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Drugs 10k

Chemicals 4tn?

Species
~9 million

Diseases and 
Phenotypes 
10-50k/species

Cells
10,000s+ 
types
per species)

Experiments
Raw data
?? exabytes

Genes 20k per species
Metagenome dbs: >65bn genes

Genetic 
variants
3M in human 
alone

We have many named entities in biology

Trillions of instances per human

Nonillions of organism instances
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Curating and connecting these entities in 
databases, ontologies, and knowledge 
bases is a huge task

Knowledge
(unstructured and 
semi-structured)

Computable 
consistent 
representation 
of knowledge

Modeling
Curation

Ontology Development
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The ontological graph of biology 
connects islands of knowledge

CFTR 
HGNC:1884

Recurrent respiratory 
infections
HP:0002205 

Cystic fibrosis 
MONDO:0009061

lung 
UBERON:0002048

Asthma 
HP:0002099

causes

associated with

has phenotype

affects

Ivacaftor 
CHEBI:66901

targets

F508del mutation 
clinvar.variation:7105

alone not effective 
for individuals with

mutation of

chloride 
channel 
activity
GO:0005254

has function

lung 
epithelial cell
CL:0000082

occurs in

part of

Membrane transport 
modulator 
CHEBI:38632

has role

Phenotypic abnormalities

Anatomical entities

Diseases

Biological process

Chemical entities and roles

Genes and mutations



5

Ontologies: Tasks

What people think we do

Add new term to 
ontology

Curate another paper

Curate another 
biosample
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Ontologies: Tasks

What people think we do What we really do

Add new term to 
ontology

Curate another paper

Curate another 
biosample

Synthesize 
multiple lines of 

evidence

Reorganize 
ontology

Resolve logical 
inconsistencies using 

reasoners

Create and 
evolve design 

patterns

Create models of 
biology

Align and resolve 
competing 

perspectives
(and keep adding 

new things)

Review 
extensive 
literature

Create 
consensus Update 

annotations

Evaluate 
automated 
methods

Create and 
apply 

guidelines

Apply broad 
knowledge

Apply deep 
knowledge

Write logical 
axioms

Complex bulk 
changesQA/ 

QC

Engage 
experts
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Ontology development is a fluid process

● Change is a constant
○ Scientific knowledge changes
○ Our knowledge representation 

changes
● Refactoring knowledge bases common 

and time consuming
○ Consensus building

Refactoring the molecular function branch of GO
from: 
Gene Ontology Consortium. (2019). The gene ontology resource: 20 years and 
still GOing strong. Nucleic acids research, 47(D1), D330-D338.
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Ontology development is consensus 
creation

expert

expert

expert

expert

ontology 
developer

consensus/compromise model
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Ontology development: discussion and 
consensus making 

Gene Ontology (GO) Pull Requests (PRs) Jan 2024 -> now

Multiple people involved in each decision Decisions involve (often intense) discussion
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Consensus ontology development: Mondo 
Epilepsy Workshops

Clinicians

Geneticists

Patient 
Advocates

Curators and 
ontology developers

● Series of open workshops 
2024-2025

● Consensus revisions

Vasilevsky, N. (2025) Mondo Epilepsy 
Workshop Summary. 
10.5281/zenodo.14894999.
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The OBO Foundry: cooperative development

Open Biological Ontologies

http://obofoundry.or g 

1. Well-integrated
Modular  ontologies

2. Provide technical and 
socio-technological 
framework for 
cooperation 

4. Allow us to describe all 
of the things

3. Provide tools, 
best practices and 
infrastructure for 
forging new 
ontologies

http://obofoundry.org
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The O3 guidelines: open collaborative development

The O3 guidelines

Open Data Open Code

Open Infrastructure

Maintainers, contributors, 
stakeholders, and users

O3

Project Governance
Social Workflows

Technical Workflows
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Can AI help with 
ontology 
development?

???
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LLM-as-Oracle is insufficient
● Works for toy examples 

or small ontologies
● Unable to hold mid-size 

to large ontologies in 
memory

● Prone to hallucination
● Poorly aligned with the 

real challenges
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AI approaches to assist with knowledge 
representation: a short history

Symbolic 
methods

Standalone 
LLMs RAG Agentic AI

202520242023<< 2023
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What is agentic AI?

While Loop

● Iterate until task is 
complete

○ Use LLM to plan
● Call tools

○ Use LLM to 
decide which 
one

Tools

● Model Context Protocol 
(MCP)

Web Search File Editing

Formal 
Methods

Specialized 
Tools
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Agentic AI has taken software 
development by storm

“Autocomplete” tools in 
IDE

Copy-paste from 
ChatGPT

Agentic AI coders
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Agentic AI is more aligned with the tasks we 
really need help with

Add 
transcriptomically 

identified molecular 
layer interneuron 

subtypes to the cell 
ontology

Plan:
 -> Review existing ontology structure using OLS/BioPortal
 -> Download and review relevant publications using NCBI API
 -> Check out the ontology from the repo using git
 -> Make edits to the ontology using text editing tools
 -> Align with design patterns for transcriptomics terms
 -> Run OBO standard checks using ROBOT
 -> Reason over the ontology using Whelk
 -> Everything OK? If not keep iterating?
 -> Commit changes and make a pull request using GitHub tools
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But where do I start???

https://www.relari.ai/blog/ai-agent-framework-comparison-langgraph-crewai-openai-swarm 

https://www.relari.ai/blog/ai-agent-framework-comparison-langgraph-crewai-openai-swarm
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Formal Validation and Linting Containerized CI/CD Development Environments

We use OWL Reasoners to validate 
ontologies, analogous to type 
checking for programs

Ontologies are managed in 
GitHub, with PRs validated 
using the Ontology 
Development Kit

Ontologies are developed using 
Ontology Development 
Environments (ODEs) such as 
Protege, analogous to software 
IDEs

We already adapt software 
engineering tools and 
strategies for ontology 
development
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Reuse what is out 
there: The 
Semantic Coding 
Agent pattern

We can adapt AI coding tools used by 
software developers to edit ontologies 

We call this the Semantic Coding Agent 
pattern

This works best when everything is 
managed in GitHub

Can be run in headless mode integrated as 
GitHub actions

.obo or .owl file

ontologist
curator

Normal PR review 
process

instructions

tools
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Model Context Protocol FTW!!!

https://pypi.org/project/bioportal-mcp/ 

bioportal-mcpAgent BioPortal API

BioPortal-MCP is an MCP server to make it easy for agents to query 
ontologies

Add a new 
hippocampus cell 

type

 -> Hmm, I should use bioportal-mcp to look up 
‘hippocampus’ in UBERON ontology
 -> CALL TOOL: bioportal [term=”hippocamp*”]
 -> RESPONSE: UBERON:0001954
 -> I will add a part-of link to UBERON:0001954

https://pypi.org/project/bioportal-mcp/
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Command line tools work too!

robot

artl-mcp

OAK

Web search

File edit

Python

Unix tools

Custom

Builtin

Reasoning, Validation, General Ontology Processing

Full text lookup

Tools for obo format files (search, extraction)

Tools for ontology querying

Generic web search (including literature)

Targeted editing of files (including ontology files)

Arbitrary ad-hoc scripting

Arbitrary command line processing and querying

linkml
Schema operationsols-mcp / 

bioportal-mcp External ontology search

dosdp-tools Design pattern compliance

ODK; Matentzoglu et al
https://doi.org/10.1093/database/baac087

https://doi.org/10.1093/database/baac087
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Multiple ways to invoke agents

Local Command Line Agent Tools Agent Desktop Agent UIs

● Goose Desktop
● Claude Desktop

● Claude Code
● Codex
● Gemini-CLI

Tools

Technical /
Powerful

Easy to use /
Less flexible

AGENTS.md Tools (mcp, cli)
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Adding social coding frameworks

Local Command Line Agent Tools Agent Desktop Agent UIs GitHub Agents

● Goose Desktop
● Claude Desktop

● Claude Code
● Codex
● Gemini-CLI

● @Copilot
● @claude
● @dragon-ai-agent

Tools

Technical /
Powerful

Easy to use /
Less flexible

AGENTS.md Tools (mcp, cli)
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The O4 guidelines: what happens when we add AI agents?

The O3 guidelines

Open Data Open Code

Open Infrastructure

Maintainers, contributors, stakeholders, 
and users (human or AI)

O3

Project Governance
Social Workflows

Technical Workflows

Open code, open data, open governance, open to 
agentic contribution 
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AI4Curation: 
Democratizing ontology 
agents!

https://ai4curation.github.io/aidocs 

https://ai4curation.github.io/aidocs
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A typical 
agentic setup 

OWL file → edited by humans (Protege) or agents
AGENTS.md → describes the ontology
Sub-Agents → specialized sub-tasks
Hooks→ prevents saving invalid or incoherent OWL
MCPs→ OLS/BioPortal, ARTL (Literature)
ODK→ Command Line Tools (ROBOT)
GitHub actions→ invoke the agent from GitHub; AI PR 
reviews

https://github.com/ai4curation/github-ai-integrations 

http://agents.md
https://github.com/ai4curation/github-ai-integrations
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Agents can handle simple 
new term requests
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Agents can handle simple 
new term requests

● Note that most of the intellectual work is done up-front by the curator 
● The agent takes are of mechanical and time consuming part
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Agents can handle simple 
relationship changes
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Agents can handle simple 
relationship changes

● Note that most of the intellectual work is done up-front by the curator 
● The agent takes are of mechanical and time consuming part
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Agents can perform deep research

● Knowledge representation involves extensive 
literature review and summarization
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Agents can perform deep research

● Knowledge representation involves extensive 
literature review and summarization
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Agents can keep ontology citations 
up to date

● Many ontologies use US government websites for provenance
● These URLs sometimes break (more so lately)
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Agents can still hallucinate…
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Anti-hallucination checksum pattern
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Current agent deployments

Ontologies Semantic 
Schemas Registries

Annotations + 
KGs

● GO
● UBERON
● CL
● EFO
● MONDO
● FBbt (Fly anatomy)
● OPTIMO

● Biolink
● Chemrof
● BioSTRIDE
● NAMO

● KG-Registry ● Monarch pathophysiology 
annotations

● MaterialsKG
● GO Gene Reviews
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Evaluating agents is hard…

Tasks are constrained

One correct objective 
answer for each task

● (ideally high IAA)

Outcome statistics (F1, 
Precision, Recall)

Classic ML / NLP 
Tasks

Tasks are open ended

Multiple valid 
approaches and 
endpoints

“Vibe tests”

Agentic Tasks

AgentBench: Evaluating LLMs as Agents (Liu et al., 2023)
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Frameworks exist for bioinformatics 
agent evaluation: but not for 
knowledge representation

Mitchener, L., Laurent, J.M., Tenmann, B., 
Narayanan, S., Wellawatte, G.P., White, A., Sani, 
L. and Rodriques, S.G., 2025. Bixbench: a 
comprehensive benchmark for llm-based agents 
in computational biology. arXiv preprint 
arXiv:2503.00096.
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Can we use GitHub history to 
generate benchmarks?

First Issue*: 
Feb 2002

Now:

20,841 issues

9,670 PRs

First Pull 
Request (PR)
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SCRIBE: Semantic Coding Reasoning and 
Inference Benchmark Evaluation

ODK-compliant 
GitHub Repo

● Changes: Pull Requests
● Context: Linked Issues

Knowledge Base

Tasks
● Gold Standard PRs
● Linked issues
● Copy of repo in 

pre-existing state
● Discussion

Benchmark

Metrics
● Metadiff
● KGCL
● LLM-as-Judge
● Hallucinations
● Human eval 

(Argilla / HF)

Evaluation

OntoEval
Generate
Benchmark

OntoEval
Runner

https://github.com/ai4curation/ontoeval 

Hyperparameters
● Model
● Agent client
● Instructions
● Tools

● Link PR to issues
● Rewind repo to pre-commit
● Generate diff
● Filter epics and many-many

https://github.com/ai4curation/ontoeval
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SCRIBE: Initial Evaluations

Benchmark Ontology F1 average llm-as-judge Source format

SCRIBE-GO-2025 GO 0.6 0.0 .obo

SCRIBE-MO-2025 Mondo 0.3 0.0 .obo

SCRIBE-UB-2025 Uberon 0.5 0.0 .obo

SCRIBE-FB-2025 FlyBase 0.3 +0.1 .obo
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SCRIBE: Initial Evaluations

Anthropic 
claude-sonnet-4

OpenAI
gpt-4o

OpenAI
gpt-o3

Google
gemini-pro2.5
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Manual evaluation ongoing…
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Ontologies powers AI

Avsec, Žiga, et al. "AlphaGenome: advancing regulatory variant effect 
prediction with a unified DNA sequence model." bioRxiv (2025): 2025-06.
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Agentic AI can power ontology development

Semantic Social Coding Agents a framework 
for humans and AI collaborating together
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Thank you

Monarch Initiative / OBO Academy
● Sabrina Toro (UNC)
● Nico Matentzoglu (Semanticly)
● Nicole Vasilevsky (Monarch, CPATH)
● Melissa Haendel (UNC)

Agent development and agent tools
● Harshad Hegde (LBNL)
● Justin Reese (LBNL)
● David Osumi-Sutherland (Sanger)
● Marcin Joachimiak (LBNL)
● Harry Caufield (LBNL)
● Jim Balhoff (RENCI)
● Carlo Kroll (UNC & QMUL)
● Seth Carbon (LBNL)
● Patrick Kalita (LBNL)
● Marcin Joachimiak (LBNL)
● Kevin Schaper (UNC)
● Andrew Schmeder (LBNL)
● Sierra Moxon (LBNL)
● James Overton (Knocean)
● Damien Goutte-Gattat (FlyBase Cambridge)

Uberon and CL testing
● David Osumi-Sutherland
● Chris Mungall

Mondo testing
● Sabrina Toro (UNC)
● Nicole Vasilevsky (Critical Path Institute)
● Yousif Schwetar (UNC)
● Katie Mullen (UNC)
● Trish Whetzel (UNC)

GO testing
● Pascale Gaudet (SIB)
● Stephen Marygold (FlyBase Cambridge)
● Val Wood (PomBase Cambridge)
● Raymond Lee (WormBase CalTech)
● Edith Wong (SGD Stanford)

METPO testing
● Mark Miller (LBNL)
● Marcin Joachimiak (LBNL)

MatKG testing
● David Abramov (LBNL)
● Chuck Parker (LBNL)
● Justin Reese (LBNL)
● Alex Hexemer (LBNL)

BioEpic ontology testing
● Harry Caufield (LBNL)
● Jinyun Tang (LBNL)
● Joan Damerow (LBNL)

NHGRI Monarch Initiative
NHGRI Phenomics First
NHGRI Gene Ontology
LBNL LDRD (Contextualizer, 
Fair2Wise)

Join us for a tutorial 
at ICBO 2025
Nov. 9-11, 2025

(fully virtual, free 
registration)

https://ai4curation.github.io/aidocs/ 

https://ai4curation.github.io/aidocs/


Conclusions

● AI needs Ontologies needs AI
● Agentic AI is a major paradigm shift
● MCP all of the things!
● Ontology maintenance is hard… but agentic AI might help!
● OntoEval/SCRIBE is a step towards systematic evaluation…

○ …but challenges remain



50

How do we evaluate?

Curator Agent
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Edges unique to manually curated

Curator Agent
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Metadata uniquely added by agent

Curator Agent
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Differences in synonym handling

Curator Agent
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Minor changes in wording

Curator Agent
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Changes in wording of definitions

Curator Agent
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Metadiff: strict scoring based on diff of diffs

Curator Agent

F1 Score: 0.05

Agent made some different decisions that 
were arguably also valid
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LLM as Judge

Curator Agent

F1 Score: 0.05

Agent made some different decisions that 
were arguably also valid

comments: The primary difference between the two changes is the comprehensiveness  in addressing the issue. The left change is more 
thorough in adding relationships  and aligning with the discussed need for taxonomic generality.
confidence: 0.8
difficulty: 0.6
issue_clarity: 0.8
left_evaluation:
  evaluation: The left change addresses the issue by updating the definition of 'mesosalpinx'  to include more detailed anatomical information as 
requested. It adds synonyms that align with the suggestions and provides new relationships like 'is_a' serous  membrane and 'surrounds' 
fallopian tube. The changes are consistent with the need  for taxonomic generalization and acknowledge the complexity of the issue discussed  
in the comments.
  instruction_following_score: 0.9
  overall_score: 0.9
logical_consistency: 0.7
right_evaluation:
  evaluation: The right change updates the definition of 'mesosalpinx' to include  the requested additional information about its structure but 
makes fewer changes  overall compared to the left. It adds a synonym but does not add new relationships  such as 'is_a' or 'surrounds'. While it 
includes a term tracker item, it does  not fully incorporate the structural complexity and relational aspects described  in the issue and comments.
  instruction_following_score: 0.8
  missing_changes:
  - Missing 'is_a' link to serous membrane as seen in left change
  - Missing 'surrounds' relationship to fallopian tube
  overall_score: 0.7
score_diff: 0.2
similarity: 0.6
suggestions_for_users: The issue could be worded more clearly by specifying the taxonomic
  context for the terms like 'uterine tube', 'fallopian tube', and 'oviduct'. Clarifying
  whether these terms are used interchangeably or have distinct uses in particular
  species could improve clarity.
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LLM as Judge: Score difference

Curator Agent

F1 Score: 0.05

Agent made some different decisions that 
were arguably also valid

comments: The primary difference between the two changes is the comprehensiveness  in addressing the issue. The left change is more 
thorough in adding relationships  and aligning with the discussed need for taxonomic generality.
confidence: 0.8
difficulty: 0.6
issue_clarity: 0.8
left_evaluation:
  evaluation: The left change addresses the issue by updating the definition of 'mesosalpinx'  to include more detailed anatomical information as 
requested. It adds synonyms that align with the suggestions and provides new relationships like 'is_a' serous  membrane and 'surrounds' 
fallopian tube. The changes are consistent with the need  for taxonomic generalization and acknowledge the complexity of the issue discussed  
in the comments.
  instruction_following_score: 0.9
  overall_score: 0.9
logical_consistency: 0.7
right_evaluation:
  evaluation: The right change updates the definition of 'mesosalpinx' to include  the requested additional information about its structure but 
makes fewer changes  overall compared to the left. It adds a synonym but does not add new relationships  such as 'is_a' or 'surrounds'. While it 
includes a term tracker item, it does  not fully incorporate the structural complexity and relational aspects described  in the issue and comments.
  instruction_following_score: 0.8
  missing_changes:
  - Missing 'is_a' link to serous membrane as seen in left change
  - Missing 'surrounds' relationship to fallopian tube
  overall_score: 0.7
score_diff: 0.2
similarity: 0.6
suggestions_for_users: The issue could be worded more clearly by specifying the taxonomic
  context for the terms like 'uterine tube', 'fallopian tube', and 'oviduct'. Clarifying
  whether these terms are used interchangeably or have distinct uses in particular
  species could improve clarity.
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Knowledge representation has explanatory 
power, not just predictive

Exomiser: leverages cross-species phenomic 
knowledge in addition to genomic knowledge for 
variant prioritization

Used for clinical explanatory power in diagnoses
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Knowledge Base and Ontology 
Development: Team Science

Domain Expert
Glue
Product Owner
Consensus Engineer
Ontology Engineer
Data or Knowledge Curator
Community User
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Most ontologies have a backlog of tickets and suffer from 
“technical debt”

Agentic AI can potentially help with various tasks

● Low level term requests
● Bulk changes
● Ontology refactoring
● Background research
● Issue management
● Checking for adherence to patterns and guidelines

But how do we put into practice?

Changes

refactoring

Ticket triage and closing
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The Ontology Development Kit: enabling 
social coding workflows for ontologies
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Social Workflows: GitHub

Open discussion Open changes Tool Integrations

… … …
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The O3 guidelines: open collaborative development

The O3 guidelines

Open Data Open Code

Open Infrastructure

Maintainers, contributors, 
stakeholders, and users

O3

Project Governance
Social Workflows

Technical Workflows
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The O3 guidelines: what happens when we add AI agents?

The O3 guidelines

Open Data Open Code

Open Infrastructure

Maintainers, contributors, stakeholders, 
and users (human or AI)

O3

Project Governance
Social Workflows

Technical Workflows

Note: the question is not if but when
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GitHub as a collaborative environment 
for humans and agents

“Autocomplete” tools 
(GitHub copilot plugins)

Copy-paste from 
ChatGPT

Agentic AI coders
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Knowledge representation powers AI
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How will AI impact this?

Knowledge 
Representation

Application of 
knowledge

Design, execution, 
and interpretation of 

experiments
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AI approaches to assist with knowledge 
representation: a short history

Symbolic 
methods

Standalone 
LLMs RAG Agentic AI

202520242023<< 2023
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Symbolic approaches: description logics 
and reasoning

● Many ontologies rely logical 
axiomatization and deductive 
reasoning to automate many 
classification hierarchies

● ~50% of the is-a edges in GO are 
added by reasoners

● Critical for validation (e.g. taxon 
constraints)

Balhoff, J.P. and Mungall, C.J., 2024. Whelk: An OWL EL+ RL Reasoner Enabling New Use 
Cases. Transactions on Graph Data and Knowledge, 2(2), pp.7-1.

Symbolic 
methods
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Standalone LLMs

Standalone 
LLMs

https://bit.ly/robot-gpt 

https://bit.ly/robot-gpt
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Standalone LLMs: ChatGPT-as-Oracle is an 
anti-pattern

● Works for toy examples or small ontologies
● Unable to hold mid-size to large ontologies in memory
● Does not fit with existing workflows
● Prone to hallucination

Standalone 
LLMs



73

Retrieval Augmented Generation (RAG): 
Augmenting LLMs with knowledge

Definition 
(text)

Logical 
(OWL) 
definition

Relationships

https://github.com/monarch-initiative/curate-gpt 

Question
“Add term ‘spiketet floral color’”

Question Response (new ontology term)Full prompt

Retrieval
Query

Similar 
Terms

LLM

Text 
Embedding 
model

RAG

https://github.com/monarch-initiative/curate-gpt
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Evaluation of RAG on ontologies

Is-a link prediction task: High 
precision, poor recall 

method model precision recall f1 score

DRAGON gpt-4 0.889 0.44 0.588

Definition task: AI attempts to “hoodwink” 
less experienced evaluators

Toro, Sabrina, et al. "Dynamic retrieval 
augmented generation of ontologies using 
artificial intelligence (DRAGON-AI)." Journal of 
Biomedical Semantics 15.1 (2024): 19.
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Problem with first generation genAI 
approaches: Unsuitability for real-world 
knowledge representation tasks

What AI can (sometimes) help with What we need it to help with

Add new term to 
ontology

Curate another paper

Curate another 
sample

Synthesize 
multiple lines of 

evidence

Reorganize 
ontology

Resolve logical 
inconsistencies using 

reasoners

Create and 
evolve design 

patterns

Create models of 
biology

Align and resolve 
competing 

perspectives
(and keep adding 

new things)

Review 
extensive 
literature

Create 
consensus Update 

annotations

Evaluate 
automated 
methods

Create and 
apply 

guidelines

Apply broad 
knowledge

Apply deep 
knowledge

Write logical 
axioms

Complex bulk 
changes
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Semantic Ladder

Adapted from Daconta, Orbst, Smith 2003
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Semantic Ladder: the next rung

Adapted from Daconta, Orbst, Smith 2003


