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What is a CCF?
The Common Coordinate System (CCF) consists of ontologies and reference object  
libraries, computer software, e.g., user interfaces, and training materials that  

• enable biomedical experts to semantically annotate t issue samples and to 
precisely describe their locat ions in the human body (“registrat ion”),  

• align mult i-modal t issue data extracted from different  individuals to a reference 
coordinate system (“mapping”) and, 

• provide tools for searching and browsing HuBMAP data at  mult iple levels, from 
the whole body down to single cells (“explorat ion”).



CCF Requirements
The CCF must  capture major anatomical structures, cell types, and biomarkers
(ASCT+B) and their interrelat ions across multiple levels of resolution .

It  should be semantically explicit (using exist ing ontologies, e.g., Uberon, CL) and 
spatially explicit (e.g., using 3D reference organs for registrat ion and explorat ion).



ASCT Tables
Anatomical Structures and Cell Types (ASCT) tables aim to capture the partonomy of 
anatomical structures, cell types, and major biomarkers (genomic, epigenomic, 
t ranscriptomic, proteomic, lipidomic, and metabolomic).

Part ial ASCT Table from 
• El-Achkar et  al. A Multimodal and Integrated Approach to Interrogate Human Kidney Biopsies with Rigor and 

Reproducibility: The Kidney Precision Medicine Project . bioRxiv. 2019; 828665. doi:10.1101/828665



El-Achkar et  al. A Multimodal and Integrated Approach to 
Interrogate Human Kidney Biopsies with Rigor and Reproducibility: 
The Kidney Precision Medicine Project . bioRxiv. 2019; 828665. 
doi:10.1101/828665



ASCT Table Meetings
Meetings take place monthly to 
• Review and approve tables. 
• Formalize and unify table design language.
• Discuss table usage.

We are working on 
• Convert ing tables into machine readable formats.
• Compare tables against  Uberon, CL, and other ontologies.
• Compare tables against  cell types identified in harmonized HuBMAP data and 

data generated by other efforts.

Experts are welcome to register.  

https://iu.co1.qualtrics.com/jfe/form/SV_bpaBhIr8XfdiNRH


ASCT Table Design
The CCF Session at  the NIH-HCA meeting—co-organized with Peter Hunter (SPARC) and 
James Gee (BICCN)—brought together experts across consort ia. 

In follow up meetings, 10 ASCT tables have been created via collaborat ions across consort ia.  
Ontology experts, including Chris Mungall and Mark Musen, provided expert  comments.



asct-b.slack.com





Example: Converting tables into machine readable formats – Kidney vasculature  



Capturing vasculature details is critically important for a vasculature based CCF   

Weber, Griffin M, Yingnan Ju, and Katy Börner. 2020. "Considerations for Using the Vasculature as a Coordinate System to Map All the Cells 
in the Human Body". Frontiers in Cardiovascular Medicine 7 (29): doi: 10.3389/fcvm.2020.00029. 

https://cns.iu.edu/docs/publications/2020-Weber-Considerations.pdf


ASCT Table Usage
ASCT tables guide CCF Ontology and 3D Reference Object Library design that  semantically name 
and spatially place t issue data from different  individuals into one CCF (i.e., mapping). 

Tissue blocks are  registered into the CCF using the Registrat ion User Interface (RUI), and they can 
be explored via the Explorat ion User Interface (EUI). 



Data gathered in the 
ASCT tables is used in 

Ontology Design (top-
left) and 3D Object 

Library (bottom-left). 

Two interfaces on right: 
Registration User 

Interface (RUI) supports 
semantic and spatial 

annotat ion of t issue data. 

Exploration User 
Interface (EUI) supports 

semantic and spatial 
explorat ion of t issue data. 



Construction and Usage of a Human 
Body Common Coordinate Framework 
Containing Provenance, Semantic, and 
Spatial Ontologies  

Documentat ion of three CCF ontologies

Börner K, Quardokus EM, Herr, II BW, Cross LE, Record EG, Ju 
Y, Bueckle A, Sluka JP, Silverstein J, Browne K, Jain S, 
Wasserfall CH, Jorgensen ML, Spraggins JM, Patterson NH, 
Weber GM. 2020. Conceptualizat ion, Construction, and Usage 
of a Human Body Common Coordinate Framework. In 
preparation.  



3D Object Library 
The CCF 3D Reference Object Library provides 
anatomically correct reference organs. The organs 
are developed by a specialist in 3D medical 
illustration and approved by organ experts.

Initially, reference objects were created using data 
from the Visible Human male and female datasets 
provided by the National Library of Medicine. 

For the 1st HuBMAP Portal Release, kidney and 
spleen reference organs are freely available in 
GLB format. 

https://hubmapconsortium.github.io/ccf/pages/ccf-
3d-reference-library.html

https://hubmapconsortium.github.io/ccf/pages/ccf-3d-reference-library.html


CCF Re g is tra t ion

https://hubmapconsortium.github.io/ccf-3d-registration

Registration User Interface (RUI) 
is used to document the tissue 
extraction site by registering 
tissue blocks within a 3D 
reference organ. 

24 kidney and 24 spleen tissue 
blocks have been registered.

https://hubmapconsortium.github.io/ccf-3d-registration


1st Portal Release: Upload Portal 

Thanks go to the IEC for providing screenshots



CCF Exp lora t ion

Version 1.0.0
Previous version is at https://hubmapconsortium.github.io/ccf-ui/

Exploration User Interface 
(EUI) supports exploring 2D/3D 
tissue samples across multiple 
scales using spatial, semantic, 
clinical, and provenance data.

Version 1.0.0 will features the 
HuBMAP Tissue Viewer

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


1st Portal Release 

Early draft  of 
HuBMAP interface.

Official first  release 
is on Aug 4, 2020. 



Exemplary Use Case
Compare cell types in ASCT tables with cell types 
identified in HuBMAP data. 
Spleen example: Data from five t issue blocks from 4 
spleens were harmonized. 

UFL0001-SP-2-8, cube 1
UFL0001-SP-3-4, cube 3

UFL0002-SP-2-2, cube 3

UFL0003-SP-2-2, cube 1

UFL0004-SP-2-1, cube 4 

14 years 11m 18y 18y
Female Male Male Male

Data provided by TMC-UFL



Exemplary Use Case
Seurat  harmonization results: Cell counts and predict ion scores

Data provided by MC-NYGC

UFL0004-SP-2-1, cube 4 UFL0001-SP-2-8, cube 1UFL0001-SP-3-4, cube 3 UFL0002-SP-2-2, cube 3UFL0003-SP-2-2, cube 1



Starts Aug 4, 2020

Register via:
https://tinyurl.com/vhmooc

https://tinyurl.com/vhmooc


HuBMAP-Postdoc Posit ion
The Department of Intelligent  Systems Engineering at  Indiana University, Bloomington, is seeking 
a Postdoctoral Fellow within the NIH funded Human BioMolecular Atlas Program (HuBMAP). The 
postdoctoral fellow will help identify and catalog knowledge about  the structure of the vascular 
pathways in the human body (arteries, veins, capillaries, and lymph vessels). This will be conducted 
primarily through a literature search to find (1) descript ions of the named vascular pathways and 
microvascular architecture in different  organs of the body; (2) descript ions of the variability of the 
vascular system across different  individuals; (3) imaging studies that  show the physical 3D 
structure of vascular pathways; and (4) studies that  identify biomolecular signatures unique to 
different  parts of the vascular system, such as how gene expression varies in endothelial cells 
across the body. The postdoctoral fellow should have a background in human anatomy or related 
fields such as systems biology, cell biology, radiology, or pathology.

To apply, please contact  Katy Borner, katy@indiana.edu

mailto:katy@indiana.edu
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