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Tasic et al., Nature, 2018

Cell-type-specific expression

What gene regulatory programs are underlying the unique 
identity and function of cell types?
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Light is “regulated” by switches.
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ATAC-seq identifies accessible 
DNA regions by probing open 
chromatin with hyperactive mutant 
Tn5 Transposase that inserts 
sequencing adapters into open 
regions of the genome.

Buenrostro, et al. Nature Methods, 2013Tasic et al., Nature, 2018
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ATAC-seq identifies accessible 
DNA regions by probing open 
chromatin with hyperactive mutant 
Tn5 Transposase that inserts 
sequencing adapters into open 
regions of the genome.

Buenrostro, et al. Nature Methods, 2013

q Droplet-based (e.g. 10x Genomics)

Tasic et al., Nature, 2018
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ATAC-seq identifies accessible 
DNA regions by probing open 
chromatin with hyperactive mutant 
Tn5 Transposase that inserts 
sequencing adapters into open 
regions of the genome.

Buenrostro, et al. Nature Methods, 2013

q Droplet-based (e.g. 10x Genomics)

q Split-pool-barcoding/single cell combinatorial indexing (sci-)

Tasic et al., Nature, 2018
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What gene regulatory programs are underlying the unique 
identity and function of cell types?

Tasic et al., Nature, 2018



7OLF: Olfactory bulb; HIP: Hippocampus; CNU: Cerebral nuclei (striatum, pallidum)

>800k nuclei from 45 regions

Permeabilized nuclei

Tagmentation

PCR

Single-cell ATAC-seq

(Split-pool, sci/snATAC-seq)
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Tasic et al., Nature, 2018
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Overview of data analysis

Created by Sebastian Preissl

Marker for 
cluster 1

Marker for 
cluster 3
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Quality control at bulk level

Pairwise Spearman Correlation Coefficients 
between biological replicates

q A large proportion of reads with less than 100 bp, 
which represents the nucleosome-free region. 

q The fragment size distribution should have a 
clear periodicity
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Quality control at single-cell/nucleus level

Keep single cell/nucleus has:
q more sequenced fragments, as well as
q high signal-to-noise ratio.

Potential doublets should be 
identified and further removed.
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Cell clustering pipeline
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Cell clustering pipeline
a

b

c d
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Single cell analysis of chromatin accessibility in the mouse 
cerebrum reveals 160 sub-types

Li & Preissl, et al. Nature, 2021
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Single cell analysis of chromatin accessibility in the mouse 
cerebrum reveals 160 sub-types
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A-types: types derived from chromatin accessibility
T-types: cell types derived from transcriptomes

Zeisel et al., Cell 2018

T-types from scRNA-seq
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Single cell analysis of chromatin accessibility in the mouse 
cerebrum reveals 160 sub-types
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Regional specificity

Regional Specificity of different brain cell types 
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Overview of downstream analysis

Created by Sebastian Preissl
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Identification of candidate cis-regulatory elements (cCREs)
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For single-cell dataset, we need to account for different sequencing 
depth and/or the number of nuclei in individual clusters

“score per million (SPM)”: corrected MACS2 peak scores (−log10(q-value))
First introduced in the analysis of bulk ATAC-seq from tumor samples 
(Corces, M. R. et al. Science, 2018)
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A catalogue of 491,818 cCREs in the mouse cerebrum with 
cell-type specific accessibility



Differential analysis in single cell level

Identify differential peaks

!"#$% &'( = *( + ,( + -( + .(

!"#$% &'( = *( + -( + .(

Full model: 

Reduced model: 

Then, a likelihood ratio test is used to determine if the full model (including cell cluster 
membership) provided a significantly better fit of the data than reduced model

P: the probability that the ith site is accessible in the jth cell
a: log10(total number of sites observed as accessible for the jth cell)
m: membership of the jth cell in the cluster/region being tested
r: replicate label for jth cell 
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Open chromatin regions characterize distinct types of 
neuronal cells 
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Open chromatin regions characterize regional difference 
in cell types
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cCRE: candidate cis regulatory element
PCC: Pearson correlation coefficient
Co-accessible cCREs: identified by using Cicero (Trapnell lab).

491,818 candidate cis regulatory elements (cCRE)

Identification of putative enhancers and their target genes
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491,818 candidate cis regulatory elements (cCRE)

q 86,850 putative enhancers linked to 10,604 genes
q 7 enhancers per gene (average)
q 1-2 genes per enhancer
q Gene-enhancer distance: ~179 kbp (median)

Identification of putative enhancers and their target genes

cCRE: candidate cis regulatory element
PCC: Pearson correlation coefficient
Co-accessible cCREs: identified by using Cicero (Trapnell lab).
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Putative enhancers reflect cell-type-specific gene 
expression patterns
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Candidate TFs involved in adult neurogenesis 
in mouse brain
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Candidate TFs involved in adult neurogenesis 
in mouse brain
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Fraction of mouse cCREs
mapped to the human genome 

with high similarity >50% Major cell types

Non-coding variants linked to Neurological Traits/Disorders 
are enriched in cCREs in distinct cerebral cell types
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Data now available via our portal: 
http://catlas.org/mousebrain

q Explore cell cluster

q Cell type annotations

q Compare signal tracks

Explore datasets using the CATlas web portal
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Integrative analysis of single-cell multi-ome datasets

Preliminary analysis on published and self-generated datasets
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Integrative analysis of single-cell multi-ome datasets
a

b

c
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