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Supplementary Figure S1 A flow chart showing our strategy to explore 
conditions for inducing germ cell-specific genes 
 

Supplementary Figure S2 Knockdown efficiency of Max, Ezh1, Ezh2 and 
Dnmt1 by RNAi 
The expression of germ cell-specific genes was quantified by real-time PCR in MEFs 

after 2 days in culture under OCKS+Ctrl siRNA, OCKS+Max-KD, OCKS+Ezh1 KD, 
OCKS+Ezh2 KD or OCKS+Dnmt1 KD conditions. The expression in MEFs with 
OCKS+Ctrl siRNA was set as 1.0. The data were obtained by a single experiment. 

 
Supplementary Figure S3 Quantification of germ cell-specific genes 
expression in OCKS+Max-KD with or without VAP and ALK5i 

conditions 
The expression of germ cell-specific genes was quantified by real-time PCR in MEFs 
after 2 days in culture under OCKS+Ctrl siRNA or OCKS+Max-KD conditions with 

or without VPA and ALK5i (VA5). The expression in MEFs with OCKS+Max-KD 
was set as 1.0. Error bars, S.E. of three biological replicates, *p<0.05, **p<0.01, 
***p<0.001 (Student’s t-test). 

 
Supplementary Figure S4 The expression of Vasa in MEFs following 
inhibition of epigenetic modifications by RNAi or by small-molecule 

compounds 
(a) The expression of Vasa in MEFs after 2 days in culture in OCKS+Ctrl siRNA, 
OCKS+Ezh1- and Ezh2-KD, OCKS+Max-, Ezh1- and Ezh2-KD or OCKS+Max- and 

Atf7ip-KD conditions was quantified by real-time PCR. The expression in MEFs 
with OCKS+Ctrl siRNA was set as 1.0.  
(b) The expression of Vasa in MEFs after 2 days in culture in OCKS+Ctrl siRNA, 

OCKS+Max- and Atf7ip-KD, or OCKS+Max- and Atf7ip-KD with VPA and ALK5i 
(VA5) conditions. The expression in MEFs with OCKS+Ctrl siRNA was set as 1.0.  
(c) The expression of Vasa in MEFs after 2 days in culture in OCKS with or without 

chem+VA5. DMSO was added to control cells. The expression in MEFs in 
OCKS+DMSO condition was set as 1.0. The data were obtained by a single 
experiment. 



 
Supplementary Figure S5 The germ cell-specific genes were 
significantly upregulated in OS+chem+VA5+Dnmt1-KD condition 

(a) The expression of germ cell-specific genes in MEFs after 2 days in culture in 
OCKS+Ctrl siRNA, OCKS+Max- and Atf7ip-KD+VA5, or OCKS+chem+VA5, with 
inhibition of DNA methylation by Dnmt1-KD or by 5-Aza-cytidine (Aza) conditions. 

The expression in MEFs with OCKS+chem+VA5+Dnmt1-KD quantified by 
real-time PCR was set as 1.0.  
(b) The expression of somatic genes (Hoxa1 and Hoxb1) in MEFs 2 days in culture 

in OCKS+Ctrl siRNA or OCKS+chem+VA5+Dnmt1-KD conditions. The expression 
in MEFs with OCKS+chem+VA5+Dnmt1-KD was set as 1.0. 
Error bars: S.E. of three biological replicates, *p<0.05, **p<0.01, ***p<0.001 

(Student’s t-test). 
 
Supplementary Figure S6 Change of Vasa expression in MEFs in 

OCKS+chem+VA5+Dnmt1 KD condition after prolonged culture 
The expression of Vasa was quantified by real-time PCR in MEFs after transfection 
of the expression vector encoding the Yamanaka factors (Oct4, c-Myc, Klf4, Sox2) 

with or without tranylcipromine, BIX-01294, DZNep (chem), VPA, ALK5i (VA5), 
and Dnmt1 Knocked-Down (KD) (OCKS+chem+VA5+Dnmt1 KD, or OCKS+Ctrl 
siRNA) after 2, 4, 6 days in culture. The expression level of Vasa in MEFs with 

OCKS+chem+VA5+Dnmt1 KD was set as 1.0. The data were obtained by a single 
experiment. 
 

Supplementary Figure S7 The expression of Dazl protein was 
significantly induced in MEFs in the OCKS+chem+VA5+Dnmt1-KD 
condition 

(a) Immuno-fluorescence staining of MEFs after 4 days in culture in 
OCKS+chem+VA5+Dnmt1-KD or OCKS+Ctrl siRNA conditions using anti-Dazl 
antibody. The shown data are representative of data from three independent 

experiments. Red: anti-Dazl, Blue: DAPI, Scale bar: 200 µm. 
(b) The ratios of number of Dazl-positive cells in DAPI-positive cells. Dazl- and 
DAPI-positive cells were estimated by image J. Error bars: S. E. of three biological 



replicates, *p<0.05. 
 
Supplementary Figure S8 Transcriptome analysis of MEFs cultured in 

OCKS+chem+VA5+Dnmt1-KD conditions 
(a) The ratios of number of up- and downregulation genes in MEFs after 4 days in 
OCKS+chem+VA5+Dnmt1-KD condition compared with in control MEFs. Genes 

with at least two-fold changes in expression (p<0.001) were analyzed.  
(b) The ratios of upregulated genes annotated with particular GO terms.  
(c) The ratios of downregulated genes annotated with particular GO terms. 

(d) Relationship of upregulated genes in E13.5 male PGCs and in the treated MEFs 
compared with in control MEFs.  
(e) GO analysis in commonly upregulated genes in E13.5 male PGCs and in the 

treated MEFs compared with in control MEFs. The GO terms with corrected 
p-value <0.05 are shown. 
The array data were obtained from three biological replicates. 

 
Supplementary Figure S9 The expression of Dazl, Tex19.1 and Sycp1 in 
the OS+chem+VA5+Dnmt1-KD condition 

Scatter plot of meiosis-related genes at least two-fold upregulated in MEFs in 
OS+chem+V.A+Dnmt1-KD condition compared with in control MEFs. 
 

Supplementary Figure S10 The expression of germ cell-specific genes in 
E13.5 male PGCs 
(a) The expression of Vasa in E13.5 male (♂) PGC and in MEFs after 2 days in 

culture with OCKS+Max- and Atf7ip-KD+VA5 or OCKS+chem+VA5 treatment. 
The expression in MEFs in OCKS+Max- and Atf7ip-KD+VA5 or OCKS+chem+VA5 
condition was set as 1.0. The data were obtained by a single experiment. 
(b) The expression of Dazl, Tex19.1 and Sycp1 in E13.5 ♂ PGC and in MEFs after 

4 days in culture with OS+chem+VA5+Dnmt1 KD treatment. The expression in 
MEFs in OS+chem+VA5+Dnmt1 KD condition was set as 1.0. Error bars: S. E. of 

three biological replicates, ***p<0.001 (Student’s t-test). 
The expression of germ cell-specific genes was quantified by real-time PCR. 
 



Supplementary Figure S11 The effect of OS for the expression of Dazl, 
Tex19.1 and Sycp1 in the ALK5i, DZNep, Dnmt1 KD condition 
The expression of Dazl, Tex19.1 and Sycp1 in MEFs after 4 days in culture under 

ALK5i+DZNep+Dnmt1-KD or OS+ALK5i+DZNep+Dnmt1-KD conditions. The 
expression in MEFs in the OS+ALK5i+DZNep+Dnmt1-KD condition was set as 1.0. 
The expression of Dazl, Tex19.1 and Sycp1 was quantified by real-time PCR. The 

data were obtained by a single experiment. 
 
Supplementary Figure S12 Changes of histone modification status in 

the OS+chem+VA5+Dnmt1-KD condition 
ChIP analysis of the promoter regions of Dazl, Tex19.1, and Sycp1 for H3K4me3 
and H3K27me3 in MEFs 4 days after the OS+chem+VA5+Dnmt1-KD treatment or 

in control MEFs. ChIP using normal IgG was used as a negative control. Levels of 
H3K4me3 or H3K27me3 were determined by real-time PCR, and the percentages of 
values relative to those for input chromatin are shown. Other data from two 

independent experiments are also shown in Fig. 6b. 
 
Supplementary Figure S13 Immuno-staining of Vasa protein in MEFs 

cultured with OS+chem+VA5+Dnmt1 KD 
Immuno-fluorescence staining of MEFs after 4 days in culture in 
OCKS+chem+VA5+Dnmt1-KD or OCKS+Ctrl siRNA conditions using anti-Vasa 

antibody. Red: anti-Vasa, Blue: DAPI, Scale bar: 100 µm. VR15 ES cells after Max 
knock-down (Max-KD VR15 ESC) were used for positive control of the 
immuno-staining. 

 
Supplementary Figure S14 Immuno-staining of Sycp3 protein in 
OS+chem+VA5+Dnmt1 KD 

Immuno-fluorescence staining of MEFs after 4 days in culture in 
OCKS+chem+VA5+Dnmt1-KD or OCKS+Ctrl siRNA conditions using anti-Sycp3 
antibody. Red: anti-Sycp3, Blue: DAPI, Scale bar: 100 µm. VR15 ES cells after Max 

knock-down (Max-KD VR15 ESC) were used for positive control of the 
immuno-staining. 
 



Supplementary Figure S15 The effect of OCKS+chem+VA5+Dnmt1-KD 
condition for reprogramming of MEFs to iPSCs. 
(a) The expression of typical pluripotency markers, the Oct4ΔPE-GFP reporter and 

alkaline phosphatase (ALP) activity in MEFs cultured in the OCKS+Ctrl siRNA 
treatment for 15 days. The shown data are representative of three independent 
experiments. Scale bar: 200 µm. 

(b) The number of Oct4ΔPE-GFP- or ALP-positive colonies in OCKS+Ctrl siRNA or 
OCKS+chem+VA5+Dnmt1 KD treatment for 15 days. Error bars: S. E. of three 
biological replicates, *p<0.05. 

 
Supplementary Figure S16 The expression of Blimp1  in 
OS+chem+VA5+Dnmt1 KD treated MEFs after cultured in the PGCLC 

culture condition 
The MEFs cultured in OS+chem+VA5+Dnmt1 KD for 4 days were further cultured 
in the PGCLC culture condition for 6 days. The expression of Blimp1 was quantified 

by real-time PCR. The expression in MEFs after 4 days in culture in 
OS+chem+VA5+Dnmt1 KD was set as 1.0. The data were obtained by a single 
experiment. 
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