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Abstract
VNTR typing studies of Mycobacterium lepare in Korea

Jong-Pill Kim

Institute for Leprosy Research, Korean Hansen Welfare Association

Leprosy is a chronic disease caused by Mycobacterium Jleprae and is
characterized by  disfiguring bacterial inclusions in the skin, peripheral
nerves, and respiratory mucosa. Despite the success of multidrug therapy,
leprosy remains prevalent in several developing countries, and in Some
regions, the incidence of new cases remains relatively unchanged.

Despite of understanding of the fundamental aspects of leprosy, such as
transmission  patterns, infectivity, and incubation time, the fundamental
information about the epidemiology of M Jleprae remains unknown. Recently
the availability of complete A Jeprae genome sequences has permitted the
identification of over 50 potentially useful VNTR loci, from which a panel of
16, the meaningful epidemiological information of was recently characterized
In great detail.

So the author has done the investigation of VNTR typing of Mycobacterium
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lepare isolated in Korea.

Key word : VNTR, leprosy, Korea
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| (single nucleotide polymorphisms,
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2] Aol fAkE Aot 29wl AAE  The teke el W% ol AuE

* W A2; D AEE
AZRS-A : dr_jpkim@hotmail.com
T A AR Y] 2H1F A6

S g5 ) 3 3] (081-452-7004)



R EGE 444, 198 2011

P ey AR U EIE
7] 918 AlEdeld A At
3 Atk I8y Bellingham
Research  Institute®]  HALIE(http://web.
me.com/barrygahall/ Leprosy/Database/
Database.htmlell  A7=o]  dlo]Euo] 2
el 25 ke % Jre] st
7heetth A= st darglsol A
Hojof 0% o]de] X7t 7hssith o
&4 A5 sl A7 Helguo] 2~
o] FEF¢ AMEL ETeke] AA v
w24 d7] 9= NearestNeighbor
Z2aRg olgatil o2 Ealo] it
o] AAAA Jt F2eF =7F (ko] Ut
o] At disiME HAAow HFrtEd
JA = ATk

16709]  LEHHEHo|(Variable  Number
Tandem Repeat, VNTR)Q] locie ofg] Y
oM FAF Al AREHAL Sl VNTR
AA ] AR E o83 vt mAESHA
ogte] xaA A7 ZAMEATE o] 4
TAR= gofl Al " Y] VNTRO

Table 1. Summary of objects(clinical isolated)

N 2Abete] 2] #5714 VNTRE
Solr il o] Apzmel gk 3}t WL
o e AL F& TAbete] B
A5 A1) AlEAdE Eol] flEl 4 2
w59t T4 FASKA witS A A
nom, Agkd Als ds SANS FES
of At Q3 AR S FHsH] 913l
U549 SZH(Multiple  Displacement
Amplification, MDA)S AA|ste] FAE
TPt

o2

1. CHat

07ARE 20099 Aloldl]  F=ahAlE
A3 ATdS s sk (L3
2 A 3ol A Ugs Beste] o
E ASAHTHA s vato] AU
o 9dl, A= 1/E o] &ttt
9 7|ZA8E ¥(Table 1, Table 2)
Fdy=y

|

o



ol A R vt dEnkEwole g At A

ID nationality sex age type etc.

H1 thailand m 28 LL new case
H2 Korea m 70 LL new case
H3 Korea m 70 LL new case
H4 Korea f 64 LL new case
H5 Korea m 58 LL new case
H6 Korea f 56 LL new case
H7 srylanka m 32 TT new case
H8 Korea m 70 BL relapse case
H9 Korea f 65 LL new case
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Table 2. Summary of objects(nude nouse isolated)

ID Generation
M1 Hl1 2nd
M2 H2 3rd
M3 H3 3rd
M4 H4 1st
Mb5 H5 1st
M6 H6 3rd
M7 H7 2nd
M8 H8 4th
M9 HY 6th

2. L 22| ¥ Lk DNA &

G e AT 2 AF xiﬂzﬂéﬁl o]
e = olﬁo}oﬂ—b— 1, ASAHETH
o] de& HFFE vrtol ?NQ %A

Nakamura®'?e] w&s wo] wa} A
Z3Ielet. ol we} de vats QIAGEN
DNA miniprep kits™S o]gate] 2| zA}
7b AAE WS o]gdle] Uit DNAS
A=, 94l Al 7+ 27| 9] AEE FH]

3o,

3. CEEHASEY

A ghgk A5 5}74]—" =5317] 913l
QIAGENAFe] REPLI-g" Mini Kits& A}
&3t Xﬂﬂ’\V | Agsh= el wet MDAE
AlEh} Q. Huﬂ DNA A€l Denaturation
sloutions 42> & 387F A=2olA WA
5 Neutral1zat10n buffers  #7Fste] 4
& 3% REPLIg master mixZ #7}8}d

(o)}

30°Cell il 16AZHREPLIg”  Mini  Kits)
H,

4. BHELANUS(PCRI 7| E8t BE
HAL 2 A

—-O

MDA9] Ax= #olsly] 98| vt
RLEPS tioz dlo] FTgasddzfi-s
(rlr4/A2A); Rl CGGGTAGGGGCGT
TTTAGT, R2 CTAGAAGGTGCCGTAT
GTG, R3 GCGTTTAGTGTGCATGTCA,
R4 GGATCATCGATGCACTGTDYS
AN} 1 Al wel Gillis 57l
st o] wl 16%9] VNTR locioll ok
FTHEAAASES HAgL 1659 VNTR
locioll that Aol o]&ste] 25ul PCR
Mastermix(10X ~ Amplitag  GOLD, ~ Applied

Biosystems, USA), 25ul MgCl2 (stock
concentration 25mM), A ZHZH.25ul
(stock concentration 25mM), A]& 5ul

S Hrlkele] HEF BHulE ke 95°C 58
Z7] WA & HUC, 60Clocus 188 65
°C), 72°C 7} 16%, 16%, 30 403
HHE & 72°ColA 78 7+ AlFeE S
Fote SEeIglon, HEAES 7ﬂ7]°§%

o o&) eldk F BIONICS™Atell A7l

& sldiel ke A9, 44 7,-—-334
B3R A7 94 29 490 i
Lelalire e AR AGRod, ol Bl

ARE S o]-83}e]  QiagenAt?] multiplex-
PCR kitE AFESl] 10u PCR Mastermix
@X Qiagen multiplexPCR, Qiagen, USA),
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N
~

4

20ul Q solution, AEA ZF Tul(stock
concentration 25mM), A& 2ulS  A7)eH]
HEF Dul= 3o Eoe]f& N4e] Fa

2ANES st FHFAHES 7] El 23]

Table 3. Short tandem repeat loci

OO

and the
for PCR amplification and sequencingZ)

glgk & BIONICSAte] Al o=
sto] AxE Folsltl 1629 VNTR loci

ol
ek AR AEAl= Table 39 2t

primer pairs (forward and reverse) required

Locus Forward Primer Reverse Primer Total
No. Sequence Tm No. Sequence Tm length
AC8a F1 GIGTTACGCGGAACCAGGCA 655 Rl CCATCTGTTGGTACTACTGA 535 124
AC8b FZ2 GATGCGACTATCACTCGCACGCAGTT 680 R3 GCTGGTTTCCTTCTAGTCCC 60.1 140
AC9 F2 GCCTGGTGCCOGGACAATGC 69.2 R2 ACATCACACTGATCTCGCCGGCGCT 714 145
TAI0 F1 TAGATTCAAACGACCATGCA 572 Rl TGATAATCACGTGTTTCCGC 584 18
ATI15 F1 GATCAATATGCGGGTTGGCG 61.8 Rl AGCAAGCAGGTCCAGCAGTG 654 19
AT17 F2 GACACACTCGATCTCAGTAG 5.8 Rl TTAGCAGGACGATTGTACAG 570 180
TA18 F2 CCGCTAGCAGTCAGCATCGA 45 R2 CCCGACTCGCCGAAGCGAAAC 630 142
GTA9 F4 CGCAGATGCAACGATCAC 59.3 R4 AATATGCATGCCGGTGGT 600 122
GAA21 F1 CTACAGGGGGCACTTAGCTC 621 R2 GGACCTAAACCATCCCGTTTT 604 201
GGT5 F2 TCACCATCGACGCTCCGGGT 684 Rl TCGGCCTGGTTGTCIGCCTT 66.8 161
67 F2 CTACTTGCGCGCCACCGCCA 706 R2 GCCGTCGCCAGGTTTTGCAG 672 191
125 F1 CTGGTCCACTTGCGGTACGAC 5.1 Rl GGAGAAGGAGGCCGAATACA 614 289
188 F1 GCCCGTCTATCCGCATCAA 625 R1 GCAAAGATCAGCACGCCAAT 618 348
21-3  F2 TGTTGAAATTTGGCGGCCAT 615 R3 TGCAAGGAGTGCTCAGCTAT 615 180
233 F3 CAGTCGCCCGGATACTGTTA 615 R2 TAAATCCGCTCCCAAATCTT 571 190
25 F2 GTGCTGTGCCTGCAGCCGTT 688 R2 TCCCCAAAGCCGCCGAATCC 679 270
5. Hlo[EfHjo[Ast I Atz X2 (ID), &9 =7} 14701¢] VNTR ®HESG &
1) Hlo]E o] 23} o7 .?“éﬂi% =Y St@ctme;neigi?or
- e ols clustering 2  NearestNeighbors 24
16€2] VNTR loc1°ﬂ m &AL 3171 9al Microsoft Excel spreadsheet
Weel Adws AAEE Hsel AAHS o goz gut eatdn Aol )
gelgk & Fﬂollﬂ‘ﬂﬂo]iﬁ‘rg A s,

vlofEplel = Microsoft Excel - spreadsheet
of Yo VNTR 542 2F #859 ol&

g,

2) Structure-neighbor clustering
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Faole TH AUE AH MOSE
structure(Bayesian population structure

inference program) X ZI1E  0]8-3}o]
VNTR dol wet fe w55 djeldi
A Aol AREAl AlgtE AS Fhars)
of AAg) AlE# oA 3

x = o] A
gelolA dojgel ARgHh uat vt

7Fe (Inb)e 3= Zdnt vEghE
o] A YA vat A5S 98 4
=3E Bdo] ARgsit) 7} Asi 30,000
inburn¥  inburn %
100000 Althell 23 gt} o]F Fx
ol el Uigh Z2 o] A ~
AHE  RunStructureo] 93] FAECH
A o] 40% ol e dHelgE 2%
e TEFe 23-HEZ A€ e
o asol & SY2Ee] Hd g (KE

3t} RunStructure ZZ13e A4}
o7 lo|A AL AdElgh Hugkel o
2717M4 K9 gk 7 Adle FelxH
T8 7ol oy 21 7FsAds aeld
et xS A3sitl. RunStructure
zgaHe o]fo] nE QS A
S Eal= A S i S s o S e e
7 =S 20 7S Ad K 5 od
7IAE AR ZRae Ko Hud]
Z}zte) &= Zb RQ1e] ARS- ShEl i3]
FAg SelaEelA ZPlE ddslr] $1El
23 Q1Y 7HsA

ST )=
Xk

=]
&

RunStructure

At FH2HE A RunStructure
z2 98 7 FeAEY FHAEHE A
& 9 ARSI 7t A4S ddE Se| A
o &alidle= 7ol ek Barxdel 4

S eshe aof s Yyeh

3) NearestNeighbor

At AFE SEl AL vlolE o]~
o] EElFet A2E Eelaeke] dAE
24 ¥¢7] $81ME NearestNeighbor Z&
T3S o] g3t} o] RS Bellingham
Research  Institute®]  BAFO|E(http://web.
me.com/barrygahall/Software/Softwar
ehtmDel Al the- wel ZAJsIGItt #AI7F
stolyl 3o MOSE  GraphViz(version

2205 o]&38fo] Zis}slit
o < ML

thte] VNTR A3e 93 vkt DNA
B (G 2 oo dig HFA W%
I 247 10%)3ke] vete] RLEPS iy
o A E AN (rlrd) S AA
hud]

9
sl9tlh. 1 & Qiagen REPLIg kitE o]
f3ato] A zAPF A4S BPHS o] 831y
5o thiast FZ S 2AEte] DNA SZ5
=
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of gl Asiskacis D ok A

R
rird_1 Mid_1 Mrd 1 rrd_1 Mrd_1 Med 1 rird_1 Mid_1 Mrd 1 rird_1 mMrd_1 Mrd 1
Tl;’l“l :02 &3 ';04 g:li_ &s ;7 ;708 &9 ':10 ;11 ;12

Fig 1. Results of Isothermic multiple-displacement amplification of Genomic DNA

VNTRe &elet7] 918l 165 AEAE (atls, atl7, tal0, 188, 27H)lME
o] &3te] FRALAMNS B AIALS T3l ojml Q= AdE I KIAth olel o
HolS %r}3tei+=d), Appiled Biosystems A= QiagenAte]  multiplexPCR  kitE
Abe] Amplitag Gold kit AREEE 31 5 ARESto] ARARE AAsGith o A=
Fardqitsels 1159 AMEAClM=  Table 49F £t
A 3 on e Ayt Belon 5%

Table 4-1. Results of variablenumber tandem repeats(1)
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case ID AC8a AC8b AC9 TA10 AT15 AT17 TA18 GTA9
casel M1 10 7 7 10 12 15 fail fail
H1 10 7 7 10 12 15 14 8
case? M2 7 6 7 10 fail 17 fail fail
H2 7 6 7 10 16 17 14 14
case3 M3 7 8 7 14 fail 13 fail 14
H3 7 8 7 14 fail 13 14 13
cased M4 7 8 7 14 fail 7 13 13
H4 7 8 7 14 fail 7 14 11
caseb M5 not done
Hb5 not done
caseb M6 7 8 7 13 fail 14 19 15
H6 7 8 7 13 13 14 19 15
case’ M7 10 7 9 fail fail 7 11 10
H7 10 7 9 14 13f 7 11 10
case8 M8 13 15f 15 fail fail
H8 7 8 7 13 fail 15 15 12
case9 M9 fail fail fail 11 15 14 fail fail
H9 6 8 7 11 15 14 16 11

10



Table 4-2. Results of variablenumber tandem repeats(2)

case ID GAA21 GGT5 67 125 18-8 21-3 233 275
casel M1 fail fail fail fail 8 3 2 5
Hl1 11 fail fail fail 8 3 2 5
case? M2 fail fail fail fail 7 fail 2 5
H2 12 fail fail 3 7 2 2 5
case3 M3 fail fail fail fail 7 2 2 5
H3 11 fail fail fail 7 2 2 5
cased M4 12 4 7 3 7 2 2 5
H4 12 4 7 3 7 2 2 5
cased M not done
H5 not done
caseb M6 11 4 6 3 7 2 2 5
H6 11 4 6 3 7 2 2 5
case’ M7 fail fail fail fail 8 fail 2 5
H7 16 5 6 4 8 3 2 5
case8 M8 fail fail fail fail 7 fail fail 5
H8 11 4 6 3 7 2 2 5
case9 M9 fail fail fail fail 7 fail fail 5
H9 12 4 7 3 7 2 2 5
TFEol% T ZES f8 MOSE oS EFske o= ERIEOH(Fig 2
structure(Bayesian ~ population  structure Fig 3), + 9 F& THLS 0251,
inference program) XZI13S 0|83} 07492, At 7t digydd HlEel EY
VNTR gl wie} g 755 gelaioict. A=s 27 01708, 017032.%, 2

A 2F#e] 34 lognormal probability
(Ln Prob) Z¥NTable 5)e°l wat F +
AK=2) o= Hrlsldcy. 1 Aol upe}
FrgeR vrgls W Al Hl R
H7ol, %20+ H2, H3, H4, H6, HS,

Table 5. Results of Estimated Ln Prob of Data

AR 718 olF <
AL LA 04855, 2]
A 0390002 BRIHJAE 7 A F
2 /N%E ZA3+= Table 63 2tk

11
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K=1 K=2

K=5 K=6 K=7 K=8

Estimated Ln Prob of Data -103.6 -82

-83.8 -85 -85.7 86.7 812 817

1.00

0.80

0.60

0.40

020

0.0a

G 4 Fi g
1 5 » 3

Fig 2. Figure of Bar plot

All others

L ]
Ciuster 7

Cluster 2

Fig 3. Figure triangle plot

Table 6. Results of Inferred ancestry of
individuals

12

Label  (%Miss) Inferred clusters

1 2
H1 (20 0.999 0.001
H2 (13) 0.002 0.998
H3 (13) 0006 0.9%
H4 (@) 0.000 1.000
H6 (@) 0.000 1.000
H7 (@) 1.000 0.000
H8 (@) 0.000 1.000
H9 (@) 0002 0.998

NearestNeighbor ZZ13E ©]-83F dHlo]
Euo]2~ o] elFel AR elFete] #
AE gRlsto] HI:HX(1.45454545454545),
HI1:HR(1.4545454545445), H2:HR(066
6666666606067), H2:H6(0.66666666606
6667), H3:HA(0.333333333333333), H4:
H3 (05 HAH305, H7: HL (190909
(CBCRCE0R), HRHH(0.357142857142357),
805z gel=len, A7 &<l
H o] MOSE GraphViz(version 2.24)
& o]&sto] X3}t A= Fig 49 #th



Fig 6. Figure of nearest neighbors
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TN 5 A A 2 459 vE #F
4 Al A7 ol 7 :
Sk Ut TNT9] $Hdsk 947] wide] <
e AHESH A g %
VNTRe] S 918 Groathhoust 1
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el B 971e] DNA), ministelites (WHE=
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(Hes= 9719 WS 1ebpE
AP microsatellite®}  minisatellite
loci & oF Y384 locis Y H2ks 9l
A ESH AR R ETEA AR

N

14

2 4= Qe Edolgta Fsly] Y3t At
ANTE AT AFGS AIF ol 7
el BH5ES 7FR microsatellite loci
= WS A ohedAdel dig b 1Y
Sata AEA g 99 Uit Al

2

14 gelel 5070 o)l STR FellA 2
TE N 7EEIQEI=S],  ministelites,
microsatellites, & 571 o]e] wHE wF
# o=t AR AT

o

— O
E3lo] 75 H4
A 1670¢] VNTRE] | =
3t 4 9l "ol nwA uA] e B
AR BT s 2R Ao
AAE ZZAUT, SNPel| o8 Bl
8l VNTRY locig o] §3b= ®H71 1

=3
SNPE o]&3t Agxc o {42l
e nola gt 9= S MonetSY
> 847lle] SNPE o] &3t 40071 Yt
g5 AFolM @A 167] o] SNP
AEe ol v Hall5e 45670

4

N

]

¢

Aol 41770¢] 312 VNTR 4 <
AL VNTRAIAM = locusd E+F 95



Aol HHEFAAE 7K Qs W SNP
ANX= sited 270 ol Fe] digFHAE 7H
Aol Q1= A3 VNTRAA o & a4t
S HoFEth FHAR locus@ 7Fs3H
- AAke] 57} T2 SNP9} VNTRE
TRtk Hallde] oJahd VNTRO]
A= locusT Het 95709 HFHAE
HAATE SNPolM= 27] o]ate] iy
AAE ZH= Aol fla U7k &+ 4709
HHFAAE 72 Qe Wolrh o]t
o= VNTRE o]&sty FdAEdS &/
e Aol ByFE ER{ hHs7 o 4
t}, w3k v|g SdoA%: HA VNTRY
e BFss Hv]go] 84719 SNP lociZ
SEsto] Al Sk vl ERY o 650 B
o] FHx

or

AR BHE ofgs) HulolEs
o] fAbe TR AR Bl Ao] AEAE
Qurs o AgEel G, )

|

12 ©  rlo ot e
2

AFE FA Fghd 2adE vt Al
AeorRye FE AT

ofof gtk vt A g Alell A A
A Aok witel ¥ ®2 VNTR loci
7} s Zpke- vlefel ARE 7FedH
A= S A 2o wEb a9 wAE
Wrpshed 2o AedAgstd 249 o
Agste] Ae A Han gl

Agke VNTR lociZ 8 #EAds 4] 9
& sk Ea1o] Al wPHel Eburst”
o] AQtEloIgkTL o] ARE] Ut AP
o] Hy ARgol Alctsloigtt &3
% eBurst®= Hlo]EH9 o]= locigltal A2
HE A AR 48 4 ¢l Hall &
Mol olabdl 7bsd Uk AlCA
4617181 VNTR =& ©@X] 17875t A
167] loci dlolEHE Ao 4 U,
eBURSTE 7HAIE 7he] #AIE AAF)
8l vgohd & el locustt ok
sl ol A= Ut AN 53 &
oy, 1efA  eBurste] A= Ut
HEHE Alole PAE HVME EFEAE
H] 484 o] A wrET

FAgH R FAR AAEL Aot &
dAdow FAA st o] 7hssithe ¢
olubAol ALe Hall 1:_11>o] st o]

=S Ak R4 HLw =2 [e)
AEE  TFo1% W (structureneighbor

clustering) ©|gfa HEtr} o] AL T
UHz tHAE 9a2 s}l 3 dAAE

15



R EGE 444, 198 2011

TS
inference program®-&  AME3l] A
o7 A MMAES & AR HolEth
ag]al FHA GAY A= nearestneighbor
networks®ll 7]x3sle] 7} TIuS shH 4
aFow e AE ok Blo] Ths e
5o HolHE ARSI TIFoE AlFA
DA Bl JiAIES] dFte]l 15 A
= rAE tlolee] A Alelo] {3
A 7S S AMES dolylth &
g 1TE AR A 4% & 1
ojde] FElEe] JTHLE IFgoR B
k. 22 HlolElE ©]-83 neighbor-joining
s

Structure  population — structure

phylogenetic  reconstructions®)
7 3% whel 7 AAE Aut o
UolZb avhe e o) Aohus
bk 2ANHE HiF Begch 299
Yolels EFshs Ao| ABoR FolL
F ool AAES] $E A4 F
¥ Aofd % gl RS s HEE
g WA derhe AL sopan.
Faolg wAWe AW o AT 5
P AR Fxo] o FES HelHz
RE whEe] W) gEe] AEunyey
Mo ke AT BAe by
o Qurs FHAERE e Az 7} )
Al 7 Al AXE dohl7] fd AEE
gtk Wk ol S 1A e

AN

e

B olojde AshaEel of® o1
Aol ek AL s

oo a1 2SS Ren wal adg

A
BAAE Adekes Fold BE ANEL
A7k #4E S S wEvhs Aold
glalel Azl 719l kel HetelAe] Al
w9 Ha B} vHAE 2 AR
B uer Auel £4¢ Augs daw
Ak, a0l AL J3H B4S 9
A4 ABRAsty Baur o 4o F2
& AFe e e g ges
o) AL e Fol Fxol% FHE
ofH AAEe] WA HAHYEA F
Fo Ao RNE & ARH APl A
g Aqs gas dohie FEsh
ABLASY ol AR ARE 4
Hg EPHe 7449 ANE Fr owd
of ol M A FEol
A 7 8TE FHU 1S Frolk 7
WY Aol WE PewTel wAE Bt
& % g AdEel wAE B A
©8 M3 WA 5 Ak EE Y ge

A
o] J@gAdol A TT%E ol o
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AT AFEE ST AR HET
Structure X213 ZH<ro] VNTR U#
AL ZE Holv Z& vE HolEg 7t
AL P& Zlelgkar ofAAIL YU VNTR
locie= EARCZF W= Aol UolA
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