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SINGLE-CELL SEQUENCING CONCEPTUAL UTILITY 
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TISSUE/SAMPLE PROCUREMENT



SINGLE CELLS VS. 
SINGLE NUCLEI

• Cell State and Harvest Limitations
• Frozen/Post-Mortem Tissue
• Total Detectable Transcripts
• Intronic Sequences
• Nuclear Sequence Proportion

Bakken et al, PLOS One, 2018



CELL AND NUCLEUS 
DISSOCIATION

Hu et al, Molecular Cell, 2017



CELL AND NUCLEUS 
DISSOCIATION

Suspension Buffer Options
Basic: 1XPBS +0.04% BSA

Enhanced for Transcript Stasis: 1XPBS +0.04% BSA
+100 mM D-AP5, 5 mg ml−1 of actinomycin D, 20 mM Triptolide, 
10 mg ml−1 of anisomycin

Enhanced for Cell Suspension and Separation: 1X PBS + 0.6% BSA 
+ 15% Optiprep Density Gradient Medium

Other Possible Reagents and Changes: 1 nM tetrodotoxin citrate,
Kyneurinic Acid, Itraconazole

Key Considerations: Viscosity
Downstream Platforms
Transcriptional/Translational Pausing 
Minimizing Processing Artifacts
Cell Clumping



CELL AND NUCLEUS 
DISSOCIATION



CELL ENRICHMENT AND 
ISOLATION
• Limiting Dilution
• Differential Centrifugation

• Debris Removal and Cell-Size Separation

• Flow Cytometry/Fluorescent 
Activated Sorting (FACS)
• Debris Removal
• Cell-Type Targeting
• Doublet/Multiplet Filtering

• Immunoprecipitation (IP)
• Cell-Type Targeting

• Concern: Time
• Goals: 

• Increase Purity/Viability
• Decrease Debris
• Target Specific Cell/Nuclei Populations

Hwang et al, Experimental & Molecular Medicine, 2018



SINGLE-CELL RNA-SEQ 
PLATFORMS

Aldridge and Teichmann, Nature Communications, 2020



SINGLE-CELL RNA-SEQ 
PLATFORMS

3’ (and 5’) End Full-Length Transcript
Modern Examples: Smart-seq2, 
SUPeR-seq, MATQ-seq

Features: Tend to detect more 
expressed genes, better coverage of 
low-abundance genes, can 
incorporate nascent transcripts, 
allows for more downstream 
analysis

Important Controls: Spike-In RNA

Modern Examples: CEL-seq2, 
MARS-seq, Drop-seq, InDrop, 10X 
Chromium, SPLiT-seq, Quartz-Seq2, 
sci-RNA-seq

Features: Generally higher-
throughput, higher scalability, 
lower cost per cell, require lower 
sequencing depth

Important Controls: Unique 
Molecular Identifiers (UMIs)

Subpopulation 
Identification

Differential Expression

Trajectory
Inference/Pseudotiming

Network Reconstruction

Alternative 
Splicing

Allelic 
Expression

RNA Editing



BASIC SC-RNASEQ INDEXING 
PRINCIPLES
• Applying Barcodes
• UMI use
• Template-Switching



DROPLET-BASED PLATFORMS

• Reaction Specificity
• Poisson Inclusion
• Ambient RNA correction

Zheng et al, Nature Communications, 2017



COMBINATORIAL INDEXING 
PLATFORMS

• Highly Scalable
• Simplified Internal 

Multiplexing
• Maximizes Condition Inclusion

Cao et al, Science, 2017



PLATFORM CONSIDERATIONS: STRATEGIC 
MULTIPLEXING ADVANCES

Multi-Seq
McGinnis et al, Nature Methods, 2019

Sci-Plex
Srivatsan et al, Science, 2020



SEQUENCING DEPTH 
CONSIDERATIONS

Zhang et al, Nature Communications, 2020



SC-RNASEQ DATA ANALYSIS: TOOLS

Zappia et al, PLOS Computational Biology, 2018



SC-RNASEQ DATA ANALYSIS:
PRACTICE



PRE- PROCESSING: QUALITY 
CONTROL COVARIATES

• Counts per Barcode (Cell)
• Genes per Barcode (Cell)
• Fraction of Mitochondrial 

Reads
• Batch Effect Corrections
• Multi-Variate Assessment

• Permissive vs Conservative

Luecken & Theis, Molecular Systems Biology, 
2019



PRE-PROCESSING: 
NORMALIZATION AND SCALING

• Critical to obtaining relative 
gene expression between cells

• Account for variability in count 
depth and gene dropout

• Within Sample Normalization
• CPM/C Normalization – scran
• TPM – full length vs non
• Non-Linear Normalization

• Scaling Mean and Variance
Gallegos et al, In Review 



DIMENSIONALITY REDUCTION 
AND VISUALIZATION 

• Feature Selection
• Principal Component 

Analysis
• Diffusion Maps

• T-Distributed Stochastic 
Neighbor Embedding

• Uniform Approximation and 
Projection

Luecken & Theis, Molecular Systems Biology, 2019



FEATURE DETECTION AND 
CLUSTERING

• Unsupervised Feature 
Detection
• Highest Variable Genes (Seurat FVG)
• Spike-In Based (BASiCS)
• Dropout Based (M3Drop)

• Clustering vs Community 
Detection
• K-means
• K-Nearest Neighbor

• “Marker” Genes and “Cell 
Types”



DIFFERENTIAL EXPRESSION AND 
TRAJECTORY INFERENCE

• Differential Expression
• Bulk Tools vs SC Tools
• MAST

• Trajectory 
Inference/Pseudotiming
• Differentiation and Progressive Cell 

Change
• Linear Minimum variability
• Monocole

Luecken & Theis, Molecular Systems Biology, 2019



COMMON PLATFORMS AND 
ANALYSIS TOOLS

Chen et al, Frontiers in Genetics, 2019



COMMON PLATFORMS AND 
ANALYSIS TOOLS
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