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—ARIMF (next generation sequencing, NGS) £
RERSE T X SARS-CoV-2 KR LM, Jfdh=
Sk B ARRIL R R T — T 2 I A 7 4
ARG & ™, BeiE SRSl i AL 45 SARS-CoV-2
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BAFE3 A BT R | SR Ay
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TP ARG () B R AR s TR FE 2 (R
ARGEAF ML, £ PCR Y1 71 1 & S R4 R
SEEREHH AT 1Y 10~1 0004 . X —45 %0, 78
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B (2 W0 R Ry 2 B s 2 e PR 2 T G I =
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ARG 55 E FDA % 20 4R ) L G s ™ 5l A 4
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Fig.1 SARS-CoV-2 nucleic acid detection principles and schematic diagrams

(a) POGEHPCRIFH/RE (FREHE)

E1 SARS-CoV-2#ZENEIE, RmEREE

. (b) DIFEH RN (NEAR) JFHURER (U /RMii) . (c) SHERLOCKJF MR &I,

(d) CRISPR-Cas12a-NERJife/R & . (e) STOPCovid. V27~ &Kl NER: naked eye readout (RJHR{EEL) . RT-RPA: reverse transcription
recombinase polymerase amplification (3% s & 20 [iff 3R & liff i i P H £ K ) . RT-RAA: reverse transcription recombinase aided amplification
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Yu 5 A T Z R IF R T 4 8 ILACO
(isothermal LAMP based method for COVID-19,
iLACO) [ SARS-CoV-2 %Al /5% . 75 65°ClH
ST R 20~30 min,  BEASAS D EFHOHEA PR 2
10195 DU AL B, RSN & . i 1] By
KRG A—F R TR YKL (GeneFinder™), W]
IE—HETHLACO 45 S g

Hu % ) £ %} SARS-CoV-2 iy SIER & H T
I3 — AR AN J5 %, g 5 9Ok E i PCR AY A
W25 R HEATXE LY, By s B B ) R
(88.89%, #PCR ¥ ) FIHeRtE (99.00%, 5
PCRHEIT) . [A}, B ialsn) 24 nf S R T Ab B,
JCs RNA (Y4, B afse el | Fas SO 58 i
R, it AR A AT BE A AR B R S5 K (point-
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LAMP AR T 7ER I I ] i SE BB P
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IR, 2E R DA A B 28 o R R A R AGHI X7
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R % 1Y TA] B e el SC E A (clustered
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TR 2 W Tl A FH BT
1.5.1 SHERLOCK

Cas13 /& VI&I CRISPR &4 H 10—, 5 Cas9
ANE, ER—FYIE RNA (% ERES > . Bar, of
5% N bt © ) ] CRISPR/Cas13 JF J& T %) 35 [ 47 9
B 20 MNZERIREERYAZIRA I TAE, JFEI XS RNA
FINTHIERETT (m1A) 27 47 TR .

SHERLOCK
enzymatic reporter unLOCKing) 43 F 12 Wi ¥ & &
Gootenberg 55 ** 7 5 T4 o 15 4% B2 4 DU LAk I,
FIH Cas13a Y1 H A3 7751 5 X i ] RNA 7 A= D) 1
AR AR BT B i 1) — o i B A IR A 0 7 3 . 3 e g ey
A 9N A AT Y FLEE RNA 5l ARVAIR R, Y
Cas13a R HARFAIFUIEIG , XA 564k

(specific ~ high  sensitivity

5 LA Y B R RNA EAT U0, 9 RE H 50K
FEA s, D SRS S SR T o8 A . %07
LEEUSHALE. EAMBES WY
(recombinase polymerase amplification, RPA) #l
T7 RSN S et LU EWAE SR, BIVAT S8 B RE A
AR EEZIR Y BRI (B 1c) . (HiXBE AN
FERG AR, B AT T A

A, GootenbergZs: ! 41 %} SHERLOCK #47
Tk, FHRAY SHERLOCK V2 7854 Heall [k
TTTUAT 4Tkt . a3 1F 42 4 Ff CRISPR Jif
(LwaCasl13a, PsmCas13b, CcaCas13b. AsCasl2a),
HATVOIE . BN . ZRERIN; b, o Rkl EE
BiR#E AR 2107 mol/L; c. ¥ Cas13 5 Csm6 #f
54 0, RINE o RS T 3.54%; d. hz I
) gl 40 4% A7 T Ak B . TR B
SHERLOCK V2 5 il T XF 2 'EA 15 48 Aast, [
e 545 TR Z A A T i . ORI 1)
e,

SRR, Zhang 5 BV i & A T A B H
A AR SARS-CoV-2 UTEANERAE AR, LAk
HeHERF ST 1] I R #E 4L . 202045 H 7 H, BEREET
SHERLOCK V2 4% &K fit) SARS-Co V-2 #% & A6 I 7 i
Sherlock™ CRISPR SARS-CoV-2 ik # & > 3k
15352 [ FDA B 2 FH 2 AL . 3X /2 FDA B AL of
F CRISPR 3 [H 48 4 AR 1) SARS-Co V-2 Kl 7= it
W B R BRI AR AR Gt v
1.5.2 DETECTR

Casl2a (X FRCpfl) J&—Fh RNA 5| F A% X
DNA 47§ [0] ) 5 ) TR 1 . 24 Cas12a 5 HAR Y
Ll eI DS L W e NS G B 7 RN
sSDNA 43T U1 #1518 Ay 20 b ol oy M e 28 &R
FRIAL RS 5>, 5 Cas9 —Ff, Casl2a thi #i/E R
FE gt T E

Chen % B4 F| 1] Casl2a (4 PR ST T 4 K
DETECTR (DNA endonuclease targeted CRISPR
trans reporter, DETECTR) A4 R A 75 v . 3l 2k
TE R AR Z v 5] A5 9Ot i 45 2 A AH % 1Y) Rk
DNA 43 ¥, 4 Casl2a UIHI HAnJF A0, &5k
Cas12a V) #1456 SE A 1) 4% DNA, Y
HEE DNA B UIWT I, b 3 R 9, Al
E HIRT A AFLE.

Broughton %5 ¥ WF & T —# % T DETECTR ¥
Xt SARS-CoV-2 E J PR 1 N2 H A 8 A6 0 35 4
T, FIH RT-LAMP J7 75460 52 ki 75 s P i
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RNA SEATEIC, §70G, RS A 40 S 0 Hodk A7
R, SE SRS T E SR, A A
FEINF 45 min. FIFHIZ072:%) 83 13RI SARS-CoV-2
BH P BE AR JEF7 K 01, DETECTR A9 BH o 46 R
(positive predictive agreement) 1] ik 95% . 5 it &
PR, ZIHMEF B S E 2 R L A ra e, A
FZ BRI K — A Z ] SARS-CoV-2 £ Il 124 511
&, IETRIT 2021 4F4 A .

Wang % B I & H—Fh3EF CRISPR-Cas12a
() % k1 CRISPR-Cas12a-NER Y SARS-CoV-2 ¥ fi§
R 792 . 1207 1T % SARS-CoV-2 AN [R] 3 A F-
Bk A7k 7 M orRNA i 6, 356 B S 1 e o 1) 42
] E 2[R i E-crRNAmix, B 5 Wik H BRI TP A
Z 104 a4 DL AOREA . R, FER VR R A
PRI AW KGR 051 1) ssDNA e BE B, 3%
e A5 AT E 485 nm (Y 36T 7 28 IR AT DL 41,
P, Kl A FEAERT 45 min, PR HR BT L0 3 2%
A, T ARS8 ) DNA J TR R A LA
S PSS SR R, Ml e e R R g T
Wil sk 5 EAMA RS RERY  (RT-
RAA) AR AHZTr i H BT AR TE Im AR5 B B
HAHEATTY (E1d) .

1.5.3 STOPCovid

Cas12b (MFRC2C1) 2Rl AL, FoasE
PEGE . At MmN AL IR ©T

$£F SHERLOCK ** £ AR ) SARS-CoV-2 ¥ #2
R R0 KR IAREA AR | AL AL gR, s T
BRI AR A, SO ORI BT YL iy nl BB . Ny
I, Joung%§ B8 W& T 55— KW b AT A9 SARS-
CoV-2 ¥ W2 # M J5 ¥ , #%¢ & 4 STOPCovid
(SHERLOCK testing in one pot, STOPCovid) . i%
BOR A I ANESE R N a. W H] LAMP RS
B9 B RNA; b, I 8 AN B0 2 2 96 4 18 /Y
Casl2b i (Alicyclobacillus acidiphilus Casl2b,
AapCas12b) A\ FIIVIEIWEH, SEEORE R R
Kl . ZEWF5EUESE , X BFRES 7E LAMP SN IR
HeRe RIS E, IR BARE AT HERRDIH]

N T AR R ROV R R | R AL IR
Wt #2, JoungZs: ' %t STOPCovid #E47 T T4 ik
HE, 3035 AREBR A R S AR A T ) RNA B 5840
EARBIREIR b, 1048 25 QIR0 U N I 20 TR ) [+
i, ALfE PCR W 2 i RNA BOREA T4y . #
VS P 0 15 A Al A5 AG DN 4 R AR IS T 45 min. B0
J& ) STOPCovid. V2" (SHERLOCK Testing in

One Pot.V2, STOPCovid.V2) ZXUE #il/Hr s,
RYENIL93.1%, TPk 98.5%. (H HETIZ T
AT AL F Il PR AT B B, S PR U AT R 5 I
(K1e) .

CRISPR £ AR PR HAG I 2 50 i 5 . o S M Al
5, Y H bR e SRR R RS, 20 A e
(4 JLEEAH LU ARSI A TR RRIR, 2550
e B R R I RE T L IR, PR AR
AN BB RO ERAETT AR, 2 H AT SARS-
CoV-2 B fe A il s A% FRFE A . AEIZAS I 4 ARAT)
T AT R, R RS0 o A7 A T i
JER IR, AT ] BE A AR A i T
AP
1.6 EHft

BT FaR R SRR I AR AL, i — L
I AR A 7E K COVID-19 215 45 IR & .
U1 0 g 4 R N R (nicking enzyme
amplification reaction, NEAR) W#HF R “F5E4"
Wk N7 (exponential amplification reaction,
EXPAR) (&l 1b) . Tz, fEX AR T
— 4 01D NOW “ (£ SARS-CoV-2 #Z R AG AL,
PREHARBUNTG | #5758, i H Bk H T FDA it
TE Y 5 — AN SARS-CoV-2 B POCT 7= it . 78 %t
G TR AR S, ID NOW 3 b4 i 1
AR SARS-CoV-2 [P AS I J7 2 . {3 P H— 1k
HhAE T . BRI, SEURTEY TR AR
KAGRE, SRFEY AT . B A N
TR AR RIS, T A I 2 R I 2 Kk
K. [F I, B % SARS-CoV-2 : [H () 48 &, ID
NOW A6 7 feff FH %7955 7 RdRp # 3% [K 1] RE A7 76 T
FERIPERERAE , XN E W RERCH S B A A T 1
W&, @UCETHEAE IR .

h TSRS T COVID-19 3, 52
PTG E RGWEILTTY , B BB T —3K
PR R 2 5N R HR ML A TR
oS 7 T IV I 0 T A R A DN 3R]
(CPEIR 6 Fr k) 7 0 %08 A ERSAE 90 min P
X 14E SARS-CoV-2 (S, NEHFE) TEHI 6 Ff
WP 8 W BEEA TR, AR 7T K
TR, BESTRD R, ARuhml TES
N G2 EE LA [FEE, 8 R B 2 A 218 5
AT F5  (mobile analysis platform, MAP) 7K-F,
X Ry 9 BE A2 IR R N 1 B 37 3 A TR R i
A DL B HOR TR B AR ™ i WLk 1 gk 2.
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Table 1 Comparison of advantages and disadvantages of SARS—CoV-2 nucleic acid detection methods

R1 SARS-CoV-2#Eete L. Btk

R 7 i PR A RN S 22530k

H e AR R R R AL AT m R RE R BN, HELR N RS R [8-9]
B hSRrEsE. REUER: WS REMEN R RIAS: BIFEK
AT MR A R

P E HmPCR PRI, RRRvEsR. REUEwE, W AR, MR, [ERERENE, & RE [10-14, 16]

AR AR A Z DFERT K RS AR E: W
TR R 2 H U A 45 R

ddPCR LA E R REER PUFR s B R E R Tk & KRR R [17-19]
WeBR AT, WAS AR AR WHEERLEF IR ms BEd RS WEREEE
oA S PNIE (Rt - R AT E YRR FAEE: HEIFER &K

RT-LAMP ROFERT A EREREREMY; SRNE HERFERMUETES: % ARE [16,20-23]
Rl Reik. RBUES % E EPCRAFI THIE A e

SHERLOCK KO FEm 50 AT REAT 4@ TE B R N2 BRI . RS ECE, T W AT [25,28-30,38]
KR BR AT s HESvksm. REER; SRNE  KBREARRT ., %, HEM
fER] A SAAR: (VLT WER: BRATT G

DETECTR FERT AL, R, REUEE RWRIRLEE . W RBRREI. P, R, 5 AR [34-35,38]
SEPLERAER]; LT RAG R

CRISPR-Cas12a-NER  FERIHE. 5 iEan. RBUZ S RlkER o7 — N [36]

STOPCovid FEWS R RRS TR, REUEE: BIESERA — N [38-39]
By Y5y GRS AR

NEAR T IAE I AT s 45 20 R B R, R NGRS [41]

Ty REIFER 4T M7 EDE R SRR TGRSR AR A e T [42-43]

s Rk REVERGSEHEEL; o EE
KA, I B

" R LHLER.

Table 2 Comparison of representative products of SARS—CoV-2 nucleic acid detection methods

R2 SARS-CoV-2#%E81e M5 iR R = RAVELEL

I 752 H bRk ] FEIT REES R i A Je R SCHk
ek
L DA B 10 6h — BRI R AL R A A — NMPA#LH#E (8]
(A PRETH T AW 2D

WHEPCR ORFlab 140 min  81.48%/100.00% AL IRA S BRI MIIAA & 145570/ FDA, NMPA, [15-16]
N [A] CRIEPCRIE) CEftE

ddPCR ORFlab 5h 91.00%/100.00% QX200 — CEAltifE [18-19]
NEEFH

RT-LAMP ORFlab  30~80 min  88.89%/99.00% —— 3A5FETTIR K [22-23]
SHEA

SHERLOCK ORFlab 60 min — Sherlock™ CRISPR 9953 70/%  FDA#iE [32]
B SARS-CoV-2ik 7| £

DETECTR E3:[H 45 min — — — & [35]
N2&E[H

CRISPR-Cas12a-NER  E#:[A| 45 min — — — i [36]

STOPCovid N3 [H] 60min  93.10%/98.50% —— — o [38-39]

NEAR RARp#:F 5~13 min — HEREAH] (Abbott) IDNOW 10 0003 7t/& FDALHE [41]

Ty SHE: A 90 min — 7N TP 5 A s B A% IR Ao ) 603£J0/X  NMPA, CEfitifs  [25]
N A R &

C—" PRI FAE B NMPA: e A R IR [ 525 5 B B H R (national medical products administration) ; FDA: 3 €5 Al
2 )R (food and drug administration); CE: BXZICEIAIE (CONFORMITE EUROPEENNE) .
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2 SARS-CoV-2#Z% & # i f4 SE 7

Hil, BN =REEAER . LY L RHER .
B PIEAENUAE LA S B PR B . 45 SARS-CoV-2
WRRAINRE T . AR OGHBI 2K, 2 2021 AT —2)
LA R AR RAE RN GE T, T B B
53 SN VAST 9 a IVA A Ve S VI I o [ A a1
TN T BAE AW T .
21 R

Sy it — 4 R PCR ISR, rhEEEH T 10
A LIRKT TR MG o 723 ] 2 b iy 4 DU R R D v
SRR H AT SE AL 200 J7 ARG, ) BRI R
TrhEREE, hapkbrEE vkt b E D HiZk
W H mAGE T RARE CABE SR B AL T
0.1% 1) FEARMYTH A, KIS A RENE WS K
. TR s R AEATR A R R AR pA BE P EE R
SEREARA IR, e Ao RURS: th A BT 38 8 . 0 FH R
Kby, DA TREIRTRI, ZEH k" HEER
fif () A T AR . e N R T, IR
FEAKGIM S, N 2T A AL P s 11> 55 BH P
FEREASFN 3A B BT HE AR (2 0 A BHER KRN 1 4y
FIMEIR A REA ), 303 B PE BFs REAS B AIL TR A For
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Progress in Nucleic Acid Detection Technology and Its Application in
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Abstract Up to now, the COVID-19 is still prevalent in many countries around the world, and threatens health
security of global public seriously. China not only developed the reagent kits for detecting of SARS-CoV-2
nucleic acids and testing equipment, but also established 10 in 1 mixed detection strategy and related policies
which have improved the efficiency of epidemic prevention and control, and ensured the health of the people.
This review summarizes the principles, advantages, disadvantages and supporting equipment of various methods
for the detection of SARS-CoV-2.
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