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M. leprae typing by genomic diversity of clinical isolates in Korea

Jong-Pill Kim*, Sang-Nae Cho

Institute for Leprosy Research, Korean Hansen Welfare Association™, Dept.of
Microbiology, Yonsei University College of Medicine

Recently, PCR-based typing would be of great value for Epidemiological
investigation to identify infectious source of leprosy, understand transmission
pattern, and distinguish between relapse & re-infection. Variable TTC DNA repeats
in non-coding region and 6bp(GACATC) tandem repeats in rpoT gene revealed PCR
products of different size may be useful to investigate the epidemiology of leprosy.

Authors have typed clinical isolates of M. leprae in Korea using difference
of TTC DNA repeats in non-coding region and 6bp(ACATCG) tandem repeats in
rpoT gene. Of the sequence analysis of isolates(M. leprae) of 52 patients(44
Koreans, 8 foreigners; Bangladesh, Indonesia, Philippine, Sri Lanka, Thailand)

M. leprae with 12 TTC repeats was showed most common(13 cases, 29.5%)
in 44 Korean isolates and 42 Koreans(95.5% of Korean isolates) isolates
demonstrated four copies of 6bp(ACATCG) tandem repeats in rpoT gene and
the isolates with three copies were found in 2 Koreans and 8 foreigners.
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SECERE

B AEE o8t 4L UAsAT
529 F 449 e AEclolgla, 8y o5
Q1 (2] 7 o} 29, W)

W He oA
AAEte] AEE AE A7 = d3tdE
A FoA] HAsIAT. QlAamp DNA
Mini Kit % Roche High Pure PCR
Template Preparation Kit & ©]-&3}o]
z2] YoM el Yt DNA FE3har ALg3)
7] A7A = 20TCA A s

% A] /K§74_Q.

datol A s Gy Bxe) fa4 dEgel W Uit £4 : A%d, 24

=

2) THELIGHNE

TTC repeats< ¥ak TFIALAANTS
(Polymerase Chain Reaction: ©]3} PCR)
3} o]z} nest PCRE A3 A=k
PCR< Shin 5'7¢] whle] wel 2Aa}
Q= Lokshd 1 ZAL 95TA HE
ZF denaturation A1zl ¥ 94CelA 30
Z, B8TAA 30%, 72TCoA 30x3+ Ht
SAI71E cycles 353] HbEskal 72T A
1023 vESAIH Y. ek 297 e
k2 o= o]AZ nest PCRS A A8}

=4, nest PCRE At Bpx}sohst
olg|ed uFHO =S Aol o g

| 5t Al PCR 2712 o] 83
of AAjeti=d sokshH 1 212 95T
o 4] 5= ZF denaturation A%l ¥ 94T
oA 30z, 70Tl 30%, 72CelA 30
27 WSAI7IE cycles 353 WHEsla
72CA 103 RESAIFATH (Fig. 1)
PCR % <%4¥ PCR product= 4%
Metaphor gelollA 110V 3}ollA] 1AZF
A7) 55kl geletd

—|—’

TTC primet sequetce of Afleprae

ooaciaaace a!bhu: atittggecteatacg cht&h:ugttgggth:gatcga arga
s

-nmgctanm:ttath:c A

1" permer position
P gt prmer posiion

ctatattalygggage taagigee oce igiag

Fig. 1. TTC repeat® A|%HA]
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rpoT gene? coding region ¢roll &4 A 9 AQEE B 5 sde o, 329
3= 6bp(GACATC)S] tandem repeate (62%)0] A3o 7 209 (38%)°] Adto
rpoT geneoll WafA] E Ao A Ak =2l 8WS ALd W=l 449

O

—_—

A¥HA|rpot-f 5’ agccaaagacaccctgaacgl’, A= Algo] 249 (55%), Ado] 20
rpot-r 5'gacgcaacgcctecggattl’ & o] & (45%)01Rar, <=9l 8WL o] A3k
stew, 1 F=7AE 95ToA H5E 7+ o)

denaturation A7l 3 94CelA 18, 59 HYPoz B/ oS wl, 467 (88%)°]
CTAA 13, 72TCoA 123 H-gA7I= yUEFolla, 68 (12%)°] APl
cycles 353 WHEslal 72TCoAl 1023 ©oF = 89S A9sh 144 Q4478 A
Hh-3- Al Zi Tt © yUEdol 419(93%), A FFo]
2E PCRellA DNA A5 3ul & Ab (7%)o1NaL, ¢=2) 8WS yF3do| 54
4319 o, Bioneer o]  AccuPower — (63%), A3 o] 3 (37%) At}
PCR Premix( Tag DNA polymerase
1U, dNTP each 250uM, Tris-HCI 2. TTC repeat Z1}
10mM, KClI 40mM, MgCl2 40mM/
20ul reaction volume)< AH&-3}9)
PCR ¥ <%% PCR producti 4%
Metaphor gelell4l 100V &}ellA] 1A|F

AA 52dl F 123]7F 1441(26.9%) =
Vg EkA BEEAa, 118 2 1337}
12901(23.1%), 103+ 81(15.4%) 2
2 BEH AT (Table 1, Fig. 2)

3 A719Ese] gelstgon, d7)Mds)
Astsl A8 93] AlAAL oE 7| (8
ousy o ;;O}Og = éjg ;Loj,; Table 1. TTCHH= ()
) gre s M
93] 1
2 1} 10%] 8
113 12
1. CHAY BEXF ZAL 23} 123 14
9 B2} 529 HF Lol 56.44]0] 132 12
9liL, o] % b= 34 o]zl 18]S 14=l !
oh. 9ol 8We A|9F el 44w o) 182] 1
Hit Yol= 61.3A401%aL, olF HA+= 203 1
27 == 17THol. &)=l 8 9] 3 2235 1
|&= 29.8AM010ar, FAF 78 o=} 1 313 1
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Farola wAE A BAe] fax A e Ui 49 0 4EW, 249

143 183l 203|222] 313 93
1.9% 1.9% 1.9%19% 19%19%

10=]
154%

133
231%

1=
23.1%

123
269%

Fig. 2. TTCHHES(HA])

9,]%?_] 8”5]% Xﬂﬂ?ﬂ' lﬂj??_] 44134 % Table 2. TTC‘?_E‘"/I\“(W;HLL)

[¢]

12817} 13¢1(29.5%) = 7bd &84 # ST el
2= o, 113 2 1337 110(25.0%), 93| 1
103]= 691(13.6%) o= #A#EEHAH. 10%] 6
(Table 2, Fig. 3) <=2l 8WdA+= 113] 11
1087} 200(25.0%) 2 7b¢ E3tA B2 123 13
= AtH(Table 3, Fig. 4). 133 11
143 1
203 1
S 44
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13.6%

2.3%2.3%2.3%

113]
25.0%

123]
29.5%

Fig. 3. TTCRHE(H=<1)

Table 3. TTCHFHE=(2]=2])

gtEa gl =5

103 2 AE|E7t, g2t Al
1135 1 A2}

129] 1 Bl =

13%] 1 ==

185] 1 Za2|H

223| 1 ol = 14| Alo}
31%] 1 ol | Alo}
A 8
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313 N

12.5% 2150;
003 o

12.5%

11=
12.5%

18=
12.5%

133] 123
12.5% 12.5%

Fig. 4. TTCRHEF(£]=<31)

Table 4. TTCREES (413 A A)

ol=mels 3 HAA A% 329elA =
&

1238]7} 96(28.1%) 2 714 &84 B2 h= U
AL, 13317} 84(25.0%), 1037} 7¢] 93] 1
(21.9%) o= #HAEHIUT (Table 4, 108] 7
Fig. 5) 9]¢l 8-S A&Jg =l A3 113 3
24l M= 123]7F 84(33.3%)= 7H 123 9
a4 BAEYI, 133]7F 740(29.2%). 133 3
10317} 591(20.8%) So= #REYT _

(Table. 5, Fig. 6). A% 20%el4= 11 182l 1
57} 96)(45.0%) 2 71 A By 205 1
93, 1237} 5e(25.0%), 1337} 49 223 1
(20.0%) So& #FHJH Table 6, 31=| 1
Fig. 7). =7 32
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03223 312 93
193.1% 3.1% 3.1% 103
21.9%

1832

3.198

133

25.0% 113]

9.4%

123
28.1%

Fig. 5. TTCHFHEF (A1 Al

Table 5. TTCHFEF (=1 A3}

o= e
93| 1
10%] 5
115 2
12%] 8
132] 7
202 1
=l 24
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Bl WAY AW BA] FAA hFel mE I 7Y WEL, 24

203 93
4.2% 4.2% 103]

20.8%

113
8.3%

123]
33.3%

Fig. 6. TTCHHE( =<1 A)

Table 6. TTCHFHES= ()

ahE s S
103] 1
113] 9
123 5
133] 4
1435 1
=H 20

11
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143 103
5.0% 5.0%

1335

113
45.0%

25.0%

Fig. 7. TTC¥-E5= (A1)

HAFY ARE VIEoR 4T ), 123] % 1337} 42k 140(50.0%) =,
1950+ 113 % 12317F Z4zF 24 1990 di= 133]7F 240(50.0%) =, 2000
(33.3%) =, 1960th= 1137} 60(60.0%), ddl= 123]7F 741(35.0%), 133]7F 54
12317} 2¢1(20.0%) %, 19707} 113] (25%) so= #AHAHTable 7, Fig. 8,
2 133]7F 2+7F 190(50.0%) =, 1980 th Fig. 9).

rr

Table 7. TTCHHE R HI=(2AEE F)

95| 102] 113 123] 133 143] 205 A
1950 00 1 ] 20 20 1 . Oo 00 60
0.0% 16.7% 33.3% 33.3% 16.7% 0.0% 0.0% 100%
1960 Oo OO 60 20 'Ia 10 00 100
0.0% 0.0% 60.0%  20.0%  10.0%  10.0% 0.0%  100.0%
1970 0 0 1 0 1 0 0 2
0.0% 0.0% 50.0% 0.0% 50.0% 0.0% 0.0%  100.0%
1980utH 00 OO 00 1 ] 1 ] Oo 00 2 ]
0.0% 0.0% 0.0% 50.0%  50.0% 0.0% 0.0%  100.0%
1990 tH Oo 1 ] Oo 1 ] 20 Oo 00 4 .
0.0% 25.0% 0.0% 25.0%  50.0% 0.0% 0.0%  100.0%
20004 CH 1 4 2 7 b5 0 1 20
5.0% 20.0%  10.0%  35.0%  25.0% 0.0% 5.0%  100.0%
1 6 [N 13 11 1 1 44

O

A 2.3% 13.6%  25.0%  29.6%  25.0% 2.3% 2.3% _ 100.0%

12
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W=l 449s S8 Teer w4 (27.3%) %, FdH> 1337} 54(35.7%),
o, F=d 2 7EH s d7] 1 3 A 1137} 44(28.6%) %, 9@ 103], 11
WAL 12871 34(50%) 2, 74 3], 123], 1337} 247} 3401(23.1%) # #+&

AL 123]7F 441(36.4%), 1137} 34 ¥ tHTable 8, Fig. 10, Fig. 11).

Table 8. TTCHbES B W= (A ©)

93| 108 115 125] 133 145] 20%] A

TdH 4 0 0 1 3 1 0 1 6
7|t 0.0% 0.0% 16.7% 50.0% 16.7% 0.0% 16.7% 100.0%

=52 0 2 3 4 2 0 0 11
- 0.0% 18.2% 27.3% 36.4% 18.2% 0.0% 0.0% 100.0%

itz 1 1 4 3 5 0 0 14
7.1%  7.1% 28.6% 21.4% 35.7% 0.0% 0.0% 100.0%

S 0 3 3 3 3 1 0 13

0.0% 23.1% 23.1% 23.1% 23.1% 7.7% 0.0% 100.0%

o
N
o

OOm D
fol 02 o >

or OoC o Hn
Mo

Fig. 10. TTCHHE(S44 )

14
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0:0%
S22 % 7|

mos| m105 @113 @125 w135 @145 m203]

Fig. 11. TTC¥rE ZE (244 4

=l 449s WHIGA] AFA TIEe 2 123]17F 39(50.0%) =, FEHS 133
2 24 ., F=d 3 78He 7371 7F 30(50.0%2, A2 103 3 1237}
AH ) 1337 84(30.8%), 7}z 29(33.3%) A #2H A (Table 9,

3 2 123]7F ZF2F 79(26.9%) =, 37‘4?4 Fig.12, Fig. 13).

Table 9. TTCHbES B W& (A54] ©H)

93| 103 113 123] 133 143 208 A
1 2 7 7 8 0 1 26
Sz
3.8% 7.7% 26.9% 26.9% 30.8% 0.0% 3.8% 100.0%
o 0 2 1 3 0 0 0 6
ek
0.0% 33.3% 16.7% 50.0% 0.0% 0.0% 0.0% 100.0%
0 0 2 1 3 0 0 6
o't
0.0% 0.0% 33.3% 16.7% 50.0% 0.0% 0.0% 100.0%
0 2 1 2 0 1 0 6
e

0.0% 33.3% 16.7% 33.3% 0.0% 16.7% 0.0% 100.0%

15
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ERSET
5y
s ELTE
SEATE

m9s| m103 @113 @125 m135 @145 mW203]

Fig. 13. TTCWHES X (54 #)
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sabe] 4

3. rooT genell coding region LH 6bp
(GACATC)S| tandem repeat Z1}

A 2094 Tandem repeats(GACATC)
= 1697} 432, 4doA 332 YERS

th 43 5= A d=leldlen, BQ
2 Uehd 449 T 392 fl=QleA &
Alasien, lds= v=dledA fd2 Als

Atk 332 yEhd W=l 404 FAE
A el SAske] FHole A7k

A AFshe ARA 197610 A o] A
sto] wEoR fEAor Amsd F
Table 10. GACATCHMZ (A A)

b4 Hl =4

33| 10

43| 42

A 52

2003 AE oojx, tE st 764
ﬂx}izﬂ 20014 HL/&E% MRt A, F2

AL AFER oM, F ALE BT ¢
olzte]l WHSE A HE=I AIFL ¢t
71EF W=Ql gAfoll o] Aw, A, Algh
b 8 AEER}, AlEbe] A AR,
Apggkate] Al 24 dE ) APEgkte] w7
A FAFA, AA &2 FHE FAFA
2 Tandem repeats(GACATC) &+ 2
Y= SolAbgre] #EE Al FdtH(Table
10-12, Fig. 14-16).

33
19%

81%

Fig. 14. GACATCRH5 =

(AA)

17
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Table 11. GACATCYHE(H=<1)

dhe s a4
335 2
42| 42
HA| 44

3=

4.5%

Fig. 15. GACATCHHEF(=¢1)

Table 12. GACATCHHEF(&]=7¢1)

uhE 4 HlE S
33 8
43| 0
A 8

18
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dolA wAE eAy Bae] §44 e he g 53 0 059, 24
43
0.0%
35
100.0%
Fig. 16. GACATCRFHE(2]=<1)
o #
2001 Cole %‘14)01] °Jaf ‘/}ﬂ(]\é/cobacterium o] sfmo] "W ZAQn} 1317] S &) A 70
leprae) Al DNAS] HA d7INDel  poy et gmngle] 71e] 73
°IF VIR FUELIAATS o guomgse do) sEA
(Polymerase Chain Reaction(PCR))=  gu} —ej7] o3l me @

ol g% A Tt (Al V2dh= A% gaje] o] sbx Fwwo] At
A EA4 0] s sl Rt o] go}, vt fxzke] th

Akl 7= FHHES F 5 neksie] Ele] njAEOA &

vkl olsl, Al yom ggett AL HA Yotk Uy

del 7 5o 994 A7 T #AsAE wEedS SHsl=Restriction
= - = [e)
= =

b=t A5 98k A Fragment Polymorphism(RFLP;
g 2L AU S st gadEgyy gEH) A 9k 3
O ogafe 54w gedE =Rov giFne dyge
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ere ko Wl o3 @ue Brbsag
G0 7 o) % g Aol Aasgon
ost Mol S8 wa HAA el 1
7]

Uit FAxtEedl= ofe] @7] Aol o
b= whEufg o] ZlE a7 v (X
172850 7} w7l w2t “do](variable number
tanden repeats: VNTRs; 7h#HAd A0k
E)gto] B Q). H<t short tandem
repeat(STR) 9] stuel TTCHE 9] HhH
b @ gbel gelst Hsk rpoTH Al
el v o] drAse] vt 2719
AAgor Bid 4 9g'Vo na H
o}, o] 2 Qlsto] ghalwel] FafAE o]t
0gds o] &3 Ut EEFe ) o
g} &AM o] 7hs sl ATt

2000 Shin'? & utel wz= o
oAl short tandem repeat(STR)]
shuel TTCY RHEAMY tgds ®alst
R, ol st dmpdRo|A ujek
H yre® A2 cosmid B240794+=
TTC W= 2132 gelsiglon, i)
Ao A thatvt A} 347l A AAIGH A
A= 10704 3770 Folgh w7}
HEE A=, 243 L 253171 P Hol

AR

HAEAoH, 143], 153], 203], 213,

283 To wAZ WAy sk
Seutetel A 20039 7 517 <jaku,
AR 20el (B 174, B2, o

=, ¥ 7t 14) T 113]9F 1237} 64
A 7V EsAl BEEAAL, 133] R 153
7F 34, 103]= 29014 #EE AT, 103
o] B 24 EFoA ff=mlol A2
Algoldar, 158le M= 247F =<l

20

W 404, 1R 2007 -

A, 1d7E fEleA] A ARl
Matsuoka M, 5(200413)®o] o&tw
A 469 (LE2 8o, Th=rQl 19, EHiLL
14, AxurJo} 36]) A dEQ1S 118
(3o0), 93](2<), 1038](24]), 163](14])
Soldar, F=rele 133 (1)), B=ele
143] (1) 2 ZAFE QAL T3 Qlm Ao}
o= 1134 1937449 tp&Ado] &
ALPed, 1087 154 = 7PF w@eto
. 133](54)), 123](44)), 83], 93], 14
3],153] (22 24), 113], 163, 183,
293] (247} 14)) To=2 ZAMEJY. w3
selo] 7hs: dlolA 27k Aol 7k
d4d e vgE whErE wEEva B
a3kl T=3d Matsuoka M, 5(2005
@) Pel] olabd, @A A= 1037} 57%
2, HFA= 103]9F 353)7F 7}7F 35%
2, detgtolold= 103871 36%= 7HE
Wttty Buskeitk. Matsuoka M, &
(2004¥)1%0] WEE B 7S 1804
FAS%I Qe 74 el ol TTC
Beg ngid 22¢ RAR I Aol
Mol deAs HWE FedA 4
°f TTC WHE4& vl & 2z} g %
= E57F 108, gE ok x|
F3& 183, ARAdA = 103]9
TTC WHEFE EATH o]= o|A7-A] gt
ol gz}, 53] thiti} $kxjpele] A &3
S Aol dlojgfa dH AL,
A iz Ao e oty $kxeld]
U HE2 Sl Hlske] 9ufe] 9
= R R b
Jlojetn grtd FA
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1:}
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$ o] vato] EejEojof 3
A e A Uske
EA 7Veds e
T = 4478 9] gkl
Al AZEE UDNAA B A 123]7F 134]
(29.5%) % 7V EstA ##EEAa, 113
21337 114(25.0%). 103+ 69l

(13.6%) o= #FHAL, =<2 89
M= 103]7F 20(25.0%) = 71 &3k
HEEAG. ofol gk AshE FolAd 2
A S

rpoT genes °©]&3F YUqte] E &
Aol avl=Ea Qlom, o] rpoT gene
o] coding region ¢t  EA|E=
6bp(GACATC)9] tandem repeat 315
o] zolE §&3% ZAd, Matsuoka &
o nude Mouse ZA uloAe] vhte]
dolgh T2 &£Io] AAQkst] rpoTwHAA
o] wjdell Aelst 2719 g &
g A=, GACATCS 69714

—_—

o 37 A= d3 i FEske
38 wAstGTE, EdI ox ‘?_]EH]/\]O]-,
v, "= SolAs 3709 w&e], gy
Aol A 47)e] whro] AFHITIL B
zagieh A 50 679 el At

o 29 o] o= QlofA AAIg rpoT gene?]
coding region <Ml EAE= 6bp(GACATC)
o] tandem repeat & =13 65l A
43]7}, 299 d=lyt 27 o] &=elelA
3317} vebgtta Bastgdck. w3k 2003
d 7 5 F 2093 174, L2
A, El=r, Bl ZF 1e)olA GACATC
N4 164)7) 48] 2 44l 332
bl 43] A9 A9 galolgleon,

Ag Ay SR FAA Al o

it

BRI R

332 YEld 4o F 312 &=l A
AFERoH, 1= o A
om, dejHow 33= et ?'&
ghrloll A 1 Fh o] &=l A
AOZ AgEE A8HA ool Wt
A ettt ® sk, &gk 2005
7 550 gl 2400l oatd ®
ol A 432 eyl Matsuoka 57
A S| A= 43]7F, #F-9F ghetato]of
M= 337F FE PEEATAL Bk
AAN7A] Bag rpoTHAA Ue] 6971
7PAA A HkE- (VNTRs ol gk o= =
.LE-O/] T 7HA 8 3k AEA ExE
Ty 9 %113—94 E T T
°ﬂ"1t 43] o] v WAHJL, 27
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