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Supplemental Text


Supplemental Text 1  Microarray Validation
Gene Ontology (GO) analysis was performed for the top up- and down-regulated genes in senescence.  Among the significant categories (p-value ≤ 0.006) in the top 250 upregulated genes are cellular defense response (GO:0006952), developmental regulation (GO:0051094), and cell adhesion (GO:0030155) (Supplemental Fig. 1a; Supplemental Table 1 shows individual divisions of each of the larger GO categories shown in Fig. 1a); significant GO categories for the 250 most downregulated genes include cell division (GO:0051301), cell cycle (GO:0007049), stress response (GO:0033554), and chromosome organization (GO:0051276) (Supplemental Fig. 1b; Supplemental Table 2 shows individual divisions of each of the larger GO categories shown in Supplemental Fig. 1b).  A scatter plot comparing proliferating and senescent gene expression has an R2 of approximately 0.93, indicating that the majority of genes do not significantly change expression during senescence (Supplemental Fig. 1c); genes in the most up- and downregulated GO categories can be visualized outside the correlated genes (Supplemental Fig. 1c, red and green circles).  The most up- and downregulated genes include hallmarks of senescence, such as MMP3 (28-fold upregulation), IL21 (7-fold upregulation), CDC20 (45-fold downregulation), MCM2 (14-fold downregulation) (Supplemental Fig. 2).  The general transcriptional changes observed in our microarray analysis are in agreement with previously published senescence datasets, which also describe upregulation of immune regulatory and extracellular matrix remodelling pathways and downregulation of cell cycle genes during senescence4,48-51. 
Supplemental Text 2  Scatter Plot and GO Analysis
Scatter plot analysis
Per transcript fold change of gene expression and H3K4me3/H3K27me3 levels were calculated from 5 microarray replicates and 4 ChIP-seq data sets.  We defined the amount of H3K4me3 and H3K27me3 by calculating the area under the curve (AUC) of 100 bp peaks averaged along the gene body plus 2kb flanking regions.  Data points were removed if either the gene expression or the histone PTM AUCs did not reproduce across the replicate datasets.  Reproducibility was defined as r = t * sqrt(2) * s where t is the two-tailed student’s t value at 95% confidence and s is the standard deviation.  Data points with fold change less than ±1.05 were also removed from the analysis.  

Gene enrichment and GO analysis
We calculated enrichment by hypergeometric tests of SASP, cell cycle, sirtuins, shelterins, and telomerase genes from manually curated lists. Gene Ontology was performed using BiNGO version 2.44, Cytoscape version 2.8.3 and modified GO Slim terms.  Final reported Gene Ontology terms were generated by performing iterative Gene Ontology enrichment analysis on all four quadrants and removing genes associated with the same GO terms in three or more quadrants after each round.  We performed the iterative Gene Ontology until no GO terms were repeated.  




Supplemental Methods

Gene Expression Microarray Analysis
Five replicate total RNA samples each from proliferating (PD28) and senescent (PD90) cells were hybridized to Affymetrix GeneChip Human Genome U133 Plus 2.0 arrays. Array data was imported into Partek and treated by GC-RMA, quantile normalization, and median polishing. ANOVA was performed to find genes altered in senescence. Transcripts with p-values of 0.05 or less satisfying a false discovery rate (FDR) of 5% were considered to be significantly differentially expressed.

Differential transcripts were assessed for enrichment of Gene Ontology (GO) terms using DAVID. GO terms satisfying an FDR of 10% were considered to be enriched. Enriched GO terms were considered functionally synonymous for this experiment and were collapsed if they shared 30 or more differential transcripts. The top 250 up-regulated transcripts and the top 250 down-regulated transcripts were treated separately with the same procedure.

Each probeset was assigned a proliferating and a senescent expression score by averaging its log-transformed intensity over five replicates Each transcript was assigned a proliferating and a senescent score by averaging over all associated probesets.

ChIP-Seq Analysis
For H3 and H3K4me3, sequence tags were aligned to the human genome using bowtie (default parameters, assembly NCBI 36, hg18). A "one locus per tag" uniqueness constraint was employed for the H3K27me3, but not the H3K4me3 or the H3; however, we ran all samples using this constraint and confirmed that the mesas and canyons are invariant to this constraint (data not shown). 

Each gene or senescence feature (mesa, canyon) was assigned a proliferating and a senescent H3K4me3 score by computing the area-under-the-curve (AUC) of the ChIP-seq signal over the gene body. AUC scores for a given locus in a given state (i.e., proliferating or senescent) were computed by normalizing the number of tags aligned to the locus by the total number of bases sequenced per-lane as well as by total histone:

AUCH3K4me3,STATE = TagsH3K4me3,LOCUS * RPKMH3K4me3,STATE / TagsH3,LOCUS * RPKMH3,STATE

[bookmark: _GoBack]RPKM is as defined in Mortazavi et al. A similar procedure was carried out to assess H3K27me3 signal over the gene body; these scores were divided by the number of kilobases in the gene body.

Canyon and Mesa Definitions
To identify H3K27me3 canyons and mesas, senescent H3K27me3 aligned tags were binned into mutually exclusive 25 bp windows. Tag counts in each window were per-lane- and H3-normalized. Normalized counts were then smoothed using an unweighted average of the 500 bp surrounding region, and multi-window regions were defined based on their enrichment or depletion for H3K27me3 in senescence. Windows were then assessed for H3K27me3 AUCs in proliferating and senescent cells, and the top 1% of regions with gain were stitched together if within a certain distance to create mesas and the top 1% of regions with loss were stitched together to create canyons (see next section for "Stitching of Mesas and Canyons").

To identify H3K4me3 mesas, H3K4me3 sequence tags were partitioned into mutually exclusive 1kb bins, and an AUC score for H3K4me3 was assessed for each bin in each state. Bins in the top tenth percentile senescent scores and in the bottom eightieth percentile for proliferating scores were defined as seeds. Any two seeds within 5kb were merged. Merged seeds were extended to include other seeds within the smaller of 10kb or a distance half the size of the merged seed region. Extended seeds were combined if within 5 to 50kb; all resulting regions over 500kb in size were considered to be mesas.

Stitching of mesas and canyons
We used the defined top 1% regions of H3K27me3 losses and gains to calculate the canyons and mesas respectively.  We calculated the state of the gaps between two top 1% regions in 100bp windows.  Each 100bp window was scored as “gain” or “loss.”  Gaps were filled to “stitch” two top 1% regions together if 1) the ratio of the number of windows that matched the feature (gain or loss) over the total number of windows was greater than equal to 0.7, and 2) if there was no contiguous region at least 10% of the size of the gap that was opposite of the feature of interest.  



Replicate Analysis
H3 or H3K27me3 ChIP-seq enrichment was assessed over canyon/mesa regions and equal-sized non-canyon regions in the following way: for each lane, the number of tags aligning to any given region was multiplied by the RPKM coefficient for that lane (in effect dividing by the number of millions of tags sequenced) and normalized to the length of the region. Senescent:proliferating ratios were scored for all region in initial and replicate data sets, arriving at three ratios for the new H3K27me3 data by taking the ratio of three new proliferating lanes to a single new senescent lane. After excluding outlier regions and those with divide-by-zero errors, data were plotted in box and whisker format or as scatter plots, showing the agreement between the original data ratios and the average of the three new ratios.

Enhancer Study
Canyons and mesas were assessed for overlap with human enhancers from the VISTA database using UCSC Genome Browser. Peaks were called independently in three H3K4me1 ChIP-seq data from the NIH Epigenomics Roadmap Project (GSM521895, GSM521897, GSM521898) using MACS (MFOLD 10, FDR 5%) and the union of the peaks was similarly assessed for overlap with canyons and mesas.  Three H3K27ac ChIP-seq data from the NIH Epigenomics Roadmap Project (GSM469966, GSM469967, GSM521887) were processed in the same manner as the H3K4me1 data and the overlap of the H3K4me1 and H3K27ac peaks were used to define active enhancers.  


Lamin B1 Registry
To identify LADs, a sliding window was moved along the genome at a defined step, and sequence tags counted within each window.  A threshold was set for the number of reads in each window and if the window passed the threshold, the coordinates of that window were saved, and overlapping and adjacent windows were merged and defined as LADs.  A combination of parameters were tried, including window sizes from 1kb to 1Mb, moving step from 10bp to 10kb, and tag counts threshold between 5 and 10 tags.  The LADs presented in the study were identified the using 100kb window, 10k moving step and tag count threshold at 10.

Datasets
All ChIP-seq datasets generated in this study can be accessed via the following link to GEO:
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?token=nfqbnscqekemkda&acc=GSE36616
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