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1 
Introduction
HiChIP is a highly integrated pipeline for systematic analysis of Chromatin Immunoprecipitation Sequencing (ChIP-Seq) data.  HiChIP performs the following operations:
· Conducts read quality assessment using FastQC

· Conducts read alignment using BWA
· Performs filtering of mapped reads based on mapping quality, genomic uniqueness and duplicate level

· Generates bedGraph, Wig and TDF files for data visualization

· Conducts peak calling using SICER (diffuse binding) or MACS2 (punctate binding)
· Optionally conducts IDR analysis between biological replicates
· Conducts de novo motif finding using MEME

· Conducts gene ontology analysis using in-house tool
· Generates genome-wide binding profiles using CEAS

· Provides a comprehensive HTML report of all samples

HiChIP provides three modes of execution: 
· A Virtual Machine (VM) option (to demonstrate the system only)

· Standalone single machine 

· Parallel Sun Grid Engine cluster version
Source code, executable tools and reference files are all available for download at http://bioinformaticstools.mayo.edu/ 
1.1 System Requirements
To use HiChIP (for Standalone and Sun Grid modes), you will need:

1. Linux (64-bit) workstation. We currently do not support the Windows platform.  We recommend 4 cores with 16GB ram for optimal performance.

2. Approximately 5 GB of storage space for source, tools and reference file installation
3. A high speed internet connection to download large reference files.
4. Additional storage space of approximately 50 GB for analyzing ChIP-Seq data from a single IP and input libraries
1.2 
Quick Start (Virtual Machine)
1. Download and install VirtualBox, an application for running virtual machines.

2. Download the Mayo HiChIP Workflow virtual machine image (MayoChipSeqVM.ova, http://bioinformaticstools.mayo.edu/)
3. Start the VirtualBox application by following “the Starting VirtualBox” in the user manual (https://www.virtualbox.org/manual/UserManual.html).

4. Import the Mayo HiChIP Workflow virtual machine image using VirtualBox

5. Start the Mayo HiChIP Workflow virtual machine image.

From 'File", go to "Import Appliance", click the “Choose a virtual appliance file to import” icon on the right side, select "MayoChipSeqVM.ova"
6. You may see that updates to the VM image are required. If so, please update your VM.

7. Click "Start" in the "VM VirtualBox Manager" window
8. Open the terminal icon indicated by the “Start Here” arrow and follow the instructions.

9. To view the results, go the Encode_Sample directory on the Desktop

Please see “HiCHIP_workflow_summary_01142014.doc” within the delivery directory for additional information about the format of output files
The virtual machine image contains all tools, references, and samples required for running the workflow. The provided samples have been limited to chromosome 17 from the public human ER ChIP-Seq data (ref 22). It is suitable to be installed on a single machine and is intended to demonstrate how the workflow operates. 
1.3 Manual Installation
HiChIP is freely downloadable from Mayo and has been thoroughly tested on Ubuntu 12.04.3 LTS. Other versions of Linux may have additional dependencies not listed here. We recommend a minimum of 12GB RAM.
1. Install the following dependencies using a package manager like yum or apt-get. Please note that this will require sudo access.

· Python 2.7

· python2.7-dev (python2.7-devel for yum)

· python-numpy 
· dos2unix
· unzip

· make

· zlib1g-dev

· "Development tools" (yum groupinstall only)
· libreadline6 libreadline6-dev (readline-devel for yum)
· firefox

· x11-apps
· image-magick
· Ghostscript


2. Download the latest version of HiChIP from the HiChIP page on http://bioinformaticstools.mayo.edu/
3. Unpack the file, will create a chipseq_VERSION directory

tar -zxvf chipseq_VERSION.tar.gz


4. Download the reduced_references.tar.gz file from the HiChIP page on http://bioinformaticstools.mayo.edu/
5. Unpack the file into /desired/directory/reduced_references/

6. Run install.sh. This will download the required tools. If a required tool cannot be found on your system or fails to install, you will receive an error message indicating which tool failed. For any tools that fail to install, you will need to either install them manually or rerun the install script.

When prompted, enter your references directory: /desired/directory/reduced_references/
7. Download the test sample set called encode_samples.chr17.tgz from the HiChIP page on http://bioinformaticstools.mayo.edu/
8. Modify tool_info.txt according to section 1.5. 

Note: the install script will generate a default tool_info.txt that specifies the installation directories for successfully-installed tools.
9. Modify run_info.txt according to section 1.5.
Install validation and test run with example data set 
The HiChIP workflow can be configured to run as standalone, single-threaded application or to submit parallel jobs to a Sun Grid Engine (SGE) cluster.  

Option 1: Standalone

To test your install as a standalone run, execute HiChIP workflow with the provided test data.
/INSTALL_DIR/chipseq_standalone.sh –r /INSTALL_DIR/config/run_info.txt

Option 2: SGE Cluster

If you have access to SGE, and would like to run HiChIP as a cluster job, edit INSTALL_DIR/config/tool_info.txt to include the following parameters that match your SGE environment.


QUEUE=SGE queue you have access to submit jobs
The invocation for SGE job submission is performed in a separate script. Please execute:
/INSTALL_DIR/chipseq.sh –r /INSTALL_DIR/config/run_info.txt

1.4 Expected Output

Upon successful completion of a run, the results are stored in the following folder structure. Please note that the WORK_DIR variable is specified in the run_info.txt file that is passed into the command.

WORK_DIR/delivery/



| _  fastqc



| _ FASTQC_SAMPLENAME





| _ Icons






| _ <files used for HTML report>




| _ Images






| _ <files used for HTML report>





| _ fastqc_data.txt 





| _ fastqc_report.html




| _ summary.txt


| _ idrout (if IDR analysis is performed)



| _ SAMPLE_NAME_macs2_idr_peaks.encodePeak



| _ SAMPLE_NAME_peak_vs_gene.xls



| _ PROJECT_NAME_3replicates_idr-plot.pdf (if 3 replicates)



| _ PROJECT_NAME_idr0.05_topX_macs2_peaks.encodePeak




| _ PROJECT_NAME_idr_combined.txt
** Note: For the following files, X and Y are numbers 
between 0 and 3. 



| _ PROJECT_NAME_idr_rXY-overlapped-peaks.txt 



| _ PROJECT_NAME_idr_rXY-uri.sav



| _ PROJECT_NAME_idr_summary.txt


| _ macs2out (if MACS analysis together with IDR analysis)


|    _ SAMPLE_NAME_r1pr0_macs2_model.r



| _ SAMPLE_NAME_r1pr0_macs2_peaks.bed



| _ SAMPLE_NAME_r1pr0_macs2_peaks.encodePeak



| _ SAMPLE_NAME_r1pr0_macs2_peaks.xls



| _ SAMPLE_NAME_r1pr0_macs2_summits.bed



| _ PROJECT_NAME_r0pr0_macs2_model.r




| _ PROJECT_NAME_r0pr0_macs2_peaks.bed



| _ PROJECT_NAME_r0pr0_macs2_peaks.encodePeak



| _ PROJECT_NAME_r0pr0_macs2_peaks.xls



| _ PROJECT_NAME_r0pr0_macs2_summits.bed


| _ macs2out (for MACS analysis without IDR analysis)




| _ SAMPLE_NAME_macs2_model.r (single end only)



| _ SAMPLE_NAME_macs2_peaks.bed




| _ SAMPLE_NAME_macs2_peaks.encodePeak




| _ SAMPLE_NAME_macs2_peak.xls




| _ SAMPLE_NAME_macs2_summits.bed



| _ SAMPLE_NAME_macs2_peak_vs_gene.xls



| _ mapout




| _ SAMPLE_NAME.sorted.bam



| _ SAMPLE_NAME.dedup.s1.bam



| _ SAMPLE_NAME.dedup.s1.bam.s20_total_based_norm.tdf



| _ SAMPLE_NAME.dedup.s1.bam.s20_total_based_norm.wig.gz



| _ SAMPLE_NAME.dedup.s1.bam.size.txt (paired-end only)



| _ SAMPLE_NAME.dedup.s1.bam.w200.raw.bdg.gz


| _ sicerout (SICER with 200 bp window size and 600 bp gap size)



| _ SAMPLE_NAME_peak_vs_gene.xls



| _ SAMPLE_NAME.U12.dedup.s1-W200-G600-FDR1E-2-island.bed



| _ SAMPLE_NAME.U12.dedup.s1-W200-G600-islands-summary



| _ SAMPLE_NAME.U12.dedup.s1-W200-G600-islands-summary-FDR1E-2


| _ annotation/meme (meme motif finding)




| _ SAMPLE_NAME_meme.html



| _ SAMPLE_NAME_meme.txt



| _ SAMPLE_NAME_logoX.eps (X: number)



| _ SAMPLE_NAME_logo_rcX.eps (X: number)



| _ annotation/ceas (binding profiles from CEAS)




| _ SAMPLE_NAME_ceas.xls



| _ SAMPLE_NAME_ceas.R



| _ SAMPLE_NAME_ceas.pdf


| _ annotation/go (GO annotation)




| _ SAMPLE_NAME*_ tab_bt_out.txt


| _ ChIP-Seq_workflow_summary.doc


| _ igv_session.xml


| _ IGV_Setup.pdf


| _ Main_Document.html


| _ run_info.txt

| _ tool_info.txt
Main_Document.html contains the summary information of results and various links to browse detail results.  The other files in the delivery folder can be used to gather more details about the results and run further analysis. Please see “HiCHIP_workflow_summary.doc” within the delivery directory for additional information about individual output files.
1.5 Running ChIP-Seq on user sample(s)

The HiChIP workflow processes sequencing data from Illumina sequencing platform.  The workflow accepts two different types of input files

a) fastq files (files must end in fastq) or 
b) compressed fastq files (files must end in fastq.gz)
To run HiChIP on user sample(s), three configuration files need to be modified.  Copy all three skeleton configuration files from INSTALL_DIR/config to a new desired location.
1. Edit run_info.txt 

· PROJECT_NAME=<project_name>
Used for file names that gather data across all samples and within the final report.
· GENOMEBUILD=hg19
Specifies which genome build to use. This should be modified to use whichever reference genome is desired (for example, mm10 may be used for a mouse genome)
· PI=<username>
Username of who is executing the workflow, this value is used to create distinct project output folders.
· SAMPLENAME=H3K4me3
Use something for sample description, like cell type, antibody.

· RUNID=121016_SN7001166_0103_BC1657ACXX
This is the flow-cell ID from sequencing facility.

· SEQ_DIR=<path to fastq/fastq.gz files>
Sequence files in fastq or fastq.gz files are supported. Make sure that the file extension matches the SEQ_SUFFIX variable below.
· SEQ_SUFFIX=fastq.gz
Format for fastq files, either fastq or fastq.gz. This should match the file extension for the files in SEQ_DIR.
· SEQ_TYPE=PE
Sequence type should be either single-end (SE) or paired-end (PE).
· USEREMAIL=smith.john@yourwebsite.com
Used for SGE job submission to notify user of progress. Unused in standalone mode.
· END1_SEQ=<space-separated list of input files for end 1>
Single space-separated list for the names of input files for end 1 located in the SEQ_DIR. If this is single-end data, all files should appear here.
· END2_SEQ=<space-separated list of input files for end 2>
Single space-separated list for the names of input files for end 2 located in the SEQ_DIR. If this is single-end data, this value should be left blank. For paired-end data, make sure sequence files from end 1 and end 2 are placed in the same order.
· FILTER_TYPE=U12
For paired-end (PE) data, expected values are: U22 (both ends unique), U12 (one or both ends unique), U02 (one alignment per mapped pair, regardless of uniqueness)
For single-end (SE) data, expected values are: U1 (unique match), U0 (unique match and one random alignment for multiple matches)
· PEAK_CALLER=macs2idr
Valid peak callers are  'sicer', 'macs2noidr' (macs2 without idr analysis), and 'macs2idr' (macs2 with idr analysis). IDR analysis is not supported with SICER and is optional in MACS2.
· WORK_DIR=/desired/path/to/output
· IP_FILE=IP1.fastq.gz IP2.fastq.gz IP3.fastq.gz
A list of single space-separated fastq files from IP.
· INPUT_FILE=INPUT1.fastq.gz INPUT2.fastq.gz INPUT3.fastq.gz
A list of single space-separated fastq files from control (IgG or input), if two or more IPs use the same control library, then put the control library name multiple times to match the number of IPs, like INPUT1.fastq.gz INPUT2.fastq.gz INPUT2.fastq.gz. Make sure IP file and its corresponding input file are in the same order in these two lists of files.
· PKGENE_NEIGHDIST=10000
The maximal distance (bp) allowed to assign peaks to the nearby genes. The refFlat.txt file from UCSC genome browser is used; the distance is from peak center to gene TSS or TES site. 
· RUN_CEAS=Yes
Determines whether the CEAS annotation tool is run, specify as “Yes” or “No”, case-sensitive.
· RUN_GOM=Yes
Determines whether the GO annotation tool is run, specify as “Yes” or “No”, case-sensitive.
· RUN_MEME=Yes
Determines whether the MEME annotation tool is run, specify as “Yes” or “No”, case-sensitive.
· MEME_ARGS=-dna -mod zoops -nmotifs 5 -minw 10 -maxw 20 -maxsize 999999999 –revcomp.
Parameters passed to MEME
· MEME_PEAK_SIZE=200
Specifies the peak size used for scanning motif. If uses 200 bp, then peak center +/- 100 bp regions will be used.
· MEME_PEAK_CUTOFF=0.1

Cutoff used to parse top peaks for motif finding. If specified as an integer of >1, then this represents the number of top peaks based on the p-value, if this number is bigger than the total number of peaks, then all the peaks will be used. If specified between 0.001 and 1, then this represents the percentage of top peaks based on the p-value (0.5 means top 50% of the peaks).
· CEAS_ARGS=--bg --sizes=1000,2000,3000 --bisizes=2000,4000 --span=2000 --pf-res=50 --rel-dist=2000
Arguments to be passed to the CEAS command line invocation. Please check http://liulab.dfci.harvard.edu/CEAS/usermanual.html for details.
· CEAS_GENE_DIR=/path/to/gene_list/files
Specifies the directory where gene lists are stored.

· CEAS_PEAK_CUTOFF=10
This is peak -log10(p-value) used to parse high confident peaks. If specified as “10”, then peaks with -log10(pvalue) >=10 will be used as input for CEAS.
· CEAS_GENE_LIST=gene.list1.txt gene.list2.txt
Lists of genes of interest for CEAS annotation, such as these identified as up- or down-regulated genes from expression data. They are single-column files containing gene accessions, like NM_000215, NM_000344, etc.
· REG_ARGS=(5000 1000 100000 5000)
Defines the gene regulatory domain, values are separated by single space. Basal regulatory domain: from upstream 5000 bp to downstream 1000 bp; extended regulatory domain: extend upstream by an additional 100000 bp and downstream by an additional 5000 bp.
· ANNO_METHOD=qvalue
Specifies how the raw p value needs to be adjusted in GO annotation.
· TOOL_INFO=/path/to/tool_info.txt
Configuration file used to point to tool installation locations.
· MEMORY_INFO=/path/to/memory_info.txt
Configuration file used to store memory settings for job submissions and/or Java Virtual Machine settings.
2. Edit tool_info.txt
This file contains all reference files, tool locations, and default arguments for most tools. Once this file is correctly configured, it should not require additional updates.
· ## references

· BWA_REF=/path/to/allchr.fa
This points to a reference fasta file to be used in BWA, make sure that the BWA index files, which can be generated using “bwa index” command, are in the same directory as this sequence file. Use /path/to/genome.fa for mouse.
· CEAS_REF=/path/to/hg19.refGene
Reference gene file (sqlite3 format) used in CEAS. For mm9 and hg19, this file is available for download from http://liulab.dfci.harvard.edu/CEAS/download.html; otherwise, this file can be generated using the “build_genomeBG” command from CEAS. Use mm10.refGene for mouse.
· UCSC_REF_FLAT=/path/to/ucsc_refflat_hg19_2011-01-24.txt
Reference file for assigning peaks to nearby genes, available in UCSC genome browser as “refFlat.txt”. Use ucsc_mm10_refflat.txt for mouse.
· GENOME_TABLE=/path/to/genome_table.human.hg19.txt
List of chromosomes and read lengths, a two-column tab-delimited file. Use genome_table.mm10.txt for mouse.
· IGV_REFERENCE_GENOME=/path/to/hg19.genome
Reference genome file for converting wig file into TDF file. It is available in the sub-directory “genomes” of the igvtools package. Use mm10.genome for mouse.
· ANNOTATION_DIR=/path/to/annotation/files, which are Hg19.great2.0.genes.v2.txt, hg19.non_gap.bed and hs.GO_annotation.txt for human, or Mm10.great2.0.genes.v2.txt , mm10.non_gap.bed  and Mm.GO_annotation.txt for mouse.
· TEST_TERM=hs.GO_annotation.txt
Gene ontology file. Use Mm.GO_annotation.txt for mouse. If use other annotation rather than GO annotation, then reform into the same format and put in the ANNOTATION_DIR.
· ANTI_GAP= hg19.non_gap.bed
Non_gap regions in the genome, this is derived from UCSC gap.txt.gz file. Use mm10.non_gap.bed for mouse.
· ANNO_TYPE=GO
Type of annotation, like “GO”, “pathway”.

· GENE_TSS= Hg19.great2.0.genes.v2.txt
File containing the TSS position, available for download at http://bejerano.stanford.edu/help/display/GREAT/Genes. Specified as “Mm10.great2.0.genes.v2.txt” for mouse
· ## tools

· CHIPSEQ_DIR=/path/to/chipseq/install/directory/
Path to installation directory for the ChIP-Seq tool
· SICER=/path/to/sicer/

Path to installation directory for SICER
· BWA_PATH=/path/to/bwa/0.5.9/
Path to installation directory for BWA
· MACS_PATH=/path/to/macs/2.0.10/bin/
Path to installation directory for MACS2
· MACS_PYTHON=/path/to/macs/2.0.10/lib/python2.7/site-packages
Path to installation directory for MACS2 python
· CEAS_PATH=/path/to/ceas/1.0.2/bin/

Path to installation directory for CEAS
· CEAS_PYTHON=/path/to/ceas/1.0.2/CEAS/lib/python2.7/site-packages/
Path to installation directory for CEAS python
· JAVA=/path/to/java/bin/java

Path to Java executable
· SAMTOOLS=/path/to/samtools-0.1.12a/
Path to installation directory for SAMtools
· BEDTOOLS=/path/to/BEDTools/2.16.2/bin/
Path to installation directory for BEDtools
· PICARD=/path/to/picard/
Path to installation directory for Picard
· FASTQC=/path/to/FastQC/fastqc
Path to FastQC executable
· R_PATH=/path/to/R-2.14.0/bin/R

Path to R executable
· MEME_PATH=/path/to/meme/4.8.1/scripts/meme

Path to installation directory for MEME
· WIG2BIGWIG=/path/to/jksrc/bin/x86_64/wigToBigWig
Path to wigToBigWig executable
· IGVTOOLS=/path/to/igvtools/2.2.2/igvtools

Path to IGVtools executable
· ## Constants

· IGV_SETUP_PDF=~/reference/IGV_Setup.pdf

· WORKFLOW_SUMMARY_DOC=~/reference/ChIP-Seq_workflow_summary.doc

· TOOL_VERSION=ChipSeq.2.0

Tool version, do not modify.
· ORGANISM=human
Used when generating reports 
· LOCATION=YourOrganization
Used when generating reports
· PLATFORM=Illumina
Type of sequencer used to generate fasta files
· # samtools constants

· TCLR_LIST=~/reference/track_color_list.txt

· FRAGMENT_SIZE=200

Used to generate raw bedgraph/wig files.
· STEP_SIZE=20
Used to generate raw bedgraph/wig files.
· # parameters for BWA mapping

· MAP_BOTH_ARGS=-o 1 -l 32 -t 4 -k 2 -m 80000000

Parameters used for both PE and SE data
· MAP_SE_ARGS=-n 10

Parameters used for SE data. If no SE data exists for this run, this is unused.
· MAP_PE_ARGS=-n 10 -a 500 -o 10000 -N 10 –s

Parameters used for PE data. If no PE data exists for this run, this is unused.
· MAP_QUALITY=0
Only used for SE data. Mapping quality is the cutoff for filtering out low mapping quality reads. To keep all low mapping quality reads, specify as ‘0’.
· REMOVE_DUP=dedup

To remove duplicates, specify ‘dedup’. To keep duplicates, specify ‘nodedup’
· SICER_ARGS=hg19 1 200 300 0.75 600 1E-2
Parameters passed to SICER, from left to right are: genome, threshold to keep duplicate, window size (bp), fragment size (bp), mappable fraction of the genome, gap size (bp) for linking neighboring significant windows, and FDR. Use mm10 to replace hg19 for mouse data.
· MACS2_ARGS=-f BAM -g hs --keep-dup all -q 0.01
Parameters passed to MACS2. Use mm for mouse data. Use less stringent cutoff, like “–p 0.001”, if using MACS2 peaks for IDR analysis.
· # IDR Constants

· IDR_ARGS=0.3 F p.value hg19

Parameters passed to IDR analysis, from left to right: minimal portion of overlapping, punctate binding (set to “T” for diffuse binding), ranking of peaks based on p value, genome. Minimal portion of overlapping: only peaks from replicates with at least this level of overlapping will be treated as shared peaks and included in the IDR analysis (0.3: >=30% overlapping). Use mm10 to replace hg19 for mouse data.
· IDR_CUTOFF=0.01
Specifies the IDR cutoff value, this is a more stringent cutoff for irreproducibility discovery rate, can use a less stringent cutoff like 0.05.
· QUEUE=default 
Value used to specify the SGE queue to use. Please modify to suite your existing configuration.


3. Edit memory_info.txt
a. The supplied memory_info.txt file has been created based on server runs to extract optimal performance from the workflow.  If the execution system does not meet recommended hardware specifications, the memory_info.txt file may be modified to match the system’s JVM memory capabilities.
b. For most part this file does not need to be modified and can be simply copied to the desired location
2 
Appendix A: Dependencies
If you are unable to run the install script, the following tools must be preinstalled and available in your environment path. Please note that the listed version numbers have been validated. 


· JAVA version 1.6.0_17 or higher

· Perl version 5.10.0 or higher

· Python version 2.7 or higher

· Python-dev

· Cython and Numpy python modules

· dos2unix

· R version 2.14.0 or higher (http://www.r-project.org/)

· FastQC version 0.10 or higher (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/) 

· BWA version 0.5.9 or higher (http://bio-bwa.sourceforge.net/) 

· MACS version 2.0.10 or higher (https://github.com/taoliu/MACS/) 

· SICER version 1.1 (http://home.gwu.edu/~wpeng/SICER_V1.1.tgz) 

· wigToBigWig – Note: this is a single executable, not installable (http://hgdownload.cse.ucsc.edu/admin/exe/linux.x86_64/wigToBigWig) 

· IGVTools version 2.3.16 (http://www.broadinstitute.org/igv/igvtools) 
· Samtools version 0.1.19 (http://samtools.sourceforge.net/) 

· MEME version 4.8.1 (http://meme.nbcr.net/downloads) 

· CEAS version 1.0.2 (http://liulab.dfci.harvard.edu/CEAS/download.html) 

· Picard version 1.97 (http://sourceforge.net/projects/picard/files/) 

· BEDTools version 2.17.0 (http://code.google.com/p/bedtools/downloads/list) 

Our test environment included vanilla Ubuntu 12.04 64-bit with following libraries and their dependencies installed using apt-get (package/library names as listed by apt-get)

	Package
	Version

	default-jdk
	1.6.34

	r-base
	2.10.1-2

	python-all-dev 
	2.6.5

	python-numpy 
	1:1.3.0

	cython
	0.15.1

	gcc 
	4:4.4.3

	g++ 
	4:4.4.3

	zlib1g
	1:1.2.3.3

	zlib1g-dev 
	1:1.2.3.3

	libncurses5
	5.7

	libncurses5-dev
	5.7


3 
Appendix B: Reference files 
The following data sets are required:
For human analysis:

· allchr.fa – used to generate bwa index files using:

bwa index -a bwtsw allchr.fa
It contains the sequences from all 25 chromosomes.
· hg19.refGene (human gene annotation table in sqlite3 format, available for download in CEAS website) 

· ucsc_refflat_hg19_2011-01-24.txt (hg19 refGene annotation)

· genome_table.human.hg19.txt (hg19 chromosome size file) 

· hg19.genome (included in IGVTools 2.2.2 installation)

· hg19.great2.0.genes.v2.txt  (hg19 transcription start sites file, GRCh37 (UCSC hg19, Feb/2009))

· hg19.non_gap.bed (regions not covered by the gaps in the human genome)

· hs.GO_annotation.txt (hg19 gene ontology, derived from Bioconductor package “org.Hs.eg.db” v2.7.1)

· track_color_list.txt (RBG values that specify track colors for bedGraph, wig, and TDF files)

For mouse analysis:

· genome.fa – used to generate bwa index files using:

bwa index -a bwtsw genome.fa
It contains the sequences from all 22 chromosomes.

· mm10.refGene (mouse gene annotation table in sqlite3 format, built using the CEAS build_genomeBG command) 

· ucsc_mm10_refflat.txt (mm10 refGene annotation)

· genome_table.mm10.txt (mm10 chromosome size file) 

· mm10.genome (included in IGVTools 2.2.2 installation)

· mm10.great2.0.genes.v2.txt  (mm10 transcription start sites file. Start with NCBI build 37 (UCSC mm9, Jul/2007), then use the UCSC liftover tool to convert into mm10 coordinates)

· mm10.non_gap.bed (regions not covered by the gaps in the mouse genome)

· mm.GO_annotation.txt (mouse gene ontology, derived from Bioconductor package “org.Mm.eg.db” v2.7.1)

· track_color_list.txt (RBG values that specify track colors for bedGraph, wig, and TDF files)

