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�6 ..)% ��  +$8��96 :�� *� (� ��6�$)/6� !" *.)�56 ��;�<� =/� * !�'> ����� !" *!��/? :�� @/�  +�� �� !" *!�/�A? B C�D6EF "(6."  :��

�/���6 G/< +$8��96  *��α-  �������, H�E�!� B I%.F� �? �� CEJK *�� �6 ��! ? ����� :�� !" �! L6 M *�� .)%.  

��� :�� $8��96 :�� !"+ 128 �/���6  NF �� *!�/�A? B C�D6!�'> #��O� �? :/JM�F �� "!6  *��α - ? ������ $PB! *�� GAP-PCR   

)Gap polymerase chain reaction( +ARMS-PCR )Amplification refractory mutation system- polymerase chain reaction( +

MLPA )Multiplex ligation-dependent probe amplification (�� ���� ://8� B  *��1α  B2α ��! ? �? �, H�E�!� B I%.F� ��* 

 L6 M CEJK..� �?���!� S"�" ? �� $$J/�B * - F  !�LT�SPSS ? B�6�, �� S"�U��� �  *��2
χ  Bt .F.� 4/JD� B $�LV�. 

����� :�� 6  46�� �F� XYZ7/3
α )2/83  +(.O!"5/20

α )9/5 .O!"( +α
MED )0/5 .O!"( +2/4

α )5/2 .O!"( +40-HS )8/0 .O!"( +1del Hbz-Hba 

)8/0 .O!"( $9^F �/���6 B *� Hb-CS )7/1 .O!"( �� !"  GJ�A6  �"�^6 H�E�!� ��! ? ..�" K _A16 :/?JK �U�, *��MCV   

)Mean corpuscular volume B (α - ������+  $% "�" ��1F78 < MCV < 75 �/���6 �?  *��7/3
α +2/4

α  BHb-CS  L/F B75 < MCV  �?
7/3

α +5/20
α +α

MED B +1del Hbz-Hba �6 `E� 6 ..)��? :/)a��+  �/���67/3
α  "!�6 !" �')�80 < MCV < 78 ��MCV ) :/��2> 80 S� �� (

 �?MCH )Mean corpuscular hemoglobin) �8/E< (< 27 "!�6 B .� S.�" (MCH ) :/��2> 27(  BMCV ) �8/E<< 80 �? S� �� +(

�/���6  *��7/3
α  BHb-CS .F.� S.�". 
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���� )2-1.(    ����%���� &��%��� '	 ������ �()*

        ���%+ ,%� ,%- .%�� /�%�01 �12��%�� 3���%� ��

4- �1 �2�� 52�-�6� '����2�7�1 ����  8�9 2 ��-

    '%���)�� �%��* �%� .1�: ;2�� �� �<��2 �6����=

,:��>1 .���� ?��@- &   ���%��� ����%�� �()* ��AB   �%�

� �)�9 �2�C �30    ��%� .%(F ���- &2�  52��%12�-

 ?���%
 & 16  ���� ���%%H ?�%������ �� 2  �%%()* ;A 2� &

5�� ,� I�<= ������  ������ �()* &�1α  22α �1   �%
��

)2(    I�%<= �%�A J%)* ��KL B4)�� ��= � �� ,>��� �� .

       ��%� ��%� �������%� ,��%@� ,%� ,%F�� �� .���� ��F2

�)��� ;A &�  &�1α  22α B ������ �()* �
�� M�N�

 �� OPC�1 ��A  �
��)3(OPC �	� . �1 B�  �� ������

) '	α-/ααB( 2� )αα/--( ) �	α-/-α) ,� B(--/-α( 

) ��KL �	--/--( ;A ,� R���1 J)*  &� �%()*   ����%��

.���
 ��>	�  

 B&����1 ��SKF ,TU� &�   V�%�C W9��1 �� &�

�1 X�� ;A      ,%� �� �=P%C �%�N Y�%� ������ �()* �����

�
�� ,�
�� ?���.    �%	� �%� ?2�%: B   ���%�� ����%1 ��

   �%1 ��%���� �%()* B&����   ,%>��� �� �%���� &   OP%C

�+��:   �%()* ;A �%��Z��   ,%�C�� �� �%H�2   .%����� &

,
��  �()* ��A & ���� ��>	�   ���%+ ,%� ,-T)αα (

�1 ,�
�� ��
 )1(.    ,%- &����%1 ��  %� S%KF ,  ��%9

 ;��� OPC MF�1 J1�-;A  B���� �()* &�α
0   ��%>	�

�1 ) ;* ��[	��� ����1 ,- ��
--/--   ,%� �%>�1 (

  �%1 �%���F \]���  ���%�    �� M%�N� B,%^��: �%	� .

���F   _�2��� �� J%+�C &�%    ���%=� &�%   `%����A �%�

)αα/--( �1 ��>	�  B'	 ;�
 I�<= ��N �	 OPC .��


;A J)* ,� �	 2�   ?�%��- X%1� &� &      ,%� B����%�� �%()*

     a�1�%� J%H�� Y�%� �� ��%���� �()* ,� �>�1 M����

)Silent carrier) ������ �()* .(+ B(Triat ���* �� (

   &��%��� 2 ����%�2�7�1 2 8�(�H )H disease  �%� (

4- �� �����1 �	�
 .b�� ,� '���)  ��
)2( .  

 &�����H   ����%���� ��>	� �� �
��H )H-Hb (

I�b�� �� ;* /��� 2 �1 X1�H &�   ?2�%� ���=� .�
��

 ��9 ,� 52� 2 I2�1��:�   �%����� ;�%1�� ,� ����c  �%1� 

  &��%��� ,� ;�	��b1  ����%����H )H-Hb (  �%7�1

 ,� .��W	�X�     .��%
�� ,�%
�� ��%�� ;�%� /2���1  ��

�[�1�C M�N�     ��%�F ,%- �	�%   ,%� ��%b1  \]2��%�

�1 \�)��= � B�
�� , J�)�T�   d���%: &��%� � �	�%
 

�1 ���+ &������ 4�� B&���1 2 ����F ���� )4(.  

 B��%%���� �%%()*  �%%	���1 �%%Z� �� �	�%%
 W9�%%�1��

 /�%%�F 2 �%%� B,%%���1�2�� B�%%U	�=* J%%f1 52��6�%%�)�=

 ,%%UT�1 �� ��%%� 2 ��%%L /�%%�F 2 ��%%�* �H�%%
 & 

   ?��%@- Y�%� \�)�%�= \]2��� 2 ,����	�1B    ��%9 ,%�

��:? �1 .=�	 �H�
 /��F &���* ��  ��
)6-4(.  

;��	� ��B ]SKF Y���� Y��
 2 ����-��    �%()* &�%

8��g1 W9��1 �� ������B  �2�(� �	� ..�� �2�(�1

@�hi�2�(� �� ,�=�� �    8%��g1 W9�%�1 �� &��j� &�

 B.���1� ,�=�	 & �Uk� �� ,F�� J��HU� �� , ?�1* J�:

  ;��%%	� 8%��g1 R�%U� ��B   S%%KF &��%� Y��%
 7/3α 

�1 a��X� V��� �� .�
�� �&  ?�%@��1B    �%	� �%��2��=

 �� SKF;���� ;�K(+� )7/70  �%+��(B   2 V��%= ��

K-[ �%%�C� �	�%%� 2 ,%%	���)7/71  �� B(�%%+�� ;��%%��

 ;���)4/12 B(�+��  ;������ ��)2/62  2 (�%+�� 

) ;���L��� 2 ;����� ;���� ��7/48 �+��( �1  �
��

 I2�F)1 ()11-7(.  

,� ,F�� �� �2�(� SKF Y��
   ��%���� �()* &�

  8%%��g1 W9�%%�1 �� ;��%%	�  �� &��[%%@�] ;�%%71� 2
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5���� (\�)��= \]2��) ;* �	�
 &�  2 �	����
 ��

SKF �����  �	�%
 &�      2 ,%<)�T1 B�%)�� �� J%bH �%�

%%� �����%%- ,%%��1� �%%	� �� W%%�Uk�,  �� �	�X%%� S�%%-

,�	X  _2� .%H2 O��� 2 �    ,%)�U1 �%	� �� .���� �%B 

 ����� O� ;��%����1 Y��
   &�%*   2 ��%���� �%()

 ;* R�%b���    -�%�� �%� �%\   I�%b�� &�%   �� X%%1�H &�%

_2� ��
��K� X-��1 �� ?�
 Y�F�� &�- ���1�� ��KL 

 '���A ?�[@	�1�* ,� &����g� 2 I�k1 �7
X] ;�K(+�

 �� ;���� �	�
 �� ���,�	X 2 ��@�� .:�� &   ,%� ���-

..����] ��F2� �	����� �� Y�^�1 �	�   5�%>�� ;�1�

B,<)�T1 �� ���1�    ,%�=�[� ���%H �%� ��%�   �� &��%1* 2

;������1 Y��
 2 ����-��]   �%	� �� ������ �()* &�

b� V���� �� ;������.  
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,%%<)�T1 �%%	� �� & ,�%%
P� B�%%[� ,%%��- &  �%%� ��<F��%%1

     I�%� �%9 ,%- &��%��g� 2 I�%k1 ��KL .)�+�  &�%   

90-1389   ?��%- ,<F��1 ;�K(+� '���A ?�[@	�1�* ,�

 ����� ?�
 ��	i� ;�@	� &��� �()* ������ o�g@� 2

 ���%%
 W%%�Uk� ���2 B��%%�_2� �%%	� .  %%� �%% , J%%�)�

\-��� I�b�� &� X1�H &� ��	�]  B�%<�b9 ;�X�1 �� �� 

��%%
��K� X%%-��1 ��-  2 I�%%k1 ��%%KL ;��%%�� ���%%1��

 .����� ?�
 Y�F�� X-�1 �	� ,� &����g�    ,%� ,%F�� �%�

Cut off  ?�%
 8	�<�  ) &��%@- &pg 27 < MCH B  

fl 80 < MCV  \-�%�� �%� ���=� B(     �%<�b9 �%�N &�%  

MCV )Mean corpuscular volume �%%	 2 (MCH   

)Mean corpuscular hemoglobin �%%	 2 (2Hb A 

� ;���: ,� �<�b9 ������ ��� �	 2 �()* ,� p�7@1 ���=

�%%1 /�%%�k1  o�g%%@� .%%KF .%%�� 5�� 2 ���%%


 ���H �)�7)�1 ����� ���1 B�<TH .�����  

?����� \-��� &���  I�%b�� &�   X%1�H &�% :  &��%�

,��-      ����%���� ;�X%�1 B��%>1 ��<F��%1 &2A   ,%�)

     �%� ����%���� �%<�b9 �%�N &����� B(����� a2�

 ���%%=2��7)�\-�%%�� B��%%�q� 2 ����%%����  &�%%

I�%%b�� ) X%%1�H &�%%Cell counter sysmex ���%%1 (

 .��� ?�
 .br ?��2�] �� 2 ��� ,�=�� ���H �����  

  
 ����1�	
�� . � ��� ��� ���
 ����� ����� ��� � ��  !��" #��$% !&�!�� �$ ��'
 #��$% ��� (�� �)��*  

�	��  

���	���  

�	��  � �	��

��	����  

�	����  �� � ��	�� ��� �

� �!"� #���  

�	�$�%  � �	�&�

�	�&�� � 

�'�( 

���%�& ��'( �) *�+� ,-.�/  119  314  1177  121  475  94  
7/3

α (����)  2/83  7/70  7/71  2/62  7/48  4/12  

α
MED (����)  0/5  9/0  ��� ,6�7  9/6  ��� ,6�7  8/8  

5/20
α (����)  9/5  8/3  ��� ,6�7  ��� ,6�7  ��� ,6�7  ��� ,6�7  

2/4
α (����)  5/2  7/4  ��� ,6�7  6/7  6/1  2/4  

Hb-CS (����)  8/0  ��� ,6�7  ��� ,6�7  ��� ,6�7  ��� ,6�7  6/10  

del Hbz-Hba1 (����)  8/0  ��� ,6�7  ��� ,6�7  ��� ,6�7  ��� ,6�7  ��� ,6�7  

)TGAGG-( )nt 5 -(α (����)   ,6�7���  7/8  0/7  ��� ,6�7  9/1  1/7  

poly A1 
(AATAAA>AATAAG) 

(����)  
��� ,6�7  0/16  2/4  ��� ,6�7  ��� ,6�7  5/3  

α19Cd (����)  ��� ,6�7  ��� ,6�7  ��� ,6�7  ��� ,6�7  9/7  ��� ,6�7  
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:;������1 ���<� ,���� ��    �%�F ;�%� &�%  &�2*

 B?�%%
DNA   �%%��1 '%%�� /�%%�� a2� �%%� �1�%%�A

 �	��� _��g���)12( .SKF     %� ��%���� �%()* &�% �

a2�  &�%%%%%%%%%%%Multiplex GAP-PCR   

)Multiplex Gap polymerase chain reaction B(

MLPA )Multiplex ligation-dependent probe 

amplification( )Holland ,MRC ,HBA probemix 

140SALSA MLPA P (;A J1�- �)��� ���<� 2  &�

1α  22α    2 �%%+�u��� &�%%��	��] �� ?��(�%%�� �%%�   

  �)��%%%%%%%� ��%%%%%%%�<� ?�[�%%%%%%%�� �%%%%%%%�ABI   

)Applied biosystems, Life Technologies, USA (

���=�� ���H ����� ���1 )13-12(  5�%>�� ���	��� �� .


SKF ��F2 ����� �� ?�     a2� �%� �	�%
 &�%PCR 

) ,%%�����LMultiplex PCR  ���%%H �%%���� ���%%1 (

�1      �	�%���
 �=P%C ,%- &����%1 �� \6� 2 .=��

���  a2� �� B�
MLPA    �)��%� ��%�<� B.	�K� �� 2

;A  &�%%1α  22α  ;��%%����1 �	�%%���
 &��%%�  &�%%

,TU� �1 ���H ?��(��� ���1 &� ..=�� 

\-��� I�b�� &�   .%=�	 ;������1 Y�� 2 X1�H &�

?�
B   ,%Ub9 �)2��%F ��     \6%� 2 �%	��� &�%��  v	�%��

S	�1�*  � %� , ,��%�2 &  5�%�  ��X%=� SPSS  ,g%��  &22 

)version 22, SPSS Inc., Chicago, IL (�� 2   ?��(�%��

;�1�* ��  &�2
χ  2t ���
 J��k� 2 ,	X>�.  

  

����	 	
  

 I�%%� �%%9 ��  &�%%90-1389  ���%%<�716  �� �%%(�

,1����   ��%���� �� &��[@�] &��@- &�[)���N &  �%�

  &��%%��g� 2 I�%%k1 ��%%KL .)�%%+�B   5�%%>�� .%%KF

S	�1�*  �7
X] '���A X-�1 ?�[@	�1�* ,� '���A &�

       5�%�� &��%� B���%+ �% �� .���%
 Y�%F�� ;�K(+�

;������1 w�k) �� ����� B����1 �1 5�>�� ��� &�  �


   ��%����1 ;��%� �%(�1 ���+ �� 2   �%()* w�%k) �� B;

�1 ����� X�� ������    ���%=� ��%� �� B,>��� �� .���


 BS	�1�* ���1128   ;A �� ;��%����1 ,� p�7@1 �(�

;������1 w�k) �� ,- ����� �()*  ����� ���1 �()* &�

.���=�� ���H  

 B��A OPC ����1 ����� ��117  �� �(�128  B�(�

;A �� ��A OPC ;�@� �� ������ �()* &�   �� .�%����

 ���%%<� B�%%���� �%%	�6  J1�%%
 ;��%%����17/3
α B5/20

α B

α
MED B2/4

α B1del Hbz-Hba  240-HS  �	�%%%���


 I2�F) ���
1  S%KF �%	� ���2��= .(     M%���� ,%� �%

2/83   B�%+��9/5 �%%+�� B0/5 B�%%+�� 5/2  B�%%+��

8/0  2 �+��8/0 .��� �+��  �	�%
    ;��%����1 �	�%�

.�<�F �	� �� ������ �()*B 7/3
α )2/83  ��� (�+��

) I2�F2(.  

  
 ����2,%�%'- .. #��$�/� )0� !& .0$1�/ ���� ���2�  !��"

��� � �� �!��  

���	��� )�*  (���,) ,��.�  
7/3

α )2/83 (99  
5/20

α )9/5 (7  

α
MED )0/5 (6  

2/4
α  )5/2 (3  

del Hbz-Hba1 )8/0 (1 

40 -HS )8/0 (1 

Hb-CS  )7/1 (2  

  

11  w�k) �� ,- ����� ��A OPC �H�= B���=� �� �(�

SKF   ,%TU� &�% ;A �� &�     ����%�� �%()* &�%1  22 

  �%%K�� B�%%���� �%%	� �� .�%%��=�� ���%%H �%%���� ���%%1

,TU� ;������1  &�Hb-CS   ;��%- �� ,-142   �%()* ;A

 ������2 ,��1* ���� ;��- J	�b� ,� �>�1   ��1�%���� &
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  �%1 ?�%�>�� 4�� ;��- ,�  ) ��%
TAA > CAA �� B(  
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MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin 
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Abstract 
Background: α-thalassemia is one of the common prevente hematological disorders in the Iranian 
population; knowing its most common mutations can improve the prenatal diagnosis of the disease. To 
date of this study, no comprehensive data were available on the prevalence of the disease in Chahar 
Mahal va Bakhtiari Province, Iran. For the first time, this study investigated the spectrum of  
α-thalassemia mutations and their correlation with red blood cell (RBC) indices in this region.  

Methods: 128 carriers who resided in the Chahar Mahal va Bakhtiari Province were evaluated for  
α-thalassemia mutations using gap polymerase chain reaction (GAP-PCR), amplification refractory 
mutation system-polymerase chain reaction (ARMS-PCR), multiplex-ligation-probe-dependent 
polymerase assay (MLPA) and sequencing methods. The RBC indices were measured. The data were 
analyzed using chi-square and t tests. 

Findings: The presence of 6 deletions including α
3.7 (83.2%), α20.5 (5.9%), αMED (5%), α4.2 (2.5%), del 

Hbz-Hba1 (0.8%) and HS-40 (0.8%) as well as the point mutation of Hb-CS (1.7%) on the α-globin 
gene were approved. Analysis of correlation between different mean corpuscular volume (MCV) 
measures and α-thalassemia indicated that 78>MCV>75 was correlated with α3.7, α4.2 and Hb-CS 
mutation and MCV of less than 75 was correlated with α3.7, α20.5, αMED, and del Hbz-Hba1. Among the 
analyzed mutations, the only mutation with 78 < MCV < 80 or low MCV (< 80) and normal (> 27) 
mean corpuscular hemoglobin (MCH) was α

3.7. Interestingly, mutations with low (< 27) and normal  
(> 80) MCV were α3.7 and Hb-CS, respectively. 

Conclusion: Together, the data suggested the presence of a positive relationship between  
α-thalassemia mutations and RBC indices, which could facilitate rapid and efficient screening for 
these common mutations in the population of Chahar Mahal va Bakhtiari Province. 
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