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Establishment of droplet digital PCR for quantitative detection of Listeria monocytogenes in food
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Abstract: Objective A droplet digital polymerase chain reaction (ddPCR) method was developed for the rapid
quantitative detection of Listeria monocytogenes in food. Methods Specific primers and probes for Listeria monocytogenes
were screened. The constant value effect of ddPCR method and plate counting method was compared through the detection
of pure bacterial solution and artificially contaminated samples. The specificity, sensitivity and repeatability of ddPCR
method were analyzed. Results The ddPCR had the characteristics of excellent specificity, sensitivity and repeatability
in Listeria monocytogenes detection. The limit of detection (LOD) and the limit of quantification (LOQ) in pure bacterial
solution were 136 CFU/mL. The LOQ in squid ring and sausage samples was 240 CFU/g and 155 CFU/g. The coefficient
of variation of ddPCR was less than 25% at each gradient level, and the relative deviation of the logarithm of ddPCR and
plate counting was less than 30%. Conclusion The established ddPCR method is rapid, accurate, sensitive and specific

for the quantitative detection of Listeria monocytogenes in food.
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HARNT) 5 Fr-liocell 18 I 55 5% 44 (fl [/ MMM 2
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Table 1  List of experimental strains

P TR 44 BRI R S B
1 Listeria monocytogenes ATCC 13932 1
2 Listeria monocytogenes ATCC 15313 1
3 Listeria monocytogenes ATCC 19111 1
4 Listeria monocytogenes STRC 4y &tk 1
5 Listeria ivanovii ATCC 19119 1
6 Listeria seeligert ATCC 35967 1
7 Listeria welshimeri ATCC 35897 1
8 Listeria grayi ATCC 25401 1
9 Listeria innocua ATCC 33090 1
10 Salmonella enterica subsp. diarizonae ~ ATCC 12325 1
11 Escherichia coli ATCC 25922 1
12 staphylococcus aureus ATCC 25923 1
#it 12

V- ATCC : 36 [ LR35 52 490 R 0 s STRC « o 6 S 2 B AR B 5%
L
ATCC 12325 ATCC 25922 . ATCC 25923) .
1.3 SCR 7k
13,1 5lEH &I A i ik

ASCHE 4 £ LM W51 P iEr W EIE A
AW TRy A BR A A BEAT A . e 8 B S
Bk 2] g AR ER 1 & SN/T 1870—2016"" 45 ifE
TSI IRE 1 £, 53 SMEHL Genebank 40 FE A
A7 B R S Mo L e B ORST AY S DU IR . N Ak R
(InlA, GenBank No. EF445938. 1) Fll i Ifil & &
(hly, Genbank No. LC259879. 1)1 #0 J¥ 51l % 11 51
PIFREE 2 £ 4 E5IWIRE 5 ILE 2.

WAL 1 b B A B R E AT RS AR L 1 mL
ok P H5% 55 1 VR VR A T R BE AR B AR I DNA L B3R 2
1)/ ddPCR XF 38 1 iP AR SEAT A, 36 3iE
51T I AT R RRE S

2  ddPCR5IWARE 75
Table 2 Primer/probe sequences of ddPCR

ILE 4 B %Z'ﬁiﬁ’ﬁ FAI(57-3")
Lmo-F1 TGCAAGTCCTAAGACGCCA

hlyAm Lmo-R1 CACTGCATCTCCGTGGTATACTAA
Lmo-P1 CGATTTCATCCGCGTGTTTCTTTTCG
Lmo-F2 CTGAATCTCAAGCAAAACCTGGT

55{315‘870— Lmo-R2 CGCGACCGAAGCCAACTA
Lmo-P2 ATACGATAACATCCACGGCTCTGGCTGG
Lmo-F3 TAACAGACACGGTCTCGCAAA

InlA Lmo-R3 TCCCTAATCTATCCGCCTGAAG
Lmo-P3 AGATCTAGACCAAGTTACG
Lmo-F4 CATGGCACCACCAGCATCT

hly Lmo-R4 ATCCGCGTGTTTCTTTTCGA
Lmo-P4 CGCCTGCAAGTCCTAAGACGCCA

1.3.2 SRR

FEHL 2~3 /N3 BB E X PBD i BB LM(ATCC
13932) 3 7 15 35 4l T W IR AT 8 60 P AR A 114k (0. 3.
0.3.0.4 mL),36 Cf & 15 5% 48 ho 118 E — i B
JE 3 AP T A MR B V& B THLE 15 ~150 CFU 2
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Figure 1 ~ Screening of ddPCR with four primer probes
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Figure 2 Specific results of ddPCR primer probe
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Figure 3 ddPCR microdroplet distribution of Listeria monocytogenes pure bacterial solution with gradient dilution
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BE ¥ o, 25 B & % (Coefficient of variation, CV) &
10. 40% , 52 12 PR (Limit of quantification, LOQ) Fl; i
PR (Limit of detection, LOD)3J 4 0. 68 copies/ML,?E/A\
3O T3 H X R J B vk B 4 136 CFU/mL, R
PER 4. £E 107~107 & (G F N, ddPCR A5 18 )
e i X RO 2. 13 ~5.30 1g(CFU/mL) , 5 F # it
B0 DA (B AR L A X 22 06 A2 B 2B 0 s i 0
Ji i /NF 30% (BRI PRI 3,

2.3 LM A V5 3 S i Al

43 e B £0 B R B B R rR S N O TR VR B Y
LM (ATCC 13932) il BG A 195 G f4 B R 46 &, [) B
HEAT ddPCR A AT Al 1T 55, 45 5 & 306k £ JE A
Fr A A B bR B RS LOQ 43 51 35 240 CFU/g Al
155 CFU/g, R 8t R 45, i XF 0B CV {E 23 5k
11.76% #1 11. 63%, [R] V- AR 152 S AH Ee |, FHEXE(E
A X 22 34 /NF 30% . HEILER 4 3K 5.

#3 LB LM 40 TR W ddPCR & 5 A6 I 45 2R

Table 3 Quantitative test results of Listeria monocytogenes pure bacterial solution with gradient dilution

T B ddPCR I 5 45 5 ($5 01 /L) ddPCR W E TR M B2/ AR AR S R/ ddPCR FISF-A T 34 %
HF  Ffr1 Ff52 P43 Fir4 FATS O FHE v lg(CFU/mL) lg(CFU/mL) B D 22 1%
10 1015 1036 987 973 994 1001 2.47 5.30 5.66 3.8
107 81.6 84 81.1 73.3 84.5 80.9 5.56 421 4.66 5.07
10° 7 7.6 6.1 6.9 7.9 7.1 9.81 3.15 3.66 7.49
107 0.66 076 071 0.57 0.69 0.68  10.40 2.13 2.66 11.06
4 ONLT5 Gt o BURE i rh LM RO AR T
Table 4  Detection of Listeria monocytogenes in artificially contaminated squid ring
SR VR R S ddPCR & 45 5 /(CFU/g) SRR ddPCR RSP AR T 249 %) 4
RIS Gz M2 23 P P Cvie RSP LefE (ELAR X i 22 /%
107°/4 mL, 5550 5850 6350 5915 3.77 6.83 4.06 3.64
107/1 mL 1950 1 650 1500 1700 3.23 13.48 3.54 3.36
107%/4 mL 530 750 600 625 2.80 17.94 3.10 5.07
107°/2 mL 250 265 210 240 2.38 11.76 2.85 7.74
5  NTI5 YRR &b LM
Table 5 Detection of Listeria monocytogenes in artificially contaminated sausage
S R B ddPCR il 45 2 /(CFU/g) SRR ECE ddPCR R AR 2 % $ i
AL EHI EH?2 EE3 M CFEEIE CVi% g DB 1 i 22 /%
107°/4 mL 3200 3300 2850 3117 3.49 7.58 4.11 8.13
107°/1 mL 750 635 650 678 2.83 9.22 3.51 10.70
107%/4 mL 420 395 340 385 2.59 10.63 3.16 9.94
10°/2 mL 135 160 170 155 2.19 11.63 2.86 13.18

2.4 HEMH
LM 205 B 0 B S N T35 Je i fil ddPCR 4G 45

W CV A EHY/NT 25% UEWZ T LM & itk
I LA R
3 g

H RO AL ECFE PCR P &4 DOk BE5E & AT
7T K2 T 805 PCR B AR M R 5T, 41 4F [
W ANE AT 24 W ddPCR 4 A A I B0 4% 41 Jifd 338 A=
WRF IR . NETZER 25" F 5 PCR 4 AR X}
K7 3% v R A T (R A B A A e A 2 T R TG
) EAT 4 . RN ORI ddPCR R
g Rl N= i SRR [0 a o o TR S AN I o N
3.6=0. 1 copies/20 pL. GRUDLEWSKA-BUDA 45"
FH 25 M35 35 2 FIBUF PCRJ7 Bk B B A% 184 A 25 iy
FFTA 2R W ORI R B EE SR R 28 MBS R A R
ddPCR ¥R 45 5 A G127 3 L (P<0.001) , %
W] ddPCR ¢ A 2 A6 I A= R v 240 T 85 3 1 A 28007

oo AT UL ddPCR & — > o550 R 2 i) G 0 4 A |, 2% 3K
W N FH A £ B0 B AR R — AN I
1 L

AWFGEE 2L ddPCR A 0 38— B R M R
W B 5 IIRER X LM 4l 0 K B RD N T35 e ke i ik
T AT E B ddPCR K I, b A 19 8 5 6 T 96 AR G
W25 5, 73 B ddPCR & &8k I 9 LOQ . LOD K &5
PE, 257 LM /) ddPCR & sl He AR o LM 45 i
LOQ 1 LOD ¥4 136 CFU/mL, W Fl N T.75 YL B i
FAG I LOQ 4391k 240 CFU/g 1 155 CFU/g,CV
{HI/NT 25% ,ddPCR 5 V- i 80e 18 45 5L 10 % 4L
A X D 22 389 /8N F 30% ., LA b 45 5 3 AR F 5 ST
() PR 40 B 36 2 2 Wi 5 TG B ddPCR RS 7 vk B
R e e R A = M M BT K A
YETT BE PHAMERE & 3 ~ 6 d (R ) 300, A F 5% i 5r i
R 7 AT 1~2 d, KRR 4 e G 0 i B, Sy SR A
it 358 A 2 3R TG B v XU £ R G 0 it —
TRt B, A i TR A ) A I A o 4
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