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The new challenge: NGS BIG data processingMassive parallel DNA sequencing…Revolution: The democratisation



Omics datasets: The analytical path

ChIP-seq: Chromatin immunoprecipitation
combined with massive parallel sequencing

ChIP-seq datasets analysis

Extract and compare meaningful 
biological information

binding sites 
annotation

A regression-based method

for peak detection in protein-

chromatin interaction profiles 
(ChIP-seq). 

M. A. Mendoza-Parra et al. 

BMC Genomics; Nov. 2013



Omics datasets: The analytical path

ChIP-seq: Chromatin immunoprecipitation
combined with massive parallel sequencing

ChIP-seq datasets analysis

Extract and compare meaningful 
biological information

Compare binding events in a 
genomic position but also in a 
read-counts intensity context Comparative analysis of 

RNA Polymerase II ChIP-
seq profiles by non-linear

normalisation approaches

M. A. Mendoza-Parra et al. 

Nucl. Acids Res; Nov. 2011



ChIP-seq: Chromatin immunoprecipitation
combined with massive parallel sequencing

Omics datasets: The analytical path

ChIP-seq datasets analysis

Extract and compare meaningful 
biological information

a bioinformatics-based quality control (QC) system 
that uses raw NGS dataset information to have 
quantitative means for comparing different ChIP-seq
profiles. 

M. A. Mendoza-Parra et al. Nucl. Acids Res; Nov. 2013

A quality control system for profiles obtained by 
ChIP sequencing

evaluate the “quality” of 
compared datasets which may 
impact the assessment of the 
relevant biological information 

QC?



Are you concerned about these differences in ChIP-seq assays performance?

Human genome; hg19;chr19
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• With the same commercial antibody source (including batch reference).
• Produced from a similar number of mapped reads (~19 million).
• Performed in different laboratories.

• With the same commercial antibody source (including batch reference).
• Produced from a similar number of mapped reads (~19 million).
• Performed in different laboratories.

� Common binding events are retrieved,
� However there are significant differences :

• Global read-count intensity
• Observed background levels

� Common binding events are retrieved,
� However there are significant differences :

• Global read-count intensity
• Observed background levels

Profiles of three publicly available H3K4me3 ChIP-seq datasets.



Source of technical variability in immuno-selection-NSG based approaches

ChIP-seq workflow

immunoprecipitationChromatin 
fragmentation

Protein-chromatin 
crosslinking

DNA purification Parallel sequencing Computational 
analysis

ChIP-seq grade Abs?

Quality ChIP-seq profile=f( chrom shearing + cell fixation + user skills + Ab efficacy + Seq depth + …)

Source: Diagenode H3K4me3 antibody; technical data sheet

Batch A

Batch B

Ab against H3K4me3



Source of technical variability in immuno-selection-NSG based approaches

ChIP-seq workflow

immunoprecipitationChromatin 
fragmentation

Protein-chromatin 
crosslinking

DNA purification Parallel sequencing Computational 
analysis

Quality ChIP-seq profile=f( chrom shearing + cell fixation + user skills + Ab efficacy + Seq depth + …)

Rozowsky J. et al. Nature Biotechnol 2009 Zhang Y. et al. Genome Biol 2008

number of identified peaks increases 

with the sequencing depth
Peaks confidence is proportional to 

the sequencing depth

Sequencing depth?



Source of technical variability in immuno-selection-NSG based approaches

ChIP-seq workflow

immunoprecipitationChromatin 
fragmentation

Protein-chromatin 
crosslinking

DNA purification Parallel sequencing Computational 
analysis

Quality ChIP-seq profile=f( chrom shearing + cell fixation + user skills + Ab efficacy + Seq depth + …)

Sequencing depth?

as individual profiles could present significant 

technical variability (due to the use of different 
antibodies, sequencing depth or other factors able to 
influence the immunoprecipitation (IP) quality), 
comparative analyses between Next generation 
sequencing (NGS) generated profiles may require 
prior characterization of the degree of technical 
similarity of the various data sets 

ChIP-seq grade Abs?



QualityQuality

ControlControl

systemssystems

Visual inspectionVisual inspection

low reproductibility

SPT20 replicatesRAD21 replicates

high reproductibility

IDR: Irreproductibility Discovery Rate

Evaluate the binding sites reproductibility
between biological replicate datasets (IDR)

Landt S. et al. Genome Research 2012

Peak calling-based approaches

global ChIP enrichment

evaluated by the Fraction of 
mapped reads in identified
Peaks (FRiP)

The ENCODE consortium 
recommends a 1% FRiP threshold

Drawback:
they depend on the peak calling
performance thus their quality assessement may

not represent a universal approach for

Comparing any type of ChIP-seq datasets

Drawback:
• only in a local context

• not quantitative

Current practices for the evaluation of the quality of ChIP-seq datasets:



A quality control (QC) system for the analysis and comparison of NGS-generated profiles
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In an ideal case the reconstructed 
profile will be reproduced after random 
sampling with  a proportional decrease in 

the read-count intensity

Aim of the methodology:
Evaluate changes in enrichment patterns when a fraction of the total 
mapped reads (TMRs) are used for its reconstruction.

•the deviation from the ideal 
behavior reflects the degree of 
reproducibility/robustness of the 
profile under study

•It provides a quantitative method 
for assigning quality descriptors



Segmented read-count intensity profile (500nts window size)

Analysis on ChIP-seq segments (500bp bins)
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RCI: read count intensity

S100: Original dataset
S90: 90% reads sampled

S70: 70% reads sampled

S50: 50% reads sampled

Computational treatment:

Fraction of genomic 

windows in a given 

dispersion interval

A quality control (QC) system for the analysis and comparison of NGS-generated profiles
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A universal NGS-QCi system for the stratification of current and past generated profiles

the QCi analysis provides important quality information about 
datasets for the same target at different sequencing depths



A universal NGS-QCi system for the stratification of current and past generated profiles
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QCis assessed at 
three different 
confidence threshold 
conditions

A universal NGS-QCi system for the stratification of current and past generated profiles



Using the NGS-QC certification system for validating ChIP-seq profiles prior further analysis

Omics datasets integration

Compared profiles present at least a « BBB » certification !!!!



NGS-datasets repositories

Datasets Quality?

NGS-QCi database

Automated certification pipeline

A universal NGS-QCi database for comparing current and past generated profile’s indicators



www.ngs-qc.org (currently hosting > 11000 entries)



www.ngs-qc.org



www.ngs-qc.org

A web-browser access for running the NGS-QC Generator on your favourite NGS dataset!!!



www.ngs-qc.org

Local QC indicator



www.ngs-qc.org



www.ngs-qc.org

Multiprofiles comparison in the context of their local QC indicators

high                 low

Degree of similarity

(preliminary data)



Mathias

Blum

Martial

Sankar

Ashick

Saleem

Valeriya
Malysheva

Malgorzata

Nowicka

Michèle
Lieb

Functional
Genomics & Cancer

acknowledgements

Wouter
vanGool

Spin-off

Pierre-etienne

Cholley

Benjamin

Billore


