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Abstract: In order to detect Salmonella enterica (SP) and Salmonella enteritidis (SE) using a Tagman-based duplex real-time PCR
method, primers and Tagman probes were designed based on the aceA (GenBank: U43344.1) sequence of SP and the SEP sequence (GenBank:
AF370707.1) of SE. Probes were separately labeled with FAM and VIC. The results showed that all 58 Salmonella strains, with 29 different
serotypes, could be amplified with the aceA sequence. Only 15 SE strains could be amplified with the SEP primers and probe, while the other 28
strains, with 29 different serotypes of Salmonella, the 17 strains of Proteus, as well as the negative control strains showed negative results. The
amplification efficiency of aceA and SEP were 100% and 104%, respectively. R? values were estimated to be 0.999 and 0.998, respectively. The
detection limits of aceA and SEP for this method were 280 cfu/mL and 260 cfu/mL, respectively. The duplex real-time PCR assay developed in
this study showed high sensitivity and specificity, and could be used as a rapid and effective method for detecting SP and SE in foods.
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Table 1 Bacterial strains tested in this study

A5 b7 il ARG Ao A ARG L. bl
CMCC50042 HRAAR Y T K ATCC13076 SE CMCC50002 TR &5 &V ITKH
CMCC50316 LR &G ETTRA IQCC10527 AAE B TTRHEA IQCC10502 HELYTIRHE

SP1 M4 TR SP2 RETITRE SP3 FRITTKHE
SP4 3 SP5 P AR FCOTITRE SP6 B8 TRE
SP7 ZAF A LIV IR SP8 FET RV IR E SP9 A APV IR
SP 10 BRATIEA RV TTRE SP11 T RAI TR E SP12 BE S ITRE
SP13 D KRR TTRE SP14 BT TTRE SP15 A TR
SP 16 WAE Y RE SP17 B TR SP18 FHE KB
SP19 P A ITRA SP20 EFFNITIRE SP21 FRREVITREA
ATCC14028 BBV ITRE ST1-ST15 BRIV ITRE CMCC 50770 45 IV TR
SE1-SE14 SE NICPB49005 EHAFHA ATCC 25405 FVMRERAT T B
ATCC6538 ¥ EHHRE ATC(C29544 PRI AT ATC(C25922 KA
CMCC51582 HREN KH CMCC51334 RARERKH NICPBP51252 AARENKH
CMCC52221 AN R R R AR CMCC53510 BREAZI RAKA CMCC46102 B KL EARE
ATCC14802 PR N Nz] CMCC1.2712 S CMCC 1.1626 AL FIOATE
ATCC19115 LT AS10120 RGBSR CMCC 1.646 WEKHE

7 : SP1-SP21 % 21 KRR R a8 t9 i 2V 11K H; STI-STIS 4 15 i RR R Ay b A3 H P 0B AL EVTTRE;

SE1-SE14 # 14 SRR R R sefe M ¥ H£EH T B XD ITRE.
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SEINFEt PCR X ABI7900, 3E ABI Ad); #
FREEHUAN, HAS PSS AF]; 1§ X ICHE )AL BILON-
08, F¥FLLEAES AR AH]. PCR H Buffer. dNTP.

ROX il Taq B, EAVTFREKNE)ERAR; Sl
H /KA TTB S8, AL it A R A
1.1.3  5l4pAeiRetiRit
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G-3, P: FAM-5-TGGCAGGAGAAGTACCCA CAGG
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%, F: 5-CTCATTCTGACCTCTAAGCCG-3', R:
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B 10 mL 422001 TTB S8R, 44.5 CH59% 18 h, HU 1
mL RSN, 12000 t/min 250 5 min % E
T, F 1 mL 2 B F7KEFUTUE, 12000 r/min £5.0 5 min
2 B3, EEPIX, &GN 200 pL 8 FKIEZIRIE
Huf E$EEL DNA, T2 PCR §73.
122 5l AedRATR X

BT HLE S U PCR O ONAR R, 50 B EEAT
aceA.SEP | MIAIERET I Re S 14 158 o [ B A4 % 30 WL,
B DNA 1 uL. 10xTagMan ZZ#17% 4 uL. 5 mmol/L
MgCl, 2 uL+ 2.5 mmol/L dNTPs 3 pL. TagMan 54} 20
pumol/L 1 puL+ 5[4 20 pmol/L 4% 1 pL (3£ 2 L) UNG
0.55U 0.2 uL. Taq AW 2.5 UL 3 uL. BT
7K 13.8 uLo SERF ) PCR W SH0H 95 C. 30 s,
95°C. 5s 160 C. 34s, 40 MEIF,

aceA FERHr iR IG FH 29 Fh SP itk 58 #k, SEP
B ERI6 A 15 #k SE (hrdEEHE 1 ¥k, HEAN
ATCC13076; 14 ¥k EHk, %5 SE1-SE14), A[H
M52 SP Btk 43 ¥k, AR ISR AR T TIR
PR B 17 B
123 WE 5K PCR ¥ 34Kk 2734
12.3.1 XERE PCR VAR R

LAHSAR AR SP AT SE bRk R AR, 75 F— S
7t PCR it AR RBiR &R, I WETDE PCR
YA R. MK ZR 30 ul, ik DNA 3 pL CGESFRR
SP 1 SE #if %% 1.5 uL)+ 10xTagMan 2517 4 uL+ 5
mmol/L MgCl, 2 puL. 2.5 mmol/L dNTPs 3 pL.. TagMan
PREF 20 umol/L % 1.5 L (3% 3 pL). 5[4 20 pmol/L
#%1.5uL (3£ 6 uL). UNG /i 0.55 U 0.2 uL. Taq 5§
A 2.5 U/uL 3uL EE 7K 5.8 L. %% PCR B
ZHN 95 C. 308, 95°C. 5sF160C. 34s, 40
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WIBA . Ct{HAE 10~25 Z[A]. SEP fmtikingt R,
ANFESRIE 15 Bk SE 31 g2k FE BOMH &, Ct AL
10~30, 43 #k SP Al 17 ¥RAEVDTTIREY 145 R I,
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R, M HERAR AU EPCRY A RGP sRAh, [
TR R RRAE90%~105%, LRI RER> KT
0.98, FANH B IR S AFE B B REH ). B
FERREER AR SPAISEE /T X E ¢ JPCRY 1S, B 1M 5%
F, aceARISEPH 1Y & faXUHI R, Wiy iz
(A BT, ekl =G 53 A F280 cfw/mLAN

260 cfu/mL. MRS IER R IRIREE R, Btk
WESCHEA RIFHIZ&MHEIR R, aceAFISEP X E %)
PCRIA REL MM K R BRI K T0.998, FHRH 551
100%F1104%, 5 HEZSEPCRY 1A RAH L= i
t, RIS ERE P AL R, & A R
PALERAR, 78500 iy b | T I AISE BRI o
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Table 2 Comparison of single RT-PCR with duplex RT-PCR

o # 35 L PCREEAK % R E % HPCREFL A %
FAX IR E R? FAX FIgeRE R?
SP(aceA) y=-3.38X+38.09 97.6%  0.999 y=-3.32X+37.51 100% 0.999
SE (SEP) y=-3.40X+41.45 96.8%  0.998 y=-3.22X+37.64 104% 0.998

E REXAHRREL (cfmL) 5 CtEZRKMX R FAK, XFy Axbmey Cofi, x ABMASREGTE; ROAHR

KAEL CtiamAn £ A 4L,

Amplification Plot
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1.000 E-1

1.000 E-2 -
0 5

Cycle
1 SP (aceA) F SE (SEP) ¥ EFTERE VL PCR 4 18E
Fig.1 Amplification graph of SP (aceA) and SE (SEP) duplex
RT-PCR dilution gradients

7E: aceAl: 2.8x107 cfu/mL; aceA2: 2.8x10° cfu/mL; aceA3:
2.8x10° cf/mL; aceAd: 2.8x10* cfu/mL; aceA5: 2.8x10° cfu/mL;
aceA6: 2.8x107 cfwmL, SEP1: 2.6x107 cfw/mL; SEP 2: 2.6x10°
cfu/mL; SEP 3: 2.6x10° cfu/mL; SEP 4: 2.6x10* cfu/Ml; SEP 5:
2.6x10° cfw/mL; SEP 6: 2.6x107 cfu/mL.
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Fig.2 Amplification graph of RT-PCR for samples with duplex
SP added

Amplification Plot 2
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ARn
—

Cycle
3 7NN SE UM RIS PCR 4 1E[E]
Fig.3 Amplification graph of RT-PCR for samples with SE
added

AW IIE D EPCRY A R, AT
AR IR REUE A0 cfumL, {HSZPRHT&
7Y ol Y =R S T ) AN S T P
XL R S A Taq IR E « SEMS SRR
g, BERE| MR RALEETTIE, XRIGPCRITIE R
HEMAEYIRIN A B L YTTIRE N AR
PREVER, FETTBEE R B 7R MR B2 24 503
AL, T HEEFRI6 hE A ZRTTE. w1k, B
IS R BRI IR, A3 2 min~3 mini5 B 77
W PIHEINFZ T DNA B & 3 AT AR il O 21
PCR™AEFHHIK Y, BRI LA IUIE T AR FTDNA
BB E, KOIRmR R, s R, 5
FELFERCR . AHTFOM H WA YD T IR Ry
AN P SRR K e, IR . RUR
FRASPAFID AR, RS RUEE i, ASINEAHARSP
HI4 AR ALY 1 aceA I th 2 (1¥12), WSINSERI4%)
P b3 HaceAFISEPY I I 2k (3D, 575%)EPCR
TR, ST R AR R, 0%
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& H SIS INEMRARRT & A FIARSPAISE, AR 25 5
L EPCREE A, R ERT B T-55bR
R ABLERTI [A] |28 EPCRIZIG A28 h. $2HX
DNA 2 hy ¥ 481 h, BASLIO31 hoehl, fRiEEREE.
BRANEBH, s 28R 3G R; 48%
E| e

3 ZHig

AHFFUER XS HE Vb G SP A 7 51 FI SE (194
FEH, ot Bl AEREE, @ T TagMan £
EFIROUE 590 PCR AN 7578, A aceA JE[RI HGAG I
SP, H] SEP [4 8 45 SE, AI4id—k# ¥ PCR ¥~
B PIWTAE S AR5 522 SP (154, R V5 441 SP
TN SEo BT B WIFERENFE R R0, § bk R 00
PRIAE, TRIEEDREE, & T 2P AR, wIHE
LT R A IE YD 1T IR A 28 70 1) B ARSI
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