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Introduction to single cell analysis
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Why Single Cells?
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What if that 1 cell matters most?

10x Genomics webpage



lonocyte, rare but CFTR-dedicated cell

< 1% of airway epithelial cell

~190x more CFTR per cell than ciliated cells
~50% of all airway CFTR mRNA

CFTR loss - thick mucus - cystic fibrosis
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How to Capture Single Cells?
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Combinatorial indexing

“Cell Barcoding” to cDNA - sequencing

Stark, Nat Rev Genetics (2019



How to Barcode?

Droplet-based

Cell + barcoded bead > trapped in one oil droplet (GEM)
One droplet = one cell = one barcode
e.g. 10x Chromium, inDrop, Drop-seq

Fast, scalable
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¥ Cell and bead co-encapsulation
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Microwell

One cell sorted into one well (each well = one barcode)

e.g. plate-based SMART-seq (full-length), Seg-Well, BD Rhapsody

full-length, sensitive

Combinatorial indexing (split-pool)

No physical isolation - cells split & pooled across plates repeatedly
Each round adds a barcode - unique combination per cell
e.g. sci-RNA-seq, SPLiT-seq

no special device, very large scale

Kolodzeijczyk, Mol Cell (2015,



Sample preparation

Fresh (live-cell dissociation)
Highest RNA detection
Must process immediately
Dissociation stress, selection bias (fragile cells)

Cryopreservation (using freezing media)
High RNA detection
Longer storage
Dissociation stress, selection bias (fragile cell)

Snap-frozen > snRNA-seq
Lower RNA contents (nuclear RNA only)
Longest storage
No dissociation stress
Fewer lymphocytes (under-represented)

Cryopreserved Fresh

P
0313%

Cryopreservation can deplete epithelial cells
(in kidney)

Denisenko, Genome Biol (2020)



Single Nuclei RNA Sequencing (snRNAseq)
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Frozen Centrifuge Centrifuge Centrifuge
Tissue
Tissue dissociation Debris removal Wash & Nuclei
cleanup resuspension cycles resuspension
Proceed to 10x Genomics Single Cell protocols 1

Best for fragile cells: neurons, muscle, and AT1



scRNAseq vs snRNAseq
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More immune cells in scRNAseq
More epithelial cells in snRNAseq

Finer subtype resolution in scRNAseq

More “unclassified” in snRNAseq

Renaut, PLoS Genetics (2024)
Slyper, Nat Med (2020)



Applications of scRNA seq

Identification of novel cell populations
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scRNA studies in COPD

- Epithelial cells



Single Cell Atlas of Human Lung
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Normal (n=3)
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~75,000 cells

Defined 58 cell types

- 14 novel cell types

Histologic cell types

- Molecular cell types

Examples

- Alveolar type 2 (AT2)
:AT2 vs AT2s

- Fibroblasts
: AlvF, AdVF, LipF, MyoF

Travaglini, Nature (2020)



COPD (n=3), normal (n=3|
severe COPD (explanted),

Different Gene Expressions of Cells in COPD scRNAseq

29,961 cells
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Cellular Organization of Distal Airways in COPD
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COPD (n=5)
Progenitor Niche Dysfunction in COPD 55,417 epthelil cels (sortc)
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Aberrant Alveolar Niche in COPD
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Emphysema-Specific AT2 cells in COPD
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Proportion

Regeneration to Maladaptation in COPD Progress
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Small-airway Obstruction and Emphysema
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Summary and Future Directions



Summary

* Smoking > progenitor loss/alteration in bronchioles and alveoli (TASC, AT2)
» Impaired regeneration - Maladaptive differentiation or progenitors

-> small airway loss and emphysema

Normal repair Homeostasis
TASC, AT2, intact alveoli
Normal
Progenitors
Basal cells, AT2g
COPD Maladaptive repair Small airway loss

asAT2, ABC, CTHRC1+ Emphysema



Future Directions

Nomenclature of cell types
+ Different names (TASC/RASC, ATO/AT2gcgg3p2)
* Cell types vs cell states (AT2;, AT2g AT2; ATO)
Early COPD: Pre-COPD, PRISm
Heterogeneity of COPD: COPD-Tbc, COPD-BE, COPD-ACO, etc.

Response to treatments

Well-annotated clinical data
Clear questions > better design
Validation: organoids, animal models

Re-analysis of public datasets



