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In biomedical research fields, such as regenerative medicine, various stem
cells promises the humanization of tissue for xenotransplantation, and the

evaluation of stem cells for clinical therapy. We report here the

Purpose& generation and preliminary evaluation of a porcine IL-2Ry Knock-out pigs

Contents model. These genetically engineered pigs could be a valuable resource as
models for human patients with analogous immunodeficiencies and for
large scale proliferation of grafts derived from human hematopoietic stem
cells.

(1) Development of porcine IL-2Ry targeted mini pig fibroblast and

generatation of IL-2R¥ Knock-out pigs

e Isolation of porcine IL-2Ry gene and analysis of nucleotide

e Constructions of IL-2Ry gene targeted vector by using zinc finger
nuclearase (ZFN)

e Selection of IL-2Ry gene targeted pig fibroblast

¢ Generation of IL-2Ry gene targeted pig

(2) Characterization of lymphocytes from IL-2Ry gene targeted pig

e Characterization of lymphocytes by using immunohistochemistry

Results e Characterization of innate and adaptive immunity differentiation/
development

e Proliferation of lymphocytes by using immunity related regulation factor
or activation factor

(8) Development of large scale human hematopoietic stem cells system in

IL-2R¥ Knock-out pigs

e Technology development of organ transplantation through IL-2Ry
Knock-out pigs who has human hematopoietic stem cells

e Characterization of self renewal of transplantated hematopoietic stem
cells into IL-2Ry Knock-out pigs

e (Characterization of transplantated hematopoietic stem cells by using
determination of genetic and cellular biology

M Application of xeno-transplantation pig model which is immunodeficiency

M Application of patient-specific organ from induced human induced
pluripotent stem cells

M Application of bioreactor for large scale culture system of human

Expected L.
o hematopoietic cell
Contribution o o ] .

M Application of preliminary evaluation of a porcine SCID model to
facilitate human cancer studies and the evaluation of stem cells for
clinical therapy

M Application of large scale culture system of antibody for therapy

severe
] human
combined . ..
Keywords IL2Ry . o ZFN cloned pigs hematopoietic
immunodeficie
stem cells
ncy
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Cancer 512 2183 4009 236
Hematalogy 740 1858 3046 251
Cardiclogy 783 1.8% 3481 238
Dermatology BT 1,760 339 556
Diabetes 581 1468 2786 251
Other* 526 573 144 -169
e 6,927 127 3230 245
%+ T Research Impact Technologres, ™ Stem Cell Research - A Market Insight Repert™[2008.3)



o} hel 2

= 9ol Hlole A7 AR

o

A o] %

A7

2]

1% 2001d 7]&F o & 3% 42009

9|

oA 2l Al o] Al B

7hE] o] 2010 7 ]

Wl

=
T

pAA 7] ol Al uw

deol o]

3]
2

52 5050

-
T

skal wid 6% =

=3
=

T 5L

Iy

K

O
</

H| 7} 75% % FolSo] mlae] 9

=
i

Z

a2l

2

KN
) .

> el A

-
nr

o
!

X

o

s=del AA o

s

S7NAEZA HAS HF

0] =
A

70
il
K

0

B

= 7] M E

Z

Il

=i}
ELe!

e Abg WobE 7 AE

g A5 )

S
=

BolAl o4 g whole 7] A4

)0

il

B

)

o

=Ny
o =

o

2

o) =i}
=

o sERd JTATe Gt HA

ki3

Z 2 5] a1

SHA

AT7E 2

Suitable

Current

Level of

for whole
animal
imaging

feasibility of
genetic

ethical

Similarity to
human

concern?

manipulation

Cost

Size

Species

All modalities Organ-specific, Moderate

Very high

Low

Small

Mouse

moderate
Organ-specific,

Moderate

All modalities

High

Low

Small

Rat

moderate

Organ-specific, Moderate

FET, MRI

Moderate

High

Large

Pig, sheep, goat

high
Generally high

High

PET, MRI (all

Very high None

Small to

Nonhuman primate

modalities for
marmoset)
All modalities

large

Low

Crgan-specific,

Low

Very low

Very

Chicken embryo

low to moderate

small

#MRI, magnetic resonance imaging; PET, positron emission tomography

EAs gauged by degree of protection conferred by animal research regulatory agencies and level of use in Western society.
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[ Common cytokine receptor gamma chain® % E243%]

IL-2 IL-4 IL-7 IL-9 IL-15 IL-21
Produced T cells T cells Stromal cells T cells Monocytes CD4"T cells
by: DCs NKT cells Epithelial cells DCs
Eosinophils Fibroblasts Epithelial cells
Mast cells

@ O W

c Ye Ye N'Yc H c
]L 2R

IL-15Ra. b
IL-7Ra IL-9Rat IL-21R

IL-2RB IL-4Rat IL-2RB

Target T cells T cells T celis T cells T celis T cells
Cells: B celis B cells B cells Mast cells MK celis B cells
NK cells NK cells DCs Epithelial cells NK cells
Mast cells Eosinophils DCs
Basophils

P AHS T o AEA A common cytokine receptor gamma chaine X &
Al EAskH Abge] A9 X A T35 HFH A AT A (X-linked severe
SCID)o] AdFdxE g Fd2 Wole wae} Abg
glﬂ

Axel A% FAsh tEo] B AGAEE AxG 57}

combined immunodeficiency,

X-
o 4% T WAL % NK 9

PENA AZFH IL-2Ry(common cytokine receptor

al
=
gamma chain)& F+4x FF 7&=2

FAASS AP A3 AAAY FF5 HIYEEF
AE Ad H9Z249g FEAE HA S BFH o= 5t 5.
A}, ZEN (Zinc Finger Nuclease)E °©]83t F4dx A5 7|= /W A%

P = genetic engineering 71&2 B3 MFA /MLE ZEN 7€ 7]€£9 fAA A5 7]
%3} g AolglE A Eo 3O transfections E3 YU3t= EFAl genomic DNA E4 9
of Ao 2 gene deletion, insertion, edition®] 7}&538k 71491,

P targeto = 3= DNAE 100% knock out®] 7Fs g olgldt A4S o] gsld 7]E2] 4
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Non homologous
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Homologous repair 2
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Specific mutation  Specific deletion Knock in  Aleatory deletion Aleatory insertion Targeted integration
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L
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Including knock out Potential knock out Including knock in
TRENDS in Biotechnology
[ZEN<Z o] &3 =l 33 A5 A+ &8 A
=7t AT71E il H 3 A=
Tufts Medical Center, Boston Pro23His rhodopsin33 human cell 2010
Sangamo BioSciences, Point 34
Richmond Tech Center IPK1 plant 2009
Medical college of Wisconsin Ig M, Rab 38% rat 2009
5| lant
1= University of Minnesota SuRB® b 2009
(tobacco)
Sangamo BioSciences, Inc. OCT4, AAVSI, PITX3" human cell 2009
Carnegie Institution for Science rosy g'ene58 Drosophila 2008
Sangamo BioSciences, Inc DHFR” mammalia 2008
ng nces, nc. n cells
Sangamo BioSciences, Inc. IL2R§;740 human cell 2005
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&l

1. o]F A&7] o]A& ulo]e s S A% 5l A4 AL A

P 201611 RAG2 KO vl =i At ®an (A Fe)x)®

P 201611 IL2RG KO "Y == A2 wa (A=), A7gass)”

P 2014 RAG2 KO vl =i~ At ®a (Ao, A28 asg)"

P 2013 CAMH KO "4 == Ak ®a (A=), 223 ases)®

P 20099 5€ Alpha Gal hetero K/O vy x| ArS g5 (Axd/d=rdl/AdG/ A/
ZAkatek 1)

P 2008 Akre] WAt 27WHLA-G, DAFR)E Alofah= s+ AF (slginte] @)

P 2007 BA LS oIS 5= 9l (DR FEAS HAS AL (=)™

P 2003 =] Hx BAlsA sk (G

2. o|F 7] o]AE Hiole A AAE A% =9 A A A

P CD59, H-transferase, CD59 + H-transferase 3@ 3 =Hx, GT HFAAHF
(single KO) + DAF 32 A3 BAs= 22 QYA (Alexion, W)™

P oAl A oy W ARESES dod= GGTAL FAAVE AA" BAIHA

R

—~

1) F=2] ] 8}, Immerge Bio Therapeutics)™

p Atz G127 A AE double knock-out ® A HZAAF (PPL, ] =)®

b Adutd AA A AGE vpEATo o] o] A:179UzF A HA (shw =)

P GT HFHAHZF(single KO) + DAF + GnT-II FHA HAl== (oA,

» GT 324 % (double KO) BAI= A (Zdlztol =), 5F)7

» GGTA1/CMAH knock out pig 1A A4t (Indiana university, 7] =)%
» RAG2 knock out pig %] A4t (Tsukuba university, <)%

» RAGI/2 knock out pig ®* AAF (Chinese Academy of Sciences, %)%

P IL2RG knock out pig = A AAF (Tsukuba university, )%
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2. e okl Wk st AR

> Fejutetol A nlo] 07| BAHE TES AT FE T AHelA WA H8H A= ezt
12 oF( bio artificial liver, BAL) otk @A 97 174 X3 otk Algel AHS-H l&7ha 7
YA AlA FEH 2 o] "YH A= "5 Sinclair Research Center {+@ White Hairless
Yucatan Miniature pig= @< ElFolA $gyge] 55 F53ta Jdrh. dA Jadsa = ¢
g Ade war 20169, %ok 20179 Fole 959 Aoz oFdan™

TATEO] 2016 Azt F-E TS AbEEAL A o] A A% AdE TR SHITE 1

ghapoll Al o] g Z4uto] Auw At sfx]e] ke ARG AN AETE AL gl AT

0>'I
o>

v
of

al

I

2
3
8
&
flo
P
My
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fo
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QO
a
off
lo
it
w
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rlo
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P 20143 Mohiuddin 28 Z A3 o] GalTKO 7]4kel]l Algk CD46 E47F A5 o
thrombomodulin (W"TBM) #2}7F A =] ] 7} Baboon ¥%o]olA 201433 & W ol x =
2EFZZ AY PSS S u olAH Aol 2@ dA AL AFRE 20161 4€] Nature

communications®l H 1% ¢ t}%,
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H 3E A4+ LI 3 Eut

D-05 \

K
Ir
23
fo

A 14 1339 d3453 e 2 A3

LAL2AR A7 We 2 25

P A9 vt~ FH A homology 4] @ vl IL-2Ry9] 7]% Ew¢l2l exon 20 #fals=
9= A 9l exon 23 homologyE 7HA L =< &<QlslaL, vh= vhe-2=9 #| A 3Fe] IL-2R
y exon 298] @7IM LS vlal E4F A3, vhg2of Aol = F 85bpel/de] homology S AH
I dvkeE AR S glekslth

P A IL-2Ry KO vector A& @ vy #] IL-2Ry A A2 transcript &4 domain?! exon
2 9ol neo AR X8-S Al (Knock out vector)dF$3th. Fgt o] F7ke] A7] o] A Al Algh
Ao og A AFE AoJE fsto, neo A -l BALAE AT
& 3 DAF (Decay-accelerating factor)2] cDNA7} =4 ¥ Knock in vectorE A 2}3}$ )
P =i A IL-2Ry 32 22 2 97 Ad 24 vy o] Ao &Y E AAMEFS genome

DNAE F=3}9], "% IL-2Ry vector A2 $38}o] left arm region 5-°]% primer$} right

7F AL

il

region 59|42l primers A| &5t o, o] o] &3] PCR 7|H o= KO vector Al 2H& 913
AR Z AFEEF AL, o] A G714 E B4 H cloningS $138ke] TA cloning vectorel] 4+

)=]
S AAEta 4714 4E A4S AAE A, Gene bankell T5E A R sUg AVA4D

P Asdel IL-2Ry 7 5ol4 primerst A2 A5 e e primers 22 A #étaL o]
g olgs Fede v grE AAEe IL-2Ry HFARE s
P A IL-2Ry 5ol TAE Aatatslen, oj& o] &ste] dxud AT AE £E 240 A

[L-2Ry @i d bty EA S FA519

¢

m

P Zinc Finger Nuclease (ZFN) ¥ IL-2Ry knock-out vector®] ++=: H.t} ¢t Al IL-2Ry &
= nye A A EZF RS 9ste], vysi#] IL-2Ry gene exon 2 ¥9E A= ZFN
vector 2 neo selection maker’} A ¥ IL-2Ry 4% donor DNA vectorE <+ H3Ft}

P ZFN 9 donor DNA®| transfection ¥ IL-2Ry % Al A% : electroporation %S o]
&3t mys ] A M Eel right 2 left ZFEN vector®t donor DNAE =353, MESF F
5x106 cellS& 48wellell 52871 vl &3l o. ™, o]F colonye P4 64715 PCR A8t aL, HE

Ao g IL-2Ry7F A% 197019 positive colonyS A At}
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NREe FaEo] Wk vl A wlFeliL, o 20-224 7k B2 o] HAIhE A e v el
or WY NS A%ee ZASAT WA Mol TR AL F F2E T W)
Fol A wFe Aol Aggol v WP s e I Fenh Foldo wA v

o] M AAE AEF7] 24 ¢ FAANEE DMEM + 10% FBSE H7hgh v ko
DMEM + 10% FBS + Roscovitin (50mM)< 7Fgh v ¢fel o & wjFs A A|eto] o] 2o &g
§ A7 & 2 dEEol doJA Apolrt vpEREA] erokth

P TAMEE Al W FFE ZAFA FAAS AME (TG DO 49+ 1.5kV/em 23

o7 §3S HAAFAS Aol oF 82% T+ FHES YEHA
P ToJAEe] FHo wE FAMS B wjtE AdgS xAE A3 TG 1S o] &3fo] Ex
S el S wolE Wago] 82.3%, wiwkE Wago] 214% % YRk A A Fo| HSko] vyl

Wego] i W oz FFE o GV extract HEd2 IVF o2 3550

AZe] FRI A&l WA= e BAF A3} [L-2Ry FAL] 45 Tohe] o4

A pxoni
jaagc tgug
SELE TS L 3 ]
=
B
Pair 1
. Tarpetvoquence dbel)  apacer | Target sequence (Right)
Falr
~an THGGGE A
c 1289 (1)
206 Nrul (1}
| 228 Ml (1)
| 483 (41
| CMYV 209...863
£88 Sna8i (1)
| || T7promoter B63...878
| Haitag 907..933
8291 Sapl (1) | e
AP 6276..5419 o
p3-d ZFN
8412 bp
sia SPE\meoler wro 1958
Xmal Agel Xhel
| — T e—
ZFN monomer: finger 1 — finger 2 fingee ¥ — finger 4 Fokl|
— —

[2¥] 1] Target sequence of pig IL-2Ry gene and IL-2Ry knock out vector using ZFN
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7v AMEW A ZENS o] 8¢ s #] IL-2Ry 32 A5 HEle] &4 &<l

ZFNS o] &3t ##] IL-2Ry F+3A A% WE < functional activityE &<213}7] ¢35
Y= %] el AdfrelMl iz ZFEN 4% WEFE transfection $F ¢ surveyor mutation assay
slvh. 1 Ay, [19 2]el Aok o] AlAtE IL-2Ry a4 45

W B lane 49} #Zo] Aol = Ao YEryt

2 8 1 BYYEE

=

o
[40

No ZFN

#1 #2 #3 #4 #5 #6 #7

———
N— |
. -‘-'-_- —Un cut
— — cut

[C21¥ 2] ZFN functional activity in mini—pig derived fibroblast after transfection by

surveyor mutation assay

1}, TALEN (transcription activator-like)E ©]-83%+ =#] IL-2Ry A AT Wy gHi}
MACS (magnetic cell sorting system)< ©]-&3F [L-2Ry 82 A% % £

w3 olet tEo] ZEN 7IW o]F AFA /MEd ®u ZItAolal wr|tel] A M EF
A2 WMES 58 + = TALEN 7|&S ol &3ty B 44 A4F5& fFestaizt st

o, (F)EAel olgeto] ok [1¥ 319} #Zeo] HA IL-2Ry A 45
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A TALE N—L

Spacer 12~13 bp TALEN-R

B' R1-RR
5 TCAGTGTTTITGTGT ICAAT 12 5 AATTGCACTTGGAACAGCA
C Bgan (130
Sl ()
e & (mgan)
Pralel (48]
ST (A P80) CH'H'
bla promolar S Wesl ()
A1 I:Im-:l- .!E.l ,.f f Hae] (Big)
f P ied 111 [ B}
@ S i
Agall (T8a) HA mg
~— 1 el
Bawall] (o)
Ko BT Q)
— LTRSS

e () By 8T B Ted
"-.,‘ Meet (o)

- Ateal [ra 387
P

Pl (Sa AT ‘,J' el [yriad
Xhwl 34 w]

Meal (4547

Mowl {4808}
\ EcoRI Cxayred

|| L mresnn (aened
| Fork I Muclease(DAS or RR)
| Agra ] (38 E5)
Sovl (38 52)
BGH polyade nylation mequence

[21" 3] Target sequence of pig IL-2Ry gene and pig IL-2Ry knock-out vector using

TALEN

HA Y IL-2Ry FAA A5 MEE Est7] A8t fluorescent markerg o] &3}
M ¥ MACS (magnetic cell sorting system)S 83ttt duk Al ¥o] IL-2Ry &}l
B X

gt TALEN A% WELE transfection 3+ & cell sorting & FACSZ FA3 A3 [19 4]
o A&} o] 87%9 IL-2Ry A7 AFH AMEE 4T 7 AT
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pEX/
Reporter

pPEX Reporter (RFP) GFP

ADZ OFF

Reporter/ IL2RG MACS IL2RG TALEN
Positive EN RS1-pEX-pEX L1D/RIR
AD3 ZF 269+RS OB ILIRG MACS R521-pEX-DEX D07 ILIRG TALEN PAIR 1

JELE 21-UF T-LL G1-UH
0. 0% .0% § 4%, 8%

o —SanPlingh s .__.I_.JT;!E_‘._'L‘_EEL_.i______

FLiA
PL1-A

- 340 bp
-~ 216 bp

[(2¥ 5] PCR-based A or O blood typing. For genotying, PCR was performed with two
pairs of primers specific to alleles A and O. Lane 1 and 6 are 100 bp ladders of DNA size
marker (SM). If both 340 (specific to allele A) and 216 bp (specific to allele O) bands were
amplified, the blood genotype was AO blood type (Lane 2), whereas if the single 216 bp

(specific for allele O) band was amplified, the genotype was OO (Lane 3). Lane 4 and 5
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shows the results amplified from donor cells and heterozygote al,3—-galactosyltransferase

gene knock-out (GalT KO) pig, respectively, indicating the AO blood type.

[2" SlellA et o] PCRe ©l&% “0"% dHds 7 /WA Aol 7= A

o] A3} "Cell Reprogram”= o zts o

XX GAA R XY GAAE A A AEF 5
54 94 EE knock-out WA AAE ML AAA g AR S Fa
Avke DT B Aol AgF AaolAEe QAAL BAR Ad (19 619 e,

S
olE MEE BT AAAL dAAE VAL e Aoer SHEHIA

48 WA

N oo - -

W B8 ER ti o §x 38 3%
1 2 3 4 3 1 ? 1 q 5
£ » . ] -  § E -

Wi b WR A iR i 5 g -
6 7 1 X

- " 1 - ty

Wk B8 an BB K ' ﬁi KR 1 KA ¥B
s 9 10 i 1z 9 ' 10 " 1

; X X
ig THR | TR E:\ ;a ll B8 aw W

13 14 15 16 17 18 fis 4.

[721¥ 6] Female and Male chromosome analysis in KO fibroblast cells

up, AANE A4 2 KO #A AES $8 4o NEF 9
< oocyet extract 53] GV @A ¢ oocyte extract® A AMEFo| g Al IPES A%
FoF Hl3 FEYUE YAk o= gy ok mekA 2 AFelAE GV ©@AS oocyte
extract A&7t A=A S 93 donor MEFEA ALgo] 7tssly, w3 &S =7 cel
reprogram®| ¥t =AE Lol A= [29 7, 813 Hr)
= GV oocyte extracte donor celle] * 2] A] methylationg Y311, acetylation®] & &
ay

= FEATIH, 2 Ao AEFS HAl AREA IVF 59 eF°l £2 WiiEs AL

E Qo] Absdths A% mel Fu Qrh =, ofF MEE vATHE el IVFF
WNEES 7] BAF FEe OCT3/4% Nanog fa4he WAsisich ol el Ang 2okl

W, GV oocyte extractg donor Ao A g Al EA] 2xe] &80 gV EsITE AS AAF

gt} o] A% @A “DEVELOPMENT”A ¢ 20143 A A = Lo},
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A)

oo-exfract cyfo-extract D)

20.74%| |

10f 108

] e
. NT
untreated
.;\'T— GV
oo-extract
|:| NT+GV
cvio-exiract

Intensity of Meth

cylto-extract

=
e

Ac-H3-K9 100 F) untreated __oo-exfract _cyto-extract

 13.48% 27.53%)| 30.18%

untrcated

10

z ]
g b I3
z O nE = =3

. NT u
r unmeared | |
k] NT-GV
5—2 L oo-extract u 5
E [ONT=GV - L
= cyto-extract F

z

[2¥ 7] Expression of histone H3 acetylation (Ac-H3-K9) in fibroblast nuclei with untreated

(b, control) or GVoocyte—extract treated or GVcyto—extract treated®.

WIVF
o) [INT untreated E) [l Tipe I embryos
7 ENT+GV cyto-extract [ Tvpe Il embryos
=4 100

Number of embryos (%)
=

tocyst Blastocyst
(7d}

=
=S

[1¥ 8] Effect of pig GV oocyte cytoplasmic extract (GVcyto-extract) on Oct4 and Nanog

;68
expression .
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2.4 18F A7 e 32 2%
Zh my s A el A T A Ao wsh g

2 A7Re IL-2Ry 427 459 BANAE FFHo Alg S7AE o4 U
F71o14 e el Abgstarat dto ¢4 mysiA o] AW WAL 58S EAstaat st
Art ol s m U= A9 spleen®} thymusol A primary cellS 223+ 3 Al 1A F3A) o) A
T=% TALEN 7I"j o2 IL-2Ry +dA7F 4T H WEE transfectiondr §- " AAEe] 3}
FEE FAE BEY7IE ol&al EAeh ofdl [LE 9ol A Hnkel o] Teok B WA

E9 WEHPP YoiA KelH ok A @3 F3 BEA WyolAw

No transfection Transfection CDg+T-cell CD4+ T-cel

30 |
H
20 !
15 l
10 i

e
(=]

=
[= RS, =
i_-__-__
- -

|

o

T Tra%

R | 24 hrs

5
0

% of positive cells

% of positive cells

CD8|

48 hrs

% of positive cells
% of positive cells

15

=
=
L

72 hrs

% of positive cells
w
|
% of positive cells
- L]
L= L= L=
|
|

=

96hrs

% of positive cells
(== TN S LS R VR R & S |
% of positive cells
[ —d el [¥E)
L=} (=) L= (=]

CD4
[Z2¥ 9] Effect of mini-pig derived T immune cells
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B220+B-cell

No transfection Transfection
o
: 30 *
=20
24 hrs 8 10
5 oo N .
&
WT D
= 50 -
T ap
cDs8 23 -
48 hrs B 20 -
o 10 4
5 0 S
= Wt D
_ % a0 -
’ S 60 - *
£ 40 -
. 72 hrs &
x 48
& WT D

A IL-2Ry KO # A7} AAE A e AAZ, ez GaLT KO vy A S ol &

ZHA e #dd alpha GalT 24< 2F A7l wad dat= [27 11]9 2k

rob

a0l H]38] alpha GalT &Alo] & A3 "ozl F2 7| lung, liver, kidney, spleen©] o

=
™ brain¥} heart §--2 °F7Fe] A4 FoAvt BT

O Control
B GalT KO

wl 3GalT activity (pmol/h/img of protein)

[Z2¥ 11] Assay of al,3-galactosyltransferase activity. Enzyme activity was measured by
reverse-phase HPLC wusing a fluorescence detector with 2-aminobenzamide-labeled
lacto—-N-neo-tetraose as the substrate. al,3-galactosyltransferase activity from each organ
lysate (15 pg of protein, 6 h at 37C) was examined. Each value is the mean *+ standard
deviation (SD) of independent triplicate examinations. Statistical significances were
confirmed by t-test. * p<0.05, *** p<0.001. The liver data was obtained from our previous

data®’.
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[ 112 #AA B Adwge] = 283 = A= Sias® 74 ES non-Galol
© H-D antigen®] J2& 713 Aoz 7} F7|oA] o]
S YL ua A3 Asolth. MAAE MAHS MALZ 7Aoo glon, o]5L sialic
acid-contained glycoconjugates< T3ttt 5 MAL-2 N-glycans®| Siaa2,3Gal31,4GlcNAc
TZo Boldow Agsl, dWhHo] MAH+ O-glycan® Siaa2,3 GalBl,3[Siaa2,6]GalNAce]
et o=z At AEE 7HA o o] AP v 7R 2 SNA lectine= N- or O-glycan
o] Siaa2,6Gal/GalNAcT% Ethet Adst= A2 & 7HA 3

o5 AAEL o]g3le] A Ay [29 12]o14 ¢ Zo] GalT KOs#e #7171 ¢

lo
Ol
o
9
rd
12
X
i)
r!I.
oo
o
o
-
N
et
N
%0

- O

¥+ H-D antigen

o
©

AR Aoz WAL o A w$ Fre ARmA AF7A e
.;'1_

oz

GALl epitope”} A A 7d-$- Non-Gal epitope”}
oz F7tste] 2FAL Wojd = gxwk FA WY bkeS 2HsE Aol Bl E S
ATE 23s =EFAuE HolA A3 = @A "Cell

Reprogram”] 27+ Q.

=2
o
Ok
=
il
Mo
iih
:i
o
i
o

[3 1] Comparison of the sialic acid contents between control and heterozygote GalT KO

67
organs’’.
Or NeubGce NeubAc Sialic acids (%)
ans
& (ug/mg of protein) (ug/mg of protein) Neu5Gce/NeubAc
Control 1.01 £ 0.11 476 £ 0.49 17.47/82.53
car 120 212 + 0.36 773 + 067 21.47/78.53
Control 6.62 + 0.19 11.25 + 1.30 37.15/62.85
Lung GalT "
KO 6.52 + 0.80 13.98 + 1.61 31.80/68.20
Control 1.24 + 0.25 6.67 + 1.26 15.59/84.41
Liver GalT " .
KO 228 £ 0.15 970 + 164 19.25/80.75
Control 047 + 0.05 250 £ 0.32 15.73/84.27
Kid GalT . "
ney 120 114 + 012 516 + 0297 18.21/81.88

Each value is the mean * standard deviation (SD) of triplicate determinations.
* p < 0.05, *x p <0.01, **x p <0.001.
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t}. Heterozygote GALT KO pigell 52l Non-Gal antigen 7|5 &4
Non-Gal antigen?l NeubGcec9 AA HWrlYZFozZ g &Fd &A5= NeubAc:
CMP-NeubAc hydroxylase (CMAH) & 4o 93t NeubGe® AsE ™, 7 A3 NeubGe:

olFFLoR FFstA Hu = AtEe B= I3 T CMAHEAS BAste 74
Ao E@dWoel7 A, CMAH 248 AArd 5 gle W xS 233 s=29 49=

o
>
o

o] FAAIF 75 HolojA] CMAH &4E5 AT 4 Au. webA]  Hx1]e 49 =54
Gal-epitope= A A E 54 WY wH-go] doju= olfF&= ©] NeubGe”Zl 7153 <l CMAH
a4 Ao 9fste] A H7] o]t

Z GalT KO sHA¢ A, 7+ Ao = NeubGeel % txatoll H|slo] fojzo=
9o, Ao AfollME Fo4 2ols wolx ¥Yth o5 AI}E Gal TS AAD
Aotle w o) 179 whell AL dojutal, HFHow FA4W

28] A7]1E v Aol o]

>

Aubs A = gleAE AWsted ve T8 9ME Aedrh A2 oR, 3kl
HA o] F71E ol4sty] f1slAE GAI T + CMAH F 7l fFdE AAG A4 FH9 %
Z1E AR e A 24 R HA4 wgiked st ArlelAs A @ 7 fles

N-Acetylneuraminic acid
(NeuSAc)

OH

coon  N-Glycolylneuraminic acid
(Neu5Gc)

[2¥ 12] A representative mechanism from N-acetylneuraminic acid to (NeubAc) N-

glycolylneuraminic acid (NeubGe) conversion for H-D antigen”’.
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Al (CD34, CD38)E ol &3dte =4

=z
=
MMt o] ZFE/AEE AL F ALk

Q
060

Magnetic labeling Magnetic separation Elution of the labeled cells

Calls are labeled with Cells are saparated on a MACS The MACS Column is removed

MACS®* MicraBeads In a short Columnplaced Ina MACS frem the magnetic field and

Incubation step, Separator, The flow-through the retained labeled cells are
can be collected as negative flushed out as positively

fraction depleted of the labeled  selected cells.
cells.

Ll

AMACS* Column Is placed in The MACS Separator Induces a This high-gradient magnetic

aMACS Separator. high-gradient magnetic field fleld effictently retains the cells
within the MACS Column, that are magnetically labeled

with MACS MicroBeads

[72¥ 13] Establishment of isolation method of human hematopoietic stem cells using

MACS

[3 2] Stem cell isolation in blood using monoclonal antibody

% of Total (mean + SD)
CD34" CD34" + CD38
Cord clood 0.47£0.33 0.04£0.01
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1}, MSC9 Osteoblast Al ¥ =22 37 %=

23l F23 & o]E A E7} osteoblast celll A& &<Qls
(29 14]¢} 2t}

317] 9kl AP A g A3

R8s

Alkaline phosphatase staining

[2¥ 14] Osteoblast cell induction from MSC
t}. MSC9] Condrocyte AlXE=Z9] F3}f%
MSCAH & #3 fF=3t &

alcian blue &4

4
2
iy
A=)
rlr
4
o
—
9
o
N
N
)
¢
_0|L
N
do
ol
2

[Z2% 15] Chondrocyte differentiation induction from mesenchymal stem cell

2}, MSC9| osteooblast A =2 E3}F=o] w 2 Z]
pH 3 pH 10 pH 3

[



o el A¥rEH MSCe VE3td Axsds &9 5 AAH
[3#£3] MSC Esfol] & ez e Wt
Spot AMr pl Fold Protein NCBI MOWSE Sequence
Number | (kDa) change identification Acecession No. Coverage %
1 358 19 Annexin A3 PO8758 34012 37%
3 14.1 47 Peroxiredoxin? Py 3274 43.3%
8 116 3.0 Thiored oxin{Trx) P32460 793471 §6.3%
8 37.9 3.0 Hydroxvindcle-O-methyltransferase POLS30 607 18%
10 27:1 54 Proteasome activator complex subunit 2 Q86320 3.672+6 43.3%
it 704 3.5 Plastin-3 Pi13797 3.672+7 20.6%
12 394 34 T-complex protein 1 subunit theta P3059%0 3.18e+6 21.4%
13 34.2 37 605 acidic ibosomal protein PO P03388 267 10.7%
14 275 3.7 Phosphoglucenolactonase Q95336 3237 27.5%
13 41.7 53 Actn, cvtoplasmic 1 (B-actin) P60T09 384 18.4%
16 11.7 39 Protein s100-44 P26447 1653 36.6%
18 23.5 6.1 Ras-releated protein Rab-2A PGI019 2606 153.1%
19 229 62 Heat-shock protein beta 1 Q351U1 2160 24.2%
20 28.1 7.2 Thiored oxin-dependent peroxide reductase P35705 7460 19.5%
21
) 249 6.0 Peroxiredoxin-6 077834 3.58e+8 65.5%
23 17.1 3.8 Nucleoside diphosphate kinase 4 Pi3331 394224 34.1%
24 46.2 3.6 Cop¥ signalosome complex subunit-4 Q58178 2.95e+9 42.4%
Z5 35.6 39 Septin-8 Q52359 191292 19.3%
27 39.6 5.3 T-complex protein 1 subunit epsilon P48643 4.87e+8 33.8%
28 59.6 35 T-complex protein 1 subunit epsilon P48643 1.03e+6 28.5%
25 324 35 T-complex protein [ subunit epsilon P48643 2.880+11 27.7%
31 437 6.4 Proliferation-associated protein 2G4 PS0QS0 77737 21.3%
32 387 6.7 G1/S-specitic cvdin-d3 q3mhh3 1280 20.5%
33 387 6.4 Annexin Al P19§19 1368 16.2%
34 229 6.2 Heat-shock protein beta-1 Q351U 68947 31.9%
335 22:8 6.3 Proteasome subunitbeta type 2 P49721 3393 30.3%
37 28.6 6.8 Phospuoglveerate mutase 1 P18669 8.3%e+6 42.3%
i8 265 7.2 Tricsephosphate ismerase Q29371 51e+8 39.5%
40 364 6.6 Alcohol dehvdrogenase P30378 167762 26.2%
41 271 7.2 Femtin, Mitochondral precurs Q5d3h4 953 13.9%
42 201 6.8 te-crstallin B chain Qim2wé 133804 36.6%
43 22:4 8.9 Transgelin Q01993 2.62e+7 37.53%
44 14.3 7.0 40s ribosmal proteinsi2 Q46403 3168 48.1%
43 10.9 6.3 Protein s100-A10 QOchs3 228 28.4%
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43 10.9 6.3 Protein s100-A10 QOchs3 226 28.4%
46 11.9 8.2 Marceophage migration inhibitory factor Q80528 1063 24.5%
47 11.9 8.2 Marccophage migration inhibitorv factar Q80928 1071 24.5%
48 17.1 7.8 Nucleoside diphosphatekinase B QZen76 831929 §1.2%
49 270 8.3 3-hvdeownyacyl-CoA-dehvdrogenase Q02691 6308 33.4%

0 286 6.3 Phospuoglveerate mutase | P13669 1.68e-9 34.9%
52 349 7.6 Guanine nucleotide —binding protein channel PG3246 320e+8 45.6%

protein
33 30.3 8.6 Voltage-dependent anion-seleetine Qomz16 2.38e8 0%
54 303 8.6 Voltage-dependent anion-selestine Q9mz1d 2.85e+7 46.8%
55 364 8.2 L-lactate dehvhvdrogenase A chain p00339 4.53e+11 41.4%
36 36.8 8.1 Aldo-ketoreductase familv 1 member 3 P42330 1533374 18.6%
57 470 7.0 A-enolase Qoxsjd 143e-6 26.6%
A4l 70% AR, FF AR 247 A% 24l Dasih

Al 24 228 A7 3 HE # 2

LA IAY A3 We 2 43
7t Al IL-2RG +3d2F A5 ®EF] transfection

IL2RG f+d27F A5 vysiAE Akt flste], IL2RG knock-out WY = #] A
ol flal, 1xhd=o
TALEN MHE o]&ste] thy -5 st

WA TALEN 7|H& o]&3 [L2RG F3dA A5 AHEFT +52 93] endo-free

AxFe FPstux 349 3 IL2RG exon 25 targeto =&t

maxi prep kit® = DNAZ 9|31 12 (IL2RG L1, IL2RG R1, IL2RG [report DNAJ; [2¥ 17
Al], male¥} female 2 minnesota mini fibroblastell ¢1¢] X A}E transfectiondt & GFP
positive 3 colony%HS #2]3t & PCRZ 238t 2 Ay [29 17 BlolA 9 2o] male
7} female 212l minnesota mini fibroblastel TALEN binding region< 33F3t IL2RG 4

A7k ZEo] Hi= AL el & 5 AL

(
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[z 17] PCR genotyping in male and female-derived Minnesota fibroblast after

transfection of TALEN construct for IL2RG gene. A) Plasmid DNA for transfection, B)

PCR genetyping.

TALEN (transcription activator-like effector nuclease) & EAHA7|A S <A &1
ol &3l 5AHF94 DNA double strandE #el+ 9&S strd. TALEN 9siA 54

_1_?«
A7F ZFHAA M AEZE repair system= &3} repairg ¢Hth. non homologous End-joint 2
of ogte] FAEA HW 1 AR Aste] EAF-$7F deletion ®rTE o] TALENS Al

transfection 3}7] ¢34  endo—free maxi prep kit® DNAES FHE 331, o5 1%

agarose gelol A &AS sATY2H 17 Al. ©] DNAE ©]£3}9 menesota mini fibroblast©l

transfection$, PCRE &3to] TALENS &3¢ deletion® IL2RGE &lstAoH1¥ 17 Bl

IL2RG “TALENY
- ‘Organism i §us scrofar
"= Entrez Gene : 387156+
*~+ ‘‘Cenomic ‘Sequence : NC_010461.3 (used-,4-for-shorter-sequence-to-
design -primers)+
=+ - Gene Symbol - : ILZRG

ILI =DAS+ II Spaceilﬂ.l =RR+ I"

5’ - “TCAGTGTTTTGTGTTCAAT -~ [~ 5 - AATTGCACTTGGAACAGCA’ #

s-'
ATGITGAAGCCACCATTGCCAGTCARA T CCCTICTTATICCIGCAGCTGCCTCTGCTGGEGGTGGGACTGAACCCGAR
GGEICCTICACGCACAGIGGGARTI GARGACATCACAGC I GGTIGGGARACTGGGACGITGGEGETAGGGTIGETIGAGCCE

CEEGHERCLEGLLELCCEREESCE A M GR AL LELERBE LoE0

-9.' G GEE T AR T CAT AN CTCACT TC T ACCAGCTGAGEC T GOACT GTGGAATCTGIGGTATTCACATTTIA
CCTCACTGITATICTICCI I GA A AT CCTICT CTAGGTACAAGACCTICTAATGATGATARAGTCCAGGAGTGTGECCA

[2¥ 18] IL2RG target sequence and primer for genotyping
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[1¥ 18] IL2RG®] target sequence (left and right: yellow color), space (pink
color)¢} genotyping®l AF&3F primer $1% % sequence (red color)E& WEF Z ot}

. Report - dAE o] &3k =% IL-2RG G4 A5 AAMEF A system &
RER=

fibroblast cell2 selectiond}”] ¢13%F v} 22 report FAAE o] 83 AAXEF AE A~

&40 seletionS &l AAZA oz TALENO 9&) targeting o]z =%

o

g9 sttt WA target sequenceES ¥3$F3Fal 1= report vector® TALEN ®WEHE
transfection 3" %™ report ME 9 target sequence W Programmable nucleasec] 23}
DSB7} %% a1 o] breaks NHEJo| 93] repair¥ o] frame shift7} ¥oly™ in-frame¥
&3} 7ol GFPE expression 3tA @th [28 19].

ATGETCATTCCATTGCTCTCOTGTATAGTCGAGGGAA : RAG2
TCAATGCTTGAGTACATGAATTGCACTTGEARCAGCA - IL2RG

Targot Sequance [TS)

g1z BTFP, H-2K* (ot of frame)
£ L

hatats i s | RFP +, GFP », H-2K" «

> I
l Programmible nueleasa-induced DSBS
QA, s1op 8GFF, H-2K* {out of frame}
Left Bight i
Lo U e L

l NHEJ-mediated frame shift matations
aGFP, H-2K" [in frame]

) I % | O — o D v orr o
: L ]

Unsorted cells REP +, GFP +, H2K" + calls
fake monnaiste tratieie
— Y = - == =,
== == == (Cellsoning  —=r o e
—— -, — - = -
- - - - —

[Z2¥ 19] Construction of surrogate reporter vector for enrichment of targeted cells by
TALENSs. (a) The reporter vector consists of the monomer RFP gene, the programmable
nuclease’s target sequence (left and right half-sites), the enhancer GFP and the H-2KK
gene (upper panel of a). If GFP and H-2KK sequence are out of frame because of the
absence of programmable nuclease activity, only the RFP gene is expressed. When a
double-strand break is introduced into the target sequence by programmable nucleases, the
break is repaired by non-homologous end-joining (NHE]), which often causes frame shift
mutations. Such mutations can render GFP into in frame with RFP, inducing the
expression of the mRFP-eGFP-H-2KK fusion protein (low panel of a). (b) Schematic
illustrates enrichment of nuclease-induced mutations in mRFP+eGFP+H-2KK+ cells sorted
by two systems: magnetic separation by H-2KK antibody and flow cytometry by RFP and
GFP expression. Within cells, reporter plasmids and chromosomal target loci are illustrated.

Mutations are shown as black spots.
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ot # A IL-2RG 32 A5 AMEF A4

OA FEHAW WS ©]83l% minnesota mini fibroblastel] IL2RG % #}el o &
TALEN # % WEE transfectiond 3 cellS sortingdle] FACSE #4138 Ax [2¥ 20]9
Alef 2ol 0.98%9] IL2RG frda7F A8 AMEE FAd + AUTh

A o T O —

omg

Log Meight ©

A2

[729 20] FACS analysis and sorting of IL2R transfected cells. A) FACS analysis of IL2R

transfected cells. B) Re-analysis of sorted GFP positive cells by FACS.

Sorting ¥ 17 GFP positivedt AAELZ 96 well platedl A 10-149 A% wjs3t 3
colony PCRS %3}o] TALEN binding/cutting sitesE® &% % sequencings 3+ 23}, 30719
colony= 9709 colony”’} mutation®] dojFo2A] oF 30 %9 &85 2= AL g 4= 9]

Aok [29 21, 22].

ul
.

T

Looks promising

[2¥ 21] Colony PCR for TALEN binding/cutting sites in sorted cell

IL2RG

WT TCAGTGTTTTGTGTTCAAT GTTGAGTACATG AATTGCACTTGGAACAGCA

#10 TCAGTGTTTTGTGTTCAAT G CA-- C—-TTGGAACAGCA
#13 TCAGTGTTTTGTGTTCAAT GTTGAG---=---- TG AATTGCACTTGGAACAGCA
#2-8 TCAGTGTTTTGTG GAACAGCA

#2-10 TCAGTGTTTTGTGTTCAAT GTTGAGTA----TG AATTGCACTTGGAACAGCA

[2¥ 22] Sequencing results from 9 positive identified cell
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GFP+ cells¥t FACSE %3}9] sortingS 3dtal 96well palteo] wjokS &tdvh 18
50%°1% AE7F Agks W, dF= AS S st d¥= PCRE Estel AgsHA
TALEN©] transfection ¥ A3 & glstAti1d 21]. transfection®] %= % &&2> GFPE
duFd oz glEdFE AT, PCRES &3t TdS st vbE  sequencings 3
IL2RGY] deletions &HelstdoH 2 22]. WTE AAAQ #x]¢ 79 left taget sequence,
IL2RG, right target sequenceE 7FA|al UA|wH #10, 13, 2-82-102 IL2RGS] mutation¥}

Lefte} Right target sequnceol A ¥+ mutations FAS & =7} AATh

[29 23] Establised IL2RG cell line.

Sequencing 23}, 9709 colony ZF-E 9ol A B A= #le} o] 4 line (#10, #13, #2-8,

Fehuly 23], ol F wE 4PS ool 2

4

#2-10)9] IL2RG F+AA7F A58 AAETE
line (#14, #15)2] IL2RG FAA7} AF8 AAELFE F535t0], HAFH 2 F 6 line?] AAE
TE5 gdHAY. F 9N colonyE BAsY [2¥® 2119 ZHE AR, FEHE
mutation®] JAA HEAQD 4/MRF [1"F 22]o] JERRITE ©]F 3 line (#10, #13, #15)9
IL2RG F34 A% AAZTE @A Aike A8 Al G534 HAAl A At
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2. A 2AIF AT W8 B A
7k SCID 9 54 3 T+

AT EHANA AAF I2RG FAA7F AAD AL 538 W ANF (Severe

=

combined immunodeficiency: SCID)S 7}3 SHIX 2 F24 Aoz Qs WA A #os

L AES Ao dstel BAAAL /5S4 Ree FAABS A e W
4

1

£
jus)
k=3
©
.
o

Are] AHe 9t SCIDE [1¥ 24]91 4] e}
Aol A ™ o= Qe T fxZ+9] AFAQ IS A st Al WAAA L o]dS FEst
Aot kg H A= XAAAA SCIDe] ¥ F* A= Interleukin 2 receptor gamma
(IL2RG) A A= interleukin receptor ¢ T+4%d <] gamma chain subunit®] mutation®] <]

s Aaksl ol A e,

T- B- NK+

T- B- NK- Low CD3+/CD19+, normal CD56+

Low CD3+/CD19+/CD56+ Omenn syndrome - RAG, Artemis

Cernunnos
Ligase 4 defect
Nijmegen breakage

S LA

Severe combined immunodeficiency (SCID)

ADA deficiency

4 groups according to T/B/NK cells

&

T- B+ NK+

T- B+ NK-

Low CD3+/CD56+, CD19+ normal Low CD3+, normal CD19+/CD56+

Most common SCID - Common gamma chain |L'7TE£%D1Z7)
-2Ra
JAK3 deficienc, CD45
¥ CD3 chain defect

AllergyCases.org

[1% 24] Severe combined immunodeficiency (SCID) 4 groups according to T/B/NK cells”.

th mUsi Aol A T "] Wt g
2 A7 IL2RG A7 A45d SAHNAE w402 Al 2742 o)A 3
A7l Sla Abgstaak sto A wuysx o] AW WAz 54

Art ol 98 m U= A9 spleen®} thymusol A primary cellS 223k & A 1A F A o) A

AA

)=
24

ot

Fa 2 S}

o

T3 TALEN 7|Ho 2 IL-2RG #AA7F A FH WELS transfectiondt & WA X ] W3}

O

&

o,
ftlo

24718 ol ga At

Al

F

Ho

_56_



uhe} gl

1
.

ofefol Tl H

g < X o oo
oy - m Yy
oy 5 B Y %
B RGNS g «mm - 'HE- -mEm- =N
ajo & ~ s .
& T dE o i ommc EEE: E- .
= X Y O
@ T 5 oo g e aemene R | 8 ° 8[RRa-e
ﬂ 1 .Mﬁ ,mu.._ ‘UV J_,mo _"_E_..ﬁ .w.b.__rn:.._ I =g 5| asipsod |0 ag S| aspsod po og nppea aarsod jooag
. olJ —_ ‘q =
S 3 £ %Xa B cmmo T
) S W oW -l - -
—_ =}
N I o) o o
o ‘mMU —
[~ —_— : [ | —_ - [ = : -
© T & o %% O - - - EE: .
of N o o= W .
G O#E PAU \Hor ‘m_ly O#E dl “u_." ._L.qun“:" ..ﬂ"u_...._nv ...ﬂ" uy ..ﬂ." T = ] _n.‘... “ﬂn WE L= TR A R B
% o o)) O_E m wmo ,HOI sjpe @A sod joog wfes ssunod jo ag B[ aaapnod o ng B|pa aasod joog
| X ! 0
= i xT oo o
G, T o T W £ £ £
) T o s = e 5
~ lnu N —_— (gl
B g NG - SN
T e B o & & P
‘_.wo — _HL ~T — ‘Ll,A m m“ )
o ) Foxow 83 OR .m
= X LK ‘UI — L
B ™ — A- &
T o 2R A W@ 2| |
,OI MM < ,mW ,UI mo ,m ﬂa (= aF _:J..“ﬂ
Fa o T L. T F o = % | ~
) | 4
=0 N %0 D iy v o s
y N 0 .
= o w@m T o W Z W - ="
" ¥ ; K Mo B = &
o ¥ _F =03 .
o % g 2T L o T B I
T AR S &= .
o = 9 n < = o |B % =2 . e
i v F o= g = z o <1
— 2 et ¥ o= I W T
¥ w2y e ,
o8 T T N2 T . >
= @ T T 2=
Y]
Mo o 05w

WT

WT

_57_

D4

[729 25] Effect of mini-pig derived T immune cells
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[729 27] Immunological characterization using IL2RG knock-out pigs
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3.4 18% 03.?-4—83 g 2
7. A IL-2RG A A7} A

A |
IL2RG FAA7E A58 vyEA== Aiks a8 Al AFgAA F53 3 line
(#10, #13, #15)2] IL2RG F+dAF A7 AHMEFE o] &3] SCNTe 9&) AtaE Aitskad
U5 [E 4] embryo ©]2 A& vERA Aot

7}
K

el
rlp]_ A 4 xﬂ;ﬁ x] /kg /\].

[3£ 4] IL2RG Embryo transfer list

Number of
ET Date Donor cell embryos Day of heat Results
transferred
10/12/12 Korean IL2RG #10,13,15 216 1 1 female
2/25/13 Korean IL2RG 53-1 96 4 Cycled
2/25/13 Korean IL2RG 53-1 179 4 Cycled
4/2/13 Korean IL2RG 53-1 35 Blast 6 Cycled
4/9/13 Korean IL2RG 53-1 35 Blast 4 Cycled
4/10/13 Korean IL2RG 53-1 48 Blast 4 -
4/23/13 Korean IL2RG 53-1 51 Blast 5 -
4/25/13 Korean IL2RG 53-1 187 1 -
4/26/13 Korean IL2RG 53-1+RAG2 243 0 -
2012-10-12¢ [1% 280l A ¢} o] female S A7} Blo]wtom, IL2RG 53-1 donor cell
S ol gt on, o] Max= BAE F 9/ colonyE &893, F 5 %= mutation©] Ao

A thEA 4 [ 22]o) yERHAT. IL2RG 53-1 donnor cell&= #2-83 &3k
mutationS WE O] 7] eFA] &S}

[72¥9 28] Production of IL2RG knock-out pig.
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P =19 ARZEE genomic DNAE 7 % TALEN binding/cutting sitesE ¥ 33}
FES PCRE %39 sequencingd A3}, [ 29]0 A ¢ #o] heterozygote ™Y & A=) #|
°] (53-1)& s 4 At =3 heterozygote IL2RG knock-out &A= %] (53-1)¢] H&EH-
H AAEFE T55te] o] AAES ol&sto] o2 WPstiem 3 viele] HA7F ¥ Al

S 3 QEEHE EwE o Aot} o] F A EL o] &3te] wufo] 9&] homozygoted}Sl = -
=3 Al golt.

IL2RG monoallelic
T:-'-"“""" TTTGTGTTCAATGTTGAGTACATGAATTGLACTTGGAACAG ~.-u"-
TCAGTG GTETTLAATSTTGALD ———TGAATTGLACTTGLGAACAL

[72¥ 29] Sequencing result from IL2RG knock-out pig(53-1)

2012-10-12 HAH A 7F oyt o KOS &Qlst7] fste] HA= Ao # 2] oA
genomic DNAE #glste] PCRS F3dst¥th. PCRel AF&¥  primere= TALEN
binding/cutting site® ¥ &3l FE o2 vzt E At PCR%F, sequencings 3 +=d, = Ay}
2709 AEAd A S 1o AMAA AT 1129 mutationo] YEFEQIAL, 1 Ay} o] E AR =

b

hetero 945 & 471 A h

v = A IL-2RG F 327 AlAE F A A EA = =] A
st ol s A ] AEE o] 83t off-target ¥AS AAEYGT [2¥E 30
TALEN vector = A] IL2RG target sequence®} 7F¥ 32 homologyE 7FA+= 9719 #4

Z}5 PCRE % Surveyor assays &3 A%t Ay} ojw gt off-target mutation®] Lo
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IL2RG ICAGTGTTTTGTGTTCAATE tgag tacatgAATTGCACTTGEARCAGTA
LRRIO ATARATGCAGCTGTAMLAAT tcaagotaaataTARAGCACTTETGECCTAC
BNC2 rCAGTGTTTTGTGTTTCCCocacatgatgtg TCAGAARCGRAARGCCAGTC
SLCITAS TTCTTGTTTTGTCCTGTTTgt toaacact acCTGTARCATTTTAACTAAA
ZNF334 CAGTGTGGARARTTTTTAtgtact gaageaGCCCTCATGGCACATCAGR
Ty CTACGATGETEETGEAAT G oo tocacgat goAARGCCACTT G- ARGCAGE
PGRMC2 TTGGEGTTTTETCAGGGAAaagasaanactt TATTTCTARGARATCTTTG
AVPR2  GRAGCGGTAGGTGGCATCCcaggccagotggGGCAGCACTTGEARCAGAG
CChC1g CTTTCTGARGRATTATTGCaggacttaasaaAnATGCRAACTGGARCAACC
ZSWIM2 TTATATATAACTTGTCCATcaatagggca cghATTGCATTGCTEGAATAR

[72¥ 30] Off-target analysis of IL2RG gene from IL2RG mutated pig. Upper) Surveyor
nuclease digest of heteroduplex DNA revealed no additional off-target mutations at the 9
loci with highest homology to ILZ2RG gene; SM: size marker, lane 1: LRRIQI1; 2: BNC2; 3:
SLC17A5; 4: ZNF334; 50 TTN; 6: PGRMC2; 7@ AVPR2. 8 CCDCI18; 9: ZSWIMZ2. Bottom)

Genes and sequence homologies of ILZRG related sequence to exclude off-target mutations.

SURVEYOR Mutation Detection Kits &+ DNAZ<S] mutations¥ polymorphisms= &<l
st 4 9= ek W o w2 deletions, small insertions, SNP(single nucleotide
polymorphisms)ell EA3l= mismathesE &<1sth. 184 TALENe] 23k non specific
binding .2 IL2RG®} FAF3eH sequenceE 7Fx F-&Eo dako] A=A FAsr] S &|A

surveyor assayS Fa3FATH [2™ 30]. FAFSF sequenceE 7HW FHAE

o
™
o
ol
S
oK

detections}”] €3t primerE Tl AQ1%te] PCRS 4335 sequencing
I A3 IL2RGE #AFSE sequenceE 7HAE FAAEo] AAZAHOR FEo] Hal

sequencing A3 %= AAo g yobx $-8l7F A3 IL2RG TALENo] th& FHdA o= Aee
PN
T

u] X2 k3 IL2RGYE Eo|8HA ¥F-g-S 319 deletiondt A& &<l &
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[3£ 5] Primer sets used to identify off-site targeting of pig IL2RG.

Gene Abbreviation Primer Product
Leucine-rich F: CGTTTGTTAAAACTGCAGCATA
repeats and 1Q LRRIQI ) 150
motif containing 1 R: TTTTGCTTCCCTTTCCTTCC
F: A A
Basonuclin 2 BNC2 GCCAGAGGAAGGGGTTTTA 199
R: GGTTAACCAGCTCAGGCAAC
Solute carrier F: GTCTGGTTGCAGCTCAAGGT
family 17
(anion/sugar SLCI7A5 369
transporter), R: GCCACTGTGGACTCTAGAGGAT
member 5
Zinc finger protein INF32 F: ATTCACACAGGGGAGAAACG 233
334 R: GTGGAAATTTTTCCCCCATT
Titi TN F: CTTTGGACCTGCCCACTTT 998
Hn R: GGATGTGTGATCGGTTCCAT
Progesterone F: TGAGGGAGAGAGGAGACCTG
receptor
PGRMC2 238
membrane R: CTAGGGGAAGGAAAGGGATG
component 2
Arginine F: GGCGTACATGCCTACCATCT
vasopressin AVPR2 ) 246
receptor 2 R: CTGTCCACGGTCTTTGTGG
e CCDCIS 405
containing 18 R: CCTGAGTTGAACCAGCACCT
Zinc finger, F: AAAAGTTCTTCCTGTTTTGACAGA
SWIM-t ZSWIM?Z 150
ybe R: TGGTTATTCCACCAATGCAA

containing 2

4. A 28F A8 We 2 A4
7}. Adult mammalian ovaryWjo] £#3}= very smal embryonic-like stem cell®] <5
EE2Fo A FrI A dAoA putative stem cellE £ E itk EH e
collagen®} trysin/EDTA 2% 2 step enzyme digestion 2] & E3}o] single cellS W= H,
large tissue clumpsZ A Ad7] Y8iA 70mm filterS AbE3ta Eeld Ui AFEo WAzt £
FE= ASE Y] YSA 40 filters ARESFATE Al wiFERo] FHEAUYA FE
PSCE #lste] 37FA wigx1dE ol&ste] PSCE wigstatt [ 311 wiFdel kit
ligand/stem cell factorE H7}slH PSCY proliferatione] 2 bk AL &l vl o] A

£ E3dle] PSCY Aol wjdkxzaAL skl s 4 9t}
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%)

Amplication (fold)
{25

1]
DMEM-F12 DMEM-FI1Z DMEM-F12

+10%FB3 +10%KER +B 27
5
= 4 -
3
E=2
= 3
3
& 2
2 days after subculture
il
il 10 20 30 40 50
SCF(ng/ml)

[z 31] Comparison of basic culture media for putative stem cell (PSCs) and
improvement of PSCs proliferation by some supplements. (A) Appearance of PSCs on 3
kinds of media MEM-Alpha, StemPro-34, and DMEM-F12 after 1 week culture (a-c).
After 1 month of culture, DMEM-F12 exhibited significant effect on the PSCs
proliferation. Both of MEM-alpha and DMEM-F12 were cultured with 109 FBS enhanced
differentiated cells (d-f). (B) DMEM-F12 increased large number of PSCs and
spontaneously differentiated oocytes during 5 days after subculture. (C) Effect of knockout
serum replacement (KSR) and serum-free supplement (B27) on PSCs proliferation (n=6).
PSCs were cultured for 7 days on gelatin-coated dishes. Note the improved growth of
PSCs with DMEM-F12 + B27 supplement (DMEM-F12/B27). (D) Effect of Kit
Ligand/Stem Cell Factor (KL/SCF) on PSCs proliferation (n=6). PSCs were cultured for 7
days on gelatin—coated dishes with DMEM-F12/B27 supplemented with various
concentration of SCF (10, 20, 30, 40, 50 ng/ml). Note the PSCs proliferation was improved
by 40 ng/ml SCF.

M

=28 PSCe &7 sst AXRYS 7HA AL lojA RBCH ¢ 7Festslal, o)+«
Al germ cell?} stem cell markerE 7FA3 FACS #4185 33t #8d AXs d58=
germ cell¥} stem cell marker?l Thy-1, Fragilis, SSEA4, c-kite] EA S HoF1 Y25 3
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[71¥ 32] Development of putative stem cells (PSCs). (A) After isolation from the ovary,
the PSCs were cultured and appeared dark and shiny and could easily be distinguished
from the RBCs, which had a typical biconcave disc shape (b, asterisks). The PSCs
gathered in hollows of epithelial cells or were trapped in theca stem cell colonies after 4
days in culture and increased in number and size after 1 week. (B) PSCs grew to a
uniform size (10.12 um), forming groups of cells or clustered around theca stem cell
colonies after 10 days of culture (a, b). PSCs maintained during 1 month without MEF
feeder (c, d). (C) Flow cytometric characterization of PSCs after 1 week of culture, the
cells were of two sizes: 25% were small and 75% were large, and among the small cells,
1.79%6 were Vasa positive versus 5.71%6 of the large cells. Some cells were also positive
for other germ and stem cell markers such as Fragilis, Thy-1, SSEA4, and c-kit (a). After
2 weeks in culture, the cells became identical in size with increasing positive counts for

PSCs (c). Scale bar, 50 pm.
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[29 33] KL/SCF improved in reprogramming of pig PSCs during establishment. PSCs
were isolated and cultured in medium without and with 40 ng/ml SCF for 1, 2, 3,and 4
weeks, and then collected for the detection of Oct4 and c-kit by immunostaining.
(A)Representative immunofluorescence expression of Oct4 and c-kit in PSCs after 4 week
culture. (B) Quantification of c-kit positive in PSCs after 1, 2, 3, 4 weeks culture.
(C)Quantification of nuclear or cytoplasmic localization of Oct4 in PSCs after culture 1, 2,

3, 4 weeks
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of
culture, the small cells showed cytoplasmic localization of Vasa, Stella and Oct-4. The
compact theca stem cell colony was bound by small PSCs and somatic ovarian cells (g,
arrows). (C) After 2 weeks, the PSCs became larger maintained expression of Fragilis,
Stella, Oct4 and Sohlhl. Especially, Oct4 protein was reduced in cytoplasm and localized in
the nuclei of PSCs (e). After 4 week culture, most of PSCs become large size (10.12 pm)
and maintained expression of germ cell markers, DAZL and Blimpl. The flat cell layer of
epithelial and somatic cells did not express any markers (g, k; arrows). (D, E) Expression
of oocyte-specific genes (ZP, SCP3), germ cell-specific genes (Fragilis, Blimpl, Vasa, c-kit
and DAZL) and stem cell-specific genes (Oct4, Nanog, Sox2, Rexl, cMyc and KLF4) in
PSCs. The gene for B-actin was used as a normalization control. Key: Ov, ovarian tissue;
RT-, water control; 1, 2, small PSCs samples 1 and 2 after 1 week of culture; 3, PSCs

after 4 weeks of culture. (Scale bar, 10um).

8 ¥ PSC7F in vivooll A oogenesisE st=A &<13}7] ¢34 WA lenti virusE 9|
43l GFP labelling S 3lal o]2l& st o] 5% o %2 primordial oocyte-like cells®] &
Aol il o]+ GFPERdEE S35t 1S ot [1¥ 35]. 183 PCRE FalA oocyte

specific genes(ZP, ZPC, SCP3, GDF9b)3¥} germ cell specific gnenes (Blimpl, c-kit, VASA,
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[2¥ 35] Induced differentiation of PSCs into oocyte-like cells (OLCs). (A) Expression of
GEFP-positive 821 cells throughout the PSCs re-aggregated with dispersed adult pig ovarian
cortical tissue (OCT) cells (a, b). Primordial GFP-positive oocyte-like cells (OLCs) were
formed from GFP.PSC and GFP-negative OLCs arose from OCT cells after 2 weeks of
culture (c, d). Scale bar, 10 ym. (B) After culture for differentiation 2-4 weeks, some of
the PSCs formed primordial OLCs (30.35 um; a, illustration), and some of them reached to
growing OLCs (50 pm; b, illustration) and formed oocyte cumulus complex (OCC)-like
structures (b, arrows). (C) Expression of oocyte-specific genes (ZP, ZPC, SCP3, GDF9b)
and germ cell-specific genes (Vasa, Blimpl, Fragilis, c—kit) in differentiated cells. The gene
for B-actin was used as a normalization control. Key: PSCs, control PSCs 3 weeks after
isolation; 1, 2, 3, 4, PSCs that differentiated into OLCs after 1, 2, 3 and 4 weeks,

respectively. GV: oocyte from the pig ovary.

PSCol A 21 H oocyte like cells®] 542 ICCS} in vitro differentiationsS %314
stk [29 361.

ME
J
tlo

_67_



SCP3 =

Ac-H3-K9 Lamin A/C Ac -H3-K9 LammAfC

Oocyte-like cells Qocytes

E) NewrofilamentDNA  Troponin TDNA FoxaZDNA

Ectud Mesodem Endoderm

[72¥ 36] Characteristics oocyte-like cells (OLCs) and three germ layers after differentiation
from PSCs.(A, C) The OLCs exhibited positive staining for GDF9, Blimpl, Vasa, c-Kit,
DAZL, Stella and SCP3 while the adjacent somatic cells were negative, indicating specific
localization of these markers. (B) As with normal primordial oocytes, the primordial OLCs
contain many cytoplasmic germinal granules as discussed in the text. (D) OLCs grew
almost to the same size as normal oocytes (>100 pm) and expressed histone acetylation
(Ac-H3-K9). Lamin A/C staining for nucleus of oocyte (G) In vitro differentiation of three
germ layers showed expression of specific antibody for neuron marker, Neurofilament;

cardiomycyte marker, Troponin; and pancreatic maker, FoxaZ2. Scale bar, 10 pm.

oocyte like cell& GDF9, Blimp-1, vasa, c-kit, DAZL, STella, SCP3o] 42jo] = o
green 2 red® WS %3, somatic cell&2 GDF9, Blimp-1, vasa, c-kit, DAZL,
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PSColA  fF&#:l¥ oocyte like cellse A Adpor HoJFE HAAHH, pluripotency
marker 2& S 3Act. 1#fA PSC7} three germ layers® F3l¥ &= 71sA S gels) ok}
2 A3} three germ layer® 3} %03 217 e] markers (neuron marker—neurofilament,
cardiomycyte marker—troponin, pancreatic marker-Foxa2)7} 2& o] PSColl A f#E oocyte

like cells7} pluripotency ¢ 4L 7FAa &< Felatadnt”.
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E #13 TCAGTGTTTTGTGTTCAAT GTTGAG-———TG AATTGCACTTGGAACAGCA
i #2-8 TCAGTGTTTTGTG AACAGCA
#2110 TCAGTGTTTTGTGTTCAAT GTTGAGTA---TG MTTGCACTTGG&J\CAGC)\

F G IL2RG+/- piglets wild type IL2RG+-

Targeting efficiency (%)
o

ILZRG +/- IL2RG -

_69_



[1¥ 37] Production of IL-2RG mutant pigs using TALENs. (A) TALENs designed to
cause mutations in Exon x of IL-2RG. The target site codes for a beta propeller region, an
essential domain for functional IL-2RG. (B) Fluorescent reporter vector. The reporter
consists of the mRFP gene, the TALEN target sequence, the eGFP gene, and the H-2Kk
gene. mRFP is constitutively expressed by the CMV promoter (PCMV), whereas
functionale GFP and H-2Kk are not expressed due to a double barrier: the two
downstream genes are out of frame and as top codon precedes them. If TALENs induce
double strand breaks in the target sequence, the repair of the break through
nonhomologous end joining (NHE]J) often induces frame shift mutations, which can make
thee GFP and H-2Kk genes inframe and expressed. (C) Representative flow cytometry of
cells (here 293 cells) 3 days after cotransfection with reporter and TALEN-encoding
plasmids. RFEP+eGFP+cells were flow cytometrically sorted. (D) Flow cytometric enrichment
of cells containing TALEN-induced IL-Z2RG mutations. Only IL-2RG mutated cells were
flow cytometrically sorted. (E) DNA sequences of mono allelic IL-2RG mutant clones from
SCNT-derived piglets. Deleted bases were indicated by dashes. (F) Targeting efficiency of
IL-2RG gene in pig fibroblast cells. (G) Genotypes of the genetically engineered pigs. We
produced pigs with mono allelic modification of IL-2RG. One of 3 IL-2RG KO pigs have a

very small size of thymus, whereas two of three KO pigs lacked thymus completely71.

[3 6] IL-2RG embryo transfer list

Number of
ET DATA ID of Donor cells embryos Day of heat Results
transferred
2012-10-12 Korean ILZRG 216 1 | female
#10,13,15
2013-2-25 Korean ILZRG 53-1 96 4 Cycled
2013-2-25 Korean IL2RG 53-1 179 4 Cycled
2013-4-2 Korean IL2RG 53-1 35 Blast 6 Cycled
2013-4-13 Korean ILZ2RG 53-1 35 Blast 4 Cycled
2013-4-10 Korean IL2RG 53-1 48 Blast 4 4 females
2013-4-23 Korean ILZRG 53-1 51 Blast 5 mummies
2013-4-25 Korean IL2RG 53-1 187 1 2 females
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[72¥ 38] Mono-allelic modification of IL-2RG. PCR products flanking TALEN binding site
are shown. The absence of a PCR band of the anticipated wild-type size indicates a

monoallelic modification (lane 2, 3, 4 and 6). The PCR products had been loaded on a 2.0%

agarose gel.

AALE IL2RG+/- H A1 9] E 33 o] target gened Ao ¢3dto] of7|x A &
off target effectoll ¢Jste] of7|HA=AE &1 A= [29 3919 £k Transcript9
degradation®] ©}4 translation inhibition®| Y transcription repression®] ¥#¢J3dli= RNA<S] 7
L= 4A3 sequence® matchES Q784 = Zo) FdA vl FARA 98] off side
effects Bd7F 7] wiiol, IL-2RG #3149 homology7h 1= th& FHdA7F 9l=A &
ol % target-off assayE AAletAth [1¥ 39]% porcine IL2RG 7 AFeF homology 7 )
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[729 39] Analysis of off targeting locus. P; IL2RG (positive control, IL2RG+/- piglet
derived gDNA, 1,LRRIQ1, 2;BNC2, 3;SLC17A5, 4;ZNF334, 5TTN, 6,PGRMC2, 7;AVPR2,
8;,CCDC18, 9;ZSWIM?2

IL-2RGE= X chromosome®] 9ttt [29 40]o|l A= X chromosome®] &3}
IL-2RG®] #1#¢} t& FHdAES BAsIAT. IL-2RG7F th& 3= el o' J3FEs 7
A=A AF387] Y3he] porcine specific primerE +H|ste] 539t X-chromosome®] ¢
Aol A QD FAA Xist= #:AANA] ¥ A A AT Xist] anti senseQ] Tsixe 93] A

AA &}l 22 A] human, mouse, pigs Bl 1L3to] o4 EH = TsixE E43Ar [19 41].
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[2¥ 40] Location of IL2RG and other genes on X-chromosome.
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Mouse TSIX —

667 bp (~ 1.2%) matched to Pig XIST/TSIX overlap
N region. 2247 bp{ ~4 2%) matched to Pig XIST gene.
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[Z2¥ 41] Comparison analysis of Xist and Tsix between Human, Mouse and pig. In this
study, we have cloned approximately 150bp DNA sequence for distinguishing between Xist
and Tsix. Now, this result is under review. So, we feel sorry because we can not show up

these sequence.
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IL2RG FAA= A9 A4 x chromosomed] X3l [L25 X3l theFsk Sl
FZo tigk FE&AE dEs sk FAAAtelth o] AR EAWolZE FiE ¢ x linked
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Thymus®} spleenol 4] Z}2F T cell, B cell, and NK cell markerE ©]-&3}¢]
immunohistology ¢t A3 [29 42, 43139 2ok A=A A= T cell, B cell, and NK cell
of A¥Hem EAst= Ae AT F7F A e, IL2RG KO pigell A= T cello] A7 Al
X<l CD3elA, B Al mt=2l CD 203 BAI¥E receptor?t=2l CD799] A"t positive Al 14
S HAAY B AFE 93] T cell marker®Z+ CD3, CD4, CD7,CD8S, B cell marker®+=
CD20, CD21, CD79a%, 7123 NK cell marker2% CD56< AH&-at it
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Spleen
Wiid IL2RG +-

T cell marker

B cell marker

NK cell marker

[Z2¥ 42] Analysis of T-, B-, and NK-specific biomarker expression patterns in spleen. T
cell (CD4, CD7, and CDS), B cell (CD20, CD21, and CD79), NK cell (CD56) positive signal
in WT-derived spleen tissues were strongly detected, whereas a few or rarely CD20 and
CD79 positive cells, which is a critical factors for B cell development in mono allelic

IL-2RG pigs were detected”.
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Thymus
IL2RG */-

Thymus

CD3

coz20

CDh21

CD79a

[Z2% 43] Analysis of T-, B-, and NK-specific biomarker expression patterns in thymus. In

thymus, only CD3 positive signals in mono allelic IL-2RG pigs was detected in comparison

with WT™,

[29 43]el Al vpERE whel 2ol IL-2RGolAl TAHIZS] HF Al2ERQ] CD37} positive=
e WEel, oS THAE} of® 59 TAZAAE 24467 ake] THES HEA
3T7Y v FAE AFEste] THCS AAlg A3+ [19 4419 2o IL2RG KO pig &



spleen¥} thymusol 4] CD3-¢ CD25-positive signalS YWEFH whA [29 42, 43]94 CD4-¢}
CD-8& negative signale H.17] wj&o] IL2-RG KO pige AF 2= &8 regulatory TH X
E 7 F Ao AS B ATE Fol Ago®2 FHeidn, 1 A e AR [

¥ 55 Blek 2o

Thymus

Wild IL2RG +/-

CD4+T cell

CD8+T cell

CD25+ Treq cell
{low)

[Z2% 44] T cell subtype analysis. (A) In thymus of Fig. 3, we find only CD3 positive
signal mono allelic IL-2RG pigs. To identify T-cell subtype, we compared CD3, CD25, and
CD1d expression patterns between WT and mono allelic IL-2RG pigs. Of note, CD3 and
CD25 expression in mono allelic IL-2RG pigs were significantly decreased, compared to
WT, but mono allelic IL-2RG pigs still showed these positive signals. No CDIld positive

signal in mono allelic IL-2RG pigs, however, was detected. (B) Taken Fig. 19 and Fig.
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20A together, we proposed an underlying mechanism for T cell development in IL-2RG

pigs71.
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[3£ 7] Antibodies list for immunohistochemistry

primer®l] 3t HH =

7, 8]

Primary .
. . Host Dilution Source
antibodies
Santa Cruz Biotechnology,
IL-2Ra Mouse 1/100
sc—365511
IL2Ry Rabbit 1/200 Bioss, bs—2545R
CD3 Mouse (LN10) 1/50 Leica Biosystems, PA0553
CD4 Mouse(4B12) Predilution Leica Biosystems, PA0368
CDS8 Mouse(4B11) Predilution Leica Biosystems, PA0183
CD20 Mouse(M]J1) Predilution Leica Biosystems, PA0906
CD21 Mouse(2G9) Predilution Leica Biosystems, PA0171
CD79a Mouse(11E3) Predilution Leica Biosystems, PA0192
CD56 Mouse(1B6) 1/100 Novocastra, NCL-L-CD56-1B6
CD25 Mouse(4C9) predilution Leica Biosystems, PA0305
Santa Cruz Biotechnology,
CD1d Mouse 1/100
sc—19632
[3£ 8] Primers list for Real-Time RT-PCR
Gene Primer sequence
11 %Raloh Forward AAA TGC CAC GTT CAA GAT CC
aibha Reverse GTT TCC CCT GCA GAT CAT GT
1.9Rbet Forward TCA CCA ACC AGG GYT ACT TC
cla Reverse CAG CAG GYC ATC CCT GGY C
ILoR Forward GAC CAC TGT TTG GAG CAC CT
gamma Reverse CCT TTA TCC CCA CTT GCT CA
GATA3 Forward ACA GAC CCC TGA CCA TGA AG
Reverse GGA GAT GTG GCT GAG AGA GG
EOMES Forward ACT GGT TCC CAC TGG ATG AG
Reverse GCA ATG AAC TGC GTT TCT GA
NKb30 Forward ATC CTG TGC TCT CTG GGT GT
P Reverse GTC CCA TTC CTC ACC TCC TT
ETS1 Forward CCT CCT ACG ACA GCT TCG AC
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Reverse

AGA AAC TGC CAC AGC TGG AT

MCMA Forward CGA CGA GTT CGA CAA GAT GA
Reverse GGC AGC TGG ATG TTT TCA AT
TBX?2] Forward GGA CCC AAC TGT CAA TTG CT
Reverse TCA TGC TGA CAG CTC GAA AT
CX3CRI Forward TGG ATG AGG CTC AGA CAC AG
Reverse CCA TCC CAA AGG AAG TCT GA
PU1 Forward GGA TCT CTA CCA ACG CCA AA
) Reverse ACT CTG CAG CTC CGT GAA GT
oA Forward TTC CTT CCA GGT TGG TTC AG
Reverse ACA TGT CTC TAG CGG GGT CA
EBF1 Forward TTG GGA TTC AGG AAA GCA TC
Reverse AGT TGG ATT TCC GCA GAT TG
BCL6 Forward GCA ATT TCC CAA ACA TGG AG
Reverse TCG TTT GTG AAC TCC ACC AG
STAT3 Forward AGC TGC ACC TGA TCA CCT TT
Reverse AGT TCA CGT TCT TGG GGT TG
T-bet Forward GGA CCC AAC TGT CAA TTG CT
Reverse GCT GAG GGC AGA AAT GTA GG
BLIMP1 Forward TTC AAT TGT GAG CCA AAC CA
Reverse GGT CTC CAC CTT TGT TCC AA
STAT4 Forward ACC ATT CGC TGA CAT CCT TC
Reverse TCC CCT TTC TGT TGG TCT TG
Bmil Forward AGG TGT TCC CTC CAC CTC TT
Reverse TAC GGA CGA TTT TCG AGG TC
MBD? Forward GAG ACT GCG GAA TGA TCC TC
Reverse TGA CGT GGC TGT TCA TTC AT
XBP1 Forward ACT GCC AGA GAC CGA AAG AA
Reverse CCA AGC GCT GTC TTA ACT CC
ABLL Forward CAG AAT AGG GGA AAG GCA CA
Reverse GCT GCC TCT TTG ATG GAC TC
CD8a Forward CAA GCT GTC CCT GGC TCT AC
Reverse TGT CAT TGG CCT TGT AAC CA
FLT3LG Forward GAT GGG ACA GCT CAA GAC
Reverse AAG ACT ATC TCG GTG TTG AC
17 Forward CAA CTG CAC CAG CAA GGT TA
Reverse GAA ACA CAA GTC CCC CTG TC
LTB Forward CGT TAA TAT CAG TCA CCC CGA' T
Reverse TCC TCA GCC CAC CAT CAC
CCLO Forward TGC TGC TAT ACA CTT ACC
Reverse TGC TTC TTT AGG ACA CTT
IFNG Forward TAA CCA GGC CAT TCA AAG GA
Reverse TTC AGT TTC CCA GAG CTA CCA
STATI Forward AGC AAG CGT AAC CTT CAG GA
Reverse GAA TCT CTG GGC ATT TTC CA
JAK3 Forward CTC TCC CCA GCT GTG ATT TC
Reverse AGG AAA ATG AGC GTG TTT GG
CEACAMI Forward AAC CCA GAA CCC AGT GAG TG

Reverse

CTC TGC GAG CAG TAG GCT CT
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PTEN Forward TAT CAA GAG GAT GGA TTC G
Reverse TTG GCG GTA TCA TAA TGT
HIFal Forward TGC TCA TCA GTT GCC ACT TC
Reverse TCC TCA CAC GCA AAT AGC TG
.2 Forward ACC TCA ACT CCT GCC ACA AT
Reverse TGA AGT AGG TGC ACC GTT TG
.13 Forward TGG CCC AGT TCG TAA AAG AC
Reverse CCC CAG TGA GTT CCT GAC AT
CD4 Forward TTC CAC TGC TGT CTC TTG
Reverse TAC CAG GCA TCT GTG ACT A
GNREL Forward AGC CAA CAC TGG TCC TAT GG
Reverse CTT TGG CCA TCT CTT GGA AA
4 Forward GCA TGT ACC AGC AAC TTC
Reverse CTG TGA GAA TGT TCA AGG TT
DNM] Forward TGC AAG GGG AAG AAA TTC AC
Reverse TGG AGA GAT TCC CTT GTT GG
DNM?2 Forward GCT CGG TTT GAC CAC TGT AAG
Reverse ACC AGA AGC GTC TTC CCT TTA
CD5 Forward TCA AGA GCC AGA CCC TCT GT
Reverse AGA AGG TCA CAT CCG TGG TC
.21 Forward GCC CAT AAA TCA AGC TTC CA
Reverse CAG CAA TTC AGG GTC CAA GT

3.4 2 d& A

IL-2RG+  heterotrimeric protein® % immune cell®] surface®l

Mixed base code; Y:C, T

AT e % Aot

EAs

subunits?! alpha, beta, gamma® ©]Fo] A Ut} [ 45]"%

[1¥ 45] IL2 receptor structure. The interleukin-2 receptor (IL-2R) is a heterotrimeric
protein expressed on the surface of certain immune cells, such as lymphocytes, that binds

and responds to a cytokine called IL-2. The IL-2R is made up of 3 subunits - alpha (a),

beta (B) and gamma (y)".
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IL2RG (+/-) heterozygote pige] E54S #4137 91314 spleenol A IL2RGS] w4
ke S A =3k IL2RGH/ - AFAF] spleenol 4] IL2R alpha®} IL2R gamma®] w2 o] w3
S o] s Y [28 46]. IL2RG+/- spleenol A 4 IL2 receptor alpha®l 23S 2
o135t A3 wild type pig¥ IL2RG+/-9] knock-out pigoll A= B2 o2 [L2Ras 3 3dt+=

A IL2Ra E

Wild IL2RG+/-

[Z21¥ 46] IHC analysis of IL-2RG expression. (A) Localization of IL-2Ra and y protein
expression in spleen of control (WT) and mono allelic IL-2RG pigs. IL-2Ra expression in
spleen of control (WT) and mono allelic IL-2RG pigs showed a similar expression patterns,

whereas IL-2Ry protein expression was significantly decreased or undetectable ®B)".

IL2Ra IL2ZRE ILZRY
P=0.02
]
3 -
|
2 A
!
‘Ha BN
0 -.
\Q\‘éq‘x Q‘bx 6:
N N -,:>

[1¥] 47] Real-time RT-gPCR analysis. IL-2Ra and B mRNA expression in mono allelic
IL-2RG pigs was not changed compared to WT, whereas IL-2Ry expression was
significantly decreased (p<0.02). Gadph was simultaneously assayed as an endogenous
invariant control for data normalization. The experiments were performed in triplicate; data

shown represent the mean of three independent experiments.
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[27 46]9] 2xE A8ty fsto], o5 F+dAS mRNAZTEHS =AME A=

(29 4713 2o ol Ay oA vd FFy s vEst=d, 5 IL-2R alphat

IL2RG knock-out #A|&= WY 7]5d oS ZUsty] wiLdl, o] fFdxe] Aol
B} A 7]5ol ot JEFS n A= A E dolr 7] 95t WS 7o T8 7] spleen

[28 48, 5013} thymus [Z¥ 49, 51]& ©]8&3}o] chip assayS 233}t

Plot of expression level between IL2RG_spleen_vs_wild_spleen

15
1
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expression level of IL2RG_spleen

T T T
s 18 15

expression level of wild_spleen

[29 48] Pairwise scatter plot analysis of the global gene expression profiles of spleen

Plot of expression level between IL2RG_spleen_vs_wild_spleen

B no sipnificant
W |FCiz=a

expression level of TL2RG_spleen

= T T
= 18 15

expression level of wild_spleen

[1¥ 49] Pairwise scatter plot analysis of the global gene expression profiles of thymus
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Hierarchical clustering (ILZRG spleen vs wild spleen)
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[2¥ 50] Tissue expression patterns of the IL2RG+/- spleen on microarray data.

ILZRG_spleen

Hierarchical clustering with the average linkage method was performed using Cluster

software
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[ 51] Tissue expression patterns of the IL2RG+/-

Hierarchical clustering with the average linkage method

software.
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Hierarchical clustering (IL2RG_thymus vs wild thymus)

H wild thymus
H IL2RG thymys

nke} o] IL2RG monoallelic knock-out pig 2]

IL2RG_thymusl

thymus on microarray data.

was performed using Cluster

o =l

R |
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o] Bg= el Blsto] vzt size7b A AJAIRE 3vby] BFo] EAste] DNA array w42
spleen®] 4%+ 3vtglol A E23F wbH ) thymuse 295 22 10tg]oAnt B4 (5 /A
gha- AdH e /{5 A7) flste], [ 5119 thymusl 3 2 $L3 A5 ARESSS)
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ol

olE #FAAE 839 hierarchical clusterings 413 A¥= [2¥ 50, 5113 2t}
ol 1ol vehd mie} o] tlZTS IL2RG knock-out¥i= e @E Fako] 2ol &
BAT 3 7FA] EnE S AFAES spleenol] H]EFe] thymusoll A © £33 w3 o zolE B
=], o]& ofrtk IL2ZRG KO pigfraie] 49 o] w9 Ax3dA Fadlld Ao 1l
ot 28y IL2RG KO pigds7te] wrdatol= thagt A=, olF & [17 46]d0A4 AF
gk npe} 2o

H A9 DNA chipAlollA 7HE olele F&2 BlE #A AA genomic DNA
sequence’} H.al FHO YA 7} WA S == V)5 F- 4122 sequencet-+©] gene bankell
SEo] BFte B F3He 7T A o] of¥ e EUlesithEd Ak uhEkA, AF FAAke}
Hlal A2 A {4 B4 e dAE 58] Aste] &87Mestr] wiol, ¥ ATAM =
;A FARe} AF T 71 e AR A FHANS sortingdt AT 1 AR 26 o]
down ¥+ FAA= thymusol A= 44877Y, spleenoll A= 10507H, 48] ©]A down ¥+ H A}

= thymusol A& 121770, spleencll A& 231717F #24do] it [2¥ 52]7".

DOWN regulated UP regulated

2-|O|[|£i 4-fold< B >2-fold i >4-old

Thymus 47 B 604

Spleen 1050 23" 25
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[72¥ 52] DNA chip analysis. In 2 folds comparison of DNA chip, 4644 and 4487 genes in
thymus mono allelic IL-2RG pigs are up— or down-regulated, compared to WT. In 4 folds
comparison, 1396 and 1217 genes in thymus mono allelic IL-2RG pigs are up- or
down-regulated, compared to WT. In spleen, 2355 and 1050 for 2 fold comparison, and 292
and 23l genes for 4 fold comparison in mono allelic IL-2RG pigs are are up- or

down-regulated, respectively71.

BAE FA4E5S ol§3kel DAVID 24 A8 sharh 1 A3t 5 4719 group (

Biological process, Cellular component, Molecular function, KEGG pathway) 2. & U ojA &
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[3£ 9] Gene list by DAVID in spleen

DAVID Group Genes
IL-1BETA, ILS8, CFB, 1L27, IL1B, LOC733603,
Inflammatory response
C2, CD163
Acute inflammatory IL-1BETA, 1IL8, CFB, 1IL27, IL1B,
response LOC733603, C2, CD163
TLR10, IL-1BETA, NPG4, IL8, CFB,
. . Defense response
Biological 1L27, LYz, 1IL1B, LOC733603, (2, CD163
Process IL-1BETA, IL8, CFB, IL27, IL1B,

Response to wounding
LOC733603, C2, CD163

Acute-phase response IL-1BETA, IL1B, LOC733603, CD163
TLR10, IL-1BETA, IL8, CFB, IL27,

Immuno response IL1IRN, CXCL9, CD70, IL15, CXCL11, CXCL10,

TNFSF13B, CCL21, IL1B, C2, LOC780409
[L-1BETA, IL8, CCL21, 1127, ILIB,

Extracellular space CD70, LOC733603, IL15, CXCL11,
LOC780409
Cellular IL-1BETA, CXCL9, CD70, LOC733603,
Component HP, SPINK4, IL15, CXCL11, CXCL10,

Extracellular region NPG4, CCL21, ITIH1, LTF, IL1B, C2,
IL8, CFB, 1IL27, IL1IRN, CD163, RETN,

ADM, SLPI, EGFLS, PYY, LOC780409
IL-1BETA, IL8, CCL21, IL27, CXCLY9,

Cytokine activity IL1B, CD70, 1IL15, CXCL11, LOC780409,
CXCL10
_ o IL8, CCL21, CXCL9, CXCL11, LOC780409,
Molecular Chemokine activity
Functio CXCL10
unetion Chemokine receptor IL8, CCL21, CXCL9, CXCL11, LOC780409,
binding CXCL10
Interleukin-1 receptor
o IL-1BETA, ILIRN, IL1B
binding
_ ) CCRY, IL-1BETA, CCR5, IL8, TNFSF13B,
Cytokine—cytokine
i ] CXCL9, IL1B, CD70, IL2RG, IL15,
receptor interaction
KEGG CXCL11, CXCL10
ih Chemokine signaling CCRY, CCR5, IL8, CCL21, CXCL9,
athwa
patiway pathway CXCL11, LOC780409, CXCLI10
Toll-like receptor IL-1BETA, IL8, CXCL9, IL1B, CXCL11,
signaling pathway CD14, CXCL10
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[3£ 10-1] Gene list by DAVID in Thmus

Response to wounding

DAVID Group Genes
SLA-DMA, SLA-DRA, CD1.1, SLA-DOA,
Antigen processing and SLA-DMB, SLA-5, CD74, CDID,
presentation SLA-DQB1, SLA-DQA1, SLA-1, SLA-3,
SLA-DRB1, PCD1B, PCDI1E
Antigen processing and
_ ] SLA-DMA, SLA-DQBI1, SLA-DQAI,
presentation of peptide or
] ) SLA-DRB1, SLA-DOA, SLA-DMB
polysaccharide antigen
via MHC class II
] C1QA, DDX58, IL-18RA, 11.27, FCN2,
Innate immune response
TLR2, TLR3, TLR4, C1S, LOC396877
] ) C1QA, C3, CFB, FCN2, SCG5, C1S, C2,
Protein processing
MMP14, LOC396877
Activation of immune Cl1QA, C(C3, CFB, FCN2, C1S, C2,
response LOC396877
CI1QA, C3, CFB, IRG6, FCN2, C1S, C2,
Immune effector process
LOC396877
CCL2, C3, CFB, IL27, LOC733603, TLRA4,
Inflammatory response C1S, LOC396877, CCL4, CD163, C1QA, FCNZ2,
ITIH4, C2
Biological Acute inflammatory Cl1QA, C3, CFB, FCN2, ITIH4, LOC733603,
process response C1S, C2, LOC396877, CD163
Humoral immune C1QA, C3, CFB, FCN2, C1S, C2,
response LOC396877
CCL2, C3, CFB, IL27, LOC733603, TLRA4,

C1S, LOC396877, CCL4, CD163, C1QA, VWF,
THBD, F5, FCN2, ITIH4, C2

Positive regulation of

Immune system

C1QA, C3, CFB, IL18, FCN2, CI1S, C2,
LOC396877

process

Positive regulation of C1QA, C3, CFB, FCN2, C1S, C2,
iImmune response LOC396877

Positive regulation of C1QA, NPY, C3, CFB, FCN2, C1S, C2,

response to stimulus LOC396877

Cell adhesion

SELP, TNC, ICAM-1, ITGB3, COL5A3,
CDH5, VCL, VCAMI1, CD9, VWF, APP,
CD36, F5, CD34, ITGAV, PECAMI, CDZ2,
CD4

Biological adhesion

SELP, TNC, ICAM-1, ITGB3, COL5A3,
CDH5, VCL, VCAMI1, CD9, VWF, APP,
CD36, F5, CD34, ITGAV, PECAMI, CD2,
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CD4

Protein amino acid

phosphorylation

EGFR, SRPK3, FGFR2, CDK1, PDK4, MET,
AXL, PKMYT1, AURKA, PBK, AURKB,
PRKG1, MST4, 110, NTRK3, IGFIR,
MAPKI2, LCK, PRKAA2, BMPRIB,
LRRK2, SYK

Activation of imune

response

Cl1QA, C3, CFB, FCN2, C1S, C2,
LOC396877

[3 10-2] Gene list by DAVID in Thymus

DAVID

Group

Genes

Cellular

component

MHC protein complex

SLA-DMA, SLA-DQBI, SLA-DQAI, SLA-1,
SLA-3, SLA-DRBI1, SLA-DRA, SLA-DOA,
SLA-DMB, PCD1B, SLA-5, CD1D

MHC class II protein

complex

SLA-DMA, SLA-DQBI, SLA-DQAI,
SLA-DRBI1, SLA-DRA, SLA-DOA,
SLA-DMB

Intrinsic to membrane

ATPIBI, OCLN, EFNAI, SLC44A4, TLR,
TLR3, TLR4, GGT1, AQP1, GP91-PHOX,
APP, SLC16A1, SLC2A4, B3GALNTI,
SLC2A1, SIPR5, MS4A2, FAS, SCD5,
SLC4A4, CD3G, CD3D, IL-18RA, CD3E,
CD40, CCRY, CCR5, ATP9A, CCR2, FGFR2,
CAV2, CAV1, PTHIR, KLRKI, SFXNI,
KCNAS5, ITGB3, BCL2L1, HCRTRI, SLCI11Al,
ITGAV, FCERIG, EGF, ENTPDI,
TYROBP, TRPC1, MAOA, MET, EPHXI,
CYB561, NTRK3, UCP3, SLC7A2, CD59,
FAAH, CD274, TGFBR3, CLDN7, SLC15A1,
LDLR, CLDN4, CDL.1, DUOX2, GJAI,
ANPEP, SLA-5 EDNRA, SLA-1, EDNRB,
SLA-3, CXCR4, CXCR6, TPO, FCGR3B,
GHR, CCRL1, SLA-DMA, RAMP2,
SLA-DMB, MMP14, ST6GALNAC2, CD163,
FOLHI1, ADRB2, NRM, SR-PSOX, SGCD,
PRNP, STEAP1, SGCB, MAL2, FUTS, CCRI,
CD247, ITM2C, CDH5, GPR4, VCAMI,
CD9, IGFIR, SLA-DQAI1, CD2, FUTI, CD4,
FUT2, COX7A1, SLA-DOA, PTGFR,
SLA-DQBI, SLA-DRBI, PLN, PECAMI

Integral to membrane

ATPIB1, OCLN, SLC44A4, TLR2, TLRS,
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TLR4, GGT1, AQP1, GP91-PHOX, APP,
SLC16A1, SLC2A4, B3GALNTI, SLC2AI,
SIPR5, MS4A2, FAS, SCD5, SLC4A4, CD3G,
IL-18RA, CD3D, CD3E, CD40, CCR9, CCR5,
ATP9A, CCR2, FGFR2, CAV2, CAV]I,
PTHIR, KLRK1, SFXN1, KCNA5, ITGB3,
BCL2L1, HCRTR1, SLC11Al, ITGAYV,
FCERIG, EGF, ENTPDI, TYROBP, TRPC,
MAOA, MET, EPHX1, CYB561, NTRK3,
UCP3, SLC7A2, FAAH, CD274, TGFBR3,
CLDN7, SLCI5A1, LDLR, CLDN4, CDI1.1,
DUOX2, GJAl, ANPEP, SLA-5, EDNRA,
SLA-1, EDNRB, SLA-3, CXCR4, CXCRS,
TPO, FCGR3B, GHR, CCRL1, SLA-DMA,
RAMP2, SLA-DMB, MMP14,
ST6GALNAC2, CD163, FOLHI, ADRB2,
NRM, SR-PSOX, SGCD, STEAPI, SGCB,
MAL2, FUTS, CCR1, CD247, ITM2C,
CDH5, GPR4, VCAMI, CD9, IGFIR,
SLA-DQAIL, CD2, FUT1, CD4, FUT?,
COX7A1, SLA-DOA, PTGFR, SLA-DQBI,
SLA-DRB1, PLN, PECAMI

glycoprotein complex

Dystroglycan complex SGCD, SGCE, SGCA, SGCB
Sarcoglycan complex SGCD, SGCE, SGCA, SGCB
Dystrophin—associated

SGCD, SGCE, SGCA, SGCB

MHC protein complex

SLA-DMA, SLA-DQBI, SLA-DQAI, SLA-1,
SLA-3, SLA-DRBI, SLA-DRA, SLA-DOA,
SLA-DMB, PCDI1B, SLA-5, CD1D

[3 10-3] Gene list by DAVID in Thymus

DAVID Group

Genes

Chemokine activity

CCL2,
CCL5,

CCL21, CCL3L1, CXCL9, CXCL11,
LOC780409, CCL4, CXCL12, CXCL10

Chemokine receptor

binding

CCLZ2, CCL21, CCL3L1, CXCL9, CXCL11,

CCL5, LOC780409, CCL4, CXCL12, CXCL10

Molecular

function

Protein kinase activity

EGFR, SRPK3, FGFR2, CDKI, PDK4,
MET, AXL, PKMYTI, AURKA, PBK,
AURKB, PRKGI, MST4, NTRKS3, IGFIR,
MAPK12, LCK, TGFBR3, PRKAA2, BMPRIB,
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LRRKZ, MYLK, SYK

ATP binding

FGFR2, BLM, MYO7A, PKMYTI, OASI,
AURKA, AURKB, PRKG1, MST4, IGFIR,
TOPOII, PRKAA2, ENTPDI, SYK, SRPK3,
EGFR, CDK1, ACTAl, PDK4, MET, AXL,
ACACA, PBK, RAD54L, NME4, NTRK3,
DDX58, OASL, GLUL, MAPK12, ATP9A,
LCK, BMPRIB, LRRK2, MYLK

Protein tyrosine kinase

activity

FGFRZ, EGFR, NTRKS3, IGFIR, MET, LCK,
AXL, SYK

Protein serine/threonine

kinase activity

SRPK3, CDKI, PKMYTI1, AURKA,
AURKB, PBK, PRKGI, MST4, MAPKI12,
TGFBR3, PRKAA2, BMPRIB, LRRKZ2,
MYLK

Adenyl ribonucleotide
binding

FGFRZ, BLM, MYO7A, PKMYTI1, OASI,
AURKA, AURKB, PRKG1, MST4, IGF1R,
TOPOIL, PRKAA2, ENTPDI, SYK, SRPKS,
EGFR, CDKI1, ACTAIL, PDK4, MET, AXL,
ACACA, PBK, RADML, NME4, NTRKS,
DDX58, OASL, GLUL, MAPK12, ATP9A,
LCK, BMPRI1B, LRRKZ, MYLK

Cytokine binding

CCRY, CCR5, CXCR4, IL6ST, CCRI,
CXCR6, CCR2Z, TGFBR3, IL2RG, IL13RAIL,
GHR, CCRL1

C-C chemokine receptor

activity/  binding

CCR9, CCR5, CXCR4, CCR1, CXCR6, CCR2,
CCRL1

[3 10-4] Gene list by DAVID in Thymus

DAVID

Group

Genes

KEGG
pathway

Cell adhesion molecules
(CAMs)

CD8A, SLA-DRA, CD8B, ICAM-1, SLA-5,
CDH5, VCAMI1, SLA-DQAI1, SLA-1, SLA-3,
ITGAV, ICOS, CD2, CD4, SLA-DMA, F11R,
SELP, SLA-DOA, SLA-DMB, CD40,
PDCDI1LG2Z, SLA-DQB1, SLA-DRBI1, CD34,
CD274, PECAMI

Intestinal immune
network

for IgA production

SLA-DMA, SLA-DRA, SLA-DOA,
SLA-DMB, CD40, APRIL, IL15, CXCL12,
IL10, SLA-DQB1, CCR9, SLA-DQAI,
TNFSF13B, SLA-DRB1, CXCR4, ICOS,
LOC396781

Asthma

SLA-DMA, SLA-DRA, SLA-DOA,
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SLA-DMB, (D40, IL10, SLA-DQBI,
SLA-DQAI, SLA-DRBI1, LOC396781, MS4A2,
FCERI1G, LOCI100152827

Viral myocarditis

SLA-DMA, PRFI, CAV1, SLA-DRA,
SLA-DOA, SLA-DMB, ICAM-1, CDA40,
SLA-5, SLA-DQBI, SLA-1, SLA-DQAI,
SLA-3, SLA-DRB1, LOC396781, SGCD,
SGCA, SGCB

Allograft rejection

SLA-DMA, PRF1, SLA-DRA, SLA-DOA,
SLA-DMB, CD40, SLA-5, IL10, SLA-DQBI,
SLA-DQAI, SLA-1, SLA-3, SLA-DRBI,

LOC396781, FAS

Autoimmune thyroid

disease

SLA-DMA, PRF1, SLA-DRA, SLA-DOA,
SLA-DMB, CD40, SLA-5, IL10, SLA-DQBI,
SLA-DQAI, SLA-1, SLA-3, SLA-DRBI,

LOC396781, FAS

Graft-versus—host

disease

SLA-DMA, SLA-DQBI, SLA-DQAI,
SLA-1, PRF1, SLA-3, SLA-DRB]I,
SLA-DRA, SLA-DOA, SLA-DMB, FAS,
SLA-5

Type I diabetes mellitus

SLA-DMA, PRF1, SLA-DRA, SLA-DOA,
SLA-DMB, SLA-5, SLA-DQBI, SLA-DQALI,
SLA-1, SLA-3, CPE, SLA-DRBI, FAS

Systemic lupus

erythematosus

SLA-DMA, C4, SLA-DRA, C3, SLA-DOA,
SLA-DMB, CD40, C1S, LOC100155404, IL10,
C1QA, SLA-DQBI1, SLA-DQA1, FCGRZB,
SLA-DRBI1, HZAFZ, LOC396781, C2,
FCGR3B, LOC100153329, LOC100154181

Antigen processing and

presentation

SLA-DMA, CD38A, SLA-DRA, CDSB,
SLA-DOA, SLA-DMB, SLA-5, CD74,
SLA-DQB1, SLA-DQA1, SLA-1, SLA-3,
SLA-DRBI, LOC100153090, CD4

Chemokine signaling

pathway

CCLZ, CCR1, CXCL9, GNGI12, STATI, CCL5,
CXCL11, CXCL12, CCL4, CXCL10, CCRS,
CCRb5, CXCR4, CCL21, CCL3L1, SR-PSOX,
CXCR6, CCRZ, LOC780409

Arrhythmogenic right
ventricular
cardiomyopathy (ARVC)

CACNAZDI1, ITGAV, SGCD, LEF1, ITGBS,
TCF7L2, SGCA, SGCB

Dilated cardiomyopathy

CACNAZDI1, PLN, ITGAV, LOC396781, IGF1I,
SGCD, ITGB3, TPM1, SGCA, SGCB

Complement and

PLAT, AZ2M, C4, C3, CFB, SERPINGI, C1S,
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C1QA, THBD, F5, CD59, SERPINEL, C2,

coagulation cascades
PLAU

)
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[721¥ 53] Key gene expression patterns in each NK, T, and B cell stages during transition

from lymphoid tissue to circulatory blood™.
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[72¥ 54] Schematic representation of biological networks constructed by relation to the pig
IL-2RG gene. (A) Functional correlation and interaction among the signaling proteins and
IL-2RG gene were reconstituted into a network model using the Pathway Studio software
(Ariadne Genomics Inc.; Rockville, MD, USA). All genes are shown by their gene symbols.
Direct and indirect regulation is indicated by colored lines and dotted gray lines,
respectively. (B and C) Validation of microarray gene expression by real time quantitative
real-time PCR (RT-gPCR) in upstream (B) and downstream (C). Gene expression levels of
selected genes were determined by quantitative RT-qPCR from the spleen and thymus
tissues, using WT- and mono allelic IL-2RG-derived pigs mRNA samples. Measurements
were performed in triplicate, after which the calculated mean expression level was corrected
for Gadph expression levels. Error bars indicate standard deviations. In (C), upper panel
indicated matched gene expression levels between RT-gPCR data and model data using the

Pathway Studio software, whereas down panel indicated unmatched gene expression levels
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between RT-gPCR data and model data™.
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[72¥ 56] Production of IL2RG mutant pigs using TALENs. (A) TALENs designed to
cause mutations in Exon 2 of IL2RG. (B) Donor vector for analysis of targeting efficacy.
(C) Underdeveloped thymus in IL2RG KO pig. Thymus was underdeveloped or absent in
IL2RG kO pigs. T indicates thymus. (D) Targeted mutation of IL2RG using TALENS.
Deleted bases were indicated by dashes. (E) Targeting efficacy. (F) RT-gPCR analysis. (G
and H) Localization of IL2Ra (G) and y (H) protein expression in the spleen of control
(WT) and IL2RG KO pigs".
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[Z1¥ 57] Analysis of T-, B-, and NK-specific biomarker expression patterns in spleen (A)
and thymus (B). T cells (CD4, CD7, and CD8) , B cells (CD20, CD21, and CD79), NK cells
(CD56, and CD 335) positive signal in control-derived spleen tissues were strongly detected,
whereas a few CD20 and CD79 positive cells, which is a critical factors for B cell
development in monoallelic IL-2RG pigs, were detected. However, biomarkers expression of T

and NK cells in thymus of monoallelic IL-2RG pigs were not detected’".
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[29 58] T cell subtype analysis. CD3, CD25, CDIld, and FOXP3 expression pattern

analysis between control and monoallelic IL-2RG pig’s spleen (A) and thymus tissues (B)™.
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[Z2% 59] Co-localization of T cell subtypes. (A) CD3 expression is co-lacalized with CD1d
or CD25, CD44, CD4, CD8 and FOXP3. Also CD44 or CD25 expression is co-lacalized with
FOXP3. (B) Blocks in T-and B-cell development associated with IL2RG knock-out in mice
and pigs. (C) Expression analysis of transcription factors for terminal T cell developments
(D) Expression analysis of transcription factors for B cell development (E) Expression
analysis of transcription factors for NK cell development (F) Summary of T, B, NK cell

development71'
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[Z2¥ 60] DNA chip analysis and validation of real-time RT-gqPCR. (A) Scatter plot for
NK and B/T transcripts. (B) Summary of Up- and Down- regulated genes in control and
heterozygous IL2RG KO pigs. (C) Using DAVID program, up— and down- regulated gene
expression were analyzed, and divide into 3 subgroups such as biological process (BP),
cellular component (CC), and molecular function (MF). (D) Real time RT-qPCR analysis
for differentiation-related key genes expression of NK-, B-, and T-cells. (E) Key gene
expression in T/B/NK cell stages during transition from lymphoid tissue to circulatory

blood.
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[72¥ 61] Studio pathway analysis of pig IL-2RG regulation. (A) Functional correlation and
interaction of IL2RG signaling using the Pathway Studio software (Ariadne Genomics Inc.;
Rockville, MD, USA). All genes are shown by their gene symbols. Direct and indirect
regulation is indicated by colored lines and dotted gray lines, respectively. (B and C)
Validation of gene expression by real time quantitative real-time PCR (RT-qPCR) in

upstream (B) and downstream (C)™.
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[2¥ 62] Partial cloning of TSIX gene and analysis of imprinting gene expressions on the
X chromosome. (A) Comparison of mouse, pig, and human TSIX gene sequence. (B) Partial
sequencing of pig TSIX gene. (C) Molecular Location of imprinting genes on the X

chromosome. (D) RT-gPCR analysis of imprinting gene expression on X chromosome.
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[29 63] A IL-2RG+/- KO pig in gnotobiotic facility
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CD3 is initially expressed in the cytoplasm of pro-thymocytes, the stem cells from which
T-cells arise in the thymus. This high specificity, combined with the presence of CD3 at
all stages of T-cell development, makes it a useful immunohistochemical marker for
T-cells in tissue sections. CD4 is a glycoprotein found on the surface of immune cells
such as T helper cells, monocytes, macrophages, and dendritic cells and it is a co-receptor
that assists the T cell receptor (TCR) in communicating with an antigen-presenting cell.

CDS8 is a transmembrane glycoprotein that serves as a co-receptor for the T cell receptor
(TCR).And the CDS8 co-receptor is predominantly expressed on the surface of cytotoxic T
cells, but can also be found on natural killer cells, cortical thymocytes, and dendritic cells.

CD25 is a type I transmembrane protein present on activated T cells, activated B cells,
some thymocytes, myeloid precursors, and oligodendrocytes that associates with CD122 to
form a heterodimer and i1s expressed in most B-cell neoplasms. CD44 expression 1S an
indicative marker for effector-memory T-cells. CD44, along with CDZ25, is used to track
early T cell development in the thymus. Foxp3 appears to function as a master regulator

(transcription factor) in the development and function of regulatory T cells™.
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o3t #Zol IL-2Ry-/- +8# A5 HA = WA "= ddo] o] FofxA &

fru
Y
—m
ot
8
=1
o,
(S
=5
o
o
rO

Atk 2 A3k, [29 69]e1A4 ¢k o] HE staing &3ko] A5
_/I\_

7F dden, o= Aol HlalA IL-2Ry—/- A AT sliAAA o Bol yeds &

Control IL2-RG
%y :

(12 691 7ol A HE @ 4ol ¢k o= §F A7, shaie o= ko] olstel wAlE wha

29 AT o @,
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(2) Ingenuity pathway analysisZ ©]-&3F IL-2Ry-/- FdA A5 #HA 44 &4

1

Ingenuity pathway analysis & WA AAAE FFHo=2 FAsta s+
g 7INkel eHx RBA &8 AZES ool o] AZEOE o]&3dte] 1) Biomarker
discovery (78 AE3HA E5EAS 7|to =z dlo]ontAe SRIFES HAs, #A4A= AH
ot} Ao wiAYE #AR WAUSFE 1Y) 2) Metabolomics (MXE 7|5 9IS v A=
AR S TS = gler, miRNA 75 $3 32 2d Ads 248 miRNAES
=3}3, miRBASE, TargetScan, Ingenuity |2} o] ~E o] €3] mRNA EHAS #HA) 3)
NGS/ RNAseq analysis (T4 A #4334 &= isoforme WMEA A¥Es = 9=
raste A EFE AlF) 4) Proteomics (HFS @A dlo]E9f Adtd wWAYSE
Asta, 2HJNAE 1 Ev AR A S vH 5 e 8ds dF) okl
g8 o] 7hsslrt 3adEe] &3t chip assayet £ AAE Fle] 43 chip assayE IPA

g Folol 4% BAL AE s

[ 70l A= 3 E chip assay® scatter plot 41 Z3}o]

o
o] &3}y scatter plot #4S SIS wf fF-i<e B, T, NK & #&d FHAE0] A E

FAT 47b Atk AT aYNA wi wsh 2ol 2 B, T, NK W8 %l FA4E 24
Moz R Bl WA e

Scatter plot Scatter plot
___NKcells BandT cells

[L2RGH-

W

Wild
[72™ 70] Scatter plot ¥4

3P eel] Ak Aol = IL-2Ry-/- FHA A% =4 & viewtk o] gste] 24
S APPed, 44350 F7FE IL-2Ry-/- FA2 A5 H#A7 Aile] Ho] FrtHow

chip #41& Jgstd 1 A5 wg o=z [PA w48 st [19 7T1oA = F71=
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A3E WAt 7o) A Hierarchical clusterings YFeERU Lt

Color K&y

Sig Hierarchical clustering (datad fcd)

L-5core

-1 L A

Rou I-Score

|7
|

wild TthHwymus

cantral __TH
LL 2RG Tt hymus 2

IL2RG__thymusl

[19 71] IL-2Ry—/- + A A% =A ¢ Hierarchical Clustering.
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[ 11] IPA &A1& &3 IL-2Ry—/- #dA AF =1#2] TOP CANONICAL PATHWAY.

p-value range #Molecules

Cancer 1.13E-03-2.40E-08 95

) Gastrointestinal disease 1.09E-03-2.40E-08 64
;Ef’ff:fﬁ"‘u"ni Organismal injury and abnormalities  1.13E-03-240E-08 101
Inflammatory disease 1.13E-03-7.75E-08 34

Inflammatory response 1.13e-03-156e-07 49

Cell death and survival 1.03E-03-9.70E-08 74

Free radical scavenging 7.26E-04-2.26E-07 20
MnlecL;:'?r::;:?ndn:ellular Cellular growht and proliferation 1.13E-03-5.27E-07 76
Cellular movemnet 1.03E-03-9.23E-07 47

Cell-to-cell signaling and interaction 1.13E-03-116E-06 37

Tissue development 1.07E-03-5.27E-07 38

Physiological system ]Jc-:ﬁ:&?’éc:oglcal system developmentand  , 14c 13 g53r 07 42
:ﬁelﬁﬁ;"tf;: Immune cell trafficking 1.03E-03-9.23E-07 32
Cell-mediated immune response 1.03E-03-2.00E-06 16

Hemetopoiesis 1.03E-03-2.00E-06 17

EAXHoZ  disease and bio—functions pathway©olA inflammatory disease%}
inflammatory respinse, physiological system development and function pathway el 4]
cell-mediated immuno response, immune cell trafficking ¢ #Z2 W< I canonical
pathway s &<13 71 Ak o= 7k A4 IL-2Ry+/- 44 A5 A7 A4 24
o] WAgH Aejd-S oAl QA AFAY. ##HE main molecularel] o3 F%

IPAE Esto] #4445 skl 2 A= [ 12]0 FelE 8kl

4 % = networks

[3% 12] Main molecular o] ¢]3] %4 %+ newtowrk.

ID regulators Diseases and Functions Consistency score

Alpha Catenin, COL18A1, EGR1,IKBKB,

IL10, IL18 (+12 more) atherosclerosis (+14 more) 90.802

Alpha Catenin, CRY1, ERK1, IKBKB, IL18,  cell movement of mononuclear

LEP, MYD88 (+8 more) leuckocytes (+13 more) 73.608
COL18A1, IL18, LEP, MYD88, NFkb _

(complex), TICAM1, TLR2 (+2 more) atherosclerosis, cancer (+10 more) 60.052
CSF2, EGR1, [PNG, IKBKB, INPPSD, adhesion of eosinophils (+9 more) 40.279

MYD88, NFkb (comples) (+2 more)
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S ARAQ BAL S fletel, BAH AN §A79] pathwayE TH [14

72] oF o] RAER JERHAT

Top regulatory effect network 1

~—— Prediction Legend ——
oy pereTy -
® wgivd O
@ owoepid O
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@ Freccted sctvation ()
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= iffeit At proticied

"‘ ?‘5?:7 {}4,1%’(‘ e —— Lead to acthation
i ! 3
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Top regulatory effect network 3

Procliction |

Top regulatory effect network 4

- Predction Legend ——
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Top regulatory effect network 5

\ \
-{4 A
LS
R Yo R
A T
‘q ntity o r cell lines
|

het L YL

|
B FTR
of va smooth muscle cells

sion

[2¥ 72] Main molecular ° ¢]&] ZA%+= network pathway.

network 1-5.

PAZ %814 IL-2Ry+/- F4% 4% AAolq /b4 ddo] B 44

2= [ 131l Aefskada, zh2he) A dd el zpol= [29 73]
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[ 13] IL-2Ry+/~ $44 A% AAA A 43} Ae f4 &
Top mloecules
IGFBP5S 18.011
IFMNG 15.168
sTC2 11481
EPHX2 11.244
Fold change LIFR 10.836
up-regulated PDE3A 8.877
GUCY1A3 8455
MSX1 7.589
C1s 7.394
ACOX2 7.076
NEIL1 -8.405
RADS4L -1.726
CDCA7T -7.689
HCRTR1 -6.754
Fold change STEGALMACZ -5473
down-regulated Apon -4.670
Gstad -4.309
CENPI -4.268
MTFR22 -4.176
SMC4 -3.987
5
-
-
=
.
RHHEEEHHHERHEBEEREEEE
JREHEHEEHEHREHEHHBEHEE
fi = [ gl=F = ]
N £
2
F old change upregulated Fold change down-regulated

[29 73] IL-2Ry+/- +A4 A5 AN Tdd A Ak A LA

Molecule Activity Predictor(MAP)¥= A B UEY A9t 1142 pathwayol A A

= A5 AdHste] M HS5E EokFH, MEA) s AR PPt 2ddEs A
HE 4 ok @4 B4 9 ddH YESA 4], IPA Advanced Analytics2 Hl o] E Al 2
HA9 dael gl 2dJAAE 2] A8 FABEA B4 st AF oy vd
¥ oge 4 #AE HE Ak

IL-2Ry+/- w22 A5 #HAoA v Z3E vg o2 D network 415 Z 333
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a2 A o5 o]l A 1870¢] networko] AlF-E UpFojA|aL o] 52 R

= 1=] |=2

Aol oyl 54 network®t WA E = AS G [ 741

Network
3 MNetwork
Metwork [
|
|I Network
Metwork Hetwork

9 10

e

rd -
2 3

rg 1
Metwork
4 e -
Metwork
i 1

.-"rl

Metwork
11

MNetwork MNetwork MNetwork Netwark Metwork
7 12 & 14 15
MNetwork
18

[29] 74] ID network ¥4 Az}

[ 74l A =E B#Ho] A+ ID networkel] THE FAXES [F 14]94 AHglst
of YelA. FolA = 722l ID network’} YEN = TOP DISEASE AND FUNCTIONS

S Yeta AAZ chip AdolA  &EHEHA up-regulated-red  color$t down-
o kA vt

regulated-green color® YEFHST. 2832 7} networkoll A chipoll A= el A ¢

red &2 greens AAAAFE FHA (Molecules in network)oll YEFH AT}
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[ 14] ID network o] &38tE Fda 2=

Network

Network 1

Top disease and functions

Moleulas in Natwork Moleulas in Hetwork (up)

Carbohydrate metablism,
Molecular transpor,
small molecular
tiochemistry

: : (D34, CEBPA, CSTB,DECR1,G
Alpha catenin, Cg, Hdac, fiston hg'H'CK‘ L1, KLFA LAV NCKEP ACTR3, BCKDHE, H2AFZ, HM

ston hd, N-cor, POGF BB, Prainsulin, . RAPAB, KATT PNN, POR, SE
RNA polymerase Il WNT, LN]E,E b H1L, SMC4, YRK1, WOHDA

Network 2

Cell-mediated immune
12500NsE,

Cellular development,
Cellular function and
maintenance

Ap1, calpain, CO3, Cyelin €, Feer, G

m-csf, GOT, Growth hormone, lge 1L COCAT, IL2 MEDH4 hUs1,
12 ami), e anpa Mapk E%F?#NCS%EEFEH?;% fﬁﬁ;ﬁf NELFCD, PSHDA, S0CS2 &7
HC dlass Il {complex), Natch, Ras 87 AREL K178, UCHLS

AT5ai, TCR

Network 4

Cancer, Organismal Injury
and abnormalites,
Cel death and sunvival

Alp. C-Sre, Collagen(3), Creb ERKY/

2 Fibrinagan, Focal adhesion kinase, ANGPTLT, CAVY, FBX032, FIN1,
Gsk3, Hap27 Mek NTORCH, p38M HKZ, IGFEFS. MET, WMF14, PO
APK, PI3K (family), Pkcis), PP2a Ra E3A, SFN

s homolog, Rock SRC (family), Vedf

OCT, FT0, LIMS1, 5LC5A3, TB
G104,V

Network 5

Cancer, Cell cycle,
Organismal injury and
Abnormalties

BIK CD24.CT3D, IGFBRT, LAPTI4

A MCAM, WYOTC, OGG1, PROX2, GUCY1A3, PGLYRPZ, PGH3 P
PRPF31, TR, TP53, TPG3, TPS3AIP PRICA, SCPER, SFN, UPK1B
1, TPP1, ULBRZ, UPKZ, VANP4

ERP44, FRYL, JMJDHC, NUP1
53 PROXY, PTP4A1, SARTS 3
HC4, TAF3,

Network §

Developmental disorder,
Hereditary disorder,
Immunalogical dicezse

C1g,CIR CAPG, EXTLZ FHL2 GF
PT1, GRBZ,IGF1R, KIF5B, KRTEE, 18, CYPZRY. DOCKS, Neg? SP.TFBWGE, CENP1,ILF2, LEN

mir223 NUPRT, PKACZR PSENY, '™ D3 WTFR, SAR1A SHUT TA
RACH, SAHHD1, SLC1AZ Smadz, LC39AT Z3MIME o

TGHZ, TUBGCRS, YY1

Nefwork 9

Cellular assembly ang
organisation,

Lipid metabalism,

Small molecule biochemistry

AGPS, ARFGAR3, arginase, ATFEG, B

ETIL, COCE, COGT, Cyp4At4 FADS AGA, FKBR10,FLRTZ, GOLGA3,

2 GOLGBY, HSD17B10, LGALS4, L IGFBPS, MGST3, MYOSB, PFKN };}:m COR B o
MANT, NGST, NFE2L2, PRARA, RE, THMD i
L, SORBS, Sos, TPPY, THN, XEP1

Neurological disease,

Network 10° Develoomental disorder,

Hereditary disorder

AHR. APP. ATP4A, COKERY COKMA
A CPLI2,CTSD, FB, GNADY, HEY/,
HSPE!, HTT,IgG, KIFSB, NSF PP
PARAB, SLC1A2, 5GP, TP, TP VIF
P4 VANP3, VIPR,

ACTNZ, AQPPA, TTM28, PDE2A ARF3, CELAT, CLN3, KIf16, 1D
F2, PRPF19, SEPHS1, ZBTA33

Network 11

Cel-to-cel signaling and
interaction,

Reproductive system
development and function,
Infactious disease

ARHGEFS, ARLAIP3, CCRL2 COC4

2EP4, CH25H, CREN, DABZ, EP300, FNDC3B, PARP12, RASGEF1A
ERBBZ, FANZBF, F3H, GBPS, GPRCSHAGLA, SPARCLY, SPATAZD,
58,1147, Iqtp, IRF3, KCTD1Z,Lh, 0A 8TC2, USP13

53, POLIMZ, Sifn1, STATY, TNFAIF3

" CPEFG, MAPRAPKS, PTP4AT,
RTNZ

g3 [ 75l = ID networkell @& ¥ 27+9] networkell T

ki3

e
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NETWORK 2
ok

NETWORK 1

NETWORK 4

NETWORK 3

NETWORK 6

NETWORK 5

- 118 -



NETWORK 7 NETWORK 8 ;’.

NETWORK 9 ) NETWORK 10

NETWORK 11 sw(?m NETWORK 12

1
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NETWORK 13
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NETWORK 15

NETWORK 16 NETWORK 17

NETWORK 18

¥ )

ke e ABCt o &b
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PPP1CC (kMT2D) CTGF SPATA20 SPATA20
[28 75] Z+7+e] network ®2]% (Networkl-18)
[3 15] Canonical pathway #+Ajol] o]3t 7|5 &4
p-value #Molecules
Glucocorticoid receptor signaling 7 T3E-06 14
Hepatic fibrosis/Hepatic stellate cell
activation it -
Canonical pathways Acute phase response signaling 2.22E-04 7
: i:ﬁ-dlhydrnxwltamm D3 biosynthe 5 18E.04 5
HMGB1 signaling 6.81E-04 7

Canonical pathway #41o] 938t IL2RG KO pig® 2% [3E 15]dA41¢F 2ol 5749
signaldp #ojsles Aoz g it o5 BA4 EXd 9ste HA p<0.050]3e] FA %
A& Hel IL2RG signaldl < Aoz AFESY, o] & signalol &+

)
o
A5 Z4ze] fAA e WA Gge WuE dvs (19 7603 2

Fo
o,
12
ok
tlo
N
o
ol
rr
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Glucocorticoid Hepatic fibrosis/Hepatic Acute phase
receptor signaling stellate cell activation response signaling

20,000 20,000 - 20.000 -

15.000 - 15.000 -

n

r

10,000 - 10.000 -

10,000 1 I
5.000 - ‘ 5.000 - l
0.000 o rl.l.l.lflflflzl..l.. (5000 4 0.000 - -.---—.--r--.--.— -
= \ amnnll -
5000 0.000 .- L =000

Iy & & A e
é‘?’“’e“\" c’év‘?«“'@ v # \\?é}*;’ \"_@9 &

Fold change
Fold change
Fold change

GTF2H4
L2
MED 4
TAF13
PPP3C A
TGFER
ILE
cxcLa
CEBPA
WC AN
IFMG

1,25-dihydroxyvitamin

D3 biosynthesis HMGB1 signaling

20.000

20,000 -

15.000 - 15.000

10,000 - 10.000 -

5.000 - 5.000

oo mEREN | | I I -TI,I...I.,.ITI?I.,.I... 1 |

& A c;. P RGN A SR C I
éﬁh@ & w 4‘\!\@ & \\}Qé‘i&ébq v @40?3-"@&

Fold change
Fold change

r
)
p'L
rr
i
Ho
2
X
=
o
29

[Z2¥ 76] Canonical pathway =21l 2|3t 7z} 137 9] signalol

HEH o2 [L2RGY Ao 93k IL2RGY downstreamol #ojslsE FdAp~e] 2
OFAFS westernol] st A3 Axt= [29 7713 Zo) IL2RGY 248 Ad Stat-3 =
2 59 Qrtsl WSS Ao A Z4F WY Tl #oste= AXS WIS AFs=

o =T

T
o 3e®
A% e o™ =
LR
W

S6KDa P e o Sfatd

§0KDa b S

¥
J0KDa pr = s Stats

86KDa t | Phospho-Stat3
T9KDa

BOKDa P | — Phospho-AKT

- Phospho-5tats

-
g0KDa P =

b S ctin

[29 77] Western blotingel €)% IL2RG KO (+/-) pig®] downstream regulation¥®4]"",
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(3) Al 174A4 B=
[3£ 16] Summary of Studio pathway

Compare
with .
— Relation Type CellType Effect Reference
spleen
IFNG —-+> . .. 72
UP Expression Monocytes positive Schrader, S. et al., 2007
IL2RG
IL2RG . . 7
Up Expression - positive  Ozawa, A. et al., 2003
-—+> CCL2
T-Lymphocyt
IL2RG . es, .\ 74
Up Expression positive  Sattler, A. et al., 2009
--+> IFNG Helper-Induce
r
‘ Hofmann, S.R. et al., 2004";
IL2RG Direct- . . %
Up ) - positive  Reichel, M. et al., 1997";
--+> JAK3 Regulation . 77
Thomis, D.C. et al., 1997
IL2RG
. . Van der Pouw Kraan, T.C. et al,,
Up ——+> Regulation - positive 8
2003
STATI1
B-Lymphocyte Uribe, L. and Weinberg, K.I.,
, s, 1998™;
IL2RG Direct- unknow . 0
Up ) T-Lymphocyt Ettinger, R. et al., 2008™; Behbod,
-——> IL9 Regulation n a1
es, PBMCs, F. et al., 20017,
Leukocytes Gu, X.X. et al., 2007%
IL2RG
MolTranspo T-Lymphocyt . . &3
- ——+> it positive  Chklovskaia, E. et al., 2001
es
FLT3LG
IL2RG
ND ——+> Regulation Thymocytes positive
TRB@
T-Lymphocyt
ymphocy Uribe, L. el al, 1998; Ettinger, R.
es, .
IL2RG Direct— . et al., 2008%; Noguchi, M. et al.,
Down . B-Lymphocyte positive a1 g5
-—+> IL7 Regulation 1993™; McElroy, C.A. et al., 2009
s, PBMCs, 86
Kondo, M. et al., 1997
Leukocytes
IL2RG ) B-Lymphocyte o ) &7
Down Regulation positive  Mebius, R.E. et al., 1997
-—+> LTB S
IL2RG , T-Lymphocyt N Li, W. et al, 2007; Plunkett, F.J.
Down Expression positive 89
-—-+> BCL2 es et al., 2001™
IL2RG Thymocytes, ) %0
. unknow  Borthwick, N.J. et al., 2000™;
- -—> Regulation ~ T-Lymphocyt o1
n Pérez-Andres, M. et al., 2006
CD8A es
IL2RG —-| . . 92
Down ABLL Regulation Stem Cells negative Gregory, ML.A. et al., 2010
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[3% 17] Primers list for Real-Time RT-PCR

Gene Primer sequence
IL2Ralpha Forward AAA TGC CAC GTT CAA GAT CC
Reverse GTT TCC CCT GCA GAT CAT GT
I1.2Rbeta Forward  TCA CCA ACC AGG GYT ACT TC
Reverse CAG CAG GYC ATC CCT GGY C
IL2Rgamma Forward GAC CAC TGT TTG GAG CAC CT
Reverse CCT TTA TCC CCA CTT GCT CA
GATA3 Forward ACA GAC CCC TGA CCA TGA AG
Reverse GGA GAT GTG GCT GAG AGA GG
EOMES Forward ACT GGT TCC CAC TGG ATG AG
Reverse GCA ATG AAC TGC GTT TCT GA
NKp30 Forward ATC CTG TGC TCT CTG GGT GT
Reverse GTC CCA TTC CTC ACC TCC TT
BETS] Forward CCT CCT ACG ACA GCT TCG AC
Reverse AGA AAC TGC CAC AGC TGG AT
MCMA4 Forward CGA CGA GTT CGA CAA GAT GA
Reverse GGC AGC TGG ATG TTT TCA AT
TBX?1 Forward GGA CCC AAC TGT CAA TTG CT
Reverse TCA TGC TGA CAG CTC GAA AT
CX3CRI Forward TGG ATG AGG CTC AGA CAC AG
Reverse CCA TCC CAA AGG AAG TCT GA
PU1 Forward GGA TCT CTA CCA ACG CCA AA
' Reverse ACT CTG CAG CTC CGT GAA GT
2A Forward TTC CTT CCA GGT TGG TTC AG
Reverse ACA TGT CTC TAG CGG GGT CA
EBF1 Forward TTG GGA TTC AGG AAA GCA TC
Reverse AGT TGG ATT TCC GCA GAT TG
BCL6 Forward GCA ATT TCC CAA ACA TGG AG
Reverse TCG TTT GTG AAC TCC ACC AG
STAT3 Forward AGC TGC ACC TGA TCA CCT TT
Reverse AGT TCA CGT TCT TGG GGT TG
T-bet Forward = GGA CCC AAC TGT CAA TTG CT
Reverse GCT GAG GGC AGA AAT GTA GG
BLIMP1 Forward TTC AAT TGT GAG CCA AAC CA
Reverse GGT CTC CAC CTT TGT TCC AA
STATY Forward ACC ATT CGC TGA CAT CCT TC
Reverse TCC CCT TTC TGT TGG TCT TG
Bmil Forward AGG TGT TCC CTC CAC CTC TT
Reverse TAC GGA CGA TTT TCG AGG TC
MBD?2 Forward GAG ACT GCG GAA TGA TCC TC
Reverse TGA CGT GGC TGT TCA TTC AT
XBP1 Forward ACT GCC AGA GAC CGA AAG AA
Reverse CCA AGC GCT GTC TTA ACT CC
ABLL Forward CAG AAT AGG GGA AAG GCA CA
Reverse GCT GCC TCT TTG ATG GAC TC
CD8a Forward CAA GCT GTC CCT GGC TCT AC
Reverse TGT CAT TGG CCT TGT AAC CA
FLT3LG Forward  GAT GGG ACA GCT CAA GAC
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Reverse

AAG ACT ATC TCG GTG TTG AC

1.7 Forward CAA CTG CAC CAG CAA GGT TA
Reverse GAA ACA CAA GTC CCC CTG TC
LTB Forward CGT TAA TAT CAG TCA CCC CGA T
Reverse TCC TCA GCC CAC CAT CAC
CCL Forward TGC TGC TAT ACA CTT ACC
Reverse TGC TTC TTT AGG ACA CTT
IFNG Forward  TAA CCA GGC CAT TCA AAG GA
Reverse TTC AGT TTC CCA GAG CTA CCA
STATI Forward AGC AAG CGT AAC CTT CAG GA
Reverse GAA TCT CTG GGC ATT TTC CA
JAK3 Forward CTC TCC CCA GCT GTG ATT TC
Reverse AGG AAA ATG AGC GTG TTT GG
Forward AAC CCA GAA CCC AGT GAG TG
CEACAML - —p Jerse  CTC TGC GAG CAG TAG GCT CT
PTEN Forward  TAT CAA GAG GAT GGA TTC G
Reverse TTG GCG GTA TCA TAA TGT
HIFal Forward TGC TCA TCA GTT GCC ACT TC
Reverse TCC TCA CAC GCA AAT AGC TG
1.2 Forward ACC TCA ACT CCT GCC ACA AT
Reverse TGA AGT AGG TGC ACC GTT TG
.13 Forward TGG CCC AGT TCG TAA AAG AC
Reverse CCC CAG TGA GTT CCT GAC AT
CD4 Forward TTC CAC TGC TGT CTC TTG
Reverse TAC CAG GCA TCT GTG ACT A
GNRIL Forward AGC CAA CAC TGG TCC TAT GG
Reverse CTT TGG CCA TCT CTT GGA AA
A Forward  GCA TGT ACC AGC AAC TTC
Reverse CTG TGA GAA TGT TCA AGG TT
DNMI Forward TGC AAG GGG AAG AAA TTC AC
Reverse TGG AGA GAT TCC CTT GTT GG
DNM? Forward GCT CGG TTT GAC CAC TGT AAG
Reverse ACC AGA AGC GTC TTC CCT TTA
CD5 Forward  TCA AGA GCC AGA CCC TCT GT
Reverse AGA AGG TCA CAT CCG TGG TC
Forward  GCC CAT AAA TCA AGC TTC CA

IL21

Reverse

CAG CAA TTC AGG GTC CAA GT

[3£ 18] Antibodies list for immunohistochemistry

Primary antibodies Host Dilution Source
IL-2Ra Mouse 1/100 Santa Cruz Biotechnology,
IL2Ry Rabbit 1/200 Bioss
Mouse Leica Biosystems
CD3 1/50
(LN10)
CD4 Rabbit 1/100 LShio

- 124 -




CD8 Goat 1/100 LShio

CD20 Mouse(M]J1) Predilution Leica Biosystems
CD21 Mouse(2G9) Predilution Leica Biosystems
CD79a Mouse(11E3) Predilution Leica Biosystems
CD56 Mouse(1B6) 1/100 Novocastra

CD25 Mouse(4C9) predilution Leica Biosystems
CDh1d Mouse 1/100 Santa Cruz Biotechnology,
CD44 Mouse 1/100 LSbio

CD335 Rabbit 1/100 Bioss
FOXP3 Rabbit 1/100 Abcam

[3£ 19] Primer set lists for off-targeting analysis of IL2RG KO pigs

Gene Primer sequence
LRRIOI Forward CGTTTGTTAAAACTGCAGCATA
Reverse TTTTGCTTCCCTTTCCTTCC
BNC2 Forward AGCCAGAGGAAGGGGTTTTA
Reverse GTTAACCAGCTCAGGCAAC
Forward GTCTGGTTGCAGCTCAAGGT
SLC17A5
Reverse GCCACTGTGGACTCTAGAGGAT
Forward ATTCACACAGGGGAGAAACG
ZNF334
Reverse GTGGAAATTTTTCCCCCATT
TTN Forward CTTTGGACCTGCCCACTTT
Reverse GGATGTGTGATCGGTTCCAT
Forward TGAGGGAGAGAGGAGACCTG
PGRMC?2
Reverse CTAGGGGAAGGAAAGGGATG
Forward GGCGTACATGCCTACCATCT
AVPR2
Reverse CTGTCCACGGTCTTTGTGG
Forward TTCTCCCAACCCCATTTACA
CCDC18
Reverse CCTGAGTTGAACCAGCACCT
Forward AAAAAGTTCTTCCTGTTTTGACAGA
ZSWIM?2

Reverse TGGTTATTCCACCAATGCAA
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[3£ 20] Primer set lists for IL2RG KO pig analysis

Gene Primer sequence

Forward CTGGACTATTAGAAGGATGTGGGC
IL2RG

Reverse ATATAGTGGGAAGCCTGGGATGGCT

[3 21] Disorder of psychology

IL2RG_thymus/wild_thymus.

IL2RG_spleen/wild_spleen.fc

fc

1 BCL11B -12.030076 1.175118
2 TUBAI1B -4.609061 1.031672
3 SLC2A1 -4.045956 1.054225
4 BCL6 -2.847671 1.396605
5 HP 3.476576 4.721939
6 CCL5 5.06117 -1.166256
7 CSRP2 5.270091 2.082456
8 RGS4 5.336996 -1.02966
9 GJA1 5.624224 1.229369
10 CAV1 6.003806 1.262483
11 SNCA 6.407792 1.165487
12 PPARG 6.491323 -1.1796
13 APOD 11.235256 1.041562
14 IGF1 17.83542 -1.383096
15 SLIT2 25.734063 -1.769722
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Colocalization

L] _.‘R\‘

olbcalization

[Z28 79] Colocalization of CD44 and CD3 in IL2RG KO pigs
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CD25=or ¥

[Z1¥ 81] Colocalization of CD3 and CDI1d in IL2RG KO pigs™




H3K27me3

10 T

[1¥] 82] Comparison of H3K27me3 expression in IL2ZRG KO and wild pigs. GC indicates
germinal cells in spleen. Of note, H3K27me3 expression in IL2RG KO pig is localized in
GC, whereas H3K27me3 expression in wildtype pig is licalized in several areas including

GC.
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[29 84] IL2RG KO female pigel 94 23 AL (A I4 oF 604 A=)

2.4 2 ¥ A58 we ¢ A9
-l A IL-2Ry # A2 A% HAHAE o] && Ad E7]A1E A A ]2
—sH A Ao o] At F7IAIE AA oA Ve g Y
7} IL2RG KO mouse A4t

IL2RG A7 A gd dqdgsf Aol o]+ d SCID ddEdg=<l IL2RG 314
7F AgE vhgzoll M AbgETIAlEe] AR o RS Ay E 7] 9lel Transcription activator-like
effector nuclease (TALEN)S ©]-&3ate], A dao] mAFdF thelie o] 3o mA
IL2G KO mouseE WA AAsEATE IL2rg KO mice2HS $38te] AR89 TALEN vector 5
Aree [29 8519 2T
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TALEM-L

TCAGTGTTTTG TG TTCAA i A Lo
ACTEACAARACACAAGTT. TTAACGTOAACCTTGTCGT

TALEN-R

[2™ 85] IL2RG KO A F A4S 913k TALEN vector B2 %

[L2rg KO mices SWsl7] flate], A5z % Ax= [19 86]% 2ot of
30-40%<] HlEZ KOHl&S HJow, tiEo] heterozygote= I ATt Hemizygote
(-/y)E= heterozygote male x heterozygote femaleS ulHjo] 2]3le] = A HAH oz ALE S
t}. o]5 SCID mouser #H A ¢+ @8] FX4 (thymus)d spleen(R] )2 AAH o2 7FA] a1
ARAA T, SH 23 AP tjxtol] H|ste] A2 lymph nodeEs HEATH1H 87]. ol=ld ##

< IL2rg KO mice= A= A NKAX= & ido] 2 5 glas AL

[19 86] IL2RG KO AF #AA. &2 3JAxS 714 7RA+= KO mouse

18 8604 e uvpel o] T cell biomarkes (CD3, CD4, CDS), B cell
biomarkers (CD45R/B200), NK cell biomarkers (NKp46, CD127), macropgage (MAC 387)<]
A S o] &3] thETH IL2rg mouse?] spleenol A HAE Ayl ofzte] A< B AlELS
Boy [29 87, 9Z] T-, B-cells> &A43t# &kt

E3] NKAIZE7F Aeted ddizgloz Q23 lymph node [218 87, LEZF]= Uz

2AgH o e dastel, NKAZe] 4% 870 o] 58 45 &g AN

5y
=
=)
ol
o
2
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Control #K0-1 #KO-2

IR el

[28 87] IL2RG KO AH A9 T, B, NKAIZ2 AA(YL2)3} lymph node( L &%)kt

malen L2

[ 88lollAl veERd A IPSHIEE [29 89]el Al velt whe} o] TL2rg KO

mouse T3] terartomaS FAAIZ F, olE teratoma® H-E flow cytometryS A8 3}o]
hematopoietic stem cells?} mechenchymal stem cellS 23}t o]E 83 AEXE o] &

sl W GFAZ (T, B, NKAZ)Z £3} =+ adipocyte, chondorcyte, osteocyte® & 3}-S

s

FEstach 2 Ay A9 AE(T, B, NK)9 #3l= AFH 02 in vitrodl A = & 5 ¢l

o

AqE - B B A AZ 2l mechenchymal stem cell adipocyte, chondorcyte, osteocyte® w+3}&5 A

Hog fFratAath
W AE(T, B, NK)Z9 &3} Aale= A9 md Al=go] sidso] QA o}l +
3} frxo A3 o1}, mechenchymal stem celld] #£3F A3& 31 f5 A28 o]
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Nanog Octd Sox2

DAPI

Target Ab.

Mherge

[2™ 88] At IPSAIEQ thsA A 4. Nanog, Oct3/4, Sox22] positive signal® 335} ¢]
b s S s AlAMSFSITH
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ral
il‘j 'qu' be{."
= . ;? &
Human iPS A SN

& >,
from umbilical cord &
-
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E

?‘*@@@ o—

Teratoma
formation

F—E_ematopqietic Mesenchymal
stem cell .- stem cell

CD45 o
g5zl =

‘BceIIHTceII‘ ‘NKceII‘

it

Adipocyte

Osteogenic
differentiation |

differentiation

Chondrogenic
differentiation

o] ¥tk (in vivo)$ in vitrool A



Ectoderm

Endoderm

Mesoderm

[29 90] IL2RG -/- KO w}§-2=o A teratoma F4. a) IL2ZRGOl P ¥ teratoma b) PCR&
0] 83} human specific mitochondrial mitofusin (MFN1)o.2 21 PCR =L7|& 236bp. P:
genomic DNA from human iPSC. N: genomic DNA from B6 mouse. T1: genomic DNA
from the ILZRG KO-derived teratoma 1. T2: genomic DNA from the ILZRG KO-derived

teratoma 2
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MSC1 MSC2

(28 91] FAE teratoma =4 ¥4, endoderm markers : GFAP, NSE, Endoderm

markers:beta—catenin, vVWF, Mesoderm markers:SMA, Desmin

ﬁ st 263 ﬁ Dl % Dl S50
Megative control . CO105 CcOv3
i M1 I [ i H1 I Mz ?- ZH I Mz
g 24 E
E ha "
VE ;g_ Eg_
24 3 2
g i o W] T =5 e '3 i
FLI-H FLEH
ﬁ Diad g £005 ﬁ Cr s, s %' Dt a1 7 d
CDo0 CD45 CD34
- FH1 1 [£F] x [S1] [5F] E ZE I Mz
2] 2 2
E ha -
Jf gg_ 'EE-
= 5"' -
e : 5 4 = T 2 i = | ] L
FLIH FL1H FLT-H

[z 92] Human MSC postive 9} negative markerE o]&3 &2 o]¢} FAlo] MSC
positive markers® 221 %z CD105, CD73, CD90, CD34 18] MSC negaitve makre¢! CD45

2 olgsle] BA2 shqrh
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MSC 1 MSC 2
Adipocyte
differentiation
S e - T OIS, (TT):
stain Oil Red O s
Osteogenic
differentiation
a edS stain ~ Alizarin Red S stain
Chondrogenic
differentiation
Alcian Blue stain Alcian Blue stain
Chondrogenic differentiation of MSC Chondrogenic differentiation of MSC
in 3D spheroid culture in 3D spheroid culture

[2¥ 93] human MSC ¥3} 2z}

AdAQd MSC 545 7HA e o AEER E3FEE fEUT. MSCe
adipocyte, osteogenic, chondrogenic®. & 235 =X2 A4S Ay, ztzbe] B3G5 njdkoo
A 2-3F AE ZEIFEE G F, 449 wAE o] &3ko] cytologyE X aAEHATE adipocytet
oil red o stain® 2 21S F a3}l osteogenic cells Alizarin red s stain® &, vpx]9to 2

chondrocyte= Alcian blue stain®. 2 7538} th
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A 54 batd = A7 3 W& =

4 3}
LAl 1A% 4753 g ¢ A%

Interleukin—-2 receptor subunit gamma (IL2RG) +d A= Cytokine receptor common

subunit gamma®* X chromosome®] =] 3}al At} IL2RGHAA7F knock outo] A
W X-linked

severe combined F3}e]  X-lined severe combined

Agko] vEtubAl "ok dA JhEste] ®gshal 9l
st JHAl S = ke A Sl

immunodeficiency S H]
immunodeficiency (XSCID)¢} & W AgA
+ IL2RG KO miniature pigt
=3

7F IL2RG 4]

Al 1F5HL

dg

Z

o

A Bo [I2RG KO ¥ A ¢)o] = Al

3} &

F7HA QL RS flEiA Al
Skl Qlth seNTE Zlash= A4l w [ 21]9 2o

[3 21] scNT =A=

&
Donor cells IL2RG cells ( #3-1 cell line)
A=l A FAk
- 729 (PGF-24 3 ml injection, &l &}to] )
g = =8 - g2 (PMSG 2000 IU + PGF-24 1ml injection)
- a4 (hCG 2000 IU injection)
- 3249 (ET)
1% ¢ stressnil 10 cc IM
T Al AA fE ond - 7Zoletil 3 cc + Xylazine 7 cc IV(o] A=)
39 4$% T E9= 10 cc IM
2 ATRE AA7EA] F 1199 seNR7F o] = glom o dist 7|52 va [ 22]¢}
Fdga=
[3 22] scNT %3 A} 2 A}
Recipient (ET No. Of | Day of heat
Donor cells Results
data) embryos | /pregnant
#1 2015/11/27 218 o/x A aleks
o] A)
#2 2016/1/29 IL2RG cells | 362 0/0 c
Gl el 2016\ 49 49 Elo} §4
#3 2016/4/8 249 o/o A2l Ak
line)
#4 2016/4/15 272 0/o A4,
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20161 5€ 209 Ejo} H-A
#5 2016/4/22 235 0/0 Axl, T3 F4t
#6 2016/4/29 282 0/0 A2l
#7 2016/5/13 252 0/x Aot
#3 2016/6/11 320 0/0 AL At
#9 2016/8/5 167 o/x A Al otE
#10 2016/11/4 20164 10¢¥€ 79 Al
#11 2016/11/18 20161 10€¥ 10¥ Al

scNT9] recipient ©]

#2

(2016 1
4 299 o
2l %)

#5

(201683 4
4 229 o
2] 5)

#5

(20161 4
4 299 o
R

(28] 94] tigl 2ol &S wWio] A
R vl&d (SE o 24), Lz G7) 2 wadd gy o

[2% 95]o] A2lskd
20l Xegg el i

v
td
ul
oS
2
b
o
K=
it
i)
Ll
o,
vl
e
+
90
2
>
=
=5
Yy
lo
it
[\
(e}
>
rV‘
—
o

Lo
iR
i)
il
o
i)
_0|L
2
T
o
=
32
io

- 138 -



g2 A P g seNTO| e RE 4

e
W~
1o,

- 139 -

Rom, Hohs 67

Q)
=

o]

A

o,




(29 95] 941 2R &5 A%

g3 49 1590 R seNTS digj2e d4al 3643 Faks shaich Apak 2

FALE Hlobs obdl [17 9619 2o FFHYoM, BAS fste] AR 2HL wpS Hm

[Z28 96] whef o] At
A) 6744 ratE Ejol B)36LA ke Efol
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At 49 2900 W AZE seNTol M= dgfie] fale] gelo] Hda G &4t

2o

[
97le] HAATk. & 4vke] ] AAAIE Aibo]l s Qlow, ne|abA Fatsh Aol vk o] Akt
fow, & 1vpel7}p Fatstel Aeste] @A Aot FatspA Aol A ARSE A Sl

B R
e 971 elolyk #Ael H o

. IL2RG KO = A 9] AF5
A IL2RG KO mono-allelic KO pigE €% 22+42T, 4% 50+5%, 437] 08:00 ~

20:00(L)-20:00 ~ 08008l AW AF&FNA A% R @k Hn ek ARE S 1

09kg # wo] &
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b g AR FE Ha, SRA R FARAL AT 5 QA A6, FAA S
e Sl getn, Aol £0 ¥ ofd PEE FeE £404 %1 S Ax YL wo|
A A Aol A% Ake Wit s8Are R el A gk

@A Aol wfeli e IL2RG KO AAe] 49 dukAsl 4y
B3 A g, W FlE el e HPEA g A%e ngow, 4
ioh. mebd IL2RG KOSIAI O] 34& sistel @4 $718 % s g

FATFAL AATFORA AAE AL 5 AUk

i
ox
t5
ol
T
;O

= ==

ZedE dAoFE el sdler, 114 § E4te] 1

k=]
HIAT F 579 AAE & F AN, E4F GA] AEH S BFo A genomic DNAE

=

Ay
iy

3lo] genotypingS %18 3},

[3% 23] Primer AH % PCR %4

Primer Primer seq
IL2RG-F TCAGTGTTTTGTGTTCAAT
IL2ZRG-R AATTGCACTTGGAACAGCA
IL2RG-Sequencing CCTCCCCCACTTCATTTTCT
PCR =7
1. 9T 3+
2. 9T 30x
3. 60T 30x 35¢cycle.
4, 72°C 30=
5. 72°C T

genotyping 23 % 252 IL2RG Hetero piglets2 &9l g 4= At}

[ 24] Ak} IL2RG genotyping 2 3}

Ear taqg. IL2RG Seq.
41 GTTTTGTGTTCAATGTTGAGTACATGAATTGCACTTGGAACAGCAGCTCT
GTTTTGTGTTCAATG CACTTGGAACAGCAGCTCT
4 GTTTTGTGTTCAATGTTGAGTACATGAARTTGCACTTGGAACAGCAGCTCT

GTTTTGTGTTCAATGTTGAGTACATGAARTTGCACTTGGARCAGCAGCTCT

#3 GTTTTGTGTTCAATGTTGAGTACATGAATTGCACT TGGAACAGCAGCTCT
GTTTTGTGTTCAATGTTGAGTACATGAARTTGCACT TGGAACAGCAGCTCT

#4
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GITTTGTGTTCAATGTTGAGTACATGAATTGCACT TGGAARCAGCAGCTCT
GITTTGTGTTCAATG CACTTGGAACAGCAGCTCT

45 GTTTTGTGTTCAATGTTGAGTACATGARTTGCACT TGGARCAGCAGCTCT
GTTTTGTGTTCAATGTTGAGTACATGAATTGCACT TGGAACAGCAGCTCT

2.4 185 A A We 2 A3
7}, IL2RG 2] methylation profile

IL2Rg A= x-chormosome®] <13t IL2RG KO<C] mutation®] x-chromosome
o] FAFATte WA= TS FA AT IL2RG KO =A== hetero ol %= E313F3L homo
e AR phenotypes HoFil glow, ol FASHH JIFR= e Aolgt oddES L
methylation profiles #4135ttt 2 2 go] A&
A IL2RG KO A spleen, 4F 3% IL2RG KO 3 #| spleens Ab&3haiok” ™.

=
3
methylation profiles &21& 3}7] ¢l3te], & AFHA = MBD @S o] &3k

u>~
e
flo
o
-
w
i
=

ild spleen, A% 25¢

213} DNAC enrichmentE Z &3} th. I thS methylation markerS PCRZ enrichment ©¢]
5 ga8 F, A9 golnddE Azt an”

Z}o] B 2 2]+= Aginelent BioAnalyzer 210022 QC 3l ¥ MG 7| Esls A
2 AEAsta, AEA dEsY F48 9l dUdd F AEARGA] =435S o] &5t
F28l= FHAH(DNA purification -> DNA fragmentation (100-500bp) -> MBD-based
methylated DNA enrichment -> QC by PCR of known methylation positive and negative
control —> Elution and sequencing library preparation —> QC with BioAnalyzer 2100 ->
Sequencing -> Bioinformatic analysis) & A% o™, tgsiA RAE2 YehgA 29 xx<}

2,
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Alignment Distribution in

analysis 4 repeat regions
Data
filtering Reads Distribution in
— l— .

Unique analysis gene regions

mapped < A A -
reads Distribution in

g genomeregions

Clean
data

Methylated

ay regionscan

BN DMR analysis

Methylation
analysis DMR-related

FE genes

GO & Pathway
| ELELHH

[Z2% 99] MBD ©9j a5 o] &3t w23} DNAC enrichment®] 2424 %=

delHAE 2 A7 5 dold, S AlAd delHe 7b @ E(read, 3 A
o] a5 A7IANA AABAY olfHE AE B 7|8 artifact A, low quality Fl=ES Al
A war ope}, 7} PESA PRAOR low quality A AASE B way of

FHI S F3 2oixl Aaddolg o aoF2 of [# 25]9F 2t

[3£ 25] Clean read data production

Sample ?ead Length Total ) Reads (as Total amount Quality
average) bp paired—ends) (Gbp) (average)
input 80-100 (99) 15981625 3.16 > 35
WT 80-100 (99) 15981625 3.16 > 35
IL2RG 80-100 (99) 15981625 3.16 > 35
[L2RG_25 80-100 (99) 15981625 3.16 > 35

* “clean read data” indicates the data which have deleted adapter reads and removed the
reads that the rate of low quality (quality value <= 20 is no less than 90% or the rate of
“N” in a read is no less than 10%)

* Quality 30 means 99.9% of sequencing accuracy and 40 means 99.99%. For more
information, please go : http://en.wikipedia.org/wiki/FASTQ_format.
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NGSZHE o8 A#HA Fusd digt Egg 248 3 doAAE= GC% Z
GC% 122 HE methylated CpG enrichmentel] 3k 4 & & 4 9o o7 FExxet 1
HeExx (oF 271)& B MBDEHH A S o] &3 methylated DNA enrichmentE 3FA] &2

input A& meDNA enrichemntE s+ M ZE3te] CG% ¢F CG 3ol Zol7F &S glg

F ek Webd Ha% MBD @¥lde] oa) CG ul&e] F7HMom, ol CpG vd st
& AYe FA @ 5 vk

[ 26] GC% ¥]

Input WT_3M IL2RG_3M IL2RG_25D

CG% 42 53.5 o4 52.5

GC distribution over all sequences

GC count per read
Thearetical Distribution

S00000

400000

300000

200000

100000

2 02468 11 15 1% 23 27 31 35 390 43 47 51 55 5% 83 87 71 75 70 83 87 ©1 95 6%

Mean GC content (%)

[72¥ 100] input DNA GC &3 1]

GC distribution over all sequences

GC count per read

500000 Theoretical Distribution

500000
400000
200000
200000

100000

o 02468 11 15 18 23 27 31 35 30 43 47 51 55 58 63 67 71 75 79 93 87 91 95 99

Mean GC content (%)

[2¥ 101] WT GC ¥ 18,

- 145 -



methylated DNAZFE oz AAA =5 BWA ZEZI1HS o] &sle] <zt
reference genome®] WFH AT #H A= A genomeo] o2 ¢H3F7] 7] wlio| human
referenceE AF439 0} 183 21 human reference’™= BWA 0.7 ver 2.2.3'° ¢ UCSC human

reference genome version HG19% & A}43}9lt}.

[3£ 27] Result of read alignment

Sample Input WT_3M IL2RG-3M IL2RG_25D
Total Reads 15981625 15981625 15981625 15981625
Aligned 13414220 11781466 11523250 12027156
Failed QC
(q<10) 1059010 1016893 1083423 1000654
High Quality
aligned reads 12336453 10754678 10430640 10985548
Total
repeated 1103910 1950000 1855190 1544375
Final Reads
(nonclonal) 11232543 8804678 8575450 9441173
Mean
Fragment 254 264 255 290
length

Note: “Aligned”: number of reads that can be aligned to reference genome. “Final Reads”:
number of reads which align to reference genome uniquely and nonclonal. Final reads will

be used for further bioinformatic analysis.

HA AA FHAE 500bp = AE F, A A7) WY RPKM#S AlLtskar, o] Fholl
I A= oby [3E 28]o] YEF QLT

ry
)
ol
2
£

>

WM Z7F Correlations Al4FsSd ar

[3£ 28] Correlation table by CpG Island between 4 groups

WT_3M IL2RG_3M IL2RG_25D

input 0.88014483

WT_3M 0.9504957 0.9669305

IL2RG_3M 0.88014483  0.9504957 0.97764575

IL2RG_25D 0.9669305 0.97764575
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Genome® mapping ¥ readE59 ¥+ RPKM (Read per Kilobase per Million Mapped
Read)S o] &3tol UetiglcH?”. RPKMS 54d 9o mjdd =42 5499 Zol9
A

AA w8 H g =42 Y79 normalizationdt Ao 2 TS 2o ol AAHAC}

RPKM = 10°C/LN
C: Number of mappable reads on a feature
L: Length of feature (kb)

N: total number of mappable reads (millions)

H Al
T

A8 o] Mo += whole genomes window size 500bp® A2 |, ZF d o

ki

HH f=525E RPKM #S AlAFete] further studyoll o]-&3tdth midd gl=9 ¥ =
genome-wide= £ ¢ QA visualization T Als dAvkel] ZAX A|EA H Flol digh A
7 JRE Aot [29 102].

WT-ChIP regions (Peaks) over Chromosomes IL2RG-ChIP regions (Peaks) over Chromosomes

(LTI PYRTIRVNIET NN N1 S INTRO WO I A on T IR (TR

otk et i s AL bl ol Ll L

o g el did aatd b Wi L o ot kbt M Bk
samstbiucd il b b T ALONITY T T VO
T | itusehosth bt dabidad, sl Lol bslindin Sdedadus
o kbbbl i, o | bbbl blilik,
© | Lhiodd bk tiaaditlh L VRN 11 M W T P e )
™~ L aasbbeolddin o, | bbbt bl
L I 1 P PN PO 11 T L o | oot i L bk
® bl dv el st al by & ekl bl bl a1
g 2 bbbl B2 lubhalduau |
! or Lubaliacbid Pt sdiilakhd)
& LU B T Y 5 E schailndi .
2 bbbl billi il et it 2 ool bn st e e b KL gk
F o kbbbl bl gl E T IF) WERPVN | IR 7L O PPN T
N IRPRTRATAN A1 A [T TR | T 2 et oot i b b e,
ESRRTV R PIVEPN e LN PV TR
= ki Lo = Ldulliat
2 sl | 2 il |
= r- |
Jonibadunb sl ot il % Lo Lk bl dbleusadalls
L3 .
. . i . " ; :
0 Omal0 & Omel7 1 Oee08 15e+08 2 BB 2 Aleds L2 & Qa7 1 Daei8 1 Eael8 2 B 28a.08 el

[2¥ 102] Distribution of the methylated sequences along the chromosome cytogenetic

map

RPKM #t& Aol olai A &2lH reads2 MEDIPS, USeq software suite, R
Bioconductor package DESeq, SAMtools, ¥ BEDTools, Homer &< AF&349 DMR

(differentially methylated regions) 42 &3} 31, workflow= oF&ll [2¥ 103]3} o] %
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6£ '3]—9;}]\ ]:]_102*107'

Sequence
(FASTCY)
Align te reference genome wusing alignment 3]
softeare [BWA)
FASTOC —produces graphical overview of data
guality
aligned reads
Filter alignment files [SAMEtools and custom perl): [BAM,/SAM)
1 Remeve incorrectly mapped pairs
2. Remowe pairs in which neither read obtains =3
sore == 10
3. Remove duplicate fragments
MEDIPS = generate coverage and saturation plots.,
Plus generate wig tracks (+]-|both) for read data.

Filterad
fragments {BED)
Mormalise the length of fragments so all samples 4
hawve same distribution.
LV

‘ Length normalised

Identify DMEs fragments [BED)
*Useq MultipleReplicaScanseqs — utilises DESeq
* B package to identify regions of differental read counts. -

“Useq EnrichedRegionMaker —combines multiple
windows to make single enriched/reduced region.

| DiRs |
Annotate DMAS i
“Variety of tools and methods to annotate peaks. -
= Further analyszis e.g GREAT
KV

| Annotated DMRS |

[Z2% 103] Flow chart of data analysis

Read®] whole-genome ©i3 Hlo|H Z5F-¥, 500bp Wel WEst & AP dix
T3} ¥ aEle], methylationo] &t thu] 2] o]4F (log2 #o 2 1) 234 (FDR<0.1) %
7} stAY AstE DMR 999 M4E daste] of [& 29]o veR Stk

[ 29] Summary on counts of statistically significant DMRs (FDR < 0.1) with 2-fold
methylation changes

WT / input IL2 / input IL2_25 / input
HyperDMR 571765 553929 592532
HypoDMR 1324476 1343076 1313073
Total DMR 1,896,241 1,897,005 1,905,605
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ShA Aofxl FA

S
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level?} gene levelol 5] DMR

o

23k DMR 9o W3k contextE

E

[3£ 30] Summary of significant DMRs on promoter (FDR < 0.1)

of 3t annotationS 435+ T}

7] #1ste], 27 genome

-2000 bp to

WT / input IL2 / input IL2_25 / input
1000 bp /inp /inp 2>/ Inp
HyperDMR 4124 4201 4198
HypoDMR 6998 6980 7000
[ 31] Summary of promoters (FDR < 0.1)
~2000 bp to WT / input IL2 / input 1L2.25 / input

inpu inpu inpu
1000 bp P P - P
HyperDMR 1564 1553 1598
HypoDMR 2655 2651 2671
WT_HYPER IL2_HYPER

IL2_25 HYPER

[Z2¥ 104] Venn Diagram of hypermethylated or hypomethylated region

venn diagram= ©]-83}¢] hypermethylated &2 hypomethylated ¥
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(2% 104] <= w, IL2RG-25D oA 9k 21 = methylated region< ¢F 7.4%0°] 1 9]
wild_3M2 7.7%, IL2RG_3M<2 5.6%7} &<lo] & it}

DMR annotation H¢|¥ <, Log fold change >= 1 or Log fold change <= -1, -2000bp >=
TSS (transcriptional start site) <= 1000bp ¢ DMRER®F A El&lo] Gene Ontology ¥ KEGG
signaling pathway <& X338l enrichment 423 33ttt 240 AFE% promoter
regions g+ ot [XE 32]9F 2t} Differentially methylated promoter regions& <2 Gene
Ontology, KEGG, % Y& biological functionality term &9 ™3] enrichment analysis& <3
ST

[3% 32] Summary of promoters (FDR < 0.1)

-2000 bp to WT / input IL2 / input IL2_25 / input
inou inpu Inpu
1000 bp i i ] i
HyperDMR 1564 1553 1598
HypoDMR 2655 2651 2671

L}, IL2RG methylation 23 &4 =8

X-chromosome®l EA3tH IL2RG KO 9JsiA 2 wdFo] WMste fx¢
methylation®] T&l S Qs B At [27 10519 2ol wd# o] o] At nlsiA zt
2 Z2 SUskE T WErh g2 Fflen, IL2RG  mutation®] €] &4 x-chromosome
realted genes®] wWlede]do] W olrts AS g9l st

x-chromosome 9] inactivation®] &3 JE& F+= xist®] CpG profile® 2

o] ZQlE stk 1 A¥s= ofe [L® 106]o YeEb AT A xiste] A, obF] AT B

o] X3P x] F& FEEo|g}A transcript start sited] F-LolA 2709 F RS AAF CpG
Z

M-S A@sksdnh xiste] 4%, wildel ¥lsiA methylationo] F7Fet= AE &Ad 71 S
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RPSAX ILIRG </ : i T R ¥ ¥ ¥
WT oo ke, - 'y Fr's
i o ) Ve -
. s
TSIX IL2RG+/-
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:\I:EJ',I'I ]l:RG__ i . . - h.‘-. i ‘. F
WT — . A _adh & R— -
MECE? IL2RG+/-
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[Z2¥ 105] x—chromosome realted genes®] methylation mapping 2 3}

WT i IL2RG +/-

10000880
06,809
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€ ol S, i

o e, e, e, e,

+
sSeneees

[Z2¥ 106] Bisulfite sequencing of BS2 and BS3 sequences of xist

DAVID #4&& dAAEc] #4
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B
>
il

= microarray 52 A ¢ A 3}of A

Qe FAAEL input HolHZ Wi JE FRE FUA ARE 2n b Holy welxs
uos fAAE Y FUAAS FAROE BAte] input FAAEY F8 ) 5ES
Zehe B Eou

2 AFAHRE DAVID bioinformatics resources 6.82 %3} Functional annotations
GG pathwayE &5tk [29 10713 2ol willd A= F 98712 KEGG
pathway 7} &<2lo] i [L2RGI A= 79709 KEGG pathway”Z} &elo] It} o] o A

2
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QL
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M
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ok 6770 (60.9%)+= wilde} IL2RGol FE 4 o2 £A3t+= KEGG pathwayd S &2lsdit) [
g 107 Al

A)

B)
WT only

Antoim mwme fivroid dizszss _ (10)
EOL e R——
Biosyanesis cfzmino cice [N
Contst cxbon mettetin nconcer [
Ghuczgon signsling patiway _

1 | |

Hypertrophic cardiom vopathy (HIM)

Gleoogphingdlipid bogrnthesiz - gobo sarizs _
TF ek dpmling pativzy _ |

COEHD LOED? IMEL? IMEL? 40EL 50ELN 60ED

IL2ZRG only
Cocaine ddiction [N
Az iive and proline metb iz [
Derso-ventral axis Smation | :
Histidins metzbolism [N (5)
Fr samona F-mediated phazcevtosiz || 15)
Irzulin secretion .

Phemylalanine metabolzm

Progasterons-meadiatad cooyte maturation

Endooytosis

E——
|
[
I
I
e

[

Antigen processing and presentation

! ] e
Regpulation of achn evinskeleton ]
Salivary szertion [ |
0. OE+HBO 2.00E-02 4 00E-02 6.00E-02

[Z2¥ 107] A) Venn diagram for KEGG pathway of all chromosomes

B) GO analysis - KEGG
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Bl 99 1¥e BAA BAH YES
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9} IL2RG ZZtoll M ut &A1&t KEGG pathway=ol A A9 10749 Ae S &9 H
E)

A pathways Aoz FAZS &9

[3 33] KEGG analysis

g3

IL2RG

anly

TGE-beta signaling pathway

Glycosphingolipid biosynthesis - globo serles

Hypertrophic cardiomyopathy (HCM)

Glucagon signaling pathway
Central catbonmetabolism in cancer

Biosynthesis of amino acids
cGMP-PEG signaling pathway

Autoimmune thyroid disease
Thyroid homone synthesis

Propanoate metabolism
:ml'.

Salivary secretion
Regulation of actin cytoskeleton

Antigen processing and presentation
Endocytosis

Progesterone-mediated oocyte maturation
Phenylalanine metabolism

[nsulin secretion

Fr gamma R-mediated phagocytesis
Histidine metabolism
Dorso-ventral axis formation

Arginine andproline metabolism
Cocaitie addiction

IL2RG KOS T-B+NK-9¢] phenotypes 7}zithal B a7} ol
o] B, T, NK¢ weo] ##x = 5422 methylation 3ol s A]

Poralue

L78E2
1.80E-02
199E02

268E-02

33EN
3ER

ERALRI)

4.00E0

415E02
47902

Paalue

498E02

478EN

46EQ

443E0

4270
JHEE2
IFEN

267E02

240E0
200E-02
138E02
6.76E-03

PPPICA REOA MAPK | AMHR? AMH SMAD3 LEFTY?2 TGFBI SMADY PRPIRIA TNF.T
(FB3 D1 INHBA GDF3

FUTI FUT2HEXB ST3GALL NAGA

TNNT2ITGB6 PRKAA? SGCA ACE MYL3 TNF.TPM3 TGFB1,CACNG L TNNI3 TGFB3P
RKAGI MYLTPAD

PPPICA AKT2,GNAS PRKAAD ACACA PDHB PGAM2,ACACE, PPARA L DECPRKAGS,
CREB110C100153697 CREB3L4 CPT1A PHKGLPCK1

FREB2 HK 1 KIT MAP2K2 NTRK3 FGFR2MAPK1 AKT2 PIK3R3 PGAM) MAPIK | PDH
B

NAGSENO3PC.CTH.OTC IDH3B TALDO!L CSPGAM PGK2.TKT TPII

ATPIBI CREB1 NPR2NOS3 VDACI ATPIA | MAPIK ) ADORAS EDNRB ADRAIBPIK3
B35 ADORALMEF2A PPP3CA REOAFXYD) AKT? ADRAID NFATCLBIR ATP{B4 AT
P1A3 CREB3LAMAPIK I MAPK! ADRE3

SLADOA TGSLA-DOBTPO SLA-DRA CGA SLA-T.CD36,CD4OLG IL4

(GNAS TGFXYD2.TPO HSPOB 1 CGACREBIL4 ATP1A3 ATPIB4 YD ATPIA L ASGRI,
CREBI

ACACBACACA MCEE LDHC,LOC100133697 ABAT

ADRB3 ATP1A1.CHRM3 ATPIB4 KCNNJ.LYZ,GNAS ADRA ID ATP1A 3, AQPS DMBT],
FXYD2PMAP-36

PPIKIAMOS MYLOITGBSPIKARS.[TGB2MAP2K L F2 ARPC3 ARPC4,VAVL ARAF A
RPCIB APC) RHOA BDKRB? PPPICA [TGAL BIR FJR ARPC1A (RK MAPK 1 ACTN2F
GFRLACTN1 CHRM3,CFL L FGF21

(DSBXTRIDLI HSPOOAAL (D4 CREBISLA6SLA.7 HSPOOAB] TNFIFI30TAP2 SLA-
DOB

ADRBK! CYTH2FIR ARPCIA SLA-7.GRK 7 ADRB3 SH3GLBI WASH! CHMPIA ARPC
JPPIKIASLAS, WIPF2 §MAD3 RABSA APIM1 ARPCB,VPS26BILIRG, VPS I TBFOL
R1ARFGAP) TGFB3,LOC100037957, DNAJC6.FGFR2. RAB22A FOLR2 SNX6 ARFS5 ARF
1 ARPCA PRKCZ, TGFBI RHOA

CDC23MOS AKT2 SPDY A PIK 3RS MAPIK1 HSPY0AAI MAPK 1 CPEB 1 HSPYOABL AR
AFPKMYTLRPS6KAL CDK2 FZR1

AIDH3BIDDC.EPDMAOBMAOA
ADCYAPIRIATP1A3,GPR119FXYD2.CREB1,GNAS ATPIB4 KCNN4PDX1 ATPIALC
HRM3 FFAR1 GIP KCNN3 GLPIR

ARPCI MAPIKI NCFL PIK3R5 AKT2 ARPCIA PIPSK1A CFL1 ARPCIB SYK CRK ARPC
{MAPK1PPAPIC VAV

FICD ALDH3B1 DDC,UROC MAOB MAOA

MAPK1 ET$1NOTCH PIWIL4 PIWIL). CPEB 1 MAPK|

SAT2NOS3 SMOX MAOB.HOGA! DAOMAOA OAT ALDH4AL SAT]
CREB1GNASMAOA DRD CDKSR1 RELA DDC.DRD1MAOB NFKB1 CDKS
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[2% 108-110]°1 TeEEAtie Aels st Bdo] ddH= dA A&
A= Ead e, 2 olfE = A9 whole genome©] o}z 20| ¢+d3] whig] H A

7] wEe] ] wHEE AAE BARAE 2aach

e 1379614001 T86 14500
el 3 TR613501-T0T4000
T SEEES001-SEIEEI00
MEFXC  cergsssssol-sssssodd
e SEEES001-FEIEE00
O IS4 34001-16434500
Cir2: 16434301 16435000
3 ESTEA001-E5284500
Chrd E5I8401-85285000
Chel3212157500-2121 58000
FEG  CRlIIBIINOLIIIHGG

Chel3212157001-212157500

Chel 313 14001-2125 14500
RUNE]  Ci13208305001-205308500
e 13 2SI (4501205308000
e 1050602001 52602500
e 1082601 5015500000
o 1063600001 -52601 500
T 1082601 50152600000
e 515640015 1564500
e 6150800161 508500
T3 §136H4301-5 1365000
61508501 -61509000
Chr 13140652500 140533000
e 3 140633000 140633500
e 35391 501-55350000
3 35510501555 11000
Ched P13R1001-55351500
3 35511001855 11500
BCL1E  CeTAEIOL-12TEN0

T 12785500112 7R 5500
LEF]  ChEIINS00L-1I83500
- 122085301 122086000

[28 108] T cell development

Phaze |
Pre-commitment

GATAZ

GATA3

ETS1

Phase 2
T cell identity

HES1

B2l CLL tymphoms 11E (zinc fngar protein)

Irmphoid enhancer-binding Botor 1

Probe
CheB:43545001-43 542500

I

EIT  oe2.43540501-43550000 v-kit Hardy-Zuckermzn 4 Blins sarcoas virzl oncogens homolog
Chel: 4355000143 350500
Chel6:22181501-22283000

LR Chrl6:27282001- 22283500
Chel6:21183501-F 3000

JRTT _187

cDie Che3:1877R001-18T 72500

Che3: 1BTTRSOL-18T770000
AET _IET

RACI Che2: 26734001-26734500
Ched: 26733501-26734000

RACD Che2:26715501-26T16000
Ched: 26716001-26T 16500

[28 109] B cell development
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B s =T = E
Bone :ga:m:m I chas  Chr14844300114845500 i 15840625 f— "
PO anc pre-u Che0:148445301-148445000 [ 0
GaTAz, CoNLSIMEaL e GATA binding protzin 3
Chel0:50601301-50802000
Ched:51564001-61 564500
Pn'maqr Ched-515 =
X ETs1 SR v-ztz avizn ervthroblzstosis vires E18 oncogene homolog 1
lymphoid orzan Ched: 5156450 1-61565000
i ki Che0: 5150850161 500000
staged NE o
Chrl2:23866001-23856500
TBEN  ohe12:73866501-23 557000 F-b i
Chrl2:23867001-23867500
Chef:53656501-53657000
Ched:53872501-53980000 killer call immmnosiobulin-like raceptor, two domzins, long ot
. LT oplzemic il 1
Peripheral blood ; Che&:33857001-53657500
inhibitory Che:53980001-53980500
receptors
Chrl£:36384501-36385000
Chrl6:36365001-36365500
ooa pranzyme A (Eranzvae 1 ovtotoxic T-lvmphoorie-zssociated 5
Chelf:36385001-36385500 rinz ssterzss 3)
Peripheral blood ; Chel6:35385501-36356000
gmm‘_IE Chrl6:36385301-36386000
constituents
GIME Cha T THEIS001-TRE35500 eranmvme B {pranmyms 1, oybotoxic T-lymphocyte-associated 2
srins esterzae 1)
CheT:T0834501-70835000

[Z28 110] NK cell development

IL2RGx=  x—chromosome®] ¢ X3}, IL2RG mutation®] 2]&|4 x-chromosome
At F7EAQ1 A5 938ke] x-chromosomed]] A
9k hypo, hyper - methlatedE #413}%3, So]& 22 miRNA £ #o] glo] At upebA
B Ans AR 2435171 Y8iA venn diagramS H3E P, 1 A= o [2H

1111l g 2] = At

=13

=l) 7]

A~

ftlo
rr
o
Ol

o =
< &9

related genes©] <3 3F

i

A (Genes onX-chromosomes (include mifNA) B miBNA on ¥-chromosomes

WT-Hyper ILZRG-Hypo

WT-Hyper IL2ZRG-Hypo
)\ IL2RG-Hyper

ILZRG-Hyper

[Z2¥ 111] A. venn diagram of methylated genes from x-chromosome B. venn diagram

of miRNA from only x-chromosome

- 155 -



[2§ 1121914 ®i= whsh 2kl IL2RG - hyper ®]A % 2+<1¥]3= miRNAE 67171 29l
o] Hlom, w2 WT-hypool Al Q1= miRNAE 1707F &ele] =l z8ar 247+
miRNA 9] &S WT-spleen® IL2RG-spleenol| Al A4S &S uf obg [29 112]9F 7o)

miRNA-2225 A €lgh UymA = 25 ddo] Aags 2083

kai

a

IL2RG-hyper
s5c-miRNA-19h ssc-miRNA-I22 ssc-miRNA-363 ssc-miRNA-374-5p ssc-miBRNA-9786

WT ‘RG WT ILIRG

[2¥ 112] miRNA expression

b

Relative RN A lovel

1 [ T

WT ‘RG WT ILIRG WT LLIRG

miRNA<2] down stream signaling pathwayE &<13}7] £t th43 web-based
program< &t B9 xastgdnt A A miRNA AT7F ol o]l x] ekobA
humans 7| B oz B9 8 s9 ).

1 A3} IL2RG-hyperol| A vk @& o] 22l ¥ = miRNA+ B cell development ¢ T cell
development o] #3st= AS AT 71 o, 1 &4 Ao ok (29 11313 [
d 114]el YEb AT

upeha o)) ARES uiE e R [L2RG mutatione FATH W7t S s 5
3] x-chromosome®l] F&& Wol v x= FH-& sttt 1831 x-chromosome®l| & A3k
miRNAG & 3¢S F= Aow F¢lo] ¥, 71228 x—chromosome inaction 4k o}y z}

miRNA % IL2RG KO ¢ immunodeficiencydl] &< wFtteE AxE =& & 471 Ak
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B CELL RECEPTOR SIGHALING PATHWAY miR 222, 3748,363-1, 19B-2, miR-106A

Antigen

Ragulstion of sctin
Cysabaiton

- o
Frml [cozt | : P2 whway ]
CDIS21 cgmplex ; PI. Akt e d |
H o Ubaguitin mediated
— ] : sigaing patliray o) 1

D662 21206
(e} Karshies L

[Z2¥ 113] B cell receptor signaling pathway

I T CELL RECEPTCR SIGHALIHG PATHWAY

Coabditiy

BHS 1Azt —iy

s

D) 411218
{e) Farwhisn Labeminras

[Z2% 114] T cell receptor signaling pathway
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miR374B
miR106A

miR106A

miR1064 @
- G
miR1064 @ miR19B-2
miR19B- .
: : miR106A
m'Rl°5A miR222
7 miR374B

Al B/T cells
Apoptosis/Cell cycle Proliferation/Differentiation

Cell cycle/Cell survival

[Z29 115] Summary of miRNA in IL2Rg KO pig

3.4 28 A7 U8 2 2y
[L2RG A= AGAAQ X-chromosomed] X3} [1L25 ¥3ts}= vk Interleukin®l

3 receptorE® 94w 3}t FAAPolth o] fFAX o] EAWol7E fkE 79 X-linked combined
immunodeficiency (XCID)E H| %3l X-lined severe combined immunodeficiency (XSCID)$} #-&

o A9A AeS et fk i W Ay A= Wl st FadEEZ % T, B, NK Al
O] AAo] dio] Em| o]o] wel Gnotobiotic Al A ] Al HQ stA HATE F-El= H
A WHE ol&dty A B35 IL2RG KO HAE FA stAA pigletES
Gnotobiotic Ao +&37] AT PSS I sidtt. T 23 AAE HAAS FoA 1
g & Faste] AFsAd

7k IL2RG KO == 9] ¥4
IL2RG KO s #]9] "<& flste] &4 Fis AT WA altrenogestE 18

AZF &F 20megH A Fol sleu, FEE w9Ads #F & b Y Heors
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Breeding isolator®} Hysterectomy uint< "|2] 9174 3} 4% paraformaldehyde® 4

55 slF o, AxAQ HE-sE 1110082 3]A5lo] Germicidal trap= WHE©] & FolA =)

A7 E2olE & AA wEoY FATh F4te]l ¢dEbet REE Ay 5FEE 0.05%
Chlorhexidine gluconate solution & A=< &4t}

P E4hs b A Aol 1A Abgro] Eiwhe] Fogle Ap=S EjWke] Hojx]

A A ZAAHA BHE T AL B EZ-s & 2} U+ germicidal trapS E3 o] Coll

)3k AbEel Al {7tk Bell Y3 AFES Coll A3 Al O 2R E Germicidal trapS £ 3}

& eule] el 9l AES wop 243 Diaper® ol &3kl TAUe o] BAL AA M,

G WS diaper® A7} 3 H, Eoll $ 3 Al#o] breeding isolator] A o]A e 3l
Foll 1At At AlZ A= dXh Eoll 9143 A2 A=5 cageol| Y3 H3s F+

ol 8tH, 1A%t o2 AAR WA o3 FF tubed AHESto] AAEZ Hol v &

i

A

=]
= #Zgo] Eyl  Hysterectomy uint < Breeding isolator®} #2] 3}¢] Breeding isolator®t
Atk = F W9 Breeding isolatorE ©]-&3lo] =S #ylakdvt

3 D B

AES 1508AA 247 v Ad 2 84 89l ehglew, 447 s 75mie) @
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ol 15U FEE = 150mlS 441 7F vht} Fol &gtk 209 o] ZAE 50
? Fol%E A 25mZtA Eut AEol

2A2 B E AFEA BS Al AHE ol&dte] wol stdlen, Ad"d &£AE tiulsty] 9

A 3 77
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gy =E v 37T SdFtHlolE ol dVIek TR uro] wiekRth =] wids 243
A1 i F 8AE 5 AV AME Heste] ERYE Sl

% a
oA F2Y FeHe ay A A mel 7S 73kl 16s rRNA sequencing 2.2 5%

oL

[3 35] AdEiuf Ao} =] AH-&-=3

&7 7] Bjx] ool
BAP
BAP BHIP IAP: anaerobic agar plate
gokujx]  BHIP Ap BAP: sheep blood agar plate
AP B BHIP: brain heart infusion agar plate

EMB: Eosin methylene blue agar plate
MRSP LB: lactobacilli broth

MRSP MACP: MacConkey agar plate

SEEE MACP vy agarp

MACP MRSP: Man, Rogosa and Sharpe agar plate

NAP: nutrient agar plate

Primer Infarmation
THEF £ (GGA TTAGATACCCTG GTALY ITF &' (AGA GTT TGA TCM TGG CTC AGHI
BITR § (CCG TCAATT CMT TTR AGTTT) ¥ HRIR T (TAC GBY TAZ CTT GTTACG ACT T)Y
|
M!—m”* ‘*Eﬂwmﬂﬂﬁm petoi
Latmbaciay
NR_117082.1 B3 2 %2 &8 IS 00 s W
-
Lactebaodis Lacrobacdus acdophibag
Primer Infarmation
B. Sequencing Primer Kame Primer Sequences PCR Primr Name Primer Sequences
TESF § (GGA TTA GAT ACC CTG GTA) Y JTF 5 (AGA GTT TGA TCM TGG CTC AGH)
BOTR 06 TCA ATT CMT TTRAGT TT)Y IR § (TAC GGY TAC CTT GTTACGACT T Y
Sulnecl Génis Species
'5"\'.'..-31'-'5"1'!‘" P ke it
EEJNﬂI: [E- '\-1' :uu.'..u_.l mﬂ H i ..c:-lm.h.
Sheptococcus
MR, 7 T T
Q42T . W & i # TTE 00 150E50E W
Family Genua Species
Esctena EABPIODOCCITe NN Sirepbocotous Streplopoocurs themophiiys

[29  120] Inoculationg 93te] w3 lactobacillus acidophilus(A)$}  streptococcus

thermophilus(B) % Sequencing 2 3}.
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544 IL2RG KO A& 3213t A3} 1 Breeding isolatoro] A+ ofF-¢ o] 24
A kA vF 28 Breeding isolatorol A& i 29do] el ¥ <AL, 16s rRNA sequencing 2
3 EColiz &9l 2t} o] wgl 1¥ Breeding isolatore] AFEEo A= 21U Holl w3t

lactobacillus acidophilus (johnsoni)¢} streptococcus thermophilusE 2ol 3 A 3ste] 9o A+

#3ale] inoculation 3} T inoculation 3¥ & =9 AAS ~¢3Y] inoculationdt F 7FA
TR A" A &9l o, 304 1 Breeding isolator?] AHEE-2 Gnotobiotic A

of # 4 9tk

—

ol

il

Qmiiy Subect Seore Tilentitiey
C. San  Isd Desrripriea AL Lemgih  Seant Il B RBow IV Mack Tel Peoi®  Soesd
I 1M Eacherschis cob s OBW0, CROLIZAZD 457907 010D @9UB48 2TSD 100 00 M2 M W s i
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1 1505 Eschenctss cob B-10 GMANI Lac- CPOTIMAZ  aaThd%e 22000 2M007 37SH @00 00 102 . 10 o Pl Pln
ol prenine

1 1505 Parbnbun col K- 17 GhI3 CRONEMYY DM XNHa YR M1 (&) 0D 1.2 [0 L) P Pl
La= songlrir proane

I 1503 Eacherechin col vram K12 CPOIMT00  aWidke 43500 401907 3MSR LW Q0 . K w9 T B
wibearmn MG 133 THRPIIAE
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vy MIGIE3T_TMPITR]
comglete groomr

1 1503 Escherschn ool o K-17 sl CROIZB6R 0 IS 23500 AM1907 275N 1403 QD 1302 e W P Mamn
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