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T B AR TR R R > 5 BRIBLSRZERIZEA 8 Fh, Hirf 2729618 bp~2729 833 bp(Rv2434c ) g 4 DL IKWEIHKTIRT 25 - 1l MIC /K F-
T REILH (=6.145, P=0.013 F1 Z=-2.224, P=0.026); 2235169 bp~2235233 bp(ctpG). 1710766 bp~1711557 bp(RvI519-
Rv1520) 1 3952924 bp~3 954223 bp(echA19-Rv3517) Z2HIH I 41 DUAWEUKTH 2538 F1 MIC KR T ARBA L (=4.322,
P=0.038 Fll Z=-2.526, P=0.012), {HZFE 125 BRIGUEH AR (7 Dk memkiil 250k 23 #f) Pk R M2z R EA Gt E X
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3954223 bp(echA19-Rv3517) Z 3L Ay m fith X, L3 G ZR BAARAFAT I R B 2670 ( 5z b HA K R AR LY ) , H 55 DL ik msnik
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Abstract: Objective To understand gene deletion associated bedaquiline resistance in Mycobacterium tuberculosis.

Methods During 2017-2020, a total of 807 strains of M. tuberculosis were collected from the southern area of Xinjiang
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Uygur autonomous region for whole genome sequencing, then TB-Profiler was used to detect the strain lineages and predict the

strains’ susceptibilities to 7 antibiotics, including isoniazid, rifampicin, fluoroquinolone, and so on. In the 807 isolates, 44 pre-

extensively drug resistant (Pre-XDR) strains were selected and 125 isolates were randomly selected for the tests of gene

deletion by using Delly 0.9.1 software, the mutations in Rv0678, atpE and pepQ by using C++ script program, and the

minimum inhibitory concentrations (MICs) of bedaquiline to the strains by using the micro-broth dilution microplate method.

The association between gene deletion and bedaquiline resistance and the difference in bedaquiline resistance rates and MIC

levels among the strains in different lineages were analyzed by y” test and rank-sum test. Results A total of 49 gene deletion

types, including 8 types involving > 5 strains, and 23 bedaquiline resistant strains were identified in 44 Pre-XDR strains. In

the 44 Pre-XDR isolates, the bedaquiline resistance rate and MIC level of the deletion group of 2729 618 bp—2 729833 bp
(Rv2434c) were lower than those of the non-deletion group (y*=6.145, P=0.013 and Z=-2.224, P=0.026); multi-gene
deletion group of 2235169 bp—2235233 bp (ctpG), 1710766 bp—1 711557 bp (RvI519—Rv1520) and 3952924 bp-3954223
bp (echA19-Rv3517) showed higher bedaquiline resistance rate and MIC level compared with non-deletion group (x*=4.322,

P=0.038 and Z=-2.526, P=0.012). However, no significant difference was found among the 125 strains (including 23

bedaquiline resistant strains) used for validation (y*=1.660, P=0.198 and Z=-1.152, P=0.249 ). Combined analysis on the

44 strains and 125 strains revealed that only the multi-gene deletion group of 2235169 bp—2235233 bp (ctpG), 1710766 bp—
1711557 bp (Rvi519-Rvi520) and 3952924 bp-3 954223 bp (echA19—Rv3517) had higher bedaquiline resistance rate
compared with non-deletion group (y*=6.396, P=0.011), and the multi-gene deletion occurred only in the lineage 3 strains,

meanwhile, one-by-one comparisons revealed that the resistance rate to bedaquiline was significantly higher in the lineage 3

strains than in the lineage 4 strains (P<<0.017).Conclusion Multi-gene deletions of 2235169 bp—2235233 bp (ctpG), 1710766 bp—

1711557 bp (RvI519-Rv1520) and 3 952924 bp-3 954223 bp (echA19-Rv3517) were unique in the lineage 3 strains in
southern Xinjiang (compared with other lineages in this area), and its relationship with bedaquiline resistance was not stable.

The lineage 3 strains might be more inclined to resistant to bedaquiline compared with the lineage 4 strains. The sample size of
the study was small and further validation in larger samples is needed. These results provide clues for the understanding of the

mechanism of bedaquiline resistance and the control of the spread of bedaquiline resistant strains.
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FHOGHE o SCHRARIE 55 U1IA v Wbk iR 245 A 5C 1) 25 XL
Rv0678 pepQ-~ atpE~ mmpL5 "2 55, ARy 3 M
() 9% A8 FH T Tl DL ak v ik i 24, R BRE AN
49.49% 2, R i FE M\ FEE A FEAE ST DL IS wE bk D i
Zibliil e H A OC T IR DR Bk Ok 5 DLIA W BRI 245 1) AH 9%
PEWE TR AW FANIESE 2017—2020 4F HoFTaELE
EIR B X CHris) re 5@ X WA 1) MTB IR IR 73 5
PR, KA AR T G Bt T iE R A
LIV, 53 0TS DLIA MERRRITR 245 A 5 (1) J5k DR 2K

1 #MREFE

1.1 Bsa$F YE 2017 4F 6 H & 2020 45 12 H
SR SR B 5 sm B K 5\ B g = e o A 4 X it
RHEE B B 4 B A Jus = e A S A B N RS e 12
Fid HAEW 16 i 2 M Zm AR/ 112 B3 kIR
53 ES MTB Bk 807 tko 575 B Ak Hh [ 15993 Tl
3 i) v O A 0 T 428 1) BT 485 4% = {R A7 1 H37Rv
(ATCC27294), B ICIEPRATRFARTM AR 1.2)
A Pre-XDR($§ MTB X4~V 1 25, HGHE ] —Ff
SR A 2R 25 W 249D 1) 44 Bk B R, KA Delly
0.9.1 FRAFRr LR SR Az 0L, RAF 5 DLk mEEmbki 247
FHOCI B DR Rk, 5N AR CRELEHE 44 PRI
BRI R D) R 8 A B AL RE 1R 7 V208 B 125 BRA T
BOAIE DA b PRk 55 DLIA PRI 24 [ AH S

12 AXEAMNAE KT/ = F R R
FREA LR ZH, F)F NanodropND-1000 #% /% 73 4%
M8 W% R FE AN IO B K 2l BE, A 4% FE AR A
MGISEQ-2000 il A CRIIHE R F: R R il 45 A7 PR
A FEDHEAT 2X 150 bp BUA By 500 X WU ¥ o 5€ Bl
¥ J& 18 ] SOAPnuke & FastQC X} Jf 4 FASTQ J¥
BIEATIESE . EHT Reads W TR FEABIL 400X, FE A
YH 78 75 RIS 90% WIFEAS, HF]H TB-Profiler 4.1.2
(https://github.com/jodyphelan/TBProfiler {44} 807
PR TR PRAST U L SNV 3 28 FH 0000 B o 5o S S0 Ak )
1A G U B SR SR 2 2 U E . S TS
5 H37Rv(GenBank accession No. NC 000962.3) .
1.3 Nkeokat 2540 X A B R Ak K B 49 R L A0
4R WHO A1 I G170 KA T 56 B 25 4H 5%
FERRAE 55 ) 20, 1k #55 DUIE bk QI I D i 24 46
K 3 NFE Rv0678. atpE F pepQ. HoAthFE K 15
AHEF oW 3RAF B FA IR IR o SARKGI 7 v SR FH 52
I = J il ) CHHHLAFE 12 1T TB-Profiler 4.1.2 43
MrIRTFHI VCF S, 3845 SNV, i AFIER AR I o
1.4 HHEMEF694M  HRYE TB-Profiler 4.1.2 1217
S 3RAHH) bam SCA4, FIH Delly 0.9.1 #4347 25 1)
A 5 (structure variation, SVOREM, {5 FH b & A R

FRAGX— A SV RIS S0 HT, PRI i 2 A
B A% LR FRAERE T 073 : QOSBRI B A A HER )
SRR . (ORIRIURAE T AEHILIX | 4ifid PE/PPE
HEEEEL 1S6110 #2230 J5 {45k 8 5 X 4 1 2 sk
(EINKELE 20 bp~ 20 Kbp 2 [A] {3 Rl 2K
1.5 BAss NxtHay w4 H KZ (minimum
inhibitory concentration, MIC) & & 25 4% 4K & 1% 69 4
o DAY E 3EE CSNpharm A #], SRAH - H
TR ZE 0.64 mg/mL, 73, —80 C #1474 H
FIEL LW 3~4 F MIBH6£ 3 55 T 2 mL
A TR EK, BB 30 s, BHE 10~15 min; BUE
B EIER] 5 mL LepE A, B AR B R KR TR
£ 0.5 MR, WEL 100 pL BT 15 mL 250
B, HEA 10% MR- & H - A - S s
g A NI THY 35 SR E MR 2 5 mLs £ 96 fLik
FELIIA 50 uL (1) 7HO B5730%, SE—FIFIA 47.5 uL
Rk, ARG AEZE — HI 0N 2.5 uL (1) DLak v
(0.64 mg/mL), 4% 2 £5 8 B W B JE MR IR B, &2
5115, e HAERFLINA 50 uL 61l 4 1 B -
WL ERE IR B P, S e, BT 37 C
REFER R R R4 10 ~ 14 d, 2455 12 250 R AL
HI B 7 UTIE RS, ISR BRI MIC. AHFFE MIC 52
SORTE AT DB VA A K B R N R B o DLk ek
WA IS A 8 ~ 0.0078 pg/mL, 24 B Fk 1)
MIC KF25ETF 0.25 pg/mL "0 i, IAY B RR X DLk
WRTiES 247, A B R 2 A0 A 2 Yk, MIC B &2 /b 5 IR
S R — B

1.6 %itgodr K SPSS 25.0 Giit # kit 47 5
P83 M7, 4T b5 SR FH 19 2 B8 2 40 ST 3 AR F R AT
5 (Mann-Whittey U)- x* #5528 Fisher's #fi %
% P<<0.05 NERAFITEE L. 8T DAVID(https://
david.nciferf.gov/ )X} & K Dy RE ATV FE o

2 &R

2.1 5 Nkekokatthia R ay KB sk B Bomir AT
FESETE 44 #k Pre-XDR B Ak HH ¥2 400 55 LI e ki
ZiAE R I BE R R K o

2,11 44 BRAET 2 T 2 B AR DI kY MIC 7
i T 24 25 S L FE R ARG 45 B 44 B Pre-
XDR & A& XTI IA MK ) MIC 4347 IL3& 1, MIC JL
il 25 %00 0.204 pg/mL, H A ULk v ki 24 kK N
23 BR(52.27%) . 23 ¥R 24k 1, 3 Bk KA Rv0678
RAF, RAZZEN) 13.04%, ARKIN atpE F pepQ Tk
21 BR BB HR . A 18R K E pepQ Glyl38Asp
(GGC-GAQC), RAFFN 4.76% . EAKGRAZIT LA
MR MIC W 1.
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®1 HEGEERAAXEEMX 169 FREFZ S RATE X DUAREM ) &/ MIETR E 5376 K DUAREWTT 2548 X B E SR TR
Table 1 Distribution of minimum inhibitory concentrations of bedaquiline and mutations in bedaquiline resistance associated genes in 169

Mycobacterium tuberculosis isolates in the Southern region of Xinjiang Uygur Autonomous Region

/M (pg/mL) AARiE)Z TR 2R 125 bk Bk

8 0 0

4 1 (1Rv0678 320 ins C) 0

2 2 (1Rv0678 320 ins C; 1Rv0678 Met73Val ) 1 ( 1Rv0678 Tyr92Cys )

1 3 1

0.5 4 9 (1Rv0678 Alal02Val®; 1Rv0678 Argl09Leu")
0.25 13 12

0.125 12 (1pepQ Gly138Asp ) 26 ( 1Rv0678 Asp5Tyr; 1Rv0678 Gly41Val®)
0.0625 6 23

0.0313 3 22 (1Rv0678 Ala128Val )

0.0156 0 15 ( 1pepQ Pro359GIn; 1pepQ Thr315Ala)
0.0078 0 3

0.0039 0 13

JLATEEC 0.204 0.054

T a. BEBROOT DLk i MBI I B LT R (ug/mL ) 5 b, % d o A TS UL AT Y (5% MR T 52 A T 2 AR DGR (K R AR 4
S A HIE 5 DRMERT 2 PEARE Az, HAR SR AR AN A UARE ;. 55 MR R AL (bR ) 5 455 B i bk,

S RIS A B

2.1.2 44 BRUE)T V2 M 24 TR Ak S DR o 2k PR A 0 5 SR
iId Delly 0.9.1 #AEX) 44 ¥k Pre-XDR 73 B Mk HEAT
ZERAAR SR, FEAI Y 1582 FIAS RIS IS5 HIAR 5,
B 742 FPAS R ) BE DR R R SR o G B A1 ot = 2 (A
BRI 216 i ANHERA PRI 180 Fh, Ze Ak Al
KRB 212 Fh(0/1 5L 0/0), HoAth B2 1S6110 #25)
JOf 8 Bl EEIXIH 7 Fh AEGRAL[X 9 FFAI PE/PPE
FIGRE AT 61 F. BEf5ILAIN 49 PSR LA (1)
TR BRIBEAT M, Fe /MRS 11 (29 bp~91 bp,
FF7EL: 65 bp )y KK 38 Fl(106 bp~7 838 bp, HiAL:
1146 bp) . 49 MARFRIZSBERE LT, H 8 FRA
FRRIIBEREC>S K WK 20 HaR 41 FMURAELE 1~4
PRI B 22 2 1) 8 Ak, 2550008 bp~
2551367 bp JEH G KA T AT H Pre-XDR Bk,
AFITF Gt o o 2. dhah, BT RE0R
2235169bp~2235233bp. 1710766 bp~1711557 bp
53952924 bp~3 954223 bp AEEEMRHIFIEA AT
TEF A 43 Mol FF A — 38, 449 2235169 bp~
2235233 bp. 1710766 bp~1711557 bp A1 3952924
bp~3954223 bp ZHEMGIK. PRI, AWFFCHKE 4T 5 M
BT 5 LAWK 245 [ 2% & o

2.1.3 44 BRUETIZ i 24 R bR JE DR R 2R 5 D1 TS WA AR i

ZZA MIC /K FHIKRER AT E JEAE 44 Bk Pre-
XDR B Pk H 2 B 5 R R i 2k S A8 5 DL Ik e b
ZHHF MIC KRR 45 Rk 3 fk 4 8K,
2729618 bp~2729 833 bp HALHMIZEZAI MIC 7K
BERTARBLA (2 =6.145, P=0.013 Fl Z=-2.224,
P=0.026), 2235169 bp~2235233 bp. 1710766 bp~
1711557 bp F1 3952924 bp~3954223 bp % F:[H &k
SR T 255 A0 MIC ZKF38 83 TR R, 2=
SH G L (2=4.322, P=0.038 fll Z=-2.526,
P=0.012).

22 ABEsHEENABRAHXRGRIE NTK
iE 2.1.3 RILH 2729618 bp~2729833 bp & 2k Al
2235169bp~2235233bp. 1710766 bp~1711557 bp
F1 3952924 bp~3954223 bp £ KA Gk 2k 5 D1k
WK 245 2 F1 MIC 7K (126 3, AHIE 7 A FL A R 5
DX (R B R R BE AL E 125 #R 73 B AR IEATIRAIE

2.2.1 125 PREGIE B R T VUK R IF] MIC 4345« i
24 25 5 %k DR R A ) 4 125 R I8 AIE B A X DL
IEER Y MIC 2 Ai W32 1, MIC JLfT %04 0.054
ng/mL, H 23 #k S D12k v ki 2tk ( 18.40%,
23/125), 3tk K 4 Rv0678 R A, K K I awE
F1 pepQ FRAFKE, M Zibk s TRAZ RN 13.04%(3/23) 6

#2 FESERAAXEENX 44 FOETZHAREKS LI 8 FEERKFER

Table 2 Eight gene deletions in 44 pre-extensively drug resistant strains in the Southern region of Xinjiang Uygur Autonomous Region

B BRI HTROIE (bp) * K (bp) S RS ()
2550008~2551367 1360 Rv2277¢ 44
4231859~4231949 91 Rv3785 38
2535431~2536142 712 Rv2263 30
2729618~2729833 216 Rv2434c 25
859242~859499 258 Rv0766¢ 8
2235169~2235233 65 Rv1992c 6
1710766~1711557 792 RvI519, RvI520 6
3952924~3954223 1300 Rv3516, Rv3517 6

W a BARRD B DL BT BARERRH3 7RIV T3] ( GenBank accession No . NC 000962.3 ) &M, HF )5 1k15
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=3 20172020 FHBEERBAXEEMEX 169 HIFH AR RBBERRAMEZ D BATE X DUAEMT R ER

Table 3 Differences in resistance rates to bedaquiline among 169 strains of Mycobacterium tuberculosis with different types of gene deletions

in the southern region of Xinjiang Uygur Autonomous Region during 2017-2020

AARRUE) Z T 2R 125 BRI TE T 169FR ATk
BRIZEAL (bp ) G|
iz U A P TEE U A P W & FE P
4231859~4231949 [/ON 21 17 0313 0576 - - - - - - - -
ENTUS 2 4 - - _ _
2535431~2536142 (TS 13 17 3.020 0.082 - - - - - - - _
ES7CS 10 4 - - - -
2729618~2729833 R 9 16 6145 0.013 9 52 1.055  0.304 18 68 3496  0.062
ARAR 14 5 14 50 28 55
859242~859499 [EN 3 5 0285 0.594 — — _ _ _ _ _ _
ERTTS 20 16 - - - -
ZIER I R 6 0 4322 0.038 6 13 1.660  0.198 12 13 6396 0011
ARAK 17 21 17 89 34 110

e a BRR A B2235169 bp~2235233 bp., 1710766 bp~ 1711557 bp#l13952924 bp~3954223 bp ]I HLI; — RKMNZHK A BEAEREA

il

4 20172020 FHRBEERBAXEEE 169 #rIEH N EIXBEFRKMEZ D BATEN TUAEME R/ MIERENER

Table 4 Differences in Minimum Inhibitory Concentrations of bedaquiline in 169 strains of Mycobacterium tuberculosis with different types of

genetic deletions in the southern region of Xinjiang Uygur Autonomous Region during 2017-2020

. 44K IZ T 2k 125 BRI 1k 169K 14 b
BREH (bp ) il
G M (Qys, 0x) i PH G M (Qy, 0O:) ZHE PH G M (Qys, Ox) ZiH P
4231859~4231949 itk 0.2280.250 (0.125, 0.250) -1.5610.119 - - - - - - - -
R 0.0990.094 (0.039, 0.219) - - - -
2535431~2536142 B4k 0.1810.125 (0.125, 0.250) -1.2150.224 — - - - - - - -
Kb 0.6300.250 (0.156, 0.500) - - - -
2729618~2729833 Htk  0.1480.125 (0.125, 0.250) —2.2240.026 0.0520.060 ( 0.020, 0.130) —0.3150.753 0.070 0.063 (0.031, 0.125) —0.643 0.520
Kbk 03110250 (0.188, 0.750) 0.056 0.060 (0.030, 0.130) 0.083 0.125 (0.031, 0.250)
859242~859499  f  0.1620.125 (0.125, 0.250) —0.5770.564 — - - - - - - -
R 0.2140.250 (0.109, 0.500) - - - -
EZ2 S Bk 0.6300.375 (0250, 1.625) —2.5260.012 0.084 0.060 (0.030, 0.500) —1.1520.249 0.1360.125 (0.031, 0.500) 1.826 0.068
R 0.1700.125 (0.125, 0.250) 0.050 0.060 (0.020, 0.130) 0.069 0.063 (0.031, 0.125)

TE: a BB A B2235169 bp~2235233 bp. 1710766 bp~1711557 bp#i3952924 bp~3954223 bplalifitde; G. i/ MIEEERJLATFEE (pg/mL) ;
M (Qw, On) : M. E/MIEREER PO, (O, O ) NE/MIERE25%~T5%M] X5 — REMIZEK F BAEREA T

102 FREBUBAR F, 3 ¥R R A Rv0678 RAT, 2 Bk K E
pepQ KA, KK atpE FRAZM, BFRAZHN 4.90%
(5/102) 0 FARTARIAY T AN B AR MIC W3R 1.

238 TB-Profiler T, 102 Hk ULk g bk 22 74 5
JEHR Hh R AR T 26 B Rk 54 /R (52.94%, 54/102), 53
SR JE R 24 B Pk 38 Bk (37.25%, 38/102), MDR T &
12 ¥k (11.76%, 12/102), Pre-XDR Bk 9 #4(8.82%,
9/102) » 23 A U1k 1 Wbk = 704 i 245 ok v ) 4 T2 i 245
9 ¥k (39.13%, 9/23), 7 JH JBk i 245 £k W K 9 ¥k
(39.13%, 9/23), MDR Fk 2 #(8.70%, 2/23), Pre-
XDR Pk 4 #:(17.39%, 4/23).
222 125 HRIGUE R PR & 169 FEEfR SRR S
ULIA MR IR 24 BUBRPE AR OG5 S 78 125 ARIGE
Bk R R B 2729618 bp~2729833 bp B2k Al
2235169bp~2235233bp. 1 710766 bp~1711557 bp
Al 3952924 bp~3954223 bp £ 3 K Hi 2k 5 DLk g
Wk 245 26 F0 MIC ZK-F-BA FHIHE (3% P>0.05) (3% 3
A 4),

¥ 44 ¥k Pre-XDR B FEAT 125 PRIGIE B Pk &1
(3£ 169 #REHRD, 24T LA L 2 Pl 2k A 5 DLikndsmk

fiif 22 22 F1 MIC 7K~ B AH S &3, 2729618 bp~
2729833 bp K fif R 2H 1 A Sl 2k 2H TR AR 11 DA W Ik
MZ2ZA MIC 7SR AINS 22 RA8 P>0.05); 111
2235169bp ~2235233bp. 1710766 bp~1711557bp
A1 3952924 bp~3954223 bp % 3k [k 2 41 1) Uik
W BRI 24 32 . 2 1 TR B AR, E R A G E S
(»=6.396, P=0.011), PR IR DIEMERR MIC 7K~
ERTGTEE X (P =1.826, P=0.068)(F 3 Fl# 4).
23 ZRARABRXATRELZARTHSAIFL XS
169 Bk B AR HEAT 0 B K B, L2 5K & B Ak 116 Bk
(68.64%, 116/169), L3 FKFN 25 #(14.79%, 25/169),
L4 KRN 28 ¥ (16.57%, 28/169) . 2235169 bp~
2235233bp.1710766bp~1 711 557bp H13 952 924bp~
3954223 bp ZHEFERTE L3 KRB MK EFN
100.00%(25/25), 7& L2 fl L4 K R KA RN
0.00%, £ L3 X RF M EKAREE S T HME R
(L2 F1 LO B (@ =161.159, P<0.001).,

2.4 TRIK Z B AR N A Bk At 25 Ff2 MIC K-F49
27 MRHE 2348, 2235169 bp~2235233 bp.
1710766bp~1711557bp F13952924bp~3954223bp
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Z IR L3 RREVIFR . N L3 KR
PRSI I DA 1 22 B PR 2k A1 3 0) DLIA W bk 245 (1)
Ty A, AHIE FUNE 53 i A [R] 51 5% B R T) DL 3K e e
fif 242 A MIC ZKF (102 5, #HATHI0 IR .

XF 169 BRANFI K 2 BRI DLIA PRI 24 22 3047
P, R L3 5K 2 B A X UL gk s R P i 24 % i v
HUE&ET L4 RRFEKP<0.017): XA K HR
Bk I DL IE Mk MIC K OF 3 AT B B, KB
L2(G=0.081 pg/mL) M L3(G=0.136 pug/mL) %K %
B R MIC /K35 T L4(G=0.034 ng/mL) % &
ERECE 1.

2.50 a
2.00
5
= 1.50
o0
E
O 100t
=
050F == e
0.00 z 2535 i
L2 L3 L4

e L3 RAPH R B MVEHRE D 4 pg/mL, EIPRE
/R a.0=0.017 (0.053) KFT, RERRZIEE/MIFEKEZKFE
M2 A ST S MIC. Ry MR E
1 2017—2020 SF3B4 E/RAIEXRBIHX 169 KTRRH
HER S BATE X DUAMEW A &/ N E R E 576
Figure 1 Distribution of Minimum Inhibitory Concentrations of
169 Mycobacterium tuberculosis isolates of different lineages in the
southern region of Xinjiang Uygur Autonomous Region during the
period of 20172020

25 AR EHE AHFIRIM 2235169 bp~
2235233 bp. 1710766 bp~1711557 bp i1 3952924
bp~ 3954223 bp £ & A Hk 2k, 1710766 bp~
1711557 bp A1 3952924 bp~3954223 bp Jyits F: A
Bk, A B RvIs19 I Rvis20 3K, J5# R %
Rv3516 1 Rv3517 3£ [H; 2235169 bp~2235233 bp
BAURAE T 5L Rvi992¢ I, W3R 5.

i# ik DAVIDChttps://david.nciferf.gov/) %} b ik
SANER AT DR vERE, KI Rv1992c FE K 4 i FH
B HiaE A CpG, H 5 M1 = 5 Cadenosine

triphosphate, ATP) & 5% VIAH < ; Rv3516 X 87 2k
echA19 Gl Jd ot B4l G A 7K & 1§ EchA19, H
F¥% 25 MTB IR AR IS F2, Rv3517. Rvi519 Al
Rv1520 JERI i B 85 1, AR SLES S uF 4R H /D,
W 5.

2.6 169 Btk ctpG F A B SNV HHA  H
T 25 ¥k L3 KRB R AEVLE 5 N BBk
&, IR R D ek A R, e ARSORE I L2 A0 L4
FEIL 144 BRERITAE L. BOTEEAT 0.9 1)
A A LFRAZ F AT 53 #1« RvI520 Arg215Cys Al
echA19 Gly86Asp RALFSIEIAY 78.47%(113/144)
A1 100.00%( 144/144), TN N2 [ € /AR, &
SR AR RANFEAEN o RvISI9 A Rv3517 KK
WHAR . Rv1520, ctpG Fl echA19 WA GAE R IR,
TIAIN 3.47%(5/144). 2.78%(4/144)F1 2.08%(3/144),

3 it

DUIKMERRK - 2012 “E45 F T MDR 458205 176
J7 0, H R EE 6] MTB ) ATP &l in & 1%
Pz AER, X MTB Uk, it 254k DL AR AR S5
AEGRIIREEYE = . HATe R, 5 I
WK 258 2R 20N atpEs Rv0678 Fl pepQ 12 o
AT IN 46 PR ULIAWEMRIN 250k, AR E] 1
R R (1 R R, 3 A 3 R R SRS I B Rv0678 1
SNV, RAFF N 13.04%(6/46), A% T SCHRIRIE 1)
49.4% ) o AR AIRAF 2235169 bp~2235233 bp
(ctpG) 1710766 bp~1711557bp(Rvi519-Rv1520)A
3952924 bp~3954223 bp(echAl9-Rv3517) % 3k
iR 5 DLIA W BRI 245 AF G IR AR (R BR R, 77 229 K
KEHATHE T A 7~ DL v b 245 AL 1] FF) AFF 7
AW FE 30 SRS 2R LA 2 B R R BT S 2
TR B FE AR, KIL cipG 1 echA 19 s K B £ 5
S5 ULk RIS 24 (1) 7] Re k.

Horfh ctpG 2y MTB 40 Jfg JiEE I 19 BH 25 7 % i
ATP FiE 1 DhREFEA, T2 T CE Al Cut 1S i
iz 9, Lopez &5 ) il i 4 H K ik MTB cipG %
FOOEIE G 20 B AT B, R ctpG 3 DR ok 4k 355 41 Py
Ah Cur PP Tk A AR . O DLk ki 24
AHREE R Rv0678 1) 5878 2> T U8k A B H Y b
F2 R mmpL5/mmpS5 W) 2235 & 38 17 {2 ¥ 2459 4

x5 3MBEERRRFESRMN S M EENIEER

Table 5 Functional annotation of five genes involved in three gene deletions

AR ZEAL (bp) N HARFER (Gl 1583 ) YreERE
2235169~2235233 RvI1992¢ ctpG (179G~243G ) SR FiaEN
1710766~1711557 RvI519 RvI519 (34G~270A) RiE N

RvI520 Rv1520 (1G~530A) Al e R AL
3952924~3954223 Rv3516 echA19 (381C~792G) IR AT AK A 19
Rv3517 Rv3517 (1G~793G) [F&HEl
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He, W FEN 25 o echA19 5= R G T 475 Bk 225 -4 il
A KA EchA19, 32 5 ] B 00 B 73 g A X
(Rah R o2 AR5 R A, L B AE v A ) R AR
SR20 MTB 4 R [ aiE P =

2235169 bp~ 2235233 bp. 1710766 bp~
1711557 bp H1 3952924 bp~3954223 bp % £ [F Hit
2 5 L3k W KR 25 28 F0 MIC 7K P i SE i 7Bk 2 A
Fag, XA AE 550 UE PR Pre-XDR B #k 11 ELAF14X
N 10.40%(13/125)F 5% o (HARFLIEIL kR Rt
— AT R I, 169 PRIE PR 25 #k L3 K Rk
517 2235169 bp~2235233 bplepG). 1710766 bp~
1711557 bp( RvI519-RvI520) Al 3952924 bp~
3954223 bpechA19-Rv3517) 3R . LLRTZA
SCHRFRTE L2 5% AR b A (1) 6 85 2R 1 24 2% DA it %2 24
REEETHAZE R 20 . AW AE 169 ¥RE T
ANTR) 5K 22 T PR K DL gk s WK TS 2 2R RN i 24 7K1 1) 22
5 RILL3 BIEEET L4 KR, AN 2235169 bp~
2235233 bp( cpG) « 1710766 bp~ 1711557 bp
( RvI519-RvI520) F1 3952924 bp~ 3954223 bp
(echA19-Rv3517) 2 BRI KA F L3 KRBT I
T PEEIBRITR 245 1) ) TR 38 o, A7 75 SE 36— IR SE

AT Ft Pre-XDR B Pk A1 U1IK W Wk 1 i 24 2
52.27%(23/44), 17t 5 1 1B N — I 2 HH OBt SR TE 1)
1.42%(2/141) BV, (H 5 FgdE—TTPFA DA ek ya TT
205 B4 BA B F 9 40 P R TR 25 2. (55.26%, 21/38) 4H
I B AN[E]FRRIE 7E DLk W IR 24 A ZE R, TR A
HEM QR s (D PRk Jh P58 24, 2141 2UX
T WG 255 TR P SRt T T 3, AR
K R Rz AR F LBV BACTET MGIT 960
1 BARR FH I B 7R 58— 80 (ESR A 3T s iR AR 22
BRMIC=0.25 pg/mL vs. IFFARE=1 pg/mL) 57,
(AW TR 2 H ga X R, L3 RARLEH
SEPT & LRI B T A BT EHR X B,
AHIE TR I L5 UL 2 WA R e 24 2R A 5

AHEFC A — AR Z AL, B, AR
L3 AN} DUk v ki 24 1 & J8 it i 1 L4 K R,
HFEARREE N, T KFEARREIATHFL; HIR, A0t
TR AR P H AN/ GC &2 F Bl 45 1
MIUERG R, %I T 61 Fi PE/PPE 5% % It 5 [A] i 2k
CHA g2 B AR > 5 1008 21 B, (HIT &k, A 1T
3B PE/PPE ZX % & [ [RIFF 1T (6 5 1 245 47) 1) Uk
P B, RIS AT R A DG 15 B

ZE BRI, VAWEMGEIEAZIRITH ), BT
Tl 2 %6 LT 245 WL 0 4 T PR A, L5 SR S B0E
F-BEAS 2 M0 T BOULIA IR 25k 19 B A AL R
RIRIF 5 TR vk B A g S i 2210 R R (R Bk

Fi BG B FE 45 R0 DLk vk 24 L AT e die (it
LB, yRAh 7 ETE I FE ] SNV R I 24540 S L)
HIAS L, Jyith— DRk E UL I AW PR T 245 471 A 72 it o
FRFERAE

FIZEHE A 1EE A AR 2 0P R

A AT TR B AS [T S R R K A 5 )\ Y s =
B A3 X MR EE B P 42 BA% Qe PR B AN 5 A LN R R
e F) 22 DT TR I
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