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portable, high sensitivity, and high specificity, therefore is regarded as the “next-generation
molecular diagnostic technology”. Due to the specific recognition, Cis-cleavage and nonspecific
trans-cleavage capabilities, CRISPR-Cas systems have been implemented for the detection of
nucleic acid targets (DNA and RNA) as well as non-nucleic acid targets (e.g., proteins,
exosomes, cells, and small molecules). This review summarizes the current CRISPR sensing
and detection technologies in terms of the activity characteristics of different Cas proteins, with
the aim to understand the advantages and development history of different CRISPR sensing and
detection technologies, as well as promote its development and application. Moreover, this
review summarizes the applications of various CRISPR sensing and detection technologies
according to the types of detection targets, hoping to facilitate the development of novel
CRISPR sensing detection technology.

Keywords: clustered regulatory interspaced short palindromic repeats (CRISPR); biosensors;

instant detection; molecular diagnostics

FREL w1 A AR IR EOR
WA, AT Y. W50 A
AR I SR T SRR AR A AL SRR AR AL, X
FAEW AU . RN DA e TE S E
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FERAVEEBIICILIE N H a5 K R FR oK, &
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A IR B4 A AR T

AR (1] o B A7 6 [ S R O 4 5 ORI B
Z 4t (clustered regulatory

interspaced short

palindromic repeats-CRISPR-associated protein,
CRISPR-Cas)2: 7 1 141 B 1) — Rl o M 628 32
4, fu$5 CRISPR Fl Cas fEH, C#HE®™RKH
RNA 5|F/) DNA/RNA #[i*F-# ., CRISPR-Cas
RGEHA MRS N g4 RE S, BT HXF Cas
E AR R R RO BIE MR, ORI
BT NATTR I & Bk T2 2%k R
CRISPR-Cas R4t () ZFE R BT [R] B B 18 7
G, BEMEXEAN[R] () BE AR 4T 4 e P AR AR 1Y
R, BRI, FRAFEAIN A CRISPR-Cas £ ACKE AT
Tt HWRERZHDL R, BE
CRISPR-Cas HARMIGR , 1 FR G0 I
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BIRY EBHEZIR, MEAR . &85 5%,
Cas FR G0 X0 AR W 5 S M U3 A ol A A &8 A
&9 Ik, AT REEMEEY R, Jf
A Y TAEB KRG, DT R 2 oR

CRISPR-Cas HCA ) H B AT ] RSN A=)
BRI ) — AR, AL ag T
CRISPR-Cas RGEMIAIRILEHE . FHEFIRES), LA
BUFHh TR Cas REEZ AN SRF (R 1), b
5. 45 Cas W A EERR 70 0 R 2B AR R
Je, RIS EATTE A YN E th Ry 2 ML e
Wy k2 T R H R 2 3 1k (single
nucleotide polymorphisms, SNP), miRNA . #[]
JT RN S IAA S R A I o A Bt BOR 1 3 — 2
K Ji&, CRISPR-Cas HHCLEWILIEAR Al RE2 K AR
Lo

1 CRISPR-Cas fZR&m M & %
CPES
1.1 ETF Cas9 BIEREFAR

Cas9 J& T 11 7 CRISPR R4, 745 HNH Al
RuvC Z5f4, A Cas9 HEH . e #iE crRNA
(trans-activating crRNA, tracrRNA)FI crRNA 2
AU H BIE R T 9. Cas9 BERE UM BTkL
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%= 1 7A[E CRISPR-Cas RIS
Table 1

Structures and features of different CRISPR-Cas systems

Item Cas9 Casl2 Casl3 Casl4

Subtypes Type II Type V Type VI Type V

Nuclease domains HNH, RuvC RuvC HEPN RuvC

Guide RNA tractrRNA, crRNA crRNA crRNA crRNA, tracrRNA

Target dsDNA, ssDNA, ssRNA dsDNA, ssDNA ssRNA ssDNA, dsDNA

Trans-cleavage substrates — ssDNA ssDNA ssDNA

PAM/PFS 5'-NGG-3' TTTN Non-G-PFS -

Advantages DNA target detection; No PAM sequence PAM sequence restriction ~ Smaller size; no PAM
signal amplification by restrictions; distinguish ~ for dsDNA detection; lower sequence restrictions;
trans-cleavage single base differences specificity for ssDNA distinguish single base

detection differences

Disadvantages RNA target detection; PAM sequence restriction; PAM sequence restriction longer sgRNA

signal amplification by additional signal
amplification means

trans-cleavage

—: No trans-cleaving activity or no PAM/PFS sequence.

TG DA 1S 1% Dt 751 (1] oy 7 91) itk 8 2 )5 (protospacer
adjacent motif, PAM) NGG ¥4, #RJ5 crRNA-
tractRNA & 51K 5 ¢cDNA g1 EC%T, Cas9 Bfi)5
X H AR DNA #EATRUGEDI#I (& 1AM, B8 A5
WL 255 DNA U 2% A8 B Ak A% 1R il 2k
TG/ dCas9 5 X, FFA T A T S X1
WY IET Cas9 (M ZEY AL BRI H AR, 1t
A AN FEAR AT PAM 41, AT DU ) FRAE
RNA (single-stranded RNA, SSRNA)[4]o AR KL
T Cas9 B4 PG BAM B AR RIAM , HEIE
JFJE CRISPR A& G I B A AU FYy , 2 dk
T Cas13 Je A UIHEIHOCHE P IF A& 4 S s 2R
T RE I e 2 S DY) A 4 (specific high-sensitivity
enzymatic reporter unlocking, SHERLOCK)#% K .
1.2 ETF Cas12 BEREHAR

Casl2a J§T V A CRISPR £%t, T 4H
BAT 2015 4R 4B, 25— TR IR 20 2w 4 Y
Cas12 ZRAEE" . 5 Cas9 AIAYE, Casl2a H
AH—> RuvC LA, 78 crRNA ST
FE ) D) #E XEE DNAYS, FEAEY)#) 58 BUS T i
EMRN =0 AW, WO xR R 5 v R
DNA (single-stranded DNA, ssDNA)AY [z 2 P4
T 1B), 4 CRISPR-Cas12b (XK C2cl)
JE— PR V-B B DNA RN VB R 4. 5
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Casl2a ANJA], crRNA Fl trrRNA 5 Cas12b HI4t
A5 T ) S RREARBE 22 18] A e 2 e E Rl
HARERAYIE, Casl2b AUMEFILL Cas9 F1 Casl2a
N, AR HAZ A IR B TR HLAHURRE
1.3 ETF Cas13 EREFA

Cas13 J&F VI % CRISPR &%, HAMWA
v W LA A ) R A% LR A% IR 45 4 (higher

eukaryotic and prokaryotic nucleasedomains,

HEPN)ZE 435 (Il 1C), 7 crRNA B9 5 T # 1]
YIEl RNA, A ER: M RNA B R 1#
TP R X SR, SR 0 A AN T AR
— A~ % F CRISPR-Casl3a F 4% R & Il R 4t
SHERLOCK, FIf T7 ¥ R4 G mARAMY
W AE S UOIOK, SEELT DL S R A
W DNA M1 RNA $EARUY, JF—2wMEm
SHERLOCKV2 Z5 &M% IR Csm6 fiif5 5 R A
JEHR R T 3.5 7%, I EASIUR )46 46 2 30 min''?,
1.4 ET Casl4 BERFAR

Casl4 J&T V % CRISPR-Cas Z&4t, K/hH
A 400-700 PEAEEIR , 14 K IERGIE B2 5/ N
SE112 CRISPR RN #% o ‘B & — I ] ssDNA 11
CRISPR WHIHE, 5 CRISPR-Casl2a AfA], 7
gRNA B3, Casl4 LIAKET PAM 13 5 Ay
75 AR S ssDNA a1, 80 H
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S A T U S 9 e A R IR A e P A e )
HPE. 5 Cas12 250, Caslda JE V RIS, RE
5 EWERE G, FEMEOE ssDNA A TTHIE
PECNE 1D), AT H T BARZER A o FFail . 45

W BE AR 5 e 40 RN TR 43 3R G0 v 18 S Rk
. —JF AT CRISPR-Cas 248 5% B Y 1+
RAGE G LT F K, HFEEXT Casl2a,

Cas13a Fll Cas14 F IR AVIENEHENSEE, FIH

HARES & 5 s 0 R SRS, I — e
JE FSCH R IR E S A1 EAME L2 5 A i
FEIH TS, —RANICY R RGO K
ok, S TR R 1 R R SR AR R ARSI

CRISPR-Cas9 RA1E sgRNA f{$5 3 T Al 5L
Xt dsDNA FE5EYIE] . Huang SEUYHES T
CRISPR-Cas9 fiilt & 1% 55 Ik 48 £ K S W (CAS-

' CRISPR-Cas ¥l R4% LA L& 1,

2 CRISPR 4 $ A # 5 A

2.1 ¥R
2.1.1  EFEEN

CRISPR-Cas £ 4t % 4% R 00 R S M 3 #E A%
PRI FR R AE T AR DL, TR bR D | LA

A B
5 RuvC
Cas9 RuvC
f&\—_— PAV—% Casl2
O o = eSS
" I | crRENA \ [
3 % Q?ZZEQ erDNAL 3 %A
51
tractRNA Trans-
cleavage
C D
RuvC
k e S Casl4
Casl3 crRNA H ‘ ‘ X~

tracrRNA

Trans- ./

N Trans- /
cleavage cleavage
1 CRISPR-Cas &I EIE R EE"
Figure 1 Schematic representation of CRISPR-Cas structure and cleavage activities''.. A: Schematic diagram
of Cas9 cleavage activity. crRNA can bind to tracrRNA and guide Cas9 to recognize and cleave specific dsSDNA
with PAM sequences. The HNH structural domain of Cas9 cleaves one strand of dsSDNA complementary to
crRNA, and the RuvC structural domain cleaves another strand of dsDNA. B: Schematic diagram of Casl2a
cleavage activity. Cas12a has only one RuvC catalytic structural domain. Under the guidance of crRNA, Cas12a
can recognize the T-rich PAM sequence and specifically cleaves dsDNA while non-specifically cleaving
surrounding ssDNA. C: Schematic diagram of Cas13a cleavage activity. Casl3a contains two HEPN domains
that can specifically recognize and cleave target ssSRNA while non-specifically cleaving surrounding ssSRNA
under the guidance of crRNA. D: Schematic diagram of Casl4a cleavage activity. Under the guidance of
tractrRNA and crRNA, Casl4 can specifically bind and cleave target ssDNA without PAM, and non-specifically
cleave ssDNA in the vicinity.
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EXPAR) 7k, FETCANBEIMZAET, @b g
Bl 3 F LA A0 R BRI SE 28 A8, S R
PE DNA FFIEABAGIN , - 350 %6FF Wl Areeg iy 12 W A
WG ZEXREE, SABMHSEAITRT —Fi
F CRISPR 1 £ =5 M 5 &0 W fi 1 8 0 AR
(CRISPR-chip)"*!, X## DNA #4704 M0 H
FERI

1M Cas12a M5 UIENE AL T — BB
P DR AR R S RS JE R (U ssDNA) N Z%
F| Casl2a A&, FERIIEFE DNA AR,
5 L gD R LRI DO S G S . T
— Rt & T DNA B2 N VIR 1) CRISPR J
A & L (DNA endonuclease-targeted CRISPR
trans reporter, DETECTR)!"®, 5231 T %F A Fl3k
IRIRG 95 7 (human papilloma virus, HPV)AGA
FIH Cas12a e YIRS EARIC AT ssDNA /35 1
FF& T HOLMES, FHCH PAMJFHI5| AL
e, X SNP i s AT A I . HOLMES 5
DETECTER R4 AFZ 44+, HOLMES fi
B PCR ¥}, #2058k Casl2b A
Cas12a AHRUMDIENIE M, I B A B IL 53 B
R, F4ARBBIFR T T LAMP Fl Cas12b () —
W— 2 W R 4 (HOMLESV2)!' ), A] i S
%] SNPs, Kill#GHE RNA . A4 mRNA FlI3f
AR RNA SFZMEbR, 55T A T Casl2b 4
51 DNA ¥ J5 5 (CDetection)!'™, A LALE B
BIEIK B IX 53 HPV SR SR T A Z 5. N
TS G S K ) R E . CRISPR-Casl2a
S fbsegE 498 &% T E-CRISPR £#%, Casl2a
(49 )52 3B 0 AT LA B0 A TR A AE A DL R B
W, JF B 54 B AR e 09 7 H 5 §E (methylene
blue, MB)f&#fi ) ssDNA o] LIgh¥#], 3 MB
() 0 5 RN PR (G A, 3 ol H A 1 AR Ak
W B AR

Cas13 WAk HFHIBR G, HA 5L
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Mitheg, "I/ER TP RNA B9 1T H A T e it
PRZEAE 1) RNA J7 91 3400, ol 0 AT AT Ty S 42
i SHERLOCK J5ik, 7EfRHEE 5% DNA HI
RNA #5153, Myhrvold %% SHERLOCK J5
B AR B B2 B R i DA T BR A%
R fifi(heating unextracted diagn ostic samples to
HUDSON) , fif & T
DNA/RNA f2HUFIAifE 4, ff SHERLOCK
J5 ] T T A A I ek PR AE it v B HE AR
Freije 53LF SHERLOCK JF& 1 Cas13 fahkR
il BE FR IR AL H (Cas13 assisted restriction of
viral expression and readout, CARVER), /i1 T
Cas13 OIEIThRE, TP WGy,

F DETECTR HYJ5{BE 5 Casl4a HOER: 71
DIENE eSS G, JF& T Cas14a-DETECTR, B
A LASE PR R EL SNP JE R 41 43 TP g JL3e i
Mk 5 e sl bR e IR IS A G H) HERC2 &[]
i}, Casl12a ANBEX 4 2 4~ ssDNA I 45 , 1] Casl4a
EPUN LIRS SNPs 7 T 30 H 3 5 A F .
CRISPR-Casl4 %% HUDSON %5470, #ill
L)1 O AR AT A3 B S R AN k=2 ol NS
955 # (human bocavirus, HBoV1)4,
2.1.2 miRNA #l

miRNA J& K 28 22 bps A/ FRAEEE S
fih RNA 38 33 558 mRNA 454k I8 15 5L R Kk .
miRNA ASEREEEX ARE T . sk, EK
R E . miRNA AR & FhBi A 5C
MED bR . Qiu FPIIF R TR A b -
CRISPR-43 %4 - M 1L E AL W il (rolling circle
amplification-CRISPR-split-horseradish peroxidase,
RCH)R4E, i RCA HAXHE miRNAs #1745
T 38, P — XS 23 ) 5 2 AR R A
Y (split-horseradish peroxidase, sHRP)Z [ fill
G dCas9 WU+, MTEGY LTS,
dCas9 0 ¥ H WP G, 55

obliterate nucleases,
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sHRP PYE#, 5o AR (4 DU FH BB R e
(tetramethylbenzidine, TMB) = 4= 41 i i) L 6,15
o TR R MU R, 38 TR I AR ILIE A
1 miRNAs, Shan ZP43ETF Casl13a/crRNA &
A I X EE AR miRNAs JE7 745 S50 5], B
T Casl3a IEGUNGETE, W= 4200FES . &
D AR i, (H T SRR RS S O A AR A
A VLHE— A P A R . Zhou FF P
Casl13a UJHIE TS AL ROCEORSS &, 1
% T PECL (portable-electroche milumi nescence)-
CRISPR ¥ 5. il #45 miRNAs #if Casl3a
RYREUITEPE , PR g | g T 2%, AT
fith A F5EL Y G A ECL KGN . 3207 ¥ Al s 3 %

%2 EF CRISPR-CAS HIRZERHE M R Gt
Table 2

TR R, T F TR D s 4 7 79 miRNAs,
TE5r 2 W05 1 B T R B T A o — 28
CRISPR-Cas BB R G WK 2.
2.2 INOTF
221 ETHEERETFR/NSGFEN

T ke 55 R F-(allosteric transcription factors,
aTFs)il % AT 3T RIS aTF A1 DNA JF
G Z [ 45 G R A ) B 2B A A R R R 0k
e, FEF aTF ARG ] )iz B T A6
ZF5r¥.Liang S F & 1 CaT-SMelor il 2 HiAs
DY NS ML AR AR PP A PR PR X 2 A 1 I
HESHARRIE R, 2 aTF 5 HAh/N 7
ZEAHE, B5 dsDNA LR LR TR

Nucleic acid detection system based on CRISPR-Cas systems

Cas Target Technology Amplification Detection References
Cas9 DNA DNA-FISH - Fluorescence detection [1]
DNA PC PCR Fluorescence detection [2]
DNA/RNA CAS-EXPAR EXPAR Real-time fluorescence [14]
DNA/RNA FELUDA RPA/PCR Paper-based IF device [26]
DNA/RNA CASLFA RPA/PCR Paper-based IF device [27]
Casl2 DNA DETECTR RPA Fluorescence detection [16]
DNA/RNA HOLMESv2 LAMP Fluorescence detection [17]
DNA CDetection RPA Fluorescence detection [18]
DNA/RNA HOLMES PCR Fluorescence detection [28]
RNA CRISPR-Cas12a-NER RT-RAA Naked eye [29]
DNA CRISPR-Cas12a PCR/LAMP Naked eye [30]
DNA POC RPA/LAMP Fluorescence detection [31]
RNA STOPCovid RT-LAMP Fluorescence/ [32]
Lateral flow detection
RNA CASdetec RT-RAA Naked eye [33]
Casl3 RNA HUDSON RPA Fluorescence detection [20]
RNA SHERLOCKv2 RPA Fluorescence detection [11]
DNA/RNA mCas13 RT-LAMP Fluorescence detection [34]
RNA SHERLOC - Fluorescence detection [35]
DNA SHERLOC RPA qPCR [36]
DNA CREST RPA/PCR Fluorescence detection [37]
DNA APC-Cas RT-gPCR Fluorescence detection [38]
Casl4 DNA Cas14-DETECTR PT Fluorescence detection [21]

—: No expansion is required.
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BifiJ , FEji dsDNA DAfii ) CRISPR-Cas12a )2
KUTEINEE o W DOEE S ARk, TRIME
i 0 5 H AR /N5y kA, CRISPR-Casl2a
W 51 25 45 DU 34 25 BH 38 Al ¥~ (tetracycline inhibitor,
TetR), TERCRATERIIEOLT , aTF Y 25 00
CRISPR FE5iEAT5e 5% 0% Cas12a e X U)H|
Tk, 2 PAEE DNA 0 LIB O R 7t
A1, DA R R R e A TR R B DU A R
Fi R,
222 EFEEEKNS TR

CRISPR-Cas H 4t W] UL 5 I 68 ¥ W&
(functional nucleic acids, FNAs)FI4; i #e s
A, TR Bir. FNAs f15F 8
PRA K AR AZ BRI AR (A 5 10 R BR A A B # A
BN esE DNA, BT LUS shy Bk s mg
H s S8 7 1 A8 A PE D) 58 DNA (functional
DNA, fDNA)# Wl ATP =% Na'", DIz
CRISPR-Cas R4t 5i&E ELiAXT H AR 1) B AT 55
FIMAEE A, RGN T MR iC Y AFP iRl
U2 5T SHERLOCK [RRSMNE 434 2 58
(SPRINT)™FI Fi A2 b5 T 5 ki 28 14 o 3 oo 4 22 1Y)
RV R 5, 5 A T4 T L
TR . IR . DUIRE R 71
4 CRISPR-Cas R Gt B -5 4 & [F] 40 22 A A
55U FEEIR25 °C)F 45 min NS PUR R
T B ROKIE IR BRI
23 HEBRK

R F TR0 ) A AT R A TR S e R )
A5 S5 5 B R AR TT DUA R 5 R A
Zh4 74 CRISPR-Cas 22 48 YU AR BRI 71
Dai 25UVl FX ROy 1 5 b i A 15 Ik A 4
A, KT RKET bl A B Casl2a
B2 ssDNA IEITE 5 & Be A 32 1) B s
Oy I R SRR ARSS A, /il T R AR
HIIAE 11, it CRISPR-Casl2a Ak 415 s
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ST 5 $7 75 -DNA B il (Ulasi-DNA  glycase,
UDG)Hl T4 Z % 1 R i i (T4 polynucleotide
kinase, T4 PNK)f #E GG T, i HL AT 75 R A
I B 29T i i SN AR I A R T LA O
b2 R AR B AT E A A Wb
FAVASEI R 1, AR LSRR Hh 22 B S5 R sk
AT FIE AT 2% 180 [ 0 7R 2% 7 2R B A BR A
Qing k¥ BIDSD HEIRY i (roll ring
amplification, RCA)f1 CRISPR-Cas12a tH%5 4,
SCOETOX BE M OB O ORE S MR . T
CRISPR-Cas12a, #4&7J0 PCR ¥ FIAUZ RIS
WA b ) A% Ja, S 30 A4 Pl VR 9 A R 2R
A0, PRk AR @ MRS SARS-CoV-2 Fi AR5
HEAM,
2.4 Gk

AP MR AR A B 2 W RLA T I A
RIS AR YRR ) o TE SN IR R B3 A 2o
FEIRFRE R (I Z AR, AT SR AG I AN A
Zhao W& T —F3F CD63 if fic 1A Al
CRISPR-Cas12a Z 4t i)kl R 1) CD63 2 145
W77 1 56 CD63 1 FLARKEHS 43 H A ssDNA
W ETEREER |, 24 CD63 &It T3k CD63 M
BF, B ssDNA BHITRI, S8 )5 R eG4k sk
CD63 1l CD63 & AR E Ak, HiFWP
) ssDNA FHW#| 8 CRISPR-Casl2a RHLIH
S, PECAEE DNA #0570 F AR A 9O E
5, R ANMA ARG I A2 W it 1 — A R
FE S0 57

2.5 ZHEm
7t CRISRP-Cas il sk msH, — i &
e A4 55 4 it 3 T A2 IR ZE A, 45 5 NI 21 4%

MR A% 3% , MIMELTE CRISPR R45. K%Y
AZ K 5 4T F CRISPR-Cas13a #H 25 & JF &
APC-Cas RGP, Al R BRI R VT
i (Salmonellaenteritidis) 4 i, % R 45 T LA A#
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YOI A: R K Y POEAR S, o 4 s R AT
A 00 A /0 ek %) 240 TR D AR o T MR ) e il R
H, PR NRE 41 B (circulating tumor cells, CTCs)
SRAEER ., Ly FPUHSE T — S22 M Bk 4
2% Casl2a (multivalent double-stranded aptamer
network Casl2a, MDANs-Casl12a), Fi F Kl
CTCs A IIEH . X RFH 2 BUEEZLIR
1@ K X 4% (multivalent double-stranded aptamer
network, MDANSs)JH 17, il RIAY 3 (RCA)TE
WEXR R A i, MDANSs. $B4H A7 7E BT 7] LA fih &
U7 B BTG DNA” M MDANSs Z544) Fp B ok
WS R Cas12a #1755 HHOK . CTCs BN
A CRISPR-Cas ZR GE7E 4 HAG I rh 43 1 —Fiogr
Felg .

3 RgE5R%

CRISPR-Cas f AR A =R, Fis . R
L fEAE | EAE A ARRIE, XX R A%
iR S5 B BRI HL A B2 A o HLEA RS ok
REJIMY Cas EAFIEF &, (1115 CRISPR 1484
ARBIHXAFERIALFR U RNA | 4% DNA |
W DNA 255 — R EE 7, 3OS AN A K
W35 LA AR R 2 S A L o sk, JoilAe i
SR T BRI E BT, KRR T
CRISPR &84 AR AEAS R R SEAR T 19 K I B
715 RS ETE L Ml A aiss . A B A
(o P 185 T % AR BB 7 (58 e T e 5 Bk IEv5
Y (A TR AR B AR 41— #3775 SHERLOCK AR (1)
Tk, Rz R HA T ; Cas HHEH
R R AR DL R FE A e i s RN A, A5 1%
FARB RN &, KA KRS . CRISPR
P IRF AN AR SR I, AR A I 4
Je JUAFE I (R E & J , BLCH )2 R
R AW 411U E 2% NS

7EE AR B AR 1, CRISPR &8 A B
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SRAL S, (HAREE THURR I A a8 Ry, AH4 T
PCR FrIAGE R B, xR BEAS LN Y 32
o Ak, MEHREA, BAEEIREARNT
FAAG T PCR 475 CRISPR 484 A R AHUE
BAREFR B B AT bR A R & 10 H 2
(methylene blue, MB){5 5841, CRISPR-CAS12a
A B RAR IR AR A KB TR R
FE o AR, X FHEZRR H AR pA , 75 e nrkt
HAEA N ZIRTES o &l 7 DNAzyme J& 3
HIBA4E DNA 8858 RNA BEAZTHRR, fLl53k
BIRIEbR A S 456, 1EN Cas SR RYBIE .
SR, PUBEITE AR50 Cas 25 TG HEAR T 3L
FEWOE A1 PAM JP 1) o BTt —Fi B RN B
TGS Z st —ME RO k. A, dEat G
PROLAL BBE TS )P 4, A T REE R Cas B
FORZIFHIPEY o

A BARTHIA ] CRISPR-Cas12a 2555 %)
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