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Presentation Notes
Introduce yourself, CNS, working on HRA since 2018, NOT a biologist, programmer and data nerd at heart, try to connect worlds



Human Reference Atlas Collaborators

● HuBMAP
● SenNet
● GTEx
● KPMP
● GUDMAP
● 13+ other consortia
● 250+ subject matter experts
● Funded by NIH and CIFAR
● Supported by HCA // Human Cell Atlas
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HRA is a product of many collaborations over 6 years



Source: https://hubmapconsortium.org/about/

HuBMAP Contributing Sites
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Early history of the HRA and HuBMAP

● HuBMAP started in 2018 with the goal of 
mapping the human body down to the 
cellular level

● The IU team started off with creating a 
common coordinate framework, that 
eventually evolved into the HRA

● In 2023, we published HRA v2.0
● We are now in the production phase of 

HuBMAP
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HuBMAP’s aim is to create a map of the human body down to the cellular level. HRA is a direct output of this effort.



What is the HRA?



Human Reference Atlas (HRA)
A comprehensive, ontologically aligned, high-resolution, three-dimensional, 
multiscale atlas of anatomical structures and cells in the healthy human body
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HRA is naming and connecting across scales









Human Reference Atlas

User Stories guide the HRA development and keep it 
grounded in providing value

User stories are centered around

● Construction - Facilitate atlas construction by aligning 
new tissue blocks with existing data

● Usage - Use the atlas to gain insights into changes 
that occur at all levels in the body with aging or 
disease

● Sustainability - Ensure atlas sustainability with 
processes that encourage collaboration and guide 
future development



HRA User Stories
More than 30 one-on-one interviews were 
conducted with atlas architects, i.e., experts 
who serve as principal investigators or are 
otherwise intimately involved in the 
construction of the latest generation of 
human atlases, including BICCN, GTEx, 
GUDMAP, HCA, HuBMAP, Human Tumor 
Atlas Network (HTAN), KPMP, LungMAP, 
(Re)building the Kidney (RBK), and SenNet. 

In addition, six programmers from different 
human atlas projects were surveyed.

Table on right shows feature summary, 
target user roles, user activities, and added 
value for seven user stories that drive HRA 
development. 
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Human Reference Atlas

Naming and connecting across scales

● Anatomical Structures
● Functional Tissue Units
● Cell Types
● Biomarkers



Human Reference Atlas

Connecting and empowering people

● Subject Matter Experts
● Ontologists
● Programmers
● Experimentalists
● Researchers, Clinicians, and Pathologists



Human Reference Atlas

Relevance to Urology

● Measure what’s healthy to compare to what’s 
unhealthy

● Knowledge and data resource
● Open data and code, reproducible workflows, 

lightweight user interface components

NOTE: Not ready for clinical practice



Tour of the HRA





ASCT+B Table Framework
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Kidney 



Ureter



Urinary Bladder



Prostate



Uterus





https://www.nature.com/articles/s42003-022-03644-x | Data:  https://humanatlas.io/3d-reference-library

HRA 3D Reference Organs
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https://www.nature.com/articles/s42003-022-03644-x
https://humanatlas.io/3d-reference-library


HRA 3D Reference Organs: kidney, ureter, bladder, prostate, and uterus

Male Female





https://www.biorxiv.org/content/10.1101/2023.10.16.562593v3 | Data: https://humanatlas.io/2d-ftu-illustrations

HRA Functional Tissue Units (FTUs)
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https://www.biorxiv.org/content/10.1101/2023.10.16.562593v3
https://humanatlas.io/2d-ftu-illustrations


Kidney - Ascending Thin Loop Of Henle



Kidney - Cortical Collecting Duct



Kidney - Descending Thin Loop Of Henle



Kidney - Inner Medullary Collecting Duct



Kidney - Nephron



Kidney - Outer Medullary Collecting Duct



Kidney - Renal Corpuscle



Kidney - Thick Ascending Loop Of Henle



Prostate - Glandular Acinus





OMAP Framework

OMAPs are wet-bench validated collection of antibodies that are designed to work together in 
multiplex antibody imaging technologies (CODEX/Phenocycler, CellDive, SIMS, etc.) primarily 
for identifying specific classes of cell types or tissue regions/layers.
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Kidney - OMAP-3





Vasculature Common Coordinate Framework



VCCF Video: https://youtu.be/zQeMgxo8n_U

https://youtu.be/zQeMgxo8n_U


Template
ao

rt
a

ve
na

 c
av

a

he
pa

tic
 p

or
ta

l v
ei

n

trabeculae

capsule

hilu
m

duct section 2

duct section 1capillary

capillary

air/fluid
flow

ep
ith

el
ia

l c
el

l l
ay

er

function tissue unit
segment

artery

vei
n

arteriole

venul
e

ca
pi

lla
ry



outer renal cortex

hilum corticomedullary 
junction

renal 
columns

renal 
corpuscle

renal 
artery

segmental 
artery*

interloba
r artery

arcuate 
artery

interlobular 
artery

af
fe

re
nt

 
ar

te
rio

le

ef
fe

re
nt

 
ar

te
rio

le

st
el

la
t

e 
ve

nu
le

interlobular 
vein

arcuate 
vein

interlobar 
vein

segmental 
vein?

renal 
vein

st
ra

ig
ht

 
ve

nu
le

descendin
g vasa 
recta

ascending 
vasa recta

distal convoluted tubule

macula densa

proximal convoluted tubule segment 2

proximal convoluted tubule segment 1

renal papilla

collecting duct 

connecting duct

visceral epithelial layer of capsule

parietal epithelial layer of capsule
mesangiu
m

inner 
medulla

inner 
stripe

outer 
stripe

renal medulla

thin 
ascending 

limb

thick ascending limb

loop of 
Henle

thin descending 
limb

short nephron

short 
nephron

lo
ng

 n
ep

hr
on

proximal straight 
tubule

va
sa

 
re

ct a

passage 
of urine

renal 
cortex

Bowman's 
capsule

proximal 
tubule

segmental blood vessels:

• inferior segmental renal artery
• anterior inferior segmental renal 

artery
• anterior superior segmental renal 

artery
• posterior segmental renal artery
• superior segmental renal artery

peritubular capillaries (p.c.'s)

vascula
r pole

tubular pole

glomerular 
capillary

p.c.'s

p.c.'s

p.c.'s

p.c.'s

p.c.'s

p.c.'s

p.c.'s

vasa recta

p.c.'s

Vascular Geometry for kidney
ab

do
m

in
al

 a
or

ta

in
fe

rio
r 

ve
na

 c
av

a

Presenter Notes
Presentation Notes
The hilum of the kidney does not appear to be in the later kidney ASCT+B table, but there is a mapped UBERON ID associated with it. The corticomedullary junction is equivalent to the juxtamedullary cortex in the ASCT+B table.





Experimental Dataset Framework





HRA-mapped Data: kidney, ureter, bladder, prostate, and uterus





HRApop Framework



HRApop data: kidney, ureter, bladder, prostate, and uterus

ASCT+B and 3D Reference 
Organs Cell Type Annotation Tools

Organ

Datasets 
with H5AD 

file

#AS in 3D 
(male + 
female) #AS #CT

#CT in 
Azimuth

#CT in
CellTypis

t
#CT in

popV
kidney 207 116 61 70 58 34 0

prostate gland 34 18 13 19 0 0 13

urinary bladder 0 15 16 15 0 0 14

ureter 0 4 7 14 0 0 0

uterus 23 10 61 18 0 0 13

Total (sum, not 
unique)

264 159 151 122 58 34 40
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HRAlit Framework
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HRAlit data: kidney, ureter, bladder, prostate, and uterus 

Organ #Publications #Experts #Institutions
#Funded 
Projects #Funders

kidney 762,095 59,910 8,899 97,041 1,485

prostate 174,800 23,131 5,078 34,219 907

ureter 62,702 3,921 1,564 3,294 144

urinary bladder
133,489 10,343 3,131 14,713 460

uterus 71,489 3,266 1,417 8,470 177

Total (sum, not 
unique) 1,204,575 100,571 20,089 157,737 3,173
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Using the HRA



HRA Knowledge Graph Framework



HRA API and Applications



https://humanatlas.io/overview-tools

ASCT+B Reporter User Interface
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Earlier figure by Heidi

https://humanatlas.io/overview-tools


https://humanatlas.io/overview-tools

Registration User Interface (RUI)
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https://humanatlas.io/overview-tools


https://humanatlas.io/overview-tools

Exploration User Interface (EUI)

Presenter Notes
Presentation Notes
Earlier figure by Heidi

https://humanatlas.io/overview-tools


https://humanatlas.io/overview-tools

Interactive FTU Explorer
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If you are interested to 
explore cell-cell, cell-FTU 
distance distributions, please 
share your data in this 
format:

With Yash Jain, MC-IU 
yashjain@iu.edu. 

Join zoom next meeting on 
March 25, 2024 at 4-5p ET. 
Email Nancy Ruschman, 
nruschma@indiana.edu if you 
don't see invite in your cal.

Cell Distance Visualizations
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https://www.meta.com/experiences/5696814507101529

HRA Organ Gallery in VR

https://www.meta.com/experiences/5696814507101529/


HRA API: Run an API Query

https://humanatlas.io/api

https://humanatlas.io/api


HRA User Stories



HRA User Stories
More than 30 one-on-one interviews were 
conducted with atlas architects, i.e., experts 
who serve as principal investigators or are 
otherwise intimately involved in the 
construction of the latest generation of 
human atlases, including BICCN, GTEx, 
GUDMAP, HCA, HuBMAP, Human Tumor 
Atlas Network (HTAN), KPMP, LungMAP, 
(Re)building the Kidney (RBK), and SenNet. 

In addition, six programmers from different 
human atlas projects were surveyed.

Table on right shows feature summary, 
target user roles, user activities, and added 
value for seven user stories that drive HRA 
development. 
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US#1. Predict cell type populations

Given a location in the body, what cell types 
and their distribution should I see?

https://apps.humanatlas.io/us1/

Presenter Notes
Presentation Notes
Earlier figure by Heidi

https://apps.humanatlas.io/us2/


US#2. Predict spatial origin of tissue samples
Given a distribution of cells, where in the 
body might this have come from?

Also, similar datasets and HRA extraction sites

https://apps.humanatlas.io/us2/
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https://apps.humanatlas.io/us2/


US#3. Compare reference tissue with aging/diseased tissue

https://apps.humanatlas.io/eui/
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US#4. Compare reference FTUs with aging/diseased FTUs

https://apps.humanatlas.io/ftu-explorer/
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US#5. Provide cell distance distribution visualizations

Coming June 14th on humanatlas.io
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US#6. Develop lightweight atlas components

Coming June 14th on humanatlas.io
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US#7. Implement dashboard for HRA

Coming June 14th on humanatlas.io
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Wrapping it up



Future work
■ Releases every 6 months 

(June and December)
■ More data, more 

collaborations, more 
organs, continued 
advancement of US#1-7

■ HRA in clinical settings



Current Team Connecting people is key to our success. Here are some of 
our great collaborators (apologies to those I missed!)



The Human Reference Atlas (HRA) is under active development by the 
Indiana University Mapping Component as part of the HuBMAP HIVE, 
SenNet CODCC, KPMP, and GUDMAP efforts with expert input by the 
HRA Editorial Board and in close collaboration with experts from more 
than 18 other consortia. Data was provided by HuBMAP and other 
Tissue Mapping Centers. This research has been supported by the NIH 
Common Fund through the Office of Strategic Coordination/Office of the 
NIH Director under awards OT2OD033756 and OT2OD026671, by the 
Cellular Senescence Network (SenNet) Consortium through the 
Consortium Organization and Data Coordinating Center (CODCC) under 
award number U24CA268108, and by the NIDDK under awards 
U24DK135157 and U01DK133090. The work has also been supported 
by the Kidney Precision Medicine Project grant U2CDK114886, and the 
NIH National Institute of Allergy and Infectious Diseases (NIAID), 
Department of Health and Human Services under BCBB Support 
Services Contract HHSN316201300006W/ HHSN27200002. The 
content is solely the responsibility of the authors and does not 
necessarily represent the official views of the National Institutes of 
Health.
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Thank you!
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Bruce Herr <bherr@iu.edu>
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