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Beyond artwork: more challenging
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Molecular causality in the advent of foundation models
Lobentanzer+ 2024, Mol Sys Bio, https://doi.org/10.1038/s44320-024-00041-w
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Productivity matters

* Performing analyses
* Model engineering knowledge
e Statistics, causality
* |nterpreting results
* Biology, medicine, pharmacology

e Statistics, causality




Productivity matters

* Performing analyses
* Model engineering knowledge
e Statistics, causality

 Data discovery

* Data acquisition and cleaning
* |Interpreting results
* Biology, medicine, pharmacology

* Statistics, causality
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* Dimensionality reduction
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Productivity matters

* Performing analyses
* Model engineering knowledge
e Statistics, causality
 Data discovery
* Data acquisition and cleaning
* Interpreting results
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Agentic Al systems

Autonomous systems leveraging Large
Language Models (LLMs) to plan, reason,
and execute tasks without continuous
human intervention.

Constrained
Generation
ReAct Agent

Single-Agent

=
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=
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=
—

Interpretability

Multi-Agent
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Complexity scaling vs transparency scaling 10
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Automation of science

OpenAl, Anthropic

* “Solving PhD-level questions”
FutureHouse

e “Automating scientific discovery”

Virtual Lab, Hypothesis Hunting, Agentic Sequential

Falsifications

 Automating or simulating the scientific process

Biomni, ToolUniverse

* Automating technical tasks in computational
biology

Many specialised agents (ChemCrow, ProtAgents)

12



https://arxiv.org/abs/2511.02824
https://www.nature.com/articles/s41586-025-09442-9
https://www.nature.com/articles/s41586-025-09442-9
https://arxiv.org/html/2510.08619v1
https://arxiv.org/abs/2502.09858
https://arxiv.org/abs/2502.09858
https://www.biorxiv.org/content/10.1101/2025.05.30.656746v1
https://www.biorxiv.org/content/10.1101/2025.05.30.656746v1
https://arxiv.org/abs/2509.23426v2
https://www.nature.com/articles/s42256-024-00832-8
https://pubs.rsc.org/en/content/articlehtml/2024/dd/d4dd00013g

How much is there to it? b

* Prediction is very difficult, especially about the future. 58 "W
—Niels Bohr (probably) snvégﬂl '
* AGI around the corner? (likely just marketing) : .;,

e Difficulty concordance: what is “easy” for a human
does not translate to LLMs

* Fine-tuning and RLHF (“alignment”) destroy
calibration and trust

 “PhD-level questions” and trivial tasks fail at
alarmingly similar rates

 Goodhart’s law: the metric has become the target

R

 Symbolic benchmarks reveal instability of LLMs to '0"! Mnni TIME

variations that would not confuse humans at all


https://www.nature.com/articles/d41586-025-00649-4
https://www.nature.com/articles/s41586-024-07930-y
https://www.nature.com/articles/s41586-024-07930-y
https://en.wikipedia.org/wiki/Goodhart%27s_law
https://en.wikipedia.org/wiki/Goodhart%27s_law
https://arxiv.org/html/2410.05229v1
https://arxiv.org/html/2410.05229v1
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Barriers to epistemic transparency

lllusion of thinking

 Behaviour incompatible with genuine reasoning

lllusion of understanding

* Monoculture alignment, dimensionality bottleneck

Illusion of readiness

* Difference between artificial test settings and the
real world

Bottom line, they cheat
(extremely good pattern recognition)

Pharmacy exam: probing students instead of
focussing on a one-dimensional “loss function”

15



https://arxiv.org/abs/2506.06941
https://www.nature.com/articles/s41586-024-07930-y
https://www.nature.com/articles/s41586-024-07146-0
https://arxiv.org/abs/2509.18234

X Fabricated Reasoning

What is the diagnosis?

A: Carcinoid syndrome

B: Dermatomyositis No
C: Endocarditis image
D: Lichen planus

E: Porphyria

GPT 5: <Reasoning: The image shows a violaceous

(purple) discoloration and edema of the upper
eyelids—classic “heliotrope rash... >
the answer is : B: Dermatomyositis

https://arxiv.org/abs/2509.18234



Barriers to epistemic transparency

 Performance gap has been closed by LLMs

* Now, the bottleneck is epistemic trust:

How do we know why an answer was retrieved
or generated?

How do we calibrate the system with
confidence?

17
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Benchmarking then—Vox populi

? o 1198 Ib

1293 |b

- Qe jO0— 20—-30"° 40.'.""' SO = 50" 70“"" 80 — 90""}00

1

1207 Ib

1074 Ib

The continuous line i~ the normal curve with p.e.=37.
‘I he broken line is drawn from the observations.
‘I he lines connecting them show the difierences between the observed

and the normal.

Galton 1907, Nature, https://doi.org/10.1038/075414a



https://doi.org/10.1038/075414a0

Benchmarking now (e.g., LLMs)

Problem:

not scalable

Ask any Get any
question answer

Fuellen+ 2025, Ageing Research Reviews

Jarchow+ 2025, npj digital medicine

Domain @ Real
experts ( ) world

¥ ¥

Human
: Correct?
evaluation

Human
: Useful?
evaluation

Human
: Safe?
evaluation

20


https://www.sciencedirect.com/science/article/pii/S1568163724004355
https://www.preprints.org/manuscript/202504.2458/v1

Benchmarking ageing interventions

* Set out five requirements (dimensions) "

o
=

* Create domain expertise-driven modular
benchmark items (25 synthetic cases)

e
IJ-

[
-

 Combinatorial run (56 000 responses)

Mean balanced accuracy

o
X

 Automated evaluation by LLM-as-a-judge
(280 000 judgments) 0o

* High inter-rater agreement with
human (Cohen’s kappa on 1000 «
random samples of judgments)

Fuellen+ 2025, Ageing Research Reviews
Jarchow+ 2025, npj Digital Medicine

wnfies Human Judge

21
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https://www.sciencedirect.com/science/article/pii/S1568163724004355
https://doi.org/10.1038/s41746-025-01996-2

Karenina—Accessible Benchmarking

Karenina brings the mountain to the prophet: intuitive benchmarking for domain
experts, best practices and machine learning principles in software form.

curation

LLM Judge

// Are there chemical probes for APOE? QC-01-175-1 and ML103
How many clinical trials have been reported for MAPT? 17
\ LLM assistance LLM-accessible Scaling
Q fion Human LLM Judge
UESHo curation Evaluat
valuation LLM Judge
protocols
Human
i

g Open Targets, Carli+, In Preparation
J



Model Context Protocol (MCP)

New de-facto standard for tool descriptions

* Binding tools to LLMs reduces fragility of LLM returns

* Agents interact with validated external resources via
standard protocols

* “What is 3250 x 8496?”

* Advantages: connection to validated domain-specific
databases and tools = less probabilism

* Disadvantages: requires adequate tooling and strict
protocol adherence




The BioContext MCP Registry

eoe M+ <

i:‘.::- Registry

Documentation Chat

Q Search MCP servers...

ToolUniverse O 455

ToolUniverse is a collection of biomedical tools designed
for use by Agentic Al. It is a critical component of
TxAgent, providing the agent with the ability to access...

0

Collections

biocontext.ai

Blog Community 4 Publication 4

Registry

Discover biomedical Model Context Protocol
servers for your agentic Al applications

BioMCP 0 322

BioMCP is an open source (MIT License) toolkit that
empowers Al assistants and agents with specialized
biomedical knowledge. Built following the Model Conte...

24

G ¢, © O + O

[ Most GitHub Stars v J

40 servers found « Page 10of 3

Google Scholar MCP Server 0145

The Google Scholar MCP Server provides a bridge
between Al assistants and Google Scholar through the
Model Context Protocol (MCP). It allows Al models to...

Kuehl+ 2025, Nature Biotechnology, (https://biocontext.ai)



https://biocontext.ai/
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A user-centric ecosystem for research

Leverage project context for user-friendly workflows.
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"Which Gene
could we
target in

Disease X7"

Representation:
BioCypher

Application:
BioChatter

38°

"Tell me: which
MCP tool
can | use
todo Y?"

Tool registry:
BioContext

BRODS

PFroeor s e O O O O e W W e W e .

"Protect my
system from
those tools.”
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Benchmarking: E
Karenina .

Unified Software Platform for Scientific Projects: Biotope.
Git-like process, manages all project metadata (context).




BioChatter and the rapidly evolving landscape “

Lobentanzer+ 2023, Preprint, Lobentanzer+ 2025, Nature
https://arxiv.org/abs/2305.06488 Biotechnology, https://biochatter.org
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Ollama | | Xinference | | Hugging Face OpenAl Geneticist Clinician KGs | | Vector Databases OncoKB BLAST

Open Source Open Source



https://chat.biocypher.org/
https://arxiv.org/abs/2305.06488

Building an “IRE”
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How should we plan and develop agentic systems? 7

* Agentic systems require delegation of authority —the human
steps back, the system decides

 Today: projects are planned ad hoc, expectations are informal,
governance is implicit

e Result: systems that disappoint in practice, with no structured
baseline to measure against

e Existing frameworks (Model Cards, Datasheets, NIST Al RMF)
are retrospective or not machine-readable

* Missing: a prospective, structured contract between users and
developers



https://arxiv.org/abs/2507.09089
https://dl.acm.org/doi/10.1145/3287560.3287596
https://dl.acm.org/doi/10.1145/3458723
https://doi.org/10.6028/NIST.AI.100-1
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The Agentic Automation Canvas

Design for: Automated Document Processing System

PROJECT DEFINITION

Automated Document Processing System

A system that automatically processes,
categorizes, and routes incoming documents to
reduce manual handling time and improve
accuracy. The system uses Al to extract key
information, classify document types, and route
them to appropriate team members.

DEVELOPMENT

Saves time through automated document
processing

Primary value: Time

Business Process Automation Document Management

https

Date: 2026-02-11 - Version: 1.2.8

Generated by the Agentic Automation Canvas - https://aac.slolab.ai
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https://aac.slolab.ai/

The Agentic Automation Canvas and you? .

* Brand new

* Probably incomplete

* Looking for use cases, feedback, ideas E E
H
H H B

 Tryit, get in touch! =i L "

SLO =
-|!

* Maybe contribute to the paper?
* https://aac.slolab.ai

D2


https://aac.slolab.ai/
https://aac.slolab.ai/
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Improving clinical decisions in cancer
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Stay open source, get in touch!

biocypher.org | biochatter.org
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