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ATFALE HE 2 Y
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HE 2 Internal Amplification Control (IAC) WA} multiplex real-time PCR& X#}o]H
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ATAL A3
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synthetase (NRPS, CER primers), cereulide (ces), haemolysin BL (AbIDCA), enterotoxin
FM (entFM), non-haemolytic enterotoxin (nheABC), ¥ cytotoxin K (cytK), 18]l B
cereus group "F71¢l groELS ZF thio g &&= Al A2 2 A3 Zlolw ANEZ )
WSkl multiplex PCR kitE Al 2tslal o9 W% Solk ¥ HESH 55 Ald3h

TEY 9 AAY 54 FAAEe Z23+d/f-8 E(gene profile/prevalence rate)S T
g AFE, 874 2 A ARCdA EEg b e AYg-2 ofTEF T 496700l FAL
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A HAE Ao, A FEA FHAER AbID, nheA, entFM 3 cytKel
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2 Primer/Probe set& 7Hte}S] 2.
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SUMMARY (% & £ &%)

1. multiplex PCR and real-time PCR detection kits for emetic and enterotoxigenic B. cereus

® PBacillus cereus comprises the largest group of endospore-forming bacteria and can cause
emetic and diarrheal food poisoning. It is widespread in nature and therefore, considered
a major foodborne pathogen. There is a growing demand for fast, accurate, reliable and
economic detection of potentially toxigenic B. cereus. A multiplex PCR assay for the
rapid detection of enterotoxic and emetic strains in Bacillus cereus was developed and
evaluated among B. cereus emetic and enterotoxic reference strains, B. cereus group
members and non-target strains.

® A total of 496 B. cereus strains isolated from various sources (food, environmental,
clinical) were assessed by a multiplex PCR for the presence of enterotoxin genes. The
prevalence rate of nheA, entFM, hbIC, and cytK enterotoxin genes among all B. cereus
strains was 92.33%, 77.21%, 59.47%, and 47.58%, respectively. Enterotoxigenic profiles
were determined in emetic toxin- (8 patterns) and enterotoxin-producing strains (12
patterns). The results provide important information on toxin prevalence and toxigenic
profiles of B. cereus from various sources. Our findings revealed that B. cereus must be
considered a serious health hazard and Bacillus thuringiensis should be considered of a
greater potential concern to food safety among all B. cereus group members. Also, there
is need for intensive and continuous monitoring of products embracing both emetic-toxin
and enterotoxin genes.

® Design and verification of the 1st, 2nd and 3rd primer sets for PCR kits. All primer sets
were designed specifically to target genes for B. cereus group (groEL), diarrheal (cytK,
nheA, hbIC, entFM) and emetic strains (CER or ces) and the specificity, sensitivity and
detection limits of the primer sets-based PCR approaches were confirmed on pure culture
and inoculated foods. The minimum detection limits of PCR approaches using the 1st,
2nd and 3rd primer sets were respectively 20, 2, and 0.2 pg of DNA per reaction tube
in pure culture and also respectively 10°, 10° and 10° cfu/g in food samples in artificial
contamination of seven different food matrices with distinct bacterial counts and improved
approximately 10" cfu/g after 7 h enrichment. The sizes of PCR product using the 2nd
or 3rd primer sets were 488, 376, 163, 106, and 70 bp, or 255, 163, 127, 97 and 81
bp for entFM, nheA, hbID, cytK and ces respectively.



® Development and validation of multiplex PCR and real-time PCR kits. A highly sensitive
pentaplex real-time PCR high resolution melt curve assay using the 3rd primer set was
developed for simultaneous detection of 4 major enterotoxin and 1 emetic genes. The
average melting temperatures (T.,) of PCR products were 72.20C, 74.23C, 76.55T,
78.42C and 81.90TC for ces, cytK, nheA, entFM and hbID, respectively. The inclusivity
and exclusivity of the multiplex assay were evaluated using 71 bacterial strains including
17 emetic B. cereus reference strains, 9 enterotoxic B. cereus reference strains, 4 B.
cereus group members, 23 wild B. cereus strains, 18 non-target strains, and was further
tested on artificially inoculated foods. The DNA intercalating dye SYTO9 used in this
study generated higher resolution melt curve peaks than SYBR Green dye for the target
strains and genes in which the peaks were sharp and easily distinguishable from each
other. The developed kits were validated by the same modified method based on the
AOAC validation protocol in three independent laboratories from different cities. The
validation results presented that the multiplex real-time kit was better than the multiplex
PCR kit and the conventional culture method in sensitivity and specificity in pure cultures
of B. cereus, artificially inoculated foods and naturally contaminated foods. Taken
together, the developed multiplex PCR and multiplex real-time PCR kits can be the rapid
and reliable tools for the simultaneous monitoring of both emetic and enterotoxic strains
of B. cereus present in food and food-related samples.

® To the best of our knowledge, this is the first time that an assay for simultaneous
detection of B. cereus group, emetic and enterotoxic strains with such a wide range of
detection target genes in food and environmental samples has been described.



. multiplex PCR detection kits for 5 pathotypes of pathogenic E. coli

Escherichia coli is the predominant facultative organism in the human gastrointestinal
tract. Strains of pathogenic E. coli (PEC), which have acquired virulence factors, have
the ability to cause foodborne and waterborne disease in human. Of the strains that
cause diarrheal diseases, five pathotypes are recognized. But PEC strains display a
heterogeneous range of phenotypic properties making it difficult to find a common agar
to selectively and differentially recover these pathogens. Different molecular methods are
used for identification of PEC, and these methods are based on genes related to the
pathogenicity of each category. The prevent study was undertaken to establish a rapid
PCR system for identification of the main five prevalent categories of PEC and a
real-time PCR assay incorporating an internal amplification control (IAC).

To develop a PCR for PEC detection, we analyzed genetic information of virulence
genes and established system of Conventional PCR and Real-time PCR which based
genetic marker. And we developed and evaluated an IAC which could effectively
eliminate false-negative results. Multiplex PCR kits, Real-time PCR kits and IAC kits for
PEC were developed and validation testing was conducted using food samples spiked
with PEC.

Therefore in this study, we developed Multiplex Conventional PCR and Real-time PCR
for PEC detection. We established primer set and primer/probe set for the identification
of PEC virulence genes (eaeA, ipaH, aggR, LT, STd, STp, stx1, stx2, bfp, lacY and 16s
rRNA) and developed IAC kit by using the Sequence of Viral Hemorrhagic Septicemia
Virus enabling the distinction of true negative results from false negative results caused
by PCR malfunction. The effectiveness of developed PCR kits were verified with
detection of pathogenic E. coli, other foodborne pathogens and food samples artificial
inoculation. Throughout this study it was successfully achieved the development of PCR
kits for the rapid detection of pathogenic E. coli present in the sample.

The PCR kits for pathogenic E. coli can be used for rapid and an efficient detecting of
PEC containing food samples. These kits are a useful tool to clarify the source and
routes of Pathogenic E. coli.
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licheniformis), VP el FuF2(B. pumilus)= A55S dozitta elw Atdr AW

3}
.

O TEY AFT52 do A3 & (heat-stable emetic toxin, ETE)l <J&] wAjsl dnky
o w M E&gtol=(cereulide) & AAtete vhd el AlY -2 Wl os] dAstE slow
delA dow, o] Al A5 10T o]st e AbATE u}\t ZANANE AAsH g E =4
Q1 Al#El & dho] E(cereulide) & AAFSHA] Xgtthal dE A

O ALY Alz=o g HEJ MHALS goyy FE7|= 8~16/\1 Ztolm o] A& Hof| HolkH



3l &A= A (nonhemolytic enterotoxin, NHE) T+ &34 &% 4% (hemolytic
enterotoxin, HBL)7} +& o=z ded. o7l 2xFAA ofdidil Al EEHA
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O Qukeitst el ohdit Alololi g91Ae] Aolrk Yol WHsHHow

O
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O antigens : somatic lipopolysaccharides
H antigens : Al7re] AR 74 EAE 8A 1550 &A%

A o+t (Enterovirulent E. col) 541, #2012 Aibss, S o= 7122 sto] &

94 &t (Enteropathogenic . coli ; EPEC), &S24 W&t (Enterotoxigenic E. coli ;
ETEC), #xA &+t (Enteroinvasive E. coli ; EIEC), F&34 th&d+H(Enterohemorrhagic E.
coli ; EHEC)s 47H4] 8 o2 573

O o]|9lox= KA )&t (Enteroadherent E. col;, EAEC), 4-3HA -+t (Enteroaggregative E.

coli, EAggEC), 2294t~ (Uropathogenic E. coli, UPEC)%°] .
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Prroz dHA e
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g 7] PR PR

A2 UA A (Enteroinvasive E. coli, EIEC)
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(3) #5424 A (Enterotoxigenic E. coli, ETEC)
- 1960 e} 19703t S04 et AEas v o)y Z4F oA AEAAA diF

_‘|5_



o] ALl oA Fad 77t

- ZHEpd A SRR Y BeE slo® FYE 549 1523 enterotoxing A4t

- enterotoxin< 60C, 3023t 7HE= &S A& o]EA =4 (Heat labile enterotoxin, LT)<k
100C, 30%2] 7o At]= HEA 54 (Heat stable enterotoxin, ST)9] 2 Fo2 4]

- LT Cholera enterotoxind -fFAFHo] wWomn F =it BE Adul A9 adenyl
cyclaseE A3k cyclic AMPS] dl&AAHS: 7hA obx] At Fol| thge] S0 27

- AF7HA #8¥ ETECol= LTRF Aibets o7, ST Aibshs w5, LT9 STE =5 A

- G ofRot o2 T A flo] Uk AFEAY HES R sl Fo] Ale] HIIE @
- Aol ofATiA Y ool AA ol WAEEE Ao wAlshs 9 Hn Pu
o] B

(4) F=dA AT (Enterohemorrhagic E. coli, EHEC)
- 1982\ =l Al AYEE Aol Q1AES] f A A O157:H7 o] g
- Verotoxing AAFsl= verotoxin A2t (VTEC) oA Ecoli O157:H7 Als512 &=
A agds dog)7] " o] wS JA FHEFY uiddrolEta &
- A AT WellA verotoxing ABAMSEY] S JoTARE AE FolA efdEo] AAEE=
verotoxin®] 2]55S oIt His §le
&

H
- VTEC+= ETECS} o] A5%F o] o= A% FA438E AliS dHgo=zH dAsh= 3t

i

g A%

%

- SRS oy XA ol Ardelat, HjEe| ot Ko & s 107100070
of #FoRE T F g

- el A A 234 digate] B4, St Aol A x2A o] gy Eo] AFE
i o] Mg

- AW A YA IEHEIEC) o]9le] ofwnld o] " 2 Campylobacter sl |3t
AT Jout A A gt ok Mile BE dWel Mo] ZAysiielA ¥l U
Q& FHoluz HEifo] EAA <]

- AASAe il A3 B oo TE WAAg So] AR FolFon wde =k

— o] ol ok 7l WS Holu EAAR E3A4 diiddel oloix oF 277%7F 84 &%

T

>3 (Hemolytic Uremic  Syndrome, HUS) %= ddAd d4&% 74 F(Thrombotic
Thromocytopenic Purpura, TTP)¥} 72 AHS do 7| A3k 49 AFdFoz vyl

- 7k EEEY al LAXFE(FE AH)S AA ARl A HEE

- O] AFEES PAAIY 5 A8 glo] 57109 Wl 35 2 ¢ S

- A AP wek 026, 0103, 0104, 0106 2 HZol|l #AlS Eoal gl= 01575°] U+

s

(5) FHE-FZA A (Enteroadherent E. coli, EAEC)

- 1986l Hx2 Haw g A2 AARA ot

- HeLax| X0 H23l= EA 02 23| = enteroadherent £ co{lEAEC)S.2 B3 on] H2uk2]
of we} = aF(localized), w2 (diffused) ¥ 4 3 (aggregative) &2 -1

- Fyolrlofo] JR Lol A el o7t Wol YUY FgtdTe] Ao w Fofdor &
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= A EEREN
B ° ETEC EPEC EIEC EHEC
o] A Ol
28 % B 2 E Al H 2 EA
= (toxin) gy =4 : - :
(Verocytotoxin) (Verocytotoxin)
(LT/ST)
AEYY : - + -
AOFA Ol Aol Ol
2 Af T Ts?o:)wx I-:Isd;'u ):Ic TII/ENS
= "10 = ~10
884 RE3Z : - : -
o - + + -
F2 agyE 2 2~ o & oy &
O6:H16, 020:H26 028:H- O4:H-
O8:H9 026:H-, 0124:H30 026:H11
L O11:H27 O55:H6 0O136:H- 091:H19
2 gy
0O20:H- 0O86:H27 0143:H- O111:H-
025:H42 0111:H2 O159:H- 0O157:H7
29% Ol 378 0|4 128 ol¢ 265 Ol
7o 2k oo a2t Ooro 2 Mo at Moot
[ = ) LS L O LS L O —1 L O —1 L O

4 B2(FE/ANY) A4 bz A 2 H98 AT PP
A dax

7}. Real-time PCR& HI£% A&SHE7IH9 =9 284

stol W& AF w ko] SoJuwA AAA R AE FH A
= iy E 1 AL

O AAFINFHWTOAAS] EHoR sAE 7haaFe Aita wde ¢S Fas)y.
O =7} 3+ R3S Aol FuAa A 2 A9HAH (Agreement on the Application of
the Sanitary and Phytosanitary Measure, SPS)o] &

O AFugol A #shz el 7 glol= wAl o] 9o Al

FABAE T F 98

O AFe FANFORYE AFHY 4GS A7 Fu AL wEF] 98] olEno
900 9= AENARNEES Aok AL FAMoZ FAH PP tA ok

O AFE Aol o A, olst 2AE A% . AR wEaE AR Agyel A

O AA AFE QAT A4 HAE AAZ duFEuY, APFud, A F A
get49l B AA B¢ AR olFoAa gliE, AHG-108 Ao £8), A, wFY
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O AEPEYEe F2 FU-FA B AEF WA7M} DNAL RNARRE o &8 F
} ©

Q.
[]
G A%l FHE wAsy U8

1. MSH X XX Sty HAE

1X1 U 2Kt HH S MEHHRX| =33
12 1~22 1~22
2. 1Y S
XS 2Kt B 24
18~24 Al2 18~24 Al2H 102~2M2t  {.5~22

3. Real-time PCR {4
F0
g O >;—E-‘—“.> figh)
==

15A12t 2A12 7.5~11.5A| 2}
29 1.3 A& A28 A3

O AEAAESL AUMHACCP)Y A%e AL A AEANE Ba) AnFe] g oy
2 fam SAFe] A s Aok shmw, HACCPS] 4349 AAx slsas
s wA Be RES FAR RUHYAAR A4 e A5ase A4
=A% Ade Ao AF Fad

O AJ7kA AAtY =4 94011*1 B2 A7t AgHo gtenw HAEWez= HPLC, GC,
MS(mass spectrometry) &©] ©]&% %, FH<tol= PCREZ 16S rRNA9 SAFHAE A
Fael TG BaE IE A7k AA9n 93 FESE JEZE enyme
linked immunoassay(ELISA)$} reversed passive latex agglutination(RPLA)®] A<

O dy, F+EY =4 AL B, cereustt S o w8 A4 54 A4 71 5 1_33
94 Zvo] g@ AT/ AAZAA AAE B2 @7 Lo we o nES

J
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ol Syt A=
1 9] screening 9 o]
MakE w .

O FEEL A

F T T (reference stain)Z2F = AAolar, AA 71E9] B. cereus
R = At

e T2 AAE 54 A4 Bl cereussE UG OE SHo]

&
i
Ho
2,
X
o
=
=)
o
ot
rlr
-
Hm
i
DN
o
[
o9

cereus 5 AFsA A
st7] 2#sl, AA cereulide TE 54 ¥ FAHI}E WHORE sperm assay T

cell cultureE o] &3t AAZA W olu} cereulide®t 348H2 F+x9F Ex}gko] w9 H-AF3H

[e)
valinomycing Z+&E2d =2 o]&3to] HPLC-MSE ®Adt= Az HhHo] wo] o] g5
o] o
% =

O webA, AAF 54 Ao 18 98] 54 F24 A (hblACD, nheABC, cytK)E 9]
FHEe 2 FE 54 Aol A8 Hd FE fd A cereulide)E 7H7Ee] PCRoIY
multiplex PCR& Fdsts 2 By, 7= 52k AANY 5425 3 Al das)d -

P o

- = = T
= PCRE& Z#lo]lHE #2238t multiplex-PCR W3S S35 FAlo] F FE/AAL
=2 AATFS AZE= Ao 7453t

t}. conventional PCR E¥E real-time PCRE &43 EZ444 vadgs AgsLs 2
HAA AT FAAS

o

o] &3le] Alg ol DNA 22 RNA(cDNA)Z
T+ R

DNA®H 010%1: 7—1261— ./_'[: A=

oo

N
-

N

}

rir
i)
ot Mo

°

ol
o

sy

forensic science o= 2
7}—“—?# Al PCR 7]%0

WRE PrE eld AWIIRD b wAND 54 92
g

k1
u
il
o
O,
b T
i
=)
=
@)
o,
o B
8
@)
e
O
>y
rlo
>
>
)
b

U

=z

A
- PCR $Z A4S AAe= RUHY 75

- F7HAR AU E gl AAol 48 =

- A1 T IAIRE ol AR S

- Eo]A : Real-time PCR9 7% Primers¢] ¢ 9 Probe? Eo|A 7}

- A olE4e =2 1 CFU

- 384 1 PCR7171¢} Aok ApEstel 7|EstE Abgo] Helsta B HE7Fs

- AFAIYE ¢ Ct @ 75 (52 DNA o] #AE ol&ste] A 7s (& FH)

O E4wHE% (multiplex PCR): Probed] dd=4d A& B4z A8 v ¥ sA4
%, E3 WA EolFom EAEE DNA AHRE ALE3dte] ExsteE AdS A= &+

5t
e
>
O
9

| 2 E A|#S Real-time PCR Al~"lo g 3 (19 14).
O PCR 7| & F4dA HAHE o]|&3sto] AFEsld Aehd IAAI7NE T B2 AFE°] vl
I Ayt 5o AXToA T4 AJdHoR AeEo] 9

O ATx FopiA= Ao 2 vare] Dupont Qualicon 3|AF7F BAXE+= PCRAS
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United States Department of Agriculture
Food Safety And Inspection Service, Office of Public Health Science e =i

Sample preparation

o Beel, beel T, Spinad o iTie

d BAKH wysan £ coll 0157 HT WP

an o)

21 for 834 hour, depanding on e work fiow of

4C.6  The BAX® System for Screening Salmonella Test Procedure

Perform the screening on BPW pre-enviched samples following the current BAX™ User's S A it 00N 0 i Il b,
Guide, Also, follow the curent BAX" User’s Guide for preparing reagents, performing
the test, and reading the results. The equipment must be set up, operated, and all records  gaye sysiem protocel
documented, according to laboratory work instructions.

0:00 Creala rack fia anid 5:05 M protease with fysis. 8210 Transfor 20 4L
" AT L Cycher. Lefter arel transler 200 Wl of  samples to chuster fubes
4C.7  Interpretation of Results hyas beagent to chistar fubes
———
a.  Samples that test BAX -negative will be reported as negative. Cultural analysis will gi ;‘ﬂ-" |
continue as per MLG 4. Section 4.6, fora BPW pre—e:mchmeut sample that tests d I“"'/ -

BAX" -ptmllve BAX-indeterminate, or has a BAX” signal- eror result. b : S/
Alternatively, for samples with Br‘-\_‘(\' indeterminate or BAX" signal-error result the
laboratory may review the cause and perform a correction. Based on the findings, the

— L2

v ¥ ¥ B:20 Haat cluster fubes for B:50 Cool duster fubes for & 4:00 Place sealed PCR
laboratory may analyze the indeéterminate or signal-emmor result samples by: 20 minutes 31 377G, then 10 murates in hysale cookng fubers i cycler and
. = R - mnutes at 95°C bloch, than transfer 50 ul 1o mmadately chck NEXT 1o
+ repeating the BAX™ analysis from the rack loading step or PR subea i POR cocling run progeam

Dok *

« preparing new BAX” tubes and repeating the analysis.

I
b. In analytical runs where the positive control fests BAX" -negative, indeterminate, ’

or has a signal-error result, the entire batch of samples is affected and a review of -
the cause and a correction shall be performed. Based on the findings the i‘b |
laboratory may analyze the samples by:

« repeating the BAX"™ analysis from the rack loading step

e preparing new BAX tubes and repeating the analysis or

» analyzing all of the samples culturally,

a9 14 v = FFEAAA drdz A48 Feyoz x=Hd BAX real-time PCR %4

2}. Internal Amplification Control (IAC, WAIFZNZFAA)E &£ 3 real-time PCR

O #He] European Standardization Committee= International Standard Organization®} 3=
sto] wEg-oHol] JACE FH7bstel PCR #41& sh7] 918 7tol=ekel A9 F4.

O =A ADAANE A 4 9 A2 PCR HHE 87382 = Fi Al IAC7}+
F7Fe 218 PCRE 7Wgsiof & wetA, A4S wiAe Aga dads faia= IAC
7F Aot Aol mAA] FA

O Real-Time PCR& A& Wl PCR W& Al &40 EAlste 45ode 549
A%E 45 F U+

O o]d wa}t Internal Amplification Control (IAC, WAFZ ) Z/Ax)E o]&3Fe] PCR
inhibitorell ¢ g Y34S wiAlst= Aol A Al FA49.

O HEXRFHAAC primers &3t IACE tAFQlste] [ACS A7l 2 Axde} %

= A7 E3F+= triplex real-time PCRe] 283} =& Q3h

o

O HACCP?] Az Qe A4, At A= HAE #48 oiyel 4 5 A A
= OARE I GAEFA et 2 Mu[A VM AFE A= FAA AFE el
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o] FREZIE GHIE Frtel fle FFoloA A& Age faled HAIE AR &4
s7b Al

O 53] B4 it 2 52484 B. cereustt o A5 FXA7A Agbo] e Aeja, &7
Hol AT =S GAIZE Yol 435 9& 7 e ASHEIIES] o] A%

O FA real-time PCR 7IEE H|Z3 v #AAESH, W2 J|E7F /s gloy
o5 gt OI57H7 &2 HH A dids AE53 #dd 7|EAGE 14)01H, FE-AAL
g 5244 B. cereus?] FAIAE PCR kit /dE Zo] dFsiH, 483 HAE g

O WA ddsd 2 54484 B. cereustt® A& HE B HAdG EFol AHErse AEA
= 71EQ /e slasty QlF v AFE (e

E 14. AOAC T2 B39 A5 FT A= J|E

Company Kit Name Recognition

3M Microbiology
Products

‘Petrifilm E. coli Count Plate

L 2K 2R 2R 2R R 2

AOAC Official Method 991.14

AFNOR

FDA—-BAM 8th ed., Rev. A

Health Protection Branch— CANADA MFHPB-34
NMKL 147.1993

USDA-FSIS: Pathogen/HACCP Final Rule

BioControl Systems Inc.

ColiComplete + AOAC Official Method 992.30
ColiTrak ¢ AOAC Official Method 966.24
ColiTrak + + AOAC Official Method 988.19

SimPlate coliform/E. coli

EMMAS

BioMerieux

VIDAS E. coli 0157 (ECO) Test w/
0157:H7 ID Agar

Performance Tested Method; Certificate no.010502

VIDAS Immunoconcentration System

Performance Tested Method; Certificate no.010502

Droege's Wholesale
Food Service

RapidChekTM for E.coli 0157 (including
H7) Lateral Flow Assay

*

Performance Tested Method; Certificate no.

070201

Dynal Biotech

Dynal Anti—£Z. coli 0157

AFNOR Cert. no. DYN 16/2—0696
FDA-BAM, DIN 10167,

Health Canada,

NMKL Official Method of Japan

IGEN International

PATHIGEN E. coli 0157 Test

PerformanceTested Method; Certificate no. 010301

Matrix MicroScience Ltd

PATHATRIX E. coli 0157 Test System

*

Performance Tested; Certificate no. 030202

Molecular Circuitry

Detex System MC—18 for E. coli 0157
including H7

*

Performance Tested Method; Certificate

000301

no.

Neogen Corporation

ISO—Grid + SD39 Agar

AOAC Official Method

Neogen Corp.

Alert for E. coli 0157

AOAC Official Method 2000.13

REVEAL 8 for E. coli 0157

AOAC Official Method 2000.13

REVEAL for E. coli 0157

AOAC Official Method 2000.14
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O H Wy ddte ddd WMgo] AgEm oli, @dwstd M 54A44 B. cereus
of g B tEE AA qdd FAAE AHHA A s 7 e dETEe
Mol dadh

O Multiplex conventional PCR % IACE Z%3%3F multiplex real-time PCR 7]%9] 7/1&S
sto], A&l e 54 WA B cereus wEE Ev 559 HYA FAE 47 o

A& TAHE Ths

O T3t A HAEAANA FFASA AL&7FE3 7B AxXE T3 542K B cereus X
HAA gt digt AEo] 7hsE.

O E AFdAE F42AA B. cereust ¥ HIAA e FAHZ0°] 753 multiplex
PCR kit ¥ multiplex real-time PCR kitE 7/@&ste] 53 & 53t F&stol] ot 7]

2 A7E FBIAL.
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H 2E =i 7Is/iE sig

Al =9 7leNd a3

i

1. Al d = Ad -2 A

O Bacillus cereus®] A 255 4

ZoddF 59 FF AEY o 2 He
=], ¢ 10° cells/g oA S AHstH AF=S SN I= Ao RuyEglon FDAE
10°~10° CFU/g9¢] Bacillus cereusite] £A8t= AES HHATY A9 AFES o7 &

q—’ E-J—-O]')\}\u

o =

O m=r9] % B. cereustell &% 2% vwizf A3At= wid 27,360% 0] &5, 1, oA,
Aol A= A, Norway(1988~1993) el Al &= 215 52] 33%, Iceland(1985~1992)+
47%, Finland(1992)= 229, Netherland(1991)% 8.5%, Denmark(1990~1992)+= 5%,
England®} Wales+= 0.7%, ]apan—o— 0.8%, Canada+© 2.2%, Australia(1977~1984) A =

B. cereustol] 93t 5= HAEL 39%A T H1EHLS
O "= e A F5o oF o au g3t AYiA £ao] US$ 6.6737.1 billione] =2o] Ao
™ (Buzby, 1997) =A% 5% 2] ‘ﬁ"l/‘“ﬂ?oﬂ ojgt olgn|g HE AAM T mE
AA 37 AzF £3007700 millionel] E3kttar 3 716 tH(Roberts, 1939).
O ZFoAE AZF 11,5002 2F5 Alate]  2)&] AZF A$ 26 billione] AAZA =4S H
T KB 313 0 (ANZFA, 1999) MUtol M A FHo ost AAZA =4S USS 1.3

O X
billiono. 2 7}k vl & (Todd, 1939).

o B2 <107 CFU/gA o o] odRE ,
10°° CFU/g A% 2950 & Aew nusi J3(L

0 2uEA=Y % BIATAN 83 EAE Ne A T ol T2 Ae Age

O B. cereus®t B. cereus 549 ¢1&l#H 7} (Notermans and Batt, 1998) 23}, To52 0|4}
AR o X = E3E2 v=(12/21 from 1988-1992), WlE &+ =(17/40 from 1992-1994),
AUt (17/39 from 1985-1986)o 4] 71 Lutkx 2l B. cereusyt % 549 2% wj/jA =
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3 [e]
SIS =

Simone(1997) B. cereusE ¥ &3 Hldad = Ala9] 425%= Z33) Ly Aol oA 3}
A#HATG L B o Fod v ol S22 7Hd RIdEA oAl == mi7A o]
i, 7Y =2 AFR(EFY SRAAE)Y FAERTG 7 o Eva BRaEglon Faa
Ao Qs A 43.8%°] Hl=d FA = AUttt H E A 3(Todd, 1992).

Fao A= oA E = AF wAR QS A 6.3%7F AR wE 52 wEol il o] A}
9] 47.8%% B. cereusel 93] oF7|= o™ (Evans et al, 1998) 1992158 20001 7}#]
Bug 127149 AF5 AFaL7} B.cereus® enterotoxin WliEol dojyuton 531 o] FarA o]
=2 HolAok SAFHORERYH FYe AS Avg T JFES wUAS (Little et
al., 2002).

Agata 5(2002)2 TEY =3 AAE AZo w W mxel W % £ 4079 A
A 9] emetic toxin®] A o] j
=¥ ow wrojy FHEHtA e FE

o] o
=

o 1>

B. cereusol 23t AAlE ZAAA =
o] gtom PCRE o]&3 BAANESAYHolY W] i
stolsl= HEW o ®E HPLC, GC, mass spectrometry So] o]€% 1, o= PCRE

16S rRNA®] 5415 AEste] sy 548 gQlss A7 A Ha s

w3t A4 AEIE kitREE enzyme linked immunoassay(ELISA)9} reversed passive
latex agglutination(RPLA)o] @@ o] &5 &, FHolx= PCRE hblA, hblC, hblD,
nheA, nheB, nheC, cytK & AAF 54 FHAE &3] FANAY, 54 @Wds &2l
3l enzyme linked immunoassay(ELISA)®} reversed passive latex agglutination(RPLA)
Wi ol AEslE kit7h ANEE S

v, FEY ASHS AAE Sa9de gy AR JddAds 7Ed cyclic
dodecadepsi—peptide (Cereulide) TE =40 23] %

Hauwa Qo cereulide AAF A7 of2 A Gk A B A A ggob A EA $H
olul =4k FEfo] =7} Ribosomalell A A Al gFeths #8HA] AR 2
Non-ribosomal peptide synthetase (NRPS) f+##}& targete= PCRS A A]sto]
B. cereus #5E5 T4 oW ribosomedl X HA FHAAIE S A @Y

G- A wgel % YA kivh AREA Raha Qe

CFE Aol A ReE AFE nARS A&s) dEsed ddAow o gHu Qe
BEA kit D ARIAES] BEo] hg3} gom o]F B. cereus Fo| ANFHE TET
S A9 7EE o}4 498 34 Rehn AS(E 21)



O d¥E A= HPLC-MASS, Sperm assay, cell culture 59 WHo=w FE Z47F 3ol ¥
B. cereus TE =4 55 WA SE RAPD WHS o] & AAF 54 A B
o} 1TE 54 A B ceresusA T AeldE gl ol 7l
Ao 2 3 PCR primer 7o) A58,

¥ 21 W¥3A B. cereus AZE kit

A =34 g e
BioControl System (Belleveus, WA) Lateral-flow, ELISA
Neogen (Lansing, MI) Lateral-flow
BioMerieus (Marcyl, Etoile, France) Fluorescent immunoassay
Tecra (France Forest, NSW, Australia) Dipstick, ELISA
Igen (Gaithersburg, MD) Electrochemiluminescent immunoassay
Molecular Circuitry Electroimmonoassay
Organon Teknika (Boxtel, Netherlands) ELISA
GeneTrack (Hopkinton, MA) ELISA
DuPont Qualicon (Wilmington, DE) PCR
Bio-Rad PCR, PCR-Hybridization
TaKaRa PCR

2. 394 dBTY A=

O =eJolAe= F4 Wy MEHES7IY Sol oln] BHst Hofglo] A&kl AA|AQ) A=t
o] el 71o4skar

O US FDA9 AEAA AF= dddsls= ORA(Office of Regulatory Affairs)e] A& 2oa]=
Real-time PCR 71715 %311 Salmonella, E. coli O157:H7, Vibrio, Norovirus 52| #HZol AR5}
71 913 HEW A@rtet He AHE A A5 8oz AEFHAN sEdoR -t &

M2 AOACoA AA3 7hol=gkle] mwE HH F(validation) ZH4-& A A
QA JAFHoll FEH FAAQ AFS

=
[} 1o

O fFHol A% Real-time PCR W3} 2o A 2e AF5%E A #3 who] s 7ty
o] gtom HEF3 WHow AQeEE7] A= CEN (Comite Europeen de Normalisation)
o] QAF& wholof g}
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MI_
A, A7 E

nl = FDAY USDA ¥ il

7ttt Health Canada:= H©H7]
, AR 71 Y] AFES AFSt A

I e (1Y 2.1).

TC-5MAC

O ZHA 7iE

@) o] 16]- 7]E 7hare Neogen, M = %xﬂﬂ
22), &&3te A 7IHolv 71E= AOAC

24} AAH o2 4

2.2 "= FDA/USDA -selA #H

Rainbow® Agar
0157

JEEEIEE Oﬂfm

Z_]—o] il

R&EFR £ cali QIST-HT

2 2.1 USDAYJA 0157:H79] A&9] Al2E]= IZo}’HRainbow agar)
S fEiAE B

T AFES AxSH]
Validationste] &2 #

Agsiapo] §
4 GRS FERE AFES
Gamon A A4l dd.
9 VPR AUE HALE B3 olFolAm Qo (E
5 B 437180 g 4% =
Zapge A,

4 WAt R dut At el HdEs A8 AHEsks PCR
Target Product Method Company
Escherichia coli GENE-TRAK Probe Neogen
BAX PCR® Qualicon
E. coli O157:H7
Probelia PCR BioControl
¢ PCR, Polymerase Chain Reaction
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A2d sH7IeT

1.

O

@)

@)

O & A7tA] B. cereusytol =3+ =

T

whade) s A A

el A A7 wAeE AFE A o 1185w
o7 AA AT o 03%AEE A
2 1% 31079 fo=2 FAFHAEY o= 20008 = v GNPY 0.28%, 2002 % A
ol Ake] 1.16%0°l &l 3 (Park, 2001).

AA S vEeA = e, Aus 5o Ao Fe] HE AETA A AEE PR
IAEF I mAET] A0l Jetd L (A2007-16%, 2007. 1. 29)Hel we} ol wH|7td
S22 Eo date] AT B. cereus$t Clostridium perfiingens7tel #HEILEZ
Zk7t AEolM 10° CFU/g® 10* CFU/golst® &= elof gtk A7 &S A5
o

T et A A FEel o9 E Ll EA N =TS A

B. o =
daz Bause glon A

o] % ZAE AAdA |
cereustr©] ¢F 07734 log CFU/gA = 29500 d+= Aoz By S (Park 5).

SeUel A BT 4o w34 Bdoz A9 /MS ol g3 45 AAF A5
Ako]l k3] g Folw LR AFHitols AEstdE AldE Rausa ow, dixAl
Z19e2= 1997d e (F)av=2] 3%, Easy 24E Plus, Easy 24NE 52 22 w4
5 A 71EE Ao, 2000 3€el dHE (F)FAnto]leHe AELEd HE
H AR EE M B AFS A6t dS(2d 22)
Pathogen Target gene
Campiobacter jeiuni probe
E. coli O15THT stxd, sl
Staplylococcus mureus femd
Bacillus ceveus beeT
Vibria parahaemolviicus fax R
Lﬂ!ﬂ'éﬂ FH'G‘F.'D-C;I.TGEEHEJ IﬂP‘
Yersinia enterocolitica 165N A
Sﬂl!IJJw."JQ‘.IIIIﬂ Spp. oA
Vibrio cholelae alpha-toxin
, Fibrio vulnificus hemohzin
II'I = Closwidium perfringens alpha-toxin
Shigella spp. vird

a9 22 v A2 v &3 thokst HAA A AE8 PCR 71EY o (A vlo] o =)

=
1o
re
-4
oft
o
[o
>,
=l
f
fE.
=
e
S
os}
8
a
c
w
to
o2
k1
BN
>,

= =
oF SAH, B w5 AAd 54 AR 23 % A E2Ho] stFolA i, T E
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=2 A B. cereus ¥ TAHoIY HEVI W B3 Ay
£y =

=
L.

2l = A9 AFsY &2 2008
A4 B. cereus 28 E real time PCRZ 243 AFZA 37} 20089 17 B
TEY %A(cereulide)A B. cereus 8E AFH #HAEFsle] T+E Z4& A4 B

A
38 #9 BRRRA e AwE ARF 4759,

A <l o

9}]\0

cereus

A, PCR= °] &% TESA

4
N
it

AR AE FAA Ao R FEEA A B, cereus =
getetA EAsy] ety wiEel H2444 S oer B cereusw T AAbshs
cereulide TESAE sperm assay L+ cell culture H o2 AASHAY cereulide®t 33t
A Gzt Aol mf$- FAFSE valinomycing ¥ E 2 2 HPLC-MSE o] &3k 4 gi4]
Wro]l AREE I QLo ofF] IuyldA = FEY SATAS AF oldd Wy s gHY

AR A= B. cereusol 9|8 2F&5o] A HAE 54 FEY S5xdso] 108 o ¥

o] Hiwil e, AoliEstr 423 g fFAsE f-2luetel A= B. cereusel €& A%

Zo] fRE MHAIY 42 HuEI 9ow FTEY Zid i BRuE A dREsk A

olm = olo tigk AF7F W9 AFe AoE AlsE.

odAarle] Bfetal e AANE 54 A4 B. cereustt s YO R sto] FEY HA4A

A FAARZ PCRS 3 A3, Ay AAy 52484 #FES FEY AAE Z2a e
gl om o] w5 Y 5i

= Ruk
57} TFEY =249 cereulideE A= AS sHalst
o]

N
Ehling-Schulz 5(2006)% ©]¢} fFAFs A& HisA

k1

w2k, B. cereus?] #eElv AAE T 542¥S Bt HAEShy] BHue A Sa
TEY 5425 A HET F A= ul
Ed 54 A4 B. cereust S F

Baa A% QG AES S B FLFT F9T A0 ARE.

QI

>
=2
%)
o)
=
)
o)
S,
=]
(tje}
ol
ol
k=l
oft o
o
ol
ol
rlr
re
-
N
N
>,
|
lo,
.
2
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2. 94 A%

=N
lo
Y
e

O 2|2 PCRE o8¢ ¥/d tidwd] dawiol AFaaldl] Aoz SA=AS(® 2.3)

B 2.3 AZZA &A= VT toxin 2% method

A=k WrlAEE —3 ) = o - o) |
) CTG GAT TTA ATG TCG CAT AGT G
5
Tl | R AGA ACG CCC ACT GAG ATC ATC 150bp
vrz | ATC CTA TTC CCG GGA GIT TAC G
" WR) GOG TAT CGT ATA CAC AGG AGG S54bp

3. H9A dgwe) AEF BEEF AAE ¥

o X
(1

o,

hdts WSS vegd
3).

1
oiN

= Al HAE R Alojshy] $13 PCR 71E7F 7B s AL S5

ot o
DN

O Statens Serum Institut (SSD9] HMYA tF+ AE Kitel DEC PCR kitE glufa oA A
2bE] = PCR kitd. d7]3edA W4 o1 = AME Folu 5% WU dHAT S
EAECE A 9|3 459 WAA A wre #1538 4= 9lal, T3k Internal Positive control &
16s rENAZ Target genel & AF&3lal Q2. o] 16s rRNAY Shigella sppe] 16s rRNA<}

99% FAMI S AYEE Kite] 5ol tha o).,

O "ol Q1o AlofA] A4S} = AccuPower@ ETEC PCR Kite= HYAd & 54 H=
E3l¥l PCR kitd. £3] 7}59 29 9 3 Ao Ead HY9A A HAE: AFgE
A I 544 HUA EH%]—ﬂ-EL% HES Jorvr 545 XA e o

HEd dgde dEekA ek
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@) Dupont A9l BAX system E. coli O157:H7 kit= US DA &<l A
PCR kitdd. A&3& Al E. coli O157T:H7 AZo] 7153 ZAAES AUyt 1 99 HUA o

Fis AEeA Bae age A,

O oA A% FA PAY T A% 7=t WA AR Be WEY G 04 2]
ge Aude AUn glei, FEAoR: 5% YA AT FAY AEe] oldths w
el 92,

O webd AAE AFVAES AU WYY ETE A% 712 o] Pad
«

(T
1 lm Imlr(muv

Bléames Eoll0157:H7

BAX system E. coli O157:H7

DEC PCR kit AccuPower® ETEC PCR Kit
(Statens Serum Institut) (Bioneer) (DU PONT)
a9 23 A T2 34U d3AT A kite] 4
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H3g diE+-d e X 2u

A1A8 B. cereus TE-AAE FAHE multiplex conventional
PCR 71 &9

<R 9>

o HIMEIA MYRA0AM FEH Y MHAAHE =LA QFXE, non-ribosomal peptide
synthetase (NRPS/CER primers), cereulide (ces), haemolysin BL (hb/DCA), enterotoxin
FM (entFM), non-haemolytic entrotoxin (nheABC), Z cytotoxin K (cytkl& =x {2
o= 3h= A1 Zato|H MEZ JHeshE 3.1).

e X1 =2}0|H M EZQ| multiplex PCR =HE E[&3lgl [95°C 10min, (94°C 1min, 54°C
Imin, 72°C 1min) x 35 cycles, 72°C 5min] (& 3.3)

* M1 z=zfo|H MESQ TIZE 8 EO0|=E§ & A HA
# M#ZS0M PCR Zuts 5822 L8z 0|5 =20/
Aoz ZTHE. grofl2 RE HHAEA MR

LtO

T = o
SOMT FH22 LEICO L, dA/Es4d REAES2 A B FEY ¢

0%

kel

HA

El

=k

dm
o =2
X

oY

o[

o

=

S LNETI: )
mn 4 rjo Jfo

A2 2XStAS.

o SN 22|38t OMAEATEM LEH B cereus 7132t BAH B cereus 4254
< 496 =0 Cigt PCR A=Al Z1f, B. cereus group OtHQl grofl2 RE dF
S0M FHO[RA2MH(100%). +EH =4 #EH FTXHNRPSICER) A ces)= FEH o
FESOME AR SAIY HEL RTUXES hbID, nheA, entfFM Sl cyike| 4
EE2 42 594%, 923%, 772% Sl 475%=2ZMN O CtYst SMA =20t S LE}
HE.

o HRMEA NERA A4HYY Y ARSI AZ AZOAH multiplex PCR| HE3
AE FEg =YW A= genomic DNAOG| C{st PCR HETHA = 2 pg/reaction
tube 0|2, QIHBst A|ROME O 10° cfu/g AR O|AS.

o
o SHEEI A4 U SF(ELDH 258) ARS(H 3671 T 14470)0f st PCR 7| €
o HiEZ A Milfs 2E8: A=82 SN LEHQ HiX[HL A Bl 05t06] FALSH
AL B0 map ot 2 A= LIEHE. HHeeA N2e2e 2 s 2 4

g2 EY Ol BEHOA 22 63.8%, 38.9%, 84.6% Sl 69.2% %=

« Z2XMo=z X1 Z2to|H MES ZA|AZE multiplex PCRE MEXN HiX|HjYHECH O
L2 HEEE2 EHO|X|&= LUSLE PCR 7|82 MEM, XY, 284 & H2 AHE
A 2 MTZE0| CHet Bl E 3 E0|= SO0|AM ECt 3t primer

o 0

Z(M2E2l M2 8 M3 Z2to|H ME THE).
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1. B. cereus TE-AAY &A1 E multiplex PCR 7|9 &3 3}

7}. multiplex PCR primer T]A}Ql

O Primer ] 22l & NCBI(National Center  for  Biotechnology  Information
/www.nchi.nlm.nih.gov)ell Zt =2 F42AE A8t NCBIY SAE dA714dE 22
txplstRom gHE H4 FAzA Gl o ddol A oF 20 bp 9o A7IAEl tiE

3l oligonucleotideE 34 315 2.

O Primer YAl Z 213 Genefisher 2 web-based program (http://bibiserv.techfak.
uni-bielefeld.de/genefisher2/) & o83t L, A FA HAQ1E multiplex PCRE 1st primer
set= o 3ol YERA(E 3.1).

O 7E % AAY S4aFdAeE & AFAdA BfAg 7l+=S bie o2 HPLC-MS analysis,
Hep-2 cell culture vacuolation assay, PCR % B. cereus enterotoxin detection kits = A}
&3to] B. cereus SollA A5k 5.

F31 8 AN AR AAE Zeolol (A1 M)A 1 BE FA4 2 Zepolr A,
PCR At&9] @i7] 9 FxA HE
(Multiplex PCR newly designed primers and their design source)

Target gene sequence Product length Design source"
AGCTATGATTCGTGAAGGT
groEl 236 ABO077143
AAGTAATAACGCCGTCGT
AGGCCCAGCTACATACAACG
entFm 327 AY789084
CCACTGCAGTCAAAACCAGC
CGCAACGACAAATCAATGAA
hblC 421 AY786407
ATTGCTTCACGAGCTGCTTT
GCGTACCAAATCACCCGTTC
CER 546 AY576054
TGCAGGTGGCACACTTGTTA
GGAGGGGCAAACAGAAGTGAA
nheA 750 DQ019312
CGAAGAGCTGCTTCTCTCGT
TGCTAGTAGTGCTGTAACTC
cytk 881 DQO019311
CGTTGTTTCCAACCCAGT

V-5 2123 (genebank) ol A o] A A} ofolt])
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1. multiplex PCR 74 A F 3} £ AH4A

O TEEZAE B cereus FAR10/723} A Y5428 B cereus ATCC 12480 EFwFo) A singleplex PCR

[e]
71HMS o] &3te] ZHzbe] HA PCR %43 st primer setsS AZ3819S

O #4 PCR €& 24< 4487 9] te ®e 20| thermal cycle®] A2 AFeAL, 1
< No. 8 [95°C 10+, (94°C 1+, 54°C 1+ 72°C 1+) x 33| ¥HE 72°C 58]5 PCRe HA 2%
Aoz ANYS(E 32,

BN

i 3.2 Different thermal cycles investigated to find best PCR condition

No. Pre-denaturation Thermal cycles Final extension

(94°C 40sec, 52°C 40sec, 72°C 5min

1 94°C 2min 72°C 1min) x 35

(94°C 40sec, 52°C 1min, Z90¢

2 94°C 2min 72°C 1min) x 35 5min
3 94°C 2min O e iy . 5o5ec 72°C Smin
4 94°C 2min e ¥ < amin 72°C 5min
5 95°C 5min O e einD o 3amn 72°C 5min
6 95°C 10min o im o g 72°C Smin
7 95°C 10min et i o aami 72°C 5min
8 95°C 10min O g Janin 72°C Smin
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O

d

£ PCR #2412 10-15 ng of DNA templateE A}-&-3}%] Mygenie32 Thermal Block thermal cycler
717194 et o, HAosd HF HAZAANA 15 20, 25, 30, 35 pMe] primere} 1, 1.5, 2 U9
Tap polymerase®] g ZHsto] 4 PCR £41& AAA 5.

O RE A gl AHx7

h 1=

tlo

o

=5

oF 22 2o AAsE(E 33).

!

E 33 0%E H49 PCR g% 2 Alxelolr] AEY % 9 33

(Optimum PCR conditions and concentrations of 1st set of primer developed)

Component Volume
Tris-HCI 10 mM
MgCl, 1.5 mM
KCl 40 mM
dNTP mixture 250 uyM
Taq polymerase (Takara Tag™, Otsu, Japan) 1U
cytK primers (forward/reverse) 30 pM each
nheA primers (forward/reverse) 30 pM each
CER primers (forward/reverse) 20 pM each
hbIC primers (forward/reverse) 20 pM each
entFM primers (forward/reverse) 15 pM each
groEL primers (forward/reverse) 20 pM each
DNA template 10-15 ng

Total volume 25 pL
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. 34 multiplex PCR 273 AEA S A3 A&d #FS

A% multiplex PCR 7|9 A3 <+ AM&E Alde AAE 745
), TEY NNdT(ZTdT 1 2 ofdd &8+ 1077), B. cereus group 5

, Bl E-3% Al (non-target bacteria) 12+ & % 3475 A&t o o5 ®ol 94
)

O 7l¥ multiplex PCR 7S H53t7] fl8 A€ wild type B. cereusi= % 496¢T5 A&
o Mz g 7 Y(feces, vomit, doenjang, vegetables, rice, green tea, kimbab, soil, rice cake,

food 1 9] unknown source)oll A &3S

¥ 34 2 Aol AR whdE A AlES S Beds 551

(The list of Reference Bacterial strains used in the study)

Emetic reference
strains

Enterotoxic reference

strains

B. cereus group
members

Non-target bacteria

cereus F4810/72

B. cereus ATCC13061

B. thuringiensis

Escherichia coli

KCTC1508 KCCM32396
B. cereus JNHE36 cereus ATCC12480  B. thuringiensis 824~ Escherichia col
: : : g O157:H7 ATCC 43895
: Salmonella
B. cereus JNHE78 . cereus KCTC1013 3')945'?/ coides KCTC typhimurium
ATCC14028
. - Listeria
B. cereus KUGH164 . cereus KCTC1014 gAg/gig%%sfep hanensis monocytogenes
ATCC19119
. Listeria
B. cereus KNIHulsl . cereus KCTC1092 gAgéél’Légg’gny coides monocytogenes
ATCC19115
Staphylococcus aureus
B. cereus KNIHuls3 . cereus KCTC1094 ATCC12500
Staphylococcus aureus
B. cereus KNIHuls4 . cereus KCTC1526 ATCC27729
Clustridium
B. cereus KNIHuls5 perfringens KCTC5101
B. cereus KNIHuls7 B. subtilis KCCM11316
B. cereus KNIHuls8 B. subtilis KCTC3135
B cereus KFDA250 Pseudomonas putida

KCCM35479

Escherichia colf
ATCC3565
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2}. Multiplex PCR primer? Eo|x¢ AT E4

O 1st primer set-using Multiplex PCRH .2 FE % AAZEA F12F 7159 Eolwet AILE &£

T A w4 < F BT A= v #9F Ze(E 35).

O B. cereus group FAXC groELS +E % AAYE B, cereus w3 A#Aglo] EE B cereus 1O

A A=

O TE F442 cere +EE B cereusol AW &5 %2

O OFE9 HAEA FHAAEL ALY B cereusol X AEHEE A ZE YAIE primers?] Eo] =9}
A7t gt Zoz Ao,

O E 3514 whAEls AdSs AASAY 3 FEG FESLY | w6 O FE L A
AL #E FAAE dig PCR ¥, 2% geldl Al dA7]9s s A+ 19 313 25

O B. thuringiensis KCTC 1508, B. thuringiensis 824, B. mycoides KCTC 3453, B.
weihenstephanensis KACC 12001, B. pseudomycoides KACC 12098+ B. cereus group2.
2 groEL primerel] o] AEFHAS(1H 3.2).

O o] A¥+= A Z YR H groEL primers B. cereus group® < el & 4 Q= gy}

. R i
Al primerdS Y5%.

O B. cereus ©]9] 9] non-target Ali 6 5 AFE3}9] Ist set of primerse] So|%=9} A&
S5 Hrisk Ay a9 3339 2

O Ao AE3H non-Bacillus cereus 5 =574 PCR WE=Eo°] YE}R] oS

o,
oo
rob
)—U
@)
=
rlo
@
(@)
D
=
D
o
w
S
v}

O AAE4AE B. cereuso A multiplex PCRE 1st set of primers®] Eo|x=9} A= H7t
37 Yste] 61T AAEAF B. cereusE AME3 Aye 19 349 7L

O o] A= BE AASAE B. cereusdll A FZ2H AAISAE F4d Ao tidk PCR band9l
HAS HolZozH tiztelH 1st set of primers’t 3202 HAM=A3 B. cereusit T
E v F Ude AS U5E
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X 35 TE % AAE

enterotoxic reference strains of B. cereus using Multiplex PCR assay)

¥+ T59 F42 Z23<Y(Gene profiles of emetic and

Multiplex PCR assay

Strain Type
CER grofl Cyt K entFM  hbIC  nheA
B. cereus ATCC13061  Enterotoxic - + - + - +
B. cereus ATCC12480  Enterotoxic - + + + + +
B. cereus KCTC1013 Enterotoxic - + + + + +
B. cereus KCTC1014 Enterotoxic - + - + - +
B. cereus KCTC1092 Enterotoxic - + + + + +
B. cereus KCTC1094 Enterotoxic - + + + + +
B. cereus KCTC1526 Enterotoxic - + + + + +
B. cereus FA4810/72 Emetic + + - + - +
B. cereus JNHE36 Emetic + + + + + +
B. cereus JNHE78 Emetic + + - - - +
B. cereus KUGH164 Emetic + + - - - +
B. cereus KNIHuls1 Emetic + + - + - +
B. cereus KNIHuls3 Emetic + + - + - +
B. cereus KNIHuls4 Emetic + + - + - +
B. cereus KNIHuls5 Emetic + + - + - +
B. cereus KNIH7uls7 Emetic + + - + - +
B. cereus KNIHuls8 Emetic + + - + - +
B. cereus KFDA250 Emetic + + - + - +
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cytK (881 bp)
nheA (750 bp) é

«€— CER (546 bp)
hbIC (546 bp) ==

groEL (236 bp) —)

18 31 HRA HEA EERFOIM PE U HA BE SERS| O3t PCRO| X7
ds Z1 (Gel electrophoresis results of 4 B. cereus reference strains detection by
multiplex PCR approach in artificially inoculated food (kimbab). M, 100-bp DNA size

marker; Lanel, B cereus ATCC 13061; Lane 2, B cereus KCTC 1014; Lane 3, B cereus ATCC
12480; Lane 4, B. cereus F4810/72.

2 3.2 Gel electrophoresis of multiplex PCR assay products for two B. cereus group
members). Lane 1, B. weinhenstephanensis KACC 12001; Lane 2, B pseudomycoides
KACC 12098; Lane 3, 100-bp ladder.
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2 3.3 Gel electrophoresis of multiplex PCR assay products for non-target strains.
Lane 1, £ coli O157:H7 ATCC 43895, Lane 2, B subtilis KCCM 11316; Lane 3,
L. monocytogenes ATCC 19119; Lane 4, S. typhimurium ATCC 14028; Lane 5, S. aureus
ATC C27729; Lane 6, £ coli KCCM 32396; Lane 7, 100 bp ladder. (Non-target M|m= 0| A
= PCRO| =&E|X| poB 2 primerse| E0|E7t 485 LELH)

cytK (881 bp)
nheA (750 bp)
hbIC (546 bp)
entFM (327 bp)
groEL (236 bp)

2 34 Gel electrophoresis of 6 enterotoxic reference strains and 1 non-target strain.
M, 100-bp ladder; Lane 1, B. cereus KCTC 1013; Lane 2, B cereus KCTC 1014; Lane 3,
B cereus KCTC 1092; Lane 4, B cereus ATCC 12480; Lane 5, B cereus KCTC 1526; Lane
6, B. cereus KCTC 1508; Lane 7, Pseudomonas putida KCCM 35479; Lane 8, no template
control (NTC). (BE MT=Q =4 MH ZdF=(lane #1~#6)0| A PCR BHET} LIEILIE 2
primers@| E0|=7} 2485 2O F)
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2. B. cereus wild type strains©|A] multiplex PCR primerd] Eo°|%=%} A
S 24

O A&, 374 9 A4 AS25EH 28 oy vy s Ad 2 #FoA FESA 2 A
AVAE 2 fAaxe] B3 9 ¥ multiplex PCR 1st set of primers®] 232 #A439S(
2 35 3% 36 7 39).
O TE3 B. cereus 7115 AAME B. cereus 425 S % 496 #TE AES Y
O vpd el M2 ok 496 w55 AFA groEL f+7d=e] digt PCR F3%o] &1l
A

O whd# s Al

> o]:/\g?ﬂ 496 T
Ase BEE

So A nheA, entFM, nhiC,

9 cytK enterotoxin +7
2 747y 92.3%, 77.2%, 59.4% % 47.6% A (3% 3.8).
O &4 F4A 223+ (enterotoxigenic profile)e TES w54 87H4 Y (1w), &
B A AFEAdA 1270 dEes UEgS(E 36 % & 37).
O o] Aite tYd ARZFE Faish spadg s M2 ofdy dFselA 54 2 54
A fFAREe] Z2utde] tist F83 AHE AF3
O o]} o] FHSsta st 4 FHAAEY AF HHS vy s g2t w4 F
2 1A Fopll A FaF e AsE s of g, v YA~ A~ aFdd ek A
Egorom dy o]&y = vl AR AA 2 HPod% oy F5h FHARE] oY
gt s o2 EAjstnz AFE b 2 B Qe ivt A JhsAdol due AE g
O o= v MES2 aFdAle FE 2 AA/FEA FARES] A ] w S
T8 AYS AALEE
O ol Ay AR = =L o=2% WA

_4"_
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entFM, CER,

nhed, cytk entFM, hbiC,
695 CER, nhea,
b thEJ%CER cytk hbiC, CER, nhea,

r:lt::: cytK

r 7%
cytk

3% CER, nheA, cytK
A%

hblC, CER, nhed,
4%

A: toxin gene patterns in emetic strains

hblC entFM

hbIC, nhes
a3 hblC, nhes, cytk
3%
hblC, cytk entFm, nhed, cytk
2% nhed, cytk 3%

. . . 9%
B: toxin gene patterns in enterotoxic strains

& 3.5 Toxic gene patterns and their prevalence among 496 wild B. cereus strains.
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3t 3.6 different toxigenic gene profiles of 71 emetic toxin—producing B. cereus strains,

isolated from different food, clinical, and environmental sources.

Pattern c¢ytK nheA CER hblC entFM Nr (%) of B. cereus isolates

I — -+ + - + 47 (66.20)

II + + T T 5 6 (8.45)

111 + + + o+ - 5 (7.04)

IV + + T - . i 4 (5.63)

Vv S + s 5 = = 3 (4.23)

VI = + + =+ = 3(4.23)

VII + — + + + 2 (2.82)

VIII — — + = o 1 (1.41)

+, PCR product of the expected size was observed; —, no PCR product was observed;

Nr, number of strains.

3 3.7 Different toxigenic gene profiles of 425 enterotoxin-producing B. cereus strains,

1solated from different food, clinical, and environmental sources.

Pattern cytK nheA  hblC  entFM  Nr (%) of B. cereus isolates

I * + + + 141 (33.17)
II — + - + 81 (19.05)
11 — + + + 68 (16.00)
IV i + = = 37(8.70)
\Y - + + - 32 (7.52)
VI = + = — 23 (5.41)
VII -} + + — 14 (3.29)
VIII + + - + 13 (3.05)
IX + - + — 8 (1.88)
X - = e — 4 (0.94)
XI e = — = 2 (0.47)
XII — = = - 2 (0.47)
+, PCR product of the expected size was observed; —, no PCR product was observed;

Nr, number of strains.
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3 3.8 Distribution of enterotoxin genes in all B. cereus isolates, emetic toxin— and

enterotoxin—producing strains, B. thuringiensis, and non-B. thuringiensis members of B.

cereus (B. cereus group members except B. thuringiensis).

Nr (%) of all Nr (%) of Nt (%) of Nt (%) of Nr (%) of

B. cerens strains emetic strains enterofoxic strains B. thuringiensis non-B. thuringiensis
Toxin gene (n = 496) (n="T1) (n = 425) (n=1221) (n=204)
ik 236 (47.58) 20 (28.16) 216 (50.82) 138 (62.44) 78 (38.23)
nheA 458 (92.33) 66 (92.33) 392 (92.23) 204 (92.30) 188 (92.15)
hbiC 295 (39.47) 17 (23.94) 278 (65.41) 178 (80.54) 100 (49.01)
entFM 383 (77.21) 04 (90.14) 320 (75.29) 184 (83.25) 136 (66.66)

Nr. number of strains.

3 3.9 Distribution of enterotoxin genes in B. cereus isolated from different sources.

Nr (%) of B, cerens isolated from:

Doenjang  Feces Food Green tea Kimbab Rice  Rice cake  Soil ~ Unknown Vegetables  Vomit
Toxin gene (n=144) (=067) (n=9) (=35 (@=10) =103 @w=9) (=38 @w=4) @=20) (1=12)
gtk 58 (40.27°) 30 (44.77%) 2 (50.82) 23 (65.71%) 2 (20.00%) 52 (50.48%) 4 (44.44D) 25 (65.78%) 28 (65.115 11 (42.30%) 2 (16.66%)
nheA 2( 06%) 62 (92.53%) 7(92.23%) 31 (88.57%) 10 (100.00%) 95 (92.23%) 9 (100.00%) 37 (97.36") 40 (93. H") 25 (96.15%) 12 (100.00%)
hblC 70 (48.61%) 17 (25.37%) 6 (65.41%) 25 (71. 42‘) 4 (40.00%) 71 (68.93¢ ) 9.(100.00% 34 (89.47%) 32 (74.41) 15 (57.69%) 2 (16.66%)
entFM 90 (62.50%) 36 (33.73%) 5 (75.05%) 27 (77.14Y) 6 (60.00%) 82 (79.61%) 9 (100.00°) 36 (94.73°) 35 (81.39%) 19 (73.07%) 12 (100.00°)

Percentages labeled with different letters in the same row indicate a significant difference (P < 0.05).

Nr, number of strains.
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3. 1st set of primers—using Multiplex PCRY 4 AZ3 A £4
b apAd A AESs M Edel ol multiplex PCRE A& 3HA
7]
s H] Eﬂ 2 RovT oA (pure culture)ol A PCR«] HAaA HEIAE A %(E
3.10).

O HpAe 2~ M2 FFwT =T ildAo] multiplex PCRS] 4 DNA AE3%HA v+

20 pg/reaction tube® & }E}L

¥ 310 vpA g A A2 FEATY =5 3 multiplex PCRe A &34 (Limit

of detection in pure culture for five B. cereus reference strains)

Concentration of DNA
in PCR reaction tube

Strain Type
2 200 20 2 200
ng Pg Pg Pg fg
B. cereus ATCC13061 Enterotoxic + + + - -
B. cereus ATCC12480 Enterotoxic + + + + -
B. cereus KCTC1013 Enterotoxic + + + - -
B. cereus KCTC1094 Enterotoxic + + + - -
B. cereus FA4810/72 Emetic + + + + -

+: presence of amplified product/ -: absence of amplified product.
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U, A9 HE3 A EF A multiplex PCRY AZ3HA

O o8 A&F(fFolg A2l (baby cereal), 7% (kimbab), A4 - (pasteurized milk), 3}
¥} (pasta), W& (rice), avtet7] A (sunflower oil) 2 @ (tteok)oll B. cereus TFE <19

QL AAZ ¥ multiplex PCRY] #HA& AE=SAIE SHHE 3.11).

O MYP Aeguj=le] 3 it} 01 ml @ 1 ml& ZF 2Fo] 2735t AAHETSd $ 37C
A TAZF WFHRAE S AZ A EE multiplex PCR 7] 2.

O & AFAdA B. cereus F4810/729} B. cereus ATCC 124802] multiplex PCR 7] 9]
2 AEIAE 47 18 x 10° cfu/g® 2.1 x 10° cfu/ge 2 Yebd

O multiplex PCR 7I¥H¢] UAEE 1 mlE BT39S W 25 A 59X B. cereus F4810/72
9} B. cereus ATCC 124808 7tz 1.8 x 10' cfu/g, 2.1 x 10! cfu/go 2 HA AZE3HA 9

Gzl A5H9 e

il
2
off
X
wn
(o]
=
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Q
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=
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% 311 99 ATz LA AFEAA HAEAQA aXMYP) W] ogk npide
Ad 29 AE3A (Limit of detection by conventional culture method on mannitol-egg

yolk-polymixin agar (MYP) in artificially inoculated foods.)

Inoculated bacterial strain

Food FA810/72 ATCC12480

0.1 ml inoculum 1 ml inoculum 0.1 ml inoculum 1 ml inoculum

Kimbab 1.8 x 10* 1.8 x 10° 21 x 10° 21 x 10°
Milk 1.8 x 10° 1.8 x 10° 2.1 x 10* 2.1 x 10°
Rice 18 x 10° 1.8 x 10° 2.1 x 10 2.1 x 10°
Baby, 18 x 10° 18 x 10° 21 x 10° 21 x 10°
Sunflower 18 x 10° 18 x 10° 21 x 10° 21 x 10°
Tteok 1.8 x 10 1.8 x 103 2.1 x 10 21 x 10°
Pasta 1.8 x 10 1.8 x 10° 21 x 10 21 x 10°
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o AEY B¢ 9 BWHAN B cereus AEL Y3 PCR &4
(1) 23 79 A ZANA B. cereus SA2GA A t 3§ multiplex PCRY AES&/A7E &4

O 7l¥E multiplex PCR 7|HS Abg3sle] 36709 rice A& F B. cereus®| 9%
23(63.88%) 711 2] A E5E A=A S(E 3. 12).

H

O 1 F 209 A BoA CER primero] Avr3S W 2(869%).

o & @A}F—Ti FAAE 42 entFFM 69.56%, hbIC 82.6%, nheA 86.95%, cytK 43.47%2)

O 36719 #HAyF A2 A 12(33.33%)2] A&7} B. cereusel L AEH A oM rice Al FZo e} 2
o] nheA (100%) FAA}e] HEEo] 7 =& Aoz el

o o

il

AANS A FHR = entFM 66.66%, hbIC 50%, cytK 58.33% %] A&&S YE.

O rice Al &9 th3dle] multiplex PCR Z 3¢} MYP AElnjx]e] A7l 5L3A YHEIH S, =
22 AgdA YA Ee 544 27 5L dHo =z YEE

’

O MYP ®WjAE Alg3sle] 34 5= &3 23 multiplex PCR 23 Xt} 57 %L rice
Al 8o A FANFS-S YEFWS(28/36: 80.55%). ©] A= multiplex PCR HA #HE3 A7}
e o] o 7]eld Ao g Ik,

O CER w37 AE&2 ¢

il

54 FAAE AEE/AEE By WA YEsE

E 312 AF 9 3 ARoA v M2 54K FAAES] X, (Summary
of toxin genes distribution in positive samples of naturally contaminated rice, kimbab,
soil and feces.)

. Kimbab Rice soil Feces
Toxin genes

n = 12) ( = 23) (n = 11) (n =9
itk 4 (33.3%) 2 (52.2%) 6 (54.5%) 6 (66.7%)
nheA 11 (91.7%) 0 (86.9%) 11 (100%) 8 (88.9%)
hblC 7 (58.3%) 16 (69.6%) 7 (63.6%) 5 (55.6%)
entFmM 9 (75.0%) 18 (78.3%) 7 (63.6%) 5 (55.6%)
CER ND 2 ( 87%) ND ND

ND: not detected.
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(2) ES3 B ABNA B. cereus FaHAA| 3 multiplex PCRY HAE& =A

O 7N&¥ multiplex PCR 71 & AF&38te] 438 A3 13719 soli AE 5 1171(84.6% )l A
P AE TP S(F 3.12). o] A= MYP Agujxye] Aytel A2

sto] A3k Ayl 139 cow feces AMZ T 971(69.2%)
A3 o]

=) = 1S, e B th3l direct spread plating 71W <
A% A3} 771(53.84%)9] AZoNA GG AIE QIS S, WA MEujR|E AL&
st A& AE A= 1071(76.92%)2] AZAA FAdurs AIE A3 5.

O ©] Aol NEE multiplex PCRY AE @A Adid ez vy ffEd & A+

O uwheba], B AFo A A¢E multiplex PCR 7] & A elu) =] Ao Al direct plating method
Ho} AE&557F W23 SolmolA 5445 <l sdAwt, 2 A9+ UgErt "o
A S5 =

O 3+H, Aeujx| S o] &3+ conventional plating 71H-& AH}E 2187 71#] Hojx 484 7F
o] el ddE A A&

O ZAaHoz 90% ol de Ag=s 7HA 3 AIZE el 3

S AMESlY] SARAAE AEsteE Aol B avdd A
O multiplex?] %

o =
= =2
Ago] g mok e JHE, URE

13
.
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A28 B cereus TE/AEAE TA17ZE multiplex real—time PCR kit
7

<09k

o HIAIZA MBR2A FE U A E4 QX SA|HEE multiplex conventional PCR
kit 8! multiplex real-time PCR kitE Jj&3sl7| |35l LE EA& SEXHces) X HAE
/=4 FHXENb, nhe entFM, c/tK)E EFZISE St A2 A K3 Z2i0[H ME

=2 M=Z C[Xielsta,

P Z2l0|H MEE AFE3I= multiplex PCR 81 multiplex real-time PCRO| Htg Z=

2ol sk &2 ZdEC=E %Xz} oiRien, 487 B#FE #F, /TS E AE

A =8 A= S0l PCR kite| TIZE, 50|z 8 HETHAE SHOIRUS.

N

IT

1T
it
=

1z %0

* multiplex PCRQ| premixt= AccuPower™ Multiplex PCR PreMix (SYBR Green), multiplex
real-time PCR2| premix= MeltDoctor™ HRM Master Mix (SYTO 9)& F=Z ARSI S.

N2 Z2lo|H MEZS| HY7|ME2 & 3.140( LIESIAS.

- entFM, nheA, hblD, cytk 9l ces TEO|HO| CHIH PCR AME A7|= 2t2t 488, 376,
163, 106, ¥ 70 bp O|H, 7, 4t Z+2k 72.6, 755, 76.2, 77.9, 8l 81.1°C 0|11, =z}0|
H ™ sX&= 2+2H 200, 200, 100, 200 & 100 nM¢l.

- multiplex PCRO| XX HIE ZTZHE2 [95 °C 108, (95°C 15, 56°C 30%, 72°C 30=x) x
353 Ht=, 72°C 3&]¢.

- PCR A=E3H = &=HI{YUO| DNA A|Z0|A 2F 2 pg/reaction tubeO|F O, Q2™
= A|ZO|A 2F 10° cfu/gA|E O|RS.

- M2 =2to|H MEOo| CHSH multiplex PCRS| DNA HHE Sl singleplex real-time PCR2Q|
£33t melting peak Z1te} E2|, multiplex real-time PCR2| melting peak Z1t= A
2 FSHH FEHEX] RUAS.

* X3 =2jo|H MEZS| H7|ME2 & 3.220] LIRS,

- entFM, nheA, hblD, cytk 3 ces ZE}O|HO| CH$t PCR AHEO| A7|= ZtZh 255, 163,
127, 97 % 81 bpO|H, Tm {2 22zt 784, 76.6, 81.9, 743 Bl 722°CO|11, =Z=2}0|{
XN =& = 2t2F 50, 100, 100, 150 ! 50 nM¢Ql.

- PCRO| A=A = =HIYHO| DNA A|Z0|A 2f 200 fg/tube O|RUA2M, OIL(H
ANZOAM ST o 10% cfu/g 0|2, 7AIZt ST= 9 10" cfu/g O3

- real-time PCR XA HIE XAHE [95 °C 10&, (95°C 15%, 58°C 1&) x 353 HE]O
0§, melting curve THA|= 60°COJ|A 95°C7tX| Of=0OtCt 0.1°C & XA FIt Hr-2Ql

- N3 Z=2to| MEO| CHet multiplex PCRS| DNA HHE Sl singleplex 5! multiplex
real-time PCRQO| melting peak Zit= MZ FESIAH FHEUS

Ob

o ZAEHMOoZF, multiplex conventional PCR kito| H|Zt0|l= X2 =Zz2{0|H MEZE, multiplex
real-time PCR kitQ| H|ZH0|= X3 Z2I0|H MEE Ar2%I¥2.
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1.

A9 A5 2 U

7}. Bacterial Strains

O

O

O

i)

oA AMRE BYAd ATE dFE TEI(emetic) 17 FF, AANE /A=

2
(enterotoxic) 9 ==, B. cereus group 4 5, ¥ non-target Al 18 ¥ 5 F 48 T

= AHgekla (3R 3.13).

lOﬁ

L

AgE BE FFE 2

£

A E A

o
Lo

b A Eu B AT A 1

r
i)
2
%
oo

v e 2~ Mg -2 dFEelA A7t B e FE H Auihe 2 ATFHY oA
Ao A AFg¥ HPLC-MS analysis, Hep-2 cell culture vacuolation assay, PCR —1#] i
FE2 AA B cereus AE kit (Kim et al, [2009, 2010a, 2010b, 2011, 2012, 2013;
Guinebretiere et al., 2002; Stenfors and Granum 2001)E ©o]-&3}o] &elstd o A& A}

|9 BE #5E E 3139 298k

A, 1wt & AFEAA FEzt g AFALEE, 7 E, AN 9%, ofA, &, =
2, BESF, 9, 59 AFH)o2HE RS 49659 B. cereus kA (wild type)tTES 2 A
TolA JhEE Zepolwol HF HUEE 9 AREEHSIeH HF O NEE primers<
real-time PCRE %13 AF&-5 U+
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# 313 &

Aol AHEE Al 55 10

(The 2nd list of Bacterial strains used in the

study.)

Emetic .
Enterotoxic reference .
reference . B. cereus group Non-target strains
. strains
strains

Bacillus cereus | Bacillus cereus ATCC | Bacillus thuringiensis | Escherichia coli
F4810/72 13061 KCTC 1508 KCCM32396
Bacillus cereus | Bacillus cereus ATCC | B. mycoides Escherichia coli
JNHE 36 12480 KCTC 3453 0O157:H7 ATCC 43895
Bacillus cereus | Bacillus cereus KCTC | B. pseudomycoides | Salmonella enteritidis
JNHE 80 1013 KACC 12098 ATCC14028
Bacillus cereus | Bacillus cereus KCTC ie/hens tephanensis Listeria monocytogenes
KUGH27 1014 KACC 12001 ATCC 15313
Bacillus cereus | Bacillus cereus KCTC Listeria monocytogenes
JNHE 82 1092 ATCC19115
Bacillus cereus | Bacillus cereus KCTC Streptococcus salivarius
JNHE 88 1094 ATCC 19258
Bacillus cereus | Bacillus cereus KCTC Staphylococcus aureus
KUGH 12 1526 ATCC27729
Bacillus cereus | Bacillus cereus Enterococcus faecalis
KNIH 20 ATCC 11778 ATCC 33186
Bacillus cereus | Bacillus cereus B. subtilis
JNHE 54 ATCC 27348 KCCM3135
Bacillus cereus Escherichia coli
JNHE 13 B0499
Bacillus cereus Escherichia coli
JNHE 95 B0455
Bacillus cereus Pseudomonas putida
JNHE 23 KCCM35479
Bacillus cereus Escherichia coli
JNHE 61 ATCC3565
Bacillus cereus Micrococcus luteus
JNHE 60 KCCM11211
Bacillus cereus Streptococcus
JNHE 15 pyogenes KCCM 11819

Bacillus cereus
JNHE 7

Vibrio
parahaemolyticus ATCC
17802

Bacillus cereus
KUGH 164

Campylobacter  jejuni
ATCC 33291

Yersinia enterocolitica
ATCC 23715
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t}. DNA 5% (DNA extraction from pure culture)
O Ado) AlgH RE H#FEL HTANA 18-24A17F H<¢t tryptic soy agar (TSB)(Difco,

Detroit, MD)ol 4] ¥l &% 1 2™ single colony= LB (Luria-Bertani broth)(Difco)ell &3t
8AIZE &<t 35T ol A vl a3l .

O w4 1 mlE 4TCAA 107+ &< A= (B000 x g) dFaL DNeasy Tissue Kit (Qiagen,
VWR International AB, Sweden)& A}-&3}9] total DNAE FE3}3 =

O Total DNA+ 260 nm/280 nm9 &# %L spectrophotometer(Biophotometer, Eppendort,
Hamburg, Germany)g AF-&3te] S43te] AFEA o™ A5 DNAE HE 10 ng/ul 5%
2 A AIZl F -20 Coll ®aatlal, PCR AES 98 435S AHEstals.

t}. 2nd set of primers9 T z}<l

O ¥ d79 HFTEAL vtz A2 JE/580A4 57144 vE FdA71 A=
+ multiplex real-time PCR assayE YAQIst= AY. T FA] HESo|A] T3t probes
o] =45 AYsteE tAld real-time PCRS ai7lolar ofz Aujx oz A HFHEo <l
omg B Ao tlxdH primersd EA FHAAES ZEE = EH
o] PCR te& A2 ¥ F e & 2 W2l melting curve 48 7[¥to 2 Oz}

A= A=

E A probe/primer

O ¥ Ao A primer ©A¢1S multiplex real-time PCRoll 2]3F melting curve ¥4& 7}&
A wHE7] 9@l melting  temperatures (Tm)E 18 3te] #2302 multiplex

real-time PCR %ol 2|3} specific geneE 2l $%o] 7l53tEE 3142

O Emetic (ces) gened} enterotoxic genes (cytK, nheA, hbID, entFM) (Kim et al., 2012)<
AE37] 993 target oligonucleotide primers® Primer Express® Software (version 3.0.1,
Applied Biosystems, Foster City, CA, USA)¢} National Center for Biotechnology
Information (www.nchi.nlm.nih.gov) GenBanke 574 53X FdAF A LS AFE3Fe] Akl
stR o Hlo] @ YojAH(Bioneer Co., Daejeon, Korea)oll A A 3te] AM8-3F3 =

O 7} primerd] 93 A% WAS HARW3A717] Yall, o2 reference #F ¢ wild #FZH-E
Zy7ke] RER FAA sequencesE A#3Fe] primerE Al AF3EFSS.W  primer sequences,
product sizes®} design sources+= o}d] 3o YEFARIS(3E 3.14).

O %3k primerd] #HEF WS HU3tsl7] 93] the International Union of Pure and Applied

Chemistry (IUPAC) 7]%©| primer designol] 8] &=, o]e]dt W& AR WAA A

A= UREA Q] nucleotide basesE AF-&3te] AEH A &7 v AFEE A= (F 3.15).
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¥ 3.14 Multiplex PCRS 9a] A= t]#Feldl 2nd set of primerse] &=

(list of 2nd set of primers newly designed and design source for Multiplex PCR)

Target Product .
Sequence Design source
gene length
. , AY789084; AY897207;
entfM | | 2, SSARCICCATACCTMGE 3, 488 bp | EF453661; EF453653;
EF453659
F: 5" TGAAATTGTAAATGCTGCAG 3’ Y19005; DQO193L2;
nheA | p. 5 ATGTACTTCAACGTTTGTAACG 3¢ | 376 bp | DQ885236; DQ153261;
DQ153257
F: 5' GCATGGTCAATTGGTGGT 3 03928, AJOO7754;
poip | B 3, GGATGSTCARTTGOTECT 3 163 bp | AY820178; AY820179;
AY822582; AY822584
AJ277962; DQO19311;
F: 5' AAATGTTTAGCATTATCCGC 3 IN222929; JN222928,
YK | R 5 TTTGCCCGATATCTGTTACAAC 3¢ | 106 bp | JN222924; CPOO000L;
AJ318875; AJ318877;
AJ318876
AY691650; DQ360825;
F: 5' ATGAATCAACGATTATGCG 3' DQ345790; IN222322
ces | R 5 GTCGGATTCGATACAATTTC 3' 70 bp | AY691650; DQ238109;
DQ459072; JN112795;
IN112796

3 3.15 TUPAC nucleotide codes used in this study

IUPAC nucleotide code Base

N A denine

c Cytosine

GG Guanine

T Qox: LT} Thymine (or Uracil)
R A or G

Y Cor T

S G oxr C

AT A or T

§ o G or T

™I A or C

B CorGorT
P A or Gor T
H A cor CorT
AF A or C or G
™ anyv base

- = sap

(Underlined bases were used in primer design in this study)
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(1) 2nd set of primersE Al&3% PCRe 323 % 2¥Wx Zo|HAES 7}

O TESA A ZodT7(F4810/72)7 454 A ETTT(ATCC 12480)+= PCR =319
HAsE 918k multiplex PCR¥} primer®] A 7S 9130 singleplex PCRoll AF&5 5.

O EE PCR #4& Total DNAC 10-15 ngS AF&38fA Mygenie32 Thermal Block
(Bioneer, Daejon, Korea)o.2 5o tiekst FX=° primer(100 ~ 900 nM)E©|

multiplex PCR®] 435 9l H7sk3d =

O AccuPower™ PCR PreMix (Bioneer,Daejeon,Korea):= primer®] %7] #71¢} &% 23}
& f8l A RS

O AccuPower™ Multiplex PCR PreMix(Bioneer):= 3F <
HERE oy e} primerg9] SolAd SA Y HIkel AMEEHAE

O % 3.16%= PCR 2nd set of primers &% H7IE 93] A& PCRe 54 1S YeERA

o

3% 3.16 Different thermal cycles investigated to find best PCR condition for 2nd set of

primers.

Pre-denaturation Thermal cycles Final extension
95°C 10min (95°C 15sec, 48°C 30sec, 72°C 30sec) x 35 72°C 3min
95°C 10min (95°C 15sec, 50°C 30sec, 72°C 30sec) x 35 72°C 3min
95°C 10min (95°C 15sec, 52°C 30sec, 72°C 30sec) x 35 72°C 3min
95°C 10min (95°C 15sec, 54°C 30sec, 72°C 30sec) x 35 72°C 3min
95°C 10min (95°C 15sec, 56°C 30sec, 72°C 30sec) x 35 72°C 3min
95°C 10min (95°C 15sec, 58°C 30sec, 72°C 30sec) x 35 72°C 3min
95°C 10min (95°C 15sec, 60°C 30sec, 72°C 30sec) x 35 72°C 3min
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(2) 2nd set of primersd] 3 Multiplex PCRS HAE3A4 &4

b sl EFddAe AE A

O = dolA PCR assayel A& A= 5359 whdd s Ald-24Fe] TES4S A

Fo 1 54 ATT)E AHEsEY B4 S
O 5FF w2 AY$2E5E total DNAS %3 3 total DNAZ 5 ng/ul ~ 200

fg/uL7t A A%sle] 3| Mste] A|BE ZH| 8L, ©]F PCR products of7}=2 A 77]9
RN Y

L shsE ante A S, A gEniEd A el F e Agd A8 s e

O AF Alue 7IdET Agd & 7] il FWH (Fricker et al,, 2007)] w2} B. cereus Wi
g & F=HFAS. 2%, AR 25 g2 0.1 % glucose’} ¥3t%E brain heart broth(BHIG;

Merck, Darmstadt, Germany) 225 mLel Z3%3 % filter stomacher bag (Nasco
Whirl-Pak, Janesville, WI)Oﬂ Yo] Seward stomacher (400 Circulator, Seward, London,
UK)E AHg38te] w243t 3t & 24A] 359k 37 °Coll A vl Fal Ao, o1 B. cereusito] EA)
goldtz] 98l A& 100 uL= mannitol-egg yolk—-polymixin agar(MYP; Difco) plate®ll

st vl 3 B cereus’t AR ¥SS FolstA S

e

O HETE Hdl, +ES5AE AN B cereustt(F4810/72)¢F =4 XA B. cereus (ATCC
12480)5 7Z+7z} 2% 25ge] HE3I F 0.1% buffered peptone water(BPW; Difco) =
tryptic soy broth(TSB; Difco)®] 225 mLe} 7 ~Enpz] W Ho] 283 #43} 355
HEHOZ B cereus F4810/72¢F ATCC 12480 w5+ F&=7F Z+7b oF 21 x 10°cfu/g

3.1x107cfu/go 2 H = 37°Col A 7A7F F59F 200rpm o2 nukske] wl ksl ol 2.
O z} wjgs 7S AHI F 1070HeRE 10710 Y= #F2 34389 DNAE DNeasy
Food Kit (Qiagen, VWR International AB, Sweden)< AF&alA 2AH & BPW 1

mLel A F=E3ak% =

O 7z} #F9 DNAE multiplex PCR assaye©l]l A& Q o E Ao 01 # 1 mL ZF 3AHe
AnkA Q] vt o= sty Wi g3E gRlstr] 98] MYP agarol] =23t .
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(th) AFo=2RY A&

O AZ AEH primere] $5AL W] Ad) ALLNA SRR Ay ARE FAGA

ol

O AW AL ofo]2utaE o]

tol T = &30 243l 4 5.

O Zt A& 25 g&= 0.1% BPW(Difco) == TSB 225mLel| &£3d 3 287+ 723 313 0om
BPW #&dd | mLolA DNAE FZ38lo] /¥ multiplex PCR assay AH8-3% <.

() EGH EHoERYH HEWA

O A1deA =3

i

7+ 13709 By & B A8E /dd PCR WHoR BA8%S.

O B NEE Z9usta £ AdsoA 3%

A 3= 0
cm® EFAAM A3 F stomacher bagoll FHEFOH ARES AE A7MA A2WEL

O 49 FHE ZFduigaeA st H4 SAA Ao dAud AGAES ol
6‘}04 stomacher bagoll +x3te] A& &7]d Hol AFAZ o]FA|Zl & Faz7loA] A
2 10 g& AMFH3Fe] 0.1% BPW H+= Tryptic Soy Broth(TSB, Difco, Sparks,

]_

90 mLoll &3gstar 57 &<t

=
-
c
%
Z

O ABEL 28 Zof o]2Zo] 7Fatd e E W59 BPW #2 4 Iml= DNA =29 AF&
[e)

(3) Real-time PCRE 93 2nd set of primers® %7}

O Real-time PCRo|A primers® %7} StepOne (Applied Biosystems)2] FastStart
Universal SYBR Green Master (Rox) (Roche)2} Rotor gene 6000 (Qiagen) real-time PCR
7171 AREEA s Al ek &

O Primer?] X+ ol A€ T/l A& or 2% AL singleplex real-time H

_57_



Hol HAsl 5L 938 Al Z2AF YL melting curveE EA1519 S

O Melting curve #2412 (7;,) 95°ColA 15% &< one cycle, 60°CollA 20% &<t 1 cycle,
a8 3 208 F9F 60°CAlA 95°C7HA] 1 cycles

O Single reaction tubeol A "k & <= U= primerss= 2H7F 7 75§ melting peaksE 2zt
= Aol Has o3 F4L singleplex real time PCR &A1& AR Q1AL real-time
PCR & EE tube PCR AHE2 of7t2 2~ AoA &35 5.

O Singleplex ¥'g ¥ Ut & 5 primersS E83+= YAz F¢Y 7Fs3 multiplex
real-time PCR mixE AFE3lo] 485 Qo™ Bioneer (Daejeon, Korea)?] AccuPower®
Green Star™ qPCR PreMix$} Roche®] master mix%E AF&5 S

NS
Jm

o= B4

(4) 2nd set of primers< A}8 3 Real time PCR primer? 97 %=

Jm

O B AT A real time PCRY WIZE @ Eo]kx = 48 strainsS AM&3sle] A& 4 PCRY 2
o

= 28kl A 2lsk &

O &4 PCR WA S &= non-target strainsE& FANHS o= sto] 2AstA & + 317]
) iZel =2 BEE YEE real time PCR W29 A+7F HQ3h.

(5) 2nd set of primersS A}-& 3 Multiplex real time PCR¢ 714

O 2xH3lo & cycles =4S multiplex real time PCRY A#}E 7§A43t7] ¢Jaf wkhg &
Ao ThE 849 WEES st SAHHAS

O olggh HAe] HA2 AA, 74 WgolA oAy = Zetoln M=o HEgk 4] gl
E A, specific product bands7} E48= 79 melting peake] 5A4& 7143517 918 A,

O X & H: W22 SYBR green Hg E5E H7ts o] HA s cycling settings

1]
o 2 JiE multiplex PCR 415 F3] ¥H&-3te] 335135
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2. 2% 3rd set of primers? ¢ =}l

(1) 3rd set of primers® T 2L A

O 2nd set of primerse ©¢]873%F real-time multiplex PCR%] 72 master mix® SYBR
greens AF&3l =4 singleplex PCRAA = =& ZA¥E YE A 24 multiplex PCRellA
T E2 295 &34 xokd e

O uwz}A, NCBI Blast Primer3 softwareE A}-8-3Fo] Al 2% 3rd set of primersE& T A}t
% et s (atol eyojol o= ste] A Fh.

oz glol = g 3T ¢ PCR melting temperature (7m)E FAste FE = txelss]
uq tzteld ZglolmEe] Eo]A4S NCBI BLAST tools Ea &5

®
IM

O 2nd set of primers® Z#lo|HE 7}&H abDE =8 E83 ATA wio] IE AR
st oy, b8 ZelolHEL forward®t reverse’t WEE AU 3 e G| Ho] W3ty

of 7Hd =9+

O Singleplex PCR 45 &3l 7} -3 ZefojrEo] A8 Qa, o] xetoln &2 PCR
AL Tm ke Aolol] A Aol zke A E multiplex PCR 418 98] AL,
O H3F 2nd set of primers® TjAFlo] Ag¥ Z2HAEL 3rd set of primers®| primer Tt] A<l

of Ho] 83
(2) 3rd set of primersE ©] &3 PCR %3¢ HA 39} 3rd set of primers® 7}

O TESA A (F4810/72)% 54 AT (ATCC 12480)2 PCR =79 HAsgts 913
primer?] A}d H71E 93] singleplex PCR¥} multiplex PCRE] # 4 3}o] AFE-F A5

O XE PCR WSE2 StepOne™ real-time PCRE AF23lA AU SYTO-9
intercalating dye (MeltDoctorTM HRM, Roche)E 7|Wto. 2 A 22 master mix7} AF-&5 %A

o
.

O o] Ao AF8¥ SYBR green I master mixo] H|&] ©] SYTO-9 master mix2] }o]dL 11

89 melting analysisE H &3 & dtp= A Y.

O &, SYBR green IS 7|¥to 2 &= o] d 2 master mixol| H]s] WA EZFS] Tmak 2=
FOoHTmsgk #Fol7F 2 AY, Tmgtol o 7S YErH)E PCR A =0 4

1o

|

o

o 2
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Zzlol WS ALg3lA singleplex PCRY
S = 0]'7ﬂ =

217}e]

O,JA
3 2% 2 HAslel ixZeloln EolAd 2 2nd set of primers¥ F 2

o

55 AFEEIA HIEE =
Bt Tm?k

Y

Fia

O =4 i
A gl =5 *
A=
(3) 3rd set of primers? E°]A 3 HF Z=ZH(Tm) #
O 3rd set of primers® primer £E0°]4 L o] A4 Al&%
O Primerg AFE3SA O & #3H] Zold S a7 98, 7 Zefoln 9
Ast7] Yste] o] Ao Alg¥ FEF=iFE (reference strains)©] AF&% A
(4) 3rd set of primersE ©°]£&3F multiplex real-time PCRY & &3
O PrimerE9 v%®¥ o]l 50 mMolA 500 nM H Yol A 50 nMA F7HA1 718 A =H 619
o
O nheA primerg WA HAg s3aL, o]Fof b Zofoln &S TAHoR iy H A3}
O]'/\/\u
O Melting peak= 29| primer ¥%=& S7435}7] 13 AlZtell whe} v L3kSd .
(5) 3rd set of primersE ©]& 3 multiplex real-time PCRY &% H7}
O Multiplexol| /] &&x o2 #&st= Zgolwo Eol4ds 21sty] 98] multiplex
real-time PCR #21o] 3% A3
O WA, ¥ FEFTFTE5(B. cereus ATCC 12480 enterotoxic strain¥ F4810/72 emetic strain)
2HE T3 4o DNAE #4891, DNA &3S =& /B9 multiplex real-time
PCR &4 & Fd3A=.
O o] A& /N 57FA ] primergeol wFo =43t target genesoll A 7 SAHE F U+
A5 A3t AY. T3 574 FHAE T3 5 7HA] primersE X et YRS of
HIEA &S
Els QE,ZPCEE;EE edd AE ESY &~ 29 T Uy
= + multiplex real-time PCR9] 7 &3HA =
A

@) __'_THHO]:O]J O]HX—]
E] 3rd set of primersZ ©]&
7 Zsl o g BAFY S

A
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AFNE A3

1% multiplex PCR kit 2 multiplex

7}. B. cereus TE/AHAIY H4 SAAE
real-time PCR kit# 2nd set of primers % 3rd set of primers® 7/|& %

H| 2l 33 7}

(1) 2nd set of primers®] A7} 2 PCR 79 A3

primers® FEE 4 AT F(F4810/72) 9 A= 4 A FF(ATCC 12480)5 AH&3}o]
stglom = setting¥® PCR assaysv &3 28 5

O K&
DRREE

A 2] PCR product =4

LR
R

denaturation at 95°C for 10 min, 35 cycles of 95°C for 15 sec, 56°C for

O PCR ®bg =%
30 sec, 72°C for 30 sec, and a 3 min final extension at 72°C)(3% 3.15)

O AccuPower™ PCR PreMix (Bioneer A})¢t AccuPower™ Multiplex PCR PreMix (Bioneer
&4 2l primerd FE+E ces®t hbID=

AHNE A} 43 PCR A7 E Eslo] 2AS 714 3&
100 nMo| AL nheA, cytKS} entFM+= 200 nM ©] <.

O entFM, nheA, hbID, cytK 2 ces°| 3 primere] PCR Z7|= Z+Z 488, 376, 163
106, € 70 bpE A H U S.

O Multiplex PCR ®21¢] single reaction tubeo] AF&%¥ primers?]
Multiplex PCR PreMix$} reference strainsS AM£3te] @923 2™ primers<
T A TFF ATCC 124809 TES 4 A F F4810/725 Alg3dte] =4

O 7t ol & AL&# PCR A%, 4719 454 A A8aA ATCC 12480 ol A
HAEH I nhed, entFM} ces= TEA F4810/72 TFollA HAEHUS

O 7} primer TIA}QIS reference strains®] 574 Fd% DNA AN EES 7|+ =2 A28+
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entFM
nhed

hbiD
cytk

ces

a2 36 #E G MAF 23 EX QFX 5FF0 CHEE 2nd set of primers Off CHgt PCR
A1t Photograph of the specific products of the genes on agarose gel after
electrophoresis (2nd set of primers). Lanel, ¢y?k(106 bp); Lane 2, nheA (376 bp);, Lane 3,
hbID (163 bp); Lane 4, entFM (488 bp); Lane 5, 100-bp ladder, Lane 6, ces (70 bp).

(2) 2nd set of primers®] Eo]4 #H7}

O N AFE ANY 1789 TESLAY BF 9E9 FEL U4
group, 12]31 18F 9] A&7 wWHH S x3sle F 48FY & /\}“Q“OH/H ’LE]' 1™

AE 28] Bol4E st e

ok

O ces A= 17T FESAAY dFEAAY 25 AE5 o™ multiplex PCR A 79
BEE A 223U primers SolAdo] 1E £dS Faste] MEE S S(Kim et al,

2010a; Kim et al., 2010b; Kim et al,, 2011; Jang et al, 2006; Park et al., 2009).

O T3 flolA AT % primers® A4 5o]== 18 non-target 2% 7104 HATolA &

=
=
H ARE GEhjER S S5 A0 B

ﬂl

O AEAHo= HE primergel Wd PCR Z¥E od® PCR e HIow, Azd
primers< YA = %’4%*3 ARE YA %S, Primers< Ziéif& SEOA A=
PCR W
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(3) 2nd set of primers& A}-£3 Multiplex PCR Z 39 37}

O 8%F9 B. cereus reference straine AM&3}lo] multiplex PCRE 313 A3 5 2% ol7=
2 A Hd7)gd 5o 2 eI’ 37).

entFM
nheA

hbID

cytK
ces

2l 3.7 Multiplex PCR results of 8 B. cereus reference strains. Lanel, 100-bp ladder;
Lane 2, F4810/72; Lane 3, ATCC12480; Lane 4, ATCC13061; Lane 5, KCTC1013; Lane 6,
ATCC27348; Lane 7, KCTC1092; Lane 8, KCTC1094; Lane 9, KCTC1014; Lane 10, 100-bp
ladder.

O 3, 1™ A AF3 oA E 496 FFE(wild type B. cereus)d t™3al 2nd set of primers
o] multiplex PCR 23}, 72+ §3x9 &= HJHAE(%ZE H7IHJa 7 #5529 FA3
patternsell wel o8 IFo 2 FEHESAS(FE 367 3.7 E 29 35).(Forghani et al. 2014).

O H Aol Al TFFELS T/ FEA d59 425719 A5 52 o]FoAHe. HH
2 AT Y 221709 HFE B burmgzensmi FAEF o 204709 dFF= UE
B. cereus group®l &3dt= I "% 19 =

O 7bd =& ¥ E(prevalence rate)S YEW = Fd2= 943 %<1 nhe geneolil cytK+
455%, hblC 59.4% Z18]3l entFME 77.2%% 1% 32

O M=Z 7§dtE 2nd set of primers®] =2 &4 T2 A14 Aol FASHA LrERSE
gk A sdE W os glel PCR band9] é(Quahty)o A1 A A5 primers
o g4 4 Aor YEsS.
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(4) 2nd set of primers& A}&3F Multiplex PCR9 AZ&3HA £ 4
(7h) &5 gl e HE A

O 3% 317¢ 5% B. cereus x5 T YE & F=3 DNAC st AE3AE A

S =

O DNA #% 71EE AHEE DNA F& B HAsE s A5dA= d7344 o< 4
Aoz NAHAE.

O 7B2r¥l multiplex PCR assayol A #AZ=3%H+= 2 pg/reaction tube (0.8 ng/mL) ©] <.

O AwrA oz H AFo|ix AFE3F 2nd set of primersS A1A(1xFA %) A AFE3F primer
e

A E YERHAS(3E 3.109] ZA3e} v,

O B AFe HAEIAQ pg)e 1xEA=(A14) /N¢E primer® .t 10v] o] =& ZHAow
velyr o o]g)d At #olxl PCR products size?t Btk &34 ¢l primer sete] T #Hel
el Aoz Alm ¥

3 3.17 Limits of PCR detection using 2nd set of primers in pure culture for five B.

cereus reference strains.

Concentration of DNA
Strain Type in PCR reaction tube
200
2ng | 200 pg | 20 pg | 2 pg fg
B. cereus ATCC13061 Enterotoxic + + + + -
B. cereus ATCC12480 Enterotoxic + + + + -
B. cereus KCTC1013 Enterotoxic + + + + -
B. cereus KCTC1094 Enterotoxic + + + + -
B. cereus F4810/72 Emetic + + + + -
+: presence of amplified product, —: absence of amplified product
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(W) Q- EFT HEFANAY HETA
O 214 multiplex PCR assay®] #HZ3HAIE= 7/ AE(o}r] A8, AW, A2 &+,

g}, A duie] e W) Al B

O ztztel Ao A B. cereus F4810/729] AZ&3sHAl= 2.1 x 10? cfu/g, ATCC 124809 A=
A= 3.1 x 10?2 cfu/g o & eSS (1¥ 3.8).

O oldgt HEsHA= FAld FaldE = wjFHET 109 ol =AY FARSHA WERE S
ek A8 AF(A1E)N A /EE  multiplex conventional PCRE 1st set of primers H.th
108 o] WAE/HAESAT S718 Ao 2 UEY S

O S wdF, =5 TSBE 37°C oA 7AZF &b 200rpmeol A u¥ksle]  ulf 93k (enrichment)
> m ltlplex PCRE 33t 23, HAESA/UHA S B. cereus F4810/722F ATCC 1248091
A 24z 2.1 x 10' cfu/g@ 3.1 x 10! cfu/ge.2 MAHAS.

Ul

O MYP agaroll Al s Al =52 Spread plating #HH2 7] WHe e sE /A3 AS. L
2zt o]#3t /A& 3= multiplex PCR assayolA wHE §&%4 o7 JMAEAE &oke.
T3 MYP agar spread method®] 7%, 7TAIZF Sduld$e B cereus N HE 1.8 x 10!
cfu/gt 2.1 x 10! cfu/g #HelA &4 o2 Yevbe 2 MYP agar spread method® 73
A= oF 10% cfu/g oo = FAHH.

2l 3.8 Gel electrophoresis results of multiplex PCR using 2nd set of primers in 10-fold
serial dilutions of artificially B. cereus FA810/72 inoculated food (rice). Lane 1 & 11: size
marker; Lane 2, 3.1 x 10’ cfu/g; Lane 3, 3.1 x 10° cfu/g, Lane 4, 3.1 x 10° cfu/g; Lane
5 3.1 x 10* cfu/g; Lane 6, 3.1 x 10° cfu/g; Lane 7, 3.1 x 10° cfu/g (LOD); Lane 8, 3.1
x 10' cfu/g; Lane 9, Non-target strain (8. subtilis KCCM3135); Lane 10, No template
control (NTC).
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(th A3 o8 4FNNY AZ A

O HBA= 367 2 A8 FolA B cereus 2.9 M= 71¢E multiplex PCR ®24]& AF-&-3} o]
25(69.44%) 7l A Fdo =2 HEH U5

O B. cereus ¥4 AN& T F A5(B69 %A FLEA 7FF(emetic strains)E YEFA = ces

=
primer /g o]l SA = A5

O 49l strainssol & 54 genes® AEES U3 23 emtFM 73.56%, hbIC 79.6%,
ces 8.69%, nheA 90.95%, cytK 43.47%.

O T3t BAw 7ute] 367 Ala Z 12719 A]E(33.33 %)= B. cereus © £9% Fow =

O TESA YHTEA JF g

B el g8 54 s
O FEHY BFEL EE WEE )% o} Ao mE RN 27
A ARGA 29 AR F 86900004 cesol UF AL b g

d 13k Ehling-Schulz 5(2006)2] 23}
TEES AYFFe SANES B33 Park 5(2009)¢ 2ol A3

O dubx oz ZIwro] 33.33%<% &9 63.883%+= B. cereus® L AEHNS™ Yangs(2005)2 3
wro| Al 2o B, cereusoll 93 o] Ht 41.7%TFal H 113 S

O Y3t #Adko] Ao A enrichment ¢ AlZoA 95%7F 29% AoR #AZFHJomw
& Aol A 40%e] & Fol BEaEAe(Jang et al., 2006).

O HE3F Cho S5(2008)2 #wrol| A 43%2] B. cereus S.95 R3S

O FojAjolo A FaqH AFAM = 7FFE A & thFst Aol Z+ZF 100%, 76.2%, 70.4%,
50% 2 o] Hil% <0 S(Sandra et al., 2012).

O follA AFe =T s 2SS 2 FAIRNA B cereuse] HEl &7 e 5

O ¢B= Hid FHES ol HAY FHEHTE 92 Fdd, o= B. cereuselA

e}
T o
toxigenic profiles®] =& IS zta Q7] w0z AlgH.



() B4 2HezRY A

o
o
X

O /WZ¥ multiplex PCR B o2 EFAE 1345 4% dah A8 134 F 1174(846%)
2 4

=z B
oA B. cereus’t ¥AHOo = HEHAS

O W AR AS 13/ T IM69.2%)N X B. cereus’t Yoz HE5E UL,
O ol Aye Fi#E =4 AR MYP agar plating 23S v w3t Aol A2 7utd
multiplex PCR &8 A 874 3l Axe #A14de] 2yl sLede(F 312 #F

z).

O ®HE 10% cfu/geldtel B. cereus .GL Zu| Ao Al SrAE-S A A (Granum et al., 2002;
Martinez-Blanch et al., 2011). 284 o2 29 F7loAM = "oz o2 0 AsS T3
A2 (Haggblom et al., 2002).

H

O a¥Ez B AfoA /Hed primers SHdA o] SR ¥R e 2 EEF| F&3HA AE
st = glom B Ao &) sfEE multiplex PCRE WAL thE o]d e Z3(Kim et
al., 2009, 2012 2013)9l] H] g Hl=etAY s YEFRA L, Nakano ol ¢ §H2004) 2
o] mlsiA e A S e

rr
)
)
)

O a#y 7A3Fe] St 34 (enrichment)©] 1
o

n% H]—H—loﬂ}ﬂ.‘: U]- 6L U]-3L 1:1]71./\6] g
UER A k. Sarul F(enrichment) & A& B

. cereus®l Al 10! cfu/g® 7|4 =H A

A% thael AL plaes] AAE A TEA 1 BE AGE D8 o] AEAS
2 Qe A4S ° o s nE.
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(v}) 2 &: 2nd set of primersS A}& 3 Multiplex PCRY HZ%A &

st multiplex PCR 2nd set of primers< A14(1xd%)ol Al 7k
A1l A 7t

O & AellM Aol 7

3l multiplex PCR primersel] H]sle] 10viy %L WA =S e A,
Zgtolw F dFE= 300 bp o] Z7] wiEel real-time PCRE primerZ AF-&-3}7]9
Al ool B Ao A= A2 2nd set of primers= 7|3l real-time multiplex

et iz}l sk
F5l 1st primer setel H]

PCR&
AT QA=) A 7

t 2nd set of primersi

FA ol S+
Ad g kits

sho] oh&3 %_:—8—
@ M= HEE multiplex PCR 4 Wi L dNTPsE A3
AALEE = 9l &
@ mi ﬂﬂ% A2 ol WA EY 5-10W1¢ A2 primer ¥(100, 200 nM)°]
ol ¢ w2 AL B&y wkE FEH oA stebA S v A3(H

>
Al
J
O

A ultiplex PCR #21 W% (2nd primer set-using)< ©
233 = 28]l DNA M Z oA B cereus A9 &2 A4S YEH.
W (2nd primer set-using)< commercial master

@ M= NEE multiplex PCR #4 W
mixes?} 7H2¥E master mixesH.tF FH 3 38F ASHY S Hehd,

IUPAC basesE 7]Z2% 3lo] primerZ} Az om ofAd

e AEWAE e,

T

[e)

A Ry

® A= 7
I (wild strain)ol A © 4
® MR EAEHo WA AFE oA primersel] B]dte] U] BE target reference
sHelst A =.

strain¥} non-target strainsollA #H<5 2
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S 9% 2nd set of primers®] %7}

(5) Real time PCR #4 <&

O single PCR¥ multiplex PCRoll A 1%l 24 primer®] ¥ %+ real-time PCRo|A %= 7}
=& 23 +e YEHS.

VS 5%+ otK, nheA, entFFM primer= X% 200 nM

(¢}

O 2nd set of primers®] %% PCR Wt
o]} L, ces®t hbID primer= & T 100 nMo] <.
S 2L [95°C 10+, (95°C 15 sec,

O singleplex real-time PCR reaction®l A %4
I PCR WHg-9] w4} extension cycle

56°C 1 min) x 353] ¥k&] o]™ PCR %

F 24538,

5
O PCR AHEOl i@ melting curve #41& Z4ste]l 2ng 9, 2+ 54 149 54
w1 Aol B Fobe] TS

primersell 9% PCR 2t=9 =4
O ¥ 3.18% 3# 3.19%= Z7Z} StepOne real-time PCR % Rotor Gene 6000 machine®. & =3}
Sk real-time PCR 2F=9] “=4 (7S YERHE A<
Z+7+¢] PCR productel]l th3g+
s &9 3}91-5. ZZ curve$t

O Real-time PCRY
&3 PCR DNA #

ol7t2 2~ A H7|FE
melting peakS H o] 5+ real-time PCRe| A&

=2 vEls(2d 39).

[e]
A= ’“EBO}O% PCR At=¢ Wl
]

o] th3t 2nd set of primers-using real-time PCRolA 5% 1

O ®hHo| non-target ¥ %
23 Z(melting curve)”7} YEFA]

0} 0} O
15 A 13 .

T oAl =1 ]
— P D I . =
O 3 3.19% Rotor Gene 6000 71715 AF&3F PCR AHE 9] melting curvesE YWERH Z 39l
O 2 A5 AYE A& PCR HgS F 7FA ©& PCR 4 7]7]oA 3835t
singleplex real-time PCR Z 3¢} %< B2 2nd set of primers& AR&3h

real-time PCR e AdA 2 primer setd] &&4

o Azzlalo
UO AN H .

[0]
ro
iy Mo
—Vll
il
ne
32
o [0

3183 ¥ 31994 Uetdl RAAH, F PCR 71715 E3F 2+ 4A9 7, & A9 o
3RS, ZF FEA g PCR A=Y melting peak: singleplex EA1HFHo) A Z+
< AH8-E.

 EMICE PR
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F 3.18 Melting temperatures (7;,) of different gene-specific PCR products after
multiplex real-time PCR using 2nd set of primers for B. cereus reference strains in
StepOne PCR machine.

Genes Melting temperatures (Tm) of different reference strains Mean
otk 76.04 76.2 76.05 76.34 76.43 76.21
nheA 75.14 75.59 75.89 75.74 75 7547
entFM 77.23 77.53 77.68 79.02 78.12 7791
ces 72.61 7245 72.6 72.75 7247 72.57
hblD 814 80.67 80.97 80.95 81.26 81.05

¥ 319 Melting temperatures (7, of different gene-specific PCR products after
multiplex real-time PCR using 2nd set of primers for B. cereus reference strains in
Rotor Gene 6000 machine.

Genes Melting temperatures (7,) of different reference strains Mean
otk 76.91 76.09 76.23 76.26 76.08 76.31
nheA 75.65 75.77 7543 75.39 75.55 75.55
entFM 77.61 77.29 7741 77.77 7748 77.51
ces 7243 7244 72.56 72.65 72.78 72.57
hblD 80.69 80.87 81.14 81.2 81.16 81.01
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O F+ 7}A] real-time PCR 7]|7]| A FastStart Universal SYBR Green Master (Rox) (Roche)
Az}l 3k PCR AHE9] melting peaksES el A3 (19

Aoke Abgste] Z7tel

3.9).
| singleplex real;-time PCRolA &= 571 F3x&¢ PCR Z¥&

O ¥ 3994 & F %o
o w1 TUEE 47 Byeil #A9T & AL
= AccuPower® GreenStar™

O 134}, FastStart Universal SYBR Green Master (Roche)
gPCR PreMix (Bioneer)E& A}-&3%F multiplex real-time PCR9] Z¥ &= FX &olA, F kit
4 A3 PCR &9

=4 Y 2E HEA] KE3h(data not shown). ©]

U_l_ u:]fd_ h:
A7) ol M= e DNA W=7k Hold s,

premix”’} singleplex”} o} multiplex

O 1 Ul Ewdsty 3 7HA TheAde AR
PCRel A3stA ZalA o 4 Jdorm= A2 multiplex PCRE master mixe] 7lo] &
29 Aow Wuy
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.0

n.o

[F=1

vl Piporer

",
¥

a8 3.9 Melting curves of different genes in singleplex real time PCR (2nd set of
(A) StepOne PCR machine: ¢ytk Tm 76.21°C, nheA. Tm 75.47°C, entFM:.
Tm 7791°C, cess Tm 7257, hb/D. Tm 81.05°C; (B) Rotor Gene 6000

primers) using

machine: ¢ytk
Tm 81.01°C

Meit Curve

S —— e e

nhea/| |entFia

[l ]
E)Io"'” hPrﬂ
|
|

T 0 TE O L w0 0 i
T Srrajooe T evtidr o 1|;ll'..'|“
cytK B
nheA
entFM
ces ||II \
hbID

Fil! 75 il &5

(=]

I
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real time PCR
Tm 76.31°C, nheA: Tm 75.55°C, entFM Tm 77.51°C, ces. Tm 7257, hblD.



(6) Real-time PCROl A 2nd set of primers? Eo|A £4

O 2nd set of primers® Eo]A &< Aijo|x FAdol 9S4 v #EAHA LGS (2

2 3.10).

O 9 310 cmtK EbAl primersE& AF8-3F real-time PCRe| 8% ¢ 3%
Zo] dolyk o H(FA), non-target strainsel A= TEFo] Y (H8)S HAFL A5

O real-time PCR WrgolA £33 DNAS %<& 10 ng/reaction®. 2 =8 3sFo] PCRo] z o}
Cr #tol 12-20 Welelm2 Cr ko] 32 ool 4oz Adslsls.

O X3 Real-time PCR #2494 melting peaks WEI = FAHHS AELS of7fz 2~ Ao A
A ieg = o, 5449 A5 s DNA WE7F YERUA] 9%+

Ampification Pl
100 .
10 ~cytK Amplification
! - (reference strains)
031 /
= i : .-"I':-b— g ,,-"'l- - H ]
% UEIT | N -'-._'r’ '1_\..-__‘.:_113{::%:?:_. — | I..-" Nﬂ Hﬂ'lphﬁtlﬂﬂﬂﬂ
0.001 | s e : (non-target strains)
0.0001 | '
0.00001 |
0000001 ; ; — A il I el il
d & ¥ 2 W oW 92D 2 N NN 3 XN I M
Cycle

2 310 Amplification plot for cytk gene. Reference strains show their amplification in
PCR analysis and that there is no amplification for non-target strains (2nd set of

primers).
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(7) 2nd set of primers< ©] £ 3 multiplex real-time PCR9] 7} A

_

=

ol
e

¥ 3.202 multiplex real-time PCRS $3] Roche commercial master mixE 7
ol =Zglol dNTP, MgSO,, template DNA, Hi4 5 o8 71#] AEEe HQ
of Byw UEhe.

o l
%

o |o
o

I:
—a-

O F7l AEEE BTsAS uf d7ds A oA o=+ 719 DNA HE=E7E o o &3]
LERSE 31 multiplex real-time PCR % o] 4% &= melting peaks® =74 %S

O multiplex real-time PCR ¥F$ &3%tolo] HZE Ry 25 ull/tubeol™, A 3le PCR Wh&
Z71& multiplex PCR W8 =73} A3HA AFE-EF A%: (95C 30 s, 53C 1 m, 72°C 90

s) x 40 cycles and a final extension of 72°C for 10min.

oft 1%

=

<
o
3T

i
_O|L
&
dlo o

O Multiplex PCR master mix9 ZA¥+= ol7l22 Aoix wWE3 bandss

multiplex real-time PCR 23+ A2 ¥ & 4 9 & melting curved THEA|

O o]AE& PCR ®Wrg-&3t&Eo] F71%l SYBR green 19 FXol thdt F714< H Ao HeA
< ¢m&t multiple products7F 1& ”41 S A Ee s Uede Aew 4l

hdv}

SYTO-9 dyest 2+ the gAZS 58 A48 A77 22FL A4

3 3.20 Additional components added to Roche master mix to improve multiplex real

time PCR results (2nd set of primers).

Component Volume (ul)
Roche 2X master mix 125
ddH,0 35
Primer mix 1 (100 nM hb/D/ces) 1
Primer mix 2 (200 nM nheA, cytK entFM) 1
Q-solution (Qiagen) 2
MgSO, 3
dNTP 1
Template DNA 1

Total volume 25 ul
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O 19 3118 o#9 3}gtEo] H7F¥ Roche master mixS AF-&3lo] =33 multiplex real

=
time assay® melting curve 415 YERA A3,

O 19 31194+, multiplex real-time PCR2] melting peaks+ singleplex real-time PCR *
¥ melting peak”7} &F4E A5 e A A

O o8 d Az multiplex real-time PCRS] AE A9 EA S 9ate] =71l AT MA
2 9% AHBIL BLFL AAE,

ffe enttFI-‘-I

=
r.a
b

il

o
3

(L

]
3 &0 &3

2 311 Melting curve analysis of multiplex PCR real time assay. This analysis was

T
0

(4}

e |

detected using Roche master mix with the addition of extra components (2nd set of
primers).
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(8) 2nd set of primers< ©] &3 multiplex real time PCRY EA A £

O B dA3He NF7AY A3 E vegro® 2nd set of primerse] UEFA el conventional
multiplex PCRY} singleplex real time PCR2 &
o

multiplex PCRAIA E&4 02 A8 o+ gl=H

(e R=4 o]&%L

&4 2,
et EAH S oE 2ol 248+

@ Primer®] 7m 32 real-time PCR 4o A primerg9 +¥& F%38H# %3

@ DNA9 CG °ﬂ71/\1 o %Lﬁ}L SYBR green dye®] &2 3= U3 vs FE
o A 5E9o FAAE 7|t AE 5% primer®] Sol4 W&o FEehA X

@ Wr&-FEol primer7t o™ PCR A =9 Tm #& 7MgA #F=3=d SYBR green
dyet= 4 AM 3 TY Tm & #olE YEld+= PCR A EES FEst=d A §shA
oo
w .

@ FastStart Universal SYBR Green Master (Rox) (Roche)+= multiplex PCRe] A4 =5

Gt Tk e 5AE A A EE

© EntFMet nheAe] PCR WFHEE28 real-time PCR Ao A UF =LA AAEA7] w&of
A717F 2 Y 28 primer7} Z Q3

O weld, o]z 3 FAHS WE O Z melt curve analysiselA FHo] 7153 melting peak
Tm % 53 BgES X317 g A2 ZgolwE tx}1(3rd set of primers)st
RowH

O 7]&°] SYBR green I°ll Hlgto] Ad=3re] Tmgt 2z o] Fo] ©f FoH(Tmgk zke]7t

Z2AY, Tmztel ¥ 7Mhe< YeEW)E PCR BAE =%o] 73 SYTO-9 intercalating
dye(MeltDoctorTM HRM)E 7]HFo 2 A} 2% master mixs AFE3FA <.
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. B. cereus TE/AAAY 54 SAHEL kit MEES 9%
multiplex real-time PCR & % 3}

O XN CIXt2l=l 3rd set of primers-using multiplex real-time PCR2| X|E3tE 2|51 ==
Hi M (pure culture), QARH 2 AF (O] A2, 4Y, N24d 7 IIXEL A&,
H, ofuizt7| YY) A|REE =510 3rd set of primerse| £0|4d Sl OIZH S HIISHAS.

(1) M 2% Primer YA T3(3rd set of primers)
O 3 321+ 3rd set of primersES 3] A &FA t]A2 3 primer list.

O ¥ 3.21° o5% primers 7}2d multiplex real-time PCR 418 {a|A o] o] ALg&=
hbID primers AE3$Hsto] HEAH 02 5F 9 primers A s% .

O 3 3.22< multiplex real-time PCR #+41S 938 A% 3rd set of primers® A& 4.
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3 3.21 3rd primer design for multiplex real-time PCR (3rd set of primers).

LCI Sequence AT} Product 7m Design source
gene length
AY691650; DQ360825;
, , DQ345790; JN222922;
ces1 2 ﬁﬁg%\%éggéﬂg:ﬁ: ; 69 bp 7531 °C | AY691650; DQ238109;
DQ459072;  JN112795;
JN112796
AY691650; DQ360825;
, , DQ345790;  JN222922;
ces? g Egggi%@gfg@fgﬁfg; 71 bp 7320 2°C | AY691650; DQ238109;
DQ459072;  JN112795;
IN112796
AY691650; DQ360825;
, , DQ345790; JN222922;
coss | 8 TECACAATGGTCCATCACTT 3 swp | mac |y Do
DQ459072;  JN112795;
IN112796
AY691650; DQ360825;
, , DQ345790; JN222922;
cess | 8 TESMIGACCACCARGTICA 3 wop | mszec | ey Do
DQ459072;  JN112795;
IN112796
AY691650; DQ360825;
, , DQ345790; JN222922;
cess | 8 CATICICACTCGGEAMEAC 3 s | nac |y o
DQ459072;  JN112795;
IN112796
AY691650; DQ360825;
, , DQ345790; JN222922;
ces6 g %gg’;\;niﬁ?ééggﬁgﬁ ;’ 90 bp 7396 °C | AY691650; DQ238109;
DQ459072;  JN112795;
IN112796
AY691650; DQ360825;
5" ATCGCGGCTGATTTTATTTG 3' . DQ345790;  IN222922;
es7 | 2 TITOAAGAACCOCAATCAGA. 3 84 bp 7572 °C | AY691650; DQ238109;
DQ459072;  JN112795;
JN112796
AY691650; DQ360825;
5" ACAATCGCTTTTAGCCCAAG 3' . DQ345790;  IN222922;
cess | o ATTITTaICGACTGGATEC 3 83 bp 7411 °C | AY691650; DQ238109;
DQ459072;  JN112795;
IJN112796
AY691650; DQ360825;
5' ATGCAACCATCAATGGCATA 3’ . DQ345790;  IN222922;
ces9 | 2 TGACTTGGATCCACATCGAG 3 86 bp 7337 °C | AY691650; DQ238109;
DQ459072;  JN112795;
IJN112796
AY691650; DQ360825;
cestp | 2 GOGAGCCAACAACAATGTCT 3 97 bp 7232 °C 2\((263;15675909; 5222232%29
5" CATGCAAATGGTGTAACGATG 3 DQASe072:  IN112795
IJN112796
AJ277962; DQO19311;
IN222929; IN222928;
5' CGT TGT TTC CAA CCC AGT TT 3 ' '
ytkl , , 76 bp 7917 °C | IN222924; CP00000L;
5' TAT ACA AAA CAC GCC GAC GA 3 318875, 318877,
AJ318876
AJ277962; DQ01931L;
IN222929; IN222928;
5" TTT CCA ACC CAG TTT GCA GT 3' ' '
k2 , , 71 bp 79.02 °C | IN222924; CP000001;
5" TAT ACA AAA CAC GCC GAC GA 3 318875, 318877,
AJ318876
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¥ 3.21 (A%) 3rd primer design for multiplex real-time PCR (3rd set of primers)
Tga;g:t Sequence I:I’;?:;:;t Product 7m Design source
AI277962; DQO1931L;
IN222929; IN222928;
5 TTG CAG TTC CGA ATG TGA AG 3' . f '_
VK3 | 5 TAT ACA AAA CAC GCC GAC GA 3' >8 bp 772 °C Z’j‘;f;:;g %’g?gg%j
AJ318876
AJ277962; DQO19311;
, , IN222929; IN222928;
cytkd g /i/é/é gﬁ? égﬁ Ig: I\é% TCéCG AGGA 33, 62 bp 729 °C | JN222924; CP000001;
AJ318875; AJ318877;
AJ318876
AI277962; DQO19311;
, , IN222929; IN222928;
ks | 2, (LA RS ARG 500 Cot Lol I3 81 bp 7455 °C | IN222924; CPO0000L;
AJ318875; AJ318877;
AJ318876
AI277962; DQO19311;
IN222929; IN222928;
5" GCT TTA ACA GAA CCG CCA AG 3' . , .
VK6 | 5 CGC CCG TTT CTT TAA CGT AG 3 93 bp 7574 *C 1\’3'32125372;‘; Sjg?gg%;
AJ318876
AI277962; DQO19311;
5" AAG CCT GGA CGA AGT TGG TA 3’ IN222925; IN222928;
k7 | 2 e tee S e el 105 bp 7559 °C | JN222924; CP000001;
AJ318875; AJ318877;
AJ318876
AI277962; DQO19311;
, , IN222929; IN222928;
ks | 3 SoE TCG ST COT SR TR L8 S 155 bp 7514 °C | IN222924; CPO0000L;
AJ318875; AJ318877;
AJ318876
AI277962; DQO19311;
IN222929; IN222928;
5" TAA AGA AAC GRG CGC TGT TA 3' . / _
VKIS | 5 CTG GYG CTA GTG CAA CAT TA 3' 81 bp 744 °C 2’3‘5558972;1 %’g‘l’gg%j
AJ318876
Y19005; DQO19312;
5" TGAAATTGTAAATGCTGCA 3’ . _ .
nheAl | 2 L T 3 114 bp 75.67 °C Bgfgg;gg, DQ153261;
Y19005; DQO19312;
5" TGAAATTGTAAATGCTGCA 3’ . . .
nheA2 | 2 a5 123 bp 76.32 °C Bgiiggig, DQ153261;
Y19005; DQO19312;
5" TGAAATTGTAAATGCTGCA 3’ . _ .
nheA3 | 2 T e e 3 127 bp 76.57 °C Bgfﬁg;gg, DQL53261;
AY789084; AY897207;
5" GGAACTGGATACGTAAGC 3' . g ;
entM1 | 7 2 P 158 bp 77.42 °C Eijggggé, EF453653;
AY789084; AY897207;
5" GGAACTGGATACGTAAGC 3' . " (
entFMZ. | 5 TTGTAGTTGGTTGTTGTGTTTSG 3 79 bp 7437 °C E;‘ggggé’ EF453653;
AY789084; AY897207;
5" GGAACTGGATACGTAAGC 3' , " (
entfM3 | L T 3 194 bp 7817 °C Eiiggggé EF453653;
AY789084; AY897207;
5" GGAACTGGATACGTAAGC 3' . " (
et | e RCCAGT 3 230 bp 7827 °C Eijggggé, EF453653;
AY789084; AY897207;
5" GGAACTGGATACGTAAGC 3' , " '_
entFMS | 2 e CaITATGOTI AR 3 255 bp 7842 °C Eiiggggé EF453653;
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i 322 Final list of 3rd set of primers selected for further evaluation for multiplex

real-time PCR.

Design sources:

Ta:_r:;‘:t Sequence Plzc:‘d:;t Genebank
9 9 identification no.
5 GGA ACT GGA  TAC GTA AGC 3' AY789084; AY897207;
entFM5 255 bp | EF453661; EF453653;
5 CGG CCG TTA  TGG TTA ATT T 3 EFA53659
5 GCA TGG TCA  ATT GGT GGT 3' U63928; AJ007794;
hblD 163 bp | AY820178; AY820179;
5' CAC CAG CTG  CTG TTC CTA 3' AY822582 AY822584
5' TGA AAT TGT  AAA TGC TGC A 3 Y19005; ~ DQO19312
nheA3 127 bp | DQ885236; DQ153261;
5' TGT AAT TTG  WGT CGC CTC TG 3' DO153257
AY691650;, DQ360825;
ces10 |5 CAT GCA AAT  GGT GTA ACG ATG| 97 bp |AY691650; DQ238109;
N DQ459072; JN112795;
JN112796
AJ277962; DQO19311;
5' TAA AGA AAC GRG  CGC TGT TA 3' IN222929; JN222928,
cytk9 81 bp | IN222924; CPO000OL;

5 CTG GYG CTA GTG CAA CAT TA 3

AJ318875; AJ318877;
AJ318876
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(2) 3rd set of primers9 ¥ 7}¢} PCR & 4 3}
O real-time PCR9 WS & B3I E 25 ulE Ao, Addow HH dks 21S
slo] g3t 28 wks A E(2X MeltDoctor™ HRM master mix, DNA 10 ng, Primer$}

1] %

2315 A= 3.23).

wd
)—U
a
=
r]I,

Sterile distilled water

O singleplex % multiplex real-time PCR Wh$ ZAL 23 #3: 95 °ColA 10+ (initial

denaturation), 95°C oA 15%¢} 58°ColA 1#9 35 cycles, 18]l w}A]9 WA 2 melt
curve step (from 60°C to 95°C, with gradual temperature increments of 0.1°C/s).

¥ 3.23 3rd set of primersE A}-&3}+= multiplex real-time PCR®] WHs- =71

NN uk-3- |2t Cycle 4
95°C 10 min 1 cycle
95°C 15 sec

35 cycles
58°C 1 min

Final step from 60°C to 95°C, with gradual B

(melting curve step) temperature increments of 0.1°C/s

O Melting curve ploti= x=9¢] =%9 y=¢°] -Rn (negative derivate fluorescence) .= A&
1 MeltDoctor™ HRM master mixe] &3 A&+ real-time PCR =%7]171¢ FAM

channelol| A =4 4.

O 19 3.12% singleplex PCROIA] 3rd set of primersE TFAdtE 7+ primerd $-53+

melting curveE YERH I <

O Z}7}e] primer €& #®4 FA] dlgk Melting curveE 93 HEAH
O olAEY xE=HE Z+ZF multiplex real-time PCR A& % FE3 zo]E HIS
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ces cytK nheA

(72.20°C) (74.24°C) (76.55°C)
entFM hbID
(78.42°C) (81.90°C)

12l 3.12 Singleplex melt curve of primers of 3rd set of primers. ¢ytkk Tm 74.4°C, nheA:
Tm 76.57°C, entFM. Tm 78.42°C, ces. Tm 72.37, hb/D. Tm 81.81°C.
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(3) 3rd set of primersd Eo|A8 3 HAHF Tm 7
2 A5 AN FHA Bo] ZefolHELS ik AA
TESA AN EFdT5 244 AFESA Hrke 2.
S AFESEY] 2 primer A= Tm #S =4
rES YEkd Ayl

O 3rd set of primers®] Eo]A
F8, TE A4 So| Zeolv]t
O EH, olel TE % KA AN EFAFE
sto] Bl aLskSl
O ¥ 324 A8 BT TES AL 4 primerZ25-8H Ao Tm 3
¥ 3.24 Melting temperatures (7m) of different gene products for B. cereus reference
strains in StepOne machine using MeltDoctor™ HRM master mix (3rd set of primers).
Melting temperatures (7m) of Mean 7y
Genes . . o
different reference strains (°C) (°C)
cesl0 72.37 71.96 72.14 7231 72.21 72.20
cytk9 7440 73.89 7441 7446 74.53 74.34
nheA3 76.57 76.39 7648 76.71 76.62 76.55
entFM5 78.42 78.18 78.63 78.71 78.18 7842
81.81 81.64 81.52 82.31 82.26 81.90

hblD
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(4) 3rd set of primersE ©] &3t Multiplex real-time PCR9 & & 3}

O ¥ 3132 B. cereus ¥ ATCC 124805 AF83lo] multiplex real-time PCR

Al
melting curve #+4& YERH A

O ceslO cytK9 nheAS entFM5, hbID 3rd set of primers® A3} s Z+7z} 50, 150,
100, 50 nM¥} 100 nM 2.2 ZAA3sH(F 3.25).

O 284, singleplex PCROIA nheAS= W2 4719 primerE3 22 50 nM 5 =0l A Z e

84S yelS(data not shown).

3 3.25 multiplex real-time PCRS ¢]3ko] # A 3l¥ 3rd set of primers®] 7} %

Primer name Optimum concentrations (nM)
ces10 50
ctk9 150
nheA3 100
entFM5 50
hblD 100

hbID ‘ I hbID"
nheA3
entFM5 entFM5
cytk9 nheA3
cytks

S

LR S i | -0
=

=z

g o .
e )

2l 3.13 Optimization of primers concentrations in multiplex real-time PCR melt curve
analysis (3rd set of primers). A: a sample of optimization process before finding the
optimum primer mixture concentration in B cereus ATCC 12480. B: final optimized
primer concentrations in B. cereus ATCC 12480 enterotoxic reference strain.
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(5) 3rd set of primers& ©] £ 3 Multiplex real-time PCRY &7}

O ¥ 3.14= B. cereus ATCC 12480 (enterotoxic reference strain)¥ B. cereus F4810/72
(emetic reference strain) ®5-EH FE% 43 DNAZS 23S St g&4o0x 283}

= 570 primersl 4 &3 hebd Ak,

Ay
o,
]
-+
30
iul
rlr
iin
i)
|
Y
>
o
P
jules

O ¥ A= 3rd set of primers: 55 F9 FHA=

Melt Curve

entFM5 | " hbID
Al |
cesl0 ;
L)
T A
cytk9,
- 5.0
&
] nheA3
S
& i
(¥ ]
(! ]
= ]
50

&30 T0.0 750 B80.0 830 0.0 30

Terripatr are (C)
a2l 3.14 Ability of all 5 primers to work in multiplex using equal amounts of B. cereus
ATCC 12480 and F4810/72.
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O 1% 3155 F =9 reference strains(47]19] EA2A FAAE zta g dF)E ALL3H
multiplex real-time HRM curve analysis®] A3%E UelfdS.

O ¥ A= /e multiplex real-time PCRe] F $9 & ol A= 47H1A] 53
ARES AgsA F1/F4 At AS Ko+,

Melt Curve Melt Curve

(1]

aw

i : “

3

Cetwentrew Mapseier (=5 )
Dot Pl Fraporter (=Fn

Reference strain KCTC 1526 | | Reference strain KCTC 15

(] me [ L] ke L] W #Hu b1 1] HE L) L)
M o BB
Temperahure (°C) Tempersiure (")

&l 3.15 Final evaluation of the multiplex real-time PCR High Resolution Melting Curve
Analysis on two reference strains.
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S|

oft
e

o, AA ABNA MTE multiplex real-time PCRY *
28 A% % PCR kit AJA= M

O 7§ &=l 3rd set of primers-using multiplex real-time PCRe| &8 HAZ=S 2
ANl HBEA EMI MX NE L BH AR0MO 2YE 242 4

PCR kito] 94312 AZHAS

(1) 3rd set of primers& ©|-& 3t Multiplex PCRY AZ&3HA4 &4
7 =Fa g HE3A

O 3rd set of primers® #HZE3A = 200 fgo =2, 2nd set of primers® FHAZE3FA X 108) ©]
AF ‘r}\ sk o2 ﬂmg Ai_

O o]t A¥+= SYBR green I t2l SYTO 9 intercalating dye®] #& Al Z-% master mix
(MeltDoctor™ HRM master mix)¢] AF& 2 A EFA tA<E 3rd set of primerse 1=
&4 widd JUEhd 232 AtEE

O ¥ 3262 5% & reference strainss AFEa|A widwE FFujdolr F2] HE3IHA
(LOD, limit of detection)& YWElH 239l
¥ 326 Limit of detection in pure culture for five B. cereus reference strains using

MeltDoctor™ HRM master mix (3rd set of primers).

Concentration of DNA
Strain Type in PCR reaction tube
2ng | 200 pg | 20 pg 2 pg 200 fg | 20 fg
B. cereus Enterotoxic + + + + + -
ATCC13061
B. cereus Enterotoxic + + + + + -
ATCC12480
B. cereus Enterotoxic + + + + + -
KCTC1013
B, cereus Enterotoxic + + + + + -
KCTC1094
B. cereus Emetic + + + + + -
F4810/72

+. presence of amplified product / —: absence of amplified product.
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(th) 94 JFD FARNA A28

O A% HRM real-time multiplex PCR assay®] AZ3A= 771 2 E(o}7] Alg g, A,
LA S, I A slivkelr] d ) 9)E AME Sl A H e &

O

O Z}7}e] Aol M B. cereus F4810/729] AZE3A= 1.8 x 10° cfu/g, B. cereus ATCC
124809 A&3 A= 23 x 107 cfu/go @ Ve o83l HEIAE Ao 39 AE
2w 2 owjtrT 108 o] =AY FAMSHA SAHEH A

5} ]Ei 3k HRM real-time multiplex PCR ¥4 & %3t melt curve 574 W WA
5 TSBo| HE3sle] 37°C oA 7A 7+ 150rpm wHkshe] St vl Sk (enrichment) B.
cereus F4810/729] AZ3AZ 1.8 x 10' cfu/g7tA, B. cereus ATCC 124809 A=A =

2.3 x 10" cfu/g7hA 7MA 85

(O
o
e

ZH 79 HEFA(LOD, limit of detection)

123
_E
o
Ho
>,
kil
o
r o
(e
)
o
fr
o

Amphiicatan Pl
o mpitfication Pt -
= = 1 e
1
6.1
oo om
3 [
3 %
ot .00
o 00001
ey 0.00001
(000001 0.000001
O Do0Gad 1 0 0000001
2 i [} ] 1 7 u ] m X o ¥ XN A [}
5 Cyele

2 3.16 Limit of detection in artificially inoculated milk (A) and rice (B). The figure
shows amplification plot of the HRM multiplex real-time PCR approach (3rd set of
primers) for B. cereus F4810/72 from 1.8 x 10’ to 1.8 x 10% cfu/ml in milk and 2.3 x
10" to 2.3 x 10% cfu/g of B cereus ATCC 12480 in rice.
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(h) A4 2949 AFo=27H A=

o

A

O 2nd set of primers 7¥< 93] AF&H SUdd AFolA toxin genes® &<l A, FHF
3rd set of primers-using multiplex real-time PCR©¢| 2&FolA t FAAE g4 o=
A% £ A= AS HAF S,

O EE AH}EL o] 2nd set of primersel] 93 Aoz Aol FASA eSS

O axd, 23 oY FF=olM = nheA3 primer’t T nke genes TH/SAHAE {1
A Bl A Al Eﬂﬂ R 235 45 T gls.

5 A3

ol EAl= E Aol 7¢E multiplex real-time PCR =74 WwWo] &=
wild type o] EAt= & 1] EE 1 oo 54 FAAE 1=
o

3rd set of primers - multiplex real-time PCR2] ZAx}o] 3k

(F) EGH EHoZRE AZETA

O . AtoA 73t multiplex PCR X4 oz EUdARNA B cereuss =3 A3
AE 1370 F 11708461 %)l UA AFpE AJ L.

(o5 ez

o
= A H .

O w3l W A7 13705 970(69.23 %)oll A %A A}

il

O ol gt A¥= A= 7IE multiplex PCR &4 2] 4838 7FeAdS &3 Aoim Al

o] AtAyet oA /fEE real-time multiplex PCR9 2nd set of primersol] A 7 & o]
75 3Y AS 3rd set of primersE Td A oR AET F UutsE AL HoFE 2
74l

O utgtA, o]#st A= 3rd set of primersE ©]-8 3 multiplex real-time PCR H<2 E43
BEWolA B cereuss vi§ =& WgEe Aeyor HEEEY AFEE £ AdSS HF
ANe.

O ¥ Ao ZAo|A dojz 3rd set of primersE ©]&3te] FA4HAZ 7|&4S &8I one
step PCR kit Al Al 7S 918 A A= v dol 71&3 9 5.
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(2) A2E: B. cereus TE/AANE 54 TAAEE kit ES 93 multiplex

*

>

real-time PCR & & 3}

B Ao A /e 2nd set of primersS B. cereus TTEE4¢ A=A WA
A Z 3+ multiplex conventional PCRS ¢t 7| E2 vwj-§ g4 o

H Ao /fEE 3rd set of primersT B. cereus TESA9 A5Ah AATTE A9
A Z3%= multiplex conventional PCR 7%k o}lug} High Resolution Melting multiplex
real-time PCRol| =F A2 4 AL &, A3 A% multiplex PCRS 93 71E /i

o &8 + A+

B oAFg A /NEE 3rd set of primerse 19 €9rS master mixE 483t TESA9}
FEa AATFE FAY HEFSE B. cereuss S4317] 93 detection kit® 8317}
7153 Ao g vy,
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A3E B. cereus TE/AAE A4

Z multiplex conventional /
multiplex real-time PCR /&7 @3 A& H2E ¥

AOAC protocold W& A=

QoF

L FE 3 HAY HEHA M2 HEIEYM2A DWNg SAHE FIES(Emetic &

Enterotoxic Bacillus cereus multiplex detection kit 3! multiplex real-time PCR detection

kit)2] AHEFS LSS

+ Z PR 7|E P4 HEEC SE U STS CITYMES Yst0 Atn 2xgg B
ot S Aot AFEX HOlE 1ot sZUxd 7|EE MESHRUS.
+ multiplex PCR kit= LC}392| 37tX| RAHQAZE O|FNAZ: (1) 0.2 ml 8-stripe PCR

(@]
o

tubes (8Z2ZHAXE PCR master mix7} E0{2), (2) primer mix tube (P'E HEA|E, |
2 ZZ0|H ME =gel), (3) positive control tube (C'2 HA|EH, B cereus ATCC
12480(2ALAH)Qt FALO/72(TEY) FEM =)

+ multiplex real-time PCR kit= C}39| 37tX| 2 HQAZE O|FHMS: (1) real-time PCR
premix tube (2XM'©Z HA|El MeltDoctor™ HRM master mix), (2) primer mix tube
(‘P'2 HEAZ, X3 =20l ME =3td), (3) positive control tube (C'Z2 HA|T, B
cereus ATCC 12480(AAtH)Qt F4810/72(TFEH) S™A| =gtH).

. 7JHEl PCR kite] 452 AOAC protocold] [zt HASstn HIet
o PCR kitso] Alsg 9l 'AOAC ZZS 9I3t AFR X B
FEH O =

=
EH
=

+ AOAC A3 2 QET A, Og|a HA AE 2t
PCR kitsQt EFHIX[HIYHS HlL Al AZ Zie M 7HX &8 3 multiplex
real-time PCR kit7} 7}& 432 LIE}H

[ |
¢+ AOAC AZYHO Mz} 371 =& &AM 24 & PCR kitse] 4SS +dst]
s

= [== =]
JHEE PCR kitse] 240t d55 AFdIAS.

. 74'eE PCR kits= Ch3at Z2 FHEO| AZ: (1) MEEh Al™ A8 A|7H0] BS(1~3 A7t
Eod) £& 1Y O|L(EED), (2) &2 = AEZ O4g o 10° CFU/g (BaH), 10
CFU/g (Be3), B) =2 S0|k: MEX H{X| ot Hlusto 2Ld U SdS Faste
= AT @) HY: 7 TS T FIH ol Aol 2a glE (5) dHM: FIAIRO]
=ZQR%t, & Yo| Moo=z O FNAEY, (6) sE7HAL =20t Zd: B. cereus A=
@ ot otLet SEFEA ZEOY S M50 oS, MEHSHA, Ol StAN Ao A
€ 7ts, (7) 7|51 2M% 80lgh M&A HiX| 2 ECE PCR RO HOiZl ZutE2
O &A4 2Mz & = A0 2 2ME 5o F7|Zt Hag = AS




7l ¥ multiplex conventional / real-time PCR kit 8% &

& H =

llTl

7F. A AE 719 AAF (Production of model commercial kit)

O FE % A 54 A vy Ad$2 A AEE multiplex PCR (cPCR) detection

[e)

kit ¥ multiplex real-time PCR (rtPCR) detection kite] A8 AlAF& ofele} o] ALk

=

3}
.

O multiplex PCR % Multiplex real-time PCR kit8 #|3 XZzlo]lH AEESL E 34 o A
tjztel g o] JRkE a1, nlo] @ Y o] AH(Bioneer Co., Deajeon, Korea)oll F&3}o] whEo] X2

54 A5 (ces, cytK, nheA, entFM % hblD)& HRZE st 5o]4 Ziglo|w &2 nlo]
I25E FYste] A4 58 (stock) % 100 pmol/uleZ F#4]$ & substock
o %% 10 pmol/ul® 2 3|48 3 PCR 7] E4 premix® W=t AFEES

ofo %0_1
2
>~

O AFE Arte 93 =etolv B Taq %fﬁ
3ta2 PCR % real-time PCR 7]E 2] Al A
Kogenebiotech, Seoul, Korea)9}e] d g o= A1H3}

O A24e] Aol L7
FAaE S Yk A}

O YA A T 0 AE £F P §F @m0 ol welHofol Hmz 27
o Agel ME 7 THAXEY BaFl B AT AW FES FAF AF 5of ¥
Aol og Hoel o3 £ wAY Bast A

O 7t 71ES] 4bdA t=gaks flste] O v 215
1

1’ o [e)
O ol#3t BE o] EL FAufo] A AF S 93 AHE AFH
O 7} 71E9] AJAl#(Commercial model kits)e AF&xF #Ho] A€l welste] g3t )
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27 multiplex PCR kit % Multiplex real-time PCR kite] A% A% Aako] 283t

o 3t =% & (Industrial level calculations for the production of the multiplex

PCR and Multiplex real-time PCR kits by Kogenebiotech.)

g stock waorking Total vol.(ul) kit
rimer rxn / Kit for 6 kits
P (pmolsul) | vol. (ul) / {w/ error rate 40%)
farward 1 1 100 12 24
CES
FEVErse 1C X ot 14 B4
i farward 10 (25 100 35 210
Multiplex o reverse 10 0.2 100 35 210
‘sag“g'f oa [onvard 10 0.2 100 23 163
L it f
raverse 0 0.2 o0 28 163
. fonward 16 L1 184 14 24
entFhd
reverse 10 21 100 - a4
: farward 1C 0.2 180 28 168
hblD
reverse 10 D2 160 28 168
; stock workin Total vol.(ul) kit =
primer ing rxn / Kit (/i for 6 kits
(pmol/ul) | vol. (ul) (w/ error rate 40%})
forward 16 0.2 GO 28 1e3
CES
reverse 10 0.2 160 28 168
farward 1C 04 160 56 336
CYIK
Multiples revarse 1c 04 108 56 336
CR Ki ‘orwar 0 0.4 00 5 3
reverse 10 0.4 180 SE 336
— forward 1C o4 160 36 336
reverse 10 o4 180 36 336
forward 10 0.2 160 23 168
hblD
reverse 10 0.2 o0 23 168
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( rotoxic ;
EmeticiEntero Emﬁlf&intemmxic

: iplex i
Bacillus cereus Multip Bacillus cereys Multiplex

.Ti R Detection Kit :
Real-Time PC PCR Detection Kit

-

a2l 317 7§eb=l 2 PCR kits A|H|E2| 2| (Outer view of multiplex PCR and multiplex

real-time PCR kits produced by Kogenebiotech.)
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0 AHgA

r’l

9

i

|

(<0

Fo A AkEl multiplex PCR kit® 3

(1) Emetic & Enterotoxic Bacillus cereus multiplex PCR detection kit

THA Fo TR AR ol Fo RS,
e Al +44 84 positive control tube (FAHHET FH, 574 9o “C'ghax A3 - o
A& Bacillus cereus ATCC 12480 (HAMY E+wF) H F4810/72 (FEE E+F)
T w5 24 DNA cocktail (%)
¢ A2 74824 Primer mix tube(Zefolw] E3td FH - F7 9je “P'etil HAIF) - B
T 5 7HA HRFAAEC g 5 FFe ZoolwEs &3
nheA, ces)
*

o] o

A3 FA LA 0.2 ml 8-stripe tubes - 2 HdZ¥ PCR
PR =I

Ha 7 APA AA

=70

&

Y (eytK, entF'M, hbID,

master mix (Bioneer)”} & ©]

2 318 7=l multiplex PCR detection kit A|M[E 7|EQ| Z& Lj

of the multiplex PCR detection kit produced by Kogenebiotech.)
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(2) Emetic & Enterotoxic Bacillus cereus multiplex real-time PCR kit

0 AHgA

)

9

Ll
ol

|

ol AAbE multiplex real-time PCR kiti= 3714 A8 AR o] FoF

. ;dll TA & A positive control tube(FA N ZT FH F72 Yo “C'gta BAE) - oA
2 PBacillus cereus ATCC 12480(4AE ¥ =+5) D F4810/72 (FEY X F1F) F

L—ZFTE: A DNA cocktail (Z3})
¢ A2 FA L4 Primer mix tube(Zglolw] &) FH FZo "P'Elal ¥ A|SH
WA B R G ARE(evtK, entFM, hbID, nheA, ces)°l that 5 F72o ZelolvE &g
o« A3 FA LA MeltDoctor™ HRM master mix tube (7F=E d
“OXM"o. 2 FAIE
O ¥ AFolA A3 FAHL49 real-time PCR master mixE MeltDoctor™ HRM master
mix (Applied Biosystems, Foster City, CA, USA)S A}-&3%.

=

O 19 319 A =
RHoE AFS Yeduz 2o 2 AgA dgdFS ALE3) real-time PCR-E tube
Z} real-time PCR 7]7]°l 9= tubett plateS A&

=4

A& o2 AAbE multiplex real-time PCR detection kite] =& T4 &

k>

fr o

EmeticBEnterotoxic

Bacillus cereus Multiplex

Real-Time PCR Detection Kit

Store at -20°C

a2 319 7HErEl multiplex real-time PCR detection kit A|HE 7|ES| UWE= (Al

components of the multiplex real-time PCR detection kit)
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H

ol
=

3

MadE PCR 7]EE94 A&

Y.

=

(validation)

=

|1 71E9] 23

=

Bk
747} g2 = ot okt FH(AOAC, 2002).

3

2helo] we} )

oA Al €]

=

]

=

3

&
=4

=2

(Preparation of kits protocols)
A

O  AOAC 7}o]
A of e

&+

ofp
ot

o
oV
1o

—

Ul
B
<

~

)

.
fite)

T
B

—_
fils)

o 9de wgstel F4H o] A

=

ted 2F 71E

o

14

o
1l

ol

[}

=

[e)

L

multiplex PCR kit®} multiplex real-time PCR detection kit
2 AHgsgon, A7

=

7_|L7_|L
EEES
ol wet A
ZEF

3L
hyA
ar
A

o

T

AOAC
o 29

=
=

o

T

LHER. ©]

==
=

o

=E

A

3 7t 7]

[e)
0 7 yser’'s manualE A Ab

protocols

O 19 3203 ¥ 321
o]

o o

o

O AOAC HAFE

Ton

+
o
R
<

of whe} 7} =9

TRED

o]

o
.

AN

3 %] 9

PN
T

ol A

=

=
=

PRSP

34

PRSP
=)

=

L (A

5

o] A +H
S

1), A=t

=

% 24

|

e

PRSP
=

71 E 9

I}k (A2

ol g

s

5 °l

=

%!

3T
™

o] A

O AOAC 7}e]

o
o
N

s

=0

H

O AOAC

she] 7} 7]

S

s 9

S

B

el
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(1) multiplex PCR detection kit protocols: User’s guide (A&} <FHA])

ow’ Users’ Guide

Each reaction tube:

1. Add sterile DW (11 ul) 95°C for 10 min, 35 cycles of 95°C for
: . 15 sec, 56°C for 30 sec and 72°C for

2. Bdd piriiiver ik (4. al) ﬂ 30 sec, and a 3 min final extension at

3. Add target DNA[S ul) Mix— Centrifuge—Cap 72°C. *‘-'—'-::_-

4. RunPCR

Direct loading to agarose gel
(2.5 %) [ gel electrophoresis

Lanel & 10, 100-bp ladder; Lane 2, F4810/72; \
Lane 3, ATCC 12480; Lane 4, ATCC 13061; Lane 5, ces: ?0 bp cytK: Iﬂﬁ bp hb;: 163 bp

KCTC 1013; Lane 6, ATCC 27348; Lane 7, KCTC
1092; Lane 8, KCTC 1094; Lane 9, KCTC 1014; nheA: 376 bp entFM: 488 bp

2 321 multiplex PCR detection kitO] CHoF AFEX} HHO| XtEA AHH (User friendly

Protocol for the multiplex PCR detection kit using an easy to understand flowchart.)
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(2) multiplex real-time PCR detection kit protocol: User’s guide

“oiu ’ .
avs Users’ Guide
Each reaction tube:

1. Add sterile DW (3 ul)

2. Add primer mix (2 ul)

3. Add master mix (10 ul)

4. Add target DNA (5 ul) = mix- centrifuge-cap
5. RunlECR

N mPCR conditions:
d 95°C for 10 min- (95°C for 15 s & 58°C for

f.o. 1 min) X 40- HRM Analysis

HRM Analysis (using FAM channel): from
60°C to 95°C with gradual temperature
increments of 0.1°C/s.

| One step |
detection

ces: 72.20+£0.24°C  cytK: 74.2320.52°C  hbl: 81.90%0.41°C
nheA: 76.55+0.39 °C entFM: 78.42+0.29°C

Mgl Cwrve

ewiid

”_Deter.tion ofall 5 targat
genes in artificial DNA mix

B Curew
hbiD

entFAS

nheAd
cyiKS

| B. Cereus reference
strain ATCC 12480

a2l 3.22 multiplex real-time PCR detection kit0f CHSF AtEX} HO| XEA AHEH (User

-1 =200

friendly Protocol for multiplex real-time PCR detection kit using an easy to understand

flowchart.)
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—

A E AEE (Bacterial

A

3) M8 J1E AFE AF AT dFE ¥

Strains and Food Samples)

O ¥ dAF3E 9sle] 3 T/ FEFTE(reference strains)©] AOAC validation guideline¥}
wel e S-(AOAC, 2002; Chua et al, 2011; Li et al, 2012; Petrauskene

O AMelH 3 7HA] & v 752 v 23 Bacllus cereus ATCC 12480 (enterotoxic
reference strain), B. cereus KCTC 1013 (enterotoxic reference strain) and B. cereus

F4810/72 (emetic reference strain).

R E 2 AEl9-2(B. cereus)oll LA BEE 37HA] vhE AFE AIRVE A9 E NS

HA

O 3
-, T2~El(rice, milk, pasta).

i

F< AOAC A< IA mef 3 7H4] & ZFu T2 dAFAEst] Aol AF
al., 2012; Petrauskene et al., 2012).

0 o A

€5 A= (AOAC, 2002; Chua et al, 2011; Li et

O W2 TE FEdF(F4810/72), 5 F=54 FEAdF(KCTC 1013), 28al Jp=Ehs &
e FEL EFTT(ATCC 1248002 HF/ 2 FAH 5.

8 AtE3t 3 &F9| AMZE A|RE AFElL (The 3 food types used

gl 323 7|1E A58 2
in the study for the AOAC validation of the multiplex PCR and multiplex real-time PCR

detection kits.)
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(4) AOAC A5& Z2EZF9 M
(Preparation of AOAC validation protocol for all laboratories)

g AREAF W] ‘g TREESS Vst 4 fdE AFA S AE

9]
By HYAES B AN 2zl AFH Ahex W) TRED 0
PN

T

O 119 324= #v)d “AtgxF Hel 22 EF7S e (AOAC, 2002; Chua et al, 2011; Li
et al., 2012; Petrauskene et al., 2012).

O wpAlwto = AOAC 7tol=ekelel wet HASAAF S Faste 24 AFAdoAe v, -+, I
2~EF 5 3 AFd gt 77 10 2F%E HZF Al=(high inoculum level inoculated
sample), 10 A&% HIE Al=(ow inoculum level inoculated samples), 2 =73tz
(negative controls without inoculation) Z#]3 1 A t)Z(positive control, either pure

strain culture or DNA from positive references)ol 3t 232 A& 79,
O avlEE 7} AgAdA= 7 AF st F 2271 A9 HolHE dA 2 A4,

O E, 37} AP ARG Fahw, 7 4Fe) hakel F 66749 AR dolEE TAHH
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AOAC Based Validation Process (Same for both kits)

g

% 1
P
fo ot 40 i‘ﬁ $§
& M.*'r' ﬂ% : Homogenization ':z:'ﬂ;r:fgm
Each lot: 25 g sample . icrobi
. in Filtered Bags |solation Kit PCR/ Real-time PCH
Rigg V- +225ml BPW 0.1% rson 11

e 4008 | crerile Low level
beaker | jpoculum: 1 ml

= +400 g/ml

-H\".' L

i

- High level - - PowerFoods
Inoculation ¥ ocalam: 10 ml Homogenization Microbial DNA _
Pasta: ATCC 12480 gl in Filtered Bags _'s0lation Kit g
+400g/ml n Filtered Bags
Rice: F4810/72 ' Each lot: 25 g sample (see protocal) '
Milk: KCTC 1013 +225 ml BPW 0.1% PCR/
Real-time PCR
lhl Culture Method (conventional) performed for each lot
. 4 : Analysis
~ Result ) &

5 —r
comparison Documentation

a3 324 VY E 7|EZ0| CHSH AOACH| 7|=3t HAZ S Qe AFEXAt Ho| =2 EZ9| Q¢F
(Brief, user friendly protocol for the AOAC based validation of multiplex PCR and
multiplex real-time PCR kits.)
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O 1% 3249 AOAC #HF

= n
=

= E

orot.

= LOfAED) & 2470 A[Z(lots)E ZH

0lJ

ol

{0
ko
pal
o
rk

Cr. & 7 Al

F

O =3
RS ESl,

(©)
il

H

<]

S 1070 X &= 7] HEZ g Mo o

=
=

3. 2474 NM=

HAl= Ct33t ZCt high level inoculum Sl low level inoculum.

C}.

£ 25

tAEF 400 O EE= 257 400 22|2|H

=

5. @& stomacher bagsQ A=

LiE & @23 57| f/5t0 stomacherOf A 2

ZtZ¢
==

M
o

iy

e
o
[ |

DNA #Z L= MYP MEHIX| HIYR S22 &

i

jru

1oF

ZEEZEO0| 2} multiplex PCR kit, multiplex real-time PCR kitE E3dl &

2t 7|EQ| &

7.

2|2 conventional culture method2HEH 2 AN=S AOAC formulas

=
=

f

41

=]
—

t.

C

o)

(=]
2

of thek 4S5 sdstH M=ol ZiE Hlu
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(5) DNA A]|89] FH
12942 DNA F%2 Powerfood Microbial

o1 e HE HIHF HA A%
DNA Isolation Kit (MO BIO Laboratories, Carlsbad, CA, USA)E A}-&3&}o] #u]3t
Al

O =S B‘l
O o] 7]|EE thaFsl AF X Zo|A Al DNA FZd E&4olH A3 5 g A E9.
O o] 7|Ex AlF AAY 54 ZZEFY FE5-HX DNA FF Al&HS AFEsto] A% Al
ZoA FZ3 DNAS FA3 £EE =9 o] PCR AdAESe AA® ofg} o
F1E9 Wt} F4H DNA F5 34 uj&9l.
O 19 3.255 Mo Bio kite] DNA &% Z2EZS Q9Fslo] YEWS.
O o] ZREFL2 BE g9 Agdor £33 DNA F5 FA4 S A 7] 98t
g A7 9 A olsle A HES FH H A
O mpx|gtoz 7} Agaol 7} AdxEe] FEY 2y H}Hgo AdA3E 7153 =o]7] Y}
APAEANA NPA R ZREZS HAYA S
£ $3F naturally contaminated

|
o,
>
il

wI 2o J|E9 ZREFZS A
T AREEHA S

O
food samplesl A1 2] DNA
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MO BIO Power Food Microbial DNA Isolation Kit Briefed Protocol

o

Resuspend pellet in 450 ul PF1 (PF1should be heated to 55 °C
before use and used at 55°C)

Transfer to MicroBead Tube and vortex for 10 min at maximum
speed and centrifuge (13000 * g for 1 min)

Carefully transfer supernatant to a new clean 2 ml collection tube
(approximately 400 ul)

O e NOOWL A WN

13 Add 100 ul PF6 to center of filter=> (13000* g for 1 min)—>
discard FilterBasket=> DNA is ready to use

a8 325 4F AZ0M DNA FEHS AT ALEAL Bl Z2EE9| QY
(Brief, user friendly protocol for the DNA extraction from food samples using Mo Bio
Powerfood Microbial DNA Isolation Kit.)
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(6) AOAC A= 4¥ (AOAC Validation experiments)

©)

>

5o 1% 3240 7|&s T2 EZ we FEHYS.

—
-—L—U R

i)

B} 2AEHA 71EEH ) A matrixE 1283 2% 3} B. cereus drE U 2o

2Elo &= B. cereus ATCC 12480, $--°l+= KCTC 1013, el F4810/72 ++& H

o\

HES M g5 v 37HA =109
1. low level inoculation< A<= 15730 CFU/25 g Al &
2. high level inoculation< A+~ 1507300 CFU/25 g Al =
3. uninoculated negative control> 0 CFU/25 g Al &

b A FE AR 400 goll 7 Al T AR ES JEE F Aol 3.

= 7} 25 g¥ AR Yo @2 F 225 ml 0.1% buffered peptone water
110 & 4
T

, Stomachero| A 25837+ 23} A7l (homogenized)

ZF AN g28EH F%3 DNA+ multiplex PCR kit % multiplex real-time PCR detection
kit®] DNA A5 2 A3

>
it
i)
1o,
M
4%
>
=)
o,
<
@,
w
@]
—
oy
Q
<
o,
Q
=
&

A= ZRERt s MYP A S ARER 5 WHORRE AL Ao TAA Fol4
< #H7kstr] $918ke Analysis of variance (ANOVA)E AF§-3to] #4395

A Z2 a3 IBM SPSS Statistics Version 19 (SPSS Inc., IBM Co.)E o] £33 <.

Tukey's multiple range testE= AF&3 om zojo] 3t T4 4 FoJ48 P < 0052 A

o83l =
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(7) AFAA9 295 4 (Analysis of naturally contaminated foods)

o 2 . cereus 299 F

x ) NELS B o 94
& B. cereus TE A FE9 oF 95%9F o] ¢

o ol

(Jensen et al., 2003).

Ladeuze et al., 2011). L&}
&5 ol AFA =AE (Forghani et al., 2015).

O I¥XZ =2 B. cereus 2@} AdE 77HA A E
o

e FHeA ol AFE dig B. cereus

o] 3li}el (Agata et al, 1995). -5

V-

Trb BAN PR AFER A7 faeti, SEAE
ouvg ofA Fa3 AU (Rosenquist et al, 2005,
Q'

Aol A EAsH, Ao el A&

o]

O &, uh a7], T8, AFA, 45, EvtE § 72 A% 9 15/ AEE AUE 24 2A9
2, H, SAHEAA FYste] wiz AgA=z Hkele] B, cereus natural
contaminations =433 2.

O & 105 Al=9 tslo] ZF A5 T 3 7FA] A &% H (multiplex PCR kit, multiplex real-time
./;:6

3+

PCR kit ¥ MYP agar culturing method)<

O teFsrAl HAbeH, ZF A& 25 g& 225 ml TSB #iAl & @i 231 43t
A

&
=

T2 HAS MO BIO Powerfood Microbial DNA Isolation KitE o] &3 DNA FZ9] A&

al

, 0.1 ml MYP plating methodol] A}-&3}.

O EF T2 FHAS 30°ColA 24 AZF St W 5, 3 7HA A= s ¥ B2
AL 23 wrRow %

O DNA F= %, Z} DNA+= conventional PCR % real-time PCReol A}&3}lal, 2+ MYP

7)
AR = 30°C, 24+417F vl o¥sle] potential B. cereus® #=3 Z AEWH e AES
2 Hluste] dEAQ] Wy A2 e PCR WHe &&
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il

. /leE PCR 7/1EE9 W3 AOAC #Z A

« HEME X WM AYSH AOAC protocoldf M2t & GHFOA JHEE multiplex
conventional PCR kit 3! multiplex real-time PCR kite| HAZ Al@= 3
+ 3jol SEE MHMSOM SYHOZ HT AES UM HI, HLE multiplex
real-time PCR 7|E2| M50| MY 243 A ZSE.
¢ L PCR kitsOjA] 92 ZAatE conventional culture methodjAl €2 A1} H|
7

of MZ 7iZel PCR EE=2 JeH 2722 ME 7IES2 285 A3

(1) A1AdEAY AOAC A5 AF=

O 3 3282 ANAIAEAd)A sFH AOAC T BHdl ALEE 3 7HA A5 (8, 3=

oy

O ¥ 326& TE ZFwT FBI0/725 FFF WA AOAC 7hel=gele] we} 7hdd
FagoRRE AL Anel AT WolF(AILHY)

TCC 12480 A&k dt=elo Al AOAC 7hel=gelel ulbz}
F2RE A8 Ao dRE RoE(A1AF A A,

w

N

o
o
i
k>

5]

M

=¥

ol

o >

O # 329v AlAPAAA 388 Al 714 A= WHe A3E QoFsto] v,
1) multiplex PCR detection kit¢] Z3(mPCR)
2) multiplex real-time PCR HRM kit¢] Z 3} (rtPCR)
3) conventional MYP agar method®] Z¥(MYP)
# o] Ao tiete] FAA FoAdS A4 A (A ol Lo g FAF

(7}) low level of inoculum® 7%

O 2% Alx T 79 oA multiplex PCR detection kit % multiplex real-time PCR
HRM detection kit®] Z3}+= conventional MYP agar method Xt} FAH o2 {287
o Wztstd S < 0.05).

O A& A& T F2ElddA low level of inoculum® 7%, MYP agar method ¢} multiplex
real-time PCR detection kite] A3+ 22 W E(sensitivity)E& H Sl WA, ol 59 A+

multiplex PCR detection kite] 23} Rt} o 717kst Ao 2 ey S,
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O o] Ax= Ao A3 031 2= glomz ctow 2 Aaore AFAES s
o % B o] A o]

o

O dAo dHolgHE 7|¥tog EAE 9o % low level inoculum® 3}2~Eloll Al multiplex
PCR detection kite= Aol 4700]32, MYP method= ¢Ado] 67Ho] == multiplex PCR
detection kit 66% °]7%9 H&E &S WeEbHow MYP #Ho] 273do] Hag Ao H
3to] multiplex PCR detection kit= 19 ol A#E A& & S g doF 3t

O H3h 23 d % Ao H7Eek AAH, 7TAZF S HA S T5HE /i E multiplex PCR

=z
o
kite] WA%EE 1 log CFU/g2 & 7HA] 5718 = & A,

(Y1) high level of inoculum® 7%

O AF A& W $folrM= A 7HA HE el 2ads BE AT AIRA Al
A=zl o] FAH =

O 2% A& 32©ele] A9, multiplex PCR detection kit ¢} multiplex real-time PCR
detection kit &= 87 2] Al &4, MYP agar method= 972 AlgoA FAH oz LERLS

=
W, o] Aol BAHOE F5A ke

O dutx o 2 high level of inoculum® 75l Al 7FA] W BEFoA] o dE BE A5
A B AT HEFo] AEHoR 0]—‘?—01%] , low level of inoculation®] 7o+ 7 4
= W WL Aol g Hrlslrld v {83 AoE UEY S

(th) Z+ AE4HE 9 5ol =(specificity) Hl 224

O conventional PCR kit ¥ real-time PCR kit®] primer sets(A]1, #|2 ¥ A3 ZglolH AE
5, 249 Az A o Zgolw AEES PCR 5ol=/t 55 HAFon,

conventional PCR % real-time PCR kitsell thsle] 371819 <.

=

O & A3 A3 A= Jidd F 71E BRI A4 MYP agar A 54 dHEzd (=
F AT HVS%— A e AR Uetgon, v, LM E B A A
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O ol# gt A= AF ARl dagle] TdsE.

=

O I#= = multiplex PCR detection kit, multiplex real-time PCR detection kit %
conventional method EFoA & Eo|E YEWS.

O A4 oz, AN 33 AOAC A5 A= & HAloA 7idd + 7HA WHE
(multiplex PCR B. cereus detection kit 18] 3 mu ltlplex real-time PCR HRM B. cereus
detection kit)> MYP agar HWlA & Al&3sle= ATAQ W BT 2E A RoA B. cereus
oASs HZEFT7] Y3k wHow ¢ wWiksta, ¥ A -8W 9 (sensitivity and working
capacity) 7} =< Ao =2 HULHE.
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3328 & AFolA AREE 37HA 2 22 AlBA dojx HF ZAE (Raw data
obtained from the validation of 3 different foods (rice, milk, pasta) in laboratory number

1 (Kangwon National University).

Negative
Sample Inoculated samples (1~10) co%trol it
control
1 2 3 4 5 6 7 8 9 10 1 2

MYP - + - - - - + + — — - - +
Rice

PCR + + + - + - + + + + - - +
Low

rtPCR + - - + - + + + + + - - +

MYP + + + + + + + + + + + + +
Rice

PCR + + + + + + + + + + + + +
High

rtPCR + + + + + + + + + + + + +

MYP + + - - + + - + + - - - +
Pasta

PCR + + + + - - - - - - - - +
Low

rtPCR + + - + - + + + + - - - +

MYP + + + + + + - + + + - - +
Pasta

PCR - - + + + + + + + + - - +
High

rtPCR + + + + + + - - + + - - +

MYP - + - - - - - + - - - - +
Milk

PCR - - + + - - + + - + - - +
Low

rtPCR - - + + + - + - - + - - +

MYP + + + + + + + + + + - - +
Milk

PCR + + + + + + + + + + - - +
High

rtPCR + + + + + + + + + + - - +

* - negative result. +: positive result. rtPCR: real-time PCR
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f.__.;-ﬁ'
5 . /
L i ' N |.I
— Positive Inoculated Negathve
el control samples controls

C

A BCD E FGH I J131211 109 828 7 65 4 3 21,

a8 326 B. cereus F4810/720 CHst AlE A|l=(EHO|A 2l ACAC #AEZ ZAil ACAC
validation results for rice inoculated with B. cereus F4810/72. A) amplification plot for
positive control, negative controls and inoculated samples (high inoculum, F4810/72
reference strain) using the multiplex real-time PCR HRM detection kit; B) MYP agar
results for low level inoculum (3 positives); C) multiplex PCR detection kit results: Lane
1. ladder, Lane 2-11: high level inoculated samples, Lane 12: positive control, Lane 13:

negative control, Lane A-J low level inoculated samples in laboratory number 1
(Kangwon National University).
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[2ha] Wnjnooul Mo
|2Aa) wnjnooul yaiy

mad men = CarTm e Can

k
1 |
!

1 e
Pesitive cantrol No detection in I. Detection in
~ Negative control inoculated samples

—— St i

12l 3.27 B. cereus ATCC 124800 CHTH AlZE A|R(ITAEHO|AMC] AOAC S ZA1f. AOAC
validation results for pasta inoculated with B. cereus ATCC 12480 12480 in laboratory

number 1 (Kangwon National University). A) results of MYP agar conventional method in
high (9 positives) and low (6 positives) level inoculum; B) multiplex PCR detection kit
results: Lane 1-10: inoculated samples; Lane 11: positive control; Lane 12: ladder; C)
multiplex real-time PCR detection kit results in StepOneTM machine.
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¥ 329 Al ANA S8t 371 HEWH tisk 239 £33 (Summarized results for

multiplex PCR kit, multiplex real-time PCR kit and MYP agar culture method in

laboratory number 1, Kangwon National University).

Pasta Rice Milk
Food sample (ATICC 12480) (F4810/72) (KCTC 1013)
positives negatives | positives negatives | positives negatives

MYP 6° 4 32 7 2a 8

Low 3 b .
inoculum PCR 4 6 3 2 5 5
rtPCR 7° 3 7b 3 5b 5

High a , .
inoculum PCR 8 2 10 0 10 0
rtPCR 8° 2 10° 0 10° 0

*Numbers labeled with different letters for each inoculation level of every individual food

represent a significant difference.
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i

(2) A2 dAe AOAC AT 2%

A AANRES B4 2

e
oo
oX,
i,
1)
fu
i
—r
2
=]

O AN 72+ A3 o] we} o
3.3000 vrERY.
1) multiplex PCR detection kit¢] 2 3(mPCR)
2) multiplex real-time PCR HRM kit®] Z 3}(rtPCR)
3) conventional MYP agar method® Z23}(MYP)
# o] Aol thste] FAA FAES A AR g(sA) Sl &

2

&
E
lo
t
=5
>
0%

O A2RHANA QL AHEL 3 /M dE BWE mFe AW} A9 HMzeAY gon
2 fAE R 2 7 URED uAGL ¥ 4 U8

O low inoculum® A%, 4% A& d2eldA MYPE 8/10, multiplex PCR kit= 10/10,
multiplex real-time PCR kit = 9/10 A|&5A FAd oz yYeElY MYPHTY F PCR WHol
o Wzl Aow yehd(2d 328 329 2 ® 330). AF AlE w9 HA$ MYPS rtPCR
o] 7% 10/10916] wate] PCRL 6/1022 vERY A4 o2 multiplex PCR kit7} W7%
g&o] ¥ Aow yeld (o] A= Al Ayels dX A FS). AlE 7

| A A¥= 3 B BT 10/1002 A7 2 o%ks

2

O high inoculum® 7% Al 7FA W¥H EF 10/10 $4& HolmZ AOAC 7hel =gkl ol A
FAAR] JES oy, AN 5489 AUVt EF UEHUES HE dEs 24dsiEE
FAs 5. A 7HA AEEY BT O 22 27100% FA)E YERNER ol & Alo]9]

(o3 ]

Aake] ol 7k glo] HluEH S & X7t §ls.

O AAHom A2APA ANt AP Anrrh H B FHL woltd oe it

Fo A% dmel Aolw A,

bede 4 AdAe A9 ea 2 AgrVIE deel mE LAE HAEE

O
kA

o}

o

= .

i

%0

O A, AOAC A% e @ AFANA Qold 2 AEFPUE hF aEHonw
2 4G Atelel Astel A9H vl gut e

O F Aol Ao 37kA] Z24UHES a2 HAAE M2 FARE 235 UErd.

_4

0 AEAe AL L AABIE B JUTIIG, AV, ATA, AWV DE A
NI oz

W, PN $99 AOAC AF 4F Ade AR AAAAL A9 fAasE
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¥ 330 A2Ad oA FP3 371 GAE=WH| 3 Aol F£3 (Summarized results for

multiplex PCR kit, multiplex real-time PCR kit and MYP agar
AOAC validation in laboratory number 2, Korea Agricultural Center).

culture method for

Pasta Rice Milk
Food sample (ATCC 12480) (F4810/72) (KCTC 1013)
positives  negatives | positives negatives | positives negatives
MYP 8 2 10° 0 10* 0
. Low PCR 10° 0 6" 4 10° 0
inoculum
tPCR 9 1 10° 0 10° 0
High a a a
inoculum PCR 10 0 10 0 10 0
rtPCR 10° 0 10* 0 10° 0
*BE AMEQ ZF I EOM M ZHX] A=HEO| CHDE XS0 CHE Yooz HEA|ZH O] £X|=
ME EAN™oZ Q&S XO|E LIEFH. (Numbers labeled with different letters for each inoculation
level of every individual food represent a significant difference.)
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Pasta

low inoculum
M 1 2 3 4 § & 7 8 89 10

-
_‘
—
——
S

-_—

\
.

I

high inoculum NC. PC
M 1 2 3 4 5 8 7T & 898 190 1 2 1M
{bp) e (bp)
s000- =4 =N _ 0
3.000— —3,000
i b =E:
1,000— —_—— L — —1.000
700— —_— el — 700
500— T D SN D G NN G — — L —500
— D SRR e— D S D S ——
300— - - —300
200— -— 200

a2 328 H2AHAO|A M=l multiplex PCR detection kitdj Lt AOAC AT A Z
It=. multiplex PCR detection kit AOAC validation results for pasta inoculated with B.
cereus ATCC 12480 in low and high inoculum levels in laboratory number 2 (Agricultural
Research Center).
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Pasta, low inoculum level

S Fean
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; 1- positive

B

ARF T

“® 0 © ]
Tommpataturs, Cotuim

[T

oo

” 3- positive

... O- positive

SRFUT
e

| SS  S——"
Tempa sture Cadnan
Wan Fan
.| - positive
'
o0
§

4000 4
At vt Wil weelie-
Temparature. Cetana
—

AR

e
0 s
- ™ = ©
Tamparstars Canmmn
»o0s 1
-
e

e 3

~ Negative control

Tuenpar s Catunr

8

SRFUVT
-
g

o | %
oo |

arFut
AR
.3

?2— positive

[ n = (5]
Termger s Cottiss
Mt Fash

4~ positive

L m * ®
Temgeraturs, Comiun
et Fon

w000 4

6- positive

00
o000
o0
| A ISR
Yo ature, Coliass
i
t:-:ei
.. 8- positive
-
P T e Twm
Tempersturs Cotanan
s
3o

= | Positive control

gl 329 N24dA

real-time PCR kit in laboratory number 2.)

of =3z AOAC HZ A ZAiut=. (AOAC validation results for

pasta inoculated with B. cereus ATCC 12480 in low inoculum level using multiplex
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(3) A3EIAY AOAC AF AFHE

O AEHAANA 7z A3 el wet Aozl dHARES G 2 24 2342 U] &

331l YEby.
1) multiplex PCR detection kite] Z3}(mPCR)
2) multiplex real-time PCR HRM kit®] Z 3}(rtPCR)
3) conventional MYP agar method® Z23}(MYP)
x o] Ao diete] FAA FolAdS 2 A (A ol duplor wAE

O ¥ 3307 3312 A% AlE FxEle] gk low % high inoculum AlEEe] o
multiplex PCR detection kit9] A#S H o=,

O AOAC A< WHE & AP dofxl 74 AW sl e vadiolmz 7 43
A Abolel Aol A A wals F ourt gl

O multiplex PCR detection kit, multiplex real-time PCR detection kit % conventional

method . FoA] e EolvE JEIWL.

O E IAoA 7iEE F 7FA WHE (multiplex PCR B. cereus detection kit 18]l
multiplex real-time PCR HRM B. cereus detection kit)= MYP agar WA & A}&3t= %
FAQ MR AE ARAAM B cereus SRS HAESH] Y WwHo=w ¢ Wstal, U

2189 9] (sensitivity and working capacity)7} & Ao = H7bH.

)
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¥ 331 A3 A =33 371%] HEWH e 23] £33 (Summarized results for
multiplex PCR kit, multiplex real-time PCR kit and MYP agar culture method for
AOAC validation in laboratory number 3, Konkuk University).

Pasta Rice Milk
Food sample (ATCC 12480) (F4810/72) (KCTC 1013)
positives negatives | positives negatives | positives negatives

MYP 10° 0 10° 0 10° 0

Low a . .
inoculum PCR 10 0 10 0 10 0
rtPCR 10° 0 10° 0 10° 0
MYP 10° 0 10° 0 10° 0

High a . .
inoculum PCR 10 0 10 0 10 0
rtPCR 10° 0 10° 0 10° 0

2E AZO Z YIUHAM M ZtX] A=LHol et XS0 CHE LOBIe 2 HEAILH O] £=X[=
ME EAN™oZ Q&S XO|E LIEFH. (Numbers labeled with different letters for each inoculation

level of every individual food represent a significant difference.)
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a2 330 H3AHAIO|A =M=l multiplex PCR detection kitd] CHEt AOAC AT Ad Z
It=. AOAC validation results for pasta inoculated with B. cereus ATCC 12480 in
laboratory number 3 at high and low level inoculum (Konkuk University).
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1— positive

a0
Tampsrature, Cetuim

Bt

3- positive

an
Temperature, Getsbus

hn aak

* 5- positive

8
Tamperaburs, Cetuhss

et e

7- positive

80
Temperature, Gt

[T

 9- positive

e
Tommper et Cesin

w i 2— positive

wo 4

4- positive

L]
Tampsranis, Satsnsm

Breit

6— positive

=5
Tomearaiure, Cotlsbhs

e —

8- positive

[T e

10- positive

o
Tamiaintiirn, Salshin

manrt e

Positive control

a2 331 M3AYAY = AOAC HAZ Ay ZAits. AOAC validation results for pasta
inoculated with B. cereus ATCC 12480 in low inoculum level using multiplex real-time
PCR kit in laboratory number 3 (Konkuk University).
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LEE AFAAY NEE JNES AT 4

o =3

2. 24 A

O 7T7kA A F(CE, Ay}, A7), F5, A

N AEE FHste F 105 A5 tiste] B. cereus® &
= YeEhd(# 3.32).

154, 45, EntE)S Adstan 72+ A% 5% 9
= BEUEY st 7 edk 4

HE ARELS S A 2 3(30. 24 A F9 w2 FEEe] MYP (MYP selective

O
agar), PCR (multiplex conventional PCR), rtPCR (multiplex real-time PCR) % 37}A %
EWHo=w RYHY A=
W AL A
O % 1570 A% A5 thdt B. cereus RYE S MYP, PCR, 2 rtPCR 71E WHog <
gt A= St dol= 47y 2, 4, 2 57 YA ol e, FauleF o= 9, 14, w12
7N ol =
O #H¥rol A B. cereus BUHH WHEE Svd 2 F9F 5 A real-time PCR kit7}
74 E=gkow & WHA7F PCR kite]l i, 7Hd W& o] MYPH A 9S
Z3A7F AFA Ft 1ol oF 10° CFU/g o2&, o] 7]
AEAFE 9

> 2

+ B. cereus”’} 103 CFU/g, ol o2 &
%A o7 yYehd A& B. cereus”’t 10° CFU/g,ol &}

(2) SFEIRA7)Y BS
O & 1570 A& W3 B. cereus RYUEHHS MYP, PCR, ¥ rtPCR 7]1E Wy oz 33
A Sddels 7247 3, 2, 9 377 A oldlew, STl FolE 13, 6, 2 127 o]
o] O
AA A .
A g S o] A real-time

O %td, o] EYUHY Aye giF l"ﬁ:«] 2717F Ak Al 382 4 A= B L S
ZEA A gk o}zl @ o] WhAE R o] A2 AHd] Fash B W AFEokde] A7 2 o
A 7F A=

3) %9 A%

2 rtPCR 71E WHog 33t

. cereus =UEHHS MYP, PCR,
= 13, 12, ¥ 1371 o] A=

O F 1671 A&l w3 B
G 74 1,4, B 5707F A ollem, S Fol=
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O PR FHo|A B. cereus RYUEHH WA EE A W S5 E5Fo|A real-time

PCR kit, mPCR, MYPH A= YEES.

O @, o] HUHY AvelA] FHAN ST P AN IS Aot Ym, vREe
= o

[}
gol A= AL N,

O & 1570 A& W3 B. cereus RYUEHHS MYP, PCR, ¥ rtPCR 7]1E W oz 33
A= S ddes 2z g9, 2 97t A oo, SuFols ZH7E 14, 156 9 1571 9]

A=

(B) HF9 A&

O % 1578 A& W3t B. cereus FYHHES MYP, PCR, ¥ rtPCR 71 WHo=z 33t
Ay SyrAo= 22 7,5 9 137) o] e Syt E= ZH2E 6, 12, ¥ 137] ol &

O 8B E AFX9 AFdA 371K AES: e YiZtnE S¢d 9 =73 BT A
real-time PCR kit, mPCR, MYPY <A =2 YUEluS

O AlgAlet 4+ 49, Ay, 7] 9 FHe; nlaste] Adidos Fud =2 AR E
e, o]A 2 Ay F 5 AAAAFe AEo] EYd A =FHnE EYuAEQ
B. cereusell W3] ¢ =& oA 7teAS A= Ao FEH

B. cereus EYEHYS MYP, PCR, ¥ rtPCR 71E WHo=z S8t
ﬁﬂr% Tadel= 47 2,3 2 97 A ol e, SFHFel= 47 13,10 9 114 ©]

OIdE=E Sy Fu$o 37HA AT W UHEE UEA Yoy Fa
% B A real-time PCR kit o] 7Fg & =5 eI S,

SE
ol\

rlo
q I
N o

(7) EvfES A$

O & 157 A& W3k B. cereus RYUEHHS MYP, PCR, ¥ rtPCR 7]1E WW oz 33l
A= FHaAd = 247 2, 0, 87 A oo, ST 47 4, 2 28

o

b

O agrs Z=¢Ad % Z=743%F 2T A real-time PCR kit¥eo] 71 =& W7 EE e ye.
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S 0o
o

t}

’

7%=+ multiplex real-time PCR kit7} 7} E=ton

1

-

S
multiplex PCR kit, 28] 31 A F 2 wjA v H (7] MYP plating) w0l =.

=
=]
T M= 7pEE PCR kit

ey

)

8 =34 48

=
o 7

i)

ofoll A vrebe A A

A= 100% B. cereus It

39l

multiplex real-time PCR kitoll A %A

(Forghani et al., 2014; Forghani

St
=

o=

A e 2 o] A

by

=
Al
S

T

H
MYP7} multiplex PCR kit®.t}

fad

A WA gRiel o

A M B. cereus® &

=

.

T
=1}
Els

Ay A
it

(A148 % 24 A3} (Forghani et. al., 2015).
Kim et al., 2015).

ol A

6‘;}_
sol Wi

54l plating FHEY Sol=rk 4 ¥ wu=
¢}

multiplex PCR kit
of 3l

A2 B. cereus?
A

et al., 2015;

L
pu
==
T

=

O ¥y Mz 7ZE PCR kit WS 97A=®g ol oy &

O YxAdo=Z MYP
O AEA WA el

)

R

+
ol
o
el

—

0

H
B

tH, &4 wiA el A

°©

AR 47YR (nheA, entFM, hbID and ctK)9t T&E

H A el A B

A

d o]

2 ARG

s
a

Tor

X3
=K
B/
"

ﬁo
B

O multiplex PCR¢] o]&1 &

QY

AmAy v g v

T

e}
yad

1

MYP

1

kel
pad

Ve

A Z o4 B. cereus
PCR kit9]

a4
1

3|

S
S

o A
real-time PCR kit¥® 4% 43
O 74

do

N

el

—~
file)

-
il

—

0
0SS

ol

R

&+

ol

]
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¥ 3.32 MYP #iA] %, multiplex PCR kit % Multiplex real-time PCR kit & 37}4] #H&=%
WS o] g3te] 2]FoA B. cereus 29 EUHZ Z3E (Results of the monitoring of
foods using conventional MYP agar culture method, multiplex PCR conventional kit and
multiplex real-time PCR Kkit.)

Kimbab Without 1 2| 3| 4| 5| 6 7| 8| 9| 10| 11| 12| 13| 14| 15 Total
enrichment
MYP o e e S I - -+ - 2/15
PCR +| 4+ ] - - - -] -] -] - o - - 4/15
real-time PCR o e T e Y S T I R B S e - 5/15
With 1| 2 3| 4| 5| 6| 7| 8| 9| 10| 11| 12| 13| 14| 15 Total
enrichment
MYP e o B I o S B B B ) i B B N T s 9/15
PCR ol Tt ot A ot (N o A o A A A A N R I 14/15
real-time PCR i e e e e A e o S 12/15
pork Meat | Without 1| 2| 3| 4| 5| 6| 7| 8| 9| 10| 11| 12| 13| 14| 15 Total
enrichment
MYP o e e e - - - - - 3/15
PCR + - -1 - - -1 -] -| -] - - + - - - 2/15
real-time PCR S I B B N o B B B B - - - - 3/15
With 1 2| 3| 4| 5| 6 7| 8| 9| 10| 11| 12| 13| 14| 15 Total
enrichment
MYP el Tt A SO O S B O S A A R B I 13/15
PCR o T =t T T R T [ R - + | + | + - 6/15
real-time PCR e Tt ot =t T = A (R IR R + |+ +] + ] + 12/15
Tofu Without 1 2| 3| 4| 5| 6 7| 8| 9| 10| 11| 12| 13| 14| 15 Total
enrichment
MYP e e T e s e B I - - - - 1/15
PCR e o o o RN R [y R - - - + - 4/15
real-time PCR + + - - - | - -] -] - - + | + - - 5/15
With 1| 2| 3| 4| 5| 6 7 8| 9| 10| 11| 12| 13| 14| 15 Total
enrichment
MYP S T O ot A O ot A ot R o A o A O N 13/15
PCR ol T ot A ot SO o N S A A S A R N N S 12/15
real-time PCR o ot A ot A o A S N o A o A o A A N R B S 13/15
Spinach Without 1 2| 3| 4| 5| 6 7| 8| 9| 10| 11| 12| 13| 14| 15 Total
enrichment
MYP e T 0 T I e B R O I B R S 8/15
PCR o I I o A I R ) I I S ) I S R R S I S 9/15
real-time PCR I A A e I T S 9/15
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With 5|1 6 10| 11| 12| 13| 14| 15| Total
enrichment
MYP -+ + |+ + |+ +| + 14/15
PCR +| + + | ]+ ] |+ 15/15
real-time PCR + o+ + |+ + |+ +| + 15/15
Lettuce Without 5|1 6 10| 11| 12| 13| 14| 15| Total
enrichment
MYP +| + S S T R I 7/15
PCR +| - - - - -+ - 5/15
real-time PCR +| + I o o I S 13/15
With 5|1 6 10| 11| 12| 13| 14| 15| Total
enrichment
MYP +| - o I R I 6/15
PCR +| + S O o R I B 12/15
real-time PCR +| + + |+ + ]+ + | + 13/15
Rice Without 5| 6 10| 11| 12| 13| 14| 15| Total
enrichment
MYP - - N O R N I R T
PCR -+ +0 -] -] +] -] - 3/15
real-time PCR +| + + | - +] - - - 9/15
With 5|1 6 10| 11| 12| 13| 14| 15| Total
enrichment
MYP +| + + -+ ] |+ 13/15
PCR +| + + | - - - - - 10/15
real-time PCR +| + + | - - - -+ 11/15
Tomato Without 5| 6 10| 11| 12| 13| 14| 15 Total
enrichment
MYP +| - - - - -+ - 2/15
PCR -l - - - - - - - 0/15
real-time PCR +| + + |+ + | +| +| - 8/15
With 5|1 6 10| 11| 12| 13| 14| 15| Total
enrichment
MYP - - + | - - -+ - 4/15
PCR +| - - - - - - - 2/15
real-time PCR -+ + | - - -+ - 8/15
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a7 332 Al

5 Hols,
o o]
= A%

=
<
O]—_r

Ml MYP #A w7 /A PCR o)
B o mEw o A JRE HelEts

1A AANA Aol gk A&
A H
=1 o

| With enrichment !

|

I
3) Multiplex real-time PCR HRM kit

Without enrichment all samples
ampliﬁcatiqg plot amplification plot

With enrichment all samples

Without enrichment all samples

Two positive samples melt

melt curve curves showing toxigenic profile

Sheh Com e

on lettuce.)
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O

9 3332 T7HA AE ARl dig Svd 2 S5 3 A HEWY AREs S35
AEF Y A2 veyl Al 7 B B SHEdET SEFAdA o & HEES UE
H
.

Number of detected samples

15

R /

Kimbab
Meat

E

Tofu
Spinach
Lettuce
Rice
Tomato

1 MYP without enrichement B MYP with enrichement B mPCR without enrichment M mPCR with enrichment M real-time without enrichment 1 real-time with enrichment

3 333 77HA| AE AROM AN QAE0| CfDt S#™ X SH= M 7K CHtE dEY
HO| Al ZAit=. Detection rates in naturally contaminated foods for all food samples
using the three different methods, with and without enrichment. (5#H % ZT4=F
real-time PCR ZAUS(SM)0| ME HiX|HI KR (=AH)O|Lt multiplex PCRE|(ZAH) &L 74

Dot A= LIEtHO| F=5t2t)
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multiplex real-time PCR Kkit)
vl 9F ¥ (conventional culture method) 2]
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=
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24 8wl =]

2 HEA

ol

(1) &2 A
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A4d 5% WAY HFT Sol FAAH A G

O 5% HYY ¥z &S fIe PCR system2| Xil % fI15t0f Ciet HEAY &2 £
O] XX} O3 o Primer set2 Database2|5l0] ZtZte| 45 E7I5IUS
O Primer 227 F HAY H"*T‘+°I dE20| dsS *‘57}3}7I #15t0] BLAST 3! in silico
PCR amplification2 £35}0{ YL E Rule-Out 3}¢ 10, 2 AMHAOAN BQstD QY= Hel
4 U¥2 dFE de=z leer°l 458 Hosho| fI5to UHE U Eo|=EE HF
SIAS.
1. A&

O W&t (Escherichia coli) At B &2 il = e AANTFZ A=
o7 SF9 o2 TAUAE IS AdAdE e E£xs d=(Bentley et al,

1982). 18y AT T dH = HYA AxE 5t w Aldy FEAA H3e f
SHA He=d FY, 22789, d¥3F, Haewd & ouYgd d¥S f3sh(Nataro et al.,
1998).

O AFAAE 3, A=, 2AX], Ay= 2 o9y 37] 5 o8 7Y AFo] YQle] &
o S w2 3 o A= sk

O HYAdS dYee dF3Te A HFer FEE £ gon 545 A
Enterotoxigenic Escherichia coli (ETEC), Enterohemorrhagic FEscherichia coli (EHEC)3}
Fxde]  AFAS A%FS  UelE=  Enteroaggregative Escherichia coli (EAEC),

Enteroinvasive Escherichia coli (EIEC), Enteropathogenic Escherichia coli (EPEC)S. 2 -

W = (McDaniel et al., 1995)(2¥ 4.1).

O EHEC+ AlFHaoAIA =84 A 2 G4 213" 84 85537 (Hemolytic uremic

syndrome)s < F&3le] 2o EA7F B vt E coli O157T:HT7E Al A Zt=ol A F8 2]
T Yoo g o7 QL. T LFEYULe dAS] 2YHA Fe Hauv] ES5Y.

4

O EPECE T E, B&% XA}
Zol &

A g dehi] oAl wAEAelr. 14 ol A
ol A F2 At Aol 54

O ETEC= /W=l fopdabd et} of gap dAape] o AW dA = AA 4oz 2108
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A7 WE L Py

7} 5% HA4 dgF U FAA wAY HolHuo s T&

O 5& WY g EAstH AEol o] 85 Ad Gene marker & 53] W4 wWAYS
of Y& M A= 5olA< target geneol| tlallA 7]Eo] BiE THES Faste] HAASH
92

O ZF HAdAd gt B EE 199032 E 2013974 i HAdd =8-S Web of Science

o)
Ll i=] RIS =
2 Pubmedol A SCI=&9F2 AME o] Data BaseE T39S (19 4.2).

=

O wd AL Fdl AW AR F FHdA vbA g Primere] HRE FHOE Datas
At o™ o] Primere] Multiplex PCR A& &A% dA4d =71 &3 Ad, A
9 Impact factor, sl @ = A& FE Fotsto] SHTHE Hot =,

Web of science Pubmed

19 42 Web of Science ¥ PubmedE £3+ =% 714
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¥ 41 5% Data Base & EHEC| t3g Reference paper2] # € (d+5)
o, =20|8 «|PCR ZE+|HE 427} = joumal SF* .0 -
Real-time multiplex PCR assay 1 and melting curve anafysis for ’
Z | | .
i identifying diamheagenic Escherichia coli M 4l . h A A
PCR Detection of Microbial
i Muitipbex Real-Time PCR (MRT-PCR) for Diarheagenic M 013 USA  Pathogens Mehods in ND 0
Molecular Biology
Oceumence of Visulence Genes Associated with Diamheagenic _
s s5irals
i Pathotypes in Escherichia coli lsctates from Surface \Water 3 i = 4
. . - . . Gastroenterology and
Design of an improved muitiplex PCR method for diagnosts of ’
H entexchsennoraghic Ecolland eneropsthagic Ecol pathotypes M 012 fran ::E:;D!DQ}'meaedtu 0 0
Mutipler polymerase chain reaction for rapid identification of ; :
i made b 1 !
fi diartheagenic Escherichla colk M 2012 BangladeMymensingh Mad J HD 0
Development of & muitiphex PCR assay for detection of Shigatowin- T
iers n Cellular ar
b producing Escherichia col enterohemarthagic £<oll and Mo T Wil
R Infection Microbiology
enteropathogenic Ecoli strains
i A nevel single-step multiplex polymerase chain reaction assay for the deth 012 lapan  JMM M8 0
Developenent of a multiphex. polymerase chain reaction assay for
gk Diagnostic Microbial
E Escherichia coli and Shigetia spp. and its evaluation on colonies, culture M 012 UsA o 2 ; o o
and Infectious Dissase
breths,
and stool
i rapid multiphex PCR for identificati f in humar
E S_frq:?eand ..;Jz-drw_hp_lex Fﬂ it em Wi 1 Sweden Microbiological Research 2308 1
diarrheagenic Escherichia coli i
Simuitaneous detection of virulence factors from a colony in
diarrheagenic "
10 Eocherichia coll by a multplex PCR assa with Alexa Fuor-labeled ™ o canll oo R o
primers
Exhaustive Isolation of diamhoeagenic Escherichia coli by 2
i colony hybridization method wsing hydrophabic 5 %
n grid-membrane filters in combination with maltiptex M st Gl e e
teal-time PCR
Muftiplex. polymerasa chain reacticn (PCR) assay for
simultaneous Getection of shiga-like toxin (sl and 3 Afrizan Joumal of
M Tran h 1
i s02), intimin {eae) and invasive plasmid antigen H e = Biotechnology o
(ipaH} genes in diarheagenic Escherichia coli
* JF : Impact Factor
#x M : Multiplex PCR
. dolgHlo] 2~ W Primer setdl g 3A
O =% DatabaseW] ¢4 9= vl"Y O Z primer set5S AAGR o HAAH hA+Y
Qe AES 9% WU O Primero] U3 AAo] Ba st
O PCR product size, Primer® annealing temperature, Primer 7} 74 (<]- primer—primer
dimer ¥ 4J), Basic Local Alignment Search Tool(BLAST)S E3to] 47 AEAS 7#7A

stlom 2T

FREL Fel WA

(18 43).
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Distribution of 110 Biast Hits on the Query Sequence 4

|Mouse over to see the defline. click to show alignments

Color key for alignment scores
<40 4050 0 -8 B0-200 >=200
D..ryl 1 1 1 1 1
1 a a 12 16 20
1% 4.3. Primer-blasts ©]-§-3g primer 174 74
O Target geneol| tgt A% Primerv th&d 22 dd9 AAHS S8 wHdAd i
virulence factor gene A =°l # 4 3H Primergs AEsI (29 4.4).
in silico PCR amplification
Rule out

Undetected primers

Conventional PCR

Rule out

Undetected primers

assay

Establish Multiplex Real-time PCR

1% 4.4 Schematic diagram for Conventional PCR primer screening
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O Real-time PCRS 93 A9 Primeret Probe XA Al in silico PCR amplification
Conventional PCR¥} =434l 4335t 21 TagMan W2 o2 A 2% = Probe? - A

b8 ARl AR Primers ¢AA R HAE S5 (1Y 45).

O ol TE A& Alolo] Probe’} $1*ste] =& WEe} Eo]xS XY= TagMan probe
W2a1S o] g3 4= Q7)o AMEEH = AT Y. Real-time PCRolA Primere] ASS 93|
SYBR %29 Real-time PCRE 33551, o] £ #dAE%#o] "o]lx+&= Primer/probe

set2 wlAE = A H.

in silico PCR amplification

Rule out

Undetected primers

SYBR Real-time PCR

Rule out

Undetected primers

TagMan Probe Real-time PCR

Establish Multiplex Real-time PCR

assay

19 4.5 Schematic diagram for Real-time PCR primer screening
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O in silico PCR amplificatione University of the Basque Country(Department of
Immunology, Microbiology and Parasitology, Faculty of Pharmacy)ol A #|%Z$F Tool =4
NCBI°| S5% F4x ARE ngog xg s 53 ExAESH AeS AlEF oA

g S (294.6).

O in silico server (http://insilico.ehu.es/digest/)S %3lo] 7]& A7 EA o] Ad5%H E
coli genomic DNAZ o] &3to] AAH primere PCR A2%E wg o= 4 ) Ag4
E. coli 759 B2 FE coli BW2952, CFT073, DH1 % HI10407& #®]#3to] F 65% 9

E. coli DNAARHE o] &3}t

In silico simulation of molecular biology experiments

ahoUl, {iing this site Last update: 2015/07/30 (2760 prokaryabic penomes)
Experiments against Migrssteliite Repegts Restriction digest of DHA
prokaryotic genomes Fing CRF by pame Translate DA o oroteir
PCR ameification Sortsscusics lecater Ralindramic stauences findar
o 148 = | By f aariLat
; ko BF: . senrsspekin mrm?.m_ﬁm.ﬁ:mmm.ums
BCR-RFLP WEEF'S SANUANCES 0 L
T-RFLP lecular W ul
inestien fingerprint datz r T lati
Deaple Digeaticn fingetarinting
AELP-PCR Online exercises £ Qversl
insilico.ehu.ens 54N , . Qige & UPGHA snalviig of PF Lia
2EF ECH-RFLP sxpariments A -
m h - TV 1
Couniling Chimiss
CESAP-PLE i il i
s Fngerpoinding m i i
ME Racommended sites:
Bagher aldenomich o

Bigpt

Prokaryotic genomes: data retrieval

T &
Strain GeC Length OfFs Graphs and data
Bocillus licheniformis 99458 45.9 ares s OMeav TVRAI@ #Ele X

[ Selact 3 umerant genome |

2003- 20158 Univerity, of the Basaue Coontry. All rights resended,

This website was fundded by the Spurﬂsh HMinistry for Education and Scionce under the Programmae
ONSCHIDER-INGENIO 2010

Convsolider

2 4.6 in silico Simulation Z1§|0| X|

- 137 -



AA Aol A FaH wild type w¥F= ©]83t] Primerd HAES 93 @Hé%ﬂ%lﬂr 2L
AAENHAS AFdo iy 53 HAANAT dFES 24sI e F 63719 HAUYA
thAFS BoF gkt o] 2 o] 83t AAE Primer ¥ F7HEES AE AdS Ay

3 04E 27 ERNERR

) 2%

Enterapathogenic E .coll (EPEC)

24 484 BUT 89S HA0LD FOBOY F0BBIY 4B (M) todgeric £ ol (616G S
) Enteroinvasive E. coll (EIEC) 15

HYMS: 024504121 1 "

2 8278

S5 T U8 o PCR primerSQ] ¥F HH0| UoY 37 2Y

SEAUE 4 HU2IE Y

r=

AR S 44 a2 Hyes 9 9Y OE2 4

i 48

S 08
il B4uEYE A
08 47 ¥RI|BoR| 4 AN RREYNY (RYBe2L)
B 42 Y U0 Ex A
gL =R MEaAMEHEATH 24
EPEC 12 3 15
EHEC 8 3 11
EAEC 11 3 14
EIEC 5 3 8
ETEC 12 3 15
Total 48 15 63
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3. 47+ 2%

7b 5% WA ATl dE F4A WA

J|m

O T=d dolgHeolx T M &7 =dd ¥HdA 5ol v FAA e W AR o

¥ 439 2.

% 43 449 7 e gigtol So]l4<Ql target geneo 9
Target . . .
Pathotype Location of gene Description
gene
EIEC®] virulence plasmidel < #) 3}
EIEC ipaH Plasmid EIEC7} daAaxd AFd 4 JEs
x4
EAEC aggl Plasmid chromosomal gene®] 5 ZALx# <lx}
LT Plasmid heat-labile toxin % 3}
ETEC STh Plasmid heat-stable toxin % 3}
STp Plasmid heat-stable toxin ¢+ & 3}
eacA Chromosome intimin® 7% FAAE HHo| Bz ost
EPEC
bip Plasmid bundle-forming pili®] 3% 3}
stx] Phage shiga-like toxin 1 ¢% 3}
EHEC
stx2 Phage shiga-like toxin 2 %3 3}
lac 'Y Chromosome Lactose permease 3.3}
E. coli 16 ' o
Chromosome Ribosome %35 3}
rkENA
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2 Entero Invasive Escherichia coli®l W94 FAAQ jpaH= Shigella spp ]
AzLe} A7l Dol frAbste] paHS HEWYOE = E. coli®t Shigella sppg i

O oly3 FAHS sZ2st7] Yol 2] Speciesoll W3 Housekeeping FAAE vwhAZ A}
g3lodof dlt}. Speciesoll ™E House keeping FAAE= o] EFol AgEY FE /65
rRNA7} vFA =R AREH.

O 18} Shigella spp$t Escherichia coli®] 16s rRNAY 99%9] 254 S Holir 92(Chen
et al., 2011). we}A —%ﬂ” © 7 Shigella spp®t Escherichia coli®}®] TS Yalrs= F

ko] Aol & YEE A vpAZE QA (2 4.8).

O ¥ Ao M= Shigella spp 7t lactoseE 3|5} A| &3lal Escherichia coli+ lactoses
A= 5SS vH O = lactose permease(fac V) FAAE o] ol mAR A 2L ALE
S =

% Relatedness (DNA)
0 Iﬂ!ﬂ-‘lﬂ#ﬂsﬂ!ﬂ 70 80 90 100

S L] L] LJ |

7 Edwarduils

f—( Sarvatia

~— Halnia

r'( Erwinia
Enlerobacier
sggimerans
E. sakaraki
E. choscaw

|

I

\ ' 3
"
e Providencia

\ Protews

E. seroganss
Kisbsisia
Shigeha

E. coll
CHrobacier
Saimpng s
MoIganeiE
Yeruinia

A L J
-] 9r 89 100
% Relatedness (rRNAJ

12l 4.8 Enterobacteriaceae 2| DNA 5! rRNA &5 /d(Spence et al, 1994)
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t}. Conventional PCR Primer ¥R+ AA 2 AZF I AA

O Z} Primer sete] A4 7]+ PCR product size, Primer® annealing temperature, Primer
el 7t (o~ primer-primer dimer ¥4)), dFE=we] IF 2 ASAHAEE 1este] XA}
A= (3E 4.4).

¥ 44 =% DBEYH #A5 F AAE Conventional PCR primer setE°l] tf3sh AW

Pathotype Target genes Sequence(5’ to 3’) Size(bp) Tm!(C) Reference?®

. GAA AAC CCT CCT GGT CCA TCA GG .
ipaH 437 63 I-5
GCC GGT CAG CCA CCC TCT GAG AGT AC

. GTT CCT TGA CCG CCT TTC CGA TAC CGT C
EIEC JpaH 619 60 I-8
GCC GGT CAG CCA CCC TCT GAG AGT AC

. TGG AAA AAC TCA GTG CCT CT
ipaH 422 65 1I-18
CCA GTC CGT AAA TTC ATT CT

GTA TAC ACA AAA GAA GGA AGC
aggll 254 55 A-5
ACA GAA TCG TCA GCA TCA GC

CCT AAA GGA TGC CCT GAT GA
EAEC agglR 406 57 A-8
TGC TGC ITT GCT CAT TCT TG

CAT CTC TTT GAT AAG TCC TTC TCG
agghl 434 55 A-9
GTA TAC ACA AAA GAA GGA AGC

ACG GCG TTA CTA TCC TCT C
LT 273 52 T-18
TGG TCT CGG TCA GAT ATG TG

CTC TAX GTG CAC ACG GAG C
LT 322 55 T-23
CCA TAC TGA TTG CCG CAA T

TTC ACC TTT CCC TCA GGA TG
STh 120 52 T-18
CTA TTC ATG CTT TCA GGA CCA

ETEC

TTA ATA GCA CCC GGT ACA AGC AGG
STh 147 52 T-35
CCT GAC TCT TCA AAA GAG AAA ATTAC

TCT TTC CCC TCT TTT AGT CAG TC
STp 170 55 T-1
CCG CAC AGG CAG GAT TAC

ATG AAA AAG CTA ATG TTG GCA
STp 239 58 T-22
TTA ATA ACA TCC AGC ACA GGCA

- 141 -



eacA

eacA

eacA

eacA

EPEC

eacA

bip

bip

bip

stxt

stxt

EHEC

stx2

stx2

GTA AAG TCC GTT ACC CCA ACC TG
CAA AGC GCA CAA GAC TAC CA

ATG CTT AGT GCT GGT TTA GG
GTC CGG GGA CAT TTT AGT CA

CCC GAA TTC GGC ACAAGC ATA AGC
CCC GGA TCC GTC TCG CCA GTA TTC G

GGA ACG GCA GAG GTT AAT CTG CAG
CGA AGC CAT TTG CTG GGC GCT C

ATA TCC GTT TTA ATG GCT ATC T
AAr CTT CTG CGT ACT GTG TTC A

AAT GGT GCT TGC GCT TGC TGC
GCC GCT TTA TCC AAC CTG GTA

GGA AGT CAA ATT CAT GGG GGT AT
GGA ATC AGA CGC AGA CTG GTA GT

CAC CGT TAC CGC AGG TGT GA
GTT GCC GCT TCA GCA GGA GT

TTG AAC TGG GGA AGG TTG AG
TGC GCA CTG AGA AGA AGA GA

TTC GCT CTG CAA TAG GTA
TTC CCC AGT TCA ATG TAA GAT

TTC GGT ATC CTA TTC CCG G
CGT CAT CGT ATA CAC AGG AG

GTG CCT GTT ACT GGG TTT TTC TTC
AGG GGT CGA TAT CTC TGT CC

147

390

881

360

425

326

254

450

482

555

589

518

60

57

52

55

50

56

64

55

58

50

58

50

P-9

P-23

p-35

P-36

P-37

P-29

P-25

H-20

H-20

= [ 1 EIEC, A : EAEC, T : ETEC, P : EPEC, H : EHEC

1 Annealing temperature used in articles

2 Number of articles investigated
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O Conventional multiplex PCR protocol® #HA3}lE F33tR o™ $H Primer o<
2 7] BRFela e HYUA AT Y38tE target geneo] HEHEAE votslr

Single plex PCRS A A3l4] &

O 7 HAA hFre target geneol W3+ primers 7+Y 7HA I ol FH¥7F YEYUYEAES
Y3l= target geneo] o thE FEjo o 2}
Primer X752 wjAeH SHITS FHUAS(TH 49).

al
-
R

(_)_}-
B

>,
o2

7t o A
o Ay}, 2 AFdo] Hfeta Jdv A4 B8 oFdd dEiA Agd 2 S
A3 A A23= JUeEd= Conventional PCR Primer W ’d@% T AASGE

O 5% HYA Ao Eo] nt7d thadk Conventional PCR Primer f%li%
A a

t

5

g
4
4

o o
o
o

aggs aggs aggl Inv8  ipaH18 inv5 [esell  esed3 eaedb 5T18

EAEC EIEC EPEC ETEC

g 49 7] 2ot HAM CH&EAF=2| Z target genelf Cigt Conventional PCR AE(YE)
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¥ 45. EPECY] ©3F Primer X ¢ Conventional PCR 2 3}

EPEC Primer candidate
Strain virulence eacd™ A1l cacA-23 ecacA-35 eacA-36 bp-29 bp-25 bi-37
factor 9

E. coli 0138 eaeA + + + + + - - ¥
E. coli 083 eaeA + + + + + ¥ - n
E. coli 0101 eaeA + + - + + - - n
E. coli 0138 eaeA + + - + + - - _
E. coli OUT eaeA, b + + - + + - n _
E. coli 0153 eaeA + + + + + + - -
E. coli 045 eacA + + + + n - _ _
E. coli O117 eaeA, bip + + + + + + + _
E. coli OUT eaeA + + + + + - _ _
E. coli 0180 eaecA + + - + + - _ _
E. coli O177 eaeA + + - + + - - -
E. coli 0138 eacA + + + + + - _ _
E. coli 6176 eaeA + + + + n - _ _
E. coli 6180 eacA + + - + + - - _
E. coli 6182 eaeA + + + + + - . _
¥4 15 15 9 15 15 3 2 3
ot 0 0 6 0 0 12 13 12
AFA4 0 0 0 0 0 1 0 3
A4 0 0 6 0 0 1 0 2
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¥ 4.6. EHEC®| W3t Primer X ¢ Conventional PCR Z2 %}

EHEC Primer candidate
Strain vilence 110 stx-20 sb27 stxd-20
factor

E. coli 0111 stxl + + - -
E. coli 091 stxl + + _ i
E. coli O1 stx2 - - ¥ i
E. coli 066 stxl + + - n
E. coli 091 stxl.2 + + ¥ i
E. coli 0174 stx2 - - ¥ "
E. coli 026 stx1.2 + + n i
E. coli 026 stx2 - - ¥ i
E. coli 6067 Viz - - + +
E. coli 5910 VTl + + _ +
E. coli 5597 VT + + - -

&4 7 7 6 9

=7 4 4 5 2

A EA 0 0 0 3

A& 0 0 0 0
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¥ 4.7 EAECY] ™3 Primer X w9 Conventional PCR 2 3}

EAEC Primer candidate
Strain virulence aggR-5 aggR-8 agghk-9
factor

E. coli 0176 aggh + + +
E. coli 086 aggh + + +
E. coli 03 agol + + +
E. coli 0130 aggh + + +
E. coli 021 aggol + + +
E. coli 0141 aggh + + +
E. coli ouT agol + + +
E. coli 01 agglR + + +
E. coli 044 agglR + + +
E. coli 03 aggh + + +
E. coli 6227 aggh + + +
E. coli 6203 aggh + + +
E. coli 6181 agglR + + +

F4 13 13 13

=7 0 0 0

AFd 0 0 0

A& 0 0 0
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¥ 4.8 ETECY] ™3 Primer X 9 Conventional PCR 2 3}

ETEC Primer candidate
Strain virwlence ;.8  L7-23 STh-18 STh-35 STp-1 STp-22
factor
E. coli 0153 LT + + - - - ¥
E. coli 0159 STp - - - - i _
E. coli 025 LT + + + - - n
E. coli 0169 STp - - - - + +
E. coli 025 LT + + + - - -
E. coli 06 LT, STh + + - + - +
E. coli 06 LT STh + + + + - +
E. coli 0148 STh - - + + - .
E. coli Ol5 STh - + + + - _
E. coli Ol5 STh - + + + - -
E. coli 025 STh - - + + - -
E. coli 015 STh - + + + - -
E. coli 6202 STh - - + + - -
E. coli 6205 LT, STh + + + + - -
E. coli 6173 LT STh + + + + - -
¢ 7 10 11 10 2 5
4 8 5 4 5 13 10
AFd 0 3 2 0 0 4
AE4 0 0 1 0 0 1
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¥ 49 EIEC®] W3 Primer X ¢ Conventional PCR 2 %}

EIEC Primer candidate
Strain virulence ipaH-5 ipaH-8 IpaH-18
factor
E. coli 096 ipalH - n +
E. coli 096 ipaH - n n
E. coli ouT ipaH - - 4
E. coli ouT ipaH - n +
E. coli ouT ipaH + n i
E. coli 5688 ipaH - - T
E. coli 5639 ipaH + - +
E. coli 5635 ipaH - + +
e 2 5 8
=7 6 3 0
A F4 0 0 0
A&A 6 3 0
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t}. Real-time PCR Primer $ 27 AR 2 HZ I AA

O Z} Primer setq XA 7] Primer® annealing temperature, Primer 7Fe] 7FAd(<]-

o
primer—primer dimer 84), | F=E2 IF ¥ AE8AEE 18t AAHTG(E 4.10).

O Real-time PCR protocol®] #A 35 335 S™ FH Primer v< o= 7] HF3)
I e YA Uil A YslE target geneo]l HAEFHE=AE 397 913 SYBR Real
time PCRE AASFA (3% 411 ~ X 4.15).

o

O zZF HYA HAT target genedl W3 primers 7+ A o)A FH7F YEIUE=EAE
ylotalal 135k target geneo] obd thE FEjeo] HYAA hAT ] template DNAS} 74 o]
UEIY & Primer $HTE2 wASHY SRS FHUNS.

eal-time PCR Primer T X 79 AAES A3t
7o sl SYBR Real-time PCR A& A

UO
o
-
L9

¥ 410 +=% DBE4HEH HZ & A4 % Real-time PCR primer/probe setE°l] st A x

Target , ) 1/ 9 2
Pathotype Sequence(5’ to 3’) Tm' (C) Reference
genes

) GAA AAC CCT CCT GGT CCA TCA GG
paH 63 *[-D
GCC GGT CAG CCA CCC TCT GAG AGT AC

) GTT CCT TGA CCG CCT TTC CGA TAC CGT C
EIEC ipaH 60 I-W
GCC GGT CAG CCA CCC TCT GAG AGT AC

) TGG AAA AAC TCA GTG CCT CT
ipaH 65 I-T
CCA GTC CGT AAA TTC ATT CT

GTA TAC ACA AAA GAA GGA AGC
agghll 55 A-L
ACA GAA TCG TCA GCA TCA GC

CCT AAA GGA TGC CCT GAT GA
EAEC aggl 57 A-D
TGC TGC ITT GCT CAT TCT TG

CAT CTC TTT GAT AAG TCC TTC TCG
agghk 55 A-O
GTA TAC ACA AAA GAA GGA AGC

I ACG GCG TTA CTA TCC TCT C 5o oI
TGG TCT CGG TCA GAT ATG TG

CTC TAX GTG CAC ACG GAG C )
LT 55 T-Hi
CCA TAC TGA TTG CCG CAA T

ETEC
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TTC ACC TTT CCC TCA GGA TG

STh 52 T-Ha
CTA TTC ATG CTT TCA GGA CCA
TTA ATA GCA CCC GGT ACA AGC AGG )

STh 52 T-Hi
CCT GAC TCT TCA AAA GAG AAA ATTAC
TTC ACC TTT CCC TCA GGA TG

STh 52 T-1
CTA TTC ATG CTT TCA GGA CCA
TCT TTC CCC TCT TTT AGT CAG TC .

STp 55 T-Hi
CCG CAC AGG CAG GAT TAC
TCT TTC CCC TCT TTT AGT CAG

STp 52 T-1
ACA GGC AGG ATT ACA ACA AAG
CCG ATT CCT CTG GTG ACG A

eacA 61 P-W
CCA CGG TTT ATC AAA CTG ATA ACG
ATG CTT AGT GCT GGT TTA GG

eacA 57 P-F
GTC CGG GGA CAT TTT AGT CA

EPEC

CAT TGA TCA GGA TTT TTC TGG TGA TA

eacA 52 P-N
CTC ATG CGG AAA TAG CCG TTA
CCC GAA TTC GGC ACAAGC ATA AGC

eacA 52 P-S
CCC GGA TCC GTC TCG CCA GTA TTC G

ol GTG GCA TTA ATA CTG AAT TGT CAT CA 58 H-

g GCG TAA TCC CAC GGA CTC TTC
TTC GCT CTG CAA TAG GTA

stx/ 50 H-S
TTC CCC AGT TCA ATG TAA GAT
TGT CAT TCG CTC TGC AAT AGG TA

stx] 55 H-K
CCC TCT GAC ATC AAC TGC

EHEC

GAT GTT TAT GGC GGT TTT ATT TGC

stx2 58 H-]J
TGG AAA ACT CAA TTT TAC CTT TAG CA
GTG CCT GTT ACT GGG TTT TTC TTC

stx2 50 H-S
AGG GGT CGA TAT CTC TGT CC
GTG GTA ATA CAA TGA CCA GAG

stx2 55 H-K

ATC GTA TAC ACA GGA GCA GT

« 1 1 EIEC, A : EAEC, T : ETEC, P : EPEC, H : EHEC
1 Annealing temperature used in articles

2 Number of articles investigated
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3 411 EPECO t & Primer $-XE "¢ Real-time PCR(SYBR) 2z}

EPEC Primer candidates
Strain :aic:il ence eaecA-W eaeA-F eaeA-N eaeA-S

E. coli 0138 eaeA + + + "
E. coli O88 eaeA + - + _
E. coli 0101 eaeA + - . _
E. coli 0138 eaeA + - i _
E. coli OUT eaeA, b + + + -
E. coli 0153 eaeA + - n _
E. coli 045 eacA + - n _
E. coli 0117 eacA, bp + n + +
E. coli OUT eacA + - i _
E. coli 0180 eaeA + - + _
E. coli O177 eaeA + + + +
E. coli 0138 eaeA + - . _
E. coli 6176 eaeA + - i _
E. coli 6180 eaeA + - i _
E. coli 6182 eaecA + - + _

&4 15 4 15 3

=4 0 11 0 12

A %4 0 0 0 0

A54 0 11 0 12
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3% 4.12 EHEC®| W3 Primer X2 ¢ Real-time PCR(SYBR) 2 3}

EHEC Primer candidate
Strain TIEHICREE o ept] | il | nAS | gedR | AR
factor
E. coli 0111 stxl + - " _ + _
E. coli 091 stxl/ + - + - + _
E. coli O1 stx? - + . - _ _
E. coli 066 stxl + - + _ i _
E. coli 091 stxl.2 + + + + - n
E. coli 0174 stx2 - + - + - +
E. coli 026 stxl.2 + + n 4 _ n
E. coli 026 stx2 - n - + _ N
E. coli 6067 VT2 - + - + - _
E. coli 5910 V1 + - n 7 i _
E. coli 5597 VTl + - + _ : _
e 7 6 7 5 5 4
=7 4 5 4 6 6 7
A EA 0 0 0 0 0 0
A=7 0 0 0 1 2 1
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3 4.13 EAECel tigt Primer % E. 9] Real-time PCR(SYBR) 2%

EAEC Primer candidate
Strain virulence aggR-L aggR-D agghk-0
factor

E. coli 0176 aggl + + n
E. coli 086 aggh + + +
E. coli 03 aggh + + +
E. coli 0130 aggh + + +
E. coli 021 aggh + + +
E. coli 0141 aggh - + +
E. coli ouT aggh + + +
E. coli 01 aggh + + +
E. coli 044 aggR + + +
E. coli 03 agglt + + +
E. coli 6227 aggh + + +
E. coli 6203 aggl + + +
E. coli 6181 aggR + + +

FA 12 13 13

=4 1 0 0

AFA 0 0 0

A=4 1 0 0
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3 4.14 EIECH| th&t Primer X -9 Real-time PCR(SYBR) 24 %}

EIEC Primer candidate
Strain virulence ipaH-D ipaH-W IpaH-T
factor

E. coli 096 ipaH + ¥ +
E. coli 096 ipaH + n n
E. coli ouT ipaH + ¥ 4
E. coli ouT ipaH — n i
E. coli ouT ipaH + n i
E. coli 5688 ipald + ¥ +
E. coli 5639 ipaH + n i
E. coli 5635 ipaH + n n
R 7 8 8

=7 1 0 0

A EA 0 0 0

A4 1 0 0
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3 4.15 ETECH ™t Primer %X 9] Real-time PCR(SYBR) 43

ETEC Primer candidate
Strain virulence LT-I LT-Hi STh-Ha STh-Hi STh-I STp-Hi S1p-I
factor
. coli 0153 LT + + - - - - _
. coli 0159 STp + - - - - n "
. coli 025 LT + + - - - - _
. coli 0169 STp + - - - - + n
. coli 025 LT + + - - - - _
. coli 06 LT, STh + + + + + - -
. coli 06 LT, STh + + + + + - -
. coli 0148 STh - - + + ¥ _ _
. coli 015 STh + - + + + - -
. coli 015 STh + - + + n _ _
. coli 025 STh + - - + ¥ _ _
. coli 015 STh + - + + n _ _
. coli 6202 STh + + + + + - -
. coli 6205 LT, STh - - + + + - _
. coli 6173 LT, STh + + + + + - _
e 13 7 10 9 10 2 2
=4 2 3 5 6 5 13 13
AEA 5 0 0 0 0 0 0
A4 0 0 0 1 0 0 0
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<R9k>
1. CHER AEZS {8 Primer C|X}Q

O 7|& E. coli species 2| A=0| AIE|= §FXl= uid A, 16s rRNAZ} AL2E|IOLL St
HHEo| EXHSIAE. Wt CHE 7 species HES fIet MER Primer2| 7j20| Qg
O Lactose permeaseE IATYUSI= Lac Y genes LCHAMCSZ PrimerE 7 LS|l 7|2E
Primer= 21y CHE U 7IEt ASS22 (4R ULE U SOES BIlsIS.
O & 63749| cigdolM 2, 50712 7|E} AZEdE Y2z 84 ZuE LEIHAL

o 2tA| CHEZ species AE=S 2|8t lac Y primer 720 22| S.

2. 55 Hal'd HEE 2Ist Conventional PCR 7'y

O PCRZ o|8%+ HAM CiFA2 0|8 HEUHS 2I5t0 FlowchartE H[ZfstQin o[
Sofl ciEZe HAYE FF& A ©EE = AS.

O EBH JH'LE PCR Primer $H 70| 2t QA HEY &z U H HAY &, %
T 0|2le] MFZSH0 CiSt RIZE 9 S0|k HILE HASRS

O %*&xoz MAE Conventional PCR M|EQ| A= SHAIE H7}et

O =24 HjYAHO|M ZHES3AH L= 4log cfu/ml O] AlZO| 012 ME T 24A|7t HIYS o=
HE StAH 7t llog cfu/g(ml) O|C}. O|= CHERS| EM4 2F #2| IS XA o i
27 37517 fj2Q Zez B

O ZEXHLoR JZE Conventional PCR MIE= A=0|A HEE i&EdS HE07|0 &
8% A2=E HIHE

- 156 -




1.

O old AFlA 55 MU AT AE=

}\-] =

T

93t Primer T X &= oA Ead oAk
olE B 23U Primer & U AA 7

o

=3

2 Me

g @5l g PCRS Al s

el Al AFEE 4= 1+ Primer

e g

Multiplex PCR& 3}42] tubeol 4] PCR ¥F3-& astoaxn F 7| & 1 oA FAx
E #2% T 4 &= PCR 7|Holt o] & o] &35t A8 AZF PCR reagent 2 1% 0]
AR o] AAFA(Z™E 5.1).

Strain A Strain B Strain £ Strakn D

@@e 2 e
5 B
v _ . v

PCR with all four primer
pairs in a single tube
Marker i
T |
| [ m— |
A22 | —
18| —
25— —
232 —
TE] | e
— 147
100 | —
7% 51 Multiplex PCR®] E A%
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2. d7HE 2 B

7}. Primer Design

O 7|Eoll E. coli Species 9] HZEd A&¥H U™ FHA= uid AB-D-Glucoronidase), 16s
rENA So] Aot 28y B Ao A 719 uidA primerES ©|-83to] 19719 E. coliol
gk PCR 23 18707te] A A3E Uelidls. £3 uidAs= 16s rRNASH vE7HA =
Shigella sppdl W84 W¥EES Holx E3FtH(Chen et al, 2012). WA E coli

SpeciesE A& 4 U= AMEF Primer?] 7ido] Q395

A4 gt el sensitivity 7} =3 tE A5 ol WS specificity ¥ marker

kS 9l a2l housekeeping 3 As Ul lactose permease gene(/ac V&

Targeto 2 A A3ttt Lactose permeasets lactoseS AMEW R WA 7| &= oz 24

lactose thAtol DAl dwdz )t lactose TE 55 UERE ¢ JA st AR
2

lactoseE galactose®} glucose= w-3llst= & 49l B-galatosidase®} 3§+ & o] &,

O E. coli 9 Shigella spp &+ T35S 93t Jac YV o talA] PCRS P37 = 3L
Primer ©]A}<Qlol] AF&3 Tool2 Primer 3 9. lac Y9 3K+ Public database(Gene
ID:949083)5 *13}1 2™ Band size, Annealing Temperatures ¢ AHE 7|Ystal o
Primer setS =%319th ©o] % BLAST Z “Js/dol tst Scoring ¥ Single-plex PCR ¥}
A4S 73 549 Primer setS AAQsATh HTHoZ MIgE 9 5ol & HAASAS(1
¥ 52).

2 ", PrimegiMansger Hsl
Primer3Plus PrmeiMassger  Hele
prck primers from a DNA segaence Abowut Source Cede
Task: [Celecion w ;'h s Comivanly gy foed “Pick Fruners || Fesel Fom
Alain Ceroeral Setvingy Advanced Settings Intermal Oliga Fenaley Weights Sequence Quality

Or wpload sequence file Sl

MMark selected regeon: | =2 | [ 1} Clear Save Sequence
Exgluded Beawon 2

[ 1
[mctoded Reguon {
~ Pack lefk primer Pick bvbndization pmobe ~" Pack right pramer or use right prumer
o uss kefl primer below {nternal oliga) or use olizo below below (¥->F oo cppossie strund)

13 52 Primer 3 Plus website
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U. 5% HY9A dATF AL 43 Multiplex Conventional PCR 7]

L

O & dAFoA &9 5% ¥ gt st #HF Primer RS U422 Multiplex
Conventional PCRE 93t HHAEZ 2AA89S(F 5.1).

O 3}e] Primer seto] F7F 2 w] wlt} Primer?te] 23, Dimers IA &2 H|E5o] HHg-$S
2
=2

e ¥ 5 glerm g 7b7bo] Primer setS 5718w with HA S

O
1A
b
BN

3+¥ Multiplex PCR®] Primer set®] #43}E 93} Annealing temperature %

9F3l Primer concentrations AF-&3}% 5.

A 3+¥ Multiplex conventional PCR9] W=} Eol= & HAsl7] fsiA 3
HAAG digat ool Hy A U d g2 Aesds o85S,

¥ 51 MAA/Sol8 Aol A v 55
) . No. of
E. coli Serotype Virulence gene .
strains
Atypical 0138, 088, 0101, 0101, 0138, 0138,
eacA 12
EPEC OUT, 0180, 0177, 0138, 0153, 045
Typical
OouT, 0117 eaecA, bp 2
EPEC
0176, OUT, 086, O3, 0130, 021, 0141,
EAEC aggh 11
OuT, 01, 044, O3
0153, 025, 025, 025 LT 4
Pathogenic 0159, 0169 STp 2
E coli ETEC
cot 06, 06 LT, STh 2
0148, 015, 015, 015 STh 4
EIEC 096, 096, OUT, OUT, OUT ipaH 5
0111, 091, 066 stxl 3
EHEC 0174, O1, 026 stx2 3
026, 091 stxl.2 2
) Escherichia coli ATCC25922,
Non-pathogenic o )
E coli Escherichia coli, ATCC11775, 5
. coli
A8 7] W& Escherichia coli %25 (Chicken carcass -85 371)
Campylobacter coli ATCC 33559, Proteus mirabilis ATCC
Food borne 7002, Listeria monocytogenes ATCC 51776, Shigella 5
Pathogens flexneri ATCC 12026, Salmonella enteritica subsp

Enteritidis 3512H
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e AF7IWe A% A (Detection limit)S AAst= Ao Fasit ol HE 7]
B AEd Bretn A4 #7287 olatw =4 & A¢ e

A ol &=
.

T gdel A PCRO A& dAIE SAs7] &M a3 22 AAS T35S
- 659 HYAd WA (EHEC, ETEC(LT, STh), ETEC(S7p), EAEC, EIEC, EPEC)
- LB brothdll & % 8 log cfu/ml & &3

IntronBio AF2¢] G-spin Bacterial DNA extraction kitE ©]-83}lo] +52] DNA F%
TE bufferZ o]-&3te] 107 34 (10"10% cfu/ml)

— Multiplex PCR <=3}

ol %
e o,

A AFAZ0A PCRY] AE dAE 487 AdhM va3 22 AAE 3830w

- 659 WY AT (EHEC, ETEC(LT, STh), ETEC(STp), EAEC, EIEC, EPEC)

- LB brothdll % % 8 log cfu/ml & &3

- PBS® 10% 34

- 91 2 7+ 317](Ground beef) 10g°l Z}7} (10710° cfu/g)e] H =5 HE

— Brain Heart Infusion(BHI) BrothE 90ml &5 § 37°Col A 3A]7F 6l &
Tryptone Phosphate(TP) BrothE 90ml 5 3+ 3 42T oA 207t uj

- IntronBio AF2] G-spin Bacterial DNA extraction kitE ©]-&3lo] A Z 9]

— Multiplex PCR <=3}

20)

off
H

o o T

NA

4
oy
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R < |

7}. Primer Design

7

O Jac Yol W&l & 57019 Primer Set< T]AFQl 39S (E 5.2).

¥ 5.2 Escherichia coli species & lac Y °ll £9°]% <l Primer? 7I%% sequence

Gene . Annealing Amplicon
Primer Sequence(b’ — 3') .
detected Temperature size(Bp)
TGA ATA TCG ACG GTT TCC AT
lactose o
lac Y k1 58T 1,209
bermease AAA AAC GCA CTT CAA ACT GG
TGA ATA TCG ACG GTT TCC AT
lactose o
lac Y K2 57.7TC 1,370
bermease CGT GAA CAC GGA AAT TAA GG
TGA ATA TCG ACG GTT TCC AT
lactose i
lac Y k3 585T 1,424
bermease AGC GAC TTC ATT CAC CTG AC
TGA ATA TCG ACG GTT TCC AT
lactose .
lac Y k4 575TC 1,371
bermease GCG TGA ACA CGG AAA TTA AG
TGA ATA TCG ACG GTT TCC AT
lactose .
lac Y k5 58T 1,373
permease

AAG CGT GAA CAC GGA AAT TA
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53 % % 55).

=

=5

a5 S

ol

S gl Inclusivity testell A 6370¢] &4+ DNAZS
lac Y kb)ol A 7|3+ target

HA Fd AEo dis 3
thAaro 2 PCRS AAgk A3 2709 primer set(/ac Y K2,
FAdREEo] YERSES(3E 53 2 ¥ 5.3).
> A& 4

2 5 Primer set

O Jac Y k49 745 3
o] A3 WA= AE

=0
2

fant

i

O watA F7FA ¢l Exclusivitys /Jac Y k2 2 Jac Y k5
sete] Holx Ayt tha "ol 7teAdE wiAE
YV k4 3 Z 024 Exclusivity testE® 2 3s4] L.

< non-E. coli TFE 9]

iy

O Jac Y primer® Exclusivity testZ 9]sle] t}L-3}

5.4).
A S &= At 3159 Salmonella enteritica subsp & T

O Salmonella sppE ALt 1552 255
Ao 2 Exclusivity test® A3 A3 Jac Y k2 primers 49/50(98%), lac Y k4 primeri=
50/50(100%), lac Y k5 primer+= 50/50 (100%)2] Sol=E YEMAJS(E 55 ¥ 1d 5.3).

O Jac Y K2, lac Y k4, lac Y k5 primerS Z+7Z} Inclusivity/exclusivity testES A A3 A3} Jac

Y k5 Primer7} 100%¢] H17%=¢ Eo)lxZ vtelo] jac Y K5 primerS th

primer= A& &} %S

O Jac Y genem™ 553
EIECe] AZEd AM&¥+=
EIECY] +H 2 3t FE<.
O Shigella spp= lactose permeaseS A|Yil UA] Fov T Jac YV gened =] EIECS
| 24 Aow HI

Shigella sppete] T8l ol T2 34
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1,000 bp 1373 bp

500 bp

1,000 bp
500 bp

19 5.3 Jac Y k5 primer?] Inclusivity test 2 3H($1)9} Exclusivity test Z23(o}el) o5

¥ 5.3. Jlac Y Primer?] Inclusivity test 23}

No. of strains for positive test

. Total No.
Organism ¢ .
of strains ;.. ¥ k1 lac Yk2 lac Yk3 lac Y k4 lac Y k5
Ent ti
HHEroasEIeEative 14 5 14 8 14 14

Escherichia coll
Enteroinvasive

.. . 8 3 8 7 8 8
Escherichia coli
Enterotoxigenic

o ) 15 10 15 5 15 15
Escherichia coll
Enteropathogenic

o ) 15 10 15 4 15 15
Escherichia coll
Enterohemorrhagic

o ) 11 6 11 5 10 11
Escherichia coli

Total 63 34 63 29 62 63
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¥ 54 lac Y primer®] Exclusivity test® 915t o3 £ non-FE. coli 75 55

Organisms

Campylobacter coli ATCC 33559, Enterobacter aerogenes ATCC 13048, Citrobacter
freundii ATCC 8090, Proteus mirabilis ATCC 7002, Staphylococcus aureus ATCC
6538, Listeria monocytogenes ATCC 51776, Vibrio parahaemolyticus ATCC 41664,
Clostridium perfiingens ATCC 3624, Bacillus cereus ATCC 14579, Shigella flexneri
ATCC 12026, Yersinia enterocolitica, Actinetobacter baumanni, Enterobacter salazakii

KTCT 2949 Campylobacter jejuni , Campylobacter jejuni Campylobacter coli

Salmonella enteritica subsp (Below)

Barcilly 1955H, Anatum 1904H, Agona 4000H, Give E1 1432H, Enteritidis 3512H,
Derby 1591H, Cerro 1325H, California 3515H, Javiana 2080H, Infantis 1232H, Java B
2234H, Ilinois 2386H, Mbandlaka 37N, Heidelberg UN-L, Bredney 1370H, Enteritidis
H3353, Enteritidis Me-13, Baenderup 10N, Heidelberg, 390H, Meleagridis 1054H,
Oranienburg 1410H, Mhenophen 2761H, Muenster 1250H, Dublin, Madelia, 2N,
Montervideo 1231H, Manhatanl1293H, Litchfield 3483H, Kentucky 2035, Poona 3417H,
Ohio2060H, Newington 3144H, Typhimurium DT-104, Enteritidis Benson-1
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¥ 55 Jac Y Primer Set9] Exclusivity test 23}

Strains testing positive

Organisms with primer set

lac Y k2 lac Yk4 lac Y k5

Campylobacter coli ATCC 33559 - - -

Enterobacter aerogenes ATCC 13048 - - -

Citrobacter freundii ATCC 8090 - - -
Proteus mirabilis ATCC 7002 - - -
Staphylococcus aureus ATCC 6538 - - -

Listeria monocytogenes ATCC 51776 - - -
Vibrio parahaemolyticus ATCC 41664 - - -
Clostridium perfringens ATCC 3624 - - -
Bacillus cereus ATCC 14579 - - -
Shigella flexneri ATCC 12026 - - -
Yersinia enterocolitica - - -
Actinetobacter baumanni - - -
Enterobacter salazakii KTCT 2949 + - -
Campylobacter jejuni - _ _
Campylobacter jejuni - _ _
Campylobacter coli _ _ _
Salmonella enteritica subsp Barcilly 1955H - - -
Salmonella enteritica subsp Anatum 1904H - - -
Salmonella enteritica subsp Agona 4000H - - -

Salmonella enteritica subsp Give E1 1432H - - -
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(3£ 55 o]oAf)

Strains testing positive

Organisms with primer set

lac Y k2 lac Y k4 Jac Y kb

Salmonella enteritica subsp Derby 1591H - - -

Salmonella enteritica subsp Cerro 1325H - - -

Salmonella enteritica subsp California 3515H - - -

Salmonella enteritica subsp Javiana 2080H - - -

Salmonella enteritica subsp Infantis 1232H - - -

Salmonella enteritica subsp Java B 2234H - - -

Salmonella enteritica subsp Illinois 2386H - - -

Salmonella enteritica subsp Mbandlaka 37N - - -

Salmonella enteritica subsp Heidelberg UN-L - - -

Salmonella enteritica subsp Bredney 1370H - - -

Salmonella enteritica subsp Baenderup 10N - - -

Salmonella enteritica subsp Heidelberg 3390H - - -

Salmonella enteritica subsp Meleagridis 1054H - - -

Salmonella enteritica subsp Oranienburg 1410H - - -

Salmonella enteritica subsp Mhenophen 2761H - - -

Salmonella enteritica subsp Muenster 1250H - - -

Salmonella enteritica subsp Dublin - - -

Salmonella enteritica subsp Madelia 22N - - -

Salmonella enteritica subsp Montervideo 1231H - - -

Salmonella enteritica subsp Manhatanl1293H - - -
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(%55 ool A)

Organisms

Strains testing positive

with primer set

lac Y k2

lac Y k4

lac Y k5

Salmonella

Salmonella

Salmonella

Salmonella

Salmonella

Salmonella

Salmonella

Salmonella

Salmonella

Salmonella

enteritica

enteritica

enteritica

enteritica

enteritica

enteritica

enteritica

enteritica

enteritica

enteritica

subsp

subsp

subsp

subsp

subsp

subsp

subsp

subsp

subsp

subsp

Litchfield 3483H

Kentucky 2035

Poona 3417H

Ohio2060H

Newington 3144H

Typhimurium DT-104

Enteritidis Benson-1

Enteritidis H3353

Enteritidis 3512H

Enteritidis Me-13

Total

1/50(98%)

0/50(100%)

0/50(100%)
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Y. Multiplex Conventional PCR 7§

O PCR-I

EPEC/EHEC(eaeA %)), EIEC/Shigella spplipaH %¥7d)<
sto] ETEC(LT 3= STh = STp F4)2 A3

O PCR-II Stepell A+

If + for aggR:
EAEC

SN TN

34 o A

PEC_KUl+=

A79

=

A= Two-Step PCRE A Alstt) o=
of#gl 1€ 22 Flowcharts whe}

st

A =3t

<
= == T O]q
= °1&
= 5} 2~ o)
H= T A+

PEC_KUl9 A eaeA

Atypical EPEC(bp, stxl, stx2 <73), Typical EPEC(bH
stx? o]:/“])e

3R faAE

=

opiJol A3

=
A,

w3t PEC_KUI19A ipaH <

o

Sample
(Isolated E. coli)

PEC_KUI
Multiplex PCR by primers:
aggR, eaed, ipaH

If + for eaed:
EHEC or EPEC

|

PEC_KU3
Multiplex PCR by primers:
stxl, stx2, bfp

=3}

o

A&E3Fe]  EAEC(aggR
3 PEC_KU2EZ

.

9 74§ PEC_KU3&Z

/\HJ-_/]

T

F),

°]-&

o] &3t}

stx1/2 S4), EHEC (stxI &

FAl o]

45 PEC_KU4

sto] EIEC(Jac Y 9} 16s rRNA ¥4), Shigella sppllac Y <73, 16s rRNA %43)&

PEC_KU2

Multiplex PCR by primers: 7

LT, STh, STp

|

- PCR-1
If + for ipaH: If + for LT/STh/STp:
EIEC or Shigella spp ETEC
PEC_KU4
Multiplex PCR by primers: 7
165 rRNA, lacY
- PCR-11

If - for bfp and stxl/stx2: If + for bfp: I + for stxl/stx2: If + for 165 rRNA and lacY: [,f;ofr";;‘f":;;f' ..
Atypical EPEC Typical EPEC EHEC EIEC [
’ Shigella spp
12 54 Multiplex Conventional PCR & 0|8%t HelM s A= AT
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O & < "ol gy HolEHols T 54%” FHo|A g3t Primer 23S AAEA S
Primer®] %3 Al YolA AAlE & | wet 2bzEe] Primer 288t o
7}F= Multiplex PCRA] Target gene?] 713% o H|Eo] wi=¢] A 2 Primer dimer &

e B

O PCR HFgo] AE 3 DNA =3 asr % ANTP 5& &Fntron AFe Z2A=% PCR pre-mix
7]EQl “i-Ttaq French mix"& A}&33

o

. WS Veriplex 96 PCR system (Applied

[o

Biosystems)S ©]-83F] 95°Coll A4 5&-7F WES-A1 71 & 95°Col A 30%, 60°Col A 30%, 72°C
o A 1 o2 FAE WES Alo]EFS 353 HHE F 72°ColA F7IE 5ES ¢ wESA|F T
ZFZ AR 9] Fels ¢3le] 2% Agarose gelS o] &3 AV|FFEEAS AAFAS (LY 55).

=

RSN L

Lane M : 100 bp DNA ladder, 1 : EAEC, 2 : EIEC, 3 : EPEC, 4 : EAEC+EIEC,
5 1 EAEC+EPEC, 6 : EIEC+EPEC, 7 : EAEC+EIEC+EPEC

718 55 Multiplex Conventional PCR A] Z}7}2] Target geneol W3+ Primer® 37}l A])

- 169 -



O HFAom 2949 60F HIA WAHS 913 Primer W= otefio} Z5(E 56).

¥ 56 HYA AT HES 93 Multiplex Conventional PCRE] Eo]% Zzlolm HE
55
) y Amplicon
Group Primer Sequence (5'-3’) . P
size(bp)
eacA F ATG CTT AGT GCT GGT TTA GG
390

eaeA R GTC CGG GGA CAT TTT AGT CA

agglR I GTA TAC ACA AAA GAA GGA AGC
PEC_KU1 254
agghk K ACA GAA TCG TCA GCA TCA GC

paH F GTT CCT TGA CCG CCT TTC CGA TAC CGT C
619
mpalH R GCC GGT CAG CCA CCC TCT GAG AGT AC

LTF TCT CTA TGT GCA TAC GGA GC
322
LT R CCA TAC TGA TTG CCG CAA T

STh F TTA ATA GCA CCC GGT ACA AGC AGG
PEC_KU?2 147
STh R CCT GAC TCT TCA AAA GAG AAA ATT AC

STp F ATG AAA AAG CTA ATG TTG GCA
239
STp R TTA ATA ACA TCC AGC ACA GGCA

stxl F AGT TAA TGT GGT GGC GAA
779
stxli R GAC TCT TCC ATC TGC CG

stx2 F TTG AAC TGG GGA AGG TTG AG
PEC_KU3 589
stx2 R TGC GCA CTG AGA AGA AGA GA

Bp F CAC CGT TAC CGC AGG TGT GA

450
Bp R GTT GCC GCT TCA GCA GGA GT
lac Y FF TG AAT ATC GAC GGT TTC CAT
1,371
lac Y R  GCG TGA ACA CGG AAA TTA AG
PEC_KU4
16s rENA FF CCC CCT GGA CGA AGA CTG AC
401

16s rRNA R ACC GCT GGC AAC AAA GGA TA
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O Multiplex Conventional PCR ¥F-3-¢] A 3&5 9|3} Annealing Temperature®] 24 S 5
Q3 B AFgAE SAS Tm S AU Primer® o] &ate] &% HAs 7o Ao
U 2% Primerol] ot A9 WSS ¢35 Annealing Temperature®] A7do] HQ g}

O WA, 7zt Zefolr AEo thdt FHA annealing 2=+ F=H HAA o] DNAE o
23 248 52-62C 9] annealing %2 o] &3+ gradient PCRA|A % DNAZF ZZo0]

S XA HSelHel PCR A=l #AFHA 62T2  Annealing

Temperatured] 4]== PCR %¥t§-©°] th4 oFelAl YeElY=Z2 213 th(Data not shown).

Annealing &% 8 60C=2 ZAstH, vl 5ol4 M=7F Algpxlom, webA, annealing &%+

60C= A8

¥ 5.7 Multiplex Conventional PCR Z#}o|w o] HE &

Group Primer Conc(pmole)
eaeA F 0.50
eacA R 0.50
PEC-KU1 I:DHH F 0.50
paH R 0.50
aggR F 0.50
aggR R 0.50
LT F 0.10
LTR 0.10
STh F 0.75
PEC-KU?2
STh R 0.75
STp F 0.75
STp R 0.75
bpA F 0.50
bpA R 0.50
PEC-KUS3 stxl F 0.50
stxl R 0.50
stx2 F 0.10
stx2 R 0.10
16s rRNA F 0.02
16s rRNA R 0.02
PEC-KU4
lac Y F 0.50
lac Y R 0.50
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o
ox
fu)

"1"1;4 Laneoﬂ EH?:SJ” @ET‘:‘ 1%% ;Q’}—)

5 6 7 8 9 10 11 12 13 14

Jdg 5653 HAd &7 A=2 {8t Multiplex Conventional PCR 21t

Lane M : 100 bp DNA ladder, 1 : EAEC, 2 EIEC, 3 : EPEC or EHEC, 4 :
EPEC+EAEC+EIEC, 5 : ETEC(L7), 6 : ETEC(STh, STp), 7 : ETEC(LT, STh, STp) 8 : EHEC(stxJ),

9 : EHEC(stx2), 10 : EHEC(stxI, stx2), 11. EPEC(bfp), 12 : EHEC + EPEC, 13 : Escherichia
coli ATCC 25922, 14 : Shigella flexneri ATCC 12026

O Multiplex Conventional PCR A] Thermal Cycle2 t}< % 587 #L-.

¥ 5.8 Multiplex Conventional PCR®] # 2% Thermal Cycle

. X 35
Pre-denaturation . .
Final extension
step Denaturation Annealing Extension
95°C/5min 95°C/30s 60°C/30s 72°C/1min 72°C/5min
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=

s}

O 7R¥t® Multiplex Conventional PCR2] 5% WA tha 2L 7|e} A5
A= o i 599 e

St gk PCR

O 5% HUA AT EL WHaLEe SolvE AT A3 conventional PCRoIA &3 3}
= ds Adxstg o Eo|xol A EIECS ipaHSt E. coli®
24 thAFES conventional PCR oA &4 thxite 2

PCR ZA¥7} 2% 717
16s rRNAZ A3k o Fo
I B 0%2 SolmE 100% 4

O 284y Jac Y ¢ PCR A2 E. coli®t Shigella sppEs EolX oz HA

]

P o
T AN,
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¥ 5.9 Multiplex Conventional PCRol| W3+ 7179} Eolx A}

PCR kit Positive Pathotype Target gene Number of posi.tives
/Negative /Number of strains(%)
PEC-KU1 Positive EPEC (Typical, Atypical) eacA 15/15 (100)
Negative Non-E. coli eaeA 0/5 (0)
E. coli (Non-EPEC) eaeA 0/5 (0)
Positive EAEC aggl 14/14 (100)
Negative Non-E. coli aggR 0/5 (0)
E. coli (Non-EAEC) agglt 0/5 (0)
Positive EIEC ipaH &/8 (100)
Negative Non-E. coli ipaH 1/5 (20)
E. coli (Non-EIEC) ipall 0/5 (0)
PEC-KU2 Positive ETEC LT 8/8 (100)
STh 9/9 (100)
STp 2/2 (100)
Negative Non-E. coli LT 0/5 (0)
STh 0/5 (0)
STp 0/5 (0)
E. coli (Non-ETEC) LT 0/5 (0)
STh 0/5 (0)
STp 0/5 (0)
PEC-KU3 Positive EHEC stxl 7/7 (100)
stx2 6/6 (100)
EPEC(Typical) bip 2/2(100)
Negative Non-E. coli stx1 0/5 (0)
Stx2 0/5 (0)
bip 0/2(0)
E. coli stxl 0/5 (0)
(Non-EHEC, EPEC) stx? 0/5 (0)
bip 0/2(0)
PEC-KU4 Positive Escherichia coli lac 'Y 63/63 (100)
16s rRNA 63/63 (100)
Negative Non-E. coli lac 'Y 0/5 (100)
16s rRNA 1/5 (20)
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t}. 7f ¢ Multiplex Conventional PCR9 HZE3%HA
(1) =5 oo =3

O <= vk A Multiplex Conventional PCR9] HAZE3dHA+= ot & 5103 2L

N

O HAEIHAE= eaeA, ipaH, 16s rRNAAN A 2log cfu/ml, stxl, stx2 lac YA 3 log cfu/ml L
g YA target genedl A= dlog cfu/ml 2 YEETL mEtA 5w F Ao A
Multiplex Conventional PCRe] A &34:= 4 log cfu/mlZ ©] oA &AA] X PCR kitZ

ojlgste]l A= & AMUS(2H 57 R E 510).

¥ 5.10 Pure culturee] 4] Multiplex Conventional PCR¢] #AZ 3HA

Log cfu/ml
PCR kit Sample Target gene
8 7 6 5 4 3 2 1 DW
PEC-KU1 EPEC eaeA + + + + + T ¥ _ _
EAEC agglRl + + + + + - - _ _
EIEC ipaH + + + + + + + - _
PEC-KU2 ETEC LT + + + + + _ _ _ _
STh + + + + + - - - -
STp + + + + + - - — _
PEC-KU3 EHEC stxl + + + + + T _ _ _
Sf)(g + + + + + + _ _ _
EPEC bip + + + + + + - - _
(Typical)
PEC-KU4 Escherichia lac Y + + + + + T _ _ _
coli

16s rRNA  + + + o+ o+ o+ o+ - -
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EPEC (eaed)

DNA Size
Marker

1.2E+03 copies

1.2E+08 copies

1.2E+02 copies

1.2E+07 copies

1.2E+01 copies

1.2E+06 copies

Negative Control

1.2E+05 copies

Positive control

1.2E+04 copies

EIEC (jpaH)

234 56 8 NINER

DNA Size
Marker

1.4E+03 copies

1.4E+08 copies

1.4E+02 copies

1.4E+07 copies

1.4E+01 copies

1.4E+06 copies

Negative Control

1.4E+05 copies

Positive control

1.4E+04 copies

EAEC (aggR)

2

4 5 6 78

\

P

DNA Size
Marker

1.0E+03 copies

1.0E+08 copies

1.0E+02 copies

1.0E+07 copies

1.0E+01 copies

1.0E+06 copies

Negative Control

1.0E+05 copies

Positive control

1.0E+04 copies

18 5.7 (0]o]A]) Pure cultureo] 4] Multiplex Conventional PCR®] A& 317
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ETEC (L7, 5Th)

DNA Size

Marker

1.2E+03 copies

1.2E+08 copies

1.2E+02 copies

1.2E+07 copies

1.2E+01 copies

1.2E+06 copies

Negative

Control

- . -
- — =

1.2E+05 copies

Positive control

W S

1.2E+04 copies

M 1 2 3 4 5 67 ¢ NP

ETEC (57p)

DNA Size

Marker

1.3E+03 copies

1.3E+08 copies

1.3E+02 copies

1.3E+07 copies

1.3E+01 copies

1.3E+06 copies

Negative

Control

1.3E+05 copies

Positive control

1.3E+04 copies

EHEC (stxl, stx2)

DNA Size

Marker

1.3E+03 copies

1.3E+08 copies

1.3E+02 copies

1.3E+07 copies

1.3E+01 copies

1.3E+06 copies

Negative

Control

1.3E+05 copies

Positive control

1.3E+04 copies

29 57 (o]o]A]) Pure cultureo] 4] Multiplex Conventional PCRe] & 3HA)
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EPEC (b1p) M

DNA Size
Marker

1.2E+03 copies

1.2E+08 copies

1.2E+02 copies

1.2E+07 copies

1.2E+01 copies

1.2E+06 copies

Negative

Control

1.2E+05 copies

Positive control

M1 23456 7 8NP

1.2E+04 copies

Escherichia coli (lac ¥ 165 rRNA) M

DNA Size
Marker

1.1E+03 copies

1.1E+08 copies

1.1E+02 copies

1.1E+07 copies

1.1E+01 copies

1.1E+06 copies

Negative

Control

1.1E+05 copies

Positive control

1.1E+04 copies

1% 5.7 Pure cultureo] A Multiplex Conventional PCRe] 7 & 3HA
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(2) AAHFTT HFAA A=A

O AFE AMZo WA PATS AYHE st =17 3 Multiplex Conventional PCRY A&

A= ot F 5119 #5.

O ATl & HEF ¥ AEIAE AAeE FPANE o2 X WEA 24T 5 ok,
= + PCR inhibitorg®] &< wrol PCR Wkg-o] Asf = %)
Fol Fiom d BAwe Aol TuA A% @4 oo 7X FHEA E ot

s
%0
[o
=

O B AFgoA 2% 219 HEA HEIAE EE Target geneolA 1 log cfu/ml &
Eluk . ol tigate] 54 o5 o S AA wa wmEA Fistr] wiEl Ao=
1l

O =

24X ZF kst o m R gt o] Aok 4 log cfu/ml ©]de] ¥ FEE A

PCR inhibitors DNA extraction kitS AF&3to zx Ak

O walA AE 21¢] HE Al Multiplex Conventional PCRe] # &34 1 log cfu/mlZ 2%
of EAlste el Fgd A=) e

=
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¥ 511 2% <19 HF F 3 A] Multiplex Conventional PCRe] HZ 37

. ' Target Log cfu/g

Sample PCR kit Strain
gene 8 7 6 5 4 3 2 1
EPEC eaeA + + + + + + + +
PEC-KU1 EAEC agglt + + + + + + + +
EIEC ipaH + + + + + + + +
LT + + + + + + + +
PEC-KU2 ETEC STh + + + + + + + +
Milk STp + + + + + + + +
stx] + + + + + + + +

EHEC
PEC-KU3 stx2 + + + + + + + +

EPEC
bip + + + + + + + +

(Typical)
Escherichia fac ¥ " " ’ ’ ’ ’ ’ ’
PEC-KU4 .
coli 16s rRNA + + + + + + + +
EPEC eae A T T A
PEC-KUl  EAEC aggR L
EIEC ipaH + + + + + + + +
LT + + + + + + + +
PEC-KU2 ETEC STh N T .
Ground STp + + + + + + + +
beef

stxl + + + + + + + +

EHEC
PEC-KU3 stx2 + + + + + + + +

EPEC
bip + + + + + + + +

(Typical)
Escherichia fac ¥ ' ' ' ' ' ! ! '
PEC-KU4 .

coli 16s rRNA + + + + + + + +
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A 63 Internal Amplification Control @ 5% HIA NI
AZL 93 Real-time PCRY 7l

<R9k>
1. Internal Amplification Control(IAC) 7%

O AME g4 3 &8 AR0|M DNAE FE = PCRE HASIRIE Al A2 W EXSI=
PCR inhibitor2 2|24 ZuIE L}EME = Q2.

O IACE= PCRO| 9|87d ZuE HNISI Fetet AatE S = UAA &

O & HEl2 Viral hemorrhagic septicemia virus(VHSV)2| DNA sequenceE O| 2352
M VHSVE A2t U ABAIZ0IM AEE Ho| glof Hue.

O IACE 10* copies/ul?| Template &5 &, 75nM Primer 5 & 9 250nM Probe S E7} %|&
Hoz Z¥EHE.

O 7% E IACO| Sequence= Cloning2 £35}0{ IAC M4 5l 20| 0|58 51 S.

>

-

2. 5% 'Held HES 9% Real-time PCR 7jt

O Primer 3 Probe THFO| Zt RAE HAAY 7 U H HAY i & 0[2]
o| MEE#0] CHt 2T S Eo|= HIIE MAISAS.
O %|5xoz MHME Real-time PCR HAZEZ 2|$t Primer/probe= IAC2} SA|0]| AI2E|H

2t HYFos
& 87t log cfu/gml) OICk. Ol THEZQ S44 9% Fo| S A W

A 5287| HEY Hoz B,
O ZEMo=2 JjLE IACS Realtime PR MEE AZ0IA BN RS HZ7|f
28% Ho= Wit
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1. A&

O PolymeraseE °©]-83l9] DNA sequences <3
o] EA Al Target DNAZ} &% B8t SEHHHE-
et al).

O Al®o| £A3t= PCR inhibitort Fat, Bile salt, Heparin 5& H|33lo] 43t =771 &
A &,

¥ 6.1 PCR inhibitore] =5 % Source

PCR inhibitor Source of inhibitor
Bile salts feces
complex polysaccharides feces, plant material
collagen tissues
heme blood
Humic acid soil, plant material
Melanin and eumelanin hair, skin
myoglobin muscle tissue
polysaccharides plants
proteinases milk
calcium ions milk, bone
urea urine
Hemoglobin, lactoferrin blood
immunoglobin G blood
indigo dye denim

O wztA o]yt YA AFHE viA57] YA Internal Amplification Control(IAC)Z+= <l
YA HEEZS PCR WHgo o]&3H o= PCRE o] &3 vt AH3AS Qair H43
A, IAC7F 421 4% PCR 714 ol’doluf Al¢ke] o], EE A4 2 <ld] PCR ®F&o] &

)

O IACE T34 &< F44 A< (non-target DNA sequence)ZA4 MZo] S0l FE
e FHe H7bE ol HxfAket Al SEE = A= PCR vheo] A B4
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O &Al PCRel TACE ol&3t AAF 7IW2 MAIAA FAZE {79 European Standardization
Committeet= International Standard Organization® §&3ste] WHE-<fo] JACE H7}ske] PCR #4115 3}
7] $1gk 7rol=eiel AY Folw wA| AdXE wA| FAe gh= 2§ PCR WS S79lEE =
i Tl A IAC7F F7hd Rkg PCRE 7sliof sk 5 TACTE Z5Aoleh= Ao A1 Q1 A9

O IACoIA Primer YAl $23 @4 T 3y, o]+= IACE Heterogenous IAC & o] &
st Z1¢1#] Homogenous IACE o]g&d # <lx ZA =
Target DNA<®} TAC template® < %3} Primer”
o2 Target DNA % PCRel| && & F uh&= 4

34l & . Hegerogenous I[AC

-~
N
uNS
I
2
ol
O
x
o
o
T
1o
—
>
@
Ll
o
ofo
o
o
&

f
o
-

O
o

O ¥hH Homogenous IACE 3t} Primer set® & Target DNAS IACES Z Ao Z=Z 8 4
olol A star Al 227 FH o) IACS Target DNAE 3ol 3oz Alggfopyt 3t
g o] . zhzbe]l Aol EAsE 2 [JAC YAkl Ao o] 23k ALeS a1edEho]
o} t;fjl—_

O Conventional PCR "Wl ©3le], Real-time PCRS DNA % Ao 7HX S AA 7o
7bsetAl et Real-time PCR #4404, DNA®S 3742 PCR #A &<t AdE= I3
o] Zxe o SAEM oA RUHAA AT & 5.

7FA o] 74 A}l Real-time PCR o] Sl A
I

2]
A= ol cd= ggo]l G243 F7lst= SYBR green I ¥ SYBR
green ER 959 & &3 =do] vkgol 7k, DNAZE A= st d3E4de &
o] A H. FHA LWH L2 Flourescent Reporter 2 Quencher’} -2 Probe 2] <. Probe
7} 2743 doll= &< Reporter®t Quencher’} +d3FiL 9o Reporterdl] olal wike

=

[e)
3¢S dASA #AaAZY. PCR AdF DNAZF tHESZH  ProbeEdt 3w
Reporter+= Quencher®] <3 ool 33S yehdith wel PCR wHg-o] =

g wx
Q"5 Reportero] o3 FPwge v How 71,

st

FAES aHHoR 238y & 5 Jdom 5AdE mAste] 4
= oo

7
7} A& IAC WA Real time PCR 7]EE 723}
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ol
2

7}. Internal amplification control (IAC)

"

o e
o o

N

%o JAC sequence=

(1) Internal amplificaton control®] ©x}1 2 7
2 Target DNA 9]of df & o=

O Internal amplificaton control(IAC)= A=
oA AAHow EA oA

= Template °|2& o]&
o]5 ¢34 Viral hemorrhagic septicemia virus(VHSV)2] DNA sequenceZ
. o] 7oA Viral hemorrhagic septicemia(VHS)ES &3} o] niolg] A= Wk
| 2ot B3] dRAA FdS oW Al A S4s HEWA &5 IACE
F&3t7lol VHSVZE A8k ol fr= ol 52 AFAlRdA HEd Aol glo] dA w27k &
Alzoll A W oz sh71o = wi$- A g (Litbeck et al

12} A H = NCBICl “GenBank accession no. X66134"& il 35

s
2003). VHSV ] +4 3
AFQ1% IACE Heterogenous IACZ Target DNA<C] Primer®t IAC®] Primer
S o]83F Real time PCR
2= 01 7] oﬂ

>~

o]+ Tagman Probe W2]S
| whel 27470 ¢] Detectorihs AFE3 4
£ HEs5H7] Sl

gel
e G,

-
7t 7 mgHoe=
u] Thermal cycler®] Aol
oo}, wetbA 559 WA T vyget Virulence factor

o
=
‘SI.'UJOfI—?\}\M X

]
AC primerg s g4do=2 43
=2 AH8shrl flsiA = DNAC] 45
T3] Fojof 3 E AFHAAE
A& F 789 primer (VHSV_F, 5 ACA CCA CAG ATC
= —1; (}igﬂi]

ey s
o] o
by Ao

=l
© T

PCR =

—

=

IAC+= DNA sequence®] 2= o]

13137 YalAE Cloning AL

VHSV Q] Sequenced F*S °

ACT CAA CG 3’5 VHSV_R 5" GGA GAC CAG TCC CTT GTT TA 3)& A=tst

Taq polymeraseE ©]&3tR o2z 3 Zdo] Adenine®] B2 F AES A<

I PCRS 94°C 5%#-%F9] initial incubation®l] ©]¢] 94°C 1%,

9] extentions A Al SFATh

&oto]  AolA  FEesta

]

O VHSV #Fxxte] %S 9% 2
55°C 1+, 72°C 1#9] Wb 3535 AA|s & 72°ColA 10
golyl PCR AHE2  Quiagentt?] Gel Extraction kitE ©
Invitrogen A}F2] pCR 21-TOPO vectorE ©|&3}9 Real Biotech Corp AFe] HIT

competent cell(E£. coli DH-a)9l Cloning 3tS (14 6.13 6.2)
O Cloning ¥ E. coli & Intron bio AF¢] Plasmid mini prep kitE ©]&3}¢] PlasmidE F&
& & wirdel wel PCR 3 Sequencings AAlgte] o] o] gl&S &<lg § Cloning ¥

E. coli= Stocklo.Z RH 7319 L.
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MI3 reverse

priming site @
[

Mi3

Hind 1
Kpre |
Sacl
Bamk 1
S |
BsiX |
Ecol |
_|

& pCR-TOPO"
2 3.9kb

a2l 6.1 pCR-TOPO vector®| &

LB agar
(w/Ampicillin and X-gal)

Competent cell

a2 6.2 IAC 9| cloning 178
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(2) Internal amplification® #HA

O Heterogenous IACOIA FTo3tA thfokd Ag2 JIAC template?] . ol I4H
Polymerase®} dNTP= <l&] IAC template”’} Z}t}3}HA J—ZH Al TAC WHS-2 kAl oly Target
DNAe°] tgt PCR B8 S L= Yetd =+ 7] e = 0 I o - B L L S

2

ok Hnr

Rl 4 9= IAC template®] 75 AA3HE Zlo

_

83

O Cloning ¥ E. coliZ ampicillin®] &% Luria Bertani brotholl H% % 37ColA] 244 7F
=t vkt s S Intron bio AF2] Plasmid mini prep kitE ©]-83}e] Plasmid(Vector)
£ F=3F Vector® MI13 forward®t M13 Reverse primerE ©]-83te] S3E3te] 325 bhp 9
PCR product® #7195 oz #F2d o Quiagenrte] Gel Extraction kitZ ©]-&3}o]
IAC template?HS #2834 <.

O 9 ¥ IAC templatei= AgilentAF2] Nanodrop® % DNA concentrations 43t om t}
o 2= o83kl CopyrE AXtstd+.

The Number of Genomic Copies/ul = Weight of PCR Fragment (g/ul)/(660 g/mol)
x the number of base pairs of the PCR fragment
x 6.023 x 10%

O IAC template = TE buffer= 10Z 341 3927 (1017107) ©]E Real time PCR o A}-&

S =

O Real time PCR =742 t}&3 &,

PCR mix

TagMan universal master mix with UNG II Primer Probe TAC Template

1x 0.5 uM 125 nM Opimal

¥ Final volume : 20ul

Thermal Cycle condition

1 Cycle at 50C(2 min)
1 Cycle at 95C (10 min)
40 Cycle at 95T (15 sec), 60T (60 sec)
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U HAAd ddT 35S 9% IAC WA Real time PCR 7|2

(

o]z dlolg o] 2oA AAH 37 ot Real time PCR & Primeroll A 7} 233
Primer 3; Probe setS /}jxj '8]—7] %’48]] ——%7]—34, oz 5 %E}Oﬂ% FAM Fluroescentﬂ, 3
o = TAMRA Quencher’} A3%%¥ Probes &3l TagMan probe Real time PCRE A3

o] o
.

—

.

te

o2
Qg

O o]d SYBR Real-time PCR ¥} vw}z7x| 2 5% ®HAA ool d
Qom Al& FEL Eod

ro
o
i
fol
k)
Ll

A &5

. /2" TAC ¥£3 Real time PCRY AZ3A

O =FulFdol A Real-time PCRS #AE dAE FAH3H7] HalA &3 22 A4S 3
skl =

- 629 WAA U7 (EHEC, ETEC(LT, STh. ETEC(STp), EAEC, EIEC, EPEC)

- LB brothol H& % 8 log cfu/ml & it

- IntronBio A}2] G-spin Bacterial DNA extraction kitE ©]&3dle] #:29 DNA F=

- TE buffers °]43te] 107 314 (10"710° cfu/ml)

- real-time PCR 3

wAElA Real-time PCRY #H& &AES FAs7] fdiA v 22 AALS

4
)
ol
o
52
T do >

- 6259 HYA WA (EHEC, ETEC(L7, S7Th), ETEC(S7p), EAEC, EIEC, EPEC)
- LB brothel % % 8 log cfu/ml & <3t
- PBS® 1073 3|4

- - % 2F3a17](Ground beef) 10gel 7tz (10710° cfu/g)e] W= HE

- Brain Heart Infusion(BHI) BrothZ 90ml #F % 37ColA 3AIzF ik 5 28 &%
Tryptone Phosphate(TP) BrothS 90ml 5 3+ & 42°C oA 2017+ 6

- IntronBio A}¢] G-spin Bacterial DNA extraction kitE& ©|83}o] A=9 DNA F%

- Real-time PCR 3}
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3. 47+ 2%

7}. Internal amplification control®] tjx}<l & 7t

ARE o]&3ste] yyxel ¥ IAC template, Primer % Probe Sequence & Ut}

# 6.2 IAC template®] Sequence 7 k.

Target Sequence (5'-3°) Source

ACA CCA CAG ATC ACT CAA CGA CcT
CCG GTC GAA AAC ATC TCG ACG TAC
Viral = Haemorrhagic CAT GCA GAT TGG GAC ACT CCG CTA

) . ) GenBank
Septicemia Virus TAC ACT CAT CCC TCC AAC TGC AGG )
ion  no.
mRNA  for envelope GAC GAT TCC TTT GTC CCG ATT CGA ;ngls;o ©
protein gene CCA GCT CAA CTC AGG TGT CCT CAT
GAA TTT GAA GAC ATA AAC AAG GGA
CTG GTC TCC
¥ 6.3 IAC Primer ¥ Probe %X
. oy Band
Primer & probe Sequence (5'-3°) . Source
size(bp)
Forward primer ACA CCA CAG ATC ACT CAA CG
GenBank
Reverse primer GGA GAC CAG TCC CTT GTT TA .
177 accession no.
X66134

JOE-TTC ATG AGG ACA CCT

IAC probe
GAG TTG A-BHQZ2
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st pCR 2.1-TOPO vector= ampicillin?} kanamycin®l] WS YeERdl= 3
AA WA RS £3eta g

[}

A

o Vectoroll 93F= Sequence’} A2 Aol A=A
—-gal (5-Bromo - 4 - chloro - 3 - indolyl - beta - D-galactopyranoside) <

BARE “Lac ZHAAE TFHT A8

O X-gal& competent cell & AF&3+ E. coli DH-a7} %

oL

7 SAAT Asoler g7 et Frazt o

W EE7E dojubA] ede Al B As YERU(LE 6.3).

o=

1% 6.3 X-gal& EX 3t LB agar. Sequencel| Vector £ ¢
*Blue colony : Vector LHZ Sequence HaHOZ 4f

*White colony : Vector L2 Sequence MatX o=z ¢

5 q3] & kS PCR product, &4 =% 2x7F ¥A43% PCR
products Ut M5 A

O webA 1070 Fx Hehs Mdsia o] &S BF S, Plasmid Extraction, PCR %
Sequencing? g S T3 (29 64 2 19 65)

H 59 H o] IAC sequence’t Bz AYHAS
TR

1 o]59 PCR productZ Gel extraction &

k3
B o] fglo] ALg3 JAC sequence®t F U3+ Sequence
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1,500 bp

1,000 bp

500 bp

100 bp

12l 64 M13 PrimerE 0|23t Vector®| PCR EHE

W biocdit Sequence Allgnment Ealar - [Untted]

?’ Flle ndn Sequence ﬁhgnmen: View Accessory Application  RNA 'u'furIdWidveéJ Options '-“lnl:law Help

B0
T D
Mode: Sl / Side SpJecrmwj SMEHM None Sla
Postir 91 Hiunbeng Mk Hone i
R = Gwdel]

dIDIT Gook PMEHIPEE B | QuE iy 4

- |ll|!|1r!|r l|!|1l|||l|l| lI|l|I!|1| i |r II|l|FI|!l|l!lI!||!l|F|1rl||lir!l1!l||'l|'||!l||l1!

= 70 80 50 100 110 120 130 140 150
1 GERATTCGCCCTT. T. . TGAGGA.AC.T6.6. TG, .CTGGTCGARTCGG. AL RRA A, . . T, . CTGCAGTTGE. . . GR. GAGTG. A . . GGG
g B e BT vaii-cmsn 472 S Wt N A ) R T E o I R P S A S A 8 S R S el

TACACTCATCC T CCARCTGCAGGLACGATTCCTTTRTCCCEATTCGACCAGCTCRACTCAGGTGTCCTCATGAR

Forwad | eresrsssisaasaan
ravarss 0. T6AGGA.AC.76.6.T

2l 6.5 BioeditE O|&23}0| Target Sequencel| Vector Lff "HAAQOl A =0l
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t}. Internal amplification® AF

O Agarose gelol %% PCR product® QIAEX®I Gel extraction Kit (Qiagen, Germany) =
ARE-3Fe] PCR productihs = &4 AA|SHA S,

O AA¥ PCR amplification productE Nano drop(Agilent, USA) & DNA concentrations

ZAsd o 1 A¥= 101 ng/ul )%, DNA concentration2 ©] 83 DNA copy<=9
Ao wE AA A3 Gel extraction ¥ o] E ¢ TAC DNA template copyF+ 2.27x107
o7 golyle.

e 2 (" 66 3 E 6.4).

rr

O 34 % IAC TemplateE Real time PCR 3+ A3}

O IAC template copy ol W& standard curve 2 Al copy9 S7bol wiz} Ct gko]
AalE A& A<l standard curved] EH5E Hola 9lom 227x10" IAC template copys] Ab
& Al Ctate 2828 = UEWS.

O wWeta] o]F AF o] AF2=E IAC copy 2.27x10% copyZ o]+ HUA &9 target gene
S A&l oA wgo] HAHSA vElE Aoz uFHAS.

O Agstan AP 7Hed AF}E Hol= HH2 Primer ¥ Probe ¥ %= AL 98 o v=
2] Primer®} ProbeE A 33393, 4 H Primer 5%+ 10, 25, 50, 75, 100 nM Probe &
w3 15, 30, 60, 125, 250 nM ©]t}. IAC copys+ 2.27x10* copy/ul & AF&3}51S.

standard Curve
af L ..... ........... ' ........... A ............ ............ ............ ..... ]
g e B e e R R R S R HEw 1
: ] o E E | :
@ LR SO ............ ............. ........... v 'll‘:'fg_;_._-..-.-.-. A ............ R ............. ..... i
e ) ; : ' . :
PRI SR AN L S R (?;.-'-"-'-“H..-_;_: : 8 ----------- AR Tl -
Lt R L ------------ P R R . Q ----------- REEE -
24 __I...I..é...I..I..;..I..é..I..;..I..:..i..I...I..I...I..i,..I..I...I..I..i..I...:..I...I..i..:..I..;..I..:é:..l..;..I..I..?:'-,I...:_
0 1 2 3 4 ] ] 7
Log Starting Quantity
O Standard # Unknown

— CalQrange BB E=252 5 1R 2=0.855 Slope=-1.442 y-im=34.30

12l 6.6 Standard curve of internal amplification control
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o1 Ay

rr

o

EM

oF Z3(3E 64 ~ 65).

O Primer ¥ Probed FXxol me} &A% IAC copy &

N
iR
ol
o
38
dlo
=
ki
o
g

B2 Aols YERS

L. Primer 3%+ 25 nM ©|st5-E Ctgtoll W73k 93-S 13 2™ Probe= 60nMe]st<d
Al Ct kol 932 v e, 53] primer %7} 10 nM Aol &= oyt FAZE &l g X
2o Probed] %+ 30 nM olst7F 45 HETEHo] 438 AAstY S

O o] A¥E v S Z Primer 5%+ 75 nM Probe &+ 250 nMo] 719 Aot A A

o] Yz ¢gkom ggHow AET = U= HAIH primer/probe Z7olgt T £ U2

¥ 6.4. IAC Template copy °| W& Real-time PCR 23}

IAC DNA IAC
(copies/ul) " Avg CT % Positive
2.27x10° 3 25.28 100
2.27x10° 3 27.61 100
2.27x10" 3 28.28 100
2.27x10° 3 30.52 100
2.27x10° 3 32.16 100
2.27x10" 3 32.20 100
0 3 UD 0

¥ 6.5 IAC?] Primer ¥ Probe v% 43}

Primer Probe concentration

concentration : 250 nM  125nM 60 nM 30 oM 15 nM
100 nM 3 22.77 27.46 31.17 35.65 uD
75 nM 3 24.35 28.10 31.07 UD 38.92
50 nM 3 25.56 30.92 33.02 UD uD
25 nM 3 31.63 38.76 38.64 UD UD
10 nM 3 UD UD UD UD UD
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o W44 AT HE& 9% IAC WA Real time PCR 7B

O o] dlolgn]o]~ 3 Real time PCR & Primero]l 4 SYBR Real time PCR 7}#] €54
Primer & & 37} Hojd TR o] AALY S,

O HFHo=z 714 A3 Primer ¥ Probe set2 A3 7] 9a F7PH oz 5 wdoto =
FAM Fluroescent’}, 3° @ttoll:= TAMRA Quencher’} Z3¥ ProbeE FE3lo] F714 o

2 dds s+

O ProbeE ©]£3 Real-time PCRS 3ol ABIAFS] “TagMan universal master mix with
UNG II'E Mix=Z o]&3t3t}. Al z2AF vl <ol wel Thermal cycle =7 50T A 2%,
95ColA 10+, 228]a 95T A 156x2F 60TCAA 183F WS 40 cycle WHESFA S

07} HAA A2 Target geneo| ™3t Probe 2] 2] Real-time PCR Z3+ ol X<}
e (E 66 ~ 6.10).

¥ 6.6 EPEC®| W3t Primer & X ¢ Real-time PCR(Probe) 2 %}

EPEC Primer candidatse
Strain virulence factor eaeA-W eaeA-N

E. coli 0138 eaeA + +
E. coli 088 eaeA + +
E. coli 0101 eaeA + +
E. coli 0138 eacA + +
E. coli ouT eaeA + +
E. coli 0153 eaeA + +
E. coli 045 eacA + +
E. coli 0117 eaeA + +
E. coli ouT eacA + +
E. coli 0180 eaeA + +
E. coli o177 eaeA + +
E. coli 0138 eaecA + +
E. coli 6176 eaeA + +
E. coli 6180 eaeA + +
E. coli 6182 eaeA + +
¥4 15 15

=74 0 0

A FA 0 0

A= 0 0
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¥ 6.7 EHEC®| ™3 Primer X 9] Real-time PCR(Probe) Z %}

EHEC Primer candidate
Strain virulence factor stxl-] Sstx2-] StxI-S
E. coli 0111 stxl + - _
E. coli 091 stxl + - _
E. coli 01 Sstx2 - + _
E. coli 066 stxl + - 4
E. coli 091 stxl1.2 + n 4
E. coli 0174 stx2 - + _
E. coli 026 stxl1.2 + n 4
E. coli 026 stx2 - n _
E. coli 6067 stx2 - n _
E. coli 5910 stx] + - i
E. coli 5597 stxl + - I
*4 7 6 5
=Rt 4 5 6
A FA 0 0 0
A=4 0 0 2
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¥ 6.8 EAECY] ™3 Primer & X 72 Real-time PCR(Probe) Z 3}

EAEC Primer candidate
Strain virulence factor agghk-L aggR-D aggR-0
E. coli 0176 aggh + + +
E. coli 086 aggR + + +
E. coli 03 aggR + + +
E. coli 0130 aggl + + +
E. coli 021 aggR + + +
E. coli 0141 aggR + + +
E. coli ouT aggh + + +
E. coli 01 agglR + + +
E. coli 044 aggR + + +
E. coli 03 aggh + + +
E. coli 6227 aggh + + +
E. coli 6203 aggh + + +
E. coli 6181 agell + + +
&7 13 13 13
7 0 0 0
A EA 0 0 0
A7 0 0 0

- 195 -



¥ 69 EIEC®] 3t Primer X ¢ Real-time PCR(Probe) 2 3}

EIEC Primer candidate

Strain virulence factor IipaH-W IpaH-T
. coll 096 paH + +
. coli 096 ipaH + +
. coll ouT paH + +
. coli ouT paH + +
. coll ouT paH + +
. coli 5688 paH + -
. coli 5639 paH + -
. coll 5635 paH + +
¥4 8 6
=7 0 2
AFd 0 0
A&7 0 2
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¥ 6.10 ETEC®] W3+ Primer X 2] Real-time PCR (Probe) 2 3}

ETEC Primer candidate
Strain virulence | ui STh-Ha STh-l STp-Hi STp-I
factor

E. coli 0153 LT + - - _ _
E. coli 0139 STp - - - + +
E. coli 025 LT + - - - _
E. coli 0169 STp - - - + +
E. coli 025 LT + - - _ _
E. coli 06 LT, STh + + + , .
E. coli 06 LT, STh + + + _ .
E. coli 0148 STh - + + - _
E. coli  Ol5 STh - + + - -
E. coli  Ol5 STh - + + , _
E. coli 025 STh - + + - _
E. coli 015 STh - + + - _
E. coli 6202 STh + + - - _
E. coli 6205 LT, STh - + - - _
E. coli 6173 LT STh + + + - +
FA4 7 10 8 3 2

=4 8 5 7 13 13

AE4 0 0 0 1 0

A=A 0 0 2 0 0
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N AFS 93 Primer 2 Probe AKX olefo} #t}.

% 611 WY diFgTe] &S 93 Real-time PCRE 5o]4 xgloln U Probe ME &=
Pathotyp  Target Primer o, Conc
Sequence(5'-3") Reference
e gene & probe (pmole)
CAT TGA TCA GGA TTIT TTC TGG TG
Forward 0.075
ATA
Nielsen et
EPEC eaecA Reverse  CTC ATG CGG AAA TAG CCG TTA 0.075
al, 2003
FAM-ATA GTC TCG CCA GTA TTC
probe 0.25
GCC ACC AAT ACC-TAMRA
Forward CCT TTT CCG CGT TCC TTG 0.075
, Thiem et
EIEC jpaH Reverse  CGG AAT CCG GAG GTA TTG C 0.075
al, 2004
FAM-CGC CTT TCC GAT ACC GTC
probe 0.25
TCT GCA-TAMRA
Forward GCC TAA AGG ATG CCC TGA TG 0.5
Del
EAEC aggR ~ Reverse GAC CAA TTC GGA CAA CTG CAA 05 erannoy
et al 2012
FAM-CAT CTA CTT TTG ATA TTC CGT
probe 0.25
AT-TAMRA
GTG GCA TTA ATA CTG AAT TGT
Forward 0.075
CAT CA
stxl Reverse  GCG TAA TCC CAC GGA CTC TTC 0.075
FAM-TGA TGA GTT TCC TTC TAT
probe 0.25 .
GTG TCC GGC AGA T-TAMRA Jinneman
EHEC
et al, 2012
Forward GAT GTT TAT GGC GGT TTT ATT TGC 0.075
TGG AAA ACT CAA TTT TAC CTT
stx2 Reverse 0.075
TAG CA
FAM-TCT GTT AAT GCA ATG GCG
probe 0.25

GCG GAT T-TAMRA
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3E 6.11 (o]o1A)

Target Primer & o Conc
Pathotype Sequence(5'-3") Reference
gene probe (p/mole)
Forward TTC CCA CCG GAT CAC CAA 0.075
CAA CCT TGT GGT GCA TGA i
/1T Reverse 0.075 Hidaka et
TGA al, 2009
FAM-CTT GGA GAG AAG AAC
probe 0.25
CCT-TAMRA
GAA CAA CAC ATT TTA CTG CTG
Forward 0.075
TGA ACT
GCA CCA ATA CAT ATA ATA ljima et
ETEC STo Reverse 0.075
TAG AGG GAA TCA al 2007
FAM-TGT TGT AAT CCT GCC TGT
probe 0.25
GCT CCA TGT TAT T-TAMRA
CTG GTT TTG ATT CAA ATG TTC
Forward 0.075
GTG
. TCC TGA GGG AAA GGT GAA Hardegen
everse .
STh AAA GAC et al.,,
2010
FAM-TTG ATT TCT TCA TAT TAC
probe 0.25
CTC CGG ACA TGG CA-TAMRA
ACC AGA CCC AGC ACC AGA
Forward 0.075
TAA G
CTG CTT CTT TAA GCA ACT GGC ,
Reverse 0.075 Pavlovic
lac Y GA
et al 2011
CY5-CAT ACA TAT TGC CCG CCA
probe 0.25
GTA CAG AC-BHQ2
E. coli
Forward CAT GCC GCG TGT ATG AAG AA 0.075
CGG GTA ACG TCA ATG AGC Huijsdens
Reverse 0.075
165 rRNA AAA et al.,
2002
FAM-TAT TAA CTT TAC TCC CTT
probe 0.25

CCT CCC CGC TGA A-TAMRA
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¥ 6.12 Multiplex Conventional PCRell W3 ?i7t=9} Eo]x 23}

Number of positives

. Positive
PCR kit . Pathotype Target gene /Number of
/Negative .
strains(%)
PEC-KU1 Positive EPEC eaeA 15/15 (100)
(Typical, Atypical)
IAC 15/15 (100)
Negative  Non-E. coli eaeA 0/5 (0)
IAC 5/5 (100)
E. coli (Non-EPEC) eaeA 0/5 (0)
IAC 5/5 (100)
Positive EAEC aggR 14/14 (100)
IAC 14/14 (100)
Negative Non-E. coli agglt 0/5 (0)
IAC 5/5 (100)
E. coli Non-EAEC) agghl 0/5 (0)
IAC 5/5 (100)
Positive EIEC ipaH 8/8 (100)
IAC 8/8 (100)
Negative Non-FE. coli ipaH 1/5 (20)
IAC 5/5 (100)
E. coli (Non-EIEC) ipaH 0/5 (0)
IAC 5/5 (100)
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E 612 (o]o]A)

Positive

Number of positives

PCR kit /Negative Pathotype Target gene /Nur?ber of
strains(%)
PEC-KU2 Positive ETEC LT 8/8 (100)
IAC 8/8 (100)
STh 9/9 (100)
IAC 9/9 (100)
STp 2/2 (100)
IAC 2/2 (100)
Negative  Non-E. coli LT 0/5 (0)
IAC 5/5 (100)
STh 0/5 (0)
IAC 5/5 (100)
STp 0/5 (0)
IAC 5/5 (100)
E. coli Non-ETEC) LT 0/5 (0)
IAC 5/5 (100)
STh 0/5 (0)
IAC 5/5 (100)
STp 0/5 (0)
IAC 5/5 (100)
PEC-KU3 Positive EHEC stx1 7/7 (100)
IAC 7/7 (100)
stx2 6/6 (100)
IAC 6/6 (100)
EPEC(Typical) bip 2/2(100)
IAC 2/2 (100)
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E 612 (o]o]A)

Number of positives

. Positive
PCR kit . Pathotype Target gene /Number of
/Negative ,

strains(%)

PEC-KU3 Negative  Non-E. coli stxl] 0/5 (0)

IAC 5/5 (100)

stx2 0/5 (0)

IAC 5/5 (100)

bip 0/5 (0)

IAC 5/5 (100)

E. coli stx] 0/5 (0)

(Non-EHEC, EPEC) IAC 5/5 (100)

stx2 0/5 (0)

IAC 5/5 (100)

bip 0/5 (0)

IAC 5/5 (100)
PEC-KU4 Positive Escherichia coli lac 'Y 63/63 (100)
16s rRNA 63/63 (100)
IAC 63/63 (100)

Negative  Non-E. coli lac 'Y 0/5 (100)

16s rENA 1/5 (20)

IAC 5/5 (100)

Eol== A% A} Real time PCRoIA Fd 33 PCR
g o Eolio] 7% EIECY ipaH® E.coli®l 16s

&3l
rRNAES A9 & 4% A4 g2 Real-time PCROIA &4 tizite] A =%
0%= Eolk+= 100% Atk 3 lac YO PCR A= E. coli$t Shigella sppE Sol4 o2&
A4 AA+H

O IAC= ¥4 ZEE 2 SATEZANA BF FAditES dedio] PCRo|] Atz 3% 3]
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2}. 7§ ¢ ¥ Real-time PCRY #HZ3HA

O = g Real-time PCRE HE3H= ol e 25(3% 613 2 19 6.7).

O AE@A= 165 rRNANA 2log cfwml, stxl, stx2 aggR, LT, STh STplA 3 log
cfu/ml 18]32 Y™ A target genedll A= 4log cfu/ml & YEYS. IACE= B &4 &

NS RS

A

)

O ugbA £ vjgdo Real-time PCR® #HE3HA= 4dlog cfu/ml=z ©] o]A &4 2

|
PCR kitE o]&3ld HE & 4 9.

# 6.13 Pure cultureo] /] Real-time PCR9 7= 34

Log cfu/ml
Sample Target gene
8 7 6 5 4 3 2 1 D.W
eae A + + + + + - - - -
EPEC
IAC + + + + + + + + +
agghR + + + + + + - - -
EAEC
IAC + + + + + + + + +
paH + + + + + - - - -
EIEC
IAC + + + + + + + + +
LT + + + + + + - - -
IAC + + + + + + + + +
STh + + + + + + - - -
ETEC
IAC + + + + + + + + +
STp + + + + + + - - -
IAC + + + + + + + + +
stxl + + + + + + - - -
IAC + + + + + + + + +
EHEC
stx? + + + + + + - - -
IAC + + + + + + + + +
lac Y + + + + + - - - -
Escherichia
. 16s rRNA - i + + + - + - -
colr
IAC + + + + + + + + +
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Amplifization

IAC

ared —

1.2E+08 copies

1.2E+04 copies

1.2E+07 copies

1.2E+03 copies

1.2E+06 copies

1.2E+02 copies

1.2E+05 copies

1.2E+01 copies

e 18.33 22.24 268 288 3268 3T36  UD uo
1A 3233 275 2585 2549 2I5T6 2551 254 254
Amplification vl
i I (1
! 1.4E+08 copies 1.4E+04 copies
4000 4
E tonl —
g
2000+ i 1.4E+07 copies 1.4E+03 copies
soos | P
| > . ,
e e N 1.4E+06 copies 1.4E+02 copies
g kL] o b -
Sy

1.4E+05 copies

1.4E+01 copies

paH 20024 2126 2408  28.52 3401 3035 LD (1] 8]
£ 2544 B0 2335 M.BE 3235 ME3 18.3E 196D
Amgiilicaton >
(1= . .
s | 1.0E+08 copies 1.0E+04 copies
R —
2 e . .
1 ; 1.0E+07 copies 1.0E+03 copies
(] /.—
5 OE+ . OB+ :
| — ; _ 1.0E+06 copies 1.0E+02 copies
B - - - [~
Syt

gt
A

1463

76 &1

22 2.7 2108

MAE 2035 1757

268,00 302

19,25 E24&0

3k

D083

]

424

1.0E+05 copies

1.0E+01 copies
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Amplification

| ¢
i 1 ir
- 1
-
E /
T
1 . .
1 IIII RN A bdJ I
1 ke L RRERER AT T AL
PR & W Vo e S R - S "
-] o el i) &

Cyche 8 L
LT 1620 19.71 2346 2581 2904 3437 3571 UD
215 25.81 23,23 2320 2180 2007 21.26 2040 21.26

1.2E+08 copies

1.2E+04 copies

1.2E+07 copies

1.2E+03 copies

1.2E+06 copies

1.2E+02 copies

1.2E+05 copies

1.2E+01 copies

Amplification -
r .
! IAC
3000 + {
e T e | BT —
= 2000 4
&
&
1000 4
i
E e
Q —— — =
1] i 0 30 &
Cyehes

£ i 5 4 4 2 1
STh 1612 1727 21.24 2547 2733 3.1 3617 UD
Lie 2503 2411 1826 22.56 1904 2031 21,60 22.1

1.2E+08 copies

1.2E+04 copies

1.2E+07 copies

1.2E+03 copies

1.2E+06 copies

1.2E+02 copies

1.2E+05 copies

1.2E+01 copies

Ampisficaten -
IAG
.{.f E3r-
= -Illr
g F
.‘II
r
N d 9 X ot
L A A s T . 4| e Ee—
1] aa k1] 0
Ejuies =

S 1603 1632 2207 2478 2034 3451 3683 UD
IAC 2418 1824 1087 2007 2180 2077 20078 2313

1.3E+08 copies

1.3E+04 copies

1.3E+07 copies

1.3E+03 copies

1.3E+06 copies

1.3E+02 copies

1.3E+05 copies

1.3E+01 copies
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1AC

008 i sfxt

g

sHal 16.72 2043 2354 2739 3187 3403 3633 Jr.61
&G 2163 2067 2206 1958 205 1997 2044 2032

1.3E+08 copies

1.3E+04 copies

1.3E+07 copies

1.3E+03 copies

1.3E+06 copies

1.3E+02 copies

1.3E+05 copies

1.3E+01 copies

Arnpif piios
300
] I
= AC
00 e 4
i o
2000 § y ] a2
El ; ¥
B F
= /
%0 1 Fi
i e
B — s ]
a 1] 20 3 &0
[

&l 16.73 2086 2364 268 JN.57 3471 354 U
&G 21.67 2083 2035 188 212 1976 18,63 19.83

1.3E+08 copies

1.3E+04 copies

1.3E+07 copies

1.3E+03 copies

1.3E+06 copies

1.3E+02 copies

1.3E+05 copies

1.3E+01 copies

Arnplifeeation
| 1AG
} fag¥ —
4000 3 ¥
g m:- T N e
; B —
000 + o &
=
1m0 = i
5 e i |
ok i e Sl i
[} ] o ) 4

Sy .

ey 1850 X248 2580 3BFI 3305 ArBE  UD up
Tz pRNA 2015 2333 266) 2002 3271 34E3 3531 36
AT 3321 2Er 2348 -21.682 14 20562 21.58 1772

1.1E+08 copies

1.1E+04 copies

1.1E+07 copies

1.1E+03 copies

1.1E+06 copies

1.1E+02 copies

1.1E+05 copies

1.1E+01 copies
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O A& AZo HYAd AT S AYHF sl S+ 3k Multiplex Conventional PCR]
4

A= obd EeF (3 614 H 6.15).

axr
it

I 6.14 5 A9 HF F S Al Real-time PCRE] & &
Log cfu/ml
Sample Strain Target gene
3 7 6 5 4 3 2 1 DW

eae A + + + + + + + +

EPEC
IAC + + + + + + + +
aggll + + + + + + + +

EAEC
IAC + + + + + + + +
ipaH + + + + + + + +

EIEC
IAC + + + + + + + +
LT + + + + + + + +
IAC + + + + + + + +
STh + + + + + + + +

ETEC
Milk IAC + + + + + + + +
STp + + + + + + + +
IAC + + + + + + + +
stxl + + + + + + + +
IAC + + + + + + + +

EHEC
stx2 + + + + + + + +
IAC + + + + + + + +
lac 'Y + + + + + + + +
Escherichia coli 16s rRNA + + + + + + + +
IAC + + + + + + + +
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¥ 6.15 Ground beef ¢19] HF & S A] Real-time PCRe H& 3H

Log cfu/g
Sample  Strain Target gene

3 7 6 5 4 3 2
eae A + + + + + n 4

EPEC
IAC + + + + + + 4
aggk T T

EAEC
IAC + + + + + + +
i[)aH + + + + + + +

EIEC
IAC e e e 4
LT + + + + + + +
IAC + + + + + + +
5777 + + + + + + n

Ground ETEC
IAC + + + + + + n

beef

STp + + ¥ + . N .
IAC + + + + + + +
StXZ + + + + + + n
IAC e e e 4

EHEC
St)(g + + + + + + +
IAC e e e e e
lac 'Y + + + + + + N
Escherichia coli 16s rENA + + + n n 4 N
IAC + + + + + + +
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A HE 4ED F ABVAT AASkE AL o A Wt B4 S 9
21 F &A= PCR 1nh1b1tor% F& ol PCR Wh&o] Asf 2 4 Jom, FdA

ow Qe AT Aol tux HE @A oldow A FHHA F71% 3

i)

= {0
o,

ol

o

oo pElo| A 2E e <9 HFEA HAEFFA= BE Target genedlA 1 log cfu/ml &
Ebyk . ole oo SN oF oo ¢S AA A wmEA Sstr] wEd] AR
Bl gk 24412 vt o m g iRt MEFo]l Aok 4 log cfu/ml o] 9] # TEE
Ay 7] i<l

213 W #A43t= PCR inhibitors DNA extraction kitZ AF&do2x AFHRE A A5
. ol IACY 44 2= AT 5 AU S.

wekA AE 219l HF Al Real-time PCRE AESAIE 1 log cfu/mlzZ 2] S48
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Real-time PCR¢ 71
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kio

=
[=)

Ho=z LEIL} x|S0 2 5% TrehaloseZ7} H7tk|0f

=
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O
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A%+ dad 2ol s (28 7.1). ol dA+eA &ys) & KU-PEC kit, IAC
eal-time PCR & kitE A}83F 2™ Screw cap tube o #5315

AN H .

O PCR kit o] H3+ =4

Az BaAel JFS FAsr] 9l 4% glycerol, 0.1% BSA %
0.5% trehalose = ZtZte] PCR assay tubed] #H7}stlow tixz+#o 2= DWE 5% F7}
3} (Chua et al, 2011; Klatser et al., 1998).

=

(BioFree, korea)ellA 84
IIshin Biobase, korea)ol A

O Aleke] oH] FZHAES 943}04 , -70C Ultra-Low freezers
A 7AZ7](FD 5508 system,
4

dstoll 3A13F 542 Ax &kl

P T
B SRinmg 26 BRI S S

a2l 71 SZAHAX PCR kite] A& -
Z=H| 9 label; (b),
=

-20°COf| A 4A|ZH-70°COfl M 8A[ZE OfH]
=] PCR kit

(@), PCR kit 2

9| 4, (0, sZU=x;
d), sZ2U=x
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O s24dx F v4dx BaAY 9FS Frtetr] sl EaSHT B ostabilizers H7HE
A Z o] FAWS-3 SAWS-S stabilizere] FRHo weEld HEQ Aol=
O

AANZ B3 AE AR &2 DW Alge A4S &
Real time PCRolA 9S4 A¥E yeldo] W=7 ti

O TZ27AZ H3AZ 4% glycerol, 0.1% BSA, 5% Trehalose
=]

& AH&stl o™ 4% Glycerol
7}A] Conventional PCR$} Real-time PCRol 4] Negative controlol w3} ¢
L}E}

2 37}

5.:

wom 0.1% BSA #H7F Al Real-time PCR2] Negative control & ¢
9l e
Y=

O 5% TrehaloseE stabilizer®= % 7}3F tubeol 4] Conventional PCR, Real-time PCR % IAC
¥, =4 s

]/\‘1 5-737—11 X%J,} E—O]fj]— 73“,]_(1:1]7]_1: EO]
© 2 5% Trehalose® &

=

=100%:100%)E Ho] H=%
AAZ RIAZ AASNFS.
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¥ 72 PCR 23 3t 524 x HaAe J3t

Real-time PCR

Conventional PCR Internal
E. coli Real time -
Amplification
PCR
Control
Positive Negative Positive Negative Positive Negative
control control control control control control
Before
S 3/3 0/3 3/3 0/3 3/3 0/3
Deionized lyophilized
sterile
After
D.W N 2/3 0/3 2/3 0/3 2/3 0/3
lyophilized
Bef
clore 3/3 0/3 3/3 0/3 3/3 1/3
49 lyophilized
Glycerol Aft
o 3/3 1/3 3/3 1/3 33 0/3
lyophilized
Bef
oo 3/3 0/3 3/3 0/3 3/3 0/3
0.1% Iyophilized
BSA
Aft
o 3/3 0/3 3/3 1/3 3/3 0/3
lyophilized
Bef
oo 3/3 0/3 3/3 0/3 33 0/3
0 lyophilized
5%
Trehalose
Aft
< 3/3 0/3 3/3 0/3 3/3 0/3
lyophilized
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I Real-time PCR
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O 19 813 198 82+ Conventional PCR kit®} Real-time PCR kite] T2 EZS el A

C])j]
O ols AgY U UE ANES AOACS Validation AR S A-galel AR 7o) g%
& e APl FAL 22 ol FFL & AXS ] Aske] AR
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User Guide

Each reaction tube: ECH condinon
1. Add KU-PEC kit(15ul) SEREE) Sl Cycle
2. Add target DNA(5ul) - 2 :
94 30 sec
3. Cap-Mix-Centrifuge > &8 0 ac
sec
4 Run PCR 23 1 min
72 5 min 1
Detection kit Pathogen  Target gene Bp size '
EIEC/Shigella jaH 619 | Gel electrophores
KU-PEC1 EPEC eaeA 390 . . _
= — = Direct loading to agarose gel (2.5%)
ir 322 P
KU-PEC2 ETEC $Tp 239 | g
STh 147 | ‘ F\
EHEC stad 779 -
KU-PEC3 EHEC stx2 589
EPEC bip 450
E. coli lac ¥ 1,371
KUIEL £ coli/Shigella 165 rRNVA 401

1 Al

19 8.1 Conventional PCR detection kitel] thsh AF-&x} He] =}

[t
~
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Gradient Volume
Sterile DW

E.coli kit mix
IAC kit mix
IAC template
Master mix
Sample DNA

Temp.(°C)

50 *

a5 10 min 1 o

95 15 sec e
40 X

60 1 min

1% 82 Real-time PCR kitell thgh AR&2k H o] AEA A
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2
1x
20 g
1.5 ml
og
2g
2g

Al = o] A

=

9 (1" 8.3).
Trytone
Tween 80
NaCl
KyHPO,
KH>PO,

TP broth (1L )

o

3y

- EnteroPathogenic E. coli(eacA, bip),

- Enterolnvasive E. coli(ipaH),
- EnteroHemorrhagic E. coli(stxl, stx2)

- EnteroToxigenic E. coli(LT, STh)

- EnteroAggregative E. coli(aggR)
- EnteroToxigenic E. coli(STp)

o~
T

#% Tryptone Phosphate broth(TP Broth) Hj#] %A




Validation Process

Inoculation Enrichment

¢ 10g(ml) sample
+ 90 ml BHI broth

37 C ,l, 3hr
%

Ground beef o Low level inoculum o Add 90ml 2X TP //-

: 1-2 CFUI0g(ml) broth in sample bag

o High level 42 C ,l, 20 hr
inoculum

: 10-20 CFU/10g(ml) EMB agar

(Confirm by PCR)

l—'—l

Compare and Analysis

a8 83 JEE 7|ES2] AOACH| 7|=ot HES flet A8 Hel Z2EZ9| Q9
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o
o
e
o

ofel “AtgA WMo ZREFTS Hu AAE Jlestd v e 2o

O

<AlEX} Ho| T2 EZE>

S 9l CFl 23| 12742 MEo| FH|EC

20 YMEZO| AFRE AlROICH

2 HEQ| HZEO| $esict

: high level inoculum (10-20 cfu/10g) 12|11 low level inoculum (1-2 cfu/10g)

(Hidaka et al., 2009 ; Toshima et al., 2004)

50g(ml) Al2= FA2|2 HHE0 ¥E 2 41 S4=S & HoIH 259 =L

50g(mhel A|[ZE 10 g(ml) = ZEMO| 242} Li=Ct

ANZ27F S0{U= ZE{E0| 90mI2| Brain Heart Infusion broth& H7tst1 0|5 A|RE

T A3 57| 5t -+ stomacher bagsO| A 1&£7F homogenization $HCF.

3A|1Z SS9t 37°CO|AM b 2 0| A|Z0] 90mle| Double Strength Tryptone
F

Phosphate broth& HM7tst1 & S50 & F| 20A|7F SQF 42°C A S HYLFSECYL.

=
HiZot A2 & 25 = B loopE 0|&9t0] EMB HYX|O| streaking St YH=
Intron AFQ| G-spin” Genomic DNA Extraction Kit (for Bacteria) £ A}2310] DNAE
F=Z oLt

EMB agar H{X|= B. cereusE |t standard selective mediumO|LCt

ZF=%5l DNAE= PCR 4! real-time PCR AHO0| A3t EMB HYX|OA AO{X|= CHE
o 9|4 ZI2t2 Colony £ S+ H|Y = DNAE F=3l0f PCRZ ZHETICL.

Culture method 5! PCR/ Real-time PCR A Z 9] 751}% Hl i 2A15HCH

HMZ 9 HEZ 24 A|B0|AM2l DNA ==L G-Spin” Genomic DNA extraction Kit
[For Bacteria] (Intron Bio)E& AtE23}0] Z=H|SHLC}.

12 84 G-spin” Genomic DNA Extraction Kite| == ZZEZZ2 Q43510 H0F
C}.

0| ZRESL MY +UKESC| 08 51 DNA =

Ik
i}
oz
o
Ol
ne
e,
=
_O'_I'
)
do
Ot
2
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~ Briefed Protocol

Add 1 ml homogenate to a 1,5 ml collection tube—>
centrifuge (13000 * g for 1 min)=> decant supernatant

Add 300 ul of G-Buffer solution, and invert-mix well

Incubate at 65 °C for 15min)

Add 250 ul of Binding Buffer, and completely mix well by
pipetting(at least 10 times) or gently vortexing

Cell lysates loading on column and centrifuge at 13,000 rpm
for 1min

To wash, add 500 ul of Washing Buffer A to column and
centrifuge for 1min at 13,000 rpm

Remove solution, Add 500 ul of Washing Buffer B to column
and centrifuge for 1min at 13,000 rpm

Remove solution and centrifuge for 1min at 13,000 rpm

tube, and add 100ul of Elution Buffer directly onto the
membrane

Incubate at RT for 1min, and the centrifuge for 1Tmin at
13,000 rpm

[Place the G-spin™ column in a clean 1,5ml microcentrifuge

O3 84 34 A=R0|A DNA =55 flgh ALEAF He| Z2EZ9| 29
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Milk
1. Media

Low inoculum level High inoculum level N.C/P.C

2. PCR

Low inoculum level High inoculum level N.C PC

o
S—

3. Real-time PCR

Milk, EHEC(stx1)

& £ wcoo

e =
-=== | Milk H1-Positive

= =
cce | Milk H2-paositive = { Milk H3-positive

L]
L]

<wee | Milk H4-positive === | Milk H5—-positive
& i E o
MNegative control :w Positive control
& &

(EHEC)oll ti& 2FA 5 (%ol Ao A5 2t

I
o
oo
(@)
o,
o,
ox
;:‘, [
o
4
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% 81 WA digatel st A FAS(T-HAANY HS Ao
Inocula(CFU/10g)
Positive Negative
Sample PEC Method 1-2 10-20
control control
EHEC Media 3/5 5/5 1/1 0/1
PCR stxl 3/5 5/5 1/1 0/1
stx2 3/5 5/5 1/1 0/1
qPCR stxl 3/5 5/5 1/1 0/1
stx2 3/5 5/5 1/1 0/1
ETEC Media 2/5 5/5 1/1 0/1
(LT, STh) pcRr LT 2/5 5/5 1/1 0/1
STh 2/5 5/5 1/1 0/1
agPCR LT 2/5 5/5 1/1 0/1
STh 2/5 5/5 1/1 0/1
ETEC Media 3/5 5/5 1/1 0/1
(STp) PCR STp 3/5 5/5 1/1 0/1
gPCR STp 3/5 5/5 1/1 0/1
EAEC Media 3/5 5/5 1/1 0/1
Milk

PCR aggR 3/5 5/5 1/1 0/1
qPCR aggR 3/5 5/5 1/1 0/1
EIEC Media 1/5 5/5 1/1 0/1
PCR ipalH 1/5 5/5 1/1 0/1
16s 1/5 5/5 1/1 0/1

rikENA
lac 'Y 1/5 5/5 1/1 0/1
gPCR paH 1/5 5/5 1/1 0/1
165 1/5 5/5 1/1 0/1

riENA
lac 'Y 1/5 5/5 1/1 0/1
EPEC Media 5/5 5/5 1/1 0/1
PCR eacA 5/5 5/5 1/1 0/1
bip 5/5 5/5 1/1 0/1
qgPCR eacA 5/5 5/5 1/1 0/1
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F 82 ¥ el et HFARRE HarhelM el HS At

Inocula(CFU/10g)
Positive Negative
Sample PEC Method 1-2 10-20
control control
EHEC Media 1/5 5/5 1/1 0/1
PCR stxl 2/5 5/5 1/1 0/1
stx2 2/5 5/5 1/1 0/1
qPCR stxl] 2/5 5/5 1/1 0/1
stx2 2/5 5/5 1/1 0/1
ETEC Media 4/5 5/5 1/1 0/1
(LT, STh) PCR LT 4/5 5/5 1/1 0/1
STh 4/5 5/5 1/1 0/1
gPCR LT 4/5 5/5 1/1 0/1
STh 4/5 5/5 1/1 0/1
ETEC Media 4/5 5/5 1/1 0/1
(STp) PCR STp 4/5 5/5 1/1 0/1
qPCR STp 4/5 5/5 1/1 0/1
EAEC Media 4/5 5/5 1/1 0/1
Ground
PCR aggR 4/5 5/5 1/1 0/1
beef
qgPCR aggR 4/5 5/5 1/1 0/1
EIEC Media 3/5 5/5 1/1 0/1
PCR ipaH 3/5 5/5 1/1 0/1
165 3/5 5/5 1/1 0/1
rikNA
lac Y 3/5 5/5 1/1 0/1
gPCR ipaH 3/5 5/5 1/1 0/1
165 3/5 5/5 1/1 0/1
rikNA
lac 'Y 3/5 5/5 1/1 0/1
EPEC Media 4/5 5/5 1/1 0/1
PCR eaeA 4/5 5/5 1/1 0/1
bip 4/5 5/5 1/1 0/1
qPCR eaeA 4/5 5/5 1/1 0/1
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Beef

Low inoculum level High inoculum level P.C/ N.C

2. PCR

Low inoculum level Hih inoculum level PC N.C

3. Real-time PCR

Beef, EPEC (eaeA)

" | Beef H1-Paositive

Beef H2-positive .| Beef H3-positive
Beef H4-positive “ | Beef H5-positive
Negative contro “I . | Positive ::ontrol

a9 86 ¥EAd dAT(EPEC)H it AFAIR (L7l el 2 At
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# 83 LA AT I H4FANE(FT)AAM HAF 2

Inocula(CFU/10g)
Positive Negative
Sample PEC Method 1-2 10-20
control control
Media 2/5 5/5 1/1 0/1
PCR stx] 2/5 5/5 1/1 0/1
EHEC stx2 2/5 5/5 1/1 0/1
qPCR stx1 2/5 5/5 1/1 0/1
stx2 2/5 5/5 1/1 0/1
Media 1/5 5/5 1/1 0/1
PCR LT 1/5 5/5 1/1 0/1
ETEC
STh 1/5 5/5 1/1 0/1
(LT, STh)
gPCR LT 1/5 5/5 1/1 0/1
STh 1/5 5/5 1/1 0/1
Media 3/5 5/5 1/1 0/1
ETEC bR o7 35 5/5 1”1 0/1
(STp) b
gPCR STp 3/5 5/5 1/1 0/1
) Media 5/5 5/5 1/1 0/1
Milk
EAEC PCR agglt 4/5 5/5 1/1 0/1
qPCR aggR 5/5 5/5 1/1 0/1
Media 1/5 5/5 1/1 0/1
PCR ipalH 1/5 5/5 1/1 0/1
l 6 s
PNA 1/5 5/5 1/1 0/1
EIEC lac Y 1/5 5/5 1/1 0/1
gPCR ipalH 1/5 5/5 1/1 0/1
l 6 s
RNA 1/5 5/5 1/1 0/1
lac Y 1/5 5/5 1/1 0/1
Media 4/5 5/5 1/1 0/1
PCR eacA 3/5 5/5 1/1 0/1
EPEC
bip 4/5 5/5 1/1 0/1
qPCR eacA 4/5 5/5 1/1 0/1
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Inocula(CFU/10g)
Positive Negative
Sample PEC Method 1-2 10-20
control control
Media 1/5 5/5 1/1 0/1
PCR stx] 1/5 5/5 1/1 0/1
EHEC stx? 1/5 5/5 1/1 0/1
qgPCR stx] 1/5 5/5 1/1 0/1
stx2 1/5 5/5 1/1 0/1
Media 3/5 5/5 1/1 0/1
PCR LT 3/5 5/5 1/1 0/1
ETEC STh 3/5 5/5 11 0/1
(LT, STh)
gPCR LT 3/5 5/5 1/1 0/1
STh 3/5 5/5 1/1 0/1
Media 1/5 5/5 1/1 0/1
ETEC T per o7 25 5/5 11 0/1
(STp) b
gPCR STp 2/5 5/5 1/1 0/1
Ground Media 1/5 5/5 1/1 0/1
beef EAEC PCR aggR 1/5 5/5 1/1 0/1
qPCR aggR 1/5 5/5 1/1 0/1
Media 2/5 5/5 1/1 0/1
PCR paH 2/5 5/5 1/1 0/1
1l 6 s
RNA 2/5 5/5 1/1 0/1
— e Y 25 5/5 1/1 0/1
agPCR ipalH 2/5 5/5 1/1 0/1
1l 6 s
RNA 2/5 5/5 1/1 0/1
lac 'Y 2/5 5/5 1/1 0/1
Media 2/5 5/5 1/1 0/1
PCR eacA 3/5 5/5 1/1 0/1
EPEC
bip 3/5 5/5 1/1 0/1
qPCR eaeA 3/5 5/5 1/1 0/1
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Hag S arZEE O #HE002] 7|6 =
1A F>
s FEEEE X AT A
(A=) T (%) =T
< - B. cereus TE/AHAY SAHES A%
B. cereus1 .—T;E/ AALY %.’\] 7151]1 00 A4 primer FHa A o
ff CR r;uﬂ;mpﬁe ); ﬂconventlona multiplex PCR 7|¥H7]& AHdS 2
I PCR #HAst =1 A L AS
B. cereus X 2 ofA T (FAY
12 | ohekst T E/AAME B, cereus SA/Ad/ A T3 30001 )0l A
= e ity Aoz 3100 PCR primer s As 2
optimization test Inclusivity/exclusivity test ® 7 %3+
(detection limit) test
AAANFANA NEHE FAHE 100 ok 2 2130 A multiplex PCR
€ multiplex PCR 7|& A= As 9 HA HdE=SHA H7)
_ multiplex conventional PCR 7% &H
A AL =l A
B.i;?reus :ILE/E ]' <] ) ] =i ‘?"_]_ %i -E—O] U]—?% DB %’%:6}04 B
=8 .multlplex real-time | 100 cerels e/ AL EAAZE
i PCR primer/probe 7} & . . .
22 real-time PCR primer set A %]
= B. cereus TE/AAE A4 multiplex real-time PCR kit & A3} &
=8 kit JEE s 100 T ouks 2w 2 A
multiplex real-time PCR 3 i1l PCR kit inclusivity/
7 3} exclusivity test 2 HZ3HA test
A A Al =l A 7N AAA B (FAH/3 /D82 F) ol A 9
multiplex real-time PCRY] 100 real-time PCR && %
AEFES a8 #2435 92 PCR FARZX Vles &E3% ALEx-Hol
kit A] A= 7 a one-step PCR kit A4l 7H%
7HEr¥ multiplex conventional kit 23 T %@ 2exxd AA
1y / real-time PCR kit &% % | 100 AAFS] 7%, Solk, A&8& &
3] ggae E BE AN Mads A9
AS Aol oAy dFe TFud
_ 9 eAZ w3 A 7oA QYgAE
Mkl PCR kite] AOAC gold om = ‘;J 14 A3
d d h doﬂ U’]—E A 100 2L X]’OS_ 9‘0135:_ 715]?—0‘ H]ﬂ
standard metho = ® AOAC 719 ZAZwowz swg 7)E
° 2 7E 2T AAPEORA vi) A2
s A v 2 FA4 {994 Hrksh
TE/AAAL 52484 s s Ag§se
=i} J S ] o] - . .
TE R AN wdHs AT M4 FAHUEE multiplex PCR kit %
= 2 A AEE $1% Multiplex . . - -
= Conventional PCR 712 2 | 100 multiplex real-time PCR 7|EE 7%
# Multiplex Real-Time PCE 7| ; 5 A st AOAC 7 4]
o] Apur TH 2 OYs Amdael g8 2 A
= B2 olg 3
L | 2=

- 232 -




<1¥ &>
T gd =
HNEATER AT 53
(A%) | A5 (%) T FPYE
5t WA uAgFe] Eo] 9
°e e ° o - Web of Science ¥ Pubmed& %3
Az deolgulels & 2| 100 T N
mhA A —< a2 % Database 2 S
In silico PCR ¥ BLAST 59 A
121\ d %= | Primer/Probe %X - &A1 100 S 53t Primer/probe $H e =&
4=
VHSVE o] &3 Heterogenous
Internal amplification Control ) ,o ] Og o
(IAC) &A1 @ 7 100 Internal amplification control®] 74t
A5
HAAd g 55 sAAESH
== z :
= IA‘C WA multiplex A2 kite] MBE 9 Eolw 2A
conventional PCR 2100 _ o
' . - A& kite] AEF A A
multiplex real-time PCR 7§
oAdE |
EF FEAAx 7S 83t
Tovads vlws 48 EAAZ7 S Agstel ATE kit
Ab-g2F #Ho] one-step PCR| 100
o HHdds =9
71E AAF N
AOAC 7Fol=g}elo =
PR HETE ]y | AOAC el aRsl e e
oo mem T abgatel AR kit Fa Bt
Validation Study
AP =
- ite] A= HAES 58 §&
7H‘f‘—:]’% 7]%9} FEJE EﬂZ:E 100 PCR kltv/] ﬂ ) mS
4 37k
5% WA dZgT A5 9% - 5% HWYAd gHATS HAE: T F 4
= Multiplex Conventional PCR, 100 + Conventional PCR, Real-time
° = Internal amplification control, PCR ¥ IAC 71E9 7/ 2 AJA =
Real-time PCR 7]1E¢] )% Az gl A B 98
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H5E AT Sar % datEE A=
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(1) A48 5=
(9] : 14)
=3 NEF =
——— @A) 71}
e ax |EZAM| EZve  |8FAY (12l
29 | 55 |mile YT == SCI | ®|SCl | &)
BASH I TAn | 2w | 5=
=H 1 1 1
L - i e M B L
24 6 2 2
=3 1 2 2
R L T T S
24| 0 4 3 0
=H 2 1 2 2
T B e E T e e T o
24| 3 1 5 2
=g
S S e T T B
2% 2)
=g
T B el e T S T
A
= O
=1 4 1 5 5
e T S e e e e
27 9 5 10 4 6
xS A7YT SRS FF AR 59 4 WA R 28T
o AT APARA mel 5E 2o dAleh 2ol A
(2) a4 &8 =5
(9] : 714)
B | eANeR) | BB | Aase | asdE | 9esE | .09,
=5 2 2
e T e I T
27 3 2 1
WAL HE: 2013 H11%| QIE{H|= f |RQLEHY & FXAZY, BAEA HFE 2[HA OFE
UE, AR 2013070305 BARE: HELYS|, HOIES: TE HASL MY HA2A 4
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AR gt

Vol.
AR . R R} . _-'_1”-41 SCI
oo ey |(No.| o |2
A= ZAR | ZAAR FEAR ) | e | TR
Improvement of modified
charcoal-cefoperazone-deoxycholat International
e agar by addition of potassium|Jung-whan | Kun-Ho | Hyunsook Kim journal of
2013 clavulanate for detecting| Chon Seo Hong-Seok Kim food 165 | =@l | scl
Camylobacter spp. in  chicken microbiology
carcass rinse
Prevalence, characterization, and Jung-Whan
antimicrobial susceptibility  of Chon,
2013 Salmonella  Gallinarum isolated| Soo-kyung | Kun-Ho | Kwang-Young Poultry 92 | =9 | s
from eggs produced in Lee Seo Song, Ji-Yeon Science
Conventional or organic farms in Hyeon,Jin-San
South Korea Moon
Journal of
delgd HEOIEE oRdte A MUz HEs K Dai
orean Dairy
XK O X ClHl Xl AEHSIE =] 7181 ol=A
2013 |~ FHCE Jt=Bl22EFH 7| oM s o= B Technology 31 2 |B|scr
54 ULSE Lol B A 244 HWHS . @)
= . and Science
= =0{¥ .
Association
Journal of
1SS IES i
wELERNEY  Kefir st | aeis gsd Ko Daiy| )
2013 C ool el A rSpskel 49 | d=2M H5& | Technology 2) =L [H|SCI
° X Te o= 27| M7AS |and Science
Association
Comparison of 3 Selective Media Kwang-Young
) ) Jung-whan | Kun-Ho Journal of | 79
2014 |for Enumeration of Bacillus cereus h Seo Song Food Sci (12) =9| | SCI
on ood Science
in Several Food Matrixes
Improved multiplex PCR detection African
2014 of Bacillus cereus group and its| Fereidoun Deog-H Kun-Ho Seo Journal of 8 29/ | scI
toxic strains in  food and| Forghani |wan Oh Microbiology | (47)
environmental samples Research
Enterotoxigenic profiling of emetic
toxin- and enterotoxin-producing )
) Fereidoun Deog-H ) Journal of 79
2014 [Bacillus cereus, Isolated from food, ) Jung-Beom Kim ) =9| | SCI
, o Forghani |wan Oh Food Science | (11)
environmental, and clinical samples
by multiplex PCR
Journal of
K MSE ol=A i
HaZ YRR DE Ol Axe SBE RS | Korean Daly
2015 OFM A0 S A =M s | 38Y | ol ZEY | Technology | 33 | =Lff |H|SCI
mhell s sl es 27| M7AE |and Science
Association
Journal of
Sodium ChlorideZ} X|=9| ZZ&( US| =3 Korean Dairy
2015 |0[X|= FEat MEX= 7y 7|s| HPEe | $FY | U84 S | Technology | 33 | =L |H|SC
=4 A7l MAZ |and  Science
Association
5015 Growth Inhibition of Cronobacter|Dong-Hyeo| Kun-Ho | Jung-Wjan Chon| Journal of | 78 29/ | scI
sakazakii in Experimentally] n Kim Seo | Il-Byeong Kamg Food ©)
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Hyunsook Kim

Contaminated Powdered Infant Hong-Seok Kim .
) Protection
Formula by Kefir Supernatant Kwamg-Young
Song
Da-Som Choi
Characterization of Escherichia Young-Jo Kim
coli-Producing Extended-Spectrum Jung-Whan Chon| FOODBORNE
Jong-Soo | Kun-Ho ]
2015 |b-Lactamase (ESBL) Isolated from i S Hong-Seok Kim | PATHOGENS | 12 | =2| | SCI
im eo
Chicken Slaughterhouses in South Hyun-Jung Park |AND DISEASE
Korea Jin-San Moon
Sung-Hwan Wee
Incidence, Antimicrobial
. Jung-Whan Chon
Resistance, and Molecular .
o . Hong-Seok Kim | Journal of
Characteristics  of  Nontyphoidal| Dasom | Kun-Ho .
2015 . ) Dong-Hyeon Kim Food 78 | 22| | SCI
Salmonella Including Choi Seo ) )
Jong-Soo Lim Protection
Extended-Spectrum b-Lactamase ) )
) ) ) Jin-Hyeok Yim
Producers in Retail Chicken Meat
. . . . Taimour
Rapid detection of viable Bacillus
. . Langaee,
cereus emetic and enterotoxic .
i ] ] Fereidoun | Deog-H Mohammad
2015 |strains in  food by coupling . . Food control | 55 | =2| | SCI
o : Forghani |wan Oh Eskandari,
propidium monoazide and
_ Kun-Ho Seo,
multiplex PCR (PMA-mPCR) )
Mi-Ja Chung
A novel pentaplex real time (RT)-
PCR high resolution melt curve ) .
: ) Fereidoun | Deog-H Singh, P.
2015 |assay for simultaneous detection . Food control | 60 | =2| | SCI
. .| Forghani |wan Oh| Kun-Ho Seo,
of emetic and enterotoxin
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015" International
Pathogenic Eschericia coli isolated J— - o N journal of
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Multiplex PCR method with .
. . o s International
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¥ 7leold R A8 - A3 AYIAFT>

O Zlgold 1 : & d7E Fato] /e 71 Ay x Az 52
FIE(535 W3 10-2015-0023660, 2015.02.16.)“c] tistel =uj71qiel AA

ol FHstlen, o5 F3 s FEIE IY T

o Users’ Guide
PCR mixture for each reaction tube:

(1) Add sterile DW (11 ul)

@) Add primer mix {4 ul)

(3) Add target DNA(5 ul) Mix- Centrifuge-Cap
Bacillys cereus Mybiplex @ Run PCR

PCR Detection kix

Emetic&Enterotoic

PCR condition:

1 95°C: 10 m,

@) (95°C: 15 s, 56°C: 30 s, 72°C: 30 s) x 35 cycles
@ 72°C:3m.

Agarose gel electrophoresis
Add 6xloading dye into PCR tubes and load
directly PCR mixture to agarose gel (2.5 %) and
run the gel

PCR amplicons:
ces: 70bp, cyiK: 106 bp, hbl: 163 bp, Lanet & 10, 100-bp ladder; Lane 2, F4810/72: Lane 3,
nheA: 376 bp, entFM: 488 bp ATCC 12480; Lane 4, ATCC 13081 Lane 8, KCTC

1013; Lane 6, ATCC 27348; Lane 7. KCTC 1082: Lane
B KCTC 1004; Lane 9, KCTC 1014,

O 51 #E 8 M B A M2 MeS SA0 428 + U= Multiplex PCR
detection kit A|XZ(21F) & AFEE2BAM Al

<Zlgold AFAM(1) AHE S dF7>

%ol A A %A

SAARIHGNS 4FARTEN wsr LHB()F, ‘AT Fhe] ALEn
ARwne) A%d BF FANFL AYALATFA v} AT AR (o)3),
‘drelgl @rhol Rgstm 9 “uidex Az$re S 434 BEL JE
(10-2015-0023660, 2015.02.16)"¢] B3] AARUE (e]3}, ‘2ol thelA 71¢¢ AF
n HEUNDL Sgshn ok ol W3 ze Tkt Zo] Fejstn Ak AZ@T
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Z1gold R 483 - A3 AY<IATE>

O 7l€old 2: ¥ ATE Bate] e /& WAz AAS2e Sh FA%
HAEE 71E(53¥HE: 10-2015-0023661, 2015.02.16.)“°l tiste] w71 A
of Eol A FAFEOM, o & F Jl%e] $43E 1Y T

o mx
£

(Nu Usersl G uide One step detection

" rn

son s

PCR mixture per each reaction tube: .
(1) Add sterile DW (3 ul)
EmeticEnterotoxic (@) Add primer mix (2 ul)

3 (3) Add master mix (10 ul) | o
Bacilus cereus Muliplex @ Add target DNA (5 ul) - Mix-Centrifuge-Cap i
Real-Time PCR Detection Kit ® Run PCR

i

¥ s el Detection of all 5 target
Multiplex real-time PCR conditions: || senesin ardiclel DA |

1) 95°C: 10 m,

(@) {95°C: 15 s, 58°C: 1 m) x 40 cycles,

(3) HRM Analysis (using FAM channel):
{from 60°C to 95°C with gradual
temperature increments of 0.1°C/s)

entEans

mhedd
oty

Melting temperatures of PCR amplicons
ces: 7220 £ 0.24°C, cytk: 74.23 3 0.52°C, nheA: T76.55 £ 0.39°C,
entFM: 78,42 £ 0.29°C, hbl: 81.90 £ D.41°C || B cereus ATCC 12480

18 52 TE L HARY HAZA MR HFS SA HAEZ & UE Multiplex

Real-time PCR kit A|M|Z(Q1Z) U AF2AHHA OA.

<7lgold A %FA(2) AHE S d#>

A&ol A A A

sAAESe AEYP B 5s 2 YB(ols, ‘ITAE Fhol ALsin
ARy Ad B9 BAdEE AAABAFA we BLRET BEID (o3},
‘rolel BThel RAedE Ak “uAHzs Az S fA4 AN 2EE JE
(10-2015-0023661, 2015.02.16.)"d] Tted ZAFUE (0]3}, ‘Z/ole BeholA 71&e AT
S AEANAL APen #oh olo] I Ze TeF go| FYsiw Ake AU
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O Zlgold 3 : & A& Fate /e “98f nAE FHdx A 2 PCR /e #
g 7leo)A(FRAANA)E Hol7Id AAM A ofdste] dAF

<ZleolAd AFAM(3) AR dF>

Z1e=ol A AleFA

W oACHYY - gla vlWE FEA AU Y PCR AW o
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% 71gold 2 483 43 AYIFE>

O & AFE T3t 5% HYAd tdw 4= 5 & Conventional PCR, Real-time PCR

=y
2 Internal Amplification Control & % 3%9 71EE AlZtste] AlZES AZstal o] 5o

g AA 48 Ee SRS,

HI7F s e AE.

MN

O webA 2 A Aol o7 AJAlES AAl A stel e 2=

O J/idd HYAY dFd AE PCR 7IEE AA AJIAH(FTEE) 9877 UAs7tE A
o] A7 AAHAY GAJA ‘Zoldl’ #F Y Foll U=

O WA B AF L AR AEF FUFAL 4G AARR AAZ AN Fejoln F7b
QI olF om7)7] AXEE 7t o] Fe A Aoz AW,

KU-PEC Detection kit KU-PEC Detection Kit KU-IAC kit
For Conventional PCR For Real-time PCR For Real-time PCR

2l 53 55 YHaAM I FE A0 2= &= Q= PCR 9! Real-time PCR kit, Real-time

S Al
PCRO| XM&8% == Q& Internal amplification control kito| A|ME=.
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Hed AA/HZRPo|M +Rict sielutetr|s8 R

1. 9t 82 A2 g Multiplex PCR 7]&d 3t E3AR

O HAMo]Z “Bacillus cereus” and "multiplex PCR"Z A}-&3lo] 'PubMed’ Aol Eo| A 714
st mlA YA MY~ #E =5 80867, multiplex PCR #d =% 150734 18] 9]
A= 1)

FE EGE Bd wRe F U A4 29 49 5 9

»

w2 FH 10d7H20059 8 20168 7FA]) 1001 Hell =3

O ¥ ATY P 0E A7AEe ANE FASW, gER wpaes Adgse i wd,

= A= 2 (enterotoxins) RS Bl R o] HA A& ¢ U= multiplex PCR 7|
1= ]— =] o

P AAY Y FEZo|H oy HA ¥ T E
£ £ 9YF multiplex PCR ¥ multiplex
dA1go] dA AAZHLE FAE.

O ¥y vpd g Mg f-2d o3 AT
52 A4 vdegs AH$2E A

real-time PCR W& g3 A4HL2

¥ 1. NCBI¢ PubMedell Al “Bacillus cereus” @ "Multiplex PCR"E Ao & [all fields]ol A
A A S 7334%9] g_gjkg_

=7t A A A

=+ DB PubMed [http://www.nchi.nlm.nih.gov/pubmed/]

AX7)13k A7)

A9 FA o) (G )

AN4E3 1 Bacillus cereus -> & 808671

ANMA3 2 Multiplex PCR -> % 1507371

ANA3} 3 "Bacillus cereus” and "multiplex PCR” -> % 34%

AMAT 4 [(AAAA3]NA A BE =5 > 2 108(H 1047
o] FolA 3L E A AHES AR =Y
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H 2. NCBI9] PubMedoflA] “Bacillus cereus" and "Multiplex PCR"ZE ZAHo]= [all fields]o]

A AARE Aat FollA HRgol =2

=2E0] 22 o(selected papers)

& MEg %
== M5 HY (BEE a9
k=3 HE
. ) . . . HAEA2EE EHHCE o PCR
Detection of viable enterotoxin-producing Bacillus cereus . .
] o J Dairy Sci. | o2 AMMI|AF S0tEL
1 | and analysis of toxigenicity from ready-to-eat foods and
_ . . 2016 | R0l HEE PESL UMD
infant formula milk powder by multiplex PCR.
2 8z
A novel multiplex PCR discriminates Bacillus anthracis and PLoS O EEN7 HAEE Q¢ PCR 7|
oS One.
2 | its genetically related strains from other Bacillus cereus 2015 2 ENxete 7HE™ozZ HEt
group species. =
2 e FIpY.
Rapid detection of viable Bacillus cereus emetic and Food = =
. . . . . TE 3 A S4 49 HAE
3 | enterotoxic strains in food by coupling propidium Control
: : AE SAO| Az 53 42
monoazide and multiplex PCR (PMA-mPCR) 2015 =7
UHS So|xeE HE 7IsE
Enterotoxigenic  profiling of emetic toxin- and J Food Sd =2 IElo] AN,
ood Sci.
4 | enterotoxin-producing Bacillus cereus, Isolated from food, 2014 TE 9 MAF S4A MM HpAY
environmental, and clinical samples by multiplex PCR. A2 Z Ao HA=ET
Multiplex PCR assay for the detection of enterotoxic Indian J MAEAEE EfHCOZ 3t PCR
5 | Bacillus cereus group strains and its application in food | Microbiol. | o2 O AE0 X2 +
matrices. 2010 ESA dHMHZ2 848 &2
Comparison of multiplex PCR, enzyme immunoassay and | J Microbiol | dAlSASS EtHACZ ot PCR
6 | cell culture methods for  the detection of | Methods. | Hu} S| Gl NEZHIYHS
enterotoxinogenic Bacillus cereus. 2009 H|mgt
Prevalence and toxigenic profiles of Bacillus cereus ) Food SEREO| O A|ZOA Ee2|zt
00
7 | isolated from dried red peppers, rice, and Sunsik in HHME{AON & |EXE9
Prot. 2009 | __ o oo
Korea. ER YN 243
Broad distribution of enterotoxin genes (hbICDA, nheABC, | Int J Food | AAIEASS ERASZ 3 PCR
8 | cytK, and entFM) among Bacillus thuringiensis and Bacillus | Microbiol. | IS 2 O8] AlZ0| XS ¢
cereus as shown by novel primers. 2008 EEAM MANZES Z2E 28
. . o | J Microbiol | HIAIBA Ma@A 12 SA|
Simultaneous detection and identification of Bacillus | N
° . . . Biotechnol. | Of ZA=g £ Q& did =4
cereus group bacteria using multiplex PCR. e °
2007 Mo EESHA (S
HAR A M2 Ra0 SAMY
Establishment of a novel multiplex PCR assay and ) Food 4F=0] multiplex PCRE NHE&
10 | detection of toxigenic strains of the species in the Bacillus Prot. 2005 St MPE™ AR OgL FE
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