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 Single cell transcriptomics: a history
* A little intro to ATAC-seq and multi-omic assays
 Specific single cell studies of note in the cardiovascular system

* Experimental design best practices

* Nuclei isolation methods
 Tissue storage and validation of single cell findings

* Computational Analysis best practices

e Useful resources

* Limitations

* Brief preview of tomorrow’s coding bootcamp



First, a question: what can we learn from single cell?

* We are deconvoluting tissue into cellular subtypes

* The goal is to learn more about what subtypes make up a complex
and heterogeneous tissue

Many thanks to Nathan Tucker for this excellent slide!



Single cell transcriptomics: a History

* Eberwine (1992, neurons) and Iscove (1990, hematopoietic cells)

Proc. Natl. Acad. Sci. USA 89 (1992) Initially, cDNAs were cloned for further study.
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Single cell transcriptomics: a History
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* Tang et al in 2009 were the first to use next
generation sequencing on a single cell

e Sequenced a single mouse blastomere
e Can detect many more transcripts than using a microarray
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Single cell transcriptomics: a History

* Patel et al 2014 — sequenced
430 single cells from 5
primary human glioblastoma
tumors

* Glioblastoma has 3 major

subtypes, defined by
transcription

* But each tumor contained cells
that resembled all 3 subtypes
(independent from bulk
transcriptional analysis)

* SMART-seq to amplify mRNA
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Single cell transcriptomics: a History
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Single cell transcriptomics: a History
SPLiT-seq

A Y . th
v \ . 2 i ith 31 SIS Lyse, PCR with 4t" BC
) Reverse transcribe with 1%t BC bz Ligate with 2" BC Uz e Ligate with 3~ BC - 1)
RN N . AN 3 Spiit 4 o AN ooy
i nd Spli i s = \ A

1 Sph}\\‘ = il ' 2& Splg - ‘:\// 4 N AP S~ DN 2 @ S

2 @ i R ’:f/ 3 s -~ ; s s : -~ -= 1 6
- |~ TS ==3-¢ ' ~ e — | /)
& - e = PN -

v

R

X
.((\‘?f
\s N oL L L
O Q@ & VTPV e¥ 0

Q)

1T ] e
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7643870/: March 2018

DroNc-seq

Q
Frozen OO Fresh

O ® O «—— Qil
Nuclei C)|i|
@) Single
z Y | nuclei
Fos
.C’;Oﬁ. > FO4@ - Beads
Barcoded
beads
1. Nuclei isolation 2. DroNc-se 3. Analysis Drop
9 y : ¥ collection

https://www.nature.com/articles/nmeth.4407; August 2017



https://www.nature.com/articles/nmeth.4407
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7643870/

Single cell transcriptomics: a History
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Single cell multi-omic methods: ATAC-seq

* Generally transcriptome and
chromatin accessibility (ATAC-

seq)
e 10x offers a kit that does this!

e Several other methods:

SHARE-seq (SpliT-seq derived),

ISSAAC-seq (Xu et al., 2022)
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Image credit: Bentsen, Mette, et al. Nature communications (2020)

Many thanks to Chuck Epstein and Jason Buenrostro for this slide



Circulation

ORIGINAL RESEARCH ARTICLE

Transcriptional and Cellular Diversity of

the Human Heart
A B

Rigtg Atrium Left Atrium
. “ .
' p

’Y
f}g/emr;e

Left Ventricle

&
W' ~

@ ribroblast | 6 Ventricular Cardiomyocyte Il 10 Endothelium Il 14 Fibroblast IlI

2 Fibroblast Il @ rericyte @ Adipocyte @5 Ventricular Cardiomyocyte Il
@ Atrial Cardiomyocyte 8 Macrophage A2 Cytoplasmic Cardiomyocyte Il 16 Neuronal

4 Ventricular Cardiomyocyte | ® Endothelium | @3 Vascular Smooth Muscle @ Lymphocyte

® Cytoplasmic Cardiomyocyte | Tucker et al., Circulation 2020



Cardiomyopathies
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Article

Cells of the adult human heart
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10x genomics single cell RNA-seq overview

Most user control

Prepare sample
(isolate cells: fresh tissue,
isolate nuclei: frozen tissue)

10X genomics protocol control — not much to change

Output

Run sample through chromium controller

> 00000000 06

10x Barcoded Cells 0il
Gel Beads

standardized

Perform RT reaction,
break emulsion

| G—  FE— Pool C—

Collect RT Remove 0Oil

Single Cell 10x Barcoded 10x Barcoded
GEMs cDNA cDNA

Sequence

some
user control

Analysis

pipeline




Experimental design best practices: nuclear isolation

* Tissue preparation and
nuclear isolation are where
you have the most control
in this protocol!

* The Chromium B chip can
handle 30um cells at MOST

* Human nuclei are typically
about 10um in diameter, so
nuclear preps always fit

* And good from frozen tissue

* Debris can clog the chip too,
important to have clean
nuclear preparations.

https://kb.10xgenomics.com/hc/en-us/articles/218170543-What-is-the-range-of-compatible-cell-sizes-

hepatocyte

10um

20um

25-30um
Endothelial cells 50-70um x 10-30um
cardiomyocyte 60-140um x 17-25um

fibroblast

nucleus

Up to 100um (moving)
10um

Skeletal muscle nucleus

-~

https://bionumbers.hms.harvard.edu/bionumber.aspx

http://www.drjastrow.de/WAI/EM/EMKernE.html



Experimental design best practices: nuclear isolation

Ultracentrifuge through 2M sucrose gradient

100um sections Dounce: Spin at 40g: i _
— First loose, oellet heavy debris 40um filter (great for acellular/diseased samples):

. then tight pestle @

B | B4 10um filter

W

#
) 7/
Wit

W)

\

e Sample preparation
* Fresh tissue? Might be able to isolate cells and freeze
viable

* Frozen tissue? Need to isolate nuclei
» With vascular/CV derived tissue, sectioning on a cryotome is key

* Diseased tissue is often acellular

45min, 30000xg, 4 deg C



Overall workflow of this nuclear isolation protocol

<= Crude nuclear prep!!

Spin 40-100g 3000xg 4 deg C
to remove 20 minutes

debris 0.2% fixation

1076 nuclei/tube 5> minutes RT

Pass supe
through
filters
40uM,10uM

Section tissue in cryostat
100uM sections
6-20 sections/tube

Wide bore triturate

, lodixanol
Dounce loose/tight

gradient

Fix and freeze

#Count and image

Spin to pellet / Pl/trypan

nuclei at
550xg

4_—_—_—_

Count and image Nuclei band
Pl/trypan <«=== At 29%:35%
interface

G (

Nuclei are in 25% ix
In NSB buffer



Heart Left Ventricle Nuclear Prep
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Experimental design best practices: tissue validation

* |dentify a novel marker gene using computational analyses?
* You need to be prepared to validate!!

RNA ISH (RNAscope) IHC

Oligo + fluorophore staining

In vitro models

immunohistochemistry I(D:IRISI_DR KQ (cells)
us imaging

: Neuroblastoma slide
Breast cancer slide " Cews @ - >
s . - A ~ <) #ee) CD31
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P = B \ e 39 ‘; »
i :‘ ’ N j; Avald 5% Need a good in vitro cell line
; ‘EPCAII\/I A g —— o, 5 P AR B iPSC cells from patients possible
inre hEB £ e
EGFR in green CD31 in brown

Counterstain in blue Can also do EP to show effect in cell types

Image via ACB Tadeo et al., 2016



Experimental design best practices: tissue validation

A Bead deposition In situ indexing B

Total time ~ 3 hours

10 uym

f o Transfer to tube
2D /

Yvy
5P \ ;%fﬁg B
{ '@ ’-/\ 5 B
Section tissue
C ;
S ) %,“ : © Fibroblast
B e, @ Ependymal
: gk - @Choroid

OHabenula
@ Oligo

@ CA1
©DG

Hippocampus

https://www.science.org/doi/full/10.1126/science.aaw1219
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Sequencing structure for 10x multiome R1: 28-50bp

i7:  8-10bp
m R NA Dual Indexed Sequencing Run: Single Cell Multiome Gene Expression libraries are dual-indexed. This |5 10'24bp
means both i5 and i7 reads are used for demultiplexing. We do not recommend sequencing 10x Single Cell R2 49'90bp

Multiome Gene Expression dual index libraries with a single-index configuration.

Read Read 1 i7 Index i5 Index Read 2
Purpose Cell barcode & UMI Sample Index Sample Index Insert
Length** 28 10 10 90

ATAC Read Read 1 i7 Index i5 Index Read 2

Purpose Transposed DNA Sample Index 10x Barcode Transposed DNA

Length 50 ** 8 24+ 49 **

Don’t combine ATAC and mRNA on the same flowcell!!



Sequencing structure for SHARE R1: 50bp

i7: 99bp
i5: 8bp
MRNA R2: 50bp

1. Read1 into insert (50 cycles) 2. Index1 (i7) into cellular barcodes (99 cycles)

-—— e P e e e seo=e o= oww s P Three rounds of split and pool barcoding
~ ] TliuminaRead1 [cDNA insert]IZ3 UMI[ Illumina Read 2

«------

3. Index2 to get i5 (library) index (8 cycles)
4. Read?2 to get UMI (50 cycles)

ATAC

1. Readl into insert (50 cycles)2. Index1 (i7) into cellular barcodes (99 cycles)

_-—— e e - e ee s == == =m s P Three rounds of split and pool barcoding
£ 77 e Read T | goNATsere] Tomins rea 2 IR S R

4-------

3. Index2 to get i5 (library) index (8 cycles)
4. Read?2 to get paired ATAC-seq (50 cycles)

Don’t combine ATAC and mRNA on the same lane!!



In brief: sequencing processing pipeline

Clustering & ATAC
annotation UMAP

Align and filter ATAC Peak Peak bins X cell barcode
(bowtie2) calling matrix

BCL files (output Demultiplex to get Peaks to genes
from sequencer) IERCRIIES DORCs

Align and filter RNA Gene X cell barcode
(STARsolo) matrix

Clustering & RNA
annotation UMAP

Slide derived from pipeline presentations by Eugenio Mattei




Computational analysis best practices: pipelines

a
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T cells Biological analysis
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Li et al., Nature Methods, 2020



Computational analysis best

Experiments

scRNA-se(@--- snRNA-secg
| e

Sequence reads
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Plasma cells
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Biological analysis

— Data visualization

e Cirrocumulus or

e Cellxgene e scSVA

e UCSC Cell Browser

—> Interactive data analysis

e Terra notebooks

—— Data deposition

® Single Cell Portal
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Li et al., Nature Methods, 2020



Computational analysis best practices: ambient RNA
- 20\ * VERY important for single nucleus RNA-seq

Hj_/ * Some cytoplasmic material can remain, or
® ©00 organelles attached to the nucleus
; * This leads to some ambient RNA
o ' contaminating the aqueous solution around
Gel Beads Enzyme the nucleus + gel bead
@y ~ Many methods available to handle this:
o ..«cems N ‘ Cellbender: https://github.com/broadinstitute/CellBender
C«)f Ty ——— ) ' :-;.;‘Htammm SoupX: https://github.com/constantAmateur/SoupX
B o - ScVI: https://docs.scvi-tools.org/en/stable/
P Barcodebead DeconX: https://github.com/campbio/celda

Yang et al., Genome Biology 2020.https://genomebiology.biomedcentral.com/articles/10.1186/s13059-020-1950-6



Computational analysis best practices: clustering

Louvain Leiden

Move nodes

Level 1

Level 2

~_

Move nodes
Traag et al., Nature Scientific Reports 2019



Resources: The single cell portal at the Broad Institute

<+ Create aStudy | =9 Signn

@ gggle Cell =" @ Help & Resources ~

Single Ce" = Featuring

PORTAL 379 studi
Reducing barriers and accelerating single-cell research S '
cells

COVID-19 Studies

& Search Studies & Search Genes

4 A 4 A 4 A 4 A 4 N L
heart | celitype || organ || species || disease || = More Facets | @ & Download
b y N y N y N y N 4

Q_: Text contains (heart) Clear All

15 total studies found « < Pagel1of3 > »

Single-nucleus transcriptomic survey of cell diversity and functional maturation in postnatal mammalian hearts

12320 Cells

Hu, P, Liu, J., Zhao, J., Wilkins, B. J., Lupino, K., Wu, H., and Pei, L. (2018). Single-nucleus transcriptomic survey of cell diversity and functional maturation in postnatal mammalian hearts. Genes & development, 32(19-20),
1344-1357. Scripts for data analysis are available on GitHub repository (https://github.com/wulabupenn/Hu_GenesDev_2018) A fundamental challenge in understanding cardiac biology and disease is that the
remarkable heterogeneity in cell type composition and functional states have not been well characterized at single-cell resolution in maturing and diseased mammalian hearts. Massively parallel single-nucleus RNA

sequencing (snRNA-seq) has emerged a ...(continued)

Transcriptional and Cellular Diversity of the Human heart

287269 Cells

Transcriptional and Cellular Diversity of the Human <span class="highlight'>heart</span>Nathan R. Tucker,1,2,# Mark Chaffin,1,# Stephen J. Fleming,1,3 ... The Broad Institute of MIT and Harvard, Cambridge, MA, USA
02142# These authors contributed equally AbstractBackground: The human heart requires a complex ensemble of specialized cell types to perform its essential function. A greater knowledge of the intricate cellular milieu of
the heart is critical to increase our understanding of cardiac homeostasis and pathology. As recent advances in low input RNA-sequencing have allowed definitions of cellular transcriptomes at single cell resolution at scale,
here we have applied these approaches to assess the cellular and transcriptional diversity of the non-failing human heart.Methods: Microfluidic encapsulation and barcoding was used to perform single nuclear RNA

https://singlecell.broadinstitute.org/single_cell

sequencing with samples from seven human donors, selected for ...(continued)



Resources: Azimuth (Satija lab)
HUBMAP Home References

Azimuth

App for reference-based single-cell-analysis: -

Azimuth is a web application that uses an annotated reference dataset to automate the processing, analysis, and interpretation of a
new single-cell RNA-seq experiment. Azimuth leverages a ‘reference-based mapping' pipeline that inputs a counts matrix of gene
expression in single cells, and performs normalization, visualization, cell annotation, and differential expression (biomarker discovery).
All results can be explored within the app, and easily downloaded for additional downstream analysis.

The development of Azimuth is led by the New York Genome Center Mapping Component as part of the NIH Human Biomolecular Atlas Project
(HUBMAP). Seven molecular reference maps are currently available, with more coming soon.

NOW WITH SINGLE CELL ATAC-seq DATA!!! https://azimuth.hubmapconsortium.org/



Resources: Azimuth (Satija lab

References for scATAC-seq Queries References for scRNA-seq Queries
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Resources: Hubmap! (validated cell type markers!

ASCT+B REPORTER

The CCF ASCT+B Reporter is a visualization tool for displaying anatomical struct
experts for different human organs. The tables are used to develop a common co
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¢ Packages: Scanpy (python)
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Pipelines: Cumulus (Terra workflow
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—> Data visualization
e Cirrocumulus or e Cellxgene e scSVA

A e UCSC Cell Browser
—> '0 —> Interactive data analysis

e Terra notebooks

https://cumulus.readthedocs.io/en/stable/index.html

—— Data deposition

« Sincle Gl Porta Li et al., Nature Methods, 2020



Limitations of 10x/single nucleus RNA-seq

* mMRNA is nuclear, so intermediate in spliceosome processing
* No isoform determination
* Must map to entire gene body

* RNA is specifically nascent, non-cytoplasmic
* Limiting factor for some trajectory analysis

* Need good quality isolated nuclei to avoid clogging 10x chip
* For some tissues, debris removal is necessary to isolate intact nuclei

* lodixanol, ultracentrifugation

* For multi-omic assays, it can be hard to balance ATAC-seq quality with
RNA-seq quality



Single-Cell Transcriptome Analysis Reveals Dynamic Cell Populations and
Differential Gene Expression Patterns in Control and Aneurysmal Human
Aortic Tissue

Yanming Li, Pingping Ren, Ashley Dawson, Hernan G. Vasquez, Waleed Ageedi, Chen Zhang, Wei Luo, Rui Chen, Yumei Li, Sangbae Kim,
Hong S. Lu, Lisa A. Cassis, Joseph S. Coselli, Alan Daugherty, Ying H. Shen ], Scott A. LeMaire

Originally published 5 Oct 2020 | https://doi.org/10.1161/CIRCULATIONAHA.120.046528 | Circulation. 2020;142:1374—-1388
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Preview/overview of the coding session tomorrow
* We will be using a workspace on Terra = = ®-

* https://app.terra.bio/#tworkspaces/gro-share-seq-
computational/useful notebooks for teaching publi

c/analysis/launch/2021 09 human_aorta_single cell
cumulus. scanby.iovnt Welcome to Terra

* We WI” be examining the human aorta dataset on Terra is a cloud-native platform for biomedical

human aorta reprocessed using the pipeline Cumulus researchers to access data, run analysis tools,
. and collaborate.
¢ We a|SO have a Slngle Ce“ ArChR Workspace fOr lf:ind how/;to's, documentation, video tutorials, and discussion
. orums [4
ATAC a na IySIS Learn more about the Terra platform and our co-branded sites [

* https://app.terra.bio/#tworkspaces/gro-share-seq-
computational/useful notebooks for teaching publi

c/analysis/launch/2022 02 25 ArchR tutorial atac.if e pusished: 27 uy 2020
ynb Cumulus provides cloud-based data analysis for large-
scale single-cell and single-nucleus RNA-seq

Bo Li &, Joshua Gould, Yiming Yang, Siranush Sarkizova, Marcin Tabaka, Orr Ashenberg, Yanay Rosen,
Michal Slyper, Monika S. Kowalczyk, Alexandra-Chloé Villani, Timothy Tickle, Nir Hacohen, Orit

D
" Rozenblatt-Rosen & & Aviv Regev
Nature Methods 17, 793-798 (2020) | Cite this article
‘ 7876 Accesses | 13 Citations \ 74 Altmetric | Metrics
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Thank you! And see you tomorrow!

e

* Many thanks to:

e The AHA GPM Council
* Lisa Wilsbacher

. Matt Nayor American
* Charles Epstein, for letting me take Heart. .
time to teach Association.

Vascular Discovery:
From Genes to Medicine 2023




