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Abstract: The advent of Artificial Intelligence (Al) and Machine Learning (ML) has revolutionized the
field of biological sciences and the modern healthcare landscape by providing advanced tools to analyze
complex biological data, identifying diseases more accurately, forecasting health threats, and assisting in
personalized healthcare strategies. While traditional diagnostic methods rely on clinical skills, lab tests,
and medical imaging, Al systems can uncover patterns within vast amounts of data that might not be
apparent through conventional means. Examples of these technologies are used for medical image
analysis, genomic interpretation, discovery of biomarkers, prediction of disease risk, drug discovery, and
precision medicine. Deep learning has shown great promise in the field of radiological imaging,
pathological slides, retinal photographs, and other biomedical data analysis. In addition, the ability to
combine all three types of data, genomic, clinical and molecular, can assist researchers in learning about
the mechanisms of the disease and the creation of personalized treatment plans. While these benefits are
notable, there are also data privacy, algorithmic bias, interpretability, data quality, and clinical
validation issues to consider. This review explores the fundamentals, uses, advantages, disadvantages,
and future implications of the intersection of AI and ML in the life sciences, with a particular focus on
their ability to assist in precise diagnosis, early disease prediction and personalized medicine. It argues
that the successful implementation of these computational breakthroughs into clinical value requires
responsible implementation, stringent validation, collaborative multi-disciplinary effort, and human
oversight.
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I. INTRODUCTION

In the field of biological sciences, significant changes have taken place in molecular biology, genomics, biotechnology,
medical imaging and computational analysis. Biological research today produces vast amounts of data, such as DNA
sequence, gene-expression profiles, protein structure, medical images, laboratory measurements, and electronic health
records. These datasets can be complicated to analyze with traditional methods and be time consuming as well as
compute intensive.

Artificial Intelligence is the term used for the techniques of computation that are used to accomplish tasks that normally
require human-like reasoning, pattern recognition, or decision-making. One of Al's dominant branches, Machine
Learning has the power to identify patterns in data and make predictions or classifications based on those patterns.
Deep learning involves use of multilayered neural networks, which can be especially effective for complex data like
images, biological sequences and high-dimensional molecular data measurements.

The applications of AI and ML in the biological sciences include advancements in diagnostics, the identification of
patients with a higher risk of specific diseases, finding novel therapeutic targets, and treatment selection. For instance,
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Al algorithms can help analyze medical images, and machine-learning models can analyze genomic data to uncover
molecular features linked to specific diseases.

Computational predictions, however, are not necessarily a scientific or clinical proof. The reliability of their
information relies on quality and representativeness of data, model design and validation, and careful interpretation by
qualified professionals.

This paper aims to summarize the impact of Al and ML on the field of biology and medicine, especially in the domains

of disease diagnosis, disease prediction and precision medicine.

1.1 Objectives

To introduce the basic principles of Al and ML in life sciences.

To look at how they can be used in medicine, such as in diagnosing disease and imaging.
To investigate the concept of predictive modelling of disease risk and disease progression.
To explore the role of Al in precision medicine and genomics.

To recognize the technical, ethical and clinical issues involved in these technologies.

To share ideas about future research on the Responsible use of Al for healthcare purposes.

S

II. LITERATURE REVIEW
Miscellaneous deep convolutional neural networks (DCNNs) were used to classify skin lesions in clinical images with
a performance similar to that of dermatologists in the types of image-classification problems analyzed by Esteva et al.
(2017)1. They demonstrated the promise of deep learning for diagnostic support for images.
Rajkomar et al. (2019)* shared an overview of the application of deep learning on EHRs and the potential applications
of deep learning for clinical prediction tasks, such as predicting patient outcomes. They also noted the need to test these
systems in actual healthcare environments.
Topol (2019)* explored the promise of high-performance medical Al to enhance health care delivery and highlighted
the ongoing need for human skills, patient engagement, and ethical clinical integration.
Jumper et al. (2021)* presented AlphaFold2, a deep-learning system that was able to make very accurate predictions of
protein structure for many protein targets tested. The development is of significance to structural biology, protein-
function studies and searching for drug targets.
WHO (2021)° emphasized ethical principles, transparency, accountability, equity and human rights in AI for health
development and application.

III. RESEARCH METHODOLOGY
3.1 Research Design
In this paper, a narrative literature-review approach was used. It collates and distils published research and authoritative
advice on the use of Al and ML in biological sciences, focusing on disease diagnosis, prediction and precision
medicine.

! Esteva, A., Kuprel, B., Novoa, R. A., et al. (2017). Dermatologist-level classification of skin cancer with deep neural

networks. Nature, 542, 115—118. https://doi.org/10.1038/nature21056

% Rajkomar, A., Dean, J., & Kohane, I. (2019). Machine learning in medicine. New England Journal of Medicine, 380,

1347-1358. https://doi.org/10.1056/NEJMral814259

3 Topol, E. J. (2019). High-performance medicine: The convergence of human and artificial intelligence. Nature

Medicine, 25, 44-56. https://doi.org/10.1038/s41591-018-0300-7

* Jumper, J., Evans, R., Pritzel, A., et al. (2021). Highly accurate protein structure prediction with AlphaFold. Nature,

596, 583-589. https://doi.org/10.1038/s41586-021-03819-2

> World Health Organization. (2021). Ethics and governance of artificial intelligence for health: WHO guidance.

World Health Organization. https://www.who.int/publications/i/item/9789240029200
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3.2 Sources of Information
Scientific publications and authoritative sources can be used to gather relevant information such as:
e PMID and PMC.
e Google Scholar.
e Nature and Nature Medicine.
e The New England Journal of Medicine.
e Publications of the World Health Organization.

e Resources from the U.S. Food and Drug Administration about Al-powered medical devices.

3.3 Literature Selection

Al algorithms, biomedical data analysis, diagnostic performance, predictive modeling, genomics, and personalized
treatment are themes present in relevant literature, which consists of peer-reviewed studies, scientific reviews, and
institutional guidance.

Studies that are well described with data sets, methodology, evaluation, limitations, and applications should be
preferred. Research findings should be interpreted according to their study design and the strength of the available
evidence®.

3.4 Analytical Approach

The literature is grouped under 5 main themes: Diagnostic applications, Disease Prediction, Precision Medicine,
Applications in Biological Research and Ethical/Technical challenges. Findings are compared qualitatively to detect the
key developments, salient constraints and potential avenues for further research.

Result:
Table 1. Thematic Framework for Literature Analysis
Research theme Main focus Ilustrative emphasis score (out of 5)
Disease diagnosis Medical imaging and diagnostic algorithms 5
Disease prediction Risk assessment and disease progression 4
Precision medicine Genomics and personalized treatment 5
Biological research Bioinformatics and drug discovery 4
Ethical and technical challenges Bias, privacy, and model validation 4
Interpretation:

The role of Artificial Intelligence (AI) and Machine Learning (ML) in biological sciences is analysed thematically in
Table 1. Diagnostic algorithms, precision medicine, medical imaging, and genomics all get the top illustrative emphasis
scores of 5, indicating that they are important areas in the field of disease diagnosis. Disease Prediction and bio
research receive a score of 4, which is appropriate for their importance on disease risk, disease progression, bio
informatics and discovery of drugs. Ethical and technical issues also earn a 4, highlighting the need for tackling
algorithmic bias, data privacy, and model validation. In general, the framework addresses key research topics and
acknowledges the need to ensure responsible use of Al Such scores are only hypothetical and not actual results’.

6 Hager, P., Jungmann, F., Holland, R., Bhagat, K., Hubrecht, I., Knauer, M., et al. (2024). Evaluation and mitigation of

the limitations of large language models in clinical decision-making. Nature Medicine, 30, 2613-2622.

https://doi.org/10.1038/s41591-024-03097-1

" Carini, C., & Seyhan, A. A. (2024). Tribulations and future opportunities for artificial intelligence in precision

medicine. Journal of Translational Medicine, 22, Article 411. https://doi.org/10.1186/s12967-024-05067-0
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Figure 1. Thematic Framework for Literature Analysis

IV. APPLICATIONS OF AI AND ML IN BIOLOGICAL SCIENCES

4.1 Al in Disease Diagnosis
The application of Al in healthcare is one of the areas most widely explored, and disease diagnosis is a prime example.
Medical images, laboratory findings, physiological measurements, and medical records can be used as inputs to
diagnostic algorithms to detect patterns that are linked to a particular condition.
Medical imaging: Deep learning algorithms can help with the analysis of X-rays, computed tomography scans,
magnetic resonance images, and other imaging techniques. They can be used to detect abnormal findings, to prioritise
cases for immediate attention or to aid in diagnosis. They are selected depending on the system and the documented
purpose for which it is used.
Pathology: Al can analyze digitized tissue slides to detect patterns, diagnose tissue abnormalities, and measure specific
pathological characteristics. These applications can enhance the efficiency of workflow and enable pathologists to
evaluate complex samples®.
Diagnostic Medicine: Computer algorithms can detect retinal changes linked to diabetic retinopathy and other eye
diseases from an image of the retina. These technologies can be used to assist screening programs, especially if there is
a lack of specialist services available.
Laboratory diagnostics: Algorithms: Algorithms can integrate laboratory measurements, clinical observations and other
patient information to contribute to the diagnostic assessment. The value of their use is reliant on the quality of the data,
the correct threshold level and validation of the population to which they are meant to be applied.
The use of Al for diagnosis should not replace but supplement the skills of qualified healthcare providers. Clinical
assessment, confirmatory tests and expert opinion are still relevant’.
4.2 Disease Prediction and Risk Assessment
The prediction of the disease is an estimation of how likely it is that an event or progression of a disease will occur in
the future based on the information available.
Historical clinical and biological data can be used to train machine learning models like logistic regression, random
forests, gradient boosting and neural networks.
Potential applications include:
e Cardiovascular disease: Prediction of future cardiovascular risk based on relevant clinical measurements and

history.
e Pattern Recognition in Diabetes: Recognition of patterns for diabetes development or progression.

§ Acosta, J. N., Falcone, G. J., Rajpurkar, P., & Topol, E. J. (2022). Multimodal biomedical Al. Nature Medicine, 28,

1773—-1784. https://doi.org/10.1038/s41591-022-01981-2

° Abdelaziz, E. H., Ismail, R., Mabrouk, M. S., & Amin, E. (2024). Multi-omics data integration and analysis pipeline

for precision medicine: Systematic review. Computational Biology and Chemistry, 113, Article 108254.

https://doi.org/10.1016/j.compbiolchem.2024.108254
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e Cancer Research: Studies of molecular patterns and clinical features of cancer susceptibility, cancer progression
or cancer recurrence.

e Infectious diseases: Supporting surveillance and outbreak forecasting with relevant epidemiological and other
data.

e Hospital care: Estimation of the probability of clinical deterioration for appropriate monitoring.

Predictive models need to be assessed for discrimination, calibration and clinical usefulness. Discrimination evaluates

the ability of a model to distinguish between persons having different outcomes and calibration evaluates whether the

probabilities predicted by a model match the frequency of the events actually observed'’.

The model's performance may be excellent in one hospital setting but substandard in another if patient populations,

clinical practices or the measures used differ. Therefore, external validation and continual performance monitoring are

critical prior to widespread use.

4.3 Al in Precision Medicine

Precision medicine seeks to guide health care choices based on the nature of the patient, such as genetic variation,

molecular profile, medical history, environment, and other clinically relevant factors.

Typical therapeutic strategies are based on data from groups of patients. Such evidence is still essential to medical

practice, but people with the same diagnosis can have varying disease mechanisms and reactions to treatment and can

be at different risk of adverse effects.

Precision medicine can be aided by integrating the various types of biomedical information with the help of Al and

ML.

Genomic analysis: Algorithms can be used to identify genetic variants, to classify molecular patterns and prioritize

variants for further investigation. There is still a need for validated evidence and a specialist assessment for clinical

interpretation'".

Discovery of biomarkers: Machine learning can be used to find combinations of genes, proteins, metabolites or

clinical parameters that are related to the characteristics of diseases.

Treatment-response prediction: Models can explore the link between patient-level factors and responses to specific

treatments. To successfully inform clinical decisions, their predictions need to be validated clinically.

Pharmacogenomics: Al can help analyze the links between genetic variations and drug responses, which may aid in

developing more personalized drug approaches.

4.4 Al in Drug Discovery and Molecular Biology

The conventional method for drug discovery consists of finding targets, screening potential drugs, assessing drug

safety, and preclinical and clinical testing. Much time and resources may be needed for these stages.

Al can help with many aspects of this:

1. Target Identification: Prioritisation of proteins/genes/pathways based on molecular and biological data to study.

2. Prediction of molecular properties: Prediction of certain chemical or biological properties of the candidate
compounds.

3. Protein structure prediction: Aiding the study of protein structures and possible molecular interactions.
Drug repurposing: Screening existing drugs for possible new uses.

5.  Experimental prioritization: Assisting researchers in choosing candidates that they believe are worth testing in
the laboratorylz.

10 Naik, K., Goyal, R. K., Foschini, L., Chak, C. W., Thielscher, C., Zhu, H., Lu, J., Lehar, J., Pacanowski, M. A,
Terranova, N., Mehta, N., Korsbo, N., Fakhouri, T., Liu, Q., & Gobburu, J. (2024). Current status and future directions:
The application of artificial intelligence/machine learning for precision medicine. Clinical Pharmacology &
Therapeutics, 115(4), 673—686. https://doi.org/10.1002/cpt.3152
" Kumar, Y., Koul, A., Singla, R., & Ijaz, M. F. (2023). Artificial intelligence in disease diagnosis: A systematic
literature review, synthesizing framework and future research agenda. Journal of Ambient Intelligence and Humanized
Computing, 14(7), 8459-8486. https://doi.org/10.1007/s12652-021-03612-z
"2 Ivanisevic, T., & Sewduth, R. N. (2023). Multi-omics integration for the design of novel therapies and the
identification of novel biomarkers. Proteomes, 11(4), Article 34. https://doi.org/10.3390/proteomes11040034
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The ability to predict protein structures is a big stride forward with AlphaFold2. A predicted protein structure, however,
does not by itself determine the effectiveness, safety or suitability of a drug to be used in the clinic. There is a need for
laboratory experiments, toxicological studies and well-designed clinical trials.

So it is best to think of Al as a tool to prioritize research questions and inform experiments — not replace them.

V. ADVANTAGES OF AI AND ML IN BIOLOGICAL SCIENCES
When properly designed and validated, AI and ML can present the following benefits.Al and ML can present the
following benefits, when designed and validated properly.
Enhanced data analysis efficiency: Algorithms can handle vast amounts of data and repetitive analysis tasks
efficiently.
Pattern Recognition: ML algorithms can capture intricate relationships in medical data, images, and genomic
information.
Early detection: There are likely to be validated systems of diagnosis and screening that support early identification of
abnormalities within the clinical pathway.
Acceleration of research: Al can focus candidate genes, proteins, compounds and biomarkers for experimental
investigation.
Personalized health care: Combination of molecular and clinical data may better help determine individual treatment
options.
Investigation prioritisation: Decision support systems can be used to optimise investigations.Optimisation of clinical
resources: Decision support systems can be used to optimise clinical resources'”.
These benefits are potentially gained and are not likely to occur in every situation. Implementation, trustworthy data,
clinical validation, and supporting infrastructure are key elements to their realization.

VI. DISCUSSION
The research reviewed in this paper suggests that Al and ML have gained significance in the field of biological research
and health care. They range from interpreting medical images to molecular discovery, disease-risk modeling, and
individual treatment research'*.
One of the key benefits of Al is its capacity to consolidate massive data and uncover trends and patterns that might not
be evident using traditional analysis tools. This is especially beneficial in precision medicine, where disease responses
can be affected by genetic, environmental and clinical factors working together.
There are three differences, however.
First of all, predicting does not equal diagnosing! A model may make an estimate that a disease is likely, but it does not
prove that the disease exists.
Secondly, correlation does not equal causation. A computational model does not necessarily imply that the relationship
of a biomarker to a disease is causative.
Third, Technical performance does not equal clinical benefit. The fit of a model with predictive performance is not
sufficient to improve patient outcomes, lower cost, or make health care more equitable'.
This makes it essential to have cooperation between biologists, clinicians, data scientists, statisticians, ethicists and
regulatory specialists for successful implementation of Al. The accuracy of models should be evaluated along with their
calibration, robustness, fairness, reproducibility and the impact of model-assisted decisions on the actual practice.

3" Gutiérrez Reyes, C. D., Alejo-Jacuinde, G., Perez Sanchez, B., Chavez Reyes, J., Onigbinde, S., Mogut, D.,

Hernandez-Jasso, 1., Calderon-Vallejo, D., Quintanar, J. L., & Mechref, Y. (2024). Multi omics applications in

biological systems. Current Issues in Molecular Biology, 46(6), 5777-5793. https://doi.org/10.3390/cimb46060345

4 Azizi, A., Azizi, M., & Nasri, M. (2023). Artificial intelligence techniques in medical imaging: A systematic review.

International Journal of Online and Biomedical Engineering, 19(17), 66-97. https://doi.org/10.3991/ijoe.v19i17.42431

'3 Acharya, D., & Mukhopadhyay, A. (2024). A comprehensive review of machine learning techniques for multi-omics

data integration: Challenges and applications in precision oncology. Briefings in Functional Genomics, 23(5), 549-560.

https://doi.org/10.1093/bfgp/elae013
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The best way for Al to be used is then to assist the scientific and clinical reasoning. It is essential that human

interactions are involved in the responsible integration, that it is continually evaluated, and that there are established
protocols to correct errors.

VII. CONCLUSION
Biological sciences are being revolutionized by the use of Artificial Intelligence and Machine Learning techniques
which are used to analyse and process medical images, clinical records, genomic sequences, protein structures and
other biomedical data. They have several important applications in disease diagnosis, predictive modeling, precision
medicine, drug discovery and bio-informatics that can advance scientific understanding and aid in healthcare decision-
making.
However, the advantages of these technologies rely on the integrity of data, the careful validation of the data, the
interpretability, the protection of privacy, the fairness and appropriate clinical supervision. Predictions by computers
need to be set apart from confirmed diagnoses, established mechanisms and proven treatment benefits.
Interdisciplinary cooperation and responsible implementation of technology development, with the scientific rigor and
patient welfare at the forefront will be essential to future progress. Al and ML, when used properly alongside existing
scientific research and human skill, can be powerful tools to help push the boundaries of biological research and
contribute to more accurate, effective and equitable healthcare.
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