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Comparison of Three Digital PCR Platforms in DNA Quantitative Detection of

Animals and Plants
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Abstract: Digital PCR is an absolute quantitative technique that does not depend on reference material and stan-
dard curves, and is widely used in quantitative detection. In this study, three digital PCR platforms, including
(X200 droplet digital PCR, Naica droplet chip digital PCR and DropDx-2044 microfluidic digital PCR, were used
to determine the specific DNA sequence copy number of animal and plant samples. The throughput and cost of dif-
ferent digital PCR platforms were compared, and the characteristics of the three digital PCR platforms in DNA accu-
rate quantitative detection were evaluated. The results showed that there were no significant differences in the appli-
cability, linear correlation, accuracy and precision of the three digital PCR platforms for the quantitative detection of
animals and plants. The Naica digital PCR platform has obvious advantages in terms of detection throughput, detec-
tion cost and ease of operation. This study provides a technical reference for laboratories to select an appropriate
digital PCR platform for different types of sample detection.

Key words: Quantitative detection; Application Comparison; QX200 droplet digital PCR; Naica droplet chip digital
PCR; DropDx—2044 microfluidic chip digital PCR
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B FL R oK MONS10 % 36 R K R TTS1 % 3k
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Rad /3 7] ; PrefecTa Multiplex qPCR Tough mix ji{
G [ 2 E Apexbio 24 Al 5 S AT PCR TR K
W 8 75 M B TRAE ) 28 7 5 B0 PCR 51 I R G bR
WCHREE A B A TAF .

QX200 Digital PCR & %t : 3% [E] Bio—Rad /A 7 ;
Naica™ Crystal Digital PCR: 3£ [ Stlia 2~ ] ;
DropDx-2044 % ¥ PCR & 4t : 75 M 8 i 24E 9 A
A 3 AN AT WG 43 66 BE 1T 26 [ Thermo Fisher
YNEEI S
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Fiz BERE ) 2 PR A 42 O AR & L 30 4 ot YORD 4
25 PR A 4 BB 7] & U B 1 43 S RUAE ) 1 B
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1.22 3l #F=dR4t
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QX200 % ¥ PCR 5 W& & h 20 pL, AL 1% 2%
ddPCR Supermix for Probes 10 wL, 10 pwmol/L 1E [7]
18 AR 5] 8 4% 1.0 wl, 10 wmol/L 5 £ 0.5
wL, DNA #i 4 1.0 pL, F ddH,0 5% £ 20 wL. ¥
B2 F k95 C L AE P 10 min, 95 CAE M 15 s,
60 ‘CiE &k 60 s F: 40 MG, FEY 2S5 95 C
PAFVE 10 min, FHREIRBETT A 2.5 ‘Cls. Naica %
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x1 SIM/RHFEINER

EILE N IR FF3I1(5'—3") FEPIR/Nbp - B2 S0k
CaMV358-QF CGACAGTGGTCCCAAAGA
MON810 £ % CaMV355-QR AAGACGTGGTTGGAACGTCTTC 74 [13]
CaMV355-QP FAM-TGGACCCCCACCCACGAGGAGCATC-BHQ1
TT51-QF AGAGACTGGTGATTTCAGCGGG
TTS1 KRG TT51-QR GCGTCCAGAAGGAAAAGGAATA 120 [14]
TT51-QP FAM-ATCTGCCCCAGCACTCGTCCG-BHQ1
ZH10-6-QF CAAATCCTATGGGCATTCTTCC
ZH10-6 K. ZH10-6-QR CTAGAGCAGCTTGAGCTTGGATC 111 [15]
ZH10-6-QP FAM-CACCTTCTGGCTCCTTCAAACACTG-BHQ1
Lectin—QF GCCCTCTACTCCACCCCCA
K NARIERE A Lectin —QR GCCCATCTGCAAGCCTTTTT 120 [16]
Lectin —QP FAM-AGCTTCGCCGCTTCCTTCAACTTCAC-BHQ1
Lamb-QF CCAACATGCCTTTAAACCCTCAA
FNPRIERER Lamb-QR GGAACTGTAGCCTTCTGACTCG 85 [17]
Lamb-QP FAM-TGCCTTTCCCCGCCAGTCTC-BHQ1
Beef-QF GTAGGTGCACAGTACGTTCTGAAG
A AR HESE R Beef-QR GGCCAGACTGGGCACATG 96 [18]
Beef-QP FAM-CGGCACACTCGGCTGTGTTCCTTGC-BHQ1
Pork—QF GGAGTGTGTATCCCGTAGGTG
AR ESE Pork—QR CTGGGGACATGCAGAGAGTG 103 [19]
Pork—QP FAM-TCTGACGTGACTCCCCGACCTGG-BHQ1
PCR Jz N & &2 & 7 wL, i & PrefecTa Multiplex 1.2.5  ZoHnlX

qPCR Tough mix 1.4 L, Fluorescein sodium 0.7 pL,
10 pwmol/L 1E [n] 5| 4 F )2 1n] 5] ¥ % 0.35 pL, 10
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T 2 (L A AR X A o D 22 (RSD) PE A R K 2
] A 6] 805 PCR S 5 22 18] 140RG % B2 5 R
1B 1) D 22 (Bias) P4 5 190 191 {8 = 8] ) 1F B 50,
07 PCR I 5t 45 DI >R H Excel 2010 #4748 11
30T
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2.1 ERMHEME

N T K QX200 | Naica Hl DropDx—2044 %5 =
BT PCR V- 15 16 S AE W) RE i B R SE A W 7
TET P3P, D L D K MONB10 4% 5 K &
ZH10-6 %% 56 R K G TTS1 R E 2R 9 B K

DRE i, o3 B HEAT 50 PCR 3G, &5 R angk 2 i
INo FEAEUF PCRAG L, 6 B [R5
e FR e P4 AR DNA B4, B & (H LT
BT . A, XF 6 A FE I E 45 R i 4T RSD
43 #7 . QX200 . Naica . DropDx—2044 % 5 PCR ¥ &
) = W E IR g I i (E 1Y RSD A 38 Bl 43 i A
0.42%~1.08% . 0.14%~0.77% F1 0.04%~1.01% ; # [Fi
B 7E R A F & i = {5 ) RSD {4+ T
1.65%~8.66% , %1 /N T 25% ., I, =4 F & il
SE A PE R AF A5 A 80T PCR ) MIQE(Minimum
Information for Publication of Quantitative Digital
PCR Experiments) & p 2 >R ™) 3 B 3% = A4~ B
PCR - & ¥ 3E 1 T 6 Fl AS [R] 2 AL o) K 40 4 i 119

E A

x2 BEYERE=ZNHFPCRIFELHMENER

W% /copies -l YA “ASEE I
o s S — — p— SRk el
HIIRES 7 PCR F-vadsy MIwids wErads Y EEHEY e S AE A X
S SPnl =t SN L SN L\ I v = I — v P
FE T WA RS IENED] pURRIENED] ) . B 2= ) B Frif i 2=
copies- L copies- L
P P P RSD/% RSD/%
QX200 2059 2175 2009 2051 0.64
Mon810
% Naica 2040 1970 1835 2041 0.42 2071 1.74
DropDx—2044 2205 2267 1960 2212 0.91
QX200 906 980 1094 903 0.69
ZH10-6
e Naica 871 847 945 872 0.25 945 8.66
LS A
DropDx~-2044 1059 1091 1120 1059 0.43
QX200 1104 936 855 1108 1.08
TT51-1
K Naica 1200 933 907 1202 0.33 1140 3.83
IKFE
DropDx—2044 1105 1023 1 066 1111 1.01
QX200 2 830 2811 2663 2838 0.54
FR Naica 2949 2955 2928 2947 0.14 2853 2.50
DropDx—2044 2775 2735 2788 2774 0.04
QX200 2260 2475 2149 2249 0.84
R Naica 2246 2266 2206 2242 0.66 2220 1.65
DropDx—2044 2160 2214 2208 2168 0.68
QX200 6 660 6 485 5870 6 649 0.42
A Naica 6101 6276 5986 6077 0.77 6423 3.87
DropDx—2044 6530 6 390 6 470 6543 0.45

2.2 ZetEiK

PR B R AR AR G, H = A B A I

TSN AR Z H A D153 5124 10 0001 000,
100.20.10.5.2 .1 {4 ZH10-6 K & 3 K 4] DNA, ik
T80T PCR Y™ 1G %k 3500 8 DU BSORI I 5 8 2F 47 2
PR BT, 25 SR AN B 1 s o 2SI RRE A 0 2 R 4
DNA 7£ 10~10 000 #% Ul 3 [l N , QX200 . Naica .
DropDx-2044 BF PCR A 65 09 28 A0 S M 7 # 47
Bl R y=1.025x+14.684 . y=0.923x+11.920 F1 y=
1.056x-6.495 , R4} 11 47 0.999 7.0.999 9 F11.000 0,

HE5HYMEZ LA T 0.94~1.0, 83 1:1, L L
DR 5 AT A A bR 1 10 3l 2595 BBl 22k, Rk =
AT PCR A 678 10~10 000 $4 DU L 3 FH T
FE R 21 DNA $5 D1EIC) o i 2 1E
2.3 & H R F0E = BRK

i 4 R (LOD) 1 2 B (LOQ ) T 3 &5 SR 4n
3R o YA S ) AR DNA 45 DAk
FEARZ 548 DL, 78 = AN 80F PCR Y- 5 b4 il i



78 A AL & e B 49%
100E+05 70 15 AT 3 b, 43 A 13 011 Fl 123k
P K B BH PR AR S, W AE =10 485 DL FE A rh
haaid| 15 KFAT 97 1 34 68 4wt 150 B R ] ] — 7
S ol HEAE S ABUF PCR P 1 B3 BE 46453 1 2 10 495
£ g DU A B o 24 B o B DNA J 08k 20
g 1.00E+02 | *DropDx-2044 N DL 7E =180 PCRYE G AR 15 4>
z & B W RSD 3 Bl 19.77% . 16.38% I
LooE+o1 | 22.15% , Ut B A FH = A~ 505 PCR - & K ZH10-
— | | | | | 6 e AL A 1 o 1 LOQ ¥4 7] 35 20 4~ 45 L. LOD Al
1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 LOQ 25 3L B, = /805 PCR F &5 16 K I R 8%
e FE U B 7 T % B — B0, 89K 1T F ENGL o xf
B1 =4#FPCRE&X ZH10-6 KX E & F 2 DNA W v I sk
¥2 DUEEE TE B9 2k 158 B A
&3 =ZABFPCRFEAKLOQFLOD Mk 45 R
BFPCRYV-H  MFSDNABIUE Kb Wa I {EH/ copies: wL™! 221% A B i 22/ %
X200 20 15/15 21 6.60 19.77
10 15/15 10 4.17 27.28
5 13/15 - - -
2 8/15 - - -
1 4/15 - - -
Naica 20 15/15 20 2.30 16.38
10 15/15 11 6.67 31.64
5 1115 - - -
2 4/15 - - -
1 2/15 - - -
DropDx—2044 20 15/15 21 4.15 22.15
10 15/15 11 5.83 33.29
5 12/15 - - -
2 5/15 - - -
1 2/15 - - -

2.4 HEHEMBZENL

X B e R B o % 1 4 ) 5% 1% . 0.5%
0.1% 19 ZH10-6 K 5 HE i, i FH =4~ % 5~ PCR “F
AT LB . SRR 4 R
QX200 %t %% PCR 9 M & 25 R K 5.27% . 1.01% .
0.49% . 0.10%, Naica } 4.99% . 0.96% . 0.48% .
0.10%, DropDx—-2044 4 5.22% . 1.02%. 0.51% .

0.09% , =~ PCR F- & 19 I 56 39 5 W (E

G W 2% 5 . QX200 Naica . DropDx—2044 % F
PCR i & 5 7l 9] {E /) Bias J B 20 51 4 1.14%~
5.33% .0.22%~3.57% 1 1.64%~7.92% ; = IX & ik
55 O & {E B9 RSD 3 [ 4 9 R 2.05%~11.53% .
1.24%~8.97% F1 1.90%~11.99% ; Bias #1 RSD ¥J /N F
25%. Vh 25 BRI R I 45 5 0 vE B B ORG % E
Y456 MIQE 45 5 Hh e &40 i S 880K . LIt
AT PCR -5 24 HLAT R i) v 3 ROR %85 B

x4 ZABFPCREAEFHENIRNLE R
HFEPCR - Tl P EEME ER2WE EE3IAE SHTIHHE RS 200 AR A 4 B
0

& {E/% e Jeopies+wL™' fcopies- L' /copies+pL”' JcopiessuL! /% 1%

X200 Lectin 9555 9890 9815 9753
5.27 5.33 2.05

ZH10-6 512 506 523 514

Lectin 8910 9 540 9530 9327
1.01 1.14 4.52

ZH10-6 96 94 93 94
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BFPCR T P EEIWME SRl EHEIKME  SHCESNE FENE AR A
. " i 22/%
Fa {H/% B Jeopies+ L™ Jcopies:uL™' Jcopies-pl”! /copies: L /% /%
Lectin 9995 9990 10 115 10 033
0.5 0.49 1.66 4.51
ZH10-6 51 46 51 49
Lectin 9 850 9985 10 070 9 968
0.1 0.10 3.66 11.53
ZH10-6 10 9 12 10
Naica Lectin 10 465 9 889 10132 10 162
5 4.99 0.22 1.24
ZH10-6 526 485 511 507
Lectin 10 280 10 584 11284 10716
1 0.96 3.57 6.90
ZH10-6 109 98 103 103
Lectin 9191 11333 10 059 10 194
0.5 0.48 3.21 6.06
ZH10-6 48 51 49 49
Lectin 9 860 9707 9706 9758
0.1 0.10 0.93 8.97
ZH10-6 11 9 9 10
DropDx-2044 Lectin 10 045 10 100 9 890 10011
5 5.22 4.34 1.90
ZH10-6 522 540 505 522
Lectin 9535 9420 9750 9568
1 1.02 1.72 1.57
ZH10-6 98 97 97 97
Lectin 9330 9490 9515 9 445
0.5 0.51 1.64 6.98
ZH10-6 52 45 47 48
Lectin 9275 9535 9425 9412
0.1 0.09 7.92 11.99
ZH10-6 10 8 8 9

3 b %

B & %55 PCR H2 A 0 PRl & S A3z 1 T
% BT PCR V- 5 AHAR B ™. BT cdPCR 5
ddPCR 5 1943 X J5 AN ], v] BB & S BOR R 26
B PCR V- AR 220 . v TS s i
BE R TR K M R I, A B O TR B
PCR V- & #4718 F 1 L 72 SPE FORS e PE DR, Lo
FE ARV ECT: PCR - 65 IR I 14 B 2 B A AR 25 5o

FETT N FE A, B X5 B0F PCR A 7 15 &
)8 2, i A WL [RS8 0 b B g . i,
FE Bl W U8 PR R DU 5 I, X ST S AR R
ddPCR X 7 i il ity R g A DR B R AT
R 5 Cai S 37 T AE [R) IS 2 4G I 2 PR S T
B3 ) XE ddPCR . 7E % 5k B R 43 4 D T
Cottenet ZEPPEMY T 85 PCR F2 AR XT 9 Fh #% 3L K K
TR 1S T2 IR R R s S 1 A A 45 0
RSEINFF G BRI 7 5K 5 Zha 552758 535 #2571
XUE K0T PCR 7k 52 BT 7 Bl 3 IR T oK 1) o
E . TEZ 6 BCE A U7 I, AR 22 AEPYR
X100, cdPCR . 3D-dPCR = F %7 PCR - & X £
MR JBURL DNA A5 4 0T 247 2 {8 3 B, ¥ 3453 T
YR 119 8 (25 L 5 AR 5230 28 o 57 e R R 4K

F PCRJE itk U J5 i ), & 3 [W) — 7 35 7E ddPCR
HledPCR V&5 LY REIE F , 2 {8 0 14 5 28 6
i PCR I 22 7™,

AW G20 LA TS [ R A [R) TR
0 PCR V- 6 75 A 9 7 i 4% 8 2 st 4 DU 5 1eD
1 PERE L SR H 2 A B A XA 2% 1 A 193 FH A 4R
PE S (LOD \LOQ . IF f & S5 #1743 #1 , 45 R 8
IR HE A ARG T BAR R E SR I
Ah, AW 58 A R TR B PCR T 65 04 4G 0 3 2
RS B AR DA R A5 A A M R AT T LA A B o A
i 7 T, QX200 | Naica £ DropDx—2044 ¥7 ¥ PCR
S5 B REAS 38 3 1R 96 N REAS (48 AN EEAS I 32
AFEAS, PRI AE KA A5 A e A I B, QX200 %5
F PCR 52 HLJ AR 35 ;A6 I s AS R AE B 5 18T, —
ECF PCR Y- 5 YA 1A 55~70 JT/FEAS, K
M FERT R 2.5~3 b/, AHXFTT 7, Naica 3% PCR B
HLAE 45 B R MR R0 X R FE A 09 3RS
QX200 . Naica 7 PCR XK I 53 10 452 4 4 R 22
SRR AR, B 5 805 PCRF 5 e & 13K
5, 1M DropDx—2044 %4 7 PCR H-A7 #4F faj 2o . v i
FHE =507 PCR Y8, S S 4 A R T A
DN G PR 2 R A BRI 2 SR A5 . PRtk R 407
PCR A W, 2 A 4% 52 B 1 00 36 £ A 18 1 57



80

AoAb A&l B s

494

PCROF 1, L 2 Ml 5 R U 0 7K

S5 Uk :

[1]

[2]

[7]

[ 8]

[10]

[11]

[12]

[13]

[14]

[15]

XUnp, ZEARE sk, A L BT PCR HARTE & R I b 4 1
FIWEFCHE RED]. B dh Tl B, 2021,42(4) : 319-324.
OO, BN 2R AR AR R R DR T B R RE R R K
€0030.1.1 7 P PCR A M 77 125 19 #2 57 [J]. AR AL Al Bl 2,
2023,48(2) :49-54, 63.

Li TT, Wang J S, Wang Z Y, et al. Quantitative determination
of mutton adulteration with single—copy nuclear genes by real—
time PCR[J]. Food Chemistry, 2021, 344: 128622.

#WAL UL WL, BB U, & . —F S real-time PCR i £ 7%
S RIK AR J5 T4 9 AL 1) £ ARk 2, 2021, 42(24) : 329-334.
Yang L T, Chen Y, Li R, et al. Universal LNA probe-mediated
multiplex droplet digital polymerase chain reaction for ultrasen-
sitive and accurate quantitative analysis of genetically modified
organisms|J]. Journal of Agricultural and Food Chemistry, 2021,
69: 1705-1713.

Iwobi A, Gerdes L, Busch U, et al. Droplet digtal PCR for rou-
tine analysis of genetically modified foods(GMO)—A compari-
son with real-time quantitative PCR[J]. Food Control, 2016, 69:
205-213.

Li J, Gao H F, Li Y J, et al. Event—specific PCR methods to
quantify the genetically modified DBN9936 maize[J]. Journal
Food Composition and Analysis, 2022, 105: 104236.

Chen X Y, Ji Y, Li K, et al. Development of a duck genomic ref-
erence material by digital PCR platforms for the detection of
meat adulteration[J]. Foods, 2021, 10: 1890.

Long S, Berkemeier B. Ultrasensitive detection and quantifica-
tion of viral nucleic acids with raindance droplet digital PCR
(ddPCR)IJ]. Methods, 2022, 201: 49-64.

He Y X, Yan W, Dong L. M, et al. An effective droplet digital
PCR method for identifying and quantifying meat adulteration in
raw and processed food of beaf(Bos taurus) and lamb(Ovis aries)
[J]. Frontiers in Sustainable Food Systems, 2023, 7: 1180301.
Bogozalec Kogir A, Demsar T, Stebih D, et al. Digital PCR as
an effective tool for GMO quantification in complex matrices[J].
Food Chemistry, 2019, 294: 73-78.

Hou Y, Chen S L, Zheng Y ], et al. Droplet—based digital PCR
(ddPCR) and its applications[J]. Trac—Trends in Analytical
Chemistry, 2023, 158: 116897.

e N IR MR i b 1 A e PR A 5 HG 7 it i 43 A W —
P TTE CaMV 35S JR 8T FMV 35S JR 8 F \NOSJR 81 T
NOS Z 11 A CaMV 358 Jii 8l 1 £ 1k 5 % P PCR J5 15 [S].
dent: thE RO A, 2012.

e A N R M ] i b 5 A e PR A R G 7 it g o3 A 0l —
PR TTS1-1 BCHAT AR i Ff 5 4 PCR 7 35[S]. dEat:
[ Al 3 A, 2014,

XX, WREEZE B BRUA 55 . 2 ik DX it Ik 5 70) K ZH10-6 5

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Iof 5t 52 Bk PCR G Jy 25 B S (9] 3 TR 75 i, 2021,
19(15) :5030-5037.

rh A N TR R el e R DR A A R 7 i B 3 A D —
RN B v TR ZE R PCR J7 ¥5[S]. Abat: o Ol i p tt,
2013.

Ren J N, Deng T T, Huang W S, et al. A digital PCR method
for identifying and quantifying adulteration of meat species in
raw and processed food[J]. Plos One, 2017, 12: e0173567.
WO, 5K 75, B, A L RO B0 PCRIE XS B i b A
RRVAE IR O3 B B BT[] £ B2, 2016, 37(8)
187-191.

Koppel R, Ruf J, Rentsch J. Multiplex real-time PCR for the
detection and quantification of DNA from beef, pork, horse and
sheeplJ]. European Food Research Technology, 2011, 232: 151~
155.

Hh A N R SR AR Ml 7 A S DR W R G i 3 A
S 95 ik PCR Jy 36 1 7 48 W [S]. b st « v B AR i
i, 2015.

Huggett J F, Foy C A, Benes V, et al. The digital MIQE guide-
lines: minimum information for publication of quantitative digi-
tal PCR experiments[J]. Clinical Chemistry, 2013, 59(6): 892—
902.

Long L. K, Zhao N, Li C C, et al. Development and collaborative
validation of an event—specific quantitative real-time PCR
method for detection of genetically modified CC-2 maize[J].
Frontiers in Plant Science, 2024, 15: 1460038.

ZREOR W, 7B BUT PCR AR 1Y & J K v ). 1k
3k, 2020, 32(5) : 581-593.

XUSE AT WRBOE, INIGE S, 45 B U0 R G i =X
Xof 7 Mg o ity PO R A TR AT 14 E A A D). ISR Y
2020,34(8):51-56.

Cai Y C, He Y P, Lv R, et al. Detection and quantification of
beef and pork materials in meat products by duplex droplet digi-
tal PCR[J]. Plos One, 2017, 12: e0181949.

Cottenet G, Blancpain C, Chuah P F. Performance assessment
of digital PCR for the quantification of GM-maize and GM-soya
events[J]. Analyical and Bioanalytical Chemistry, 2019, 411:
2461-2469.

Zhu P Y, Fu W, Wang C G, et al. Development and application
of absolute quantitative detection by duplex chamberbased digi-
tal PCR of genetically maize events without pretreatment steps
[J]. Analytical Chimica Acta, 2016, 916: 60-66.

== Sk, TaE . =R T PCR Y- 5 X0 2 8 b5 BURL AR
I 5 Y SE L. Al A W 1 R 2742, 2017, 25(9) - 1500~
1507.

Long L K, Yan W, He Y X, et al. Development of a duplex digi-
tal PCR method to quantify five genetically modified soybean
events[J]. Food Analytical Methods, 2022, 15(2): 294-306.

(FTHEHH . £ %)



