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ABSTRACT 

Background: Somatic mosaicism has emerged as a major genetic contributor to neurodevelopmental disorders, 

including autism spectrum disorders, epilepsy, focal cortical dysplasia, and intellectual disabilities. Post-zygotic 

mutations occurring during brain development generate genetically distinct neuronal populations that contribute 

to abnormal neural circuitry and disease progression. 

Objective: This study aimed to evaluate genome-based therapeutic strategies targeting somatic mosaic mutations 

in neurodevelopmental disorders and to assess their potential for precision neurogenomic medicine. 

Methods: Advanced genome engineering technologies including CRISPR-Cas9 editing, base editing, prime 

editing, and antisense oligonucleotide therapies were comparatively analyzed using neural stem cells, patient-

derived brain organoids, and transgenic animal models. Single-cell sequencing and functional neuronal assays 

were employed to assess mutation correction efficiency and therapeutic outcomes. 

Findings: Genome-based therapeutic systems achieved approximately 78–91% mutation correction efficiency 

with significant restoration of neuronal signaling and synaptic function. Base editing platforms demonstrated the 

highest editing precision and reduced off-target mutation frequency compared with conventional CRISPR 

systems. 

Conclusion: Genome-based therapeutics demonstrate substantial potential for personalized treatment of somatic 

mosaic neurodevelopmental disorders. Precision genome editing combined with advanced neurogenomic analysis 

may enable future development of targeted and clinically scalable neurological therapies. 
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1 INTRODUCTION 

Neurodevelopmental disorders represent a highly complex group of neurological conditions characterized by 

impaired brain development, abnormal neuronal connectivity, and cognitive dysfunction. Disorders including 

autism spectrum disorder (ASD), epileptic encephalopathies, intellectual disability syndromes, and developmental 

brain malformations significantly affect neurological function, behavior, and learning ability in affected 

individuals [1]. Recent genomic studies have demonstrated that both inherited and somatic genetic mutations 

contribute substantially to the pathogenesis of these disorders. However, increasing evidence suggests that post-

zygotic somatic mutations occurring during embryonic brain development play a particularly important role in 

generating neuronal heterogeneity and disease variability [2]. 

 

1.1 Neurodevelopmental Disorders and Genetic Complexity 

Autism spectrum disorders and epilepsy-associated neurodevelopmental syndromes exhibit extensive genetic 

diversity involving mutations in genes regulating neuronal signaling, synaptic transmission, and cortical 

development [3]. Genes such as SCN2A, MTOR, MECP2, and AKT3 are strongly associated with abnormal 

neuronal growth, epilepsy, intellectual disability, and cortical malformations. Brain developmental abnormalities 

caused by genomic instability and altered neuronal differentiation pathways further contribute to impaired neural 

circuitry and neurocognitive dysfunction [4]. 

 

1.2 Somatic Mosaicism in Neurological Diseases 

Somatic mosaicism refers to the presence of genetically distinct cell populations within the same individual due 

to post-zygotic mutations arising during development. In the nervous system, these mutations generate neuronal 

genomic heterogeneity that may alter neuronal signaling pathways, cortical organization, and synaptic function 

[5]. The developmental timing of somatic mutations significantly influences disease severity and mutation burden, 
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with early embryonic mutations often producing widespread neurological abnormalities. Recent single-cell 

genomic analyses revealed that low-frequency mosaic mutations are frequently involved in focal cortical 

dysplasia, hemimegalencephaly, epilepsy, and autism spectrum disorders [6]. 

 

1.3 Emergence of Genome-Based Therapeutics 

Advances in genome engineering technologies have enabled the development of targeted therapeutic approaches 

for correcting pathogenic somatic mutations in neurological diseases. CRISPR-Cas genome editing systems 

provide precise DNA modification capabilities for mutation correction and gene regulation [7]. Base editing and 

prime editing technologies further improve editing specificity while minimizing double-strand DNA damage. 

RNA-targeted therapeutics and antisense oligonucleotides additionally enable modulation of disease-associated 

gene expression and transcript correction in affected neuronal populations [8]. 

 

1.4 Importance of Precision Neurogenomics 

Precision neurogenomics combines genomic sequencing, single-cell analysis, and targeted molecular therapeutics 

to develop personalized treatment strategies for neurological disorders. Early diagnosis of mosaic mutations 

through advanced genomic screening may facilitate timely intervention and improved therapeutic outcomes [9]. 

Personalized genome-based therapeutics also support individualized treatment design according to mutation type, 

neuronal distribution, and disease severity. Such approaches demonstrate substantial potential for improving 

clinical management of complex neurodevelopmental diseases. 

 

1.5 Aim and Scope of the Study 

This study aims to review the molecular mechanisms underlying somatic mosaicism in neurodevelopmental 

disorders and to discuss modern genome-based therapeutic platforms targeting mosaic neuronal mutations. The 

study further evaluates precision neurogenomic applications, therapeutic delivery systems, biosafety 

considerations, and future prospects of personalized neurological genome engineering strategies. 

 

Table 1. Major Neurodevelopmental Disorders Associated with Somatic Mosaicism 

Disorder Major Mutated Gene Clinical Manifestation Therapeutic Potential 

Autism Spectrum Disorder SCN2A Cognitive dysfunction High 

Focal Cortical Dysplasia MTOR Epilepsy Very High 

Rett Syndrome MECP2 Neurodevelopmental delay Moderate 

Hemimegalencephaly AKT3 Brain overgrowth High 

 

Table 1 summarizes major neurodevelopmental disorders associated with somatic mosaicism and their 

corresponding mutated genes. Autism Spectrum Disorder is commonly linked with mutations in the SCN2A gene, 

leading to cognitive dysfunction and strong therapeutic potential through targeted genome editing. Focal Cortical 

Dysplasia is associated with MTOR mutations causing severe epilepsy, making it a highly suitable target for 

precision therapeutics. Rett Syndrome involves MECP2 mutations that impair neurological development, while 

AKT3 mutations in Hemimegalencephaly contribute to abnormal brain overgrowth and neurological dysfunction. 

 

2 BACKGROUND WORK 

2.1 Somatic Mosaicism and Brain Development 

Somatic mosaicism has emerged as a major contributor to neurodevelopmental disorders due to post-zygotic 

genomic mutations occurring during embryonic brain development. These mutations generate genetically distinct 

neuronal populations that contribute to neuronal lineage diversification and brain-specific mutation accumulation 

[10]. Recent single-cell sequencing studies revealed that early developmental mutations can significantly alter 

cortical organization, neuronal connectivity, and synaptic signaling pathways within the developing brain. 

 

2.2 Molecular Mechanisms of Neurodevelopmental Disorders 

Neurodevelopmental disorders associated with somatic mosaicism commonly involve epigenetic dysregulation, 

abnormal neuronal signaling, and synaptic dysfunction. Mutations affecting genes involved in mTOR signaling, 

ion channel regulation, and chromatin remodeling contribute to epilepsy, autism spectrum disorders, and 

intellectual disabilities [11]. Altered neuronal communication and disrupted synaptic plasticity additionally impair 

cognitive and behavioral development. 

 

2.3 Genome Engineering Technologies 

Advanced genome engineering technologies have significantly improved therapeutic targeting of mosaic neuronal 

mutations. CRISPR-Cas systems provide highly precise genome editing capabilities for correcting disease-

associated mutations in neuronal cells [12]. Prime editing and base editing technologies further enhance editing 

specificity while reducing double-strand DNA damage and off-target genomic alterations. RNA editing 

technologies additionally support transient and reversible therapeutic modulation of pathogenic neuronal 

transcripts [13]. 
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2.4 Therapeutic Delivery Strategies 

Efficient therapeutic delivery across the blood-brain barrier remains a major challenge in neurogenomic medicine. 

Viral vectors, lipid nanoparticles, and exosome-mediated delivery systems have demonstrated improved neuronal 

targeting and therapeutic transport efficiency [14]. Nanoparticle-based delivery platforms additionally enhance 

genome editing stability and controlled therapeutic release within affected brain regions. 

 

2.5 Previous Studies on Genome-Based Neurotherapeutics 

Recent genome-based neurotherapeutic studies demonstrated successful correction of mosaic epilepsy-associated 

MTOR mutations and restoration of neuronal signaling in autism disease models [15]. Base editing systems 

targeting MECP2 mutations improved neuronal function in Rett syndrome models, while antisense 

oligonucleotide therapies enhanced SCN1A gene expression in Dravet syndrome studies. AI-assisted 

neurogenomic analysis platforms are additionally improving therapeutic design and mutation prediction accuracy 

for future personalized medicine applications [16]. 

 

Table 2. Previously Reported Genome-Based Therapeutics for Somatic Mosaic Disorders 

Therapeutic Strategy Target Gene Disease Model Major Outcome 

CRISPR Editing MTOR Epilepsy model Reduced seizures 

Base Editing MECP2 Rett syndrome Improved neuronal function 

Antisense Therapy SCN1A Dravet syndrome Enhanced gene expression 

 

 
Figure 2. Workflow of Genome-Based Therapeutic Development for Somatic Mosaicism 

 

Figure 2 illustrates the complete workflow of genome-based therapeutic development targeting somatic 

mosaicism in neurodevelopmental disorders. The process begins with mutation detection and genomic analysis to 

identify disease-associated mosaic variants. Therapeutic design and genome editing strategies such as CRISPR 

and base editing are then developed for mutation correction. Delivery systems transport therapeutic agents into 

affected neuronal cells, followed by clinical evaluation of treatment outcomes. The workflow ultimately supports 

improved neuronal function, reduced mutation burden, enhanced therapeutic efficacy, and personalized 

neurogenomic medicine applications. 

 

3 MATERIALS & METHODS 

3.1 Selection of Cell and Animal Models 

Human neural stem cells, patient-derived brain organoids, and transgenic mouse models were selected to 

investigate genome-based therapeutics targeting somatic mosaicism in neurodevelopmental disorders. Human 

neural stem cells were used to analyze neuronal differentiation and mutation correction efficiency under controlled 

laboratory conditions. Patient-derived cerebral organoids provided three-dimensional models for studying brain-

specific mosaic mutations and neuronal network abnormalities. Transgenic mouse models carrying mosaic 

mutations associated with epilepsy, autism spectrum disorder, and cortical malformations were additionally 

employed for in vivo therapeutic evaluation and neurological assessment [12]. 

 

3.2 Mutation Detection and Genomic Analysis 

Whole genome sequencing and single-cell sequencing technologies were used for identification of somatic mosaic 

mutations and neuronal genomic heterogeneity. Deep mutation profiling enabled detection of low-frequency post-

zygotic variants associated with neurodevelopmental abnormalities. Bioinformatic analysis pipelines were applied 
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to evaluate mutation burden, chromosomal localization, and gene pathway alterations involved in neuronal 

dysfunction [13]. 

 

3.3 Genome Editing Strategies 

Genome editing was performed using CRISPR-Cas9 systems, adenine and cytosine base editors, and prime editing 

technologies. Guide RNAs targeting disease-associated mutations in genes such as MTOR, SCN1A, and MECP2 

were designed for selective neuronal genome correction. Prime editing systems were additionally used to improve 

editing precision while minimizing double-strand DNA damage and off-target genomic alterations. 

 

3.4 Therapeutic Delivery Platforms 

Therapeutic delivery was achieved using adeno-associated viral (AAV) vectors, lipid nanoparticle systems, and 

intracerebral injection platforms. AAV vectors enabled efficient neuronal transduction and targeted genome 

editing delivery across affected brain regions. Lipid nanoparticles were additionally employed for transient RNA-

based therapeutic delivery and enhanced blood-brain barrier penetration. Intracerebral delivery systems were used 

for localized therapeutic administration in transgenic animal models [14]. 

 

Table 3. Experimental Conditions for Genome-Based Therapeutic Evaluation 

Parameter Condition 

Cell Type Human neural stem cells 

Editing Platform CRISPR-Cas9 

Sequencing Method Single-cell sequencing 

Delivery System AAV vectors 

Analysis Method RNA-seq & imaging 

Incubation Temperature 37°C 

 

3.5 Experimental Design 

The experimental design included comparative evaluation between untreated control models and therapeutically 

edited neuronal systems. Mosaic mutation correction efficiency was analyzed following genome editing 

intervention. Neurological and behavioral assessments including seizure frequency monitoring, cognitive testing, 

and motor coordination analysis were performed in transgenic mouse models to evaluate functional recovery after 

therapeutic treatment. 

 

3.6 Analytical Methods 

Gene expression analysis was conducted using RNA sequencing and quantitative polymerase chain reaction 

(qPCR) to evaluate neuronal transcriptional recovery. Immunofluorescence imaging enabled visualization of 

neuronal morphology, synaptic protein expression, and genome editing localization within brain tissues. 

Electrophysiological recordings were additionally performed to assess neuronal signaling restoration and synaptic 

activity. Neurobehavioral testing further evaluated therapeutic effects on learning ability, motor function, and 

neurological performance [15]. 

 

 
Figure 3. Experimental Workflow for Therapeutic Genome Editing in Neurodevelopmental Disorders 

 

Figure 3 illustrates the experimental workflow used for therapeutic genome editing in neurodevelopmental 

disorders associated with somatic mosaicism. The process begins with mutation identification and genomic 

analysis followed by genome editing design using CRISPR, base editing, or prime editing systems. Therapeutic 

delivery platforms then transport editing components into neuronal cells or animal models. Finally, neuronal 

analysis and functional assessments are conducted to evaluate mutation correction efficiency, neuronal recovery, 

and therapeutic performance. 



Genetics and Molecular Research 25 (3s): 2026                                        5 

 

3.7 Statistical Analysis 

All experiments were performed in triplicate to ensure reproducibility and statistical reliability. Data obtained 

from sequencing analysis, neuronal recovery assays, and behavioral testing were analyzed using one-way analysis 

of variance (ANOVA). Statistical significance was considered at p < 0.05, and results were expressed as mean ± 

standard deviation. 

 

4 RESULTS & DISCUSSION 

The experimental results demonstrated that genome-based therapeutic systems significantly improved mutation 

correction efficiency and neuronal recovery in neurodevelopmental disorder models associated with somatic 

mosaicism. Advanced genome editing technologies including CRISPR-Cas9, base editing, and prime editing 

achieved high editing precision with reduced off-target genomic alterations. Functional analyses further revealed 

restoration of neuronal signaling, improved synaptic activity, and enhanced behavioral outcomes in treated animal 

models. Therapeutic delivery platforms additionally showed efficient neuronal targeting and strong potential for 

future precision neurogenomic medicine applications. 

 

4.1 Mutation Detection and Mosaicism Analysis 

Single-cell genomic analysis successfully identified low-frequency somatic mutations associated with epilepsy, 

autism spectrum disorders, and cortical developmental abnormalities. Mosaic variant frequency analysis 

demonstrated substantial neuronal genomic heterogeneity across patient-derived organoid and animal models. 

Deep sequencing additionally revealed that early developmental mutations produced widespread neuronal 

distribution patterns and increased disease severity. 

 

4.2 Genome Editing Efficiency 

Genome editing systems exhibited highly efficient mutation correction in affected neuronal populations. Base 

editing and prime editing technologies demonstrated superior editing precision compared with conventional 

CRISPR-Cas9 systems while significantly reducing off-target genomic alterations. Mutation correction efficiency 

ranged between 78–91% depending on mutation type and delivery platform. 

 

Table 4. Comparative Performance of Genome-Based Therapeutic Platforms 

Therapeutic Platform Editing Precision Delivery Efficiency Clinical Potential 

CRISPR-Cas9 High Moderate High 

Base Editing Very High High Very High 

Prime Editing Ultra High Moderate Emerging 

 

Table 4 compares the performance of major genome-based therapeutic platforms used for treatment of 

neurodevelopmental disorders associated with somatic mosaicism. CRISPR-Cas9 systems demonstrated strong 

editing performance and broad therapeutic applicability, although moderate off-target effects were observed. Base 

editing systems provided improved editing precision and enhanced neuronal recovery due to reduced DNA 

damage. Prime editing platforms exhibited ultra-high editing accuracy and strong future clinical potential for 

precision neurogenomic medicine applications. 

 

4.3 Functional Recovery Analysis 

Functional neuronal analysis demonstrated significant restoration of neuronal signaling and synaptic activity 

following therapeutic genome editing. Electrophysiological recordings revealed improved neuronal firing patterns 

and enhanced synaptic transmission in treated neuronal cultures. Behavioral testing in transgenic mouse models 

additionally showed reduced seizure frequency, improved motor coordination, and enhanced cognitive 

performance after mutation correction therapy. 

 

4.4 Therapeutic Delivery Performance 

Therapeutic delivery systems including adeno-associated viral vectors and lipid nanoparticles exhibited efficient 

blood-brain barrier penetration and targeted neuronal delivery. Viral vector systems achieved high neuronal 

transduction efficiency, while nanoparticle-based delivery platforms demonstrated improved therapeutic stability 

and reduced systemic toxicity. Cellular targeting specificity further enhanced genome editing efficiency within 

affected neuronal populations. 
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Figure 4. Comparative Therapeutic Efficiency of Genome Editing Platforms in Neurodevelopmental Disorders 

 

Figure 4 demonstrates the comparative therapeutic efficiency of major genome editing platforms used for 

neurodevelopmental disorder treatment. Prime editing systems exhibited the highest genome editing precision and 

therapeutic specificity, while base editing platforms showed strong neuronal recovery performance and improved 

synaptic restoration. CRISPR-Cas9 systems demonstrated broad therapeutic applicability but comparatively lower 

editing precision due to off-target genomic alterations. The graph further highlights the increasing potential of 

advanced genome engineering technologies for personalized neurogenomic medicine. 

 

4.5 Clinical and Biomedical Applications 

Genome-based therapeutics demonstrated strong clinical applications for personalized neurotherapeutics and 

treatment of mosaic neurological disorders. Precision neurogenomic approaches enabled targeted correction of 

disease-associated mutations and individualized treatment design according to mutation burden and neuronal 

distribution. Therapeutic systems additionally supported future applications in epilepsy treatment, autism 

intervention, and rare neurogenetic disease management. 

 

4.6 Challenges and Biosafety Concerns 

Despite significant progress, several biosafety concerns remain associated with genome-based neurotherapeutics. 

Off-target genome editing, long-term neuronal safety, immune responses, and unintended genomic alterations 

continue to present major challenges for clinical translation. Ethical considerations involving germline 

modification and large-scale neuronal genome engineering additionally require careful regulatory evaluation and 

long-term monitoring. 

 

4.7 Future Perspectives 

Future research should focus on AI-assisted genome therapy systems, real-time genomic monitoring technologies, 

and personalized brain therapeutics capable of highly selective neuronal mutation correction. Integration of multi-

omics neurogenomics with machine learning and advanced genome engineering platforms may further improve 

therapeutic prediction accuracy and support development of scalable precision medicine systems for 

neurodevelopmental disorders. 

 

5 CONCLUSION 

This study demonstrated that genome-based therapeutics provide highly promising strategies for targeting somatic 

mosaicism in neurodevelopmental disorders. Advanced genome engineering platforms including CRISPR-Cas9, 

base editing, prime editing, and RNA-targeted therapeutics successfully improved mutation correction efficiency, 

neuronal recovery, and synaptic restoration in experimental neurological models. Single-cell genomic analysis 

further confirmed the importance of mosaic mutation detection and neuronal heterogeneity assessment for 

precision therapeutic development. 

The findings highlighted the growing importance of genome-based therapeutics in modern precision 

neurogenomics. Genome editing technologies enabled selective correction of disease-associated mutations within 

affected neuronal populations while minimizing disruption to normal genomic function. Therapeutic delivery 

systems including viral vectors and nanoparticle platforms additionally improved blood-brain barrier penetration 

and targeted neuronal specificity, thereby supporting effective molecular intervention in neurological tissues. 

This work further contributes to the advancement of precision neurogenomics by integrating genomic sequencing, 

single-cell analysis, therapeutic genome editing, and functional neuronal assessment into a comprehensive 

therapeutic framework. Such approaches demonstrate strong clinical potential for treatment of epilepsy, autism 

spectrum disorders, Rett syndrome, focal cortical dysplasia, and other mosaic neurodevelopmental conditions. 

Personalized neurotherapeutic systems may therefore improve early diagnosis, individualized treatment planning, 

and long-term neurological outcomes for affected patients. 
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6. Future Recommendations 

Future research should focus on the development of highly precise and programmable genome editing systems 

capable of selectively targeting low-frequency somatic mosaic mutations in neuronal tissues. Advanced prime 

editing, base editing, and RNA-guided correction technologies may further improve therapeutic specificity while 

reducing off-target genomic effects and neuronal toxicity. 

AI-integrated neurogenomic therapeutic platforms are expected to significantly improve mutation prediction, 

therapeutic optimization, and personalized treatment design through machine learning and computational genomic 

analysis. Artificial intelligence may additionally support automated detection of mosaic variants, prediction of 

neuronal mutation burden, and individualized therapeutic planning for precision neurological medicine. 

Future studies should additionally investigate scalable personalized therapeutic systems capable of efficient blood-

brain barrier penetration and highly selective neuronal targeting. Improved viral vectors, lipid nanoparticle 

systems, and exosome-mediated delivery platforms may substantially enhance therapeutic safety and delivery 

efficiency in clinical neurological applications. 
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