I -9 & MME 2X A7 £

ol A, %7, u¥d, F94
HEo 3@ +2 B 5f

A B

Lt A& FAT o] 1979dRE I F(1981)0] 93f FH-g-olA H
Ao g FATS ANH o]y Aol o|FojFom FHZH o] %
Hzol $olx it A F(1983)°] & RuFHAY. 1 o]F FAHH ol &
B3 A Aite HEE fxol F A AL EE A9 FAEF
S 1993), &7 |G F, 19%) R JFAAFFH™(ET F, 199) Sl
o8 RuHAr a3 o FAHATL A F1 3 A5FH FFA A
b 7bs WA @AIZE . o] dAHE Bsty] HE AMAE ol JEE
A2 FAT o]y HL3Ph 19973 Wilmut T o3 HdgA AHE &
AE 53 229 AL Kato 5(1998)0] 23] Ao HEHJD FHAXE
3 51999 o3& Hzx=Z Holsteinol A AZAHHE Fe) A $olx7} &
AE QI o] F F{FAM(F F, 2000) AMIZE o] &7 AL EHUG
aziv AAE ol Aol FrulR e LKEL FFIHALY s
ol o] Fo G Asf, AT 2 Ad =oAL Fol o3 4 A
Hol A A Yo & AAoltt. oldl & MAXE #o|d 7Yy HEIHE 9
3to] oA Aite] FF AFo] thsf Lolr HZ Yol o Fue AT
T4 W3 FAESFuA o).

AAE 90|

29 AAE ol AYA 7 Pye Hole Yot AL 1) 5
d2}(Recipient oocytes)9] &R, 2) ASZHE FYAHE(Donor cell) HFH 2

\ uil%F, 3) €¥(Enucleation), 4) ¥ o]24}(Nuclear Transfer), 5) & & (Fusion), 6)
A Ju) F(In vitro culture), 7) +=T-$-o] ]2 (Embryo Transfer) 2 8) A A X
EAl FobAe A EF RS AXA B oo Z dAE T F
= EF FFH A E4EE 5Y 5 AT it g golrr|E ok



1. gz Fy|

Tt g3 ol AA F A dAjolr YA O F cytoskeleton
inhibitor?l cytochalasin BE *g]3led M xute] @9 & A3t Adejol A vl
228 B3 AASo. IR Z = aged oocyte®} MII (metaphaseIl) oocyte
7b ol g s 4zbe) Aggo] o AolM aged oocytes RE A71Y F
g WolEd 4 U olfgol Aoy oA & AME remodelingd}
reprogramming®l TA7} Utk #HT AolAE aged oocyteR T MII 7|9 &
o]l Aol HuHAoH(Wells T, 1998), thF-& MII 719 @& F9
dog ol&sta Ut M”74 ‘42}—‘@— Fejgto g o]FA A Eo
remodeling®} reprogrammingg £ %] 7] 5} (DiBerardino %, 1984), MII 7] <]
dakel] & AIZE =& A oln] E3tE Xﬂ*ﬂiﬂ &olatAl HAedE A He
ool g &efA Ack(Cibelli F, 1998). AolA= MO 7|9 dAE 3
doz F Ay g8 oz FQYAl F7I9MA (metaphase
chromosome)7} 77 15 A] 7] wj&ol A 154 AH AFEA 20% A
58 A A Hoechst 33342 d3dMo g galg HEAr MI plates
sl gl FEE B3t A =Y (blind enucleation) o224 AHE A A A
o] HAaz ¢ 43 gdo] BAHEHTsunoda F, 1988). &3 & n3& o] &
g aspiration W& o]-&8tA] Far A ArddME H/E Hulez 3
7N (cutting) 2} &3} FAl & F A= squeezing o 2 gsl sy

e

a3 & 4
B
=

A

= al E%" °g 533}71 40}04 aﬂ 1
(Rink & 1996)i FHAAE LA AY, A48 AHEAE T3 7]
4 8 317%501 A X =3 A E 5 o %D}(Wagoner 5, 1996).

2. FoAY AL AME FHl E o]
AAE] FoAE AP 7]2°ﬂ uel &8 4 AF{FE FolA 33 Ao
$-Fatofol gt AHoly f4 Fof AA7IA o] glo] BAsIAo 3}
o|84 HAAY EE AEE :‘10453 o7 olgd F oy oS B3 B
A7F 7hEstth AF7MA & AAE go|oAM o] 8" MX —t— A 3 (Kato
5, 1998), Y@ A E(Kato T, 1998, Goto 5, 1999), &4 ¥ (Goto &,
1999), A3gH M EX(Hwang 5, 1999) A4 fFotHl X (Hwang 5, 2000; Kubota
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5, 2000), GEAG HNFE(Wells 5, 1999) 5 8] 2Z 9] MITolr HiH
Aot 22t o}F FARAE HMETY FTHeA WE Ho| AT HEE g
Biue vHE 4ot Kato F(1998)9] HuolMe W 2 @ Aodx
H fo Aol zlol7h fiRen Wells 5(1999)8 =RoAE dxmygot ¥
7b AHHY BoldH wiwtEZ o MFo] ¥ HEE HFH FAHAY] B
REAG. B AFHA e 800kg o] ol 2 I, AN Fol dH
g R A AZE AHEtA HolHo T A dF L AMFolA
A FoHoE & K ES BAT AMEY =H9 ¢4 TAHY
o AX F71= AAE BT JAPA 83 fbolth xoA MIO79 @
2AHE FYFog olf A Y oY S WA YA e FAYLL 57 B
G2717} obd 2C(diploid) AElS] Gl7]ojof dth(Wells 5, 1999). Fof3)¢ 9]
Diploid Zej2 A9 2d& ) A 7o S e gt AZE F27]Q
G072 #5F stofol gtk a2t ofF GO7Ize] =& 93 A 7opn)
Fo Az e FAsA FPHA UAA ok Willmut 5(1997)e %
FAMAEE o] &3 HolHoA FH7|otdy T84 AF3AL Y Shiga
(19999 dYoM= FAHL] VoY AR e LFE F9
A ztel7h Yien AT Bu=dch B AFHY FAAE FF wE
AAZ BA AT b Zgd #F AJE F93 o7t gt
(Hwang 5, 2000).

3. Mg 2 &43)

AAE FHoj2e] Az FAGy AHE F3ste FPoz £85F
o 23 MIO71Y dAE FHFo g oj&sgod gy Axg Wzt
o] &A43} Ao HadA It AEEY WHozE 3}8t & A (polyethylene
glycoh)oll & =%, B&83}¥ Sendai virus?] o] & L A7H AF H9 A 7}X
Wi ol ot Polyethylene glycold o]&3 Wie MIZF §3}L G50 B
BHOE ol&HY FAHDAME 1 54 fFo & ol &HA Ferh e
TAEY By £V £ §Fo AgHoln 53 dxe 43 o
oA B3 AEFHRTE KT G 5 AP F454 29 5 3
tHGraham 5, 1969). 49 #22 fAlFe dxle g @dsiel 593
218 HMEFIFo] 7HsdtH 53] Sendai virusoll 2§ o] M Fo
A &9 TS YA @] dEd M8 AE §3gel AsHT
Ak (Willadeson F, 1996). 2ol HEFTE A3 =HL W7l 075~



20KV/cme] DCZ 15~60ys &9 1~23) Ax EAIC 54 F 0% I
A AZEE AFRE AA = §HHA v AHS A FAE AA
sl F 33 wiE o2 AX§ES A FHA FQHHg FPARE F
A ey gRIA|AHCE Bt=d olE Y dHHOE oA wiFIAY
+TH/A 5~10VY w{FA[FE F2U TAATIS o] oj&d AME o
ool T oA g FAYY A7t AU WFe dwrFHo R
A A WHo]l E#Ho|t}. Lavoir 5(1997) 3t &3 A Fd#HR T
oo HAHE FI7HAFI7] Y3 vl EFi Ao phytoagglutinin-PE 37}
A Wells 5(1999)d o3l FHEE o] v Fd3E G540 &
+F A ddez g F AXED HAHE FHA 7 o

It oz AHAet YA dAE JAAZHEE ofd <zt o3 MEJ Z
Fol&sE7t 5718t MPF(maturation/mitosis/ meiosis/ metaphase promoting
factor) 59 7k, cortical granule reaction, ZFEE AN © A 2= 9] W
T 4% BT dxY A 843 e AEY ZFEoly &
AL T3l FAHA Bole dxe 84E FE3eE AL E ethanol(7%) ©AIZH
=&Y, EAY % Ca-ionophoreg} ionomycins 9] 3}5HE 2o 93t A3}
UTH BAZE & MPFe] Ads& 7] A8 G ARAHAAA] cyclohexamide
ot QatE A A Q) 6-dimethylaminopurine g ©] &3t} o) BEZ HxE
BE 4 B45 4EANE F2ad WA PAHE fESE ATE
S99t Gwann F, 190). B BALREH F O £4F ANE B
3 d 4 AokA o)A FPTe A HEYEHoE F o UL THy

S HET F UE Ao AzEr. & AME dolAAlde A7Y &4

m{

[o

=3 ‘YT

3 R gE 38ty wo] Aol BuEAtH(Wells 5, 1999). ZLELL.

a2 AHZ PolHo X BHs= §FFH Tl HAIE ARG §F &

T AAF FollA EL IKES HYY (Wells 5, 1998, Wells 5 1999) 2

d &4y Afe AAY AF4HY ARAME YFHASD (Shin 5, 2000).
g7o= g oln Eivt " AHAEE MIYY dAio] o]istd &

MPF $=F 9] A2 4 At =& A &9 remodeling®} reprogramming-&

E kR E:ﬂﬂ At ol Fojsf o] diploid ejdeol st=wl F o

o] hF-E S, G271 &7 ol G AAE olAdMes & FA7}
52 ek o @45 g2 FEAML FHEHJAH(Wakayama %, 1998). =

g+ Shin o( 000)e] AAoME §3 §F BAHdTAA & EFES HAT
oAl E A 229 WES wo} diploid AEHIE 3287
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cytochalasin Bol] =& A17)7]1% dle=d] o] AAqME g5 F 1AL L
cytochalasin BE A 2l3l= Wilo] o] & 57| x dt}(Smith 5, 1989; Collas 5,
1990). 1 714e o} PHB PHAA Ao BTY M} b
haploidization ¥ aneuploidy& W23t H&-E = A2 AT Qo
a3y 2dME oldHe] fASA It FHE 9lol(Levenduski F,
1990) R& TEFAA B8E v gAY =3/ 2 HAFE 2@ F
ol ol 7t AdE FAHE & Aok

4. AAXE FolAFe w|F &L di] R o]

Hologhel wik F o4 vt FHH/Y Ao FUIA HEHY
T F AGHCE FET Yol|HAY He wiwizzo WHAEL gtz
AsAdI Z 2FolE Bo|A etk §F B FAHH J1F 50% ol H
Bty 2o USES HAth a2y oA wintEE o] 43 Fo Azt gakg
< 10% olstE Alejyg-tbol] Hls) wi-¢ HxH ol A4 Ay T 27
BjobAlrt 8 A RHoeZ AT vk A4 F Adejole] wSo] AFH
&=t (Behboodi &, 1995) ol o] o xqte] EA|7} ofd 4ol A
AxZA hFE Udevde @402 viwrE 9] elongation B A HEA E ]
o] HlsjA FFHAELIE ¢4 FA5A "Hinto] AR FoixEm ofF go}
o] 4 FFE FE Aoz ¥R Uk I FF A FHDY HdzF
T2 ALuiFA A ddste s EE I o4 Y ojad, 2
A AxFel  AA, AduiFr]  AEAS  fragmentation, A E U
mitochondria®] &4, €& progesteronee] %o B asynchronous embryo
transfer 5= QA0 2 A7IFHn At HZ AAE oA T A Ao
thate] dEt Ao d e EAAEEH vlw Hie oshd vpsXoa &
I g F 27 HAd F2% 9L = Aoz 43 A 3le IL6, FGF4
% FGFr2 genef] transcription®] ©]4-& ¥ tHDaniels ¥, 2000). ] Z 79
23 AA 4 fragmentatione A7 NEAUW L7 A wrgo] FAE
7tA L5 A AF 92 progesterone FAE FYUHAE Y ZE7) elongation
& Fddle AoE dEA Yk (Walker 5, 199). vkl Hrlsis 8% =«
P2 - ZHHAH O E genome & mitochondria®t Ze M IX AW A7|Fo)] I
Fe mARe AR dHA don YA BSA # olwxitey AL
mitochondria®) WA LS FHAIA Ge Aeg2 Humi glciDorland
=, 1994).
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. e

1= ¥ mitochondriao] 2]3t &S wol AALFo FHH gxg% oy
& & 9171 WEolth 53] & Aol WA4E
DNAsts] f@4o] Al7\slo), 45 488 F79

Ex Wy xolop & AHojoh

X
52
i
£
=
g
O
=3
2
5
a
=]
oY)

5. Reprogramming

ofH® AL FYIER P A FAXH AALAS AT FAH
TE5e FAAEHEE WIEANZ F Jde MEAY Ty FeIo
Reprogramming‘% t‘s_ﬂo] Al ;o‘; ./.":xé%o] ;(51 1—&] o] /“24%]_- _]FH z‘)__} cﬂ qu,oﬂ
Heshe FAHS o g E 7HA Aol o9 FAVE Ak AR, o)
o] wivtE ol Ze SEXHIAZIRA ] AQ7|to] UwtHl HAFH T )
FAZEE F 2olvt gtk B4, 3o #uto] vlA MMM Y A
Z = @A (nuclear swelling) S Btk &3 & 2417k oo 3yute] &)
7b UEhgA] e wivtxze wUgEx fe Aoz dHA Utk MM,
transcription®] N&&A QA BTHE Aol WA} RNA, peptided) #3
o o3 FAH At dA, nuclear lamins % ribosomal proteing T 33 =
AR WMEAAS E 4 9k £3A] FAE protamined 7S EE& e
of dFgwids AYxn gz EojeA Hed #Mo)Aae Fode
protaminec] EAsHA] @th 2iut ol NTe FF F o]d 53 oy
o] Yehu™ o]z e HAE AEAYe SFawdo)] DNASH AY, =7}
A FRATES Fal dEtdA Aok o 7 $ol= methylationo] o] 23t
Mg 23X AR guA QU
6. Telemore Zojo] &4

Telemore= ZIH A Eo] G A9 Tk Ko 9% FAAe Ao Fa3
98 ok ABAAME Yo7l EFE telemored] Zo|7} HH FopAt)
Dollye] 7% AHAEQ 3419 %Kt} telemore®] Zo|7} 5000 base?td
Ao 2 HuXUrHShields 5 1999). Ytz oz 14 %E 64704 1dd] 590
basettE #Folxth ¥l MEE Wi A BEE woich o 157 base 7HF
Fopxith. eyt ol o]¥ telemore?] 37} E7HZA e
Telemore shorteningoll thd+ F712¢l Q77 BQsiw A slF 34e =
Yo 24 shortening-& ¢3}A1ZItt 1 ok (Shields &, 1999).
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& AME BA 584

1. 4854 AF

FERAVIEL F87M5Y FdHE NP FeU 258 T
713 A7 AZFEAE dHsted dEdte o= HUEROE Ao
53] sEvetst 2 159 {FAAAE FEHete U EGG 448 =
EE AW =7eMe A5E 158 #3¥9Ee XY 528 3odd9E
AMFst] ol HFEASIL Frlel REdoEd A4 dAHE FEAZE
F A Fo @A S A2 FF AT FHENFL AT =l
e Aot gy AFFAAA nFALE AHAE EAFHS o5 e
Roll o]qgozA 53 FolAE A Bio] Hasin. o9 22 oxrt

2

oo
2
o ot i

v

2. AAE BA 71ES o] &3 FAAE 4o I
FAFAFTEY A 2L APFEE 21471E
Hu o 28y FFAHBsEL d3te FAF A HE s
Sholl thgh A3, MAA Tol HGE FAFLE AHHT Aok ol
He BAZedd o3 dFEE SE5EE F U Aotk FoA FAHE T
Ak 9 A vAFEdH S FAASE AAE FA S v
EA7} a3Folgt B E ok (Table 3; Schnieke %, 1997). o] 2}z& A A
A7z A4S @A Hoig vlgd Frizte] AaHE FAAIAFTE
< A&3ANZ F Ue Hq4 Ziso] B Folth 1 ZAF A {ojg
NFALE & glom dXAd DS At st o
A o mg A7) ATE FEAETEY dFE

Lo

B R UR <

l

3|
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Table 1.

Comparison of development rates of reconstructed embryos

according to laboratory after bovine somatic cell nuclear transfer

Hwang'”’  Wells® Kato" Hill” Goto” Kubota"”’
Donor cell Ear Mural Cumulus Sub Oviduct & Ear
fibroblast granulosa & Oviduct cutaneous Mammary fibroblast
Serum
starvation Starved Starved Starved Starved Starved Non-starved
Fusion
rate(%) 63.3 77.4 56.6 59 69.0 36
Cleavage
rate(%) 93.4 - 86.4 - 71.7 78
Bl. rate(%) 40.6 69.4 30.4 28 39.4 28

Table 2. Comparison of techniques of bovine somatic cell nuclear transfer

according to laboratory

Hwang'"’ Wells*” Kato'? Hill” Goto” Kubota'”
Enucleation  Squeezing Aspiration - Aspiration  Squeezing -
Fusion | 2DC, 15us, 2DC, 15us 2DC, 2545  2DC, 20us 1DC, 50us 2DC, 10us
condition 1.75KV/cm 2.25KV/ecm 1.5KV/cm 1.6KV/cm 2.5KV/em 25KV /cm
Activation Ionomylcin lonomycin Electrigal lonomycin  Ca-i hore Electrical
method FBA FB SFA FB SF SFA
- . s Cyclohexa  Butyrolactore  Cyclohexa Cyclohexa
Postactivation 6-DMAP 6-DMAP mide 1 mide mide
Culture mCR1aa SOF CRlaa CRlaa CRlaa CRlaa

*fusion medium : Zimmerman fusion medium

'FBA: fusion before activation

’SFA: simultaneous fusion and activation

’6-DMAP: 6-dimethylaminopurine
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Table 3. Comparison of the production of transgenic sheep by nuclear
transfer or pronuclear microinjection

Pronuclear microinjection Nuclear transfer of

Parameter (1989-1996) PDFF2 transfectants
Oocyte donors 982 68
Intermediate recipients Not applicable 14
Final recipients 1895 22
Total number of sheep used 2877 104
Faiblished pregnancic or2s) s
Lambs born 1286 6
Viable transgenic lambs born™ 56 5
Percentage of offspring transgenic 4.35% 100%
Sheep required for production of 514 20.8

one transgenic lamb’

‘This table was referred from Schnieke’s report (Schnieke et al, 1997)
"After nuclear transfer, intermediate recipients are used to allow
development of reconstructed embryos to blastocyst stage

“'Defined as those alive at 1 week of age.
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