
 
������ �	
���������	� 
� ����� ��	
���������	� 

 
���� 
� � !"#$%&'()*+,-&./"0123456782+� !*9:;<2

=>�?@A8")BC@�D8EFG6HI+J;K#$%&"LMNOPQRSTU+

real-time PCR@VWX HRM (High Resolution Melting) YZ)[\+� !"#$%&
@'(6]8^_`^@'aTXEF"�? rpoB6* A516V+H526A+H526T+S531L+
A516G / S531L+katG6* S315T+S315A+mab-inhA 6*-15C / T+-8T / C+embB
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ISOPLANT (NIPPON GENE) )[\ DNA Ê(@ËW'uSTXE¥X DNA sample
" No.14-10+14-11+14-8+15-18+14-7+2X-1-14)bTU*+� ��	^wÌÍ«{



Xl"@ÎVTXE«w) Validation test @01D8X¤+ÀÁ¿ÂÃ 40 Ã�!Ã
No.2011029Ï2011068�@ blind sampleSTUÎVTXE 

 
Ð.DNA9Ñ�[ÒfghijkYZ 
� ÓgÔÅqSD8ÕÖ* rifampicin (RIF) %&)bcD8 rpoB+isoniazid (INH) %&
)bcD8 katG+mab-inhA+ ethambutol (EB)%&)bcD8 embB � �[Ò
streptomycin (SM) %&)bcD8 rpsL+rrs@�×STXEPCR6G{w"ÕÖ@9Ñ
TXÉ+F"9ÑØÙ@ QIA quick PCR purification Kit (Qiagen)@VWUÚÛT+fg
hijkÜÝVÞj¬ßgqSTXEfghijk* BigDye Terminators v3.1 Cycle 
Sequencing Kit (Applied Biosystems�@ÎVT+3130 Genetic Analyzer (Applied 
Biosystems) )[\àáâã@ä§TXEågÓ"YZ* GENETYX software ver8 
(Genetyx)@VWU01T+H37RvS"æçèjq)[\#$%&)b·D8de"x
é@ê§TXE 

 
ë.HRMYZ 
� HRM YZ"X¤" primer *+Primer3 software �[Ò LightCycler Probe Design 
Software 2.0 (Roche Diagnostics) @VWUìíTX 2)E¥X PCR"Ú<@î¤8X¤9
ÑØÙ"ïçð* 300bpñòST+HPLCÚÛ grade" primer@ÎVTXEReal-time 
PCR *óU LightCycler480 (Roche Diagnostics)@VWU01T+HRM Master Kit 
(Roche Diagnostics�)[\ÜÝô@õÛTXEHRMÜÝ)*+2öHRM Master 10�l+
Forward, Reverse primer (10�M) ÷ 0.4�l+MgCl2�25mM�2.4�l+PCR grade water 2.8�l+
template DNA 2�l@øùTÜÝôSTXE Real-time PCR69ÑÉ"ågÓYZ*+
LightCycler 480 Gene Scanning Software Version 1.5 (Roche Diagnostics) @VWU0
1T+#$%&)b·D8de@'(6]8^_`^'aTXE 
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HRMYZ"�?+rpoB6* A516V (GACúGTC)+H526A (CACúGAC)+H526T (CAC
úTAC)+S531L (TCGúTTG)"'(24vSK\+«w) S531L (TCGúTTG)S A516G 
(GACúGGC)" double mutation@ûü'ulxý)¿ÂD8GS26]X(Fig 1A)E¥
X katG6* S315T (AGCúACC)+S315A (AGCúAAC)+mab-inhA 6*-15C / T+-8T / 
C "de@F{þ{'(D8GS26] INH %&)bD8��Kde"'(l4v67
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"��6*+INH�[Ò SM6F{þ{ 1'u���	TX�?2¸w{X2�data not 
shown�+HRM YZSfghijkYZS"��6*óUmnTX�?2Aw{X



(Table1)E 
«w) blind sample" 40'u@VWU HRMYZ)[\ validation@01TX�?+

rpsL 6 K88R�AAGúAGG�+K43R�AAGúAGG�+katG 6 S315T (AGCúACC)+
mab-inhA6-15C / T"de@
 X 4'u@F{þ{'(D8GS26]+,-&./
�[ÒfghijkYZ"�?SlmnTUWX(data not shown�E¥X HRM YZ6

wild type DK��&Sê§«{X'u*+fghijkYZ"�?+HI" HRM Y
Z6��g6]8ÕÖ�6"mutation*��«{K^ XE 
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� !6* RFP%&Ã"� 95%ñ�) rpoB"e�2�¤w{+¦) Hot spotS��
{8 codon507^w 533"ÕÖ)de2��TU¸w{8GS2�^ UW8 3)EF"X

¤~B�6*LMN}��%&OP"xV&2�lîWS«{82+HIÎVTX 
primer set* hot spot@óU��gTU�\+RRDR (RFP resistant determining region) 
�"de@'(D8")xVKQRSyzw{8E¥X� !" INH%&*�) katGS
inhA " promoterÕÖ�mab-inhA�"de2bcTUW8S«{U�\+F"�6l katG
6* codon315"de2�lt>+inhA" promoterÕÖ678mab-inhA6*-24+-16+
-8 +-15 "de2tWS«{UW8 4)EmQ+EB %&)* embAB "de2b� UW
8Syzw{U�\+F"�6l embB" codon 306"de2�lt>+MDR-TBS"
b·&l��«{UW8 5,6)EF"X¤�K¿N indicatorS«{8 embB306@'(6
]8�R* �)xV&2îWSyzw{8E¥X SM %&)*�) rpsL S rrs 2bc

Fig.1 The difference plot curves of rpoB (A), katG (B), mab-inhA (C), embB (B), rpsL 
(E), and rrs (F). 



TU�\+rpsL6* codon 43" Lys^w Arg!"de2�lt>+�) SM"î<%&
!"bc2µ¶«{UW8Errs6* 513A / C"de2t>+SM"oß"#78W*�
ß"#"%&)bcTUW8S«{U�\ 7)+�R6*+SM%&)bcD8 rpsL�[Ò
rrs�6�l$<"îWmutation@'(D8GS24vSK XE�%"&)l� !"
#$%&SLMNdeS"b·&)�WU*'t>µ¶«{UW82+HI"0/(6*+

� !"��K 4#$"%&)bcD8de�6LMN�"�6+�l$<"îWS«{
8 position"de@'(D8GS24vSK XE 
HI01TX HRMYZ*+PCRÉ"9ÑØÙ@YZD8m�"QR67\+Ô)*"
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./ç0gf1jRK_23"de'(QR)�4Urs67\+¦e&+,<+J;&

K_"�6l5{XQR678E«w)67 probe@8�S9�+primerC"de":;
)^^�w�'(4v678GS^wpkq<=>g?jk"�6l5{U�\ HRMY
Z*� !"#$%&"LMNde@kh.g@jAD8")xVKQR678GS2B

C«{XET^T+� !"#$%&6*+8�TlDE"ÕÖ"¸2#$%&)b� 
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Table1. Mutations detected by HRM assay in rpoB, katG, mab-inhA, embB, rpsL and rrs

Target Location Nucleotide change Amino acid
change

Strain No

rpoB 516 GAC�GTC Asp�Val ref 14-8
526 CAC�GAC His�Asn ref 14-10
526 CAC�TAC His�Tyr ref 14-11
531 TCG�TTG Ser�Leu 2000009
531 TCG�TTG Ser�Leu 2008406
533 CTG�CCG Leu�Pro 2000201

GAC�GGC Asp�Gly
TCG�TTG Ser�Leu

katG 315 AGC�ACC Ser�Thr 2008406
315 AGC�AAC Ser�Asn ref 15-18
315 AGC�ACC Ser�Thr 2000201

mab-inhA -8 T�C (T216C) ref 2X-1-14
-15 C�T (C209T) ref 14-7
-15 C�T (C209T) 2009199
-15 C�T (C209T) 2000009
-15 C�T (C209T) 2009294

embB 306 ATG�ATA Met�lle 2000110
306 ATG�ATA Met�lle 2008406

rpsL 43 AAG�AGG Lys�Arg 2009294
43 AAG�AGG Lys�Arg 2000009
43 AAG�AGG Lys�Arg 2000201
88 AAG�CAG Lys�Gln 2008406

rrs 513 A�C 2009199
513 A�C 2000110

516 and 531 2000110
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