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47 182tk A Aldask Fens 4 A% 0 A PR AT HRARE A & 27T/
PFGE-Smal 4| %] » 9tk DNA % 4 Smal £% > 12 Sl 2475 #3564
PFGE-Slil 4] % ; 182 thFtr>x ¥ & = 20/ VT 3] %] » § ¢ 1 181tk F{trdh
7 10 emmATF - @ LEREHRA 77 emm AT o 50 3 FiRRS
B % o ixd5 PFGE-Smal Bl 7 Bt mg B > 11 60%4nk & 5 % > £ 4
S RFFEFE - Femrb B emAFHEGFF M o F2A-B-C-D-EfrF
A wld - emm22~emmd~emml2-emml2-emmG &2 emml o jFE oA S emml2

Fths G 2 BHEEp > A7 2¥F eml2 AT ac G A FiF T KR F



# I oemm ZK FlehE e o ot By ORI 35 7 B oemm A& FlhE R
3 7 ke PFGE Bl3# ; @ & F 4pFr emm 2L Fle0E AR 7 i F 3 ke 40 PFGE
Bl VT 3ln > 5 £ 25 4pk VT A% ahfke 8- % A & % PFGE
%] > Apdten s 3 L5 Ap e PRGE BI¥ hE A5 2 B VT 4] 5] < g2 2k &
F1 4 4n 2 PFGE 2_A Al4azk Fh & 254 cha ]2 % > emm A FA A b
PAETRIE D FEE > Vir 2 3815 2430 % A { 5 cnfh 53] o 277 973 B
it PFGE = 2 &1 ir fenfh 13wl TR - il i * 2087 3 A Al4ask
‘,;—]'”/,}:,» -;ﬁﬁ;;%gﬁgéi A AR R R BT ORA PR T RS

j\‘j’;;fﬁ’»ﬁzgliﬁpfamjgﬂﬁgi%ﬁ‘A A sz E‘:]}a"%l‘?f)i 3 R



Abstract

Keywords: Pulsed-field gel electrophoresis, Vir typing, emm typing,

Sreptococcus pyogenes

In the present study, we developed a rapid, cost-effective pulsed-field gel
electrophoresis (PFGE) method for molecular subtyping of Sreptococcus
pyogenes and used the new PFGE, Vir typing, and emm typing techniques to
analyze the genotypes of 182 streptococcal isolates recovered from scarlet fever
patientsin central Taiwan from 1996 to 1999. With aid of a plug washing
machine assembled in our lab, atechnician aday could finish DNA preparation
with good DNA quality for 30-60 bacterial isolates and obtained PFGE result in
the second day. In addition, the usage of Smal for aroutine restriction digestion
had been reduced from 40 units to 5 units when high quality of DNA was used.
The improvement had helped to cut down the cost of PFGE. From the molecular
subtyping of the 182 S. pyogenes isolates with the rapid PFGE method, Vir
typing, and emm typing, we obtained 27 PFGE-Smal typesfor 173 isolates and 6
PFGE-fil typesfor 9 isolates, whose DNA was resistant to Smal digestion. We
also obtained 20 VT types for the 182 isolates from which 10 emm genes were
detected for 181 isolates and no emm gene for 1 isolates. To study the
phylogenetic relationship for the isolates, a dendrogram was constructed with
the PFGE-Smal patterns. Six clusters were designated based on a cut off value
of 60% identity. The clustering was related to the emm genes. Isolates with
emm22, emmd4, emm12, emm12, emm6, and emm1 were distributed in cluster A,
B, C, D, E, and F, respectively. The fact that emm12 isolates located in two
clusters suggested that they could be derived from two different origins. The



dendrogram also showed that isolates with different emm genes were genetically
distant from each other. The data also indicated that the isolates with different
emm genes were different in PFGE patterns and isolates with the same emm
gene could be different in PFGE patterns and different in VT types. Some
isolates with the same VT types could further be subtyped into several PFGE
types, in contrast, some isolates with the same PFGE pattern could be different
in VT types. Although PFGE was the most discriminatory method for molecular
subtyping of the S. pyogenes isolates tested, emm typing could show the most
distinct differences between the phylogenetic groups and Vir typing could help
to discriminate more genotypes of isolates. The new rapid PFGE method and the
database of the genotypes created in this study can be applied for molecular
epidemiology study and for setting up a molecular subtyping system for
surveillance of S. pyogenes. In the next, we will applied the results to investigate
the abruptly increase in cases of scarlet fever and in severe cases of invasive

group A streptococci infections in the past year.
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fv D 2-3% 0 W Avenp FIE_E RN T AR IR A A H i 4R
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ﬁ)}%g #1 & 2z Listeria monocytogenes z. PFGE & & 3% it = ;2 (Graves, et d.,
2001) > & {7 A Al4aTR 2 & 42~ B E AR F ik o BB AR heT ¢ P
H - F)7% 7 31802 246> Tryptic Soy Agar with 5% sheep red blood (Blood
Agar Plate) » ¥ >+ 37C2 = 5 i* s1aif $a(5% COy) ¥ 32 % 16/ BF 5 % -
L 2 210 P~ 48 - > TE buffer (10 mM TrisCl pH8.0, 1 mM EDTA pH 8.0) @
o R iR 0 g R P (Turbidity Meter, Dade Microscan™) | £ » 3 & #ik ik

K 2 0.78—0.82 (in Falcon 2054 tubes) » 2~ 240 ul i = 1.5 ml Eppendorf
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AR ST

PFGE /A & #7017 % 2B 2-mm % 7 chromosome DNA %% j& &
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v micropipette = 2 & e 0 £~ 200 pl 7 Sunits e Smal FIpEE 2 ¥
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94 2h (GEA2 L 4%k 3-4 =) > DNA B8 o W #i i @ ifoade & 5
AlphaEase™ (Alpha Innotech Corporation,San Leandro, CA)4p & B+ 15 = #c i
% > £ 2 BioNumerics (Applied Maths, Kortrijk, Belgium) 4 47 #ic 48 -] 3%
FR 2 EHRRLEETRR S W R T HAS LT
HE TR -

Rl LRI R @ 7 B IPFGE R4k (v 222 k2 'L % £ Smal
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03125 H =iz % £ e d oMz 2R £ > R aEZR T £ 5 "8
PFGE z_ = & -
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o A2 gL TW- > b]4e TW-SPY S16.0025 » # % Sreptococcus pyogenes
(SPY) - i¢ * Smal (S16)*X4f% % *» B2 2 % 25 13 PFGE B3 (.0025) ; %
B PulseNet & * 2_'U4|f5 % %5 4 L4 B o

Vir & 3] @ iz Gardiner, et al. (1995) > ;2 i& {7 7tk Vir regulon-RFLP
A 7 o B-Fth ]S % >t Blood Agar Plate> %+t 5%2. CO % & fa° I &
BA 0 % X NEAERS P R FH T 96-well microtiter tray
(round-bottomed) * %z 50 ul 7% ;% (10 mM TrispH 7.5, 1 M NaCl) # = % %
e o e x50 pl gk v £ 2% low-melting-point agarose > & 3kt 10 min -
BB TF D B-IE > B Y 0.5ml 0 EC lysisbuffer (6 mM TrispH 7.6, 1M

NaCl, 100 mM EDTA pH 8.0, 0.5% Brig-58, 0.2% deoxycholate, 0.5%

N-lauroylsarcosing) » 4c 1 mg/ml 7 lysozyme ¥2 20 pg/ml 7 RNaseA » 37°C
T 3= F 2holysisbuffer £ 12 0.5 ml 7 proteinase K 7% 7% (1 mg/ml proteinase K,
0.5M EDTA, pH8.0, 1% N-lauroylsarcosine) » *< % ** 50C ¥ & 2h» = TE
buffer (10 mM TrispH7.6, 0.1 mM EDTA)* & » £ R H.2c® > Iml en TE
buffer» 2% 3> 4C 2 & @ % o @ % 5 > B~ 219 H, > 4c » 500 pl 9 TE buffer »
% 65°C ¢ 15min; @ ME 32 -PCRF &7 B~5pul it & #2 DNA >
4v » 0.5 uM 7 VUF (5-AAACCGTATCTTTGACGCACTCGAGGACAATTT
GCGAGATTAG-3)% SBR (5-AGACATGAGCTCAATGGCAAGTTTATCA

AATGGTAATTTTTG-3 ) primers: 2 TaKaRaL-PCR % % (TaKaRa Ex Tag™,
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TaKaRa Shuzo Co., Japan)# & Vir regulon 2. DNA 5 %7(= -] ¥ 5-8-kb)>PCR
HrgiE it i 1 94°C,30sec — 25cycles(94°C, 10sec — 60°C,2min — 68
C,6min) o 2 5pl 7 PCR 3 & DNA > 2 10 units 53 Haelll 2 Hinfl #2415
37°CT iT* 1hy £ 1 2%Agarose 3 % 4 7 DNA % %75 % % 2 0.5 ug/ml
=11 ethidium bromide 4 ¢ 15min > Vir B3 2 AlphaEase™ (Alphalnnotech
Corporation,San Leandro, CA)4a & » B713 & TIFF 3 i > 1 {8 5 Ao 47 vt
2% o Vird)wl & &2 VT B2 0 & Haelll s3] %)% & > £ & Hinfl 3] %] >
540 VTA3 7 Haelll eh% 4 B % > FFpFadp e Haelll 4% ¢ 2. % 3B 7
Fe Hinfl 3] %] o

emm £ Fl 2 A & 717 Bedll & 4 (1996) % # 2. R RN Ry emm &
FlE_F A 7 o 2 Primer 1 & Primer2 i& (7 PCR 3 5 emm 28 ] & %71 » 3% PCR

AFETINRRG (Gl %3227 5 SR)RFERA LT L BT
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ya

emm & 71i¥ » 3 ﬁ]ﬁ),%g#]ﬁa Beall & % #7283k e xk2. emm & F| 5 7| F L

A (http://www.cdc.gov/ncidod/biotech/strep/strepindex.html) +* 43 > #=2 2 emm

4 -
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A 3l4azk FP-i# PFGE # 2 @ % Graves & + (2001)+#74 & © Listeria
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%4 %= %7 (97| PFGE Bl - $-if PFGE = i » T)3k (P A2 f] * > 4 i
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Bl PR RF(BIZ) % AEP 7 8 &5 F DNA Fw ™ > (o &
I A TR PR AP R &I AR B S5E = Smal o 3 AL

40 8 =% & e11/8 -

emm & F]4& 3] 1 PCR # t5 182 th Ftk emm A& Fl2 m fL 7 iR 7 5

FUA 0 B2 H emm A T84T 0 7 181 Hk gtk i PCR #4152 DNA &
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$o 1 FHA(Sp94ld) & Ji i tg 2. DNA # £ o #tg2 DNA # 31 A 2 7 ie
72 B > B 7)i# 3 T Qreptococcus pyogenes emm sequence database |

(http://www.cdc.gov/ncidod/biotech/strep/strepindex.html) & = v % > @ L ¥

10487 F emm & F] > ¥ emml (14 &) ~ emmd (83 &) ~ emm6 (2 &) ~ emm12
(64 k) ~ emm22 (13 $x) ~ emm33 (1 k) ~ emm74 (1 $k) ~ st11014 (1 $k) ~ St2267
(1K) ~ Stck249 (1 k) » H ¢ &11014 % >+ % 373 M2 emm & F)4] o F)
1996-1999 # ¥ 283 F 514 B 1= £ 2 Ftken emm A F14] 12 emmA &7 emml2

Bioemmleenm22-=tz > Hv 6B emmAFIA L R L& 2 FAK -

Vir & 3] : 12 long-PCR # & 182 & Vir regulon % 3= 2. DNA » £ 4 %
* Haelll *» 2] DNA » 73] 19 fa Bl % (Bl = ) > 12 Hinfl *» 2] DNA ¥ 3] 18 f&

Bl (BlT)  B&afapEs ~rifs

«sr;

% 0 X220 B VT 4] %9 - Haelll #t
B2 BlERE S 1 E S > Hinfl 2 220 DNA P EEE2RE § - (e (REgié
% 25 95 4 DNA 2 #5400 A B i3 2 0 $F - 20 B VT A% @ > 12 VT4 (70
H)Fe VT6 (61 #R)E 5 » VT1 (12 $r)fr VT22 (13 k)% 2 » VT34 74k » A
T VT A8 8 F 1-24k(% - ) Vir » 41 emm A 5142 A { i % &~ {ika®
it deemml 4w % i F A N 3 VT A(VTL VTL2 S VT2) > e & 4
1646 VT A(VT3~ VT32 - VT4~ VT42 VT43+VT44) > emml2 £ } 4

VT 2(VT6~VT6.2+ VT7~ VT8~ VT9) ;: emm & ] 4 Virregulon % # ¢
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- IR AP AR A A E g Virregulon € - emm A FF S BER ®
g 0 ¥ RS Atk emml s emmd s emml2 A R NREA VT I
13k emm22 F k¥ 5 - VT 3(VT9); emml ~ emmd ~ emmil2 52 & ) Jdic
B2 VT 3% Ftk o 2y A% VT A% 4o VT1 £ emml 3 & 4] %) >
VT4 % emmd ~ VT6 & emmi2 2 1 & 3]%] > S & VT 3% shiik's o
emmA-VT3 4 7HEtaeh > & VT AW Fth~ 5 7§ L2t A %
TE A EANEAREN A L A EEF L AR BAEERKR AR

£ PR epLp -

PFGE £ 3| : 182 txFjtk ¢ 7 173 thic i& {7 PFGE-Smal ~ 457 » # v 9
HRE k2 A FIRE 2 4L Smal (7 o F)pt ¥ b Sl e AT - 173 kAR
v Smal i& {7 4 47 0 17 3] 27 8 PFGE Bl - PFGE Bl %R R A If'rgﬁ:
PulseNet (& F1{: i A o A 5 4 3] T £ R ) P2 7 6 2 0 Blde
SPY S16.0001 # # Streptococcus pyogenes (SPY) i€ * Smal (S16):& {7 4 17 2

1 % (.0001)PFGE Bl :# > PFGE Bl 41 * % "G4t %8 BioNumerics 4 12 4~ 45 »
KRR S BT S FIRIUR A A TR AR F RS
AT 7 o BIFE Y 12 SPYS16.0006 3 70 R F & § 0 SPYS16.0020 (21 &) ~
SPY S16.0013 (16 k) ~ SPY S16.0013 (13 k) ~ SPY S16.0025 (13 $k)= 2. » &

SPYSL6.000 M3 % § 7 thEjtk - £ v WA UG LA KEKREA) 7 F
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emm & F1A Ftk £ $ 7 F PFGE-Smal B (B )5 7 &£ 2 F 48k emm £ 7]
FFHRE F 3 PFGEr7 B VT 3% 5 &40k VT AN AT £ % 4 5
# 7 I PFGE-Smal Bl:# (% - ~ B+ ) bl4e emmd-VT4 3 o Fik? 53 4
# PFGE-Smal []:¥# (SPY S16.0006, SPY S16.0007, SPY S16.0008,
SPY S16.0009) 4+ 1 & PFGE-Sil &l 3% (SPYS13.0004); @ F % 4p F PFGE-Small
B EA 5 3 B VT A 5(2 - -~ Bl=) > 514 SPYS16.0006 *§ 54 VT
A W(VT3~ VT4~ VT4.2~ VT4.4~ VTI5) » 45 3t PFGE 2 4 3254 g2 il
Vir & 3] > 2 Vir & )5 @ R3] % £ 9 Vir regulon (5-8 kb) #7%F 4 ehsg it »
¥ s At PFGE % &t 1 ) 3| 2L 7148 + 7 £ DNA o enab g2l 5 173 R At &

& = 27 46 PFGE-Smal 4 %] » 18 #8 VT 4] & »

’3\\-

& PFGE 2 Vir » 4|7 @@
)37 s F A N(R ) Pt SE A fEA Az 0 TR R A Jldask F2 A
F1A # 3]s 4
PFGE-Smal &2 ~ 4 Ok At > 7 * Hil 2747 L #5644

PFGE-Siil B3 > 6 th emm12-VT6 Ft A & 3 B3] % > 313 F emm-VT 3]
W Etk > 4 &3 H PFGE-Siil B3# (W~ ) - Cocuzza % + (1997)% 472 } A
4485k FH2. DNA 7 % Smal = ] i3 0 28 Fik ke fF 2 tetracycline sfa
Z4 kg 4y > 48P Smal 0P AL i % 2 (methylase) £k 7122 tetracycline

M A T X s s F4Y (phage) ¢ 48 (plasmid) 04251 ~ FRER 013 & Smal
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7R BT AL eipl FREE S 7RG Smal methylase v Y
REHE RS ko AY IRt KR - e RS o

FRL s B T 0 4 173 $k PFGE-Smal B3 Tﬁ.”} FIER LG TR R o
60%7p B & 7 2k iE (cut off value) » 25 =+ =~ 1 ¥ ‘e (clusters) » 3 = A-F (&L
Bl )l s#ez Ar@enmAFA G M HeAG MARFKR ¥ 7 emm22
Btk #e B3 83tk ¢ 45 82 themmd [tk LHkE emm A T2 B
R(Sp9414)> s # e 648 VT A %(VT3,VT3.2,VT4,VT4.2,VT4.4,VT15);
#eCy 2ltkemml2 Ftk > ¥ B VT6; #e D5 37themml2 Ftk > 5
47 VT 3] %](VT6,VT6.2,VT7,VT8) ; # e E3 2+ emm6 Ftk s ¥ e F
$ 14tk emml Gtk 0 3 VT A15[(VTL VTL VT2) o 2 Fbkiisg B o Bl
D4R emm RIEL FRR S F TR - F o blde emm22 (3 e A)~emmd
(#eB)~emml (e F)> & emml2 ARl F s BEE? (FeC& D)
A AT emm R A B e FE e b2 b emm AR T R A
B 5 3 50% (emm74 vs. stck249) ; emml2 FikA 2t B e 3 e [ 4p
PR3 37% aRs enml2#FH e 2 FiF i Kk o

PFGE 1§ ipim A B A8 FIR B4 0% 14 > A A 7188 DNA 5 74 51ig
B e i 4p g o 9700 PFGE 4P %87 § m e if * S 3 2 31

& o &FT 0 PRGE-Smal RIS iRl g b TRl 5 AR I emm ik
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BB icy 2 v 3 b emm AR Ftilkc P #& % sremml- emnéd
emml2 fo emm22 Ftk > A& FIH E BIRAR £ ARR SUF T > 2 4R B emm

WENL R FA0% (B~ ) ool %3 Aiohe T - BKFFI o
PFGE # | vt VT Fl a0 & FRIT - iz & o ",f TIRs Y PFGE i
B I end_FE B AL T4, “”f# Fensgiv > Vir &2 3 #3ar .5-8kb < /] &0

DNA 3 B esg it #h > emm22 Fia & T - VT Al e3 64 PFGE Bl
{ 4 47 PFGE A% A 47 8 Vir 2 345 > e F] Vir 2 417 2 47 A 3]
4ark 7 7 % o Virregulon chsg it o ¥ B 5 A Jl4aTR R A FI1A A e 4 0 A
"Vir &2 318 PRGE - t% 0 & A Jdask Fehe S FpEm T 0 B3 %

) G U
‘\}'@’}" l%\l'gl‘o
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Ay € % PFGE ~ emm A& 714 3122 Vir & ) 2 455108 ¢ 30p R =4
2 AANaTR F o S ERA TR R 2 BRI TR E > frE 2 o 3 4 )2

TR R FIEER T N Aﬂ]&é&ﬁﬁa\—?iﬁﬁ:}ﬁsﬁ JER A &

2
4
2
b
1

R 0 T EGRLA AAIR Feh T R T 6 5 0 R g 2000
ER BRE R (A R)BRELFNE R FHH A 251 2002 & -
AR R GIFFFH e 0 2002 & L FlF L FRRRILAERFR A
PE R R EHAEY S o ApF F R G518 ¢ F ik 5 (toxic shock syndrome)
Fo ool FF Y AR A A R b FIMERAAE AR R -
B 7 % 0 B F 3 (host) ~ o & (pathogen) ~ £ 7% 35 (environment) 4p 3 1% %
gk o A B REF AT B R LA RSP ik d o LA
RehdiE o AP EenE 2 e BV B R A A F AR 0 8
AR AR F] o 2R A B A T B 2 P PRGE ~ emm A Fl
F ~Vir 2 32 52 > & 47 2000-2002 # 313 & =& 2. A Jléan 7 TR -
Bop a2V REF THEREAIARFRE A DT EANER L
FRAREFT AT B A7 T2 2 gk 4 & (superantigen) e % F % 3 0 1
S ti? AR g BRI REFEL R

PFGE 5+ fic# ki * »REf 47§ mE A B TR E ] * da

B 2R PRGE ek fEd Py~ B 44 ~ D S ATRF o35 P52 kit
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PFGE p¥ » 5% ¥ X #4347 > # o84 < F«PFGE» {#iL s 2k - £ 5
R ey d o o R Ao en A 3easd ] PFGE 4k 172 % > ¥ %
FABH AL g R T AP TR o R A 4 R B i
A RS 4o Flpt o p R h A A4aTk H PFGE B 2 0 A G
P E O FHA AT A AT FT L o A R P E (2004 E)E o ez 2 T 4
B FH R R &R A A3 R R —PulseNet Taiwan | - ¥ Shigella
sonnei ~ Neisseria meningitidis & g = TR T g 0 d 3 A 1483k R
PFGE F e R gL » b E R 4v » A 1483k F > #3 E R A Jl4a5k R
RAERE EFETFROLN > B BRH G FipmM o T ERA R
BRI A sk AR 4 L TR Y2 FIkG] ~ 2004 E B e T L e
Rz A3 AR TR TR NEFEE SR BER -
PFGE Bl3# ¢ f R 7 T o di e 7 4 45 8 4 X A p F B TR

e Z2FRDNAJR R BT E o & PFGE chdf 17 » ¢ 5 R 1 h

TR - BAGEHB T ORI R BN e BE S TR T G

BEAAF FECRAHF 2 hER R PR ARG g iE

pAf s hBFURRRAAEYEL AT REZEEAA 4R
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W %

1 2 3 4 5678 9101112131415

Bl - : Sreptococcus pyogenes 2. PFGE B:% » ¢ * &% it Listeria
monocytogenes PFGE #% it = /2 i& {7 & 47 > Bio-Rad CHEF Mapper 7% fb=;% 7
A % o pulsetime4s — 40s,angle120° ; voltage200V, 19 |- pF % §& %%} i
%% 1~5~10~ 15 7 & &2 & Salmonella Braenderup H9812 12 Xbal
72 DNA 2 Rlz¥ > H&5 2 drp o %9 30 % - f5 4 2 S pyogenes

E‘TF% > 141 Smal ﬁT%‘k7% & 247 )?:]’f%—» DNA # = Smal ﬁf—%*r 3 o
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Bl= :LewisTaiwanNo. 1 % ¥.iriets - d FHzp Fefl > - =7 5% 30

~\

Btk FRBED RE A PFEED 1R S B4 AL A

i 0 @32 DNA &8 g4 1 353 ;—;r—;;t;ﬁz o
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Jui

R

TR

3% > % 1-5 {7 ¥_Sreptococcus pyogenes SP10282 ~
w12 5,25,1.25,0.625,0.3125 E i Smal *» &) 2. PFGE Bl » s ip3RiEF &

DNA 55 4% » 143 0.3125 ¥ (= eifis % T 853 o
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M 1 2 3 4 5 15 6 16 7 17

Wwwﬂﬂ'ﬂﬁ&“w“ﬂﬁh
Wuﬂmm"mmmmuﬂﬂmﬁ
-~ .

B B o= o - . W =
B B =
L=

b
S
]
s

i

$ S80I |

2z ~ VT-Haelll Bl - Virregulon % 3= 22 DNA 14 long-PCR # t5 » £ 5 Haelll
LA EE 2 (T4 {80 10 2003F ¥4 & & DNA 7 %7 #7182 Bl3% -M % 100-bp ladders >
BlH A~ %)k p Ftk 1, Sp7233 (VT1L, emml); 2, Sp15088 (VT1.2, emml); 3,

Sp11029 (VT2, emmi); 4, Sp5051 (VT3, emmd); 5, Sp10837 (VT3.2, emmd); 6,
Sp15066 (V' T4, emmd); 7, Sp15580 (VT4.2, emm); 8, Sp16314 (VT4.3, emmd); 9,
Sp15581 (VT4.4, emmd); 10, Sp15735 (VT 14, emme); 11, Sp15459 (VT6, emmi2);
12, Sp18217 (VT6.2, emml2); 13, Sp9459 (VT7, emmil2); 14, Spa348 (VTS,
emm12); 15, Sp8850 (VT emm22); 16, Sp11433 (VT10, emm33); 17, Sp11792
(VT11, emm74); 18, Sp11014 (VT12, st11014); 19, Sp9458 (VT13, emmll3); 20,

Sp9414 (VT15; -) -
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M 1 2 3 45 6 7 89 1 2113 411 15 16 M 17 1

BT ~VT-Hinfl B - Vir regulon % 3= 2. DNA 12 long-PCR # +5 > £ % Hinfl
R hE T {5 > 2 2.5%38 3% 4 3 DNA % %7 #7182 B3 - M % 100-bp
ladders » W13 4wl % A Ftk 1, Sp7233 (VTL, emml); 2, Sp15088 (VT1.2,

emml); 3, Sp11029 (VT2, emml); 4, Sp5051 (VT3, emnv); 5, Sp10837 (VT3.2,
emmd); 6, Sp15066 (V' T4, emnd); 7, Sp15580 (VT4.2, emmd); 8, Sp16314
(VT4.3, emmd); 9, Sp15581 (VT4.4, emnd); 10, Sp15735 (VT 14, emme); 11,
Sp15459 (VT6, emmil2); 12, Sp18217 (VT6.2, emml2); 13, Sp9459 (VT7,
emm12); 14, Sp4348 (VT8, emm12); 15, Sp8850 (VT9 emm22); 16, Sp11433
(VT10, emm33); 17, Sp11792 (VT11, emm74); 18, Sp11014 (VT12, st11014);

19, Sp9458 (VT13, emm113); 20, Sp9414 (VT15; -) -
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Sp8ss0
Sp10902
Sp11789
Sp9549
Sp12161
Sp5051
Sp2593
Sp15580
Sp15090
Sp9414
Sp15652
Sp2206
Sp5092
Sp10837
Sp4905
Sp8361
Sp14980
Sp15408
Sp8504
Sp93s7
Sp8536
Sp9458
Sp18217
Sp9375
Sp4348
Sp15217
Sp4835
Sp9459
Sp18297
Sp15735
Sp16519
Sp11792
Sp11029
Sp15088
Sp7233
Sp10169
Sp11014

emm22
emm22
emm?22
emm22
emm22
emm4
emm4
emm4
emm4
st9414
emm4
emm4
emm4
emm4
emm4
emm4
emm12
emml2
emm12
emml12
emml12
emm113
emml12
emm12
emml12
emm12
emml2
emml2
emm6
emm6
stck249
emm74
emml
emml
emml
emml
st11014

SPY S16.0001
SPY S16.0002
SPY S16.0003
SPY S16.0004
SPY S16.0005
SPY S16.0006

SPY S16.0007
SPY S16.0008
SPY S16.0009

SPY S16.0010
SPY $16.0011
SPY S16.0012
SPY S16.0013
SPY S16.0014
SPY $16.0015
SPY S16.0016
SPY S16.0017

SPY S16.0018
SPY S16.0019
SPY S16.0020

SPY S16.0021
SPY S16.0022
SPY S16.0023
SPY S16.0024
SPY §16.0025

SPY S16.0026
SPY S16.0027

Rrrarran
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Bl ~ 1995 PFGE-Smal Bl & 452 A A14azk FAL s b 0% Bl(dendrogram) - Bl i 5 * 4 FikS5e emm~ VT~ PFGE
A )t o 3 A W2 F bkl o A BE TR Bk 4 Jaccard's similarity matrix = 2 3+ & DNA iE 7 (bands) 2 4p Ie 5 o

12 Unweighted Pair Group Method with Arithmatic Mean (UPGMA) 5t & /2 i& B T2 ]
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Bl - ~ 1945 PFGE-Sil Bl3#E 2. 9tk A 3]4azk

20

40

60

80

—100

_F

_LJ-‘\,.E'

E:]ﬁvu,

]

S GL

Sp15006
Sp18278
Sp15504
Sp15782
Sp15685
Sp18471
Sp15074
Spl16314
Sp11433

emm1l2
emm1l2
emm1l2
emm1l2
emm12
emm1l2
emm4

emm4

emm33

VT6
VT6
VT6
VT6
VT6
VT6
VT4
VT4.3
VT10

SPY S13.0001

SPy S13.0002
SPY S13.0003

SPY S13.0004
SPY S13.0005
SPY S13.0006

% B 2 Bl(dendrogram) > Bl & & & FiREL > emm -~ VT »

PFGE 7] %] - ¢+ 9 tx 7k DNA 7 < Smal *» ] PFGE-Smal 4 17 - A% B % B % 4 Jaccard’s similarity matrix = ;2

3+ 3 DNA i3 (band)z 4p I & » 12 Unweighted Pair Group Method with Arithmatic Mean (UPGMA) i & /2 & T B

|

N

B -
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% - temm~ VT & PFGE 4| %] » 22 8 & 3 4] %2 Fik#c -

emm 3| %] VT 4|4 PFGE 3] %] Atk
emml VT1 SPYSI16.0025% SPY S16.0026 12
VT1.2 SPYS16.0025% 1
VT2 SPYSI16.0025° 1
emmé4 VT3 SPYSI16.0006°, SPY S16.0009°, SPY S16.0010 7
VT3.2 SPYS16.0009° 1
VT4 SPYS16.0006°, SPY S16.0007, SPY S16.0008, 70
SPY S16.0009°, SPY S13.0004
VT4.2 SPYS16.0006 2
VT4.3 SPYS13.0005 1
VT4.4 SPY S16.0006" 2
emm6 VT14 SPYS16.0021, SPY S16.0022 2
emmi2 VT6 SPYS16.0011, SPY S16.0012, SPY S16.0013, 61
SPY S16.0014, SPY S16.0015, SPY S16.0017¢,
SPY S16.0019, SPY S16.0020°, SPY S13.0001,
SPY S13.0002, SPY S13.0003
VT6.2 SPYS16.0017° 1
VT7 SPYSI16.0020° 1
VT8 SPYS16.0018 1
emm22 VT9  SPYS16.0001, SPY S16.0002, SPY S16.0003, 13
SPY S16.0004, SPY S16.0005
emm33 VT10 SPYS13.0003 1
emmv74 VT11l SPYS16.0024 1
emm113 VT13 SPYS16.0016 1
st11014 VT12 SPYS16.0027 1
stck249 VT6 SPYS16.0023 1
- VT15 SPYS16.0006° 1

abe.diet s g b PFGE W3 1R &% b VT 3l p
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*44% A.PFGE Codesfor 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)

33

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

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

35

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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