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 Artificial Intelligence (AI) has emerged as a transformative force in biological sciences and healthcare, 
fundamentally reshaping research methodologies, data analysis, disease diagnosis, drug discovery, and 

personalized medicine. The rapid advancement of high-throughput biological technologies has generated 

unprecedented volumes of genomic, proteomic, metabolomic, and clinical data, necessitating sophisticated 
computational approaches for effective interpretation. AI technologies, including machine learning, deep 

learning, natural language processing, computer vision, and generative artificial intelligence, provide 

powerful tools for extracting meaningful insights from complex biological datasets. In biological research, AI 
facilitates genome annotation, protein structure prediction, systems biology modeling, ecological monitoring, 

and synthetic biology applications. In healthcare, AI-driven systems have improved diagnostic accuracy, 

accelerated drug development, enhanced medical imaging interpretation, and enabled precision medicine 
approaches tailored to individual patients. Recent advances in generative AI and foundation models have 

further expanded opportunities for scientific discovery by supporting literature analysis, molecular design, 

and hypothesis generation. Despite these benefits, challenges related to data quality, algorithmic bias, 
explainability, ethical governance, privacy protection, and regulatory oversight remain significant barriers to 

widespread implementation. This review examines the evolution of AI in biological sciences, discusses its 

major applications in research and healthcare, evaluates current limitations, and highlights future directions. 
The review concludes that responsible integration of AI into biological and medical sciences has the potential 

to accelerate scientific innovation, improve healthcare delivery, and contribute significantly to global health 
and sustainable development. 
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Introduction 

 The twenty-first century has witnessed an unprecedented 

convergence of biological sciences and computational technologies. 

Advances in genomics, transcriptomics, proteomics, metabolomics, 

and biomedical imaging have generated massive volumes of 

biological information that exceed the analytical capacity of 

traditional statistical methods. Artificial Intelligence (AI), defined as 

the ability of computational systems to perform tasks that typically 

require human intelligence, has emerged as a critical tool for 

addressing these challenges (LeCun et al., 2015). The increasing 

complexity of biological datasets has necessitated the development 

of advanced computational approaches capable of recognizing 

patterns, predicting outcomes, and generating actionable insights. 

AI technologies such as machine learning (ML), deep learning 

(DL), natural language processing (NLP), and computer vision have 

demonstrated remarkable success in processing high-dimensional 

biological data (Eraslan et al., 2019). These methods enable 

researchers to analyze genomic sequences, predict protein 

structures, identify disease biomarkers, and develop personalized 

treatment strategies. The significance of AI in biology became 

particularly evident with breakthroughs such as AlphaFold, an AI-

based protein structure prediction system that achieved near-

experimental accuracy in predicting three-dimensional protein 

structures (Jumper et al., 2021). Such developments have 

accelerated biological discovery and opened new opportunities for 

drug design, molecular medicine, and biotechnology. 

Similarly, healthcare systems worldwide are increasingly adopting 

AI-driven solutions for disease diagnosis, medical imaging 

interpretation, patient monitoring, and healthcare management. AI-

assisted diagnostic systems have demonstrated performance 

comparable to healthcare specialists in specific applications, 

including cancer detection and radiological image interpretation 

(Esteva et al., 2017). The integration of AI with precision medicine 

approaches has further enabled individualized healthcare 

interventions based on genetic, environmental, and lifestyle factors 

(Topol, 2019). More recently, the emergence of generative artificial 

intelligence and large language models has introduced novel 

opportunities for scientific research. These technologies can 

synthesize scientific literature, assist in hypothesis generation, 

support manuscript preparation, and facilitate interdisciplinary 

collaboration. However, concerns regarding scientific integrity, 

reproducibility, data privacy, algorithmic bias, and ethical 

governance continue to influence discussions surrounding AI 

implementation in biological and healthcare settings. Given the 

rapid evolution of AI technologies and their expanding role in life 

sciences, a comprehensive review is necessary to evaluate current 

developments, identify challenges, and explore future opportunities. 

This review therefore examines the transformative impact of AI on 

modern biology and healthcare while emphasizing the importance 

of responsible and ethical implementation. 

Components of Artificial Intelligence in Biological Sciences 

Artificial intelligence encompasses a broad range of computational 

approaches designed to simulate aspects of human intelligence. 
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Modern AI systems generally operate through data-driven learning 

processes rather than explicit programming. The major components 

of AI relevant to biological sciences include: 

Machine Learning (ML)- Machine learning refers to 

computational algorithms that improve their performance through 

experience gained from data analysis. ML methods can identify 

patterns, classify biological samples, and generate predictive 

models. 

Deep Learning and Neural Networks- Deep learning represents 

one of the most influential developments in artificial intelligence. 

Deep neural networks consist of multiple computational layers 

capable of extracting increasingly complex features from input data 

(LeCun et al., 2015). Unlike traditional machine learning methods, 

deep learning can automatically identify relevant features without 

extensive human intervention. Deep learning architectures have 

significantly improved predictive performance across biological 

datasets (Goodfellow et al., 2016; Jordan & Mitchell, 2015). 

Natural Language Processing in Biological Sciences- Natural 

Language Processing (NLP) enables computers to understand, 

interpret, and generate human language. Biological research 

produces enormous volumes of textual information through journal 

articles, clinical records, research reports and patent databases. NLP 

techniques facilitate: 

Literature Mining: AI systems can rapidly identify relevant 

scientific literature and extract key findings. 

Knowledge Extraction: NLP models can identify relationships 

among genes, diseases, drugs, and biological pathways. 

Clinical Documentation: AI-assisted systems support healthcare 

professionals by automating documentation and summarizing 

patient records. 

Scientific Writing Support: Large language models assist 

researchers in manuscript drafting, literature review preparation, and 

research communication. However, concerns regarding factual 

accuracy and scientific integrity necessitate careful human oversight 

(Nature Editorial, 2023). 

Computer Vision and Biological Imaging 

Computer vision refers to AI technologies capable of interpreting 

visual information. Biological sciences increasingly rely on imaging 

techniques such as: Magnetic resonance imaging (MRI), computed 

tomography (CT), X-ray imaging, histopathology and microscopy. 

AI-powered image analysis systems provide several advantages: 

Improved diagnostic accuracy, faster image interpretation, 

automated anomaly detection and quantitative image assessment. In 

pathology, AI systems can identify cancerous tissues with high 

accuracy and consistency, reducing observer variability and 

supporting clinical decision-making (Esteva et al., 2017). 

Applications of Artificial Intelligence in Genomics, 

Bioinformatics, and Systems Biology 

Artificial Intelligence in Genomics- Genomics focuses on the 

study of entire genomes, including gene structure, function, 

evolution, and interactions. Modern sequencing technologies can 

generate terabytes of genomic information within a single 

experiment, necessitating advanced computational tools for data 

interpretation. AI has become an essential component of functional 

genomics, epigenomics, and regulatory sequence prediction 

(Libbrecht & Noble, 2015; Angermueller et al., 2016). One of the 

earliest applications of AI in genomics involves genome annotation, 

which refers to identifying genes, regulatory elements, and 

functional regions within DNA sequences. Traditional genome 

annotation methods relied heavily on sequence alignment and 

manual curation. However, AI-based algorithms can automatically 

identify coding regions and predict gene functions with greater 

efficiency and accuracy (Eraslan et al., 2019). AI-assisted genome 

annotation has significantly accelerated the characterization of 

newly sequenced organisms, particularly those lacking well-

established reference genomes. 

Artificial Intelligence in Bioinformatics-Bioinformatics integrates 

biology, computer science, mathematics, and statistics to analyze 

biological information. The exponential growth of biological 

databases has increased the importance of AI-powered 

bioinformatics tools. 

Sequence Analysis- Sequence analysis forms the foundation of 

bioinformatics research. AI algorithms facilitate: DNA sequence 

classification, RNA structure prediction, protein sequence analysis 

and evolutionary studies. Deep learning models can identify hidden 

sequence motifs that may be difficult to detect using traditional 

methods. 

Protein Function Prediction- Protein function prediction remains a 

central challenge in molecular biology. AI systems analyze: Amino 

acid sequences, structural features, evolutionary conservation, 

protein interaction networks to infer biological functions. Machine 

learning-based prediction tools have significantly improved the 

annotation of uncharacterized proteins, particularly in microbial and 

environmental genomics studies. 

Biological Network Analysis- Living organisms function through 

complex networks of interacting genes, proteins, metabolites, and 

signaling molecules. AI assists researchers in reconstructing and 

analyzing: Gene regulatory networks, protein-protein interaction 

networks, metabolic pathways and signaling cascades. Network-

based machine learning approaches help identify key regulatory 

molecules involved in disease processes and therapeutic responses. 

Artificial Intelligence in Systems Biology- Systems biology seeks 

to understand biological systems as integrated networks rather than 

isolated components. AI has become a key enabling technology for 

systems-level analyses. 

Modeling Complex Biological Systems- Biological systems 

exhibit nonlinear interactions, feedback loops, and emergent 

behaviors that are difficult to model using conventional approaches. 

AI models can: Simulate biological processes, predict system 

responses, identify regulatory mechanisms, forecast disease 

progression. These capabilities contribute to improved 

understanding of cellular and organismal behavior. 

Disease Network Analysis- Many diseases arise from disruptions 

in complex biological networks rather than single-gene defects. AI-

based systems biology approaches enable researchers to: Identify 

disease modules, discover molecular biomarkers, predict disease 

trajectories, develop personalized treatment strategies. Network 

medicine has emerged as a promising field that integrates AI and 

systems biology to understand disease mechanisms more 

comprehensively. 

Digital Twins in Biology- One of the most exciting developments 

in systems biology involves the concept of digital twins. A 

biological digital twin is a computational model that simulates the 

behavior of a biological system, such as: Individual cells, organs, 

entire organisms, human patients. AI-driven digital twins may 

eventually support personalized healthcare by predicting disease 

progression and treatment responses before clinical interventions are 

implemented. 

Artificial Intelligence in Proteomics, Structural Biology, and 

Drug Discovery 

Artificial Intelligence in Proteomics- Proteomics is the large-scale 

study of proteins, including their structure, function, expression 

patterns, modifications, and interactions. Unlike the relatively stable 

genome, the proteome is highly dynamic and varies across tissues, 

developmental stages, environmental conditions, and disease states. 

The complexity of proteomic datasets generated through mass 

spectrometry and high-throughput technologies necessitates 

advanced computational approaches for analysis and interpretation. 

Protein Identification- Mass spectrometry-based proteomics 

generates vast quantities of peptide spectra that must be matched to 

protein databases. AI algorithms improve protein identification by 

enhancing spectral matching accuracy, reducing false-positive 

identifications, predicting peptide fragmentation patterns and 

improving database searches (Aebersold & Mann, 2016). 

Protein Function Prediction- A substantial proportion of proteins 

identified in genomic databases remain poorly characterized. AI 

models predict protein functions by analyzing amino acid 

sequences, structural motifs, evolutionary conservation and 

interaction networks.  

Protein-Protein Interaction Networks- Proteins rarely function 

independently. Instead, they operate within complex interaction 

networks. AI assists researchers in predicting protein-protein 



 

 8 

Agarwal and Singh / JSIANE 3 (2026) 06-10 

interactions, identifying interaction hubs, mapping signaling 

pathways and understanding disease mechanisms. 

Post-Translational Modification Prediction-Protein function is 

often regulated by post-translational modifications, including 

phosphorylation, glycosylation, acetylation and ubiquitination. AI 

models can predict modification sites and assess their biological 

significance. These predictions contribute to understanding cellular 

regulation and disease pathogenesis. 

Artificial Intelligence in Structural Biology- Structural biology 

seeks to determine the three-dimensional organization of biological 

macromolecules and understand how structure influences function. 

Traditional structural determination methods such as X-ray 

crystallography, nuclear magnetic resonance spectroscopy and cryo-

electron microscopy are often expensive, labor-intensive, and time-

consuming. AI has dramatically transformed this field. A landmark 

breakthrough occurred when DeepMind developed AlphaFold, a 

deep learning system capable of predicting protein structures with 

near-experimental accuracy (Jumper et al., 2021). AlphaFold 

utilizes evolutionary information, multiple sequence alignments, 

deep neural networks and attention-based architectures to predict 

protein conformations. The release of AlphaFold's structural 

database has provided predicted structures for hundreds of millions 

of proteins, dramatically expanding access to structural information. 

This achievement has accelerated research in Molecular biology, 

Biochemistry, Pharmacology, Biotechnology and Infectious disease 

research. Many researchers consider AlphaFold one of the most 

important biological breakthroughs of the twenty-first century. 

AI is now being used not only to predict existing structures but also 

to design entirely new proteins. Its applications include industrial 

enzymes, therapeutic proteins, biosensors and vaccine antigens. 

This capability has profound implications for biotechnology and 

synthetic biology. 

Artificial Intelligence in Drug Discovery- Drug discovery is a 

complex, expensive, and high-risk process. Traditional drug 

development often requires 10–15 years of research, billions of 

dollars in investment, and extensive laboratory testing. AI is 

transforming nearly every stage of the pharmaceutical pipeline. The 

first step in drug development involves identifying biological targets 

associated with disease. AI analyzes genomic datasets, proteomic 

profiles, clinical data and scientific literature to identify potential 

therapeutic targets. Following target identification, promising 

compounds must be optimized. AI supports molecular property 

prediction, toxicity assessment, solubility prediction and 

pharmacokinetic evaluation. Machine learning models can predict 

whether candidate molecules are likely to succeed before expensive 

experimental testing. Clinical trials represent one of the most 

expensive stages of drug development. AI contributes to patient 

recruitment, trial design, outcome prediction and adverse event 

monitoring. These applications improve trial efficiency and reduce 

development timelines (Vamathevan et al., 2019; Stokes et al., 

2020; Zhavoronkov et al., 2019). 

Artificial Intelligence in Medical Imaging and Precision 

Medicine 

Artificial Intelligence in Medical Imaging- Medical imaging 

represents one of the most successful applications of AI in 

healthcare. Imaging technologies generate vast amounts of visual 

data, including X-rays, computed tomography (CT), magnetic 

resonance imaging (MRI), positron emission tomography (PET), 

ultrasound imaging, and histopathological slides. Deep learning 

algorithms have demonstrated expert-level performance in 

radiology and pathology (Litjens et al., 2017; McKinney et al., 

2020). 

AI in Radiology- Radiology has become a leading area for AI 

implementation. AI systems can detect abnormalities, classify 

lesions, quantify disease severity and assist radiologists in 

diagnosis. Its applications include different lung diseases detection 

such as lung cancer, pneumonia, tuberculosis and COVID-19-

associated abnormalities from chest imaging with high accuracy. 

AI-assisted MRI analysis supports the diagnosis of different 

neurological disorders such as Alzheimer's disease, Parkinson's 

disease, stroke and brain tumors. Automated image interpretation 

can reduce diagnostic delays and improve treatment planning. 

AI in Pathology-Digital pathology has transformed microscopic 

examination of tissues. AI-powered pathology systems assist in 

cancer detection, tumor grading, cell classification and biomarker 

assessment. These technologies improve consistency and reduce 

observer variability. 

AI in Ophthalmology-Ophthalmology has emerged as a major 

success story for AI implementation. AI-powered ophthalmology 

systems can detect diabetic retinopathy, glaucoma, age-related 

macular degeneration and retinal vascular abnormalities from retinal 

images. The United States Food and Drug Administration (FDA) 

has approved several AI-based ophthalmic diagnostic systems, 

highlighting the clinical maturity of these technologies. 

Artificial Intelligence in Precision Medicine-Precision medicine 

seeks to customize healthcare interventions according to the unique 

biological characteristics of individual patients. Traditional medical 

approaches often rely on generalized treatment strategies, whereas 

precision medicine considers genetic factors, environmental 

influences, lifestyle characteristics and molecular profiles. AI plays 

a central role in integrating these diverse data sources (Collins & 

Varmus, 2015; Ashley, 2016).  

Patients often respond differently to identical treatments. AI models 

predict drug efficacy, adverse reactions, treatment responses and 

disease progression. These capabilities enable clinicians to select 

therapies that maximize effectiveness while minimizing adverse 

effects. AI also supports the analysis of complex gene-drug 

interactions and assists in determining optimal drug selection, 

appropriate dosage and risk of adverse drug reactions. This 

approach contributes to safer and more effective healthcare. 

Challenges and Limitations of Artificial Intelligence in Biology 

and Healthcare-The ethical deployment of AI requires 

transparency, fairness, accountability, and robust governance 

frameworks (Jobin et al., 2019; WHO, 2021). 

Data-Related Challenges-AI systems are fundamentally dependent 

on the quality of data used during training and validation. Biological 

and healthcare datasets frequently suffer from missing information, 

measurement errors, inconsistent annotations, experimental 

variability and sampling biases. Poor-quality data can lead to 

inaccurate predictions and unreliable conclusions. For example, 

genomic databases may contain sequencing errors, while clinical 

datasets often include incomplete patient records. Consequently, AI 

systems trained on such data may generate misleading outputs. The 

principle of "garbage in, garbage out" remains highly relevant in AI-

driven biological research. 

Biological and healthcare data originate from diverse sources, 

including genomic sequencing, proteomics, medical imaging, 

electronic health records, wearable devices and clinical laboratory 

tests. These datasets differ in format, scale, quality and structure. 

Integrating heterogeneous datasets into unified analytical 

frameworks remains a major technical challenge. 

Computational Challenges-Modern AI models require substantial 

computational resources. Training large-scale models may involve 

high-performance computing clusters, specialized graphics 

processing units (GPUs) and cloud computing infrastructure. Such 

requirements increase costs and may limit accessibility, particularly 

in developing countries and resource-constrained institutions. 

Large AI systems consume significant amounts of energy during 

training and deployment. Concerns include environmental 

sustainability, carbon emissions and energy efficiency. As 

biological foundation models continue to grow in size and 

complexity, energy demands are expected to increase further. 

Researchers are therefore exploring more efficient AI architectures 

and green computing strategies. 

Biological datasets continue to expand rapidly due to advances in 

genomics, proteomics, single-cell sequencing and medical imaging. 

Maintaining computational efficiency while processing increasingly 

large datasets remains a significant challenge. 

Interpretability and Explainability 

Many advanced AI systems function as "black boxes," meaning 

their internal decision-making processes are difficult to understand. 



 

 

9 

Agarwal and Singh 2026 

This lack of transparency is particularly problematic in healthcare, 

where decisions can directly affect patient outcomes. Therefore, 

healthcare professionals are more likely to adopt AI systems that 

provide interpretable reasoning. Without adequate explanations, 

clinicians may hesitate to rely on AI recommendations. Trust 

becomes especially important when AI-generated conclusions 

conflict with clinical experience or established medical practices. 

Generalization and Reproducibility Challenges-AI models often 

perform well on training datasets but may struggle when applied to 

new populations. Factors affecting generalizability include genetic 

diversity, geographic variation, environmental differences and 

Healthcare infrastructure variability. For example, a diagnostic 

model trained using data from one country may not perform equally 

well in another population. 

Scientific reproducibility also has become an important concern in 

AI research. Challenges include proprietary datasets, incomplete 

methodological descriptions, variability in computational 

environments, differences in preprocessing pipelines. Improving 

reproducibility requires greater transparency in data sharing and 

model reporting. 

Biological Complexity-Despite significant advances, many 

biological processes remain poorly understood. Examples include 

gene regulation networks, protein interactions, cellular signaling 

pathways and complex disease mechanisms. AI models may 

identify correlations without accurately capturing underlying 

biological causation. Biological systems are also inherently dynamic 

and adaptive. Factors influencing biological behavior include 

environmental conditions, developmental stages, lifestyle factors 

and evolutionary processes. Static datasets may not fully capture 

these complexities, limiting predictive performance. AI systems 

excel at detecting patterns and associations. However, identifying 

causal relationships remains considerably more difficult. A model 

may correctly predict disease occurrence without explaining why 

the disease develops. Biological research requires both predictive 

accuracy and mechanistic understanding. 

Regulatory and Legal Challenges-The rapid evolution of AI 

technologies has outpaced regulatory development. Many countries 

currently lack comprehensive frameworks governing AI-assisted 

diagnostics, clinical decision support systems, generative AI 

applications and autonomous healthcare technologies. 

Determining responsibility for AI-related errors remains 

challenging. Potentially responsible parties include software 

developers, healthcare institutions, clinicians and technology 

vendors. Clear legal frameworks are necessary to address liability 

concerns. AI-generated discoveries raise questions regarding patent 

ownership, copyright protection and authorship attribution. These 

issues are particularly relevant in scientific publishing and 

pharmaceutical innovation. 

Workforce and Educational Challenges 

Successful AI implementation requires interdisciplinary expertise 

spanning Biology, Medicine, Computer science, Statistics and Data 

science. Many institutions face shortages of professionals with such 

combined skills. Healthcare professionals may resist AI adoption 

due to concerns regarding job displacement, reliability, professional 

autonomy and ethical implications. Appropriate training and 

education are essential for successful integration. Thus, future 

scientists and healthcare professionals must develop AI literacy to 

effectively utilize emerging technologies. Educational curricula 

increasingly incorporate Data science, Bioinformatics, Machine 

learning and AI ethics to prepare the next generation of researchers 

and clinicians. 

 

Conclusion 

Artificial Intelligence has emerged as a transformative force in 

modern biology and healthcare. Through its capacity to analyze vast 

and complex datasets, identify hidden patterns, predict biological 

phenomena, and generate novel scientific insights, AI is 

revolutionizing virtually every area of life sciences. Applications 

spanning genomics, proteomics, structural biology, drug discovery, 

medical imaging, precision medicine, and public health illustrate the 

extraordinary potential of AI to accelerate scientific discovery and 

improve healthcare outcomes. Recent advances in deep learning, 

foundation models, and generative AI have further expanded the 

scope of biological research, enabling breakthroughs that were 

previously unimaginable. Landmark achievements such as 

AlphaFold have demonstrated how AI can solve long-standing 

scientific challenges, while large language models have transformed 

knowledge synthesis and scientific communication. Nevertheless, 

the successful integration of AI into biology and healthcare requires 

careful attention to issues of data quality, interpretability, 

reproducibility, ethics, privacy, fairness, and governance. 

Addressing these challenges will require collaborative efforts 

among scientists, clinicians, policymakers, industry leaders, and 

society at large.As AI technologies continue to evolve, they are 

unlikely to replace human expertise. Instead, the future will likely 

be characterized by synergistic partnerships between humans and 

intelligent systems. Such collaborations have the potential to usher 

in a new era of biological discovery, precision medicine, and global 

healthcare innovation. Ultimately, AI should be viewed not merely 

as a computational tool but as a transformative scientific partner 

capable of reshaping our understanding of life, health, and disease 

in the twenty-first century.  
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