
Single-Cell ATAC and RNA Sequencing: Chromatin Accessibility and Gene
Regulation

Soo Kyung *

Department of Science, Yonsei University, Seoul, Korea

DESCRIPTION
Single-cell technologies have revolutionized our understanding 
of biological systems by providing valuable insights into cellular 
heterogeneity and the complex molecular mechanisms governing 
life at the single-cell level. Computational approaches play a 
potential role in the development and analysis of single-cell 
based models, enabling researchers to interpret vast amounts of 
data generated by these technologies.

Single-cell RNA sequencing (scRNA-seq) models

There are several computational models and approaches used in 
scRNA-seq data analysis, each designed to address specific 
challenges inherent in single-cell data.

Cell type identification and classification: One of the primary 
applications of scRNA-seq is the identification and classification 
of cell types within heterogeneous populations. Computational 
algorithms, such as clustering techniques, are used to group cells 
with similar gene expression profiles. Methods like t-SNE (t-
distributed Stochastic Neighbor Embedding) and UMAP 
(Uniform Manifold Approximation and Projection) are 
commonly used for dimensionality reduction and visualization, 
helping researchers identify distinct cell types and 
subpopulations.

Pseudotime analysis: Pseudotime analysis is a computational 
approach used to understand the temporal order of cells based 
on their gene expression profiles. This technique is particularly 
useful for studying dynamic processes such as differentiation and 
development. Algorithms like monocle and slingshot can 
reconstruct cell trajectories, allowing researchers to map the 
progression of cellular states over time and identify key 
regulatory genes involved in these transitions.

Single-cell ATAC sequencing (scATAC-seq) models

Analyzing scATAC-seq data involves several computational 
models and methods altered to handle the unique challenges 
posed by single-cell chromatin accessibility data.

 ScATAC-seq provides insights 
into the chromatin accessibility aspect at the single-cell level, 
revealing active regulatory elements such as promoters and 
enhancers. Computational models are used to analyze scATAC-
seq data, identifying regions of open chromatin and their 
associated transcription factor binding sites. Tools like ArchR 
and Cicero integrate scATAC-seq data with scRNA-seq data, 
enabling the construction of gene regulatory networks that link 
chromatin accessibility to gene expression.

 Integrating scATAC-seq data 
with other epigenomic datasets, such as DNA methylation and 
histone modification profiles, enhances our understanding of 
the  regulatory   mechanisms   controlling   the   gene  expression. 
Computational approaches like multi-omics integration and 
machine learning models are employed to combine these 
datasets, providing a comprehensive view of the epigenetic 
landscape in single cells.

Single-cell proteomics models

Single-cell proteomics, although a rapidly evolving field, faces 
significant challenges due to the complexity of analyzing proteins 
at the single-cell level.

Mass cytometry and imaging mass cytometry: Single-cell 
proteomics techniques, such as mass cytometry and imaging 
mass cytometry, measure protein expression levels in individual 
cells. Computational models are essential for analyzing these 
high-dimensional datasets, identifying protein expression 
patterns, and clustering cells based on their proteomic profiles. 
Machine learning algorithms, including unsupervised clustering 
and supervised classification, are used to explore cellular 
heterogeneity and identify functional cell states.

Network inference and pathway analysis: Computational 
approaches are used to understand protein-protein interaction 
networks and signaling pathways from single-cell proteomics 
data. Tools like CytoTRACE and SCENIC can reconstruct 
regulatory networks, identifying key regulators and signaling 
pathways involved in cellular processes. These models provide 
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Chromatin accessibility profiling:

Integration with epigenomic data:



dynamic nature of metabolism, and the limited amounts of 
cellular material available for analysis.

Metabolic profiling: Single-cell metabolomics measures the 
metabolite content of individual cells, providing insights into 
cellular metabolism and metabolic heterogeneity. 
Computational models are developed to analyze single-cell 
metabolomics data, identifying metabolic pathways and 
metabolic states of individual cells. Techniques like flux balance 
analysis and metabolic network reconstruction are used to 
explore the metabolic landscape and its regulation in single 
cells.

Integration with multi-omics data: Integrating single-cell 
metabolomics data with other omics datasets, such as 
transcriptomics and proteomics, enhances our understanding of 
the interplay between different molecular layers in regulating 
cellular functions. Computational approaches like multi-omics 
data fusion and systems biology modelling are employed to 
integrate these datasets, providing a complete view of cellular 
metabolism and its regulation.

Computational approaches are indispensable for the 
development and analysis of single-cell based models in biology. 
These models provide deep insights into cellular heterogeneity, 
regulatory mechanisms, and dynamic processes at the single-cell 
level. As single-cell technologies continue to advance, 
computational models will play an increasingly important role 
in interpreting complex biological data, driving discoveries, and 
advancing our understanding of life at the single-cell level. The 
integration of multi-omics data, spatial information, and 
advanced machine learning techniques will further enhance our 
ability to model and understand the complex molecular 
mechanisms underlying cellular functions and disease states.
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pathways involved in cellular processes. These models provide 
insights into the molecular mechanisms driving cellular 
functions and disease states.

Single-cell spatial transcriptomics models

Single-Cell spatial Transcriptomics (SCT) has emerged as a 
potential  tool  to  investigate  gene expression patterns within the 
context of tissue architecture.

Spatial gene expression mapping: Spatial transcriptomics 
technologies capture gene expression data while preserving the 
spatial context of cells within tissues. Computational models are 
developed to analyze spatial transcriptomics data, reconstructing 
spatial maps of gene expression and identifying spatial patterns 
of cellular organization. Techniques like spatially-resolved 
clustering and spatial correlation analysis help researchers 
understand the spatial relationships between different cell types 
and how they contribute to tissue architecture.

Integration with imaging data: Integrating spatial 
transcriptomics data with imaging data, such as histological 
images or fluorescence microscopy, provides a more 
comprehensive view of tissue organization and function. 
Computational approaches like image segmentation and image-
based transcriptomics are used to align gene expression data with 
tissue images, enabling the visualization of molecular and 
morphological features in a spatial context.

Single-cell metabolomics models

Single-cell metabolomics, similar to single-cell transcriptomics, 
aims to analyze the metabolic profiles of individual cells. This 
field is challenging due to the small size of metabolites, the 
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