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Fig. 1 The principle of genotyping by variable number of tandem repeat(s) (VNTR). (a) A
simplified procedure of genotyping of a VNTR locus by PCR. Numbers of repetitive unit(s) of a
VNTR locus can be determined by agarose gel electrophoresis of amplified DNA fragments. (b) A
genome of Mycobacterium tuberculosis possesses various VNTR loci. VNTR genotyping can
provide sufficient resolution (discrimination) of strains for the purpose of molecular epidemiological
study by combination of VNTR alleles (numbers of repetitive units).
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Table 1 Variable number of tandem repeat loci of Mycobacterium tuberculosis and
their combination repertoires for molecular epidemiology of TB in Japan

E
= 2 = z 3
= 5 5 5 & & =

Alias i oz & T T £ ¢S

(traditional 2 & & ﬁ g g =5

name) Synonym Locus O a a < < E 3

MIRUO2 154 X X

Mtub04 JATAO1 424 X X X X

ETR C 577 X X X

MIRUO0O4 ETR D 580 X X X X

MIRU40 802 X X X X

MIRU10 JATAO2 960 X X X X X

MIRU16 1644 X X X X

Mtub21 JATAO3 1955 X X X X

QUB-18 1982 X X

MIRU20 2059 X X

Mtub24 JATAO04 2074 X X

QUB-11b JATAO5 2163 X X X X

QUB-11a 2163 X X

ETR A 2165 X X X X

Mtub29 2347 X

V2372 JATAO06 2372 X X

Mtub30 2401 X X X

ETR B 2461 X

MIRU23 2531 X X

MIRU24 2687 X X

MIRU26 JATAOQ7 2996 X X X X X

MIRU27 QUB-5 3007 X X

QUB-15 JATAO08 3155 X X

Mtub34 3171 X

MIRU31 JATAOQ9; ETR E 3192 X X X X X

QUB-3232 3232 X X

QUB-3336 JATAI10 3336 X X

Mtub39 3690 X X

V3820 3820 X X

QUB-26 JATAL1 4052 X X X X

V4120 4120 X X

QUB-4156 JATAI2 4156 X X X

MIRU39 4348 X X
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STTEHNTHY, AFEICEINIT— 5 T E
R Z W, EROMERBETHNEN -T2
VNTR t v M OfELZNEEICT 5 —HE ko TWnb,
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JATA (12) -VNTRFZ 5 HREHF A 5D & M7 A
RO BZ IS R IZ LD W TR X 72 [EE VNTR & »
FTH B2, RFERI ORI N, EREELETH S
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(a) Intra-laboratory error

a-1. Electrophoresis disorder

(b) Inter-laboratory error
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LabB: 4 3 2

b-1. Calculation error
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a-2. Data entry error

Lab A : defined as ‘2’
N Lab B : defined as ‘3’

truncated repetitive unit

b-2. Definition discrepancy

Fig. 2 Examples of errors often found in genotyping of variable number of tandem repeat(s)
(VNTR). (a) Intra-laboratory error. It often results from technical problems or careless procedures
during such as electrophoresis or data entry as shown. Generally, these errors are hard to be
recognized after data accumulation and cause incorrect identification/differentiation of isolates in a
laboratory. (b) Inter-laboratory error. Even if calculation of repetitive unit(s) can be achieved in
respective laboratories, the comparison of VNTR types among different laboratories fails to reach
proper results without sharing common definitions of each VNTR locus.
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SERE S RA F 5 JATA (12) -VNTR TdH 5 25,
PR O HREE DS R & e B =1 T VA
(BEED) BN~ OBAIIIER TR T EIATH S,
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Fig. 3 A molecular epidemiological strategy for tuberculosis in a local government in Japan.
Clinical isolates from putative outbreaks in the responsible area are collected by a health center
to certify their identification using JATA-VNTR genotyping. For surveillance study, isolates

obtained from hospitals or medical centers are collec
These data are utilized to suspect unknown transmi

ted systematically to analyze their genotypes.
ssions and to monitor emergence of putative

expanding cluster types (pECTs). Accumulation of genotypes of clinical isolates is also useful
for comparison with those of different areas through the quality control of VNTR genotyping.

MR - IROBEREZANE LT, #ENhT—5
ERix Ko Twa (Fig. 3)o B & HITHEARMITIZTATA
(12)-VNTRIZ X 2 BURIfENT 2 F2fti L CTH Y, LEITLL
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%, FEHEFEHR GREMOBEMELR ) »O5RET 5
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N, TRETIRL EN 2D - HERTRE L OBER
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Table 2 Profiles of variable number of tandem repeat (VNTR) recognized as putative expanding cluster types (pECTs) in Osaka City

Note

t39

t30

for international comparison*

Hypervariable
Q3232 Q3820 Q4120 M04 M16 M40 EC

JATA (15)
Qlla EA QIS

J12

JATA (12)
Jil

Jo2 JO3 Jo4 JO5 JO6 JO7 JO8 JO9 J10

JO1

Type ID

13
16

10
10

3
4

pECT 01

12

14

PECT 02

pECT04-06 can be discriminated

only by hypervariable loci.

cnoonoonoon

14
12 11
12 11
9

16

9
10
10

4
3
3
3

pECT 03
PECT 04
pECT 05
pECT 06

identical to M strain**

3

14
17
14

14
14
14

4
4
4

pECT 07

11

pECT 08

10

pECT 09

2

H37Rv

*These six loci compose the international Supply’s 15-MIRU-VNTR by combination with JATA (12)-VNTR.

**Qhkado et al. (2009).%)
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FOZILSNT 9 F 4 TR L TWwb, JATA (12)-
VNTRIZE - CHFEF A4 TR B Lhe 5 e LT b
DM 12BN DO W TRIT 2N 2, B 7% R E %
119 C LT & o TZ D BB O F M 2 10 11 i
DERBEM> TV LEBTH L,

Lrtk, AERE TR O AR I B R0 45 Hhis C© ki
LT BEHEPMEET 51205 T, pECTs & L TERS
5 VNTR ¥ A 7133 - 23 s Bbhs, %
72, PRHISICIRB L CHEBT 254 7R b EETA S
EAVREGE S, HUIBI e R A% TR R oD 45 BB ) 28 BAR IS
oMb EMEESNE, 20X R TIEANIER
EAE R ORI - L IE R BT B L MRS,
pECTs D EFHZ X Lod & L7z VNTR ELJ 0 SR 19 i AR
NETA—FNYy 2 E8NBEIEIZE-T, L YEHED
FWHEA & LT L TW L7259,

6. BHUIC

VNTR BN, sy 5 2 /0 L 7 fedif b & WG 72
WEEHZIT) 2 LI2X Y, MGG RS Y -V
ELTHHTE %0 Atk FEBEOEIM Y = 7 5%
K, WRHBENM LT LI LICLST, L)MELRIER
B IR, RHFEN BT B weE 2 BEHEE D T e & 2
5o DHENIBT DD TIEFL, BAFEOEIESR
SRR RAIND 7 LENT, ERRH % BRI
W7E L b, F o7z B LB R & Rt K o5
B ENMFEI NG,
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Review Article

MOLECULAR EPIDEMIOLOGY OF MYCOBACTERIUM TUBERCULOSIS
AND ITS PROSPECT BASED ON VARIABLE NUMBER OF
TANDEM REPEAT (VNTR) GENOTYPING
— A Strategy in Osaka City, Japan —

Takayuki WADA and Atsushi HASE

Abstract The methodological establishment of variable
number of tandem repeat(s) (VNTR) genotyping of Myco-
bacterium tuberculosis has opened a new era of molecular
epidemiology against tuberculosis (TB). The method can
provide simple, rapid and accurate identification of clinical
isolates from TB patients that makes it possible to compare the
isolates among different laboratories. Such advantages of
VNTR not only help us certify the identification of isolates in
putative outbreaks easily but also promote the reasonable
estimation of unidentified transmissions in surveillance studies.
Recently, the Japan Anti-Tuberculosis Association (JATA)
(12)-VNTR has become a standard genotyping method of M.
tuberculosis, and its spread has been expected in Japan. In
Osaka City, located in the western part of the country, JATA
(12)-VNTR has been applied to molecular epidemiological
study of TB. Moreover, the additional 12 VNTR loci have been
analyzed for various purposes, such as to enhance the discrim-
inatory power (public health needs) or to further analyze the
population genetic structure (research needs). As the nationwide

findings of VNTR genotyping of M. tuberculosis are accumu-
lated, this technology will be increasingly useful for detecting
transmission of any specific strain in large geographic areas
that could not be recognized by conventional epidemiological
methods. The needs for the VNTR genotyping of M. tuberculosis
and its practical uses are expected to expand drastically in the
future.

Key words: Mycobacterium tuberculosis, VNTR, Molecular
epidemiology, Public health
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