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Ovo

 

Ovo

ovo EGFP enhanced GFP

Ovo-A, Ovo-B, Svb EGFP

ovoB-Nterm-EGFP

Ovo-EGFP Ovo-A EGFP

ovoA-Nterm-EGFP Ovo-EGFP

svb mRNA

Ovo-B

Ovo

Ovo-EGFP

Ovo-B

 

Ovo-B Ovo-A

Ovo-B

γ Ovo-B

Ovo-B

Ovo
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Ovo

 

Ovo-B

Ovo-B

GO (Gene Ontology) Ovo-B

piwi

Ovo-B

piwi aubergine (aub)  

tejas (tej)  

Ovo-B

±

Ovo-B

Ovo-B

Ovo-B 16
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Ovo-B

 

γ Ovo-B piwi

γ piwi, 

vasa, nanos Ovo-B

ovo

ovo Ovol2

ovo
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 (preformation) 

 (epigenesis) 

 (Extavour and Akam, 2003)

 (Juliano et al., 2010)

vasa nanos piwi

 

α  ( 1)

 (Illmensee and Mahowald, 1974)

nanos  polar granule component 
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(pgc)  (Hayashi et al., 2004;  Hanyu-Nakamura et al., 

2009)

 

γ

mRNA β

RNA

68

RNA in situ hybridization

27 RNA 27 RNA dsRNA

6 RNA

vasa nanos mRNA

 

(Yatsu et al., 2008) 6 RNA DNA

ovo  (Mével-Ninio et al., 1991)  

ovo ovo-A ovo-B svb mRNA 

mRNA DNA Zn

Ovo-A Ovo-B Svb  ( 2) (Mével-Ninio et 

al., 1995) γ in situ hybridization RT-qPCR

ovo-B ovo-A mRNA ovo-A 
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mRNA ovo-B mRNA 1/100  

( , 2008) Ovo-B

Ovo

Ovo DNA

Ovo

 

ovo-B γ

 ( , 2008) Ovo-B

ovo ovo

ovo

ovo  (Mével-Ninio et al., 1991; Oliver et 

al., 1987) Ovo-B DNA

Ovo-B Ovo-A (Andrews 

et al., 2000) Ovo-B

Ovo-B

Ovo-B

 ( , 2008)

Ovo-B γ Ovo-B

 

Ovo-B  (Mével-Ninio et al., 1991)
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vasa

nanos piwi  (Juliano et al., 2010) vasa nanos Ovo

 (Yatsu et al., 2008)

Ovo piwi

 

γ

Ovo Ovo-B

Ovo-B

Ovo  
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 ( 1 l 5.4 g, 

70 g, 100 g 3 ml, 

7 ml   ( 3 cm, 10 cm, 

) 10 ml 25 

 ( 50 ml 2 g

50 ml, 1 ml, 1 ml

 

 

<;9EGFJ9TWXNT:SW )+gjl I]X t|wq3h&#2�9

EGFP knock-in Kondo and Ueda (2013) 

CRISPR/Cas9 EGFP knock-in

 

 

<:<;9QKHB )+h��9

Ovo-A Ovo-B N EGFP

10 bp 50 bp

CRISPR  (sgRNA ) CRISPR 

Optimal Target Finder  (Gratz et al., 2014)  

gRNA pBFv-U6.2

Bbs CTTC AAAC 24
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 ( 2) ( )

10 µM 1 x 

M buffer ( ) 95 , 5 25 

 (ramp rate 1%) (Veriti

) DNA Ligation Kit (

) Bbs (NEB ) pBFv-U6.2

 ( 3)  

pBFv-U6.2 pBFv-U6.2-ovoA, 

pBFv-U6.2-ovoB HiSpeed 

Plasmid Purification Midi Kit ( ) 

TBX0002 TBX0003 1 µg / µl  

TBX0002 TBX0003

attP

pBFv-U6.2-ovoA pBFv-U6.2-ovoB attB X

phiC31

attP TBX0002

TBX0003 vermillion (v) 

pBFv-U6.2-ovoA pBFv-U6.2-ovoB v

v+  (P0) 

v+  (F1) phiC31

X ovoA gRNA ovoB gRNA
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<:=;9EGFJ vuqo|)+h��9

CRISPR/Cas9 DNA DNA

EGFP

Ovo-A, Ovo-B

1 kb

PCR EGFP gRNA / Cas9

 ( 4) EGFP pEGFP-N1

pBlueScript SK+ pBlueSkript SK+

PCR 3

EGFP

QIAquick gel Extraction Kit ( ) 

In-FusionHD Cloning Kit ( ) Gibson Assembly Master 

Mix (NEB ) 

pB-EGFP-ovoA, pB-EGFP-ovoB  

pB-EGFP-ovoA, pB-EGFP-ovoB

HiSpeed Plasmid Purification Midi Kit ( ) 

150 ng / ul

Cas9 CAS0004 ovoA gRNA

ovoB gRNA
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EGFP 2

 (P0) 1~3 1~3

 (F1) 10

PCR EGFP F1

EGFP F

pB-EGFP-ovoA 50  

( 4 ),  pB-EGFP-ovoB

100 ( ) F1 EGFP

F1

nos-Cas9  (CyO+) gRNA

 (v+) 

F1 PCR EGFP

ovoA-Nterm-EGFP ovoB-Nterm-EGFP data not 

shown  

 

<:>;9 xoq{o|spqry|9

 (1990a-c) 

0~30

± 3

 [FL-100, 450 cs ( ) ] 3~5 µm
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0.1 nl

25 μ

 

 

<:?;9I]X:EGFJ h�%�09

2-3 PBS (137mM NaCl, 2.7mM KCl, 10mM 

Na2HPO4, 1.8mM KH2PO4) 

2 ml  (4% ± PBS) 

15  

1 ml

1 ml 30

1 ml

-20  

PBST (0.2% Tween20 PBS)  

3 10 3

 (2% PBST) 30

4 

16

GFP 1/500 Vasa 1/500  

PBST 3 30 3

4 16
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Alexa488 IgG

 (Molecular Probe ) 1/500 Alexa546 IgY  

(Molecular Probe ) 1/500 DAPI ( ) 

10 µg / ml  

PBST 3 30 3

VECTASHIELD Mounting Medium (Vector )  

 

=;9I]X:B t|wq3h5�&#gjl �I]X:C t|wq3h�/2�9

Ovo-B

Gal4  nanos-Gal4-VP16 (Van 

Doren et al., 1998) nanos

Gal4-VP16 RNA nanos 3’UTR

Gal4-VP16

Gal4-VP16 Ovo-A

TM6B Dfd-YFP (Bloomington Stock Center #23232) 

nanos-Gal4-VP16 UASp-ovoA

 ( , 2008) YFP

 ( 5B) UASp-ovo-A y w

YFP  

 

=:<;9$�)�h�%�09

1-4
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25 μ  ( 36 2

)  ( 60 2 )  

(Wandering ) PBS

2 ml  (4% ± PBS) 

15 1-

Vasa

1/500 Fas3 1/50 1B1 1/50  (Developmental 

Studies Hybridoma Bank) Alexa488 IgG  (Molecular 

Probe ) 1/500 Alexa546 IgG  (Molecular Probe ) 

1/200 (Molecular Probe ) DAPI 10 µg / 

ml  

 

>;9 xoq{nzogjl �I]X:C h�"7��h��9

>:<;9 xoq{nzo2�9

Ovo-B EGFP-vasa; nanos-Gal4-VP16

UASp-ovoA 16

EGFP-vasa; nanos-Gal4-VP16 y w

16 Shigenobu et al. (2006a,b) 

RNeasy plus micro ( ) total RNA

10 ng Ovation PicoSL WTA System (NuGEN ) RNA
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cDNA cDNA One-Color Labeling Kit 

(NimbleGen ) Cy3 1.65 μg Drosophila V2 

microarray (GPL16820, Agilent Technologies ) 

G2505C US11093883 (Agilent Technologies )

± Feature Extraction ver.10.7.1.1 software  

(Agilent Technologies ) ± ±

quantile normalization

Eij Gi  (

3 ) Rj

Ovo-B

Limma package (Gentleman et al., 2005) ±

 

Eij ~ Gi + Rj + 	 ij 

Eij i ( Ovo-B ) j

 (log2) 	  (residual) 

Gi t-test p-value

Storey  (Storey and 

Tibshirani, 2003) q-value

Drosophila V2 microarray vasa

nanos 3’UTR

UASp-Ovo-A
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nanos  

 

>:?;9KL:YJDK gjl ���� f �����h&#2�9

vasa nanos

RT-qPCR vasa nanos

cDNA vasa

vas-Fw (5’- TGGAAGACCCCAGGTAGTGATTGTA-3’) 

vas-Rv (5’- AACGAGGTGCCTCCGTAAACAATA-3’)_nanos

nos-Fw (5’- ACACGATTAAGTACTGCCCCAAGAA-3’)9

nos-Rv (5’- CGCCCTCTCTAAACCTTCATCTGTT-3’) CG14937

CG14967-Fw (5’- 

TCTGAACAAGATTCGTCCTTGCCTA-3’) CG14967-Rv (5’- 

GCATTGTTGATGACCAGACTTAGGG-3’)  

PCR ± QuantiTect SYBR Green RT-PCR Kit 

(QIAGEN )  Light Cycler 480 system (Roche ) ±

Light Cycler Software (Roche )  Microsoft Excel (Microsoft ) 

CG14937 vasa nanos

 (log2) cDNA

3  

 

>:@;9GPWP9IW\XUXQ^ 2�9

FlyBase (Release5.57) GO term GO
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 (enrich ) GO term

GO term

Ovo-B  (GO_DEG) 

 (GO_nonDEG) GO_term

Ovo-B   

(nonGO_DEG)  (nonGO_nonDEG) 

Fisher’s exact test p-value

GO term Storey  (Storey and Tibshirani, 

2003) q-value Ovo-B

 

 

>:A;9JGD:PWZSNRPO9QPWP[ f [XVM:PWZSNRPO9QPWP[ h6	9

PGC-enriched genes soma-enriched genes

 ( )

15/16 11 20 13 20

 (q-value < 0.05) 

 (log2) Ovo-B

 (log2) Ovo-B

PGC-enrich genes

Ovo-B

 (354:459) PGC-enriched genes
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Ovo-B  

(81:41) Fisher’s exact test

Soma-enriched genes (194:95)  

 

?;9KHBS gjl � I]X:C �"7��h�/2�9

Ovo-B 4 34

RNAi RNAi  (

y w ) nanos-Gal4-VP16

Vienna Drosophila Resource Center (VDRC) 

RNAi

UAS-dicer2 ;nanos-Gal4-VP16 25 

30 

PBS  (

3 )  (

50% ) Fisher’s exact 

test  

 

?:<;9�1$��h�%�09

1-4 1-4

0.5 % TritonX-100 PBS

15 Vasa
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1/500 Fas3 1/50 1B1 1/50 (Developmental 

Studies Hybridoma Bank) Alexa488 IgY  (Molecular 

Probe ) 1/500 Alexa546 IgG  (Molecular Probe )

1/200 (Molecular Probe ) DAPI ( ) 

10 µg / ml  
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ovo-B mRNA

Ovo-B

 ( , 2008) Ovo

Ovo-B Ovo-B

γ

Ovo

 

 

-&$5(gacl I]X t|wq3h&#9

in situ hybridization RT-qPCR

ovo-B ovo-A mRNA ovo-A mRNA

ovo-B mRNA 1/100  ( , 

2008)

ovo-B mRNA Ovo

γ

Ovo  

Ovo

ovo

EGFP Ovo-EGFP
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EGFP CRISPR / Cas9 Ovo-A

N EGFP ovoA-Nterm-EGFP Ovo-B N

EGFP ovoB-Nterm-EGFP  ( 2)

ovoA-Nterm-EGFP Ovo-A ovoB- Nterm-EGFP

Svb Ovo-A Ovo-B EGFP

ovoA-Nterm-EGFP ovoB-Nterm-EGFP  [ovo (X)

ovoA-Nterm-EGFP

ovoB-Nterm-EGFP Y

] ovo

 (Oliver et al., 1987)

ovoA-Nterm-EGFP ovoB- Nterm-EGFP Ovo-EGFP

Ovo

 

Ovo

 ( 1) 

 ( 2)

 ( 3)

 ( 4)

 ( 6-8)  ( 8)

 ( 9-10)

 ( 12)
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 ( 14) ovoB-Nterm-EGFP 2

Ovo-EGFP  ( 6A)

3

Ovo-EGFP

5

5

Ovo-EGFP ovoA-Nterm-EGFP

Ovo-EGFP  ( 6B)

ovo-B mRNA ovo-A mRNA

RT-qPCR  ( , 2008)

Ovo-A

Ovo-B  

Ovo-B

Ovo-EGFP Ovo-EGFP

Ovo-EGFP

ovoB-Nterm-EGFP  (ovoB-Nterm-EGFP / 

FM7c Dfd-YFP) y w A

YFP 11

 (Le et al., 2006) ovoB-Nterm-EGFP YFP

 ( 5)  (
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9)   ( 14/16) 

Ovo-EGFP  ( 7B)  

Ovo-EGFP y w

ovoB-Nterm-EGFP A ovo

X

ovoB-Nterm-EGFP Ovo-EGFP

 ( 14) 

Ovo-EGFP  ( 7C)  

Ovo-EGFP

Ovo-EGFP

Ovo-B

ovo Ovo

γ Ovo

Ovo-B

 

 

 �I]X:C t|wq3h�/8�9

Ovo ovo

ovo ovo

 (Mével-Ninio et al., 1991; Oliver et al., 1987) γ Ovo-B
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Ovo-A (Andrews et al., 2000) Gal4/UAS

Ovo-B

 ( , 2008) Ovo-A Ovo-B

Ovo-B

Ovo-B

γ Ovo-B

Ovo-B Ovo-A Ovo-B

 

γ Gal4  (nanos-Gal4-VP16) UASp-ovoA

γ Gal4

nanos-Gal4-VP16 UAS-ovoA

nanos-Gal4-VP16  ( 5A) 11

Gal4-VP16 UAS

Ovo-A  ( 5C) Ovo-B

γ

 

(data not shown)  

11 17

Ovo-A Ovo-B

γ Gal4  (nanos-Gal4-VP16) UASp-ovoA
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Ovo-A

nanos-Gal4-VP16  

(nanos-Gal4-VP16 / TM6B Dfd-YFP) UASp-ovoA

nanos-Gal4-VP16  ( YFP ) 

 ( 5B) YFP

nanos-Gal4-VP16 Gal4-VP16

11 17 UAS Ovo-A

Ovo-A data not 

shown ( 5C) Ovo-A

  ( 16)

(  8A)  (82%) 

 ( n=72)

( 8B)  (n=65)  

Ovo-B Ovo-B

Ovo-B

Ovo-B
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 (Oliver et al., 1987) γ

Ovo-B

data not shown

Ovo-B

 

Ovo-B γ Ovo-B

Ovo-B Ovo-A Gal4-VP16

γ Ovo-B

γ nanos-Gal4-VP16

A Ovo-B

B

nanos-Gal4-VP16

 

 

�$�*.gacl �I]X:C h�"7��h��9

Ovo-B Ovo-B

Ovo-B DNA

 (Andrews et 

al., 2000; Mével-Ninio et al., 1991)



 28 

Ovo-B

 

Ovo-B zygotic genes

 ( 16) Ovo-B

 (Shigenobu et al., 2006a)

RNA

13936 Ovo-B  (q-value < 0.05) 

401 ( 5) 510 ( 6) 

 

γ γ

dsRNA ovo

vasa nanos

vasa nanos

 ( )

RT-qPCR vasa nanos

vasa  [ SEM ( N) 0 0.27 (N = 3)] 

Ovo-B  [0.11 0.14 (N = 3)] 

 (Student’s t-test: P > 0.05)

nanos  [0 0.08 (N = 3)] Ovo-B

 [0.28 0.22 (N = 3)] 

 (P > 0.05)  
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Ovo-B

Gene Ontology (GO) GO term

GO

 (enrich) GO term

Ovo-B GO

 (q-value < 0.05) enrich GO

enrich GO term  

(GO:90010529)  (p-value = 0.0007) ( 7) GO term

Ovo-B piwi aubergine 

(aub) tejas (tej) 

piRNA

 (Aravin et al., 2007; 

Grivna et al., 2006; Kalmykova, 2005; Patil and Kai, 2010)

Ovo-B

 

Ovo-B

 (GO:0004364)  (GO:0006749)

 (GO:0008406)  (GO:0008083)  

(GO:0007517)  (GO:0016348)  (GO:0007391) 

 (q-value < 0.05) enrich  ( 8) Ovo-B
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 (14 12 ) GST

2 nest Ovo-B

enrich

GO term

Berkeley Drosophila Genome 

Project (BDGP) Fly-FISH

 

Ovo-B

15

±  (  )

q-value < 0.05  

(PGC-enriched genes) 

q-value < 0.05  (soma-enriched genes) 

Ovo-B 122 PGC-enriched genes

81 Ovo-B  ( 9 9)

Ovo-B 289 soma-enriched genes

194 Ovo-B

 ( 1 9)

p<0.05

Ovo-B PGC-enriched genes
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Soma-enriched genes  

 

 �I]X:C �"7��h�/2�9

Ovo-B PGC-enriched genes

Ovo-B

Ovo-B

RNAi

 Ribosomal protein L22-like (RpL22-like) CG12477

CG11638 DNA  

Ets at 98B (Ets98B) CG3838 CG9650 CG17801 escargot (esg) earthbound 

1 (edb1) Histone H1 variant BigH1 (BigH1) CG12477 RNA

 oo18 RNA-binding protein (orb) spargel (srl)

hoi-polloi (hoip) La autoantigen-like (La) piwi 16

hoip piwi BigH1 ebd1

 

(58.8% 100% 8.0% 47.2%) 50%

(97.6% 100% 13.5% 8.6%) 

 ( 10) BigH1
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Engels and Presto, 

1978 CG11638 La orb srl RpL22-like esg

CG9650

 ( 24.2% 100% 100% 69.6% 76.7% 8.5%

9.4%) ( 11) Ovo-B
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 �I]X:C t|wq3h�$�*.h�ih��9

γ Ovo-B

Ovo-B

Ovo-B Ovo-B

 

Ovo-B

ovo-B RNA Ovo-B

mRNA 3’UTR

(Bashirullah et al., 1999)

mRNA 3'UTR

ovo-B RNA

Ovo-B ovo-B 

mRNA

Ovo-B Importin

Importin Imp-	 

Imp-

NLS
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imp- 1 (karyopherin α1) imp- 2 (Pendulin) imp- 3 

(karyopherin α3) imp- 1 RNA

Imp- 2 Imp- 3 RNA mRNA

 (FlyBase ) Imp-	 

Imp-

	 3 4

(Fang et al., 2001)

Ovo-B Ovo-B

Imp-	 3

 

Ovo-B

 

 

 �I]X:C gjk
�dml�"7��9

γ Ovo-B

Ovo-B

 

Gene Ontology

Ovo-B GO term enrich
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 ( 8) Ovo-B

GO term enrich

enrich GO term  ( 7) Ovo-B

 (47 ) CG  

(Computed gene number; / CG

) 

CG EST

 GO term

Ovo-B CG

γ

CG CG11638 CG9650

 

 

 �I]X:C gjl�$�*.gacl�*.�7��h&#�
9

Ovo-B Ovo-B

pgc RNA nanos RNA

pgc RNA 71

pTEFb RNA
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(Nakamura, 2009) nanos RNA Nanos

Pumillio mRNA  

(Asaoka-Taguchi et al., 1999; Hayashi et al., 2004; Kadyrova et al., 2007)

Nanos

 (Asaoka et al., 

) γ Ovo-B

3 Ovo-B DNA

Pgc Nanos

 

Ovo-B

Ovo-B

BigH1 Ovo-B

BigH1 H1

BigH1

BigH1 BigH1

 

(Pérez-Montero et al., 2013) BigH1

Ovo-B BigH1

γ BigH1 BigH1
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( 10) BigH1

H1

 

 

 �I]X:C gjk�$�*.ga`e!��dml7��,h�b9

γ BigH1 piwi hoip ebd1

 

piwi

piRNA  (Brower-Toland et al., 2007; Sienski et 

al., 2012) γ Ovo-B piwi

γ  (Yatsu et al., 2008) 

piwi vasa nanos Ovo-B

γ piwi

dsRNA ovo

vasa nanos  (Yatsu et al., 

2008) γ Ovo-A Ovo-B

vasa nanos

Ovo  (Bielinska 

et al., 2005; Lee and Garfinkel, 2000) vasa nanos Ovo

dsRNA
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piwi Ovo

Ovo-B γ

γ Ovo-B

 

γ piwi

aubergin (aub) (Simmons et al., 2007) tej (Patil and Kai, 2010)

Ovo-B piwi

aub PGCs-enriched genes

 (Klenov et al., 2011)

Ovo-B

 

hoip mRNA  

(Herold et al., 2009) hoip  

( )

hoip

 (Johnson et al., 2013) γ

hoip Ovo-B

 

ebd1 DNA CenpB-type

 (Tanaka et al., 2005) ebd1 Wnt -

TCF

 (Benchabane et al., 2011)
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ebd1  ( )

Wnt Wnt2  

(DeFalco et al., 2003) Wnt

Wnt

Ovo-B ebd1 Wnt

Wnt

 

orb esg RpL22-like srl La CG11638

CG9650

orb

 (Christerson and McKearin, 1994) esg

DE-cadherin (Shg)  (Voog et al., 

2014; Yamashita, 2003) esg

Shg (Song 

et al., 2002) 

Ovo-B

 

RpL22-like

 (Shigenobu et al., 2006b) RpL22-like

RpL22 RpL22-like C

short  (Kearse et al., 2011)
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RpL22 RpL22-like

/ TOR srl 

(Tiefenböck et al., 2010) 5S rRNA

La (Preisersf et al., 1993)

CG11638 DNA CG9650

 

Ovo-B

Ovo-B

12-16

RNA-seq ±  ( ) Ovo-B

401

 (q  0.05 72

 (q  0.05 114

γ

7 Ovo-B orb esg RpL22-like srl La

CG9650  (CG11638

) Ovo-B
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$�)�gacl ���h�/h4�'���9

γ γ Ovo-B

vasa nanos piwi

 (Yatsu et al., 2008)

 

(Juliano et al., 2010)

ovo

ovo Ovo-like 1 (Ovol1)

Ovo-like 2 (Ovol2) Ovo-like 3 (Ovol3)  (Unezaki et al., 2004; Unezaki 

et al., 2007) Ovol1 Ovol2

 ( ) Ovol1

 (Li et al., 2005)

 (Dai et al., 1998; Li et al., 2005)

Ovol1

Ovol2

 (  )
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Ovol2 Ovo-B

ovo

ovo

Ovo-B ovo

9

Wnt BMP

 (Cantú and Laird, 2013) Wnt

 (ESCs)  (CRC) 

Ovol2  (Ye et al., 2016; Zhang et al., 2013) BMP

ESCs Ovol2

(Zhang et al., 2013) Wnt BMP

PR domain containing 14 (Prdm14) PR domain 

containing 1 (Prdm1 / Blimp1) Transcription factor AP-2 gamma (AP2 )

in vitro Epiblast-like cell (EpiLC) PGC-like cell 

(PGCLC) 

 (Aramaki et al., 2013; Kurimoto et al., 

2008; Ohinata et al., 2005) Ovol2 Wnt

BMP

 

BMP
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BMP BMP

BMP

 (Deshpande et al., 2014)

Wnt

Wnt

Wnt2  (DeFalco et al., 2003)

γ Wnt ebd1

( 10) 

ovo BMP Wnt
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YFP  

 (C) γ γ

Ovo

box Ovo-A

Ovo-B box 11

nos-GAL4-VP16

RNA

(Hanyu-Nakamura et al., 2009)  
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Ovo-B 15

 (q-value < 0.05) PGC-enriched genes
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10 Ovo-B hoip, BigH1, piwi, ebd1  

 

UAS-dicer2; nanos-Gal4-VP16 hoip RNAi

nanos-Gal4-VP16 BigH1, piwi, ebd1 RNAi

nanos-Gal4-VP16 y w
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11 Ovo-B  

 

Ovo-B 3

50%

nanos-Gal4-VP16 UAS-dicer2; nanos-Gal4-VP16 RNAi

n

Fisher’s exact test

 (p < 0.01)  
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