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SUMMARY
(Y ELFE)
I . Title

Improvement and conservation of genome resources for Korean cattle (HanWoo) using the
embryonic stem cell and reproductive biotechnologies

II. Purpose

In the purpose of this project is to produce and preserve outstanding genetic traits of
HanWoo such as good meat features by using embryonic stem cells which can proliferate long
term in vitro without losing their properties and genetic traits.

llI. Contents and scope

(D Generation of in vitro produced embryo-derived ES cell lines in HanWoo cattle

@ Generation of parthenogenetic and SCNT embryo -derived ES cell lines in HanWoo cattle
@ Cryopreservation and thawing of ES cell lines

@ In vivo and in vitro assays of ES cell lines to confirm their characteristics

® Cutting edge researches of developmental biotechnology and stem cell biology

® Investigation of early embryonic axis formation in mammalian development

@ Improvement of SCNT technology in mammals

Establishment of individual IVF program in cattle and their progeny test

©@ Development of technology for pregnancy improvement after embryo transfer in cattle

[V.Results

@ Generation of in vitro produced embryo-derived ES cell lines in HanWoo cattle
Establishment of 16 ES cell lines, and they are maintained over 60 passages.

@ Generation of parthenogenetic and SCNT embryo-derived ES cell lines in HanWoo cattle
Establishment of 9 SCNT-ES cell lines, and they are maintained over 60 passages.
Establishment of 4 parthenogenetic ES cell lines, and they are maintained over 36
passages.

@ Cryopreservation and thawing of ES cell lines
Enhanced survival rate after freezing and thawing of the cells by Thiazovivin treatment

@ In vivo and in vitro assays of ES cell lines to confirm their characteristics
Confirmation of pluripotent characteristics of the cells by in vitro and in vivo assays

® Cutting edge researches of developmental biotechnology and stem cell biology
Development of Bone regeneration potential model using murine ES cells



Generation and differentiation of androgenetic ES cell lines
Generation of iPS cells in HanWoo (ongoing next project)

® Investigation of early embryonic axis in mammals
Relationship between biased lipid distribution in 2-cell blastomeres and early embryonal axis
formation in mammals

@ Improvement of SCNT technology in mammals
Improvement of SCNT efficiency by the trichstatin A (TSA) treatment

Establishment of individual IVF program in cattle and their progeny test
Obtaining high-quality meat producing HanWoo by application of individual IVF program

© Development of technology for pregnancy improvement after embryo transfer in cattle
Improvement of pregnancy rate by using novel embryo transfer solution containing LIF and
dexamethasone which may attenuate inflammatory process during embryo transfer (patent
is pending)

V. Outcomes and application plan

D Peer-reviewed research articles
Published 4 SCI indexed articles and 8 KCI indexed (local) articles

@ Patent Application and Registration Accomplishments
One domestic patent application is pending (application number 10-2011-0107543)

@ Human resource development
Total 4 graduate students obtained master’ s degrees and 2 undergraduates obtained
bachelor’ s degrees, and 3 phD students are currently being supported from this research
project (at the time point this report being prepared)

@ Further researches and applications to other related researches
We are currently conducting the project entitled “Conservation and utilization of genome
resources by the generation and analysis of non-embryonic pluripotent stem cells in
livestock ™.

® Security plans for intellectual property rights such as international and local patents, strain
register, and research articles, etc.
- Registration to national cell bank after final confirmation
- Publication plans of 4 or more additional peer-reviewed articles
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nlA|z47]o m Mg bladeE Eobx wWE EHA ICME Atk ol¢t e WS
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< Pashaiasl M al,,(2010) ZFolA ExE3F A7 ABNA = olF AHACE ded-&E3F 4
29} AHH EAF ERK1/2, FGFR, Z18]al GSK3 4 & A A|(inhibitonE o]&3l ZF H=Z<9] =}
@S Fa T TolA wolETIAE &Y 2 FAE B o B AF4AE olEE 4
T A S HEoE oY JHA wdRdS 2t SeolA A4F wotEr|AIZE FRSHA
ot WA 7]E9 3igtar &8zl PD184352(MEKI), SU5402(FGFRi), CHIR99021(GSK3 )& A A Al
3E ol 21 wigtze] AHElste] wids FESAT olH g AAA o) x| FEYIL F
dol HAI 579 Aol = Althujde AR T ASHE AoJEES o] &3 =7 |
olZ7|MEL FA T EV|AEY AF F4, FEY JHFA R MEES TFAE 98 FBS
T+ serum knockout replacement (KSR)E 7|wto =z 3}s&E4d gle widdoz wuA & =
I EZE FA(Q2-Step) AATH
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%e
ofN

>
)
Ry
El

£ 1 AEHE AEAe Aol o] ME AL 23

. AgsA | A o
=
k) ]
_ o Rz o] 2-step BT} HUH SR F&
NEAE AAA FEE) Zstep B FHHASE TR
S A= Passage 50 | 4-5¢ |+ Seeding &= At & F& AXEC] B
G W7k . 24§ 249 Fo} At T2y 34

o JAA H7/IOFERG F2Ho] ok AU F
22 Alx Z3l(debris) &

o AA H7F AFRT F2go] ok

o AAEA AT 2FH FAR F2Y A 7s

2-Step Passage 5 | 6-7Y

So® thord WHoR ANE WNEE B8 2/AES FJsuA FYTh AT E
ZIAEZE 4 wjdFstes WHe FE AMFO|Y whe2oA de WS btEgeR st
(Anand et al. 2011; Cao et al. 2009; Munoz et al. 2008; Wang et al. 2005, Yadav et al. 2005).
B AFHNAE QA E7IAEE FHer] A8 A LA S7IHAE Y HMES T
A=t HyE S7]AZ v Fd S ol & 29 Zo

N

tlo
et

E 2. 35 7 E7IAE SS9

HPEH 7S gy

odk

DF12 KO KO serum FBS NEAA 2-Me L-Glu LIF DbFGF

Medium A O O O O O O

Medium B O O O O O O
g8y 29 22w A Ak g9 o} fE EVIMEE ¥ 33 Zo] 2|4 F=
UE BAou A7) wiek Al Aus] S7M2E &8st EAVE AT S o3 vy

Z24L Y ot Ml E al kel AgsiAl skt
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a8 3. WHEFE 7€ wide FF T dolErIAEZ. A wiolErIAE AiE
FEHEAEZ o SHF2 FH. B ANE 23 910 &
A

(2 E3lad ASHE Aol 2vAE-e] AHEgEsE 5T ¢ votEr|AE &9
At k-2 fE wjolETIAZE O FEVE vEw HZol

primed state¢} ground state® 2] A3t vk T F HjotErIME 25 7] A
HE FASt B35 AASHA vlotErME AFS FASL %1‘:]'. 2 AFAAAE oY
g Aol 2kt 3¢ fref wolETIAlEe] E31E A 3z AEs FASA
shlth. WA theFetA EAd 1_32}%% ANEd= Ao /\%X}%X—% ZAbste] 2 7RA] =9t o
2 A3Ss Agsint. MA gE FEoA oln L Al JHA AZAE AEA
PD184352 (P1), SU5402 (SU) 1&]ar CHIR99021 (CH) & 3E HHHEToE o]&std AdP=
AYPstga 2 a1FdAE Ple tAEE &2 MEK So] dAEAE d8A Y=
PD98059 (P9E o)Ll S A=stH Tt (Ying et al. 2003; Ying et al. 2008; Pashaiasl et al.
2010). °o]& ANEZAHAZ AJEAL 77 Z7|HE B3tel #HHo] = GSK-383, MEK 183t
FGF signale SAlst= Aoz #3to] AAA AT E AA&) E7|AZ2E FASLA st

il
12
¥
N
;

3 AZHE Ao 28A=EES T FF f wotE7AE v gy

Colonies

Generation  Maintenance

Medium 1 O O O O O
Medium 2 O O O O O
Medium 3 O O O O O O
Medium 4 O O O O O O O

*P1 - PD184352, P9 - PD98059, SU - SU5402, CH - CHIR99021
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zZ7] 9A AEAE T T Fu wolErIAE wgdS FESIE 2 A 23¢9 R
q3F A= 3F 39 Ao 9 FoA Be AFR o] ¢ 7 wotErAE FEYE FAE
239} #d e M A A5 E 25 AESE Medium 33 494 7HESEET (R 3). & -
el HielETIAE F FAE HsiAE Al TR ARAEE S ARREoF THs T o2 A Al
A AR QAEDS T iYgHEe A9 4 HHHPJ Bk ofyz; T 3o
21 W fFE g AR FEYE A & 7 AJT F 4o A9 o] MEF FHel o]
Medium 33 M ZL Z32 medium 49 FoA AZol+= gloy F OF EF x7] wjolE7]A

l:l

X ZEYE £ 888 YIS B oY 2k8L2%, 76.6%) E71F (60 AT o], 75.0%,
73.3%)1 = AgsiAdnt. olHF Ay A ] HA AFA AR 30-50%2F Rl = uf 27
Aom w2 A¥=E & F U

E 4 5 e Aol EVAE &Y R A7) S 2

Early passage Over 60 passage
Group Total blatocyst
Number % Number %
Medum 3
32 26 81.2 24 75.0
(PD
Medium 4
30 23 76.6 22 73.3
(P9

*P1 - PD184352, P9 - PD98059

(3) @5 WMol Z ) ME FEjsts 54

ws AsAR Aol 2RAEHe] A7k WPl FEH F5 wolE A 2R ¥
B 29 49 2k AAA FeE AR ZAAAE Fob fASAT (29 4-0. 2 A
e thEd 9¥ AEES AT 2715 Reln dAdom MEs A1 A% gL 4L

Uetdie] AtiE d71= 2ol &olahx Futt (L 4-F). I™oNA B Hiet o] F2Ye
FEHT AAE HolW HIFoR Hols URst @Fo® Hols 9RE uE 5 An (O™
4-C). W7 552 FH @55 ofF= Azt 9o 2 HAED I A=7) 22 SH=
2o EAsAn (Y 4-B). o8 22Y dH= 4, @oEdd 3 9

4o HolETHE RFA FEHORE Hol Hjole] o] mE
H A kst olgfRl A ol wpEoA Fefrt T wjotErIAE

AN A AedeAddE Tl HEoiR HjolETIAEed dHH oz Aot Qe A&

e
1>
et
i
=
N
N
N
O
it
ﬁ

©oH
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I8 4. A9A &AFA iYdS T3 5 fH vorErIME. A0 FHOE A AT wink
X. B: Seeding & 24 h. 7] F2Y dA4S 93 wivtx o] outgrowth. C: %7]
220 me HMS FAOE YR 9B (gaN) 2 7 D Z2Y 77
£ et By ldEE Axo] HlE) ¥ Mg W9l E: FEU9 YiEE 3
g3 B dF FRiEG ¥ A2 AExgolgzt EAF F AUE 9717 9
ol FRUE A 27402 A8 B #HSed e AdE 97§ 2Za

o @S WOl E/IAE ANS A% WeluA % So] 4wy A4

B AL we e YATEE
A ) W AARY 5 OYE 205S 2AdGT B

=3 2

el 8 A4S FHeta B B HEs 5ot

o wwstgh SetA © Aelo) g APAR ArAF) 3
o] s DA o] R (51.7% vs 446%)7 wE s
E (26.6% vs 18.3%)°] =A UEFGT (3 5).

® 5 43 el mE & deEA wiwmz gLtk
No. (%) of parthenotes developed to

Activation No. of oocvies

conditions” ' ! Cleaved 2-8 cells Q¥ T Dlastocysts
Electric pulse

+Chemical 404 180 (44.6) 121 33 (18.3)

Chemical 333 192 (57.7) 141 51 (26.6)

*Electric pulse : 100 V/mm, 40 xsec in 0.3 M Mannitol solution.
Chemical : 5 xM Ca2+-inophore for 5min + 2.5 mM 6-DMAP for 3 h.
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A3} 10 «M Ca2+-ionophore®] A&7} 5 xM Ca2+-ionophore *|&]
& (65.5% vs 40.3% )3} wiHEE WIS (29.8% vs 24.0%)<= YERHC] (E 6)
HETHOE 9o F APAAE MHSE 3 21 oA eIy divtE Agiks 913 3t
271& g5t

¥ 6. Ca”-ionophore®] %o wE o9 dA) wylx 255

No. (%) of parthenotes developed to

Activation No. of oocytes
conditions Cleaved 2-8 cells Day T Dlastocysts
5 uM
Caotomore 62 25 (40.3) 19 6 (24.0)
10 4M
Ca o ore 87 57 (65.5) 40 17 (29.8)

5 «M Ca*-ionophore : 5 M Ca*-ionophore for 5min + 2.5 mM 6-DMAP for 3 h.
5 M Ca*-ionophore : 10 M Ca*-ionophore for 5min + 2.5 mM 6-DMAP for 3 h.

By
r
>
A
0
PL
g
R
4

bt

Oy 3} A2 AujeFo] =2 Hjulx WS-E (20.3% Vs
oAy wjuFE AYALS 93k A
A ALuieE Al vl 6L A HwE
Aoz FAFHAT

E 7. G A Ataddzdo] g Tl Aodse nAe 9F

Oxygen No. (%) of parthenotes developed to
Concen%aﬁor*l g)%&t%fs Blastocyst Day 7 blastocyst
in incubator 0 _ astocysts on ay astocysts
Cleaved (%) 2-8 cells Day 6 % from. 2-cells)
20% 302 116 (38.4) 85 0 33 (18.3)
5% 524 231 (44.1 158 22 51 (26.6)

20% Oz 5% CO, +20% O, in air.
5% Ogi 5% C02 + 5% Oz +90% N2 in air.
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(th AufFzdol] & oo Az A4k

- AueE A insulin, transferrin 2 selenium E-3A (TS)7F S dAy o] A 9uk-So n
A= FEFS dolry] sty B AFAe] AT Al Hristes 43 & ugd
ITS (1% viv ITS complex 100x, Sigma)E A7}ste] AJujre AA AT ITS Bata
At o2 Az HAAFE 2 FAstaRE s AEZug A ARREHY B A7 &
A o) ko] oMol o]2 Haste] A= g vk 9t Roh et al, 1998). E 2
oA A ALl Al ITSE AH7Mg A3 FH7bd vl &2 &£8&
(66.7% vs 51.1%)3F vt FSE (30.5% vs 25.5%)& YEMN AT (F 8)

#® 8. Witz wE detAde] Yk

No. (%) of parthenotes developed to

Culture
conditions No. of oocytes Dav 7 bl
_ ay astocysts
Cleaved 2-8 cells % from 2-cells)
Control 184 94 (51.1) 70 24 (25.5)
ITS addition 123 82 (66.7) 57 25 (30.5)

wehAl B AFolA T djolE 7| Al ZA4ES E wed A w4k 10
uM Ca® -ionophoreE o] &3+ Wdxto] &3} ITS7F FA71E vl @ 5% AFAEQE 3o
Ao AuiF AAE HF At o]F wjolET|AlE AL E AP I3t

(2) 3% HjotE7 Al Z S A% Fo] A7k Y4k

Ob FolAst Aiks A% = 44
AN ZFEAA] (ET3, Japan)E o] &3t &9 W ol gxd

_l
N'E
-
>
&
e
lo
do
— rj}_l,
o

Zpe] FoAMEe} Alzd §e =t A7 4Ed2 01 mM CaCl; 2 0.5 mM
MgCl,7}F 714 0.26 ~ 0.3 M Mannitol 89-& AFg3t3 o 2 AZH YoA 27 387 A=
Hjol HE S FE3 F, dolaeSs M7 5F-E needles 1%’@“] F needle Abolol @l o] 2k
< YA T (O 5 He AT FFHEFESRE FetA st AEHLS SF5()FESZ &S
st A7IASE Zhetdlth WA FAALE DA F (20 wseo) A7) ©HE A stolA AA
staRow 1 A A5 v?ﬂgf O sl Bk 26 727 V/20 usec sholl A A

\Y T A3 AEoA BEAALE
Fdway 20 25 ‘;l 30 /ZSGCE %GP A 25 useco FAAZ] Bty 2 §34E&S UE o
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13 5. Needle2 AHE3F A7) 83

9. 2 Hol4 ATHM A7 §F A FAMAL] BE ALFEE

Electric pulse*

No. of oocytes

No. (%) of reconstructed oocytes

Fused (%) Not fused
10V 36 0 36
15V 36 0 30
18V 54 10 (18.5) 36
19v 18 2 (11.D 14
20V 52 12 (23.D 14
25V 119 46 (38.7) 23
26V 139 83 (59.7) o6
27V 68 36 (52.9) 32
30V 27 5 (18.5) 9
40V 16 1 (6.3 2

“Pulse duration: 20 usec.

® 10 & Fol4] ATHue) A/ G A BRI WE ATEHE

Duration of electric
No. of oocytes

No. (%) of reconstructed oocytes

pulse* Fused (%) Not fused
20 usec 43 4 (9.3 23

25 usec 27 5 (18.5)

30 usec 16 1 (6.3

"Voltage: 26 V, DC.
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42 0.3 M mannitol ¥ Zimmermann ‘s cell fusion medium ¥ 7}A & A&
A3 mannitol =Wl Bl Zimmermann ‘s cell fusion mediume] 2l A
(48.4% vs 91.1%)S YEMIAT (& 1D.

=

b
o
do
i
> oo
e

E 11 A7 &Fq TR e oy A7 AEzgdE

No. (%) of reconstructed oocytes

. x No. of
Fusion buffer
oocytes Fused (%) Not fused
Mannitol 128 61 (48.4) 66
Zimmermann 45 41 (91.1) 4

"Mannitol: 0.1 mM CaCl, + 0.5 mM MgCl, + 0.3 M Mannitol solution.
Zimmermann : 0.28 M Sucrose + 0.5 mM Mg(C;H3022:-4H,0 + 0.1 mM Ca(CyHz02),
+ 1.0 mM KyHPO4 + 0.1 mM glutathione.

() ol 2gk AYaks 9 3 & 48t =4 Y

gy oA ALt WHES ol &ste] oA AFFuje FAHIE FESAT A7 5
2 10 xM Ca2+-ionophoreE ©]83te] AFZuje] &AsE FE3 A7 dddSA= 2
2] ionophore®] F=o| wWE wj¥tx WSE zole ARJEA Lt (F 12). ol HI§F
o] A3 E FEFOE Tr|tol §F 4FH Wl wF ZgFolo] HI|AF Al 9 Fo
A FAEAAY A71AF AA7E FEHCE AFSue] At 73 Ao g AdHT

[ %

E 12 843 20 BE doly ATHue W5E

No. (%) of reconstructed oocytes

Activation No. of

conditions® — 00CYIES  pycq Cleaved 2-8 cells Q@Y T Dlastocysis
5 4M-Ca 105 0 28 (40.3) 23 9 (32.1)

10 M-Ca 60 28 12 (655 9 4 (33.3)

5 uM Ca: 5 uM Ca2+—1onophore for bmin + 2.5 mM 6-DMAP for 3 h.
5 «uM Ca: 10 uM Ca? “—ionophore for 5min + 2.5 mM 6-DMAP for 3 h.

upepa 2 ATl 26V, 25 psec A7ISH £ StellA Zimmermann's cell fusion
mediume §&8& dFNo T ALE3+= AS Aol vt S AAEH7] 93k AF-Fu e &3
o =w gAgegion olggt 21E& o]gste] FYHE dYERUS T3] ol 2L A o)
4 F uNtxE st B 49.4% 1 = wiNkE PaEs S 1/}5}144911;} (£ 13, Kim et

al. 2011).

Ll
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3 13, Sfo EAlujore] Aodd E&

Percentage to

Series Oocyte Fusion Blastocyst :
Fusion Blastocyst
1 25 25 8 78.1 38.1
2 36 26 12 72.2 60.0
3 24 19 4 79.2 50.0
AVG 76.5 49.4
*AVG : H3x

(3) 1% -3 woke] A sl
AAE Holed S S

*g Hjofol A o)A T

o wHzAL T o3 op]E BL F

a3 6. % wjole] Ao
E: &9y w2, F: AA =

£33 1

A-C : 2-AlZ7] 58 G A7), D AejsA itz

(7P Mouth pipetteE o] &3t ICM &

Sy gl oA Aol His| AlxsE AL ICMYE At IHER ICM

bk ofe) 19w ol

ao] 4] WjREE,

wEat717F Al Bl FiA o ofHu wiolEr|AxEE SHTd u ICM

o]9loll HiHFE HA|E seedingslte] At F AA~
AL o JA F
ol A4 £ Jor=E Yol HHH

7= @t olsh Be WS

3t EgA FEUE AA F
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AAl FIFHAH T E5lE
W& A Ak st=H o] wf MEEN
Z F71R 9F7F F& 90~110 xme] mouth pipetteE o]
& seedingstR ot (24 7).

__E_
=
=
| .

pHos A" @5 wokel Fesha SHE
2 B3 Y ASFAR st FAs
S1BH Aol HolA grgkom iy AAE
g3 o7k 2710 Aol @

o [i]ll‘.

gl
i

A £} e o

-

S

o
=

L
) BN

]_

W Hold 3 el
sol4] fe) wpzel 7
s BRI (29 6).
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T

Zona pellucida

a9 7. Mouth pipetteE o] &3 A T dATolAe] EH AA (A) H
whole seeding (B).

(b & S9BATL o 83 vo}E| A Y
S ATl A Wl EA A E AL felA 4 AL ASe ol gol T
HEAES] A Rl WHEAE Rol AEI HE WeldlAS] TATE A
Col WA AZATEA L ool . ® ATAE Adsel +UH B THRE F
# 2 T AIHE o ga BUARS Astste] HalHy) A G AREE A
goto] Mol EIME AL AESHATh BB A Mol EIME AL A9 SR etol
Hls Bgol ofdrha Yeld vk AdEo] FBS Ei KSRE 7R & ko)A Z714)

3o Ae AESGoU 1 FPEL] BASA B3 FAZ ey AYFHANN &
B A AEAE QAN A7 WAL olgate] HEF A=Ak ook Ze AFE
20104 T A7Ae] o8] Rurk HQoY MEK A& 73& oA Ale] =A(PDIS43B2 ->
PDIROSE Bal B AFxe] Mol wistel H ergAel Rn F ERE meltks
Ae AEA HFAT 5 AU F 18700 S BATS o g3l 4h9 MEFE FHsIAT
dgHozs AdSAE G wolE AL FAFE mFe Bolm Octd, Nanog, SSEAL 9
TRA-1-60 B4 A7E FAH Lebset,

2. e B9RY Ao AT A FF dol ol I ME A4

P SgE dola 24¢ wgoR 25mm’ a7le] 1% 9 fd A 28 o8

of MlaFd F SMolAe A A Fojsl AMER AL

g o]4ste] AAE Wol 7ML ol g, ol A A4keh

E o] ANT AE SRsATh B ATATE B APl & soA Ao

Azdle] Mol E I AEE SR A% WL Aate] HAsE ALuFEad e A

A F3 2lem 29 Sl ¥ f Aol YAAASRE FAT WAL Ger cel
mas9)? AU STl ALHE NEFE HAET LS FAT & STk
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& dA 5 A=At (%) 2-AlZ7] (%) Hi k2 (%)
385 247 (64.2) 136 (74.3) 68 (37.2)

29 8 ol ¥ 69 F 27 Wur

= A Wiy E o] &, WolErMEE FHT A AT7AFAA EFUE A
sH 3ot —J% ol &3l EIE A EVIMEE FHste WS H LSt FolA {F
Hjol =7 A 25 Y3t Hiole] seeding WS wiHlE AA S feedero]l H-Z3l= whole
seeding W& ol &3t 3PS APt viRtEZ GAA E7MEZE A e oY
ZEA7E YA B AFHAA AP AFE &g A3 whole seeding W ol 7MY 4 A
I= Erﬂ—,—%it}. ofdptA oz 7] LAGA A Fo| ATt Ae]sAH ko] Hlste] wiREr}
HE A Yol wol "ot el A vk Iy wiRtE dACA E7IHMEE FYsteT
AA AE OE 2 A Ao|7} ‘”91‘:} o3 A= Hol HeFAddHn ggo] o
g1 Gzl ol g HjolET|AEE AT TdA FHE NSAHZ AAAE o] &3 T
Hog e AEsAS d iﬂﬂﬁ—%%ﬂr FAFSHAl BijotE7IM o] FAo] o] FojA = AS
& F ATE o] @FE HI"HOE T HY & Hijof e 115 AANEE FAMNERE o]
< 3 A= HjotE o] &5t wiotErIMEE FHetd FAAA Ade A B7IZE Bl
7Vsd Zolgta AT

Q) e 5 wotEriAze 44 AF

Oh el 27

& olE I MEY HAT AFAAL ok FHA UA Bk WolE A FAMEES P
B A7l A B v FRU BPES} 47 2 1 994 G 4P A
2 02 BYe nolw gtk 9840w AzhlolE ARE WA WAL FH = BRUS
SN F40] ot vhes MR AE LS A AL B A Foz Held A
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= FPg S Bl < Zbﬂﬂ olZ 7 = vz = wjoleT=E7| A3 (Epiblast stem cel)3}
FARRE 2 S BRAuas d#A Aok &9 HjolE7|AE (FAAIE)S] 7ol Qo=
ZIMEZS} FARE S Hllta BEurt Hu Qe B dFXlo] ASAE AAAE T3l
Gy wjotEr| A2 AFolx o|& mIIA R QIZMujolET| A FARE 21¥AH FHE
et AT (28 9).

18 9. 3¢ wjolE M E9) FEEra] A7, A Seeding 244 7F

z Pr } <5 B. Seeding X3 48A17F & R C. wij %k
59 = 2 14 FAELE D AEAZ A ABEAEA
Hj A 3 Hj kAo Ao 22 FARG,

) FAETH HF

HlolZ 7| Ee] AF A BE A T4 viAY wlofE7| XA Bolxgoz Hdste Al
ZEH uAE o] &3tA At ol miAY WHL QU whe-229 HjolET A ZA A THE
A AL eted &9 A AYE vFAE §7] wEol A vpg-2o xSt A4S S
Atk =71AHNAMEE ALP A4S st o (2d 10), deA vl Octd49} Nanog
g A7t vjolE7| A ZAA L@s= AEFEA AFARJ SSEA-49F TRA-1-60 W FAHES §
éTH Q‘ﬂé}%l"/‘r (" 1D. mFA9] Ed-e FITC FYollA FRlst e DAPI |41 F3l A9

|

b SSEA-4%h TRA-1-60E SHSHGT. old@ dodne 7 ALFrt e e
HHO}Eﬂxﬂs%_?l 7/4\% Hojz=3 9ty zhzhe] A EMo] Al Sa) HjolEI| M EZE 29 B AT}
Hj op A o] A % L (29 12A, B) @ AAEE (72 120)0] lEgon #x dojAL E
S A HHO]'E7] ZE 929 8o FASY teratoma® HHEHE XAL FH(OY
12D), AW YTH AZS A Fojn U3 o g AY5FATT G wjopEIAE
o M= teratoma FA L A=33 ).

ofy
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a8 10. & ol M Z(FARH EZ) ] ALP staining 474

A

Bovine Fibroblast SCNT

a9 11 6" 39 F #orE7IAEe] RT-PCR #4. A: RT-PCR Z3}. MEF (mouse
embryonic fibroblast), SCNT (somatic cell nuclear transfer), IVF (In vitro fertilized),
PA (Parthenogenesis) B: Zi3ls #d wi7io) thek WA Ao
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ag 12. 39 e welErIAE £33t 2 AF B4 A 449 EB 2. B RT-PCR
S E3 B3} nl#] 3¢l Ectodermal: beta-3-Tubulin, Nestin®} Vimentin,
Endodermal: Somatostatin®} Gata6, Mesodermal: Connexin403} BMP4. C: 1.3}
ol A= putative-teratoma. D: 50AItholl A AHF oz yelhd P4 A}

op Ao, ST B ol Ff miotErIAE Y A%
ANERRE AAsts JAAE AREst] Z2be wjotol A o] S7HAEFE FEs o

(% 15 BuA 4L dA 25 704t A2 Al e FA8aL A
® 15, Ao, AT aga dojNHe T3 FHE EVIMEF
T 7 Embryo seeding 7|4~ sy Z|NEF
Al el =A & 31 16
oAy =k 18 4
ol gk 21 9
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Hh HjolE 7 A (FAA E)] FARE H
- o= ZE ANE o AMETH

BEAES &
Aol AstA Hu @& 9 FEY 270 AEE HH%‘:E-%H]J—H@]H DP Al F2YE F
AstA Zata E3lEe @4 Bt T3 SARE T FIlste A AEE SIS 3
32 & o 2 g8 wl WA YERRTh o) d d4L g wlolE|MEE 2Bt <
AstAl FA87] HaE FEMFE FAY stuld 2 AFodAEs F2bd ddE AEAER
< wgFdol HIbsto olelgt dAES FESIA sATh B Ao AredE AEAEHS
Thiazovivin (T2)o.2 &3] H2 ExE53 A3#E ROCK 2S5 E 9111]/\]7]% 42 484 Ao
Xu et al. 2010). Tz 7|42 9 o8 712 AZAAA AEES FA712 & 249 F

7He f =3t &8 A QY (Gauthaman et al. 2010; Xu et al. 2010).

Aol Axt= ¥ 163 178 2ol ®o YeEd U2 Tze 39 wjol2Ax 2249 A
2 g3l & FEY AIH &5 27}/\]711:} Bek oty Tz Aed 15 Ad & 49
A F7HE S B olE T3l 9 wlolEr|AEY] AUfA H THAEE Z&FF £
71 el A&o] 7t Ho= *@74%1’/}.

#® 16, 3¢ 7 E71HE A & 22Y /A &8 vl
Group Repeats No. clumps No. Maintained colonies %
P1 5 35 23 65.7
P1+T 5 35 31 88.6

Group Repeats No. clumps No. Maintained colonies %
P1 3 50 19 38.0
P1+T 3 50 33 66.-

_32_
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Hol g 28 o] &3 FAA AY F AREAze 2¥3 Wies dZEHJeY dAARHA 7=
o ¢ FERFsEVIAES FHE BEHA FUT (IH 13). WA FA FEHATFE T3
o AEHHor AFE FHY Aot

ob. 71t (4F wiot=7|Ax A4, E3kr= 2 244 A vt 9A9] axis &4 dE £4)

(D) S wjotE= A2 ZEAEZE B3l F5 A wjgdo IGF-29] H7laxsel

) @9)ur wjolE M EE ol f3le] ZIAER RIE FE3g TAo] whg|ukAgu)o}
frel wjolE A A o] He B =
E3laE Astol] ek BebhdHol of

(2) vjolAl B4

b ZH7bd =3 a3 wjolET|AEZE VISHAEE &3
Ao AAZ ME YollA LTEFHA %= IGF-25 v g ol
g o]t MEZEo] o]F E3HAANA AuHET FRAATAYES Hole A &4
ZPAo FHE FHAE FHASFFo] it AT HolEI|AEE o] &3 A
I EIES A BE O ol R FUtstdon IGF-27F H7FE A e T Al
olZ7| M Ze] E3E Aol HIstelE 2u) o) FTbste S YEHAS (2E 14).
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(D A &3t = trichostatin A9] F7FA g7} vh-g-22 do|aghe] 27 wX|= &3}

B AFoMe= AEe s|2E ZotMdst AAIIA < trichostatin A (TSA)7F wh-¢-2~ do] 2] &
of AejEgol A= FFol st Brlstdtt &3 3 HFY F vhex AFSul= TSA

o_>|:

7F A7F == wiAlE 243 wddels 6AbEd 243 R TSA AT A5
A3 A7 F5E olF AL el TSAE 3, 5 3 BBARE &t F7t=2 AUtk
TSA A gAzto]l 242} 6, 9, 11 Bl 247%bel| o225 Attt (21 19).

®

Activation for 6 hr Culture with or without TSA
1
Embryos were moved to culture medium.

TSA-0 hr

TSA-6 hr Time of TSA
treatment

TSA-9 hr Time of TSA
non-treatment

TSA-11 hr

TSA-24 hr
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¥ 18. Time-dependent effects of TSA? treatment on the development of SCNT” and
parthenogenetic murine embryos®

Duration of TSA o No.(%) No.
treatment® Activation - No.(%) 2-cells blastocysts SCNT-ESC?
TSA-0 hr 116 44(37.9) ® 4 (3.4)° 0
SCNT TSA-6 hr 164 68(41.5) ® 8 (4.8) ° 0
TSA-9 hr 188 80(42.5) P 21 (10.6)° 0
embryos TSA-11 hr 208 92(44.2) © 44 (21.2° 2
TSA-24 hr 140 76(54.2) © 24 (17.1) © 0
"""""""""" TSA-0 hr 100 100000 ° 84 @8H*  NA
TSA-6 hr 84 84(100) 2 61 (71.4) ° N/A
Parthenotes TSA-9 hr 112 108(96.4) @ 87 (78.5) P N/A
TSA-11 hr 108 108(100) 2 91 (85)° N/A
TSA-24 hr 104 92(88.4) P 59 (60) © N/A

a) Trichostatin-A

b) SCNT: Somatic cell nuclear transfer.

c) Four replicates.

d AP F MFAEAE 19 20 F=x

e) SCNT-ESC: putative somatic cell nuclear transfer embryonic stem cell lines.

Values with different superscripts (a, b, ¢ in the same column are significantly different
(X0.05).

X 19. Dosage-dependent effects of TSA treatment on the development of SCNT

embryos®
TSA No. activated
, No.(%) 2-cells No.(%) blastocysts
concentration oocytes
1 nM 228 108(47.4)2 12 (5.2)2
5 nM 208 92(44.2)* 44 (21.2)°
25 nM 180 84(46.6) 31 (17.7)°
50 nM 148 64(43.2) 29 (19.5)°

a) Four replicates.
Values with different superscripts (a, b) in the same column are significantly different
(/40.05).
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HDACL HDAC2 DNMT3a

12— ; , 12
a
a a
1+ 1 1 T
08 : 08 |
b
b
06 -+ | : 06 — b
04— - . o 04 | - < —
02 [l < < ; 02 E— |
oL NN e L
TSA-Ohr TSA-Ghr TSA-9hr TSA-11hr TSA-24hr TSA-0hr TSA-Ghr TSA-9hr TSA-1lhr TSA-24hr TSA-Ohr TSA-6hr TSA-9hr TSA-11lhr TSA-24hr
DNMT3b P300 CBP
12 a

TSA-Ohr TSA-6hr TSA-9hr TSA-11hr TSA-24hr TSA-Ohr TSA-6hr TSA-9hr TSA-11hr TSA-24hr TSA-0hr TSA-Ghr TSA-8hr TSA-11lhr TSA-2dhr

% 20. The expression levels of histone modification (HDAC1, HDAC2, P300
and CBP) and DNA methylation (DNMT3a, DNMT3b)-related genes
after TSA treatment for different durations. *"“Values without a
common superscript differ (&0.05).
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NANOG OCT4

TSA-Ohr TSA-6hr TSA-9hr TSA-1lhr TSA-24h TSA-Ohr TSA-6hr TSA-9hr TSA-11lhr TSA-24hr
CDX2 FGF4
25 5
b
2 T =
a
15 | — .
a a
1 S I— H—
05 — B
0 o — — =
TSA-Ohr TSA-6hr TSA-9hr TSA-1lhr TSA-24hr TSA-Chr TSA-6hr TSA-9hr TSA-11hr TSA-24hr

a3 21. The expression levels of pluripotency (OCT4, NANOG)
and early embryonic development (FGF4,
CDX2)-related genes after TSA treatment for different
durations. *"“Values without a common superscript differ
(40.05).

(2) A S TN D] Z7]ok AFEE] Aol WE HHtE FFA FE 4

Oh B A7ge Adse] HYATE ot 7o WrlAole] WE B8 4L oFe
FTE WHAZAE, Be FTE GYPATE BAtE 4TS HolE e BRE u
AT (& 20

I 20, HA S TATANA 24 EZ7 o] XA FFT7F v E Zz+e] ol Dilet DD
FY T HiRtE B3g Al AE] X
Number of Distribution of the progeny of the lipid rich blastomere of 2-cell embryos(%)
blastocysts Embryonic Abembryonic Unspecified
39 17(43.6) 7(17.9) 15(38.5)
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14 13.16
12 .
B Darker blastomere OBrighter blastomere
10
2 8.46
o 8
oL
b
)
v 6
s 3.89
2 4 3.45
c
)
1 1 0.2 101 0.74
0.45
o N . M
GAPDH Cdx2 Tead4 Oct4 Carml

1% 23. Relative gene expression patterns of darker and brighter blastomeres of the 2-cell

porcine parthenote. The gene expression of the brighter (less lipid content) and

darker (more lipid content) blastomeres of 2-cell parthenotes are analyzed by real
time PCR and A A CT method. Relative expression was calculated as a ratio to the
value of GAPDH, and shown as the mean +S.D. (n=3). “** indicates /0.05.
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Bl FSH(Antorin R-10, Kawasaki, Japan) 24AUE ZHFHOE 12412 1HA 02 447 £ 25
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Wb AAE A d=, 4 2w
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73 AF9- 1734t

iy 132/313 (42.2) 75/124 (60.5)

I 54/137 (39.4) 263/380 (69.2)
(th ®WS4A
ol Fas HAA B AAE o H§A7] 715 AX 0ME Holl =F T HFS
Aea5E BASAT. old AFE T3t AR o|HFZH A 2H StoA FFo] FAHE A9
TAYT F T HSAFRS g 2o (% 249 B A7AR fAE ALFlclas A
AAe B3 HEHTFe FATES o)A A 1 AR T3 90%7 ol B¢ %—% oS Yy
Bl Zoz RIFFon Xubgrie o]dsle] AYist Hdx HusgF 1+E Hols
MA= A= Fol vl oui7aF =& 38.3%= FAHIAT (3 25).
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E 24, AAE o8 FA Azo SRT o AT F90) HlFAHCFEHAAE D)

SEHAAI
A A F(kg) FA T 170174 (%)
1 1+ 1++
700 gt 2 - 2 -
700 ~ 749 3 1 1 1
7500] 4 5 - 4 1
SHA| 10 1 7 2 9(90.0)
¥ 25 A 3 AMS SEFEIEH B AT AT Ay SFETS v
SRl
5 S e
1++ (%) 1+ (%) 1 (%) 2(%) 3(%) D (%)
7.698 19,514 27,695 25695 17,108 614
_] y y y y y
A= 98,090 (7.8) (195) 280) (262 (174  (06)
23 24 13
B o €]
= 4TE 60 (38.3) (40.0) (21.7) 0 0 0

@ AAL AR A=Y & Yol £3B) $2 L ¢

AN = PBS(+) o] 1.8M ethylene glycol % 0.1IM sucrose&

TAT™E AA, PBSHE Mt 52N Hof 5-10=3F F A
i

offt
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o] xgd wigdes FUsty T4 strawsE -6C=2 =4 %757101]/‘1 lO—fZl AAAIZ —TF 2

WS ANt 548 s F2-83 F itz YIS 4843 AlQ]oA F7t H)
& T AN uibtxRe] 38 AR o AUt FAHY FFL FUHHoR A-C TF
O F uro]l 17 263 o] ATt TA-FIE wintEe] AEE] o] wintze T
of we 3Ego] Yol ARE YEMAAT ATEH BsF A5 47 95%, 80.1%]
ESS UEWoZA =2 AETE&ES UEUAY =3 ASEY B¢ 842%7F AGH F
Baluutzrt AR oM, BSHE A% 50.1%2 Fshlktxrl A=A (& 26).
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() A2JujeF Al Dexamethasone ¥ rhLIFe] 7} & wjulx dg 2 R3l5 7 E

2 22 dd (PGF2a) Z71E A= 2oz 432 dexamethasoned} rhLIFES A <)l oF
A Z7H & dgEdEo] FA8T AAd dFE FE A G s gtz gg 9 2
&S E<lstt. Dexamethasoned rhLIFE 371 Al wjwbxz ddo= G3Fo] AR
dexamethasone¥} rhLIFE ©= == W& A g A 2 F&o] EAFAY (18 28).
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+ rhlLIF + rhlLIF
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19 28. Dexamethasone % rhLIF H7} & sjyk

(th PGF2ae] &A 3}o| A dexamethasone @ rhLIFe] 7} & wjulx g 2 B3lg A

x 2 ~etF@Y PGF2a Z7Hd 938l Ao 2l Al wjdtze] g Xl 2 23S A
stote ASE BuEth wEi B Ao A 209 2L =L v=9 PGFae] &4
sloll A dexamethasone®} rhLIFE 7} Al iRtz g 9 B8-S FIAZL 7 A=A gof
Hopth B AFA¥ PGF2ag] &4l € JAAE Agdes w= vivx 428 HYHo=
WERE A NE, PGF2as] &4 shollA vzl FE wiwtx REGA7ZAA] wjlgF Al F3EE0]
33.6%= ol HA uYeyt (" 29, 30). ol#d AFAe Aol o] ALAE
PGF2aell &3l #3771 Asl == A= AdET. £33 PGF2ael JAAQ]l dexamethasone ¥}
rhLIFE @5 =& s A2 A AdFo=z B37t P49 A= yetyith o] A=
A QoA F3tg AstE FEAE F %Efﬂ, AWl M= I3 595 Yepd Ao =2 AttE
o, 3l89] gL g 2 JAEY FHE PR E FHgTo)d] Ayiago] S E A
oz g
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PGF2a PGF2a + Dex PGF2a + rhLIF PGF2a + Dex + rhLIF

19 29. Dexamethasone 2 rhLIF A7} & 39 wjutzo] A owtgr 2 Rslokal
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‘|’ 60.0
. I - 50.0 T
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PGF2a PGF2a + PGF2a PGF2a + PGF2a PGF2a + PGF2a PGF2a +
Dexamethasone + rhLIF Dexamethasone Dexamethasone + rhLIF Dexamethasone
+ rhLIF + rhLIF

13 30. Dexamethasone ¥ rhLIF #7} & 3% njulxze] Hojutgd 9 Hals
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olAls AABIAT (2F 3D. T o] Aol Al HigtEr] A 5
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