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Overview

★ Peak-calling: identify enriched (signal) regions in ChIP-seq or ATAC-seq 
data
○ Software packages

○ Practical and Statistical aspects (Normalization, IDR, QC measures) 

○ MACS peak calling

○ Overview of transcription factor, DNA binding protein, histone mark 

and nucleosome free region peaks

○ Narrow and Broad peaks

○ A brief look at the MACS2 settings and methodology

○ ATAC-seq signal detection



Signal to Noise

modified from Carl Herrmann  



Strand dependent bimodality

Wilbanks et al. 2010 PLOS One



Peak Calling Software

MACS2 (MACS1.4) Most widely used peak caller. Can detect narrow and broad peaks.

Epic (SICER) Specialised for broad peaks

BayesPeak R/Bioconductor

Jmosaics Detects enriched regions jointly from replicates

T-PIC Shape based

EDD Detects megabase domain enrichment

GEM Peak calling and motif discovery for ChIP-seq and ChIP-exo

SPP Fragment length computation and saturation analysis to determine if read depth is 
adequate. 

★ Comprehensive list is at: https://omictools.com/peak-calling-category



Quality Measures

• Fraction of reads in peaks (FRiP) is dependant on data type.

• PCR Bottleneck Coefficient (PBC) is a measure of library complexity

N1= Non redundant, uniquely mapping reads
N2= Uniquely mapping reads

Preseq and preseqR for determining 
library complexity
Daley et al., 2013, Nat. Methods

FRiP can be calculated with deepTools2



• Relative strand cross-correlation

The RSC is the ratio of the fragment-length 

cross-correlation value minus the background 

cross-correlation value, divided by the 

phantom-peak cross-correlation value minus 

the background cross-correlation value. 

The minimum possible value is 0 (no signal), 

highly enriched experiments have values 

greater than 1, and values much less than 1 

may indicate low quality.

Quality Measures



• Normalised strand cross-correlation NSC

The ratio of the maximal cross-correlation value (which occurs at 
strand shift equal to fragment length) divided by the background 
cross-correlation (minimum cross-correlation value over all 
possible strand shifts). 

Higher values indicate more enrichment, values > 1.1 are relatively low NSC scores, and the minimum possible 
value is 1 (no enrichment). This score is sensitive to technical effects; for example, high-quality antibodies such as 
H3K4me3 and CTCF score well for all cell types. This score is also sensitive to biological effects; narrow marks 
score higher than broad marks (H3K4me3 vs H3K36me3, H3K27me3) for all cell types and ENCODE production 
groups, and features present in some individual cells, but not others, in a population are expected to have lower 
scores.

A measure of enrichment derived without dependence on prior determination of enriched regions. 

Quality Measures



IDR: Irreproducible Discovery Rate 

● If two replicates measure the same underlying biology, the most significant peaks which are 
likely to be genuine signals, are expected to have high consistency between replicates. Peaks 
with low significance, which are more likely to be noise, are expected to have low 
consistency.

● IDR measures consistency between replicates in high-throughput experiments. The IDR 
method compare a pair of ranked lists of identifications (such as ChIP-seq peaks). These 
ranked lists should not be pre-thresholded, i.e they should provide identifications across the 
entire spectrum of high confidence/enrichment (signal) and low confidence/enrichment 
(noise). 

● The method uses reproducibility in score rankings between peaks in each replicate to 
determine an optimal cutoff for significance. The IDR method then fits the bivariate rank 
distributions over the replicates in order to separate signal from noise based on a defined 
confidence of rank consistency and reproducibility of identifications.

software: https://github.com/nboley/idr



ENCODE





Encode Quality Metrics



MACS2

• Most widely used peak caller.
• identifies genome-wide locations of TF binding, histone modification or 

NFRs from ChIP-seq or ATAC-seq data.
• Can be used without a control (Input -samples of sonicated chromatin OR 

IgG - nonspecific antibody) - Not Recommended for ChIP-seq!
• Controls eliminate bias due to GC content, mappability, DNA repeats or 

CNVs.
• Can call narrow and broad peaks. 
• Many settings for optimizing results.



MACS2



MACS1.4



Peak calling with MACS2

★ Step 1: Estimate fragment length d and 
adjust read position

○ Slide a window of length 2 x bw 
bandwidth (half of estimated sonication 
size) across genome.

○ Retain windows with > MFOLD ( 
fold-enrichment of treatment / 
background)

○ Compute the average +/- strand specific 
read-densities for these bins.



MACS2

★ Step 2: Identify local noise
○ slide a window of size 2*d 

across treatment and input
○ estimate ᷗ

local
 parameter of 

Poisson distribution

modified from Carl Herrmann  



MACS2

★ Step 3: Identify enriched (peak) 
regions

○ determine regions with 
p-value < PVALUE

○ determine summit position 
within enriched regions as 
max density

modified from Carl Herrmann  



MACS2

★ Step 4: Estimate FDR
○ positive peaks (P-values)
○ swap treatment and input, call negative peaks (P-value)

modified from Carl Herrmann  



 Reads to Peaks

• +ive and -ive strand reads do not 
represent true binding sites

• Fragment length d can be 
detected experimentally or 
estimated from strand 
asymmetry in data

• Reads from both strands can be 
extended to the length of d OR

• Reads can be shifted towards 3’ 
by d/2



Narrow, Broad and Mixed Peaks

• Different data types have different peak shapes. Use appropriate peak callers or 

domain detectors. Same TF may have different peak shapes reflecting differences 

in biological conditions. Replicates should have similar binding patterns.

• Most TF peaks are narrow, with particularly sharp peaks from ChIP-exo data.

• ChIP-seq peaks from epigenomic data can be narrow, broad or gapped. Histone 

marks such as H3K9me3 or H3K27me3 are broad while others such as H3K4me3 and 

proteins such as CTCF are narrow. Other DNA binding proteins such as HP1 , 

Lamins (Lamin A or B), HMGA etc. form broad peaks or domains.

• PolII peaks can be narrow or broad depending on whether its detecting 

transcription initiation at the TSS or propagation along the gene body.

• ATAC-seq data representing nucleosome free regions (NFRs) can be narrow or 

broad depending on the properties of regulatory regions underlying them.



Peak Shapes

Sims et al., 2014 Nat Rev Genet.



Broad peak and Domain callers

• MACS2: macs2 callpeak --broad

• Epic: Useful for finding medium or diffusely enriched domains in chip-seq 
data. Epic is an improvement over the original SICER, by being faster, more 
memory efficient, multi core, and significantly easier to install and use.

• Others: Enriched Domain Detector (EDD), RSEG, BroadPeak, PeakRanger 
(CCAT)



ATAC-seq settings

• If using paired end reads use  “--format 

BAMPE” to let MACS2 pileup the whole 

fragments in general. If you want to focus on 

looking for where the 'cutting sites' are, then 

“--nomodel --shift -100 --extsize 200” should 

work.

• Since the DNA wrapped on a nucleosome is 

about 147bp, for single nucleosome detection 

use “ --nomodel --shift -37 --extsize 73”. BASED ON EPIGENETICS CHROMATIN, 7:33, 2014.  
Scientist, Volume 30 Issue 1 | January 2016
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