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DESCRIPTION
Chlamydomonas reinhardtii is a unicellular green alga widely used 
as a model organism in plant biology, genetics, and bioenergy 
research. Recent advances in single-cell RNA sequencing 
(scRNA-seq) and Assay for Transposase-Accessible Chromatin 
using sequencing (ATAC-seq) have revolutionized our 
understanding of the transcriptional and chromatin landscapes 
at the single-cell level. These technologies provides unknown 
insights into the cellular heterogeneity and regulatory 
mechanisms of C. reinhardtii, focus for novel discoveries in algal 
biology and biotechnology.

Single-cell RNA sequencing

Principle of single-cell RNA sequencing allows the profiling of 
gene expression in individual cells, providing a high-resolution 
view of cellular diversity and function. In scRNA-seq, individual 
cells are isolated, typically using microfluidic devices or droplet-
based systems. The RNA from each cell is then reverse 
transcribed into complementary DNA (cDNA), which is 
subsequently amplified and sequenced. This process generates 
comprehensive transcriptomic data for thousands of single cells, 
enabling the identification of distinct cell types and states.

Applications  of  single  cell-RNA  sequencing  in
research

Research involving Chlamydomonas reinhardtii, a unicellular green 
alga, range various fields due to its unique characteristics and 
potential applications.

Cellular heterogeneity: scRNA-seq reveals the transcriptional 
diversity within C. reinhardtii populations, identifying distinct 
subpopulations of cells with specific functional roles. For 
instance, scRNA-seq can distinguish between different 
developmental stages, stress responses, or metabolic states within 
a seemingly homogeneous culture.

Developmental biology: C. reinhardtii undergoes a complex life
cycle, including vegetative growth, gametogenesis, and zygote
formation. ScRNA-seq enables the dissection of gene expression
dynamics during these developmental transitions, providing
insights into the regulatory networks driving these processes.

Stress responses: Understanding how C. reinhardtii responds to
environmental stresses, such as nutrient deprivation, light
intensity changes, or oxidative stress, is potential for its
applications in biotechnology. ScRNA-seq can identify stress-
specific gene expression patterns and adaptive mechanisms at
the single-cell level, facilitating the development of stress-tolerant
strains.

Biotechnology applications: C. reinhardtii is a potential host for
biofuel production, recombinant protein expression, and
biosynthesis of valuable compounds. ScRNA-seq can optimize
metabolic pathways and enhance productivity by identifying the
key regulatory genes and pathways in individual cells.

ATAC-seq is a technique used to map open chromatin regions,
providing insights into the regulatory landscape of the genome.
In ATAC-seq, the transposase enzyme Tn5 inserts sequencing
adapters into accessible regions of the chromatin. These regions
are typically free of nucleosomes and are indicative of active
regulatory elements, such as promoters, enhancers, and
transcription factor binding sites. The tagged DNA fragments
are then amplified and sequenced, revealing the chromatin
accessibility landscape at high resolution.

Applications of ATAC sequencing in C. reinhardtii
research

ATAC sequencing is a powerful technique used to study
chromatin accessibility, which provides insights into the
regulatory regions of the genome that are actively involved in
gene expression.
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Chromatin dynamics: ATAC-seq provides a genome-wide map
of chromatin accessibility, highlighting active regulatory
elements in C. reinhardtii. This information is essential for
understanding how chromatin structure influences gene
expression and cellular functions.

Gene regulation: By combining ATAC-seq with scRNA-seq
data, researchers can connect chromatin accessibility to gene
expression patterns, revealing the regulatory networks
controlling key biological processes in C. reinhardtii. This
integrative approach allows the identification of cis-regulatory
elements and their associated transcription factors.

Stress and developmental responses: ATAC-seq can be used to
study how chromatin accessibility changes in response to
environmental stresses or during developmental transitions in
C. reinhardtii. This information reveals how the alga modulates
its regulatory landscape to adapt to different conditions.

Comparative genomics: Comparing the chromatin accessibility
landscapes of C. reinhardtii with other algal species or higher
plants can provide insights into the evolution of regulatory
mechanisms. This comparative approach can identify conserved
and species-specific regulatory elements, focus on the genetic
basis of adaptation and diversification.

Integrating scRNA-seq and ATAC-seq

The combination of scRNA-seq and ATAC-seq provides a
powerful toolkit for understanding the interplay between gene
regulation and chromatin dynamics in C. reinhardtii. By

simultaneously profiling the transcriptome and chromatin
accessibility in single cells, researchers can obtain a
comprehensive view of cellular states and regulatory
mechanisms.

Photoreceptor cells: C. reinhardtii contains specialized
photoreceptor cells that enable it to respond to light stimuli.
Integrating scRNA-seq and ATAC-seq can reveal how chromatin
accessibility changes in these cells in response to light,
identifying light-responsive regulatory elements and gene
expression programs.

Flagellar assembly: The assembly and function of flagella are
potential for C. reinhardtii motility. By mapping the chromatin
accessibility and gene expression profiles of cells during flagellar
assembly, researchers can identify key regulatory genes and
pathways involved in this process.

Metabolic engineering: For biofuel production, optimizing the
metabolic pathways in C. reinhardtii is essential. Integrative
approaches can spot the regulatory elements controlling lipid
biosynthesis genes, guiding the engineering of strains with
enhanced biofuel production capabilities

Single-cell RNA sequencing and ATAC sequencing are
transformative technologies that provide deep insights into the
transcriptional    and    regulatory    landscapes   of  C. reinhardtii.
By  revealing  cellular  heterogeneity,  developmental    dynamics
and  stress  responses   at  a  typical  resolution, these techniques
facilitates    for   novel   discoveries   and   applications   in  algal
biology and biotechnology.
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