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ABSTRACT: Objective To establish a multiplex digital polymerase chain reaction (dPCR) quantitative detection
system for Cronobacter (Escherichia sakazakii), Staphylococcus aureus, Vibrio cholerae, Vibrio parahaemolyticus,
Salmonella, Listeria monocytogenes and pathogenic Escherichia coli O157. Methods Species-specific genes were
screened from the genomes of the 7 kinds of pathogenic bacteria in the National Center for Biotechnology
Information (NCBI) genome database, and their conservation was analyzed. Primer-probes were designed based on
the conserved regions. The primer specificity and probe structure were analyzed by using MFE Primer (V3.1) to
alignment against the human genome, bacterial and viral genomes in the NCBI ftp database, followed by the
synthesis of primers probes and pathogenic bacterial plasmids. A multiplex dPCR detection system for foodborne
pathogens was established by using multicolor coding technology to encode the detection targets of the 7 kinds of
pathogenic bacteria with different fluorescence channel combination modes, and the specificity, accuracy, linearity
and repeatability of the system were verified. Results The detection system was characterized by high specificity,
accuracy and reproducibility, with linear ranges of 15.55-17336.02 copies/uL for Cronobacter (Escherichia sakazakii),
11.92-12755.55 copies/uL for Staphylococcus aureus, 9.47-11811.35 copies/uL for Vibrio cholerae, 9.86—11631.06 copies/uL.
for Vibrio parahaemolyticus, 12.20-14244.65 copies/uL for Salmonella, 16.70-15329.10 copies/uL for Listeria
monocytogenes, and 28.22-26325.95 copies/uL for pathogenic Escherichia coli O157. Conclusion  The
construction of a multiplex dPCR detection system for various foodborne pathogens, utilizing multicolor coding
technology, facilitate the simultaneous detection of 7 kinds of foodborne pathogens. This system offer a valuable
technical reference for pathogen surveillance, contamination source tracing and emergency response in the fields of

food, medicine, and the environment, demonstrating broad application potential. It will facilitate further exploration

of a super-multiplex dPCR detection system for pathogens.
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Table 1 Primer-probe sequences for 7 kinds of foodborne pathogenic bacteria

I BUIL 2 B ;g
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PRE TGAGYGGCAAATCTCTGGCG
U1 TGAGCAGACATTTGTTGATGT
S H A PRI Hyp TSI GAAATATGATGGCCAAATCGT
e CTAACATCGCCTCTAATGAGTTACCA
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DNAS - N P2 BEEFE ] Bk R R
DNAY9 'S S T einte o e ity chamber
DNA10 % *» SRR PN T A PSS, (LR R B S
¢ RS SRR, WX FUAREE S, S7EMRA2HE
DNALI * * . . -
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ig.1  Schematic diagram of the principle of multi-color

fluorescence encoding/decoding technology based on 4-color fluorescence N, PR SRR RE RN, (X T 28 S LR,
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Table 2 Multicolor fluorescent coding table for 7 kinds of
foodborne pathogenic bacteria
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FAM HEX ROX Cy5
T AT T 8 (BRI 1) - +
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& dPCR WillIRR; S 400 nmol/L . ¥REFHEE N
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B SIS AL A A A B — 2 i BT 4 F 8 dPCR —
ERYLAGEE & L7, (4 B8l dPCR RGEHE TR, el
ARSI F, 15045 F 3h o U0 45 . PCR &34 R 5 bl 132
DA B MR 22 o i et 2 3t A B 2 R o L 484 1 1 R
Fi2 3 M IBEHAT: 45 1 BBt 50 °CIE{L 5 ming 45 2 Bt 90 °C
AEYE 5 min, 55 3 BrBE: 95 °CAEYE 10 s, 60 °Cil K /AEf 40 s,
45 M
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Fit il B EE dPCR AR, Xt B HARBOW M UE T
R, 56 DI 12 22 B ARG A 2R 45 B30 1 0 DL p A T et 1) 45 5+
KAYRE . LA 7 Pl i 3 D TR A RS o PR S B, T 4%
TR 20 (15 ng/uL)/ZEMHA%RR (100 ng/uL)4% 3 uL F ik
TEASHIZE dPCR Kl A& R AR R P, P L O IR
fitf /K 2 30 uL, 4 & THAZE dPCR KR A AR, M
KL dPCR Kl i Z iR 524

1.10 ZEERRE=EFRHMEIK

H4955 JELAA TR MR B JE 4 ZE 10 copies/pL B2k, #EAT
ZEEIRHEBOREE . & XN P HARE Y dPCR & E AN,

FFREAT X N A R, PRAL 2 B R R R ERR M
1.11 ZEFRRESLMMEE MR
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il YA A#AT 5 ng/uL () Low TE FBRR 10 5B R R 3 4k
BE, % 10°, 102, 10" copies/uL B, FRRRN S, 4
AT dPCR E(HIMA . BABREE R 3 st Fr, BESEE
R AL 2 PCR 3 4R RIEAR [EHEMIR BE T (8 385 LA
RN 2 (10° copies/pl $Et 40 E J7 B BB M,

112  EIEALIE

Pl WPS-office (MRS 12.1.2.1125) #4758 58 14k
MRS E, A EREIEET 3 WAL, BUF
YA TR M.

2 HREHR

2.1 ZHE{RZ dPCR &AM S MK

X FHEE H bR B0 5L R P REA A R, 2 ok R
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A T B R U B A ) . e A RATERTE . K
A A R TR R B . IR A R O157 B A 285 21,
HBAHAE S MBS 5 X0 E, dPCR HHEHHKT 4
TR SRR R 5 S U E B s R o I, &
R ARRR) . ARG NBORE, Br—4EiS B =Z ok,
IS TP T AR ], R R [R] 2 S A Y BH M s =
RS —8t. WE 4 PR, ERLINE R gs R, H
—EEE EEPIA 2O E R A (B 4A. B); iz 4t
(B 40T LA S, Hra W RYE S EMH R EZEN, W
PRI PR, W H R s R (B 4D)RT LLBE 0 b
SRR HAL AR R, R, 2w AR A 1TE;
55 4N A 3 R 2 S G A P T B (RIS IS L V0T T B
JEIE IR, A VWb BL(E 5); dPCR fFME LR T 5.
T, IR T2 2 EARG I AR R A A e 1 D B
XA RERT, W DASEE 2 E AN A
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TEST 7 I R D AL | AL DR 4 070 0 A i PR 4 15
BT, T2 EIRR dPCR K, #E—A K UEAR R 4R
P GHRUE 6~7 PN, FAENZERASER T 4
AR AGIEE T AR AR L (R S, A ER
HAES, 7 FEUR I RBAR ARG H, RIS R AT
B0 A% BARE A AR A TR0 TR P A
23 ZEFRRE=EMHMENR

I SRR RS [ R E B HE R SR EARRD
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Fig.3 Test results of single target pathogenic bacteria gene positive samples
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Fig.4 Detection Results of Vibrio cholerae
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Fig.5 2D image of Vibrio parahaemolyticus detection (A) and 2D image of Sa/monella spp. detection (B)
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Fig.6 One-dimensional scatter plot of multiplex system specificity testing (including human genome and fecal nucleic acids)
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Fig.7 Scatter plot of single detection of 7 kinds of pathogenic bacteria
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Table 3 Results of quantitative accuracy testing for multiplex systems
Z B R R /(copies/uL) MEAZ 2
RIS ; .
FAM HEX ROX CY5 /(copies/puL) — 5%
i B AT R GRS AT ) - 2177.8 - - 2240.10 97.22
LT A IR 1420.0 - - - 1456.60 97.49
LG 1261.7 1262.7 - - 1326.50 95.16
SV I - 12912 1291.2 1334.10 96.78
WIS - 1623.1 - 1623.1 1680.30 96.60
A AT e A S R 1 - - 1690.5 - 1824.40 92.63
K34 IR 0157 # - - - 3026.8 2996.80 101.00
e RN ARG R 7 ERRIC
T4 ZERNCRTELMER
Table 4 Quantitative linear results of multiplex detection system
gk BAEE 1 BAEE 2 FEEE 3 FEEE 4 2
/(copies/puL) /(copies/puL) /(copies/uL) /(copies/uL)
T B VAT TR (IR A T ) 17336.02 1706.67 163.80 15.55 1.00000
A A BR T 12755.55 1356.22 126.12 11.92 0.99996
AL 11811.35 1201.22 127.23 9.47 1.00000
I i SRR 11631.06 1220.18 114.38 9.86 0.99997
WITIRE 14244.65 1537.90 137.55 12.20 0.99993
BRUR 2 G A 2 R L TR 15329.10 1523.42 152.13 16.70 1.00000
K IR 0157 &Y 26325.95 2613.90 255.92 28.22 1.00000
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Table S Replicability results of multiplex system linear assay
Tl A T 2 i3 A4 FHE RSDs/%
/(copies/puL) /(copies/pL) /(copies/uL) /(copies/puL) /(copies/pL)
T AT T 8 GRURT f F T) 1655.40 1685.90 1711.80 1773.60 1706.67 3
A B AT IR A 1387.30 1376.50 1307.80 1353.30 1356.22 2
ALY 1198.05 1257.80 1140.70 1208.35 1201.22 3
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