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Abstract: Objective To conduct genetic typing of Mycobacterium tuberculosis  (MTB) in Guizhou Province using the MLVA
technique based on 24 VNTR loci, to identify VNTR typing loci suitable for Guizhou MTB strains, and to establish a high—
resolution, user—friendly MLVA typing model for MTB. This model will provide technical means for tracing the sources,
transmission, and prevention and control of tuberculosis in Guizhou Province. Methods A total of 124 MTB strains were col-
lected from Guizhou Province. PCR amplification was performed using 24 internationally recognized VNTR loci for MTB, fol-
lowed by analysis of the amplification products using capillary electrophoresis. The number of repeats at each locus was
counted, and allele polymorphism and the discriminatory index for each locus were calculated. Clustering analysis of the test-
ed strains was conducted using BIONUMERICS 8.0 to explore the typing characteristics of MTB in Guizhou Province based
on 24-VNTR, 15-VNTR, 12-VNTR, and 8—-VNTR. Results The allele polymorphism and discriminatory index of the 24 VN-
TR loci indicated that seven loci, including QUB-11b, had high discriminatory power, eleven loci, including MIRU-10, had
moderate power, and six loci, including MIRU-20, had low power. Furthermore, clustering analysis revealed that the 24—VN-

TR typing exhibited the highest discriminatory ability at 95.16% (118/124), approaching the level of single strain identifica-
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tion, followed by 15-VNTR at 91.13% (113/124), 12-VNTR at 90.32% (112/124), and 8-VNTR at 83.06% (103/124). All
four VNTR typing models successfully categorized the 124 MTB strains into four clusters. Conclusion This study identified
six high —resolution loci, including QUB -11b, as the preferred VNTR loci for MLVA typing of MTB strains in Guizhou

Province, with other loci ranked according to their discriminatory power as supplementary typing methods. The 24-VNTR,

15-VNTR, and 12-VNTR methods demonstrated high typing capabilities, providing technical support for molecular tracing of

tuberculosis in Guizhou Province.
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T 1 5 PR A B 24— VNTR 5L [F 8\ 15-VNTR Hit (RIS A4 T e/ N L PR AT, I LU ABE AR i) 1) 25 5 . 4
JAE 12-VNTR JER AT 8-VNTR JER iR, $ioR A SPSS 19.0 FAF#E1T Pearson 2 #5643 HT , A 46
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F 1 SERORATH 24 4 VNTR FEH JEESA S B
Table 1 The basic information of 24 VNTR loci for MTB

FE R PCR 5% 5 Ko kRt i & (5° 1037) B RITKEE H37Rv #H & FITHL e
MIRU-04 GCGCGAGAGCCCGAACTGC (FAM) 77 3 ETR-D
GCGCAGCAGAAACGCCAGC
MIRU-26 TAGGTCTACCGTCGAAATCTGTGAC 51 3
CATAGGCGACCAGGCGAATAG (VIC)
MIRU-40 GGGTTGCTGGATGACAACGTGT (NED) 54 1
GGGTGATCTCGGCGAAATCAGATA
MIRU-10 GTTCTTGACCAACTGCAGTCGTCC 53 3
GCCACCTTGGTGATCAGCTACCT (FAM)
MIRU-16 TCGGTGATCGGGTCCAGTCCAAGTA 53 2
CCCGTCGTGCAGCCCTGGTAC (VIC)
MIRU-31 ACTGATTGGCTTCATACGGCTTTA 53 3 ETR-E
GTGCCGACGTGGTCTTGAT (NED)
VNTR-42 CTTGGCCGGCATCAAGCGCATTATT 51 2 Mtub04
GGCAGCAGAGCCCGGGATTCTTC (FAM)
VNTR-43 CGAGAGTGGCAGTGGCGGTTATCT (VIC) 58 4 ETR-C
AATGACTTGAACGCGCAAATTGTGA
ETR-A AAATCGGTCCCATCACCTTCTTAT (NED) 75 3
CGAAGCCTGGGGTGCCCGCGATTT
VNTR-47 CTTGAAGCCCCGGTCTCATCTGT (FAM) 58 2 Mtuh30
ACTTGAACCCCCACGCCCATTAGTA
VNTR-52 CGGTGGAGGCGATGAACGTCTTC (VIC) 58 5 Mtub39
TAGAGCGGCACGGGGGAAAGCTTAG
VNTR-53 TGACCACGGATTGCTCTAGT 59 2 QUB-4156¢
GCCGGCGTCCATGTT (NED)
QUB-11b CGTAAGGGGGATGCGGGAAATAGG 69 5
CGAAGTGAATGGTGGCAT (FAM)
VNTR-1955 AGATCCCAGTTGTCGTCGTC (VIC) 57 2 Mtub21
CAACATCGCCTGGTTCTGTA
QUB-26 AACGCTCAGCTGTCGGAT (NED) 111 5
CGGCCCTGCCGGCCAGGTCCTTCCCGAT
MIRU-02 TGGACTTGCAGCAATGGACCAACT 52 2
TACTCGGACGCCGGCTCAAAAT (FAM)
MIRU-23 CTGTCGATGGCCGCAACAAAACG (VIC) 53 6
AGCTCAACGGGTTCGCCCTTTTGTC
MIRU-39 CGCATCGACAAACTGGAGCCAAAC 53 2
CGGAAACGTCTACGCCCCACACAT (NED)
MIRU-20 TCGGAGAGATGCCCTTCGAGTTAG (FAM) 77 2
GGAGACCGCGACCAGGTACTTGTA
MIRU-24 CGACCAAGATGTGCAGGAATACAT 54 1
GGGCGAGTTGAGCTCACAGAA (VIC)
MIRU-27 TCGAAAGCCTCTGCGTGCCAGTAA 53 3 QUB-5
GCGATGTGAGCGTGCCACTCAA (NED)
VNTR-46 GCCAGCCGCCGTGCATAAACCT (FAM) 57 4 Mtub29
AGCCACCCGGTGTGCCTTGTATGAC
VNTR-48 ATGGCCACCCGATACCGCTTCAGT (VIC) 57 3 ETR-B
CGACGGGCCATCTTGGATCAGCTAC
VNTR-49 GGTGCGCACCTGCTCCAGATAA (NED) 54 3 Mtub34

GGCTCTCATTGCTGGAGGGTTGTAC
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B 1~ 13 R5E (S Rk H3TR 5 5L A
BN 1 ~5), ik 2 iR b K HDGI f% = 9 N
QUB-11b  (h=0.843,HDGI=0.851), # & 4 N
MIRU-02(h=0.008, HDGI=0.016 ), H:r g 7 4> J A s
Y PHEE HGDI>0.60, 731 QUB-11b . VNTR-1955.,
VNTR-53, MIRU-26, MIRU-31, ETR-A ,VNTR-42,
AT FE R B M A S5 4% 53 BOFF R MLVA 43 705 36 11

VNTR JE R8s A7 11 AN 533807 rh AR S DR e , mT 4 ]
O3 PR PR BB A R /N B PR O 4 AN [R] VNTR 2[R
JEEL () 3 TR s A 6 N BE ST BRI SE R A, ]
A b 70 35 PR AR AR 9o 5 M 48 S5 4% A0 R FF B MILVA
STHUR T RIRE ST o A, B A3 DR e S L PR H R
&, T VNTR-53 JEH 3 F Bk £, 15 16.94%
(21/124), MIRU-26 . MIRU-31, ETR-A . MIRU-16.
QUB-26 \MIRU-20 & [X] )i rh A7 DBk 2k, 78 0.81%
~4.03%3

R 2124 BRESHTRFT IR 24 4~ VNTR SR 5 S e 4440 A
Table 2 The repeat numbers and allelic diversity of 24 VNTR loci for 124 MTB strains

JF  VNTR $5 015

5o R 1 2 3 4 5 6 7 8 9 10 11 12 13 None b
1 QUB-11b 11 13 24 20 20 25 10 1 0 0 0 0 0 0.843  0.851
2 Y- 0 22 2 45 30 22 1 2 0 0 0 0 0 0.744  0.752

TR-1955

3  VNTR-53 0 1 0 0 0 0 0 0 0 36 49 17 0 21 0.739 0.745
4  MIRU-26 0 0 1 0 0 10 4 3 16 30 53 4 2 1 0730 0.739
5  MIRU-31 0 0 0 0 0 0 0 0 0 10 51 10 49 4 0658 0.667
6 ETR-A 1 0 0 18 43 58 2 0 0 0 0 0 0 2 0637 0647
7  VNTR-42 0 0 0 0 0 0 0 0 0 5 36 17 66 0.609 0.617
8  MIRU-10 0 0 0 0 0 0 0 0 2 61 52 9 0 0.573  0.581
9  MIRU-40 0 0 0 0 0 0 15 36 72 1 0 0 0 0.560 0.568
10 VNTR-52 0 0 0 0 27 80 10 5 2 0 0 0 0 0.524  0.532
11 MIRU-39 0 0 0 0 0 0 0 0 0 3 70 50 1 0514 0522
12 VNTR-47 0 0 0 0 59 1 64 0 0 0 0 0 0 0.504 0511
13 VNTR-43 0 0 0 0 38 86 0 0 0 0 0 0 0 0.420 0.427
14 MIRU-16 0 0 0 0 0 0 0 0 0 0 24 92 3 5 0407 0415
15 VNTR-48 0 0 0 0 0 31 93 0 0 0 0 0 0 0370  0.378
16 MIRU-04 0 0 1 98 8 15 1 1 0 0 0 0 0 0351 0359
17 MIRU-27 0 0 0 0 0 0 0 0 2 23 97 2 0 0348 0.356
18 QUB-26 0 102 1 3 8 8 0 0 0 0 0 0 0 2 0309 0317
19 MIRU-20 0 0 0 0 0 5 114 1 0 0 0 0 0 4 0146 0.154
20 VNTR-46 0 0 0 0 0 0 3 1 114 3 3 0 0 0.146  0.154
21 MIRU-23 0 0 0 1 0 2 118 3 0 0 0 0 0 0.086  0.094
22 VNTR-49 0 0 0 0 0 3 2 118 1 0 0 0 0 0.086  0.094
23 MIRU-24 0 0 0 0 0 0 121 3 0 0 0 0 0 0.039  0.048
24  MIRU-02 0 0 0 0 0 0 0 1 123 0 0 0 0 0.008 0.016

22 WM BB o EATE R X AR AR R IE 5
24-VNTR .15-VNTR ,12-VNTR }2 8-VNTR %t [A Ji
RV RSN E 1, FEERY 15-VNTR (12-VNTR .
8—VNTR ¥JHEIR] 24-VNTR ¥ 124 MRE5H D BAHT R
B 4 AFERTE ; R Hr 45 R B8 24-VNTR 737
AE ST, 3P S 5 95.16%(118/124) , 5 % 8
AR RR K5 H K 15-VNTR 43 3% J1 8 91.13%

(113/124),12-VNTR 43 ¥ 71} 90.32% (112/124),
8-VNTR 4> # 1 & 83.06% (103/124);15-VNTR
12-VNTR W85 5 24-VNTR 43 B8 50 AH [b 43 3%
e LGl & L (P>0.05),8-VNTR #i i 5
24-VNTR S HiiiRUAH L o BEfE 1A Geit#8 X(P<
0.05)
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Figure 1 The cluster tree in different VNTR loci model for 124 MTB strains
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Figure 2 The composition characteristics of strains after cluster
tree analysis in 4 VNTR loci model for 124 MTB strains
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SR B IR B DR 23 BT BT 5 A% ]
] B S5 A% o 2 TA) T BERYIRA TR AR 2R KK
IR RIS ST 28 S5 Y R, DL K X 55 R
S 51 P SN IR R A PR, B5A% T
T A MLVA J3 B 52 58 1 73 RO 1 108 A9 B 2 BT
(mycobacterial interspersed repetitive units, MIRUs) 1
A AR B #R K B &2 ¥ 51 (variable—number tandem
repeat, VNTR ) (1443 Hr1"'=21, 7A [] ] S 70 b 1X 3 HI 1Y
VNTR 2 5 AR 2 A7 AN R0, BRI 15-VNTR 2 [ 3
f 73 BUASERY  28 1 P [ VF 22 M X A5 3] 1 R AT
A8 W8 ACBIFY 32 A X B A i X G A% S BT
T 24 > VNTR J& 5 e E A7 0 47, A0 52 M 48 S5 4% 4y
BFFE MLVA 7378 VNTR JE R JAEREFE

FEFET VNTR R[N [ MLVA 537 b i 35 6 4%
AOFE DR R 22 LS e e it &2, O 1
i e AR AR B R F MLV A 3 AR 25 4% A b 1
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T SRR/ INGT Sk BT 04 S R B R[] 22 LR R R

Note: The small black arrows indicate clusters of strains in the same genotype

B3 124 BRESE A RAFT RIS IR VNTR P AR MLV A 43 /)N a) i ]
Figure 3 The minimum spanning tree in different VNTR loci model for 124 MTB strains
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BT B e SR DR 2 AN [R) ) A AT AR, B LR
A DR 5 1 X 22 VNTR 56 PR B %% L L
et 5 T R i XA ) MLV A 43 RS 0o-20
BRI ES . 25 T IR AR A MHH 2007 4F- 42 [ i 2 3
LRI P S5 ASAE B, T R X B RR 15 > VNTR 3
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FELASE M PR 25800 - (o A OG XRIPE 75 X ) 1Y
MR AARERRY, ATHSE Sz oAl LU, [l T 2021
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AR, 7ESR MR VNTR PR s o0, 22 TR #L
P NILTHR e 6 A1 20 3 S DR 3, A5 i ik
7 AN o PR A A, oy 5 AR R S i —
B HSF I HEA A AL, B 1A SRR AR R T
HREE ST s i — 20X LU & B HP 25 43 0 o 5 DR )
AT FTAE A, FLF PR AT 8 2 2 i B M do A R AR AR
MIZER . ARFFAE L HTREFE LA L, B (o A P ik

e U5 N SR B ][] T R S e 5 A48 M 1T 45 4% 40 RO AT TR
MIEALREAE ,  JFXF T 22 B PR AR A 740 fiE T i e
JEIE 50 R B EA A A MLVA 28T
TR,

BN BB 1 e KAy R A AL I RE N =
N 8 P B <19 s e 2 o 1] 2 TR A 28 TS AR
FY LT B, il A& Bt N4 VNTR JER 9 MLVA
S RUXT SN SRR PE G B4R . AR LR B U
TR R B G2 . A58 i [E bR i
[ 24 4~ VNTR R 88 7E 53 4N 45 4% 53 BT T 7 1oz H]
WFSE P10 B ] T 355 YT 50 MLVA 438 VNTR
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bh, AW N T HEE 15-VNTR . 12-VNTR .8-VNTR
A RURERI 4338 77, 1 BIONUMERICS 8.0 #F%}
15-VNTR+1.12-VNTR+1 .8-VNTR+1 & 8-VNTR+2
Sy BB R E AT T, B T 4 B 91.94%
(114/124) .91.13% (113/124) .87.10% (108/124) Fi
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