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315(G—>C)® £ A ,rpoB AL F 531,526,516 ® & X AT A 43 F = & Z 625K FskatG s F @B~ A &t 2%
K inh A 3§ 5308 B = A AR A 25 KR,
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Study on characteristics of drug resistance gene mutation in Mycobacterium tuberculosis
and its correlation with drug resistance level
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Abstract: Objective To analyze the mutation characteristics of rpoB,katG and ihnA of the first-line anti-
tuberculosis drugs rifampicin and isoniazid resistance genes and gene mutation sites and drug MIC, so as to
clarify the mechanism of drug resistance and guide medication. Methods Fifty-one strains of rifampicin-and i-
soniazid-resistant MTB were collected from June 2019 to June 2021 in Quanzhou First Hospital as the study
objects,and MTB resistance was rapidly detected by resuscitating the strains and using DNA microarray chip
technology. To analyze the relationship between gene mutation type and anti-tuberculosis drug minimal inhibi-
tory concentration(MIC). Samples with inconsistent susceptibility and microarray results were sequenced to
analyze for new resistance sites. Results Among the 51 strains of drug-resistant MTB, 1 strain was of rifam-
picin-resistant MTB, 2 strains were of isoniazid-resistant MTB,and 48 strains were of rifampicin-and isoniazid-
resistant multidrug MTB. The genotype detection of 48 strains of MTB by DNA microarray method found
that the most common mutation type in rpoB was 531 (C—T) ,the most common of isoniazide was katG 315
(G—C) ,followed by inhA-15 (C—T). 23 strains of MTB were subjected to MIC value susceptibility tests,the
results showed that 88. 9% of the 531(C—T) mutant strains had MIC >16 pg/mL.5.6% had MIC=16 pg/
mL,5.6% had MIC=2 pg/mL. 1 strain of MTB with 526 (C—T) mutant and 1 strain with 516(A—T) mu-
tant strains had MIC values >16 pg/mL. Conclusion The most common mutation type of rifampicin in
Quanzhou area is rpoB 531 (C—T) mutant, the most common type of isoniazid is katG 315(G—C) mutant,and
rpoB codon 531,526 and 516 mutation types have high resistance levels to rifampicin. katG develops high re-
sistance levels to isoniazid and inhA develop low levels of resistance to isoniazid.
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B8P ) 245 A 9 Y ™ TR . R 0L 4 i) MDR-TB & —
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BEH T DOTS WS S A 24 P45 4% 25 ) J sk 5 it
2 RERA T TR 2E T iR TR
UG T A B L 25 A% 9 B B E AT AR E TR T A
PEAT 25 %% 205 O B8 DLk A AR A9 1k T 2 Y F — 2B
AR ARHIEGE X4 A% 2 BT B (MTB) B i 24 5 [ A8
FEAE S DL R L 58 AR R AE 5 i 25 7K S A OC M ok #E 17 43
B LA T ff MTB [t 25 1] 5P A i R ek g
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1 #RERFZE
1.1 — g%kl $EE 2019 4 6 JJ & 2021 4E 6 H 7F
SR T B — 5 B K 6 B 28 46 % 24 B0 0 58 e D it A
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fts @ SlideWasher ™ WeT4% » 56 © W51 08 F 41 4
A K MITB i 245 356 PR A 0 38 7] 65 34 00 1 I ot 19 0 o
AR A RS A . PCR XA Sensititre® 45 1 25 i
My B 26 E PR R R B A R A F . MGIT 7 mL
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1.3 ik

1.3.1 DNA #BEHS R (1D DNA $EHC: 7] #% R
PEHUE A 50 pL AR B2 B - TR 59 1 3 A A
(LA 1A FE R D20 oL B RRAR IO . K
TR P HUAS B T A% R R 4 B e KA iR ¥ S
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b B A . PCR ¥ 3R #4818 pl 4 3%
T 200 pL B0 . WA . TE B A A XN
ABHR DNA, Bifk DNA A3 55 5 00 A 5 DNA (% R
FERCE TR A LT WO  FH AR X R S BB M R X
T 1R ) 3 45 T 4 i i A [A] — 4l DNA 4 20
plo P85 ¥EE 37 °C 600 5,94 °C 600 5,94 °C 30
$,60 °C 30 5,72 °C 40 s,4t 35 AMEFF;94 C 30 5,72

C 60 s,4L 10 MEF ;72 °C 420 s, (3) s 43 ¥
PIG A ) E T 95 CAR 5 min, VKIS
min, BUH 225 & il 4% 9l 4% 38 2% WP, A N ) 4
Byl im A F—F i PCR 74 1 F1 PCR =4 2
# 3 uL,PCR 4 1 fl PCR /¥y 3 % 3 pL. fEHH
TS0 R A S & AR A 200 pl Z808K . &5
A EIAEFLIMA 13,5 pL 2238 R TR A& 90, il 35
FAC & IF B, or BB 8 B AR a8 S KR A
50 °C A A FE R K VS B T L T 2% 28 A BB S T
120 min, #2238 N 25 oI5 4 2% 58 & /K7 B I
O B PR TS R R R L TR L BE 1 k.30 C
120 s; PR 1T 3% 2 ¥,30 “CL,60 s, ARG ELHLHE O
5 min, 8T . 77 TBMDRTest &4 10 min, ¥
R E AR ACE B R RS RS R T 4
R HNE

1.3.2 AR e BE (MIO) 25 5 5 vk f# ] Sen-
sititre MYCOTBI MIC #:#47 MIC il a2 36 . 554
I A6 W A 4 R S X BR ) MTB H37Rv 1 £k
(ATCC 27294) . 43 5IAKHE 1. 0 pg/mL F1 0.5 pg/
mL [ 1l B K - XF MTB i 25 1 2F 47 40 352, o
MIC=4 pg/mL Jy @i 25, MIC<<4 pg/mL Jhy fIk Tiif
7,

1.3.3 Bl RSO KX B b A AT 4%
NaOH/NaCl fif b # 5 Hefh AR 78 5 & T
MGIT960 #5540 5% . 25 BUA 50 /™ 1% i B8 36 [E BD
7y E) MGIT960 2 ¢ (148 A 20 BT I #E 47 S5 00 JWF ) 4
W BER R O TR A Fh—R P 2y i , 55 57
2G4 2K P43 5 0.1,1.0,1.0,5. 0 pg/mlL,

1.4 Zit2g4b 3 SR Excel 2007 JE17 50080 % A%
L] SPSS 22. 0 Ge it 3 kA7 B s o3 b . AR
A LABIECER E Ay H R AR EL AR T X K. DA
P<<0.05 hESAGIFEXL.

2 & ES

2.1 FRAKGMF MIC U E 2558 51 #kii25 MTB
R A 1 AR T A AR T SR 25 MTB, 2 AR T S5 10
Mif 25 MTB, 48 #k 1 1 48 °F . 5 M0 Bk 2 25 MTB, i@
X 23 PR £ 25 MTB Bk #F17 MIC 25 il 35 &
B X A AR SF M F . MIC > 16 pg/mL F 21 #k
(91.30%), MIC = 16 pg/mL A 1 ¥k (4. 35%),
MIC=2 pg/mL 47 1 #k (4. 35%) , A [ MIC fit £ 24
MTB B AR % F) 48 1 T 25 09 49 B be L 38, 22 5% A et
(X" =52.17,P<C0. 05) s X AT & - MIC>
4 pg/mL 45 10 #(43.48%) ,MIC=14 pg/mL £ 7 £
(30.43%) ,MIC=2 pg/mL A 1 ¥ (4. 35%),MIC=
1 pg/mL A 2 # (8. 70%) . MIC=0. 25 pg/mL £ 2
FR(8.70%) . MIC=0.12 pg/mL A 1 k(4. 35%) . K
[f] MIC Tif Z 25 MTDB & b %F S5 08 B i 245 59 44 B LL L
BOESAESIFE (X =6.72,P<0.05),

2.2 DNA G455 B ik g it DNA 7
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G Byl %t 48 kR 225 MTB $E47 5 B AUAG I , 45
R X R 48 F rpoB BE R M . A 6 KK Sk B A R
(12.5%) , 5545 L) 531 (C—>T) AR S £, 4 30 b
(62.5%) HoAx 4y Bl 516 (A —T) %€ 48 # 4 #f
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A5 1 RRC2.1%0) . 1R T REA S H  FI48-F rpoB
FHE PRUAS 7] 9 A8 TR0 TR bR A 49 B L EL 3G 22 R RTH R
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A)RAFT 3 B (6. 3%), —15(C—T) RAF R 5 #k
(10.4%).315(G—>C) Fl — 15 (C—>T) M A5 A 1 #f
(2.1%), S katG L inhA K& PR A /) 2 48 78 13 bk 79
PR LE B, 252 R A Gl 2 B L (XP =34.12, P<
0.05),
2.3 OR[EVKZ I 3% 7 ik % MDR-TB K U 45 3 /) o
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T A S D B RR A R LR, 25 R B ST
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£ 1 HBIEMIC E EESH EX MDR-TB il

BRI (%)]

Jrik i 1) 48 - 1 7 08 i ) 488 1 L S A
L il v 0€0.0) 0€0.0) 23(100. 0)
MIC 1(4.3) 0€0.0) 22(95.7)
L A 3(13.0) 0€0.0) 20(87.0)

2.4 FHE T 24 ik PR 58 SR RUAE R W] MIC | 43 A
L 88. 9% 531(C—T) KA W #k MIC>16 pg/
mL.5. 6% [ & #k MIC =16 pg/mL.5. 6% i #
MIC=2 pg/ml;4 ¥k 526 (C—T)ZRAZFIFI 1 ¥k 516
(A>T RAERE A MIC >16 pg/ml. W 2.
2 FEFIHHEEARTEISE MICHERD(%)]
MIC(pg/mL)

AR YR n

2 16 >16
531(C—>T) 18 1(5.6) 1(5.6) 16(88.9)
526(C—T) 4 0(0.0) 0(0.0) 4(100. 0)
516(A—>T) 1 0€0.0) 00.0) 1(100. 0)
il 23 1(4.3) 1(4.3) 21(91. 4)

2.5 SR 2 R I R AR SR B AE R [A] MIC (Y 43 A
THOL 66. 726 (1 B A= 7 28 A5 Bk MIC >4 pg/ml,
33. 3001 B A AU 8 AF T AR MIC=0. 12 pg/mL; 2 fk
315(G—>A) RAEME # MIC=0. 25 pg/mL.MIC=1
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£ 14k MIC=4 pg/mL Y 315(G—>C) ZE 45 14 bk 12

PR Ak 315(G—>O) RAEFMAY MIC=1 pg/mL;1 tk
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F3  REABMAEERETEIE MIC EXR(%)]

MIC(pg/ mlL)

GAFTY n

0.12  0.25 1 2 4 =>4
Lga g 3 1(33.3) 0€0.0) 0€0.0) 0€0.0) 0€0.0) 2(66.7)
315(G—>A) 4 000.0) 2(50.0) 1(25.0) 00.0) 0€0.0) 1(25.0)
315(G—>0) 13 000.0) 000.0) 1(7.8) 0€0.0) 6(46.1) 6(46.1)
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315(G—>0)
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—15(C—=D
&it 23 1(4.3) 287 28.7) 1(4.3) 7(30.4) 10(43.6)
3 it it

H A% MTB fif 25 9 & = 24 2 Fho ik, H
Wb Ry e RL R, 55 A — B b 3k ORI . X
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PR S IR 38 5 A 3R I w1 MIC, 5% & A i ok
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SRR PR R R EE . TR BU 2 25 MTB Xt A
R 24 A 2 S ) B T 2 8 B 4 R SR B Y T 22
2§ MTB #47 MIC W& . H B 02 2 i £ 25 MTB
B A ) 55 DR 58 38 AL L A K MIC #8728 Ak i . 3 A
B BT R R ROR AT A R A% G 2 0
565 1) — Fh b 78 T B 0 2 X ) A4 1 RS A U T 24 B
R B AGE I 5 DA T AT Bl A I AR n o] i 3T St A
SHER A AL IR T AR 25 5 &5 HE R H ATk
£ I e 20 {8 B9 RS I MUTB i 25 1 1 3 %52 5 15 . (B L
06 I A K A5 B A ali i B R ) O A T B 4 R A
) A REAF 2 25 L, IF H B 2 052 m IR 3=, BBt i
Ve, 552 T4

AW 5% % Sensititre MYCOTBI MIC #: il
DNA B 51 J RS Fr s 5 b vk 20 47 b xr, 45 21 i
R MIC 35 HBiE 1 75 4 % 95. 7%, X 5 RICH-
TERA %" 3% F MIC 3 BBFTE — 8, MIC i A
BRI — 2k . P AE X 2 1L R MIC, HoA
AR LAk A R TS B A I R 5 AR B A it 25 1%
BLUAE G R IR 7 . sk I O R A A R R
87. 0% -3k 52 PR 56 F 3L I A H R 7 2 A AT
PR b 68 R 245 1 43 BT v 2 R F 98— B, DNA %
W 1) 5 RS 9 A 6 o 0 R R R AT L o R T 2
SEAZ AT BOFE R ) R A

AHIF 7T 45 F 3B . 88. 9 Yo ) 531 (C—"T) Tii 1] 45 °F-
FEASE R MIC>16 pg/mL,5. 6% 531 (C—>T)fif
FHE - 58 45 B bk MIC=16 pg/mL.5.6% K 531(C—
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T 1 F 48 7 5 22 B Ak MIC=2 pg/mL. 4 fk 526 (C—
TOZRASRIA 1 #k 516 (A—T) 548 B 5 MIC>16,{H
TR CE R R RS 2 R R L& %+ 511 Al
533 MK MIC., HHFFE KM, %4+ 531,516,526
& AR B MTB R A1 4 - 7 Az v i 24 7K P 19 4 D 58
AR, 511 1 533 %A% A Al BE 47 AR A R AR Y
TR 25K . %t 4S8 9% BR 19 MTB, #1453 B oA
FEHRBEAE . FIAEF- 250 1) DNA M RNA
B I S e 25, A RNA R A il 55 A
[ 81 Fig He Xof X rp iy 98 48 rpoB (% i 507 ~533)
2 T ) T A7 s HCE BT AT R A ST T 24 TR AR Y L
B=>95 %" . AW 5T 45 5 & B, X 46 P rpoB 3 A
M5 BH WA R AR AR 531 (C—~>T) RAZ AL, Hik
JE516(A—>T).526(C—>T).526 (C—>G) 54, 4
ST s , 7E S5 79 FFH ULAY 531 (C—>T) R A8 I & AE
RRDR W2 51 1 e 3 WL R A8 . ZAW 2510
98 45, rpoB 531(C—T) B W B B A% 1 ik &
ZPE (SNP), 1fif % 5 1 526 MRS S 2 % Wy
SNP, B 75 [a] — A~ 8 58, 5 T A 48 - AH 5C B9 rpoB 3
HRABWARKZER.

fif 2255 MTB H#E DNA f B4 51 5 RS Forpoxd 56
T 500 BETT 25 89 katG 1 inhA 3L A&, katG H
F 2223 bp MKEIFAHBMSEEREIR G A
A . katG 5 N o5 35 o 19 28 A8 2 7E % 5% ¥ 315
(Ser315—>Thr; S315T) &b Ay B AL, & BLEH7E 4090 ~
90 Yo Iy T 55 40 JDE I R MTB 43 85 Bk v % A=, B L A
AR ARICT . T inhA & FAS-1I R4 W
I T RE- I8 5 301K 2B 11 CACP) 38 5l b 72 5
ACP #2114 A KR 5 R B 1 55 — 7 B NADH 4Kt
PEIR R, By 5 K0 R 76 36 97 45 40 FR A T Y s
inhA I R IE 19 B AR R I 4 R A B E
RASKAYIE 315(G—>C) AR, IR 5 & — 15(C—>T)
RAST LR 315(G—A) RS AL, ib A7 3843 g 315
(G=>C)F—15(C>T) WRAER . 50 % ~95 % Hifif 5
JH IR A7 7E katG JE R S 058 315 &I P48,
20 Y0 #0135 Y6 it S HR EAR Hh A7 7E 2 inh A J1 48 X 1) 28
A%, BH UL inh A 548 & AEAE CI5T i 45, & 76 H
a2+ X, X — M ST 25 ) BT OC . inhA 465
X 9 A48 1) A AR A 2 3 A X6 S 0RO P AR 7K ST T 2

AWFFTEE R BoR S F 531,516,526 A RERE T
FH MTB X F) 45 F 7 A= s i 25 PF B9 5 L 58 A8 R AL,
katG315 55 540 Wk 19 /&1 i 24 1 A 56 1T inh A TN 4% %2
55 5 00 DF A AR 25 P A OG . AR T rpoB W iR H UL Y
RAFEAYIE 531(C—T) RAS R, S5 40 kb o i UL 1) 2
katG315(G—>C) , Y & inhA—15(C—>T), AHF5E
T8 35 43 T T 2 3 PR 98 AR A S AR R [/ 259 MIC (1) 4y A
15 O o PR AR AT W 245 K F A B T T30 97 J7 22
WYt 245 AL i S I R 24

2% ik
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