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HuBMAP
Vision 
Catalyze the development of an open, global 
framework for comprehensively mapping 
the human body at cellular resolution.

Goals
1. Accelerate the development of the next generation of tools and techniques for constructing high 

resolution spatial tissue maps

2. Generate foundational 3D tissue atlases

3. Establish an open data platform

4. Coordinate and collaborate with other funding agencies, programs, and the biomedical research 
community

5. Support projects that demonstrate the value of the resources developed by the program
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https://commonfund.nih.gov/HuBMAP 

https://commonfund.nih.gov/HuBMAP
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The Human Body at Cellular Resolution: The NIH Human Biomolecular Atlas Program
Snyder et al. Nature. 574, p. 187-192. 



* * *

*

*

* Newly added organs
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The Human Body at Cellular Resolution: The NIH Human Biomolecular Atlas Program.
Snyder et al. Nature. 574, p. 187-192. 

HuBMAP Overview
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HuBMAP Technologies
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https://portal.hubmapconsortium.org 

https://portal.hubmapconsortium.org/


https://portal.hubmapconsortium.org 

In May 2022 

13 organs / 24 assay types 

https://portal.hubmapconsortium.org/


https://www.kaggle.com/c/hubmap-kidney-segmentation
https://hubmapconsortium.github.io/ccf/pages/kaggle.html <- datasets  

HuBMAP Kaggle Competition

https://www.kaggle.com/c/hubmap-kidney-segmentation
https://hubmapconsortium.github.io/ccf/pages/kaggle.html


Human Reference Atlas (HRA)



Overall Vision



Define Human Reference Atlas

The NIH Human Reference Atlas (HRA) 
1. defines the 3D space and shape of anatomical structures and cell types that are of 

biomedical relevance plus the biomarkers used to characterize them. Anatomical 
structures, cell types and biomarkers are validated and represented in/added to 
ontologies (Uberon/FMA, CL, HGNC).

2. defines how new datasets can be mapped to the HRA, e.g., spatially using the 
Visible Human CCF or Vasculature CCF (or both, see next slide), via ASCT+B 
ontology terms/IDs, or via gene expression data as in Azimuth.

3. it is

• authoritative (there exists expert agreement and it was validated by data),

• computable (supports API queries, UIs),

• published as LOD (connected to gene, disease, and other ontologies and 
data),

• open (anyone can use the HRA data and code), and

• continuously evolving (e.g., as new technologies become available).

https://www.nature.com/articles/s41556-021-00788-6 

https://www.nature.com/articles/s41556-021-00788-6


Construct a Human Reference Atlas



Construct a Human Reference Atlas - Together!





Anatomical Structures (AS), Cell Types (CT), and Biomarkers (B) or ASCT+B tables aim to capture the 

partonomy of anatomical structures, cell types, and major biomarkers (e.g., gene, protein, lipid or 

metabolic markers).

They are ESSENTIAL for developing AS partonomies, CT typologies, and 3D reference objects across 

scales -- from body to functional tissue unit (FTU) to cell.



https://hubmapconsortium.github.io/ccf/pages/ccf-3d-refer
ence-library.html (NLM VHP organs)
https://community.brain-map.org/t/allen-human-reference-a
tlas-3d-2020-new/ (brain)
https://www3.cs.stonybrook.edu/~ari/ (male colon)

https://hubmapconsortium.github.io/ccf/pages/ccf-anatomi
cal-structures.html 

Crosswalk 

https://hubmapconsortium.github.io/ccf/pages/ccf-3d-reference-library.html
https://hubmapconsortium.github.io/ccf/pages/ccf-3d-reference-library.html
https://community.brain-map.org/t/allen-human-reference-atlas-3d-2020-new/405
https://community.brain-map.org/t/allen-human-reference-atlas-3d-2020-new/405
https://www3.cs.stonybrook.edu/~ari/
https://hubmapconsortium.github.io/ccf/pages/ccf-anatomical-structures.html
https://hubmapconsortium.github.io/ccf/pages/ccf-anatomical-structures.html




Construct a Human Reference Atlas

In close collaboration with Affinity Reagents Working Group 
led by Andrea J. Radtke, Ellen Quardokus, Jeannie Camarillo, 
Neil Kelleher, and Ronald N. Germain we will publish six more 
OMAPs by June 15, 2022:

1. Skin Liz McDonough (GE; colleague Fiona Ginty) 

(technology: Cell Dive)

2. Intestines John Hickey (Nolan/Snyder labs)(technology: 

CODEX)

3. Lung Gloria Pryhuber (HuBMAP/LungMAP) 

(technology: Cell Dive)

4. Kidney Elizabeth Neumann (TMC-VU) (technology: 

CODEX)

5. Pancreas Anna Martinez Casals (SciLifeLab Sweden; 

colleague Emma Lundberg) (technology: CODEX)

6. Liver Presha Rajbhandari From Stockwell lab 

(technology: SIM)

7. Lymph node (Andrea Radtke) (revised) (technology: 

IBEX); Christopher Werlein (stellar reviewer!)

All OMAPs are linked to respective ASCT+B tables. 

Aim to submit Nature Methods Correspondence in May 2022.
https://hubmapconsortium.github.io/ccf/pages/omap.html 

https://hubmapconsortium.github.io/ccf/pages/omap.html


Skin 4 Affinity Reagent / pBiomarker PairsASCT + B

CD117 (c-kit)
• RRID: AB_314983
• UniProtKB: P10721
• HGNC: 6342

keratin 10
• RRID: AB_1726497
• UniProtKB: P60014
• HGNC: 6413

CD207 (Langerin)
• RRID: AB_1148751
• UniProtKB: Q9UJ71
• HGNC:17935

keratin 14
• RRID: AB_2616962 
• UniProtKB: P02533
• HGNC: 6416

Interlinking ASCT+B and Affinity Reagent Working Group Efforts
Use Case: Skin-Specific Panel

Thanks go to Andrea R., Ellen Q., Rich L, Neil K. (MC-IU & RTI-Northwestern)



Construct a Human Reference Atlas https://azimuth.hubmapconsortium.org 

https://azimuth.hubmapconsortium.org


Use the  Human 
Reference Atlas for 
Data Harmonization
 



https://hubmapconsortium.github.io/ccf-asct-reporter/ 

CCF ASCT+B Reporter UI

https://hubmapconsortium.github.io/ccf-asct-reporter/


https://hubmapconsortium.github.io/ccf-ui/rui/

CCF Registration User Interface (RUI)

https://hubmapconsortium.github.io/ccf-ui/rui/


CCF Exploration User Interface (EUI)

 

https://portal.hubmapconsortium.org/ccf-eui 

https://portal.hubmapconsortium.org/ccf-eui




Register your data via https://hubmap-ccf-ui.netlify.app/rui/ so it can be spatially/semantically explored in EUI.

https://hubmap-ccf-ui.netlify.app/rui/


Register your data via https://hubmap-ccf-ui.netlify.app/rui/ so it can be spatially/semantically explored in EUI.

https://hubmap-ccf-ui.netlify.app/rui/


http://gehlenborglab.org/research/projects/vitessce/ 

http://gehlenborglab.org/research/projects/vitessce/






Use the  Human 
Reference Atlas for 
Data Harmonization

snRNA-seq assays 
now have ASCT+B 
CT annotations
 

https://portal.hubmapconsortium.org/browse/dataset/d1e9f509063984326570cf603c5654f2 

https://portal.hubmapconsortium.org/browse/dataset/d1e9f509063984326570cf603c5654f2


Human Digital Twin: Automated Cell Type Distance Computation and 3D Atlas Construction in Multiplexed Skin Biopsies. Soumya 
Ghose, Yingnan Ju, Chrystal Chadwick, Elizabeth McDonough, Anup Sood, Yousef Al-Kofahi, Katy Börner, Fiona Ginty. Submitted.
https://www.biorxiv.org/content/10.1101/2022.03.30.486438v1   

Use the Human Reference Atlas

https://www.biorxiv.org/content/10.1101/2022.03.30.486438v1


Human Digital Twin: Automated Cell Type Distance Computation and 3D Atlas Construction in Multiplexed Skin Biopsies. Soumya 
Ghose, Yingnan Ju, Chrystal Chadwick, Elizabeth McDonough, Anup Sood, Yousef Al-Kofahi, Katy Börner, Fiona Ginty. Submitted.
https://www.biorxiv.org/content/10.1101/2022.03.30.486438v1   

https://www.biorxiv.org/content/10.1101/2022.03.30.486438v1


Access the Human Reference Atlas / CCF.OWL 1.7

Indiana U, Stanford U, and EBI are collaborating closely on using Linked Open Data/Semantic Web Standards in support of 
ontology development and reasoning. Linked open data compatible with the Semantic Web is used as the ground truth. The 
CCF.OWL is published on Bioportal, https://bioportal.bioontology.org/ontologies/CCF/ 

All CCF UIs (e.g., RUI, EUI, ASCT+B Reporter) and APIs (e.g., to update Jonathan’s Knowledge Graph) are using the 
CCF.OWL 1.7 data (2.0 coming in April). Queries can be expressed in SPARQL and exposed as standard HTTP APIs to 
support a whole ecosystem of collaborative and compatible APIs, libraries, UIs.

ASCT+B API Links:
● API Endpoint (includes interactive documentation): https://asctb-api.herokuapp.com
● API Documentation: https://hubmapconsortium.github.io/ccf-asct-reporter/docs/api 
● OpenAPI specification: https://asctb-api.herokuapp.com/asctb-api-spec.yaml 

CCF-API Links:
● API Endpoint (includes interactive documentation): https://ccf-api.hubmapconsortium.org  
● API Documentation and OpenAPI specification: https://ccf-api.hubmapconsortium.org 
● API Database backend is n3.js: https://github.com/rdfjs/N3.js 
● Code to instantiate/use CCF Database: https://github.com/hubmapconsortium/ccf-ui/tree/main/projects/ccf-database 
● Published Python, TypeScript, JavaScript, and Angular libraries forthcoming

 

 

https://bioportal.bioontology.org/ontologies/CCF/
https://asctb-api.herokuapp.com/
https://hubmapconsortium.github.io/ccf-asct-reporter/docs/api
https://asctb-api.herokuapp.com/asctb-api-spec.yaml
https://ccf-api.hubmapconsortium.org/
https://ccf-api.hubmapconsortium.org/
https://github.com/rdfjs/N3.js
https://github.com/hubmapconsortium/ccf-ui/tree/main/projects/ccf-database


Possible/Planned Queries via CCF HRA Ontology

1. Query for a subset of AS, CT, B* in the HRA or associated experimental datasets; filtered by demographics. 
[EAS for AS+CT, S for B]

2. Find cell types are present in a certain AS (body to organ to FTU). [S]
3. What Bs characterize a certain CT in a specific AS. [S]
4. What kind of biomarker is a given marker (e.g., gene, protein). [S]
5. What extraction sites exist for the heart? [S] How many tissue blocks exist for what extraction site? [EAS]
6. Given a 3D spatial location, retrieve all tissue blocks in this location. [EA* (by end of June)]
7. Given the location of an image/tissue registered in the CCF RUI, get the cell types present and any 

associated biomarkers. [EAS – roughly via collisions, S to get biomarkers]
8. Given one or more anatomical structure IDs, retrieve cell type population information (#cells per cell type) for 

each. [EAS*]
9. Given cell type population information for a tissue block, compute the likely spatial location of the block 

based on similarity in CT population with RUI-registered tissue blocks. [EAS*]
10. Given cell type population information for a tissue block, retrieve all other tissue blocks that have similar cell 

type populations and show the spatial location of RIU-registered tissue blocks in the EUI. [EAS*]
11. What cells are co-expressed (access different Bs) or co-located (in 2D or 3D)? [EAS*]
12. Given a 3D spatial location OR cell type population, retrieve all experimental data (DOIs) and publication 

citation evidence (DOIs if available). [EAS*]

E = Exploration User Interface; A = CCF-API; S = SPARQL; * = planned support;



New ATLAS publications 

New ATLAS datasets

Validated
Antibodies 
(OMAPs)

Azimuth 
Maps
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BF – Proteoforms
BL – Lipids
BM – Metabolites 



Constructing a Meta-HRA 

There is interest to add the atlas data/work reported in major papers to the Human Reference Atlas 
(HRA). They make wonderful high-resolution inserts! 
GE Skin paper is DONE and serves as a good example. 

If you 
• used the kidney Azimuth reference, your CxG data is already part of the HRA.  
• used OMAPs, your CxP data is covered.  
• registered all tissue blocks, spatial search in EUI is soon possible.

In general, we need for each paper:
• (HuBMAP) IDs for all healthy adult tissue blocks so we can API-retrieve sex, age, BMI, etc.
• RUI register ALL these tissue blocks so we have spatial size, location, rotation (the RUI now 

supports 50+ organs at https://hubmapconsortium.github.io/ccf-ui/rui) and
• Compile an ASCT+B table with all AS, CT, Bs used in the study (should be a matter or deleting 

rows in the relevant master tables, see 
https://hubmapconsortium.github.io/ccf/pages/ccf-anatomical-structures.html). 

 

https://hubmapconsortium.github.io/ccf-ui/rui
https://hubmapconsortium.github.io/ccf/pages/ccf-anatomical-structures.html


Questions for the (Bioconductor) Experts

● How might you use ASCT+B tables to advance research/practice? Please share sample 
queries, e.g., “retrieve AS/location of my favorite CT/B* across 30 organs.”

● Are you interested to run spatial queries? If yes, which, e.g., “retrieve all CTs/B*s in a 3D 
volume.”

● What other datasets could be used to extend the ASCT+B tables or provide experimental 
evidence for existing AS, CT, B?

● How comfortable are you with ontologies and semantic web technologies? 
● Would you prefer direct access to technologies like SPARQL, RDF, and JSON-LD or would 

you prefer APIs to be higher level?

 

 



Q&A


