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Abstract

The recycling nuclear transplantation(NT) technique has the powerful potential of producing a large
number of genetically identical embryos and offsprings from one embryo. Multiple generational cloning
by this technique utilizes the NT embryo itself as the donor for the next generation of cloning.

In this experiment, we have produced the third generational cloned embryos by recycling NT. Further
we examined comparatively the electrofusion rate and in vitro developmental potential in the cloned em-
bryos of the first, second and third generations.

The embryos of 16-cell stage were collected from the mated does by flushing oviducts with
Dulbecco’s phosphate buffered saline containing 10 % fetal calf serum(FCS) at 47 hours after hCG in-
jection. In the first generation NT, the nuclear donor embryos were synchronized in the phase of G1/S
transition of 32-cell stage. The first and second generation NT embryos developed to 16-cell were used
as donor nuclei for second and third generation. The recipient cytoplasms were utilized the oocytes col-
lected at 14 hours after hCG injection, following revoming the nucleus and the first polar body by mi-
cromanipulation.

X o] L 19IME 285 AY @3 AT ¥t Add T4 A FedT 2o gule] ATHNAS
! Correspondence

- 877 Korean J Vet Clin Med (1995) 12(1): 89-98



The separated blastomeres were injected into the enucleated recipient oocytes by micromanipulation
and were fused by electrical stimulation. The electrofusion rate was seen to be 78.0, 88.6 and 90.3 % in
the first, second and third generation NT rabbit embryos, respectively.

The fused oocytes were co-cultured with a monolayer of rabbit oviductal epithelial cells in M-199 solu-
tion containing 10 % FCS for 120 hours at 39 T in a 5% CO, incubator. The ¢n vitro developmental
potential to blastocyst stage was significantly(P<0.05) decreased in the third(7.2 %) gencration NT em-
bryos compared to the first(53.1 %) and second(16.1 %) generation NT embryos. Following i vitro de-
velopment to blastocyst stage, they were stained with Hoechst 33342 dye for counting the number of
blastomeres by fluorescence microscopy. The mean blastomere numbers and cell cycle numbers of NT
embryos during the culture period were significantly(P<0.05) decreased in the second(93.8 cells and 6.55
cylces) and third(81.5 cells and 1.35 cylces) generation, compared to the first{189.9 cells and 7.55

cylces) generation.
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Table 1. Electrofusion rate of the first, second and
third generation NT rabbit embryos

Generation of No of No of oocytes  Fusion

b 3

NT embryos  oocytes fused rate
Ist 41 32 78.0°
2nd 35 31 88.6°
3rd 31 28 90.3°

*The values with same superscripts in the
column are not significantly different.
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Table 2. Development #n pitro of the first, second and third generation NT rabbit embryos

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

NT embryos cultured 2-cell 4-cell Morula Blastocyst*
Lst 32 31(96.8) 27(84.3) 24(75.0) 17(53.1)°
2nd 31 21(67.7) 13(41.9) 10(32.3) 5(16.1)°
3rd 28 10(35.7) 8(28.8) 5(17.9) 2 72§

* The values with different superscripts in the column are significantly different(p<0.05).
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Table 3. Blastomere counts and cell cycle numbers of blastocysts following i vitro culture for 120
hours of the first, second and third generation NT rabbit embryos

Generation of . No. of
NT embryos No. of enbryos stained blastomeres™ Cell cycle numbers
1st 10 187.9+26.3 7.55+0.20
2nd 5 93.8+ 8.0° 6.55+0.12
3rd 2 815+ 6.5° 6.35+0.10
Mean+SEM

* The values with different superscripts in the column are significantly different(p<0.05)
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Fig 1. Blastocyst stage NT rabbit embryos from the first(A), second(B) and third(C) generation cloning
(X100). The embryos show a hatching-like extrusion of partial cell mass through the punctured
portion of zona pellucida caused by micromanipulation.

— 883~



4 E

2 d7e dEdodoz gAYy EAFYH
< AFdm, g 0|59 AU PAEES =
a7l fdte AL A2 2 A3 g EAFA @
o] AESHE 2 AYgegdsdy-S A9, 3
HEAIZl E7e dRtor BE 16-4X7)9 F
AL At colcemid$} aphidicolin® 2 &
o] AXFINE GI/S 712 AT 32-4 %79
G EE Besid Al Adie Aoz A}
34 Al 2 A2 Ag Fo|4] F 16-4X7)
2 AR S SALE Helsd A2 2
A3 Ad ol FAFoR ARG} o] E
g TAEE AL RS AAT IR
o] et A zZez FYI}A FHA
E7t FYE A= hCG FAIZ B 20/
AFAFZA 125 kV/cm, 60 psecE 33 uiE
FASAG v AL A2 2 A3 A FFAEE
ztz} 78.0, 88.6 2 90.3%2] §FE L B &9
HQ AolE YA ol o] &
ol WaE 10% FCS7F e M-199 wj gy
i Erl 9@ FHAXEH 2ol 5% CO2, 39
T w7l 120412 Fuid 3iEd u}, o] E
o] MY PSS AL, A2 L A3 A o4
AP 24z 531, 161 L 72%2 2}
2283 o] WW¥EE Hoechst 3334224 89
g AAste Bgd b Al A2 2 A3 A
o2 AT 4 E 187.9, 93.8 L 81.57)
2 FoH zpolE B ow, E3F w7t
AL, A2 2 A3 A Po| Ay B HF A
ZRA2y] sl 42 755, 655 2 6.353] 2
A2 2 A3 A Hol 2 A Fof| A 1204]2H9] )
Uiy Fdol F 18] FE9 AEREIFT]
7F AAEHAD. o)t ARR HE E7dAMx
wrEao) 7|y @40 gAY A5 &Y
ZZo] 7S FYHAY. 28U ENCME
A2 L A3 Aq o2l Al A o)
Aeyain Aojdd FYPHNME o]} 9l
+°] #Us At

Al A}

2 478 $9%td ol Be =3 A
28 Bohalalz w74, 29D, olFul, 28
e SAsoA Be S =Ry

gngs

1. Barnes FL, Robl JM, First NL. Nuclear tran-
splantation in mouse embryos : Assessment
of nuclear function. Biol Reprod 1987; 36:
1267-1274.

2. Barnes F, Collas P, Powell R, King WA,
Westhusin M, Shepherd D. Influence of re-
cipient oocyte cell cycle stage on DNA syn-
thesis, Nuclear envelop breakdown, chro-
mosome constitution and development in
nuclear transplant bovine embryos. Mol Rep-
rod Develop 1993; 36: 33-41.

3. Bedford JM, Dobrenis A. Light exposure of
oocytes and pregnancy rates after their transf-
er in the rabbit. ] Reprod Fert 1989; 85:
477-481.

4. Bondioli KR, Westhusin ME, Loomey CR.
Production of identical bovine offspring by
nuclear transfer. Theriogenology 1990; 33:
165-174.

5. Collas P, Robl JM. Factors affecting the ef
ficiency of nuclear transplantation in the rab-
bit embryo. Biol Reprod 1990; 43: 877-884.

6. Collas P, Robl JM. Relation between nuclear
remodeling and development in nuclear tran-
splant rabbit embryos. Biol Reprod 1991; 45:
455-465.

7. Collas P, Balise JJ, Robl JM. Influence of
cell stage of the donor nucleus on de-
velopment of nuclear transplant rabbit em-
bryos. Biol Reprod 1992; 46: 492-500.

8. Collas P, Pinto-Correia C, Ponce De Lean
PA, Robl JM. Effect of donor cell stage on

— 884 -



10.

11.

12.

13.

14.

15.

16.

17.

18.

chromatin and spindle morphology in nu-
clear transplant rabbit embryos. Biol Reprod
1992; 46: 501-511.

. Cotton RW. Manes C, Hamkalo BA. Elec-

tron microscopic analysis of RNA tran-

scription preimplantation rabbit embryos. -

Chromosoma 1980; 79: 169-178.

Fischer B. Development retardation in cul-
tured preimplantation rabbit embryos. ] Rep-
rod Fert 1987; 79: 115-123.

Fischer B, Jung T, Helgele-Hartung C, Bei-
er HM. Development of preimplantation rab-
bit embryos in uterine flushing - sup-
plemented culture media. Mol Reprod De-
velop 1990; 27: 216-223.

Kato Y, Tsunoda Y. Totipotency and plu-
ripotency of embryonic nuclei in the mouse.
Mol Reprod Develop 1993; 36: 276-278.
McGrath ], Solter D. Nuclear transplantation
of rat embryos. ] Exp Zool 1993; 248: 303-
305.

Northey DL, Nuttleman PR, Rosenkrans CF.
Removal of bovine oocyte cytoplasm prior to
fertilization reduces cell numbers in embryos.
Biol Reprod 1991: 156.

Pinto-correia C, Collas P, Ponce De. Leon
FA, Robl JM. Chromatin and microtuble or-
ganization in the first cell cycle in rabbit
parthenotes and nuclear transplant embryos.
Mol Reprod Dev 1993; 34: 33-42.
Pinto-correia C, Long CR, Chang T, Robl
JM. Factors involved in nuclear repro-
gramming during ecarly deveopment in the
rabbit. Mol Reprod Dev 1995; 40: 292-304.
Pursel VG, Wall R], Rexroad Jr. CE, Hamm-
er RE, Brnster RL. A rapid whole-mount
staining procedure for nuclei of mammalian
embryos. Theriogenology 1985; 24: 687-691.
Schumacher A and Fischer B. Influence of
visible light and room temperature on cell
proliferation in preimplantation rabbit em-

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

— 885 -

bryos. J Reprod Fert 1988; 84: 197-204.
Stice SL, Robl JM. Nuclear reprogramming
in nuclear transplant rabbit embryos. Biol
Reprod 1988; 39: 657-664.

Stice SL, Keefer CL, Maki-Laurila M, Phil-
lips PE. Producing multiple generations of
bovine nuclear transplant
Theriogenology 1991; 35: 273.
Stice SL, Keefer CL. Multiple generational
bovine embryo cloning. Bio! Reprod 1993;
48: 715-719.

Westhusin ME, Pryor JH, Bondioli KR. Nu-
clear transfer in the bovine embryo:A com-

embryos.

parison of 5-day, 6-day, frozen-thawed, and
nuclear transfer donor embryos. Mol Reprod
Develop 1991; 28: 119-123.

Willadsen SM. Nuclear transplantation in
sheep embryos. Nature 1986; 320: 63-65.
Yang X, Jiang S, Kovacs A, Foote RH. Nu-
clear totipotency of cultured rabbit morulae
to support full-term development following
nuclear transplant. Bioi Reprod 1992; 47:
636-643.

Yang X, Zhang L, Kov cs A, Tobback C,
Foote RH. Potential of hypertonic medium
treatment for embryos micromanipulaton II.
Assesment of nuclear transplantation metho-
dology, isolation, subzona insertion, and elec-
trofusion of blastomeres to intact of func-
tionally enucleated oocytes in rabbit. Mol
Reprod Dev 1990; 27: 118-129.

=T, ol AF, $49, THE, 438 F
Bao Aodegd viAe NIFg 2 =9
E78 G@3AMEEFS] TG B &
T 7= H 4 83 X 1994; 18(1): 39-46.

ua A, AW, ol &, WA, AL E
7l e dddA st 754, A7)
8 2 oA Aojddd nXE
VT DPIFBTIAEHA 1994 9(2):
153-160.

i34, 448, o&EF, WA, A 4



29.

30.

F 7389 ol AF AT M. A24
W Holdd ofg BAAPFHS it =&
A o) A 843) 2] 1993; 8(1): 9-12.

By A4, °olEF, AWAE, 3vA, g
7. A2A 0 Ho)lof) g EAuje 29
ggo] YT AF. FFFF A0 3]
1993; 8(2): 159-163.

o 5%, AWH, 424, A4 ¢, €349, 2
g3 . wrEdojo] o FXFE Al

31.

# A+ 1. E7olA Fduje] MEFT]
ZA) o A2 =X BAEE
A, g ol g3 1995; (A F).
ol &%, WA, AL, wEA, &Y, %
Al wrEFoldeo] ot EAFE A4t
FF AF. 1. BE7] FR3AY A7)|A T
g% EAs. [FTFF A4 IR 1993
8(2): 151-154.

—B886—



