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Human Reference Atlas Collaborators

HuUBMAP

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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Early history of the HRA and HUBMAP

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

The |U 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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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

kidney renal corpuscle podocyte synaptopodin
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kidney renal corpuscle podocyte Synaptopodin
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Human Reference Atlas

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

User stories are centered around

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

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

e 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, GTEXx,
GUDMAP, HCA, HUuBMAP, 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.

Feature

User Role

User Activities

Added Value

Facilitate atlas construction by aligning new tissue blocks with existing data

US#1. Predict cell
type populations

Programmers
that support
Researchers,
Clinicians,
Pathologists

Predict and explore the likely cell type
populations for a RUI-registered tissue
block.

Improve cell type annotation through
information on what cell type
populations exist in what anatomical
structures.

US#2. Predict spatial
origin of tissue
samples

Programmers
that support
Researchers,
Clinicians

Predict and explore the likely 3D location
in the human body for a given tissue
block with known cell type population.

Compensate for the absence of
spatial origin information in many
single cell datasets.

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

US#3. Compare Researchers, | Compare tissue blocks, cell types, and Understand and communicate

reference tissue with Clinicians biomarker expression lewvels hetween changes in tissue structure and

aging/diseased tissue healthy reference tissue and function with age or disease.
aging/diseased tissue.

US#4. Compare Researchers, | Compare FTUs in terms of cell types and | Understand and communicate

reference Functional Clinicians mean biomarker expression lewels for changes in FTU structure and

Tissue Units with healthy reference tissue and function with age or disease

aging/diseased FTUs aging/diseased tissue.

US#5. Provide cell Researchers, | Compute, visualize, and explore distance | Add granularity to our understanding

distance distribution
visualizations

Pathologists

distributions between different cells, cell
types, and anatomical structures (e.g.,
FTUs), and cell types and morphological
features (e.g., the edge of an organ).

of how disease dewelops (e.g., how
tumor cells grow or metastasize) in
support of targeted therapies.

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

US#6. Dewvelop
lightweight atlas
components

Programmers
that support
Researchers
and Clinicians

Implement usable and useful HRA
components (interfaces and APIs) into
other portals in the growing ecosystem
of human atlases.

Facilitate collaboration and
data/code reuse between the HRA
and other portals in support of FAIR
data principles.

US#7. Implement
dashboard for HRA

Researchers,
Clinicians,
Funders

Track the ewolution and usage of the
HRA using data, code, and portal usage
statistics in aggregate and divided by
portal (e.g., HUBMAP or SenNet) or
PEDP suney results.

Enable evidence-based
decision-making by providing
insights into the atlas' construction
and usage (e.g., gaps in data,
application areas, user
demographics, equitable access).
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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

e Measure what's healthy to compare to what's
unhealthy

e Knowledge and data resource

e Open data and code, reproducible workflows,
lightweight user interface components

NOTE: Not ready for clinical practice



Tour of the HRA
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QSCT+B Table Framework

Anatomical structures

Partonomy
part_of
Cortex of Renal
@ Kidney @ kidney @ corpuscle

UBERON:0002113 UBERON:0001225 UBERON:0001229

Glomerular
@ epithelium

UBERON:0004188

Glomerulus
@ vasculature

UBERON:0004190

@ Mesangium

UBERON:0002319

@ capillary

Parietal

@ cpithelial layer

UBERON:0005750

Visceral
ithelial

Glomerular

endothelium
UBERON:0004294

Glomerular
mesangium
UBERON:0002320

Cell types
Typology

is_a

Glomerular

@ capillary

endothelial cell
CL: 1001005

@ Mesangial cell

CLE31000742
Parietal

@ cpithelial cell

CL:1000452

B characterize CT

Biomarkers

® AQP1
HGNC:633

@ CFH
HGNC:4883

@ CLDN1
HGNC:2032

@® CRB2
HGNC:18688

® EHD3
HGNC:3244

@ EMCN
HGNC:16041

@ FLTH
HGNC:3763

® HECW2
HGNC:29853

@ ITGA8
HGNC:6144

NPHS1
HGNC:7908
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UBERON:0004197

& proximal straight tubu...
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UBERON:0005086

descending thin limb ...

@ Loop of Henle’hin Limb)

UBERON:000128

. Body kidney
UBERON:001370M® UBERON:0002113

Tubules
UBERON:0001231

Legend -
@ Anatomical Structures UBERON:000129
@ cCell Types
@ Gene Biomarkers
@ Protein Biomarkers

AS-AS, AS-CT, CT-BM
Paths

‘—‘. descending thin limb ...
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& Loop of Henle (Thin ...
UBERON:0004133

® Loop of Henle Z hibkatistbDensa

UBERON:0002335

oy Distal Convolution
UBERON:0001292

® Connecting Tubule
UBERON:0005097

Cortical Collecting D...
CL:1000715

Cortical Collecting D...
GL:1000714

Cortical Thick Ascen...
CL:1001108

Cytotoxic T Cell
CL:0000910

Dendritic Cell (classic...

CL:0000880

Dendritic Cell (general)
CL:D001056

Dendritic Cell (plasm...
CL:0001058

Descending Thin Lim...
CL:100111)

Descending Thin Lim...
CL:4030012

Descending Thin Lim...
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Descending Thin Lim...
CL:4030014

Descending Vasa Re...
CL:1001285

Distal Convoluted Tu...
CL:1000849

Distal Convoluted Tu...
CL:4D30018

Distal Convoluted Tu...

AQPB

HGNC.639

ATPIA1
HGNC:799

ATP1A1
HGNC:799

ATPEVOD2

HGNC:18266

c1QAa

HGNEC:1247

Cc7
HGNC:1346

CAZ
HGNC:1373

CALB1

HGNC:1434

CALCA

HGNC:1437

CASR
HGNC:1514

CCDC102B
HGNC:26295

CCL4

GNC:10630

CCLS

HGNC:0832

CD11c

P20702

~n1a



Ureter

. mucosa of left ureter
UBERON: 0005005

Bod ureter
0 @

UBERON:0013702 UBERON:0000056

. wall of left ureter

UBERON:00383768

Legend ~
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Paths

. urothelium of ureter
UBERON:0001254

. ureter detrusor smoo...
UBERON:0009219

. lamina propria of ureter
UBEROMN:0001253

. ureter vasculature

basal cell of ureter ur...

detrusor smooth mus...

DPT+ fibroblast cell o...

endothelial cell of ure...

fibroblast
CL:1000308

intermediate cell of u...

lipofibroblast cell of wu...

myocfibroblast
CL:1000708

myofibroblast cell of ...

pericyte cell of ureter

P16+ fibroblast cell o...

superficial cell of uret...

urothelium
CL:1001428

vascular smooth mus...

ACTA2
HGNC:130

ACTG2

HGNC:145

ADRA2A

HGNC:281

AKR1C1

HGNC:384

APOE
HGNC:613

AVPRIA
HGNC:295

c7
HGNC1346

CD36

HGNC:1663

CLDNS
HGNC:2047

DCN
HGNC:2705

DES

HGNC:2770

DKK1
HGNC:2891

DPT
HGNC:301

KRT13

HGNC:6415



Urinary Bladder

® Body ® urinary bladder
UBERON:0013702 UBERON:0001255

Legend ~
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Paths

mucosa of urinary bladder
UBERON:0001258

muscle layer of urinary‘..
UBERON:0012378

wall of urinary bladder

UBERON:Q001256

fundus of urinary blad
UBERON:0006082

@ submucosa of urinary I*
UBERON:0004943

d‘ trigone of urinary bladc“
UBERON:0001257

urinary bladder uroth...
UBERON:0004545

urinary bladder detru...
UBERON:0000381

lamina propria of urin...
UBERON:0001261

urinary bladder vasc...
UBERON:0012239

muscularis mucosa o...

UBERON:0016500

mucosa of trigone of ...
UBERON:0005009

submucosa of trigon...
UBERON:0004944

urinary bladder trigo...
UBERON:0004229

ureteral orifice
UBERON:0012303

basal cell of bladder ...

detrusor smooth mus...

DPT+ fibroblast cell o...

endothelial cell of bla...

endothelium

CL:2000040

intermediate cell of bl...

lipofibroblast cell of b...

myofibroblast

CLA001318

myofibroblast cell of ...

pericyte cell of bladder

PG+ fibroblast cell o...

smooth muscle

CL:DDD2587

superficial cell of bla...

urothelium
CL:1001428

ACTA2-AS1

HGNC:45169

ACTG2

HGNC:145
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Prostate

. Bady
UBERON:0013702

Legend ~
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Paths

prostate gland
UBERON:0002367

vascular system
UBERON:0004537

vascular system
UBERON:0007798

. prostate epithelium
UBERON:0000428

. prostate stroma
UBERON:0004184

. blood vessel
UBERON:0001981

lymph vasculature
UBERON:0004536

blood vessel
UBERON:0001981

Prostate Glandular A...
UBERON:0004179

prostate gland smoot...

UBERON:0004243

blood vessel endothe...

UBERON:0004638

lymph vessel
UBERON:0001473

vascular smooth mus...

UBERON:D004237

prostatic urethra
UBERON:0001335

basal cell of prostatic...

basal cell of urothelium
CL:1000486

basal epithelia
CL:0002341

blood vessel endothe...
€L:0000071

capillary endothelial ...
CL:0002144

club epithelia
CL:4032000

endothelial cell of art...
CL1000413

endothelial cell of lym...

CL:0002138

hillock epithelia
CLOD701

interstitial fibroblast
CL:1000299

ionocyte epithelia
CL:0005006

luminal epithelia
CL:0002340

lymph node lymphati...
CL:0009M5

neuroendocrine epith...
CL:0017002

perictye

CL:0000669
periprostatic fibroblast
CL:1000301

prostate smooth mus...
CL:1000487

vascular associated ...
CL:0000359

vein endothelial cell
CL:0002543

ACPP
HGNC:125
ACTAZ
HGNC:130
ACTG2
HGNC:145
AKRI1C1
HGNC:384
APOD
HGNC:612
ATPBVOA4
HGNC:866

c7

HGNC:1346
CA4
HGNC:A375
CD36
HGNC:863
CHGA
HGNC:1929
CSF3
HGNC:2438
DCN
HGNC:2705
DES
HGNC:2770
DGKI
HGNC:2855
FCGBP
HGNC:13572
FLT4
HGMNC:3767
FOXI1
HGNC:3815
GJAT
HGNC:4274
GJA4
HGNC:4278

GRP



uterine cervix
UBERON:0000002 @

endocervix @
@

UBERON:0O0 0‘8

Uterus

ectocervix
@ UBERON:0012

® cervix epithlu

UBERON:00 00.1

broad liga
. g ﬂ'.‘

UBERUN:UO'I?‘

. Body Uterus
UBERON:0013 %92 UBERON:0000995

P of tHluterus

endocervical epithelium
Intetialcervical os
endocervical stroma
columnar cell of endo...

external cervical os
ectocervical epithelium

ectocervical stroma

cervix glandular epith...

"REriix sqUaBUS epit...

UBERON:0006922
nﬁsﬁon&emum
flenine Srearys
UBEROMN:QQ02493

arcuate artery of uterus
UBERON:0015173

connective tissue of t...

UBERON:0001(g mesothelium of the ut...

central anterior body of ut...
® y

® uterine myo@u i,

inner uterine myomet...

UBERON:000T(gR outer uterine myomet...

stratum basalis
UBEROMN:0022355

endometrium . UBERON:00024
UBERON:0001285

Y body of uterus
Legend - UBERON:0009853
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@ Gene Biomarkers

@ Protein Biomarkers

AS-AS, AS-CT, CT-BM
Paths

endometria.a

endometrial stroma
UBERON/0002337
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UBERQN:QO 940
statum functionalis
UBERON:0022358

central posterior bod...
left anterior body of u...
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arcuate artery of uterus
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connective tissue of t...
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lurninal epithelial cell
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mast cell
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\
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RA 3D Reference Organs
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Liver e
- Spinal
Spleen ‘ fias Cord
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https://www.nature.com/articles/s42003-022-03644-x | Data: https://humanatlas.io/3d-reference-library
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‘HRA Functional Tissue Units (FTUs)

»‘\ Ascending thin limb
\ of loop of Henle
(20 pm)

§ Descending thin limb
T of loop of Henle
k o (20 pm)
@ Thick ascending
limb of loop of Henle
(26 pm)

Intercalated f;G}
duct of

pancreas /°
(5 pm) ?é\

Collecting duct
(outer medulla)
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) Acinus of
~ Cortical ) pancreas
collecting duct (30 pm)
(45 pm) ‘

“3’/\"‘ . Collecting duct .
- | (inner medulla)
L_D (50 pm)
oo @
e

< Epidermal
= ridge
(150 pm depth)
0.1 mm

Bronchial

gland
(0.3 mm)

Pulmonary alveolar
parenchyma
(0.2 mm)

submucosal

Islets of

(0.1 mm)

Crypt of
Lieberkuhn
(0.5-0.7 mm)
Prostatic glandular acinus
(0.2 mm)
0.2 mm

Langerhans

Villus

of small
intestine
(1-1.5 mm)

https://www.biorxiv.org/content/10.1101/2023.10.16.562593v3 | Data
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\(l§ ‘?‘ 5 A
e S

Liver lobule
(1-2.5 mm)

Thymus lobule
(0.5-2 mm)

Red pulp of spleen
(variable)

o

White pulp of spleen
(0.5-1.0mm)

0.5 mm

: https://humanatlas.io/2d-ftu-illustrations

Nephron tubule
(3-5 mm)
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Kidney - Cortical Collecting Duct = c\

Cortical Collecting Duct
Principal Cell

Cortical collecting duct
intercalated cell Type A

Cortical collecting duct
intercalated cell Type B




Kidney - Descending Thin Loop Of Henle

Descending vasa recta
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Kidney - Inner Medullary Collecting Duct

Endothelium of
peritubular capillary
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Kidney - Nephron
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Kidney - Outer Medullary Collecting Duct

Endothelium of
peritubular capillary

Outer medullary collecting
duct intercalated cell Type A

Quter medullary collecting
duct principal cell




Kidney - Renal Corpuscle Glomerular visceral

epithelial cell

Parietal epithelial cell

Afferent arteriole |
endothelial cell

Epithelial cell of
proximal tubule

Macula densa
epithelial cell

Efferent arteriole
endothelial cell

Glomerular capillary
endothelial cell

Glomerular : : o
mesangial cell 50 um



Kidney - Thick Ascending Loop Of Henle
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Prostate - Glandular Acinus

Fibroblast of subepithelial
connective tissue of
prostatic gland

Prostate perictye

Luminal cell of
prostate epithelium

Basal cell of
prostate epithelium
Vascular smooth muscle
cell of prostate

Fibroblast of connective \j Smooth muscle
tissue of prostate cell of prostate
Prostate gland microvascular
endothelial cell
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MAP 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.

o Marker selection
@ Identify AS

Renal
corpuscle

Nephron

© Identify CT

Mesangial Cuboidal
Q epithelial
Tubule epithelial %PO“OCV‘Q

© Identify 10+ BProtein

= 4-6 core markers representing
major AS/CT in organ

—@ Nuclei, panmembrane markers
for image registration/analysis

@ Endothelial markers

Blood
(CD31)

Sources:
Existing literature, ASCT+B reporter

Lymphatic
(LYVET)

9 Antibody selection

@® Browse community curated
lists

=@ Search by organ

a6 )=

;& HupMAP

=@ Search by tissue preservation
FFPE, fixed frozen and so on.

® Query publications,

databases and vendor

websites
Examples:

Hickey et al.'
citeab.com
antibodypedia.com

® Select candldate
antibodies

AANA

¥ Validated for tissue imaging

v Compatible antigen retrieval
(if applicable)
¥ Prioritize monoclonal antibodies

e Antibody validation

& Screen using positive
and negative controls =~

Evaluate O

spatial J
pattern, l&‘
location

© Perform conjugation

1

1

1
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1

1

i

subcellulars” 4~ © N i
H
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1

as needed !
1

)

g Compare with == -
original antibody O

LAA If antibody fails,
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© Select optimal antibody and

identify best format for OMAP

v High signal-to-noise « -
v Amplify to overcome
autofluorescence
(as needed)

repeat with alternate
U clone(s) or format(s)

- Antibody- | -
antibody B
- Tag-tag

e Full panel validation

Eliminate nonspecific
interactions
o .

o
- ’JE._.“
,J(\ .

Evaluate antibody
performance

In OMAP versus single-plex/
standard assay

)‘ r"_—’k_""-\

Examine variability across
cycles (if any)

N

T e o

Adjust
exposure time
and antibody
dilutions

@ ovar publication

Complete required documents
+ OMAP Table
« OMAP Description
« Associated AVRs /

« Provide DOI for example OMAP
data in public repository

Internal review
For completeness and standardization @o

External review L (V]
For accuracy and AS and CT coverage

OMAP ID assignment and
publication [0;1;;1)7 FOM@}
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Kidney - OMAP-3

@ «kidney capsule
@ outer cortex offfidBmerular Epi@ptiniaceral epithelial layer
@ juxtamedullary@r@&amerular Epifplinisceral epithelial layer
@ cortex of kidney
@ medullary ray @ Collecting Duct (Cort...

@ renal column (@@ubioéBular Epifplinisceral epithelial layer

@ «idney outer mijullooptef.Henle (Thick ...

@ «idney outer m@ulladprf. Henle {@nirdkobnding thin limb ...

@ renal medulla
@ inner medulla of kidney
@ renalpapilla @ papillary tip

@ Descending Vasa Re...

@ renal pyramid @ Descending Vasa Re...
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visceral epithelial layer
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Vasculature Common Coordinate Framework
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abdominal aorta

/ascular Geometry for kidney
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Experimental Dataset Framework

—_—> Anatomical Structures, Cell Types, and Biomarkers Tables Atlas
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Anatomical Structures O Left (O Right

o Anterior () Posterior Tissue Block Controls

@ all anatomical structures
Tissue Block Dimensions (mm)
kidney capsule
hilum of kidney 10 10
cortex of kidney
Tissue Sections

@ renal column

O outekcactex ok kidey Thickness # Sections
@ renal medulla

@ renal papilla Tissue Block Rotation

@ renal pyramid ’ ®

Landmarks

-

all landmarks
z @
bisection line

left renal artery
Anatomical Structure Tags

left renal pelvis

left renal vein

left ureter

; @® Assigned @ Added
major calyxes
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HRA-mapped Data: kidney, ureter, bladder, prostate, and uterus

HuBMAP HRA EXPLORATION

kidney, ureter, urinary bladder, prostate,
Run Spatial Search @ uterus | cell | biomarker

5 Tissue Data Providers
98 Donors
161 Tissue Blocks
131 Extraction Sites
400 Tissue Sections
1184 Tissue Datasets

Patient B Cortical biopsy
= Entered 4/18/2020, Seth Winfree, KPMP-IU/O...

Patient A Cortical biopsy
Biopsy from Nephrology biobank-salvaged fro...

Cover Nephrectomy
Biopsy from Nephrology biobank-salvaged fro...

Male, Age 42, Donor ID D46
Entered 8/10/2023, John Lafin, UT Southwest...

Male, Age 25, Donor ID D38
Entered 8/10/2023, John Lafin, UT Southwest...

Male, Age 18, Donor ID D20
Entered 8/10/2023, John Lafin, UT Southwest...

Male, Age 36, Donor ID D80
Entered 8/10/2023, John Lafin, UT Southwest...
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HRApop Framework

— Anatomical Structures, Cell Types, and Biomarkers Tables
2DFTU
3D Reference Orga rgan Mapping Anti Panel
ren: rgans [otations Organ Mapping body Panels
Vascular Geometry
Experimental Data (Donors, Tissues,
Extraction Sites, Datasets) Atlas ++
HRApop (Experimental Data + Cell Summaries)
Donor
— Extraction Site S
N ~— Tissue Block \
Collisions ‘
Tissue Section
N~ Anatomical Structure
N
N Dataset Dataset
Cell Summary ‘
N N

Cell Summary Cell Summary



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

ASCT+B and 3D Reference

Organs Cell Type Annotation Tools

Datasets #AS in 3D #CT in
with H5AD (male + #CT in CellTypis #CT in
Organ file female) #AS #CT Azimuth t 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
264 159 151 122 58 34 40

Total (sum, not
unique)
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@RAU’( Framework
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HRAIit data: kidney, ureter, bladder, prostate, and uterus

Organ
kidney
prostate

ureter

urinary bladder
uterus

Total (sum, not
unique)

#Publications
762,095

174,800
62,702

133,489

71,489

1,204,575

#Experts

59,910
23,131
3,921

10,343

3,266

100,571

#Institutions

8,899
5,078
1,564

3,131

1,417

20,089

#Funded
Projects

97,041
34,219
3,294

14,713

8,470

157,737

#Funders
1,485

907
144

460

177

3,173
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Using the HRA



HRA Knowledge Graph Framework

Anatomical Structures, Cell Types, and Biomarkers Tables J

Digital Object
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Vascular Geometry

Experimental Data (Donors, Tissues,
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HRAIlit (HRA-relevant Literature)




HRA APl and Applications
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3D Reference Organs

Organ Mapping Antibody Panels

Vascular Geometry

Experimental Data (Donors, Tissues,
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QSCT+B Reporter User Interface

Search and filter menu For locating specific structures or reducing the tree Refresh view Revieals & right side panel with indenbed
visualization to specific anatomical structures, cell types, and biomarkers list displaying organs in body partoncmy
Collapse the legend and display g::".;a::;;; Pla’!:r?;:::.ll'ld
settings in the left side pamel Select organs displayed g Open right side panel to compare user-authored
in the tree visualization ASCTHE table with latest release table
Raturn to the ASCT+E —gHuBMAPCCF: . = o - P ‘ & . &+ o @ e View GitHub Repository
Reparter home page  — = o ' | and cther infarmation
L Hore e
Tree visualization @ Lrqena "
legend for color and E o] -
node shape # hsorical Smacee Export the visualization
& CoiType in PNG, 5VG, Vega Spec
A Cirgin Mepping
Display settings for—@, 0 TE0 # Gira Borwian Graph Data, JSON-LD,
OMAP Tables [T L] l'.".l'. 'l_ﬂ:.d-:. |‘ : and OWL (RDF/ ML)
[0 oowr Drgara Dy Para
Display settings for S Pa— - MuEsagilog ol the
coll typas visualization generation
Display settings for —@cems + - I e - —. Frenas
the tree visualization b R
W Criciy 1n ) hces Sumrmary statistics right
' side panel
Ty ‘Wi w0 PTE
* *lﬂn.ln A )
Display settings for -
biomarkers . N iy
.
Top of legend and ﬁ-—uﬁ - e
display settings left i )
sice panel — xz A g
f::ﬂ:_ wi? ﬂ...wm_- .
Howvering over a node - wndotreial il
reveals more
infarmation e e
D bdsing L
D Dupiosina o o
Moy e
CoRtaon Us + DO 1M 150
Email questions and feedback 1o Anatomical Click the name of a node to Cell type Biomarker https://humanatlas.io/overview-tools

the Human Reference Atlas team structure nodes open the information panel rodes nodes
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@zegistration User Interface (RUI)

Switch between Register moade (four camera andgles Buttan to reset the scens
only} and 30 Preview mode (free arbit camera)

Keyboard keys highlight
x axis (red), v axis (green), Select a predefined camera Current position of  when pressed to move
£ axis (Blue) of the ergan angle in Register made tissue block tissue Block

Edit registration metadata menu

List of anatomical
structures in deleched

RUI information modal
30 model —@mreans sz r i

'™ Reset tissue block
dimensions
‘.Z-fE'm:r tissue block
width, height, depth
Reset tissue section

= @—metaclata

T— Add thickness and

nurmber of tissue section

Hawver owver an
individual anatomical
structure to reveal a
slider to modify the
apacity

Button to show/hide
anatomical struchure

#—Reset rotation arcund all
axes

Button to reset opacity
and show/hide status

mendinl haad of poatesor papi

Rotation value input for
axis
Set of landmarks in the —eems

argan (if available) s D licd t
rag slider to rotate

Dropdeonwn for selecting — & Anetzerical Hnchms Togn around designated axis

a landmark set

Add anatomica
structure tags manually
vla cantralled
vocabulary

List of anatomical
structures colliding
with the tissue block

T iic- the Review and
Download button
when finished to
finalize the
registration

https://humanatlas.io/overview-tools

3 dimensianal scene
viewer

Default antenor view of Mowve tissue block either by dragging left mouse button or
the selected argan by pressing keys on keyvboard as indicated on calared axes
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@xploration User Interface (EUI)

Filter for exploring
tissue blocks of interest

Show and hide lists for
Anatomical Structures,
Cell Types, and
Biomarkers——®  As VT

Bath Age: 1-110

Anatomical Structures list———ae#Anatomical Structures (AS)  Tissue Blocks: 729

~  brain

Number of tissue blocks

Number of tissue
blocks per organ

List of reference organs
for exploration

Spatial search tool for
filtering by location

Information meodal
for the interface

BMI 13-83 ) C
body | cell | biomarker
B . P
= Run Spatial Search 19 Tissue Data Providers
307 Donors

1

~ lymph node
that collide with this

anatomical structure

eye

~ heart

Cell Types list——eCsll Tyr

Tissue Blocks: 729

36
43
o o Male, Age 72, BMI 27.4
= Entered 4/9/2021, Liz McDancugh, RTI-Gener...
159
2= Rgister
AU TR E )

. absorptive 57 ! AR i

Number of tissue blocks Fdlpocyte 159 Registered Metianough, ATI..
. 28 block

that have this CT in adult endothelial progenitor cell 30 o

g

. . A Registared 112/2021, Liz McOanough, #TI,
colliding AS in ASCT+B adventitial fibrablast 29 28 11 » 0.3 millimeter, 0.3 milimeter, biock
table adventitial stramal cell 67 - e ——

affarent artericle endothelial cell 121 e o0 L Heenouan.

Biomarkers list ———aBiomarkers

BG ' BL ' BM " BP ' BF
Show and hide lists for—r/

specific biomarkers A2M
(genes, lipids,
metabolites, proteins, :;g::a
proteoforms) ABOA
ABCA4

ABCAB
Number of tissue blocks e

Tissue Blocks: 729

that have this biomarker

in colliding AS in :;C;;i
ASCT+B table ABLIMI

3D scene viewer

28 = 11 = 0.3 millimerer

milimeter, biock

2021, Liz McDonough, RTL...
limater, 0.3 millimetar, block

Registered
2811 %0

Registered 112/2021, Liz McDanough, ATI...
28 % 11 % 0.3 Milimeter, 0.3 millimeter, Diock

Q
— 2021, Liz McOancugh, ATI...
253 Block
o
n
n
a2 Registered 1/12/2021, Liz McOarough, RTI
28 % 11 x 0.3 millimater, 0.3 milimatar, block
n
" Registered 112/2021, Liz McOanough, RTI
millimetar, block
402
Ragistared 1 cOonough, ATI
0 28 % 11 %0 limetar, block
n
n
N
0

Results based on
current filters

o———Donor card in the

expanded view

- #———Tissue block card with

information on number
of tissue sections

—— Tissue section card

Dataset cards for
viewing relevant
portals, publications, or
other resources

https://humanatlas.io/overview-tools
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‘Tnteractive FTU Explorer

Name of the selected Funclional Tissue Unit

¥ Human Reference

Functional Tissue ——@ 1 Limary

Units available for
exploration

Select to display the —@
medical lllustration.
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Get the FTU Explorer
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Download the

varigus formats

Repository

20 Hlustration viewer
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Cell types by biomarkers tables

Expand the table view
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https://humanatlas.io/overview-tools



Presenter Notes
Presentation Notes
Earlier figure by Heidi

https://humanatlas.io/overview-tools

@Zell Distance Visualizations

Submit bug reports or faature
requests o the Vitessce team

Access documentation
Vitessce pronunciation by IPA Reader
Demos showcasing core features | Use tutorials

Open the Vitessce App Vitessce Python package

Witessce R package

Blog posts Witessce GitHub repository

Switch between light mode and dark mode

— The Spatial Layers parel
displays more general cell
type categorization of all
cells: Categories may be
switched on/off

Return to the Vitessce
landing page

Spatial View component;

= Wisualizes all cefis

* Connects each cell toits
closest endothelial cell

+ View the distrioutions of
distances betwesn
different cell types

* Wiew the nearsst
wasculature for the
Vasculature Common
Coordinate Frameawork

(VCCF)
et -— oot
-
Hewer aver a cell to e
pxamine details ipppe -
-
e =mum

Click on a cell
type to filter

A separately generated histogram that displays the distributions of
distances between different cell types and the nearest vasculature
for the Vasculature Common Coordinate Framework

Legend showing colors for cell types and
links from these cells to endothelial cells

20 spatial wiewer area

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

farmat:
X Y z Cell Type
555| 756| 4|Endothelial cell
765| 231| 3|Bcell
356| 235| 7|Tcell

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.
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00Meta QM

HRA Organ Gallery in VR

Grab the cylinder to move, rotate, and Male and female Currently selected organ Application is used while sitting
scale the selected organ in high resolution body provide context appears outlined in its and user can exit application by
by using the left and right VR controllers for selected organ position in the body pressing menu butten on controller

HRA Organ Gallery

Everyone

The organ selected on .
the keyboard appears in
the cylinder with all ’E

registered tissue blocks Details on the number

of tissue blocks for all
organs, the name of the
currently selected
organ, and the number
of tissue blocks in that
organ

Switch to change
between using
—— - controllers for
mevement and
manipulating tissue

blocks

Reset the organ to the
original position,
rotation, and scale

. —~

Select the sex of the
organ (if applicable)

A red organ icon on the
keyboard indicates an
organ selected for
further inspection

Select the laterality of
the organ (if applicable):
Gray means the
selection is not possible
for the current organ

Organ selection keyboard: Select an
organ to view in 3D high-resolution

https://www.meta.com/experiences/5696814507101529
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HRA API: Run

Input parameters for running an API query:
Fill in parameter values for the route

AT
HRA-API v1.x Routes

/vl/db-status

an API Query

[ HRA-API Workflow 3: Run an API Query J

Jvl/spargl

Run a SPARQL query

Select a response —| —m

code to view
example response SRR Op BCALRDN; 2
and schema doc EXAMPLE
[
Gl
]

REQUEST
QUERY-STRING PARAMETERS
T query
SPARGL qu
Examples:
token
Authentication token te use for authenticated searches
format Allowed: a7 ot cr | aop | appicat s | apolicat I3
Enum mple | | table | | ) o es |
respanse format (Nate that not all fare ed for all SPARGL query types)
AP| Server Nipe/a
Authentication "
RESPONSE

—Run the API query

Reset parameters

Fill parameters
with example
options

Example Schema documentation
response tab tab for the response

https://humanatlas.io/api
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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, GTEXx,
GUDMAP, HCA, HUuBMAP, 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.

Feature

User Role

User Activities

Added Value

Facilitate atlas construction by aligning new tissue blocks with existing data

US#1. Predict cell
type populations

Programmers
that support
Researchers,
Clinicians,
Pathologists

Predict and explore the likely cell type
populations for a RUI-registered tissue
block.

Improve cell type annotation through
information on what cell type
populations exist in what anatomical
structures.

US#2. Predict spatial
origin of tissue
samples

Programmers
that support
Researchers,
Clinicians

Predict and explore the likely 3D location
in the human body for a given tissue
block with known cell type population.

Compensate for the absence of
spatial origin information in many
single cell datasets.

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

US#3. Compare Researchers, | Compare tissue blocks, cell types, and Understand and communicate

reference tissue with Clinicians biomarker expression lewvels hetween changes in tissue structure and

aging/diseased tissue healthy reference tissue and function with age or disease.
aging/diseased tissue.

US#4. Compare Researchers, | Compare FTUs in terms of cell types and | Understand and communicate

reference Functional Clinicians mean biomarker expression lewels for changes in FTU structure and

Tissue Units with healthy reference tissue and function with age or disease

aging/diseased FTUs aging/diseased tissue.

US#5. Provide cell Researchers, | Compute, visualize, and explore distance | Add granularity to our understanding

distance distribution
visualizations

Pathologists

distributions between different cells, cell
types, and anatomical structures (e.g.,
FTUs), and cell types and morphological
features (e.g., the edge of an organ).

of how disease dewelops (e.g., how
tumor cells grow or metastasize) in
support of targeted therapies.

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

US#6. Dewvelop
lightweight atlas
components

Programmers
that support
Researchers
and Clinicians

Implement usable and useful HRA
components (interfaces and APIs) into
other portals in the growing ecosystem
of human atlases.

Facilitate collaboration and
data/code reuse between the HRA
and other portals in support of FAIR
data principles.

US#7. Implement
dashboard for HRA

Researchers,
Clinicians,
Funders

Track the ewolution and usage of the
HRA using data, code, and portal usage
statistics in aggregate and divided by
portal (e.g., HUBMAP or SenNet) or
PEDP suney results.

Enable evidence-based
decision-making by providing
insights into the atlas' construction
and usage (e.g., gaps in data,
application areas, user
demographics, equitable access).
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US#1. Predict cell type populations

% of Total » # Cells Cell
Given a location in the body, what cell types

17% 549,473 Cortical Thick Ascending Limb

and their distribution should | see?
15% 476,562 Inner Medullary Collecting Duct
8.0% 259,453 | Proximal Tubule Epithelial Segment 1
7.4% 242118 Distal Convoluted Tubule Type 1
6.3% 203,659 Ascending Thin Limb
6.0% 194,380 Connecting Tubule
57% 185,991 Descending Thin Limb Type 1
5.2% 168,763 Descending Thin Limb Type 2
4.7% 152,603 Proximal Tubule Epithelial Segment 3
3.9% 127,341 Medullary Thick Ascending Limb
2.9% 95,842 Fibroblast
2.7% 87,883 Cortical Collecting Duct Principal
210% 66,948 Macula Densa
1.8% 59,228 Medullary Fibroblast

https://apps.humanatlas.io/usl/
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US#2. Predict spatial origin of tissue samples

Given a distribution of cells, where in the
body might this have come from?

% of Total v # Cells

Cell

17%

15%

8.0%

7.4%

6.3%

6.0%

57%

5.2%

4.7%

3.9%

2.9%

2.7%

2.1%

1.8%

549,473
476,562
259,453
242118
203,659
194,380
185,991
168,763
152,603
127,341
95,842
87,883
66,948

59,228

Cortical Thick Ascending Limb

Inner Medullary Collecting Duct
Proximal Tubule Epithelial Segment 1
Distal Convoluted Tubule Type 1
Ascending Thin Limb

Cannecting Tubule

Descending Thin Limb Type 1
Descending Thin Limb Type 2
Proximal Tubule Epithelial Segment 3
Medullary Thick Ascending Limb
Fibroblast

Caortical Collecting Duct Principal
Macula Densa

Medullary Fibroblast

Similarity ¥ |Label

0.99

0.93

) o

0.73

0.72

0.50

outer cortex of kidney
kidney pyramid

hilum of kidney

renal column

kidney capsule

renal papilla

Also, similar datasets and HRA extraction sites

https://apps.humanatlas.io/us2/
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S#3. Compare reference tissue with aging/diseased tissue

Number of tissue
blocks per organ

Filter for exploring List of reference organs Spatial search tool for Information modal
tissue blocks of interest for exploration filtering by location for the interface

Show ar?d hide lists for 4 Both  Age:1-110 ME 13-83 » ¢ 0
Anatomical Structures,
Cell Types, and body | cell | biomarker
Biomarkers—® S v cr v B > = - Results based on
; s . urrent filter
Anatomical Structures list——aAnatomical Struct AS)  Tissue Blocks: 729 33; curre ters
brain n 892
Number of t!ssue _block_s PR ode 36 3213
that co\_llde with this < i 43
anatomical structure v 0 . _ &————Donor card in the
-, 159 expanded view
-
. sl .
Cell Types list P Thesue Blocks: 720 Tlssue bl.ock card with
vonid T information on number
z absorptive 67 A
Number of tissue blocks sdmocyie 159 of tissue sections
that have this CT in adult endothelial progenitor cell 39
colliding AS in ASCT+B adventitial fibroblast 38 . #——Tissue section card
adventitial stromal cell &7
table
afferent arteriole endothelial cell 121

Tissue Blocks: 729

Biomarkers list———eBiomar

v BG |  BL  BM  BP  BF
Show and hide lists forr4f

specific biomarkers AZM T:
(genes, lipids, 0
metabolites, proteins, ABCA1 "

proteoforms) :ggif 4‘; viewing relevant

ABCA4 " portals, publications, or

ABCAB n other resources
Number of tissue blocks HBEEE- 402
that have this biomarker 9
in colliding AS in pusia ]]
ASCT+B table ABLIM1 31
Lol

3D scene viewer

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

Functional Tissue ———@FTu Library

Units available for
exploration

Select to display the ——@
medical illustration,

cell type, biomarker N
data, and data
sources #

Collapse and expand —@
Functional Tissue
Unit listings within
organs

Name of the selected Functional Tissue Unit

' Human Reference Atfas Functional Tissue Unit Explorer

renal corpuscie

Kidnay
Gene Biomarkers Protein Biomarkers Lipid Biomarkers
iaop of Hente ascencing limb trin
segment
Cortical Collecting Duct Cell Type CelCount = AASS  AKT3  ALSZ. O—
descending imb of 1009 of Henle
aiomerviar eapiliary engethedl ce 34,400
innar medullary collecting Buet
nephron Glomeruiar viscers giomeruiar mesangial cel 2,900
epithelial cell
auter meautary coliecting auct
Parietal epithelial cel glomerutar visceral epithefial cel 34100
renal corpussie
thick ascending mb of 160p of parieval epithetial coll 26,800
Henle pa pithalial 00
Large Intestine -
Crypl of Lisberkuha of large Biomarker Expression Meanin FTU () Percentage of Cells in FTU () ‘
intestine
1 Macula densa
. epithais col - o 0 O
liver lobule 00 1w o% 50% 100%
Lung

Bronchus submucosal giand
aiveolus of kung

Pancrass
ntercalalod duct of pancress
islet of Langerhans

Etferent arteriole
pancreatic acinus encctnakal ca:
Prastate Glend

prostate glanautar acinus

Sxin

Glamerutar
mesangial cal

papiiiary tayer of dermis

imestingl viKlus

Spieen
rad puip of spieen
white puip of spieen

Trymus

thymus lobule

Download the
selected illustration in
various formats

2D lllustration viewer Cell types by biomarkers tables

Cell Types by Gene Biomarkers

s

Source Data

Single cell transcriptional and chromatin accessibility profiling redefine cellular
heterogeneity in the adult human kidney
of Three Healthy Human Kidngy Tissue

L

9

Glomerulor capiiary
endathalial cel

— 0

50 um

2 CnnmlI [ HRA Portal

To Niustration T,ﬁ, Download © Emme

View the selected illustration
digital object metadata page

Get the FTU Explorer Direct link to experimental data

web component via the

HRA-UI GitHub
Repository

Expand the table view

Tabs to view tables
for gene, protein, &
lipids

Cell types, cell
counts, & associated
biomarker columns

Hover for details on
ontology IDs and
expression values

Legend for cell types
and biomarkers
table: Hover over the
information icons to
reveal additional
legend details

Higher opacity
means higher mean
biomarker
expression levels

Publication in which
experimental data
was published and
linked to source data

Contact form for
Human Reference
Atlas team

Open the Human
Reference Atlas
Portal

https://apps.humanatlas.io/ftu-explorer/


Presenter Notes
Presentation Notes
Earlier figure by Heidi

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

S#5. Provide cell distance distribution visualizations

Access documentation Submit bug reports or feature
requests to the Vitessce team witessce pronunciation by IPA Reader
Demos showcasing core features | Use tutorials

Open the Vitessce App Vitessce Python package Blog posts | Vitessce GitHub repository

Vitessce R package ! Switch between light mode and dark mode

The Spatial Layers parel
displays more general cell
type categorization of all
cells: Categories may be
switched onfoff

Return to the Vitessce —
landing page

Spatial Wiew component;

= Wisualizes all celis

* Connects each cell to its
closest endothelial cell

b View distributions of

distances between
different cell types

= Wigw the nearest
vasculature for the
Wasculature Commaon
Coordinate Framework
(WCCF)

-
Hewver aver a cell to e
examing details -
-
4 -
e
2D spatial viewer area Legend showing colors for cell types and Click on a cell A separately generated histogram that displays the distributions of
links from these cells to endothelial cells type to filter distances between different cell types and the nearest vasculaiure

for the Vasculature Commeon Coordinate Framework

Coming June 14th on humanatlas.io
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‘Uste. Develop lightweight atlas components

§ »
Y Both 110 M 13-83 b ] > o FTU rary nal corpuss i Tyves by Gore Blomareers. 2
v v ve Run spoto Search @ e
v o 2 e
o7 2 gy fomtapiven _—
60 emos, Age 3¢ -
159 - d i i
o Tissue Blocks: 729 -
v vea v ve v 2 an, e R
A2M 253 ik
H R[\, AP‘ b Welcome to the Functional Tissue Unit Explorer
m i The FTU Explorer was designed in close collaboration with Kidney Precision Medicine Project and European Bicinformatics
== FTU Library loop of Henle ascending limb thin segment: FTU llustration 2
Spps. Imaxel ol S FTU lustratio Gene Biomark Protein Biomarker: Lipid Biomarker: S D:
™ n as (HR v Ascending vasa recta
< nephr (
: . . Ascending
POST 'v1/spargl ‘ !
Ce=) n e —— 0

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

Population pyramids by age group of survey respondents Population pyramids by career age (number of years since first
and tissue data donors in comparison to world population publication) for HRA experts and PubMed publication authors
a b
Age Group Career age
100+ "
90-99 \ | 10
80-89 9
079 M | [N e Wl
60-69 - 7
50-59 | | 6 ||
Blue bars mean male, ———20-49 4 s
L
' 3030 - a
red bars mean female 20-29 - 3 — W As
| CcT
1019 I I 2 o :
0-9 1
6 3 0 3 6 250 0 250 800 400 O 400 800 16 g8 0 8 16 16 8 0 8 16
#Survey #Donors #World Population (millions) #Experts #Authors (thousands)
c d
100% #Authors
L Oth.er - i I (thousands)
W White . . = S P
W Black : ' 2
- ‘ ,\wa B = 20
50% M Hispanic . e T - 22
W Asian . ) * S \ 15
G ] 4 . 10
ks ‘ . A 4 5
0% —
Survey Donors Experts Authors Population R =TT > z | o
Ethnic composition of survey respondents, tissue donors, HRA Choropleth map showing the number of
experts, paper authors, and world populations in percentages paper authors overlaid on a world map

Coming June 14th on humanatlas.io
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Wrapping it up



Future work

m Releases every 6 months
(June and December)

m More data, more
collaborations, more
organs, continued
advancement of US#1-7/

m HRA in clinical settings




Connecting people is key to our success. Here are some of

Cu rre nt Tea m our great collaborators (apologies to those | missed!)

Principal Investigator,
Co-Principal Investigators,

and Consultants
National Institutes
4 of Health
Mark Musen Helen Parkinson Fusheng Wang
Profi ne Ontologist Associate Professor of
(Biomedica
Full Time Staff
Daniel Bolin Andreas Bueckle Josef Hardi Bruce Herr Il Yashuardhan Jain Edward Lu Libby Maier Lisel Record Nam:y Ruschman
Software Developer Research Lead Software Developer MC-IUPM Software Developer User Experience Designer MC-IU PM Manager
CMS Technical Director CNS Associate Director
Part Time Staff
and Students

Rachel Bajema Supriya Bidanta Avinash Boppana Lu Chen Xiaojie Fan Kate Gustilo Yingnan Ju Bhushan Sanjay Ushma Patel
2D Medical lllustrator Research Assistant Research Consultant PhD Student PhD Student Research Analyst PhD Student Khope Medical lllustrator
Software Developer

Ellen Quardokus Heidi Schlehlein Todd Theriault Jerin Thomas
Sr. Research Analyst 3D Medical llustrator Technical Writer Praject M. me
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Thank you!

Resources at:
https://humanatlas.io/events/AUA2024

Contact me:
Bruce Herr <bherr@iu.edu>
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