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The Challenge

Disparate Common Fund projects such as GTEx and HuBMAP (and others including MoTrPAc, 
SPARC, Kids First...etc.) have generated (or are generating) large molecular and spatial datasets 
on human tissues (contributing to even larger, similar data generation efforts).

For these data to be maximally “Interoperable and Reusable”, we need to accurately map and 
compare data from the same organs, tissues, and cell types across these projects.

We want to map:

❏ GTEx samples - collected across MANY individuals at the same tissue site per individual 
(using SOPS)

❏ HuBMAP samples - collected for fewer individuals at MANY specific sites within a tissue 
(mapped to tissue locations using ASCT+B details).



Goals

Spatially map samples collected under GTEx biospecimen SOPs to the CCF to which 
HuBMAP samples are mapped

Generate and make available spatially, semantically, and ontologically explicit FAIR 
metadata for GTEx and HuBMAP data housed on several cloud environments.

Extend and serve as web components data visualization and exploration user 
interfaces that were initially developed for HuBMAP but are valuable for other 
consortia.

Make a combination of anatomically mapped and ontologically linked human tissue 
data available across HuBMAP (hybrid cloud) and GTEx portal (Google Cloud 
Platform).



Approach

Design and deploy a FAIR CCF-API to map GTEx tissue data to HuBMAP CCF.

Develop libraries to enable the use of FAIR CCF-API for visualization of GTEx 
data in HuBMAP or GTEX portal and cross-search for ASCT+B indexed data 
across cloud platforms.

Develop training materials and conduct a user survey to support wider usage and 
adoption of the pilot cloud setup and CCF cross-search.



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



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).

https://www.biorxiv.org/content/10.1101/2021.05.31.446440v2

Common Coordinate Framework (CCF):
ASCT+B Tables & 3D Reference Object Library

https://www.biorxiv.org/content/10.1101/2021.05.31.446440v2


ASCT+B Tables & 3D Reference Objects are compiled across 16 consortia since the NIH-HCA Joint 
Meeting in March 2020, https://hubmapconsortium.org/nihhca2020

https://hubmapconsortium.org/nihhca2020




Atlas
& Tools



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/


GTEx - Breadth across tissue types, less depth within, but large # donors

GTEx Consortium (2020) Science 369:1318

LUNG



GTEx SOPs designed for repeatable anatomical sampling



GTEx SOPs - But limited anatomical details for some



Example: Mapping GTEx Colon to HuBMAP RUI



CCF Registration User Interface (RUI) - GTEx samples
As of March 2022, the RUI was used to capture 29 extraction sites. 
RUI usage is well-defined via an SOP and video demo. These 
extraction sites can be associated with 4,951 tissue blocks (3,095 
male/1,856 female) and GTEx summary information, such as eQTLs. 

Heart Atrial Appendage | 253 Blocks Male | 119 Blocks Female
Heart Left Ventricle | 253 Male | 122 Female
Spleen | 141 Male |   86 Female

Kidney Cortex Male | 55 Male |   18 Female
Colon Sigmoid | 55 Male | 113 Female
Colon Transverse | 232 Male | 136 Female
Lung | 349 Male | 166 Female

Liver | 161 Male |   65 Female
Ovary | 180 Female
Pancreas | 207 Male | 121 Female

Skin (not sun exposed) | 411 Male | 193 Female
Skin (sun exposed) | 467 Male | 234 Female
Small Intestine | 120 Male |   67 Female

Uterus | 142 Female 
Coronary Artery | 146 Male |   94 Female
Prostate | 245 Male

Extraction sites (male)

Extraction sites (female)

https://doi.org/10.5281/zenodo.5575776
https://youtu.be/gY3_-LIoKaU


CCF Exploration User Interface (EUI)

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

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


EUI-GTEx Portal



GTEx-API

● OpenAPI spec and Implementation, on GTEx 
side to provide data to Hubmap

● Have designed the API, added the data to our 
database, and implemented an interim API.

● Are working to implement a revised FAIR 
version of the API this month.

https://ccf-api.hubmapconsortium.org/ccf-api-spec.yaml
https://ccf-api.hubmapconsortium.org


CCF-API

● OpenAPI spec and 
Implementation, 
allowing querying of 
LOD data registered 
to the CCF

● HTTP API 
implementation is live 
and in production

● JavaScript and 
Python APIs 
becoming available 
in March 2022

https://ccf-api.hubmapconsortium.org/ccf-api-spec.yaml
https://ccf-api.hubmapconsortium.org
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GTEx / HuBMAP FAIR API Workspace Pilot

commonfund.nih.govOn Track At Risk Off Track Completed

Progress  during Current Reporting Period Priorities for Next Reporting Period

• HuBMAP GTEx Pilot released, including the OpenAPI specification for the CCF-API. 
Website with deliverables: https://hubmapconsortium.github.io/ccf-gtex-pilot/

• CCF Release v1.1 adding many new reference organs and ASCT+B tables CCF v1.1 
Release: https://hubmapconsortium.github.io/ccf-releases/v1.1/docs/index.html

• CCF Portal: ASCT+B - https://hubmapconsortium.github.io/ccf/pages/ccf-anatomical-
structures.html

• Updated CCF Portal: Reference Organs -
https://hubmapconsortium.github.io/ccf/pages/ccf-3d-reference-library.html

• Continue working on Table Comparison feature using GTEx RNA and snRNAseq data for 
AS,CT +B table

• Implement libraries for using the FAIR CCF-API from cloud workspaces. Visualize GTEx data 
within EUI on HuBMAP Portal and GTEx Portal. Showcase cross-search of AS, CT, B data in 
support of increased interoperability and FAIR data access

• Implement CCF-API client libraries in Python and JavaScript for use in most cloud 
workspaces

• Deploy EUI as a web component compatible with most cloud workspaces 
(complete)

• Integrate EUI into GTEx Portal
• Demonstrate cross-search of AS, CT, B data in support of increased 

interoperability
• Develop training materials of cloud setup in support of wider usage and adoption of the 

pilot cloud setup and CCF cross-search and run user survey
• Publish documentation for adopting the FAIR CCF-API for data publication to the 

cloud, data querying from cloud workspaces, and EUI integration into 
portals/cloud workspaces. (complete)

• Develop a video tutorial and training module to host on GTEx portal to help users 
find and interact with the data on the HuBMAP EUI and for inclusion in the 
VHMOOC

• Develop and conduct a user survey 

Dependencies

Description Functional Team Owner(s)

Overall status On Track Project Manager Lan Nguyen, Nancy Ruschman

Key Milestones, Oct – Dec 2021

Milestone Due Date Status
Design cloud workspace compatible FAIR APIs. Extend the CCF 
to capture GTEx data. Use the RUI to map GTEx tissue data 
onto the HuBMAP CCF

12/31/2021

Extend CCF to capture Anatomical Structures, Cell Types, plus 
Biomarkers (ASCT+B) information in GTEx anatomogram data 12/31/2021

Spatially register GTEx tissue samples that currently overlap 
with HuBMAP using the CCF Registration User Interface 12/31/2021

Implement and deploy the FAIR CCF-API for HuBMAP data in the 
HuBMAP cloud 12/31/2021

Validate CCF ASCT+B tables using GTEx RNA and snRNAseq data 
and revising the tables as needed 03/31/2022 On Track

Not Yet Initiated

Reporting Period 10/01 - 12/31

Risks, Issues and Corrective Action Strategies

Risk/Issue Description Severity Mitigation Strategy

https://hubmapconsortium.github.io/ccf-gtex-pilot/
https://hubmapconsortium.github.io/ccf-releases/v1.1/docs/index.html
https://hubmapconsortium.github.io/ccf/pages/ccf-anatomical-structures.html
https://hubmapconsortium.github.io/ccf/pages/ccf-3d-reference-library.html

