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Ultra simplified view of a 

ChIPseq experiment ☺
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Aim : To localize all DNA binding sites 

for a protein of interest

Protein / DNA 

interaction ?



Experimental protocol
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By Jkwchui - Cell diagram adapted from LadyOfHats' Animal Cell diagram.

Information based on Illumina data sheet, as well as ChIP and

immunoprecipitation articles & references., CC BY-SA 3.0,

https://commons.wikimedia.org/w/index.php?curid=17890854

Cross-link proteins to 

DNA

Shear DNA strands ( 
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Shear DNA strands ( 

sonication )

Add bead-attached 

antibodies
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targeted protein

Unlink proteins, purify DNA



What ChiPseq results look like ?
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Wilbanks et al. (2010)

• In theory, we expect : 

these are, what we call “peaks”,

i.e. DNA regions that interact 

with the protein of interest

Peak calling : Search for genomic regions 

with a high density of reads

• Example of ChiPseq results in yeast S. 

cerevisiae (Pdr1p TF) :



IGV screenshot – IP sample
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Peak ?



Pdr1p transcription factor in 

Saccharomyces cerevisiae

• Pdr1p belongs to the GAL4 family of yeast TFs,

• It plays a central role in the regulation of pleiotropic drug resistance
through transcriptional controls of about 30 genes,

• Pdr1p is a promoter-resident regulator, which does not need a particular
environmental stimulation to bind DNA,

• Several groups have studied the genome-wide binding patterns of
Pdr1p using ChIP on chip technology (DeRisi et al., 2000; Devaux et al., 2001; Fardeau et
al., 2007),

• The set of genes regulated by Pdr1p has been extensively described in
the literature.
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Peaks detected in promoters 

of Pdr1p target genes
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The genes SNQ2, TPO1, PDR5, RPN4 

are emblematic Pdr1 targets

SNQ2 promoter TPO1 promoter PDR5 promoter RPN4 promoter

As expected, we can observe “peaks” in each promoter



ChIPseq : raw data processing
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Olivier KIRSH, M2 Biologie-Informatique (Univ. Paris 7)



Peak calling, why and how ?
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Wilbanks et al. (2010)

ChIPseq : DNA binding sites of proteins 

(TFs here)

Peak calling : genomic regions with a 

high density of reads

Szalkowski et al. (2010)

Many computational programs exist to perform peak 

calling (MACS, SPP, FindPeaks …)



Be careful with the ChIPseq

artefacts
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Peaks located in genes, with high expression

Artefact well described in the 

literature

Any peak calling program will find this 

peak if the appropriate control is not 

chosen

11/03/2025

Be careful with the ChIPseq

artefacts



Different ChIPseq (classical) controls
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An appropriate control data set is critical for analysis

of any ChIP-seq experiment because DNA

breakage during sonication is not uniform.

Shear DNA strands ( 

sonication )

Add bead-attached 

antibodies

to immunoprecipitate a 

targeted protein

Unlink proteins, purify DNA

1) INPUT control

DNA is isolated from cells that have been cross-linked and

fragmented under the same conditions as the
immunoprecipitated DNA.

2) MOCK control

A ChIP reaction is performed using a control antibody that

reacts with an irrelevant antigen.



Peak calling outputs, BED files
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Start End

“BED (Browser Extensible Data) format provides a flexible way to define the data lines that are

displayed in an annotation track. BED lines have three required fields and nine additional

optional fields. The number of fields per line must be consistent throughout any single set of data in

an annotation track.” ( UCSC : http://genome.ucsc.edu/FAQ/FAQformat#format1 )

http://genome.ucsc.edu/FAQ/FAQformat


Peak calling methods, in the literature
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➥ Many different analytical programs exist (+99 !)

➥ Choosing the correct algorithm and parameter 

optimized values is a difficult task

https://omictools.com/ 

https://omictools.com/


What does it mean ?

Peak calling results, using different 

algorithms …
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Different computational programs, 

used with default parameters :
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The most popular method is…
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My favorite method is…
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(Impossible) challenge faced 

by peak calling programs
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Bad peak 

IP

Control

Good peak ☺

IP

Control

distinguishing ‘real’ peaks (interaction 

between TF and DNA)

from ‘artefact’ peaks (other 

peaks)

PatienceComputional biology =

11/03/2025 37



(Impossible) challenge faced 

by peak calling programs
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distinguishing ‘real’ peaks (interaction 

between TF and DNA)

from ‘artefact’ peaks (other 

peaks)

PatienceComputional biology =

Experimental validations
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Multiple information to be used to 

validate peak calling results
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