
Multi-Level, Multi-Modal CCF UI for Data Providers and Users 
within the Human BioMolecular Atlas Program (HuBMAP) 

MC-IU Team:

Katy Börner, Lisel Record, Bruce Herr II, Leonard Cross, Paul Macklin, Randy Heiland, Jim Sluka & 
Ellen Quardokus
Intelligent Systems Engineering, SICE, Indiana University, Bloomington, IN  
Griffin Weber, Harvard Medical School, Boston, MA 

Samuel Friedman, Opto-Knowledge Systems, Inc.

Common Coordinate Framework (CCF) Workshop

Indiana University, Bloomington
May 9, 2019



Overview

• Data

• 3D Spatial Models Linked to Terminology/Ontology

• CCF Tissue Registration Interface (for Data Providers)

• CCF User Interface (for Data Users)

• Year 2 Plans

• Open Questions
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TMC: Tissue Mapping Center
PSC: Pittsburgh Supercomputing center
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Data: Biological
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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https://github.com/hubmapconsortium/ccf-data-wiki/wiki

Data: CCF Minimum Information Standard

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


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



3D Spatial Models of Organs - Individual Differences
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Example: Kidney

Takazawa et al. analyzed a 
total of 492 kidneys to identify 
differences across individuals.

Within HuBMAP, we need to 
decide what level of detail is 
required to serve HuBMAP data 
use cases.

In Year 2, we plan to 

• Work closely with TMCs to 
identify and review existing 
literature on organ specific 
individual differences—across 
sex, ethnicity, age groups, etc.

• Compile recommendations on 
how to represent individual 
differences. Takazawa et al. (2018) Proposal for a Simple Anatomical Classification

of the Pelvicaliceal System for Endoscopic Surgery. JOURNAL OF 
ENDOUROLOGY, 32:8, 753–758.



3D Spatial Models interlinked with terminology/ontology
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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3D Spatial Models interlinked with terminology/ontology

11

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. 
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CCF Tissue Registration Interface

Kidney 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. 

14

CCF Tissue Registration Interface
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CCF User Interface for semantic + spatial search, filter, review, download 
CCF UI Spec v0.5.0 v2 (Initial Writeup) https://tinyurl.com/y4ywy95t

The initial ‘user story’ features a researcher interested to search for, filter out, review, and download 
biomolecular data in the context of  the whole human body or in spatial relationship to specific organ(s), 
tissues, or cell types. The researcher is also able to learn more about how the data was acquired, to connect 
with data authors, and to submit questions and comments on the CCF UI. 

Consequently, the UI will support 

• Search (ontology supported search) and filter by ontology, anatomy, and metadata

• Visual browsing of tissue samples and metadata at the whole body, organ, tissue, and cell level

• Connect with data authors to inquire about technology details.

• Data download at the whole body, organ, tissue, and cell level. 

• Submit questions and comments on the CCF UI.

In the initial 9m, proof of concept versions of the whole body, organ, tissue and cell level views will be 
implemented. 

The github repo is at: https://github.com/hubmapconsortium/ccf-ui

The deployed release build after 6w of development is at: https://hubmapconsortium.github.io/ccf-ui/
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https://docs.google.com/document/d/1v2YelPbMJuLkerU9dCJWIYJCJeaF4EzIycJnhBnp2KE/edit
https://tinyurl.com/y4ywy95t
https://github.com/hubmapconsortium/ccf-ui
https://hubmapconsortium.github.io/ccf-ui/


CCF UI Spec v0.5.0 interface mockups (PDF) https://tinyurl.com/y2d43zds
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CCF User Interface for semantic + spatial search, filter, review, download 

https://drive.google.com/file/d/1cVnOBPW6CV3GfDXX78V9XqZ2ilZKWCBW/view?ts=5c7972fa
https://tinyurl.com/y2d43zds
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Semantic Search

Semantic Browsing

Semantic Filters



https://bbp.epfl.ch/nexus/cell-atlas

https://www.proteinatlas.org/humanproteome/tissue

Prior Work 

https://bbp.epfl.ch/nexus/cell-atlas
https://www.proteinatlas.org/humanproteome/tissue


Year 2 Plans (June 21, 2019 - June 20, 2020)

• Develop, test, optimize different Tissue Registration UI, optimized for HuBMAP organs.
• Evaluate and enhance functionality of CCF User Interface (UI). 

• Use the CCF UI to serve a Kidney Micro Atlas.
• Run user studies for CCF and Registration 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 UI and HuBMAP tools, and 
• demonstrate new single-cell analysis and mapping techniques. 

• Host another CCF Workshop in collaboration with NYGC in DC.
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Open Questions

• What datasets (in what unified formats) will become available when?  Which will be included 
in first HuBMAP data release in summer 2020?

• What tasks do existing ontologies perform well? Where do they fall short (e.g., uncertainty, 
variability). 

• What tasks do existing user interfaces perform well? Where do they fall short?
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