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Goals of this workshop

• So you decided to ChIP your protein.
8 months later you get back a pile of 
sequenced reads. Now what?

• Mapping reads back to genome

• Viewing data

• Finding bound regions

• Initial analysis
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What this workshop 
won’t do

• Web analysis tools won’t bring you to 
publication-ready level.

• Programming or a computational collaborator 
are still needed:

• More sophisticated enrichmentology

• Motif analysis

• Crossing data from time-points/conditions
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But...

• We will overview tools that will help you 
find the main story by eyeballing the data
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About me

• PhD in Computer Science (and Computational 
Biology) from Hebrew University.

• Analyzed genomic data of histone 
modifications, nucleosome turnover, TF 
binding, gene expression, and DNA 
accessibility.
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Obtaining ChIP-seq Data
• http://www.ncbi.nlm.nih.gov/projects/geo
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Illumina Genome analyzer:
hundreds of species
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>1000 human samples
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ChIP-seq of FoxAI, ER & CTCF
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DNaseI hyper-sensitivity
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Data deposited to GEO
• Raw reads (SRA or FASTQ format)

• Mapped reads (BED)

• Read coverage along genome (WIG)

• Bound regions

@FoxA1.1 HWUSI-EAS582_229:6:1:1:1235 length=42
AAATGTTAATCTGAANAGCTGGAATCCAGTCTGGTGTTTGTA
+FoxA1.1 HWUSI-EAS582_229:6:1:1:1235 length=42
BACCBBCBBCCBB:=!1=CAB7B@BBCCA<C?>A8B>@AAAC
@FoxA1.2 HWUSI-EAS582_229:6:1:1:569 length=42
CAGTATGGAGGTGAATAAACAGCAGATGGCCTGGAAGATACA
+FoxA1.2 HWUSI-EAS582_229:6:1:1:569 length=42
A?AB>CA@AB:833;>:2A@)@@?><6(?9@?;135B4>A??
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Chromatin accessibility
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http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM631469

ftp://ftp-trace.ncbi.nih.gov/sra/sra-instant/reads/ByExp/sra/
ERX%2FERX008%2FERX008600/ERR022028/
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FoxA1, ER, CTCF



Converting SRA to FASTQ

• tar zxvf sratoolkit.2.1.2-mac64.tgz

• fastq-dump FoxA1.sra

http://trace.ncbi.nlm.nih.gov/Traces/sra/sra.cgi?cmd=show&f=software&m=software&s=software
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Chromatin Immunoprecipitation 
followed by sequencing

Mardis, 2007 17



Valouev et al, 2008 18



Basic questions

• Identify bound regions along genome

• Quantify binding occupancy

• Estimate peaks, identify DNA motif

• Where along the gene? Promoter, etc.

• Near which genes? Of specific function?

• Compare to other genomic data (time 
point, condition, cell line, other TF, etc)
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Genomic mapping of 
sequenced data using BOWTIE

• http://bowtie-bio.sourceforge.net
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Running BOWTIE
• bowtie -c -q -n 2 -m 1 -5 3 hg19 <.fastq> <.bw>

• 18,517,316 reads onto a 3e9 genome in 90 minutes
(~3500 reads per second)

• Notable parameters:

• -q  = input in FASTQ format

• -n 2 = max of 2 mismatches

• -m 1 = only reads w/ unique match are reported 

• -5 x / -3 x = trim x bases from 5’ or 3’ end of reads 
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Running BOWTIE
• bowtie -c -q -n 2 -m 1 -5 3 hg19 <.fastq> <.bw>

• Input

@FoxA1.1 HWUSI-EAS582_229:6:1:1:1235 length=42
AAATGTTAATCTGAANAGCTGGAATCCAGTCTGGTGTTTGTA
+FoxA1.1 HWUSI-EAS582_229:6:1:1:1235 length=42
BACCBBCBBCCBB:=!1=CAB7B@BBCCA<C?>A8B>@AAAC

• Output

FoxA1.1 HWUSI-EAS582_229:6:1:1:1235 length=42
- chr15 62798646
TACAAACACCAGACTGGATTCCAGCTNTTCAGATTAACA
CAAA@>B8A>?C<ACCBB@B7BAC=1!=:BBCCBBCBBC
0 12:C>N
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Genomic landscape of binding

• Reformat BOWTIE output as BED file
awk -F’\t’ '{OFS=”\t”;print $3, $4, $4+length($5)-1, $2}' $f > 
$f:r.bed

chr15 62798646 62798684 -

• Compute coverage
 
create_coverage_VarStepWig.pl FoxA1.bed 250 25 1

by Matt Blow, LBNL/JGI

• Extends each read to 250 bp

• Calculate coverage in 25 bp windows
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Visualization with UCSC browser
• http://genome.ucsc.edu
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Visualize with UCSC browser

• Upload your own data as custom tracks
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Visualize with UCSC browser
• Be sure to bzip2 files before uploading

• BED

• track type=bed name=...  description=...
chr1   867927   869317   peak_1   82.76

• WIG

• track type=wiggle_0   name=...   description=...  
chrom=chr1 span=25
118363  1
118388  1
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Visualize with UCSC browser

• Add as many tracks as needed
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Track display options

• Line/filled area

• Height and range

• Smoothing and windowing

• Transformations

• Order of tracks
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Visualize with UCSC browser

• Save as a session

• Share link with colleagues and friends

• Last 4 months since last access.
Access periodically, e.g. via www.followthatpage.com

29



Some saved sessions
Binding and expression in Drosophila
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Histone modifications and turnover rates in Yeast

CGRL example
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Analyzing binding data
• Different data sets yield different questions

• Transcription factor ChIP

• Histone modifications

• DNaseI hypersensitivity
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MACS
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MACS
• Analyzes forward

and reverse reads

• Identifies avg. length
of DNA fragment

• Allows usage of mock
IP for localized normalization

• macs14 -n FoxA1.MACS -t FoxA1.bed -g hs --off-auto --
nomodel --shiftsize=125
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Grizzly Peak Fitting

• Model-based, iterative, multi-peak peak finding 
algorithm

• MATLAB code, standalone executable*

• http://rana.lbl.gov/software/grizzly

• Capaldi, Kaplan et al, 2008,  Harrison, Li, Kaplan et al, 2011

Genome  
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Grizzly Peak Fitting

• Great in fitting the shape of a peak

• Given a motif, disentangle binding landscape into estimate 
occupancy at putative binding sites 

• Bayesian confidence intervals for binding strengths

• Quite bad at stopping (separating real peaks from noise) 

• pf0 FoxA1.bed 25 250 genome_hg19.mat 10

Genome  
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Intersecting Grizzly with MACS

• Discard Grizzly peaks not overlapping a MACS peak 

• Accurate prediction of binding position

• Robust calling of bound regions

Genome  
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What next?
• Upload UCSC tracks of called peaks

• If it’s your data, eyeball the genome!
Find the stories with your own eyes.

• Where are the peaks?

• DNA sequence motif? 

• Other correlated factors?

• In regulatory regions?

• Remotely from genes?

• Which genes?
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Galaxy

• Galaxy is an open, web-based platform for 
computational biomedical research.

• http://main.g2.bx.psu.edu 39



Load called peaks
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Sort by height
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Select top 23 regions
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get genomic sequences
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Look for motif with MEME

*  FASTA file 
from Galaxy had 
to be renamed 
for some reason

http://meme.sdsc.edu/meme/
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Look for motif with MEME
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A couple of hours later...
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Look for motif with MEME

• MEME is rather slow

• Try Weeder (Pavesi et al) for a much faster 
tool for enriched K-mers

• MEME allows up to 60,000 chars for web 
interface
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Galaxy
• Compare binding with other factors 

• Add a second set of ChIP peaks
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Galaxy
• Calculate base coverage for FoxA1
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Galaxy
• Intersect two databases
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Galaxy
• Calculate base coverage for ER

• FoxA1 - 108,992,582 bp (3.6%)

• ER - 11,118,179 bp (0.37% of genome)

• ER & FoxA1 - 5,943,807 bp

http://chart.apis.google.com/chart?cht=v&chd=t:11.118,108.99,0,5.9438&chs=500x500&chdl=ER%20peaks|FoxA1%20peaks 51



Galaxy
• Upload raw data, convert to intervals
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Galaxy
• Join two data sets

• Filter for intervals with values in both sets

• Scatterplot
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Galaxy

• Very lame genome browser
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Galaxy

• In-house MACS caller and
other options (beta version)

• Tons of other options.

• Takes some time to master, 
but offers a fast (limited) 
alternative to programming
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• Web server for predicting the functions of 
cis-regulatory regions

• Let’s try the top 500 bound regions of ER 
(convert height to integer)

http://great.stanford.edu
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• Associate each region to nearest genes
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• Then tests the associated genes for enrichment
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QuEST

• Be sure to check QuEST - UNIX-based 
software for analysis of ChIP-Seq data

• By Anton Valouev, a postdoc in Arend 
Sidow’s lab at Stanford

• http://www.stanford.edu/~valouev/QuEST/QuEST.html
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Some practice...
1. Download the read coverage landscape for FoxA1 

and ER (chr1)

2. Upload the two datasets to UCSC (save as a session)

3. Download output of BOWTIE for ER and FoxA1
(chr1) and run MACS, upload peaks to UCSC 
browser

4. Compare the peaks to the landscape. Should the 
parameters be changed? Rerun if needed.

cont./
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Some practice...
5. Upload MACS-called peaks to Galaxy

6. Get top 1000 regions for FoxA1, ER

7. Compute intersection (and Venn diagram) - compare to 
the intersection of the entire sets

8. Download Breast Cancer DNaseI accessibility data 
(already mapped using BOWTIE)

9. Run MACS and find bound regions

10. Do ER and FoxA1 peaks tend to occur in highly 
accessible DNA regions?
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Thanks!

Tommy Kaplan
tomkap@berkeley.edu


