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ChIP-seq Considerations

QC, Alignment, and Visualization

Peak Calling and Follow Up Analysis
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Cloud-based Local

ChIP-seq Pipelines

http://ugene.net

ChIP-seq Pipeline for Biowulf

github.com/CCBR/Pipeliner GUI
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CCBR/NCBR ChIP-seq Pipeline
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Pipelines

Pre-alignment QC
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Post-alignment QC
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FASTQ
@SRR001666.1 071112_SLXA-EAS1_s_7:5:1:817:345 length=72
GGGTGATGGCCGCTGCCGATGGCGTCAAATCCCACCAAGTTACCCTTAACAACTTAAGGGTTTTCAAATAGA
+SRR001666.1 071112_SLXA-EAS1_s_7:5:1:817:345 length=72
IIIIIIIIIIIIIIIIIIIIIIIIIIIIII9IG9ICIIIIIIIIIIIIIIIIIIIIDIIIIIII>IIIIII/
@SRR001666.2 071112_SLXA-EAS1_s_7:5:1:801:338 length=72
GTTCAGGGATACGACGTTTGTATTTTAAGAATCTGAAGCAGAAGTCGATGATAATACGCGTCGTTTTATCAT
+SRR001666.2 071112_SLXA-EAS1_s_7:5:1:801:338 length=72
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII6IBIIIIIIIIIIIIIIIIIIIIIIIGII>IIIII-I)8I

>Universal Adapter
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT

FASTA

File Formats

Trimming
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• BBDUK • FASTX-Toolkit • Sickle

• Biopieces • Goby • Trimgalore

• Cutadapt • ngs_backbone • Trimmomatic

More than 30 published adapter trimming tools…

Many tools are available

Trimming programs

Del Fabbro et al 2013. PLOS One
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FastQC

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

Blacklists
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Blacklists

“A comprehensive collection of signal artifact blacklist regions in the human genome”, by Anshul Kundaje

QC, Alignment, and Visualization

QC and Alignment

Visualization

Pipelines

Pre-alignment QC

Alignment

Post-alignment QC
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• Bowtie
• BWA
• ELAND
• HISAT
• MAQ
• NovoAlign
• SOAP
• STAR
• …and others

Mapping

SAM format

Medium.com
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The Bowtie sequence aligner was originally developed by Ben Langmead et al. at 
the University of Maryland in 2009. It is Bowtie is open-source software and is 
currently maintained by John Hopkins University.

“The evaluation of Bowtie, Bowtie2, BWA, mrsFAST, and Novoalign show their ability to correctly 
map the reads. Moreover, Novoalign mapped the largest percentage of reads, similar to GSNAP, 
specially for highly repeated genomes. However, it maintained the lowest throughput among the 
genome indexing tools in most of the experiments”

“In general, there is no the-best tool among all of the tools; each tool was the-best in certain 
conditions. The short sequence mapping problem is still an active problem and new tools are 
needed to be developed”

Hatem et al, BMC Bioinformatics 2013

”So Bowtie is definitely faster and we are able to reproduce the sensitivity gain, however if you 
account for false-positives, BWA clearly wins out”

seqanswers.com

Best aligner?

QC, Alignment, and Visualization

QC and Alignment

Visualization

Pipelines

Pre-alignment QC

Alignment

Post-alignment QC
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www.bioinformatics.babraham.ac.uk

Contamination

Wingett. 2018. F1000 Res Wood. 2014. Genome Biol

Correlation

deeptools.readthedocs.io
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NB: ENCODE developers do NOT 
recommend using as it is for broad 
chromatin marks ChIP-seq

The irreproducible discovery rate (IDR)

Landt et al 2012. Genome Res

Fingerprint plot

deeptools.readthedocs.io
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Landt et al 2012. Genome Res

Generation of cross-correlation plot

Landt et al 2012. Genome Res

Phantom peaks
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Sample 1

Sample 2

Sample 3

PCR Bottleneck Coefficient (PBC) shows how skewed the distribution of read counts per location is towards 1 read per location.
PBC = N1/Nd
(N1= number of genomic locations to which EXACTLY one unique mapping read maps;
Nd = the number of genomic locations to which AT LEAST one unique mapping read maps, i.e. the number of non-redundant, unique mapping reads)

Non-Redundant Fraction (NRF) - Unique Reads/Total Mapped Reads

Qtag is a thresholded version of RSC (-2:veryLow, -1:Low, 0:Medium, 1:High, 2:veryHigh)

Library Complexity

www.ngs-qc.org



5/10/19

14

H3K27ac in humans

QC, Alignment, and Visualization
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Duplication

Landt et. al. Genome Res. 2012

Do you need to remove duplicates?

No DuplicatesAll reads
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Two ways to remove duplicates

• Partial duplicate removal
• Uses a binomial distribution of read 

numbers across the entire genome 
and removes the upper quantile.

• Remove all duplicates
• If reads map to the same start and 

end position, remove all but one of 
the reads.

Wikipedia. 2019.

Effect of partial/total duplicate removal

No Duplicates PartialAll reads



5/10/19

17

Effect of partial/total duplicate removal

No Duplicates Partial

QC, Alignment, and Visualization

QC and Alignment
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BigWig generation: 
Read extension for single end sequencing data

Wilbanks et. al. PLOS ONE. 2010.

Calculating the read extension
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QC, Alignment, and Visualization

QC and Alignment

Visualization

Pipelines

Duplication

BigWigs

Normalization

Normalization for library size

• RPKM:
• reads per kilobase per million reads
• defined as: 

• RPKM (per bin) = # of reads per bin / (# of mapped reads (in millions) * bin length (kp) )

• RPGC:
• reads per genomic content
• used to normalize reads to 1x depth of coverage
• defined as: 

• RPGC = (total # of mapped reads * fragment length) / effective genome size
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Normalization: Subtracting the input 
from the library normalized reads

Input

ChIP

Subtraction

Input Subtracted Normalization

Input

ChIP

Subtraction
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Tools

• Duplicate Removal:
• MACS: https://github.com/taoliu/MACS
• Picard; https://broadinstitute.github.io/picard/

• Visualization:
• deeptools: https://deeptools.readthedocs.io/en/develop/

• Viewers:
• IGV: https://software.broadinstitute.org/software/igv/
• UCSC genome browser: https://genome.ucsc.edu/

ChIP-seq Considerations

QC, Alignment, and Visualization

Peak Calling and Follow Up Analysis

https://github.com/taoliu/MACS
https://broadinstitute.github.io/picard/
https://deeptools.readthedocs.io/en/develop/
https://software.broadinstitute.org/software/igv/
https://genome.ucsc.edu/
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Peak Calling and Follow Up Analysis

Different Types of Peaks

Peak Calling

Annotations

Motifs

Differential Binding

Proteins bind in different ways

• Transcription factor
• Tight, high peaks

• RNA Pol II
• Enriched at TSS but bound throughout the gene body

• Histones
• Some are sharper and located near TSS
• Some are broader and spread out across the length of active or inactive genes
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Proteins bind in different ways

Park et al 2009. Nat Rev Genet

What causes these different shapes?

Wilbanks et al 2010. PLOS ONE
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Peak Calling and Follow Up Analysis

Different Types of Peaks

Peak Calling

Annotations

Motifs

Differential Binding

How are peaks called?

Mahoney and Pugh et al 2015. Criti Rev Biochemi and MolBio
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General concept of most peak callers

Count the number of reads within a window and determine 
whether this number is above background

Mahoney and Pugh et al 2015. Criti Rev Biochemi and MolBio

There are many peak callers out there…

GEM CCAT Fseq Hotspot spp-msp
BCP ChIPDiff QuEST Qeseq Sole-Search
MUSIC ERANGE RSEG Hpeak CisGenome
MACS2 PeakSeq TPIC BayesPeak Gene Track
ZINBA SICER W-ChIPPekas spp-wtd FindPeaks
TM SISSRs PolyPeak spp-mtc etc…

Thomas et al 2017. Briefings in Bioinformatics
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Each peak caller has different 
methods and benefits

Wilbanks et al 2010. PLOS ONE

Peak calling: things to keep in mind

• Peak callers are designed to deal with different types of peaks
• Pay attention to what they’re designed to handle

• Peak callers are optimized for a specific type of peak/dataset
• Tuning the parameters is often important
• Including the p-value, q-value, and/or FDR

• Peaks will not completely overlap across replicates or tools
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MACS works well for narrow peaks
while SICER is designed for broad peaks

Xu et al 2014. Methods Mol Biol

MACS

Model-based Analysis of ChIP-Seq (MACS)

• Extend reads and scale to library size
• Call candidate peaks relative to: 
• control sample
• genome background
• large local region
• small local region

• Calculate FDR by calling peaks in the control relative to the ChIP

Feng et al 2012. Nature Protocols
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Spatial Clustering for Identification of 
ChIP-Enriched Regions (SICER)

• Uses windows and gaps to 
identify ”islands” of 
enrichment
• Gaps allow for short regions 

lacking binding within an 
island, more pattern 
variability across island
• Compares to a randomized 

background and control 
background to calculate FDR

G=3

W=200

Xu et al 2014. Methods Mol Biol

Output file formats

• https://genome.ucsc.edu/FAQ/FAQformat.html
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FRiP (Fraction of Reads in Peaks)

• Measures global ChIP enrichment
• Quick understanding of quality of 

the IP and peak calling algorithm
• Good quality FRiP for a transcription 

factor: > 5%

de Santiago, Carroll 2017. Chromatin Immunoprecipitation

Peak Calling and Follow Up Analysis

Different Types of Peaks

Peak Calling

Annotations

Motifs

Differential Binding
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Annotations: questions to ask

• Is this protein enriched around promoters?
• Many tools are biased towards promoters/TSS sites

• What is a gene?
• Do you have a reason to include pseudogenes, lincRNAs, etc?

• Do you care about introns/alternative transcripts?
• What happens if a peak overlaps multiple genes?

Annotation tools

HOMER
• Straight-forward to use
• Only protein coding genes
• Focused on nearest TSS
• One annotation per peak

UROPA
• More complicated to set up
• Takes any gene list input
• Focuses where the user decides
• Creates two tables: one of top 

annotation per peak, and one of 
all possible annotations given 
the input conditions

Heinz et al 2010. Mol Cell

Kondili et al 2017. Scientific Reports
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Annotation tools: example HOMER output table

Heinz et al 2010. Mol Cell

UROPA output figures

Kondili et al 2017. Scientific Reports
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Peak Calling and Follow Up Analysis

Different Types of Peaks

Peak Calling

Annotations

Motifs

Differential Binding

Motifs: things to consider

• Transcription factor motifs:
• Tends to be small and robust; often centrally located in peaks

• Other proteins:
• More varied, degenerated motifs, if any at all
• Rarely centrally located

• Motifs are identified as enriched in peaks relative to some 
background: should it be the entire genome, just promoters, or 
something else?
• Search for known motifs or novel motifs?

MYC
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Motif Calling Tools

MEME Suite
• MEME-ChIP: novel motifs

MEME
DREME: small, robust motifs
Centrimo: centrally enriched motifs

• AME: known motifs

HOMER
• Runs for both known and novel 

motifs simultaneously

Bailey et al 2009. Nucleic Acids Research
Heinz et al 2010. Mol Cell

MEME: meme-suite.org
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MEME-ChIP output

Machaniak et al 2011. Bioinformatics

Motif seach: tabular outputs

AME output

HOMER output
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Peak Calling and Follow Up Analysis

Different Types of Peaks

Peak Calling

Annotations

Motifs

Differential Binding

Key assumption of differential peak calling:
most peaks are similar across conditions

Wu et al 2015. Front Genet
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Differential peak calling is dependent on 
peak calling quality

Yang et al 2014. Comput Struct Biotechnol J

Differential peak calling

Steinhauser et al 2016. Brief Bioinformatics



5/10/19

37

Differential peak calling tools

MANORM
• Cannot handle replicates
• Lacks statistical power
• Needs peaks to be defined from 

an outside source
• Works for both narrow and 

broad peaks

DIFFBIND
• Requires replicates of all 

conditions
• Has a statistical framework
• Needs peaks to be defined from 

an outside source
• Works for both narrow and 

broad peaks

Shao et al 2012. Genome Biology
Ross-Innes et al 2012. Nature

Conclusions

•ChIP-seq is not trivial.

•Every experiment is unique.

•Experimental design is critical for ChIP-seq.
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