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Abstract
Keywords: Neisseria meningitidis, multilocus VNTR analysis (MLVA), variable-number tandem
repeat (VNTR), pulsed-field gel electrophoresis (PFGE), multilocus sequence typing

(MLST), DNA fingerprint database, molecular epidemiology

The multilocus variable-number tandem repeat (VNTR) analysis (MLVA) technique has
been developed for fine typing of many bacterial species. The genomic sequences of Neisseria
meningitidis strains 22491, MC58 and FAM 18 have been available for searching potential
VNTR loci by computer software. In this study, we developed and evaluated a MLV A method
for molecular subtyping and phylogenetic analysis of N. meningitidis strains.

A total of 12 VNTR loci were identified for subtyping and phylogenetic analysis of 100 N.
meningitidisisolates, which had previously been characterized by pulsed-field gel
electrophoresis (PFGE) and multilocus sequence typing. The number of aleles ranges from 3 to
40 for the 12 VNTR loci; theoretically, the numbers of alleles can generate more than 5 x 10™
MLVA types. Intotal, 93 MLVA types were identified in the 100 isolates, indicating that MLV A
is powerful in discriminating N. meningitidis strains. The discriminatory index for MLVA is
0.998, which is higher than PFGE (0.95) and ML ST (0.87). In phylogenetic analysis with the
minimal spanning tree method, clonal relationships, established with MLV A types, agreed well
with those built with ST types.

Our study indicates that the MLV A method has a higher degree of resolution than PFGE in
discriminating N. meningitidisisolates. It is powerful tool for fine typing of N. meningitidis
isolates for epidemiological and forensic investigation. MLV A may also be a useful tool for

phylogenetic studies of strains evolving over different time scales.



Neisseria meningitidis

[1]
( )

[1] N. meningitidis [2,
3] [4, 5]
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N.
meningitidis (pulsed-field gel electrophoresis,
PFGE) (multilocus sequence typing, ML ST) N.
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meningitidis serogroup W135 MLVA 12 VNTR
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VNTR loci

N. meningitidis

VNTRDB

Z2491(GenBank accession no. AL157959) MC58 (GenBank

accession no. AE002098) FAM18( The Welcome Trust Sanger Institute [21]) VNTR
(tandem repeat loci) VNTRDB Tandem Repeat Sequence
Finder [22] 1
(repeat unit)
2
1 VNTR locus
300 3 VNTR loci 23
loci (£30bp) 85% indels
10 12  loci (Tablel) 10
(amplicon) MLVA N.
meningitidis
DNA N. meningitidis —70°C
5% trytic soy agar 5% CO, 37°C 18
(10 pl) 100 ul TE buffer (10 mM Tris-Cl, 1 mM EDTA, pH 8.0)
100°C 10 (3700 g)10 eppendorf
PCR DNA 12 VNTRIloci  primers Table5 primers
Primer3 website [ 23] primer ABI

ABI

City, CA, USA) PCR

(6-FAM, NED, VIC

PET) (Applied BioSystems, Foster

10-ul PCR 1x PCR

buffer, 1.5 mM MgCl,, 0.4 uM primers, 200 uM each deoxyribonucleotide, 1.0 unit

recombinant SuperNew Tag DNA polymerase (Jier Sheng Company, Taipel, Tawan) 1 pl



DNA template PCR GeneAmp PCR System 9600 (Applied

BioSystems) 94 °C 5 30 (94°C 30 54°C 45
72°C45 ) 72°C 10 3ul PCR (2% SeaKem LE agarose,
Cambrex Bio Science, Rockland, ME, USA) amplicon DNA
PCR amplicons 100 200 ABI Prism 3130 Genetic

Analyzer (  GeneScan 500 LIZ Size Standard [cat # 4322682; Applied
BioSystems] ) amplicons GeneScan Data Analysis
Software ver 3.7 (Applied BioSystems) amplicons

DNA ABI Prism Big Dye Terminator cycle sequencing ready reaction
kit ABI Prism 3130 Genetic Analyzer 12 VNTRIloci (Tablel)

N. meningitides strain 22491, MC58 FAM18

amplicons (Table5)

amplicons

Bi oNumerics software (version 3i5m)AppClhiaad cMa:

Type” Nei ss&rnmgerprint Database
Spanning Tree ( Bi oNumeri cs ) ML V

l oci Nei’' s diversity index (DI)
1->(allele ffeMdwen ®PF)GE MLST (discri mina
100 Hunter [ 24] .

105 N.

meni ngi tidis 100 2 serogroup A 52 S
B 3 serogroup C 31 serogroup W135 11
non-groupabl e (Tabl e2) 1996-2007¢
2 (NM255 NM256) (NM377 and N



100

(Tabl e

PFGE

4)

MLST

rSN



VNTR loci VNTRDB N. meningitides strains 22491,
MC58 FAMI18 23 VNTR loci loci (
30 bp) 10 N. meningitidis 12 VNTRIoci
MLVA N. meningitidis 11 VNTR loci
10 2 DNA 10 PCR
11 loci 4 opa Neisseria spp. loci
[25] loci MLVA 12
VNTR loci 3 (NMTR1, NMTR9, NMTR12) Y azdankhah [20]
Y azdankhah VNTR06 VNTRO8 loci locus
NMTR9 locus N. meningitides strain MC58 VNTROG6 locus  primers
VNTRO6-F VNTRO6-R nt286076-286057 nt285626-285649 VNTRO8 locus
primers VNRTO8-F VNTRO08-R nt285707-285726 nt286018-285999 primers
VNTRIocus 12 VNTRIoci 4-30 bp 7 loci
3 NMTR12 12 13bp locus 12 13
NMTR12 DNA
12 VNTRIoci 9 (Tablel) VNTRDB program 3
loci loci
1 locus NMTR9a strain MC58 1
strain 22491 2 strain FAM18 3 (Tablel)
MLVA 100 1996-2002 N. meningitidis
PFGE MLST PFGE ST [9] MLVA
loci 5 2 NMTR1, NMTRY?,
NMTR9 NMTR18locus 2 NMTR1locus 3 NMTR12 locus (Table

2) 100 12 loci 3-40 (Table 3) 6 loci
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(NMTR1, NMTR2, NMTR7, NMTR9, NMTR10 NMTR12) 10 4 loci
(NMTR1, NMTR2, NMTR7 NMTRY9) dlelic polymorphism index 0.9 (Table 3)
100 12 loci 5x 10" MLVA types
100 93 MLVA types(Table2) MLVA types 1
TW4, TW5, TW51, TW52 TW62 2 TW3 3 TW62
2 serogroup B (NM255 NM256) 2 2
TW52 2 serogroup C (NM377 and NM378) 2
TW3, TW4 TW5 serogroup Y

[9] 2 TW51 serogroup W135 2

[9] PFGE MLST
MLVA PFGE MLVA 100 93 MLVA
(discriminatory index) 0.998 PFGE MLST
0.95 0.87[9 MLVA serogroup B 31 serogroup W135
29 (Table?2) 2 ST 4 PFGEtypes(Table2) 11
serogroup Y 1 ST 2 PFGEtypes MLVA 7
(Table 2)
(phylogenetic analysis) minimal spanning tree 100
MLVA 12 loci 8 loci
(clonal group) 8 MLVA groups ST types
(Figurel) 2 serogroup A MLVA types
(TW48 TWH59) 3 loci 2 ST-7 type ST-5 complex (Table 2)
MLST 52 serogroup B
serogroup B MLVA types 3 MLVA groups T2, T3 T4 groups
13 MLVA types clonal lineages T2group 10 MLVA types
TW10 ( T2group TW16 5 loci) ST-3439
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group T2group T3group 11 MLVA types

ST-3200 group TW39 T4 group ST-41/44 complex ST types
MST ST-41/44 complex MLVA types
(TW1, TW2, TW27, TW55 TW63) T4 group
T4 group
TW65 TWwW88 serogroup W135 T7group 3 serogroup C
2 MLVA types(TW25 TW52) serogroup W135
T7 group 5 loci 31 serogroup W135 3  serogroup
C 32 MLVA types 2 ST types(ST-11 single
locus variant, ST-3016) (Table2) TW25 TW52types serogroup C 2001
2002 TW25 TW52 7 loci
serogroup Y 7 MLVA types
| oci MLVA types (clone
MLVA types (founder) T W3
2001
MLVA 5 4
ML VA ML V A 3
types NMTR- 7 (Tabl e
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MLVA N. meningitidis
MLVA PFGE
100 N. meningitidis 96
12 VNTRIloci MLVA
serogroup B serogroup W135
serogroup W135 1996
2002 31 2 STtypes 4 PFGEtypes[9]
MLVA 31 30 MLVA types MLVA serogroup Y
serogroup Y 2001 2001-2002
11  serogroup Y MLVA 7 MLVA types
1-2  loci serogroup Y
MLVA 1996-2002 N. meningitidis
MLVA types ST types
Figure 1 ST complex ST group
VNTR loci 12 loci 4 (NMTR1,NMTR2, NMTR7 NMTR 12)
VNTR loci
VNTR loci
N. meningitidis
loci loci
10 11 loci( 1-2 VNTR loci NMTR1 NMTR2)
(data not shown)
VNTR loci N. meningitidis
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11  serogroup Y MLVA 12 VNTR loci 11
MLVA VNTR2 2 11  serogroup Y
6 VNTR2 2 NMTR1,NMTR7 NMTR9
VNTR loci - MLVA
- locus (Table 4) MLVA
locus [15] VNTR loci MLVA
MLVA (outbreak strain)
1996-2000 serogroup C serogroup C ( TW?25 genotype)
2001 2 ( TW52genotype) 2002 3

PFGE ST (ST-11 type) [9] 2002
2001 TW25 TwW52 7 VNTRIoci 4 loci (NMTR1,
NMTR2, NMTR7 NMTR9) 3 loci (NMTR12, NMTR18 NMTR19)
MLVA MLVA
MLVA serogroup Y

2003-2005 2-3

12 VNTRIoci VNTR loci N. meningitidis
Jordan [26] 22  coding tandem repeat loci loci
3 N. meningitidis 5 loci
12 loci [27] Schouls
N. meningitidis MLV A [28] 12 VNTRIloci 5
1) score value
(scorevaue )

VNTR loci 2-3

repeat sequenceloci  2)

40 VNTR
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candidates 10 loci

copies loci

loci MLVA Shigella
sonnei  MLVA score value VNTR candidates

26 VNTRIloci MLVA
PFGE MLST VNTR loci
loci (fine typing)

loci N. meningitidis loci

VNTR loci

loci (aleic diversity) loci (mutation
rate) VNTR loci Vogler [29]

VNTR loci 28 Escherichia coli O157:H7 VNTR loci

MLVA
12 N. meningitidis VNTR loci 5 loci 3 bp
3 bp NMTR1 7-bp
locus glycosyltransferase (PgIE) pilin glycosylation
phase variation [30] tandem repeat repeat sequence tracts
Neisseria spp. 100 loci  phase-variable [25, 26,
31] repeat loci (non-coding region) repeat
loci [31]] NMTR2,NMTR12 NMTR19
NMTR12 12 13 VNTR locus
VNTR locus
100  N. meningitidis MLVA 0.998
PFGE MLST 095 0.87[9] MLVA PFGE MLST
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31 serogroup W135 30 MLVA
types 4 PFGEtypes 2 STtypes MLVA PCR-basad PCR DNA
DNA sequencer DNA
MLST N.
meningitidis N. meningitidis
N. meningitidis ML ST database database
MLST N. meningitidis MLST
7 MLVA
MLVA amplicons NMTR12
12-  13-bp NMTR12 locus
N. meningitidis MLV A N.
meningitidis VNTR loci multiplex PCR
MLVA PFGE MLST
N. meningitidis
MLVA PFGE
MLST
2001 N. meningitidis serogroup Y
24
serogroupY  serogroup B
serogroup

serogroup Y  serogroup W135
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MLVA PFGE N. meningitidis
MLVA

N. meningitidis MLVA

VNTR locus MLVA VNTR loci

N. meningitidis
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Table 1: VNTR locus characteristics at genomes of N. meningitidis strains 22491, MC58 and

FAM18.

VNTR Consensus Lengthof LocusinZ2491  LocusinMC58  Locusin FAM18 Function

locus® sequence(s) of repeat unit (Reference or
repeat unit®  (bp) Location Number Location Number Location Number locus_tag®)

of of of
repeat repeat repeat
unit unit unit

NMTR1 CAAACAA 7 814844 25 657240 35 601072- 29 glycosyl transferase

(VNTROL) 815018 657484 601274 [[30]

NMTR2 CATTTCT 7 920757— 17 773274 4  716022—- 19 Unknown

920875 773301 716154

NMTR6 GCTTCAGTT 21 1603619— 2 1518318- 2  1407985- 4 membrane protein
ACAGCTTCT 1603660 1518359 1408068 (NMA1680)

TTG

NMTR7 CAAG 4 1638925~ 12 1556771- 11 1444059- 8  hypothetica

1638972 1556814 1444090 protein
(NMB1507)

NMTR9 GCCAAAGTT 9 2158594~ 9  285906— 7  277433- 26 rotamase

(VNTRO06 & 2158514 285968 277666 (NMA2206)

VNTROB)

NMTR9a CCGCTGCTA 30 1100635— 2 970825- 1 932818- 3 dihydrolipoamide
CTGCCGCTG 1100694 970854 932907 succinyltransferase
CTGAAGCAC E2 component
CTG (NMA1150)

NMTR9 TACGGCTGC 18 1385171 2 1293181- 2  1191565- 1  murein hydrolase
CGCGTCAAA 1385206 1293216 1191582 (NMA1488)

NMTR9c CGGATACGC 15 1446130- 3  1353481- 2  1250095- 3 hypothetica
TCTTGG 1446174 1353510 1250139 protein

(NMA1547)

NMTR10 CAGATT 6 2058538— 4  386427—- 9 1824619 4  DNA-directed

2058515 386480 1824596 RNA polymerase-
B -chain
(NMAO0141)

NMTR12 a 13 1234098- = 1131164- 29= 1043723- 24= Unknown

(VNTR02) GGGCTGTAG 12 1234135 2alb 1311531 20a9b 1044023 13allb
AGAT
b:

GGCTGTAGA
GAT

NMTR18 GGGTAGCG 9 2052950 2 392028 2 1819003- 5  adose 1-epimerase
G 2052967 392045 1819047 (NMA2099)

NMTR19 CGTATTTTC 13 2075417—- 2 369378- 2 1844470~ 5 Unknown
CCAT 2075442 369403 1844534

#Loci in parentheses have previously been characterized by Y azdankhah et al. [20].
PNMTR12 is a compound tandem repeat locus with 12- and 13-bp repeat units, arranged in variable
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numbers and sequences.
¢Locus tag in parentheses are based on gene annotation of N. meningitidis strain Z2491 (GenBank

accession no. AL157959), except the NMTR7 locus, which is based on gene annotation of strain
MC58 (GenBank accession no. AE002098).
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Table 2. ST, PFGE and MLV A genotypes for 100 N. meningitidis isolates.

MLVA allelic profil€®

swaincode | ¥ serogroup ST codet  PRGEcodet  MYA (NMTRI 2,6,7, 9, 9, 9b, 9, 10,
solation code
12,18, 19)
ST-5 complex/Subgroup 111
NM77 2001 A ST-7 NMENQ06.0065 TW59 27,14,2,3,6,1,2,4,4,22,2,2
NM320 2002 A ST-7 NMENO06.0066 TW48 21,17,2,3,6,1,2,4,4,23,2,2
ST-11 complex/ET-37 complex
M3A527 1996 W135 ST-11  NMENO06.0056 Tw87 47,8,4,11,33,2,1,3,4,6,6,5
NM6 1996 W135 ST-11 NMENO06.0056 TW76 37,8,4,12,37,3,1,3,4,24,6,5
NM7 1996 W135 ST-11  NMENO06.0056 TW90 58,8,4,17,34,2,1,3,4,6,6,5
NM19 1997 W135 ST-11 NMENO06.0056 TwW92 33(34),7,4,11,33,3,1,3,4,24,6,5
NM24 1998 W135 ST-11 NMENO06.0056 TW74 36,7,4,15,32,3,1,3,4,24,6,5
2002-060 2001 w135 ST-11 NMENO06.0056 TwW36 16,7,4,10,23,3,1,3,4,24,6,5
NM163 2001 W135 ST-11 NMENO06.0056 TW93 41(42),8,4,9,34,3,1,3,4,25,6,5
NM21125 2001 W135 ST-11  NMEN06.0056 TW77 37,9,4,12,32,3,1,3,4,24,6,5
NM64 2001 W135 ST-11  NMENO06.0056 TW79 38,6,4,12,35,3,1,3,4,24,6,5
NM66 2001 w135 ST-11 NMENO06.0056 TW58 27,6,4,15,39,3,1,3,4,24,6,5
NM76 2001 w135 ST-11 NMENO06.0056 TW83 39,8,4,18,34,3,1,3,4,25,6,5
NM79 2001 W135 ST-11 NMENO06.0056 TW72 35,10,4,12,32,3,1,3,4,24,6,5
NM80 2001 W135 ST-11 NMENO06.0056 TW57 27,5,4,10,37,3,1,3,4,24,6,5
2002-059 2002 W135 ST-11 NMENO06.0056 TW78 38,5,4,12,36,3,1,3,4,16,6,5
NM181 2002 W135 ST-11  NMENO06.0056 TW81 38,9,4,11,29,3,1,3,4,24,6,5
NM 25845 2002 W135 ST-11  NMENO06.0056 TW84 42,6,4,21,34,3,1,3,4,23,6,5
NM293 2002 W135 ST-11  NMENO06.0056 TW66 32,9,4,12,36,3,1,3,4,24,6,5
NM321 2002 w135 ST-11 NMENO06.0056 TwW67 34,9,4,12,36,3,1,3,4,24,6,5
NM5 1996 W135 ST-11  NMEN06.005s6 TwW70 35,6,4,10,37,3,1,3,4,24,6,5
NM12 1997 W135 ST-11  NMENO06.0057 Tw80 38,6,4,14,37,3,1,3,4,24,6,5
NM14 1997 W135 ST-11  NMENO06.0057 TW9l 59,7,4,15,34,2,1,3,4,6,6,
NM4967 1997 W135 ST-11  NMENO06.0057 TW75 37,6,4,15,38,3,1,3,4,24,6,5
NM19172 2000 W135 ST-11  NMENO06.0057 TWe61l 28,5,4,13,38,3,1,3,4,24,6,5
NM 102 2001 W135 ST-11  NMENO06.0057 Tw14 10,10, 4,9, 19(27),3,1,3,4,24,6,5
NM 152 2001 W135 ST-11 NMENO06.0057 Tw82 39,5,4,16,37,3,1,3,4,24,6,5
NM357 2002 W135 ST-11  NMENO06.0057 TW65 30,7,5,25,35,3,1,3,4,24,7,5
NM60 2001 W135 ST-11  NMENO06.0059 TW71 35,8,4,27,35,3,1,3,4,25,6,6
NM68 2001 W135 ST-11 NMENO06.0059 TWwW86 43,7,4,10(11),25,3,1,3,4,24,3,6
NM257 2002 w135 ST-11 NMENO06.0059 Tw88 49,6, 4, 13, 24, 3, 1, 3, 4, 24, 3(6),
NM81 2001 C ST-11  NMENO06.0067 Tw25 11,5,4,16,27,3,1,2,4,21,6,4
NM377 2002 C ST-11  NMENO06.0068 TW52 24,6,4,13,24,3,1,2,4,18,4,5
NM378 2002 C ST-11  NMENO06.0068 TW52 24,6,4,13,24,3,1,2,4,18,4,5
NM25 1998 W135 ST-3016 NMENO06.0058 Tw5s1 23,7,4,9,32,2,1,3,4,6,6,5
NM18972 2000 w135 ST-3016 NMENO06.0058 Tw5s1 23,7,4,9,32,2,1,3,4,6,6,5
ST-23 complex/Cluster A3
NM21468 2001 Y ST-23 NMENO06.0060 TW3 4,18,5,7,9,1,2,2,11,24,2,2
NM22034 2001 Y ST-23 NMENO06.0060 TW3 4,18,5,7,9,1,2,2,11,24,2,2
NM82 2001 Y ST-23 NMENO06.0060 TW3 4,18,5,7,9,1,2,2,11,24,2,2
NM 25569 2002 Y ST-23 NMENO06.0060 TW7 4,18,5,6,9,1,2,2,11,24,2,2
NM267 2002 Y ST-23 NMENO06.0060 TW5 4,19,5,7,9,1,2,2,11,24,2,2
NM28225 2002 Y ST-23  NMENO06.0060 TW5 4,19,5,7,9,1,2,2,11,24,2,2
NM100 2001 Y ST-23  NMEN06.0061 TW6 4,20,5,7,9,1,2,2,11,24,2,2
NM153 2001 Y ST-23 NMEN06.0061 TwW8 4,15,5,7,10,1,2,2,11,24,2,2
NM21519 2001 Y ST-23  NMENO06.0061 TwW4 4,21,5,7,9,1,2,2,11,24,2,2
NM21675 2001 Y ST-23  NMENO06.0061 TwW4 4,21,5,7,9,1,2,2,11,24,2,2
NM25238 2001 Y ST-23 NMENO06.0061 TW11 5,23,5,7,9,1,2,2,11,24,2,2
ST-32 complex/ET-5 complex
NM 159 2001 B ST-3465 NMENO06.0042 TwW39 17,8,2,12,12,1,2,3,9, 26, 2,3
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ST-41/44 complex/Lineage 3

NM21700 2001 B ST-41 NMENO06.0002 TW85 40,4,2,18,10,1,1,3,4,3,2,3
NM25135 2001 B ST-41 NMENO06.0002 TW89 58,4,2,11,10,1,1,3,4,4,2,3
2002-075 2002 B ST-41 NMENO06.0002 TwW18 10,4,2,8,10,1,1,3,4,4,2,3
NM 30607 2002 B ST-41 NMENO06.0002 TW73 36,4,2,10,13,1,1,3,4,4,3,3
NM20 1997 B ST-41 NMENO06.0003 Tw23 11,5,2,7,12,1,1,3,4,4,2,3
NM39 1999 B ST-41 NMENO06.0004 TW37 16,8,2,12,12,1,1,3,4,3,2,3
NM25614 2002 B ST-41 NMENO06.0046 TW34 15,6,2,7,12,1,1,3,4,4,2,4
NM295 2002 B ST-41 NMENO06.0046 TW33 15,6,2,8,12,1,1,3,4,4,2,4
NM9 1996 B ST-41 NMENO06.0047 TW17 10,5,2,7,14,1,1,3,4,4,2,3
NM84 2001 B ST-41 NMENO06.0047 TW38 17,7,2,10,12,1,1,3,4,4,2,4
NM40 1999 B ST-41 NMENO06.0090 Tw41 18,5,2,15,16,1,1,3,4,4,2,3
NM21261 2001 B ST-154 NMENO06.0001 Tw3l1 14,8,2,11,10,1,1,3,4,3,2,3
NM24481 2001 B ST-154 NMENO06.0001 TwW46 20,9,2,11,10,1,1,3,4,3,2,3
NM8 1996 B ST-437 NMENO06.0025 TWwW63 28,15,2,11,9,1,1,3,8,4,3,2
NM18 1997 B ST-437 NMENO06.0044 TWwW55 26,13,2,9,8,1,1,3,8,4,3,2
NM32 1998 B ST-3466 NMENO06.0031 Tw27 12,6,5,8,3,1,1,3,8,4,3,2
Huad43 2002 B ST-3468 NMEN06.0048 TW2 0,16, 3,15,16,1,3,3,10,3,3,3
2002-061 2002 B ST-3468 NMENO06.0049 TW1 0,14,3,14,16,1,3,3,9,3,3,3
ST-162 complex
NM420 2002 B ST-162 NMENO06.0037 Tw42 18,7,2,8,13,1,2,3,25,10, 3,2
ST-865 complex
NM15 1997 B ST-865 NMENO06.0029 Twe4 29,21,2,7,22,1,1,2,10,0,2,2
NM272 2002 B ST-865 NMENO06.0030 Tw56 26,14,2,10,21,1,1,2,11,0,2,2
ST-3129 group
NM2 1996 B ST-3129 NMEN06.0020 Tw40 17,13,2,8,34,1,1,2,11,8,3,2
NM13 1997 B ST-3129 NMENO06.0027 Tw69 34,12,4,8,16,1,1,2,10,7,3,2
ST-3200 group
NM21435 2001 B ST-3200  NMENO06.0005 Tw53 25,11,3,8,16,1,1,3,8,3,2,2
NM71 2001 B ST-3200  NMENO06.0007 Tw28 13,11,3,10,15,2,1,3,8,3,2,2
NM30 1998 B ST-3200 NMEN06.0010 Tw50 22,8,3,17,15,2,1,3,8,3,2,2
NM88 2001 B ST-3200  NMEN06.0010 Tw35 15,13,3,13,13,2,1,3,8,3,2,2
NM397 2002 B ST-3200  NMENO06.0010 Tw49 22,6,3,5,12,2,1,3,8,3,2,2
NM10 1996 B ST-3200 NMEN06.0012 Tw44 19,8,3,13,10,2,1,3,8,3,2,2
NM255 2002 B ST-3441 NMEN06.0010 Twe62 28,8,3,10,16,2,1,3,8,3,2,2
NM256 2002 B ST-3441 NMEN06.0010 Twe62 28,8,3,10,16,2,1,3,8,3,2,2
NM21992 2001 B ST-3469 NMENO06.0006 Tw45 19,7,3,9,12,2,1,3,8,3,2,2
NM 30088 2002 B ST-3470 NMENO06.0013 Twi13 8,8,3,10,9,2,1,3,8,3,2,2
NM390 2002 B ST-3503 NMEN06.0014 Tw21 10,9,3,8,9,2,1,3,8,3,2,2
NM 26447 2002 B ST-4836 NMENO06.0010 Twe68 34,11,3,15,13,2,1,3,8,4,2,2
ST-3439 group
NM62 2001 B ST-1393 NMEN06.0093 TWw10 5,34,3,13,17,1,1,3,14,5,3,2
NM16 1997 B ST-3192 NMEN06.0023 Twi16 10,22, 3,13,14,1,1,3,15,4,3,2
NM 30397 2002 B ST-3192 NMEN06.0024 Tw22 10,24,3,7,16,1,1,3,14,4,3,2
NM383 2002 B ST-3192 NMEN06.0024 Tw19 10,20, 3,13,16,1,1,2,14,4,3,2
NM21 1997 B ST-3192 NMENO06.0091 Tw20 10,16, 3,14,15,1,1,3,14,4,3,2
NM22 1997 B ST-3192 NMEN06.0092 Tw24 11,21,3,10,14,1,1,3,14,4,3,2
Nm15656 1999 B ST-3439 NMEN06.0016 TW9 5,20,3,7,14,1,1,3,15,4,3,2
NM38 1999 B ST-3439 NMEN06.0017 TwW30 14,20,3,13,15,1,1,3,15,4,3,2
NM37 1999 B ST-3439 NMEN06.0089 Twi15 10,17,3,10,13,1,1,3,18,4,3,2
NM4 1996 B ST-3440 NMEN06.0022 Tw29 13,16, 3,10,13,1,1,3,16,4,3,2
NM22208 2001 B ST-3442 NMEN06.0015 Tw12 5,30,3,10,19,1,1,3,19,4,3,2
Single clonal lineage
NM3 1996 B ST-3175 NMEN06.0021 Tw26 11,15,4,7,9,1,2,3,11,31,2,2
NM28 1998 B ST-3196 NMENO06.0036 Tw54 26,9,5,21,24,1,1,3,33,9,3,2
NM90 2001 NT ST-3366 NMENO06.0069 TwW32 14,4,2,7,6,1,1,3,16,8,3,2
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NM 15252 1999 B ST-3437 NMEN06.0019 TW47 20,13,2, 14,7,1,1,3,8,17,2,2

NM25660 2002 B ST-3438 NMEN06.0018 TW43 18,19,2,18,12,1,2,3,16,7,2,2

NM412 2002 B ST-3504 NMEN06.0050 TW60 27,20, 2, 15,15, 4,2,2,10,0,2, 2
Characterized previously [9].

® Number in parentheses indicates the second copy of the locus. The second allele indicated in the
parentheses was ignored in the MST analysis.
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Table 3. Features of selected VNTR loci observed in 100 N. meningitidis isolates.

L ocus L ength of repeat S zerange of Range o_f gepeat N umberaof Pol ymorppi sm
unit (bp) amplicon (bp) unit aleles index
NMTR1 7 197-589 3-59 40 0.96
NMTR2 7 236-446 4-34 23 0.92
NMTRG6 21 165-228 2-5 4 0.73
NMTR7 4 195-291 3-27 18 0.9
NMTR9 9 189-513 3-39 28 0.94
NMTR9a 30 188-278 1-4 4 0.6
NMTR9b 18 182-218 1-3 3 0.33
NMTRSc 15 187-217 2-4 3 0.35
NMTR10 6 221-395 4-33 12 0.71
NMTR12 13,12 218-572 3-31 19 0.81
NMTR18 9 182-227 2-7 6 0.67
NMTR19 13 186-251 2-7 6 0.64

#Not including the unamplifiable allele at NMTR1 and NMTR12.

®Nei’s diversity index (DI) = 1->(allele frequency)?.
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Table4. MLVA profiles of Neisseria meningitidis isolates from four patient/contact episodes.

Patient / e Strain v Serogr MLV MLVA profile

X Age ear
Contact code oup A code(NMTR1, 2,6,7,9, 93, 9b, 9c, 10, 12, 18, 19)

Patient P1 M 03 NM153 2001 Y TW8 4 155 7 101 2 2 1124 2 2
Contactof PL. F 293NM156 2001 Y TwW8 4 155 7 10 1 2 2 1124 2 2
Patient P2 M 04 Huad43 2002 B TwW2 O 16 3 1516 1 3 3 10 3 3 3
Contactof P2 F 383 Hua452 2002 B Tw2 O0 16 3 1516 1 3 3 10 3 3 3
Patient P3 M 53 NM30397 2002 B Tw22 1024 3 7 16 1 1 3 14 4 3 2
Contactof P3 NA 6.5 NM30464 2002 B Tw22 1024 3 7 16 1 1 3 14 4 3 2
Contact of P3 NA 34.3NM30465 2002 B Tw22 1024 3 7 16 1 1 3 14 4 3 2
Patient P4 F 27 NM25614 2002 B TW34 15 6 2 7 12 1 1 3 4 4 2 4

Contactof PA F 243NM25618 2002 B TwW33 15 6 2 8 12 1 1 3 4 4 2 4
NA: Not avallable
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Table5. VNTR locus-specific primers and the predicted sizes of amplicons from N. meningitidis
strains 22491, MC58 and FAM 18.

bri T Predicted size of
Locus mer Primer sequence (5' - 3)? m amplicon (bp)

designation (°C)
22491 MC58 FAM18

NMTRL NMTR-1F 6-FAM-GGGTCAAAAGACGGAAGTGA 549 351 421 379

NMTR-1R AAAATCATCCGAATCAATAAAGAC 49.8
NMTR-2F PET-GTGCGCCAGTAAGAAAATACAAT 539

NMTR2 327 236 341
NMTR-2R TCAGAAAAGTTTTGCATTTTGAA 50.1
NMTR-6 F 6-FAM-GCGGCATCTTTCATTTTGTC 52.8

NMTR6 165 165 207
NMTR-6 R CGAAGAAGCGAAAGACCAAG 53.9
NMTR-7F CCATCCTTATCCGAATCTGAA 55

NMTR7 231 227 215
NMTR-7R VIC-CTGAAACCCTGCCTGAAGAA 534
NMTR-O9F PET-GGAAAGAATGATGAAAATCAAAGCS51.3

NMTR9 243 225 396
NMTR-9R CCGTCTGAAAAGCGGATACC 55.8
NMTR-9aF GTTGTTGCCGACCAAGTTTT 54.4

NMTR9a 218 188 248
NMTR-9aR6-FAM-GAACCTTGCAATGCGTTCAC 55.2
NMTR-9b FCGACTTCATCGTCCACAAAA 53

NMTR9b NMTR-9b 200 200 182
R VIC-GGCTTTGTCTGCCTGTACG 56.3
NMTR-9c F GGAAATCTGCGCTTTCGTAG 54

NMTR9c 202 187 202
NMTR-9c RNED-TCATGTCAGCAATTCCCTCA 54
NMTR-10 FNED-GGCATCGATGATGTGAAACA 53.3

NMTR10 NMTR-10 221 251 221
R GTGCTGAAGCACCAAGTGAA 55.9
NMTR-12 FCAAAGAGAGAGTGGAAGAACATCA 54.5

NMTR12 NMTR-12 218 548 481
R PET-AATGACGAAGAGTGGCAGGATT  56.6
NMTR-18 FAACGGAAAATTCCTGCACAA 531

NMTR18 NMTR-18 182 182 209
R VIC-CGTTTTCCGTGTTCCTGATT 53.4
NMTR-19 FNED-GACATATTGTGCGATGTCGAG 53.3

NMTR19 NMTR-19 186 186 225
R CGCCAACAGAAAAGAATACGA 53.6

46-FAM, VIC, NED and PET are ABI compatible dyes (Applied BioSystems,
Foster City, CA, USA)
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