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Abstract

The pursuit of extending human healthspan and lifespan has become a central focus in modern
biomedical research. Aging is a complex, multifactorial process influenced by genetics, epigenetics,
environmental factors, and stochastic molecular events. Traditional approaches, relying on
observational studies or single-omic analyses, have provided limited mechanistic insights into the
determinants of longevity. Recent advances in multi-omics, genome editing, and artificial intelligence
(AI) now offer a transformative framework for predictive and personalized longevity research [1]. In
particular, the integration of Al-driven computational modeling, CRISPR-based genome engineering,
and comprehensive multi-omic datasets holds the promise of elucidating key molecular drivers of
aging and informing targeted interventions.
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Introduction

Multi-omic technologies, including genomics, transcriptomics, proteomics, metabolomics, and
epigenomics, provide a high-resolution view of cellular and organismal states across the lifespan. By
capturing the dynamic interplay between genes, regulatory networks, metabolic pathways, and
environmental influences, multi-omics enables the identification of biomarkers and molecular
signatures associated with longevity. However, the scale and complexity of multi-omic data pose
significant challenges for traditional statistical methods. This is where Al and machine learning (ML)
approaches can make a substantial impact. Algorithms capable of handling high-dimensional data,
detecting complex non-linear relationships, and generating predictive models allow researchers to
identify critical nodes in aging networks, predict age-associated phenotypes, and prioritize potential
therapeutic targets [2].

Discussion

Al-driven analysis of multi-omic data can uncover previously unrecognized patterns that
contribute to aging and longevity. For instance, machine learning can identify clusters of genes or
proteins whose expression changes consistently with biological age, highlight metabolic signatures
predictive of healthspan, and infer causal relationships within regulatory networks. Deep learning
models, particularly graph neural networks, can model the intricate interactions between
biomolecules, enabling in silico prediction of interventions that may modulate aging pathways [3].
Such predictive capabilities are essential for designing experimental strategies that are both efficient
and targeted, reducing the time and cost associated with traditional trial-and-error approaches.

CRISPR-Cas genome editing technologies complement Al-guided predictions by providing a
precise and scalable means to experimentally validate potential longevity targets. Genes identified
through Al-driven multi-omic analyses can be selectively activated, silenced, or modified using
CRISPR, enabling researchers to test their causal role in aging phenotypes. For example, CRISPR-
mediated modulation of senescence-associated genes, telomere maintenance pathways, or
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mitochondrial regulators can provide functional evidence for their contributions to lifespan and
healthspan [4]. Beyond single-gene editing, CRISPR-based screens can systematically perturb
networks of genes to identify synergistic effects on cellular longevity. These screens, when guided by
Al predictions, can dramatically increase the efficiency of discovering actionable interventions.

The integration of Al, CRISPR, and multi-omics is not only a powerful research strategy but also
a foundation for personalized longevity interventions. Individuals exhibit significant heterogeneity
in genetic background, epigenetic modifications, and environmental exposures, all of which influence
aging trajectories. By combining personal multi-omic profiles with Al-based predictive modeling, it
becomes possible to identify individualized targets for intervention. CRISPR can then be employed
to design precise, patient-specific modifications or to guide the development of personalized
therapeutics, such as gene therapies or targeted small molecules [5]. This convergence of
computational prediction, high-resolution molecular profiling, and genome editing represents a
paradigm shift toward precision geroscience.

Several practical considerations are critical for the successful integration of these approaches.
First, the quality and standardization of multi-omic data are essential; batch effects, missing data, and
technical variability can compromise Al model accuracy. Second, interpretability of Al predictions
remains a challenge, particularly with deep learning models, and must be addressed to translate
computational findings into actionable experimental designs. Third, ethical and safety considerations
in applying CRISPR-based interventions for longevity require careful evaluation, including off-target
effects, long-term consequences, and equitable access [6]. Finally, collaborative efforts across
computational biology, molecular biology, and clinical research are vital to harness the full potential
of this integrated approach.

Despite these challenges, early studies demonstrate the feasibility and promise of combining Al,
CRISPR, and multi-omics for aging research. For instance, AI models trained on transcriptomic and
epigenomic data have successfully predicted interventions that modulate senescence and extend
lifespan in model organisms. Similarly, CRISPR-based functional screens informed by network
analysis have identified novel regulators of cellular stress response, mitochondrial function, and
proteostasis, whereby they are all key determinants of longevity [7]. As these technologies continue
to mature, their integration is likely to accelerate the discovery of molecular interventions capable of
extending healthspan in humans.

Conclusion

In conclusion, predictive longevity research stands at the intersection of computational
modeling, genome editing, and multi-omic profiling. By integrating Al to analyze complex molecular
data, CRISPR to experimentally validate and manipulate targets [8,9], and multi-omics [10-12] to
capture the full biological context, researchers are poised to uncover the mechanistic underpinnings
of aging and design precise, personalized interventions. This convergence not only enhances our
understanding of the biology of aging but also provides a roadmap for translating discoveries into
actionable strategies for promoting healthspan and lifespan. The integration of Al, CRISPR, and
multi-omics thus represents a powerful, forward-looking approach in biomedicine that has the
potential to transform how we study, predict, and ultimately modulate human aging.

References

1. Lim, LW.K. (2024). Implementation of Artificial Intelligence in Aquaculture and Fisheries: Deep Learning,
Machine Vision, Big Data, Internet of Things, Robots and Beyond. Journal of Computational and Cognitive
Engineering, 3(2), 112-118.

2. Zhao, Q., Zhang, C., Zhang, W., Zhang, S., Liu, Q., & Guo, Y. (2025). Applications and challenges of
biomarker-based predictive models in proactive health management. Front Public Health, 13, 1633487.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0125.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 December 2025 d0i:10.20944/preprints202512.0125.v1

3 0of 3

3.  Aborade, AT, Emmanuel, O.A., Onifade, LA, ... Adesola, R.O. (2025). The role of machine learning in
discovering biomarkers and predicting treatment strategies for neurodegenerative diseases: A narrative
review. NeuroMarkers, 2(1), 100434.

4. Azani, A, Sharafi, M., Doachi, R,, ... Behfar, Q. (2025). Applications of CRISPR-Cas9 in mitigating cellular
senescence and age-related disease progression. Clin Exp Med., 25(1), 237.

5.  Srivastav, A.K,, Mishra, M., Lillard, J.W., & Singh, R. (2025). Transforming pharmacogenomics and
CRISPR gene editing with the power of artificial intelligence for precision medicine. Pharmaceutics, 17(5),
555.

6.  Saliev, T., & Singh, P.B. (2025). Age reprogramming: Innovations and ethical considerations for prolonged
longevity (Review). Biomed Rep., 22(6), 96.

7. Wu, L, Zhu, X, Liu, Y., ... Qi, L.S. (2025). Identification of replicative aging and inflammatory aging
signatures via whole-genome CRISPRi screens. Genom Biology, 26, 233.

8. Lim, LW.K. (2025a). CRISPR-Cas applications in insects: Food, medicine, pest control, disease resistance
and textile. Food Bioscience, 71, 107292.

9. Lim, LW.K. (2025b). CRISPR-Cas applications in extremophiles: Thermophiles, psychrophiles, halophiles,
acidophiles, alkaliphiles, piezophiles, xerophiles, radiophiles and metallophiles. Total Environment
Microbiology, 100029.

10. Lim LWK, Chung HH, Ishak SD, Waiho K (2021) Zebrafish (Danio rerio) ecotoxicological ABCB4, ABCC1
and ABCG2a gene promoters depict spatiotemporal xenobiotic multidrug resistance properties against
environmental pollutants. Gene Reports 23: 101110.

11. Lim, L.W.K. (2025c). Linking microbiome to cancer: A mini-review on contemporary advances. The
Microbe, 6, 100279.

12.  Lim, LW.K. (2025d). A micro review on the role of recently emerged artificial intelligence (AI) tools and
algorithms in microbiome-gut-brain-axis associated disease therapy via psychobiotics. Precision
Medication, 100039.

13. Lim, L.W.K. (2025e). Micro/nanoplastics and kidney - Letter to the editor. Nefrologia, 501407.

14. Lim, LW.K. (2025f). In silico analysis of multidrug-resistant proteins of Salmonella enterica. In Silico
Research in Biomedicine, 100110.

15. Lim, LW.K. (2025g). Spider silk applications: Dermatologic theranostics, cosmetics, aerospace, textile and
electronics. Journal of Dermatologic Science and Cosmetic Technology, 100123.

16. Lim, LW.K. (2025h). Implementation of artificial intelligence in food, laboratory, agricultural, medical and
environmental microbiology. Next Research, 101047.

17.  Lim, LWK. (2023). K-ras proto-oncogene (KRAS): Evolutionary dissection on the indispensable predictive
and prognostic cancer biomarker across 32 primates. Animal Gene, 30, 200158.

18. Lim LWK (2022a) Eco-Economically Indispensable Borneo-Endemic Flora and Fauna: Proboscis Monkey
(Nasalis larvatus), Malaysian Mahseer (Tor tambroides), Engkabang (Shorea macrophylla), Sarawak Rasbora
(Rasbora sarawakensis) and Sago Palm (Metroxylon sagu). International Journal of Zoology and Animal
Biology 5(3): 000381.

19. Lim, LW.K. (2022b). Comparative genomic analysis reveals the origin and global distribution of melon
necrotic virus isolates. Gene Reports, 29, 101685.

20. Lim, LWK. (2023). HRAS (Harvey rat sarcoma proto-oncogene), the prognostic cancer biomarker:
Phylogenetic and proteomic analyses across 32 primates. Retrieved from https://doi.org/10.21203/rs.3.rs-
2718084/v1

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.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0125.v1
http://creativecommons.org/licenses/by/4.0/

