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What is ChIP-
Sequencing?

• Combination of chromatin 
immunoprecipitation (ChIP) with ultra 
high-throughput massively parallel 
sequencing

• Allow mapping of protein–DNA 
interactions in vivo on a genome scale

Modified from Bionformatics.ca



Why ChIP-Sequencing?
• Current microarray and ChIP-ChIP designs require 

knowing sequence of interest such as a promoter, 
enhancer, or RNA-coding domain.

• Higher accuracy

• Alterations in transcription-factor binding in 
response to environmental stimuli can be evaluated 
for the entire genome in a single experiment.

Modified from Bionformatics.ca



Mardis, E.R. Nat. Methods 4, 613-614 (2007)



Chip-seqChallenges

• Peak analysis
– Peak detection
– Finding exact binding 

sites

• Comparing results of 
different experiments
– Normalization
– Statistical tests

Peter J Park, Nature, 2009



ChIPseq overview



ChIPseq: Input Data



Input Data: FASTQ
SKMC_Input_R1.fastq.gz

AG09309_Input_R1.fastq.gz

SKMC_H3K4me3_R1.fastq.gz

End 1 End 2

~ 10Gb each sample  

@ERR127302.1 HWI-EAS350_0441:1:1:1055:4898#0/1
GGCTCATCTTGAACTGGGTGGCGACCGTCCCTGGCCCCTTCTTGACACCCAGCGCNNNNNNNNNNNNNNNNA
+
4=B@D99BDDDDDDD:DD?B<<=?>6B#############################################
@ERR127302.2 HWI-EAS350_0441:1:1:1056:1163#0/1
GAATGAGAGGCCCTCCCCGTGGAGGCATGGTATCCGGCCGAGGGGGCTTAGTCATNNNNNNNNNNNNNNNNC
+
B?,B2,?=?1?1B?D@?:@?DB3>AD,8DD??-B?#####################################
@ERR127302.3 HWI-EAS350_0441:1:1:1057:13164#0/1
GGCCGCAGTGCCATTGAGCTCACCAAAATGCTCTGTGAAATCCTGCAGGTTGGGGANNNNNNNNNNNNNNGA
+
DFBH?GDEG>GEGGDHH>HBDBEGD8G<GG<DGGGCB><82???@DDBBDDGGE##################

file:///Users/flefebvr/Downloads/fq.txt
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AG09309_H3K4me3_R1.fastq.gz

SKMC_Input_R2.fastq.gz

AG09309_Input_R2.fastq.gz

SKMC_H3K4me3_R2.fastq.gz

AG09309_H3K4me3_R2.fastq.gz



Q = -10 log_10 (p)

Where Q is the quality and p is the 

probability of the base being incorrect.



QC of raw sequences



QC of raw sequences

low qualtity bases can bias subsequent anlaysis
(i.e, SNP and SV calling, …)



QC of raw sequences
Positional Base-Content



QC of raw sequences



QC of raw sequences
Species composition (via BLAST)



ChIPseq: trimming and 
filtering



Read Filtering
• Clip Illumina adapters:

• Trim trailing quality < 30

• Filter for read length ≥ 32 bp

usadellab.org

 

Trimmomatic uses a two-step approach to find matches between the adapters and reads. First, 
short sections of each adapter (maximum 16 bp) are tested in each possible position within the 
reads.  If  this  short  alignment,  known  as  the  ‘seed’  is a perfect or sufficiently close match, 
determined by the seedMismatch parameter (see below), the entire alignment between the 
read and adapter is scored. This two-step strategy results in considerable efficiency gains, 
since the seed alignment can be calculated very quickly, while the full alignment score is 
calculated relatively rarely.  

The full alignment score is calculated as follows. Each matching base increases the alignment 
score by 0.6, while each mismatch reduces the alignment score by Q/10. By considering the 
quality of the base calls, mismatches caused by read errors have less impact. A perfect match 
of a 12 base sequence will score just over 7, while 25 bases are needed to score 15. As such 
we recommend values of between 7 - 15 as the threshold value for simple alignment mode. .  

For palindromic matches, a longer alignment is possible, as described above. Therefore this 
threshold can be higher, in the range of 30.  Even though this threshold is very high (requiring 
a match of almost 50 bases) Trimmomatic is still able to identify very, very short adapter 
fragments. (See Figure 2 panels C and D, where the alignment regions are shown).  
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fastaWithAdaptersEtc: specifies the path to a fasta file containing all the adapters, 
PCR sequences etc. The naming of the various sequences within this file determines 
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match to be performed 
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http://www.usadellab.org/cms/?page=trimmomatic


ChIPseq: mapping



Read Mapping
• Mapping problem is challenging:

– Need to map millions of short reads to a genome
– Genome = text with billons of letters
– Many mapping locations possible 
– NOT exact matching: sequencing errors and biological 

variants (substitutions, insertions, deletions, splicing)

• Clever use of the Burrows-Wheeler Transform 
increases speed and reduces memory footprint

• Used mapper:  BWA
• Other mappers: Bowtie, STAR, GEM, etc.



SAM/BAM

• Used to store alignments
• SAM = text, BAM = binary

SRR013667.1 99 19 8882171 60 76M = 8882214 119 
NCCAGCAGCCATAACTGGAATGGGAAATAAACACTATGTTCAAAGCAGA
#>A@BABAAAAADDEGCEFDHDEDBCFDBCDBCBDCEACB>AC@CDB@>
…

Read name Flag Reference Position CIGAR Mate Position

Bases

Base Qualities

Control1.bam

Control2.bam
SRR013667.1 99 19 8882171 60 
76M = 8882214 119 
NCCAGCAGCCATAACTGGAAT
GGGAAATAAACACTATGTTCAA
AG

KnockDown1.bam
~ 10Gb each bam  

KnockDown2.bam
SRR013667.1 99 19 8882171 60 76M = 
8882214 119 
NCCAGCAGCCATAACTGGAATGGG
AAATAAACACTATGTTCAAAG

SAM: Sequence Alignment/Map format



The BAM/SAM format

picard.sourceforge.netsamtools.sourceforge.net

Sort, View, Index, Statistics, Etc.

$ samtools flagstat C1.bam 
110247820 + 0 in total (QC-passed reads + QC-failed reads)
0 + 0 duplicates
110247820 + 0 mapped (100.00%:nan%)
110247820 + 0 paired in sequencing
55137592 + 0 read1
55110228 + 0 read2
93772158 + 0 properly paired (85.06%:nan%)
106460688 + 0 with itself and mate mapped
3787132 + 0 singletons (3.44%:nan%)
1962254 + 0 with mate mapped to a different chr
738766 + 0 with mate mapped to a different chr (mapQ>=5)
$

http://picard.sourceforge.net
http://samtools.sourceforge.net/


ChIPseq: metrics



Metrics

•We implemented a small perl library that 
collects the trimming metrics (from 
trimmomatic) and the alignment metrics 
(samtools flagstats)



ChIPseq: QC and tag 
directory



Homer - QC and tags
l During this phase several important parameters are 

estimated that are later used for downstream 
analysis, such as the estimated length of ChIP-Seq
fragments

• Homer transforms the sequence alignment into 
platform independent data structure representing 
the experiment. 
– Clonal Tag Counts
– Sequencing Fragment Length Estimation (tag autocorrelation)



HOMER – Clonal tag count

redo the ChIP and 
re-prep the sample 

for sequencing

GO for subsequent 
analysis 

Modified from http://biowhat.ucsd.edu/homer/chipseq/qc.html

http://biowhat.ucsd.edu/homer/chipseq/qc.html


HOMER - Sequencing
Fragment Length Estimation
• The specific size of fragments sequenced for a given experiment 

can be very important in extracting meaningful data and 
precisely determining the location of binding sites.

Modified from http://biowhat.ucsd.edu/homer/chipseq/qc.html

http://biowhat.ucsd.edu/homer/chipseq/qc.html


ChIPseq: Generate 
UCSC tracks



HOMER – UCSC 
visualisation

• It approximates the ChIP-fragment density at each 
position in the genome. This is done by starting with 
each tag and extending it by the estimated fragment 
length. 

• The ChIP-fragment density is then defined as the total 
number of overlapping fragments at each position in 
the genome

Modified from http://biowhat.ucsd.edu/homer/chipseq/ucsc.html

http://biowhat.ucsd.edu/homer/chipseq/ucsc.html


ChIPseq: Peak calling



MACs2
MACS2:
l Negative peaks file is not generated in MACS2, since
MACS use q-value to replace empirical FDR (MACS1.4).

l eFDR is calculated by calling negative peaks as false positives
l Thus to generate a negative peak list, an additional design with the
group indicators inversed must be added

Files generated with MACS2:
• designName.diag.macs.out
• designName_model.r
• designName_peaks.bed
• designName_peaks.encodePeak
• designName_peaks.xls,
• designName_summits.bed



ChIPseq: Gene 
annotation



HOMER - annotation
• It efficiently assigns peaks to one of millions of 

possible annotations genome wide (refSeq):
– TSS (by default defined from -1kb to +100bp)
– TTS (by default defined from -100 bp to +1kb)
– CDS Exons
– 5' UTR Exons
– 3' UTR Exons
– Introns
– Intergenic

• In addition HOMER can perform Gene Ontology 
Analysis

Modified from http://biowhat.ucsd.edu/homer/ngs/annotation.html

http://biowhat.ucsd.edu/homer/ngs/annotation.html


HOMER – annotation 
outputs

Files generated for each design:
• designName.annotated.csv

• geneOntology.html
• GenomeOntology.html



ChIPseq: Motif analysis



HOMER - Motifs

• De Novo and Known motif analysis:
– It tries to identify the regulatory elements 

that are specifically enriched in on set 
relative to the other.

– It uses ZOOPS scoring (zero or one 
occurrence per sequence) coupled with 
the hypergeometric enrichment 
calculations (or binomial) to determine 
motif enrichment.

– It also tries to account for sequenced bias 
in the dataset

Modified from http://biowhat.ucsd.edu/homer/motif/index.html

http://biowhat.ucsd.edu/homer/motif/index.html


HOMER – Motifs output

• File generated for each design:
– homerResults.html
– knownResults.html

Modified from http://biowhat.ucsd.edu/homer/ngs/peakMotifs.html

http://biowhat.ucsd.edu/homer/ngs/peakMotifs.html


ChIPseq: Plots



Home-made Rscript
Plot the Following Statistics:

–Location of binding sites
–Distribution of peaks within introns
–Distribution of peaks within exons
–Distribution of peaks distances relative toTSS



ChIPseq: Generate report



Home-made Rscript
Generate report
– Noozle-based html report that contains 

description of the analysis as well as 
various QC summary statistics, main 
references of the software and methods 
used during the analysis and the list of 
processing parameters

Files generated:
– FinalReport.html, links to peaks, 

annotation, motifs, qcstats
For examples of report generated while

using our pipeline please visit our website


