










































Figure 1. Materials and methods. 



  Figure 2. Surgical embryos transfer and recover. 



Table 1. IVM/IVF of porcine oocytes. 

Four replicated trials were carried out. Percentages are expressed as mean ± SEM.

aOocytes at the metaphase-II stage or penetrated oocytes with one first and one second polar body. 

bPenetrated oocytes with one first and one second polar body. 

cMPN; male pronucleus(ei). 

dWith both single MPN and female pronuclei. 

Total No. of 

oocytes examined 

No. (%) of 

matured oocytesa

No.(%) of penetrated oocytesb

Penetration 
MPNc

formation 
Monospermyd

110 84 (76.4 ± 4.1) 37 (44.0 ± 3.5) 26 (70.3 ± 6.0) 21 (56.8 ± 15.1)



Table 2. Development of IVM/IVF oocytes to the blastocyst stage on Day 5 after transfer to recipients or culture in vitro. 

Percentages are expressed as mean ± SEM of total number of examined oocytes. 

Total of 2703 IVM/IVF oocytes were transferred to 10 recipients on Day 0 (in vivo culture) and embryos were recovered from 10 recipients 

on Day 5. 

Total 1211 IVM/IVF oocytes were subsequently cultured in vitro without transfer until Day5 of IVF. 

Values in the same column with different superscripts differ significantly (a,bP < 0.01, c,dP < 0.05). 



Figure 3. In vitro-matured and fertilized oocytes were transferred to recipients and recovered (ET-

vivo), or subjected to continuous in vitro culture (IVC). Blastocysts after collection and culture were 

then evaluated.  

A) ET-vivo blastocysts recovered on Day 5 (Day 0 = in vitro fertilization). An inner cell mass in 

some blastocysts was clearly confirmed (arrows).  

B) ET-vivo hatched blastocysts on Day 5 (arrows).  

C) ET-vivo blastocysts on Day 5. These had adherent external glass-like material (arrows).  

D) IVC blastocysts on Day 6 had degenerated cells (arrows). Scale bar = 100 µm. 
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Table 3. Development of IVM/IVF oocytes to the blastocyst stage on Day 6 after transfer to recipients or culture in vitro.

Group 

Total No. of 

transferred/ 

cultured 

oocytes 

Total 

No. of 

collected 

oocytes 

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

degenerated 

embryos 

Early 

blastocyst 
Blastocyst 

Hatching 

blastocyst 

Hatched 

blastocyst 
Total 

ET-vivo 1754  745 
26 

(3.6 ± 1.5a) 

41 

(5.8 ± 1.1c) 

13 

(1.8 ± 0.7a) 

98 

(12.5 ± 3.1a) 

178 

(23.8 ± 2.5)

567 

(76.2 ± 2.5)

IVC 1551
180 

(11.9 ± 1.2b) 

148 

(9.3 ± 1.2d) 

0 

(0.0b) 

0 

(0.0b) 

328 

(21.2 ± 1.8)

1223 

(78.8 ± 1.8)

Percentages are expressed as mean ±SEM of the total number of examined oocytes.

Total of 1754 IVM/IVF oocytes were transferred to 8 recipients on Day 0 (in vivo culture) and embryos were recovered from 7 

recipients on Day 6. 

Total 1551 IVM/IVF oocytes were subsequently cultured in vitro without transfer until Day 6 of IVF. 

Values in the same column with different superscripts differ significantly (a,b P < 0.01, c,dP < 0.05). 



Table 4. Embryo quality on Day 5 after transfer to recipients or culture in vitro.

Group 
Mean number of cells per blastocyst (No. of oocytes examined) 

Early blastocyst  Total 

ET-vivo  44.6 ± 17.7a (25) 89.2 ± 37.3a (43) 72.8 ± 38.2a (68) 

IVC  21.0 ± 7.8b (64) 25.0 ± 8.8b (23) 22.1 ± 8.1b (87) 

Cell numbers are expressed as mean ± SEM.

IVM/IVF oocytes were transferred to 10 recipients on Day 0 and the blastocysts were recovered from 

10 recipients on Day 5. 

IVM/IVF oocytes were cultured in vitro until Day 5 of IVF. Replication was performed 8 times. 

a,bValues in the same column with different superscripts differ significantly (P < 0.01). 



Table 5. Embryo quality on Day 6 after transfer to recipients or culture in vitro. 

Group 
Mean number of cells per blastocyst (No. of oocytes examined) 

Early Blastocyst  Total 

ET-vivo  25.5 ± 10.7 (18) 94.4 ± 47.1a (61) 78.7 ± 50.8a (79) 

IVC  29.4 ± 10.3 (44) 49.9 ± 16.0b (44) 39.7 ± 16.9b (89) 

Cell numbers are expressed as mean ± SEM.

IVM/IVF oocytes were transferred to 8 recipients on Day 0 and the blastocysts were recovered from 

7 recipients on Day 6. 

IVM/IVF oocytes were cultured in vitro until Day 6 of IVF. Replication were performed 10 times. 

a,bValues in the same column with different superscripts differ significantly (P < 0.01). 



Figure 4. In vitro-matured and fertilized oocytes were transferred to recipients and recovered (ET-

vivo), or subjected to continuous in vitro culture (IVC). Blastocysts after collection and culture were 

fixed, stained and evaluated.  

A) ET-vivo blastocysts on Day 6 (Day 0 = in vitro fertilization).  

B) ET-vivo hatching blastocysts.  

C) ET-vivo hatched blastocysts on Day 6.  

D) IVC blastocysts on Day 6. Scale bar = 100 µm.
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Table 6. Production of piglets derived from IVM/IVF oocytes (transferred on Day 0) and blastocysts cultured in vitro for 6 days. 

Group 

No. of 

transfer 

experiment 

Total No. of 

transferred 

IVM/IVF 

oocytes 

Total No. of 

transferred 

blastocysts 

Total No. (%) 

of farrowed 

recipients 

Total No. of 

piglets 

farrowed 

Average body 

weight of 

piglets at birtha

[kg] 

Gestation 

perioda

[days] 

Developmental 

Rateb [%] 

ET-vivo 3 600  3 (100.0) 16 1.2 ± 0.5 116.0 ± 2.4 2.6 

IVC 3  150 3 (100.0) 16 1.5 ± 0.5 117.3 ± 2.3 2.1 

Three recipients farrowed 5, 5 and 6 piglets in each group. 

aValues are expressed as mean ± SEM.

bDevelopmental rates were calculated from the total number of piglets per the total number of the 600 IVM/IVF oocysts transferred (200 

per recipient) and 150 blastocysts (50 per recipient) that were cultured in vitro from 756 oocytes.



Figure 5. Piglets 10 days after farrowing. These were derived from blastocysts that 

had been transferred after in vitro culture for 6 days. 



















Table 7. Development of IVM/IVF oocytes of using frozen-thawed semen from several boars. 

Percentages are expressed as mean ± SEM of total number of examined oocytes. 

B-1, 2, 3, 4 and 5; Bhaksher, L; Landrace, W; Large White, and D; Duroc.  

Total 3,910 IVM/IVF oocytes were subsequently cultured in vitro until Day6.

Values in the same column with different superscripts differ significantly  

(a,c ; b,cP < 0.01,a,bP < 0.05).

Boars Replication 

Total No. of 

cultured 

embryos

No. (%) of  

blastocysts  

No. (%) of 

degenerated embryos 

B-1 6 518   84 (15.9 ± 3.5 ab)  434 (84.1± 3.5 ab) 

B-2 6 538  106 (19.5 ± 1.0 a)  432 (80.5± 1.0 a) 

B-3 11 480   50 (12.5 ± 2.6 b)  430 (87.5± 2.6 b) 

B-4 8 348   66 (21.4 ± 4.0 a)  282 (78.6± 4.0 a) 

B-5 7 512  10 (1.4 ± 0.9 c)  502 (98.6± 0.9 c) 

L 4 268  23 (9.0 ± 2.0 b)  245 (92.7± 2.0 b) 

W 7 546  108 (20.6 ± 2.0 a)  438 (79.4± 2.0 a) 

D 7 700   111 (15.0 ± 1.9 ab)  589 (85.0± 1.9 ab) 









Table 8. IVM/IVF of porcine oocytes of several IVF-condition. 

Boars
Matured 

oocytesa late 
(%) 

IVF-Times 
(h) 

Caffeine 
concentration 

(mM) 

Sperm 
concentration 

(1×10n) 

Polyspermy  
 late  
(%) 

Monospermy
late 
(%) 

B-6 70.1 

3 2 5  0.0 ± 0.0a  0.3 ± 0.3a

5 2 5  3.4 ± 0.5b 11.3 ± 2.1b

5 5 5  3.2 ± 1.2b  11.2 ± 3.3b

5 5 6  3.6 ± 1.3b  14.3 ± 3.6b

B-7 70.6 

3 2 5 12.5 ± 2.8a  8.3 ± 2.2a

5 2 5 3.7 ± 3.3b 11.1 ± 2.3a

5 5 5  6.2 ± 3.9b 25.0 ± 8.2b

5 5 6   8.1 ± 5.4ab  28.0 ± 9.4b

B-8 72.8 

3 2 5  0.1 ± 0.4a  0.3 ± 0.8a

5 2 5  0.1 ± 0.3a  0.3 ± 0.7a

5 5 5  4.1 ± 2.1b  7.8 ± 3.8b

5 5 6  3.0 ± 1.6b  7.0 ± 1.8b

Percentages are expressed as mean ± SEM of total number of examined oocytes. 
B-6, 7, 8 ; Bhaksher, frozen semen indicated of low development late of the blastocyst on normal IVF-

condition (IVF 3 h, Caffeine 2mM, Sperm concentration 1×105 sperm/mL). 
Values in the same boar and column with different superscripts differ significantly (a,b P < 0.05).



Table 9. Development of IVM/IVF oocytes to the blastocyst stage of several IVF-condition. 

Boars
Total No. of 

cultured 
embryos

IVF-Times 
(h) 

Caffeine 
concentration 

(mM) 

Sperm 
concentration 

(1×10n) 

Developed  
blastocyst  

(%) 

B-6 

249 3 2 5  0.4 ± 0.8a

148 5 2 5 10.1 ± 0.5b

160 5 5 5   8.8 ± 6.3ab

200 5 5 6  15.5 ± 4.6b

B-7 

125 3 2 5  7.2 ± 1.0b

72 5 2 5 11.1 ± 3.4b

130 5 5 5 16.2 ± 3.6c

125 5 5 6   17.6 ± 10.3bc

B-8 

161 3 2 5  0.6 ± 0.8a

96 5 2 5  1.0 ± 0.7a

130 5 5 5   6.2 ± 3.8ab

130 5 5 6  10.0 ± 1.8b

Percentages are expressed as mean ± SEM of total number of examined oocytes.  
B-6, 7, 8 ; Bhaksher, frozen semen indicated of low development late of the blastocyst on 

normal IVF-condition (IVF 3h, Caffeine 2 mM, Sperm concentration 1× 105 sperm/mL). 
Total 1,726 IVM/IVF oocytes were subsequently cultured in vitro until Day6.

Values in the same column with different superscripts differ significantly (a,b,cP < 0.05).



 Figure 6. Effect of blastocysts cell number after several IVF conditions. 



















Table 10. IVF status of frozen thawed boar ejaculated sperm . 

Total No. of oocytes 

examined 

No. (%) of 

fertilized oocytesa

No.(%) of penetrated oocytesb

Sperm 

penetration 
MPNc formation Monospermyd

145 109 (75.7 ± 3.3) 51 (46.7± 3.2) 39 (76.1 ± 3.2) 29 (56.0 ± 4.1)

used  

In vitro matured oocytes were inseminated, cultured and fixed at 10 h post-insemination. Four 

replicated trials were carried out. Percentages are expressed as mean ± SEM.

aOocytes at the metaphase-II stage or penetrated oocytes with one first and one second polar bodies. 

bPenetrated oocytes with one first and one second polar bodies. 

cMPN; male pronucleus(ei). 

dWith both single MPN and female pronuclei. 



Table 11. Development of IVF and Parthenogenetic (PA) oocytes to the blastocyst stage. 

Group 

Total No. of 

cultured 

oocytes 

No. (%) of blastocysts No. (%) of 

degenerated 

embryos 

Early 

blastocyst
Blastocyst  Total 

IVF-Day 6 914 72 (8.3 ± 0.9a) 79 (8.2 ± 0.9) 151(16.6 ± 1.1) 763 (83.4 ± 1.1)

PA-Day 6 1001 120 (11.7 ± 1.6b) 77 (8.9 ± 1.3) 197 (20.5 ± 2.0) 804 (79.5 ± 2.2 ) 

Percentages are expressed as mean ± SEM of total number of examined oocytes.

< . 

Replication were performed 10 times. 

Values in the same column with different superscripts differ significantly (a,b P < 0.05).



Table 12. Classification of blastocysts on Day 6 in culture. 

Group 
% Early Blastocysts  % Blastocyst

Code 1 Code 2 Code 3  Code 1 Code 2 Code 3 

IVF 7.0 ± 4.1 43.1 ± 5.2 49.9 ± 5.2  47.9 ± 4.7a 46.3 ± 4.2 5.8 ± 3.1 

PA 13.4 ± 4.0 42.6 ± 7.7 44.0 ± 5.5  62.8 ± 7.0b 35.5 ± 6.9 3.1 ± 1.7 

Embryos lank are expressed as mean ± SEM.

 .

The quality lank (Code 1, 2, or 3) is based on IETS embryo classification. Code 1 is the most excellent. 

Values in the same column with different superscripts differ significantly (a,b P < 0.05). 



Table 13. Diameter and cell number of blastocysts on Day 6 in culture. 

Group 
Mean diameter [µm] of blastocyst (No. examined)  Mean cell numbers per blastocyst (No. examined) 

Early blastocyst  Blastocyst  Total$  Early blastocyst  Blastocyst  Total 

IVF 162.4 ± 1.2 (55) 191.4 ± 1.5 (54) 177.2 ± 1.9 (92)  30.4 ± 1.9c (50) 50.2 ± 1.9a (39) 39.1 ± 1.7a (89) 

PA 162.8 ± 0.9 (91) 192.1 ± 1.7 (48) 177.9 ± 1.9 (92)  25.7 ± 1.8d (45) 37.4 ± 2.3b (33) 30.6 ± 1.6b (78) 

Values are expressed as mean ± SEM.

 . 

$Total 92 blastocysts (48 in each stage) were randomly chosen before calculation. 

a,bValues in the same column with different superscripts differ significantly (a,b P < 0.01, c,d P < 0.05). 



Figure 7. Putative zygotes (IVF oocytes) and parthenotes were cultured in vitro for 6 days  

(Day 0 = in vitro fertilization or parthenogenetic stimulation).  

A) IVF blastocysts 

B) Parthenogenetic blastocysts 

C) Code 1 rank IVF blastocyst 

D) Code 1 rank parthenogenetic blastocyst.  

E) Code 1 rank IVF early blastocyst 

F) Code 1 rank parthenogenetic early blastocysts. Scale bar = 100 µm.



Figure 8. Putative zygotes (IVF oocytes) and parthenotes were cultured in vitro for 6 

days and fixed, stained and evaluated for cell number. 

 A) IVF blastocyst (56 cells) 

B) parthenogenetic blastocyst (28 cells). Scale bar = 100 µm.









      Figure 9. Pregnancy was detected on 24 day (ultrasonic diagnosis) after embryos          

      transfer (arrows). 



Table 14. Pregnancy and farrowing after transfer of vitrified and warmed morula (VM) with or without co-transfer of parthenogenetic 

blastocysts (PAB). 

Group 
No. of transfer 

experiment 

Total No. of 

transferred embryos 

Total No. (%) of 

pregnant recipients

Total No. (%) of 

recipients farrowed 

Average of abortion day 

± SEM 

VM + PAB 5 20  4 (83.0) 0 (0.0) 42.5 ± 7.8

VM 5 20 3 (60.0) 1§ (20.0) 27.0 ± 1.7

Each of 10 VM and 10 PAB stage embryos are transferred.

Pregnancy was detected on 17 day (no return estrus) and 24 day (ultrasonic diagnostic) after embryo transfer.

§4 piglets (1 males and 3 females) were delivered. 
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