
AI Agents for Automa/ng Scien/fic Hypotheses 
Genera/on and Verifica/on from Massive Offline Data

Ying Jin 
Department of Statistics and Data Science 

The Wharton School, University of Pennsylvania

IMSI Workshop on Reinforcement Learning from Offline Data and Human Feedback, April 2026



Collaborators

Emmanuel Candès 
Stanford Stats & Math

Kexin Huang 
Stanford CS  Phylo→

Ryan Li 
Stanford CS

Michael Li 
Stanford CS

Jure Leskovec 
Stanford CS

Fred Zhang 
UPenn Wharton



AI for scien1fic discovery

1



AI for scien1fic discovery

1

Recent emerging paradigm

AI as prediction engines AI as automation agents



AI for scien1fic discovery

1

Recent emerging paradigm

AI as prediction engines AI as automation agents

Predict drug binding affinities 

Predict protein structures

Simulate particle interactions



AI for scien1fic discovery

1

Write and execute codes 

Analyze massive datasets

Design experiments (wet/dry lab)

Recent emerging paradigm

AI as prediction engines AI as automation agents

Predict drug binding affinities 

Predict protein structures

Simulate particle interactions



AI for scien1fic discovery

1

Write and execute codes 

Analyze massive datasets

Design experiments (wet/dry lab)

Recent emerging paradigm

AI as prediction engines AI as automation agents

Predict drug binding affinities 

Predict protein structures

Simulate particle interactions

[Google research]


[Sakana.ai]
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[Cell]


AI agents: computer programs that can use tools, internal knowledge, 
and reasoning capabilities to conduct various tasks by multi-round 
interaction with environments (coding envs, data, or even wet labs)
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The “Reward” problem: Do AI-generated hypotheses deserve costly followup?

Vision: AI agents automatically explore the environment (labs, data, analyses) to produce scientific discoveries


Gene interaction measures,

Gene expressions, Phenotypes

Generate new data (rare)

Explore massive offline databases

MAK16

…..

Hypotheses promising on data

This is important but hard to answer because 


‣ AI agents generate many hypotheses at scale  nearly impossible to manually follow-up on each of them 

‣ Agents surface the most striking patterns in data  selection bias, cannot fully trust 

‣ LLM backbones  hallucinations, random generations, various errors 

↝
↝

↝

[Wang et al.; Nature 2023]
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Statistical evidence is a unified language for scientific credibility


MAK16

…..

Hypotheses proposed

Why (error-controlled, theoretically justified) statistical evidence?


‣ P-values/e-values  Interpretable, unified measure of strength of support

‣ Type-I error control  rigorous basis for follow-up investigations with limited waste 

↝
↝

This talk: Scaling statistical evidence generation with & for AI agents

MAK16

…..

Support downstream research

?
p-value: 0.001

p-value: 0.743

…..

Valid statistical evidence
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Both require agents to interact rigorously with offline data for statistical validity
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Hypothesis testing: POPPER (80%)

Hypothesis generation: ongoing (20%)

Intermediate evidence

Offline Data

Exploration Plan Key: agent sequentially interacts with 
offline data to accumulate evidence

Promising hypotheses

Offline Data

Exploration Plan
Key: agent sequentially interacts with offline 
data to generate hypotheses, then compute 
statistical evidence with separate data

Challenge: Automation + free-form, abstract scientific hypotheses + hard to directly test with data

Challenge: Reusing data to compute evidence leads to selection bias (overestimate confidence)
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POPPER: Automated hypothesis validation 
with agentic sequential falsifications

Huang, K.*, Jin, Y.*, Li, R.*, Li, M. Y., Candès, E., & Leskovec, J. (2025).  
Automated Hypothesis Validation with Agentic Sequential Falsifications. ICML 2025.

Emmanuel 
Candès

Kexin 
Huang

Ryan Li Michael Li Jure 
Leskovec
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Hypothesis valida1on with AI agents
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Common type of “hypothesis” in the literature

How to rigorously validate free-form 
hypothesis at scale?

Challenge: Scientific hypotheses can be free-form, abstract, hard to directly test with data 
• E.g. LRRC32 is a drug target for Ulcerative colitis (UC)

Hypothesis

Pre-defined α
AI agent Reject or not

Same as classical hypothesis testing, except that it’s done by AI agents.
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Popper: testing by falsification*
Conduct experiments

Collect data 

Analyze data

* We take Popper’s perspective on the falsification process (nature of scientific testing), but not necessarily more broadly his view of what is scientific or not.



Why falsifica1on tests?
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Lots of scientific hypotheses cannot be directly validated with data, but their implications can

‣ Hypothesis (null):  LRRC32 is not a drug target for Ulcerative colitis (UC)

‣ Implications of the null hypothesis


• LRRC32 expression should not be significantly high at UC-relevant cell types 
‣ Falsification experiment


• Null: LRRC32 expression is not high in UC cell types 
• Alternative: LRRC32 expression is high in UC cell types
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Generate

Data

Wet-lab

Dry-lab

Statistical test P-value for testing 
an implication

Active data: New data produced 

for the experiment

Static data: existing massive hypothesis-
free database for data analysis

💡 Let agents conduct 
the falsification process!

Hypothesis Implications Experiments

Building an agent by imita1ng the falsifica1on process
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Designing a falsification experiment requires 

‣ Reasoning 


‣ Domain knowledge 


‣ Creativity 

We use an LLM as experiment design agent

• Input: the main hypothesis 


• Output: a designed experiment 

‣ Implied sub-hypothesis 


‣ The null and alternative 


‣ Experimental protocol (what data to collect/analyze)

H

Execution agent implements the experiment

‣ Data analysis 


‣ Wet-lab data collection (dream)


‣ Computer simulations

Basically, another LLM

• Input: the experimental design


• Output: p-values for testing the sub-hypothesis

Finally, continue the process if one round of 
falsification isn’t enough: Aggregation!



Sequen1al safe tes1ng with error control

12

Continue the process if one round of falsification isn’t enough. Ideally, 

‣ Adaptively determine whether to continue 

‣ Combine diverse evidence from tests for different sub-hypotheses

‣ Maintain statistical rigor for final decision



Sequen1al safe tes1ng with error control

12

Continue the process if one round of falsification isn’t enough. Ideally, 

‣ Adaptively determine whether to continue 

‣ Combine diverse evidence from tests for different sub-hypotheses

‣ Maintain statistical rigor for final decision

Sequential testing with e-values! 



Sequen1al safe tes1ng with error control

12

Continue the process if one round of falsification isn’t enough. Ideally, 

‣ Adaptively determine whether to continue 

‣ Combine diverse evidence from tests for different sub-hypotheses

‣ Maintain statistical rigor for final decision

Sequential testing with e-values! 

E-value: non-negative random variable whose expectation 
under the null is at most 1. [Vovk and Wang, 2021]




Sequen1al safe tes1ng with error control

12

Continue the process if one round of falsification isn’t enough. Ideally, 

‣ Adaptively determine whether to continue 

‣ Combine diverse evidence from tests for different sub-hypotheses

‣ Maintain statistical rigor for final decision

Sequential testing with e-values! 

Benefits of e-values: 

easy to combine, flexible to construct, optional stopping, 

valid testing, interpretable as “wealth”…


E-value: non-negative random variable whose expectation 
under the null is at most 1. [Vovk and Wang, 2021]
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Goal: valid type-I error control  if the main null hypothesis  is true ℙ(reject) ≤ α H0

‣ Rigorous error control for scientific discovery 


‣ Quantify strength of evidence even for early-stage exploration

Three key conditions to guarantee type-I error control  

1. Implication

2. E-value validity

3. Optional stopping 

Then, aggregating the e-values in existing 
rounds leads to a valid e-value for testing 
H0
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1. Implication: In each round , the design agent proposes a sub-hypothesis  such that  implies  

 agent self-refinement + external valid checker (another LLM)

i h0
i H0 h0

i

↝
2. E-value validity: Let  be the data used in all rounds before , then the execution agent in round  

produces a nonnegative random variable  obeying  under the sub-null  

 use new dataset + well-executed statistical test at each step

𝒟i i i
ei 𝔼[ei ∣ 𝒟i] ≤ 1 h0

i

↝
3. Optional stopping: Define aggregated e-value as . We stop if and only if  or Ei = ∏

t≤i

et i ≥ T0 Ei ≥ 1/α

The terminal e-value  obeys  under the global null , 
hence the test  controls the type-I error

Eτ 𝔼[Eτ] ≤ 1 H0
1{Eτ > 1/α}

sub-hypothesis  h0
i Conditionally valid ei

Aggregated e-value Ei
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GRAP2 regulates IL-2

Type I error rate !

Main hypothesis

Experiment design agent

Falsification
experiment proposal

o Null sub-hypothesis
o Alternative sub-hypothesis

Experiment 
execution agent

P-value
Historical p-values <latexit sha1_base64="cveVcs3d9P8CPFWU5DFfEdaaRs8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKrkpS8LEsiuCygn1AE8pketMOnTycmQglBDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Orid9+ACFZFN6pcQxuQAYh8xklSks986ByjZ0B3GPHF4SmdpY6hMdDklV6ZtmqWlPgRWLnpIxyNHrml9OPaBJAqCgnUnZtK1ZuSoRilENWchIJMaEjMoCupiEJQLrp9IUMH2ulj/1I6AoVnqq/J1ISSDkOPN0ZEDWU895E/M/rJsq/cFMWxomCkM4W+QnHKsKTPHCfCaCKjzUhVDB9K6ZDorNQOrWSDsGef3mRtGpV+6x6elsr1y/zOIroEB2hE2Sjc1RHN6iBmoiiR/SMXtGb8WS8GO/Gx6y1YOQz++gPjM8f/P+Wjg==</latexit>

E � 1
↵

<latexit sha1_base64="BCT/jTKnV5Wr9dmv4M/p6j5JiD8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAruCpJwcfCRVEElxXsA5pQbqaTdujkwcxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceL+ZMKsv6NgpLyyura8X10sbm1vaOubvXklEiCG2SiEei44GknIW0qZjitBMLCoHHadsbXU/89gMVkkXhvRrH1A1gEDKfEVBa6pkHlRt8iR1fAEntLHWAx0PIKj2zbFWtKfAisXNSRjkaPfPL6UckCWioCAcpu7YVKzcFoRjhNCs5iaQxkBEMaFfTEAIq3XR6f4aPtdLHfiR0hQpP1d8TKQRSjgNPdwaghnLem4j/ed1E+RduysI4UTQks0V+wrGK8CQM3GeCEsXHmgARTN+KyRB0FkpHVtIh2PMvL5JWrWqfVU/vauX6VR5HER2iI3SCbHSO6ugWNVATEfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNf9JUT</latexit>

E < 1
↵

Insufficient evidence, proceed with next falsification iteration

Sufficient 
evidence
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Sequential Error Control
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{p1, · · · , pi}
Conversion 
to E-value
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Think
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H

Let me propose a falsification experiment: 

Initial Proposal: 
(1) Name: GRAP2 Expression Tissue Specificity Test  
(2) Test description: Test if GRAP2 is preferentially in … 
(3) Null sub-hypothesis h_0: GRAP2 levels in immune tissues …
(4) Alternative sub-hypothesis h_1: GRAP2 levels in immune …

Proposed falsification passes relevance check:
Relevance score 0.8 
Reasoning: …

Let me critique this proposal: 
Critic: 
1. Causality Check: … 2. Data Availability: … 3. Redundancy: …
Reflection: We need to revise the experiment to: …

Relevance 
checker

Self-refine

Initial 
proposal

Think: First, I need to analyze the GTEx tissue 
expression data to identify GRAP2 ...

Execute: df_gtex_tissue_gene_tpm.head()

Execute:
from scipy import stats 
# Perform Mann-Whitney U test

stat, pvalue = stats.mannwhitneyu( 
df_immune['Expression'], df_non_immune['Expression'], 
alternative='greater’)

Observe: Description      Tissue   Expression 
    ENSG00000186092  Adipose   0.045396

...... （Think -> Execute -> Observe） ......
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Offline data: massive atlas of hypothesis-free diverse multi-scale and multi-modal datasets


Raw database 

Experiment execution: python coding environment
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Offline data: massive atlas of hypothesis-free diverse multi-scale and multi-modal datasets


Raw database Experiment 1 

Experiment 2 

Experiment 3 

Experiment execution: python coding environment




Evalua1on domain
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‣ Target validation in biology (TargetVal):


‣ A key task in drug discovery


‣ Validating hypothesis of the form “Gene A regulates Phenotype B”


‣ Ground truth: expensive CRISPR experiment


‣ Discovery Bench: 86 non-null hypotheses mined from 
literature with paired data

‣ Sociology, biology, humanities, economics, engineering, and meta-

science


‣ “From 1700 BCE onwards, the use of hatchets and swords increased 
while the use of daggers decreased”



Curated sta1c database for biology

18

Typical biostatisticians work with a few datasets 
only; the agent can perform joint analysis across 
massive datasets from different modalities and 
sub-fields of biology.

This is a difficult task that requires expertise and 
familiarity with many cross-disciplinary skills.

We curated a database of 85 million 
observations (rows) across 22 
sources in biology for our experiment. 



POPPER achieves type-I error control & improved power
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‣ Evaluating type-I error


‣ Randomly permute relevant columns in the databases so all hypotheses are null


‣ Evaluating power

‣ Use the original database, but test on hypotheses known to be non-null

Methods using LLM 
capabilities without the 
“statistical layer”

Methods using other 
aggregation of p-values / 
construction of e-values
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‣ Evaluating type-I error


‣ Randomly permute relevant columns in the databases so all hypotheses are null


‣ Evaluating power

‣ Use the original database, but test on hypotheses known to be non-null

Methods using LLM 
capabilities without the 
“statistical layer”

Methods using other 
aggregation of p-values / 
construction of e-values

‣ Controlling how agents interact with the offline data is key to error control



POPPER achieves type-I error control & improved power
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Compared to NoReleCheck  
 relevant checker is a key factor in controlling type-I error (assumption 1)↝

Compared to CodeGen  
 reasoning in execution agent improves power↝



POPPER with various LLM backbones

21

‣ The success of POPPER relies heavily on the reasoning capabilities of LLMs

• Need to create correct implied sub-hypotheses  
• Need to generate reasonable experimental designs  
• Need to coherently generate code (tool use) 
• Need to faithfully execute the experimental plan without hallucinations



Comparing POPPER with human experts
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‣ We recruited 9 >= graduate-level participants to conduct 2 hypothesis testing tasks from 
TargetVal-IL2, with access to the same databases (18 tasks are randomly assigned)



Comparing POPPER with human experts
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Type I error estimation
Popper
Human

Popper
Human

Power estimation

9.7X

Falsification experiment types
Popper Human
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�2test

Permutation
T-test

Spearman
Pearson

Popper Human

Overlap in the type 
of tests conducted, 
POPPER slightly 
more diverse

Type I error estimation
Popper
Human

Popper
Human

Power estimation

9.7X

Falsification experiment types
Popper Human
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overlap

LoF test
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�2test

Permutation
T-test

Spearman
Pearson

Popper Human
POPPER attains 
similar accuracy 
while greatly 
reducing the time
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Type I error estimation
Popper
Human

Popper
Human

Power estimation

9.7X

Falsification experiment types
Popper Human

32

1

Expression
Correlation

Interaction 
Network

eQTL

Genetic 
association 
enrichment

Variant 
overlap

LoF test
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POPPER conducts more 
tests (more labors)

Type I error estimation
Popper
Human

Popper
Human

Power estimation

9.7X

Falsification experiment types
Popper Human
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Power estimation
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Falsification experiment types
Popper Human
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Pearson
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Overlap in the type 
of tests conducted, 
POPPER slightly 
more diverse

Type I error estimation
Popper
Human

Popper
Human

Power estimation
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Falsification experiment types
Popper Human
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�2test

Permutation
T-test

Spearman
Pearson

Popper Human
POPPER conducts 
more diverse tests 
than human scientists

Type I error estimation
Popper
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Popper
Human

Power estimation
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Falsification experiment types
Popper Human
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while greatly 
reducing the time



POPPER: Summary
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‣ POPPER is an agentic framework to validate a free-form hypothesis

‣ Convert the main hypothesis to various implied, testable sub-hypotheses 

‣ Accumulate evidence to falsify the main hypothesis 

‣ E-value sequential safe testing allows adaptive continuation

‣ Unleashing the power of LLMs/agents while maintaining statistical rigor 

‣ A “minimal” statistical framework to regulate scientific discovery by LLM agents 

‣ Safely exploit the knowledge and reasoning abilities of LLM agents

Huang, K., Jin, Y., Li, R., Li, M. Y., Candès, E., & Leskovec, 
J. (2025). Automated Hypothesis Validation with Agentic 
Sequential Falsifications. ICML 2025.
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HypoOrchestra: Generating hypotheses with 
supporting statistical evidence

(Ongoing joint work with Fred Zhang and Kexin Huang)

Kexin Huang 
Stanford CS  Phylo→

Fred Zhang 
UPenn Wharton



GRAP2 regulates IL-2

Type I error rate !

Main hypothesis

Experiment design agent

Falsification
experiment proposal

o Null sub-hypothesis
o Alternative sub-hypothesis

Experiment 
execution agent

P-value
Historical p-values

E � 1
↵

<latexit sha1_base64="BCT/jTKnV5Wr9dmv4M/p6j5JiD8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAruCpJwcfCRVEElxXsA5pQbqaTdujkwcxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceL+ZMKsv6NgpLyyura8X10sbm1vaOubvXklEiCG2SiEei44GknIW0qZjitBMLCoHHadsbXU/89gMVkkXhvRrH1A1gEDKfEVBa6pkHlRt8iR1fAEntLHWAx0PIKj2zbFWtKfAisXNSRjkaPfPL6UckCWioCAcpu7YVKzcFoRjhNCs5iaQxkBEMaFfTEAIq3XR6f4aPtdLHfiR0hQpP1d8TKQRSjgNPdwaghnLem4j/ed1E+RduysI4UTQks0V+wrGK8CQM3GeCEsXHmgARTN+KyRB0FkpHVtIh2PMvL5JWrWqfVU/vauX6VR5HER2iI3SCbHSO6ugWNVATEfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNf9JUT</latexit>

E < 1
↵

Insufficient evidence, proceed with next falsification iteration

Sufficient 
evidence

<latexit sha1_base64="/k6lV6FxpM3afR6jLFXuASXf/rI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IU/DgWvXisYGqhDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZtxniUx0O6SGS6G4jwIlb6ea0ziU/DEc3c78xyeujUjUA45THsR0oEQkGEUr+dW0J6q9csWtuXOQVeLlpAI5mr3yV7efsCzmCpmkxnQ8N8VgQjUKJvm01M0MTykb0QHvWKpozE0wmR87JWdW6ZMo0bYUkrn6e2JCY2PGcWg7Y4pDs+zNxP+8TobRdTARKs2QK7ZYFGWSYEJmn5O+0JyhHFtCmRb2VsKGVFOGNp+SDcFbfnmVtOo177J2cV+vNG7yOIpwAqdwDh5cQQPuoAk+MBDwDK/w5ijnxXl3PhatBSefOYY/cD5/AA/JjjQ=</latexit>pi

Sequential Error Control

{p1, · · · , pi}
Conversion 
to E-value

i+ 1

Think
<latexit sha1_base64="o9imqLm4P9Z7/6RDYcQqUwWqddk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g63gxpIUfGyEohuXFewDmhgm00k7dDIZZiZCCf0BN/6KGxeKuHXvzr9x2mahrQcuHM65l3vvCQWjSjvOt1VYWl5ZXSuulzY2t7Z37N29lkpSiUkTJyyRnRApwignTU01Ix0hCYpDRtrh8Hritx+IVDThd3okiB+jPqcRxUgbKbArFRJQeAm9IRICQU/TmCgoAnqfzaQTd1wJ7LJTdaaAi8TNSRnkaAT2l9dLcBoTrjFDSnVdR2g/Q1JTzMi45KWKCISHqE+6hnJklvrZ9JsxPDJKD0aJNMU1nKq/JzIUKzWKQ9MZIz1Q895E/M/rpjq68DPKRaoJx7NFUcqgTuAkGtijkmDNRoYgLKm5FeIBkghrE2DJhODOv7xIWrWqe1Y9va2V61d5HEVwAA7BMXDBOaiDG9AATYDBI3gGr+DNerJerHfrY9ZasPKZffAH1ucPaTGaiQ==</latexit>

ei = ⇥ p�1
i

E =
Qi

j=1 ejAggregation

Execute

Observe

hi
0

<latexit sha1_base64="qXklz1UzXcNYotsR5G3EPN6nH+o=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xkUcCK5kdZmHC7OxmpteEED7CiweN8er3ePNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqAccJ9yM6UCIUjKKVWuXho+h55V6x5FbcOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/Mz52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDanwiVpMgVWywKU0kwJrPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqa1Yp3Wbm4r5ZqN1kceTiBUzgHD66gBndQhwYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kDKcmOzw==</latexit>

hi
1

<latexit sha1_base64="Yge9MMbHOMl1OglaGbCwL3avHQE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELxwxipDAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fDoUcepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLHSfble7hVLbsWdg6wSLyMlyNDoFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiWP1Yp3Wbm4q5ZqN1kceTiBUzgHD66gBnVoQBMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AV6KNMA==</latexit>

H

Let me propose a falsification experiment: 

Initial Proposal: 
(1) Name: GRAP2 Expression Tissue Specificity Test  
(2) Test description: Test if GRAP2 is preferentially in … 
(3) Null sub-hypothesis h_0: GRAP2 levels in immune tissues …
(4) Alternative sub-hypothesis h_1: GRAP2 levels in immune …

Proposed falsification passes relevance check:
Relevance score 0.8 
Reasoning: …

Let me critique this proposal: 
Critic: 
1. Causality Check: … 2. Data Availability: … 3. Redundancy: …
Reflection: We need to revise the experiment to: …

Relevance 
checker

Self-refine

Initial 
proposal

Think: First, I need to analyze the GTEx tissue 
expression data to identify GRAP2 ...

Execute: df_gtex_tissue_gene_tpm.head()

Execute:
from scipy import stats 
# Perform Mann-Whitney U test

stat, pvalue = stats.mannwhitneyu( 
df_immune['Expression'], df_non_immune['Expression'], 
alternative='greater’)

Observe: Description      Tissue   Expression 
    ENSG00000186092  Adipose   0.045396

...... （Think -> Execute -> Observe） ......

Genera1ng evidence-supported hypotheses with AI agents

GRAP2 regulates IL-2

Type I error rate !

Main hypothesis

Experiment design agent

Falsification
experiment proposal

o Null sub-hypothesis
o Alternative sub-hypothesis

Experiment 
execution agent

P-value
Historical p-values <latexit sha1_base64="cveVcs3d9P8CPFWU5DFfEdaaRs8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKrkpS8LEsiuCygn1AE8pketMOnTycmQglBDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Orid9+ACFZFN6pcQxuQAYh8xklSks986ByjZ0B3GPHF4SmdpY6hMdDklV6ZtmqWlPgRWLnpIxyNHrml9OPaBJAqCgnUnZtK1ZuSoRilENWchIJMaEjMoCupiEJQLrp9IUMH2ulj/1I6AoVnqq/J1ISSDkOPN0ZEDWU895E/M/rJsq/cFMWxomCkM4W+QnHKsKTPHCfCaCKjzUhVDB9K6ZDorNQOrWSDsGef3mRtGpV+6x6elsr1y/zOIroEB2hE2Sjc1RHN6iBmoiiR/SMXtGb8WS8GO/Gx6y1YOQz++gPjM8f/P+Wjg==</latexit>

E � 1
↵

<latexit sha1_base64="BCT/jTKnV5Wr9dmv4M/p6j5JiD8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAruCpJwcfCRVEElxXsA5pQbqaTdujkwcxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceL+ZMKsv6NgpLyyura8X10sbm1vaOubvXklEiCG2SiEei44GknIW0qZjitBMLCoHHadsbXU/89gMVkkXhvRrH1A1gEDKfEVBa6pkHlRt8iR1fAEntLHWAx0PIKj2zbFWtKfAisXNSRjkaPfPL6UckCWioCAcpu7YVKzcFoRjhNCs5iaQxkBEMaFfTEAIq3XR6f4aPtdLHfiR0hQpP1d8TKQRSjgNPdwaghnLem4j/ed1E+RduysI4UTQks0V+wrGK8CQM3GeCEsXHmgARTN+KyRB0FkpHVtIh2PMvL5JWrWqfVU/vauX6VR5HER2iI3SCbHSO6ugWNVATEfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNf9JUT</latexit>

E < 1
↵

Insufficient evidence, proceed with next falsification iteration

Sufficient 
evidence

<latexit sha1_base64="/k6lV6FxpM3afR6jLFXuASXf/rI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IU/DgWvXisYGqhDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZtxniUx0O6SGS6G4jwIlb6ea0ziU/DEc3c78xyeujUjUA45THsR0oEQkGEUr+dW0J6q9csWtuXOQVeLlpAI5mr3yV7efsCzmCpmkxnQ8N8VgQjUKJvm01M0MTykb0QHvWKpozE0wmR87JWdW6ZMo0bYUkrn6e2JCY2PGcWg7Y4pDs+zNxP+8TobRdTARKs2QK7ZYFGWSYEJmn5O+0JyhHFtCmRb2VsKGVFOGNp+SDcFbfnmVtOo177J2cV+vNG7yOIpwAqdwDh5cQQPuoAk+MBDwDK/w5ijnxXl3PhatBSefOYY/cD5/AA/JjjQ=</latexit>pi

Sequential Error Control
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{p1, · · · , pi}
Conversion 
to E-value

<latexit sha1_base64="dipHQgIYwzPBxvLR2QDZWI9YnXo=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BFtBEMpuwY9j0YvHCm5baJeSTbNtaDa7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXpAIro3jfKPC2vrG5lZxu7Szu7d/UD48auk4VZR5NBax6gREM8El8ww3gnUSxUgUCNYOxnczv/3ElOaxfDSThPkRGUoeckqMlbwqv3Cr/XLFqTlz4FXi5qQCOZr98ldvENM0YtJQQbTuuk5i/Iwow6lg01Iv1SwhdEyGrGupJBHTfjY/dorPrDLAYaxsSYPn6u+JjERaT6LAdkbEjPSyNxP/87qpCW/8jMskNUzSxaIwFdjEePY5HnDFqBETSwhV3N6K6YgoQo3Np2RDcJdfXiWtes29ql0+1CuN2zyOIpzAKZyDC9fQgHtoggcUODzDK7whiV7QO/pYtBZQPnMMf4A+fwBguY3B</latexit>

i+ 1

Think
<latexit sha1_base64="o9imqLm4P9Z7/6RDYcQqUwWqddk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g63gxpIUfGyEohuXFewDmhgm00k7dDIZZiZCCf0BN/6KGxeKuHXvzr9x2mahrQcuHM65l3vvCQWjSjvOt1VYWl5ZXSuulzY2t7Z37N29lkpSiUkTJyyRnRApwignTU01Ix0hCYpDRtrh8Hritx+IVDThd3okiB+jPqcRxUgbKbArFRJQeAm9IRICQU/TmCgoAnqfzaQTd1wJ7LJTdaaAi8TNSRnkaAT2l9dLcBoTrjFDSnVdR2g/Q1JTzMi45KWKCISHqE+6hnJklvrZ9JsxPDJKD0aJNMU1nKq/JzIUKzWKQ9MZIz1Q895E/M/rpjq68DPKRaoJx7NFUcqgTuAkGtijkmDNRoYgLKm5FeIBkghrE2DJhODOv7xIWrWqe1Y9va2V61d5HEVwAA7BMXDBOaiDG9AATYDBI3gGr+DNerJerHfrY9ZasPKZffAH1ucPaTGaiQ==</latexit>

ei = ⇥ p�1
i

<latexit sha1_base64="xK+ErmhGRb8npILwMSlcjzu3ybw=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAruCpJwcemUBTBZQX7gDaGyWTSTjvJhJmJUEI2/oobF4q49TPc+TdO2yy09cCFwzn3cu89XsyoVJb1bSwtr6yurRc2iptb2zu75t5+S/JEYNLEnHHR8ZAkjEakqahipBMLgkKPkbY3up747UciJOXRvRrHxAlRP6IBxUhpyTUPyzewBnux4L6bDmt29kAhcYdl1yxZFWsKuEjsnJRAjoZrfvV8jpOQRAozJGXXtmLlpEgoihnJir1EkhjhEeqTrqYRCol00ukDGTzRig8DLnRFCk7V3xMpCqUch57uDJEayHlvIv7ndRMVXDopjeJEkQjPFgUJg4rDSRrQp4JgxcaaICyovhXiARIIK51ZUYdgz7+8SFrVin1eOburlupXeRwFcASOwSmwwQWog1vQAE2AQQaewSt4M56MF+Pd+Ji1Lhn5zAH4A+PzB1LylPg=</latexit>

E =
Qi

j=1 ejAggregation

Execute

Observe

<latexit sha1_base64="94QTmpPAZGrdez3HYZ60ZAWZ2cQ=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xkUcCK5kdZmHC7OxmpteEED7CiweN8er3ePNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqAccJ9yM6UCIUjKKVWuXho+i55V6x5FbcOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/Mz52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDanwiVpMgVWywKU0kwJrPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqa1Yp3Wbm4r5ZqN1kceTiBUzgHD66gBndQhwYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kDKESOzg==</latexit>

hi
0

<latexit sha1_base64="qXklz1UzXcNYotsR5G3EPN6nH+o=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xkUcCK5kdZmHC7OxmpteEED7CiweN8er3ePNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqAccJ9yM6UCIUjKKVWuXho+h55V6x5FbcOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/Mz52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDanwiVpMgVWywKU0kwJrPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqa1Yp3Wbm4r5ZqN1kceTiBUzgHD66gBndQhwYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kDKcmOzw==</latexit>

hi
1

<latexit sha1_base64="Yge9MMbHOMl1OglaGbCwL3avHQE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELxwxipDAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fDoUcepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLHSfble7hVLbsWdg6wSLyMlyNDoFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiWP1Yp3Wbm4q5ZqN1kceTiBUzgHD66gBnVoQBMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AV6KNMA==</latexit>

H

Let me propose a falsification experiment: 

Initial Proposal: 
(1) Name: GRAP2 Expression Tissue Specificity Test  
(2) Test description: Test if GRAP2 is preferentially in … 
(3) Null sub-hypothesis h_0: GRAP2 levels in immune tissues …
(4) Alternative sub-hypothesis h_1: GRAP2 levels in immune …

Proposed falsification passes relevance check:
Relevance score 0.8 
Reasoning: …

Let me critique this proposal: 
Critic: 
1. Causality Check: … 2. Data Availability: … 3. Redundancy: …
Reflection: We need to revise the experiment to: …

Relevance 
checker

Self-refine

Initial 
proposal

Think: First, I need to analyze the GTEx tissue 
expression data to identify GRAP2 ...

Execute: df_gtex_tissue_gene_tpm.head()

Execute:
from scipy import stats 
# Perform Mann-Whitney U test

stat, pvalue = stats.mannwhitneyu( 
df_immune['Expression'], df_non_immune['Expression'], 
alternative='greater’)

Observe: Description      Tissue   Expression 
    ENSG00000186092  Adipose   0.045396

...... （Think -> Execute -> Observe） ......

What hypotheses to begin with?
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GRAP2 regulates IL-2

Type I error rate !

Main hypothesis

Experiment design agent

Falsification
experiment proposal

o Null sub-hypothesis
o Alternative sub-hypothesis

Experiment 
execution agent

P-value
Historical p-values

E � 1
↵

<latexit sha1_base64="BCT/jTKnV5Wr9dmv4M/p6j5JiD8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAruCpJwcfCRVEElxXsA5pQbqaTdujkwcxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceL+ZMKsv6NgpLyyura8X10sbm1vaOubvXklEiCG2SiEei44GknIW0qZjitBMLCoHHadsbXU/89gMVkkXhvRrH1A1gEDKfEVBa6pkHlRt8iR1fAEntLHWAx0PIKj2zbFWtKfAisXNSRjkaPfPL6UckCWioCAcpu7YVKzcFoRjhNCs5iaQxkBEMaFfTEAIq3XR6f4aPtdLHfiR0hQpP1d8TKQRSjgNPdwaghnLem4j/ed1E+RduysI4UTQks0V+wrGK8CQM3GeCEsXHmgARTN+KyRB0FkpHVtIh2PMvL5JWrWqfVU/vauX6VR5HER2iI3SCbHSO6ugWNVATEfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNf9JUT</latexit>

E < 1
↵

Insufficient evidence, proceed with next falsification iteration

Sufficient 
evidence

<latexit sha1_base64="/k6lV6FxpM3afR6jLFXuASXf/rI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IU/DgWvXisYGqhDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZtxniUx0O6SGS6G4jwIlb6ea0ziU/DEc3c78xyeujUjUA45THsR0oEQkGEUr+dW0J6q9csWtuXOQVeLlpAI5mr3yV7efsCzmCpmkxnQ8N8VgQjUKJvm01M0MTykb0QHvWKpozE0wmR87JWdW6ZMo0bYUkrn6e2JCY2PGcWg7Y4pDs+zNxP+8TobRdTARKs2QK7ZYFGWSYEJmn5O+0JyhHFtCmRb2VsKGVFOGNp+SDcFbfnmVtOo177J2cV+vNG7yOIpwAqdwDh5cQQPuoAk+MBDwDK/w5ijnxXl3PhatBSefOYY/cD5/AA/JjjQ=</latexit>pi

Sequential Error Control

{p1, · · · , pi}
Conversion 
to E-value

i+ 1

Think
<latexit sha1_base64="o9imqLm4P9Z7/6RDYcQqUwWqddk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g63gxpIUfGyEohuXFewDmhgm00k7dDIZZiZCCf0BN/6KGxeKuHXvzr9x2mahrQcuHM65l3vvCQWjSjvOt1VYWl5ZXSuulzY2t7Z37N29lkpSiUkTJyyRnRApwignTU01Ix0hCYpDRtrh8Hritx+IVDThd3okiB+jPqcRxUgbKbArFRJQeAm9IRICQU/TmCgoAnqfzaQTd1wJ7LJTdaaAi8TNSRnkaAT2l9dLcBoTrjFDSnVdR2g/Q1JTzMi45KWKCISHqE+6hnJklvrZ9JsxPDJKD0aJNMU1nKq/JzIUKzWKQ9MZIz1Q895E/M/rpjq68DPKRaoJx7NFUcqgTuAkGtijkmDNRoYgLKm5FeIBkghrE2DJhODOv7xIWrWqe1Y9va2V61d5HEVwAA7BMXDBOaiDG9AATYDBI3gGr+DNerJerHfrY9ZasPKZffAH1ucPaTGaiQ==</latexit>

ei = ⇥ p�1
i

E =
Qi

j=1 ejAggregation

Execute

Observe

hi
0

<latexit sha1_base64="qXklz1UzXcNYotsR5G3EPN6nH+o=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xkUcCK5kdZmHC7OxmpteEED7CiweN8er3ePNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqAccJ9yM6UCIUjKKVWuXho+h55V6x5FbcOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/Mz52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDanwiVpMgVWywKU0kwJrPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqa1Yp3Wbm4r5ZqN1kceTiBUzgHD66gBndQhwYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kDKcmOzw==</latexit>

hi
1

<latexit sha1_base64="Yge9MMbHOMl1OglaGbCwL3avHQE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELxwxipDAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fDoUcepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLHSfble7hVLbsWdg6wSLyMlyNDoFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiWP1Yp3Wbm4q5ZqN1kceTiBUzgHD66gBnVoQBMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AV6KNMA==</latexit>

H

Let me propose a falsification experiment: 

Initial Proposal: 
(1) Name: GRAP2 Expression Tissue Specificity Test  
(2) Test description: Test if GRAP2 is preferentially in … 
(3) Null sub-hypothesis h_0: GRAP2 levels in immune tissues …
(4) Alternative sub-hypothesis h_1: GRAP2 levels in immune …

Proposed falsification passes relevance check:
Relevance score 0.8 
Reasoning: …

Let me critique this proposal: 
Critic: 
1. Causality Check: … 2. Data Availability: … 3. Redundancy: …
Reflection: We need to revise the experiment to: …

Relevance 
checker

Self-refine

Initial 
proposal

Think: First, I need to analyze the GTEx tissue 
expression data to identify GRAP2 ...

Execute: df_gtex_tissue_gene_tpm.head()

Execute:
from scipy import stats 
# Perform Mann-Whitney U test

stat, pvalue = stats.mannwhitneyu( 
df_immune['Expression'], df_non_immune['Expression'], 
alternative='greater’)

Observe: Description      Tissue   Expression 
    ENSG00000186092  Adipose   0.045396

...... （Think -> Execute -> Observe） ......

Genera1ng evidence-supported hypotheses with AI agents

GRAP2 regulates IL-2

Type I error rate !

Main hypothesis

Experiment design agent

Falsification
experiment proposal

o Null sub-hypothesis
o Alternative sub-hypothesis

Experiment 
execution agent

P-value
Historical p-values <latexit sha1_base64="cveVcs3d9P8CPFWU5DFfEdaaRs8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKrkpS8LEsiuCygn1AE8pketMOnTycmQglBDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Orid9+ACFZFN6pcQxuQAYh8xklSks986ByjZ0B3GPHF4SmdpY6hMdDklV6ZtmqWlPgRWLnpIxyNHrml9OPaBJAqCgnUnZtK1ZuSoRilENWchIJMaEjMoCupiEJQLrp9IUMH2ulj/1I6AoVnqq/J1ISSDkOPN0ZEDWU895E/M/rJsq/cFMWxomCkM4W+QnHKsKTPHCfCaCKjzUhVDB9K6ZDorNQOrWSDsGef3mRtGpV+6x6elsr1y/zOIroEB2hE2Sjc1RHN6iBmoiiR/SMXtGb8WS8GO/Gx6y1YOQz++gPjM8f/P+Wjg==</latexit>

E � 1
↵

<latexit sha1_base64="BCT/jTKnV5Wr9dmv4M/p6j5JiD8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAruCpJwcfCRVEElxXsA5pQbqaTdujkwcxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceL+ZMKsv6NgpLyyura8X10sbm1vaOubvXklEiCG2SiEei44GknIW0qZjitBMLCoHHadsbXU/89gMVkkXhvRrH1A1gEDKfEVBa6pkHlRt8iR1fAEntLHWAx0PIKj2zbFWtKfAisXNSRjkaPfPL6UckCWioCAcpu7YVKzcFoRjhNCs5iaQxkBEMaFfTEAIq3XR6f4aPtdLHfiR0hQpP1d8TKQRSjgNPdwaghnLem4j/ed1E+RduysI4UTQks0V+wrGK8CQM3GeCEsXHmgARTN+KyRB0FkpHVtIh2PMvL5JWrWqfVU/vauX6VR5HER2iI3SCbHSO6ugWNVATEfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNf9JUT</latexit>

E < 1
↵

Insufficient evidence, proceed with next falsification iteration

Sufficient 
evidence

<latexit sha1_base64="/k6lV6FxpM3afR6jLFXuASXf/rI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IU/DgWvXisYGqhDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZtxniUx0O6SGS6G4jwIlb6ea0ziU/DEc3c78xyeujUjUA45THsR0oEQkGEUr+dW0J6q9csWtuXOQVeLlpAI5mr3yV7efsCzmCpmkxnQ8N8VgQjUKJvm01M0MTykb0QHvWKpozE0wmR87JWdW6ZMo0bYUkrn6e2JCY2PGcWg7Y4pDs+zNxP+8TobRdTARKs2QK7ZYFGWSYEJmn5O+0JyhHFtCmRb2VsKGVFOGNp+SDcFbfnmVtOo177J2cV+vNG7yOIpwAqdwDh5cQQPuoAk+MBDwDK/w5ijnxXl3PhatBSefOYY/cD5/AA/JjjQ=</latexit>pi

Sequential Error Control

<latexit sha1_base64="ql/Gi5Ql+hLm9i+A5BTcureVPGU=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAruCglKfhYFt24rGAf0IQwmUzboZPMMDMRSuzCX3HjQhG3/oY7/8Zpm4W2HrhwOOde7r0nFIwq7TjfVmFldW19o7hZ2tre2d2z9w/aiqcSkxbmjMtuiBRhNCEtTTUjXSEJikNGOuHoZup3HohUlCf3eiyIH6NBQvsUI22kwD6qeJkI3Cr0cMS1qkIRUG9SCeyyU3NmgMvEzUkZ5GgG9pcXcZzGJNGYIaV6riO0nyGpKWZkUvJSRQTCIzQgPUMTFBPlZ7P7J/DUKBHsc2kq0XCm/p7IUKzUOA5NZ4z0UC16U/E/r5fq/pWf0USkmiR4vqifMqg5nIYBIyoJ1mxsCMKSmlshHiKJsDaRlUwI7uLLy6Rdr7kXtfO7erlxncdRBMfgBJwBF1yCBrgFTdACGDyCZ/AK3qwn68V6tz7mrQUrnzkEf2B9/gD9u5TQ</latexit>

{p1, · · · , pi}
Conversion 
to E-value

<latexit sha1_base64="dipHQgIYwzPBxvLR2QDZWI9YnXo=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BFtBEMpuwY9j0YvHCm5baJeSTbNtaDa7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXpAIro3jfKPC2vrG5lZxu7Szu7d/UD48auk4VZR5NBax6gREM8El8ww3gnUSxUgUCNYOxnczv/3ElOaxfDSThPkRGUoeckqMlbwqv3Cr/XLFqTlz4FXi5qQCOZr98ldvENM0YtJQQbTuuk5i/Iwow6lg01Iv1SwhdEyGrGupJBHTfjY/dorPrDLAYaxsSYPn6u+JjERaT6LAdkbEjPSyNxP/87qpCW/8jMskNUzSxaIwFdjEePY5HnDFqBETSwhV3N6K6YgoQo3Np2RDcJdfXiWtes29ql0+1CuN2zyOIpzAKZyDC9fQgHtoggcUODzDK7whiV7QO/pYtBZQPnMMf4A+fwBguY3B</latexit>

i+ 1

Think
<latexit sha1_base64="o9imqLm4P9Z7/6RDYcQqUwWqddk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g63gxpIUfGyEohuXFewDmhgm00k7dDIZZiZCCf0BN/6KGxeKuHXvzr9x2mahrQcuHM65l3vvCQWjSjvOt1VYWl5ZXSuulzY2t7Z37N29lkpSiUkTJyyRnRApwignTU01Ix0hCYpDRtrh8Hritx+IVDThd3okiB+jPqcRxUgbKbArFRJQeAm9IRICQU/TmCgoAnqfzaQTd1wJ7LJTdaaAi8TNSRnkaAT2l9dLcBoTrjFDSnVdR2g/Q1JTzMi45KWKCISHqE+6hnJklvrZ9JsxPDJKD0aJNMU1nKq/JzIUKzWKQ9MZIz1Q895E/M/rpjq68DPKRaoJx7NFUcqgTuAkGtijkmDNRoYgLKm5FeIBkghrE2DJhODOv7xIWrWqe1Y9va2V61d5HEVwAA7BMXDBOaiDG9AATYDBI3gGr+DNerJerHfrY9ZasPKZffAH1ucPaTGaiQ==</latexit>

ei = ⇥ p�1
i

<latexit sha1_base64="xK+ErmhGRb8npILwMSlcjzu3ybw=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAruCpJwcemUBTBZQX7gDaGyWTSTjvJhJmJUEI2/oobF4q49TPc+TdO2yy09cCFwzn3cu89XsyoVJb1bSwtr6yurRc2iptb2zu75t5+S/JEYNLEnHHR8ZAkjEakqahipBMLgkKPkbY3up747UciJOXRvRrHxAlRP6IBxUhpyTUPyzewBnux4L6bDmt29kAhcYdl1yxZFWsKuEjsnJRAjoZrfvV8jpOQRAozJGXXtmLlpEgoihnJir1EkhjhEeqTrqYRCol00ukDGTzRig8DLnRFCk7V3xMpCqUch57uDJEayHlvIv7ndRMVXDopjeJEkQjPFgUJg4rDSRrQp4JgxcaaICyovhXiARIIK51ZUYdgz7+8SFrVin1eOburlupXeRwFcASOwSmwwQWog1vQAE2AQQaewSt4M56MF+Pd+Ji1Lhn5zAH4A+PzB1LylPg=</latexit>

E =
Qi

j=1 ejAggregation

Execute

Observe

<latexit sha1_base64="94QTmpPAZGrdez3HYZ60ZAWZ2cQ=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xkUcCK5kdZmHC7OxmpteEED7CiweN8er3ePNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqAccJ9yM6UCIUjKKVWuXho+i55V6x5FbcOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/Mz52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDanwiVpMgVWywKU0kwJrPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqa1Yp3Wbm4r5ZqN1kceTiBUzgHD66gBndQhwYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kDKESOzg==</latexit>

hi
0

<latexit sha1_base64="qXklz1UzXcNYotsR5G3EPN6nH+o=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xkUcCK5kdZmHC7OxmpteEED7CiweN8er3ePNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqAccJ9yM6UCIUjKKVWuXho+h55V6x5FbcOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/Mz52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDanwiVpMgVWywKU0kwJrPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqa1Yp3Wbm4r5ZqN1kceTiBUzgHD66gBndQhwYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kDKcmOzw==</latexit>

hi
1

<latexit sha1_base64="Yge9MMbHOMl1OglaGbCwL3avHQE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELxwxipDAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fDoUcepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLHSfble7hVLbsWdg6wSLyMlyNDoFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiWP1Yp3Wbm4q5ZqN1kceTiBUzgHD66gBnVoQBMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AV6KNMA==</latexit>

H

Let me propose a falsification experiment: 

Initial Proposal: 
(1) Name: GRAP2 Expression Tissue Specificity Test  
(2) Test description: Test if GRAP2 is preferentially in … 
(3) Null sub-hypothesis h_0: GRAP2 levels in immune tissues …
(4) Alternative sub-hypothesis h_1: GRAP2 levels in immune …

Proposed falsification passes relevance check:
Relevance score 0.8 
Reasoning: …

Let me critique this proposal: 
Critic: 
1. Causality Check: … 2. Data Availability: … 3. Redundancy: …
Reflection: We need to revise the experiment to: …

Relevance 
checker

Self-refine

Initial 
proposal

Think: First, I need to analyze the GTEx tissue 
expression data to identify GRAP2 ...

Execute: df_gtex_tissue_gene_tpm.head()

Execute:
from scipy import stats 
# Perform Mann-Whitney U test

stat, pvalue = stats.mannwhitneyu( 
df_immune['Expression'], df_non_immune['Expression'], 
alternative='greater’)

Observe: Description      Tissue   Expression 
    ENSG00000186092  Adipose   0.045396

...... （Think -> Execute -> Observe） ......

What hypotheses to begin with?

Goal: build AI agent systems to automatically generate 
hypotheses from massive data, with valid statistical evidence
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GRAP2 regulates IL-2

Type I error rate !

Main hypothesis

Experiment design agent

Falsification
experiment proposal

o Null sub-hypothesis
o Alternative sub-hypothesis

Experiment 
execution agent

P-value
Historical p-values

E � 1
↵

<latexit sha1_base64="BCT/jTKnV5Wr9dmv4M/p6j5JiD8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAruCpJwcfCRVEElxXsA5pQbqaTdujkwcxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceL+ZMKsv6NgpLyyura8X10sbm1vaOubvXklEiCG2SiEei44GknIW0qZjitBMLCoHHadsbXU/89gMVkkXhvRrH1A1gEDKfEVBa6pkHlRt8iR1fAEntLHWAx0PIKj2zbFWtKfAisXNSRjkaPfPL6UckCWioCAcpu7YVKzcFoRjhNCs5iaQxkBEMaFfTEAIq3XR6f4aPtdLHfiR0hQpP1d8TKQRSjgNPdwaghnLem4j/ed1E+RduysI4UTQks0V+wrGK8CQM3GeCEsXHmgARTN+KyRB0FkpHVtIh2PMvL5JWrWqfVU/vauX6VR5HER2iI3SCbHSO6ugWNVATEfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNf9JUT</latexit>

E < 1
↵

Insufficient evidence, proceed with next falsification iteration

Sufficient 
evidence

<latexit sha1_base64="/k6lV6FxpM3afR6jLFXuASXf/rI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IU/DgWvXisYGqhDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZtxniUx0O6SGS6G4jwIlb6ea0ziU/DEc3c78xyeujUjUA45THsR0oEQkGEUr+dW0J6q9csWtuXOQVeLlpAI5mr3yV7efsCzmCpmkxnQ8N8VgQjUKJvm01M0MTykb0QHvWKpozE0wmR87JWdW6ZMo0bYUkrn6e2JCY2PGcWg7Y4pDs+zNxP+8TobRdTARKs2QK7ZYFGWSYEJmn5O+0JyhHFtCmRb2VsKGVFOGNp+SDcFbfnmVtOo177J2cV+vNG7yOIpwAqdwDh5cQQPuoAk+MBDwDK/w5ijnxXl3PhatBSefOYY/cD5/AA/JjjQ=</latexit>pi

Sequential Error Control

{p1, · · · , pi}
Conversion 
to E-value

i+ 1

Think
<latexit sha1_base64="o9imqLm4P9Z7/6RDYcQqUwWqddk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g63gxpIUfGyEohuXFewDmhgm00k7dDIZZiZCCf0BN/6KGxeKuHXvzr9x2mahrQcuHM65l3vvCQWjSjvOt1VYWl5ZXSuulzY2t7Z37N29lkpSiUkTJyyRnRApwignTU01Ix0hCYpDRtrh8Hritx+IVDThd3okiB+jPqcRxUgbKbArFRJQeAm9IRICQU/TmCgoAnqfzaQTd1wJ7LJTdaaAi8TNSRnkaAT2l9dLcBoTrjFDSnVdR2g/Q1JTzMi45KWKCISHqE+6hnJklvrZ9JsxPDJKD0aJNMU1nKq/JzIUKzWKQ9MZIz1Q895E/M/rpjq68DPKRaoJx7NFUcqgTuAkGtijkmDNRoYgLKm5FeIBkghrE2DJhODOv7xIWrWqe1Y9va2V61d5HEVwAA7BMXDBOaiDG9AATYDBI3gGr+DNerJerHfrY9ZasPKZffAH1ucPaTGaiQ==</latexit>

ei = ⇥ p�1
i

E =
Qi

j=1 ejAggregation

Execute

Observe

hi
0

<latexit sha1_base64="qXklz1UzXcNYotsR5G3EPN6nH+o=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xkUcCK5kdZmHC7OxmpteEED7CiweN8er3ePNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqAccJ9yM6UCIUjKKVWuXho+h55V6x5FbcOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/Mz52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDanwiVpMgVWywKU0kwJrPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqa1Yp3Wbm4r5ZqN1kceTiBUzgHD66gBndQhwYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kDKcmOzw==</latexit>

hi
1

<latexit sha1_base64="Yge9MMbHOMl1OglaGbCwL3avHQE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELxwxipDAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fDoUcepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLHSfble7hVLbsWdg6wSLyMlyNDoFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiWP1Yp3Wbm4q5ZqN1kceTiBUzgHD66gBnVoQBMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AV6KNMA==</latexit>

H

Let me propose a falsification experiment: 

Initial Proposal: 
(1) Name: GRAP2 Expression Tissue Specificity Test  
(2) Test description: Test if GRAP2 is preferentially in … 
(3) Null sub-hypothesis h_0: GRAP2 levels in immune tissues …
(4) Alternative sub-hypothesis h_1: GRAP2 levels in immune …

Proposed falsification passes relevance check:
Relevance score 0.8 
Reasoning: …

Let me critique this proposal: 
Critic: 
1. Causality Check: … 2. Data Availability: … 3. Redundancy: …
Reflection: We need to revise the experiment to: …

Relevance 
checker

Self-refine

Initial 
proposal

Think: First, I need to analyze the GTEx tissue 
expression data to identify GRAP2 ...

Execute: df_gtex_tissue_gene_tpm.head()

Execute:
from scipy import stats 
# Perform Mann-Whitney U test

stat, pvalue = stats.mannwhitneyu( 
df_immune['Expression'], df_non_immune['Expression'], 
alternative='greater’)

Observe: Description      Tissue   Expression 
    ENSG00000186092  Adipose   0.045396

...... （Think -> Execute -> Observe） ......

Genera1ng evidence-supported hypotheses with AI agents

GRAP2 regulates IL-2

Type I error rate !

Main hypothesis

Experiment design agent

Falsification
experiment proposal

o Null sub-hypothesis
o Alternative sub-hypothesis

Experiment 
execution agent

P-value
Historical p-values <latexit sha1_base64="cveVcs3d9P8CPFWU5DFfEdaaRs8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM9gKrkpS8LEsiuCygn1AE8pketMOnTycmQglBDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Orid9+ACFZFN6pcQxuQAYh8xklSks986ByjZ0B3GPHF4SmdpY6hMdDklV6ZtmqWlPgRWLnpIxyNHrml9OPaBJAqCgnUnZtK1ZuSoRilENWchIJMaEjMoCupiEJQLrp9IUMH2ulj/1I6AoVnqq/J1ISSDkOPN0ZEDWU895E/M/rJsq/cFMWxomCkM4W+QnHKsKTPHCfCaCKjzUhVDB9K6ZDorNQOrWSDsGef3mRtGpV+6x6elsr1y/zOIroEB2hE2Sjc1RHN6iBmoiiR/SMXtGb8WS8GO/Gx6y1YOQz++gPjM8f/P+Wjg==</latexit>

E � 1
↵

<latexit sha1_base64="BCT/jTKnV5Wr9dmv4M/p6j5JiD8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAruCpJwcfCRVEElxXsA5pQbqaTdujkwcxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceL+ZMKsv6NgpLyyura8X10sbm1vaOubvXklEiCG2SiEei44GknIW0qZjitBMLCoHHadsbXU/89gMVkkXhvRrH1A1gEDKfEVBa6pkHlRt8iR1fAEntLHWAx0PIKj2zbFWtKfAisXNSRjkaPfPL6UckCWioCAcpu7YVKzcFoRjhNCs5iaQxkBEMaFfTEAIq3XR6f4aPtdLHfiR0hQpP1d8TKQRSjgNPdwaghnLem4j/ed1E+RduysI4UTQks0V+wrGK8CQM3GeCEsXHmgARTN+KyRB0FkpHVtIh2PMvL5JWrWqfVU/vauX6VR5HER2iI3SCbHSO6ugWNVATEfSIntErejOejBfj3fiYtRaMfGYf/YHx+QNf9JUT</latexit>

E < 1
↵

Insufficient evidence, proceed with next falsification iteration

Sufficient 
evidence

<latexit sha1_base64="/k6lV6FxpM3afR6jLFXuASXf/rI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IU/DgWvXisYGqhDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZtxniUx0O6SGS6G4jwIlb6ea0ziU/DEc3c78xyeujUjUA45THsR0oEQkGEUr+dW0J6q9csWtuXOQVeLlpAI5mr3yV7efsCzmCpmkxnQ8N8VgQjUKJvm01M0MTykb0QHvWKpozE0wmR87JWdW6ZMo0bYUkrn6e2JCY2PGcWg7Y4pDs+zNxP+8TobRdTARKs2QK7ZYFGWSYEJmn5O+0JyhHFtCmRb2VsKGVFOGNp+SDcFbfnmVtOo177J2cV+vNG7yOIpwAqdwDh5cQQPuoAk+MBDwDK/w5ijnxXl3PhatBSefOYY/cD5/AA/JjjQ=</latexit>pi

Sequential Error Control

<latexit sha1_base64="ql/Gi5Ql+hLm9i+A5BTcureVPGU=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAruCglKfhYFt24rGAf0IQwmUzboZPMMDMRSuzCX3HjQhG3/oY7/8Zpm4W2HrhwOOde7r0nFIwq7TjfVmFldW19o7hZ2tre2d2z9w/aiqcSkxbmjMtuiBRhNCEtTTUjXSEJikNGOuHoZup3HohUlCf3eiyIH6NBQvsUI22kwD6qeJkI3Cr0cMS1qkIRUG9SCeyyU3NmgMvEzUkZ5GgG9pcXcZzGJNGYIaV6riO0nyGpKWZkUvJSRQTCIzQgPUMTFBPlZ7P7J/DUKBHsc2kq0XCm/p7IUKzUOA5NZ4z0UC16U/E/r5fq/pWf0USkmiR4vqifMqg5nIYBIyoJ1mxsCMKSmlshHiKJsDaRlUwI7uLLy6Rdr7kXtfO7erlxncdRBMfgBJwBF1yCBrgFTdACGDyCZ/AK3qwn68V6tz7mrQUrnzkEf2B9/gD9u5TQ</latexit>

{p1, · · · , pi}
Conversion 
to E-value

<latexit sha1_base64="dipHQgIYwzPBxvLR2QDZWI9YnXo=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BFtBEMpuwY9j0YvHCm5baJeSTbNtaDa7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXpAIro3jfKPC2vrG5lZxu7Szu7d/UD48auk4VZR5NBax6gREM8El8ww3gnUSxUgUCNYOxnczv/3ElOaxfDSThPkRGUoeckqMlbwqv3Cr/XLFqTlz4FXi5qQCOZr98ldvENM0YtJQQbTuuk5i/Iwow6lg01Iv1SwhdEyGrGupJBHTfjY/dorPrDLAYaxsSYPn6u+JjERaT6LAdkbEjPSyNxP/87qpCW/8jMskNUzSxaIwFdjEePY5HnDFqBETSwhV3N6K6YgoQo3Np2RDcJdfXiWtes29ql0+1CuN2zyOIpzAKZyDC9fQgHtoggcUODzDK7whiV7QO/pYtBZQPnMMf4A+fwBguY3B</latexit>

i+ 1

Think
<latexit sha1_base64="o9imqLm4P9Z7/6RDYcQqUwWqddk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g63gxpIUfGyEohuXFewDmhgm00k7dDIZZiZCCf0BN/6KGxeKuHXvzr9x2mahrQcuHM65l3vvCQWjSjvOt1VYWl5ZXSuulzY2t7Z37N29lkpSiUkTJyyRnRApwignTU01Ix0hCYpDRtrh8Hritx+IVDThd3okiB+jPqcRxUgbKbArFRJQeAm9IRICQU/TmCgoAnqfzaQTd1wJ7LJTdaaAi8TNSRnkaAT2l9dLcBoTrjFDSnVdR2g/Q1JTzMi45KWKCISHqE+6hnJklvrZ9JsxPDJKD0aJNMU1nKq/JzIUKzWKQ9MZIz1Q895E/M/rpjq68DPKRaoJx7NFUcqgTuAkGtijkmDNRoYgLKm5FeIBkghrE2DJhODOv7xIWrWqe1Y9va2V61d5HEVwAA7BMXDBOaiDG9AATYDBI3gGr+DNerJerHfrY9ZasPKZffAH1ucPaTGaiQ==</latexit>

ei = ⇥ p�1
i

<latexit sha1_base64="xK+ErmhGRb8npILwMSlcjzu3ybw=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAruCpJwcemUBTBZQX7gDaGyWTSTjvJhJmJUEI2/oobF4q49TPc+TdO2yy09cCFwzn3cu89XsyoVJb1bSwtr6yurRc2iptb2zu75t5+S/JEYNLEnHHR8ZAkjEakqahipBMLgkKPkbY3up747UciJOXRvRrHxAlRP6IBxUhpyTUPyzewBnux4L6bDmt29kAhcYdl1yxZFWsKuEjsnJRAjoZrfvV8jpOQRAozJGXXtmLlpEgoihnJir1EkhjhEeqTrqYRCol00ukDGTzRig8DLnRFCk7V3xMpCqUch57uDJEayHlvIv7ndRMVXDopjeJEkQjPFgUJg4rDSRrQp4JgxcaaICyovhXiARIIK51ZUYdgz7+8SFrVin1eOburlupXeRwFcASOwSmwwQWog1vQAE2AQQaewSt4M56MF+Pd+Ji1Lhn5zAH4A+PzB1LylPg=</latexit>

E =
Qi

j=1 ejAggregation

Execute

Observe

<latexit sha1_base64="94QTmpPAZGrdez3HYZ60ZAWZ2cQ=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xkUcCK5kdZmHC7OxmpteEED7CiweN8er3ePNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqAccJ9yM6UCIUjKKVWuXho+i55V6x5FbcOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/Mz52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDanwiVpMgVWywKU0kwJrPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqa1Yp3Wbm4r5ZqN1kceTiBUzgHD66gBndQhwYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kDKESOzg==</latexit>

hi
0

<latexit sha1_base64="qXklz1UzXcNYotsR5G3EPN6nH+o=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELx4xkUcCK5kdZmHC7OxmpteEED7CiweN8er3ePNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqAccJ9yM6UCIUjKKVWuXho+h55V6x5FbcOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/Mz52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDanwiVpMgVWywKU0kwJrPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqa1Yp3Wbm4r5ZqN1kceTiBUzgHD66gBndQhwYwGMEzvMKbkzgvzrvzsWjNOdnMMfyB8/kDKcmOzw==</latexit>

hi
1

<latexit sha1_base64="Yge9MMbHOMl1OglaGbCwL3avHQE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrskPo5ELxwxipDAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fDoUcepYthksYhVO6AaBZfYNNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLHSfble7hVLbsWdg6wSLyMlyNDoFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiWP1Yp3Wbm4q5ZqN1kceTiBUzgHD66gBnVoQBMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AV6KNMA==</latexit>

H

Let me propose a falsification experiment: 

Initial Proposal: 
(1) Name: GRAP2 Expression Tissue Specificity Test  
(2) Test description: Test if GRAP2 is preferentially in … 
(3) Null sub-hypothesis h_0: GRAP2 levels in immune tissues …
(4) Alternative sub-hypothesis h_1: GRAP2 levels in immune …

Proposed falsification passes relevance check:
Relevance score 0.8 
Reasoning: …

Let me critique this proposal: 
Critic: 
1. Causality Check: … 2. Data Availability: … 3. Redundancy: …
Reflection: We need to revise the experiment to: …

Relevance 
checker

Self-refine

Initial 
proposal

Think: First, I need to analyze the GTEx tissue 
expression data to identify GRAP2 ...

Execute: df_gtex_tissue_gene_tpm.head()

Execute:
from scipy import stats 
# Perform Mann-Whitney U test

stat, pvalue = stats.mannwhitneyu( 
df_immune['Expression'], df_non_immune['Expression'], 
alternative='greater’)

Observe: Description      Tissue   Expression 
    ENSG00000186092  Adipose   0.045396

...... （Think -> Execute -> Observe） ......

What hypotheses to begin with?

Goal: build AI agent systems to automatically generate 
hypotheses from massive data, with valid statistical evidence

Massive offline data

Scientific question
AI agent

Hypotheses
P-values

Reject or not with error control
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Challenge: selec1on bias from data reuse

Data

MAK16

Generated hypotheses

p-value: 0.001

p-value: 0.743

Statistical evidence?Data

POPPERAgents

Lesson from selective inference: Winner’s curse!  
[Soric, 1989, Benjamini and Yekutieli, 2005, Berk et al., 2013]

True discoveries

False discoveries
Discoveries picked  

(by automated systems)

Generation: 

 compute 100 test statistics 

 pick smallest p-values 

 generated hypotheses

↝
↝
↝

Verification: 

 compute the same test statistics 

 All Strong Evidence? Invalid!

↝
↝ 25



Orchestra1ng genera1on and valida1on via informa1on control

High-level idea:  
‣ Keep  and  separate & independent  statistical validity 


‣ While allowing agents to adaptively explore  creativity, diversity, knowledge


𝒟gen 𝒟val ↝
↝
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Orchestra1ng genera1on and valida1on via informa1on control

High-level idea:  
‣ Keep  and  separate & independent  statistical validity 


‣ While allowing agents to adaptively explore  creativity, diversity, knowledge


𝒟gen 𝒟val ↝
↝

Can do anything with the 
datasets at hand to propose 
hypotheses H1, H2, …, HK

Statistical evidence E1, E2, …, EK

Set of validated hypotheses ℋ0

Select datasets to analyze & 
generate hypotheses

Use remaining datasets to 
verify the generated hypotheses

E.g., by running POPPER agent
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Generation agent exploration

• SPI1 is a transcription factor 
(Protein Atlas)

• CD14 is an immune/inflammatory 
protein (Protein Atlas)

• SPI1 shows tissue enrichment in.. 
• CD14 shows tissue enhancement in..
• SPI1 has 481 eQTL associations
• Both genes have extensive GWAS 
associations (GWAS & GeneBass)

27



Raw database 

Successful examples

Generation agent exploration

• SPI1 is a transcription factor 
(Protein Atlas)

• CD14 is an immune/inflammatory 
protein (Protein Atlas)

• SPI1 shows tissue enrichment in.. 
• CD14 shows tissue enhancement in..
• SPI1 has 481 eQTL associations
• Both genes have extensive GWAS 
associations (GWAS & GeneBass)

Validation agent exploration

• Gene expression in cell types 
(UKBB_eQTL)

• Gene locus association with 
plasma protein labels (pQTL)

• Tissue co-expression data (GTEx) 
• Genetic perturbation analysis 
(GeneBass pLOF)

27



Raw database 

Successful examples

Key challenges: 

‣ Smartly choose what data to use for generation while ensuring validation is feasible

‣ Diverse hypotheses generation operations (data analysis, data combination, reasoning)

‣ Creating independent data blocks from dependent summary datasets

Generation agent exploration

• SPI1 is a transcription factor 
(Protein Atlas)

• CD14 is an immune/inflammatory 
protein (Protein Atlas)

• SPI1 shows tissue enrichment in.. 
• CD14 shows tissue enhancement in..
• SPI1 has 481 eQTL associations
• Both genes have extensive GWAS 
associations (GWAS & GeneBass)

Validation agent exploration

• Gene expression in cell types 
(UKBB_eQTL)

• Gene locus association with 
plasma protein labels (pQTL)

• Tissue co-expression data (GTEx) 
• Genetic perturbation analysis 
(GeneBass pLOF)
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Summary
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‣ Unleashing the power of agents for scientific discovery while maintaining statistical rigor 

‣ A “minimal” statistical framework for how LLM agents interact with “environment”

‣ Safely exploit the knowledge and reasoning abilities of LLM agents

‣ Hypothesis validation: sequential search for supporting/refutation evidence 


‣ Hypothesis generation with evidence: careful information control with adaptivity
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Summary
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‣ Unleashing the power of agents for scientific discovery while maintaining statistical rigor 

‣ A “minimal” statistical framework for how LLM agents interact with “environment”

‣ Safely exploit the knowledge and reasoning abilities of LLM agents

Huang, K., Jin, Y., Li, R., Li, M. Y., Candès, E., & Leskovec, 
J. (2025). Automated Hypothesis Validation with Agentic 
Sequential Falsifications. ICML 2025.

‣ Hypothesis validation: sequential search for supporting/refutation evidence 


‣ Hypothesis generation with evidence: careful information control with adaptivity

Turning offline data into a rigorous environment for scientific AI agents


