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ABSTRACT 

The rapid development of genetic research techniques has provided new perspectives and tools for 
the study of myopia. This paper reviews several key genetic technologies, including genome 
sequencing, gene editing technologies, genetic association studies, and epigenetic technologies, 
and explores their applications in myopia research. Through genome sequencing, researchers can 
identify genetic variations associated with myopia; gene editing technologies offer powerful tools to 
explore gene functions and their impact on myopia; genetic association studies help reveal genes 
and genetic markers related to myopia; and epigenetic technologies provide insights into how 
environmental factors influence the genetic mechanisms underlying myopia. Despite significant 
achievements, current research faces challenges such as data complexity, ethical issues, and 
technical limitations. Future advancements in technology and research are expected to continue 
expanding the application of genetic techniques in myopia research, offering new strategies and 
methods for the prevention and treatment of myopia. 
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1. INTRODUCTION 

In recent years, the prevalence of myopia has significantly increased, becoming a major public health 

issue globally. Traditional research on myopia has primarily focused on environmental factors and 

lifestyle habits. However, with advancements in genetic technologies, researchers have begun to 

recognize the critical role of genetic factors in the development of myopia. The rapid progress in 

genetic techniques has provided new perspectives and tools for myopia research, greatly enhancing 

our understanding of the genetic mechanisms underlying the condition. The application of genome 

sequencing allows researchers to identify genetic variations associated with myopia, while gene 

editing technologies enable the exploration of these variations' functions. Genetic association studies 

further reveal genes and genetic markers related to myopia, and epigenetic technologies help 

understand how environmental factors affect the genetic basis of myopia through epigenetic 

mechanisms. Although these technologies have achieved significant results in myopia research, 

challenges such as data complexity, ethical concerns, and technical limitations remain. This paper 

aims to review the application of genetic technologies in myopia research, discuss their contributions 

to the field, and provide insights into future research directions. By analyzing these technologies 

comprehensively, we hope to offer new strategies and methods for the prevention and treatment of 

myopia and provide valuable references for related research fields [1]. 
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2. GENETIC BASICS 

2.1. Basic Principles of Genetics 

Genetics is the study of heredity and variation, exploring how organisms pass traits from one 

generation to the next. The basic principles of genetics include the mechanisms of genetic information 

transmission, the structure and function of genes, and the nature and impact of genetic variations. 

First, the transmission of genetic information is based on DNA (deoxyribonucleic acid), which serves 

as the carrier of genetic information. DNA is structured as a double helix, composed of two long 

strands of nucleotides wound around each other according to specific pairing rules (adenine with 

thymine, and cytosine with guanine). Each DNA molecule contains multiple genes, which are the 

basic units of hereditary traits. Genes encode proteins through transcription and translation processes, 

thereby expressing genetic information. Second, the structure and function of genes are central to 

genetics. Genes are located on chromosomes, which are complexes of long DNA strands and 

associated proteins in the cell nucleus. Genes control an organism's traits and functions by encoding 

specific proteins or RNA molecules. Mutations or alterations in genes can lead to variations, which 

may be naturally occurring or induced by external factors. The nature and impact of genetic variations 

are key focuses in genetics research. Variations can include single nucleotide changes (point 

mutations), insertions or deletions (indels), or large-scale structural changes (such as chromosomal 

rearrangements). These variations can affect gene function and, subsequently, an organism's 

phenotype. Genetic variations can be studied through Mendelian inheritance patterns and modern 

genetic technologies (such as genome-wide association studies and genome sequencing). The basic 

principles of genetics provide a theoretical foundation for understanding genetic phenomena and 

addressing genetic-related diseases. Mastery of these principles helps in understanding how genetic 

technologies can be applied to research on complex traits like myopia [2]. 

2.2. Genetic Basis of Myopia 

Myopia, or nearsightedness, is a common vision problem characterized by the inability to see distant 

objects clearly. While environmental factors such as prolonged near work and lack of outdoor activity 

significantly influence the development of myopia, genetic factors also play a crucial role in its 

pathogenesis. The genetic basis of myopia involves genetic variations, inheritance patterns, and 

genetic susceptibility. Firstly, genetic studies of myopia have identified several genes associated with 

the condition. These genes affect eye development, morphology, and refractive status. Through 

genome-wide association studies (GWAS), researchers have identified genetic variations related to 

eye axis length, corneal curvature, and axial length. These genetic variations influence eye growth 

and development, leading to the formation of myopia. Secondly, myopia typically exhibits a 

polygenic inheritance pattern, meaning that its development is not determined by a single gene but 

by the combined effects of multiple genes. The interactions of these genes, along with environmental 

factors, influence an individual's risk of developing myopia. Additionally, myopia can show familial 

aggregation, where individuals with a family history of myopia have an increased risk of developing 

the condition. Research indicates a significant familial clustering of myopia risk, further supporting 

the importance of genetic factors in its development. Furthermore, genetic susceptibility studies 

involve evaluating the genetic predisposition to myopia. Genetic susceptibility refers to an 

individual's genetic tendency to develop a particular condition. The genetic susceptibility to myopia 

can be assessed through genetic techniques such as genome sequencing, GWAS, and family studies. 

These studies help reveal genetic risk factors for myopia and provide potential intervention targets. 

Overall, the genetic basis of myopia includes identifying related genes, understanding inheritance 

patterns, and assessing genetic susceptibility. In-depth research into these genetic aspects can enhance 

our understanding of myopia's pathogenesis and offer new approaches for prevention and treatment 

[3]. 



 

96 

2.3. Development of Genetic Technologies 

The development of genetic technologies has demonstrated significant progress from early 

experiments to modern high-throughput analyses, providing powerful tools and methods for genetic 

research. The origins of genetics can be traced back to the late 19th and early 20th centuries, where 

classical genetics relied on Mendelian principles. Mendel's experiments with pea plants revealed 

fundamental laws of inheritance and introduced the concepts of dominant and recessive traits. During 

this period, scientists used genetic cross-experiments and pedigree studies to explore inheritance 

patterns, laying the foundation for genetics. In the mid-20th century, the discovery of DNA structure 

marked a new stage in molecular genetics. In 1953, James Watson and Francis Crick unveiled the 

double-helix structure of DNA, providing a molecular basis for understanding genetic information 

storage and transmission. Key technological advancements during this time included the discovery 

of restriction enzymes and the invention of polymerase chain reaction (PCR), making the replication 

and analysis of specific DNA fragments more efficient and precise. Core techniques in molecular 

genetics, such as gene cloning and DNA sequencing, enabled scientists to study gene structure and 

function in detail. Entering the 21st century, the rise of genomics and high-throughput technologies 

marked a major leap in genetic research [4]. The completion of the Human Genome Project revealed 

the complete sequence of the human genome and laid the groundwork for subsequent genomic 

research. Technological advancements during this period included genome-wide association studies 

(GWAS), next-generation sequencing (NGS), and single-cell genomics, enabling the identification 

of disease-related genetic variations across the entire genome and advancing our understanding of 

complex disease mechanisms. Recently, the emergence of gene-editing technologies, such as 

CRISPR-Cas9, has further propelled the development of genetic research. CRISPR-Cas9 allows 

scientists to make precise edits in the genome, altering specific gene sequences to explore their 

functions and develop potential therapeutic approaches. Additionally, the rise of precision medicine 

and personalized healthcare has enabled genetic technologies to provide tailored health management 

and treatment plans based on individual genomic information, marking a new era in genetics 

applications. Future developments in genetic technologies may continue to integrate advanced 

technologies, such as multi-omics data integration and artificial intelligence applications. These 

advancements will offer new perspectives on the complex interactions between genes and the 

environment and further drive innovation and applications in medicine, agriculture, and basic science. 

In summary, the development of genetic technologies has shown significant progress from classical 

experiments to modern high-throughput analyses, continually advancing genetic research and 

providing powerful tools for studying genetic diseases and complex traits. 

3. OVERVIEW OF GENETIC TECHNOLOGIES 

3.1. Genomic Sequencing Technology 

Genomic sequencing technology is one of the core tools in modern genetic research, enabling 

scientists to quickly and accurately determine the entire genome sequence of an organism. The 

breakthrough advancements in this technology have provided unprecedented details for genetic 

research, greatly advancing our understanding of gene functions, genetic variations, and their 

associations with diseases.The history of genomic sequencing technology dates back to the early 

1990s when the first human genome sequencing project, the Human Genome Project (HGP), was 

officially launched. The goal of the project was to map the complete sequence of the human genome 

and identify all genes. The completion of the Human Genome Project in 2003 marked a significant 

leap in genomic sequencing technology, allowing the scientific community to obtain comprehensive 

sequence information of the human genome and laying the foundation for subsequent genomics 

research. The fundamental principle of genomic sequencing technology involves reading DNA 

sequences and converting them into digital data [5]. The traditional Sanger sequencing technology, 
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known for its high accuracy and reliability, has gradually been replaced by high-throughput 

sequencing (Next-Generation Sequencing, NGS) technology due to its high cost and low throughput. 

NGS technology can read large amounts of DNA fragments in a single sequencing run and use 

efficient data processing algorithms to assemble these fragments into a complete genome sequence. 

The advent of NGS technology has significantly reduced sequencing costs and increased data output, 

making large-scale genomic sequencing possible.Currently, genomic sequencing technology is 

widely applied in various fields, including medical research, personalized medicine, and agricultural 

improvement. In medical research, sequencing patient genomes can identify genetic variations 

associated with diseases, providing a basis for early diagnosis and personalized treatment. In 

personalized medicine, genomic sequencing helps develop personalized treatment plans based on 

individual genome characteristics, improving treatment efficacy. In agriculture, genomic sequencing 

technology is used to improve crop varieties, enhancing yield and disease resistance. In summary, 

genomic sequencing technology provides detailed genome sequence information, opening new 

prospects for genetic research and applications. It not only enhances our understanding of gene 

functions and genetic variations but also provides important support for the development of 

personalized and precision medicine. With continuous technological advancements, genomic 

sequencing will play an increasingly important role in future scientific research and practical 

applications. 

3.2. Gene Editing Technologies 

Gene editing technologies, particularly CRISPR-Cas9, have revolutionized genetic research with 

their efficiency and precision. CRISPR-Cas9, derived from bacterial immune systems, utilizes 

CRISPR sequences and Cas proteins to target and cut specific DNA sequences. This technology 

adapts a bacterial defense mechanism into a powerful gene-editing tool.The CRISPR-Cas9 system 

operates by designing a guide RNA (gRNA) that matches the target DNA sequence, directing the 

Cas9 protein to this site. Cas9 creates a double-strand break in the DNA, which the cell then attempts 

to repair. By supplying predetermined DNA fragments during this repair process, researchers can 

introduce precise genetic modifications.Compared to traditional gene-editing methods, CRISPR-

Cas9 is more efficient, less complex, and cost-effective, making gene editing more accessible. Its 

applications span various fields. In basic research, CRISPR-Cas9 helps create gene mutants to explore 

gene functions and their effects [6]. In medicine, it offers potential therapies for single-gene disorders 

like cystic fibrosis and Duchenne muscular dystrophy, and it shows promise in cancer research by 

targeting specific genes to inhibit tumor growth. In agriculture, CRISPR-Cas9 is used to develop 

crops with enhanced disease resistance and drought tolerance, improving agricultural 

productivity.However, CRISPR-Cas9 faces challenges, including concerns about off-target effects 

that could cause unintended genetic changes. Ethical debates also surround its use in germline cells 

and embryos, raising questions about the impact on future generations. Despite these challenges, 

CRISPR-Cas9 continues to advance genetic research and applications, with ongoing improvements 

expected to enhance its role in genomics, medicine, and agriculture. 

3.3. Genetic Association Studies 

Genetic association studies identify genetic variations linked to specific diseases or traits by analyzing 

genomic data. These studies reveal potential genetic bases for conditions and are crucial in 

understanding complex diseases influenced by multiple genes and environmental factors. They are 

generally classified into two types: Genome-Wide Association Studies (GWAS) and Candidate Gene 

Association Studies. GWAS is a high-throughput method that examines millions of genetic markers, 

such as single nucleotide polymorphisms (SNPs), across the entire genome to find associations with 

diseases. This approach, which does not require prior knowledge of disease-related genes, has been 

instrumental in discovering genetic mechanisms behind complex diseases like diabetes, 

cardiovascular conditions, and cancer.In contrast, Candidate Gene Association Studies focus on 
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preselected genes or regions based on existing biological knowledge or prior research. This method 

narrows the scope of investigation to specific genes, providing a detailed understanding of their 

functions and validating findings from GWAS [7]. Data quality and sample size are critical for genetic 

association studies. GWAS, in particular, needs large sample sizes to ensure statistical significance 

and minimize false positives. Increasing sample sizes enhances the study’s power to detect genetic 

variations associated with diseases. Integrative analyses, such as combining multi-omics data, offer 

a more comprehensive view by accounting for genetic and environmental complexities.Recent 

advancements in sequencing technologies and computational methods have enriched genetic data and 

improved analysis precision. However, challenges persist, such as the complex interplay between 

multiple genes and environmental factors, which complicates accurate identification and validation. 

Combining genetic association studies with functional research is necessary to understand the 

biological mechanisms and clinical relevance of genetic variations.Overall, genetic association 

studies are vital for uncovering the genetic underpinnings of complex diseases and advancing 

personalized medicine, disease prevention, and treatment strategies. Ongoing technological 

improvements will continue to enhance their role in these areas. 

4. APPLICATIONS OF GENETIC TECHNOLOGIES IN MYOPIA 
RESEARCH 

The application of genetic technologies in myopia research has greatly enhanced our understanding 

and management of this complex vision issue. Techniques like genome sequencing, gene editing, and 

genetic association studies have enabled researchers to explore the genetic underpinnings of myopia 

and develop new diagnostic and therapeutic strategies.Genome sequencing has been pivotal in 

myopia research. This technology enables comprehensive analysis of an individual's genome, 

identifying genetic variations linked to myopia. Through genome-wide association studies (GWAS), 

key genes associated with myopia, such as MYOC, PAX6, RGS7, and COL1A1, have been identified. 

These discoveries provide insights into the genetic mechanisms behind myopia and suggest potential 

targets for personalized prevention and treatment.Gene editing technologies like CRISPR-Cas9 have 

also significantly advanced myopia research. By precisely modifying genetic variations associated 

with myopia, gene editing allows researchers to investigate the role of these genes in myopia 

development. Applying CRISPR to animal or cell models helps simulate the effects of genetic 

variations on eye development and refractive status. This approach not only clarifies the genetic 

mechanisms of myopia but also supports the development of new treatments, such as correcting 

myopia-related mutations.Genetic association studies have further contributed to identifying genetic 

variations linked to myopia. Large-scale analysis has revealed how specific genetic variations 

increase the risk of myopia by influencing eye development and function. For example, variations in 

the ARMS2 gene are associated with retinal nutrition and repair, providing new insights into myopia’s 

pathological mechanisms. These studies also facilitate early screening and personalized interventions, 

such as identifying high-risk individuals through genetic screening and implementing preventive 

measures.Overall, the use of genetic technologies in myopia research offers significant prospects. 

Genome sequencing uncovers genetic bases, gene editing explores gene functions, and genetic 

association studies identify risk genes. Combined, these technologies deepen our understanding of 

myopia, advance personalized treatment, and enhance prevention and management strategies. 

5. CHALLENGES AND OPPORTUNITIES IN MYOPIA GENETIC 
RESEARCH 

Although significant progress has been made in myopia genetic research, several challenges remain, 

along with new opportunities. The complexity of genetic mechanisms is a major challenge, as myopia 

is a polygenic condition involving multiple genes and their interactions with environmental factors. 
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Despite identifying several myopia-related genes, the collective influence of these genes on eye 

development and refractive status is not fully understood. The interplay between genetic and 

environmental factors, such as prolonged near work and insufficient outdoor activities, complicates 

the study of these mechanisms.Sample size and statistical significance also pose significant issues. 

Large sample sizes are essential for reliable and statistically significant results, but many myopia 

studies, especially those focusing on specific populations or rare variants, suffer from inadequate 

sample sizes. This limitation can result in false positives or negatives, affecting the accuracy of 

research findings.Interpreting genetic data presents another challenge. Genome sequencing produces 

vast and complex datasets that require advanced computational methods and bioinformatics tools for 

analysis. Extracting meaningful insights from these datasets, particularly when multiple genes are 

involved, is a complex task. Additionally, integrating genetic variations with biological mechanisms 

and clinical outcomes adds another layer of difficulty.The interaction between environmental and 

genetic factors further complicates myopia research. Myopia development is influenced by both 

genetic and environmental factors, such as educational stress and lifestyle. Quantifying these 

interactions and separating their effects on myopia presents a significant challenge.Despite these 

challenges, myopia genetic research offers promising opportunities. Technological advancements in 

genome sequencing, gene editing, and computational biology provide powerful tools for obtaining 

detailed genetic information and performing precise analyses. Integrating genomic, transcriptomic, 

and phenotypic data can lead to a more comprehensive understanding of myopia's genetic basis and 

its interactions with environmental factors, driving precision medicine.Personalized treatment is 

another opportunity. With a better understanding of genetic mechanisms, personalized prevention and 

treatment strategies could be developed. Advances in genetic research also open up possibilities for 

early screening and intervention, potentially slowing myopia progression and improving visual health. 

In summary, while challenges persist, advancements in technology and research methods offer 

significant opportunities for deeper insights into myopia's genetic mechanisms and improved 

management strategies[8]. 

6. CONCLUSION 

Genetic technologies play a crucial role in myopia research. Genome sequencing technology has 

revealed several genes associated with myopia, providing a foundation for understanding the genetic 

mechanisms underlying the condition. Gene editing technologies like CRISPR-Cas9 offer powerful 

tools for studying gene functions and their impact on myopia, while genetic association studies help 

identify key genetic variations and their contributions to disease risk. Despite challenges such as 

inadequate sample sizes and complex data interpretation, advancements in technology and large-scale 

data integration offer promising prospects for future research and treatment. Through continued 

technological innovation and research, there is potential to advance personalized treatment, enhance 

prevention and management strategies, and improve overall understanding of myopia. 
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