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Abstract: The CRISPR-Cas gene editing technology has revolutionized the fields of biology, medicine, agronomy,
etc. due to its simplicity and efficiency. Laboratory-developed tools, such as the widely recognized CRISPR-Cas9, have
played a pivotal role in addressing a multitude of genetic diseases. By harnessing the targeted nucleic acid capabilities
of the CRISPR-Cas system, researchers have successfully integrated various functionalities into Cas proteins, including

fluorescent markers, transcriptional regulatory proteins, and base editing components. This has unlocked new
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possibilities, including chromosome imaging, transcriptional regulation, and precise base editing. Currently, Cas
nucleases with large molecular weights, often exceeding 1000 amino acids, are commonly used. However, adeno-
associated virus (AAV) vectors, which are extensively employed in gene therapy, have limited capacity to
accommodate additional functional components beyond the coding sequences of CRISPR nucleases and guide RNAs
(gRNAs). This limitation severely constrains their utilization in gene therapy and other applications. As a result, a
significant focus of research has been placed on the miniaturization of CRISPR tools, making them compact enough to
align with current delivery methods. Compact Cas protein variants within CRISPR-Cas systems hold the potential to
create and deliver genome editing and regulatory tools into human cells using AAV. Hence, the development of
miniaturized CRISPR-Cas systems presents a crucial avenue for addressing this technical challenge. This article
provides a comprehensive review of research progress in miniaturizing key proteins within two classes of Cas systems:
Cas9 and Casl12 for targeting DNA, and Cas13 for targeting RNA. This review encompasses the screening of novel Cas
proteins, the reduction of protein structural domains, and the modification of guide RNAs, all with the intention of
presenting innovative ideas for the further advancement of compact, precise gene editing, and regulatory tools. The
miniaturization of CRISPR-Cas systems is a critical step toward unlocking their full potential in various fields,
including biomedicine, agriculture, and basic research. As researchers continue to explore and refine these compact
gene editing and regulatory tools, we can expect significant advancement in understanding and manipulating genetic
information. This ongoing progress promises to have a profound impact on the future of science and technology. At
present, the limitations of the miniaturized CRISPR-Cas system are mainly with the size of protein molecular weight
and the efficiency and specificity of gene editing. If we can solve these problems and obtain a smaller structure in
future research, not only can we optimize the transmission of the system in the body, but also develop high-efficiency

and low-damage treatment methods for clinic applications.
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Table 1 Comparison of the characteristics of Cas9, Cas12 and Cas13
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Fig.2 Schematic diagram of Cas9 structure
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Table 2 Miniaturization studies of Cas9

ann iVl HEES i D
HA PAM spacer/nt  tracrRNA S B8 2 it /41
kDa P FF(DR)  dsDNA ssDNA "
SpCas9i*¥ 160 5'NGG-3' 42 Y 36 Y N HEK293T
NmelCas9™! 162.4  5-N4GAYW/N4GYTT-3' 24 Y 24 Y N Neisseria meningitidis
5% 5“N4GTCT-3’
SaCas9P*?"! 126 5'-NNGRRT-3' 21~23 Y 19-24 Y N Staphylococcus aureus
CjCas9"* 108 5'-N4RYAC-3' 22 Y 35 Y N Campylobacter jejuni
mini-SaCas9™ 100 5'-NNGRRT-3' 20 N 24 N N Staphylococcus aureus
Nme2Cas9"™"! 160 5'-N4CC-3' 22~24 Y 24 Y N Neisseria meningitidis
SauriCas9¥"! 118 5'-NNGG-3' 20 Y 36 Y N Staphylococcus auricularis
BlatCas9™ 120 5'-N4CNAA-3' 17~24 Y 24 Y N HEK9T
MISER Cas9® 100 5''NNRGAA-3' 42 Y 36 N N Streptococcus pyogenes
SchCas9™" 115 5'“NNGR-3' 21 Y 32 Y N —
Nsp2Cas9®*! 117 5'-N4C-3' 22~26 N 23 Y N —
IscBP*7 54 5" NWRRNA-3' 20 Y 206 Y N —

H: Y—C+T; N—A+C+G+T
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B, BR_ R PE R @ R IE AL DL RSN A 1E
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AR5 PRI 9 5 AU 1) B FH Y8 Bl o AR X 8 43 AR AT Ak
TR B, 75 B 2 7RIS AR AL B AT
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T X A, B 5T K B orRNA A £/ B 1~32 nt.
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F o DA b S0 0 B A1 I 4 9 S I T gRNA
BOARIENEAE, B3] 7L Cas9 B H K/ H Y

TE LAl A N B FLrh, 2 7 B 2 A AR A
BRI AT Weuh, LTI gRNA REf% 55 I fd
AN Cas9 TR K, SR m BB A . AR,
H 2 5 N TS 9R 52 B L gRNA AP CR AR 3 C& 1

PR J8H, AR TETT A T 3RIA 2 gRNA:
— Rl 7 V52 H H A RNA B A58 8 o) 7 i 84
gRNA; F—Fidkg il — N a s FE— Ak
Yy ST A gRNA, A8 5 38 1 AN [7] 11 55 i Ak 34 DA
FE A gRNA. N 13— 30 gk /N B BE TR K /)
Zhang % "l Mefferd 5 " 4 J5 4 F 29 70 nt [1)
tRNAGly J& 3 T UL 2] 2500 nt /) RNA 5 4 11 )
1T, HRFIEFKFIIRNA ¢ sgRNA fill & 5 5%
Yy, 1% S S P9 UR M tRNase Z 45 2501 A Hf b
ZUfR, BT sgRNA. I1X —3#T ) sgRNA i i X ¢
) BF) 45 9 3R T R B K b AR A R 3 T AAV 1
Cas9/sgRNA F 4R fy 3 G T AR K /N [ BR 1)
TE AT B 17 25 DR RE 53 PR B2 T gRNA [ TR, 34 BBk
/b Cas9 & B K/, X F g it — )2
L FH $ ] BE A

2 Cas12 /NS

5 Cas9 #Jx , Casl2 K& H 1) Cas12a KA V)
#| pre-crRNA [FJBE 7 ™, Wl H T 2 B[R 4 45 .
Casl2a & H R A (REC) AZIREF T (NUC)
LRI R 3 g T, [ Cas9 AR EL A, Bk
Z Cas9 #UEE V) B BT 75 1A% 8 9 285 #4380 HNH ™, i
1M HH RuvC 45 #4) 35k [7] i) 24 i dsDNA (1) B A AR B
PRBE, JFE PAM AL &R U= A A B I K vy, IX A
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Fig.3 Schematic diagram of Casl2a structure
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Table 3 Miniaturization studies of Cas12

®e 47 ADa PAM SPACET erRNA AR IR DI S0 4
nt F%I(DR) dsDNA ssDNA
Cas12d(CasY)"" 132 5'-TA-3’ 17 Y 26 Y — uncultivated microbes
Cas12e5(CasX)! 108 5-TTCN-3' 20 Y 23 Y — uncultivated microbes
FnCpfl(Cas12a)"*” 147 5'-KYTV-3' 20 N 14 Y Y —
AaCas12b(C2c1)P” 125 5'-TTN-3’ 20 Y 37 Y Y Alicyclobacillus acidiphilus
Cas12c(C2¢3)P2 133.09~146.3  5-TG-3'2k5'- TN-3'  17-18 Y 17 Y Y HEK293T
Casl12g"" 79.2~91.3 5'-NA-3' 30 Y 36 N Y HEK293T
Cas12h"" 95.7~101.64 5'- RTR-3' — N — Y Y HEK293T
Cas12i"" 113~120 5'TTN-3' 28 N 24 Y Y HEK293T
Cas12j%4 70~80 5'-TBN-3'8{ 5-TTN-3" 14-20 N 26 Y Y HEK293T
CasMINT® 58 5'-TTTR-3' 23 Y 26 Y Y TRE3G-GFP HEK293T
UnCas12**7 44~177 5-TTTA-3' 34-39 Y 37 Y Y —

VE: Y—C+T; N—A+C+G+T

21 THi%EFRE Cas12 IEH

Yan 4§ U B IR N HOAE AU Cas12 KR, LLF
REB RN g, E AR T - MEE
30 JIAMEE [V 2 R 40 1) CRISPR-Cas JG % F1 4L
P B —— A — A T ) RuvC % B8 B 35 1 % 1
B 1Z B BAAE R I A A T ok R e, R
P — AN B RIS R 7 9 (R 384, o gk AT b
FIFHASF ) Cas12 Y85 (1 Hgb A7 UI ], DALEE W
6 Cas12 744 1] LLFE [a) 300 K W 41 B8 o w0 0 77
B[R/ DNA, 1M 5 S04 1 10 AR A7 BE I I BRI, i
% T Casl12f. UnlCasl2fl & Casl2j %%, %
B CRISPR-Cas YA ()& R I H T A FRFAE,
H5 T % ssRNA Fil ssDNA [ 845 555 U, DL xf
dsDNA FyUJEIREME, XH7R T Casl2 8 AEH AL
A B& DI AR

Casl2f (Casl4) FKEEHik “EIR”, Casl2fl
HHRKDNEE, R AL 400~700 aa /£ 4,
gRNA £ F5 — /> 37 nt ff) crRNA Fl — 4 140 nt 1)
tractRNA, X 0] &5 Cas12f1 K ssDNA V) EiE M H
Ko BRI Casl2f & — F#E ] ssDNA ] CRISPR
WU, AT ZEPAM SEELE B . W1 UnlCasl12fl
(529 aa) FlAsCas12fl (422 aa) CHUE I AEIRFLB)
Y 2n M ARSI T 5O I R A A A 4 B e
Huang 2% 2 B )y CRISPRa #3757, UnlCas12fl
Al G R IE,, K5 Casl12a fl Cas9 A,
MifE N DNA 2R dm 2%, Cas12fl FILH 5 Casl2a

FAL R, 0 R A 3 S O A A
AN, EIEMEEBAR. Casl2j FIF 2 AoAE T HH
A% crRNA N T 24 A1 D) 1 HE ) DNA I B — 38 P
AL RUBIE ik . X P 2 AT 55 B i A — e AR R
R T Cas12j B4R RSF IRk o Wang &5 B 5%t
Cas12j (/NP BU L FR B 3EAT 1 Dhie ik, e
Casl12j-8 & — M El AR R R H g 2%, HAMEE
PIRSE, IR T A UE B, Cas124-8 BB X
HABITRZ B (SNP) [ 3 R T2 2L K]
RS IR . Cas12-8 BEIR A — AN 4] 51 5'-TTN-3
PAM, AL T & B AR % .l T AR AR
WM EIE G B8, Cas12j-8 AMYAEXT ClinVar 235
JE R 25 931 A I PR AH 5@ A8 A4 k4T 46 67 56 PR A 3RS
B HEXT AbSNP HHE 72 Fh 1) 485 130 147 /> SNP #HEAT B
o Bk, Cas12j-8 ¥ 4RHIEH FiaIr R H. &
T RIS % N0 TAEYSE. EWE LRI
IRIGIT St T T H .

2.2 BATREAME

1S200/1S605 %% J&& 1 X Jgk Hh |2 A7 7E [ TnpB
1 i T A B/ [ RNA 51 5 A% BRI, AE 6 76 B
R0 M b AT B ) B R A G B Y, HCHTE 2023 4F
Xiang 55 " [ OR A 5T H B TnpB & — R B 4
RNA 5 'F ) DNA IR N VIEG, ‘€ /2 Cas12 fX B
Wik, H5 Cas9 —fal) vz H T F 4 e m Ak,
REAE N Bl I DR 27 A 3 B H o K 1 4 8
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775 A /N AR AR A DR B 22 1) 5k TR] 4 4 92 41 1T R
PRl fEIX B, Sasnauskas 5 "7 #5787 TnpB
K% R Tl 1) 2 A & 1) DA S 43 1) A6 4K SI2 58 S R (1) DNA
B br R 0l 2R L, 45 SR B TopB 4R
KT Casl2 AR GEN /DM AMINRERZ L, I
NIF R T TnpB (1) 2 [H 40 4 4 T B 24t 7 — 4
HEZE

Xu %5 Ui o 77 A Cas12f 42 4 (CasMIND
SR A G, B 5] 5 RNA FE A LM
V-F 2} Cas12f (Casl4) RGHAIE T — @
W Cas R4 (CasMIND , HE A KDL AH
597 aa, [A 4548 B G A 27 DNA 7] §& /7 .
CasMINI A DL IR 5y &1 7K ~F- 1 J5 R0 (B 2 ml 3
T 5D, R IR Cas12f R 45 #) IG5 76 T A
A AR . SRR P, CasMINI R4t
TESE RS 5 T A 5 Casl2a tH 4 (G4, Bf
o P TR AR e M, R R AT 5 K IR R G R R 5 R
' . KR CasMINI BB vz F T4 4 4h 1) 41 B
T2 RN 3 A ¥R 97 B A o dCasMINI-V4-VPR £ K
3.2 kb, dCasl2a-VPR £ 5.3 kb, dCasMINI A AAV
) 3 3k A ok T G BR AT BE, Mk AR B A R B
CasMINI F 4t ] S 3 B0 ok o 6 15 0 #E 2L DR 2 4
CasMINI V) #I| % [K 41 5 24 ik NHEJ &2 & J5 7] 41 K
KAB (Kik20nt) MEKR, AT RKH B
T2 BRI 52 FH 1T 5%

2.3 gRNAXiE

H i & B B 522 ) CRISPR A R R Bl 2 —
& U 4 UnlCas12fl. #R1fi, UnlCasl2fl & HAF
PR TE B AZ 40 M b 3 MR AR . Kim &5 ™ AR 48
UnlCas12f1/gRNA/DNA [ 5 AR 4505 8, JEik
gRNA MR G 0E, I K H R Rk CRISPR %
4t Casl2fl. 2% | &5 € X N JE 7 I RNA #
55, [AIBTE crRNA Runds il & U P41 Bt
7 UnlCas12f1 B KRR 51 5 RNA B AL el
475 CRISPR RNA (tracrRNA) [ 53, tracrRNA-
ctRNA HAMX, — DT RERR) JFH, crRNA W
3'3ii F tractRNA H — DM EF 222 X o 0 5 1
tracrRNA Fl crRNA 2 K38 5% T UnlCas12f1 751§ L
BN WA H rp ) R G RE ), R T8 I R A

PCR 4 34T F1 AAV AL I, BE 9 7 N\ IS 20 i 3t
T FeRrEHE A . BT UnlCasl2fl /£
J A R 2 A EAT AR, RT LA SR A Rk Al
BRMEL . TREMK UnlCasl2fl RGE R H 5
SpCas9 AH 24 B %K F1 5 AsCas12a A7 ALY RE 7 .
HAl, FLAREXT Cas12 1) gRNA BUE 75 5256 i ok
BAS W 2 NE TR R, Rk XFZTHRER
GLEEAR oy T BRI IRE SO A ORI, 7Rk
JiT, FRATR AT RE— PR

L — AN ) Cas12 A—AN B 4 mA Ak it
(1 gRNA R LA RICEEFF 80K R/ 1 R, 6T 56 A
BT RA W, MRS EA REMAAT
K, Ju ST DU G A s 4L 4. XF gRNA [
HUE AR AL AT LA /N B4R Cas12 w3 AR« F
S VR P, O R TR g R R B A B KR &
FERI T H .

3 Cas13 /MBS

5 HETS 7z N B Cas9 8 Cas12 DNA 4§ T
HAE, Cas13 2 —Fh RNA 5] 5 ) 7] 4i %5 RNA
) BN R GE, BB S A % S K1 b AT R DA 4
fE ') CRISPR-Cas13 S W] # % € A HI AL B, C.
D PO KA ™, HAf A #E £ Cas13 LHEH
MR ok Y. 5 Cas12 8E Cas9 AN A ) 52, Bk
/b —“> DNase 5 f#35, 17 57 2L fi# pre-crRNA Al H b5
RNA 1™ RNase ff 144853 71 4l 57t 437 T Helical-1
FIHEPN g5 i3 b 77 (4) . R4 8457 Casl3
() /N AC A B 9T

Helical-1

B4 Casl3gifnEl

Fig.4 Schematic diagram of Cas13 structure
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R4 Casl3/NEULHTETT

Table 4 Miniaturization studies of Cas13

IR spacer HigES , .
A - PFS PACET  racrRNA sSRNA S 2 44
/kDa nt ¥ %1 (DR)
Cas13a(C2c2)"™ 138 3"-AT /C 14~18 N 28 Y —
Cas13b(C2c6)™ 7! 128 5-DFII3'-UAA 30 Y 36 Y —
Cas13c(C2¢7)™ 123 3-U 30 N 36 Y —
Cas13d™ 102 N 30 N 36 Y Ruminococcus flavefaciens FD-1
Cas13Rx(RfxCas13d)"" 106 3-A 30 N 22 Y Ruminococcus flavefaciens FD-1
Cas13X.17" 85 5'-A/G/C-3' 30 N 36 Y HEK293T
Casl3Y.1" 85 N 30 N 36 Y HEK293T
Cas13bt™ 85~88 5'-D 30 N 30 Y HEK293T
Cas13e3" 84 N 27 N 30 Y —

VE: Y—C+T; D—A+G+T; N—A+C+G+T

3.1 HiEFHE Cas13EH

Hu & 7" M 5 #4512 B CRISPR B %71 ] 32
f] 20 kb DNA X5, F 3 FI I+ % B 32 HE - Copen
reading frame, ORF). 1E#H A id 400 M5k
EAFBSA TS 0. BEEME T B NCBI ¥
Ji dh Bif A5 £ %1 Cas13a. Cas13b. Casl3c #1 Casl3d
AT RS R A KB A (hidden Markov
model, HMM) i H) Casl3 . XS
Fi A O %0 Cas13 85 FIRFAE M SCE, AT DR KR 5
A RAE (1 8 B 57 41w % 3038 7 (1 3 Cas13 &
H, J#ixE 7 5 H I Casl3 437 : Casl3e &
Casl3i, & 4 K/N7E 740~1300 aa 2 [A] o 3 7Y
Cas13 2 4t (1) 18] 5% X A1 DR °F 35K B 5 514 30 nt
36 nt, o, Casl3e3 #HLHE 5 Cas13X.1 Al
RfxCas13d AH 4 1) 5 K bR s Ve o

Kannan 5 U 75 J5UZ 4= ) AU 25 35 (R 40 BA &2 ot
FEAF, WET A Casl3 g L e HFRIET —A
i /N T Cas13 [ Cas13bt, H R ~F H A HAh
Cas13 B (1) — K/, X P ST 1 RNA 4
THCAT DB B A AAV Y, T S BRI 1
RNA % 45 o IF 70 388 i A5 A i 7 R i e e e, 2 I
Cas13bt BEAT Dy REAL S, 50t T Al T AAV g%
f) % ¥ % REPAIR Al RESCUE % #y, JFsz 8l T
RNA %8 5 76 A AAV s, ATk — 25 4
HETT 4 FE RNA Gn AR 1R B

3.2 BATIREMAME

Cas13 82 AR BCOR RS T BEBR 1] 17 HLAE 5

Bl R R, G L A A 0 A A i
PEJTTH o PR Cas13 3T 46 /IMb T2k 508 B
BT ATy Re v e 845 £ X HE . Tang 55 ™
FEWE 5 78 1 Cas13 85 [ 1) 35 2 45 14 380R0 3 1)
A, g B, W RL A B ME T PR A AR
2 S Cas13 78 Ffr, 3k AR i 28 3o 22 0 0 do A
o, REAE A LR I3 /N ROSE 1E) [R] IS R 35 B 75 16 2 R
Wang 55 " FEBF T A I, 38 e AR SO PR AR DG
s A A g X, AT PO RO B E
RS LivRARAH " 52 th 7 —Fh BT R A B
(18 BN B IDC S, ZERE ST R T —Fh
% T AlphaFold2 it I (1) 25 #4 4= Bl /N Y CRISPR-
Cas13 R ATME, X AEAEREERRD)
AE 10 [F) I f K PR BE 4 iy 1 2R A B/ AR, BROR
{2k | Cas13 A KA Gt K e . HAT, 18
o & ARG, BEREATIEAES A E N, A
RORVEE B I REPE A HT B Cas13, AT BE 5 B (R~
W, FLASE AN AL AT Rt 2 B — E R
s . DA, T /NAAY Cas13 258 iR AT i —
BRI, DA IR AR AEY) R G h A AGERIA N
FaEtE, R—NEENTR .

3.3 gRNAXiE

gRNA £ Cas13 AU e 2] 5] S IER, &
e 2 54 5 PR %) . Bandaru 25 %Y 1 BT 5T £,
Cas13 [] gRNA £ — /N Z Uyae 444, nT LLEAT4H
R, TSI ) AN R RNAH bR
YE. Xiao % ™ 7E 525G o 1 SE 75 35 IR 41 M A 0k T
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JUFH P Myo6C442Y A EAR ) 5T Cas13 [1) RNA B
3 95 48 2% A1 gRNA A8 1A, &% BIL b 4 (1 Cas13X. 1
HIRNA 9t 45 Filg Ji FF I 20 B 1 FH T RNA2 Jid 2 B 25
¥y 4, 45 & (ADAR2JJE488Q) #H % i) 3t T i A
dCas13X. 1 [ AR £ 55 2 9 #5245  (mxABE) R I
A>G 45 2302 v A0 S B R I I R 0, FE L
23t /N RAR N IGIE R B, % CRISPR R T &
A H A3 R 20 B BRI AR R . IR ST TR B,
TEfRAL gRNA RS T, iZRGHRBAER . =k
2 F A ) e S PR T DL E — oD g . X S R
gRNA I 24503 S Yok 2 Cas13 S 2R 1K /)N 1) S 56 56 g
PRAE T E B S A

4 & ik

R BT, BEAR/NEUE ) CRISPR-Cas R 4 fE
Hp M= AR b KRB TRRMLH, HE
GG . PAM IR SRR/, Re S m
IAFAE— B ) 3 2 B, AL 401 Cas9. Casl2a.
Casl3a S5 IR AR A RIF M dmiE Dhde, (HE
TR N 8 A 53 5 B R /N T e 2 B 42 Bl IR) IR 48 7y
HoAth ) B 3 AAV B, BHUHEAS T2
KN, e b 45 99 &5 W 38 B2 4 R B
JREER JE K BN AAV H, N afE—EfRE LK
K B A1) 225 8] 0 4 1) 2850 2 R SR P

b & BB AN W & &, CRISPR-Cas % 4t [/
R 8 A0 H WS 980k . il i 97 1% CRISPR . 2%
FI G 40 00 45 M 3. i gRNAL oids 28 (A 45 1
s, DAEIRAS /N CRISPR-Cas 24, H AH
BN ER R ZH BRI R 1) gRNA P, T 5 F
&) TREAL AL AL o il 55 356 IR 20 5 56 (R4 )
GIEE BRI 3EIN, T RKK CRISPR A= 9 2% F % R
B T RAER B A . Sm R SRR CRISPR &
g n] DL ey F O DR g A T R AR e e, AT
J#& CRISPR-Cas % %t 7t % K] 4 %8 F1 V5 7 400355 1 B
A X e ek IR HE T CRISPR-Cas AR TE A4 Py
N FH ) all-in-one AAV A& 1B AR I M & . ZwT, /D
AL () CRISPR-Cas 5 4t 75 i R B F 1 oK e IR 3
FRR, HERMAFRARENIFLE. Bk, &
T ik — bR /N B4k 1Y) CRISPR-Cas & 48, K
HEILA I DR g R T, TR 0 YA T AR A

R RIAEF

X} T CRISPR-Cas & 4t 1 /NAL, 73— NHE 2L
(BT 57 1) 2 an AL FEAE AR P (AR 3 . /N AT
Cas B AT LLTEZS 5y M 2F i A MU AN 4 21, vl g
AR B EER " BHar, .&f
— SBR TR S SRR, angoKoRL BT R
i, LA$E = CRISPR-Cas £ 4t 1) 14 N A% 5 1 AA% 36
R W1, (B, IXETVE T RE ST —Le Bk AR,
TGN AT A PRAR A ) Fe o M A AE AR A M, DL R T
B A 35 4 BE G R CRISPR-Cas £ 4% 2 H x4
Jfl. CRISPR-Cas % 4t ¥ /N B AL AJF 50 /& — APk A
MU I AE I8, FRATT 75 2 50 o e A I A T 2L 1)
PERIALE B A RUCHh 0 3% 37 AL R ik R G RIS 3
CRISPR-Cas 2GR & #/NAL, XAFTEETFZHE
i, {H B X} CRISPR-Cas & 45 () BE AR A BT iR N
AHEBHE, ARBATKGEEITRBE N EF
R, TS PE ) CRISPR-Cas 2245, 3k K] 4 45 A1
BEDRVR T SR R T Z T R . Mz, NEUME
f) CRISPR-Cas R4t fX3 | — 91 AV H HHT #4
B, NN g AR T A BRI T i v ik
H AT I f R AR PR, FRATTAT LU A7 $1 CRISPR-
Cas RGUAE G AR B U BRI RY), A5
BT RN L D] G B AU R B 2 A A PRk R, R
Rt 4k B2 S R AR BT IX — AU I 9, K REE A 2
TR AR AN R

2 % X W
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