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Abstract: Artificial intelligence (AI) exerts a profound influence on life science research, demonstrating exceptional promise 
in big-data analysis, drug development, disease diagnosis, and precision medicine. These applications have injected fresh 
momentum into the field. This paper examines AI’s importance within life science research from multiple perspectives, 
systematically summarizes current research progress, explores emerging AI-driven trends, and provides an outlook on how a 
deeper integration of AI and life sciences may evolve. These findings hold significant value for shaping future developments in 
life science research. 
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1. Introduction 
AI is a strategic technology propelling a new wave of 

scientific, technological, and industrial transformation, 
serving as a key driver in innovation-focused development 
strategies worldwide. With continuous advancements in AI 
theory and algorithms, alongside rapid increases in 
computational power and data volume, AI is permeating 
numerous industries, acting as a catalyst for economic and 
societal progress. In the vital field of life science research—
which fundamentally affects human health and quality of 
life—integrating AI opens new opportunities for development. 
AI-empowered life science will likely stimulate innovation in 
the biopharmaceutical industry, upgrade disease prevention 
and control measures, and improve global health, thereby 
exerting profound, positive impacts on humanity. 

2. The Significance of Artificial 
Intelligence in Life Science Research 

2.1. Accelerating Biological Big-Data Analysis 
Life science research generates extensive, diverse, and 

continuously evolving biological data, surpassing the 
capacity of traditional analytical methods. Equipped with 
powerful computational capabilities and versatile algorithms, 
AI enables efficient collection, storage, integration, and in-
depth interpretation of immense datasets. This process 
unearths new biological insights and previously hidden 
patterns, substantially advancing the efficiency and breadth of 
life science inquiry. Furthermore, AI-driven knowledge 
discovery is expected to open entirely new research frontiers, 
affording unprecedented insights into life’s complexities. 

2.2. Assisting in New Drug Research and 
Development 

Drug research and development involves lengthy, resource-
intensive processes—often exceeding a decade—and faces 
high failure rates, making it an especially challenging sector 
within the pharmaceutical industry. AI’s predictive and 
optimization capabilities can benefit every stage of drug 
development. In early discovery, AI can rapidly screen vast 
chemical libraries to identify potential lead compounds. At 
the design stage, AI can refine drug molecules to enhance 

their therapeutic properties. During clinical trials, AI can 
optimize participant recruitment, boost trial efficiency, and 
reduce failure risks. Hence, AI stands to alleviate global 
challenges associated with drug development and provide 
better therapeutic choices to patients. 

2.3. Facilitating Disease Diagnosis and 
Prediction 

Prompt diagnosis and prevention are critical to effective 
healthcare services. However, a shortage of qualified experts 
and difficulties in replicating specialized knowledge hamper 
efforts to scale up manual diagnostics. AI can learn from 
existing diagnostic expertise, analyze abundant physiological 
and biochemical data, and deliver early disease detection, 
automated classification and staging, and reliable prognosis 
predictions. These capabilities bolster physicians’ diagnostic 
decisions while broadening and improving overall service 
accuracy. AI can additionally construct disease risk models 
using multi-dimensional datasets—including genetic 
information, medical histories, and lifestyle factors—to 
generate targeted and individualized disease risk forecasts, 
shifting healthcare from reactive symptom management 
toward proactive, data-driven intervention [1]. 

2.4. Promoting the Development of Precision 
Medicine 

Patients with the same illness often present significantly 
different clinical courses and drug responses. Traditional 
“one-size-fits-all” treatment strategies can thus prove 
insufficient. AI can merge patients’ multi-omics data (e.g., 
genomics, proteomics, metabolomics) with clinical profiles, 
comprehensively delineating disease mechanisms and 
clarifying each patient’s distinct characteristics. Leveraging 
these insights, AI can predict patient-specific responses to 
various treatments, generating personalized diagnostic and 
therapeutic plans. In so doing, AI advances precision 
medicine from a theoretical concept to a mature, personalized 
healthcare model. 
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3. The Current Development Status of 
Life Science Research 

3.1. The Rapid Development of Omics 
Technologies 

Omics technologies—covering fields such as genomics, 
proteomics, and metabolomics—are advancing at remarkable 
speed. Cutting-edge techniques, including high-throughput 
sequencing and mass spectrometry, enable the precise 
identification and quantification of biological molecules, 
producing large-scale omics datasets in relatively short 
periods. These advancements have bolstered efforts to probe 
core mysteries of living organisms. Nevertheless, fully 
extracting valuable knowledge from the vast, high-
dimensional, and heterogeneous data streams remains a 
pressing challenge, underscoring the urgent need for 
advanced analytical methods [2]. 

3.2. Substantial Improvement in Disease 
Understanding 

Ongoing omics advancements have elevated understanding 
of human diseases. By comprehensively investigating multi-
omics data from disease-related samples, researchers have 
gained fresh insights into the origins of numerous major 
illnesses. It is becoming increasingly clear that diseases 
involve complex disruptions across multiple molecular 
layers—genes, proteins, and metabolites—interacting with 
various environmental factors. Such disruptions yield 
heterogeneous molecular subtypes of the same disorder. 
Scientists continue to link these subtypes with clinical 
symptoms to facilitate more refined classifications, diagnoses, 
and therapies. Additionally, omics-based research has 
revealed novel causal genes behind certain rare and 
challenging conditions, thereby offering potential avenues for 
targeted treatment. However, for many complex diseases, 
formidable research remains to be done to achieve early 
prevention and comprehensive understanding. 

3.3. Progress in Innovative Drug Research and 
Development 

The deployment of new technologies (e.g., computer-
assisted drug design, high-throughput screening, and gene 
editing) and innovative models (e.g., humanized animal 
subjects and organoids) has improved R&D outcomes in drug 
discovery. These advancements have already prompted 
breakthroughs in addressing major health concerns, 
particularly in areas such as cancer and autoimmune disorders, 
by providing novel therapeutic choices for underserved 
patient populations. Nonetheless, new drug development is 
still characterized by modest success rates. Cutting timelines, 
reducing R&D costs, and minimizing failures are critical 
issues requiring concerted efforts from both scientific 
communities and industry practitioners to expedite the 
delivery of innovative medications. 

3.4. The Initial Development of Precision 
Medicine 

Fueled by omics technologies and big-data capabilities, 
individualized and precision-oriented medicine is emerging. 
Molecular diagnostic techniques—such as genetic testing—
have been introduced for specific malignancies, including a 
21-gene assay for breast cancer that predicts recurrence risk 
and informs postoperative chemotherapy decisions. Despite 

these achievements, precision medicine is still largely in its 
infancy within clinical settings. Major roadblocks include 
expensive diagnostic procedures, insufficient evidence-based 
findings for certain indications, and inadequate ethical and 
privacy protections. Over time, lower omics-testing costs, 
more robust evidence-based data, and clearer regulatory 
frameworks are likely to make precision medicine a 
mainstream practice rather than a luxury restricted to a select 
few [3]. 

4. New Trends in the Development of 
Life Science Research Driven by 
Artificial Intelligence 

4.1. AI Remolding the Biological Data Analysis 
Model 

Surging omics technologies have ushered life science 
research into a data-rich era. AI, with its capacity for 
advanced computation and autonomous learning, has become 
indispensable for managing these vast, multidimensional 
datasets. Deep learning systems can uncover nuanced feature 
patterns from large data pools, overcoming constraints 
imposed by conventional manual feature engineering. AI also 
provides a data-driven lens to detect undiscovered biological 
phenomena and intricate correlations within high-volume 
datasets. Tools and platforms for AI-supported omics 
analysis—from basic discovery to clinical application—are 
emerging at an accelerating pace, indicating promising 
outlooks for improved efficiency and results. As a result, AI-
driven data modeling is transforming biomedicine from 
conventional experience-oriented methods to a forward-
thinking paradigm, reshaping understanding of disease 
mechanisms and life processes. 

4.2. AI Accelerating the Process of New Drug 
Research and Development 

The pharmaceutical industry continues to grapple with 
multiple pain points, including limited R&D productivity, 
high costs, extended timelines, and elevated failure rates. As 
an adaptable, intelligent technology, AI increasingly 
underpins each stage of drug development, spanning initial 
discovery to clinical implementation. In early stages, AI-
powered virtual screens search compound libraries at high 
speed, significantly cutting time and costs relative to 
traditional methods. Subsequently, AI refines candidate 
compounds by modeling drug–target interactions to yield 
superior efficacy and lower toxicity. During preclinical 
evaluation, machine-learning algorithms can predict harmful 
side effects, screening out problematic compounds before 
they reach clinical trials. Finally, AI applications in clinical 
trials—ranging from participant selection to dosage 
recommendations—enhance success rates while curbing 
expenses. These factors suggest that a data-centric, AI-
oriented drug development model may become the future 
standard, transforming the pharmaceutical landscape and 
facilitating the creation of more advanced therapeutic 
solutions [4]. 

4.3. AI Empowering Smart Medical 
Applications 

AI’s formidable capacity for data processing and pattern 
recognition is revolutionizing diverse medical arenas. 
Medical imaging, one of AI’s earliest adopters, relies on deep 
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learning to rapidly interpret large volumes of images, 
matching or surpassing human performance in diagnosing 
specific conditions. This frees radiologists to focus on cases 
needing deeper clinical insight. Similarly, AI-based pathology 
tools systematically evaluate tissue samples, quantifying the 
degree of tumor malignancy and offering additional 
diagnostic support. In clinical decision-making, AI harnesses 
a broad range of data—from scientific literature to patient 
records and treatment guidelines—to compile evidence-based 
options that mitigate errors and standardize therapeutic 
approaches. Technological advancements including brain–
computer interfaces and wearable devices promise further 
potential in rehabilitation and chronic disease management. 
Taken together, AI stands at the forefront of digitalizing and 
optimizing healthcare, boosting care quality, controlling costs, 
and alleviating the gap between supply and demand in 
medical services. 

4.4. AI Promoting the Transformation of 
Precision Medicine 

Precision medicine merges personalization, precision, and 
intelligence into a new medical paradigm. Its core objective 
is to integrate multi-omics data, clinical manifestations, and 
environmental factors to comprehend disease etiology and 
progression, ensuring accurate treatments for each patient. AI 
is central to this evolution at multiple levels. From 
streamlining data collection and standardization to discerning 
complex disease regulatory mechanisms, AI paves the way 
for improved disease classification. AI-based models can 
predict patient responses to varied therapeutic interventions, 
facilitating truly tailored care. Meanwhile, AI tools applied to 
the vast body of biomedical literature can swiftly capture new 
treatment insights, constantly refreshing a knowledge base 
that supports precision healthcare. With further advances in 
big data, omics, and AI, precision medicine is expected to 
transition from conceptual research to clinical reality, 
granting tailored medical services and illuminating new 
possibilities for extended, healthier living [5]. 

5. Conclusion 
Overall, the convergence of AI and life science research 

acts as a critical driver of progress in the life sciences. From 
big-data interpretation to drug development and from disease 
diagnostics to precision medicine, AI shows far-reaching 
transformative potential. Nevertheless, this integration is still 
at an early stage, accompanied by both promising 
opportunities and difficult challenges. Issues such as limited 
AI model interpretability, insufficient domain-specialist 
insights, and obstacles in engineering implementation require 
urgent solutions. As AI specialists partner closely with life 
science experts, laying theoretical and methodological 
foundations for interdisciplinary collaboration and cultivating 
professionals adept in both fields, AI–life science integration 
will deepen. With constant evolution in AI theories and 
technologies, life science research will inevitably enter an 
“AI+” era, yielding further breakthroughs in decoding life’s 
mysteries, resolving formidable diseases, and improving the 
overall standard of global health. 
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