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(Generation of PRNP knockout embryos using zinc finger
nucleases and verification of its knockout)
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SUMMARY

Due to the decline in the livestock industry in Korea, a research was financed by a grant
from the Ministry of Agriculture, Food and Rural Affairs, “Generation of PRNP knockout
embryos using zinc finger nucleases and verification of its knockout” . The mission was to
This research was performed to generate the PRNP knockout embryos using zinc finger
nucleases and verify the its knockout. within a project duration date of 3 years.
1. Establishment of the of HanWoo cell lines for PRNP sequencing to remove the PRNP gene
1) Significant differences in the expression of PRNP gene was confirmed after comparing of
transcripts in the RT-PCR of PRNP.
2) Establishment of bovine immortalized cell lines for PRNP-KO.
2. Intracytoplasmic injection and somatic cell nuclear transfer to produce the bovine
PRNP-KO embryos.
1) Establishment of optimal methods for intracytoplasmic injection of PRNP genetic scissor.
2) Investigation of the most efficient immortalized cell lines in bovine somatic cell nuclear
transfer
3. Removal of PRNP gene using genome editing
1) Development of efficient ZFNs systems for PRNP-KO
2) Development of efficient TALENs systems for PRNP-KO
4. Verification of PRNP-KO in the cloned bovine embryos
1) Production of cloned embryos using PRNP-KO cells
2) Confirmation of PRNP-KO in the cloned bovine embryos
We performed this Our research findings show possibility of production of PRNP-KO cows by
genetic scissors (ZFNs and TALENs) and somatic cell nuclear transfer and its application into
development of the livestock industry is possible. Our research can be applied to other
biotechnology and medical field including with production of cloned pig for

xenotransplantation.
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H 2757 (AL avian influenza), #4149 (FMD; foot and mouth disease), &-%% (BSE;
bovine spongiform encephalopathy) & 7}5 AAWOo=Z QIste] A MA Ao =2 9ot =37}
Ast glom A fEuet JA o= It W2 Jefivl wAst Ak AT FAIFL
2 213 Fr} gL 2xUS ddus Bavt ok agla 20083 F$-g el whA=) (v
TEFE £37] £ FAel Wi Ads el ARFHoR F ae oprlEit 1
olfre FTH &3] AHAAE sl AzteA BT F Ade AWAHA AW, variants
Creutzfeldt-Jakob disease (vCID) W&ot} QE2& 3% 12 ZI7IE=E 2007d71A] HiE 43
A4 S(BSE) 2 vCID IHef tigk FAelth (http://www.wikipedia.org). ¥=& =233 9
YE F7tol A FeH A LoA FHS HPYH prion ZFHO=Z variants vCIDEHE AW O
2 Qla == A BAsto, e 3F A998 AW FAse oA & § A st
b AA7FA] el A4 PrP-BSE 2 PrP-vCIDe tigk 2HA By = It %Lor‘ﬂéﬂ o]
= prione A A 7+ A ) xK(Proteinaceous Infectious Protein)® 4], A4+ cellular prion
protein (PrPc)o] amyloid foldings a4 B g1 @wld F=x<21 pathogenicgt scrapie
isoform®] prion protein(PcPSC)C.E WHFHHHA e} e AA Ao 2 EHo] F&EolA
transmissible spongiform encephalopathyS ©}7]gHc}.

B gk AFE AR E v A rodent models for prion diseasesE o] &3}
@2 AF7F o] FAAAa Aok 7] 1960-70d ol = vl-9-2=9F E oA scrapieo] 2™
o WEASL AH Lo fuNHFE =3l conventional Ao 2 FFPEThr} 1982137
o] Qo] prione &2 B o]FE 7HA FH Y FAAE np-x ARdmES o] &3
T7F AFREHAG. A "HAZ PrPc w¥ /F% A< PRNP(PRioN Protein) genes
knockout(PRNP-KO)& v}9-25 o] &8 A7t ARHAR . AA7A 4744 F7< PrP-KO

e oo
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o r ot

mouse’} R Egomd o] mE AFoA PrPcyl ZH7F9 AEo B&7 7|5dE FQsR
A7k priond replication®} 3| WSS o7ttt AS FHEIAT. F HWAE mutant PrP
expression model PH¢-2F o83 W& A7 ARen 53] prion T ol thhA B A

=)
BHE A AP, A HAE w$ e F30 prione] AFREE FE] Y E F9
priono] &FFEoA FdF &£ Ut FAAS w2t YEo] o] &FH YL o] A7}
7o 9" Z3rd nle-2+= homologous recombination® v}~ embryonic stem cells=

©] 8-+ blastocyst injection ¥} A& W =< (pronuclear microinjection) &2 A 4H=] Ao,

JBA APEFEA whSzolA B9 AHED FSAE o5 Be ATV ABHL A



o A BEY 171E dFH A AROlAl AoE o] &5 o] &% AT B 4
&2 A Bopolde ©e A3yt TRxEHIAT I
= 29 A Ak AFE dA ule AdF ook dAA7EA

23 B 389 FEog 20079 Richt 5?0 98] homologous recombination ¥Hol <
3 PRNP knockout (PRNP7) ¥ o= prion lacking 4 AJ4te] RuEdch I AT A e
w29, prione] i 25 20/ E7tA FASHA AdEH, Aelsts, 228z, HYshz
HAgHo g FA% Ax O BEE SHAA Aol BixAnt. 83l adeno-associated

virus vectors®® ¥+ small interfering RNA (SiRNA)“S o] 83t PRNP 72 o] o9

o o
o
ok
i)
td
i)

ATk THA ol FE5Z 4 U= ©E gene targeting W ol STFHTH
HEHo= Foy And FE AYLE At A FAE dod £ I3 HT gy
Ao s F FAVE HAY BF FA AoA o]FofAof st 53] I A F&S 57| F

o2 ¥ £ gl Yol Bag Aok

A2d AT Age HE 2w
ZFNs Al2®l-& o] g3l F-e-w o] prion dd %A PRNP knockout 4 Hjo}E Aj4hsla,
o

Ak wjotel A R Ake] W] AAH A=

A3E AT Ade] HA
ARHIA e B AT AR F e J1E F9Y HE NS 9] £ye
Z R

8
A HA fAA HY 7<%l zinc finger

gene targeting{e] we @S SEHIL F

nucleases(ZENs)S ©]-8-3ste] IZtolAl HAF] A2 HASS o7 4 U= prion T

FrA2] PNRPE Yolxdte HA4l A7 B $& 2 Hgolgta & 4 Ytk

HZ A FT Bolola NEL gene targeting HHOE o] 8E 1 Y= ZFNsE EA F7)A
< Zb= DNAG] Eolz oz AFSh= zinc finger array &3 DNAC| Hdhs dod 4 gl

nuclease H&-& Z23sle] frEoA = AFAGELo|T (Fig 2).

ZFNs2 #dAe]l Asjxd £3& locusgE Adst=s 1kd 5 oA A7 AFEL
ZA engineeringo] E7}s AW thakdk &

= =2 o
2 knockout 7HsEtAl slFE V1A MNER A2 A4 A4Fe T Ao dite A
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T2 39kg ZFNso] M EojA W vl Eo]Ho R target §HAS] DNAZS
Asla] o] F7lg<=24 (Double strand break)-& &3ttt A Lo A o]|F7lg&Ato] WHAIEA
E= z AL e g8 717 ol&ste &89 B9 &5 XA dv (Fig 2). ©|
o] &8 BEEI §ASE DNA €S 7R DNA(donor DNA)E M o =3 9 ME=
FHOZ ALEFY £4"H GAA RES e homologous recombination®{ & ©]
&3ttt FAlol donor DNA| -7} ¥3tes E7AES ¥ FAA G EA EHo o
st ti® 2Zo] 7hesiAl =™ donor DNAZE $l< 73—‘%0111‘—; A £+ non-homologous end

2
12
o
fru
N

joining(NHE)) ¥l o 2 &aw RS ux4 @ttt NHEJ= #Zol% DNA 7l9S ul2 HEA
A LR FHE F= JAAT, #ojF DNA 71e @oko Al 22 insertione]u deletion
(indeDe] ¥ Y+ error-pronedt oz g7t 13d = At} w2tA ZFNsS o] &3]
58 e d7IAE B olsUtgEd s 92 A NHEJE fr=std st fdA =
AWolE Y273 knockout AIZFE FHE 5 QT

1% 1 Zinc finger nucleases homodimer binding to DNA* and Potential genome
manipulation using zinc finger nucleases®

ol

] NHEJE o] &%= #AA knockout®] W2 gk Al 2 &= #jotol A 1% ™ 20% 2
& a8 = 7FNs target siteo] indelS f%3}7] wj&ol drug selection markers< o] &3 3

Al go] B2 glo] knockout celle wheA £ sh= Zlo] 7bestths Aol At

-

T

o A

ZFNs<& /Mdete=dl doiA 718 A4 A-Q1 7]« zinc finger domainge Z§3ste Ashe=
ZIMEE Boldo= Q1A% 4 Al 3t zinc finger engineering 7]& otk A3AE ATH
A2 20030l A FAANA TR FVIHES A4sh= zine fingerge FESEAL 9]
Z3ele] dsle |@7IA g Z& sk designed zinc finger DNA binding domain& +Z3sl= 7]
%S et el u®®, a8 1 zine finger engineering 714-S ZFNs A Zto] A83 &

A ARE A 2="S F53kaL o]F o]&s AIDS A5E #d TosA AFEHIL Aes Az
CCR5 #AHAZ targetingdts= ZFNsS 7)dsle] g3 v Yol B3] HZole ZFNso| of =
Aok 9 A A2"le $Asta? o) o] &3t MA AFAENA ZENs M Au2E A
3 A 107143t AlA 6705 300 Aol ZFNsS g3l kot

it o oR
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ZENsE o] &3l 53 fHda Yol TES A4S A HIHoeEE IA F7HAT 2
] S N o] o]ju] ZENs2 mRNAS FeH= A
7F Bt ZENs?! FdE JIFFA 8 TAA Hojus MAls & FEE 54 /f4
53] 7+ MANA F=L &&9 mosaicism (542}
typeJJr mutant«] H8)E Hol7] u&d Z71A2 IS E3] 44 E2ASAHAA Yo}
S 948 F A} +FFAHTL ZFNs FU-& zebrafish, drosophila, mouse 1#] il ratso] ot
U AP FEANA E&H oz ALEHT

rE-{o
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i
A
)
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o
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O

19 2 ZFNs-mediated Thmpd3 disruption in mouse embryos.

Mo. of
Conc. of No.of No. of r;a'ﬂl{ 8-cell bthtJ_of ¢ No_toft
mRMA Injected PN stage survived st-:ge morulla asst;;eys en”:&?gss
: J
[CY(?QS;:JU ar :;2?;?:1{;5 g zyg;t;r = embryos” en:ltjarl?rss* embryos* outgrowth
2 (%) (%) (%) embryos (%)
Ciggm' 22 22(100) | 22(100) 22(100) 21(95.4)
2
Th‘ﬁ”ﬂ“)d:" 69 63(913) | 60(952) | 55(873) | 46(730) | 30/38 (78.9)

Natural fertile pronuclear-stage embryos (FVB strain) were injected with the Rosa26
specific Z/FN mRNAs and incubated.
*Based on numbers of zygotes that survived;

# Cytosolic injection of Thumpd3 specific ZFN mRNA

29

T WA ZE AA LA ZENsS o] &8t H32 FHAe] Yols FEdtal o] & o2
st FAA Yol s Aitekes Aotk Wi AlZd ZFNse EAAI7|HA

(BF 2~39el 52 &&E F3 FHA Sddol7t dojuA "ok ol &4
NHEJo| oJ&) ez o g AAtEE= small indelo] i 71 &8-S ZFNsol| wa}t 1%~20% %
Al debdth (Fig 3). 83 AL 53 Fx29 & allelllA Sd®ol7E BASAS 74
alleleo] = EHWHol7}F YojuybA homozygous mutationo] dojd Eo] Aoz &~

of e A Bx G SAWol7l o ME F 10~30%= homozygous o}
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B A= 39 WAdaE Asty] 98l Fig 4ol A9k 2ol 4 A A Eo A ZENs& ©]
3 prion &d A2l PRNPo] knockout® AME F5 £
<= AA] I E @A oA PRNP #3A7F knockout S5 S8
o &2 AH A7V AEF o2 F85 o] PRNP-KO AAEZ dol2gk AL AAZE &
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Human CCR5 gene

2266 Z360 Z410 Z426 2430 2836 Z8:1

= . ."m-

HEK293T

Human CDKN2A gene Mouse Thumpd3 gene
‘?‘ )
Frapr o s é} § stqsf s"“’
Y e"
e"“é\@@@ﬁf' E"{go"i— s «*‘ f@ Fes .ce"%-ﬁ@"& t\“e

I--'g-'*uncut —— - e cuncut
-
]:ul ]cul

HEK293T NIH3T3

1% 3 Targeted mutagenesis using ZFNs in cultured cells. Genomic DNA isolated from

cultured cells transfected with ZFNs expression plasmids were analyzed for target gene

mutation using a mismatch-sensitive nuclease assay. If the DNA amplicons contain both

wild-type and mutated DNA sequences,

heteroduplexes would be formed. T7E1l

recognizes and cleaves heteroduplexes, but not homoduplexes.

Establishment of
primary cell line

ZFNs application

e (—

PRNP gene target

injection

PRNP DNA
double-strand

Non homologous

Establishment of
NBRNP-KO cell [imy

Verification of PRNP-KO
in the blastocysts

Somatic cell nuclear transfer
using PRNP-KO cells

1% 4 Production of PRNP-KO bovine blastocysts by SCNT and pronulcear
microinjection
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7F e ' T &9 5 AMEA AAH gene targetings AAIE] o] & o]

AAR Bl oAt AMZ Wol 4 WYL o] 3o T

Ty A Ag3E vkel o] 7]ES AFolA A& AAMEAA gene targeting
HE 53] 3 883 £95E A E AH SHAA BE G150 dof o F
FE5T F JdE g8 Yo aFHEYH

) Zinc Finger

o ol & AREA dA =oelM  ®el AHEZHI =
THEG & ¢ axdo=
2
L3

Nucleases(ZFNs) 7€ & &&3t 71&Y FHA AA X

4 AAZol A PRNP #HAAE AAstA o o] 7S AA7MA B Fid
A SEHI Jom HT AHETT Fokol]l AEEH FAAS = ALARITE 29
A o] o]Fojx 1 Ut AFFEQ rate} wpf-2o) A ZFNsES ©]&3 knockout FE
Aako]l RuEom™ AdEBEo s 2010d =ixoA A4 F¥A<A GFP7t
knockout ® MEZFP¢ &3 201190l o1& o] &3 BAl Hx*7F A BuFHA.
ENHePM Z7| A 3
o} ZFNso| 7 & #A

< D FATRH S71MEET ol AME A& 7MedthH 2) H-2 gene targeting
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g&olth. HE vhe2olAM knockout vhe-AE wEZ] P8 A SR Z7]A|E
gene targeting 39S A% 10° ~ 10°¢) &&= homologous recombinationo] & o]
Utk 4 YA Santiago %9 AFolAE E71MZ7 obd AAEQ Chinese
hamster ovary (CHO) cellsell4l 1% ©]’+2] biallelic gene disruption®] REi1E Ut} o]
ZFNs 71&< 3-9% A4 Aol A8 Al Fig. 13 320049k o] 7]&9] oA

- e 3+E9o] 21 9] homologous recombinationt 2 o] A AL AXA B¢

M WALE ARRYAT o] 1R ofF 4A 1% ool HEE PRNPKO AEF
B YT £ AT o8 ol§td B9 WHLE AUT F Atk ot £HBRY 2
NAE7 $BEA 1 WAFA7E JHHOE 21 FBEY 2old IAnd T2 4
22 A% vl$ 87129 Wole T % gt

Sequential Electric | Extremelylow H.R.
transfection
S

Cloning using ~ PRNP+/- cell line

Selection of PRNP+/ PRNP*- cell  from cloned fetus RPNP+ cellline PRNP- cellline
ZFNs application PRNP-/- after >1% Cloning using Production of BSE- Cloning using
biallelic gene disruption PRNP-KO cells resistant cow (PRNP-) PRNP-KO cells

23 5 Comparison of conventional and ZFNs-mediated methods to produce BSE-resistant
cow

irﬂ
o

7120 Al wpH12 ZFNs o]&-gt Ayl vy
g g 3 23 2335 13
Homozygous PRNP KO _ _
g5 W %e g8 JHHOZ FS(>1%)
dask 54 34 sl 23] 13
E-FAAF &) o H- 2709 FA8A WA FAAL -
AT 3 Av] B Az B At Y] 8T A ztE AH g% Jbe
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H3E d47lE =¥ e % Zu
A1 d7713 8 47 A WE
1. FAAT7IHA1AE) (PRNP KO M ZE o] &3 24 o} AH
7}. PRNP knockout -] mjo} A4k
D) ¢ B2 & HA| wjo} ik
b 5 FH e B A4 AEF gy
() AAME SHoj2lo] ofgt HA wjo} A4k
(th HA djo} B4k &S Fol7] A3 HAY v =4 g
() dxzTFo =z AYFA mutz Yt
(2) PRNP-KO A njjo} A4k
D A2HFE-AT71 | A PRNP-KO M ZE ool AAEZ Hoj2] 24
(b "Rk AL §88 Fol7] A% HA widF =1 &9
. 4o A PRNP 8= o4& 7
(D uk vz A F12 &4 AA &9
b EA 2@ HoFAH R ez o)| A genomic DNA @ RNA &
(b vigtE Ao A B4 B A2 wjgkazol A PRNP 12k 3 vl
(2) wiRrEo A PRNP-KO <l
D A=A @3 PRNP-KO E-4| vjwkxEo A genomic DNA % RNA &
() vliREE GAolA HA 9 A JFA vintaroA PRNP KO H&
th. PRNP-KO A wfjo} thgF A4k A A &5
(1) PRNP-KO E-A] njo} thsF A4k AA &5
(7B PRNP-KO EA| njo} A4k 9Ig H 2o AAE o2 =1 &Y
) BAEES Fol7] A% HAH MF =1 &9

(th s AAEE 2 PRNP-KO A o} theFk M4 AA 34

olN

2. ARAT7]B(A2A4F) (ZFNs& ©] &3+ PRNP-KO MEF 43 2 ZFNs9 AU FUH
4)
7}. PRNP Knockout< 9%t ¢ A=2F A4
D g AxF &Y
b €%l gr
(Wb FR1A AAE st A 34 2 AlX proliferation assay
1}, PRNP KO M|z 7))
(D 3AF AT 522 PRNP KO HlEF A4
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(1) ZFNs®] injection Wy &
Oh 243 A= ol mAl FY3 B3 A5 o] F nAFY Wl
(W) &0l mE ZFNse| Al +94 F wjo} ¢ B}
2h. g 9] w4 PRNP KOS #AF3sl7] g Al aj <
(D 3 7] wivtZoA E&H o2 genomic DNA ¢} RNA F&317] 13 Wik 71

Jﬂ
o

3. A BRAF71 (A 3AHF) (ZFNsS ©]£3F knockout Al2H] 7/1d 2 HS)
7}. PRNP KnockoutS ¢]38F thaFslk 2o ZFNs A4k

1_

(1) PRNP knockout genomic analysis
b Ago) H85 AME genomic DNAE FE3te] PRNPol| tgt ZFNs 7}
(L) A¥E ZFNse] A4t 2 A=
(th PRNP KO #A= Al2H &
U, A M EANA ZFNse| HZ
(D A2AH A e} 52 AAEol ZFNsS o] &3+ PRNP KOAH =
P F21A =90 ¥ genomic DNA 2] H7}
(H) KOE =& /A U 7
(th KO M= &g 7= 7
o). PRNP knockout M3 ¢+ 9 Knockin A3
D A 2/‘1]—r A ¢} 5o 2 PRNP knockout 2
(b KO 3 Knock-inA| 2=#l 7§32+
(WP &34 Knock-in & A| 24| -3 A 2} 502 AEF oA
(th &4 d A Z2FE 2AFAA 9 5oz &4

A" AdH HZ U 3 Ul

ATFATE
a7 | (ledagdd TAHL e
A

1.Primary culture
1) PRNP AAE $lalH @99 Ax £ gt
F B4 Pretel F 520 Ho| Y& A =

de A 2 | Zelolvjz AT (HLe FEHOE A J|TE o gake] Reshih

2 = 2) FeE3 22E Hvd FE8& ZS ol&ste 2
A2 @y B ZiellA 1543 o) wdE &
A, e 224 WY Al B3 oF AU W
£ 3ta A2A @ AlZze AAE L RSk

& B3 A | EEs MEzF oy | LEESAE AE
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D AAE] FxA transposon-BMI-2A-RFP-f3 27}
Eo]7}9l=  DNA  lugS nucleofectiond  E314]
transfections AA|g F RFPE Tdst= HEE
mechanically# 2] gttt o]Z2A &|¥ BMI-RFPA|
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o} ©]% neomycino] A& 3t Aopde MEE &
gt A A

2) 43 ME 549 59
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seedingS & & wj 24N %t vtk MEFE SASEA A
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sloj2lgto] HES-E- H] E fgzFoz 33 oo RAP §#xFe} TERT &
o A7 =98 EEE NEFE Foddo=z g

trypsine. 2 cell
o] 2ol &

|
i
o
Do
e
=
2
)
=2
jus)
==
o
rot
1% o

suspensionS Fx=38he] A A

3) AHE o2
- Hoechst A4S 3+ & UV lightdlollA 3ol £]X]
E g = A1SA % A AAst dIAs A

Z7 9 2709 EEst AES

i

g4

_26_



ZAL7kVIcmo 2 Az Jate] &3t

S o

Bt A 9)ujFste] reprogrammingg %

lonomycin©. 2 activation %=
6-DMAPCS. 2 4A]7F&<t post-activation %
Ao} wiFzlol A 8L FF wiF

4) &3 it go T&E& Hlw
- AAZ Fola A 2d T AAAn A A £
& Bl
- AANEZ 3Molal A 8 T ZtF7F vtz RO W
& vl
IodE 288t Al| D oA g s S5 Hlw
I TR wWE & - A FAE AFoA vz Ee USEEE v
sojajete] kg & 7] 98 374A AEFOIA T 6, 7Y, 8o
H|a iRk 2 vl
Io3de =Es) Al
257 TR WE & D ol wiwtxze] AR HriE A WRAEH/P
dol2lgke] PRI FubAE H]E Hlw
HlE Blal
- gr®E TALEN 23 vector® PvullE o] &3}
linearize ¥ T7 polymeraseE o] &3] mRNAS &
A (mMESSAGE mMACHINE® T7 Kit,
Lifetechnologies)
- 343 Capped mRNA®| polyA tailinge E& Az
3] S A3 FEE A
PRNP-KO %_ PRNP-KO TALENS mRNA oEHQ’]' T ]’ oEH :[L o
TALENs mRNA [MRNA =2t _TALEN
A7 F9] 7 tailing
mRNA &4 of
PRNP-KO TALENs|- &A% PRNP-KO-£ TALENs mRNAE- 20ng/ul*3} 50




£ KO vla

ng/ul o2 UFolxd A AdFATe] FYsto
MRNA 550 wE <1
PRNP-KOS &%
PRNP-KO TALENs|- 3= PRNP-KO€ TALENs mRNAE 4% & 164

mMRNA ¢ Al7]el]

2k, 20M%F B 24N 2 32 FRSI] A 95 2o

Yo}
#9

- PRNP KO

MEZSF N

4~ PRNP TALEN®] i1

2
W
sl
o,

PRNP sequence®l| 4] TALEN target siteE %o} TALEN
StA-S Fn]Eth. TALEN target sitex= TE A ZHalo]
AZ Euy= 48~52 base pairZ o] Fo] Xt

% | tengt Pattern Length m m
52 T CTTTATTTIGCAGATAAGT CATCATGGTGAA AAGCCACATAGGECAGIIGE A 20 12 20
2 51 T CATGGTGAARAG GBI GGATC CTGGTTCTCTTTGTGGECC A 20 12 19
51 T CGRAARAGCCACATAGGECAGT TGCI TGGIT CICTTTIGTIGGCCATGIGS A 20
4 53 T GGATCCIGGTITCICITTGT GGCCATGIGGARGT GACGTIGGGCCICTGCAAGA A 20 i3 20
TZ% TALEN 3X®E2S golden gate TALEN 34

“lsystem<

o] &3t A ztstAT

& &
el
= O

C%

Amp

25

’B‘

Golden Gate
Cloning
(PCR)

-

13 8 Golden Gate TALEN assembly ®HH.

- PRNP KO

M EZF 7

PCR =1 &4

- Primer List

Primer name Sequence
Cow_PRNP_N_F2 |JAGGCTCATTCCCTGCTTACAT
Cow_PRNP_N_R2 ATGCTTCATGITGGTTTTTGG
Cow_PRNP_N_F1 |GCAATGTTGCTGGCATTCTA
Cow_PRNP_N_R1 [TGGCTTACTGGGTTTGITCC

- PCR condition

Size

1% PCR

973

2™ PCR

619
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1 PCR

gDNA 100ng 95 % 4:00

Primer F2 10pmeol

Primer R2 10pmol 95 C 0:30

10x Taq. Buf. 2ul 68 T 1:00 [ 20cycle
Hipi plus Tagq. 0.2ul 68 = 1:00

dNTP 0.4ul

D.W to 20ul 68 C 10:00

omd PCR

1=*PCR product 0.5ul 95 % 4:00

Primer F1 10pmol

Primer R1 10pmol 95 i 0:30

10x Taq. Buf. 2ul 68 C 1:00 |~ 30cycle
Hipi plus Tagq. 0.2411 68 1 1:00

dNTP 0.4ul

DWW to 20ul 658 °C 10:00

- Genomic DNA preparation (G-DEX genomic DNA
kit, Intronbio)
- PCR of PRNP locus

- Induction of heteroduplex formation

95 1 4:00
05 Cto85 T -2%T/s
85T to25T -017%T/s
- T7E1 assay
PCE 3+7ul
- PRNP KO 10x NEB buf. 2 2ul
TALEN &34% T7E1 0.2ul
MEZF 7N D.W to 20ul
— incubate at 37 for 20min.
1IEL — e
o L — _
jusEEESEuESY control ZFN
Target amplification from Mismatch-specific
ZFN-treated cell pool by T7E1 endonuclease
PCR treatment
2% 13§84 B fAAY 2HYA =
Aol B9 Eg PF AP
1. PRNP TALENS 4 AxX 2 BHEH3} A& AL
electroporation (neon, Lifetech)S T3l A<
PRNP knockout [PRNP knockout cell
. 2. 39 % 10cm disholl A3 o] AxE B,
cell line A% |clone &1 H }
3. 247 b AABRHA o] MEZoA FFE AEZ
colonyE Felsla Helste] EHAS NEFE %
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4. 7} colonyollA frelE AlZFE2] genomic DNAE
8 & TT7El assayS 53 mutant cell clones &1
5. mutant clone®] genomic DNA©|A Z22Zx PRNP
target locusE TA-cloning % Sanger sequencingS %
 AME  EAste] mutatione] ®oF slolstu

frameshift EWHolE TA

o

A3d A2

1. PRNP7} Al A 2 Sequencingg 93+ 3¢ MEF 3

7F 3% Ax 1 2 PRNPEE ZAF 9 2AY

(D 59 HoZE QuE AFelA BSAL, AA AZE FA B9 FH2H AYD
A AZE BeA AzAe) AEL E 9 g
9 B 2 WolA 100159 5 A -

a9 14 B9 A AR

ofef IHS AHE e 2HCEZHEH FoHol AT As e AEY Aot Al
Al AAHE st ColcemidE o] &3] wgFd AXE metaphaseZ %3191, =%
A 3ZZ hypotonic KCL solutiong o] &3dle] AEE FAAZNST mgAo7 A Ho AAFLS B
st AlZU FAAE TAHAZ F o 100cmel A HNEE Eelol= FElxol Hojmy A
AE z=ASEA T
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a9 15 2o 2 RE Ao -9 Az Mo AEE 9% Karyotyping ARz (XX)
Q¢ AEoA PRPNZE A 2 B4

5-UTR ,L:»

Exonl Exon?2 Exon3
(R_I 3'-UTR

1% 16 PRPN--ZA+2] Exons

7] 2" AF4 79 «]6}?‘; 2=9] fibroblastsell /] mRNA7} @& H = Ba7b 9lo] (Wang et
al., Mol Biol Rep, 2009), 3-%-2] A EoA mRNAZS FZE3lo] cDNAS WHEolA 22 2d &
Hla B431HT. 91e] 187 Forward primer= exon2el| reverse primer exon3®¥el 2]3s}o]
PCRE ofdfie} 22 o2 F3siAutt.

* PCR for PRNP

— Primers

« F(5'>3" : AAATCCAACTTGAGCTGAATC

* R (523" : GGTTGCCCCTATCCTACTATG
— PCR reaction

« Initial denaturation : 94°C for 5 min

» Denaturation : 94°C for 30 sec

» Annealing : 58°C for 30 sec

» Extension : 72°C for 50 sec

» Final Extension : 72°C for 10 min

——
—
—
p—

i
g—

Z1¥3 17 Prion expression detections 9]¢+ PCR %71 2 gel picture

fel 2HAHE A BE A #Ee e AlEolA =3 mRNAE cDNAZR AT 2
I, 1 kol A= PRNPRA7E & S 2] FUARE 2300l A2 & sEo=2 T
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o] &Y. 2/3M 9] g Sampleo 4] RT-PCR< &3l #2z¥ DNA band’} PRNPYES &

o

3171 918l PCR productd] A E-& #A3tdom ol& Fall ezl 49 PRNPFHAtel A3

< Falstginh ol w59 primary Axe] 4
7%

& HojEth

File: PRNP_PCR_produc: PRNF_F.abl

Sample: PRNP_PCR_product PRNP_F Lane: 75

n o il
G0 GHCELGET CTED saGCTCEEr A B AGCTCGAE

Run Ended: 2012/7/25 3:49:57
Base spacing: 14261677

Liy] 2 i
G4 0L CEA TICTCTTT BT GACCATE TG GAGTEAT

Signal 2742 A:3592 Cood86 T-3442

8§34 bases in 10097 seans Page 1 of 2

GTEEECCTC TECAME EAGCEACT

T i) f
- adan A A WA '"'q'}\ll'l‘l

4% PRNP o] /Aol get g 4 Aoke

MACROJGEN

v S Gomanrics

Bl 110 1z

GEAFG-EEATERLACACTEG

"'UU\ 1“ N .'u“ A 'J\

s 130 iosan il e B
GHGE BT ATACCCARE )CAGGECAGTOC TR GGE

'.E.'J 17 180
CCGTTATCCACCTCAGGGE G EEGETEEC ]uu{mr‘r‘u

T |
il wmmﬂ\ Mr».m. il

TU ‘.'.1'
CCATGG hll"l’}' TEEEGLT

=0 240
COTCTOE AEGTEE TEEEEIC

J""'J\ i,

250 ]

CCTC TG ~GaTEGC TEREETT

'u,lﬁnﬂJJ\ M\. i /u Ll ,./uul l..rnm| HWLL};N Pl

T Bl Al
GLCOCATGETARTGEC TG GGG AL HG00AT

f‘ TGGT I:f.ff._' _-..-'t :u

Al

IGC‘ FATGE G\' IGG?G"

350 360 3
CCCAGTENGED b iy

III|I|‘||I AI i I Illlllllll\ I|ﬂ|l I|.I||||II

0

390 400 410 E=l)
GFraGCATETEEC GG AGC TEGCTECAGC TRG A GLAGTGET AGEEFECCTTG GTGECTAC

'nU ﬂrjw'f'!' }{U pb Llhh".jf\rm L}M, JIL_.II ﬂ('l‘mlﬂ, "J'\ ||le i .”,' .' {(I Wu i 'r

T IfJJ"UV iy

430 440 450 460
TECTEEEARGTGEEATEAGC AGGCETCTTATAL

470 4A0 450
TTTTEGLAGTE ACT ATG2GGACCETTACT ATCGE

) 510 a0
TEAALACATGCACCETTACCOCAADT

A %u i i) W I Jﬁ"u”u

53 540 L]
GTGTACTACASGICAGTER ATCAGT ATAGTAACCAGRAL

e o

73] 5% 580 530
o TTGTGCATG WO TGET BT

CATCACHGTC

(=11 L
G G 30 ACAGTEACCACOACE

File: PRNP_PCR_product PRNP_F.abl

Run Ended: 200127725 5:49:57

Signal G:2742 A-3892 C:6486 T-3442

Sample: PRNF PCR_produes FRNF F Lane: 75 Base spacing: 14261677 834 bases in 10097 scans Page 2of 2
B30 B4 &0 EEll 6] =) el an g e Tl 740

QeadaEEEARCTICACCE CTEACATCA S RAT GATEEAGCOACT RET G200 FEFECATTACCOAGTACCAGARARAATCOCAGERTTATTACCAACERAREGCAAGT ETGATE

| |

|||'| i |I' 'n| fl l‘l | || r|| II ||I| |' | I J I '|. |||'| Inlﬂ IIrllp pir|| |I|| II| nl
Wi .n'h / ||J| II .\;Iq Vil il \L J I ||| f _|'| u || ). Il H"'. i
| | { ik il AR ;
LIRAAL VN L VA M‘JU\ “Uu J WL T M NP L

= R0 T T 70 and 10 B0 0

CTETTCTCTTCCCETECTGT AT CCTOETCATETETT TS TEATTT TETCA ATA/BGEE GE GC A CASACAADADS (e}

nl‘“l (Wuh “'-' ||| W\lullf l'.“l“{l[ 1|I"J"|'| |f||'”{lh|"' I"vl JJ\ .

Ad

1% 18 RT-PCRE &

& 5% PRNP %= H-9]¢] sequencing 23}

L. PRNPAIAE A% EE3} Alx 74T

ANZE B

7 7+& DNA vectorE A &stggom,

w3} A E e 95t BMIFAA ==

°]& DNAE AAMZE =

_32_
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A
o &
B
cMV >| hTERT il IRESE DsRed || SV40p H Neomycin || = |
1

19 B3t Mxof o] &3 32 A% (ABMI1ES @dst= DNA, (B) hTERTE ¢

}+= DNA

BMI & BMI® TERTHHAS] HdE B3 vHEolz BWst AEZ: passages AXHAA
senescencyE A XA &3 X422l doubling times 7}A|aL A7|ZF AAASEH S =3 Single
Az 2249 4 9 A% S50 IA F8E AR BHo EEsIL 322 FPHIY
=< S anh

£ 300 £ 0.
° -o- Control v e e
& E -~ BMI+TERT
a == EM * 60
2 200- o M
= - BMWTERT £
3 -]
8 3 404
k-]
£ 100+ p
= 2 20
H M =
=] 0 /I o 0
a T T 7/ 1 I T 2 1 1 T T T I T T
75 20 105 120 30 32 34 36 38 40 42 44
Time in Gulture (d) Cell passages

" 20 Az =83 AxsEY EE3 AR (A, a tiEe, bBMIL
BMI-TERT), BE3} Az 4=+ B), BE3} AEEIS] 4424 O.

2. PRNP AAR AT Ate A7 HH9 A FUH 2 AME ol =1 4
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a9 21 BMI/WTERT= ©]&38t AlxzEdae] A= AlE e ==Y Adsy I8 Al

&M= AE), IHBMD, 2EZ(BMI/TERT)
Phodx Az O HAe) nAFay &

PRPN KO GAoAE wjoke 3 27] 4o 2 A, reporter DNAE microinjection (7] A<
S FYPFAY. rAFASE 21S Y5t pcDNA3.1-mCherry-stop- sv40p-neomycinR-stop-f
AAE o] &3ttt

Ampicillin resistance gene 5202..6062 ChIV 232..819

MCS 895.910
atth 920..965

mCherry 970..1680

pCDMNA3

6198 bp

attB 1683.1728
MCS 1740..1760

SV40 3874, .EE]L]J'-

F2501.2523

SV40 promoter o 2501..2844
Heomycin resistance gene 2906.3700

a3 22 vAMFY 23S #8 AF&E pcDNA3.1-mCherry vector map

ofe] 1ge MAFAL AASEL gl Aol
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WA FAe AT F ook wl WAL A 24 ol gt fEstel ML Hu f
A B ARGtk MY F 794 B @v1 SelA BHF A} ohes} o] REP
AAZ A B e BRHYC,

9 24 FFDNAE vAFY S B3t njofAkR. A2(33), 2EZ(brightness)

U BEEE AXE o] 8T HA wivtx A 5& Bl
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3} M ZFRAP, TERDE o] &3 AAME Ho|2aghe] LSS vl
F oA zole o wiHtE w880 A= TERT oA
(22.1, 22.0 vs. 28.4)& BT}

o o
2
o
fru
Hir
rlo
=
rE
2=
fru
1o
i
Ho
o

N Control

= BMI

300 - B TERT

2000 -~

100 -+

00 A
Reconstructed Cleaved Blastocyst

a9 25 &AMz 3 EEAA e B4 s e 28 v

Tablel. Comparison of development rates of bovine somatic cell nuclear transfer embryos

using immortalized cells

No. of embryos

Reconstructed Cleaved (%) Devleop. to Bl (%)
Control 226 151 (66.8) 50 (22.1)
BMI 218 135 (61.9) 48 (22.0)
TERT 208 130 (62.5) 59 (28.4)°

=l

o Zfuie BEs AES F50) ME & Aol Ug &% HE
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T3} AET S0l wE AME doldte] B £S5 nlagt A THRT Al2FE o8t oA wh

E Rk SE SeE Bk

Table 2. Comparison of time to develop to the blastocyst according to donor cell types in the

bovine somatic cell nuclear transfer embryos

No. of blastocysts

Total Day 6 Day 7 Day 8
Control 50 0 O 31 (62.0) 19 (38.0)
BMI 48 0O 32 (66.7) 16 (33.3)
TERT 59 0O 42 (71.2) 17 (28.8)

2} ZojEYe BEs AZF ZF) e & dolize] YEAZ Hlg
- AA|zFolxgre] dA WrHE 93 A=A Al Za SIS vlwd 23 TERT =483} Al
£ o83 vikzolA] FojFo R F2 ARE B

Table 3. Comparison of imner cell mass/trophectoderm according to donor cell types after immortalization

Inner cell mass/trophectoderm

Day 7 blastocysts Day 8 blastocysts
Control 0.74 = 0.02 0.78 = 0.07
BMI 0.34 £ 0.03 0.15 + 0.02
TERT 0.51 = 0.05 201 £ 0.19

ul, PRNPAIAZF & £33} AZE o] &3 FA wjdtx A4 9
B3} Ao PRNP7F A|AH AME 292 &H3a SHE AXEZ AAE B4 2L

3 Ashe obele} 2o,
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Cell line  Total No. Fusion Cleavage Blastocysts

7-5 67 58 86.6% 54 93.1% 15 25.9%
6-6 63 54 85.7% 35 64.8% 13 24.1%
10-1 99 37 62.7% 31 83.8% 13 35.1%
3-2 73 o4 73.9% 45 83.3% 13 24.1%
Summary 262 203 77.5% 165 81.3% 54 20.6%
Cell line Brightness Fluorescence

6-6

10-1

19 26 PRNPAIAE FaiA Aol AZFE o] &3 wivtxE
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3. Genome editing 71&<S ©]8% PRNPHZHX A|A

7}. A 2] ZFNs A|Z 9 FH]
(1) Cow PRNP ZFN 7§

PCR cycle ) 1 : Annealing Temperature -> 63
95 Smin 2 : Annealing Temperature -= 65 C
94 ) 11'35_-'0 3 : Annealing Temperature -= 66 C
Anealmg  lmin 4 : Annealing Temperature -= 67 T
68 T lmin (35 cycle) 5 : Annealing Temperature > 68 C
68 10min

1% 27 Cow PRNP ZFN/TALEN®] #H5S $13F Primer test ¥ PCR=7 &H

st ¥l ZFN/TALENS] &4 & AEUolM AFsk7] 948 Primer3 (http://frodo.wi.mit.edu) S
o] g3ato] primers 12ketal ¢ AEo] genomic DNAIA PRNP target site] PCR #4<
233l t}h. Gradient PCRS %3] #235% PCR melting temperatures 273} th.

(2) ZFN HZ 2 744

ZFN 24 A5& g ZHAIZES o] &3t o] Fo] Hoh —%Xﬂ&l 2B A 2ES FHAATH
o o] wet AR Ao FFAWMALS LA FHA THeIY FHS
F8% =72 53 ZEZHAA #AFHE 4L AExYe dite A BeE A2 A
Aol F43 & FAAAE B FHAATL Y tFLS A8l FE&EHA AHSHI ATk ™
A &8 2 ZENS 52 Ade Zste 84 YEEHE AASa 293T AZ g2 =ty
g Tl IS SA%ko 1x}§ o] Tﬁréﬂb ZFNE zroluyqith. o] & ZFN<9| Fokl

o

=]
HH FA FAE 6626}04 ZFNOﬂ gt o 52 848 zt= ZFN 25 st ol &
%3] 2 paire] Cow PRNP ZFNS & 1&ith
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Reporter
Only

WT Fokl

DAS/RR

RR/DAS

Q

PRNP

Q4

pair 1

w*

ParCPCyS-5-A

T TR T T T T
rd

-
o II)l £

7
POCP-Ty-5-A

1]

a1%¢ 28 Cow PRNP ZFN

5r—- atggtgaa

cgaccaaaac ctggaggagg

ggggotogct ggggtcagec

aagccacata

atggaacact

ccatggaggt

ggcagttgga

ggggggagcc

ggctggggcc

A2 T Az FHEA

toctggtbtct ctttgtggoc
gatacccagg acagggoagt

agcoctocatgg aggtggctag

cocccatggtg gtggctgg%g

acagccacat

|
ggtggt%gag

gctggggtoa aggtggtaccoe

aasaccaaca LO2agCATOL

ggcaggagct

gctgcagetyg

gagcagtggt 2gggggcctt

atgtggagtg acgtgggcct

w w'
PR CSA

ctgcaagaag

cctggaggoca accgttatcc

acctcaggga

ggccagoctc atggaggtgg

cacggtcaat ggaacaaacc

-3

Pair 1

Pair 2

5'-ATC CAC CTC AGG

5" —-GAC AGC CAC ATG

GAGGGGE

GTGEGETE

18 29 3t1E PRNP ZFNe] PRNP a4 %]

. TALEN Az 2 Zu]
(1) Cow PRNP TALEN =]z

20099 AMFA BAW LEY G71AF =il T2 TAL effector G747 =212
S o] &3 FHATFYISl TAL effector nucleases (TALEN)o] & =A zZ+4S wruglth
2 593 AFE Fd AA TALEN % " Ak Ax=®S FH3gon ol& o

_40_
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GAG GCT GGG GTC-3°

ctggggtcag

cagtaagcca



PRNP TALEN 7S 71383t Ri o
ZFNsh ge wbgoz e 9 gHS AT F AAAI BY YEEF olgde] BHS
5

zAstgom ol F

Pair 3

cnaama TL[EN FAIR 4 B02 ATG TALEN PAIR 1 E04 ATIGa'I'ILEN PAIR 2
. {(P1 in all) Gate: (P1 in all) o Gate: ali) C
Jai-uL O1-UR L Jet-U0 - 3
50.3% 4.0% i 7
s ] < 9z
3 ey H .8 U 3
FL3-A
1% 30 Cow PRNP TALEN &4 4%
Left 1-DAS(3) Spacer Right 1-RR
5" TTTATTTTGCAGATARGTC 12 S' TCCARCTGCCTATGTGGCT
Left 2-DAS(3) Spacer Right 2-RR
57 TTGGATCCTGGITCTCTTTG 13 5" TCTTGCAGAGGCCCACGTCA
5’ TCTGCAAGAAGCGACCRAAAA LSS 5’ TCGGCTCCCCCCAGTGTTCC
Left 4-DAS (3) | Spacer Right 4-RR
5’ TTACTATCGTGARAACATGC 12 5" TGGCCTGTAGTACACTTGGT

13 31 1% PRNP9] TALEN site A&

(2) TALEN 21%E Az 2 A=
HE uel A 24 SUE PRNP TALENS] Q1414 8¢ @45}l MACS reporterd] cloningstod
PRNP TALEN MACS reporterE A2}slal sequencing®.2 A <E HA33sIA T
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A BUC plasmid replication origin > CMV immediate earty promoter

' Unseparated cells RFP* GFP* H-2KK* cells
W Dy ‘ L id Magnetic
HSV TK poly A“ EooRl(

4 (3277) separation
PRAP Oigo @
BamMI (1316 :
_EGFP

MRS- Cow PRNP

- ]
KanneoR fttp
&
“‘omdwm ‘u ‘ @ ‘ '
SV40 early promoter E Nhel(2097)
nwummm 9

,I H2KK

-mn m

$V40 poly A

$V40 poly A

13 32 13 32 MACS Reporter 1+ % KO cell enrichment 23 34

wt Azt fExyel TALEN 23 Wy E 4 Axed =93i9lS W TALENe| <%
Reporter f+7zFe] @& o] #FE o] 7|50l HF AT

Empty EGFP-expression = |ALEN reporter  TALEN reporter + TALEN
vector vector only expression vector
Al P3 A4 GFP CO5 PRNF MRS 22-pEX-pEX EDS PRNF TALEN FAIR 22_MRS
3!:01-'\.--_ i G - LA 3.:}1-&.:'_ e - Ui 23 :;.“-]1-'.:'.. 21-10
=£0.0% 0o% JELES: 0.2% 4% 14.4%
- : o o
i ot . B o : -
E o 2 z
G1-LA] ) Q1-LA 3
2 L 2 Rl i =S
T Bt e T A H g :
(™ FLI-&

19 33 TALEN reporter 713, 293T Al TALEN reporter @ TALEN ®&d WEHE HAg3)
1. RFP/GFP ¥& S flow cytometerz 3z

(3) TALEN 2 &dZ23}

% 122%°] TALEN pairsE Immortalization A3l prnp talen-+7% =} nucleofectionS A A gF &
Al 2@E ATHlA mutation assayE AAIsk prnp kod = = S AEsHAH

olF 71 &40l 4™ TALENS AdAste] % KO Al A8t

A2 KO 2371 9+ pairoll thal Al enrichment 23S $3le] reporters A 28% A+
oA AZsEH L, ol2A A H talen DNAS maxi-prep2 S|4 2-e oFo] DNAZS 81319
=3

S HE DNAE 7HA 3 3¢ o} A frobAl e nucleofectionsS A AI3te], RFP/GFP A& &<

L
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s,

A

_D_D_

MACS sorting< 3t 32 HE Al

i

PRNP DNA Maxiprep. & =2+QI
(2013.5.16)

Reporter (Double RS1) L1, R1
« Enzyme : Nhel, Notl * Enzyme : EcoRI-HF
» Size : 1.4kb, 700bp « Size : 2kb & 5kb

& backbone 5kb

719 34 DNA maxi-prep2d 3}

TALEN binding site

S YA o2 enrichmentE 3+QTh.

T
.. .gacaccctectttattttgecagATAAGTCATCATGGTGARAAGCCACATAGGCAGTTGGATCCTGGT . .« .
. . .CtgtgggagaaataaaacgtcTATTCAGTAGTACCACTTTTCGGTGTATCCGTCAACCTAGGACCA. . . -

E1l E2 E3 TALEN binding site

19 35 TALENE ©]&3 PRNP A% 94 BA=

Enrichment ¥ A|3Z2] PRNP locusE T7El assayS ©]-&3le] #2413 Z3 mutatione] = 9]

_43_

AT 528 AL o

#AFER o E3 MACSE o] &3 enrichmentE E3 ESdwo] =9
o1k 4= YAt =3+ sl AE poole] PRNP locusell thak S o] A B8 E3) AA=
KOE do7 4 9= frameshift =AW 7} E017F AL Bt}



RFP

(constant)
Macs
sorting

GFP
(TALEN-inducible)

19 36 TALEN &4 g XEE o] &3 KO A3 enrichment}
o 4 constant dtA] WA= = A GFPE TALENe| 23|
53] kR A E oA RFP,GFP &&d ®HIx7} skal=,

N2 N3 N4 2 2 4 5

MA N1
e ! ———— e ———
T — ,

| N1 N2 N3 M4
s

713 37 TALEN &4 A3 9. 2/3/4/5 TALEN 2&d vectore] electroporation 23§ 2
¥ ¥ genomic DNAE FHI5te] T7EL assay® EWe] =& & * T7EL] 9% =
Awo] A A Yebd A OS2 o= = DNA band #14]
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TGCTGACACCCTCTTTATTTTGCAGATARGTCATCATGOT GRARAGCCACATAGGCAGTTGGATCCTGRTTCTC (T, X12)
T6CTGACACCCTCTTTATTT TGCAGATAAGTCATCAT G-TGARRAGCCACATAGGCAGTTGGATCCTGETTCIC (-1 deletion, X1)
TGCTGACACCCTCTTTATTTTGCAGATARGT CAm=mmmmmm=mmm= CACATAGGCAGTTGGATCCIGRTTCIC (-14 deletion, 1)

13 38 Enriched KO cell poolel A #zk=l PRNP mutant allele sequence

KO cloneg 947] 98l Enrichmed cell populationell 4l & 6712 ASA T FEYE Frsn
Zdwo] BAS WS AF2Ne] Z2U A mutatlonOI HEE A

Genotype analysis of Mutant colonies
-T7E1 +T7El

1 2 3 4 5 &6 r 2 3 4 a9 b

':

13 39 Enriched Mutant cell poolell 4] monoclonal cell colonyS ] 2 ujjeF3}e] mutation
= #F

Ze #F o= PRNP KO AlZF5 & AAE 2 B3t AAMEoA Aztste 1 a8 -Er#
3 Ayl EW3l AAZ7F DNAFRE &8 2 AAAo] £& olF=2 AA KO cell line += 3
Aol Aol &) & AAME vls] =Udoh
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4, B-A wjolo| A PRNP A X AAH &2l
7} M &Eo| A PRNP-KO &<l
- &1 PRNP gene knockout 4 EHE3} AMEL genotypes &<R13ste] 7+ clonese] 7}

A3l Q= framefshift Moo meFS 32l

WT GACACCCTCTTTATTTTGCAGATAAGT CATCATGGTGAARAGCCACATAGGCAGTTGGATCCTGET

6-6 GACACCCTCTTTATTTTGCAGATAAGT CATCA—-——-GAARAGCCACATAGGCAGTTGGATCCTGGT (-4)

10-1 GACACCCTCTTTATTTTGCAGATAAGTCA----- GTGARAAGCCACATAGGCAGTTGGATCCTGGT (-5)

3-2 ACCTAGACTGTTTATAGCTGAT----(104bp del)----GCCACATAGGCAGITGGATCCTGET (-104)

7-5 GACACCCTICTTTATTTTGCAGATAAGT CATCA~---GAARAGCCACATAGGCAGTTGGATCCTGGET (-4)
GACACCCTCTITTATTITTGCAGATAR-————— (120bp insg)-========-- CGTTATCCACCTCA (+120)

% 40 B3t Ao A PRNP7F AlAR A=A FeEfe] 224 Al

K

F 24 A%

Primary cell Immortalized cell
Screening clones 40 99
Mutant clones 8 66
Mutation frequency 20% 67%
Biallelic homo mutant clones 19
Biallelic homo mutation frequency 19%
Clones for sequencing analysis 3 12
KO clones (-/-) - 6

. E4 wjo}o]A PRNP-KO &<l
- =3 1Ry PRNP KO Z2HspHEFo) B4 wiuixs A= $ FHE wjirzo] PRNP
locus NG EA3IGS W FAMEIL P 9l PRNP Emol7} o2 #&s]o] PRNP

TR ok EAl Wt dFA o AYUEES FAsA.

WI GACACCCTICTTTATTITGCAGATAAGTCATCATGGTGAAAAGCCACATAGGCAGTTGGATCCTGGT

3-2 CTAGACTGTTTATAGCTGAT----- (104BP DEL)----- GCCACATAGGCAGTTGGATCCTGGT (-104)
BL1 CTAGACTGTTTATAGCTGAT----- (104BP DEL)----- GCCACATAGGCAGTTGGATCCTGRT (-104)
BL2 CTAGACTGTTTATAGCTGAT----- (104BP DEL)----- GCCACATAGGCAGTTGGATCCTGGT (-104)
BL3 CTAGACTGTTTATAGCTGAT----- (104BP DEL)----- GCCACATAGGCAGTTGGATCCTGGT (-104)
BL4 CTAGACTGTTTATAGCTGAT----- (104BP DEL)----- GCCACATAGGCAGTTGGATCCTGGT (-104)

7Y 42 PRNP7E AAE AEE ol &8 AME BA WL A4 F LS wiwEe] PRNPA
A4 Az
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GAPDH

a B3} AlZ(1-4), PRNPAIA A Z£(5), viHkE(6-8), PRNPA| A #

H 43 & HE3Z2(9-10)0l A1 PRNPRE
d AA A

™. mRNA ©A oA EA ujo} PRNP-KO &<l

- PRNP KO 2] wjukZojA PRNP f-%%-2] mRNA &¥-& RT-PCRE ZAMg Ay 29 =
Aol typeol wekAE= PRNP mRNAS] W&ol @A 3 &7 Akl A
ATt

o

5. PRNP rGENs 7%

MZL FH8A7Ee] platformQ] RNA-guided Engineered Nucleases (rGENs)& 4 PRNP
knockoutell #-83}7] 93] PRNP coding sequence %toll rGENse] targeting & 4 U&=

motifoll thall rGENs &&d e S A 23t ).

200" 400! 600"

. pRWPCDS -

PRNP RGEN target site
acccagtaagccaaaaaccaacataaagcatg@ékaggagctgc

tgogtcattcgotttttggttgtacttcgtacaccgtoctogacy

5. Pro Ser Lys Pro Lys Thr Asn Met Lys. His Val Al Gly Ala Al
23 e Pro bys. Thr Ao, M8t £ Vel Ak G A M

13 44 PRNP Knockout rGENs target sequence % PRNP f-AAF A ¢ Z].

PRNP rGENse] 2@ wE|E 2ds} A4 % Oﬂ AR W TLAOE SdAmols} £
8 %2l 3 =

A& TTE] assay=
kX

Avo] %7 wlgo] PP e FAsAh
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WT 1*TF 1#TF 2™TF
2day

PCR

)
Ll
.
[
LA
=

19 45 PRNP=oF2 rGENse] &dHo] =9 &

o

6. IGENs2 ©] &% =] &< Uy &4

rGENse &4 Fel2 A#=ol i vitrol = ®4 sequence® Avd 4 Ut} old 54
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