
scATAC-seq



• Open chromatin region

-Only open regions can be accessible to TF + etc …

-Epigenetic modulation to regulate gene expression



• Open chromatin region

Chromatin accessibility profiling by ATAC-seq

-Tn5 transposase

→ Insert sequencing adaptor

→ Sequencing

→ Captures open regions



• Preprocessing
https://github.com/CebolaLab/ATAC-seq
-FASTQ → FASTQC

-fastp: adapter trimming

-Alignment: bowtie2

-Remove mitochondrial reads
-Remove duplicates
-remove multiple mapping
-remove ENCODE blacklist regions

-shift read coordinates
Tn5  small DNA insertion (introducted as repair of the 
transposase-induced nick introduces a 9bp insertion)
+ strand: offset by +4bp, - strand: -5bp

https://github.com/CebolaLab/ATAC-seq
https://github.com/CebolaLab/ATAC-seq
https://github.com/CebolaLab/ATAC-seq
https://github.com/CebolaLab/ATAC-seq


• Peak calling
-MACS3

Cf) Chip-seq
→ +/- strand will be sequenced from TF

SEACR (Sparse Enrichment Analysis for CUT&RUN)
→ Due to Sparse signal 
→ Calibration of background from global distribution
→ define peak threshold 



• Peak calling



• Peak calling

1: removing redundancy
- Duplicated tags, same seq at the same coordinate based on 
binomial distribution

2: 600bp window → find enriched seq (red read) 
3: d estimate → d/2: protein binding position
For ChIP-seq, but not ATAC → skip!



• Peak calling

4: scaling the libraries
→ normalized by total tag count

5: effective genome length: remove low mappability repetitive region

6: peak calling
lambda: Number of reads in that window → follows poisson distribution
Evaluate lambda with multiple window size → optimize
Bg: whole mappable genome: effective genome)

! Peak calling by reads vs background by Poisson distribution



• Peak calling



• Peak calling

chr start end length abs_summitpileup ,-LOG10(pvalue) fold_enrichment ,-LOG10(qvalue) name

chr1 827295 827875 581 827536 126 121.25 19.3598 118.622 L168213_Track-210162_ATAC_peak_1

chr1 869682 870207 526 869968 147 153.501 23.4921 150.761 L168213_Track-210162_ATAC_peak_2

chr1 898739 898938 200 898844 14 6.25566 3.79353 4.40711 L168213_Track-210162_ATAC_peak_3

chr1 904253 904950 698 904701 204 158.602 13.8327 155.846 L168213_Track-210162_ATAC_peak_4

chr1 906703 907139 437 906943 104 53.4838 6.96286 51.1624 L168213_Track-210162_ATAC_peak_5

chr1 921022 921450 429 921287 96 40.6773 5.49887 38.4377 L168213_Track-210162_ATAC_peak_6

Peakcall → narrowPeak → not for the DAG but annotation, etc



• Preprocessing

ChIPseeker → Annotate peaks

Enhance region: FANTOM5, ENCODE …



• Single-cell ATAC



• Single-cell ATAC

Count matrix

Raw fragment file (peak information)

Chromosome, position, cell barcode

- Peak calling

MACS software → align reads into k-mer bin or known peak region



• QC

-Nucleosome banding pattern: histogram of DNA fragment sizes → should be similar to the length of 

DNA wrapped around a single nucleosome (147~294 bp)

Ratio of mononucleosomal to nucleosome-free (< 147 bp) → mononucleosomal / nuc-free

Good quality: Ratio < 4 



• QC

-TSS (Transcription start site): high enrichment

→ Usually, TSS is opened → reflect experimental sensitivity

→ Mean number of Tn5 insertion event +- 500bp (of TSS) / TSS flanking region (+900~+1000 & -900~-

1000)

-Total number of fragments in peaks: too high → doublet

-Fragments in peak fraction: remove <15~20 % → low quality cell

-Black list: ENCODE [experimental artefact prone region] or house-keeping gene



• QC

pbmc <- subset(
  x = pbmc,
  subset = nCount_peaks > 3000 &
    nCount_peaks < 30000 &
    pct_reads_in_peaks > 15 &
    blacklist_ratio < 0.05 &
    nucleosome_signal < 4 &
    TSS.enrichment > 3
)



• Normalization

-High sparsity & 0/1 binary data structure for the read

TF-IDF: term frequency-inverse document frequency: seq depth norm across cell + across peak

(more weight for rarer peaks)

TF = Cij/Fj where Cij is the total number of counts for 

peak i in cell j and Fj is the total number of counts for 

cell j. (~ read depth norm)

IDF = log(1 + N/ni) where N is the total number of cells in 

the dataset and ni is the total number counts for peak i 

across all cells. (given peak rareness)

Signac: log(1 + (TF × IDF) × 10^4)

→ nonzero, mean not close to zero, variable across celltype

A Single-Cell Atlas of In Vivo Mammalian Chromatin Accessibility



• Feature selection & Dimension reduction

-FeatureSelection (FindTopFeatures): Variable feature + common feature across cells (q5, 95 %)

-Dimension reduction: SVD 

→ Skip 1st dimension: LSI_1 highly correlated with seq depth



• Characteristic of ATAC

-Only 2 copies from DNA → higher drop-out → higher sparsity

-Require binning analysis rather than single-cell analysis

-ATAC-seq → detect more regions than transcriptome → higher complexity 

→ delicate gene expression regulation

Promoter region (or Transcriptional start site) + Enhancer regions

→ Enhancer regions provide delicate and complex regulation for gene expression



• Adapt from scRNA-seq



• Batch correction (Seurat)



• Clustering
- SLM clustering: based on SNN (shared-nearest neighbor) graph → modularity optimization

 



• Gene activity

-Open region → gene expression 

(inference: it is not always that open regions correlate with gene expression)

-upstream of TSS: 2000bp + genebody: compute counts per cell

-Normalization: logNorm, scale factor: median counts



• Celltype annotation

-Based on gene activity 



• Geneset analysis
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→ Fisher’s exact test  or GSEA

Signature analysis

AddModuleScore, AUCell, ssGSEA, cNMF



• Cell abundance
*T-test, Wilcoxon



• Higher sparsity

Be cautious during running those analysis

→ Likely to mislead the result



• Cell-pooling

-High drop-out rate: zero count ↑

-merge cells → pseudo cell → averaging → 

overcome drop-out!



• Differential accessible peak analysis

-Based on FindMarkers

differential testing is to utilize logistic regression for, as suggested by Ntranos et al. 2018 for 

scRNA-seq data, and add the total number of fragments as a latent variable

→Read depth adjustment

ClosestFeature: closest gene from peak



-Peak → which motif→ motif enrichment test (using JASPAR DB)

Using ChromVar (which TF motif is enriched)

-FIMO: which motif will be used for a given TF or DNA binding protein from a given genome 

(open region)

-Annotation of a given region: GREAT

• Peak analysis procedure



# Get a list of motif position frequency matrices from the JASPAR database

pfm <- getMatrixSet(

  x = JASPAR2020,

  opts = list(collection = "CORE", tax_group = 'vertebrates', all_versions = FALSE)

)

# Add motif information

mouse_brain <- AddMotifs(

  object = mouse_brain,

  genome = BSgenome.Mmusculus.UCSC.mm10,

  pfm = pfm

)

• Motif analysis



enriched.motifs <- FindMotifs(

  object = pbmc,

  features = peak_list

)

→ Find enriched motif from a given peak (by hypergeometric test)

Open region → enriched Motifs + TF 

(or DNA-binding protein) 

• Motif analysis



FindMotifs

-Should match for overall GC, accessibility, peak width

1: Bias in PCR amplification from GC-rich region

2: Variable Tn5 tagmentation 

3: Accessiblity bias: more reads due to “open region” → Does not mean genome has more motif

4: Peak width bias: Longer peak → more Motif (similar to gene length normalization)

• Motif analysis



-ChromeVar: which TF motif is enriched

→ background corrected peak (motif) signal

# Motif activity

mouse_brain <- RunChromVAR(

  object = mouse_brain,

  genome = BSgenome.Mmusculus.UCSC.mm10

)

• Motif analysis



-TF footprinting

pbmc <- Footprint(

  object = pbmc,

  motif.name = c("GATA3", "TBX21"),

  genome = BSgenome.Hsapiens.UCSC.hg19

)

• Motif analysis



The reason for vacancy at the center 

→ TF binding → cannot be sequenced

• Motif analysis



FIMO

Find individual motif occurrences

→Calculate motif occurrence at the Genome (open chromatin)

-Position-specific freq matrix → log-likelihood ratio

-Pvalue by random seq (user-defined ATGC ratio)

-Bootstrap → FDR

Ex: CTCF binding site (motif) from a given region

• Motif analysis



-GREAT

Genomic regions enrichment of annotations tool

→Annotation enrichment for a given region

 (ex: gene ontology)

TSS → -5k, +1k (proximal region)

→ +/- 1MB (Distal regulation)

Binomial distribution: B(n,p)

→ Target Annotated region vs (n)

total annotated genomic region / genomic region (p)

→pbinom

• Motif analysis
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