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1

PGCs

PGCs

PGCs

1 PGCs 100

PGCs PGCs

PGCs in vitro

PGCs

PGCs

1

PGCs

PGCs

PGCs PGCs

PGCs

BRL STO

CEF PGCs

BRL PGCs
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PGCs

2 FGF2 PGCs

PGCs in vitro

BRL FGF2

PGCs Vasa

CVH 1 SSEA-1

Nanog PouV

PGCs 200

2

PGCs FGF2

PGCs FGF2 PGCs

PGCs

PGCs

FGF2 SCF

SCF 2

PGCs

PGCs

SCF chSCF1/chSCF2 BRL PGCs

chSCF2-BRL

PGCs 5

chSCF1-BRL 2.0-2.5 chSCF2-BRL

PGCs chSCF

Akt Western Blotting chSCF2-BRL
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PGCs PGCs Akt

PI3K/Akt

LY294002 chSCF2 PGCs

PI3K/Akt PGCs

chSCF2-BRL PGCs

FGF2 chSCF1

chSCF2 PGCs FGF2 chSCFs PGCs

Co-factor chSCF2

PGCs  
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2  

 

 

2-1  

 

ES
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2-2  

Primordial germ cells PGCs

PGCs PGCs

 

mRNA Vasa Pgc

Hanyu-Nakamura 2008

PGCs

Nakamura 1996
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Preformation

 

6.0-6.25 E6.0-6.25

Bone morphogenic protein 4 Bmp4

E6.25-6.5 B lymphocyte-induced 

maturation protein-1 Blimp-1 Blimp-1

Ohinata 2005 Blimp-1 PGCs

Stella Nanos3 Prdm14 PGCs

E7.25-7.5 PGCs Tsuda 2003 Yabuta

2006 Kurimoto 2008 Yamaji 2008 Bmp4 Blimp-1

T Brachyury

PGCs Aramaki

2013 Epigenesis

  

 

2-3  

Vasa Chicken Vasa Homolog Cvh

Tsunekawa 2000 CVH

CVH

Vasa

 

CVH X
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St.X Eyal-Giladi Kochav 1976

30-150 PGCs Ginsburg Eyal-Giladi

1987 Kagami 1997 Tsunekawa 2000 Nakamura 2007 PGCs

19-22

4-5 HH4-5 Hamburger Hamilton 1951

PGCs PGCs

2.5 E2.5 HH13 HH13-17

Nakamura 2007 De Melo Bernardo 2012 PGCs

HH15-17 PGCs

Nakamura 2007 PGCs HH16

PGCs

PGCs

 

PGCs E3.0-6.5 3,000

E6.0-6.5

PGCs Smith 2008

Lambeth 2013 Mi 2014 PGCs PGCs

Swift 1914 Nakamura 2007  

 

2-4 PGCs  



8 
 

PGCs PGC PGCs

PGCs

PGCs

PGCs

Perry 1988 Ono

1994

PGCs

 

 

St.X

Pain 1996 Kagami 1997 Nakano

2011 PGCs

Petitte 1990

Kagami 1997

PGCs

0-

100 32.5

Ono 1994 Li 2002
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in vitro ES

Pain 1996 Nakano

2011

 

 

HH13-16 PGCs PGCs cPGCs

PGCs GGCs

 

cPGCs Tajima 1993

PGCs HH13-17

cPGCs

PGCs PGCs

Tajima 1999

Nakamura 2007 cPGCs HH14

PGCs HH16

cPGCs HH14

cPGCs HH13-16

 

cPGCs PGCs

Yasuda 1992
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Ficoll cPGCs

0.048% PGCs 3.9% Zhao

Kuwana 2003 Nycodenz cPGCs 70%

PGCs

MACS FACS PGCs

Ono Machida 1999 Kim 2004 Mozdziak 2005

ACK

cPGCs Yamamoto 2007  

PGCs GGCs

cPGCs

~100 GGCs 1 2,000

Tajima 1998

E5.0 GGCs 3-4 GGCs

HH14 GGCs

Kim 2005 Wernery 2010

Liu 2012 GGCs

GGCs

cPGCs

Smith 2008 Nakajima 2014  

 

2-5 PGCs  

Tajima 1993 1998 cPGCs GGCs

PGCs GGCs
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Mizushima 2010

Macdonald 2010 ES

Nakano 2011

PGCs GGCs

 

PGCs GGCs in vitro

PGCs GGCs

PGCs

GGCs  

Chang 1995 E7.0 GGCs

GGCs 4-5

GGCs 3.8 GGCs

Chang 1997 GGCs

PGCs/GGCs

17 PGCs/GGCs

Yang Fujihara 1999 -a,b Naito 2001  

van de Lavoir 2006

ES cPGCs

200 cPGCs 109

29-110 PGCs

PGCs  
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ES KnockOut Dulbecco’s Modified 

Eagle’s Medium KO-DMEM BRL

PGCs

2 FGF2 LIF SCF

Tonus 2014

cPGCs van de Lavoir

2006 Kuwana 1996 KAv-1

Naito 2010 2012 2015 DMEM

Park Han 2013 ES Raucci 2015

PGCs/GGCs  

 

2-6  

PGCs GGCs

PGCs

GGCs in vitro

Naito 2010 Park Han 2013 Raucci

2015 PGCs GGCs

 

van de Lavoir 2006 cPGCs

PGCs GGCs

PGCs
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Choi 2010 Macdonald 2010

van de Lavoir 2006 FGF2 in vitro

PGCs

FGF2 MEK/ERK PGCs PGCs

EGF PKC/NFκB1 PGCs

Ge 2009 FGF2

EGF PGCs

PGCs PGCs

 

 

PGCs

PGCs

cPGCs PGCs PGCs

PGCs

PGCs
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3  

 

 
 

3-1  

 

2 PGCs

 van de Lavoir 2006

ES  KnockOut Dulbecco’s 

Modified Eagle’s Medium KO-DMEM  BRL

2 FGF2

LIF SCF BRL

 Sandoz inbred mouse-derived thioguanine-resistant and ouabainresistant STO

 PGCs 

 PGCs 

van de Lavoir  2006  Choi  2010 Macdonald  

2010  Song  2014

 PGCs Tonus

2014  PGCs 

 PGCs  

PGCs 

 PGCs 

 

 

PGCs
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PGCs PGCs

BRL STO CEF; 

Tang  2007 MEF; Park Han 2013 

Chang 1995 1997 Naito 2010 2012

PGCs

PGCs  

PGCs 

EGF  FGF2  PGCs 

Ge 2009 Choi  2010 

Macdonald  2010 

PGCs

PGCs PGCs

PGCs

 

 

PGCs

PGCs

PGCs

PGCs
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 1  PGCs 

PGCs 2 PGCs

PGCs 3 PGCs

PGCs

PGCs
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3-2  

 

 

WL

BPR

 

 

 

ATCC BRL CRL-1442 STO CRL-1503

CEF BRL  STO 

10% FBS; Bio west  Dulbecco’s Modified 

Eagle’s Medium DMEM; Sigma-Aldrich

CEF HH30  0.25% – 0.53mM EDTA 

10%  FBS  5% 

CS; Bio west DMEM

 90%  5μg/mL C 

2

 

 

PGCs  

WL  BPR 53-56 HH13-15 

 PGCs 

PCR  PGCs BRL

48 PGCs KnockOut DMEM KO-
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DMEM; Life Technologies BRL  9

 7.5% FBS ES-qualified Life Technologies 2.5% 

CS 1 Non-essential amino acid Life Technologies 1mM GlutaMAX Life Technologies

1mM Life Technologies 1 Nucleosides

0.5mM 5ng/mL FGF2 

4ng/mL SCF 2ng/mL LIF Sigma-Aldrich

2 7-10

PGCs 6

 PGCs 2-3

 

 

PGCs  

PGCs WL  

BPR  PGCs BRL STO CEF 

PGCs 1.0 × 104 /mL 30

5ng/mL  FGF2 4ng/mL  SCF 2ng/mL  

LIF 

 

 

PCR  

0.5µL

DNA 100mM NaCl 50mM Tris-HCl 1mM EDTA

5mg/mL Proteinase K 56 °C 30 DNA

95 °C 5  Proteinase K 

DNA DNA 1µL 25µL
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Quick Taq HS Dyemix TOYOBO PCR W

 18S Clinton

2001 3-1 95 °C 2 95 °C 30 56 °C

30 68 °C 30 25 PCR 1.2% 

TAE- 416bp W

 

 

 

 PGCs PBS - MAS-GP

 4% -

 5

 5% PBS - 30

 4 °C PBS - 3

30 1µg/mL 4',6-diamidino-2-phenylindole

DAPI 5

 IX 71 ORCA-ER 

CCD 

Adobe Photoshop Elements Adobe Systems

 

 vasa CVH; 1:10000 Nakamura  2007 

-1 SSEA-1; 1:100 Developmental Studies Hybridoma Bank

Alexa 488  IgG 1:1000 Life Technologies

Alexa 594  IgM 1:1000 Life Technologies  TRITC 
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 IgM BECKMAN COULTER  

 

RT-PCR 

cPGCs RNeasy Plus Micro Kit Qiagen

Total RNA 

cPGCs  Nycodenz Zhao  Kuwana 2003 Nakamura 2010-a

RNA PrimeScript RT reagent kit with gDNA Eraser

cDNA

TaKaRa EX Taq Hot Start Version

 cDNA 1ng 25µL PCR

Accession Number 3-1 95 °C 2

95 °C 30 55 °C 30 72 °C 30 40

72 °C 5 PCR 1.2% TAE-

 

 

 

PGCs  Nycodenz  cPGCs PKH26GL 

Fluorescent cell labeling kit Sigma PGCs

cPGCs 500μL PBS - 1μL PKH26GL Dye 500μL PBS -

3 PGCs 200μL

PBS - 3 HH14-16

100 HH30-31 

30G

PKH26
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 PGCs BPR  

PGCs HH14-16 WL

 PGCs 1,000 

BPR

 WL 

I/I  BPR i/i

i/i BPR PGCs

I/i

 

 

 

Microsoft Excel 2010 Statcel 3 Yanai 2010

PGCs 

 Tukey’s HSD 

 t P < 0.05

 ±  
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3-3  

 

 PGCs  

HH13-15 WL BPR cPGCs PCR

20

BRL 48

7-10 PGCs

10 PGCs 10

PGCs WL  20.15 ± 2.11 /mL WL  16.60 ± 2.23 /mL BPR  

34.4 ± 2.50 /mL BPR  27.25 ± 2.29 /mL  PGCs WL BPR

 10  40  30 WL

 88.6 BPR  245.0 3-1A, B PGCs WL

BPR 40 3-1A, B

WL BPR PGCs

PGCs  

 

PGCs  

50 WL BPR PGCs  1.0 × 104 /mL

PGCs 30 PGCs WL 8.70 ± 0.66×106 /mL

BRL 2.99 ± 0.67×106 /mL STO 5.94 ± 1.16×106 /mL CEF BRL

3-2 BPR 9.72 ± 0.82×106 /mL BRL

2.56 ± 0.12×106 /mL STO 2.88 ± 0.29×106 /mL CEF

BRL 3-2 WL BPR PGCs

BRL PGCs
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PGCs  

PGCs HH30

PGCs RT-PCR

PGCs

FGF2 SCF LIF

EGF 3-3 cPGCs

FGF2R LIFR c-Kit EGFR 3-3 LIF

LIFR SCF c-Kit PGCs

PGCs in vivo FGF2 LIF SCF

EGF PGCs

PGCs  FGF2 LIF SCF 3

 

 

 PGCs  

FGF2 LIF SCF

BRL WL BPR PGCs

WL BPR LIF  SCF  PGCs 

FGF2 PGCs 3-4A, B  P < 0.05  FGF2

 FGF2 LIF SCF PGCs

 PGCs  in vitro 

 FGF2  FGF2  PGCs 
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PGCs  

BRL FGF2 PGCs  cPGCs 

3-5A 10-20μm

 PGCs 

3-5B  PGCs  cPGCs 

RT-PCR

 SSEA-

1 CVH 3-6A RT-PCR 

WL BPR  Nanog  PouV

 Cvh  Dazl 3-6B

PGCs  

 

PGCs  

PGCs PGCs PKH26

PGCs HH14-16 100

PGCs PKH26 3-

7A PKH26  18.67 ± 1.45  10.83 ± 1.25 

cPGCs  31.83 ± 4.23  

22.50 ± 2.14 PGCs

3-7B P < 0.05  

 

PGCs  

PGCs 225

232 BPR PGCs HH14-16 WL 1,000

20 13
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8 5 3 3-2

PGCs

PGCs PGCs

Tagami 1997 2007

225 PGCs

ID 325 3 3/50 6% 3-

3

3-8  
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3-4  

 

PGCs

PGCs PGCs

PGCs

PGCs

PGCs

PGCs

 

 

PGCs  

van de Lavoir 2006

PGCs

WL BPR cPGCs

WL

BPR PGCs Nakamura 2011

WL BPR cPGCs HH14 WL

HH27 PGCs

WL BPR PGCs  in vitro 

2

 

PGCs WL BPR

WL BPR PGCs Kagami 1997

Tagami 1997 2007 cPGCs
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PGCs cPGCs

PGCs cPGCs

PGCs

PGCs PGCs

PGCs LIFR c-Kit

PGCs PGCs

PGCs

PGCs

PGCs van de Lavoir 2006  Macdonald 

 2010 Song 2014 cPGCs

cPGCs  

 

PGCs  

PGCs

PGCs 100

PGCs

PGCs BRL

PGCs BRL

LIF SCF IGF-1

Smith 1988 Zsebo 1990 -a Hill 1985

BRL PGCs

BRL STO CEF

PGCs  

FGF2 PGCs
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SCF LIF PGCs

FGF2 PGCs

FGF2 PD173074 MEK

PD0325901 Choi 2010

Macdonald 2010 MEK ERK PD173074

PD0325901 Choi

2010 FGF2 MEK/ERK PGCs

Macdonald 2010 MEK/ERK

PI3K LY294002 PGCs

Macdonald 2010

PGCs PI3K SCF c-Kit

Farini 2007 SCF

PGCs Choi 2010

PGCs FGF2 PI3K/Akt

BRL

PGCs PI3K  

PGCs WL BPR 1-2 1

5-6 Yang

Fujihara 1999 -a 2-3 Choi 2010 PGCs

PGCs

 

 

PGCs  

PGCs EG

ES Matsui 1991 1992
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PGCs

PGCs Chang 1997

Naito 2012 Macdonald 2010 Naito 2010

PGCs PGCs

EG

CVH SSEA-1

RT-PCR Nanog

PouV / cPGCs

PGCs cPGCs

 

PGCs PGCs BPR

PGCs cPGCs PKH26 100

PKH26

PGCs cPGCs PGCs

CXCL12/SDF-1

Stebler 2004 CXCL12

CXCR4 cPGCs PGCs

CXCL12/CXCR4 PGCs

PGCs  

BPR PGCs 1,000

PGCs 3

3/50 6% PGCs

PGCs

PGCs 225 232 PGCs
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PGCs 200

PGCs 100

PGCs

Chang 1995 1997 Yang Fujihara 1999 -a, b Naito 2010

2012 200 PGCs
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3-5  

 

3-1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Gene Seqence Annealing
temp.

Product size
(bp)

Accession No.
or Ref.

FGF2 F AGCGGCTCTACTGCAAGAAC
FGF2 R AGCTTTCTGTCCAGGTCCAG

FGF2R F GTGGCAGTGAAGATGCTGAA
FGF2R R TGGCTAAACCGAAGTCTGCT

LIF F CCAATGTCCTGGAGCAGACC
LIF R TTGAAGGCGCTCTTGTCCTT

LIFR F AGTGTCCATCTGCGTTGGTT
LIFR R CCATTTCCCATTGCCACAGC
SCF F GTCAAAGCCCAGAGTTCCTG
SCF R GGCTGGAGCTGCTAATGAAG
c-Kit F GCCAGGGTGTTGAATGAGAT
c-Kit R GTCATTTGACCAGCTCAGCA
EGF F TTGCTGTAGCGGTGTTTGAG
EGF R CCATTTCCCATTGCCACAGC

EGFR F GCTGGGAATCTGCCTCACTT
EGFR R ACGGCTGTCTGCATCAATCA

Nanog F CAGCAGACCTCTCCTTGACC
Nanog R CCAGATACGCAGCTTGATGA
PouV F CTCAGAGGAGCTGGAGCAGT
PouV R TTGTGGAAAGGTGGCATGTA
Cvh F GCATGCTCGATATGGGTTT
Cvh R ACGACCAGTTCGTCCAATTC
Dazl F GTCAACAACCTGCCAAGGAT
Dazl R CACTGTGGTGGAGCCTGATA

ACTB F ACTGGATTTCGAGCAGGAGA
ACTB R AGTCAAGCGCCAAAAGAAAA

WCS F CCCAAATATAACACGCTTCACT
WCS R GAAATGAATTATTTTCTGGCGAC
RGS F AGCTCTTTCTCGATTCCGTG
RGS R GGGTAGACACAAGCTGAGCC

416

256

Clinton et al .,
2001

55°C

55°C

56°C

NM_204218

 NM_205518

519

581

551 NM_20470855°C

55°C

55°C

435

588

NM_001146142

NM_001110178

55°C

55°C

55°C

418

568

604

540

504

544

NM_205433

NM_205319

55°C

55°C

55°C

55°C

55°C

347

348

NM_205497

 XM_425293

NM_204575

NM_205130

NM_204361

NM_001001292
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3-2  

 

 

 

 

  

Manipulated embryos Hatched chicks Sexualy mature
(Male / Female)

225 7 5 3 (2/1)
232 13 8 5 (3/2)

Days of PGCs
Culture

Number of
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3-3  

 

 

 

 

 

  

White (I/i ) offspring Black (i/i ) offspring
Donor derived offspring

(%)

325 225 50 3 6
326 225 36 0 0
328 232 35 0 0
330 232 35 0 0
331 232 50 0 0

ID
Days of PGCs

culture

Number of
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3-6

 

 

 

 

 

 

 

 

 

3-1 PGCs  

HH13-15 cPGCs BRL

10 A WL PGCs

n = 40 B BPR PGCs n = 40  
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3-2 PGCs  

WL BPR PGCs 1.0 104 /mL

30 n = 4 WL BPR

Tukey’s HSD P < 0.05  

  



36 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-3 PGCs  

HH30 cPGCs

RT-PCR HH30

cPGCs

M DNA 1,000bp 500bp

cPGCs

cPGCs NTC cDNA Nuclease-Free PCR
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3-4 PGCs  

WL BPR PGCs 1.0 104 /mL BRL

30 A WL PGCs

n = 4 B BPR PGCs

n = 4 Tukey’s HSD

P < 0.05  

  

3 4 PGC
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3-5 cPGCs PGCs  

A HH14 cPGCs B 247

PGCs PGCs BRL 20μm
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3-6 PGCs  

RT-PCR PGCs A PGCs

CVH

SSEA-1

20μm B WL BPR PGCs WL

cPGCs CEF Nanog PouV

Cvh Dazl RT-PCR M DNA

1,000bp 500bp 1 WL

PGCs cDNA 2 BPR PGCs

cDNA 3 WL cPGCs cDNA

4 CEF cDNA NTC cDNA

Nuclease-Free PCR  

  



40 
 

 

 

 

 

 

 

 

 

3-7 PGCs  

BPR PGCs cPGCs PKH26 100

HH14-16 WL A PGCs HH30

PGCs B

PKH26 cPGCs PGCs

n = 10 t * P <0.05 ** P < 0.01

 

  

3 7 PGC



41 
 

 

 

 

 

 

 

 

 

 

 

3-8 225 PGCs  

BPR PGCs 1,000 ID 121 BPR

PGCs WL I/I

PGCs BPR i/i
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4  

 
 

4-1  

 

3 PGCs FGF2 BRL

PGCs

PGCs FGF2

PGCs PGCs

3 PGCs

PGCs

HH30 SCF FGF2

cPGCs SCF c-Kit

in vivo PGCs SCF

 

 

SCF c-Kit BRL

Zsebo 1990 -a, b Toksoz 1992 SCF

SCF McNiece 1991

Sato 2012 Matsui 1990

SCF SCF SCF1

SCF SCF2 2 Anderson

1990 McNiece Briddell 1995 SCF
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SCF

SCF1 248aa

6

SCF 165aa

Anderson 1990 Zsebo 1990 -a McNiece Briddell 1995

SCF2 220aa 6

SCF2 Anderson

1990 Flanagan 1991 McNiece Briddell 1995  

SCF PGCs

Dolci 1991 Matsui 1991 1992 De Felici 1992

Runyan 2006 Gu 2009 2011 SCF/c-Kit PI3K/Akt

PGCs De Miguel  

2002 Farini  2007 SCF in vitro PGCs

Matsui  1991 1992 2014

PGCs EG

Akt EG

Kimura 2008 Matsui 2014

SCF Akt PGCs EG PGCs

in vitro  

 

SCF Zhou 1993 SCF

Petitte Kulick 1996 SCF

SCF ES Pain 1996 D'Costa 2000

van't Hof 1997 Hayman 1993
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Bartůnĕk 1996

PGCs PGCs SCF

Choi

2010 Macdonald 2010 Miyahara 2014  

PGCs PGCs SCF

Zhou 1993 Petitte

Kulick 1996 SCF SCF

52-53% SCF Four-

Helical Cytokine Core Domain PGCs

SCF PGCs

PGCs SCF

SCF chSCF

chSCF PGCs

Karagenc Petitte 2000 Glover 2012  

 

chSCF 4 chSCF1-4

Wang 2007 chSCF1 Accession 

No. DQ870920 287aa 6 195-196aa

chSCF Zhou 1993 chSCF2

Accession No. DQ870921 253 aa 6 chSCF

Petitte Kulick 1996 chSCF3 Accession No. 

DQ870922 227 aa 4 60aa chSCF4 Accession No. 

DQ870923 193 aa 4 6 Wang 2007 4-1  

chSCF1 chSCF2 PGCs

chSCF1 chSCF2 SCF
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SCF1 SCF2

chSCF1 chSCF2 BRL

chSCF1 chSCF2 PGCs  
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4-2  

 

 

 NILGS

WL BPR

23 4 1 23 122

23 4 1 23 040111

 

 

RNA RT-PCR 

19 RNeasy Plus Micro Kit Qiagen

Total RNA

RNA 1μg PrimeScript RT reagent kit with gDNA Eraser

cDNA TaKaRa EX Taq Hot Start 

Version  cDNA 1ng

25µL PCR Accession Number

4-1 95 °C 2 95 °C 30 55 °C

30 72 °C 30 40 72 °C 5

PCR 1.2% TAE-  

 

chSCFs  

ATCC BRL CRL-1442

BRL 10% FBS; Biosera  Dulbecco’s 

Modified Eagle’s Medium DMEM; Sigma-Aldrich
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19 cDNA chSCF1 Accession No. 

DQ870920  chSCF2 Accession No. DQ870921 RT-PCR

4-1 pGEM-

T-Easy Promega

DNA chSCF1 chSCF2

chSCF1 chSCF2 piggyBac

PB530A-2 System Biosciences

EF1a chSCF1

chSCF2 SV40 Neor

piggyBac

Lipofectamine 2000 Life Technologies

BRL co-transfection 0.5mg/mL

G-418 10% FBS-DMEM 2  

 

PGCs  

WL 53-56 HH13-15 

 PGCs 

PCR  PGCs 

BRL 48 PGCs KnockOut 

DMEM KO-DMEM; Life Technologies BRL KO-DMEM

 7.5% FBS ES-qualified Life Technologies 2.5% CS

1 Non-essential amino acid Life Technologies 1mM GlutaMAX Life Technologies 1mM 

Life Technologies 1 Nucleosides

0.5mM 5ng/mL 

FGF2 2
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7-10 PGCs 6

 

 

PGCs  

100 PGCs 1.0 × 104 /mL

5μg/mL C chSCF1-

BRL chSCF2-BRL BRL

PGCs 5ng/mL FGF2 PGCs

PGCs 20 10 chSCF1 chSCF2

PGCs PGCs FGF2

chSCF PGCs

PI3K/Akt chSCF PI3K/Akt

LY294002 Cayman Chemical

10μM PGCs PGCs  

 

PCR  

0.5µL

DNA 100mM NaCl 50mM Tris-HCl 1mM EDTA

5mg/mL Proteinase K 56 °C 30 DNA

95 °C 5  Proteinase K 

DNA DNA 1µL 25µL

Quick Taq HS Dyemix TOYOBO PCR W

 18S Clinton

2001 4-1 95 °C 2 95 °C 30 56 °C 30

68 °C 30 25 PCR 1.2% 
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TAE- 416bp W

 

 

 

HH14 cPGCs  PGCs PBS - MAS-GP

 4% -

5 Image-iT signal enhancer Life Technologies

30 5% -PBS -

 4 °C PBS - 3

30 1µg/mL Hoechst 33342

5

Eclipse E-1000 Nikon

Adobe Photoshop Elements Adobe Systems

 

 vasa CVH; 1:10000 Nakamura  2007 c-

Kit 1:500 Southern Biotech Akt

1:200 Cell Signaling Technology

Phospho-Akt 1:200 Cell Signaling Technology

-1 SSEA-1; 1:100 Developmental Studies Hybridoma Bank

Alexa 488  IgG 1:1000 Life Technologies Alexa 

594  IgM 1:1000 Life Technologies Alexa594  

IgG 1:1000 Life Technologies  
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PGCs Minute Total Protein Extraction Kit Invent Biotechnology

10μg 4-12% Bolt Bis-Tris Plus Gel Life Technologies

PVDF PVDF 5% -PBST 1

Can Get Signal Solution 1 TOYOBO 4 °C

PBST 3 Can Get Signal Solution 2 TOYOBO

HRP 30 PBST 3

LD

X GE Healthcare

 

Akt

1:2,000 Cell Signaling Technology Phospho-Akt Ser 473 pAkt; 1:2,000

Cell Signaling Technology γ-Tubulin 1:100,000 Sigma-Aldrich HRP

IgG 1:50,000 Cell Signaling Technology HRP IgG

1:50,000 Cell Signaling Technology  

 

 

 PGCs  PGCs 

HH14-16 BPR  PGCs 1,000 

BPR

WL PGCs

I/I  BPR i/i

I/i PGCs

i/i  
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Microsoft Excel 2010 Statcel 3 Yanai 2010

Statcel 4 Yanai 2015 chSCF PGCs 

LY294002 PGCs

 Tukey’s HSD 

chSCF 8

PGCs  t P < 0.05

 ±  
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4-3  

 

chSCF  

PGCs chSCF SCF

SCF1 SCF SCF2 chSCF1 chSCF2

BRL piggyBac chSCF1 chSCF2

4-2A BRL G-418 2

5 BRL Total RNA RT-PCR

BRL chSCF1 chSCF2 chSCF

4-1 4-1

chSCF1

604bp chSCF2 502bp 4-2B chSCF1/2

BRL chSCF1 chSCF2

chSCF1 chSCF2 BRL chSCF1-BRL

chSCF2-BRL chSCF1-BRL

chSCF2-BRL chSCF1 chSCF2 20

 

 

cPGCs PGCs c-Kit  

cPGCs PGCs chSCF1 chSCF2

chSCFs c-Kit

cPGCs PGCs CVH c-

Kit 4-3A, B CVH c-Kit

cPGCs PGCs in 

vivo in vitro chSCFs  
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PGCs chSCF  

WL PGCs 1.0 × 104 /mL chSCF1-BRL chSCF2-BRL

BRL 20 20

PGCs chSCF1-BRL 3.38 ± 0.75×105 cells/mL chSCF2-

BRL 1.06 ± 0.35×106 cells/mL BRL 1.81 ± 0.83×105 

cells/mL chSCF2-BRL PGCs P < 0.05

4-4A chSCF2-BRL chSCF1-BRL 3

BRL 5 PGCs

chSCF1-BRL chSCF2-BRL in vitro PGCs

FGF2 PGCs

FGF2 PGCs

8 PGCs FGF2

P < 0.05 4-4B chSCFs PGCs

chSCFs FGF2

 

 

chSCF PGCs  

chSCF1 chSCF2 PGCs PGCs

PGCs in vivo cPGCs

4-

5A PGCs PGCs EG

 

chSCF2-BRL PGCs CVH

SSEA-1

PGCs CVH SSEA-1
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4-5B  

 

chSCF2-BRL PGCs Akt  

chSCF2 PGCs chSCF2-BRL

PGCs Western Blotting Akt

pAkt chSCF2 Akt

chSCF2-BRL PGCs pAkt

4-7 BRL PGCs pAkt

Western Blotting Akt pAkt 60kDa

chSCF2-BRL PGCs Akt

4-7 PI3K/Akt LY294002 PGCs

P < 0.05 4-8A Akt

4-8B  

 

chSCF2-BRL PGCs  

chSCF2-BRL PGCs

1,000 PGCs HH14-16 BPR

9 4

3 2 1 4-2

PGCs PGCs

PGCs Tagami 1997 2007

ID 121 2 2/32 I/i

4-3 4-9   
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4-4  

 

chSCF1 chSCF2 BRL

PGCs chSCF chSCF2-BRL

PGCs chSCF2 PI3K/Akt

PGCs chSCF2-BRL

PGCs

PGCs chSCF2 PGCs

 

 

4-1 chSCF  

SCF Sl locus c-Kit

SCF/c-Kit PGCs in vitro

Dolci 1991 Matsui 1991 1992 De Felici 1992 SCF

SCF1 in vitro PGCs

Dolci 1991 SCF2

PGCs SCF2 in 

vitro PGCs Dolci 1991

Matsui 1992 chSCF ES Pain 1996

D'Costa 2000 van't Hof 1997

Hayman 1993 Bartůnĕk 1996

PGCs SCF

3 chSCF c-Kit cPGCs

PGCs PGCs in vivo

in vitro chSCF chSCF1
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chSCF2 BRL

PGCs chSCF chSCF2-

BRL PGCs 20

PGCs chSCF1-BRL 3 BRL

5 chSCF1-BRL

PGCs BRL 2

chSCF PGCs chSCF2

chSCF1 chSCF2 PGCs

Miyazawa 1995 MO7e

SCF2 SCF1 c-Kit SCF1

3 chSCF2

PGCs c-Kit

chSCF1 PGCs  

FGF2 chSCF1 chSCF2

chSCF PGCs

chSCF PGCs chSCF

FGF2

chSCF chSCF2 FGF2 co-factor

chSCF2 FGF2 PGCs

 

PGCs chSCF1 PGCs

chSCF1 PGCs

Yang Fujihara 1999 -b Karagenc Petitte 2000

chSCF2 FGF2
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chSCF2

PGCs in vitro FGF2

PGCs chSCFs

 

 

4-2 PGCs chSCF2  

SCF PGCs PI3K/Akt

PGCs EG De Miguel

2002 Farini 2007 Kimura 2008 Matsui 2014 PGCs

FGF2 MEK/ERK PI3K/Akt PGCs

Macdonald 2010 FGF2 Akt

FGF2 PI3K/Akt

Choi 2010 chSCF2 PGCs PI3K/Akt

Western Blotting

chSCF2-BRL PGCs Akt

PI3K Akt LY294002

chSCF2 PGCs Akt

chSCF2 PI3K/Akt

PGCs  

 

4-3 chSCF2-BRL PGCs  

chSCF2 PGCs PI3K/Akt

PGCs PGCs EG

chSCF PGCs

EG chSCF2-BRL
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PGCs CVH

SSEA-1 chSCF2

PGCs

 

chSCF2 PGCs

PGCs I/i

chSCF2-BRL PGCs

PGCs

PGCs

Yang Fujihara 1999 -a Naito

2010 Naito 2012 Miyahara 2014 chSCF2-BRL

PGCs  
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4-5  

 

4-1  

 

 

 

 

 

 

 

  

Gene Seqence Annealing
temp.

Product size
(bp)

NCBI accession No.
or Ref.

chSCF cloning F TTCCTTATGAAGAAGGCACAAACT
chSCF cloning R CAGCTACACTTGTAGATGTTCTTT

chSCF F GTCAAAGCCCAGAGTTCCTG
chSCF R GGCTGGAGCTGCTAATGAAG

Rat GAPDH F CAGGGCTGCCTTCTCTTGTG
Rat GAPDH R ACCAGTGGATGCAGGGATGA

WCS F CCCAAATATAACACGCTTCACT
WCS R GAAATGAATTATTTTCTGGCGAC
RGS F AGCTCTTTCTCGATTCCGTG
RGS R GGGTAGACACAAGCTGAGCC

56°C
416

Clinton et al ., 2001
256

55°C 604 / 502 DQ870920 / DQ870921

61°C 864 / 762 DQ870920 / DQ870921

NM_01700855°C 503
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4-2  

 

 

 

 

  

Manipulated embryos Hatched chicks
Sexualy mature
(Male / Female)

124 3 1 1 (0/1)
131 6 3 2 (2/0)

Days of PGCs
Culture

Number of
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4-3  

 

 

 

 

  

ID Eggs set
No. of hatched

chicks
No. of recipient PGC-

derived chicks (i /i )
No. of cultured PGC-
derived chicks (I /i )

% of cultured PGC-
derived chicks

103 32 29 29 0 0
121 65 32 30 2 6.25

Total 97 61 59 2 3.39
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4-6

 

 

 

 

 

 

 

4-1 chSCF SCF  

chSCF1-4 SCF cDNA

3’ C’

6

chSCF1 5’ N’ 3’ C’ 4-2B

chSCF  
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4-2 chSCF chSCF BRL  

A BRL chSCF1 chSCF2

5’-PB  3’-PB piggyBac piggyBac

EF1a EF1a SV40 SV40 Neor

B 0.5mg/mL G-418

2 5 chSCF1-BRL

chSCF2-BRL chSCF RT-

PCR chSCF1 604bp chSCF2 502bp

GAPDH 502bp M 100bp DNA

500bp 1 chSCF1-BRL cDNA 2 chSCF2-

BRL cDNA 3 BRL cDNA

BRL SCF chSCFs N cDNA

Nuclease-Free PCR  

  



64 
 

 

 

 

 

 

 

 

 

 

 

 

4-3 cPGCs PGCs c-Kit  

HH14 cPGCs PGCs

CVH chSCF c-Kit CVH

c-Kit A cPGCs CVH c-Kit

CVH c-Kit

B PGCs CVH c-Kit

10µm  
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4-4 chSCF  

A WL PGCs 1.0 104 /mL chSCF1-BRL

chCF2-BRL BRL 20 Tukey’s HSD

* P < 0.05  ** P < 0.01

 ± n = 4 B FGF2 8

PGCs t * P < 0.05 

 ** P < 0.01  ± n = 4  
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4-5 PGCs  

PGCs

A PGCs

PGCs PGCs

PGCs

50µm B chSCF2-BRL

PGCs CVH

SSEA-1

10μm   
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4-6 chSCF2-BRL PGCs Akt pAkt  

chSCF2-BRL BRL PGCs

CVH Akt pAkt

CVH Akt pAkt

A chSCF2-BRL PGCs Akt pAkt

B BRL chSCF2 - PGCs Akt

pAkt 20µm  
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4-7 chSCF2 Akt  

BRL chSCF2-BRL PGCs

Western Blotting Akt Akt pAkt

60kDa γ-tubulin 48kDa chSCF2 (-)

BRL PGCs chSCF2 (+) chSCF2-BRL

PGCs  
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4-8 LY204002 PI3K/Akt  

PI3K Akt LY294002 DMSO

10µM PGCs FGF2 A PGCs

1.0 104 /mL chSCF2-BRL 6 Tukey’s 

HSD * P < 0.05  ** P < 0.01

 ± n = 4 B LY294002 PI3K/Akt

PGCs Akt Western Blotting Akt

pAkt 60kDa γ-tubulin 48kDa

chSCF2 chSCF2-BRL FGF2 PGCs

chSCF2+LY294002 10µM LY294002

PGCs Normal BRL BRL FGF2

PGCs  
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4-9 chSCF2-BRL PGCs  

chSCF2-BRL WL PGCs I/I BPR i/i

1,000 BPR

PGCs I/i

PGCs i/i BPR  
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5  

 
 

PGCs

PGCs

PGCs

PGCs FGF2 chSCF2

chSCF2 FGF2

PGCs FGF2 chSCF2-BRL

 

 

PGCs

PGCs

PGCs PGCs  in vitro

cPGCs

cPGCs GGCs

PGCs

 

van de Lavoir 2006 PGCs

PGCs PGCs

PGCs

PGCs

PGCs
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PGCs

PGCs PGCs

PGCs

PGCs  

 

PGCs

PGCs

PGCs

BRL FGF2

PGCs BRL

PGCs van de Lavoir 2006

FGF2 PGCs Choi 2010

PGCs

PGCs

PGCs

PGCs

PGCs

PGCs

200

PGCs

PGCs
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PGCs  

 

PGCs

PGCs

PGCs

PGCs

PGCs PGCs

FGF2 PGCs

chSCF chSCF1 chSCF2

PGCs in vitro chSCF2 PGCs

20 5 chSCF2

PGCs

chSCF2 PGCs  

chSCF2 PGCs PI3K/Akt

PI3K/Akt

LY294002 Macdonald 2010 PGCs

LY294002 PGCs

chSCFs PI3K/Akt PGCs

chSCF2

 

PGCs

FGF2 MEK/ERK chSCF2 PI3K/Akt

PGCs

2
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Karagenc Petitte 2000 PGCs chSCF1

PGCs 10-20% chSCF1

PGCs Yang Fujihara 1999

-a, b chSCF1 cPGCs

chSCF1 PGCs

chSCF1 chSCF2

PGCs 2

FGF2 chSCF1 chSCF2 PGCs

chSCFs FGF2 co-factor PGCs

chSCFs

chSCF1 FGF2

chSCFs

chSCF1 chSCF2 FGF2

PGCs  

 

PGCs in vitro PGCs EG

EG ES

Matsui 1991 1992 PGCs

98%

EG PGCs

PGCs
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Yabuta 2006 Kurimoto

2008 4 EG SCF Akt

Kimura 2008 Matsui 2014 EG FGF2

LIF Matsui 1992 EG

FGF2 SCF LIF Matsui

1990 1992 De Miguel 2002 Farini 2007  

PGCs FGF2 chSCFs chSCF2

PGCs

EG Park Han 2000

Park 2003 van de Lavoir 2006 PGCs

EG EG

chSCF

chSCF1 chSCF2 PGCs EG

SCF PGCs PGCs

Glover 2013 Akt

PGCs chSCFs

PGCs chSCFs

 

3 PGCs chSCF LIF

SCF PGCs

LIF LIF LIF chLIF

40% Horiuchi 2004 LIF

PGCs ES

LIF ES STAT3

chLIF STAT3 Horiuchi 2004
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chLIF ES ES

Nanog Nakano

2011 PGCs

ES chLIF chLIF

 

 

PGCs

1,000

PGCs 100

PGCs PGCs

3 PGCs PGCs

PGCs

PGCs

PGCs

PGCs

PGCs

PGCs PGCs

 

PGCs PGCs

Naito 1994 X γ

Carsience 1993 Atsumi 2009 Macdonald 2010 Nakamura 2012

Song 2005 Nakamura 2008

2010 -a Naito 2015

98.4% Nakamura 2010 -a PGCs
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PGCs

PGCs  

PGCs

van de Lavoir 2006 Park Han 2012 2013 Song

2013 cPGCs 3,000

PGCs GGCs

PGCs/GGCs

PGCs 100-200

PGCs PGCs

chSCF2-BRL FGF2 PGCs

 

 

PGCs in vitro FGF2

FGF2 chSCF2

chSCF2

98%, Coturnix japonica, AAC59934 95%, Nipponia nippon, XP_009462259

94%, Anas platyrhynchos, XP_012960092

PGCs

PGCs

PGCs

Nakamura

2010 -b PGCs
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PGCs PGCs

PGCs

PGCs

PGCs

PGCs in vitro

 

PGCs

PGCs

PGCs PGCs

PGCs FGF2

chSCFs PGCs PI3K/Akt

PGCs  

 

PGCs

cPGCs

Watanabe 1994 McGrew

2004 Motono 2008 PGCs
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Tol2 piggyBac

Macdonald 2012 Park Han 2012

Flipase Lee 2015 Park

2014 PGCs

PGCs

5

PGCs

 

 

PGCs

PGCs

 

 

PGCs

PGCs
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 2  

 

 

 

 

 

 

PGCs
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