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SUMMARY

I .Title

Development technique for survival rate of bovine cloned embryos and increase

of production cloned bovine

. Goal and significance of this research project

The somatic cell cloning technique the livestock which is excellent it is quick
and multiplication it will be able to supply and this technique when most as
technique of spearhead livestock production and it connects, it promotes a livestock
improvement wonder and it will contribute a lot in competitive power improvement
of income augmentation and national economy of the livestock raising farmhouse
with the fact that. In spite of even in like this social economic importance, the
hazard which introduces this technique in stock raising site it stands and it does
not solve a many problem point when still and it contains. The grudge which
does not solve consequently like this problem point, this technique livestock
production and it is impossible to connect directly and, this by a technique the
social economy profit which is the possibility of getting it will not be able to
expect. There is a possibility of trying to search from the technical and social

economy side where also the necessity of the research which it sees is like this.

1) Technical side

Somatic cell cloned animal technique exit the many technical obstacle factors
for industrialization. Those are follow that; the technique which guarantees the
stable production of the somatic cell cloned embryo is not established; the
objectivity technique it will can discriminate the quality of the somatic cell

reproduction fertilized egg is not established to be, it will not be able to predict

_15_



the future of cloned embryo which transfer; life and death of the somatic cell
cloned embryo it is accurate and it judges, is it will can predict a life and death
to after transfer and the technique is not established; the culture condition for
survival improvement of cloned embryo from in vitro and in vivo is not being
established; the freezing preservation technique of cloned embryo is not established
not to be, it will not be able to overcome the hour space restriction regarding the
industrial use of this cloned embryo; the system which is the possibility
connection of making the production and an elder brother funeral demand of
cloned embryo is not established; the failure of preimplantation, abortion, stillbirth,
hard labor, birth of imbedding it dies immediately, and enormous offspring etc. By
the many problem point back the mountain sleeping production of the somatic cell
cloned animal is become accomplished internal, in transfer record of in vitro
fertilized egg to compare and the conception ratio is low very. Otherwise when
the technical problem points above are not solved, cloned embryo livestock
production and connection it is impossible from stock raising site to make. It is
like that cloned embryo livestock production and improvement and connection the
hazard which it makes solves the problem points the above it stands and in

objective the accomplishment of the research subject which sees is essential.

2) Economy and industrial side

In the world and opening time our livestock raising is confronting in the crisis
where 1s not early. It our livestock raising extreme foreign competitive power,
because 1s weak 1is. One side, the national income leveling instrument
augmentation which it follows in citizen economic leveling instrument improvement
it augmented the demand regarding the livestock raising foodstuffs of quality. But
the livestock raising farmhouse which is poor relativy continuously is atrophied
and the force it will be able to be sufficient the demand augmentation against the
livestock raising foodstuffs the problem which is serious socially gradually it is
losing national the mortar it makes. With the method which solves like this
problem point, with development it is the spearhead of livestock production

technique to supply the advanced technology it will be able to strengthen the
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international competitive power of our livestock raising in the farmhouse which
will reach and to make. There is a possibility of trying to search from the side
where also the importance from the business community side of the research

which it sees is like this.

2) Society and culture side

Recent whole world with life science with its multi the studies which are
similar are receiving the attention. But responding like this world-wide tendency
limited in the heredity engineering which is a part popular study and the medical
back to be recognized with the fact that it is possible it came it came. If like this
our effort becomes success, even from agriculture field social the possibility of
accomplishing a huge result only it will be the bay it knows will be the
possibility of decreasing a huge hope in the agriculture backward countries which
begin our country. Also it escapes agriculture from industry of foodstuffs
production putting first and it will be able to develop with a many income and an
enterprise industry from point the society, the effect which goes mad culture is

thought with the fact that it will grow very.

M. Contents and scope of the project

This research was performed for the development technique for survival rate of
bovine cloned embryos and increase of production cloned bovine during 3 years.
To accomplish the goal, the project was subdivided into four parts. The first detail
subject, 2nd detail subject, 1st coordinated subject, and 2nd coordinated subject
were 'Increase of survival rates and production of cloned embryo’, ’'Selection and
conservation of superiority cloned embryo’, 'Transfer of cloned embryo’, and
'Development technique for increase of productive efficiency of cloned bovine’,

respectively. The detailed are described as follow.

A. 1st detail subject : Increase of survival rates and production of cloned
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embryo
Fine somatic cell security
- Multi somatic cell picking, passage of generations cultivation and cultivation
conditional establishment
- Passage of generations cultivation scope selection the multi somatic cell

which is possible in nuclear transfer

Fine somatic cell cultivation conditional establishment

- Somatic cell Picking, passage of generations -cultivation and cultivation
conditional establishment

- Passage of generations cultivation scope selection of the somatic cell for

nuclear transfer

Development of somatic cell processor of donor nuclear

Establishment of the Production conditional cloned embryo due to the various

somatic cell

- Conditional establishment of the vast recipient oocytes security

- Fusion conditional establishment of the somatic cell and the recipient oocytes

- Fusion ratio investigation of the recipient egg and somatic cell follows at in
vitro maturation time

- Establishment of the activation condition in the fused cloned embryos

- Activation ratio investigation of the fused cloned embryos which the somatic
cell and recipient oocytes following in vitro maturation time

- Investigation of the cleave and development ration in cloned embryos
(comparison of activated oocytes and in vitro maturated oocytes)

- Cultivation conditional establishment of cloned embryos
Conditional establishment for survival of cloned embryo

- Conditional establishment of the production method in the cloned embryos

using various somatic cells
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- Investigation of the cleavage and development ration in the cloned embryos
which is produced using various somatic cells

- Investigation of the in vitro culture condition in the cloned embryos due to
an additive addition

- The in vitro cultivation conditional investigation due to the coculture with

somatic cell

Technical development of cloned embryos grade

- Development ability verification of the cloned embryo which it follows in
somatic cell aging

- Investigation of the blastocysts cell number which 1is seperated by
development speed that is produced cloned embryos by the select somatic
cells

- Investigation of the cleavage, developmental ratio and cell number of the
cloned embryos which is produced by male and female somatic cells

- Mass production of the cloned embryos which is produced by the select

somatic cells

2nd detail subject : Selection and conservation of superiority cloned

embryo

Reprogramming process close examination of the cloned embryos

- Remodeling process investigation of donor nuclear of cloned embryos
- Microtubule change investigation of cloned embryos

- DNA synthesis process investigation of cloned embryos

- Somatic cell mDNA tracking in the cloned embryos

Development estimate technic of cloned embryos growth to the blastocysts
- Investigate of gene expression in the early embryos of the cloned embryos
produced by various somatic cells

- Gene expression presence investigation of the cloned embryo which it follows
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in somatic cell aging
- Gene expression difference investigation of the cloned embryos which is

produced by male or female somatic cells

o Development anti frost damage for frost damage prevention of the cloned
embryos
- Survivability and advancement ratio investigation of the cloned embryos after
freezing preserving which it follows in vitrification protection type
- Survivability and embryo advancement ratio investigation of the cloned
embryos which it follows in new store vessel (Straw, Grid and MVC)

- Bank system circumstance creation of cloned embryos

o Freezing of morula and blastocysts derived from somatic cell cloned embryos

o Melting of morula and blastocysts derived from somatic cell cloned embryos

o Cultivation conditional establishment after melting of the somatic cell cloned

morula and blastocysts which frozen

o Establishment embryos bank system of somatic cell cloned embryos
- Security a vast amount of frozen cloned embryos after somatic cell and
recipient oocytes are fused
- Freezing preservation of the vast amount of cloned embryos follow to the
vitrification

- Bank system establishment of cloned embryos

C. 1st coordinated subject : Transfer of cloned embryo

0 The cloned embryos field embryo transfer verification for a detail subject

research result confirmation

- Embryo transfer circumstance creation of the cloned embryo which is sorted
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- Embryo transfer comparison cloned embryo with in vitro fertilized

- After melting of the cloned embryo which frozen survivability investigation
in the field

- Following survivability evaluation after freezing melting of the cloned egg
embryo transfer conditional development and embryo transfer (comparison
embryo transfer record of the in vitro fertilization and cloned embryo)

- Pregnancy ratio investigation of the embryo transferred embryo

Embryo transfer circumstance creation of the cloned embryo which is sorted

- Embryo transfer of the cloned embryo which is produced by the various
somatic cell

- Survival ratio investigation the before field embryo transfer which it follows
in vitro cultivation condition of the cloned embryo

- Embryo transfer which it follows in the region and courage of the cloned
embryo which frozen and melted

- Pregnancy ratio investigation of the embryo transferred embryo

The comparison of cloned embryo which is sorted and the in vitro fertilized

egg embryos transfer record

- Cloned embryos transfer which is produced by follows in somatic cell aging

- Embryo transfer which it follows in establishment vitrification of the cloned
embryos

- Pregnancy ratio investigation of the embryo transferred embryo

Pregnancy ratio investigation of the embryo transferred embryo

2nd coordinated subject : Development technique for increase of

productive efficiency of cloned bovine

Complement of somatic cell cloning technique and searching establishment plan

- Cell phase control of donor cell
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- Fusion condition of cell
- The activation condition of recipient oocytes

- Test chromosome of donor cell’s Passage of generations

o Physiology examine of somatic cell cloned embryo
- Chromosome examine of somatic cell cloned embryo
- Apoptosis tracking examine of somatic cell cloned embryo
- Comparison of the inner cell and trophectoderm cell which it’'s follows in

cultivation method

o Investigation of the early embryo destruction time and occurrence ration in
recipient cow
- The conception ratio which it follows in somatic cell cloned embryo transfer
- Investigation of the blood and internal secretion after somatic cell cloned
embryo transfer
- The conception ratio investigation which it follows on recipient cow

- Initially extinction occurrence cause analysis of the embryos
o Investigation of the miscarriage occurrence time and occurrence ratio
o Investigation of the somatic cell cloned calf growth

- Somatic cell cloned calf blood chemical inspection

- Chromosome analysis of somatic cell cloned calf

- Investigation of birth weight and weanling weight of the somatic cell cloned
calf

- Growth ratio of somatic cell cloned calf

IV. Results and Suggestions for Applications

1. Results
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A. 1st detail subject : Increase of survival rates and production of cloned

O

embryo

Production of cloned embryo

Cloned embryos produced by enucleated oocytes 18-21 hour after in vitro
maturation with somtic cells by electrofused by two pulse of 2.6 KV/cm
were higher fusion and cleavage rates.

A significant in improvement of activation efficiency was observed after
ionomycin followed by 2 mM 6-DMAP treatment for 3 hour which was
enough time for the activation of reconstructed bovine embryos.

There was no formation of polar body in reconstructed oocytes after nuclear
transfer both in control and CB treated groups. The effect of CB on
development of bovine reconstructed embryo is negligible

There i1s no difference the development to blastocyst of cloned embryos

comparison with in vitro fertilization embryos and parthenotes.

Production of cloned embryos with various somatic cells

Dimeter of fresh and cultured cumulus cell was 9.46 + 1.66 and 13.95 = 1.42
(m, respectively, which chowing the diameter of cumulus cells was enlarged
by culture. Although fronzen-thawd cumulus cells could be used as donor
cell for nuclear transfer, the developmental potential of frozen-thawed
cultured cell significantly depressed to the blastocyst stage compared to that
of fresh cell.

Blastocyst formation rate was improved after culture in medium layered with
cumulus cells and medium supplemented with 1 mM glutathione.

There is no difference in blastocyst formation rate following NT with fetal
fibroblast cell, cumulus cell and ear cell.

This study was designed to investigate the in vitro developmental ability and
apoptosis of bovine embryos nuclear transferred (NT) with frozen-thawed or

cooled donor cells. Cultured adult bovine ear cells were used as donor cells

_23_



cultured to confluence (CC) or cooling to 4C for 48 hrs, after confluent
culture or after freezing—thawing (FT). The blastocysts rates of NT embryos
derived from CC and FT cells were significantly different. However,
interestingly the rate of apoptosis in NT blastocysts was not significantly
different when produced by using FT cells than CC or cooled cells as donor
cells. In conclusion, the use of CC and cooled cells as donor cells showed no
significantly different developmental rate whereas FT cells resulted in
significantly different developmental rate. CC, FT and cooled cells did not

increases the apoptosis rate of NT embryos.

B. 2nd detail subject : Selection and conservation of superiority cloned

embryo

O Morphological comparative analysis engineering development for valuation of
cloned embryo
-  The nuclear remodeling patterns, microfilament and microtubule
configurations in nuclear transfer embryos were examined after nuclear
transplantation by cumulus cell. Within 1 h after the cumulus cell injection,
enlarged nucleus in nuclear transfer embryos was observed and chromosomes
were prematurely condensed at 2 h after injection. At 4 h after injection,
pseudo-pronucleus firstly appeared. Dense microtubule network formed
around the nucleus shortly after microinjection. At the pronucleus stage, the
formation of microtubule network around pseudo—pronuclei was also observed.
At mitosis, microtubule dynamics were similar to those obtained from normal
fertilization. Once forming a pronucleus, the embryos reconstructed by
nuclear transfer could induce changes in microtubules similar to those
observed in IVF, ICSI and ICSHI. however, abnormal microfilament assembly
was frequently observed in nuclear transfer bovine embryo. The present
study examined the formation of pseudo-pronucleus, microfilament and
microtubule formation around nuclei following nuclear transfer. These results

indicate that the reconstructed embryos are effectively activated and have
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developmental potential, and that the microtubule can be remodeled in
association with donor nuclei within nuclear transferred bovine oocytes.

- The developmental potential of reconstructed embryos and the fate of donor
mitochondria and mitochondrial DNA were examined during preimplantation
development after nuclear transfer in cattle. To evaluate the fate of donor
mitochondria, donor cells labelled with MitoTracker Green FM fluorochrome
were injected into enucleated bovine MII oocytes and cultured in vitro.
MitoTrackere labelling on donor cells did not have a detrimental effect on
blastocyst formation following nuclear transfer. The cleavage rate was 69%
(56/81) and blastocyst formation rate was 6.2% (5/8) at 7 days after nuclear
transfer. The labelled mitochondria dispersed to the cytoplasm abd became
distributed between blastomeres and could be identified up to the 8 to 15 cell
stage. Small patches of mitochondria were detected in some 8 to 15 cell
stage embryos (5/20). However, donor mitochondria were not detected in
embryos at the 16 cell stage and subsequent developmental stages. In the
control group, mitochondria could be identified in arrested 1 cell embryos up
to 7 days after nuclear transfer.

- Mitochondrial DNA heteroplasmy in the nuclear transfer embryos were
analysed by Allel-specific PCR (AS-PCR) and direct sequencing methods.
AS-PCR analysis for detection of donor mitochondrial DNA was performed
at the 1-cell, 2-cell, 4-cell, 8-cell, 16—cell, morula and blastocyst stages of
embryo. The mitochondrial DNA from donor cells were detected in all of the
developmental stages of nuclear transfer embryos. To confirm the mtDNA
heteroplasmy in cloned embryos. AS-PCR product from nuclear
transfer-derived blastocyst was analysed by DNA sequencing and DNA
chromatography. These resultes indicates that foreign cytoplasmic genome
from donor cells was not destroyed by cytoplasmic event during nuclear

transfer.

O Evaluation of live or dead and decision of grade of cloned embryo

- This study was to investigate the apoptotic rates in bovine blastocyst
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derived from in vitro fertilization (IVF) and nuclear transfer (NT). In
addition, the expression levels of Bcl-2 and Bax gene were investigated in
the blastocyst to confirm their potential roles in the regulation of apoptosis
during preimplantation embryonic development. The proportion of TUNEL
positive signal in blastocyst derived from NT is significantly higher than
that in blastocyst derived from IVFE. Bcl-2 expression level of blastocyst
derived from IVF was higher than that of blstocyst derived from NT.
However, High expression level of Bax was observed in blastocyst derived
from NT.

- This study was carried out to investigate the developmental rates of embryo
reconstructed with different cell type and to estimate correlation of
transcriptional level of octamer-binding transcription factord (Oct4) and
fibroblast growth factor4 (FGF4) gene on peri-implantation stage embryos.
In peri-implantation of IVF result in a transient increased of FGF4 paralleled
by an increased expression of Oct4. However, Oct4 gene was highly
expressed in hatching blastocysts derived from NT compared to IVF. Also,
FGF4 expression level in hatching blastocysts and outgrowth stage derived

from NT was lower than that of IVF.

O Establishment of cryopreservation condition of cloned embryo

- There were no differences in the survival rates of IVF using EM grid,
cryo-loop. However, survival rates by straw were relatively lower than other
containers. Only, nuclear transferred embryos survived by using cryo-loop.

- This study was to establish an effective cryopreservation method and virus
vitrification containers. However, according to their result, even if the
thermal conductivity of paper is still less than grid, paper has a similar
record compared with grid. The container for the vitrification plays an
important part in freezing as a container for embryos, rather than it affects
the survival of embryos.

- Effects of elevated in vitro temperature on in vitro produced bovine embryos

were analysed in order to determine its impact on the expression of heat
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shock protein 70 (HSP70) by control and frozen-thawed after in vitro
fertilization (IVF) or nuclear transfer (NT). Results revealed the expression
of hsp 70 mRNA were higher thawed embryos than control embryos.
Immunocytochemistry used to localize the hsp70 protein in embryos. Two,
8-cell embryos derived under control condition was evenly distributed in the
cytoplasm but appeared as aggregates in some embryos exposed
frozen-thawed. However, under control condition, blastocysts displayed
aggregate signal while Hsp70 in frozen-thawed blastocysts appeared to be

more uniform in distribution.

C. 1st coordinated subject : Transfer of cloned embryo

O Embryos transfer of cloned embryo
- Bovine blastocysts derived from embryos nuclear transferred (NT) with
confluent culture, frozen-thawed or cooled donor cells transferred into
recipients. The pregnancy of each 17, 1, and 3 recipients became confirmation
after 30 day. There is to advancement of after and the case which maintains
a pregnancy with 90 day after each 6, 0, and 1 recipients. Until the case
after 180 days which use the cell which is confluent cultivated cell the case
which maintains a pregnancy condition, 2 middle-school 3 miscarried around

240 days, one was the stillbirth which is born but.

D. 2nd coordinated subject : Development technique for increase of

productive efficiency of cloned bovine

O The production of cloned embryos produced from ear cell of brindle coated
Hanwoo

- The fusion rates of cloned embryos produced from ear cells of brindle coated

Hanwoo according to stimulation conditions : The fusion rates were affected

from voltage and stimulation time. Using higher voltage and longer

stimulation time, it showed lower fusion rates. The increased lysis rate after
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stimulation was higher in longer stimulation time and higher voltage groups,
respectively.

- The development rates of cloned embryos produced from ear cells of brindle
coated Hanwoo according to stimulation conditions : The cleavage rate of
fused embryos increased when the stimulation time was longer, but the
differences were not significant. However, the development rate of cloned
embryos developed to blastocyst was increased significantly when the
stimulation time was longer, except for 2.1 kV treated group. Only in 2.1 kV
group, the group treated with short time showed higher development rates.

- The fusion rates of cloned embryos produced from fetal fibroblast cells of
Hanwoo according to stimulation conditions : The differences of fusion rates
were not different in both stimulation time groups, however, the lysis rate
was increased in longer stimulation time group.

- The development rates of cloned embryos produced from fetal fibroblast cells
of Hanwoo according to stimulation conditions : The higher cleavage rate of
fused embryos showed in short stimulation time group. The development rate
of cloned embryos developed to blastocyst showed no difference between two

groups.

O Nuclear status of cloned embryos after activation
- 55% of the cloned embryos produced from bovine fetal fibroblast cells
exchanged to enlarge and pronucleus (PN) lhr after activation, and more

than 90%of cloned embryos showed the formation of PN 9hr after activation.

O The development rate of cloned embryos according to culture systems
- The development rate of cloned embryos according to co—culture system :
The cleavage rate of fused embryos was high in the group cultured with
CRlaa medium, however, the developmental rate of cloned embryos developed
to blastocyst was increased significantly in the group cultured with cumulus
cells. The cell number of blastocyst in co-culture group was a higher than

the group cultured with CRlaa medium.
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- The development rate of cloned embryos according to cell cycle
synchronization method : There were no differences among fusion, cleavage
and developmental rates between confluent and starved cell cycle
synchronization methods.

- The survival rates of nuclear transferred blastocysts after frozen-thawing :
It showed higher survival rates of frozen-thawed blastocysts in the group
cultured with cumulus cells compared to the group cultured with CRlaa
medium.

- The hatching rates of nuclear transferred blastocysts after frozen-thawing :
The hatching rates of the blastocyst cultured with culumus cells were higher
than the rates of the blastocyst cultured with CRlaa medium.

- The survival rates of frozen—-thawed blastoysts using assisted hatching : The
survival rates of frozen-thawed blastocysts in the group induced to removal
of blastocoele immediately before cryopreservation were significantly higher

than the group without pretreatment.

O Chromosomal analysis of cloned embryos

- Chromosome analysis of donor fibroblast cells at different passages : The
chromosomal abnormality of donor cells was increased after 15 passages
compare to less than 10 passages. After 10 passages, it showed 45% of
chromosomal abnormality.

- Chromosome analysis of embryos produced by IVF or NT : The
chromosomal abnormality was slightly higher in NT group than in IVF
group. However, the difference was not significant.

- Chromosome analysis of cloned embryos : There were no differences

according to cell stages of cloned embryos.

O The development of cloned embryos according to different passages of donor
cells
- Effects of passages of donor fibroblast cells on the development of cloned

embryos : The cleavage rate of cloned embryos produced by fibroblast cells
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was not different between 1-5 and 6-10 passages, and also the development
rate of cloned embryos developed to blastocyst in 1-5 passages group was
similar to those of 6-10 group.

- Effects of donor fibroblast cell passages on the cell number of blastocyst
produced by NT : The cell number of blastocyst in 1-5 passages of donor

cell group was lower than those of 6-10 passages group.

O Apoptosis of nuclear transferred embryos
- TUNEL assay on embryos produced by IVF and NT : Apoptosis rate of
cloned embryos was similar to that of embryos produced by IVF using

TUNEL assay. Apoptosis rate was less than 6%.

O Pregnancy rate after transfer of cloned embryos

- Effects of culture methods on the pregnancy : The higher pregnancy rate
was obtained from the blastocyst cultured with bovine oviductal epithelial
cells than the group cultured without co-culture cells. However, the
difference was not significant.

- Effects of donor cell types on the pregnancy : The pregnancy rate of the
group using fetal fibroblast cells of Hanwoo as donor cells was significantly
higher than those of the group using ear cells of brindle coated Hanwoo.

- Abortion timing of cloned embryos or fetus produced by NT : Among 7
pregnant cows, 2 cows were aborted before 90 days, 3 of those were aborted
between 91 to 150 days and 1 cow was aborted after 150 days.

- Early embryonic death or pregnancy rates on the concentration of
progesterone (P4) : In IVF group, the early embryonic death was increased
when the concentration of P4 was over than 3ng/m¢, however, it was
increase when the concentration of P, was less than lng/m¢ in the early
embryonic death of NT group.

- Comparison of P4 concentration between non-pregnant and pregnant cows :
In non-pregnant group, the concentration of P, showed increasing pattern

from embryo transfer to 28days after transfer, however, there was no
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expression pattern of P4 in pregnant group

- Comparison of a periodic IGF-1 concentration between pregnant and
non-pregnant cows - The concentration of IGF-1 showed a decreasing
tendency after embryo transfer and maintained lower levels in both pregnant

and non-pregnant groups.

O Birth weight of cloned calf
- Comparison of birth weight between calves produced from IVF and NT :
The birth weight of calves was not different between IVF and NT groups.
However, the weight of claves dead at birth was higher than live birth
calves.
- Comparison of birth weight between single and twin cloned calves : The

birth weight of twin group was 10kg less than that of single group.

O Blood analysis of cloned calves

- Blood compositions of calves produced from IVF and NT at birth : There
were do differences between IVF and NT calves in blood compositions at
birth, however, the level of WBC and HCT of cloned calves dead at birth
showed lower level than those of live births.

- Comparison of blood compositions according to time period : There were no
differences between normal and cloned calves in the compositions of blood
samples collected a every other week from birth to 56days.

- Analysis of the concentration of glucose and insulin in blood : The
concentration of glucose in cloned calf group was lower than that of normal
calf group. The wvariation of the insulin concentration in cloned calf group

was bigger than that of normal calf group.

O Loicalization of Dnmtl in embryos produced from IVF and NT
- In 2- to 4- cell stage embryos, Dnmtl was expressed in cytoplasm, but at
8-cell stage, it was present only in the nucleus. By the blastocyst stage,

Dnmtl is found in the cytoplasm again.
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O Microsatellite loci analysis
- Genetic identity among the fibroblast cell and cloned calf was determined by
microsatellite analysis, which also permitted the exclusion of the recipient as
the genetic mother of the cloned calf. Based on these results, it showed that
the donor fibroblast cells and cloned calf have an exactly same microsatellite
DNA regions. It could be concluded that this is the cloned calf produced

from donor fibroblast cells.

2. Proposition for Research, Developmental and Application of the Results

The results and the technologies derived from our study might be applied in
the various following areas, and can be opened in public including scientific

meetings and also should be followed in similar studies in the future.

O Mass production field of superiority cow cloned embryo

0 The part of improve pregnancy ratio technic background due to the sort of the
fine cloned egg

O Preparation of improvement program which is optimum fertilized egg sorting
for embryos transfer at field

o The technical part of bank system background for the large quantity supply of
the cloned egg

o The fundamental research area of regarding the fertilization, an development, a
differentiation and a physiological principle of the mammalian

o The technical part of diagnosis at early stage about embryonic mortality and
abortion

0 The research part of investigation which is continuous with embryo and
embryonic mortality at early stage

o The technical part of minimized outbreak considering the abortion times and
embryonic mortality at early stage

0 Research and industry part of massive clone production system of transgenic
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embryo
o This technique transfer domestic other agency or industrial enterprise and

about human skill training material
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il
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M 2 & =de 7[sHe

A1 A -9 #dree 38 2 EA4

7h =l wdvle d%

O 93 Roslin 9742+ Hoko §4 X4 AYAEE A xsste] H 29 AAME
A 55 g (Wilmut 5,1997)5 /Mdstdar, < AEE0] Hojdoas
o] AME BAlHo] AAHQ HATHS A e Aoz AFHAT

=

O o] A 10d Fte] B e B3 ?—‘HO]NOE dojzl EHA
TFAAT oA or A kAol H[go] Fo #AJe] °F 3%E WA ¥ A=
2 a8Ao] Yo} Ag3E A3tet A tHKuip®t den Daas, 1997).

O wAE Wdstr] Aste] s Ads A&, FaAdy FoIH e AEF7
ZH, T G445, T TR, FATY T F5AE F50
AR 7l A4 el g A7 Eesth(Fulkas, 1998).

O 1

= WA =Y Cibelli 5(1998)2 9l dA7t =98 ANES A Hat
3

A3

O olee AT AHEL AME HA 7]Eo] FAAD FE) A B8E £
B olgd & Qe A4S dF FASE Yok

O AAE =AY Ao} AXEL FoE e

= =] A5o] AtE AT (Zawada 5, 1998).

ety FA7EAFAdAME G AE 2 dFAE {9
Aot Bustded (Kato %5, 1998), ol& w3k A4

T3t e AS AAst 9l

O Embl’yomc cellell  ejelf =g 5 A4 510111 TEE o]Aste] 6viel 9

Fol AAbE AT B argkglth (Wells DN, 1998).

O wAHE AFHAAME Enderbydol vixjato g Aololes i A AL
FE dARHHAEIES SR g, dXgsto] 10vke] o] FolxE AAS
d AFedua Rausdt (Well 5, 1999). o3t Ay AAEL EA 7
o] WEEAY FAEEY A% HEAE F& osd F AudEsE AE
HoFa
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"= Genzyme Transgenics AFlA = JAHZ FE AMEE HAs] A}
g AFHEFNES frHodA oz 44 + e 34

Ao+ (Baguisi 5, 1999)

THAEE WX st AT Aol wiRkET|o] MxE s, 1

TASE o)A (Shiga 5, 1999).
Mz sto g olg] ATAHE AT nocedazol A F FAHATGL AT Wt
T R A dEgS wetta Rkt (Tanaka 5, 1999).

"= Yanagimachi X582 AFGTHEESE A x5slo] BABF ikl AHF
st o, s A AF mE2HE AFHIT AAELE o]gste] EAYFH
= /3 tH(Wakayama ¢F Yanagimachi, 1999).

Aol A waE o] MOwA At @MAFA] Ca  inophore®t
cytoheximide A& & A 2=AE Fxdle] AL ASA, AAE activation
= ZFelem Ry A Eo] =rha sttt (Nour &, 1999).

Mural granulosa cells AF-&3to] X ekE EA LT o558 wjds
Aujel 45 vhA] A B BA LT oA oA F AEES ¢
AR, ARAY AT g o]AF 1004 A AL Holrt fles
R a3ttt (Wells 5, 1999).

A2 "o} AAMEE X Fato] AL AFFOomHA AEjol A AE
o] AFH S =F reprogrammingd S R (Zakhartchenko &, 1999).
A Sola A= Falda Ay /s AL, Fda AxE

A, 5&, &3k, ol Aghe] Ao wjgFat 22 o 7pA dA

o~

[
-

F7] &

7} 4 &S v th(Campbell, 1999b).

E3] Fojdlel FH|9f Mo glo] MEFIVE FAVIE Ry A3 dH
71ob w<k, A9 AV TR/ T oE 2ol #AEE AR dEAI 9l

t} (Campbell, 1999a ; Tao %, 1999).

-4, perinatal death$} large offspring syndrom(LOS)7} EA45& AA A5
o] Fa dooljn, LOSE genomic imprinting¥® #H#EE Ao Z o AX I

(Young and Fair burn, 2000).

Serum-starvation® = A o] A H3E o} FE ol &3 X3 3 T DTT
9} thimerosol® activation $ AAFE wjubyx Wxl7l JA A3 SATAS 82l
stlal, AE 7hedk oy AkAb= X gE FAdoz iy AL 2 5

1 B 13 o Kuhholzer %5, 2000).
Japanes Black bull®] ear skin Ejo}A|22E 7)1t vl Fsto] 3
o] Hiols AU oBoE AHsH TEY HoEE HEATY

L A7IZE s Stk adult AAME T FRY T dFS 7AA
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Eottta B asktt (Kubota 5, 2000).

O AEE X3 WH F AANEE o]&ate] A A G| HAS A
AWrg ol HAAR3Fown HAHAE Bist=d st (Polejaeva
5, 2000)

O =g3ld s six|efolEe] & U] g os A48 fA-gdS
ol gto 2 BAFAE Aitsti=dl AFsth (Onishi %, 2000).

O AAEZE o] &3t HA 3 g5 iﬂﬂ“ﬁo’\]—’:%% o] &3le] EAHAEZ Ak
k=t AFsg Tt (Betthauser %, 2000).

W) =lie] Bdvle 9%

O A&d ool es Az e AZek 7124 Fee] s 2 & AA
& Aol = ﬂﬁo}xl(‘ﬂi‘ﬂ = o)) kel A e (1999) 8 3t
1-83te] e & EASFA

o og
o
m
re
-
[
=
~
_|>i
N
)
Fﬂ
M
)
e
mlm
(o]

AFUNAE FAA7 =€

o
o
ofo
ol
ol
0
R
X,
=
o
d
i‘ il
4 2
o,
e
>
2
=
oX,
ol
ol
ol
2
)
o
(@)
(]
S

9l FAVled A, AduTy 5 043171%011/‘1 A2 *ﬁﬁ% 8 Fol

o)
¥ [y W oo e ooy M

2

e ol4e AFHIES o Aot APH HFAADZA BEAA o
" 71&% v ol we FAHES VXS glol, oF 71&e AEE 98
L ABES BOWAR AFH ARE AAL F AE RBH AT Fao] A
A Aot

o

A2 - dore] M

AAEL] FA g -FFrEe] FAA e SAkkle] A AL
A 714 ZAeolmz o] 7lwo AdstE A% 712 Aol WAAA =Hel A
Ao, 2Rk AEA o]go] e HEE VA
Aol g oyl Sakle] =l AAHLE o] Y=l k]l 3
veb7h iA g skvel whel S S e Jo® oqiddd. &
A AFAE wER ol 7]el Slthal kit

—

_42_



02t
=
0t
na
JIN
o

H 3% A=

AL A AT WS

L &z29 g4 A Agds /=

sttt FET A4S 10% FBS, 5 pg/mle Folltropin, 1 pg/ml estradiol 17-f
7F A7FE TCM-199 vl dol] A xte] 5% CO; A wj7|o A 22-24A 7+&<k A

29 THE A8 & Hlob Fdl, B AFAE F B IR
o AMEE AMASA th3 Zo] AhuES S HolE R H AMEE 9
oo} 0.9% A AFolA AlFg thg PBSE o] &3te] 2xkd A HsAh =4S
A 2=Zbdo]l °F 1~-3mm7b HE% sto] o] xZES PBSAA F{FAIZL F 10%
FBS, penicillin/streptomycin (100 1U/m¢{ 100 pg/m¢) ¥]al 15 g/ sodium
bicarbonate’} ¥3% DMEM (Dulbecco’s Modified Eagle Medium) ®jFelo] =71
60f petri disholl F2AIZL F 5% CO, AIX wg7]ollA st dFA3t
primary culture’} ¥ AMXE dish oA dojdl & Ajudste] AME FoAMER
o] &3ttt
A5 AxAEs AFAS] HBSSE 2xd AlAHste] d3 foe od=w, 9
watman papers AM&3te] A 73 F 100% alcohol® 387 @3t 5 HBSSE thA
M=AstAtr. Collagenase sol (0.1%) w/ DNase 7} 23" DMEM (Dulbecco’s
Modified Eagle Medium) ®i %8 o] w71 604 petri dishollA] dEd W AE o] &3}
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ZA E435e] 50 ml cornical tube® %%t} Shaking incubatoroll /] 2A]7F &b vl &k
3k 5 15% FBS, penicillin/streptomycin (100 IU/m¢ 100 pg/m¢) —23]al 15 g/L
sodium bicarbonate’} ¥3¥%¥ DMEM (Dulbecco’s Modified Eagle Medium) i el
o] %1 60 petri dishell F-ZA121 F 5% CO, AE wid7olA wjgatdct 1547t
primary culture’} @ AEZ dish A "ol & Alus slo] FoAAMER o] &
s

YA EE GAE 0.1% hyaluronidase® g8t A4y G2t G EE £
glste] PBSOlA FHAIZL § 1200rpmell A 233 YA E AAS 5 1 Ads
10% FBS, penicillin/streptomycin (100 1U/m¢/ 100 pg/ml) ¥ 3 15 g/L sodium
bicarbonate’} £33 DMEM (Dulbecco’s Modified Eagle Medium) ®j<kefo] w31
60 petri disholl F-ZA171 3 5% COy AlE vjE7]o A dFAZF primary culture 3F

+ dish oA dwlojdl & A ds A, FAMNER o] &3ttt

A 93z X%

A Aed FAE 01%9 hyaluronidase’} £35 PBSOA GHAEZEE A AT
%1% BSAVF ¥3td PBSE 33] A& o] GA = 75 pg/mle cytochalasin B
S} 1% BSAZF H7Fa PBSelA 30 yme] pipettes ©l-&3to] Al 15419k 21 5919 A
FAS of 30%7tE FHTemA FAe S AAGUY. el AAE FA=

Hoechst 33342=% G A3te] o] A oFF5 i3 & Aald IxYHS 0.3% BSA

i

7F 78 CRlaaol A oF 1A ot widkstitt. 31X 3k2 %OH A g xpell Ay
kst AMEE oS el Fdatdh dapet AAEY > 7 i (0.3
M manitol, 0.1 mM Cacl: ¢ 0.1 mM MgSos) WelA 05 platium electrode

chamber® 2.1 kV/cm, 30usec, 2 pulse® A7] AFo2 AFGES HAASIAY. AE

o gaol ol Fold WA wAe] W fES] lste] RS fEad

4. BAFLRTY d&y 2 A &

BEAFHTe] dEAHE MESFIE HEAE 50 pM  calcium  ionophore

A23187(Sigma)ell 5 min ¢ A gste] AZTFTA AMEAH calcium AH=ES o

gt & 20 mM2] 6-DMAPoIA 4A1 st AHelste] s A
v

o

=
g fmadnh didel FEE BAFARL 03% BSAZ B7hE CRIaasl ¥
o ABATFES WAL F B &o] oozl wApwe AMste] 10% FBS7H W7t
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® CRIaa ol 4 @3 Azt gujefeto] 5% CO, wid7|olA Al Azl

AAbEl wjubxze] o == AAE 7] 98] TCM-washing®l Ao 5 pg/mle] =2
84 % Hoechst 33342 (Sigma, USA) 3G AoA 58 Fk vt & FFdn A

stoll A wagsh= Mg 3 FE doby wiwtx o] AxFE A S

6. Immunolocalization & G A, A A, "lAxTe] dnFHHA

A 2eS HAAE7] Y3 EFH AZR] ol2¥, WAELS modified Buffer M
(Schatten et al., 1985; 25% (v/v) glycerol, 50 mM KCI, 0.5 mM MgCl , 01 mM
ethlenediamine-tetraacetic acid, 1 mM [i-mercaptoethanol, 50 Mm imidazol, PH
6.7, 3% Trotpm X-100, AND 25 uM phenylmethylsulfonyl fluoride) 15% &<t
permeablized %3 102 5<QF -20C WL mAsAY. 2831 0.02% sodium
azide ¢ 0.1% BSA”} 7}l PBS(phosphate buffered saline)oll 4°Ce] Z@Ho & 2-7
d B FARE YUY 1AgE IAEL2 PBSAlA 1 20022 34 E monoclonal
anti-a-tubulin antibody (sigma)”’} %7} 4-well dish(NUNC, Denmark)oll 7% 1L,
39T oA 90% FoF Hj%stdrl. dAELS 39°C oA 30E%5<¢t Blocking solution
(Albertini et al, 1984; 01 M glycine, 1% goat serum, 0.01% Triton X-100, 1%
powdered milk, 0.5% BSA, and 0.02% sodium azide)oll #®j%3} 3L, fluorescein
isothiocyanate (FITC)-labelled anti-mouse-IgG(sigma)ell ¥l %3} 32, blocking=S 4!
A3t} Propidium iodide (5 pg/ml) = 1A17F &<t vid® WxlE9o DNA ©A S
s AR, MAz@e] EAE S dAES 1 pe/ml FICT-labeled
phalloidin(Sigma)dll 1A]7F &<k WjYgE Y. dd8E FAE2 05% BSA9 0.5%
Triton X7} #7le PBSE MAHE& AA3192H, retard photobleachings ¢ 3l A]
antifade mounting medium(universal mount; fisher scientific co., Pittsbrugh. PA)<]
coverslipdl =Xl &E8fol=s ISV 7R 4Col A B #A38F9 . Immunolocalized
oocytest© laser scanning confocal microscope(MRC-1024; Bio-Rad Corporation,
Boston, MA)E A}-&3le] ##3e}9t). o] A= erasable magnetic optical dishel 7|
=, BaE A
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7. PCR and sequencing of mitochondrial D-loop region

WA PCR2 mtDNA2l D-loop regiono] A& Att. mtDNAEZS 93 PCR
primers specifice Holstein cow(Anderson et al., 1982)2] reference genotype®] 7]
o] Al B A Fo A= mtDNA ¢ D-loop region sequence & AF&3F)
D-loop region sequence = 194 363 28] 3 15792 oA 16338°]t}. Forward primer
KNCF12 sequence 15767941 15790 4FS-3}l™, reverse primer KNCR2000-
sequence 36594 3889l thal] At A o]t}

PCR2 thermo cycler(twinblock easycycler, eicomp, san Diego, ca)oll A A=
94°Coll A 183+ WA, 52°CollA] 1#-%F annealing 2] 32 74°Coll A 1&3F extensionS
A A8t KNCF1 primer= 5'-gaagttctatttaaactattcect-3’ ] ZKNCR2000 Primer+=
5'-ttgctttgggttaagctacatcaa-3' ©] t}. Sequence analysis += ABI 377 automated DNA
sequencerS ©]83}9PCR amplified mtDNA hypervariable fragmentol| 4] =3 & ¢t}

8. AS-PCR and oligonucleotides

PCR FHA &4, AS-PCRS F8d 2% D-loope 2 w0 frist PCR mixtureE A}&
3k Tl Allele-specific primere= false mitochondrial allele®] 7}53%F 53&S w4 s}7]
ste] AAEAT. 23 22, additional mismatch 7} 2ASA T PCRL  thermo
cycler (Twinblock easycyler, Ericomp, san Diego, ca)oll 4] ©AIE 2 94°Coll A 1#7+
denaturation, 44Cel A 30%ZFtannealing, 74ColA 30%7t extensionS A A&
Reverse primer UNIVR-2 5'-ttatcattatgctggtge-3'¢] ™ allele-specific primer Dol
5'-agaatatatctattatac-3'©]t}. Allele-specific primer?] designo] 33+ AF-A}ES
Figure 139 A8ttt AS-PCR%°l, reaction mixtur 15 T ethidium
bromide(0.1 pg/mé)oll G2 1% agarose geld] 5343 05 X TBE buffero A A

719Ee AASHe L,

9. Direct PCR and AS-PCR product sequencing (DNA chromatography)

Mitochondrial genome®| D-loop region® PCRE& Al&3le] aA5S Haf A2
W 9} recipient®} donorZHF-EH F3EH ATk PCR amplified mtDNA fragments&
DNA chromatography ¢t direct DNA sequencing®] AF&% $1th. DNA sequencing &
93 primert 158559141  15872(5'-caataactcaacacagaa-3')ol| ®HFg-3I T} F7FAQ
PCR product sequencing< AS-PCRE] ZIE 8lslr] 9lste sx&S F3
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Wi HFE 9} donorZ2H-E 92 AS-PCR 9 sequencings 33ttt 387-bp AS-PCR
Producte 161429 A 16159; 5'-taccattagatcacgagc-3’ primerE A}&3le] FAALE &
215}t DNA chromatography$t direct PCR product DNA sequencing ABI
377 automated DNA sequencer (Retrogen)& AlM83l¢] AS-PCR amplified mtDNA
fragment®} PCRS 335}

10. RNA &

% RNAE F=3}17] 935te], 50 ml tissue culture flaskoll A A& A EELS trypsin
A 2893 TriZol(Gibco/BRL)9] 1 méo] X3 50 m¢ FEol &AFHTh Tissue
tearer (Fisher Scientific, PA)®} Homogenizationg AA3 & AZde 2L 15
me FEO &HHo™ 12000 x gollA 5EEet dAEEE A del delA 10
5ok vttt S5 H2 0.2ml chloroforme] 23H A= 15 ml FEo| &HL
, St Aol AT v A =4 12000 x g, 4ClA 5EEt
A A% 5 upper phaset 0.6 ml2] sopropylalcohole] #7}El 7]%&3k 15m0 FHol &
ARG, oo A, 2o 1087 migstz EFELS 4T, 12,000 x g2 Z7 A 108
o dARYHAT. AL KAAL, I vE, IHdE F RNAE 70% oleh2 1
o2 ThA] HAHAAIZA 2™ diethylpyrocarbonate (DEPC)- treated water 20 pfol A
&35 th. Genomic DNAC] wAst 4= 9l+= Contamination<> DNase I (Gibco/BRL)
of oJgt AR AAI} AL TES FEE SA] fEA, A260/A280 o H] &2
Spectrophotometer(Beckmann, CA)Z 43t

Embryo2] & RNAE U233 #Z23Ad 98] F%% %t Blastocyst stage®t 4-
cell, 2-celle] Z+Z} 107019 embryoZ acid Tyrode solution®® zonaZS A|AI F
PBSol A A &3k 18] embryos 2 w02 lysis bufferoll A 0.5 ml tubedl A 4 &
of oAz galEAdtt (05% NP40, 10Mm Tris <pH 8.0>, 10Mm NaCl, 3 Mm
MgCl2; Gilliland et a., 1990). Genomic DNA¢] wWAl& <4 29l= Contaminatione
DNase 1 ¢ Aol ol A AUt FE= cell debris¢t nucleis A A3F7] 93] 2
%o microcentrifugeE A AISFA T AH AL 70°Col A 287 7FE3 gL d&ow

A 23 F= ek,

=)

O

11. RT-PCR
First strand ¢cDNA+ 50 09 random hexamers primer®} 200 pf superscript II
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reverse transcriptase (Gibco/BRL), lysed embryo9] &3} total RNA 2 pgl =5
B A FAT. A o], 5% 2AHAH AT PCRE GeneAmp PCR system 2400
Thermal cycler (Perkin-Elmer, CT)E A}g3lo] & &3 50 o2 AAAY. 242
o Wg E3E& 2 w cDNA solution, 50 pmol of each primer, 5 ¢ of 10 PCR
buffer, 2 xl 5 gm dNTPs, water to 50 ple]t}. =3EL2 Taqg polymerase 1-2 units
7187l Aol 94TAA 585 719 H AT NEO gene?] 532 $3t 40 cycles
5o M7EA] dAR Ay 4 vk 94Tl A 5% (diassociation); 61°CelA 30
(annealing); 18] 311 72ColA 302 (extension). EGFP gene®] amplification profile
oS3 2Ze 30 cyclesol 9&l S3EST. Diassociation (94Tl 131,
annealing (57.5Ce°lA] 35%), 18] 3 extension (72TColA 35%). 40ClA 30 cycle?]

< AEL2 complete strand extensions YA 72TCToAA 583F FX3FA

flo

flo P

o|\
I

12. ol &g QA &4
Fol el AAALNE 3] £LAFQ morula L MPHEDA FHDE o) g3
At wdFe] AT RS FU1de s fAste] 7] gl 1w 0.05 pg
o2 6-8A%F H Hj ksl th o] & FA|E dHolATJE

colcemid& X 7}stal, &<
S D-PBS& Al 0.05% proteased] 1-3% A% AXAA FHE A AL o]of
Al olE FATEY AXE S-S st 6% FBS7} ¥ 1% sodium citrate & <Y
of 20&%F AdAY Av. A A" TS methanol 5 ¢ aceticacid 1

distilled water 42 Z4¥ 1xugqoR FA 4TA F 2087 14 A3

o 72t dolAfES 77 slide glass?lel A=A &7]31 methanol 3
aceticacid 1 = /% 22k LG NO 2 2-3%& Hsprxl & a3 FHstold Az
A AT 4AF] AxAZ slides thA 2xtmg oz 1027 JAF T slidedol @

2 debris®] AAE 93] methanol 4 : acetic acid 3 : distilled water 12] 3x}a17 ol

oFZ 1B A AAANAT 24 Ayt 4549 slides 4% GiemsagHozZ 587 o
Ao AT & AAAZRAA B A A& (x10002A F74Y F5FE &

Zata, thAl el & (x1000) 3ol A S S-S ZASHA
13. Tunnel assay

Tunnel assayE $3 in situ apoptosis detection kit(Takara, Japan)E ©]&3}1

o oAl B dojder AAdE wiRtE= 4TolAM 302 w9t 4%
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paraformaldehyde”} 3|41 % PBSo|A 1A A th PBS-Tw(PBS + 0.1% Tween20) 2
2 15%5¢t shaker®lol A AA3E % enzyme reaction mixture® permeations £ 3|
4C/10% F<2t permeabilisation bufferel iohjr. Al PBS-Tw(PBS + 0.1%
Tween20) 2. & 15%5 9t shaker$]ol A A& 3 3 labelling reaction mixtureo| 4] 90+
ek 37T wigstadth PBS-Tw(PBS + 0.1% Tween20) 2 & 15 <t shaker?]
ol /] AAE F  Anti-FITC HRP conjugateoll#] 37C/2hE<t 8435S
PBS-Tw(PBS + 0.1% Tween20)2. % 15% &< shaker?lolA A4 e ¥, TUNEL
labeled fluorescence® B &S H7}3l7] Y8 AA 5 pg/ml PIZ 30% Tk AA A&
FAE 5 ol Flel gk FH BHluE sk
14, 929 g5 Axd 59 A

ALl A el dAbe] A2 Hoechst 333429 4 =2 aceto-orcein®d M & 4
Alste] & Awss FASEAT Alxd AsEE dolR7] fste] Alxdue
Microtubule 2<%, Microfilament®] #¥ % Mitochondria® &% (Kimura %,
1994)& Ay wuz |9 A2 HAMYE (Immunocyto- chemistry)S AF&3ho] ZA}
st &, GTFAES AlAE ERE Buffer M (Kim 5, 1995)3 W% metanol=

IAHAZ F PBSENAA 2-743F &A1 H T @48 HAE monoclonal a-tubulin

<

A9} FITCZ7F XAH #1220 A Z microtubules #2351, rodamine®] XA %
phalloidin® 2 microfilamentZ, ToTo-322 DNAZ A3t Microtubule,
microfilament, ¥ DNA+= #3331 74 o]y confocal @n|7d o= #2e1S]

15. BAF-AHEY F5 T4 - &3

1) Straw

Wbz 7w BA AT fEd T2 FAHTES EFS (40% ethylene glycol,
18% ficoll, 0.3M sucrose) 22 EG(25% ethylene glycol, 25% glycerol, 0.5M
025 m9 strawell Yo heat sealing & HA| AL 25
Atk A BaE BEASFAd @S 37T 25C water batholl
2

i)

o
l
P,

sucrose)°l =
Asel BAL Bl

A s ¥ A =

2) EM-grid ¥
i ukE 7w BA) = T2 electron microscope grid(EM grid)9t Fa A1) EFS40<
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o] &3to] frElst FAsA . w7 ] EA A 2 DPBSel 20% ethylene glycol
% 10% FBSZ A ¥ e EG20e 15%3F BPA7 & DPBSe| 40% ethylene
glycol, 18% ficoll, 0.3 M sucrose, 10% FBSZ JAl ¥ o] 3+ EFS400] =ZA171 &
EM grid(GQ 400-C, A& 3.0omm , 77 0.037mm) o <233, FuZ2 JA AL
At FAES gEATE EFS400] =% F A A FAAsE HA 20~30%
7F A8 E At AT & FAE bt r)e) BEASFAd @2 0.8 me 0.3M sucrose
fde A gFAAIZ thg A4S 0.8 mee] 0.3M sucrosedl A §E g & PBS &
Mo Azgt & AFo] FAFAT. T EG(25% ethylene glycol, 25% glycerol,
05M  sucrose)ell w=EAIZL F  AA@AWA  AEAZe] o] &= copper grid
mesh(GQ400-C, 3.05mm in diameter, 0.037mm thick)E ©]&3}lo] #2835 4dS 2A
AT} "éﬂ’\]{} S FAY BAlFATHE 37T 05M sucrose £ 23 A s}k
o] §a3 & 025 M 9 0125 M 5% sucrose £ Z+ZF 18 FoF =FA7]
21748 PBSE o g Al 5 /‘e@oﬂ SAEHA

o

FARA2RE 8 AAE wwrELE CRlaa 500 dropel 5-107] wiwr= =

4-well dishdl E.G 55ME 1 m¢g @of 37ColA 303t b +
gk 5 2021 A et FElstd vtz s 93ls o83 paperol] ¥ F&
LNooll 3 #3te] cryotubeol oA zdelojd el B3}

av
o)
il
ll
rx
e
ol
o

ol

4) cryo-loop®

Cryo-loop= cryovial® lidel stainless steel pipe®] A4 A3 nylon loop (20
wn wide; 05 - 0.7 mn in diameter)Z ¥ o] vl A TS 1.0 M sucrose 7} H714
EG 55M oA 30% o2 =%A]7]l ¥ fine glass pipetteS AF-&3}] nylon loop ©l
2 E2F -196TCS LNy o FA] "AXAAY. dA717F 23" A TS three

step dilutions &3 §3l+F A

16. HAFATY o4 2 JiAG
BAFAHT o]42 Rowe 5(1980)2] WiHe] <lste] A A3}
m¢  straw(LM.V., France)oll XHEE WAy A FAHHESE FAste] cassou
o

gun(LM.V., France)oll 2tsle] AUl Ao Agd 24
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H vinyl capg AY AFH YTl A vinyl capg F= FA AA

ste] A7 E2AstE Aol TS TS oju] wAgRd A 2 AT
FARAE Ag7te] VAR Aks FEst MAER 7153}
& AARHe 9)gk Huhd 2 guld A 289 A9S o] 83t FE o

o
453

ém
>

4z e
i
s

17. B5A FopA A 7AW
1) FA15E 2 Genomic DNAY %
¢ : KBF, BFC
1104
EAl FobAl; 1047
gl @ N EA Genomic DNA £ F=2 MagExtractor Genome Kit
(Toyobo, Japan)& ©| &3}

& ok
H
-{o

Jop 2
o?
it B

2) Microsatellite markers A7

AME FEABLE  FopAlo  digh A = TASERFASIASAG
International Society of Animal Genetics) % S AH|FAFA G Ao FHsl= A E

€ microsatellite markersz oA 1371E AA3T ALE3FA T ILSTS005, BM1824,
TGLA122, TGLA227, TGLA126, ILSTS103, ETHIO0, ILSTS013, ILSTS023,

ILSTS028, ILSTS006, MGTG4B, ILSTS050

1

o

3) PCR &%
PCR <
5% 1H3Y F2 multiplex PCRS F33%9 3, A5 microsatellites= ©Y
marker®=4 PCRS G315}t GeneAmp 9700 (Applied Biosystems)oll A ZF Hb-$-
o] Z%S 10 ul PCR reaction®® 3&}il, ¢ 50 ng template DNA, 20 ng each
primer, 1.25 mM each of ANTP, 0.5 U of Tag DNA polymerase (Promega)®@} 1 ul
10X PCR buffer (100 mM Tris-HCI, pH 83, 500 mM KCI, 0.01% gelatin, 0.25%
nonidet P40, and 20 mM MgCly). 95°Coll A 5&-7Fe] A ¥k3-& Ao 2 3lo], 94°C
o]l A 30%, microsatellite marker®l] e} 53~55°Col A 18, 72°CollA] 1& o2 353]
WhE bS5 AA|stal, A H o R A NRES T2°Col A 10 7F A Alste] TR

3L (e}
okl

R

rlo

%

ori

A ¥ microsatellites®] M7 dY-F7xxe] A7|E FXE



=

E2 29 agarose gel A7 F5S HAA|dle] ZZ o

2 g
o fAAE AL 9 Aol FAHA

)
off
H

PCRo] Tx5H F3HA
£ Ao w vlust
4) Microsatellite loci®® HHFHdAE9] 7] 2AA

PCR 3%, FZXEES deionized formamide, loading buffer  Genescan
350-TAMRA internal size standard®} & &&3}4, 5% polyacrylamide denaturing
gelE A x3% 3 ABI PRISM 377 DNA sequencer (Applied Biosystems)E AF&3}4$3
t}. Genescan analysis software (version 3.1)& ©]&3}e] z+ PCR ©HE9 AV =
3291 HAA5M (third order least squares method)© 2 ¥213}% 3L, Genotyper
analysis software (version 2.0)& ©]-8&3}°] microsatellite loci®¥ tH-FHdxE52] A
g A7lE Z2Asld. 249 A FAAde BEde ol Foe 2 Ay

(FobAzte] FHAFE S Hlal A st HF AAZEAYLF-9 7S 250

18. BA A
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A2 Ad AFAY

1 BAsASe) AdH A2 T4 (A 142 FA)

A TARE AN = e A AR FEE A oY FF AAEE Fu
gto] FAFS Ao, B3 B4 G AEES wole FHo 23S UF

of A7E FAsAt 1 Ave o

oo
B
s
i

3 A7) &) Meke 2.2 263 35 kv/em

kv/emE + W FI&

7] e
W EEEe vastdt o A A9 A AlRbe] M ol & 18~21 AlHA S| g
= AANE BFolH FFE(79.1%) % EE&(768%)°] 7Hd =2 Aoz AU

Table 1. Fusion rate of bovine embryo following nuclear transfer in various

voltages
) No. of
Pulse of fusion No. (%) of fused
oocytes
one pulse 107 65 (60.7)
2.2 kv/cm
two pulse 110 77 (70.0)
one pulse 128 80 (62.5)
2.6 kv/cm
two pulse 120 92 (76.6)
one pulse 110 74 (67.2)
3.6 kv/cm
two pulse 115 75 (65.2)
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Table 2. Comparison of fusion rate following nuclear transfer in various

maturation time

) ) No. of No. (%) of No. (%) of
maturation time (hr)
oocytes fused cleaved
18~21 120 95 (79.1) 73 (76.8)
21~24 128 93 (72.6) 63 (67.7)
24~27 118 73 (61.8) 50 (68.4)

F4E EAFASEY 2S5 Fxe7] fetd, dEd 209 HES 918 cumulus
cell& donor cell AFE3ta F&4S jonomycin® 6-DMAPE £ %3dte] vl nl3}l3]

I Ay g8 dAxe dEEe 27 (2.2%) 0 ionomycin® 28] 8 1 (24.4%) B
t} ionomycin®} 6-DMAP A&+ 9 4 £&&(75.6 %)°] =4 eyt (Table 3).
olg]gt Ao Azl FEAA 6-DMAPY AA F=E dgstr] 9l Agow
st 5 6-DMAPE AHEgh & 1 238&S Hlusrt. 1 23 23&e
2T (19.0%), 05 (375%), 2 (784%), 5 (63.6%), 10 mM(44.0%)ZH 2 mM2]
6-DMAPS AHEsds 29 7P =& 238&E Ugde Zez AT
(Table 4). T3 F&4 A 2 mM2] 6-DMAPS] 274 F=2 AHZst F vfFA|gtel]
2 1 &S vusde 2 A3 £E8E&S g2 (196%), 1 (36.5%), 3 (74,5%),
4 (776%), A ZH(755%) 24 2 mMe 6-DMAPS 3A17F AR S 4% M =2
B34S VeEhE Aoz FEUT} (Table 5).

Table 3. Effect of ionomycin and 6-DMAP on activation of reconstructed bovine

embryos
No. of nuclear transfer
Treatment No. (%) of oocytes cleaved
oocyte
NT control 45 1 (227
Tonomycin alone 45 11 (24.4)°
Ionomycin/6-DMAP” 45 34 (75.6)°

abeyalues with different superscript letters are significantly different (P<0.05).
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Table 4. Effect of different concentrations of 6-DMAP on activation of

reconstructed embryoss*

Concentration No. of oocyte nuclear
No. (%) of oocytes cleaved

(mM) transferred
Control™ 21 4 (19.0)
05 24 9 (37.5)"
2 37 29 (784)"
5 38 24 (63.6)™
10 25 11 (44.0)™

*Embryos were incubated in each medium for 3 hours.
+*Reconstructed embryos were treated with ionomycin alone.

ab,c

Values with different superscript letters are significantly different (P<0.05).

Table 5. Effect of incubation time in medium supplemented with 6-DMAP on

activation of reconstructed embryos#*

Concentration No. of oocyte nuclear
No. (%) of oocytes cleaved

(h) transferred

Control™ 51 10 (19.6)
1 52 19 (36.5)°
3 51 38 (74.5)"
4 49 38 (776)
5 53 40 (755)"

*Reconstructed embryos were treated with ionomycin alone.
#xQocytes were fixed at 18 h post NT, and stained with Hoechst 33342 and
examined under fluorescence microscope.

*PValues with different superscript letters are significantly different (P<0.05).
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2

o] 1 X Cytochalasin Be &FHE Ao H
CB7} x235he ajFdg ol 3A s vl &Adstd wjole 3

il
A 8te] Hoechst 333422 A&t 3B w| Aalo) A #asgt).
A

= A
=g
18A1 7ol a1
I A A EL I CB Azt =5
(Table 6). ©-7] CBx wHiote] o] g3& wX= Zow HoAAAA &
(Table 7). o] A¥= x| Sufjole] kel wX= CBO 3ol mj§ 2SS 4A

:(o
o oE
2

i ot

o FPW §TEAN BB 21 gl AW BAFHU ae
9 o3EES Bengn A% d waste] 2ASAY (Table 8). 1 A3 B9
TR A @S 363 % AL FRYA AT 5 ALS % WAL WA 3
o
o

Mroto

7449k 371 %9 Aot fle

Table 6. Effects of cytochalasin B (CB) on the activation and in vitro development

o)
No. of oocytes *No. (%) of oocytes polar body

Treatment )
examined extruded not extruded
Control 57 0 (0) 57 (100)
CB 64 0 (0) 64 (100)

*Qocytes were fixed at 18 h post NT, and stained with Hoechst 33342 and

examined under fluorescence microscope

The differences between two groups were not significant.
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Table 7. Effects of cytochalasin B (CB) on in vitro development of nuclear

transferred bovine embryos

No. of No. of No. (%) of embryos develop to
Treatment oocytes oocytes
exmained cleaved 2-4 cell 8-16 cell Morula Balstocyst*
Control 36 25 (69.4) 10 27.7) 7 (194) 2 (56) 2 (5.6)
CB 1 pg/ml 41 28 (68.3) 12 (29.3) 9 (22.0) 2 (4.9) 2 (4.9)
CB 5 pg/ml 51 36 (70.6) 15 (29.4) 10 (196) 4 (7.8) 3 (5.9)
CB 25 pg/ml 40 21 (625) 10 (25.00 5 (125 1 (25) 1 (25)

xBlastocysts were examined at day 7.

The differences between two groups were not significant.

Table 8. In vitro development of nuclear -transfer embryo with ear cells

No. of No. (%) No. (%) of
oocytes  of fused 2-4 cell 8-16 cell Morula Blastocysts

Activation 160 - 132 (825) 96 (72.7) 54 (40.9) 48 (36.3)
IVF 268 - 226 (84.3) 181 (80.0) 120 (53.1) 94 (41.5)
NT 260 198(72.3) 140 (74.4) 90 (64.2) 57 (40.7) 52 (37.1)
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AALE o83 HNBe) FRF FHF b TolALe) F TFelth o
AFAN B2 F AT GTAEE o§F 9AB9 A4S SHAA $VE
AWe FHEAWRG £ AEES HBIAT (Table 9. EELS FAF W74
2E AEW Fol EUR BF FEPow S48 (Fig 1. 2954 34 (Tani
5, 20000014 WztE Hd2 0CAA-60C7H] &9 2.1Ce]aL, -60TelA -70C7+A]

T
0.6C°l‘4. i = 64 o] ks AWel oty FAHI dEdH dTAEE
confluent A= vt} (Fig. 2).
G717 Tt d MY AES Tt A2 dFAEe sidE A

2 AES 747 946 £ 1667 1359 + 142 ol (Fig. 3). ol&ig dAEE o]
|5 ot sA-dE e FFAEE XS] FoAAER o] &S uf HAFA )
HEE7MA o] TS 1214 2% (Table 10).

Fig. 1. Trypan blue exclusion test of frozen-thawed bovine cumulus cells. Bar= 20
mm. A. Slow freezing. Arrows indicate trypan blue positive cells. B. Rapid freezing.

Most cumulus cells were dead.
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Fig. 2. Proliferation of cumulus cell after freezing-thawing (original magnification
X 320). The proliferation potential was compared after slow (A, C, E) and rapid
freezing (B, D, F). At day 1 (A, B), day 2 (C, D) and day 3 (E, Fafter

thawing-reculture.
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Cel size (il
16
14
12
10

o R L R < R R =

Fresh CC Cultured CC

Fig. 3. Diameters of fresh and cultured bovine cumulus cells. CC, cumulus cells.

Fresh CC = 946 £ 1.66 mm; cultured CC= 1359 + 0.42 um.

Table 9. Survival and proliferation of frozen-thawed bovine cumulus cells

No. of proliferating cell

Freezing survival rate+ after thawing#x#* (cells/mmt)
O,
method (%) %x day 1 day 3 day 6
Slow sk 93.8 £ 25" 625 £ 83" 522.3 £ 936" 7013 t 25.4%
Rapid 353 + 12.1° <1° <1° <1

*Analyzed by trypan blue exclusion test

wxMean + SEM.

x+xThe average cooling rate was 2.1°C /min from 0 C to -60 C and 0.6 C

/ min from -60C to —70 C (Tani et al., 2000)

sxxxnitial concentration of frozen—thawed cumulus cells was 2 x 107/ml (52.7+14.8
cells/mr)

*>Values in the same column with different superscripts are different (p < 0.001).
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Table 10. In vitro development of bovine embryos derived from nuclear transfer

with frozen-thawed cumulus cell

No. of nuclear No. (%) No. (%) of oocytes develop to
Donor cell . " . of oocytes
ransfer _ _
ansler oocyte cleaved 8-cell 16-cell Mo. BL
Fresh CC 46 31 (674) 9 (29.0) 5(16.1) 1 (3.2) 4 (129
F -th d
Crcozen awe 44 32 (727) 9 (281) 4 (125 2 (63) 1 (31"

CC, cumulus cell; M, morula; BL, blastocyst.

abValues with different superscript letter are significantly different (P<0.05)
grg oy AAEZE o] &S sto] 77t XIS HAjstar, A Lfujegste] wjviE

GAA] A AE B Table 1114 B kel 2o} Zh2b e opA|Z(977)), W

TFAEA217), AMEA06N)S] FAE o)L ;X3S AA|sFe] 50, 49 18] 52%
H 30 0

o HE8S B:, 7tz 320, 326, 32.7%9] wjEsLA el wEES yEhon,
o] AAES] FiHe WE BIEAE Fo|A7F UdERA] &okth

Table 11. In vitro development of nuclear transferred bovine embryos by using

various somatic cells

No. of No. (%) of
Treatment
oocytes fused cleaved blastocysts
Fibroblast cell 97 72 (74.2) 50 (69.4) 16 (32.0)
Cumulus cell 121 83 (68.5) 49 (59.0) 16 (32.6)
Ear cell 106 73 (68.8) 52 (71.2) 17 (32.7)

3 ?iﬂ% 7ol o7k =A Aol Al wjgF2AE gkl fske] tha
] [©)

B ogeow sho] whpaEs)
TR A, 1ew glutathion(GSH)% H7he Ao waee vasdrh ow GSH
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A Fujgs A GSHE H7He Aol A o
EFI 21 (Table 12),

o ot
L

Table 12. In vitro development of nuclear transferred bovine embryos in various

culture conditions

No. of No. of No.(%) of embryos developed to

Treatment oocytes embryos
examined cleaved Morula Blastocyst
control 172 91 (52.9) 22 (24.2) 10 (11.0)*
co—culture 168 104 (61.9) 39 (37.5) 31 (29.8)°
GSH 154 95 (61.7) 42 (44.2) 28 (295)"

P Values with different superscript letters are significantly different (P<0.05).

A A7 BA AR da o] nAle JEs dotnux A4S A
ow (Table 13), BAlF=AHego] d&8AS = % bovine serum albumin(BSA)Y
estrus cow serum(ECS)E #7Fgh v kAol A w3t S o 13.7%, 31.1%<] HiREE
7HA] g eSS B o, Fo A= 1019 £ 11.8, 121.2 + 134702 ECS
A7bEol A fFoH o= l\i‘—% G&y FAETE UEHT o]E BSA9 ECSelA
v Fgh H A=A ekS ik wA ol A apoptosisE 418 = (Table 14), 7 A3}
apoptosisE UYENHR wIHFEA  FAESF= 1008 + 101, 1172 £ 1150191
apoptosisH| &2 35 + 1.3, 26 + 15%% ECSAH g wto] FAEF7E Fod o= &k
o™ apoptosisHl &2 F AHgldgboll Fo 2l AolE YER A gFUTh ol Ay}
2 BAdARe] dhdo] 9lojA BSAS bW the ECSO #H7F HAGAe was
FEAAE FRlskAT
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Table 13. Comparison of developmental competence in bovine embryos after NT
cultured by BSA or ECS

No. (%)
; No. of No. (%) of No. of
Treatments of cleaved
oocytes Fused s Blastocysts total cells
embryos
BSA 139 105 (75.5) 19 (13.7)° 1019 + 11.8°
ECS 183 135 (73.8) 57 (31.1) 121.2 + 13.4%

* Embryos treated at 3 day after NT
*#x Cleavage rates at 3 day after NT

> Values within column with different superscripts differ significantly (P < 0.05).

Table 14. Comparison of apoptosis in bovine blastocysts by NT cultured by BSA

or ECS
No. of Apoptoti 11
Treatment No. of blastocysts 00 POPTOHE 'ce /
total cell cell ratio
BSA 11 100.8 + 10.1° 35 + 1.3°
ECS 16 1172 + 11.5° 26 + 15

2> Values within column with different superscripts differ significantly (P < 0.05).

AT AAA FAAET nA = FEs A wjde Ax, FAFEHE Al
F AEZE AFESA S W HEES AT (Table 15). 2t S oAl X
= b T 2 YA Zol7F YEhbAl kA RE 8-164
E V)= 44.9%, 30.7%, 44,3% 31, siHEE 7] o] g 29.9%, 13.7%, 29.6% = 54
gk AEE AESAS W, FYF R e ddES el sk R ZH7t e
AAEE AFEst] AL Wit FAXFE FIHQ FolE YERA ZUTh
& HAl AT AAA] eSS ME FAGE T /‘ﬂE, A=A g AEE AEsHo]
A vjHFE o A apoptosisE 4T (Table 16). &ESH %xﬂ—’,‘—?ﬁ o] JrkE sl
apoptosisE ## & th. F A E4= Hoechst 333425 o] &3 &
#2319 a1, apoptosisE WERE M XEZE TUNEL kitE 01%5&
&3te] #FsY (Fig. 4. 1 23 apoptosis7t WER vk
apoptosis Hl &2 Z}ZF 28 + 1.7, 64 + 199} 23 + 1.3%=HA A+

GAe AT F

YA 4L ol
=

_63_



o7} vbEhbA kg e @ Avke BAWR
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Table 15. In vitro development of bovine embryos after NT using CC, FT or

cooled ear cells

No. (%) of No.(%) of embryos
Treat No. of Mean No.
oocytes L SD
ments  oocytes Fused cleaved 8-16 cell blastocysts of cell +
167 a 50
CC cells 242 (69.0) 115 (68.8) 75 (44.9) (29.9)* 1209 + 16.7
117 b 16 .
FT cells 177 (66.1) 82 (70.1) 36 (30.7) (13.7)" 115.3 = 13.2
Cooled 88 2 26
+
cells 125 (70.4) 61 (69.3) 39 (44.3) (29.6)° 1145 £ 9.2

CC : Culture to confluent, FT : Freezing—thawing,

*> Values within column with different superscripts differ significantly (P < 0.05).

Table 16. Apoptosis in bovine blastocyst by NT using CC, FT or Cooled ear cells

No. of Apoptotic cell/
Treatments No. of blastocysts .
total cell £ SD cell ratio
CcC 18 1129 + 143 28 £ 1.7
FT 8 1165 + 6.6 64 +19
Cooled 12 1144 + 9.7 23 £ 13

CC : Culture to confluent, FT : Freezing-thawing,
¥ Values with same supercripts do not differ significantly (P > 0.05).
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Fig. 4. TUNEL (green, A, C, E) and Hoechst 33342 (blue, B, D, F) staining for

detection of apoptosis and cell nuclei of bovine NT blastocysts produced

by using confluent cultured (A and B), frozen-thawed (C and D) or cooled

(E and F) bovine ear cells. Magnification 200X
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2. ¢F BEASATEY AEFG BE (24 FHA)

O HAlFAT F7HE A% et vadyris N
SAeAS Jrbe 9 dEekd HuEArie RS A V1x dTEA 54

FATe] ¥l remodeling #HA R vAlLye] WIS FARSIAU 9
remodeling< Hoechst 333425 ©]&3% FFANS A & #F

o W& WAL FAYe HAFFANES AT F, F2HAFAE

o] AT vAFAHEeR X3E G A Ee] e duuly(nuclear envelope
breakdown)®t A WAt oJE] Q4o ==FFHO2A premature chromosome
condensation (PCC)& A= Zlow #FHJT. o]F vpr] BEHJow FAF<t
o AeHe AT A AT AAA FAEE S tedoR ARG
(Fig. 1).

E3 GTAEE HAFAst] ATSE Avfjole] 3o WS XAMEG =
(Table 1), % 8A1ZF Foll dlFi9 vzt wjolrh 27] A A S-S (PCC)EA o] A
Ao w FAgstet vjoke] iR 7HA 3 (pseudo-PN)THA o] , 238 4
A|ZES O] 7EA o] yElYT. TS jonophore/6-DMAPZ &4 3} A TEuol=

= o g4 ddd ¢ Al ol d AEFe qAS 1

wo SXGF 42703 8AZkelA B A et

7

3
o
i)

N

N
B

>
)
5
[\]
>,
)
o
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Fig. 1. Fluorescence staining of cloned bovine embryos produced by microinjection
of cumulus cells. Bar = 25um. A. Intact nucleus shortly after nuclear transfer. B.
Nuclear envelop break down and premature chromosome condensation (1 h
post—nuclear transfer). C. Swollen cumulus cell (2-4 h post-nuclear transfer). D.
Recondensation of Chromosome(about 1 h after treatment of ionomycin). E.
Formation of round pseudo-pronucleus (8 h post-activation). F. Some embryos

form two pronuclei.
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Table 1. Nuclear development of bovine embryos reconstructed by microinjection

with cumulus cells

Development of No. (%) of oocytes after

reconstructed

1 h of 2 h of 4 h of 8 h of
embryos inj/act* inj/act= inj/act= inj/act*
with intact or 8 / - 3/ - 3 /5 1/ 2
condensed (80.0) (27.3) (21.4) (17.2) 6.3) B.7)
with swollen 2/ - 7/ - 8 / 18 2 / 8
nucleus (20.0) (63.6) (567.1) (62.1) (12.5) (22.9)

ith
W I 0 1/ 2/ 0- 10 / 0
recondense -

. 9.1) (14.3) (0.0) (62.5) (0.0)
nuclei

) 1 /6 3/ 25

ith pPN? 0o/ - 0o/ -
WP 71 (07 (187 (71.4)

1
ructear 0 / - 1/ 14 / 29 16 / 3
transferred

“pPN; pseudo pronucleus

*inj/act; post—injection/post—activation

oA oA o
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Fig. 2. Laser scanning confocal microscopic image of microfilament and chromatin
in bovine oocytes following nuclear transfer by injection of cumulus cell. Green,

microfilament; red, chromatin, yellow, overlapping image of microfilament and

chromatin
W AR A IVF, 1CSL ICSHISH @A gkl g 94wl Agstact
(Flg 3). AAAY T AR AT A FHA BHAHT (Fig. 3A). A

#e AA AEAS A3 (Fig. 3B), wjols ko] ¥3EA}7}
gd< AT (Fig. 3C). ICSIZd|, nAlAx AAAE F99 A

A F=9lel FA A (Fig. 3A-1). DA GA A, dab= mALBo 2 7H5 A9t
(Fig. 3B-1). 7 Fof mAA#S T30 A WFAF F99 A3 F9dd JFA2
W (Fig. 3C-1), IVF$} ICSIet= &2 ICSHI $9 AA TR wAlihaide] A4
5 FAsA &t (Fig. 3A-h). sHAIv wAlade] B ddzae A8
SRR ALelo PA (Fig. 3B-h)H AL wiok= =el WA A HAA FAHESE
S 3kt (Fig. 3C-h). ©]% IVF Fo =] Waate] wake] o3 fAEde <
S¥ AT (Fig. 3D-F). o2t &= WFAbel og fAbEd-> ICSI®H ICSHIMA &

2ol pAEAY,
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Fig. 3. Laser scanning confocal microscopic image of microtubles and chromatin in
bovine oocytes following IVF, ICSI and ICSHI. Green, microtubles; red, chromatin;
yellow, overlapping image of microtuble and chromatin ; f, female chromatin; t,
sperm tail. Bar=25um. A. Sperm aster formed from the midpiece of inseminated
sperm. B. Astral microtubles dispersed to fill the cytoplasm at apposition stage. C.
Mitotic metaphase stage. A-i. Sperm aster was formed around the injection sperm.
B-i. Male and female pronuclei apposition. C-i. Bipolar spindle initiatio. A-h.
Sperm aster was not formed around the sperm head. B-h. Microtubules organized
betwen male and femali pronuclei. C-h. Anaphase stage following sperm head

injection. D. Anaphase stage. E. Telophase. F. 2-cell stage embryo.
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Fig. 4. Laser scanning confocal microscopic image of microtubles and chromatin in
bovine oocytes following nuclear transfer by injection of cumulus cell. Green,
microtubule; red, chromatin;, yellow, overlapping image of microtubule and
chromatin. Bar = 25um (A-L). A. microtubule network concentrated to intact
cumulus cell shortly after nuclear transfer. B. Microtubules are not nucleated to
intact cumulus cell in some abnormal nuclear transfer embryos. C. Microtubules
are nucleated around swollen cumulus cell. D. Premature chromosome condensation
did not nucleated microtubules around chromosome. E. some nuclear transfer
embryos failed to nucleate microtubules around pseudo-PN. F. Microtubules could

be nucleated apart from pseudo-PN. G. Dense microtubules were nucleated around
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enlarged pseudo—-PN. H. nuclear transfer embryos forming two pseudo-PN did not
nucleated microtubules in some cases. I. nuclear transfer embryos could nucleated
microtubules around two pseudo-PN. ] . Bipolar spindle was formed after PN
stage. K . nuclear transfer embryos could induce bipolar spindle mediated mitosis.

L. Mitotic telophase.

Table 2. Nuclear development and microtubule nucleation in nuclear transplanted

bovine embryo by microinjection of cumulus cell

No. (%) of oocytes

Nuclear
microtubule 20 h microtubule
remodeled 4 h post-NT
nucleation post-NT nucleation
sPN* or PCC 28 (63.6) 7 (25.0) 21 (35.6) 1 (4.8)
1PN 11 (25.0) 4 (36.4) 30 (50.8) 9 (30.0)
2PN 5 (11.4) 3 (60.0) 8 (13.6) 4 (50.0)
Total 44 13 (29.5) 59 14 (23.7)

#Small pronucleus including intact and condensed cumulus cell.

*Three cases of microtubule nucleation are all sPN cases.

ARG AF woAAER ool He AlEUe EAsts MEZE=ol 3l
DNAZ} sty ol EA o2 A datel= F7hx 9] nEZE=ol 81 DNAZE &
At BuEodxa ok B AFoA s AAF o]F A A dAZEA Y g
HAol A FoAAFAA FejE vEZE=2 oL B DNAMDNA)S ol w3 A3l
Al FoAxEe] mEFZEgole] WS Hrbely] 9lste] MitoTracker Green FM
fluorochrome . & QM E WFFHEZE o] AAE gsdate] mAFdo] o 33
s AASEAT 94 mitotracker= #EA O] Qlo] oW ATt = LTI HlE,
mitotracker-labeled4 intact cumulus cell¥} embryo reconstruction®] W& wkAle] %k
Mg vt (Table 3). AHE FAFol mitotracker’t FAEH WFAEZE
microinjections ¢ o, PG ELS HolE Ho|X &t aHBE FoJAME9}

mitotracker< H] W E] 2 aHE FLeE A A= Yk
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Table 3. Effect of labeling with MitroTracker green FM on development of

embryos after somatic cell nuclear transfer

Donor cell No. of No. (%) of embryos develop to
embryos
treatment .. 2-cell -16—cell -morula blastocyst
injected
Intact CC 45 15 (33.3) 26 (57.8) 2 (4.4) 2 (4.4)
Mito Tracker
45 14 (31.1) 26 (57.8) 3 (6.7) 2 (44)

labelled CC

CC; cumulus cell

S A A Gl G AEE v A 2] o)s] A% Fo] mitochondria®] fate
7b ZAE =Y, B AFodAME FAAEZHE EEl¥  mitochondria®l fate
Mitotracker green FM=S A}83}e] TAHH ATt Mitotracker green FMe HEF %
400 n M 2 H FAE] QoA =g 285 & A 2 &k (Table 4). © HA
+ mitochondrial membrane potential® ¥ 7] §l¢] mitochondria’doll A =7 ¢&f A
Al8F1 AL, mitochondria massE AAsH7] 3 T3 =48 WEIT FAAER
9] ¥AE mitochondriat= & x| $kol| ule} Ha 7-AE7] SGAZA (19/25; 76%)
A BAHAAG. ey, w7 8-15HE 7o EEFS ol wle] 25%(5/20)1te] 1%
o AxAGNA  FRA7FEE  mitochondria® A ATk #A7F <k H
mitochondria+= 2671 2] wjell Al €<l & 4 AATh (Table 4).

G FoMEY MEZSeol FFL AAF o F AZAWRE HA} LEo|F
=]
o

2 gge] TAgE BEHAY. of FAE golA 15HE/ A BRI 164 %
7 elgol Foldme] MEZEeol: FARS YTk dETom IAE/] A ¥
g AAE AT E GAEE TdAdE FBe Yl A0R fF5Y 3
Fol Hao] o8 gAML vEZS ol FAHNA £F Aol obdS & F A9

t} (Fig. 5).
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Table 4. Persistence of labelled mitochondria in reconstructed bovine embryos

following nuclear transfer

Developmental stage of No. (%) of oocytes
embryos mitochondria detectable/total

1-cell 44/ 45 (98)

2- and 3-cell 28 / 33 (85)

4- to T-cell 19 / 25 (76)

8- to 15-cell 5/ 20 (25

16-cell 0/ 14 (O

Morula 0/ 6 (0

Blastocyst 0/ 6 (0

A el A S g Foll HAH wpRAl s<kell 2 o] mitochondria DNA9
fateE ZAFsH7] 98, A S AASE wjo A mitochondria DNA(mt DNA)
heteroplasmy+ direct sequencing method®} Allele-specific PCR(AS-PCR)®# ol 2]
3 A=Ak MtDNA ¢ D-loop regione mtDNA heteroplasmy®] #2418 93] A}
L5t ou A A, D-loop region® 960 bpx WA %2 (Holstein &¢F 3+
%), FFAHE, FA (Fig. 63 7oA FE SZFHATE 23 A, D-loope =& 93
primers =3 Ao A mtDNAS D-loop?] &<l sl7|o] & Hreo EolHS 7}
A3 QAT D-loop 9] 2 regione HE F7hE A W9 DNAZFE FTHHSA
t}. o] PCREZ %% D-loop sample2 ®ld¥ v EAr}t (Fig. 8). mtDNAQ]
D-loop region’}oll A sequence H] 1= Holstein 429} 3h-$- Alolo A EWEE 2}o] 4 o]
LA A 2Fekth (Fig. 8) D-loop sequenceol| A 9] thekd-2 772 o]z #edo]
g9 A 2o dx 22 A2 a8 AZEE embryod AHE U2 D-loop AAF

=< AS-PCR= S8 ARE-H At
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Fig. 5. Fluorescence microscopic images of mitochondria and chromatin in nuclear
transfer bovine embryos. Green, mitochondria; red, chromatin; yellow, overlapping
image of mitochondria and chromatin. Bar = 25 gm. A: Cumulus cell mass labelled
with MitoTracker Green FM and Propidium iodide. B,C: Injected cumulus cell was
enlarged and its mitochondria remained associated closely with the nucleus. D:
Donor mitochondria were dispersed to the cytoplasm and randomly scattered. E:
Donor mitochondria distributed between blastomeres in 2-cell stage embryo. F,G:
By 4-cell to 8-cell stage, donor mitochondria were detectable but largely
disappeared. H: By 16-cell stage, donor mitochondria could not identified. I: One
cell-stage arrested embryo has persisted MitoTracker labelling of cumulus cell for

7 days post-NT.
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Fig. 6. Ethidium bromide-stained gel of the PCR-amplified D-loop fragment using
the primer KNCF1 (gagttctatttaaactattcect) and KNCR2000
(ttgctttgggttaagcetacatcaa). The product is 960 bp long. Do-ova, Holstein cattle

ovary; Re-ova, Korean native cow ovary. Lanes marked M show a molecular size

marker.
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9G60bp —=

Fig. 7. Ethidium bromide-stained gel of the PCR-amplified D-loop fragment using

the primer KNCF1 (gagttctatttaaactattcect) and KNCR2000

(ttgctttgggttaagctacatcaa). The product is 960 bp long. CC, cumulus cell; Oocyte,

single oocyte. Lanes marked M show a molecular size marker.
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Fig. 8. D-loop region sequences of the three types of bovine mitochondrial DNA.
Dots indicate identity with the REF. REF, Holstein cattle from gene bank; HT,

Holstein cattle; KNC. Korean native cattle; Dol, donor Korean native cattle.

x5 el lojA o]lA® AME FYe wEZE=g ol DNA fate:
allele-specific PCR(AS-PCR)ell 93] ®X3&Att. AS-PCREX e Al&d allele
specific primer(DO1, UNIVR)E Fig. 904 EAIdtt} o] Fo-Eo]j% <l PCR 5%
AHE2 Zol7b 387bpS T 387bpe] & oAl AFE2 92| positive control?]
FAAE DI AW gle = A%t} (Fig. 10).

77 o g o] dAEHE mtDNAS Fdx8S AFus

i
4
&
&Y
>

I

;
Q
>

°] mtDNA®] FHAF 3 vuE et e 4folA Fd48L st (Fig. 11). ©
A2 wref v dAENH 387bpe wol-5ol4 AtES deud, dadA 2
dA7E A gS 93 FIAdAE o] gd e vy

T Ml mtDNAE 1-, 2-, 4-, 8-, 16-A 7|9} FAvjel 272 %= F=] g
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(Fig. 12). webA] 2ol A A& o] 5o FofAE #2 ¢ mtDNA=

o} 2= 9lgit}
FAEE Aoz Al o]F mEZ=g ol D-loop WY

% 2 T MA
Aol wdkEZ 7}
CR 4t= #l€¥ DNA A=ZvlEa#a 2 FA4830 sES A5 DNA HjE ol A

wee] PREA 94 SHES ol g3ted FAATL

| 3152 T3R8 960
e — -— -
KMCF1 (IR 387 bp LUMIVE EMCR

Fig. 9. Oligonucleotides for AS-PCR analysis and their localization. UNIVR:
ttatcattatgctggtgce, Dol: agaatatatctattatac

Re-Ova Oo D1
38Tbp> v

e

Fig. 10. Detection of donor mtDNA using donor specific primer. Re-Ova, recipient

ovary tissue; Qo, recipient single oocyte; D1, donor ovary tissue. The D-loop

products from ovary tissue, oocytes were used for AS-PCR.

R1 R2 R3 R4 R5 R6 R7 RS ]11 M

oo
- -
Sk

229 11. Ethidium bromide-stained gel of the AS-PCR. M, molecular size marker;
R1-R8, 8 ovaries supplying recipient oocytes, DI, positive control from donor

ovary tissue. D-loop products from each ovary tissues were used for AS-PCR.
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B
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M 2C 2C IC 4C 4C 4C DI-

AR Thip—=

M MO BL Re-o0 DI+ D2(-)

18 Thp =

Fig. 12. Ethidium bromide-stained gel of AS-PCR in one cell (A), 2-cell and
4-cell (B), 8-cell and 16-cell (C), and morula and blastocyst (D) nuclear transfer
embryos. Samples marked Re-oo, D2(-), and DI1(+) represent recipient oocyte,
negative control, and positive control, respectively. Lanes marked M show a

molecular size marker.

A S Bl 42 vEZ=ZoF D-loop AFe MES FolAEet o] H
At} (Fig. 13). Base—paire] v+ nEZ=g o}l D-loop A 92l 16050, 16062
16135 Aol A sFATE FAAMES] mtDNAC nucleotide= 16050, 160622} 16135
b cytosin (C), guanine ()3} C7} EAstA T ol s wEd LEtel=v 72H7te]
tojl A thymine (T), adenine (A) # T wE# QEto]=9} nlaatdch St
3 AAe Fa A wjFEFEALolo] mtDNAOIA ko] DNA A ZvlE 1e)
WSEA LhERLEA] eFskth AR E FEA A& wiRkEo| A 16050, 16062 ¢
16135 base-paird $1x=, Z+zte] Fal oA mtDNA #j<ge] T, A 281 TE e
Wk CoF T7F 160502 16135 base-pairet G A7F Fal o] ofd 9.2 sx3ts F
d A2 wiukE 9] 16062 base-pairel $1X & Aoltar o= AT,

rlet

il

oo H N o g
2 & % N
R )

o,

Jus)
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o

T, 73

oA F71¢ tE base-pair §1X7F AR} (Fig. 14). 1067} 16255 X0l A & Al E
°] mtDNA v,%_'—aﬂgEME% TZ ¥ a Fdade C2 FAHAt. 10634
1625591 Aol A, 2kt +EE wEd LEol= ToF Tv XSS
A EAgT (Fig. 15). A 3S S3A] @2 gtz e] w8 el =

TFEU e =9 AR A= Fout 23 FAMEe dAsATh AAFS T
A2 wjtr el DNA A=ZwpEggd] E3 74749 base-pairdl Al wEdl LEO] = C9}
T7F 25 = AL Holar, 106% 162559 X9l A & mtDNA7ZF $-Al&tA E3t

trefol k=, FalgH o] G A EAFolo A AS-PCR 4HE (1063 16255)¢] 387bp

Fig. 13. Automated DNA chromatographs comparing mtDNA sequences at base
pair positions 16050, 16062 and 16135. A, recipient. B, donor. C, nuclear

tranfer-derived blastocyst stage embryo.
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Dol eoggtictttotboagpgooatotoa totAdadcpy oot ot tioctottann taagaca LG Logatagae:

REC

ol atpgotsatcagoccatgctoacacatasctghbgotghoatacatttggtatititttatciogggggntoctiy
REC | .,

Dl

w106

s e RgC LA TpCegt Caasgpooo bgacooggadte TETA T TG TAGCIogact tasc oA tr T tgRgoaces
...... [ g s B

Fig. 14. DNA sequences of 387 base pair of AS-PCR product from D-loop region
of recipient oocyte and donor cumulus cell. Dots indicate identity with the Dol.

Dol, donor cumulus cell;, REC, recipient oocyte.

AT TS
AT T

Fig. 15. Automated DNA chromatographs comparing mtDNA sequences at base
pair position 106 and 16255. A, recipient . B, donor. C, nuclear transfer-derived

blastocyst stage embryo.
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0 A £V A ZE % FFH

Azel Apdat B#o] 9l Bax$t Bel-2 frdAe wdS &6ty 9t 2ALS
it A S YA Baxet Bel-2 §4A7 Ao mjubxzo A FAE A 7] 9
3|4 RT-PCRS AR&ste] AAstdom. X33 Ao F4S &
oAl Bax®} Bel-2 fx#k2] RT-PCR #4138 A7}, Ae|FAHo=RE AL vjyrre]
Bel-29] @ddE NTE FaA 42 wjqt

kel

Bt} =t} (Fig. 16). A xgS F3]A4
Ae wiwkEe A Bax fxizte] #urdo] #zE Tt Fig. 17& RT-PCRe A#4E
dEAer Wug Aoty webA ol A= AR HADFY A9
HiRbEol A FY B2 S Zelsh= apoptosis® A HS HoErh EIE A
el e wE QAo S7h= apoptosis®t 2 d)9] vt EA oprld 4
Stk Abs Tt

(A)
<— 190bp

<~ 500bp

Fig. 16. RT-PCR analysis of Bax (A) and Bcl-2 (B) in bovine blastocyst derived
from IVF (Lane 1-4) and NT (Lane 5-8). M) size mark (100 bp ladder), P)
positive control, N) negative control, C) GAPH control.
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Fig. 17. Expression level of Bax (A) and Bcl-2 (B) mRNA in blastocyst derived
from IVF and NT (P<0.05). Values are mean * SEM

T ZAAH GACA FeEHor o] Hojokdt= fHAEC] EAE b=l
of Ad¥olM= 53 FHdAe EdHo] Fastrhal dEX Octdst FGF4s L&
RT-PCRS &sto] Aoyt HAdAtol A Asith 21 A3} Fig. 18914 1B
vpel zro] HAdzte] A 2] Octde} FGF4 Hdo] Ay A ey e oz ido)
Hol F<lo] HAnt.

b
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PNM1 2 3 4 5 6 M 7 8 9 10 11 12

314 bp P

172 bp P

Fig. 18. The analysis of FGF4 (172 bp) and Oct4 (314 bp) transcripts in single
bovine preimplantation stage embryos derived from IVF (1~6) and NT (7~12).
M: size marker (100 bp ladder), P: positive control (liver tissue), N: negative
control, Lane 1 and 7: 2 cell, Lane 2 and 8: 4 cell, Lane 3 and 9: 8 cell Lane 4
and 10: 16 cell, Lane 5 and 11: morula, Lane 6 and 8: blastocysts.

EAdAb= oA F Ao ol vulste], AFEI AlsolA B2 Aolrt
adH A dnk. wEbA dxbe] o] 9lojA]  implantation®}
postimplantations 9|3k Aol Tdz2H A Ay HAdtxle] vjutEE outgrowth
formationg ZAbstAth (Fig. 19). 1 A3 EAdz7 A YFA o] vl ushe]

outgrowth formationo] #|3F2 o] ZA7E ¥, o]2]3k Aol EHA|dxtE o]z

rir
2
o
f

T ozZA oo A&l e nH AoR AR HU T3 early, hatching vk
9} outgrowth® #IWFEI A Oct49 FGF4 mRNA®] GAPDH mRNA¢®}e] 2377
Z ZAFEE At 9ol = (Fig. 203 21), IVFQ peri-implantation ¥4 o]l A= Oct4
o] wgo] F7MH WA FGF4¢] 2dlo] Hl#HAom F7te vt 2oy Aol A
g H3 wukEo A= Oct4e] @do] IVFES vla e A4 TdyE d4e v
Ao, FGF4 T3 IVFe F3} ujutEZ o} outgrowth @AIE T WA & w = v A4
Al s FAdsdtt. #X &l freflE peri-implantation TA A o 2] g H] A
BAQ AR B e vy AAE Ask, 2 o] F o] dAfFA dFS vA=
Ao Z At ETh
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Fig. 19. Outgrowths from IVF (A, A’) and NT (B, B’); A) the outgrowth at
day 12 after IVF. B) the outgrowth at day 12 after NT. (A’, B’) the outgrowth
were stained with Hoechst 33342.

569 bp P

314 bp P

172 bp P

Fig. 20. The analysis of GAPDH (569 bp), Oct4d (314 bp) and FGF4 (172 bp)
transcripts in single bovine peri- implantation stage embryos derived from IVF
(1~3) and NT (4~6). M: size marker (100 bp ladder), P: positive control (liver
tissue), N: negative control, Lane 1 and 4: early blastocyst, Lane 2 and 5:

hatching blastocyst, Lane 3 and 6: outgrowth stage.
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Fig. 21. Bar graph for signal strength ratios of Oct4 to GAPDH (A) and FGF4 to

GAPDH (B) for early blastocyst, hatching blastocyst and outgrowth stage group.

_88_



O BAl £Rue) AHe) FAxA HY
Ba FA@e Axe BAEAL FYs] dAstel A £HA AN Fol ¥R

S ZH7b ABAI A 2-ME 7| Al ] GRS, T2 A bRl 8-AlEZ 7] 9] FALE, 168A17F
Aol wiRtE A TS AEste] FA] AREstit Table 52 A9 A3
2pe] 2A|E7] A 9] AEE (BL3, 674, 60.4%), 8-AE7|dA 9 AEE (75.0, 59.3,
53.1%), 18] HiREE A Aol AEE(86.2, 81.0, 79.3%)0] Z+7t P& HEg
A28 Sl A= 2-AE7] oA 437, 31.2, 312%E HAFUIL, 8-AE7] A= 388,
22.2, 11.1%7}, 9wt gA A= 60.0, 53.3 28] 2L 53.3%9 AF}E HAFAL

A gk s T4 BEFOomA AL Ao oldE TheAE] ko] o
2] container®] FTHFol WE HATFATY] FHARE T AEALS AR & AF
o 1= 37FA] container?! EM grid, Straw$l Cryo-loopE AF&3le] 52
th A AT E StrawHt EM gridet Cryo-loopE AM&3+9S
2 = AEdE Aoz veiygon EAsATY A$ Cryvo-loopE A
Tk 53.8 %7t AESE Aoz AFEEIY (Table 6).

Table 5. Effect of embryo stage on the developmental of frozen-thawed using

cryo-loop
Embryo No. of No. of No. (%) of blastocysts
stage embryos recovered re—expanded hatched
IVF 43 35 (81.3) 29 (67.4) 26 (60.4)
2—cell
NT 16 7 (43.7) 5 (31.2) 5 (31.2)
IVF 32 24 (75.0) 19 (59.3) 17 (563.1)
8-cell
NT 18 7 (38.8) 4 (22.2) 2 (11.D
IVF 58 50 (86.2) 47 (81.0) 46 (79.3)
Blastocysts
NT 15 9 (60.0) 8 (563.3) 8 (53.3)
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Table 6. In vitro development of bovine embryos vitrified—thawed using various

containers following IVF and NT

No. of No. of blastocysts
blastocysts re—expended hatched
IVF 164 144 (87.8) 118 (71.9)
EM-grid
NT 74 - -
IVF 120 42 (52.5) 36 (45.0)
straw
NT 33 - -
IVF 100 80 (80.0) 80 (80.0)
cryo—loop
NT 52 28 (53.8) -

$o] ASol= 7z Bigr] Wz Ay foxrF gldoy 8UA T wjutE
ALg3 A$ol= EM grid7b 78.1%, strawZb 52.1%¢1 wrHol| paper?l A-$-
771%9 AE=ES Yetdlo] Folo] AS7F thE BayEng dAs A =2 235

il

=
Bl 9t} (Table 7). @A EM-grid”} vitrification &7| &4 48tz A7 5=
o] 2% <A+ EM-grid7t €dxo]l =7] wtol] Feo] &S Hist she so=
HauEa oy, ey B Ao Ao EM-gridith dA=&o] A3 v
paper’} AR AAS el Aoz FE & u, 72 A 8§79 dHEgo] dA
o AEA & FIFE Foe= 7= AFek= Aol7t Ant webA 2Abst w40
AHEE = &7 52 A dA AEA S VA EuE 27 F dAE B
#ot= &7|2H ] o]l ¥ Attal AlgdT
T3 54 & BAFAT] AEANS HUe 4 & indicator EHE 9% 7%
ATEA Az dApo] AQguigs 3 53 vivtxrE o w w4 F3 F
double stainingS A A8l live$} dead celle] B &S ®HlEZAad Hlul AT}
T AR oA Aol AFHA Fkoy w4 FElAAA F& AES FUF Rt

2o Aoz RFFQIT (Table 8)
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Table 7. The survival of blastocysts derived from in vitro fertilization

frozen—-thawed by various containers

[0)
Container No. of No. (96) of
Type examined recovered lost zoné survived
explosion
EM grid 735 622 (84.6) 89 (12.1) 32 (4.4) 486 (78.1)
Straw 137 121 (88.3) 16 (11.7) 8 (5.8) 63 (52.1)
Paper 79 74 (93.7) 7 (8.9) 0 57 (77.1)

Table 8. Live and dead cell number of blastocysts after vitrification and thawing

No. of blastocysts Live : Dead Percentage
Treatment . . .
examined cell ratio of live cells
Control
12 176 : 4 97.8
(Fresh cultured)
Vitrified group 24 172 1 6 96.6

w3k ALl A heat shock proteine M FEQ] AEHAE FHA7]:= d
2 gd8x ded, Z288Y dAe] Hsp70 mRNAS A =S FALS}
9] Fig. 22914 ®& wlel 2oh 2 A3} Hsp70 mRNAZF 2-A| X 7], 8-A % g
iRk 7] A oA BAGR 5o glo] U 53] FA A i]ﬂ*’?@
52 BAGARTGE $283 Fol Hsp70 mRNAS E& o] Ao FA o) HA
kel A 7ol F ATk o]eldt A= A A Hsp 70 gene®] ZAF whul o] wby
S Tl BAARA stressell Al HEdte] AEES T e SWHA e o
Z A Hsp 709 A+F+ vAMz2 & wy 54 - &3, Ao 3422 stressZH

H WAE nEste] wuade g vA Aolda Amdth
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Fig. 22. Semiquantitive RT-PCR for Hsp70 and GAPDH in vitro bovine embryos.
2-cell, 8-cell and blastocysts, respectively. Amplicons were observed at the
expected size for Hsp70 (301 bp) and the GAPDH (569 bp). Lene 1 represents the
reverse transcriptase positive control and Lene 2 represents the reverse
transcriptase nagative control. Lene 3 represents the 100bp molecular ladder. Lene
4, 5, 6 represent IVF control (2, 8-cell and blastocyst, respectively) and Lene 7, 8,
9 represent frozen—thawed embryos, respectively. Lene 10, 11, 12 represent NT
control (2, &-cell and blastocyst, respectively) and Lene 13, 14, 15 represent
frozen—thawed embryos, respectively. Below: Bar graph for signal strength ratios
of Hsp70 to GAPDH amplicon for control and frozen-thawed group from in vitro

bovine embryos (2, 8-cell and blastocyst, respectively).
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Table 1. Embryo transfer of bovine embryo produced by nuclear transfer with

various somatic cells.

No. of
No. of  No. (%) of pregnancy* No. of offspring
Cell types embryos ent
transferred recipients 30 days 90 day 180 day total live dead
Cultured cell 82 41 17 6 3 1 - 1
Freezing cell 10 5 1 - - - - -
Colled cell 16 8 3 1 - - - -

* Now ongoing.

Fig. 1. Ultrasonic Photograph of cloned fetus.

Fig. 2 Dead cloned offspring calf derived from embryos nuclear transferred with

somatic cell.
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Table 13} 2t §9&L ZF A7|A=x31004 51-68%<] W= Z Aol7t gle
U, F2F AEZAY lysis&ol Yol E 0 - 51.8%=F & zkol7t AATH §F F A
9] lysis&2 19 kv/em® 10 ps3F 20 psol A Z2F 0.0 3 38.7%, 2.0 kv/emel 10 us
I 0usoN A 242 299 375%, 2 2.1 kv/emel 10 ps3 20 psoll A ZZ; 21.29F 51.8%
S Yehddnh doja & Ar] A5 e wE FEde&y mwy dAE&-2S Table 2
oF Zvh, FES&2 1.9%v/ecm9 10 s 20psoll Al 22+ 7587 69.8%, 2.0 kv/cm<] 10
us3 20usoll A Z+2F 76.99F 68.8%, 2.1 kv/cmel 10 us3 20 wsol A Z+zr 7059 68.5%
2 2 Zol7t gk b bz ZAES 19 kv/emd 10ps¥ 20psol A Zhzb
19.5¢}F 48.6%, 2.0 kv/cm®] 10ps ¥ 20usel Al Z+zF 20.02F 40.9%, 2.1 kv/cm®] 10us 2
20 psoll A ZrZy 44.29F 27.0% % 2t ZZAA AlZte] wWE ZolE BT AL AA
ZoF FadAteto] §E 19 kv/em HtelA 10 ps &< AR stds W
68.5%% 0% lysisE WEtHe] 7HE $2 A3dE BAY &3, &2 sopbadFobAl
X5 ol &S 1.8 kv/emAdel A 15 psok 20 psoll A 2H2h 2w A7a=4& 590
S, 15 psol A= 58.6%2 &¢I 124%9] lysis&S HAI, 20 usol A& 61.7%9]
4 204%9] lysiss Bl Fatol= EAbol7F AAARE, lysis Al A 20 ﬂSOﬂ’H \jr
2 w2 Hed HAvh @ g owpwkx @ gl A 15 psell A= 76.7%9

20.0%2] wiRbE 2eS Wl 20 psoll A= 61.7%C] eIt 20.4%9] iR
Kol F groupsitell AFol= Utk AAE oA A7 FAAHS AT
golal, §8Eo TS T A T stube Hdstoldh AMEVE S g
Qto]l (Zimmmermann and Vienken, 1982) L 7% A7t &35to Q3 o]Aile]
cell lysis®] 9lo] & $£% 9t} (Zakharchenko %, 1995). A FEAIE L A E ]
swellingell oJaf o] FolA=dl, Ao =71¢} FxA] Atk &9 AAE 3
o] A A §F&o] 50-80%°]tt (Goto &, 1999 ; Kato &, 1998 ; Wells &, 1998 ;
Zakhartchenko %, 1999ab). Li 5(2002) #<& =7]9 AL AEHdA BA A&
27 sle W gdEe] =55 BHAoY, o S(200002 AlERe] o] 2ol A
70 V, 40 ps, 7 W3 180 V, 15 ps, T W] A7 A5 =1E HlwskE wf 180 V,

ol
fu
n
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15 ps, e A7AFAM fFoHor 2 gdEs B
9~21 kv/cme Aol 22 10 = 20 ps &
2 g8&d= Aol gllon, Zhzhe] Aol SR |
obATh meEbA, Al FFS S VRS 23 A A E=ole Aol FAARE

A= A Bt Saluzte] Az A A

Table 1. Effect of electric pulse conditions on the fusion rate of embryos

produced by ear cell nuclear transfer in brindle coated Hanwoo

No. of
Fusion pulse
Fusing Fused(%) Lysis(%)
10us 54 37(68.5) 0(0.0)
1.9kv/cm
20us 62 21(51.2) 24(38.7)
10us 68 43(65.1) 2(2.9)
2.0kv/cm
20us 80 27(54.0) 30(37.5)
10us 66 28(53.8) 64(21.2)
2.1kv/cm
20us 80 21(53.8) 42(51.8)

Table 2. Effect of electric pulse conditions on the development of
embryos produced by ear cell nuclear transfer in brindle coated

Hanwoo

No. of embryos

Fusion pulse

Fused couplets >2cells(%) BL / 2-cell(%)

10us 54 41(75.9) 8(19.5)
1.9kv/cm

20us 53 37(69.8) 18(48.6)

10us 65 50(76.9) 10(20.0)
2.0kv/cm

20us 64 44(68.8) 18(40.9)

10us 61 43(70.5) 19(44.2)
21kv/em 205 54 37(63.5) 10(27.0)

_96_



Table 3. Effect of electric pulse conditions on the development of

embryos produced by fetal fiblroblast cell nuclear transfer in

Hanwoo
No. of
Fusion pulse
Fusing Fused(%) Lysis(%)
1.8kv/cm 20us 2times 167 82(61.7) 34(20.4)
1.8kv/cm 15us 2times 113 58(58.6) 14(12.4)

Table 4. Effect of electric pulse conditions on the development of embryos

produced by fetal fibro cell nuclear transfer in Hanwoo

No. of
Fusion pulse
Fused couplets >2cells(%) BL / 2-cell(%)
1.8kv/em 20ps  2times 103 70(68.0) 13(18.6)
1.8kv/cm 15ps  2times 149 115(76.7) 23(20.0)

N gWst A= Fig. 194 2
o &3 Mg & 1A 55%7F enlarging 2 PNS A 3Fe] 6ho]l Fol= 90%°]
ol BT A3 PAAT PCCe 2743t 1A17tel 23%E B o Algko] A
o wet Ao AW =3 =EA vEtuth webaA so] 2% 319 remodelingel &
3 DNA replicationo] &= =}o]7F gl Aoz Hltl Dominko 5(1999)2 nuclear
swellinge] &43t #4e] £ & dojup 163 24h Aolel 3 WA Wako] vpepd

thal skRlth. Prather®t Robl(1991)2 u&-3], A4 S5 Aol 39
remodelingQ] =7 E}I’_ 3} ). Pinto-Correia '6‘(1993)'8‘ o]2]® dlo] g3 F 15huf
of &F5¥i §3 F8-9%hel Aok AA;ES AFAFsA. olHg H+E F3] DNA
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o A T8 HolA F replicatedE & & 7 AT LR R Fo] Ao
of that EAl= DNAEAQ B3 replication? Z¥= yehdda & 4
(Pinto—Correia &, 1995).
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80 .0%
.. En larg ing
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Fig. 1. Status of nucleus in bovine nuclear transferred embryos after activation

0wk AA mE & HojAee Tas v

&
S eI vk as S 747 97.2%9F 83.7%¢9F 32.1%¢9F 58.2%% CR2aacl Al ¢
TAESE SR ACNAM wtE W go] Eokow, wiwtx o] Ay EJ iyt
99.546.17, 126.5+2.48%2 A2l 7olM =4 Yetwtth o5 dat= el fed a3
& Bag olde AFEF FASITHGoto F(1983), & §(1997),). wEkA Fujgo
ol ehe] wFagol o2 &S Fua AtrdE
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Table 5. Effect of culture systems on in vitro development of nuclear transferred

embryos
Cult No. of No. of
mit}?sz 002. t(t)es Fused(%) cells/blastocyst
¥ 2-cell(%) Blasto/2—cell(%)
Mean+SD
CRlaa 330 282(85.0) 274(97.2) 88(32.1) 99.5+6.17
CR2aa with
aa Wi 310 263(848) 220(83.7) 128(58.2) 126.5+2.48

cumulus cell

O &ogAxEe A7 F7]8tel upE& FHolAghel wd

MEF7] 57132 938t monolayerE A3 confluent cellse} 3 ¥%
5% % StE starved cellsE ©]&ste] ol & 5 v &S BHlug A}
2 confluent A7} 64.7%, starved H FAAE7}F 71.8% = starved cells7} Tt
2 Agoldloy, §3E(69.9% vs 65.1%)9F wiRkEZ P E&(15.7% vs 155%)l &=

FOH Aok AT ol He] FoHE AZEL AEFY] AL Aol Yd

il

=)

m‘l‘

o
=
e

Hi

confluent monolayer MEZEL i E o MEF7|7F Gl7)ola, A 7oA EY i
T2 Gozra A 9l (Boquest 5, 1999; Prather's, 1999). zﬂxﬂ R

Hx AL Batelg) dA7)ob v gel] oa AEFTIE FAVNGOVE F=F Al
ME7E FoAdoz HEAo=m o]y JH(Wells &, 1999 ; Zakharchenko <,
1999 ; Tao -5, 1999). o2t FA7] e AAE7E AE2F7]E APYFQ Aol
Hjslo] o] & reprogramming°] £°]% Aoz IdHA A 2y
Zakhartchenko & (1999)< non-starved ¢} starveds A9 wiwtx rekgo] zhzt
20%9} 39% = starved FAAMEZF wRFE o] Eua %] o Cibelli 5(1998)

non-starved transfected Ejo}A oA S o] &3 Mol om EHAwE FAHE Fof

e T }Oji} = ”?éoﬂ*iE T groupsﬂoﬂ A 51401*“3* Hjj o] A) o] sl
= 2]
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Table 6. Effects of different cell cycle synchronization methods for donor

fibroblast cells on the development of nuclear transferred embryos

No. of
Group NT couplets Fused(%)
2—-cell(%) BL / 2-cell(%)
confluent 73 51(69.9) 33(64.7) 8(15.7)
starved 109 71(65.1) 51(71.8) 11(15.5)

O AAE Aol el EA-g F AEA
CRlaal = A4k HH]&EL—‘: 157“% %Z—i—%ﬁﬂ 3} jf_ 57H7}- /Kg_é_é“j]‘gi/yq 33-3%94

AEeS B3, CR2ast drAxst gujedste]l Aitd wint¥= 158 Z2-g3l

3 T g7 BETOEMN 60.0%Y] BESS BT AE F B8-S 77 3/5 vs
2 I

4E Hla A3 747%VS 50.0%° Atz Aol AR o] 5(1999)¢]
H

mebA, 2 AT AAMEE ol &3 ol 4 gl F =2 A AESE
< Husta, 3 CR2aa-5% FBS9} WA X2 Fu]gst 2 stepo = vl YFo] o] 2
gel wky Ak 8l A g & A fFEde Albdn. 4 g & WSS
2 7H7F 33.3%%F 60.0% = Fuj el A FeH o R =gk Ao 2
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e M EZSF(Bordignon 5, 1998 ; Takano %5, 1974 Ay AxE FdF<t

micromanipulation®l] gt FHtje] AAIF} e a5 ESolAtg ui-d Aol A

oFAere] BA AT mE wjHlEo AXEFE 3

Aoz Ba Fojgkth (Lee 5, 2000). wpzka] o

Aol J&e vAE Aoz AgHy o HESF Oﬂ 7191k Aow AbmEth W
5

A dFE Fe e vEH AR A5 AEEE =5 7 U
=2

Table 7. Survival rate of nuclear transferred blastocysts after frozen-thawing

No. of blastocyst

Cultuer method

Post-thawing Survived(%)
CRlaa 15 5(33.3)
CR2aa with cumulus—cell 15 9(60.0)

Table 8. Hatching rate of nuclear transferred blastocysts after frozen—-thawing

No. of blastocyst

Cultuer method

Survived hatched(%)
CRlaa 5 2(40.0%)
CR2aa with cumulus—cell 9 6(66.7%)

Table 9. Survival rate of pretreated blastocysts after frozen-thawing

No. of blastocyst

Treatment
Post-thawing Survived(%)
Pretreatment 11 9(81.8)
Normal 10 4(40.0)
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O ol xgre] AAA ¥

29 AAZE A W) b AR AAaA BAE @ A 5AdA =
634701 ¢] spreadsE A4 Ay FMA FE 72%7F FAoZ 60710 R, 24%7F 60
A ERrelden 4%7F 6071 oS HATH 10AIUAAE SAtelA et v SEA
71%7F 7%, 26%7F 607hm| W, 3%7F 6078 o] del ot 15AIth el A= 55%7F A7l
3L 30%7F 6070 Rk, 15%7F 607] ©] S Btk (Table 10). webd 1071t 7hA] &=

Fe F
fex]

mixoploide] H] &9 W3l7l gllou 1I5AIgAA dASHA sodS B & AL
upeba] Aol WE A AMES] FAA o] H&o] AUHeRE FUES & F UM

t}.

2o Aot Fdo|Age] A A A= Table 113 2vh Ao+ &
2 250719 spreadsE A7Ag Ay AMNA & 95.6%7F AFoRZ 607101, 2.0%
7} 607] olat, 2.4%7F 6070 o]/Fel Atk ol ok Hlalsto], o] A ke 204705 4 5k
88%7F 7ol ar, 4.9%7F 6070 elst, 7.1%7F 6070 ©]/dS HAo 2K, o] ko] A
oA ghel Hlgte] GAMA o] e HlEo] =Tk oA GAA FA A
8-cell A9} wiRkE GA A ] spreadsE A7AE Ay FAA ] A1 ool A
o= Gtk 7t 89%<F 90%<e 4T 11%9F 10%<9] mixoploidE %3St

Bureau (2003) AL o] Aghe] ] 4 wuolA FojAze] HHdg

screening®] T8-S ALt w3k oAy A7 o] A ghe] ¢ AR o] A
des v HY sk Yh 284, Booth 5(2003)2 Xk o] ghe] GAA o] g9

Ado]l AA wivtEz A Ege] @A A3 mixoploidd Bl 7 A 7] o kol A
LFebLEY  100% polyploid NT vigFE7F E2)71538ke] o] 83+ ploidy errors?} &
SEAE7E obdS AQPSIATE whEbA], o] o] o] A gke] FAA o]l Al BAS

Sl Aol olFolAer & Row Amwr
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Table 10. Chromosome analysis of donor cells at different passages

No.(%) of cells with chromosome
No. of spreads counted

Group
<60 60 >60
5 170(24.9) 490(71.6) 24(3.5) 634
10 72(25.4) 204(71.8) 8(2.8) 284
15 88(29.8) 163(55.3) 44(14.9) 295

Table 11. Chromosome analysis of embryos by IVF or nuclear transfer

No.(%) of cells with

Group chromosome No. of spreads counted
<60 60 >60
IVF 5(2.0)  239(95.6) 6(2.4) 250
NT 10(4.9) 180(88.0) 14(7.1) 204

Table 12. Chromosome analysis of embryos by nuclear transfer

No.(%) of cells with

Group chromosome No. of spreads counted
<60 60 >60
8—cell 4(3.0) 120(89.0) 5(8.0) 134
blastocyst 8(5.0) 150(90.0) 9(5.0) 169

O FlAEE Aol W Holuje] wre

el ol MAE 9B

o

Hol o] AHgEE FelWe A5t Holy >
A ASHE Table 139 2tk 15700 F Felso® o && wol A 2A1Z7] s} )
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EZ7|Zel whbgo]l 747t 8396 %9 38.43% % UEEoH, 6-107AH § FoqIdow
2A| 7] 6F wiRbE 7| o] g o] 747} 88.94%9) 46.23% % UEL

&2 A7t gl Ao eyt doj Ao ALEHE ¥

Hola FATe dao WA= FIFS FAE A= Table 149

ofgiow o] &g WA AES7F 90 + 175371eH, 6-107]
Foatoll Al AlEZF7E 120 + 1955709tk Kubota 5 (2000)2 5-15

BS W ol Aol o] zpol7} gleS Hals)
Aot olE AEE HuwA 7] Alde AR Al F7F 7 wE ASETd 39
Az o gt Axze A4 SRS dojdtta sttt (Wakayama

3

5, 1999). ®gh FHAte] xHo] cell lined] MYFAI=E wjol B ejo} ko] A&
28 FATaL st (Walker &, 1996). ol &= 7] @A wigAEolA
Eprpar, drobA Ejoldt & 8-9AIth Wi Ao A AAAE o] 27| Al) AlETE Fo]
o o] &=t (Wells, 1997). Strelchenko 5(1996)2 42| ujolf-e| Al L&

i FES o, vAAHQd AFS A AE v &o] F7] A SIS HaskA
9.1% Zakhartchanko “5(1999)2 7] Altfol A {34 WMol Al st 374
Battkal stk ol g F7] Aol AEE TR F3 o] o]
AFzste ol e wdg Adfst= a9l & shuehal AlRE

OX]

1l

rlo r-{E

11

be 2

O

Table 13. Effects of different passages of donor fibroblast cells on the development

of nuclear transferred embryos

No. of
Passage
Fused > 2-cell (%)  Blastocyst/2cell (%)
1 ~5 268 225(83.96) 103(38.43)
6 ~ 10 199 177(88.94) 92(46.23)
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Table 14. Effects of different passages of donor fibroblast cells on the cell number

of nuclear transferred blastocysts

No. of
Passage
Embryos Cells
1 ~5 11 90+17.53
6 ~ 10 15 120+£19.55

O do]4u]9] apoptosis rates
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rlo
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X
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& fragementation% A iRk A F7FE S BT (Yang &, 2002). ol& ##&
FA A dd F 29 apoptosis-#HH A
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O

of  wat  F7Fgh
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Table 15. TUNEL analysis of bovine embryos by IVF or NT

No. of
Embryo Total cells Apoptosis(%)
IVF 10 1198 31(2.6)
NT 15 1512 86(5.7)

O & FolAulel o4 F FHE

Fola F wfFujAlel mE AT oA F FHES Wy A3 Table 163}
Zr Foly F TCM-199 HH7<1<>1] 2 i A et Fajete] AAdE FATS
o] 2%k ol A FrEf&o] 2041%(5/17) = WEut o, el ¢kul ]9l CR
A owjkstol AatE FA™S o)A TolM =
At

oA Fol F AiE HA AT FHEd A= o =
i Table 179} 2t} ol frol e AAEE ol &sto] Aatd ol AT o
A F FHE2 7T T 4F7F YAlol &l 57.14% = FAAE

o] o] F FHIEL 1568%(3/19) Kt} vl £ A}E e

Z7lsl= Zﬂgi BuHa qt} (Wilson &, 1995; Garry 5,
1996; Kruipﬂ den Daas, 1997). A AX o] o3 elojdt A= A A Fo] A
A= 7d8Fo] =dl |, Zakhartchenko 5(1999a)2 ©|E& o|/e] Fo o gt Aol
7] Bt BA Aol AuAAe A7d HAeletn 3+4th Young 5(1998)S
AR F5To G mAE golowxn Fodon AFHE AAEY A7
FEZQl o] @dgrtar it ol Attt FF e ol b opuEt i
o] ALz Uetus ddo® wiRtE o] elongation ¥ A WA EI o] H] S| A
FE AE7F FAAew FAske] ERte] AR AR wu|grol o] 5 Ejofe]

=
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ALzt =2 A FAl FAdel st shb e 2 o) FAA wdE ol
2l Al M EZAel A|A, wUA MEZAS fragmentation, A EZAY mlEZ=g ol £
At 2] progesterone?] o] % asynchronous embryo transfers< 5 4 Ud+d
Axdel BEA AA % fragmentations I} AEZZAW A7) Ao A&
7t 2 AT o] 97 progesteroned] Foj= AU AES Z7| elongations
st Zlow dHA Avk wiEA HIbeke @ 3 genome FHE MEFEE={
ofo} ZE AlxAY AV FEFgS A= AoRE deld dom FFH 4l BSA

D oolu S AFESE A mEZEole] WAddAde] YEUA] e ZoeR HA
H71% 39t (Dorland &, 1994). ©ol¢ 22 AFEL2 uo}, Ho} & EWE Het
=
O

ot 53] QAFA Fad BANA olEd BAY FAAe] wHe| AL

Table 16. Effects of different culture methods on the pregnancy after transfer of
blastocysts by NT

No. of
Embryo transfer Pregnancy (%)
TCM+ BOEC 17 5 (29.41)
CR1+CR2 9 2 (22.22)

Table 17. Effects of different donor fibroblast cells on the pregnancy after transfer
of blastocysts by NT

No. of
Cell type
Recipients Pregnancy (%)
Fetal firoblast cell (Hanwoo) 7 4 (57.14)
Ear cell (Brindle coated
19 3 (15.8)

Hanwoo)
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Table 18. The abortion timing of embryos or fetus produced by NT

No. of Days of abortion (%)
Embryo .
Pregnant Abortion(%) 42~90 90~150 150~
transfer
2% 7 6(23.08) 2(40.0) 3(50.0) 1(16.67)

P; 5% 93 x7] vjArE I AAE&S XA A= Table 193 ok A9 A
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25 Lol HAE 12% 2 157 vgdaoez 1157 gxes swEn
v 609l RG-S AT A ALFAGE o)A oA 4FRke] ]lalo]
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oA 3| 50-60%2] £7] HjAbEoe] 9SS AT & gl
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Table 19. Early embryonic death and pregnant rates on the concentration of

progesterone
No. of P4 concentration(%)
Embryo o Pregnancy
recipient <1 >3
IVF 30 19 (63.33) 11(36.67) 4(36.36)
NT 12 1(8.33) 11(91.67) 5(45.45)

°
W P4 FE5 vugk A3 Fig 29} Zo
== 2 ng/mlo]A

7} 2 ng/mlol st 2 YER AdutE AdE yER T v Al 9-¢f
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Fig. 2. Comparison of P4 concentration between pregnant and non—pregnant cows.
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Fig. 3. Comparison of a periodic IGF-1 concentration between pregnant and

non-pregnant cows
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Table 20. Comparison of birth weight between calves produced from IVF and NT

No- of Weight (k)

Calf
VP live 22 27.8(21.4738.4)
Clone calf dead 5 36.8(18.0746.8)
Clone calf live 8 32.0(24.0740.0)

Table 21. Comparison of birth weight between single and twin cloned calves

No. of Calf Weight (kg)
Single 12 34.0(24.0740.0)
Twin 4 25(18.0728.0)

O Al FolA o) Weole] Ak ¥ 24}

=

BA Folol w5 Pole AHste] Welol Auka ¥ 2AF A3} Table
23 2t BAFAR KU FolA F RWAF ANG FolH ) durd Aojype
WBC 16.24, RBC 6.62, HB 8.08, HCT 30.58, MCV 43.6, MCH 12.3, MCHC 28262
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Table 22. Blood compositions of calves produced from IVF and NT at birth

WBC RBC HB HCT MCV ~ MCH MCHC

VP live 52 9 11 41 45 27 27
Clone
i dead 16.24 6.62 8.08 30.58 43.6 12.3 28.26
ca
Clone )
live 39 8.74 13 45 35 10 24
calf
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Fig. 4a. Comparison of blood compositions of cloned claves according to time

period
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Fig. 4b. Comparison of blood compositions of normal Hanwoo according to time

period
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Fig. 5a. Analysis of the concentration of glucose and insulin in blood of normal

calves
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Fig. 5b. Analysis of the concentration of glucose and insulin in blood of cloned

calves
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Fig. 6. Immunostaining of IVF or NT bovine embryos with the Dnmtl antibody
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Fig. 7. Extraction of Genomic DNA from blood or cells
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Fig. 8. Electrophoresis after multiplex PCR of cattle microsatellite

Fig. 9. Genescan pattern of microsatellite using ABI 377 DNA sequencer
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Fig. 10. Individual genotype using Genotyper program

Table 23. Confirmation of cloned calf using mictosatellite loci method

Primer

A* B C D E I G H I J K L M

Doner” 186(186(182 [182{153 [153 |84 |86 (119 [119 |222{226 |186 [186 |124 |124|173 |173 |131 |151 (291 (297135 |135|149|155

recepient 184186180 |182[153 (165 |84 [94 |119 |125 [222|222 |184 (186 (122 |122{171 (179 |131 [155 [295 |295|141 |141{165|165

cloned calf [186(186]|182 (182153 |153 (84 (86 |119 (119 (222|226 (186 (186 (124 |124|173 [173 |131 |151 |291 |297|135 [135[149(155

a; cattle microsatellite loci,

b; BFC

A; ILSTS005, B; BM1824, C; TGLA122, D; TGLA227, E; TGLA126, F; ILSTS103,
G; ETHI10, H; ILSTSO013, I ILSTS023, J; ILSTS028, K; ILSTS006, L; MGTG4B,
M; ILSTS050
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Fig. 11. The photographs of cloned Hanwoo calves. left: single, right: twin cloned

calves.
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