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Abstract: The purpose of this study isto provide a simple and reliable genetic typing approach for molecular drug

susceptibility test of Mycobacterium tuberculosis, through the developing of fluorescence molecular marker of rifampicin
resistance gene rpoB. Eleven fluorescent molecular markers of the rpoB gene were established by using the sequence
difference between the amino acid positions 531, 526, 516, 511 and 513 of rpoB gene of rifampicin-resistant strains and the
alleles of rifampicin-sensitive strains, combined with the PARMS technique (Penta-primer amplification refractory mutation
system). We used 104 clinical isolates of Mycobacterium tuberculosis to validate this marker and it was verified by sequencing
as 100% correct. These samples were also tested with proportional drug sensitivity test. The coincidence rate was 94.23%. The
molecular markers had high reliability for genotyping of rpoB gene. It can also detect low-concentration drug-resistant
samples (511/533 unit point mutations) whose phenotypic susceptibility cannot be detected. The eleven sets of fluorescent
molecular markers could cover 92%-96% of rpoB gene mutation types of rifampicin-resistant strains, and provide new idea for
rapid detection of rifampin-resistant Mycobacterium tuberculosis.

Keywords: Mycobacterium tuberculosis, rifampicin resistance, rpoB gene, PARMS technology, proportional drug sensitivity test

GERL P & ) E S M T AR Y
2542 53 K AT % Mycobacterium tuberculosis (MTB)
HEttgliE, —HLORSEAEQ Rtz . i
R A4 (World Health Organization, WHO)
2019 AERIREE i i W, 2018 AE A BRH K 2
B2y 1 000 i, FET: 124 T3 f); A3kAl
SRR 25 25 2R R E 292 48.4 i, Horp
T8% N Z 24 Z5 R N 5 A 238 T3 5 ) A - ik 245 LA
Kl Z2 25 5 R N BOE , T 24 S BUM S5 % ot
T He 8 R T 4 s 1 P e T e 4
BREEZR PR TAEEERIEZ, SR AIET
AR R . FIAEF (Rifampicin, RFP) 2}
MTB 32 24 SN AL, 25 4% i 5 Rk LT 24 48K 22
B (4 95%-98%) [A] RFP 1F I RYHE /T RNA %
AT B IR S SE A rpoB AR A O, HIX S
R AE 81 bp M A AR P 25t IX
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(Rifampicin resistance determining region, RRDR),
X 4 i 54 B R 507-533%, JLF-FiTh RFP it 2l
R A 25, Al g — b — 2 25 S A
B (INH) BA$HurE, Rk RFP it 25804
it 22 245 R AOBR AR VR AED

I TS 245 P A 000 ) 4 A v 3R TR 245 ) Uk
PEASIN , 2 WA XS H MTB 755 25 RIS 75 2585 9%
FEr A AR S DUR IR LR 24, (L e /D 5 R
2-4 JH , ANBE KRG I 45 5, Xpert MTB/RIF
A1 MTB DRplus J& WHO HEVE ) P FhERvE /T2 W7
Jrid o Xpert LZH YO0 E & PCR AEA, #it5]
YIRS eV 25 RRDR, BE[FIIKSIN MTB Al
RFP i} 25 5L 4 rpoB /& B AFAESE 7L, HKr MTB i
25901, BEA RRDR JF91] A S AFE R,
Lo ERIRET G5 R, AU E 45 5L R AR
M2y, H IR Y HAR A i Je Bt . DRplus
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PR RR VIR BT 20 SR, R 8 NEFA 1Y
(Wild type, WT) #5%5HH1 4 FhiE 28R (Mutant
type, MUT) &K RFP A1 INH A58 53 iif 24 3
PR H i MTB i 2545, 1 F Xpert H7 56 X Ik
AR, DRplus AT AR S MUT 45 4 (o fHE )
Wt 4 4~ RFP i 24 J5c 383 14 45 S M s 2848 (SB3IL
H526Y . H526D #il D516V)., {HFRIX 4 Fft 58 A5 J5 71
#h, DRplus 7] Xpert —#f, HAEMRE WT £REHHY
2R et A7 A A 5872 | JoHE SR 5E rpoB LA Y B
PRGEAR BT, X AN 5 il i 24 98 AL 11 [ SL 58 A8 A
TE A5 A PR Ay 15 1 80 R DR R AR [ A
HIRIRE 59Ot Bbric k) DNA 458, K24~
(=% SR Nl we i BUK R X B2 g = N
B HEgREE, PCRYMFAAT ., VEFR T4
P, B A B A BT R A g B

BRI LG Y Z LR B K R PARMS
(Penta-primer amplification refractory mutation
system) J& — F 4 G KLY RS ARMS
(Amplification refractory mutation system) A3
SRIFE AR, 78 ARMS-PCR JEAf 36N T w5 4 i
6-R AU E (6-carboxy-fluorescein, FAM) Fi175
S-6-F I B E  (Hexachloroflurescein, HEX) #r
WCH51Y, AN R 2EEE SRR L R 1 2
PO R S o L DERR X 5 % N R S W I W 3 1 5]
SN Pigm Jy 4 5 HAEALEL R 1Y X 43, IR Kk T K
TEORE 52 P15 3L ) GW8 (5564 FAmic 2, A e
& S5 FHIZ R X KRS CRISPR/Cas9 ik K 2 48 A
PRIEAT 1R R A0 B, S0 45 51 5 3R DN M Tk g B
HLYk (Polyacrylamide gel electrophoresis, PAGE)
Fril A1 Sanger M E v —#(M, PARMS HARZER
FEARZE BRI HER PE A AT SE T, B8R 2 EOthR
ICERER Ry il 9 EhRIC e, KIRREAL T IREHS
B FRICEA, o3 G e i e BE D A B A
HH AT AR W HAE 220 055 G T B Tinf 245 e PR A6
I o

Ik, ACEE PARMS H AN HF RFP
FASCEE R G AZ A b, Sy MTB J3 71 25 P4
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T4 {15 JELH AR SC3E i MTB-RFP i 25 1 #k rpoB
SRARSLN S H AR IEF T, 454 PARMS £
ARIFX% rpoB JEH 5o Fhric, M fr ki s
FEH RIS, DAAERG W RFP TR 25% .

1 MB5FE

1.1 i EHE

AR5 A DA g ke 5 T R BB R 25— e
2 BE b it iy 104 5470 R G ¢k PRV 9 il 25 4% e 3
IRPRAS, T A R R B R R i 97, Gt
il L2 R R R IBE 3 - 2- R IR JF 355 R ) A0 T R M
KGRI o TERERE SR DNA SIS 56 7 ]
PR A5 — IR B B A P BSL-2 AEY)4
S AT . PRUERE HasRv (ATCC27294)
F P 15 9 3L 577 47 ] v o A i 7 9 i 9 BT
SR S g E AR
1.2 F)4EFm 251 TE M

FH TR A H R B 51 I I ik b — Tl PR Y T
T B BRI , A K B 5% Tween 80 7K I,
FEOr RGOS 5 B, S bR R TR et
A BRER K e R 1 mg/imL (BB, R
F: % 102 mg/mL H1 10~ mg/mL. {#i ] 22SWG #%
T BR 20 i e B, ) 2 vk ¥ 5 B R S R AR T
(40 pg/mL) (9% FRIEMASS SR HRN 25 X B R 0
37 CHiFR 4 R IRE s AL, MM a s, &2
T IR TR BN B 2 R LR VR A < 1% 1
MU, > 1% MiH2y.

T a2 fm /MR (MIC) F il (Y
FE - 2 R SR L P 2R E 43 ) 05, 1, 5,
20, 30, 40. 50. 60. 80 ug/mL.

1.3 DNA i2H

AT DNA $2BGA & T4 LAY TR(
) Befn A BR A, He BEULEH B3 TR A DNA $2
B, 1530 BRI
1.4 RRDR il

M GenBank #k7% rpoB ¥4l (E x5
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KY702773.1), %M E##514 5-CGACCACTTC
GGCAACCG-3', Fii#5|4# 5-TCGATCGGGCAC
ATCCGG-3'#17 PCR #1431 H ) DNA -
Bt K5 342 bp, #i3% 81 bp ) RRDR X5, S )i
1A% 3t 50 L, fUfF 2xTag PCR Master Mix (i
ad) 25 ub, 514 (10 pmol/L) 4% 1.5 uL, HEAR
5pul, KB F/K 17 uL 4 3 551 94 "CA5 % 8 min;
94 °C 30s, 58 °C 30s, 72 °C 45s, 1t 35 PMFE#H;
P 72 CHEffi 5 min, PCR j=#ikA: TAEW) T.72
(1) et A BR 2 "I I
1.5 SHMERBNFZE

PARMS AR 5 2559471 PCR J )i,
Hidr 2 Foctim A5 1 W5 7F 2x PARMS Master
Mix v, HA 3 ZAPRICHEF T, W B AR 5L
55 B A ko I DR R A 6 455 7
MY PCR J2 i, (I IAIFER) DNA Bt . — 454
] B A 5 | W A [R] A S s 45, XOBIHE T 5 3t
A PARMS bric sl AT, M fif
PN SR PR 4 3G AR L AR

PCR ¥ WA ZR 10 pL, fL# 5 pL 2x
PARMS master mix, 0.15 pL 10 mmol/L 4% {3
B SRS 14, 0.4 pl 10 mmol/L 3 4 Sk |
YRl 1 pL A DNA (10-100 ng). fii 2¢O E &
PCR % & [%7% X PCR: 94 °C 3 min; 94 C 20ss,
65 ‘C (0.8 ‘CHMEH) 1 min, 10 MEH; 94 C
20s, 57 'C 1 min, 30 MME¥. T FAM. HEX.
ROX #OGimEEEHE, FfZ% http://www.snpway.
com/snpdecoder/, Z5&ARic E R, SRS,

2 BEREAM
21 HFERIEsIgit

M 25 A% T 2 R IR 98 A8 B R (www
tbdreamdb.com) H#FFEK R, rpoB [ 511,513,
516, 522, 526, 531, 533 45 7 P ILERN AL
AR IR o BE AR R AR A, RIBT S5 5 E N T
rpoB AL A A BFFE TS A FIAR VT 25 1 bk
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PR Z 02 531, 526, 516 fii s, 5 H 80%
DI F, H4R rpoB 511, 513, 533 L AE, {H
J& T DAL ASCrp AT SR BT T 11 4
Sy FARE, LA 4rH k. 511 (CTG/CCG), 513
(CAA/CTA), 516 (GAC/GTC, TAC, GAG), 526
(CACITAC, GAC, CGC, AAC), 531 (TCG/TTG),
533 (CTG/CCG). I FH ik Sy o5 &5 v Jk [A Y 25 5=
PERFERPES IR 3K b, BT WAk A 4 F AR
ic, SIEsILE 1,

Allele 5% 5% 15 FAM %¢ G DL L A4 3k e 471
5 GAAGGTGACCAAGTTCATGCT, 5 HEX #¢
eV AC A% 3k F 411 7 GAAGGTCGGAGTCAAC
GGATT, 7E 4 H#1d F2 Hh 43 51| 5 PARMS master Mix
) FAM/HEX 5651456 sk 2 fos,
WE1 P HIXT LA, B0 PCR 734 )5, %43
FHRid T511C. A513C. G516T, Il F- MUz
Ph—E AT LU 2 HEX 2896155, Hoft i 24 B bk
ALK I 3 FAM 26155 X T F Rl
A516T . C516G ., C526G ., C526T ., C526A ., A526G .
C531T, T533C, Uik BP9 1 J7 — % ] LUK
WE] FAM 9655, AR 24 5k 7T LUK )
HEX 9655 o 38 2 Al W A o S 15 55 i 24 14
R 5 R A e ) R R 7Y X0

22 HFHRICHENENERELERELRTR
V2l

FHBEH Y 11 H 2050 FFric &l 104 545
HiREAS DNA RYZER B, PCR 48 J5 4 ¢ 6 |
BRI, 455 B8 FAM Fl HEX 26 %15 5 EL
FEE 1. 454 PARMS 5918 R H T, A
64 FIREAS Ay BN 5 2 AE (92.75%) , HiH rpoB 531
(52.17%) #x%, HK A rpoB 526 (21.74%) . rpoB
516 (13.04%), X 3 M7 o S EAE ) 86.95%.
FANBAFEAE 5 BRER B RAHEA (7.25%), rpoB
526+533, rpoB 511+516, rpoB 513+531 4% 1 4,
rpoB 511+526 47 2 fiil, UL 3.
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Table 1 Sequence information of marker primers in this study

rpoB gene Marker name  Primer name Sequence (5'-3)
511 T511C Allele-T GAAGGTCGGAGTCAACGGATTTCTGGTCCATGAATTGGCTCA
Allele-C GAAGGTGACCAAGTTCATGCTTCTGGTCCATGAATTGGCTCG
Common-F AGGCGATCACACCGCAGAC
513 A513C Allele-A GAAGGTCGGAGTCAACGGATTGGGTTGTTCTGGTCCATGAATT
Allele-C GAAGGTGACCAAGTTCATGCTGGGTTGTTCTGGTCCATGAATG
Common-F AGGCGATCACACCGCAGAC
516 G516T Allele-G GAAGGTCGGAGTCAACGGATTGACAGCGGGTTGTTCTGGTC
Allele-T GAAGGTGACCAAGTTCATGCTGACAGCGGGTTGTTCTGGTA
Common-F AGGCGATCACACCGCAGAC
A516T Allele-A GAAGGTGACCAAGTTCATGCTGACAGCGGGTTGTTCTGGT
Allele-T GAAGGTCGGAGTCAACGGATTGACAGCGGGTTGTTCTGGA
Common-F AGGCGATCACACCGCAGAC
C516G Allele-C GAAGGTGACCAAGTTCATGCTGACAGCGGGTTGTTCTGG
Allele-G GAAGGTCGGAGTCAACGGATTGACAGCGGGTTGTTCTGC
Common-F AGGCGATCACACCGCAGAC
526 C526G Allele-C GAAGGTGACCAAGTTCATGCTGCTGTCGGGGTTGACCC
Allele-G GAAGGTCGGAGTCAACGGATTGCTGTCGGGGTTGACCG
Common-R CCCGGCACGCTCACG
C526T Allele-C GAAGGTGACCAAGTTCATGCTCCGACAGTCGGCGCTTGTG
Allele-T GAAGGTCGGAGTCAACGGATTCCGACAGTCGGCGCTTGTA
Common-F AGGCGATCACACCGCAGAC
C526A Allele-C GAAGGTGACCAAGTTCATGCTGCTGTCGGGGTTGACCC
Allele-A GAAGGTCGGAGTCAACGGATTGCTGTCGGGGTTGACCA
Common-R CCCGGCACGCTCACG
A526G Allele-A GAAGGTGACCAAGTTCATGCTCCGACAGTCGGCGCTTGT
Allele-G GAAGGTCGGAGTCAACGGATTCCGACAGTCGGCGCTTGC
Common-F AGGCGATCACACCGCAGAC
531 C531T Allele-C GAAGGTGACCAAGTTCATGCTCCACAAGCGCCGACTGTC
Allele-T GAAGGTCGGAGTCAACGGATTCCACAAGCGCCGACTGTT
Common-R CCCGGCACGCTCACG
533 T533C Allele-T GAAGGTGACCAAGTTCATGCTACAGACCGCCGGGCCCCA
Allele-C GAAGGTCGGAGTCAACGGATTACAGACCGCCGGGCCCCG

Common-F AGGCGATCACACCGCAGAC

®2 FREESRARIEHER

Table 2 Corresponding relation table of alleles and fluorescence marker

Fluorescence Genotype of alleles
of alleles T511C A513C G516T AS516T C516G C526G C526T C526A A526G C531T T533C
FAM cC cC TT AA ccC cc cc cC AA cC TT
HEX TT AA GG TT GG GG TT AA GG TT cc
2.3 S E % RFP W25 E M 2 47 AR E] rpoB JEF A, HIFRI A HEFf 2],

RFP M 25 5 FRAEE =40 pg/mL, ZHBIEZY W RAETEAN N RE @ B IERE RS, SEWIEA S
YOS R S, AR BN 104 GG IREMRT gk Egn iR e g g s SiE R MTB AMER
RFP M 25 Pk 74 1], HUSR B 30 B, 43k K25t , SECANAYIREERRIT, REEM
W 4, BAEAESAS PRI 2y, Pidh ek S T a2, 69 Bl A REA 3 il
IR 3K 94.23% (98/104), 3 il (2.88%) FEAE I NAIFEFHUK, 7352 rpoB 511 B g%

. 010-64807509 2 cjb@im.ac.cn
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A 02- B 0.13f C 030 D 0.26f
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1 0.20 7 0.15; K 0.20
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= 0.10 e e
; T 0.10 Ry FAM: FAM intensity
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0.05 Loty 0.05L = ;
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B1 +—H2FHRICHERSBENER
Fig. 1 Genotyping result of 11 molecular markers. Tag (A-K) genotyping with marker primers T511C, A513C, G516T,
A516T, C516G, C526A, C526G, C526T, A526G, C531T, T533C, respectively.

%3

HRORITEIER S B rpoB 4 FHR IS N4

Table 3 Test results with Mycobacterium tuberculosis clinical isolates rpoB molecular markers

Number Codon Marker name Change of base Change of amino acid Amount Total (proportion)
1 511 T511C CTG CCG Leu Pro 2 2 (2.82%)
2 513 A513C CAA CCA Gln Pro 1 1 (1.41%)
8 516 G516T GAC TAC Asp Tyr 6 11 (15.49%)

516 A516T GAC GTC Asp Val 8
516 C516G GAC GAG Asp Glu 2
4 526 C526G CAC GAC His Asp 5 15 (21.13%)
526 C526T CAC TAC His Tyr 6
526 C526A CAC AAC His Asn 1
526 A526G CAC CGC His Arg 3
5 531 C531T TCG TTG Ser Trp 36 36 (50.70%)
6 533 T533C CTG  CCG Leu Pro 1 1 (1.41%)
7 526+533 C526G CAC GAC His Asp 1 1 (1.41%)
T533C CTG CCG Leu Pro
8 511+516 T511C CTG CCG Leu Pro 1 1 (1.41%)
A516T GAC GTC Asp Val
9 513+531 A513C CAA CCA Gln Pro 1 1 (1.41%)
C531T TCG TTG Ser Trp
10 511+526 T511C CTG CCG Leu Pro 2 2 (2.82%)
C526T CAC TAC His Tyr

http://journals.im.ac.cn/cjbcn
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2 %] . rpoB 533 HLfii A8 1], XHiX 3 BRAEAS
AL 511/533 i A 4 RRFEAS UEA T ) 468 1
MIC il , 253 WoR A S RABFEA MIC
10-20 pg/mL, B4 5AEHA MIC Siy 50-60 pg/mL,
HiRLE 5,

24 o FERICEE RIEE

K5 PARMS 73 F-Fric 3 K 4 B & 75 IE A
LI HgrRv bRtk DNA FHIVE RS PG, 43T
104 BIZERZ A ROAT B R 4 B AR D P 25 5L . )7
GIXT EE K BB i (8 43 B 25 B 55 R ) ) 45 R
HIFF G2 100%, W% 6. AR T 2.3 v,
11 A FhRic A R 51 2825 1 3 51 RFP fiff 24 1
PRAEAE AR R Y FE R A8, iy 519 del AAC
1. 522 TCG—TTG 2 i,

F4 HFHRIBERSLOEAHERILE
Table 4 Comparison of molecular markers results
and drug sensitivity by proportional method results

RFP proportional method

Markers detect

— - Total
rpoB gene Sensitive Resistance
Mutation 8 68 71
No mutation 30 3 33
Total 30 74 104

£ 5 rpoB £ [ 511 #1 533 AL AR TH A RFP MIC
#R

Table 5 RFP MIC results of rpoB gene 511 and 533
mutation samples

F 6 DFHRICFNFEEN MTB IIRK 5 BHk rpoB

RELBP LR

Table 6 Comparison of rpoB mutation types of MTB

clinical isolates from molecular markers and sequencing
Strain number

rpoB gene mutation

Molecular marker  Sequencing
511 CTG—CCG 4 4
513 CAA—CCA 2 2
516 GAC—TAC 6 6
516 GAC—GTC 4 4
516 GAC—GAG 2 2
526 CAC—-GAC 6 6
526 CAC—TAC 7 7
526 CAC—AAC 1 1
526 CAC—CGC 3 8
531 TCG—-TTG 37 37
533 CTG—CCG 2 2
519 del AAC 1
522 TCG—>TTG 0 2

Number rpoB g_ene RFP MIC Strain
mutation (ng/mL) number
1 (Hs7Rv) Without 1 1
2 511 CTG—CCG 10 1
3 511 CTG—CCG 20 1
4 533 CTG—CCG 20 1
5 526 CAC—GAC 60 1
533 CTG—CCG
6 511 CTG—CCG 50 1
516 GAC—GTC
7 511 CTG—CCG 60 2

526 CAC—TAC

% : 010-64807509

ik

Ve 2 25 Bk bR S EARE . RFP i 254y
WAEIR R ZW TAE AT slsl, TR
PRI FERT S . BUSEER, HATZRAS T2
W 7 kA RFP i 245 A0 5G] rpoB 28 2815 I o
ASCHERE) PARMS £ AR ME S — R 8 19 7 T
W, BETIOLR, #akre R rEs eyt
SEHEE R RN Gy, HAERERAE | FERTR . A
RS, &R i TR A sk B & Fh
1 9 5 B P ) 4 g ey [ 1318°190

4l RFP T 24 TR R AE7E I 48 K 241 rpoB 3
P RASREAE , A SCFIH PARMS HARFF & T 11 41
DI FHRICEA BRER rpoB 3L K 28 ARV 44, FEAE
WERS I S REAS FRAFAE I 1 BRIE AR, UK 402
FEREEM 251, BT Xpert 59k R X 58485
e ) B R, [ B2k FH B 93 15 FRaR £ 1k DRplus
g A 2T 1 2SS AR B BAT B 5 A e Sk 1220
HARR T PR H &2 Sanger Ml A, X 5256 4%
. ANERESRON A POBE S HE AR
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BT B3R ARATIE R R, 9 & PCR A BI AT 5% B 52
5, AT EHATRAL 5 HrEl DNA HL UK Y &)
i P,

A SCE S R 11 4> TRRIC R 104 1
MTB I R 43 B Rk R4 TAG I 43 0, o RO P 32 16 A 7
UE, FFE %N 100%. 5 Ho ik 25 2 R A0 H AT
BN 94.23%., 227 EE R - (1) 3 MREEA LA
A5 A RFP it 2y, (B4 Fhricd A A I 51 5872,
2 FEIFESE K 519 del AAC —Fk, 522 TCG—TTG
Pikk, JRRUZIT 0 FAR G 20 T X S5 H
PR < 0.00% 1 548 fir 5 1520 (2) 3 BRBEA
rpoB 511/533 FA{7 5 5 AR {H LM 25 45 2R R
Stk , [RIEE 511/533 5 HoAth {3 5 B A 28 AR Y
4 BREEA SR NTRZG . MIC K o2 S0 . 24
P AR REA T 1 Bk MIC Sy 10 pug/mL, 2 £k MIC
20 pg/mL; 4 FIEG RAEE R R 1k MIC
50 pg/mL, 3 £k MIC 24 60 pg/mL fi2h . o 5k2iid
rpoB 511/533 i s 548 F] g 5 T BUIR MR BE Tt 24,
MK S AR REAC T B T4A7E 526 B 531 S AH AL
SUOAR N 2 PRSI R T R, R
ERANTF] o A% R A5 R0 2% [ ) 45 A R L 4R
TixX—[alE, HULE s FhRIE TR RS MTB
T AL, JEAE A REP 34 R AU TR 24 11
FEE VS r e

A SCHE ST T A PARMS £ ARBES K61 rpoB
FEH 11 Fhs AR AR M 94y F AR L T I, R
104 fIG R S5 4% o3 g MR iEA T L D UG I, O S5 1R
PR T 25 OB AT DNA I 25 kA7 T % kb
BUE, WER] TR FARC A RS, s IR
i VPR T 25 4% RFP T 25 B4k 7 —Fhogi i .
ANREZAAET, REARTTECALE 11 FloRAR - i
LR S R AR A, R T I K29 92%-96%
(1 8 D045 A% BRI 24 26 IR e A 2 B At
PR AL A DL 2R | A L Bk G S AR AN BE
SEAR o T I RS A% T AR i 24 L 7 2R
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