


10:00 -12:00 pm Practical work

Using COMETH web app on 
real datasets: small projects

Submit novel computational 
methods on codabench

Medical contributors Computational contributors

9:00 -10:00 pm LECTURE
9:00-10:00 pm Visualization and interpretation

Lunch Break

4:45 -5:00 pm CONCLUSION

2:00-4:00 pm Practical work

Medical & Computational contributors
2:30-4.00 pm Focus on biological interpretation

4:00-4:45 pm PRESENTATIONS
2:00-2:45 pm Results presentation & discussion 

DAY2

2:00-2:30 pm Debriefing with slides from teams 



Learn how to use the user-friendly 
COMETH web application to run methods 
on toy TCGA datasets

Learn how to contribute to the codabench 
benchmark using a toy data challenge

Computational group DAY 1-2

Medical group DAY 1-2

DAY 2
Learn how to biologically interpret 
the results of the methods





https://app.gebican.fr/compExplore/

Help you in the analysis, interpretation and visualization of the results

Different modules



cellmix (MT16, 17, 18) using cellMatch gene markers





Unsupervised

…

…

Cell types

G
en

es

k = ?

(T matrix)



Unsupervised

Samples 
mixtures of 2 cell types 

One sample 

Principal Component 
Analysis (PCA)

Reminder
Find the axes that maximized the explained 
variance (inertia)
Principal components are orthogonal

Dim 1

Dim 2

Variance explained: 100% 

Variance explained 0% 
Eigenvalues represent the variance 
explained

Plot of eigenvalues 
(=scree plot)

k-1
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ig
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elbow
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Cattel’s rule: k = PCs + 1

Number of relevant PCs

PC index



Unsupervised

Real life

Cattel’s rule: k = PCs + 1



Unsupervised

Real life

Could be noise

LOOK AT THE ELBOW

Relevant PCs

k Be careful of overestimation of k due to 
other factors (sex, age, batch effect)

Cattel’s rule: k = PCs + 1



INPUT

OUPUT





Unsupervised

To which cell type(s) corresponds each of the components identified by unsupervised methods?

Com
p 1

Com
p 2

Com
p 3

Com
p 4

Comp 1
Comp 2
Comp 3
Comp 4

k=4

Similarly to PCA, unsupervised methods as 
ICA/NMF will find the k components that best 
capture the variability in the data

= x

YOUR 
DATA



Unsupervised

Com
p 1

Genes with high scores 
on the component

Markers of a particular cell 
types?

Use of CellMatch Database
(Shao et al iScience, 2020, tool scCATCH)



Unsupervised

Use of CellMatch Database

CellMarker (Zhang et al., 
2019b)

MCA (Han et al., 
2018) 

CancerSEA (Yuan et al., 
2019)

CD Marker 
Handbook 

(Shao et al iScience, 2020, tool scCATCH)

Filtering human gene markers and cancer 
types with at least 5 gene markers

• 33 cancer types + normal
• 150 tissues
• 412 cell types
• 12312 gene markers

Normal tissues

Cancer types

# 
ce

ll 
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s

# 
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ll 
ty

pe
s



Peng et al 2019 Nature

CellMatch Database

Unsupervised



Unsupervised

Com
p 1

Genes with high scores 
on the component

Markers of a particular cell 
types?

Use of CellMatch Database
(Shao et al iScience, 2020, tool scCATCH)

Gene Set Enrichment 
Analysis (GSEA)



Unsupervised

Gene Set Enrichment Analysis (use of the fgsea R package)

1- Order the list of genes (test statistic, 
p-value, here component scores...) 

2- Calculation of the Enrichment Score (ES)

3- Comparison of ES to a distribution of ES 
obtained on random data (gene 
permutations) . → Calculation of a p-value

The algorithm scans the list: the score increases 
when the gene is part of the set (=cell type) and 
decreases otherwise. The increase and decrease 
values is weighted by the gene rank (for a gene set 
overexpressed, the increase will be higher at the 
beginning of the list).
The ES corresponds to the max score (absolute 
value).

Gene score on the component

Comp1

Enrichment plot

ES

For one cell type, e.g. Acinar cells

Genes which is a 
marker of acinar cells



INPUT
OUPUT



Example for component 1 
(LUAD dataset, ICA method, k=5) Enrichment 

Score

P-value of the GSEA test

Cell types from the 
CellMatch DataBase

--> Stromal component, Fibroblast?



Com
p 1

Unsupervised

Other option

Perform an enrichment analysis
(Fisher’s exact test) 

Does the gene list contains relatively more 
markers of a cell type / a pathway than in the 
list of all the genes (reference)?  ge

ne
s



Unsupervised

Enrichment analysis with Enrichr

23

Paste your gene list of interest
(takes as reference the all the 
human genes)

Chen, E. Y.,  et al(2013). Enrichr: interactive and collaborative HTML5 gene list enrichment analysis tool. BMC bioinformatics, 14(1), 128.

171 Databases

Ouput examples

GO KEGG



Unsupervised

Perform enrichment analyses with other external tools



INPUT

OUPUT

Csv file



Com
p 1

Com
p 2

Com
p 3

Com
p 4

Top100 markers component 1

Top100 markers component 2

Top100 markers component 3

Top100 markers component 4

Unsupervised

Perform an enrichment 
analysis with your favorite tool
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ATD = x

cell type proportion matrix

● Is a given sample highly heterogeneous in its composition?
● Are all the different samples similar in their cell type composition ?



Heatmap of the proportion matrix

Focus on a selected cell type:
distribution among samples

Focus on a selected sample:
Cell types abundance for this sampleINPUT

OUPUT



(1) CIBERSORT-ABS, EPIC and quanTIseq can be 
used for both inter- and intra- sample 
comparisons i.e. comparing one cell-type within 
one sample and across samples is possible

(2) CIBERSORT can be used only for intra- 
sample comparisons i.e. comparing different 
cell-types within each sample

(3) MCP-Counter, TIMER and xCell (not 
provided yet in the cometh web app) can be 
used only for inter- sample comparisons i.e. to 
compare one cell-type across multiple samples

Petitprez et al., 2018 Cancer Immunol Immunother 

Arbitrary units

Focus on a selected sample Focus on a selected cell type

OK OK





Example of the prognosis
Tools

Becht et al 2016, Genome Biology



…





csv file, sep = semicolon, dec = dot

csv file, sep = semicolon, dec = comma

French csv format

Non-standard csv format

Want to use excel (English 
version?) Conversion using 
compExplore



Prepare input data for Cometh web-app

Open Cometh’ outputs in english 
version of Excel





Resolving cell types from complex tissue genomic data : RECAP

- DeconRNAseq ( ~160 | Apr, 2013 | https://doi.org/10.1093/bioinformatics/btt090)
- CellMix ( ~180 | Sep, 2013 | https://doi.org/10.1093/bioinformatics/btt351)
- CIBERSORT (~2000 | Mar, 2015 | https://doi.org/10.1038/nmeth.3337)
- MCP-Counter (~350 | Oct, 2016 | https://doi.org/10.1186/s13059-016-1070-5)
- TIMER2.0  (~500 | Jul, 2017 | https://doi.org/10.1093/nar/gkaa407)
- Xcell (~400 | Nov, 2017 | https://doi.org/10.1186/s13059-017-1349-1)
- EPIC (~100 | Nov, 2017 | https://doi.org/10.7554/eLife.26476)
- QuantiSeq (~50 | May, 2019 | https://doi.org/10.1186/s13073-019-0638-6)

https://doi.org/10.1093/nar/gkaa407
https://doi.org/10.1186/s13059-017-1349-1
https://doi.org/10.7554/eLife.26476
https://doi.org/10.1186/s13073-019-0638-6


https://doi.org/10.1093/bioinformatics/btz363 | Gregor Strum et.al.

https://doi.org/10.1093/bioinformatics/btz363


https://doi.org/10.1093/bioinformatics/btz363 | Gregor Strum et.al.

https://doi.org/10.1093/bioinformatics/btz363


https://doi.org/10.1038/s41586-019-1032-7

https://doi.org/10.1038/s41586-019-1032-7


164 RNA-seq samples from 64 non-small-cell lung 
cancer (NSCLC)

Tumour-infiltrating lymphocyte (TIL) histopathology 
estimates (n=234) from 83 NSCLC

~258 tumor regions from 88 patients (TRACERx 100 
cohort)

Region 1

Region 2

Region 3

TRACERx 100 cohort

Disease onset

Pretreatment sample



n=140 tumor regions





Computational methods of supervised immune cell type enumeration can 
identify clinically relevant biology



https://doi.org/10.1038/s43018-020-00145-w





Computational methods of unsupervised cell type enumeration can 
identify clinically and biologically relevant disease subtypes



Single cell guided deconvolution

CIBERSORTx (CSx) Cell Population Mapping (CPM) 

Single cell–assisted deconvolutional DNN (Scaden)
Multi-subject Single Cell deconvolution (MuSiC)



MuSiC

● Do we know all the cell types ?

● Limitations of reference marker genes

● “You cannot find which you cannot see”



Peripheral Blood mononuclear cells

Brain cells

ScaDen




