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Establishment of multiplex PCR methods for determination of 3 kinds of
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ABSTRACT: Objective To establish a method for determination of for 3 common serotypes of Salmonella by
multiplex polymerase chain reaction (mPCR). Methods S enteritidis Hat gene, S. typhimurium Sm-4495 gene, and
S. paratyphi B sdfl gene were used as target gene to design specific primers. Salmonella genomic DNA was extracted
as an amplification template to verify the specificity of primers. The primer concentration and annealing temperature
were optimized and the specificity and limit of detection of method were determined to develop detection method of
mPCR. Results Three pairs of primers could amplify target genes with great specificity and no-cross effect. The
optimal final concentrations of primers STM, HAT, SDF were 0.5, 0.5, 0.4 pmol/L, respectively, and the optimum
annealing temperature was 60 °C. Eleven negative control bacteria were detected without target bands. The detection
limit of 3 serotypes of Salmonella was as low as 1 pg/pL. The detection limits of 3 serotypes S. Enteritidis, S
Typhimuriumand S. Paratyphi B were (4.0+1.0) CFU/g, (8.0+£0.9) CFU/g and (8.0+0.6) CFU/g respectively after 12 h
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enrichment in contaminated chilled chicken. Conclusion This method has high specificity and low detection limit

and is of great significance for rapid detection of 3 common serotypes of Salmonella.
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MER Y ZE PCR A )y L4, (A F 157540
HFZTE PCR F LA & St KAF 4 O1. 02 F1 078
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2.1 #MRISEE

Fedh: WS, T N A = KX R, B
BEFRTE, 4 °CIRAE

LR HMAE B E 1 R,

%L Luria-Bertani(LB) BiJIg . 2% #h & 1 I /K (buffer
peptone water, BPW) . XL.CHEEE . EIRRG . EIRBAR(T
RIRYL A YR A A wl); ExTag HSDNA Polymerase
(5 U/uL). 10xEx Taq Buffer (20 mmol/L Mg®* plus), dNTP
Mixture (2.5 mmol/L)(E T YA BRAF]); AL FE iR

R34 . 6XxDNA loading Buffer, DL2000 DNA Marker(FH
HENBHEARRATD; BBEREER Sigma A#]).

1 HN-08 JC 44 J5t i (_F T A g A FRA Rl );
SW-CJ-2FD i TAE & (LR A FRA F Y7 &
J7); SQS510C 375X iy He 25 ¥R I T 4 (B DR AE Sh 3 BHEC A RN
fl); SHP-150 £330 (T AR AP A W R A FRA F);
BSC-1300I1 A2 )% 445 (WL I8 98 i 2 28 B KR A );
HC-2518R i ¥ VR 25 O WL CZ BUh BB A PR A));
HH-S4 fH IR A (WL A IR & R A F]); DYY-8¢
KA (LIS —E WA R AT ); T100 ZERY L .
721BR14980 #EA% A% (3¢ [E Bio-Rad /A A]); MILLI-Q #4
ali7KAY (34 [ Millipore 23 ).

22 ZLWHE
22.1 HEMHENE DNA R

SO PARREE RN T 0 IR 2R 3R R A LB AR K2k, Pk
BRI T 10 mL E R WG, BB 24 h, 4 CRIRE
Ao I mLEEET 1.5 mL LEE L4, 4°C. 12000 r/min
AR BN 2 min, 3F_VEWR, Hedn 3k AR Sk
TERC A LN 4] DNA, @i sttt DNA W
(IR ZEH ) 28 50 ng/puL) Kz OD0/ODos T (LLAETE 1.8~2.0
Z[a]), =20 °CLRA-

222 3l#mikit

NCBI 82 e 3 Fiibi ] FCp 4 5E H 4791 e 5
PEFE R, BRZGEBUARVDTRE ool 2, RUGFEDTTRE
sStm4495 FER . ZRIRIFEVDTTIRE Hat FEFRE M HEIEE,
primer 5.0 & Beacon Designer 8 #4715 |95 31 Sy, 1EH 3
PR IMEZE 100~150 bp Bl JGREFT RS 14,
Primer-Blast 7[R 5 HEXT, 5147503k 2,

223 FlHEFHEE

PLINV R TTIRE EE S Y, 2500 5k 5 9
STM. HAT. SDF &4, PCR YA &R & H 1~6 &
PCR J B4 43 51 A 10xEx Taq Buffer(20 mmol/L Mg**
plus)4 uL, dNTP Mixture 2 pL, Taq B (5 U/uL) 0.25 uL,
INV [ FHi51#14% 0.5 uL, 5 1~3 FH45AmA STM,
HAT #1 SDF I Fii#51 4145 1 pL, 1~5 SEKEKINA R
FEVITRE . CHRGEDTTRE . BRYPITRE., F
RIEIGFEV T IR B RLY T TR 1 DNA 45 1 ul
i, 6 5 1 pL ddH,0 R XFHE, F45 0 ddH,0 %4 2
%25 pul, SRR K 94 °CHIAEME 10 min; 94 °CZF 1
30, 58 °CiR 2k 30's, 72 °CHEAf1 1 min, 33 PMEF; 72 °CHE
i 10 mino =14 2%(mVm)Br I B EE I FL TR R, R
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224 %% PCR R L AMHE I BAMA

S ] PO S g vk, WIS £ H PCR UM
4% 10xEx Taq Buffer(20 mmol/L Mg®" plus)4 pL, dNTP
Mixture 2 pL, Tagq i (5 U/uL) 0.25 uL, INV | F#75 1914
0.5 uL, STM, HAT # SDF b TFif51¥4 1 pL(& k¥
0.4 pmol/L), RMFEITIRE . ZTIREIGFEDTTIRE K s
RUPITRER DNA £ 1 uL AR, ddH,0 ¥, N
ddH,0 #MEZE 25 pL, RINFEFFA: 94 °CHiASYE 10 min;
94 °C7Z5 1 30 s, 58 °CiB 2k 30's, 72 °CHEfH 1 min, 33 MFFF;
72 °CHEfH 10 min. F=HIZ 2% (mym) B IS EE I B Tk s, 2R
FHEEIE UG R G537 -

(1) B KGRI

XtZ 8 PCR JhiiB JGREEH#HATILA, 40 H 54.0.
54.7. 559, 57.8, 60.1. 62.0. 63.2 Fl 64.0 °C3 8 N /KF
BT 7PIZE 2% (mVm) IR BEEE RS LUK S, R FHBE IS A4
RGHT, 1 iR KR

(2) FILHRE AL

AR JGREES, NE L HE PCR KR HEES]
YIHREE, K SDF . STM Fll HAT 3 XF 51 ¥y imt /4 3 4~
R, BAEREE 3 ADAKCERILEETT): 03, 04,
0.5 pmol/L, AL 3 Fhif BE AT IEAS T Lo(3%), Wk 3 it
N, DA E S 5 | R B
225 %% PCR4FFHIE

HIEZ B PCR A4Sk, #5381 sl & dh b LAY
B TTRE LA T TR E ) SR EE AR, TR
2.2.4 (AL R ZE PCR MEAT N, B8 UE 7 Btk .
2.2.6 % & PCR A& FRA& M

KH ddH,0 MRIRBEERERE 3 FbTTIRE 3L E A
DNA 4% )% Jy:10°.107' . 107,107, 107,107, 107° ng/pL,
WO FIFSRERE ) 3 R VDI TEC TR DNA 45 1 uL IR A 1E M RAR,
iR 2.2.4 fRfb/5 M2 PCR BEAT N, AT [R] e Ass
W3 I E RS ] B BR A AR RR
227 AIF RN

Vo XS N DI LS A FRER K ok, B A BT, 240
B 15~20 min, £ GB4789.4-201621 5 ¥4, TE¥b1]
KWk . BRI TTICHE . ROGEWDTIRE . BRI
FEWITREAHBERBIRESEHERBER 10~
10 CFU/mL, iF & A9 R A BRI LCHE, 430 4 41,
8y, S0 10 g T 90 mL JOH ALK L =
FOMT, RS ARES R IREEA 10'~10° CFU/mL H3R
W 3 mL, 1R5), FEHEE 20 min, X 1 4G4
BEPHRWITRE . BOGEDITRE . CRREGED
FTERHE A BT AR5, 565 20 3 R ATk . 56 4
YAXG RAE S BEATIG TR, 3 I AE 37 °CA- A T 5%, e

6. 12h Bk, $IREPTTREIEF 4] DNA, #8E 2.2.4
Ak G 9 2 8 PCR W S R4 T4

3 HREHR

3.1 SIS M

PIFE 1 v 5 Fhvb TR DNA SR, L INV NPT
B8 5 19, SHI%0ES % STM . HAT . SDF 45544,
P 2% (v m) B A BEEE R F UK R, 25 SR A 1
IR

e 1 TR, SUKGE A WSS, R AR R
P, AR FEEE B 1~5 Ukl B8R BB
915/201 bp. 551/201 bp. 295/201 bp. 201 bp 1 201 bp, &
FF515 NCBI 5357 Blast EXIAIMEIZE 99%L) b &5
RRM 3 XBIYREY i B, ARt RE, T
3E M, HASH 2 # PCR LAt .
3.2 %EPCR RMNEHML
32.1 BKIBEARAL

WAL WL E PCR W FE 54.0, 54.7, 55.9. 57.8.
60.1. 62.0, 63.2 fil 64.0 °CIt 8 1~iR KR FE 444 T ik A 19
P B NE TEEE A A G, 2R 2 TR, BRES 8
VKIESN, HATKEHREY W 4 K BARSH, HhsE 5 ik
i (60.1 °C) H b4 HHXHE M B2, B ILEI 60 °CIEN £
H PCR S A FefER KL .
322 SlHmAREMA

SDF. STM #l HAT 3 Xf5|¥# i3 3 IEsCiR g%t
PHOEIT T 9 42T PCRY Y, L5 R NE 3 iR, 9 40k
BiRey i 4 kB, AR B, R 3
X5 | RS A, HGAE X, RS 9 Pkl AT A
XPVEMTA S, A A R DT 1R (SDF) . RU%E1
[T (STM) . Z TR FEHAT) VD 1] R B 5 |y e AR 4 e
2351 0.5, 0.5, 0.4 umol/L.

33 ZEPCR¥EREM

PIFE 19 3 BRAE BAR ISR VD T FR B A 8 MRAEVD TR
B BOW B A BRE XS B, i B AL 5 1 2 B PCR A 14734,
I UFZ E# PCR MEESIE, S5 AE 4 BioR,

1~4 JKGE N BARTPITIRE, 5. 6. 7 ki AR B AR
BRIV ITIRTA bR, B2 HARB AR, (ASEEAh &
invA E[H, LR 201 bp £54, SHWUAMAT; 1T 8~15
KGEAEV TR B R BUR A A BRI F5, AR
A invA JEEPS, BT H B, SRR AT
FJZE PCR k4t Ry, JCdefs bty s B, &M
FRAGEDIIRE . BRWITRE. ZAEIGEDTTRE
1Y £ 5 PCR ¥l .
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®3 ZHERIKTE LG)EZREET

Table 3 Three levels of three factors used in orthogonal array

design
rrasy 5 P2 B /(wmol/L)
SDF STM HAT
! 03 03 0.3
2 03 04 0.4
3 03 0.5 0.5
4 0.4 03 0.4
5 0.4 04 05
6 04 0.5 0.3
7 0.5 03 0.5
8 03 04 0.3
9 0.5 0.5 0.4

7: M: 2000 bp DNA Marker; 1: BUGFEVPITRE, 514: INV/STM;
2: ZBIRIGGFEYS TR, 514 INV/HAT; 3: R TP 1RHE, 51
¥ INV/SDF; 4: HARIGIEVTTICE, 514: INV,

5. BEFLITINE, 519: INV; 6: ddH,0, 3197 INV,
Bl 1 5l
Fig.l1 Specificity of primers for PCR

i I —

7:: M: 2 000bp DNA Marker; 1~8 18 kIR JE N 54.0, 54.7, 559,
57.8. 60.1, 62.0. 63.2 Fl 64.0 °C, 9: ddH,0.,
2 SRKIREEMIRAE

Fig.2 Optimization of annealing temperature

M 1 2 3 4 5 6 7 8 0 N M

#: M: 2 000bp DNA Marker; 1~9: SDF/STM/HAT 5| 42 i &
(umol/L)>M 0.3/0.3/0.3. 0.3/0.4/0.4, 0.3/0.5/0.5. 0.4/0.3/0.4.
0.4/0.4/0.5. 0.4/0.5/0.3, 0.5/0.3/0.5. 0.5/0.4/0.3, 0.5/0.5/0.4; N:
ddH,0,
3 £ PCR 51K

Fig.3 Optimization of primer concentrations

M 234567 8910111213141516M

bp

y

T

7#: M: DNA Marker DL 2000; 1: FRA5GZEVPITICE . B EIMGZED
ITIRTE . MR, 20 RAGZEDTTIRGE; 3: ZRRIGIEIDT]
[T 40 R UPTIICE; 50 HAIRMGZEV T TIREA; 6: JEERLTPT]
IRH; 7: BEYPITIREE; 8: KIGHFFIE O157: H7; 9: 4 8 (A4 BR A
10: PAMEZEHIRETA; 11: WEREZEAAT IR, 12: AR ICERICH; 13: K
PRI 14: RV ARG, 15 /NMA S5 R 38R AR,
16: ddH,O,
Kl 4 ZHEH PCR Fi5PEIiE
Fig.4 Specificity of mPCR

3.4 %= PCR &N R4S

3R VD T R 2 M 4] DNA £ 10 58 R RS,
PIMEAR G ) 22 85 PCR SZIAAR 8 64 746 DU FRAS, - 45 SR an &1
S5 B 1~5 VKIE AT LA B AR B S 2 B, DAES 6 Tk
TGRS B AR 20 W IREARMEREN, 55 7 VKA
[/ 551 bp sk, 55 8 VKiE JCRe Sk Aty Bt X e RE [l it
K 2] 3 Fh H bR A AR RN 107 ng/uL
(B0 1 pg/uL).

] 2 3 4 5 6 7 8 9 M

4:: M: DNA Marker DL 2000; 1: 10" ng/L; 2: 10° ng/L; 3: 10™" ng/uL;
4: 1072 ng/uL; 5: 107 ng/uL; 6: 10~ ng/uL; 7: 10~° ng/pL;
8: 107 ng/uL; 9: ddH,0,
&5 ZE PCR Kl BRI
Fig.5 Sensitivity of mPCR

3.5 ATLi5H4 38R0 R

3 s R Vb ] R A F(10'~108 CFU/mL)Y5 Y
B XG PR 5 0 AT AR T, B A T R VDT IR
WIET5 YK, iS4 6 h, 12 h BEEANIE, $RIOE A Fib
[T DNA, AL £ B PCR VAR R BEFTH 48, i
FELZE PCR JyILTE LRt i iRl bR, &5 ansk 4
PR
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GEIREH], AT ISy i Zsl 6 h MEE, £
PCR 75 1 6 R AP A6 00) HH 365 PR R 3 R i 55 R0 0 1) R T A ARG
BN Wb TR (5.6£2.2)x 10" CFU/g. BUGFETP] ] IR
(5.1£1.7)x10" CFU/g. ZRRIGFET] TR (6.1£0.5)x 10"
CFU/g;, Ml 12 h BGEa, Al fR ATk i 9 ¥ I G
(4.0£1.0) CFU/g. BUHFETITIGIE(8.0+£0.9) CFU/g. L AIR
1HFEVPI R4 (8.0£0.6) CFU/g.

4 meSe

PR E U0 171 TG TR RS DU — 5 43 oAy g 1) 8 o R I 355 43 784
PSR, Hvh ot 37 40 80 5 22 3 o B A R 4 R 00 52 A,
S ARAFAERVE SR, FERHK, A FRMREE R, A
WFFE T e i R VDTGB sdfl JED . B2V T
stm-4495 FER | LRIREIGFEVD TR Hat 3% [R4E S AR
A Btk 514 SDF ., STM Ml HAT, #1571 3 Al ig Al
YOI R TR A 2 B PCRAGIN O i, A 2K & i bl TR
a1 % AN 23 L 48— 7E — A PCRAS IR R b, 4
TR AR

T2 2 R S i 2€ JEER A T 25 R 7 398 R A I
XA YD TR, Kl R AE K 450 CFU/g, (B0
SIS TP M L. A R N Ti5 g A2l 12 h
WA, RERRI ARG 3 by i R VDT R T AR I B A
B 9 VT TR TR (4.0£1.0) CFU/g. G ZE V01T [T (8.0+0.9)
CFU/g. LRIEIHFEVD 1] IR TR (8.0+£0.6) CFU/g, A LHE
TR R AOE, i EL AT SE R UL 3 A Vb PG R Y I
PagiU

ARG TR 3 R WL BT IR 1 2
i PCRAGIN 7 i, X8 i v vb 1) BB A I R 5 AT
BB R S, (BWAAAE—E MR, e JEik KR
HHBERE 516, T — 278 My R ARG, K
s 3 o 2 W B B RE X A AR S e B S AR 5 2 &
PCR HKA, DR INSE A . BA £ 4 £ & PCR
HA
B E Rk
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