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Introduction DNA sequencing

Fred Sanger
Late 1970s

... Several million times ...
Late 2000s
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Introduction Applications

Reuter et al, Mol Cell, 2015
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Introduction ChIPseq

Genome Wide Occupancy Profiling

Overlapping reads come from different cells!!!

NGS is a cell population readout ( 50 million cells)
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Introduction ChIPseq

Primary Sequencing Data
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Introduction ChIPseq

Genome wide, highly accurate representation of genomic states
Fairly unbiased

Complementary and overlapping information
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Primary Analysis ChIPseq

Raw Data

Aligned Data

Enriched
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Read Density

VisualizationTarget Genes

Functional
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Primary Analysis ChIPseq

Align Data...

Aligner (Mapper)

Reference Genome
Human (hg18, hg19)
Mouse (mm9, mm10)

...
(iGenomes, UCSC, NCBI, EBI...)

Different mappers will use
different Index Formats...

bowtie.2

% of alignment...

Low percentage?
Contaminations,

adapter/barcode trimming,
wrong reference...

Bad Library...
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Primary Analysis ChIPseq

Aligned Data

SAM ⇔ BAM ⇒ BED
⇓

Enriched

Regions

⇓

⇓
Chr Start Stop ID Score

SET of
GENOMIC COORDINATES

(PEAKS...)

How Many???

Where???

With Who???

Function???

HOW???
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Primary Analysis Peak Calling

“Peak calling is a computational method used to identify areas in a
genome that have been enriched with aligned reads“

Challenge: Not one single ’peak shape’...

Number of peaks
Peak distribution

Peak height
Range of measurements

Experimental variation (IP...)
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Primary Analysis Peak Calling

Solutions:
Different Peak Callers
Optimal Parameters

Correct Experimental Design
Good ChIP...
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Primary Analysis Peak Calling

Solutions:
Different Peak Callers
Optimal Parameters

Correct Experimental Design
Good ChIP...

Peaks represent only a ’summary’ of a ChIPseq experiment...

Useful metrics:
FRiP: Fraction of Reads in Peaks (>1%)

IDR: Irreproducible Discovery Rate
Significance: pValue, ChIPtoINPUT ratio, # of reads...
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Primary Analysis Peak Calling

Solutions:
Different Peak Callers
Optimal Parameters

Correct Experimental Design
Good ChIP...

Peaks represent only a ’summary’ of a ChIPseq experiment...

Empirical:
Known Motif: Enriched in peaks, Central Position

Distribution: Near TSS, Within GeneBody, Enhancers
Target Genes: Gene expression changes, Functional Annotation
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Primary Analysis Peak Calling

Solutions:
Different Peak Callers
Optimal Parameters

Correct Experimental Design
Good ChIP...

Peaks represent only a ’summary’ of a ChIPseq experiment...

Empirical:
Known Motif: Enriched in peaks, Central Position

Distribution: Near TSS, Within GeneBody, Enhancers
Target Genes: Gene expression changes, Functional Annotation

Browser inspection and previously known sites
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Primary Analysis Peak Calling

TFs: MACS
HMs: SICER

Papadopoulos GL (IMBB, FORTH) IMBB NGS Seminar 04/12/2015 14 / 28



Primary Analysis Peak Calling

TFs: MACS
HMs: SICER

Running MACS: macs14 -t ChIP -c Input -g mm -n Name
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Primary Analysis Peak Calling

TFs: MACS
HMs: SICER

Running MACS: macs14 -t ChIP -c Input -g mm -n Name
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Primary Analysis ChIPseq Summary

General Guidelines:

Biological Replicates (2x)

INPUT (noIP sample)

20-25 mln reads per sample

Optimize ChIP conditions before library preparation

Minimize experimental variation

Look at the data

’ChIP-seq guidelines and practices of the ENCODE and modENCODE consortia’
Landt et al, Genome Res, 2012

’Practical Guidelines for the Comprehensive Analysis of ChIP-seq Data’
Bailey et al, PLoS Comp Biol, 2013
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Primary Analysis RNAseq

Raw Data

Aligned Data

Read Counts

Condition 1

Read Counts

Condition 2

Differential

Expression
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Primary Analysis RNAseq

Aligner (Mapper)

Reference Genome
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ENA provides a comprehensive record of the
world’s nucleotide sequencing information

It covers raw sequencing data, sequence assembly information
and functional annotation

The search function is pretty close to awful

Large overlap with GEO database
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Comprehensive database of genomic features

Systemic understanding
of biological processes
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Thank you...
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