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REEZL T A RAT ke T 2R Z— AAREERT % ERAMEM G XS AR (MMCA) 2 5 —F4t 2t @
BIRALEMGGHTHM T E, Aiast 3 MMETTER A 4 IR TEARNBFEARLA. FRAANT 11
AthAe 22 ARBURG G AZRE, Bat AT AUEN, A AR R R EARLE, AT ARG ARG
ARBZ KL, HHEERIT, 11 hatdhikde 22 AR TAI R E (MIC) A5 51 % 16 ~ 64 pg/mL F=
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Ko A e RARAT, A RRRENES, 23T —FALURALEEAE5HAA 4 MMCA ¥nlikz. =t
FAEMKRGEARBATTIEFERIE., TH 4 HETAFRFAAYREHSE, BEOAEABBEZFHKT
3.5°C, M EMREAATE 1.9%10° #NH/mL, PAEAKT 90%. £ 33 A aAhkGHERATY, d—RKMN5E A
M, FAK AWM —EFE A 93.94%(31/33), REMAIA A FHRL. AR A QARG R T4 £ E ety
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Abstract: With the increasing use of immunosuppressive agents and invasive surgeries, the incidence of invasive
fungal diseases is gradually increasing, leading to an increased prevalence of antifungal drug resistance due to exten-
sive use of these drugs. Candida albicans, in particular, has shown a gradual increase in resistance to azole antifun-
gal drugs, which highlights the need for early detection of drug resistance. Studies have indicated that resistance
mechanisms in C. albicans involve multiple factors, with hotspot mutations in erg/I being one of the main contribu-
tors to azole resistance. This study aimed to establish a molecular detection system using multicolor melting curve
analysis (MMCA) for azole resistance in C. albicans via genotyping four major mutation types within three hotspot

regions. A total of 11 strains of drug-resistant and 22 strains of drug-sensitive C. albicans were included. The correla-
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tion between fungal drug resistance phenotypes and genotypes was established by performing antimicrobial suscepti-
bility testing and identifying mutations in drug resistance-related genes. Drug susceptibility testing revealed that the
minimum inhibitory concentration (MIC) values for the 11 resistant and 22 sensitive strains were in the ranges of 16—
64 pg/mL and 0.5—1.0 pg/mL, respectively. Genotypic resistance analysis identified nine strains with mutations in
the erg//HS1 hotspot region, two strains with mutations in the erg//HS3 hotspot region, and no strains with muta-
tions in the erg/I/HS2 hotspot region. Based on this, a MMCA detection system was established to identify mutations
and wild types by designing pairs of specific primers and fluorescent probes, and screening for the optimal reaction
conditions. The performance of the MMCA detection system was evaluated and validated. All four mutation types and
the wild type were accurately genotyped, and the difference in melting temperature between them was more than 3.5
"C. The detection limit was as low as 1.9x10” copies/mL, and the amplification efficiency was consistently more than
90%. In a sample of 33 C. albicans isolates, the system exhibited a consistency rate of 93.94%(31/33) compared the

first-generation sequencing and did not show cross-reactivity among different species. The findings from this study
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provide insights for the early diagnosis of azole resistance in C. albicans infections.
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{7728 EL % (invasive fungal disease, IFD) & 45
HRERANE, TEAS BB SR h A S50, IF
FECEH LU 5 RAE SN B M. Bl AT B
TR UK S BT S e I R s AT 2 R R AR A
PETFAR | IS P BT 3 R (o0 FH S 1 1 T B8 1 S i
Jitkba, FECT A IFD RS At o Bk 2
e BRI Z —.

IR PR BRI, R — PP A BUR FLA
IR TN AP 24k, 9k UK
SWRWWAZIE 17 Fhz 2, i Sk m s &
UL, A7 65% ~70% P M2 IR IR YT A BR TR IR L 1)
w25, AR E B H I 14-0 ZH AL
fitt (CYP51) , Hi ergll JEHZwAS. HITHHK, hTFIE
AR F T, it s 2K 24 ) L TRT R RS g ot
TGRS, A PR L B 127 R R Pk AR, I
Bl X IR TA T LRI SE IR A, © 4R UESE T H
BTN 2578 (4 7 A 5 40 L TR 25 0 PR R DG R TR 1
ARG IS WS ERTA ergll P LAY HS X R
s RECR AR5 AR BT T HAS [F] A 5
AR TSI T AN R TR 24 22 R LA e ek v
1y 1l 485 7 ARSI TR IR T I A MR B 2 ¢
L

H H I AR b3t 3k 57 FH A S 24 0 TR R i A2 A
HE TR 25 O k. SR, X Rh i T B s ) A A
HMGEFE, B AP IR EH, TER TR R v 5 i R AR TS
yel2l AN, i+ R NGS (next generation se-
quencing) F¢ AL AT 1 FH T i 24 2 A8 B A (g Al {H
HRALTFH AR BB, W H A 5 0%, XHRAE B
Bl PR 2GR B R . L2t PCR (QPCR) J5 ik 1E
PCR &R Hhn AR T 9 G SE 1 () 45 Fh RS, 7Y

1 SO ek B O 5 S A 3G 0 R Y AR
i AE Ak, DI XS 52y A 22 EA T S W4, by vkl
AR MR, R [A) 4 (<3 h) |, PR HRAEREAIR
TRy Rl Ee, T LASCEE A shik, AEXTBAR AR,

Wl 73ISR 1 R, R R 22 i A 5 )
TIF A 0 3R D A 28 SR figp ke 22 o 5 R ARG DN 114 [+
AU B 2 AR 26 43 T (mulld-
color melting curve analysis, MMCA) $ AR & il ,
HAE PCR SE8J5 , 1801 552 A W 0 % B A8 Ak o i
B GTR EE AR AR DL , 15320 B Bl L AR Ak Y
KZ (EREHEfR L) , DOTAT ASRASERET S8 51)
AAC I IR (T) . SPOCIRET 5 A [F] A 8 471
ZeAEt, TR VERCARR LA R], JE NS DNA 1Y
BT, o T (AR, AR YE T, (B 22 70T
PASEEANTF] DNA LR SEE S5 X, R MMCA £
AR5 qPCR JriEfl e, BERE R FEIZM qPCR ik
P, NREXT SR A B s T A R X A3 RIS, AR
fii. Liao SF"85 G0 ILE G MIEE/E R 2D 4
i, IR 48 A NFEHRAZ IR 2 A8 kAT B A 43
AL AN A BRI R IEIE N SEH) PCR P& Hh ] Al
(AR AR AR, AT AT A4 A gz,

TaqMan #REFE—FPE WL K SEIRED , PG 5041
FRic oS AT K BE AL, 78 SO FE R e Bk )
BB i I A R 9. A MO SE R, TagMan 48
FEAAA] T S W D 2R il S 0y, 3 P A
XTRR R A Wi S 0 A5 1 T R Rl e 43 . H
I, BT TaqMan #REF Z EIEM L 2 i H T
2 705 i DR ARG ) A 35 PR 43 20231 il Wang 25200
I MMCA J7i: R RE 12 A4 T AESE SR NT
TIPRRAS 5 Xia S5V 2 05 A A o3 Hrx i
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ABEF) GOPD ZRAFIHAT T HER L.tk ml 0L, A
FeF HAGT 32 0 P25 8060 s, MMCA HiAR H
A RE S EAE B PIR S S, A E RS IR

PREGIER, i 285 105 -6l 5 S S g ik

W BB, IR ergl] FERBE R 3 HGS
RAR X (G KR 105 ~ 165, 266 ~ 287, 405 ~ 488) ).
T, ABFSEPREE T 1 R (ATCC 90028,
PIRFR WT) Al 3 AHGESAEX NI 4 Frosas il (L
T FR MT) AE A DU A8 55, % A8 AU AL §F Y132F
(A395T) . K143R (A428G) . S279F (C836T) . G450E
(G1349A) , H$E S A Fom G SRR, Fh5 N #
7% O R B S AR . AR SR S Ak 2 e g S R
WU PP 25 B0 UE T 1 o B T R 28 728 55 X 5 e s
(FZ) AR ST B (VOR) i 25 (1) AH 56 4 ?ﬁfﬁ%?
MMCA J5ikgar 7 — %ﬂF%ﬁE’J"?h?ﬁh N O
AR A A 2 A 38 1E - FAM @ﬁﬁﬁ?fuulﬂ
Y132F, ROX ﬁﬁﬂ%ﬂ“‘{ﬂll K143R, HEX il T
Rl S279F, CYS i FH T4 G450E. X iZ A Mi
RIAT T SPEREPEAL , SR A I 45 5 5 00 7
AT ICEL, SRR 25T 245 P 1) J%LMJHI
PRk

1 HESAE

1.1 # &

PR RIFRHEEBE ATCC 90028 | 251Ut ik 16
JE¥EHERE ATCC 22019 F1FH AR KIE A1 PR 73 25
BRI A S = R A7, TSR QlAamp DSP
DNA Blood Mini Kit i G T AZ R I, &350
(AR 5738 Ty 81 8 SR RN T A 5 | AR 4 el Rl A T
R A RS A A . 96 FLANMLES IRt (F JiE) |
25 mm x 0.22 pm £ 84 (F PES JEE) L 60 mm 4
JESFRIL , 3-NE R YA 52 (MOPS) | 5 494 , W F K7
SHE AP R AR A FL 2 x Pfu PCR TR 3457
(KP201) , 19 H KA A= AL BHE A PR 2S w. RPMI1640

BRI (k) , 1 A R R () AT BR 2 ).

L HE e (FZ) (= 98.0%) . {k 37 B M (VOR) ( =
98.0% ) , W [ Il hr T A= LRk 40 A5 B2 ).
1.2 EEENERNHE

PERUARSEI0 2 AR A7 1Y) 36 MR AIR TR I R 43125 PR AR
AR GRS, TEATRRIN R 4, 2L R AN T < IO
KiFRl) SDA Kigedt bRy skiE (B5g% 24 h) WA TS
2~3 A4, A 1.3 mL FiE A HCN 0.85% TR AR
ok, B 200 pL P 0.85% TG AE BRER KRR 5 1%,

FHCER AT DL AN S EBE TN E ODgoo, 715 BB
TN 0.5 Z FRIE (ODgo = 0.13) , IWER 7 #r F 15
ZERAT 15 s, B RPMI 1 640 532354 1000 35
(FeMiBE 10 15, FERERE 100 1) R L.
1.3 WEAFHEREINERRINERE

AR A R R E AT A 2 R
. R 0 I DR S 30 = bR HE AR 25 (CLSD) KA ) LT
2RISR (CLST M27, 2017 55 4 fiit; CLSI M60,
2020 #5 2 W), DB GEPRIT &R ATCC
22019) HXFHE, FZ F1 VOR N HFRZGW), FZ #FE
Fl 0.125 ~ 64 ug/mL, VOR L FI N 0.0313 ~
16 pg/mL (3328 2 FER6E) . A KX RO AN IR It i 245
YRGS IR, 25 U6 RO AU T 14 25 9 A
W. 35 CIHE 24h Je AT REE , P A0 B PR AR AT
AR B IR B, B A2 2 e 100 B A eI
I (minimum inhibitory concentration, MIC) .
1.4 MMCA #EiR# &

fdi FHFRHER R ATCC 90028 1y 7 Ak Al , fifi
FA A T A R AT B /G i) 2 28 B SR AR
N RAF IR, TR B 1.9 x 10" 3% D1 %/
mL, 3% 10 R, M 1.9 x 10° #2 D1 %y/mL ik
#) 1.9 x 10" ¥ D FUmL. FERRE BRI 3 4 FAT
FEAS , fift M i 58 5 6O B 1 (DeNovix , 22 )
Kl 5 )5 F - 20 CHRAT-
1.5 S|#FniREH&T

IYBITE ergll FER 3 APGERASX F kRS
POSAE N AR TR R 25 AR I FE 5, AR Primer
Premier 6.0, Beacon Designer 7.7 Fl Tm Utility v1.5 %
A XS AN S S P AN BT B I A2 Sehric iR,
W ergll (HS1 Y132F) Fl FAM 7&6HriC, ergll (HS1
K143R) il ROX % Ythric , ergll (HS2 S279F) H
HEX #¢6HRiC, ergll (HS3 G450E) il CY5 2¢)6kx
id. WIS Y FEREL P HITE Genebank H1ilf4T
Blast 43#7, HEFR 'ﬁﬁﬁﬁ%ﬁh%lﬁﬁﬂﬁ? M, e dERE
#@THE,#REW'\ SERA AR BSORE S 1Y

454 HE (AG<-18.83 kJ/mol) MRS IERCEE S fd i

LA | T (H2ZE IR ES | VAR G

AHIFSE 8 5 | AEE a2 1 R,
1.6 MMCA & REZRF

JT PR KEHSE DNA P8 T 584454,
AT = A SR I A5 5, AR T ARG
fitpi AR v H A, B RS | R P I A 2
SESCHUREEY R R . atiib)s, ER A4S
B 3h7¢tE & PCR {X SLAN-96P | T PCR #/"1%4
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Tab.l Summary of multiplex PCR primers and probes
PRI E0 bzl CEN 2R E/ (pmol/L)

NAGEE| GTTTCTGCTGAAGATGCTT 8.30
HS1 L5149 CATAGGAACATATCTTTTAAA 0.30
(Y132 F, Y 132F 4%+ TTGGACAATCATAAATAACCCCTTTAC 5'BHQ-1,3FAM 0.26
KI143R) K143R % AATTTAGCAAATTTTTTTTGTTCCATTAATCT 5'ROX,3'BHQ-2 0.40
HS2 EI5149) GAACGTGGTGATATTGAT 0.15
($279F) FALEIL| TGTTGACCACCCATAAGA 3.30
S279F 4t ATTTAATTGATTCCTTATTGATTCATTCAACT 5'HEX,3'BHQ-2 0.30
HS3 E5149) CTCCAGGTTATGCTCATA 0.15
(G4S0E) L1514 GTTCCCCAATACATCTATG 0.83
G450E #41 AGTTGATTATGGGTTTGGGAAAGTTTC 5'CY5,3'BHQ-2 0.15

AR Zen 0. A RNIARH 20 ul ) PCR
RAYM SuL 1 DNA Bitdi. PCR IR H
12.5uL /% FastStart Taq DNA Polymerase PCR
Buffer (LightCycler®480 Probes Master, &' [& |14
FR/ZST]) 125l 9 HS1 TF 514 (200 pmol/L) .
1uL /) HS1 K[54 (10 umol/L) | 0.8 uL A Y132F
BREF (10 umol/L) | 1.2 uL (YK 143R #R4F (10 umol/L) |
0.5 uL 4 HS2 1E[514 (10 umol/L) . 0.5 uL Yy HS2
I 5145 (200 pmol/L) | 1uL ) S279F # 4 (10
umol/L) | 0.5uL A HS3 IE 1 514 (10 umol/L) .
0.125uL 19 HS3 Szl 514 (200 pmol/L) . 0.5 pL £
G450E %1 (10 umol/L) 1 0.125 uL () DEPC H,0 4
B EALRTSCRHREE ] PCR /\#EHELA MiniPlate
T E WAL OHLES . 30s, I s F AR A1
TRAW PR, YIRS AR 55 1 BB
FFEPERTEL, 95 C R OREF 10 min; 55 2 BrBOWEIR
P EL, AR T, 55 1 2 95°CF 10, 55 2
53°CF 405, 5 2 BYBLARER 45 K, BHRAE 53 CHR
VTS5 H3 BRI Be, 95 CF 60,
SRIGTE 50 °C FARHF 120s, DL 0.04 °C/s A KM
50 CHHmEl 80 C, WAMPREEVOIF S e 4 Wi
BB HIBNEL, 37 C R4 10s. K H FAM,HEX,
ROX HI CY5 B HZEETES 2 BB 45 N 6 ER
(3R JOE TR A Mt 2 oA Rl g0 5%, a2l o
SERIRE 7 S8 (~dF/AT) 153 B i 2 DL & T,
(IR BT P B 1 &5 G i ol K| B S 2 A D N N Dy e =1
ST, RPN C R BRE, IF LK B B IR

1.7 SEEREERES T

AL A | B | R | AR
i DL HH 25 TR B0 EC TR R S S TR | T SR A
JCHE IR A I IR I A UL IR TR E N ) 22 Fh L
WA TSSO 525, DUFIBT MMCA J7 ik R 5

P R R T A 24T R AR S0 5 ORAE

T3 36 I AR S5 A A TRk 1) 24 B T
HH TR 24 DR AR RO BRI AR, SR )5 401 T MMCA 5%
A — AR 3 (R R R %o kA 7 6 DR 43 0. A
Y25 A R I i A e, Geit PRy R 2] iy
HRUREAR NG AERIFEAR 2252, 40T MMCA J575 11
BURME RS, Jorh, WU B S P8 Nk 2 B
AN PR IR JOR B BE 55 °C, A A i [R] %k 4
1 min, HA %M 2 x Pfu PCR FURIRFIHEA S5
.

F2 HEEBLERESW

Tab.2 Primers required for genotyping

POSEFEXIE | 519 L R IER
Hs1 EIA] GCAGCTTCATATGGTCAAC
I [ CATAACATTGGCAACCCC
HS2 EIA] CGTGATGCTGCTCAAAAG
| GCAGAAGTATGTTGACCAC
HS3 il | GTTACTAACCCATTAAGAATCCC
2 15] GCTGGTTCAGTAGGTAAAAC

1.8 MR 5> #hr

WA R AR B R B 9 ) SO AR A T A B A
B, IR 10 4%, N 1.9 x 10° #£ D1 5UmL i E:3
1.9 x 10" # D1EU/mL. i H MMCA Jr it A6,
AL ORI 3 WKEEA, L DEPC H,0O 1E MR
X AR
1.9 FiEMESW

3 3 AN [) e BE ) R A 48 5 O R TEA
MMCA 7256 AR ] 878 B B0, i - BA
o B A8 1 15 A R 28 M e BT A (1) JBobr AR AN
A3%E 4 AFEINEE S T PCR P73, 15 2N [R] B
WRET B CAH, LABUROR BE X B C B R e R itk
AT R 508, 15 B RNH B Co= kg X, +
b, WP MR E=1x10"-1. HPRAEMEL 3 4
S, LA DEPC HoO 1R FPEXT .
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2 HERE

21 HMEAZHBEERNASE

TAE TR i R AR Sy A7 0 200 AT 24 PR A T Bt
BT R, AT X SR E AN 36 PRASER
PRV TR A N2 O , 25O IS R g m
AEPRIS W2 3. ARG R SL B = hRiEfL 25 (CLSD &
A5 () L 2580 5635 # (CLSI M27, 2017 2% 4 WL,
CLSI M60, 2020 55 2 hi) , G455 (ATCC 22019) 1))
LN 0.5 ~ 4.0 ug/mL (FZ) 1 0.016 ~ 0.120 pg/mL
(VOR) , th3& 3 Hhah Rl A e i3 FE .

T &R E L FZ T 25 09 235 A5 i ol =
8 ug/mL, VOR i 24 i FISEAR #E 4 =1 pg/mL. 22 #k
(61.11% ) XTI 40K, HiAr 14 £k (38.89% ) X
AR 245 400 P SR T B T AS TR RE B2 R R AIG, 10 B
(27.78% ) FAAEZE X254 , 4 #k (11.11% ) FRH 3R
FEMETI 24, FZ i MIC {EPH 2 & T VOR. TAFN4EE S
RRWITE 14 PRI 25 SERTE T, W25 SR 11 4%,
U SIRE 2 R, PO EERIA 1| MR 225
RAFTEH MMCA K25 R HE1 7% e oA, LSS IE
MMCA AR

*3 WMASHKEASABER

Tab.3 Drug susceptibility testing results of drug-resistant
Candida albicans

— - MIC/ (pg/mL)
FZ VOR

ATCC 22019 | ¥#E¥FH |2 (22| 0032 | 0.032 | 0.032
YBO1 Hi&  |64|64|64 1 1 1
YB03 F& 132(32(32] 0.0625 | 0.0625 | 0.0625
YB04 Hi&  |64|64|64 1 1 1
YBO5 F& 132(32(32] 0.0625 | 0.0625 | 0.0625
YB08 Hi& |64|64|64| 4 4 4
YB09 Hi&  |64|64|64 1 1 1
YBI15 Hi&  |64|64|64 8 8 8
YBI8 M |32(32(32 1 1 1
YB22 Hi&  |64|64|64 1 1 1
YB23 Hi&  |64|64|64 1 1 1
YB26 Hi&  |64|64|64 8 8 8
YB31 VT |32(32(32] 025 0.25 0.25
YB33 I [16]16(16) 0.125 | 0.125 | 0.125
YB35 P |64|64/64| 4 4 4

2.2 ET MMCAWIRERTEEENER

R T ST — A ] — SN A PN R DX 4 11 Bk
B 4 PR RURIEF A B MMCA D5, ARG T
4 AT 4 TP LA A ERET FORE I 15 1. A6 D%
WAL R - % e 5 B S TP ARG, BT A
ORGSR A AE AR B , B S R 22 8] A B 3 e

Do, A5G AR BEAH L TP A B 2T BT T B
RIS MG &bl 2R AR T, [T E R
AL HT FR AT LIS SRR AR T, (HIT
Bk : BREFI SRR T fHYE 56.0 ~ 65.0 “C2Z (1] 5 X ;.
) Tw {H7E FAM @B Y132F FIEFA #5351k
58.0 ~59.0 ‘CHl 61.5~62.5C (& 1(a)), fE£ ROX i

400
|7,,=58.8 C T,=61.9C MT
350 WT
300 F NC
250 |
~
= 200}
i; 150
100 }
50 F
0.
-50 : : . . - -
50 54 58 62 66 70 74 78
i EC
(a) Y132F FUHFA I I A il £
800 — -
200 L 72=61.0 C 7,,=63.7°C MT
— WT
600 | NC
500 |
S 400}
53000
" 200F
100 |
0= ———J
-100F ) ) ) . . ,
50 54 58 62 66 70 74 78
REIC
(b) KI143R FlHF A= AU Ak it 2
150
T,=56.3C T7,=61.7C ——MT
120 F — WT
NC
90 b
~
=
= 60F
7
30F E
0=
-30 " " " " " " "
50 54 58 62 66 70 74 78
'”ﬁ(lJE/GC
(c) S279F FNMFH: 7Y (R 75 fifk Hh 26
400
T,=60.4C MT
320 | — WT
NC
o 240t
=
o L
< 160 T,-643C

SRV

0

50 54 58 62 66 70 74 78
B C
(d) GA4S50E FIMFH= R A A e it £
NC 7R AR B —dF/dT FoRSOGIAR TR I 5 S5
1 R MMCA AiEEEBRERE ergll RETLEER
Fig.1 Identification of ergl/l mutation types in Candida
albicans using the MM CA method
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1B K143R FIEFATL 535008 60.5 ~ 61.5 ‘CHI 63.5 ~
64.5°C (K] 1 (b)) , 7€ HEX i s S279F FIEFAE R )
Bk 56.0 ~57.0°CH 61.0~62.0C (& 1)), 1
CYS5 iHiEH G450E FEFAEL 508 60.5 ~ 61.5 ‘CHI
64.0 ~65.0 'C (K] 1(d)). mFARZEEERMES
FETESE PRI, BT L HEX 1 CYS B {551 i
55 T HADPIANEE , Sy TS b e X R ROR , 1
BT A 25 BE R A 3 8

S R —bric £ PCR ML, SRAIZOE
WA T (EAE N SRR IC B SR A R = T ] A
EEFRE PO JEAh, MMCA R Z I SATEFE
BORIRTHOCHRE A BT, A b X 4258 8%
%1 (FRET) f15>r T{E#5r#4] (molecular beacon, MB) ,
ABFFE B TaqMan K RAREN 5 T-E 1. 5754
MMCA 55 — D RER BRI A X FRY 3, X i 2
SRARZE i I, HEANTT BTSN A TR e i A,
2.3 ETF MMCA B98I R o #7

— R — Atz R I i, SR
U5t SRR R g 2% 12 , A i FREZC 1k 5], RPSRADL T 1E
HOANTP 1Y 27, 33U A% 1T — R (dANTP) , K it
14313@ DNA HEfrSFPEZAOl, NIMAR 785 B At

T — I E T B 36 MRASTRIAUE T T R Y %
JE, E**ﬁﬁfzﬁt%ﬁ% TEM 14 BRMRSTR 245 82K A D7
ZRNE 4,05 3 FHEASKE, A ASTE
FEl. &8 ergll JE[H Y HST . HS2 ., HS3 3 LS %
ARIX, WE R ergl] HS1 #US X AL 10 #k, H

x4 MHSHEAWAERBLEEER

Tab.4 Drug-resistant genotype identification results of
Candida albicans

- RAGE
AR —=
ergll HS1 ergll HS2 ergll HS3
YBO1 | F14: | Y132F(A395T) — G464S (G1390A)
S137S(C411T) ,
YBO03 & — —
A K143R (A428G)
YB04 | (1% — — G450E (G1349A)
YBO5 | 174 | K143R (A428G) — A434A (T1302C)
S137S(C411T) ,
YBO8 | & — V4371(G1309A)
Y132F (A395T)
YB09 | F7& | Y132F (A395T) — A434A (T1302C)
YBI15 | F74& | K143R (A428G) — G450E (G1349A)
YBI8 | H4& | Y132H(T394C) — A434A (T1302C)
YB22 | F14: | Y132F(A395T) — A434A (T1302C)
G464S (G1390A) ,
YB23 | F7& | Y132F (A395T) — ( :
A434A (T1302C)
G450E (G1349A) ,
YB26 | F7& | Y132F (A395T) — ( )
G464S (G1390A)
YB31 |5 — — —
YB33 | — — —
YB35 | it — — —

o1 B Y132H (S8 AR RY Fhaf Al B[] S 28 A8 sl Xt i
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Tab.5 Comparative analysis of first-generation sequence-
ing, antimicrobial susceptibility testing, and the

MMCA method
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Fig.2 Validation of the sensitivity of multiplex PCR us-
ing a series of dilution templates (with NC as the
negative control)
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