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Animal Production by Nuclear Transfer Technology : From Past to Present
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ABSTRACTS

Animal production using nuclear transfer technology has been studied for over 15 years since the first
nuclear transferred lamb was produced using embryonic cell as donor in 1986. The birth of “Dolly” in 1997
brought all interests to this technology since it was produced by the transfer of somatic cell nucleus. In the
beginning, the objective of the technology was to produce animals with superior genetics. However, the technique
had low productivity and high cost of production, so it has been used to produce transgenic animals instead.
Nonetheless, the further studies on factors affecting success rate are required. This review concluded not only
the nuclear transfer technology in several species using embryonic cells and somatic cells as donor, but also

the development of the technique from past to present.
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Table 1. Efficiency of nuclear transfer in different species using embryonic cells as nuclear donors

Species Donor cell type Blastocysts/ fused Live births Reference
embryos (%) Jtransferred (%)

Sheep 8-cell 8/24 (33) 3/4 (75) Willadsen, 1986
[16-cell 13/49 (27) 3/14 (21)? Smith and Wilmut, 1989
Embryonic stem cell 34/244 (14) 5/34 (14) Campbell et al., 1996

Cattle 1-cell 5/38 (13) 2/2 (100) Robl et al., 1987
9-16-cell 8/50 (16) 2/7 (28) Prather et al., 1987
Morula 152/641 (24) 9/59 (15) Chesne et al., 1993
Inner cell mass 30/629 (5) 2/26 (8) Keefer et al., 1994
Embryonic stem cell 109/406 (27) 4/34 (12) Sims and First, 1994

Rabbit 8-cell NA 6/164 (4)° Stice and Robl, 1988
8-16-cell NA 23/110 (21)° Collas et al., 1990
Morula NA 8/243 (3)° Yang et al., 1992

Mouse 2-cell 20/88 (23) 3/20 (15) Kono et al., 1991a
4-cell 84/118 (71) 18/61 (30) Kono et al., 1991b
8-cell 18/39 (46) 3/17 (18) Cheong et al., 1993
Morula 8/46 (17) 2/8 (25) Tsunoda et al., 1997
Inner cell mass 23/36 (64) 2/18 (11) Tsunoda et al., 1998
Trophectoderm 16/26 (62) 2/25 (8) Tsunoda et al., 1998
Embryonic stem cell 312/1087 (29) 26/312 (8) Wakayama et al., 1999

Pig 4-cell 7/83 (8) 1/34 (3) Prather et al., 1989

Goat Morula 18/57 (31) 45/141 (31) Yong and Yugiang, 1998

Monkey 8-cell 53/101 (52) 2/53 (4) Meng et al., 1997

Fish Blastula 203/291 (70) 7/203 (3)° Wakamatsu et al., 2001

NA : not available

®included one lamb which died at 130 days gestation due to clostridial infection of a recipient ewe

® six full-term offspring from total 164 manipulated eggs

¢ transferred at 2-4 cell-stage

% hatched embryos
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Table 2. Efficiency of nuclear transfer in different species using fetal and adult somatic cells as nuclear donors

Species Donor cell type Blastocysts/fused Live births Reference
embryos (%) | /transferred (%)
Sheep Fetal fibroblast 34/172 (20) 2/34 (6) Wilmut et al., 1997
Adult mammary epithelium | 29/277 (10) 1/29 (3) Wilmut et al., 1997
Mouse Fetal gonadal cell (ovary) 108/150 (72) 4/108 (4) Wakayama and Yanagimachi, 2001
Fetal gonadal cell (testis) 114/176 (65) 2/112 (2) Wakayama and Yanagimachi, 2001
Fetal fibroblast 278/938 (30) 5/272 (2) Ono et al., 2001b
Fetal neural cell 32/83 (38) 5/32 (16) Yamazaki et al., 2001
Newborn Sertoli cell 297/1189 (25) | 7/215 (3) Ogura et al., 2000
Adult fibroblast (tail tip) (50-58) 3/274 (1)@ Wakayama and Yanagimachi, 1999
Adult cumulus 378/625 (60) 31/1385 (2)° Wakayama et al., 1998
Adult Sertoli cell 63/159 (40) 1/59 (2)° Wakayama et al., 1998
Adult neurons 50/223 (22) 0/46 (0) Wakayama et al., 1998
Adult spleen 19/87 (22) 0/19 (0) Wakayama and Yanagimachi, 2001
Adult macrophanges 83/296 (28) 0/77 (0) Wakayama and Yanagimachi, 2001
Adult thymus 5/226 (2) NA Wakayama and Yanagimachi, 2001
Rat Fetal fibroblast 1/7 (14) NA Hayes et al., 2001
Adult cumulus 32/193 (16) 0/269 (0) Hayes et al., 2001
Cattle Fetal fibroblast 33/276 (12) 4/28 (14) Cibelli et al., 1998
Fetal germ cell 53/140 (38) 1/20 (5) Zakhartchenko et al., 1999a
Newborn skin 43/123 (35) 2/10 (20) Kato et al., 2000
Newborn liver 6/24 (25) 2/5 (40)° Kato et al., 2000
Adult fibroblast (ear skin) 49/82 (60) 1/16 (6) Zakhartchenko et al., 1999b
Adult mammary epithelium | 36/140 (26) 1/4 (25) Zakhartchenko et al., 1999b
Adult mural granulosa 208/412 (50) 2/22 (9) Wells et al., 1998
Adult leukocyte 60/316 (19) 1/19 (5) Galli et al., 1999
Adult muscle 73/346 (21) 4/26 (15) Shiga et al., 1999
Adult oviduct epithelium 19/45 (42) 1/3 (33) Kato et al., 2000
Adult cumulus 55/100 (55) 2/14 (14) Kato et al., 2000
Adult uterine epithelium 51/98 (52) 2/14 (14)° Kato et al., 2000
Goat Fetal fibroblast 89/230 (39) 3/85 (3) Baguisi et al., 1999
Adult cumulus 22/66 (33) 3/234 (1)° Zou et al., 2001
Adult granulosa NA 7/91 (8) Keefer et al., 2002
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Table 2. (cont.) Efficiency of nuclear transfer in different species using fetal and adult somatic cells as nuclear donors

Species Donor cell type Blastocysts/ fused Live births Reference
embryos (%) Jtransferred (%)

Pig Fetal fibroblast 188/210 (90) 1/110 (1) Onishi et al., 2000
Fetal genital ridge NA 2/164 (1) Betthauser et al., 2000
Adult granulosa NA 5/401 (1) Polejaeva et al., 2000
Adult fibroblast (ear skin) NA 2/168 (1) Bondioli et al., 2001

Rabbit Fetal fibroblast 37/97 (38) 0/653 (0) Li et al., 2002
Fetal germ cell (male) 8/130 (6) 0/62 (0) Moens et al., 1996
Fetal germ cell (female) 4/271 (1) 0/73 (0) Moens et al., 1996
Adult fibroblast (ear skin) 17/130 (13) 0/402 (0) Dinnyes et al., 2001
Adult cumulus 135/287 (47) 6/371 (2) Chesne et al., 2002

Cat Adult fibroblast (oral mucosa) NA 0/84 (0) Shin et al., 2002
Adult cumulus NA 1/3 (33) Shin et al., 2002

Mule Fetal fibroblast NA 0/195 (0) Woods et al., 2002

Guar Adult fibroblast (skin) 81/692 (12) 1/<44° Lanza et al., 2000

Mouflon | Adult granulosa 7/23 (30) 1/7 (14) Loi et al., 2001

Monkey Fetal fibroblast (1) 0/14 (0) Mitalipov et al., 2002b
Adult fibroblast NA 0/1 (0) Wolf et al., 1999

Fish Somite stage fibroblast 34/544 (6) 15/34 (3)" Lee et al., 2002

NA not available

% transferred at 2-cell to blastocyst stage

® live fetus at 8.5 days postcoitum

¢ included one calf died at parturition

“ both died during Caesarian section

“included two kids died shortly after birth due to respiratory difficulties
" included one kid died at parturition

9 Advanced Cell Technology announces birth of first cloned endangered species: Noah is
born  (http:/Awww.advancedcell.com/pr_01-12-2001.html)

" hatched embryos
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Figure 1 Nuclear transfer procedures: a) karyoplast fusion and b) karyoplast microinjection.
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Nuclear transfer -
embryo

Nuclear transfer

Fertilized egg

Removal of male and female pronuclei

Embryo transfer

Embnyo culture

Figure 2 Serial nuclear transfer procedure.

guunldagruaasiapag s il lginwaad
aaqlalnamnss
Collas and Barnes (1994) l@endauaadiias

nazWaunliiflugagn (ICM) andadaulnszay
Uanglnda was g masnanang (3N 1 wmas) Wil
Tulsinnanadnvaslilaenss (Fig. 1b) udansysusiae
nazua i Mnsmnzidessngeni idluieedfiimnng
(in vitro culture) LAaLNIN3ENE NN FIERUNRNIWRUN
= = o z// v = &/ o v a
NarrazuanalnTa A lARLFIYIaY N1FANEIRN AN

o o Adzl o v a [ s
anlpanuau 2 sin FaiseNn g luniminliniagndng
= a =< ~ . A A o
anaiAnie (Mywndra Cumulina) Ngaatiugig
walulatinngansedniiowpang 41300l agsanis
Whasmag sy le (Wakayama et al., 1998)

pUUBIN1gangentILAREE 2 ASI
Tiaaa9did19fs nsaalInTiaAREEan
% o = i// = = 1
waRsuLUuneapiLaen et lannaiaduaagld
InFanaznaniuaga (widldgnuan) I3 Wakayama
et al. (2000) taunanalFiiudnnisld lainnanata
o ! o a1 e o = \ = a v
pana1alinanndnldlainnatadnaaslingnagarii

NANULAD (zygote) agnelsimnu nasananeelan
famdsauds nsnszduldlnanszualninvzeansai
fnlnAansddsundasnneluld gy sziues
whaidan) wandcldannlafignnszfulasegaly
FEUINNNNTU AT deenaifluasianauanunsalunis
WRIUNLBIA288Y (Sun et al., 1992; Wang et al., 1998;
Ducibella et al., 2002) farduAedinswmmnstngsin
oAUl 2 AXTA (Kwon and Kono, 1996) Tag
FupauusniunsAnmil tnisdnediniaedaaan
LIaRBISaUNYINNAsTeL 4 L1ag Ianiu g nwanady
vasldfinfonazuanivedd weldiagauuds vinis
dnaehnilaedzaanseeui lfldmaiuleiimanads
Tl Fadulalnnanaiuaedddfignegddnnanudn

=

M lFaauluiileidiutlsznaunielumas 0Tad

'8

AuandAlndiAssfuseeuiliinainnisuaniug
Treiaga ?ﬁﬁﬁﬂﬁlﬁm@uﬂm6 faan 1 Fgeuiiduad
Fuwuy (szez 4 wad) wazsenANNsdlElEunng
i liAngnans (Fig. 2) Tinannistnednfianaes

1891aa39NNe (Polejaeva et al., 2000)



26

Inenarswnenan Un 1 aUun 1 2546

Embryonic stem (ES) cells
from nuclear transfer
embryos

ES cells injection

Fertilized 2-cell

Electrofusion

Embryo transfer

Recipient

Figure 3 Nuclear transfer and tetraploid embryo complementation procedure.
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