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Overview
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Measuring biology at the single cell level

Zhu, etc., Nature Methods, 2020, https://www.nature.com/articles/s41592-019-0691-5
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Bulk versus single cell sequencing



5Clinical and Translational Science Center

Cell identity and function are fluid concepts
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Single cell technologies are still under active development

Svensson, etc., 2018, Nature Protocols https://www.nature.com/articles/nprot.2017.149
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Many technologies for single cell sequencing

https://genomemedicine.biomedcentral.com/track/pdf/10.1186/s13073-017-0467-4
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10x Chromium
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10x Chromium
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Not all technologies are created equal

https://www.nature.com/articles/nmeth.4220/figures/4
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scRNA-seq data has much more technical noise than bulk RNA-seq
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Still, scRNA-seq and bulk RNA-seq broadly agree
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There are many sources of biologically-relevant noise as well
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Basic applications

https://www.nature.com/articles/s41588-022-01088-x
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Cell census (cell type identification, clustering)

§ Sequenced 48 
polyps, 27 normal, 
6 CRCs

§ 1-10k cells/sample
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Gene marker identification
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Trajectory inference
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Cardiac remodelling after myocardial infarction

# days post-onset

https://www.nature.com/articles/s41586-022-05060-x
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Biomarker identification, potential metastasis mechanism

§ CTC clusters originate from the primary tumor, exhibit increased metastatic propensity compared to single CTCs
§ Abundance of CTC clusters in patients correlated with adverse outcome
§ scRNA-seq revealed plakoglobin mediates CTC cluster formation, enhancing metastatic spread
§ knockdown of plakoglobin abrogates CTC cluster formation and suppresses lung metastases

https://linkinghub.elsevier.com/retrieve/pii/S0092-8674(14)00927-1
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Tumor clonal evolution

https://www.biorxiv.org/content/10.1101/2022.04.09.487529v2.full.pdf

§ Engineered TP53 deficiency into 
human gastric organoids,
observe genomic changes over 
2 years

§ Observed reproducible clonal 
dynamics (initially rare 
subpopulation attain clonal 
dominance)
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Experimental design considerations
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Experiment design

§ Beginning with the question of interest ( and working backwards )

§ Traditional statistical considerations and basic principals of statistical design of 
experiments apply.
– Control for effects of outside variables, avoid/consider possible biases, avoid 

confounding variables in sample preparation.
e.g. diet in a study of genetic risk factors for gastric cancer

– Randomization of samples, plots, etc.
– Replication is essential

Adapted from Jie Li (GC)
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How many cells should I sequence per sample?

§ The number of cells to target can be estimated based on:
– The expected heterogeneity of all cells in a sample
– The minimum frequency expected of a particular cell type within the sample, and
– The minimum number of cells of each type desired in the resulting data set. 

§ For example, if we sequence a mixture of ∼10 cell types where the frequency of the 
rarest cell type is ∼0.03, then we would need to sequence ∼2250 cells to have a 90% 
chance of capturing at least 50 of those rare cells.

§ clearly difficult to know if you are sequencing new samples
– Check cell atlases (e.g. Human Cell Atlas, Tabula Sapiens)
https://tabula-sapiens-portal.ds.czbiohub.org/

§ www.satijalab.org/howmanycells
Adapted from Jie Li (GC)

https://tabula-sapiens-portal.ds.czbiohub.org/
http://www.satijalab.org/howmanycells
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Sequencing depth required for scRNA-seq

§ “Depth" (per cell) ~= # of reads/cell
§ Factors to consider are (per lane): 

– # of sequenced reads
– # of cells pooled for sequencing (estimate)
– Expected percentage of usable data (80% used below)

# reads
cell

= 0.8×
# sequenced reads
# cells pooled

§ Read length, or single versus paired end, does not factor into depth above.
§ Should expect minimum ~20k+ reads/sample (Chromium v3)

Adapted from Jie Li (GC)
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Sequencing depth required for scRNA-seq

Other factors to consider for depth:

§ Complexity of sample: the higher the complexity (more cell types, skewed 
composition), the higher the depth (number of cells needed to be sequenced).

§ Interest in detecting genes expressed at low levels: the lower the level, the higher 
the  depth (dropout).

§ Some cell types yield higher duplication rate than others
§ The fold change you want to be able to detect ( smaller fold change requires more 

replicates and higher depth).
§ Detection of novel transcripts, or quantification of isoforms (full-length libraries) 

requires >> sequencing depth. [NON 3’ based methods]
The sequencing depth needed is determined by the goals of the experiment and 

the nature of the sample.
Adapted from Jie Li (GC)
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Getting it done
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§ Cell Isolation
§ Library preparation (Per sample/pool)
§ Sequencing (Number of lanes)
§ Bioinformatics

– General rule is to estimate the same dollar amount as data generation, i.e.
double your budget
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“Cost per cell”

https://satijalab.org/costpercell/
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Who can help me construct the libraries and sequence?

https://dnatech.genomecenter.ucdavis.edu

See website for current costs (always changing) – expect $1000’s for scRNA-seq, $100’s for RNA-seq per sample
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Who can help me do (some types of) analysis?

https://bioinformatics.ucdavis.edu

As of Sept 2022

https://bioinformatics.ucdavis.edu/
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Can I have someone in my lab trained to do the analysis?

§ The Bioinformatics Core offers training workshops for scRNA-seq analysis:
– https://bioinformatics.ucdavis.edu/training

§ MIND Institute Investigators: The Biostatistics, Bioinformatics, & Research Design Core
– https://health.ucdavis.edu/mindinstitute/centers/intellectual-developmental-disabilities-

research/cores/bbrd.html

§ Software packages to perform single cell analyses
– https://github.com/seandavi/awesome-single-cell

§ Online tutorials:
– https://www.singlecellcourse.org/
– https://bioconductor.org/books/release/OSCA/

https://bioinformatics.ucdavis.edu/training
https://health.ucdavis.edu/mindinstitute/centers/intellectual-developmental-disabilities-research/cores/bbrd.html
https://github.com/seandavi/awesome-single-cell
https://www.singlecellcourse.org/
https://bioconductor.org/books/release/OSCA/
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Questions?


