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Abstract

Fast, accurate and portable on-site testing is critical in the face of public health emergencies. Mo-
lecular diagnosis based on CRISPR/Cas technology is currently the main method of detection,
which can be combined with a variety of signal sensing methods, integrated into smart devices,
and develop multiple new detection platforms. This paper introduces the sensor development and
field application based on CRISPR/Cas system, and summarizes and prospects the development
prospect of CRISPR and field detection.
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1. 518

CRISPR-Cas #Gifk G AL ARAYE So i 258, Fhn s A D0 ] s £y Jit [ S 42 /2 31 (Clustered  Reg-
ularly Interspaced Short Palindromic Repeats, CRISPR)# CRISPR #H 2<% 1 (CRISPR-associated proteins, Cas)
F e PRI AR € DNA 2 RNA FP4, 2 H ET 2> 72 Wit 72 ) #4 5. FIH Cas & H (Casl2.
Casl3. Casld. Cas3 %)% G5 THORMEE ARG WAL, Hetaik, MaRshHiAREE), TR
Pl REE . SR IR &, Rl AR &

2. CRISPR/Ca &%k

CRISPR/Cas # & B AR HAT s AU FE R PEA AT AR 1, SRy —Fiokg e, SRk, IRH Al s R
A% BRASIN 75775 [1] [2] [3]. CRISPR/Cas % 4t A i I — Filid B 1t S |40,  RefgHHt MR R AR
CRISPR/Cas %%t tH CRISPR [41#1 CRISPR AHXH FIZH k. CRISPR FEAI & HE FAIFIZEF4, A4
% CRISPR RNA(CrRNA). CrRNA 5HHR (1) Cas £ 45 & TE AL L IR R 6P (RNP), 1ERZEFIZH DNA
Yt #%[4]. CRISPR/Cas R4:H] LA4r NiFiZE, | 2% CRISPR/Cas R 41+ Bt i 2 RN B A SL R R %4 s
Il 2% CRISPR/Cas R4 Zfif], RFEZE M Cas EAMWILN Cas9. Casl2a. Casl3a)ilfit KIEMEH -
Emmanuelle Charpentier A1 Jennifer A.Doudna #iff 7t /]N4H [ B 55 — 2% CRISPR R %i ) DNA JwfH L], i
I3z RiH[5] [6] [7]. B 223 % CRISPR/Cas AW 14 A1, Casl2a Fl Casl3a x XBYY) 5 Hi4E DNA
(SSDNA)E 5% RNA(SSRNAREF A, B T2 it 78 777%[8] [9]. Casl2a 1 Casl3a & H
WG, RIS ATIENENE, 0l AERr R D)) 5 ssSDNA 1 ssRNA, - AT 3= & Al i A% BR A 2 (3
1). Cas HHBFBKMKIRE &R I iZMYIRIRE ), HT 2R, O, Btk f
fh2:%% . CRISPR/Cas Rt T H mskth. R RSHEME s s 2 B T A9 TR 2

3. EF CRISPR/CA #M4E L2
3.1. ETFNESHRMERSE

5T CRISPR [RXER A MG W 73 DU/ IR B0k, BIRIEIEY 18, B, SR #H=, R
PFEAF IR ALESE CRISPR £4:; &/a, 5 5Hith. Cas AW HiEd Casl2a 5 Casl3a iRl H A7
HlJa, BIYIS A 9OC A K% ssSDNA 5 ssRNA, 72498615 5 [10] [11]. ARFE XA T & 4 57
PEL USR5 A1 DNA N UIEGAE ] CRISPR S gl i L A[12] . £ T2O6(5 5 1) CRISPR 21 5
LR GBS RGEA L DRI AR, o ESRFM Yo & g v gom, A
TR o [FIRS, 36 G O AR R A SRV e, BRI AR (an 1] 1(A)) [13] [14] [15].

FEAF I N A CRISPR/Cas 2 AR, & i MIGiA Nl HA 5 CRISPR/Cas RAiAHL &, AL EN
77 fE AT 6 [16] - FRIE IR (FAM) - AW AR #3258 T [m)3 30 73 i) CRISPR/Cas12a il 43
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W7i%e 36— kP M B SRR MM 4, 17 28 — 2N Gk I Cas12 [ UE 1 1045 5 [16]. fEREFRTFLE
MIIEBL T, Casl2a BYVIAEYIF AL ssDNA 5 HK, o2 C & [ 2 DNA FREE, EHAENKLE LA
AL 1(B))o FEPRIZHRRTA . SR A1 CRISPR/Cas Al 454, Twﬁmxmﬂﬁfaﬁkﬁ JRARAZ TR A I o
LED Tk CRISPR/Cas &AM, I SEATIINGE 5 BT A4k o X R IR 2z A - 2 Fihis i
REIATIN, 41 SARS-CoV-2. JEJR H. AEPIRE A 8555 [17] [18] [19].

Table 1. An overview of key features of CRISPR system
% 1. CRISPR R ZiHI X B4FIE

Type
Features Cas9 Casl2a Casl3a Casl4
PAM NGG TTTN — —
Target dsDNA (ds/ss)DNA SSRNA SSRNA
Trans-Cleavage No Yes Yes Yes
Trans-Cleavage Substrates — sSDNA SSRNA SSDNA
A . "
 RAAARA
Mixing and /é I [
BT Cas12a cleavage a A -
(65°C 40min) _ _ Cas
Amplicon  (37°C 5min) 0y 820
5 s
ic 10
Cas12a cleavage mixture RT-LAMP mixture 0 D T T T 8
S8 § s sggePp
Oil seal &/ Cas12aand crRNA e—s Reporter § e 6 6w e
Template concentration (copies)
Testline(T) Control line(C)
B
—_—
No test line: presence of target
Cleaved
reporter
Cas enuas D
é CphA "‘;'a
S ! ! Y 7
s - Sample Conjugate Nitrocellulose Absorbent Backing
pad pad pad pad

Test line appear: notarget
(A) 3T CRISPR/Cas 2472 6l r & (B) 3T CRISPR/Cas £ 4iM )i/ 5h 40 B i 7R

Figure 1. Detects fluorescent sensors based on the CRISPR/Cas system
1. &F CRISPR/Cas ARGAMITe A 1% k=8

3.2. ET R OHEIERSR

3.2.1. MERshaZ A

Lot o i B 85 R Ty . RERE . ARSI, 7 TR I A2 B I 77k . s 3h
3 Hriki(lateral flow assay, LFA) XFRAGIZEJZMT o drid, & —FhH AR o 5427 B As¥ i i (4
K% E . CRISPR/Cas R4t S5 M MR BN /TS &, TR HE R & (5 2(A) . BARHIAE S
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P L (C L) FMRLR(T £8) 7 AP FAM $iik . AW RIS RPUAE T HE . 24 CRISPR/Cas &
GUpES, T RUIEIRSE, SORBHMESE R, C &Ik, R ERNNE20], X— ik C A4S T4t
AR E . POE MBI AEPNERR B II[21] [22] [23]. XFP 7R ER 2 DAL, A 5 R P
WA= R . BT Cas9 Wl sl dri, B SRY 6E, HisFaadmEBmmsiymeN, [
B 5SEMRBI T 2456 . 51— Fh LT Cas9 I m) it 21 73 A 78 46 T A B O A% mh A58 B e e 1B 1 1 4k
25190, W BART A S NFEER A 2 R A (M 2 AR R A SR R UR UG = R A 1K) . CasInAR I #E5E
B A, AFE R S YRR (R A SN 387, IR AT DL T-2R4m3K, AN il H 285

3.2.2. EHKR

YRR T T R, TERL P IR E A (A N Rt T I 3R BB S 4 K ISR 3R T 1)
ssDNA H ssSRNA, B iE48k ki 7115 4E . FH Cas12a/13a %} ssDNA B ssRNA #HT RV EIG, 91K E
Fr R AR kD, VAW B AR AL AT VR I (1] 2(B)) [24] [25] K H 1% J7 3%, 7 ARG HY SARS-CoV-2 [26].
YK ) — R KR e . WKBEE AT AL CRISPR NIERE RGN J7v2:. T 9N KBl 1) S 2 Wit s
5 kft4h& CRISPR/Casl3a £#4t, AJ LUEISYOKEFRIMEA R B, BORKIE S, MR BUE, ScBlty i
RNA frl[27]. b L& ERM CRISPR 2T B A M REME . w0 s, A H 2 R 5 2 ksl

W 2 fis.
3 P
A o Coldgarticie ¥ Anti-rabbit ankibedy ﬁﬁ} Ggﬁ 3
: S 0 b R G
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Figure 2. A colorimetric sensor based on the CRISPR/dCas9 system

2. &7 CRISPR/dCas9 R Lt & 15 88

Table 2. An overview of the performance of CRISPR detection based on colorimetric signal sensing
2. AT AESHERA CRISPR 4145

Method Target Test Time Sensitivity
RAA-Cas12a based system African Swine Fever Virus 60 min 1fM
RPA-CRISPR/Cas12a system L. maculans 45 min 4.7 copies per test
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Continued
RISPR/Cas9-Mediated Lateral African Swine Fever Virus 60 min 20 copies per test
. . Modified Organisms (GMOs), . 9 .

Flow Nucleic Acid Assay (CASLFA) African Swine Fever Virus 60 min 10° copies per test

Lateral Flow Strip Combined with Cas9 Double Food-Borne Pathogens 3h 102CFUmL™

Combines the Cas12a with Universal SARS-COV-2 20 min 27 % 102 CFU mL:
AuNPs
RT-RPA-Coupled CRISPR/Cas12a SARS-COV-2 60 min 1 copy per test

Colorimetric Assay

33. ETRFRGHIERS

331 HBES

BT ARG CRISPR/Cas BEARBA & REERE s, WHTI RS T. (A2, SRy 855
AR, B = CRISPR/Cas Kl AR . 253 K HLfE 5 4% & AE ) CRISPR/Cas kil 18T F & o H: T
H1{5 5 1] CRISPR/Cas &~ 5 38 5 {4 FH A7 dCas9 & [, X Fh ik (1 R Ae 45 & i A RE V) EI #LAZ L 4 F - Hajian
2 NFs CRISPR/ACas9 [H & 7E A7 Sl N i iR 1, iR BIIFES & BWRIZIR /> T, SRR A,
MNITAS I H 285 5 [28] o 7 H DNA 37 1] DL FR [E 8 75 A S84 A3k dCas9, PR RGTMIHIRE, 724 syt
Mo AFFHES, 1 FAEREMCES by BHE, RNSHMTIE . S, BB P R T S 1
SN, SERFEARTIN . 12RO G B DL R R BR D9 15 M, R [R] 20 15 min.

YUK SLAL AR LT CRISPR/dcas9 Hi AR BT HUE 568, HEHZ dCas9 5 DNA 4ie, ik gKAL
I FRIFL R AR 5 7 R R I, HAE S R AEARAK[29]. dCas9 AN [ 45 &7 A I Al K AL 1S 5 (55 1 FR) AT LA i,
XA TR FAE S RIS . BETHARFED crRNA SKIX 4> DNA AREFPHI, X428 crRNA 1] LLEE 4 3 [F—
DNA AR (B 3(A)) [30]. X FlJ7VEE DNA JEA I X 23 AN[H DNA 751, IFBZ 5 1 R 7 1
HEABLH) DNA, Hbr DNA SEEd 9K FLIMERBEK, A REBERKIER ], v T fF x4 ]
W, FFRIET Casl2a a\UIEIMIGKILIEESS, Casl2a U UIEI AT B4 K FLIT DNA R4, {# DNA
HEI RS S RAEEAL, HTRN. 3T Cas12 MK AL IREAR T LSO IS S, FIHH &R
PIENEPESZHINT HIV-1 1 SARS-CoV-2 s SRk (4] 3(B)) [31] .
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Figure 3. Based on the CRISPR/Cas system electrical sensor
3. &F CRISPR/Cas A% & RE2E

DOI: 10.12677/jsta.2023.116056 497

fRIRA TR 5N


https://doi.org/10.12677/jsta.2023.116056

WIS %

332 HiLFEES

TV RS — R B AL 2 bR AT o I S sSDNA-IY FF L 4 [ 5 75 4 Fa W 36 1HT, 72 H bR 7513
% CRISPR/Casl2a J&/x V)% ssDNA By AL, [ W H JE 0 R il re i im ek /N [32] . 1A
SSDNA 1430 3 5 A 25 72 (7 76 S8 0 AR THI PO B, T P~ 2R W46 FIR A , 456 CRISPR/ Cas12 il
FEL L I AR AL B R 535 (1] 4(A) [33].

A SRR TBOK FAS 52 — Rl B 5925 Bruch 25 A ] ssSRNA K71 26 W SR A TG [ o A6 Al R 1
ZHLFP AT, Casl3a YIH| ssSRNA, B8 % B A AL B (1% 4(B)). i &) bl AL Bl Re fU v i S8 L T &
WK, 7=E D-HIEHE-NIER R H0p BRI A A TASI . WRAA/ERE RNA, T HRE SRR T =
FI[34]. AMEA A ARIL, SO A FE TR ARG 5, T LB S AL CRISPR 2 W R U
F ssSDNA &1 Fa il I, 7E CRISPR/Casl2a &4t iR 5l H AR T 1 Ja HEAT B Al FE4 Bl I b2 BH LTS R
EAENREIE 5 [35] 24T CRISPR/Cas M HLALZEATIIE A T4 SLBL 10 NFLKIR i 25 16 BY(HPV-16).
ARG 2 R B 25 (HIV) « 487N 55 B19 (PB-19) FH B A% 2 18 A 2 S TR S50 TR AR 1) v 52 B0 AL [36]
[37]. & 3 Wb T 5 T HL AL A AR I 1) CRISPR ALl 77 ik Re, BRAR S I REE, A FEZRY ]
Lioil8

Curreat § pA

With target }- ____________
1 e BB henieTAM On-chip cleavage of pre-immobilized reporer RNA
j‘ E anmiboedy Fer, =!
" lartti Lofestin M
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Figure 4. Electrical sensor based on the CRISPR/Cas system
4. BF CRISPR/Cas SR {L RL 2R

Table 3. An overview of performance of CRISPR detection based on electrochemical signal sensing
= 3. ETHUFEESHERRE CRISPR i sETA

Method Target Test time Sensitivity
E-CRISPR (Hpv-16PB-19) 30 min 50 pM
CRISPR/Cas12a-Mediated Electrochemical Nucleic DNA 60 min 30 pM
Acid Sensing E-DNA Sensor DNA 60 min 10 fM
CRISPR/CaslSa-Powere_d Electrochemical Microfluidic MicroRNA ah 10 pM
Biosensor
Label-free Impedance Biosensing Bacterial DNA 15h 3nM
Electrochemical Strategy for Low-Cost Viral Nucleic Acids 3h 10* copies
RAA-based E-CRISPR Bacterial DNA 1h 26 CFU/mL

4. EF CRISPR/CA ARG MNFEFFEE
41. BRENEE
PR A AR TR (EHE . BRI N, AR TR R R 2 N . 7E
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S i b, s R R SR AR RS, KOEAT AR SR EL. P AN CRISPR A il, mTSEIPRIE (N T
50 Z ) Ao IR B AZ R o B IV DI BR AR R A I FH 2 T~ CRISPR st v B EE (1] 5(A)) [38] [39].
RAENGUE T — b S S AR AR ) BRI U, TR, SOARIK[40]. fERAAS T b, B
B IR A TS AR AT, FBEE IR RTE S 28k i % VB A i 3h DL R IR Ao /F 80 min 7Y, A 52K
DNA $2HL, S5y HIF CRISPR 7. thAbh, T Runisa % B i 43 AR R I, AEi8k b fE N\ 01k
IR, XA RISV B, N PR HE T . Nguyen &6 AJF K —FhJET CRISPR {448 H
T SARS-CoV-2 Kl 4R, %A% LI AFERR A, {7 [ [41]. CRISPR 2 Wi B 75 (1) &M ik
HOR B AT R AN E A . O TR, CE R T DR A, CRISPR Z2Wi AT % M4BTk
LS E WPAD HY, IR — PP TR AR A BT %, T DASZR SO MR A SC B R SC R 21 P 03 B TR

3T CRISPR MITREB AR W 0 ST AR MRS I 2 2 AN H AR P51, 17 88 B A 42 B AR AT PSR
ZMRTI . 22 1% 5 R R B0 o B LA SE R IN [X, RS 25 SRS A0 B [42] . TEIRE, ARERfR
PO BT R L R AR R, S AN R #E AT ) CRISPR R FITEAS [A) X I AT VR A0 B, SEIURE bh
VETRUZE M ZE K600 X 35 52 B2 KT [43] « JET-48)5 ) CRISPR SR I 12 Wi A — P BAS B A 7 36, AT RA)
ZAET . BeAk, N TSI E, Ackerman Z5T & % T CRISPR/Casl3a i2 Wi 2 Ge A iim Ak i 240 A B 41 e
N, BT LAKG N 26 FIEINE A G T, BT SARS-CoV-2 25 e R 9 75 A1 22 R it 8o 75 (/4] 5(B)) [44].

A
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Ll ! RMA exfradticn T R ST an Fluidiom
ot
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(A) T CRISPR/Cas REHIMIRIEHMZE (B) #£T CRISPR/Cas R4 HIZ% EMIRIAT &4
MIIE

Figure 5. Chip diagnostic device based on CRISPR/Cas system
5. &F CRISPR/Cas BRI K i HTaE

4.2. BEEFHRNEE

KZHNH CRISPR HEARKI AT 565, BRI EE 2565 5 1w s, H
AT LS TS e T LFIL 1%, B RS THLEE S CRISPR 2 W7 M Isf R i (ks o S Aty Ve A ) o 7
SEA KR RS, e GALIR IS B, TRl R AF S5 PRSI 45 AR [ R BH 12 22 R0 [ M 26 [45] . S T
SE ARSI 5 SR HE AR 1 , A8 00 2 AR g R X SRE ) S UG AT A 3T [46] - 5 IR 5% 2 L 2 40000
SEIERERECE, O RBRIIE B . Fozouni S8 NN UGAE SO RR R, F TR IR N i & 5
Hr(1%l 6) [47]o IXFIEA T EY HAZIR KN, 4 B AR RNA 7] LOEEE 24> Cas13a RNP, F|H £ 4~ RNPs
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Figure 6. A smartphone detector based on the CRISPR/Cas system
[ 6. T CRISPR/Cas Z%th)E RE FHLIE 2R

4.3. DNA HBh#E &

CRISPR/Cas %%t A figfrill DNA 5 RNA FRE s R GIFEIEAZ IR 12 h N H . DNA BT 2 1 H A
WalRe /1, AT LAY R CRISPR-Cas RGN 112 HoAth BARIER, ALEM o A AW 1% 200 52 4T I —
ANF T . FIH DNA BRI A LIS 5, AR R CRISPR/Cas £4t. X Fifsi = Zifiid DNA
A, WiE CRISPR/Casl2a, 52 OGIRE I R ADIE] . ROCIREHE MR IINE 5 (& 7) [48]. ZHRGHS
Casl12a RNP ULAC /) fDNA 43T ssDNA i 15 3 [X(ssDNA-fq) fll Cas12a RNP 415, fDNA 4bF3%4A Hix
ST IRES, FHIE Casl2a 3l RAEIVI. 2 Hir )5 fDNA M EAERIR, Casl2a A8 V)E
PEIE, 2 ssDNA-FQ &R, 7oA 5 [49]. 2L /E =R FAEI ATP AN ES 1, K6 HIFR 43731
N 4.75 uM A1 0.10 mM. iz 526 CRISPR/Cas 2 Wi (UGG R R EIR IEAR . 4. AMBiA. &)@
B N TEYEE, i CRISPR/Cas A I IN ) & e [50] [51] [52]. % 4 145 DNA HiBhHE% R4
FRAGI ) CRISPR J5 8
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Figure 7. DNA-assisted detector based on the CRISPR/Cas system
7. BT CRISPR/Cas R%tH) DNA MBI EF
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Table 4. An overview of functional DNA-assisted CRISPR methods for different non-nucleic acid target detection
= 4. THEEME DNA #Bf CRISPR 753448 M FIE4XER

Method Target signal Readout Sensitivity
DNAzyme Walkers-Triggered Serum Amyloid A-1 Protein Fluorescent SAA1: 30.00 pg/mL
CRISPR Assay (SAA1) FV: 200.00 pg/mL
Functional DNA Regulated ATP: 475 uM
CRISPR-Casl12a Sensor ATP and Na+ Fluorescent Na+: 0.10 mM
MDANs-Cas12a Circulating Tumor Cells Fluorescent 26 cells mL™
(CTCs)
CRISPR/Cas12a exOsome Fluorescent 103 particles uL ™
APC-Cas Salmonella Enteritidis Cells Fluorescent 1CFU

5. INESRE

CRISPR/Cas % &i K HoAG e A ) EIThRe, B TR & h B A 4y . CRISPR/Cas £
WAL S 965 5. bk, B RS, O BRETHSALEIS L, TFR ZASH R
BIF T N T SR . AR A E BT T IR, HE T CRISPR/Cas 1 AR U B AT UK ) 7 A %
Dheett, FLnT e iR R B4R P R I Stk B e e P it 1 T AT (1 B EU5K S . CRISPR/Cas & 4: BA
Fa RGP . SR #E . RSCRSERE R, AT ASEIUN 2 R AR A AR R o A A b . R
EHT CRISPR/Cas REiH) K BHELISE 5 O & IS SR ek g, (BB SR H AR A0 mT F B FH AR 7
EFHE— SR HETRIFAEYFZ 0. (1) CRISPR/Cas RGN &7 % % RS HI 5T, S5
BBAPESE R (2) TFESRY WY KR, B IERIER S 24PE: (3) CRISPR/Cas & Gk = AnifE AL 2
J¥5(4) HAT CRISPR/Cas RGN 550 FM2: 5530 2 41 43 [FI B RE il , 22 K A [RIBTAS s (5) T CRISPR
RGW Y etk ERNRETIMAZIE SEREAR, KBRS EH#%, AaHEid
T2 A SR A S . X 8 o] AT 75 8% AR, TE4 5 I T AE AT R 75 2250 2 M oGy T AEME . AmiEtE
o RO RN B, DA N R R

E&WmE

7 BA TR A TR H (202121034379); 45 A i RHE V8155 H (202010031493); 4 BH AR H 8 S
it H (S2018F9031018292); H1FG A # & )T R 71 H (21B0874); 18] B P55 AL M HR NV F52 AR 2 e B L v K
BHIT L 05 H (PY2021-09): 8 e FAEE AL MMV AR AR 7 56 75 4F 5= 5 00 H (ZK2021-03) s 7 BH T Bk Rl 5
(202121034369).

&5k
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