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IHECH

e Why single cell?

e Methods — SC isolation
—Single cell isolation

—Single nuclei
e Methods - sample QC

—Do | have single cells?

—Are they alive?

—Are they too big?

—Did | isolate the correct cells?

e Cell labeling
e Single cell studies at DNA Tech



scCRNA-seq

o Reveals heterogeneity and
Each cell type has distinct subpopulation expression

Single Cell Input expression profile variability of thousands of cells

A 4
-

Single Cell
Analysis

4

®)
‘»

A 4

Tissue

T - - | ?

Analysis

-

Bulk RNA Input me =
Average gene expression Cellular heterogeneity

from all cells masked




. DNA
10X Genomics VIECH

a. 8-Channel Microfluidics Chip Barcoded
- cDNA
00000000 E

Cells + Reagents —| @ @ O O'O @0 e

Break Amplify Construct
Beads —»OOOOOOOO

% Emusion cDNA Library

RT Sequence

Oil - OO0 QQ,Q OO QO |=> GEMOutlet = _— — > >
R - s e e . DY G e o

ICﬁ o | — —':—L&

[#— 0000 e — ®g ¥

| Collect .)o @ q

W @ N —
Rnrr:dn-r-i F-;im_;r _____ o ;Ic— ~ (:il_ e T e ;m:ln_(‘.nll 10x (TLVN eDNA Samnle

e Captures 100-10,000+ cells per sample. S———

[FU] ,‘9?
e Recovers up to ~65% of cells. |
e Low doublet rate.
—(~0.8% per 1,000 cells). s »
e 30-40 micron size limit. 1o post® ”"1*“@5’&%*’



Sample Prep Guides

e Cell isolation guides available at:

https://www.support.10xgenomics.com/single-cell-gene-expression/sample-prep/

Sample Prep

v Demonstrated Protocol (14 documents)
¢ Single Cell Gene Expression Demonstrated Protocol Compatibility Table
o Cell Surface Protein Labeling for Single Cell RNA Sequencing Protocols
* Methanol Fixation of Cells for Single Cell RNA Sequencing
¢ Isolation of Nuclei for Single Cell RNA Sequencing
c Single Cell Protocols - Cell Preparation Guide
¢ Enrichment of CD3+ T Cells from Dissociated Tissues for Single Cell RNA Sequencing and Immune
Repertoire Profiling
e Tumor Dissociation for Single Cell RNA Sequencing
e Thawing Dissociated Tumor Cells for Single Cell RNA Sequencing
¢ Single Cell Suspensions from Cultured Cell Lines for Single Cell RNA Sequencing
* Removal of Dead Cells from Single Cell Suspensions for Single Cell RNA Sequencing
* Moss Protoplast Suspension for Single Cell RNA Sequencing
e Fresh Frozen Human-Mouse Cell Line Mixtures for Single Cell RNA Sequencing
e Fresh Frozen Human Peripheral Blood Mononuclear Cells for Single Cell RNA Sequencing

¢ Dissociation of Mouse Embryonic Neural Tissue for Single Cell RNA Sequencing

e Cellisolation = biggest source technical variation.

e Dissociation and preparation depends on cell type.


https://www.support.10xgenomics.com/single-cell-gene-expression/sample-prep/

Customer Protocols

e User-developed protocols:

https://www.10xgenomics.com/resources/customer-developed-protocols

Note: Customer Developed Protocols are provided for general information only and are NOT directly supported,
endorsed, or certified by 10x Genomics. Supported protocols can be found on the 10x support site.

To get your protocol featured on this page, email us at community@10xgenomics.com with your name,
affiliations, and a link to your protocol.

Cell Dissociation and Crypt Isolation of the Mouse Small Intestine

[«

Aviv Regev, Regev Lab, Broad Institute

CTAB Protocol for Isolating DNA from Plant Tissue

[«

Allen Van Deynze, Van Deynze Lab, UC Davis



Additional Resources

10\/

GENOMICS™

e Publication library

https://www.10xgenomics.com/resources/publications
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AREA OF INTEREST

Immunology (36)
Developmental Biology (30)
Cancer Research (14)
Genetic Health (6)

Cell Biology (5)

SPECIES

Mouse (75) v
Human (49)

Other - Mammal (1)
Rat (1)

Reptile (1)

v Show more filters X Clear all filters

TISSUE TYPE

bone Marrow (75) ~a

Brain (150)

Tumor - solid (110)
Spleen (75)

Lung (72)

JOURNAL

Blood (5)

Cell (5)

Cell Stem Cell (5)
Nature Immunology (5)

Cell Reports (4)

10X GENOMICS PRODUCT

«- Single Cell Gene Expression (71)
Single Cell Immune Profiling (5)

Single Cell ATAC (2)

Show Only Featured Publications (6)



DNA
General Workflow ECH

Tissue dissection Fast, reliable, clean.

Mechanical mincing Trituration, razor blade, etc.

] E.g. Trypsin, dispase, collagenase)
Enzymatic breakdown

Often with agitation

_ Obtain cell interest (flow)
Cell enrichment

Remove dead cells (beads, etc.)
(optional)



Tissue Dissociation

e Many ways to dissociate tissue:
— Mechanical
— Enzymatic
— Automated blending
— Microfluidics devices

e Considerations:
— Speed

— Consistency in results

— Good representation of all cell types

Arabidopsis
protoplasts

Same method,
different days.




Factors Influencing Dissociation ECH
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. . DNA
Single cell vs. nuclei ECH

e Single cell captures more transcripts, but is a harder protocol.

e \When to use nuclei:
— Cells cannot be harvested intact or viable (e.g. adipocytes, neurons).
— Cells are too big for capture (e.g. cardiomyocytes).

— Tissue frozen.

Tissue dissection

Detergent

Cell lysis Grinding

. e . Flow cytometry
Nuclei purification

Density Gradient

11



Nuclei protocols

e Start here:

Customer Developed Protocol

‘Frankenstein’ protocol for nuclei isolation from
c fresh and frozen tissue

Y www.collaslab.com
Contributed by: o collaslab.co

Luciano Martelotto, Ph.D., Melbourne, Centre for Cancer Isolation of Nuclei from Somatic Cells
Comprehensive Cancer Centre

1. HeLa Cells, 293T Cells, NT2 Cells

Cell preparation

c * harvest cells from flasks as per standard protocol
¢ spin cells in 50 ml conical tube at 1500 rpm for 10 min at RT

e resuspend cells in 30 ml PBS; take a 50 | sample to determine concentration
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D]\ JA
Factors influencing success ECH

e Cell debris / dead cells

— Clog microfluidics, free floating RNA = noise.

e Aggregates
— No longer single cell data.
— Clog microfluidics.

o Buffer

— Inhibit polymerase = decrease library complexity.

e Storage conditions

But the most important factor is cell / nuclei counting!

13



DNA
Workflow ECH
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i
Tissue aggregates JIECH

DAPI stain
60X
No scale bar

Recommended treatment: optimize tissue dissociation
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Cell debris
* Mouse DRG.

Clean DRG sample Noisy sample

Recommended treatment: filtration (If debris big), centrifuge,
add blocking agent.




Cell debris Il

e Lettuce nuclei prep.
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Recommended treatment: modify dissociation times / detergent
concentrations, change density gradient.



Dead cells (+debris?)

6.74 x 10°/mL

68%

Recommended treatment: dead cell removal.
www.miltenyibiotec.com/US-en/products/dead-cell-removal-kit.html



https://www.miltenyibiotec.com/US-en/products/dead-cell-removal-kit.html

Doublets WECH

e Non-single cell clumps.

e |ntegrated into droplets and cannot™* distinguish from
single cells.

Recommended treatment: filtration, change [blocking agent]
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DNA
Workflow ECH
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Automated counting

e Countess Il.

"o
—_— 2 . :
Pros (+):
Fast.
Live/dead cell

counts.

Cell size estimates.

Total concentration:

6.45 x 10°/mL

Trypan Blue dilution correctec

LIVE

5.81 x 10%/mL

DEAD

6.45 x 10%/mL

. C;ons (-):

Cell size limits (4-30um).

Number of cells

LHECH

Avg size 15.76 pm . 1

DEAD

Cell Size (um)

Doesn’t do well with odd
cell shapes, debris, nuclei.
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, DNA
Manual counting WECH

¢ Hemocytometer.
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* Pros (+):  Cons (-):
— Reliable cell counts. - Slow.
—  Count small cells.

—  Visualize cells vs.
debris. N



. DNA
Nuclei QC ECH

e Use fluorescence.

—Countess Il FL, Devonix CellDrop, Luna FL.

e Stains
60X: DAPI
—Trypan blue 2 100% dead (not great).
—Ethidium homodimer stain (good for excluding debris).
—DAPI, AO/PI other options
A
Credit: 10X

Hemocytometer Countessl|
23



. DNA
Cell sorting ECH

e FACS
Laser Nozzle tip ¥!‘
Point of an alyss
Break off point — x
@
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https://flowcytometry-embl.de/cell-sorting/

Pros (+):

Sort live / dead.
Enrich cells of interest.

Determine whether
correct cells isolated
(qPCR works too).

Cons (-):

Not accurate for cell
counts.
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https://flowcytometry-embl.de/cell-sorting/

UMI counts

Cells
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Challenges Cell Recovery

e Some samples easy - human PBMCs, etc.
— Round, easy to count, size well below size of microfluidics.
— These yield consistent results. 10K target. 8K-10K recovered.

Estimated Number of Cells

8,266

Mean Reads per Cell Median Genes per Cell

21,128 1,027

e But most experiments outside of culture don’t look like this.

Variable size,
shape, and
viability

27



How maximize output?

e Carefully craft experimental design and sample prep .
e QC cells before real sample set-up.

e Concentration: aim for the median.

— Too high - dilute.

— Too low = tough one (concentration impacts yield, pooling replicates
suboptimal).

— Count in replicates (at least n=2).

e Viability:

— Nuclei and methanol fixed cells (0%).

e Treat cells gently.
— Wide bore pipette tips, keep cells at preferred temp, work quickly..

28



. DNA
10X Single Cell Studies - DNATECH [ 88
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) DNA
Assay summary (organism) MECH

e 78 projects since July 2017 (primarily 3" GEX).

Sample
distribution by
organism

- Aurelia aurita

- Bovine
- Chicken
B Fruit fly
- Human
- Human+Mouse
W Hydra
Mouse
- Rhesus macaque
I Zebrafish
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Retinal degeneration

SCIENTIFIC REP;K;}RTS

JFEN Molecular profiling of resident
“and infiltrating mononuclear
phagocytes during rapid adult
awiemns - Fetinal degeneration using single-
cell RNA sequencing

Published online: 19 March 2019
- Kaitryn E. Ronning(®?, Sarah J. Karlen?, Eric B. Miller* & Marie E. Burns%3
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Vitamin E deficiency

Sneak Peek

A PREVIEW OF PAPERS UNDER REVIEW

Single-Cell RNA-Seq Reveals Profound Alterations in
Mechanosensitive Dorsal Root Ganglion Neurons with
Vitamin E Deficiency

iIScience

50 Pages - Posted: 5Aug 2019 - Sneak Peek Status: Review Complete

Carrie Finno
University of California, Davis, School of Veterinary Medicine, Department of Population Health and Reproduction

Janel Peterson
University of California, Davis, School of Veterinary Medicine, Department of Population Health and Reproduction
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Course dataset WECH
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Input Material




Final Libraries

e Bead capture with TSO sequence = 5’ bias transcripts.
e 2 libraries from each cell type (GEX and V(D)J).

Chromium Single Cell V(D)J Enriched Library
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Important resources

10X Genomics

— https://support.10xgenomics.com/single-cell-gene-expression

— support@10xgenomics.com

— Paul Scott, Sales Executive (paul.scott@10xgenomics.com)

UC Davis Flow Cytometry

— http://www.ucdmc.ucdavis.edu/pathology/research/research labs/flow cytometry/index.ht
ml

— Bridget McLaughlin (Technical Director)

UC Davis DNA Technology Core

— http://dnatech.genomecenter.ucdavis.edu/single-cell-analyses/

UC Davis Bioinformatics Core

— https://bioinformatics.ucdavis.edu/

36


https://support.10xgenomics.com/single-cell-gene-expression
mailto:support@10xgenomics.com
http://www.ucdmc.ucdavis.edu/pathology/research/research_labs/flow_cytometry/index.html
http://dnatech.genomecenter.ucdavis.edu/single-cell-analyses/
https://bioinformatics.ucdavis.edu/
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- Total concentration:

o B 645 x 10°/mL
e |
P
LIVE 90%
o : °Q . 5.81 x 10°/mL

DEAD 10%

° .
9 @ o 6.45 x 10°/mL
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