SEAseq Pipeline Steps and Parameters
SEAseq performs the following functions as shown in the Figure 2.
· If provided, the GEO/SRA identifiers (SRRs) are downloaded as FASTQs using the SRA Toolkit (http://www.ncbi.nlm.nih.gov/books/NBK158900/) with default parameters.  N.B. paired-end data will not be processed correctly unless preprocessed into separate single-end files.
· The sequence reads FASTQ are aligned to the reference genome using Bowtie version 1.2.3 [1]. 

$

$ # Bowtie parameters

$ bowtie -l <fastq average readlength> -k 2 -m 2 -–best -S

$
· Mapped reads are further processed by removal of redundant reads using SAMtools v1.9 [2] and blacklisted regions with bedtools v2.25.0 [3]
$

$ # Removal of redundant reads parameters

$ samtools markdup -r -s <input.bam> <outputname>.rmdup.bam

$

$ # Removal of blacklisted regions parameters

$ intersectBed -v -a <input.bam> -b <provided blacklist.bed> > <outputname>.bklist.bam

$
· Metagene analysis in relevant genomic regions using custom version of BamToGFF v1.2.1 (https://github.com/stjude/BAM2GFF). SEAseq estimates the read density levels of enriched regions in the important genomic regions with respect to the whole genome. The genomic regions calculated are the promoters and gene bodies (3’UTRs, 5’UTRs, coding exons and introns). To do this, the BamToGFF tool computes the read densities of the genomic features in a user-defined range ([image: image2.emf]








2kb from the transcription start site (TSS) and transcription termination site (TTS) by default) creating a normalized density matrix for the different genomic features. After which we generate average density plots and heatmaps of these regions, and a customizable R script will also be provided in the results directory for additional personalization if needed.
· Identification of enriched regions for two binding profiles:

· To capture binding of factors that bind shorter regions, e.g. many sequence-specific transcription factors such as CTCF. SEAseq performs three different peak calls using MACS v1.4.2 [4].
$

$ # MACS parameters (for peaks identified excluding duplicates):

$ macs14 -p 1e-9 –keep-dup=auto –space=50 -w -S

$

$ # MACS parameters (for peaks identified keeping duplicate tags):

$ macs14 -p 1e-9 –keep-dup=all –space=50 -w -S

$

$ # MACS parameters (using a defined shift size):

$ macs14 –nomodel -shiftsize=200 –space=50 -w -S 
$

· For broad regions of enrichment, e.g. some histone modifications such as H3K27Ac using SICER v1.1.0 [5].
$

$ # SICER parameters:

$ sicer -rt 1 -w 200 -f 150 -egf 0.86 -g 200 -e 100

$
· Normalized and unnormalized coverage files generated also generated for all peaks. These coverage files (initially in wiggle format) are normalized and converted to other graphical formats such as bigwig using the wigtobigwig tool [6] and TDF format using igvtools (www.broadinstitute.org/igv/igvtools) for display on various genome browsers such as GenomePaint [7], UCSC genome browser [8]  and IGV [9]. 
· Identification of stitched clusters of enriched regions and separates exceptionally large regions, e.g. super-enhancers from typical enhancers, using our custom ROSE program [10, 11], tagged as v1.3.0 (https://github.com/stjude/rose).
· Motif discovery and enrichment of enriched regions and 50bp up- and down-stream of its’ summit using the AME and MEME-chip tools respectively from the MEME Suite v5.3.3 [12]. 

· Annotation and Quantification of narrow and broad peaks identified in relevant genomic regions relative to the whole genome are also estimated using custom scripts. Genomic regions annotated are the promoters ([image: image4.emf]








1kb from the TSS), gene-bodies (1kb upstream of the TSS to TTS), gene-centric windows (10kb upstream of the TSS to 3kb downstream of the TTS), and near proximal genes. The annotation files generated are:
· centerofpeaks_closest.regions.txt: genes nearest the center of peaks.
· peaks_within_genebody.regions.txt: peaks within gene-bodies.
· peaks_within_promoter.regions.txt: peaks within promoter regions.
· peaks_within_window.regions.txt: peaks within gene-centric windows.
· peaks_compared_regions.peaks.txt: peaks within the annotated genomic regions.
· peaks_compared_regions.genes.txt: gene information for the annotated genomic regions.
· peaks_compared_regions.distribution.pdf: percentage of peaks identified within the annotated genomic regions.
· Assessment of quality by calculating relevant metrics for detecting experimental issues or surveying the data including those recommended by the ENCODE consortium [13] using FastQC v0.11.9 , MACS v1.4.2 , SPP v1.16.0 and custom scripts. We incorporated a five-scale color-rank flag system for visual understanding the performance of each metric (Table 2,3). The flag system is based on estimated based on recommended thresholds from the ENCODE consortium, literature review and expertise.
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