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řƿ�ƁƹŹ�Ʋ��ƯƺưƗ�ŚƷ�ºǀ��ƳřŶºƴģ�Ţƾ�Ƴǀ�ƶºŤƟŚ���ŶºƳř�ë�����Ƃƴºĩřƹ�ƁƹŹ

ŬƳŻǀƵź�řƽƬě�ǀŻřźư�ƿŚPCR ƶƷŵ�Źŵ�ƶĩ��ŚƷƽųř��ºǀ�ƀºŝ�źǀ��ŵŹƺºƯ�ŹŚ
���Ż�ƭƺƬƗ�ƱřŶƴưƄƳřŵ�ƶūƺţƿŤƀƾ���Ţſř�ƶŤƟźĭ�Źřźƣ���ƃƹŹ�ƾ��źºſ�ƿ�Ɩ

�ŽŚƀů�ƹ�ƾƯ���ŶƃŚŝ���������ƶŴƀºƳ�ŵřŶºƘţ�Ţºſř�ŹŵŚºƣ�ƶĩ��ƽ��ĩŶºƳř�ƾ�Żř��
DNA����ŰƐſ�Śţ�řŹ�ƝŶƷ�ƾ����������ƪºŝŚƣ�ŻŹƺºƟƹźŤĪƫř�Ʃĥ�Ǝºſƺţ�ƶºĩ�
ŴƄţǀ��ŨĪţ�ŶƃŚŝ�Ɔǀ�ŚưƳ�źƿ�Ŷ������řŹŚºĩ�ŢºƬƗ�ƶºŝ�ƾƿ������šŹŶºƣ�ƹ�ǇŚºŝ�
ŻƿŵŚPCR ř�ƿƩŚſ�Źŵ�ƁƹŹ�Ʋ�ŚƷƽųř�ǀƵŵźŤƀĭ�ŹƺƏ�ƶŝ�ź�řƽ�Źŵ�

ŴƄţǀ�������ř�ƶºģźĭ��Ţſř�ƵŶƃ�ƶŤƟźĭ�ŹŚĩ�ƶŝ�ǈƳƺưƫŚſ�Ɔ�ºƿŹ�Ʋ�Ɓƹ
řŹřŵƽ�řżƯ�ƿŚƽ�ƀŝ�ǀŹŚƽ�����řŹřŵ�ŚºƯř�Ţºſř�ƽ��ŵƹŶºŰƯ�ƿŢ��ŚºƷƾƿ�Ƴ��ºǀ�ż
Ưƾ���Ư�ƶĩ�ŶƃŚŝƾ�������ŵƺºưƳ�ŵŹřƺºƯ�ƶºŝ�Ʊřƺţ������ƶºųźģ�Żř�ƵŵŚƠŤºſř��ŚºƷƽ�

ţŹřźůƾ��ŨĪţ�ŢƸū�ǀ�ź�èå��Śºţ�éå�ƶºųźģ������ƵŚĮŤºſŵ�Żř�ƵŵŚƠŤºſř�
ŚſƺƯźţƿ����ƁƹŹ�Ţſř�Ʊřźĭ�ƶĩ�źƬĪ�ŚƷƽ�ŚĪƃō�ŹŻŚſƽ��ŴƄţ�ƹ�ǀ�Ɔ

��ƩƺƈŰƯPCR����ţǈĪƄƯ�Śŝ�ľŚţŶưƗ�ƶĩ�ƾ�ƔƳ��ºǀ�����Żř�ƵŵŚƠŤºſř�ź��ŵřƺºƯ
ưſƾ�����ƪŨƯ�ħŚƳźƐų�ƹ���ƭŶƿŶǀţřŶǀƯƹźŝ�Ţſř�ƵřźưƷ���ŵƺºưƳ�ƵŹŚƃř����
řººƿŵƹŶººŰƯ�ƲƿŢ�ŵźĭ�ŜººūƺƯ�ŚººƷººƿř�Śººţ�ƵŶººƿ�Źŵ�ŚººƸƴţ�ƁƹŹ�Ʋ

ŚƯŻōƿƵŚĮƄ�ŚƷƽ���řŹřŵ�ƶĩ�żƸŬƯ�ƽ����ƆƈŴŤƯ�ŵřźƟř��Ţºſř�����ŹŚºĩ�ƶºŝ�
�ŵƺƃ�ƶŤƟźĭ���Źŵ�ƹ�ƱŚĪƯ��ŚºƷƾƿ����ĭŹŚºĩ�ƶºŝ�ƱŚºĪƯř�ƶºĩ�ǀźƽ�Śºſƹ�ƿ�ƪ
ŚƯŻō�żººƸŬƯººƿƷŚĮƄƾ�ººƴĤưƷ�ƹ�ŵŹřŶººƳ�ŵƺººūƹ�ǀ�ƢƏŚººƴƯ�Źŵ�Ʋ� �

Źƹŵ�����Ƴ�ƶĩ�ƭƹźŰƯ�ƹ�ƵŵŚŤƟř�ǀ���ŴƄºţ�ƶŝ�ŻŚǀ���Ư�ƪºƯřƺƗ�Ɔǀ�ºŝƹźĪƾ��Żř�
���ĭƺƬū�ŢƸū�ǈƳƺưƫŚſ�ƶƬưūǀźƽ���Ŷƃ�šřŹŚƀų�Żřƿ��ŶŢſř�ƱřƺŤƳ�

�ř�Żřƿ�������ŵƺºưƳ�ƵŵŚƠŤºſř�ƁƹŹ�Ʋ�í�ë����řźŝŚºƴŝƿƲ�Ƴ��ºǀ��ƶºŝ�ŻŚ��ºƃƹŹ�ƾ�
ƵŵŚſ������Śºŝ�źºţ�řŹŚºĩƾƿ��ǇŚºŝ���Ţºſř�źţ�ƶºĩ����Źŵ�Ʊō�ƭŚºŬƳř�źºŝ�ƵƹǈºƗ�
ŚƯŻōƿƵŚĮƄ�ŚƷƽ���żƸŬƯ�ƱřƺŤŝ��řŹ�Ʊō��ŚƯŻō�Źŵ��ºƿƵŚĮƄ��ŚºƷƽ��ºƗ�ŵŚƽ��ƹ�

��ĨģƺĩŤůƾ���ƛ�ŵřźƟř�Ǝſƺţǀ��Ƴ�ƆƈŴŤƯ�ź�ºǀ����ƭŚºŬƳř�żŵřŵ���ƁƹŹ�



ƽŵřźƯ�źƨŝƺŝřƹ��ƱřŹŚƨưƷ��
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ŶūƿŶƽ�����ŨĪţ�ƭŚºƳ�ƶºŝ��ºǀ����ŚºƯŵ�ƮºƷ�źƽ�DNA������ƶºƤƬů�ƶºŝ�ƶŤƀºŝřƹ�� �
ƹ[Loop- Mediated Isothermal Amplification of DNA (LAMP)] �

�ƯƺţƺƳ�Ǝſƺţƾ�����ƩŚºſ�Źŵ�ƱřŹŚĪưƷ�ƹ�çååå�ºƟźƘƯ�ƾŵźĭ��ºƿŶ�ƶºĩ��
ř�Ŷººūřƹººƿ�Ţººſř�šŚƈººŴƄƯ�Ʋ�ř�Źŵ�ººƿ�ƁƹŹ�ƲDNA�Śººŝ�
ƇŚƈŤųřǀ�Ţ�řŹŚĩ�ƾƿ�ƹ����Źŵ�ǇŚŝ�ŢƗźſ�ƿĨ��ŨĪţ�ŚƯŵ�ǀ�ºƯ�źƾ��ŵƺºƃ��

ř�Źŵººƿ�Żř�ƁƹŹ�Ʋéřźě�ƿ�źººư�řźě�ƹŵƿººƬųřŵ�źººưƾŵ�ƹ�řźě�ƹƿ�źººư
ūŹŚųƾ���Ư�ƵŵŚƠŤſřƾ�ŵƺƃ�������ƕƺºưŬƯ�Źŵ�ƶºĩ��ë�ůŚƳ��ºǀƶ��ƽ��ºƳĥ�ƾ��Żř�

DNA����ƴƃ�ŵŹƺƯ�řŹ�ƝŶƷ�ŚſŚƾƿ��Ư�Źřźƣ�ƾ����ƹ�ŶƷŵ�ºƏƾ�źƟ�ōƿ�Ŷºƴƽ�
ƶƫŚŞƳŵ����ĪƄţ�Śŝ�ƹ�Źřŵǀ�ůřƺƳ�ƪƾ�Ŭƴſ���źºſ�ơŚƽ���ŚºƯŵ�Źŵ�ƽ�ëå�Śºţëê�
ƶūŹŵ��ƽ�ŤƳŚſ�ƾ��������Żř�ƵŵŚƠŤºſř�ƹ�ŵřźºĭ�ºƿ��żºƳō�Ĩƿ��ƮDNAƬě�ǀ��Żřźºư

���ŨĪţ�šŹřźů�ƶŝ�ƭƹŚƤƯǀ��ºƯ�źƾ�ƿ���ŶºŝŚ�î�����Źŵ��ƁƹŹLAMP���ƪºĩ
�ŨĪţ�Ƃƴĩřƹǀ��řźƃ�ŢŰţ�źƿ��ŚƯŵ�Ĩţ�Ǝƾƿ���ě�ƪĪƃ�ƶŝ�ǀ����ƭŚºŬƳř�ƶŤºſƺ

Ưƾ�Ÿěƿŵź��ƁƹŹ�LAMP�Ƴ�ǀ����ƶºƬůźƯ�ƶºŝ�ŻŚ��ƽ��Ţºƃźſřƹ���ŻŚºſƽ�
�Denaturation�� ſřǀŘƬĩƺƳ�ŶǀƶŤƃŹ�ƹŵ�Ĩ�řƽƶŤƃŹ�Ĩţ�ƶŝ��řƽ�

�ƕƹźººƃ�ƽřźººŝ�ŹřŶººƳ�ƱƺǀººſřżƿźưǀƬě�ƂƴººƧřƹ�ŵ����ƱƹŶººŝ�ƾººŤů
Ţƃźſřƹ�ŻŚſƽ�ƫƹř�ǀŤůřŹ�ƶŝ�Ƃƴĩřƹ�ƶƾƯ�ƭŚŬƳř�ƾ�Ÿěƿŵź���řŹŚºĩƾƿ�

ŨĪţǀ��ź�����ƁƹŹ�Ʋƿř�ŹŵơƺƟ�ř��ŢºſǇŚŝ�ƵŵŚƘƫ��Ż�ºƿ��ř�Źŵ�řźƿ���ºƷ�ŚºŬƴǀ�Ģ
ƳŚƯŻƾ��Ɯţ�ŢƸū�ǀǀ�����ºưƳ�Ţſŵ�Żř�ŚƯŵ�źƾ�������ŚºƯŵ�Źŵ�Ƃƴºĩřƹ�ƹ�ŵƹŹƽ�
Ƹŝǀƶƴ��ƽ�ƫŚƘƟ�ǀ�żƳō�Ţƿ���ě�ƪĪƃ�ƶŝ�Ʈǀ��Ư�ƭŚŬƳř�ƶŤſƺƾ�ĭǀ�ƹ�ŵź�æå�Śţçå�
ƯǀƬƾ��Żř�ƭźĭDNAŹŵ�ƝŶƷ� çê ƯǀƫƹźĪǀźŤ ��Ƃƴºĩřƹ�ƍƺƬŴƯ�Żř

���ƉźƗ�Źŵèå���Śţ�ëå�ƣŵ�ǀŨĪţ�ƶƤǀƯ�źƾ�ƿ�ŶºŝŚ���ƁƹŹLAMP��ŹŵŚºƣ�
�����Śŝ�řŹ�ƝŶƷ�Ʊĥ�ƶĩ�Ţſř�řŹŚĩ�ƾƿ�ƀŝ�ǀ��ŝ�ǇŚŝ�ŹŚƶ�ſƹǀƶƬ��ƽ�ůřźƏ�ƾ�é�

řźěƿźư���ƶĩ�ë�ůŚƳ�ǀƶ��ƽ�ƫřƺţ�ƾ�ƝŶƷ���ŚſŚƴƃ�řŹ�ƾƿ�Ư�ƾ�ŚưƳƿŶƴ��ŨĪţ��ºǀ�ź
ŚưƳƿŶ��żƷƿƶƴ��ƽ�Ƭĩ�ƾ������ƁƹŹ�Ʋƿř�Śŝƀŝǀ�ĩ�ŹŚ��ºƯ�ƂƷŚƾ�ƿ��Ż��ŶºŝŚ�ºƿ�řź

��ƁƹŹLAMP�Ƴ�ǀ���ƃ�ŵřƺƯ�ƶŝ�ŻŚǀưǀŚƾƿ�ƹ�ƿ�ƵĦƿƵŚĮŤſŵ�Ś�ŚƷƽ��Ʊřźºĭ�
ƣǀŚƯŻō�ŢººưººƿƷŚĮƄƾŵŹřŶººƳ���ŨĪţ�šǇƺƈººŰƯººǀřŹřŵ�ƵŶººƃ�źƽ�

ººŞĩźƯ�ŹŚŤųŚººſƾƫřƺººţ�Żř�ƾ�ŚººƷƽƹŚººƴŤƯ��ś�Alternately� 

ŽƺºººĪƘƯ��Inverted��ŹřźºººĪţƽ��Repeats� ƫřƺºººţ�Żřƾ�
�Sequence� ƝŶƷ��Target� ƹŹƽ�ºƯ�ƶŤƃŹ�ƱŚưƷ�ƾ���ŶƴºƃŚŝ
�æè�æå����ƶººĩ�Ţººſř�ŮººƋřƹ�źººěLAMPƳ�ººǀŚººſ�ŶººƴƳŚưƷ�żƿ�ź

ƁƹŹ��řŹřŵ�ŚƷƽ�ŵƹŶŰƯ�ƿŢ�ŚƷƾƿ��Ư�ƵŹŚƃř�ŚƸƳō�ƶŝ�ƶĩ�Ţſř�ƾ��ŵƺºƃ��

ěǀĤǀĭŶƾ�ůřźƏ�ƾ�řźě�ƿŚƷźưƽ��řźŝ�ƶƳŚĭŶƴģ�ƽ�ŨĪţ�ǀ��ůŚƳ�źƷ�ź�ºǀƶ��ƽ�
Ƴĥƾ�Ŷū�ƿ���ůřƺƳ�śŚŴŤƳř�ƹ�Ŷƾ���ƫřƺţ�Źŵ�ŜſŚƴƯ�ƾ�Ƴĥ�ƾ�����źºƔƳ�ŵŹƺºƯ�

�ůřźƏ�ŢƸūƾ����ŹŚĩ�ƹ�ŜºſŚƴƯ�ō��řźě�ŶºƯƿ�ŚºƷźư��ř�ƿ����ƩƺƈºŰƯ�ŵŚºŬ
ěǀĤǀ���ŨĪţ�Żř�ƪƇŚů�ƵŶǀ��źDNA��ŚƷŹŚŤųŚſ�ƶĩ�ƾƿ������ƮºƬĩ�ƪºĭ�ƪŨƯ�

�ƵŻřŶƳř�Źŵ��ŚºƷƽ����ř�řŹ�ƞºƬŤŴƯ�ƿ���ºƯ�ŵŚºŬƾ�ŚưƳ�ºƿ������řźºŝ�řŹ�ƵřŹ�ƶºĩ��Ŷƽ�
��ƁƹŹ�Żř�ƵŵŚƠŤſř�ŚƷƽ�ƴŤŞƯ�ƾ��Ʒ�źŝ�ǀźŞƿſřŶǀ�ſř�ƱƺǀŚƷŶƽ�ŘƬĩƺƳ�ǀ�Ĩ

�ŶººƴƳŚƯMicroarray�ººƯ�ƶººūřƺƯ�ƪĪƄººƯ�Śººŝ�ƾ�ŚưƳººƿ�Ŷ�æé��Żř��
ŢƿŵƹŶŰƯ����Ţſř�Ʊō�ƽŚƷ�����ŵƹŶŰƯ�ƶŝ�ƶūƺţ�ŚŝƿŢ�ŚƷƽ�ơƺƟ��Ÿƫř�źĩ

Śŝƿ����ř�Żř�ƵŵŚƠŤſř�ƭŚĮƴƷ�Ŷƿ���ř�ƶŝ�ƁƹŹ�Ʋƿ��������Śºţ�ŵƺºưƳ�ƶºūƺţ�ŵŹřƺƯ�Ʋ
ŤƳǀƶŬ��ƽ���ŵŵźĭ�ƪƇŚů�śƺƬƐƯ���řżƯƿŚƽ�LAMP��ŵźĭ�ŦƗŚŝ��ºƿ�ƵŶ

���ƃƹŹ�ƱřƺƴƗ�ƶŝ�ƶĩƾ�źſ�ƿ��ƣŵ�ƹ�Ɩ�ºǀ���ŴƄºţ�Źŵ�Ƣǀ��Ɔ�ƱĥƺţŚºě��ŚºƷ��Żř�
��ŵƹŹ�ŹŚĩ�ƶŝ�ǈƳƺưƫŚſ�ƶƬưū�ř�ƶºŝ�ƹ�ƿ�ƁƹŹ�ŵŚºŬ��ŚºƷƽŴƄţ��ºǀƈƾ�

ſǀ��źſ�ƹ�ŹŚƿ��ƤƏŚƴƯ�Źŵ�Ɩƾ�ŚƯŻō�Żř�ƵŵŚƠŤºſř�ƱŚĪƯř�ƶĩ��ºƿƵŚĮƄ��ŚºƷƽ�
ţƹŹǀ��ŵŹřŶƳ�ŵƺūƹ�Ʋ��ŵŵźĭ�źŬƴƯ���ř�Źŵ�ºƿ�������ƁƹŹ�ƹŵ�źºƷ�ƶºƘƫŚƐƯ�Ʋ

PCR���ƹ�LAMP�řźŝ�ƽ�ŴƄţ�ǀ���ŹŚĩ�ƶŝ�ǈƳƺưƫŚſ�Ɔ��Ŷƃ�ƶŤƟźĭ��ƹ�
�Ƶŵřŵ�ƱŚƄƳ�Ŷƃ�����ƁƹŹ�ƶĩ�LAMP������ƶºŝ�ŢŞƀºƳ�PCR��ƱŚºſō��źºţ��

źſƿƖ�ƣŵ�ƹ�źţǀƢ�Ţſř�źţ����
��

ſŹźŝ�ƁƹŹƾ��
�������Żř�ƢºººǀƤŰţ�Ʋºººƿř�Źŵìƶƿƺºººſ��ƽ���ǈƳƺưƫŚºººſ�ƞºººƬŤŴƯ� �
��ţ�ǈƳƺưƫŚſǀƠƾ�Śſ���ţřŹŚě�ǈƳƺưƫǀƠƾ�A����ţřŹŚºě�ǈƳƺưƫŚºſ��ǀƠƾ�B��

�ţřŹŚººě�ǈƳƺưƫŚººſǀƠƾ�Cř�ǈƳƺưƫŚººſ��ƿźŤƴƿŤººǀŶƿ�ǈƳƺưƫŚººſ��ž
řƿŤƴƠƴǀ��ŚƳřƹŚƷ�ǈƳƺưƫŚſ��ž����ƵŵŚƠŤſřŶƃ�����ƱŵƺưƳ�ŵŹřŶƳŚŤſř�ŢƸū

ŚƯŻōƿ�ƺſ��Ƃƿƶ�ŚƷƽ����Śſ�ƹ�ǈƳƺưƫŚſ�ŵŹřŶƳŚŤſř�ƿ��źŤĩŚºŝƹźŤƳř�źƽ���ŚºƷ�
ř�ŚƯŻō�Żƿ���ŢƃřŶƸŝ�šŹřŻƹ�žƳřźƟŹ�ƵŚĮƄ�Ƹţ�ǀ�ŶƳŶƃ�ƶ��ƺưƳƶƳ����ƶºŝ�ŚƷ

�ƫ�ƪĪƃǀƟƺǀƬǀ��ƶƫƺƫ�Źŵ�Ƶż�ŚƷƽ��Źŵ�ƅƺƈŴƯ�ƿ�ŵźĭ�ŢƟŚƿŶƳŶ����ŵřƺºƯ
ƃǀưǀŚƾƿ������ħźƯ�Ţĩźƃ�Żř��źƟŚºŝ�cl2Mg�ţƺŘƬĩƺƳ���ºǀ���żºƳō�ƹ�ŚƷŶƿ�Ʈ

Taq�Ţĩźƃ�Żř��ŚƷƽƬųřŵ�ƾ��ſǀƱĥ�Śƴ��żƳō�ƹƿ�ƮBstƬě�ǀŻřźưƳ��ºǀ�ż
Ţĩźƃ�ŻřŜƫƺǀŝ��[BioLab(New England)]Ƹţ��ºǀŵźĭ�ƶ�ºƿŶ��

�ŹŵPCRŻř���ƵŚĮŤſŵ�ƨƿŚſźŤƀºƯƬ�ź�Mastercycler gradient�
���ƱŚưƫō�ƝƹŹŶƴěř�Ţĩźƃ�ŢųŚſ����ƶºųźģ�ŢƸū����ŚºƷƽ��ºţŹřźů�ƾ�



ƶƀƿŚƤƯ�ƾƫƺƨƫƺƯ�ƁƹŹ�ƹŵ�ƽ���
 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽæìƵŹŚưƃ����ƽëì��ƱŚŤƀŝŚţ�íí 

68 

�Ŷƃ�ŵŚƠŤſř�ƹ��Żř��ƿĨ���ºţŹřźů�ħƺƬŝ�ƾ�����ĩ�Ţĩźºƃ�ŢųŚºſ��ºǀ�Ʊĥ�Ś��
���Ƃƴººĩřƹ�ƭŚººŬƳř�ŢººƸūLAMP�Ŷººƃ�ƵŵŚƠŤººſř����ƵŚĮŤººſŵ�Żř

�ƤƟř�ŻŹƺƟƹźŤĪƫřƾ���Ĩģƺĩ����Śě�Ţĩźƃ�ŢųŚſƿ�ƂƷƹĦě�Ś��ŶƸƄºƯ��
ŸƜţ�ƖŞƴƯ�ƹƿ�źƟŚŝ�Śŝ�Ʊō�ƶæ�TBE ��ŹƺºƟƹźŤĪƫř�ŢºƸū���ƵŵŚƠŤºſř�Ż

Ŷººƃ��źŝ�ŢººƸūŹººſƾ�ƵŚĮŤººſŵ�Żř�Ʃĥ�ƽƹƺººƿ�ƥřŵ��UVIdoc�
���Ţĩźºƃ�ŢųŚºſUVIec�ºƬĮƳř�ǀž���Ŷºƃ�ƵŵŚƠŤºſř�Żř�ƹ��źĩŹŚººƯ�

ƫƺĪƫƺƯƾ�æåå����������ƪƯŚºƃ�ŻŚºŤƴƯźƟ�Ţĩźºƃ�ŻŚŝ�ŢƠū�ææ����ŶºƳŚŝ�íå��
æåå���çåå���èåå���éåå���êåå���ŴƋ�ŶƳŚŝǀƮ�źţ��ëåå���ìåå���íåå��
îåå�ƹ�æåèåŶƃ�ƵŵŚƠŤſř�ŻŚŝ�ŢƠū����

�ƹ�ŢƄĩ���ũřźŴŤſřDNA��Żř�ƶƳƺưƳ��ŚƷƽ�Ƹţ�ºǀ��ƵŶºƃ�ƶ���Ư�ƶºŝ��ºǀƱřż� �
êå�Ư�ǀƫƹźĪǀ���Źŵ�źŤê�æ�ſ�ƾ�ſƾ�ŰƯ�ǀ����ŚºƯ�ŢƄºĩ�Ǝƿ��ƖLB���ŢƄºĩ�

������šŶƯ�ƶŝ�ƹ�Ŷƃ�ƵŵřŵæíŚţçé����Źŵ�ŢƗŚſ�èì�ƶūŹŵ���ƽ�ŤƳŚſ�ƾ���ŵřźºĭ
ƶƳŚŴƯźĭ�ŹřŸĭƽ�ŶƳŶƃ������ř�ŢƃŸĭ�Żř�ŶƘŝ�ƿ��ƭŚưţ�ƱŚƯŻ�Ʋ�ƶºƳƺưƳ��ŚºƷ�

����ƹ�ŶƳŵźĩ�ŶƃŹDNA�ŚƷǈƳƺưƫŚſ�ƽ��������ƁƹŹ�ƶºŝ�ƵŶºƃ�Ƶŵřŵ�ŢƄĩ�
�ƭźƟƹźƬĩ�ƪƴƟ�ŵŹřŶƳŚŤſř�æëƹ�æê��Ŷƃ�ũřźŴŤſř���

źĭŻŚƛō���ƽŚºƷ�PCR��������Ţƀºţ�ƭŚºŬƳř�ŹŵPCR���Żř��źĭŻŚºƛō����ƾƿŚºƷ
�řźěƿźư����ƵŵŚƠŤſř�Ŷƃ������ºƯźĩ�Ǝºſƺţ�ƶºĩ�ƾ�ƱřŹŚºĪưƷ�ƹ���æíƹæì��

�ŴƄţ�ŢƸūǀ�ƫƺĪƫƺƯ�Ɔƾ��ůřźƏ�ǈƳƺưƫŚſ�ƾ��ŶƳŵƺŝ�ƵŶƃ����ƫřƺºţƾ�
řźěƿŚƷźư���Źŵ��ƩƹŶūæ��ƵŶƃ�źĩŷ��Ţſř���řźěƿŚƷźưƽ�Źŵ��ºƿŤƟŚƾ���źºŝ�

ŽŚſř��������ƵŶƳŻŚºſ�Ţĩźºƃ�Ǝſƺţ�ƵŶƃ�źĩŷ�ŢƔƬƛ�ƽ�řźě�ƿ���Źŵ��źºư
��Źżţ�źƐƤƯ�śōƿƤƾ����ŢƔƬƛ�Śŝ�æåå�ě�ǀ��Ƹţ�ƩƺƯ�ƺĪǀ�Ŷƃ�ƶŶƳ���žĜſ�ƹ�

���ŢƣŹ�Śŝçå�ě�ǀ��Ƹţ�ƩƺºƯƺĪ�ºǀ�����Źŵ�ƵŵŚƠŤºſř�ŢºƸū�ƹ�ƶçå�ƶºūŹŵ��ƽ�
ŤƳŚſƾ��ŵřźĭ�źƠƇ�źƿŻŹřŶƸĮƳƽŶƳŶƃ�� 

řźěƿŚƷźưƽ�LAMP������Ţƀţ�ƭŚŬƳř�ŹŵLAMP��řźě�Żř�ƿ�ŚºƷźưƿƾ�
�ƵŵŚƠŤººſřŶººƃƎººſƺţ�ƶººĩ��ƯººǀƱřŹŚººĪưƷ�ƹ�řŶ�żººǀƳ�ƹ��ƹŵƺººĩřźƷ� �

ƱřŹŚººĪưƷ�ƹ��æîƹæí��ŴƄººţ�ŢººƸūǀƫƺººĪƫƺƯ�Ɔƾ�ǈƳƺưƫŚººſ�
ººůřźƏƾ��ŶººƳŵƺŝ�ƵŶººƃ���ƪĪººƃæ��çå��ƫřƺººţ�ƾ�řźěƿźưŚººƷ�Źŵ�� �

�ƩƹŶººūçŢººſř�ƵŶººƃ�Ƶŵřŵ�ƱŚƄººƳ���řźěƿŚººƷźưƽŹŵ�ººƿŤƟŚƾ�źººŝ�� �
��������ƵŶƳŻŚºſ�Ţĩźºƃ�Ǝſƺţ�ƵŶƃ�źĩŷ�ŢƔƬƛ�ŽŚſř��ƽ�řźě�ƿ���Źŵ��źºư

śō��Źżţ�źƐƤƯƿƤƾ����ŢƔƬƛ�Śŝ�æåå�ě�ǀ�Ƹţ�ƩƺƯƺĪ�ºǀ��ƵŶºƃ�ƶ����žĜºſ�� �
��ŢºººƣŹ�Śºººŝçåě�ǀƸţ�ƩƺºººƯƺĪºººǀŢºººƸū�ƹ�ƶŹŵ�ƵŵŚƠŤºººſř�� �

çåƶººūŹŵ��ƽŤƳŚººſ�ƾ�ŵřźººĭ�źƠººƇ�źººƿŻ�ŹřŶººƸĮƳ�ƽŶƳŶººƃ��� �
��ƭŚŬƳřPCR���ƹŹ�źºŝ�ƽ�ƶºƳƺưƳ���ŚºƷƽ�ŵŹřŶƳŚŤºſř�����ƂƴºĩřƹPCR�

�ŨĪţ�ŢƸū�ºǀ��������ƮºŬů�Źŵ�ǈƳƺưƫŚºſ�ƭƺºƳĥ�źçêƯ�ǀƫƹźĪǀ���ƭŚºŬƳř�źºŤ
ŢƟźĭ��������ƪƯŚºƃ�Ƃƴºĩřƹ�źƷæéƯ�ǀƫƹźĪǀ�źºŤ��Źżţ�źºƐƤƯ�śōƿ�ºƤƾ�� �

ê�çƯ�ǀƫƹźĪǀźººŤ��źƟŚººŝX�æå��è�ƯǀƫƹźĪǀźººŤřźě�źººƷ�Żř�ƿ�źººư� �
ê�çżƳō�Ŷůřƹ�ƿ�ƮTaq�Ƭěǀ���Żřźºưcl2Mg (25 mM)�Ƭƛ�Śºŝ�ºƔ�Ţ
ŚƸƳƾƿ�çƯ�ǀƬƾ���ŹǇƺƯç�åƯ�ǀƬƾ��ŹǇƺƯdNTP mix (100 mM each)�

���žĜſ�ƹæ�Ư�ǀƫƹźĪǀ��ƶƳƺưƳ�Żř�źŤ�ŚƷƽ��ƯƺºƳĥ�ƾ�������ƶºŝ�ƵŶºƃ�ũřźŴŤºſř�
ƶººƫƺƫ�ŚººƷƽƹŚººů�ƽĩźţ�ǀ�šŚººŞơƺººƟƶƟŚººƋř��ŶººƃƵŚĮŤººſŵ�Źŵ�ƹ��

�źƬƨƿŚſźŤƀƯ�Master cycler���Źřŵ�ƶºĩ�ƝƹŹŶºƴěř�řƽƹ�ƿ�ºĭĦƾ�
ſŹźŝƾ�ŵřźĭ�ƿŚƯŵ�ƱŚƾƿ��ƶºƯŚƳźŝ�ƢºŞƏ�ƹ�ŢƟźĭ�Źřźƣ�Ţſř��ƽŻ��ºƿ�ź

PCR���ƭŚŬƳř�Ŷƃ��ƶƬůźƯ��ƽ�Ʃƹř��æ�ƣŵ�ǀ���ŚºƯŵ�Źŵ�ƶƤƽ�îé��ƶºūŹŵ���ƽ�
ŤƳŚſƾ�����žĜſ�ƹ�ŵřźĭèå��������ƶºƬůźƯ�ƶºſ�ƪƯŚƃ�ƶųźģ�îé��ƶºūŹŵ���ƽ�
ŤƳŚººſƾ�ŵřźººĭ�èåƳŚŧ�ººǀ��ƶêìƶººūŹŵ��ƽ�ŤƳŚººſƾ�ŵřźººĭ�æƣŵ�ǀ��ƶººƤ� �
ìçƶººūŹŵ��ƽ�ŤƳŚººſƾ�ŵřźººĭ�æ�ƣŵǀ�ƶººƬůźƯ�ƹ�ƶººƤ�ƽººƸƳ�ŚƾƿŹŵ�� �
ìç�ƶºūŹŵ��ƽ��ŤƳŚºſƾ�ŵřźººĭ�řźºŝ�ƽ�êƣŵ�ǀ�ƶºƤ�ŢºƟźĭ�Źřźººƣ��řźººŝ�ƽ�

ŚƯŻō�ƭŚưţ�Źŵ�ŹŚĩ�ŢƫƺƸſƿ�šŚƄMaster mixƸţ�ǀ�Ŷºƃ�ƶ����žºě
�ƶưţŚų�Żř��ƽ�ƶƯŚƳźŝ�����ŹřŶƤƯ�è��Śţ�êƯ�ǀƫƹźĪǀ��Śºŝ�ƩƺƈŰƯ�Żř�źŤæ��Śºţ�

ç�Ư�ǀƹźĪƫǀ����ƶƳƺưƳ�ƅƺƈŴƯ�źƟŚŝ�Żř�źŤ�ŹřŸĭƽ�����Źŵ�ƹ�ƵŶƃ�ƍƺƬŴƯ�
���ŻŹŚĭō�Ʃĥæ����Ŷƃ�Ƶŵřŵ�Źřźƣ������Źřźƣ�Żř�žě��ƱŵřŵźĩŹŚƯ�Ư�ƺ�ƫƺºĪƫƾ��

����ĥŚŤƫƹ�Źŵ�ŻŹƺƟƹźŤĪƫříå����šŶƯ�ƶŝ�éê�ƣŵ�ǀ���Ŷºƃ�ƭŚŬƳř�ƶƤ�����Żř�žºě
���ƹŚºů�ƩƺƬŰƯ�Źŵ�Ʃĥ��ŻŹƺƟƹźŤĪƫř�ƶưţŚųƽ���ƭƺƿŶºǀţřŶǀƯƹźŝ�ê�å�

��Śţæ�Ư�ǀƯ�Źŵ�ƭźĭƹźĪǀƬƾ�ƫǀźŤ��ĬƳŹ�Ưōǀżƽ�ºƃ�Żř�žě�ƹ�ƀŢ�ƹ��ƺºƃ
����źƟŚŝ�Źŵŝ�ƹŹ�źƽ��řŹƹŚƯ�ƵŚĮŤſŵ�Ō��ſŹźŝ�ƂƠƴŝ�ƾ��žĪƗ�ƹ���Źřŵźºŝƽ�

Ŷƃ����
�ƭŚŬƳřLAMPźŝ��ƹŹƽƶƳƺưƳ��ŚƷƽŵŹřŶƳŚŤſř����ƂƴĩřƹLAMP�

�ŨĪţ�ŢƸū�ºǀ��������ƮºŬů�Źŵ�ǈƳƺưƫŚºſ�ƭƺºƳĥ�źçêƯ�ǀƫƹźĪǀ���ƭŚºŬƳř�źºŤ
ŢƟźĭ������ƪƯŚƃ�Ƃƴĩřƹ�źƷê�ææ�Ư�ǀƫƹźĪǀźŤ����Źżţ�źºƐƤƯ�śōƿ�ºƤƾ��

ê�ç�Ư�ǀƫƹźĪǀźŤ���źƟŚŝX�æå���ç�ƯǀƫƹźĪǀźŤ��řźě�Żř�ƿ�ŚºƷźưƽ��ºƬųřŵ�ƾ�
(FIP,BIP)���ê�å�ƯǀƫƹźĪǀźŤ��řźě�Żř�ƿŚƷźưƽ��ūŹŚºų�ƾ�(F3,B3)��

íżººƳō�Ŷººůřƹ�ƿ�ƮBst�Ƭěǀ��ŻřźººưBetaine�ŚººƸƳ�ŢƌººƬƛ�Śººŝ�ƾƿ� �



ƽŵřźƯ�źƨŝƺŝřƹ��ƱřŹŚƨưƷ��
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é�åƯ�ǀººƬƾ���ƩƺººƯç�åƯ�ǀººƬƾ�ƩƺººƯdNTP mix ��žĜººſ�ƹè�
ƯǀƫƹźĪǀ��ƶƳƺưƳ�Żř�źŤ�ŚƷƽ��ƯƺºƳĥ�ƾ��������ƶºƫƺƫ�ƶºŝ�ƵŶºƃ�ũřźŴŤºſř���ŚºƷƽ�

ƹŚººůƽĩźţ�ǀ�šŚººŞơƺººƟ�ƶƟŚººƋř��ŶººƃƵŚĮŤººſŵ�Źŵ�ƹ��ƥǈŝƺººƯźţ
�Thermo Block�Źřźƣ��ƶƯŚƳźŝ�ƢŞƏ�ƹ�ŢƟźĭ�ƽŻ��ºƿ�ź��Ƃƴºĩřƹ

LAMP���ƭŚŬƳř��Ŷºƃ��ºƬůźƯ��ƶ�ƽř��Ʃƹëåƣŵ�ǀ�Źŵ�ƶºƤ�ëê�ƶºūŹŵ��ƽ�
ŤƳŚººſƾ��ƶººƬůźƯ�Źŵ�ƹ�ŵřźººĭ�ƽ�ƭƹŵ�æåƣŵ�ǀŹŵ�ƶººƤ�íçƶººūŹŵ��ƽ�
ŤƳŚſƾ����Źřźƣ�ŵřźĭŢƟźĭ����ƶưţŚų�Żř�žě��ƽ������ŹřŶºƤƯ�ƶºƯŚƳźŝ�è����Śºţ�ê�

ƯǀƫƹźĪǀ�����Śŝ�ƩƺƈŰƯ�Żř�źŤæ���Śţ�ç�Ư�ǀƹźĪƫǀ�������ƅƺƈºŴƯ�źƟŚºŝ�Żř�źºŤ
ƶƳƺưƳ�ŹřŸĭƽ���������ŻŹŚºĭō�Ʃĥ�Źŵ�ƹ�ƵŶƃ�ƍƺƬŴƯ�ç������Ŷºƃ�Ƶŵřŵ�Źřźºƣ��

�����Ʊŵřŵ�Źřźƣ�Żř�žěŹŚƯźĩ�Ư�ƺƫƺĪƫƾ������ĥŚºŤƫƹ�Źŵ�ŻŹƺƟƹźŤĪƫř��íê���ƶºŝ�
��šŶƯéê�ƣŵ�ǀ��Ŷƃ�ƭŚŬƳř�ƶƤ����������Źŵ�Ʃĥ��ŻŹƺºƟƹźŤĪƫř�ƶºưţŚų�Żř�žě

ƹŚººů�ƩƺººƬŰƯƽƯƹźŝ�ººǀŶƭƺƿŶººǀţř���ê�å�Śººţ�æƯ�ǀ�Źŵ�ƭźººĭƹźĪ
ƯǀƬƾ�ƫǀźŤ��ĬƳŹ�Ưōǀżƽ����ƃ�Żř�žě�ƹ�ƀŢ��ƹ��������źƟŚºŝ�Źŵ�ƺºƃ�ºŝ�ƹŹ�źƽ�

řŹƹŚƯ�ƵŚĮŤſŵŌſŹźŝ�ƂƠƴŝ�ƾžĪƗ�ƹ��ŹřŵźŝƽŶƃ����
��

�ƩƹŶūæ���ƾƫřƺţĭŻŚƛōź�ƽŚƷƵŵŚƠŤſř�Ƃƴĩřƹ�ƽřźŝ�ƵŶƃ�PCR��
��

ƞƿŵŹ��źĭŻŚƛō�ƭŚƳ��ƾƫřƺţ���ƵŻřŶƳř(bp)���ƵŻřŶƳř�ƩƺƈŰƯ�ƽƵŶƃ�ƵŶǀƫƺţ�(bp)�Źŵ�
PCR���

æ��èS��5'-CTTGCTATGGAAGACATAACGAACC -3'��çê��
ç��éS 5'-CGTCTCCCATCAAAAGCTCCATAGA -3'��çé��

çêí��

è��æçS 5'- GTATTGTTGATTAATGAGATCCG-3'��çè��
é��æèS 5'- ATATTACGCACGGAAACACGTT-3'��çç��

èìè��

��
�ƩƹŶūç���ƾƫřƺţźĭŻŚƛō�ƵŶƃ�ƵŵŚƠŤſř�ƽŚƷ�Ƃƴĩřƹ�ƽřźŝLAMP��

 

ƞƿŵŹ��źĭŻŚƛō�ƭŚƳ��ƕƺƳ��ƩƺƏ��ƾƫřƺţ��
æ��

FIP 
Forward-inner (50-F1C-

TTTT-F2�30) 
46nt(F1C, 22nt; F2, 

20nt) 

5'-   
GACGGCTGGTACTGATCGATAGTTTTTCA

ACGTTTCCTGCGG -3' 
ç��

BIP 
Backward-inner (50-B1C-

AAAA-B2�30)��
45nt(B1C, 21nt; B2, 

20nt) 

5'-   
CCGGTGAAATTATCGCCACACAAAACCCA

CCGCCAGG -3' 
è��F3 Forward outer 22nt 5'-GGCGATATTGGTGTTTATGGGG -3' 

é��B3 Backward outer 20nt 5'-AACGATAAACTGGACCACGG -3' 

��

��
�ƪĪƃæ��řźěƿŚƷźưƽůřźƏ�ƾŻř�ƵŶƃ��Ʊĥ�invA�řźŝƽƴĩřƹ�ƭŚŬƳř�Ƃ LAMP��



ƶƀƿŚƤƯ�ƾƫƺƨƫƺƯ�ƁƹŹ�ƹŵ�ƽ���
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ƿƶŤƟŚ�ŚƷ��
������ƪĪººƃ�Źŵ�ƶººĪƳŚƴģçŵ�ººƿººƯ�ƵŶƾ�ŤƳ�ŵƺººƃǀƶººŬ�ƽººſŹźŝ�ƾ�� �

ƶººƳƺưƳ�řźě�ŢººƠū�ƹŵ�Śººŝ�ŚººƷƿ�ƭŚººŬƳř�ƹ�źººưPCRƫƺººưƘƯ�ƾ�ƹŵ�� �
�ƵŻřŶºººƳř�ƶºººŝ�ŶººƳŚŝ��ŚººƷƽ�èìè�ƹ�çêí�ƵŶƷŚƄºººƯ�ŻŚºººŝ�ŢºººƠū�� �

ŵźĭƿ�Ŷ���ǈƳƺưƫŚſřƿ�ºŤƴƠƴǀ��ž����ŚºƳřƹŚƷ�ǈƳƺưƫŚºſ�ƹ��Śºŝ��řźě�ƿźư�ŚºƷƽ� �
� �

æè-Sæç S��Ʊĥ�ŽŚººſř�źººŝ�ƶººĩinvAººůřźƏ�ƾ�ƵŶººƃ�ŚƯ�ŶººƴƳ� �
ŵƿ�ƺſ�źĮƿƶ�ŚƷ����ŶºƳŚŝ�èìè��ř�řŹ�ƿ��ŵźĩ�ŵŚºŬ�ŶºƳ���ŚºƯř���Śºŝ��řźě�ƿźư�ŚºƷƽ� �
é-Sè SƷǀŶƳŚŝ�Ģƽƫƺţ�ǀŶƳŵźĪƳ�Ŷ�ƫŚů�Źŵ�ƾ�ř�ƶºĩ��ºƿřźě�Ʋƿ��ŚºƷźư� �

ŵ�Źŵƿƺººſ�źººĮƿƶ��ŶººƳŚŝ�ŚººƷçêíƫƺţ�řŹ�ŻŚººŝ�ŢººƠū�ººǀŶººƳŵƺưƳ�Ŷ�� �
��ƪĪƃç�����

��
��

��
��
��
��
��
��
��
��

��
bp                                                                            �èìè�� ���
bp                                                                            �çêí�� ���

�ƪĪƃç��ƩƺƈŰƯ�ŻŹƺƟƹźŤĪƫř PCR �Ʊĥ�ƽřźŝinvA�ƽŚƷźưƿřźě�Żř�ƵŵŚƠŤſř�Śŝ�S12��S13�ƹ�S3��S4���
æ����ƾƠǀţ�ǈƳƺưƫŚſ�ç����žǀŤƴƠƴƿř�ǈƳƺưƫŚſ�è���žƿŶǀŤƿźŤƴƿř�ǈƳƺưƫŚſ�é�ſ���ŚƳřƹŚƷ�ǈƳƺưƫŚê���ƾƠǀţřŹŚě�ǈƳƺưƫŚſ�A�� �

ë���ƾƠǀţřŹŚě�ǈƳƺưƫŚſ�B��ì��ƾƠǀţřŹŚě�ǈƳƺưƫŚſ�C��í��ƾƠƴƯ�ƩźŤƴĩ���ƱƹŶŝDNA���ƹî���źĩŹŚƯƾƫƺĪƫƺƯ���
��

����ƭŚŬƳř�Żř�ŶƘŝPCR���ƂƴĩřƹLAMP���Ŷºƃ�ƭŚŬƳř�����Ƹŝ�ŢºƸūǀ��ƶºƴ
řźººƃ�ƱŵƺººưƳƿ�Ǝ�ƂƴººĩřƹLAMPţ�ǈƳƺưƫŚººſ�ƭƺººƳĥ�Żř�ǀººƠƾ� �

��ƵŵŚƠŤſřŶƃ����ƭŚŬƳř�Żř�ŶƘŝ��Ƹŝǀƴƶ�ŻŚſ�ƽ�ŚƷƽ�ƭŻǇ���Ƃƴºĩřƹ����ƭŚºŬƳř�
�ƹ�Ŷƃ�ŚƷŶƳŚŝ�ƽ����ƳŚºŝŵźƳ�ŵŶºƘŤƯ�ƾ��ƬĪºƃ�ƾ��Śºŝ����ƵŻřŶºƳř�bpçéæ���ƶºŝ�� �

���ƵŶƷŚƄƯ�ǇŚŝŶƳŶƃ�������Śºţ�ŚºƯř�bpëåå�Ƴ�ºǀż��ƷŶºƳŚŝ�Ś��ƪºŝŚƣ���ƵŶƷŚƄºƯ� �
ƳŵƺŝŶ��ŚƷŶƳŚŝ�ƹ�ƽ�īŹżŝ��������ƛ�ŢºƬƗ�ƶºŝ�źºţ���ǇŚºŝ�ŢºƔƬƽ����ƪºŝŚƣ�Ʃĥ�

�Ƴ�ƵŶƷŚƄƯŵƺŞŶƳ��ř�ƿ�ř�ŵŚŬ�ºƿ������źºŝ�ŢºƫǇŵ�ŚƷŶºƳŚŝ�Ʋ�����Ƃƴºĩřƹ�ƭŚºŬƳř�
ƇŚƈººŤųřƾ�řŵŢººƃ��ƴĩ�ŹŵººƠƴƯ�ƩźººŤƾ�ŶººƣŚƟ�ƶººĩ�DNA�ƺººĮƫř�� �

ŵƺŝ�Ʒ�ǀ�ŶƳŚŝ�Ģƽ��őŹ�ƪŝŚƣ�ƿ�Ƴ�ŢŵƺŞ���ŶºƘŝ��Ƹŝ�Żř�ǀ�ƶºƴ����ŚºƯŵ�ƱŵƺºưƳ�ƽ�
ººŤƸŝ�ƂƴººĩřƹźƿŤƳ�ƲǀŚººƯŵ�Źŵ�ƶººŬƽ�ëêƶººūŹŵ��ƽŤƳŚººſ�ƾ��ŵřźººĭ� �
���Ż�ŶºƯō�ŢſŶŝ�ºƿ��ř�Źŵ�řź�ºƿ���Ư�ŚºƯŵ�Ʋ�ºǀ�ŨĪţ�Ʊřż�ºǀ��źDNA��řżºƟř�ƿ�Ƃ

Ưƾ�ƿ�řźŝ��ŶŝŚƽ������Ƃƴĩřƹ�ƱŚƯŻ�Ʊŵźĩ�ƆŴƄƯ�LAMP�ƱŚƯŻ���ŚºƷƽ�
ººƠƬŤŴƯƾ��èå��éêƹ�ëå��źººŝ�ŹŚººĩ�ƶººŝ�ŵŶººƃ�Ƶ���Źŵèåƣŵ�ǀƶººƤ��

ƫƺƈººŰƯƾƫƺţ�ººǀŶƄººƳ�Ŷ��Źŵ�éêƣŵ�ǀƶººƤ��ĩŶººƳř�ƩƺƈººŰƯ�ƾ�� �
ƫƺţººǀƹ�Ŷººƃ�Ŷ��Źŵëåƣŵ�ǀƶººƤ�Ư�ººǀ�źŨĩřŶººů�ƶººŝ�šǇƺƈººŰƯ�Ʊřż� �
ººſŹǀŶ��ŗżūººǀŢººſř�ƵŶƄººƳ�Ƶŵřŵ�ƱŚƄººƳ�šŚ��řźŝŚººƴŝ�ƿ�Ƃƴººĩřƹ�Ʋ



ƽŵřźƯ�źƨŝƺŝřƹ��ƱřŹŚƨưƷ��
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LAMP�Źŵ�ëêƶººūŹŵ��ƽŤƳŚººſ�ƾ���šŶººƯ�ƶººŝ�ŵřźººĭëåƣŵ�ǀ�ƶººƤ
Ƹŝǀƶººƴ�ŻŚººſƽ�Ŷººƃƹ�řźººŝ�ƽƶººưţŚų��ƽƳ�Ƃƴººĩřƹ�ººǀż�ƍƺººƬŴƯ�� �

ĩřƹƂƴ����šŶƯ�ƶŝ�æå�ƣŵ�ǀ����Źŵ�ƶºƤíç��ƶºūŹŵ�������ƽ�ŤƳŚºſƾ����Źřźºƣ�ŵřźºĭ� �
Ŷƃ�Ƶŵřŵ����

��
��

��
��
��
��
��
��
��
��
��
��

bp                                                                                                          �çéæ���
�ƪĪƃè���Ƃƴĩřƹ�ƭŚŬƳřLAMPƶƿƺſ�Śŝ��ƽŻŚſ�ƶƴǀƸŝ�Żř�ŶƘŝ�ǈƳƺưƫŚſ�ƞƬŤŴƯ�ƽŚƷƂƴĩřƹ�Ǝƿřźƃ����

æ����ƾƠǀţ�ǈƳƺưƫŚſ�ç����žǀŤƴƠƴƿř�ǈƳƺưƫŚſ�è���žƿŶǀŤƿźŤƴƿř�ǈƳƺưƫŚſ�é���ŚƳřƹŚƷ�ǈƳƺưƫŚſ�ê���ƾƠǀţřŹŚě�ǈƳƺưƫŚſ�A���
ë���ƾƠǀţřŹŚě�ǈƳƺưƫŚſ�B��ì��ƾƠǀţřŹŚě�ǈƳƺưƫŚſ�C��í��ƾƠƴƯ�ƩźŤƴĩ���ƱƹŶŝDNA���ƹî���źĩŹŚƯƾƫƺĪƫƺƯ���

��
ŚƤƯººƿƶƀ�ƽ�LAMP�ƹ�PCR���ŹŵLAMP�Ʊĥ�ŚººƸƴţ�invA�Źŵ�

ŚƷŻřŶƳřƽ�Ư�ƞƬŤŴ���Żř�bpçéæ���ŨĪţ�ǇŚŝ�ƶŝ�ǀ�Ư�źƾ�ƿ�ƫƹ�ŶŝŚƾ��Źŵ�PCR�
řźŝƽ���řźě�ŢƠū�źƷ�ƿ���ŚƸƴţ�źưƿ�����ºƯ�ƵŶƷŚƄºƯ�ŶƳŚŝ�Ĩƾ��ŵŵźºĭ���řźºŝƽ�
řźěƿŚººƷźưƽ�èS��ƹéS�ŶººƳŚŝ�bpçêí�řźě�ƹƿŚººƷźưƽ�æçS�ƹ�æèS�

��ŶƳŚŝbpèìè�Ư�ƵŶƷŚƄƯƾ�ŵƺƃ���ŹŵLAMPřźě�ƿ�ŚºƷźưƽ�ºůřźƏ�ƾ�
����ŨĪţ�ƶŝ�ŹŵŚƣ�ŚƸƴţ�ƵŶƃǀ���Ʊĥ�źinvA����ƹ�ŶƴŤƀƷ��ř�Śŝƿ�řźě�Ʋƿ���ŚºƸƴţ�ŚƷźư

�ǈƳƺưƫŚſŵ�Żřƿžƴū�źĮ�ŚƷƽźŤĩŚŝ�ƿŚƾƿŴƄţ�ǀƯ�Ƶŵřŵ�Ɔƾ�ŵƺƃ����
ŚƤƯººƿƶƀ�ƽſŚƀººů�ǀ�Ţ�Sensitivity��PCR�Śººŝ�LAMP�� �
řźŝƽ�Ƙţ�ǀǀ�ſŚƀů�ƲǀŢ��ŢƣŹ��ŚƷƽ�ƠƬŤŴƯ�ƾ���Ƹţ�ƭƺƳĥ�Żř�ǀ��Śºŝ�ƹ�Ŷƃ�ƶ
��ƱōPCR���ƹ�LAMP��Ŷƃ�ƭŚŬƳř�����ƫƹř�ŢºƔƬƛ�ºǀƶ��ƽ��ƭƺºƳĥ��æåë
ç�
���ƾƬǀƯ�Źŵ�ƾĜƧ��źŤǀƫ��ŵƺŝ����řźŝŚºƴŝ�ƿ�ř�Ʋ�ř�Ż�ºƿ���ƫƹř�ƭƺºƳĥ�Ʋ�ºǀ�����ƶºŝ�ƭřŶºƣř�ƶ� �
ƣŹǀƢ�ŻŚſƽ �Serial Dilution���ŢƣŹ�Żřæ�æå�Śţ�ì�æåŶƃ����Śŝ

řƿ��Ư�ƁƹŹ�Ʋƾ��ſŚƀů�Ʊřƺţǀ��ŢPCR���ƹ�LAMP��Ƙţ�řŹ�ǀǀ��ŵƺºưƳ�Ʋ��
�����ƪĪƃ�Źŵ�ƶĩ�ŹƺƐƳŚưƷé�Ư�ƵŶƷŚƄƯ�ƾ���ŵƺƃPCR�ŢƣŹ�Śţ�æåç
ç�

���ƾƬǀƯ�Źŵ�ƾĜƧ�źŤǀƫ��ţ�ǈƳƺưƫŚſ�ƭƺƳĥ�ŻřǀƠƾ��ř�ƶºŝ�ŹŵŚºƣ�ƿ��ŶºƳŚŝ�ŵŚºŬ� �
ŵƺŝ���Żř�žě�ƹ�ōƱŢƣŹ�Źŵ��ŚƷƽ�ºƷ�ƭƺƳĥ�źŤưĩ�ǀ�ŶºƳŚŝ�Ģƽ��ƵŶƷŚƄºƯ�
ŶƄƳ��ƫƹƾ���Źŵ�LAMP���Śţ����ŢºƣŹæå�ç������ƾºƬǀƯ�Źŵ�ƾºĜƧ���źºŤǀƫ���Żř

��ţ�ǈƳƺưƫŚſ�ƭƺƳĥǀƠƾ�����ºƯ�ƵŶƷŚƄºƯ�ŶƳŚŝ�ƾ��ŵƺºƃ���řźŝŚºƴŝƿ���ƁŹřżºĭ�Ʋ
ººƯƾ��ƁƹŹ�ƶººĩ�ŵƺººƃLAMP�ƶººŝ�ŢŞƀººƳ�PCRƫƺººưƘƯ�ƾ�Źŵ�

ŴƄţǀ�Śţ�ǈƳƺưƫŚſ�ƆæååŽŚƀů�źŝřźŝ��Ţſř�źţ��çç����
��
��
��
��



ƶƀƿŚƤƯ�ƾƫƺƨƫƺƯ�ƁƹŹ�ƹŵ�ƽ���
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��
��
��
��
��
��
��

����������������������������������������������������ƞƫř���� �� ����������������������������������������ś���������bp�èìè��
� ����������������������

�ƪĪƃé�ŚƤƯ�ƿƶƀ�ƽſŚƀů�ǀ�Ţ�Sensitivity��PCR��ƞƫř�ƪĪƃ��Źŵ�PCRƇŚƈŤųř�ŶƳŚŝ�ƾ�bp�èìèƯ�ƵŶƷŚƄƯ�ƾ�ŵƺƃ���ŚŝLAMP��ś�ƪĪƃ��Źŵ�
LAMP�ƭƺƳĥ�Śŝ�ƇŚƈŤųřƾƺĮƫř�ǈƳƺưƫŚſ�ƽ�ƾƳŚŝŵźƳƯ�ƵŶƷŚƄƯ�ƾ�ŵƺƃ����

æ���ŢŞŨƯ�ƩźŤƴĩ��ţ�ǈƳƺưƫŚſ�ƭƺƳĥǀƠƾ���ç���ŢƣŹ�æ�æåţ�ǈƳƺưƫŚſ�ƭƺƳĥ�Żř�ǀƠƾ��è���ŢƣŹ�ç�æåţ�ǈƳƺưƫŚſ�ƭƺƳĥ�Żř�ǀƠƾ��é��ŢƣŹ�è�æå�ƭƺƳĥ�Żř�
ţ�ǈƳƺưƫŚſǀƠƾ��ê�ŢƣŹ���é�æåţ�ǈƳƺưƫŚſ�ƭƺƳĥ�Żř�ǀƠƾ��ë��ŢƣŹ�ê�æåţ�ǈƳƺưƫŚſ�ƭƺƳĥ�Żř�ǀƠƾ��ì��ŢƣŹ�ë�æåţ�ǈƳƺưƫŚſ�ƭƺƳĥ�Żř�ǀƠƾ��í��ŢƣŹ�ì�

æåţ�ǈƳƺưƫŚſ�ƭƺƳĥ�Żř�ǀƠƾ��î��ƠƴƯ�ƩźŤƴĩ�ƾ���ŶƣŚƟDNAƯƺƳĥ�ƾ���ƹæå���źĩŹŚƯƫƺĪƫƺƯ�ƾ���
��

ŦŰŝ��
�����ƁƹŹ�ŚƷƽ��ŴƄţ�ƩƹřŶŤƯ�ǀ��Ƴ�ǈƳƺưƫŚſ�Ɔǀ��ƳǇƺƏ�ƱŚƯŻ�ŶƴƯŻŚƾ�

���řŹŚĩ�ŶƣŚƟ�ƶĩ�Ţſřƾƿ���ŴƄţ�ŢƸū�ƭŻǇ�ǀ�źſ�Ɔƿ�ř�Ɩ�ºƿ��źŤĩŚºŝ�Ʋƽ�
ººƯƾ�ŶººƃŚŝ��æê���ƁƹŹ�Żř�PCRƫƺººưƘƯ�ƾŴƄººţ�ŢººƸū�ǀƆ��

ŚſŚƴƃƾƿ��Ơţ�ƹ�ǀĨĪ�ǈƳƺưƫŚſ���Śſ�Żř�ƿ�źŤƳř�źźŤĩŚŝƹƿƶſŚ����ƵŵŚƠŤºſř�ŚƷ
Ţººſř�ƵŶººƃř�ƶººĩ�ººƿƳ�ƁƹŹ�Ʋǀƣ�Ʊřźººĭ�ƵŚĮŤººſŵ�ŶººƴƯŻŚǀ�Ţººư

ŚſƺƯźţƿ��ƶųźģ�ƹ�źƬĪ�ŚƷƽ��ºţŹřźů�ƾ��ƁƹŹ�ƹ���ŚºƷƽ�����ŢºưůŻ�źºě�
ŹŚĪƃō�ŻŚſƽ�Ţſř���ææ���ſŹźŝ�ƾ�ƁƹŹ��ŚƷƽ�PCR���źºſ�ơƺƟ�ƿ�Ɩ

�ƁƹŹ�ƶººŝ�ƭƺººſƺƯPCR �Real-timeŴƄººţ�Źŵ�ǀƆźººſ�ƿ�Ɩ
����Ƶŵřŵ�ƱŚƄƳ�ǈƳƺưƫŚſ��ƶĩ�ŢſřƯƾ��ŶºƳřƺţ��řŹŚºĩƾƿ�ŞºſŚƴƯ�ƾ��ƶŤºƃřŵ�

�ƫƹ�ŶƃŚŝǀ��ƵŵŚƠŤſř�ƵŚĮŤſŵ�ƲĪ����ƀºŝ�ƵŶºƃ�ǀ���ƣ�Ʊřźºĭ�ŹŚǀ����Ţºſř�Ţºư
�çæ���řźŝŚƴŝ�ƿ��������šǈĪƄºƯ�ƱŵƺºưƳ�ƖƠţźƯ�ŢƸū�ƲƁƹŹ�PCR��Żř�

�Ŷū�ƁƹŹƿ��ŶLAMP��Ŷƃ�ƵŵŚƠŤſř���LAMP��ŴƄţ�ƁƹŹ�ºǀƈƾ�

źººſƿƖ�źººţ�ƶƟźººƇ�ƶººŝ�ƱƹźººƤƯ�ƹ�źººţƽŢººſř��ººƤƤŰƯ�ǀ�ŢººƸū�Ʋ
ŴƄţǀ�ƺĪƬƯ�Ɔƫƾ��řźě�ǈƳƺưƫŚſ�ƿŚƷźưƽ��ºƠƬŤŴƯ�ƾ�řŹ������ŽŚºſř�źºŝ�
ŵŹƿƱĥ�ƞ�ŚƷƽ����ƵŶºƃ�ƶŤųŚƴºƃ�invA��invB��fiC-a�fiC-dT ��

tyv�prt � int-flom �ƹspvC�ºůřźƏ�ƾ�ºſŹźŝ�ƹ�ƾ�ƵŵƺºưƳ����ŶºƳř
�çë������ƁƹŹ�ŹŵLAMP�řźŝ�ƽ�ŴƄţ�ǀ�źſ�Ɔƿ����ƹŵ�Żř�ǈƳƺưƫŚſ�Ɩ

�řźě�ŢƠūƿ�ůřźƏ�źưƾ��������Ʊĥ�ŽŚºſř�źºŝ�ƵŶƃ�invA�������ƶºŝ�ŹŵŚºƣ�ƶºĩ�
ŚſŚƴƃƾƿ��ſ�ƕřƺƳř�ưƫŚ�Ư�ǈƳƺƾ���Ŷƃ�ƵŵŚƠŤſř�ŶƃŚŝ�ƹ�ŴƄţ�ǀ�ƀŝ�Ɔǀ�ŹŚ
źſƿƣŵ�ƹ�Ɩǀ�ƭŚŬƳř�ƢŢƟźĭ��çå�æí����
řƿ�ƁƹŹ�Ʋ���ŵ�ƶŝ�ŢŞƀƳ�ƿ�ƁƹŹ�źĮ��ŚºƷƽ��ƫƺºĪƫƺƯ�ƾ�řŹřŵ�ƽ�řżƯ��ºƿŚƽ�

ƀŝǀŹŚƽƯ�ƵŹŚƃř�ŚƸƳō�ƶŝ�ƶĩ�Ţſř�ƾ�ŵƺƃ����
LAMP����Ţſř�ŹŵŚƣ�DNA�����řŹŚºĩ�Śºŝ�řŹ�ƾƿ������řźºƃ�ŢºŰţ�ǇŚºŝ�ƿ�Ǝ

řźƃƿŚƯŵ�Ĩţ�Ǝƾƿ��Isothermal� ŨĪţǀŚưƳ�źƿ�ŴƄºţ�ƹ�Ŷǀ�řŹ�Ɔ
Ưƾ������ħŶƳř�ŵřŶƘţ�Śŝ�ƱřƺţDNA�����ŵƺưƳ�ƕƹźƃ�LAMP�Ťů�ƾ��ŹŵŚƣ�



ƽŵřźƯ�źƨŝƺŝřƹ��ƱřŹŚƨưƷ��
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��ŢſřDNA������Żř�źŤưĩ�Źŵ�řŹ�ë�Ĝĩ�ƾ����ŚſŚƴƃ�Ƃƴĩřƹ�ƍƺƬŴƯ�Źŵ�ƾƿ�
ŚưƳƿŶ������ƏƺºƬŴƯ�Ƃƴºĩřƹ�šǇƺƈŰƯƾ���Żř�DNA��ŚºƷƽ���ŹŚŤųŚºſ�

���ƵŻřŶƳř�Śŝ�źſ�ơŚŬƴſ�ŚƷƽ���ŚƷŹŚŤųŚſ�ƹ�šƹŚƠŤƯ�ƽ�����ŶºƴƳŚƯ�ƮƬĩ�ƪĭ�
�ƶƤƬů�Śŝ�ŚƷƽ�������Żř�ƶºĩ�ŵŶºƘŤƯ��ƩŚƈºţř��ºŝ�ǀ��ƫřƺºţ�Ʋƾ��ŚºƷƽ���ŽƺºĪƘƯ�
ŹřźĪţƽ��ƫřƺţ�Żř�ƾ�ƝŶƷ��řŹ��ř�ƿ�Ư�ŵŚŬƾ�Ƴ�ºƴƿŚư���ºŤů�ƶºĩ��ŶƾŻ�Źŵ��ºƿ�ź

Ưǀ��ŹƺºƳ�ęƺĪſƹźĪƽ����ºŤůřŹ�ƶºŝ�ƾ���ƵŶƷŚƄºƯ�ƪºŝŚƣ�����ƱŚºĪƯř�ƹ��ŶºƳř
ŴƄººţǀŝŚººŴŤƳř�ƆƾººƯ�ƮƷřźººƟ�řŹ�ƾ�ŚưƳƿŶººƴ�� LAMPƀººŝǀ�ŹŚ

ƇŚƈŤųřƾ��Ư�ƪưƗ�ƾ��Ż�Ŷƴĩ�ºƿ����Śºŝ�řźé�řźě�ƿ���������ƶºĩ�Ţºſř�ŹŵŚºƣ�źºưë�
ůŚƳǀƶ��ƽ�Ƴĥ�ƾ��ƫřƺţ�Żř�ƾ��ƹ�Ƃƴĩřƹ�ŻŚƛō�Źŵ�řŹ�ƝŶƷ�éůŚƳ�ǀ�Źŵ�řŹ�ƶ
Əƾ�řƹ�Ƃƴĩ�ƬƇř�ƾ�LAMP���ŚºſŚƴƃ�ŵŹƺƯ�ƾƿ����ŶºƷŵ�Źřźºƣ����ƁƹŹ

LAMP���������Ƴ�ŚƸƴţ�ƹ��Ţſř�ƱŚſō�Ʊō�ƭŚŬƳř�ƹ�ƵŵŚſ��ºǀ���řźě�ƶºŝ�ŻŚƿ���źºư
DNA�Ƭě�ǀ����Źřŵ�Ƃƴĩřƹ�ƍƺƬŴƯ�ƹ�Żřźưŵ��Ƴ�ƹ�ǀŻŚƽ���Śſ�ƺƯźţ�ƶŝ�ƿźƬĪ�
ŹřŶƳŵ��������ƭźĭ�śō�ƭŚưů�Źŵ�Ƃƴĩřƹ�ƹ�ƿ�ħƺƬŝ�Ś�ŚƷƽ��ºţŹřźů�ƾ���ƪºŝŚƣ�

�Ţſř�ƭŚŬƳř��ŝ�ƶ�ſƹǀ�ĩźţ�ƶƬǀ���Śŝ�ŜżƳōƿ��Ʈ��Źřŵźºŝ�ƶŴƀƳƽ�ŽƺºĪƘƯ���
LAMP���ƫřƺţ�Ţſř�ŹŵŚƣ�ƾ�ŚƷƽ�RNA����řŹŚºĩ�Śŝ�řŹ�ƾƿ���ŨĪţ�ǇŚºŝ��ºǀ�ź

ŚưƳƿ��Ŷ�î�����ŻŚſ�ŹŚĪƃō�ƱŚĪƯřƽ�ŤƳ�ǀƶŬ��ƽ�ŚƸƳ�ƾƿ����ŽŚſř�źŝ�Ƃƴĩřƹ�
��ŰƯ�ƱŶƃ�ŹŶĩǀ�����ƶƐſřƹ�ƶŝ�ƶĩ�Ƃƴĩřƹ�ƪưƗ�Ǝ��ƽ���ě�ƱŶƃ�ŵřŻō��ºǀ�ƹź
���Żř�šŚƠƀƟdNTP��ĩźţ�ƹ�ŚƷǀ�Ʊō�Ŝ����Śŝ�ŚƷƿƱƺ�ŚƷƽ�ƴƯ�ǀżƿů�Źŵ�Ʈǀ�Ʋ
�ř�Ƃƴĩřƹƿ�Ư�ŵŚŬƾ���ƫŚƳō�ƱŚĪƯř�ƹ�ŵŵźĭǀŚŤƳ�żƿŹ�Ū��ºƯ�ƱŚºſō�řƾ�ŚưƳ�ºƿ�Ŷ

�ř�ƶĩƿ���ŝ�Źŵ�ŵŹƺƯ�Ʋǀ��ƁƹŹ�ƭŚưţ�Ʋ�ŚƷƽ�ƫƺĪƬƯ�ƾ�ŨĪţ�ǀ��źDNA��ºŝ�ƾ�
ƔƳǀ���Ţſř�ź�æå����Ƴ�ƭŶƗǀ�����ƱŵƺưƳ�Ţƃźſřƹ�ƶŝ�ŻŚDNA�ƫƹř��ºǀ��ƹ�ƶ
Ťůƾ��Ƴ�ƭŶƗ�ǀ����ũřźŴŤſř�ƶŝ�ŻŚDNA�ƫƹř�ǀ���ºųźŝ�Żř�ƶƾ��ƶºƳƺưƳ���ŚºƷƽ�
ŝǀĥƺƫƺƿ��Ĩ��ŰƯ�ŶƴƳŚƯǀ��ŚƯ�ŢƄĩ�ƎƿƖ��Ưƾ���ŶƃŚŝ�çé��çè�����ƱŚºĪƯř

ŻŚſŹŚĪƃōƽ��ŚƸƳ�ƩƺƈŰƯ�ƾƿ��ƠŤſř�Śŝ���ƴĪţ�Żř�ƵŵŚǀ�Ʒ�ĨǀźŞƿ�ºſřŶǀ�Ʊƺ
�śƹźě�Śŝ�ŚƷƽ��Ƴ�žƳŚſŹƺƬƟ�ǀ����ŵŹřŵ�ŵƺūƹ�ż�çê���ŚƤƯƿƶƀ��ƽ��ŚºŤƳ�ƿ�Ū

řººƿƤŰţ�ƲººǀƤŰţ�Śººŝ�ƢǀƱŚƄººƳ�ƶŝŚƄººƯ�šŚººƤ��Żř�ƵŵŚƠŤººſř�ƶººĩ�ŵřŵ
řźěƿŚƷźưƾƿ����Ʊĥ�ŽŚſř�źŝ�ƶĩ��invA��ºůřźƏƾ��ƵŶºƃ���ŶºƳř���řŹŚºĩƾƿ�
ǇŚŝƾƿ��ŴƄţ�Źŵ�ǀ��ƁƹŹ�ƶŝ�ǈƳƺưƫŚſ�ƆLAMPŹřŵ�ƳŻ��Ŷƿř�řźƿ�Ʋ

��Ʊĥ�Żř�Ʊĥ�ŚƷƽ��ƀƯ�ƮƸƯ�Řƺ��źŤĩŚŝ�ƮūŚƸţ�Ʃƽ��ƩƺƬſ�ƶŝ��ŚƷƽ�ěř�ǀƬŤǀ�ƩŚ
Ţſř���ř�Źŵƿ�ƤŰţ�Ʋǀ���Śŝ�ƢŝƸǀ�ŻŚſ�ƶƴƽ��ŚºƷƽ��ŚºŬƳř�ƭ�����ºƏ�Źŵ�ƵŶºƃ�ƾ�

��ƂƴĩřƹLAMP��ŚƸƳ�ƱŚƯŻ�ƾƿ�ŴƄţ�ǀ�����ƶºŝ�ŢŞƀƳ�ƆPCR��ƀºŝ�ǀ�ŹŚ

��ƵŚţƺĩŵźĭƿŶ���ř�ƭŚŬƳř�ŢƸū��ƿ��ŚƷŹƺŤĩŚƟ�ŹŚĩ�Ʋƽ���źŧŒƯ�ŵ���Ƃƴºĩřƹ�Ź
�Şƣ�Żřǀ�żƳō�ƪƿ���ƮdNTP�řźě��ƿ�ŗŚŤŝ��ŚƷźưǀ���ƲDNA������ƱŚºƯŻ�ƹ�ƺºĮƫř�

�Ƃƴĩřƹ�ƭŚŬƳř�Ƹŝ�ǀƶƴ�ŻŚſƽ�ŶƳŶƃ������Ɓǈºţ�ƶºŝ�ŢŞƀƳ�ƶĩ���ŚºƷƾƿ���ƶºĩ�
�����ŴƄºţ�ƱŚƯŻ�ƱŵƺưƳ�ƵŚţƺĩ�ŢƸūǀ��źŤĩŚºŝ�Ɔƽ��ŚºƷƽŝ�ǀ�ŹŚºưƽ��Żř�řŻ
����ƵŚĮŤſŵ�Śŝ�ƶĩ�ǈƳƺưƫŚſ�ƶƬưū�ŚƷƽ���ƩƹřŶŤƯ�PCR���ƶŤƟźĭ�šŹƺƇ�

Ţſř����Ư�ƶūƺţ�ƪŝŚƣ�ƾ���ŶƃŚŝ�çë����řźºŝƽ��ºƫƹř�ǀ������ƹ�ƹŵƺºĩřźƷ�ŹŚºŝ�Ʋ
ƱřŹŚººĪưƷ�ŴƄººţ�ƶººŝ�ƭřŶººƣřǀ�ƁƹŹ�ƶººŝ�ǈƳƺưƫŚººſ�ƆLAMP�
ŶƳŵƺưƳ����ƱŚƯŻ�řźŝ�ƭŻǇƽ�ŴƄţ�ǀ���řŹ�Ɔ���ƭŚŬƳř�Żř�ŶƘŝ�ŻŹƺºƟƹźŤĪƫř��

îåƣŵ�ǀŶººƳŵƺưƳ�ƁŹřżººĭ�ƶººƤ���ƢººŞƏƿƶººŤƟŚ�ŚººƷƽ�řººƿƱŚººƤƤŰƯ�Ʋ�
ſŚƀººůǀ�Ţƀººţ�ŢLAMPƀººŝ�ǀ�Żř�źţǇŚººŝ�ŹŚPCR�ŵƺººŝ��řººƿ�Ʋ

������Ţƀţ�ƶĩ�ŵřŵ�ƱŚƄƳ�ƶƘƫŚƐƯLAMP�ƾƯ�����ŶºƳřƺţ�řźºŝƽ��ŴƄºţ�ǀ�Ɔ
źſƿ�����ſŚƀºů�Śºŝ�ǈƳƺưƫŚſ�Ɩǀ����ǇŚºŝ�Ţ��ŵƹŹ�ŹŚºƨŝ���řźŝŚºƴŝƿ��ŚºŤƳ�Ʋƿ�Ū

��ř�Żř�ƪƇŚůƿ�ƤŰţ�ƲǀƢ�řźŝ�ƽ�ſŚƀů�ǀ���Ţƀţ�ŢLAMP���ŚºŤƳ�Śºŝ�ƿ�Ū
řƿ������ŵŹřŵ�ơŚºŞƐƳř�ƱŚƤƤŰƯ�Ʋ�æî�������ƱřŹŚºĪưƷ�ƹ�ĬºƳřƹ�����ƶºŝ�ƭřŶºƣř

������ƁƹŹ�Śºŝ�ǈƳƺưƫŚſ�ƆŴƄţLAMP��ŚƤŝ�Źŵ��ºƿŚƽ����řŸºƛ�ŵřƺºƯ�ƾƿ�
ŶƳŵƺưƳ������ƱŚºƯŻ�ŚƸƳō�ëå�ƣŵ�ǀ������ŶºƳŵƺưƳ�ƁŹřżºĭ�řŹ�ƶºƤ���ſŚƀºůǀ�Ţ

LAMP������ƢǀƤŰţ�Ʋƿř�ŽŚſř�źŝæå��ŝ�źŝřźŝ��ºǀ���Żř�źŤƄPCR���ƭǈºƗř
Ŷƃ�������ƶĩ�ŶƳŵřŵ�ƱŚƄƳ�ŚƸƳō������Ʊĥ�Żř�ƵŵŚƠŤºſřinvA����ºůřźƏ�ŢºƸū�ƾ�
řźěƿ��ŴƄţ�Źŵ�źưǀ��řŹřŵ�ǈƳƺưƫŚſ�ƆƽƇŚƈŤųř�ǀǇŚŝ�Ţƾƿ�ƹ�Ţſř�
ƺſƿƶ�ŚƷƽ�ŵ�ƿ�źŤĩŚŝ�źĮ�ƿŚƾƿ������ř�Żř�ƵŵŚƠŤºſř�Śºŝ��ºƿ�����ƪºŝŚƣ�ŚºƷźĭŻŚƛō�Ʋ

ŴƄººţǀƳ�ƆººǀŶƴŤƀ��ř�ƶººŤŞƫřººƿŴƄººţ�ƶººŝ�ŹŵŚººƣ�ŚººƷźĭŻŚƛō�Ʋǀ�Ɔ
ƺſƿƶ�ŚƷƽ�����Żř�ǈƳƺưƫŚſ�ƞƬŤŴƯ�ƿ�ŶºĪƿ�Ƴ�źĮ�ºǀŶƴŤƀ���ŚºŤƳƿ�����Śºŝ�ŚºƯ�Ū
ŚŤƳƿ�ř�Ūƿ��ƱŚºƤƤŰƯ�Ʋ�Ƴ�ǀ����ŵŹřŵ�ơŚºŞƐƳřż�çå�������ƱřŹŚºĪưƷ�ƹ�řŹƺƯŚºĩŀř�
ř��ŴƄţ�ƶŝ�ƭřŶƣǀ�Śţƹźſ�ƆƿĚ�ŚƷƽ�ƠƬŤŴƯ�ƾ������ƁƹŹ�Śºŝ�ǈƳƺưƫŚſ�Żř�

LAMP���ŶƳŵƺưƳ�ƶūƺū�Źŵ������Źŵ�ŚƸƳōLAMP�ŤƳ�ǀƶŬ��ƽ�ŚƸƳ�ƾƿ��řŹ�
���ƉźƗ�Źŵëå�ƣŵ�ǀ��ŚƯŵ�Źŵ�ƶƤƽ�ëê�ƶūŹŵ���ƽ��ŤƳŚºſ�ƾ�����ŢºſŶŝ�ŵřźºĭ

ŶƳŵŹƹō���ƫŚů�Źŵ�ƾ�����Źŵ�ƶºĩ�PCR�����Żř�ŶºƘŝ�æçå�ƣŵ�ǀ����ŤƳ�ƶºŝ�ƶºƤǀ��ƶºŬ
�ºſŹǀŶƳŶ��Ʒ�ƲǀºƴĤư�ſŚƀºů�ǀ�ŢLAMP�řŹ� CFU/ml�æåè �ƹ

ſŚƀººůǀ�ŢPCR�řŹ�CFU/ml�æåë ŶººƳŵƺưƳ�ƁŹřżººĭ�ř�ººƿ�Ʋ
�řźŝ�ƱŚƤƤŰƯƽ������Ƃƴĩřƹ�ƱŚƯŻ�Ʊŵźĩ�ƵŚţƺĩ�LAMP��ŚƷźĭŻŚƛō�Żř�ƽ�

ƺƤƬůƽ��ƵŵƺưƳ�ƵŵŚƠŤſř��������������ƩƺºưƘƯ�ƱŚºƯŻ�ƞƈºƳ�Żř�źºŤưĩ�Źŵ�ƹ�ŶƳř



ƶƀƿŚƤƯ�ƾƫƺƨƫƺƯ�ƁƹŹ�ƹŵ�ƽ���
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ŴƄººţ�ƶººŝ�ŹŵŚººƣ�ƂƴººĩřƹǀŶƳŶººƃ�Ɔ��ř�ƶººŝ�ƶººūƺţ�ŚººŝƿŹŵ�ƶººĪƴ� �
řƿ�ƤŰţ�Ʋǀ���Żř�ƢŚƷźĭŻŚƛōƽ��ƺºƤƬů�ƽ�������ƳŚºƯŻ�Źŵ��ƵŶƄºƳ�ƵŵŚƠŤºſř�ƾ�

�ƳŚƯŻ�źŝřźŝ�ƹŵ�ƩŵŚƘƯƾř�ƶĩ�ƿŴƄţ�ŶƳŵƺưƳ�ƁŹřżĭ�ƱŚƤƤŰƯ�Ʋǀ�Ɔ
�Ŷƃ�ƭŚŬƳř��ŚŤƳƿ�ſŚƀů�Ūǀ��ŢLAMP���ƹ�PCR��ř�ƶŝŚƄƯ�ƿ��ŚºŤƳ�Ʋƿ�Ū

�ŵƺŝ�çì����
��
ŤƳǀƶŬ�ĭǀźƽ��

�����ŚŤƳ�ŽŚſř�źŝƿř�ŪƿƤŰţ�Ʋǀ�ƁƹŹ�Ƣ��ƾƿŚºƯŵ�ƮºƷ LAMP �Źŵ� �
ŚƤƯƿ�Śŝ�ƶƀ PCRřźŝƽŴƄţ�ǀţ�ǈƳƺưƫŚſ�Ɔǀ�ºƠƾ�ŵ�ƕřƺºƳř�ƹ�ƿ��źºĮ
řƺƗ�ƳƺƠƗ�ƪƯƾ�źſ�ƿƖ��ƱřŻŹř��źţ����ƇŚƈºŤųř�ƹ�źţƾ����źºţ�ŵƺºŝ��żƯ�ºƿ�Ţ
ŵƿ�ř�źĮƿ���ĮŤƀŝřƹ�ƭŶƗ�ƁƹŹ�Ʋƾ��ƶųźģ�ƶŝ��ŚƷƽ�ŚƯŵ�ƾƿ���ƵŚĮŤºſŵ�ƹ��

�ƣ�ƱřźĭǀŢư�ţŹřźů�ƾ��ŚſƺƯźţƿźƬĪ����ƵŵƺŝƶƧ��Śū�ƶŝ�ƽ�Żř�Ʊō��ºƿ�Ĩ
�ţŹřźů�źŤƀŝƾ�ƀŝ�ǀ������ƱřŻŹř�ƹ�ƵŵŚſ�ŹŚ����ƵŵŚƠŤſř�ŹƺƄĩ�ƪųřŵ�ŢųŚſ

Ŷƿŵźĭ��ƴŝ�řźŝŚƿ��Ʋ�ƾƯ�ŵŚƸƴƄǀě��ƹŹ�ŵŵźĭ�ř�Ɓƿ�ƩŚºƯźţƹż�LAMP�řŹ�
ŝƶ���ŴƄţ�ƁƹŹ�ƱřƺƴƗǀ�ƫƺĪƫƺƯ�Ɔƾ�źſ�ƿƖ��ƣŵ��źţǀƢ����ƱřŻŹř�ƹ�źºţ���źºţ

�ƶƀƿŚƤƯ�Źŵ�����Śŝ�ƽPCR��������ŚƯŻō�Źŵ�ƵŵźŤƀºĭ�ŵźŝŹŚºĩ�Śºŝ�ºƿƵŚĮƄ��ŚºƷƽ�
ŴƄţǀƈƾ�Īƃżě�ƾ�Īƃżě��ƾ�ƳƺƳŚƣ�ƾ��ŻŹƹŚƄºĩ��ƽ��ƤŰţ�ƹ�ǀ�ţŚºƤƾ��ƹ�
Ťůƾ�ōŚƯŻƿƵŚĮƄ�ŚƷƽſ�ƹ�Ĩģƺĩ�ǀ�ŹŚŵźŝ�ŹŚƨŝ���
��

ƹ�źĪƄţ�Ƴřŵ�ŹŶƣƾ��
�������ŻřƫƺŘƀƯǀƲ��ƭźºŤŰƯ�����ŚºƤǀƤŰţ�żºƧźƯ������ƾƫƺºƨƫƺƯ�ƽĥƺºƫƺǀŝ�š

���ƶǀƤŝ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ř���ŪºƗ��������ř�ƭŚºŬƳř�ƩƺºƏ�Źŵ�ƶºĩ��ºƿ�Ʋ
ƤŰţººǀŚưů�ƢººƿŤƄººě�ƹ�ŢǀƳŚŞƾººƳřƹřźƟ�ƾ�ƩƹŸººŞƯ�řŹ��ƹ�ŶƴŤººƃřŵ

ƴĤưƷǀ�ƀƯ�ƲƺŘƫǀ��ƵŶĪƄƳřŵ�ƭźŤŰƯ�Ʋ��ƽ�ŻŹƹŚƄĩ�ƽ���ƱŚŬƳŻ�ƵŚĮƄƳřŵ�
Ƴǀ��ŹŚĪưƷ�źƏŚŴŝ�żƽ�ŚƷƽ��šŶƗŚƀƯ�ƹ��ŚƷƽ�������ƶºŝ�źĪƄºţ�ƩŚưĩ�ƭŻǇ�

Ư�ƪưƗƾ�ōƿŶ���
��

��

ƖŝŚƴƯ��
��

1- Zahraei T, Salmonella. Tehran: Tehran 

university publications; 1999. 

2- Collier L, Balows A, Sussman M. Topley and 

wilsons microbiology and microbial infections.  

London: Arnold; 1998. 

3- Soltani MJ, Shahhosseiny MH, shahbazzadeh 

D, et al. Selective Amplification of prt, tyv  

and inv A Genes by multiplex PCR for rapid 

detection of salmonella typhi, Iranian Biomed J. 

2005; 9: 135-8. 

4- Abhyankar A. Salmonellosis and its laboratory 

diagnosis 2002; Available from: URL: http:// 

www.Geoities. Com/ avinash abhyankar/  

5- Moore P. PCR: replicating success. Nature� 

2005; 435: 235-8. 

6- Hoorfar J, Ahrens P, and Radstrom P.  

Automated 5' nuclease PCR assay for 

identification of Salmonella enterica. J Clin 

Microbiol. 2000; 38: 3429-35. 

7- Figueroa-Bossi N, Bossi L. Inducible 

prophages contribute to Salmonella virulence in 

mice. Mol Microbiol. 1999; 33: 167-76. 

8- Kumar A, Arora V, Bashamboo A, Ali S. 

Detection of Salmonella typhi by polymerase 

chain reaction: implications in diagnosis of 

typhoid fever. Infect Genet and Evol. 2002; 2: 

107-10. 

9- Notomi T, Okayama H, Masubuchi H, et al. 

Loop-mediated isothermal amplification of DNA. 

Nucleic Acids Res. 2000; 28: e63. 

10- Mori Y, Magamine K, Tomita N, Notomi T. 

Detection of loop-mediated isothermal 

amplification reaction by turbidity derived from 

magnesium pyrophosphate formation. Biochem 

Biophys Res Commun. 2001; 289: 150-4. 

http://
http://www.Geoities.


ƽŵřźƯ�źƨŝƺŝřƹ��ƱřŹŚƨưƷ��
 

ƬŬƯƶ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽæìƵŹŚưƃ����ƽëì���ƱŚŤƀŝŚţíí 

75 

11- Nagamine K, Hase T, Notomi T. Accelerated 

reaction by loop-mediated isothermal 

amplification using loop primers. Mol Cell Probes. 

2001; 16: 223-9. 

12- Nagamine K, Kuzuhara Y. Isolation of single-

stranded DNA from Loop-mediated isothermal 

amplification (LAMP) products. Biochem Biophys 

Res Commun. 2002; 290: 1195-8. 

13- Demidov VV. A new use for old stuff: DNA 

hairpins in DNA amplification. Trends in 

Biotechnol. 2002; 20: 189-90. 

14- Kochl S, Niederstatter H, Parson W.  

DNA extraction and quntitation of forensic 

samples using the phenol-chloroform method 

and real-time PCR. Methods Mol Biol. 2005; 

297:13-30. 

15- Boom R, Sol CJ, Salimans MM, et al. Rapid 

and simple method for purification of nucleic 

acids. J Clin Microbiol. 1990; 28; 495-503. 

16- karami A, Ranjbar R, Ahmadi Z, Safari Z. 

Rapid detection of different serovares of 

Salmonella entrica by multiplex PCR. Iranian J 

Publ Health. 2007; 36: 38-42. 

17- Karami A, Morrovati S, Ahmadi Z, Safari Z, 

khalilpour A. Development of an ultra rapid and 

simple multiplex polymerase chain reaction 

technique for detection of Salmonella typhi. Saudi 

Med J. 2006; 27: 1134-8.  

18- Maeda H, Kokeguchi S, Fujimoto C, et al. 

Detection of periodontal pathogen Porphyromonas 

gingivalis by loop-mediated isothermal 

amplification method. FEMS Immunol Med 

Microbiol. 2005; 43: 233-239.  

19- Hara-Kudo Y, Kumagai S, Masuda T, et al. 

Detection of Salmonella enteritidis in shell and 

liquid eggs using enrichment and plating. Int J 

Food Microbiol. 2001; 64: 395-9. 

20- Wang L, Lei S, MJ A, Yuhuan G, Lin L. 

Specific and rapid detection of foodborne 

Salmonella by loop-mediated isothermal 

amplification method. Food Research 

International. 2007; 41: 69-74. 

21- Doran JL, Collinson SK, Burian J, Sarlos G, 

Todd EC, Munro CK. DNA-based diagnostic tests 

for Salmonella species targeting agfA, the 

structurral gene for thin, aggregative fimbriae, J 

Clin Microbiol. 1993; 31:2263-73.  

22- Hirose K, Itoh KI, Nakajima H, et al. 

Selective Amplification of tyv (rfbE), prt (rfbS), 

viaB and fliC genes by multiplex PCR for 

identification of Salmonella entrica serovars 

Typhi and Paratyphi A. J Clin Microbiol. 2002; 

40:633-6. 

23- Kaneko H, Kawana T, Fukushima E, Suzutani 

T. Tolerance of loop-mediated isothermal 

amplification to a culture medium and biological 

substances. J Biochem Biophys Methods. 2007; 

70: 499-501. 

24- Nagamine K, Watanabe K, Ohtsuka K,  

Hase T, Notomi T. Loop-mediated isothermal 

amplification reaction using a nondenatured 

template. Clin Chem. 2001; 47: 1742-3. 

25- Mori Y, Hirano T, Notomi T. Sequence 

specific visual detection of LAMP reactions by 

addition of cationic polymers. BMC Biotechnol. 

2006; 6: 3. 



ƶƀƿŚƤƯ�ƾƫƺƨƫƺƯ�ƁƹŹ�ƹŵ�ƽ���
 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽæìƵŹŚưƃ����ƽëì��ƱŚŤƀŝŚţ�íí 

76 

26- Massi MN, Shirakawa T, Gotoh A, Bishnu A, 

Hatta M, Kawabata M. Rapid diagnosis of typhoid 

fever by PCR assay using one pair of primers 

from flagellin gene of Salmonella typhi. J Infect 

Chemother. 2003; 9:233-7.  

27- Okamura M, Ohba Y, Kikuchi S, et al. 

Loopmediated isothermal amplification for the 

rapid, sensitive, and specific detection of the O9 

group of Salmonella in chickens. Vet Microbiol. 

2008; 132: 197-204. 



ƽŵřźƯ�źƨŝƺŝřƹ��ƱřŹŚƨưƷ��
 

ƬŬƯƶ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽæìƵŹŚưƃ����ƽëì���ƱŚŤƀŝŚţíí 

77 

Comparison of the PCR and LAMP Techniques in the Diagnosis of Salmonella Infection 
 

Moradi A1, Karami A2, Hagh Nazari A3, Ahmadi Z4, Soroori Zanjani R2, Javadi SM1 
1Zanjan University, Group of Biotechnology, Zanjan, Iran 

2Baqiyatallah University of Medical Sciences, Tehran, Iran 
3Zanjan University, Faculty of Agricultural Sciences, Zanjan, Iran 

4Molecular Biology Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran 
 

Corresponding Author: Karami A, Molecular Biology Research Center, Baqiyatallah University of Medical Sciences, 

Tehran, Iran 

Email: Karami@bmsu.ac.ir 

Received: 5 May 2008        Accepted: 18 May 2009 
 

 

Background and Objective: There are several techniques for the diagnosing of salmonella infectious. 

Several molecular methods such as PCR and hybridization assay have recently been used for the detection of 

this bacterium. However, these methods require precision instruments for amplification and complex 

procedures, which are the major obstacles to the widespread use of these methods in relatively small scale 

clinical laboratories, clinics and the filed laboratories. Recently, a new, rapid and sensitive technique called 

loop-mediated isothermal amplification (LAMP) was developed.  

Materials and Methods: In this study we used 7 different strains of salmonella to compare the PCR with 

LAMP method. For PCR test we used thermocycler, but The LAMP reaction can be conducted under 

isothermal conditions by using only one type of enzyme and four primers recognizing six distinct regions. 

The most important merit of this method is that no denaturation of the DNA template is required, so, 

technique is simple and no need to thermocycler machine and several temperatures cycles. 

Results: Conventional PCR method for the detection of Salmonella with standard thermocylcer takes 3 hrs 

but, with LAMP method we were able to amplify and detect the salmonella in very simple thermal block 

made in IRAN. After Optimization of the process it was possible to rapidly detect and identify Salmonella 

typhi bacteria within 90 minutes. This method was also 100 times more sensitive comparing to the PCR 

method. 

Conclusion: According to the results, comparing LAMP isothermal amplification method for detection and 

identification of Salmonella with conventional PCR we have been able to determine the simplicity, speed (3 

times) and the superior sensitivity(100 times) of the LAMP to PCR method. This Method is more simple, 

faster and cheaper (10 times). Another advantage is independence to cycle's temperature and thermo-cycling 

and replacement with one thermo block which is very simple, inexpensive and made in inside the country. 
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