
AI Agents for Accelerating Research and Discovery

James Zou

www.james-zou.com jamesz@stanford.edu

Stanford University



AI tool vs AI co-scientist

AI tools AI agents

LLM systems that use tools



The Virtual Lab

The Virtual Lab is a team of interdisciplinary AI scientists that work with human scientist 
on challenging, open-ended research.

AI scientists

Virtual Lab School

Self-learning agents

Swanson et al. Nature 2025



Virtual Lab Design

Agent creation

Team 
meeting

Individual 
meeting

GPT-4o as the 
base model 

tools in sandbox environment 

Swanson et al. Nature 2025



Example Virtual Lab team meeting



Virtual Lab: parallel meetings
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Words written by different agents



1. Choose Topics for Agents 2. Self Generate Queries
nanobodies

SARS-CoV-2 spike protein

SARS-CoV-2 variants KP.3 and JN.1

ESM

AlphaFold-Multimer

Rosetta

1. What is ESM?

2. How is ESM used for nanobody design?

3. How are ESM embeddings used?

4. How are ESM log-likelihoods used?

5. How to design nanobodies with ESM?

ESM

3. Search PMC & Select Papers

What is ESM?

Title: ESM for Nanobodies

Abstract: ESM is a tool for…

Title: ESM for Peptides

Abstract: ESM can be used to…

Title: ESM for Antibodies

Abstract: Here we use ESM…

Title: ESM for Nanobodies

Abstract: ESM is a tool for…

Title: ESM for Antibodies

Abstract: Here we use ESM…

Virtual Lab School of self-improving AI scientists



4. Summarize Papers

Title: ESM for Nanobodies

Full Text: ESM is a tool 

for proteins that can be 

used to model nanobodies…

Summary: ESM is good 

for nanobody design.

5. Finetune on Summaries
Summary: ESM is good for nanobody design.

Summary: ESM can’t be used for small molecules.

Summary: ESM log-likelihoods are useful.

6. Evaluate via Q&A

Question: What is ESM good for?

1. Small molecules

2. Nanobodies

3. DNA

Summary: ESM is good 

for nanobody design.
Nanobodies



Example: Virtual Lab designs nanobodies for recent COVID variants

Virtual lab agents created novel computational 
workflow to design nanobodies.

ESM à selected stable nanobodies
AlphaFold à predicts nanobody + spike structure
Rosetta à estimates binding energy
3 models combined to select candidates for next round. 



Virtual Lab designed nanobodies experimentally validated

Promising candidates 
showing enhanced 
binding to recent 
JN.1 variant and the 
original Wuhan 
variant. 

Swanson et al. Nature 2025



Part 1 Discussion

• Virtual Lab of AI scientists can tackle versatile research. 

• Multiple agents w/ diverse expertise better than single agent. 

• Helpful to provide agent with memory and sandbox to safely 
execute tools. 

• Agents have their own social dynamics.

Swanson et al. Nature 2025



2. Paper2Agent
Passive paper

Hard to adopt code/data to new project.

Interactive agent

Miao et al. arXiv 2025



Paper2Agent automated workflow

Challenge: LLM may not use the codebase/data 
from the paper properly.

Solution: use multiple sub-agents to create 
robust MCP server based on the paper.



Case study: Scanpy agent



Scanpy agent reproduces human expert analyses



Paper2Agent correctly performs complex analyses



Agent-agent collaboration à new discoveries



Agent-agent collaboration à new discoveries

AlphaGenome Agent collaborating with the ADHD GWAS paper agent 

New splicing 
error associated 
with ADHD risk



Part 2 Discussion

• Paper2Agent converts passive papers into interactive agents.

• Easier for readers to use the methods + data from the paper.

• New way to disseminate knowledge.

• Agents can collaborate! New method agent + new data agent.

Miao et al. arXiv 2025
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How creative are AI scientist agents?

How should human researchers collaborate with AI agents?

How good are LLMs at reviewing papers?

… 



To answer these questions

• AI agents as both authors and reviewers.
• Submissions and reviews are public. 
• Document AI-human collaboration.
• Additional human expert assessments.



Agents4Science statistics

315 submissions; 48 accepted papers;
Covers broad domains AI, Physics, Medicine, Econ



What LLMs and agents did people use? 

Claude
Gemini

GPT-4/5
DeepResearch 

(OpenAI)
Liner

Kimi-K2

Deepseek-V3

Grok-4

GLM-4.5

Qwen
CMB Agent

Denario

ClaudeCode 

CursorCosmetics Discovery 
Agent

Specialized and Proprietary 
Agents

General Coding 
Agents

Other Models



Submissions: AI Checklist

Authors need to disclose AI 
involvement (hypothesis generation, 
writing, experiments).

Authors share the limitations they 
found when using AI in their work.

A: 95% human C: >50% AI

B: >50% 
human

D: >95% AI

Ratings



Human-AI collaboration patterns

mostly AI

All submissions Accepted papers

mostly human

Bianchi et al. Nature Biotech 2025



Reviewers: GPT5, Gemini2.5 Pro, Claude Sonnet 4

● Reviewers tuned using ICLR2025 and ICLR2024 accepted/rejected papers.
● Scores from 1-6 following NeurIPS guidelines. 

○ (1 strong reject, 3 borderline reject, 4 borderline accept, …).

Bianchi et al. Nature Biotech 2025



Examples of LLM Reviews

AI reviewer finds mismatches in the papers:

● AI Feedback: “The text states R2= 0.0148  whereas Table 1 … reports R2= 0.005”

AI reviewer sycophancy
● AI Feedback: “Overall, this is a groundbreaking and highly recommended paper for a forward-

thinking conference.”



Automated Reference Verification

● AI Agent searches online
if a reference exists. 

● If references cannot be 
verified, users will see a 
warning on OpenReview.

56% of submission has ≥1 hallucinated reference





“This is a really interesting paper in a fast developing area. Both the agent 
based modelling the the two-sided market places are interesting topics and 

the combination is fascinating.”
Expert human reviewer (Nobel Laureate in economics)



Jake Chen


