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Figure S1. Rb loss increases the efficiency of iPS formation, Related to Figure 1 

 (A) RT-qPCR analysis of RB mRNA levels after normalization to GAPDH plotted relative to an 

empty vector control after infection of human fibroblasts with lentiviruses expressing shRNA 

to human RB. Significance tested using an unpaired t-test. 



 
 

(B) RT-qPCR analysis of Rb, p107, and p130 mRNA levels after normalization to Gapdh plotted 

relative to an uninfected control after infection of MEFs with lentiviruses expressing shRNA 

to murine Rb. Significance tested using an unpaired t-test. 

(C) Seeding efficiency of MEFs after Rb loss. Rb knock-out was achieved by infection with Ad-

Cre-GFP or Ad GFP as a control in cKO MEFs (Rblox/lox). Acute knockdown in WT MEFs 

was achieved by infection with shRb3 or an empty vector, selection for 2 days with 

puromycin, then infection with Ad-GFP. The cells were then plated at 100 cells per well in a 

96-well plate on 1000 feeders as in Figures 1B and 1C. After a media change 24 h after 

seeding the cells were fixed and the adherent GFP+ cells counted. 

(D) RT-qPCR analysis of Rb, and the recombined (Rb∆) mRNA levels after normalization to 

Gapdh plotted relative to total Rb in Rblox/lox; Rosa26CreER MEFs after 2 days of 0.5 µM 4-

hydroxytamoxifen (4OHT). Rb wild-type MEFs treated with 4OHT are included as a control. 

Significance tested using an unpaired t-test (n=3). 

(E) Efficiency of reprogramming after Rb recombination in Rblox/lox MEFs driven by 4OHT 

treatment given either one day prior to 4F infection (d-1), seven days after 4F infection (d7) 

or a mock treatment at d-1 (Mock). Reprogramming was performed in “optimal” conditions 

with 15% KOSR and knock-out DMEM grown in bulk in a 6-well plate, 10,000 cell plated in 

two wells per clone. Significance tested using an unpaired t-test (n=3). 

 (F)  Phase contrast images of TKO MEFs infected with the 4F or a control. 4F-infected iPS pre-

colonies start to lose adherence to the plate and corresponds to an increase in apoptotic 

pathway activity as evidenced by the presence of cleaved caspase 3 (CC3). 

(G)  FACS analysis of SSEA1 on 4F-infected MEFs after selection for shRb (blue) or an empty 

vector (ev, black) compared to mouse embryonic stem cells (mES cells, green) or unstained 



 
 

cells (grey). Contours lines equal 5% of the cells with the dots representing the lower 5%, 

shown after doublet exclusion. Representative plots shown (total n=3). 

 All plots, unless noted, display the mean ±SD where P<0.05 (*), P<0.01 (**), P<0.001 (***). 

  



 
 

 

Figure S2. Rb mutant MEFs do not display significant changes in their cell cycle or 

apoptotic profiles during reprogramming compared to control MEFs, Related to Figure 2 

(A) Cell cycle analysis of fixed 4F-infected MEFs with shRb (blue) or an empty vector (ev, 

black) after a 4-hour BrdU pulse. Cells were stained with αBrdU-FITC and PI before FACS 



 
 

analysis. Regions corresponding to the different cell cycle stages are indicated. Contour lines 

equal 10% of the cells, shown after doublet exclusion. Representative plots shown (n = 3). 

(B) Annexin V staining by FACS analysis of 4F-infected MEFs with shRb (blue) or an empty 

vector (ev, grey density plot) on day 6. The Annexin V intensity of doublet-excluded cell 

populations are shown plotted against the forward-scatter (FSC) with the positive gate 

(green). Representative plots shown (n = 3). 

(C) SSEA1+ cells (blue histogram) were proliferative as shown by their relatively weak CFSE 

staining (black histogram). Representative plot shown. 

(D) Automated proliferation analysis of CFSE profile using FlowJo. Two plots of paired cells at 

day 4 (d4) and day 6 (d6) where the calculated model showing cells assigned to cellular 

generations (blue curves, numbered at top); the sum of each generation is shown as the red 

curve which closely matched the actual data (black). The root mean squared (RMS) value is 

shown to indicate the fit of the model. The Expansion Index (Exp Index) measures the fold 

expansion and closely mirrors the doubling time measured in Figure 2A. Representative plots 

are shown. 

  



 
 

 

Figure S3. RNA-seq analysis of 4F-infected MEFs with or without Rb, Related to Figure 3 

(A) RT-qPCR data are plotted as relative levels of Ad-Cre infected cKO MEFs to Ad-GFP after 

normalization to Gapdh. 



 
 

(B) Coverage map of the aligned RNA-seq reads in the Ad-GFP infected (grey) or Ad-Cre 

infected (blue) cKO MEFs. Lack of reads from the floxed Rb exon 3 (green box) shows 

efficient recombination in the Cre-infected samples. 

(C) k-means clustering of RNA-seq data from cKO MEFs infected with Ad-GFP (G) or Ad-Cre 

(C), first by their increase (Cluster I, green) decrease (Cluster III, blue) or unchanged 

(Cluster II, grey) status upon 4F expression. Each was subdivided into clusters for genes that 

are further increased, decreased, or unchanged with Rb loss. Values on the y-axis represent 

the fragments per Kb mapped (FPKM) of each gene. 

(D) Gene ontology of each cluster based upon change upon Rb loss. P-values less than 1x10-7 are 

deemed significant. 

  



 
 

 

Figure S4. Analysis of Rb ChIP-seq and general regulation of pluripotency factors in 

mouse and human, Related to Figure 4 

(A) Gene ontology (GO) terms for the genes bound by Rb within 5 Kb of the Rb binding peak. 



 
 

(B) Change in expression of the genes bound by either Rb as determined by the RNA-seq data 

show that a majority of genes are induced upon Rb loss, consistent with its role as a 

transcriptional repressor. Values are plotted as the log2 value of the fold difference upon Rb 

loss (Ad-Cre / Ad-GFP). 

(C) [Left] Expression changes upon Rb loss of pluripotency-associated genes shown as the log2 

values of the ratio of CP/GP (Cre-puromycin and GFP-puromycin; no 4F). [Middle columns] 

Summary of ChIP data from Chicas et al., 2010, and this study. Intensity of grey color is 

reflective of the binding significance. [Right] Several of these pluripotency genes have been 

shown to have functional interactions with Rb, including members of the PRC2 complex 

(Eed, Suz12, and Ezh2) (references shown). 

(D) Rb binding to the Sox2 locus including the upstream enhancer SRR1 (1), proximal promoter 

(PP), exon 1 (E1) and the downstream enhancer SRR2 (2) by RT-qPCR of the ChIP-seq 

libraries. Error bars depict the mean ±SEM, n=4 except the E1 set where n=2. 

  



 
 

 

Figure S5. Histone modification changes upon Rb loss, Related to Figure 5 



 
 

(A) Relative amounts of the indicated chromatin marks at the promoters of Oct4, Sox2, and 

Ccna2. Values are reported as the log2 value of the ratio of Cre-infected/GFP-infected MEFs 

after normalization to both the input DNA and a control region to account for relative 

amounts of material in each ChIP. Plots show mean ±SEM. Significance was assessed using 

a paired t-test.  

(B) MA plots from DiffBind showing the effects of normalization on the peaks for the Ad-Cre 

versus Ad-GFP cells for the indicated histone ChIPs. The log concentration of reads is 

displayed on the x-axis and the log fold change between the two conditions is displayed on 

the y-axis. All the peaks are displayed as a density plot (grey) and the significantly changed 

peaks, either up or down, are displayed as blue dots. These data indicate proper 

normalization between the two datasets (Cre versus GFP – log fold changes averaged around 

zero on the y-axis) 

(C) Correlation plot from DiffBind for the four chromatin marks analyzed in Rb wild-type and 

mutant MEFs. Note that, as expected, the activating marks (H3Ac and H3K4me3) strongly 

correlate and anti-correlate with the repressive marks (H3K9me3 and H3K27me3). 

(D) Coverage plot of common H3K4me3 domains. This analysis indicates that the overall 

sequencing coverage between the Cre and the GFP samples was similar. 

(E)  H3K4me3 breadth is remodeled at a subset of loci upon loss of Rb. Scatterplots showing 

correspondence between H3K4me3 breadth in control (Ad-GFP) versus deleted (Ad-Cre) 

MEFs. Remodeled top 5% broadest H3K4me3 domains that which significantly gain or lose 

H3K4me3 breadth are highlighted. 

(F) ChIP-qPCR of p27 at the SRR2 enhancer of Sox2 tested in wild-type, p107-/-; p130-/-, and 

TKO MEFs.  



 
 

(G) Non-significant ChIPs for SIN3A, and SUV39H1 at Oct4 as in Figure 5G. 

(H) Non-significant ChIPs for EZH2, SIN3A, and SUV39H1 at Sox2 as in Figure 5H. 

  



 
 

 

Figure S6. Reprogramming Rb deficient MEFs without Sox2, Related to Figure 6 

(A) Relative characterization of reprogramming in WT and Rb-/- MEFs by AP activity as well as 

control and shRb knockdown in Oct4-NeoR MEFs by AP activity after neomycin selection 

after infection with the indicated combinations of the four factors. Relative quantities of 

clones given because seeding of daughter colonies cannot be excluded. 



 
 

(B) Example AP-stained images of WT and Rb-/- MEFs after infection with the indicated 

combination of the four factors (as in A). The high number of colonies from the Rb- OSKM 

MEFs is most likely due to seeding of daughter colonies.  

(C) PCR verification of only Oct4, Klf4, and c-Myc infection and integration in the RbKD OKM 

and OSKM iPS cells. Upstream primer was designed to the TetO promoter to specifically 

amplify the transgene (below, Table S3). 

(D) Southern blotting HindIII digested gDNA from MEFs, OSKM iPS, and two RbKD OKM iPS 

clones (clone 1 tested with 2 independent DNA preps) with a probe generated from the Sox2 

cDNA. Filled arrowhead marks the endogenous Sox2 locus while the open arrowhead marks 

the presence of lentiviral integration in the OSKM control. Intensity of transgenic band in 

positive control relative to endogenous band is influenced by the presence of feeder cells in 

the culture. 

(E) Hematoxylin and eosin (H&E) stained sections of an RbKDOKM teratoma after 4 weeks of 

growth in an immunocompromised mouse. Three germ layers are identified by a hair follicle 

(HF), gut-like structures (G), and cartilage (C). Scale bars = 100 µm. 

(F) RbKD OKM iPS cells were injected into E3.5 BDF1 blastocysts and transferred into d2.5 CD1 

pseudopregnant recipient females. Shown is a P8 pup where the agouti coat color is iPS-

derived. 

(G) Pituitary masses from Figure 6E plotted by gender as female mice have a larger pituitary 

(Green, 1975). 

(H) Box and whisker plots of the spleen size from mice of the genotypes in Figure 6D including 

Rblox/lox; Rosa26+/+ mice as controls. Enlargement of the spleen is observed after Rb loss 

(Viatour et al., 2008), therefore validating the Rb knockout by Cre in these mice. Plots show 



 
 

the mean (horizontal bar), the 25th to the 75th percentile (box) and the extent of the data (bars) 

where P<0.01 (**), P<0.001 (***) ns = not specified. 

(I) Representative pituitaries from Rblox/lox; Rosa26CreER mice with the indicated Sox2 genotypes, 

or a control (Con) mouse Rblox/lox; Rosa+. The Pars Nervosa (PN), Pars intermedia (PI), Pars 

distalis (PD), and residual cleft (rc) are shown. 

  



 
 

Supplemental Tables 

Table S1.xlsx Related to Figure 3 
RNA-seq results. Sheet “cuffdiff_output” contains the “genes.fpkm_tracking” file from 
cuffdiff. Sheet “clusters” lists the genes in each cluster from Fig 3 and Supplementary Fig 6 
(Microsoft Excel Workbook; 9.4 MB) 
 
Table S2.xlsx Related to Figure 4 
RB ChIP-seq results. Output file from CisGenome containing the significant peaks called 
from either the GP and the G4F RB ChIPs 
(Microsoft Excel Workbook; 63 KB) 
 
Table S3.xlsx Related to Figure 5 
GREAT output for histone ChIP-seq peak identification and ChEA output for H3K4me3 buffer 
domain analysis 
(Microsoft Excel Workbook; 104 KB) 

  



 
 

Table S4 List of primers used in this study, Related to Figure 3, 4, and 5 
Primer Sequence 5’ → 3’ Reference (if applicable) 

Rb 
ACTCCGTTTTCATGCAGAGACTAA (Burkhart et al., 2010) GAGGAATGTGAGGTATTGGTGACA 

p107 
CCGAAGCCCTGGATGACTT (Burkhart et al., 2010) GCATGCCAGCCAGTGTATAACTT 

p130 
TGTCCGGCCTCAGGAATG (Burkhart et al., 2010) CTGTCAGCGATAGCCTGAGTTG 

p53 
GCCCATGCTACAGAGGAGTC - AGACTGGCCCTTCTTGGTCT 

Rb∆ 
GGAGAAAGTTTCATCCGTGGAT (Burkhart et al., 2010) GTGAATGGCATCTCATCTAGATCAA 

Oct4 qPCR 
ACATCGCCAATCAGCTTGG (Wernig et al., 2008) AGAACCATACTCGAACCACATCC 

Sox2 qPCR 
ACAGATGCAACCGATGCACC (Wernig et al., 2008) TGGAGTTGTACTGCAGGGCG 

Klf4 qPCR 
GCACACCTGCGAACTCACAC (Wernig et al., 2008) CCGTCCCAGTCACAGTGGTAA 

Nanog qPCR 
CCTCCAGCAGATGCAAGAACTC (Wernig et al., 2008) CTTCAACCACTGGTTTTTCTGCC 

Gapdh qPCR 
TTCACCACCATGGAGAAGGC (Wernig et al., 2008) CCCTTTTGGCTCCACCCT 

Arppo qPCR 
CAAGAACACCATGATGCGCA (Burkhart et al., 2010) GCCAACAGCATATCCCGAATC 

B-myb qPCR 
CTCGTGTCTTGTACGCTTCGCC - CACGTTCCCAGGAACTGCAGCT 

Oct4 ChIP 
TGGGCTGAAATACTGGGTTC (Boyer et al., 2006) TTGAATGTTCGTGTGCCAAT 

Sox2 PP ChIP 
CCTAGGAAAAGGCTGGGAAC (Boyer et al., 2006) GTGGTGTGCCATTGTTTCTG 

Sox2 SRR1 ChIP 
TCCCCCAATACTGGTGGTCGTCA - GAAGGCGAACGGCAGGGGAC 

Sox2 Exon 1 ChIP 
CTTCCCGGAGGCTTGCTGGC - CGCGTAGCTGTCCATGCGCT 

Sox2 SRR2 ChIP 
TCCAAGCTAGGCAGGTTCCCCT - CACAATGGCTGCCCGAGCCC 

Mcm3 ChIP 
AGCCAATCATAACGCGTCTC - CAGCTCCACATCATCCAGCA 

Actb ChIP 
GCTTCTTTGCAGCTCCTTCGTTG - TTTGCACATGCCGGAGCCGTTGT 

TetO Promoter F ATCCACGCTGTTTTGACCTC - 
TetO-Oct4 R GGTGAGAAGGCGAAGTCTGA - 
TetO-Sox2 R GGGCTGTTCTTCTGGTTGC - 
TetO-Klf4 R ACGCAGTGTCTTCTCCCTTC - 

TetO-cMyc R TTCTCTTCCTCGTCGCAGAT - 



 
 

Table S5 List of antibodies used in this study, Related to Figure 4, and 5 
ChIP 
Target Epitope Antibody Amount Used per ChIP Per number of cells 
H3Ac Millipore #06-599 2 µg 1 x107 
H3K4me3 Abcam #ab8580 2 µg 1 x107 
H3K9me3 Millipore #07-442 2 µg 1 x107 
H3K27me3 Millipore #07-449 2 µg 1 x107 
Rb 4.1 (Ho et al., 2009) 4 µg 4 x107 
HDAC1 Abcam #ab7028 50 µg 1 x107 
Ezh2 Cell Signalling #5246 5 µL 1 x107 
p27 Santa Cruz #sc-1641 2 µg 1 x107 
Cell staining 
Target Epitope Antibody Dilution Use 
RαNanog Bethyl #A300-397A 1:100 IF 
RαOct3/4 R&D # MAB2018 1:100 IF 
RαSox2 Santa Cruz # sc-5279 1:50 IF 
SSEA1-PE R&D System #FAB2155P 1:5 FACS 
Annexin V-APC BD Biosciences #550475 1:20 FACS 
BrdU-FITC BD Biosciences #347583 1:40 FACS 
Ki67 BD Pharmingen #550609 1:100 IHF 
 

 

  



 
 

Supplemental Experimental Procedures  

Ethics statement 
Mice were maintained according to practices prescribed by the NIH at Stanford’s Research 

Animal Facility accredited by the AAALAC. 

Cell Culture Conditions 

MEFs were grown in DMEM supplemented with 10% serum and Penicillin-Streptomycin-

Glutamine (Gibco). When reprogramming the cells, the media was further supplemented with 

non-essential amino acids (NEAA), sodium pyruvate (Gibco), and 2-Mercaptoethanol. iPS and 

ES cells were grown in the above media but with 15% serum and LIF, and cultured on 

gelatinized plates with γ-irradiated feeders. For lentiviral delivery of the 4F, the Stem-CCA 

vector was used unless otherwise noted (Sommer et al., 2009). For expression from inducible 

promoters, doxycycline was added to the media at a concentration of 2 µg/ml and replenished 

every 48 h.  

RNA Isolation and RT-qPCR 

Cells were lysed using TRIzol® Reagent (Invitrogen) and the RNA isolated according to the 

manufacturer’s conditions and then further purified using an RNeasy® Mini Kit (Qiagen) 

performing the optional on-column DNase digest. To make cDNA, 5 µg of RNA was processed 

using a DyNAmo™ cDNA Synthesis Kit (Thermo Scientific) and equal amounts of cDNA were 

used for RT-qPCR using PerfeCTa™ SYBR® Green FastMix™ (Quanta BioSciences) on either 

a CFX384™ Real-Time PCR Detection System (Bio-Rad) or an ABI7900HT Real Time PCR 

System (Applied Biosystems). Primer sequences are available in Table S4. 

 



 
 

Cell Staining and FACS 

AP staining was performed by fixing the cells in 4% paraformaldehyde, washing with Citrate 

Solution (Sigma Aldrich #3861) then staining with prepared Diazonium Salt Solution (Sigma 

Aldrich #851) with Napthol (Sigma Aldrich #855) for 30-45 minutes. For immunostaining, cells 

were fixed in 4% paraformaldehyde, blocked in 5% serum, and then exposed to the primary 

antibody in 1% serum for 30 min at room temperature. After washing unbound antibody, the 

secondary was added in 1% serum for 30 min at room temperature, washed, and then imaged. 

Antibodies used and their dilutions are listed in Table S5. SSEA1 was performed using a 

Phycoerythrin (PE) conjugated SSEA1 antibody (R&D Systems) and staining was performed 

according to the manufacturer’s instructions. Annexin V staining was performed using an APC 

conjugated antibody (BD Pharmingen #550475) according to the manufacturer’s instructions.  

Western and Southern Blotting 

For Western blotting whole cell lysates were run on SDS-PAGE gels and transferred to a PVDF 

membrane. The membrane was blocked in TBST with 1% BSA for 3 hours, probed with the 

primary antibody for 1 h, washed then probed with the secondary antibody for 30 min. The 

antibody was washed off and imaged using chemiluminescence. Antibodies are listed in Table 

S5. Southern blotting was performed as previously described (Wernig et al., 2007). 

Cell Cycle Analysis 

Cells were treated with 10 µg/mL Bromodeoxyuridine (BrdU) for 4 h before the cells were 

harvested and fixed in ethanol. The fixed cells were then washed in PBS with 0.5% BSA (Wash 

Buffer), and then the DNA was denatured by treating the cells for 20 min at room temperature 

with 2M HCl with 0.5% TritonX-100. The cells were then washed with Wash Buffer and the 



 
 

acid neutralized with 0.1 M sodium borate pH 8.5. They cells were again washed with Wash 

Buffer and then stained with FITC conjugated αBrdU antibody (BD Biosciences) for 30 min at 

room temperature in Wash Buffer with 0.5% Tween-20. After another wash in Wash Buffer, the 

cells were stained with 10 µg/mL PI in Wash Buffer with 20 µg/mL RNaseA for 30 min at room 

temperature. Cells were analyzed using a BD Accuri® C6 cytometer. Analyses were performed 

using FlowJo v9.4.11 (Tree Star, Inc.) on a Mac and the Cell Cycle and Proliferation modules 

run to analyze the PI/BrdU and CFSE stained samples respectively. 

RNA and ChIP Sequencing and Microarray analysis 

ChIP data was analyzed by mapping the reads using Bowtie2 (Langmead and Salzberg, 2012) 

and peaks were identified using MACS2 (Zhang et al., 2008) for the histone ChIP-Seq or 

CisGenome (Ji et al., 2008) for the Rb ChIP due to its ability to handle biological replicates. 

RNA-seq data was analyzed using the Tuxedo suite (Trapnell et al., 2012). Gene ontology was 

determined using the Database for Annotation, Visualization and Integrated Discovery (DAVID) 

v6.7 (Huang da et al., 2009a, b). GSEA was performed against the entire C2 gene set including 

the MEF and iPS profiles from Sridharan et al. (GSE14012) and the acute Rb loss profile from 

Markey et al. (M15606) (Markey et al., 2007; Mootha et al., 2003; Sridharan et al., 2009; 

Subramanian et al., 2005). The MEF and iPS gene signatures were compiled by taking the genes 

that were upregulated by a factor of 10 in either condition from the Sridharan et al. raw data 

(Table S1). Significance for GSEA profiles were determined by an FDR < 0.25 as described 

(Subramanian et al., 2005). The microarray data was from our previously published work (Wirt 

et al., 2010). The EB samples were filtered to include only those with robust expression of 

differentiation markers. Differential histone marks were identified using DiffBind 2.14 (Ross-

Innes et al., 2012). Binding profiles were visualized using the Integrative Genomics Viewer 



 
 

(IGV) 2.0 (Robinson et al., 2011). Both the BEDTools (Quinlan and Hall, 2010) software suite 

was used for file format conversion and peak annotation, and SAMtools (Li et al., 2009) was 

used for file format conversion. 

H3K4me3 breadth remodeling upon RB knock-out 

For this analysis, ChIP-seq peaks were called using the MACS2.08 software (Feng et al., 2012; 

Zhang et al., 2008) with default settings and the “--broad option” including the input controls 

(Benayoun et al., 2014). All statistically significantly enriched regions (aka domains) obtained 

from ChIP-seq and ChIP-chip datasets were annotated to genes using the HOMER suite (Heinz 

et al., 2010). The signal-to-noise ratio in a ChIP-seq dataset is a crucial parameter in the ability 

of the peak callers to call significant regions and their boundaries, and thus the breadth of these 

regions (Benayoun et al., 2014). Indeed, an increase in background signal or a lower signal-to-

noise ratio lead to calls of more conservative shorter regions, even at a matched global 

sequencing depth. To control for this, we compared the histogram coverage (fold coverage per 

bp) of H3K4me3 regions called in both conditions, and found that they were similar in both 

conditions, effectively meaning that the “height” of the peaks is conserved from the peak caller’s 

point of view, and called breadth differences would be meaningful. Peaks whose breadth 

changed more than 40% between the control and Rb knock-out ChIPs were considered to be 

remodeled. There were 92 regions that gained top 5% broadest H3K4me3 domains upon Rb 

knock-out and 114 that lost top 5% broadest H3K4me3 domains.  

Enrichments for transcription factor binding or chromatin domains at remodeled 

H3K4me3 domains  

We assessed enrichments for specific transcription factor binding to the remodeled top 5% 

broadest H3K4me3 domains in comparison to random expectations according to the rest of the 



 
 

H3K4me3 domain breadth distribution. Importantly, we accounted for the potential impact of 

differences in H3K4me3 domain breadth on genomic region intersections (Benayoun et al., 

2014). For this analysis, we obtained 1,000 random samples from non top 5% broadest 

H3K4me3 domains, where each sample is equal in number to the remodeled H3K4me3 domains. 

We then adjusted the randomly chosen domain breadths to mimic the observed breadth 

distribution of the remodeled H3K4me3 domains. To assess the potential enrichment for targets 

of the pluripotency network, we took advantage of transcription factor binding sites catalogued 

in the ChEA database (Lachmann et al., 2010). To further elucidate the nature of potential 

transcription factor binding at remodeled H3K4me3 domains with the use of an appropriate 

statistical background for enrichment, we extracted non redundant targets for KLF4, OCT4, 

SOX2, NANOG, TCF3, c-MYC and ESRRB in mESCs from the database. Additionally, we 

generated a list of non redundant top 5% broadest H3K4me3 domains in mESCs using the Buffer 

Domains database (Benayoun et al., 2014). Using H3K4me3 domains random samples, we 

computed a null distribution for genomic intersection ratios for each feature with H3K4me3 

domains using the BEDTools software suite (version 2.16). Then, the intersection ratio was 

calculated for each class of remodeled H3K4me3 domains for each of these features. 

Significance was assessed in one-sample Wilcoxon tests of the null samples against the observed 

binding ratios of remodeled domains. 

CRISPR-on Gene Activation 

Guide RNA sequences and methodology was derived from (Cheng et al., 2013). Rb was knocked 

down in MEFs, and then they were infected with an inducible dCas9-VP64 lentivirus with a BFP 

reporter and rtTA. dCas9-VP64 BFP+ cells and BFP- rtTA-only control cells were sorted and 

infected with guide RNAs to either Oct4 or Nanog (Cheng et al., 2013). The cells were 



 
 

puromycin selected for the guide RNAs, then after 5 days the RNA isolated and expression 

determined by RT-qPCR.  

Tissue Sectioning and Staining 

Mice were sacrificed and their organs were fixed overnight in 4% paraformaldehyde (PFA). The 

following day they were transferred to 70% ethanol (EtOH). To isolate the pituitary, the whole 

head was fixed overnight in Bouin’s Fixative. They pituitary was then collected, fixed overnight 

in 4% PFA, then transferred into 70% EtOH. Organ mass was determined after fixation and 

dehydration. Pituitaries were embedded in paraffin then sectioned. Antigen retrieval on the 

sections was performed using the Trilogy solution (Cell Marque) for 15 min in a pressure cooker. 

They were then washed in PBS + Tween20 (PBST) and fixed for 1 hour in PBST with 10% 

normal horse serum (NHS). They were incubated with Ki67 antibody (Table S5) overnight at 

4oC in PBST with 5% NHS. After washing in PBS they were incubated with the secondary 

antibody in PBS with 5% NHS. Sections were then washed with PBS, stained with DAPI, then 

mounted. Cells were identified by using CellProfiler (www.cellprofiler.org) to count nuclei on 

the DAPI channel, while Ki67 was scored manually in a blinded manner. 
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