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Probing gene regulatory mechanism
/ATAC-seq



Core histone “tails” are densely 
modified H1 is also

Subject to 
modification



Experimental considerations



ChIP-Seq and alternatives

• ChIP-seq
• Dam-ID
• CUT&RUN
• CUT&Tag
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ChIP-seq Principles



Dam-ID



CUT&Run, CUT&Tag



ChIC, ChEC-Seq CUT&Run
ChIC: Chromatin-immuno cleavage



Single-cell revolution



ChIP-seq Principles

Mapping transcription factor binding:

- TF-DNA interactions typically don’t 
survive lysis and immunoprecipitation 
conditions --> we must crosslink the TF 
to the DNA beforehand



ChIP-seq Principles

Mapping transcription factor binding:

- TF-DNA interactions typically don’t 
survive lysis and immunoprecipitation 
conditions --> we must crosslink the TF 
to the DNA beforehand

- Formaldehyde
- ESG
- DSG



Crosslinking versus native ChIP

Crosslinking
• Formaldehyde fixation

• Shearing (sonications) or 
MNase

• Increasing signal for 
weak/transient 
histone/DNA- interacting 
proteins

• fragment ends not 
informative with sonication

Native
• Lower salt/detergent

• Mnase fragmentation

• Better signal-to-noise for 
strong chromatin 
interactors, histones

• Fragment ends demarcate 
footprint, e.g. nucleosome 
position





Peak detection







Importance of Input
Input genomic DNA is skewed by technical and biological factors

Different Input Examples



The problem of missing data vs zerp signal

Blacklisted region No read aligning here

- some tools are using ”NA” in bigwig files wherever there is no read mapping (nf-core ATAC)
- some tools make blacklisted regions “0” value 
- Bigwig analysis tools usually ignore NAs while “0” counts towards the calculation, e.g. bin average
- The correct way (I think) is to NA blacklisted regions but use “0” for non-covered regions

Chr1 1000345 4
Chr1 1000350 0
Chr1 1000355 0
Chr1 1000360 0
Chr1 1000365 0
Chr1 1000370 9

Chr1 1000345 4
Chr1 1000350 NA
Chr1 1000355 NA
Chr1 1000360 NA
Chr1 1000365 NA
Chr1 1000370 9



MINUTE-ChIP
Kumar et. al. Nat Cell Bio (2022)

Comparison: H3K27me3 signal in human embryonic stem cells across different methods

ENCODE ChIP-seq

CUT&RUN (Henikoff lab)

CUT&Tag (Henikoff lab)

+EZH2i control

https://nbis-workshop-epigenomics.readthedocs.io/en/latest/content/tutorials/quantitativeChip/cut-and-tag-
data.html

Excercise – CUT&RUN vs CUT&Tag vs ChIP



ChIP-seq vs CUT&Run, CUT&Tag



Weighing pros and cons

• Cell number needed
• Time aspect
• Signal-to-noise
• Background (think technical versus 

biological!)
• Reproducibility
• QCability (e.g. no input for CUT&Tag, 

CUT&RUN)





Analysis



Applications of ChIP-Seq and related 
methods

• Map features to genome (--> knowing where a features 
is may imply function)
• Specific versus genome-wide feature
• Discover genome-wide correlations (--> generate 

experimental hypothesis --> test to establish causation)
• Think about the meaning: “repressive chromatin”, “activating 

mark”, “silencing factor”
• A histone PTM “recruits” a factor
• A factor ‘protects’ a gene from spurious transcription

• Compare conditions, e.g. how does a knockout, 
inhibitor, external change in condition affect 
epigenome?



Using histone modifications to predict functional regions in the genome



Chromatin ’states’ define functional regions 



9 chromatin states defined by a 
combinatorial pattern of enrichment and 

depletion for specific chromatin marks



Histone modifications in 
diagnostics





Histone modifications in diagnostics







Fingerprint plot (deepTools)



ChIP-Seq signal (histone PTM density or Binding Protein occupancy)
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CUT&Tag signal – is it proportional or square-proportional to the epitope density?
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2 integration events needed!



Interpreting ChIP-Seq signal



1

2

4

6

What does the peak height mean?
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What really is ’background’?
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technical baseline

true signal
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If baseline is known and measurement is proportional,
then the ChIP-Signal signal can be considered quantitative



Good ChIP requires good Antibody

Potential problems with antibodies:
• specificity modified histone (crossreactivity for 

other histone sites/modifications)

• specificity for target protein

• cross-reactivity to other epitopes

• Affinity/Avidity of the interaction and stability 
against harsh wash conditions

• sensitivity to formaldehyde modification of the 
target protein



2010

2013







Good ChIP requires good Antibody

Potential problems with 
antibodies:
background affinity for unmodified 
peptide epitope proximal to the site of 
modification

•specificity for seq. context  



Good ChIP requires good Antibody

The worse the antibody, the more ChIP will look like input

And normalizing for uneven input is tricky! Options

• ratio ChIP versus background

• background subtraction



http://cistrome.org/db/#/



Applications of ChIP-Seq and related 
methods
• Map features to genome (--> knowing where a features 

is may imply function)
• Specific versus genome-wide feature
• Discover genome-wide correlations (--> generate 

experimental hypothesis --> test to establish causation)
• Think about the meaning: “repressive chromatin”, “activating 

mark”, “silencing factor”
• A histone PTM “recruits” a factor
• A factor ‘protects’ a gene from spurious transcription

• Compare conditions, e.g. how does a knockout, 
inhibitor, external change in condition affect 
epigenome?

These applications imply that you are interested in 
quantitatively comparing occupancies or levels of PTMs!



Interpreting ChIP-Seq signal



Relative quantitation  Epigenomic profiles can be compared

Before comparing, we need to ensure that samples are 
normalized. Traditional normalization brings all samples 
to the same effective sequencing depth, and it is 
assumed that then the samples can be compared 
quantitatively.

Normalization methods used
• RPKM/FPKM (Reads/Fragments Per Kilobase Million)
• RPGC (Reads Per Genome Coverage, “1x 

normalization)

Assumes that relative signal changes but global levels 
and background do not change!



Capturing quantitative epigenome landscapes

Standard ChIP-seq normalization

Quantitative ChIP-seq normalization 

Condition BCondition A



Quantitative ChIP-Seq

• Measured signal (=read density) 
scales linear (proportional) with 
’true’ signal

• Signal is comparable quantitatively 
between samples

• Technical or batch does not 
influence the quantitative answer

Absolute quantification further requires that the output can 
be understood in a real-world unit (e.g. binding occupancy 
or PTM density in fraction/percent) 



Quantitative ChIP with Drosophila Spike-in



Replicate 2
Replicate 1

Mix amount
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Multiple replicates are essential for correct
spike-in normalization!



Practical solutions to quantitative scaling

• BAM-based, then carry along scale factor 
determined by BAM read counts for scaling on-the-
fly

• BigWig-based, scaled bigwig file can be used in any 
downstream analysis



Limitations of Spike-in ChIP

• Spike-in amount has to be accurate in relation to 
chromatin amount (think about error in cell counting, 
protein assay or pipetting) 
• Alternatively, fraction Drosophila reads spiked-in needs 

to be determined experimentally by sequencing input. 
Some confusion in the field exists if or not input is 
taken into account
• Some confusion exists if and when a background 

normalization using input can be done while also using 
spike-in normalization (how to normalize input? divide 
or subtract?)
• Antibody must crossreact with the spike-in species. 



Excercise – reanalysis of Orlando data using 
Bioconductor package





Barcode-first methods

63

I-ChIP: on-beads barcoding

One-pot methods ChIP



Multiplexed ChIP (MINUTE-ChIP)



MINUTE-ChIP Quantification
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https://doi.org/10.1038/s41596-024-01058-z


Comparison normal and quantitative ChIP
Comparing naïve and ‘primed’ mouse embryonic stem cells
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Multiplexed ChIP has very little technical background
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technical baseline

Everything is true 
H3K27me3 signal



MINUTE-ChIP for transcription factors

Kumar et. al., Nature Protocols, 2024



Excercise – Reanalysis of MINUTE-ChIP data 



Questions?

simon.elsässer@scilifelab.se




