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[Abstract] The misuse of antimicrobial agents has made antimicrobial resistance one of the major threats to global
public health. Efficient and rapid detection of drug-resistant bacteria and resistance genes is crucial for controlling
infection spread and safeguarding human health. However, traditional detection methods (such as culture isolation,
polymerase chain reaction, etc.) exhibit significant limitations in detection speed, cost-effectiveness, and convenience,
increasingly failing to meet current clinical testing demands. In this context, the CRISPR/Cas system, as an emerging
molecular diagnostic technology, offers innovative solutions for this field. This review details the developmental status of
CRISPR/Cas systems and their research progress in rapid clinical detection of drug-resistant bacteria. It systematically
explains the working principles and efficacy of various CRISPR/Cas-based detection platforms (e.g., SHERLOCK,
DETECTR, HOLMES), highlighting the system's advantages in sensitivity, specificity, efficiency, real-time capability,
portability, and low cost. Additionally, the article discusses challenges faced by CRISPR/Cas systems, including direct
clinical sample detection, multiplex testing, cost reduction, clinical validation, and standardization. Finally, it outlines
future development directions, emphasizing technological innovation and clinical translation to establish CRISPR/Cas
systems as efficient tools for drug-resistant bacteria prevention and control.
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D7 RV TR YR DR A DN 4 Tk 245 R g B 4
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TRTT AR, EARZG AN B S0 DRSS, a0 S A% 485 114
FIREVE" S BUANA- 7 RO P 52 9 % 30 FH T 1 24 7
RGE I (%) S5 30 5 A s AR GE B T T2 ORI (K-BAR 47 1
2 WARRIESE) A A S 2RI R 5 . BOg A |
FHF R WU N (polymerase chain reaction, PCR) %)
SR ARG . ARG T T A4 A 3l 25 ok R 48
TEATAMM T J5 TR 1 35 5%, FEA 27036 hEE R K, 1 HL
GRS AT SR DR IR, (I REAS I A 1Y
TRt (AN - DAY Tt P Tt i 7 2 A RS ), ARG Y P s e 2 )
BT PCRIV ;T AT INH A KA I BE T, FEIF1 ~ 4 BN
A, (AR (A SRS ROR B 0

P A B A% 8] B 482 181 SCJF 41 (clustered regularly
interspaced short-palindromic repeat, CRISPR)/CRISPR#H
KR NI (CRISPR-associated endonuclease, Cas) &
GAE Jy— M EL A SR BOR , 16 B DNase/RNase %, 78
I SR G372 Wy T B A Y S BRE | R e L PR
MEFE LD, 3326 )5 B B v IR A% e i 24 TR A I )y 123
P Jey IR, Bl 3T 245 TR 8 DR A

AR FEEAZ T CRISPR/Cas £ G5 1) T BE FIAG I %L
FH, A5 1) 2 A TS 24 T R 245 58 DR A e 7% el 207 ],
15 H AT C IR 0 EEAG -5 L R Pk R
J7 101, RN A DA 25 PR T KA T 2%
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J¥ %1 (protospacer) %4 2| § £ i CRISPR 351 H1JE 1L ]
¥ %1 (spacer ), FRIU“Ge e icdZ”; HF-uGHE 24 4H7 )R
V1) B8 91 (14 s B AR B i A\ 63k B B, %% SR CRISPRIA: 1) 5
TR AR CRISPR RNA (crRNA ), 72 Az o S L ] e
FIARSNEDNA) 7] S RNA (guide RNA, gRNA ); £ THBY
B, gRNAG| 3 Cas# UM I U151 B AR Y S0 5 o 1R
DNA, KIFGRPENEVEHY, Jinek %"l IR R, T
20124E 4 RS2 T CRISPR/Cas9 RGeS 4531411
HUBRDNA R REE O 15 TRIGEH B\ E20134F 15 K- CRISPR/
Cas9 R G0N FH T/ BRI A A0 A, 52 J Ak R 35 R A 067 A5
S B ), DT A CRISPR /CasfH TR KGN ZE5E T HL
LAY, AT crRN AT S U 4 B 4 31 2
JRDNA Jy B, i 55 H A 5k 7 51 (BB AR ) 58 2 HAb,
Cas® F1EcrRNAS |5 TR BIIFU)HI#EAR B A CRISPR/
CasRGHER R oy T2 THAYZEME .

CRISPR/Cas % 4t 1Y %514 H1 CRISPRAE K J# (DNAJF
§1) M Cas il H [ 2H 5L, Hii# £ & (2 T CRISPRFF 51 |
W HT SRR 41 . #E CRISPREG S v 1L A ] i HE 51 ) 5 42
V¥ 5 R0 B B 7 51, 5 3 A A N B 11 S B AR .
CRISPR/Cas R ZMR 5 H:Cash [ A 2 W 25 57 AU 1 Hh
HHHAGFI A e, 20 1T L VAL 55—
Feh TV VIR B B IX 37E TR BIRL0 2% 2 B
ZA~CastE 1AL E A, 5 580 a2 B 2 45
G300 Cas 811, H RUAE 25 BRI 7 )2 R Y
Cas9( 1Y), Cas12( V#Y), Cas13(VIZY), Cas14(VHEL)HR
IS e <L
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CRISPR/Cas &R G 14T Fi2 Wi v Al BT HA%
PR S ) R A YD ENRE 1 o AR TRIZE R CasRi N 2 FH HA
AR BRI ENEYE . F15H TSR CRISPR/Cas & 4%
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Table 1 Structures and features of different CRISPR-Cas system

Cas effector Cas9 Casl2a Cas12b Casl3 Casl4
Type Type Il Type V Type V Type VI Type V

Spacer length 18-24 nt 18-25 nt 18-20 nt 22-30 nt 20-40 nt
Functional domain HNH & RuvC RuvC RuvC HEPN RuvC

Guide RNA tracrRNA-crRNA crRNA tractrRNA-crRNA crRNA tracrRNA-crRNA
PAM/PFS sequence NGG TTTN TTN Non-G Not required
Cleavage type Cis-cleavage Cis-cleavage & Cis-cleavage & Cis-cleavage & Cis-cleavage &

Trans-cleavage

Cleavage pattern Blunt end cut Single staggered cut

Target substrate dsDNA ssDNA, dsDNA
Collateral cleavage No Yes, ssDNA
Reference [9] [13]

Trans-cleavage Trans-cleavage Trans-cleavage

Single staggered cut Multiple cleavage sites Single staggered cut
dsDNA ssSRNA ssDNA

Yes, ssDNA Yes, ssRNA Yes, ssDNA

[14] [15] [12]

PAM: protospacer adjacent motif; PFS: protospacer flanking site.
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CRISPR/Cas9 R 4t Cas9 FI 15 P> T2 1 R AR
S5k U)FAE B ANDNASE 1 RuvCES 4 S8 A ) HoAb
DNABERYHNHZE I . Cas9/sgRNAKE & A i i1 51
dsDNA I 452 F£ 7 (protospacer-adjacent motif, PAM)
5 dsDNA%S &, TS 8 Casof I HYREIIN ., HE
M T ARG TR IIRE, AR 2 S ARy Hy 4
ARG A, L UR AP 3 (rolling circle amplification,
RCA) ., PCRASZHALARDNARAZIN . A HFFEA B
B4 TF K T 3T CRISPR/Cas9 7 4t (i PR s K 2 /<
M Y 480 P K 4 78 (6% 2 BR 1 (methicillin- resistant
Staphylococcus aureus, MRSA ) Fllif 71 7 5 2 M ER oA
(vancomycin-resistant enterococcus, VRE) [ 75", 84
5% A LUK CRISPR/Cas9 -5 F —fRill /3 (next-generation
sequencing, NGS) HE ARG &, TF & —FMEF REM 25 T8 6
M+ A (finding low abundance sequences by hybridization-
next generation sequencing, FLASH-NGS), A A& H Il R
FEAHIMRSA . VREFZ R 25 3L ] fllvanA | dfrC.
ermAMermCSE™,

dCas9/& CasOf—FfiTAE Y, HORN HAGRELIAE )1, (2
T ReRE S MU I 45 & #ARdsDNA, PLdCas9/sgRNAK
BRI DNAREL, 456 e 7 ik a2 58
A (fluorescence in situ hybridization, FISH) 7] #6:0
MRSAP,
2.2 ETF<ESMEYIiEErIan

CRISPR/Cas12 R4t : H— > Hul i RuvCAS 41
Ji, AHEA MR Sz X UT R 3% P . CRISPR/Cas12afk
crRNARY-F %, CRISPR/Cas12bfEcrRNAFiltracr RNA
(g 5 sgRNA) L[ A 5 R 120, RS v FUNHE AR
P AMIE 3 A IVl ds DNAFIssDNAJY 51 (Xf
dsDNAR S B ), [al AR Rp S U0 %0 o] Bl A #EAR
ssDNAJ 70 1o lid 51 APEARIC A ssDN AR 155>
1, YA B Cas 1200 HIIN, 5EGIR — 2 poRe, A
SRR I I AR AL R G o Shin45P7E20244F 41 T
B FPCRIH K CRISPR/Cas12a ) 9 Gl 2 25 46 M 45717
blagon KRR A, HAMIER152.7 CFU/mL, 8 MLEE
JBe HL UK PCRA AU w3 1 100475

CRISPR/Cas14 % %i: /= CRISPR/Cas R4t /NI [,
HAT400 ~ 700> SR, I [F) A% R il PR AR ) — 2
CRISPR-Cas144 CRISPR-Cas1225 Bl U1 I 75 1, (H 5
dsDNAAHLL, %48 1] U #] ss DN A 4R P B i, JF B
ARG TPAMITFN BT o A, Cas 14 FEAR U 25 fil

K ssDNAZJT AR S D)5, 330 oA m] LS R g 1
FLI PR TR Z A ML K 3 B0 Laiff AP 1 —
AT Cas14 A9 7] FLAL BRI BF 4G 22 45 (Cas14VIDet ), AJ A
T ] AT R X 2 AR D B TR 24 B TR Gyr A, RS
T AT PR A T TRV /K P (10° CFU/mL)

CRISPR/Cas13 & %i: 5Cas9, Casl2, Casl14% il
DN A B R A 8] (1 /2, Cas 13 fEHE 5 M 300 5 1) )
RNA. Cas13[al#FHA7TMRH S VIR A%, Cas13/
sgRNATE U 57 Pk A B [ RN A Y 81 fi — 7 THI#EAR P 571
PIBEY, 73— Jr G & AR AR RN AJTF A 1R
PEVTRIRE AR, DT 200 I A4 A% e A i i) B Ay
sfiie [ BA* 5% F CRISPR-Cas13JF & iy SHERLOCKAG ] *F-
3 RB 8 X 53 HAT T A [] i 245 258 PR 114 it 58 o 36111 7 114 i
PR3 Bk, BV B 75 25 045 T 14 Jils 2 5@ 75 11 187 (Klebsiella
pneumoniae carbapenemase, KPC) Fly= H & H 4 & -1
PR i 1 A i 2 5 75 1A B8 (New Delhi Metallo-B-lactamase-
1-producing Klebsiella pneumonia, NDM-1) .

3 EFCRISPR/CasRZ LRI AR N F &

CRISPREZARTENG GRS W ST e Fre T, 89
Z RIS Y- 6, TR I 24 T s 24 5 PR T %
PRV T7 . 222 TEANF T T AR ZE AL CRISPR /Cas
B A% TR KGN SF- 5 K HoRAE . K11 B 2R SHERLOCK .
DETECTRAHOLMESTE it 24 B ASHI i BE A S 2
3.1 SHERLOCK (Specific High-sensitivity Enzymatic
Reporter Unlocking)

SHERLOCKHFR A R 51 8 R BB W VI 45 R4
J2 SR AT BAFE 20174 & 1 £ T CRISPR/Cas13 5 %
TR EARAAGE G 00 73 F R & AR AR
i P a4k B DN AEF T EE AL R A ilE Y 31 (recombinase
polymerase amplification, RPA) ¥ #4, T7 RNAR & 4"
4B DN A S HRNA, 38 18 Cas1341- F A5 RN A L) B
TR E A5 S R A M A RNA . A0 A #0 bR 32 B4 5
RNA, 4 mRNA, —4E)5 XAEA -5 BT8R
T+, ¥ Cas135 Csm6(—FPCRISPR R S BIH 7 ) &5 4,
¥4 T SHERLOCK v25E i~ , 17 65 L RF 2 B
A 1) i A L AL/ L GRS, T 52 AT e R i
A [ B f Cas13. Cas124 I #FRRNAFIDNA . i i
SHERLOCK v2°F- 15, A58 A A 3] 1% 2 a M i 51 ]
P14 ] 2 P T T 5 7% il 5 A1 R 45 88 0 7 2 K R T 4
FE R AN, SHERLOCKAG ISP 538 A T i 2% SR B
F A0 R 22 S AGIN, ELARE Pt 1, S 3 ma  A0 SR AN
il B AU, D3 AP XA A 2 R A, 1 B PR A 2%
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Table 2 Different Types of CRISPR/Cas-based nucleic acid detection tools and their characteristics
Cas Effectors Method Amplification Readout Multiplexing Targ;;(: Tlf:?}f(:eg(eins Time Sensitivity Samples  Reference
CRISPR/Cas9  Au-IDE RCA Electrochemical No dsDNA S. aureus 1.5h 7 CFU/mL Food [17]
coupled with
CRISPR/Cas9
CRISPR/Cas9  CN-TAR RCA Fluorescence Yes dsDNA MRSA, 0.5h 1.40 copies/pL Airborne [19]
VRE (MRSA)
1.13 copies/pL
(VRE)
CRISPR/Cas9  FLASH PCR NGS Yes dsDNA antimicrobia- 1.9aM Cultured [20]
resistance bacterial
genes isolates/
clinical
samples
CRISPR/Cas9 ~ CUT-LAMP LAMP Fluorescence Yes dsDNA  Salmonella - 100 copies Bacterial [30]
cultures
CRISPR/dCas9 FISH - Fluorescence No dsDNA S. aureus 0.5h 10 CFU/mL Clinical [22]
isolates
CRISPR/dCas9 dCLISA HCR Colorimetric No dsDNA MRSA 1h 8.5CFU/mL Clinical [21]
isolates
CRISPR/Cas12a CRISPR-MTB RPA Flourescence No dsDNA  M.tuberculosis <2h 50 CFU/mL Clinical [31]
samples
CRISPR/Casl2a PCR-coupled PCR Fluorescence No dsDNA  blay,, 1h 27x10°CFU/mL  Bacterial [26]
CRISPR/Casl12a cultures/
CRISPR/Cas12a SRCA-CRISPR/ SRCA Electrochemical No dsDNA  S. aureus <2h 3CFU/mL Pufr%od [32]
Casl2a cultures
CRISPR/Cas12a DropCRISPR LAMP Fluorescence No dsDNA  Salmonella <1.5h 10* CFU/mL Pure [33]
typhimurium cultures
CRISPR/Cas12a RCCS RPA Flouresccence, No dsDNA  blag,, 50 min 10 fg/pL, 1 ng/uL Clinical [34]
lateral flow assay blayyy isolates
CRISPR/Cas12a dual RPA RPA Fluorescence, No dsDNA rcs A, <1h 1-10 pg/uL(rcsA), Clinical [35]
combined with blue light irradiation, KPC 1x10° pg/uL(KPC) isolates
CRISPR/Cas12 ultraviolet irradiation,
lateral flow assay
CRISPR/Cas12a CRISPR- RPA Fluorescence Yes dsDNA KPC,NDM,OXA 05h aM Blood [36]
LbCasl2a samples
CRISPR/Casl2a Casl2a/Guide LAMP Flourescence, No dsDNA  nuc, <1.5h 4x10’fg/uL Clinical [37]
RNA lateral flow assay mecA isolates
CRISPR/Casl12a E-Si-CRISPR - electrochemical No dsDNA MRSA <15h 35fM Human [38]
serum
CRISPR/Cas13a SHERLOCK RPA, Flouresccence, No DNA, KPC, NDM-1 <lh 2aM Clinical [29]
RT-RPA  lateral flow assay RNA isolates
CRISPR/Cas12, SHERLOCK v2 RPA, Flouresccence, Yes DNA,  P. aeruginosa - aM Clinical [15]
Cas13, Csm6 RT-RPA  lateral flow assay RNA  acyltransferase isolates
gene, S. aureus
thermonuclease
gene
CRISPR/Cas13a SHIELD RAA Lateral flow assay Yes RNA  H.pylori, <1.5h 50 copies/pL Saliva (39]
clarithromycin samples
resistance
mutations
CRISPR/Cas14  Cas14VIDet PCR Fluorescence No ssDNA  H. pylori 10 min 10° CFU/mL Gastric [27]
resistance tissues
genes

CRISPR: clustered regularly interspaced short-palindromic repeat; Cas:CRISPR-associated endonuclease; RCA:rolling circle amplification; CN-TAR:copy number-targeted

assembly and recombination; FLASH: inding low abundance sequences by hybridization; LAMP: loop-mediated isothermal amplification; CUT-LAMP: contamination-free

LAMP; PCR: polymerase chain reaction; NGS: next-generation sequencing; FISH: fluorescence in situ hybridization; dCLISA: digital chemi luminescence Immuno sorbent assay;

HCR: hybridization chain reaction; RPA: recombinase polymerase amplification; SRCA-CRISPR/Cas12a: saltatory rolling circle amplificationcombined with CRISPR/Cas12a
system;DropCRISPR: droplet-digital LAMP-CRISPR/Cas12a assay platform; RCCS: RPA-coupled CRISPR/Cas12a system; SHERLOCK: specific high-sensitivity enzymatic
reporter unlocking; SHERLOCK v2: SHERLOCK version 2; RT-RPA: reverse transcription recombinase polymerase amplification; RAA: recombinase aid amplification; SHIELD:

sensitive H. pylori identified easy-read dual detection; Cas14VIDet: Cas14-based visual instant detection.
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3.2 DETECTR (DNA Endonuclease Targeted CRISPR
Trans Reporter)

20184, Chen®F" 21} T 53 —FHCRISPR/ Casfi il
3, fir 4 A DNA N YIFEHE [a] Y CRISPR S XAl i B P . 1%
HrF- £ 44 CRISPR/Cas 12 5 RPASF Y HEHL RS £,
i 1 Cas 124 cr RN A TR 110 [ A% 2 O % it AH S DN AR

5o RPANAGEE G X 42 %R B SR A0 45 B 7 2K, 18 ] i 4
H AR FIHE E A R B . Chen" | FIDETECTRE:
I X /- HPV 16 FIHPV 18, If-4H [F 0 _F-mT LIy e F) P
A AT R4 BR (Y DNAJF S . T DETECTRE -
B, L% 320 min N AT AL RHIIMRS A, 2415 141 BA
SCELT WA AT B AN 255 (KPC, NDMATOXA) BB
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O sirriock Target sequence  aq13a-crRNA Cleavage reporter
Fluorescent
o Target Trans detection
wviw RPA WA recognition cleavage B0
A e e —=
o%ﬁj) > -0
dsDNA dsDNA L .
5o © -
m c-e
@ DETECTR Target sequence  Casl2a-crRNA Cleavage reporter
mmmr ~ PCR Fluorescent
DNA  mmmmm dsDNA Ty get Trans detection
T recognition cleavage and
i —_— —_— — O
VA — o <8 o .0
AN NVAVAN oy TV
JAVAN o © =
RT-PCR
m ©-e
@ HOLMES Target sequence  Casl2a-crRNA Cleavage reporter

1 SHERLOCK,DETECTRATHOLMESEMZHAMNFHEARE (RALNEZBALETAHE")
Fig 1 The basic principles of SHERLOCK, DETECTR, and HOLMES in drug-resistant bacteria detection (Created with BioGDP.com'*")

A, SHERLOCK Detection Assay. The SHERLOCK assay begins with preamplification of the target DNA or RNA input. The amplified sequences are subsequently
transcribed into RNA using T7 polymerase. Detection occurs via Cas13a-crRNA, which upon activation cleaves fluorescent reporter RNA probes, generating a measurable
signal. B, DETECTR Detection Assay. The DETECTR assay begins with preamplification of the target DNA input (or reverse-transcribed RNA). The amplified DNA is
then detected by Cas12a-crRNA, upon target binding which activates collateral cleavage of fluorescent single-stranded DNA (ssDNA) reporters, generating a measurable
signal. C, HOLMES Detection Assay. The HOLMES assay initiates with PCR (or RT-PCR) of target DNA or reverse-transcribed RNA. The amplified DNA is then
recognized by Cas12a protein guided by target-specific crRNA. Upon target binding, activated Cas12a exhibits collateral cleavage activity, indiscriminately degrading

fluorescent single-stranded DNA (ssDNA) reporters to produce a detectable signal.

MG, DETECTRAA 5 SHERLOCKAH 4 i 5 R A
JE, G T RARFEAS (AN A | MR , TP RE 1B n]
FHT DNAJ ARG | PRIE 8 B it A= 7 G e
3.3 HOLMES (one-Hour Low-cost Multipurpose highly
Efficient System)

20184F £ G #HIR WA T HOLMESK: I R 4¢, iX
J&— 7§ PCR 5 CRISPR/Cas12a R Gt 45 & 1 s S5 K6
T30, XA I 5 35 554 T 4 iF SHERLOCK AR i 7E
KM DN AT A if 625354 T DN A E RN A PR SML 53%  AS A
FE, T TR ARRNAFIDNA . AR1, PCRY™ M4 1Y i 2
B Dt AIBCA, JEEIE I — MG | FERT YL BE . 20194F
FAFF HOLMESH: I 22 5 F+ 9% W HOLMES v2, FfH 4™
B4+ 7R (loop-mediated isothermal amplification, LAMP )5
CRISPR/Cas12b R i 4 17, il HCas12b8 13 H AR UL
FABEDNABIHEA TN, SR )5 I I Cas12b A Bl 59 D)1

PEXS FAEE DN AR E A TREAR, 22 A B bRz, 4n
H AR B 5 7%, A AT 16107 M™Y, CaoZEHF5E A B
FEHOLMESK I 22 G i) St I, 152 114 S5 1 L 1o T AU A%
BRI (nuc) Fllmec AL A I B 5% ] S RNA (sgRNA), 14
TLAMP-CRISPR /Cas12af {4 2, PRk %2 4 8 (0 1]
Z KT AIMRSA, GG I I 7] 4780 ~ 85 min, ¢ 5P HI R
B 15100% ., HOLMESZ{UDETECTR, H 4% )5 1Y
HOLMES v2{ 5 3818 1E R A%, r D0t i e R e o,
SRZ TR BE 1A PR, (RIS A 562 By DL S 2 .
3.4 HMfZAEANREA
Suea-Ngam %5 I7E202 14F 48 H T —Fp I AR 4 )@ 1k
B 4 48 Ak 27 B A CRISPR/Cas12aE W15 & 25 H R
(silver-enhanced E-CRISPR biosensor, E-Si-CRISPR ) 346
IIMRSA, 6 I FR A E 5 BR I3 591] 43.5f MAI10 £ M, ZPE
T 5B (10 £M ~ 0.1 nM), T84 % gRNA R 8] & 5



% 430 K B4 CRISPR/Cas F G 7E I TR 24 B HRs A ) o 1) 2 HTRIT Sk g 1217

A1) ) T B0 T DA SE SR AN TR FEAR 14 ) 2%

YanfE 202445 0 & — POk B EE A S 4 1Y
(recombinase aid amplification, RAA) fICRISPR/Cas13a%
B B, 382k 0 1] 3 A 2% G 0 1l T WA TR N e
R 25578, AR AR 44 A T RRFT B 2 13 XU A ) 12
(sensitive H. pylori easy-read dual detection, SHIELD) ., i
MR AT 3K50 copies/pL, 5qPCREL, BAM: Tl {5 7] 35
100% (TE T4 5E ) F184.6% (M 2546 ) o

Mao%5 L AAE20254F I % H —Fh#s CRISPR/Cas9-5
NGSIRA HI TR B AR it FP I A2 B2 AR i A 2 2 5 ]
(antibiotic resistance genes, ARGs) . CRISPR/Cas9s 3
el 2% i B2 A A B ] ARGs, S5 H IINGS A L,
CRISPR - NGS5 144 ARGs MR M 10 ~*p 2210 —*(1A
qQPCRAHNS L), I LTI P /KA ft rpA 0 30 11 K 1
B KPCI 2556

CRISPR/Cas i AR G o o S 1k« S AHUEE A ] i
P, & A T 24 T B Tt 24 5k PRUAS DN 1) S 2200 & J7 1] . H
B O A 2RI B 8T &, FEEG SR AR (n
RPA. LAMP)5{PCR, jfi if CasZk (4 (#llCas12 . Casl3,
Cas9) [ HE 1] Y1 5455 TR S BUPRE , RFHERS I, 3504
TIPS ST 24 TR R I @5, AR AT Bl pU AR R it
GO TRZ —,

4 CRISPR/Cas& S FEMm B R agE

41 BHRUEEREE

CRISPR A4l i3 gRN AXE AL I REAZ R 7 41, fm 5%
MK T IR TS A, 42 CasBE M (Cas9. Casl2. Casl3,
Casl455) 5B ARG HORFIFEE™ | B, LEAa™ ) g7
SERAR, MR = T ARSI (R P A B L UL A
BRI 5, lEANIDETECTR, HOLMES v2, SHERLOCK
V2EEN 124 AT DRI B AR 2 a MUK T B SRR,
RS S PCRAEY, (AXT A BAE N BRI 4622
SRAEFARN 1= 24— HOR TR X T AN b €5, 451 4n
Peng®F"“WE20234F-FF & —Fh ARG &, Fei/F MM FE
rFPRL S 4l 1k A e S B MRS A K 4 K il FTR P A Al
CRISPR/CasHilll J5 A ZE G, 44 8 e AR A (19 6 I R 22
100 CFU/mL; YangZ:* 720244 K RP A{HEL ) CRISPR/
Cas12a, 14 8 2R G i 15155 CRISPR/Cas12a s
3% (RPA-coupled CRISPR/Cas12a system, RCCS), %,
TR Ela MK F- 19 KPCHlp MK - BN D Mifit 25 HE [, Jf:
100% MERAAGIN 3 185 PR 5325 (A 98 5 7 (A PR AN R 35 A T
4.2 il E 5 ST

TEDUR 2500 B ARTS 50R , AMRE T AE S ) 4

BR S T R U o PRI, ST PR R T 24 A
T4 T e 1 e B AR Y, BFSE
H1H5 CRISPR/Cas R 485 2 ff f 53 U7 2ot . il
P M0 ) SR R Z5 5, A HE T CRISPRAY PR AG
25RO B 75775 (CRISPR-based assay for Mycobacterium
tuberculosis complex, CRISPR-MTB) 7£2 h P SZ B &5 4243
BT B 42 5 AR RS I FLASH-NGS H TS 25
BRHEAT ROMUAR | PR 1 S I 3 A T o e = B T
CRISPR/Cas13a R FEl 13 M 1) £ AR 5L 240 min A IR
TR 2 B R 255 R mer- 1R 25 SRS, 30 63 R
VTS 245 T PRI P ) DA% 8 0 ks B R 4 e 22 5 0%
FNJL/NIE, ST TS A MR, Ayl S VR FH 24 A2
A IR AL T s R B S
43 ZERNVERMNREHRE

CRISPR/Cas R4t 1 LA 1 B AN 7] ) g RN A ] i A
W 22 oo [ Bl ] — 3 SRR AN TR . S PCRAFAESE
RS AL A A L, CRISPR/Cas £ Gt £ M XTI PR A1
JE AR SRR 1 5 i ik 243 1 0 T, 2 ARG AR oA i 5 2 T
A Ty BB 7 2 85 A ] 58 14 O T R B A AL a0
SHERLOCK v2:R FH DU 152 Casfilf, S B— US4 o4 7
A B bR (45 5 A2 07 50 R G A, B4 s RE 43 HE %,
T R 5 i A A ST N BB R — T
CRISPR/Cas9Ik & NGSI 45 4% Bk £ R (finding low
abundance sequences by hybridization-tuberculosis,
FLASH-TB) S 3 5 45 MR ARAS th A I 4542 20 BAF TR 5
OB 245 A PR, 4 i A 0 24 3617 388 B 98 N DK
CRISPR/Cas 13- 5 MM A 4, BT AR 2 &
B %1 (bacteria-combinatorial arrayed reactions for
multiplexed evaluation of nucleic acids, bLCARMEN ) ;3]
FRGE, TS5 270 LI PR B R TLA T 24 5 PR 1 ] P
T, Ay PR i R 4 2 o 240 T D AR 68 S AR 3R U
bR o B T 24 S N U 7 e 2 ES D R Y R
I, W RE A B e At DX IR X AT REAA7E B4 LR 3
R, S Bl 4 i 2 IS ]
44 EELSRBARES

VFZ CRISPR/CasiZWiF- 15 Ui AR O BLE 2 — 2
HEBR 52 2% B 5 AN AR A%, IR BITE B IR A BR A PRI e 52
it DR A H 4, 451 {5 45 AR BE B 4% S B, 6
THENG R K I W AR 55 K60 (point-of-care, POC)
SRR M2 E X EE, COVID-19 KB K5 K4
BROASE A FE AL, Z2A4BF5E F BAKF CRISPR/Cas12a
5300 sk - F A SR A WY1 (reverse transcription
recombinase polymerase amplification, RT-RPA ) 8% 44 K fii



1218 PUN S22 (B2 )

5 5745

LI SR - R B B B R (reverse transcription-
exponential amplification reaction, RTF-EXPAR) 455",
& Hh Z R AISARS-CoV-2 RNAKG 7 i%; Mao%™
WITHIF & —Fh 44 CRISPR/Cas12a FILAMPRYE#HE R :
Yt i , AT I A AR RN 2GR 5 XK v Y i 24
SN ermB#F1 7] AL A Y, SSINBLGABAKG I, R U
A352.75x10°copies/uL, X N AR Z 15 KA H) (1 K3k T
B AT DX ST BB S WA PR 7K e i 24 6 R iRt
— MR B

5 CRISPR/Cas % St 1E T 24 B 44 i mh B9k %
FRFRE

CRISPR/Cas F ¢ Ay EA i S M A SR AR PR 1] AL
W02 W) R S G S €T 2 N D ot S 8751 N
J5 AR TIPSl F B, X R B E Ak
FAY TR 245 A S o Jre R e R 7, SR, % B R TR S8
Brnz FH AT I 22 PR, Aok R R TR AR ARG S
7R Z
5.1 IEER#AEERNEDEFRL

I RAEAS CAN ALV . PRV . PR RS ) 38 #5052 b1
IR SR, 5 5 T e ot — 5 18 T e i Casfif
W, FEUR PSR, 55— 7 mAJy vl 68 ) 2H Casfilf 5 #8
PIEIRUES:, 7= A B BH AR 5 D X R &, REFI A
T REEALCRISPR/Cas R &, $ETHH X 52 221 IRAEAS 1Y
HHEATIRE T

il fd FHALT H.(DeepHE, CRISPRonflIDeepCRISPR
25 ) BEA TR 24 ) B (AN BILSTM) S0 A gRN A 24 45 4
(Candr& F HBE. K RE5H), 3R gRNARE R 5 16 1 (il
FHTIGER (G B 25 [ 25 A5 78 ) 43T g RN A5 s B 1 40
PR RSB, piCRISPRIE A 7 FI RHAIE FIFRULIS (& R-AIE,
CRISTAZL T BEHLARAK, | FHGUIDE-seq ¥4k Il 2k, T
PO, AL SRR s 1 AT 5 58 ProGen2 I 2507
% 1 OpenCRISPR-1, 5 KR SpCas9)FFIHH L 1 45%, {2
TR TF20%:; T AlphaFold2 15 I i HEPN &5 #4
15§, i 3 Foldseek B 243 Hr % 22 H i AU e A Cas 1375 4
(Casl13an), HARFUL AL 5 Cas13191/3, B 18 A HRHH 0%
7% (adeno-associated virus, AAV ) 2448 26157

M2, NTA e g RN AT T T A 4 X
W . 2 Casthi 1 M AT AUAEAS AL 3, 12 35 42 FHCRISPR/Cas
-5 X I R AR () L HE A I B g, ARl i — 2B e 5%
HAR MR A3k, ImRI T 0 kR
52 SEREGANMARENSEERNEFES

LA CRISPR/Cas V-5 1 T ik B4 RN AR, 38w

Bt St e — IS 245 R S B — T 2 i PR T, (RS PR R A
FEVE S 22 T I A4 F Z2 Rt 25 AL, 17 CRISPR/Cas £ 5
RS- 59 FF & B o EAT PR, DR Ry o ) 2 0 22 Fif
BOARET, gRNABE TS K A28 ORIV, HLAR 5 i 8 3 7]
REMA B TH0. PR Gt . O . RS E AR
T2 AL IR S ARG R 55 CRISPR/Cas 45 7455,
SN HECRISPR/Cas £ KGN - 5 1 KR R ] 2 —
5.3 R AR — 5 BEAR

BT CRISPR/ Caskiilll (12 i H, TG HIE AL 78 R
A R b 1X., S50 1 AR A BRL RS U A J2 G4 . CRISPR/
Cas$ RAEX A B KM AT, BN kAR
A 3, 38 3 T A A7 B ) IR A e A 2 S S R B
AR AL R B AR TF & VR T Cast 115 22 W 1)
—RAGIHR B, AT AFE S IR RIS, 0 e B
32 i 1 — 80° CREA IR 77 182 45 1 7 SR T e AR
PRI CAn MR E TR AR ) |« B RETFHLEMG BT AR
A G5 F3 IR G 1 DG Ll i 4515 1
MR 2 FHgRN AR FI LA 22 3 Rl i =1, 51
BRI A = RCR I R B8 5 F Ak Cas R I FIgRN A il
T4, URFCENZS TR SRR AE 7, X 3R
W B 2525 I FH K8 CRISPR/ CasiZ Wi B R B MR 3% 5 4%,
il HLAE I A AR 557 | izt . X R 5 2 2 17 25 B B2 Wi b 5
R AT R
5.4 IGRIGIEFFRAELIRT

AN [) 52 56 55 FH 9 CRISPR/ Cas K M 4K £ (1
SHERLOCK., DETECTR)7£5 |11, #i 5 R G8 J7 1Hi A7
FEZS, Bz G —50uEbniE >, ik, Ins CRISPR/
CasiZWirF- 3 78 FL LI PRAEAS v (1) KL EGTIE, AR W] 5
RIS PRASCHE , I 5 G — I A I AR E RN e, B DA D 245
SEMHERR AR HotE, 45 FF CRISPR/Cask I 42 & 11 K
)R

* * *

FEE BB KRB 7500 SR AR "TRULRIRIR S 1, 2
LA TTA A DR E T, B 57 T8 v ML A 2 B BT
L9 SR, BRSO, I AT BE | R S AN B A T
1Eo BTV 2R Sl SCRAR IS AR T, LXK 2R R A RAR A 7 B
e R, IR AR A T 5157
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