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Recent Advances in the CRISPR-Cas12a System for Pathogen Detection
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Abstract: The clustered regulatory interspaced short palindromic repeat - associated protein 12a (CRISPR-Casl12a) system is a
natural immune defense mechanism derived from bacteria, which has garnered significant attention in the field of nucleic acid
analysis due to its high specificity, high sensitivity, equipment-free operation, simplicity and remarkable cost-effectiveness. The
CRISPR-Cas12a system can be integrated with related technologies such as amplification techniques, biosensors, Raman spec-
troscopy, and microfluidics to enhance the detection sensitivity of the system, reduce cross contamination, shorten the testing
time, and broaden the application scenarios. In recent years, the CRISPR-Cas12a technology has been widely applied in nucleic
acid detection for pathogens such as viruses, bacteria and mycoplasmas. This article primarily reviews the research advances of
the CRISPR-Cas12a system in the aforementioned pathogen detection applications, provides an in-depth analysis of its advantag-
es and limitations, and proposes practical strategies to deepen its implementation and iterative refinement in rapid pathogen iden-
tification, precise diagnosis, and on-site screening scenarios.
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i i 3 - (nuclease lobe, NUC) 5 o - B8 PH 531 ¢ i
(alpha-helix recognition lobe, REC)", REC {u 5 #>
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pre-crRNA /
Cas12aiR5BIPAMFSI, $5Fi4t)EIEfRdsDNA

B 1 CRISPR-Casl2a ZGHIMERANGIRE

2 CRISPR-Casl2a &4t 5 & REES N A
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N12-BHQU) MHEF, FFA& 1 IH HAX R P9 U BRSO Y
ST e AR Y | 3 e D) SR RE TR A% R
¥l £ 4t (homing-endonuclease-activated lateral-flow-
strip-based NAT detection with mismatch discrimina-
tion by enzymatic cleavage system, HOLMES). i% £
Ui 2 —FIRELA . Z IR SRS, AT TR
A6 00 DNA FTHE RNA 75 38 3o il U] 52 905 1C 1201
MR FR A I R e, SR S AR R A FESL DNA,
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P X—FERARKIMES) T CRISPR-Cas AL G
REERE, 2023 4, BRESE " N3 T —FhelHm
Cas12a JEfl A 22 & A W15 % 4% (electrogenerat-
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PZAG A AT ARSI JC R B 1] 47 1S Y HPV-16 Y2 AT 41
DNA. Kl Hfr, Casl12a i 3o Ho 2 4 (1) XU S50 HL
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T A2 0L B s ORI T 5L P52 A s Kl
Jr1H, Cas12a s HAG MAEFAGE3, AT 495 B (human
Boca virus, HBoV)1 5 X} A= B2 ) L) { B sl 45 K,
QIAN %5 Pl T 2 il 2% 4 i 9 1% (recombinase poly-
merase amplification, RPA) $ R 5 Cas12a%s &, JF &
T RPA-Cas12a %G 22 v, 0] AE 40min P 52 5%, B
H 0.5copies/ul 1558 MR B, HLIGHT & 2104
8, AR ATRE 2 N T HBoV 1 e I E712 T .
TEGRIRIE Z b X U k™ 5, 2 i P iR e 30
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L) rEaw Ik kR s 1 = -SVAE R oy i Rl oy ol
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A TEA ssDNA A 3% 42, 7 1 2R 3 T A I 55 25 0T
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FL R I07% 1) Cas12a 85 H 7E 3% # F ssDNA [ )i 8l e
A YIEI e, 51 SERSARZS B, S BE SR
Pk (magnetic beads, MBs) [ 77 il 2 i) SERS 155 %
IR Z A AR R W 5 5 394 5 SR e YRR A T
RAE M 100nmol/L #2125 %] 10fmol/L, —/~ & Cas12a
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AT AYIEIDIRE, 7 — RS IR
WO 2 AR BT RSB T LIS AR &R rh ASFV L R A
SRTERE i PRI R 11 SERS KT | JBLA % s 114 R A
FEFNGERENE , FSARIE I 25 <8% . 1A% 1B -5 F 2]
TR PRI i 8 B A AP A DU

HTT, 25 T CRISPR-Cas12a UK 7 2. 4
AR FLEA— M 5 I BRI, T2 2 R AR
BN, Fe5r RAFS AR BRI &, BIFET
AW K N EB77E = T5) /TN ivalll A N E iUl E 5 N
GAYET %5 " F| i Cas12a X RUK SRR VR
W IR T — MR 8 45 M1 256 B (microfluidic
paper-based analytical devices, wPADs). 1% 7K #E i Hi
Z, —. % -DNA(PEG-DNA) 1 5 15 I ik /i -DNA (PA-
DNA) 414%, 7] 7E Cas12a FIVEH T & AP A , HAe sk
/INEF PRI 7 2R AR (LG /N il 40 oK
o DL A0 ) o 38 a5 Cas12a SR K BERC B & T
w PADs H1, SZEE T DNA B A M5 S A 80 27
PR5E AL 125, W] FH T2 Wi, ZHANG %5 P
T — PR T ROR R H ) CRISPR-Cas12a FlE A B
W SRR S AP (reverse transcription-loop-me-
diated isothermal amplification, RT-LAMP) 4% & ") i
e 38 AT S R G 2R B A R 7 2 Y
(SARS-CoV-2) 78 S5 4 1) 72 45 ey 388 i Gl O 42 A 0 R
4t (mutaSCAN), SEI T 76 A7 B A% 9% U5 225K T Pkt
£ W SARS-CoV-2 J H 7% 5K, MutaSCAN % 4t fig
7E 30min A A I H3 444K 4 A H Y SARS-CoV-2
PG 1E , A6 I 4% AR 2 250copies/ml, 4555461 AT 34 96
) 3% R G REEAS AT T AL, 5 RGN A58 A
R (22 153 B A= FURE AN 26 15y G2 AS HIREAS) A TERH 2
5350 R 98% i1 100% o PEREAR (n=24) 7K & B BH 4
2 R HA 5 & bR iE RT-PCR A 55 1) SARS-
CoV-2 FIAE A GE T , BB R AR S AR A T 1
TP R R 3 | PRus | R B2 5% rd EE ki
3.2 mE AR AR 24 PRI AS S ), XoF 4
PR ARG I v T B R . LIUAEPA R R T
— Fh 3L T RPA A1 CRISPR [ I/ Z 4t 1) v 85 S48 )
T, TR i HH 420 P8 AR 4 8 (5% 78 2K T (methi-
cillin-resistant Staphylococcus aureus, MRSA) FJ mecA
FTCIEA JE A, 246l 32 48 W] #E 30min P9 56 SR, H
HERf B 5 qPCR — 2L, if H45 5 RS R 5 5, 7
DX ER e e RV B el o B R0 g o [RIRE, 1
T RPA Fll CRISPR-Cas12a 7 A ) DETECTR #6303
B, XUSEPI S T —Fp s (<40min)., 7 T30 H.
HERA I B ZF AT AL IR X508 12k, 1207k mT DL S i
AT A ARLS A, Qo nT DUHE) ™ 20 40 b A A
It4h, RPA-CRISPR-Cas12a Gt A K il 4 1
PR A ) TasB FE R, AT 512 20 A4 20 {54 T 1) 7 107

VERAIHE I B i 2H A 1 (recombinase aided
amplification, RAA) $ R 5 CRISPR-Cas12a & 4t #H 45
B, ZHU S BV T —FhT X K34 1 0157: HY
) PR R ARG I R S, 207 R LA R R L AR
AL AN B0 A A S0 s, DRI I g S
Y S AGEIN rhAT ) R I HH R S o PE 2% BT B A
75 1T, JTA 25 PO 22 1 A8 OB 1 (multiple cross
displacement amplification, MCDA) ; /K 5 %& F CRIS-
PR-Cas12a AW R RGARSS G, Wi T —FPpi il
FrE-5, ol ARAS IR R TR R R S i A,
5 Xpert {402, &G T % HA R S5A% R
22 I RS R W= N2 S o 8% O e o s N i B N
ZEAIR, Casl2af S EH P | 2 fE4E A 40
BRI, A7 BT R T e 25 S S S

% SERS 51 R AU AT EE 11 5 PCRECAAHLS A,
I REE—HFRARAGI T FR . 5% CRISPR-Cas12a HA7 H557
PEHE DNA S5 BT ssDNA S 15 VA I A BAT 5
SO PR R &, LIUSEP R T —Fh TR
1 SERS M BLIFAL BRI 575 o 38 i B A P A
SO0 A- TR AR , AT 430 52 SERS A1
AR XT H AR DNA RSN, B PRIk B 540 R
SERS {5 5 I AALAE 5, FRAK AT 3 53450 21 100amol
H110pmol 45 1 SERS FERHI A= Hbs iS4 75 1T 410 H]
JLFEl, 20224F, ZHUANG %"l F CRISPR-Cas12a #il
SERS I | —Fh RPA B il i 42 4R 5L 3 M4 1 RPA-
Casl2a-pw PAD, H T8 R i SERS Kl 58 EH 1T T
FEEDNAK “Pi T SERSYKERET . Inv AZEH AP
Wil A Cas12a i e sCRLTEVE , 1 3 35 ssDNA
WIC22 R MBI IR, SERS K5 ET 1) SR AL AL B
P T FE VD T TG A Mk B . RPA-Casl12a- w PAD A 7€
45min X EEE SE THERASI 7 A= W A PRI AR i
o FEVDT TR PRI FR 2 3 ~ 4 CFU/mI, B854
JUE A 1~ 108 CFU/ml. X 5 TAES K T 5T CRISPR
HISWIE I, JFHRAE T —ASFr | e fa it PR 240 R4S
M5
33 Htbgm RAkeg Az al A Casl2a )
Y1 B R, TTA PN T —Fh 4 A “MP-MC-
DA-CRISPR” (B AU J7 i, HI T R80Tk
A G 0 fit 9% 57 AR (Mycoplasma pneumonia, MP)
J&I | 1% 7 AT R AR & 50fg 1) MP JE K] 4] DNA,
H 5 FHA I I A TE A8 SURNE , A7 B2 B I PRI
MP JE% % A6 I 1) B 2 B AP A 56 (point-of-care testing,
POCT) J5 .t it A6 51 9 %5 71, CHEN 4§ M i
I T —2 5T RPA-CRISPR-Cas12a 57 I A I
YRR FRAG I 2R S5, K BR A 3copies/ w1, ZEIIfG IR
FEATTAk v U AR S B 358 1,000, 785 LR
J7 T B R B N AT S, IF H R T
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W AR 2. LI Shan BB Y FF & T —Fh {#

FH RPA + A N 1] 7 204K (1ateral flow strip, LFS)

44 Cas12a F ARG J5 32 R AGH I B 18 B i 1, fe KA

W BR A 1copies/ul, R A & T 2 PCR, Hr 1)1

FHT RPN A, A3 TAE AL I 4L 1

AR IR HUANG % sy T —Fp LT Casl2a iy

G I 2R R AR ) 1) 7, E A DR ) S ARG T B Sy

10copies, Mi45 55 qPCR 45 5 100% — 24, 1616

T 15min A A IR AT DL, 2ROk T REAE S B3 4600 17

BT HE, Casl2at gl FH THI FL B ™ A i 2 R 0

BT R BRI &7 2 A S S R |

rhEER IR AL 1S AR RE A B+,

445 CRISPR-Cas12a Z2 4 /) DNA ™34 Fl1 bt 5 119
Cas12a 22 WAL IEAGIN , BN R 2 20 2h Ol T
Vol A6 I RE B, WANG %5 ¥ 4 1 —Ff 56 F CRIS-
PR-Casl2a f P A% R k6 U F- 75 “Cas12aVDet” 1% 7
15K RPA 5 Cas12a 2 B S fE— IO AR F v, /]
7E 30min P 58 BRI, I AT 3RE G T 5 75 Gy, il (55
AITEWDET AR R 1207 25 AT e 1 /KF B
K2l DNA , SIS RAG I A R A5 100%.

4 RE
CRISPR-Cas12a 6l £ 4t B A7 R HUE Iy 57

i PRAEERE | P 2R 2 Bok e —

T T 3% 1180 S AR I P BT AR, Ayl DA 6 2

SR . Cas12a HFF 2R crRNA BEREAT 24 V)

HFREE DNA FIDOUEE DNA , PR AT DL X Z Fh ARt

iR ¥ 1% 1146 B ) CRISPR-Cas12a P BI#R 4T, CRIS-

PR-Cas12a R Gt 73— DM IFAEN HEZ S S AR EOR |

PO RS , TF R 5 I PG 15 45

TENE W | £ e ARG DA KA N\ Ak e W 4 22

4 . 249K, CRISPR-Cas12a 2G4 HR BRI, T

REAFTEN L NG BB A VRS RAS , ok S n) 752

JE LRI AR BRI 25 TR, BEE BRI AN T

HEFIGI1ET, CRISPR-Cas12a /4 SA1E AR A i JEAAKS:

DN FZ U R 4 S B iV EH]
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