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Research progress of isothermal nucleic acid amplification techniques
in the detection of foodborne pathogens
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ABSTRACT: Isothermal amplification technology is a new type of nucleic acid amplification technology that has
developed rapidly in recent years. Its reaction process is always maintained at a constant temperature, which reduces the
requirements for precision instruments and detection sites, and greatly shortens the detection time, which can better meet
the daily detection requirements of accuracy, rapid, sensitivity and portability. At present, foodborne pathogens are still
one of the main factors affecting food safety. Isothermal nucleic acid amplification technology has been successfully
applied to the detection of some foodborne pathogens, which has broad application prospects and is expected to become
a new method for rapid detection of foodborne pathogens. This paper reviewed the amplification principles, advantages
and disadvantages of the 9 kinds of isothermal nucleic acid amplification techniques, including loop-mediated

isothermal amplification, rolling circle amplification, saltatory rolling circle amplification, recombinase polymerase
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amplification, isothermal multiple self-matching-initiated amplification, single primer isothermal amplification, helicase

dependent amplification, strand displacement amplification, crossing priming amplification, and the research progress of

the application in detection of foodborne pathogens. Besides, this paper proposed some drawbacks shared in sample

pretreatment, primer design, result interpretation, detection sensitivity and detection flux, and given the corresponding

solutions, in order to provide research ideas for the practical application of isothermal nucleic acid amplification

technology in rapid detection of foodborne pathogens and the formulation of relevant standards.

KEY WORDS: foodborne pathogens; isothermal nucleic acid amplification; rapid detection; technical difficulties;

solutions
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H A7 N SN R AT A IR T A B0
P T B TR B0 R A I 32 EAKEE GB 4789 RAIMES
Figeik, Bk B EA AR WA R A, H
s I (4~7 d). BRAEBT . Rtk SEURERAR, A
S Jg YRR ) AR AL 22 AR 5% . B SRIL R RE 2
E AL TAERE FHAN 2 A2, R RE . &
3 RN A R AR R S HOR BB i A, IR R R B
HASHME., & REEMESE SIS, K, &
S0 7 MR AR 7 M AR A E B R B0 TR G DU v o B
Tz, ALY 1 S 75 BT B FHR R IR R, HOm T4
6 i L RORS B AR, TSR IRAZ IR Y MY HOR, o i ik
LAFFAENE BRI, BRAIR T AR 2 4 S AR I 37 b ) 22
K, IR MR LGRS T R DU ], TEARE R RS . P, R
. ESER HE R K

HHiE 0 SR A R Y HR A N SRS IR
1 (loop-mediated isothermal amplification, LAMP), JR¥f 4§~
34 (rolling circle amplification, RCA) . B IR 1%
(saltatory rolling circle amplification, SRCA) . T il R AT
#"1# (recombinase polymerase amplification, RPA), 2%
H .51 & ¥ 1% (isothermal multiple self-matching-initiated
amplification, IMSA) . ¥ 5| ¥ %5 i ¥ ¥ (single primer
isothermal amplification, SPIA). {5 i Jie B 1Y 45 IR 4 388
(helicase dependent amplification, HDA) , % & # 3% (strand
displacement amplification, SDA). 3& XL 5|¥¥ 1# (crossing
priming amplification, CPA)%, HHT, /- HréF iR Zmy e +e
AP 18 SRR B s 0 SCk AR 21, AR SO A TR LA
R, M FEELL GB 4789 R4 Hh iy [ i B IR PR BUW iR 0 T
HbR, R RAL IR 3GHAR K Y JR HORAE £ I B0
TR PRSI r RIS R, 4R T A 1 e ) AN
RHKSRDRAE T, 5 LSRR Y 1 BORAE B IR B 1A
PRSI rr ST R 7 5 14D I FE R G ] R D s o g o
e T

1 FEREERY EHEA

1.1 N SZBRERY 18

LAMP. IMSA Fl CPA #$¥J5 FARM, KR FAIRE =
514, FERIFA A KB 2 451 P58 sy gt
LAMP J& BTk i 5 i KR SRR R Y AR, 1
ZRATIITRES 7 g an g A 2 et 4
WO AR R I KR A R
O157:H7" 1) By g A B 7488 1 T ek 005 T 1) Rl A
M, LEE %BF R T —FIET ki LAMP Rl ik,
FIH HRPzyme 43 F-f5hR, BEAS DL | A58 5y 50 A 4 b iy
6 P AR FCTA, vaflk 745482 . SYBR Green Yk FIfR
T 2 B 10 9 9 v AR AR S 96 T A OAE PR Y T
LAMP N5 Z%, B2 ERIRY 1, Hokiz
WFFEF MR R B, FF R — R AR S F 2 E
LAMP Kl i o WhAE ARSI T LAMP B & T —Fg0
AR R, T B0 1 U SO A T A R A, T
SR TRARSR B g%, SEBL T AR AN A B RG] FG
B SR AN A 2 R B B A K 35 75 ER A O157:H7 1Y)
B, TR R A A DU B[R], B e A ROR, (FIZ I
FE A I FH 0 At B 5 S0 DA D v, AT I A
TR R I, RS A .
1.2 FRZBEESILY 1B

IMSA & 2013 45 A [0 TSy 42 1 v 0o 2993 TS
P T & W — T LT LAMP 4748 [ 2 5 20 38 4 Wl
S (polymerase chain reaction, PCR)S | #8157
L g R TS LAMP Fl IMSA £3589 Rk ¥7E: 5]
PR s 8 H . IMSA A5 II5I AZEBIYITS . PR L
LAMP T Z 068 A FREXT L5 (B8 E IMSA t LAMP
HA B3P HA0R) . CHEN 2600ty T — &R M fe g 0
(9 IMSA 500 6 AR I A= 403 v 1) 4 3 (A A BR T, fE
A i A ISR B A AL R T2 SR, B TR R
2, AT ORI TS S, 3 TR A, TR
AR IR 75 P B T K IR A IRTE O157:H7 FIvb( ]
PR TR B PRGN 95 YR AR B S T 10 A
6 h Al H IMSA WA, W24 T GB 4789 HH KiniE A R
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O157:H7 1 24 h MUPT TR MY 42 h, HBEERURELF, B
Ty Rl A R SR R A R L BRI A A R T Ak
i — 20 F 45 1 TR ] ()80
1.3 X514y 18

CPA J& 2008 AEATMIHL IR A T & 1 — i B 5 i
PIGEAR, b EE A A B BE RO RIMERRY 1
HAR LAMP 5 CPA (AR S AT B BRI AR, S
FOV B R P RN a5 AR, 3 JLAE, CPA HR 1
TSV E R D, WX V1T G B P 2 R v ot
SRRl BRSPS TSR Vb1 ] B B AT Rk
CPA Rl Jrids; 2555 TP o I oI 43 T 15
R 5 CPA YRS S5 1 35 - Wi WA T IR ARSI 7 ik o
H AT IRAZ IR HH AR 1) R JRAT) 32 B4 SRy e sl e A g
R RTINS TR ) 8 WL VAT A SN B (A KT A
TUTE AT AL RN AT L S5 AT RGN T3k P DA A et )
BER BT, STEREh SRl AL B R RE PR A AR IR Y i
AR i) izt i DX RIBE 2 il A S SR o B o

14 EHBREEEY 1L

RPA 38 £ 20 B L4 5 | ) 5 AUk DNA B BAMC
%t, Ji5 DNA &, A7 % DNA fffEnt 22, RPA J&
BT LAMP SMW 55— AR T8 R A . 4
ok, RPA HiAE S i T T TR PO | & d i Bk
P70 R i AR 728 K iR A BB 0157:H7P2)
B AN AR AR R PR B G . DU 5P
RPA 537 2 M4t %% (1ateral flow assay, LEA)AHZE & T
FAAZ AN M 1G A 2R EC P PO T bR, = 4E 6 h A,
K HBR T 1.5%10" CFU FEAIRZE 1.5%10° CFU. XKl A ik
AT TG GRHRATE, 4 R B s A AR, 8 e R B0
TR 5, RPA AR REBR {7 PR, B S 74 S0 22 B AR
P, MA EPSEST I A PTG . AT A Bk
FORIVE MR B9 22 8 RPA-LFA #0051, AESELE 15 min
DA [l Bt 52 i 3 A2 TR S0MS T 114 A% R 18 0 25 T mT AR A1)
B2, AR EEIReE.

1.5 (KB EEERHIE IR 1

HDA B P) DNA &ZHlal e, FIH UviD ffBefs 7E
fH IR 65°C4&F FHTJF DNA XU, FiH DNA MgEss &5 A
FRE ST B BEE R 5 | P ibAiAR, f)5E DNA REHE
FIFSCHLEFRY 0, H AT HDA {XAEYDT TR | RlE
i A T 0 B 0 A T 7 4 s A T e A A 5 Sk
., DU 25004 HDA #l LFA 454, 52907 90 min LU ASTD
I EG TR AT ARk DRI, 227 9 X T 9 X85 PR N B L 3%
BYFEARLEDEAT 2 h S, A PRFRIRE 1.3~1.9 CFU/g,
WFFE (TIPSR A XS 7 vk 064 790 0E, {ELI i A 3 4%
JAT TR BR . 2 A WOREARTEA T, T 8 2 % R 3
TR TG Y MR SR AR, BT AR T LR, IS (&

il 2 A MBS, S 2 U ) A SR, I Bl TS Y £
FRIEA T R, AOCE NG A LA g 5, dE—256
TIE 5 (0 N A 5%, A ) K ik DA S 56 2 AF 4 o 51
PR -
1.6 $EEMRI 1

SDA & FE B S0 A SR 4 3 B A, ) B il
PNEIEE . HABEEHIE LR DNA RBAHER 2 X5 ¥dEfT
Py, HAT R A RS R SO WU SR 2
MG &a8 5 SDA 454, A4 40 fB_F ARk %t K 3%
i FGBS O157:H7 MRAE S & ALK, K BRAKZE 10 CFU,
BT O DNA SREUW PG, Rk T L5
DNA § 3407 i s Bk, =AW iiise riml . ZHANG
S Sy T T G-DUSER ) PCR-SDA MUY S A V0[]
[T A, FIF PCR ™= 4fih & SDA K, #EFT{s 5 K
R, 7 R AT LR Ak A, SEBLT VDT TG TR A AT
A TRASI , 258 PCR H AR AR A% TR Y 1 H AR 25 &
+43T54b, PCR 91 AR IRY AR K514, Bk
TSI R, SHE T DNA FEA HAT BN FH R 5 .
1.7 HRS|YFRI 18

SPIA H#Z.0rJE— 451 5% RNA #3401 375 DNA 7
SRR G B T LAYIE] DNA/RNA 8545 RNA
B4 RNA . AN, 250 RNA FEfE. H
SIMLES | BB IE I RSB P ) ARk,
SPIA &AM T4 # i A a1 . W TR ™ wl
Ve IR IREAT LT A% A g A Rl TR Pl G
YANG 27 Sy T 08 A RE AR Hh R A0 886 A 2 W G T
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AR WL I ) 5 285 SR, T ARE T 40 0 A RABUE, Rl AL E:
AR E B P SO BRAGIU H FHAR A T 4 S R
1.8 SRMHE

RCA JEIEFHEEMERE . 51 S5k B 3 0
AR AR H H AR S IEAE R, RCA HiARE i 1
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ISR REAS FR T ] R B A FROEAGI 27 T R FEAR 1Y
TR ERAE, K HIRIEZE 4.28 CFU/ML, HA B 1A R
HEORE FESR AR, 2 —Fh LT RCA HIVDT IR
PR A I 7 . WANG ZECUIR T —Fh g2 B H R
(magnetic separation, MS)Z4A RCA il 4 5 {6 1] A BR B8 1)
SR (MS-RCA), 1ZR Wil o5 7 3T 7l 8 Z ik Z ik
AT &M amAERENEE, 8RB 50 min, Wi
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F GB 4789.10—2016( & fb ZEEZEAMME BMMEYFRE
ST OBEERFARL ) H UG TRTTR 0 18~24 ho HLIARMRT
ABFE 5 R AT ), 5 20 e B ARG IR ), 4R A ISR
1.9 BRI 18

RCA MM 7 AR DNA, 75075 2 AR IR
KL, AR, A K 2R R AT R T
SCRA iR, SCRA fig % LAl AR DNA M HAR T sl #505),
TTFIMER . SRCA FEA E I F 101 TR
SRR BIA AR O g g A
B3 T B AN LN 73 o 770 R Il DAY 0 ot P e [
FIF FTA BERESCEIEIAR DNA Pus EREUWERE, 35 FTA JiE
5 SRCA 54, (41 52 78 REAE A 20 AL A i U1 L AR
HEAT, ST AR TP b T FCTA A PR ARG I, 4G R BRAIC S
3.22 CFU/mL. FEAHTALBE . DNA $2BUR IR W 4L 401
[vi] — B35 Hh 52 AR S BN e A (4 A RO 2, A BT AR
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CPA. IMSA Fl SDA ¥ RHZ45 W E Yy 14, FHEILT
Pyt T AR A 55 Ry WME, 7 B & A
54 TR PREBCER 2, JEET S — R YR
RGBT, DAk AR P T AR G Ak L R Y
H—# % J%; T RPA. HDA. SPIA. RCA SH RN Z /Y
T T S N7 1 2550 1% ZEL G AR TE R | R N SR,
AR 45 B i L I 7 R AR AR Ak e, TR R AL T
it R AL 5207 AR FR 2 MR AR A DA P A

3 FRHERA ERARERIFERREN P
Rz F

SRR Y 1 B AR HAT B R 0% | SRR Ry
Sk, B AT EERESURE MR, LI GB 4789 Hh
5 FE UL BRI B0 BRI B AR, SEIRAZRRY AR
R HA R AR R AR SE DL EE 2~6. 23 M AT 1. (1) J7 B 1Yk
oo AT IERE B AR 0 R FARFFE, BF5E 5 9 i TR
BRI BT 2 EALRRY B AR R E#(mLAMP . mRPA |

mSRCA %), filii: 5 PCR 1 CRISPR Bt S ME STk,
5 PMA I FH S BRI I BOR BRI S D) REtERESRIR ], 55
PR A 2k DNA A& 5555, QIR SE: 5% & 7E e B
S BER, AN PR G B TR A 405 5 1 T B RE AR,
T 2445 45 B0 1 1975 YRk v BUE A8 Y SE PR AR, fidn:
DITIRTE . W ORGSO A 4Ry R T BT
Ty 15 YL I FIRE s 28 B, RIS It S BT B ) 15 ek ™ i
B Q)RR B E R T HAT B R A R A R,
X REAS AT B SRR T DL — A5 ARGt B, 4R s A
R, XHIETE Y B REA AT A RN RT3 (4) A ik
FAEPE: AIFS BT ) 3 T4 (5 485 17 ) WAk 352 5 vk
(LFA . B AT | 96T IR AT ol 0 i 5k T &
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HhBE S5 58 R 0 R 23 Al ) A i A AR T 2 45 s AT
W K& ST

4 IR FRRRE

BRATE PR SO 1A 1] SRS B A o P AT A% G b SRk
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LA —Fh [ =4 B R, 3 1 X 0 AN AR R IEAS
[, QR EFEILT RAA #7 T —FRIH O &M SIPIE
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AR, A A BE I 1 A A 36 A v 1) 1 5
TR R AR AEAE DA Sk )
4.1 HmETaE

Hi—, BIZ A s 3 D SE BB I A IR AR O 44k, TG
B RPN T Rz, LT AT
FEZ R PRI ALY FIAL S A I g — 4L -, DAtk
K52, KT LI R 2 B0 — AR - 55 505
&, WL ANEAIR IS Y RT AR, HROIME Y, AT
SRR AR B8 4 AR AR I S Ak 3 A5 RS A b s 04T L
FHo HZ, XPREASHEAT I BRI 4 s B 5P B0 RS L %,
RTUE DA — FRAE 2R B R o o T 48 R A A B ], ] il
FHThREEREER! S X W EOWR B T B 4R, BRI FTA
i OVl 2 5 RO i 114 — R Tk ek O X 240 TR SR A U R
i) DNA #l RNA #1475 B 4 o Toit 2 & 2 iRk SO i
WS WAL IR, R I 4 A 6 R P T B
PRI R AL, T R PSR TR R G B R Y R s
M E . =, B4 DNA SERZIRY 15 01k X /S8 S
T TE, RGO RE IR . @RI PMA e kaEs:
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% / e — \
] SDA /// RE
M RCA L -
’ 1 LAMP
HDA P A=y LFA
s SPIA
ﬂ ' RPA
cpA & — %%Wi
WREE. A
FA A BRI EIR Y 1 (e Sl
Pl SRR M BORY 1 R P
Fig.l1 Flow chart of isothermal nucleic acid amplification technology
SPIA
SDA RCA IMSA. SRCA
|
| |
1990 1995 2000 2005 2010 2015
P2 SFIRZRRY HEBOR K R Lk P
Fig.2 Development roadmap of isothermal nucleic acid amplification technology
FR2 FEZBRYIBEAECTIRESNFHNEA
Table 2 Application of isothermal nucleic acid amplification in Salmonella detection
i i
B 7y 3 2 Lk 5 % X
Pk H T S /°C i5$i/min o HH B FOR EDGIN
LAMP Bt ERL B 65 60 4~6 CFU/25 g (mL) LFA [7]
PMA-CPA AR Bk K 65 60 10° CFU/mL RSN RVRFS [22]
HDA KR 65 120 2.6x10> CFU/g AGE [37]
mRPA R 37 15 10 CFU/mL LFA [27]
mSRCA S ] 62 45 10 CFU/mL RF [57]
PCR-RCA 415 59 60 4.28 CFU/mL b S [49]
IMSA T 63 45 3.17 CFU/25 g (B4 6 h) RF [21]
PCR-SDA H 62 15 22 copies/mL FEHRAS S [42]
F+ 3 FRAZERY RN TE AL A S A S R EC AR R A L
Table 3 Application of isothermal nucleic acid amplification in Listeria monocytogenes detection
Ei i
7Y 6 i E A Bk
P48 )5 FE TR C f5$ il /min ozt PR A % 3Lk
LAMP EXani 59.7 50 10 CFU/g NI ERS [8]
mLAMP W 65 60 10° copies/uL RGB & ab# [5]
SCRA 417 65 75 4.4x10> CFU/mL b5 AN [62]
PMA-SRCA LSk} 62 40 15.6 CFU/mL RF [63]
Casl12a-RPA 17 37 50 10 CFU mL b5 AL NS [34]
mRPA ekl 37 15 10 CFU/mL LFA [27]
1.4 CFU/g(# ] fhik DS LIRS
SPIA Y 61 / g(f e ) % N, [47]
14 CFU/g(ULVE rI¥3%) WIRALIR RS
SEA A 61 40 1.0 CFU/g(% 4 4 h) B0, ] [65]

T AR,
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Table 4 Application of isothermal nucleic acid amplification in Staphylococcus aureus detection
5RO R ﬁg o ﬁ;iiin R R 550
LAMP F K2 DNA 60 60 20 copies/Jx Ji DSICIEINS [11]
RPA WA, HFE 40~42 10 38 CFU/mL (g) TLVE IR [29]
mRPA 45, Ryt 39 25 10 CFU/J v AGE [30]
PMA-SRCA A &R 61 50 66 CFU/g DS NS [58]
MS-RCA it 37 60 3.3x10* CFU/mL RF [51]
Casl12a-SRCA R 62 60 3 CFU/mL ECI [59]
IMSA LS ] 63 45 10> CFU/mL DS ILIEIN7S [19]
F5 FRZBRIIEEAEXBIERFKE O157:H7 &+ 8N A
Table 5 Application of isothermal nucleic acid amplification in Escherichia coli 0157:H7 detection
i WI RN B9y {;g? c ﬂ‘jli}ElLJi:in Kz Hh PR 0L 225 3k
LAMP 4 60 50 1.3 CFU/mL( & £ %) LFA [13]
IMS-PMA-LAMP 3 63 40 81 CFU/g LFA [14]
Cas12a-LAMP R 58.8 60 4.8 CFU/g AT LI [15]
RPA L PRI 39 15 7 CUF/25 g(& % 6 h) LFA [32]
mRPA [EaRiid 37 15 10 CFU/mL LFA [27]
SDA 445 oK. R 50 30 10 CFU/g(mL) LFA [41]
RCA [plid 37 40 4x10° CFU/mL DNA 7K&E e iT 4 75: [53]
IMSA FRL ER 63 45 9.1 CFU/25g('&4E 10 h) RF [20]
F 6 FRAZBRY G A Mk B A P A0 B2
Table 6 Application of isothermal nucleic acid amplification in Vibrio parahaemolyticus detection
5 Hr ik R I i B SRR B4k
tRCA-LAMP bl 65 50 22 CFU/g RF [12]
mRPA fififn, HF, 50 37 15 83 CFU/mL LFA [28]
Cas12a-RPA LIS 37 20 10> CFU/g DS CIE NS [31]
PMA-SRCA LIS 62 95 2.08x10' CFU/g RF [60]
Cas12a-SRCA R 62 50 3.6 CFU/mL D&/ wliv i RN [61]
SPIA LAl 61 30~60 42 CFU/g b IR F S [46]
RAA-CRISPR LI 37 30 73 CFU/g RF [66]

4.2 S|¥git

WA E IR RRY AT YR 4=, S TXEE R, HAT
WA R G — i3T5 W R . ZHANG 25120
tRCA 5 LAMP 454, {58 LAMP Hiir iy 2 451 915¢
P, BT EARNS iR . BRERY BN
KIEXRTGN A, &R, SiREmy
HARZ B HARE, JogE R s IRS | st e AL T B i
o RAKWIWIFE A, 0] % BT & BRI 5 e T3 UL B
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