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$��Real-time PCR �MLPA 

��� �������	������ ���  !�!"�#���$%&� �'��%�( )* +��, �-�� !
!"�#���$"# �./"� �)0�!"�#���$"� ��	"12!

�
�3� ��'"��!�45 �4,6� 7%�8��!"�#��4-$� 9�"� :

�����
�%� � "&��	 

;&� �6 �%�5 �)< �� �� =�/ ��� �>?* 7�@ AB, �$ 76 �� �	�* CD)# 7�@ �)E�� �6 7��6)E� �E�� �)E	

AB, F 6 �%	 �%@�G� H��)4I��� �*J �	)K �� L�M� 7�@ .AB, �$� �-	 O�� "� �-�P� �%	 ��K�-	 7�@

Gap PCR�� AB, �# ���, �� %	�� * 7�@��* �$� �-	 O�� H$6 �� ��K�-	� %*)	 .HE$6 "� �%�Q R$�1 76"�

F$��%8�!��# O�� �� Real-time PCR �MLPA �	)K ��# � �"� 76"� J�E�1"I ��# �� H��)4I��� �*

%	 .

$��� ���' ��
+�)� �� �# �(��>� H$6 �� ��)��7%@�	 !%	 S�T*6 7���	"  O�� �� 
U�� AB, �� V)WG� XY�* �"1 

ZK�	 76�6� �# H��)4I��� �*J �	)K ��1�$ ;@�# �*)K 7�@)pg ��MCH < !fl �U<MCV(H��)4I)�@ !

A2H��)4I)�@ � [��"* F%*%	 �(��>� ��6� %*�)� [��"* �$ ��1�$ ;$6M16 .�\
* �6%(/ 7"�I��E# �� �� �*J 7�@

 O��Real-time PCR�
$�?� O�� ��6"Y � �"� ��)� !�*�� Q �K"D 76F1"I .�\
* �6%(/ H�-D ]@ 7�E@

 O�� �� �*JMLPA%	 ���$��6 M�* .

"�(�� ��
�6 X��, ^$��*Real-time PCR�J 76"� 7�@HBB !HBD �HBG2 �
E$�?� �E �"� O�� �6 ���_� 6 �� 76

�6M�� !�*�� Q �K"D–∆∆Ct�!]��  �6"16 76"� 6� ��/U±:2/U)4I�E�� �*J �	)K �� AB, H�4Y�* 76"� �!H��

U
/U±��/U��G* �6� .�6 X��, ^$��* H�-D ]@MLPA ��%, ;@�# !�U%7�@"I�E �-	 CE�0 b�_/�6 ��

 ��G* 6� +)c$��"�@ �6"16 �� �%	 AB, �J �� dP/"� ��1�$ "�eW/�6� .

)*�  "+��� 
^$��*MLPAC�0 � �"� �"I� �-	 "�eW/ �6 X��, 7�@!dE )/ �# �?<�-� �� 6� AB, �)�� Real-time 

PCR �"# %�$�/ !�)� �%	 �$� �-	 .�� O�� �� H$6 C�# �� AB, �6)/ �� 6� ��K�-E	�* � �%E	 ��K�-	 7�@

�)�* �$� �-	 ��$� FY� �� �� =�/ ��� H�4Y�* .

��,�%��, -�:!�� =�/ ����*J AB, !H��)4I��� 

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

�� ������� �� ��� ��! " ���#$ %�� &�'(')	 " *�#+ %,�" �!-$� ��./ 0�123��"45���� 	�(6 &�'(')	 7��! 8���� ��9$�� �9(9:3� 
��:�. %��� ������� �45���� 	�(6 &�'(')	 7��! � �$���8���� ��9$�� �9(9:3� 
�;PhD 45���� 	�(6 &�'(')	 7��! � � �7� 45���� 	�(6 ��� ��9$�� �9(9:3� 8� 
�;45���� 	�(6 &�'(')	 7��! � ��� ��! " ���#$ %��� ������� 8���� ��9$�� �9(9:3� 
<45���� 	�(6 &�'(')	 7��! � �!�=+ >�7� �8���� ��9$�� �9(9:3� 
��PhD 45���� 	�(6 &�'(')	 7��! � � �7� 45���� 	�(6 8���� ��9$�� �9(9:3� 
�&�'(')	 7��! � >(935 %��� ������� ��?�� �3�:3� >(935 
�� >(935 %��� ������� �&�'(')	 " *�#+ %,�" �!-$� ��./ 0�123�� 
@A"B:! C�B! �:PhD 45���� 	�(6 &�'(')	 7��! � � �7� >(935 8���� ��9$�� �9(9:3��?�� �3�:3� >(935 &�'(')	 7��! "�9:� D"%�E �:����;����< 
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F�, G(6�#H�96 �35 I��J �� I9J����3 4�K 8��� =K " �#��. �"�($ �9�� 

���

���	� 
��� .� � � �=$L�	 �96M4��=(6 G��	 0��6 �35 >	 4�K

 �! N�#O! A�!".�	� P���	 4�1�� 4���� I�G��� .� Q%���6

 P�� I�6 �� �=�$L�	 ��96 R��� .� IS:�3 >� I� ��(#T�3 "�

�! ��! �!-+ %T�� ��(��6 U�)� .� VWL�=X! Q%3�6 %����6)�;

�.(.� \(6�8�(#(! .� \(�6 " �=�$L�	 ��96 RT�3�<]]] 

�96 I6 -9^! ��� Q�$� 0%� ���7H 8���� �� �"5�! �=$L�	 

��=(6 G��� %���	 .� \(�� _(S2	 ���������"� .� 44��K

 �! 8���� �� �9��%`6 %��6)�(.8��S9$� 7O! %3�(� .� 0."�!�

 0���6 *��3 �� (935 4���=(6 G��� 8��!�� 4��6 �3�!�� 85 "

�! G� =! R�, 0�� G���9`6 VW��9X(^a ���" Q����Q�J���� 

\`b �� ��b�! 4�K �H%������ 8�7(! G((X	 " 8���� cd$ 

8/ ��$� 8����=(6 G��� %���	 .� 4�(12�(� �`b �� �K)<(.

F%K G�� I6 8%($� 4��6Q4���=(6 G��� G(#T��3 *��=	 %��6 

%3�� ���$��� .4���=(6 G��� A��9�� 4���6 �1�� &��^+ I6

\`b e��3� ���$��� I6 .�(3 �=�$L�	 �96 �6 f^	�! �35 4�K

 F�, I#=b .� J 4�K �96 �35 I��G(6�#H �! %��6 .."�!� �	

 .� \(6�]] 0%� ���7H G(6�#H�96 85 �� 8�H�3�H \`b 

G(6 G�� .� I� �$�QRT�%, �]F��, �6 f^	�! ���! 4��K

 �! C#9S! %���6.Ig,-! R6�T ��%X	 F�, G�� .� 4� .� ��K

 F���, I��#=b 4���KSpanish QSicilian QChinese QHb 

LeporeF���, "/I��3"��"�H%��� 4���KTurkish QAsian-

Indian �� G(6�#H��96 ��35 I��J Q�(O9! �(XT�! " 0.�%3� �6 

�! �(H�� %���)�Q�.(

�"� 4�K F�, G(#T�3 _(S2	 4��6 h��� ��� ��! �K

���"%)! G9��� �6 0"-+ 8��!. ��(g3 ���K I���7K�� " ��6

 ����$��� 4���6 ����� " *.L �T� " �($�:, %T�� Q8��6

�=	 F��, G(#T��3 *%����6 ��! ��K .�"� QA��i! ���a I�6

I � 8�!. �"� >� 8���+ I6 8�	�$ 4���H %���^(K I�6 Q��6

 .� ��L��6 �����'! %��!.�(3 " 0���6 I9:6�" �K�H�$��� 8%�

 I��3�=3DNA �"� ���� " ���$�)Fluorescent In Situ 

Hybridization (FISH Q�2�� R�,��! 8���� �a *7#9:!

 �$� 4��6 ���#$ �6�� *".�!"�� I6 �! 4.���9! 4�K %���6 .

4���6 ����� " *.L �($�:�, .� �"� G��� I� G�� G=j

 F�, ���$��� ��=3 ������J�6 >�k�� 4�K %���6)@;�.(

�"� �(i 	 �6 ��9^! 8�($�	�! ���$��� ���=X! 4�KPCR 

.� ��l�! ����	 >�DNA F��, ����$��� ���3��	 Q�!�35 

���!�3 R��� 0����=K ���. %3��%3 �� 4��9=K *".��!"�� �� �

�! I� ���� ��b" �1�� h��93 %3��	PCR ��((O	 �� RT�3 ��� 

0%K�2��! �6m���� ���$�� " 0��������H.�����$��� 4����6 ����� 

8�($�	�! A"�%9! ���, 4�KQ�"� ��(i 	 ��6 ��9^! DNA 

*��3 �6Gap PCR 8�.�� " M���$ Q0���$ ���"� 8����+ I�6 

�"� 4���6 �^$��! G�71��b 0%�� ���m 4��K)�"� 4��K

I � " 8�	�$ 4���HFISH ( ��! N�:)! ����)�].(�"�

Gap PCR F��, ���$��� 4��6 0%�� I9J���� 4��Kδβ �

�=$L�	 8�(�$�	�! e���3� " ��n� G(6�#H�=K Q����, 4��K

 ����(�b G(6���#H�=K ���?�� *"�%��	 HPFH )Hereditary 

Persistence of Fetal Hemoglobin(�! 0��l9$� ���� .G���

 	 �`�	 �"�F�, ���$��� ���3�� ��K��� _S2�! I�!�� �6 

F�, 4���� ����� ���$��� I6 ���T ��" ���� I9J�����3 4�K

 �:(3 _S2!�3 " o�76 I�!�� �6)�Q�.(��6 p(')	 G�� ��

 IX��d! ��$� �$��6 " �K 0�� I�6 Q0%�� *��q3� 4�K 4.�%�3�

 �"�Real-time PCR ��$��6 4��6 �!�35 cd$ �� �=� 

F�, I��J 4�K G(6�#H��96 ��35 *�%�T� %��)��Q��Q�(.

r9:($Real-time PCR IS:�3 �=� \q�$ �6 ��9^! 4��K 

\�����" .� 4%+�s��	 .���� A���a �� ���35PCRQp����a .� 

�! t3�$��#� ��3 �23 8�7(! \q�$ %��6 .r9:�($ G�� ��

 I�6 0%3�� Rs9! 0u�" t3�$��#� v3� >� .�DNA ��(g3 

SYBR Green I�s	� .� t� �`�	 I�I6 ADNAI9�� "� 4�

�! �29�! 4�T t3�$��#� A��1($ �! 0��l9$� Q%�� ��� .G��

 &L�s�)! 8�7�(! �6 w$��9! Q\���" �a ��$��#� v3�

 8�7(! " 0��� Ma�$ ��$��#� ��3 QR ($ �K .� 0%� %(��	

 ��^? " ���$��� 0�19$� �13���=3 f$�	 8/ t3�$��#� �23

�! ���)�<;��.(�($�:, I6 Ib�	 �6 _(S2�	 &�%T "

_(S2�	 4���6 w�$��! ���"� 8���+ I6 r9:($ G�� QL�6

 F�, G(#T�3 %� N�S93� �=$L�	 �96 4�K .>�� �`�	 ��b"

 R�6�'! �� R�T�3 ������ �� I�X��d! ����! r��$ 85 .� IS:3

 %�(��	 I�6 ��q�! r���$ ����� �� 85 G�� .� IS:3 "� ��b"

 ��(i 	 4%+�s�	 .��� 4�%96� �� 4�9=� A�s)!DNA ��

�! RT�3 ����� �! G�� " ��� ��� 7���=	 �� %�3��	�" ������ G

F�, G(#T�3 ���$��� ��(H ���T ��^! Q�"� G�� �� �K .

0��� *�q3� .� RE�, I(�"� 4�KReal-time PCR !�%�3��	 
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�"� 0<Q0��=��Q8�9:!.xy

���

I:���'! �"� .� 0��l9$� �6 I3�9�$/ I�J�k 4� )Threshold 

cycle, Ct(%�3�(H ����T �$��6 ���! .�J�k I3�9�$/ I)Ct(Q

IJ�k �� ���J 4%+�s	 �(i 	 I3�=3 �K 8/ �� I� �$� 4�

0����� e"����Q����X! \��7���� A��1(��$ \q���$ �� 4���

$��#���! 0%K�2! t3 ��)�! " ���PCR QI�J�k G�� �� 

I3�9$/ fJ)Threshold Line (�! MdT �� %�� .QI3�9�$/ f�J

 0%� r$� 0�19$� f$�	 �����J &��E I6 I� �$� �dJ

 ! "A��1($ G(6 .� A��1($ " I�(!. t� t3�$��#� 4�K 4�K

 _S2���! �� ����(i 	 ����6 f^	����! ��������X! t3����$��#�

�! %��=3)�<.(

�$� z�d! I�(!. G�� �� I� 4%�%b 0�H%�� Q.� 0��l9$� 

I��3�H%�k 4�K�H���$��� A�s��	� I��6 I9:��6�" ���(i 	 �"�

)MLPA=Multiplex Ligation-dependent probe 

Amplification (����$� .A�s���	� ����6 �����9^! �"� G����� 

)Ligation ( >��� " F%��K ������	 4"� �H���$��� I��=(3 "�

 4��(i 	 \���"PCR %���^(K 4�K%�(	�{#��3�1(�� f�$�	 

�! �H.�|/ �lb >� �`�	 .� 0��l9$� �6 �"�q! 0%3�� %���6 .

��6 w�$��9! Q�H��$��� �(i 	 &L�s)! 8�7(! I� �b 8/ .�

 IS:3 8�7(! ����	 I(�"� 4�K �! F%K �� �"� G��� Q%���6

IS:3 ��%X	 �$��6 �35 4�K)Gene dosage ( 0��l9�$� R�6�T

�$�)��Q�].(


 ��
� �
���
}��S9$� " 8���=(6 N�S93�DNA 

���6 4%K��� � ����! e��3 .� 0%� *�q3� IX��d! ..�

��9$�� �9(9:3� >(935 0�12��!./ I6 0%��� IXb��! ����� 8�(!

���� Q�?��� �3�:3� >(935 &�'(')	 7��! " 8�]R�T�3 ���� 

��J� .� t�� G(6�#H��96 ��35 I��J �� F�, I6 ~� 2!

 %3%� IX��d! ���" I!�3 ���j� .4���6 ������ N�S93� 4��^!

 _J��� G9��� QIX��d! G�� �� �"�" \K��� �3��J 4��K

I��9���)fl �]<MCV "pg ��<MCH(G(6���#H�=K QA2

G(6�#H�=K " A��!�3 F���6 A��!�3 �� I9��� \��7�� )A"%�b

�.(F��, 4���� I� �E�S�� .� IX��d! G�� �� G(�k rK

 ������ .� 4��%�X	 " ��^i! A�9�� 8���+ �)	 Q%3��6 �XdT

 %����H 0��l9$� �l�! A�9�� 8���+ �)	 r��$ .DNA ����! 

A�^#H .� .�(3 �"� .� 0��l9�$� ��6 ��d()! 8�J %(l$ 4�K

e�^�� >=3)Salting Out ( 8/ ��(l(� " ��g#| " }��S9$�

 �9!�9�"�9 n��$� f��$�	NanoDrop® ND-1000 0%(q���$ 

%�)��.(

Gap PCR 
r�q, I�6 �2���" ��#S! .� �"� G�� *�q3� 4��6 �<

R!�� �9(�"� (!�]] *�H�3�3 DNA Q�!�35 �].� A�!� (� 

Q�H.�|/ �K�/]r�7�3/ .� %,�" DNA .���=(#� Taq ����6 "

4�����9)!</�(!�����9(�"� )X�] (PCR buffer Q�</]

���9(�"� (!)mM <](MgCl2Q�/]���9(�"� (! )mM �]](

dNTP Mix "]�</]����9(�"� (! )M�(Spermidin I���� 

����!� f���� �6 Q%3%� 4��%��J 85��($ ���� .� �1=K

 I����'! �� 0%��� ����m�����v0�19��$� �� Q8����� =K "

�# ������$�!�	)2720 QApplied Biosystems (����$� 0��l9

%�)�)(A"%b�.(&L�s)!Gap PCR .��H/ A5 4"� �6 

</�v3� %E�� 0��l9�$� �6 " %��!"�6 *��%(	� �6 0%� 47(!/

 %� 0%K�2! \l�6 ���"�! IX�� .� .��6 0%�� �K��� 4�K%3�6

 ����! 7��$�]]%3%� 0%(q�$ 4.�6 �lb .

Real-time PCR\���" ��#S! "

4%(	�{#��3�1(�� 4�K�H.�|/ �35 I��J .� 85 I$ 4��6

G(6�#H�96)HBB QHBD QHBG2 ( 85 G(�k rK "CLCN7 

*���3 .� 0����l9$� ���6 M��b�! 85 8�����+ I�6 ��7���)CA Q

Foster City QApplied Biosystems (Ver. 3.0 Primer 

Express%� �,��a )A"%b�.(

��(#� .� >K�k �K 8"�� 4��K@�I�3�J 4�)Q����1��$

Applied Biosystems QMicroamp ( r��q, I��6 �a���#S!

 �����`3�<R!���� ���9(�"� (! </�����9(�"� (! ):��#13�8�9 Q

Applied Biosystems (SYBR Green Master Mix Q<

Q�H.��|/ ��K .� A�!� (�</�" N/ ��9(�"� (! <*�H�3��3 

DNA %� I(`	 �!�35 .\���" I�3�=3 ��K 4�KDNA 4���6 

&��E I6 " 4�$ "� Q85 I$ �K " %�� *��q3� 8��!. r�K 

G(13�(!Ct )I3�9$/ IJ�k(85 ��K 4��6 0%!/ �$� I6 4�K

 %��� I^��$�)! .Real-time PCR0�19��$� �� ABI 7300 

Sequence Detection Systems "���6 *���q3� ����. I��!�3�6

�������:96� ����%@<b�� �93�$ I��4.�$ ���$�" ���H 
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F�, G(6�#H�96 �35 I��J �� I9J����3 4�K 8��� =K " �#��. �"�($ �9�� 

���

[�%��:ZK�	 �)K 7�@ �� � �-	
U�"1 �%	 � �"� 

AB, �6%(/ RBC(x106/µl) Hb(g/dl) MCV(fl) MCH(pg) HbA2(%) HbF(%) 
Sicilian (δβ)°��/]±�/��/�±�/�]@/�±��@/]±�]�/]±</��/�±�/@

Turkish 
Inversion/Deletion(δβ)°��/��/���/��</�@�/��/@

Asian-Indian 
Inversion/DeletionGγ(Aγδβ)°��/]±@/<�/�±�/���/<±���/�±���/�±�/��/]±�/��

Hb Lepore �� �/]±�/<�/�±�/���/�±���±�]�/�±��/�±�/�
�6 0��=K I9J����3 F�,HbF 
I9��� \��7�� 

<�/]±</<�/�±�/���/�±���/]±���/]±�/��/�±�/�]

�6 0��=K I9J����3 F�,HbF 
A�!�3 

��/]±�/��/�±�/���/�±���/]±���/]±��/]±�/]

MCV :  I���H rq, G(13�(! Q4�MCH :I���H G(6�#H�=K G(13�(! Q4�HbF : ���(�b G(6��#H�=K)α2γ2(QHbA2):α2δ2(.A"%�b �� 0%�� ��m�����'! 

G(13�(! �13���=3±��(X! .� F��)3� )SD ±mean (�$� .

[�%��:��6)/7�@"I��gQ �� �%	 ��1"I ��# �� 7%�/)h4#)*)c��6 Gap PCR 

F�(Y)�"I��gQ�J 7�� "� ��6)/ "I��gQ AB, 

<���] ;<�<�� 5′-GACACACATGACAGAACAGCCAAT-3′F
����] ;����� 5′-CGATCTTCAATATGCTTACCAAG-3′F
����� ;����� 5′-CATTCGTCTGTTTCCCATTCTA-3′R

Hb Lepore 

<�@@� ;<�@�� 5′-TTGGGTTTCTGATAGGCACTG-3′F
<�<�� ;<�<<� 5′-GTGTCACCCATTAATGCCTTGTAC-3′R
�@��� ;�@<]] 5′-TAGATCCCTTTGCCATTATG-3′R

Sicilian 

�@��� ;�@��� 5′-ATGCCATAAAGCACCTGGATG-3′F
��]]] ;��]�� 5′-GAGCTGAAGAAAATCATGTGTGA-3′R
<���� ;<���] 5′-TAACCATATGCATGTATTGCC-3′F

Asian-Indian 

����@ ;����] 5′-TTCCACTATCTTACTTACACAT-3′R
��@�� ;��@�� 5′-TGCTGAGGATTGTTTTAGGTC-3′F
�<<@� ;�<��� 5′-GAATAGCAGTGGTGAGAGAG-3′R

Turkish 

[�%��:��6)/"I��gQ �� �%	 ��1"I ��# �� 7%�/)h4#)*)c��6 7�@Real-time PCR 

�J "I��gQ ��6)/ 
F�(Y)�"I��gQ 7�� "� 

�J 

"�eW/ [)i8� [)< 

)��� F_�(

HBB   F 5′-GGGCATGTGGAGACAGAGAAGAC-3′ �]�<� ;�]��� ��� 
HBB  R 5′-ACTCAAAGAACCTCTGGGTCCAAG-3′ �]�<� ;�]��� 
HBD F 5′-GACTCCTGAGGAGAAGACTGCTGTC-3′ ����� ;���@� ��� 

HBD R 5′-ACATGCCCAGTTTCCATTTGC-3′ ����@ ;���]@ 
HBG2 F 5′-ACTGAGCTCACTGCCCATGATG-3′ ���<� ;����< �]� 

HBG2 R 5′-AGACAACCATGTGTGATCTCTTAGCAG-3′ ����� ;����� 
CLCN7 F 5′-CTCTTAGGCCAGGCGTTTGTG-3′ ����;��]� ��@ 

CLCN7 R 5′-ACCGTGCTCAGCGCTATGC-3′ ����;���� 
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���

DNA �1�� 8�!. &%! ���]tn$ " A"� IJ�k �� I'(T� 

�� ��. ���!� I!�3�6 "��]%�� ���� 	 I�J�k :@<I�b�� 

�93�$ &%! I6 ���H�<" I�(3�? �]�93��$ I�b�� I�6 ����H

 &%!�I'(T� .I�#,�! >� f$�	 QR!�� 4�(i 	 I#,�! �K

>( l	)dissociation ( R!�� I� :@<�93�$ Ib�� 4��6 ���H

 &%!�<�?QI(3�]�93�$ Ib�� &%�! 4��6 ���H�]QI�(3�? 

@] �93�$ Ib�� &%! 4��6 ���H�<I�(3�? Q���6 ���g�! I�6 

���� I!��� N"m ��)�! R(#)	 " I�7q	.

I:��'! �"� I3�9$/ IJ�k 4� 

\���" *�q3� 8���� �6 PCR Q*�3 ���a I�6 0�19�$� ��7��

 �! r$� �� I3�9$/ fJ >(	�!�	� %�� .R�(#)	 -a� ��6 &��+

0��l9$�*�3 .� ��7��ABI 7300 sequence Detection system 

*���3 "��7����SDS Ver. 1.2.3 )Applied BiosystemsQ

:��#13�8�9 (I:����'! �"� ���6 "*���q3� I3�9��$/ I��J�k 4�

������ .0��� *��3 .� 0��l9�$� �6 I(�"� *�J 4�K ��7���Excel 

2007 (Microsoft corp.) ��(#)	 " I���7q	 ���)	 �����T R

%�9��H .G(13��(! R�j�l	 �6 I� w(	�	 G�� I6Ct F%�K 85 

G(13���(! .� \����!./ " A���!�3 I��3�=3 "� ���K 4����6Ct 85 

_J���� QM��b�!∆Ct \����!./ I��3�=3 " A���!�3 I��3�=3 �� 

"� Rj�l	 .� " %� I^$�)!∆Ct " A��!�3 I�3�=3 I6 ��6�! 

8���+ �)	 4��9��� Q\��!./ I3�=3∆∆Ct %�!/ ��$� I6.

3 �� F%��K 85 IS:��3 ��%��X	 �����`)Beta QDelta "G-

gamma ( A�!�� .� 0��l9$� �6∆∆Ct;�%� _S2! )��.(

85 �(i 	 ��/��� G((X	 ��g�! I6 G(�k rK " F%K 4�K

 Mb�! 85CLCN7 Q8��!. rK &��E I6 �%96� �� ��6 *.L 

�T� .� ����9! 4�KDNA *�q3� .� t� " I(`	 A�!�3 Real-

time PCR Qr(�$�	 ��35 I�XdT �K 4��6 ���%3�9$� ����=3

��� .w(� I6 Ib�	 �6)Slope ( ��6 f^	��! ���%3�9�$� ����=3

 85 �(i 	 4�KβQδQGγMb�! 85 ��a G(=K "CLCN7 Q

��/���PCR 85 G��� �!��=	 4��6 ���. A��!�� p6��d! ��K

%� I^$�)!)��:(Efficiency = [10(-1/Slope)]-1)��/���(

i 	I3�H%�k 4�K�H�$��� A�s	� I6 I9:6�" �()MLPA(

=K��� I� 2! ����6 ~��9��� I��, G��� I���J �� F�

35���l�! A�9�� " �^i! A�9�� ����� G(�k rK " G(6�#H�96 

6���������(� .� 0��l9��$� SALSA MLPA P102 HBB 

)%�#K(�6 ����! 0%3.��$ ���� R=X����9$� �6 p6�d! ��$�

 %�9��H ���T .%��/��MLPA ����$�" R,��! R!�� 4.��$

DNA �"��q! pa���! I�6 �H��$��� I=(3 "� 8�($�%��^(K Q

�H��$��� I=(3 "� A�s	� Q*�35 4"� �1�%� � I�6 ��(i 	 "

f$�	PCR &L�s�)! 4.��$�%b ��6 ���`3 �� I� �$� 

�����	 0�19$� �� G(��! .���"�9 �� f$�	 0%� �(i 	 �6��� 

Genetic Analyzer ABI PRISM® 310  &��'(')	 7��! ��

 ���� I=	�J �?�� �3�:3� >(935)��Q�].(7(��3/MLPA ��6 

*�3 .� 0��l9$� ��7��Gene Marker® Ver. 1.6%� *�q3� .

�� ����� 
.� \(��6 ��%��X	 .� �]]]�=��$L�	 ���96 R��T�3 ����� ���l3 

� ��9�$�� �9(9:3� >(935 0�12��!./ I6 0%��� IXb��! " 8����

 �?�� >(935 &�'(')	 7��!Q��%X	 �]�� F��, %b�" �l3 

QF��, ���b" I�6 ~� 2�! ��� " G(6�#H��96 ��35 I��J

 %� ���$���%3.G(6�#H�=K G9��� QF�, ��b" ~-!A2

G(6���#H�=K " A���!�3F*%��+ QA���!�3 ���� I��9��� \��7���� 

8�($�	�! ���$��� Id'3 4�K A�s)! 8��6 0�	�� Q4�PCR 

5 I��'d�! �� 8%��� _S2��! *%��+ 7��(3 " G(6�#H���96 ���3

 Id'3 8�($�	�! .� 0��l9�$� ��6 �=�$L�	 ��96 RT�3 ��� �� 4�

����	 �"� �6����6 .

�"� *�q3� 4��6 Gap PCR "� .� �H.�|/��a ,0%� �

F�, �K 0�"%)! �$� G(��� " �$� L�6 I(,�3 "� 4��6

%� 0��l9$� 0%� I9J��� .�$ R�� 4��6 A�9�� 8���+ I6 .� Qr�

 >��H.�|/ I(,�3 RJ�� �� ����	 I6 A�s	� ���3��	 I�

>� %(��	 I� %� 0��l9$� ���� �� r��$ R�� �� ���,

 .� � � �6 ���j� A�s)!�H.�|/ F�, I(,�3 0���� 4�K

�! %�� ..��]��b" �$��6 4��6 0%� N�S93� I3�=3 

_J�� �6 G(6�#H�96 �35 I��J �� F�, I���� �3�J 4�K

 �� 0%� A"%b�F�, Q0%� I9J��� 4�KLepore Q

Asian/Indian QTurkish "Sicilian �� ��f$�	 ��� Gap 

PCR%���H _S2! .0%� I9J��� F�, ��b" G(�k rK

%� %(��	 �^i! A�9�� ����� �1=K �� ..���"�9 �� h��93

 &L�s)!Gap PCR �� _S2! %3�6 >� .��H/ A5 4"� 

2! %3�6 "� QA�!�3 ��� 4��6 &�1�."�9K ��� 4��6 �� _S
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F�, G(6�#H�96 �35 I��J �� I9J����3 4�K 8��� =K " �#��. �"�($ �9�� 

���

%3�6 >	 .� �92(6 �9��, I�!�� �6 _S2! %3�6 >� "

8�23 F�, &�1�.�=K ��� 4��6 �� A�!�3 ��� �6 f^	�!

�! %K�)R ��.(*�q3�Gap PCR 4��6 F�, I9J��� 4�K

 �� 0%���� ���, Q�1�� I3�=3 �� 3 _S2! .�"�

I:��'! 4�I3�9$/ IJ�k �� Real-time PCR9^! �6 ��

 I3�=3 �6 I:��'! �� \��!./ I3�=3 I3�9$/ IJ�k &��((O	

 I(�"� I3�=3 IS:3 ��%X	 �^:3 8/ >=� �6 I� �$� A�9��

0.�%3� R6�T �! 4�(H %��6 .4�#� A�3�� 85 Q\��!./ G�� ��

�)CLCN7 (Mb�! 85 8���+ I6)reference gene ( N�S93�

%� .*".�!"�� 4"� r��$ 85 >� 8���+ I6 85 G�� ��

���� ���T .85 I�$ .� �� �)βQδQGγ(85 8����+ I�6 7�(3

%� I9��H �g3 �� F%K.

Xj	�:AB, k6"� k"c���"gLepore d )/Gap PCR . l@�D

�� $l@�D !"m��� M�]��  �"1 �*)�*)#n_-� ["�- (��$%*�� l

l@�D !Z\G�o�*)�*��"�@ �"1$n(>Y +)c)FPe� ["�-m

AB,��"�@ $+)c(����Z\G� %*�� !l@�D��*)�* �"1

�)�@$n(>Y +)c)�)�@ AB, FPe� ["�-m$+)c(��$%*�� l

Z\G�!l@�D ��*)�*��"�@ �"1$+)c ����Z\G� %*�� !

l@�D��*)�* �)�@ �"1$+)c ��$Z\G� %*�� l��G* 6�

n� %@� .l@�Dp%Y�1 DNAn� )c�6 %	�� .

���(`6 R��,��! *���q3� I4.���$Real-time PCR *���q3� "

�T� 4"� �6 \��!./ I�3�=3 .� ����9! 4�KDNA " A��!�3 

���%3�9$� ����=3 r$�Qw(� �6 �a�dJ I6�2�! " �l�! 4�K

 85 ��`k �K 4��6βQδQGγ"CLCN7 ���=3 ���q�� �� ..�

�g#| G(6 I� ���b 8/ C�#9S! 4��KDNA I�6 8%(�$� "

IJ�k I3�9�$/ )Ct ( � �����=3 �� ���%3�9�$Q��� X! I�d6�� 

�^(�� 4���� 85 ��K �6 f^	�! ���%3�9$� ����=3 Q���� ��b"

 �! �l�! %��6 .w(� ���6�! ���%3�9$� ����=3 �� I6�2! 4�K

 85 I6 4�KβQδ"GγMb�! 85 "CLCN7 I�� ���=3 %(��	 

������PCR 85 G�� 4��6 G���6���6 " 0���6 ��6��6 VW��^��'	 �K

 �'! �"� .� 0��l9$� I:�� I�J�k 4� *.L ���^9+� .� QI3�9�$/ 

�! �����J�6 %��6)R ��.(*��q3� Q8/ .� t��Real-time 

PCR 85 �� F���, ����b" β4���� G(#T���3 �!���=	 �� �� 

&��^?� ��^i! A��9�� ������ G(�k rK " 0%� I9J��� F�,

��=3 .*�q3� G(�k rKReal-time PCR85 4��6 4��KβQδ

"Gγ����=(T�6 I�3�=3 �� �� o�7�6 F�, ���b" Q0%�3<

I3�=3 _S2! F�, p(T� &�%,�$ .� �+-a� �(K 8"%6

��=3 .��)�! 85 �(i 	 �6 f^	�! 4�K 4�Kβ"δRT�3 ��� �� 

4%+�s�	 .��� ���" ��	��� QA��!�3 ��� �6 I:��'! �� F�,

%3%�)R ��.(I���6 QF�, 4���� ��� �� I� �$� �`�%6

 >�� ��(i 	 ���)�! QF%�K 85 .� IS:�3 >� 8�%'� �#+

 I3�9�$/ I�6 r���$ ���� �� �����9! ���)�! .� ��	��� IJ�k

�! %$� .0��� G�� R(#)	 " I�7q	 �6 l9�$� �6 I(�"� 4�K .� 0��

 I:��'! �"� I3�9$/ IJ�k 4�)Ct ( �^:3 I^$�)! "–∆∆Ct�Q

�^:3��/]±@�/]�^:�3 " r���$ ������ 4���6 ]�/]±
<�/]I�6 G(6�#H��96 ��35 I��J �� F�, RT�3 ����� 4��6 

%!/ �$� .

Xj	q:�0 "� ��6%*�� 6 n-8-� ] �$FY� k"  ��E*)�* �6 �@DNA 

�J k6"E� [�E�"* k�E@β!δ!γGrE�"� �J �CLCN7 �)Es-� �E� 

6��m �P �8�$n.	�� t�n-8-� k6"� �%�Q F � ej/ k�@��J "k�E@

β!δ!γG�CLCN7 /"/ �E� EE� t��/��	��/��	�
/����
/��
n� n� 6B� !%	�� 6��m �6)/$nPCR "?/ �J �  "@ k6"� 6� $"E�6"� u�EP

 �?� O�� �6 � F
*6�$�
_� 6 �*�� Q �K"D k6 �"m ��� .��)E� n_-�

	�t� 9)j(� �>�6� �)�� F45 �� �@�Fs4g HDNA  � ���� �%

�*�� Q �K"D(Ct)n� %	�� .-v�@�"' H$nc�
P�@ t(Correlation 

coefficient)�J k6"� k�@β!δ�CLCN7 [��(� ww/x�J k6"E� �

γG[��(� wy/xn��*�G* �m %	�� E� nc-@�E�@ �)E���z/ HE��+6" 

Fs4gDNA A{�K6 �CtF 6 �@ .
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�"� 0<Q0��=��Q8�9:!.xy

��	

Xj	�:ej/ n-8-��"DNA�J k6"� k�@β!δ!Gγr�"� �J �CLCN7XY�* � ]��  �"1 �� �� .Xj	 A :�j/ n-8-��"DNA]��  �"1 �� |)�"� .

�Jβ�K"D �� }w/qq�J !δ�K"D �� wy/qo�J !Gγ�K"D �� pp/qor�"� �J �CLCN7�K"D �� ��/��ej/ k%5�i/ ��1 ��6� �� �%	 "

 � �*�� Q ����%%*6.Xj	 B:�j/ n-8-��"DNA�J �� AB, XY�* �"1 �� |)�"� k�@β�δ.�J β�K"D �� ��/���J !δ�K"D �� ��/��!
�JGγ�K"D �� 
�/��r�"� �J �CLCN7 �K"D �� x}/qoej/ k%5�i/ ��1 ��6� ��%	 "%*6.

��b 8/ .��I� ��v3SYBR Green I ���$��� 4��6 I�

A�s)!PCR ��! 0���l9$� e���3 ��K I�6 Q����DNA "� 

I9���� A�s��)! _(S2��	 �����3��	 " 0%��� Rs��9! 4�

 4�����! ���b" ���� Q���%3 �� �E�s9J� �(| .� �E�s9J�

 w^�$ 7�(3 �E�s�9J� ��(| A�s)! �� �=��� �H.�|/ 8�k

 �! t3�$��#� ��3 A��1($ \��7�� %3���)�@Q��.(G��� .� 

"� .� 8���(=a� " 0%�� ��(i 	 I�XdT �)E %(��	 ��g�! I6

" ���=��� �H.���|/ �E�s��9J� ���(| A�s��)! ����b" *%��+

 N"m ����=3 .� Q�H���/)Melting curve ( %�� 0��l9$� .��

�K 4��6 0%� 0%K�2! >(� �`�	 ��b" I6 Ib�	 �6 ���=3 G��

 Q�����J I��6 �s��)�! N"m 4���!� �� �H.���|/ ���lb

�E�s9J� A�s)! 8��6 PCR%���H _S2! )R ��.(

0��l9$� �6 �"� .�MLPA 4�K�H��$��� 4�(H��� I6 "

��g�! I6 G(6�#H�96 �35 I��J �� R)! G�%�k Q�E�s9J� 

F�, ���$��� ����T ��$��6 ����! o�7�6 " >k�� 4�K

���H .h��93MLPA �!��=	 �� �� F��, ��b" ��R�T�3 

G(�k rK " 0%� I9J��� F�,<I9J�����3 F��, �6 RT�3

 ��=3 _S2! .>(� RT�3 ��� �� F�, I(,�3 �6 f^	�! 4�K

 0���	�� A���a 4���� >��(� .� 4���	 ����� �� ������9! 4���K

r��$)�l�! A�9�� (%3��6)R �<.(

Xj	
:��*Q��J k6"� ~�� n-8-� Mk�@β!δ!Gγr�"� �J �

CLCN7 
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F�, G(6�#H�96 �35 I��J �� I9J����3 4�K 8��� =K " �#��. �"�($ �9�� 

���

Xj	�:0�l� k�@ ��%�Q F �3)� ��)1�"�j�6 �6�ej/ +=)i8� H�"��� �J �� |)�"� �%	H��)4I .0�l,�* �� dP/"� k�@������  �� AB,

�%	 Z\G� %*6 .Xj	A/ k)c�6 ���l$n� ��G* 6� ]��  �"1 l%@� .Xj	B�� |)�"� $��� �J �� AB, k6�6� XY�* �"1 lH��)4In�%	�� .

"?/ ;@�m$u�P��0 b�_/�6 �� ��l"� k�@��� �J �� dP/H��)4I �*�G* !XY�* �"1 �� �6 �� AB, �)�$F 6 �J H.

��� 
M���� �=��$L�	 ��96 G����	 8������ �� ��35 >��	 4���=(6 

�! %��6 .8�(�$�	�! I�� ���b 8/ .� I�d'3 4��K R�!��+ 4�

 ��! R( 2�	 �� 4���=(6 G��� ���q�� �#E� G��92�(6 Q%��K�

I��X��d! I���(!. �� �=��$L�	 ���96 �����! �� ���K �����$���

8�($�	�! 4�K Id'3 �"� " ��$� I�9����� *��q3� 4� 4��K

 ���6 ����9^!PCR I��#=b .� ARMS PCR "RFLP 4����6

 8�(�$�	�! ���$��� 85 �� M���� 4��K G(6�#H��96 0��l9�$�

�! %3�� .��35 I���J �� F��, .� 4����! Q��b" G�� �6

 ��! 0%��� G(6�#H�96 I9�$� ��#+ I�� ���� ��96 .� ��1�� 4�

�=��$L�	 ���K ���$�)��Q�.(I���(!. �� I9����H &���'(')	

 F�, ���$��� " 8����� �� G(6�#H��96 ��35 I���J �� ��K

 >�� �(K 8����	 I� 4��a I6 �$� 0��6 ~%3� ��(:6 8�`b

�"� .� I�#=b .� �K�12���!./ 4��KGap PCR ����3��	 Q

I9��%3 �� F�, 4���� G(#T�3 �!�=	 _(S2	 %3� .G(�k rK

�"� I � 4�K �	�$ 4���H " 8FISH I�6 .��(3 ��#+ I6 7(3 

�($�:�, " ��T� 8�%'� G(�k rK " �3L�a 8�!. F�E

����Q�=3 N�#d! 8�%�k %���6)@;�.(�"� "� �b G�� ��

 �"� I6 �^:3 %!/��� " M��$ ��6 ��9^! QI9��H h��� 4�K

 r9:($ .� 0��l9$�Real-time PCR A�s	� I6 I9:6�" �(i 	 "

I��3�H%�k 4�K�H��$���)MLPA (��6 " M����$ �����$��� 4��

 F�, e��3� p(T� I���J �� I9J�����3 " 0%�� I9J��� 4�K

�$� 0%� 0��� z�� G(6�#H�96 �35 .

�"� Real-time PCR v3� .� 0��l9$� �6 ��9^! SYBR 

Green I ����$��� 4��6 8�.�� VW�9^:3 " 0��$ ��"� 8���+ I6

=��, ��� F��C+��! �" 0u�" ��a I6 " *�35 �� �H%� 

�$� 0%� ��`�2(� G(6�#H�96 �35 I��J �� ��6 G(�"� 4��6 .

���7H I9^�� 0��`6 �6 ��^! �3�"��� 4�K �"� G��� .� 4��(H
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Abstract 
Background and Objectives 
Although beta thalassemia is mainly caused by mutations involving single base substitutions 
and small deletions, there have been reports showing deletions of large regions of beta- globin 
genes play a similar causing role. The strategy to identify beta thalassemia carriers with known 
deletions is based on PCR techniques such as Gap PCR. There are however some unknown 
deletions that can not be detected by the above methods. To overcome this limitation, Real-
time PCR and MLPA were developed as two quantitative assays for analysis of beta-globin 
gene cluster.  
 
Materials and Methods 
The subjects were evaluated in a case-control study. Among individuals referred to genetic 
laboratories of Pasteur Institute of Iran and Kawsar Genetic Research Center, 40 were 
suspected of having a large deletion in β-globin gene cluster. The including criteria were 
hematological findings such as low blood indices (MCV <80 fl and MCH <27 pg), normal 
HbA2 and raised or normal HbF. Genomic DNA was extracted from peripheral blood. A Real-
time PCR assay was developed using comparative threshold cycle (Ct) method for analysis of 
gene copy number. In addition, gene dosage was analyzed using MLPA method.  
 
Results 
Real-time PCR results for quantitative analysis of Beta, Delta, G-gamma genes showed the 
ratio (2-∆∆Ct) of 0.96 ± 0.18 for normal individuals and 0.58 ± 0.04 for carriers of deletions in 
beta globin gene cluster. MLPA results showed nearly 50% reduction in the height of the peaks 
corresponding to regions of deletions.  
 
Conclusions 
MLPA results confirmed the presence of the same deletions detected by Real-time PCR in all 
of the carrier individuals. It would be ideal to combine these quantitative assays to confirm 
corresponding results for accurate diagnosis of known and unknown deletions in beta 
thalassemia carriers. 
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