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Overview
• Introduction
• Y1 Q3 Progress Report

• CCF Ontology 
• CCF Meta-Data Review
• CCF Data Wiki
• CCF User Interface (UI)

• Y2 Plans (June 21, 2019 - June 20, 2020)

• CCF Mapping and Ontologies 
• CCF UI and Tissue Registration UI
• Visual Human Massive Open Online Course (VHMOOC)
• User Studies
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Y1 Q3 Progress - Ontology for Kidney
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CCF Ontology: some guiding principles
• Reuse existing ontologies and data formats developed for projects similar to HuBMAP to the greatest extent 

possible
• GUDMAP / RBK
• Human Cell Atlas
• …

• Reuse domain-specific ontologies and data formats
• OME-Tiff (Open Microcopy Community advanced image format)
• MIAME (Minimum Information About a Microarray Experiment)
• …

• Leverage HuBMAP domain expertise!
• Each TMC is an expert in its organ. Capture this in the organ-specific ontologies. 

• Use a standard Ontology format and development tools
• We will use OWL
• Include test cases in the ontology itself (e.g. both A-box and T-box) for testing, validation and demonstration purposes.

• Cross-link with existing ontologies as much as possible
• Need partOf trees for simplified navigation in GUI.
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CCF: Source Ontologies
Anatomic/Phenotypic
• Uberon
• Foundational Model of Anatomy (FMA) 

(has anatomical terms NOT in Uberon)
• Human Phenotype Ontology (HPO)
• Phenotype and Trait Ontology (PATO)
• Organ specific: Kidney Tissue Atlas Ontology (KTAO) and LungMAP
Tissue/Data Collection
• Biological Spatial Ontology (BSPO)
• Ontology of Biomedical Investigations (OBI)
• EDAM (Bioinformatics concepts)
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(Sub-)Cellular

• Cell Ontology (CL)

• Gene Ontology (GO)

• Chemical Entities of Biological Interest (ChEBI)

• RNA Ontology (RNAO)

• Protein Ontology (PR)

• Cell Behavior Ontology (CBO)

Metadata

• Basic Formal Ontology (BFO)

• Information Artifact Ontology (IAO)

• Ontology of units of Measure (OM)

• Provenance, Authoring and Versioning ontology (PAV)

• VIVO (Identifying researchers)

MeSH and NCI Thesaurus 

Open Biological and Biomedical Ontology (OBO) 
Foundry is a collective of ontology developers that are 
committed to collaboration and adherence to shared 
principles.
BioPortal is a collection of ontologies for biomedical 
research.



Current CCF Ontology 
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• Uses Uberon and user-supplied tables of terms 
to create a SLIM ontology

• Users (initially TMCs) can request missing terms 
as needed

• "partOf" and other partonomy terms used to 
help relate concepts

• Requires domain expertise!
• Individual TMCs will need to pitch in for 

their specific organs to refine 

• Click here to visualize the current CCF ontology

https://vega.github.io/editor/#/gist/vega/bherr2/542482aea690cea2a299f5153aa212eb/2e98dc9e351985112e9de8b7a15d5e47c3926001/hubmap-partonomy.vg.json/view
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Y1 Q3 Progress – CCF Meta-Data Review
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IU CCF Initial (v0.5.0) Image Formats

Basic image: OME-Tiff as the base “image” format based on:
• 2D to 4D data (includes movies)
• more than three “color channels”
• More flexible “color” data format (int, float, etc.)

Regions of images: SVG with annotations 
(aligned with a particular OME-Tiff)

Volumetric (e.g., computed tomography, MR, ultrasound, …)
• Data normally represented as volumes or surfaces
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Data. Is very heterogeneous. Must provide guidance.
Kidney: Jeff Spraggins et al., VU

See data on Globus, BIOMIC_patient-64354

Clinical and Spatial Metadata (21 rows)

Cell Types, on right

Cell States (9 rows)

Heart: Shin Lin, UW

Year 1: Tissue data for 1-2cm cubed volumes from 9 
sites for 1 heart from 1 individual. 

Data Dictionary (115 rows)

Cell Types (14)
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Data: Clinical
Kidney: Jeff Spraggins et al., VU

Clinical and Spatial Metadata (21 rows)

Heart: Shin Lin, UW

Data Dictionary (115 rows)
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Kidney: Jeff Spraggins et al., VU

See data on Globus, BIOMIC_patient-64354

Heart: Shin Lin, UW

Year 1: Tissue data for 1-2cm cubed volumes from 9 
sites for 1 heart from 1 individual.

Terminology; Coordinates and photos to spatialize
BUKMAP, Zhang Group
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Data: 3D Tissue



Data: TMCs x Organs x Data Types x Technologies

Organs (10)
1. Bladder
2. Blood Vessel (Heart)
3. Breast
4. Colon
5. Kidney
6. Liver
7. Lung
8. Spleen
9. Thymus
10. Tonsil

No Bone Marrow 
and Pancreas.
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Data Types (13) Technologies (~25)
1. Imaging - Proteins CODEX;DART-FISHrp;IF;IHC;LRET-IF;MALDI Imaging MS;PER-DEI
2. Imaging - RNA DART-FISH;LRET-ISH;MERFISH;PER-DEI;seqFISH;smFISH
3. Imaging - DNA PER-DEI
4. Imaging - Other Lipid and Metabolite MALDI Imaging MS
5. scRNAseq snDropseq;scRNAseq
6. scDNAseq scATACseq;scTHSseq;SNAREseq
7. scProteomics IMC
8. bulk-Proteomics LC-MS/MS
9. bulk-RNA ?
10. bulk-DNA ?
11. Metabolomics LC-MS/MS;nano-POTS
12. Lipids LC-MS/MS;nano-DESI
13. Other Autofluorescence;PAS stained microscopy

BUKMAP, Zhang Group



Review of Meta-data formats of similar projects

Other NIH Centers
• GenitoUrinary Development Molecular Anatomy Project (GUDMAP) 
• (Re)Building a Kidney (RBK)
• Kidney Precision Medicine Project (KPMP)

Other Efforts
• Human Cell Atlas (HCA)
• ApiNATOMY
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CCF Data Wiki  
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https://github.com/hubmapconsortium/ccf-data-wiki/wiki

Minimum Information Standard

https://github.com/hubmapconsortium/ccf-data-wiki/wiki


Y1 Q3 Progress - CCF User Interface (UI)  
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Y1 Q3 Progress - CCF User Interface (UI)  

20GitHub demo site: https://hubmapconsortium.github.io/ccf-ui/

https://hubmapconsortium.github.io/ccf-ui/
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Y1 Q3 Progress - CCF User Interface (UI)  



Y1 Q3 Progress - CCF User Interface (UI)  
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MC-IU has released CCF user interface v0.5.0, a proof-of-concept version of the CCF UI. 
The user interface supports:

• Visual browsing of tissue samples and metadata at the whole body, organ, tissue, and cell level.
• Filtering by metadata (age, gender, TMC, and technology), results are presented at all views.
• Submission of questions and comments on the CCF UI.
• Semantic search by ontology, results are presented at all levels.
• Data download at the whole body, organ, tissue, and cell level, i.e., link 

to https://sampledata.hubmapconsortium.org.

See also: 
Recorded demo: https://www.youtube.com/watch?v=rWMqKQc_00w&feature=youtu.be
GitHub link to code: https://github.com/hubmapconsortium/ccf-ui
GitHub demo site: https://hubmapconsortium.github.io/ccf-ui/
Original specs: https://drive.google.com/open?id=1tqUzmVLxwqcGprtRIevfY86YvHHPEsDR

Live Demo!

https://sampledata.hubmapconsortium.org/
https://www.youtube.com/watch?v=rWMqKQc_00w&feature=youtu.be
https://github.com/hubmapconsortium/ccf-ui
https://hubmapconsortium.github.io/ccf-ui/
https://drive.google.com/open?id=1tqUzmVLxwqcGprtRIevfY86YvHHPEsDR


CCF Workshop
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All slides, video recordings are at https://ccfws.cns.iu.edu

https://ccfws.cns.iu.edu/


Y2 Plans  
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• CCF Mapping and Ontologies 
• CCF UI and Tissue Registration UI
• Visual Human Massive Open Online Course (VHMOOC)
• User Studies



Y2 Plans: CCF Mapping and Ontologies   

25

• Complete kidney ontology and switch to “part of” hierarchy
• V1.0.0 Data format specifications for image data including 

specification of identified regions
• Patient, sample and technology metadata ontologies in 

collaboration with the tissue centers
• Lung ontology



Y2 Plans: CCF UI and Tissue Registration UI
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Tissue Registration UI: Heart (depending data availability) 
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Align 9 tissue samples in 3D heart using a combi of

• Rough placement using human expertise/3D 
pattern matching and 

• Fine adjustments using machine learning

Virtual tissue samples will be sized 1-2cm cubed, 
numbered (1 … 9), and oriented (left-right, top and 
bottom tissue slice of z-stack).  

Measure error from

• precision of tissue sample procurement and

• placement in the 3D browser

We hypothesize that placement accuracy will improve 
when additional information (e.g., landmarks, major 
scaffolds, MR/CT scan of heart after 9 samples were 
extracted) is being visible in virtual organ.  
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Heart model from NLM3D Data
https://lhncbc.nlm.nih.gov/project/visible-human-project

https://lhncbc.nlm.nih.gov/project/visible-human-project


• Exploit human pattern 
recognition and fine motor skills 
(by surgeons) to register tissue 
in organs. 

• Add info on anatomical 
landmarks, cell types, molecular 
data to support alignment.

• LATER: Use human alignment 
data as training data for 
machine learning algorithms, to 
better support manual 
alignment OR to possibly fully 
automatize alignment. 30

Kidney model from NLM3D Data
https://lhncbc.nlm.nih.gov/project/visible-human-project

Tissue Registration UI: Kidney

How many of you have used 
a VIVE or space mouse?

(depending data availability) 

https://lhncbc.nlm.nih.gov/project/visible-human-project
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Kidney model from NLM3D Data
https://lhncbc.nlm.nih.gov/project/visible-human-project

https://lhncbc.nlm.nih.gov/project/visible-human-project
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See presentation by Seth 
Winfree for details 
https://ccfws.cns.iu.edu

KPMP GLUE grant 
proposal in progress.

https://ccfws.cns.iu.edu/


• Use the CCF UI to serve a Kidney Micro Atlas.
• Go from Proof of Concept to fully-realized application

• Fully integrate heart and kidney data
• Integrate Tissue Registration UI data
• Integrate expanded CCF Ontology
• Connect to data/queries via IEC APIs and infrastructure

• Collaborate on a common Tissue Viewer

33

Y2 Plans: CCF UI 



Research and develop a Visual Human Massive Open Online Course (VHMOOC) 
hat helps communicate the

• quality and coverage of HuBMAP data, 
• utility and proper usage of CCF Tissue Registration, CCF UI, and HuBMAP

tools, and 
• demonstrate new single-cell analysis and CCF mapping techniques.

First interviews with experts will be run at the HuBMAP meeting at Stanford U.
Please let MC-IU know if you are interested/available to showcase your work. 
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Y2 Plans: 
Visual Human Massive Open Online Course (VHMOOC)
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Y2 Plans: User Studies 
Conducting in-depth interviews with experts to understand 
user needs (Y1Q3, will continue in Y2Q1)
Information gathered will inform both the Tissue Registration UI and the 
Common Coordinate Framework UI.

Identified 6 draft personas (Y1Q3, will refine in Y2)
Generator, Analyst, Technologist, Computationalist, Data Provider, 
Educator/StudentBased on interviews, user stories, surveys, and 
comparisons with similar projects (HCA, KPMP)

We welcome your feedback on their applicability across the project. 
Review and provide feedback at https://bit.ly/2ZFHwYW.

Developed methodology and obtained IRB approval for user 
studies to be conducted in Y2 (Y1Q3)
Task-oriented user testing to improve the CCF user interface. Administered 
online, with HuBMAP members and other biological researchers who are 
representative of users based on their research interests.

https://bit.ly/2ZFHwYW
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