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How are gene variations and 
disorders/diseases related?

How do we predict a therapy given a gene 
variation?

Reachable question:

Can we interconnect large biomedical datasets 
and use those structures to answer complex 
biological questions linking gene variations to 
diseases, and potential therapeutics?



Introduction to Knowledge Graphs (KGs)
KGs represent information as networks of 
nodes (entities) and edges (relationships).

For data models of the human at all scales:

● Node Types: Molecules, Genes, Proteins, 
Diseases, Tissues, Organs, Treatments…

● Edge Types "Encodes," "Regulates," "Is 
associated with,” “Treats” …

KGs are ideal for integrating diverse 
biomedical datasets because they preserve 
connections and context. 



Functional Biology represented in Knowledge Graphs

● Functional biology focuses on how genes 
and molecular processes drive development 
and functioning of cells, tissues, and organs.

● KGs can provide an integrated "functional 
biology" layer to use in concert with 
anatomical maps/KGs like the Human 
Reference Atlas (see Bruce Herr’s talk 
coming up!)

● This integration can also give us tools to 
explore how genetic variations influence 
human development, disorders, and disease.



Knowledge Graphs as connected data warehouses
UBKG 

The Unified Biomedical Knowledge Graph (UBKG) is a  knowledge graph infrastructure that represents 
a set of interrelated concepts from biomedical ontologies and vocabularies (Jonathan Silverstein, 
HuBMAP: https://ubkg.docs.xconsortia.org/)

Petagraph

● Built with UBKG to integrate over 20 large multi-omics human and mouse genomic datasets
● Incorporates 180+ ontologies and annotation resources like STRING, Reactome, and GENCODE.
● Focused on harmonizing omics data for rapid feature selection and hypothesis generation.
● 32 million nodes and 118 million relationships 

Data Distillery Knowledge Graph (DDKG)

● Extends Petagraph's schema to integrate over 30 large genomics datasets in collaboration with NIH 
Common Fund DCCs (e.g., HuBMAP, GTEx, 4D Nucleome, LINCS…)

● Like Petagraph, is scalable for new genomics data types and cross-dataset analyses.
● Includes development of user-friendly interfaces (API, UI) for secure and efficient querying
● 40 million nodes and 300 million relationships

https://en.wikipedia.org/wiki/Knowledge_graph


The future of modeling: KGs can enable a multi-dimensional human model 

Precision medicine would benefit from 
knowledge graphs to create whole-human 
models from:

● Maps of human organs and tissues 
across human development (4D)

● Functional biology genomics data from 
single cells to whole body physiology

● Human genetics data
● Observational medical data
● Dynamic biomedical process models

… towards prediction and treatments of 
diseases and disorders.



Data Distillery Use Case: Exploring Fetal Heart Development

We can use the Data Distillery KG’s corpus 
of integrated data to ask complex questions 
that would ordinarily take weeks of data 
integration effort.

Example: What genes linked to heart 
defects in mice are also actively expressed 
in developing human heart cells?

This information would help in predicting 
heart defect risks in affected families by 
pinpointing which genes to examine for 
genetic variation.



Data Distillery KG Query: What genes related to mouse heart 
could affect which cells in the developing human heart?

Data from 

Result:  which 
developing human 
heart cell types 
express genes also 
linked to heart 
defects in mice

Query took seconds 
to complete.

Query model in Data Distillery 
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Petagraph Use Case:  Drug vs Tissue Effect 

Question: How to predict what human tissues are most likely going 
to be affected by a drug?
Example: Rofecoxib (Vioxx) was recalled due to high 
cardiovascular risks. 
Petagraph already has useful data integrated:
● Rofexcoxib’s gene expression signatures of dosing human cell 

cultures (LINCS/L1000 projects) 
● Integrated with gene expression signatures across many 

human tissues (GTEx project).



Petagraph KG Query: What human tissues are most likely to be 
perturbed by rofecoxib?

Result: Heart and blood vessels, such as the 
right auricular appendage and myocardium 
of the left ventricle, were predicted as the 
most affected tissues based on the number 
of shared genes with rofecoxib’s dosing 
profile.

Predictions align with the known 
cardiovascular risks of rofecoxib.

Query took seconds to complete.



KGs as FAIR and useful tools
Data Distillery and Petagraph can be freely downloaded with a UMLS 
license (https://www.nlm.nih.gov/databases/umls.html)

Users with a UMLS license can follow site instructions to obtain and 
utilize a UMLS license key at https://ubkgdownloads.xconsortia.org/

Installable with a 16G memory laptop!

https://www.nlm.nih.gov/databases/umls.html
https://ubkgdownloads.xconsortia.org/
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https://cbiportal.org
https://humantumoratlas.org


FAIR Data Portals for multimodal cancer data

https://humantumoratlas.org https://cbioportal.org 

Bulk Genomics & 
Clinical Data Focus

Wide variety of assays incl single 
cell, multiplex imaging

https://humantumoratlas.org
https://cbioportal.org


https://cbioportal.org @cbioportal
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Goal of cBioPortal
Make complex cancer genomic data accessible and interpretable for cancer 
biologists and clinicians

Biological 
discovery

Clinical 
interpretation

Adapted from TCGA Nat Genet 2014

New!
Imaging
Single Cell



Cohort exploration

Patient visualization
Gene-centric 
queries

Group 
comparison



Sharing data from the HTAN Consortium

The HTAN Portal https://humantumoratlas.org/



HTAN is 
focused on 
transitions in 
cancer

21

1 2

3



Most HTAN 
groups have a 
focus on single 
cell and 
multi-plex 
imaging 
modalities
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Lymphocytes in breast cancer liver metastasis biopsy 
(OHSU HTAN Atlas).



Many thanks to these amazing teams!
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Human Reference Atlas 5-star Linked Open Data: 
Construction, Publication, and Usage

24 Hour “Multiscale Human” Event | FAIR & Scalable Infrastructures | Virtual | December 15, 2024 

Cyberinfrastructure for Network Science Center
Department of Intelligent Systems Engineering
Luddy School of Informatics, Computing, and Engineering
Indiana University, Bloomington, IN, USA

Bruce W. Herr II
Technical Director



Human Reference Atlas (HRA)
A comprehensive, ontologically aligned, high-resolution, three-dimensional, 
multiscale atlas of anatomical structures and cells in the healthy human body







HRA ASCT+B Tables



https://www.biorxiv.org/content/10.1101/2023.10.16.562593v3 | Data: https://humanatlas.io/2d-ftu-illustrations  

HRA Functional Tissue Unit (FTU) Illustrations

https://www.biorxiv.org/content/10.1101/2023.10.16.562593v3
https://humanatlas.io/2d-ftu-illustrations


https://www.nature.com/articles/s42003-022-03644-x   | Data:  https://humanatlas.io/3d-reference-library 

HRA 3D Reference Organs

https://www.nature.com/articles/s42003-022-03644-x
https://humanatlas.io/3d-reference-library


Male Female

HRA 3D Reference Organs: kidneys

126 tissue blocks with 1,198 datasets from 4 consortia



HRA Knowledge Graph Framework



HRA API and Applications



HRA 
Ecosystem



https://apps.humanatlas.io/dashboard/data 

HRA KG Data

https://apps.humanatlas.io/dashboard/data


HRA KG Data

https://apps.humanatlas.io/dashboard/data 

https://apps.humanatlas.io/dashboard/data


https://apps.humanatlas.io/dashboard/usage 

HRA KG (and other HRA products) usage

https://apps.humanatlas.io/dashboard/usage


By Florian Thiery - Own work, CC BY 4.0, https://commons.wikimedia.org/w/index.php?curid=78100348 

https://commons.wikimedia.org/w/index.php?curid=78100348


5 Star Linked Open Data

URLs:

● purl.humanatlas.io (permanent identifiers)
● lod.humanatlas.io (hosts digital object metadata as DCAT Datasets)
● cdn.humanatlas.io (hosts raw data files)

Content Negotiation:

● purl returns the digital object data based on accept header
○ Redirect to lod for humans, JSON or RDF Formats for machines

● lod returns the digital object metadata based on accept header
○ Return HTML for humans, JSON or RDF Formats for machines



Infrastructure

● HRA KG data is pre-computed and uploaded to Amazon S3.
● purl/lod/cdn.humanatlas.io is hosted using Amazon CloudFront which 

returns data hosted on Amazon S3 and implements content negotiation via 
Amazon CloudFront Functions.

● The latest version of each digital object in RDF format is loaded into a 
Blazegraph SPARQL server hosted by Amazon ECS and available via 
Amazon CloudFront at https://lod.humanatlas.io/sparql. This allows ad-hoc 
queries of HRA KG data using SPARQL.

https://lod.humanatlas.io/sparql


Scalability

● With the use of pre-computed data and hosting them as static files means the 
solution scales massively with low technical complexity.

● Caching from Amazon CloudFront and static files makes it extremely fast.
● Blazegraph can scale to billions of edges allowing fast ad-hoc queries.



FAIRness

● All data is represented in standard RDF format using standard ontologies and 
terminology where possible.

● Uses a well known Linked Open Data pattern.
● All data is CC BY 4 and code is MIT licensed.



Jonathan Silverstein, University of 
Pittsburgh, HuBMAP and SenNet



24hr - HuBMAP and SenNet
FAIR and Scalable

Infrastructures
Presented by

Jonathan Silverstein, Phil Blood, Nils Gehlenborg, Kay Metis



SenNet (and HuBMAP) DCC Team



SenNet
Identify and functionally characterize the heterogeneity of 
senescent cells across multiple tissues in human health 

and lifespan at single cell resolution

Develop an open and global platform to map healthy cells in the 
human body and determine how relationships among cells affect 

human health

HuBMAP

The Human Body at Cellular Resolution: The NIH Human Biomolecular Atlas Program.
Snyder et al. Nature. 574, p. 187-192 (2019)

NIH SenNet Consortium to map senescent cells throughout the human 
lifespan to understand physiological health. SenNet Consortium.
Nature Aging 2, 1090–1100 (2022)

NIH Common Fund Programs: The NIH Common Fund supports bold scientific programs that catalyze 
discovery across all biomedical and behavioral research. These programs enable NIH Institutes and Centers 
to collaborate on innovative research expected to address high priority challenges for the NIH as a whole. 
Each Common Fund Program typically supports dozens of centers with hundreds of millions of dollars in 
funding and are up to ten years in length. We lead the Infrastructure, Engagement, and Data 
Processing/Coordination for the two Common Fund programs HuBMAP and SenNet.
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HuBMAP Technologies
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PSC: A place for getting research done…

PSC IS A JOINT 
COMPUTATIONAL RESEARCH 
CENTER BETWEEN CARNEGIE 
MELLON UNIVERSITY AND 

THE UNIVERSITY OF 
PITTSBURGH.

(11 of which were the first or 
unique)

Pioneering Artificial Intelligence 
and Research Computing.

Collaborative Research Networking and security

39 years of leadership 

23 HPC systems 

National service provider

Industry Partners

CMU/Pitt Community

Education and training







SenNet Biomarkers

Suryadevara, V., Hudgins, A.D., Rajesh, A. et al. SenNet 
recommendations for detecting senescent cells in different 
tissues. Nat Rev Mol Cell Biol (2024). 
https://doi.org/10.1038/s41580-024-00738-8

https://docs.sennetconsortium.org/biomarkers/ 
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https://docs.sennetconsortium.org/biomarkers/


Flexible Hybrid Cloud Microservices 
Architecture

● Flexible hybrid cloud microservices architecture for efficient 
data storage, easy software integration, low barriers to 
computing on data (free, leveraging PSC national resources)

● Portable/interoperable/reusable/reproducible pipelines with 
harmonized processing

● Robust provenance with unique identifiers 
● Ontologies and standardized and detailed metadata with 

CEDAR templates
● Community standards for publishing findable and accessible 

APIs and data
● Open software, data, and publication policies

Designed for FAIRness of Data and Software

53

Deeply collaborative: PSC and Pitt jointly designed 
the architecture and build and run all the backend data 
infrastructure and collaborate with CMU CompBio, 
Indiana U., Harvard, New York Genome Center and U. 
Florida on tools. 
Software resources for atlas building: dozens of 
github repositories and API endpoints, reused and 
updated across consortia 

HuBMAP and SenNet Features 

Efficient data access and processing at scale: 
thousands of datasets on-premises, leveraging investments 
by NSF and others to provide free access national scientific 
community
Easy software integration: Tools wrapped and integrated 
as-is using CWL and Docker, e.g. Azimuth

Human BioMolecular Atlas Program (HuBMAP): 3D Human Reference Atlas Construction and Usage.
Borner, et al. bioRxiv 2024.03.27.587041; doi: https://doi.org/10.1101/2024.03.27.587041



HuBMAP Analysis Pipelines
● sc/snRNA-seq: Salmon quantification, Scanpy + 

scVelo downstream analysis
● sc/snATAC-seq: HISAT2 + ArchR
● Sequencing spatial transcriptomics: Salmon 

quantification, Scanpy + scVelo downstream 
analysis

○ Visium (without probes), Slide-seq
○ Harmonized with sc/snRNA-seq outputs, including output file format (addition of 

spatial coordinates for each capture bead)
● Multiome RNA-seq & ATAC-seq: subsets of 

RNA-seq and ATAC-seq pipelines used directly, 
embedded in multiome pipeline

● Imaging (not currently represented in 
ATLAS-D2K):

○ Multichannel imaging with segmentation masks: SPRM
○ CODEX (v1): Cytokit (+ SPRM)
○ PhenoCycler (CODEX v2), CellDIVE, MIBI:

DeepCell (+ SPRM)
○ FISH (merFISH, DARTFISH): PIPEFISH pipeline
○ 3D segmentation and analysis: IMC complete, CODEX under development



FAIR principles: Acronym for Findable, Accessible, Interoperable, and Reusable, 
which is a way of sharing data  to maximize its utility







https://docs.sennetconsortium.org/data-sankey/

https://docs.sennetconsortium.org/data-sankey/














1) Curation and Ingestion: Semi-automated data ingestion currently from data providers, and in the 
future from  community partners, and the general research community, to maximize efficiency and 
usefulness for building the HRA
2) Integration: Automated analysis and annotation of ingested data and alignment of these 
annotations to the HRA via the UBKG
3) Findability and Accessibility: Manifestation of backend resources in the modular architecture of 
APIs and containers, services, and documentation that currently minimizes user friction in integrated 
searching, querying, analyzing, and viewing of data, and in the future of tissue maps at multiple 
spatial scales and among multiple layers of information
4) Interoperability: Use of the deployment of the UBKG  to translate data, HRA assets, and 
community data  among one another via ontologies
5) Analysis: Infrastructure support to currently enable users with interactive analyses of HuBMAP 
data via Jupyter notebooks, and in the future, batch workflows among both HuBMAP and 
user-contributed data  and tools, including integration and mapping against the HRA
6) Sustainability: HuBMAP’s flexible hybrid cloud infrastructure—efficiently leveraging on-premises 
resources at PSC for services that would incur significant public cloud charges, such as data storage, 
processing, analysis, and download facilitates sustainment of open tools, data, and infrastructure 
beyond the end of the HuBMAP program.

Flexible hybrid cloud infrastructure -> atlas



Flexible hybrid cloud infrastructure -> atlas



https://portal.hubmapconsortium.org/

https://portal.hubmapconsortium.org/


https://portal.hubmapconsortium.org/

https://portal.hubmapconsortium.org/


https://portal.hubmapconsortium.org/search?entity_type%5B0%5D=Dataset

https://portal.hubmapconsortium.org/search?entity_type%5B0%5D=Dataset


https://portal.hubmapconsortium.org/search?entity_type%5B0%5D=Dataset

https://portal.hubmapconsortium.org/search?entity_type%5B0%5D=Dataset


https://portal.hubmapconsortium.org/search?entity_type%5B0%5D=Donor

https://portal.hubmapconsortium.org/search?entity_type%5B0%5D=Donor


https://portal.hubmapconsortium.org/browse/donor/142d18f0a749d3d02d8b1addbca15589 

https://portal.hubmapconsortium.org/browse/donor/142d18f0a749d3d02d8b1addbca15589


Q&A https://humanatlas.io/events/2024-24h 

https://humanatlas.io/events/2024-24h


How do we best capture data for a Multiscale Human?

How do we map a Multiscale Human?  

How do we model a Multiscale Human?

How can LLMs or RAGs be used to advance science and clinical practice?

How to safeguard privacy?

Questions



Thank you


