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Abstract: Foodborne viruses have become an important pathogen causing food safety incidents
worldwide, which poses a severe challenge to the continuous development of new detection technologies.
The application of PCR in the pathogen detection has promoted the comprehensive understanding of
foodborne viruses. In recent years, nucleic acid thermostatic detection technologies have been developed
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rapidly, including loop-mediated isothermal amplification, recombinase polymerase amplification (RPA),
nucleic acid sequence-based amplification (NASBA), strand displacement amplification, rolling circle
amplification, etc. They showed obvious technical advantages in resisting complex matrix interference,
low equipment requirements and on-site real-time detection, which become a hot direction in the
foodborne virus detection. Therefore, this paper reviews the principles, applications, advantages and
disadvantages of nucleic acid thermostatic detection technologies for foodborne viruses in recent years,

and prospects the development direction in future.
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JBI5 1A

1 HFAFZEEY HE AR (Loop-Mediated
Isothermal Amplification, LAMP)

LAMP FHE T HAMAZ R S5 Tt ) 1 R K ARy
R, IR S L 6 AN A 4-6 SRR
TR S A —Fp A B S 4T R 1) DNA AT
(Bst), REMSAEMHIRACIF TR, R . mROhit
FIRERRAR AN 1S . LAMP TECAE Py a6 b ] D3R
FHMUBE . BB B E R FEL VKL | Rk B ) O
k4L 45 (Lateral Flow Dipstick, LFD). #R%4%
B8 2SI 7k, X FPEOR FLAE 2003 4F# 1
TR H AL 25 e

TE £ e 44508, Yoda Vg 7 T o
B 1Y RT-LAMP A6l £ AR, H R 2 AT 3k 3|
10'-10% copies/tube, 5 RT-PCR Jy 2 (%) R f{ 3 A
T, FFAE S BRAE A G I iz T e R0 S B R A R
JEo A, RT-LAMP Bl -t sy i 346 00 1
EREE 71, HRBUEZN 10 copies, TESLBRFEA
R rh, TR B S RT-PCR Al 45 3 1) —
P Imai ZPIT L T—F0 RT-LAMP J7ik,
TG H5NL o, HRBUEH 0.01 PFU
(Plaque Forming Unit), #j°% RT-PCR % 100 %, 1%
TURF RIR RN IR G2 —, Gao 20045y
T — RT-LAMP J7 7 FH 600 D128 rp i 1 78 i %
WaaE, HRMERA 10 copies, FESZPRIIZEFEA
i, OB R RT-PCR [RIFE B4 H
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BT LAMP KIS R, FL[R] I AT PR B s
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[ AL 60 min, kIS, B 5 &S 80T PCR G
i 2% 5. Chander ZPU040 7 —F LAMP S
H AT 4L DNA 247 (Bst) 1 OmniAmp DNA %4
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51411 Bst A, OmniAmp DNA R &L H
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Table 1 Nucleic acid isothermal detection technologies for foodborne viruses

itk FONERE  REUE 011 IS 7/ 6= i HAbAL A HAA 2 =P UN
Methods Temperature Sensitivity Time Primer Instrument Advantages Disadvantages References
(°C) (min) number

WA SERYTH 60-65 10'-10° copies 60 4-6 AR PHRCER F1sEtAEe, [6-10]
HA Loopampreal- High BB
Loop-mediated time amplification Difficult to
isothermal turbidimeter  efficiency design primer,
amplification high false
(LAMP) positive
EAHMRAN 37-41 10°-10° copies 15-20 2 EASEZN N/ I 2N BRAERK [11-12]
PR Bio-Rad CFX Mt (200-500 bp)
Recombinase LightCycler®96 Simple and Appropriate
polymerase cost-effective length of DNA
amplification (RPA)
BIRFIIRIE 41 10 copies 90-120 2 USTE EH RNA Y U, [13-14]
LRI ES N Water bath Fit for RNA AR S
Nucleic acid amplification Complex and
sequence-based cost
amplification
(NASBA)
RIAY HERAR 37 9 fmol/L 60 1-2 PAEFYL RS BRI A [15-16]
Rolling circle Thermal High specificity  FFIxfE
amplification (RCA) cycler Difficult to

design probe
RO YRy 55-60 8.2 fg 3060 1 ABI7500 RS R RE51m  [17-22]
A Real-time High fidelity of ~ #&3XERE =
Single primer PCR system  replication Difficult to
isothermal design primer
amplification (SPIA)
AR IEEA 37 0.4 pmol/L 30-40 4 IR Pk | fRj(E FPEMIFESER T, [23-24]
Strand displacement Water bath Fast and At h Az f
amplification (SDA) convenient Limited

application
I FRTERE SR 65 20 copies 60-120 2 IR JRELfRT A BY PHARCREG [25-27]
AR Water bath B IHERER/N Low

Helicase-dependent
amplification (HDA)

Simple and easy amplification
to design primer efficiency
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B3 LiEShE4FS ' e i 4 filiRecombinant enzyme
o | ™= Forward outer primer 0 B4 iPolymerase
Blc B2 FfH51#BIP g
Ble Fl -=—-=== Backward inner primer = LG EITSBS
Flc B3 TFilFHB4B3 . —~— _Fii#5 | ¥ Forward primer
mmm Backward outer primer ~— T3 ¥ Reverse primer
C: NASBA D: RCA
a
5! ' 3’
P1 3 5!
3’ 5!
*
3! 5!
¥R . b
~
3’ 5’
5! 3! —-
\\\
3 5 =
=~ =N\¥==
= Be -
R DNA® A DNA polymerase

w55 T7)E 30 FAY54P1 Primer P1 with T7 Promoter
== 5[#/P2 Primer P2 WM T7 RNA¥&HEIT7 RNA Polymerase
( RNase H == RNA 0 AVM-RT — DNA
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Figure 1 The principle of common nucleic acid isothermal amplification technologies for foodborne viruses
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LAMP FARTEHAR ATt Ar fE—LE ). 2
N EGI B A Z, sImsat e, A
Dy 7% S BB R 9 i o DA R B L B T X
S I R LR TR H A S AR R A
15, A RE B M T e BE AN Fr 58 5 ZE00H 5T 5 1
Sh, LAMP IR RAESCIAEAGI, %55 = A5 L,
AR B

2 HAMREBY BB A (Recombinase
Polymerase Amplification, RPA)

RPA FeAZE—Fa] 1 H FARIE(37 °C A4
SIRY HEOR, VIR R IR RS A AR AL IR (5
AT )W 2N . BB B 5 1) DNA
4§ . DNA I #f 45 & % [ (Single Strand
DNA-Binding Protein, SSB)HI Mg?*4, FIH5I19-
HHME GV DNAGE, JEMAESE DNAHE B X}
7[RIV A IR . 254, HaeP, it DNA %
G SSB AL[EIVE & M ANEE , BEE ROV Y
AT, P R BOIRE K . RPA AT{E R
— R P PR He R R T SRS
55 %= AN BRI ARSI

HETE KRBT —Z451 L4 RPA Sk LAl (1) 4% R 6
WOE AR, N E R E MR A YR
(Direct-RPA) . 41 il 58 A Tlg 47 155 Il 3K B 92 WL ffF
H R (RPA-ELISA) . i 21 g 3R 4 W4 14 0 3t )25 b7
R (RPA-LFD) . SC i} 20 B 3R & B 4 4 Ho R
(Real-Time RPA)LL %z RPA 43 ¥ 4 A 23U
Wang 25 B2 57 52} 3% 5 RT-RPA J5 46 I 5%/ 1N
FESh TR AR YV B I 2 85, HAG I FE B B AR
TH# RT-PCR, REUE 55K qPCR 04, 7E
100 copies/reaction =47, Zhang 291 % T HF
PRSI /1N iz 2B 5 9 B 1) B 2 6 2R 5 T 1 3k
5. LA, RPA FRTEEIEME Rp Rt f —
SERGEH . Yin ML I T RT-RPA R i7iH
JEE 7L, ARSI R SRR RT-gPCR, A
iK% 3.767 Logy genomic copies (LGC). Moore
U2 S 7RI AN G114 A RT-RPA J7

W, HREE N 3.4 LGC, iT4EkK, RPAFASGH
WS EE R, AR RIKINER, ankk
THCWH I RPA HAR FITAGIU I 4e 42 8 1Y |
ST B MRS A5 RPA ST & e
IR A2 ZEH DNA S SAEI A X R
& W4 W S N (Heterogeneous Asymmetric
Recombinase Polymerase Amplification, haRPA)AH
SR A2 A TR PO S R R AR R AR I R, (A
TEE IR BEAS I rh B 0 TR R Bk =

25 FRTIR, LT RPA JNESKE R 255
AL . BRSO P H R A S 55503, RPA
W 1R AR B R 2 3 5 AT AL A PR A I 1
BHATFB, (HZHARWAFTE—ER AR, By
BRI, Sy gL 500 bp B9 5 B
SRR HE A AOR

3 HBRFFFHIMBUEEY BB AR (Nucleic Acid
Sequence-Based Amplification, NASBA)

NASBA J&LL RNA Rt I i —X5 | P 40-F
() U S A% TR S5 TR 3G B A B v AR, LA
DNA A BHE LR AVM 55 540 . T7 RNA RS
fitf . AZWEAZ R T HAN R R R S PR 5 | 9 e W] MR 1T
SEMP M. B RNA IR, A T7 a8
TR RS I e AVM 056 SEEEAE T R & 5
RNA A B A DNA P51, A a1 RNA 5 DNA
ZRBEF ) RNA #8>%% RNase H 1%, FRiis 2 4
BIWsE A B AR M) DNA, 78 AVM FfE A=
i DNA ®U, )5 7E T7 RNA BAHHER T K
AR H R B

NASBA 1 R—I05 R A BRI A, FE9%
BRI A R, W HIV R 2 T
%5 7 Y YR E S A . Lamhoujeb 45 MUk
NASBA 54T Etrs ek, HT G Bk
FEAREIN , H R A IAF] T 0.01 Particle Detectable
Units (PDU), B&AIX T 32H RT-PCR, {H H %l
RT-PCR & 100 fi%, Heim 2135 H] NASBA A
6 I 0 R R I e R, R BRSO
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10 copies. M, KT NASBA HIAFFEHIXIHL
A, fwla FES. NASBA HHAbE ARMILE A M
ORI J7 . Lu %0857 T NASBA-DNAzyme
R g uphtinss, HRBUE % E RT-PCR
5 100 £%, /T 10 copies/mL.

NASBA HARMEIHATE TR e 1 BTG 2
FRRANER, MHER LS PCR HoRSE IR i, e
FIRESE . SRT, NASBA AR [ SWfEE—R
JEZAL, a0 IR S A . e iR A
8, DRImBR ] 7 R SCBRR

4 B WP B AR (Rolling Circle
Amplification, RCA)

R HHEARIZ VT H AR R ARk DNA
FRVR P 5 ) ok 5 B T A RS2 R 1) — b B B A IR
P, TERAREERIGEYER DNA REHEE
AT, H—% 58754519 53k DNA
BN BE & A e, BT S AR B AN Y
K 55 ssDNA, 4 i Ul B i 5 K
ssDNA, SZELFRR DNA B RSN SR Lt
W, AIMASHAREAN DNA —50514, nrse
BARBA 1

UTAER, BEFEENTW A ST 13 T 2 A6
f—Z5 771, Murakami M2 B 7 = i 4
F41% (Three-Way Junction, 3WI)ZH-A /1 SRR
3 (Primer Generation-Rolling Circle Amplification,
PG-RCA)H A, # RNA {55k, AT LUK 5]
amol (10*® mol)Z/KF-HY RNA. it 58 (s 5
Bl | A5 S OREARANGS &, 2 il RCA fIHF5Y
oz —, . Carinelli MM RCA SHifb#
R H ARAHZE S I AR T OR, R B
HEFTRGIN , HAS IR 29k 33 copies; Na Z5MCl4r4
Tl RCA 5 U PR 25 5 A8 4% 28 IR 19
BEQRIERL AR IR 255 AR et R 5 5 ) A 4
g, A EAARR I BR £ 155 0.1 pmol/L, T1fi
HA A RS, AT AR ) R A
P R A7 s FEE IR R i, Hao 17

B RCA 5L LR g Fr AR Ss AA 4: 2
HIAGERE , ORI 15 CFU/mL; Hamidi
22 5152 FH 8 52 AL 7 3R 97 14 (Hyperbranched  Rolling
Circle Amplification, HRCA)FIE )14 s St 6
M 5 HENL, TEAEMR N 3 I, AR R
A 9 fmol/L,,

FRTE S RCA e KL A, (1% RCA Y
FREEE . RS RO IR R IR R, H
RCA A H A S RIBRIE, X2l EK e,
DI T H A S K EEAE 100 bp A4, &
BOMERE R . AR . HAET, RCA HARYE R IEMER
BERCIN 5 A BE SR B 2, BT R BRI B R
W, A HHARsE . MRS R BRYKRE S
MBHEERARME G, FFAST RCA My
R F ARAFAE T R A 2 Jreiiy % o

5 B ERY B E A (Single Primer

Isothermal Amplification, SPIA)

SPIA [0 J& — IR A 51 K ml DL D) &)
DNA/RNA Z24-4%5H RNA #7019 RNA i, 5141
5% RNA #8535 F1 3/ DNA #4340, 7 3ot
H1, RNase H AWTFES#ES |47 1X DNA/RNA XUEE 1Y
RNA B4y, ZE8E M E5514) RNA $3434545 1
i, RIGHEIMES L LRETREER G, &
1T RNA FEff . Wig|dsG . B i,
SRR BT (g pes 371 184

F ot B MG LS B I, SCBL T X
PARAASHREETR . KRIAAT I 0157 . BRI 78 B i T
PR TR A 1 VR O TR ARG . R R
T, Perlejewski 252 SPIA 5 Al e Hh
RNA #4741, Faeatki e PCR &t A8
e 1 %1, Myrmel ZEBODLSEER 5 25 MBI 5T T
%, YT SPIA. SISPA % 2 Fh oy 435 5 AL
I A A A BRI . AR IR S A T
SPIA 5 Z & &R P 1 (Multiple Displacement
Amplification, MDA) W F#Z% R4 3% Jr ik 4E R
W BN, 25BN SPIA TERS SN AE
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71 EEF MDA, fEBEE SPIA LS, iz K
A SRR TN I

AR BABRERSR R HoRm . Lok
PR, (A5 142 DNA FIRNA R4 5]
Y. HED, SPIA E2 ) T REZTRZ S HE
(Single Nucleotide Polymorphisms, SNP)#G: il 1%k
A R SLim RAE i AL IR 1S, AR TR
DRV FE ARSI S5 Hh T JRAH G A

6 #“BEHmPY BWEHE A (Strand Displacement
Amplification, SDA)

B AR Walker 22 1992 4FH
H, R T EHE RN DNA (RANER Y 3
A, FIABRGIENDIEE . HATHE B SR DNA
RGN 2 65 | YAE S IR A ROt 791 . v e
551X YR ST S5 DNA 254, (158 DNA P
b BRI 3 Dm0 A, BRI A R N YT il
PR DNA $EF81_Eglbric U4 55 I T I 0EE
DNA, #RJ57E DNA RAEMFIVERT [ 3y ] 4
fifidf Bt DNASE, 5755 2 X154 F1 DNA
B EHOVER R 791

AR, T SDA W HIBFFEI 3277 10 s
SDA SH M H RZE Gk, LAIF & 8 BAG i £
Ao Bl Dai ZEENTF & T R LT AMEOG AR K
HOGE B Y O e, SEBLT RS A0 M P Y
MicroRNA & SRl Li 25248 T 3L FA b
I B 5, AT ERGEREN . Bt
24, SDA RRESHIILALIEREE | I T IEhnaess
A, TERGH BRI H AR . SDA FESR R K
A —EN T AR GEPIR A SDA 589k 4
MR IR S I B s L PR M T
Triplex DNA-Assisted SDA, FT & R BUERERME
FE RN 40 (SV40).

SDA i AR S ORI Dok
faifd, (HAFEANEZAL: SDA T &M 1)
dNTP, ] HL7= 9 i s T SR A7 A R 1l 4 P DD il Frg 32
AEH, AT, X—55 LAMP f=4—

B, FEFEN TR 7 sk = 0B . HAT, SDA £
ARAE T KL R 12 W 45 1= = U B Tz
FERRTEZOR I . s BRI S ELAP- R LA
i, Hi T PSR, R
P B RSN VL FH B R A7 BRI K e 25 1]

7 B AR JE B IR B BOR (Helicase-
Dependent Amplification, HAD)

MRS A e B ST 1 H R (HDA) /& 2004 4
Vincent PR H ) — Rl AR EEOR B
JEHE S A MRy DNA 8RR (L. 7ED L 7
B IERE SR T IT, RJE RS A R
(SSB) S5 #ATIT 5 TE 1) DNA Bl & AT 1R,
TG A DNA REEEOMEGRUTEE, A
BT EE PR E AT —fe 38, DLARIR SRy )
R

Tang Z£0005 37 T RT-tHDA 15 5% HIV J6 2
AT TR, R 2458 50 copies. BRILZ A,
HAD i RAEAEMBSEAETRE . FABEZ0NEE . R
9 7 O AG I PPt A 1 PP R B R A
WL, 4R RT-HAD AR T 1B
FEN B PRI s, BB R S, L
TR H W RT-PCR 75 10 1%, Jraldy 1
—F RT-HAD MAZIRY 34 71k, FIF HTNO & itek
SR RE IR, 4l AR MR 4 G 28 2 BT I A A I
ey, HAGMIFR AT % 20 copies/ul, ‘5% 3L PCR
T B2 5

HDA B0 AE T HE —FiE IR A R 1 4
A, XA EORAL, 10 E 5K A X
IR ME RN A A B . T Ik
A7 1 [0 85002 558 A R O T I, AR e i e 25 L
Hegmy WAk, B, X T HADE ARG
PG 15 A8 I T A B AT A A R, {H HAD fE
N — A BV AL RR Y BB, AR A SR
iR JRE TR T 33 A U, HAD 2 1) Rl Y %

A 5% o
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8 BHY

MR TR N TR & 5 2R 3 B
A2 B2 R AR, RS B AR
FLARTOE | P | (IR RA S R R, B AL R
R T s BB A . AE AR Z IR TR S5 IR 415 7 1k
1, BT LAMP EEMXT S, RPA. SPIA,
SDA . HAD 45 )5 iE 5 HA T R w5t 5 & S s 1]
T HIRA R BRI B A DR A 4 R . H T
ZRCEIRER EEAI T R & LME SR PCR Jr2X
HF, FTEFERHS | XHERME A R ER R L SR
NGB S, A AR A I H Y, 25
— SO YRR B R DX 0 — S g b X
BERF PR A R BB T o XX — [, AR
VA 9 1 1 6 8 QPR A I Jr vk HLA E R S B
B, HARETE S Y Rl 2E RS S, R R R A
WRE R RIVEN LR 9 b N i SR P o (e B
PR S, DASCEUE HebE | S T
510 IR S S A TR A , 7 DL U B B R Y
RIEWET] o BRILZ AL, 2R ZHO% IR A1 5 ik
St PCR ML, HAGI R kA —
FEZEHE, AT LR [ O i SEEE S R, i
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