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Table 1 Primer sequences, tandem repeat motif, conservation, size, and copy number of 6 HNTR loci
in M.avium strain HN135 and TR position in M.avium strain 104

FIRAIE SN TV B 2 E DR S

Conser- Estimated

Tandem repeat

%:rilés PCR primer sequences (5'=3") TR*motif vag/ion size ];ange Repeat X copy no. pﬁ;ﬁﬁg;ln
(%) (bp) strain 104
HNTR-1 F: CGCAGCTGACGGCACACCTC GGCGCGCCGCCATTAAGGTCAGCG 97 453 (57 bpX2)+12bp 1037565
R: GTGGCAGGTCAGCGGCACAA GCGGTCGCCAGCGCGGCGAAAGC 1037960
CGGGCGCAGCG (58bp)
HNTR-2 F: AGCCGAGCAGCACCACGACA GCTCAGCGGCGATCGCCAGCTCCG 97 316  (58bpX2)+43bp  526032—
R: GGAACCGCCGGTCGTTGCTA GCAGAGCCGGGGCGCAGCGGGTC 526405
GCCGCCGTCGT (58bp)
HNTR-3 F: ACCAGCAGCCGCAGCCGTAG AGCCAATGGTCGCGACCCGCCGCG 98 323 (54 bpX3)+3bp 298307 -
R: GCGGCCGATCCAACATCGTC CCCGGCTTCACCGCGCTTGCGATC 298521
GCTCCT (54bp)
HNTR-4 F: GCTGACCGGCTCCACCGAAG CCACTGAAGACGAGCGGCGTCAGC 98 226 (55bpX2)+7bp 4810555—
R: TTACACGCCGCGAGCAGACG CGCGAGGAGGAAGTGGAACCGAC 4810835
GGCTTGAG (55bp)
HNTR-5 F: CCAGGCGCGACGATTCTGCT TGAAACTCGCCGGCGACGATGCAG 92 308  (53bpX2)+15bp  3973476—
R: TTGTCCACACCGGGCAGCAC AGCGTAGCGATGAGGAGGAGCGGC 3973730
GCCGA (53bp)
HNTR-6 F: GACGCGATCGCCGAACATGA TGGCCCGTGACGATCGCGAGGGCG 100 478 (54 bpX2)+13bp  2337232-
R: ATCAGCGCCGGGGTCAACAG GCGCAGCCGGACGAAGCGGGTCGT 2337655

CACCAT (54bp)

*TR: tandem repeat
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Table 2 VNTR typing of MATR allelic distribution in M.avium clinical isolates

No. of isolates with specified TR allele® Allelic
Locus diversity
0 1 2 3 4 5 6 7 Total (h)*

MATR-1 1 31 38 1 71 0.516
MATR-2 29 36 4 2 71 0.566
MATR-3 42 11 1 3 14 71 0.579
MATR-4 2 66 3 71 0.121
MATR-5 1 67 3 71 0.095
MATR-6 1 50 20 71 0.416
MATR-7 21 27 3 5 14 1 71 0.718
MATR-8 14 54 3 71 0.372
MATR-9 1 49 21 71 0.428
MATR-11 22 48 1 71 0.439
MATR-12 71 71
MATR-13 39 3 29 71 0.523
MATR-14 1 45 23 2 71 0.485
MATR-15 68 2 1 71 0.069
MATR-16 5 14 52 71 0.411

2Calculated as described by Selander et al.”
"There was a total of 71 clinical isolates tested.

Table 3 VNTR typing of HNTR allelic distribution in M.avium clinical isolates

No. of isolates with specified TR allele® Allelic
Locus diversity
0 1 2 3 4 5 6 7 NP*  Total (h)®

HNTR-1 4 37 30 71 0.540
HNTR-2 47 22 2 71 0.457
HNTR-3 18 20 33 71 0.635
HNTR-4 71 71
HNTR-5 38 33 71 0.490
HNTR-6 46 1 24 71 0.458

“NP, no PCR product
bCalculated as described by Selander et al.”
“There was a total of 71 clinical isolates tested.

@Z R BOME Table 4 Allelic diversity ranking of each locus
LRI BERET 5720, M.avium R EEAR 7110 Locus Allelic y
. , ., ocus diversity ()® Polymorphism
% S TIRNT 247 > 720 MATR #838 & HNTR #3800 % .
S . . . MATR-7 0.718 High
FEYEFR B % Z 2 L Table 2 & Table 31278 L7zo §XT HNTR-3 0.635
O HNTR #HI5E, ZREMEDSHERE S 2o £ 72, MATR 8 MATR-3 0.579
W & HNTR 48, At 20 3 % 2 REPE RS B0l C IR 1 B oo
L, ZOMEIZE U TEEIC 3 BREICIX 4L (High © 0.5 LA MATR-13 0.523
Lo 7 4HI8, Moderate : 0.3 P 0.5 K0 9 405, Low : MATR-1 0.516
0.3 KD 4 FHI%) Table 41278 L7z HNTR-5 0.490 Moderate
g e MATR-14 0.485
@Rl ek ) MATR-9 0.428
HNTR #US O F HEEZ T 5720, LT 587 — HNTR-6 0.458
YIZBWTRMBHER 2475 720 1) MATR#HBE (15%8 HNTR-2 0.457
B0, i) HNTR#HIL (5 #630), iii) Table 42T High |28 MATR-11 0439
s PR BB - & Hght- MATR-6 0.416
L 7z 7 #8385, iv) Table 4 |2 T Moderate Ll F\2J8 L 72 16 MATR-16 0.411
SR, v) MATR$EI & HNTR i % 4 b8 72 20 $H I, MATR-8 0.372
Z?IH b, i) &iv) ORGMEZNZNFig 1 & Fig. 2 MATR-4 0.121 Low
SR LT B, TYLTTT 7 4 VAT - 78 MATR-5 0.095
=° ’ - MATR-15 0.069
R, Bz TE L. 72, iv) &v) ORH MATR-12 0.000

BHIFRI L TH o 720 “Calculated as described by Selander et al.”
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Fig. 1 Dendrogram and allele profiles constructed from 7 loci-VNTR typing results for M.avium isolates, including 71
clinical strains and reference strains. The dendrogram was created from distance matrix files by Fitch-Margoliash analysis
according to 7 loci-VNTR markers. Allele profiles analyzed using 7 VNTR loci from isolates showing 100% similarity are
boxed. The Manhattan distance is indicated at the bottom. MAA (M.avium subsp. avium), GTC00603; MAH (M.avium subsp.
hominissuis), ATCC19978; MAS (M.avium subsp. silvaticum), ATCC49884; MAP (M.avium subsp. paratuberculosis),
ATCC19698; Ma-104 (M.avium subsp. hominissuis), M.avium strain 104.



¥ #87% % 7% 201248 7 H

s
]

496

e ¢ 1\

Ol crcren efm ] mon e mmmamanmanmannannancdaacaaaa———aa—aananaafmaaoaanaaafmao o oo oo
M4452222222232217_2233322222222222227—2332334)«)53«)5343333333132222222225322222227_334
Clvccacaccoof-—~~~crnococococococcanmmmcacncnnacancncoojooo|lccccoccoococo~anoofooolo oo o oo alnalao ol ala
ZlZ[0 e cr cifer cr eifeafer cafen cr et er er el a1 — e AT AT AT AT AT AT AT AT AT AT AT AT AT AT AT T O e e — = Al a1 el = = e it et en eifen i
m (=] (e Ka Ro No No| (N o (o] (S Nal (SN Nal Ne Nol No Hesl o N No Ko No No No No No Resl o No Nl Naesl o No NesNosRasl o o Raslaa! (selaslag! (sel o NaslosN o Na N Resl oo o sl ol Hael (o Nol Na| (oo o No No ot ae! [Sollas! (oW Nal| (S Na| (o]
m Eel e i s e | ( Ne Nell (o (e el (N Na Na Na RoNe Ne e EaNe o Fa Na o o Na e No o Na Na e R oNe RaNa RoRe Byl Lulalyl (o Ne Na Rplpl RN e ol ol e e e Ne | (o RetNel| [of Nt Ne ol Not Nat Ne| (ot lah| (of Mot iyl (o8 Ml o of
m7n3n35353122222227_2]21222222222222227_]2 1111111 [t e —— IOl — = = — 11 N OO O Ot O O 1 O\ O\C O \Of\O \Oen
O~ =~~~ — A AN — A — AN —— AN Ol — — O O] — i o — = = = = O = == == = e Alfen
el e R Bedis o FalValle! Vel Fallle! UallValTol ool e sl nll i i R i N e N e R e R i i ] — = O e O O e e e e e Rl e| LeRall Enle Ko Nat Ne oyl VallVel FelValVe! Lol Vel
AN AN~ — OO OIC AN MNMN— OO0 00—~ 0000 OO O —~——O OO A — —— — |~ — — — — —— == O O A e = — © OO OO © Of— — |
~lacaaacaacfafiajacaca ~—~nacca—ccca—ccaa—a e e — — et = 1ot = — — caf— —eu 1 ofen e
nlojlc——cojanaalcolccccoccoccoccocococococococococoococoocoonaaManNAacdNNNANANNS oo oo o oo oo o ao olo ofa o ofa af—
m51111222211 1111111 iahabalelo Rkl e Re Rk ek e Rk R le Ne e Ne Ne Ko NaNe| (e NaNe (aNa N NaNa e Na ok ole Roo Ne Ne | (o NaNe| (o N KRRl Lallayl (el | Lalienl Ll
P e T e e R R N N N P e e SRR R e ) IR EESppepag ERp RPN NP -
=) Alen enen — == — == O = O O O] O O] e e e e e e e e e e A — AT AT O — O~ =~~~ ==~ — = Clfen
mloloollllzzz A==~ = = = OOl O O~ —O — —| A~
[ N ol ol
flazageagfebs =233l esza2 5 geeqlen
2 gzsz £ EEE £
HE HEE

T LT R T LT E T e P v e TV}

3.0

VNTR typing results of M.avium isolates, including 71

Fig. 2 Dendrogram and allele profiles constructed from 16 loci

clinical strains and reference strains. The dendrogram was created from distance matrix files by Fitch-Margoliash analysis

according to 16 loci -VNTR markers. Allele profiles analyzed using 16 VNTR loci from isolates showing 100% similarity are
boxed. The Manhattan distance is indicated at the bottom. MAA (M.avium subsp. avium), GTC00603; MAH (M.avium subsp.

ATCC49884; MAP (M.avium subsp. paratuberculosis),

M .avium strain 104.

hominissuis), ATCC19978; MAS (M.avium subsp. silvaticum),

ATCC19698; Ma-104 (M.avium subsp. hominissuis)
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Table 5 Discriminatory index of each VNTR typing of M.avium clinical isolates®

. No. of No. of No. of N(?. of
Typing method different clustered unique HGDI*

patterns clusters isolates isolates
MATR-VNTR 56 8 22 49 0.992
HNTR-VNTR 28 12 57 14 0.953
7 loci-VNTR 52 10 29 42 0.980
16 loci-VNTR 62 6 15 56 0.995
MATR-VNTR plus HNTR-VNTR 62 6 15 56 0.995

2Calculated as described by Hunter and Gaston'?
®There was a total of 71 clinical isolates tested.

THHE R T IT IR S8, MEOMEEZ X 5125
b B 24T 5 720

M.avium D5 P25 AT 1%, MATR-VNTR 251
Hrikidsig BN T BT TH 5 & Inagaki 52 & o
THE XN TV 525, MATR-VNTR B BIEAT T T
& $1S7245-RFLP BIBIAHT T L > THAIT X 2 Wbk D
AT B 728, X0 BRI MR AT 24T 9 W& 121 1S 1245-
RFLP R B ENT i 2 EH T 5 LB H 59, & 5 I1IM.
avium ® MATR-VNTR B3I AT 2: & MIRU-VNTR 251 1%
WrikafAatbesd L CREENREDMELZZ
b Tnagaki 5YIHHE L TE Y, M.avium D727 VNTR
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IDENTIFICATION OF NOVEL VARIABLE NUMBER TANDEM REPEAT (VNTR)
LOCI IN MYCOBACTERIUM AVIUM AND DEVELOPMENT OF
AN EFFECTIVE MEANS OF VNTR TYPING
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Abstract [Introduction] To make more effective use of
variable number tandem repeat (VNTR) typing, we identified
novel VNTR loci in Mycobacterium avium and used them
for modified M.avium tandem repeat-VNTR (MATR-VNTR)
typing.

[Method] Analysis of a DNA sample extracted from a
clinical isolate (strain HN135) with the FLX system®genome
sequencer (Roche Diagnostic System) led to discovery of
several novel VNTR loci. The allelic diversity of the novel
VNTR loci was evaluated for 71 clinical isolates and com-
pared with the diversity of the MATR-VNTR loci. To improve
efficacy of MATR-VNTR typing, we tested typing using 2
sets of loci selected from the newly identified loci and the
MATR loci, i.e., one set containing 7 and another 16 loci.
Hunter Gaston's discriminatory index (HGDI) was calculated
for these sets.

[Results] Six VNTR loci were newly identified, of which
5 showed a high diversity. The HGDI was 0.980 for the
improved new typing using a set of 7 loci, and 0.995 for
another set of 16 loci, while it was 0.992 for the conventional
MATR-VNTR typing.

[Discussion] VNTR typing with the set of the 7 loci enabled
a rapid analysis, and another set of 16 loci enabled a precise
analysis, as compared with conventional MATR-VNTR typ-
ing. A method that uses only VNTR loci with relatively high

allelic diversity is considered to be a useful tool for VNTR
typing of MAC isolates.

Key words: Mycobacterium avium, Variable Number Tan-
dem Repeat (VNTR), Molecular epidemiology, Optimization,
Genome analysis
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