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Prof. Piotr Sankowski, Instytut Informatyki Unlwersytetu Warszawsklego | Instytut Badaeasgy
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Al for Sciencd-udan

Naturereport written by Fudan University and Shanghai Academy of Al for Science 2025.
Core Al amounts to about 1/3 of all publications, only in India it is 44%.
China has 39% publications in engineering, other regions about 1/4.

FIGURE 1.1 | Total Al Publications Trends and Compositions
(2015-2024, in thousands) EUROPEAN UNION UNITED STATES

UNITED KINGDOM

’ii

-

B Earth and Environmental Sciences Engineering W Humanities and Social Sciences

0
2015 2016 2007 2018 2019 2020 2021 2022 2023 2024
o A . Farth and Environmental Sciences . Enginesring

mmmm Humanities and Social Sciences | ife Sciences Mathematics
B CoreA Mathematics M Physical Sciences

Physical Sciences ——Tiptal — A5 Tatal


https://www.nature.com/articles/d42473-025-00161-3

Interpretability

Core Al publications global volume, s
from 179,200 in 2015 to 463,700 in 2024. [GEL RAG Extreme g

Al Risks Law
China creates almost half of all publications
India already surpassed the US and is now Al Security
approaching the EU level. Enogenas Theory o
) Al Alignment Reasoning
Safety
Evaluation

Al Safety Frontier |
M Od g I S Heterogeneous

Redundancy

— B = &= 7 - Analysis of publication data reveals a dual focus:
sustained innovation in frontier models,

foundational algorithms and computing

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

I NOKAGSOGdzZNFAT &aAaAyoS H
endogenous safety, alignment, and extreme risks

Total e=== China e European Union === United States India United Kingdom




Math Al

Global math Al publications grew from 21,200 to 41,4 ™ > -
China after 2019 is clearly leading, EU is second, US = Lo PN -
now close to India. Math Al theory is fundamental forggsss peciin

model design and algorithmic frameworks. In areas [

such as operations optimization, scientific computing o o~
and complex systems, the increasing integration of R - Models Ramericl

. : . . . : : Simulation
mathematics and Al is driving collaborative innovatio

Inverse
Problems

Graph
Neural Stochastic

Networks Gradient
Scientific Nonconvex Heuristic eacant

Computing Optimization Algorithms e

Data analysis and the keyword cloud highlight
the prominence of reinforcement learning,
recurrent neural networks, generative

models and diffusion models within
mathematical sciences, reflecting a

paradigm shift toward foundational

WELme WA wE theory innovation and interdisciplinary

Total === China == European Uniom === United States India United Kingd 1 1
. pitee Hnecom mtegratlon.




Al for Physical Sciences

From 10,000 to a total 70,700 by 2024, Al in physical

sciences is growing. China dominates, EU is second, 323‘,’;

India is on the rise. Materials and battery technologies Networks R el

are the focal points. Multiscale models, symbolic Data Batteries
regression, graph neural networks and inverse design JEID!

are particularly valued by scientists. Physnésrmed Multiscale

deep learning is driving deeper integration between Al Modeling

: ) l
and materials science. Inve.rse R?Tebsosilgn
Design :

Symbolic regression and causal reasoning
uncovered hidden physical symmetries.

alL¢ RSOSAEIEYSRI YWD snsdired LIK
neural network for formula recognition and
theoretical derivation.

B Princeton team improved galaxy mass predictiol
correcting astrophysical equations.

Total === Ching == EuropeanUnion = United States United Kingdom



Al for Life Sciences

Biological
System

Global Al output for life sciences reached 120,700 b cicich
2024. The US and EU dominates, but China is rapidl Medicine  (Genome

closing the gap. Al is accelerating drug discovery s

through large language models, advancing disease _ Gene ' woee
diagnosis with higiesolution imaging, and driving Brain Mechanisn

Healthcare

Genetic
Physiology Algorithms

Brain
Imaging

deep integration of multiscale daidriven models with [ -~
genomics and proteomics, advancing our understang e " M idon
of complex biological systems. Disease Language

Proteomics Diagnosis Model
Neuron

Data analysis and the keyword cloud underscor
neuroscience, genomics and health as the
most prominent areas of research. Advances in
gene editing, de novo protein design, metabolic
engineering have accelerated synthetic biology,
leading to transformative applications in

w7 aw ais wm o wm mm2 s aw healthcare, environmental remediation and
China = European Union  — United States dia |~ United Kingdom advanced materials.



Al for Earth/Environment

Al publications in the Earth and environmental scieng
quadrupled, rising from 9,200 to 35,600 papers. g Landscape Random
China accounted for nearly half of global publications ) (sl s Forest

ety Ecological

far surpassing the output of the EU and the US. sl

India has overtaken the US by 2024. - £ g Reanalys
. . . = . ugmentation lodiversity ur:caaseurl

By incorporating physical constraints, employing data G Bmate A -
augmentation technigues, and applying interpretabl e Change eies | PrOCESSINg
models, Al is reshaping the landscape of Earth and [l g
environmental sciences. , Data ,

Numerical Scarcity Physical

Weather Ecosystem Constraints

Prediction

Climate change, ecosystems and biodiversity &
the most prominent research areas.

Random forest methods and image processing
techniques are widely used Al techniques,
while multimodal and endo-end Al models
iIntegrated with numerical forecasting have
significantly improved the accuracy and
efficiency of weather prediction.

2018 2019 2021 2022 2023 2024

India

Total === Chinad === European Union == United States United Kingdom




Al for Engineering

Al in engineering sciences reached 343,000 pap feed A/ Sm?t[:ienlg

- 5 o o - Technolo rha
China maintains a decisive lead, surpassing EU Network y Sn“e,ﬂm
: = Optimization P ensing
times, and the US over 4 times. : i o n
India has overtaken the US by 2024. , Design

. . . " Semantic PUblIC
Al Is the core technology In the architectures of (.- Health Wi

o . ommunications 20

mobile networks and F6G fixed networks. sl

c 3 , : Network
Intelligent radio access networks (RAN) are a antoing -

Semiconductor

primary direction for development. v i
Federated
Learning

Main topics: wireless communications, network
optimization, semiconductor design and remote
sensing. Al methodologies: LLMs, federated
learning, semantic communication, edge
Intelligence and model splitting.

This is embedding Al into the backbone of Rext
e e o s e s wm s o generation infrastructure.

Total == China == European Union == Lnited States India United Kingdom



Al for Humanities and Social Sciences

Digital economy needs new paradigms of hursdn ™™ Privacy

Interaction. Large Protection Remote

Al publications in humanities and social sciences | Sensing
increased from 37,100 to 144,800. g

China surpassed the EU in 2022 to become the leadingiI st B 5

contributor in this field, while India rapidly caught up Models Transparency Alignment

and overtook the US by 2024.
Complex

Al Ethical SySteﬂ] Virtual

Reality

Governance

Main topics: transparency, ethics and
governance, emphasis on mitigating societal
risks through privacy protection, bias reduction
and value alignment frameworks.

Agentbased models, multimodal large models,
and complex systems are reshaping how we
analyze economic and social systems,
deconstruct cultural phenomena.

2018 2019 2020 201 022 023 2024

China == European Union == United States ndia United Kingdom
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Al4Science

Zhang, X., Wang, Helwig W®X X WASX {® OHNHOULD® | NUAFAOALI
and Continuum Systems, pp282.arXiv:2307.08423

=
Physics Informed Machine Learning (PIML): s e?
High Level Overview of Al and ML in Science and R it "ﬁ
Engineering.YouTube?2/2024 @ Mochanic

Qu o)
O,’/O A>

We need to embed prior physical knowledge into the _ =
machine learning process at each stage. 50;;;#;;;";;;3;

Equivariance
Foundation &

PIML is critical for many applications that can learn T
. N Interpretability Uncertainty-
more from sparse and noisy data sets. Education

vcation ?;umiﬁcuﬁon 5
S Group Theory %é’

Engineering systems are governed by physics and e Atomisic
. ... 1 e
Involve safety critical components. - iy peo®
Y

Al Factories in Poland! ;

‘} @ VA



https://arxiv.org/abs/2307.08423v3
https://www.youtube.com/watch?v=JoFW2uSd3Uo

Al4Science Alfy DeepMind

Il Ln{ OASYy OS 2aAn3al yI Rf dzkdohsh 0OL32Y] ALZ

AlphaGgAlphaZergAlphastarg gry strategiczne czasu rzeczywistego
Starcraftll (2019), i wiele innych, np. Gry wojenne.

MuZeroAldzOl @ aAt y2geOK 3IASNI 0SI AyaildNdzl O2Aazxz (et
AlphaDev2 LJG & YI f AT I O2F aéaidusSysg 12 YLszC L —

Bio: AlphaGenomeAlphaFoldd 6 A lAﬂbfhaProteoAIphaM|ssense§mutaqe)
Fizyka/ChemiaAlphaQubif QuantumMatter FusionGNoME

Matematyka AIphaEvoIveAIphaProofAIphaGeometry
AlphaChigINR 2S 1 U261 yYAS OKA LI g (FPWD ¢ S)f<

AIphaEartH-yl;f)\leZS aUNHzZYASYAS RI)feC) -1
'p Gv2NI & O2FNRsS NBLINBI Syidl 6es

WeatherNex}t rodzina modeli do przewidywania pogody.

2 At OS2 LINJL&lewml R dizO1 v S2 AV (kb RraeSofaQl VK, 8y10.2026R | &
PRRAI 2026, Panel Al4Science



https://deepmind.google/technologies/alphazero-and-muzero/
https://deepmind.google/discover/blog/alphaearth-foundations-helps-map-our-planet-in-unprecedented-detail/
https://deepmind.google/discover/blog/alphaearth-foundations-helps-map-our-planet-in-unprecedented-detail/
https://deepmind.google/discover/blog/muzero-alphazero-and-alphadev-optimizing-computer-systems/
https://deepmind.google/science/
https://deepmind.google/science/
https://deepmind.google/science/
https://deepmind.google/discover/blog/alphaproteo-generates-novel-proteins-for-biology-and-health-research/
https://www.science.org/doi/10.1126/science.adg7492
https://deepmind.google/discover/blog/millions-of-new-materials-discovered-with-deep-learning/
https://deepmind.google/discover/blog/alphaevolve-a-gemini-powered-coding-agent-for-designing-advanced-algorithms/
https://deepmind.google/discover/blog/how-alphachip-transformed-computer-chip-design/
https://deepmind.google/discover/blog/alphaearth-foundations-helps-map-our-planet-in-unprecedented-detail/
https://deepmind.google/science/weathernext/
https://is.umk.pl/~duch/ref/PL/25/2510-Klub%20Prof-AI%20Nauka.pdf

The Digital Brain: A Foundation Model of Vision,
Audition, and Language for In-Silico Neuroscience

Introducing TRIBE v2 — The unification of human
cognition through artificial intelligence.

S.R Q! &METAX2026). A foundation model of vision, audition, and languagedilicm neuroscience..

A\ NotebookLM



r 3

Step 3 | Experimentation: The In-Silico Virtual Scanner (Vision)

Testing the model on highly controlled, non-naturalistic visual localizers from the Individual Brain
Charting (IBC) dataset to see if it recovers decades of empirical literature.

The Results
(Recovered Zones)

TRIBE v2 e "
= In-Silico Execution
— : . #: FFA: Fusiform Face Area
, Artificial BOLD Response correctly identified for
The Workflow: Replace the physical MRI scanner with code. Flash experimental images L faces.

for 1 second, extract the predicted time-series, and compute contrast maps.

Fi PPA: Parahippocampal
L Place Area for places.

=

= EBA: Extrastriate Body
L Area for bodies.

réﬂi VWEFA: Visual Word-

Form Area for written
characters.

N y
Predicted Contrast Maps Actual Measured Contrast Maps . e 4

4 | |

N A NotebookLM



GPQA benchmark

Kata GO ELO >6000 ,
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https://doi.org/10.48550/arXiv.2311.12022
https://lifearchitect.ai/iq-testing-ai/
https://www.vals.ai/benchmarks/gpqa
https://llm-stats.com/benchmarks/humanity's-last-exam

AlphaStarand Strategic Games
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Neoural Network Activations

Deepmind.googlalphastar¢ mastering the reatime strategy gamétarcraftll (2019)
Many open, strategic games, like war games.
5 S S LJa MyZBréMasters Games Without Even Being Taught the Rules (2020)



https://deepmind.google/discover/blog/alphastar-mastering-the-real-time-strategy-game-starcraft-ii/
https://spectrum.ieee.org/deepminds-new-ai-masters-games-without-even-been-taught-the-rules

Al has accelerated and optimized chip design, and its superhuman chip layouts are used in hardwa
around the world.{ dzOK f | é2dzia 6SNB dzaSR Ay GKS ftFada
accelerator, thel'ensor Processing UrfiEPU). Al is here a partner helping humans.

Mirhoseini A., Goldie, AYazganM. et al. A graph placement methodology for fast chip design.
Nature594, 207212 (2021), addendum 26.09.2024



https://cloud.google.com/tpu?hl=en
https://deepmind.google/discover/blog/how-alphachip-transformed-computer-chip-design/

Nowe architektury LLM
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Jankowski N, Duch VB,NI) 6 O IKéta-leakning in Computational
Intelligence.Studies in Computational Intelligence, Vol. 358, Springer 20



https://doi.org/10.48550/arXiv.2507.18074

Theseus

Theseus, an algorithm for new conceptual understanding, was appliedserimental guantum optics
I. A graphbased representation of quantum optical experiments that can be used algorithmically.

. Automated design approach for new quantum experiments, orders of magnitude faster than the |
previous algorithms at concrete design tasks for experimental configuration.

lll. Solved several crucial open questionghotonic quantum technology and quantum states and
transformations that allow for new foundational quantum experiments.

IV. Theseus can produce solutions that a human scientist can interpret and gain new scientific conc:

Theseus will become an essential tool in quantum optics for developing new experiments and photon
hardware. It can further be generalized to answer open questions and provide new concepts in a larg
number of other qguantum physical questions beyond quantum optical experiments.

Theseus Is a demonstration of explainable Al (XAl) in physicsiiyats how Al algorithms can contribute
to science on a conceptual level.
W Krenn M., Kottmann J. S., Tischler, N. ApuruGuzik A. (2021). Conceptual Understanding

through Efficient Automated Design of Quantum Optical Experiments.
https://doi.org/10.1103/PhysRevX.11.031044

|0'0)V3.Vb - Iolo)a’b



https://doi.org/10.1103/PhysRevX.11.031044

Dusty plasma

W Yu, W.Abdelaleem E.,.Nemenman I., & Burton, J. C. (2025). Phydaitored machine learning
reveals unexpected physics in dusty plasniRd$AI 22(31), €2505725122

Dusty plasma is a mixture of ions, electrons, and macroscopic charged particles that is commonly fou
space and planetary environments. We demonstrate and experimentally validate an ML approach tha
Incorporates physical intuition to infer force laws in a laboratory dusty plasma.

Trained on 3D particle trajectories, the model accounts for inherent symmetries, nonidentical particles
and learns the effectivaonreciprocal forcebetween particles with exquisite accuracy, enabling precise
measurements of particle charge and screening length.

Our ability toidentify unknown physics from experimental datemonstrates how Mipowered
approaches can guide new routes of scientific discovery.

We anticipate our ML approach to laestarting point for inferring laws from dynamics
a wide range of manpody systems, from colloids to living organisms.



https://doi.org/10.1073/pnas.2505725122

Gravitational waves

Gravitational waves are spatine distortions caused by some of the most cataclysmic events in the
Universe, including black hole mergers and supernovaen#lligent Al strategy helped to discover
unorthodox topologies for gravitational wave detectors that significantly outperform the currently best
known designs under realistic experimental constraints.

This increases the potentially observable volume of the UniveE@fold.

Analyzing the best solutions from our superhuman algorithmune&over entirely new physics ideast
their core. Our methodology can readily be extended tallen design of experiments across wide
domains of fundamental physics, opening fascinating new windows into the Universe.

Krenn M, Drori Y, Adhikari RX. (2025). Digital Discovery of Interferometric Gravitational Wave Detectors.
Physical Review, X5.



https://doi.org/10.1103/PhysRevX.15.021012

Sample material structures GNoME vs. Materials Project: distinct prototypes
Source: Merchant et al., 2023 | Chart: 2024 Al Index report

Source: Merchant et al.. 2023

B GNoME Material Project

Distinct prototypes




. . STRUCTURE SOLVER
From transformers to protein foldin g psmm—r—"
outperformed other teams at the CASP14 protein-
folding contest — and its previous version’s
performance at the last CASP.
Central Dogma B ermcemeeme—————
o AlphaFold 2
Of Molecular B|ology 90\ .............................................................. RhArOC =
...... Ascore above 90 ....cunarunsmsanians
% < is considered roughly
< o 70 equivalent to the ~~ P
§ 5 60 experimentally ... o, SN
e . S @ determined structure
TranSCrIpthn Translat|on Ve ~ % '(é (Qsessibiistvosssbiasiimmmisistvasaiasnasssnsosesssvsvsiza il
= ;gEI 40 ........................................................................
(..ATCGGTAATCC..] E.AUCGAUAATCC..] [-j:]:l:-] —p 59 oy me B O O B .
20 ..............................................
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DNA (1D) RNA (ID) Amino acid sequence (ID) y 10
Protein (3D) 2006 2008 2010 2012 2014 2016 2018 2020
Contest year
X-Ray Nuclear magnetic Cryoelectron
R. B. Altman, A Holy Grail The Prediction of Protein JESEELs L= resonance spectroscopy microscopy

Structure, New England J. of MedicBt&9 (2023)

Google Deep Mind AlphaFold 2 has reached accurs
comparable to experiments on about 100000 proteir

and released 218 min 3D protein structures.




AlphaFold 3 NatureLM
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Modelin Engineering

Effect of 8 e s

st(ciovermg enetic variants  Protein—protein artificial
rugs 8 interactions proteins
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Nowy znacznie ulepszony modé&l Abramson + 56 coauthors, Accurate structure prediction of
biomolecular interactions witi\lphaFold 3, Naturé30, 493 (2024). Nobel 2024, D. Hassabislbdzy
AlphaFold2INJ SgA Rdz2S aU0NXzl GdzZNY A Ay aGSNI102S galeai
AlphaProtecd Sy SNHz2S o6A I O1 X LINJ eaLmiASalland ol RFYAL
%S & Misrdsoft, Nature Language Model: Deciphering the Language of Nature for Scientific Discovery
NatureLM2 LI NI1é yI &aS1¢6SyoO2al OK Y2RStf FdzyRI YSY (56
biologii/medycynie https://naturelm.github.io/



https://www.nature.com/articles/s41586-024-07487-w
https://deepmind.google/technologies/alphafold/impact-stories/
https://deepmind.google/discover/blog/alphaproteo-generates-novel-proteins-for-biology-and-health-research/
https://naturelm.github.io/
https://naturelm.github.io/
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Kompilator Anatomiczny: Swiety Graal Me™ &

Robot Scientist Discovery
Engine Cycle _

1. Uzytkownik rysuje pozadany ksztatt 2. System Al kompiluje to na
narzadu lub organizmu w interfejsie. zestaw bodZcow.
https://thoughtforms.life/ MomBotRobotScientistLevinlab)

To nie jest drukarka 3D. Kompilator nie zarzadza mikromanagementem.
To translator ttumaczacy cele inzyniera na cele inteligentnego systemu zywego.

3. Bodzce sg wysytane do komérek,
ktére samodzielnie budujg strukture.

¢ Eliminacja wad wrodzonych
® Regeneracja po amputacji
® Przeprogramowanie nowotworow

A NotebookLM


https://thoughtforms.life/

Ciato jako Kolektywna Inteligencja
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natychmiastowo: Kijanka
widzi i uczy sie otoczenia bez
klasycznego potaczenia z
maozgiem.
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 Brak koniecznosci ewolucji:
System rozwigzuje problem
nowej architektury ciata w
czasie rzeczywistym (Zero-shot
learning).

Nerw wzrokowy Xenopus laevis
omijajacy mozg tadpolik- spinal-corda

> 3yAlA Y2REFALIO2A 1Lyl Oss 22y248C
O9YSNHEHSYUYIl &aFY22NHIYATI O2FY & dzLJA ¢



The Future of Neuroscience
Is In-Silico

We are transitioning from the fragmented
mapping of isolated cognitive tasks to a unified,
data-driven foundation model of the

brain.

‘ ccelerating
Discovery

\ ‘pf?%\ == Rapidly iselate specific
MR s ] 8 H experiments mathematically
\ \ A ~R\ > /1B AuQ.me.ntmg likeliest to yield new
LN \ T N "1 Statistical Power understanding of brain
“ ¥ o i mechanics.
7 I P ’I A Generate zero-shot ;
o S ; e 3 . synthetic cohorts to
i \ Pre-screening establish definitive group
= NG Protocols baselines.
: /) ) Pilot compiex neuroimaging
: studies entirely in software
= \ : before spending mililons on
{ physical MRI time.

Recovers a variety of results established by decades
of empirical research, extracting interpretable  The algorithm and the primate brain have converged.

latent features TRIBE v2 reveals the {fgrained The digital era of neuroscience has begun.
topography of multisensory integration.

A\ NotebookLM



Generacja nowych idel

Can LLMs Generate Novel Research Ideas? A-faade Human Study with 100+ NLP
Researchers. 6.09.2024

Excitement Effectiveness

3 3 3
Human Al Al+Rerank Human Al Al+Rerank Human Al Al+Rerank

3
Human Al Al+Rerank Human Al Al+Rerank

AnthropicClaude3.5-Sonnet (200.000 2 { )g$ad Tyl Ol yAS fSLAalT & 2R
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fdzo LINEgLFUy21 6 NRBIGANI gl YyAS LINRBOESYsg YI
| 320l OKX &aLINI gRIFTYAS FlF1ils62 NBRdzl 02l KI f d:



An Al Agent Environment with

a 25 subjects defined in biorxiv
( Subject 25 | Unified Biomedical Action Space
4 )
Subject 1 .
! Genomics
Biochemistry Pathology
100 recent published papers
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Are oncogenic pathways enriched among
differentially expressed genes in adata.h5ad?

S0)5 scanpy gseapy +se

Biomni

aideol

\\

e

Reasoning

To answer the question:

[ ]1Preprocess, cluster and identify differentially expressed genes.
[ ]1Load oncogenic gene sets for comparison.

[ ]Perform enrichment analysis to check for oncogenic pathways.
[ ] Validate results with literature and databases.

Composing actions with code

import sca
from 1t0s.tool.g
import pandas as pe

tmport
import

nomics import annot

Observation

DKK1, UGT1A, EEF1A1, RAC2, PTGDS, COL1A1, TIMP1, SPP1...

Reasoning
[1 Preprocess, cluster and identify differentially expressed genes.
[ ]Load oncogenic gene sets for comparison...

Composing actions with code

.load(gopen{data_dir + once 1)1 'genes ‘]
ichr( i X s={ ‘Oncoge

—1Raw data
i

Observation

Answer

~

0 2




BrainBenclpredicts neuroscience results

r ~

Luo, X.RechardE ! &3> { dzy X uage gnodelspsurpasshunman eRperts

predicting neuroscience resultslature HumarBehaviouy 1¢11.

1.0
Forward-looking evaluation

f’!

Development/
plasticity/repair

N\

Abstract

Background

@

0.6 o

/
@ Meuroscientists
f Method

) BrainBench 0.2 1
BEhﬂ‘-'IDUFEU Cellular/molecular

it
cog I.\I:IIE / \

e

Systems/circuits Neurobiology

0.4 4

Accuracy

0

o
Bk

of disease LLMs

[] Research
scientist

[] Other

B Postdoctoral
researcher

[ Predoctoral
student

[l Doctoral [ Faculty/academic
student staff
D Developmental/

Be havim_lr_ab" Developmental/ plasticity/repair
cognitive 1.0

plasticity/repair
2.0% 0
Cellular/ Cellular/
malecular  Behaviofiralf molecular
cognitive
Neumbiology
5% of disease

Systems/
Systemns/circuits circuits

Finding B
(alternative)

Finding A
(original)

BrainBenchs a forwardlooking benchmark for predicting
neuroscience results. Fitaned Mistral7B can forecast
novel results better than human experts.

LLMSs surpass experts in predicting experimental
outcomes and estimating their confidence.

This approach is quite general.

Neurobiology
of disease
Average LLM Human
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Future: Virtual Labs with specialized agents

Swanson, K.et al. .
The Virtual Lab: Adgents 0. ITTEUQ;JIOQEZ oot o
Design New SARS\2 M i

Nanobodiesith Experimental

Machine Learning Specialist

Validation 11/2024 v '\ Title, Expertise, Goal, Role

2o Principal Investigator [~ ) Computational Biologist
085 Title, Expertise, Goal, Role = Title, Expertise, Goal, Role
7 A

Human User Scientific Critic

Title, Expertise, Goal, Role

7 St i
(>R Response d : ’
ICOP - ( : { , Answer

Agenda
| Answer

Critique



https://doi.org/10.1101/2024.11.11.623004

Words wrtian c

Principal Investigator: | want to emphasize the significance of our objective: to develop effective
antibodies or nanobodies that can target the newest variant of the SARS-CoV-2 spike protein, while
also maintaining activity against other circulating minor variants and past variants.

Immunologist: | recommend modifying existing nanobodies. We have a wealth of data on several
broadly neutralizing nanobodies that have shown efficacy against diverse SARS-CoV-2 variants. This
approach reduces the risk and time associated with de novo design, leveraging existing structural
and binding data for rapid development.

» Machine Learning Specialist: | agree with the emphasis on nanobodies... Their smaller size also

means fewer degrees of freedom, which can simplify machine learning model complexity... For
modifying existing nanobodies, we can utilize deep learning models trained on structural and
sequence data to predict changes that enhance binding affinity and cross-reactivity.

Computational Biologist: The machine learning models proposed are excellent, and coupling them
with molecular docking and simulations can create a robust pipeline. For instance, once a machine
learning model suggests modifications, simulations can be used to validate and refine these predictions
by assessing the energetic favorability and structural compatibility with the spike protein.

Scientific Critic: We must remain cautious of over-reliance on computational predictions without
thorough cross-validation. Machine learning models can suffer from bias, particularly if trained on
limited or non-representative datasets.

Words wrilen in peoject apsciication d Viordts wrilies in asm =]

Words wiillen in woridiow dasgn

g. 6 | Virtual Lab discussion analysis. a, Excerpts from a Virtual Lab team meeting

a) Phase 1: Team selection

RN c o p—
2 &
! ) =
Human Principal Immunologist Machine Computational Scientific
Researcher Investigator Learning Biologist Critic

Specialist

b) Phase 2: Project specification
Team Meeting

R REDLL. B Bt e
ApBEs
2 = =

c) Phase 3: Tools selection

S
=

Summary

Modify nanobodies Tyd,
H11-D4, Nb21, and VHH-72
to improve binding to KP.3.

\ 4

Team Meeting

Summary
ESM, AlphaFold-Multimer,
and Rosetta to design

A

improved nanobodies.

'd) Phase 4: Tools implementation

2y | B Q)
L v ,"’,‘ g

ESM Individual Meeting

(} J
DVALVE... 1,050, |
QVQLVE... = EoMLLR =365 *
\'/4
AlphaFold-Multimer | Individual Meeting
Python script to extract

WL )
DVQLVE... —»‘“‘% ﬁ¢ a ? AlphaFold-Multimer
\'/A

AF ipLDDT = 76.52 S interface pLDDT.

Summary
Python script to compute

\

ESM log-likelihood ratios for
single point mutations

Summary

\

Rosetta Individual Meeting Summary

Python and XML scripts to
compute binding energies

\

RS oG =-37.01 ~ - with Rosetta

') Phase 5: Workflow design

Individual Meeting Summary

R Tool usage, number of

\ 4

4 751

nanobodies to design, and

welghted score formula.




Virtuous Machines: Towards Artificial General Science

Agentic system incorporating hypothesis generation through experimental design, physical experimental
Implementation, data analysis, result interpretation, theory refinemesdgpalisation and reporting.

| 2YLIX SGA2Yy 2F | Fdzt aOASYUATFTAO &aiddzRé NXBI|jdzA NBR 2y
cost ofD$114 USD per research project (+ human participant paymeri2$4f/500 USD).

Three cognitive science experiments we (WTW] A,mmst . “";’::,f{:‘“'
designed, testing visual working memor

x_—.,. A Pre reglstratmn

(VWM), mental rotation, and imagery (cﬂ m ,__ implementation Spemallst
vividness, with online data collection wit Puwemnawsus . - ““‘*"‘5

) = Method |" - \
288 participants were performed. [ - L ] ( ]
| Movelty |=—

Al system developed analysis pipelines f [ Master ) DataAnalysm L

and produced completed manuscripts mm [ r—
Feasibility

- ahlea D
for each experiment. - ) J @ ‘Jlsuals

Al can devise and test hypotheses throug

- o ! Manuscnpt Flgures ] ~.L.£§fH [Tmuhleshnutmg
realworld experiments, accelerating Reﬂew ) [ cm,,g*_ :

scientific discoveries.

[‘“—-‘) Captmn ! e """SM'“"

Figure 1: | Simplified network architecture of the autonomous scientific discovery

WehrZ D EhrbardgS.E. (2025)irtuousMachines TowardsArtificial General SciencearXiv:2508.13421
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NobelTuringChallenge

Nobel Turing ChallengéHiraokiKitano, Systems Biology Institute, Kyoto).

The Turing Test at the Nobel-

quality scientific activities

Alfred Nobel Alan Turing J
2 AStE1AS 61 6FyAS YI2nOS yI OSf dz 2LJNJ-OZ@I-Y)\S |
R212yeésgl o ¢l 0yeOK 2RI NRBOG yldzZl26e0K yI LRI A2YA
5t ConferenceSingapore Al for Scienaad NobelTuringlnitiative, July 2024Challenge on YouTube

Life

Gl - 2 - .
—om - Science %\ Chemistry
Agentic =
Reproducibility A . s
)“’ﬁ L
' Q

7 i
Current Cb % Nobel Turing Test

Challenges (o)  For Agentic Scientist

Ethical and
ransparency Societal
in Reasoning Dimensions Disciplinary Global Cooperation _"' : "’, .
+ =+ Material Physics

Intersections Ecosystem W, (©)



https://www.nobelturingchallenge.org/
https://ai4science.sg/
https://www.youtube.com/@nobelturingchallenge5259

e |
TRILLION PARAMETER
CONSORTIUM:{(FPC)

AGIS: Advanced General Intelligence for Science Program: building, training, and
using largescale models + hardware development.

(a) Al development, LLMs/LMMs, libraries, Al workflows, data aggregation, etc.;
(b) design/build hardware and software systems, research automation;
(c) Al applications in science, engineering, medicine, and other domains.

RIKEN 202ZRIPAGISprogram, platform of platforms.
TransformativeResearchinnovationPlatform ¢ AGlfor Sience.

Multimodal foundation models of dynamic behavior, dynamic and spatial
transcriptome, cellular response to drugs.
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