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Current Status and Prospects of Nuclear Transplantation
Technology for Production of Cloned Animals

Hyo-jong Lee _
Department of Veterinary Medicine and Institute of Animal Medicine,
Gyeongsang National University, Chinju 660-701, Korea

ABSTRACT : The nuclear transplantation technique is known as the most potential and effi-
cient method for producing large numbers of genetically identical animals from a single
embryo and somatic cells. After Dolly was introduced in 1997, many scientists were amazed.
A possibility came to a reality that live offspring could be produced with differentiated
somatic cells from an adult animal. On the other side, many in the press and the sensation-
alists focused on the socially, ethically and scientifically unacceptable sides of the technology.
In this article, the history, current status and prospects of the technological development of
nuclear transplantation in mammals and its application to the production of cloned animals
are described. For the efficient and successful production of cloned embryos by nuclear
transplantation, the right selection, preactivation and micromanipulation of oocytes as capa-
cious recipient cytoplasm, the adequate and benefitial preparation of multiple totipotent
embryonic and somatic cells as donor nuclei, fusion of them and in vitro production of cloned
embryos are very critical. Recently the overall efficiency of production of cloned embryos and
offspring in livestock has been much improved. Cloning will also be a more efficient, faster
and useful way of creating transgenic fetuses for gene therapies, gene pharming, organs for
xenotransplantation by preselection and mass production of transgenic embryos and conse-
quently improving the production efficiency in transgenic animals. Further technical devel-
opment of nuclear transplantation will enable large-scale production of cloned livestock and
in near future the commercial cloning of animals will become a reality.
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Table 1. Brief history of develpopment of nuclear transplantation technique in production of cloned animals

Year Researchers Nation Species Remarks
1952  Briggs & King US.A. Frog Firstly succeeded in production of cloned
) animal(frog) by NT.
1981 Illmensee & Hoppe Switzerla nd, Mouse Firstly succeeded in production of cloned
U.S.A. mammals (mouse) by NT.
1982  Zimmermann Germany Developed electrofusion technique.
& Vienken
1983  McGrath & Solter U.S.A. Mouse Develpoed fusion technique with Sendai virus.
1985 Kubiak & Poland Mouse Firstly succeeded in production of cloned mammals
Tarkowski (mouse) by electrofusion technique

1986  Willadsen England Sheep Firstly succeeded in production of cloned domestic
animals (sheep) by NT.

1986  Willadsen England Cattle Firstly succeeded in production of cloned cattle by NT.

1988  Stice & Robl US.A. Rabbit Firstly succeeded in production of cloned rabbits by NT.

1989  Prather er al. U.S.A. Pig Firstly succeeded in production of cloned pig by NT.

1990  Bondioli et al. US.A. Cattle Production of 92 calves by recycling NT.

1993  Barnes et al. US.A. Cattle Firstly succeeded in production of cloned calves with
IVP oocytes by NT.

1991  Stice ez al. US.A. Cattle Succeeded in production of cloned calves with 3rd
generation NT embryos.

1993  Stice & Keefer US.A. Cattle Production of 54 cloned calves by recycling NT.

1994  Keefer et al. US.A. Cattle Firstly succeeded in production of cloned claves by NT
of cells from inner cell mass.

1997  Wilmut et al. England Sheep Firstly succeeded in production of cloned mammals
(mouse) by NT of somatic cells(mammary gland cells)

1998  Wakayama et al. US.A. Mouse Succeeded in production of 50 cloned mouse by recycling
NT( 5 generation) of mouse cumulus cells.(Cumulina)

1998  Cibelli et al. US.A. Cattle Succeeded in production of cloned claves by NT of
transgenic fetal fibroblasts.

1998 Kato et al. Japan Cattle Firstly succeeded in production of 8 cloned calves by NT

of cumulus cells and oviductal epithelial cells.

Table 2. Brief history of develpopment of nuclear transplantation technique in Korea

Year  Researchers  Species Remarks

1989 ©J8%4} et al, Mouse  Firstly succeeded in production of cloned mammals (mouse) by NT in Korea.
HA)8 er al.
1994 ©]&% eral. Rabbit  Firstly succeeded in production of cloned rabbits by NT in Korea.
1995 39 eral  Cattle Firstly succeeded in production of a cloned calf by NT in Korea.
1999 394 eral.  Cattle Firstly succeeded in production of calves by NT of somatic cells(cumulus cells)
in Korea.
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Table 3. Efficiency of production of cloned animals by embryo bisection, blastomere separation and nuclear

transplantation

Cloning methods

Usable donor embryos or cells

Production efficiency

Embryo bisection

2-cell stage~blastocyst stage

1.5 heads (maximum: 4 heads)

Blastomere separation

2-cell stage~blastocyst stage

2-cell stage: 66% (1.3 heads)
4-cell stage: 50% (2 heads)
8-cell stage: 5% (0.4 head)

Nuclear transplantation

Early embryos~adult somatic cells

Unlimited

Table 4. Production efficiency of cloned animals by using embryonic, fetal or adult somatic cells as nuclear donor

Efficiency

Species Cell types Cloned Pregnancy Offspring Total Year References

embryos rates rates efficiency
Mouse Embryonic blastomere 96% 16% 15.4% 1981 Illmensee & Hoppe
Mouse Cumulus cell 67% 2.8% 1.88% 1998 Wakayama et al.
Rabbit Embryonic blastomere 35% 4.7% 1.65% 1996 ©|EZF et al.
Sheep Embryonic blastomere 55.4% 15.8% 8.75% 1994 Campbell et al.
Sheep Mammary gland cell 10.5% 7.7% 3.4% 0.36% 1997  Wilmut et al.
Cattle Morula blastomere 30% 50% 10% 3.0 % 1993  Stice & Keefer
Cattle Fetal fibroblast 12% 55% 10.7% 1.28% 1998  Cibelli ez al.
Cattle Ear cell 52% 42% ? 1999  Zakhartchenko
Cattle Fetal muscle cell 5.8% 25% ? 1999  Vignon et al.
Cattle Fetal skin cell 9.6% 9% ? 1999  Vignon et al.
Cattle Cumulus cell 49% 83% 83% (5/6) 40.7% 1999 Kato e al.
Cattle Oviductal epithelial cell 23% 75% 75% (3/4) 17.3% 1999 Kato et al.
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Fig. 1. Procedure for production of cloned calves by nuclear transplantation.
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Table 5. Developmental rates of bovine embryos following
3 consecutive recycling nuclear transplantation

No. of embryos

Generation of Fusion developed to
nuclear donor E;S: Cleaved Morulae/
(%) blastocysts(%)
1st generation 88 63 23
2nd gen. NT embryo 97 88 29
3rd gen. NT embryo 89 92 37

(Lewis et al, 1998)
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£ o]FAZl e ot ggte 2 FAulbel] #olals
3-8 gt

Table 6. Production efficiency of cloned animals by recycling nuclear transplantation

Cloned embryos

Production efficiency of cloned calves

Generation of

roduction :

nuclear donor efp}lciency(%) No&;f;;}igos Recipient cows New-born calves eg;‘:;i;?% )
0 gen. IVP embryo 30% - 7/14(50%) 15%
1st gen, NT embryo 17% 80 50 8 10%
2nd gen. NT embryo 36% 48 32 1 2%
3rd gen. NT embryo 22% 29 25 1 3%

(Stice & Keefer, 1993; Itoh er al, 1998)
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A" 2 mEke] 1,000 HAU o] 9712 7}
2 B3t Sendai viruse} #o] SHE FAFH
o] Egoie} FAT Aol FUIHA A7 eldlof
F-AEA FFo| dojdtt. EE ol B4HL A
A& B¢ FATL 5~7.5UnitY] Cytochalasin B #]
S 24 Pt} Sendai virusoll 913 HFIHE
virus®] Zvlo) A7ta =3 o) Bo] &4, Parain-
fluenza virus ©17] wizol| Abgol g 27t A
o, g5 dAFA @@, hH FHolHd] ALEH
FATHL AAESIES Wole MEEW receptor?
£4=2 A3l AFEEo] 3] Eolde BHE
o] 3t I#EE o] WHE AFXME Bo] o]
ol gkov} JEo e & o] 8HA] g o)

7| dhH(Electrofusion method)

o] W8 Zimmermann¥ Vienker(1982)7} £3}8
TEAE 4 &9 932 A (protoplas)®] el
2xold A& Kubiak9} Tarkowski(1985)7} AF 473
o] dolao] S8aled HIFoRH Wl nas
o] 23 §lt}. o] WPHLS Sendai virus—mediated fusion
methodel] HIS}e] FA ZZo] 7HHSI §FLEE 70
~90%E Hola gloemz rl&o] QoA o] €Y
o] Xt} AgFoln A7 o|t},

A7 IS ARESH] fstdM e 4 Zim-
mermann Cell Fusion Unit{(GCA Corp. Chicago,
US.A) EE BTX Electro Cell Manipulator (BTX Co.
Sandiego, U.S.A)) 72 A7 ¥Fx7} Hasich
wlAEZ el ol o] Q¥ FAYE Zimmermann
Cell Fusion medium ©]Y} 0.35M mannitol &4
Yol fusion chamber®l]l Told TFHF(600~1,000
kHz, 5~6 V)& FojA £ATE 942 JAAZ o
2 AFHARA5~160V, 30~150 uSec)s F0iA] 3H-
N2d & A=k

2ol4| =Fte| AL - 2 ujefD wHEf

ol AT AUl W Exe @
o] Wol] o|&Frt Willadsen(1986)2 8- EE
16~ AE7Y FAHGY TTAEE o] 9= 7l
FAYT e g v$eAB] FA3IL Sendai
virus EE 7GR FAXH §FE =
g RS 3Rl Eufste) wge] gl Fske
Aeleks AstEd vl s—HEVe] FHBRFE
oAz A geg vgTde] MxdaA o
F0)7 o) FAHTAL Sendai virusE A-FFL T
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=3 A9 333%7F AVEHE A= AF 42.1%
7} Bt e wuslya, 16417 FASRE g
Aol dz gy v T AXARA] o]Fo
A o)y FATL 483%7) vivtEw i
g}

AFNMe Holdd FHTES AJuidsid wint
E29] dWgo] fo|5A dojua HlwEF ohE FE
J Hlgle W=HET ¥cl Robl 5(1986)2 2-H¥E
719 A2 g3lg s o3 HE W} -ME
719} 32 o)XElHL wjr} A uiElE A
£o) 0L S1H(93% vs 48%), DEH FAHTOR
RE FFLe dAd¢E2 FHodgsHo] Holxw
A4S Tsunoda 5(1987), Kono®} Tsunoda(1989)
2 Park 5(1990)] <3t AR HA.

g Y] YYE IS R Y F 2
a9 o F= FY FHBolAM Ao FHRY He
ZA3ko] YrhRobl er al, 1986; 2t 5., 1990). 2|2
sjol2H Wim¥E A4 HliNiE] wiskd fojFe=
e g0 SPMEE 7 o=y dee] Az
A& Jeflz o mEbA olg ol TS
Aol alahy FelE 2 ARAAREE Yoot

Prather 5(1987)2 dol2ld A FHTe] ) 9in)
& 4A0] ol AupidyE 8T, Y
dHgA BEAZHE AF 20%7F ] T ek
¥z ddEgoia 3ty 2 3 AQQuiedrige] we
5184 Bondioli S(1990% 35%%] F4ln) E= )
Uiy WEg-o. Aot AdAE g-AFE o] Higo]
Z A “Cell block” &AAo] oo g o]59] ujuk
T P& 6 Yold zlojtk. HT Kato 5(1999)
L dE 39 GdFAER FHolAL Flo Aol
FOF 49%9] Hiwt¥ @2&S AUGzm I,
Zakharchenko £-(1999)% 49 FAolA AHAI AA
T2 Fol2g dla ojF A9 wigsiEE vl 9]
E 5 48%7t FsldAle] vitEE wsigicka ¢
o} T3 o]59] o]4F FHIERE Bol FEHI
t}. o} o] Zgjo] X, HA, WX F = A
o] AQuidr o] ERAA LEH gloem=z
oz dlola £AH/Y AujdrEE Y=o A
Aol wekd BAegd 2 EANA AitEen
Fold Flojt}.

SXTHete| olMFE FEiE

Table 40 Vel nle} Zo] BRG] AAE
£ AFHINE 96%, AN 55.4%, ET|A
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T 48%, AT 49% T 433 =olbA sy
FAToT Yl ot BAlLAHRE T & Utk
£3] vj= ABS Specialty Genetics AFS]  Stice9}
Robl(1993y2 3hite] $AT{E 7IXn HiEslo]4)7]

o2 5409 FARE HEAGY 2L o]HT
BAFATL o]aFE FHgo] ulf HolX 20%T
A3EkA) Rate] shbe] Ao R ombE] o]de]
AFolE ke Aol Bol3kA] K3l gt o
%719 FFEeY WAEY = ANAES o83
W o] FFFE T3] SR F ot BA
AT 9 AR AAEgo| vle- Yobxy] wiEe|t)
a3y 2 YES] Tsunoda ¥A} AP A= &
o ANFEGTHE L dHAT)EA BEALFE 3
A=), FFHEE 47%E v F FA 9 ik
T IS 49922 w9 FNE RS dH =
3 o]ES Hg|Ro o3l AAAEES 80%7)
A PIAATL St} ol wi-E- AolHQ] AH otk
. 018 FAMEE oXH, 1000 AHEEA 187}
2le] BA $olAE AL F vk RE el
g, oz AAE= Y FTFEEE ¢ glonmz
Gaol AMEE o] 83H IR, 2l A Al
ANEE o]&d FATE ddHoz Aisr = 9l
o] AdzbEe] dastA &A HH 3 wiEle] 3
S-3 RAaEA T3P BA FoHAIE AULE

& Aolth.

AN SE Yitole S8

el FHAAIFEY Aol MAE] I
S dolx dF APEHoE EE3Ud o=
Yt o] 7led A 1087 FuHA BEES A
F3l] ) AF=Y ™ (microinjection)l| A 5-E], transfection,
viral vector ¥ AAE w7IE = WY 5 vt
A AR} 7)€ (gene transfer techniques)®] 7Nk
Hi T3 PCR #4 58 F3ld F4E duiad
ko] Z7] Bl o] 7FedtA Ho| FAHEF
EXAF g-go] 34 =T Qi

o= eiole] A X (embryonic stem cells, fetal
fibroblasts)] FAAE transfection A7 TR ©l&
gojaoZ EAsle] FAARTEY HAUESES O
< F7RIIE HE A7 Aol Btk Scnieke
5(1997y2 AYA eloke] fibroblasto] AFES] &
H-S-RAA} FHALE transfection A7l T ©]&
oldoz BAdle FAAHE WS AAE uf Unt
Iy ol5e FA7eNAM ol {HAA HHE

g

Z

Z719) gIEA = e ank. fA #4908 3
&g AoA TEAZ] S o|EEREH FTE B
g3te] ol AAIR ATRIE EdIA] Pt
Krisher $(1995)& WAP-hPC §-3AE & 30|
FY3T o)5E Al the c|EEFRE TF
AEE Eesle FHolals HAIRE F o]59] s
e zAlY E n}, 13.19%7F A7) e bk
¥7)12 ddeiytin &, SFAEE Elste ¥
o]A g AAG & o] WIHAEE PCR-screening
S StAE u}, A7) E=E wiEr] A
90% old FHoZ Yoy o5 olist &
BAg Aauz] e nEr] SATNME 324%
gho] oz yehgria 3t B AFAE MTI-
hGH F3AE E7] $33e] F943kaL 8-, 164X
7IE AF BE7] FAHTE FYolHoz BAEIL ol
2 A9l A vt 7|71A] A} AL PCR-screening
o2 {FHAAE AEIYE v, 42 23 2 33%9]
F3EE EYTH(Table 7 F3).

Ikawa 5(1995)2 GFP genes #-3AFE &<
marker24] Fsitia 4% 1) Qo). 258 AF
E Ao E GFP gened 166712 $3z A3
Z3HaL )2 olBl 16(9.6%) viEe] ARE Al
el 1 2, wEla.8mY F2F)M GFP #
AApe] TEe] Rl e 2 d7AR= GFP
FRR A AT B A SEE ALE
3lo] dol2L AASHEY v}, 0|8 AFgFo] Yot
61709 AT F 137123%)7F AN wwE7|7t
A Ak =3 o]5S ¥FHv AP E GFP F-3Ak
S ZARBIEEY 137] 25 (100%) $9E YE
WStk Table 8 3%). &2 GFP F-AAE reporter
gene® 2 B831d AAZ =gTe BEAEE0] ¥
old Aoz HH, Uoprt 0|5 o|Fl| &ol3iAl
A & gomz FAAZ FE BAgiie

Table 7. PCR analysis of blastocysts cloned with MT-
hGh gene—injected donor embryos by nuclear trans-
plantation in rabbits

Cell stage of No. of NT PCR analysis
. blastocysts
donor nuclei - lyzed  Positive(%) Negative(%)
8-cell 22 5(23)a 17(77)
16-cell 21 7(33)a 14(67)
Total 43 12(28) 31(72)

*The values with same superscript within column were not
significantly different (P<0.05).
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Table 8. Efficiency of cloning of GFP transgenic em-
bryos by nuclear transplantation

Nuclear No. of No. of No. of blastocysts(%)
donor oocytes  oocytes GEP
embryos  used fused (%) Developed positive

61(78.2) 13(21.3)  13(100)

GFP+morula 78

= FoeA E8E 4 UL Aow Er}

FHATTES AR 7] A, o
= BAZ|Ee 93S 29 mur ofluzl ojFe
g pFET B A 2 g3 vl8o] 2aEE
PAFFTENL 71&e] B HE B8 5 9
tha B} oldzixe PAATE FABE o)y
o2 BASIR o]5L Yro o)Asle BExg 3§
ARBFES AR 7 uRsle goz o
of B A7l gol oo & Aot} AxF
FRAE FUE BN QY AR B9 =
= e gigt 27)Es olew olarHe &
43l FRAAE AT FRL BAE o|S3)
A FEEY FRE 71EY 110 oFt= AT,
wE FAANFES AAESS 108] o =7}
A e Aotk

EMvIge 2MH

goldo +ABE BASL olF vzl A
2o olstel AR AT HPE Thet 2ol
2aela nEe) Selo] Wasjs, HAWA A
&2 U PP S, P BAAE shas
oo} 43P} vig APAY Ao AP =
BA7KE) e Fud, ARE QY% sl
gt

SNSE Yit 2PYo| SESIH 11T SBE 7|
=0| ER23sic}

ol Zles MAZ LT 5 e AFAl
e BI3FLF FYIARY RS 94 "e
sta, deo) £, vz o3 g3a 24,
3t Alxdel F71sh dAtel 843, e, A
g, R ol4F AL T BT HAS ARk
3 319 Ylgo] AHlF ook gt

tel FHZ HRsch

A, vlHEA7], @, Al 5 3
78l Zniz} FHlEefof gt
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