
J �&� ��$B�a5=�$#5�M �� <11p �$.��)0�('($))�;�6;
��1�f.($$$$B�0���#�E$$$$,XmnI�$$$$&� -� K$$$$)�A ��
��BJ�<)<���$BJ �$#�J -� �	�$#5�� �H,c (s�$D���	 ����

KR��S# �� ��*�# (`�� T�*!$�* [($��" K$�I�	 0$BDc ��F
 <���BJ�HF -*!�#F0# [($�F� T�*!�* X#*�^ ���. 5 ()��

 <���BJ�HFF=* |��A �� ($'�*� �*�$c [�$k��I <$�*)��.(
= �*(R	����R��S# =*K��$F k&$,DHF 0&'��$Y0;($�h�<

SNP � �� r��	 �� KM *����BJ�HF -���I <��0=* |��A ��
��BJ�&� +�M������ nD	�# <;�$.��)0�*�$� K$M ($'��M�

BM �() =5�� TF�M���Y0����H�H.W�	0'�$A EM 50
.*�0�R# XY)0�*� ('($) K&A��$) .$B�0���#�E$, �$F�

�(R&#�* ���q*�' <0*���k&$,DHF0*!$�* �$��� T$�-�
��BJ�HF��I <��0* =* KM ('�*� T�'�# ��*�# <0K$� -*�	

rs4895441 $$$$� K$$$$�S�# ���$$$$'� <0HBS1L-MYB ;
rs11886868 q�' ���* K�$'5�&�0BCL11A 5rs28384513 

-� �$$.� W�$$� ��HBS1L * �$$� ;��$$M [��$$)*$$� <��$$I5
��M��M�* -����<SNP �.* [(3' pV3# -��M�	 .*���

5�*� -�$$$3' -*��$$$YHF($$$' K$$$Mrs11886868 �*�$$$�* �� 
Sardinian H.W�	 K� @&D#0'�A EM 50$.*�0�$� XY$)

*!�*���J�HF T�<F)�61�e p< ( C�D	�* ���.*)��(.EF
�h�.��� �� <0�F�<�	 -*��YHF 55HF�<��\ [�$&� 5

B� ;-*��YHF0���#�E,�F�rs4895441 5rs11886868 ��
�R# C�D	�*0�*��BM �($) =5�� TF�M �����$Y0����$H�
H$$.W�	0�\ =*$$�*!$$�* ����$$BJ�HF T�<F$$� 5 ($$'��� K
[5@^SNP ��F���k�R��S# ��K��FGWAS )Genome 

Wide Association Study (�� nD	�# �.��'�$A ��d$`0
'�.��� ���# !0($�&��J �*�$c)��;�f;��;��(.-��M�$	

SNP (q*5�*���*!�*�� T��#�J -� -�J��B��	 <��[(3' (
q�' KM () [�*� -�3' �#* �.*�� K�$'� <0HBS1L-MYB 

a5=�$$#5�M ��6q23.3 ;;�$$M@� ;!$$#�c 8�$$DBJ �*($$�#
�#.�'�# 5 ��8�B. -*! �$F�F7�$	 �$ 	 -�$,'* �� *���

# �*�c0(F�)�e;��(.* �� [5@^�<;BCL11A '$�T$�' !
BM�(�Z	 ������BJ�HF ���I <��0��BJ�HF K���� _��$� <

('5� =�,'�A�� 5 ��*��8�B. �� T'� �F��* [����5�& $� (
�$��$� _$5� ��	$���$�# ($HF �*($��BJ���I <��$07�	�$�

#0��*�J)�6(.
.��� ��0K$. �l�qSNP rs4895441 ;rs11886868 

5r28384513 R��S# �� KMK��F [5�J �F�BDc0$�R#0�*�
 5 {�V&'* ('��� �*�$�* 5 �5��# 0H.W�	 �&� -*��H�� <�� ��

�. E�=�* ���#���0(�&��J �*�c .�J* $� K$h KD\ ��$\�$R0
�gM*$$�Z��$$� ��mS$$. <HbF =* �$$&HM/e%5�e�$$	�6

�*��* (`��;*!�*�dA T�d0# K��-*!�/e%�	6%('�*� *�;
* ���* �� ��I5 <�K$R��S# <FW�$���%�$I K$��6%��

W�$$� mS$$. =* �$$	 ($$) K$$&��J �$$u'���$$BJ�HF�<F��
'�H'K�F���H\* ��H�$)�� K&$)*� X$#�M -���E)��(.X$�B 	

 K$$. �� 0��	�$$'� j'�$$"�� 5 0$$B�> j'�$$"��SNP n$$.�	
a�' {5 K$��� �� �*!�*2SNP Analyzer [�$k��� �� ��$I�#

http://snp.istech.info/istech n$$.�	 5� ��$$" -�$$#=> 5
a�' �*!�*�SPSS () a�2'* .j'�"�� �> ��F 0B�$.� K$�

 <$�* =* 5 (�&$)*(' E$F �� 0'*(�h �5�d	 [5�J 5� =* [(#>
('��� K��3# s�D���	 �u' .��$" -�$#=> a�2'* �� pV$3# 5�

 K$$$" ($$$)p-value 0$$$B� �� 0$$$B�> j'�$$$"�� E$$$,����#
rs11886868 ;rs4895441 5rs28384513 ��H�� [5�J <��

�.* -�,�� !�' E��. 5)85(I�.(p value !$�' 0��	�$'�
��	�'� =* %� �F �*�� K'�J*(I ��\ K��$�RHI 5� ��F

 !$�' KBq�# <�* �� 5 () KD.� #p-value ��rs11886868 
=* �&3��e6/e��� .<��$&H" 0B" ��\ K�p-value 5 0$B�>

0B� K. �F ���# �� 0��	�'� [5�J �*�� }�	�	 K� E,����#
 ���#> �� � =* �����# <�* 0�5 () <��R	 E��. 5 ��H�� �$�

e6/ep< 0�R# ('��D' �*� .0$�R# C�D	�* <�*����� <�$� ��*�
j'�"�� 0B� 0B�> ��F E,����# 5� �� 0��	�'� 0'*5*�� 5 �F

 ($3' [(F�$3# E��. �*��* 5 ��H�� [5�J 5-�$3' [5�$J 5�
 �*�$c 8��$R	 �� N�$D��*5 $ ����F -�'�c �u' =* K" ('�*�

('�*�)85*(I�5�(.# 0	*(F�3# <��h X�W�0K$� ($'*�	
 �5�$d	 5 0$&�RHI ��$F�"��# �� {�V&'* r�' �B^ ��$F

()�� ��*~' .�F�M��#�.��� ���#0#0K'�$3' �$/�	 (�'*�	
�B� �M��# U0���#�* �� U�X$#�^ �$/�	 5 [��$� KR��S# <

B`*0�&,# 5�*!$�* E���$BJ�HF T�<F�($) TF�$M 5
BM���Y0� ���H.W�	 -*��H0'�$A E$M 5 �5��$#0$.*�0

XY) �# ��RHI�� (�)�D' .�h�&' <�K2*�#0�� K� ('*�	�X
#= �� �5�d	��&'� K�RHI U�* ��-*�()��.� ���#��$k�

www.SID.ir



Arc
hi

ve
 o

f S
ID

�5�[�;[��H)�;�!��� �e

��� 

# KM *�0* �)*� [��)* -> K� -*�	�<*$HM �*(R	 KM �.0
SNP * ���.��� <0[() �� � ('* .�$B^ K$� �.* <YH#

� ��I5�T=*�USNP ��M��M�5����I5 ��SNP ��F
�	��(3't [����M��$M����$k -*�$�* �$�RHI ��;*$�<
&'�K27�	 � 	���*�c ()�� K&��J .($��$�R# <0K$MSNP 

��F ���k�RHI ���� ��$.��� ���# -*��H0$�K-*�$�^
*!�* X#�^�T��BJ�HF [(�F��<F(��M XH^ K$" <$�* �� 5

<�(�h ��I5 �7* ��SNP -��# 5-> T�" ;�k�($�� �$� �$F
�HF T�*!�* �d` =5�� <���BJFK$&��J �*�$c ��7�	 � 	

()�� .*!# =*���.���0� �*(R	��&3�B�0���#�E$, �$F ��
R��S#K��F +*�J ;�A��) -�F��('�M $�(R	�$� [($��M <

'�A ��d`0��M��$M �#* ;����-> -��$� $� �$F K&$.��0
(3' pV3#)��;�f1�;�4.(��K$S�*� ��I5 ���`

�R#0$� �*��* <$�$B� <0���#�E$, * 5*!$����$BJ�HF T�<
�I��0#0* K� -*�	 $� �*�$�* K$M �$)*� [��$)* ���$# <�$&�

H.W�	0' �5��#��!	 K� =���&HM -�A ��('�*� .*���$���<
�.��) ��0�*��*��* K'�J <#0!F v�$` =* -*�$	�K$� �$F�

��J�BI �&3�����M.* �� 5�*� K$� �$.�� $�<�*�$�* K$'�J
,��$/# ��$.* E$�.^$5�*� X#*��$0*��2$0F$E$h$-�

'6<�(�&$$.*=>;($$�#���" 0$$,"5�(�F N���$$'> 5�$$F�
	�����*�# =* �*��KM (�&,F('���c '�$#�� �� � =*0K$�
*!�*���	 T�(HbF * �#* ('�) �2�# $� �*�$7* �$� X$#*�^ <
H.0� �5�d&# �.�� 5��5($ # -*��H $#0('�$))�f(.=*
F�5�(,M0' [�5*�*�� !�*!�*�� T���BJ�HF -���I <�$�0
�K5�'�A EM �� [~0.*�0$# [��d&.* XY)0��$) .�*�$�*

��H.W�	 �� ��H0��$BJ�HF �$� [*�$HF �5��#�<F*!$�*�T
�*�) �� K&���S0�$&/� �$.�� K$M (�&$,F��$F5�*� K$��

*!�*�T��BJ�HF [(�F��('�*� <.(��	�	 <�* }�' �*��* <�=�
�&HM��F5�*� =* [��d&.* K�����* ��BJ�HF [(��M��I <�$�0
('�*�.

����� ���� 
0.��� �� C�D	�* �� -*��* �� ��� <��5* �*�� KR��S# <�* 

0B� E,����# T�*!�* ��F <���$BJ�HF [(�F�F-*��$H�� ��
 �$&� ��$H�� �*��* -> �� 5 ���J ���` �5��# 0H.W�	 �&�

���BJ�HF �� �5��# 0H.W�	 E��$. �*�$�* 5 K$&��� T�*!�* <
('($) K$,���# �k�(�� �� <���� 0���I <���BJ�HF �*�*� .

0# L��&' <�* j'�"�� <�� K,���# X��� K� ('*�	 5 0B�> ��F
 0��	�'� �5�d	 ;E��. �*��* 5 �5��# 0H.W�	 �&� ��H�� �*��*

0B� ���. ���A� ;��RHI 0��&'� K��#= �� E,����# �� �F
�HF T�*!�*J<���B F-��# �� 50B� <�(�h T�" E$,����#

 ($)�� K&��J �*�c ��7�	 � 	 �k�(�� �� .0B#*�$^ �A��$)
 �(2# ����R� }I�# K"HbF 0#E/# ('�) -> =* 5 [��$� 

0# 5 0H$.W�	 �*�$� 0'�$#�� �~	*�&.* %� -*��^ K� -*�	
��" [��d&.* X�) 0.*� 0'�A E" .

������� 
 ���  
�'�* -�J(�,�<BM =* K���#��M�$) K* �� -�J($��M $� <

Y)!� [5�J -*��YHF 5 TF5~�0��Y��#0&,'*���&.�� �&
*�(�	 -*��# �Y3	 5 �0�H'�(�.
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Relationship between DNA polymorphisms at the  
BCL11A and HBS1L-MYB loci in β-Thalassemia 
 patients with increased fetal hemoglobin levels 
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Abstract 
Background and Objectives 
High fetal hemoglobin (HbF) levels have a major impact on the hemoglobin disorders, i.e. β-
Thalassemia. Increased HbF production ameliorates the disease severity. Three loci—HBS1L-
MYB intergenic region on chromosome 6q23, BCL11A on chromosome 2p16, and the γ-
globin gene on chromosome 11 account for up to 50% of the variations in HbF levels in 
patients with sickle cell anemia, thalassemia and healthy adults. In the present study, we 
evaluated the relationship between some polymorphisms on HBS1L-MYB BCL11A loci and 
increased HbF levels in thalassemia patients and normal subjects. 
 
Materials and Methods 
In this case-control study, three common polymorphisms among 50 β-thalassemia patients with 
increased HbF and 47 healthy individuals with normal HbF by using PCR-RFLP were 
genotyped: rs4895441, rs11886868, and rs28384513. Enzymatic digestion was performed by 
RsaI, MboII, and BstXI, respectively. Correlations with high levels of HbF were performed 
with a Chi-square test by using SPSS 16 and SNP analyzer2. 
 
Results 
Mutant allelic frequencies were 0.245, 0.521 and 0.309 in healthy and 0.3, 0.52 and 0.28 in 
patient for rs4895441, rs11886868 and rs28384513, respectively. Significant relationship was 
not observed among three polymorphisms studied in healthy volunteers and β-Thalassemia 
major patients with increased HbF levels and P-value allelic and genotypic was higher than 
0.05 at three SNPs. 
 
Conclusions 
In spite of previous reports, evaluation of polymorphisms at the BCL11A and HBS1L-MYB 
loci in this study did not show up a significant correlation with increased HbF. Other 
polymorphisms might have a role in increasing HbF in our population. 
 
Key words: beta-Thalassemia, Fetal Hemoglobin, BCL11A protein� human, polymorphism�
Genetic 
Sci J Iran Blood Transfus Organ 2011; 8(3):149-157  
 
Received:  24 Aug 2010 
Accepted: 14 Mar 2011 

 

Correspondence: Karimipoor M., PhD of Medical Biotechnology. Molecular Medicine Department, Biotechnology 
Research Center , Pasteur Institute of Iran. Pasteur St., No. 69.  
Postal code: 1316943551, Tehran, Iran. Tel: (+9821) 66480780; Fax : (+9821) 66480780 
E-mail: mortezakarimi@yahoo.com 

Original Article 

www.SID.ir


