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Breakthroughs in (Structural) Biology
AI for Science: A Revolution?

ESMfold, Lin et al, Science 2023

Also:  
rosettafold, 
omegafold, 

librefold, 
openfold, 
dmpfold, 

helixfold…

AlphaFold3, Nature 2024

Chroma, Ingraham et al, Nature 2023

AlphaFold2, Jumper et al. Nature 2021

Protein Structure Prediction Protein Design
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Protein Structure Prediction Protein Structure Determination

AI for Science: A Revolution?

CryoDRGN. Zhong et al. ICLR 2020; Nature Methods 2021



Modeling Biological Sequences

Source: NextStrain

AI for Science: A Revolution?



Chemistry: AI as a scientist/agent
Autonomous LabsReaction and retrosynthesis pathways

• Drug Discovery 
• Structure Determination

AI for Science: A Revolution?

ChefNMR. Xiong et al. NeurIPS 25



Material Science: AI as a discoverer + experimentalist

• AI can be used to search chemical space  
• Autonomous labs to synthesize 
• Are the materials truly novel?

AI for Science: A Revolution?



Physics: AI learns to control a fusion reactor

AI for Science: A Revolution?



Weather Forecasting: AI as a simulator
AI for Science: A Revolution?



Deep learning vs. machine learning vs. AI

Should this course be called “AI for 
the natural sciences”?

Source: ETH AI in the Sciences and Engineering Course (2024)



How is AI used in Science?
• Let’s organize by what the model does instead of by field

Claude Opus 5



How is AI used in Science?

ChatGPT Sol 5.6



Some Challenges in AI for Science
• Learning from scientific data 

• Data scarcity / efficiency 

• Generalization 

• Data quality 

• Scientific understanding 

• Reasoning 

• Lack of interpretability 

• Physical consistency 

• Evaluation and reliability 

• Data leakage 

• Benchmark and metrics  

• Uncertainty & calibration 

• Reproducibility / robustness

The PDB

100,000th structure!
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Rest of this lecture
• Course overview and logistics 

• The scientific process  

• The taxonomy of “AI for Science” 

• Discussion 



Course Introduction



Welcome!
• Introductions: 

• What is your year / background / research interests? 
• What do you want to learn from this class? 
• Fun fact?



Logistics
• Website: https://www.cs.princeton.edu/courses/archive/fall26/cos597Y/  

• Instructor: Ellen Zhong (she/her) 

• Office hours: Tuesdays 3:00-4:00p, CS 314, or by appointment 

• Class meetings:  

• Tentative: Wednesdays 3-5p only (Will poll via Google Form for availability) 

• Attendance is required — contact me in advance if there are extenuating 
circumstances 

• We will mostly use slack for communication and to share helpful resources or related 
papers, or #random! I will create a slack channel after this meeting and add everyone.

https://www.cs.princeton.edu/courses/archive/fall26/cos597Y/


Learning Goals
• Understand how scientific data and domain structure shape machine learning 

methods 

• Become familiar with major applications of AI across the natural sciences 

• Understand the strengths, limitations, and appropriate uses of AI for scientific 
problems 

• Learn how to formulate research problems and communicate scientific ideas 

• Gain exposure to academic and industry perspectives on AI for science



Format
• There are two components of this class: 

• In-class presentations and discussions on assigned papers 

• Final project  

• See syllabus for more info: https://www.cs.princeton.edu/courses/archive/fall26/
cos597Y/

https://www.cs.princeton.edu/courses/archive/fall26/cos597Y/
https://www.cs.princeton.edu/courses/archive/fall26/cos597Y/


Grading
• Participation (30%) 
• Presentation (30%) 
• Final project (40%) 

• Participation 
• One of the primary ways of learning and engaging with the material 
• Examples: Posing or answering questions, explaining background material, sharing 

reflections 
• Pre-lecture questions 
• Post-lecture feedback 
• Class attendance is mandatory. Please reach out to course staff (Ellen + Ziyu) if you have a 

conflict for a makeup assignment



Overview of Topics
• Before fall break 

• AlphaFold :)  
• Intro to deep learning and generative modeling 
• Transformers and scaling laws 
• Diffusion & flow matching 
• Inverse problems 
• Scientific foundation models



Overview of Topics
• After fall break we will focus on applications: 

• Biological language modeling 
• Geometric DL, AI for chemistry 
• AI for physics & learning dynamics 
• AI agents for science 
• Protein design, Bayesian optimization, active learning 
• Interpreting scientific foundation models 

• The schedule is still tentative depending on MW vs W scheduling and enrollment.



What is AI for Science?



Multiple perspectives on this “field”
AI for Science AI for Science AI Scientists

• Using AI to accelerate and/or 
expand the capabilities of 
scientific discovery 

• Science is the goal; AI is the tool 

• Topics: Prediction · inference · 
simulation · design

• Developing AI methods that 
incorporate scientific structure, 
knowledge, or constraints. 

• Science informs the AI 

• Topics: Physical priors · symmetries · 
constraints · interpretability

• Can AI perform the process of 
science? 

• Topics: Hypothesis generation · 
experiment design · 
autonomous labs · closed-loop 
discovery
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The Scientific Process

Scientific discovery in the age of artificial intelligence. Wang et al. Nature 2023 

• The scientific discovery process / cycle: 

• observations → patterns → hypotheses 
→ predictions → experiments → 
observations 

• Where is AI (traditionally) applied in this 
cycle? 

• Where do typical ML tasks fit in the 
scientific process? 

• Prediction 

• Inference 

• Generation 

• Design



Example: Learning meaningful representations of scientific data

Scientific discovery in the age of artificial intelligence. Wang et al. Nature 2023 



Example: AI-based generation of scientific hypotheses

Scientific discovery in the age of artificial intelligence. Wang et al. Nature 2023 



 Example: Integration of AI with scientific experiments and simulation

Scientific discovery in the age of artificial intelligence. Wang et al. Nature 2023 



Another perspective: Incorporating scientific principles 
into ML

Source: ETH AI in the Sciences and Engineering Course (2024)



Very recently: AI Scientists

AI Scientist 
• Automates ML research end-to-end 
• Ideas → experiments → papers

AI Co-Scientist 
• Multi-agent hypothesis generation 
• Experimentally validated in biomedicine

Robin (Later followed by Kosmos) 
• Automates experimental discovery 
• Hypotheses → experiments → refinement



Discussion
• Is AI transforming science? 

• What would convince you that an AI system had made a scientific 
discovery? 

• Does discovering a molecule count? A theorem? A pattern? 

• Prediction vs. understanding? 

• Where is the scientist in the loop? 

• Human vs AI hypothesis generation?



Additional References
• Some slide content adapted from ETH Zurich AI in the Sciences and 

Engineering (2024) 

• Review article: Scientific discovery in the age of artificial intelligence. 
Wang et al. Nature Aug 2023. 

• Editorial: What’s your hypothesis? Nature Methods 2026.

https://camlab.ethz.ch/teaching/ai-in-the-sciences-and-engineering-2024.html
https://camlab.ethz.ch/teaching/ai-in-the-sciences-and-engineering-2024.html
https://www.nature.com/articles/s41586-023-06221-2
https://www.nature.com/articles/s41592-026-03104-y

