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Hardware, protocols and 
software
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Overview

This lecture is to complement teaching material with current 
technologies. We will introduce different (many) key technologies so 
that you can place the different technologies and complement your 
knowledge

• More about single-cell!

• other OMICS methods

• Machine learning basic thoughts
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Indented learning outcome

• Grasp opportunities of different OMICS methods

• Reflect which methods can be used in which contect

• Explore the idea of machine learning (ML)

• Reflect on the application of ML in medical sciences
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Where are we?

R. Burchmore Lecture
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More scRNA-Seq methods

• Reference based mapping

• cell-cell interaction

• spatial transcriptomics

• Epigenetics / ATAC-Seq

• B/T cell repertoire sequencing

• Other sequencing methods: SMART-Seq2 & BDRhapsody

• Mix of computational and wetlab methods
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Other sequencing methods

• Plate based, like Fluidigm or SMART-Seq2 / SMART-Seq3

• Other flow based methods: Seq-Well, drop-Seq

• Gene panel methods, BD Rhapsody
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SMART-Seq2 method
• allows the generation of full-length cDNA and 

sequencing libraries by using standard reagents

• protocol takes ∼2 d from cell picking to having a 
final library ready for sequencing

• limitations are the lack of strand specificity and the 
inability to detect nonpolyadenylated (polyA-) RNA.

• Low throughput, but better capturing of transcripts

• Also full length (1million read per cell), looking 
alternative splicing

• SMART-Seq3 does 3’ sequencing & UMI
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https://www.nature.com/nmeth


Different analysis pipeline: 
Scater

• A little bit different to Seurat

• pre-processing

• QC

• normalization 

• Visualization

• DE with S3C

• VERY similar to use – you could do 
it!
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BD Rhapsody

• Combination of scRNA-Seq & 
antibody sequencing (later),

• Gene panel sequencing (~500 genes)

• Cheaper

• Also 2D matrix

• Can use Seurat

https://www.bdbiosciences.com/en-gb/products/instruments/single-cell-multiomics-systems/rhapsodyMVD - more & more 9



New: HIVE – good, not as good as 10X?
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https://honeycomb.bio/the-hive/



Parse-Seq (version2)
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Fix cells (dead)
Put them on plate
Barcode all the mRNA of each cells (tricky the trick – in cell 
reverse transcription)
Then pool cells, split them on plate and barcode mRNA again 
and again



Illumina: PipSeq – they bought it
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Sorry, but all company drive!

• They make money… 

• … so more technologies to come!

• More to come, like 

MVD - more & more 13



Epigenetics…
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http://advances.sciencemag.org/content/2/7/e1600584.full



chromatin immunoprecipitation sequencing 
(ChIP-Seq)
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• You must test that for the different 
antibody

• Noisy methods 
(immunoprecipitation) so replicates 
are crucial



Assay for Transposase-Accessible Chromatin 
using sequencing - ATAQ-seq

• assess genome-wide 
chromatin accessibility.

• Tn5 transposase cleaves and 
tags double-stranded DNA with 
sequencing adaptors 
(tagmentation)

• Single cell methods exists! 
Possible to do scATAQ-Seq and 
scRNA-Seq from the same cell 
(10X multiome method)
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https://en.wikipedia.org/wiki/Chromatin


Repertoire sequencing!

• Video: https://www.10xgenomics.com/products/single-cell-immune-
profiling

• Capturing the repertoire of T or B cells through PCR. 

• Possible to look for expansion
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• Capture scRNA-Seq and 
protein on surface

• Need for each proteins a 
construct $$

• Extra sequencing

Cellular Indexing of Transcriptomes and Epitopes by Sequencing (CITE-seq)

https://cite-seq.com/ // wikipedia
MVD - more & more 18

https://www.nature.com/articles/nmeth.4380
https://www.nature.com/articles/nmeth.4380
https://www.nature.com/articles/nmeth.4380
https://cite-seq.com/
https://cite-seq.com/
https://cite-seq.com/


Example of several antibodies

https://www.nature.com/articles/s41467-021-27232-5

Why could that be useful?
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• Very good for the ADT 150 antibody panel
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Single cell sequencing is not cheap

• ~ £1500 10X kit, + ~ £1500 for sequencing 6000 cells to 50k

• ~ £1500 10X kit, + ~ £500 for sequencing 2000 cells to 50k

• ~ £1500 10X kit, + ~ £3000 for sequencing 12000 cells to 50k

• Let’s pool samples to get the 10X cost down!
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Mix 2 parasites 
• cheaper (+)

• Need to be all ready at the exact 
time (-)

• Need to publish all data at 
once? (-)

• competitive mapping

• We can even use double, when 
between parasites! (+)

Emma Briggs / Felix Warren
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HTO Cite Seq - Hashtag – readcounts/cell increased

500 reads/cell: 5000 reads/cell:
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Use SNPs to demultiplex

Domenico Somma MVD - more & more 24



Demuxlet is the control with classic genotype 

identification

Vireo and scSplit are two alternative software
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10X in one example

scSplit
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Perturb-Seq
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CRISP-cas9 
Do it on several samples
Pull them
sequence



BrazWebinarhttps://singlecell.broadinstitute.org/single_cell/study/SCP24/perturb-seq
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• How to analyse

• What to consider? 

• Why difficult?
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• Annotation of cell population is difficult and time consuming

• Is it possible to transfer annotation from know datasets?

Automated reference annotation

• You can transfer the 
annotation from a 
reference (singleR)

• Map your data onto a 
reference (Seurat)
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• https://satijalab.org/seurat/articles/multimodal_reference_mapping.html

• Might not need to do the cluster annotation?

Seurat 4 mapping approach
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• Mention Other methods like 
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Cell-cell interaction

• scRNA-Seq allows us to 
interaction the dynamic of a cell 
population in terms of 
expression

• But can we deduce interaction 
between cells?

https://www.nature.com/articles/s41467-021-21246-9/figures/1MVD - more & more 35



How do computational tools predict Cell-Cell Interaction (CCI)?

Cell Type A

Cell Type c
Cell Type d

Cell Type e
Cell Type f

Cell Type g

Cell Type h

Cell Type b
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A database of know 
receptor-ligand interactions

Types of cell-cell interactions

36



How do computational tools predict CCI?

Ligand Expression Receptor Expression

Cell Type A Cell Type b

Cell Type A

Cell Type c
Cell Type d

Cell Type e
Cell Type f

Cell Type g

Cell Type h

Cell Type b
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Cell-cell interaction databases

• We know current literature of 
ligand-receptors

• Several build databases of pairs 
(Cellchat, CellphoneDB)

• Use expressed genes to detect if 
pairs are expressed

MVD - more & more 38



Cell-cell interaction graphs
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Cell-cell interaction

• A lot of graphs to look at

• Differential comparison most 
interesting – how does the cell-
cell interaction changes, when 
one receptor is DE expressed 
between two conditions

• What are the limitations?

• What is the relation between 
expression and receptor?

• Just because the mRNA of two 
receptors is transcribed, does it 
might there is interaction?

• What would we need to know?
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Input

cellXplore

CCI

Cellxplore offers multiple visualisations to interrogate cell-
cell interactions

Olympia Hardy
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Exploring cellular communications in the brain during T. brucei infection

https://www.nature.com/articles/s41467-022-33542-z

Dr. Juan Quintana
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Microglia subsets show increased cross-talk during T. brucei 
infection

Prosaposin - GPR37 plays a part in astrocyte migration 
and neuroprotective function

Lgals9-Ighm – Galectin-9 interaction regulates B cell 
signaling
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Spatial transcriptomics

• cellular organization in tissues is intimately linked to biological 
function

• histopathology is often used as a conclusive diagnostic tool, precisely 
because many diseases are characterized by abnormal spatial 
organization within tissues

• Infectious and inflammatory processes can drastically change the 
cellular organization of tissues
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Spatial transcriptomics

https://www.nature.com/articles/s41586-021-03634-9 MVD - more & more 45



Spatial transcriptomics
 + scRNA

https://www.nature.com/articles/s41576-021-00370-8

• methods exist

• Seurat has one ☺
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What else is there? 
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https://satijalab.org/seurat/articles/get_started_v5_new



MVD - more & more 48



MVD - more & more 49



MVD - more & more 50



MVD - more & more 51



Think about the opportunities

• Spatial transcriptomics will be the new hype

• Integrating different modalities (datatypes)

• Take home message: A lot of cool applications!

• Later in lecture looking into other methods

• Next, other “omics”
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Resources
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Many tools to visualise data!



https://www.ebi.ac.uk/gxa/sc/home
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Data accessibility - ParaCell

http://cellatlas.mvls.gla.ac.uk/ MVD - more & more 55

William Haese-Hill
Edward Agboraw



Cellxgene - paraCell
https://cellatlas-cxg.mvls.gla.ac.uk/Pb/
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Questions? 
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