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BULK VS SINGLE CELL RNA-SEQ

Average expression level
- Comparative 

transcriptomics
- Disease biomarker
- Homogenous systems

Separate populations
• - Define heterogeneity
• - Identify rare cell  

populations
• - Cell population 

dynamics



BULK VS SINGLE CELL RNA-SEQ

Source: Sarah Boswell, Harvard Medical School, September 2020



BULK VS SINGLE CELL RNA-SEQ

Source: Sarah Boswell, Harvard Medical School, September 2020

Disadvantages of scRNA-seq
- Dropouts and noisy data
- Lowly expressed genes 

might be undetected
- Samples will contain 

doublets
- Replicates without batch 

effect are unlikely
- Expensive



APPLICATIONS

Source: Pijuan-Sala et al. Nature 566, 490–495 (2019)



TECHNOLOGIES

Source: Svensson et al. Nat Protoc 13, 599–604 (2018)

Parse WT Penta – 
5mln cells in one 

experiment



WORKFLOW

Source: https://en.wikipedia.org/wiki/Single_cell_sequencing

Good sample 
preparation is 
key to success!



SAMPLE PREPARATION
- Understand well the nature of the sample (sampling conditions, preparation, purity)
- Identify the source of technical difficulties in order to resolve them first
- Practice your sample preparation, optimise the protocol well, do not rush to the final experiment
- A well planned pilot experiment is essential for evaluating sample preparation and for understanding the 

required number of cells.
- You need your cells to be highly viable (>90-95%), have no clumps and no debris. Cell membrane integrity 

is a must!
- Free-floating RNA will make analysis more challenging
- Be cautious about FACS (especially with more fragile cells). If FACS necessary for enrichment, remember 

that time is crucial factor
- Count with haemocytometer or cell counter (Countess II Automated Cell Counter)  – do not trust sorter 

counts
- Fixation and cryopreservation are not compatible with many techniques



DROP-SEQ OVERVIEW
- Moved throughput from hundreds to 

thousands.
- Droplet-based processing using microfluidics
- Nanoliter scale aqueous drops in oil.
- 3' End
- Bead based (STAMPs).
- Single-cell transcriptomes attached to 

microparticles.
- Cell barcodes use split-pool synthesis.
- Uses UMI (Unique Molecular Identifier)
- Chance to have two cells within one droplet



UMI – UNIQUE MOLECULAR IDENTIFIERS
After PCR enrichment, without UMIs, one can not distinguish if multiple copies of a 
fragment are caused by PCR clones or if they are real biological duplicated. 
By using UMIs, PCR clones can be found by searching for non-unique fragment-UMI 
combinations, which can only be explained by PCR clones.
When performing variant analyses, these falsely overrepresented fragments can 
result in incorrect calls and thus wrong diagnostic findings



10X GENOMICS 
OVERVIEW

Source: 10x Genomics

- Droplet-based similar to Drop-Seq, 3’ or 5’ mRNA
- In contrast to Drop-seq, where solid beads are used for RNA capture, 10X 

uses soft hydrogels containing oligos. These enable “single Poisson 
loading” leading to capture of >60% of input cells.

- Standardized instrumentation and reagents (unhackable so no 
customisation or control)

- Very easy to use and less processing time
- More high-throughput scaling - 16 samples can be processed 

simultaneously with up to 20000 cells captured per sample
- The doublet rate increases with number of cells loaded
- CellRanger and CellLoupe software are available and user friendly
- A lot of additional addons possible (CRISPR, TCR & BCR profiling etc.)



10X GENOMICS 
OVERVIEW

Source: 10x Genomics



10X GENOMICS LIBRARIES

Source: 10x Genomics

Sequencing  Read Description Number of cycles

Read1 10x Barcode Read (Cell) 
+ Randomer Read (UMI)

28bp

i7 index Sample index read 10bp

i5 index Sample index read 10bp

Read2 Insert Read (Transcript) 90bp



EXPERIMENTAL DESIGN

Source: Baran-Gale et al. Brief Func Genomics. 17 (4):233–239. (2018)

Source: Nguyen QH et al. Front Cell Dev Biol 6:108. (2018)
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