
AI in Computational Biology: Unveiling 
the Questions and Challenges 
The Human Genome Project, a landmark achievement in scientific exploration, marked a 
turning point in our understanding of biology and disease1. By mapping the entirety of human 
genetics, this project not only deepened our knowledge of the human body but also paved the 
way for the rise of computational biology. This field utilizes data analysis, mathematical 
modeling, and computational simulations to understand biological systems and relationships1. 
The convergence of biotechnology and artificial intelligence (AI) has emerged as one of the 
most transformative developments in modern science and technology. This intersection holds 
immense potential to revolutionize various aspects of human life, from healthcare and 
agriculture to environmental conservation and beyond2. This article delves into the key 
questions and problems that computational biologists are tackling with the aid of AI, exploring 
the limitations, ethical considerations, and potential risks associated with this powerful synergy. 

The Intersection of AI and Computational Biology 
Computational biology employs computational methods to study biological systems3. It allows 
scientists to: 

●​ Recreate biological systems 
●​ Model various biological systems 
●​ Predict the behavior of biological systems 

AI has the potential to enhance the speed and efficiency of computational biology, leading to 
advancements in scientific innovation, human health, medicine, and the economy3. AI can assist 
scientists by: 

●​ Sorting and identifying patterns in biological data 
●​ Simulating existing biological mechanisms 
●​ Predicting or generating new testable biological structures 

The fusion of AI and biology is poised to reshape scientific research, healthcare, and our 
fundamental understanding of life itself4. This powerful combination opens up new avenues for 
exploration, discovery, and innovation, with the potential to improve medical diagnosis, 
accelerate drug discovery, enhance conservation efforts, and drive advancements in 
agriculture4. 

AI for Drug Development 
AI is revolutionizing drug development by streamlining the process, reducing costs, and 
enabling the creation of more effective treatments. Here are some key applications: 

●​ Drug discovery: AI algorithms can analyze vast datasets to identify potential drug 
candidates, predict their efficacy and toxicity, and optimize their design5. This can 
significantly accelerate the drug development process and reduce time and financial 



costs5. For example, AI models were instrumental in identifying Halicin, a drug initially 
developed for diabetes, as a potential treatment for resistant bacteria3. 

●​ Cancer treatment: AI can help find more efficient cancer treatments by reviewing 
databases of chemical compounds and molecules to predict new combinations of drugs to 
combat constantly evolving tumor cells3. AI is also being implemented in cancer precision 
drug discovery by integrating knowledge of cancer drugs, drug resistance, next-generation 
sequencing, genetic variants, and structural biology6. 

●​ Vaccine development: AI can aid vaccine development by reviewing databases of 
microorganisms to predict chemical compounds that could be used as a defense against 
viruses and bacteria3. During the COVID-19 pandemic, researchers utilized the predictive 
power of AI to build biological models and simulations that predicted which chemical 
compounds were best suited as a defense against the virus3. 

Other Applications of AI in Computational Biology 
Beyond drug development, AI is being applied to a wide range of problems in computational 
biology: 

●​ Genomics and Bioinformatics: AI is transforming genomic research by enabling faster 
and more accurate analysis of vast amounts of genetic data. Machine learning techniques 
can identify patterns and relationships within genomic sequences, aiding in the discovery 
of disease-causing mutations, drug targets, and personalized medicine approaches3. For 
instance, AI algorithms are being used to analyze genomic data, uncovering links between 
genes and diseases, which contributes to personalized medicine4. 

●​ Precision medicine: AI plays a crucial role in enabling personalized medicine by 
analyzing vast datasets and identifying patterns that correlate with specific health 
conditions. This allows for tailoring medical treatments to an individual's unique 
characteristics, including genetic makeup, lifestyle, and environment3. 

●​ Disease diagnosis and prediction: AI is reshaping the landscape of disease diagnosis 
and prognosis by analyzing complex biological data to identify biomarkers and patterns 
associated with specific conditions. Machine learning models can sift through diverse 
datasets, including genomics, proteomics, and clinical information, to discern subtle 
indicators of diseases8. In the realm of cancer, AI-powered imaging technologies can 
analyze medical images with unparalleled accuracy, helping detect subtle signs of 
diseases such as tumors at their earliest stages9. 

●​ Metagenomics and microbiome analysis: AI is playing a pivotal role in unraveling the 
complexities of microbial ecosystems by analyzing the vast amount of data generated 
through next-generation sequencing. Machine learning algorithms can identify microbial 
species, predict their functions, and elucidate interactions within complex microbial 
communities8. This has implications for understanding the role of the microbiome in health 
and disease, leading to the identification of potential therapeutic targets and the 
development of interventions to modulate the microbiome for improved health outcomes. 

●​ Biological image analysis: AI, particularly computer vision, is proving invaluable in 
automating the analysis of biological images. Convolutional Neural Networks (CNNs) can 
recognize patterns, detect anomalies, and classify cellular structures with a level of 
accuracy that surpasses traditional methods8. This automation not only expedites 
research but also enhances the reproducibility of results. 



●​ Gene therapy: AI can help in many steps of gene therapy, including gene identification, 
gene editing, vector design, development of new macromolecules, and modeling of gene 
delivery10. AI tools can introduce new gene targets, novel vectors, optimized experiment 
conditions, predict the outcomes, and suggest the best solutions to avoid undesired 
immune responses following gene therapy treatment10. 

●​ Protein structure prediction: AI, particularly deep learning, has emerged as a powerful 
tool for predicting protein structures with remarkable accuracy. Deep learning models, 
such as AlphaFold, developed by DeepMind, and RoseTTAFold, from the University of 
Washington, have showcased their ability to infer protein structures from amino acid 
sequences, surpassing traditional methods in terms of both speed and precision8. These 
tools have been instrumental in solving the "protein folding problem," a 50-year-old 
challenge in biology11. 

Research Groups at the Forefront of AI in 
Computational Biology 
 

 
 
 

Research Group Institution Focus Area 

Machine Learning & 
Computational Biology 

Max Planck Institute for 
Biological Cybernetics 

Developing intelligent 
algorithms for analyzing 
complex systems in 
biology, with a particular 
emphasis on graph-based 
techniques for modeling 
gene and protein 
interactions. 

AI and Computational 
Biology for Health 
(AI2Health) Initiative 

Rice University Developing AI methods for 
systems and integrative 
biology, as well as 
structural and functional 
biology. Incorporating 
biological insights into AI 
model formulation and 
developing novel machine 
learning techniques for 
assigning functions to 
protein-coding genes. 



Computational Biology, 
Predictive Technology and 
AI Interest Group 

ASBMB The use of computational 
methods and AI to model 
biological systems and 
predict molecular 
structures, movement, and 
behaviors. 

Department of 
Computational Medicine 
and Bioinformatics 

University of Michigan AI and machine learning in 
computational medicine 
and bioinformatics, with 
applications to complex 
genetic diseases, 4D 
Nucleome, genomics, 
gene regulation & 
epigenomics, multi-“omics” 
integrative bioinformatics, 
protein structure, 
proteomics & alternative 
splicing, systems biology & 
networks analysis, and 
translational 
bioinformatics, drug 
discovery & 
pharmacogenomics. 

Computational and 
Predictive Biology Group 

Oak Ridge National 
Laboratory 

Building detailed 
computational models of 
biological systems, 
including bioenergy plants, 
microbe-plant interactions, 
and genetic susceptibility 
to pain and opioid 
addiction. Developing new 
technical methods and 
systems such as KBase 
(the Department of Energy 
Systems Biology 
Knowledgebase). 

Limitations of AI in Computational Biology 
Despite the remarkable potential of AI in computational biology, several limitations need to be 
addressed: 

●​ Data quality and bias: AI models heavily rely on the quality and representativeness of 
training data. In biotech and life sciences, datasets may suffer from biases, inaccuracies, 
or limited diversity, impacting performance and generalization ability12. It is important to 



remember that AI systems in biotechnology are only as good as the data they are trained 
on13. 

●​ Interpretability and trustworthiness: Many AI techniques, such as deep neural 
networks, are complex and opaque, making it challenging to interpret and trust the 
generated outputs. In critical applications like drug discovery and biomolecule design, it is 
crucial to understand how and why generative models generate specific outputs12. 

●​ Mapping data: Mapping data in biotech and life sciences presents challenges due to the 
complexity and heterogeneity of biological systems and the diversity of data types and 
sources. Integrating and mapping heterogeneous data types requires harmonizing data 
structures, ontologies, and metadata to ensure data consistency across datasets12. 

●​ Black box problem: Some AI models used in biotech are "black boxes," meaning their 
internal workings and decision-making processes are not transparent. This lack of 
transparency can hinder understanding and trust in the results generated by these 
models14. 

●​ Data limitations: The exponential growth of biological data has outpaced the ability of 
classical bioinformatics methods to handle its complexity and scale15. Classical methods 
struggle with handling intricate data, rely on manual feature engineering, and lack 
adaptability to noisy data15. AI offers a solution, but it still requires large, high-quality 
datasets for training and validation. 

●​ Overreliance on AI: There is a risk of overestimating the capabilities of AI and relying 
solely on its predictions without proper validation and critical evaluation16. 

These limitations are not insurmountable, but they highlight the need for ongoing research and 
development to improve AI algorithms, data quality, and our understanding of how AI interacts 
with complex biological systems. 

The limitations of AI in computational biology are closely intertwined with the ethical 
considerations and potential risks associated with its use. For example, biased data can lead to 
discriminatory outcomes, while a lack of transparency can hinder accountability and trust. 
Addressing these limitations is crucial not only for improving the effectiveness of AI in this field 
but also for ensuring its responsible and ethical application. 

Ethical Considerations and Potential Risks of AI in 
Computational Biology 
The use of AI in computational biology raises several ethical considerations: 

●​ Data privacy and consent: Computational biology often involves sensitive personal data 
(genetic information, medical records), raising privacy concerns. Informed consent is 
crucial when collecting and using biological data from individuals. Participants should be 
fully informed about the purpose, risks, and benefits of the research, and their consent 
should be voluntary17. 

●​ Algorithmic bias: Algorithmic bias can lead to inaccurate predictions, misdiagnoses, or 
discriminatory outcomes based on factors such as race, ethnicity, or socioeconomic 
status. Researchers must actively identify and mitigate potential sources of bias in their 
computational models17. 

●​ Genetic information and discrimination: Advances in genomics and computational 



biology have made genetic information more accessible, raising concerns about potential 
misuse and discrimination17. 

●​ Dual-use dilemma: AI models in science can be misused for harmful purposes, such as 
the design of more virulent or toxic pathogens18. This raises concerns about biosecurity 
and the potential for AI to be used in the development of biological weapons. 

●​ Unexpected effects: AI models may fail to identify potential side effects or other 
unintended consequences in practical applications19. This highlights the need for careful 
validation and monitoring of AI-driven predictions in biological research. 

●​ Misinformation: AI models can be exploited to spread misinformation about biological 
research or health-related topics19. This underscores the importance of responsible 
communication and public education about the capabilities and limitations of AI in this 
field. 

Ethical Frameworks for AI in Computational Biology 
To ensure the ethical development and application of AI in computational biology, several 
frameworks have been proposed: 

Loi et al. propose seven actionable principles: 

●​ Beneficence: Promote individual and community well-being and preserve trust. 
●​ Non-maleficence: Protect security, privacy, dignity, and sustainability. 
●​ Autonomy: Promote the capabilities of individuals and groups while protecting civic and 

political freedoms, privacy, and dignity. 
●​ Justice: Be fair, avoid discrimination, and promote social justice and solidarity. 
●​ Control: Knowledgeably control entities, goals, processes, and outcomes affecting 

people. 
●​ Transparency: Communicate knowledge of entities, goals, processes, and outcomes in 

an adequate and effective way to relevant stakeholders. 
●​ Accountability: Assign moral, legal, and organizational responsibilities to the individuals 

who control entities, goals, processes, and outcomes affecting people20. 

Müller et al. formulated ten commandments of ethical medical AI: 

●​ Recognizability: It must be clear when and how AI is involved in a decision or action. 
●​ Transparency: AI decisions, actions, and communication must be transparent and 

explainable. 
●​ Responsibility: A competent person must be responsible for AI decisions. 
●​ Comprehensibility: AI decisions must be understandable and repeatable. 
●​ Scientific basis: Explanations of AI decisions must be based on scientific theories. 
●​ Non-manipulative: AI must not pretend accuracy or manipulate users. 
●​ Legality: AI must not violate any applicable law or lead to human harm. 
●​ Non-discrimination: AI must not be discriminatory in its training or application. 
●​ Human control: The target setting, control, and monitoring of AI must not be performed 

by algorithms20. 

These frameworks provide valuable guidance for navigating the ethical challenges of AI in 
computational biology. They emphasize the importance of human oversight, transparency, 



accountability, and fairness in the development and application of AI tools. 

Synthesis and Conclusion 
The integration of AI in computational biology holds immense promise for advancing our 
understanding of life and improving human health. AI is being applied to a wide range of 
problems, from drug discovery and genomics to disease diagnosis and microbiome analysis. 
However, it is crucial to acknowledge the limitations, ethical considerations, and potential risks 
associated with this powerful technology. These challenges are interconnected and require a 
multi-faceted approach to ensure the responsible and beneficial use of AI in this field. 

To fully realize the transformative potential of AI in computational biology, we must prioritize: 

●​ Improving data quality and mitigating bias: This involves ensuring that AI models are 
trained on diverse, representative, and high-quality datasets to minimize bias and improve 
accuracy. 

●​ Enhancing interpretability and trustworthiness: Developing AI models that are more 
transparent and explainable will increase trust in their predictions and facilitate their 
adoption in critical applications. 

●​ Addressing ethical concerns: Establishing clear ethical guidelines and regulations for 
the use of AI in computational biology is essential to protect privacy, prevent 
discrimination, and ensure responsible innovation. This includes adhering to ethical 
frameworks and promoting human-centered AI principles. 

●​ Promoting collaboration and knowledge sharing: Fostering collaboration between 
researchers, ethicists, and policymakers will facilitate the development of AI tools that are 
both effective and ethically sound. 

By carefully navigating these challenges, we can harness the transformative potential of AI in 
computational biology to unlock new frontiers in scientific discovery and improve human health 
while upholding ethical principles and safeguarding against potential risks. The future of this 
field hinges on our ability to develop and apply AI in a manner that is both innovative and 
responsible. 
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