A BT PCRE St A6 ) B £ oKy v BO B IS AR

INE A, 55 —1571—

EBHEARL 7k
= SRR AT PCR O 1 K 0 RV KA v 3800 T 7 i A 5

INEF FHEH EEA KA REES,GEEC, B A
(LM F &R, &R TN 51140052, 7 M AR =GP FL, K )M 5100105
3. RE oA MARAG (mER), 2R FAHTHLTESL V4AIWI)

@ E:HH #3=FHEHFT PCRIAAPCR)F % F B2 S 4l Bp R 5 b a9 20 118 B HE 5 JOAT Ao S 40 2
MEAEFHER ., FiE RFRDITA urd/urC BT AT E essC B MIIG A T W4 A A12 548 % W IkBEE A
FE3IANEFHNAR LG 355 KA, RN E PR AT F PCR BiEs| /AR A6, £ 5 = F ddPCR 7 %
FInt 2 Z4n 3AEmANE NI, ER 7 ke RSB S % 9 1T H 25~22 687 copies/20 pL; ¥ 4 5
AF B 19~15 620 copies/20 wL; 3 4 40 38 & &= A7 45 B 18~23 373 copies/20 pl, & M 48 % B F °20.999,6 A~k &
3RELME 3FH AT ARER E(RSD)<12%, T I L, 48 T LR A AR 69 KA BFR 5 5] 4 6.3 F= 7 copies/
20 wl; RB S &L ddPCR & Ao T At o sk sbBE & B R AR Bt /74w, A A 7 s 2 84 % RSD T
9%, 4 R —HWEIF. B AMRLEIWZF dPCR AN EZHMNP LR BTV ITE BHEFRATE L m
fa¥E A F IR kL TR SR, Bk RAECER AR,

KR AR RE; VI H; BEFRATE; SHmEEENHE,; S FHAKT PCR; FRR S

mE S ES:R155 X HRFRIAFG ;A X EHS:1004-8456(2023)11-1571-08

DOI:10. 13590/j. cjth. 2023. 11. 004
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Abstract: Objective This study aimed to establish a quantitative 3-plex droplet digital polymerase chain reaction
(ddPCR) method for simultaneously detecting the copy numbers of Salmonella, Bacillus cereus, and Listeria
monocytogenes in instant food. Methods Three pairs of primers and probes corresponding to three single-copy-genes were
selected as target genes. The genes were the essC gene in Bacillus cereus, ttrA/ttrC gene in Salmonella, and invasion-
associated endopeptidase gene in Listeria monocytogenes. The specificity of the primers and probes were verified by real-time
fluorescence quantitative PCR separately. A 3-plex ddPCR method was constructed to detect the copy numbers of three
pathogenic bacteria simultaneously. Results The linear ranges were: 25-22 687 copies/20 L for Salmonella, 19-15 620
copies/20 wL for Bacillus cereus, and 18-23 373 copies/20 wL for Listeria monocytogenes. The three linear correlation
coefficients were r=0. 999. relative standard deviation (RSD)<12% at six concentrations and repeated thrice, indicating
favorable repeatability. The minimum detection limits were six copies/20 pwL for Salmonella, three copies/20 pL for
Bacillus cereus, and seven copies/20 pwL for Listeria monocytogenes. When a simulated sample of contaminated rice
noodles was detected by 3-plex ddPCR and the plate counting method, the deviation between these two methods was <9%,
indicating a good consistency in the results. Conclusion The 3-plex ddPCR method for the simultaneous and quantitative

detection of Salmonella, Bacillus cereus, and Listeria monocytogenes in instant food was quicker, more sensitive, and more
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accurate than the plate-counting method.

Key words: Foodborne pathogens; Salmonella; Bacillus cereus; Listeria monocytogenes; 3-plex droplet digital PCR ;

instant food
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Table 1 Primer and probe sequence of 3-plex ddPCR method

o 3 5 44 R 514 /%4 be JF51(5'~3") % 7% Sk
Sal-F CTCACCAGGAGATTACAACATGG
VT wrA/urC Sal-R AGCTCAGACCAAAAGTGACCATC (5]
Sal-Probe FAM-CACCGACGGCGAGACCGACTTT-TAMRA
Be-F CAGAACAACCAGAATTTATGAAAGAGT
U R 25 JO AT T essC Be-R ATCATCTACAACACCACTCGGTTT l6]
Be-Probe FAM-CAGCGCGTATCGGTCGTTCACTCGG-BHQ1
Lm-F CTGAATCTCAAGCAAAACCTGGT
N - Invasion associated
PR A G A A R T Lm-R CGCGACCGAAGCCAACTA [20]
endopeptidase gene
Lm-Probe HEX-ATACGATAACATCCACGGCTCTGGCTGG-BHQ1
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Figure 2 Two-dimensional map of 2-plex ddPCR detection

result of Salmonella and Listeria monocytogenes
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Specificity verification of primers/probes for 3 pathogenic bacteria by quantitative real-time PCR

AT PCR RN, SRR 7 2K : 95 CHiZ M 10 min;
94 “CAEYE 30 5,60 ‘CiE K 1 min, 40 NEH ;98 “CJiff
ARG 10 min, 4 CORAF B8 H8 7 UL B2 T I 32 2
2°C/se G5 U 2. —F ddPCR 2R M A R A
38 35
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25| W/ B A W B AR A, B AR Y =
ddPCR A& A 2y - ddPCR R BRI 10 WL, = Fif
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FREF (25 wmol/L) 4% 0.2 wL, B # DNA 2 pL, hn 2
BT KR 20 who AR 7 A4 BH M AR 10 7 AH X 4R
H L Bl 7 =22 T8 X2 17 0, R R E R 61 °C 5
B T E] 2 2 min, 25 8 0L 3 K 4,

T W 2 43 o 8 (2°) A A, 45 A [a] [a] b R 4F
T o AW E ddPCR AY SRR F N - 95 CT
25 10 min; 94 CZEE 30 5,61 °CiE K 2 min, 40 4>
FEFR ;98 CHEI LT 10 min, 4 CIRAFE (AT IR
JETHBEEEE R 2 °C/s) o
2.4 = ddPCR K A & A9 £ 1k 3 Bl L 8 42 1k A
55 S BB T — B 4 A
2.4.1 HEEMAE

3 b B0 T 3L 41 DNA TR A TR UR W 4 51
VBT 612 pe/wl; BEFE ZE AT B 374 pe/pL; R
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Figure 4 Two-dimensional map of 3-plex ddPCR detection result
FETT IR 4 A5 b6 BE AR RS L0t 8 AW, o BRI MR R, T 4E G R LA TR R R A B S
ik — U PCR 973, [RIRHAG I 3 FPECR L, B 30k B, S IR AL 20 AR 20 B S W), AR A Al sk
S AR LR 2~40 3 ANTE A — A DNA AR ik R4 BN 5 3 A BB R e — A R A A vk
%2 VI = ddPCR 5 HLHL ddPCR AL P [F]
Table 2 Linear range of single ddPCR and 3-plex ddPCR of Salmonella

I/ (pg/ L) Evey Y2 & dd'?% 3 FaTy RSD/% HLH ddPCR/(copies/pL)
612 — — — — — 4141
153 1108 1178 1117 1134.33+38.08 3.4 1107
38.3 289 286 267 280.67+£11.93 4.3 278
9.56 69.0 66.7 67.6 67.77+1.16 1.7 68.9
2.39 17.8 17.5 14.9 16.73+1.59 9.5 15.3
0.598 4.72 4.37 4.29 4.46+0.23 5.1 4.03
0.149 1.39 1.19 1.16 1.25+0.13 10.0 1.13
0.037 3 0.34 0.40 0.11 0.28+0.15 54.2 0.242
3 WEREZFMUFF I = ddPCR 5 % ddPCR £k 4 0 ]

Table 3 Linear range of single ddPCR and 3-plex ddPCR of Bacillus cereus
Wl /(pe/pL) e, FvE — M ddPCR i3 FATTT RSD/% B ddPCR/(copies/pL)
374 — — — — — 2832
93.4 745 823 775 781.00+£39.34 5.0 795
23.4 203 203 189 198.33+8.08 4.1 200
5.84 49.0 52.5 48.0 49.83+2.36 4.7 48.9
1.46 12.4 12.3 12.5 12.40+0.10 0.8 12.1
0.365 3.06 2.64 2.93 2.88+0.22 7.5 3.74
0.091 2 0.81 1.01 1.00 0.94+0.11 12.0 0.74
0.022 8 0.23 0.10 0.11 0.15+0.07 49.3 0.10
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i, RSD>25%., AR ¥ SCHk 4218 DL RSD<25% ' 1 Ky
PEA 43 F A2 W 2 7 v T 42 PR 1 R AR B, T LABR 2R
— MG — WS, RSD 3¥<12%, TIEEWNEE

PEdf o J35bh, 28 SPSS Y T AR 96 115, 3 B0 I
(9 ddPCR 58 1 = 55 G 46 07 1 00 i A R il 2 &

R4 LAY A AR I T ddPCR 5 U ddPCR Al 28 k3
Table 4  Linear range of single ddPCR and 3-plex ddPCR of Listeria monocytogenes

N = ddPCR
W L — = — RSD/ % 1dPCR ies L
W /(pg/pL) = ey T3 V- {H2SD /% PR /(copies/ L)
191 — — — — — 4175
47.7 1143 1216 1147 1 168.67+41.04 3.5 1171
11.9 301 300 269 290.00+18.19 6.3 275
2.98 73.3 74.3 69.4 72.33+£2.59 3.6 71
0.746 17.4 17.5 15.7 16.87+1.01 6.0 16.0
0.186 4.84 4.98 4.52 4.78+0.24 4.9 4.65
0.046 6 0.81 0.92 0.96 0.90+0.08 8.7 1.01
0.0117 0.46 0.20 0.33 0.33+0.13 39.4 0.17
2.4.2 M BT Y B B X ECR AR bR CDNA MR BE 1Y X £k A A
PL 3 U2 45 5, 20 wL R RiAR & DNA ¥ 01 Arfiobm i ih 42, 45 58 WA 5.
A 5 B
277 3
S a4l S 4r
5 f;
B3t 53
S © = +
| 1=0.986 7x +0.897 3 & ol Y 0}?283’:) 985966 7
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on en
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Figure 5 Linear range of three pathogenic bacteria
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43 ) 3 5 s o i 2 e KA R B /ME GO 5 174 458 DL K
We B ) 5 R R AR BL(20 wL) 43, B O = &
ddPCR My Ze VL [ - ¥ T S 25~22 687 copies/
20 L W5 AE ZE AT B A 19~15 620 copies/20 wl; B
% 40 B 14 A5 25 B RE EC TR 18~23 373 copies/20 plL,
AR R M ] B A R R Y R — B, R M
2.4.3 ALK BR

3 AT A SR AR H BRBA S 8 AN B BE, 43 1R -
WITH 6 copies/20 },LL\E%#%H@ 3 copies/
20 puL\i&?H}H@i/jt%%,ﬂﬁ’«%% 7 copies/20 pLo 5
HABAF T 38 0 P ddPCR ARG e R %

2.5 BEDLGL R b D

AL DL e L A R A I R 1 75 DL S S AR R
45 % BB RSD<9%, 45 S — Btk ety o 45 R
W 5.

3 it

AR W A e e Iy 3 A T A AR, R FE B
PR AE BB, 7 Gl T VA AR I e A KU R R
T PCR 7 bRt 2 S A R (BRI A A 2%
AR A R . #E 7 £ 1 ddPCR J7 ik H 9 2
il 7E /] — PCR SN A& & o [m] B A6 ) 22 A 30 A Ak
PR 1) 5 DU 5, 2 3 () ) 6 22 ol 5005 B 1 PR S o
SEEKM . —H ddPCR — K HAB I & WA i, —
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5 BRI R KA ER & Y = B ddPCR 2 2 I 45 R

Table 5 The 3—plex ddPCR results of simulated contaminated rice noodles

W %/ 50 nL TE R H I EL/  XHEUE/(Copies/  HVETIEL/ e ) e "

(copies/pL) (copies/50 wL TE) 50 pL. TE) (CFU/mL) ABEER/ml. WA BEB/CFU XTHE (CFU) RSD/%
Sal 63.4 1.6x10° 8.20 3.0x10% 1.0 3.0x10% 8.48 3.36
Lm 483 1.2x10° 8.08 3.6x10° 0.29 1.0x10° 8.02 0.75
Be 62.3 1.6x10° 8.20 2.0x107 1.6 3.2x10’ 7.51 8.78
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