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Identification of multiple pathogens in cold chain foods by propidium
monoazide-real time fluorescent polymerase chain reaction-high
throughput sequencing technology
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ABSTRACT: Objective To identify a variety of pathogenic bacteria in cold chain food by using propidium
monoazide-real time fluorescent polymerase chain reaction-high throughput sequencing technology, and to construct
molecular evolutionary tree of pathogenic bacteria. Methods The 5 kinds of pathogens in cold chain food,
including Salmonella, Staphylococcus aureus, Bacillus cereus, Vibrio parahaemolyticus and Listeria monocytogenes,
were taken as the research objects, and the propidium monoazide-real time fluorescent polymerase chain reaction

technology was used as the primary screening method for the detection of pathogens in cold chain food. Microbial
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culture method and biochemical identification instrument method were used to compare the methods and verify the
results. High-throughput sequencing and molecular evolutionary tree construction were used to confirm the species
status of the isolated pathogens in cold chain food. Results The characteristic nucleic acid fragments of living
pathogens in cold chain foods were successfully amplified by propidium monoazide-real time fluorescent polymerase
chain reaction technology, eliminated the interference of dead bacteria and negative control bacteria. The limit of
detection of pathogenic bacteria could reach 1x10° CFU/mL, 42 samples could be detected in one reaction, and the
detection work could be completed within 18 h. In the sampling investigation of pathogens in cold chain food, 62
strains of pathogens were detected in 751 samples randomly collected, and the overall detection rate was 8.3%
(62/751). Through subsequent 16S rRNA sequencing and the construction of molecular evolutionary trees of
Staphylococcus, Vibrio and Listeria, the contamination sources of Staphylococcus aureus were successfully traced
and the pathogenic bacteria species were located. Conclusion This method has good specificity, high sensitivity
and high throughput, and provides a new idea and method for accurate detection and traceability analysis of
pathogens in cold chain foods and related foods.

KEY WORDS: propidium monoazide-real time fluorescent polymerase chain reaction technology; high throughput

sequencing; molecular phylogenetic tree; cold chain food; pathogens
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Table 1 List of standard strains

b= FRAETR R B BRI T B G 5 TR AR U5
1 & B A AT IR A ATCC 25923 e R A P R O
2 IV S R ATCC 17802 K EBAED RGO
3 WK CGMCC 1.1174 PR AL
4 PN R L] ATCC11229 2 FERA A B O
5 U o 2 M AT TR ATCC 14579 2 EREE R PO
6 BAKG A0 ML A 2 R TR ATCC 19115 2 EREAE R PO
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Table 2 Sequences of primers and probes

9 IR HbrE A FP3 751 (5'-3") PR icHRE

TTCTTCACGACTAAATAAACGCTCA

S O AER glts GGTACTACTAAAGATTATCAAGACGGCT 5°FAM 3°BHQ

Probe:CAGAACACAATGTTTCCGATGCAACGT
GCGGCGTTGGAGAGTGATA

WITIRE fimy AGCAATGGAAAAAGCAGGATG 5’ROX 3’TAMRA

Probe:CATTTCTTAAACGGCGGTGTCTTTCCCT
GCGACCTTTCTCTGAAATATTAATTGT

TR o P IR toxS CATTCGCGTGGCAAACATC 5’HEX 3’BHQ

Probe:CGCACAAGGCTCGACGGCTGA
CTGAATCTCAAGCAAAACCTGGT

FRAZ AN NG A AR R EC A Dans CGCGACCGAAGCCAACTA 5’FAM 3’TAMRA

Probe: ATACGATAACATCCACGGCTCTGGCTGG
CAGAACAACCAGAATTTATGAAAGAGT

W 2 LA T Cls ATCATCTACAACACCACTCGGTTT 5’ROX 3’BHQ

Probe: CAGCGCGTATCGGTCGTTCACTCGG

1 FAM (carboxyfluorescein, #3£7¢):%); BHQ (black hole quencher, HE¥EIH]); ROX (passive reference dye, 1515 YLkl ); TAMRA

(carboxytetramethylrhodamine, FR3& VU H JL% PHBHBEFAMNE R ); HEX (azide, S5 W)

A 3o 5 PR P AR S R B A TR B 16S tRNA P51, NCBI), HAAFPSIEE W 3~% 5.

HAM TR R T I i R R . IR . 4 i BioEdit XS B 27 i 2 DNy 91 A 7 Ak 1L,
WrRFIRIE R B9 16S rRNA FFHIHHGR A 56 H E K A PR M Clustal W BPEXTEEN P8 BEAT 845 LEXT 50047, A

& & "0 (national center for biotechnology information, F MEGA X A4t 850 F A= kA .
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Table 3 Sequence informations on Staphylococcus strains used in molecular tree construction

5 LY G0 EHE 2 g5 B bk 2 b/ 37} HhSCA R
1 NR_036902.1 Staphylococcus cohnii strain GH 137 16S ribosomal RNA, #4375 NCBI  FHRHHERDE
2 NR_036907.1 Staphylococcus xylosus strain KL 162 16S ribosomal RNA, #4355 NCBI  AFHH#EREE
3 NR_028667.1 Staphylococcus succinus subsp. Succinus strain AMG-D1 168 ribosomal RNA, #43/F51  NCBI  BEHIM A BRI
4 NR_037046.1 Staphylococcus ureilyticus strain CK27 16S ribosomal RNA, 43 F%1 NCBI & JRHHBKTE
5 NR_025922.1 Staphylococcus warneri strain AW 25 16S ribosomal RNA, #43F¢ %1 NCBI  {RIKH4GER I
6 NR_113345.1 Staphylococcus haemolyticus strain JCM 2416 16S ribosomal RNA, #B43 741 NCBI &M AR B
7 NR_113957.1 Staphylococcus epidermidis strain NBRC 100911 168 ribosomal RNA, #4375 NCBI  FR A BRI
8 NR_181843.1 Staphylococcus taiwanensis strain NTUH-S172 16S ribosomal RNA, #43F %1 NCBI  AIEHHERE
9  NR_027519.1 Staphylococcus capitis subsp. urealyticus strain MAW 8436 16S ribosomal RNA, #43F%] NCBI  JoRF &SRk
10 NR_113405.1 Staphylococcus saccharolyticus strain JCM 1768 16S ribosomal RNA, #5343 F¢ NCBI  fRhE ek e
11 NR_043146.1 Staphylococcus simiae CCM 7213 51256 16S ribosomal RNA, #4355 NCBI &S #iFEkE
12 NR_181247.1 Staphylococcus borealis strain 51-48 16S ribosomal RNA, #4331 NCBI  dti ek
13 NR_037007.2 Staphylococcus aureus strain S33 R 16S ribosomal RNA, #43F¢ 41 NCBI 4 6 6 A BR A
F4 HFHUMBERAIIEREEKFIIER
Table 4 Sequence information of Vibrio strains used in molecular phylogenetic tree construction
P DR S0 Bt PR g5 Kbk & KI5 AR
1 NR_114630.1 Vibrio parahaemolyticus strain ATCC 17802 16S ribosomal RNA, #4355 NCBI % i S
2 NR_179908.1 Vibrio ouci strain BEI176 16S ribosomal RNA, #4375 NCBI HEPNG) Nz
3 NR_148264.1 Vibrio crosai strain CAIM 1437 16S ribosomal RNA, 34374 NCBI T PN
4 NR_113791.1 Vibrio tubiashii ATCC 19109 strain NBRC 15644 16S ribosomal RNA, #4375 NCBI WG
5 NR_146051.1 Vibrio europaeus strain PP-638 16S ribosomal RNA, #4375 NCBI BRI TR
6 NR_025575.1 Vibrio fortis strain CAIM 629 168 ribosomal RNA, 43 /%41 NCBI W RN
7 NR_025779.1 Vibrio ezurae strain HDS1-1 168 ribosomal RNA, 434l NCBI RN
8 NR_113789.1 Vibrio pelagius strain NBRC 15639 16S ribosomal RNA, #4375 NCBI {5 & i es
9 NR_135208.1 Vibrio bivalvicida strain 16S ribosomal RNA, #4371 NCBI XSGR
10 NR_147758.1 Vibrio galatheae strain $2757 16S ribosomal RNA, #4355 NCBI pIENEST Vv
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Table 5 Sequence information of Listeria strains used in molecular phylogenetic tree construction
Fa=s SR P 5B 4 bk 3R He A TR FR
1 NR_044823.1 Listeria monocytogenes strain NCTC 10357 16S ribosomal RNA, #543/351] NCBI PR 20 15 A A R T
2 NR_116352.1 Listeria marthii strain NR 9579 16S ribosomal RNA, #4741 NCBI R T
3 NR_181107.1 Listeria portnoyi strain FSL L7-1582 16S ribosomal RNA, 2% %] NCBI R B AR TR
4 NR_117201.1 Listeria weihenstephanensis strain WS 4560 16S ribosomal RNA, #5434 NCBI B R 2R A
5 NR_181105.1 Listeria rustica strain FSL W9-0585 16S ribosomal RNA, 53 5] NCBI e ea )
6 NR_180317.1 Listeria costaricensis strain CLIP 2016/00682 16S ribosomal RNA, #5375 NCBI WA TR B
7 NR 178560.1 Listeria grandensis strain FSL F6-0971 16S ribosomal RNA, #B43/5 %1 NCBI KA R TR
8 NR_178728.1 Listeria booriae strain FSL A5-0281 16S ribosomal RNA, #4375 NCBI A B 2= 4 T
9 NR_180224.1 Listeria thailandensis strain CLIP 2015/00305 16S ribosomal RNA, #4355 NCBI 2% A TR A
10 NR_178839.1 Listeria goaensis strain ILCC801 16S ribosomal RNA, #4374 NCBI T =Sy o)
11 NR_180944.1 Listeria valentina strain CLIP 2019/00642 16S ribosomal RNA, #5334 NCBI AR AR
12 NR_181103.1 Listeria immobilis strain FSL L7-1519 16S ribosomal RNA, #4341 NCBI i 7 2T T
13 NR_125645.1 Listeria floridensis strain FSL S10-1187 168 ribosomal RNA, #B4}31 NCBI % IR AR T
14 NR_178729.1 Listeria newyorkensis strain FSL M6-0635 168 ribosomal RNA, &R/} NCBI 2T
15 NR_125646.1 Listeria aquatica strain FSL S10-1188 16S ribosomal RNA, #43F¥ 51 NCBI KA AR
16 NR_043518.1 Listeria seeligeri strain ATCC 35967 16S ribosomal RNA, #8435 %1 NCBI U 8 2 R TR
17 NR_118231.1 Listeria innocua strain ATCC 33090 168 ribosomal RNA, #B/3F 41 NCBI ek v A HTR A
18 NR_036808.1 Listeria ivanovii strain CLIP 12510 16S ribosomal RNA, 43 F¢51 NCBI AN A
19 NR_074998.2 Listeria welshimeri strain SLCC 5334 16S ribosomal RNA, 52%J5:41] NCBI SR D2 4 T
20 NR_043519.1 Listeria welshimeri strain ATCC 35897 16S ribosomal RNA, #843/¥41 NCBI SR D2 T
2 FBR5H

21 BARMEREFEMHNERSSH
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SR, S5 S B R 4T PMA-qPCR & 43047 .
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qPCR P A (K 2~ 6),

B 1 TR S

Fig.1 Salmonella plate count results

2.3 HE#rE PMA-qPCR 7534 H IR

T 34 2 B TR RO A, R 2 A 4 £ A ER
TH4E 5 Rl R A AOAS: H B AT 58 1x10° CFU/mL.
24 BEPEZWMHREENRNER

h T B UERF I 5 vk 0 AE A S TR R, R A
R VA PO ST (475 e I, ASBIE SR S GRR TT LA
R BT HEHLME T 9 KISIE 751 (3FE &L T e ZFi
JEERAG I T, RI s W2 6. 751 U0FEdh LA A i
PEIRIELER 62 17y, 9 I B LK HE 3658 8.3% (62/751) 442 1
99 S BRI AGE H 3 Pl v BRI A R ZEREAT I 4% . &k
FIAERTR 2% . RV MPEIRER 1% . BAA% 20 3 A= 2= 3R 1R
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Fig.2 Real-time fluorescence PCR assay of Staphylococcus aureus
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Fig.3 Real-time fluorescence PCR assay of Salmonella
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Fig.4 Real-time fluorescence PCR assay of Vibrio parahaemolyticus
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Fig.5 Real-time fluorescence PCR assay of Listeria monocytogenes
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Fig.6 Real-time fluorescence PCR assay of Bacillus cereus
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Table 6 Positive number and positive rate of pathogenic bacteria in different categories of cold chain food
Bk FEGEL(H) BRI RIA MR SWMEAMAEIRE AR ASRRE IR

s (BYE /%) (B /%) (BT /%) (BRHE /%) (BAHE /%) (BYE /%)

e 58 (12) 7(12) 0 0 0 0

LES 75 (16) 4(5) 0 5(7) 2(3) 1(1)

e s 13 (15) 0 0 1(8) 0 1(8)
7K 121 (5) 0 6 (5) 0 0 0
IR 293 (4) 13 (4) 0 0 0 0

B e 35 (11) 0 3(9) 0 13) 0
VKL 32 (6) 0 0 13) 0 13)
W i 36 (17) 3(8) 0 1(3) 1(3) 13)
TR TRk 104 (10) 4(4) 1(1) 5(5) 0 0
A1t 751 (8.3) 31(4) 10 (1) 13 (2) 4(1) 4(1)
RT TR TBER
Table 7 Method comparison test results
e PMA-qPCR % TWE Pk B 3k A % E R
e i (+)
I SFOBFIRELE BP T L TETE R, Rt . k. B PR (+)
s J
SHEMBIRE WD) s, A6, AR GALA, TG ARBTG5 AR, 96% T AEtE)
SFARAEIRE DA PR EEIES hEaa ., BIY. SLEiRiE,
et (+) WIEEH)
WA PR (+) VIR AEYD I R i (AR - SRR 206 75 HE Bl 75 b ik (TG, 979 TR
G, Pl o
it () B
WA 2 LA TR PR (+) WEREZE MU B 7E T R RO B 2R R R (MYP) LR 2 Bl CHERESF I B 959% T FEFE)
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