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1. Background and Scope of the Special Issue
The landscape of molecular research into genome-related diseases has evolved rapidly

in recent years, driven by advances in next-generation sequencing (NGS), multi-omics
integration, and computational approaches. Genetic heterogeneity, epigenetic regulation,
and gene–environment interactions are now recognized as central determinants of disease
onset, progression, and interindividual variability in clinical outcomes [1–8]. Despite these
advances, significant gaps remain in elucidating disease mechanisms and, critically, in
translating genomic insights into reliable diagnostic tools, prognostic markers, and effective
therapeutic strategies [9–12]. In parallel, ongoing efforts to refine genomic references
are reshaping our ability to capture genetic diversity and molecular complexity. These
include the development of the human pangenome and the emergence of spatiotemporal
omics frameworks, which enable the characterization of dynamic molecular states across
populations and tissues [13–15].

With this Special Issue, Molecular Progression in Genome-Related Diseases, we aimed to
provide an integrated overview of current research efforts that bridge molecular discovery
and clinical application across a wide spectrum of genome-driven disorders. The collected
articles reflect both original research and focused reviews that address key biological,
technological, and translational dimensions of genome-related diseases. The contributions
collectively reflect how genomic technologies are reshaping our understanding of disease
biology while also highlighting the challenges that must be addressed to move toward
precision medicine.

2. Multi-Omics Approaches and Molecular Architecture of Disease
Some contributions in this Special Issue emphasize the power of multi-omics analy-

ses in dissecting the molecular architecture of complex diseases. Several original articles
focusing on hematological malignancies demonstrate how integrated transcriptomic and
genomic profiling can uncover novel regulatory networks, mutational patterns, and disease-
specific signatures, offering refined tools for patient stratification and prognostic assessment.
These studies provide concrete examples of how multi-layered molecular data can improve
disease characterization at both biological and clinical levels. From a broader methodolog-
ical perspective, these advances align with the development of multi-omics integration
frameworks that leverage machine learning and deep generative models to enhance inter-
pretability and predictive power in disease classification [16]. Complementary reviews and
original articles further illustrate how advances in NGS workflows and data interpretation
are enabling more accurate molecular diagnoses, particularly in clinically heterogeneous
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conditions. Together, these works highlight the importance of harmonizing technological
innovation with robust analytical frameworks to ensure clinical reliability. Moreover, the
evolution of third-generation and long-read sequencing technologies continues to expand
the analytical repertoire for resolving complex genomic structures and variants relevant
to disease biology [17]. Recent large-scale multi-omics efforts further demonstrate how
integrated molecular profiling can redefine disease subtypes. By linking genomic, transcrip-
tomic, and metabolic layers with clinical phenotypes, these approaches enhance disease
stratification and prognostic accuracy, with clear translational implications [18].

3. Gene–Environment Interactions and Exposome-Driven Modulation
A second major theme emerging from this Special Issue concerns the interplay between

genomic susceptibility and environmental exposure. Contributions addressing epigenetic
regulation and exposome-related effects highlight how external factors can shape gene
expression programs and influence disease risk from early development through adulthood.
Emerging work in translational exposomics underscores the importance of incorporating
life-course exposures to better understand how environmental factors and genomic back-
ground jointly determine disease trajectories. At the same time, these studies emphasize
persistent methodological challenges, particularly in data integration, standardization,
and harmonization across heterogeneous datasets [19]. Whole-genome sequencing stud-
ies using model organisms further contribute mechanistic insights into environmentally
induced mutational signatures relevant to human cancer development. These findings
reinforce the concept that genome-related diseases cannot be fully understood without
considering environmental context and regulatory plasticity. Importantly, contemporary
toxicogenomics perspectives underscore how environmental factors influence fundamental
processes such as cytochrome P450-mediated metabolism and genomic instability, bridging
chemical exposures and disease susceptibility [20].

4. Neurodevelopmental and Neurodegenerative Disorders
Neurogenomic research represents another central pillar of this Special Issue. Con-

tributions focusing on neurodevelopmental and epileptic encephalopathies underscore
the clinical impact of whole-exome sequencing as a first-line diagnostic tool, enabling
precise genotype–phenotype correlations and the identification of novel disease entities,
including newly described SNAREopathies. In parallel, reviews addressing neurodegen-
erative disorders such as Alzheimer’s disease explore the contribution of both common
and rare genetic variants, as well as epigenetic mechanisms, to disease progression and
therapeutic vulnerability. These insights resonate with current syntheses of multi-omics
and genomic strategies in precision medicine, emphasizing the translation of molecular
signatures into neurologic care pathways [21]. Collectively, these studies exemplify the
translational potential of neurogenomics, where early and accurate molecular diagnosis
can substantially influence clinical management.

5. Translational Genomics and Emerging Therapeutic Strategies
Beyond diagnosis, several contributions highlight the growing translational dimension

of genomic medicine. Articles addressing inherited disorders and cancer-related pathways
illustrate how genomic insights are informing emerging therapeutic strategies, including
allele-specific targeting, early-stage gene therapies, and personalized intervention models.
Parallel developments in pharmacogenomics underscore the value of identifying genetic
determinants of drug response to improve safety and efficacy, particularly in oncology
and precision therapeutics [16,22]. Research on somatic mosaicism and genotype-driven
treatment decisions further emphasizes the need for precise molecular characterization to
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guide therapeutic development. Collectively, these studies reflect a shift from descriptive
genomics toward clinically actionable molecular medicine. At the same time, significant
translational hurdles remain, including barriers to broad clinical implementation of phar-
macogenomic testing and the integration of genomic biomarkers into real-world treatment
pathways [23].

6. Outlook and Future Directions
The articles gathered in this Special Issue underscore the necessity of integrative

genomic research to fully capture the complexity of genome-related diseases. Looking
ahead, several key directions emerge. First, the integration of single-cell technologies with
bulk genomic data promises to resolve cellular heterogeneity and dynamic regulatory
processes underlying disease progression. Second, continued efforts toward standard-
ization of variant interpretation and data sharing will be essential to translate molecular
findings into consistent clinical practice. Finally, as gene-targeted and genome-editing
therapies continue to advance, ethical, regulatory, and long-term safety considerations
must be addressed alongside technological development. Advances in AI-driven omics
integration and large-scale data harmonization are likely to further accelerate discovery and
translational pipelines. However, these developments must be accompanied by equitable
frameworks for access, implementation, and clinical adoption [16]. Recent computational
multi-omics studies illustrate how integrative modeling of genomic, epigenomic, and
transcriptomic data can uncover dynamic regulatory programs underlying complex bi-
ological states and disease progression, highlighting the growing role of systems-level
approaches in genomic medicine [24]. In this context, coordinated international efforts,
shared infrastructures, and interdisciplinary collaboration will be critical to ensure that
genomic innovation translates into sustainable clinical benefit.

We are honored to present this collection of contributions, which collectively reflect
the diversity, depth, and translational relevance of contemporary research in genome-
related diseases. We sincerely thank all the authors, reviewers, and editorial staff for their
invaluable contributions and commitment. We hope that this Special Issue will stimulate
further research, foster interdisciplinary collaboration, and support the continued evolution
of genomic medicine toward more precise and effective healthcare solutions.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Vashisht, V.; Vashisht, A.; Mondal, A.K.; Woodall, J.; Kolhe, R. From Genomic Exploration to Personalized Treatment: Next-

Generation Sequencing in Oncology. Curr. Issues Mol. Biol. 2024, 46, 12527–12549. [CrossRef] [PubMed]
2. Zafar, S.; Hafeez, A.; Shah, H.; Mutiullah, I.; Ali, A.; Khan, K.; Figueroa-González, G.; Reyes-Hernández, O.D.; Quintas-Granados,

L.I.; Peña-Corona, S.I.; et al. Emerging Biomarkers for Early Cancer Detection and Diagnosis: Challenges, Innovations, and
Clinical Perspectives. Eur. J. Med. Res. 2025, 30, 760. [CrossRef] [PubMed]

3. Tieng, F.Y.F.; Lee, L.-H.; Ab Mutalib, N.-S. Single-Cell RNA-Sequencing of Circulating Tumour Cells: A Practical Guide to
Workflow and Translational Applications. Cancer Metastasis Rev. 2025, 44, 75. [CrossRef] [PubMed]

4. Yao, W.; Hu, X.; Wang, X. Crossing Epigenetic Frontiers: The Intersection of Novel Histone Modifications and Diseases. Signal
Transduct. Target. Ther. 2024, 9, 232. [CrossRef] [PubMed]

5. Schobers, G.; Derks, R.; Den Ouden, A.; Swinkels, H.; Van Reeuwijk, J.; Bosgoed, E.; Lugtenberg, D.; Sun, S.M.; Corominas
Galbany, J.; Weiss, M.; et al. Genome Sequencing as a Generic Diagnostic Strategy for Rare Disease. Genome Med. 2024, 16, 32.
[CrossRef] [PubMed]

6. Stenton, S.L.; O’Leary, M.C.; Lemire, G.; VanNoy, G.E.; DiTroia, S.; Ganesh, V.S.; Groopman, E.; O’Heir, E.; Mangilog, B.;
Osei-Owusu, I.; et al. Critical Assessment of Variant Prioritization Methods for Rare Disease Diagnosis within the Rare Genomes
Project. Hum. Genom. 2024, 18, 44. [CrossRef]

7. Zech, M.; Winkelmann, J. Next-Generation Sequencing and Bioinformatics in Rare Movement Disorders. Nat. Rev. Neurol. 2024,
20, 114–126. [CrossRef] [PubMed]

https://doi.org/10.3390/ijms27031184

https://doi.org/10.3390/cimb46110744
https://www.ncbi.nlm.nih.gov/pubmed/39590338
https://doi.org/10.1186/s40001-025-03003-6
https://www.ncbi.nlm.nih.gov/pubmed/40826140
https://doi.org/10.1007/s10555-025-10293-z
https://www.ncbi.nlm.nih.gov/pubmed/41053409
https://doi.org/10.1038/s41392-024-01918-w
https://www.ncbi.nlm.nih.gov/pubmed/39278916
https://doi.org/10.1186/s13073-024-01301-y
https://www.ncbi.nlm.nih.gov/pubmed/38355605
https://doi.org/10.1186/s40246-024-00604-w
https://doi.org/10.1038/s41582-023-00909-9
https://www.ncbi.nlm.nih.gov/pubmed/38172289
https://doi.org/10.3390/ijms27031184


Int. J. Mol. Sci. 2026, 27, 1184 4 of 4

8. Lewis, R.G.; O’Shea, J.M.; Pizzo, L.; Wen, T.; Fulmer, M.L.; Zhao, J.; Verheijen, J.; Zhang, C.; Velinder, M.; Nicholas, T.J.; et al.
RNA Sequencing Provides Functional Insights and Diagnostic Resolution in Previously Unsolved Rare Disease Cases. BMC Med.
Genom. 2025, 18, 182. [CrossRef]

9. Brancato, D.; Treccarichi, S.; Bruno, F.; Coniglio, E.; Vinci, M.; Saccone, S.; Calì, F.; Federico, C. NGS Approaches in Clinical
Diagnostics: From Workflow to Disease-Specific Applications. Int. J. Mol. Sci. 2025, 26, 9597. [CrossRef] [PubMed]

10. Dugo, K.; Bruno, F.; Sturiale, V.; Brancato, D.; Saccone, S.; Federico, C. Hereditary Transthyretin-Related Amyloidosis: Genetic
Heterogeneity and Early Personalized Gene Therapy. Biomedicines 2022, 10, 2394. [CrossRef] [PubMed]

11. Maurya, S.S.; Maurya, S.; Chaturvedi, S.K. Role of Non-Coding RNAs in Acute Myeloid Leukemia. Non-Coding RNA 2025, 11, 70.
[CrossRef] [PubMed]

12. Grafanaki, K.; Antonatos, C.; Maniatis, A.; Petropoulou, A.; Vryzaki, E.; Vasilopoulos, Y.; Georgiou, S.; Gregoriou, S. Intrinsic
Effects of Exposome in Atopic Dermatitis: Genomics, Epigenomics and Regulatory Layers. J. Clin. Med. 2023, 12, 4000. [CrossRef]

13. Liao, W.-W.; Asri, M.; Ebler, J.; Doerr, D.; Haukness, M.; Hickey, G.; Lu, S.; Lucas, J.K.; Monlong, J.; Abel, H.J.; et al. A Draft
Human Pangenome Reference. Nature 2023, 617, 312–324. [CrossRef]

14. Moffitt, J.R.; Lundberg, E.; Heyn, H. The Emerging Landscape of Spatial Profiling Technologies. Nat. Rev. Genet. 2022, 23, 741–759.
[CrossRef] [PubMed]

15. Lee, S.; Kim, G.; Lee, J.; Lee, A.C.; Kwon, S. Mapping Cancer Biology in Space: Applications and Perspectives on Spatial Omics
for Oncology. Mol. Cancer 2024, 23, 26. [CrossRef] [PubMed]

16. Nam, Y.; Kim, J.; Jung, S.-H.; Woerner, J.; Suh, E.H.; Lee, D.; Shivakumar, M.; Lee, M.E.; Kim, D. Harnessing Artificial Intelligence
in Multimodal Omics Data Integration: Paving the Path for the Next Frontier in Precision Medicine. Annu. Rev. Biomed. Data Sci.
2024, 7, 225–250. [CrossRef] [PubMed]

17. Fischer, D.S.; Villanueva, M.A.; Winter, P.S.; Shalek, A.K. Adapting Systems Biology to Address the Complexity of Human Disease
in the Single-Cell Era. Nat. Rev. Genet. 2025, 26, 514–531. [CrossRef] [PubMed]

18. Halama, A.; Zaghlool, S.; Thareja, G.; Kader, S.; Al Muftah, W.; Mook-Kanamori, M.; Sarwath, H.; Mohamoud, Y.A.; Stephan, N.;
Ameling, S.; et al. A Roadmap to the Molecular Human Linking Multiomics with Population Traits and Diabetes Subtypes. Nat.
Commun. 2024, 15, 7111. [CrossRef] [PubMed]

19. Sarigiannis, D.; Karakitsios, S.; Anesti, O.; Stem, A.; Valvi, D.; Sumner, S.C.J.; Chatzi, L.; Snyder, M.P.; Thompson, D.C.; Vasiliou,
V. Advancing Translational Exposomics: Bridging Genome, Exposome and Personalized Medicine. Hum. Genom. 2025, 19, 48.
[CrossRef] [PubMed]

20. Ali, H.; Hanna, M.M.; Alziny, N.; Mahmoud, S.; Borham, A.; Mustafa, A.; Abdelnaser, A. The Impact of the Exposome on
Cytochrome P450-Mediated Drug Metabolism. Front. Pharmacol. 2025, 16, 1639646. [CrossRef] [PubMed]

21. Mani, S.; Lalani, S.R.; Pammi, M. Genomics and Multiomics in the Age of Precision Medicine. Pediatr. Res. 2025, 97, 1399–1410.
[CrossRef] [PubMed]

22. He, Z.; Fu, X.; Xu, Z.; Alshargi, O.; Rodríguez-Labrada, R.; Zhong, X.-B. Editorial: Pharmacogenomics for Improving Drug Safety
and Efficacy in Cancer. Front. Pharmacol. 2025, 16, 1649258. [CrossRef] [PubMed]

23. Méndez-Vidal, C.; Bravo-Gil, N.; Pérez-Florido, J.; Marcos-Luque, I.; Fernández, R.M.; Fernández-Rueda, J.L.; González-del Pozo,
M.; Martín-Sánchez, M.; Fernández-Suárez, E.; Mena, M.; et al. A Genomic Strategy for Precision Medicine in Rare Diseases:
Integrating Customized Algorithms into Clinical Practice. J. Transl. Med. 2025, 23, 86. [CrossRef]

24. Li, S.; Agudelo Garcia, P.A.; Aliferis, C.; Becich, M.J.; Calyeca, J.; Cosgrove, B.D.; Elisseeff, J.; Farzad, N.; Fertig, E.J.; Glass, C.; et al.
Advancing Biological Understanding of Cellular Senescence with Computational Multiomics. Nat. Genet. 2025, 57, 2381–2394.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms27031184

https://doi.org/10.1186/s12920-025-02227-z
https://doi.org/10.3390/ijms26199597
https://www.ncbi.nlm.nih.gov/pubmed/41096862
https://doi.org/10.3390/biomedicines10102394
https://www.ncbi.nlm.nih.gov/pubmed/36289657
https://doi.org/10.3390/ncrna11050070
https://www.ncbi.nlm.nih.gov/pubmed/40981387
https://doi.org/10.3390/jcm12124000
https://doi.org/10.1038/s41586-023-05896-x
https://doi.org/10.1038/s41576-022-00515-3
https://www.ncbi.nlm.nih.gov/pubmed/35859028
https://doi.org/10.1186/s12943-024-01941-z
https://www.ncbi.nlm.nih.gov/pubmed/38291400
https://doi.org/10.1146/annurev-biodatasci-102523-103801
https://www.ncbi.nlm.nih.gov/pubmed/38768397
https://doi.org/10.1038/s41576-025-00821-6
https://www.ncbi.nlm.nih.gov/pubmed/40065155
https://doi.org/10.1038/s41467-024-51134-x
https://www.ncbi.nlm.nih.gov/pubmed/39160153
https://doi.org/10.1186/s40246-025-00761-6
https://www.ncbi.nlm.nih.gov/pubmed/40307849
https://doi.org/10.3389/fphar.2025.1639646
https://www.ncbi.nlm.nih.gov/pubmed/41158125
https://doi.org/10.1038/s41390-025-04021-0
https://www.ncbi.nlm.nih.gov/pubmed/40185865
https://doi.org/10.3389/fphar.2025.1649258
https://www.ncbi.nlm.nih.gov/pubmed/40667512
https://doi.org/10.1186/s12967-025-06069-2
https://doi.org/10.1038/s41588-025-02314-y
https://doi.org/10.3390/ijms27031184

	Background and Scope of the Special Issue 
	Multi-Omics Approaches and Molecular Architecture of Disease 
	Gene–Environment Interactions and Exposome-Driven Modulation 
	Neurodevelopmental and Neurodegenerative Disorders 
	Translational Genomics and Emerging Therapeutic Strategies 
	Outlook and Future Directions 
	References

