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Nature 2021: Autonomous Debating System



Enhancing diagnostic capability with multi-agents 
conversational (MAC) large language models



IBM Developer: Build an AI research agent 
for image analysis with Granite



OriGene → self-evolving multi-agent system designed as a virtual 
disease biologist



Robin → A Multi-Agent AI system for biological discovery



Biomni: A General-Purpose Biomedical AI Agent





OriGene Robin Biomni

General Purpose Discover novel therapeutic 
targets using self-evolving 
reasoning templates

Automate closed-loop 
scientific discovery (lit. review, 
hypothesis generation, 
experiment design and 
analysis). Simulates entire lab 
team through multi-agent 
setup

General purpose biomedical 
agent that plans and executes 
biomedical tasks across 25 
subfields, uses a code-native 
reasoning engine that writes 
and executes code for task-
specific pipelines

Workflow Type Structured reasoning based on 
curated template

Dynamic multi-agent 
reasoning loop: literature 
(Crow), deep synthesis 
(Falson), data analysis (Finch)

Fully flexible, code-driven 
workflows, adapts pipelines 
on-the-fly for diverse task 
types

Tool access 500+ biomedical databases, 
ontologies, and pathway tools 
(ex: GEPIA, OpenTargets, 
PubMed)

Embedded LLMs that query 
literature and prompt 
engineer Finch. Literature 
agents built off of PaperQA2 
which accesses/retrieves 
literature from local file 
repositories

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

Overview of the Multi-Agent AI systems



Full-Body AI-Agent(systematic)

-Cross organ 
metabolic network 
modeling

-Prediction of 
metabolic disorders

-Drug metabolism 
and distribution 
prediction

Systematic 
metabolic 
regulation

-Multi system signal 
integration

-Predicting cross 
system transmission 
of molecular signals 
and physiological 
processes

-Simulating 
metabolic and 
immune diseases 
caused by systemic 
signal imbalance

Systematic signal 
transduction and 

regulation

-Predicting the 
systemic impact of 
autoimmune 
diseases and 
chronic 
inflammation

-Simulating immune 
activation and inter 
organ coordination 
during pathogen 
invasion

Systematic 
immune defense

-Simulate the 
dynamic changes of 
diseases at the 
systemic level

-Predicting adaptive 
responses of other 
systems when organ 
dysfunction occurs

-Design and 
optimize systemic 
therapy

Systematic 
Interactions

-Predicting multi-
level changes during 
organ or tissue 
repair processes

-Design and test the 
functional 
performance of 
artificial organs in 
the human body

Systematic 
regeneration and 
repair functions

Application 
areas: 

Tasks: 

The New Era: Full-Body AI-Agent Aoqi Wang

The system emphasizes cross-
level collaboration, enabling 
the study of how molecular 
changes cascade into cellular 
behaviors, tissue responses, 
organ functions, and systemic 
outcomes. 

To understand the complex 
physiological and pathological 
processes and to address the 
complexity of human biology 
through a unified, multi-level 
framework that bridges 
molecular, cellular, tissue, 
organ, and systemic dynamics. 



Schematic of the Full-Body AI Agent for systemic human 
biology analysis and therapeutic Insight generation



Hierarchical reasoning framework of 
Full-Body and basic AI Agents 

Aoqi Wang





-WGS
-WES
-ATAC-seq

-RNA-seq
-ST-seq
-Ribo-seq

-TMT/iTRAQ
-Spatial 
proteomics
-HRMS

-Isotope 
labeling
-MS

-Microscopy 
imaging
-Fluorescence 
staining

-scRNA-seq
-scWGS
-scATAC
-CyTOF
-Single-cell FLIM
-mtscATAC-seq

-MT function 
prediction

-MT morphology and 
distribution 
prediction

-MT lineage 
prediction

-MT heterogeneity  
prediction

-MT transfer 
prediction

MT cell-
dependent 
properties

MT molecular 
features

MT activities MT functions MT behaviours

-mtDNA variation 
detection

-MT mutation 
pathogenicity 
prediction

-Mitochondrial 
protein structure 
prediction

-Drug effects 
prediction

-Drug targets 
identification

-MT Energy 
metabolism 
prediction

-MT membrane 
components 
prediction

-Neuronal activity 
prediction

-Cell apoptosis 
prediction

-Efficiency of 
mitochondrial ATP 
generation prediction

-MT calcium ion 
concentration 
prediction

-mtROS levels  
prediction

-Multi omics data 
mining and 
functional modeling

-MT fusion and 
fission dynamics 
identification

-MT movement 
patterns prediction

-Impact of 
mitochondrial 
signaling on nuclear 
gene expression 
prediction

-Interaction between 
mitochondria and 
nucleus prediction

Application 
areas 

Data 

Tasks

Data 
technology 

Genomics Transcriptomics Proteomics
Drug 

discovery
Morphomics

DNA 
sequence

RNA 
sequence

Protein 
sequence

Molecular 
data

Morphologic
al data

Single-cell 
analysis

scMulti-
omics data

AI Tools

AI Models Model input Model output

DeepMito
Microscopy 

imaging
Morphological 
characteristics

MitoMap
mtDNA 

sequence
Pathogenicity 

score of variation

ROS Tracker

ROS probe 
fluorescence 

image ROS generation 
and clearance 

rate
Time series

MitoTrace MT variations Cell lineage

MitoReID
The effect of 

drugs on 
mitochondria

Microscopy 
imaging

Drug treatment 
pairs



Application 
areas 

Data 

Tasks

Data 
technology -scDNA-seq

-scDNAm-seq

-scRNA-seq
-snRNA-seq
-MeRIP-seq
-scRibo-seq

-AbSeq
-CyTOF
-scMS
-CITE-seq
-REAP-seq

-scATAC-seq
-scHi-C
-scChIP-seq
-Cut&Tag

-Microscopy imaging
-Fluorescence staining

-scRNA-seq
-scWGS
-scATAC
-CyTOF
-Single-cell FLIM
-mtscATAC-seq

Genomics Transcriptomics Proteomics Epigenomics Morphomics

DNA sequence RNA sequence Protein sequence
Epigenetic 

modifications
Morphological 

data

Single-cell 
analysis

scMulti-omics 
data

-Construction of 
intracellular metabolic 
network

-The functional 
adjustments of cells under 
environmental changes 
prediction

-Prediction of the 
association between cells 
and diseases

Cell function Cell behaviours
Cell molecular 

features
Cellular interactionsCellular heterogeneity

-Cell migration prediction

-Cell cycle prediction

-Cell differentiation 
prediction

-Cell apoptosis and 
autophagy prediction

-Inferring the spatial 
distribution and 
composition of cells

-Cell gene expression 
prediction

-Prediction of regulatory 
relationships between 
genes

-Cell variation detection

-Cell  non genetics 
variation detection

-Cell mutation 
pathogenicity prediction

-Cell protein structure 
prediction

-Cross cell signal prediction

-Prediction of the interaction 
between cells and cell matrix

-Prediction of molecular 
changes in intercellular 
interactions

-Inferring ligand receptor 
interactions between cells

-Cell classification and 
functional prediction

-Prediction of gene 
expression in different life 
cycles of cells

-Prediction of cellular 
functional subtypes

-Cell trajectory inference

Cellular diagnosis and 
therapy

-Discovery of disease 
biomarkers

-Prediction of drug 
reactions in cells

-Optimization of cellular 
molecules

-Cell therapy optimization

-Disease prediction

-Immune escape prediction

-DNA FISH
-Stereo-seq
-Slide-seq
-MERFISH
-Visium HD

Spatial omics analysis

Spatial data

-In-situ seq
-GeoMx
-CODEX
-SCoPE2
-MiP-seq













AI Generative Models for Drug Design 

Zhang, et. Al., AI in Drug Development, Nature Medicine, 2025







▪ Proposed the Full-Body AI-Agent framework, a multi-agent architecture 
designed to model human biology from molecular to whole-organism 
scales. 

▪ Unlike existing biomedical AI systems confined to discrete tasks or 
domains, the framework integrates seven biologically grounded agents 
under a central coordination layer, enabling iterative, bidirectional 
reasoning across scales. 

▪ By unifying multi-omics, imaging, physiological, and clinical data, the 
system constructs dynamic, system-wide mechanistic models that bridge 
molecular discovery with systemic simulation. 

▪ Demonstrated in applications such as systemic disease modeling and 
drug development, the approach offers a coherent computational 
paradigm to reduce translational gaps, enhance predictive accuracy, and 
accelerate the development of safe and effective therapies.

Brief Summary
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