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[Abstract] Objective To analyze the resistance mutational profiles of multi-drug resistant
Mycobacterium tuberculosis in China and the correlation between major mutation types and genotypes
based on the whole-genome sequencing data. Methods Search and download of the genome-wide
sequencing data of M. tuberculosis published in China by August 2019 on NCBI database were
conducted. Mutation frequency of drug resistance-related gene loci based on whole-genome
sequencing was used to predict the molecular susceptibility of strains, and the correlation between
mutation types and genotypes was analyzed. Results According to the results of molecular resistance
and susceptibility profiles, 1 024 MDR strains were identified from 2 019 M. tuberculosis strains. The
major mutation types of resistance-related genes to common drugs were katG S315T (73.2% ,
isoniazid), rpoB S450L (63.1%, rifampicin), rpsL K43R (70.0%, streptomycin), embB M306V (37.4%,
ethambutol), pncA_promoter T (-=11)C (7.9%, pyrazinamide), gyrA A90V (32.3%, fluoroquinolones),
rrs A1401G (67.7%, second-line injection drugs), fabGI_promoter C (=15) T (87.0%, Ethionamide),
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JolC 143T (30.4%, P-aminosalicylic acid). Among them, the frequencies of katG S315T, embB M306V,
rpsl. K43R, gyrA A90V in lineage 2 were significantly higher than those in lineage 4, and folC 143T
was only found in lineage 2. The proportion of katG S315T was significantly higher in the ancient
Beijing genotype compared to the modern genotype, in contrast, the proportion of rpsl, K43R was
significantly higher in modern Beijing genotype, the differences were significant (all P<<0.05).
Conclusions The results showed the main mutation types of resistance-related genes of MDR strains
to many commonly used anti-tuberculosis drugs in China based on whole-genome sequencing, providing
a basis for the development of sensitive and specific rapid molecular detection methods. At the same
time, it was also found that the major mutation types of MDR-related genes were related to the genotype
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of the strains.
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(LZD)Tif A S SE AT rrl rplC 3 3555 (CFZ) |
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R T GLR BT R A R 251 (19 A 1A B

A e con) RIRA BHEEC FAM (%)
INH  881(100.0) katG S315T 645 732
fabG1JAENTIX C(-15)T 120 13.6
oAt 228 25.9
RIF  881(100.0) rpoB S450L 512 63.1
rpoB H445Y 64 7.9
rpoB L430P 57 7.0
rpoB H445D 46 5.7
HoAlh 326 37.0
EMB 561(63.7) embB M306V 210 37.4
embB M3061 123 21.9
embB Q497R 41 7.3
embB G406A 31 5.5
HoAth 214 38.1
PZA  267(30.3) pncAJEsIFIX T(-11)C 21 7.9
HoAlh 252 94.4
SM  627(71.2) rpsLK43R 439 70.0
rpsL K88R 98 15.6
rrs A1401G 63 10.1
rrs A514C 61 9.7
HoAth 31 49
FQs  269(30.5) gyrA A9OV 87 323
gyrA D94G 77 28.6
gyrA D94A 49 18.2
gyrA D94N 21 7.8
gyrA D94Y 17 6.3
HoAth 49 18.2
AMK  78(8.9)  rrs A1401G 63 80.8
rrs C517T 13 16.7
HoAlh 2 2.5
CAP  65(7.4)  rrsAl401G 63 96.9
HAtb 2 3.1
KAN  82(9.3)  rrs Al401G 63 76.8
eis A B FIX C(-10)T 8 9.8
HoAth 13 15.9
ETO 138(15.7) fabGlJEslFIX C(-15)T 120 87.0
SabG1JHEFIX T(-8)C 11 8.0
HoAth 15 10.9
PAS  69(7.8)  folCI43T 21 30.4
thyA HT5N 19 275
JolC S150G 6 8.7
folC 143A 6 8.7
thyA R235P 6 8.7
folC E153G 5 7.3
HAlh 15 21.7
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Jiie; SM: 45 % 5 FQs: FUM I IIZE ; AMK : Bk &5 CAP: & il 5
% KAN: KR % ; ETO: OB SHHNE ; PAS: X4 3Lk 412 3 HoAh
SZFP ) h BN SR ARSI < 59 I 2 il
IR 50 FhaE AR Hi 95.8%(844/881) [ 5
AR I A FE RIF i 25 2R 5 X, fix 2 B A 8 AR 2 Ay
rpoB S450L(63.1%) ; H. & B 116 ¥k (13.2% ) RIF [iif 2}
MRATAE =2 0 S A 248 . AR5 AR & #1 EMB
ifi 245 A0 I FE K emb C 28748 BB , I % PR embB F& K 1
embA J3 B F RS MR, Hd embB 1K 306,406,
497 354 F1 1 024 57 55535 5 64.1% .13.9% .10.7% .
3.7% M1 3.4% ,embA J& & T X H1 =11, -12 F1-16 /i 15,

53505 1.4% 4.5%13.0%; it 24536 PR ot = A 24 Fige
AR AN Hovp i B R AZ K ALK embB M306V
(37.2%) F1M3061(22.6%) , H &I 57 #£(10.2% ) F7-1F
PR A RAE . X PZA T 2540 5 FE K pred #4793
BT & B, HG AL B A3, JLF-3 AT HE A I 3 X
Ko Gty X3k, 2R AF AN ZZ 3K 118 Flr | ZEAR ST A w8 1)
JEpncAJA s FIX T(=11)C(21 #k,7.9%) . X+ SM it
PIFAIIE A rrs Bl rpsL FEA T34, He R 0 13 Fhoe AR
R Horp iR AR AR AR rpsL K43R(70.0%) , 75
RINSOMK(9.4%) FAAEN IR A RAE

G, FQs i 25 A1 OC 3 A 5 42 DA gyrd
(90.7% ,244/269) HE K 58745 Sy 3=, £ FQs fiif 25 2 [X.
) 28 A5 15 90.6% (242/881) , = %2 58 AR 2L HI hy gyrA
A90V (32.3%) 5 D94G (28.6%) . 4315 SLID ffif 24
AHIE I rrs Fll eis it Bl X 38, ZEAB R L) s A1401G
(67.7%) R F . 43H15 ETO it 2540 5 1 fabG1 3 3l
F XAl inhA FER & I E L 548 AR fabGl ) )
T X C(-15)T(87.0%) . 43¥r5 PAS Tt 25 #H 5 19
SolC F thyA , I F- 5L FEBL N folC 143T(30.4%)
5 thyAH75N(27.5%) .

3. ot A% T 5 5 i 25 58 A8 A DG 43 AT - 881 Bk
MDR [# ¥k, 749 £ (86.0% ) S~ L2 ¥k , 127 ¥k
(13.5%)°H L4 ZFEME, 5 (0.5%) N L1 FIL3 R H
Pho BT L1AIL3 R EAREE D (<1.0%) , A58
U537 L2 Fl L4 F AR5 T 25 5 A8 2R A AH DG
(#£2)., 4558 BN, katG S315T(INH) . embB M306V
(EMB) .rpsL K43R(SM) . gyrA D94G (FQs) 7E L2 %
TR LGS TAE LY R, ZRIASITHE X (P<
0.05) ; A1 B}, 5 PAS it 25 #H 5C (1 folC 143T Fl thyA
H75N PR S ARAAMAE L2 R AR LB

749 Bk L2 ZR AR, 497 #k (66.3% ) H 1L2.3 &
(BARIE U FE R AY ) B Bk, 245 #K (32.7%) S L2.2 &
Crly B b 5 SE DR R ) TR B, 7 8K (1.0% ) R L2.1 R
FRo L2101 MR (< 1%) , RILARIF 8L 4T 30
ARAY 3t e PR 78 55ty b e BE R Y B bR 5 45 2 T 24
A FE LRI AR S (R 2) . G5 R EIR,
katG S315T(INH) fabG1 J&i 8§ X C(=15) T(INH) .
rpsL K43R (SM) Fil fabG1 Ji 3l X C(-15) T(ETO)
TE PRI TR i 0 A 22 A St 27 08 L (P<<0.05) ,
SfabG1JF 811X C(-15)T(ETO) ()2 55 INH 28 X
Mt 2545 9 o E—2 a0 K B, BRAR A 5 35 PR 20 T ik
HpsL K43R(SM) 1 & A= 38 1 Tty b ot i R R TR
PR 1M katG S315T (INH) WIAHZ , 53 thyA HT5N(PAS)
Ay b s R PR AR P ik rh i B
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A L2(n=749 — A

251 G B =497) ﬁm?ﬂ(n:(%s) ) P T L4(n*=127) PAH

INH  katG S315T 347(69.8) 206(84.0) 0.000 560(74.8) 82(64.6) 0.016

fabG1 A TIX C(-15)T 90(18.1) 14(5.7) 0.000 104(13.9) 15(11.8) 0.528

RIF  rpoB S450L 299(60.2) 135(55.1) 0.188 437(58.3) 72(56.7) 0.727

EMB  embB M306V 124(24.9) 63(25.7) 0.822 190(25.4) 20(15.7) 0.019

embB M3061 68(13.7) 32(13.0) 0.816 101(13.5) 22(17.3) 0.250

SM sl K43R 310(62.4) 112(45.7) 0.000 423(56.5) 15(11.8) 0.000

FQs  ayrd A%V 51(10.3) 26(10.6) 0.883 78(10.4) 9(7.1) 0.246

gyrA D94G 50(10.1) 22(9.0) 0.640 72(9.6) 5(3.9) 0.037

SLID s A1401G 40(8.0) 19(7.8) 0.890 59(7.9) 43.1) 0.057

ETO  fabGlJEE TIX C(-15)T 90(18.1) 14(5.7) 0.000 104(13.9) 15(11.8) 0.528
PAS  folC143T 8(1.6) 13(5.3) 0.004 212.8) 0 -
thyA HT5N 0(0.0) 19(7.8) - 19(2.5) 0 -

1 INH: SRk RIF: A 4F; EMB: A% T BE; SM: 55853 ; FQs: BUETHENZS ; SLID: k71512 ETO: LB ML ; PAS: X &Ik
IR s 55 SN R AR, 3855 B A B A3 L (%) 5 L4 "R R AR 2828 B s Po3m SRR 5y B L3 s Po3oom L2 55 L4 LA Tif PZA P 32
b

GARBI (3% )b  BORTEST s - Al A g7 vk
Wi

A 78R I WGS 4387, 2545 T 6 [ MDR B #k
it 15 Fofr 245 9y Ay s 245 A OC 26 DR 98 A8 ik . H 1if
PR X T 24 28 A8 R AEAF 5T 32 225k F PCR-DNA 7
B AT s A 245 5 AR FE PR, 40 INH A SR
katG .inhA J3 311 X Fil oxyR-ahpC , EMB AU embB
FEER, I RAG I 4015 INH 5 245 K0 56 19 kasA DL M 5
EMB Tif 28 5 [ embA Ji 8 F X X3k, #HILZ R,
AT R FH WGS Ik, Re 40 Hr A3 2 TR TR 24 58
ARSI, ARAS T A T AT 25 AR AR . D3 A A
SRR AR R T 55 3 XY BB 2y W Rl 2 g
2227 g K SRR R 25 A5 A% 4 12
R 532 BE PR it 24 28745 7 4 20 A AL T 5 A B

H [ [ N 32 2 %t INH ,RIF ,EMB , FQs £l SLID
5)IEAT TN 2 AH DG PR S8 AR RRAE AT 5T, AR BF 9T K
AR EBERBRAMECO AR, 5
b VTP XA HE , & B8 INH  RIF 1 SLID it 25 41
K R Y FEBEGRARIAY — B, (H IR AR ATAE 25 57 5
115 FQs i 25 4H S 7 gyrA J DR, 33 94 1l [X T Ak
AR LA D9AG iy 27 ARHESY PAS Tt 25 4H 1 3=
BEGRAPIN 5V g M X AP 2R — 3 SCERHRA
R, PZA TS Z5AHICIE DR A pred , (H LGS AR HY
B ARG R G AR AN pred Ji BT
X T(-11)C(7.9%) , 5 FE N —I L@ V175 Y
I ARSI HT B 25 5 (6.8%) AL B 5 [E g )7
HLIX (pneA 132 37 578 17 12.3% ) WX 45 25 7 48
NSRRI & N 250 ) i T 128 21l e A O e P S U N T =
PIAS [ L X BT 285 4% 245 Wit 245 i v 2 B 28 AR AR I
A3, (A G AE R REAAAE—E B 25 5, HoA g &
WFFEREA &  ARRIE N T 25 57 2 FH 24 20 10 B

O NEE P EP O

B T AN 7] 1 DX A 245 298 7228 35 AN [m] 7 fig 5 25 [
— AN 5 A T XG0 %) 5 A A A 2
Sl G, xF T INH L RIF AT, B 30 48 46 1
GenoType MTBDRplus # I i) R % 4 71.7% ~
79.2%"" 5 [ VG Ao I R 4B R H 83.3% ~ 93.3% 5
i DX G %) R AR A 82.1% ~ 98.7%'), H /R AN [l b
DX T 245 5 AR A6 g A0 28 IO A 4R 224 b 2 A AR O B
£, XHE AT DA A R B . A5 4RR Xpert
GenoType .MeltPro 5 £ 3K [E] INH \RIF ,FQs . SLID i}
25 RGN P B0 SR, EMB TR 2546 I 235 SRR 22
BEAN , AR 57 45 R S 7R SLID i 25 4H 56 58 A8 2 7 rrs
C517T 1 14.0% , EMB iy £ #H 5 embB 354 37 53 58 7%
173.7% .1 024 155878 |5 3.4% % embA J3 8 F—16 ~
110 25 578 5 8.9% , 7 mDST Hfil A I S8 A5 1 37
AT 3 3R [ SLID Fi EMB (TR 2546 H 56

[ — 25 W) A A () b DX i 38 Py 245 5% A8 1A ]
HIF AT ge 5o iREA i 2 S Ak s 4%
P2 b, (AT AE 5 M IX A T BRI Bk ()8t 4 o 22
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