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Abstract

SNP Genotypes of Mycobacterium leprae Isolated in Korea
Jong-Pill Kim

Institute for Leprosy Research, Korean Hansen Welfare Association

Leprosy is an important health problem worldwide yet. It is caused by a
chronic granulomatous infection of the skin and peripheral nerves with
Mycobacterium leprae. The clinical findings from tuberculoid to lepromatous
leprosy are a result of variation in the cellular immune response to the
mycobacterium. The resulting impairment of nerve function causes the
disabilities associated with leprosy. The widespread implementation of
multi-drug therapy (MDT) has been associated with a fall in the prevalence
of the leprosy but as yet no reduction in the case-detection rate globally.
The leprosy control activities must be maintained for decades to interrupt
transmission of infection.

Based on the discovery of three single nucleotide polymorphisms (SNPs)
in Mycobacterium Ieprae, it has been previously reported that there are
four major SNP types associated with different geographic regions around
the world. To expand the analysis of geographic distribution of M. leprae,
classified by SNP, the author studied 56 clinical isolates from Korea
isolates. And analysis SNP genotyping by PCR amplification and sequencing,
PCR-RFLP, and pyrosequencing. The genotype of single-nucleotide
polymorphism type 3, CTC, at positions 14676, 164275, and 2935685, was
predominant (95%) for isolates originating in Korea.

Key word : leprosy, SNP genotype
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QIAGEN DNA mini-prep kits®S o] &
sl A ZAF XA W)L o] &3le] U
T DNAE At

2) Y DNA &< (Table 1.)

Uit DNA Ao 475 glsl7] fl8)A]
Uit RLEPS o2 gt e§asd
-5 ((Polymerase Chain  Reaction,
PCR)& AAIsISth WA RLEP3l tial
Bioneerrte] AccuPower® PCR PreMix
© & Donoghue 5'7¢] Whdel] g} AA]
stgltt. 2 Adke QIAGENAR] QIAxcel®
2 glatpion, g2l Frd et ARE
FEAST. Wekel elE A9 good

Table 1. PCR primer sequences for M. leprae

Sl A weld vt wad @Y F90 UE 24 AFE

e,

Tota, yHAle] 9= oA o2 Wang
5!Wo] 3eket RLEP g one-tube
nested PCRS BioneerAte] AccuPower”
PCR PreMiZ AAsd 1 ZHAIgs
QIAGENAY]  QIAxcel®Z BHlatgdon,
g9l F=o] wEl moderate, ¥ poorE
AEE FEsHAT

3) 94971934 ¥4 (Table 2, 3)

E2E Uateld DNA FAl & zF vt
gddrigdEdA 3 #Hrks Slg gkt
W (PCR & AlAA, Algtaddddoltt
g4 B4 9 pyrosequencing) & FA
= AAIBIAH(Table 2.).

Primer Name Sequence(5'-3') Length (bp)
RLEP3* LP1 TGCATGTCATGGCCTTGAGG
LP2 CACCGATACCAGCGGCAGAA 129
R1 CGGGTAGGGGCGTTTTAGT
RLEP™ R2 CTAGAAGGTGCCGTATGTG 272
R3 GCGTTTAGTGTGCATGTCA
R4 GGATCATCGATGCACTGTT 230

**Donoghue HD, Holton J, Spigelman M.: PCR primers that can detect low levels of Mycobacterium leprae

DNA. J Med Microbiol. 2001:50(2):177-182

***Wang HY, Whang JH, Kim JP, et al: Improved Detection of Mycobacterium leprae by One-tube Nested
Polymerase Chain Reaction. J. Exp. Bilomed. Sci. 2007:13:319-324

Table 2. PCR primer sequences for M. leprae SNP

Primer Name Sequence(5'-3') Length (bp)
SNP1* SNP-14676-F AATGGAATGCTGGTGAGAGC 194
SNP-14676-R CAATGCATGCTAGCCTTAATGA
SNP2* SNP-1642875-F TGCTAGTTTAACCGAGTACTGCTA 189
SNP-1642875-R GTAGTAGTCTTCCAAGTTGTGGTG
SNP3* SNP-2935685-F ATCTGGTCCGGGTAGGAATC 180
SNP-2935685-R ACCGGTGAGCGCACTAAG

*Monot, M., N. Honoré, N. Garnier, R. et al. On the origin of leprosy. Science 2005.:308:1040-1042
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4) %é}i.}l\— ;ﬁéﬂ ‘E]l-_g_. _‘c"j’_ ﬂ]?l’i.}l\— Z‘_ij‘ﬂ A Four M. leprae SNP types
Locus 1 Locus 2 Locus 3
Z:_J_o] E}_a.é}é 7]%(]{“18 1, 2) . :4‘070: :,mz.a?m [;.935‘(,35:
Monot 57 €]+ Wil el QIAGEN ¢ T
Ake] multiplex-PCR kit AM&-3le] PCRE - - :
ANSn, QlAxcel’z B9IsAch. g9 ° POR-RELP SNP v
F uE wd9In84 1, 2, 38 A9 P
sl Smll, BstUI, ¥ CviKI-1 A|gta 4] Tyi’j"z TYPE?::‘
%?_]_Q% Oﬂﬂ7]}\~10§% Z‘}Z} CTYRAG, RGCY, Locus 2 Locus 1
2l CGCG 9o, Smll, CviKI-1, % iK1y o gmir
Type 1 Type 2 Type 3 Type 4

BstUI(e]% New England Biolabs,

MA)Z A}edlo] AhEs Awizdo| ol Fig. 1. Schemetic of M. leprae SNP subtying

of samples based on PCR-RFLP.

3 71E AAlskslH (A) The four major SNP types. (B)
PCR 4H& 10ulE lunit ATFEAE AL Scheme of M. leprae SNP subtying.
2310 747} 55°C, 60°C, 2 37°C &% (citation from ‘Sakamuri RM, Kimura
A7 20 Balalda, 1 Avke QIAXC€1®E M, Li W, e‘_u al._ Populatlon—basgd
solaleltt 1 & UhelA] Al2 BIONICS molecular epidemiology of leprosy in
= U O T T e Cebu, Philippines. J Clin Microbiol.
Atell A& oElete] ABE g]lstiTh 2009::47(9):2844-54.)
A: Locus 1 Smil RFLP B: Locus 2 CviKI-1 RFLP C: Locus 3 BstUI RFLP
194 72 42 180
L 1ISNP 1,2, 3 SNP 1 L 1SNP 1,2
149 45 61 |1 42 148 | s2
L = 1SNP 4 SNP 2, 3,4 L = 1SNP3, 4

200 180

148

L L L

L L L Ll L L L
T53 3039 N63 BR T53 3039 N63 BR T53 3039 N63 BR

Fig. 2. PCR-RFLP patterns of four M. leprae reference strains(Thai-53, 3039/21,
NHDP63 and BR4923) (citation from Sakamuri RM, Kimura M, Li W, et al.

Population-based molecular epidemiology of leprosy in Cebu, Philippines. J
Clin Microbiol. 2009:;47(9):2844-54.)

5) Pyrosequencing(Table 3, 4) multiplex-PCR kitE AFg3le] PCR=
QIAGENAFY]  PyroMark® Q242  AAstm 1 ZAF}E QlAxcel®Z &Qlgh
Pyrosequencing= AAISIAY. A} A % o] PCR ZFHEZE Pyrosequencings

3¢ Pyromark Assay#d Z2Is8g o] AASATH
ot APEAIS AlAste] QIAGENA}]
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Table 3. Pyrosequencing primer set sequences.
Primer Name Sequence(5'-3') Length (bp)
SNP-14676 PCR Primer BiotintAGTCTCGTAACCGTGTTTTCG 116

CAATGCATGCTAGCCTTAATGAA
Sequencing Primer TGGAAAAGTCTATTCTCA

SNP-1642875 PCR Primer TAACTGGGCGCAGAGGAA 174
GAACCGTCGGGGGTAGTAGT-Biotin

Sequencing Primer AATTTCGGCACGATC

SNP-2935685 PCR Primer Biotin-GGTGTCGGTCTCCATCCAGATT 228
ATGTCTGCTCGGCTCGTGTTC

Sequencing Primer AAGGGCGGTTTCTAC

Table 4. Sequence with marked primers of Pyrosequencing
SNP-14676

AGTCTCGTAA CCGTGTTTTC G
FEEEEEEETE FErrr e |
598 AGTCTCGTAA CCGTGTTTTC GACGAAGTAC TTTATTGTGT TAACAACGCT GCCGGTCTTC TAATGGAGAC YTGAGAATAG ACTTTTCCAA
FEPEEEEEE FEEErr b
ACTCTTATC TGAAAAGGT

688 GCCTTCATTA AGGCTAGCAT GCATTG 714

FEEEEEE P rrrend
AAGTAAT TCCGATCGTA CGTAAC

SNP-1642875

TAACTGGGCG CAGAGGAA
FEETEEETEE Prrr el
361 TAACTGGGCG CAGAGGAACA GTTGCAAGGC GGCATGTGCG GCTTCATGGC TCGTCACAAA TCCGAGTTTG AATGCGACCA AACGTACTTT

AATTTCG GCACGATC
FEEEEEE TEEErrrd
451 CTGAATTTCG GCACGATCGG CKTGCTGGGA GCTGATCATG CTCGAGGGCA CCACAACTTG GAAGACTACT ACCCCCGACG GTTC 535
FETEEETEEEr e el
TGATGA TGGGGGCTGC CAAG

SNP-2935685

GGTGTCGGTC TCCATCCAGA TT
FEEEEEEEEE b b
497 GGTGTCGGTC TCCATCCAGA TTAAATCGAC TAACGGCGCA TAGATTTTTG CCCGAGCGAT ACAGAGCTCG ATGCCGTTCT TGGCGMGGTA
oy
CAT
587 GAAACCGCCC TTAGTGCGCT CACCGGTGAT TAACGGCCGG TCACGCTCGT CTACGTCGGA GGTTATCAGG GTGGCAACCT CGGCGTTGGG
[RRRRRRRAREY
CTTTGGCGGG AA
677 ACGGGCAATC ATGACAGTCA GCACGTCGAA CACGAGCCGA GCAGACAT 725
FEEEEEEEErr e b
CTT GTGCTCGGCT CGTCTGTA
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1. & 23t

1}

W=l 459 9 ej=9l 119o] tigk g
ok %9} Zth(Table 5, 6).

Table 5. Profile of subjects(Korean)

Case Sex Age WHO classification Disease status Year
k1l male 59 MB new case 2001
k2 female 63 MB relapse case 2003
k3 male 65 MB relapse case 2003
k4 male 60 MB relapse case 2003
k5 male 77 MB new case 2003
k6 male 62 MB new case 2003
k7 female 66 MB new case 2003
k8 female 63 MB relapse case 2003
k9 male 69 MB relapse case 2003
k10 male 67 MB new case 2003
k11 female 66 MB new case 2003
k12 female 62 PB relapse case 2004
k13 female 72 MB new case 2004
k14 male 16 MB new case 2004
k15 female 64 MB new case 2004
k16 male 49 MB relapse case 2005
k17 male 66 MB relapse case 2005
k18 female 76 MB relapse case 2005
k19 male 61 MB new case 2005
k20 female 79 MB new case 2005
k21 female 65 MB relapse case 2005
k22 female 63 MB new case 2005
k23 male 70 MB relapse case 2005
k24 male 74 PB new case 2006
k25 male 73 MB new case 2006
k26 female 75 MB new case 2006
k27 female 71 MB new case 2006



Sl A weld vt wad @y fRel U 24 AF

k28 male 45 MB new case 2006
k29 male 68 MB new case 2006
k30 male 69 MB new case 2007
k31 female 78 PB new case 2007
k32 male 63 MB new case 2007
k33 male 55 MB relapse case 2007
k34 male 70 MB new case 2007
k35 male 54 MB relapse case 2008
k36 female 55 MB relapse case 2008
k37 female 69 MB relapse case 2008
k38 male 76 MB new case 2008
k39 female 35 PB new case 2008
k40 female 64 MB new case 2009
k41 male 58 MB relapse case 2009
k42 female 68 MB new case 2009
k43 male 48 PB new case 2009
k44 male 71 MB new case 2010
k45 female 55 MB relapse case 2010

Table 6. Profile of subjects(Foreigners)

e,

Case Sex Age Nationality WHO classification Disease status Year
fl male 35 Philippine MB new case 2003
2 male 22 Sri Lanka MB new case 2005
3 male 23 Indonesia MB new case 2005
f4 female 23 Sri Lanka PB new case 2006
5 male 25 Thailand PB new case 2006
6 male 38 Philippine MB new case 2007
7 male 25 Nepal MB new case 2008
f8 male 31 Sri Lanka MB new case 2008
9 male 29 Philippine MB new case 2009
f10 male 31 Indonesia MB new case 2010

f11 male 25 Indonesia MB new case 2010
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W=l 4579 ¥

o‘s’:,

TAR S 63441042 Helglen, 119 =257 Algkteln, 91

63.441, 7 61 8/‘1])019,13’_ 27l 25 o] ttd, 29o] 8#E 0|tk Fig. 5).
g, ozt 20 el9len, Algate 284,
Al 17902, 40%e] tdd, 54 thailand 1, nephal 1, 9%

9%

o] oAt (Fig. 3).

a
' , Fig. 4. Result of Foreiners Nationality

female, 1, 9%
relpase, 0, 0%

C
Fig. 3. Summary of Korean subjects
(a: Sex, b: WHO classificatio &
¢: Disease satus)
9=l 114e A&y}, Zdga, 2

22|77t 247 3ol A, BT Hi=o]

ZvZy 1ol tH(Fig. 4). °o]&9 Hdw Fig. 5. Summary of Foreiners subjects

& 27940193, EA7F 109, oAz} 1 (a; Sex, b: WHO classificatio & c:
Disease satus)
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2. L4 DNA &kl

];H/x]—;(]. 46tﬂ9] Agﬁ z;d 1:1 ﬁiﬂﬁ
Hel oJe] A& dFE ol &stded &
AlZEo] g vit DNA Rl 913
PCR ¥ 77718 A 5E HdA st ©d<d
034 f3s A g st of
Aae B x4 A87t 52, AZARFT
Hell s A& #F Als7t 25709,
god°] 3570, moderate’} 1078, poor7}
3270 H(Table 7).

rlo ofx

L]

p

X,

Table 7. Result of PCR for M. leprae

Fely vare Bagr 0@y fdel dd 24 A%

Table 8. SNP analysis of M.leprae

SNP  SNP  SNP  SNP

Country Type 1 Type 2 Type 3 Type 4
Korea(N=43) 2 41
Indonesia(N=3) 1 2
Nepal(N=1) 1

Philippine(N=2) 2
Sri Lanka(N=3) 3
Thailand(N=1) 1

Good Moderate Poor Total

Biopsy 21 8 23 52

Serial passage

of nude mouse 2 9 25
Total 35 10 32 77
3. cHdHI|CHE N 78

pyrosequencing) - A
(W=l 2o, 2591 1d)ellA A
g 4 gigith

wA0] 7hsdd 53dlollA =l 434
AME ddF7Idd 338 414, 29
A=A o}l 3ol A= Td 7t
244 333-8— 2011 282 1d 2, v=Z9l 149
qHe & ]D}d 2%8< 14=, 4¢
Oﬂ"ﬂ’ﬂt A7IEd 192 24
2] g7kl 3”301]*1% e 713}5“4
392, "=l 104101]/‘1% Td A7

4

Qr Al
AGELAALO|NGY ¥4
o

3

WL 64041(83 196)°l1M, ARl x
(87.0%)°1M &1le] 7hedhal, TdA7H
84 29 2¢l4= PCR-RFLPYA = 16¢]

(20.8%) A, AlAGANE T44(96.1%)
oA ZRle] 7Feglon, TdArIEA 29
1914¥E PCR-RFLPeIAE 674 (87. 0%
oA, AAANNE T764(98.7%)04 &
olo] 7hsatgitt. dddrIgEA fde
PCR-RFLPeIAE 474(61.0%)°4, Al
AN E 609(77.9%) 914 &<lo] 71%
sl tH Table 9, Fig. 7).

11
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Table 9. Comparison of PCR-RFLP &

sequencing
Total(N=77)
locus 3 64
(%) 83.1
locus 2 16
L (%) 20.8
Restriction Tocus 1 67
(%) 87.0
SNP type 47
(%) 61.0
locus 3 67
(%) 87.0
locus 2 74
Sequencing (%) 9.1
locus 1 76
(%) 98.7
SNP type 60
(%) 77.9
51 28
1000 T . 7.0 a7.
80.0 -
61.
60.0 - -
| restriction
400 - M sequencing
20.
200 +
0.0
locus 3 locus 2 locus 1 type
Fig. 7. Comparison of PCR-RFLP &
sequencing

5. SERL oY HIS F NEtes HEHo|
5 [

A 3! Pyrosequencing

2 T Aglgs A
Aol t&gd 71, AlAA, 3 Pyrosequencing
Al T gddrIgEdd =9 3elAe
PCR-RFLPIME 371(82.2%)9l14, A1AA
M= 389(84.4%)
o= 391(86.7%)

oA, Pyrosequencing
o4, Pyrosequencing

12

A= 394(86.7%) A &ele] 7Fedx
g7t g &9 24014+ PCR-RFLP
AXE 0dl(0%)AA, A= 440
(97.8%)°1A, Pyrosequencing®lAl+< 35
o (77.8%) 4 gRlo] 7tedon, Tddd
719874 29 194 = PCR-RFLPoA =
411(91.1%) A, AAYd = 454

(100%) A 2Rlo] 7Fsatsitt. ¢4 a7l
034 #§32 PCR-RFLPIA+ 264

(57.8%)A, AAAANME 369 (80.0%)
oA, PyrosequencingolA+ 364(80.0%)
oA &Qlo] 7}s3sltHTable 10, Fig. 8).

Table 10. Comparison of PCR-RFLP,
sequencing & Pyrosequencing

Pyrosequencing

(N=45)
locus 3 37

(%) 82.2
locus 2 0
L (%) 0.0
Restriction locus 1 11
(%) 91.1
SNP type 26

(%) 57.8
locus 3 38

(%) 84 .4
locus 2 44

Sequencing (%) 7.8
locus 1 45

(%) 100.0
SNP type 36

(%) 80.0
locus 3 39

(%) 86.7
locus 2 35

Pyrosequencing (%) 8
locus 1 45

(%) 100.0
SNP type 36

(%) 80.0




100.0

A7 21 9 HAEAREY e AL
FFAA FAF JF DNA 11% 27¢]
A4 e B A £3 eldA
50 s 25 a4 SPAS BQ13HITH Table 11).

20.0

0.0 -

locus 3 locus2  locus1 type

Fig. 8. Comparison of PCR-RFLP,
sequencing & Pyrosequencing

Table 11. Stability of single—nucleotide(SNP) among strains subjected to serial passage
in nude mouse

Strain and generation Genotype Nationality
Nucleotide SNP type
K22 biopsy CTC 3 Korean
6th CTC 3
Tth CTC 3
K29 biopsy CTC 3 Korean
4th CTC 3
5th CTC 3
K30 biopsy CTC 3 Korean
3rd CTC 3
4th CTC 3
K33 biopsy CTC 3 Korean
4th CTC 3
K34 3rd CTC 3 Korean
4th CTC 3
K36 biopsy CTC 3 Korean
3rd CTC 3
4th CTC 3
K40 1st CTC 3 Korean
2nd CTC 3
K41 biopsy CTC 3 Korean
1st CTC 3
F5 biopsy CGA 1 Thailand
3rd CGA 1
F8 biopsy CGA 1 Sri Lanka
2nd CGA 1
3rd CGA 1
F10 1st CTC 3 Indonesia
2nd CTC 3

Nucleotide at position 14676, 164275 and 2935685

13
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et ol ,
Hansen®ll ¢lsll 18731 Wt(Mycobacterium
s ﬂi gRlst7|74A] 23t

A olaid = gl wEAT? . g
AEE A Al A B X5 g
AMAA FF3E AHo] A 2009
7 gedun.

a8y A SAES dF FHAY
A WgkstA] &a glod,
23} 4ol A7t gl gy B
H7h A Eg*oﬂ ek 284
Hol o} g}, ABAQ dgy B
A e v“il%ﬂ*t Ak FE
BAel 7% QEATL Hdel B 99
=5 7R slva dellg 7 i
13—15)' NSAET 3zt 71E HE=A)9)9
AL 2 2 F4 59 22 AW ke
T7F Ao E AYgHu A= &
16.17)

]eprae) ]

oA g 2
vl MR 2 WRER GARR
43 de AgA F 4% e A

"ol A ol2jF ojdge FEdm AR
3 138 = 5 A gt

v At B Sud A% o
A9E 7FestAl asich ey il A
o] o} Ao A] o]HE HEe AT A

DNA®Sl ®Fo]l Are Zelth. 20004
Matsuoka 57 Shin £'%¢] 271A]¢]
A7 EHEe] W (Variable Number
Tandem Repeat, VNTR)2 #zstr] A
7 AR FAAE B R =77 sislth
a5 AR 2R ThedE A #e
971 EiHE A A (short tandem repeats,
STR)7} A=A STR g4 &
o]-&-gt A JAL3] 7|RE A A oA
W A9 ekt Ee T
A= ol o}ojr/]rm 22).
1% Tami Nadu(TN T3S Yare
ofmtd 2wk #Fo Al *1“ H]Jl-oﬂ"ﬂ

rN ot

Al
A

o] Adl i (Mycobacterium tuberculosis)
I e #APe F83 E99E =
P2 ol Tami Nadu(TN #FF) &
< Ut gddrIaEd #9+ 28,400
47l F SR ol HE Az BHdA

Hlef ofu] Al AA vehdd. ust Al
DNA®] 7Ed QE|= £17] 14676, 164275,
2l 293568549 T A7|vE ol B
o, ddarivdde S FAAE
B GA gl AAA B A

% DNA9 WEEeE= 9% 14676,
164275, 2 293568504 Z+zte] ¢7]A
d CGAS 1322, (CTAS ,
CTCE 38o 7, TTCS 4802 BF3IN
FAA A 7HE o] gst] RE
AW Sl Eo] g JHe] FEo



@Fold BeE G vd9 nay 420 da 24 15
A 718t es SHetAT g = @ o vekbelA e 183 3] dEy A
A7 o] #4E Bl dAAALL & ARem, A&, =, AZYA|ofllA= 3
A Y AYE F A HAJ go] o sttt BT e A &
50 tis 2170 =7kellA 2 17570 Al < 282 A9t B57 vkt A= v
59 39 @AVt HEEEEH A © =g FFS Btk Matsuoka 52
2 Uit dddrIgE el AAAZ BX 2 WAlZ YoM dhue] Hugshs
2RH 64719 £EAA @LdAr|ITEA Q3 A EEXE B fd dd
8 418, 28, 38 43)7} LA 71 Fdd digh E4S AAEH
o LAV EAE G hest A g oh "dAZ AR 2 dAFelA EEE 64
2ke] A2ed 71 7te] Auido] EAls oo digh B4 AT HAIZ A F
Aetl, 182 oprlol, HEYE A, soF 9 xRN Eeld 6oolA ddA7I
Ze|7F AHelA, 49L& Aolze7, 7}114 7 180l 13471 28, 45971 3%
B XYM, 38 4, Holzelg} ol ATt
op 2|7} A| oA FE THEA. 20 o WAlE FF SR GoA FelE
AL =ER= @A o eslel, dake, 24de] Ao 197} ddd7|thE A
g, 5%, wzdEYol xofxrt A 3o, 147} 480t F7hg Bk
=] At AFeA F2E 77t ddE7IEd 3
Sakamuri 5%¢ B ¢sw djdA golgla, 490] 14|t Kuruwa &
AFA oA ‘4&9] ot v Do omor 4819 IFHH AlRA
71+ 19olAth 10009 20034l 257 dda7IgEd fEe 13e=
Al 2004 Atolell A EREA] @& A FRIHJvtn Eusit & AFdA =
2 A8 A& dep oF © Ao YW EXo] Jhedd 5301101]’\1 ?&%0 4301]
A=, 7849 200614 2007 Ale]e] e GdAVItEAY 3FL 41, 2
Ao ek uF AR, 5de] 1980 2 242, Ax=yAo}Ql 30%101]’\1% ‘Er?vi
IFAA Ao g dddrIvEd 7 A7IthEA 38 L 24, 282 14 E,
of gt AolA 16%AT 3oz & B9 Ideye dedrIgdd 28 1
AU, LE EEoAN Hzld FFolA o2, A 24ddAe ddarIvd
A7l $1x] 14676, 164275, 2 2935685 A 182 2d=, 287l 3YddAME
7} CTCS! %?4%‘7]‘:}‘33” 3go] Tty @dAVIYEA 18 3=, H= 14
Matsuoka £Y& Husgdyy, L3k o= AN e ddF7I0EY 1L 1d2 &2
AzyAle}, mtutelA E® dFollAdes HAH. U= —?— Matsuoka s
18(CGA), 28(CTA) ¥ 38(CTC) & Ha9l  fApsh 7 0] ALEE
o] MAHNL, 43 (TTC)L Hakd 24 Monot 579 éﬂsﬂrt— x}olﬂ o] ol
ALl AA HALATE. Phetsuksiri 5 of tg 3T APy Fgsittn AR

o gy Hel® 85719 AMANBE
lo] T2 ofx|o} H2iFEe} Hwalg)

rl

M
1%
ol
2

A
"o (Fig. 9, 10).
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Korea

Japan

Etype 1
Htype 2

type 3
Htyped

Chiana
Thailand

Philippines

India

0% 20% 40% 60% 80% 100%

Fig. 9. Comparison of SNP of M. Ileprae
isolated Korea and other Asian

countries. Except Korea data,

others for previous reports, below.
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