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Abstract With the rapid development of single-cell omics technology, its application in the field of developmental biology is
becoming increasingly widespread. This article reviews the key role of single-cell omics techniques in research from model
organisms to human developmental biology, revealing the importance of cell heterogeneity, dynamic monitoring of gene expression
and epigenetic modifications, and constructing cross species developmental biology models. At the same time, the conservatism and
diversity of single-cell omics technology in understanding human development, as well as its application in disease mechanism
exploration, drug screening, and treatment strategy development, were also discussed. However, this technology still faces technical
challenges such as sample preparation, data quality, and analysis complexity, as well as ethical challenges in the use and storage of
human samples. This study aims to provide new perspectives and tools for the field of developmental biology, promote a deeper
understanding of life processes, and provide strong support for future medical research and treatment.
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Developmental biology, as an important branch of biology, is dedicated to exploring the developmental process of
organisms from single celled fertilized eggs to complex multicellular individuals. This process involves complex
mechanisms of cell differentiation, tissue formation, organ construction, and ultimately individual formation. In
recent years, with the rapid development of science and technology, especially the rise of single-cell omics
technology, significant progress has been made in understanding the basic issues of developmental biology
(Griffiths et al., 2018).

Single cell omics techniques, including single-cell transcriptomics, single-cell epigenetics, and single-cell
proteomics, have brought revolutionary changes to developmental biology research (Griffiths et al., 2018). These
technologies can analyze key information such as gene expression, epigenetic modifications, and protein
expression of individual cells during development with unprecedented precision, thereby revealing heterogeneity
between cells, cell fate determination, and intercellular interactions, distinguishing different types of cells and
their gene expression patterns at different developmental stages. This helps to understand how cells work together
to build complex tissues and organs.

From the research of model organisms such as mice, zebrafish, fruit flies, etc., single-cell omics technology has
brought many breakthrough discoveries to the field of developmental biology (Irion and Niisslein Volhard, 2022).
These model organisms have advantages such as relatively simple developmental processes, short life cycles, and
fast reproductive rates, making them ideal choices for studying fundamental issues in developmental biology. By
conducting in-depth research on these model organisms, not only can we better understand the fundamental issues
of developmental biology, but we can also provide important references and insights for human developmental
biology research.

However, the ultimate goal of developmental biology research is to reveal the mysteries of human development.
The application of single-cell omics technology in human developmental biology research is of great significance.
By analyzing single-cell omics data during human embryonic development, tissue differentiation, and organ

formation, we can gain a deeper understanding of the molecular mechanisms and regulatory networks of human
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development (Peng et al., 2018), providing new ideas and methods for the prevention and treatment of
developmental diseases. This study aims to review the application of single-cell omics technology in
developmental biology, from model organisms to humans, and analyze the development of single-cell omics
technology and its potential applications in developmental biology, in order to comprehensively and
systematically demonstrate the achievements and prospects of single-cell omics application in developmental
biology.

1 Application of Single-cell Omics in Model Organisms

1.1 Application in simple eukaryotic yeast

Yeast, as a simple but representative eukaryotic organism, has always received widespread attention in biological
research. In recent years, with the rapid development of single-cell omics technology, yeast has become an ideal
model organism for studying these technologies. Single cell omics technology provides unprecedented
opportunities for yeast research, enabling scientists to gain a deeper understanding of gene expression, protein
interactions, and metabolic processes within individual yeast cells.

In single-cell transcriptomics, the cell cycle and metabolic pathways of yeast have been extensively studied.
Single cell RNA sequencing (scRNA seq) technology can accurately measure the gene expression patterns of
individual yeast cells under different growth conditions and cell cycle stages. This helps to understand how yeast
cells adapt to different environmental pressures and regulate their life activities.

In terms of single-cell proteomics, yeast also provides rich research cases. Single cell mass spectrometry
technology can be used to identify the types and quantities of proteins within a single yeast cell (Bartolec et al.,
2019), as well as their interactions. This helps to reveal the signaling pathways and regulatory networks within
yeast cells. In addition, the genome of yeast is relatively small and easy to operate, and gene editing techniques
such as CRISPR-Cas9 can be used to precisely knock out or insert specific genes (Figure 1), in order to study the
role of these genes in yeast cell growth, metabolism, and differentiation.
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Figure 1 CRISPR/Cas9 tool for yeast library creation (Liao et al., 2022)
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Single cell omics has the potential to revolutionize the complexity of yeast biology and its applications in
biotechnology and systems biology. To understand the genetic and functional diversity within yeast populations,
single-cell methods provide a more detailed and detailed perspective. Efremova and Teichmann (2020) studied
computational methods for analyzing and integrating single-cell omics data in different ways, opening up new
avenues for reconstructing gene regulation and signaling networks that drive cell identity and function. This is
crucial for accurately understanding the genotype and phenotype heterogeneity within the yeast population.

Kaster and Sobol (2020) found that single-cell omics expands the understanding of microbial diversity and
metabolic potential by providing information from individual organisms and the structure and dynamics of natural
microbial communities in complex environments. This includes the current lack of representative deep lineage
populations, highlighting their importance in microbiology and biotechnology research, particularly in relation to

yeast research.
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Li et al. (2011) found that advances in "omics" technologies, including genomics, transcriptomics, proteomics,
and metabolomics, have been applied to construct engineered strains of brewing yeast (Saccharomyces cerevisiae).
This demonstrates the practical application of single-cell omics in improving strain characteristics in
bioengineering processes, such as bioethanol production and brewing processes.

1.2 Application of the multicellular model organism in the beautiful C. elegans nematode

Caenorhabditis elegans, abbreviated as C. elegans, is a multicellular model organism that occupies an important
position in biological research. Its relatively simple nervous system and short lifespan make it an ideal choice for
studying fields such as developmental biology, neurobiology, and cell biology (Figure 2). In recent years, with the
rapid development of single-cell omics technology, Caenorhabditis elegans has played an increasingly important
role in single-cell omics research.
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Figure 2 Lateral anatomy of Caenorhabditis elegans (Corsi et al., 2015)
Note: A: hermaphroditic; B: male

The nervous system of Caenorhabditis elegans is relatively simple, consisting of only 302 neurons, which allows
researchers to describe in detail the connectivity of each neuron. The use of single-cell omics techniques,
particularly single-cell transcriptomics and single-cell proteomics, can reveal the functions and regulatory
mechanisms of individual neurons in life processes. Li et al. (2020) found that single-cell RNA sequencing
technology can analyze the gene expression patterns of different neurons at different developmental stages or
under different environmental conditions, thereby gaining a deeper understanding of neural cell differentiation,
development, and function.

Ma et al. (2017) found that the life cycle of Caenorhabditis elegans is very short, taking only about 3 days from
fertilized eggs to adults. Moreover, its developmental process is highly conservative, and almost every individual
can undergo similar developmental processes in the same time and space. In addition, Caenorhabditis elegans also
has the characteristic of easy gene editing and genetic manipulation. This makes the Caenorhabditis elegans an
important model organism for studying developmental biology. By utilizing single-cell omics techniques, it is
possible to accurately track the gene expression, protein expression, and metabolic changes of individual cells
during development, thereby revealing the molecular mechanisms and signaling networks involved in
developmental regulation.

As a multicellular model organism, the nervous system and developmental process of the Caenorhabditis elegans
are important models for studying developmental biology. Through single-cell omics technology, gene expression
and protein interactions of individual neurons during development can be tracked. For example, using single-cell
RNA sequencing technology, researchers have found that the gene expression patterns of different neurons in C.
elegans exhibit spatiotemporal specificity during the developmental process from larval to adult stages. These
genes are closely related to processes such as neuronal differentiation, synaptic formation, and function (Masoudi
et al., 2021). In addition, single-cell proteomics techniques can also reveal the interactions and signaling pathways
between neurons.

1.3 Application of vertebrate model organisms in zebrafish
Zebrafish, as a vertebrate model organism, has been widely used in fields such as developmental biology,
toxicology, disease modeling, and drug screening. In recent years, with the rise of single-cell omics technology,
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the application prospects of zebrafish have further expanded, especially in understanding the complexity of life
processes and fine regulatory mechanisms.

The fertilization and embryonic development process of zebrafish is an ideal model for studying fertilization and
early embryonic development. Its developmental cycle is short, and embryonic development can be observed only
a few hours after fertilization (Figure 3). Using single-cell omics techniques, especially single-cell transcriptomics,
can accurately track gene expression changes at various stages from fertilized eggs to blastocysts, gastrulae, etc.,
thereby revealing the molecular mechanisms of fertilization process and the regulatory network of early embryo
formation.
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Figure 3 The life cycle of zebrafish (Costa and Shepherd, 2009)

The organ development process of zebrafish is also an important research direction in the field of developmental
biology. Through genetic modification and single-cell omics analysis, the effects of different genes on organ
development can be observed. For example, in pancreatic development, the Pdx1 gene is an essential gene for
stabilizing pancreatic islet cells (Wang et al., 2018). By using single-cell RNA sequencing technology, the
expression patterns of Pdx1 gene at different developmental stages can be analyzed, thereby gaining a deeper
understanding of its impact on the number and function of pancreatic islet cells.

The nervous system development of zebrafish is very similar to other model organisms in vertebrates, but its
growth rate is fast and it is still relatively simple in the early stages of nervous system development. This makes
zebrafish an ideal choice for studying the mechanisms of neural development. By using single-cell omics
techniques, the distribution sequence of neurons, the morphology and movement status of nerve cells, and the
spontaneous activity of neurons can be studied, thereby revealing the precise process of neural system
construction. The zebrafish experiment has the characteristics of fast and efficient in vitro experiments, as well as
good correlation and high predictability in mammalian experiments, making it a unique advantage in drug
screening and toxicology research.

Undoubtedly, zebrafish, as a model organism, has important value in single-cell omics research, providing
scientists with in-depth understanding of biological systems and offering new strategies and methods for drug
discovery and disease treatment.

Wagner et al. (2018) sequenced the transcriptome of over 90000 cells during zebrafish development, revealing the
differentiation patterns of cells during axial patterning, embryonic layer formation, and early organ formation.
These data and methods pave the way for comprehensive reconstruction of transcriptional trajectories during
development.
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Farrell et al. (2018) identified transcription trajectories in the data by generating single-cell transcriptomes of
38731 cells during early zebrafish embryogenesis using two complementary methods. These findings
reconstructed the gene expression trajectory during embryonic development in vertebrates and highlighted the
limitations and plasticity of cell type normalization.

Barriuso et al. (2015) used zebrafish as an animal model for human diseases, providing a platform for selecting
personalized treatment options during drug discovery. Together with zebrafish transgenic tumor models, they
represent an alternative tool for drug development. The transparency of zebrafish embryos and the recently
developed colorless zebrafish provide valuable capabilities for researchers to directly observe cancer formation
and progression in live vertebrate hosts.

2 The Application of Single-cell Omics in Human Development Research

2.1 Early human embryonic development

Early human embryonic development is a complex and intricate process that involves precise expression of
numerous genes, protein interactions, and epigenetic modifications. Single cell omics techniques, especially
single-cell transcriptomics and single-cell epigenetics, provide powerful tools for in-depth research on early
human embryonic development.

Single cell transcriptomics technology can reveal the spatiotemporal specificity of gene expression in early human
embryonic cells. Through single-cell RNA sequencing, researchers can accurately measure gene expression levels
in individual cells and compare differences between different developmental stages or cell types. This helps to
discover key genes and regulatory networks related to early embryonic development, further understanding the
molecular mechanisms of human embryo formation.

Single cell epigenetic techniques can reveal epigenetic modification patterns in early human embryonic cells.
Epigenetic modifications, such as DNA methylation, histone modifications, and non coding RNA, play important
roles in embryonic development (Bednarczyk et al., 2021). Through single-cell epigenetic analysis, researchers
can identify specific epigenetic markers in different cell types or developmental stages, thereby gaining a deeper
understanding of the mechanisms of epigenetic regulation in embryonic development.

Single cell omics technology can also be combined with other high-throughput techniques, such as single-cell
ATAC seq (for detecting chromatin accessibility) and single-cell chromatin conformation capture technology (for
studying chromatin spatial structure), to comprehensively analyze key information such as gene expression,
epigenetic modifications, and chromatin structure in early human embryonic cells. The application of these
technologies will help reveal the complexity and fine regulatory mechanisms of early human embryonic
development.

The use of single-cell genomics, transcriptomics, epigenomics, and proteomics, as well as these technologies, can
help scientists gain a deeper understanding of cellular heterogeneity, developmental dynamics, and intercellular
communication networks in early human development.

Efremova and Teichmann (2020) used computational methods to analyze and integrate different types of omics
data from individual cells (such as genome, epigenome, transcriptome, and proteome data), which is crucial for
understanding complex biological systems at the individual cellular level. By integrating multimodal data, these
methods provide new avenues for high-resolution analysis of cell phenotype, developmental dynamics, and
communication networks, which is crucial for understanding cell heterogeneity in multiple tissues and conditions.

Assou et al. (2011) Dynamic changes in gene expression during early human embryonic development: By
analyzing gene expression in human eggs, embryos, and human embryonic stem cells (hESCs), different gene sets
related to pluripotency, pluripotency, and reprogramming attributes were revealed. These analyses provide tools
for understanding the molecular mechanisms and signaling pathways that control early embryonic development,
and further discuss the clinical relevance of using non-invasive molecular methods for embryo selection.
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2.2 Human organ development and regenerative medicine

With the rapid development of single-cell omics technology, its application in human organ development and
regenerative medicine is becoming increasingly widespread. Single cell omics technology can deeply study the
molecular mechanisms at the cellular level, providing powerful tools for understanding the fine processes of organ
development and the potential applications of regenerative medicine.

In terms of organ development, single-cell omics technology can reveal the diversity of cell types, intercellular
interactions, and spatiotemporal changes in gene expression at different developmental stages. Li et al. (2016)
systematically analyzed the molecular mechanism of growth plate development using single-cell RNA sequencing
technology for the first time, providing new insights into unknown molecular cascade reactions. Researchers can
identify key genes and signaling pathways related to organ development, thereby gaining a deeper understanding
of the molecular mechanisms of organ formation. The results of this study enhance the understanding of bone
growth and development regulation, and have potential implications for the treatment of bone diseases and the
application of regenerative medicine. In addition, single-cell omics technology can also combine
three-dimensional cell culture and organ chip technology to simulate the in vivo environment and further explore
the complex process of organ development.

Single cell omics technology plays a crucial role in understanding the complexity of human organ development
and revealing new strategies in regenerative medicine, providing powerful tools for future biomedical research
and treatment methods. In the field of regenerative medicine, single-cell omics technology helps to discover
potential regenerative mechanisms and cell types. Karthaus et al. (2020) found that stem cells or progenitor cells
with regenerative ability can be identified through single-cell analysis, and their mechanisms of action in the
regeneration process can be further understood. Single cell omics technology can also reveal the interactions and
signaling networks between cells, providing important clues for the development of effective regenerative therapy
methods.

It is worth noting that single-cell omics technology can also be combined with cutting-edge technologies such as
gene editing and cell therapy, providing new therapeutic strategies for regenerative medicine. Silva et al. (2021)
found that through gene editing techniques such as CRISPR-Cas9, researchers can precisely modify genes within
cells to promote tissue regeneration and repair. Meanwhile, by combining cell therapy and tissue engineering
techniques, modified cells can be applied for the repair and regeneration of damaged tissues.

2.3 Neurological development and diseases

The nervous system is one of the most complex and intricate systems in the human body, and precise regulation of
its developmental process is crucial for the normal physiological functions of individuals. Meanwhile, abnormal
development of the nervous system is often closely related to the occurrence of various diseases. Single cell omics
techniques, especially single-cell transcriptomics and single-cell epigenetics, provide powerful tools for in-depth
research on the molecular mechanisms of neurological development and diseases.

In terms of neurological development, single-cell omics techniques can reveal the molecular mechanisms
underlying the differentiation, migration, and synaptic formation of neural cells at different developmental stages.
Through techniques such as single-cell RNA sequencing, researchers can accurately measure gene expression
levels in individual nerve cells and compare differences between different developmental stages or cell types. This
helps to discover key genes and regulatory networks related to neural cell differentiation, migration, and synaptic
formation, further understanding the fine processes of nervous system development. As Lake et al. (2016)
developed a mononuclear sequencing technique for cells from the Bodeman region of the human brain. Through
gene expression clustering, 16 subtypes of neurons were identified, which are consistent with the origin region
and exhibit regional variations in both excitatory and inhibitory neuronal subtypes, defining different cortical
regions.

In the field of neurological diseases, single-cell omics technology helps to reveal the molecular mechanisms and
pathological processes of disease occurrence. Castro et al. (2022) found that single-cell omics techniques can
36
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identify abnormal expression of disease-related genes and disrupted intercellular interactions in congenital brain
developmental abnormalities, neuronal migration disorders, and neural tube closure disorders. This helps to gain a
deeper understanding of the pathogenesis of diseases and provides important clues for early diagnosis and
treatment of diseases.

Single cell omics techniques can also be combined with other high-throughput techniques. Rocks et al. (2020)
discovered single-cell ATAC seq and single-cell chromatin conformation capture techniques to comprehensively
analyze key information such as gene expression, epigenetic modifications, and chromatin structure in
neurological diseases. The application of these technologies will help discover new therapeutic targets and
develop more effective treatment methods.

2.4 Cancer diagnosis and treatment

Single cell omics techniques, especially single-cell RNA sequencing (scRNA seq), have found widespread
applications in cancer diagnosis and treatment. These technologies can provide unprecedented insights, enabling
researchers to analyze the cellular and molecular mechanisms related to tumor occurrence, evolution, metastasis,
and immune response with higher resolution and accuracy. Peng et al. (2020) summarized the latest single-cell
multi omics technologies and discussed their potential applications in cancer biology, providing unprecedented
insights into decoding cellular and molecular mechanisms related to tumor generation, evolution, metastasis, and
immune response with higher resolution and accuracy. Strzelecka et al. (2018) focused on the use of single-cell
omics in cellular and animal disease models as well as human patient samples, emphasizing the potential of these
methods to further improve various pathological diagnoses and treatments, while discussing the advantages and
challenges of implementing these technologies in clinical practice.

Peng et al. (2020) explored single-cell multi omics and its potential applications in cancer biology. They believe
that single-cell multi omics technology is based on a combination of multiple single-cell single omics
technologies, which can simultaneously analyze RNA expression, single nucleotide polymorphism, epigenetic
modifications, or protein abundance, making it possible to gain a deeper understanding of gene expression
regulation mechanisms. The application prospects of these technologies in cancer biology are being explored.

Liu et al. (2021) investigated the application of single-cell omics in tumor immunology. The tumor
microenvironment (TME) is an ecosystem that includes multiple cell types such as cancer cells, immune cells, and
stromal cells. The use of single-cell technology systematically outlined the multi omics states in TME, providing
unprecedented resolution for the pathogenesis of cancer and abnormal tumor immune function.

Nath and Bild (2021) discussed the application of single-cell omics technology in cancer precision medicine. The
development of single-cell technology enables the tracking of tumor heterogeneity and its use to reveal the
biological processes of clone evolution, which is of great significance for the development of personalized
treatment strategies. The single-cell multi omics method has broken through the limitations of previous data
resolution and can provide a more detailed understanding of the evolutionary dynamics of tumor progression,
immune escape, metastasis, and treatment resistance.

3 Construction of Three Cross Species Comparison and Developmental Biology Models

3.1 Conservation and differences between model organisms and humans during development

Conservation refers to the core mechanisms and gene networks shared by different species during their
developmental process. Model organisms, such as mice, zebrafish, fruit flies, etc., are often used in developmental
biology research because they share high similarities in developmental mechanisms with humans. These model
organisms exhibit significant conservatism compared to humans in terms of cell differentiation, organ formation,
and signal transduction. Many genes and signaling pathways related to organogenesis and cell fate determination
are similar in both model organisms and humans.

Veraksa et al. (2000) studied developmental pattern genes and their conserved functions, emphasizing the
conserved functions of developmental pattern genes, such as the Hox gene system, which involves establishing
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cellular identity along the anterior posterior axis in all higher animals. It also covers the role of the Pax6 gene in
eye development and the role of Nkx2.5 protein in heart development, emphasizing their correlation with human
pathological conditions.

Irie and Kuratani (2011) compared transcriptome analysis to reveal the typical stages of vertebrate organogenesis.
Through quantitative comparative transcriptome analysis of several model vertebrate embryos, the pharyngeal
stage was shown to be the most conservative stage, indicating that gene expression profiles are most similar
between different species during the pharyngeal stage, which may reflect the source of vertebrate basic body plans.
These studies demonstrate the power of model organisms in revealing the genetic and molecular basis of shared
development across species, including humans. They emphasize the importance of evolutionary developmental
biology in understanding the diversity and commonalities of life forms, with profound impacts on human health
and disease.

Comparative genomics analysis of conservation studies to specific developmental stages emphasizes the
importance of identifying common developmental mechanisms among different organisms for understanding
human biology. Despite conservatism, there are also significant differences in the developmental processes
between different species. These differences can be attributed to the timing, intensity of gene expression, or
specificity of intercellular interactions. For example, certain genes may be expressed in specific species, while
they are not expressed or have different expression patterns in other species (Uebbing et al., 2016). In addition,
there may be differences in cell types, tissue structures, and organ functions among different species. These
differences make model organisms limited in human disease research, drug screening, and other areas.

Gerri et al. (2020) studied a comparative perspective on human embryogenesis, using low input methods to study
genetic and epigenetic mechanisms, as well as effective gene function assessment techniques, allowing us to
directly study human embryos. These advances have transformed research on early embryonic development in
non rodent species, providing a broader understanding of conservative and diverse mechanisms.

Workman et al. (2013) established neurodevelopmental sequence models in different mammalian species, which
described the relationship between the asynchronous variability of neurodevelopmental events and their basic
developmental relativity in 18 mammalian species (including humans, macaques, various rodent species, and six
marsupials), and provided an empirical basis for identifying comparable mature states among different animals.

These studies indicate that although there are significant differences in genomes between species, key genes and
molecular pathways during development are highly conserved in evolution. By studying these common
developmental mechanisms in different biological models, we can deepen our understanding of human biology
and reveal the genetic basis of some birth defects.

3.2 Feasibility of constructing a cross species developmental biology model using single-cell omics

Single cell omics techniques, especially single-cell transcriptomics and single-cell epigenetics, provide
unprecedented opportunities for the construction of cross species developmental biology models. These
technologies can reveal key information such as gene expression, epigenetic modifications, and intercellular
interactions of individual cells during development, providing a rich dataset for cross species comparisons.

Single cell omics techniques can capture the heterogeneity of individual cells and reveal the commonalities and
differences in cell types among different species. By comparing the gene expression patterns and epigenetic
modifications of the same cell type in different species, we can gain a deeper understanding of their conservatism
and differences during development.

Single cell omics technology can dynamically monitor changes in gene expression and intercellular interactions.
This helps to capture key events and regulatory mechanisms during the developmental process, and further reveals
the commonalities and differences in developmental processes among different species. In addition, single-cell
omics technology can also combine multiple omics data, such as proteomics, metabolomics, etc., to provide more

comprehensive information. Worheide et al. (2021) found that by integrating omics data at different levels, more
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accurate developmental biology models can be constructed, and a deeper understanding of the commonalities and
differences in developmental processes between different species can be gained.

Blencowe et al. (2019) discussed the challenges, opportunities, and progress in network modeling of single-cell
omics data. They identified unique challenges and opportunities in single-cell omics data modeling and provided
an overview of recently developed network modeling methods aimed at capturing dynamic networks, intracellular
networks, and intercellular interaction or communication networks.

Strzelecka et al. (2018) used single-cell omics to analyze human diseases in model systems and clinical settings,
focusing on the use of single-cell omics in cellular and animal disease models as well as human patient samples,
emphasizing the potential of these methods to further improve various pathological diagnoses and treatments.

These studies indicate that although building cross species developmental biology models faces challenges,
single-cell omics provides a unique opportunity to gain a deeper understanding of the complexity and dynamics of
biological systems. By integrating and analyzing single-cell data from different species, researchers can uncover
common and unique molecular mechanisms that control cell development and function.

3.3 Application of cross species developmental biology models in human diseases

Cross species developmental biology models play an important role in understanding the mechanisms of
occurrence and development of human diseases. These models not only help reveal conservatism and diversity in
human development, but also provide powerful tools for disease research.

Among them, the use of stem cell models, gene editing, and large-scale animal models is crucial in understanding
the mechanisms of human disease occurrence and developing new therapies. Sterneckert et al. (2014) studied the
use of stem cell models to study human diseases. Due to their self-renewal and differentiation abilities, stem cells
are highly suitable for generating disease models and obtaining a large number of cells needed for drug
development and transplantation therapy. Induced pluripotent stem cells (iPSCs) have been proven to be the most
practical for simulating human diseases, and combined with gene editing techniques, models of genetically
complex diseases can be generated.

Lin and Musunuru (2016) studied genomic engineering tools for constructing disease cell models, and
comparative genomics methods and multi species biology are valuable tools for genetic analysis. Cross species
connections, especially those between genes with human disease status mutations and their homologous genes in
model organisms, can be particularly powerful because gene function data and experimental methods in model
organisms can reveal the molecular mechanisms of diseases.

Rogers (2019) studied engineered large animal models to simulate human diseases. Although genetically
engineered mice are the most commonly used species and have made significant contributions to understanding
basic biology, disease mechanisms, and drug development, they often fail to accurately reproduce important
aspects of human diseases, thus limiting their practicality as translational research tools. Developing disease
models in species more similar to humans may provide a better environment for studying disease pathogenesis
and testing new treatment methods.

By comparing the gene expression and regulatory mechanisms during development between humans and other
species, scientists can discover key genes and signaling pathways associated with specific diseases. For example,
disease models constructed using model organisms such as mice or zebrafish can simulate the process of human
disease occurrence (Beck et al., 2021), thereby revealing the molecular mechanisms and pathophysiological
processes of diseases.

The cross species developmental biology model provides an important platform for drug screening and the
development of therapeutic strategies. By testing candidate drugs or treatment methods in these models, scientists
can evaluate their efficacy and safety, and predict their therapeutic effects in humans. This method accelerates the
drug development process and provides more options for clinical treatment.
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By comparing the differences and conservatism of different species during development, scientists can better
understand the differences between human individuals and provide guidance for personalized healthcare. For
example, using cross species developmental biology models, scientists can evaluate the manifestations and
developmental processes of specific diseases in different individuals (Vecchia et al., 2018), providing a basis for
personalized treatment.

Cross species developmental biology models also have important application value for rare and hereditary
diseases. By constructing corresponding disease models, scientists can delve deeper into the pathogenesis of these
diseases and provide targeted treatment strategies for patients. These models can also be used for the development
of cutting-edge technologies such as gene editing and cell therapy, providing new ideas and methods for disease
treatment.

4 Challenges and Prospects

In single-cell omics research, sample preparation is a crucial step that directly affects the quality of subsequent
data and analysis results (Galazzi et al., 2018). At present, sample preparation still faces some technical challenges,
such as cell acquisition, separation, labeling, and sequencing. How to efficiently and accurately obtain sufficient
cells for certain rare cell types or specific tissues is an urgent problem to be solved.

The quality of single-cell omics data is crucial for subsequent analysis and interpretation. However, due to
technical limitations and experimental conditions, there are often issues with noise, batch effects, and non-specific
signals in the data. How to improve data quality and reduce technical errors is a direction that needs continuous
efforts in the field of single-cell omics. Single cell omics data has extremely high dimensions and complexity
(Naz et al., 2019), making it a huge challenge to extract useful information from it and provide effective
explanations. Existing data analysis methods often struggle to cope with such complex data structures, requiring
the development of more advanced and efficient analysis tools and methods.

In single-cell omics research, human samples are typically required. This involves a series of ethical issues such as
privacy protection, informed consent, and data security. How to use and store human samples in a reasonable and
compliant manner, ensuring the rights of researchers and the security of data, is a problem that must be taken
seriously in research.

With the development of technology, integrating multiple omics information such as genomics, transcriptomics,
and epigenetics will become an important direction for the development of single-cell omics. By integrating
multiple omics data, scientists can gain a more comprehensive understanding of the state and behavior of cells
during development and disease processes, providing richer information for revealing the mysteries of life
activities.

The development of artificial intelligence and machine learning technology provides new opportunities for the
analysis of single-cell omics data. By applying these technologies, we can more efficiently and accurately process
and analyze large-scale single-cell omics data, extract useful information, and provide effective explanations. This
will effectively promote the development of single-cell omics and make greater contributions to the progress of
human health.
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