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Regeneration and repair
Role of stem cells
Developmental hierarchies
Mechanisms of disease
Genetics and infection

Addressing these questions challenges require:
Team science approaches with diverse experts
New tools and techniques to construct systems models
Integrated atlas level initiatives
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The LungMAP Consortium ‘(“’) ooy (YR

 NHBLI consortia spanning 6 research centers over the last 10 years
 Human Tissue Core at the University of Rochester (Gloria Pryhuber)
 Data Coordination Center: CCHMC, Broad, UCSC, RTI

* Entering Phase 3 in 2023 to create accessible atlases of lung disease
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Visualize

Gaddis et al. Am J Respir Cell Mol Biol. 2022
LungMAP.net Studies
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Explore and Learn About the Lung
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Gaddis et al. Am J Respir Cell Mol Biol. 2022
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Insights: New cell-states, regulatory models
Tissues: Biopsies, whole lung

Data: Omics, imaging

Protocols: Experimental, analytical

Tools: Organoids, omics, informatics
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LungMAP.net Website

LungMAP

National Heart, Lung,
Molecular Atlas of Lung and Blood Institute
Development Program
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Research Explore Data About LungMAP  Resources

Explore and Learn About the Lung

Search genes, cells, anatomical structures and lung diseases and pathways

* *
Example searches: Acta2 :. Alveolar duct
.
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About LungMAP Lung CellCards Explore Data

Learn about projects, publications, and Explore cell cards of the human lung Find, download, view; and process
research activity. and annotate your own single-cell data. data.
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Cross-Consortia Cell-Type Curation

CellCards

CellCards Reference

Term Details

Term

Term ID

See also

Related
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JBrowse - Epigenomic Data Browser

o View pre-loaded, UCSC Track Hub, or bring-your-own-track

LungMAP

Molecular Atlas of Lung
Development Program

NI
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e View and compare multiple loci (including species®)

HELP =

Mew session 11/29/2022, 3:33:25 PV « SHARE

FILE - ADD -~ TOOLS -

| € || = [Js7erse s o @ e @ —e

71830000 || 7156

rome o5 type A

# X Muli-All i
Ezzzl Signal =
Club Signal
Ciliated Signal
Meurcendocrine Signal
AT1 Signal
AT2 Signal
Matrix Fibreblast 1 Signal
Matrix Fibroblast 2 Signal
Myofibroblast Signal
Pericyte Signal
Lymphatic (Endothelial) Signal
Capillary 1 endothelizl Signal
Capillary 2 endothelial Signal
Macrophage Signal

Matural Killer Signal
T Cell Signal

E Cell Signal
Erythrocyte Signal

@ LungMAP

Bovee Available tracks -

¥ Tracks .

[[] Reference sequence (Home sapiens (hg19))

' Session tracks .-

* Annotation .-

7 LungMAP .-

T ATAC .-

-
I'_f,!
g
B
H

T COVID -

[] COVID GWAS - Hosp COVID Vars ««
[ COVID GWAS - Tested COVID Vars «s»
[J CoVID GWAS - All COVID Vars we.

[] COVID GWAS - Severe COVID Vars =«

' Repeats s

T Phenotype .-«

[0 Clinvar variants «..
[ Clinvar CNV =--

National Heart, Lung,
and Blood Institute



LungMAP App Ecosystem
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LungMAP

Molecular Atlas of Lung
Development Program

NI

National Heart, Lung,
and Blood Institute

Human CellCards Multi-Study CellRef 1.0 Atlas

How to explore data (tutorial)

Description

LungMAP ID: LMEX0000004396
Stages: Adult | Child | Adolescent

Technology: 10x Genomics

Downloads

Samples

Exploratory Tools

Organism: Human
Assay type: Single-cell RNA-seq

Reference: Guo, et al. (2022)

Minzhe Guo (CCHMC) | Geremy Clair (PNNL) | Joshua N. Adkins (PNNL) | Gloria Pryhuber (HTC/URMC) | Ravi Misra (HTC/URMC) | Bruce Aronow (CCHMC) | Timothy L. Tickle (Broad) | Nathan Salomonis
(CCHMC) | Xin Sun (UCSD) | Edward E. Morrisey (UPenn) | Jeffrey A. Whitsett (CCHMC) | Yan Xu (CCHMC)

The "LungMAP Human Lung CellRef" atlas incorporates 48 well-defined lung cell types (CellCards) catalogued from diverse anatomic locations and stages of lung maturation. This atlas
spans sc/snRNA-seq of 505,256 lung cells from 148 normal human lung samples from 104 donors from parenchyma, trachea, bonchi, bronchus SMG and small airway. This study includes
21 new lung samples. An accompanying R-shiny app (Azimuth) enables fast supervised annotation of user-provided single-cell RNA-Seq datasets (see below).
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Visualize Data

Filter by: Sample Type ~ Technology =

Single-Cell RNA-seq (32) RNA-seq (10)  mRNA (1) microRNA (3) Proteomics (10) Metabolomics (1)  Lipidomics (4)  Methylation (5) 2D Imaging (3919 sets)

Search:

Dataset Species Stage Cells Explore
Human CellCards Multi-Study CellRef 1.0 Atlas Homo sapiens Adult | Child | Adolescent 505256 &2
Mouse CellCards Multi-Study CellRef 1.0 Atlas Mus musculus E16.5-E17.5| E17.5-E19.5| PO-P3 | F4-P36 95658 aw |3'
Single cell transcriptomic signatures of normal human newborn, child and adult lungs Homo sapiens Neonate | Child | Adult 46500 & [2
Single cell transcriptomic profiling identifies molecular phenotypes of newborn human lung cells Homo sapiens Meonate 5499 &
Systematic identification of 58 lung cell populations in bronchi and parenchyma from 3 normal lungs Homo sapiens Adult 65662 &% [l |'_P;
A molecular single-cell lung atlas of lethal COVID-19 Homo sapiens Adult 116314 &2
Single-cell RNA-seq reveals ectopic and aberrant lung-resident cell populations in idiopathic pulmonary fibrasis Homo sapiens Adult 312928 & |2

Single-cell RNA-seq of 13 normal, LPS-exposed, or anti-inflammatory treated third trimester Rhesus macaque lungs Macaca mulatta Saccular 120042 ﬂli" E
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Interactive Visualization & Analysis £} 00000 My
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Human Lung CellRef (v1)

Cellinfo vs GeneExpr  Cellinfo vs Cellinfo ve Gene i inplot / Boxplot portion plot B /

Cell i ion vs gene ion on reduced
In thig 1ab, USIFS Can visualies both cedl and gine y on
Dimension Reduction Toggée to subset cells Toggle graphics controls.
X-axis:
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Cell information: [7] T ot & . Gene name: ° Toggle plot controis.
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Interactive Visualization & Analysis
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LungMAP

Molecular Atlas of Lung
Development Program

National Heart, Lung,
and Blood Institute

Gene expression bubbleplot / heatmap

The are d, log- and then plotted.

List of gene names (7]
(Max 50 genes, separated
by, or ; or newlinej:

48 genes OK and will be plotted

DKIKZ, WNT2, MFAPS, SIGLEC, LGRE.
RTKM2, LAMP3, MS4AT, TPB3,

GPIHBP1, APLN, CD40LG, CD8B,

CLECSA, CLEC10A, HAPLNT, FOXJ1,
FOXN4, MUCSAC, TBX21, FOLR2,

FCN1, ASCL3, MMRN1, CCL19,

MS4A2, KRT14, ITGAZB, WT1, SPDEF,
FCGR3B, GMLY, CLEC4C, CSPG4,

MZB1, TNFRSFB, ASCL1, SCGB3AZ,

TRAIT CVPEY 1PN &rwa &

Group by: L]
celltype_leveld -

Piot type:

@ Bubblepiot (O Heatmap

Scale gene expression

[} Ghuster rows (genes)

[ Cluster columns {samples)

Toggle to subset cells

Toggle graphics controls
Colour scheme:

In this lab users can visualise the gene expression pattems of multiple genes grouped by categorical cedl information (e.g. lbrary / cluster).
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Plot size:
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Interactive Visualization & Analysis

£ LungMAP |
Azimuth
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Molecular Atlas of Lung
Development Program

National Heart, Lung,
and Blood Institute

Interactive Visualization & Analysis

"] LungMAP L
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LungMAP

Molecular Atlas of Lung
Development Program

#3 — LungMAP-HCA Data/Metadata Explorer

£} Lungmap

Explore Metadata APIs
Explore Data
Search all filters Donor v Tissue Type ¥
556.Dk Estimated 3 206 Specimens ‘60 Donors 600 Files 1,57 TB File Size
Projects Samples Files
T sample 1d Project Title Species Sample Type Anatomical
Entity
(208) &) (3) 1)} (3}

022006ad-1...

Human Lung Reference Cell Atlas version 1.0

Hom...

Genomic, epigenomic, and biophysical cues

Mus ...

contralling the emergence of the lung alveolus

0458fcbB-f...  Human Lung Reference

Human Lung Reference Cell Atlas version 1.0

Hom...

Cell Atlas version 1.0 Hom...
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and Blood Institute
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Open-access data repository Cloud workspace for scalable analysis
facilitating integration with NHLBI = Woispsces » el el dteinTora»

WORKSPACES
e CO SySte m DASHBOARD DATA ANALYSES WORKFLOWS JOB HISTORY & Workspace is locked and read only
|
ABOUT THE WORKSPACE # WORKSPACE INFORMATION b4
. Data Repository Explore LUungMAP single-cell data Las Upciated L0/26/2022

Creation Date 10/18/2022

This tutorial workspace is a step-by-step guide to importing, accessing, and analyzing single-cell
Workflow Submissions 2

RNA sequencing data from the LungMAP Data Browser using community-supported single-
cell analysis tools. Access Level Reader

HCA SChema Using this workspace, you will:

1. Import 10x sequencing reads in FASTQ format from the LungMAP Data Browser CLOUD INFORMATION 2
2. Use a Jupyter Notebook to create new data tables to organize data for downstream
1 alignment and preprocessing with the Optimus workflow
reamine OWNERS >

== 3. Preprocess 10x FASTQs with the Optimus workflow
4, Convert the Optimus raw cell-by-gene matrix output to mtx format for downstream Seurat
analysis TAGS >

5. Import mtx files and visualize the count matrix in an example Seurat Jupyter Notebook

integration \
" LungMAP
Data )

\ Browser /

N

™ Z

m) BioData Tutorials: https://lungmap.net/resources-2/tutorials/
Nationa Heart,Lung CATALYST -» Tutorial 5: Cloud-based omics data analysis with Terra
> Video 2: Exploring and Analyzing LungMAP Data in Terra



https://lungmap.net/resources-2/tutorials/
https://docs.google.com/document/d/e/2PACX-1vQwf_NnVZialxfjo3AFbRtaE7shNxXOruqzi41qh8b7sRafDrEdcR2DjAfsYWgaemduI0jSofXQBTFJ/pub
https://vimeo.com/697472139/0ede95db2d

L MAP
Next steps for LungMAP ‘] pd ol \ ) S

velopment Program

Exponential Growth: Dozens of new atlases & interfaces

Creating atlases in the cloud: Public + consortia + user

Leveraging Al: User facing language models and disease
gene regulatory network models.

Cost management: Balancing growth, community needs
and cloud versus on prem compute.
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Thank you!

DCC Leadership DCC CCHMC

Bruce Nathan Tiothy Benedict Eric Scott Joshua Kevin Liam
Aronow Salomonis Huo Tickle Patten Bardes Tabar Fortriede Burns Dolan
Surya Prasath Michal Benjamin Kang Minzhe Dan
Kouril Crooks Jin Guo Schnell

DCC Broad Institute DCC UCSC RTI

Nate Kat Stephanie Chelsea Trevor Hannes Nathan
Calvanese Thayer Loos Yeary Heathorn Schmidt Gaddis

with assistance from CZI and the NIH Strides & dbGAP team
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