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Fig.1 = Schematic diagram of multiplex digital polymerase chain reaction ( PCR) . Microfluidic technology,
fluorescence color and fluorescence intensity can achieve multiplex detection in three dimensions. Multiplex
detection can be applied to the detection of pathogenic bacteria, prenatal diagnosis, food safety, tumor detection

and other fields
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Fig.2 ~ Schematic diagram of the home-made transparent droplet digital PCR for multiplex detection:

(A) Centrifugation to produce droplet emulsion; ( B) High-throughput reading of PCR droplets in a PCR tube;

( C) Two-channel optical slice fluorescence image where all fluorescent positive droplets ( Red: HEX/VIC,

green: FAM) are recorded; ( D) Volume reconstruction and accurate droplet counting of dual-channel images

based on 3D data"™®

Bian %67 IR T AR AT PCR A IFRIH FAM A1 VIC BRSO R L 535 b7 5%

BLT X RMATE 0157 AN ZE SRS 6 A DA I, 46 th FRAT3A %) 10 CFU/mL. Bai %% JF & T [ %
P REECT PCROE A S T AP IneRNA (9 ZF AN 7 % FUAT FAM ., HEX J2 CYS = @560 8 7
Sl GAPDH , SLCOA3-AS1 il PCAT6, F ] CCD MHLRIZOEIEE  IF A T9O0F 558t %MHoE
R rh IR SNIAA IncRNA 59 2248 BRI S AR A 13575 ¥, IR IR T A UAA IncRNAs A 4 iff [ 96
AR ST TT



28 5 Ak % %550 %

22 WHEBEEERAESHENZSEHF PCR &N

AR EEDOG[E SRS T H AR W I 7 iR 32 AR 9 i B, AR S BB = B i &2
TG . FET 9GRS 22 5 0 A AT vk B AR T B ) FH 5 | PR A e R P MO A 5 o B, AR A
ARIE AT T ok B AR AT X 23 o 7RS0T PCR P, % I 1E SARIC )T 2Bk T Taqman 841,
DNA Z5G YR 4N Eva Green) &% FRYE Shric k. 78 qPCR 1, DNA 245G LRl 454 Frfg XL
% DNA, 153558 & Gt B 5 DNA Bl Bl G . 07 PCR 38 3 78 G 21 5K A & 43 50 s 80 A4
STHYR R BTG, A AE— B R R Yei% ) i . McDermott 25 ' JEBH 3£ F DNA 254 Ykl ddPCR K15
(R 25 ARG I B AN B V5 1Bl 5 TagMan FREFAHIE], I HLFIH Evagreen [FFE ] 7£40F PCR i i o248
T A A AN [ RO AR 386 7= A (R 2 G5 R R) L R T S 2 EEAG I

SRIMT 3R 16 7= A I 964 IXFE DNA $0i 2 a8 DNA Jii i 2 B A5 00 T e LURS HE X 43, PRI, 76 52
BRBIF ST B h WF R % 2 R 2 (0 05 S 45 A 0 R 1 22 B Se 2 A Y . Zhong 451 18
RainDrop " 7 PCR £ 4t Hr R B A S [R) 2 SR AT v B 4 45 W b 20 el i 0 s sr T 2 E A
2 AU TP A DOk S TR BRI AR AE MY 5 FAIIAR Z 1 R FZ 07 78 20 Bl AFEA Hh s
U T X 3 ANFEP( SMNT . SMN2 . BCKDHA) f4% 01 %0725 5 L & B A% 4 R 28 48 ( ¢.815A>G, SMN1) [k
W I, Xiang 25 IR A R TR BABREE 0 7 1 LA 8 RS VA4, LS5 50F PCR HAR
WH, R T “RAMEEF PCR” (Invader<dPCR) , I T4l EGFR 5872, ¥4 dPCR “F-{5 2848 6l i)
REGBERE T 1000 £5. [\, R T FEARAI A A, %78 438 3T Invader-dPCR #A7 T “Z 57 A&
BARY . R, VIC T2 U8R 48, FAM F T 2Pt 2848 , 75—~ dPCR 35 B rfva] [w] B A
16 FhZGESEAE | —RhIHZG 2878 ( T790 M) FIEFAE RS DNA, FE A 12600 BE 45 A A Rl 28 6l L %
F dPCR, & SR Z S RGN (1A SOR IS (& 3) o
23 ETRMBHESTNESERE

K e 2k (9 22 T 20T 7 T R AR R BT PCR P4 — R 2 E M riE ™ o i T PCR Wik
FRRIELEE( T,) JLF AR T4 85005, BRIt P 7, (00 7T 42 5 5 R A0 A7 O EA 1 ) o Tanaka %' 257
THET PCR S5 & Wit & 10 2 EATIIR R  IRRZ 07 R T KRAS ZERA ARG . 45 5%
FU TR AR KRAS . GI2R AR AN G12D 282544, S fLH DNA [ T, W5 53 51 4 68. 7. 66.3 FlI
62.6 C, JFHILEAI T (EARAER2E R 0.2 C ., Nakagaw 25V APCR 50 I W4 & 47 T
Z SR, R A 2x 104 B2 AL A RESE T PCR I A AT AR X FR PCR , 0] K45 5 22 (14 B it
TE RN i B R A5 S RIS T 4, 5 DG | IRET R gL R G A T, R4 T 3L A
431, BT PCR P20y T, 32 i BEMI T PCR (09 192803, Tlaet T, (8 T 452 e i R 40 8 (14 v
FI R Z 7k Ml %8 T 87 7 8 KRAS . BRAF 1 8 AN AR, GIE B T 3k i ml A IR o8 i i 507
PCR 454 DU 5 A 2R, 1 YR T S AG I e A AR D6 2828 Bl A5 1 4) o
24 HEZERNEIMAE

AT qPCR FAR , LTI A 50T PCR HORBR T 269G 18 DL K 585 7 3547 2 8
WFFESN 8 FTFE2S R 4Ry T SE 2 mAG T . 3l A BT A AT — A B LR 24 dERE AL, it
MTERS R TS Z EAGI . Shen 25 IF % T HA Z WA Z EHCT PCR Wt 5 A R4 H
5 ARG X 38, 38 e 2 KR SEBE T A LR BRI . K A B 4 FRARR( 1. 5. 25 FiN25 nl) Y
J s, I R R RSN T, shASTE B Al LUK F) 2x107 copies/mL( & 5A F1 5B) o R, 7E—N s A b
AT Z R ERE, SN T BB A B . ARBFITALAE 2020 AR HF & T A W £ EACE PCR G A
(& SCHISD) izt B A B o i B 11, 76 05 AMZ A IR ) 4510 F BRI ATSE 8L 6 FloAS [R) 52 g 21
SR TELIE AT 1 UOMARE rTSE B0 6 Fp AR Z TR . FIHZL B BRI T EGFR () 24> 58748
12)5\ [67] .

3 ZEHF PCRHZARHIM A
ZAHCT: PCR ALl — Y BB AT S B A AT 2R GEH0 5 8, 7E R IR MU SRR Bt 2 1 A, 412



51 T ZERTRAMHEUR A K&

&
3

29

K3 T Invader-dPCR 75k 19 2 BASIN /R R (A) AITHN EGFR S48 1K) DNA 32 8 12 s 1 st B
( B) AR5 FEF A= 1 DNA B] LU A R (5 S 5R BEAOR X 73 (C) 2 Invader-dPCR J7 ik 7R &
Ko it 1 15 4 19Del Hil L858R Z¢ 4% A5 I #R BT, H AT AR ) 1 37 81 ( Flap3) , 5 H] VIC JeRHRiC i
FRET3 £REF B AR AF 9, 3231 T VIC FRIC 9 FRETL #8251 L3R Flapl b ic 59 57 A= 1 DNA A& I £
Bt i T790M S B T 55— Mt A Flap2 fRGIERET o Flap2 #b7iCA FAM JuRH) FRET2 £REH 4R
BA=2E FAM {5510

Fig.3 Schematic diagram of multiple detection based on the Invader-dPCR method: ( A) Principle of DNA
logic sensor for detection of EGFR mutations; ( B) Different mutant and wildtype DNA distinguished by
different signal intensity groups; ( C) Schematic diagram of the multiple invader-dPCR method. Fifteen
detection probes for 19Del and L858R mutations are designed, with the same valve sequence ( Flap3) , which
are complementary to the FRET3 probe labeled with VIC dye. As a control, a VICdabeled FRET1 probe is
designed to capture the Flapl label in the detection probe of wild-type DNA. A different detection probe labeled
with Flap2 is designed for the T790M mutation. Flap2 is captured by the FRET2 probe labeled with FAM dye to

generate FAM signal for?
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Fig.4 A multiplex detection method combining dPCR and melting curve analysis: ( A) The sample including
the target DNA is mounted in a chip with 2x10* microwells; ( B) Amplify the target DNA by asymmetric PCR.
Molecular beacons hybridized with amplicons are used to measure T, ; ( C) Four—color filter captures
fluorescence images and analyzes the melting curve of each microwell; ( D) Genotyping based on fluorescence

intensity, dye color and 7 ‘%

F5 TR T2 BRI ECE PCROEH: (AL B) W8l B A K P 1 s
(C. D) AWML BT PCR IS H 9 Ak ah 4 K scp 1
Fig.5 Digital PCR chip for multiplex detection based on area division: ( A, B) SlipChip photos and multiple

detection imagesw’J ; (C, D) 3D structure of self-priming multiplex digital chip and photoswJ

S2PR T A FR I 2( ERBB2) Al Pumilio RNA £5& 800 54 1( PUML) | BT sr i DU S 45 PCR RO HA
50728 R S 026 D8 — B, LSO Rk U B ) 4 6 F 5 MU 59 o Vannitamby %57 R & T —
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Fig.6  Application of multiplex digital PCR: ( A) Non-invasive fetal aneuploidy detection using multiplex
ddPCR"™ ; (B) Multiplex digital PCR for DNA quality determination®* ; ( C) Ultrafast digital PCR applied

. . 109
to novel coronavirus detection™'®
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ZOCTE L, PR Ao AR U AR e HAG DR TR BB T 1 PCR A DA K e 5P 1 S i i 371 T £
it 2 FEHT PCR ZEHT R 2 A ) i
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Multiplex Digital Polymerase Chain Reaction
Technology and Its Application

YIN JuXin'?, XIA LiPing’, ZOU Zhe-Yu®, MU Ying ’
'( School of Information and Electrical Engineering,
Zhejiang University City College, Hangzhou 310015, China)
*( Research Center for Analytical Instrumentation,

State Key Laboratory of Industrial Control Technology, Zhejiang University, Hangzhou 310027, China)

Abstract  Digital polymerase chain reaction ( PCR) , as a nucleic acid detection technology with wide
application prospect, has become one of the most accurate nucleic acid detection technology at present.
Multiplex detection is an important direction for the development of digital PCR technique. With the
development of microfluidic technology, multiplex digital PCR technique has become more and more mature.
This paper reviewed the research progresses of multiplex digital PCR in recent years, especially summarized
the implementation of multiplex digital PCR technique in the past five years, and introduced the application of
multiplex digital PCR technique in hot areas such as liquid biopsy, transgenic detection, and SARS-Cov-2
detection. Finally, the issues and challenges faced by multiplex digital PCR technique were discussed and the
future direction of the technology was foreseen.
Keywords Digital polymerase chain reaction; Microfluidics; Multiplex detection; Review
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