
Supplemental Methods S1. Materials and Methods 
 
Cell Culture 
 
Cells were cultured in standard conditions at 37˚C with 5% CO2 as follows: UM-RC-2 Dulbecco’s Modified Eagle 

Medium (DMEM) with low glucose (Sigma-Aldrich) with 10% fetal bovine serum (FBS); 786-0 Roswell Park 

Memorial Institute (RPMI) 1640 with 10% FBS; MCF-7 Eagle’s Minimal Essential Medium (EMEM) with 10% 

FBS, 1% non-essential amino acids, 10 µg/mL insulin; ZR-75-1 RPMI 1640 with 10% FBS; SUM149 Human 

Mammary Epithelial Cell (HuMEC) media with 1% penicillin-streptomycin, 2% FBS; SUM229 Ham’s F12 media 

with 5% FBS, 5 µg/mL insulin, 1 µg/mL hydrocortisone, 10 mM HEPES, pH 7.5, 1% penicillin-streptomycin; MDA-

MB-231 DMEM with 10% FBS; A673, EWS894, EWS502, and SK-NM-C RPMI 1640 with 15% FBS, 1% L-

Glutamine; HUVEC (Lonza) EGM-Plus Endothelial Cell Growth Media (Lonza CC-5035) plus supplements 

(Lonza CC-4542). 

 

FAIRE assay for fixed cells 

Five million cells (EWS894, UM-RC-2, MCF-7, HUVEC) were crosslinked in 1% formaldehyde in biological 

triplicate and nuclei were prepared using the Active Motif Chromatin Preparation kit (53046) according to 

manufacturer’s instructions. 0.25 million formaldehyde crosslinked Drosophila S2 cells were mixed with the 

human tumor cells just prior to nuclei preparation. Nuclei were resuspended at a concentration of 1 million nuclei 

per 90 µL of Lysis Buffer A (Simon et al. 2012) and 10 µL of nanodroplets (Triangle Biotechnology, Inc., FF101-

5000 and (Kasoji et al. 2015)) was added to each sonication tube (Triangle Biotechnology, Inc., PL101-BT100) 

prior to sonication. Sonication was performed in a Covaris E110 instrument using conditions described in 

(Chiarella et al. 2018) with nanodroplets (EWS894, 5 seconds; UM-RC-2, 30 seconds; MCF-7, 1.5 minutes; 

HUVEC, 2 minutes) or without nanodroplets (EWS894 and MCF-7, 16 minutes; UM-RC-2, 10 minutes, HUVEC 

sonicated with a probe sonicator as described in (Pattenden et al. 2016)). Following sonication, insoluble debris 

was removed by centrifugation and samples were digested with 200 µg RNase (Qiagen) at 37˚C for 30 minutes. 

Ten µL of sample was removed for input then 90 µL Lysis Buffer A (Simon et al. 2012) was added to bring total 

volume to 100 µL. Inputs were digested with 40 mg Proteinase K (Worthington) for 1 hour at 55˚C, followed by 

2 hours at 80˚C to reverse the crosslinks, then purified using a silica matrix column (Zymo Research, ChIP DNA 

Clean and Concentrate kit, D5201). FAIRE was performed on the remaining 90 µL of sonicated chromatin by 



purification on a silica matrix column as described in (Pattenden et al. 2016). DNA was quantified by fluorometry 

(Qubit dsDNA High Sensitivity Assay Kit, Invitrogen). Average peak fragment size of input and FAIRE DNA was 

confirmed using Agilent TapeStation.  

 

FAIRE-qPCR 

FAIRE and input DNA samples were diluted to between 4 ng/µL and 0.03 ng/µL. Two µL of each DNA sample 

was transferred to a 384-well optically clear qPCR plate in duplicate. Eight µL of Sso Advanced Universal SYBR 

Green Supermix with ROX (Bio-Rad) was added per well and qPCR was performed on the ViiA 7 Real-Time 

PCR system. Percent FAIRE signal compared to input signal was determined using the ∆Ct method (Livak and 

Schmittgen 2001). Primers used in this study are listed in Supplemental Table 2. 

 

FAIRE-seq and ATAC-seq alignment  

We aligned the reads post filtering to the hg19 genome using Star v.2.5.2b (--outFilterScoreMin 1 --

outFilterMultimapNmax 1 --alignMatesGapMax 1000 --outFilterMismatchNmax 2 --chimJunctionOverhangMin 

15 --chimSegmentMin 15) (Dobin et al. 2013).  (Reads from Drosophila S2 cells were spiked in for normalization, 

but not used for analysis). Reads that mapped to more than one genomic location were removed (SAMtools view 

-f 256), as well as any genes that aligned to blacklisted areas of the genome.  BAM files were then converted to 

BED files (BEDtools v.2.26 BAMtoBED) and the reads shift extended to 150 bp in length. These BEDfiles were 

then converted to BEDgraphs using genomecov, scaling by the total number of reads aligned, and converted to 

bigWigs using BEDGraphTobigWig. Murine reads were processed and filtered by a parallel pipeline, aligning to 

the mm9 construct. BigWig files produced post filtering and alignment of FAIRE-seq sequencing reads were 

uploaded (UCSC Genome Browser) for visualization. 

 
Peak calling and overlap  
 
Peaks were called using MACS2 callpeak (MACS2 v.2.1.2); significant peaks were defined by default parameters 

of adjusted q-value <0.05 (Zhang et al. 2008). To identify overlapping peaks between FAIRE data sets we called 

peaks on the pooled replicate BED files and calculated the percent of overlapping peaks using BEDtools v.2.29 

intersect. When comparing older block peaks to younger block peaks, we randomly down sampled the aligned 

reads from the older blocks to match that of the younger blocks (Older blocks had greater sequencing depth 



associated with our experimental design). Our EWS894 FAIRE data was comprised of two older blocks (with 

three technical replicates per block) and three younger blocks. We defined our older blocks peak set as those 

peaks present in either of the 2 older blocks (peaks had to be present across all 3 technical replicates). We 

defined our younger peak set as peaks present in at least 2 of the 3 blocks. 

 

Defining FFPE FAIRE tumor-type specific regions 

Using the peaks called within each replicate of each cell line FAIRE sample from FFPE tissue xenografts, cell 

line specific peaks were defined as the shared peak intervals across all replicates within each cell line using 

BEDtools v.2.29 intersect. Cell line specific peaks were then compiled into one union set of peaks and 

categorized them by their tumor-type classification (ccRCC, Ewing sarcoma, breast ER-positive, breast ER-

negative). Outlier replicates were excluded from this analysis as defined by the PCA and Spearman’s correlation 

coefficients. Peaks of significantly differential signal were found by performing each tumor-type DESeq2 

comparison (ccRCC vs not, Ewing sarcoma vs. not, etc.). The TSRs for each tumor-type were categorized as 

the upregulated regions with an adjusted p-value less than 0.05 and a log2 fold change greater than 0.5. 

 

Principle component analyses 

Genome wide signal of normalized FAIRE-seq signal per sample in bigWig format was condensed into the mean 

signal per 300 bp bin, with 100 bp shifts using the multibigWigSummary bins tool (deepTools v.3.2.0 (Ramirez 

et al. 2016)). Mean signal in a set of peaks was calculated per sample using the multibigWigSummary BED-file 

tool, again using the FAIRE samples in bigWig format as input. We conducted principal component analyses on 

various combinations of our data sets using the plotPCA function of deepTools, using the log2 of the entire matrix 

as output from multiBigWigSummary bins (--ntop 0, --log2 --transpose). 

 

Heatmaps of FAIRE signal 

Normalized FAIRE signal in each base pair around the center of peaks in peak sets were enumerated using the 

computeMatrix reference-point tool of the deepTools v.3.2.0 package (-bs 1) from FAIRE bigWigs as input. 



Heatmap of this signal around peak sets was depicted using the plotHeatmap tool, sorting samples as needed 

by particular FAIRE sample (--sortUsingSamples). 

 

Correlation analyses 

Spearman’s correlation coefficients between normalized FAIRE signal from bigWigs was computed among 

FAIRE samples and displayed as a heatmap using the plotCorrelation tool (deepTools v.3.2.0). Any regions with 

zero signal across all FAIRE samples per analysis were skipped (--skipZeros –plotNumbers -c Spearman’s -p 

heatmap). Distances between the samples were calculated by complete linkage with clusters determined by the 

nearest point algorithm.  

 

Lineplot of average signal around TSSs 

Mean normalized signal around TSSs was computed by enumerating the normalized signal per base, 3 Kb 

around the center of each TSS from FAIRE sample bigWig files using the computeMatrix reference-point tool 

(deepTools v.3.2.0). BEDfile of TSS locations was downloaded in RefSeq format using the UCSC Genome 

Browser Table Browser on 07/11/2018.  This signal was then plotted using the plotProfile tool (--averageType 

mean). 

 

Genomic region enrichment analysis 

Percentages of peaks in peak sets at genomic features were determined using the Cis-regulatory Element 

Annotation System (CEAS) for hg19 alignments. Percent of promoter regions <=1000 bp, 1000-2000 bp, and 

2000-3000 bp were combined to represent entire promoter region.  

  

Motif analysis 

Enrichment of known transcription factor motifs was identified using the findMotifsGenome.pl of the HOMER 

v.4.10 package (hg19, -size given, -mask, default genome background) (Heinz et al. 2010).  For comparison of 

specific transcription factors, the presence of relevant motifs was searched within the known motif output. Failure 

to detect a motif resulted in a p-value E of 0. 

 



Deconvolution of murine stromal cell chromatin accessibility signal from FAIRE xenograft samples 

To identify murine reads, FASTQ files were aligned to the mm9 genome (add Star v.2.5.2b). After filtering and 

processing as previously described, regions of enrichment were identified by MACS2 callpeak (MACS2 v.2.1.2) 

with significance defined as default parameters with adjusted q-value <0.05. To deconvolute murine chromatin 

signal into subpopulations, scATAC-seq from endothelial, dendritic, macrophages, B lymphocytes, and 

hepatocytes was downloaded and the peak matrix of indicating the presence of a specific peak identified in cells 

across the 5 tissue types (Mouse sci-ATAC-seq Atlas (Cusanovich et al. 2018)). Cell-type specific peaks were 

those present in at least 75% of cells of a specific type. Any peaks that were shared across cell types were 

filtered out, as well as any peaks at transcript start sites (as defined by RefSeq hg19 construct). The mean 

normalized FAIRE signal in each of xenograft replicate was calculated for each of the three xenografted cell lines 

at the scATAC cell-type specific peaks, 2 Kb around the center using the computeMatrix reference-point tool of 

the deepTools v.3.2.0 package (--referencePoint center -a 1000 -b 1000 -bs 1). The mean signal per replicate 

for each sample was plotted using the plotProfile tool of this same package (--yMin 0 --yMax .3 –perGroup). 
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