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Recent Research on Production of Cloned Animals by
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SUMMARY

Nuclear transplantation techinque has been found to be the most potential and efficient

method for producing a large number of genetically identical animals from a single embrvo.

The technical development of nuclear transplantation in mammals and its application to

the production of cloned animals were reviewed. For the efficient and successful pro-

duction of cloned embryos by nuclear transplantation, selection and micromanipulation of

recipient eggs or embryos as capacious recipient cytoplasm, and benefitial preparation of

multiple totipotent embryonic cells as donor nuclei, and also fusion technique are very

critical. Recent works approaching to these critical points were introduced and discussed.
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Table 1. In vitro development of nuclear transfer embryo using in vitro matured oocytes

Donor No. of No. of enucleated oocytes

embryos eggs used fused with a blastomere (%)

No. of reconstituted
eggs developed at the stage? of

Without Blastomere

Fused fused lysed 2 4 8 M B
Fresh 208 181(87)° 22(11) 5( 2)2 108 74 38 17 4
Frozen 125 85(68)° 12(10) 28(22)® 48 31 20 11 4
IVF 84 59(70)° 9(11) 16(19)® 31 23 12 7 1
Total 417 325(78) 43(10) 49(12) 187 128 70 35 9

1) Cultured in vitro for 3 days after in vitro fertilization.
2) M: morula; B: blastocyst

Values with different superscript letters were significantly different a>b (P<0.05) (Ushijima & Eto,

1992).

Table 2. Comparison of 5-day, 6-day, frozen-thawed and nuclear transfer embryos on the efficiency of nu-

clear transfer

No. No. (%) No. (%) No. (%) No. (%)
Donor embryo attempted successful transferred recovered recovered
type fusions fusions to sheep from sheep viable?
5-day 513 294(57.3) 493( 96.1) 44(90.1) 92(20.7)°
6-day 405 252(62.2) 375( 92.5) 357(95.2) 84(23.5)°
Frozen-thawed 5-day 144 111(77.1) 144(100 ) 127(88.2) 32(25.2)°
Nuclear transfer 223 142(63.7) 223(100 ) 199(89.2) 31(15.6)°

aViable=compact morula or blastocyst when collected from sheep.

bDifferent superscripts within the same column denote a significant difference P<0,05(ANOVA)(Westhusin

et al., 1991).
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Table 3. Fusion rate and in vivo developing rate of multiple generation bovine embryos

Donor embryo Fusion rate(%)

Morula-blastocyst(%) Av. cell No. of resulting

Original (G==0) 584 /887% (66)

1st Gen. NT 576 /961" (60)
2nd Gen, NT 230 /441° (52)
3rd Gen. NT 67 /124>(54)

84 /417* (20) 27.5
63 /610° (10) 27.5
49 /255* (19) 35.4

8/ 68(12) not counted

ab<c Numbers in columns with different letters are significantly different at the 0.01 level for fusion and at 0.

001 for development to morula-blastocyst stage(Stice ef al., 1991).

Table 4. Effect of ooplast activation pri or to receiving a donor nucleus on development in vitro

Interval between No. of egg fused

No. (%) of developed to

activation and fusion(h) /No. attempted (%) 2-cell 8-cell Morula  Blastocyst
0 99 /106(94) 60(60) 22(22) 10(10) 5( 5)
3 73/ 74(99) 46(63) 20(27) 11(15) 9(12)
6 87/ 97(90) 69(79) 28(32) 14(16) 14(16)
9 197 /226(87) 185(87) 130(66) 76(39) 48(24)
12 82/ 93(88) 67(82) 33(40) 14(17) 11(13)

(Kono et al., 1993)

Table 5. Cloning of bovine embryos with in vitro and in vivo matured oocytes

Qocyte No. of No. of No. of No. of No. of No. of Calves
souce  fusion fusioned(%) recovered(%) viable(% transferred (%) pregnant(%) born
In vitro 961 840(87) 906(93) 161(18) 125 33(26) 27
matured

In vivo 1,074 884(82) 1,008(88) 161(16) 135 33(24) 24
matured

(Barnes et al., 1991)
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Table 6. Efficiency of electrofusion in various species of animals

2 4= g% HJ%’}(electrofuswn o2 el S ere] WukE o) WEe QA 2
dAgtn o, F3d& #iwe 2 AFHER A= T} Bl 5o
TR F5, vdde] srebdd wouH(Park £, 1990), A9 2

Speaes

Sheep

Pig

Cattle

Duration of Fusion % of blastocyst
DC voltage pulse (usec) rate(% developed Reference
20 100 90 56 Smlth and W11mut(1989)
80 100 83 66 Mclaughlin ef al.(1991)
120 30 69 38 Prather ¢t al. (1989)
15 50x 3 times 77 25 Westhusin ef al. (1991)
100 75X 2 times 87 24 Kono ef a/,(1993)

Table 7. Comparison of embryo size, number of blastomeres and diameter of nuclei in nuclear transplant
or intact embryos of blastocyst stage

Stage of
nuclear  Recipient Examined Diameter of No. of
donor embryos blastocysts blastocyst( m) blastomeres
2-cell Enucleated
2-cell 40 100.7+1.1° 33.1+1.2°
4-cell Enucleated
2-cell 40 97.9t1.9* 27.5*t1.8
8-cell Enucleated
2-cell 40 102.5+2. 1% 24.0+1.3
Fresh
blastocysts 40 99.41+2.7% 492+ 1.8

In vitro devel Oped
blastocysts 40 107.5+2.2° 51.5£1.8°

Diameter of
nuclei{ zm)

15.0£0.4¢

14.3£0.5"

13.3£0.5°

13.8+0.5®

14.9£0.4™

1) Mean + S, E. M.
2) The figures with the different superscripts denote significant (P<0.05) difference between the cell stages

of nuclear donor or controls. (Park et al., 1990)
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Table 8. Production of nuclear transfer cattle embryos by donor embryos cell number(1st and multiple
generation procedures)

Donor embryo Viable No. of No. of Pregnancy

cell no. embryos transfers pregnant rate(%)
1~10 53 38 1 2.0
11~19 143 74 11 14.8
20~29 190 126 23 18.25
30~39 168 105 24 22.8
40~49 71 48 12 25.0
50~59 15 10 0 0.0
> 60 60 50 14 28.0
Total 700 451 85 18.8

(Massey et al, 1990)
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Table 9. Information on nuclear transplant calves number of cloned

‘:! OLO}‘E7
FHALR

&} donor nucleus
B
R EERE

Number of
Number of clones
calves*

Clone size 4 3 2

Sex of calves I M M M F M F M
1. Dairy - 2 2 3 6 9 4 24 30
II. Beef 2 1 1 3 5 7 27 20
Total I+ H 2 3 3 4 9 14 1 51 50

*Includes the calf born prematurely due to Hydrallantois

(Willadsen et af.,

1991)
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Table 10. Development and reproductive performance of male mice produced by nuclear transplantation

No. of No, of No. and (%)
Body weight(g)

animals female of pregnant Litter
Group examined At weaning At puberty  mice mated mice size
Control mice 10 13.3£0.8 23.610.7 10 10(100) 4.0%+1.0
Nuclear
transplanted
mice 10 13.7£0.6 23.8t1.0 10 10(100) 41+1.1

*Age at weaning : 4 weeks old

*Age at puberty ; 8 weeks old

1) Mean + S. E. M.

2) There are no significant(P<0.05) differences in the eights of mice between the control and nuclear
transplanted mice. (Park et al., 1992)

Table 11. Development and reproductive performance of female mice produced by nuclear transplantation

No. of ‘ No. of No. and (%)
animals Body weight (g) female of pregnant  Litter
Group examined At weaning At puberty mice mated  mice size
Control mice 15 12.710.9 23.210.9 15 15(100) 43117
Nuclear
transplanted
mice 12 12.8+0.9 23.420.9 12 12(100) 45%1.5

*Age at weaning ; 4 weeks old

=Age at puberty ; 8 weeks old

1) Mean + S. E. M.

2) There are no significant (P<0.05) differences in the body weights of mice between the control and nuclear

transplanted mice. (Park et al., 1992)

Table 12. Development in vitro to blastocysts of the reconstituted mouse embryos by cell stage of donor
embryos

No. of donor embryos by nuclear of cloned blastocysts No. of embryos

developed /
Stage of No, of cloned blastocysts per donor embryos No. of
nuclear reconstituted
donor 8 7 6 5 4 3 2 1 embryos (%)
8-cell 0 0 0 1 2 6 6 3 46 /144(39.1)2
4-cell 0 6 10 3 41/ 76(53.9)°
2-cell 5 6 16/ 18(88.8)°

The numbers with different superscript denote significant (P<0.05) difference between the cell stages of nu-
clear donor, (Choe, 1992)
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Table 13. Production of cloned live youngs following transfer of reconstituted mouse embryos by cell stage

of donor embryos

No. of No. of
No. of donor embryos by number of cloned offsprings . .

Stage - live youngs / live
of No. of cloned offsprings per donor embryos No. of youngs
nuclear reconstituted per donor
donor 2 1 embryos(%) embryos
8-cell 0 0 0 2 3 1 13/48(27.1)? 0.81°
4-cell 0 0 4 4 12 /36(33.3)2 0.63°
2-cell 3 5 11 /14(78.5)° 0.91®

The numbers with different superscript denote significant (P<0.05) difference between the cell stages of nu-

clear donor. (Choe, 1992)
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