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Application of droplet digital polymerase chain reaction
in food safety detection

(Food Inspection and Testing I nstitute of Henan Province, Zhengzhou 450003, China)

ABSTRACT: Droplet digital polymerase chain reaction (ddPCR) is a new kind of nucleic acid amplification
technology, which can be used to analyze DNA or RNA molecules in an absolutely quantitative way. The result has
higher precision, accuracy and sensitivity, which greatly enhances the scalability and practical of digital PCR
technology, and promotes the development and application of modern molecular biology in accurate quantitative
detection. This paper reviewed the technical principle and advantages of ddPCR method and its application in food
safety field, such as quantitative detection of food borne pathogenic microorganisms, analysis of transgenic
components, and detection of food-derived components.

KEY WORDS: droplet digital polymerase chain reaction; absolute quantification; food safety detection

NIU Hui-Min, WANG Jing-Yi, YAO Xiao-Jie, WEI Hua-Lin, CHEN Wan-Sheng, DENG Ying-Chun*

2| = polymerase chain reaction, ddPCR)#i R, J&7ESEHT 2 G E

=

=}

1 PCR(real-time quantitative polymerase chain reaction,

o 2N B R A W A% =U S N (droplet  digital qPCR)FE AR FL Al I %2 R ofe i — i A A s o M

e ol

EETR: 2020 4F B B4 1173 W A R BH 1) 55 H (20208§39) . T R 4 R BRI H (172102310347) Il B4 BH B0 150
H (182102110384) . ] 44 B BOGTHR1 5 H (202102210193)
Fund: Supported by the Administration for Market Regulation of Henan Province Science and Technology Project in 2020 (2020sj39), Science

and Technology Project of Henan Province (172102310347), Science and Technology Project of Henan Province (182102110384), and Science
and Technology Project of Henan Province (202102210193)

EBPWEE: XSUF, B, FERN, FLEPR AL 2R E-mail: dengyingchun@126.com

*Corresponding author:

dengyingchun@126.com

DENG Ying-Chun, Master, Technician, 8 Jinger Road, Jinshui District, Zhengzhou 450003, China. E-mail:



9296 1% A T R A

81

Jr¥k, AT EBRMATRE S B AR R A X 5 DL, PR
esfs 348 PCRPME AR, ddPCR A 51648 PCR, & it
PCR H: AR AH LG, AT 4 3 il 2k 19 76 34 1 {8 (cycle
threshold, COMEATE &, AZY MR, AFTHEN
S PR, WO . IR, W LIS T
FER AT, RIbizor I BA Tz M N A E, e AFE
2 R REE LA, QN B A RIS W T R iR R
12 EAaN WCCL RS 1T i < NI o a2 41 GV 01
FyUOTIEE A by )5 T 5 TR 3k 4 U213 R — 40
J-%‘[M—l()]/%O

FIR, 45 2 2e 4 ) s v e s, ok 17 %
BERYAE S N A A A IR A E A
F1 . ddPCR $ AR A LIFE 2~3 h XF4E b A BR #EAT R 1 oE
o, TR AL B TS . & AR R
T FE TR B 43 0 AT S5 o) AL R B i R 3, IR TFIR T
12 F T A A I AT . AR SO B AR ) D B A
BHEAT T B, X AR A 5 2 A A I 4 sk 1) 1 AT 5T
HRHATERR, BTE LB ARTE B 2 2k W U ) ik
— R REME S

2 WEBREE PCR HAE N

2.1 WBEREE PCR BEAREBEN

7 PCR HARFEM 2 A, FCE AR AL & SRk
W ZER FEA R 398 LIRS PCR AR .
T A ECT PCR HAR MR 507 PCR FARDTT, L
1 ddPCR 7 A FI B 5 B AR A= B A K 2L AR S ks,
RARANIIA K /IR R S AR R, 64T PCR 43S Kot
K, RORHEGIN T S v 8, itk THROR S A, #
YRR Ry i o, fole T IALARCEC Y PCR HEARBRAES A4 . BiA
AR, R H AT AR i) iz . AR I
PCR #iR¥EH .

Bio-Rad #ll Rain Dance Technologies J& i fLIT %
ddPCR Hi AR 12 w1 . Quanta Life 23wl F.IT % ddPCR
HAF-5G, 2011 44 Bio-Rad I 5204 R QX100 fli =
$7 PCR &%, 2012 4F, Rain Dance /A &) #f i Raindrop %!
SR, R LK R PRIE R N IR R4 EIA LS 100
T2 1000 J7 4> B2 THFI v Sy LI, AT ZRAS &
KM S H . 2013 4E, Bio-Rad /A ¥ ddPCR RS T14% ly
QX200™ Droplet Digital™ PCR &%, [F: FiimicA A
HITT 3 M — 283 S0 56 2 A% I A AR 2R . 2017 4R,
Bio-Rad & fji It Rain Dance, iX—#JLI4 T Bio-Rad 7£ %%
F PCR Fi AR 1 45 S i

2.2 HUERNEIE PCR AR
A AR B & A A R 4y F I 6 PCR
SN AR 22 030 R BT A9 FH G, R R A

TR, BRSO & R R o, S
/01 AMEEBRA ST, HE ORI — 0 5
PCR Wi #% . 4 PCR ¥ ¥4 )5, FI B HTGEA %4
TR A TR, A 9 E S R S 1, e 2OhE
SRR AR <07, B AR YR AR 53 A7 SR LA B BH P
T 04 E A7 B AT A5 S R R S 7 B AR 4R P DU R BE, T
SR ) SV AR 2R R R R D o B e v s 20

\“r:/‘r(”ﬁ;f,—\r FAM
fogese®eS eS|
A A
% #(((c [ vie/l |
. |i,‘_v'h,,/' JLa ]}
P 7
\Rese2og NO_ o~
1 MAKE 2 CYCLE 3 READ

Bl ddPCR 3R A
Fig.l Schematic diagram of ddPCR

2.3 WUENEF PCR BRI

ddPCR # AR B —Fl 4 i 7 SR A T R o B
i, 5 PCR Al qPCR HARM L, HA TCA] LB L34
JE 2 XA S RO A AL B R EE R RN R B, PR T
AL PE I B (AT A e i =, T BRI H bR
Rt B DUEL, SR EE B L B4t e ok, B T
Tor kG B R4y s, R g an A . 4R
LT E TR . R ARAEHATIRTE R RFGH )T HIR
W T, O MO AR AL B, ISR A W AZ TR Y
5K S DNA 2, BERRTAZSMHEERNE
B G RE, ST A I A R A R A E s,
DA Iy U AT 25 R e, PRI 324 3 50CR A5 oKy
REARG, XS ol 0 ) T =2 A KRR s, TR TS 2 A
HRRWAFEAR BRI . A, ddPCR 2 AR BR T A8 #5I
TagMan JKfEEREF DEAF 5 A8, 0L EvaGreen Jukhik
HF I g, (H 755050 () [ N 8AS AR, FIA EvaGreen 7
ToZE RS WEE DNA JPFI e S, Wl sE Bl 2\ T
PCR 5 A By#5: 2,

3 MUBREF PCR BARAER MR NS
BN A

3.1 WERXHEF PCR FARERFEMHFERENE
ERNFENEA

BIERMEEOR MY R R R L 2N EENRZ —,
SN HCPRE L RAE, RS B R DN Oy T 4 o R R
P S HE o AL B8 B SRR A W BRI A R R
FB, TG RPN E e RSP, ), B
BBy qPCR Jrik, MAEWE] EA TARKEHE, [BHERE



55 24 1)

Ao, S5 o 8T IR G B S N B A A R S ) 1 9297

T B T R B o T R R R S R B RO, T
ddPCR HZARTRAN 73X —BpE . [AHF iy T A i 4g 77 fff
HCT BB AR VR A 2 07 0 AR 0 DA A R T R A Ak
B RS, EFE T RETRIZLE A A 8 FlvEum e IR
) ddPCR Fik. HAG, & UL & I8 BOW i K AT
DA O157: H7. HAZAHMIIE A 22 e idi . @I il I
KIGTHRE . SR EMARRE VTR 2 #57 ddPCR
FAR R0 7

FH ddPCR H AR LA, HiE LR 22 H R A
AR BT K BO0 M A e A A, B AR
ZERALL K HAT T O157: HT Y rfoE 3k R g ¥E 3L N g vy 1l
HERf € T 1Y ddPCR 7 ik, M7 vk E feFR 4 4 copies/20 pL,
K BRN 3 copies/20 pL, HA BRSO (i
SV i i 5 12810 S el ST A T PR 4 i
WA AR RR I 1) ddPCR H AP i B AGI Jy k, #fae
T B A e S R e A 2R RV, I R
HRGEZH DNA HeFEVE I 2 ~ 19440 copies/20 pL, &
ELRVE T K (50 ~ 4.86x10°) CFU/mL, 5 3M Wik K s
HERIKE LR ZIE2R2P>0.05), 5 qPCR FAME,
AR A7 SR R G T L R o A s BB A TR T 1
ddPCR Jiikwh, meEHREMIEN 5 pmol/uL, F¢thls,
K BR 4 (3.6£0.1) copies/20 pL, A B4, trdElm 2
h0.067%, ¥ UL AN TR BE T B 2R 1 6 R AT . A
AP T R L P A T A A BRI Y ddPCR A B
Wk, RS R4, REUE N 3.3x10' CFU/g,
A 2R +10.18%, IEA T ddPCR H AR F 48 %t
FE BRI A AT A T

[El #2111 Rothrock 28] ddPCR H AR ML R &
b B KFESEAT VD 1) QTR AN BRI A PR TR R I, S5 SRR,
SE4E g iR, ddPCR iR B REUE R . FEsE
324 45 . Bian 25221 ] ddPCR 45 AR X K AT B 0157: HT
FLIE AR R T A TR, RIBS S qPCR kil f T Hug,
ddPCR # A H A B @m0 R 8O, SAKEI T RY
10 CFU/mL, Y5 #t PCR JrikixfLt, ddPCR H AR HA R
T RRSEELE SR BRI SRR

H i =i sE AR B K ddPCR AR 556 5% H
DNA ZBRIRFIALE A, 5K T R 6 5 S0 1 1B
Jii, REA AL PR T B A0 % BR AR, S B B0 TS T
G E . B T A5 PO B ALK TN € (propidium
monoazide, PMA)Yj ddPCR # A4S, HT 4w @54
BREATE BRI, 45531, PMA-ddPCR ¥ 0] DLE f ki
TG, HESRFEE DNA 1Y T3, A5 FRIAF] 10 copies/20 pL,
AABREORWE., WA, F 200250 F 48 R 4N
(sodium deoxycholate, SD)-#5 &AL N £E-flif =U 87 PCR
H AR (SD-PMA-ddPCR)EEST. T V0[] FG R N B 438 2R 3R T 11
FERTIN %, FIF SD X2 40 AL B, fff PMA iF A

ZHAML S DNA & A L4 2c ik, $RELA P4 ZE R 241 DNA i
1T ddPCR J7 ki, REKFEEF 2.0 copies/20 pL, HAHE
SRR RUEMELFE A, TR BUR A Y 0 2 B A
WA IR K & 25 a]
3.2 AN EE PCR R EFE B 46N 75 T A R A

A DR B B 0 G S R B S eI R A T A e T
A 75 25 TS B SO RITE, 45 TR IBURT 24 M 5 R I ) 4 B AT
PATIER, 56 IL B i & B E AR, iE TR E
FEPII 50 224~ B GROFI b DX St T % 35k 5L 7= i R s 1L B,
IHRE T 4% F AR B, 330t i DRk 3 O R o
P T YIZR . qPCR VRS 5E FE R A 4K i o 31 22 1 F
B, ARy AR AR ME LS AR, AU 5 22 5 3ok PR g
Sk ey, Z5RTTEEME2E, R E; DAURIETREY) B
AAPRERL ST, B2 Z R PCR S A5 A 505,
RGN 45 AR BARL T ddPCR 4 A AT LA IR LA 1 B B4,
AT AR I X v 5 (R A, A 25 SR ARG i . R
PEGE LT, KAt L qPCR % 1 o

Dany 5P FIH QX100 R4Ei8iA T ddPCR AR
T 5 DR I 4508 ) £ s T A0, JF 5 qPCR HAR Jts
F ¥ PCR(chip digital PCR, cdPCR)#AT T &4E L4k
4 0L R ddPCR Hi AR R AL cdPCR Ml qPCR FHiA, H
i 4 MR T EIL T cdPCR 2~3 MEE gL, ]
TR RS LRI A 2. Demeke 25P9F M E ddPCR
T AN EEFL P OX Y235 i ZFIKE DP305423 5 R it
TrYand e i, 45K B R 0.001 %A ARE S AR b L AEDE
ddPCR #EAGH, ] ddPCR 7 HA W i R U . TR~
FHWHH ddPCR FARIF R T R 1Y 56 5 3k B 4K
ARSI 52 70, k4 A OV T PR R A o B S TN
FKAH R VOC-01981-5 1) —- T ddPCR = &AM Jr ik, 7E4
MIFRHEMZEA KT 25%0, BMLATfEEm 5 M In
VOC-01981-5 fh REEFVEF 514 FF 4 485 DL IR 3%
hmg 43, PCR AR it -5 0 R B 35 DL B0 ) St
IEAHSE, MSEREE 0.99 LI L, RIHZ AR, 2
SEVELE . REUER . R R SR g R ddPCR
RN K B IR HEA T AN 3L R R4, T S Y
DR, AT THES R .

T EELILH A ddPCR FA E SR L B 58 H Ak
B, FTFRmARER T L. BATE A 3 HH ALK
IO KREA TV BREATAT H- 520 . GB/T 38132-2019 53 R
Wyt R BN BT PCR 35 ) ™2, abnfi ol SR FH i 407
PCR [ )i 1A 22 5 e AGr I 0 B0 T Ah 7B il P G 36 IH ROk
MONS810, MON89034 , MIR162 ., %43 K& GTS-40-3-2,
IR RS IERE | IR EARAE GHBL19 Ff% L IR
RT73 &, E =KW RN 0.1%(& & 4> %0); SN/T
4853-2017 { FLE P IO EEAM 07 PCR %) RIR



9298 1% A T R A

81

WELPLALEG 73505y, A SIHLE TR AR B TTS1-1, 72
IEAG . BHF 6 5. MI12, LL62, T2A-1. TIC-19 /it B I1%k
F PCR EBKM 5, SN/T4993-2017 {55 KK T K AG
BT PCR SEBEL ) WA 5 T X 15 FhE LN ok
il R AR, Xt 30 ng FORBEF 41 DNA I RINAIKER 47 0.1%,
150 ng T KIEHZH DNA AR IEFR 4 0.02%.

33 AT PCR HAERMIFMERKS M F
7 Rz A

BT 7735 T R A 3G I A FURM S 19 K, — SRR
BRI T WA AR, 677 5 T4 A A IR BRR 19 3E 7=
PRz Mo, DAY TR, AR AR A B v 1 A
WIHFATH 8, SUEAE YA AR 8 AU BE R A ) I
B BB RSN A 2R . AR AR T
SRR A LA, B SRR AR SRR B
TR B AR 36 o PR I 2 8 7 A R ARG I 32
BETRGH . o S A B S TR A AR X 4 A 2 AR [R]
HERABA

ddPCR FiARC AN T, 4 2. 5. 1y, k)
SRR Y Mk . KE L R fEE | gr o
SRR B 1 e SR I 5T R . TESIIR M R S 1B
B, AT 2 3 xR B R A S R 5 L ) AR
B, SRAFEN R 2 NSRS LBt B e E, B
i H SRRV PR A5 DB 5 Sl AU T B 4 8, DT ST
AR A A RS ME 2 B ddPCR K Jr vk, & Bah Ri
i, EEME . BEEPIFIH ddPCR $iA, QIE T 4-H &
ol 5 9B AG A G P A A B 2 ddPCR AR B
BRI T, X9 ASERRER S MR ZE RS B AE B A
MAAE, GERATREHER . [FIRER R IR, Ml s T
A FL P BRIE S E BB AR 2 AR A3 i o
. PR L ddPCR kil Jy ik, 2k R R, Zhk$
BZRR G R RERIIR S 0.5%, MXHRZE N 5.6%, FSLhR
FEGLIFATIOUE, FEAR G SRR Z LS T 10%6, #
WifrfE B2, KESEREZ LT 0.2 B, HRAL
RS BN T 20 e, WS S W HERS . PR 2
H ddPCR & &K 7k nl LAVE N S B k2L B 2l
AT B

B AT, 7887 s R TR o3 i S R R I 4 AR 5
KA BB IEEB LI, qPCR HARIEARER A
BAARYL T, T ddPCR B A AT LR+ DUBCE 1 5 5
oA e, A IEYE RS RO B T 4 b, DT AR R KT
B TR R A RIS SR TR Y

4 BIRSERE

ddPCR L ARIEIT 10 4FRI K R AIE 3 fUPCREAR,
AR ERR L . BB . XTSI, SR

AT E B AR qPCR 7 1L S5 5 o F A Wy A 5 A e
1 2 AR A R RN S, WRAN T A E AR T A0
RASFRIE 2R 5 PCR Y MG RCRE B A, Haj o 4
BRI | LR R AR L R R R BB A A
ERMEEGITZ N, N2 ERE NS Ll 4R
P14 B {7 3 5 1 DA B A 1T 1 B A R

UL JLAE ddPCR JE R 4L AR A e it k[ 77 5t
PRL 83 A6 0 9 2 A 00 K S50 T A 00 45358 2 8 A0 A1 SIS it
T A LA AR o, B b R0 R R Bl P A A BT
PCR & I Jr ik AR IEAE T2 v, 53 SNERE S RS
T L7 i A T AT A HE e T4 PCR ik il 2 H4 e
(1 [ ZARE, ddPCR B2 AR (132 A5 b AR F— 2535 2%
FARMR

{H ddPCR $iARMEAFTE—E SRR, WL & 5t & 75
BRI S — e AR LR TR AR A A
TAh, TEE BRI, RRE LT LR R B 2R R
KR, Hansd F AL E 2 . WK BN K& Ak
BB, R RARE R, 72 23
W R RIS, (B2, WS ARl AN & &,
R ik 22 I 58 K R FTNZ A R SR B 2 58l 5, B
KA, R PR 2 A oA e B R F B

SE

[1] BT, 270, BREL, 2. N ROMECT PCR HOR PRGN & I
UITIRE]. B SAEYREERAR SR, 2017, 36(3): 315-321.

Zhao X, Lan QK, Chen R, et al. Rapid detection of Salmonella Spp. in
edible fungi by droplet digital PCR [J]. J Food Sci Biotechnol, 2017, 36(3):
315-321.

[2] XU, 3" Jg, 1, 45 BCF R A RSN BORTE & 2 2 AG I 6t
WA R[], £ FHE, 2016, 37(17): 275-280.

Liu J, Liu EL, Xie L, et al. Progress in research and application of digital
polymerase chain reaction (dPCR) in food safety detection [J]. Food Sci,
2016, 37(17): 275-280.

[3] Belgrader P, Tanner SC, Regan JF, et al. Droplet digital PCR
measurement of HER2 copy number alteration in for-malin-fixed
paraffin-embedded breast carcinoma tissue [J]. Clin Chem, 2013, 59(6):
991-994.

[4] Beaver JA, Jelovac D, Balukrishna S, et al. Detection of cancer DNA in
plasma of patients with early-stage breast cancer [J]. Clin Cancer Res,
2014, 20(10): 2643-2650.

[5] Oxnard GR, Paweletz CP, Kuang Y, et al. Noninvasive detection of
response and resistance in EGFR-Mutant lung cancer using quantitative
next-generation genotyping of cell-free plasma DNA [J]. Clin Cancer Res,
2014, 20(6): 1698-1705.

[6] Gu W, Koh W, Blumenfeld YJ, et al. Noninvasive prenatal diag-nosis in a
fetus at risk for methylmalonic academia [J]. Genet Med, 2014, 16(7):
564-567.

[7] Pornprasert S, Prasing W. Detection of alpha (0)-thalassemia south-east
asian-type deletion by droplet digital PCR [J]. Eur J Haematol, 2014, 92:
244-248.



o5 24 1 Aot A SO R SRS R S T k2 A AN R ) 1 9299
[8] Persaud D, Gay H, Ziemniak C, et al. Absence of detectable HIV-1 [26] BAWEHE, JrIidm, FEEE, 55 BUF PCR E RIS A Az A g A
viremia after treatment cessation in an infant [J]. New Eng J Med, 2013, AR B O B SE 0], & A0 A R A I 24 4R, 2017, 8(11):
369: 1828-1835. 4132-4138.
[9] Aubert M, Boyle NM, Stone D, et al. In vitro inactivation of latent HSV Zhao LQ, Fang PP, Tang J, et al. Detection of Listeria monocytogenes in
by targeted mutagenesis using an HSV-specific homing endonuclease [J]. foods by droplet digital PCR [J]. J Food Saf Qual, 2017, 8(11):
Mol Ther-Nucl Acids, 2014, 3: el46. 4132-4138.
[10] Boettger LM, Handsaker RE, Zody MC, €t al. Structural haplotypes and [27] JA#, Z2A%, PhE, 4. BOMECT PCR ARG S L EesL 4
recent evolution of the human 17q21.31 region [J]. Nat Gentics, 2012, 44: AR 2 RE, 2017, 38(16): 287-291.
881-885. Zhou W, Li YH, Sun Y, et al. Quantitative detection of Staphylococcus
[11] Hindson BJ, Ness KD, Masquelier DA, et al. High-throughput droplet aureus in yogurt by digital PCR assay [J]. Food Sci, 2017, 38(16):
digital PCR system for absolute quantitation of DNA copy number [J]. 287-291.
Anal Chem, 2011, 8: 8604-8610. [28] Rothrock MJ, Hiett KL, Kiepper BH, et al. Quantification of zoonotic
[12] Gorbachev AY, Fisunov GY, Izraelson M, et a. DNA repair in bacterial pathogens within commercial poultry processing water samples
my-coplasma gallisepticum [J]. BMC Genomics, 2013, 14: 726. using droplet digital PCR [J]. Adv Appl Microbiol, 2013, 3(5): 403-411.
[13] Jiang K, Ren C, Nair VD. MicroRNA-137 represses K1f4 and Tbx3 [29] Bian XJ, Jing FX, Gang L. A microfluidic droplet digital PCR for
during differentiation of mouse embryonic stem cells [J]. Stem Cell Res, simultaneous detection of pathogenic Escherichia Coli O157 and Listeria
2013, 11: 1299-1313. monocytogenes [J]. Biosens Bioelectron, 2015, 74(15): 770-777.
[14] Cangi MG, Biavasco R, Cavalli G, et al. BRAFV600E-mutation is [30] MEHT, E#F, ZEME. PMA 254 ddPCR A& 5 b4 3 @ AT BRI 1Y
invariably present and associated to oncogene-induced senescence in WFFEI]. EYFAeR, 2017, 37(1): 105-109.
Erdheim-Chester disease [J]. Ann Rheum Dis, 2015, 74(8): 1596-1602. Zhao LQ, Wang J, Qin Y. Detection of Staphylococcus aureus in foods by
[15] Fresard L, Leroux S, Servin B, et al. Transcriptome-wide investigation of PMA combined with ddPCR [J]. J Microribil, 2017, 37(1): 105-109.
genomic imprinting in chicken [J]. Nucleic Acids Res, 2014, 42(6): [31] T, skEf, BiEE, %5 SD-PMA-ddPCR K £r 5t ipvb 1] R RIS
3768-3782. [, && DR, 2016, 37(10): 67-71.
[16] Morrison T, Hurley J, Garcia J, et al. Nanoliter high throughput Wang J, Zhang HM, Wei W, et al. Detection of Salmonella cells based on
quantitative PCR [J]. Nucleic Acids Res, 2006, 34(18): e123. SD-PMA-ddPCR [J]. Sci Technol Food Ind, 2016, 37(10): 67-71.
[17] Ottesen EA, Hong JW, Quake SR, et al. Microfluidic digital PCR enables [32] E#, XIEH, FEH, 5. SD-PMA-ddPCR Kl fh i A 4n ik
multigene analysis of individual environmental bacteria [J]. Sci, 2006, AR ICTA[T]. A28, 2016, 43(10): 2306-2313.
314(5804): 1464-1467. Wang J, Liu YM, Li CX, et al. Detection of Listeria monocytogenes cells
[18] Sanders R, Huggett JF, Bushell CA, et al. Evaluation of digital PCR for in food based on SD-PMA-ddPCR [J]. Microbiol China, 2016, 43(10):
absolute DNA quantification [J]. Anal Chem, 2011, 83(17): 6474-6484. 2306-2313.
[19] Kalinina O, Lebedeva I, Brown J, €t al. Nanoliter scale PCR with TagMan [33] Gruere GP, Rao SR. A review of international labeling policies of
detection [J]. Nucleic Acids Res, 1997, 25(10): 199-2004. genetically modified food to evaluate Indis’s proposed rule [J].
[20] Sykes PJ, Neoh SH, Brisco MJ, et al. Quantitation oftargets for PCR by Agbioforum, 2007, 10(1): 51-64.
use of limiting dilution [J]. Biotechniques, 1992, 13(3): 444—449. [34] BAVAE, IR, BOAOT, S5 BURECT PCREARRN FH#E R[] HEAEY
[21] Vogelstein B, Kinzler KW. Digital PCR [J]. P Natl Acad Sci USA, 1999, TREAAE, 2017, 37(6): 93-96.
96(16): 9236-9241. Zhao ZG, Cui Q, Zhao LL, et al. Advances in the application of droplet
[22] Mcdermott GP, Do D, Litterst CM, et al. Multiplexed target detection digital PCR technology [J]. China Biotechnol, 2017, 37(6): 93-96.
using DNA-binding dye chemistry in droplet digital PCR [J]. Anal Chem, [35] Dany M, Dejan T, Mojca M, et al. Quantitative analysis of food and feed
2013, 85(23): 11619-11627. samples with droplet digital PCR [J]. PLoS One, 2013, 8(5): €62583.
[23] Cremonesi P, Cortimiglia C, Picozzi C, et al. Development of a droplet [36] Demeke T, Grafenhan T, Holigroski M, et al. Assessment of droplet digital
digital polymerase chain reaction for rapid and simultaneous identification PCR for absolute quantification of genetically engineered OXY235 canola
of common foodborne pathogens in soft cheese [J]. Front Microbiol, 2016, and DP305423 soybean sample [J]. Food Control, 2014, 46: 470-474.
(7): 1725. [37] XUHE, ZEfe, CRERR, 5. #3ENKE MONS9788 A% PCR i
[24] TSR, 3K¥, ZH, 5. KB 0157 H7 fi>X4s PCR /Ty FE R T T [T]. BBk, 2018, 39(4): 312-319.
BIEEL[T). A HrikaE, 2013, 43(3): 319-324. Liu J, Li T, Xian YY, et al. The construction of a universal quantitative
Dong LH, Zhang L, Jiang J, et al. Establishment of digital PCR method detection method on GM soybean event MON89788 using duplex digital
for quantifying E. coli O157: H7 microdroplet [J]. Anal Chem, 2013, PCR [J]. Food Sci, 2018, 39(4): 312-319.
43(3): 319-324. [38] JAE, schk, FE, & B AHIHART PCR HARKIEEFER T
[25] Jrfidm, B, Dz, & mlEmEIEHTHECE PCR EEEN Kb RIS, LA E, 2018, 46(14): 175-178.

L[] B TR, 2018, 39(19): 252-257.

Fang PP, Zhao LQ, Ma Y, et al. Establishment of digital PCR assay for
detection of vibrio parahemolyticus [J]. Sci Technol Food Ind, 2018,
39(19): 252-257.

[39]

Zhou Y, Shan CL, Li XJ, et al. Study on detection of genetically modified
maize lines using microdrop digital PCR technique [J]. J Anhui Agric Sci,
2018, 46(14): 175-178.

AR, FDEA, 25k, . 05 PCR HARAERE IR LRIl b iy g



9300

B dn 2 4 R R I A 4R

511 4

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

AL T4l R, 2017, (1): 50-53.

Fu HB, Yan CIJ, Li S, et al. Application of digital PCR technology in
detection of genetically modified components [J]. Liaoning Agric Sci,
2017, (1): 50-53.

SREERS, W), FAEND, 4F BOMRECT PCR g BRI HE R £ K
% VCO-01981-5[J]. & hbFI2#, 2017, 38(12): 246-252.

Zhang JL, Pan G, Zhang GM, et al. Quantitative detection of transgenic
maize event VCO-01981-5 with droplet digital PCR [J]. Food Sci, 2017,
38(12): 246-252.

SERR, JERE, WmERT, & AUMBOHRECT PCR HRKGIIRTE S
AR BRI M I]. R AR, 2019, 34(2): 107-111.

Chai CL, Tang BF, Chang XJ, et al. Detection of genetically modified
soybean oil by droplet digital PCR [J]. J Cere Oils Ass, 2019, 34(2):
107-111.

GB/T 38132-2019 #% 3L ALY F o A AT PCR 74[S].

GB/T 38132-2019 Quantitative determination of genetically modified
plants by digital PCR method [S].

SN/T 4853-2017 LR KK E S A INEF PCR [S].

SN/T 4853-2017 Quantitative detection of genetically modified rice [S].
SN/T 4993-2017 & HEH £ A i =05 F PCR & &74([S].

SN/T 4993-2017 Quantitative detection of genetically modified corn [S].
Ren JA, Deng TT, Huang WS, et al. A digital PCR method for identifying
and quantifying adulteration of meat species in raw and processed food [J].
PLoS One, 2017, 12(3): e0173567.

Cai YC, Li X, Lv R, et al. Quantitative analysis of pork and chicken
products by droplet digital PCR [J]. Biomed Res Int, 2014, 2014: 810209.
Floren C, Wiedemann I, Brenig B, et al. Species identification and
quantification in meat and meat products using droplet digital PCR
(ddPCR) [J]. Food Chem, 2015, 173: 1054-1058.

WO, 5KF5F, B, 55 PO PRI RO AT PCR Rt
Kl 5 i BFoE (0], 5 TolRHE, 2016, 37(4): 73-76

Miao L, Zhang XP, Chen J, et al. Development of quantitative analysis of
ovine products by droplet digital PCR [J]. Sci Technol Food Ind, 2016,
37(4): 73-76.

FIR, 5—H, ki, . B AR RS TR A O ST PCR
K52 d ST 0], BURE AL, 2018, 34(10): 258-263.

Wang Q, Cai YC, Zhang Y, et al. Detection and quantification of
goose-derived materials in food and feedstuffs by droplet digital PCR [J].
Mod Food Sci Technol, 2018, 34(10): 258-263.

W, YL, XHe, 4. ZEECF PCR RGN T B kR AR
BRI ROTIED]. & ERE, 2017, 38(16): 280-286.

[51]

[52]

[53]

[54]

Yang S, Jiang F, Liu Y, et al. Duplex digital droplet PCR for the
determination of walnut-derived and soybean-derived ingredients in
walnut protein drink [J]. Food Sci, 2017, 38(16): 280-286.

W, AVER, EMEK, & TET IR QR T KE
AE A PR B3 0 5 1) 3 R W2 D W (D). SRR 22 5 N T AR 2,
2017, 36(12): 1-7.

Yang S, Li SY, Wang MQ, et al. Digital droplet PCR for the
determination of peanut and soybean-derived component in coconut
protein drink [J]. Genomics Appl Biol, 2017, 36(12): 1-7.

XN, PN, VH, AF. 2L OO AT PCR AR 5 E
HAMHI]. BUCE SRR, 2019, 35(7): 273-277.

Liu EL, Lu L, Ling L, et al. Detection and quantification of sweet potato
components by droplet digital PCR [J]. Mod Food Sci Technol, 2019,
35(7): 273-277.

T4, Mtets, B, 4. BOMRET RGBSV R 1A
WEAFRBASER]. aRkE, 2017, 38(2): 311-316.

Ren JA, Deng TT, Huang WS, et al. A precise quantitative assay for
measuring pork incorporated into mutton products by droplet digital PCR
[J]. Food Sci, 2017, 38(2): 311-316.

e, TR, HIEE, S5 AR B A A R Py AR A Y
ZEET PCR PRI i 52 ()], WA 4%, 2017, 29(6):
994-1000.

Yang H, Wang XF, Xiao YP, et al. Rapid detection of chicken, duck and
pork blending in beef products by multiple digital PCR [J]. Acta Agric
Zhejiangensis, 2017, 29(6): 994-1000.

(e KRR

(=M

gl

dofg, ik, TREW, FEHARAE

o AEBREEN.
~ E-mail: 530796065@qq.com

WBiEF, WL, TERIW, TEHRA
EARREEEM.
E-mail: dengyingchun@126.com



