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BiomniZ&fy:

Biomedical _ Action Discovery Agent
Action Space

read papers and extracting key
analyze research papers tasks, tools, and databases

/

150 specialized biomedical tools, 105
software packages, and 59 databases

Biomni-E1

Biomni-A1

general-purpose agent architecture
capable of executing a broad spectrum
of biomedical tasks
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Are oncogenic pathways enriched among
differentially expressed genes in adata.h5ad?
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Reasoning

To answer the question:

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

[ ]Perform enrichment analysis to check for oncogenic pathways.
[ 1validate results with literature and databases.

Composing actions with code

import sc
from bi tool.genomics import annotate_celltype scRNA
import i
import
import
hSad”) Tools
="adata.hSad", data_dir=data_dir)
)/arwoh ed.h5ad")
thod="wilcoxon')
up N ne)

‘ l
gnifi enes [ pvats ad'] < 6.051

[ names 14t

DKK1, UGT14, EEF1A1, RAC2, PTGDS, COL1A1, TIMP1, SPP1...

Reasoning

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

Composing actions with code

oncogenic = json.load(open(data_dir + oncogenic_file))["genes']

_| Raw data
enrichment_results =
oncogenic})

gp.enrichr(gene_list=de_genes, gene_sets={'Oncogenic'

Answer
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def process_paper(self, paper_text: str) -» dict[str, list[dict[str, Any]]]:

Action Discovery LLM Agent

lass PaperTaskExtractor(base_agent):
"""Agent that extracts generalizable tasks/experiments from academic papers.
It processes papers in chunks and identifies common research tasks that could be shared across papers.
e

lef _ init_[(
self,
1lm="claude-3-7-sonnet-28250219",
cheap_l1lm=None,
tools=None,
chunk_size=4600,
chunk_overlap=4@80,

"""Initialize the PaperTaskExtractor agent.

Args:
1lm (str): The LLM model to use
cheap_1lm (str, optional): A cheaper LLM for simpler tasks
tools (list, optional): Any tools to use (not needed for this agent)
chunk_size (int): Size of text chunks for processing
chunk_overlap (int): Overlap between chunks

AMMESIERIA):

- analyzing paper chunks: ATMIEXFERPEREZIE
DIRYIESS. #dE&E. B

- consolidating tasks: RiE{IE7IFREBEENEHjsontEz{

"""Process a paper and extract generalizable tasks/experiments, databases, and software.

Args:
paper_text (str): The full text of the paper

Returns:
Dict[str, List[Dict[str, Any]]]: A dictionary with tasks, databases, and software

text_splitter = RecursiveCharacterTextSplitter(
chunk_size=self.chunk_size,
chunk_overlap=self.chunk_overlap,
length_function=1len,
separators=["\n\n", "\n", ". ", " ", ""],

)

chunks = text_splitter.split_text(paper_text)

chunk_results = []

for i, chunk in enumerate(chunks):
print(f"Processing chunk {i + 1}/{len(chunks)}...")
chunk_tasks = self._process_chunk(chunk)
chunk_results.append(chunk_tasks)

consolidated_results = self._consolidate_tasks(chunk_results)
return consolidated_results

E@FLangChainfy
RecursiveCharacterTextSplitterXdig SO TH R ;

2. IFTHRISSGHIT process chunkfbiE
3. XJ2718EIRYESSFIFKIFHIT_consolidate_tasksihiE

env_collection.py (FgefKigE) —> extract biorxiv tasks.py (HTIREMESS) —> generate function.py ({LAB4EEL)
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4. EPITERES, LLM ERA3, E9mi3AR (Python, R B Bash) HiifT, FiREIZZRMELIE
SiasHfEE, XINMENRF AT, ERIERNSEI— N ER, S IIERIRRTTE.

g < [ EwEeE: ) . N
THEHSE ) 5%EE: Al._generate_system_prompt REMIRE:
read_module2api() ‘ HEkl, HEs—F2Z2E ‘ Al.configure

ToolRegistry(module2api) B Ex, EREEAHAkE IREFE. TH, M4

 ToolRetriever() Fi<execute>H11TAS, 20 9 B R SRNA y

\ <solution>IR[BIERZZMEE )
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Biomni-A1: WorkFlow Configure

PCER%) < think > {\

(" Gnerate(s:
START ‘ FEERS, TERE

<think> <execute>
\ <solution> )

\

il PR A LER/

PLiigZl <solution>

END

THES

cted resources

AgentState

messages: list[BaseMessage]
next step: str | None

PtiEdZl <execute>

>

Biomni-A1: go | - _prepare resources for retrieval
« update system prompt with sele

4 Executep=:
JEENHS
aRERR
_inject_custom_functions_to_repl()
17AES
run_with_timeout
\ 1331458 <observation>

~

/

EFFIAT
for s in self.app.stream(inputs,

stream_mode="values", config=config)
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ESISHESEmEE FXTEITME: Humanity’ s Last Exam 1 LAB-Bench, iXUS{TSEiF=

THRER. FSHEENGWHEMEERER, EEHEREEYES Al EReRiIUEE

v LAB-Bench: 5tH 45 A RSENIE/AEERZEO, B 315 @A ETd (3 RIRINsiT¥ES) .
- DbQA (EXEYIEUEREMEEILEA) : Biomni R 74.4%, BHFEERAZE (74.7%) |, iBHFIE
Hzk (& ReAct+Code fmiBEEEEIR 40.8%) .
« SeqQA (=Xt DNA/EBEEFFIHEIE) : Biomni = 81.9%, BRIBITIALKE (78.8%) .

v HLE: #E{T 5 14 DNEYIEZFHERAY 52 BT 53T Biomni #4THE. Biomni BUYS 17.3 % BUEHHER,
DESTEMARE (60 %) . HBEEL (12.8 %) FISTHEEIL (122 %)

SRR, Biomni TREAESISEREZEIITERE. FHIEYEFRURPELIRZE.
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"I have a list of potential variants for
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e amow s e T S FaEx 3w smew

<1 1H ~ Tl T HENEFEE:
* | TERARSRH
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M Rifct Biornni  Bioorni LLM ReAnt Bomnl Bl

LLM Reduct Biomni Biamni

Code Refct Code RreAct e o N .
- p— GWAS FERERN;
S —1 i S .
Patient gene prioritization /—_\\ eila ) C RI S P R j:jEEjJ UFE |5E'Lx'l:|‘ ’
s - ; s . scRNA-seq cell annotation — A
I:li(r}:a}:ea:; T?Mtggt:tlrnpsh;::;yrﬂes;:;ﬁ's ] [I have scRMA-seq data stored at XXXX, ] Elim%lz Iiﬁ ;
XXX, what i__-? th.e.[.:a":'s?l glelr.[e? annotate the cell type for me.

METENL;
BZAiE RNA-seq iF7%;
MBI TR -0 SR T

Code Refict

ST T /ff 7 el
e Hinf  +10.3% +936%
=5

G

O NOUTAWN S

m%‘ Rare disease diagnosis _, ; Drug repurposing ‘."s,. Microbiome disease-taxa

& £ bioinformatics analysis R ° ° VN [ e
— - B = A S Z’— E I:I:l m q:\ rZ L I ] A —
L(r;ivea:gmEgtr;ﬁ?npshenr?;yrﬁ‘:;;ﬁh ! hﬁweg rare disease XX, among list of | have microbiome raw data stored at j:ﬁ):l_- 1}73 1 B I o n I Hg ig*ﬁi‘j. IEE& J 1“ =
+ . urns ge potential drugs, find the most likely one XXXX, analyze which taxa is associated
e for repurposing. with the disease XXX_

Tmemms e 2 moemee B (LLM) i 402.3%, HEARRSESEEAELE 43.0%, L
| | HE 823 EAIZEF Biomni-ReAct S 20.4%,

ReAct  Biamni  Biomni L Blomnl  Bioma LM ] Biormni
Cade Redct Cade Redct Cade Redct
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E:
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R o0 D) - [SEEEERas| a Biomni BUESMFTRE 30 MMAR CGM {TAERA
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- b. IT{ERTR: Biomni HEHTAIETANE, HEAEHHA
T ——— W, B RE SRR R,

& preprocessing temperature analysis response plots comparative analysis [ | ~ E '_\_ '_\_ .5 * 5 F
B . 0 E — ; | ~ ; f ~ 2 \E
10. Identification of individual 9. Temperature increase B. Response pattem 7. Peak thermogenic 6. Temperature | * I I I I \\ I

- -+ -

metabolic variability distribution analysis heatmap generation timing characterization response normmalization }—\ET i 7‘] D ?j\ﬁ .
B N d. Biomni REIMISEMSERILEGE, DIEEERIME
wh LM W L T = N s \ > — -
Ui e REEEI, NRERRNFRBERMANEERIE,
s © | @, Biomni BEDHT T ALY 336,000 MAMIZREAISE
s | and pronounced thermogenic responses, l\\_il Ay 4 : N7 Y P S
w\ i ‘ ! |__|:_] = ™y ;::I‘-IEE t:lafli:: :::nr;g:z sgbtie Drdziayed gmﬂ@ggﬂ%ﬁ?E ’ II DEILT A%ﬂlﬂé%-ﬁtto
e f. THERE: ATSESRRERNE,
— ] | [EEEEsR) o Bomni ERKEAXEE: ANERDT T KENE
__ . i RUREEFEEE, EERERTEIKE. Al
: SNATAC-seq ./
B e HRET 7 RUNX2 BiEEFEMNELE, By
@ 1.loadandexploreall 2 Prepare RN:—seq _, 3-Configure pySCENIC (2.0, 4. Run GRNBoostZtoinfer 5. Prune networks Z: ﬁ gm H@E¥1Z|§ rEj HI\J %EQE °

the datasets data for analysis retrieve motifs from data lake) gene regulatory networks

10.Summary 9. Analyze activity pattems across cell types, 8. Filter predicted targets 7. Extract accessibility 6. Calculate regulon ] h‘ G RN ﬁj\$ﬁ EI\J%&%EIJHU: 1 ) Egiﬁi?&gﬁ\gﬁg

findings developmental stages, and anatomical regions using ATAC-seq accessibility data from ATAC-seq - activity (AUCell) ijétg ¢ EB—T m —\I%—_U% *E.-‘E; '|\$ l g%’:z_ﬁ\_ﬁ_ﬁg‘ %%E%iﬁ

g Kely ﬁéums gem;rateti Lr::;:iomni - h Findings: %H% , 2 ) EIV\RE H/\J 5 66 - 5 89 /I\'UEI j:?é %EI: , Hi{Z’S rEj

{Shoulder, Hip,
Knee} Joint i
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. [EEeTi SRR TS BN TESELES, BETE
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- E M '".“:.l I|.|..'|"..|““'.||I|.I;| ! _ll + Cell types LimbMes exhibited the highest overall 1 | ] TiﬂﬂQE-g%}f“\ﬁgu |:I:| H/\J % %" 1/Eﬁﬁ
Sl - - - I : atbettifh; P15 activity levels among all the identified 566-589 B BA =KIJlT Mi2 o

regulons across cell types.
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a Cloning Open Answer Evaluation 5

GG Multiple-piece GG Restriction

| have a plasmid plentiCRISPR v2 blast:
CGTTGGAGTCCACGTTCTTTAATAGTGG.... GCCCTTTGA.
| hope to clone a CRISPR sgRNA targeting human B2M
into this plasmid. Could you give me the final map of

T .
E 3 I 3 2 | the plasmid and step-by-step guidance on how should |
GG Library Gibson  Restriction Library 3, =18 1 erform the cloning?
3 10
Gibson Library ~ Gateway Diagnostic digest b 5 [ .
- O Bomn Trainee Expert U LM Bomni Trainee Expen m i
. . 6. Colony
O 1. Plasmid 2. sgRNA 3. Oligo Design 4. Oligo Annealing & 5 Bacterial = 7 Final i
" - : £ - . —» Screening & . Final Plasmid
Analysis Design for Cloning Golden Gate Assembly Transformation Veﬂflcatr:gon - Map Assemble
d Biomni generated wet-lab cloning protocol Plasmid Map
f b1
: ### 4_Bacterial Transformation |
## Step-by-Step Cloning Prtocol 1. Add 2 L of the Golden Gate reaction to 50 pL of
e competent Stbi3 E. coli cells
:‘Jﬁ%;l:wﬂ:rﬂﬁigon*d‘gsrger Gligos 2. Incubate on ice for 30 minutes
CACCGCGCGAGCACAGCTAAGGCCAS ok oA secands
- **Reverse oligo**: 5- 5 Add 950
1y 3 uL of SOC medium
AAACTEGCCTTAGCTGTGCTCGCEE-3 6. Incubate at 37°C for 1 hour with shaking
- 7. Plate 100 pL on LB agar plates with ampicillin (100 pa/mL)
### 2. Anneal and Phosphorylate Oligos 3,
1. Resuspend oligos to 100 pM in nuclease-free water 8. Incubate piates at 37°C overnight
2. Prepare anneahr_lg reaction:
N : ""t Ex?;:glll'g:[qgg ”;"‘; ##4 5. Colony Screening and Verification
Sy EL 10% T4 nggﬁon Bufl-;er 1. Pick 3-5 colonies and grow in 5 mL LB + ampicillin
. medium overnight
i gg "‘t ?i%ﬁ’:&ﬁee watar 2. Extract plasmid DNA using a miniprep kit
3 ln‘cul.;ate in a thermocycler: 3. Verify correclinse_nion by Sanger sequencing using the Us
-377C 1o 30 minuinax (phosphocyiation) P GACTATCATATGET TACCOTE
j gﬂirﬁ;‘;:)fvnm{:uzt;:‘.‘.[‘:?ICLIJ’:':iI:?;nnealing) 4. Confirm the presence of the B2M sgRNA sequence in the
4. Dilute annealed oligos 1:200 in nuclease-free water plasmid
(fnal: 50 nb) #4#4 6. Lentivirus Production and Cell Transd
1. Transfect the verified plasmid into HEK293T cells along
mas e g S w0
% (P ) . Collect virus-containing supemnatant after ours
. :er:j%I Lﬁgﬁﬁﬁﬁeﬁ:ﬁh 5; ??05:1:‘1 3. Filter and concentrate the lentivirus if needed ]
.2 "'L 10X T4 DMA Li ase%louffer 4. Transduce target cells with the lentivirus 4
“1 L BemBi2 (NEB 5. Select transduced cells with blasticidin (510 pg/mL) % A scientist
= EL T4 DNA Ligase b. Verify B2ZM knockout by flow cytometry, Western biot, o
- Nuclease-free water to 20 pl total genamic shaUencing — follows the
2. Incubate in a thermocycler: protocol to
-37°C for 5 minutes
-16°C for 5 minutes perform the
- Repeat steps 1-2 for 10 cycles clonin
- 55°C for 5 minutes (final digestion) g
-80°C for 5 minutes (enzyme inactivation)
. }
Assembted CEAAACACCECHCRABCACABCTARBOECADTITTAGABCTAGAAATAGCARGTTAAAATAABSCTAGTCOOT TATCAACTTEAAARADTEOCACCHARTCEETEEY
Ref BT TTGTRGEGERCTCATBTEGATTCCRGTEARAATETCRATETTTATCGTTCARTTTTATTCEGATEARRCANTAGT TGAACTTTTTCACCOTEGETCARCEACRA
ererence Bt aghn >

Lok
Picked Golony 1 i ikt J"”.H"I A

Picked Colony 2

CEAAACACCOERCGABCACAGE TAAGRCCARTTTTAGAGE TAGAAATAGEAAG TTARRATARGEETAGTECGTTATCAAL TTGARAAAGTGOCACCOAGTCOETRET

1
A A

COARACACCOEECRAGCACAGE TAAGRCCARTTTTAGAGETAGAAATAGLAAG TTAARATARGEETAGTECOTTATCAAE TTGARRAARTGRCACCRAGTCOGTRET

| |
A;.'lfuﬁ LN L._ﬂlll__ﬁlll_l"l 1T ||.l LV .".H--.".” U |I]. il Jlll.‘lll ] |"|-'J'd'|| 1'|..

£ 10 MEER[EIGFEFHITHNE REE SN,
% Biomni SERIAEBLWESEE (LLM) | JIIEKFE
A ERKFRIASRRIZRFAIT TR, FHiTk
Il Biomni B HERESEREREIZSEM, FEELII
HKENERERESRS, RIFTAREEL,
FAFiE3K Biomni EfE— NI ASE B2M EFERY
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