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What is a doublet in scRNAseq data?
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Revealing doublets...
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Demuxlet and cell-hashing

Mixing genetically
different cells into
one sample

Cell hashing
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Sample to be
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with optional
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Three different algorithms
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Initial user-defined clustering
Deconvolution
Artificial Doublets

Similarity (Pearson) of cells
with synthetic doublets

Rescue step
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Artificial Doublets
pANN — neighborhood of
synthetic doublets

Thresholding pANN based on
expected doublet rate
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SCDS - single cell doublet
scoring

Co-expression based doublet
scoring (no artificial doublets)

Binary classification based
doublet scoring
Artificial doublets - adding
random pairs of columns to
the GEX matrix

Ordering

Selection of doublets



DoubletDecon overview

DoubletDecon Worfklow
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Seurat input: normalized GEX matrix,
top marker genes, cluster identities
(optional cell-cycle gene removal)
Calculate centroids (medoids) fpor
each cluster

Join transcriptionally similar cell
clusters

Create synthetic doublets with either a
50%/50% contribution from two
individual cells or a weighted average
for 30%,/70% and 70%/30% synthetic
doublets

Deconvolution with the R package
‘DeconRNASeq’

Deconvolution Cell Profile (DCP)
Putative doublets based on DCP
Re-clustering, rescue



DoubletDecon performance in multiplexed dataset
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Doublet detection in a doublet-free dataset
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' DoubletDecon performance in Demuxlet and Cell hashing datasets

C Scrublet DoubletFinder
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Performance of different tools

Sensitivity = True positives / True positives + False negatives
Specificity = True negatives / True negatives + False positives

Table 1. Relative Pertormance of Doublet Removal Tools

Sensitivity, %  Specificity, %
Dataset Tool Parameters (8D, 96) (SD, %)
Demuxlet n = DoubletDecon rhop = 1.2, min_uniq =4 56.90 (2.1) 81.20(1.2)
6,525
Demuxlet n = DoubletFinder 10 PCs, pN = 0.25, pK = auto, rate=  21.31 (2.8) 93.87 (0.8)
6,525 12.5% - homotypic adj.
Demuxlet n = Serublet 25 PCs, top 25% HVGs, rate = 31.00 (2.3) 93.94 (1.0)
6,525 12.5%, Z scores, theta = auto
Cell Hashing DoubletDecon rhop = 1.2, min_uniq =4 38.10 (1.2) 82.40 (0.6)
n=5402
Cell Hashing DoubletFinder 10 PCs, pN = 0.25, pK = auto, rate=  32.23 (3.8) 89.42 (1.1)
n = 5,402 20% - homotypic adj.
Cell Hashing Scrublet 30 PCs, top 15% HVGs, rate =20%, 26.16 (0.6) 94.70(0.2)
n = 5,402 Z scores, theta = 0.37



Performance of DoubletDecon in our dataset

Our dataset:

e 10x genomics 5‘GEX + VDJ + Cell Hashing

e 8000 cells loaded, 5600 cells recovered

* Estimated multiplet rate 4% (320 cells)

* BALB/c and BL6 mice (Demuxlet-like setup)
e Cell hashing
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UMAP_2

Initial clustering and doublets
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Cluster merge, deconvolution
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DoubletDecon fails in detection of doublets...
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DoubletDecon fails in detection of doublets...
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DoubletFinder

DoubletFinder
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Binary classification based doublet scoring
Artificial doublets - adding random pairs of
columns to the GEX matrix

5CDS Co-expression based doublet
scoring (no artificial doublets)
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Conclusion + future direction

TP FN FP TN Sensitivity  Specificity
DoubletFinder 100 99 297 5200 0,502512563 0,945970529
SCDS 108 91 71 5426 0,542713568 0,987083864
The best result from Doubletl 62 137 1314 4183 0,311557789 0,760960524
DoubletDecon DoubletFinder SCDS - single cell doublet scoring

TCR/BCR based package for detection of doublets?
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