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Molecular Epidemiology of Mycobacterium leprae as Determined

by Structure-Neighbor Clustering in Korea found cases

Jong-Pill Kim
Institute for Leprosy Research, Korean Hansen Welfare Association

Background : It has proven challenging to investigate the molecular epidemiology of
Mycobacterium leprae, the causative agent of leprosy, due to difficulties with
culturing of the organism and a lack of genetic heterogeneity between strains.
Recently, A panel of variable-number tandem-repeat (VNTR) markers and an
alternative method, structure-neighbor clustering, which assigns isolates with the
most similar genotypes to the same groups and, subsequently, subgroups, without

inferring how the strains descended from a common ancestor have been developed.

Methods : A total of 29 samples from Korea found cases were studied by 14 VTRN
typing and an alternative method, structure-neighbor -clustering with 13 and 14
VNTRs by Structure Program(k=10).

Results : Only 286 cases of 522 total cases(including database of Bellingham Research
Institute) showed p>0.8(in 13 and 14 VNTRs). Almost Korea found cases(18 cases) were
included in group 3(13 VNTRs), in group 9(14 VNTRs)(by Structure Program, k=10).

Conclusions : The structure-neighbor clustering by Structure Program with panels of
VNTR is a useful approach for investigating the molecular epidemiology of Mycobacterium
leprae.

% Key Words : Mycobacterium leprae, VNTR, structure-neighbor clustering
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Table 1. Korea found Cases
ID age sex WHO classification %tsaiisse Year_found C gLilrrE?ry
n011 59 male MB new case 2001 Korea
n031 67 male MB new case 2003 Korea
n051 61 male MB new case 2005 Korea
n052 63 female MB new case 2005 Korea
n061 68 male MB new case 2006 Korea
n071 69 male MB new case 2007 Korea
nQ072 63 male MB new case 2007 Korea
n073 70 male MB new case 2007 Korea
n091 64 female MB new case 2009 Korea
n092 68 female MB new case 2009 Korea
nl01 71 male MB new case 2010 Korea
nl21 81 male MB new case 2012 Korea
nl22 57 male MB new case 2012 Korea
nl31 64 male MB new case 2013 Korea
nl4l 73 female MB new case 2014 Korea
nl6l 71 female MB new case 2016 Korea
r031 63 female MB relapse case 2003 Korea
r032 65 male MB relapse case 2003 Korea
r051 66 male MB relapse case 2005 Korea
r052 70 male MB relapse case 2005 Korea
r071 55 male MB relapse case 2007 Korea
ro81 55 female MB relapse case 2008 Korea
r091 58 male MB relapse case 2009 Korea
rl01 55 female MB relapse case 2010 Korea
f081 31 male MB new case 2008 Sri Lanka
£082 26 male MB new case 2008 Thailand
f101 30 male MB new case 2010 Indonesia
x100 ? ? ? unknown ? ?
x101 ? ? ? unknown ? ?
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Fatgict. 1 Axto] wret Gillis 50 2
Ho of @2} 14%9] VNTR lociof ojst
STYRAAMTZS HARIT. 1459 VNTR
lociof tfigt AlAo] o]&35tof QiagenAte]
multiplex-PCR kitE A}835to] 10ul PCR
Mastermix(2X Qiagen multiplex-PCR, Qiagen,
USA), 2.0ul Q solution, A|EA] z+zF 1ul

M ok rL
-r‘

ol

(stock concentration 25mM), A& 2ul&
R7tstol 815 20ul2 sto] $Ue TP
FdaasdMgrgste 2F4ES A71Ys
of o5k it & 9 ajato] AAMYS ©f
2lote] A= &Qlsttt. 14%9] VNTR loci
of thsh AHEF AMAIL Table 20t k.

Table 2. Short tandem repeat loci and the primer pairs(forward and reverse) required for

PCR amplification and sequencing3

Locus Forward Primer Reverse Primer Total
No. Sequence Tm No. Sequence Tm length
AC8a F1 GTGTTACGCGGAACCAGGCA 65.5 R1 CCATCTGTTGGTACTACTGA  53.5 124
AC8b F2 GATGCGACTATCACTCGCACGCAGTT 68.0 R3 GCTGGTTTCCTTCTAGTCCC 60.1 140
AC9 F2 GCCTGGTGCCCGGACAATGC 69.2 R2 ACATCACACTGATCTCGCCGGCGCT 71.4 145
TA10 F1 TAGATTCAAACGACCATGCA 57.2 R1 TGATAATCACGTGTTTCCGC 58.4 185
AT17 F2 GACACACTCGATCTCAGTAG 56.8 R1 TTAGCAGGACGATTGTACAG 57.0 180
GTA9 F4 CGCAGATGCAACGATCAC 59.3 R4 AATATGCATGCCGGTGGT 60.0 122
GAA21 F1 CTACAGGGGGCACTTAGCTC 62.1 R2 GGACCTAAACCATCCCGTTTT 60.4 201
GGT5 F2 TCACCATCGACGCTCCGGGT 68.4 R1 TCGGCCTGGTTGTCTGCCTT 66.8 161
6-7 F2 CTACTTGCGCGCCACCGCCA 70.6 R2 GCCGTCGCCAGGTTTTGCAG 67.2 191
12-5 F1 CTGGTCCACTTGCGGTACGAC 65.1 R1 GGAGAAGGAGGCCGAATACA 61.4 289
18-8 F1 GCCCGTCTATCCGCATCAA 62.5 R1 GCAAAGATCAGCACGCCAAT 61.8 348
21-3  F2 TGTTGAAATTTGGCGGCCAT 61.5 R3 TGCAAGGAGTGCTCAGCTAT 61.5 180
23-3  F3 CAGTCGCCCGGATACTGTTA 61.5 R2 TAAATCCGCTCCCAAATCTT 57.1 190
27-5  F2 GTGCTGTGCCTGCAGCCGTT 68.8 R2 TCCCCAAAGCCGCCGAATCC 67.9 270
4. Xt Xz| S2fuzt 2ot vlwstr] flsh & Bellingham
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2. VNTR 13(18-8 H|2l)

1) e=x0lN ZHE RE B
NCSS119] dendrogramoj|A] 0]&&
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n2 IRt 6719 AxTez FFEUN
(Table 2, Fig. 1, Fig. 2)

efofl 57H
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3) EE)
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Fig. 12)

3) M)
okt Hej Sajjo]al, $h=Eojja] WAE nldl

30

o] Z3t]o] Qlolony, NCSS119] dendrogram
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Table 2. Sub-clusters of samples(total case
found in Korea, used 13 VNTR data)

oA wAE U

sub-cluster samples
1 x100_n,
2 nl4l_n,

3 n011, n092, r091

n051, n052, n061, n071, n072,
4 n073, n091, nl101, r031, r032,
r051, r052, r071, r101, r081

5 nl31l_n, nl6l_n, nl12l_n
unclassified n031, x101_n, f081_n, nl22_n

Table 3. Sub-clusters of samples(cluster 1 by
Structure Program(K=10, 13 VNTRs))

sub-cluster samples

1 ph63, ph64, phl14
ph70, ph107, ph109, phl21,
phl22
phll, ph25, ph49

2
3
4 ph6, phb53, ph60, ph72
5 ph38, ph94

6 ph26, ph78, ph89

in82, phl, ph9, ph30, ph43,
phb54, phb5, ph56, ph65, ph68,
ph76, ph79, ph84, ph86, ph87,
ph90, ph95, phl101, ph103,
ph105, phl16, phll17, phl18,
ph125, phl126, phl27, phl28

8 ph61, ph88

phl10, phl13, phl7, ph23, ph24,
ph32, ph34, ph35, ph52, phb8,
ph66, ph91, ph108, phll5,
ph123, phl24

10 ph75, ph93

nl41, phl5, ph20, ph33, ph40,

unclassified ph57

Fx-0l% 2 o
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Mr

At o

o

EN

Table 4. Sub-clusters of samples(cluster 3 by
Structure Program(K=10, 14 VNTRs))

sub-cluster samples

1 n072, r031
2 n011, n092, r091
3 r051, r052

n051, n061, n071, n073, n091,
nl01, r032, r101, r081

unclassified n031, n052, r071, mll

Table 5. Sub-clusters of samples(cluster 5 by
Structure Program(K=10, 13 VNTRs))

sub-cluster samples

1 x100, f101

2 nl31, nl161, nl21

3 chl, ch2, ch3, chb, ch9, chl0
4 ch16, chl9

unclassified f081, ch13

Table 6. Sub-clusters of samples(total case
found in Korea, used 14 VNTR data)

sub-cluster

samples

1 x100_n, f101_n
2 f081_n, f082_n
3 x101_n, nl41_n, nl22_n

4 nl31l_n, n161_n, nl2l_n

n011, n031, n051, n071, n072,
5 n073, n101, r031, r032, r051,
r052, r101, r081

6 n052, n061, n091, n092, r091

unclassified r071
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Table 7. Sub-clusters of samples(cluster 1 by
Structure Program(K=10, 14 VNTRs))

Table 10. Sub-clusters of samples(cluster 9 by
Structure Program(K=10, 14 VNTRs))

sub-cluster samples

1 x100, f101

unclassified in4

Table 8. Sub-clusters of samples(cluster 2 by
Structure Program(K=10, 14 VNTRs))

sub-cluster samples

sub-cluster samples

1 n072, r031
2 n011, n092, r091

3 r051, r052

n051, n061, n071, n073, n091,
nl01, r032, r101, r081

unclassified n031, n052, r071, mll

4

1 ph63, ph64, phll4
ph6, ph53, ph60, ph72
ph54, ph105

Sw N

ph75, ph93

inl, in82, phl, ph9, ph20, ph26,
ph30, ph43, phb5, ph56, ph65,
ph68, ph76, ph78, ph79, ph84,
ph86, ph87, ph89, ph95, phl01,
ph103, phl16, phl17, phl18,
ph125, ph126, phl127, phl128

phl10, phll, phl3, phl7, ph23,
ph24, ph25, ph32, ph34, ph35,
ph38, ph40, ph58, ph66, ph67,
ph70, ph9l, ph94, ph107, ph108,
ph109, ph110, phl12, phl15,
phl121, phl122, phl123, phl24

7 ph48, ph61, ph88

unclassified n141, in81, ph33, ph57, ph90

Table 9. Sub-clusters of samples(cluster 6 by
Structure Program(K=10, 14 VNTRs))

sub-cluster

samples

1 nl31, nl161, nl21

chl, ch2, ch3, ch4, chb, ch6,
chll, chl4

unclassified f081, ch13

2
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Fig. 1. Dendrogram of samples(total case found

in Korea, used 13 VNTR data)
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Fig. 3. Dendrogram of samples(cluster 1 by
Structure Program(K=10, 13 VNTRs))
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Fig. 5. Dendrogram of samples(cluster 3 by
Structure Program(K=10, 13 VNTRs))
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Fig. 7. Dendrogram of samples(cluster 5 by
Structure Program(K=10, 13 VNTRs))
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found in Korea, used 14 VNTR data)
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11. Dendrogram of samples(cluster 1 by
Structure Program(K=10, 14 VNTRs))
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13. Dendrogram of samples(cluster 2 by
Structure Program(K=10, 14 VNTRs))
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15. Dendrogram of samples(cluster 6 by
Structure Program(K=10, 14 VNTRs))
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Fig. 4. Figure of NearestNeighbor(samples :
cluster 1 by Structure Program (K=10,
13 VNTRs), only relative with Korea
found cases)

Fig. 6. Figure of NearestNeighbor(samples :
only relative with Korea found cases)
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cluster 3 by Structure Program(K=10, 13 VNTRs),



Fig. 14. Figure of NearestNeighbor(samples
. cluster 2 by Structure Program
(K=10, 14 VNTRs), only relative with
Fig. 8. Figure of NearestNeighbor(samples : Korea found cases)
cluster 5 by Structure Program(K=10,

13 VNTRs), only relative with Korea
found cases)

Fig. 12. Figure of NearestNeighbor(samples
. cluster 1 by Structure Program
(K=10, 14 VNTRs), only relative with Fig. 16. Figure of NearestNeighbor(samples
Korea found cases) )
. cluster 6 by Structure Program
(K=10, 14 VNTRs), only relative with
Korea found cases)
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Fig. 18. Figure of NearestNeighbor(samples : cluster 9 by Structure Program(K=10, 14 VNTRs),
only relative with Korea found cases)
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