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Studies on nuclear transplantation in mouse embryos

. Developmental potential of nuclei from embryos of different
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Introduction

The development of a technique for the efficient
production of large numbers of genetically identical
offspring in animals will be of great potential value
for the multiplication, selection and evaluation of
genotypes of superior economic value and for the
reducton of the number of animals needed in exper-
such as milk production, one

iments. For traits

number of an identical pair could replace more than
Also the

genetically identical twins could be very beneficially

20 random animals in an expriment!.

used for the research on organ transplantation
because they show least rejection reaction between
identical twin individuals.

Nuclear transplantation is known as the most
potential method for producing a large number of
genetically identical animals. It is generally believed
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that single blastomeres from cleavage stage embryos
are totipotent to develop to the blastocyst stage and
subsequently into viable young. On the theoretical
basis each of the nuclei in an embryo at cleavage
stage contains the same genetic material and, there-
fore, should be capable of giving rise to a complete
individual of the same genetic constitution. For the
large-scale production of genetically identical
mammals with early stage donor embryos, it would
be necessary to do serial transfer of nuclei by recy-
cling method to achieve extensive multiplication of
the original embryo.

When the nuclei from cleavage-stage embryos were
transplanted into enucleated pronuclear-stage reci-
~ient embryos in mouse? and cow®, very limited
number of nuclear transplant embryos were developed
in vitro and none of them developed to offspring.
Development was moré successful when the two-cell
embryos were used as recipients.®:® In this experiment,
therefore, two-cell embryos were used as nuclear
recipients.

In this study, the developmental potential of single
ruclei, from two-to eight-cell mouse embryos which
were transplanted into the enucleated two-cell em-
bryos was monitored by examining their develop-
ment in wvitro to form blastocyst and in wvive to

term after transfer to recipients.
Materials and Methods

Preparation of embryos: Immature ICR and
(5;BL/6] mice were superovulated by intra~peritoneal
injection of 5 IU PMSG(Sigma, USA), followed 48
Lours later by injection of 5 IU hCG(Sigma, USA).
Pseudopregnant recipient females were obtained by
mating superovulated ICR females to vasectomized
ICR males. From Cs;BL/6] females mated with males
of the

embryos

same strain, nuclear recipient two-cell
were collected 44~45 hours after hCG
injection by flushing the excised oviducts with Hepes-
BMOC-3 supplemented with 0.5% bovine

albumin. Nuclear donor embryos of two-cell, four-

serum

cell and eight-cell were collected 44~45 hours, 55~
55 hours and 65~66 hours after hCG injection as
described above from Cg;BL/6J] females mated with

males of the same strain respectively. Four-and

eight-cell donor embryos were stored at 4°C for 4
~10 hours in Hepes-BMOC-3 until used.

Nuclear transplantation of embryos: Nuclear
described by

Recipient embryos were

transplantation was performed as
McGrath and Solter®7.
prepared by removing nuclei from both blastomeres
of two-cell embryos. Single nucleus from two-,
four- and eight~cell embryos were fused into one of
the enucleated blastomeres of two-cell recipient
embryos using inactivated Sendai virus(Fig A,B,C
and D).

In vitro culture and transfer of nuclear tran-
Culture

embryos in vitro for 96 hours and transfer of nuclear

splant embryos: of nuclear transplant
transplant blastocysts into recipient mice were done
as described previously.®

Statistical analysis: The proportions of embryos
that fused or developed to blastocysts in witro and
developed to new-born young in vive after transfer
into recipients were compared between enucleation

cell stages of donor embryos by Chi-square test.

Results and Discussion

Nuclear transplantation into enucleated two-
cell embryos: The results of enucleation of the
recipient embryos and the proportions of embryos
that a nucleus from two- to eight—cell donor embryos
was successfully injected and subsequently fused
into the cytoplasm of recipient embryos are shown
in Table 1.

The proportion of embryos that successfull enucle-
ated, injected and fused into the recipient cytoplasm
was observed to be greater than 90%, 92% and 84%,
respectively. We found no significant (p<0.05) differ-
ence in micromanipulation for enucleation, injection
and fusion between the cell stages of nuclear donor.
Two-cell mouse embryos are capacious enough as
recipient cytoplasm for advanced nuclei than do
zygotes®? perhaps because the transition from mater-
nal to embryonic genome control of mouse embryos
begins at the two-cell stage. The asynchrony between
donor embryos at four- and eight-cell stage and
recipient embryos at two-cell stage was overcome by
storing the donor embryos for 4~10 hours prior to

nuclear transplantation at 4°C.
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Table 1. Successful injection and fusion of nuclei from mouse embryos at different development stages

Stage of No. and(%) of No. and(%) of No. and(%) of Overall success
nuclear Recipient embryos recipient embryos ier?j:l:crt}égi embryos )
donor enucleated/used enucleated fused/injected rate(%)
2-cell Enucleated 2-cell 285/313(91.0)  273/285(95.7)  242/273(88.6) 77.3
4~cell Enucleated 2-cell 281/305(92.1)  263/281(93.6) 229/263(87.1) 75.1
8~cell Enucleated 2-cell 262/288(90.9)  242/262(92.3)  205/242(84.7) 71.2

There are no significant (p<{0.05) differences between the cell stages.

Table 2. Preimplantation iz vitro development of nuclear transplant mouse embryos by stages of nuclear

donor
Stage of No. of nuclear No. and(%) of embryos developed to
nuclear transplant - - R
donor embryos 4-cell Morula Blastocyst
2-cell 230 204(88.7)° 182(79.1)°® 176(76.5)°
4-cell 222 186(83.8)® 161(72.5)"° 152(68.4)?
8-cell 203 132(65.0)* 109(53.7)? 98(48.3)®

The numbers with the different superscript denote significant(p<0.05) difference between the cell stages

of nuclear donor.

In vitro development of nuclear transplant
embryos: The fused embryos which were received
a nucleus from two-, four- and eight-cell donor
embryos were cultured iz vitro for 96 hours. Their
developmental potential of forming blastocyst in 96
hours is shown in Table 2. When single nuclei from
two-, four- and eight-cell embryos transplanted
into enucleated recipient embryos, 76.5% (176/230),
68.49(152/222) and 48.3%(98/203) of which develo-
ped to blastocysts, respectively(Fig E). The propo-
rtion of embryos which developed to the blastocyst
stage was not significantly (p<{0.05) different between
two-cell and four-cell stage of nuclear donors, but
the proportion was significantly (p<{0.05) diminished
to less than 50%

embryos was introduced.

when a nucleus from eight—cell

The present study confirmed that the results of
Robl et al,* who reported that 51% of enucleated
two-cell embryos that received a nucleus from eight-
cell embryos developed to blastocysts in vitro and
the results of Tsunoda et al,’ who reported that 72%
and 35% of the embryos that received a nucleus
from four- and eight-cell embryos developed to
blastocysts in vitro.

In vivo development of nuclear transplant

embryos: Full-term development of nuclear trans-
plant embryos after in wvitro culture and transfer_to
pseudopregnant recipient mice was achieved(Fig F).
As shown in Table 3, the proportion of recipient
mice that became pregnant was significantly (p<
0.05) decreased to 24% when 8-cell nuclei were
transferred to enucleatd two-cell embryos comparing
to 59.4% in two-cell nuclei, and 53.3% in four-cell
nuclei.

The proportions of embryos which developed to
term were significantly (p<{0.05) higher in two-cell
nuclei(37.1%) and in four-cell nuclei(29.6%) than in

Table 3. Production of live young after transfer of
nuclear transplanted embryos in recipient

mice
Stage of No. of pregnant/ No. of young/
nuclear No. of recipients No. of embryos

used(%)
22/35(62.8)°

donor transferred(%)

Intact blastocyst 89/182(48.9)°

2-cell 19/32(59.4)*  58/156(37.1)®
4—cell 16/30(53.3)®  40/135(29.6)®
8-cell 6/25(24.0)* 15/ 92(16.3)*

The proportions with the different superscript
denote significant (p<{0.05) difference between
the cell stages of nuclear donor.
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eight-cell nuclei(16.3%). These data indicate that
the proportions of pregnant recipients that became
pregnant and the proportions of transferred embryos
that developed to term are lower in nuclear trans-
plant embryos than in intact blastocysts.

The results of this experiment clearly indicate that
the enucleated two-cell embryos which received
nuclei from two-, four- and eight-cell embryos
could develop to blastocysts in wvitro and to full
term in the recipient mouse, as demonstrated by
others®%2,

Although the rates of success in nuclear transpla-
ntation, in vitro culture to the blastocyst stage and
production of live young with nuclear transplant
embryos were gradually reduced when the more
developed embryos were used for nuclear donor, the
total number of new-born offspring per donor embryo
and the overall efficiency in producing identical
offspring are greater when eight-cell embryos are
used for nuclear donor than two-or four-cell embryos
are used,

For the large scale production of cloned animals
it would be unlimitedly desirable that the complete
sets of nuclear transplant embryos can develop to

blastocysts and eventually to live young or nuclear

transplant embryos can be recycled to serve as

nuclear donors.

Summary

Single nuclei from two-, four- and eight-cell
mouse embryos were transplanted into enucleated
two-cell embryos by micromanipulation and Sendai
virus mediated fusion. The developmental potential
of these reconstituted embryos in vitre and in wive
was examined. It was found that the single nuclei
which were transplanted to enucleated two-cell
embryos were not only able to develop to the blasto-
cyst stage in vitro(two~cell nuclei, 76.5%; four-cell
nuclei, 68.4%; eight-cell nuclei, 48.3%),
able to develop to full term in wivo after transfer to
37.1%;
nuclei, 29.6%; eight-cell nuclei, 16.3%).

Although the proportion of live young produced

but also

recipient mice(two-cell nuclei, four-cell

after transfer of nucler of nuclear transplant embryos
which received eight-cell nuclei was significantly
(p<0.05) reduced, it would be suggested that the
overall efficiency in producing identical offspring is
greater when eight-cell embryos were selected for
nuclear donor than two- or four-cell embryos were
selected.

Legends for figures

Iig A. Eucleation of karyoplasts from a mouse embryo at two-cell stage(x200).

Fig B. Enucleation of karyoplasts from a mouse embryo at four-cell stage( x200).

Fig C. Enucleation of karyoplasts from a mouse embryo at eight-cell stage (x200).

Fig D. Injection of a karyoplast into an enucleated two-cell mouse embryo(x200).

Fig E. A blastocyst produced by in vitro culture of a nuclear transplant two~cell embryo(x200).

Fig F. Two CyBL mice(black-coat) produced by in witro culture and in wvivo transfer of nuclear transplant

two-cell embryos.
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