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



Toward a Human Reference Atlas
Much recent research and ontology & reference organ design, including
• Rood, Jennifer E., Tim Stuart, Shila Ghazanfar, Tommaso Biancalani, Eyal Fisher, Andrew 

Butler, Anna Hupalowska, Leslie Gaffney, William Mauck, Gökcen Eraslan, John C. Marioni, 
Aviv Regev, and Rahul Satija. 2019. "Toward a Common Coordinate Framework for the 
Human Body.“ Cell 179 (7): 1455–1467. doi: 10.1016/j.cell.2019.11.019. 

• 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. 

• Allen Institute for Brain Science. 2020. “Allen Human Reference Atlas—3D, 2020.”
Version 1.0.0. Allen Brain Map Community Forum.

• Börner, Katy, Ellen M. Quardokus, Bruce W. Herr II, Leonard E. Cross, Elizabeth G. 
Record, Yingnan Ju, Andreas D. Bueckle, James P. Sluka, Jonathan C. Silverstein, 
Kristen M. Browne, Sanjay Jain, Clive H. Wasserfall, Marda L. Jorgensen, Jeffrey M. 
Spraggins, Nathan H. Patterson, Mark A. Musen, and Griffin M. Weber. 2020. 
“Construction and Usage of a Human Body Common Coordinate Framework Comprising 
Clinical, Semantic, and Spatial Ontologies.” arXiv, July 28, 2020.

https://www.sciencedirect.com/science/article/pii/S0092867419312759
https://cns.iu.edu/docs/publications/2020-Weber-Considerations.pdf
https://community.brain-map.org/t/allen-human-reference-atlas-3d-2020-new/405
https://community.brain-map.org/
https://arxiv.org/abs/2007.14474


Previous Metadata Call on CFF on 3/9/2020  

The Common Coordinate Framework

Challenges toward building a common coordinate framework for the human respiratory 
system - Tommaso Biancalani



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 tissue samples and to 
precisely describe their locations in the human body (“registration”),  

• align multi-modal tissue data extracted from different individuals to a reference 
coordinate system (“mapping”) and, 

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

See CCF Portal and SciTech Webinar from Oct 12, 2020 on YT.

https://hubmapconsortium.github.io/ccf/
https://www.youtube.com/watch?v=Jt7VRRF0J64&feature=youtu.be


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

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


CCF Requirements
The CCF must capture major anatomical structures, cell types, and biomarkers and 
their interrelations across multiple levels of resolution.

It should be semantically explicit (using existing ontologies, e.g., Uberon, CL) and 
spatially explicit (e.g., using 3D reference organs for registration and exploration).



ASCT+B Table Construction



ASCT+B Tables
Anatomical Structures, Cell Types, and Biomarkers (ASCT+B) tables aim to capture the 
partonomy of anatomical structures, cell types, and major biomarkers (e.g., gene, protein, 
lipid or metabolic markers). 

Partial 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, Updated Aug 2020. 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, Updated 
Aug 2020. doi:10.1101/828665





SOP for ASCT+B Tables

Organ Name #AS #CT #B #AS-CT #CT-B
Brain 21 127 254 127 346
Heart 23 16 35 73 42
Kidney 39 53 83 55 135
Large 
Intestine 22 33 45 306 72
Liver 16 27 34 29 35
Lung 18 62 103 110 128
Lymph 
Nodes 34 30 50 63 110
Skin 14 32 57 37 99
Small 
intestine 20 32 48 196 57
Spleen 33 26 46 48 72

ASCT+B for 10 organs on 9/14/2020, 9:45am:

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

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


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

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


Capturing vasculature details from macro to micro scale 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


Example: Converting tables into machine readable formats – Kidney vasculature  

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+B Table Working Group
Lead by Katy Börner and Jim Gee; Ellen M Quardokus serves as Knowledge Manager

Meetings take place monthly to review and approve tables, formalize and unify table 

design language, discuss and expand table usage, see WG Charter.

Next meetings: Dec 3, 1:30p EST. In 2021: Jan 6, Feb 3, March 3, 11a-noon ET.

Please register to receive invites and updates.

https://docs.google.com/document/d/1KxcZfKiDtSYx0BrCro9NucFaixPTdMixvlohZe6BkzY/edit
https://iu.co1.qualtrics.com/jfe/form/SV_bpaBhIr8XfdiNRH


ASCT+B Table Usage



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

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



CCF Ontology v1.5.0 

References
• Herr II, BW and Börner K. HuBMAP Common 

Coordinate Framework. 
https://bioportal.bioontology.org/ontologies/CCF/

• Herr II, BW, Quardokus EM, Cross LE, Record EG, 
Weber GM, and Börner K. HuBMAP CCF Ontology 
Source Code Repository.

• 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. 
Construction and Usage of a Human Body Common 
Coordinate Framework Comprising Clinical, 
Semantic, and Spatial Ontologies. 

https://arxiv.org/abs/2007.14474.

https://bioportal.bioontology.org/ontologies/CCF/
https://github.com/hubmapconsortium/hubmap-ontology
https://arxiv.org/abs/2007.14474


https://satijalab.org/azimuth CT terms from ASCT+B
linked to Cell Ontology

https://satijalab.org/azimuth


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

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



Document the tissue 
extraction site by 
registering tissue 
blocks within a 3D 
reference organ. 

Image provided by Sanjay Jain, TMC-UCSD



For the first HuBMAP portal release, 48 tissue blocks were registered.



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

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


SOP for Approval of 3D Reference Objects 

https://hubmapconsortium.github.io/ccf/dld/SOP-3D-Reference-Object-Approval-v1.0.1.pdf

https://hubmapconsortium.github.io/ccf/dld/SOP-3D-Reference-Object-Approval-v1.0.1.pdf


https://www.nature.com/articles/s41586-020-2797-4

https://www.nature.com/articles/s41586-020-2797-4


CCF Registration User Interface (RUI) v1.0.0 

New Features:
• Organ carousel with 

4 reference organs

• Support for tissue 

extraction sites

• Expanded ontology

• Semantic annotation 

via collision 

detection & manual 

annotation

• Support for non-

HuBMAP usage





CCF Registration User Interface (RUI) v1.0.0 cont. 



HuBMAP Upload Portal 

Implemented by the HIVE IEC 



CCF Exploration User Interface (EUI)

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

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




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

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


Human Reference CCF Atlas: Checklist
Common Coordinate Framework (CCF) Design (see CCF Portal):
1. Make sure the Anatomical Structures, Cell Types, and Biomarkers (ASCT+B) that you 

use/submit are listed in the ASCT+B tables. The tables are authored and reviewed by an 
international team of anatomists, pathologists, physicians, and other experts, see this SOP. 

2. Spatially register all tissue samples using the CCF Registration User Interface (RUI) in the 
Ingest Portal. End of October 2020, kidney, spleen, heart, colon registration are supported. For 
other organs, see SOP.

3. After submitting data, review data in the CCF Exploration User Interface and make sure spatial, 
semantic, and other metadata are correct.  

4. For functional tissue unit (FTU) segmentation, submit a list of FTUs for your organ(s) and make 
sure FTU names and all relevant cell types (CT) are captured in the ASCT+B table. Use 
assays/biomarkers (B) that make it possible to identify FTUs—initially manually, later 
automatically. Submit tissue with 1000 FTUs manually identified FTUs.  

5. In support of the Vasculature-based CCF, provide cell segmentation data for blood vessels and 
different cell types. 

6. Smoking, pregnancy, period cycle, time of the day (what cells produce does change), 
For questions, email infoccf@indiana.edu.  

https://hubmapconsortium.github.io/ccf/index.html
https://hubmapconsortium.github.io/ccf/pages/ccf-anatomical-structures.html
https://hubmapconsortium.github.io/ccf/dld/SOP-for-Construction-Review-Revision-of-ASCT+B-Tables.pdf
https://hubmapconsortium.github.io/ccf/dld/SOP-3D-Reference-Object-Approval-v1.0.1.pdf
https://portal.hubmapconsortium.org/ccf-eui
https://doi.org/10.3389/fcvm.2020.00029
mailto:infoccf@indiana.edu


Other



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

https://tinyurl.com/vhmooc


Public private partnership 
panel with NIH, Google, 
Broad, Lilly and potentially 
Roche

https://innovationdigi.com/hubmap-hackathon

https://innovationdigi.com/hubmap-hackathon




Q&A



Metadata per Organ

General:  
Sex, age, ethnic origin, height, weight, girth, BMI
Pregnant, menstrual cycle

Organ Specific:
• Heart (8/24/2020) - hypertension, diabetes, cancer, pulmonary disease, liver disease, 

echocardiography (LVEF %)
• Lung – smoking
• Skin – sun exposure

Please add to 
https://docs.google.com/document/d/1SNKp4MffHJy2hCVQKw7xk5PXRcuN5EUozuA8N3xnTis/edit

https://docs.google.com/document/d/1SNKp4MffHJy2hCVQKw7xk5PXRcuN5EUozuA8N3xnTis/edit

	Human Anatomical Structures, Cell Types and Biomarkers (ASCT+B) Tables
	Acknowledgements
	Slide Number 3
	Toward a Human Reference Atlas
	Previous Metadata Call on CFF on 3/9/2020  
	What is a CCF?   
	Slide Number 7
	CCF Requirements
	ASCT+B Table Construction
	ASCT+B Tables
	Slide Number 11
	Slide Number 12
	SOP for ASCT+B Tables�
	Slide Number 14
	Slide Number 15
	Slide Number 16
	ASCT+B Table Working Group
	ASCT+B Table Usage
	ASCT+B Table Usage
	CCF Ontology v1.5.0 
	Slide Number 21
	ASCT+B Table Usage
	Slide Number 23
	Slide Number 24
	Slide Number 25
	SOP for Approval of 3D Reference Objects 
	Slide Number 27
	CCF Registration User Interface (RUI) v1.0.0 
	Slide Number 29
	CCF Registration User Interface (RUI) v1.0.0 cont. 
	HuBMAP Upload Portal 
	CCF Exploration User Interface (EUI)
	Slide Number 33
	Slide Number 34
	Human Reference CCF Atlas: Checklist
	Other
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Q&A
	Metadata per Organ

