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Multiplexing and Normalization of single 
cell data

• Pooling cells from multiple samples before loading into a single cell capture  

What is multiplexing?
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• Pooling cells from multiple samples before loading into a single cell capture  

• Lower costs for library preparation

• Better doublet identification

What is multiplexing?

Cell multiplexing methods

• SNP calling and matched genotyping (natural genetic barcoding)

• SNP calling without matched genotypes (natural genetic barcoding)

• Antibody hash tagging

• Lipid- and cholesterol-modified oligonucleotides
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Pooling cells for library prep
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• SNPs

• Anti Bodies

• Lipids

Multiplexing samples for single cell library prep

Call SNPs from the 3’ reads
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Multiplexing samples for single cell library prep

Multiplexing samples for single cell library prep
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Multiplexing samples for single cell library prep
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Powell et al. Nature Reviews Genetics 2010

Demuxlet – Kang et al. Nat Biotech 2018 
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https://github.com/statgen/demuxlet.

https://www.protocols.io/view/instructional-tutorial-for-using-

demuxlet-233ggqn

https://github.com/statgen/demuxlet
https://www.protocols.io/view/instructional-tutorial-for-using-demuxlet-233ggqn
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Cell Hashing with barcoded antibodies enables multiplexing 
and doublet detection for single cell genomics

Stoeckius et al. Genome Biology11

scSplit - Genotyping Free Demultiplexing 
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scSplit - Genotyping Free Demultiplexing 
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Detecting doublets

14

Each color comes from a different individual/sample

Demuxlet seems to over estimate doublets



SISG Module 6, Lecture 7 7/12/2019

Joseph Powell 8

What genotyping to use?

15

Scrublet

16
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Combined approach
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No change in cluster identification 
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Effects on cost
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• Costs for generating 1 library 10x (1x chip, 1x reagent)

• List price: $2,830-3,215

• Doublet rate 

• Sequencing to 50,000 reads per cell 

• NovaSeq S4 = $0.25

• NextSeq = $0.50

• Cost per sample (3,000 cells) = $2,830+750=$3,580

Effects on cost
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• Pool cells from 20 samples

• Aim for 20,000 cells = ~1,000 cells per sample

• Cost per sample
• Library prep =$280

• SNP Chip =$47

• Sequencing =$150

• Total =$477

• Run all 8 lanes on a 10x chip =$427

• Use BGI sequencer (~$75) =$352

•
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Normalization
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Normalization – cell and gene level

Vellejos et al. Nature Methods, 201722

This is the next stage of 

normalization after the ‘batch’ 

effects have been accounted for
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Performance Assessment and Selection of Normalization 
Procedures for Single-Cell RNA-Seq

Cole et al. Cell Systems 201823

Flexible generalized regression method

Implemented in the scone package

scone normalization 

24
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Normalization by nearest neighbor 

Haghverdi et al. Nature Biotechnology 201825

Batch correction based 

on the detection of mutual 

nearest neighbours (MNNs) 

in the high-dimensional 

expression space

Makes the assumption that 

cells are similar between batches

If there are unique cell types in a 

sample then they will be ‘adjusted’ 

Closer to other cell types. 

Resources

• ascend:  Senabouth et al. GigaScience 2019 
(https://github.com/powellgenomicslab/ascend)

• seurat: Butler et al. Nature Biotechnology 2018 
(https://github.com/satijalab/seurat)

• scater: McCarthy et al. Bioinformatics 2017 
(https://bioconductor.org/packages/release/bioc/html/scater.html)
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https://github.com/powellgenomicslab/ascend
https://github.com/satijalab/seurat
https://bioconductor.org/packages/release/bioc/html/scater.html
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1. EdgeR or DESeq2 or … ?

2. Seurat or Monocle or … ?

3. tSNE or UMAP or … ?

4. What is the biggest impediment to robust bulk RNA-seq analysis?

5. What is the biggest impediment to robust scRNA-seq analysis?

QUESTIONS - I
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QUESTIONS - II

6. What is the best way to remove Batch effects from scRNA-seq data?

7. Should I aim for more cells or greater read depth?

8. Do I need CITE-seq or other surface protein expression markers?

9. Why are p-values from scRNA-seq comparisons so small?

10. How do I know if I have screwed up my analysis?


