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# ZE: %% PCR (Multiplex polymerase chain reaction, MPCR) & 4§ it —k PCR R AL F BF 3+ % M ¥e st /74
¥, e — R AAR M F BT Y ) AT M AT LA B AR AR AT IS B M9 K. MPCR B 2%, i 2.
TR H M ARAFF A . B BT MPCR 4R €4k )32 B ) T4 2 4F 5 A vk a5 W7 473K, X P Ak MPCR ¥ 3%
5| # 7 @ A% T MPCR B AR K EA LM, 76T MPCR AR 694k & B A6 FI AL, 5 BR BH R LK EZ
518 B 1S R i 4 A% X2t iR PCR (Capillary convective PCR, CCPCR) # K #)7 XA 2R & B ABIK A @64
WHE, AR BT AES. —HMBF. REART. BN EHZH99 S E PCREK.
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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.
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15 1y 2 % PCR (Multiplex polymerase chain
reaction, MPCR)/&7E i PCR [5LAl |, 7E[H]
— A RAR R FIMARE 5%, FF AR TR Y
R ] — A 8 A [ XS afE A S e A B 44
MR ZA B R B, 256 — 2 MR B ik
1M 52 B[R] B X 2 A AR HE T 2 M E R . A
ChamberlaintF 1988 4F & Y4 Hiix MR LUK,
MPCR T 2L FH TV 20U, ALFs 3 R 5848 15 ik
2 BRSNS R R | fE2iie R0,
MPCR JJr i i (3 ), REAS [R] B X 2 4B b i
PRI, R AR THAG 3R i (R B, IR RERARR T 4G
B AR

bt %5 B R B K, MPCR £ AR AE 4 3
FAG I Jr 1 B R BUAS T 2B B R0 . FEd 3
T TE SR R T A A S AT
7 2 K A [ B 5 40 5 RIASE Al 43 1T 4R X6 2k 57
23 [ P UEATTRG s AER I T D, R WA B
ZERMEARB BB, SCH M MPCR 731 5k
W5 5 AR T MPCR 5 AR 1 & & Fe 5
XF 52 MPCR 73 5 K6 0 458 1 BR R AT T4
G, IRt B R A 2R AR T P RE AOR B A
Xof 1 S W

1 %EXAEEPCREA
1.1 ETRAIRETEZE PCR AR

£ H ¢t E i PCR (Multiple fluorescence
quantitative PCR)E ARJETEZS N it PCR HAR MY
S B, RIRJLRCORR DB MG, 45510
R AN [ 38 T8 ¢ S 16 0 B g SE BN 22 B AR 1
SCIEE R, TagMan /K f##84F (Hydrolysis
probes) &£ FEW G PCR 1A Z i i —FP 4%
B, BREF—ubnic OGS, D) —dmbRic K g
AT, 383t 25 A3 90 R b it A [\ 26 't gk A1 A
MR EEA, BIRTIE SRR TagMan 7K fif R
Bt B B IR SO N RS 5 1N 2 TR — B
K&, RIATSC BN 2 A #0 bR i 2[RRI . Weller
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260p) TagMan 5 3R, N H E T W # PCR
JHEFIR MR R | Zhang 251 ish B4 9 4 3%
WIS T R R 718 (EVT1). MR
B A16 (CAL6) UK B MmiEHR#E (EVS) B —H:
W, 4315k (Molecular beacon) J&% & PCR {4
o —FE e, R TIPOIRBRE
(Fluorescence resonance energy transfer, FRET) )
JRH, YRR PONEAE R R AR, TR
Pras B RIE BRI G5 1, TR A1 5 98 56 55 BT AH
HEUTNI R A FRET, A&7 Ayet, Wik
RPFAERE SR, fE—EMAET, £35%
S AT IR B SR AR R T B M, T AR 20
1555 o IBATE—A KW AR R o A LA AR R
SR 4315 5 5 8 98 55 I X 22 A~ BB B 1) [A] )
Rl Vet 20X} 4 FORRIRHIAR T T 4 Fh
AR 5 AR I BB e @25 PCR AL E
SCPLT DU AR, El-Hajj RO a4 T
5P IR S BT X 5 A% AT 181 R A T i 24 58 228 1Y
i

12 ETR$RWEMWLE PCR KA

TR R R BT AN 4> TR PR IR BT 1Y 2 H 9O
JE . PCR F AR W s & M6 (Db, SR 32 AU 3%
YRS I 3E 1A ) B, A A A 22 L Rg Ik 3 DY R 5k
FERW ., HEGHE S (Combination probe
coding) HARMFF L, 13 H AT 2 E LA % RY
B AT A I A AR AL B 2 TS AT A I A A H o
TEXF 4 FAS [] (1) 58 63K B R4 T AH B2 A 0T DUB
15 AR /R REN (K1), EEZHRNERTIMAZ

c! C;
0000 000000
c cs

... . . N=C, +C3+C;+Cj =15

El1 RABEATEZEWHEEHLEE
Fig. 1 The combination of the basic elements of
fluorescence.
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ol B 7 471 5 55 1Y) L 40 4R % (Dissplacing probes),

T 2 AE o DN 3 A B A1 O T AT AR A S Bk £
TS [5) B B0 A (] BF A7 4 38 FoAa il . Huang 5§
FIH 2 B H 5 mis R (MCPC) L8t T
XF 8 P Er RPN R A 4 e DL SGE T 4 A SERET
i AR SCEL T X 15 FORIRIRL I HPV 9% 5 i

Fropmtitd,

1.3 ETRAZMMZE PCREA
PR DL HR A S DNA XU/ A)
S, TERRE MIMROMR R 2 A — 2 K
B9t . DLtk S ml & B T2 (Melting
curve) srbrik, FIFASIE DNA P51 HA A T
(Melting temperature) {EAYHF1E, #E PCR 2 L 45
WJE, I R e T R RO 2 B AR, Y
IR B OB RE S R T (5 T X R AR I, 2858
FERMREEREAR, AR X FEA R 38a] LIS PCR
AN TR JBE 1) SURE 77 ) R TR B AN /] GC % B 1Y
AUEEBEAT 04T (I 2). Singh 280 £ st
PCR # fiff it 2 3 A 9 5 vk, il S 30 T[] fsf %
AORVIM ., W R Wi, TSR, AERMZ
VDT TR T R RN S5 9], Mendes 1<y T
— Tl Z2 0 ik W 2 o0 A O VR T FLSE B T N AN [
TR i R 11%) <5 e - B- PN T Fg T 7R J30) P A D00 0 26 3]
FEXEAS TR ) B0 B T R S f 51X, DT XF
M AT 43 A O R34, §7 3 2 1)
T (H A 25 5, B 8 0 0 Ak il Ze e i o7 B A6 A 7
YO o RN R MR o3 BT ROR B Al bR R TR

15

—d(RN)/dT
w o

(=)
T

2 HERBHZ
Fig. 2 Multiple melting curve.
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FI8 1R 0 SR I Ak fh 2 B AR — PR A A LKL
e Wl 3 PR HA A S8 X A A1 IR e it Uit
JEEAN R T AN [ 2 g it £, ok g ZE A
BEATOIMTHB AR, BHA M SR REE, Ret
0 H BN REE 22 AV 22501, AT 2 0 T AT
MRZ S . AL BT | RIS | JEIA 3 Tl
A4

14 ETFRARSHIEMAZNZE PCR AR
HI T 96 A1 AR B & S 1A S B — IR 1 28
Jt, T H. PCR A AN [R) 2 S A 3 655 1
XAaEAR, FrUMAR PCR {UHAERI 4-5 Ff
AFERZOEE S o MAETIOEY R 2 5 PCR 4
AW F YRR SR Ee T, BrliE—
S AR F rhE E R — A Ok, S TR
D IX PR RN 5 12 B AN 2 T T 2t R B 8 AR BT I fi
Hh£k AR (Fluorescence probe meting curve technique)
BA WAL . ZHEEEE ) E R It o W 7E
B 4 v 328 BRUAR G DR S Y IX R 5 1 aE 4 1 5
Yy, SRS ARG |1 Z 1) 3 B 2 S 0 O 1) IX i
THREBE TN 25l H PR A% IR 5 41 (4 e e PR PR AT, 4R
FHEY 38 0 B o 2958 oK i, I AR SR G
D38 18 P AS R EREE AT o L, -l E Ay
ZAFESERA, W IR K S GC &
HOM SRR B T (BT A RS, 115
— S 0 368 P X AN [T AR B A I PR T, (T
[F] Py 5 325 1) ZE (L, B2 S 1 1] M AG ) 22
A B bR, e JE g R 2 AT 0 b
Elenitoba-Johnson 219 I3 SR &1 i ih 4k 4
AR X 53 T 27 FivAT e & A S 2 40 0 FF 41
Liao 25 POH] FH 26 YR et 178 i B 22 A 1 2 b 52 B
T XF 15 Fh iR fE B HPV 1423 31 LA K S8 1% 48 Fif
NBBAZAT R Z SR BRI H

2 ETHEENSE PCRHEA

ZHEPIEE R PCREARTR Z 451907 | 3%
BERL R AR A B[R] — A S B4 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, B0 IR R Sk 1 Y
B, BEBRYTHGROCR T R, AN 2 R R S
fiX, ENSEERRERIEY I S 5, By 1Y
JEWL, i RS I 4 SR AR P A s AR B A . T
RS A (Microfluidic chip) £ PCR $%
AR B AE AL P T SO [R] 9 51 4 6 )
oK £ Y IR A4 A S ZS [P, FRE
W il ZR K AR 5 1 B A R B ffL A, 2B
TERAL TP AT R ) PCR 471G s, e Pk
AR S MR (P 3)12H, DA S B X AN B A
f9 X 43 0 5 51 P24 Poritz 2545 4 il ¥ H AR BF
KT — B AT LA [R) ik i 22 Fh s e AR 2 W 5

FR R “FilmArray”, iZ -6 RSB T 7E 1 h N
X 20 FE U 00 B B2 TR ARG I A e 12520

Cai 212835 31 {0 — P IR P20 e ) FF WL Hi ok 4
ARMZEFES] PCR 2 mi 2 G I H AR SCBL T 78
e 1AL T S ) 9 R T ) BB ARG 22 B 9 X
¥ PCR M/E M5 2 P 5.8 h M2 &

PCR it J5L AR B , 3 3k 28 2 B AR 7 ) R 48
FEAE T B AN, BRSO P R A~ H

—

AAAARAARAARARARARAAAARAARAAR)
ARAARAARARARARAHAAAARAARAARY

) DNA 21, ARk AT LA R[] A9 $E 45 4L F 40
XS W A5 [ AT 4 A RE R B RN, e
T AL TS AR R A AR B R, DA S
Pl % . Jackson ZEPF MG ST PCR
B S BE T X I 7 25 DNA (Free DNA) Hi 5

DLIERE 2 AR Wy 2 F AN, A1 o X5 PCR X
B R IG PRAR AR UEA T 22 W0RR B9 ARGI , BR K M 4R
THARAS BRI R I RRAR T AR OSY JEF ki
SH M ZE PCR HAMZH iU+ PCR 11
e R AE—E FE R Bl T AR R e 3 = i
Az B LA B 558 A8 B PCR B LA F 34 1 460 &
Bro (EJE YRR I B BRI, R TR 0 O i
W53 25 5 R S 5 | 0 BAL P P SR AR
Gy 7 AR5 R 5 1 2 F O N80T PCR 197
A BN VR AL B EE 5 | ) RIS 1 M 2 A
XA, AEAE— V0 AL 250 5 | Py sl 5 ik
TS SRR SRR RO, 53 AN E X AR
B SR A M PE aed v B ASEAR AN RE R UE 2 B 1 4
AN AL S AN H ) DNA 201 ANERS:
W7, R PIRN B AR T ZEh AP 3G I Rk
68 ) 380 VR G 2 A RS, L AR i &2 2k
ot EL S B Ay R M

1. Sample loading

2. Sample distribution
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3. Chip PCR and scanning
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Fig. 3 MPCR based on microfluidic?".
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3 ATEMEMKEHSE PCRHEA

31 ETEREMHZERMEA

JEZMT AR (Membrane chromatography) J&
TEREJENTEOR bR iR i) — I AR, LAY ot
R, ABIBCORE LY AS R . R BiKAEAE
RN, TR — RO B E A B R
B AR BA ) Bped O HBE A sh 0 sf AR &
Y, MZHE PCREARABAGAMEEEN
B s, BxX IR E R A AL 45 5 17— RE 8
e —Fh REUE . ety . ARG, (e
Y Z EAZBRAI 7 vk . %07 R AR R bR R
PR AR IR [ 72T AR R & b, AR
sV 5 1Y 2 5 PCRY™ 1 P Wy id o B4 /E &0t
JEMTIEE, [ T o B A A AR AR B A B
HIC X 18 19 R AR s 5 A AR 463 B R 1 7 W)
g, MEARR ST S e, RS
T 2o PR IR B8 e A DUASORT 77 A= R 9 S 4 A D
B (18 4%, Mao LTk Spric FRIRIE
FERIM IR ACAR B T — R BRI H 5L R Y
Tk, RIFE AR M SRt A& RERS 7E 15 min
PRGNt A FRAEAS . Carter 25134 % B f ) 7 A
1Tk e PR . R ALY 2 R AR A TR
It HAT L TR B es, XAl 7 AR
T ARG, AL IR A LR A 2R
Gomez-Martinez % 35T % i) 22 TAZ W AG MR 4T 4%

TEBL S BT X 108 {51 ik ifil 25 1 75 A 5G I 5 7R
WER S0 o T 2 AT Y 2 A IR DAL B
fRf B . A R AR SR T8 T AT A B Y,
R A PR PR F o286 e, XF T B3 6 0 i i 52
BN (E R R R R AR PR SR . IR
PRI A S (] AT SR S 5 i T B A DR 1) ) R
32 ET Luminex TR ZEWMRA
WA A4 AR (Liquid chip technology) ##4
I HE R A RS R HOR, WAFR N XMAP 4%
Ao ERTLARBRE 1 R4 i 100 FfA R H 9
Sy FHEATREIN, FFAELE 30 min AR 96 AR
BIREAS . HLWOAR R S i SRR Ry, B W R 2 e Yy
BB 10 RO [R] B B R S TE B 10x10
M2 GHEL ELES , X skt T Ye o, 755 100 F
ANFEDE TS IR . W2 tHm i HILM a5 T
AN AR I SOk B F— AR R p, 4
IARERIN 53 5N, BRI A 2R
IS 5, DNITTE B SOBR - AR - FE AR -
S EEY . K, ZE A YERRERT
LSS TRUR Sl Bl BTN il S N 4 N 2
O REUR I X AR 0L 9 & S G HEA TGN, b — S
TR GER B, B % bR 2 Sof Wi Fof
R HER AR HEA TR, 53— SOOI TR I sk |
et o3 TR m s B, AT S TR 0 I 1
RSN (B 5P, Sherry ZBYH A Luminex

Control

Immersion Conjugate Application . Absorbent
pad pad Zone Detection zone zone pad
¥
1 l N QQ;kQ RN
N Gj‘ <K
A s 5SS
§§§ 33373 M.
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!
_————— - 3\ X \" \2
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Fig. 4 Multiple detection based on Lateral Flow Assay'*?.
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Fig. 5 Multiple detection based on Luminex liquid chip
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N %8 5 . Rajeswari 251491 T Luminex Wi AH &
F e AR TR A BCE A B L SE BT % & I B
B AR YA S R AN S it O A R N
w5 Song 25U Luminex AR HH AR [l
X 11 A [A] () 298 A8 B A 5 A I A o 7R B AR LT
Luminex AR R H2 R R S B [A] B X 2 Fp A [
o DA BRI AR 0, AH A AR RN Ty T R T
HZimE , mRCRMERE, S F %A
ZEY WP RZEIY) . BER . BB B AS LT
R, UL, KRR EBHMEREFMZEY 3 LK
Luminex AR 7kl — &L i B AR R IR 2 &
KN B EE BT T 1)

4 ReEHRER

MPCR $ A AL 3AE T iy ik, it —
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Multiplex
L1 pybridisation

Biotinylated, hybridised
PCR products

SR, A A B A S R A B R
MPCR 5 )12 W T 5%, (H AR AT 2
I MPCR ¥ 38 SRR R (& 1), H
P ROR A — SO R e R MERT A I AR
2, SR —BEE AL, £ X MPCR ¥ 350%
—HUE R IR, AR G B 2 AR 1S iy E
ANWAL R R R i, . 51, R SE
R, B —E Y SRR —3, &
Wi 5 G R B, T R R AR EE 2 AR
Al BEPE R b, BN S SRR R G
B, SARY G ROCR T RE, Ao 2 BB AR S R
fiX, BB Y 8 93T, sy
M, A BH P R S AR B e 0 v
P i 56 TR 45 1 MPCR )45 4 — S 7 1 4
AT TESS FA XS ST 28 R N R T, 7E— 2 FE R
BRI T 5140 RARAY AR, fRIE T P8R, 3
TR A 1) S IR A kg TR, L A AR U A
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&1 ®MW MPCR Iy ESKHMNERMEERE

Tablel Themain factors affecting 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

results;

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

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 productsin different solid
- phase carrier surface in asingle - tube is
affected by the performance of instrument.

fiRit, S AR . T Bk ek, %
FEAHZ AR FEY B A MPCR ¥ AR K514
X4 BE 2 AN A ) A AR b, A A AR 1
Bt T DR R AR R A 2R i e T, AR AR
gk MPCR 51 47 [l A1 5 F 3 A9 ] 5L, itk A0 [
MHARA RS S Luminex BAHE F K6 I 4 AR
AH 45 A B8 A% 7] B X 45 1 RH J90RL B 350 2% 1 (9 9
WAES TR S IR, O e R Se Bt
100 IR Y 1 SR, A R M B & T R B
B[R] B SCRE ARIE A FE AR 1P 1 BT, (A2
M T 20k 5 | R ol = AR A, X — e AR
BRI T 51 5 R R A R A RO H S S
BB, 2 ann] B w55 1 AH 204 2% 1T i 37 34
LE RS YN E AN 0l 587 (1)) I B BU R <95
AR R 3 B BT/ NGRS L B4 A U8R PCR
FAR M R AR RTEY R R PRI S,
AR 5 ) SRR 2 1) Rl T A AR TR R g [
AR 0 P B ROR , MR I & 3 38R
mL B RARRE. RIWERENEZE
PCR £ R,
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