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HuBMAP: HIVE 
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HuBMAP: HIVE Mapping Component (MC)-Indiana

Project Management/Financial

Stakeholder Analysis, User Needs Analysis, User Studies

Common Coordinate Framework (CCF), Literature Review

User Interface Design

CCF Working Subgroup and CCF Workshop



Research Focus
• Data Visualization Literacy
• Data Mining, Modeling, and 

Visualization
• Science of Science Studies
• Human Computer Interaction, 

Virtual Reality Interfaces
• Cognitive Science, AI
• MOOC Learning Analytics
• Cyberinfrastructure Design

Katy Börner
HIVE MC-Indiana PI
Victor H. Yngve
Distinguished Professor 
of Engineering and IS 
Indiana University (IU)
Founding Director of 
CNS @katycns

Network Ties  
• Board of Trustees, Institute for 

Pure and Applied Mathematics 
(IPAM) since 2018.

• Humboldt Fellow, TU Dresden, 
Germany since 2017.

• Visiting Professor, Department of 
CS and Applied Cognitive Science, 
University of Duisburg-Essen, 
Germany since 2015.

• Visiting Professor, Royal 
Netherlands Academy of Arts and 
Sciences (KNAW), Amsterdam, 
The Netherlands since 2012. 

Cyberinfrastructure for 
Network Science Center 
(CNS)
For 20+ years, CNS has developed 
tools, cyberinfrastructures and 
educational materials for diverse 
scientific communities. 

Börner, Katy. 2015. Atlas of Knowledge: Anyone Can Map. Cambridge, MA: The MIT Press.
Börner, Katy. 2010. Atlas of Science: Visualizing What We Know. Cambridge, MA: The MIT Press.
Börner, Katy, Andreas Bueckle, and Michael Ginda. Data Visualization Literacy: Definitions, Conceptual Frameworks, Exercises, 
and Assessments. Accepted.
NSF grant 1839167: TRIPODS+X: RES: Collaborative Research: Multi-Level Graph Representation for Exploring Big Data.

http://www.twitter.com/MathCancer
http://scimaps.org/atlas2
http://scimaps.org/atlas/


I.10 The Structure of Science - Kevin W. Boyack and Richard Klavans - 2005 http://scimaps.org

http://scimaps.org/


III.8 Science-Related Wikipedian Activity - Bruce W. Herr II, Todd M. Holloway, Elisha F. Hardy, Katy Börner, and Kevin Boyack - 2007 http://scimaps.org

http://scimaps.org/


VI.3 Diseasome: The Human Disease Network - Mathieu Bastian and Sébastien Heymann - 2009
http://scimaps.org

http://scimaps.org/


V.7 A Topic Map of NIH Grants 2007 - Bruce W. Herr II, Gully A.P.C. Burns, David Newman, and Edmund Talley - 2009
http://scimaps.org

http://scimaps.org/


Project Manager Focus
Managing projects, proposal 
development, and strategic 
planning efforts as well as directing 
outreach activities and working 
with Center collaborators. 

Expertise with  
Science Communication, Outreach.

Co-curator (with Börner) of the Places 
& Spaces: Mapping Science exhibit, 
http://scimaps.org since 2013.

Lisel Record
HIVE MC-Indiana PM
Associate Director of CNS, IU. 
15 years of curatorial 
experience at nonprofit and 
public institutions.

NSF grant AISL 1713567: Data 
Visualization Literacy: Research and 
Tools that Advance Public 
Understanding of Scientific Data.

Exhibit Numbers
14 Years
100 Maps of S&T
16 Macroscopes
240 Authors
350+ Venues
4M Website visits

http://scimaps.org/


Network Ties  
Collaborations with developer 
teams at
• SMM Science Museum, 

https://github.com/cns-
iu/xmacroscope

• nanoHUB at Purdue, 
https://nanohub.org

• XSEDE Metrics on Demand 
(XDMoD) 
https://xdmod.ccr.buffalo.edu

• i2b2: Informatics for 
Integrating Biology & the 
Bedside, https://www.i2b2.org

• VIVO Researcher Networking, 
https://duraspace.org/vivo

Open Source Software
CNS develops data-driven, user-focused 
software, visualizations, and web applications. 

CNS’s CIShell (cishell.org) is a data analysis 
and visualization framework, based on Java 
OSGi industry-standard.
It runs analysis and visualization algorithms 
within a single wrapper that enables 
transparent format conversion and workflow 
queueing. 
CIShell tools include the Science of Science 
(Sci2), Network Workbench (NWB), and 
Epidemiology (Epic) Tools that support 
temporal, geospatial, topical, and network 
analysis and vis. (180 algs, 225,000 
downloads)

CNS's Web Visualization Framework (WVF) is 
a highly configurable packaging of several 
industry-standard web libraries (Angular, D3, 
head.js, Bootstrap, and others).
Open source under commercially-compatible 
3-clause BSD or MIT license. 

Bruce Herr II
HIVE MC-Indiana 
Lead System Architect 
at CNS, IU.  15y of 
software development 
(9y in industry).

Development Focus
• Data Federation
• Data Mining and Visualization
• Human Computer Interfaces
• Cyberinfrastructure Design

https://demo.cns.iu.edu/client/hsd/static/heatmap_hour.html

https://github.com/cns-iu/xmacroscope
https://nanohub.org/
https://xdmod.ccr.buffalo.edu/
https://www.i2b2.org/
https://duraspace.org/vivo
https://demo.cns.iu.edu/client/hsd/static/heatmap_hour.html


VIVO can be applied to the human 
biomolecular atlas. Elements of the code 
like Vitro (https://github.com/vivo-
project/Vitro), a full stack framework for 
building semantic web applications as a 
reference implementation, may even be 
repurposed for this project.

Börner, Conlon, Corson-Rikert, 
and Ding. 2012. VIVO: A 
Semantic Approach to 
Scholarly Networking and 
Discovery. Williston, VT: 
Morgan & Claypool Publishers. 

https://github.com/vivo-project/Vitro
https://cns.iu.edu/docs/publications/2012-borner-vivobook.pdf


Griffin Weber, MD, PhD

"Profiles" social networking 
platform for scientists

Social Network Analysis

Triangle of Biomedicine "i2b2" query & analysis 
tool for clinical databases

Record Linkage Across Datasets

Associate Professor
Biomedical Informatics
Harvard Medical School
http://weber.hms.harvard.edu

http://weber.hms.harvard.edu/


Multicellular systems biology
• Diffusive transport of growth 

substrates, signaling factors, …
• ECM models
• Off-lattice cell models.
• Multicellular data standards

Open source software
• BioFVM for transport
• PhysiCell for cell modeling
• MultiCellDS for standards 
• OpenSource.MathCancer.org

Paul Macklin, Ph.D.
Associate Professor
Intelligent Systems Eng.
Indiana University
http://MathCancer.org
@MathCancer

Close experimental ties
• Breast cancer hypoxia in mouse 

models: Daniele Gilkes (JHU)
• Breast cancer invasion in organoid 

models: Andy Ewald (JHU)
• Colon cancer metabolism in organ-

oids: Shannon Mumenthaler (USC)
• Synthetic biology: David Kehoe (IU)
• High-end experimental, microscopy 

communities via NCI CSBC/PSON

Using BioFVM+PhysiCell to simulate 
immunosurveillance of 3-D tumors

[Watch on YouTube (4K)]

Using BioFVM to solve oxygen release in 
a highly-vascularized 3-D tumor tissue

Ties to software community
• Boolean signal networks (Inst. Curie)
• SBML ODE signal networks (IU)
• High-throughput model exploration 

(Argonne National Lab)
• Cloud-hosted simulations in 

nanotherapy (IU, Purdue)
• 3-D rendering (ParaView)
• Broader open source comp bio 

community via MultiCellDS
standards work

• Chaste
• Tissue Simulation Toolkit
• CompuCell3D
• Morpheus 
• …

http://opensource.mathcancer.org/
http://mathcancer.org/
http://www.twitter.com/MathCancer
https://www.youtube.com/watch?v=nJ2urSm4ilU


Building on open source 
software and data standards: 
Python, Jupyter, VTK, ITK, 
Slicer, ParaView, PhysiCell, 
MultiCellDS, ISA-Tab, …

Software engineering, scientific 
data analysis/vis, cybersecurity.

Jupyter notebook GUIs

Randy Heiland
Research Associate,
Macklin Lab
Indiana University
http://rheiland.github.io

MultiCellDS (.xml)

ISA-Tab 

Python 
conversion 
script

http://rheiland.github.io/


Multicellular biology
• Lead Developer for MultiCellular

Data Standard (MultiCellDS)
• Integration of pre-existing 

standards when possible and 
practical

Samuel Friedman, Ph.D.
Staff Scientist
Opto-Knowledge 
Systems, Inc. (OKSI)
Torrance, CA
@CompCancer

Ties to COMBINE Community
• Active member of the 

COmputational Models In BIology
NEtwork (COMBINE)

• SBML, CellML, NeuroML…
• Multicellular modeling
• Annotation of computational 

models with ontologies 
(Washington; Seattle Children’s 
Hospital)

• Preliminary discussions of 
integration of Electronic Health 
Records (EHRs) with Dave Nickerson 
(Auckland)

• Understanding context of the 
data is critical to understanding

Open source software
• Developing APIs for MultiCellDS 

for multiple languages
• Previously developer for HTCondor

Expertise with Geographic 
Information System (GIS)
• Performing data fusion with need to 

translate between multiple 
modalities

• Uncertainty and variability 
quantification with data fusion

• Creation of geographic maps based 
on imaging processing data pipelines

• Algorithm development for ideal 
surveying of geographic domains 

Hierarchical 
Organization of 
Digital Cell Lines 
in MultiCellDS

http://www.twitter.com/MathCancer


Ellen M. Quardokus
Research Associate, 28 yrs of research & 
laboratory and project management 
(25 yrs @ IU)
Indiana University
ellenmq@indiana.edu
HuBMAP MC-Indiana CCF literature 
review 

Common Coordinate Frameworks of Human 
BioMolecular Data: Desirable Properties, Methods, 

Data Structures and Exemplary Interfaces
1. Introduction: Challenges and Opportunities
2. Atlas Building Considerations Across Scales: 

Whole Body vs Organs, Tissues, Cells, Subcellular
3. Common Coordinate Framework (CCF) 

Construction for Different Scales and Regions of 
The Body

4. Ontology Building and Editing from Existing 
Ontologies

5. User Interfaces and Visualization of Ontologies 
& Data 

6. Conclusions and Future Work
7. References

Extensive Expertise in 
Techniques & Troubleshooting:
• Molecular Biology 

• PCR, Illumina Next Generation 
Sequencing (NGS) library 
construction, genomic & 
Sanger sequence analysis, 
DNA/RNA isolation & 
microarray analysis

• Protein Biochemistry
• Protein purification
• Enzymatic assays 
• Custom Antibody Production 

& Testing
• Western blotting
• Radioactive metabolic 

labeling
• Microbial Genetics
• Fluorescence-activated cell sorting 

(FACS)

Part of IU team that submitted Seed Network 
proposal to the Chan-Zuckerberg/Helmsley 
Charitable Trust-The Human Gut Cell Atlas (GCA)

Teaching Experience: 
Human Anatomy & Physiology
Human Genetics
Comparative Anatomy

Extensive Microscopy Expertise
• Fluorescence, Immunofluorescence 
• Electron (SEM/TEM) 
• Sample preparation 
• Image Acquisition 
• Image analysis & Troubleshooting
• Microscope & software training
• Video Tutorials for MicrobeJ analysis

ImageJ plug-in

• Research Project Management
• Database design & management
• Scientific software beta testing
• Software Interface collaborations
• Computer software training 

mailto:ellenmq@indiana.edu


MC-Indiana

User Needs Analysis





User Needs Analysis: Gathering User Stories

• Data was collected during the HIVE kickoff meeting held 
October 11-12, 2018. 

• 26 user stories were provided from NIH and HIVE award 
project participants 

• Data collection took place via a Google Form.   
• Please note that many stakeholders are not represented 

here. Additional data collection continues.

As a computational 
biologist, I would 
like to use HubMAP
to integrate data 
across platforms, 
modalities, and 
organs so that I can 
identify key genes, 
pathways, cell 
types, and common 
principles.As a cell biologist, I 

would like to use 
HubMAP to analyze 
data so that I can 
develop research in 
individual labs



Identify Stakeholders / User Needs Analysis 
Current Study:
1. Demographics
2. Key Functionality
3. Suggest Other Experts

• Snowball Sample  
5. User Studies

• Invitation to participate in user studies for prototype 
interfaces to the HUBMAP Atlas.

Planned Study
Review Existing Atlases

Ask experts to comment, e.g., on 
• Overall Functionality: http://www.emouseatlas.org/emap/home.html,  

http://www.emouseatlas.org/emap/imageBrowse/
• Visual Interface: https://www.openanatomy.org/atlas-pages/
• Ontology-Tissue Browser: https://liveratlas.org
• Access to Data: https://www.igp.uu.se/research/hpa/workflow

Collaboration Opportunity:
User Needs Analyses 
Please let us know if you are interested 
to help specify the look-and-feel plus 
functionality of qualitatively new 
interfaces to tissue data.
User Studies 
Please let us know if you are interested 
to explore and provide feedback on 
initial user interface prototypes.

Collaboration Opportunity:
Please share your input via 
https://bit.ly/2ROGGpg.

http://www.emouseatlas.org/emap/home.html
http://www.emouseatlas.org/emap/imageBrowse/
https://www.openanatomy.org/atlas-pages/
https://liveratlas.org/
https://www.igp.uu.se/research/hpa/workflow
https://bit.ly/2ROGGpg


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

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

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


MC-Indiana

Common Coordinate 
Framework (CCF)



Concept CCF: Anatomic coordinates
Motivation: 
Global coordinates will initially difficult. 
• N universal Cartesian, Barycentric, coordinate system to date 
• Each sample is from a different individual. No expectation of 

aligned boundaries, scaling, etc. 
However:
• Anatomic information allows localization of a sample
• Each sample has its own local coordinates
Concept:
• Use hierarchical anatomic information to localize the sample 

within the body (functionally standardized between people)
• Emplace local Cartesian coordinates 
• Record extra metadata on distances to known landmarks 
• Eventually define global coordinates via landmarks 
• Leverage, combine, and extend elements in existing ontologies 
Existing technologies:
• Physics, Cell, Metadata, Units, and other ontologies
• MultiCellDS (next slide)
• ApiNATOMY and other anatomic annotations / ontologies



MultiCellDS goal:
Standardize (extracted) 
multicellular data:
• Metadata
• Cell line parameters
• Single-time snapshots
• Time course data 

Multidisciplinary Team:
• Clinicians
• Biologists
• Data Scientists
• Mathematicians

International Team:
• USA, UK, Netherlands, 

Germany (for now) 

Involvement of the open 
source community:
• Chaste, Morpheus, 

Tissue Simulation 
Toolkit, PhysiCell, 
BioFVM, CellSys*

Metadata:
• Creator, curator, contact …
• Versioning
• Provenance: data sources

Phenotype dataset:
• Microenv. context
• Hierarchical Phenotype

• size, cycle, death, 
motility, secretions, ...

• Easily extended with 
molecular-level details

Digital Cell Lines:
For a single cell type: 
• Metadata
• One or more phenotype 

datasets

Digital Snapshots:
• Metadata
• Spatial sampling of ME
• Spatial list of blood vessel 

segments 
• Spatial list of all cells and 

their phenotypes
• Can use cell densities, too
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Toolkit, PhysiCell, 
BioFVM, CellSys*
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• Versioning
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• Microenv. context
• Hierarchical Phenotype

• size, cycle, death, 
motility, secretions, ...

• Easily extended with 
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Digital Cell Lines:
For a single cell type: 
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Digital Snapshots:
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• Spatial sampling of ME
• Spatial list of blood vessel 
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• Spatial list of all cells and 
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• Can use cell densities, too
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Metadata

Microenvironment
Variables

Mesh information

Variable data

Basement membranes

Vascular network

Cellular Information

Mesh information

Cell populations

Digital cell lines



Early example: Breast cancer pathology

Presenter
Presentation Notes
We have just begun this work. We so far have a pipeline to segment clinical pathology data into nuclear objects, quantify morphometric properties, and record them in our standardized MultiCellDS digital snapshot. 

We’re now working on deep learning approaches on these extracted features to match tissue patterning to patient outcome.  We’ll next use the network to perform “image searches” against this data set, to see which simulations map onto a good or a bad prognosis. 





Digital snapshots allow semantic, multiscale annotation for image-based data

<microenvironment>
<variable name=“oxygen”>

<concentration units=“molar”>1e-5</concentration>
</variable>
…

</microenvironment>

<cell id=138 type="Kupfer">
<cell_cycle />
<geometric_properties />
<molecular_properties />
<cycle_state/> 
….

</cell>

<cell id=137 type="hepatocyte">
<cell_cycle />
<geometric_properties />
<molecular_properties />
<cycle_state/> 
….

</cell>
<cell id=139 type="stellate">

<cell_cycle />
<geometric_properties />
<molecular_properties />
<cycle_state/> 
….

</cell>

<cell id=137 type="hepatocyte">
<cell_cycle />
<geometric_properties />
<molecular_properties />
<cycle_state/> 
….

</cell>

Presenter
Presentation Notes
We have just begun this work. We so far have a pipeline to segment clinical pathology data into nuclear objects, quantify morphometric properties, and record them in our standardized MultiCellDS digital snapshot. 

We’re now working on deep learning approaches on these extracted features to match tissue patterning to patient outcome.  We’ll next use the network to perform “image searches” against this data set, to see which simulations map onto a good or a bad prognosis. 





Build on existing, open source tools:  ParaView

Interactive viewing, clipping, slicing, animation



Initial 9 Months 

• Highly modular design,
• Using existing APIs, and
• Aligned with existing standards.

• Collaborate with the best teams.
• Document well to speed up adoption.
• Code will be released as open source under the commercially-compatible 

3-clause BSD or MIT license.

• New visualizations will be taught in IVMOOC.cns.iu that students from 100 
countries take each Spring.



Open Questions

• What things do existing ontologies and user interfaces well (e.g., organs, 3D 
rendering) and NOT do well (e.g., uncertainty, variability). 

• Should the MC teams focus on whole body, only organs (e.g., those that TMCs 
focus on), or one organ? 

• 2D or 3D? Most datasets are 2D but human body is 3D.
• Single CCF or multiple, e.g., male/female? Unique opportunity to compute, 

visualize, and understand variations across individuals.
• What datasets will become available when? How to avoid that first organ-

specific data that becomes available impacting the development a general 
CCF?

• Many more …
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