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Figure S1: Characterization of NHSM derived hESC lines - related to Figure 1

(A) Immunofluorescence staining for pluripotency markers, OCT4, TRA-1-60 and SSEA4 (A) and the naive marker TFE3
(B) in the NHSM derived and primed control hESC lines (scale bar-100 mm). (C) Relative mRNA expression levels of the
naive markers KLF17, TFCPL1, STELLA, KLF5, and KLF4 and a pluripotency marker (NANOG) as determined by
gRT-PCR in NHSM (red columns) at p20 (derivation) and primed control (gray column) hESC cultures. All data are
expressed as mean + SEM, ***p < .005 by one sample t-test.
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Figure S2: Validation of substates at early passage after conversion — related to Figure 1

(A) Colony morphology of early passage (p30, Early NHSM, top row) and their early

passage isogenic primed counterparts (p30, Early primed, bottom row; scale bar-200 mm).

(B) Immunofluorescence staining for pluripotent markers, OCT4, TRA-1-60 and SSEA4 and for the naive
marker TFE3 in Early NHSM (top 4 rows) and isogenic Early primed (bottom 4

rows) hESC cultures (scale bar-100 mm). (C) Relative mMRNA expression levels of naive

markers KLF17, TFCP2L1 and STELLA as determined by gqRT-PCR in Early NHSM (red column)

and Early primed (blue column) cultures, relative to primed control (black column). All data are expressed
as mean + SEM, *p<.05, **p<.01, ***p < .005 by paired t-test.
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Figure S3: Analyzing the substates of hESC lines after prolonged culture — related to Figure 1

(A) Colony morphology of p50 Late NHSM (top row) and isogenic Late primed (bottom

row) hESC cultures (scale bar-200 mm). (B) Immunofluorescence staining for pluripotency markers,
OCT4, TRA-1-60 and SSEA4 and for the naive marker TFE3 in NHSM and isogenic primed hESCs (scale
bar-100 mm). (C) Relative mMRNA expression levels of the naive markers KLF17, TFCP2L1 and STELLA
as determined by qRT-PCR in Late NHSM (red column) and Late primed (blue column) hESC cultures,
relative to primed control cultures (black column). All data are expressed as mean + SEM, *p<.05,
**p<.01, ***p < .005 by paired t-test.
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Figure S4: Differentiation potential of NHSM and isogenic primed hESC - related to Figure 1

In vivo differentiation was demonstrated by teratoma formation at p40. Tissues representing the three germ
layers were identified using hematoxylin and eosin staining and marked by white arrows (scale bar 50 ym).
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Figure S5: Transcriptomic and epigenomic characterization of our NHSM and primed cultures — related to
Figure 3

(A) Heatmap displaying the top 100 differentially expressed genes by fold change (50 upregulated in
NHSM vs 50 upregulated in primed). (B) Global methylation levels from EPIC DNA methylation array.
One sample from each line at each condition and timepoint. Methylation levels are displayed as a
percentage of four beta value bins (Beta values range from 0 to 1 and are used to measure the
percentage of methylation. They are the ratio of the methylated probe intensity and the overall intensity
(sum of methylated and unmethylated probe intensities).
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Figure S6: Chromosomal locations of copy number aberrations detected using CMA - related to Figure 2

Chromosomal charts of the CMA aberrations detected in late NHSM and isogenic primed cells. Duplications
are shown in green and deletions in red.
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Figure S7: SNVs in NHSM derived compared to isogenic primed hESCs - related to Figure 4

(A) Venn-diagrams presenting the number of SNVs detected in NHSM derived hESCs, as well as in late
NHSM and isogenic primed cells, including unique and overlapping SNVs. (B) Bar graph showing the
distribution of the detected SNVs throughout the genome for each line in non-coding regions, including:
SNVs within introns, up-stream or down-stream to genes, non-coding transcript exons, TF binding sites,
regulatory regions, and intergenic regions.
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Figure S8: Aberrations in cancer-associated genes (Tier1 genes) - related to Figure 4

A deletion upstream to FBXW?7 gene detected in Lis39_P (marked by a black triangle) is associated with
decreased expression levels compared to its NHSM counterpart, in contrast to the expression pattern
observed in the other lines. Data are expressed as mean + SD, *p<.05 by paired t-test.
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Figure S9: Effects of long-term culture on the transcriptome of NHSM hESCs - related to Figure 5

(A) Gene ontology (GO) enrichment analysis of uniquely downregulated genes in the NHSM derivation
(p20) timepoint compared to the early (p30) and late (p50) timepoints among cultures. Genes that were
downregulated in the early primed vs late primed timepoint were removed leaving 157 genes (Table S7).
Revigo and CirGO were used to provide a non-redundant and biologically succinct visualization of GO
terms with an adjusted p-value < 0.05. (B) Combined mRNA and miRNA expression analysis to identify
regulatory changes occurring over time in NHSM conditions. The network (right) was constructed by
creating STRING protein to protein interaction networks and then clustering the networks. The network
shows the largest cluster of MRNAs downregulated in NHSM derived (p20) cultures compared to early
(p30) and late (p50) NHSM cultures with the size relative to the Betweenness Centrality score and the
color representing the node degree. The heatmap (left) was created using the importance scores
generated by integrating the miRNA and mRNA using a gene regulatory inference algorithm. The colors
represent the importance scores which reflect the degree to which each potential mRNA target is
regulated by each miRNA in the dataset (see methods). The heatmap shows the mRNAs downregulated
in the NHSM derived cultures that were also found in the largest clustered network (right). The table
shows the significant (adj. p-value < 0.00005) KEGG 2021 pathways enriched in the mRNAs in the
largest clustered network. The lines drawn from the miRNAs in the heatmap to the pathways in the table,
indicate the pathways predicted to be regulated by the corresponding miRNAs by miRPathDB. Only the
miRNAs highlighted in green were analyzed. (C) Combined mRNA and miRNA expression analysis to
identify regulatory changes occurring over time in NHSM conditions. The network (left) was constructed
by creating STRING protein to protein interaction networks and then clustering the networks. The network
shows the largest cluster of MRNAs upregulated in NHSM derived (p20) cultures compared to early (p30)
and late (p50) NHSM cultures with the size relative to the Betweenness Centrality score and the color
representing the node degree. The heatmap (left) was created using the importance scores generated by
integrating the miRNA and mRNA using a gene regulatory inference algorithm. The colors represent the
importance scores which reflect the degree to which each potential MRNA target is regulated by each
miRNA in the dataset (see methods). The heatmap shows the mRNAs upregulated in the NHSM derived
cultures that were also found in the largest clustered network (right). The table shows the significant (ad;.
p-value < 0.05) KEGG 2021 pathways enriched in the mRNAs in the largest clustered network. The lines
drawn from the miRNAs in the heatmap to the pathways in the table, indicate the pathways predicted to
be regulated by the corresponding miRNAs by miRPathDB. Only the miRNAs highlighted in green were
analyzed. (D) 5 of 18 miRNAs with the highest importance scores in Fig. S9B and Fig. S9C were found in
the same miRNA cluster on chromosome 7. Density plot shows the methylation levels of derivation samples
(thick lines) and later NHSM cultures (p30/50, thin lines), of CpG islands of miRNA cluster region on
chromosome seven.
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Figure S10: Methylation at imprinted and X-Chromosome inactivation sites — related to Figure 6 & 7

(A) Heatmap displaying DNA methylation at regions associated with single-isoform imprinted genes. (B)
Methylation levels of the CpG islands associated with X-Chromosome Inactivation (XCI) genes (top
boxplot), non-XClI linked genes on the X-chromosome (middle), and with all genes found on chromosome
7 (bottom). Boxes span the top 75th percentile to bottom 25th percentile with the line in the middle of the
boxes representing the median. Whiskers contain 95% of the data.
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Figure S11: Gene ontology related to Figure 7

Gene ontology enrichment analysis of genes both hypomethylated and showing higher expression
in the NHSM derived (p20) cultures compared to the early (p30) and late (p50) cultures.



