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Applications for scRNA-sequencing

* Heterogeneity analysis
* Cell type identification

* Lineage tracing, cellular states in differentiation and e o
development

* Monoallelic gene expression, splicing patterns ;:iiillllll
* Immune profiling [ e T
* More...

Hagemann-Jensen Nat Biotech 2020



Single cell RNA-seq workflow

I. Tissue Procurement

Source: Key considerations: Study design:

- Primary human - Biological variation - Biological replicates

- Model organism - Sampling/handling variation - Technical replicates

- Cell culture - Duration of sourcing - Cell number calculation
- Workflow optimization

Il. Tissue Dissociation

@) B@® Method: Key considerations: Quality control:
® ®w @ - Mechanical mincing - Experimental consistency - FACS analysis
- < . Enzymatic digestion - Shortest duration - qPCR for marker genes

- Automated blending - Highest cell/nucleus quality - Imaging of cell integrity
- Microfluidics devices - Representation of all cell types - RNA quality (RIN)

(1)
IIl. Cell Enrichment (optional)

(®) Method:
(®) (®) _ pifferential centrifugation, sedimentation, filtration
(1)@ - . Antibody labeling for positive/negative selection

(o) %G’J - Flow cytometry or bead-based enrichment
- Dead cell removal

IV. Single Cell RNAseq Platform
Method:
- Droplet-based
- Tube-based after FACS
- Microwell-based
- Microfluidics-enabled

Key considerations:

- Additional handling

- Longer duration

- Loss of RNA quality

- Transcriptome changes

Key considerations:

- Cell throughput and handling time

- Gene coverage and cell type detection
- Whole transcript versus 3'end counting
- Imaging capability for doublet detection

V. Library Sequencing
Method:
- lllumina NGS
- Compatible with cDNA library

Sequencing depth considerations:

- 3'end counting: low depth ~50K RPC

- Whole transcript: high depth ~1M RPC

- Alternative splicing: ~20-30M RPC

- Iterative optimization for biological system

Key considerations: Sample Balch correction approaches:

- Separation of batch and condition - Cell Hashing

- Technical vs. biological variation - Demuxlet
- Canonical correlation analysis (CCA)

- MAST

Verify your results with orthogonal method!

ScilLifeLab Omics type
(S : )Ei?J,l;riﬁrrlﬁ)criptimics RNA
In situ sequencing RNA
(Sé)gég( {)roteomlcs Protein
édrh’??s?ﬁ‘)j FISH technologies DNA/RNA
Spatial Mass Spectometry Small molecules
= NATIONAL
= GENOMICS
= INFRASTRUCTURE

Read out

NGS

X X X XL

Imaging

"y Ay A

Complexity

(number of targets)

Unbiased
transcriptomome-wide

200-300
40

6

Mutliplexed, targeted
or untargeted

Sample

requirements

Fresh-
frozen

"y Ay A

FFPE

X &4 L

TMAs

XL LKL X

Nguyen et al., “Experimental Considerations for Single-Cell RNA
Sequencing Approaches.” Frontiers in Cell and Developmental Biology

2018

Spatial
resolution

Anatomical
features of 55 um

Subcellular
Subcellular

Subcellular

Anatomical
features of 15 um



Short history of scRNA-seq methods
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Single-cell isolation

MICROPIPETTING LASER CAPTURE

FACS
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Adapted from: Kolodziejczyk A et al, Molecular Cell, 2015
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In situ barcoding

Cao et al. 2017
Rosenberg et al. 2017%2

(Adapted from: Svensson, Nat Protoc 2018)

Add a barcode to the cell in the compartment



scRNA-sequencing protocol principles
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UMI (random sequence)

TSO (annealing handle)



Example scRNA-seq: SMART-seq3
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SMART-seq3 Sequencing

Sequencing
5" UMI reads Internal reads
2 Al comm——a
'8 A2 emmem - =
7o A3 maEes
E MM = o
< 3 =

Adapted from Hagemann-Jensen, Nat Biotechnol , 2020 & 2022
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Cell multiplexing in 10x Chromium
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SPLIiT-seq workflow

In situ barcoding N
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Comparison of current methods
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Beyond transcriptomics -
Chromatin accessibility
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Example: 10x Genomics scATAC-seq

)
[ ] Transposed DNA
ead 1

0
=

Transposition of Gap Fill +
nuclei in bulk

Gel Beads Denaturation, Gel Bead Oligo Priming +

‘ P5 Barcode Partial Read 1N

Nucleotide Extension +

Linear Pool
Collect amplification  Remove oil

] — —— T 5 ] 5
Barcoded . A A A
gel beads

Transposition of Single nuclei Barcoded accessible
nuclei in bulk GEMs DNA fragments

10x
Barcode Read IN

-

Denaturation, Linear Amplification +

by
(]
o
o
I 2

Linear Amplification Product +

Pool Single-cell Libraries + Sample
Partial Read 2N Index

P5 Barcode Read 1N -
e — —
Sample Index Oligo Priming +
Second Strand Synthesis
-

Ees — -
—— — -
—
P5

Sample Index PCR +
—— E—— ———
E——— — -
P5 Barcode Read 1N Read 2N Sample

Transposed D

A Index Satpathy Nat Biotechnol 2019



Summary single cell sequencing

Isolate cells in compartments

Add UMI & barcode for later pooling
Amplify

Fragment (e.g TnS tagmentation)
Sequence pooled libraries

Analyze your data!



Questions? ®

~ henrik.gezelius@medsci.uu.se
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Gene Expression

CITE-seq:
Analyze cell- Gene expression
profiling (3'/5")

surface protein
expression fixed RNA profiling

V4 CRISPR screen

-
VDJ, B/T cell
receptors

10x Genomics Smart-seq3 Drop-seq

o 3/5'GEX e FLGEX (Dolomite Nadia)
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e CRISPR screen
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Project workflow at NGl
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