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[ HEAEHRL. BRHICFEZ DY —ILExF->TITETSE I L T,
AEZERLLODETHB T 7V — 3]

What is an agent?

A In its most fundamental form, a Generative Al agent can be defined as an application that
g ents attempts to achieve a goal by observing the world and acting upon it using the tools that it
R has at its disposal. Agents are autonomous and can act independently of human intervention,
and Viadimir Vuskovic especially when provided with proper goals or objectives they are meant to achieve. Agents
can also be proactive in their approach to reaching their goals. Even in the absence of
explicit instruction sets from a human, an agent can reason about what it should do next to
achieve its ultimate goal. While the notion of agents in Al is quite general and powerful, this
whitepaper focuses on the specific types of agents that Generative Al models are capable of

building at the time of publication.

In order to understand the inner workings of an agent, let’s first introduce the foundational
components that drive the agent’s behavior, actions, and decision making. The combination
of these components can be described as a cognitive architecture, and there are many
such architectures that can be achieved by the mixing and matching of these components.
Focusing on the core functionalities, there are three essential components in an agent’s
cognitive architecture as shown in Figure 1.
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The Al Scientist (Sakana Al)
[Lu 2024, arXiv:2408.06292: Yamada+ 2025, arXiv:2504.08066]

2024-03-12 vl

“the first comprehensive framework —E L NI THERFENRDOBENML ZZER
for fully automatic scientific discovery”
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The Al Scientist (Sakana Al)
[Lu 2024, arXiv:2408.06292: Yamada+ 2025, arXiv:2504.08066]

“The Al Scientist Generates
its First Peer-Reviewed Scientific Publication”
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Al co-scientist (Google)
| Gottweis+, arXiv:2502.18864]

“virtual scientific collaborator”

Research overview

. . Researchgoal — Configuration —— Supervisor Agent = - with
Scientist detailed hypotheses
l Assign agents to workers
Additional Worker
feedback Generation Agent - - Proximity Agent Worker
K l \ l Worker
Reflection Agent .- Meta-review Agent Worker
Al
l >< i I Context

Ranking Agent Evolution Agent ——— Memory

Al co-scientist
Al co-scientist specialized agents
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Robin (FutureHouse)
|Ghareeb+, arXiv:2505.13400]

“Multi-agent system for automating scientific discovery”

' ™ ' ™\ s n
d ;
Input Robin System Output
.f! I Y ff B h
Target Disease q g ( ) Therapeutic
Name Candidates
— Hypothesis 4—— Experimental —
o Generation Analysis
The scientist ) ’ ]
directs the system . Y L VY Robin proposes top
by providing the T therapeutic
name of the \ / candidates for the
disease to target. _ target disease.
Laboratory Experiments
L 7 \ "

b " ™) s ™) 4 ™
Hypothesis Generation Experimental Analysis
' N 4 '
Experimental Assay Selection f Data Analysis
c
Robin first selects an experimental assay CIEJ B Finch is called to conduct full
by conducting literature review with Crow = bioinformatic analyses and visualizations
and generating assay proposals. g_ from raw experimental data.
\ >, > \ J/
! E .
=
' ™ o ' ™)
P = = et =
Therapeutic Candidate Generation © Result Interpretation
o
Robin generates therapeutic candidates via Pl 5 Experimental insights are used to
scientific synthesis with Falcon literature E I generate more informed hypotheses
search and if provided, experimental resuits. 5, ) i = T o and follow-up assays, if needed.
L A L >
\ / \ J \ J

~

The Crow agent conducts
concise literature reviews to
identify experimental
strategies and therapeutic

candidates.

c 4 il T 6 T T 47
% Crow %\ Falcon

r ™)

The Falcon agent conducts
deep literature reviews to
generate a comprehensive
report to evaluate every
therapeutic candidate.

The Finch agent performs
autonomous analyses of
experimental data to derive
insights for hypothesis
generation.




Biomni (Stanford University)
[Huang+, bioRxiv:2025.05.30.656746]

“A General-Purpose Biomedical Al Agent”

P 25 subjects defined in biorxiv b An Al Agent Environment with C . '
: ; i _ Are oncogenic pathways enriched among
|’ Subject o ) Unified Biomedical Action Sp ace differentially expressed genes in adata.h5ad?
i ' e
Subject 1 ; .\“\_‘ &@.[\
Genomics &)
[ Einchemistr}r} Pathology A 0 e Ry P (-
100 recent published papers ' Reasoning
—— T Molecular To answer the question:
. . | ]Preprocess, cluster and identify differentially expressed genes.
|:IIEI|CIQ gnomAD Synthetic [ ] Load oncogenic gene sets for comparison.
BindingDB iolo [ ]Perform enrichment analysis to check for oncogenic pathways.
mifBase gy [ ] validate results with literature and databases.
cooler OpenTarget : ;
Genetics Composing actions with code
l Scanpy UCE  IUCN  primer
flowkit virtual design \.\
[ Action discovery agent] SereSiing opg  PLINK
_ GCTA CellxGene ibsbrmi » ] Tools
l - RegulomeDB
= | ; . AlphaFold
Actions necessary to conduct | s e , DiffDock DB ell
biomedical research Biophysics et CAnier : e T
\, . Oiigo InteiPro hl IUQ}’ jpservato
l Biopython skimage  assembly DKK1, UGT1A, EEF1A1, RACZ, PTGDS, COL1A1, TIMP1, SPP1...
A Expert mf? e - Reasoning
curation e 2 = RINA [“] Preprocess, cluster and identify differentially expressed genes.
. gate clone |
l . R UCsC [ ] Load oncogenic gene sets for comparison...
Bioengineering . ; Composing actions with code
g g. SR ysiology

105 softwares 130 biclogical specialized tools viennaRNA IRaw data
@ Wetlab Al models Know-hows -
= / 'Eﬁ 5 : ':__L: : 'E \ - Observation
59 dﬂtfbﬂﬂﬂﬂ AR T = Biochemistry
‘:.I_;I;:.I R qy -2 Answer
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ToolUniverse (Harvard University)
|Gao+, arXiv:2509.23426]

“ecosystem for building Al scientists”

Agents

Visualization

Feedback
ML and Scientific

1~ ToolUniverse

datasets Automation Experiment

Search
and
embeddings

S ¥ ¢

LLM, reasoning model, agent

Workflows
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|[Mitchener+, arXiv:2511.02824]

“An Al Scientist for Autonomous Discovery”

d Input Kosmos World Model

Research objective: n’ m e A=
Identify validated Type 2
diabetes protective mechanisms
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Dataset:
Annotated multi-omics data

5 Discovery 1
W Discovery 2
B Discovery 3

Data Analysis Agent
Literature Review Agent
Established Finding

Output

The T2D protective variant rs9379084-A tags a can-
didate cis-acting regulatory sequence that modulates
levels of SSR1 via altered ATF3 binding

Summary

The missense wanant rsddT0084-4 a1 the RREEL
locus smerpes a5 3 regulatory hotspot for type 2 o
abetes profection, with convergent mauli-omic e
idence indicateg that the protective sllels mod-
ulates trasscription Tacier sccupancy, chromatin
wiersbility, and downsfream transcrigrt bevels in a
el fype-spwcilic marmsr,  Among the sic penes
influgnead, 55R1 is & kading cendicdate panget,
supperted Iy incraased ATFI mif wllinivy, iclet-
selective ATAC.GTL effects, and ranking within
the top downregulating protective mechanisma

Background

Human genetic studies of type 2 diabetes increas.
ingly pamt to noncoding and regulstory meche-
nisms that act through trasscription factor bind-
ing, chramatin accestibility, snd confect-spedifs
pene pgpression b rewire Blek and metabolic s
suis, btspratiog Iramessnrks thas Rermenios allels
directimnahty, evaluate deractional concondance be-
Dawiini escrni-wica esocialian signats and guan-
titative traft hoci across molecular layers, and pn
origize mechansms with mulbksource suppoet are
nesded to move from associztion to functos. In
this contest, regudatory hotzpots in whech single
variants orchestrate multi-gene programs have par.
ticular importance for idemtifying protectee path-
ways and therapeutic entry pois

Results £ Discussion
This woeh aslablshes w9370083-A4 a8 a high-
cofiliilands prolective vanant and & coondingbad
rigulatony driver at 1k RAER! Re<us  Hama
nization of alele definitions acrcss datassts pro
duced an analysis-ready resource {100,116 SMP-
TF pairs; 1376 SNFs; 369 TFs) weh 100%
porsstency im onskprotectye allele dieciion, =n
abling robesst assmmsment of concordance bebwesn
GWAS and QTL effects motably, protective-allels
TF hinding ffects weee svenly split between gain
and ke of function, minimizging systematic bias
in mechanism inference |r1]. At the locws lewel,
reUATA08L shows shrong protective assocation (4
O P o= 0511077 with posierior prob

sodity of causality of 1.00 and integrative wisal
ration confems wgral dominance in the kocal re
gon |r2]. Ranking of protectve mechanisms that
favor Espressdon-kewering eifects aomes avadable
QTL streams places this locus amoeg the most wal-
wlated: siw of the top ten protectie mechanismes
grise fram rsl3TO0E. induding RREE] [#2; seam
G000) and SSAT (#4; score ©.000), with addi
tiomal targets AROK1, DSP, and SMRNF43, indi
cating a multl-gene regulatory hotspot congistent
with coordinated cs-regulatory contral [125]

Fgiee §:  Alele Barmemgabins emabiishes nss alels
defiaitions ard revcab badanoad pitective alels bnding
wlipcts (A} Dsinbiton of SNP2rameorption Tediar [TF)
sairn where the rob siek & the shisrests [ALT) vemas tha
svference [REF| alisle. [B) Proportion of protective alisies
that casss 3 gab-of-function [Goff] o os-o-function
(Lo ] in TF Hradiag  The eqeal dndbation of Lof asd
LoF ellecis fiw prodeciies sdbEles menemizes §ydem sl Tias
n ilering dosesireas regulaney mecharior  (Souoeee

The mechanistic chain for 55R1 is coherent
scroms mokecular lapers At the el of saquenos
to-factor binding, r93T00EE- A incresses modif
sffinity for ATF3 [Akinding +1.30), while aka
modulating & broadier ==t of metabelic and stress-
regpendve Tactors incheding increpsed bindieg for
NRIEZ [4 'I.I'|l]_ HELE {41 TII]_ WOk [++LEIT)
and MYELD [41.13), and decreased Binding for
PRARA (-0.76), EGRA {-1.185], KLF& {-1.17)
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EABIEDTZESH? (Biomnivz794 FASHLY)

» Variant interpretation (ZE#ER)

* Perturb-seq data analysis (Perturb-seq 75— % fi#&#f)

« ADMET property prediction (ADMET454%%:8))

» Cloning protocol design (7 A—=>77"1 b JJLE&ET)

* CRISPR screen design (CRISPRRZ 1) —=> 7 i&5t)

 Rare disease diagnosis (F4EB2ZHT)

» Molecular docking (3 FF vy x> %)

» scRNA-seq annotation (> 7Lt ILRNA-seq7/ T—3 )

etc.
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Key components
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c Are oncogenic pathways enriched among ]

Biomni-Al: [RER/NNA A AT 14 HILIE

BICE-DDBE2R0% (HODLDHE

SNF=T 7L — bR LIZ) EITRIRER
NHANGZIT— x> b,

differentially expressed genes in adata.h5ad?
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Reasoning

TD answer the question:

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

] Perform enrichment analysis to check for oncogenic pathways.

a 25 subjects defined in biorxiv b An Al Agent Environment with
( Subject 25 | Unified Biomedical Action Space
oot 1 .
SHtsect Genomics
[ Biochernistry} Pathology P
100 recent published papers
Molecular DESeq? =2
biolog gnomAD SynthEtiC
DS miRBase IOIOQY
cooler OpenTarget @
Genetics
l Scanpy UCE IUCN primer
flowkit virtual design \
[ Action discovery agent] screening ppg  PLINK
GCTA CellxGene libsbml »
l RegulomeDB
. , .o AlphaFold
Actions necessary to conduct | DiffDock DB
biomedical research BIOPh SICS ADMET - . ell
. 3 Pred o merpro  DIQIOQY
Biopython : e
l sk-image assembly
"‘I x ExPe.rt : ::R:JF : golden JASPAR RNA muscle
T Cur&tlon — gateclone VE'DC“)’ UCSC
' Bioengineering . e ysiology
105 softwares 150 biological specialized tools viennaRNA
.:é:. Wet-lab Al models Know-hows
V& “akd o
59 databases % ¥ oy N - \ -1, ’ Biochemistr
. o B Pharmacolo ' ey
] 3 i gy
=

Mlcroblology

[ L
[ L
L

Validate results with literature and databases.
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An Al Agent Environment with
Unified Biomedical Action Space
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T—2X~N—2R (Databases) - 591
s EYEFBERZHFRTF - IBREEIT BT —XUKRI Y
- B :
« PDB: 2 /X0 B3DEET —X
+ GenBank : DNAEZ5F — &
» ClinVar : ERIRBIZE E 15
» KEGG : AR ERIER
 DrugBank : E¥EHR
o FFEL
s BHRORGFERRHAEBD
» THARNICEFHT I NS
« VT ik CIHERZ IS




BEHO KEDY—I, —EZR—R VY7 b7 %FAAHEE

Y7 b7 x7 (Software) - 1051E
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» samtools : B25l T — X AEY 7
« GATK : 7/ Lt/ —vF v b
 Imagel : BIRENTY 7 b

.+ JFEL
« B DT EUHAIRE
« AXRVETAVRRI YT HTERIE
s MDY —ILDERELDZIEHHE L




BHQ BINLGY—LEEICEDIS7AY 7 FERH

1.2y —ZXDURE: F|BR[gELEeY —IL, T—X LA 27IBBH. 59477 #ULE
 —Y—DO 7T YICEHETSY Y —RDH%ER

2. 707 MR—XDFER]: I

3. RTLT

MEA7 Oy 7 b

Y7 FPOEH: ERENTEY Y —RDODATVRTLT

-unction Dictionary:

piomni.tool.genomics: [tooll, tool2, tool3, ...]
piomni.tool.pharmacology: [tool4, tool5, tool6, ...]

YV —ILETEEROZ7AYT

Function Dictionary:

V7 M EEH

n your code, you will need to import the function location using the following dictionary of functions:

Based on your query, |'ve identified the following most relevant functions that you can use in your code:

piomni.tool.genomics: [tooll, tool3] # 7 T VU ICEEET S H DD H
MPORTANT: When using any function, you MUST first import it from its module.




1583 CodeAct [wang+, arXiv:2402.01030] D ¥ FH

I—Yxz MIA—-F2FHETETSES

Instruction: Determine the most cost-effective country to purchase the
smartphone model "CodeAct 1". The countries to consider are the USA,
Japan, Germany, and India.

Available APIs

LLM Agent using [Text/JSON] as Action

I should calculate the phone price in USD for each country, then find the
most cost-effective country.

) Think

T Text: lookup_rates, Germany
</»| Action : T - S ;
JSON: {("tool”: "lookup_rates”, "country': "Germany")

@Enuirnmt 1.1, 8.19

= Text: lookup_phone_price, CodeAct 1, Germany
</>| Action . - |
JSON: {"tool": . "CodeAct 17,

“lookup_phone_price”, “model ‘country” : "Germany” }

@ Environment /00

= Text: convert_and_tax, 788, 1.1, 8.19

¢/>| Action

JOUN: {"tool": "convert_and_tax", "price”: 708, "exchange_rate": 7.1, "tax_rate”: 0.19}

@ Environment 916 3

... interactions omitted (look up shipping cost and calculate final price) ...]
FrTme Text: lookup_rates, Japan
</>| Action i g L - ,
JSON: {"tool": "lookup_rates”, "country”: "Japan' }
| ... interactions omitted (calculate final price for all other countries)..

é’ RSt The most cost-effective country to purchase the smartphone model is Japan
P with price 984.80 in USD,

[1] lookup__rates{country: str) - > (float, float)
[2]) convert_and__tax(price: float, exchange_ rate: float, tax__rate: float) - > float

Fewer Actions Required!

[3] estimate_ final__price{converted_price: float, shipping__cost: float) - > float
[ 4] lookup_ phone__price{ model: str, country: str) -> Hoat
[5] estimate shipping cost(destination country: str) -> float

CodeAct: LLM Agent using [Code] as Action

I should calculate the phone price in USD for each country, then find the
most cost-effective country.

) Think

E*‘-‘-ﬂ“‘ countries = ['USA', 'Japan', 'Germany', 'India']l control & Data Flow of Code
final_prices = {} Simplifies Complex Operations

for country in countries:
exchange_rate, tax_rate = lookup_rates{country)
:::p. local_price = lookup_phone_price{"xAct 1", country)
converted_price = convert_and_tax|(
local_price, exchange_rate, tax_rate
]
shipping_cost = estimate_shipping_cost{country)
final_price = estimate_final_price(converted_price, shipping_cost)
final_prices[country] = final_price

most_cost_effective_country = min(final_prices, key=final_prices.get)
most_cost_effective_price = final_prices[most_cost_effective_country]
print({most_cost_effective_country, most_cost_effective_price)

Re-use ‘min Function from Existing

@Env:l.rnnlent 1.1, 8.19 Software Infrastructures (Python library)

é} ResDOnSe The most cost-effective country to purchase the smartphone model is Japan
PO with price 984,80 in USD,
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~+ scRNA-seq cell annotation
- e T - | have a patient with phenotypes XXX,
15- 60 Human XXX, and WGS returns gene mutations | have scRNA-seq data stored at XXXX,
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-0 IE[ Rare disease diagnosis - Drug repurposing - 1, Microbiome disease-taxa
| have a list of potential variants for : - & v bioinformati lysi
A L5 s : | have a GWAS hit for trait XX, there are : o loinformatics analysis
; e o Design a gene panel of 50 genes for m ] i - -
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me. the most likelv causal gene? SCIERINOR ORI EXIIAUSHOR, XXX, and WGS returns gene mutations potential drugs, find the most likely one : : .
F y gefie: XXX, what is the diagnosis? A ! XXXX, analyze which taxa is associated
+162% +?f--aw. +3.0% SRR R T F0.8%  +13.2% +23.0% i - with the disease XXX.
60 4 ‘ & & f & v 987 A * » x21 +19.4% +10.3% Z/ fﬂg +180.0% +25.0%
. o . 2 : i i ;i e | ¥1.3% +3.6% +0.2%
2 — W5 ! a0 - E 6.0+ X Yy = ‘ * A
za0] | & § | ' < .. | il | 031 | |
E ] =) — = ok 1 I |
o £ [ 0 1 = | |
= 20 3 E m o i 502 :
::":' :E_'QJ E d{] E 54J. g
0 & ~ 20 Eea | 0.11
- - T 0 ; : — 0.2 . - . K- sl
LM iﬂf Héi;:!:' Blomn LLM Ef;a‘ Eﬂ'gi‘::':' iy LLM  ReAct  Biomni  Biomni i < 501 : ; , )
| o LM ReAct Bomni Biomni © LM ReAct  Biomni  Biomn %0T7UM  Rerct  Biomal  Biomm
. \ _ Code Redct | Code ReAct Code ReAct




AlT—2 b ESFMT S D

FSATHA TV RIZHBITAS
— v FHFE I
3D DEXPE T

1. ER VY F2— 27 TOH
2. MBER Y F2—27 O
3. 7 v bEERTHEM




GPQA: A Graduate-Level Google-Proof Q&A Benchmark

Chemistry (general)

A reaction of a liquid organic compound, which molecules consist of carbon and hydrogen atoms, 1s performed at 80 r=h > J =4 Fﬁ H % = 1‘— = oy
quid org P ydrog P j(—?—lzjﬁcl/’\}lla)ifll-?—nmﬂ ¥.9) « 7] X |

centigrade and 20 bar for 24 hours. In the proton nuclear magnetic resonance spectrum, the signals with the highest
chemical shift of the reactant are replaced by a signal of the product that is observed about three to four units downfield.
Compounds from which position in the periodic system of the elements, which are also used in the corresponding large-scale
industrial process, have been mostly likely initially added in small amounts?

A) A metal compound from the fifth period.

B) A metal compound from the fifth period and a non-metal compound from the third period.

C) A metal compound from the fourth period. J:I:Z Eﬁ : % Hﬁ \EI:E j:R Et

D) A metal compound from the fourth period and a non-metal compound from the second period.

e HRNE  EWT - MEE - (L
Methylcyclopentadiene (which exists as a fluxional mixture of isomers) was allowed to react with methyl isoamyl ketone /] ¢ 1 % = %
and a catalytic amount of pyrrolidine. A bright yellow, cross-conjugated polyalkenyl hydrocarbon product formed (as
a mixture of isomers), with water as a side product. These products are derivatives of fulvene. This product was then EE s .
allowed to react with ethyl acrylate in a 1:1 ratio. Upon completion of the reaction, the bright yellow color had disappeared. Fl:ﬁ = y—& . 4 4 8 ﬁ:ﬁ

How many chemically distinct isomers make up the final product (not counting stereoisomers)?
A)2

B) 16

C)8

D) 4

Genetics

If a sperm from species A is injected into an egg from species B and both species have the same number of chromosomes,
what would be the main cause of the resulting zygote mortality?

A) Species specific zona pellucida proteins on the egg cannot bind sperms from a different species.

B) Epistatic interactions between the genes of different species

C) Chromosomal incompatibilities will cause failure of meiosis leading to death of zygote.

D) Chromosomal recombination will not occur in different species.

Molecular Biology

A scientist studies the stress response of barley to increased temperatures and finds a protein which contributes to heat
tolerance through the stabilisation of cell membrane. The scientist is very happy and wants to create a heat-tolerant cultivar
of diploid wheat. Using databases, they find a heat tolerance protein homologue and start analysing its accumulation under
heat stress. Soon enough, the scientist discovers this protein is not synthesised in the wheat cultivar they study. There are
many possible reasons for such behaviour, including:

A) A miRNA targets the protein, which makes exonucleases cut it immediately after the end of translation and before
processing in ER

B) Trimethylation of lysine of H3 histone in position 27 at the promoter of the gene encoding the target protein

C) A stop-codon occurs in the 5’-UTR region of the gene encoding the target protein

D) The proteolysis process disrupts a quaternary structure of the protein, preserving only a tertiary structure

Astrophysics

Astronomers are studying a star with a Teff of approximately 6000 K. They are interested in spectroscopically determining
the surface gravity of the star using spectral lines (EW < 100 mA) of two chemical elements, Ell and El2. Given the
atmospheric temperature of the star, Ell is mostly in the neutral phase, while EI2 is mostly ionized. Which lines are the
most sensitive to surface gravity for the astronomers to consider?

e https://arxiv.org/pdf/2311.12022
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https://arxiv.org/pdf/2311.12022

HLE: Humanity's Last Exam

1 Classics = Ecology

- LLMOBRSR (< Bk s 7= b 1 B S MLt
Hummingbirds within Apodiformes uniquely have a bilaterally paired S S
)\/\ QEC“N 3 [BE > T‘ 0 sL' oval boni, a sesamoid Zmbedded in t:e c:udolateral portio: gf the
" . . expanded, cruciate aponeurosis of insertion of m. depressor o
CAVASAYIAL AN - SOOR: | S e i s TILFE—ZILBEMRVYFT—7
TIHTRNALS A'UH NI K (4T

Here is a representation of a Roman inscription, orginally found on a

tombstone. Provide a translation for the Palmyrene script.
A transliteration of the text is provided: RGYN? BT HRY BR T2 HBL

8 e s ﬁ? Et . %77 HSIZ f%':i EI:R Et i %LEL % = >

Jx Mathematics = Computer Science

/\E o ﬂ{' NV NV L 9){ : AV 7_\ t\\ = \’\ A\ 4 /\E
Question; Question; Y /] e X T o Il 7 -+ /o S =P IAN -+ [R] ]
The set of natural transformations between two functors Let G be a araph. An edae-indicator of G is a function @ : {0.1} —

F,G : C — D can be expressed as the end

Nat(F,G) = /4 Homp(F(A) >4, Chemistry ﬁ:ﬁ %E%éﬁ : 2 y 5 O O ﬁ:ﬁ

Define set of natural cotransformations from F QUEStIOﬂ:

A
CoNat(F,G) = / Homp (F(:+ CO.Me
2
/ 100 °C

Lk 23% yield H x_CO:Me

- F = B,(X}),, be the under co-category of
delooping of the symmetric group 24 on 4 lett
-simplex x of B, 2.

- G = B.(%7)., be the under co-category ne  Thg regction shown is a thermal pericyclic cascade that converts the
of the symmetric group X on 7 letters under t . . . . .

of B.%,. starting heptaene into endiandric acid B methyl ester. The cascade
involves three steps: two electrocyclizations followed by a
cycloaddition. What types of electrocyclizations are involved in step

1 and step 2, and what type of cycloaddition is involved in step 37?

H
endiandric acid B methyl ester

How many natural cotransformations are there

Provide your answer for the electrocyclizations in the form of [n1T]-

B v of b ek con or [nTT]-dis (where n is the number of 1 electrons involved, and e | July 23, 2025
whether it is conrotatory or disrotatory), and your answer for the |
cycloaddition in the form of [m+n] (where m and n are the number of About 30% of Humanitg’s L ast Exam
atoms on each component). chemistry/biology answers are likely
ré] g?&iﬂo%d University Wrong

https://agi.safe.ai/ https://www.futurehouse.org/research-announcements/hle-exam
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https://www.futurehouse.org/research-announcements/hle-exam

LAB-Bench: Language Agent Biology Benchmark

~ ~ TableQA N
Query= What is the amomion e maowp Tow fcion ww s Query: Which annotation in the
most likely width of magene | e ™ | SNP-eQTLs section has the lowest
the entire image? e vuan | TP ST o, fraction of 'In_group' occurrences?
A) 4.5 uM B) 0.5 uM oo s Comen 13w owe  A) missense_variant, LowFreq B)
C) 2.75 uM D) 1.03 uM i e Pl intergenic, Common C)
synonymous_variant, Common D)
Answer= "Based on vowton___Twe oo Tun_pecton Tl missense_variant, Common
the g TN 2w 0@
observations...[ANSWE masse e T T S w Answer: "In the SNP-eQTLs
RIB[/ANSWER]" sy oy | S 9w o gaction... [ANSWER]D[/ANSWER]"
SNP-eQTLs
= =
~  DbQA v ~ ProtocolQA \
Query: Which of the following genes is a computationally predicted Protocol: Generation of Sequencing Libraries for ...
human gene target of the miRNA MIR6810_3P according to miRDB Query: After running the first round of PCR in Step
v6.0? A) RBM3 B) RABGEF1 C) DCANP1 D) Insufficient... E) WIPF2 38, you notice very low RNA guantity. What could
you do to improve the quantity?
Ans: “[ANSWER]D[/ANSWER]” A) in Step 38 Use Primer LibAmp_F (1 uM) 1.25uL
\ /| B) In Step 38 Use Primer LibAmp_F (10 uM) 12.5uL
- C) In Step 26¢ dry the RNA pellet for 60 minutes
~ SuppQA D) Insufficient...
E) In Step 26¢ dry the RNA pellet for 10 min
Title: Development and validation of Al/ML derived
splice-switching oligonucleotides Ans: “Given the...would be:
Query: How many data files for breast cancer RNA-seq from TCGA [ANSWER]B[/ANSWER]"
were used to assembly mRNA contigs? A) 1,522 B) Insufficient... C) | U J

1131 D) 1,743 E) 1,252

~ Cloning Scenarios "
Ans: “[ANSWER]B[/ANSWER]" -. 9 ]

Query: | have three plasmids with sequences
~ SeqQA ~ LitQA pLAB-CTU: <REDACTED>, pLAB-gTU2E:

<REDACTED>, pLAB-CH3: <REDACTED>. |
: . combined all three plasmids together in a Golden
Query: What is the AA encoded Query: Active olfactory : : : :
at position 15 in the longest ORF receptor genes increase their G;fﬂjﬁ?g;“%g:g;'g;:gthrgf;il‘agﬁef;:lgng
contained within the sequence contacts with greek island ?ar atify DRNA What eEe does the abNA Yarqei?
<REDACTED>? A) Insufficient... regions by what factor in geting gRivA. J g get:
B) Pro C) Asparagine D) H mouse olfactory neurons? A) A) Insufficient...
E) Lsticike 2.0 fold B) 17 fold C) 3.0 fold B) Yeast SCL1 C) Human PRC3 D) Human SCL1
D) 2.7 fold E) Insufficient... F) E) Yeast PRC3
SQI,SF;CT,[O EESStCVeER]E[/ANSWER]“ 718 Ans: “To determine the gene...answer
Ans: “[ANSWERIB[\ANSWER]" | | 'S\NIANSWERIDI/ANSWERY
h \ JoA of

https://www.futurehouse.org/research-announcements/lab-bench-measuring-capabilities-of-language-models-for-biology-research
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FigQA: [X
TableQA : RT— X

DbQA: DB

SuppQA: iR &
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Biomni (Stanford)
IWENLGHR X X7 I2H1T 5L ERE % 51
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Robin (FutureHouse)
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FNEFE-TIT—>r FEAFRK




AlT—2 b ESFMT S D

FSATHA TV RIZHBITAS
— v FHFE I
3D DEXPE T

1. BFIER YV F v — 27 TOH
2. MBER Y F2—27 O
3. 7y b EERTEEM

A

Input
Is p53 a suitable target for drug
development in acute myeloid
leukemia?

l

Thinking Template

Query: ps3 .. target for AML?
SUB-QUERY 1! .. ...
GEQ: ...profile... >
Limma: ...DEGs...
SUB-QUERY

KEGG: ... pathways ..
GSEA: .. funclion...

1 F

=

Biomedical
Research Paper

Level 2: Overal
Capability
Self-Evolving

Coordinator Agent

O [ Disease Biology ]

>> Wha is the prognaslic impact of TP53
mulations in acute myeloid leukemia (AML)
patients?

O [Fundamental Biclogy ]

»> How do these TP53 mutations dysregulate

key downstream pathways mediated by p53 in
AML?

() [Pharmacology ]

»> Are there existing p53-largeting compounds
wilh demonstrated efficacy in AML preclinical
models?

) [ Competitive Landscapa ]

>> Which companies are advancing p53-
largated therapies inlo clinical trials for AML?

( k é ~ s ~
Input Robin System Output
r! 1‘_\ rf 1"‘\
Target Disease f 5 " N Therapeutic
Name Candidates
— Hypothesis <4——  Experimental —>
o Generation Analysis
The scientist 8 g .
directs the system e ¥ L V Robin proposes top
by providing the T th_erapeutm
name of the . / candidates for the
disease to target. ' target disease.
Laboratory Experiments
'\ v

Robin (FutureHouse) [Ghareeb+, arXiv:2505.13400]

Planning Agent

R [
|

>500 tools and databases

Reasoning Agent
Evidanca () - * i

— O | o | b |
3 — b Claim el
I T I .=r E‘ZIIEE
e o ity |
= P contradiciony -
R [ L |
-_—
-—u' O I —— ]| FrrTT— I
Gl sTRmG || unpmt | — »
" " T Ta] | 1] ! - W
e ko vose | Critic Agent
ey ubMed Gend pathways
8. _
—_— O : Q — Gona— In acute myeloid leukemia blasts, p53 primarily
[—I - - regulates apoplosis and cell cycle ames!
qEno-azsoasa AREOCIATION It activates the p21 (CDKN1A) pathway to induce
(' G1/S phase arrest and promotes apoptosis through
HHHH BAX and PUMA upregulation \X)
—| O | o | g2t Recent studies also show that p53 directly activates
the PI3K/AKT/mTOR pathway lo enhance autophagy
in AML cells '
Target-disease association
1 | l
"
Output

a al

Expeimental Validation

b

Original Hypothesis

Hypothesis: The conformation-specific dimeri
represents a druggable allosteric target......

zation interface of mutant p53 in AML

Plan: Validate the druggable allosteric target by disrupting it using interface-
targeting peptides, small molecules, or point mutations, and demonstrate functional

rescue and suppression of AML pathogenesis

OriGene (Lingang Lab) [Zhang+, bioRxiv:2025.06.03.657658]
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Google Agent Development Kitz{f> T, Xil\gE%Z2d2IT—> v b Z2HF
S TAA—FBIVOFFa A MET7 v — FERIZEICHS

@ Agent Development Kit

Agent Development Kit (ADK) is a flexible and modular framework for developing and deploying Al agents. While optimized for
Gemini and the Google ecosystem, ADK is model-agnostic, deployment-agnostic, and is built for compatibility with other
frameworks. ADK was designed to make agent development feel more like software development, to make it easier for
developers to create, deploy, and orchestrate agentic architectures that range from simple tasks to complex workflows.

Get started:

Python Go Java

pip install google-adk

Start with Python Start with Go Start with Java

https://google.github.io/adk-docs/
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Step: Lv. 1
WD T— > b —EXZFEFE

J

Biomni

LT, 4 R, T X EE

X<
1:|||I1
Ly

Kosmos

Welcome to Biomni, ryota.yamada@science-aid.com! .

Logout

©

The platform for scientific discovery.

Weekly quota: 49/50 requests remaining (renews 2025-11-24) | Request more

Important: Al models may hallucinate occasionally. Please examine the entire execution trace closely if you want to utilize the results.

5 Biomni Co-pilot W'D = Biomni Executor

Plan a CRISPR screen of 100 genes to identify genes involved in T cell S @

activation in response to PD-1 blockade. * # New tasklaunched

New task launched for user query: "Plan a CRISPR screen of 100 genes to
identify genes involved in T cell activation in response to PD-1 blockade."
© Launching workflow executor (this may take a while)...

~ (4 Retrieving resources...

D &Iy
Retrieving relevant tools, data lake items, and libraries...

~ I Starting the agent...

The agent is generating a response that involves observing, reasoning, and

executing code...

= (2 Reasoning...

| need to plan a comprehensive CRISPR screen to identify genes involved in
T cell activation in response to PD-1 blockade. This requires selecting
relevant genes, designing sgRNAs, and establishing the experimental

framework.

Let me create a detailed plan:
1. Identify candidate genes involved in T cell activation and PD-1 pathway

2. Research additional genes from literature on T cell exhaustion and checkpoint
blockade

ﬁ Literature

£z] @ Kosmos

@% Analysis

Enter your query...

Drag Here or Click to Upload

. File Manager
Max 5GB in total

@

Suggested Queries:

4

Thermal annealing humidity as critical determinant for

Mechanism of entorhinal cortex vulnerability in aging X
perovskite solar-cell performance

https://app.biomni.stanford.edu/

https://platform.edisonscientific.com/

% Molecules

AL TAD

&ﬁ Precedent

Remaining Credits: 10

174

Run Name *

Start Kosmos Run

Insufficient credits

This run will cost 200.00 credits

Cis-regulation of SSR1 by a protective GWAS variant in
Type 2 Diabetes in humans




Next Step: Lv. 2

OSSDY —IIL P RATL7AY 7 b2 hAZXTA X

Biomni Public

Biomni

F main ~ ¥ 33 Branches O 3 Tags Q. Go to file

a kexinhuang12345 Merge pull request #256 from snap-stanford/know_how @@

W biomni

B biomni_env
BB docs

W figs
tutorials

[ .env.example

[ .gitignore

[ .pre-commit-config.yaml

add resource

version 0.0.8

version 0.0.8

&> Watch 26 ~

t Add file ~ <> Code ~

c36e39f- 2 weeks ago  tL) 478 Commits

2 weeks ago
3 weeks ago

3 weeks ago

logo update 6 months ago
know-how 2 weeks ago
feat: add dotenv support for environment configuration wi... 4 months ago
removed cellxgene and merged with main 2 months ago
[pre-commit.ci] pre-commit autoupdate 3 weeks ago

https://github.com/snap-stanford/Biomni

%




Next Step: Lv. 3
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Al Agent Tutorial (Science Aid)

SESSION ID e68f908f-8ea@-428e-95bd-cf@5484d21e0 e Token Streaming | <+ New Session
Event 1 of 3

Event Request Response

# literature_survey_agent —» . pubmed_search _? . 4 pubmed_search
content: =3 v pubmed search

parts:
0:

FH7LILF BT EAEORXEMRICKEDT

functionCall: 37 TY: "cow milk allergy review 2023 2024 2025" (PubMed TIEHEEL £ U fco BRIEUTIHTT)
id: "call_5usIhi4Rh8v1121VoCNxPlyv"

args: Em (BRI

query: "cow milk allergy review 2023 2024 2025 ‘

max_results: o B3F (2023-2025) T "4 FLILF—) Kb LiEREIREY RULEXEEATURE,. DD, —&
name: "pubmed_search" NEBY7 LILEX—0OFB - Z2H - BEIcfd M - HA R UDAROMDF U, UTIEEN

role: "model"”

partial:
usageMetadata:
candidatesTokenCount:

promptTokenCount:
totalTokenCount:

invocationId: "e-82del53c-el9b-46el-a99b-50b60a59986a"
author: "literature_survey_agent"

HZ L) Eﬁ’éiz.fh%%%ﬂéwﬁiﬁﬁiﬁb%o Eﬁﬁwﬁﬂﬂﬁﬁb‘mﬁﬁﬁkﬁﬂfﬁ%—Iﬁ“
author: ., EWDEOREOURY, ARBOF b C—BERAORBARN RN LI ¥ —RIEE R
sta’-ceDelta: SIAEEICDOWVWTE K.

artifactDelta: o FIBHDHFH U WEAREICIRBAAATVEWS, FAFMEICE>TEEFLILS Y THDE
requestedAuthConfigs: %z BAR.

FequessedloclContRtmati onss 2. Sicherer SH, Sampson HA. "Food allergy: Epidemiology, pathogenesis, diagnosis, and treatment.” J

LongRunningToolIds: Allergy Clin Immunol. 2014. PMID: 24388012.
id: "9ebc6faa-laab-46c6-bla9-6bf5f14a66dl"”
id: 9ebcbfaa-taat 46¢6 bia ‘ (o ] o WA (BER) : BYTLL¥—0%R% - fHlE - 2N - AROSENL Ca—, FAFLLF—

timestamp:
title: "functionCall:pubmed_search"

Type a Mess

U
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