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?6�	 �% �@6 ��1-�A ��B *��� B C60A �� �&D EA *�� &� F1� .1�A.� 0HI% �.��*J��( ��B�1-�A�)K.L& �% 
�M�& %*+=�� �����%.� �% �N9B �� )�. 1�A.� �L� C B.L'O ��B �D 0�17P �� Q�"B RS! TU1 �� .L	&+.

�9��M� C6% �% R+�)V W�A �B R�09� �&D RS! �� �1�0B �6� 1X L *+=� ���.Y� ZL@'��� �. L	 �LB
�� ?601 �6.[W1�� TU1 �P +	�B 9\%0� �B 0A �� �%��� B � C�.	.

� �'�� (�� ��
�B0]A K.& �% �+	 ^�]&% �9��M��.B.*�� 0B _ �,A<RS! �&.�& �6� 1X L *+=� ����&.�& �.LY� ^�L]&%

+	 ._ �,A C6% ��)+9B RS! �.\� �% ��= �`% �% �.Y���6� 1X L *+=� �&.�& �� �9��M� ��.� *��)�� �91 
��0P 5 a=AGap-PCR RS! �� C6% �6�1�=	 �B b.B0� �B�&�O�� c�.: )duplex(+	.PCR �% ���d�1% �B 

��+( 0O��/X��*���e= ' &X f��\����&�1 �%0O%0	 �B � +	 5 a=A 0a& ��.� Fa'/ �B 6g%6�+	 ��])�LB 
�� RS! �� C6% �B.h6i=I%� jJB�4 V W�A �.B.

�	)�� ��
�B �\.A �B�1�0B k�� �B �+	 ^�]&% *��Gap PCR lD m6��& )���.� c�.: �B �� �� C6% �P �%� ���& Z@'�

RS! )RS! 0� �B b.B0� �:�8�h% *��+&�B �E6 ��PCR���.� Z@'�F1% �B�6�� JB�4 .
��� �*�	 �

B ��% �B �\.A �L���.� k�� �B �1�0B F)Z@'� RS! �1�0B %0LB ��B �0 ]&� �&D *��*RSL! �� �.LY��
�6� 1X L *+=�5� c�.: �B ����)016�!%� �B � Cn�M� )?�FL1% ^�L]&% JB�4 .%L6�LB �L\.A �LB k�� C

�$0: .\�6��$08� �%.� � F4���$0: �B 0A��+	�B .
+������� $�:)��1-�A ��B C B.'O ��B )�� �&D RS! 

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

������������� ����  !��!" #$%!& '�($()	 *��+ �  ,��� 
��%�� -�./!"� �" 0�10�+ #$%!& -�'�($()	 2�34 5�6/!"�7"�8	 �"�9 5�6/!"� 
:���� ������� �+ �  0�10�+ ;  0�3,  ,�������  !��!" #$%!& '�($()	 *�� 
<=>;?�+ @0?+ :PhD  !��!" #$%!& & '�($()	 *��+ �#$%! %�� A;B�C � ����  !��!" :����=�:���

www.SID.ir



Arc
hi

ve
 o

f S
ID

�;� 5�D5��E� <D7�%�+�FG

���

���	� 
 E,H�	 �%IDJ��� �"  1� -��E$I K��	 ��  �!& #	 -�L

  M��� -�$�,9 ; N�!�$+�;�O DB�L 5��M NP� DN!"�%�B+ N(Q�+
 + B��I .P+ 7"��E$I �;&�+  E,H�	 �%I NI S%D+ �I���L ��

 B��� ������ 7�O 5�+ .7��+�� N�I ���$! ����$+  E�,H�	 �%I
 ��"B!  C�O -�60�I�T ; U$V/	  0; 5�;�/+ 5W�; NI 79

 X";��" �" YPM #$%!&DS%�P+ Z��[ B0�	 �" -�$6/$� �8\ 
���$+  E,H�	 �%I YM�! ;� X";��" ��" �ID5W��; �$EL" �" -"

��O�I �," �"� ." �� �� �*! 7"� �� N�I ]�+$3�$��%I Y�M�! 7�
E,H�	 �;B^ ;��___ ��%I NI S%P+ ��� E�,H�	 �;&��+ 

�," 5B� ��"*`)�(.�60�I�T-P3c;"� $X";��" K>��, �"
�:�� ��P\" ��/[ �� -�," 5B� .��/[ N+�!�I ��-��8+ 
E,H�	 DNI YM�! X;� �d B��e �" ��+�9 K��%!& 5�6/ �$ ]
d�*� ���,��I ��8\ ��/�[ �,�	�+ $7�7��d+" ; ��L
V/	$��f+ B0�	 �" YPM U + B!��.
I�" g$�__  E�,H�	 ��%I ����+ �� @�3%V+ 7�$,�	�+ 

��$fE\ ��L �� N�� ��," 5B� ��"*`D7�$�,�	�+ -��L
C�O ��"� ��\; .K�" �"�__ 7�$,�	�+ h�! DY�I�M �"Bf	

N��i^S+ "-g��8\ N��I j���I�+  ����^ -���LB�%���L."��� K
k�^ �LB�e �;B^ �" N���O �" ��I �3$� B�e �	 ��I �l\

!& I�3` �%I $ + g��� "� KL��B)�(.
k�^ K�" �%/$I  +��E	 ��� �E��M k��^ N�I �.�+ �L

 �%I  !& N��O;k��^ K��"  +�E	 m�$	��� N�I ��.�+ ��L
  +  E,H�	 ���.k�^ K�" �$EL" ����, �" �%E�  !& -�L

g8\ ��%I 7&  0��10�+ -��L  �E! B���I �f0�Q+ ��+"N��L;
 �%�!"� g8\ K�" ���+ �� �L f0�Q+ ; nB!" �LN ��L N�I N�

k�^ K�"  ,��I ��� oP	�+ �LD�" g$I ����," 2�H g$ .
"�k�^ KK�dE+ �L 7& ��," ��L-βDδ�%^ ; "� ��+�` 

L� �"�M �$��	 �)	�B;gL�� pP, )δβ+(7"B�(� �� ;)δβº(
5�$.!� -�L β;δ��!B.
�+ �$k�^ 7� �L-!& I�3` �%I �� $KDB�e �NI k�^ K

[�	�! �34$P �L-B\�" B�+ ��. ���� .[�	��! ��$P N�I 
,"�[ �34$�;" q�D����, ]-& �" 7�L-� rL NI$N%,�D

�%�d� ] "�� r�L NI �" s� ; 5B� ��.$6%�,� 5���I;� 
7& �LD�[�	 ]$B\ p�7& �" B�L-� rL NI $�3PM N%,� N�I

+ ��\; B�9 ." ����� K�"��oD3PM 7& � t[" �� �+ ���� ��"� 

; 5B� N%�d��!& N��O 79 � T$+ >�f� � ���.
k�^  ��$�,9 � -B��L )Asian – Indian(��d " �" ��K
k�^ h�! >�, �� N[ �," �L���� �� g!"��dEL ; *!�\

�I ]$B�L ��E-E,H�	 YM�!  h�! �" º)Aγδβ(,�$B!��[ "B .
" ���N!�E! KD!& U(!  ;� �� ]e�[ k�^ ;� pP, 
k�c��I 5B�� ���df+ N(Q�+ ]$7& K��L-��+�` ; ��%I 
I�3`$+ K B�."�0;" K$!;�"; ; k�^ ��"*` KN`B� ��

��I 7��!" ." 2�!�k��^ K����df+ `B�� DN�I � -B��L 
 ��$,9 B� k;�f+ ." ���!& U(! K Dk�^ �� >;" �:< 

��I �l\ �"IVS2 7& Aγ	7;*`" �37& K�" + v� B�L� .
�;B^ �� 2;� k�^<�/�[$+ ��I �3 7;*`" �" N[ B��I:

7& δN(Q�+ �	 UTR':+ N+"�" �%I 7&  �BI� ."�o(� k�^ K
+�;�O N(Q�+ �" YM�! �"��" ��$��"*�` B��L 5��M NP� ; N!�

�," 5B� ." ���7& �I 5;S4 �"��" K�L-��%0� ; �%I D7&Aγ

!$+ k�^ * ���.%! ��$�EL N.K$I�3` �\$� "���"���" KD
.!� o(�$5�Gγ0�	 "� $+ B B�[ .�"B(+HbF "�! �"���" K�$*
+ H�I B��I):(.

[�	���!$P �����6-!��$N��[ ��"� ����\; *I���3`�EL$K
��x0)Lepore(0�	 "� $+ B B�[ .I�3`�EL$�0;" ���x0 K$���I K

>�, ������7"���4 NI ��I��3`�EL 7�E%O��, ]$� N�[
	��� pP,$E,H�	 m + ��f+ ��� B�)<(.

>����, ������ !�$3`����I DB�%����!"�	 g!"�����dEL ;
" 7�E%O�,�.!� K$I 2�T�" �" N[ "� 5�$7& K�L-��%I ; ��%0� 

"�+ ��. ���DV/	 $B��L� U." ��34�" ���. ��Kk��^ D
[�	�!$P ;��+�! -��`�0�+�L ;5B� k�^ �"B(+ >�c D

�;B^ ��</�[$�I �3 ���I)�.(
I��3`�EL h��! N, >�^ NI �	 YM"B^$��,��� ���x0 K �

�," 5B�)Washington Boston,Hollandia  ,Baltimore.( 
" ';�l	 �� �EL N�, KK$I��3` Y�)+ �� ';��l	 ��34 N�I 
6%�d� D" �8\ �,"�[ ��.$�+ �;" q� pP�, N�[ B���I

"�+�T�" 7& ��. + ���)�(.
;�%d0" �� ����," ����[y N���I 2�H�������I����3`�EL $KD

K$I�3`�ELDDG;��x0 + 5�"� 7�/! rL �I N, �L  ; ���
 �M"�%�" '��C NI �E! 5�"� 7�/�!  ����.%! ��$"��I N�.-

Ec"$I�3`�EL ��\; �" 7��$��x0 KDz�E%^ �I��" B�;� -��L 
0�d0�+ ��[ 5��l%," .
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��  ��$,9 � -B�L ; ��x0  !& k�^ ;��%I 7& �%,S� K$I�3`  E$^� 5*{�� 7"��1EL ; �"W! 

���

J@	�:��&X ��.Y� C B.'O.�� ��]6% �.,& �.Y�)f(

"�I-,��I  "�k��^ K(%��+ �;� ;� �" ��L$T ; r�$�
(%�+$5��l%," r+ ���� .T �;� �� �$ (%��+ �$rD��%! �" �|
�`�� �;��` 2B�4 ���� �RFLP N�(Q�+ N�, �� Hinf1βD

Ava2β;βψ':I 5��l%," $�%/ + ���� .(%��+ �;� ��$rD
�;� �" �L-MLPA DReal-time PCR ;Gap PCR "��I-
V/	$k��^ U�L�+ 5��l%�," � ���� .�;�Gap-PCR D
���;� 5����, D���, ���+ 7"��"; J B����I."���"���I �;� K-

���,��� �k���^ ���L-5B��� N%O����� δβ =E��,H�	 ,
I�3`�EL$��x0 K,�	�+ h"�!" ;$7��L-��^  ���" 2;"B�	  
I�3`�EL$�\ K$� )HPFH(+ 5��l%," ���."��;� K��8�	

�!"�	 ��,���  �k�^ �L� �+ N�+"� �I ��"� "� UV/ �0; 
�,��� NI ���M �"�"� �"��" -k�^ �L-N��+"� ��I N%O�����! 

UV/+�! ; }�*I��$!)�(.
"�I-V/	 $k�^ U�L-N%O����! D�I���;� �" B��L-

MLPA  ;Real-Time����[ 5��l%��," .�;� �" 5��l%��," ���I
MLPA �*! �I D��]<_�� N�I ~;��� ��I� k��^ N�(Q�+ 

+ N%O"��� ���,0; M� �;B^$" �I k�^ ��Y�I�M �;� K
���,��� ���E!  B����I)�D�(.Real-time"�"� -�;B��)+ ��

%^ ; NI�/+ I�$��," �%/���f " ��I ���;� KD5�;B�)+ 
�I k�^�B��I 5B� UV/+ B.Y)+ 7B� UV/+ �" BfI
k�^D+ "��I 7"�	-79-��L�`��T9 C���%O"  �^"�c  
��[ .& k�^ ;�  ,��I ; U$V/	 DNf0�Q+ K�" kBL  �!

NI k;�f+  ��$,9 � -B�L ;��x0 ���I s�13�;� 5�$�� NI.
k�^ �" k�^ ;� K�"  + 5B� N%O��� -�L -���$! ; B���I

 �;� ;� ��I  �,��I NIReal-Time ;MLPA ��I ; ��"B�! 
Y�E4 �4��, ��I  �,��I Dk�^ ;� K�" s13�;�  ,��I

�," 2�.!" YI�M �%E� N��*L ; �%/$I .


 ����
� ��
Nf0�Q+ !" �I�.	 h�! �" N%��` 2�. �-��I���� ���I .��
�$()	 K�"DN!�E! s�B!" NI N\�	 �I �L |���%! ;  !�O -�L
g��+�9 -�L -&�0�	�EL + �" $Nf\"�+ �"��" 7� *�[�+ NI 5B��[
()	$'�( %!&$]d�*� ���[ , ,��I -"�I  0��10�+ -��L

 B�%��` �"�M g��+�9 ���+ .N!�E! + �" �L$�"��" 7�-%! N[ $.N
s[B!" �L-!�O T$Pc �$f DB�%�"�)�"B(+ MCV < 80fl D

MCH<27 pg DLEI�3`�$KA2; >�+�! HbF"*�" �g�N�%��
 ;�>�+�! �(B!B� ~�V%!".��"�Nf0�Q+ KD�C�V�" �"  N�[ 
"�"�-fQM k�^  �"B�f	 ; �Pt+ >�%�[ 7"��4 NI B!��I -

�l�+ >��%�[ 7"���4 ��)	 r0�, �"��" �" ��` 5��l%�," ��B.
DNA ! ���+ $>�P3` �" �� �L-l,$)+ 7�O B$Q X"�V%," 
B���.�;� �" 5��l%��," ���I sx��,ARMS D��,��I N��I 
k�^ �L-NQ(! "-���" �� J�B� N%O"��� 7"�.N�!�E! ��L �

NQ(! k�^ N["-DB�%�"B! �I �;�GAP-PCR "�I -��\; 
�k�^ ��\; 2B4 �D,��I ���+  B�%��` �"�M .

N!�E! �"Bf	 �L-"�"� -k��^ ����l! ���I N�[ :��l! 
"�"�-k�^  ��$,9 � -B�L;�_"�"� �l! -k��^ ���x0 
B!��I .N�!�E! �� ��[ N+"�" ��L-"�"� -k��^ ; ���x0 -��L

  ��$,9 �� -B�L�$6�$�-B�� ."��I sx�,-�i�	 $rPCR 
sd3�;�DN!�E! �L�I-�L�`��T9 V/�	 ���V+ $" U��K

N�0�(+ N�I N�\�	 ��I k��^ ;� |���� I ����+ �"��M  �,��
B�%��`)�_()>;B\�(.

l�+\�:�� �+	 ���d�1% *��0O��/X ��%.A PCR )*�L�0O��/X H

RS! �1�0B �B b.B0� �6� 1X L *+=� *��0O��/X �E�LB b.B0� 
�� �.Y� RS! �1�0B +	�B.

RS! �1�0B *��0O��/X ��%.A 
ATGCCATAAAGCACCTGGATG H1 

GAGCTGAAGAAAATCATGTGTGA H2 
TAACCATATGCATGTATTGCC H3 

CAATGTATCATGCCTCTTTGCAC H4 
GCAGCCTCACCTTCTTTCATGG H5 

GACACACATGACAGAACAGCCAAT E1
CGATCTTCAATATGCTTACCAAG E2

CATTCGTCTGTTTCCCATTCTA E3

��,��I �� ����x0 k���^ D�"-���L�`��T9E3 ;E1 N��I
 7"��4 ��L�`��T9 >�c �I "� 7�	�+ B!�I N[���l\���I �

���+ 7�/���! �" ; �"� -����L�`��T9E3 ;E2 7"�����4 N���I
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 ��L�`��T9 >�c NI "� >�+�! B!�I N[ ���td	 ��I �l\ �$�
+ ��[DB� 5��l%," .,��I �� k�^  ��$,9 � -B�L!�$*

H5 ;H4 B!�I ->�c NI�����I �l\ ;H2 ;H1 B!�I-
>�c NI����Pc ��� ��"� ��I �l\$�f "��+ ���. B���[ .

�T9 -���L�`�H3 ;H1 D>���c ���I 7���	�+ N��fQM:��;
-�L�`��T9H5 ;H2 D>�c NI 7�	�+ NfQM:����I �l\ 

"���. +B���E!.k��^  �,��I �� ; ���x0 -��L � -B��L
  ��$,9 Ds�13�;� '��C NI Ne ; N!�`"B\ '��C NI Ne

PCR B�� 2��.!" ��� o�"�� �I ::�� 7�$�,"��e�!� N�($M� 
-���+�ºC�: D�N��($M� -���+� �� 7�$��,"��e�!�ºC�: D�

-�+� �� q�$3$!9 N($M� ºC�� D�-��+� �� K/�%��" N($M� 
ºC�� ;�-�+� ��  ���" K/�%��" N($M� ºC��.

����� ��
NI K$f\"�+ Y� �"9��I  E,H�	 YM�! N� 5�6/��+�!B,:
h�! �" k�^ YM�! �l!  ��$,9 � -B�L;�_k�^ YM�! �l! 

��x0 B!��I ."�k�^ K��L z"B�fI �;� ��I 7"���dEL o�,�	 
MLPA�	 $�� BB.
N!�E!DNA "��"��" KN!�`"B\ '��C NI "B%I""�I-��L 

,��I ���+ k�^ �"�M ���`."B%I" ��NI"�K'��C N�[ 
"�I-	 ;� N!�E! �L $B�� N�%��` ��i! �� ~�,-��L�`��T9 

td	 NI j�I�+$	 �� 7��	�+ NfQM ��$; >;" ~�-��L�`��T9 
�+ td	 NI j�I$	 �� >�+�! NfQM ��$� 2;� ~��N�%V B��.��

	��C td	 NI j�I�+ NfQM o(� B��I >�+�! ��� N[$NfQM �
>�+�!,� YI�M >& ����+ � ��IB)]�L�e�;�Yd�� �" 
�(.��	$~���L-:;<�;�%L ��34 N�I ��� 7���I '��6

 ]L�e:Dtd	 7�	�+ NfQM$B� �)>��c �I��� ���I ��l\ (
S%O" �I N[E[ k ��$�K�	>�+�! NfQM �")]L�e<�I>�c 

��� ��I �l\ (���` �"�M."�,��I K 	 ;� $I���D I�"�-
k�^  ��$,9 � -B�L !����$*����` '��C ���� �� N�[
�;�%L�6�!�I '��	�+ B�I�M 7���V/�	 Y$�," U��)Yd��

:.(
,��I �" s� 	 ;� �$I�D �,��I N�I  	 ]�	 �$I� !�$*
B� N%O"���.NI"�N�[ ��)! K-��L�`��T9 7��	�+ ; >��+�! 

k�^ NI j�I�+ ��L -���x0; ��$�,9 � -B��L )2"B�[ ��L
N!�`"B\ (�B� N���" N!�E! NI �\ ])Yd�-�L <;�(.

J@LL	�:ELL��p �� ���l�LL�0& l0LL�=P )ELL��p <�
�0LL$ 
� �.Y� c.[6��0��q�f������ c.[6��0�� �0$ �&.�& +	�B .

J@	<:����	 E��p���l�L�0& �0$ �&.�& )<�
�0L$ �L&.�& 
c.[6��0���6� 1X L *+=� �&.�& �q�f�� l��0& �&.�& +	�B .

J@	
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Detection of the Lepore and Asian-Indian beta-globin gene  
deletions with duplex-PCR 
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Abstract 
Background and Objectives 
Beta-thalassemia is one of the most common single-mutation diseases. These mutations cause 
decreased beta-globin protein synthesis or even deletion. Most of the mutations in beta-globin 
gene are point mutations but there are some small and big deletions in beta-globin gene cluster. 
The goal of this research is to detect and study two deletions (Lepore, Asian-Indian) with 
duplex-PCR. 
 
Materials and Methods 
This study was done on 3 Asian-Indian deletion samples and 10 Lepore samples. After 
detecting two deletions (Lepore and Asian-Indian), we started setting Gap-PCR in these two 
known deletions. Duplex-PCR with 8 different primers for detecting Lepore and Asian-Indian 
deletions simultaneously was set at 68ºC annealing temperature; these two deletions can be 
detected easily in one reaction with this new method. 
 
Results 
The results show that detecting Lepore and Asian-Indian deletions with multiplex PCR is 
practical, and the specific bands for each deletion are detectable. 
 
Conclusions 
Detecting these two deletions in one reaction (Duplex-PCR) is practical. This method is easy, 
reliable, and fast; it is also economical and saves both time and money.   
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