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Abstract

The fruit fly Drosophila melanogaster has long served as a model organism for studying genetic and developmental 
processes. The Drosophila eye, with its well-characterized structure and genetic tractability, is a prime system for 
exploring the principles of differentiation, cell type specification, and neurogenesis. Recent advances in single-cell 
RNA sequencing (scRNA-seq) technology have revolutionized our ability to study gene expression at the individual 
cell level, offering unprecedented insights into cellular heterogeneity within complex tissues. This review highlights 
the application of scRNA-seq to the adult Drosophila eye, emphasizing its role in delineating the transcriptomic 
landscape of its diverse cell types. By profiling individual cells, researchers have identified novel marker genes 
for all major cell types in the eye, providing a detailed cellular atlas and uncovering previously unknown cellular 
subtypes. The review also discusses the broader implications of these methodologies for developmental biology, 
the importance of functional validation of identified markers, and the potential of integrating scRNA-seq data 
with other omics approaches. Overall, single-cell genomics of the Drosophila eye sets a new standard for cellular 
resolution, offering valuable insights into the complexities of gene regulation and cellular diversity, with significant 
implications for understanding development and disease.
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Understanding the principles underlying 
development, differentiation, and pattern formation 
is central to developmental biology. For over a 
century, the fruit fly Drosophila melanogaster has been 
an exemplary model for uncovering the genetic basis 
of development and disease[1-5]. Drosophila organs 
and tissues are extensively utilized to investigate 
the genes, pathways, and signaling mechanisms 
involved in development and disease. The Drosophila 
eye, in particular, has served as a robust system 
for exploring differentiation, planar cell polarity, 

cell type specification, cell death, survival, and 
neurogenesis[1].

The adult Drosophila eye comprises approximately 
800 light-sensing units called ommatidia, each 
containing eight photoreceptor neurons and several 
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accessory cells. The ease of genetic manipulation in 
the laboratory, availability of numerous genetic tools, 
and high conservation with human genes make the 
Drosophila eye an excellent model for studying gene 
function and genes involved in neurodegenerative 
diseases. The Drosophila eye has been instrumental 
in screening genes within unidentified disease 
networks.

Previous studies have extensively characterized 
the developmental processes and genetic pathways 
involved in eye formation[6]. However, the precise 
molecular identity and functional heterogeneity of 
the various cell types within the mature adult eye 
have remained less well-defined. Data generated 
from pooled cell populations, such as bulk RNA-seq 
technologies, lose cell type information and provide 
an average gene expression measurement across all 
cells in the sample. This masks differences between 
individual cells in a given population and often 
overlooks rare subpopulations or unknown cell types 
that could be drivers of disease or development. 
Thus, single-cell approaches are necessary for 
studying tissues, particularly important model 
systems like Drosophila organs and tissues.

The Advent of Single Cell RNA Sequencing

The advent of single-cell RNA sequencing (scRNA-
seq) technology has revolutionized our ability to 
delineate the transcriptomic landscape of individual 
cells within any tissue. This technology offers a 
detailed understanding of cell type-specific gene 
expression patterns and uncovers previously 
unknown cellular subtypes. scRNA-seq is a 
powerful tool for dissecting cellular heterogeneity 
in complex tissues[7, 8]. The adult Drosophila eye, a 
well-established model for studying development 
and neurogenetics, presents a unique opportunity 
to apply scRNA-seq to uncover the cellular diversity 
and molecular signatures of its constituent cells[6, 9].

Advances in Dissociation Methods and High-
Resolution Data Generation

Recent single-cell studies on the adult Drosophila 
eye have utilized the 10X Genomics platform. For 
instance, one study generated a single-cell nuclei 
sequence resource for the entire adult Drosophila 
fly, including the eye[10]. However, the eye data 

showed that the transcriptomes of neuronal and 
non-neuronal cells were mixed, confounding the 
results. Moreover, this data was based on single 
nuclei, potentially missing transcripts present in 
whole cells. Therefore, the resolution of data from 
adult nuclei was insufficient to provide a detailed 
cellular landscape of the adult eye. This limitation 
was expected, given the challenge of generating live 
single cells from the adult Drosophila eye, where cells 
are tightly held together in a crystalline lattice.

In contrast, the study by Yeung et al. (2022)[11], 
titled “Single cell RNA sequencing of the adult 
Drosophila eye reveals distinct clusters and novel 
marker genes for all major cell types,” significantly 
advanced dissociation methods and generated data 
from whole cells from the adult Drosophila eye. 
This study profiled cells from all cell types in the 
adult eye, representing a significant advancement 
in understanding the cellular composition and 
molecular signatures of the adult Drosophila eye. 
The research leveraged the power of scRNA-seq to 
provide a comprehensive and high-resolution map 
of gene expression profiles of individual cells in the 
adult eye, offering new insights into the complexity 
of this essential organ.

Innovative Use of scRNA-seq in Detailing 
Cellular Landscape

The application of scRNA-seq to the adult Drosophila 
eye is both innovative and impactful. This technique 
allows for the dissection of gene expression at an 
unprecedented resolution, revealing distinct cellular 
clusters that traditional bulk RNA sequencing 
methods might overlook[12]. Previous studies on 
Drosophila pigmentation patterns have highlighted 
the importance of understanding gene regulation at 
a detailed and single-cell level, which this research 
achieves in the eye through scRNA-seq[13,14].

Identification of Novel Marker Genes

One of the standout achievements in recent research 
is the identification of novel marker genes for all 
major cell types in the Drosophila eye, which was not 
possible in previous studies due to lower resolution 
in profiling single cells. These novel markers are 
invaluable for distinguishing between different cell 
types and understanding their unique functions 
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and developmental pathways[15]. For example, the 
gene CG2082 is specifically expressed in R8 neurons. 
While little is known about the function of this gene 
in R8 neurons, its discovery opens new avenues for 
neuronal research.

Comprehensive Cellular Atlas

This research also provides a detailed cellular atlas 
of the Drosophila eye, highlighting the diversity and 
complexity of cell types present. This comprehensive 
map is a crucial resource for researchers studying 
eye development, function, and disease. Similar 
comprehensive approaches have been applied to other 
Drosophila tissues, such as the larval eye, providing 
insights into photoreceptor development[16,17]. 
Integrating the adult eye data with larval eye data 
will provide insights into differentiation and pattern 
formation during development.

Broad Implications for Developmental Biology

Beyond the Drosophila eye, the methodologies 
and findings from single-cell RNA sequencing 
studies have broad implications for developmental 
biology. The approach can be adapted to other 
tissues and model organisms, facilitating a deeper 
understanding of cellular heterogeneity and gene 
regulation across different biological systems[18]. For 
instance, since the Drosophila eye has a cuticle, the 
single-cell dissociation technique can be utilized to 
isolate single cells from other tissues with a hardened 
cuticle. This adaptability is evident in the use of 
scRNA-seq to study developmental timelines and 
novel markers in the Drosophila larval eye[16,17,19].

Limitations and Future Directions

Functional Validation of Marker Genes and 
Comparative Analyses

While the identification of novel marker genes is a 
significant contribution, further functional validation 
of these markers would strengthen the findings. 
Sometimes a gene may be expressed but may not have 
any function. Understanding the roles these genes 
play in cell function and development would provide 
deeper insights into their biological significance. 
Functional studies could draw on techniques such 
as RNA in situ hybridization to validate gene 
expression patterns, as demonstrated in previous 

work on Drosophila species[20,21]. Additionally, well-
established genomic tools in Drosophila such as 
CRISPR, the FRT-FLP system, and the UAS-GAL4 
system can be used to mutate or misexpress genes 
in any tissue and at any developmental stage. Using 
these methods, the function of these genes can be 
elucidated.

Further, a comparative analysis with scRNA-seq 
data from other model organisms or different 
developmental stages of the Drosophila eye could 
offer additional context and enhance the study’s 
impact. Such comparisons could reveal conserved 
and divergent gene expression patterns, contributing 
to a broader understanding of eye development 
and evolution[22]. Comparative studies have already 
proven valuable in understanding gene regulation 
in the context of phylogeny and systematics[23].

Integration with Other Omics Data

Integrating the scRNA-seq data with other omics 
approaches, such as proteomics or epigenomics, 
could provide a more holistic view of the molecular 
mechanisms governing cell identity and function 
in the Drosophila eye. This multi-omics approach 
would enrich the findings and potentially uncover 
new regulatory networks[24]. For instance, integrative 
analyses have identified cell type-specific targets of 
the transcription factor Pointed in the Drosophila eye, 
highlighting the utility of such approaches[19].

Conclusion

In summary, scRNA-seq studies on the Drosophila eye 
represent a landmark in genomics. The application 
of single-cell RNA sequencing to the Drosophila eye 
not only showcases the versatility of this technology 
but also sets a new standard for cellular resolution 
in complex tissues. The meticulous identification of 
novel marker genes is particularly impressive, as it 
opens up new avenues for research and potential 
therapeutic targets. The broader implications of 
this research are particularly exciting. The ability to 
adapt these methodologies to other model organisms 
and tissues holds great promise for advancing 
our understanding of cellular diversity and gene 
regulation across various biological systems. The 
potential for future research building on these 
findings is immense and could lead to significant 
breakthroughs in developmental biology and 
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beyond. Overall, single-cell RNA-seq research is a 
testament to the power of innovation and meticulous 
research in unraveling the complexities of life at the 
cellular level. It not only contributes valuable insights 
to the scientific community but also inspires further 
exploration and discovery in the field of genomics.
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