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Ultra simplified view of a
ChlPseq experiment ©

Aim : To localize all DNA binding sites
for a protein of interest

DNA molecule
Protein
of |
interest / _____
\ :  Protein/ DNA
N Y \y interaction ?
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Experimental protocol

Shear DNA strands (
V' sonication )
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cell lysate

, Cross-link proteins to Add bead-attached to immunoprecipitate a
YV DNA antibodies ¥ targeted protein

v’ | | - — " precipitate
Shear DNA strands ( ﬁﬁ‘%@;

W sonication )

’ Unlink proteins, purify DNA

By Jkwchui - Cell diagram adapted from LadyOfHats' Animal Cell diagram. , Q

Information based on llumina data sheet as well as ChIP and é N . ) (ITaw .
immunoprecipitation  articles & references., CC BY-SA 3.0, \ / / sequencing e
https://commons.wikimedia.org/w/index.php?curid=17890854 A '
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What ChiPseq results look like ?

* Intheory, we expect :

Wilbanks et al. (2010)

A B
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sequenced section Sense strand W
(ftag” or “read") V' ChiP enriched fragments W
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% Antisense strand
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\/\/WW '\sequenced section

align to (iag or “read") align to
reference genome

reference genome

antisense tags W

" DNA molecule
£
|/ Protein
A
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\
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these are, what we call “peaks”,

l.e. DNA regions that interact
with the protein of interest
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Example of ChiPseq results in yeast S.
cerevisiae (Pdrip TF):

Integrative
Genomics
Viewer

Peak calling : Search for genomic regions

with a high density of reads



|GV screenshot - IP sample
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Pdrlp transcription factor in
Saccharomyces cerevisiae

« Pdr1p belongs to the GAL, family of yeast TFs,

|t 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 (peRisi 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 Pdrlp target genes

- .
Intagrative The genes SNQ2, TPO1, PDR5, RPN4

Viewer are emblematic Pdr1 targets

SNQ2 promoter TPO1 promoter PDR5 promoter RPN4 promoter

As expected, we can observe “peaks” in each promoter
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ChlPseq : raw data processing

FastQ
Quality Checks o Alignment 6
- * Filtered
NGS-QC e Aligner :
Data —> G— N
e Toolkit e Selection Bowtie
y Mapped
l —> Data
—> BWA
Results Browser o . J
v
QC Stats e Formats for .
& Checks Summary Peaks | Statistics 1::?::: Conversion 6
J \/—
S S T % Samtools <
\
“ y
| PeaksCallinge
25 5 Control
Samples Data B/AM
MACS < Data iles
DB |
- Peaks
‘|‘ Data € SICER  <—— Expenmental 4—‘
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Peaks :
Annotation PeakRanger <—~4J
Peaks Post-Processing
. J

Olivier KIRSH, M2 Biologie-Informatique (Univ. Paris 7)
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Peak calling, why and how ?

ChlIPseq : DNA binding sites of proteins

(TFs here)
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Peak calling : genomic regions with a
high density of reads
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Szalkowski et al. (2010)
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Many computational programs exist to perform peak
calling (MACS, SPP, FindPeaks ...)
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Be careful with the ChiPseq
artefacts

16/09/17
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Be careful with the ChiPseq

artefacts

Peaks located in genes, with high expression

Any peak calling program will find this

MOCK (untagged strain)

peak if the appropriate control is not
chosen

INPUT (total DNA)

CAGLDGOORS1g

> ]
k CAGLDG003E3g

J

Artefact well described in the

literature
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Different ChlPseq (classical) controls

Shear DNA strands ( o]
W sonication )
An appropriate control data set is critical for analysis
. * Aty | of any ChIP-seq experiment because DNA
N . @ @ breakage during sonication is not uniform.
*‘ cell lysate’ L )
Add bead-attached to immunoprecipitate a
antbodies W targeted protein
'%T o e .o ™, 1) INPUT control
o e ; 7 - 7 - DNA is isolated from cells that have been cross-linked and
% > J o
E/ — fragmented under the same conditions as the
[ )@ immunoprecipitated DNA.
’ Unlink proteins, purify DNA
s Va A ChIP reaction is performed using a control antibody that
[ T (e - MG .
({ > 5 - reacts with an irrelevant antigen.
) / / sequencing 4 map to genome
ATGC(TGGAC(GTG
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Peak calling outputs, BED files

“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 )

/ DNA molecule Start End
{ Pn:;faln \ L
\ interest /)
e chr7 127471196 127472363
' ) chr? 127472363 127473530
\ v Y chr7 127473530 127474697
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eak calling methods, In the literature

= Many different analytical programs exist (+99 !)

@ OMICTOOLS peak calling

sortware @  pataBases @ USERs 68 PIPELINE |BeTa
1-20 of 429 results Results for « peak calling »
N s BETA VERSION
OUR PIPELINE EDITOR IS UNDER %
|| Peak calling Allows processing ChlP-seq data enriched for genomic loci where specific CONSTRUCTION '
Peak detection protein/DMA binding occurs. DiffBind is applicable to peak sets ide We're working very hard to give %
Metabolite identification you the best experience with this one
Seemore v .
CisGenome

i= RELATED DATABASES

Provides a range of functionalities for ChIP data analyses. CisGenome allows

Technolo - - A - -
* & visualization, data normalization, peak detection, false discovery ra SN () ERpT
lllumina GO ExomesSlicer
Life Technologies Seeall
PeakError

Agilent Technologies

See mare Computes the annotation error of peak calls. PeakError allows, after constructing a 2 RELATED USERS

database of annotated regions that represent your visual interpreta

o Fabien Pichon

|€|__ OmicX

[ Operating System

Unix/Linux
Windows Type requests to find cutting-edge applications for Eduardo Eyras
Mac 0S any bio\odgical topic, and use accurate filters to feet Pompeu Fabra University

your needs. h

D Interface frymor
Max Planck Institute of Biochemi...
Command line interface ChiP-Peak =
Graphical user interface Locates signal peaks in ChIP-Seq data targeted at transcription factors. ChIP-Peak Seeall
eea

Web user interface is a Narrow peak caller using a fixed width peak size. The software

Application programming interface

https://omictools.com/

= Choosing the correct algorithm and parameter
optimized values is a difficult task
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Peak calling results, using different
algorithms ...

Different computational programs,
used with default parameters :

Method # of detected peaks Average peak size (bp)
bPeaks 122 184
SPP 67 2.878
FindPeaks 6.087 739
MACS 248 932 ?
SPP FindPeaks 1 . ?

bPeaks

------

4

y
é
I

Y
q

What does it mean ?
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The most popular method is...

Method Open Access

Model-based Analysis of ChIP-Seq (MACS)
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Research, Massachusetts General Hospital and Department of Pathology, Harvard Medical School, 13th Street, Charlestown, MA 02129, USA.
1Broad Institute of Harvard and MIT, 7 Cambridge Center, Cambridge, MA, 02142, USA. ¥Department of Genetics, Stanford University Medical
Center, Stanford, CA 94305, USA. *Division of Biostatistics, Dan L Duncan Cancer Center, Department of Molecular and Cellular Biology,
Baylor College of Medicine, One Baylor Plaza, Houston, TX 77030, USA.
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Genome Biology 2008, 9:R |37 (doi:10.1186/gb-2008-9-9-r137) Accepted: 17 September 2008
The electronic version of this article is the complete one and can be

found online at http:, iology.com/2008/9/9/R137

© 2008 Zhang et al; licensee BioMed Central Ltd.
This is an open access article distributed under the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/2.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

We present Model-based Analysis of ChIP-Seq data, MACS, which analyzes data generated by short
read sequencers such as Solexa's Genome Analyzer. MACS empirically models the shift size of
ChlP-Seq tags, and uses it to improve the spatial resolution of predicted binding sites. MACS also
uses a dynamic Poisson distribution to effectively capture local biases in the genome, allowing for
more robust predictions. MACS compares favorably to existing ChIP-Seq peak-finding algorithms,
and is freely available.

= Galaxy France

! Power outage of our servers from March 27 to 29

Tools W

MACS2 X

X Upload Data

@ Show Sections

size from alignment resuits

MACS2 filterdup Remove duplicate
reads at the same position

MACS2 randsample Randomly sample
number or percentage of total reads

MACS2 bdgdiff Differential peak
detection based on paired four
bedgraph files

MACS2 bdgcmp Deduct noise by
comparing two signal tracks in
bedGraph

MACS2 refinepeak Refine peak
summits and give scores measuring
balance of forward- backward tags
(Experimental)

MACS2 callpeak Call peaks from
alignment results
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My favorite method is...

Yeast

Yeast 2014; 31: 375-391.

Published online 28 July 2014 in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/yea.3031

Research Article

bPeaks: a bioinformatics tool to detect transcription
factor binding sites from ChlIPseq data in yeasts and
other organisms with small genomes

34,5

Jawad I"Ier‘hej"z, Amandine Fn'goB, Stéphane Le Crom™"”, Jean-Michel Camadro®, Frédéric Devaux'?

and Gaélle Lelandais®*

'Sorbonne Universités, UPMC University of Paris 06, UMR 7238, Laboratoire de Biologie Computationnelle et Quantitative, Paris, France
ZCNRS, UMR 7238, Laboratoire de Biologie Computationnelle et Quantitative, Paris, France

“Ecole Normale Supé rieure, Institut de Biologie de I'ENS (IBENS), Inserm U1024 and CNRS UMR 8197, Paris, France

“Sorbonne Universités, UPMC University of Paris 06, UMR 7622, Laboratoire de Biologie du Développement, Paris, France

°CNRS, UMR 7622, Laboratoire de Biologie du Développement, Paris, France

lnstitut Jacques Monod, CNRS UMR 7592, University of Paris Diderot, Paris, France

*Correspondence to: Abstract

gﬁ%ﬂr&j\ig ’;’;gn;[g;ﬁ::ty ann od, Peak calling is a critical step in ChIPseq data analysis. Choosing the correct algorithm as well

Paris Diderot, Paris, France. as optimized parameters for a specific biological system is an ial task. In this article, we

E-mail gaellelelandais@univ- present an original peak-calling method (bPeaks) specifically designed to detect transcription

paris-diderot fr factor (TF) binding sites in small eukaryotic genomes, such as in yeasts. As TF interactions
with DNA are strong and generate high binding signals, bPeaks uses simple parameters to
compare the seq (reads) obtained from the i precipitation (IP) with those from

the control DNA (input). Because yeasts have small genomes (<20 Mb), our program has the
advantage of using ChIPseq information at the single nucleotide level and can explore, in a
reasonable computational time, results obtained with different sets of parameter values.
Graphical outputs and text files are provided to rapidly assess the relevance of the detected
peaks. Taking advantage of the simple promoter structure in yeasts, additional functions
were imp in bPeaks to ically assign the peaks to promoter regions and re-
trieve peak coordinates on the DNA sequence for further predictions of regulatory motifs,
enriched in the list of peaks. Applications of the bPeaks program to three different ChIPseq
datasets from Saccharomyces cerevisiae, Candida albicans and Candida glabrata are pre-
sented. Each time, bPeaks allowed us to correctly predict the DNA binding sequence of the
studied TF and provided relevant lists of peaks. The bioinformatics tool bPeaks is freely dis-

tributed to academic users. Suppl 'y data, together with detailed tutorials, are avail-

able online: http://bpeaks.gene-networks.net. Copyright © 2014 John Wiley & Sons, Litd.
Received: || March 2014 Keywords: ChIPseq; bioinformatics; peak-calling; yeasts; transcription factors; regula-
Accepted: 3 July 2014 tory motifs
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(Impossible) challenge faced
by peak calling programs

Bad peak ® Good peak ©
P| 2 === =7 P distinguishing ‘real’ peaks (interaction
= between TF and DNA)
Contol 2 S0 2 Shos | Conolfs £t oo sl from ‘artefact peaks (other

' peaks)

YYYYYY

Computional biology =  Patience
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(Impossible) challenge faced
by peak calling programs

distinguishing ‘real’ peaks (interaction
between TF and DNA)

from ‘artefact’ peaks (other
peaks)

Computional biology =  Patience
Ny
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Multiple information to be used to
validate peak calling results

A BAM files C PDF files D FASTA file
(read mapping results) (visual inspection of detected peaks) (DNA sequences of peaks)

l_ - - el T o Al T o] Tes
! o TS i
1l
“genomeCoverageBed” :
(BEDTOOLS suite) '
Chr. Base Read Chr. Base Read ST
name pos. num name pos. num. ' ——
Pl 1 3 ol 1 =
ehrl 2 4 chrl 2 57 ¥ I,
chrl 3 4 ehrl 3 61 | . i - Detectionof .
chrl 4 4 chrl 4 67 i ape— 3 [ - | regulatory motifs ? ~ H
chrl 5 ? chrl s n ——— — —— — e ———— v
chri 6 7 chrl 6 81 ———— S T ~‘r'l"r;‘c?;_,;r\
chel 7 9 chrl 7 ™ | Proportion of peaks
chrl 8 9 chrl 8 101 BED file CITCLCAL P 3
et S o el 9 146 | in promoters ?
Lokl 1 12 chrl itl 194 (pcak locations on genome) .Y ' I l A'rt <
;: A :
bPeaks program Coocnscnceces P oDon: Pom Smem B || <o >

Parameter selection
(T1,72,73,74)
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