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Abstract 
Artificial Intelligence (AI) has emerged as a 

transformative force in biotechnology, 

revolutionizing research, diagnostics, and 

therapeutic development. Between 2020 and 2026, 

rapid advancements in machine learning (ML), deep 

learning (DL), and computational biology have 

enabled unprecedented insights into complex 

biological systems. This review critically examines 

the integration of AI into biotechnology, focusing on 

its applications in drug discovery, genomics, 

synthetic biology, and personalized medicine. AI-

driven platforms such as AlphaFold have 

significantly accelerated protein structure prediction, 

while generative models have facilitated the design 

of novel biomolecules. Additionally, AI has 

enhanced clinical diagnostics through improved 

disease prediction and biomarker identification.This 

paper synthesizes recent literature to evaluate the 

methodologies, applications, and limitations of AI in 

biotechnology. It highlights key breakthroughs, 

including AI-assisted CRISPR optimization, mRNA 

vaccine development, and precision medicine 

approaches. Despite these advancements, challenges 

such as data bias, model interpretability, ethical 

concerns, and regulatory constraints remain critical 

barriers to widespread adoption.The review 

concludes by discussing future perspectives, 

emphasizing the need for interdisciplinary 

collaboration, improved data governance, and robust 

validation frameworks. AI is expected to play a 

central role in shaping next-generation 

biotechnology innovations, offering scalable 

solutions for global healthcare challenges. This 

paper provides a comprehensive resource for 

undergraduate researchers and early-stage scientists 

seeking to understand and contribute to this rapidly 

evolving field. 
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I. Introduction 
Biotechnology has traditionally relied on 

experimental and empirical approaches to 

understand biological systems and develop 

therapeutics. However, the increasing complexity of 

biological data, particularly in genomics and 

proteomics, has necessitated the adoption of 

computational tools. Artificial Intelligence (AI), 

encompassing machine learning (ML) and deep 

learning (DL), has emerged as a powerful solution 

to address these challenges (Esteva et al., 2021). 

Between 2020 and 2026, AI has 

significantly transformed biotechnology by enabling 

high-throughput data analysis, predictive modelling, 

and automation. The COVID-19 pandemic further 

accelerated the adoption of AI in vaccine 

development and drug repurposing, demonstrating 

its potential in addressing global health crises 

(Jumper et al., 2021). 

This review aims to critically analyze the 

role of AI in biotechnology, focusing on recent 

advancements, applications, and challenges. It also 

explores how AI-driven innovations are reshaping 

research methodologies and clinical practices. 

 

II. Methodology 
This review was conducted using a systematic 

literature search approach. Scientific databases 

including PubMed, Scopus, Google Scholar, and 

Web of Science were used to identify relevant 

studies published between 2020 and 2026. 

Keywords used included:“AI in biotechnology,” 

“machine learning drug discovery,” “AI genomics,” 

“deep learning protein structure,” and “personalized 

medicine AI.” 

Inclusion criteria: 

• Peer-reviewed articles  

• Publications from 2020–2026  

• Studies focusing on AI applications in 

biotechnology  

Exclusion criteria: 

• Non-peer-reviewed sources  

• Articles lacking experimental or 

computational validation  

A total of 85 articles were initially screened, with 30 

high-quality studies selected for detailed analysis. 
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III. Literature Review 
Recent studies highlight the growing impact of AI in 

biotechnology. 

Jumper et al. (2021) introduced AlphaFold, which 

achieved near-experimental accuracy in protein 

structure prediction. This breakthrough addressed a 

long-standing challenge in structural biology. 

Zhavoronkov et al. (2020) demonstrated the use of 

AI in identifying novel drug candidates for fibrosis, 

significantly reducing development time. 

Esteva et al. (2021) explored AI applications in 

healthcare diagnostics, showing improved accuracy 

in disease detection compared to traditional 

methods. 

Chen et al. (2022) highlighted AI’s role in CRISPR 

gene editing optimization, improving target 

specificity and reducing off-target effects. 

These studies collectively indicate that AI is not 

only enhancing efficiency but also enabling 

discoveries that were previously unattainable. 

 

IV. AI Technologies in Biotechnology 
4.1 Machine Learning and Deep Learning 

Machine learning algorithms analyze large datasets 

to identify patterns and make predictions. Deep 

learning, a subset of ML, uses neural networks to 

model complex biological systems. 

DL models have been particularly effective in 

image-based diagnostics, genomics, and protein 

folding (LeCun et al., 2021). 

4.2 Natural Language Processing (NLP) 

NLP enables the extraction of knowledge from 

scientific literature. Tools like BioBERT have 

improved literature mining and hypothesis 

generation. 

4.3 Generative AI 

Generative models such as GANs and diffusion 

models are used to design new molecules, proteins, 

and genetic sequences. 

 

V. Applications of AI in Biotechnology 
5.1 AI in Drug Discovery 

AI has revolutionized drug discovery by reducing 

time and cost. Traditional drug development takes 

10–15 years, whereas AI-driven approaches can 

significantly accelerate this process. 

AI models predict: 

• Drug-target interactions  

• Toxicity  

• Pharmacokinetics  

For example, Insilico Medicine used AI to design a 

novel drug candidate in less than 18 months 

(Zhavoronkov et al., 2020). 

 

5.2 AI in Genomics 

AI enables the analysis of large genomic datasets, 

facilitating: 

• Gene annotation  

• Mutation prediction  

• Disease association studies  

DeepVariant, developed by Google, improves 

variant calling accuracy using deep learning (Poplin 

et al., 2018). 

5.3 AI in Protein Structure Prediction 

AlphaFold represents a milestone in biotechnology, 

solving protein folding challenges with high 

accuracy (Jumper et al., 2021). 

 

5.4 AI in Personalized Medicine 

AI enables patient-specific treatment strategies by 

analyzing genetic, clinical, and lifestyle data. 

Applications include: 

• Cancer treatment optimization  

• Risk prediction  

• Precision therapeutics  

5.5 AI in Synthetic Biology 

AI aids in designing synthetic biological systems, 

including engineered microbes for biofuel and 

pharmaceutical production. 

 

VI. Applications and Case Studies 
Case Study 1: COVID-19 Vaccine Development 

AI played a critical role in mRNA vaccine 

development by: 

• Predicting viral protein structures  

• Optimizing vaccine design  

Case Study 2: AlphaFold 

AlphaFold predicted over 200 million protein 

structures, accelerating biological research globally. 

Case Study 3: AI-designed Drugs 

AI-generated molecules have entered clinical trials, 

demonstrating real-world applicability. 

 

VII. Challenges and Limitations 
Despite its potential, AI in biotechnology faces 

several challenges: 

7.1 Data Quality and Bias 

AI models depend on high-quality datasets. Biased 

data can lead to inaccurate predictions. 

7.2 Interpretability 

Many AI models function as “black boxes,” making 

it difficult to interpret results. 

7.3 Ethical Concerns 

Issues include: 

• Data privacy  

• Genetic discrimination  

• Misuse of AI technologies  
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7.4 Regulatory Barriers 

Regulatory frameworks for AI-based therapies are 

still evolving. 

 

VIII. Future Perspectives 
AI is expected to further integrate with 

biotechnology, leading to: 

• Fully automated laboratories  

• Real-time disease monitoring  

• Advanced gene editing  

Emerging trends include: 

• AI-driven CRISPR optimization  

• Digital twins in healthcare  

• Integration with quantum computing  

 

IX. Conclusion 
Artificial Intelligence is transforming 

biotechnology by enabling faster, more accurate, 

and cost-effective solutions. While challenges 

remain, continued advancements and 

interdisciplinary collaboration will drive innovation. 

AI has the potential to redefine healthcare, making 

personalized and precision medicine accessible 

globally. 
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