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[bookmark: _Toc518230792]Supplemental Results
[bookmark: _Toc518230793]Supplemental Results for “Motif-directed binding drives changes in EP300 occupancy at enhancers”
We corroborated our results on enhancer dynamics by scoring and comparing enhancers by the strength of motifs for GR, CEBPB, and a representative AP-1 factor (FOSL2), which we discovered in the strongest ChIP-seq peaks by a de novo search (Supplemental Fig. 4F). Furthermore, an independent de novo motif search specifically within enhancer classes by timing of differential EP300 binding also yielded concordant results.
To explore the relationship between GR and CEBPB as well as GR and the AP-1 complex, we scored enhancers by motif strength quintile then binned enhancers across pairwise motif quintiles. We used the FOSL2 motif as representative of AP-1 motifs generally because FOSL2 had the greatest percentage of top peaks with an AP-1-like motif among all AP-1 factors tested and de novo motifs discovered across all AP-1 factors assayed were nearly identical. We computed the median occupancy and change in occupancy per bin (as seen in Supplemental Fig. 4G, outset). Initially, enhancer activity in terms of occupancy of pioneer factors, EP300, and H3K27ac correlated with the strength of the CEBPB and AP-1 factor motifs (column 1 in Supplemental Fig. 4G,H), consistent with the results described above (Supplemental Fig. 4A). Enhancers with the strongest GR motifs had little initial activity (Supplemental Fig. 4G,H), consistent with the observation that the GR motif was not predictive of initial EP300 binding (Supplemental Fig. 4A). Upon dex exposure, however, GR bound more strongly to enhancers with strong GR motifs, and increases in EP300 and H3K27ac occupancy rapidly followed suit (Supplemental Fig. 4G,H). After two hours of dex exposure, EP300 and H3K27ac increasingly favored enhancers with both strong GR and strong CEBPB motifs (Supplemental Fig. 4G). Nearly simultaneously, EP300 and H3K27ac increasingly favored enhancers with strong GR and weak AP-1 complex motifs, although the effect was more subtle (Supplemental Fig. 4H). Together, our results demonstrate that initial enhancer activity and direct GR binding primarily determine dex-responsive enhancer dynamics, while the direct binding of other factors like CEBPB and AP-1 factors may refine these dynamics.
[bookmark: _Toc518230794]Supplemental Results for “Enhancer dynamics are coordinated by chromatin loops”
Approximately twice as many enhancers were located within loop anchors than a comparable set of distal DHSs that did not overlap enhancers (Fisher’s exact test, P < 10-100; Fig. 6C). Enhancers with greater initial activation in terms of H3K27ac/H3K4me1 were more likely to be located within chromatin loop anchors (highest H3K27ac/H3K4me1 vs. all other quintiles, Fisher’s exact test, p < 8.8 × 10-24; Fig. 6D). Furthermore, there was a combinatorial effect such that if an enhancer resided within one anchor of a chromatin loop, then the other anchor of the chromatin loop was 2.9 times more likely to also contain an enhancer (Fisher’s exact test, P = 3.7 × 10-55). 
[bookmark: _Toc518230795]Supplemental Methods
[bookmark: _Toc518230796]Cell culture
A single seed culture of human A549 cells was obtained from Duke University Cell Culture Facility (obtained ultimately from ATCC) and expanded under standard culture conditions using Ham's F-12K (Kaighn's) Medium, 10% FBS, 1% penicillin-streptomycin. Cells were received at passage 83, seeded, passed three more times, then viably frozen in 55 aliquots of 10 × 106 cells at passage 87. Then, for each batch of assays, we seeded one frozen aliquot in a square 500 cm2 dish and cultured the cells for four days with a media change typically on the second day. Starting on day four, cells were cultured in an assay-specific manner.
For ChIP-seq, cells were split into five 500 cm2 plates on day four, then split into a total of 20 500 cm2 square plates on day seven, and harvested on day ten. All culturing was performed with 100 mL of growth media per plate. Eighteen of the plates were treated with dex and harvested for ChIP, while two were used to estimate the number of cells per plate. For DNase-seq and RNA-seq, cells were split into 12 150 mm2 dishes with 20 mL of media per dish. Cells were treated and harvested three days later. For RNA-seq, cells were further seeded into one six-well plate on day four in 3 mL of growth media, and were treated and harvested three days later.
[bookmark: _Toc518230797]Dex treatment
For all assays, cells reached confluence approximately two days after the final passaging step. At that point, cells were treated with 100 nM dex or an equal volume of EtOH (0.1% for RNA-seq, 0.02% for all other assays) for 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 10, or 12 hrs or for 5, 10, 15, 20, or 25 minutes for the short time course. Dex was added in a staggered manner so that all time points were harvested at the same time (Fig. 1A) with the exception of cells harvested for DNase-seq, which were harvested by staggering the time points to end 30 min apart from one another. This was done because the protocol requires several steps to be completed before the chromatin is stable. For more details on dex treatment, see Supplemental Methods.
Cells were treated with dex by tilting plates to the side and diluting 5 mM dex into the gathered media to a final concentration of 100 nM. The plates were then tilted side-to-side and front-to-back five times each to disperse the dex evenly throughout the media. For ChIP-seq, three plates were treated for each time point. For DNase-seq, two plates were treated for each time point. For RNA-seq, each well of a six-well plate was treated for each time point. Time points 1, 2, 3, 4, 5, and 6 were always treated and harvested in the same day and time points 0, 0.5, 7, 8, 10, and 12 were treated and harvested on separate days.
[bookmark: _Toc518230798]Cell cycle analysis
Distribution of A549 cells across phases of the cell cycle was determined via propidium iodide staining. Cells were grown in six-well plates as described above, and treated with 100 nM dex for 0, 1, 4, 8, and 12 hours. As a negative control, an additional untreated condition was included with cells at ~50% confluence. Cells were grown in triplicate, except for the ~50% confluence control, for which cells were grown in duplicate. At the end of treatment, cells were trypsinized and counted. For each sample, we centrifuged 1 × 106 cells at 1000 rpm for 3.5 min. Next, we washed cells with 5 mL of 1X PBS, recentrifuged, removed the supernatant, and resuspended in 300 μL 1X PBS. We added 700 μL of ice-cold 100% EtOH and incubated on ice for 15 min. Next, we centrifuged cells at 2500 rpm for 3 min, removed the supernatant, and washed the cell pellet with 1 mL 1X PBS. We centrifuged the cells again at 2500 rpm for 3 min, resuspended the cells in 1 mL of labeling solution, and incubated at 37ºC for 30 min. Labeling solution was made using: 30 mL 1X PBS with 0.05% Triton X-100, 150 μL of 10 mg/mL RNase A, and 600 μL of 1 mg/mL propidium iodide. Cells were assayed via flow cytometry on a Sony SH800. Cell cycle analysis was performed using FlowJo.
[bookmark: _Toc518230799]ChIP-seq
Before harvesting for ChIP-seq, cells from one untreated plate were used to obtain a cell count, which we required to be approximately 60 × 106. For each batch of ChIP-seq assays, we harvested cells from 18 500 cm2 square plates. To harvest, cells were crosslinked for 10 min at room temperature with 1% formaldehyde in media. The reaction was quenched for 5 min at room temperature in 0.125 M glycine. After quenching, media was removed and cells were washed once with 100 mL of 1X PBS at 4°C. Cells were then lysed in 15 mL of Farnham lysis buffer (5 mM PIPES pH 8, 85 mM KCl, 0.5% NP-40) with added protease inhibitor (Sigma product #11836153001 and 11836145001) added to the plate and tilted side-to-side. Cells were manually scraped from the plate and pipetted into 50 mL conical tubes, then pelleted by centrifugation at 2,000 rpm for 5 min at 4°C. The supernatant was removed and the pelleted cells were frozen on dry ice and stored at -80°C for downstream processing.
Cells were sheared in aliquots of 20 × 106 cells in 300 μL of 4°C RIPA buffer (1X PBS, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS) with added protease inhibitor on the Biorupter Twin for 45 min on High using 30 seconds ON/30 seconds OFF. After shearing, the cells were centrifuged at 14,000 rpm for 15 min at 4°C. Supernatant from time points harvested from the same plate were collected and recombined, and 15 μL of supernatant was reserved to serve as a shearing size check and input control. The remaining sheared chromatin was split into 10 × 106 cell aliquots in 300 μL RIPA, snap frozen, and stored at -80°C. Next, 45 μL of RIPA buffer was added to the size check and split into two 30 μL aliquots. Then, to check the size of the sheared chromatin, 200 μL of IP elution buffer (1% SDS, 0.1M NaHCO3) was added to one of the 30 μL aliquots and incubated at 65°C overnight to reverse the crosslinks. Reverse-crosslinked chromatin was cleaned using the Qiagen PCR Purification kit and purity was checked using an Agilent Tapestation Genomic Tape.
ChIP was performed as described previously (Reddy et al. 2009). Reverse cross-linked ChIP'ed DNA was cleaned using the Qiagen PCR Purification kit. Post-IP concentration was determined using Invitrogen's Qubit dsDNA High Sensitivity and Broad Range assay kit. Sequencing libraries were prepared using 7 ng input of ChIP'ed DNA and the Kapa Biosystems Hyper Prep kit for Illumina sequencing. Samples were barcoded with Illumina Truseq indexes and normalized to 10 nM after library preparation. Final libraries were pooled—twelve libraries per pool for TFs and six libraries per pool for histone modifications—and run on a HiSeq 2000/2500 to generate 50 bp single-end reads.
[bookmark: _Toc518230800]DNase-seq
DNase-seq experiments were performed as previously described (Song and Crawford 2010), with the exception of using a linker containing a 5’-phosphate group to increase ligation efficiency. Barcoded DNase-seq libraries were sequenced on the Illumina HiSeq4000 platform with four barcodes per lane to generate 50 bp single-end reads, of which only the first 20 bp were genomic DNA due to MmeI digestion.
[bookmark: _Toc518230801]RNA-seq
Cell culture media was removed from each well and cells were washed twice with 3 mL 1x PBS. Next, 350 μL of 1:10 mixture of β-mercaptoethanol and Qiagen Buffer RLT were added to each well. With the plate on ice, cells from each well were pipetted up and down five times with a syringe while rinsing the well. The lysate was then transferred to a 1.5 mL tube, snap frozen, and stored at -80°C. Total RNA was isolated using the Qiagen RNeasy mini kit including the on-column DNase digestion with the Qiagen RNase-free DNase following manufacturer's protocol. The amount of RNA was quantified using a Nanodrop instrument, and RNA quality was assessed using an Agilent TapeStation 2200 with RNA ScreenTape. Stranded mRNA sample preparation was performed using 1 μg of total RNA on the Apollo 324 system with the Wafergen PrepX PolyA 48 for mRNA capture and PrepX mRNA 48 protocol for cDNA synthesis. The Q5 High Fidelity DNA Polymerase kit (New England Biolabs) was used for PCR following manufacturer's conditions. The post PCR product was cleaned using the Apollo 324 PCR Cleanup 48 protocol. Final libraries were pooled—twelve libraries per pool—and run across two lanes on a HiSeq 2000/2500 to generate 50 bp paired-end reads.
[bookmark: _Toc518230802]Sequencing data processing pipelines
Sequencing data processing pipelines are freely available online at https://github.com/Duke-GCB/GGR-cwl. Raw sequencing reads were processed with assay-specific pipelines. For ChIP-seq and RNA-seq, overrepresented, contaminating sequences were discovered using FastQC (v.0.11.3;Andrews 2010). Contaminants and low-quality bases were trimmed using trimmomatic (v.0.32; Bolger et al. 2014), with arguments: adapters_and_contaminants.fa:2:30:15 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:20 MINLEN:15. For DNase-seq, custom barcodes were removed. For all assays, reads were then mapped to GRCh38 (GCA_000001405.15_GRCh38_no_alt_analysis_set.fna). For mapping, we used bowtie (v.0.12.9; Langmead et al. 2009) for ChIP-seq and DNase-seq and STAR aligner (v.2.4.1a; Dobin et al. 2013) with 2-pass mapping as described previously (Engstrom et al. 2013) for RNA-seq. DNase-seq and ChIP-seq mappings were filtered to exclude ENCODE blacklist regions (The ENCODE Project Consortium 2012). DNase-seq mappings were filtered for PCR artifacts as described previously (Boyle et al. 2011).
ChIP-seq peaks were called within-replicate using MACS2 (v.2.1.0.20151222; Zhang et al. 2008) with parameters --nomodel --extsize $EXTSIZE -g hs with --broad --broad-cutoff 0.1 for H3K9me3 and -q 0.05 for all other libraries. The argument $EXTSIZE was given as the fragment length estimated by SPP (v.2.0; Kharchenko et al. 2008). DNase-seq peaks were called across replicates and within time point using MACS2 with parameters -q 0.10 --nomodel --shift -100 --ext 200. ChIP-seq, DNase-seq, and RNA-seq reads were quantified in features of interest using featureCounts (v.1.4.6-p4; Liao et al. 2014). For ChIP-seq, reads were extended in the 3'-direction by half the SPP-estimated fragment length and at least half the extended read length was required to map to the fragment of interest. For DNase-seq, simple overlap of 1 bp was required. For RNA-seq, read counts were quantified in gene body exons annotated by GENCODE (v.22; Harrow et al. 2012) and both paired-end reads were required to map to the same gene to be counted.
To enable portability and reproducibility of processing pipelines, we implemented them using the Common Workflow Language (CWL). Briefly, CWL is a specification for describing analysis workflows recipes and tool interfaces. The processing pipelines are freely available online (https://github.com/Duke-GCB/GGR-cwl).
[bookmark: _Toc518230803]Sequencing data quality control
For ChIP-seq, all libraries were required to have a PCR bottleneck coefficient (PBC) of at least 0.5 and at least two replicates per time point were required to have a relative strand cross-correlation (RSC) of at least 0.8 (Supplemental Table 4; The ENCODE Project Consortium 2012). Additional samples were filtered based on low correlation across samples. Briefly, we merged called peaks from each sample into a union peak set using bedtools (v.2.25.0; Quinlan and Hall 2010) merge utility to merge book-ended or overlapped peaks, quantified counts from each library within the union peak set, correlated counts across libraries, and hierarchically clustered samples with complete linkage and 1 minus the Pearson correlation coefficient as the distance metric. Samples were manually filtered by visual inspection (Supplemental Fig. 8). After sample filtering, all time points were required to have at least 2 replicates. 
For DNase-seq, libraries were required to have a PCR bottleneck coefficient (PBC) of at least 0.5, an NSC of at least 1.1, and an RSC of at least 1 (Supplemental Table 4; The ENCODE Project Consortium 2012). All sequenced DNase-seq libraries passed these filters. Correlations were computed as above for ChIP-seq. We found that the majority of samples closely clustered into a group with very high across-sample correlation coefficients (Supplemental Fig. 8). The rest of the samples had much lower across-sample correlation coefficients and were excluded from future downstream analyses. After sample filtering, all time points were required to have at least 4 replicates. 
For RNA-seq, samples were required have >30 M aligned reads (The ENCODE Project Consortium 2012); however, an exception was made for one sample with 29.3 M aligned reads (Supplemental Table 4). All samples were required to have a mean across-sample Pearson correlation coefficient in gene-level TPM of at least 0.9 (Supplemental Fig. 8). After sample filtering, all time points were required to have at least 3 replicates. 
[bookmark: _Toc518230804]Differential accessibility/binding/expression analysis and log fold change estimation
All differential binding and expression analyses were performed using the negative binomial model implemented in edgeR (v.3.8.6; Robinson et al. 2010). We controlled for batch effects by incorporating significant surrogate variables estimated using svaseq (v.3.12.0; Leek 2014) into the model as covariates. We excluded surrogate variables that significantly correlated with time (Pearson correlation, t-test, P < 0.01) or significantly differed at the pre-dex time point (pre-dex vs. dex-exposed, t-test, P < 0.01). If this step were not performed, then the strong effects of dex would have been artificially removed. For example, low GR binding at the pre-dex time point would have been artificially inflated toward the binding levels at post-dex time points. For ChIP-seq, we used a custom normalization method designed to be sensitive to both sequencing depth and signal-to-noise ratio. More specifically, we used the total number of mapped reads as library size (lib.size in edgeR). We used NCIS to compute the ratio of ChIP to control library size in non-enriched (non-peak) regions (Liang and Keles 2012). Because the NCIS ratio is necessarily inversely proportional to sequencing depth of the control library, we multiplied mapped library size of the control library by the NCIS ratio to yield a measure of the signal-to-noise ratio. We took the reciprocal of these values, scaled them to one across samples, and used these scaled values as normalization factors (norm.factors in edgeR). This was performed so that the effective library size was increased for noisier libraries and decreased for libraries with cleaner signal, codifying our increased confidence in reads from libraries with higher signal-to-noise. For ChIP-seq, DNase-seq, RNA-seq, we used a prior count to increase shrinkage of log2 fold-change estimates (edgeR prior.count argument set to 5 for ChIP- and RNA-seq and 10 for DNase-seq). For DNase-seq and RNA-seq, normalization was performed using the trimmed mean of M-values method (Robinson and Oshlack 2010) as implemented in edgeR (Robinson et al. 2010). Differential sites/genes were called by comparing each dex-exposed time point to the singular pre-dex time point.
ChIP-seq and DNase-seq peaks were considered to have differentially increased signal if they had significantly higher signal than pre-dex (FDR < 0.1) for at least one time point and never had significantly lower signal than pre-dex (FDR > 0.2). The reverse criteria were applied to peaks considered to have differentially decreased signal. For RNA-seq, a similar scheme was used for classifying up-regulated and down-regulated genes with a more stringent differential threshold (FDR < 0.01).
[bookmark: _Toc518230805]Functional enrichment analysis
We annotated all expressed GENCODE (v.22; Harrow et al. 2012) protein-coding genes (at least one read count) with Biological Process Gene Ontology terms (Ashburner et al. 2000). Based on a ranking of evidence codes in (Buza et al. 2008), we retained only those gene ontology annotations with the following seven evidence codes: EXP, IDA, IGI, IMP, IPI, IC, and TAS. We tested for functional enrichment using goatools with Benjamini-Hochberg FDR correction (Tang et al. 2015). While goatools returns the unconditional Maximum Likelihood Estimate (MLE) of the odds ratio, we computed and plotted the conditional MLE using the R stats function fisher.test, which also yields a confidence interval of the odds ratio.
[bookmark: _Toc518230806]Enhancer definition
To identify putative active enhancers, we took the union of EP300 peaks across all replicates and time points. To qualify as an active enhancer, a EP300 peak was required to be >3 kb from the nearest protein-coding gene TSS, to overlap a DHS present for at least one time point, and to be within 500 bp of an H3K4me1 peak and an H3K27ac peak for at least one time point each. In order to remain initially agnostic to the dynamics of these features and to maximize sensitivity, we did not require features to be present at the same time point. Enhancer boundaries were taken to be identical to EP300 merged union peak boundaries.
[bookmark: _Toc518230807]Analysis of location of genomic events 
Genomic events were annotated by location with respect to protein-coding gene annotations from GENCODE (v.22; Harrow et al. 2012) using the R package ChIPseeker (Yu et al. 2015). POL2RA ChIP-seq peaks were taken from GSE32465 (The ENCODE Project Consortium 2012).
[bookmark: _Toc518230808]Overlap and proximity analyses and co-localization analysis
For co-localization analyses and proximity analyses, overlap and distances between sets of genomic elements were computed using the bedtools (v.2.25.0) utilities intersect and closest, respectively (Quinlan and Hall 2010; Dale et al. 2011).
[bookmark: _Toc518230809]Modeling change in gene expression data as a function of the presence of nearby dynamic enhancers
To test whether the number of dynamic enhancers was associated with the change in gene expression, standardized mean log2 fold change in gene expression was regressed on binary presence/absence of a dynamic enhancer (activated and deactivated enhancers as separate variables) within 20 kb. This model was fit with and without an additional variable that contained the number of additional dynamic enhancers within the same flank (beyond 1). The two nested models were compared by Chi-squared test.
[bookmark: _Toc518230810]ChIP-seq and RNA-seq visualization
To visualize ChIP-seq and DNase-seq read density, RPM was computed at single bp resolution using deepTools utility bamCoverage. For ChIP-seq, input control RPM was subtracted from ChIP RPM, truncating the difference as zero. Mean RPM was computed across replicates. For selected Fig. (Fig. 2A, S2D, 3D, and 3E), quantified signal was binned around features of interest using deepTools utility computeMatrix (v.2.3.5; Ramirez et al. 2014).
To visualize RNA-seq expression, gene-level counts were converted to transcripts per million (TPM) as in (Wagner et al. 2012), with gene length computed as the total exonic length of the gene model annotation in GENCODE (v.22; Harrow et al. 2012).
[bookmark: _Toc518230811]Controlling for chromatin accessibility by matching
ChIP-seq is biased towards representation of chromatin-accessible regions (Ramachandran et al. 2015). To control for differences in accessibility when comparing, for example, enhancers to distal non-EP300-bound DHSs, we first computed the DNase-seq counts per million (CPM) across replicates for each site. Depending on the analysis, the mean CPM across all time points was then computed (Fig. 1F, 1G, S1G, S1H, S1K) or only the initial pre-dex time point was retained (Fig. 2A and S2A). To compare enhancers and distal DHSs, we sorted in ascending order the sites of the smaller set, enhancers, by accessibility. We then randomly selected a site from the larger set, distal DHSs, which had accessibility greater than the first sorted site of smaller set and lesser than the second sorted site of the smaller set. The matching process continued in this manner until all sites in the smaller set were matched with a site in the larger set. If no matching site in the larger set could be found, then the site from the smaller set was excluded. After the matching process, we confirmed that accessibility did not significantly differ across the sets.
[bookmark: _Toc518230812]GR binding analysis for short time course data
In the analysis of GR binding by quintiles in the short time course data (every 5 min for first 30 min), initial enhancer activation for each enhancer was determined as initial pre-dex EP300 and flanking H3K27ac occupancy in standardized log2 CPM projected onto principal component resultant from PCA decomposition. GR motif strength of enhancers was computed as described above using FIMO (Grant et al. 2011).
[bookmark: _Toc518230813]GR binding analysis for varied dex concentrations
In the analysis of GR binding by varying dex concentrations (Reddy et al. 2012), we processed the data using our pipelines described above and counted reads in enhancers and log2 fold change in GR binding using featureCounts and edgeR (Robinson et al. 2010; Liao et al. 2014), respectively, as described above. Enhancers with >1.5 fold increase in GR binding at 0.5 nM dex were considered dex hypersensitive. Those with >1.5 fold increase at 5 nM dex and not at 0.5 nM dex were considered dex medium-sensitive. Those with >1.5 fold increase only at 50 nM dex were considered dex low-sensitive.
[bookmark: _Toc518230814]GR binding and EP300 binding across cellular contexts
We downloaded a variety of GR, pioneer factor (CEBPB and JUN), and EP300 binding data from external studies (see Supplemental Table 5). All GR sites were extended or trimmed to 1000 bp in width. We compared GR motif strength in GR binding sites by intersection (+/-) with EP300 binding sites and across cellular contexts. An extended GR site was considered overlapping an EP300 site if at least 1 bp overlapped between sites or sites were book-ended. Extended GR sites were scored by GR motif strength using FIMO and JASPAR motif MA0113.3 (Sandelin et al. 2004; Grant et al. 2011). FIMO motif P-values were then discretized into quintiles for display.
[bookmark: _Toc518230815]Analysis of timing of GC responsive events in enhancers
Here and throughout, occupancy and accessibility were quantified in enhancers and log2 fold change was computed using featureCounts and edgeR, respectively (Robinson et al. 2010; Liao et al. 2014) as described above. We computed the proportion of enhancers that had differential signal prior to or at each dex exposure time point (Fig. 3B and 3C), and computed the median response time as the time by which half of differential sites had cumulatively differential signal. To estimate this median cumulative response time for each data set, a piecewise cubic Hermite interpolating polynomial was fit to the cumulative differential response curve and the time point at which that curve surpassed 0.5 was taken as the median. This interpolation was chosen in order to smooth values yet retain monotonicity.
[bookmark: _Toc518230816]De novo motif analysis
To search for de novo motifs in TF binding sites, the top 500 binding sites by total normalized density summed across replicates and time points were subsetted and the sequences were trimmed to the central 200 bp. MEME (v.4.10.0;Bailey et al. 2009) was run with a second-order Markov background file to control for mono- and dinucleotide content and with the parameters "-mod zoops -revcomp -dna -minw 5 -maxw 12" for all motifs except for GR and CTCF, in which -maxw was set to 15. These options parameterized a search for motifs with zero or one occurrence in each sequence with motif widths between 5 and 12 or 15 bp. 
[bookmark: _Toc518230817]HMM
A linear-structured five-state HMM was trained on DNA fragments immunoprecipitated with GR and found to enhance transcriptional activity in STARR-seq reporter in 3 hr of dex treatment in comparison to pre-dex control (Vockley et al. 2016). The model was symmetrically structured to match DHSs flanked on either side by nucleosomes bearing histone marks indicative of active enhancers. Each state possessed a joint probability distribution over DNase- and ChIP-seq measurements pre-dex together with a single dex-exposed time point, to capture cumulative changes in response to treatment as observed at any given point in time. These distributions were characterized by a mean vector and covariance matrix. DNase- and ChIP-seq data (EP300, H3K27ac, H3K4me1, H3K4me2) for each putative element were standardized across time points to have mean 0 and standard deviation 1. Elements were centered on EP300 peaks identified by MACS2 (v.2.1.0.20151222; Zhang et al. 2008) and resized to 2000 bp. Expectation maximization (EM) was employed for learning means and covariances of a separate multivariate Gaussian distribution for emissions within each state, as well as probabilities of transitioning between states. The model was trained on DNase- and ChIP-seq features from pre-dex and 3 hr of dex exposure, for a total of ten features. EM was continued until the log likelihood increased by less than 0.01; all runs converged in under 150 iterations. One hundred models were randomly initialized and trained via EM. The model achieving the highest likelihood on the training set was retained as the single foreground model. A single-state background model was trained on reporter-negative elements.
Putative enhancers were scored by computing the log-likelihood ratio (LLR) of each enhancer under the foreground model versus the background model. AUC values were computed using these LLRs; reported values are arithmetic means of five-fold cross-validation applied to a total of 1229 reporter-positive and 1235 reporter-negative elements. An additional set of 300 models were trained on the full set of 1229 reporter-positive elements and the model with the highest likelihood was selected for deployment genome-wide. 
[bookmark: _Toc518230818]Modeling change in EP300 binding from change in GR binding
We ran a series of univariate linear regression models regressing change in EP300 binding on change in GR binding across the time course and across various subsets of enhancers based on EP300 dynamics (all, up, down, non-dynamic). To test whether the coefficient significantly differed across different classes of enhancers by EP300 dynamics, we added an additional variable, which was an interaction term combining the enhancer class by dynamics and the change in GR binding. A significant p-value associated with the coefficient representing this interaction term was interpreted to mean that different classes of enhancers by EP300 dynamics differed in the relationship between change in GR binding and change in EP300 binding.
[bookmark: _Toc518230819]GR binding site definition by duration
For several analyses (Fig. 5D,E and Supplemental Fig. 6D), the union of GR binding sites observed throughout the time course (5 min–12 hr dex) were split into subsets based on the final time point that they were observed above background. To obtain these subsets, we took the intersection of the union set with time point-specific sets of GR binding sites, which were derived from the merger of peaks observed in each replicate for a given time point. We then took the set difference of these sites and GR binding sites from all later time points. 
[bookmark: _Toc518230820]Known motif analyses
We modeled the initial pre-dex EP300 occupancy in enhancers and distal non-EP300 bound DHSs as a linear function of binary motif presence/absence of all RSAT-clustered (Castro-Mondragon et al. 2017) JASPAR motifs (2016, vertebrates; Sandelin et al. 2004). We searched for motifs using FIMO (v.4.10.0; Bailey et al. 2009) with a second-order Markov background model. In order to binarize motif calls, we ran models with different P-value cutoffs (10-3, 10-4, 10-5) and found optimal predictive performance (R2) with P < 10-4. We fit the model using elastic net regression (Zou and Hastie 2005). The model was fit to 1,000 bootstrap replicates of the data to estimate standard errors on the coefficients.
	We also modeled the increase in EP300 as a binary variable with a separate model for each class of enhancer with increased EP300: early-mid.-late (EML), early-mid. (EM), mid.-late (ML), early (E), mid. (M), and late (L) where early = 0.5–2 hrs dex, mid. = 3–6 hrs dex, late = 7–12 hrs dex. The background set included all repressed and non-dynamic enhancers. Predictor variables were binary FIMO motif calls at P < 10-4 as well as standardized initial log2 CPM EP300, which was included as a covariate to control for differences in baseline EP300. Logistic elastic net regression (Zou and Hastie 2005) was performed once again as above using the Python package scikit-learn (Pedregosa et al. 2011).
	We also assessed motif strengths of all enhancers based on the de novo GR, CEBPB, and AP-1 factor motifs described above. In other words, motifs discovered by de novo motif search were in turn used as input in a known motif search. The FOSL2 motif was used as representative of AP-1 because FOSL2 had the greatest percentage of top peaks with an AP-1 motif among all AP-1 factors tested and the motifs discovered across all AP-1 factors assayed were nearly identical. To assign motif strengths, we scanned enhancers for the motifs using FIMO with a second-order Markov background model (Bailey et al. 2009) in the central 500-bp of each enhancer.
[bookmark: _Toc518230821]Exploratory combinatorial motif analyses
To explore the relationship between pairs of motifs, we scored all identified enhancers by GR, CEBPB, and FOSL2 motif strength. Motif strength was computed as in “Known motif analyses” above. As above, we used the FOSL2 motif as representative of AP-1 motifs generally. We binned enhancers into motif strength quintile by motif, then further split these enhancers into 5×5 bins representative of the joint distribution of motif strengths across GR and CEBPB or GR and FOSL2.  We computed the median occupancy and change in occupancy per bin for GR, CEBPB/FOSL2, EP300, and H3K27ac.
[bookmark: _Toc518230822]Spatial CTCF analysis
To test whether enhancers with similar EP300 dynamics were enriched for co-occurrence within domains demarcated by CTCF, we first computed the proportion of enhancers with dynamic EP300 binding that occurred within homogeneous CTCF domains. A homogeneous CTCF domain was defined as a genomic interval between two CTCF sites where there were at least two enhancers with differential EP300 binding and all enhancers with differential EP300 binding had similar dynamics; that is, they all had increased or decreased binding. To test for enrichment, we did two kinds of permutations: (1) We randomly shuffled enhancers with differential EP300 across the union of enhancers with differential EP300 1,000 times. (2) We permuted CTCF positions, while retaining the same span in genomic sequence space of the observed set of CTCF domains and the same empirical distance distribution between CTCF sites by fixing the first CTCF site on each chromosome and permuting all distances between CTCF sites 1,000 times (Fig. 5E). For each permutation, we computed the proportion of enhancers in homogeneous CTCF domains for each individual permutation and fit a normal distribution to the array of permuted proportions to yield a Z-statistic for the observed data. The same methods were repeated for differentially expressed genes as well.
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[bookmark: _Toc518230824]Supplemental Figure 1.  
Dynamics of the genomic glucocorticoid response. (A) Line plot shows mean log2 fold change in CEBPB over the time course as assayed by RNA-seq, quantified at the gene-level, and measured in transcripts per million (TPM). (B) Bar plot shows the percentage of A549 cells in each phase of the cell cycle across the dex time course (0–12) and in control, untreated cells at ~50% confluency, indicated by C. Bar height displays the mean proportion across replicates and error bars display standard deviation. (C) Bar plots show the conditional Maximum Likelihood Estimate of the log2 odds ratio of enrichment of gene ontology annotation terms in up-regulated genes (left) and down-regulated (right) versus non-differentially expressed genes. Bars are shaded by significance, as indicated, and error bars represent 95% confidence interval. (D) Schematic represents active enhancer definition where open means a DHS and EP300, H3K27ac, and H3K4me1 represent ChIP-seq peaks. (E) Bar plot shows number of latent (H3K4me1-), poised (H3K4me1+, H2K27ac-) and preprogrammed (H3K27ac+) enhancers by initial pre-dex histone occupancy. (F) Aggregate profile plots show mean pre-dex input-subtracted ChIP-seq RPM per bp 1 kb upstream to 1 kb downstream from the center of all sites in the three classes in (E). (G) Heatmap shows bivariate probability density function (PDF) of initial H3K4me1 and H3K27ac along with marginal PDFs. (H) Plots show PDFs of initial log2 DNase-seq counts per million (CPM) in enhancers and non-EP300-bound distal DHSs before (left) and after (right) matching the sets of sites by this variable. (I) Bar plot shows the proportion of non-EP300-bound distal DHSs and enhancers by the number of TFs bound (among BCL3, CEBPB, CTCF, FOSL2, GR, HES2, JUN, JUNB). (J) Heatmaps show log2 fold change in enhancers in TF ChIP-seq, DNase-seq, and histone modification ChIP-seq over the time course with respect to pre-dex levels. Rows hierarchically clustered by complete linkage and sorted in descending order by change in signal. (K) Same as Figure 1G after excluding DHSs that overlap CTCF peaks.
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[bookmark: _Toc518230825]Supplemental Figure 2. 
GR is recruited to enhancers. (A) Heatmap shows log2 fold change in GR binding from 0.5–12 hr dex exposure for all GR binding sites present during that same time period. Rows were hierarchically clustered by complete linkage and sorted in descending order by change in binding. (B) Same as A, except for GR binding sites present from 5–25 min dex exposure. (C) Venn diagram shows the number of distal non-EP300/non-CTCF DHSs—randomly subset to the same size as the enhancer set in Fig. 2C—that overlap GR binding sites at 5 min of dex exposure. (D) Identically matching GR motifs were found in the sets of enhancers, non-EP300-bound distal DHSs, and intergenic regions selected by shuffling DHSs genome-wide and excluding blacklist regions and EP300 sites. Motif sequences are shown in descending order of strength. The probability weight matrix used for motif search shown above as consensus logo. (E) Heatmaps show GR ChIP-seq input-subtracted RPM at one hr dex exposure in the three sets in (D) and ordered accordingly. Above, aggregate profile plots show mean input-subtracted RPM per bp across sites in heatmaps. Regions shown range from -1 to +1 kb from motif center. (F) Receiver operating characteristic curves corresponding to models in Fig. 2E. Inset shows detail of plot. (G) Same as Fig. 2E, except sites were excluded from model if they overlapped a CTCF site. (H) Violin plots show log2 DNase-seq CPM in sites that will become bound by GR and those that will not become bound by GR from 0.5—12 hr dex exposure among the union of enhancers and non-EP300 distal DHSs. (I) Same as Fig. 2E, except with TF ChIP-seq data sets excluded as predictors. (J) Heatmap shows the loadings from a PCA decomposition of the initial occupancy of EP300 and H3K27ac in enhancers. (K) Scree plot shows proportion of variance explained by each PC from (J). (L) Box-and-whisker plots of EP300 binding every five min for the first 25 min is shown across the set of all enhancers split into quintiles by GR motif strength. Observations greater than 1.5× interquartile range beyond first and third quartiles are shown as outliers. (M) Estimated coefficients of a series of linear models regressing change in GR binding by time point on GR motif strength and initial enhancer activation after standardizing all variables (equation shown above plot).
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[bookmark: _Toc518230826]Supplemental Figure 3.
Timing of GC-responsive changes in TF binding, histone modifications, and accessibility in enhancers. (A) Heatmaps show the proportion of enhancers with significantly differential ChIP-seq or DNase-seq signal at each time point split by increasing, decreasing, or overall differential signal as indicated. Outset heatmaps reflect ChIP-seq data from an independent short time course. (B) Same as (A), except heatmaps show cumulative proportion of enhancers with differential signal. (C) Same as (B), except each row is scaled to a maximum value of 1. (D) The first column in the array of heatmaps shows pre-dex input-subtracted ChIP-seq RPM and DNase-seq RPM in all enhancers that ultimately gain EP300 across the dex exposure time course. Subsequent columns of heatmaps show the change in RPM at each dex exposure time point compared to the pre-dex time point. Within each individual heatmap, each row represents a distinct enhancer and color corresponds to signal from -1 kb upstream of enhancer center to +1 kb downstream of enhancer center. (F) Same as Fig 4B, except here all TF ChIP-seq data are shown, as well as DNase-seq. (G) Same as Fig 4C, except here all TF ChIP-seq data are shown, as well as DNase-seq. (H) State-transition diagram of multivariate HMM shown with transition probabilities (top) and mean emission probability for each state, at 3 hr of dex exposure (middle) and pre-dex (bottom). (I) AUC values for classification of STARR-seq positive sites based on the features listed.
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[bookmark: _Toc518230827]Supplemental Figure 4. 
The effects of motif-directed binding on EP300 occupancy in enhancers. (A) Barplot shows elastic net logistic regression coefficients for RSAT-clustered JASPAR TF motifs with non-zero coefficients (positive, orange; negative, blue) in the prediction of standardized pre-dex EP300 binding in the union of distal DHSs and enhancers. Error bars represent standard deviation across 1000 bootstrap replicates. Coefficients were considered non-zero if 95% confidence interval of estimate did not include zero. Naming scheme is detailed in Supplemental Table 7. (B) Schematic of strategy for categorizing dynamic enhancers. (C) Bar plot shows the number of enhancers in each dynamics category in (B). (D) Maximum log2 fold change in EP300 binding for each enhancer class with increased EP300 binding by dynamic class. (E) Same as (D) except for minimum log2 fold change is shown for enhancers with decreased EP300 binding. (F) Leftmost heatmaps shows change in EP300 binding by dynamic class (see B), with height of heatmap proportional to size of class. Enhancer motif strength for GR, CEBPB and AP-1 (FOSL2) motifs are shown (left) in the same order as the EP300 heatmap and after sorting into a cumulative distribution function (right). The extremes of the motif strength colormap correspond to the 5th and 95th percentiles. Consensus logos for each motif are shown at right, constructed from motifs within each quintile of the distribution of motif strengths. (G) Heatmaps display median occupancy or median change in occupancy over the dex exposure time course for selected ChIP-seq data sets in bins by quintile of CEBPB and GR motif strength. Note that occupancy and change in occupancy correspond to distinct colormaps. Outsets display change in EP300 binding for selected time points. (H) Same as (G), except for AP-1 (FOSL2) motif instead of CEBPB motif.
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[bookmark: _Toc518230828]Supplemental Figure 5.
(A) UCSC genome browser snapshot for region in the vicinity of the TSS of HPCAL1 shows tracks—from top to bottom—for GENCODE (v.22) gene annotations, motif strength of enhancers, and basal and differential ChIP-seq and DNase-seq signal at selected time points where 0 represents pre-dex occupancy and ∆t represents the change in occupancy at time point t with respect to pre-dex occupancy. DNase-seq was measured in RPM and ChIP-seq in input-subtracted RPM. (B) Same as (A), except for vicinity of NFIL3. (C) Same as (A), except for vicinity of TFPI2. (D) Expression of HPCAL1 as assayed by RNA-seq, quantified at the gene-level, and measured in TPM. (E) Same as (D), except for NFIL3. (F) Same as (D), except for TFPI2.
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[bookmark: _Toc518230829]Supplemental Figure 6.
Enhancer dynamics are spatially coordinated. (A) Cumulative distribution of distance of enhancers by dynamics class to nearest neighboring enhancer with increased EP300. (B) Same as (A), except distance computed to nearest neighboring enhancer with decreased EP300. (C) For varying distance bins, plot shows the mean correlation in log2 fold change in EP300 ChIP-seq signal between neighboring enhancers, given that both enhancers in the neighboring pair had increased EP300 or, alternatively, decreased EP300. Error bars reflect 95% confidence intervals. Dashed line separates distance bins from permutation. (D) Cumulative distribution of distance of sets of GR binding sites by the last time point at which GR was observed to bind above background to the nearest non-overlapping enhancer. (E) Same as (D), except GR binding site sets reflect binding at varying dex dosages. (F) Schematic of permutation method used to generate G and H, see Methods for more details. (E) Proportion of enhancers with differential EP300 binding in CTCF domains that had at least two enhancers with differential EP300 that were in homogeneous domains (all increased or all decreased EP300) in the observed data and in permutations obtained by shuffling CTCF positions (CTCF) or by shuffling the locations of enhancers with differential EP300 binding across the union of enhancers with differential EP300 binding (enhancers). Error bars reflect 95% confidence intervals. (F) Same as (E), except for differentially expressed genes (DEGs). (G) UCSC genome browser snapshot shows same region as Supplemental Fig. 5A with tracks for GENCODE (v.22) gene annotations, motif strengths of enhancers, and all chromatin loops (D'Ippolito et al. In prep.) that have both anchors within the selected region. Enhancers are colored by motif strengths and loops are colored by dynamics as indicated.
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[bookmark: _Toc518230830]Supplemental Figure 7.
Adaptation of the GGR Visual portal. (A and B) Users can search for one or multiple genes to interactively explore gene expression, TF binding, chromatin modifications, and chromatin accessibility. Here, we represent a static snapshot, but the website (http://ggr.reddylab.org) has a time control knob for exploring dynamics.
(C) Chromatin loops identified in (D'Ippolito et al. In press) are represented as segments connecting the midpoints of loop anchors. Log2 fold change of increased (red) and decreased (blue) interactions are shown for each loop, with stronger enrichment represented by thicker and more saturated color bars. Again, the website has a time control knob for exploring dynamics.
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[bookmark: _Toc518230831]Supplemental Figure 8.
Correlation across sequencing samples before and after sample filter. (A—N) Heatmaps show hierarchically clustered Pearson correlation coefficients for read counts within union peak sets across samples for each TF or histone modification ChIP-seq data set before and after filtering samples with low across-sample correlations. Rejected samples are indicated with magenta. (O) Same as (A—N), except for DNase-seq. (P) Same as (A—N), except for RNA-seq.
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[bookmark: _Toc518230833]Supplemental Table 1.
Antibodies used for ChIP-seq.

	Antibody
	Source
	Identifier

	Rabbit monoclonal EP300
	Santa Cruz Biotechnology
	Cat#sc-32244; RRID:AB_628076

	Rabbit monoclonal HES2
	Santa Cruz Biotechnology
	Cat#sc-166705; RRID:AB_2248333

	Rabbit monoclonal JUN
	BD Biosciences
	Cat#558036; RRID:AB_2130023

	Rabbit monoclonal JUNB
	Santa Cruz Biotechnology
	Cat#sc-8051; RRID:AB_2130023

	Rabbit polyclonal BCL3*
	Santa Cruz Biotechnology
	Cat#sc-185; RRID:AB_2255011

	Rabbit polyclonal CEBPB*
	Santa Cruz Biotechnology
	Cat#sc-150; RRID:AB_477593

	Rabbit polyclonal CTCF
	Active Motif
	Cat#61311; RRID:AB_2614975

	Rabbit polyclonal EP300*
	Santa Cruz Biotechnology
	Cat#sc-585; RRID:AB_2231120

	Rabbit polyclonal FOSL2*
	Santa Cruz Biotechnology
	Cat#sc-160; RRID:AB_2107084

	Rabbit polyclonal GR*
	Santa Cruz Biotechnology
	Cat#sc-1003; RRID:AB_631572

	Rabbit polyclonal H3K27ac
	Abcam
	Cat#ab4729; RRID:AB_2118291

	Rabbit polyclonal H3K4me1
	Abcam
	Cat#ab8895; RRID:AB_306847

	Rabbit polyclonal H3K4me2
	Abcam
	Cat#ab7766; RRID:AB_2560996

	Rabbit polyclonal H3K4me3
	Abcam
	Cat#ab8580; RRID:AB_306649



* Antibody production has been discontinued.


[bookmark: _Toc518230834]Supplemental Table 2.
Summary of total sequencing effort.

	Assay type
	ChIP-seq
	DNase-seq
	RNA-seq

	Number of libraries
	607
	51
	46

	Total num. of reads
	16,136,842,674
	2,042,980,092
	3,630,314,622

	Num. of replicates
	2–3
	4–5
	3–4

	Minimum num. of reads per replicate
	11,188,959
	24,368,260
	44,667,132

	Maximum num. of reads per replicate
	137,612,018
	73,680,155
	175,052,318

	Mean num. of reads per replicate
	26,732,808
	40,205,349
	78,630,699





[bookmark: _Toc518230835]Supplemental Table 3.
ENCODE and GEO accession information for all submitted data (separate file).

[bookmark: _Toc518230836]Supplemental Table 4.
Quality control statistics for all processed data (separate file).

[bookmark: _Toc518230837]
Supplemental Table 5.
Details on external data on the binding of GR, EP300, CEBPB, and JUN.

	Cellular context
	TF
	Accession*
	Publication
	Processing method

	HeLa
	GR
	GSE24518
	(Rao et al. 2011)
	†

	HeLa
	EP300
	GSE61911
	(Kuznetsova et al. 2015)
	†

	Ishikawa
	GR
	GSE32465
	(The ENCODE Project Consortium 2012)
	†

	Ishikawa
	EP300
	GSE32465
	(The ENCODE Project Consortium 2012)
	†

	Ishikawa
	CEBPB
	GSE32465
	(The ENCODE Project Consortium 2012)
	†

	3134
	GR
	GSE61236
	(Stavreva et al. 2015)
	‡

	3134
	EP300
	GSE61236
	(Stavreva et al. 2015)
	‡

	3134
	JUN
	SRP007111
	(Biddie et al. 2011)
	‡

	AtT-20
	GR
	GSE37235
	(Langlais et al. 2012)
	†

	AtT-20
	EP300
	GSE64516
	(Zhang et al. 2015)
	†

	Mouse liver
	GR
	GSE46047
	(Shen et al. 2012)
	†

	Mouse liver
	EP300
	GSE46047
	(Grøntved et al. 2013)
	†



* Accessions beginning with “GSE” were from GEO database and those beginning with “SRP” were from SRA database.
† ChIP-seq peaks downloaded from Cistrome Data Browser (Mei et al. 2016).
‡ ChIP-seq raw reads processed in the same manner all data from this publication were processed to yield peaks. 


[bookmark: _Toc518230838]Supplemental Table 6.
Estimated median response times for change in TF binding, histone modification occupancy, and chromatin accessibility.

	

	Median response time in enhancers with increasing signal (hr)
	Median response time in enhancers with decreasing signal (hr)

	GR
	0.18
	N/A

	EP300
	0.34
	0.48

	JUN
	0.42
	1.92

	JUNB
	0.52
	1.43

	BCL3
	0.77
	4.33

	CEBPB
	0.9
	1.17

	HES2
	1.13
	0.91

	FOSL2
	1.04
	1.04

	CTCF
	3.88
	N/A

	DNase
	1.91
	2.46

	H3K27ac
	0.86
	0.94

	H3K4me1
	4.41
	6.57

	H3K4me2
	3.85
	9.77

	H3K4me3
	5.23
	8.74

	H3K9me3
	N/A
	N/A	





[bookmark: _Toc518230839]Supplemental Table 7.
Naming system for RSAT-clustered JASPAR transcription factor binding motifs (separate file).
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