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CRISPR/Cas9 DNA DNA

DNA 	

DNA

DNA 	

CRISPR/Cas9 DNA

DNA

	 DNA

	

	 DNA

	 

Target-AID

	 2 (chordin (chd), 

one-eyed pinhead (oep))

Target-AID 	

Target-AID

	

	

Target-AID DNA

	

	 DNA DNA

Target-AID

	

AP

	

Target-AID

	 

Target-AID 	
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Target-AID

	

	 

Target-AID
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1.  
 

DNA DNA

DNA (Christian et al., 2010; Jinek et al., 

2012; Kim et al., 1996)	

(Cox et al., 

2015)	

(Bakondi et al., 2016; Ding et al., 2014; Lin et al., 2014; Tebas et al., 2014)

(Nelson et al., 2016) (Long 

et al., 2014; Schwank et al., 2013; Wu et al., 2013) (De Ravin et al., 

2016)

	 DNA

(Nambiar and Raghavan, 2011; Rich et al., 2000)	

DNA

DNA 	

	 DNA

	 

CRISPR/Cas9

DNA (Target-AID)

(Nishida et al., 2016) (Figure 1)	Target-AID

Cas9 2 nuclease-dead 

Cas9 (dCas9) nickase Cas9 

(nCas9(D10A)) (Jinek et al., 2012)

(PmCDA1) (Muramatsu et al., 1999)

(dCas9-PmCDA1, nCas9-PmCDA1) 	

single-guide RNA (sgRNA) DNA

	 DNA

PmCDA1 C 	

C (U) 	DNA nCas9
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DNA

U DNA DNA (G)

(A)

	 A DNA

(T)

	 Target-AID C DNA

C T 	

Target-AID

(Nishida et al., 2016)	

Target-AID

	 

Target-AID

	Target-AID

i) ii) 50

	

chordin (chd) one-eyed pinhead (oep)

	

sgRNA 	

dCas9-PmCDA1 nCas9-PmCDA1 mRNA sgRNA

	 3
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2.  
 

2-1. Target-AID

 

Target-AID pCS2+

(pCS2+ dCas9-PmCDA1, pCS2+ nCas9-PmCDA1)

dCas9-PmCDA1 mRNA nCas9-PmCDA1 mRNA in vitro 	

Target-AID

chd oep 	Target-AID protospacer adjacent motif 

(PAM) (5’–NGG for Streptococcus pyogenes Cas9 (SpCas9)) (Jinek et al., 2012)

16 20

5 C

(Nishida et al., 2016)	 C

	chd 232

C (c.232C) (Figure 2)	

oep 178 C (c.178C)

(Figure 3)	

pDR274 (pDR274 chd sgRNA, pDR274 oep sgRNA)

chd sgRNA oep sgRNA in vitro 	 

 

2-2. chd  

Target-AID chd

dCas9-PmCDA1 mRNA

nCas9-PmCDA1 mRNA chd sgRNA

	 3 5

DNA 	 DNA

DNA PCR 	

(pBluescript II KS (+))

	 20

DNA
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	 105

T PAM

A G (Figure 4A)	PCR

DNA PCR

	dCas9-PmCDA 101

5.9 % C T

(c.232C>T) (Figure 4B)	

(G>A, A>G) (Figure 4B)	nCas9-PmCDA1 96

3

(3.1%)	 93 3.2 %

C T (c.232C>T) (Figure 

4C)	dCas9-PmCDA1

(G>A, A>G, C>T) (Figure 4C)	 

 

2-3. oep  

oep 	

113

T A

G (Figure 5A)	

DNA PCR 	

dCas9-PmCDA1 113 1.8 %

C T (c.178C>T) 

(Figure 5B)	 (G>A, 

A>G, C>T) (Figure 5B)	nCas9-PmCDA1 114

1

(0.9%)	 113

(A>G)

T (Figure 5C)	 

 

2-4. chd  

C DNA
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(Figure 6)	Target-AID

C DNA

DNA DNA Target-AID

	 Target-AID chd

Target-AID

Heteroduplex mobility assay (HMA) (Figure 7)	 bp

PCR

DNA ( ) 	

DNA( ) bp

	 bp

	

	dCas9-PmCDA1 16

1 DNA DNA

(Figure 8A)	 nCas9-PmCDA1

16 8 DNA

DNA (Figure 8B)	

Cas9 16 12 DNA

DNA (Figure 8C)	

dCas9-PmCDA1 nCas9-PmCDA1 chd DNA

nCas9-PmCDA1 dCas9-PmCDA1

	 

 

2-5. oep  

oep

HMA 	dCas9-PmCDA1

16 2 DNA

DNA (Figure 9A)	 nCas9-PmCDA1

16 4 DNA
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DNA (Figure 9B)	

Cas9 16 13 DNA

DNA (Figure 9C)	

dCas9-PmCDA1 nCas9-PmCDA1 oep

DNA

nCas9-PmCDA1 dCas9-PmCDA1

	 

 

2-6. DNA  

(Nishida et al., 2016)	

C 	 DNA

(Uracil DNA glycosilase inhibitor (UGI)) Target-AID

Target-AID

(Nishida et al., 2016)	 Target-AID DNA

U

	 dCas9-PmCDA1

nCas9-PmCDA1 DNA

(Unga) (dCas9-PmCDA1-Unga, nCas9-PmCDA1-Unga)

	 mRNA oep sgRNA

3 HMA

	dCas9-PmCDA1 DNA

DNA dCas9-PmCDA1-Unga

(Figure 10A)	 nCas9-PmCDA1-Unga

nCas9-PmCDA1 DNA (Figure 

11B)	 U

	 Target-AID

U DNA

DNA

	 

 

2-7. AP  
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DNA U (apurinic/apyrimidinic (AP

)) 	AP AP (APEX1)

DNA Target-AID

AP

	

APEX1 pCS2+ mRNA in vitro

	dCas9-PmCDA1-Unga mRNA oep sgRNA

APEX1 mRNA APEX1

DNA DNA

(Figure 11A)	 nCas9-PmCDA1-Unga mRNA oep sgRNA

APEX1

DNA DNA

(Figure 11B)	 Target-AID

AP 	

Target-AID AP

APEX1 DNA

	 AP DNA

AP

	 

 

2-8. Target-AID  

Target-AID

	 HMA nCas9-PmCDA1

dCas9-PmCDA1 	

nCas9-PmCDA1 	

dCas9-PmCDA1

	 

 

2-9. chd G0
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chd G0

dCas9-PmCDA1 mRNA chd sgRNA

	 chd 

G0 fish 	chd G0 fish c.232C>T

chd G0 fish DNA

DNA PCR

(Figure 12)	

	chd G0 fish 2

	3 chd G0 fish

	 2 chd G0 fish

c.232C C T

	 

 

2-10. oep G0

 

oep G0

dCas9-PmCDA1 mRNA oep sgRNA

	

oep G0 fish 	chd G0 fish oep G0 fish DNA

DNA PCR

(Figure 13)	5 oep G0 fish 1 oep G0 

fish

(Figure 13 i)	 4

(Figure 13 ii–v)	 ii

c.175C T 	 iii c.178C

T 	 iv c.175C c.178C

T 	 v

c.175C c.178C T c.175C

	 1

DNA 	 
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2-11. chd  

Target-AID chd

	 chd G0 fish 1

	 chd F1 embryo

	3 chd G0 fish chd F1 embryo 	chd F1 embryo

DNA DNA

(Figure 14)	

	34 chd F1 

embryo 10 C T c.232C

	 	

Target-AID chd

	 

 

2-12. oep  

Target-AID oep

oep G0 fish 1 	

oep F1 embryo 	4 oep G0 fish oep F1 embryo 	

oep F1 embryo DNA DNA

(Figure 15)	49 oep F1 embryo 6

C T c.175C 	 1

C T c.178C 4 C T

c.175C c.178C 	 c.178C

	 c.173A

A C 	

Target-AID oep

	

	 

 

2-13. chd F1

 

chd F1
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chd F1 embryo chd 

F1 fish 	 2

Allele-specific PCR chd F1 fish 	

chd_wF chd_wR

(Figure 16A)	 Figure 16 ”w” 	

chd_mF chd_wR c.232C>T

(Figure 16A)	

Figure 16 ”m” 	 203 

bp PCR (Figure 16A, B)	

	chd_wF

chd_wR chd F1 

fish c.232C>T ”negative” 	

chd F1 fish

c.232C>T ”positive”

	51 chd F1 fish 39 ”negative” 12 ”positive”

(Figure 16C)	”positive” 12 chd F1 fish

12 c.232C>T

(chdc.232C>T/+) (Figure 16D)	 

 

2-14. oep F1

 

oep

F1 oep F1 

embryo oep F1 fish 	 2

Allele-specific PCR oep F1 fish 	

Allele-specific PCR 2 allele-specific 	

oep_wF oep_wR

(Figure 17A)	 Figure 17 ”w”

	 oep_wF oep_mR

c.178C>T (Figure 

17A)	 Figure 17 ”m” 	

183 bp PCR (Figure 17A, 
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B)	

	oep_wF oep_mR

oep F1 fish c.178C>T

”negative” 	

oep F1 fish c.178C>T

”positive” 	163 oep F1 fish 147

”negative” 16 ”positive” (Figure 17C)	”positive”

16 oep F1 fish

12 c.175C>T c.178C>T

(oepc.175C>T; c.178C>T/+) 4 c.178C>T

(oepc.178C>T/+) (Figure 17D)	 

 

2-15. chd off-target  

Target-AID DNA DNA (off-target site)

(off-target )	chd off-target

chd F1 fish off-target sites CCtop 

software (Stemmer et al., 2015) sgRNA

off-target mismatch score 3 off-target sites

	 off-target site

48 chd F1 fish off-target sites

(Figure 18)	 chd sgRNA

DNA Target-AID off-target

	 

 

2-16. oep off-target  

oep off-target oep F1 fish

	 off-target mismatch score

2 off-target sites 	 off-target 

site 48 oep F1 fish off-target sites

(Figure 19)	

dCas9-PmCDA1 Target-AID off-target
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2-17. chd

 

c.232C>T chd

	 chd

(Hammerschmidt et al., 

1996) c.232C>T chd

	

chdc.232C>T/+ F2 (chd F2 

embryo) 	 28.4% (61/215) chd F2 embryo

(Figure 20B)	chd F2 embryo

chd F2 embryo

c.232C>T (chdc.232C>T/c.232C>T)

(Figure 20C)	 chdc.232C>T/c.232C>T

	 chd Target-AID

chd

	 

 

2-18. oep

 

c.178C>T oep

	 oep

(Schier et al., 1997) c.178C>T

oep

	 oepc.178C>T/+

F2 (oep F2 embryo) 	 21.6% 

(68/315) oep F2 embryo (Figure 21B, D)	oep F2 embryo

oep F2 

embryo c.178C>T

(oepc.178C>T/c.178C>T) (Figure 21E)	 oepc.178C>T/c.178C>T

	 

 

2-19. oep
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oep

(Schier et al., 1997)	c.178C>T

oep

goosecoid (gsc) hatching gland 1 (hgg1) RNA

whole-mount in situ hybridization (WISH) 	WISH

oepc.178C>T/c.178C>T shield gsc

(Figure 22B)	 tailbud hgg1

(Figure 22D)	 oepc.178C>T/c.178C>T

	 oep

Target-AID oep
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3.  
 

3-1. Target-AID  

Target-AID Base editor

(Komor et al., 

2016; Nishida et al., 2016)	Target-AID CRISPR/Cas9

(Nishida et al., 2016)	CRISPR/Cas9

DNA (Ansai and 

Kinoshita, 2014; Blitz et al., 2013; Friedland et al., 2013; Gratz et al., 2013; Nakayama 

et al., 2013; Shen et al., 2013; Wang et al., 2013)	 Target-AID C

	 Target-AID

	 2

(Figure 20–22)	 

 

3-2.  

Target-AID 2 (dCas9-PmCDA1, 

nCas9-PmCDA1) 	

Target-AID C DNA

( )

(Nishida et al., 2016)	

nCas9-PmCDA1

(Figure 4, 5)	

(Figure 4, 5, 8, 9)	 nCas9 Base Editor

(Zhang et al., 2017)	 dCas9-PmCDA1
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3-3. Target-AID  

nuclease-dead Cas9 nickase Cas9

(Figure 4, 5, 8, 9, 13, 15)	

C DNA

	 U

DNA Target-AID

(Nishida et al., 

2016)	 DNA Target-AID U

(Figure 10)	 APEX1 AP

dCas9-PmCDA1-Unga nCas9-PmCDA1-Unga

(Figure 11)	

Target-AID

	 U AP

Target-AID 	

DNA

Target-AID

	 

 

3-4. PAM  

G0 embryo F1 embryo

	 PAM

	chd G0 

embryo dCas9-PmCDA1 PAM 19

5.9 % (Figure 4B)	

oep G0 embryo dCas9-PmCDA1 PAM

16 1.8 %

(Figure 5B)	chd F1 embryo

29.4% (Figure 14)	oep

F1 embryo 20.4% PAM 19

10.2%

(Figure 15)	
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Target-AID

(Nishida et al., 2016)	 nCas9-PmCDA1 PAM

19 25%

PAM 16

5% 	 PAM

Target-AID C

	

C Target-AID

	 

 

3-5.  

dCas9-PmCDA1 F1 embryo

dCas9-PmCDA1

(Figure 4B, 5B, 14, 15)	

dCas9-PmCDA1

	dCas9-PmCDA1

DNA

	 dCas9-PmCDA1

DNA DNA 	

	 

 

3-6. Target-AID A>C  

oep F1 embryo

A>C oep F1 embryo

(Figure 15)	 Target-AID A>C

1%

(Nishida et al., 2016)	 ( ) C

A>G
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(Nordmann et al., 

1988)	 A>C

	 A>C in vitro DNA

Target-AID

A 	 

 

3-7. Target-AID off-target  

F1 fish off-target sgRNA

DNA dCas9-PmCDA1 Target-AID off-target

(Figure 18, 19)	

Target-AID sgRNA DNA

	

sgRNA dCas9-PmCDA1 DNA

	ChIP-seq sgRNA dCas9-PmCDA1

off-target

	 

 

3-8. Target-AID  

Target-AID  

Target-AID

	Target-AID

	

CRISPR/Cas9

	 Target-AID DNA

	 Target-AID

	 Target-AID
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4.  

 

4-1.  

Zebrafish International Resource Center AB

(Aoyama et al., 

2015)	AB AB

	 	

	 

 

4-2. mRNA  

dCas9-NLS-FLAG-PmCDA1 (dCas9-PmCDA1) nCas9-NLS-FLAG-PmCDA1 

(nCas9-PmCDA1) DNA PCR

	 pRS315 dCas9-PmCDA1

pRS315 nCas9-PmCDA1 	 
d/nCas9-NLS-FLAG-PmCDA1_F: 
5’-TCTTTTTGCAGGATCATGGACAAGAAGTAC-3’ 

d/nCas9-NLS-FLAG-PmCDA1_R: 

5’-GAGAGGCCTTGAATTGGATCCTTATCCGGA-3’ 

Unga Target-AID dCas9-PmCDA1

nCas9-PmCDA1 DNA

PCR 	 pRS315 

dCas9-PmCDA1 pRS315 nCas9-PmCDA1 	 
d/nCas9-NLS-FLAG-PmCDA1-GGS_F: 

5’-TCTTTTTGCAGGATCATGGACAAGAAGTAC-3’ 
d/nCas9-NLS-FLAG-PmCDA1_GGS_R: 
5’-TTTCTGTCCGATCATAGAACCTCCTCTAGAAACAGCAGGACTCTT-3’ 

Unga DNA PCR

	 24 total RNA 	 
GGS_Unga_F: 

5’-ATGATCGGACAGAAAAGCATCAAG-3’ 
GGS_Unga_R: 
5’-TCACTATAGTTCTAGATTAACTAGTCAGAGCTTTCCAGTC-3’ 
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APEX1 DNA

PCR 	 24 total RNA

	 
APEX1_F: 
5’-TCTTTTTGCAGGATCATGCCCAAAAGAGCC-3’ 

APEX1_R: 

5’-TCACTATAGTTCTAGATTACACTGCCAAAAACAAGG-3’ 

PCR InFusion (Takara, Kusatsu, 

Japan) pCS2+

DNA 	 (pCS2+ dCas9-PmCDA1 pCS2+ 

nCas9-PmCDA1 pCS2+ dCas9-PmCDA1-Unga pCS2+ nCas9-PmCDA1-Unga

pCS2+ APEX1) pCS2+ Cas9 NotI

mRNA in vitro 	mRNA in vitro

mMESSAGE mMACHINE SP6 kit (Thermo Fisher Scientific, Waltham, 

USA) 	 

 

4-3. sgRNA  

Table 1  (chd_sense, chd_antisense, oep_sense, 

oep_antisense) Invitrogen 	

95 ˚C 2 25 ˚C 1

	 BsaI

pDR274 (Ansai and Kinoshita, 2014; Hwang et al., 2013)

	 Ligation high Ver. 2 (Toyobo, Osaka, 

Japan) 	 DraI

sgRNA in vitro 	in vitro MEGAshortscript T7 

Transcription Kit (Thermo Fisher Scientific, Waltham, USA) 	 

 

4-4. RNA  

1 nl RNA 	RNA

	 RNA dCas9-PmCDA1 

mRNA + chd sgRNA (100 ng/µl dCas9-PmCDA1 mRNA 25 ng/µl chd sgRNA)

nCas9-PmCDA1 mRNA + chd sgRNA (100 ng/µl nCas9-PmCDA1 mRNA 25 ng/µl 
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chd sgRNA) Cas9 mRNA + chd sgRNA (100 ng/µl Cas9 mRNA 25 ng/µl chd 

sgRNA) dCas9-PmCDA1 mRNA + oep sgRNA (100 ng/µl dCas9-PmCDA1 mRNA

25 ng/µl oep sgRNA) nCas9-PmCDA1 mRNA + oep sgRNA (100 ng/µl 

nCas9-PmCDA1 mRNA 25 ng/µl oep sgRNA) Cas9 mRNA + oep sgRNA (100 ng/µl 

Cas9 mRNA 25 ng/µl oep sgRNA) dCas9-PmCDA1-Unga mRNA + oep sgRNA (100 

ng/µl dCas9-PmCDA1-Unga mRNA 25 ng/µl oep sgRNA) nCas9-PmCDA1-Unga 

mRNA + oep sgRNA (100 ng/µl nCas9-PmCDA1-Unga mRNA 25 ng/µl oep sgRNA)

APEX1 mRNA (10 ng/µl) nCas9-PmCDA1-Unga mRNA + oep sgRNA + APEX1 

mRNA (100 ng/µl nCas9-PmCDA1-Unga mRNA 25 ng/µl oep sgRNA 10 ng/µl 

APEX1 mRNA) 	chd sgRNA 3

96.6% dCas9-PmCDA1 77.8% nCas9-PmCDA1 76.4% Cas9

61.4% 	oep sgRNA 3

95.2% dCas9-PmCDA1 67.3% nCas9-PmCDA1 57.6%

Cas9 47.2% 	 3

	 

 

4-5.  

0.6 mM (Sigma-Aldrich, St Louis, USA)

(No. 10, FEATHER Safety 

Razor, Mino, Japan) 	 

 

4-6. DNA  

DNA (Ansai and Kinoshita, 2014)	

3

25 µl alkaline lysis buffer (25 mM NaOH, 0.2 mM EDTA (pH 8.0))

95 ˚C 15 	

25 µl 40 mM Tris-HCl (pH 8.0) 	

DNA PCR 	 

 

4-7.  
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(chd_cloning_F, chd_cloning_R, 

oep_cloning_F, oep_cloning_R) Table 1 	 5

	 3

PCR 	chd oep

DNA PCR 	PCR DNA

BIOTAQ DNA Polymerase (Bioline, London, UK) 	 BamHI

HindIII pBluescript II KS (+) 	

Ligation high Ver. 2 (Toyobo, Osaka, Japan) 	

	

37 ˚C 	

1x TE (10 mM Tris-HCl (pH 8.0), 1 mM EDTA (pH 8.0)) PCR

	 

 

4-8. PCR  

20 M13 Forward

M13 Reverse PCR 	PCR DNA

BIOTAQ DNA Polymerase (Bioline, London, UK) 	

NucleoSpin Gel and PCR Clean-up (Macherey-Nagel, Düren, Germany)

	 Fasmac (Atsugi, Japan) Macrogen Japan 

(Kyoto, Japan) 	 M13 

Forward 	 

  

4-9. Heteroduplex mobility assay (HMA) 

HMA (Ansai and Kinoshita, 2014) (chd_HMA_F, 

chd_HMA_R, oep_HMA_F, oep_HMA_R) Table 1 	 3

PCR 	chd oep

DNA PCR 	PCR DNA

BIOTAQ DNA Polymerase (Bioline, London, UK) 	

chd 117 bp DNA oep

132 bp DNA 	 8%

	 ImageJ 	

( )



 27 

	

DNA DNA

DNA

	

	 

 

4-10.  

DNA

(chd_direct_F, chd_direct_R, oep_direct_F, oep_direct_R)

Table 1 	chd oep DNA PCR

	PCR DNA BIOTAQ DNA Polymerase (Bioline, 

London, UK) 	 NucleoSpin Gel and PCR Clean-up 

(Macherey-Nagel, Düren, Germany) 	

Fasmac (Atsugi, Japan) Macrogen Japan (Kyoto, Japan) 	

Table 1 chd_direct_F

oep_direct_F 	 

 

4-11. Allele-specific PCR  

DNA Allele-specific PCR (Newton et al., 

1989) Table 1 	chd_wF chd_mF chd

2nd intron 3rd exon

	chd_wF chd_mF 3’ chd

	 chd_wR chd 3rd 

intron 	 Forward

chd_wR DNA

chd 	

chd_wF chd_mF 3’ 2 T 	 T

C/T Allele-specific PCR

	 

oep_wF oep 2nd intron

	 oep_wR oep_mR oep 3rd exon

	oep_wR oep_mR 3’ oep
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	oep_wR 3’ G

oep_mR 3’ A 	 Reverse oep_wF

DNA oep

	 

chd_bF chd_bR oep_bF oep_bR

800–1400 bp DNA 	

	Allele-specific PCR DNA

BIOTAQ DNA Polymerase (Bioline, London, UK) 	 2%

	PCR 	 

 

For chd gene; 

pre-denaturation 94 ˚C 5 min 

denaturation 94 ˚C 20 s 

annealing  60 ˚C 20 s 30 times 

extension  72 ˚C 20 s 

final extension 72 ˚C 1 min 

 

For oep gene; 

pre-denaturation 94 ˚C 5 min 

denaturation 94 ˚C 20 s 

annealing  55 ˚C 20 s 25 times 

extension  72 ˚C 20 s 

final extension 72 ˚C 1 min 

 

4-12.  

1 MicroPublisher 5.0 camera (QImaging, 

Surrey, Canada) SZX16 stereo microscope (Olympus, Tokyo, Japan)

	 

 

4-13. Whole-mount in situ hybridization (WISH) 
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goosecoid (gsc) hatching gland 1 (hgg1) RNA

(Maegawa et al., 2006)	WISH

(Tanaka et al., 2017)	 

 

4-14. WISH DNA  

WISH DNA

(Gansner et al., 2008)	WISH 4% PFA/PBS

	 

1. 24 	 

2. 1 ml 1x PBS-T (0.1% Tween 20) 1 	 

3. 1x PBS-T 	 

4. 2 3 	 

5. 1 ml 1x PBS-T (0.1% Tween 20) 	 

6. 1x PBS-T 	 

7. 1 ml 300 mM NaCl-T (0.1% Tween 20) 65 ˚C 4

	 

8. 300 mM NaCl-T 	 

9. 1 ml 	 

10. 1.5 ml 	 

11. 	 

12. 25 µl alkaline lysis buffer 1.5 ml 95 ˚C 15

	 

13. 	 

14. 25 µl 40 mM Tris-HCl (pH 8.0) 1.5 ml 	 

15. 4 ˚C -20 ˚C 	 

 

4-15. Allele-specific PCR WISH  

WISH DNA Allele-specific PCR 	

Allele-specific PCR DNA BIOTAQ DNA Polymerase (Bioline, 

London, UK) 	 Forward Reverse

0.8 µM PCR 	

2% 	PCR 	 
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pre-denaturation 94 ˚C 5 min 

denaturation 94 ˚C 20 s 

annealing  55 ˚C 20 s 45 times 

extension  72 ˚C 20 s 

final extension 72 ˚C 1 min 
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igure 7. Heteroduplex mobility assay (HMA) 
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igure 11. APEX1 mRNA  
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oep sgRNA PAM 	 oep sgRNA

	 oep 	
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igure 20. chd
 

 
24 A B chd c.232C>T/c.232C>T 

chd 100 µm
C chd chd F2 embryo

chd chd F2 embryo
TAG  
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A B
野生型胚 chd 

c.232C>T/c.232C>T
胚

C

A CT GGGGGC C C AAAGT CG GG GG G GGAGAAA
未成熟終止コドン



igure 21. oep
 

 
27 A, C B, D oepc.178C>T/c.178C>T 

oep
100 µm E oep

oep F2 embryo
oep

oep F2 embryo TAA
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野生型胚 oep 
c.178C>T/c.178C>T

胚

A

C

B

D

E

A A AAC CG T GGGGGGGC CC C CCT A A A CC CC A
未成熟終止コドン



igure 22. oep
 

 
Whole-mount in situ hybridization (WISH) mRNA A

oepc.178C>T/c.178C>T shield gsc
lateral view C D oepc.178C>T/c.178C>T tailbud

hgg1 dorsal view WISH
Allele-specific PCR 100 µm
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野生型胚 oep 
c.178C>T/c.178C>T

胚

gsc

hgg1

shield期

tailbud期

A B

C D



Oligonucleotides name Sequence (5’ -3’ )

chd_sense
chd_antisense
chd_HMA_F
chd_HMA_R
chd_cloning_F
chd_cloning_R
chd_direct_F
chd_direct_R
chd_wF
chd_mF
chd_wR
chd_bF
chd_bR

chd_off1_F
chd_off1_R
chd_off2_F
chd_off2_R
chd_off3_F
chd_off3_R
oep_sense

oep_antisense
oep_HMA_F
oep_HMA_R
oep_cloning_F
oep_cloning_R
oep_direct_F
oep_direct_R
oep_wF
oep_wR
oep_mR
oep_bF
oep_bR

oep_off1_F
oep_off1_R
oep_off2_F
oep_off2_R
M13 forward
M13 reverse

TAGGAGAGGAGCCGGCGAGGGA
AAACTCCCTCGCCGGCTCCTCT
AAACAAACAAGACTCACCTGAG

GTCGGATCTGGACAGTCC
CTTGGATCCGTTCATTCCACTGTGGCAACC
CTTAAGCTTAGGTCGGATCTGGACAGTCC

GTTCATTCCACTGTGGCAACC
AGGTCGGATCTGGACAGTCC

TGTGTTTTTGTCTCTGAGCATC
TGTGTTTTTGTCTCTGAGCATT
AAACGCCAGACTGTGTTTCC

CACCGGTGAGTCTCCAATAGG
ACTCTGTTGGCTATCATCGACC

CTCATTCTGTTCCAGCTCCG
TACACCTACAGAGCTCCAGC
AATCAGGTAAGCACAGTGCC
CAATGAGCTCCAGTTCTCCG
GGTCACTGCAGAAGTTGTCC
TGTGACCTCGTATCCTCTCG

TAGGGTCAACACCGCAACGCCG
AAACCGGCGTTGCGGTGTTGAC

GGAAAGCCAAAGCAATACGC
AATGACAATCTCACCTCCGG

GTTGGATCCTCCGTGCGTGACTGTATTTCC
CTTAAGCTTTGCAGTTTTCATGTCAGTGTG

CCGTGCGTGACTGTATTTCC
GCAGTTTTCATGTCAGTGTGC
TCCGTGCGTGACTGTATTTCC

TCGGCGTTGCGGTGTTG
CTCGGCGTTGCGGTGTTA

ACAGTGTCTGCGGATAACTCG
CCACATCTGCAGTACGAACATCC

GGTGTCAACTGTGAGGAACG
TGCATATTCGAGCCTTCACG
TCTGAGGTCTGAAGGGCAG
TGGTTGTGTAATGCAAGTGC

GTAAAACGACGGCCAG
GGAAACAGCTATGACCATG

Table 1.  
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