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Characteristics of Molecular Strain Typing of
Mycobacterium tuberculosis Isolated from Korea
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Molecular strain typing of Mycobacterium tuberculosis
is important for the detection of outbreaks of tuber-
culosis and laboratory cross contamination, as well
as the differentiation between re-infection and re-
activation of tuberculosis. In the present review, the
authors investigated the currently available typing
methods for M. tuberculosis and the current status of
strain distribution in Korea. /S6110-restriction frag-
ment length polymorphism (RFLP), which is consid-
ered a standard method, is based on numbers and
positions of the insertion sequence, IS67710. The meth-
od has an excellent discriminatory power with a con-
siderable amount of worldwide data, although it is
time-consuming and labor-intensive. Spoligotyping is
based on the presence or absence of spacer se-
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quences between direct repeat (DR) regions. PCR
amplification allows for the possibility of application in
the early suspicious stage. The data can be easily
digitized; however, it shows identical profiles in
Beijing family strains. Mycobacterial interspersed re-
petitive unit-variable number of tandem repeat (MIRU-
VNTR) is another PCR-based genotyping method
with a good discrimination power whose data can al-
so be easily digitized. In Korea, the prevalence of
Beijing family strains have been as high as 80 to
87%. (Korean J Clin Microbiol 2011;14:41-47)

Key Words: Mycobacterium tuberculosis, Molecular strain
typing, Beijing family
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1S6110-restriction fragment
length polymorphism (RFLP)

o] WL IS6110 FAAE] A A9k Foll Wt FEE
Belohe g Zbow Sl o) Rite] ANFS 156110 FA
A2 o] M FEA I ek 156110 SRR = Pudlz} 148k
T S7E R g ] EAEY] wllitell AeE AAE Pyl
AT AR Aelsld 1561102 54 H917F AxkE|a Q143

7481 genomic DNAQ] o] F-$)7} Arlx]o] 1S61100] A%
H Aelell what 1561108 LF-E E3bsle AR F Aolvt

delRc}, uhebA FAAE Poull Al E4:9F ¥HSA]# DNA

A g w50l A7|dE58 3 IS6110 probeS AEAIA 1S6110
A7} E3HE DNA As AEshe W olckFig. 1)[7.8].
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29 5lth= Ao|H13-15]. = 9] IS61107F YAV A
Follz A & Yok whdo] Qlrk ol= Qe 5 ¥
o] A5 S61107} AL A 9] vlgo] =AUk f=lv
2ke] 7% EEolA] A FA}F HA gkar 9}‘4[16]. w
gk o] W2 u«l Z1Es AFA e 278 v|go]
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Spoligotyping

200411 Kamerbeek Soll 2|8}l RFLPX.t} HlH o] 7elat spo-

ligotyinge] /W $17], 93 =49 AZE2A I F8A4 0l
Zw 5|93, Sl IS6110-RFLP ¥ o]2]ol] Al Fo] Hajed
S 24 o2 J sl *]'%545’— ATH3,17-21]. 3%
uk olu2} AJAI 2l spoligotype database”} %= A A AA|
ollA] RFLPS] A ¥ o & spoligotypings AAIs}ATH22].
Spoligotyping= Z#39] direct repeat (DR) region®] Ako]o]]
ZAs= spacer sequence®] EAS EUE 55 EFsle=

HhH o] tl(Fig. 2). DR 36 base pair (bp)o]™, =L Alo]oll spacer
sequence (35~41 bp)7} £A\gk}. DRE] ALL 2F 5}
L}, spacer sequence™ 217} the A4S 7HA AL 917] ullirell 2+
spacer sequences probeZ }o] Z+7ke] DR Abolol| Eafsl=
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Fig. 1. The principles and procedures of 1S6/10-RFLP. (A) IS6110-RFLP for epidemiological investigation used the characteristics of
polymorphism and copy number of 1S6/10. Extracted genomic DNA of M. tuberculosis was digested with a frequently cutting restriction enzyme.
Pvull. IS6110 has only one restriction site for Pvull. Chromosomal regions other than 756110 have randomly dispersed multiple restriction sites
for Pvull. Therefore, lengths of fragments containing one end of 1S6//0 are variable; (B) DNA fragments under well-defined conditions were
separated on agarose gel, and transferred to a nylon membrane; (C) hybridization with a fragment of the 1S6/10 sequence developed only

1S6110-containing bands; (D) an image of real IS6/10-RFLP patterns.
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Fig. 2. The principles and procedures of DR spoligotyping. (A) Spoligotyping is based on the polymorphism in the direct repeat locus of the
mycobacterial chromosome. The well-conserved 36-bp direct repeats are interspersed with unique spacer sequences varying from 35 to 41 bp
in size. Deletion of some spacer regions between DRs is the main cause of strain diversity. Because the DRs have the same sequence, PCR
generates fragments containing spacer sequences that are present in a specific strain; (B) Each PCR fragment contained at least one spacer
sequence, although it may have many spacer sequences; (C) In a membrane, every probes targeting each spacer sequencer are spotted. PCR
fragments are hybridized to the spots. The presence or absence of each spot generated unique spoligotyping pattern.
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43709] spacer sequence®] 72 FHolgto g3 FFE
3=t o]gsl= Aolth. Spoligotyping W o] 7hgks)
A o] o, PCRE 7|9ke.2 317] wliitol] o]
R ZpekEA], F2 2 ok AAlA AA A= A
o] 7}5817] wiitell RFLPHEC} & T whE A7)0l ZAE Al
P A HAl 295 AZEE Ael17]. 28 779
w2 o] 156710-RFLPOI| vl 7] wlioll 1S6110-RFLP
= %43 diAlelE ol Aol vk Akt 1S6110-
RFLP "W el G4 Anlel] EAlSHE 156110 $4AS
58k dl vhal, spoligotyping Z &7 A 57A4+9] 0.1%
ofsle] FAAE Hidteh dl AR | lrh23,24]. B3t
F 7re) 7h Sl A Beijing familyS 1A Fsl= o]
93 wbdo g AH =}

ok
n R Ao

Mycobacterial interspersed repetitive unit-variable
number of tandem repeat (MIRU-VNTR)

MIRU-VNTR-> &t 512F Ztol] 24X Sgixo g &
Asl= minisatellite-like lociE 7sl= W o] ch(Fig. 3) [15].
MIRU-VNTR 7|5FH 082 7HFE| = IS6110-RFLPS] THE-&
Bkl S oiAH e AMEEgdETl, 20061
Supply Goll 93l o] EF3=%IcH26]. PCRE 7[HEeE
e BAHTAH Q3 24 W e 24 spoligotypingell H]3H
A T 7] el 2 Zlew d#A glom, ofyf et
oll A o] AT A4, el o] QIFE| e o
W 0] EFE A% A locusol] HHEFE MR ¥ F
& F3sted, AFA W Wk ohveE} o2 AgA Azl
= 47 & 5 gl Zlo] Aotk MIRU-VNTRH 2 H]
Z| ol AbE Wil o 2 HIAE e A7) 2hie]

Bxyziuiel 5 78 £ 5Eo] XolE B
3L Harskal Qlk. o] = A B3k primer} W o] v B A X}
o3t Aoz Helch gubqog AgE= 12709 loci

— Primers
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0|43k MIRU-VNTR®Y & 1S6710-RFLPS} H] s 3)-&- wf], F- 2
o] glofAl= ot Y2 A0z FuiA] QAR Hh ARl HellA
A RS 7ML AUrH26,27). oAl E B &% ollAl
DNAE FEetol = A7} 7hsstol Heleh, A datas

b AgARe] v s 7FssAl slo] AlAIZRQL o8t A o]
7hsslet okl 1S6110 copy S7F AAU Sl ol
4ol 7hsslvhe Aol glek15].

Single nucleotide polymorphism (SNP)

cleotide polymorphism (nsSNP)¥} synonymous single nucleo-
tide polymorphism (sSNP)7} 9t} nsSNP+= opu|=Ake] 3}
£ ikl 2oz YulEE 540 ks 7Ae Aes
ZAslitol| o] et Hoke AN Aol gt WAz} oAt
A& = Qe v sSNP= Zkd & Q1 wistoel] o3t vl o g,
obwicake] wiste} whelo] Qlek. weha Fae] Aol 15
Q) fRARL T2 YA Bolsle S4B B 7
7h B3 gl SAAL sl EAlel d71Alde] okl
& 2Asio], A8 ATl o188 5 glek. oleld SNPE
& EAefszAe) ALA QTS SJeAE fAA Y
Foll A2 sSNP lociS AHsl= Zo] Fesjch a7}
loci7} 85, el A7HE o) AQA 7] v
ol Zo] FF5i7] woleh. olelst SNp A
T A, Al WA el WSy S ARt AEE A
T Shek
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Fig. 3. The principles and procedures of MIRU-VNTR. (A) MIRU-VNTRs scattered throughout the whole bacterial genome contain variable copy
numbers of repeat sequences. Each isolate is typed according to the number of copies of repeated units; (B) Sequences of variable number tandem
repeats are amplified by PCR. The sizes of the amplified produces are dependent on the repeat copy numbers; (C) their sizes are determined

by gel electrophoresis.
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SelvEtelld Relsle Ae #3o] B4 A AL
19959 van soolingen Soll &3l B-A1% 287} 2 F&l4bol
uvehd A, 147l digt 1S6110-RFLP7E AR5,
Beijing family 5= 24 #59 43%E XAsIACH30].
ol 86%°] TS AFE 4HAIE Beijing family 752 &
2] Hlgo] =A 2AE et 22 dlloll Il 4] AAE A=
A zAl A= Beijing familyo] 72%2 1.780 A% &7 et
WSrh31]. o7& FlellA] Eelsl= At F Beijing family

=

Table 1. Characteristics of molecular strain typing methods fre-
quently used for M. tuberculosis

Methods Advantages Disadvantages

1S6110 RFLP  Well standardized
Reproducible

Time consuming
Laborious
Difficult to discriminate
low- or high-copy
number isolates
Spoligotyping  Rapid Single pattern in Beijing
Small sample required  family
Reproducible
Data digitized
MIRU-VNTR  Rapid
Small sample required
Reproducible
Data digitized
Economic
SNP Rapid
Small sample required
Reproducible
Diverse within Beijing
family

Discrimination varies in
different loci

Requires efficient target
selection and
standardization

Abbreviations: RFLP, restriction fragment length polymorphism;
MIRU-VNTR, mycobacterial interspersed repetitive unit-variable
number of tandem repeat; SNP, single nucleotide polymorphism.

Table 2. Frequency of Beijing family of M. tuberculosis in Korea

o] 43l =2 vlES XAk g A o] 20101
Kang 52 e17-oll4] 80%, ZL8l3L Choi 52| ATollA] 87%&
ok 20147 1] Beijing family £2] BH]&S AEH o A
el b= A8 o = 9rk32,33]. th, 20101 Shamputa S-2]
Aol A 97% HIE2] Beijing family F5-5 2318k AL sl
Lo 2ixle] EAo] 7|9l Z1oZ HOltkTable 2)[34].
Beijing family= &2 FollA A At gtz Aol 4]
polymorphisme] Y& #5538 F3lslo] Beijing familyZ *|
< B, o] FFEol tllA spoligotyping = 7S 9o
2 Uehle 28 F9slgith30]. o] ol2] yelollA Beijing
family2] H]go] HauE|gled], $elvets Edhsto] wEY,
5%, Ad=dlAo}, bt SollA dAs] =2 ul&S AAse
Ao A rH10,37]. Beijing family: 156110 4+ 7}
1570 A 267] AEZE WAL, IS6110 SolAE Al insertions
7HA 3L Q)& Ao] EAow, spoligotypingoll Al B 2 <
A& JERJATH37]. Beijing familyt= Az}Eo] 2 Ao g ok
4 9louf, 1 o] foll tiEliAE o} iRl A2 gk mst
Beijing family 5= th2 9] A7 it WeAol £,
A WATE Aol Frk11]. 53] 2ol i oy
odtol] 2JsbH Il Beijing family FFE3} A A WA A
o]¢] odZAgo] 9l A& ¥H|%l o, Beijing family T+ W
oNA rpoB FHAAE T GAA WA oFdate] T el i)
A% g2 bb 9lvl33,34,38,39]. wekA] Beijing family®] &
2] vlgoll wlghA] Al 5 B0 AHAE kst A
57 =9 4 glom, Beijing family] £l Hlg9] ZUEHE
3l A Aol B2 E T S A oE gkt ik o}
g} et wlokol] glo] 91 ZHetsl=dl 1S6110-RFLP
W 0|3t T HuE [S6110-RFLPE] AsFe] 447}
AL selsls ol o] sl 2 S &+ o
[40]. B3} Park G- TollA] wlwisiA] Fel=WA 1S6110-
RFLP o] frijol|lA] £el=l Aoy s Zaie] 5
A& sl Korean isolate 32 K strain® 2 HHs3ch

qn o= T

No. of strains Prevalence (%) of

Sources of clinical isolates Periods . . . . References
investigated specificstrains
KIT 1992~1994 14 B, 43 [30]
KIT 1995~1996 138 B, 72 [31]
One hospital in Taegu 1997 ~1999 54 Not detected [35]
KIT 1998 ~1999 206 K, 18 [4]
Public Health Centers in Gyeonggi Province 2004 715 K, 24 [36]
One tuberculosis hospital 2005~2006 208 B, 97 [34]
Nationwide 2006 80 B, 80 [32]
Two groups combined (Onehospitalin Busan, and KIT) 2007 187 B, 22 [25]
11 university hospitals 2008 ~2009 96 B, 87; K, 15 [33]

Abbreviations: KIT, Korean Institute of Tuberculosis; B, Beijing family; K, K strain.
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[31]. K strainS -5 8~12709] 186110 SAALE 7FA| 2L 9lo
W, o3t 542 35 AFollAE FARsHl vERTH35,36].
K strain®] ¥HA HIE= 1999Wd0)] 18%Z X5 Halx|glom,
0]3 20049 24%, 20099 15%2 H.1%9r}H4,33,36].
Sguel FF9 spoligotyping A AR A gE 1A
¢k}, Spoligotypingol|41+= Beijing family”7} E’_—‘,:— 3} 712 ok}
o g ehty] wigell, 23 #F57F B vl A 1
W Aol A v BAGRA L B2} o] 20074 Song
59 QA ellA = A==, 1S6110-RFLPoYA] Beijing fam-
ily types UeME BE TF+ spoligotypingoll A& 27 35
~439 probeolit Adtsl= Z1& Elslsich25].
MIRU-VNTRH-S o] £s}o] T oA & Aa)F2o] $AA} &
W BRE ARl =], 20004 Yun 52 T 3hajol|A] Ee
H 817l tialA] EH o] =2 6719 lociE ARSI
20101 Shamputa 52| Aol A= 8719 lociollA] FH o] =
Al Vehdt}34,41]. o] 7 =ollA AXs= VNIR loci7} ©F
2d} 3ttt E MIRU-VNTR¥ o] IS6110-RFLP <=2] E1i
< 7ML Q= AL B3] € 4 Utk MIRU-VNTRHYH S %
N AR o|HA FER AT s Aslr] ulitel] AEA 7+
Y= 37k 748 wlaL Aol Thsste] At AR E sotsl=tl
golslrt. 20101 Kang 59 ATollAE olefdt AL o]
sto] ] A F3o] fA A Eak ohdel i
F3] AR Y Bl gk diolel & vl EAste] S
A =L HES X]—X]KI—-* Beijing family T5-2] sublineage2]
AleH T3l 3k A8 E AAsIAch32]. 2 EAH S}
zApol| de] o] &5]= 7 7hA W<l 1S6110-RFLPSF MIRU-
VNTR*"* 5*101] *‘*lf:;_ 735, o 7HA e 5 71l o
= THES A 9| wlirell 2 45
ﬂ E7F GAEHA] ke A9 e T Yk olule I
o] §47F t}éA Aol whE AlE ANtsle] 7 W
S5E Zohllo] 4% 7 = s AR SlcH42].
2| Zoll= SNPH =, A} Antel] A1 171449 1A

fige=g

& 240 2H ANTE AT P A2 240 TEea

2 skdet. 20061 Filliol Gl oJall @l ol 23t nu-
cleotide loci7} AAE G 3[43], FWHellA1E= 20101 Choi S0l
o3 Aol 22 78k AalF2] SNP typingo] A== Ak
[44]. L A3} Sl FFoll A5 SNP W o] IS6110-RFLPS} H]
<3 e 2EEs 7R e Aol FEE Ik

2
=

ru

S-eluele 199533 AA7HA] 1S6110-RFLP, spoligotyp-
ing, MIRU-VNTR ZL2]3L SNP 5 oi&] 7}A] HbHS- o]-g-s}o]
Ao A3t =4S AR o]eidt EAtd stz A
ol Qo] Ads] Fo3t A% sl vk Yow wen
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