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REEHAEBERRE BB EMEIANAEENR EERTHENRSHEERE
FMRENR, BATCSYRE P EERTNRE, BREAEABRPIIEESTOAREEN
HEMR, HASERERLHATE, EABRT BMKSRABMES LKA RMEERS
B, UHRE LB FREANFERERBREMRIEN, HFEIaEMR. AARFUBD T

ZKHF(SMNP)#& CRISPR/Cas9 E R #mEE R AKX IEF RS1 EF K EIEHIENMBSIENER
MANER., BMUGELEMEEAREFEE M &0 5 KK F &2 (Casd/sgRNA-
plasmid=SMNPs & Donor-RS1/GFP-plasmid=SMNPs) I A5 L E R4, RER LRI
BE(AAVSL  locus)EREERRIAN, #EZEIU PCR & Sanger sequence HRIR AR R IEREM, I
TR ELEDHT RS1 BARR . ERBETEMIBESR, RSI/GFP EEHINEA AAVSI i1
BRI RE B RCETTRIE, R FIEMRARZIT AR GEBAR iPSC ML A ARER AR
R EP, HBMINRE RSI/GFP BERS|EMNHEENLEA(GFP), MRMEHEREE 40 X.
sz BRMAFERNMRERT MUEARKFAEEELERER GREENER ERZ
BRI E B AR



Abstract

Due to the mutation of RS1 gene, X-linked juvenile retinoschisis patients lose their vision in early
days of life. Currently, treatment for the disease is absent. Though several virus vector mediated gene
therapies have shown promising effects in animal models, none have demonstrated patient vision
improvement in human clinical trials. Suspecting that previous research modules have not been
optimized, we’ve decided to conduct gene therapy via supramolecular nanoparticle vectors (SMNP)
in iPSC-derived human retinal organoids to reach therapeutic effect. Herein, supramolecular
nanoparticle vectors are used for co-delivery of two DNA plasmids - CRISPR-Cas9 genome-editing
system and a therapeutic gene, RS1 — enabling CRISPR/Cas9 knockin of RS1 gene along the HITI
strategy. Through small-scale combinatorial screenings, two SMNP vectors, i.e., Cas9/sgRNA-
plasmidcSMNPs and Donor-RS1/GFP-plasmidcSMNPs with optimal delivery performances are
identified. The identified SMNP vectors are then employed to carry out CRISPR/Cas9 knockin of
RS1/GFP gene into the mouse AAVSI1 safe-harbor site in vitro, followed by fluorescence microscopy,
polymerase chain reaction (PCR) assay, Sanger sequencing, and quantitative PCR assay to confirm the
successful integration of RS1/GFP gene. The results indicate that 1) the precise integration of 3.0-kb
RS1/GFP gene into the AAVSI site, and ii) the expression of the integrated RS1/GFP gene in 293 cells,
thus demonstrating CRISPR/Cas9 knockin of RS1/GFP gene in vitro. Subsequently, a similar genome
editing approach was conducted in a 3D retinal organoid model and the positive GFP expression from
the uptake of RS1/GFP plasmids was observed until 40 days post-transfection. Conclusively, the
current findings may serve as a blueprint for the development of a unique genomic treatment in treating

hereditary diseases.



|
=k
i

r R B
F—BHRREBNESEWIKA, hH—LREZNERN, FOEENELIANE, EEBRE
MAEREEE SBRREVBRAEHEEEBEEE FRHSEEN. A7 XU AN
R, Ak A AT SRR Y —Er SRR MRS, FEEAMRSETEERS
Al EHERANARED DNA EHE, KRB MEERGTH DNA AR EERAYIRNERE. AHE
WERAMRSEKTIERMIE MK hMEESEGRNESEMETATN. FENI
BEARES. FTINEBEER LRRER—HA URBRNEN, ENMRAEHZTEWTRNEE,
2019 F 2R, ERNEIETEPEX, FHFAHSIXBEFESRN REFTEFEDBERFR
TN BRI EBMM KBRS (UCLA) M FHEBHBEERETR=2EKEE —LER
EREREFNERAMEMSAVEINNMR ERFTNEWNEAEEREEMENETERR
BT, ERHREREGTER (SR WRANKR, MHBRERROEE, O
28% REBRERBTIHPBRBENZEM ERMOHBE TR EMAELNRRZ
i
2020 3£ BB LB 5 F Emmanuelle Charpentier 8 Jennifer Doudna, fhi{fi7 2012 FERSEE
IR ] AXE 2 5 A CRISPR/Cas9 £ & 59 J) SR S Eh. AE YA AR DNA BIEFT R BT
WA AR AR SRR EAMENERERE Hh—BERAREEHRR £X1T
1 ABIRRIBIE (X -linked juvenile retinoschisis, XLRS)% 7 2 835 157 A8 A& R B M F 2048 1k A
TR, BESNEFRRTREHEE, MEMNEHM RS1 BEEMNRSZIEMILERNER,
ERXRER, cKRBNETS ENEEAEAT R AT AERS (entivirus)sk ZIRABRRS
(adeno-associated virus)EfTE R B, ESFARSEFHBERANER ERSIEEH
HF7IEHaAERET, EMESUBENESE REMRSEIRNREFEHIUARAEMLE
Bl(serotype)ZE R, FEHAENR. ME HARSHREFHSENSELEIZELRE,
BHBELEDTXEEE, ENAUHREZRE AL, FFRSEHBEEEEEN FEEWS
5, RAREMNHRE [RXNT] ERARRDNA KKNHFE, TERAEHERRE %
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FicEREAMRNEEET, 2L TE_EZRRMNEEMELYE, 2/ DNA RERTE
fofERr, ELBNHMERERETYES S, BBEESERAE DNA BN

Ad-PEG (Ad-grafted polyethylene glycol): &8N T~ E T, TI{REHES DNA R X E| 2=
ARGENWE, BINAKAEN, MUERBNBERRE, RBSURESEE DNA fEH.

TAT (Trans-Activator of Transcription):Z—fE4HEFIE MR, SERBEBR MBI WE
TIEENRER, HEERFFSS (YGRKKRRQRRR), o DUEEZFE MR .

ARREEE

AE 293 4AAEHRE I 10%A5 4 & (Fetal Bovine Serum, FBS) & 1%%4% fé P #K- - 5278 (Penicillin-

&

'

Ty =

Ad-PEG

-Streptomycin)#y DMEM(Dulbeco’s modified Eagle’s medium, Gibco)tE &2 5% CO, =z 37°C
RIR,
Plasmid DNA
Cas9/sgRNA-plasmid =3 B Ralf Kuehn EE=I1EENEEH»ZE S Addgene (Addgene
plasmid # 64216 ; http://n2t.net/addgene:64216 ; RRID:Addgene_64216), Donor-RS1/GFP-
plasmid B GeneCopoeia B¢ 5.,
& B Cas9/sgRNA-plasmidcSMNPs
AEERREE h4H 18 FEARE Cas9/sgRNA-plasmidcSMNPs Bt 75, 5% 18 {E D 77 B BIpk 5
Ad-PAMAM/CD-PEI tbf5 0.5, 1.0, 1.5, 2.0, 2.5 8 3.0, TAT 1%. 6% 10%; EEMD:
Cas9/sgRNA-plasmid. Ad-PEG £2 CD-PEIJEE 7 A% 0.01. 0.23 82 0.1 ug/uL. HA, &EK
MBS T 4% Ad-PAMAM (15 pg)ilAE Cas9/sgRNA-plasmid (1.0 pg), Ad-PEG (23 ug), CD-
PEI (10 ug), and Ad-PEG-TAT (1.4 ug)% 2.0 uL DMSO = 100 uL PBS # i ¥R BN O] A,
#§ Cas9/sgRNA-plasmidcSMNPs E&E 293 4HfH

FEEFTERRAT 18 /0B, 7 12 FLBEPEFLINAKE 10° 488, W INE FBS MR ERIEE, =



MRS AR GO/GL BHE., EZHFE 1.0 ug Cas9/sgRNA-plasmid = 18 FEA[E Cas9/sgRNA-
plasmidcSMNPs FR 7T IIABFLE F, 1FE 48 /R EITREER.

T7EL 0RI5%

IX GeneArt™ Genomic Cleavage Detection Kit (ThermFisher, A24372)i&47 T7E1 #85% ., BE
AN EE L AR AR A9 B K 45 DNA(genomic DNA), #Z 1§ PCR ZE#IX AmpliTag Gold® 360 Master
Mix &4k, | S1000TM Thermal Cycler (Bio-Rad)#§E & (denature) & 242 (anneal), PCR &
YAt RIBS7E 37°CHER 1 /0K, ST 2WBAERIZE XK.

PCR 3| FFFIET:

AAVS1 T7E1_F: AATGGGGGTGTGTCACCAGA

AAVS1_T7E1_R: TCCTTCAGGTTCCGTCTTCC

& 5% Donor-RS1/GFP-plasmidcSMNPs

Fo AR B B _E IR AR AT 3% & AL Donor-RS1/GFP-plasmidcSMNPs, tbfl. BE77a0 EFrR HA,
REMNETOT: # Ad-PAMAM (20 pg)IIAE Cas9/sgRNA-plasmid (1.0 pg), Ad-PEG (23
Hug), CD-PEI (10 ug), and Ad-PEG-TAT (1.4 ug)X 2.0 uL DMSO Z 100 pL PBS FIF ISR G HD
aEH.

7#% Donor-RS1/GFP-plasmidcSMNPs E&i £ 293 4

IR A HL_E IR TTEAE Donor-RS1/GFP-plasmidcSMNPs B3 % 293 4Hff, B & 4N
ERroR, FEARBEANN SMNPs 48 /NiFfR, IUFEERERBISR T ACHRTMR, HP, GFP &IERINE
f& CCD #8#(Nikon H550, Japan) M & JEEERMERIEITE X

#& Cas9/sgRNA-plasmidcSMNPs £& Donor-RS1/GFP-plasmidcSMNPs £ EEE#FE 293 4
il

HMRBE £ R AP A Cas9/sgRNA-plasmidcSMNPs & Donor-RS1/GFP-
plasmid=SMNPs B %= 293 4B, #F /& EATTIER Z4M0 48 NRFESUIA—RIBERES
21 R, BMRILAREEHERBARER, WALRINA RS1/GFP EZF AIARAE.

DNA 1B % PCR

ATARARI T I IX PBS %L, EEIRIURBATIRMTIE, L QlAamp® DNA Mini Kit (Qiagen,
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Germany)ihEUE E 42 DNA(genomic DNA), S E F4H DNA & B 5 EsiE $E X & (polymerase
chain reaction, PCR)FF & &5 () RS1/GFP B2E K, &40 95°C 10 47&E ; 95°C 15 Fb.

55°C 15 #p. 72°C 30 #, W E=*0BF 40 18IR ; 72°C 5 782, FHi% PCR E¥IL 1.5%8E Tk

PCR 5| FFFIa0 T

Z 325 (L junction)_F: GTGAACACCTAGGACGCACC
Z 5 (L junction)_R: TAGGCACCGGTTCAATTGCC
A3 5 (R junction)_F: TGAGTTTGGACAAACCACAAC

A3 5R(R junction)_R: CTTCTCCGACGGATGTCTCC

R EER A HESH R E(Quantitative PCR)

A 4RRAIM 800 pL TRIzol FRIE, FHEINE k% (homogenized)IIA 160 pL &E{A(chloroform),
B 4°C BB 156 8. R EEZREERM, B 400 uL EAREE(isopropanol), H&EL 10
2. A LERBER, W TSWEREE, B0 5 . KB, FLERBER, SEFEEI)
DNase-% RNase-free /KA EL[B]75, #51ESH) RNA (1 ug)ld SuperScript Il First-Strand Synthesis
kit xE 8k, FrESNEYHEIL PowerUp SYBR Green Master Mix (Applied Biosystems) % 5| F i
7 qPCR #0804, W AGFrES A EUE TR & E (housekeeping gene) GAPDH EfT8— 1L
1E,

qPCR 5| F 54T

RS1_F_qg: GATTGCCAAGGAGGACCCAA

RS1_R_qg: GACCTCCCCTGACTCGAAAC

GAPDH_F_qg: TGTGAACGGATTTGGCCGTA

GAPDH_R_qg: ACTGTGCCGTTGAATTTGCC

FIRE&NEE (Immunofluorescence staining)

A& E4ARE A 4% paraformaldehyde EE, 3#EZEIM 0.1%%Triton X-100 A4 HIBE, BIXE 5%
BB & A (bovine serum albumin, BSA)RY PBS A% H FEER(block), A& 4RARIL RS1 (1:500; Abcam)X.
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GFP (1:500; Cell Signaling Technology)inB8sRIE, EZEIU PBS ER=XK, BRERMNLEES
(conjugate) FITC (%)% Cy3 (AL)HKERINBERIE. DAPI (B)th W AR IZEE . 6 EMAIA
BB SR T L B AR RRER (Olympus) 1B 1R HAGIUKRA 488 nm ALJLIKR A 546 nm,
BEF RS

AR EMEIFHENE T FEMEE(TS-5136MM, TESCAN) K 2R T E T BR 5 (Philips CM120),
REAETFTENBETNERARBNBRESNIE £ X 20kv MIREERENE, FHEXE
FRABER PR AN ER SER AR £, L 120kv #19n EERRA 4R IR

=. RER
AT SHRYRIFHEANE, BEAEBRME 18 BRERS FZ KA F(SMNP)E S P T

g, PEE SELR Cas9/sgRNA-plasmid=SMNPs B2 77, 7EAHBEASHIBAL, R AAVS]

=1

ArBEE H— DSB(E— a), IFFREX NHE) &R AGRKE E(insert and delete, Indel), 3% 5 @
AL 77 BYS# BN Rk 93 Ad-PAMAM/CD-PEI EEf5] 0.5, 1.0, 1.5, 2.0, 2.5 B2 3.0, TAT1%. 6%£2 10
%; EE R4 Cas9/sgRNA-plasmid. Ad-PEG B& CD-PEI JEE 454 0.01. 0.23 82 0.1 ug/ulL.

BTERR, BT 127085 SEILEARES 10°49 293 41, X2 FBS #9 DMEM FRH&
1% (overnight), EARFAZIRGIHME L RPN GO/CLBH, W, I 5 BE T A
PN 12 FLEEH(Cas9/sgRNA-plasmid EE%4 1.0ug), EFT 48 /\iFEEE, EEFEL genomic
DNA, X T7 endonuclease | (T7E1)5& % 81 iE A G L E E (indel) 90K ([E . T7E1 ¥3Es
SEEWHADBEABANREEEMALR DNA HEIEF(amplicon)stiRii Yy, I FIMRE

Erh, JEAK 570bp BYEFAE R (wild type)iEIE FEW WA 330bp H 240bp MEER, B
PCR #%I(Bl— c), #R#8 CRISPR/Cas9 ¥1#25% 18 R FTHIERR, HEFEMNEFES, bl
1.5 £9 Ad-PAMAM/CD-PEI 81 6% (4 TAT B SR EMTIEIRER17.2%),



a)

b) c) CTRL NP1 NP2 NP3 NP4 NPS
| e -+ N
¥ The AAVSI site

Genome DNA

Double strand break l

" l ........ Bl € d) 251

Cell repair mechanism l 20~
3 possibilities of indel events g 15—
~ B £ 1]
L | By &
‘8 VN | s
B 4> ' CTRL NP1 NP2 NP3 NP4 NP5

[Bl— a)lX{ CRISPR/Cas9 i #irHlit i BB =~ 'n =B, ZEAMAERA Cas9/sgRNA-plasmid 1,

£ AAVSL P BEEYYE H B GEER S, FASH NHE) R EFT5 | B AMmA G AE R (Indel) EZIEREE
AIRLER b)IUX T7EL iRl BB ANREIER R Z ~REL o) )UE kAl m A ER(330. 240bp)
HRIE, EMEHRER Casd/sgRNA-plasmid=SMNPs B2 /5. d) ELiEREET NP4 HIED

TTER RERRBEIR).

EZRMEAERLIAEBUTE, HGELEFEREEHN A Donor-RS1/GFP-
plasmid=SMNPs([B — a). 5 {EEC /7 I E) AL 9> Ad-PAMAM/CD-PEI EEf5) 0.5, 1.0, 1.5, 2.0,
25 H1 30, TAT1%. 6% 10%; EZE % Cas9/sgRNA-plasmid. Ad-PEG #i CD-PEIl jEE

R4 001, 0.23 B& 0.1 ug/uL. FEAF4ERE I FBS B9 DMEM fR&iEE#%R, 2 AIIIA 5 ARG
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BT, & 48 \BF EE IR EEREEME] GFP (Green fluorescent protein)fRIF (B — b),
ESERTER, NP3ME A REMNRIRG0%) (B ).

a)
 RS1 protein
b)
GFP Transfection Performance
80—
NP1 NP2 NP3 NP4 NP5
;; 60+ ;
o 40 - T
+ s -
o
w
O 20+
0

I I | 1 !

NP1 NP2 NP3 NP4 NP5

B — a)#§ 293 4HAE I Donor-RS1/GFP-plasmid=SMNPs 4T84 (transfection)f4 &4 GFP =~
TEE. b)IABEHEGEREIL 5 ARG Donor-RS1/GFP-plasmidcSMNPs B2 77 {THE
%, TERARBEELZZER, & CETENS TR, FELRBAREREZ Donor-

RS1/GFP-plasmid=SMNPs & 77 (%)

ELiAMERE, IMATHLEAMERENERERF, FILIRE Casd/sgRNA HHEH
Donor-RS1/GFP EEHFEEEEE—ERABE P TTH. RIFZAIHE TR, TFIB

BAFME DNA EHEHEZRKN FEMES, 7T Cas9/sgRNA HEE+RS1/GFP-EHEcSMNP,

4T CRISPR/Cas9 MEAY DNA TIZIF1 GFP 2t (transfection) 5. &R (B 3d. e) B
R, EEHEEEENSKA FEEER CRISPR/Cas9 NER) DNA 1| (5.1%) F1 GFP w3
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JEEEf (Dynamic Light Scattering, DLS) i fEL % B Cas9/sgRNA EBECSMNP. RS1/GFP-
EHHECSMNP & Cas9/sgRNA E#E+RS1/GFP-EHEECSMNP (Z1E 3f. g Fir), BE7RIE WAE(E
HEGTETEMREEZ RN FEHEEERRIT MG IRELLE HEEENSZKNFAIRES
EARMRTHR T, BROEAETRISEMMIEERRENRRE. RIBCBETETE, R
SHEBUETIIEMET, S Cas9/sgRNA-BHECSMNP HF 1-2 {E Cas9/sgRNA HHg,

Donor-RS1/GFP E#c SMNP FBIF 2-3 {E&E8E,

a) Co-delivery of Cas9/sgRNA+Donor-RS1/GFPcSMNPs into 293 cell line

&
Cas9/sgRNA+Donor- P 0 Cas9esgRNA
g - RS1/GFPplasmid CSMNPs Expression of RS1 and GFP ¥ The AAVSI site
l DS8
l NHE)
b) 1.24 s
1
1.0
@
S 0.8
£ 0.6
E g4-
Qo
£ o024
o
0 M NC 24H 48H 72M 0.0
pUCS7.RS1ICSMNPs - + =
«157 bp MC.RS1CSMNPs - - +
64216CSMNPs  — + +
* %
1
1.5+ 5
A A
§ £ 4 _1_
c c
s N = ]
2510 - g .
2e T ] A
93 L T =
o2 — =
o T 2
2« 0.5+ 3
s° & %
© 5 1
4 = =
0.0 T T T T 0-—# T T
sisiteirds ) A + + pUC57.RS1CSMNPs - T -
MC.RS1CSMNPs - - +
pUC57.RS1CLP3ks - + + + 64216CSMNPs + +
Time post transfection (h) - 24H 48H 72H
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100 100 100
& 75 75 i 75
é 50 g 50 g 50
z 25 3 25 Z 25
0 0 0

50.0 5000.0 50.0 500.0 S0.0 50000

Diameter (nm) Diameter (nm) Diameter (nm)
Multimodal Size Distribution Multimodal Size Distribution Multimodal Size Distribution

— = (‘.‘;
B= a)i¥ 293 ﬁlﬂﬂﬁu Cas9/ngNA+DonorRSl/GFP plasmid=SMNPs £ EEIE > ==&, b)Y

SLICERMERIER 203 MR BR B X RIFNE., oWUEXN T AR EREBERBANRE,
W EAHRE UBFERBEFREIER KB ERNER AR, o) NENREILHSHE

Cas9/gRNA plasmid cSMNP Z 8%

ELAMERE BMAS@REMARERALRETRE(EES 1.0pg 2&H8) (B 40). TR
Bk 21 X, S4BT AR BRAERASORIES B AU (knockin) BYZ 2E (9.8%) =) BF Al 1k 1 BRASA A
RS1/GFP f 293 #HfE(HE 4b), EEMHIBENA 20 15, EERMAEENBREES, Mt
FHEWFBEH RIE GFP (& 4c) A7 E—MEE RS1/GFP 2& A INAH NHE) REREA AAVSL
NEEE S, BAMEVEE L DNA(genomic DNA)EFT PCR & Z4&RIFFA(Sanger analysis). £
#38 PCR 8 A %M DNA K E&:Zufs (L-arm juction, 617bp)EdAu% (R-arm juction, 748bp)
R ERIRATER(E 4d) B UERRAFEERMELAMimAET SERYFET RS1/GFP
E R LR NHE) B ERNARNERE P (B 4e). LI A7 HERHEEN RSI/GFP ERE Y
AR AREIESRIE RSI ERE, I qPCRIGR, HERFET, BHEIRAEEIER 293 k8,

RN\ RS1/GFP EE A 293 #HAEF +HEEEM RS1 EERR(E 4f). BEEMUREELE
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(immunofluorescence)#gfll RS1 BEF S IEFE R RS1 EHE, BMBEIEMRINHE R
RS1/GFP B E R 293 4B KREBAL BANREGZA A LAKRR LBz RS1 EH) (B 49)
RFHIEFERE RSI &EE,

mc-RS1/GFP
pXAT2in .11y in SMNPs

b) A A
Vreawsise  Meansisn Y =
N 'n.'nm*. p<d
| 3 4= =
Gename DNA donee DNA §
CRISPR/Cas mediated :2
| :
§ :
IR
. d) N -
~arm junction L-arm junction
\ ’ Primers designod ! !
- | -p._ L.
= BE ~ e
ONA repoi v | | -
NHEJ pthway AAVS! regicn | RSV/GEP roglon ! AAVS] regicn
— -~ -
. Il -‘w f) CAG Deletion
e) s €© ;.w:,.ooo,.t«lorn-1r.'-o
c RSUGFP Knock-In £
. -
293T g 'f\ \ A
.\' r r 1 T { 4
Larm Rarm Larm Rarm = > =
RSUGFP Regilon AAVS1 Reglon
Insertion
-g\!' C CAATYT CCTYT O GATTYT OOCTYTY A O
E
- /’
k \ /\
- ~ —
AAVS1 Region RSU/GFP Region

a)A% 293 4RI Cas9/sgRNA-plasmid=SMNPs & Donor-RS1/GFP-plasmid=SMNPs £ [E]

BRIEZ R E b)RS1 EEHEAN AAVSL BEREZ mEE oS EmAK 20 FEMUTRILR
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[t

ENBEHMFHBEBEMRA JdxESF I UEXEE RS1 BEEBAREZAMRZ T ZRE
e) TR RS1I EEBABRLZGAMun 25t ) I Sanger Bl FR ARl 26 Min 2 STER < £
ES) b

FEEEABESN CRISPR/Cas9 M RS1 EFERIA 293 AHREEAINAMINGE, BZEZERTMUER
ARG ERBAZREB R XLRS BENE PRI E (organoid) AT B M EER%EE 5 X

M EAGH R Bl RS1 BERREER XIRS A (B f a), BIEMELETEEREA RSL
E., #% ATHIEEERERMABRSZMAN ELRRERZEREFHBMISNT,

B IR RRIBAL LB R RS & RE(HOME, SRETEERMEIER, M Tra-
1-60. Tra-1-81. Oct 4 % NANOG HHEETIERERR(E R b. o). EZE, RAKMEZFE
BRAERDUANEGRARERE BUERECLACRAREERERES) FLK, O
RCVRN, H#ZERARBM, #R7THRMAMMNERE(EL e. f). ABHNE, GHHEMSEMEL,
B XLRS BHEFBZHRMMSURANABEREEREERERTEINRKEE 9). FN
FERMAPUNER.
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£ ~
=3
o
©
=
. o
k- , 3
] -
<, o
4 3
= (N £
o
o

Patient

b)

Patient iPSC

P T N S T T T T =
I 1 L} 1 1 1 L ] o
° 7 Y 0 2 90100 120 15

h)

Control

Ctrl

Pt

9)

Patient

Ratio (%)

Patient

0 0 40 60 50 19
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BH a) MEARBIFFEDBIAERA RS1 ERKREERE XIRS WAZIBAER b)ol RCEMZET
iPSC Zip Bt EE x BB A o)UREEILEARB R XLRS WAL= iPSC Z Tra-
1-60. Tra-1-81. Oct4 & NANOG 3RIE d)[L iPSC b B A LB BIELERS B 2 iFRE )o] &
JCRAREE TR K XLRS WA Z iPSC ML A AN RR B IELERR B 2 | (2 IR E 90, 110,
120 X) HAERBEERE VR < HAE L B2 AIRRE 90, 110, 120 X) g)BR K XLRS fmA
REREREZBREE hdRRECEEAERE XLRS B A RS1 EH K RCVRN EHZ
RIS RIFE 90, 110, 120 X),

FESEABESN CRISPR/Cas9 M8 RS1 EFERIA B16 ABMEAINAINGE, BFIEERFMUER
AN ERBAZIRBR XLRS BENH AR E (organoid) 1Y oJRE M HHEHEEE 5 X
FEANEMEERE PHRLEM CFP {598, :FE RSI/GFP ERBBSXN THEKE
FIEEE] XLRS 3D H4EEEREF (BXb). ATE—PHELGEN RS1 EREEHERA
[BERENERBERRINES, RIFETT PCR 947, REXEBD, WMESHSEE (L &
R ENEZE) REEMBERER Al RE L EEEERSE I ERNET A/ (8 677 bp),
M R ENERE T M BUNAERE A/ (300-400bp) (BN c), FEILFAIIU Sanger HIF5% 0
ML EEFYERIERE., tE 5d Fir, Z L-arm A R-arm EE RS —EEHELER
RS1/GFP BHiHAYIEHF attR 75, EEWERHE mc-RS1/GFP B EHE| B E R MR
BH. Bt FFRER Cas9/sgRNA EHETJsEFELL RSI/GFP ERRFEE LM A iR
FIREEERE T AT EBCERRESREPAENELHESE, BMAMNETT —ERE
B, DB REEREERET CFP FRMNARFERL THRELEGEEESRTSE 3.

5. 10. 20. 30 1 40 RMTREX KR EELZILTE (BN e). NEM®, EBEAEEBELERS

MRE, BERBEE A0 R, GFP FSRZ M T pE RS,
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- GG

Cells in retinal layers Cells in retinal layers
3D Retinal Organoids
b) Bright Field GFP Expression C)
Transfected
Retinal Organaids
P——.,.
§ L arm R arm
- -
: s
ol 677 bp
£ ————
q attR Sequence
) g ¢ | 6666 TTGG66 CCCCB66C6C6|
3
£
-4
.
=
E
=
) mc-RS1T/GFP sequence
attR Sequence
- ecca T666G7 TTTB66CT CC666C6CE)J
3
=
¥
£
=
=

mc-RS1T/GFP sequence

B 7S a)iF A Cas9/sgRNA-plasmide=SMNPs & Donor-RS1/GFP-plasmidc=SMNPs d[E3X R
PBEREREZTRE. D)RBEESEAEL S KRBT RIRENEBY . o) UEKiwil L

Az 25, d)UEERAFERAZAE MR £ FI B LR,
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e) Day 3 Day 5 Day 10
Post Transfection Post Transfection Post Transfection
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Day 20 Day 30 Day 40
Post Transfection Post Transfection Post Transfection

Bright Field

L 4

Bl7N e) U] R K ELERR D B R BRI B L% 5 3. 5. 10, 20, 30. 40K
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GFP Expression
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i?

g, ZEmELfE A

fREPTIA, FAAIPTERENAYE E 4R EE R ER(HITI, Homology-Independent Targeted Integration)#g
RINF AEFGERAF EFERBAZMIET, EFEFAEZMR. Z HITI REBEWE
EFEHFIHY CRISPR/Cas9 TIHi i B5 #4518 dDNA F, & 4& X CRISPR/Cas9 i 1T dDNA X genomic
DNA (gDNA)zZ V1E|iS & FE4 = {E DSB, 2 NHE) 2R 215:% dDNA B4&1 gDNA i, EZ|
ERBENNR. AMRPEESH/NMNUENEE, £ 18 BEARRSTFHME EFREER
MEZ SMNP #i88, B ENSEMAARRR, SERBINn vitro) EBBR. FMANEER
FERFETREZ RS1/GFP EFE A NHE) BEHME SN 293 MM AAVS] fLBEE S, Iboh, FfM
MEIFTRBRERE TS, SRR TEEANBNRIKE AT e EERAIRRN, SRR
BRNE M PTaREt R ERC T ZRAL FRERLINAS RS1 BEEMAY HEERSEN, SRFHE
720 RiEZ|SlE, WZBBNFHERER, FTELBRRRHIE
BN RARIRME T —EAFNERE & NHE) SEAERS FRET—E HITI K8, 1Y
SMNP #82, MIFFEHHRSNME, FZMIA CRISPR/Cas9 FafE < ERRIAN, HFTERES
HEEZANREEN, AXE TR XIRS, iEMEE RS BE RS EEARR, Fi,
ERENRMMERLNITERARERRGE HRURATSERREREGEZEE. AW,
MEREEARABZZE R ENHEERMTEHBNDIE—RAHE FIRMBERRKE
TEN BER AR H B IR TERE M (in vivo) BRI .
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