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Why construct a Human Reference Atlas (HRA)? 
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The Human Reference Atlas (HRA) 
1. defines the 3D space and shape of anatomical structures and cell types that 

are of biomedical relevance plus the biomarkers used to characterize them. 
Anatomical structures, cell types and biomarkers are validated and 
represented in/added to ontologies (Uberon/FMA, CL, HGNC).

2. defines how new datasets can be mapped to the HRA, e.g., spatially using the 
Visible Human CCF or Vasculature CCF, via ASCT+B ontology terms/IDs, or 
via gene expression data as in Azimuth.

3. it is

• authoritative (there exists expert agreement and it was validated by 
data),

• computable (supports API queries, UIs),

• published as LOD (connected to gene, disease, and other ontologies 
and data),

• open (anyone can use the HRA data and code), and

• continuously evolving (e.g., as new technologies become available).

https://www.nature.com/articles/s41556-021-00788-6 

Defining the  Human Reference Atlas (HRA) 
 

https://www.nature.com/articles/s41556-021-00788-6


Constructing the  Human Reference Atlas – Together! 
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Atlas Construction  



Atlas Construction

Requires careful data collection and processing, 100% provenance so all 
results can be reproduced.   

History of Map Mapmaking in Atlas of Science

For generations, a vast network of repeating sightline triangles 
was meticulously measured and recorded. What resembles a 

pattern of eyelashes on the northern border represents the 
sightlines to stations built above treetops. While analyzing the 
triangles in the calculating offices of Calcutta, the mapmakers 

discovered the highest peak in the world: Mount Everest.

https://mitpress.mit.edu/60-off-the-atlas-trilogy-from-katy-borner/ 

https://mitpress.mit.edu/60-off-the-atlas-trilogy-from-katy-borner/


Atlas Construction

Requires careful data collection and processing, 100% provenance so all 
results can be reproduced.   

https://zenodo.org/record/7382704#.Y5Zy7BzMIuU 

https://zenodo.org/record/7382704#.Y5Zy7BzMIuU


VU presented process in ASCT+B WG Meeting #22 on Jan 12, 2022, 11a ET



VU presented process in ASCT+B WG Meeting #22 on Jan 12, 2022, 11a ET



VU presented process in ASCT+B WG Meeting #22 on Jan 12, 2022, 11a ET



Atlas Construction

Requires careful data collection and processing, 100% provenance so all results can be 
reproduced.

Please make sure to generate/share for each tissue block/section/suspension
● All essential donor, organ, sample, and assay metadata
● Spatial RUI registration data
● High-resolution histopathology images--used for AS and FTU segmentation
● scRNAseq data--to generate cell type annotations via Azimuth
● CODEX/CellDive/MxIF--use/contribute to OMAPs, see next slide 

In addition, please consider
● Running the assays on the same or adjacent tissue sections
● Utilization of biomarkers mapped to ASCT+B via Azimuth references and OMAPs



Azimuth Reference Mapping 
Mapping to Azimuth Single-cell References: 

● Enables integration, re-use, and comparison of data 
across labs and consortia

● Encourages community adoption of ontologies and 
standards

● Projects HuBMAP data into consistent cell labels



Azimuth: Bridge Integration to Annotate/Map scATAC-seq Data to HRA

scATAC-seq measures DNA accessibility per cell
● Data is sparse and difficult to annotate

Goal: Use bridge integration (Hao et al., 2022) to map scATAC-seq query to scRNA-seq reference
● Learn dictionary representation of RNA reference and ATAC query to transfer annotations

https://satijalab.org/seurat/articles/bridge_integration_vignette.html

https://satijalab.org/seurat/articles/bridge_integration_vignette.html


Organ Mapping Antibody Panels (OMAPs)  

Created by Diane Saunders, Vanderbilt University. Now accepted for Nature Methods.



https://hubmapconsortium.github.io/ccf/pages/omap.html 

OMAPs How to Contribute  (Andrea Radtke, NIAID, NIH) 

Interested in contributing to OMAPs?
Contact: 
Andrea Radtke andrea.radtke@nih.gov
Ellen Quardokus ellenmq@indiana.edu 
Michael Caldwell michael.caldwell@northwestern.edu 

Goals for OMAPs:
● Offset the considerable time (6-8 months) and cost (~$30-60,000 in 2022 USD) associated with creating 

such resources de novo
● Standardize data acquisition for multiplexed tissue imaging studies
● Empower construction of atlases from healthy and diseased human tissues
● Support the spatial biology community by aggregating highly cited antibody clones
● Identify essential markers for anatomical structures and cell types in diverse human organs

● OMAP table template
● OMAP description document template

● SOP: Construction of Organ Mapping Antibody 
Panels for Multiplexed Antibody-Based Imaging of 
Human Tissues

● Frequently Asked Questions (FAQs) for OMAPs

https://hubmapconsortium.github.io/ccf/pages/omap.html
mailto:andrea.radtke@nih.gov
mailto:ellenmq@indiana.edu
mailto:michael.caldwell@northwestern.edu
https://hubmapconsortium.github.io/ccf/pages/omap-extras/omap-table-template.xlsx
https://hubmapconsortium.github.io/ccf/pages/omap-extras/omap-description-document-template.docx
https://doi.org/10.5281/zenodo.5749882
https://doi.org/10.5281/zenodo.5749882
https://doi.org/10.5281/zenodo.5749882
https://hubmapconsortium.github.io/ccf/pages/omap-faq.html


https://humanatlas.io 

https://humanatlas.io


Planned Changes in HRA Digital Objects for 5th Release (April 1, 2023 Deadline)

Azimuth

Organs in work:
● Liver
● Small and large intestine
● Skin
● Retina

HRA

29 Organs total
57 3D reference organs (L/R, M/F)





Human Reference Atlas



Human Reference Atlas (HRA) Portal 
HRA Use Cases: Three key 
use cases have been 
identified, discussed with 
experts, and help prioritize 
HRA construction and usage:

US#1 API to HRA, e.g, to 
improve CT annotation

US#2 API to HRA to predict 
spatial location of tissue

US#3 Exploration of CTs, Bs to 
understand what changes with 
age or during disease 

https://humanatlas.io 

https://humanatlas.io


Specimen, Biological 
Structure, and Spatial 
Ontologies in Support of a 
Human Reference Atlas 
https://biorxiv.org/cgi/content/
short/2022.09.08.507220v1 

Human Reference Atlas data and APIs

https://biorxiv.org/cgi/content/short/2022.09.08.507220v1
https://biorxiv.org/cgi/content/short/2022.09.08.507220v1






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

Registration User Interface (RUI)

RUI supports 57  organs (L/R, M/F) with 1,542 anatomically correct 3D anatomical structures.

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




Exploration User Interface (EUI)

 

https://portal.hubmapconsortium.org/ccf-eui EUI supports search for 1,542 AS and 953 cell types. Will soon add search for biomarkers.

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


Note: The screenshot shows HuBMAP data



Exploration User Interface (EUI)

 

https://portal.hubmapconsortium.org/ccf-eui More than 5,000 tissue datasets from 4 consortia have been RUI registered.

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


Exploration User Interface (EUI) - Spatial Search

 

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

See demo of spatial 
search at 
https://www.youtube.c
om/watch?v=UfxMpza
towE

Cell types in lower left 
are from ASCT+B 
Table data. 

Explore spatial search 
at 
https://portal.hubmapc
onsortium.org/ccf-eui 
and 
https://gtexportal.org/
home/eui 

Spatial search API is ready for HuBMAP portal wide usage.

https://portal.hubmapconsortium.org/ccf-eui
https://www.youtube.com/watch?v=UfxMpzatowE
https://www.youtube.com/watch?v=UfxMpzatowE
https://www.youtube.com/watch?v=UfxMpzatowE
https://portal.hubmapconsortium.org/ccf-eui
https://portal.hubmapconsortium.org/ccf-eui
https://gtexportal.org/home/eui
https://gtexportal.org/home/eui


Exploration User Interface (EUI) & Vitessce

 

https://portal.hubmapconsortium.org/ccf-eui Works. Need to connect OMAP data to ‘Spatial Layers’ image channels. TMCs have this info.

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


Interactive FTUs: Explore CT x B matrices for 19 FTUs across organs--what 
changes as we age, change BMI?

UI Specification done and tested. Will be implemented for 19 FTUs by June 2023. Need Kaggle 2 code + Azimuth/OMAP references to compile cell x gene, cell x protein data at FTU level.



Interactive FTUs: Data  

Use Azimuth references + OMAPs to assign ontology aligned 
CT / B names to bulk or spatially explicit experimental data.  

Use Kaggle 1 code Matt@TC-CMU 
productized on Portal to segment FTUs.

ASCT+B tables record what 
CTs are found in which FTUs.  





Scientific Map/Atlas construction requires data/code that is 
documented/shared so others can reproduce results

https://portal.hubmapconsortium.org 

Previews explain 
new data, code, 
functionality. 

https://portal.hubmapconsortium.org


SenNet Talks on HRA construction and usage:

● 2022.06.01 SenNet-Biomarkers Slides, Recording (at 35 min mark) 
● 2022.04.27 Onboarding SenNet TMCs Slides, Recording

https://docs.google.com/presentation/d/1FpuAVEcImnlbMZ-W5K8Mx51HwiFpCFcW/edit#slide=id.p1
https://drive.google.com/drive/folders/1xa8-6Ihj890u2woYzUoOQC8Wf3n1zaR1
https://drive.google.com/drive/u/0/folders/1dndki-t57oIanlXpWrVRgvoL1GZ6Ogxd
https://drive.google.com/drive/u/0/folders/1dndki-t57oIanlXpWrVRgvoL1GZ6Ogxd


Visible Human MOOC 
https://expand.iu.edu/browse/sice/cns/courses/hubmap-visible-human-mooc 

https://expand.iu.edu/browse/sice/cns/courses/hubmap-visible-human-mooc


https://humanatlas.io/events/2022-24h 

https://humanatlas.io/events/2022-24h


Conclusions



Human Reference Atlas construction requires high-quality data

We understand that all TMCs are expected to generate and submit the following for their relevant 
tissue:
1. Histopathology images
2. scRNAseq data
3. CODEX/CellDive/MxIF 

In addition to basic expectations on types of data generated per tissue, there are other important 
considerations such as:
1. Running the assays above on the same or adjacent tissue sections
2. Including all essential donor, organ, sample, and assay metadata
3. RUI registration of all tissues
4. Utilization of biomarkers mapped to ASCT+B via Azimuth references and OMAPs

Plus, 3D data will be critically important to understand cell structure and function in their native 3D 
context. We would like to collaborate with teams that (will) generate 3D data.



GE Research and U. Pittsburgh RTI: 3D reconstruction of multiplexed skin samples and spatial cell analysis

  

Lower forearm, marked sun exposure, 69 years

Distance mapping to nearest endothelial cell

Cell type classification 
(epithelial, immune, 

endothelial…)
3D “Digital Twin” of skin cells and quantitative interactive 

spatial distances (Yingnan Ju and Katy Börner, IU)  

Multiplexed imaging of 18 skin biomarkers from 40 patients 
(Caucasian and African American)

3D Volume Reconstruction of 
24 serial sections with micro 

CT as reference 

Registration of Skin Biopsy location using RUI

Registration of Skin Biomarkers in ASCT+B & OMAP

Tissue data collection: microCT imaging of skin 
FFPE blocks for multiplexed image 3D 

reconstruction 



Early Maps are NOT perfect or complete  

Places & Spaces: Mapping Science exhibit: https://scimaps.org/map/1/3

https://scimaps.org/map/1/3


Early HRA will show organs that are funded. 
It will NOT be perfect or complete.  
First Phase                              Organs added in Production Phase

  



HRA will be multiscale!

The multi-scale HRA covers more than 1,500 anatomical structures in the male and female body. A zoom into the 
kidney (10 mm level) reveals a representative view of a renal corpuscle (200 μm level), a subsegment of one of the 
ca. 1 million FTUs (nephron) of the kidney that is important in filtration.  Podocytes, one of the cells important in 
filtration (μm level) with nucleus (in blue) and a protein NPHS1 that maintains the structural integrity of the filtration 
barrier (yellow) is illustrated.



Questions


