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Methods to improve the detection specificity and accuracy of
loop-mediated isothermal amplification (LAMP)

WU Zeyong', OUYANG Songying'?, WANG Dongmei'

1 College of Life Sciences, Fujian Normal University, Fuzhou, Fujian, China

2 Biomedical Research Center of South China, Fujian Normal University, Fuzhou, Fujian, China

Abstract: Loop-mediated isothermal amplification (LAMP), a rapid and sensitive method of
nucleic acid isothermal amplification, is characterized by high specificity and sensitivity and holds
broad application prospects in nucleic acid detection. However, the development of detection
schemes based on LAMP encounters issues, such as non-specific and non-template amplification
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during the amplification process, which can affect the accuracy and specificity of the detection
results. This article elaborates on the recent research progress in the strategies avoiding false
positives and enhancing detection efficacy of LAMP, which include primer design, optimization of
conditions, and introduction of special chemical substances. Finally, this article explores the

breakthroughs and innovations of LAMP in the field of detection.
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A2 R AGE I 2 — b FH 1A 00 R0 o3 B A A% T2
SRR, FEESIZW . BRI | st
TIFSE RIS W 5 Sk & #5  EEEVE M. e
FH AR R K 0 7 95 J2: PCRPL, PCR Hi AT &
Fe LA FRR S8 Y SE 30 25 1, HLER A Ao 7 5
TR, FERTHRD), BRI T HAE
Yy It — 20 ke o ol se i SE R, 172
B EARFTT IR E & ok . LA, #2555
TR 38 AR AR R A% R A T 4 ),
£, 45 A T IR P 1% (loop-mediated isothermal
amplification, LAMP)* 5 A | # 2H il B8 & il 184
(recombinase polymerase amplification, RPA) 4%
AL R P AN PE D 1 (nuclear acid sequence-
based amplification, NASBA)FIHE A | 4% B fuf 4
(strand displacement amplification, SDA)® 4% & |
TR M 14 (rolling circle amplification, RCA)! 4

#1 PCR5LAMPSELLES
Table 1

amplification;

Comparison between PCR and LAMP methods

primer dimerization; false positive;

AR F i TE B AR B P 3 (helicase-dependent
amplification, HDA)!" 4% A %5, Hib, LAMP
AREAYWEGHE I, PIGEEEE | SRR
SEME AR DI AE ORI R S TS
GV H AT R AT . AR, fEJT R g AR
LAMP $iR %5 5) S EERRE R 8 AR 15 4,
X J2 LAMP A6 I B AR TT ik A v il g e 5C
Sl

1 LAMP & A E#H

LAMP T 2000 4E {1 Notomil” #2 i} , & —
FhAFIFHFRR BT 51 ) 20 F DNA RA T, 7F
60-65 CCHATIZIRY IEHAR, ZHANTER
ZRB IR EIE MG Bk A, AR &0
AT PR AZ R AG T f 7s F71e)

LAMP J&—FPJE T4k ¥ DNA A E I 1E

Comparison PCR
parameters

LAMP

References

Temperature The process requires multiple temperature

Isothermal conditions: maintain at 60—-65 °C with lower  [12]

conditions  cycles and imposes high demands on environmental demands
environmental control
Time 2-4 h (including 30-40 cycles) 15-60 min (typically completed within 30 min) [12]
Equipment  Requires a PCR instrument, which is The process only requires isothermal equipment such as  [12]
requirements relatively expensive and has poor portability a water bath or metal heating block, which is low-cost
and highly portable
Sensitivity ~ Relatively high High (typically 10-100 times higher than PCR) [13]
Specificity =~ Requires 2 primers Requires 4-6 primers targeting 6—8 distinct regions, [14]
ensuring high specificity
Cost Instrument and reagent costs are relatively ~ Low reagent costs and no expensive instruments required [14]

high
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TRAZIRY W07, HROW AR 2 i B A A
= W% PR (deoxy-ribonucleoside triphosphates,
dNTPs) . ifif &% & Bst DNA R & . %6 YL
KL 4-6 ZREFSET 11 K DNA BRI 519
RGO W HARF A0 6-8 A4 5 M X e 5
Wy 1. Zosl W i Y
(forward inner primer, FIP)/ T ¥if M #F 5| ¥
(backward inner primer, BIP) Al [ ¥ 7b & 5] 4
(forward outer primer, F3)/ T i 4 # 5| 9

51

5!

(backward outer primer, B3), H:H[N5[4) FIP H
573 Fle S 16 H.ANX Hl 37 3 F2 1F [ 45 4 X 40
B, BIP M 57 Bl Ji ) B #h X A 37 %t B2
IS A XA, 5149 F3/B3 43 3-S5 R Y
F3c¢/B3c X 5g 4 B AN, P L an e 1 fF
s, RN BIP it B2 X SHHRES 4 ok
FEAf, BEFS B3 GIYAEH ) BIP )8 L
HERN, FIP RS 456 8 AR 58 A s R nl I, F3
51 4y 0E — A FE 1 B B FIP 7= W B 44 1R

¥

3 J
5, BIP primer

¥

{

3 5
B3prm

5 (B1 ciu{B2 e B3 cmm 3’
3 5’

\

3
5'[BId B2

3
5" |BIg B2

37
FIP primer W

3

’

F3 primer

y s

5’ Blc=B2¢ 3’

F2

E1 LAMP[REIEE"

Figure 1 12

LAMP principle diagram!
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DNA; Wi 5t it B 51 5 A % e 22 30
DNA J5 it ATEEY 3G BB, NBIWIsc 4425
R B ) A X il kA AR SN, T LR IR
R 5% (loop primer forward, LF)/ T Jif R 51 )
(loop primer backward, LB)%% & ¥ X il 9 1% |
2 UL AN R ZE K 2535 DNA . 2 EH
SEIRGER SR BT B ZaR A

2 LAMP 850K B A % 2

LAMP FAR GRS i REUE . SR RENE S
B s MO PE RO D F, W I YE B 2 DA I 0
AR B RG50S i A R O
TR L7 0 A PR T 245 2 R) M 20 452 7 % 43
Sl TR R B2 U, B B R IR 55 SR A PR
HAZ WY B TR 58 o 55 R R 1Y TR
f | SCHE Z Y A R 48 XA R B (clustered
regularly interspaced short palindromic repeats
associated, CRISPR-Cas) £ 4t %2 5 i #5585 Fr 4%
AREPVHZE G, LAMP fE#E T 2 BRI 5 H
SAERR TS AT T W R . S LAMP 4
ARAEIR 5512 W 5 B 47 i A b Je B G I 35 AU RE
AL HC I PR PR ATS T A A S PR 7 1 5 AR 75
PR PR, 3 2 0] 300 A B I 5 A AR ARG ) &4
RUERIE S P EE e, dEm 5 & R12 SOR T
B, F A AZHOR B2 W 85 1 R
oy
2.1 ARFFR M B AR E
2.1.1 SIHZR{F

1) AR AIE 1 e B H b5 DNA =¥ i
L RER FENRZ— Y51 FI A
TEEANK IR, 518y Z 0] n] GE 2 A AR A S5 4k
i, ERGIY T RIE . HIE MU e
SR IR RS, PR ST 1 )
A B, 3 23 51 R AR R S O Y
LAMP £ A il 1] 4-6 4551748 [m) H AR 51
9 6-8 IMRERE X, o, SCHERIINTIY) FIP/
BIP & &5 ML Ly 40-45 T k), 4 A

5 HBRT I 2 A DXIRE AN, R0 25 R Al
NS IE R K I 5FP R w3 S i 4
SEHERIRCE, R RPN S Y FIP/BIP
1LY/ ALY E ST iR =27 5 R G A E b
T = RAOE BRI TE AR . LAMP £ (1)
B P E T 519 7E B0 i FH YR, LAMP
BN B 51 S R R 3.6-4.4 pmol/L,
i PCR Jz h o {0 51 8 6wk BE Ay
0.4-1.0 pmol/L. H%F PCR A&, LAMP ¥
BT Py ) S B B S . R R B Y S |
e T —BEIRAE . LAMP J B A ] fig e AR
ANTFE G R ARSI S Bl e ze, Sk
e MY HEAEAR, ZEYT R 2 A I Y 7Y
s TS 5w A PR SO AR R A0 1 BE P 45
RO AN, U Mg, ANTPs Fl4E B
P DNA R4 ] e S8 RIS AR R TR
HPIE .
2.1.2 Mg” it mESH IRy 1

£ LAMP W 25, Bst DNA R4 fili 2
P RN SRR, e E TR
DNA RA MY WA R h B 2415y 2
—, FH TR R % B S o AN i 3 1 B
DNA B4 (U0 Tag 1 Bst DNA B4 )5 2 —
SE KT A 4 T8 S A S B 7 DA 3R AR i
Y B EGE . Mg A7 AE T 4 o A ke —
P A BRIOG RIP0, R AR T R i B R
KFI DNA 4 B A 76 PECY . AR 40 v B i R
6], Mg AT 3% fin ol B 4K 3 5 i 0 8 B D>,
EAME RN, BN E AR Mg™
Y EE P B85 I i P AR, LAMP 1K 28 b — e fili
B R B G A Bst DNA B4, LAMP
N BE R 6-8 mmol/L 1) MgSO, Bk i
T E A AR — 2 VR 1Y MgSO, T fE
SRHEFE AR, HRRY HMBCEAME; &
W 1Y) MgSO, S XA R IEIHIFR, FRIK
Bst DNA R4 R ALE SEUAR AR 7Y
Halol P, A& MgSOs Mk ZE X E %, H
FEXEANIRIY 8 4 22 PR 05 HLA B PR 25 4k
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2.1.3 RiEE R DNA BAEES| %IEEF M
1

— 1Y) DNA 434 [ v 75 22 56 i 7T DNA 1y
MUEESERY, FEAI 514 5 ¥ bR B 3R 4 45 G LA
Jio B B A A R W, PCR et A 1) FH i v 1 F
DNA R4& i, BEUSMNAZ 95 °CAEAT B RRIABE
fd DNA R f# T 3E . LAMP 5 PCR S A
[, LAMP 7EfE R F#E AT HE ni, A
L R A A, T LA TR A I T 1
REW MR G, R T L E
o B, R R XUEE DNA (double-stranded
DNA, dsDNA) A8 ¥, 1 J5 3l J5 2k 3 3 1k
U LAMP 21 $5e 5 06 52 ) il R VT
g AR orE IR N ML ZF O AT B (Geobacillus
stearothermophilus)i Bst R-& 1, HEAmAEE
BRI ME L AR AR E MR R A R N T RE
J1, BFERRE AR Z G LT B 5 51 R A IE
WP 34 R, 40 7= A DNA 2 3.6
BB E Sk A P DNA, SRR Sk 4
P, 2012 4E, New England Biolabs (NEB
NTNIRTE T Bst 2.0 DNA BATEILH], xR
W R 1B AR Ak i — 10 B g 0
Bst 2.0 A BHE 24 i RE S br B AL T HAT
5 Bst DNA RAT, WiERAHE . BERE
PEL M. PREE . fEfARRuEtE . X dUTP 1
M 52 Mk | 3R S BTG M LA R B AZ A R 1B A
fEJ]. Bst 2.0 DNA R4 B () BSCik i8 2 76 BT A1 45
M G AR oA RS, IRl T
LRGeS, {245 DNA 45550 . K H 42K Bst
RA B R AR SRS RSN R A5 A 3 . His
W% LT A NS IR LA 5.
T e AT Bst FER A BEL4E Bst 2.0 Fl Bst
3.0, Bst 3.0 J&7E Bst 2.0 fYFEAE il it 555G
DNA 254 Rl A1 FF & OB R AR, X ek
E E— A B SR T % I A R AR AR A 2 AN
{HAS /2, Bst 2.0 A1 Bst 3.0 DNA B4l
BOE SR AR R AT RE & AR R S T W R
A%, 7FJC DNA Bl [P 4 FimT ek A4
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Mk ), Hafner 0P8 5y 2600, 3@ o % —
AN LR PERR A B LA KON 2 518, AT
P L RBIKIE K, X —id =4 T —4 R
KEEH) DNA 728, X887 W e A A A )7
G R I A AT o DRI, 0k S B
A T BRI T AR SN A, TR Y
P T I SR B TE A2 5
2.2 RIS EEKIEE
221 LAMP B4 E %1 DNA HE
PR

LAMP 7 R T 48 5 1 5| 9 4 & Fl Bst
DNA J45 it (144 8 0 16 M S BP0
DNA "3, fE7E 1 h ¥ DNA i 9 3 =
10°#01, MLZ T, PCR AL R4 M ] 4L
REF=E 2 10° DNA #5011 LAMP HiAR f=/E K
P R R AR A B SRR, s
NGy, R R R T e TR ek T RE Bl e
Ko MR, M S S 06 5 SR %) o B P
Tambo 2 M40 K L7 b 38 9 T AE Bt g T
115 > 2 A9 P 3 12 B 3 4K (rapid diagnostic
tests, RDTs), Jffdi il PCR 1 LAMP 38 & 254k
1 DNA WFETE; L LAMP R4 F5#E, RDTs [
FORCME A0 BH P 1900 {H (positive predictive value,
PPV)Z3 5l 4 40.91% F1 90.00%, PCR Ay R
1 PPV 435l 72.73% F1 100%; % A5 i85
N, FERAERERAEE T, LAMP Kzl i H RDTs
R AC A H e AR Y P P % 5 T PCR, R R
LAMP #H X} PCR H A7 5 =y () f 8% M i BH P Tl
WA
2.2.2 LAMP AL ERFIEE 5 SRR
EES

LAMP £ A (947 3 5 B B RO, T 7E
SRR Y P2 A K H bR DNA R B, S0 45 53
B R EL Ik 2 A EL e vk AT R ek S
— P o B A TR Y I 25 A W ik,
T LAMP JZ i FErh R & 75 Mg 4557
A HEEBRREEDINE, W UTREY B =] X
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Iy TR JE TR o AR DLTE 7 A i RN A
RSHRA Y E 5 DNA PR pEoe, Al s
FI ) 5 ol 32 S 90X LAMP J52 o £14) 552 Fsf 0 ) t4s?
1 LR B 5T AR 22 Nk S I gl R ik
LAMP ¥ 3t BRI ATAGI .  FR ok B SR A 4
B, I AR A B A RO B T P B
DUTEDEAT 45 AN, b vk R g s 7
(FOGYRL . &R TR RFIGE . pH $57R 7))
PEAT SN 45 SR W, 3 3 UL 2 £ 25 £ T 4]
PR R A W) LA S G AR . BN T
LAMP kiU i 48 7~ 514245 SYBR Green I, £5 8%
LR . FRHELZEW W (hydroxynaphthol blue, HNB),
TR . BhAL . PRI sENS) KK LAMP [
AR R I AR e 2 FoRUS 791 I
7k AT B L IR R ) 25 01, Hoh R T g
R AR Y R AR B ol iy B 3 0 X 484 4k 2R 194 67 1T 5

%2 LAMPLL&IER
Table 2 LAMP colorimetric indicator

Wi, ARZ 77 SOR BORHR AL BR & T MR P 2
J& . SR ML TR AT I SN A s AT BN, 4
Dy BB 2 YRR T RE
P3G F AR AL PP 9 5 e, fie 2R T 45 2R 1) HE A
PR R S,

3 LAMP 8 SR N F K K

AR, WFFEE X LAMP AR S PE Y 18 0
B ) AT AT, a5 et . yriefiife
SRR G W R th Z Pt %8, D
R LAMP R0l e rE . 5 SrE FRE E e
3.1 5|tk

LAMP JZ i B () A8 AE T 51 st it . 5l
PIEALTE Z IEZ AR ER, AR | A% R X
{3 B LK DNA 8 IX S ] ([ 5] LAMP i
FEIE % AT IR T AE 60-65 °CHlE &1 N 519

Indicator ~ Color Principle Notes References
change
SYBR Orange—  DNA-intercalating dye that binds amplified dsSDNA Non-specific binding; potential [14]
Green [ green (UV) and emits fluorescence. Signal intensity increases toxicity; signal suppression under
with DNA amplification high dye concentrations
Calcein Orange—  Calcein bound to Mn?" is quenched (orange). With Calcein and MnCl, can inhibit [14]
fluorescent target DNA, LAMP releases Mn”" to pyrophosphate, ~ LAMP amplification to some extent
green restoring green fluorescence
Hydroxy  Purple—  HNB turns purple in the presence of Mg?". During Color perception varies among [14]
naphthol blue LAMP amplification, abundant magnesium observers, introducing subjective
blue pyrophosphate precipitates, sharply lowering Mg>" error
(HNB) and shifting HNB from purple to blue
Xylenol Purple—  The pH range (yellow<pH 6.7<purple). During the The XO concentration significantly [47]
orange yellow LAMP reaction, pyrophosphate and hydrogen ions are affects the coloration
(X0O) released as products, causing the pH to gradually
become acidic
Phenolred Pink— The pH variation range: 6.8 (pink)—8.4 (yellow). Phenol red is susceptible to [48]
yellow During the LAMP reaction, pyrophosphate and temperature influences

hydrogen ions are released as products, gradually

acidifying the pH
Neutral red Light
orange—

The pH transition range: 6.8 (pink)—8.0 (pale orange).
During the LAMP reaction, pyrophosphate and

Buffering conditions have specific ~ [49]
requirements

pink hydrogen ions are released as products, gradually

acidifying the pH

http://journals.im.ac.cn/actamicrocn
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TRIFEBELSH, B PRSI W REIEHH 5 H AR DNA J¥
G455 . LAMP 973800 R 2y 51 Uik &, 5l
YRR G nT B s g | ) S AR Z (Rl A ELAE I
B WU - (SRR G B2 BE S5 1, (1 1 B i
AT, ARIMAE LAMP &0 vp 388 i 5 ARz 55
YERAE G IE G 1 — Rk, SEARFE Y1,
DT I 7 O o 8 v 7 1 e B 5 | 0 B R R 1 3L
HELEK, DU R R - A fmm sg e, AR Y
SN BYHRE S R FARLRE . R RS AR F e H
PR FR R 22 B R AL 8 AR SO B R
LAMP BRI 4 B3 1978510 F bR DNA £ 6 A
[ X3, AR R pus 49 LAMPI (EHAS N e
BE . RSP HSOR, P E A BN
P ZZ B YR R BRI N & T L
LAMP [WZ844 , FEix s sk, BAT 2 D3R
5191 LAMP (B /<5149 LAMP)E 321z
I o TR R B 2 A A0 92 0 A AN IR
LAMP 51¥EhEIVE, SEBEXS H AR DNA FHG
il s HOphRE Y 2T AL A e D AR R
P, TR IAE SN Ak, R
FEEEG B 0 T s g s . S B R
wEI Y 5aE HArp 9 4565, s e ks 9
454 DNA LA 1l DNA 3R 247 s 47 S s ] .
FEXTF 75519 LAMP 51 91iit, 225197
B PRERY, 551K | Bk A
FVRRE G540 5 T AR T Lt R N B FE &
5, DIARORHGERC H P9 . 5 ARERS 19T
Ul D438 SO BT R R S S | G, R
R A, ABAAE RS 1 )19 LAMP (& R 3
A4 E IR T AR S [ LAMP 4 3
FORP, FERTI B AR J7 S8 h ¥ %5 188 2= 1)
1) 20 BRI AR FR AT RE 1 R Y 67T BE R o
Ding 25 5T N7 T —Fh X5 147 (A 5147 A
“HEXF 5149 7) 4 IR 4 (dual-priming isothermal
amplification, DAMP) & 7%, T fd A AIGE
RS PEAF 5 AT PR AZ R A 5 3205 A FH <X
SV EE ARG, TSN 2 AP 3E A [ Tk
TR RN T, DA S8 B v 2R A0 RE RS S5k

P4 actamicro@im.ac.cn, 78 010-64807516

(2> TR, 51458 LAMP M., DAMP H A
ABARAR AR A5 5 . B A 4G s ) R EE R R
FIBH AR
3.2 REAERMK

LAMP /& Z 38 % f145 DNA Bz . 6 151
¥y (F3/B3. FIP/BIP, LF/LB). DNA % & i .
Mg®" . dNTPs FIZE M. X8 Al 43 3 A 1R HTE
B LAMP W AR R, SEIEAL . RSP HE .
T S 5 v AT O B 3k B 1l A e BE AT LGB, S
LAMP WAL FRR Sk oAb, — 2Lk 5|
SR a0 %o A R AR R et A AR
PR, S INE SR T e B HE S, s
AR EE , R REREINAEARIEPEME, BRI
JC %A B, i 3 T B (dimethyl
sulfoxide, DMSO) AJ Tl A4 ] A1 EE N FHR 2, DA
17 300 5 RO WU e DNA. A4 fire 45 P ST A1 1 XU,
JiE DNA B854 B P8, 155 £ HIE it DMSO
AR AR R S PEY 3, (B Sk EEAY DMSO
A BES R Bst 2.0 WarmStart DNA 5 4 iff (1)1
PECS, g 22—y 22 20 T4 Y 2
KAV, WEE TS 2WERIEIN, Bst DNA RE&
it 11 A ROV 32 AR A IR A7 5 1k LAMP 9 388 0k
RN AL M L ARG N T e
A BRG], (L SRR T AR R PR
SIS 2L IRy ¥ RE ST . HeAl, Zhang
ZEELOOV I T 1k S R K A 0% 2 R 0l s S
WA 2 55 R Y 1 (reverse transcription loop-
mediated isothermal amplification, RT-LAMP) JZ )i/
(3R P RN RABUEE 5 FE45 & 2-3 1 LAMP 5140
BIERRFMT, EBRITEASE AR R =
HIE O N 2P R AR OCR s ERRRITE RT-
LAMP H g /E AL i AR B T, AR X AN [R]
IV G SOV ) —BOE BRI, HE g T
519 505 5 Z [ R EC G, AR R IR B in
2 02 440 0 AR RS A5 e ot 0 4™ 3 s 7 IR [R] o 1
A, TR F B T PCR s 400 il
i1 5 DNA (%) FZ MR FRCE MR LS5, BHkS]
Yz AR AER R AR BAE . Tanner 1 Evans!®
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AU R E EO A9 ) BRI TR 5 W R 3 5 SR
AR AR MR SEPE e A AEAS I s i e R Fn
N-Je e I IBE e 2 b Ak G 0 ] 3 o 4100 ) 2R 5 it 1)
T AR LAMP (AR SR 3G, 42 el
FRESEME . 7F LAMP £ R Pk B G 1
SR Z X P . dER bR TG B T
B o ANTA] A S h G 5 1R B A A S 1 ] 4
SYTEMRFR P AR S AR R O, Mk
Ui, A AR B T A B, LA
BRI I HERRTE . FES AR e
3.3 MRSt

FFEIEN], LAMP 7E4 15 28 P A5 % b 34
DNA U0 i 72 S5 FIsSoR RE RS 1 3 e . il
AL B 20 R T IS B B A SR TAERR I RS
fit, LAMP " —Jtfdi B Bst DNA 24 i S HAT
AP s DNA JAER PHH 58 K A4
WM, (AR 70 °CHy =l AR E . PCR —
T e e AR PE SR R A G TR R B,
Tag DNA AW, XFEE R TR 6ok 55 & 6
PEARIE F T4 38 . BAamat Bk ae ) 5
FasE Ve DNA ik LAMP 45 AR 00 4R L £
A[fiE. Ignatov ECUEGE T —FloB Y Tug DNA
RE MR A SD DNA R A/, il i Bst
DNA R A5 SD DNA BAHE LAMP L H
MY SEREPE, TR SE I BT AR AL B A T N B
B, SD RE AR L Bst RA T
PergEE T, HAE 92 cCRyTIAE M A IR 5 146
ALY K, T Bst DNA RA MW T 2KE. It
4k, SD DNA RA e qPCR FISEAT ¢ 8 Bk
B P B4 52 B (quantitative polymerase chain
displacement reaction, qPCDR) " & P B /=5 1) R
W, Cq 9 Tag DNA REBHEE T 14
TEIRAN 5 DMEES, REERT 100 £ X LLry
PEE SD DNA 54 il 77 75 2 5y R AT F R E
PEAG Y R Z i B W e 3O Li A i
TOUIN AN 53 B 3% 57 5 e B BE SR 5 VEAY Bst
DNA REMIZRARMA, Z55 /R 58748 K431D Fl
K431E MM TR AR Bst B3 nil 2 =

T 1.93 A5 A1 2.03 A5 AT i il G BR UK K K TR
(Pyrococcus abyssi) DNA % $% [iff (DBD) ) DNA
i At — 2 A 8 1 DBD-K431E,
PR BN BB NEIE I e R AR L R I M RE A ik
A, HAE 70 °ChE3E 8 h SR e s, H
TE 2 50 UmL JF 2% . 10% & 8% K 100 mmol/L
NaCl [ 22 R R hid v s HXPv ] IR Y
RO AR G N TP A A K R Bse 2.0 g, W]
K A EE 2x10% agiul JEKIZH DNA Fil 1.24 CFU/mL
FOANTE W . LAMP #7384 v i) 4 2 e il 2 JF
KA — gy, WA RE B iR R 19
W EARRRENE . REUE . FrRUESE, X
AT — AR R AT ST T ) o
3.4 HFHRACEYRN

LAMP #£4" 3 8 b 2 PR 5 | ) — R AR 1) TE
R 2 22 5 B 1 P AR AR BH R 25 RO Hir, B
A AR A PIPN FHF LAMP 373805 &
FHFBLLE 514 — AR K AR FE SR 31 = B B
Ao Ku ZFPOHE T — R 3R 2 BB R A 40
KA Ak AT 5204 (polyethylene glycol-nano graphene
oxide, PEG-nGO) >k # 5 LAMP $5 5 M 1 7 ik,
PEG-nGO /& —Fi HA = R A —4E D)4 K
RO R 2~ BE(PEG) (L B 4 ok Sk A
7 (nGO) K TH , A4 5E nGO 7E LAMP i}
A s IO R DNA R A B TE M,
1A B A9 PEG-nGO I3 o W B 2 45 ) DNA
Sl ms sl RS R AER Y
HTOSO) - sl BAE FE A I T A R
T EH W ) PEG-nGO J5, H#Fx DNA 525 F#¢
KB AT AEM 0.15 B EFR T2 333, KUFER
PR MR 4 5 5 E AN P 7R 9% 93 7 (hepatitis ¢
virus, HCV)FEAR B, R E2 Wi it B Ay 10 43 FH
PEREAS, T RT-qPCR A 7 63 W, Hi%
4t LAMP FH G, AR BH A I W0RS BEFE T T 1.75
fi; L PEG-nGO Al 715 S5 5D s L
fEE H AR DNA BRSP4, T B &
LAMP H0 (4 H REPOL, 5 G0 i S IR 18 ik A
RS AR SR BRI, R R 51 W ) A e S vk
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AT REREERRE S Y . Ye VOB T —
A1) FH 4 94 K i k7 (gold nanoparticles, AuNP) 4}
TR EIRY W Ik, PR AR gk
WORLAE SN LAMP SR YA BT, it 51 ) F0 46 44
KIORL AR S VRS G i | VR ek s T
Jokt AuNP R IHE M RSB R I 771, KA #%
51915 AuNP 455, JEGI¥)-AuNP 259,
i 5 HAR DNA R PESS G R 5 5 Ui
BT SRR, ZOr R R AR A I
RPN 76% P22 0, B-HILShEE RIS AN
100% F&2 0, KEFRIA 1x10° copiespl, R E 5
6455 LAMP M4 5 7EXT 50 I RFEAR (25 1356
AR B BHAPEREAS AN 25 £ BT 5 A) g il
AuNP 431 LAMP J5 2% A0t BIr A7 25 43
PHEAEAS, EHLAE 25 Gy BIPEREA o AR
PEY 345 RIS, H: 48 cCHUR shal A Al T
Bst RABHGREYE, BEERSA 7RSS
R . Du SR AR SRR 1 LAMP [
TE— AR A A ARG Y T TR BT, 44 S I [ 4
AR 30min N, JFRMHILF R, HEAT,
1t LAMP Hid it 1 2 & R4k & Wi S
RFR . TEREAT LAMP SR, JF & TAE# Al R
It FLAAR 1) S 56 75 SR RN B IBE A7 8 6 1 AR R
LG YRIACR F L $2 w5 9250 /Y J8 2 320 AT
FEMES
3.5 UDG-dUTP xR RBIRISH
LAMP iR BA PUEY B R ReE, o 2
PNFR BTG AR, /i — I LAMP J2 B )4
() DNA =)l fE2x A T — WO s,
HUBBA LSS 3P, PRI E -DNA-WE S Ab
A A 7 AR Y 3G (uracil-dna-glycosylase-
supplemented loop-mediated isothermal
amplification, UDG-LAMP)J&—Fi [jj 114" 1% 75 4L
7, AT AR S LAMP (5% B 15 602 i
i LAMP O HINA dUTP, (934 &4
PRUEBE(U)ASIE, §71 DNA P24 57 4h DNA fi{
WRAETR LA N EAFAE 22 57 9737 ) & A ik
A, T, C. G. U, HiHMEH DNA & A, T,
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C. G, N&H U, UDG REW R BIFYIEI & U
FEYy, il At UDG KR I A7 PR W BE 1Y 5 G
DNA 53F, MR IE AR 1, $oRF e
) UDG F§7E LAMP ()47 3% i 52 3 ] P e 3k 2k
o TE 65 °CARMT, HAMRETEMENHR
DNA fF1E I E S 5 T A7 Pl b7 7,
WP R N AT AE 37 CCIRE SR RIS,
UDG Al 4553 PERR 4% U 19 DNA 201, 1 XK
SR B A ) v W G B R TGS R, B 9 R R R
HYY, RGP PESS ST, Hsieh 4502
HATISEIR R, RIS S R B N 1 ag
IRF, AU UDG AbH A 52 17 B RE SR 3 38 B
% Ml UDG AbBERT, RIS Yk B
mr b 100 £, WREA BUEPRY RN . X K
UDG AbFETE R 148517 15 Ye X 47 48 s g = A+
o7 H BAT BB . Zeng 257N UDG A
ST IR S A5 IR Y 1 (real -time LAMP, RT-LAMP)
SIS PR IBREAS R AR B, IR IR B2 UDG
5 Bh ST LAMP Kzl (4 20 B FRlG PR RE, & B
U i UDG W] A 50K 5% B8 15 4L 9 U1 K 2% =
1 fg, I AT 38 2 P DR v e 53 412 o S
FRESE
3.6 WAL LAMP B9tk

LAMP F=¥pat K, FE45 5 AW A T 2k
B, G SHT R I SR N . AN R A Gesk a] Ak SR
Wg4E . HET, KES LAMP J& i it Ye e 50 ol 25
WAL . AT AL YRl X LAMP 4 2 A9 306l |
YRy 1 5 G IS 200 15 Y ) AR AR (AR G
ARV, FE YR T R T A Rk
W75, AAETE RN S B A ] I
Per T ML Ye Rl 45 Karthik 257357 17—
JE Yy R 42 B A LAMP KT 7 15, 4 ekt
SYBR Green I J&7E 1.5% Slig 2 [6] 4145 i3 Ne Yy
BHRHE , A8 N T GA FR SR G BHIR $E A ©
A LAMP VIR AW PCR &, {RFFIRER
i fil PCR 4518 LA M W IR A WL B 5 LAMP
R R G, 78 95 °C F#4F 5 min, B S
AL, B YR 5 YR A e AT 4
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FIEE; TERMERE, HIRERESETA N
WA, FEART LAMP F=4#i 5% & 31 2 S
IRTREM:, HWBEARBE GBI T2
FE R, BUBYSRHR AN BETE-20 °CRK i (Al fif
17, TEARIEARAE T AT RE 2 H BB A i 4 25 ) A
Tao %5760 SYBR Green I % A 2 s (0 e (4
RA 85 °C)IFAE N B BT YR B, WA
N R AR RS DNA 254, TTSEBiR
TG BT AAL LAMP XEE; FE 38 i i vp o et
WEBERBERC TR A6 = i A 2 g e
WA AR BE VA, VR AR TR, ekt
AN SR G R, BEEERE Y AL
FEBE, KPR BRI, BRI T 5 4R
K. ATRRAL UL RHE LAMP (A & Al g 232 51
Yoo, SEEEALS R Har, AUEA
SRR AR AT L YRl Zhang S50
W A 20 1 4 JRR 0L 4 s X 7 498 s 7 R A T ] 1)
PRBEAGIN , I I £ 2R 4 s SR N e kS Min* B
WA Y R0, (BIE LAMP 2w b A= il iy 42
W2 B (PP S HUC Mn?", T R PE 1) a i
FR%G, MK Gkt i IR bn v o o R RN 7
o T R e, AR PTG T AR
X AN TRV REAR 2% A 0 328 7 P 5 o
3.7 CRISPR-Cas & % & 58 LAMP 4%F
S
CRISPR-Cas %4t 5 LAMP $ R fl& &k
AR TG I o S M ) S e v e . LA L
Wil 76 F : LAMP ¥ 34 J5 (09 7= ¥ 4% Cas12a ¥
Casl13a 19 Jz XL U)K 1% ¥£ , i &8 CRISPR RNA
(crRNA)G | 4 U H AR r 51, i i i) #)5¢
HE AR T, SEEME B Rk 5]
AR ) e SR R+ 51 50 E Y X
PREEHLH] AT A RCLEE 5 1) — R R s AR R Sk
P18 S OB BH M (] AL, [ 7 A T R A
FFZE A HE DL Z8 5. Habimana 25U LAMP 454
T i CRISPR/Cas12a £ A, #2 H&F % & B0k
PEHE TR B8 (Helicobacter pylori) B Ak ) 15 B

FERG I Oy i, %07 iR LR B AR R A
DNA (single-stranded DNA, ssDNA) iz & 3& K],
RS sk R0 CEXTRAR, B8 T
LbCas12a [ J2 YJ i M, oA I 28 0 B 3 A% 4
PCR #7116 ff5. Yang ZUSF & T A YA
JRFE(African swine fever virus, ASFV)i{«“— 1k
LAMP-CRISPR A&, il RAFEA G -5 552
2t i PCR 7MY, HAE— R
— L SE MUY, AR T V5% . Chen 261504y
# T 5T LAMP-CRISPR/Cas12b 1)K 4il /N
(canine parvovirus, CPV) PRI 75, 38 3
] CPV 4 VP2 FE(R-Y IX ittt LAMP 5
Y 5 BBk ) S RNA (single guide RNA, sgRNA),
TR T “Pibik” (LAMP 4 35+CRISPR £ 325
PR R — 0 (REVEGOKR kL R A & 4R TR
Y1 S 2 AR s %A 7E 1h W58
BRI, R AR K 107! copies/uL, %% qPCR/
LAMP $£71 100 15, H-5RIEHETE . F0%
B H WR IS0 AR T U B 5 Her— 20
o o S BRAE R A A TR T B R A A AR
SR RE AR T - 25 T B R 5512 W BB R 5
(point-of-care testing, POCT), h sh#)5 s #1170
AR WML TT 5 . LAMP-CRISPR 3 i3 A%
T GRAL ] SR PR RE Y W P, ROk
F ITHvE crRNA ARfEAL T e — ik R 4
PESEPRAL, DNz 5K s i 2 5 52 W al
FETH.

4 RHEH5EZ

AR, LAMP AR 2 0 T LR
LW R0k, BT AR A,
LAMP HA PSR,y E | 845
g (A0 A, (EHAE BN, oo 7 v i B A AR 5
PEY™ S8 AR AR 5 G AT R W5 TT R TAE TP A A2
AR, AR SCERIT T LAMP E4R SRS 3 K
PR TS Qe B 2 N, IR LAMP {L A6 i
SR BT EAT A AN . AKX LAMP R
(14 10 FH BIF 5 346 W] LATE LA JLAS J7 T 32K S8
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(1) AT LAMP AR C 8k 3 90 1 T
o, MEﬁwm%uﬁIWﬂﬁgkﬁﬁmm
RMER, T — i T A AU Bl L g 2
%km%ﬁﬁih,ﬂﬁﬁﬁmﬁﬁéﬁﬂﬁ
() Mg, S TE T LAMP
IANTRMAR R, SR AR 2 5 2255 SR AR )
L LAMP (1952 b i FH B R IR A 7= ok T Bk
6, RS RARNAS . malE . ARy
K S FH P Y LAMP 550 sl kG 22 GeA)h 22 6
B, OORS R . ORI A B B T
HBAE LAMP W H EABEAF&IE T, (3) gk
M%ﬁm%a REFE, Ew%m%ﬁ%ﬁ&
?&ﬁ%ﬂi?%%ﬁﬂ B, BEASIE N K
PrRERIE 2% #ﬁmwﬁmLﬁFﬁﬂ% T L
I RD R 2 AN A ETKE S LAMP -5 R A G
DT B B AT e

16 FTHR = A

REH . MUURICRRE 5B KHR
B7: MIRSCHEATH Y s B4 XIRSCHEAT
] R

1E& A 25 ¢ RATE 7 A

VR P AT AEAT AR T B8 23 52 W AR SCHI 4l
B TAEMEMATH RSN R .
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