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Figure S1. Expression of TFs induced during EpiLC differentiation
[bookmark: _GoBack](A) Expression of TFs induced during the differentiation of EpiLCs. Re-analysis of RNA-seq data of Yang et al (Yang et al., 2019). (B) Representative immunofluorescence of OCT6 in undifferentiated cells and 24 or 48 h EpiLCs. Scale bar: 100 µm.

Figure S2. Binding of pluripotency TFs and histone marks at the Oct6 promoter
Evaluation of the binding of OCT4, OTX2, H3K27ac, H3K4me1,  NANOG, and ESRRB at the Oct6 locus based on previously published ChIP-seq experiments (Atlasi et al., 2019; Bleckwehl et al., 2021; Buecker et al., 2014; Chen et al., 2018; Narita et al., 2021; Yang et al., 2019). Two CRE were identified. CRE#2 is bound by the four TFs in mESCs. OTX2 and OCT4 binding is extended to CRE#1 in EpiLCs, which also shows the topology of active enhancer marks H3K27ac and H3K4me1. The respective SRA experiment IDs are indicated on the left.

Figure S3. Generation and validation of Oct6 KO mESCs.
(A) DNA sequencing of the Oct6 locus for WT 46C cells and for “Clon I” shows that the latter contains a homozygous insertion of an adenine at the Cas9 cutting site. This insertion generates a change in the open reading frame of Oct6 modifying the amino acid sequence starting from amino acid 22 and generating a premature stop codon. (B) Brightfield images showing the similar morphology of WT and Oct6 KO mESCs cultured in 2i+LIF. (C) Immunofluorescence of the pluripotency markers OCT4, SOX2, NANOG, and KLF4 showing similar expression in WT vs Oct6 KO cells maintained in 2i+LIF. Scale bar: 100 µm. (D) Neural precursor differentiation was evaluated by flow cytometry analysis of the Sox1-GFP reporter. Comparison of WT and Oct6 KO 46C cells on day 0 (2i+LIF) or at day 6 of neural differentiation. Left, flow cytometry plots of a representative biological replicate. Right, percentage of Sox1-GFP+ neural precursors at day 6 for WT and Oct6 KO cells for three biological replicates. (E) Examples of DE gene expression from the RNA-seq results. (F) RT-qPCR analysis of E-Cadherin and N-Cadherin in WT and Oct6 KO EpiLCs. Results are as presented as mean ± SEM for three independent replicates.

Figure S4. Binding of OCT6 to the genome in EpiSCs. 
(A) Analysis of DE genes of the RNA-seq data comparing WT vs Oct6 KO EpiLCs that contain OCT6 binding peaks in EpiSCs based on Matsuda et al. 114 out of 292 DE genes contained OCT6 binding peaks, suggesting a possible direct regulation by this TF. To obtain the random distribution of OCT6 binding among 292 randomly selected genes we followed a bootstrap strategy with 10.000 iterations. (B) OCT6 binding peaks in EpiSCs in example DE genes from our RNA-seq experiment.
Figure S5. Overexpression of OCT6 in undifferentiated Oct6 KO cells
(A) Overexpression of the mCherry fluorescent protein (alone) after Dox treatment did not induce any morphological changes as cells presented the typical dome shape with no cell protrusions. (B) RT-qPCR analysis of Zic3, Rex1, Prdm14, and Klf2 in Oct6-P2A-mCherry cells maintained in 2i+LIF with or without Dox treatment. Results are as presented as mean ± SEM for three independent replicates. (C) Quantitative immunofluorescence of OCT4, SOX2, KLF4, and SOX3 in Oct6-P2A-mCherry cells maintained in 2i+LIF untreated or Dox treated for 24, 48, and 72 h. Panels on the left show representative immunofluorescence images. The right charts show the quantifications for mCherry and the selected TFs. Scale bar: 100 µm.

Figure S6. OCT6 and NANOG are expressed in a mutually exclusive manner
(A) Immunofluorescence analysis of OCT6 and NANOG in WT 48h EpiLCs showing mutually exclusive expression in normal conditions. Scale bar: 100 µm. (B) Inducible overexpression of Oct6-P2A-mCherry in Oct6 KO cells maintained in 2i+LIF shows that Oct6 represses the expression of Nanog. Cells were either untreated or treated with Dox for 24, 48, and 72 h. Scale bar: 100 µm. (C) Correlation between Oct6-P2A-mCherry and NANOG nuclear intensity expression in untreated or Dox-treated cells in 2i+LIF after immunostaining experiments. The circles show the mean fluorescence for individual cells. Cells were separated into different expression groups according to mCherry fluorescence, with each group displaying roughly 2-fold expression compared to the previous one. (D) Percentage of Nanog positive and Negative cells in each of the indicated groups in (C). 

Figure S7. Repression of NANOG by OCT6 overexpression is reversible
(A) Oct6-P2A-mCherry cells maintained in 2i+LIF were untreated (minDox) or Dox treated for 72 hours and analyzed for mCherry and Nanog expression. Additionally, 72 h Dox treated cells were released from Dox induction and cultured for an additional 24, 48, or 72 h after washing and further evaluated for mCherry and Nanog expression. Representative images are shown. Scale bar: 100 µm. (B) Quantification of nuclear mCherry and NANOG signal of the experiment in A. mCherry fluorescence was rapidly reduced after Dox release. Nanog expression after Dox treatment is restored to similar levels as in untreated cells, showing that its repression by OCT6 is reversible.

Figure S8. Reversion of OCT6 expression does not induce an increase in apoptosis levels
(A) OCT6-P2A-mCherry cells maintained in 2i+LIF were untreated (minDox), treated with Dox for 48 hours, or treated with Dox for 24 hours and released from Dox for another 24 hours. Cells were analyzed for mCherry and NANOG expression by immunofluorescence to validate NANOG re-expression after Dox wash. Scale bar: 100 µm. (B) Analysis of apoptosis levels by Annexin V staining and flow cytometric analysis of the treatments indicated in (A). 


Figure S9. Single-molecule Nanog RNA fish and 3’UTR analysis of translational repression
(A) Analysis of the Nanog5P luciferase reporter. mESCs were co-transfected with Nanog5P-Luc and ePB-HA-Oct6-P2A-mCherry plasmids, maintained in either undifferentiated conditions or set to differentiate for 24 h, in the presence or absence of Dox. Firefly luminescence was assessed to evaluate Nanog promoter activity. The plot shows normalized luminescence levels relative to undifferentiated mESCs without Dox. Results are presented as mean ± SEM for three independent replicates. Significance between groups was analyzed by linear mixed models (LMM) and indicated with different letters. (B) Single-molecule RNA fish of Nanog of cells in 2i+LIF or after 24 h of EpiLCs induction. Individual Nanog mRNA transcripts can be observed in the cell’s cytoplasm. Nanog transcripts are absent in the majority of the cells after 24 h of differentiation. Nuclei were stained with DAPI (cyan). Scale bar: 20 µm. (C) Binding of different TFs at the Nanog locus based on previously published ChIP-seq experiments. The respective SRA experiment IDs are indicated on the left.
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Table S1: DEGs RNA-seq
Table S2: GO terms
Table S3: Oligonucleotides
Table S4: antibodies
Table S5: Nanog smRNA FISH probes
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