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Figure S1. Identification of PSPC1 as a novel partner of TET1 in ESCs. Related to Figure 1.  

(A) SILAC quantification of a PSPC1 peptide NLSPVVSNELLEQAFSQFGPVEK by mass spectrometry. 

Quantification is based on the intensity from two replicates with reciprocal heavy/light labeling of FLAG-

IP (TET1) and Control-IP (empty vector) MS experiments.  

(B) Co-IP of PSPC1 and paraspeckle proteins NONO, SFPQ in ESCs, detected by western blot analysis 

of the antibodies against those proteins. IgG-IP serves as the negative control. 

(C) Microscopy immunostaining images of WT MEFs and ESCs for PSPC1 (red) and DAPI (blue). The 

white arrows indicate paraspeckles. Scale bar, 5 µM. 

(D) PSPC1 knockout (Pspc1KO) (two independent clones, C4 and C9) does not affect OCT4 levels in 

ESCs. VCL (Vinculin) serves as a loading control.  

(E) Co-IP validation between endogenous TET1 and PSPC1 with and without RNase A treatment.  

(F) Comparison of the TET1 (this study) and TET2 interactome (Guallar et al., 2018) identified in ESCs.  

(G) Gel filtration assay for the co-fractionation of TET1, TET2, and PSPC1 in ESCs. Two potential protein 

complexes: Complex I (in the blue rectangle) containing TET1/TET2/PSPC1 and Complex II (in the red 

rectangle) containing TET2/PSPC1 are indicated.  

(H) Domain mapping of Tet1 variants that interact with wildtype PSPC1. FLAG-tagged full length (FL) 

and different variants of Tet1 are indicated on top. Co-IP is performed with FLAG-IP of TET1 fragments 

followed by western blot analysis of PSPC1. The black arrows on the bottom show the correct size of 

expressed TET1 protein fragments. Empty vector (EV) serves as the negative control. DSBH denotes 

the double strain B helix domain of TET1. 

(I) Domain mapping of Pspc1 variants that interact with wildtype TET1. V5-tagged full-length (FL) and 

different variants of Pspc1 are indicated on top. Co-IP is performed with V5-IP of PSPC1 fragments 

followed by western blot analysis of TET1. Note that there is a nonspecific band of V5 at 35 KDa. The 

black arrows on the bottom indicate the correct size of expressed PSPC1 variants. DBHS (drosophila 

behavior/human splicing), RRM (RNA recognition motifs), and NOPS (NonA/paraspeckle) domains of 

PSPC1 are indicated. Empty vector (EV) serves as the negative control. 
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Figure S2. PSPC1, TET1, and PRC2 co-localize at the bivalent gene promoters in ESCs. Related 
to Figure 2.  

(A) Overlap of the PSPC1 and TET1 ChIP-seq peaks in ESCs. 

(B) Boxplots depicting quantification of DNA 5hmC and 5mC intensity at TET1 peak regions with or 

without PSPC1 occupancy. P-value is from the Mann-Whitney test. DNA 5hmC and 5mC DIP-seq data 

in ESCs are curated from (Xiong et al., 2016). 

(C) ChIP-seq correlation analysis based on identified peaks of pluripotency-related transcription factors 

and epigenetic regulators in ESCs. A blue rectangle indicates TET1 ChIP-seq peaks are associated with 

its interacting partner PSPC1 and PRC2 subunits EZH2 and SUZ12.  

(D) Gene ontology (GO) analysis for the PSPC1/TET1/SUZ12 common target genes.  

(E) Boxplots depicting expression of the PSPC1/TET1 target genes with or without SUZ12 occupancy 

upon knockout (KO) of Pspc1 (this study) or Tet1 (Hon et al., 2014) in ESCs. P-value is from the Mann-

Whitney test, and “n.s.” denotes statistically non-significant.  
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Figure S3. PSPC1 and NONO negatively regulate bivalent gene activation in pluripotent state 
transition. Related to Figure 3.  

(A) Volcano plots depicting the differentially expressed genes (DEGs, P-value<0.05, fold-change>1.5) by 

comparing the WT and Pspc1KO cells at 3 time points (D0, D2, D4). Numbers of Down- and Up-regulated 

DEGs and some representative genes names are indicated.  

(B) Pie charts depicting the overlap of the PSPC1-repressed (left) and -activated (right) DEGs in D2 and 

D4 EpiLCs. The numbers and percentages are indicated if these DEGs are also repressed (left) or 

activated (right) by PSPC1 in ESCs.  

(C) Verification of PSPC1 expression in WT and Pspc1KO ESCs, and Pspc1KO ESCs rescued with a 

PSPC1 WT or an RNA recognition motif mutant (RRMmut) protein. *The two rescued proteins contain a 

FLAG tag. Therefore, their molecular weights are slightly above the endogenous PSPC1 band in WT 

cells. VCL (Vinculin) serves as a loading control. 

(D) RT-qPCR analysis of Nanog and lineage genes (Fgf5, Fgf8, Wnt8a) in WT, Pspc1KO, and KO ESCs 

rescued with WT or RRMmut protein during EpiLC differentiation. Error bars represent the standard 

deviation of technical triplicates. 

(E) Verification of the KO statuses of Pspc1KO and NonoKO ESCs by western blot analysis. 

(F) RT-qPCR analysis of Nanog and lineage genes (Eomes, Fgf5, Fgf8, T) in WT and NonoKO ESCs 

during EpiLC differentiation. Error bars represent the standard deviation of technical triplicates. 
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Figure S4. Neat1 positively regulates the activation of bivalent genes in pluripotent state 
transition. Related to Figure 4.  

(A) Western blot analysis of pluripotent stem cell factors ESRRB and NANOG in Pspc1KO (two 

independent clones, C4 and C9) and Neat1KO (two independent clones, 5F and 7G) ESCs. VCL 

(Vinculin) serves as a loading control. 

(B) Histograms of expression shown in FPKM (fragments per kilobase of transcript per million mapped 

reads) values for the representative pluripotency and lineage genes in WT and Neat1KO ESCs. P-value 

is from the two-tailed T-test comparing the WT and Neat1KO values of each gene, and “n.s.” denotes 

non-significant. Error bars represent the standard deviation of biological duplicates.    

(C) Volcano plots depicting the DEGs by comparing the WT and Neat1KO cells at 3 time points (D0, D2, 

D4). Numbers of Down- and Up-regulated DEGs and some representative genes names are indicated. 

(D) Scatter plots depicting the relative expression of all genes upon the loss of Pspc1 (Pspc1 KO/WT) or 

Neat1 (Neat1 KO/WT) at 3 time points (D0, D2, D4). The Pearson's product-moment correlation 

coefficient (r) and P-value of correlation are indicated in each plot.  

(E) Scatter plots depicting the relative gene expression of DEGs (P-value<0.05, fold-change>1.5) upon 

the loss of Pspc1 (Pspc1 KO/WT) or Neat1 (Neat1 KO/WT) in ESCs (left) and D4 EpiLCs (right) from 

RNA-seq analysis. P-value is from the Fisher-extract test.  

(F) Principal component analysis (PCA) of Pspc1 WT and KO, Neat1 WT and KO RNA-seq samples at 

different time points (D0, D2, D4). Percentages of variance explained in each principal component (PC) 

are indicated. The arrows indicate the trend of gene expression changes comparing the KO vs. WT 

samples at 3 time points.  

(G-H) Neat1 ChIRP-seq tracks in WT and Neat1KO ESCs and D2 EpiLCs at the Neat1 (G) and Sfi1 (H) 

loci. The PSPC1, TET1, and SUZ12 ChIP-seq tracks in ESCs are also shown at the Sfi1 (H) locus. The 

numbers indicate the normalized RPM value of the tracks. 
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Figure S5. Depletion of PSPC1 or TET1 accelerates PRC2 eviction from bivalent gene promoters. 
Related to Figure 5.  

(A) Western blot analysis of whole-cell lysate, cytoplasmic, and chromatin-bound fractions of PSPC1, 

TET1, and SUZ12 in WT and Pspc1KO (two independent clones, C4 and C9) ESCs. ACTIN and histone 

H3 are the loading controls of cytoplasmic and chromatin-bound fractions, respectively.  

(B) RT-qPCR analysis of the pluripotency gene (Nanog) and lineage genes (T, Fgf5, Fgf8) in Tet1-degron 

ESCs treated with control DMSO or dTAG-13 during EpiLC differentiation. Error bars represent the 

standard deviation of technical triplicates. 

(C) Mean intensity plot (top) and heatmap (bottom) by RPM of H3K4me3 ChIP-seq intensity upon 

Pspc1KO in ESCs and D2 EpiLCs at the PSPC1/TET1/SUZ12 common peak regions (within 5K bp at 

the peak center, identified in ESCs).  

(D) Mean intensity plot (top) and heatmap (bottom) by RPM of H3K27me3 ChIP-seq intensity of different 

genotypes (Pspc1 WT/KO, Neat1 WT/KO) or treatment (Tet1-degron with DMSO-control/dTAG13) in 

ESCs at the PSPC1/TET1/SUZ12 common peak regions (within 5K bp at peak center, identified in ESCs). 

(E) PSPC1, TET1, SUZ12, and bivalent marks H3K4me3 and H3K27me3 ChIP-seq tracks at bivalent 

promotes (Eomes, T, Fgf5) in ESCs. Primers for ChIP-qPCR analysis (Panels F, G) are designed at the 

promoter (Pro) and a nearby negative (Neg) region of each locus.   

(F) ChIP-qPCR analysis of SUZ12 at bivalent promoters (Eomes, T, Fgf5, target sites shown in Panel E) 

in WT and Pspc1KO ESCs. Error bars represent the standard deviation of technical triplicates. 

(G) ChIP-qPCR analysis of TET1 (top) and PSPC1 (bottom) at bivalent promoters (Eomes, T, Fgf5, target 

sites shown in Panel E) in WT and Neat1KO ESCs and D2 EpiLCs. Error bars represent the standard 

deviation of technical triplicates. 
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Figure S6. PSPC1, TET1, and Neat1 modulate PRC2 binding to nascent bivalent gene transcripts 
during bivalent gene activation. Related to Figure 6.  
(A) The lack of physical association between PSPC1 and PRC2 under a nucleosome-free co-IP protocol. 

Co-IP of PSPS1 and PRC2 subunits EZH2 and SUZ12 was performed in ESCs using a nucleosome-free 

protocol (see details in Methods) followed by western blot analysis. 

(B) Both EZH2 and PSPC1 bind to Neat1 lncRNA. EZH2 PAR-CLIP-seq binding sites were processed 

from (Kaneko et al., 2013) and PSPC1 CLIP-seq was from (Guallar et al., 2018). The CLIP-seq tracks at 

Neat1 locus in ESCs were indicated by green vertical lines (for EZH2) or peaks (for PSPC1).  

(C) EZH2 CLIP-qPCR analysis of Neat1 in Pspc1 WT/KO, Neat1 WT/KO, and Tet1 WT/KO D2 EpiLCs. 

P-value is from 2-tailed T-test, and “n.s.” denotes non-significant.  

(D) EZH2 total proteins are not changed by the loss of Pspc1, Neat1, or Tet1, or during the ESC-to-EpiLC 

transition, confirmed by western blot analysis with indicated antibodies. PSPC1 was upregulated, while 

NANOG (a naïve marker) was notably downregulated in D2 EpiLCs relative to ESCs, although its levels 

are relatively unaffected in KO relative WT ESCs or D2 EpiLCs.   

(E) Co-IP validation between endogenous TET1 and PSPC1 in D2 EpiLCs. NANOG also interacts with 

TET1 but not with PSPC1.  

(F) PSPC1 CLIP-qPCR analysis of Neat1 in Pspc1KO ESCs rescued with a PSPC1 WT or RRMmut 

protein. P-value is from the two-tailed T-test. 

(G) EZH2 CLIP-qPCR analysis of bivalent genes’ transcripts (Fgf5, Nefl, Sall2) in WT, Pspc1KO D2 

EpiLCs, and KO cells rescued with a PSPC1 WT or RRMmut protein. P-value is from the two-tailed T-

test.  

Error bars in (C, F, G) represent the standard deviation of technical triplicates. Experiments were 

repeated in biological duplicates. 

 

 

 

 


