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What is DNA Sequencing?



What is RNA Sequencing or RNA-seq?



How do you perform RNA-seq analysis?



What sequencing is used for Single-Cell 
RNA Sequencing (scRNA-seq)?

Massively Parallel Sequencing



What sequencing is used for scRNA-
seq? Part 2



How is scRNA-seq library construction 
different than RNA-seq?



What is the quality control 
workflow for RNA-seq?



What are the advantages of RNA-Seq?

Limited to coding 
sequences

Allows for view into 
cell population 

expression patterns



What problem with RNA-seq does scRNA-seq solve?



How Are Single Cells Isolated? Part 1



How Are Single Cells Isolated? Part 2



How does Flow-Activated Cell Sorting (FACS) work?



How are genes between cells quantified?

Sequencing Data
Useful Cellular Information

PCA, t-SNE, LLE, 
multidimensional scaling, 

Isomap



What is Principal Component Analysis (PCA)?



How are cells in a heterogeneous tumor differentiated?



What is t-Distributed Stochastic Neighbor Embedding (t-SNE)?



Cell hierarchy 
reconstruction

Cell type 
identification

Inferring regulatory 
networks

Why is scRNA-seq powerful?



Why is scRNA-seq powerful?

Single-cell 
lineage

Non-invasive 
biopsy

Drug 
resistance 

identification

Distinguishing 
healthy and 

diseased cells



What are some major issues with scRNA-seq?

Must remove 
low quality cells 

and reads

Low capture efficiencyNeed to 
normalize 
data



What are some major issues with scRNA-seq?

Clustering 
can be 
messy

Rare cell types 
can be hard to 
distinguish



Summary: single cell RNA seq 
can differentiate cell expression between 
closely related cell types

can be used to determine regulatory 
pathways, discover rare cell types, and 
elucidate cell hierarchies

is especially useful in environments with 
many interacting cell types, like tumors



Dissecting the multicellular 
ecosystem of metastatic 

melanoma by single-cell RNA-
seq

Itay Tirosh et al.

Reference: 1



What is melanoma?

Reference: 2



Immune detection Escape and metastasis

What is the tumor microenvironment?

Reference: 3



What is intratumor vs intertumor heterogeneity?

Reference: 4



Type State Expression

How can single-cell RNA-seq help?

Reference: 5-7



How is melanoma currently treated?

PD-1 Blockade RTK Inhibition
Reference: 8, 9



What was their single-cell RNA-seq pipeline?

Tirosh et al. 
(2016)



How can malignant cells be distinguished from non-
malignant cells?

Tirosh et al. 
(2016)



How do malignant and non-malignant cells cluster 
based on expression?

Tirosh et al. 
(2016)



How do the cell states of malignant cells compare?

Tirosh et al. 
(2016)



To what extent can intratumor heterogeneity exist?

Tirosh et al. 
(2016)



Why does intratumor heterogeneity matter?

Tirosh et al. 
(2016)



Can this heterogeneity be confirmed? 

Tirosh et al. 
(2016)



What are important RTK transcriptional programs?

Reference: 10-12



How are these programs distributed?

Tirosh et al. 
(2016)



How does treatment change tumor program?

Tirosh et al. 
(2016)



What Are Cancer Associated Fibroblasts (CAFs)?

Reference: 13



Which cell types correlate with the previously 
established transcriptional programs?

Tirosh et al. 
(2016)



Do CAFs interact with T cells?

Tirosh et al. 
(2016)



What is T cell exhaustion?

Reference: 14



Is T cell exhaustion related to activation?

Tirosh et al. 
(2016)



What genes can we use to mark exhaustion?

Tirosh et al. 
(2016)



Conclusions

Single-cell RNA-seq helps us tease 
apart the tumor microenvironment

It easily illustrates intratumor and 
intertumor heterogeneity

And promises more precision in 
precision medicine  

Reference: 15
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Summary 1
Tumors display heterogeneity in intratumoral 
and intertumoral fashion with respect to:

CNV

Cell Type

Cell State

Immune Profile

Overall Expression

Tirosh et al. 
(2016)



Summary 2
Targetable and non-targetable 
transcriptional profiles are present within 
tumors and these profiles may be related 
to specific cell types

T cell exhaustion is more complicated 
than we are currently treating it and 
studies like these can elucidate better 
markers



Why Sequence the RNA of a Single Cell?



What Does Single-Cell RNA-Seq (scRNA-seq) Do?

cDNA library 
formation



Limiting Dilution

+ Cheap and easy - Low efficiency
- Can result in no cells collected



Micromanipulation

- Time consuming
- Low throughput



Laser Capture Microdissection



What Techniques Reveal RNA Data From Cells?
Placeholder:  Either :cell lysis, reverse transcription into first-strand cDNA, second-strand 

synthesis, and cDNA amplification Or: cDNA preparation, an engineered version of the Moloney murine 

leukemia virus reverse transcriptase with low RNase H activity and increased thermostability is typically 
used in first-strand synthesis33,34. Second strands can be generated using either poly(A) tailing12,35 or by 
a template-switching mechanism36,37. This latter approach ensures uniform coverage without loss of 

strand-specificity compared to the former AND Recently, researchers have incorporated unique 
molecular identifiers (UMIs) or barcodes (random 4–8 bp sequences) in the reverse transcription step

https://www.nature.com/articles/s12276-018-0071-8
https://www.nature.com/articles/s12276-018-0071-8
https://www.nature.com/articles/s12276-018-0071-8
https://www.nature.com/articles/s12276-018-0071-8
https://www.nature.com/articles/s12276-018-0071-8
https://www.nature.com/articles/s12276-018-0071-8




How Can Changes in RNA Expression Be 
Analyzed?



What Computational Methods Are There to Analyze scRNA-seq Data?

Placeholder: machine learning-based, co-expression-based, model-based, and information theory-

based approaches
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Tirosh et al. (2016)



Locally Linear Embedding (LLE), Multidimensional 
Scaling, & Isomap



Quick Look Into 
Polymerase 
Chain 
Reaction
(PCR)



What is the normal 
workflow for an 
RNA-seq analysis?



How is RNA isolated and purified?



What is cDNA Library Formation?

RNase H



Overview: What are the requirements for scRNA-seq?



In Summary
Single-Cell RNA-Sequencing can differentiate cell 
expression between closely related cell types

Single cell expression patterns can be used to determine 
regulatory pathways, discover rare cell types, and 
elucidate cell hierarchies

Single-cell RNA-seq is especially useful in environments 
with many interacting cell types, like tumors


