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Single Cell Epigenomics 
scATAC sequencing



Learning Objectives of this week

Knowing different types of chromatin 

How do identify/map accessible chromatin 

Isolating accessible chromatin in single cells 

Sequencing libraries using NGS sequencing 

Visualizing chromatin accessibility in the genome browser 

How to analyze and interpret single cell ATAC data - hands on tutorial will follow



One genome - many epigenomes
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Chromosome Territories

Packaging of Chromatin inside the Nucleus
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Chromatin Fiber
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Chromatin is organized in a hierachical fashion



Epigenetic Mechanisms control Gene Activity

Transcription Factor binding  
and nucleosome remodellers 
impact chromatin accessibility



Epigenetic Mechanisms control Gene Activity

Histone modifications

H3K27ac
H3K4me1
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Epigenetic Mechanisms control Gene Activity

3D contact between enhancers and promoters



Epigenetic Mechanisms control Gene Activity

Transcription



Epigenetic Mechanisms control Gene Activity

H3K36me3

Transcription

RNA expression



Epigenetic Mechanisms control Gene Activity

Repressed gene

H3K27me3

Epigenetics describes how chemical changes to DNA and histone 
proteins can influence gene expression

H3K9me3



Histone modifications are differentially enriched in the genome

Jenuwein & Allis Epigenetics (2009)



3D chromatin organization

How can we measure and study these features?

DNA-methylation

Chromatin accessibility

Histone modifications



ATAC - assay for transposase-accessible chromatin

Chromatin accessibility

Tn5 (tagmentase) binds open chromatin and inserts sequencing adapters 

Tn5 Tn5



Several different enzymes cut open chromatin regions



ATAC - assay for transposase-accessible chromatin



Generation of adapter-flanked DNA fragments

Any active gene



Generation of adapter-flanked DNA fragments

Any active gene

Counting sequencing reads in 
open chromatin and quantify 
the signal



Single-cell ATAC Seq



Single-cell ATAC Seq



How does next generation sequencing work?

https://www.futurelearn.com/info/courses/a-practical-guide-for-sars-cov-2-whole-genome-sequencing/0/steps/338178
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Sequencing data has to be mapped against the reference genome 

Mapping ATAC Data: 
BWA 
BOWTIE2 
Taken care of by CellRanger



What analysis packages can you use?



QC of ATAC data

Yan et al. (2020) Genome Biology
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✓ ✓



QC of ATAC data
Digesting Chromatin with Tn5 results in very regular DNA insert sizes, this can be 
used as an indicator of library quality



QC of ATAC data

With paired-end sequencing data the insert sizes of an ATAC library can be checked.

Which library looks good and how can you explain the pattern?



QC of ATAC data - Nucleosome signal
The nucleosome signal reflects the ratio between mononucleosomes and 
nucleosome-free regions



QC of ATAC data - Fraction of Fragments in peaks (FrIP)

Any active gene

How many reads fall into peaks is a good indicator of how carefully the 
library was prepared

Signac code: 

pbmc$pct_reads_in_peaks <- 
pbmc$peak_region_fragments / 
pbmc$passed_filters * 100 



QC of ATAC data

Yan et al. (2020) Genome Biology

✓ ✓ ✓



How to identify peaks?

https://www.archrproject.com/

There are various algorithms to call peaks. 
The most commonly used in MACS2 (now 3). 
Several options for broad and narrow peaks. 

CellRanger from 10x Genomics uses a 
proprietary peak caller. 

Bedtools can merge peaks



TF-IDF Normalization

Signac performs Term Frequency-Inverse Document Frequency (TF-IDF) normalization. This is a two-
step normalization procedure: 

Term frequency (TF) normalizes for sequencing depth by scaling peak accessibility counts within each 
cell 

Inverse Document Frequency (IDF) down-weights these frequently accessible regions (i.e, peaks that are 
open across many cells but might not be biologically informative), ensuring that rare but cell-type-
specific peaks get more importance.

Cusanovich et al. (2015) Science

For ATAC sequencing we can only obtain two fragments per 
locus per cell (lower dynamic range compared to RNA exp)



Dimensionality reduction
Perform Singular Value Decomposition (SVD) on the TD-IDF matrix, which gives Latent 
Semantic Indexing (LSI) components. This is very similar to PCA (but better for sparse 
data). The first singular vector often captures sequencing depth (technical variation) 
rather than biological variation.

Elbow plot (like for scRNA-seq)



Dimensionality reduction

Run UMAP on the LSI to 
obtain the embedding 

In this special case we 
have linked RNA-seq data 
for each cell and we can 
use it to check the 
embedding



Annotating scATAC-data - obtaining “gene activities”

Signac uses gene 
activities to link detected 
fragments to genes. 

It aggregates all 
fragments on the gene 
body. 

This can be visualized as 
a proxy of gene 
expression.



Annotating scATAC-data - obtaining “gene activities”

Comparing chromatin accessibility and RNA expression 



Data integration

Similar integration tools as for RNA can be used - we have to perform the 
integration on the LSI (not PCA as default for RNA)

No integration CSS Harmony Seurat



Integration for multi-omic measurement (more than one modality per cell) 

In the example RNA and ATAC have been measures together from the same cell 

Seurat uses WNN (weighted nearest neighbour network) - this calculates the k-
nearest neighbour of each cell taking both modalities into account.  

The weighted nearest neighbour network is used for embedding and clustering. 

Multimodal integration does not always result in better cluster discrimination. 

Hao et al. 2021, Cell



Integration for multi-omic measurement (more than one modality per cell) 

In this case slight refinements of the clustering in the progenitors (NES positive) 



Cell type annotation

Really similar to what we do for scRNA-seq 



QC of ATAC data

Yan et al. (2020) Genome Biology

✓ ✓ ✓

✓



What can we learn in addition from chromatin accessibility?

We can associate regulatory 
elements to expressed genes 
and use this to infer regulatory 
networks 



We can identify transcription factor motifs that change upon perturbation

Motifs that are enriched in 
differentially accessible 
peaks. 

Tools:  
JASPAR 
TFBSTools 



Summary and Take Home

Knowing different types of chromatin 

How do identify/map accessible chromatin 

Isolating accessible chromatin in single cells 

Sequencing libraries using NGS sequencing 

Visualizing chromatin accessibility in the genome browser 

How to analyze and interpret single cell ATAC data - hands on tutorial will follow


