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# E: % ¥ PCR (Multiplex polymerase chain reaction, MPCR) &£ 4§18 i —& PCR R K F) B 5+ % A~ ¥esr b 474
¥, 4o — R AR F BT ) BATAE MM T LA B AR AR AT S B A9 R, MPCR BB S %, S F.
TR A GG 45 M AR AR . B 8T MPCR HR &) 32 i Fl T A3 A 50 An kR 157 B AR, P A MPCR 4738
Siem @ik T MPCR KL EA LA, it T MPCR #H KK &R AL A, HFEHREHREIRER
2T AR ) i R 45 A8 X 3H A PCR (Capillary convective PCR, CCPCR) # K975 XA 2 5 BARRAKE @Y
AR, NmTFA BT HERES. —HBF. AEARZT. BAUETHZHHZ E PCR IR,
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Advancesin multiple PCR technology studies
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Abstract: Multiple PCR (Multiplex polymerase chain reaction, MPCR) is a technology to simultaneously amplify multiple
targets through a single reaction and to detect the amplification products by reliable detection means so as to realize the
diagnosis of multiple targets. MPCR has been well studied for its high efficiency, high throughput and low cost. At present,
MPCR has been widely used in scientific research, disease diagnosis and other fields. Here, we summarize the development
and application of MPCR from amplification and detection, and discuss the advantages and existing problems of MPCR. We
propose that separate the reaction mixture into droplets or combined MPCR with the capillary convective PCR is expect to
further improve the amplification efficiency of the surface of the solid phase carrier, so as to provide reference for the
development of multiple PCR with high amplification efficiency, good consistency, good stability and multiplex detection.

Keywords: multiple PCR, melting curve, microfluidic, membrane chromatography, Luminex liquid chip

Received: May 20, 2019; Accepted: July 18,2019

Supported by: National Natural Science Foundation of China (Nos. 81501835, 81871505), Science and Technology Development Project of
Fujian Province (No. 2017J05136).

Corresponding authors: Shiyin Zhang. Tel: +86-0592-2183111; E-mail: zhangshiyin@xmu.edu.cn

H K A RFLAE 4 (Nos. 81501835, 81871505), fhi4A HARFH 4 (No. 2017J05136) WEHl,

68 4% ¢4 RIS ] < D0 2 3 Rt b -



ISSN 1000-3061 CN 11-1998/Q E# T #4:4  Chin J Biotech

&4 1) Z 8 PCR (Multiplex polymerase chain
reaction, MPCR)Z7E{ PCR Hy3&al b, 7EIH]
— AR R IARE 5 %5, SRR
P B[] — AR 114 A ] DXCIE A 4 S P 0 47 4
Mg 24~ iR B, 456 — & iR 5B
117 52 B[R] i % 2 S EAR BEAT 2 B EOR . A
Chamberlain'' ' 1988 41 Y4 H X & LK
MPCR £ FFVF 2400, A5 56 2848 5
ENNE SIS E VRS bes N Y L 08l UK S PR ] T A
MPCR Frif =2 B, BES A X 224~ #0Ar itk
ARG, ORI AG U 5 A8 iy [ B, S RERARR 146
A

Bl &R FHOR B K, MPCR i ARTES 3
ARG J7 0 © WU T 20 i R 1R
T, SRR T R — SR R AT 8
T 2 4 AN ] 1) 5 1 49 %of RS Al 23 BT A X6 2k 57 1)
23 [ AT G s FEAS N 7 L, AN BT AR ) R
ZHERM BB BB, SCH N MPCR 71 515
DU T AEAR T MPCR 7 AR 19 & J& S H v H
XF 50 MPCR 15 55 46 00 28R (9 LR i A7 1
B, JFOF 3 v DT AH 280 2 T A0 90 AR R B
Xof 1 SR

1 %EXKEEPCRHA
1.1 ETRARETHZE PCR A

Z Eo & PCR (Multiple fluorescence
quantitative PCR)F ARJETEXIEE # PCR AR
S B, RIHJLRCRR DB A G, 4551X
o R A [v] 8 1 25 S 1) A6 0 i 7 S5 BN 2 B AR 1Y
SCHY E B A . TagMan K f# B8 4F  (Hydrolysis
probes) &£ EU PCR K ZR v FH ) — R
B, BRE— s PR, Ty —dmbRic K
P, 3l 7R 6] e 9 A b s A [|] 9 6 ik 141 S A
PR B, BT B[R] %) TaqMan 7K fif R
BE, W EIRERE SO B BT 1S 51 i 2 ] — B g
TRZ , BIAT SN 2 A 80 b A 2 [R] A5 . WELLER
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U1 TaqMan R4 R 3EaE , I EE T M 5 PCR
P18 RS A R | Zhang 251 o B4 30 5 S5 2 0
SIS T X AR 71 B (EVTL). MIBRAT R
B A16 (CA16) LUK EI7IERR® (EVs) M=K
. 4> F15Fr (Molecular beacon) &2 B PCR {4
R — M IR, BT IO IRRE R
(Fluorescence resonance energy transfer, FRET) [
JEHE, YRR AR R R R AR, TS
bR BRI R GS 1, VR 5 96 B AT A
T N & ZE FRET, AN&a7Aodt, Wik
R IPAETERE SRR AR, TE—E AT, 2230
G5 FTIPIF S 8P b AT Bk, AT AR 5
155 o MATE R — S ARZ A JUR S bR 4
ST 19 73 715 ARl RE % S 300 22 A4S BE AR 1Y [a] i)
Rl . Vet ZEPVERXT 4 R A HEARBETE T 4 b
AR B 5> AR I o e 4,285 PCR AL E
SCEL T PUEE BRI, EL-HAJY 2R f s T
AR ERET S BL T X 25 A2 AT B R AR 1 Tif 28 28 742 B9
il

12 ETHR$RIBHZE PCR XA

TR R AN 4r TR PR IR BT Y 2 E 9O
JE . PCR FARBYL SR R PEE, SR 3Z AU 2%
YR IN 3E E  BR ], AR A 2 H Ik B Y g i
FELAW . HE R %S (Combination probe
coding) FARRYIF A, {115 H Fii 1Y 2 B L AL IR Y
B AT A I A AR AL B 2 TS PRI A A H o
X 4 SR B9 S B R4 T AH B4 G AT DB AR
15 s iREE (B 1), FEZERNERPIMAZ

cl c:
0000 000000
c C;

..‘ . . N=C, +C3+C3+Cj =15

1 RABRATRZEWHEEAEE
Fig. 1 The combination of the basic elements of
fluorescence.
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FhHE 3 51 5 5 0 B e 484 (Displacing probes),
TS 2 A 4G 0 388 3 AT FR )15 00 T 4TS RE 6% S B &2
T AS [5) ) #E AR [ iF 647 7 48 FIAG I . Huang 55
FIH 2 64 G SR (MCPC) S8 T
Xf 8 M EIEMEE S A S DL 4 S RET
G R IZEL T 15 RO R B HPV 5 0F
Fray i,

1.3 ETRAEMAZE PCREZAR

R PR DL HR A DNA XU /A
a, ERE MR EM R R S — e K
M2t . Dt Bl &k & T iRt 2k (Melting
curve) 7k, FIFHAIE DNA 74 HA KA Tm
(Melting temperature) fHAJFHIE, 75 PCR 45
W, 3 3 T R RO 2 B AR, Y
IR B OUBE RS 1) T A T % R A RLEE I, 2 ks
JE R EREAL, AR XA BT LIX) PCR
AN TR JBE 1) SURE 7 ) R [R]HS B AS W] GC 7% f 1Y
MUEEHEAT M (I 2). Singh 214 £ 8 szt
PCR ¥4 fiff 1 & 2 BT i 7 i, S b S8R T (] e Xof
ARVIM, WRR . B, UARER, AERMEY
VDT FCTA ORI 55 951, Mendes 45U T
— Tl Z2 0 ik R 2 o0 A O VR T FLEE B T X AN ]
2 DKL 4 5 ) 4 e - B- DAY TR 7 75 31 g 10 A 65 53]
B X AS TR 1 B0 550 35 31 TR S 1 0 5 | A R AT X
BEM AT Y3 A BN R A4 35, 973 2 1)
Tm H&A 25, e a6 g il 2 0% 04 & 1F
AT 5800 o PRI A M R o0 B BOR A Bl A Je i ok

15

—
(=)
T

~d(RN)/dT
W

2 ZERHZ
Fig. 2 Multiple melting curve.
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FI8 1R 0 SR I Ak fh 2 B AR — PR A A LKL
{6 Wl 23 PR HAL A S8 X A AT IR e it Uit
JEAN R T A [ 2 gt £, ot Ty R A
BEATOIMTHBI AR, B HA M SR REUE, REBi
0 H AN R 2 AL 22501, F T 20 T AT
M2 S . WAL BT | JEIN A | JEIN 732l
%@Fgﬁbi[lﬁ—lS]o

14 ETFTRARSTIEMAZNZE PCR AR

HI T 96 A1 AR B & S0 1A S B — I 1 2¢
Jt, T H. PCR AU AN [R5 S A 3 9655 1
XA EAR, FLBAR PCR L H BRI 4-5 Fh
ANFEZOEE S o AT 2OEY R Z 5 PCR £
AR T YRR R R AR AR )7, FrLh Rl —
S AR Z rhad E B — Ak, S TR
O IX PR RN 5 2 B AN R T T 2t R B 8 AR BT I fi
Hh£Hi AR (Fluorescence probe melting curve technique)
BA WA, ZEAMEE ) R s, @t e
Y 4 328 BRURE G DR S Y X 5 1 aE T 8 5
Y, SRIGTEG WXt 2Z 8] g I 2 S i 3R i) DX Jalie
THREAS TR 5 & Fh H AR LR ¥ 4 0 e e R A, R
FHEY B R HpOR SS9 58 oK i, JF BRI K
D36 38 AN [ R A T 2, Rl A PR
ZA R EREE, WA BRI KRR GC %
TR SRARET B Tm (HHFAT AN AT, 15[
— 7 00 T P AN AR AR A I AR EE Tm (BB
] By G ) 2208, B SO 1 24 A g A 22
AR, e i b i T i . KoJo 45
FIR DGR E s i th R BRI 7 1 27 b
AT g 2 A BB R L 741 . Liao 250V I %¢ JE4R
B0 A i R BOR BT S B0 T % 15 ol vy G
HPV W5 B S8 T % 48 Bl N1 IR £
AR SRR W .

2 ETHEENSE PCRHEA

ZHEPIEE R PCR HARTR Z 51907 | 3%
BERL R AR A B[R] — A S B R AT OB,
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it I R S TR N R R B A H 2y
i, SR Z M EEE N RIKE R Z R
A AT REPE IR BT, 0 SRR Sk 1 Y
B, BEARYHEROR TR, A I R AEORE RN S R
fiX, ENSEERREREY 8 S %, BARY 1Y
N, T R N 2 SR AR BH A A R B . S
AR FE S A (Microfluidic chip) AJZ H PCR $%
A 1 AE AL P T SEOR [R] 9 51 4 6 )
P £ Y PR AE 4 A S Zs [Py, Rl
R 45 T R SR SR 5 | U A [m] B AL, R
TEMAL TP AT S0 PCR 73S R v, ) PRk
PP sE R (181 3)121, T SR Z A $ bR
B DX 43 A e ) 2124 Poritz S5 45 A T 4 4 R BF
KT — B AT LA [R) ik i 22 Fhos e AR 2 W
FR R “FilmArray”, Z V-6 MM EB T7E 1h N
X 21 Tl U6 B B 40 T ARG ) A e ) 125727
Cai PSS f — e 728 A R P L1 f 9k
ARMZEHESH] PCR A i SR ARSI T 7E
4 I HR X AN T i R 1) B RSk ARG 22 B YT 28R
F PCR MEH M 5EFHMmELCRMEZEH
PCR {9 JELBRARALL , 38 50 005 28 B AR i i ) R 42
P T B AN, RSB T R A H

AAAARAARAAARARARRAAAR
ARAARAARARRARAARAAAAR

AR
AR

i) DNA 43F-, A0 ] DA AN [H] A9 FE AR Ak 4
X ST B S T AT & AR R R S B, R
T TS AR A A AT 1 T 50N T S B
#uxfsE B, Jackson PR A AT PCR A
Db S0 7 X I 57 25 DNA (Circulating nucleic
acid) HAE LJEAE 58 A8 i 22 SEAG I, R P R i =X
5 PCR XS 5% B i R AR AS 547 22 BEAR A 4G 00 A
MO AR T RRAS AR R RFARAR T AR ST
WO Py 28 PCR 4% AR F1 £ 1 i 87
PCR ML SURTE— R Fltfp 7 AR Rk 1
P A A R AR St E i PCR B ARG B3 1
o E A (FE AR R BRI, R T A
) 5 R BB 43 T B 5 R S M 5 | W AL b A
REAK, 2 7 AR AR B 235 2 5 T 22 0 U0+ PCR
B g A A VR P A B BT 5 | ) S AR 10 AR
FAIRTBAR, A — R S 22X 5 e
W T 51 Y SR O AR R SRR, 55 b ekt
B SRR, VR B 2 s A BEAROAS B DR TE A 1
PR TP AL & A H W DNA 431 64
TERTIN T TE,  FIRPI R HEOR BT LB G 1 i RE
SR T FH 3 A 2 R p R AN s, BRI
J M Ao LSR5 A TR M

1. Sample loading

T
T
ey
e 4

SBBBEBUARIRINEL

2. Sample distribution

L
BUESEBUBUBIRBEEY
L

3 ETFHAENEE PCRA
Fig. 3 MPCR based on microfluidic®*".
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3 ATEMEMKNSE PCRHEA

31 ETEREMHNZERMEA

JE)Z T8 K (Membrane chromatography) J&
TEREJENTEOR bR R ) — T AR, DAY 5T
AR, ABIBCOR LY AS R . R BiK SR
SRR, AR — RO B E A B R
BrEoR BA & st s H BB A 34 BORIA TR &
Y, MZ&E PCREARBAGAMEEEN A
Bt s, BxX IR ECR A AL A5 & e — i RE 8
e —Fh REJE . e . ARG,
WY Z HAZRRAI vk . %07 R AR R bR R
PE A AR IR [ 22T AR R ' B, SRR
2V 5 1Y 2 8 PCR Y™ ™ W id i B4V 40t
AT, T A AR L A A AR R A e R
HIC XS 18 1 R A i 5 A AR 46 B R B 7= W)
CHE/NIIE RO/ I 7/ DN I L7/ 3V | I L]
Tk A R B AR DU ASOXE 77 A ) 5 64T A6 0 3L
5 (4P, Mao 5L T i A e ARic AR IR R
EEFIMI IR ARAR N T — RIS A 4 5 Y
T3 i R X R A% R 2 B & i 40 SR GBS AE 15 min
PRSI H A AR A . Carter 25P* % B 037 folc 4
1 J5 ik re e P . R AL X 2 R AR A TR
I HATT L 1] B B A%, 33X Bl 5 ik DUGS S
T ARG, A AL IR 2258 S AEAR O AR
Gomez-Martinez %2JF % 1 2 A% W 6 T 0406 4

TEBLZ ST X 108 {5k i 5 1 75 A 5G 32 IR R g
W S o LT B2 BT i 2 AN B AR DL
fRf B L 4 R AR O AR T8 T R A B YL,
A PR B F 28 e, XF T B3 6 0t i i 52
PP B S BT EAR AR S RO B . AR S
PRI A S5 (] AT SR 2 A i T B A DR 1) [ R
32 ET Luminex BHETHIZERMEAR
WS B8R (Liquid chip technology) #{#%
I HE A A RS R BOR, WAkFRN xMAP 4%
AR BRI LARIBIRT 1 dras sy 100 FOA A H i
TR, FREFE 30 min AR 96 4NN
BIREAS . FLWOAR R S i J5E R Ry, B W R 2 e e
BB 10 RO [R] ¥ B T R S TE L 10x10
Mz HGHEE FLES , Xk Ty, 755 100 F
AR DG i ek . g is HALM 255 T
AN AR I SOk B T — AR R p, 2
IOATER I 27 SR N, FIAA A 2EhRe
S 5, DN TR BT R - AR AR - PO AR -Hi 15
SNTEEY. K, ZE A YEERAERT
W BB LA TE , 2 P RS ) K ik
S B I T RE L 09 A S A TR I, e — S
S TFARBER R, B % b AR 2 Xof WA Fof
R HEEARHEA TR I, 55— RO R U sk 1
543 F s B, AT S 10 I 1
RSN (B 5P, Sherry 2559 Luminex

Control

Immersion Conjugate Application . Absorbent
pad pad zone Detection zone o zone . pad
\ I | ,*Q% X A I
______ - I Ul N I
Flow direction / & S & \
Nitrocellulose 64 Ky Adhesive Backong
membrane A card

B4 BEFEEHHSERMN
Fig. 4 Multiple detection based on Lateral Flow Assay
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L | CEEETEY —
Luminex100 Wash plate Biotinylated, hybridised
PCR products

5 ETF Luminex iAEE H B % E4 M AR
Fig. 5 Multiple detection based on Luminex liquid chip

WA ES B AR S 7 XV 1] B R Ath s Jirt 147 7
RN % 5 . Rajeswari 251 ] Luminex ¥ AR
Fr B AR TR LB AR S 52 B X8 i i
BE AL YLPEAR U RN BE AN S i 25 R A G A
W5 . Song 25 Luminex ¥ AR F £ A [a] i
X 11 BN ) 58 A8 RUEA TAG I AA3 78 BRARSE T
Luminex AR AR BB 52 B[R] B %o 22 A A ]
oo A P G0 AR S5, AL R AR A I T A4 T
HZiht . SRR, S FI A ik
ZEYIGHRZ 51 . HEF . BRI B ALY
[, DR, FRRIF R kR 2 B3 DL
Luminex AR 7 46 0 — AL I R B A% IR 2 8
o ) ) FE B ST T 1h] o

4 ReEHRER

MPCR £AR B PLHAE T E M &k, il —
YA B RIVAT 552 B X 22 ol o I oA 4T A6 ) A

http://journals.im.ac.cn/cjben

[38]

LI (K0 2= O [ T3 R A
MPCR % 1z i AT 5, (RS2SR A A 5
20 MPCR § 3 5E AR R (£ 1), H
R B AR ) — SO R R R R A, A ) B
2, SR BB, £ X MPCR ¥ 350%
—EUE R IR, A G A 2 AR 1S iy G
AW R R R il . . 519, RS
PR, B —E Y SRR —3, &
Wi 5 G 0 B B, T R AR EE R AR
Al BEPE R RR b, BN S SRR R G 1
B, HEARY I ROCRE T RE, Ao 2 BRI S R
fiX, EWSFEAER Y 1 5 =5, AR 1Y
e, A BE P RS AR B e 0 o
P TR TR 5 A9 MPCR UK 55— A9 9 15 43
A TE S HA XS ST 28 R N R T, 7E— 2 FE R b
FEAR T 519 — RARM AR, PRIE T 9738 850%, 1
TR A 1) SR A Ry TR, L A o A
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Tablel Themain factorsaffecting MPCR amplification and detection effect

Technology Amplification

Detection

MPCR based on
PCR instrument
amplification of other systems;

After increasing the multiplicity, it is easy to be

interfered by the primer dimers.

MPCR based on
microfluidic

Single-tube amplification, the system with high
amplification efficiency tends to inhibit the

The probability of low template concentration
distributed into micropores with specific primers

was reduced, which easily led to false negative

results;

The number of detection channels of
instrument is correlated with its discrimination
of different fluorescence signals.

Multiplex detection requires high precision,
miniaturized instrument, which is difficult to
achieve.

The effective amplification is relative to ramp rate
of instrument, chip heat transfer efficiency and chip

materials.

MPCR based on

solid phase vector  probability to bind to template

The immobilization of primers reduces the

Specific detection of products in different solid
- phase carrier surface in a single - tube is
affected by the performance of instrument.

fKnt, GBS R . M Edgrk, &
FE AR R TP ) MPCR WA R 15149
XF 43 e N A Y [E AR A |, A A AR 1 9
B A T T UK SRR 0K A 2R A i R 1T, AR AR
b f#He MPCR 5197 (8] A B4 174 0] 8, e A1 [
ML 1S Luminex JRAR S F 46 £ K
H QtAﬁE@ZI_]HTXT%[ﬁ]*ﬁ%ﬁﬁ&%ﬁﬁ?@ﬁﬂ/ﬁf
BafE S #E TR SR, JF B3 Reefg Si Bl
100 EE"J*Z@&TJ%'@TQ?)”\U, W R Hb B = 1 A I
B 0% [R] B SR PRAIE A BE AR 91 BN T, (HE
M T e 2 5 | P i 4 = [ AR A, XA — o R
BRI T 51 R B Rl A ST H e SOy

B RRAR T AT £ vay [T AH 284 3% T ) 4 4
BORAEAARA RS o EFX iR, a] i a8 e
AR R G B BT NV, 802 G U PCR
FeARAE S N AR RAEY 38 By FE AR R I BN, KA
LR 5 Y SR 2 (R R A, [ A R
MHEAR R P 5, I IF & i 1 80%
mL B RARRE . RNERSNEZE
PCR £ R,
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