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Widespread distributions of repetitive DNA elements in bacteria genomes are useful for analysis of genomes and
should be exploited to differentiate food-borne pathogenic bacteria among and within species. Enterobacterial
repetitive intergenic consensus (ERIC) sequence has been used for ERIC-PCR genomic fingerprinting to identify
and differentiate bacterial strains from various environmental sources. ERIC-PCR genomic fingerprinting was
applied to detect and differentiate four major Gram-negative food-borne bacterial pathogens, Esherichia coli,
Salmonella, Shigella, and Vibrio. Target DNA fragments of pathogens were amplified by ERIC-PCR reactions.
Dendrograms of subsequent PCR fingerprinting patterns for each strain were constructed, through which
relative similarity coefficients or genetic distances between different strains were obtained numerically. Numerical
comparisons revealed ERIC-PCR genotyping is effective for differentiation of strains among and within species
of food-borne bacterial pathogens, showing ERIC-PCR fingerprinting methods can be utilized to differentiate
isolates from outbreak and to determine their clonal relationships among outbreaks.
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ol2fgt BHEA] sequenceE FlA 126 bp elementE &4 4
of BE¥E palindromic +&E 7K1l & ERIC sequence™
FAA AellA non-coding F-Holl fIX|EFH el glofA
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off X ¢ QUrk(14). T3 27] AFAllM ERIC sequence
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Table 1. Reference strains used in this study

Codes Strains
ESC-RI Escherichia coli H1029 (serotype unconfirmed)
ESC-R2 Escherichia coli 330C1 (O159:H4)
ESC-R3 Escherichia coli 411C1 (025:H24)

ESC-R4 Escherichia coli 214-4 (serotype unconfirmed)
ESC-R5 Escherichia coli H10407 (O78:H11)
ESC-R6 Escherichia coli ATCC 8739 (serotype unconfirmed)
ESC-R7 Escherichia coli ATCC 35150 (O157:H7)
SAT-R1 Salmonella tvphi Ty2 ATCC 19430

SAT-R2 Salmonella typhi 0901W ATCC 10749
SAT-R3 Salmonella tvphimurium ATCC 14028
SAT-R4 Salmonella typhimurium ATCC 19585
SAT-R5 Salmonella typhimurium ATCC 29629
SAE-R1 Salmonella enteritidis ATCC 13076
SHD-R1 Shigella dysenteriae ATCC 27345

SHF-R1 Shigella flexneri ATCC 29903
SHB-R1 Shigella boydii ATCC 8700
SHS-R1 Shigella sonnei ATCC 29930

VIC-R1 Vibrio cholerae NIH 35A3
VIM-R1 Vibrio mimicus ATCC 33653

VIP-R1 Vibrio parahaemolvticus ATCC 17802
VIP-R2 Vibrio parahaemolyticus ATCC 33844

Total DNA F=

Versalovic 5(17)¢1 W8l W&l E coli, Salmonella spp.,
Shigella spp., Vibrio spp.2] total DNAE 7z} S23l9ic}. 24z}
o] #FE S5mLe TSB wiAlo| HEsled 37°Col A 24417
Bl 3, 15,000 rppmo. 2 557 fa Rt A& st
o, 1mLe] | M NaCtg oAl 28] AAg &, opy] 94
Halslod gAS 838 & 700 uLe] 1XTE(10mM Tris-HCI,
ImM EDTA) & deAZ dgE A Zel 100 L2
lysozyme(2 mg/mL)¥} 30 uL2] RNase A(10 mg/mL)S FojA]
37°Coll A 2087 WAF T lysozyme R H37) FYL 79
60 pLe] SDS(10%)E 71sisdrt. o] dEkelel 100 uLel sarkosyl

Table 2. Isolated strains used in this study

Codes Strains
ESC-11 Escherichia coli KMEC-0056

ESC-I2 Escherichia coli KMEC-0059
ESC-13 Escherichia coli KMEC-0061
ESC-14 Escherichia coli KMEC-0079
ESC-I5 Escherichia coli KMEC-0081
ESC-I6 Escherichia coli KMEC-0084
ESC-17 Escherichia coli KMEC-0087
ESC-I8 Escherichia coli KMEC-0096
ESC-19 Escherichia coli KMEC-00228
ESC-110 Escherichia coli KMEC-00231
SAE-I Salmonella enteritidis KMSM0002
SAS-I1 Salmonella spp. Y17

SAS-I2 Salmonella spp. Y19

SAS-13 Salmonella spp. Y20

SAS-14 Salmonella spp. Y21

SAS-I15 Salmonella spp. Y22

SHS-I1 Shigella sonnei S1

SHS-12 Shigella sonnei S2

SHS-I3 Shigella sonnei S3

SHS-14 Shigella sonnei S4

SHS-I5 Shigella sonnei S5

SHS-I6 Shigella sonnei S6

SHS-17 Shigella sonnei S7

SHS-18 Shigella sonnei S8

SHS-I9 Shigella sonnei S9
SHS-110 Shigella sonnei S10

VIP-11 Vibrio parahaemolyticus V2
VIP-I2 Vibrio parahaemolyticus V3
VIP-13 Vibrio parahaemolyticus V5
VIP-14 Vibrio parahaemolyticus V6
VIP-I5 Vibrio parahaemolyticus V8
VIP-16 Vibrio parahaemolyticus V111
VIP-17 Vibrio parahaemolyticus V112
VIP-I8 Vibrio parahaemolyticus V113
VIP-19 Vibrio parahaemolvticus V114
VIP-110 Vibrio parahaemolvticus V115
VIP-111 Vibrio parahaemolyticus V116
VIP-I12 Vibrio parahaemolyticus V117
VIP-113 Vibrio parahaemolyticus V118
VIP-114 Vibrio parahaemolyticus V119
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(10%)F 60 uLel proteinase K(10 mg/mL)E 7Fst § 37°Cell A
A7 Bt wkeAIZATh 2] o] HalE Al xHEN o2 E
phenols%} ethanote: ©l8-3le] DNAZ F&31910H, 24 DNA
£ 50 uLe] 1XTE(I0mM Tris-HCIL, ImM EDTA) £%o &3]
atod AHE-3HA

PCR 24 % =l

PCR ®Fg &S 5uLe 10X reaction Buffer(21%
-400mM KCl, 25mM MgCl,, 100mM Tris-HCI, pH 9.0), 5
uL® dNTP, 1U9 Taq DNA polymerase(Bioneer, Daejeon,
Korea), 2uM2] 7z} primer 2 template DNA 1pLe] E&Ho
FHTE HF S0uL7t HEE HUlstel DNA AHFghe7]
PTC-100(MJ Research, Inc., MA, USA)lA SZFA1Zc) & A
FolA 9] 4] AFERY AHEL Versalovic (17l ¢
8] 9twl ERICIR3 ERIC2 primer set® ©]8-3to ZHH-e
S dyslh §HH ERIC-PCR HHg FE712 94°CeollM 78R:7E
71938t ¥, denaturationS 94°CollA 14, annealing 52°Cef| A
1%, 282 extension® 72°ColM 3EOZ 30 cycle WHE3I
3, A ekl 720C| Al 3R 7F B WAL, 4°CellA 307
WAAIZTE PCR 4HE2 1.5% agarose(1 X TAE) gelol A 120V
2 A2 "719%5 A ethidium bromide(S pg/mL)E J4s &
transilluminator® 215tch. 4HE2] F7]= 1 kb DNA Ladder
(Gibco-BRL laboratories, NY, USAYE AM&sle] 4319t g
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7} @57} band patten®] H|WE £131¢] band intensityw 3L
Hakx] @3 FYE 3719 bandETS Y F-92 TF band
2 7Pgsted SUs 2719] band 5l wet 15} 022 FE
3}e] Bio-Gene software(version 96, Vilber Lourmat, Marne la
vallee, France) ZEZ 1ol &g ¥ UPGMA(unweighted
paired group methods with arithmetic average)H(18)& ©| &3}
o] dendrogram2 2HJsF9 2™, Jaccard coefficient(19,20)8 <&
AZ FAIE 7 FEoh FARE 2 0%lA 100%2]
Az BAEeH, B =S Yt AR ghol 90% ol

2 7L genome’d ERIC sequence ¥} s F214

ABAo] Qe Aoz AlgE] FUT typel R TEIISA
Aoy g
E. coli

E coli O15T:H7E Z&3t= 7789 E coli BEEFF9 %
& source22E Ee® 10702 E coli BFS A ERIC-
PCRE 18k A, 100bpall A 4.0kb HLIel AA 5-12719
band7} ZZ=AthFig. 1, Panel A). =2 & 03kb, 0.42kb 2
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Fig. 1. Panels A and B represent fingerprinting patterns generated using the ERIC-PCR products from E. coli strains and a
corresponding dendrogram depicting ERIC-PCR-derived genetic similarities among them, respectively.

Lanes M showed 1 kb DNA ladders. Lanes 1 to 7 showed reference strains and other lanes showed isolated strains. Lane 1: ESC-R1, Lane 2:
ESC-R2, Lane 3: ESC-R3, Lane 4: ESC-R4, Lane 5: ESC-RS, Lane 6: ESC-R6, Lane 7: ESC-R7, Lane 8: ESC-11, Lane 9: ESC-12, Lane 10:
ESC-13, Lane 11: ESC-I4, Lane 12: ESC-15, Lane 13: ESC-16, Lane 14: ESC-17. Lane 15: ESC-I8, Lane 16: ESC-19, Lane 17: ESC-110.
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Fig. 2. Panels A and B represent fingerprinting patterns generated using the ERIC-PCR products from Salmonella strains and a
corresponding dendrogram depicting ERIC-PCR-derived genetic similarities among them, respectively.

Lanes M showed 1 kb DNA ladders. Lanes 1 to 6 showed reference strains and other lanes showed isolated strains. Lane 1: SAT-R1, Lane 2:
SAT-R2, Lane 3: SAT-R3, Lane 4: SAT-R4, Lane 5: SAT-RS, Lane 6: SAE-R1, Lane 7: SAE-I1, Lane §: SAS-I1, Lane 9: SAS-12, Lane 10:

SAS-I3, Lane 11: SAS-I4, Lane 12: SAS-IS.
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= taosE sk AtelA 300bpll 6.0kb WSl AH
7-1370¢] band7} FEEATHE B39} Baldy-Chudzik S(22)0]
g4e] BREE BE E coiE R F8e oA
100 bpell A 2.0kb Hlell ZA 7-12719] band7} B¢1E]9.0H,
0.3kb, 04kb & 0.6kb®] FEH band7} EALATH= AT
Aot fFARHE JEREE 3 E o coli FFES F5 band
& AR ofeprie] "¥lEe] 7] AEe] 7t 3535 1
3% fingerprinting patteng YeERNATE FHH PP Fo)
O78:H119] ESC-R5(E. coli HI0407)2t B 3o &ls]=] gke-
ESC-R4E. coli 214-4y= 413t band pattenS LERHATE
Zt DNA fingerprint®] A2 #4 A3} AFAFEL genetic
similarity 90% TFolA 16709] typeS VFERNIZ(Fig. 1, Panel
B), 42% TEAME F typeQ 2 HEESOH, ol ARRY £
coli 5% Aol OISTHTR) 459 7 o]2le] BHFL
e R vRolRl Zlellek, 2123l §AFSE band pattens
LERNSIE ESC-R49} ESC-R5:= DNA 9134 Baol|A] 100%
AAeh= AE YERNICE 3 B dAelas A do) g
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& 9YYE e Jo® E E coli FEFFEI 3 2
A datol| ofstH @#Fwith 7}7] o band pattemn ¥ W
genetic similarity® YERNATE o]&isl @A dwkz oz H)
54 sequence® ©1€-3F PCR 7]&©] F(species) 55, U o}

b @F ST 2o EEed 4 Atk Louws H(23)
o 42 9w AT A9 ¢ 5 A

Salmonella spp.

Salmonella?:2] T2 %2 S tphi, S. tphimurium, S. enter-
itidis 2] 78 FEgo}l tieksl ST B Salmonella
spp. 6/ wEltTE A& ERIC-PCRE AAFH A3t 220 bp
A 4.1kb Hlol AA 5-1471¢] band7’} ZZHATHFig. 2,
Panel A). 18|32 BE XEF59 EHAFEZRE B2 band
intensity2] ZFol= U0V} 022kb, 04kb 2 0.7kbe] F&
band7} ERIE AT} o]eigt A= Burr 5(24)0] skrolla &
21 Salmonellas U)o 2 =303k Aol 4] 200 bpolA 2.0 kb
el 44 6-10709] band7} B1=EACH | 026 kb, 0.72kb %
0.84kb2] 8 band’} ER1I=Th= AF9} Chmielewski £(25)
o] Yo 2HE B2l¥ SalmonellaZ hAO2 8t 7oA
90 bpell Al 1.5kb ¥l AA 4-1470¢] band7} ZZH|ow,
0.28kb band7} =& #olA F5HoR AAdriE Wae)
Hlaste] dgH oz F5 99l band7l 1-37] A& AAEEGT
BARE Hoxe RS YERITE

7t DNA fingerprint®] 15t4 24 A3 HIFFEL
genetic similarity 90% 5ol A 8719] typelE U¥|ojgom,
55% el A 2709} typee & UbH ol AT} o|ul S enteritidis®
A FEd et #EliETE dendrogramol M ZH) ThE type
S Eyzo® YAl thFig 2, Panel B).
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Fig. 3. Panels A and B represent fingerprinting patterns generated using the ERIC-PCR products from shigella strains and a
corresponding dendrogram depicting ERIC-PCR-derived genetic similarities among them, respectively.

Lanes M showed 1 kb DNA ladders. Lanes 1 Lane 4 showed reference strains and other lanes showed isolated strains. Lane 1: SHD-R1, Lane 2:
SHF-R1, Lane 3: SHB-R1, Lane 4: SHS-R1, Lane 5: SHS-11, Lane 6: SHS-12, Lane 7: SHS-13, Lane 8: SHS-I4, Lane 9: SHS-I5, Lane 10: SHS-
16, Lane 11: SHS-17, Lane 12: SHS-I8, Lane 13: SHS-19, Lane 14: SHS-110.

Shigella spp.

) - QoA wHETSE Shigelladzol 213 AEEF S sonneidl
o3t AEE vl Bt 7P 2 &S AASER(Ee) & A
FAME Shigellazol &35 7)) LT th¥s source®
e 2yE 1070 S somei ¥2l9TE WO 2 ERIC-PCRE
A et 2 A3 330 bpell A 4.0kb Bl AR 4-12719]
band7} SZH A} 28]y RE #FEXE 033kbeF 125kb
9] band’7} Z=ZHYoH, S sonnei®l 735 0.33kb9}t 125kb
band ©]9lol = TiF-Ee] o4 044kb, 2.0kb B 3.05 kb2
band7} BH1E o] ShigellaZ el the E3 HEE band pat-
ternS VERSITHFig. 3, Panel A). X8t S flexneri®t S son-
nei®l ERIC-PCR fingerprinte Versalovic 5(17)°ll &st A+ 2
o} whg- H-AFE band pattem2 VFERYSITE H EE 1071
S somnei BB HFEL ERIC-PCRO 2ol&te] 719 EU3 fin-
gerprinting pattern WER =, o= Liu 5(6)°] S sonnei
o] By - THAFM ERIC-PCRO] PFGES} B1E©] S sonnei
= Bojshed 2 Belse 2 Wyelgta ARMEE Bl
e et & 4 dATh

Z} DNA fingerprint®] A3 4] 23} AdPAFES genetic

it

similarity 90% =41 7719 typeS WERHRAS(Fig. 3, Panel
B), BE&lit5 F SHS-I(S. somnei S1)¥ SHS-15(S. sonnei S5)
7} 742}e) types A EACHFig 6, Panel A). 3 SHS-1(S
sonnei SVYHE SHS-110(S. sonmei S10Y7HA19] 107) E2|l3+5

SHS-I1(S. sommei S1)@F SHS-I5(S. sonnei S5y A |8 87 &
2127t FUD yped WA A

Vibrio spp.

B odAelae iAoz WA Vibriogel Fote 10 K
cholerae LT T V. mimicus B35 27 V. para-
haemolyticus %05 59 47 REAT} v, £95 v
kst i FE2RE B WV parahaemolticus F-EliFTE
o2 ERIC-PCRE A8kt 2 A3t 200 bpell 4 5.0kb
Wolo] AR 4-9/M2] band’} FEZEU O™, V. parahaemolvticus
o] 3% RE HEarsh BeldFolA 051kb, 1.5kb4 band
7F &A= ¥ cholerae, V. mimicus$b= Y2 band patterng
VRN QAtHFig. 4, Panel A). B8 VIM-RI(Vibrio mimicus)®]
R, ¥ parahaemobticusE2] T+FEAE 051 kb F- ol A
intensity'= 9F5hb A3 A} bandE 7HAIAL JAAIN
1.5kb Z719] band?} FZEA] Rl ¥ parahaemolyticus<t
2polg UERNRITE o] Wong 5(26)0] 255 SAETE £
2% ¥ parahaemolbticuss TGO E =83k Aolx 0.52kb
o] band7} FEHOZ HWEHUTRE B9t Khan 5(27)0! 3l
o} FAEoA BelE ¥ parahaemolyticusE F o2 3
3 el A 0.85kbot 1.5kbe] band7} T-EH 2 HEFAT
= 2379 §AFSL band pattem®] T},

Z} DNA fingerprint®] 34 841 A3,V parahaemolyticus
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Fig. 4. Panels A and B represent fingerprinting patterns generated using the ERIC-PCR products from Vibrio strains and a
corresponding dendrogram depicting ERIC-PCR-derived genetic similarities among them, respectively.

Lanes M showed 1 kb DNA ladders. Lanes 1 to 4 showed reference strains and other lanes showed isolated strains. Lane 1: VIC-R1, Lane 2:
VIM-RI, Lane 3: VIP-R1, Lane 4: VIP-R2. Lane 5: VIP-11, Lane 6: VIP-12, Lane 7: VIP-I3, Lane 8: VIP-14, Lane 9: VIP-I5, Lane 10 VIP-16,
Lane 11: VIP-17, Lane 12: VIP-I8, Lane 13: VIP-I9, Lane 14 VIP-110, Lane 15: VIP-111, Lane 16: VIP-112, Lane 17: VIP-113, Lane 18: VIP-

114.

= genetic similarity 90% TEolA4 = 16719 typeS 2 UL
W VIP-I(V. parahaemolyticus N33+ VIP-I5(V, parahaemolyticus
V8), VIP-IV. parahaemolyticus V114)<}  VIP-II2(V  para-
haemolyticus V117)°] Z+2} 5A3 typed FAstgiv). A
genetic similarity 53% A= VIC-RI(V cholerae NIH
35A3)3 VIM-RI(V mimicus ATCC 33653)% A &) gk
o FEATIE BF S typeo® E-HHATE 283 VIC-RI(V
cholerae NIH 35A3)9+ VIM—R](V. mimicus ATCC 33653)=

24zt 37%9F 25% TN FAM S e Ae® UelsthFig.
4, Panel B).

BT

4% HAMO|[YEZIS| FHE RAIZ 24

2 AFAME E coli, Salmonella, Shlgella, Vibrio % 42
T2 O" S4 AFE U ATES tgeR vEA o
&2l ERIC DNA sequence= T%P ERIC-PCRS- A A5}
Aol oA o]F 459 AFE {4 Mt F 7
£ YR WA H7IMES 043 PCRS A8
UARE Ik 283 primer, PCR ¥H&x71 2 27

A Bol gekeint. aeng B Az 99 4
255 Mgl ddke] FHHskE 543 primer
3} Eo]—g]_ PCR a]._zﬂ u ﬁﬂoﬂ% =
4

32 Nl

=

5
8%
7

’ T

al (6]
o} oolof 2 ERIC-PCR t&o 2 Fste] 9]¢
FEBRE Z=ZF pand

o nlo

B ook 1o o2 >
H
i3
oo
oX,

2

TE ol Aolstion, 45 Vibrio 025 E 1E Ao
2K N)e] Dol FEEUL, Salmonellas 0. ZRE] 7 B
2 ANl o] FEEQL Y3 BE 459 4
% Al w5kt ERIC-PCR & YA 5= fingerprinting pattern
oM &with 13712 FE Aol SEF band7} AAREE A
o] gglslo] o]2j3t patterng ©18-3 & £ Bl - 5
19} 22 2 bandE ©]9je] F4EQ S AHdte F
FEHA Y] REE 7FeEe gl

o ok
. =

B AP 2 BeEE /ML 9 W ohe) 4
do) AW A SHIHE B AHS 23 2de
ERIC DNA sequence® -$-83% ERIC-PCRS ©] 83}
nella, E. coli, Shigella, Vibrio & 4%:2] 9 1% &4 A=
£-ur H]E-EO] T,:;] - 54 HHH O g]—g o]._l_;(} S| 7t} BRIC-
PCR Z3}, E. coli®] 7% 03kb, 042kb 2 1.2kb®] band7}
RE #ToAM FEHOE RN, Salmonellad o 2 HE=
0.22kb, 0.4kb % 0.7kbe] band’} SZHAct. Shigellase =
© BEAT FUdTFENE 033kb9 125kbe] band?t
ZHQ0H, S sonnei®] 7% 919] F8 270 band ©)9lolE )
FES 54 044 kb, 2.0kb H 3.05kbe] band7} FEF]o)
UE F9| Shigella®t THEE fingerprinting patterns VFERNS]



ERIC-PCR genomic fingerprinting®l] £

ot 283V parahaemolyticus®| 73S Tidaot FEdT B
5 0.51kb%}t 1.5kb2] band7} %ﬁﬂoi V. cholerae, V. mimicus
53 72+ B8 Fo| Vibrio$} 7HEE fingerprinting patterns
eIk, o]9} o] 48] BE AF5 g5kt ERIC-PCR
* MAEE fingerprinting pattenol A 3-571¢] 35220 band’t
FEEE gl gRlEe] o|F o] &% & _/,:_%_g] L e
olg{gt 8 bandE °|€]9] FrAQl bandES LElstd & &
F7HA1e B rheEe ERlsisith mekd 2 Ao A3
£ ERIC ¥H5% DNA 9714 9& ©]83 ERIC-PCRO| 4F
e #2854 HoE ARE F S-S gRlsiier,
Hol7h o B —3‘ 4?—( enus)®] AFEATS FoR I 2R
e - 5 WHe FHileds §80] ¥ 7 g Rolth

a2

o] =R& 2003
THROH,

S8t g ATe] A el ofdte] o
ololl ZFAP=# L tHKRF-2003-003-F00046).

A
ro

1. Rajashekara G, Haverly E, Halvorson, DA, Ferris KE, Lauer DC,
Nagaraja KV. Multidrug-resistant Salmonella typhimurium DT104
in poultry. J. Food Prot. 63: 155-161 (2000)

2. Johnson JR, Clabots C. Improved repetitive-element PCR finger-
printing of Salmonella enterica with the use of extremely ele-
vated annealing temperatures. Clin. Diag. Lab. Immun. 7: 258-
264 (2000)

3. Dombek PE, Johnson LK, Zimmerley ST, Sadowsky MJ. Use of
repetitive DNA sequences and the PCR to differentiate Escheri-
chia coli isolates from human and animal sources. Appl. Environ.
Microbiol. 66: 2572-2577 (2000)

4. Johnson JR, O'Bryan TT. Improved repetitive-element PCR fin-
gerprinting for resolving pathogenic and nonpathogenic phyloge-
netic groups within Escherichia coli. Clin, Diag. Lab. Immun. 7:
265-273 (2000)

5. Dalla-Costa LM, Irino K, Rodrigues J, Rivera ING, Trabulsi LR.
Characterisation of diarrhoeagenic Escherichia coli clones by
ribotyping and ERIC-PCR. J. Med. Microbiol. 47: 227-234
(1998)

6. Liu PYF, Lau YJ, Hu BS, Shyr JM, Shi ZY, Tsai WS, Lin YH,
Tseng CY. Analysis of clonal relationships among isolates of Shi-
gella sonnei by different molecular typing methods. J. Clin.
Microbiol. 33: 1779-1783 (1995)

7. Navia MM, Capitano L, Ruiz J, Vargas M, Urassa H, Schellem-

berg D, Gascon J, Vila J. Typing and characterization of mecha-

nisms of resistance of Shigella spp. isolated from feces of
children under 5 years of age from Ifakara, Tanzania. J. Clin.

Microbiol. 37: 3113-3117 (1999)

.Clark CG, Kravetz AN, Dendy C, Wang G, Tyler KD, Johnson
WM. Investigation of the 1994-5 Ukrainian Vibrio cholerae epi-
demic using molecular methods. Epidemiol. Infect. 121: 15-29
(1998)

9. Olsen JE, Aabo S, Hill W, Notermans S, Wernars K, Granum PE,
Popovic T, Rasmussen HN, Olsvik O. Probes and polymerase
chain reaction for detection of food-borne bacterial pathogens.
Int. I. Food Microbiol. 28: 1-78 (1995)

10. Olive DM, Bean P. Principles and applications of methods for
DNA-based typing of microbial organisms. J. Clin. Microbiol. 37:
1661-1669 (1999)

11. Hulton CS, Higgins CF, Sharp PM. ERIC sequences: a novel

[oe]

20.

21.

22.

23.

26.

27.

o3} Ml 459 7 1011

family of repetitive elements in the genomes of Escherichia coli,
Salmonella typhimurium and other enterobacteria. Mol. Microbiol.
5:825-834 (1991)

. Higgins CF, Ames GF, Barnes WM, Clement JM, Hofhung M. A

novel intercistronic regulatory element of prokaryotic operons.
Nature 298: 760-762 (1982)

.Martin B, Humbert O, Camara M, Guenzi E, Walker J, Mitchell

T, Andrew P, Prudhomme M, Alloing G, Hakenbeck R. A highly
conserved repeated DNA element located in the chromosome of
Streptococcus  pneumoniae. Nucleic Acids Res. 20: 3479-3483
(1992)

. de Bruijn FJ. Use of repetitive (repetitive extragenic palindromic

and enterobacterial repetitive intergeneric consensus) sequences
and the polymerase chain reaction to fingerprint the genomes of
Rhizobium meliloti isolates and other soil bacteria. Appl. Environ.
Microbiol. 58: 2180-2187 (1992)

. Versalovic J, Schneider M, de Bruijn FJ, Lupski JR. Genomic

fingerprinting of bacteria using repetitive sequence-based poly-
merase chain reaction. Methods Mol. Cell Biol. 5: 25-40 (1994)

. Lupski JR, Weinstock GM. Short, interspersed repetitive DNA

sequences in prokaryotic genomes. J. Bacteriol. 174: 4525-4529

(1992)

. Versalovic J, Koeuth T, Lupski JR. Distribution of repetitive

DNA sequences in eubacteria and application to fingerprinting of
bacterial genomes. Nucleic Acids Res. 19: 6823-6831 (1991)

.Li WH. Simple method for constructing phylogenetic trees from

distance matrices. Proc. Natl. Acad. Sci. USA. 78: 1085-1089

(1981)

. Loubinoux J, Lozniewski A, Lion C, Garin D, Weber M, Le

Faou AE. Value of enterobacterial repetitive intergenic consensus
PCR for study of Pasteurella multocida strains isolated from
mouths of dogs. J. Clin. Microbiol. 37: 2488-2492 (1999)

Sander A, Ruess M, Bereswill S, Schuppler M, Steinbrueckner B.
Comparison of different DNA fingerprinting techniques for
molecular typing of Barfonella henselae isolates. J. Clin. Micro-
biol. 36: 2973-2981 (1998)

Rajashekara G, Koeuth T, Nevile S, Back A, Nagaraja KV,
Lupski JR, Kapur V. SERE, a widely dispersed bacterial repeti-
tive DNA element. J. Med. Microbiol. 47:489-497 (1998)
Baldy-Chudzik K, Niedbach J, Stosik M. rep-PCR fingerptinting
as a tool for the analysis of genomic diversity in Escherichia coli
strains isolated from an aqueous/freshwater environment. Cell.
Mol. Biol. Lett. 8: 793-798 (2003)

Louws FJ, Fulbright DW, Stephens CT, de Bruijn FJ. Specific
genomic fingerprints of phytopathogenic Xanthomonas and
Pseudomonas pathovars and strains generated with repetitive
sequences and PCR. Appl. Environ. Microbiol. 60: 2286-2295
(1994)

. Burr MD, Josephson KL, Pepper IL. An evaluation of ERIC PCR

and AP PCR fingerprinting for discriminating Salmonella sero-
types. Lett. Appl. Microbiol. 27: 24-30 (1998)

. Chmielewski R, Wieliczko A, Kuczkowski M, Mazurkiewicz M,

Ugorski M. Comparison of ITS profiling, REP- and ERIC-PCR
of Salmonella Enteritidis isolates from Poland. J. Vet. Med. 49:
163-168 (2002)

Wong HC, Lin CH. Evaluation of typing of Vibrio parahaemolyt-
icus by three PCR methods using specific primers. J. Clin.
Microbiol. 39: 4233-4240 (2001)

Khan AA, McCarthy S, Wang RF, Cerniglia CE. Characterization
of United States outbreak isolates of Vibrio parahaemolyticus
using enterobacterial repetitive intergenic consensus (ERIC) PCR
and development of a rapid PCR method for detection of O3:K6
isolates. FEMS Microbiol. Lett. 206: 209-214 (2002)

(2005 79 229 A4 20059 109 259 A=)



