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ƱŚĭĥřƹ�ƬĩǀŶƽ��ŚŤŝưſǇŚţƾ�ƱŚŬƳŻ��ARMS-PCR ��
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ƶƯŶƤƯ��
�������ƾưſǇŚţŚŤŝƾƗƺƳ�ƽŹŚưǀŝ����ƾƯ�ƾŧŹř������Ƨ�Ǝſƺţ�ƶƧ�ŶƃŚŝ�Śƿ�ƂƷŚ�

���ƪƯŚƧ�ƱřŶƤƟƵźǀŬƳŻ��ƽ���ƾƯ�ŵŚŬƿř�ƲǀŝƺƬĭŚŤŝ��ŵƺƃ��Î�����Żř�ƾưſǇŚţ�
�������������Żř�Ƃǀºŝ�ŻƹźºƯř�Śºţ�ƹ�Ƶŵƺŝ�ƱĥƹźŤƷ�ƾƫƺƨƫƺƯ�źƔƳÏÍÍ���ƂºƸū�

ƞƬŤŴƯ�����ŚǀƳŵ�źſřźſ�Żř�ƽŹŚưǀŝ�ƪƯŚƗ������źºƷ�ƶƧ�Ţſř�ƵŶƃ�ƁŹřżĭ�
����Ţºſř�ƵŶƿŵźĭ�ƾưſǇŚţ�ĚǀţƺƴƟ�ƶŝ�źŬƴƯ�ƾƴǀƫŚŝ�źƔƳ�Żř�Ʀƿ��Ï���

ƂƸū����Ʊĥ�źſřźſ�Źŵ�ŚƷ�ŝƺƬĭŚŤŝ�ǀ��Ʋ��źŝƽƹŹ���ƭŻƺƯƹźĩÎÎ��ƵŶƴĩřźě�
���ƹ�Ƶŵƺŝ���Ţſř�ƲĪưƯ���ƶºƐƤƳ�źºƷ�řƽ�Żř���������ƁŻřŵźºě�ŮƐºſ�Źŵ�řŹ�Ʊĥ
RNA���ƹƿ�ƶưūźţ�Ś��ƽ��ĭŹŵ�Ʊō�ǀ�ŚưƳ�źƿŶƴ�������Ƃǀºŝ�ƱŚƸū�źſřźſ�Źŵ

��ŻřÎêÍ�������ƾƯ�ƾưſǇŚţŚŤŝ�śƺǀƘƯ�Ʊĥ�ƪƯŚů�źƠƳ�ƱƺǀƬǀƯ��ŶƴƃŚŝ���Ʋºƿř�
�ŚƇƺƈººų�ƩǈŤººųřŹŵ��źººſřźſ��Ţưƀººƣ��ƶººƳřźŤƿŶƯ��Żř�ƾƿŚººƷ

�������żºĭ�ƍŚºƤƳ�źƿŚſ�ƹ�ŶƴƷ��ƶƳŚǀƯŹƹŚų����Ţºſř�ƵŶºƃ�ƁŹř����ƾưºſǇŚţ
��śƺƴū�ƽŚǀſō�źſřźſ�Źŵ�ƲǀƴĤưƷ���ŶºƴƬƿŚţ�ƹ�Ʋǀģ�śƺƴū��ƾƣźƃ

���Ţſř�ƖƿŚƃ�Ð����������Żř�ŶºƴţŹŚŞƗ�ǇŚŝ�ƾƳĥ�ƕƺǀƃ�Śŝ�ƢƏŚƴƯ�����ŚǀƴƿŵŹŚºſ
�ÎÎ�Śººţ�ÐéŶººƇŹŵ����é��ƪǀƀººǀſ���ÎêŶººƇŹŵ����ê���ƱŚººƳƺƿ�ƹ� �
�ê�Śţ�ÎêŶƇŹŵ���ê����

��ŚƠƫō�Ɲǈų�źŝ�ưſǇŚţƾ���ưºſǇŚţŚŤŝ�ƾ��ř�Źŵ��ºƿ���ºƃ�Żř�Ʊřźǀ��ǇŚºŝ�ƕƺƾƿ�
�Ư�ŹřŵŹƺųźŝƾ�ŶƃŚŝ��ŝǀźŤƄƿ�ƃ�Ʋǀ��ƕƺ�ÎÍ��ŶºƇŹŵ�����źƸºƃ�Żř��ŚºƷƽ�
�Źŵ�ƝřźƏřƿŚƽ����ºƬų�ƹ�Źżų�ǀ���ƁŹřżºĭ�ŽŹŚºƟ�Ū�ºƃ���ŚºƯř�Ţºſř�ƵŶ

ƃǀ���Śſ�Źŵ�Ʊō�ƕƺƿ��ŝ�ƢƏŚƴƯ�źǀƲ�é�Śţ��Õ�Źŵ��Ư�ŶƇƾ�ŶƃŚŝ��Ó�����źºƷ�ƹ
�������ƽŹŚººưǀŝ�Ʋººƿř�źººƐų�ƉźººƘƯ�Źŵ�Ʋǀººƴū�ŹřżƷŶººƴģ�ƩŚººſ� �

ƾƯ���ŶƴƃŚŝ�Ô���ƾƯ�ƵŵŻ�ƲǀưŴţ�ŝ�ƶƧ�ŵƺƃǀ��ƪºƯŚů�ƱƺǀƬǀƯ�ƹŵ�Żř�Ƃ
�ŵƹŶů�ƹ�ÏÍ��������������ƾĭŶºƳŻ�Ʊřźºƿř�Źŵ�ƾưºſǇŚţ�ƶºŝ�ǈŤºŞƯ�ŹŚưǀŝ�ŹřżƷ�

�ƾºƯ��ŶºƴƿŚưƳ���ººƃ�ƶºŝ�ƶºūƺţ�Śººŝ�ǀ�ǇŚºŝ�ƕƺƽ�ưºſǇŚţ�ƾř�Źŵ�ººƿ�ƹ�Ʊřź
żƷƿƶƴ��ŚºƷƽ��Įƴºſ�ǀ���Ʊō�ƱŚºƯŹŵ�Ʋ���ř�ƩźºŤƴĩ�ƵřŹ�ŚºƸƴţ��ºƿŝ�Ʋǀ�ŹŚºưƽ��

ŚſŚƴƃƾƿ�ƬƯŚů�ǀ���ƵŹƹŚƄƯ�ƭŚŬƳř�ƹ�Ʋ�ŚƷƽ���Ƴ�ƹ�ƭŻǇ�ǀ�ŴƄţ�żǀ��ƪŞƣ�Ɔ
Ư�Ŷƫƺţ�Żřƾ�ŶƃŚŝ����

�ƂƸū�ƞǀƏ��������ºųźŝ�Źŵ�ƲǀŝƺƬĭŚºŤŝ�Ʊĥ�ƽŚƷ��ƾ�ƱŚŤºſř�������ŹƺƄºƧ�ƽŚºƷ
��Ţſř�ƵŶƃ�ƆŴƄƯ��ř��������ŢºǀƯƺƣ�ƕƺºƴţ�ƪºǀƫŵ�ƶºŝ�ŚƯ�������Ʊřźºƿř�Źŵ�ŚºƷ

���ƂƸū�ƶƧ�ŵŹřŵ�ƩŚưŤůř����������ƶºƤƐƴƯ�Śºŝ�ƶƤƐƴƯ�Ʀƿ�Źŵ�ŵƺūƺƯ�ƽŚƷ���ƽ
ŶƴººƃŚŝ�šƹŚººƠŤƯ�źººĮƿŵ���ƞººǀƏ�ƲǀººǀƘţ�ŹƺººƔƴƯ�ƶººŝ�ƹŹ�Ʋººƿř�Żř�

�ƂºƸū�ƶººƤƐƴƯ�ƱŚººƿǈŤŞƯ�ƹ�ƲǀƬƯŚººů�Źŵ�ƾưººſǇŚţŚŤŝ�Ʊĥ�ƽŚººƷ��ƽ
���������ƣ�ƆǀŴƄºţ�Źŵ�ƪǀƸƀţ�ŹƺƔƴƯ�ƶŝ�żǀƳ�ƹ�ƱŚŬƳŻ�������ŚºƯ��Ŷºƫƺţ�Żř�ƪºŞ

��ŵřŶƘţÎÍê����Żř�ƭŻƺƯƹźƧ���ŵřźƟř��ƪƯŚů��ƹ������řŹ�ƾưºſǇŚţŚŤŝ�ƶŝ�ǈŤŞƯ�Śƿ
�ƽřźºººŝ�ƲŤƟŚºººƿƂºººƸū�ƁƹŹ�Ǝºººſƺţ�ƲǀŝƺƬĭŚºººŤŝ�Ʊĥ�ƽŚºººƷ� �

ARMS-PCR�ƹ�žƳřƺƨſ�ƱŵƺưƳ�����Ʊĥ�ƮǀƤŤƀƯ����ƾºſŹźŝ�ŵŹƺƯ
Ʈƿŵřŵ�Źřźƣ���

��
ƁƹŹ�ƾſŹźŝ���
����������ƾƠǀƇƺţ�ƶƘƫŚƐƯ�Ʋƿř�Źŵ���ŵřŶºƘţÎÍê�����Żř�ƭŻƺºƯƹźƧ�ÔÕ���ŵźºƟ�

ƪƯŚººƃ�ŶƳƹŚƄººƿƺųźǀƛÏÔ�ŹƹĥŚººƯ�ƾưººſǇŚţŚŤŝ�ƶººŝ�ǈŤººŞƯ�ŹŚººưǀŝ�� �
��ƹêÎ����ƪƯŚů�ŵźƟ���ŹƺƴǀƯ�ƾưſǇŚţ��������ŢºƟźĭ�Źřźºƣ�ƾºſŹźŝ�ŵŹƺƯ��

�������Ʊō�ƽŹŚưǀŝ�ƶƧ�ŶƳŵƺŝ�ƾƳŚƀƧ�ŹƹĥŚƯ�ƾưſǇŚţ�ƱřŹŚưǀŝ������Ǝºſƺţ�ŚºƷ
��źŝ�ŪƫŚƘƯ�Ʀƃżě��ǈƗ�ŽŚſřƿ������ƆǀŴƄºţ�ƾƷŚĮƄƿŚƯŻō�ƹ�ƾƴǀƫŚŝ�Ʈ

������������ƵŚĮƳŚƯŹŵ�ƶŝ�ŜţźƯ�ŹƺƏ�ƶŝ�Ʊƺų�ŢƟŚƿŹŵ�ŢƸū�ƹ�ŵƺŝ�ƵŶƃ�Ƶŵřŵ
�ŹŚưǀŝ�Ʊƺų�ƾƫƹ�ƱŚŤſ�źƈƗ�ŪƗ����ƾƯ�ƶƘūřźƯ�ƱŚŬƳŻ���ŶƳŵƺưƳ���ŵřźƟř�

��Ʋǀŝ�Żř�ŹƺƴǀƯ�ƾưſǇŚţêêÏÔ�ŵźºƟ������ƂƿŚºƯŻō�ƽřźºŝ�ƶºƧ�ƽźƧŸºƯ�
�������ƵŹŚưºƃ�ƵŚĮƳŚƯŹŵ�ƶŝ�ũřƹŵŻř�Żř�Ƃǀě�Ʊƺų��ƽ�Ö��ƱŚºŬƳŻ����ƶºƘūřźƯ�

���ŶƳŶƃ�ƲǀǀƘţ��ŶƳŵƺŝ�ƵŵźƧ������ŹƺƴǀƯ�ƾưſǇŚţ�ƆǀŴƄţ�źºŝ���ŽŚºſř
MCV�ƮƧ������Żř�źºţÕÍ��ƺºŤưƟźŤǀƫ���ŻƺºƟƹźŤƨƫř�ƹ��HbA2����źƿŚºſ�ƹ�
ƆųŚƃ���ƽŚƷƩƺŞƬĭ�ŚƷƽżƯźƣ��ŰƯ�ƱƺųǀƐƾ�ƪŬƀƯ�ƃŶ���

ƽźǀĮƳƺų�����������ŹřŶƤƯ�ƾưſǇŚţ�ƪƯŚů�Śƿ�ǈŤŞƯ�ŵźƟ�źƷ�ŻřÐ�ƾƬǀƯ����źŤǀƫ
��ƱƺųŹƹƿŶƽ��ƶƫƺƫ�Źŵ������ƵŵŚºƯ�ƽƹŚºů�ƽŚƷ��ƽ����ŵŚƤƘƳřŶºƋ�EDTA�

���������ũřźŴŤºſř�ƱŚºƯŻ�Śţ�ƹ�Ŷƃ�ƶŤƟźĭDNA�����ƽŚºƯŵ�Źŵ�é��ƶºūŹŵ���ƽ�
ƾŤƳŚſ���ƽŹřŶƸĮƳ�ŵřźĭƃŶ���

�ũřźŴŤººſřDNA��DNAţƹźě�ƁƹŹ�Ǝººſƺţ�ǀŘ�ŻŚººƴK��Õ���Żř
���ƭŚţ�Ʊƺų��ũřźŴŤſřƃŶ����������Ʊƺºų�ƶƇǈų�ŹƺƏ�ƶŝ�ŹƺƔƴƯ�Ʋƿř�ƽřźŝ�

�ƿźŤƳŚſ�ŹŚưǀŝƠ��ĥƺƃ������������ƱŵƺºưƳ�żºǀƫ�ŢºƸū�ƾƫƺƬºſ�śƺſŹ�ƶŝ�ƹ�ƵŶ
ƩƺƬſ�������ƶƟŚƋř�źƐƤƯ�śō��ŚƷ��Ŷƃ����ƩƺƬſ�ƶŝ�žĜſ��������źƟŚºŝ�ŚºƷ�žƿźºţ�

����ƹ�ŹǇƺƯ�ƦƿSDS������ŻŚƴǀŘţƹźě�ƹ�ŶƇŹŵ�Ƶŵ�K��ÏÍ�ƾƬǀƯ����ƭźºĭ�Źŵ��
ƾƬǀƯ��źŤǀƫ�������ƺǀſŚŝƺƨƳř�Żř�žě�ƹ�ƵŵƺưƳ�ƶƟŚƋř���ƮƿŶſŶƿźƬƧ��ƶƳŚŞƃ�Ʊ
Ó��������ƶƟŚºƋř�ƾƫƺƬºſ�ƩƺºƬŰƯ�ƶŝ�ŹǇƺƯ����Ŷºƃ�������ĥƺƠƿźŤƳŚºſ�Żř�žºě�ƹ�
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ƱřŹŚƨưƷ�ƹ�ƽƺƌţźƯ�ƞſƺƿ�źŤƧŵ 
 

ƶƬŬƯ�ŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃř��ƽÎÓƵŹŚưƃ����ƽÓÐ��ƱŚŤƀŝŚţ�ÕÔ  

3 

���ƩƺƳŚţř��ƱŵƺưƳÔÍ����ƶƟŚƋř�ŶƇŹŵ��ƃŶ��ƶŝ�ƾƿŚƸƳ�ĥƺƠƿźŤƳŚſ�Żř�žě�
��śƺſŹDNA���������ƩƺºƏ�Źŵ�ƽŹƺƳ�śŸū�ƹ�ƵŵźƧ�ƶƟŚƋř�źƐƤƯ�śō�
��ũƺƯÏëÍ�ƵŻřŶƳř�źŤƯƺƳŚƳ���ƽźǀĭ��Ŷƃ����ƽŹƺºƳ�śŸºū�Żř�ƵŵŚƠŤºſř�Śŝ��

çëå�çíåOD��ŝ�ƹ�ƶ���ƱŵŹƹō�Ţſŵ����ƽǇŚºŝ�ŵŶºƗ�Ô�Î����ƅƺºƬų�Żř�
DNA����ƪƇŚů�ƱŚƴǀưƏř���ºƃŶ�������ƶºƘƫŚƐƯ�Ʋºƿř�ŹŵÏé��Ʊĥ�Żř�ƪºŰƯ�

ƲǀŝƺƬĭŚŤŝ������ƂƸū�ƱŵźƧ�řŶǀě�ƽřźŝ����ŵŹƺºƯ���ƾºſŹźŝ���ŢºƟźĭ�Źřźºƣ��
ƪŰƯ�Żř�ŶƳŵƺŝ�šŹŚŞƗ�ƾſŹźŝ�ŵŹƺƯ�ƽŚƷ���
��

IVSI-110(GA), IVS II-1(GA), IVS-I-

1(GA), C5(-CT), C8(-AA), F 8/9 (+G), 

C16(-1bp), C22, C29, C30 (G), IVS I-

5(GC), IVS 1-6(TC), IVS I-116 (TG ), 

-25bp del, -28 ( A  C), IVS I-130(GC), 

C36-37(-T), C39(C), C44(-C), IVS II-3, 

IVSII-705(TC), IVSII 745(CG), C 25-26 

Cap site +1 (A C). 
 

�����������������ƁƹŹ�Żř�ƵŵŚƠŤºſř�Śºŝ�ƱŚºƳō�ƂºƸū�ƶºƧ�ƱřŹŚºưǀŝ�Żř�ƾųźŝ�ƽřźŝ
ARMSŴƄƯ��žƳřƺƨſ�Ʊĥ�ƪƧ��ŶƄƳ�ƆƃŶ���

�Ǝƿřźººƃ�ƹ�ŚººƷźưƿřźěPCR��ƶººƳƺưƳ�ƭŚººưţ��ƁƹŹ�Ǝººſƺţ�ŚººƷ
ARMS-PCR�ƽřźºººŝ�ÏéƂºººƸū�ơƺºººƟ��ƾºººſŹźŝ�ŵŹƺºººƯ�� �

ŶƴŤƟźĭŹřźƣ���������Ǝƿřźºƃ�ƹ�ŚºƷźưƿřźě�ƾƫřƺţ�PCR��ǈŞºƣ����Ƶŵřŵ�ŭźºƃ�
���Ţſř�ƵŶƃ�Ö���ƂƴƧřƹ�PCR��ƮŬů�Źŵ��Ïê���źŤǀƫƹźƨǀƯ���ƶŤųŚºſ

Ŷƃ��PCR�źƟŚŝ�ƪƯŚƃ�xÎÍ �ƹê�ÎƾƬǀƯ��ŶƿźƬƧ�ŹǇƺƯ��ºǀƴƯ��ƶºŝ�Ʈƿż
�ƵřźººººưƷÏÍ���ƽŚººººƷźưƿřźě�Żř�Ʀººººƿ�źººººƷ�Żř�ƩƺººººƯƺƨǀě�� �
ƹ�ŢººººƟŹ��ƹ�ŢƄººººĭźŝÏÍÍ�Ʀººººƿ�źººººƷ�Żř�ŹǇƺººººƯƹźƨǀƯ�� �

�ŻřdNTP��dTTP,dGTP,dCTP,dATP�����Ŷºůřƹ�Ʀºƿ�ƹ
ƮƿżºººƳō�Taq-DNAƾºººƬě���ŻřźºººƯ�ƱĥŚƴǀºººſ�Ʊřźºººƿř����śō�ƹ� �
źººƐƤƯŵƺººŝ������ŹřŶººƤƯ�ƂƴººƧřƹ�źººƷ�ƶººŝ�ŚººƸŤƳř�ŹŵÎÍÍ�Śººţ�ÒÍÍ�� �

�ƭźĭƺƳŚºººƳDNA�ƾºººƯ�ƶƟŚºººƋř��ºººƃŶ��Ʊĥ�źºººǀŨƨţƺţ��Ǝºººſ� �
ƵŚĮŤºººſŵ��ƽŚºººƷ�Ŷºººǀŝ��ƱŚŤƀºººƬĮƳř��ƽřźºººŝ�Ïê�Śºººţ�ÐÍŹƹŵ�� �

�Ŷƃ�ƭŚŬƳř�������ƪƯŚºƃ�ƪƨǀſ�źƷ�Ð������ƞºƬŤŴƯ�šŹřźºů�Öé��ƶºūŹŵ���ƽ
ƾŤƳŚſ�����ŵřźºĭ���ƽřźºŝÐê���ƶºǀƳŚŧ��êÖ����Śºţ�Óê��ƶºūŹŵ�����ƾŤƳŚºſ�ƽ���ŵřźºĭ�� �

�ƶƤǀƣŵ�Ʀƿ�ƽřźŝ�ƹÔÏ ƶūŹŵ�ƾŤƳŚſ�ƽ���ŵřźĭ��ƽřźºŝÏ��ŵƺºŝ�ƶºƤǀƣŵ���
�ƶŤƃźſřƹ�ƽřźŝ������ƶºƳƺưƳ��ƶºǀƫƹř�ƽŻŚºſ�����ºŝ�ŚºƷƶ������šŶºƯê����ƶºƤǀƣŵ��Źŵ

�šŹřźººůÖéƶººūŹŵ��ƽƾŤƳŚººſ���Źřźººƣ�ŵřźººĭ��ƵŵřŵƾººƯ��ŶƳŶººƃ� �
���Źƹŵ�Ʀƿ�ƽřźŝ������ƶƳƺưƳ�żǀƳ�ŚƸŤƳř�Źŵ�ƹ���������šŶºƯ�ƶŝ�Źƹŵ�Ʀƿ�ƽřźŝ�ŚƷ
Ð�Śººţ�ê��šŹřźººů�Źŵ�ƶººƤǀƣŵÔÏƶººūŹŵ��ƾŤƳŚººſ�ƽ�ŵřźººĭŹřźººƣ��
�ƾººƯ�ŶººƴŤƟźĭ��ƶººƳƺưƳ�Ʀººƿ�ƽ�ƽřźººŝ�żººǀƳ�ƾººƠƴƯ�ƹ�ŢººŞŨƯ�ƩźººŤƴƧ�� �

źƷPCR ƶƳƺưƳ�Śŝ�ƵřźưƷ�ƾƯ�ƶŤƃřŸĭ�ƱřŹŚưǀŝ�ƽŚƷ�Ŷƃ��Źŵ�ŹƁƹ� �
ARMS-PCR���źưƿřźě�ƂƸū���ƶŤƟŚƿ�����ƩŚºƯźƳ�źưƿřźě�ƹ���ŹƺºƏ�ƶºŝ�
��ƶƫƺƫ�Źŵ�ƶƳŚĭřŶū���ƽŚƷřŶū��ƶŤŴƿŹ��ƾºƯ��ŶºƃŶƳƹ��PCR���ŹƺºƏ�ƶºŝ�

��ƾƯ�ƭŚŬƳř�ƶƳŚĭřŶū�Ŷƃ�����šǇƺƈºŰƯ�PCR�����ƽƹŹ�źºŝ�ĥ��Ʃō�ŻŹŚºĭ� �
Ð�ŶƇŹŵ�����ŻŹƺºƟƹźŤƨƫř��ºƃƵŶ�����žĜºſ�ƹ���Ǝºſƺţ�ƭƺƿŶºǀţř��ŶºƿŚƯƹźŝ�

ĬººƳŹ�ƽżººǀƯō�ƂººƸū�ŵƺººūƹ�ƭŶººƗ�Śººƿ�ŵƺººūƹ�źººƔƳ�Żř�ƹ�ƵŶººƃ�� �
�ƾſŹźŝ�ŵŹƺƯ�ŹřźƣƾƯ�ŤƟźĭŶƴ���

��
ƶŤƟŚƿ�ŚƷ��
������ƕƺǀºººƃŚŤŝŹƺºººƴǀƯ�ƾưºººſǇŚţ��ºººŤŝřřŶ�ƾºººſŹźŝ�ƽřźºººŝ� �

���ŹƺƴǀƯ�ƾưſǇŚţ�ƕƺǀƃ�ƱřżǀƯ��êêçì���źƠƳ���ƶƧ���Ʀƿ�ƾƏƩŚſ��ŢƸū
ũřƹŵŻř�Żř�ƪººŞƣ�ƂƿŚººƯŻō��ƾưººſǇŚţƵŹŚưººƃ�ƵŚººĮƳŚƯŹŵ�ƶººŝ�ƽ�î�

�����ŶºƳŵƺŝ�Ƶŵźĩ�ƶƘūřźƯ�śŚºŴŤƳř����źºƔƳ�Żř�ƹ���ºƃŚƆų���ŚºƷ��ƾƳƺºų�ƽ
ƾſŹźŝ��Ŷºƃ�ŶƳ���ƾƳŚƀºƧ���ƶºƧ��MCV��Ʈºĩ������Żř�źºţíå����źŤǀƫƺºŤưƟ��ƹ

ƲǀŝƺººƬĭƺưƷ�A2ƽǇŚººŝ��ê�è�ƾººſŵ�Źŵ�ƭźººĭ��źººŤǀƫ�ŶƴŤººƃřŵ�� �
ŵŹƺººƯŤƟźĭŹřźƣ�ƾŝŚººƿŻŹř�Ŷººƴ��ƕƺººưŬƯ�Źŵ�íí�źººƠƳ�MCV�� �
�źººƿŻíåŵ�ŶƴŤººƃř�����ƲǀŝƺººƬĭƺưƷ�ŻŹƺººƟƹźŤĪƫř�ƾººſŹźŝ�Śººŝ��ƹ

ƆųŚººƃ�����ƾƳƺººų�ƽŚººƷçå��ƶººŝ�ħƺĪƄººƯ�źººƠƳ�ƮººƧ�ƾƳƺººų� �
�ŶƳŵƺŝ�ƲƷōźƤƟ������ƝŸů�ƶƘƫŚƐƯ�Żř�ƹ�Ŷºƃ���ƹ�ŶƳëí��źºƠƳ������ƱřƺºƴƗ�ƶºŝ�
ǀƯ�ƾưººſǇŚţ�ŹƺººƴŹŵ�ŶƳŶººƃ�ƶººŤƟźĭ�źººƔƳ���ƱřżººǀƯ�ƶººŬǀŤƳ�Źŵ�� �

ƶƤƐƴƯ�Źŵ�ƾưſǇŚţ�ƕƺǀƃ�ƽ�ƱŚŬƳŻ�ç�æŶƇŹŵ�ŝ�ƶ�ŶƯō�Ţſŵ����
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ƂƸū�ƾſŹźŝ��ƱŚŬƳŻ�ƾưſǇŚţŚŤŝ�Ʊĥ�ƽŚƷ  

 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÎÓƵŹŚưƃ����ƽÓÐ��ƱŚŤƀŝŚţ�ÕÔ  

4 

�ƩƹŶūæ��ŶƇŹŵ�ƹ�ƂƸū�ƕƺƳ�řƹřźƟƂƸū�ƾƳ�ƶƤƐƴƯ�Źŵ�ƵŶƯō�Ţſŵ�ƶŝ�ƽŚƷ�ƽƱŚŬƳŻ���
��

ŶƇŹŵ��ƾƳřƹřźƟ� ƭŻƺƯƹźƧ�ŵřŶƘţ ƂƸū�ƕƺƳ 

Ò�ÏÖ ÐÎ IVSI-110 (G A) 

Ð�ÎÐ ÎÑ IVSII-1 (G A) 

Ñ�ÎÏ ÎÐ IVSI-1 (GA) 

Ô�Ó Ô��Fr8/9 (+G) 

Ô�Ó Ô C36-37 (-T) 

Ô�Ò Ó C5 (-CT) 

Õ�Ð Ñ IVSI-5 (GC) 

Ö�Ï Ð IVSI-6 (TC) 

Ö�Î Ï C29 

ÖÒ�Í Î C30 (GC) 

ÖÒ�Í��Î -28Mut (AC) 

ÖÒ�Í Î C25-26 

ÖÒ�Í Î Cap-site+1 (AC) 

Ð�ÎÐ ÎÑ ƶŤųŚƴƃ�ƵŶƄƳ 

ÎÍÍ ÎÍÒ Ɩưū 

��
ƂƸū���ƲǀŝƺƬĭŚŤŝ�Ʊĥ�ƽŚƷ��Śŝ��Żř�ƵŵŚƠŤſř�����ƾƇŚƈºŤųř�ƽŚƷźưƿřźě

�����ƂºƸū�Żř�Ĩƿ�źƷ�ƽřźŝ�����ƽŚºƷçé��ƶºƳŚĭ���PCR����Ʊō�ƅƺƈºŴƯ�
�Ŷƃ�ƭŚŬƳř�ƂƸū�Źŵ�ƹ���ƕƺºưŬƯÎÐ�ƂºƸū��šƹŚºƠŤƯ���ƾƿŚºſŚƴƃ�

ƃŶ��ƂƸū����ƽŚƷŝ��ƶ�ƵŶƯō�Ţſŵ��ƶƳƺưƳ�Źŵ�����ƱřŹŚºưǀŝ�ƽŚºƷ����ŵřźºƟř�ƹ�
ƪººƯŚů�ƾưººſǇŚţ��æåê�ƭƹŻƺººƯƹźƧ���Ʊō�ƕƺǀººƃ�ŶººƇŹŵ�ƹ��Źŵ
�ƩƹŶūæŢſř�ƵŶƃ�ƵŵŹƹō����
ƱŚưƷ���Źŵ�ƶĩ�ŹƺƏ��ƩƹŶºū�æ����ƾºƯ�ƵŶºƿŵ���������ƾºƳřƹřźƟ�ƲƿźŤƄºǀŝ�ŵƺºƃ
ƂƸū�����ƶºŝ�ƍƺºŝźƯ�ŚºƷIVSI-110��IVSII-1ƹ�IVSI-1 

���ƕƺǀººƃ�ƽřŹřŵ�Ŝººǀţźţ�ƶººŝ�ƶººĩ�Ţººſřê�çîŶººƇŹŵ���è�æèƹ�� �
é�æçŶººººƇŹŵ�ƾººººƯ��ŶƴººººƃŚŝ��ƂººººƸū�ƽŚººººƷ�èì�èë�C�ƹ� �
î�í�CDs�ƱƹŶººƧ�ƹ�ê CźººƷ�ĨººƿŜººǀţźţ�ƶººŝ�ƕƺǀººƃ�ƽřŹřŵ�� �
ì�ë��ì�ëƹ��ì�é��ŶºººƇŹŵƾºººƯ�ŶƴºººƃŚŝ��ƶºººǀƤŝ�ƽƂºººƸū���ŚºººƷ� �

�ƺǀƃ�Żř�Ʈĩ�ƕ�����������ƂºƸū�ƶºĩ�ƽŹƺºƏ�ƶºŝ�ŶƳŵƺŝ�ŹřŵŹƺųźŝ�ƽźţ���ƽŚºƷ�

IVSI-5��Codon30���C29���IVSI-6�ƹ��ƂƸū�źƿŚſ���ŚºƷ
ŵƹŶů�æè���ƂƸū�ƪĩ�ŶƇŹŵ������ƪǀĪƄºţ�řŹ�ŚƷ��ŵ�ŶºƳŵř���ƂºƸū���ƽŚºƷ� �

30�C���A→C��Mut�-28�25-26 �C�ƹÎ�Cap Site +�
����ŶƳŶºƃ�ƵŶºƿŵ�ƭƹŻƺƯƹźƧ�Ʀƿ�Źŵ�ƎƤƟ�ƭřŶƧ�źƷ����ƂºƸū�Ʋºƿř���ŚºƷ

�ƂƸū�ƹżū�������ŨƧř�Źŵ�ƹ�Ƶŵƺŝ�ŹŵŚƳ�ƽŚƷ�ƱŚŤſř�ź��ƃŹřżĭ�ŚƷƾ��Ʊō�Żř����ŚºƷ
ŢƀººǀƳ�Ţººſŵ�Źŵ�ƕƺººưŬƯ�Źŵ��Ô�ÕÓƂººƸū�ŶººƇŹŵ��Źŵ�ŚººƷÖÎ�
���ƆŴƄƯ�ƭŻƺƯƹźƧƃ�ƹ�ŶÐ�ÎÐ��ƂƸū�ŶƇŹŵ������Źŵ�ŚƷÎé�ƭŻƺƯƹźƧ�
��ŶƳŚƯ�ƾƣŚŝ�ƆŴƄƯŚƳ��ƶƀƿŚƤƯ�ƽ��ƂƸū�ƾƳřƹřźƟ��������Ţºſŵ�ƶºŝ�ƽŚºƷ

��ƶƤƐƴƯ�Źŵ�ƵŶƯō�ƽƂƸū�Śŝ�ƱŚŬƳŻ�����ƾºųźŝ�Żř�ƵŶºƯō�Ţſŵ�ƶŝ�ƽŚƷ
ƱŚŤſř�ƵŹŚưƃ�ƩƹŶū�Źŵ�ŹƺƄƧ�ƽŚƷ�ƽ�Ïō�Ţſř�ƵŶƃ�ƵŵŹƹ���

��
��
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ƱřŹŚƨưƷ�ƹ�ƽƺƌţźƯ�ƞſƺƿ�źŤƧŵ 
 

ƶƬŬƯ�ŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃř��ƽÎÓƵŹŚưƃ����ƽÓÐ��ƱŚŤƀŝŚţ�ÕÔ  

5 

�ƩƹŶūç�ƶƀƿŚƤƯ��ƽƂƸū�ƾƳřƹřźƟ��ƽŚƷŝ�ƶ��ƵŶƯō�Ţſŵ�ƽ�ƾưſǇŚţ��Źŵ�ƹ�ƱŚŬƳŻìŹƺƄƧ�ƱŚŤſř���
 

ƂƸū ƱŚŬƳŻ 
(n=ÎÍÒ)* 

ƱŚŤſźƫ 
(n=ÎÐÍ) 

�źƸƃƺŝ  
(n=ÏÍÑ) 

�ƹ�ƱŚŤƀǀſ
�ƱŚŤƀģƺƬŝ 
(n=ÎÓÏ) 

�ƱřźƸţ 
(n=ÓÐÕ) 

�ƱŚŤſŻƺų  

(n=ÏÍÕ) 

ŽŹŚƟ 
(n=73) 

ƱŚĭżƯźƷ 
(n=ÐÎÑ) 

IVS-I-110 (GA) Ò�ÏÖ  ê�ææ  î�ê  ç�ææ  í�ì  í�æê  í�æì  

IVS-II-1(GA) è�æè  ì�çì  ì�æè   ê�éç  æç ì�æè  ë�î  
IVS-I-1( GA) é�æç   í�í  ç�í  ê�ì  çè ì�ç  

Codons 8/9(+G) ì�ë  í�æå  í�í  ì�ì  ì�æå  è�æì  ë�î  

Codons 36/37 (-T) ì�ë  í�èè       ì�å  
Codon 5 (-CT) ì�ê  ëì�å  ê�ç   é�æ   Õ�Ó  

IVS-I-5(GC) í�è  ì�é  í�ì  ëê è�í  ì�í  èì ëî 
IVS-I-6(TC) î�ç   ê�æ  ë�è  ç ë�æå  ë�î  

C 29 î�æ        

Codon 30(GC) îê�å   é�è   ë�æ    

-28 mut (AC) îê�å        

C 25-26 îê�å        

Cap site+1(A C) îê�å        

Codon 39(CT)   é�è      

Codon 44(-C)  ëì�å    æê�å   é�æ  

IVS-II-745(GC)  ë�æ  é�è   ìí�å   ì�æ  

IVSI(25 bp deletion)  ëì�å  çé     

Unknown è�æè  ì�ì  ì�æë  æ�é  ç�æì  ê�ææ   
��

*�ƱŚǀŝ�żŤƳřźě�ƪųřŵ�ŵřŶƗř�ƂƸū�ƹ�Ƶŵƺŝ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƭŻƺƯƹźƧ�ŵřŶƘţ�źĭ�ƵŶƃ�ƵŵŹƹō�ƩƹŶū�Źŵ�ŶƇŹŵ�Ŝƀůźŝ�ŚƷ�ŶƳř���
��

ŦŰŝ��
�������Ʀţ�ƾŧŹř�ƽŹŚưǀŝ�ƾưſǇŚţŚŤŝ�ĥ���ƶºƧ�Ţºſř�ƾƳŻř��Żř�Ƃǀºŝ�ÓÍ�

��ŚƇƺƈų�ƱŚƸū�ŹƺƄƧ����ƶºƤƐƴƯ�ƽŚƷŹƺƄºƧ���ƽ�����ƁŹřżºĭ�ƶºƳřźŤƿŶƯ�
ƃ�Ţſř�ƵŶ�������ƶºƤƐƴƯ�ƽŚƷŹƺƄºƧ�źǀƀƯ�Źŵ��ƽ��ƶºƳřźŤƿŶƯ���ƾưºſǇŚţ��

���Źŵ�řŹ�ƕƺǀºƃ�ƲƿźţǇŚºŝƿƺ�ºƳƱŚ��ƴƿŵŹŚºſ�ǀ��Ʊřźººƿř�ƹ�ŵŹřŵ�ŚºǀƫŚŤƿř�ƹ�Ś� �
żººū�żººǀƳƹ�Żř�Ʊō�Źŵ�ƾưººſǇŚţ�ƕƺǀººƃ�ƶººƧ�Ţººſř�ƾƿŚƷŹƺƄººƧ�� �

é���Śţ�ÎÍ�ŶƇŹŵ�����ƾºƯ�šƹŚºƠŤƯ������ŶºƃŚŝ�Ó��������Źŵ�ƶºŬǀŤƳ�Źŵ�ƾºſŹźŝ�
ƂƸū�����ƂºƸū�řŶºŤŝř�ƶƧ�Ţſř�ƽŹƹźƋ�ƾưſǇŚţ�ƽŚƷ����ƕƺºƳ�ƽŚºƷ
ƶƳřźŤƿŶƯ�����ŶƳźǀĭŹřźƣ�ƾſŹźŝ�ŵŹƺƯ�ƽř���������řŶºŤŝř�ƶƘƫŚƐƯ�Ʋƿř�Źŵ�żǀƳ�ŚƯ

ƂƸū���ƶƳřźŤƿŶƯ�ƽŚƷ�����ƂƸū�žĜſ�ƹ�ƽř����ƾƿŚǀºſō�ƽŚƷó����ƹ�ƽŶºƴƷ�
���ƂƸū�źƿŚſ�ŢƿŚƸƳ�Źŵ��������Ʈƿŵřŵ�Źřźƣ�ƾŝŚƿŻŹř�ŵŹƺƯ�řŹ�ŹŵŚƳ�ƽŚƷ���Źŵ

���ƶƘƫŚƐƯ�ƲƿřÎÐ��Ư�ƂƸū���ºŝ�ƞƬŤŴƶ�����ŶºƯō�Ţºſŵ��ƶºƧ��êÕ��ŶºƇŹŵ��
ƂºººƸū�ƶºººƳřźŤƿŶƯ�ƕƺºººƳ�Żř�ŚºººƷ�ŶºººƴţŹŚŞƗ�ƶºººƧ�ŶºººƳŵƺŝ�ƽř�Żř�� �

IVSI-110��IVSII-1��IVSI-1��ƹIVSI-6��ƂººƸū�ƽŚººƷ�
IVSII-745��ƱƹŶººƧ�ƹ39��C→T���ƾƯƹŻƺººƯƹźƧ�ĢǀººƷ�Źŵ
ŶƄººƳ�ƵŶººƿŵ��ƂººƸū�110�IVSI-�ƕƺǀººƃ�Śººŝ��ê�ÏÖ��ŶººƇŹŵ�

����ŵřŵ�ƱŚƄƳ�řŹ�ƾƳřƹřźƟ�ƲƿźţǇŚŝ���ƹ�����ĚºǀţƺƴƟ�ŦºƗŚŝâ
+���ƱřŹŚºưǀŝ�Źŵ

�ƾƯ�ƾưſǇŚţ��ƺƃŵ��������������ŽŹŚºƟ��źƸºƃƺŝ��ƱŚŤºſŻƺų�Żř�ƂºƸū�Ʋºƿř
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ƂƸū�ƾſŹźŝ��ƱŚŬƳŻ�ƾưſǇŚţŚŤŝ�Ʊĥ�ƽŚƷ  

 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÎÓƵŹŚưƃ����ƽÓÐ��ƱŚŤƀŝŚţ�ÕÔ  
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���Ţººſř�ƵŶººƃ�ƁŹřżººĭ�żººǀƳ�ƱŚŤººſźƫ�ƹ�ƱŚŤƀººģƺƬŝ�ƹ�ƱŚŤƀººǀſ� �
�ÎÐ�ÎÍ�����ƾƯ�źƔƳ�ƶŝ�řŸƫ�������śƺºƴū�ƢƏŚºƴƯ�Źŵ�ƂºƸū�Ʋºƿř�ŶſŹ

ƺƴūś���������ŚŤŞƀºƳ�ƕƺǀºƃ�Żř�ŹƺƄƧ�śźƛ�ƹ�ƾŝźƛ�����ŹřŵŹƺºųźŝ�ƾƿǇŚºŝ�
ŶºººƃŚŝ���ƂºººƸū�Ʊō�Żř�žºººě��ƽŚºººƷ1�IVSII-��1�IVSI-�ƹ� �

IVSI-6��ŚºººƘưūê�ÏÕŶºººƇŹŵ�ƂºººƸū���řŹ�ŚºººƷƪǀƨƄºººţ�� �
ŶººƳŵřŵ��ƂººƸū�ƾƿŚǀººſō�ƽŚººƷ��ƽŶººƴƷ��5�IVSI-�ƹ�Fr 8/9�� �

ê�ÎÍ�ŶƇŹŵ��ƂƸū��������ŶºƳŵřŵ�ƪǀƨƄºţ�řŹ�ŚƷ�����ƂºƸū�źƿŚºſ������ŚºƷÎÕ�
ƂƸū�ƪƧ�Żř�ŶƇŹŵ�ŶƳŵřŵ�ƅŚƈŤųř�ŵƺų�ƶŝ�řŹ�ŚƷ����

��ƱŚǀŝ�ơƺƟ�ŪƿŚŤƳ�������ƶƤƐƴƯ�ŢǀƘưū�ƶƧ�Ţſř�ŜƬƐƯ�Ʋƿř�źĭ����ƱŚŬƳŻ�ƽ
��ƂƸū�ƉźƘƯ�Źŵ��ƶƳřźŤƿŶƯ�ƽŚƷ���ƛ�ƹ�ƽřźǀ�ƶƳřźŤƿŶƯ�����ŵƺºŝ�Ɩºƣřƹ�ƽř�Ƶ

Ţſř����ƂºƸū�ŚºƯř�����ƶºƳřźŤƿŶƯ�ƽŚºƷ���ƽř���ƾºƯ�ŜºƫŚƛ��ŶƴºƃŚŝ���ƂºƸū�� �
IVSI-110��������ƕƺǀƃ�ƽřŹřŵ�ƱŚŬƳŻ�ŢǀƘưū�Źŵ�ƶƧê�çî���ŶºƇŹŵ�

ƾƯ��������ƕƺǀƃ�ƽřŹřŵ�ƱŚŤſŻƺų�ƱŚŤſř�Źŵ�ŶƃŚŝí�æê��ŶºƇŹŵ���æé���ƹ
�ƱŚŤſř�ŹŵŽŹŚƟ�ƕƺǀƃ�ƽřŹřŵ�í�æì�ŶƇŹŵ��ƾºƯ���ŶºƃŚŝ�æê�æå� � �

���ƩƹŶūç������ƾƯ�źƔƳ�ƶŝ�řŸƫ��Ʋƿř�ŶſŹ��������ƹ�śźºƛ�ƢƏŚºƴƯ�Źŵ�ƂƸū�
����ŶººƃŚŝ�ŹřŵŹƺººųźŝ�ƾƿǇŚººŝ�ŚŤŞƀººƳ�ƕƺǀººƃ�Żř�ŹƺƄººƧ�śƺººƴū�� �

�Ƹū�ƲƿřƂ����������ƕƺǀºƃ�ƽřŹřŵ�ƶºǀƧźţ�ŹƺƄºƧ�Źŵ�î�èê��ŶºƇŹŵ���Ƶŵƺºŝ��
�æë���Źŵ�ƹ���������ŹřŵŹƺųźŝ�ƾƿǇŚŝ�ƕƺǀƃ�Żř�żǀƳ�śźƗ�ƽŚƷŹƺƄƧ�ƱŚǀƯ�� �

ƾƯ�ŶƃŚŝ��æí�æì�����
�ƂººƸūIVSII-1�ƕƺǀººƃ�ƽřŹřŵ�ƱŚººŬƳŻ�Źŵ�ƶººƧ�è�æè�ŶººƇŹŵ�

ƾƯ������ƩŚưºƃ�ƢƏŚºƴƯ�Źŵ�ŶƃŚŝ��ºƛśź���śƺºƴū���ƾƣźºƃ��ƱŚŤºſř����ƽŚºƷ�
ƽżºººƧźƯ��ŽŹŚºººƟƱŚŤºººſźƫ�ƹ���ƾºººƯ�ƖƿŚºººƃ�żºººǀƳ���ŶºººƃŚŝ� �

�çåƹ�æî���æê�æè�æå�����ƂƸū1�IVSII-���ƺƴƟ�ŵŚŬƿř�ŦƗŚŝ��Ěºǀţ
â�ƾƯ�����ƺƃŵ�����ƂƸū�Ʋƿř����ƱŚŤºſŻƺų�ƢƏŚƴƯ�Źŵ�ƲǀƴĤưƷ�ƹ��źƸºƃƺŝ

��ƾºƯ�ƖƿŚƃ������Żř�ƹ�ŶºƃŚŝ�ƱŚŤºſř����żºǀƳ�ŽŹŚºƟ��������Ţºſř�ƵŶºƃ�ƁŹřżºĭ
�æé�æç������ƂºƸū�źĮƿŵ�Żř�����ƶºƳřźŤƿŶƯ�ƽŚºƷ������ƂºƸū�ƽř6�IVSI-�

ƾƯ�������ŵƹŶů�Źŵ�ƶƧ�ŶƃŚŝÐ�ŶƇŹŵ��ƪƫō����ƂºƸū�ƽŚƷ��ƶºŤƟŚƿ��ƶºƤƐƴƯ���ƽ�
��Ŷƃ�ƵŶƿŵ�ƱŚŬƳŻ��������������ƕƺǀºƃ�Śºŝ�ŽŹŚºƟ�ƹ�ƱŚŤºſŻƺų�Żř�ƂƸū�Ʋƿř

�����Ţºſř�ƵŶºƃ�ƁŹřżĭ�ƽźţǇŚŝ��ÏÏ�ÏÎ����������ŹƺƄºƧ�Żř�ƂºƸū�Ʋºƿř
��������Ţſř�ƵŶƃ�ƁŹřżĭ�żǀƳ�ƲǀƐƀƬƟ�ƹ�ŢƿƺƧ�ÏÐ����ƹê�ÑÕ���ŶºƇŹŵ�

ƂƸū��������ƾƯ�ƪǀƨƄţ�řŹ�ƲǀƐƀƬƟ�ƾưſǇŚţ�ƱřŹŚưǀŝ�ƽŚƷ���ŶºƷŵ��ÎÕ���

6�IVSI-����ĚǀţƺƴƟ�ŦƗŚŝB+�ƾƯ���ƺƃŵ��ê�ÎÍ��ƂƸū�ŶƇŹŵ����ƽŚƷ
ƂººƸū�řŹ�ƱŚººŬƳŻ�ƽŚººƷ�5�IVSI-�ƹ��+G� Codon 8/9 

ŶƳŵřŵ�ƪǀƨƄţ��ƂƸū�Ʋƿř�ƂƸū�ƹżū�ŚƷ�ƽŚƷ ��ƽŶºƴƷó��ƾƿŚǀºſō�
�ƾƯ�śƺƀŰƯ�ƺƃŶƳ��ƂƸū��5�IVSI-�����ƽżºƧźƯ�ƾůřƺƳ�Źŵ�źŤƄǀŝ��

��śƺƴū�śƺƴū�ƹ��ŹƺƄƧ�ƾƣźƃ����ƖƿŚºƃ�Ţºſř�������ƢƏŚºƴƯ�Źŵ�źºŤưƧ�ƹ�
ƾƫŚưƃ��ƾƯ�ƵŶƿŵ��ƳƺƃŶ��ŝƶ���Ƨ�ƽŹƺƏ�������ƱŚºĭżƯźƷ�Źŵ�Ʊō�ƕƺǀƃ�ƶÓÖ�
�ŶºƇŹŵ��ÏÎ���ŽŹŚººƟ�Źŵ�ƹÐÔ�ŶººƇŹŵ��ÎÍ��Ţººſř�Ƶŵƺºŝ����Ʋººƿř

�ĚǀţƺƴƟ�ŦƗŚŝ�ƂƸūâ
 +�ƾƯ�ƺƃ�ŵ�ƹƽŵƺƘſ�ƱŚŤƀŝźƗ�Źŵ��Ïé��

��ƹƧŚěƱŚŤƀ��Ïê������Ţſř�ŹřŵŹƺųźŝ�ƾƿǇŚŝ�ƕƺǀƃ�Żř��ƂƸū��+G��
8/9�CDs���ŹŵÔ�Ó��ƭƹŻƺƯƹźƧ�ŶƇŹŵ����ƽŚƷƂƸū���ƶºŤƟŚƿ���ƱŚºŬƳŻ�

�Ŷƃ�ƵŶƿŵ����Śŝ�ƂƸū�Ʋƿř����ĚºǀţƺƴƟ�ŵŚºŬƿř�ŦƗâ�ƾºƯ���ƺºƃ�ŵ�ƹ�Źŵ
���śƺºƴū�ƹ�śƺƴū��������ƾºƯ�ƖƿŚºƃ�ŹƺƄºƧ�ƾºŝźƛ�����ŶºƃŚŝ�ÎÖ��ÎÍ����Żř
��Ƨ�ƂƸū�ƾƟźƏŶƱƹ��-T�èì�èë���Źŵ�ƎƤƟ�ƶƧ��ì�ë����ŵřźºƟř�ŶƇŹŵ�

������Źŵ�ŶƯō�Ţſŵ�ƶŝ�ƾƳŚŬƳŻí�èè��������ƁŹřżºĭ�ƾƳŚŤºſźƫ�ŵřźºƟř�ŶƇŹŵ�� �
ƃŢſř�ƵŶ��æè����

��ººŝ�ƂººƸū�Ʋººƿřƶ���Źŵ�ŹŵŚººƳ�ŹƺººƏ��ƭřƺººƣřƾººƳřźƿřó�ƽŵźººƧ�� �
������Śŝ�ƹ�Ţºſř�ƵŶºƃ�ƁŹřżĭ�����ĚºǀţƺƴƟ�ŦºƗâ��ƾºƯ����ƺºƃŵ�ƹ���ƹżºū�

ƂººƸū���ƶººƳřźŤƿŶƯ�ƢƏŚººƴƯ�ƹ�Ʊřźººƿř�Źŵ�ŹŵŚººƳ�ƽŚººƷ�ƾººƯ�ŶººƃŚŝ��� �
����������ƂºƸū�ƹżºū�żºǀƳ�ƶºǀƧźţ�Źŵ�ƂƸū�Ʋƿř�������śƺƀºŰƯ�ŹŵŚºƳ�ƽŚºƷ� �

ƾƯ�ƺƃŵ��ÏÓ���ƶŤĪƳ�ƽ�Śů�ƿ�ưƷř�żǀ��������ƂºƸū�ŢºƠƷ�ƶĩ�Ţſř�Ʊō�Ţ
�ƶƤƐƴƯ�Źŵ��ƽ���ƱŚŬƳŻ�ÔÔ�Źŵ�ƂƸū�ŶƇ�ŚƷƽ�ř�ƿ��ĪƄºţ�řŹ�ƶƤƐƴƯ�Ʋǀ�ƪ

Ưƾ�ŶƴƷŵ��řƿ��Ư�źƯř�Ʋƾ����Źŵ�ŶƳřƺţƿ��ƲŤƟŚō�ƪºƫ��ŚºƷƽ��ƂºƸū���ƶºŤƟŚƿ��Źŵ�
ƩŚŝźƛ�źĭƽ��ưºſǇŚţ�ƾ���ŴƄºţ�ƹ�ǀ�������ưºſǇŚţ�Ŷºƫƺţ�Żř�ƪºŞƣ�Ɔƾ��Źŵ�
ƶƤƐƴƯ��ƽ���ƱŚŬƳŻ�ƪŝŚƣ����ŶºƃŚŝ�ƵŵŚƠŤºſř����Źŵ�ƕƺºưŬƯ�Ô�ÕÓ���ŶºƇŹŵ�

ƂººƸū��Źŵ�ŚººƷÖæ�ƆŴƄººƯ�ƭŻƺººƯƹźƧ�ººƃƹ�Ŷ�Ð�ÎÐ�ŶººƇŹŵ�
ƂºººƸū�ŚºººƷŹŵ��Îé��ŶºººƳŚƯ�ƾƣŚºººŝ�ƆŴƄºººƯŚƳ�ƭŻƺºººƯƹźƧ���� �

��ƱŚǀŝ�ơƺƟ�šŚƗǈƏř�����ƂƸū�ƶƧ�Ţſř�Ʊō�źĭ������ŢºǀƘưū�Źŵ�ŚºƷ���ƽŚºƷ
ƬŤŴƯ��������Śºƿ�Ʀºƿ�ƽŵřĦºƳ�ŢǀƘưū�źƷ�Źŵ�ŚƯř�Ƶŵƺŝ�ƵŶƴƧřźě�ƽŵřĦƳ�ƞ

�����������ƾºƯ�ŹřŵŹƺºųźŝ�ƽźţǇŚºŝ�ƕƺǀºƃ�Żř�ƂºƸū�Ŷƴģ���ŶºƃŚŝ�����Ʋºƿř�Żř� �
�ƂººƸū�ƞººǀƏ�ƲŤƀººƳřŵ�ƽƹŹ����ƶººƤƐƴƯ�źººƷ�ƽřźººŝ�ƾººƳĥ�ƽŚººƷ� �

ƾƯ�ƽŹƹźƋ�ŶƃŚŝ���
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ƶŬǀŤƳ�ƽźǀĭ��
��������ơƺƟ�ŪƿŚŤƳ���ŵřŵ�ƱŚƄƳ�ƂƸū�ƶĩ��ƶƳřźŤƿŶƯ�ƽŚƷ����ŢǀƘưū�Źŵ�ƽř

�����ƺŝ�ŹřŵŹƺųźŝ�ƾƿǇŚŝ�ƕƺǀƃ�Żř�ƾƳŚŬƳŻ���ƾƯ�ƶǀƇƺţ�ƹ�Ƶŵ��ŵƺƃ��ŢƸū
ƶƟźƇ��������������Źŵ�Ŷºƫƺţ�Żř�ƪºŞƣ�ƆǀŴƄţ�ƽřźŝ�ƶƴƿżƷ�ƹ�Ţƣƹ�Źŵ�ƾƿƺū
ƶƤƐƴƯ�ƽ�������ƂƸū�Ʋƿř�ƽřźŝ�řŶŤŝř�ƾưſǇŚţ�ƱřŹŚưǀŝ�ƱŚŬƳŻ�����ŵŹƺºƯ�ŚƷ

ŶƳźǀĭ�Źřźƣ�ƾſŹźŝ���
��

�ƹ�źƿŶƤţźƨƄţ��

�����ƲƿŶŝ����ƶƬǀſƹ����ƭźŤŰƯ�ŢƳƹŚƘƯ�ŻřěƄƷƹĦƾ���ƵŚĮƄƳřŵ��ƭƺƬƗ� �
� �

���ƱŚŬƳŻ�ƾƨƃżě��żƷ�ƪŞƤţ�ŢƸūƿƶƴ�ŚƷƽ���ƭŚŬƳř�ř�ºƿƲ���ƶºƘƫŚƐƯ�
�Ư�źĪƄţƾ�ŚưƳǀƿƮ����Żřě��ƭźºŤŰƯ�ƪƴſź����ƵŹŚưºƃ�ƵŚºĮƳŚƯŹŵ��ƽ�Ö��

���ƱŚŬƳŻ�ƱŚŤſř�ŢƃřŶƸŝ�żƧźƯ�ƹ��ƵŚĮƳŚƯŹŵ���ŝ�Ʊƺºųǀ��ƱŚŤºſŹŚư
ƾƫƹ�źƈƗ��ºƗŪ���ŚƇƺƈºų��������ƾƳŚŴƿŶºƸƯ�źƣŚºŝ�ƽŚºƣōŚƸƳ�ºƿ�Ţ

��ſ�ƹ�źĪƄţĜŹřżĮſŚƽ�řŹ�ŹřŵƿƮ��ƴĤưƷǀ��Ƭĩ�Żř�Ʋǀƶ�ƽ�ŝ�ǀ�ƱřŹŚư
řŶƷř�źƏŚų�ƶŝƽſ�Ʊƺų�ĜŹřżĮſŚƿƮ����

��
��
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Background and Objective: B-thalassemia is an autosomal recessive disease characterized by reduction or 

complete absence of b-globin gene expression. It has been estimated that more than 2,000,000 carriers as 

well as 20,000 patients affected with b-thalassemia are living in Iran, a country with more than 70 million 

population and great ethnic diversity. In this study we aimed to find out the b-globin gene frequency and 

determine the spectrum of b-globin gene mutations in Zanjan province (northwest region) of Iran. 

Materials and Methods: 5527 individuals who were referred for pre-marriage tests to Zanjan clinic as well 

as 27 thalassemia patients were studied. Altogether one hundred and five chromosomes from 78 unrelated B-

thalassemia patients or carriers were examined for b-globin gene mutations by ARMS-PCR and direct gene 

sequencing. Based on the previous information on common mutations in Mediterranean populations 24 sites 

were analyzed. 

Results: It was found that the b-thalassemia frequency is 1.2� for Zanjan region. Using the above 

techniques, the mutations for 90/105 (86.7 �) of b-thalassemia chromosomes (13 different mutations) were 

identified. Fifty eight percent of the mutations were of common �Mediterranean� type. Of which, IVS-I 110 

mutation showed the highest frequency (29.5�) followed by IVS-II-1 (13.3�), IVS-I-1 (12.4�) and IVS-I-6 

(2.9�). 10.5% of mutations were of common Asian Indian mutations (Fr 8/9, 6.7% and IVS-I-5, 3.8�) 

respectively. CD5 and CD30 and CD36-37 mutations accounted for 13.3% of the mutations. (5.7%, 0.95% 

and 6.7% respectively) Mutations in 14 chromosomes (13.3�) remained uncharacterized. 

Conclusion: These data suggests that the spectrum of mutations in Zanjan province differs from those 

reported from other parts of Iran, but Mediterranean type of mutations are more frequent in Zanjan region. 

Therefore, in order to save the time and cost, it is recommended that for prenatal diagnosis of thalassemia in 

Zanjan province analysis of Mediterranean mutations should be considered as a front line screening strategy. 
 

Keywords: B-thalassemia, Mutation, Zanjan, ARMS-PCR 
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