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ABSTRACT

Coffin-Siris syndrome (CSS) is caused by pathogenic variants in genes encoding the BAF 
chromatin remodelling -complex. The exact pathophysiological mechanisms underlying 
CSS are unknown. By using patient derived induced pluripotent stem cells (iPSCs) 
carrying pathogenic variants in ARID1B or SMARCB1 and differentiation towards neuronal 
progenitor cells (NPCs), we established an in vitro model system to study variant effects 
on neuronal differentiation and on the iPSC and NPC epigenetic landscapes. Using RT-
qPCR, IF-staining and DNA methylation analyses we show suitability of our cell model 
for studying CSS variant effects on neuronal differentiation.
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INTRODUCTION

Coffin- Siris syndrome (CSS) (OMIM 135900) is characterized by neurodevelopmental 
delay (NDD), hypotonia, corpus callosum agenesis, distinctive facial features and aplasia 
or hypoplasia of the fifth digit and/or nails1. Pathogenic variants in genes encoding 
members of the canonical BAF chromatin remodelling complex (SWI/SNF complex), 
which consists of 15 subunits. Pathogenic variants in seven subunits have been 
identified as underlying the disease in most CSS patients2-8. Pathogenic variants in 
ARID1B are identified in 50-75% of CSS patients4-6,8.. In addition, 7-12% of CSS patients 
carry pathogenic variants in SMARCB14-6,8. Within the CSS spectrum, ARID1B patients 
generally exhibit a milder phenotype compared to those with pathogenic variants in 
SMARCB19. Like many other developmental disorders10, CSS patients exhibit a specific 
DNA methylation pattern in their blood, different from controls and suitable for 
diagnostics10.

Understanding the pathophysiology behind the CSS phenotype is crucial for both 
comprehending the disease and identifying potential treatment targets. From studies 
performed in mice and human cell models, there are already some indications that 
specific neuronal processes are affected. For example, in ARID1B haploinsufficient 
mice11, fewer inhibitory GABAergic interneurons and increased apoptosis and decreased 
proliferation were reported. More recently, through the use of an organoid model, it 
was shown that ARID1B haploinsufficient variants reduce chromatin accessibility at 
specific transcription factor binding sites and downregulate transcriptional programs 
of the corpus callosum12. Furthermore, Pagliaroli et al.13, used an iPSC to neural crest 
cell differentiation model and found that ARID1B is required for exit from pluripotency 
and that this process is impaired in patient-derived iPSCs. However, despite the 
publication of several in vivo11,14-19 and in vitro studies13,20-23, the exact pathophysiological 
mechanisms underlying CSS remain enigmatic.

Here, to investigate the pathophysiology of CSS we created a cell model system that 
focuses on genetic variant effects in neuronal differentiation using two ARID1B (mild end 
of CSS) and three SMARCB1 (severe end of CSS) patient iPSC lines (Figure 1). This system 
is designed to explore the molecular aspects of CSS and aims to shed light on how CSS 
pathogenic variants influence iPSC to neuronal differentiation and the transcriptional 
and epigenetic processes required for this process.
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Figure 1: a-b) Illustration of the ARID1B loss of function variants and SMARCB1 missense variants 
and inframe deletion of studied patients. The numbers in the gene model refer to transcripts 
NM_020732.3 (ARID1B) and NM_003073.5 (SMARCB1).

METHODS

Human iPSC generation and culture
Control iPSC lines (114-1 and 114-2) were derived from fibroblasts obtained from 
unaffected siblings of spinocerebellar ataxia patients24. Line 4-10 was generated from 
fibroblasts of a healthy 40-year-old control, and line 64-9 was derived from fibroblasts 
of a mosaic ARID1A patient. Skin fibroblasts were obtained from five CSS patients, two 
patients with a pathogenic variant in ARID1B, and three patients with a pathogenic 
variant in SMARCB1 (Figure 1a-b). Line 4-10, 64-9, and all patient lines (ARID1B patients: 
19-4, 26-8; SMARCB1 patients: 50-6, 45-6, 60-8) were established at the LUMC hiPSC 
Hotel using the polycistronic lentiviral vector LV.RRL.PPT.SF.hOKSM.idTomato.-preFRT 
as described elsewhere25,26.

Informed consent was obtained. The study was conducted in accordance with the 
criteria set by the Declaration of Helsinki. The protocol to make iPSCs was approved 
by the institutional review board (IRB) at LUMC.
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For each line multiple clones were generated. Their pluripotency was assessed through 
immunofluorescence microscopy using antibodies against NANOG, OCT3/4, SSEA4, and 
Tra-1-81. After spontaneous differentiation into three germ layers antibodies against 
TUBB3, AFP and CD31 were used, as described by Warlich et al26. Clones exhibiting 
pluripotent characteristics were selected for downstream applications. Karyotyping 
by G binding was performed, and short tandem repeat (STR) profiling was carried 
out. Expansion of iPSC lines occurred in feeder-free, serum-free mTeSR™1 medium 
(STEMCELL Technologies), with passaging performed at a ratio of approximately 1:10 
at 80% confluency using ReLeSR (STEMCELL Technologies). Small cell clusters (50–
200 cells) were then plated on tissue culture dishes coated overnight with Corning® 
Matrigel® matrix (Corning) or Geltrex™ LDEV-Free hESC-qualified Reduced Growth 
Factor Basement Membrane Matrix (Fisher-Scientific).

Differentiation into medial ganglionic eminence (MGE) 
progenitors/neuronal progenitor cells (NPC)
iPSC lines were differentiated towards medial ganglionic eminence progenitors (MGE) 
or NPCs using an adaption of the protocol to produce GABAergic interneurons by Liu et 
al27 (Figure 2). In brief, iPSCs were dissociated with accutase and suspended in STEMdiff 
neural induction medium (NIM), supplemented with SMADi and Y-27632. iPSCs were 
transferred to an AggreWell800 plate (all STEMCELL Technologies, Vancouver, Canada), 
with daily refreshing of NIM. After 7 days, embryoid bodies were moved to a poly-D-
lysine (PDL)/laminin-coated 6-well plate. NIM was changed every other day until day 
10, when neural rosettes appear. On day 10, 1.5 μM Pur was added to the medium, 
with refreshing of NIM+Pur every other day until day 16. On day 16, the differentiating 
colonies contain neural tube–like rosettes formed by multiple layers of columnar 
epithelia surrounded by a ring of flat cells.

Differentiation was performed twice. On day 12 DNA and RNA was harvested and cells 
were fixed for immunohistochemistry. During the second differentiation, neural tube-
like rosettes were harvested on day 16 for DNA and RNA.

7
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Figure 2: Schematic representation Neural differentiation of patient-derived induced pluripotent 
stem cells (iPSCs) to neural progenitor cells

Immunofluorenscence (IF)
Cells were fixed with 4% paraformaldehyde (PFA) for 30 min at room temperature. Cells 
were pre-incubated for 10 minutes at room temperature in 0.1-1.0% Triton X-100 in 
Dulbecco’s phosphate-buffered saline (dPBS) and subsequently blocked for 30 minutes 
with 1% bovine serum albimun (BSA) in dPBS. Primary antibodies were diluted in 1% 
BSA in dPBS and samples were incubated in a humidified chamber overnight at 4°C. 
Secondary antibodies were diluted in 1%BSA in dPBS and samples were incubated for 
2 hours at room temperature. Finally, samples were covered with Everbrite hardset 
containing 4′, 6-diamidino-2-phenylindole (DAPI) (Biotum, USA). Antibodies are reported 
in Supplementary Table 1.

Real-time quantitative polymerase chain reaction (RT-qPCR)
Total RNA was isolated using QIAzol (5346994; Qiagen), with approximately 1 mg of 
total RNA utilized for reverse transcription via the RevertAid H Minus First Strand cDNA 
Synthesis Kit (K1632; Thermo). RT-qPCR was performed in triplicate on a C1000TM 
Thermal cycler (Bio-Rad) with SYBR Green (170-8887; Bio-Rad). Expression data were 
normalized to GUS. Primer sequences are reported in Supplementary Table 2.

DNA methylation analyses
Omixer28 was used to randomize DNA samples to optimize sample distribution across 
batches. Raw DNA methylation data was obtained from Illumina HumanMethylationEPIC 
arrays (array type: EPICv2). The analyses were conducted in R version 4.3.2 using the 
following R packages: ChAMP, RPMM, Minfi, ggplot2, DNAmArray, irlba, pheatmap, 
wateRmelon, ggfortify, shinyMethyl, IlluminaHumanMethylation450kanno.ilmn12.hg19, 
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GenomicRanges package, ComplexHeatmap, and limma. Data processing and analysis 
were performed using Python version 3.8.5, and the following Python libraries: Pandas 
(version 1.2.4), NumPy (version 1.19.5), Scikit-learn (version 0.24.2), Matplotlib (version 
3.4.3) and Seaborn (version 0.11.2).

RESULTS

Characterization of ARID1B and SMARCB1 patient-derived 
iPSC lines
To create an in vitro model system focusing on variant effects in neuronal differentiation 
in CSS we generated iPSC lines from fibroblasts of two patients with pathogenic variants 
in ARID1B, three patients with pathogenic variants in SMARCB1 (Figure 1a-b) and four 
control iPSC lines. All iPSC lines expressed the pluripotency marker genes OCT4 and 
NANOG and there was no statistical significance in mRNA levels between controls and 
patients when measured by RT-qPCR (Figure 3a-b). Furthermore, control and patient-
derived iPSCs showed a similar morphology. In accordance with the RT-qPCR data, 
immunofluorescence (IF)-staining showed expression of the pluripotency marker OCT4 
(Figure 3c).
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Figure 3: a-b) mRNA levels of OCT4 and NANOG. c) IF-staining of OCT4 and DAPI.
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Since increased apoptosis of neuronal progenitors was observed in ARID1B 
haploinsufficient mice11,29, we investigated whether increased apoptosis is present in 
patient-derived iPSC using IF-staining of cleaved caspase-3. We found a similar cleaved 
caspase-3 staining in patient and control lines (Figure 4), suggesting that neither ARID1B 
nor SMARCB1 CSS pathogenic variants lead to increased apoptosis of iPSCs.
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Figure 4: IF-staining of cleaved caspase-3 (CC3) and DAPI in iPSCs.

Next, we addressed the effect of the ARID1B and SMARCB1 pathogenic variants on 
mRNA levels. The two ARID1B patient lines both have pathogenic variants that lead to 
premature stop codons (Figure 1a), and ARID1B haploinsufficiency13. Using RT-qPCR, 
we found that ARID1B mRNA levels in the ARID1B patient lines were slightly reduced, 
but not statistically significantly lower, when compared to control or SMARCB1 patient 
lines (Figure 5a), most likely due to incomplete nonsense-mediated decay. The three 
SMARCB1 pathogenic variants are all nontruncating variants (i.e. missense variants or 
in frame deletions) (Figure 1b). Consistent with this, SMARCB1 mRNA levels were similar 
in SMARCB1 patient when compared to control lines by RT-qPCR (Figure 5b). Together, 
these results show that iPSCs derived from patients with a pathogenic variant in either 
ARID1B or SMARCB1 are pluripotent and phenotypically similar to iPSCs derived from 
healthy controls.
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Figure 5: a-b) mRNA levels of ARID1B and SMARCB1 in iPSCs.

A cellular model system to study CSS variant effects on 
neuronal differentiation
Next, we differentiated control and patient iPSC lines towards early neuronal progenitor 
cells (NPCs) and subsequently to neuronal rosettes, using an adapted protocol 
previously published by Liu et al27 (Figure 2). Differentiation was performed twice.

In the first experiment, iPSCs were differentiated for 12 days towards NPCs. This is an 
intermediary timepoint, which was included to evaluate the differentiation process and 
to measure apoptosis levels in the various cell lines. The two ARID1B and three SMARCB1 
patient lines were differentiated separately, each set together with two control cell lines. 
Visual inspection of NPCs on day 12 revealed no obvious differences in cell morphology 
between control and CSS cell lines. We then measured mRNA levels of neuronal 
progenitor (NESTIN, PAX6 and SOX2) and pluripotency marker (OCT4) genes by RT-
qPCR. These data revealed no statistically significant differences in neuronal progenitor 
marker gene expression between patient and control NPCs (Figure 6-a-b), despite some 
variation between the individual cell lines. Furthermore, OCT4 mRNA expression was 
only detected in an iPSC control but not in any of the NPC lines (Supplementary Figure 
1a). This was verified by IF-staining of OCT4 in NPCs (Supplementary Figure 1b). In 
addition, we performed IF-staining for the neuronal markers SOX1 and MAP2 and 
observed similar signals in control and patient NPCs (Figure 6c-d). Finally, IF staining also 
showed no obvious differences in signal for the apoptosis marker cleaved caspase-3 
between control and patient NPC lines (Figure 7). Altogether, these results suggest 
that ARID1B and SMARCB1 patient-derived iPSCs can be differentiated to day 12 NPCs 
without showing increased levels of apoptosis.

7
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Figure 6: a-b) mRNA levels of NESTIN, PAX6 and SOX2 in day 12 differentiated cells. c-d) IF-staining 
of SOX1 and MAP2 on day 12 differentiated cells.
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Figure 7: IF-staining of cleaved caspase-3 (CC3) in day 12 differentiated cells.

Next, we differentiated control and patient iPSC lines until day 16, when neuronal rosette 
formation can be observed27. Visual inspection at day 16 revealed that when compared 
to controls, neuronal rosettes of ARID1B patients appeared smaller while SMARCB1 
patient neuronal rosettes showed no obvious morphological differences (Figure 8a). 
When measured by RT-qPCR, we found that mRNA levels of neuronal (progenitor) 
markers (NESTIN, PAX6, SOX2, MAP2) did not differ significantly between control and 
ARID1B patient neuronal rosettes (Figure 8b). Performing these experiments in SMARCB1 
cell lines revealed largely similar results except for a small, yet statistically significant, 
reduction in PAX6 mRNA levels (Figure 8c). We did not detect OCT4 mRNA expression 
in ARID1B and SMARCB1 patient neuronal rosettes (Supplementary Figure 2). This result 
is in agreement with our observations after 12 days of differentiation (Supplementary 
Figure 1a-b), and suggests that in our model system ARID1B haploinsufficiency does not 
impair exit from pluripotency. Combined, these results indicate that both ARID1B and 
SMARCB1 patient-derived iPSCs can be successfully differentiated to day 12 neuronal 
progenitor cell populations and that day 16 neuronal rosettes express neuronal marker 
genes at levels largely similar to controls.

7



160

Chapter 7

Figure 8: a) Phase contrast microscopy images taken at differentiation day 16 of control and 
patient lines, showing relatively small neuronal rosettes in ARID1B patient lines, and in SMARCB1 
patient lines neuronal rosette appear larger compared to control lines. b-c) mRNA levels of neu-
ronal progenitor markers: NESTIN, PAX6, SOX2, MAP2 in day 16 differentiated cells.

Genome-wide DNA methylation analysis in control and 
CSS patient-derived iPSCs and NPCs
Previous studies have reported DNA methylation differences between ARID1B and 
SMARCB1 patient samples and controls in blood10, which can be used for CSS diagnostics. 
However, it is currently not known whether these CSS-associated methylation 
differences, termed BAFopathy episignatures, are also present in tissue and cell types 
other than blood. Therefore, we next asked whether the blood-BAFopathy episignature 
can also be detected in iPSCs and/or NPCs. While iPSCs represent the earliest stage 
where we may observe differences in DNA methylation levels between patient and 
control cell lines, NPCs represent a BAFopathy phenotype relevant cell type.

For the genome-wide DNA methylation profiling, we used the Illumina 900K bead chip 
array that enabled us to measure methylation levels of ~900K CpGs genome-wide 
in control and patient-derived iPSCs and NPCs (Figure 9a). After quality control and 
filtering, 889.162 probes were retained per sample for further analysis. We observed 
that control iPSCs had median b-values ranging between 0.697 and 0.772, while 
ARID1B patient-derived iPSCs showed median b-values between 0.709 and 0.712. For 
SMARCB1 patient-derived iPSCs, we measured median b-values between 0.746 and 
0.788 (Figure 9b, Supplementary Table 3). For the NPCs, median b-values were ranging 
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Figure 9: DNA methylation in iPSC and differentiation day 16. a) Representation of DNA meth
ylation analysis. 900K EPIC v2 picture derived from https://emea.illumina.com/. b) Violin plots 
depicting individual samples’ DNA methylation Beta values, white dots represent median values 
and black lines kernel density estimates. c) Heatmap showing DNA methylation for all 889162 
CpGs in iPSC and NPC samples. Rows represent the CpG probes, and columns represent the 
samples. The color scale from dark blue to dark red represents the range of the methylation 
levels (beta values) between 0 and 1. d) Violin plots depicting DNA methylation Beta values of 
genomic regions of iPSCs per sample type. e) Violin plots depicting DNA methylation Beta values 
of genomic regions of NPCs per sample type.
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between 0.761 and 0.801 for the controls, between 0.717 and 0.754 for the ARID1B 
samples and between 0.758 and 0.779 for the SMARCB1 patient-derived NPCs (Figure 
9b, Supplementary Table 3). Overall, this suggests that ARID1B haploinsufficiency and 
SMARCB1 disruption, do not alter global DNA methylation levels in iPSCs and NPCs. 
Importantly, iPSCs clustered differently from NPCs (Figure 9c), which is expected 
because DNA methylation patterns are cell type-specific.

We next assessed DNA methylation levels for different genomic annotations including 
genic (promoters, exons, 5’and 3’ UTRs, introns) and intergenic (distal intergenic 
downstream) regions. We found that in iPSCs, median b-values were similar between 
control and patient samples (Figure 9d). For the NPCs, we observed slightly lower (delta 
~0.02%) median b-values in the patient when compared to the control samples for all 
genomic regions (Figure 9e).

Then, we asked whether the known blood BAFopathy episignature can be detected in 
iPSCs and/or NPCs. Therefore, we applied the described10 BAFopathy probes to the iPSC 
and NPC control and CSS-patient samples. By using this set of CpGs (n=121), we found 
that the iPSC samples formed a cluster that is different from the NPCs (Figure 10a-b). 
However, within one cell type, patient and control samples clustered together and we 
could not find any evidence that the blood BAFopathy episignature is present in ARID1B 
or SMARCB1 patient-derived iPSCs or NPCs. This suggests the BAFopathy pattern from 
blood is either generated further in the differentiation process or that the observed 
episignature in blood is tissue specific.

7
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A

B

Figure 10: DNA methylation in iPSC and differentiation day 16. (a) Distribution of beta-values 
of the BAFopathy episignature probes per sample. (b) Clustering analysis using the BAFopathy 
episignature probes of iPSC control and NPC day 16 control samples. Rows represent the CpG 
probes, and columns represent the samples. The color scale from dark blue to dark red represents 
the range of the methylation levels (beta values) between 0 and 1.
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DISCUSSION

Pathogenic variants in genes encoding subunits of the BAF-complex, including ARID1B 
and SMARCB1, lead to varying degrees of NDD in CSS patients. Understanding how 
these variants impact brain development remains challenging due to the difficulty 
of obtaining human brain samples, and findings from animal studies may not always 
translate to humans. Here, we employed an in vitro model that enables the study of 
neuronal differentiation differences between patients and controls, as well as within 
patient groups. The latter is of interest because CSS patients show a spectrum of 
disease severity that is linked to the underlying genetic defect, suggesting that there 
could be differences in cellular responses between CSS pathogenic variants.

In iPSCs, we did not observe any overt morphological differences between control and 
patient cell lines and when measuring expression of pluripotency markers. Furthermore, 
we showed that in both ARID1B and SMARCB1 patient NPCs, expression of pluripotency 
markers was silenced, suggesting a successful exit from pluripotency. This differs from 
a previous observation by Pagliaroli et al13, where they reported an inability of ARID1B 
patient-derived iPSCs to exit pluripotency using a 14-day differentiation paradigm 
towards neural crest cells. Therefore, it appears that the ARID1B-associated impaired 
exit from pluripotency is not detectable in all neuronal differentiation processes. In 
line with such a hypothesis, no defects in the exit from pluripotency in ARID1B patient-
derived iPSCs were reported in a corpus callosum organoid model12. Combined, these 
observations suggest that the effects of CSS variants could be cell type-specific. Indeed, 
it has previously been reported that ARID1B can take on cell-type-specific roles in 
transcriptional regulation, where it can function in transcription activation in some 
cells30 and transcriptional repression in other cell types31.

Upon differentiation towards the neuronal lineage, we did observe morphological 
differences between patient and control cell lines. More specifically, on differentiation 
day 16, ARID1B patient lines exhibited smaller neuronal rosettes, while rosettes from 
SMARCB1 patient lines appeared larger than those from control lines. This is interesting 
since CSS patients with SMARCB1 mutations show a more severe phenotype. Although 
preliminary, our findings indicate that additional work will be required to characterize 
the observed morphological differences and the underlying molecular alterations in 
detail and it will be important to determine any influences on neuronal function. For 
instance, differentiation to mature GABAergic interneurons and investigating synaptic 
function using techniques such as microelectrode arrays32 is expected to provide 

7
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deeper insights. Nevertheless, our observation could be suggestive of a different effect 
on neuronal differentiation of the pathogenic ARID1B compared to the SMARCB1 variants.

While some of the findings presented in this chapter can be considered preliminary, 
they already emphasize that the generation and implementation of different in vitro 
model systems, brings unique strengths to the study of the effects of CSS variants on 
neuronal development and function. Since many different cell types are present in the 
brain, it will be important to study the (dys)function in a developing patient’s brain and 
more elaborate models that allow differentiation into multiple cell types (e.g. organoids) 
and/or more mature neurons are likely to shed more light on this. For instance, a recent 
study investigated agenesis of the corpus callosum, the most common brain anomaly 
in ARID1B33, SMARCB117 and CSS patients34,35. Martins-Costa et al12 showed, using neural 
organoids generated from an isogenic ARID1B patient line, disrupted axonogenesis. They 
identified a transcriptional dysregulation of callosal projection neurons, less long-range 
projections and, less contralateral synapses. These findings underline the hypothesis 
that interneuron disfunction plays an important role in the pathogenesis of CSS. The 
in vitro system we are employing can be used to investigate the differentiation from 
iPSC to GABAergic interneurons27. Therefore, building on the findings of Martins-Costa 
et al12 and incorporating ATAC- and RNA-seq in our model system could further our 
understanding of the role of ARID1B and other CSS genes in interneuron development.

At the molecular level, the BAF complex primarily functions in regulating chromatin 
accessibility but DNA methylation alterations between control and CSS patients have 
been reported in blood. This so called episignature can be used in diagnostics10 but it 
remains unclear whether it is also present in other cell types. Taking advantage of our 
in vitro model, we observe that the blood episignature is not present in patient derived 
iPSCs or NPCs (Figure 10b). Possible explanations could be that the BAFopathy pattern 
from blood is generated further in the differentiation process or that the observed 
episignature in blood is tissue specific.

The technology used to generate episignatures plays a significant role in the quality and 
consistency of results. The Illumina EPIC array versions 136 and 237, while widely used, 
are limited by batch effects and differences in probe coverage, with v1 covering 800,000 
probe locations and v2 expanding to 900,000. We used the Illumina EPIC v2 array in our 
study, while the BAFopathy episignature was originally detected using the EPIC v1 array. 
However, we do not think this impacted our investigation of the BAFopathy episignature 
in iPSC and NPC, as 121 out of 13110 episignature probes were reliably measured across 
all our samples. To overcome the limitations of the Illumina EPIC array, future research 
could leverage Nanopore sequencing38. This technology eliminates batch effects and 
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offers the ability to analyze over 28 million CpG sites39, providing a more comprehensive 
overview of DNA methylation.

In sum, we successfully established an in vitro model system to explore the effects 
of genetic variants on neuronal differentiation, utilizing two ARID1B, three SMARCB1 
patient lines and four control lines. This model could be used for further investigation 
of the effects of pathogenic variants in CSS genes during differentiation and on the 
transcriptomic and epigenomic states.

7
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Supplementary Figure 2: mRNA expression of OCT4 at differentiation day 16

Supplementary Table 1: Antibodies used for immunofluorescence

Antibody Host Article number Dilution

OCT4 rabbit ab19857 1:500

NANOG rabbit ab21624 1:500

SOX1 rabbit Invitrogen PA5-23351 1:500

MAP2 mouse MAB364, 3162484 1:500

Cleaved caspase-3 rabbit rb9661S 1:500

anti-Rabbit 488 donkey AlexaFluorTM 488 (A21206) 1:2000

anti-Mouse 594 donkey AlexaFluorTM 594 (A21203) 1:2000

DAPI - R37605

Supplementary Table 2: Primers used for RT-qPCR

FW REV Length

Housekeeping gene

GUS CTCATTTGGAATTTTGCCGATT CCGAGTGAAGATCCCCTTTTTA 81

Pluripotency markers

OCT4 GACAGGGGGAGGGGAGGAGCTAGG CTTCCCTCCAACCAGTTGCCCCAAAC 144

NANOG AAGGTCCCGGTCAAGAAACA TCTTCACCTGTTTGTAGCTGA 154

Neuronal (progenitor) marker

NESTIN CTCCAGAAACTCAAGCACC TCCTGATTCTCCTCTTCCA 145

PAX6 GGTTGGTATCCGGGGACTT TCCGTTGGAACTGATGGAGT 102

SOX2 AGCTCGCAGACCTACATGAA TGGAGTGGGAGGAAGAGGTA 151

MAP2 AAGAGAATGGGATCAACGGAG TGCTACAGCCTCAGCAGTGA 101

Genes

ARID1B GCGTGTGATGATGTCCCTTA CCAGACAACTGGGAGAGATTG 123

SMARCB1 CTTCAGCGAGAACCCTCTGC GCAAGACGCCTCATCCGC 156
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Supplementary Table 3: median DNA methylation Beta values of individual samples

sample median beta-value

iPSC c1 0,697

iPSC c2 0,772

iPSC c3 0,753

iPSC c4 0,712

iPSC ARID1B_1 0,728

iPSC ARID1B_2 0,709

iPSC SMARCB1_1 0,748

iPSC SMARCB1_2 0,746

iPSC SMARCB1_3 0,788

Day 16 c1 0,801

Day 16 c2 0,722

Day 16 c3 0,775

Day 16 c4 0,761

Day 16 ARID1B_1 0,754

Day 16 ARID1B_2 0,717

Day 16 SMARCB1_1 0,779

Day 16 SMARCB1_2 0,758

Day 16 SMARCB1_3 0,761
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