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< SUMMARY >

| AEWE | D-02

Purpose&
Contents

1) To establish porcine cell lines inducibly expressing Klotho gene,

2) To establish Klotho knock—-out porcine cell lines using the lastest
engineered nuclease,

3) To produce Klotho knock-out minipig as ageing model for studying

mechanism of human ageing and related-disease

Results

A) Establishment of porcine cell lines expressing Klotho
O Establishment of Klotho/RFP overexpression porcine cell lines
O Establishment of porcine cell lines inducibly expressing a human

Klotho gene

B) Establishment of Klotho knock-out porcine cell lines
O Establishment of Klotho knock-out porcine cell lines
O Establishment of Klotho knock-out porcine cell lines inducibly

expressing a human Klotho gene

C) Production of Klotho Knock-out minipig
O Establishment of system for producing and transferring cloned porcine
embryos derived from Klotho knock-out fibroblasts
O Establishment of Klotho knock-out porcine cell lines derived from
Klotho knock-out fetuses and the attempt to produce Klotho knock-out

minipig

Expected
Contribution

A. Application plan

1) Application field
O Animal cell line development using gene recombinant technology
O Transgenic animal development using somatic cell nuclear transfer

O Animal model development for human disease

2) Application plan
O Provision of animal model for studying degenerative diseases of ageing

O Application to studying mechanism of ageing

O The feasibility of application to preclinical test for chronic diseases




related to ageing

B. Expected effects

1) Technical aspects

O Overcoming the limitations of mouse model using porcine model more
closed to the human

O The feasibility of basic research on genetic disorder due to application
of inducible system to knock-out model

O The feasibility of expansion of medical field by application of this

example to development of pig model for xenotransplantation

2) Economic and industrial aspects

O The feasibility of development of product with high profit by
discriminating with small animal market

O Utilization of domestic minipig as the future business strategy

O Improvement of image of livestock industry by development of animal

resource

Keywords

, inducible .
ageing Klotho gene Knock-out , disease model
expression
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Chapter I Outline and objective of the research

Verse I Purpose of the research development
Verse II. Necessity of the research development

Verse II. Range of the research development
Chapter II. Domestic and foreign research current state

Verse I Current state of the research on development and analysis of aging models
Chapter III. Results

Verse 1. Establishment of porcine cell lines expressing Klotho

Verse II. Production and analysis of cloned embryos expressing Klotho
Verse IIl. Establishment of Klotho knock-out porcine cell lines

Verse IV. Production of Klotho Knock-out minipig

Verse V. Strategy and system for the research development

Verse VI. Schedule for the research development

Chapter IV. Achievement and level of contribution into interest fields

Chapter V. Attainment of research and plan for utilization of outcome

Chapter VI Collected foreign science technology informations during research
development

Chapter VI Security level for research development outcome

Chapter VII. The current status of research facility and equipment enrolled in national
science and technology information system

Chapter IX. The implement result of laboratory safety management

Chapter X. The representative outcomes of research development

Chapter XL Further informations

Chapter XII. References
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A1 EHELAL] e

2 AFE FEEE A"l H8H Klotho 2@ Py x] MEF Ak 4l FAx7}
5 2t l—'%‘ I (knock-out) PIY=A] MEF g9 Klotho f A}
o BAFAS Aok 9 o]2 S Fa, zte] w3 9wy A
2 =

=
= [¢)
el 71 A7 2 AW AES 9% Klotho A} Fopx wstrd njy

Al 2Ad A7 284
1. 712 38599 @A

bk sk ge AARE A JA% ety Faob A7 $43] thes] i o
3¢ AL ATs Aol 2AYel A WAIA BE F s 2

) 4
wEE = v =g o A FolMe 2d o] dE #EEA %3 (Cork et al,
e
v dgFe A, Boh 1 aE, 5E F A g " ASHE e vE 59 ol
T AE Ao &8 JhEdk Akl & wo] glth
=3 29 Ao d8 4
7h WA AIEe] e Qlof o] ool gla ¥ 74 2ok (10712 wha/olm 15).
v A A, &3t A=" SF A4, =4, A4 T AR/ SAdA BE Tt
Zroll o FrAbsttt.
SA (A 9 g drid)e] AAFol R o QI7b} fFARgHe] 1T

3], 7t5 T oA FHA 27 7)se] 7P 2 ddEo] glo] whg-zoly ThsdH
T2 AT 7lsel HA AL sbsazlon, nhe-~ B E F@YP o] YERHA e
cyst1c fibrosis®] 74-%- (Fisher et al, 2011) ¥j#] oA = Aty 5L FAto] YEl+=

5 (Rogers et al, 2008; Rogers et al., 2008)), #i#|2] AA2st wd 2ol 754 S

o
5
=t
2
_,>i

Ay
T
i)
o

= o

A 34 AT HS
1. Klotho A= #4d vYsA AXF &

7}F. Klotho/RFP 3 mlYs] x| Al X5 24

U, e A]x"lo] A8% Klotho WHd =4 wysiA A5 ZA
2. Klotho 48 Folx vYH R ANEF Fd

7} Klotho Ak Fobg- YA MxzF 24

S EaE Al AES AL3 Klotho o9 vlUsl A A xEZ Z+A

3. Klotho FA A Zolx wY=X A4k
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A 2 & 2L Tl HE

| ATHI D-04

A1 A Aging 22 /T 2 24ATES

1. YA 9 Aging 24 ¢}
TUlo A= AR =

o
A A =8 Hola, =313 v d &

7F =W A" o]l HGPS 34 w3t /Adskes ofES ¥
HAYES FHaRc 10w By H= 2235 a2 =3 35 fAYSE FUA

A T, AAAE YA dEr 2~ 2017 03.23).

U, 5Ex3E Adets 7 7bed dF 0 93 Addls dEHE w3k o)
AT, AL FHEA =GR SR TESl o FExEE o] Tl A
TR o8] WAt ("=3E ol ddy o AT fx sEx=sd 9
A%~ 2017.01.05.).

o Sl AF"dA 5Y dAEHAadT A RAAET ATEY FEoE HFEE

‘B o]z Ze I 4] (African Turquoise Killifish, 8% : Nothbranchius furzerl) 7}
w3k A, FAA 71 Agtel A Rdoldtes AMAE A EAl T
(N+A 57 Rex g, 2016.02.05.).
2, U5 oA 20161 d =0l ‘STK32C 37 24 % w3l 3 5529 A
2 9 oo]o] 8% 537 Y ATt (1020160099458 (2016.08.04.)). HE3F 2003
IER=ES| ‘Lg}_ureﬂ X}oﬂ T Ao Ad = AEE 9% Holxd p62 FAAE
$2 ‘%‘ O]E o]-&3% w3} IH o L= Ao EH'SO}%
by 2370 298 ol Qv (1020047018453

r
%

L
Lp
kﬂ

(2003.05.14.)).
2. 399 FAA FHolxg TY =3 RN 2 4 ¥

7F. RecQ-like DNA helicase Wrn *=°}-% (Human Werner syndrome) &% At &
gk =3t A
PN 7HA T =, A 2= Wrn knockouto] A RF i@ POz
vholl EA5kA] ekgktl. &AWt Wrn knockout PR} FF oA A4S
knockout RS wujAlZl A3 +v A7 YEUYE S E 5 AT (Lombard
DB et al, 2000). E3% Wrn knockout +7Z A} Z}A|o Al temlomerase complexE
knockout A7l A3 Al A Warner's syndromed H]s=3dF S YERWTH
(Chang S et al., 2004).

. LMNA mutation (Hutchinson-Gilford progeria) A4S 53+ =3} -

_10_




LMNA mutation®] g™ #S mRNAZF A% o] progering A HE=d,
Hutchinson-Gilford progeria2tzell Al ©]2]dt  progerin®] ¥ A  #Hrh  FH,
progerine #}% & 3= transgenic "F-27F A H A=), o] vl-AE 27| =349}
g1 A4S HYtE (Animal Models of Aging Research: Implications for Human
Aging and Age-Related Diseases* Annual Review of Animal Biosciences/Volume 3,
2015/Mitchell, pp 28%).

TERT =9°}% (Dyskeratosis congenita) =9 AAFS F3 o &3

Dyskeratosis congenita’} A+ TS 2 telomeresS 741 9217  telomere
complexE ¢]+ TERTO| mutations 7F<]3l k. TERT7} overexpression 2 7%
Wnt 3|25 @43t A2 5 o Aeshy st wnt 32 obf S FA %

== AL ¥y (Strong et al., 2011).

. Klotho ol 2d AAHS &3 agingd+ @&
pzs

nj o A 1997 Klotho w229 w48 AlFte & (Kuro-o et al, 1997), 20031
Klotho knockout v}-$-227} A2rE o™ (Tsuyjikawa et al., 2003), Z F = Klotho
monoallelic knockout ¥+ biallelic knockout vF--22& ©]-&3}4] Klotho®} 1= <ls}
of A stE S8 dadaAe g Aol MBH L 9
(1) 719944 (Shin et al., 2013)
F A Janus kinase 2 (JAK2)$} signal transducer and activator of transcription
3 STAT 3)& #aAZl A3, dvle|A klotho mutantE AUl A= wp-27}
EAE AT o] whZolA = o)A TEla 7)o #yE Ml mAChRe &
E A7 AddH
(2) Wound healing(Yamauchi et al., 2016)
- R ol S Fal ATd Ay, dFel #olst= mRNA, IL-1betat
TNF-alpha’} Klotho knockout 7}-$-22 Edol A wild type "F$22 HUF ¢ =7
54 9 A& 9o & AdArh
(3) =29 Z+3s 9 4 (Leibrock et al.,, 2016)
Klothow= @#9 A 3|3t5 A8, volo] W& AW & AA|gth Klotho?}
A vz = Azbe o] 3 A 3]s} aginge] #HEEH AT ]Eid
A= w20 A &2 acetazolamide 0.8g/15 713k A3 Fof=
o —’F‘ﬁg 7 9] SHH 7}77} ] 5% 3 trachea, lung, kidney stomach % U}

_%L‘mﬁ_hi
o 32 R 1T

o
O

#d 53] oA Klotho f3A2 T4 ¥ Skin-activating &3-S 238 d3sl=
1E ”% olE ZAgYsteE Wl g 537t SEHAT (02634262
(2017.05.31.)). T3l A XA A 3]s} 7\2]/] A a2E 93 soluble Klotho, FGF23,
ae]ar FGFRe 534 &4 wztdsS &8&sts A8Wd dig 537 5553
ot} (05927782 (2016.05.13.)).

N

_11_




uti)

3. 4723 FUY 7ML dI3dA A= A
71E7t A% Klotho vF9-2 2EE o] &3to] Klotho ATE st o}, ¢
s, Adelstom §AF gEs mde AT % mde] False] ggith

L
2 RAdta Bhse HAE ol4% wY

Ae Hzz A sw, gdelsyo )
L BRI, olF o3l FF9 Aol w3 I w@ AR JA AT
E vk mdo] 2 AR FRY 5 AL Ao 4z
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Al 34 ged UE 2 25

A 1 &. Klotho #2d 2 238 MIEIF 44

1. Klotho #+AA 2=32d 4 &4

Hind 1
Kon |

pcDNA3.1/

V5-His-TOPO

Modified image from pcDNA3.1/V5-His-TOPO (Life technologies, CA, USA)
www.addgene.org; (Plasmid #17712 )

2% 1. Addgeneol A G913k human Klotho plasmid®] ¥&H2E

17t Klotho F+#AA7F ¥3FH plasmid (plasmid # 17712)5 www.addgene.orgll A
bacterial stock®] FEHZ FHd3te] FRIFFIH(L™E 1). F+Y g bacterial stock= ampicillin
o] X3tH plated] streaking= E‘GH/H single colonyE & X3}, colony 37HE & H 3t
broth Mg o =z FZ3 T A3 A (BamHI and XhoD)E EaA 319 colony’} KlothoE
7FA1 AL )= colonySl AS EQlslirt.

D B S

I

2. Klotho #¢d 9 fx=dd 9y A3

7}. Klotho & vectord] A=t

_13_




‘OO Ene s
B
o8OI Enec

198 3. Destination vectord 94#~E. A. pB-CA-Klotho-2A-mCherry®] E2A%, B.
pB-Tet-Klotho-2A-mCherry2] 2%

WA Destination vector® piggybac sequence® 7} 3L, CAG promoter®l] <2]3jA =+
&3t pB-CA vectorg AA4stAth olgA AAE vectorel] Klotho f+3d2Fet mCherry
FAAE FMD  virusol Al frallgk F2A  sequenceE  ©|&3dto] AASAA FA
In-Fusion cloning kit (Clontech, CA, USA)E o]&3lo] AYdst= A=FE A837]= &)
Ak (2" 2).

o] = )3, Klotho A= forward primer
(TTTTGGCAAAGAATTATGCCCGCCAGCGCCCCR) 2+ reverse primer
(TCCTGTACAGATATCTTTGTAAC TTCTTCTGCCTTT)E ol&3te] 5= HA s,
mCherry F+AA= forward primer (GATATCTGTAC AGGATCCG)® reverse primer
(AGAGGGAAAAAGA TCTTACTTGTACAGCTCGTCC)E o]&3ste] o= AAsto +
HlskAch o2 A #v]® F PCR fragmentE< 2] Bglll¢} EcoRIS. & double digestion
S &% pB-CA vector®l In-Fusion cloningS A 33ste] ald 27 449 colony=
restriction enzyme & AflllIE ©] &34 cuttingdle] &3}t F714 = sequencing
°J wHer HFHom Felstdn o] FEA Aol vector?] ol &
pB-CA-Klotho-F2A-mCherrye} ™ ¥ 3} 33t}

. Klotho =& vectord] A%t

o] Mol = destination vector® piggybac sequenceZ 7}A| 1L, tetracycline AlA2] °oF
o] SojztS Ag-ovt HdE = CMV promoterE 7} pB-Tet vectorE AME-3F1
t}. pB-Tet vectori= BsrGIE o]&3lA nlg] ZEFaa, 7] wEoE
pB-CA-Klotho-F2A-mCherry°oll 4  Klotho-F2A-mCherry %%, forward primer
(ATCACAAGTTTGTACATGCCCGCCAGCGCCCCG) < reverse primer
(ATCACCACTTTGTACTTACTTGTACAGCTCGTCCO)E &3l <% AAl"d PCR
product®} In-Fusion cloningS *38dle] #F pB-Tet-Klotho- F2A-mCherryztx "8
3t FFEwd vectorE A 2SSt 9 Al mEREFA] R restriction enzyme & EcoRIS o] &
A cuttingdFR 1L, F7FH S E sequencing?] WH S EdlA Y HAAY AR E

shelskait.

_14_




3. 98 =<l 93 Klotho #2d R #=2d vUAA Ax5F F4

Control CA-Kiotho |~ Tet-Klotho (+) | =~ Tet-Klotho (-)

¥ 3. Klotho #2@d 31 F=203F AlEe] AdvkA (A-D) 3 3 1 (A'-D)

ol FHAE WoFXA & control AlXE (A and A’)olA+= mCherry2] expression©]
A3 detection® A & gko 1} pB-CA-Klotho-2A-mCherryS & 2 A3l 511 selection”7FA]
2l Al¥x CA-Klothozt W™, (B and B)¢t pB-Tet-Klotho-2A-mCherryE 3 & A k3l
AlZ, Tet-Klothogt WH, (C and C)ellA & ddS g3 = dAJTt (27 3). 53
Tet-Klotho (C and C, D and D) % °lA+= doxycyclines 2] %F Tet-Klotho(+)Z 1,
(C and C)ollA+= mCherry®] #ado] FRls = ¥l FAAE ol &3 ddEE vzl FH
doxycyclineS A #]3}A] & A E, Tet-Klotho(-)Z "™, (D and D)ollA+= mCherry2] %
dol A" As gdT F U (27 3). O]% FaA AT Zé%”jloi destination
vector’b A E RS 7MAHo® FRlstial, A AEE ol &AM FHA A EAES
B HITAA HNEF HIT AR= /\}%%‘:}. stARE IfelAE & 1N
Tet-Klotho(+)9] #d2 CA-Klothod] @@ Hs|A dAsA e AL AT & 9\)\3—’,

=z

O

—

Fﬂ

st Aow oy = Klothodl wd o] Tet-Klothoo| W34 CA-Klotho
=S Zolgta ddE = Q.

_15_




A PCR
(+) () € CA Tet(+) Tet(?)

Klotho

B  RT-PCR C
M (#) () € CA Tet(+) Tet()

5
M (+) (-) C CA Tet(+) Tet(-) £ "
i 15
B-actin | ’
M ; Marker s I
{+); Plasmid vector (pB-CA-Klotho-2A-mCherry) or cDNA from p
other pig for B-actin Control Cadothe  Tetfothols)  TetXiothol)

{-); Negative control
C; =2H-1 cell gDNA

CA; 2#-1, pB-CA-Klotho-2A-mCherry transfected One-way ANOVA

Tet(+); EH-1, pB-Tet-Klotho-2A-mCherry transfected with Repeated measures ANOVA
doxycycline Tukey' Itipl i test 0.001
Tet(-) ; E3-1, pB-Tet-Klotho-2A-mCherry transfected without HRals MNP E RS0
doxycycline

a8 4, AR dd E4S 53 dAAS MEF #HS. A, PCR results of genomic DNA,

B. RT-PCR results, C. Relative expression level of Klotho from RT-PCR results

N FAAE AlES] genomic DNA ol AtlE oA &&d ofFS Fetr] 5o,
PCR, RT-PCR % & AH&38tAth

WA 19 49 Aol F2ld S Q59| control AES A3 v A], Klotho &
2 FEUY AE A= Klothod A & 4 ATt =3 o] Klotho +xAke] HA
ol -5 RT-PCR= Fall ¥ 49 BelA g<leinh. o2 33 RT-PCRe Z3&
Image] programs &3t AolAQl HdAY EE 19 49 CollA vlaste] HkTh 1
A3} controle] HAHEE 12 FUS 49, CA-Klotho= 233 + 0.03, Tet-Klotho(+)&
219 £ 0.03, 18] wpAR9 o 2 Tet-Klotho(-)& 159 £ 0012 17 49 Col 3%EAIS A}
2E FYA Aolg Hola YUTH

/\
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Apoptotic gene expression

2.5 -~

15 4 W Caspased

| Bax/fBel-2
1 4 k3
05 | -
u 1 .

Control CA-Klotho

Tumor suppress gene expression

mp53
Eplé
+ *

Control Ch-Klotho

1.5

0.5 -

DNA methylation gene expression

u DNMT1
* 8 DNMT2a
£ ‘ * B DNMT2h

Control CA-Klotho

15

05 -

Pairedt test (*; p<0.05)

19 6. Real-time PCRE &3 Klotho 3}#d ¥ F=dtd M ¥xoA #d {721 Wstdd vo

fZz77 Klotho #dd MEE 25 FA3 A (passage no. 12)2 T L3 t}S, zHzt

2 cDNAE A3ttt &4 cDNAE o] 8314, cell cycled} ##o] A= ps33 pl62]

g o] DNA methylation? #& o] 91& DNMTI1, DNMT3a 18] DNMT3be] &«

ompx] Ul o 2 apoptosis®t #W#E o] Y caspase3, Bax 18] Bel-2 FAAbe] e oAS

A 2 H| s AT

Klotho #}9&l Al Z 2] A9 cell cycles 43t 714 p53d} plee] EF
%!

7y 35 A

a3 AL el it DNMTs (DNMT1, DNMT3a 22 12 DNMT3b) 2]
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TR B stH BE feold oz A AL Slskth Apoptosiset #HEE FA
ZFQl caspase32] 749 Klotho IEd A ¥oA FoHoz 743 a, Baxet Bel-29

ratioi= Klotho 2@ A Eol| A thzatel vlaiA o4 zte]7F gIATHH 5).

N

Al 2 A. Klotho &3 BAFZSH Ak 2 E4
1. Klotho #2d MUz AXF e BAFHS 42 2 £4

A Cleavage rate B Blastocyst formation rate

2 25+
100 & %

T

|

Percentage (%)

One-way ANOVA, Repeated Measures ANOVA, Tukey's multiple conparison test
(** p<0.01)
- No significant differences in total cell numbers of blastocysts.

a3 7. Klotho e 2 F2d MEE o83k x7| wjo} &g vju 23
=+ Al¥E, CA-Klotho 28] 12 Tet-Klotho AlEE Z+zt o] &3}o], A A FE o]z 23
, Hjole] Mg nluwsgt AEoas Ay [ 29 Fo FAHN G EAAM=
ke H q CA-Klotho%}

2 #AT & YAk AW %
%

i
11
juteil
=
=
>,
=
=

£
1o,
ofj
Y

M (+) C CA Tet

Klotho

- ==

9 8. HjRk¥ A RT-PCRE %3+ Klotho HAF o ¥ &kl
za Al¥E, CA-Klotho 18]3 Tet-Klotho A4 HE viwkxo] A zl3ystk

RT-PCR2] Ao CA-Klotho M¥E el wivtx Ao A= Klotho +7A] AA}
7F ERJEAA T, Tet-KlothoE ©] &3 A& A= Klotho F3A7F &1 A ¢ gk}, o
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23 o]+ Tet-Klotho7} ®iwFxEo| A Wdsls= 749 7]7F 59t doxyceyclineS #2814
il WHTOH 79 %ol RT-PCRE HEo] HA &2 Aoz 49 (219 7).

Klotho ##d % F=2d AxF 24 9 ol& ol &3 BAFAT 44k 31 £47t
Aol A3E (2017, Establishment of Transgenic Porcine Fibroblasts Expressing a Human
klotho Gene and Its Effects on Gene Expression and Preimplantation Development of
Cloned Embryos, Lee S, Moon JH, Song K, Taweechaipaisankul A, Jo YK, Oh H]J, Park
SC, Lee BC., DNA and Cell Biology, 36(1), = %], SCI, 10.1089/dna.2016.3482.)° =& A
A 5134

2. Zebularine A2l & &% Klotho I'Zd wivtE A& A5 4 79

7}. Real-time PCR Z 3}

Klotho & 2 fFEwdz #dd AFdA  Klothoe] Edo] DNMTsE
down-regulationgrth= AMA S et 1E]a oleld Ao R QA Z7] wjopd
G&o SAA FFS T AoE AzrEr. 1A olgh W& gl ET] fs)A
DNMT inhibitor?! zebularines A3 50 uM=Z 24 A13F At & A3 F1AE &
Aate] ®Bkth Klotho7b 38 ® A Eek= e, pb3at pl6ol= Fo4 < zol7t w3y
A %A "E, DNMT1, DNMT3a 2831 DNMT3b R-Fell Al o4l 3ha

N

E gl
SEA|gE o] 2%k zebularine®] *#] & 213k caspase3e S7ME F7FE @2l AlX o
Al AAEZ ol ARgslr] o dlxdted vlElA AR Fode AL gl At

(Data not shown).
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Apoptotic gene expression
2
25 -
24 ¥
15 4 W Caspased
 Bax/Bcl-2
1 {
0-5 | -
0+ T
Control Zebularine
DNA methylation gene expression
15 4
i !
B DNMT1
i # B DNMT2a
0.5 * ’ 2 DNMT3b
0 T T
Control Zebularine
Tumor suppressor gene expression
15 4
1 4
mp53
i h
05 +
0 - r |
Control Zebularine
Paired t test (*; p<0.05)

13 9, Zebularine (DNMT inhibitor)E # 2|3t A|Fo|A e A&H H

L. Zebularine 2] wlYs A Alxs o SAeAE Ak
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A Cleavage rate B Blastocyst formation rate
100- 20
*
~ 80+ =
2 60+ o
2 g
= c
o 40+ s
Fal 1
@ L1+
o 2 =
0

N
& &

& 19@

Unpaired t test, (*; P<0.05)

19 10. Zebularine A2 A|EE o]&3 AAE o]z Ay}

H] 3l A %%% o= AZol7} glAI Nk, wjdtE Hhdgol

Shletaitt. ol & F3lA Klotho #Ed Ao Al YERLY =
Zol &2 Klotho & el €3 DNMTI1, DNMT3a 228]3 DNMT3be] A 3=
A AA | A doJuhi= demethylation®] dhube] T3 ATdS 3t RS T

AAJT (29 9).

> ot o mlo BY
r

A 3 A. Klotho A Folx vUsHR] M=z g

1. 1A Klotho A2 4 RGEN A& ¥ &4 Hug T3 4 RGEN A9

RGEN RGEN Target Position | Direction | Qut-of-frame Score [NDEL ratio
klotho ex2 aRG1 AAAACTCAAGGTTGGTCCAAAGG 289 = 70.78906631 32.00%
klotho ex2 aRG2 GTTATACTCAAGGTCAATCCAGG 376 = 73.37560163 36.20%
klotho ex2 aRG3 TATTTATTGTAGAAAACGGCTGG 409 + 75.55305737 1.00%
klotho ex3 aRG1 ACGTCATTGGATACACGGCCTGG 21 + 64.04733264 3.90%
klotho ex3 aRG2 CTACATCGACTTTCTAAGCCAGG 100 + 84.29937326 0.50%
klotho ex3 aRG3 TAGAACAAGGCTGAAGACTTCGGE 137 = 61.935213 56.80%
klotho ex3 aRG4 TATCAGCTTTTGGTAGAACAAGG 150 - 63.18849712 13.30%

a3 11, 1A Klotho 32 KOS $3 RGEN A7 % 2% RGEN 4¥

= %] Klotho %2} sequenceZ pubmed, ensemble 5 £3] 7 M3lo] exons 43
Uk, Bz ko] fix|stHA =77} AA o2 719 sgRNAE HAIE 4+ U= exon
S Adstgtt. H A Klotho A4} exon2E EFAICZ 3l sgRNA 371, exon3S ElAIC =
3t sgRNA 4701E A4 2 A2 (Klotho exon? active RGEN (aRG) 1, 2, 3 % exon3
aRG 1, 2, 3, 4) 3t}
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3x10° cells/well, passage5®] porcine fetal fibroblastsel]l Neon transfection system
(Life Technologies, CA, USA)S ©o]&3t 1400V, 30ms, lpulse®] Z=Ho=z 7719
sgRNA/Cas9 ribonucleoproteins (RNPs)E  deliverydt A3} Klotho exon?2 aRGIl, exon2
aRG2, exon3 aRG39l A =& INDEL ratios E3°om™ (77}, 32.0%, 36.2% 2 56.8%) 7174
& &o] £2 Klotho exon3 aRG3S A ®&ict (29 10).

2. 489 RGENCS® Klotho KO PIUS® A3 ZIA @ HA

4

7}. Single cell £2] Klotho KO ®]UsiA] Al E£F 2 2 1A

#A.2
CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAGTCTTCAGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (WT)
CTTTCTAAGCCAGGATAAGAAG----—---———- - TTGTTCTACCAAAAGCTGATAGAGAAAAAT (-21)

#A.5

CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAGTCTTCAGCCTTIGTTCTACCAAAAGCTGATAGAGAAAAAT (WT)
CTTTCTAAGCCAGGATAAGAAGTTGTT----------—-- GCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (-13)

#A8

CTTTCTAAGCCAGGATAAGAAG----—---——= o= TTGTTCTACCAAAAGCTGATAGAGAAAAAT (-21)

#A.11

CTTTCTAAGCCAGGATAAGAAGTTGTT------------- GCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (-13)
CTTTCTAAGCCAGGATAAGA-——-------—-—- - AGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (-19)

#A12
CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAGTCTTCAGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (WT)
CTTTCTAAGCCAGGATAAGAAG---------——-———- AGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (-17)
CTTTCTAAGCCAGGATAAGA-——-------—--- - AGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (-19)

a9 12, A HA AEF (AR ZA 3 Klotho KO cell line®] deep sequencing 43}

Neon transfection system= ©|83}] Klotho exon3 aRG3/Cas9 RNPs deliveryE 3%+
single cell cultureZ %3}¢] single cell 2 colonyE #H3lo] HA AdiejFe 3}
ANEZFE FGHE3ATY 7 71 A2 dE NEFE AFEsg e, A 1A AxT (A)
2 ZAA3 127019 cell line (#A.1-12) % deep sequencing Z3E E3lo] 574
(#A.2,5,8,11,12)¢] mutationS &1t om, 1 = 2719 line (#A.8,11)°] biallelic KO <
gelstder (L9 11).

ke
)
o
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#B.3
CTTTCTAAGCCAGGATAAGAAGTTGTIGCCGAAGT TCTTCAGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (+1)

#B.4

CTTTCTAAGCCAGGATAAGAAGTTGT T------------- GCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (-13)
CTTTCTAAGCCAGGATAAGAAGTIGTTGC------ CTTCGGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (-6)
#B.5

CTTTCTAAGCCAGGATAAGAA-------—-—--- TCTTCAGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (-13)
CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAG----CAGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (-4)
#B.7
CTTTCTAAGCCAGGATAAGAAGTIGTTGCCGAAGTCTTCAGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (WT)
CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGA------------ TGTTCTACCAAAAGCTGATAGAGAAAAAT (-12)
#B.9

CTTTCTAAGCCAGGATAAGAAGTTGT T----------—— GCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (-13)

CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAGGTCTTCAGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (+1)
a3 13, F WA AEF (B)E ZHA 3 Klotho KO cell lined deep sequencing 2 3%

F 1A AEF B)E S 9719 cell line (#B.1-9)5 deep sequencing 232 =3}
o 57) (#B.3,4,5,7,9)¢] mutations &elst o, 1 F 4709 line (#B.3,4,5,9)91 4 biallelic

KO #Slssitt (21 12).

L}, Fetus 342 £3F Klotho KO "YU A MEZF 2HA] 2 B4

Recipient No. of transferred Pregnancy No. of recovered Absorbing  Ongoing
cloned embryos fetuses
1 173 No - - -
2 240 No - - -
3 163 No - - -
4 178 No - - -
5 182 Yes 16 9 7

29 14. Kiotho KO ZA54 el e o4 9 fetus 35 A3
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@

a9 15, (A) Klotho KO EAFAT o] & 28dx9] tjg]xe] 25 ARl (B) Aol fetus
A7

Wild type genomic DNA
I CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAGTCTTCAGCCTTGTTCTACCAAAAGCTGATAGAG
Monoallelic modifications
Fetus A4 CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAG-CTTCAGCCTTGTTCTACCAAAAGCTGATAGAG -1bp
Fetus A5 CTTTCTAAGCCAGGATAAGAAGTTGTT-------=---- GCCTTGTTCTACCAAAAGCTGATAGAG -13bp
Fetus A6 CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAG--TTCAGCCTTGTTCTACCAAAAGCTGATAGAG -2bp
Fetus A9 CTTTCTAAGCCAGGATAAGAAGTTGTTGCC-----=-=mnmmmmmmmmmmm e GATAGAG -30bp
Fetus O1 CTTTCTAAGCCAGGATAAGAAGTTGTTGC------ CTTCAGCCTTGTTCTACCAAAAGCTGATAGAG -6bp
Fetus 02 CTTTCTAAGCCAGGATAAGAAGTTGTTGC--AACTTCTTACCA---TTCTACCAAAAGCTGATAGAG -17bp,+12bp
Fetus O3 CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAG-CTTCAGCCTTGTTCTACCAAAAGCTGATAGAG -1bp
I3 16. AEEA & Klotho KO A& o] &3lo] A2kd glole] Klotho ## A} exon3
9 FAA HAFY BA %, Fetus A; Absorbing fetus, Fetus O; Ongoing fetus.
: o O Fal ] N Iz 5 5] 305
Single cell 2 colony®Z cell lines FH3IHA AAE Fola G FXo] A3t A

<!

I gRE 2Hor 3 Aol A ‘ﬂr—rgl colony”} senescence®] A cell line©]
FA7F e slom, AlxZel Ayt dsl (1AW, 9AY) =obsth AlE o+ £33 EA
FAT A D A (FAA D S 2ol AREEhr ] REEtthal dekE k. we)
A, Ags FAsto, EAFAgTE Aol Abgstr] AAg v At porcine fetal
fibroblastsell sgRNA/Cas9 RNPS% deliveryéiL A& Axeo] Aglo] AAEo]AS
slo] the]®o embryo transferE 3 % 289 AFZ R 3lo] fetusE 3|48te], T7TE1L 2
deep sequencings E3le] KOoJH-E EA3 & primary cultureE %3] 213 Klotho
KO cell lines ©]-&3}9], recloningdt+= Wako FAsIG T F 59, g o]
AstRow, 15 1ntke] o] il RelA dalE gelst

st (19 14). & 16729 ®loF 5 9ntel= & SOl Of’% 7‘3}\3]7} ”0}9,191 o]
rolole EHotg o] &3t dAmMYs F3 MEFE &

_l

3tk Deep sequencing EJJr

i)
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EAE Sl S5 ot o] ®Hofol A 4wute] B Aobdl= 7HkE o] ®Hlop F 3mbg] ol A
monoallelic KO°| =HASS FAstATt (17 15). Aoldl+= 7UPE]il"%Ei R R
%, Fetus O1, 02 % 034 monoallelic KO°] &9l ¥H%o™ 1 % Frame Shift7} 2
g Fetus 02 2 035 o] &3t %5 A& Agstirt (L# 15).

M 3R] & Klotho KO A ¥EZS o] 83l ejo} A & o]= o] &-3le]
2 Klotho 9% AXF2 AAE E3 FY3d. (F9Y: 2017, Klotho o
ol AHnd FE 9 o]o ££L  AMEYsuw AstgHEd giIv=, 99

$.:10-2017-0127415)

:(0 U:RE
N
N

. Klotho KO "|Us| A AXF f EAo

>
(=
o,
[

g,
4
1

7h AddskA &8 Klotho KO A& |83 Klotho KO WU A A+ A4 A
4
No. oocytes No. of embryos developed to (%) Mttt
Hligpoups Blastocysts (%
Injected Fused (%) * = 2-cells** Blastocyst *** asoCysts (%)
Non treated 61 58(95.1) 46(75.4) 6(9.8) .
Transfected 219 195(89.0) 149(68.0) 20(9.1) 13/20 (65.0)

*Percentage of the number of injected oocytes.
** Percentage of the number of fused oocytes undergo cleavage.
*** Percentage of the number of fused oocytes developed to blastocysts.

13 17. Klotho exon3 aRG3< transfectiondt donor cellS ©]&3F A|A|E do]x Au}
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(A)

bp M WT BL1 BL2 BL3 BL4 BL6 BL7 BL8 BL9 BL10 BL11 BL12
mﬂulﬂhuigin.!HHm
200 <233
<147
bp ™M WT BL13 BL14 BL15 BL16 BL17 BL18 bp M  WT BL19 BL20
TN -
- s - - <
233 06 233
0 <147 100 <147
100 -

(B)

Wild type genomic DNA

| CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAGTCTTCAGCCTTGTTCTACCAAAAGCTGATAGAG

Monoallelic modifications

BL3 CT-mmmmmeees TCAGCCTGT---------- TCTTCAGCCTTGTTCTACCAAAAGCTGATAGAG -32bp,+10bp
BL4 CTTTCTAAGCCAGGATAAGAAGTTGTT-----------=- GCCTTGTTCTACCAAAAGCTGATAGAG -13bp

BL6 CTTTCTAAGCCAGGATAAGAAGTTGTT------=--=-=- GCCTTGTTCTACCAAAAGCTGATAGAG -13bp

BL7 CTTTCTAAGCCAGGATAAGAAGTTGTT-----------= GCCTTGTTCTACCAAAAGCTGATAGAG -13bp

BL8 CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAA--CTTCAGCCTTGTTCTACCAAAAGCTGATAGAG -2bp

BL9 CTTTCTAAGCCAGGATAAGAAGTTGTT-------------GCCTTGTTCTACCAAAAGCTGATAGAG -13bp

BL16 | CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAGTTCTTCAGCCTTGTTCTACCAAAAGCTGATAGAG +1bp

BL19 | CTTTCTAAGCCAGGATAAGAAGTTGTT-----------—- GCCTTGTTCTACCAAAAGCTGATAGAG -13bp

Biallelic modifications

BLL | CTTTCTAAGCCAGGATAAGAAGTTGTT-rmseemmemns GCCTTGTTCTACCAAAAGCTGATAGAG -13bp
CTTTCTAAGCCAGGATAAGAAGTTGTTG---—-CTT---—-TTGTTCTACCAAAAGCTGATAGAG -15bp,+3bp

Bl ITCTAAGCCAGGATAAGAAGTTETTGCCEARGTTCTTCAGCCTTTTCTACCAAAAGCTGATAGAG +1bp
CTTTCTAAGCCAGGATAAGAAGTTGTT--n-mrmneef GCCTTGTTCTACCAAAAGCTGATAGAG -13bp

B0 | TTCTAAGCCAGGATAAGAAGTTGTTECC GCCTTGTTCTACCAAAAGCTGATAGAG -10bp

BL15 | CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAG-CTTCAGCCTTGTTCTACCAAAAGCTGATAGAG -1bp

BL17 | CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAA------rmsnnr GTTCTACCAAAAGCTGATAGAG -12bp

9 18, AHEA &2 Klotho exon3 aRG3<S transfectiondt donor cellS ©]83F A AE o]
A& &) A4rE Klotho =ol wi¥tx el B4 (A) T7E1 4 A3}, (B) Deep sequencing 4]
23}

Za A3, Klotho exon3 aRG/Cas9 RNPs7} transfection® A2 27] ol
e A kgt wpitE BG5S AT tiRa AE 2 transfection® A EES o] &

H owjolo] widbE rgES Xolrt v (L9 165 ZH7, 9.8% 2 9.1%).
St transfection® A X5 o] &3lo] AT+ viHEE oA TT7El 13 3l deep sequencing=
&3 A Klotho f+x2+¢] KO ofF& sttt AA 20789 wivtx 3, 137 (65.0%)7F
mutationo] dolwkom™, 2 F 57 (385%)7F biallelic KOS® & &S Bt (29
17).

L}, Single cell & Klotho KO M*2E ©]&3 Klotho KO "YU} =] EA|4=A e A4t

=]
ERERE
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No. of oocytes No. of embryos developed to (%) Mutated
NT group
Injected Fused (%)* = 2 cells** Blastocyst** Blastocysts (%)=

#9 cell line 25 24(96) 18(72.0) 2(8.3) 2(100)
#9
CTTTCTAAGCCAGGATAAGAAGTTGTT---------- - -GCCTTGTTCTACCAAAAGCTGATAGAGAALMAT (-13)
CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAGGTCTTCAGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (+1)
BL1L
CTTTCTAAGCCAGGATAAGAAGTTGTT---------- - -GCCTTGTTC TACCAAAAGCTGATAGAGAAAAMAT (-13)
CTTTCTAAGCCAGEATAAGAAGTTGTTGCCGAAGGTCTTCAGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (+1)
BL2
CTTTCTAAGCCAGGATAAGAAGTTGTT---------- - -GCCTTGTTC TACCAAAAGCTGATAGAGAAAAMAT (-13)
CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAGGTCTTCAGCCTTGTTCTACCAAAAGCTGATAGAGAAAAAT (+1)

% 19, #B.9 cell lines o83t A AHx dola Az} 2 wut¥ o] deep sequencing= ©]

€3+ Klotho KO A=

2 o g A A EMo] A of HgslH] AR oA WHE homozygous KO cell line
T ME BGH ME 7 7S AEZS #B9 cell lineS ©]83to] AA X oA S H s}
ATk oF 833%9 wiHMI¥HAHES HPOo™ deep sequencingl® FHE3d A #BI9 cell
line¥} & INDELS|] Z3E Ho] single cell 8 homozygous Klotho KO cell line=
23 o w AREE 7 e ThesAd S RISkt olF o] AlEF WS Klotho 9HOE
Bttt (L¥ 18).

Single cell fr#l Klotho Fo}% MEF A 9 o] & o] &3 EAF-AHAY A4t
2 FEXN71x]e] A3E (2016, Production of homozygous klotho knockout porcine
embryos cloned from genome-edited porcine fibroblasts, Lee S, Jung MH, Oh H]J, Koo
OJ, Park SC, Lee BC., Journal of Embryo Transfer, 31(3), =4, H|SCI,
110.12750/JET.2016.31.3.179.) =& AA 3t}

¥,

CRY

4. Klotho KO #lUshx AZ W} #5238 9y 9% 53 AZF 24

g 105 5 ot g WEHIN (RGBS |

29 20, ARG AR fERE wEHe BAE
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.

a3 21, Fetus 02 (WT/-17bp,+ 15bp) A EF| hKlotho FE23 HE S =3 A EL
AnkALR (A-C) 2 F33AEE (A'-C)

A PCR C
M (+) (-) Fetus 02 Tet(+) Tet(-)

\ hKlotho expression level by RT-PCR

2.5+ b

B RT-PCR 2ol
M (+) () Fetus 02 Tet(+) Tet(-) ]

5 - 2 1.5
1 o
hKlotho ] i | %

M 2 101
K
[T}

M (+) (-) Fetus 02 Tet(+) Tet(-) € 0.5

ﬁ-acnh w o Fetus 02 Fetus O2/Tet (+) Fetus O2/Tet (-}
M ; Marker

(+) ; Plasmid vector (pB-Tet-AKlotho-2A-mCherry) or cDNA from
other pig for B-actin

(-) ; Negative control

Fetus O2 ; Ongoing fetus2 cell line

Tet(+) ; Ongoing fetus2, transfected with pB-Tet-AKlotho-2A-
mCherry. With doxycycline

Tet(-) ; Ongoing fetus2, transfected with pB-Tet-AKlotho-2A-
mCherry. Without doxycycline

a9 220 AR Td BAES T3 FEAS AEFe HF. A PCR results of
genomic DNA, B. RT-PCR results, C. Relative expression level of AKlotho from
RT-PCR results
12pd =0 Y3 f-=93d #WE pB-Tet-Klotho-F2A-mCherry plasmidsS o] & (1
& 19)3te] Fetus O2 (WT/-17bp,+12bp)ell transfection ¥ Neomycinel 2 A3} 014,
doxycyclines A g ste] hKlothofr A7} %= TdAE =45 PCR, RT-PCR ¥ mCherry
dow HFekdot (29 20). PCRE F@lA F+x=¢d hKlotho A2 A<,

RT-PCRE %34 hKlotho FA=}2] AALS el (29 21).
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5. # =24 WEZL &€ Klotho KO PIYH A AXF 3 EATZSE A4 2 &
A1
A
No. of embryos developed to (%)
NT groups No. of embryos cultured
= 2-cells** Blastocyst***
Fetus O2 109 91(83.2 £ 6.3) 14(12.7 £ 2.3)2
Fetus O2/Tet-hKL 116 99(85.3 £ 1.9) 22(19.2 £ 2.8)°

* Percentage of the number of fused oocytes undergoing cleavage.
** Percentage of the number of fused oocytes developed into blastocysts.

a8 23, 23 e 7 A83 Klotho KO donor cellS o] 83k AAE Hoj2 Au

!

e

o El7F A8¥ Klotho KO AZF5 o] &sto] HAlFAddS Aitsislan,
Klotho KO Al 9 fFE2d WE 7 485 Klotho KO MXE 3l fFefd HAujore]
A g vusdh 1xd = A3t 418, hKlotho7b %3
TdFolA M2 E A EC] FoeAl FUksteE Ae FdE F AJT (L 22). Single
cell 22 Klotho KO A2 (Klotho 9), fetus 212l Klotho KO MXFE (Fetus O2
2 03)7 A, o] AEF JA| EAFATS g AAEste] Klotho KO = A AAHS 9
3 WE7ist @ e R o] Ao AFEH A

q Z

A 4 A. Klotho FA2F Zol-2 wUs=]=| A4
1. =23 ¥WE 7 L9 Klotho o2 MEF §8 BEAFAD AU o] 4

Fregd WE 7 485 Klotho KO A2 (Fetus O2/Tet-hKL)S 33 Ax w457
st gigl R 33] A ol o 13 dAFHJo, dA F FAE AT

2. Klotho =o}% wl U=z At
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Date . . Embryos No. of viable cloned

(Place) Recipient Cell line Type (genotype) transforred Pregnancy piglet
1(21}%;3 28-72 Fetus O3 monoallelic (WT/-1bp) 205 - -
[Sye)
1(601'_12;‘ 35-94 Fetus O3 monoallelic (WT/-1bp) 240 - -
1(21&11)5 60-85 Fetus O3 monoallelic (WT/-1bp) 246 = B
[y
170105 . . .
(2Ah Y167-38 Klotho 9 biallelic (+1bp/-13bp) 208 + (abortion) -
1(7203\?)3 Y166-88 Klotho 9 biallelic (+1bp/-13bp) 125 - -
I(Z,(ﬁ};) 76-186 Klotho 9 biallelic (+1bp/-13bp) 115 - -
L O
1(33(:'19)3 71-15 Fetus 02 monoallelic (WT/-17bp,+12bp) 247 - -
_o
170324 . .
(2Ah Y166-63 Fetus 02 monoallelic (WT/-17bp,+12bp) 276 + (abortion) -
170414 . .
(24h Y166-66 Fetus 02 monoallelic (WT/-17bp,+12bp) 212 + (abortion) -
=K} N, 3R
170510 ) A 5;){%F .ﬂ&’;mﬂ
(24h Y170-62 Fetus 02 monoallelic (WT/-17bp,+12bp) 176 + (abortion) =y B2
sampling
XS, 11749
170609 . e 4€H Hh fog I,L ,'i, !
(24h Y171-33 Fetus O2 monoallelic (WT/-17bp,+12bp) 204 +(/h=) o, A
sampling (371 H4h
1(212};& Y168-56 Fetus 02 monoallelic (WT/-17bp,+12bp) 104 + (abortion) -
170825 . .
(24h Y168-74 Fetus O2 monoallelic (WT/-17bp,+12bp) 92 + (abortion) -
170908 . .
(24h Y167-35 Fetus 02 monoallelic (WT/-17bp,+12bp) 86 + (abortion) -
170616 Fetus 02 monoallelic (WT/-17bp,+12bp) 289 .
(24h Y166-84  petus 02/Tet-hKL /hKlotho (173+116) * (abortion) i
170623 Fetus 02 monoallelic (WT/-17bp,+12bp) 129 .
@Ak Y16686 s 02/Tet-hKL IhKlotho (65+64) * (abortion) -
170629 Fetus O2 monoallelic (WT/-17bp,+12bp) .
@4h Y173 petus 02/TethKL /hKlotho 282(178+104)  +(abortion) .

% 24. Klotho KO A5 F8 A4 &e] AW o2 A¥ 1

Single cell 3¢ Klotho KO A~ (Klotho 9), fetus f+#1¢ Klotho KO AlXFE
(Feuts 02 2 03) 51; frEdd HE7 485 Klotho KO M2 (Fetus 02/Tet-hKL)&
o] &3t EAFATS g AAEAoH, Fetus 03 (33]), Klotho 9 (33]), Fetus 02 (83])
2 Fetus 02 Al:E 9} FetusO2/Tet-hKL MXF&E #Zo] AFE (33]) s, Klotho KO WY
$HA B f8 T 173 AW oA s AT 64.7% (11/17)9 =& dAES S48

Geu, FAAE L5 FAHAT. 94 540 FAHE FBE wolx o], Kiotho #
A AU GAA AT FReAL ZARod, A2 A, 4 Q0T
F (94 guE o % sl A A S oz

=5

: ] Efukel A Klothoo] W& o]
a A A ATt (Cecatil et al., 2016). O]EEO]-, ) Al-G-#] ¢} Klothool 4
TdAA ] et Aol Hrt vk~ ®Eol A5+ Klotho monoallelic % biallelic KO =€
of AAtH o mhg-29k A= fFetH o w BRke] F-xol o]t Q17| Wi

1

of #| XA Klotho KO E2d& Ast7] o g 7FsAdo] AT Aoz A7zt dr}, vpg-x
o] A5 g 2 2Ao g Aol guts T, Hx e Ag- Ay g EA et
=z

F}al7] o E Fxolv, o]Z <23le] Klotho KO Efjo}e] e

_30_




o - Ejwtel A FAE Klotho7F E Ao ola] BHAE X ¢rol JAl FX7F o= 74
o] vt Klotho #do] 7Fa=E 79, Klothodl 23t Insulin/Insuiln Growth Factor (IGF)-1
signaling®o] A7} A5k, o] <Qlste] &4d3}¥ Insulin/IGF1 signalinge] FOXO1&
Aske] FOXO1el <&l =4 ksl B §1291 MnSOD ¥ CAT9] #d oA 7+
stAl ®rt o] 2 Qlste] Ao MEAPES I F7F Hof Ejnbo] EAE WA HaL, RA|
Klotho¢] ®HAo] §low A7 A Ao= AZE. o] 7hA

wolg WA e] fAA BA B4 5 A% FRA BAsdT

-
.

o

T

=
o

BB 4

S S ofglel 4) Klotho

S
o]
A2 S

L

=

o

4%
4o

3. Blo} ® AR ## Klotho Fob AEF &1

Wild type genomic DNA

| CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAGTCTTCAGCCTTGTTCTACCAAAAGCTGATAGAG

Monoalleic modifications
Fetus O1

CTTTCTAAGCCAGGATAAGAAGTTGTTGC--—--CTTCAGCCTTGTTCTACCAAAAGCTGATAGAG _6bp
Fetus 02 | CTTTCTAAGCCAGGATAAGAAGTTGTTGC--AACTTCTTACCA---TTCTACCAAAAGCTGATAGAG -17bp,+12bp
Fetus O3 | CTTTCTAAGCCAGGATAAGAAGTTGTTGCCGAAG-CTTCAGCCTTGTTCTACCAAAAGCTGATAGAG _1bp
a9 25, "o} {8 Klotho ol AlEF
ok 33 Fetus 345 %3 Klotho KO "YU A A¥xF A 2 B4 degfo) A 3
ot Aolol= 7 whEle] HolZREEH dAuYg 2 Deep sequencingiAlS Fsle] 3 7
(Fetus O1, 02 % 03)¢] ®jolf Klotho monoallelic KO AlE£FE gHEATE (28 24).

4. Klotho

=
=

obx WUsA Y 34 Td £4 T AT
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>

(b)
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2

(b)
Foxo1 MnSoD CAT

—_
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~

o
o
o

L

1

1
o

Relative expression
°
o
o
Relative expression

Relative expression

°
°

T X T 0.4 T
WT Fetus 02 WT Fetus 02 WT Fetus 02

(@]

(b)
Bax/Bcl-2 Caspase3

Py
Q)
~

IS
»
o

b b

w
o

Relative expression
~N

Relative expression
° -
o o

o
o

WT  Fetus 02 " WT  Fetus 02

a9 26. Real-time PCRS %3 Klotho KOAZEAA =& f-Ax HIkd 1ok Fetus 02; |
monoallelic KO fetal cell line (WT/-17bp,+ 15bp).

A B

Bax/Bcl-2 Caspase3
b

-
[}
h
[ nd
g

a

b

e
©
1
-
n
1

e
w
1

Relative expression
o
-]

Relative expression
o -
o °

o
o
o
o

WT Fetus 02 WT Fetus 02

9 27. Real-time PCR& &% Klotho KOAMXEF el BEAFAG S A FHA Ay 5
Klotho monoallelic KO fetal cell line (WT/-17bp,+ 15bp).
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Klotho KO "Y==] 2 AM*EF (Fetus 02; Klotho monoallelic KO fetal cell line
(WT/-17bp,+15bp) & ©|&3t] FdA &#d B4S WPt IGF1 signaling?t ¥ o]
= IGF13} IGFIRS] 2d o]y, FOXO1 % &4akstel @ o] 3= FOXOI, MnSOD 12| il
CAT® 3oy npxjuto 2 gpoptosiset #HH o] 1= Bax/Bcl-2 ratio ¥ Caspase3 %A}
o Wy FFe A= Blusdth

Klotho KO Al¥¢2] 29 IGF1 signaling®l ¥#odl= IGF1 3 19 =842 IGFIRY
AA g o] RF fFojAow FHAag S glekqth. o]+ Klothodl & A= A=
IGF1°] Klotho =opel wel st weah BAAHQ) wrgom Azhen, =3 IGF1
signaling®] €A stel ¢]ste] FOXO19 wdeo] A <A, FOXOlel 45 W= 3Aks)
| fF42Q1 MnSOD ©F CATS] #d A 4 Aoz Aztdn, Axix o=z yAsh=

™
A3 AR WE AR QlE apoptosis®t WHEE A Bax/Bel-2 ratio®] 9] A
o

2L

]_
7} @ Caspase3 9% A= dbgdm it} o] Klothoo KOS Z apoptosis?t Z71HE 2
5 HolFErh (g 25). o] Klotho KO AMXFE o] &3t njwtxs Aitstglon, &
]-&3te] apoptosiset ¥ E A HA EAS ATt AEoA e T G mk
]
A

(e OW 00{‘

Jut

O

ZFA 2, AR A = Bax/Bcel-2 ratio @@ o] F7Fel o Caspase3e] Wdo] feoxoz
FastAtt (17 26).

Ay o2 Klothoe] KOS Z 23le] Klothool 93] 34 =W IGF1 signalingo] &4
3l ®a, o]& 9late] kst FHA (MnSOD % CAT)9 @HdS ZE3d= FOXOlo] A
Hof, kst Y] Bl AR oA A HW, o]2 <Qla] AE B ofugt AEE o
g3lo] AAFe iRk A% apoptosis®] SR olojA| Al Hi= oz MU EA b
ofrlgl Bfjolell & ol Fafl Eivto] FAH 7] wiEoll, viwtE o] A apoptosis 5 7F= H o}

fref BiRbe] AR O] JgS = som Juyn, 53] Ao R Jug A et
< Zt1 e #HA A Klotho KO Ejole] F=3F KlothoZ} EAl ola BAZE A eF=thd
o] zlo] HFAtel A= Aol F83k dRle] H Aoz AT webA, gk 2=
¥ 343 Klotho Ho}% EjuFS o] 83}9] Klotho Fols-o] Bluke] w X ke ojs}e]
S Agsta 9

7h FAE

(D) =] adstex o] TdzAet JEUlE o] &3 AR M ddiof staus] 2ot
2 S dTAe] aws Fal AN dTedes Ao RA, AFERE st
TR ok AT FH B st d wjysix] R Hed b aEA] A
WHE SR skln

2) AF-AEZ7NH((F)EA, (F)Fed)d AaA S FAMA, F714 39 A& S35
AT WY s AHska, & AAe] e e g iholA N & A A FHA




Hfeta QA o @Az 0 Fu7l olH e 7Eee HAH o o AxgE o] &3
o2M HA Ax &S 98 w=Haoh

g 329y

(1) Fdx 22¢ 2 &d Ay

(7h) = A Klotho +d %22} reporter Ak (F3 Wz L= JAA AE)E gateway
PCRS 3t Id Wy E /st

(W) F249d< A8t F32 FZFol recombinatione] dojd 4
BP, LR recombinationg E3lo] T3 oz FHAE 2ad A
g3t vt

(th) <949 ®EE DHba competent E. coliZ ©] 839 transformations A A],
miniprepS %3] positive colony A3}t

(2}) ¢4 ¥ DNAT transfections 913 Maxipreps A AIsto] Aol A3 T

1,
Y
al
;e
r
o
o

(2) Az EE W AEY =9
7hH ¢dE MHE MEWE EYdst7] 918t electroporations ©] &ttt
(4}) Transfection ©]5 Aol AEE 3X10° cells/60mm disholl ¥} %&}31 T},
(th) 80% confluency e MAEE trypsin A2 ¥, DNA 1 ug7} ¥orE Soly 5§
33l Neon® =2 electroporationdt ¥ Al 2% 60mm disholl =323}
(2 2441 o]y viF RS wA S F o] ¥ M AAS Fg A vt

(3) Al vk 2 A

7hH AE 8j%FS 93 71E wjx 2% DMEM, 10% FBS, 1% penicillin/ streptomycin,
1% NEAA, 100 mM beta—mercaptoethanols ©] &3}, A ¥ A= FBS
o] ¥ &S 15% % =ojA ALE3sFTh

(W) HegdA
D PBSE 33] A& ¥ 478% paraformaldehydeZ ©]§3}o] fixation (F 20%)3} 91t}
@ 0.1% Triton X% permeabilization (2F 20%)A A 3} t}.
@ 10% goat serum© & blocking (°F 1A17F) A A8t}
@ A7A 3% primary antibodyS 2§ (WAL, overnight)st St
® #A7A 329 secondary antibodyZE Z-& (¢F 24| 7h)&Fd T}
® conterpart staining©.Z DAPI @S AA|ste] MEe] EAS 9 3A T
@ 19 27 2 A" & AT AAEA, Axe] SA4S et 98 "W d

gk A 91 AA o] & ggEolA AdS5S Rkt
(th RT-PCR ¥ real-time PCR
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ol 1 CDNAE 4, RT-PCR % real-

@ E24Fd42l Klotho ¢Jol%= Al¥E7F 431
pl6, DNMT<9} 22 fdzke] 4dS H

R L ELT
@ o F Wakel FH4 AL /H ALE o] §3te] Aol
i EES Bt

¥ 28. Immunostaining of various cell types

(2}) Single-derived colony &}
@ Klotho $Ax} ke 2 mol9 IS =
T colony—e— R3] 98, AE 34

o] AIXZE 100 mm2 H ¥ )4 ol plating3d ¥ 7} colony=
o gl 0} ATt

oll
ol

(4) F=0d Alzw wE 2 g
(7}) Klotho f#=te] wrd s
system o] &3 WEHE Azl
O A =4 BHE YA = transfectiondt 3 oF 30A] 7F
ug/mlE A E 8 Feel] A7kt

AT AstzA, FAATY e
3l gl Aot

o
C
ol
o,
rir
po
filo
)
12
ule
2,
to ldl

A EF5Y FAAZARE M A EEERE
& 96well plated] =¥ 37, 1007)
Z

3t7] 98] Tetracycline inducible

time PCRS ©]-&3}9]

)
#3

= HEA] fFHaAR] P53,

4 B Ao} Ak ol

3]=3}o] sequencing a}

A}t doxycycline 172

o ARt Tl A o]

&3
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Dox+ Dox— Dox+ Dox—

19 29. Nuclear transcription factors®] A 4o <3k S W Al

DAPI

Fluorescence

() =2/471E 4d g g A5 deAdol diFE A$, 5ol promoter
(Ksp-cadherin promoter, BRDT promoter 5)& ©|&3}o] WaWeg =S A2k =

o]
AN

(5) Klotho %A+ A 418 RGEN A =%}
(7}) InfomaticsZ ©]-&3to] =% Klotho A +%= &<ldta 2] RGENS A%},
ZxY FAAE o8&t &S Hrtsksth
O FFgdwdoe] WA= g EY FAAE RGENZ FAle] Alxu FY3te]

al T 3o
RFP/GFP & o3& E3] RGENQ &% AZFo] 71534t
@ 29 29= B AFHo A F3 T2l tE AjgA e Wgow TTE1IC = TALEN
of A3gtst glx e FHA Az #H HAE A}
Day? Days
RG1 2 3 1 2 3 WT
+ T7E"

Ty —— -

713 30. TALEN 2]32ZE fdx AH.
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(W) A+ Fadqe] £&5 +=0]7] 938 RGEN Az diL7| el o] Feto] 3 ettt

(6) A A FE3o]A] EAx=Aet APk

H Sy

(71 Klotho & ol ATV SAEHE, o] MEE FAIAAER st 7] g
H¥ WY (Song 5, Mol Reprod Dev, 2009) 2.2 A A3 o] 2] of o] 83} T}
O =54 o A FRE AN AL)ds AR F GFAEE A A A2 A

7 BEE Asdas gt
@ Confluency 48le] NS EHA gz Ealdte] +=n]3d
3 Bisbenzimide ¥4} % cytochalasin B A2 & &3l Agdate] & A A3}
@ G FAANEE FUAT F A7A A5ow §F e

® 714 gAstE A F AL A g

) #g 7bsd W A FRTAA FA4 TE AWS RSkl AT P

ATt

Klotho =0}2 HZZ
RGEN 2% ﬁ_!% edl

: @
- !f-/;\ 3 Inducible
ﬁ":" - 3 Klatho

SIA MIE

3

=R+ 22 0|4

2
>{E
=)
A
1)
)
>
12
2L
o
£
12

¢t s
(7hH Arkd EAleg HHEJ 718} %Efﬂ EHFJEOH ol4et7] A7pA ALujFIt &

o] 7o wjgit},

(th) o] B HEAFATS o]FE iAol AXste] digR (AAUdA wd 2447t
THE oA Fgom FEeit)

(th) dubd Q)& Ho] 8 JMES T3l da #F & A Aeovt G
AFA TS oA srh
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(ZH) Aol dRzEE 4F T 2S9E o]&dto] R dAl qgi= Fel Jald
MAE F71H oz Jal §4 o782 B3}
(mh) o] A YFo 7 1149 F ALENE ) vy A AAS A3
2. FAAA
H1M 5 QF olme}

> Klotho 2p#! D|LIEHX| HIZZ At

> eows AlAH 0|2 Klotho 2p#
DILISHA] Mj=F 4t

> O|LUEX] fEF 25
(BSEE)

> EHEEE HEF
wHA 4 HEH)

» RGEN 0|2 Klotho KO M|Z=3 Al

> M =soly ggo=2 Klotho KO
HEF 88

e
3

» RGEN H|Z (=EH)
> Klotho KO M =Z
FEL 24 (mEH)

» Klotho KO MEF &
CHE S A S O]y

> Klotho KO M ZZ= S2j OjL g X|
A

S ar=ies

i

» Klotho KO OJ LS} x|
FHA 24 (HEH)
» Klotho KO OJL| S} X
M 22| (RISER)
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A6 A 7ML FH YA

L 1AdE 748 3 44

A=
F dA a7 A 9] 7}
qE e A e
~ R4 [€] . ="
He 1234|567 10 [ 10| 12 | (FF
q) |
) # 2] Klotho/RFP
e Wy A%
WE £glog
, | Kotho a3
nysfA A2
SRR
fredd 48+
; Klotho #&d
BEREE
SRR
Klotho %@
MIEEEERES
S0 BA5HD
A B
2. 278 @7AE F3 dF
@QAdE
24 9% SNNELE
S A | 7
= AR = Sz
l:H‘:‘ \__:FLLHO E]—O' ("L’"
ik 12|34 |5]|6]7 10 [ 11 |12 | (27 )
A4) B
s A
Klotho-RGEN
MEEEEEE
RGEN 44
Klotho KO

2 | VYA AEF

=]
A4 8 2o

3 Klotho KO
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ul.

AL

i)
An)
k1
9
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E
S
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el
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=
el
N
m]m
oo
ol
X
lo
fr
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32
lo
B
igo)
O
e

st oz 7% 30%2) 100/) gA s T

A 1}
Klotho fr=2d wysx] AlX3F 94 (1xbd=. Klotho 42+ 2t mjysi=] A
x5 Zd)

FEdd 83" Klotho #Ed vysx] AEFE A3Ho=z Arkstdon PCR,
RT-PCRG 9 Wi % doxycyclines #2]dte] mCherrye] @& {5 F3 F3
kel AYARE AFTsIR R 7HEA] 40%2] 100% 238kt
Klotho & Bl sk 2 B4 (12d %, Klotho A ¥3& vjysh=] A
A Q’%)

= Adedez Aistslen Klotho #HeEd ol
omF 7HEA 30%9] 100% =/dstairt.

Klotho KO wYsf#] MEZF £&4 2xhd %, Klotho A=} Folg mys]=] M EZF
o9)

Klotho =o}% M XFE single cell culture == fetus 3|4 WHoRE AHFHor A
2t 2™, deep sequencing WS &3 mutation QS AT EE SIS

%] 30%9] 100% 4353

FEdd Alz"l H8% Klotho KO PlUHIA] AEF &4 23d %, Klotho #7#F
ok WU A A EF gF)

Klotho o}% A EFo] F=wtd AJ2ds H83 NEFE 1xpd o] 7]A 23t
FESd HHE transfectionsto] 3oz AAtstal PCR, RT-PCRE9 Wi %
doxycyclines #2]dt] mCherry®] @& oF-55 &3 w2 AdAFE HEst
Qomz 745 40%] 100% 24k,

Klotho KO EAF4& A 2 4] 22hd e, Klotho A ol mUsf=] A&
T 4)

Klotho ol HAFATGS AgHos AL H BAFAeho] wigtxzix] a3t
% genotypes 4 '3}04 AsSE stdonz 7h5% 30%9 100% EAd skt

=1

%
-> 22hd

2

Klotho KO Al = e Ak (3??} 1%, Klotho #d#F =0 mjysi=] A4t
Klotho ol EATATS A3Ao= 323671 tiz Aistddom o5 173 ZAA




2.

oF.

ud
7},
(1)

(2)

(3)

(1)

(2)

(3)

(4)

718k g iLel o] A3kl
Klotho KO #Y=|=] 17 ©]
Klotho o} mu == A
=2 ol/\]%% Eoﬂ 01/]. o].

o B 74FA 40%9] 100% 243Hsich

4 AL GAhd =, Klotho F34F ok vy #] A2k
e fel 173] B 713kE thE Rl o] A48kl em 64.7%9]
AR BE GAEIER bR 40%9] 50% DA

. Klotho KO "yl #] A5 &8 (3xd%=. Klotho Ak ok mjysi=] A4k

7ate] o] 2tolelE= Klotho o2 EA4 o258 3709 Klotho monoallelic KO ® Y
P AEFS AFHor FH3te] 7FER 20%2 100% 23T
-> 329 = 80% 24

by, A= 7% 5 HIMFQHHO AAT AFNEREY G
3 300% F, 280%¢% HXE G433

Fof 7%
H %9 Klotho o2 A =
%< Klotho 3ob% vhg2 Rl ggon), vl ARgle] s Aestd 3}
o] 07 9d FHEH Ho|7} mpFA7} Qzte] A3 mdZ A AV AdrieE A A
o] 3] of7] = ATt

o]Z 9late] mpgnrT} 2zl o ste Frind
A= Sy A or Ak} g fAlshe] 1zt o '
e} A, Klotho o} #1# ZdlS o]gdk olzte] w3 9 #ad At 7|14 Afs=
71E vbg-2 Bl SAE S5 F Utk o] g

|

AAE ol Aol A gHet efot frefl FHAF Hob AESF oty W

g ¥
AAE Aol ool FH4 Hoby BES AW AT KA} Hoprw
AEFE7 DA, HES single cellfale] AZFE ofel AYAYS F3f F9a
9 e,
of e Ed HYH ATFE YL YA A AME G| o] 4GB

AR oA dd.

SAT, fAA Hobg EEo

>

0%5‘] %3 CRISPR/Cas9 RNPs deliverydte] tft& A
AW olAS e & FEZ FHA I

=
o] Hots 3 A fAx = o] 210 2
gt T2 2 At AZxFE 958 5 Jdon, o] s ol&std tE #4
e B ok HiA REE wEE Hdk 48 bt

[t
e
©
g
fu
o
>,
>
)
of

N
=3
B>
k)
°
i
)
i
T
ol
e
-4
I
=1
i
=
X
fr

O
Farstel $% 339 FEA TS 300%E A
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o
| EETES \ D-07

2 Q3 orlH e HAAY AE A7l 2% Fd AX B §F T4
AAFRT A o 2T HA e SAS FE&FoRA 7|EY vk el &
S5 % 5 AS o VigdEy

2 AT A, Klotho F32ke] e (human Klotho), S A1 7F Ay 1l Klotho
A= Cas9°ﬂ 94’311 =obAI XL A3 9 o] Al human Klotho % XV} e
He AESF 5 F 3 789 AXES gHsdtt 3, Klotho KO mYsi=| 7} @A

el el 4l voﬂ gom, oled@ watmd A L uusiAg o] g3ke] waz <l
g of7|E = HaAd A3zle] Ao 73 = S Aoz AztECH

A,
3. #4149 Klotho #AHs 94 49 27
R AT, B QUBOE RIS GRE 5T file] i ggom ol
76l el Klotho #A48 9141 §4 o= A0aA7 e Aoz Aad
S B Adel UFES Kothos] sl gatdA WA o dlonl, 8
o] o]
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Al 6 & AFLUHOM sZot sleletstr|sdE
| FTWHIE \ D-08

. =32 dE A 9 Klotho wl¢2 2d

Klotho A= 1997d @S vfg-25 vt=is 404 Yol Klothoghs WAS A
%= unknown @A) $-413] insertional mutation®] YolvbHAA AT (Kuro-o et al,
1997). ©] 3zl 2 RE FFo mutation®] TAYSFHA] hypomorphisme] dojuAl i,
o] FAAZ -2~ Q3o st FHES UER Y] AAS o] whg-2~F Klotho "F-
AE PR 1 % 2003 gene targeting W'H-S AF8-3ho] Klotho biallelic ok vF-9-2
= o] mp¢-~E 7]E9 Klotho w29 w93 »=3tdd S4ES YERH

Klotho A7 wskol dEd Aol B A7) AlAbekltt (Tsujikawa et al., 2003).

_—

]

X
N

i)
of [
(el

ox
r>~ 0!
ol
2
8
&

%

Ho
r_u >

2. Klotho 713

Klotho 2= Klotho ¥ A& 13933 9™, membrane form ¥} secreted from 27}
A GeEjR EA3 o} H 74X = Klotho?} =3kel] WX 7] ™o e Hats] e« ¢
ke, 7B FEe 2784 7Hdol dth 7bA= Membrane form AlWie] FGF =& A<}
FGF239] co-receptorS 3AshH, ¢, ulgyl D, 249 tALES 2Hse] w3lo] JgFS =
e Aolth 7 ¥MAE Ao EAlshe & ©] 3} membrane form®] Klotho7} &% %% o]
A& secreted formo. 2 Ho] AUNE £33} =
Ha, 2o we}t insulin/IGF-1 signaling®ll A ¥4l FOXOl1°¢] &4 3l5]HA] FOXO1] <3l
A= A3t 2 MnSOD 3 CATE 9] &ado] Srhete] st 35 2HA dvke= A
olt} (Kuro-o et al, 2009). @A7FA = o] 27}A] 7}Ado] 714 FH&HA A& =i ¢

3. CRISPR/Cas9 RNPs delivery

%, 714 ol AT 9l CRISPR/Cas9e Cas9 w9147 guide RNAZ 1% ahat 8l
Z& AV E=E transfectionste] AFE3tt. SEtav| =8 AbEehs WHO @2 genomedl
on—target B off-target siteo] X5 integration 2 F ItiE Ao =

< (20149)F-E] = CRISPR/Cas9 ribonucleoproteins (RNPs), & Cas9 @& 3} guider RNA
£ A3 transfectionst= WHol Q7] AlAglon Foan=s ol &3 WY wils S5

g = A, T8 G4 AFEAT (Kim S et al, 2014; Chen S et al., 2016). Klotho 5o}-%-

ST
i

4. A7t A Klotho 2@ AT HF7He] SH#AA

A7k A 347 9] JalTES At 9o MW T o =Ry AGANAl g AES g5
< o] AEFZRE Klotho mRNA ¥ @il o] MA-S real-time PCR % Western blot %' 2
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