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From perkinelmer website

https://perkinelmer-appliedgenomics.com/2022/02/15/single-cell-rna-seq-intro/
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• scRNA-seq:
– Get a count for:

each cell
each gene

– The matrix is very sparse:
About 360k mRNA per cell (source:
qiagen), usually sequence 5-40k
mRNA.
A 0 does not mean no expression.
The noise and sparsity can be
explained by the Poisson
distribution.

– People usually display logNorm
expression: log(1 + 104 x

N )

From perkinelmer website

https://perkinelmer-appliedgenomics.com/2022/02/15/single-cell-rna-seq-intro/
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From perkinelmer website
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A mRNA with a concentation of 10−4

Sequence 10k mRNA (λ = 1)
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If we know how to model the noise, can we denoise scRNA-seq?

https://perkinelmer-appliedgenomics.com/2022/02/15/single-cell-rna-seq-intro/
https://commons.wikimedia.org/wiki/File:Poisson_pmf.svg
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• Goal: Find an estimation of the Probability Density Function
(PDF) of the REAL expression for a given gene.

• Hypotheses:
– Most of ’noise’ in scRNA-seq comes from sampling and can

be explained by a Poisson law.
– The PDF can be approximated by a Gaussian mixture model.

• Parameters
– Number of Gaussians
– Characteristics of Gaussians

• Strategy
– Bayesian approach = evaluate the probability of the

parameters given the data
– We use Markov chain Monte Carlo for a fixed number of

Gaussians and then combine different results using evidence.



Test baredSC_1d using simulated data
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• Generate random expression following different distributions
• Use number of mRNA per cell quantified from a real dataset
• Simulate counts using Poisson
• Run baredSC_1d

simulated real expression simulated expression from counts

0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5

0.0

0.5

1.0

1.5

de
ns

ity

baredSC

0.0 0.5 1.0 1.5 2.0 2.5

0.0

0.5

1.0

1.5
de

ns
ity



Test baredSC_1d using simulated data

L. Delisle (EGD 2023) baredSC 2023-10-05 4 / 11

• Generate random expression following different distributions
• Use number of mRNA per cell quantified from a real dataset
• Simulate counts using Poisson
• Run baredSC_1d

simulated real expression simulated expression from counts

0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5

0.0

0.5

1.0

1.5

de
ns

ity

baredSC

0.0 0.5 1.0 1.5 2.0 2.5

0.0

0.5

1.0

1.5
de

ns
ity

N(0.5,0.5) N(0.75,0.25) N(1,0.2) N(1.5,0.5)

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3

0.0
0.5
1.0
1.5
2.0
2.5

0.0
0.5
1.0
1.5
2.0
2.5

0.0
0.5
1.0
1.5
2.0
2.5

0.0
0.5
1.0
1.5
2.0
2.5

log(1 + 104λg)

D
en

si
ty

A U(0,1) U(0,2)

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

log(1 + 104λg)

D
en

si
ty

B

N(0.5,0.15)
N(1.5,0.15)

N(0.75,0.25)
N(2,0.2)

N(1,0.5)
N(2.5,0.15)

N(0.5,0.15)
N(1.5,0.15)
N(2.5,0.15)

N(0.5,0.2)
N(1.25,0.2)

N(2,0.2)

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3 0 1 2 3 4 0 1 2 3 4 0 1 2 3

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

log(1 + 104λg)

D
en

si
ty

C

N(0.75,0.25)
75% of 0

N(1.5,0.25)
75% of 0

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

log(1 + 104λg)

D
en

si
ty

D

Original distribution

Density from data

baredSC



Test baredSC_1d using simulated data

L. Delisle (EGD 2023) baredSC 2023-10-05 4 / 11

• Generate random expression following different distributions
• Use number of mRNA per cell quantified from a real dataset
• Simulate counts using Poisson
• Run baredSC_1d

simulated real expression simulated expression from counts

0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5

0.0

0.5

1.0

1.5

de
ns

ity

baredSC

0.0 0.5 1.0 1.5 2.0 2.5

0.0

0.5

1.0

1.5
de

ns
ity

N(0.5,0.5) N(0.75,0.25) N(1,0.2) N(1.5,0.5)

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3

0.0
0.5
1.0
1.5
2.0
2.5

0.0
0.5
1.0
1.5
2.0
2.5

0.0
0.5
1.0
1.5
2.0
2.5

0.0
0.5
1.0
1.5
2.0
2.5

log(1 + 104λg)

D
en

si
ty

A U(0,1) U(0,2)

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

log(1 + 104λg)

D
en

si
ty

B

N(0.5,0.15)
N(1.5,0.15)

N(0.75,0.25)
N(2,0.2)

N(1,0.5)
N(2.5,0.15)

N(0.5,0.15)
N(1.5,0.15)
N(2.5,0.15)

N(0.5,0.2)
N(1.25,0.2)

N(2,0.2)

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3 0 1 2 3 4 0 1 2 3 4 0 1 2 3

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

log(1 + 104λg)

D
en

si
ty

C

N(0.75,0.25)
75% of 0

N(1.5,0.25)
75% of 0

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

log(1 + 104λg)

D
en

si
ty

D

Original distribution

Density from data

baredSC

N(0.5,0.5) N(0.75,0.25) N(1,0.2) N(1.5,0.5)

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3

0.0
0.5
1.0
1.5
2.0
2.5

0.0
0.5
1.0
1.5
2.0
2.5

0.0
0.5
1.0
1.5
2.0
2.5

0.0
0.5
1.0
1.5
2.0
2.5

log(1 + 104λg)

D
en

si
ty

A U(0,1) U(0,2)

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

log(1 + 104λg)

D
en

si
ty

B

N(0.5,0.15)
N(1.5,0.15)

N(0.75,0.25)
N(2,0.2)

N(1,0.5)
N(2.5,0.15)

N(0.5,0.15)
N(1.5,0.15)
N(2.5,0.15)

N(0.5,0.2)
N(1.25,0.2)

N(2,0.2)

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3 0 1 2 3 4 0 1 2 3 4 0 1 2 3

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

log(1 + 104λg)

D
en

si
ty

C

N(0.75,0.25)
75% of 0

N(1.5,0.25)
75% of 0

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

log(1 + 104λg)

D
en

si
ty

D

Original distribution

Density from data

baredSC

N(0.5,0.5) N(0.75,0.25) N(1,0.2) N(1.5,0.5)

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3

0.0
0.5
1.0
1.5
2.0
2.5

0.0
0.5
1.0
1.5
2.0
2.5

0.0
0.5
1.0
1.5
2.0
2.5

0.0
0.5
1.0
1.5
2.0
2.5

log(1 + 104λg)

D
en

si
ty

A U(0,1) U(0,2)

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

log(1 + 104λg)

D
en

si
ty

B

N(0.5,0.15)
N(1.5,0.15)

N(0.75,0.25)
N(2,0.2)

N(1,0.5)
N(2.5,0.15)

N(0.5,0.15)
N(1.5,0.15)
N(2.5,0.15)

N(0.5,0.2)
N(1.25,0.2)

N(2,0.2)

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3 0 1 2 3 4 0 1 2 3 4 0 1 2 3

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

log(1 + 104λg)

D
en

si
ty

C

N(0.75,0.25)
75% of 0

N(1.5,0.25)
75% of 0

300 cells
500 cells

1561 cells
2361 cells

0 1 2 3 0 1 2 3

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

log(1 + 104λg)

D
en

si
ty

D

Original distribution

Density from data

baredSC



baredSC_1d with real data

L. Delisle (EGD 2023) baredSC 2023-10-05 5 / 11

• Improve regular violin plots

Bolt et al. 2021
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 139 
Figure 1: Experimental setup, single cell clustering and regulatory sensor. A. Wildtype, Pitx1Pen-/Pen- and Pitx1-/- 140 
transgenic E12.5 embryos were obtained by tetraploid complementation and single cell transcriptomic analyses were 141 
produced from fore- and hindlimbs. B. UMAP clustering of wildtype and mutant fore- and hindlimbs shows one 142 
mesenchymal as well as four satellite clusters. C. UMAP colored according to Pitx1 expression shows expression only in 143 
the mesenchyme cluster. D. A cassette containing a minimal b-globin promoter (mP) and an EGFP reporter gene is 144 
integrated upstream of Pitx1. A secondary CRISPR/Cas9 targeting is then used to delete the Pen enhancer. E. 145 
Conventional and light sheet microscopy reveal that Pitx1GFP embryos display EGFP expression domains corresponding 146 
to the one of Pitx1. F. RNA-seq and H3K27ac of sorted hindlimb cells show that the sensor approach can separate Pitx1 147 
active (GFP+) and inactive (GFP-) regulatory landscapes. G. The 3D structure of active and inactive landscapes in the 148 
hindlimbs is fundamentally different. GFP+ cells bear chromatin interactions between Pitx1 and its associated 149 
enhancers. GFP- cells do not display these interactions but a strong contact between Pitx1 and Neurog1.  150 
 151 
Hindlimb proximal cell clusters express Pitx1 at higher level 152 

To characterize Pitx1 transcription within mesenchymal subpopulations, we first re-clustered 153 

mesenchymal cells from all datasets. From this analysis, we could define nine clusters (Fig. 2A). We 154 

first observed that their distribution in the UMAP space is strongly influenced by the limb proximo-155 

distal axis, as illustrated by Shox2 (proximal marker) and Hoxd13 (distal marker) transcript 156 

distribution (Fig. 2B). We further annotated the clusters according to the expression of known 157 

marker genes. In the proximal limb section, we identified four clusters. First, we found an 158 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 10, 2021. ; https://doi.org/10.1101/2021.03.10.434611doi: bioRxiv preprint 

	

7	
 

 139 
Figure 1: Experimental setup, single cell clustering and regulatory sensor. A. Wildtype, Pitx1Pen-/Pen- and Pitx1-/- 140 
transgenic E12.5 embryos were obtained by tetraploid complementation and single cell transcriptomic analyses were 141 
produced from fore- and hindlimbs. B. UMAP clustering of wildtype and mutant fore- and hindlimbs shows one 142 
mesenchymal as well as four satellite clusters. C. UMAP colored according to Pitx1 expression shows expression only in 143 
the mesenchyme cluster. D. A cassette containing a minimal b-globin promoter (mP) and an EGFP reporter gene is 144 
integrated upstream of Pitx1. A secondary CRISPR/Cas9 targeting is then used to delete the Pen enhancer. E. 145 
Conventional and light sheet microscopy reveal that Pitx1GFP embryos display EGFP expression domains corresponding 146 
to the one of Pitx1. F. RNA-seq and H3K27ac of sorted hindlimb cells show that the sensor approach can separate Pitx1 147 
active (GFP+) and inactive (GFP-) regulatory landscapes. G. The 3D structure of active and inactive landscapes in the 148 
hindlimbs is fundamentally different. GFP+ cells bear chromatin interactions between Pitx1 and its associated 149 
enhancers. GFP- cells do not display these interactions but a strong contact between Pitx1 and Neurog1.  150 
 151 
Hindlimb proximal cell clusters express Pitx1 at higher level 152 

To characterize Pitx1 transcription within mesenchymal subpopulations, we first re-clustered 153 

mesenchymal cells from all datasets. From this analysis, we could define nine clusters (Fig. 2A). We 154 

first observed that their distribution in the UMAP space is strongly influenced by the limb proximo-155 

distal axis, as illustrated by Shox2 (proximal marker) and Hoxd13 (distal marker) transcript 156 

distribution (Fig. 2B). We further annotated the clusters according to the expression of known 157 

marker genes. In the proximal limb section, we identified four clusters. First, we found an 158 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 10, 2021. ; https://doi.org/10.1101/2021.03.10.434611doi: bioRxiv preprint 



Application of baredSC in study where both
FACS and scRNAseq datasets are available

L. Delisle (EGD 2023) baredSC 2023-10-05 7 / 11

	

13	
 

 281 
Figure 4: Influence of the Pen deletion on Pitx1 expression in hindlimb cell population. A. Pitx1 expression distribution 282 
across wildtype (red) and Pitx1Pen-/Pen-(cyan) hindlimb cells shows an increased proportion of non/low-expressing mutant 283 
cells and a decrease proportion of high-expressing cells. B. EGFP expression pattern in Pitx1GFP and Pitx1GFP;ΔPen in E12.5 284 
embryos. C. FACS profile of Pitx1GFP (red) and Pitx1GFP;ΔPen  (cyan) hindlimbs shows an increased number of EGFP non/low-285 
expressing cells as well as a decrease of EGFP high-expressing cells. D. Pitx1 expression across all clusters in Pitx1GFP and 286 
Pitx1GFP;ΔPen hindlimb. At the base of the distribution, the fold change in non/low-expressing cell number between 287 
wildtype and mutant is shown. Note the strong loss of expression and the accumulation of non/low-expressing cells in 288 
ICT and PPP clusters. E.F. UMAP (E) and quantification (F) of mesenchyme cell type proportions across conditions. (+) 289 
and (-) symbols indicate increase or decrease in cell proportions, stars indicate p<0.05. 290 
 291 
The Pen enhancer contributes to Pitx1 regulatory landscape activation  292 

The establishment of the active Pitx1 chromatin landscape includes changes in 3D conformation and 293 

the acetylation of specific cis-regulatory elements. Therefore, we asked whether the Pen enhancer 294 

itself is required to establish these features and specifically if its deletion would impact them.  295 

In sorted GFP+ and GFP- in Pitx1GFP;ΔPen, we first assessed using RNA-seq whether we could observe 296 
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across wildtype (red) and Pitx1Pen-/Pen-(cyan) hindlimb cells shows an increased proportion of non/low-expressing mutant 283 
cells and a decrease proportion of high-expressing cells. B. EGFP expression pattern in Pitx1GFP and Pitx1GFP;ΔPen in E12.5 284 
embryos. C. FACS profile of Pitx1GFP (red) and Pitx1GFP;ΔPen  (cyan) hindlimbs shows an increased number of EGFP non/low-285 
expressing cells as well as a decrease of EGFP high-expressing cells. D. Pitx1 expression across all clusters in Pitx1GFP and 286 
Pitx1GFP;ΔPen hindlimb. At the base of the distribution, the fold change in non/low-expressing cell number between 287 
wildtype and mutant is shown. Note the strong loss of expression and the accumulation of non/low-expressing cells in 288 
ICT and PPP clusters. E.F. UMAP (E) and quantification (F) of mesenchyme cell type proportions across conditions. (+) 289 
and (-) symbols indicate increase or decrease in cell proportions, stars indicate p<0.05. 290 
 291 
The Pen enhancer contributes to Pitx1 regulatory landscape activation  292 

The establishment of the active Pitx1 chromatin landscape includes changes in 3D conformation and 293 

the acetylation of specific cis-regulatory elements. Therefore, we asked whether the Pen enhancer 294 

itself is required to establish these features and specifically if its deletion would impact them.  295 

In sorted GFP+ and GFP- in Pitx1GFP;ΔPen, we first assessed using RNA-seq whether we could observe 296 
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baredSC_2d
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• The same strategy used for a single gene can be extended
to 2 dimensions for 2 genes using 2D gaussians.

• From the MCMC posteriors we can deduce a correlation
coefficient.
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baredSC: Conclusions
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• baredSC help to study the distribution of expression levels in
a few genes of interest.

– It could replace the widely used violin plots from normalized
data.

– It allows to retrieve the multi-modal expression distribution.

• baredSC in 2D allows better evaluation of the correlation
between genes.

• Big disadvantage of baredSC is the computation time.
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