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I’m based the Sanger Institute



I grew up in Oxfordshire…



I’m from Oxfordshire



“Bulk” RNA-seq



RNA-seq measures “active” 
genes with sequencing



RNA



From RNA to RNA-seq



From RNA to RNA-seq



From RNA to RNA-seq



Sequencing from single 
cells: why and how?



Too long and full of too many 
technical details…..
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Why?









Human Cell Atlas



Human Cell Atlas



Virginia M. Howick et al. Science 2019;365:eaaw2619
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Malaria Cell Atlas



Noise in scRNA-seq



Noise in scRNA-seq



How?



FACS machine



Usually in plates



Single cell RNA-seq: 
plate format



Single cell RNA-seq: 
plate format



Single cell RNA-seq: 
plate format



A trend for increasing scale…



A trend for increasing scale…

Valentine Svensson, Roser Vento-Tormo, Sarah A Teichmann

https://arxiv.org/search/q-bio?searchtype=author&query=Svensson,+V
https://arxiv.org/search/q-bio?searchtype=author&query=Vento-Tormo,+R
https://arxiv.org/search/q-bio?searchtype=author&query=Teichmann,+S+A


Another way: droplets



mRNA - a reminder



Barcoded beads…

Barcoded beads

Drop-seq (Macosko et al. 2015)



Barcoded beads…

Barcoded beads Sequencing reads

Drop-seq (Macosko et al. 2015)
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10X “black box”



Nanowells: e.g. Seq-Well



Beads fit into wells…



Multiple layers from 
the same cell



Single-cell G&T-seq (Voet group)

ERCCs
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Low-elution magnet

gDNA well

mRNA well

BeadsCell lysate

In plate format,
automated on

robotic platforms

Nature Protocols. 2016 Nov;11(11):2081-103.
Nature Methods. 2015 Jun;12(6):519-22.



Relationship between RNA and DNA 
maintained by copying plate layout for 

both layers

RNA DNA



Genotype-phenotype correlation 
at single cell level

DNA



Genotype-phenotype correlation 
at single cell level

scG&T-seqscRNA-seq scG&T-seq



One human, multiple genomes



• The relative contribution of 
embryonic cells to tissues/organs;

• The ‘noise’ in early embryonic 
development between individuals;

• Developmental and cellular 
architectures of organs: 

⮚ clonal structures
⮚ amount of stem cells contributing to 

functional units 
⮚ differentiation trajectories available to 

given adult stem cell populations;

• Nature and role of somatic 
mutation in phenotypic variation, 
aging and disease

• Cell lineage perturbed in diseased 
tissues/organs

One human, multiple genomes
… as a means to study cellular architectures of human organs



Another dimension: 
spatial



Scope

Tubing

Flow cells

Bubble traps

Peristaltic pump

Waste

Modular valve positioner 1
+reagents

Modular valve positioner 2
+reagents



Slide-seq
🡪🡪 each bead barcode has 

known spatial location 



Slide-seq
🡪🡪 each bead barcode has 

known spatial location 



Slide-seq



Thank you for listening! 
:)



DNA replication: the key 
principles that underlie the tech



Nucleotide building blocks



Sanger sequencing



Sanger sequencing



Capillary sequencing



“Next gen” sequencing: 
Illumina



Illumina “flow cells”



Illumina sequencing: overview



“Seeding” the flow cell



Forming clusters



Reading each cluster



Reading each cluster



Illumina sequencing: overview



Data analysis: lots of data!



Sequencing in remote 
environments: possible?



Oxford Nanopore



Oxford Nanopore
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