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KEOMERER, FRAVEOLE, ISIHBEEENDOIHZEIKEMRL TS, LirLE
5, ZEMOMKEAECTILEBETFHERRA 2 EOBETFRENTIARY., TORT,
PR TR (ES) SIRSEIINEZ PSS, ZOMEZHVS L TRIETHRAM
BZoO ADEHITRELE RoTz, BEFTIRESHIEIZ7ATLIEZIN TRV,
CORMEAALZBEFREHVRELT IOV ACRON TV, B, #MlEs
Bifi (SCNT) EMZHVTEY UBHAEL LI LBHESH, EBiHICL Y HLL /T
B 2 BRI CH > T OB RET MO EER LT3 2 EBERS A, Thillk,
OBMET Y AREMESTDN, Ty, 752E015 BWETHMRY - HEiE
BPEHINTWS, SCNTEMTE, BFPREOHME - BEMREZH W THERICEE
ZHEHTES, LEMoT, BABRELTEEMRZAVEZ LT, 560D, BEE
FHTREFRZEATIIENTRTHY, EBE SCNTEBEZAALEYY, Y, 7
Y E0BEFHABRABYIEHEEINTVS, ZOXI T, SCNTHFIZBZEITFIZEL
TERERBEHEICS 2 2BERBOTEL, ZOBEMOERLARITTHENREL TWVWA3,
¥/, SCNTERBESLRZOEE - HRITML Y oL, £GRK2HRT 3 LCERAT
bHLEAGND, LPLEHS, WTLOBICBWTHSCNTHMIC & 2 BEFHMHER
gL, SOREFNTELEBIRLZAESR O, BINMESIZ W,

X, HRATHO TRBECERA L= THY, LHBEROMATCERINTED,
AHE LY HEEMTREERNDY - SRS tH 5, I56ic, VYIHXFIPhREMTH
5ZEPSSPRFILBBEETHS. 2000, LHEOHRIBEHEZEEIEIHPLELT
BFEIh Ty, BEZAFICBII2EBREFNVEHME LTELFHAZRTWS, Lk
5, VYFITBVWTRBWELESHMMIBEIINTE ST, SCNTEMNIC X 3EFMERI2
PlOBERD 3 ICBE T, 20%, HATIHSOPHERERZERTE LAY, LEdis
T, SCNTHEHZMALEETFHEBBRIA 7S FEHORE IR, CoFWBIT3
SCNTEMBARICHATN B 2 Tw 5,

DEDERT, ARV VX IB T 324687 v—-HAEFHZENE LT, Y9¥H
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BRBRARE2 AR LAEABREIZED2S, BEFHEEEHERIRA—-0
—7TREB2HDODARTH S, AETIE, SCNT HEWICEVBEBHERE2ER T
51O DHEFRMOELZEHWE L,
HECIVBAQGEEY Y X ICEBHEWNEZERL, FVEVHEHR 16 B
HTEAZEWNTF2HEBRLE. BGEBEFEODICWFZYA A 57> D
25pg/mL T 10 A EE, UV BHTH S \0wiE Pol-Scope ZAWTHEL
WS BERT > 2 (Fig.1). ZD®E, Pol-Scope BAWVWB I ET~F R+
B UV BHITLAZER(HEGAZRET I LNURTH I BREE, @
EEBIVRBROIB~NDORERBIVTHADIMOVLERIDVFVETH - 72
(Table 1),

Ric, Fr—MB:BEARELtoOMBBE*BERANR TR, EXMB
HELT OSmmBOFETIAY—EBFry > N—2HV, FvY 2 "—% 100uM
Ca*BELU Mg 2 &L 032 0smkg DR Y= b — N (MO.32)TH L  EBH
ODHRIEBHKE2Z2HEL . ERAHELL, Fr—EcCRFHLBEHAR2
Hwi, FE (Table 2) ,EE® (Table 3)B LK FHEHE (Table 4) 0)%#%4
FANTFEE,400 Vinm, 100 usec DBR SN R Z 1 HAMMT2E&GTRIBEE
DEL EELLEFRINZVESTHI I Lok,

MO, EBHERBRICBIIEELEFZFARL, 2O BN EEELE 2
ETRHENBHPGNNER 22 RN TRETHE I LB o (Table 5),
¥R BREBEMAMULEZE 2mM 6-PXF L7 3 7Y Y (6-DMAP) & ¥ 7
BAN¥ >3 F(CHX) SpugmL TI1RKHELE T 254 T, AREENIoNE
(Fig.2), BRALEHLMBEOESE L LT, M0.32 N T 150 V/mm, 100 usec DESRIV A
% 8 R T 4 EIESAMT 3 2 & T MBHESREEIE ERTH > f(Table 6), 51,
BRAZEECOABICAWIERE UTEBREREW0.17 Osmkg)D 7NV a—ABEH VS Z E
TRWVIREFHR S L7z (Table 7).

KIZ, FFr—BOMBBRIC X 2BBHRORBREELHB L, HERTREFARE R
LTwiwEREME, EELBG0R 222880 EENBMR BERL T
WELWHEMRBRBIUEENEMROBE2F - LTCEBHEL, BEREH X
TOHNABERLZIEEL 2 (Table8), ZOKR BEFRLENROINLZ DD,
RERBECORERLF I —HREOBEKLIZIBEREDOOLEDP o, £
R EBHERORER, EHANHRZENOBARELER TSI LEERRED
RERV—VEZFRL . EBHEAXERBREIAKRIBENCZENHEEXD DOLAS



THol (Fig.3),
Fo T HRIHBIZBONMOIBBEZSTHY BERCLIZIBEEZZRL &K
Tﬁhﬁﬂﬁ%ﬂmﬂ c BENEMREOBERZ FF— Lt LTERIHWSAZ EELE,

BoE BMBHEKEORME
BHBEELEAE2EEBHET 2B EROBGHBORERBREARD
REBBZAMALT2 I LPBEETHS., — BRI, BABELERRESA T
DRIZER BEEORERENBLZ I LBHAOATVE, 20K 28E,
BodABRERP2HMT 2 L. EROHABRERP LKORERE2ZA
T2 L BUBTHILEELIONDS, YVX¥ORIETIH,ER c HHOR
WHBEFELERBABEBRI N, EE 75s HETERPREABI NS, 22T
AE TR BABELEEBRABECEL - BEEBHORERT - %2,

P BURBAERCIVEREN L ORERBET 2O 2HANZHN T,
BB L EREE 16 MABICERMLAZHEEY 96 MEAABEELE, BE
B, FOEES LUCMBEZHNL EMS L CREE 4 BHICHEBRL 22
BHEHE L& (Table 9), ZOHRE.XE% 4 HHIKERLZRIZHX, &5
BELEZETREBES IUCMBRIECH 4 HFOoEBEL I LEbRD H54
BECIOVRORENELIEBET 2 LBHE DA 2,

2T HBHEE AABRFLABBEESSER :ASoMBRICL 3 BH
KOWTHRK LA, BBHEREGAERLEAZER264%E | HECES
MLk, 2%, BBHEE 4 HEBS XU 6 HHHE2ENL, BHEL KO M
BEEHLE, ZOKEEBHE 4 BHCBL O . BEBHEE L HAAERL L
ZHEREOMBE I, RE#% 4 HBECRRLAEABOMBEREREL TV EDL o
(Fig.4), — 4 ,BBHH%E ¢ HATR, BEBHESIUVBARBLAZERVT
NYXME 4 BHRERLAZBE D MBEEXHEML . $AEE 5s HETHAZD
M 22 LB RENL, L BELAKOBELRES 4 HE CREW
LR EFKETSH o= (Fig 5),

DEztdhs BBMBOEABRFHERTE2REEOEBHKHT LY 1 H
OB, BBEBH2ABKTZI LN TEZ I LBRENE,



BIE H#HREIe-VRFOMEH

HEITORRT, VX HHMBERHEKICOVWT, BEBHEROHFHEHEZH
REAMEEH BEHELCEBIVTRE~NORBERA Y 2 -V ORBILEZ
MLk, ZITAETCR FHLAEBERZ2RBA CHRBHEL M0 -
HEOEHZIT-> 2,
EBHER2EMER 18 KHET 2 fiEfoRkhs: 4 iIEHOR, BLU 24 ¥
MET 4 ik 3 @z, AEESFSELZRBACKEBHELE, BEED
FEZE 2 EOFBRLESCEZ RBAOEERA L BEAROBERA 2 BT
3.0 56N BERHERE XD 1| BEIZTo2, BEBHEIBZ AABRBIZZLZH
B 5~20 BEOOEEEATBC L TRk, BBME 11 HER, FEED
ZHEDZHELE, Zho2EERTF REBERF EERFFLOBELE
(Fig.6), ZORE, #iEE 18 RAHD 4 iR oRkBE2TI LT
BERFIEEVERALRD 5N (Tablell), 28Tk 22, EE 11 HECES®
HERHROKBFH/oNT(Fig 7). Bk, B U7% SCNT WM CTHERL =&
 BHE»EFRTERHBTSILCRDLE,

BIE BBERORLER - - BEFRAOEHN
HEITCORBRCHHELABEBHEKELZREBHE TSI LAV BEFR2BI L
KRB L7, L2LAaWs HDERZBDTEVWLDTH 2k, TV RATR,
Fr—#iEoBESERHUBEORRBECRHEZS XA SO LEBHMBICER
FREZREVPHLZZLPHEIN TS, ZThopZ L3 BEBHERMENGE
PEBHBOBAEEZHCE - TZOBROEBETRENEER2R TS %2
TFBRLTWS, 2 CAETR A—HRE2BL2EBF THEEL2EEOM
BEARL 2z Fr—iEZELLIEBHE2TO.BontEBHEED
BARELREREFOMBLES, FF—MIHOBBRNED L > KHBE
BORECEEL2RIETI»ZHENRL .

HRBBEIVERRULZENEMER2 hcooumLBEML X[ EEBENEH
M) ERMEFEEENEARG)IO 2 R2R1T .84 KRAEMHER
Lk, Bohk 3 ROoOMB2ZFF-—MBEZELLIEBHELL. AAERE J6
HEBEBLLW -BEREMBEOBEFREABN 2 EEMW RT-PCR TiT - X,
MEENEBEMR() TR, EEZEBLEIC pd50scc REBLETRBY AT R Y
SWENEML -, HEFEREMRBG)TRES LR (Fig 8), ZhsDflE



PRAVCTEBHEZ2T o ERE BRBREHANORERBLZOMBEBELEZIRD S
nZdh ol (Table 11), BohRBREABICEVT, MHELCHAD % E
BTFREZMIT L% (Fig.9) 0ct3/4DRBEABETORIEBTHRE I,
bmpd BEERTHRBE LT ERENBMEB) EERBENEME(+)BE
EBHRETRRERELTORP 2, £/ ,gata4 BEEBERNBMBEG REZRS
ERETRBE LTS BRENBEARBBARODDOTRAERL Tk o7,
Zhicl fefr BERBERNEMR(+BREBHERCREL Ty, HE
BEHNBUARGCOHBEOLIDODTRERAL WALk, CLOLORBR WHHEOEE
MiEhEEsR B2 8E6FRACH P ZHEESRO o,
DEDER A—MEBHERTH->TH BL235G00NABEEZ2ELMER
Fr—fiEZL LIEBHEZ2TI L. BonhBEBHRECBT2EBEFRRAN
Y- BB TRIEBPREINT, LEB- T, EBEREHRICEDRS FF
—fiEOEE - B R o -CHEFEHDERETILI3REED—
ThHhrnEEENEEINL,

B B
AWECR.BHMREBEBEY Y2 EHTZL2EME LT, BB
BEEOEHEEE2HRIL BBHE2T 7. 2ZO08EUTORERB LN,

L. 99X HBEBERERO-DDOUTOLGE2BEN L .,
- BB DORERE  Pol-Scope
- MR A &M - 400 V/mm, 100 psec, 1 [H]
CTEMEALEG  BREGNFELEE 22 BREATHM
150 V/mm, 100 psec,4 [[,8 4y [ &
BBBEEI/NVI—- 2K
ERME%.6-DMAP/CHX ¥ 1 K
2. MBHOHEMILE LT, ARERKEL I HED 5,
3. HAEE SKHAT4MRMEBEBHEEZ2REBEL AR &K 11 HEC.&
MiE7ae—-vEdB/onlk,
4. ALHEOMBTYL B2 246 ThABET L AR LAERRE
BICBITI2BEFRARNI—VIEEELZRT S,
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g Fig. 1. Spindles (arrowhead) in rabbit
i metaphase |l oocytes at enucleation.
(A-C) Spindle imaging using Pol-Scope,
(D) Oocyte under HMC, (E) Spindle
imaging of a karyoplast labeled with
8 Hocchst 33342 and (F) Spindle
1 imaging of a cytoplast labeled with
§ Hoechst 33342. Bar =25 ym.

Table 1. Effect of spindle imaging of rabbit MIl oocytes on subsequent development of SCNT embryos

Method No. of eggs No. (%) of eggs ‘No. (%) of eggs No. (%) of eggs No. (%) of

examined enucleated fused cleaved blastocysts

Pol-Scope 30 30 (100) 23 (76.6) 18(78.3)* 5(21.8)°
Karyoplast-UV 19 15 (78.9) 12 (80.0) 9(75.0)° 1(8.3)®
Cytoplast-UV 20 20 (100) 10 (50.0) 2(20.0)"° 0(0.0)°

Pol-Scope: Spindle imaging in oocytes using Pol-Scope, Karyoplast-UV: Spindle imaging in karyoplasts labeled with
Hoechst 33342, Cytoplast-UV: Spindle imaging in cytoplasts labeled with Hoechst 33342. *Percentage of the enucleated
oocytes. **Percentage of the fused oocytes. * ® Values with different superscripts in the same column are significantly
different (P<0.05).

Table 2. Effect of voltage amplitude of pulse on fusion of enucleated oocytes with cumulus cells

Voltage amplitude No. of eggs No. (%) of eggs
(Vimm) examined fused
200 20 6(30.0)*
300 , 30 18 (60.0) °
400 30 21(70.0)®
500 30 3(10.0)*¢
600 - 30 0(0.0)°

=b.c\/ajues with different superscripts in the column are significantly different (P<0.05).

Table 3. Effect of pulse duration on the fusion of enucleated oocytes with cumulus celis

Pulse duration No. of eggs No. (%) of eggs
(usec) examined fused
25 16 1(6.3)
50 24 9(37.5)°
100 23 15 (65.2)°

200 18 2(11.1)
*®Values with different superscripts in the column are significantly different (P<0.05).




Table 4. Effect of number of pulses on the fusion of enucleated oocytes with cumulus cells

Number of pulses No. of eggs No. (%) of eggs
examined fused
1 24 19(79.2) ®
2 23 9(39.1)"
3 23 0(0.0)

abValues with different superscripts in the column are significantly different (P<0.05).

Table 5. Effect of post-superovulation duration on parthenogenetic activation

Time of activation No. of eggs No. (%) of eggs No. (%) of
(h post SOV) examined cleaved blastocysts
20 19 15 (75) 6(30)"
22 . 25 21 (84) 17 (68) *
24 23 18 (78) 12 (52) *

2bValues with different superscripts in the same column are significantly different (P<0.05).
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Fig. 2. Effect of treatment after electric activation on

50 subsequent development of SCNT embryos. DMAP; 6-
2 ab dimetylaminopurine, CHX; cycloheximide, CD; cytochalasin
%40 [ a : D. ®® Values with different superscripts are significantly
230 | different (P<0.05).
)
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[0}
S
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Table 6. Effect of electric activation treatment on subsequent development of SCNT embryos

Treatment No. of eggs No. (%) of eggs No. (%) of eggs No. (%) of
examined fused cleaved blastocysts
100V/40sec/3 24 23(95.8) 13 (56.5) 6 (23.1)
150V/8min/4 23 21(91.3) 16 (76.2) 8(38.1)

*Percentage of the fused oocytes.

Table 7. Effect of activation solution on subsequent development of SCNT embryos

Solution Osmolarity No. of eggs No. (%) ofeggs  No. (%)"of eggs No. (%)* of
(Osm/kag) examined fused cleaved blastocysts
Mannitol 0.32 12 9 (75.0) 6 (66.7) 2(22.2)
Mannito! 0.17 21 18(85.7) 11 (61.1) 7 (38.8)
Glucose 0.32 14 12(85.7) 7 (58.3) 2(16.7)
Gilucose 0.17 15 13(97.4) 10 (76.9) 6 (46.2)

*Percentage of the fused oocytes.



Table 8. Effect of type of donor celis on subsequent development of SCNT embryos

No. of eggs No. (%) of eggs No. (%) of eggs

Type of donor cells examined fused cleaved
Cultured Fetal fibroblast cell - 20 18(90.0) * 15 (83.3)
Fresh granulosa cell 24 21(875)® 12(57.1)
Cuitured granulosa cell (-) 23 20(87.0)® 13 (65.0)
Cultured granulosa cell (+) 32 15(46.9)® 10 (66.6)
Fresh cumuius cell 20 16 (80.0) * 12 (75.0)
Cuttured cumulus cell 30 26 (86.7) ® 16 (61.5)

*Percentage of the fused oocytes. ‘
2" Values with different superscripts in the same column are significantly different (P<0.05).

(day 4) ertilized embryo (da

Fig. 3. In vitro development of rabbit SCNT embryos. Bar = 25 ym.

Table 9. Diameter and number of cells in three kinds of embryos 4 day after in vitro culture

Origin No. of eggs Diameter No. of cells
g examined Mean + SEM. Mean + SEM.(n=6)
SCNT 10 141£10° 150 + 83°
FE-vitro 22 173+8°2 215 47"
FE-vivo 18 678+134° 821 +326°

4>Values with different superscripts in the same column are significantly different (P<0.05).

3000 r —gumSCNT

2500 F  wmgem=FE-vitro -

n
(o]
[=]
o
T

sl = E-ViVO

1500 §

Ceil number

1000 §

500 p

in vivo cultured period (day)

Fig. 4. Number of cells in three kinds of embryos transferred to foster mothers.



Fig. 5. Photomicrographs of rabbit

embryos. (A) SCNT embryos 4 day
after in vito culture, (B) Fertilized

embryos 4 day after in vitro culture,
(C) Fertilized embryos 4 day after in
vivo culture, (D) SCNT embryos 4 day
after transfer to oviducts, and (E)
SCNT embryos 6 day after transfer to

oviducts. Bar =100 pm.

Fig. 6. Types of rabbit conceptuses at day 11 of pregnancy. (A) Class A: the conceptuses are smaller than those derived

from fertiized eggs, (B) Class B: the conceptuses display obvious alterations, such as abnormal
cephalocaudal, (C) Class C: only placenta, and (D) Class D: degenerated implanting sites. The arrowhead is the

distinctive implanting site at day 11 of pregnancy. Bar = 0.5 mm.

Table 10. Results of embryos transfer at day 11 of pregnancy in SCNT embryos

Stage at embryo No. of eggs No. of recipient No. (%) of Class of conceptuses*
transfer transferred used implantation sites A B C D
2cell at 18h 86 7 0(0.0) 0 0 o gar
4cell at 18h 93 7 4(4.3 0 2 2 152
4cell at 24h 98 6 1(1.0) 0 0 1 6°

* The classification is referred to Fig. 6.

22 Values with different superscripts in the same column are significantly different (P<0.05).



Fig. 7. Fetuses obtained on day 11 of
pregnancy after nuclear transfer of SCNT
embryos with cumulus cells. These fetuses

were classified as class B. Bar = 0.5 mm.
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Fig. 8. Change of p450scc expression and progesterone secretion levels in cultured granulose cells (-) [cGC-] and cultured

granulose cells (+) [cGC+]. (A) P450scc mRNA expression levels in cGC- and cGC+. Data are normalized relative to the vaiues

of gene expressions in fresh granulose cells. (B) The progesterone levels in the culture medium of cGC- and cGC+. Values

without common characters are significantly different from each other at the same time (p<0.05).

Table 11. Effect of in vitro culture condition of donor cells on subsequent development of SCNT embryos

Culture condition No. of eggs No. (%) of eggs No. (%)*of eggs No. (%)*of No. of celis
examined fused cleaved blastocysts Mean + SEM (n)

Fresh granulosa cells 54 51 (94.4)° 35 (68.6) 14 (27.5) 161 +62 (4)

Cuttured granulosa cells (-) 60 56 (93.3)° 40(71.4) 17 (30.4) 178 +53 (5)

Cultured granulosa cells (+) 76 38 (50.0)° 28 (73.7) 14 (36.8) 164 +41 (4)

Fertilized embryos - - - - 182 + 39 (6)

2Values with different superscripts in the same column are significantly different (P<0.05).
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Fig. 9. Gene expressions in different kinds of blastocysts. FE: in vivo fertilized embryos (n=10), {GC: SCNT embryos derived from

fresh granulose cells (n=10), cGC-: SCNT embryos derived from cultured granulose cells (-), cGC+: SCNT embryos derived from

cultured granulose cells (+). Data are normalized relative to the corresponding value of each gene expression in FE.
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