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Abstract: Ovine somatic cell nuclear transfer (SCNT) efficiency remains lower. Therefore, we optimized the program
before oocyte enucleation on ovine SCNT. Four experiments were done including exposure duration of ovaries (3 h or 3 to
5 h), duration of oocytes maturation (18 h and 24 h), rate of donor adherent and enucleation time of maturate oocyte. The
maturation rates of oocyte, fusion rates and cleavation rates of cloned embryos were used to assess the efficiency of
different procedures. The maturation rates of ovaries with 3 h exposure was higher than that of 3 to 5 h (60.18% vs 52.50%)
(P<0.05). Embryonic development competence had no significant difference (P>0.05). The maturation rates were
significantly different between group18 h and 24 h (53.81% vs 89.06%, P<0.01). Embryonic development competence had
no significant difference (P>0.05); fusion rates of donor adherent 30% group was higher than that of 10% group.
Embryonic development competence had no significant difference (P>0.05). Different adherent donor characterizes the
difference in plateau phase. The cleavation rates of 18 hpm group was higher than that of 16 hpm group. Embryonic
development competence had no significant difference (P>0.05), the enucleation of 16 hpm group obtained one clone fetus,
we got four clone fetus to repeat the 16 hpm group. Five microsatellite was analyzed by PAGE, the bands indicated that
fingerprint of cloned fetus were completely the same as those of donor cells. Our data therefore suggests program
optimization before enucleation assurance quality of material which be able to improve the quantity and quality of clone
embryos, and optimized scheme can obtain clone sheep offspring.

Keywords: nuclear transfer, exposure duration of ovaries, adherent rate, enuclation time, clone sheep offspring
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Table 1 The names and sequence of microsatellite primers
Primer name Locus Primer sequence (5'-3") Temperature ('C)
BM1818 14 ATT TGC ACA AGC TAA ATC TAA CC 56
AAA CCA CAG AAATGCTTG GAAG
BM203 26 GGG TGT GAC ATT TTG TTC CC 59
CTG CTC GCC ACT AGT CCT TC
OarCP0049 17 GAG ACA CGG CTT AGC AAC TAAACG C 63
GTG GGG ATG AAT ATT CCT TCA TAA GG
McMO0527 5 GTC CAT TGC CTC AAATCAATT C 55
AAA CCA CTT GACTACTCC CCAA
NRAO0005 10 TTC AGG CAT ACC CTA CAC CAC ATG 60

AAA TAT TAG CCAACT GAAAACTGG G

2 UNERFFEENEMIEEKINL BRI
Table 2 Effect of exposure duration of ovaries at ambient temperature on development of reconstructed
embryos in vitro

Exposure duration  No. oocytes Mature rate Couplets Fusion rate Cleavage rate  Blastocyst rate
<3 540 60.18%" (325) 291 58.76% (171)  94.73% (162) 6.79% (11)
3-5 400 52.50%" (210) 190 55.78% (106)  91.51% (97) 7.21% (7)

Note: Values in the same column with different lowercase superscripts differ significantly (P<0.05).
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Table 3 Effect of mature duration on parthenogenetic development in vitro

Mature duration No. oocytes Mature rate Action rate Cleavage rate Blastocyst rate
18 h 420 53.81%" (226) 86.28% (195) 85.12% (166) 15.06% (25)
24h 320 89.06%" (285) 82.11% (234) 88.89% (208) 15.86% (33)

Note: values in the same column with different capital superscripts differ significantly (P<0.01).

x4 ORGSR RN EMIEAIN R R R T

Table 4 Effect of adherent cells on development of reconstructed embryos in vitro

Adherent cells Couplets Fusion rate Cleavage rate Blastocyst rate
10 208 57.69% (120) 89.16% (107) 6.54% (7)
30 141 80.85%" (114) 92.11% (105) 5.71% (6)

Note: values in the same column with different capital superscripts differ significantly (P<0.01).
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Fig. 1 The growth curve of sheep skin fibroblast.

x5 EEEX 400 AR KRR

Table 5 Enucleation time on enucleated rate of ovine oocytes

Postonset of maturation No experiments  No oocyte treated No.oocytes enucleated Enucleated rate

18 hpm 4 122 110 90.16% (110/122)*
16 hpm 4 114 110 96.49% (111/114)*
xo6 BBEMENEMERILENEN
Table 6 Enucleation time on development of reconstructed embryos in vitro
Postonset of maturation Couplets  Fusion rate Cleavage rate  Blastocyst rate ~ Surrogacys  Pregnancy rate

18 hpm 156  83.33% (130)  95.28%" (124)  12.31% (16)

18 hpm 201 80.01% (161)  97.51%" (157) 17 0

16 hpm 162 72.22% (117)  82.90%° (97)  10.25% (12)

16 hpm 236 77.96% (184)  84.78%" (156) 19 0.05% (1)*
16 hpm 258 74.03% (191)  84.82% (162) 16 25.00% (4)®

Note: values in the same column with different capital superscripts differ significantly (P<0.01).

http://journals.im.ac.cn/cjben



RIELE F/BF MRS IEEZRERRIML

A BM1818 BM203 OarCP0049 McMO0527 NRA0005
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B BM1818 0OarCP0049 McMO0527
DO CL SU CO po CL SU CO

B1 B3
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B2 DNAKXKFELBETE (A: BikQN; B: I 240~ k. Bl: ¥ BM1818 i & i2 ik [El; B2: #a BM203
LS EKE: B3: #£5 0arCP0049 = FBIKE: B4: #mm McMO0527 L= BIkE: BS: # & NRA000S {i =
BikE: M: DNA 5 FREMAE: DO: HKHAE:; CL: ZEF: SU: KBE¥; CO: ZAWNR)

Fig. 2 PCR result of microsatellite on agarose (A) and PAGE (B). B1: BM1818 locus in samples; B2: BM203 locus in
samples; B3: OarCP0049 locus in amples; B4: McM0527 locus in samples; B5: NRA0OOS locus in sample; M: DNA
ladder; DO: donor; CL: clone offspring; SU: surrogate; CO: control.

BS5

Nakao " (20 'C 3 h+5h) <3 h 3-5 h
39 C Kim 31
5h
Kim U
( 30-33 C 4 h)
(25 °C 6h) 5h

(1520 hpm)

® 010-64807509 K cjb@im.ac.cn

737




738 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2017 Vol.33 No.5

24 h
7
[21]
24 h (221
100%
[23] [24]
24 h 70%—-80% 100%
18 h
24 h 18 h
[25]
18 h
24 h 18 h
18 h 2
30% 10%
(P<0.01)
(P>0.05)
GO (18]
GO 15 min
[19]
[20] P

http://journals.im.ac.cn/cjben



IEE F/RFHMREBERLNERORL 739

GV
(Germinal vesicle) GVBD (Germinal vesicle
break dowm) MI (Metaphase of MI) Al
(Anaphase of MI) TI (Telophase of MI) MII

(Metaphase of MII) tubulin
MI MII
Al TI
MII
[26]
[ hoechst33342
Al/TI
MII
hoechst33342
MII MPF
MAPK (Nuclear

® 010-64807509

envelope breakdown NEBD)
(Premature chromosome condensation PCC)
MII

(Demecolcine)  100% [12.27]

Joon-Hee Lee ¥

AI-TI  MII
AI-TI (15.842.4) um
MII (35.243.1) um
MPF MAPK
Lee
(91
16 hpm 18 hpm
16 hpm 18 hpm
16 hpm 18 hpm
16 hpm
18 hpm 1
16 hpm
4 18 hpm
16 hpm 18 hpm
16 hpm 18 hpm
hoechst33342
uv
DNA
DNA (3]

K cjb@im.ac.cn



740

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2017 Vol.33 No.5

16 hpm AI-TI
hoechst33342
AI-TI  MII
MII (9]
16 hpm 1
16 hpm 4
1
(150 d) 9 d
16 hpm 4
( )
145-155d 151d
9d
(30]
[31-32]

http://journals.im.ac.cn/cjben

(33]
“Dolly” [34]
(Offspring)
mtDNA
[28]
[35]
mtDNA
5

4 HZH
16 hpm
REFERENCES

[1] Wilmut I, Schniek AE, McWhir J, et al. Viable
offspring derived from fetal and adult mammalian
cells. Nature, 1997, 385(6619): 810-813.

[2] Kues WA, Niemann H. Advances in farm animal
transgenesis. Prev Vet Med, 2011, 102(2): 146-156.

[3] Mason K, Liu ZC, Aguirre-Lavin T, et al. Chromatin
and epigenetic modifications  during early



IEE F/RFHMREBERLNERORL

[4]

[5]

[6]

[7]

(8]

(9]

[10]

mammalian development. Anim Reprod Sci, 2012,
134(1/2): 45-55.

Pavani KC, Baron E, Correia P, et al. Gene
expression, oocyte nuclear maturation and
developmental competence of bovine oocytes and
embryos produced after in vivo and in vitro heat
shock. Zygote, 2016, 24(5): 748-759.

Kim HJ, Choi SH, Son DS, et al. Effect of exposure
duration of ovaries and oocytes at ambient
temperature on parthenogenetic development of
porcine follicular oocytes. J Reprod Dev, 2006,
52(5): 633-638.

Dong YJ, Bai XJ, Varisanga MD, et al. Investigation
of cloning cattle through somatic cells nuclear
transfer under the system of negative air pressure.
Sci Agric Sin, 2002, 35(8): 988—994 (in Chinese).

s , Varisanga MD,

, 2002, 35(8): 988-994.
Li YQ, Zhang X, An ZX, et al. Bovine oocytes
enucleation and artificial activation. J Northwest Sci
Tech Univ Agric For: Nat Sci Ed, 2004, 32(11):
6—10 (in Chinese).
. B, ,

. , 2004,
32(11): 6-10.
Guo YH, Zhou P, Shi GQ, et al. The characteristics
of ovine oocytes from different diameter follicles
and chromatin configuration analysis. Xinjiang
Agric Sci, 2012, 49(7): 1307—-1314 (in Chinese).

> > >

2012, 49(7): 1307-1314.

Lee JH, Campbel KHS. Effects of enucleation and
caffeine on maturation-promoting factor (MPF) and
mitogen-activated protein kinase (MAPK) activities
in ovine oocytes used as recipient cytoplasts for
nuclear transferl. Biol 2006, 74(4):
691-698.

Choi I, Campbell KHS. Treatment of ovine oocytes

Reprod,

with caffeine increases the accessibility of DNase I
to the donor chromatin and reduces apoptosis in
somatic cell nuclear transfer embryos. Reprod Fertil

® 010-64807509

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Dev, 2010, 22(6): 1000-1014.
Lei AM, Ma XL, Gao ZM,
optimization for bovine somatic cells nuclear
transfer. Chin J Biotech, 2009, 25(9): 1424-1432 (in
Chinese).

et al. Program

, 2009, 25(9):
1424-1432.
Tani T, Shimada
Demecolcine-assisted  enucleation  for
cloning. Clon Stem Cells, 2006, 8(1): 61-66.
Lee JH, Peters A, Fisher P, et al. Generation of
mtDNA  homoplasmic  cloned Cell
Reprogram, 2010, 12(3): 347-355.
Guo YH, Wang LM, Tang H, et al. The effect of
receptor, donor and pulsed strength on the fusion

H, Kato Y, et al
bovine

lambs.

rate of somatic cell nuclear transfer in ovine.

Xinjiang Agric Sci, 2014, 51(1): 136-142 (in
Chinese).

, 2014,
51(1): 136-142.
Dai R, Zhou P, Shen SJ, et al. Parentage

identification of sheep from gene transferred somatic
cells. Anim Husb Vet Med, 2010, 42(11): 16-19 (in
Chinese).

. ,2010,42(11): 16-19.

Tan XY, Jia WW, Gao ZM, et al. Effects of
culturing time before electrical fusion and chemical
activation on constructed sheep embryos. J Agric
Biotechnol, 2009, 17(2): 269275 (in Chinese).

b > H

, 2009, 17(2): 269-275.

Nakao H, Nakatsuji N. Effects of storage conditions
of bovine ovaries and oocytes on the success rate of
in vitro fertilization and culture. J Reprod Dev, 1992,
38(1): 11-13.

Hayes O, Ramos B, Rodriguez LL, et al. Cell
confluency is as efficient as serum starvation for
inducing arrest in the GO/G1 phase of the cell cycle
in granulosa and fibroblast cells of cattle. Anim

K cjb@im.ac.cn

741




742

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech May 25, 2017

Vol.33

No.5

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

Reprod Sci, 2005, 87(3/4): 181-182.

Bosch P, Hodges CA, Stice SL. Generation of
transgenic livestock by somatic cell nuclear transfer.
Biotecnol Aplic, 2004, 21(3): 128-136.

Peura TT, Hartwich KM, Hamilton HM, et al. No
differences in sheep somatic cell nuclear transfer
outcomes using serum-starved or actively growing
donor granulosa cells. Reprod Fertil Dev, 2003,
15(3): 157-165.

Bhuiyan MMU, Cho J, Jang G, et al. Effect of
transfection and passage number of ear fibroblasts
on in vitro development of bovine transgenic nuclear
transfer embryos. J Vet Med Sci, 2004, 66(3):
257-261.

Wakayama S, Ohta H, Hikichi T, et al. Production of
healthy cloned mice from bodies frozen at —20  for
16 years. Proc Natl Acad Sci USA, 2008, 105(45):
17318-17322.

Nagashima H, Fujimura T, Takahagi Y, et al
the

pigs.

Development of efficient strategies for
production  of  genetically = modified
Theriogenology, 2003, 59(1): 95-106.
Pan XY, Yang M, Zhang HY, et al. Effects of argali
(Ovis ammon) donor cells on interspecies nuclear
transfer. Sci Agric Sin, 2008, 41(9): 2798-2805 (in
Chinese).

, 2008, 41(9):
2798-2805.
Wang EY, Yu Y, Li XM, et al. Effect of intact donor
cell membrane and cytoplasm of cumulus on
development of mouse somatic clones in vitro.
Hereditas, 2007, 29(2): 218224 (in Chinese).

> 5 5

2007, 29(2): 218-224.

Cao X, Zhou P, Luo HL, et al. The effect of VEGF
on the temporal-spatial change of a-tubulin and
cortical granules of ovine oocytes matured in vitro.
Anim Reprod Sci, 2009, 113(1/4): 236-250.

Pan XY, Wang ZC, Li ZX, et al. Effect of the

http://journals.im.ac.cn/cjben

(28]

[29]

[30]

[31]

[32]

(33]

[34]

[35]

chemically assisted enucleation on the enucleation of
sheep oocytes and the development of their
reconstructed embryos. Chin J Biotech, 2009, 25(4):
503-508 (in Chinese).

> > >

, 2009, 25(4): 503-508.
Bohrer RC, Duggavathi R, Bordignon V. Inhibition
of histone deacetylases enhances DNA damage
repair in SCNT embryos. Cell Cycle, 2014, 13(3):
2138-2148.
Xue L, Cheng L, Zhang L, et al. Sheep cloning and
analysis of the problems involved. J Inner Mongol
Univ: Nat Sci Ed, 2011, 42(2): 196-203 (in Chinese).
. , 2011, 42(2):
196-203.
Hirayama H, Sawai K, Moriyasu S, et al. Excess
estrogen sulfoconjugation as the possible cause for a
poor sign of parturition in pregnant cows carrying
somatic cell clone fetuses. Reproduction, 2008,
136(5): 639-647.
Wells DN, Forsyth J T, McMillan V, et al. Review:
the health of somatic cell cloned cattle and their
offspring. Clon Stem Cells, 2004, 6(2): 101-110.
Ptak G, Clinton M, Tischner M, et al. Improving
delivery and offspring viability of in vitro-produced
and cloned sheep Embryos. Biol Reprod, 2002,
67(6): 1719-1725.
Alexander B, Coppola G, Mastromonaco GF, et al.
Early pregnancy diagnosis by serum progesterone
and ultrasound in sheep carrying somatic cell nuclear
transfer-derived pregnancies. Reprod Dom Anim,
2008, 43(2): 207-211.
Ashworth D, Bishop M, Campbell K, et al. DNA
microsatellite analysis of Dolly. Nature, 1998,
394(6691): 329.
Burgstaller JP, Schinogl P, Dinnyes A, et al
Mitochondrial DNA heteroplasmy in ovine fetuses
and sheep cloned by somatic cell nuclear transfer.
BMC Dev Biol, 2007, 7(1): 141.

(AR3Coi9 M)



