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DNA)RIenic 4 ~ 2@ * TR RES $3jr iz DB wARRT
B g+ A AL ALY (PulseNet Taiwan)2 Pk # o ik 35 % BA 5 B
#1] & (Centers for Disease Control and Prevention, CDC) & & F|}4 5 i A F
>3] % AR g (PulseNet) F 5 % 9 PFGE 2 4k 177 j2 » A ip e & pbaE =
Shigella sonnei ~ Salmonella spp. ~ Klebsiella pneumoniae ~ Sreptococcus
pyogenes 2_ & # i PFGE # (v 42 5 » &7 4 & & * BioNumerics 4 17 iz & 5 &
PFGE Rli# 2 ic 4 o AP x S e XMW AP R bl PERP TV iHE
oA | R ROER LT L RN s ot & A E 0T R U2 30-60
B A P TR B A SDNA > Fp > T3] aE% (Notl ~ Xbal ~ Smal)
#* E£vd RL PulseNet £ PFGE = j2 #ri22%2 40 8 =" M3 1 8 1)
T o & 44 PEGE e A o S it @ PEGE & 4 Peid ~ B b 0T
T3 3 B3 2 A Hg e 3hE ¥ - & M2 = Bordetella pertussis
Haemonphilus influenzae serotype b ~ Legionella spp. ~ Neisseria meningitidis ~

Saphylococcus aureus ~ Sreptococcus pneumoniae ~ S, flexneri ~ Vibrio cholerae
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Abstract

Keywords: pulsed-field gel electrophoresis (PFGE), molecular typing, PulseNet
Taiwan

In the present research, we standardized the pulsed-field gel electrophoresis
(PFGE) technique, developed the capability to use the computer-aided software
(BioNumerics) for analysis of PFGE patterns (or called DNA fingerprints), and
used computer database technology, as the technical support for building a
Taiwan molecular subtyping network for real time surveillance of bacterial
disease, called PulseNet Taiwan. Following the standard PFGE protocols from
the PulseNet group, the taskforce of the US national molecular subtyping
network for surveillance of foodborne diseases, in US CDC, we standardized the
PFGE protocols for Shigella sonnel, Salmonella spp., Klebsiella pneumoniae,
and Sreptococcus pyogenes and devel oped the capability of using BioNumerics
to analyze PFGE patterns. We al so assembled an agarose plug washing machine,
which helped to shorten the washing time for PFGE plug from 4 h to 1h, to
increase the handling capability to 30-60 samples a worker a day, and to obtain
better DNA purity in the plugs. Therefore, the amount of restriction enzymes
(Notl, Xbal, Smal) needed for a slice digestion was lessened to less than 1 unit;
the amount of the enzymes used for a digestion recommended in the PulseNet
PFGE standard protocol was 40 units. The improvement helps to cut down the
cost of PFGE. Because of the success made in the present research, to date,
PFGE isarapid, easy, and cost-effective method. It can be used as aroutine
molecular subtyping technique for bacterial pathogens. In the second year, we

will standardize the PFGE protocols for Bordetella pertussis, Haemonphilus



influenzae serotype b, Legionella spp., Neisseria meningitidis, Saphylococcus
aureus, Sreptococcus pneumoniae, S. flexneria, Vibrio cholerae, and V.
parahaemolyticus. To use the standardized PFGE technique and with the aid of
BioNumerics which can analyze, compare, and identify thousands of PFGE
patterns in seconds, we are ready to set up a national molecular subtyping

network for surveillance of bacterial infectious diseases—PulseNet Taiwan.
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Salmonella spp.~Shigella spp.2. PFGE % 2 & i¥ = ;% [Gautom, 1997]:& {7
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fe2 {8 > 4e 15ml g4 2 54°CenddH O & -kiF BiRF 15miny £ % ddHO
k= = £ 2 15ml Fg A 2 54°C <0 TE buffer (10 mM TrisCl pH8.0, 1 mM
EDTA pH 8.0)75 % = » S4B 1S F 3> 5ml A TE ¥ » B30 4CA & > U

= PFGE T A & 71 * o
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A rHCE Y 5B R A5mMINS 4C S5min @ L ipEE o B R
£ ¢ 4& » 5ml Cell Lysis Buffer (50 mM Tris; 50 mM EDTA, pH 8.0; 1%
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4% A. PulseNet Codes for Foodborne Disease Pathogens (Non-Salmonella)

Code Organism Code Organism

B66 Bacillus cereus EXF Escherichia coli 0169:H41
EKK Escherichia coli O169:NM

DBB | Campylobacter coli EH2 | Escherichia coli O45:H2

DBD | Campylobacter jejuni/coli ENM | Escherichia coli O145:NM

DBR Campylobacter jejuni EXI Escherichia coli invasive
EXS Escherichia coli Stx-producing

DRP Clostridium botulinum A EXT Escherichia coli toxigenic

DRK Clostridium botulinum B

DR6 Clostridium botulinum C GX6 | Listeria monocytogenes

DSG Clostridium botulinum D

DSP Clostridium botulinum E JZG Shigella boydii

DSK Clostridium botulinum F JzP Shigella dysenteriae

DS1 Clostridium botulinum G JZX Shigella flexneri

DzP Clostridium perfringens J16 Shigella sonnei

EXA Escherichia coli KZG | Mbrio cholerae

EXD Escherichia coli O111 K16 | Vibrio parahaemolyticus

EXK Escherichia coli O111:NM K1R | Mbrio wulnificus

EXH Escherichia coli O157:H7

EZH Escherichia coli O157:H19 K6G | Yersiniaenterocolitica

EXN Escherichia coli O157:NM

EZK Escherichia coli ONT:H16

EVC Escherichia coli 026:H11
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PulseNet Codes for Salmonella serotypes (A)

Code Organism Code Organism
JRE Salmonella Abaetetuba JBP | Salmonella Braenderup
TDA Salmonella Adelaide TDG | Salmonella Brandenburg
RIA Salmonella Aequatoria JBX Salmonella Bredeney
JRF Salmonella Agbeni RIC Salmonella Brunei

JAB Salmonella Agona JC6 Salmonella California
LXM Salmonella Ajiobo JRG Salmonella Carrau
TDB Salmonella Alachua JCG Salmonella Cerro

TDC Salmonella Albany TKK Salmonella Chameleon
LXN Salmonella Altona JCP Salmonella Chester
TDD Salmonella Amager RIE Salmonella Chicago
LXO | Salmonella Amsterdam JD6 Salmonella Choleraesuis
JAG Salmonella Anatum JD6 Salmonella Choleraesuis var.

Kunzendorf

APA Salmonella Apapa TEJ Salmonella Cremieu
ARE Salmonella Arechavaleta JDG Salmonella Cubana
XLD Salmonella Babel sberg EPB Salmonella Denver

TDE Salmonella Baildon JDP Salmonella Derby

TEG Salmonella Bardo JDX Salmonella Dublin

JAP Salmonella Bareilly DUI Salmonella Duivenhoks
RIB Salmonella Barranquilla RIH Salmonella Eastbourne
JAX Salmonella Berta EPA Salmonella Ekpoui

JB6 Salmonella Binza JRH Salmonella Emek

JBG Salmonella Blockley JEG Salmonella Enteritidis
THE Salmonella Bongor TDH Salmonella Flint

TDF Salmonella Bovismorbificans JEP Salmonella Florida
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PulseNet Codes for Salmonella serotypes (B)

Code Organism Code Organism
RIG Salmonella Fresno JG6 Salmonella Java
JRA Salmonella Gallinarum JGG Salmonella Javiana
TDJ Salmonella Gaminara TEL Salmonella Johannesburg
JEX Salmonella Give TEM Salmonella Kedougou
JRI Salmonella Gostrup JGP Salmonella Kentucky
RID Salmonella Godesberg TEN Salmonella Kiambu
TEB Salmonella Goettingen JRN Salmonella Kintambo
TEK Salmonella Guildford KOT | Salmonella Kottbus
TDK Salmonella Hadar JRO Salmonella Kralendyk
EPC Salmonella Haifa TEP Salmonella Lagos
JHA Salmonella Hartford RIF Salmonella Lansing
TDL Salmonella Havana LEX Salmonella Lexington
JF6 Salmonella Heidelberg TDN Salmonella Lindenburg
LXP Salmonella Hindmarsh JGX Salmonella Litchfield
JRJ Salmonella Houten TDP | Salmonella Liverpool
JRK Salmonella Hvittingfoss JH6 Salmonella Livingstone
TDM Salmonella Ibadan JRP Salmonella Lomalinda
JFG Salmonella lllinois LOM | Salmonella Lomita
JFP Salmonella Indiana TEC | Salmonella London
JFX Salmonella Infantis JHG Salmonella Madelia
JRL Salmonella Inverness SKK Salmonella Manchester
VKK Salmonella Isangi JHP Salmonella Manhattan
JRM Salmonella Istanbul TDQ | Salmonella Marina
LXQ | Salmondla lturi MDI Salmonella Matadi




PulseNet Codes for Salmonella serotypes (C)

Code Organism Code Organism
TDR Salmonella Mbandaka JKP Salmonella Paratyphi A
JHX Salmonella Meleagridis JKX Salmonella Paratyphi B
MEN Salmonella Mendoza JRS Salmonella Pensacola
TEA Salmonella Miami POM Salmonella Pomona
TEQ Salmonella Mikawasima JL6 Salmonella Poona
JG Salmonella Minnesota JRT Salmonella Potsdam
JP Salmonella Mississippi JRB Salmonella Pullorum
JX Salmonella Montevideo XLB | Salmonella Putten
JJ6 Salmonella Muenchen JLG Salmonella Reading
TDS | Salmonella Muenster TEE | Salmonella Rissen
JRQ Salmonella Nchanga JLP Salmonella Rubislaw
JRR Salmonella Newbrunswick JIN6 Salmonella Saintpaul
JIG Salmonella Newington JLX Salmonella Sandiego
JIP Salmonella Newport JRU Salmonella Saphra
LXR Salmonella Nima M6 Salmonella Schwarzengrund
TDT Salmonella Norwich XLC | Salmonella Seegefeld
TDU Salmonella Ohio JRC Salmonella Sendai
TED Salmonella Onderstepoort JMP Salmonella Senftenberg
JIX Salmonella Orangienburg JRV Salmonella Soesterberg
XLA Salmonella Orion ING Salmonella Stanley
OoSL Salmonella Oslo JRW | Salmonella Stanleyville
OTH Salmonella Othmarschen STO | Salmonella Stockholm
LXS Salmonella Pakistan JINP Salmonella Tallahassee
KG Salmonella Panama TEF Salmonella Telelkebir
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PulseNet Codes for Salmonella serotypes (D)

Code Organism Code Organism

INX Salmonella Tennessee JOX Salmonella Wichita

JP6 Salmonella Thompson JQO Salmonella Wien

EPF Salmonella Tsevie TDY Salmonella Worthington

JPP Salmonella Typhi JAA Salmonella enterica spp.

JPX Salmonella Typhimurium TER Salmonella Group B Monophasic

JPX Salmonella Typhimurium var.

Copenhagen

JRD Salmonella Typhisuis JR1 Subspecies |
TDW | Salmonella Uganda JR2 Subspecies ||
JQG Salmonella Urbana JR3 Subspecies |l a
TDX Salmonella Virchow JR9 Subspecies |l b
JRX Salmonella Virginia JR4 Subspecies IV
UKK Salmonella Wandsbek JR5 Subspecies V
WWS | Salmonella Wandsworth JR6 Subspecies VI

RIJ Salmonella Warragul

JRY Salmonella Wassenaar MG Salmonella Siegburg *

JOP Salmonella Weltevreden JMX Salmonella Simsbury **

WES Salmonella Weslaco

* Salmonella Siegburg was combined with Cerro and is now called Salmonella Cerro Var.

O14+. The name Siegburg has been dropped; the code IMG has been dropped.

** Salmonella Simsbury was combined with Senftenberg. The name Simsbury has been dropped; the
code IMX has been dropped.
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*44% B. PFGE Codes for Restriction Enzymes (A). Bolded Entries designate restriction

enzymes currently used for PFGE subtyping of Foodborne bacterial pathogens. (Enzyme) indicates the

isoschizomer (restriction enzyme that recognizes the same sequence).

Aatl (Sul)

Aatll AO01
Accl AO02
Accll (Mwn )

Acclll (Mrol)

Acc65 | (A 718)

Adi | AO03
Acs (Apol)

Acy| AO4
Afl 1 (Avall)

Afl 11 (BT 1)

Afl 1 A05
Agel AOG
Anall (Acyl)

Ahalll (Dral)

Andl| AO7
Aul A08
Awl A09
Aw26 | Al10
Alw 441 (Apal 1)

AWN | All
Aocl (Sul)

Aos| (Avi Il)

Apal A2
Apal | A13

Apol Al4
Apy| A15
A A16
Al (Al

Asn| A17
A A18
Agp 700 A19
Asp 718 A20
AE | A21
AspH | A22
Asull (Sul)

Aval A23
Avall A24
Al A25
A1l (BInl) A26
Axyl (Saul)

Bal | BO1
BaH | BO2
Ban| BO3
Ban| B4
Banlll (Clal)

Boel (Nar I)

BorPI (Pmi 1)

Bbs| (BpuA )

Boul (Shl)
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Bov | BO05
Begl B06
Bd | BO7
Benl (Nai 1)

Beol (Aval)

Bfal BO8
Bfr | B09
Bal | B10
Bgl Il B11
BIn | (Awr II) A26
Blpl (Cd II)

Bme 181 (Avall)

Brry | B12
Bpml B13
Bpu 11021 (Cd 11)

BpuA | B14
Bsal B15
BsaA | B16
BsB | B17
BsaH | B18
BsaJl B19
BsaM | (Baml)

BsaW | B20
Bscl (Clal)

BxA | (Mrol)




PFGE Codes for Restriction Enzymes (B)

BseP! (BssH I1)

BsR|

B21

Bsy|

B22

Bsh| (Haelll)

Bsh 12361 (Mwn )

BSCI (Sul)

BSEI

B23

BIHKAI

B24

BsiL | (Apy)

BsM | (Mrol)

BIWI

B25

BsX | (Clal)

BIY |

B26

Bd |

B27

Baml

B28

BsmB |

B29

BarF |

B30

BsoB |

B31

Bsp 131 (Mrol)

Bsp501 (Mwvn 1)

Bsp 1061 (Clal)

B 1201 (Apal)

Bep 1431 (Haell)

Bsp 12861 (Brry )

Bsp 14071 (SpB )

Bgp 17201 (C4 1)

BCI (Pwil)

BgoD | (Clal)

BspE | (Mrol)

BpH | B32
BspLU 111 B33
BgpM | B34
BspM 11 (Mro )

BgpX | (Clal)

By | B35
BsBI B36
BsDI B37
BaFI B38
BsGl B39
BssG | (BstX 1)

BssH I B40
BsK | B41
BssSI B42
Bst | (BamH I)

Bs 11071 B43
BsB I (Sul)

BsEII B44
BN | (Apy 1)

BsO| (Apy 1)

B«PI (BSEII)

BsU | (Mwnl)

BstX | B45
BsY | (Xholl)

Bsu151 (Clal)

Bsu231 (Mrol)

Bau361 (Saul)

BsuR | (Haelll)

Cac8l co1
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Cdll Cco2
Cfol (Hhal)

Cfr | (Eael)

Cfr 91 (Smal)

Cfr 101 Co3
Clal co4
Cpol (R ll)

Copl (R ll)

Cs61 (R=al)

Csp451 (Sul)

Cwnl (Saul)

Ddel D01
Dpn| D02
Dpnll (Sau3Al)

Dral D03
Drall D04
Dralll D05
Drd| D06
Dsal D07
DsaV (SrFl)

Eael EO1
Eagl E02
Eam11051 (AspE)

Ear | EO3
Ed 13611 (Sacl)

EdX | (Eag|)

Eco471 (Avall)

Eco 4711l EO4
Eco571 E05




PFGE Codes for Restriction Enzymes (C)

Eco811 (Saul)

Eco 881 (Aval)

Eco9ll (BSEII)

Eco 1301 (Qy1)

EcolCRI (Sac )

EcoN |

EOC6

EcoO65 (BSEII)

EcoO1091 (Drall)

EcoR|

EO7

Ecor 11 (Apy)

EcoRV

EO8

EcoT141 (Sy!)

EcoT221 (Nsi )

Ehel (Nar I)

Espl (Ce II)

Fdi 11 (AVi 1)

Fnu4H |

FO1

FruD 11 (Mvn 1)

Fok|

FO2

Fsel

Fspl (Avill)

Fopll (Sul)

Haell

HO1

Haelll

HO2

Hap I (Hpall)

Hgal

HG3

HgiA 11 (AspH )

Hhal

HO4

Hin6 ! (Hhal)

Hincll HO5
Hind 11 (Hinc 1)

Hind I11 HO6
Hinf | HO7
HinPL1 (Hhal)

Hpal Ho8
Hpall HO9
Hph! H10
Ital (FnudH1)

Kasl (Nar I)

Kpn 1 (Acc651) K02
Kpn2Il (Mrol)

Kspl (Sacll)

K0 6321 K01
Mael MO1
Maell MO02
Maelll M03
Maml Mo4
Mbo | (Sau3A 1)

Mbo Il MO5
Mfel (Munl)

Mfl | (Xholll)

Miul MO6
MIuN | (Bal I)

Mnl | MO7
Mrol M08
Mscl (Bal 1)

Msel M09
Md | M10
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Msp | (Hpall)

MspALll M11
Mst | (Avi Il)

Mg Il (Saul)

Munl M12
Mval (Apy 1)

Mwnl| M13
Mwo | M14
Nael NO1
Nar | NO2
Nai | NO3
Neol NO4
Ndel NO5
Ndell (Sau3Al)

NgoA IV (Nael)

NgoM | (Nael)

Nhel NO6
Nlalll NO7
NlalV NO3
Not | NO9
Nrul N10
Ns | N11
Nl N12
Nsp Il (Brmy 1)

Nsp 1l (Aval)

NV (Sul)

NspH I (Nsp')

Numll (Nar 1)

OxaN | (Saul)




PFGE Codes for Restriction Enzymes (D)

Tru9ll (M=el)

Tl TO4
T9451 TO5
Te509 | TO6
TR TO7
Tth1111 (Asp )

TthHB8 | (Tag 1)

\Van 911 (PfiM 1)

VI (Asnl)

Xbal X01
Xeml X02
Xhol X03
Xholl X04
Xmal (Smal)

Xmalll (Eag )

Xnm | (Asp700)

Xor I (Pwul)

Pacl PO1
PaeR7 | PO2
Pal | (Haelll)

PfiM | PO3
PinA | (Agel)

Plel PO4
PmaC|l (Pmi I)

Pmrel P05
Pmi | P06
Ppul0l (NS I)

PpuM | PO7
PshA | PO8
Psp 1406 | P09
PspA | (Smal)

PspE | (BSEII)

Pssl (Drall)

Pl P10
Pwl P11
Pwill P12
Real (BspH 1)

R=al RO1
RepX 1 (BspH 1)

Rar 1l RO2
Sacl 01
Sacll 02
S| 03
Spl 4
Saul 05
S 3Al 06

%6 | 07
Sal 08
SrF| 9
SA | S10
SaN | S
Scl S12
Sil S13
Sul Sl4
SyAl Si5
Snl (Avall)

Smal S16
JaB | S17
Shol (Apal 1)

el Si8
hi S19
Sl 1 (BSWI)

ol (Nrul)

Spl S0
SpBI 1
St (Sacl)

St (Sacll)

Sul S22
Syl 23
unl (BSW )

Snal 4
Tail T01
Tag | TO2
Tfi | TO3
Thal (Mvnl)
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