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Abstract: CRISPR/Cas9 system are widely used in gene editing due to its high efficiency, simple operation and
wide species adaptability. The system consists of a guide RNA (sgRNA) that targets the target DNA series and
Cas9 with cleavage enzyme activity. In recent years, researchers have developed a range of super-resolution live
cell imaging techniques by combining nuclease-inactivated Cas9 mutants dCas9 (dead Cas9) or sgRNA with
fluorescent proteins (FPs), organic dyes, and quantum dots (QDs). This technology helps researchers to study
different genes, chromosomes and the spatio-temporal relationship between genes and chromosomes at higher
resolutions, which is of great significance to promote the rapid development of genetics, cell biology and
biomedicine. This paper summarizes the advances in live cell imaging technology based on CRISPR/Cas9 system,
which is expected to further expand the wide application in the biomedical field.
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PN AR B 5670 b e il XA il vh A g 45
M AT S PR LR, 8 2 o A AR ) 5 B8 24 40
JEHIR T 30 4 A8 3 B AR By B, S A
TR LS oy A 2 (1] 53 B 23 52 B0t 200 O T 40 7K
XTI AR, PR3- HAE 2 b A BRI B A b
PR AR . FIHTE B 6L IFFE e % T s
2006 A BB L O AR R AR 5S4 0 K R Y
FEE By o 2 2ok AR5 A5 A0 L IUARRAR ST PR J5it 1Y R
PRAAH B AE AT SR, 7015 240 i P9 S PR g (0 14
TR PRI S7 et (AR Y G (S W, 8 5 45 6 T e RCTE B Y
YT

CRISPR/Cas9 (clustered regularly interspaced short
palindromic repeat/CRISPR-associated) % 4 & T 4F 2k
HE Y B TR AR TR o 1 AR G0l LA R TR I A 1Y)
Cas9 & I FILEA P ¥ ) PR 555 ] 5 RNA (sgRNA)
F ™, sgRNA PR T HAR 1, BES] T Cas9 HED)
| DNA XUE., 2012 4F, Jennifer Doudna #1 Emmanuelle
Charpentier # 75 T~ CRISPR/Cas9 £ 4t nl LA # 7] 4] 1
HMIE DNA R B, Bifi 5 o 0 52 96 % 1 YOR X R GU
FF L sh Py 2 g U, g — 2P fie il CRISPR $ AR 75
AW B A B R TR D A R H o R4 Jinek AT BAEC
T 2R FA% B T PR (EATS £ B 3 n] H A% DNA 1
FEN TIHERY dCas9(dead Cas9)!' 2 H, AJ LA i dCas9
FIRD A THE X 5 D) BE 92 X H AR G € A /g PR 7 A5 Y
R PEPEOEHR I, X AT T CRISPR/ACas9 2 4t 191
240 M B AR B AR R Y 352 2013 4F, Chen %5 N iz
FH dCas9 (1485 52 A7 ) HE KT B8 JE KL s R 47298 6 b
it, ¥ T 3T CRISPR/Cas9 2 45 HY 1 41 g B2 1.

[l

S XL T CRISPR/ACas9 2R 40 3% 40 i 1%
BARIEAT N4, Mk CRISPR/ACas9 & 4t 111G 4
FE ISAG AL AR B 5 HE R, I E— 25 45 2 S A o i
P REA R, DU i — 2 R RS %

1 CRISPR/Cas9 i 201 B 15 3 R BO 45 =
HEG, T T K G R £ 2R DO

{7 4232 (fluorescent in situ hybridization, FISH), LacO/
Lacl &4t TetO/TetR REE, LK AL T4 H 4 B4R
B EEF8 2 1 (zinc finger proteins, ZFP), % st K+
% N ¥ (transcription activator-like effectors, TALEs).
CRISPR/Cas9 #%4i% . FISH il i %54 DNA #4503
Xof 2 PR 254 ) JAR , AEL 35 5 e P R i P2 e
B, T B AR AR B O, AN TE T RIS A
I RIAG @550 1%, LacO/Lacl Z24¢H1 TetO/TetR
R GE 1 0L K A7 S8 5 T DNA P 9IRS, ffi 2
a9 F ARG IS A S8 BRI 4H R, (5
XA A AR Y B R RE 2 T B ARG T AE T
P, ZFP M TALEs RGUAR T LIFRiCH 541, sk
PR s R 4 W] AR AR (B ZFP R 4k
fF FL 20 j 8 4 K, TALEs 7 76 R B | 388 3% IR X 1)
T8

Ifii CRISPR/Cas9 & 4t ] 5 Z Fp 2 5y F Bl & &
iR, BRAERA TR, 2 57 ARG THE , X% 200 i AE BRIR S
SEM /)N, TE I A0 B B AG R SN R T, BE AT A Ak
AR R 2 b R R TS, SRR SE I (A Bl )
SR SR B AR . 5O AR FOR A L, T
CRISPR/Cas9 41 4 o A% £ A FAT SRR B9 118 35 A
JRBRTE (WL 1),

&1 ERARGHENLBMERE

Tab.1 Advantages and limitations of genome imaging methods

Imaging techniques Methods

Advantages

Limitations

FISH DNA probe
LacO/Lacl system et al. ~ Synthetic DNA sequence

Fused with fluorescent

Widely applications; Simple preparation of probe

Living cell imaging

Fixed cells; Potentially DNA damage
Potentially exogenous sequence interference

Complex design; High cytotoxicity; Can’t

ZFP High specificity; Applied to repeated sequences

protein

Fused with fluorescent
TALEs

protein repeated sequences

applied to repeated sequences

High specificity; Low cytotoxicity; Applied to  Difficulty in delivery; Can’t applied to non-

repeated sequences

Simple design; Low cytotoxicity; Applicable to

CRISPR/Cas9 system  Multiple labeling modes

Risk of off-target

various sequences
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2 AEZKE CRISPR/Cas9 iEZARERR A

CRISPR/Cas9 % 4t £ Z | JH 96 4r Fhric B bs
B AR, BRI 5Ot 1, AR G AE BRE K i
PR B R ZOETL IR AT ML . Ko F %
A48 DG E (FPs). A HLIE G YLkt | B 2 94 oK b4
RFEENS
2.1 ETFHEAH CRISPR/Cas9 i& BB & A

POLE A BAAR G EYEN/N ., Rikim . 90
FE | IR A TESS . A A Y D R AR A5, 7605 4
JfL AR 2 D RE A A 5 T N TR ) ol PO
E 5 Cas9 T . sgRNA ZE PR 37 B EX ak; [a] i 45 1
P (] 1(a)~(c)), 78 BN 55 3 B o5 (9 A 30 1o
T AR . I HOZ9OERER R 502 Ak,
i Z AR = R VOUME S, BRARTOEE 5, i mfm
P, i) LUSEEL 2 6 U, A BT B e R Y = 4
45K .

(@) / P ()
W/AJ.I-I.H-I.IJM.I_\'"""' '“/_I.I.I.I.I.I.I-I.I.I.I-I_\"m
b
uﬁ sgRNA E b
© Sp dCaso MS2-MCP-FP
s /GFP T

L B N/ @

= e

w )
CEE:"‘?TQ:.
sgRNA-PP7 .PCP-
RFP
[¥l 1 CRISPR/dCas9 /73 T2 A H A L5 B, (a) dCas9-
FPfl &3 4 ;5 (b) MCP-MS2-FP R4t Rl & R IXZOLE A K
MCP 3 e 1A 5 B B0 19 sgRNA MS2 ZEFR 45 45 (c) dCas9-
GFP #1 PP7-PCP-RFP ZR G [FlI ;25 (o 1 £ (4 A&
Fig.l Schematic diagram of CRISPR/dCas9 mediated fluorescent
protein based on imaging!"”. (a) dCas9-FP fusion protein; (b)
MCP-MS2-FP system: the MCP aptamer fused with fluorescent
protein binds to the modified sgRNA MS2 stem ring; (c)
Simultaneous application of dCas9-GFP and PP7-PCP-RFP

systems: multicolor imaging of multiple gene loci

2.1.1 Cas9 #BIR K K& & 497 o it s AF AR
¥ Cas9 B 57CH 1IN GFP, EGFP, mCherry

Bl TE I Cas9-FP, I-454 sgRNA S2 B0 1 4 4
B B B U4

2013 4F, Chen A1 BA 15 YR k2 2% 2 P9 VD i 3% 14
1) dCas9 4 111 55 3 58 A1 4% 5,5 . 8 11 (EGFP) @il 65,
i) dCas9-EGFP 5 3414 5 1 sgRNAs 12 3 35 %t
bR 3 PR AT AR, Al W5 51 40 it v b 1) 8 g 2
ARk MUC4 5 PR 1) A2 28 37 2 DNA & il B 4H
IR O BRI s A (18] 2(a)~(eo)!™, X 2R 2 R
UXFI ] CRISPR/Cas9 % AR S 3L 1 & R 20 1Y 3 2521
Fric, B T8 —N 3T CRISPR/Cas £ 4t M AL f% £
4i. BfiJ7, Ronald D. Vale FIBAT 2014 4FA4# T SunTag
KRG, %R G B 24 > GCN4 S ik A A
ANKCAT 45 SR ) GON4 fit) 8% 0] 2% [X. (single-chain
variable fragment, scFv) £ i, i i ¥f scFv-GCN4 52%
=l S SN NG P S W WA | D = N ]
FIIRE, %A BABFZ SunTag 2465 dCas9 il (dCas9-
SunTag), JF- 7 scFv-GCN4 Ji5 Tl i 1 88 S P S x (1. 9¢
Jt4E 1 (superfolder GFP, sfGFP) LA bxic v ki &5 44, 5
LAFE: dCas9-EGFP B H2fl & (1 iR R GEXS L i 42 T
(LA

H T sgRNA 7 Cas9 £ 78 3 K 41 1192
KL E % Fhaid R 75, 1 sgRNA B Al A 20 s
EVNAFT . ATl AL H AL b e R T,
FEAE T AL YL 24> sgRNA, TE7E sgRNAs ik A A
A, BEGTRE S  BE . hT SE AN A0 B PN Y (A
Ak 5 A2 A7 A5 14 o ST AR R AR S AR, 2018 4R, b
R EY B AR OB FE AT BAKE 21> sgRNA
IR IA &5 dCas9-SunTag Bk A, FLEE T sgRNA %
IR [R] 25 B 6], B B AE T A A AR MUC4 F
HER2 L7 s AR & 751,

Bt 22 A1, S 52 B0 40 B RNA 155 1 3 A 4
I, 2020 4F, Sun %5 A Kt SunTag % 485 CRISPR/Cas9
RGEA I R —FhH B RNA % R4, I Har
4 4 CRISPR-Sunspot, B[l SunTag /5 #J H.43F RNA
PRIE, %7 R 24XGON_v4 FAiAR% 5 dCas9 1)
RilE R A 55 scFv-sfGFP 4 [ #1755 96157 5 1Tk
Ko BFXFBA mRNA | H] =4 sgRNAs [a] i 4 5%
dCas9-24 XGCN_v4-scFv-sfGFP & &%), MZh*t U208
20 AR 2 mRNA BEAT IR
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(b)  Tracking the telomere movement
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Slow, confined Fast, confined Slow, confined+directional

=
—_— ‘— — — A

(c) Dynamic movement of MU4 gene through mitosis

G2

M

\YLe[e! 0 min 45 min

90 min JREB

[ 2 CRISPR/Cas9 & ANHIZEOEAUR AN, (a) ZEALAT sgRNAs Xt MUC4 & F 93 T K IRiE 4T CRISPR #RICHIZ; (b) RPE 4ilHusiikify
CRISPR /% (LR 5 um) iz shfalis g il (HLFIR 200 nm); (c) HeLa AT 2243 407 MUC4 B4
Fig.2 CRISPR/Cas9 fluorescent imaging of living cells"*.. (a) CRISPR labeling of the nonrepetitive region of MUC4 intron using multiple optimized

sgRNAs; (b) CRISPR imaging of telomeres in RPE cells (scale bar 5 pm) and its trajectory tracing diagram (scale bar 200 nm); (¢) MUC4 image

of HeLa cell during mitosis

2.1.2 sgRNA #BIK 5% K% & 49 7% SRR R
R & 1fi CRISPR/dCas9 R4t Cas9 & F14b, b 1]
L3E 1 56 6 7118 Wi sgRNA 523035 40 i 1% .
sgRNA Hi crRNA Fl tracrRNA (52 2 i 7% RNA) P
A, B MS2. PP7. boxB 44 A tracrRNA EA 1Y
ZAZEAGE I, i AT 554 RNA 454 8 1 MCP,
PCP. AN22 %%, [A] 45 RNA 454 & 115 9665 b
B BT S R, 53T dCas9 U R 4
PEATHLHR, 36T sgRNA BUR R G e FRART St 1
[FIE 3G 58 T 96 M5 5, BA T & 96K E %, itk
T A T s 18] A9 0 200 6 A 1%

I H, X RS ik e AR 2 A G ik g & £
NG, RIR BRI R | BRI 5T H
i . CRISPR 4 T 1 % )t J5 A 2% 28 Jit K #% CRISPR

FISHer (CRISPR-mediated fluorescence in situ hybridi-
zation amplifier) Bt /& A FH dCas9 B4 4 i1~ PP7 i&
fit T~ 16 iffi ) gRNA(sgRNA-2 xPP7), i i # 5% PP7 &K
5t [ (PP7 coat protein, PCP), GFP Fll T4 fibritin =%
R IE B B fil 45 B 1 foldon-GFP-PCP, M i 52 BiL 284~
sgRNA 5| L E L )75 il n] B4k, JRila 2 s
EINAFT, P E 2 G575 5 1L (S/B ratio)™,
IEAb, 3T DLE i AN Al S e R 5 2 Fh b
fill T LASE I 2 A UR, ok S B3 1 (8] AH LA
f36 ¥ A% o Thoru Pederson &8 AN JF & 1 —Fh 44 N
CRISPRainbow Hiff Y 2 7 CRISPR-dCas9 Z4t, F LA
XN U208 40 g i 56 AL s E AT 22 F AR e
%A Y H F RNA i Bt fA& MS2, PP7 5 boxB > £ 4
MCP-BFP (i {8 2¢ % 8 1), PPC-GFP (4% {4 % )6 &K
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1) 3 kN22-RFP (ZL 258 G 1) P L RNA 145
HEAY. Wit MS2. PP7. boxB Wi fiZH & i — &
## CRISPRainbow ik LA N EBARIC R G . 4
MEEYSEL GIO0E A 45 G AN &R B B UE
B MS2-MCP-BFP fl PP7-PCP-GFP. PP7-PCP-GFP Fil
boxB-kN22-RFP & boxB-kN22-RFP Fl MS2-MCP-BFP
HEEY,IIFHAMER - REE G, HARELIMA.
i MS2-MCP-BFP ., PP7-PCP-GFP #l1boxB-kN22-RFP 5
B~ sgRNA fFEC XS 7= A T = fabric R4, T AN
S =, BE (A, K, CRISPRainbow [A] i 523 T %}
ZIRAAN P OO TR, R G — 2w
TR = SR UG
2.1.3  Cas9 #= sgRNA #8835 X% & 4975 e mAFH A

B BB M Cas9 A1 sgRNA A1, 346 1] 38 3 [A] I8
i Cas9 Fl sgRNA L Z (Anic® 1H 4 b 2 fp 2
PR T 28 14 [) st 308 B %o 4 Ty L A 366 K1 2L &85 0 110 3 25
PR ECHE Y, Guan AW & L dCas9/sgRNA [
1% 2 55 0] F T IR dCas9-sgRNA 52 4 14 75 % 41 i
A% 3 g 2 DA A B I ] 27
2.2 EFHHERHE CRISPR/Cas9 i& 4B B & H A

B DL A28 0 il G 6B T U 40, i T il
1 ¥ A HLYL B 5 CRISPR/Cas9 Bt 4 52 3 5 A 41 #
ite 5POLE L, ALY TN B 5 i e £
RIS AT RE, JedE e/ R R, & =R
B BT & £ 80 T CRISPR/dCas9 W% 2 4E 1Y
A HLYR, 35 3L T Halo BRI R 48 . 2T RNA
AT R G AL T 05 F5 (MB) R %8

HaloTag J&—Fl K/ A 33kDa kAR 2, Hh 40 14 i
i AR 5 il R T 20 K S R AR A F AL R i
RGT AR LA sgRNA Fl HaloTag filt & £ dCas9 1)
C w4 LAY dCas9-HaloTag fll&- 25 H, JHil i HLo%
J6Ye Rl (Halo B AAK) 55 dCas9-HaloTag i L4 45 4 ok
K55 % (8 3(a)). Knight C.S.H B i 3 HaloTag 7
5 Cas9 I BT WM 21 FHoiz sl K i A /N 3 T3 4
e 5 Y i i 45 A AR, JEF RNA L7 1 &R
G 3, 5- R -4-FR FE W F FE K k2 ) (DFHBI) %
(& 3(b)), X FP YRR AP F IR A MK, HY
5 H AR RNA 3 B 725 4 i 2 20670, B, 3
T Halo #7425 F15: T DFHBI £ CRISPR fIARIC 2R S8 #
EL 8 Tl & dCas9-sgRNA & A R 72 16 40 itd v i %

Bl 712 R A5 R R E], 4878 T CRISPR R4EIX 43 H.
FNRUASDE L H AR HRRAE . {HAE LT Halo #7251 R 56
T, TR A OB AR AR R, T R
I VEA BE A M Th AL BR 2 AR B BCAR, X ] B2 elodE
2P0 o A 2R ) % % €2 5 B ) 2 ) HE R T AR Y
@ =

e

e
m/_mu.um.u_\-“m HaloTag

E sgRNA

(b)

AT DFHBLIT =/
o ® AR

sgRNA-Broccoli

©

sgRNA-MTS

[§] 3 CRISPR/dCas9 /-5 3 FAHLY R R Z M, (a) dCas9-
HaloTag il H; (b) sgRNA-Broccoli/DFHBI-1T R %:: 414/
i) sgRNA H] T-45 4 — %) £ RNA & B /& DFHBI-IT; (c) sg-
RNAMTS-MB £%t: 73 T #li5 MB SR L AL MTS &5 Gk
yot

Fig.3 Schematic diagram of CRISPR/dCas9 mediated organic dye based
imaging!"”. (a) dCas9-HaloTag fusion protein; (b) sgRNA-Bro-
ccoli/DFHBI-1T system: modified sgRNA is used to bind one or
more RNA aptamers DFHBI-1T; (c) sgRNA-MTS-MB system:
molecular biomarker MB combines with nucleic acid target MTS

to stimulate fluorescence

1M 43 F§4% (molecular biomarker, MB) & — Fi o]
PRI T TN ATTRIRET, M 5 BAMEZ TR R 45 & i)
23iE 5661, CRISPR/MB ] dCas9. MB Hl & A4 Ik
— MB #JF 31 (MTS) 1) sgRNA 20 % (& 3(c)), Al %} H
B B PR A B A ) 7, B e T b N E R T Y
B[] 43 #E 2R B2 RNA 51 5 59 82 B2 8 1) i SR A 3]
(RGEN-ISL), £ 84 T 4% 8 i (1) F SR 454, 938 2 1 F
PRy 51 5 RNA FIE 4] Cas9 VIG5 &1, il

5 S A [ ESF D ARG 2 £ 35 PR 4 310,
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2.3 ETFHEEFH CRISPR/Cas9 i& BB &R A

1T 4 (quantum dots, QDs) 4 X 5F 4 1~20 nm ¥
R ARG IIRL, BA L T5 R 2t R
P19 2 B2 DGR E M, (8 ik 5 B SRR 2 1y FH v
P 75 100 2%, Bl TR Sh B 43 R S04 2012
AR, T B TG U A, A AT a8 PrPe-
DNA i il T F 98 M i T s i 52, 38 25 40 i P ik
B3N 125 TESRIEDO o, B G R AT g £
T RERAA . PR ST DO R SRS R A Kok
Bl F (AR B AE T, 78 B A AT A 2O Aric B L T, 38
b 2 S B T 0L % C - 1 I 40 A A D
CRISPR/Cas9 /i 5 2 - s 11 40 Jfd i 45 02 3 o 2 T
VIR HE G (LplA) BUEE T AW R A 8 2R M 1 Oy ik
TEIG A% T 5 dCas9 45 G 5L . —J7 T, BRE iR
T 45 Tl 0T H S R T A2 AR 2 KRG Y dCas9
1 B F U4 (TCO2) b, IR DY 18 A ) 5
S5 AN, 1835 Diels-Alder FRBL N Ketnic dCas9
(1 4(a)). % —J7 i, dCas9 A fill & 5] — 4> 15 & &L
AR ZIRZ K (BAP) #1%5, SR 5 7R 4 i (4 £ 4)
R AETE T AT A R AN, WS B R
RGBT AR C dCas9 FEH (K 4(b)). BFFE B
/TS FRIC CRISPR/ACas9 AU % 2 45 v) A %4 i

@ e 0
y e - 121-@D y -
(b) [ BAP f?:!
A, . sA@ A
k- > i == ey

4 CRISPR/dCas9 A THET A1 (QDs) HIRFIR B, (a) LplA
SR ERYE 85T LplA /5 dCas9 5 TCO2 458715 TZ1-QD
JE; (b) BirA £ T8 RS0 it BirA 40§ dCas9 MR
1kI5 SA-QD 454

Fig.4 Schematic diagram of CRISPR/dCas9 mediated quantum dots

(QDs) based imaging!"”. (a) LplA-mediated quantum dots system:
dCas9 combines with TCO2 and reacts with TZ1-QD via LplA;
(b) BirA-mediated quantum dots system: BirA-mediated

dCas9 biotinylated and combines with SA-QD

AN EAIM Y HIV B #E DNAU iAok, CRISPR-
QD RGO T A R L E L dCas9 (rdCas9-
Bio) Fl4 45 26 MK 45 A i 4 (SA-Qds) B WO
R (PRV) R, &1 8 HA RAFmh#
FEPE, IR I CRISPR/Cas9 4511 5 A4 715 40 il A% B
AR AT A o A DR 2 T T 200 A 3 D4 2 T R AN T )
T, B R SRR AT i R T . EL
Fig T AR A S 2 5 i AR R DL K 5 T I
IR A AR S Bl S BR ] T L AE FE T CRISPR/Cas9 91
0B G AR B 0 T

3 4 ¢

AR AR A ) K43 F DA SO & AT 7E R R 3R 58
AHELAE FH B AR AR X R AR R A A B AL LA R T AR
(RIS B S, F I, P A Bl 3 A% 240 B P G €5 5 30 )
2EARAN SR S R R A N TR AR A 2 ek R A MRS
T2 O ) R AT 200 ML RLAR, SRR N D — R SR (Y T
], 6 AL AR C B A A= W) | st fe 2 B
SEGUB I AN ] A SR T

CRISPR/Cas9 j& HA i K 4wk e J1 . (M
2 I HE TR R H AR, BB 2 8 R R 3 A
4T, 38 5 16 B 53 B 00 B AR T oy S 30 4
Jue i KL A7 2 &% RNA FORS Bl Ak . BLE TP
% Z Rl 3T CRISPR/Cas9 7 4t 5l 245 WL e {6 {5 )
2RI R 2 23 25 A B 75 A0 M AR B AR . e Ab, 5
SRR AR )R U5 1 Cas9 Sz B0 ) IR e BELAS/ 24
PR 2137 5 AT U B 2 (6 5%, I SunTag R 48
FHAER X sgRNA 8 2B BUARBOER 11 5

JUEAE R B A A ) 24 0 5% 1Y) 2 BERAE TR
Z— W FEOE UG HR U F R, (A
TSI FAMMAYE . POCEA . 2O 7= R 5%
Jr A 28 . B, A RT R S e AR A I IE
WG, HUR, BOR DO A Y e 8 Sl ok
TR E AN, DA B i R SR AR DI RIS AS Tkt 4
HSEEE P RE R I S T . PRI, R
CRISPR/Cas9 Z 4t 1) 8 74 16 20 i A% 4% AR 1 o 5 bk
TSRS AT R . 4, BT CRISPR/Cas9 %
GV A 1Y) IR ARV, 2 S BN AR I R AN R R
M 81 2 50 A0 07 7 5 2 358 oA B2 7 5, T A
R BLAZR A5 W LU B, TR R R AT 5 aE— 2B 5 %) Cas9
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J sgRNA 1A R s DL &5 B 2R G0 i e S R A
SR, Ak, T CRISPR/Cas9 £ 4t fi £ B
T AN ORI B 2 AR, BAR A 1 26 580R DL
HMIE DNA 25 BT VB A AL T AR BR ] T i B AR i i
H, TF R 326 ORI A A i | AR EE R
fikI¥Y CRISPR/Cas9 I 4M il il 15 2 HAE AT o

JLF CRISPR/Cas9 Z 41 1 4 ML AR H AR, ©H
TS B NATT T B DR 2 v e S A A A B
L RAT 25 AR R, (R & i B L JeRe e PR
PENAE B R PO 5T, # T+ CRISPR R S84+ 2 fif
0% R AN IR e 7N e o SRV WU AT BB P
75 2, Xt TSI 40 R R A T H B

SE Lk
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