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Supplemental M ethods

Rationalefor using EC cells

The first demonstration of the existence of plutgod stem cells in mammals came from transplantatio
experiments with early mouse embryos in ectopiessitvhere they generated teratocarcinomas. These
tumors contained embryo carcinoma cells (EC), fnitich a single cell could regenerate a tumor
containing both EC and differentiated progeny. Mwer, when injected back into the embryo,
karyotypically normal EC cells could contributert@mny different cell types in the resulting chiméras
Some EC cells, like P19, undergo initial steps iffecentiationin vitro and not only form neurons and
astrocytes but express also central nervous sy$@XSE) region-specific genes in presence of the
morphogen RA>. Thus, RA induces in P19 cells important regulat@vents of early CNS

organogenesis, making them an attractive experamherntdel for research on cell fate decisions.

Nowadays ES or iPS cells are considered more aweamodels than EC cells, which are tumorigenic.
However, the overexpression of c-MYC in classi€® iprotocols suggests that induced pluripotency and
oncogenic tumorigenesis may be related processkesportantly, from an experimental point of view
salient features of neurogenesis are very effilyigstapitulated in P19 cells, as RA induced in %96f
cells the expression of NESTIN and TUBB3, markefrsmuilti-potent neuronal precursors and post-
mitotic neurons, respectively. In contrast, RA iced NESTIN in <60% (TUBB3 in <30%) mouse ES
cells and even less induction was seen in RA-priiR&icells’. Thus, our results suggest that P19 cells

are more committed towards the neuronal fate trcds.

RT-qPCR

The following primers have been used:

Neurogl.: Forward: CCTTCTTTGTGACTGGCTCA
Reverse: CCCTTTTCCAAACCACACTG

NeuroD Forward: CGCAGAAGGCAAGGTGTC

Reverse: TTTGGTCATGTTTCCACTTCC



For assessing the relative gene expression all gR@Rsurements were normalized relative to the
constitutively expresse8bb4 mRNA levels assessed with the following primers:
36b4 Forward: AATCTCCAGAGGCACCATTG

Reverse: CCGATCTGCAGACACACACT

Transcriptomics

For transcriptomics analysis by microarrays hylation, 250ng of extracted RNA was used for cDNA
reverse transcription including a biotin-labellipgpcedure then hybridized on Affymetrix GeneChip®
Mouse Gene 1.0 ST array (Affymetrix, Santa Clard, ©SA) as described in the manufacture’'s
protocols (GeneChip® whole transcript sense talgetlling assay manual: P/N 701880 Rev.4). The
arrays were washed and stained with streptavidmyegerythrin in an Affymetrix GeneChip® Fluidics

station 450 using the script protocol F450-000&ntkscanned with the Affymetrix Gene Chip Scanner
3000 7G. Expression values were generated witittyenetrix software Expression Console version 1.1
using sketch quantile normalization and mediansbaiummarization as in Robust Multi-array Average

(RMA) ©.
Chromatin immunoprecipitation and FAIRE assays

Cells were were fixed with 1% paraformaldehyde ¢Eten Microscopy Sciences) for 30 minutes at room
temperature. ChIP assays were performed followimgvipusly described conditions: chromatin
sonication and immunoprecipitation in lysis buf@®@mM Tris—Cl pH8, 140mM NaCl, 1mM EDTA, 1%

Triton, 0.1% Na-deoxycholate) complemented withtgase inhibitor cocktail (Roche 11873580001); 2x
washes with lysis buffer; 2x washes with lysis buffontaining 360mM NaCl; 2x washes with washing
buffer (10mM Tris—CI pH8, 250mM LiCl, 0.5% NP-40nM EDTA, 0.5% Na-deoxycholate); 2x washes
with 1x TE; elution at 65°C; 15 min in elution beff(50mM Tris—HCI pH8, 10mM EDTA, 1% SDS).

RXRa has been immunoprecipitated with purified polyeloantibodies generated by immunization of

rabbits with the following peptide:

MRXRA: PB105 (MDTKHFLPLDFSTQVNSSSLNSPTGRGC).



RNA polymerase 1l (sc-9001 H-224), H3K27me3 (Upst&t7-449) and H34me3 (Abcam 8580)
antibodies were purchased from their correspondimgmercial suppliers. RXRE&hIP assays were
performed with 6x19cells per time point; while histone modificatiorarks were evaluated with 2X2.0
cells. FAIRE assays were performed as describedqusy . Briefly, F9 or P19 cells were fixed with
1% para-formaldehyde (Electron Microscopy Scienées)lO minutes at room temperature. 1%&6lls
diluted in a volume of 30Qul lysis buffer were extracted with 1 volume of aepbl / chloroform /
isoamylalcohol preparation (50/48/2%, respectivedymed ‘PCI’). The interphase/organic fraction has
been washed a second time with 1B0ysis buffer, then recovered together with thestfiextract. The
recovered aqueous phases have been extractecheidame PCI preparation other 3 times, then treated
with Proteinase K (Roche ref: 03115852001); 37°@ndu2 hours, followed by an ethanol precipitation

in presence of Glycogen (MP ref: Glyco001).

All ChlP and FAIRE assays were validated using fpasiand negative controls. ChlP validation assays
were performed by quantitative real-time PCR (gP®Rche instrument LC480 light cycler) using
Quantitect kit (Qiagen). Specifically, RXRChIP assays were validated based on previousktritdes
enrichment information; H3K27m3, H3K4me3 and RNAypeerase Il enrichment performance was
monitored at promoter regions of genes respondinthé RA treatment. Finally, FAIRE assays were
validated by taken RX® enrichment information as well as promoter regiohgenes responding to the
RA treatment. ChlIP validation assays were performgdjuantitative real-time PCR (gPCR, Roche

instrument LC480 light cycler) using Quantitect (tiagen).
Massive parallel sequencing

10 ng of the ChiPed DNA wasused to prepare mukgdesequencing libraries (NEXTflexTM ChIP-seq
Bioo Scientific; ref: 514120). Sequencing was damethe lllumina instrument HiSeq2000 (4 ChIP
samples per lane). Regular Illlumina pipelines wesed for image processing and base calling. Sequenc

files were then aligned to the mouse genome asseoitdwing by default parameters (mm9; Bowtie).



Enrichment pattern detection and intensity profile normalisation

Enriched sites in all ChIP-seq and FAIRE-seq da&sasere identified with MeDiChISeY a regression-
based approach, which after a learning processateh representative binding pattern from the datas
analysed. Specifically, we applied a P-value confidence affitof 10%° and a peak intensity threshold

defined by a random enrichment background modeséBa distribution; P-value 0.995).

With the aim of comparing in multiple profiles nohly the enrichment patterns at defined genomic
regions but also the associated read count inyelesiels, we first normalized the profile amplitgdé\s

we demonstrated in a previous comparative stud®MNA polymerase Il ChlP-seq profiles the superiority
of non-linear normalisatiof’, we have developed and used a new generalizecochéh normalizing
histone modification marks (H3K4me3, H3K27me3), RNPblymerase |l profiles and FAIRE-seq
enrichment patterns, which was used in a recenystu This new quantile-based approach normalises
first all datasets associated to a given targee (fime points) and subsequently the normalisegetar
datasets are brought to the same scale by z-sooneahzation. A detailed description of this quémti
normalization procedure for a variety of ChlP-sed anrichment-related NGS datasets will be avalabl
under the name of ‘Epimetheus’, a user-friendigicited normalization tool (Epimetheus; manusanpt

preparation).
Dynamic regulatory maps and RA-driven generegulatory network reconstruction

GRN reconstruction was done such that (1) the T$ted in the GRN collection of CellNet were

associated to genes differentially expressed iheeif9 or P19 cells and (2) the recovered TF-TG
interactions were enriched by at least 10% in tHREDI-predicted co-expression paths. Using these
criteria DREM predicted several co-expression péthisy P19 or F9 transcriptomes by computing co-
expression bifurcation points (BPs), which corregpto the time points at which a subset of the co-
expressed genes changes in their transcription@vo@ur relative to the other members of the co-

expression path.

As part of the visualisation options in Cytoscafifee changes in expression levels per nodes were

coloured in a heatmap format, such that dynamiagbs become apparerBupplemental file S1).



Furthermore, a two-step GRN reduction process wagdieal by using topological metrics of the
cytoscape plugin CytohubB& Specifically, clustering coefficient metrics wefest used to extract the
top50 most clustered nodes (plus first neighbooretch gene regulatory program (common or F9/P19-
specific). These three populations were combingd & single network to which a second layer of
topological metrics reduction was applied. Thisuan is based on scoring for bottleneck nodes, as
previous reports demonstrated that in additioni¢hlit connected nodes (“hubs”), “bottleneck” nodes
(defined as those interconnecting highly connectedes or hubs in the system) can represent highly
relevant components of a systeth Particularly, in signal transduction systems,tlboecks can
correspond to essential entities required in tletesy for the continuous flow of the signal trangaturc

We have thus reconstructed a reduced GRN compds@&d nodes and 626 edges, to which a ranking
colour code (heatpmap) displaying the hub impodgametrics has been attributed. This network reveals
major nodes with potential functional roles in Ré&pegndent cell fate acquisition and contains folr su
networks; two regulate cell differentiation (plustency and HOX factors), two others specify neurona
or endodermal (regulatory) factors. All sub-networatre interconnected revealing the connectivity
between common and cell-fate specific programs.gdeer, this network reveals how key factors, whose
implication in cell fate specification was known @ described here, are temporally connected to a
plethora of other genes involved in maintenancelofipotency or cell cycle regulation, in additiem
neurogenesis. The reduced GRN displays also relev@rspecific factors that are at the basis of
endodermal fate acquisitiorfzinally, the organisation of the reduced GRN asdsisualisation has been

performed with the cytoscape package CeréBi@upplemental Fig. S17; Supplemental File S1).
Targeted gene knockouts with CRISPR/Cas9 system

P19 cellswere transfected with a pair of double nickasemlds encoding a D10A mutation in Cas9
nuclease and a 20nt guide RNA targeting the folhgwgenesGbx2 (Santa Cruz Biotech: sc-420503-
NIC), Tal2 (Santa Cruz Biotech: sc-423262-NIC). P19 cellsemeansfected with Lipofectamine 2000
(Invitrogen; Cat. No. 11668-027); 18h later the medwas replaced and supplemented with puromycin
(200ng/ml). After one week of selection, cells weransferred to 96 well plates for single colony

screening. Single cell-derived cultures were trdtategh ATRA during 24 hours and evaluated for lo$s



gene expression by qPCR. Positive candidates weegaluated in the context of a complete kinetigs (
2, 6, 24, 48 and 72h of ATRA treatment) and furtblearacterised for the transcriptional expressibn o

other neuronal-specific genes.

CRISPR/dCas9 transcriptional activation and immunohistochemistry

P19 cells were transfected with CRISPR/dCas9 aativgplasmids targeting the following factor&al2
(Santa Cruz Biotechsc-423262-AC7, Gbx2 (Santa Cruz Bioteclsc-420503-ACT),Tshzl (Santa Cruz
Biotech:sc-431049-AC7, Lhx2 (Santa Cruz Bioteclsc-421425-AC7, Dmrtl (Santa Cruz Biotech: sc-
420576-ACT). P19 cells, grown in P19-DMEM on coVipss were transfected with Lipofectamine 2000
(Invitrogen; Cat. N0.11668-027). 18h later the mediwas removed and replaced with P19-DMEM
complemented with antibiotics (puromycin 300ng/mygromycin 400ug/ml, blasticidine 5ug/ml), and
cells were treated with either BMS961 or ethandteAanother 3 days, the medium with antibioticswa
replaced by P19-DMEM. At day 6 the cells were fixeith 4% paraformaldehyde (Electron Microscopy
Sciences), followed by 3 x 5 min washes in PBSIsGeére permeabilised (Triton 0.1% in PBS; 15 min
at room temperature) and blocked (10% heat inaetiv&CS in PBS) during 1 h at room temperature.
Cells were washed 3 x 5 min in permeabilizatiorfdrutthen incubated with the primary antibodies-ant
beta Il Tubulin/anti-TUBB3 (Abcam: ab14545) or aMAP2 (ab32454). After one hour incubation,
cells were washed 3 x 10 min with permeabilisatouffer followed by incubation with a secondary
antibody (Donkey anti-mouse IgG (H+L) Antibody ABe%55: Invitrogen A-31570; Donkey anti-rabbit
IgG (H+L) antibody Alexa 488; Invitrogen A-21206naaor DAPI (Invitrogen: D3571). After 1 hour at
room temperature, cells were washed for 3 x 10impermeabilisation buffer, twice with milli Q wate

and finally mounted on microscope slides.
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