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Current status and progress of nucleic acid point—of—care testing technology

based on CRISPR/Cas system
Feng Liu,Chang Kai,Chen Ming
(Department of Clinical Laboratory , The Southwest Hospital of Army Medical University )

[Abstract]In the context of the global epidemic, nucleic acid detection under on—site conditions plays a more and more important role
in epidemic prevention and control, which makes the development of nucleic acid point—of—care testing (POCT) tools facing unprec-
edented demand. The application of clustered regularly interspaced palindromic repeats—associated nuclease (CRISPR/Cas) to nucleic
acid POCT has been developed rapidly and achieved good results in recent years. In the epidemic control areas, customs and disaster
areas and other special sites, combining isothermal amplification techniques with CRISPR and being integrated into small handheld
devices , these technologies are easier to use and non—professionals can quickly and accurately detect the nucleic acid source of infec-
tion. This review first briefly introduces the CRISPR/Cas system and different effector proteins, reviews the different application strate-
gies in nucleic acid POCT based on the specific recognition and cleavage characteristics of CRISPR/Cas system, and finally discusses
the challenges and future research prospects of CRISPR/Cas in nucleic acid POCT.
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i) B XA ~30 nt 18~25 nt 22~30 nt 20~40 nt
lEids HNH .RuvC RuvC HEPN RuvC
1] 5 RNA sgRNA crRNA crRNA sgRNA
PAM/PFS [X 3, PAM 3’ GC PAM 5" 5 & T 3'PFS 5'TH, PAM & &% C
HUBRIE dsDNA dsDNA ;ssDNA ssRNA dsDNA ;ssDNA
L ERoIE -3 A i FMER NG 5 TR DRIEBE (L 5 Rt v 57 B
& W & A4 5+ ssDNA JE4F 5 ssRNA A5 ssDNA

WO 3FPAL . TR, V R VIAY

225 11 AU & 4 g % 40 M) XU EE DNA (double—stranded
DNA, dsDNA) , L RZG )W 3 1 Cas9. CRISPR J7-41 F1 J 5(
18 7% 1Y) CRISPR/CasRNA (trans—activating crRNA , tractRNA)
W S e e A pre—crRNA Fll tracrRNA , iX 2 ff RNA i 15 B 4p
¥ I B4 [7] 5 RNA (small guide RNA, sgRNA) . Cas9-
sgRNA & 5 W R 407 5 T 2 1Y protospacer FHABEE )T (pro-
tospacer adjacent motif, PAM ) 5 [A] % )3 51 UG L ) DNA J¥ 31 &
PESS A WS VI E PAM AL G 37 3 nt L5 9 DNA. PAM ¥
GIERT Cas 500 H [ IS B IR IR By, WAL PAM X
BUF Cas9 HYZEAUAVLHL , W] RE 4 & A IR M DNA YT, B
Hif CRISPR/Cas9 S5 iz HIfe )1z AL IR 2ok A Al e ok
BEERB Y spCas9 22,

226 V BURON AR 1 R R 2 P EEAE UDE SO, — AR s
Cas9 AL B4 5 Fr 51 DI, o — A 2 75 T 28 1] i X3 31
J3) HS) T R R ) 0455 17 ) 8% DNA (single—stranded DNA
ssDNA)!e21 VT2 13 26 [ £ 35 Cas12 Fll Cas14, Cas12 X
dsDNA H A7 B (1 Rr 5 17 Cas 14 4T ssDNA HAT 5 & (19 4y
Stk Cas12a il Cas12b J& CRISPR A% R A £ A v & FH ()
Cas123VHY, —FHHPREVUN I E] dsDNA H PAM A7 1 B 3T F)
PP A1, Cas12a AT LAAY 1 B ocrRNA (19 80520 M T A 7 22
tracrRNA FIATS MY IR AL FE crRNAP ), 2018 4F Jennifer
BN & B3 & - V-F % CRISPR R 401 Cas14 %R B E IS A
M PAM J7 51 14T HBE DNA BUSE T D) EI"O, Cas14a 7R H
X EA 1R 22 51 ssDNA JF B R, X i Cas14a B
A KGN TG PAM 811 B3R (1 ssDNA SNP 9 1] REFE!, 2020 4F
Makarova KS FFP7E X Cas 22 4t 1Y 50 45 1 4 Cas14 4% 19 I 1
FoAts V=F 200 IR 269 R Gefin 44 1 Cas 1 20441

226 VIZ! CRISPR/Cas H AT £ 22 Cas13 KM, %R0 4%
£, 5 2 4 170 53 U E) HAE RNA ( single-strand RNA , ssRNA ) i
T 90 (4 4 AL 25 A8 1k HNPN , A% B2 A B A h i FH Y Cas13 K
772 Cas13a Fil Cas13b, Hid Cas13b # 1A S 7E 40 i 1T 7%
AR A AR ER. M G W45 A FE ] ssRNA JF H7E
erRNA &5 4 57 15, 50 A1 18] B ) 32 )7 371 (protospacer flanking
sequence , PFS) i}, Cas13 PRI AZ 7S F 05 PR fok A2 B2 3% PFS X
A Y T Cas9 T RNA $LAR U (% PAM J3 41, Of H7E
CRISPR/Cas13 {9 22 ML AL 2 (] A2 AL , IS A [7) 9 % 12
HLP, Cas13 5 V ALRON A AL, 78 H AR U AT Lok

152 FRGE VI 7 < I T 60 0T 46 P9 1
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TERZIRY W5 , A R X P) #3511 CRISPR/Cas
B 50, HARUAE R 5 4 i i s X0 03 e, )
R ACHLIR 2 52 AL BIAZIR , 7= AR ORI i 5 5. 7E3R
1o R AR, 7 AR R R 55 T A s e L.

Cas13 & RNA 5| 5 iy RNA A% 2 4 VIt , 45 53 00 %1
ssRNA Ji , Ak Se QREETG M T UI HI oA AR AR RNA . ik 1 A
BT 2 1) R S 1) v 8 0B kAR 15 R T B LR SHERLOCK
KMSE-& W0 A% % 2500 1 RPA S8R 919 R8I A T7 B3 7
J¥ 40, 3 T7 B A i 5% K ssRNA, §7 19 19 ssRNA &5
Cas13a—crRNA 254, 3005 Cas13a KE R EEIG P, V1] ssRNA 5%
SEHRER B PO FE A BT (& 3A) o A2 UL IERN 138 i %
CRISPR ¢ F1 W FH IT % T+ 8] SHERLOCKv2, 1% R 42 1T LA
[i] FF A6 30 22 35 4 RIS RE02 . Cas 13 V%0 77 4 7T 3005 55 — Fif
Cas 5 M 5 By PE 8 Csm6, 8% 7% 1k B9 Csm6 24 19 26 2 4>
ssRNA @K, X T35 53458 T {55 JF Ht% 7 SHER-
LOCKv2 [ 1Y 3l J1 2% , 15 5 R 48w 3.5 5 (K 3B) .
1% AT B K B Cas13 ZE IR A —A~F- 4 (LwaCas13a . PsmCas13b |
CcaCas13b . AsCas12a) £7 7588 [n] A B HE & B9 77 51, JF Ry B A
EE B RGE RN PR T 4l R RN E A
(E13C) . He iz A AKE T A X 230 e 5 i 19 POCT 454,
| e T LA B v e R /R 5 IR R A SN E %3¢
(3D), SHERLOCKv2 7 il it i AR % 2 aM, R T 3
5 b 4% & POCT 1 Z 38 i {8 455 . DR 30 0 o 19 fE 34 .
Myhrvold C S5SNI #A £ B 12 W ke A LLTH B 4% R 6 B
HUDSON 3% 5 SHERLOCK 5 &, v LUK I I R A & vh e AT
PRBURSEALRS A R , AV AR 2 1 45 DL/, RENS ek
T £8P YRR YRR A TP 1 E RO B A B R VR B . 2021
AF Liu TY SFPHE 11 T 5 6P 45 A% 2 Bt 4G °F- 5 FIND—
ITe %R GH FH Csm6 K Cas13 BIRUR , I8 1 8 in—
FRERE S 2 R AL = B M OE 1), B T Csmo6 [R5
Fif T 700 43 i B 26 A 7 A BT () TR A, 1 2 A
VU Al T B 0 075 A 300 2 e 100 F% o i T BA RS 45 T AR Ak 11 5 o)
RNA 44, fifi Cas13 5 Csm6 B H i K 8 70 45 & 1 F s,
20 min AT EIIEZ 31 35 D1/ [ SARS-CoV-2 RNA,
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= Gl chNA i LwaCasl3a PsmCasl3b X% %
: 88 & & &
g 4"’ » & CeaCasl3b  AsCasi2b A ol g
fff & 1 ElssRNA i} JE ) ElssRNA ‘?é\ g«. !%‘ 37? fifJ D) FlssRNA fff J& V)%l ssDNA ffJ@ ¥ ElssDNA
el 2 5 RH(ET ,*Af *, Bl f2: 0L Bl (2
- e %ft{ga—a | IE?F’P?ZJ’iH— & %iﬁjnﬁo )g‘s{gvo
o 1 — <= < 0 =
=1 * \‘/’lof 50 " 0/0 o ™ | X \0102 = \oJ °
' D e | | 53 BT 4 A TN * e.,
& N | . 0/ \t*/' _’J ‘AUNP+an11-FAMfE1Z'§ Iy “ ° _» &
N / t T wls *~ e 11 * e * 0w
A. SHERLOCK B.SHERLOCKv2 C.SHERLOCKv2 VY  D.SHERLOCKv2%%  E.DETECTRA:M  F. HOLMESv2 46l £

R AR G

FH ems6 P i REUE BB E ARG

& LFA JFJEE POCT ARG PN

[ 3 S ¥Rz ER Y I B i CRISPR/Cas R M &I M Sk RE U St U RiR A2 R B

Cas12 7E crRNA 5|5 T BV AT 3R 50 ¥ AR dsDNA , F 5[] =
BT PAM A7 0, X 0 PP 5 04 TR S M B0 1) ()t s Sl A
SEMEY)E] ssDNA BYEPE . RPA 454 Cas12a (9K IE & L FR
4 DNA #Z R N VI 7] CRISPR Trans Reporter(DETECTR) ,
KIS 5 SHERLOCK AU Cas12a 0% Cas13a, F1°T Cas12
PLDNA iy Hw, R T DL EL ek U DNA 47 849, TEFR A5
B SR AT YU DA B RR AR R B LAY 99 B DNAY, RPA I
CRISPR/Cas12 1Y) il & e 25 P A5 3 2 A~ B AR T DL AT 5%
BAER—A B & T POCT(E 3E) . — Rk —/1
IR AR 22 138 2 30 2 48 (HOLMES ) (194% Ao DETECTR
Cas13a B4 4 Cas12a, 1 T Cas12 AY ssDNA 38 7% AS K 861 T
PAM, PRl LA R X % PCR SR A4z i ssDNA 3738 7= 4y LA ikt f
T2 PAM, ssDNA Fl dsDNA 33 P28y )r 8l Cas12a B )
E) 3% Ve BEAT K . 7 PCR I fE] 4 A8 PR (95°C) T
CRISPR/Cas12a & JCiG Pk , Pt HOLMES 4" 38 FrAG I 20 B 06
W5 FF AT NG BT POCT ., i — 20 7+ 40 1) HOLMESV2 H
T LAMP (4" 54 72 91 2 dsDNA , Bt PAM 3 91 2 i 55 e i
B 51851 AR . LAMP Fl RT-LAMP () 4L 589 )7 i 35 BF (60~
65°C) ] LA#E Cas12b (>40°C) ifit 5% . A Mt f LAMP Bf RT-
LAMP 5 CRISPR/Cas12b Z5 4, 0] AAE— A7 25 B p ik 17
SR BRI S A (I 3E) .

Cas141EH—FH RNA B 11 ssDNA R , 27>
F /), Casl4a(Cas12f) 77 2 sgRNA HFP+ XI5 1) 56 4 H.
A BB ssDNA IS W) o i T 1% i 5 5, Harvington LB
AU DETECTR AR Af FH Y Cas12a T4 A Caslda, JF &
T Cas14-DETECTR 2 Wik A o H 5 i JUH 2 Sk 9

B E AR AZ R 1 FL b — 25 51 W i AT B AL 2 £k (phosphoro-
thioate, PT) &5 , i 4" 38 7= 2 (1) dsDNA 28 T7 % 12 411 iy
FER, B A e P — 2 Ak PT A7 (1) DNA B9 A ssDNA, )L
TG Cas14a PN BTG 1, 47 5 PE DT 5] ssDNA 28 JEH 4T
EAE T o RFEARBENS X > 5 IR EE B ARG 3K [ HERC2
PG BAAZ R 22 54k (single nucleotide polymorphism , SNP)
SHERLOCK 1 DETECTR 45 A #f H 75 2 sl K %

0 17 378 B2 B SR ORI RS VR 3 B X 1 9
HE A POCT. LA POCT 2 5 i) g 1 A 46 300 °F- 5 o AS 5 A
& ,COVID-19 () SHERLOCK #ii 2 I3 1 2t it — SR v 3l ik
} STOPCovid, 8 A T BE i AL B AZ TR Y™ 18 ARG 0, 3 b
“— kR T Y G EE R AR TR Cas TR FIEY
AapCas12b, X Fi i (R [ P RN FRRRFT 1) 78 RT-LAMP
SR (60°C) AR FEE M 5 RT-LAMP (93 B 454 R AT
%5, Pang BN T Fi R RT-LAMP FIHREE S0 A MR E Y
[ 5, 4 RT-LAMP F1 CRISPR/Cas12a i3] 775 b 1 ji & 7% [7)
— A PCR B A (P 4) o 254l ] i #5485 i 35 RT-
LAMP 12 71 i #4 2] 62°C i 35 21 3% 4 2 B il B, &5 7
CRISPR/Cas12a 4 ¥ i 24 4 31°C . RT-LAMP ¥ 34 30 min
Ja R MO U . FEE IR RO B R L
Y B =) 5 CRISPR/Cas 12a KX 1R A , RIVZ 7= A= 58
FEAE 10 min PUEEATREIN . %F 100 {3 R A8 37 FEAS (SARS-
Co V-2 BHPEFN B PR AR SE ) i) RNA $2 U1 19 434 B, 1Ifs
PRAE S BE 2 100% , i PREBUBREE S 94% 2 2 12 A H A8 o
B B ART AL T 3R S A I R v 19 58 ST e XU e &8
S5 3ip8
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2.2 ¥R Y ¥ AA) A CRISPR/Cas 378 4 46 5 -

CRISPR/Cas X472 17 81 1 AR I VE Ay X6l T00HH ) 370 e 7 1
RGN ) JE Rl . FLAE 2016 4F Pardee K 2558 & T NASBA-
CRISPR Cleavage(NASBACC)H A B 1R HEH AR NASBA |
toehold JF 5& RNA 14828 Fll CRISPR/Cas9 £ Gt E 4745 & 50
T IR BRI . A FEAN R 1 TR bR RNA S 2
NASBA # R 7E S 0 L, 51 A T7 65t ) 3h F M
toehold JF JCfilt A& (1 5 4] , 47 3 4ok F2 Hp 56 [€] ZIKV (1) dsDNA 7
YA PAM XIUFT gRNA P 25 BT, 8% Cas9 YD L BL
G TT 5 S8 3 T IF A 28 T7T RNA B84 i 3% 10 e 10
RNA, iz RNA B Tk Z 288 H iR 751, DG 006 15 /8%
P H 1 toehold FF 56 ; A& PAMJF4 JEYH ZIKV 49 dsDNA ,
W] 9% T7 RNA 3R G il i si i 3 A A% 8% ]R3 910 1 4
K RNA P28, DI 3005 1% A% 15 A5 SRS W76 Bl 33 i, 28
I B B A AR 25 A5 457 45, (RBS) AR 4 25 1) 1 I X BEL KT LacZ
R RH I ; 2 toehold FF OG5 B M fill & RNA 455 )5 , RBS
HIE A 0 T BB, 30 LacZ 3 R B IR 15 L FLpE 1F
T , 12 i AR (R ) (R 21 - B-D- ML K UM ) e by
S =) (GRBYLL) , DT SE B P R AT L A B3 € 25 4K, 76 PAM
I — AT IR ZE T 2 TR RE B X 4 TPk (1 5) o (R
NASBACC H' i) NASBA £ A [ B 7E 90~120 min, 75 248
PEAL TR HAE 120~250 bp W P99 RNA 9™ 5 508 0, 1
WAEE A 5 CRISPR/Cas tHE5 5 19 POCT A i 4870

18 i CRISPRUES T bk %5

SIHE eSS

PAM !

; ;B EJCPAM@H
7 H

Toehold i l Toehold

irs o i
M % 4 sl

CosOMEFFEINL | JEAIH

SEEZE R AR R

El5 NASBACC i3 ERFFHTHES

2.3 Ryt y ¥ A A CRISPR/Cas 32 5] 69 10 g
BA PRS2 6 HIE VIR P CRISPR/dCas9 #
FHAEBURARET , U S 2B iy B BRI 73 8 T A4 A R
Zhang YH Z59TF & T Paired dCas9 (PC AR ) , iZH A fidi ] —
Xt dCas9 £ 1, 5333l il 45 ¢ 6 R MG AY 2 4~ 53 B 45 H k (NFlue
A CFluc) , JFiE 3 2 A48 [ AH BT 51 1 gRNA S22
FAAEREAR DNA I, 2473 535 A7 52 ' 28 g4 K e ) d Cas9 1
gRNA (5] 53 T 455 2R B AR 751 b, SR B 21
IF B GBSO B RET A TS TR 9O R I, 7 ATP FIR
SRR T AT R EAE A IO R IF 7 AT
K B 25655 . Uygun ZO 2521 Fif CRISPR/dCas9 Z 4 Fll
L b 27 BB 1% (electrochemical impedance spectroscopy , EIS)
6 0 11 ¥ Py DNA (circulating tumor DNA, ctDNA) . 3@ i
CRISPR/dCas9 fF: A 45 & T 1 dCas9 BN T sgRNA FIHE
JPA RS A %I AT DL e TE A S0 22 ) B Rl v,
Bk AU S ctDNA 854, Xl AR B RO 0 22 AR 3
T 7 A%l B 728 1, TT LA 5 EIS W+, o a0 B A
Jifr 96 AF OG22 78 (PIK3CA SF ¥ 9 5878 ), RVl /2 A IR
B, A ctDNA TP 51 BB 5 L %A WAL S I8 s
Hh R R S o 2R AR I S RE AR, FEIN 40 s (HOZ2 BRI R
B ARXT 322 KA 0.65 nmol/L.
2.4 AR CRISPR/Cas ¥e &) b 5] B AZ B4 35 6 4] S vk
& CRISPR/Cas DI H 5 HEATAZ IR Y4 19 2 H B2 2Bk
Fw T YALIR , [ i 3 1) 5 R A A A F B A R R A o
Huang MQ Z£"FF % T —Ff CRISPR/Cas9 fith & 25 15 8 £ K
JZ Wi (CRISPR/Cas9 triggered isothermal exponential amplifica-
tion reaction, CAS—-EXPAR) , J& 3% T CRISPR/Cas9 A% Y] & )%
R A1) N Y (nicking endonuclease, NEase ) 41 5 (14 2% 112
PR, BERSTE 1 h RT3 HAT BT EE K (attomole , aM) R
3 R BB R S M 1 DNA SR . X R S8 B AT R S AL
F RBPEARERAEIEAT T, JF R BRAIE T HAG N DNA
FH L AR T BPLAZ 20 L 4G A 28 7 B hly mRNA 9 RE T . CAS-
EXPAR F AR B 6 Ml Cas9 5 sgRNA Z5 5T M E A1), I 16 E
il B9 PAM F 51 B Bl SFUREE B 7 91, 7645 5 6L Cas9 VI
A E R R Be X BEX TR N 518, SRR A & (%8
FERSIAR % A 1 NEase U3 5 91 (] B8 9 24 5 H s 7 Be X B
FE XX, IF7E DNA RS BEE R, & % A NEase i1
SHASE 1 A 58 3% XU5E DNA 5 NEase 18 12 5 31 BV 57 15 76 XU
DNA _E5IAYIET, DNA SR A Al U) H Ak F-UCE (] O
DNA, Jf &4 il BAR B B4t iy B AR v R A S 1 4, 5
73— IR EE G 5 3 DNA 5 5, AT R R 47 1 i
e, AR OB XUEE DNA =9, AT SO YOR BEA AN
CRISPR/Cas9 filh A B ikt 11 A V) i A1 (9 85 057 8% 7 56 7
5 (B CRISDA $ A ) I H] CRISPR & 1 1 7 U /K 5
PEFURR A4 F 52 T HER U3 H bR DNA, DT A5 A 46 Bibis
1 (E-SDA) SFHAR By I#AGE IR, — X i FE nCas9
B R TTIE D) IF S8 1Y) dsDNA- DX I8 oK Sy , 2845 il 7
ssDNA 56 E 1 (Single—stranded DNA-binding protein, SSB)
A5 Bl T SE A5 40 LR E RSS2 19 DNA , BE 10 B 7E 1
IR I U 0 )5 R, AR HE T He B . 456 2 IR
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(peptide nucleic acid, PNA) AR5 1 di 0 W i, 12007 1645
52 A REAR TS 5 TR R 4 Fb DNA B 5 B 2 90 L T aM U
AR AT BRSSP . CRISDA KL iR B KT 37°C R —Fl L
A5 1R POCT Kol i 45

CRISPR/Cas9 8 JH T 40 1) A ) H S GHR A7 51, DA 7
AR R SRR TR, DMERA Sl B G T AR . R E
R FHMEEFIMBEARCHHATEE F—RNFMHE
b B,

3 CRISPR/Cas A F#&EEPOCT REERE

CRISPR/Cas i ] T 4% POCT f sf 1] B8 A3 -H4F {2
K ZREAL I A BT B AR R A Hr B 4 TR A HLI . el PR
R 92 B F AR R LR LOD, & CRISPR/Cas W T-4%
i POCT S Wk el (19 25 2 1] ek A5, S53R T 1S 09 T 3 B g
5 RNP &AW TAE IR BEAE R — 36 RPN o A [m] 9 2500z 26 14
BARE R BRI EE . U0, Casl2a 175 Pk SRR FE 20 K
28°C, Cas12b Jg 48°C, 7E HOLMESv2 F1 ] ] Cas12b 114 &5 i
fii} 5% 1 , Fe i LAMP 1 CRISPR 14 AR W 40 A 55°CHI— R I
BRI A B H 5 CRISPR A& R4 A 45 IR D 3 05 1k J2
RPA F LAMP, fitifi 19 34 B (8] 48 (LAMP 2} 15~60 min, RPA 24
5~60 min, BRI TR G5 24T BV JE ) L 3X X5+ POCT R i
% K Uf. RPA L LAMPAH L, RPA fl—A~ EE LA Je e
P AR A ARG IR, B AR E IR T (RPA
37~42°C; LAMP -65°C) o SR, BEAK A9 45 1 IR B o A3 ik
S INAERE SR Y S T R B 4 R AR B R, Sl s
AR FAR T 5 B & R R CRISPR B &), ik 22K
B YA 2 T AL BGT RE , DT R S35 ) die 8 45 51
Yin K 55V & T —F H T4 8 H AR5 15 F1 CRISPR &0 1Y
BRI e FER T — BRI FH R B 14 % 1 2= 5 e T 19 )
K M £ M & W (dynamic aqueous multiphase reaction,
DAMR) R4, il i A0 8, S T AR R 7 B TR 2
RPA JJ U6, 97 58 09 4% 1 R T DA 80 30 1K 2% B2 10 ToUAH
Cas12a—RNP A LUK FEIT 3 B KGR ET 17 91 i A 55 1 )
T, R 2 AR REAHBARAHSC I RV 455 —ii,
TR E R TR . BRI AN, HR AR SE o i TR
TR~ 14 H B2 CRISPR/Cas RS0 A1 880 .cms6 A HLEE &, 2
& TR POCT MIRICR  (HJE: ik Oy ik AR SRR R A 7 4
B PR SR A g P AR P00,

CRISPR/Cas W I T #:1i& POCT T3 THi i 5 AR 2 $k k. 7
1 9 BR i {5 CRISPR/Cas %5017 28 1 1) LA I 31 i) J5° 12 A7 B
[, 3 J2 CRISPRUBRAN P 1 — A3 38 [m) B, 75 ST A0 e 5 H
i 3 870 A 3550 17 2 P AR X 38, DA s e AR AR S M T R AR
5o GERAREAL ) U A POCT 5% 45 T I lfs ) 3 ] 1) £t
AANEE S AR HEE AR AL, D T B R F P #R R AE AR
RS T AR R 25 51, AR T A PR LR b 20
HEAL TR TR P 55 T 2% 2 B DRI AR R 2 5 B A
PEPEARBPA A . FRUORE BT, X TR AT,
HOUNEE, RRA MR, 25 R AR, B
A ) CRISPR/Cas Jii FH T4 8 POCT B A Kk £ H B M e vk .

KT ff eI S [A]E, CRISPR $ AR A Wi 4% & 81 45 Fl % g ok
BRI g v, W R AR A ) B o BT AR R
RS A KBERESE

HF CRISPR/Cas [ A8 I H2 AR SEHLRT 5 [, B A4k F
IR B, Bl P 2 4 e BE £ 1) CRISPR RGE#E T2
R IR, TR R R S K T R 4k 42y 1R POCT 347 17 JH s
R E KA, WE MRk T 38 ORI & Jé , CRISPR/
Cas i FH FAZ 2 POCT [T A7 45 1 1 2 0] 2 AN ) SR ek (9 0
A G T M e, DT 4 30 3 D S A T A 00 T T i o e
iy

& % X #

[1] Yesudhas D, Srivastava A , Gromiha MM. COVID-19 outbreak : his-
tory , mechanism, transmission, structural studies and therapeutics|J]. In-
fection,2021,49(2) : 199-213.

[2] Kozlov M. Monkeypox goes global: why scientists are on alert[J].
Nature,2022,606(7912) : 15-16.

[3] Lu SH, Tong XH, Han Y, et al. Fast and sensitive detection of
SARS-CoV-2 RNA using suboptimal protospacer adjacent motifs for
Cas12alJ]. Nat Biomed Eng,2022,6(3):286-297.

[4] Xiong EH, Jiang L, Tian T, et al. Simultaneous dual-gene diagno-
sis of SARS-CoV-2 based on CRISPR/Cas9-mediated lateral flow assay
[J]. Angew Chem Int Ed Engl,2021,60(10):5307-5315.

[5] Zetsche B, Gootenberg JS, Abudayyeh 0O, et al. Cpfl is a single
RNA-guided endonuclease of a class 2 CRISPR—cas system[]J]. Cell,
2015,163(3):759-771.

[6] Shmakov S, Abudayyeh OO, Makarova KS, et al. Discovery and
functional characterization of diverse class 2 CRISPR—-cas systems[J].
Mol Cell,2015,60(3) : 385-397.

[7]  Gootenberg JS, Abudayyeh OO, Lee JW, et al. Nucleic acid detec-
tion with CRISPR-Cas13a/C2¢2[J]. Science, 2017, 356 (6336) :
438-442.

[8] Pardee K, Green AA, Takahashi MK, et al. Rapid, low—cost detec-
tion of zika virus using programmable biomolecular components|[J]. Cell,
2016,165(5) : 1255-1266.

[9] Zhang YH, Qian L, Wei W], et al. Paired design of dCas9 as a sys-
tematic platform for the detection of featured nucleic acid sequences in
pathogenic strains[J]. ACS Synth Biol ,2017,6(2):211-216.

[10] Guk K, Keem JO, Hwang SG, et al. A facile, rapid and sensitive
detection of MRSA using a CRISPR-mediated DNA FISH method,
antibody-like dCas9/sgRNA complex[]]. Biosens Bioelectron,2017,95:
67-71.

[11] Huang MQ,Zhou XM, Wang HY , et al. Clustered regularly inter-
spaced short palindromic repeats/Cas9 triggered isothermal amplifica-
tion for site—specific nucleic acid detection[J]. Anal Chem, 2018, 90
(3):2193-2200.

[12]  Gootenberg JS, Abudayyeh OO, Kellner MJ, et al. Multiplexed
and portable nucleic acid detection platform with Cas13, Casl2a, and
Csm6|]J]. Science,2018,360(6387) :439-444.

[13] Chen JS, Ma EB, Harrington LB, et al. CRISPR-Cas12a target



— 916 —

BERERKFZR 2022 £55 47 5 8 #8 (Journal of Chongging Medical University 2022.Vol.47 No.8 )

binding unleashes indiscriminate single—stranded DNase activity[J]. Sci-
ence,2018,360(6387) :436-439.

[14] Li SY, Cheng QX, Liu JK, et al. CRISPR-Cas12a has both cis—
and trans—cleavage activities on single—stranded DNA[J]. Cell Res,
2018,28(4):491-493.

[15] Myhrvold C, Freije CA, Gootenberg JS, et al. Field-deployable vi-
ral diagnostics using CRISPR—Cas13[J]. Science, 2018, 360 (6387) :
444-448.

[16] Harrington LB, Burstein D, Chen JS, et al. Programmed DNA de-
struction by miniature CRISPR-Cas14 enzymes|J]. Science, 2018, 362
(6416) :839-842.

[17]  Zhou WH, Hu L, Ying LM, et al. A CRISPR - Cas9-triggered
strand displacement amplification method for ultrasensitive DNA detec-
tion[J]. Nat Commun,2018,9:5012.

[18] Quan J, Langelier C, Kuchta A, et al. FLASH: a next—generation
CRISPR diagnostic for multiplexed detection of antimicrobial resistance
sequences|J]. Nucleic Acids Res,2019,47(14):e83.

[19] Li LX, Li SY, Wu N, et al. HOLMESv2: a CRISPR-Cas12b-
assisted platform for nucleic acid detection and DNA methylation quan-
titation[J]. ACS Synth Biol,2019,8(10) :2228-2237.

[20] Joung J, Ladha A, Saito M, et al. Detection of SARS-CoV-2 with
SHERLOCK one—pot testing[J]. N Engl J Med, 2020, 383 (15) : 1492-
1494.

[21] Ding X, Yin K, Li ZY, et al. Ultrasensitive and visual detection of
SARS-CoV-2 using all-in—one dual CRISPR-Casl2a assay[J]. Nat
Commun,2020,11:4711.

[22] Jiao CL,Sharma S, Dugar G, et al. Noncanonical crRNAs derived
from host transcripts enable multiplexable RNA detection by Cas9[J].
Science,2021,372(6545) :941-948.

[23] Liu TY, Knott GJ, Smock DCJ, et al. Accelerated RNA detection
using tandem CRISPR nucleases[J]. Nat Chem Biol, 2021, 17 (9) :
982-988.

[24] Makarova KS, Wolf YI, Iranzo J, et al. Evolutionary classification
of CRISPR - Cas systems: a burst of class 2 and derived variants[J]. Nat
Rev Microbiol ,2020,18(2) : 67-83.

[25] Makarova KS, Zhang F, Koonin EV. SnapShot: class 2 CRISPR-
cas systems|J]. Cell, 2017, 168(1/2) :328-328. el.

[26] Mali P, Esvelt KM, Church GM. Cas9 as a versatile tool for engi-
neering biology[J]. Nat Methods,2013,10(10) :957-963.

[27] Murugan K, Babu K, Sundaresan R, et al. The revolution contin-

ues: newly discovered systems expand the CRISPR-cas toolkit[J]. Mol

Cell,2017,68(1):15-25.

[28] Jinek M, Jiang FG, Taylor DW, et al. Structures of Cas9 endo-

nucleases reveal RNA-mediated conformational activation[J]. Science,

2014,343(6176) : 1247997.

[29] Yang H, Gao P, Rajashankar KR, et al. PAM~dependent target

DNA recognition and cleavage by C2cl CRISPR—cas endonuclease[J].

Cell,2016,167(7) : 1814-1828. e12.

[30] Ghorbani A, Hadifar S, Salari R, et al. A short overview of

CRISPR-Cas technology and its application in viral disease control[J].

Transgenic Res,2021,30(3):221-238.

[31] Konermann S, Lotfy P, Brideau NJ, et al. Transcriptome engineer-

ing with RNA-targeting type VI-D CRISPR effectors[J]. Cell, 2018, 173

(3):665-676. el4.

[32] Abudayyeh 00, Gootenberg JS, Essletzbichler P, et al. RNA tar-

geting with CRISPR-cas13[J]. Nature,2017,550(7675) :280-284.

[33] Abudayyeh OO, Gootenberg JS, Konermann S, et al. C2¢2 is a

single—component programmable RNA—guided RNA-targeting CRISPR

effector[J]. Science,2016,353(6299) : aaf5573.

[34] Pang B,Xu JY,Liu YM, et al. Isothermal amplification and ambi-

ent visualization in a single tube for the detection of SARS-CoV-2 us-

ing loop—mediated amplification and CRISPR technology[J]. Anal

Chem,2020,92(24) :16204-16212.

[35] Zaghloul H, El-Shahat M. Recombinase polymerase amplification

as a promising tool in hepatitis C virus diagnosis|J]. World J Hepatol,

2014,6(12):916-922.

[36] Uygun ZO, Yeniay L, Girgin Sagin F. CRISPR-dCas9 powered

impedimetric biosensor for label-free detection of circulating tumor

DNAs[J]. Anal Chimica Acta,2020,1121:35-41.

[37] Yin K, Ding X, Li ZY, et al. Dynamic aqueous multiphase reac-

tion system for one—pot CRISPR-Casl2a-based ultrasensitive and

quantitative molecular diagnosis[J]. Anal Chem, 2020, 92 (12) : 8561-

8568.

[38] Bruch R, Baaske J, Chatelle C, et al. CRISPR/Cas13a-powered

electrochemical microfluidic biosensor for nucleic acid amplification—

free miRNA diagnostics[J]. Adv Mater,2019,31(51) :e1905311.
(AL % 45 - B AR )



