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https://www.proto-okn.net/projects/

NSF Proto-OKN Program

“Open knowledge network (OKN) is a publicly accessible, interconnected 
set of data repositories and associated knowledge graphs that will enable 
data-driven, artificial intelligence-based solutions”



FRINK: SPARQL Query of the Proto-OKN KGs

https://frink.apps.renci.org/

SPARQL 
queries are 
verbose and 
complex

Few users 
have 
SPARQL
experience



Natural Language Queries



MCP-Proto-OKN Server Querying SPARQL
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https://frink.renci.org/

Sonnet 4.5
Opus 4.1

https://github.com/sbl-sdsc/m
cp-proto-okn

MCP (Model Context Protocol) is an open protocol that 
standardizes how applications provide context to large 
language models.

https://modelcontextprotocol.io/

Proto-OKN KGs



MCP Architecture

MCP Client Chat client supporting MCP:
Claude Desktop, VS Code Insiders, Cursor, …
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Context Engineering

● KG Description
○ ~150 word descriptions of the Proto-OKN KGs

■ Generated by mcp-proto-okn by analyzing the data in a KG and using publicly available 
information

○ Descriptions guide the LLM to select the relevant KG(s) for a query.
● KG Entities

○ We created a short label and description for each URI

○ The LLM uses these descriptions to understand the content - Nodes, Edges, and their 
properties to transform natural language queries into SPARQL

○ The entity descriptions were generated by mcp-proto-okn using the protocol described on the 
next slide

Descriptions and entities: https://github.com/sbl-sdsc/mcp-proto-okn/tree/main/metadata

https://github.com/sbl-sdsc/mcp-proto-okn/tree/main/metadata


Protocol to Generate the Entity Descriptions using 
mcp-proto-okn
For each <KG>, the following prompt was used to create the <KG>_entities file, where <KG> is the name 
of the KG in the FRINK registry:

@<KG>: Create a csv file with the classes and predicates of this KG. The file should 

have 4 columns:

1. URI

2. Label - label of the URI

3. Description - description or comment about the URI

4. Type - either “Class” or “Predicate”

Use the get_schema tool to find the Classes and Predicates. 

Search available ontology files, git repos, or other resources to retrieve this 

information. Add quotes to text with commas. Check the validity of the .csv file.



MCP-Proto-OKN Tools
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mcp-proto-okn Tools

Query
tools

Visualization 
& reporting 
tools

Tool Descriptions: https://github.com/sbl-sdsc/mcp-proto-okn/blob/main/docs/api.md



Demos



Add MCP Server to Claude Desktop
Instructions: 2 simple steps

https://github.com/sbl-sdsc/
mcp-proto-okn



Demo 1 - spoke-genelab Overview and Schema

Select KG(s) to query

1. Prompt: describe spoke-genelab KG

2. Prompt: generate the KG schema diagram

3. Prompt: create a transcript (.md, .pdf)

Transcript: 
https://github.com/sbl-sdsc/mcp-proto-okn/blob/main/docs/examples/spoke-genelab_overview.md



LLM-generated
spoke-genelab KG 
Schema

Node properties

Edge properties

Node

Edge (relationship)



Demo 1

What type of data are in the Proto-OKN KGs?



Transcripts of 
Proto-OKN 
KGs with 
overviews and 
schemas are 
available.

https://github.com/sbl-sdsc/mcp-proto-okn/tree/main?tab=readme-ov-file#knowledge-graph-overviews--class-diagrams

https://github.com/sbl-sdsc/mcp-proto-okn/tree/main?tab=readme-ov-file#knowledge-graph-overviews--class-diagrams


Demo 2

Queries across multiple Proto-OKN KGs



Extending the Proto-OKN Ecosystem: Third-party Integration
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Demo 2 - Differential Gene Expression Analysis

Integrate GeneLab, SPOKE-OKN, and PubMed knowledge 
to characterize spaceflight-associated gene expression 
changes and their disease relevance for GeneLab study 
OSD-161.

Transcript: 
https://github.com/sbl-sdsc/mcp-proto-okn/blob/main/
docs/examples/osd-161-sonnet-4.5.md

https://github.com/sbl-sdsc/mcp-proto-okn/blob/main/docs/examples/osd-161-sonnet-4.5.md
https://github.com/sbl-sdsc/mcp-proto-okn/blob/main/docs/examples/osd-161-sonnet-4.5.md


Demo 3: Use Cases for several Proto-OKN KGs

https://github.com/sbl-sdsc/mcp-proto-okn/tree/main?tab=readme-ov-file#use-cases

https://github.com/sbl-sdsc/mcp-proto-okn/tree/main?tab=readme-ov-file#use-cases


Demo 4: Proto-OKN Integration Opportunities

Details: https://github.com/sbl-sdsc/mcp-proto-okn/tree/main?tab=readme-ov-file#proto-okn-integration-opportunities

https://github.com/sbl-sdsc/mcp-proto-okn/tree/main?tab=readme-ov-file#proto-okn-integration-opportunities


Cross-Platform LLM Benchmarks (as of Jan. 5, 2026)
Claude Desktop VS Code Insiders/GitHub Copilot



Demo 5: Cross-Platform LLM Benchmarks

Details: https://github.com/sbl-sdsc/mcp-proto-okn/tree/main?tab=readme-ov-file#cross-platform-llm-benchmarks

Evaluation: Claude Sonnet 4.5 > Gemini 3 ~ GPT-5.2 > Groq Code Fast 1

https://github.com/sbl-sdsc/mcp-proto-okn/tree/main?tab=readme-ov-file#cross-platform-llm-benchmarks


Leveraging the Model Context Protocol (MCP) for 
Integration and Query of Proto-OKN Knowledge Graphs
● Unified Natural Language Interface: Enables users to query multiple Proto-OKN 

KGs using natural language via clients like Claude, or VS Code.
● Modular Server Integration: Connects to multiple mcp-proto-okn modules, each 

handling SPARQL queries to specific FRINK endpoints, allowing scalable and 
flexible architecture.

● Federated Knowledge Access: Supports querying across distributed knowledge 
graphs, identifying relationships and integration points across domains.

● Automated Knowledge Discovery: Facilitates extraction and summarization of 
content across KGs, and semantic alignment without explicit instructions.

● Interoperability Hub: Acts as a middleware to integrate third-party resources with 
Proto-OKN KGs, enabling broader data harmonization and reuse for scientific and 
technical exploration.



Plans

● Develop Use Cases in Collaboration with Proto-OKN teams
● Establish Benchmarks for the mcp-proto-okn server

○ Develop benchmark datasets for evaluating natural language queries
○ Optimize MCP server using performance results from benchmarking

● Advance Knowledge Graph Interoperability
○ Demonstrate federated queries across Proto-OKN Knowledge Graphs
○ Incorporate multi-agent queries that leverage third-party KGs and MCP servers
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