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Figure S1. Additional analysis of age-associated increases in CT from mHSC and hMSC 

RNA-seq data. A) Growth curve of culture-expanded hMSCs. Population doublings (PDs) are 

approximate as maximum cell density is below the range of cytometer accuracy. Young cells 

(PD12) and old cells (PD32) are highlighted in purple and red, respectively. B) Senescence-

associated -galatosidase staining is shown for hMSCs at the indicated PDs; cells nearing 

senescence (PD42) were included as a control. Quantitation is shown to the right; error bars 

show the standard error of the mean. C) Adipogenic (top) and osteogenic (bottom) differentiation 

of hMSCs at the indicated PD is shown by Oil Red O and Alizarin Red S staining, respectively. 

D) Our analysis detects increased cryptic transcription in datasets in which this is known or 

suspected to occur; namely, when Setd2 expression is reduced or lost. Boxplots of the log2-

transformed ratio of reads mapping to the second, third, fourth, and last exon vs. reads mapping 

to the first exon (dark orange on the left) or vs. reads mapping to the second exon (light orange 

on the right) in Setd2-perturbed vs. control samples (ratio in Setd2-perturbed divided by ratio in 

control, or ratio of ratios). Results from four datasets are shown, using expressed major 

transcripts from all datasets: Setd2 knockout (KO) in murine embryonic stem cells (n=6869, 

GSE72855)1; Setd2 KO in murine embryonic stem cells (n=7821, E-GEOD-54932)2; Setd2 



knockdown in in murine embryonic stem cells (n=6606, E-GEOD-51006)3; and Setd2 KO in 

murine oocytes (n=7143, GSE112832)4. Public dataset accession IDs are listed. E and F) 

Boxplots showing increased RNA-seq reads mapping to internal regions vs. the 5’ ends of genes 

in mHSCs (E) and hMSCs (F). In both panels, the graphs at the top show the log2-transformed 

exon-length normalized ratio of reads mapping to the indicated exon vs. reads mapping to the 

first exon. Young samples are shown in blue and old in red. G and H) Transcripts were divided 

into quartiles based on TPM, and cryptic transcription was assessed within each quartile (quartile 

1 through quartile 4). Boxplots of the log2-transformed ratio of reads mapping to the second, 

third, fourth, and last exon vs. reads mapping to the first exon (dark orange on the left) or vs. 

reads mapping to the second exon (light orange on the right) in old vs. young samples (ratio in 

old divided by ratio in young, or ratio of ratios), as indicated, in mHSCs (G) and hMSCs (H). I 

and J) Bar charts of the number of transcripts in which the indicated exon has a 2-fold increase 

(red) or decrease (blue) in normalized mapped reads compared to the first exon. Data from 

mHSCs is in (I) and hMSCs in (J). K and L) Histograms of the CT scores of major transcripts; 

mHSCs in (K) and hMSCs in (L). M and N) Scatterplots showing the log2-transformed ratio of 

reads mapping to the exon with the highest ratio in each transcript vs. reads mapping to the first 

exon in old vs. young samples. Transcripts identified as having an age-associated increase in 

cryptic transcription are highlighted in blue. mHSCs are shown in (M) and hMSCs in (N). O and 

P) Comparison of the distribution of the length of transcripts with an increase in cryptic 

transcription (n=210 for mHSCs and n=305 for hMSCs) with age vs. all major transcripts 

(n=10831 for mHSCs and n=14062 for hMSCs), shown as a histogram and boxplot. mHSCs are 

in (O) and hMSCs in (P). All p-values listed in this panel were calculated using a two-sided 

Wilcoxon signed-rank test vs. the null hypothesis that the young and old samples have the same 



average value or the log2-transformed old/young ratios are equal to 1. In this panel, expressed 

major transcripts were included in the CT analyses for mHSCs (n=10068, E, G) and hMSCs 

(n=9230, F, H). 

 

Figure S2. Additional analysis of RNA-seq in NSCs and other mammalian tissues. A and B) 

Boxplots showing the log2-transformed ratio of ratios (indicated exon vs. first exon) for 

transcripts in aNSCs, separated into quartiles by expression levels. aNSCs isolated from female 

mice are shown in (A) and from males in (B). Expressed major transcripts were included in the 

analyses for females (n=11095) and males (n=7610). P-values were calculated using a two-sided 

Wilcoxon signed-rank test with the null the calculated log2 ratios are equal to 0. C) Comparison 

of the distribution of the length of transcripts with an increase in cryptic transcription with age 

vs. all expressed major transcripts in aNSCs, shown as a histogram and boxplot. aNSCs isolated 

from females on top (n=266 for genes with CT and n=7771 for all major transcripts) and from 

males on the bottom (n=237 for genes with CT and n=7622 for all major transcripts). P-values 

were calculated using a two-sided Wilcoxon signed-rank test. D) Heatmap depicting the log2-

transformed ratio of ratios (indicated exon vs. the first exon) from a variety of mammalian aging 

or senescence RNA-seq datasets, identified in the figure (E-GEOD-59966; E-GEOD-46486; 

GSE53330; E-MTAB-4879; and refs. 5–14). E and F) Boxplots showing the log2-transformed 

ratio of ratios (indicated exon vs. first or second exon) for transcripts in fibroblasts from Rett 

syndrome patients vs. controls15 (E) and cells engineered to carry a mutation in LMNA that 

causes Werner syndrome16 (F). All expressed major transcripts were included in the analysis. No 

significant result founds were in (E) and (F) using a two-sided Wilcoxon signed-rank test. 



Figure S3. Additional analysis of age-increased cryptic transcription assessed by DECAP-

seq. A) Read pile ups around cTSSes that were identified as having higher DECAP-seq peaks in 

the young hMSC sample vs. the old, i.e., sites where cryptic transcription decreases with age. B) 

Genes were ranked by the ratio of their FPKM in young cells vs. FPKM in old. Histograms 

showing the ranked distribution of genes in the following categories: all genes (top); genes with 

sites that have an age-associated increase in cryptic transcription (middle); and genes with sites 

that have a decrease in cryptic transcription with age (bottom). C) Complete HOMER de novo 

motif results of the 5 most significant motifs found from age-increased cTSSes flanking regions 

(±200bp). Matched transcription factors that are expressed in hMSC (FPKM>1) are labeled in 

red. Known promoter elements are highlighted in blue. 

 

Figure S4. Genome-wide analysis of chromatin states. A) Emission parameters of the 10-state 

ChromHMM model in hMSCs. B) Enrichment of the ChromHMM states in the indicated 

genomic regions in young (1, left) and old (2, right) hMSCs. C) Enrichment of the ChromHMM 

states around annotated TSSes and TESes in young and old hMSCs. D) Transition map of 

ChromHMM states in old vs. young hMSCs. State in old is along the x-axis and state in young 

along the y-axis. E) Two examples of a decline in H3K9me3 (ChromHMM state 1) enrichment 

at LADs with age. Normalized mapped reads are shown in blue for young hMSCs and in red for 

old. Y, young; O, old; TES, transcription end site. 

 

Figure S5. Chromatin state changes around age-increased cTSSes identified by DECAP-

seq. A) Read pile ups of H3K4me3 around annotated TSSes (left), age-increased cTSSes 

(middle), and age-decreased cTSSes (right), independently clustered into 3 groups. B) Read pile 



ups of H3K4me1 around annotated TSSes (left), age-increased cTSSes (middle), and age-

decreased cTSSes (right), independently clustered into 3 groups. C) Read pile ups of H3K27ac 

around annotated TSSes (left), age-increased cTSSes (middle), and age-decreased cTSSes 

(right), independently clustered into 3 groups. D) Boxplots showing H3K36me3 enrichment 

around age-increased cTSSes (cTSS) and endogenous TSSes in young and old hMSCs. P-values 

were calculated using a two-sided Wilcoxon signed-rank test with the null hypothesis that 

enrichment was equal in the young and old samples. E) Bar chart showing the proportion of TBP 

ChIP-seq peaks around endogenous TSSes in young and old hMSCs. F) Metagene plot of TBP 

enrichment around annotated TSSes in hMSCs. G) DECAP-seq signal around putative age-

associated cTSSes predicted in hMSCs by the chromatin state model. Averaged read depth of 

putative age-associated promoter regions (±1kb of the midpoint of the identified region) in 

young (blue) and old (red) is shown on the left at 100bp resolution; a boxplot of the log2-

transformed ratio of signal in old vs. signal in young shown on the right (n=166). Distinct 

random genic non-promoter regions (length =2kb) were used as control (n=2774). P-values were 

calculated using a two-sided Wilcoxon signed-rank test vs. the hypothesis that the RNA-seq 

ratios were equal in the putative age-increased cTSSes vs. control regions, as appropriate. 

Regions without DECAP-seq signal were excluded from analysis. 
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