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� %��� *�� ��
�W4?2� �L��P� .,) ��*�+2�+ �O� ��FN�� �W�- �� X2Y�� %�� fL ��MCV<  *pg 
�MCH< �)&O�� �O� *

� .�- ]PFHbA2�2�F�� 2�4�+) �� .4LM)&� .4� !) �L48^ �)&OD �OF�&� ��2� � )7M �'��_� �2^ �� �)&,) 
7"�'&\ .�#M `�� �� �'Z9 %��Multiplex gap-PCR�#M �`�� �O� �'ZO9 &O4U %��ARMS-PCR �

��)2� .44L�)Sequencing (7+7	 �F�&� .
(+��  ��

��4� !)$3� �� *�+2�+ $
;&W+ )��(%7	 .44L� .4�2A\ �W�- �H �	2b �� �#M .�#M �F�&� �� *�'Z9 %��
 �� cZ9 Q, SD)79 �2M���&W+ )�$/��(%7	 ��)� ���+ �)&') !) .�#M �F�&� �� SD)79 *�'Z9 &4U %��

 �P�+ �#M Q, �� %)
�&W+ )
�/$�(%�+2�+ !) 7	 �7,� �'Z9 �#M 7D�' %�� .e2�f� ���[A� � �#M 
7	 .44L� �)&') .,) �� .g,�	 cZ9 *�#M .,&��/0α–�� $��S�- )�$/06(%e2�f� ��
�� ��2� (�!2��&/ 

�'Z9 &4U �#M �- h�8+� �� � �F�&�α5nt���
6S�- )�0/�(%�2�.
	�, (-�+� �

�#M *��)2� .44L� `�� !) ���W�F) S4�� �� �L��P� .,) �� �P�+ %�� �O+)�)&' .4�2OA\ �OW�- �+H �	2b �� %)
 @� &T,� iF2� �7	 (�f+) j��4�@� &,�F �� K8+ )� %&��4��� ���+ �2�/ .4�� 7�� .��'�, �OL��P� .O,) %��

�� 7	�� 74W� ��4� ��FN�� ��#� %�2�/ ���+&� �� 7+)2� .
�$.�'�$. /�:�#M *��FN�� �W�- *PCR �)&,) *
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-.���( )�*"��' ����� ������ ������� �  /�!/�%  /�0�  ��*" 
1.PhD2��34�� ����� ������ ������� �������� � 5�6�/��7 &�8 
�� &6�/�!�� 3 ��9 :;<	 =�� �������� >�?�?@	 #'�% ��%(������� ��9 A�?��� 
���% � &6�/�	�+8 B"�� )�*"��' >�?�?@	 #' ��%(��C?D*% 2�E��� 3 ����� ��9 A�?��� �F�G ��9 A�?��� &� 
��PhD�H�'  ����� 5���6 >�?�?@	 #'�% �  !"#� 5���6 
������� ������ ������� �  %�+, 5"#� 
���H�'  ����� 5���6 >�?�?@	 #'�% �  %�+, 5"#� 
�I �A3J�% K/J% :PhD������� ���L��� �  ����� 5���6 �H�'  ����� 5���6 >�?�?@	 #'�% 3 ����� ������  ��� =3B*M �:����.�-��
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-5nt band 
768 bp 

���	� 
+�O�	  !� N&��;��P� N ��"�BQ7  ���� >F!L% (�

  % R��S C7  ,�+�T� 3  ��3� B�4 .V��� W�0P�� &�E/�7�X
  +�O�	��7 &��7 Y�3�(� (�NA��� (� Z�[��?	 �-�� ��L�' �� 

B����G &��[T�)�N�.(���%( (� �E/��7�X ��L�^ �� C�^ &
T3(�7 Y�3�(� _0`3�� WC2�� ���*, ���^&���[T� &���7 &
G�0T��&+�O�	 ����� B/�	 (�  B" a�D% 2� N����L ��8&
Z��[�� 7�9  ����6 :P��� �9�*" CM�,��b ���6��8&

7�0G �c/4 3 ��7���� 2B" dM�S W.�� �	�A���(� V�-�N
�?	�Z�[ ���	�% �3� ��&67�0G ��7 ��3 ��7 2B" C�9�*" W
�7 3�&7�0G �c/4 �6 ��9�*" W �7�*[%&?@	 ��09�� >�? 

�"�B� ��T3 .C75+' ?@	 �2�����G >�? �&�??@% C�^ �W
#^��% �7 e�[	�� �� Cf K0�<% #^��% �� ��%��L^ T���9 

3��� �4 ���7 e���[	�� �3B��7 �2��� g���h�� ���8 >���,F`� NB����
B*+"(��&��Q7 i�� j�;9 �� &/��b/�% :P���� (�  

���6 W7 �8 C��� 2B%4 ���)��.�(.
�6 C"�9 7�0G �c/4 �3� �7 ����� �� W&g3(�%3�^ ��

d%�" 3 2B" kP�3�% �6  0M� 3 lQ% �6 3� C^ B"�7 �4
�*m �α3�α7��0G ���n� (� W	�	 �� /���	 _ ��6  ��7 ���

B*Q7�L% ./�b/�% :?� � �� ��6 W�8Ng�B*� �8� B" �7 >
� >3�c�%���h %B**' .� C7���*m% WC�'�� ���G�� C�h ���&

�o�p	 N�6 3� ���c9 >�� ��K)�>MCV >�I 3�>

MCH >�� (B���" ����	�B)�<MCV 3�<MCH ( ��
�8��%����&6�/�	�+8 �/��7 >��8�n	 3 o�* ���9 l�^ (�  

#T �	 )��@%��� % q�  B8� .G�� �7��&-7 N�6 ����+&
7�0G�+8�WHHbH) h�( �%���	 ���% ���7 2� B�"�7 (�����h

% ���G .7 �r^������+H��(�&�#	 C7 �l�^ 3 B���B� ��9 s
��9 �4F% �8�tm7 �%� N��� l � ����% (� �7 W���+&C�7 

8��+8 ����% �� j�;9 ��C�D?� V�QT o�&��7 ��o
��S VQT �6 3�  � N��� B�*%(�����9 ���� B*���8 .��7

G����&�81�6N��b%� /�	 �h�( B����B�� ���T3 ��c/4 2�N
GB�( �#	 �3B7 B/�	 (� u� �B�/�	 (� B�m7 3 d�[P ��9 s
���b%� ����� ���3 �� 8��/���� u�3�B��� u�������7 C�h&

��7 B8��9 .*f ����/�S W 7�0G�+8 �*T W�W����%���	 o
( (��h��4 C7 C^ ��� �%�G 2�"7��0G�+8�w���7 WBart’s  "
% �G�B*)�-N��.(

(� � >FbL% ��E&��6 2�3�L�% �� C�^ ��Y3( o��8&
+�O�	 dP�� C7 i�bL% ���8 C�T��% �4 ��7 ��8��+8 Nl 

+�O�	 �c/4 dP�� +�O�	 ��7 �7  ���� .� �� �� � ����% W��#
<L��	�P� :����6 s���8&G�� ������7 ���3���x 3 g(O ��&

% B"�7 .
� ������7 Cm/�D% W /�b/�%  �6 C"�9  7��0G �c/4 �W
�� ��*�[0`3 u'B�� �7 ��9 &�8 V8�' ��C��)��MCH< N
�I MCV<(3 W84 yD� 3HbA2[` �m C�7 z�!L�% C^ 

+�O�	 �c/4 C�7 ����Q	 �Q�" ��"�BQ7 #�'��% (� 3 B����7 
���G g�h�� NB���7 2B" {�T�� ����� ������ �������.


 ��� �
���
{�� (� 2B" g�h�� Cm/�D%  c��M�	 ���7 .�1IC���+� (�

%�7 C^ Y�3�(� ��[0`3�� �� C�E/�7�X a�` A�[��&+��O�	  
3 B����7 2���^ CmT��% ���Q	 �Q" yD� �"�BQ7 #^��% C7

�6 �� :��?� d��+S C��7 i�bL��% ��8�&7���0G ���c/4 �W
B���7)MCV 3MCH 3 W�84 yD�� 2��+8 C7 C���� V8�' 
HbA2[` ���m (�����P  �����7 �����%  ���;��	 >����M C��7
B*���G .�� (� u����� �x� �������� (� ���9 C���+� NC%��

 Y��<���� ��QT 2B**^ CmT��%DNA ����7 3 /��b/�%  
��7&m	��m�x3 W�/��+�S� :�?� � 7��0G ��c/4 �6 �� �W

B" C���G .0<	�:DNA �3� ��7 N���9(� salting out 3
s[`d+m/�������� >��M ���B����� ����)�1.(

C��+� �S VQT ��Qf ��T3 �n� (� �B�7� �8�� A3�B��% 
|��S d%��" ��L^ �� ��8&o�	 ��6 �/--α3�/1-α3

|�S �8&�6 3�  /�I-- 3--MED �3� ��7Multiplex gap-

PCR ���7 B�B" )�N�.(��d!" ����(� d�M�S }��o
Multiplex Gap PCR ��Qf ��Bm	 �7 ��S VQT K0�<% 

�/�S�� ��8&(3��8 �(�+8 N>��E�(3��8 3 >��E�>��E
_^�%)K0�<% �/�S C� (�+����� 2B" 2��� V)�()d!�"

�(.
����7 �� V�QT BP�� ����� �3� ��7 Multiplex gap-

PCR �3� �7 �B�7� ARMS-PCR �QT �V�QT W��� ��8&
α5nt -N-αCS 3-αCD19 ���7 ���%  ���P *���GB)d!�"�(.
�6 �8&��c/4 �3��������C���+� ��8�� �^��� � ��7 C��W

�3� �8N�� ��T�% VQT �4BL� :<L% �8N��7& ���7 
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VQT �n� (�  +�O�	 �c/4  ��S ��X 3  ��S &�8����!+8 3 V<7�( (�*Q7 

��

Sk	l:jN2_@� !�2'�&�Y�) Multiplex gap-PCR��&� %hH,?�� no+� �� 7�-4R%�)47,���&� (2,7.
)&� h��&+ 7+�� %�F �� �W�- �H ,Rlpqq +H n� cZ9 7+�� *!�� KWM �r/s–α�F �� ,Rtqtt +H n� cZ9 7+�� *!�� KWM ��/�–α�OF �� ,R$;
� 

cZ9 7+�� *!�� KWMt+H�6/tq�� �F �� ,Rlqqr cZ9 7+�� � !�� KWM t+H�Med�� �F �� ,Rpqr !�� KWM �,� �7��2	 .KF) &u5 �� (!N*)!
�- �M,�Ab)� h&�"u �u�) �� ,��!- .,�H ��P"� !) �tα�&\ v� �+) ,KF) �7*7�,#��2�F �� �u KF) ���,��O9 �u %'ZO9 �O#M �� �

� 7"��,�+ �7��2	.

SY	t:Multiplex ARMS-PCR�#M �� w2�&� %��CD19, -5nt *
Constant Spring . �#MCD19�F �� ,R816bp �#M *Constant 

Spring�F �� ,R189bp)j2T,!�&��(�#M *-5nt�F �� ,R768bp 
Ab)� h&�"u ���F �� ,R932bp�,� �7��2	.

�� �n� (��VQT ��8&CD?� N&�m	��/��	 W B�B�" .���7&
��A�;�@% ��^ WPCR �^��" C�7 Prim 7��*T 2��^ ��  

���� 3 B" 2�������47 �8 Cg�� o+^ ��#���DNA  u��� 
Nu!%#h	�0@	 3 C���G d�B.

�� ����� 
�1I ��7  +��O�	 �c/4 C7 i�bL% C��+� fL �IMCV<N

pg ��MCH< N3 W��84 yD��� 2����+8 C��7 HbA2 ��m�[` 
B�*���G ����P  ����7 ����% 3 R�<��� . ����71V�QT 

�3� ��7 W�7�0G �c/4 �6 C"�9�� k��"  ��SMultiplex 

gap-PCR N�� �� |���S o��� dP�B��S ����T3�����c� 
)��/�I(%��� ��L� ����� (� .V�QT  ����7 �� ���X &��8 

�7  ��S �3�ARMS-PCR  NC�D?� VQT o� �� &���
�c�)-1/1�(%C��+� (� B�" 2B��� VQT BP�� &�8 . ����7

 C��+� C�?7  /��	 W��m	 �3� C7 �8NCD?� VQT ��T3 �� &�
���L� �� �c� ��� .���-V�QT o�� B�T�3 ������ (� �c� 

C�T�	  ��Q*	 C7 2B" C���� VQT C^  ��S u^B�� �G &��8 
�4 &6�/�	�+8 ��L�7  ���7 �� N��[� �8NV�QT o� ��T3 

CD?� �� #�� &� �4B" 2B8�L% �8 .

���;630
$Ladder 

bp
���
bp$���

bp ���� 
bp ��� 

bp���
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�3� 2�N2��+" �N����7�	��

��

h�7M$:�#M �+)�)&' g,!2� x/7+) � �L��P� .,) �� �7	 ��b�"	 %�� +H &� %H2�2���� %��y4�2 

y,��2+H �)7L� 7?�� MCV 
(mean ± SD) 

MCH 
(mean ± SD) 

αα/αα �1 I/�I�/�±-/�-/�±�/�1
-α3.7/αα -- /�-�/�±��/�±�1

-α3.7/-α3.7 � �/���/-±�I1/�±�/��
α-5n tα/αα � �/�I�/-±�/�1�/�±�/�-
--MED/αα �1 I/�I�/1±�/����/I±-/�I

-α3.7/α-5ntα��//�±�/�1�1/I±-/�I
--20.5/αα �/-�/I±/���/I±I/��
αC.Sα/αα 1�/��/�±�/���/�±�/��
-α4.2/αα -�/��/I±���/�±�/��

-α3.7/--20.5 -�/��/�±��/I±�/��
-α3.7/-α4.2 -�/��1/I±�/���/I±�/�-
-α3.7/αC.Sα�1/�/�±�/����/I±/�-
αcd19α/ αα �1/�I±�1�/I±/�-

αPA2 (4A>G)α/αα �1/�/-±-/�-�/�±��
αPA2 (4A>G)α/
αPA2(4A>G)α

�1/��/�±1/��-±�/��
--20.5/α-5ntα�1/��±/�I�/�±I/��
αcd19α/ -α3.7 ��/I�I��

αα/αPA2 (6A>G)α��/I���1
-α4.2/αPA2 (4A>G)α��/I�/�1�/��

k+T �1I �II 

 ���7 Ch��� d^ �� ��  /�b/�% &�8����c� )�I(%(�
��c/4  �6 C"�9 �� VQT ��T3 �E��L�  ���7 ���% �����

��7)A3BT�(.
{�+h% ����0�<% VQT �� �� K������ W�m	 ��� ����W

B" .�"�k�	�|�S NVQT W�/-α.���IId/4 )��/-(%
{�+h% ����I ����7 ����% g3(�%3�^  �4 A��[�� C�7 3

QT�X V����S � 5nt α�� �d�/4 )�-/�(%���7)A3B�T
�(.

C��+� ���% �� �8 ��3� ��7 C^ ��8&Multiplex Gap-

PCR3ARMS-PCR  m	 N����	��6 W���NB�BL��� ��3� ���7
m	��/���	 W (3��8 ��/�S 3� ��8 �(�+8 3 >��E�>��E

 ��� VQT�E0� A�* A7C>��MAATAAA>AATGAA 
m	��WB")d!"-.(

h�7M
:�#M �A�- x+�/&' �W�- �+H �B2�f� �� �7	 ��'�, %�� 

y,��2+H �)7L� 7?�� 
-α3.7�II ��/-
αα-5n t � �-/�
--MED �1 II/
--20.5 �I �/-
αPA2 (4A>G)α���/�
-α4.2�I/�
ααCS ��1/�
αcd19α-I�/�

/4 m�[` d�� +����/��+�I
k+T��I �II 

www.SID.ir

www.sid.ir


Arc
hi

ve
 o

f S
ID

VQT �n� (�  +�O�	 �c/4  ��S ��X 3  ��S &�8����!+8 3 V<7�( (�*Q7 

��

SY	0:�A� h�"T4F �� �#MAj�2? �� AATAAA → AATGAA :  j�2O? �O� .4+)2O\ �� .4+�- �#M�7O4�2zA/2+ �� j2OT,!�&��;� 
�� �7���� ��&\ .

��� 
7����*���[` #���m� +8�7�0G������ W����Nl/���� �6 C��7 (�
�?	�2B**^ ���%�9 N�82B**^ A���*^ C?D*% 3 �8�G(�X4 N�8

(LCR = Locus control region)���� .VQT �8&�B�m�% &
+�O�	 (3�7 _T�% % ��7 ��B�m	 C^ B��"���&(��4��8

 ��� 2B" 2��� a�" .��V�QT W��8 �� ���� W�b+% ��8
 7 (� C�0S�%���7���0G �6 ���C<��� NW ������7&NPre-mRNA 

splicingNmRNA translation3������ �������B&mRNA3
assembly �Q� 3 C+T�	 (� Bm7�Z�� �� ���B&�0�  �$� ��7�0GB�W

H�	�B*"�7 ���G�)��.(
��T3 �7&7 C^ �?@	 (� A�� 2�h*� (� V�yD�� �� >�?

����QT ����7 &+���O�	 g�B*���  ��%  ����T3 ���7 3 �����G
�����L �8&X����b�� d7�P&��b% �9�*" �� C^����H� l�

VQT �8&�6 �7 �� F, (3�l *�/�7 N���� 2B�" d�M�S 
(�*8 +�O�	 �b (��"�BQ7 2����G >FbL% ��QT �� 

% ��+" C7 �3�.
8�G ��b"#�  +�O�	 �c/4 ��?�  ��9 l^ �7 �� K�c9

 2�[�"� W842��' 3#��h	 W84 %B�*��+� &��H��	 C��[/� C�^ 
���B�  ��9 l^ W�� &3� .��� ��&��c/4 dP�� C^ +��O�	 

9c�3 K�B�" ���% B ZO��+m% NB�"�7 RBC �7 �B�S (� V
[`�m 3Hb [`�m 3�(�% �&)�P4 ����/�1>l���9 3��8 
/��≥(NMCV (� ����+^ �I3MCH (� ����+^ ������� .

�%(4 �8�["�8�EL �8��%���� �� &��9  B/�3 �% W B����	
 +Q% V?� <L	 �� �+�O�	�c/4 C7 i�bL% dP�� ����� : 

���+� �c�B.

�%(4���7  /��	 W��m	 V&�6c/4 &�8��% N� ��T3 B���	 
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��3��� C[��@% >��M 0/4  m+T d^ �� VQT �����% �
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� ���� ������� 2B" ���#G #)��.(

Z����� ���m+T �� N���8 ���3��� ��7  O��7 &>OF��9� 
W�7�0G�+8NVQT  ��3��� 3 {��  % �8 ���p�% �����7 B���	
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7���0G ���c/4 �6 �� :��?� C��f�G����7 _��0X� WC>����M 
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?@	�>�? C7�L% % ��L�  /��b/�% :�?� {��� C^ B8� N��
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Molecular study of alpha-thalassemia mutations  
in Iranian potential carriers 
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4Kawsar Human Genetic Research Center,Tehran, Iran 
 

Abstract 
Background and Objectives 
There is a large number of couples who are considered potential carriers of alpha or beta-
thalassemia. The exact determination of gene defect for thalassemia carriers is essential for 
premarital screening genetic counseling. In this study, we conducted a molecular study of those 
suspected of carrying alpha-thalassemia mutated genes in order to detect potential deletional 
and non-deletional mutations in the alpha globin gene cluster. 
 
Materials and Methods 
In this study, those suspected of having mutation in alpha-globin gene cluster with MCV < 80 
fl, MCH < 27 pg, normal serum iron, and HbA2 were selected from those referred to Pasteur 
Institute of Iran. Four common deletional mutations and non-deletional mutations were studied 
using multiplex gap-PCR, ARMS-PCR, and direct sequencing.  
 
Results 
One hundred and forty samples with above criteria entered the study with 126 (90%) cases 
showing at least one mutation. Study of 4 common deletional mutations using multiplex gap-
PCR revealed at least one deletion in 99 (70.71%) cases. Non-deletional mutations were found 
using ARMS-PCR or direct sequencing in 27 (19.28%) cases. Nine different mutations were 
found in the samples with –α3.7 being the most common deletion in 100 (35.71%) alleles out of  
280 studied chromosomes followed by -α5nt in 25 (8.93%) alleles as the next most common. 
 
Conclusions 
We used direct sequencing to characterize more suspected carriers of alpha thalassemia. 
However, using other methods like real-time PCR and multiplex ligation-dependent probe 
amplification (MLPA) for gene dosage study of alpha-globin gene cluster could help find other 
non-common deletions. 
 
Key words: alpha-Thalassemia, mutation, PCR, Iran 
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