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Cytofkit — Cytofast Analysis

e http://i-cyto.github.io

e cytofkit

e Cytofkit: A Bioconductor Package for an Integrated
Mass Cytometry Data Analysis Pipeline

e Cytofast

e Cytofast: A workflow for visual and quantitative analysis
of flow and mass cytometry data to discover immune
signatures and correlations



http://i-cyto.github.io/
https://www.ncbi.nlm.nih.gov/pubmed/27662185
https://www.ncbi.nlm.nih.gov/pubmed/30450167

Installation

* Open R/RStudio
* Do copy/paste/run commands line by line

* Whenever you get a message 'Update
all/some/none? [a/s/n]:', answer n

# Install Bioconductor stuff
install.packages(c("BiocManager", "remotes"))
BiocManager::install(update = FALSE) # verify

# Install requirements
options(install.packages.check.source = "no")
BiocManager::install("flowCore", update = FALSE)
BiocManager::install("uwot", update = FALSE)
BiocManager::install("cytofast", update = FALSE)
BiocManager::install(c("RANN", "igraph"), update = FALSE)

# Install cytofkitlab packages for Windows

install.packages("https://github.com/i-cyto/Rphenograph/releases/download/Rphenograph 0.99.1.9003/Rphenograph 0.99.1.9003.zip",
repos = NULL, type = "win.binary")

BiocManager::install("i-cyto/cytofkitlab", update = FALSE)

# Install cytofkitlab packages for Mac/Linux
BiocManager::install("i-cyto/Rphenograph", type = "source", update = FALSE)
BiocManager::install("i-cyto/cytofkitlab", update = FALSE)


https://github.com/i-cyto/Rphenograph/releases/download/Rphenograph_0.99.1.9003/Rphenograph_0.99.1.9003.zip

' Outline

Question: Find a group of cells that differ in
abundance between two groups of patients

Discover cytofkit 'ﬁ'ﬂ‘ﬂ‘ 'ﬁ'ﬂ‘ﬂ‘

Run calculations
Use graphical interface to view results

Use a cytofast script to get nicer figures



ORGANIZE DATA



Organize data

* Create a folder and copy

— FCS files in a data folder
FCS files to analyze

— cytofkitlab_run_ v210317.Rmd
template to run commands
e Start a RStudio project
from this existing folder on disk



Prepare data

€ > v o B> cerC 05(C)

Nom

l Dataset-clean
@® otofkitlab_run_v210317.Rmd

05 (C:) ULB

C:\demo\ULB
=> D:\0_bootcamp\cytofkit



Prepare data

€€ 5> v B> CePC ) 0S5(C) » demo > ULB

Nom lype

l Dataset-clean Dossier de fichiers
@ otofkitlab_run_v210317.Rmd Fichier RMD

= v A l Ce PC 05 (C) demo ULE Dataset-clean

Mem Madifié le Type Taille

. clean_D1.fes 2021-03-16 0815 Fichier FC5 3115Ko
. clean_D2.fcs 2021-03-16 10815 Fichier FCS 3 208 Ko
. clean_D3.fes 2021-03-1608:15 Fichier FCS 3061 Ko
. clean_P1.fecs 2021-03-16 0815 Fichier FC5 3015 Ko
. clean_P2.fcs 2021-03-16 10815 Fichier FCS 2939 Ko
. clean_P3.fcs 2021-03-1608:15 Fichier FCS 3087 Ko
"-'] Panel.docx 2021-03-16 08:15 Document Micros... 3 Ko




Create project

File Edit Code Wiew Pl

Mew File Mew Project Wizard

Mew Project... k
Create Project

New Project Wizard

Back . . .
R New Directory ac Create Project from Existing Directory

Start a project in a brand new working directory

Project working directory:

LR T C:/demo/ULB
Existing Directory | | !
l-—Ré Associate a project with an existing working directory % f L
i Version Control
Checkout a project from a version control repository
. 3 3 demo > ULB v| Open in new session Create Project

Mame

) I 1
E“ itlab_run_v21031]8

Brow; ?e. =

Cancel



Guided analysis

®
Eile Edit Code View Plots Session Build Debug Profile Tools Help
-+ &~ & A Gotofileffuncion EE - Addins - E) ULB — demo -
3l qtofkitlab_run v210317.Rmd Environment  History Connections  Tutorial
- A & kit - ¥ - SCinsert - 4+ 4 B Run -~ - & M B importDataset - « St - C-
this document. . Global Environment ~ Q
## Computation first ) )
Environment is empty
Typical way to carry the analysis relies on R/Rstudio in which you enter the
following commands.
“Cfr eval=FALSE} # ¥
cytofkitlab
cytofkit_GUI
## Exploration then
You could run the interactive exploration and analysis of the clustering and
dimension
reduction results using the Shiny application.
Files Plots Packages Help Viewer
‘" Fr aual=FEAI SF1 v
11 8 2021-03-17 - cytofkit - v2 R Markdown %8| New Folder ~ %Ml Delete Y Rename ' More - c
C: > d uLB
Console  Terminal Jobs Up@oEmey e
- Name Size Madified
Cifdemo/ULB/ = "y 1
R version 4.0.3 (2020-16-10) —- "Bunny-Wunnies Freak Out" B W Rpojuser
Copyright (C) 2820 The R Foundation for Statistical Computing B M Dataset-clean
Platform: x86 64-w64-mingw32/x64 (64-bit) O T P Jun 17, 2021, 12:03 AM
B 2 [yiofkitlab run v210317Rmd ]oke Jun 17, 2021, 12:05 AM

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'Llicense()' or 'licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
‘citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.




RUN CALCULATIONS
CYTOFKIT



Run calculations with cytofkit

## Computation first

Typical way to carry the analysis relies on R/Rstudio in which you enter the
following commands.

“"{r eval=FALSE}
cytofkitlab

cytofkit_GUI




Calculations GUI

{ cytofkit: an Integrated Analysis Pipeline for Mass Cytometry Data

Raw FC5 Directory : |C:fdem o/ULE Choose...
FCS File(s) : | Select..
Markers : | Select...
Result Directory : |C:fderr1 o/ULE Choose...
Project Mame: |q.rtofkit
Merge Method : oall © min @ ceil  fived Fixed Mumber : IW

Transformation Method : & autolgcl 7 cytofAsinh O logicle ¢ arcsinh ¢ none

Cluster Method(s) : ¥ Rphenograph [~ Cluster [T DensVM [ FlowSOM [~ NULL

k neighbors : |30

square side : |10 K meta clusters: |40

Rphencgraph Options :
FlowS0M Options :

DimReduction Method : " pca ™ tsne O umap

[T peca I isomap ¥ tsne [ umap Seed :|4}’_

Perplexitj.r:l?r'l] Max iterations : [ 1000
n neighbors: |15 min dist: 0.2

Visualization Method(s) :
tSME Opticns :

UMAP Options :

Cellular Progression : " diffusionmap  isomap  NULL

Reset | Submit | Cuit |




¢ cytofkit: Marker... — O

Please select your markers:

129<129= -
131<131=
132<132=
133<133=
134=134=
136<136=
137<137=
138<138>
139<139=
140=140=
146« 146>
135<135=
157<157=
161<161=
169 169=
172<172=

CCR4-149< CCR4-149=
CCR3-144< CCR3-144=
CCR7-139<CCR7-139=
CD16-163<C016-163>
CD19-142<C019-142>
CD20-147<CD20- 147>
CD27-167<CD27-167=>
CD28-160<CD28-160=

CD3-170<CD3-170=
CD33-138<CD33-1538=
CD38-148<CD38-148>
CD4-145< CD4-145>

173<173= =

Calculations GUI

! cytofkit: Marker... — O

Please select your markers:

C016-163<CO16-165 -
CD019-142<C019-142>
CD20-147<CD20-147>
CD27-167<CD27-167>
CD28-160<C028-160=>
CD3-170<CD3-170=
C033-158<C033-158=
CD38-148<C038-148=
CD4-145<C04-145>
CD43-150< C043-150=
CD44-166< CO44- 166>
CD45-154< C045-154=
CD45RA-153< CD45RA-153>
CD45R0-164< COMSR0O- 164>
CD36-176<C056-176>
CDE9-162< C0E9-162>
CD8-168<CDBE-168>
CHCR3-156< CXCR3-1536=
CHCR3-171< CXCR3-171>
Cell_length<Cell_length=
Cisplatin-195<Cisplatin-195=
HLA-DR-163<HLA-DR-163>
[CO5-141<1C05-141=
MA-191<MNA-191=
MA-193<MNA-193>
PD-1-174<PD-1-174=
PD-L1-173<PD-L1-173=
TCRgd-132<TCRgd-132=
TIM3-143<TIM3- 143>
Time=Time> -
oK




| | Q>
146< 146>
151<151>
155<155>
157<157>
161<161>
169< 169>
172<172>
173<173>
CCR4-14%< CCR4-145>
CCR5-144< CCR5-144>
CCR7-158< CCR7-158>
CD16-165<CD16-165>
CD19-142<CD19-142>
CD20-147<CD20-147>
CD27-167<CD27-167>
CD28-160=CD28-160>
CD3-170<CD3-170>

CD33-158=CD33-158>
CD328-148<CD328-148>
CD4-145<CD4-145>

CD19-142<CD19-142>
CD20-147<CD20-147>
CD27-167<CD27-167>
CD28-160<CD28-160=>
CD3-170<CD3-170>
CD33-1538<CD33-158>
CD38-148<CD38-148>
CD4-145<CD4-145=
CD43-150<CD43-150=
CD44-166< CD44- 166>
CD453-154<CD45-154>
CD45RA-153<CDA5RA-15
CD45R0-164< CD45R0O-1
CD56-176<CD56-176>
CDe9-162<CDE5-162>
CD8-168<CDE-168>
CHCR3-136<CXCR3-156>
CHCR3-1T1«CXCR3-171=
Cell_length=Cell_length>
Cisplatin-195< Cisplatin-1
HLA-DR-163<HLA-DR-1§




Calculations GUI

f? cytofkit: an Integrated Analysis Pipeline for Mass Cytometry Data — O >
Raw FCS Directory : o |C:.."d emo/ULB/Dataset-clean Choose...
FCSFile(s): €B)| | Select...
Markers : o |151<151::-}-{159«:169::-}-{CCF'.'.-'-159«:CCF‘.?-159::-}-{CD19-142<CD19-142::-}{( Select...
Result Directory : o |C:fdem o/ULE/run1 Choose...
Project M : 1
roject Mame 0 |rur1 )
Merge Method : o  all © min & ceil © fixed Fixed Mumber : | 3000
Transformation Method : 0 " autolgel 7 cytofAsinh  logicle ™ arcsinh O none

[

Specify your parameters
for asinh transformation:

cofactor: |3

N
ok |




Cluster Method(s) :
Rphenograph Options :
FlowS0OM Options :

DimBeduction Method :

Visualization Method(s) :
tSME Options :

UMAP Options :

Cellular Progression :

o el ekl

Reset |

Calculations GUI

v Rphenograph v ClusterX | DensVM v FlowSOM [ MNULL

k neighbors : (30
square side : |10 K meta clusters : 40

(" pca f tsne ¢ umap

W pca | isomap Iv¥ tsne v umap
Perplexity : |30 Max iterations : | 3000

n neighbors : |13 min dist: 0.2

(" diffusionmap © isomap ™ NULL

Subpmit

Seed: |42

Cuit |




Calculating...

* project Name: cytofkit_5k
* Input FC5 files for amalysis (6):

clean_pl.fcs
clean _D2.fcs
clean_D3.fcs
clean_pPl.fcs
clean_pP2.fcs
clean P3.fcs

* Markers (13):

151<151>

169169

CCRY-159<CCR7-159>

CD19-142<CD19-142>

CD20-147<CD20-147>

CD27-167<CD27-167>

CD3-170<CD3-170>

CD4-145<CD4-145>

CD45RA-153<CD45RA-153>

CD45R0-164<CD4 5R0-164>

CD56-176<CD56-176>

CD8-168<CD8-168>

HLA-DR-163<HLA-DR-163>
Data merging method: ceil
pata transformation method: arcsinh
Data normalization method: default
Dimensionality reduction method: tsne
Data clustering method(s): Rphenograph ClusterX F1owSoMm
Data visualization method(s): pca tsne umap
subset progression analysis method: NULL

30000 x 50 data was extracted!

Running PCA...
DONE in 0.02 mins
Running t-SNE...with seed 42

30000 x 50 dara was extracted!

Running PCA...

DONE in 0.02 mins

Running t-SNE...with seed 42
DOME in 0.9 mins

Running UMAP...with seed 42
DONE in 0.5 mins

Running PhenoGraph. ..

Finding nearest neighbors...DOMNE ~ 2.08 s

Compute jaccard coefficient between nearest-neighbor sets
Build a graph from the weighted links..

Links are not combined...DONE ~ 3.22 s

Run clustering on the graph ...DONE ~ 5.12 s

Return a community class
-Modularity value: 0.8789248
-Number of clusters: 22

DONE in 0.22 mins

rRunning Clusterx... calculate cutoff distance...5.36
Calculate local Density...DOMNE!
Detect nearest neighbour with higher density...DONE!
Peak detection...DONE!
Cluster assigning...DONE!
Noise cluster removed

DONE in 3.5 mins
rRunning FlowsoMm. ..

Building SoOM...

Meta clustering to 40 clusters...
DONE in 0.11 mins

R object is saved in cytofkit_5k.RData

...DONE ~ 0.29 s




Results of calculations

7

Analysis done, results are saved under Ci/demo/ULE/run1

Open

Launch Shiny APP to check your results:

4 l Ce PC 05 (C) demo ULE run

Mom Type Taille

. run1_analyzedFCS Dossier de fichiers
. runl.RData Fichier RD

1:. run1_Cluster_Cluster_1_expression_values.csv Fichier CSV Micro...
I:. runl_Cluster¥_Cluster_2_expression_values.csv Fichier C5V Micro...

x] runl_ClusterX_Cluster_3_expression_values.csv Fichier C5V Micro...

05 (G demo runl runl_analyzedFCS
I:. runl_Cluster¥_Cluster_!

R object is saved in cytofkit_sk.r x] runl_Cluster¥_Cluster ¢ _
- e >+ B

1] runl_Cluster®_Cluster £ MNom - Type Taille
*B runl_Cluster¥_Cluster_:
:. - - . cytofkit_clean_D1.fcs Fichier FC5

] . oytofkit_clean_D2.fcs Fichier FCS
*B runl_ClusterX_Cluster_¢ ’

! : ytofkit_clean_D3.fcs Fichier FC5
Processing f-!-le: clean_pl B runl ClicterY Clicter
Processing Tile: clean D2 . oytofkit_clean_P1.fcs Fichier FCS
Processing file: clean_ D3 :
Processing file: clean_pl . cytofkit_clean_P2.fcs Fichier FC5
Processing file: clean_pP2 . - - -
Processing file: clean_p3 . cytofkit_clean_P3.fcs Fichier FC5

“B runl_ClusterX_Cluster ¢




Results of calculations

> v 4 B> cePC > 05(C) » demo

l runl_analyzedFC5S

I runl.RData

B run1_Cluster¥_Cluster_1_expression_values.csv
B run1_Cluster¥_Cluster_2_expression_values.csv
x] run1_ClusterX_Cluster_3_expression_values.csv
x] run1_ClusterX_Cluster_4_expression_values.csv
x] run1_ClusterX_Cluster_5_expression_values.csv
xl run1_Cluster¥_Cluster_6_expression_values.csv
x] runl_ClusterX_Cluster_7_expression_values.csv
B run1_Cluster¥_Cluster_8_expression_values.csv
x] run1_ClusterX_Cluster_9_expression_values.csv
x] run1_ClusterX_Cluster_10_expression_values.csv
x] run1_Cluster¥_Cluster_11_expression_values.csv
xl run1_ClusterX_Cluster_12_expression_values.csv
xl run1_Cluster¥_Cluster_13_expression_values.csv
B run1_Cluster¥_Cluster_14_expression_values.csv
x] run1_ClusterX_Cluster_13_expression_values.csv
x] run1_ClusterX_Cluster_16_expression_values.csv
x] run1_Cluster¥_Cluster_17_expression_values.csv
x:. run1_Cluster¥_Cluster_18_expression_values.csv
xl run1_Cluster¥_Cluster_19_expression_values.csv
B run1_Cluster¥_Cluster_20_expression_values.csv
B run1_Cluster¥_Cluster_21_expression_values.csv
x] run1_ClusterX_Cluster_22_expression_values.csv
x] run1_Cluster¥_Cluster_23_expression_values.csv
x] run1_Cluster¥_Cluster_24_expression_values.csv
xl run1_Cluster¥_Cluster_25_expression_values.csv
x] runl_ClusterX_Cluster_26_expression_values.csv

B run1_ClusterX_cluster_cell_percentage.csv

ULE runl

x:. run1_Cluster¥_cluster_mean_data.csv

R run1_ClusterX_cluster_mean_heatrmap.pdf

#B) run1_Cluster¥_cluster_median_data.csv

B runl1_Cluster¥_cluster_median_heatmap.pdf
run1_ClusterX_cluster_percentage_heatrmap.pdf
x] run1_Cluster¥_clusters.csv

x] run1_Flow5S0OM_Cluster_1_expression_values.csv
x:. run1_FlowSOM_Cluster_2_expression_values.csv
x] runl_FlowSOM_Cluster_3_expression_values.csv
#B run1_FlowS0M_Cluster_4_expression_values.csv
x] run1_Flow5OM_Cluster 5 expression_values.csv
x] run1_Flow5SOM_Cluster & expression_values.csv
x] run1_FlowS0OM_Cluster_7_expression_values.csv
x:. run1_FlowSOM_Cluster_8_expression_values.csv
x:. run1_FlowSOM_Cluster_9_expression_values.csv
#B run1_Flow5S0M_Cluster_10_expression_values.csv
x] run1_Flow5s0M_Cluster_11_expression_values.csv
x] run1_Flow50M_Cluster_12_expression_values.csv
x] run1_Flow5S0OM_Cluster_13_expression_values.csv
x:. run1_FlowSOM_Cluster_14_expression_values.csv
x:. run1_FlowS0OM_Cluster_15_expression_values.csv
#B run1_Flow5S0M_Cluster_16_expression_values.csv
#B run1_FlowS0M_Cluster_17_expression_values.csv
x] run1_Flow50M_Cluster_18_expression_values.csv
x] run1_Flow50OM_Cluster_19_expression_values.csv
x] run1_Flow50OM_Cluster_20_expression_values.csv
x:. run1_FlowS0OM_Cluster_21_expression_values.csv
x] runl_FlowSOM_Cluster_22_expression_values.csv

#B run1_Flow5S0M_Cluster_23_expression_values.csv

x:. runl_FlowS0M_Cluster_24_expression_values.csv
x:. run1_FlowSOM_Cluster_25_expression_values.csv
B run1_FlowSOM_Cluster_26_expression_values.csv
B run1_FlowSOM_Cluster_27_expression_values.csv
x:. runl_FlowSOM_Cluster_28 expression_values.csv
x:. runl_FlowS0M_Cluster_29_expression_values.csv
x:. run1_FlowS0M_Cluster_30_expression_values.csv
x:. run1_FlowSOM_Cluster_31_expression_values.csv
x:. run_FlowSOM_Cluster_32_expression_values.csv
B run1_FlowSOM_Cluster_33_expression_values.csv
x:. runl_FlowS0M_Cluster_34 expression_values.csv
x:. runl_FlowS0M_Cluster_35_expression_values.csv
x:. run1_FlowS0M_Cluster_36_expression_values.csv
x:. run1_FlowSOM_Cluster_37_expression_values.csv
x:. run1_FlowSOM_Cluster_38_expression_values.csv
B run1_FlowSOM_Cluster_39_expression_values.csv
x:. runl_FlowSOM_Cluster_40_expression_values.csv
x:. runl_FlowS0M_cluster_cell_percentage.csv

x:. run1_FlowSOM_cluster_mean_data.csv
runl_FlowSOM_cluster_mean_heatmap.pdf

x:. runl_FlowSOM_cluster_median_data.csv
run1_FlowS0M_cluster_median_heatmap.pdf
run1_FlowS0OM_cluster_percentage_heatmap.pdf
x:. runl_FlowSOM_clusters.csv

x:. run1_markerFiltered_transformed_merged_expression_data.csv

runl_pca_Clusterd_cluster_grid_scatter_plot.pdf
runl_pca_Clusterd_cluster_scatter_plot.pdf
,(:. runl_pca_dimension_reduced_data.csv

runl_pca_FlowSOM_cluster_grid_scatter_plot.pdf

run_pca_FlowS0n
B runl_pca_Rphenog
B runl1_pca_Rphenog
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph
B run1_Rphenograph



EXPLORE RESULTS
CYTOFKIT



Start analysis interface

## Exploration then

You could run the interactive exploration and analysis of the clustering and

dimension
reduction results using the Shiny application.

_— { r ».':e‘-.-"al: F,‘EH.LE‘E}

cytofkitShinyAPP




[ Interactive Exploration of ¢

Shiny interface

< > MW C @ @ 1270014455

Interactive Exploration of cytofkit Analysis Results

Load cytofkit RData:

Load cytofkit RData:

=riCLEAN_DATA_resulisirun_Skirun_Sk R

Browse... NO

i)
1]

Separate Plat by Samples

Browse. .. runi.RData

Server File Select
Mo .RData loaded yet
EF Submij

<

PDF

nalghtiin}:
=8

> | HLA-DR- 163
CD18-185CD16-165>

Cluster Method
FlawSOM | Rphenograph

ation Methad(s):

pca | tsne | umap
Progression Methad(s):

NULL

Save results:

Quiputs

® FCs #

CD4-145<CD4-1
LA-DR:
CDS56-176<CO5E-176>

Visualization Mathod:

pca -

Clusters Flitsr:

123456760910 11 12 13 14 15 18 17 16 10 20 21 22 23 3

FlowS0M Scatier Fiot

25 26 27 78 20 30

Clugter By:

Flows:

31 32 33 34 35 36 37 38 39 40

25

25

i5 Y
pca_1
* T
Fowson # 3 R R R
* PR T R R

LE X
¥

2

e




Load cytofkit RData:

Browse... No file selected

Server File Select

Loaded
c:/demo/aida_atelie/CLEAN_DATA_results/run_5Skitun_5k_RData

£ Submit C'Reset Data

Plot Control:

¥ Add Cluster Labels
[J Repel Cluster Labels

[J Separate Plot by Samples

& Download Cluster Plot in PDF

PDF
height{in):
: B Ei

PDF width(in):

: 8 20

B Open download folder

Sample Filter:

&

Select/Deselect All

&

clean_D1
@ clean_D2
# clean_D3
[ clean_P1
[ clean_P2

@ clean_P3

Data Summary:

Save results:

Qutputs to save

Cluster Panel Marker Panel Sample Panel Progression Panel

Cluster Plot Change Cluster Color Annotate Clusters Run FlowSOM

Label Siz‘

FlowSOM b 1 12

Visualization Method: Cluster By: Point Size:

pca v

Clusters Filter:

12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

FlowSOM Scatter Plat

7.5
. Pl . : +
5.0 -
. - - ,"
25 : oA s .
L s e .
o~ FRVEVES . .
© .
Q Ed *
=8 +
- - N
19 I
00 L : . e ] e, e
kS FIEE -
i s
2 DRy
4
o o “..'"'e—:(."‘»‘t
k Y.
L » PERTIRE: 3o
. M . 2’"
AN SR Lt o fop
25 . v Vg i
i Ty gl

25 0.0 25 50
pca_1

T 10 % 13 % 16 % 19 @ 22 @ 25 @ 22 % 31 & 4 8T8

# FCS

X Save Data

¢l RData

L) csv

&* 1 g
FowSOM # 2 & 5
* 2 8

n# o #a7
12 @ 15 & 18

20 @ 232 @ 2@ 2 @ dn
FIRE IE-TOE - N R BT R



tSNE reduction into 2D

Dot Plot

40

20

-20

-40

Cluster Panel

40

er Plot

lust

Il‘-‘
L

Visualization Meth

20
20

Mone

tsne
Cluster By:

tsne_1



Cell density on tSNE map

Density Plot

404

Cluster Plot

Visualization Meth

tsne

204

Cluster By:

Density

tsne_2

-204

-40

20 40
tsne_1



Quizz

* How to make sense of the aggregates?

* Without clustering yet!

::::::



Markers on tSNE

Marker Expression Level Plot
Mﬂrker PﬂHEI CD170<CDTE> CD4-145<CD4-145> CDE-188<CDE-168>

Expression Level Plot

Plot Marker: ]

CD3-170<CD3-170>
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Cluster Fanel

Expression Heat Map

Visualization Method:

umap

Marker Panel

Markers on UMAP

Samp

Expression Le

umap_2

Marker Expression Level Plot
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What about clusterings?

FlowSOM
Phenograph

ClusterX

By definition, in cytofkit, what is the difference
of ClusterX vs FlowSOM & Phenograph?

Let’s overlay FlowSOM on top of tSNE



Cluster Panel
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Cluster Plot

Visualization Meth
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Hands on

* Overlay other clusterings
 Use UMAP also



[} [ ] [ ]
FlowSOM is fast... do it again!
Marker Panel Sample Panel Progression Panel

Run Flow3OM

Cluster Plot Change Cluster Color Annotate Clusters Run FlowSOM

FlowSOM Clustering Setup:
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Features analysis

[ 4 B

[ Events [
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Clusters automatic
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Refine, Combine,
Validate, Name

Pqpulat:ons > Percentages' MFI

Find differential populations between groups
or correlated to survival, relapse...

Refine, Combine,
Validate, Name



tsne_2

Marker Expression Level Plot

Annotating clusters
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Color Key
and Histogram

FlowSOM mean Heat Map

cluster_2
cluster_13
cluster_10
cluster_3

cluster 20
cluster 11
cluster_17
cluster_31
cluster_21
cluster_16
cluster 29
cluster 32
cluster_39
cluster_33
cluster_38
cluster 34
cluster 35
cluster_7

cluster_12
cluster_4

cluster_23
cluster 5

cluster_14
cluster_6

cluster_22
cluster 8

cluster 15
cluster_9

cluster_1

cluster_36
cluster 37
cluster 28
cluster_27
cluster_40
cluster_30
cluster 18
cluster 25
cluster_24
cluster_26
cluster_19



Expression heatmap of clusters

Color Key

Mﬂrkﬂr PEHEI and Histogram
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Cytofkit - Analysis

Choose Cluster Results to Annotate:

Cluster Panel

FlowSOM v

Annotate Clusters Type In Your Name for Annotated Cluster

Annotated_FlowSOM

Cluster 1:

ype in the cell type

Cluster 2 :

Type in the cell type

Cluster 3 :

ype in the cell type

Cluster 39 :

ype in the cell type

Cluster 40 :

ype in the cell type

©» Submit Cluster Label



Hands on

* Merge a few clusters



' Outline

Reduce dimensions

Clusterize cells

Merge clusters
Annotate clusters
What have we done?




' Outline

Reduce dimensions

Clusterize cells

Merge clusters
Annotate clusters
* Unsupervised gating

*- Data driven cell populations
with expert annotation

What’s next?



Features analysis

If Events ‘|
[ ‘Ii
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P@pulations = Percentagesj MFI
Find diffgrential populations betwgen groups
or qorrelated to survival, relgbse...

Refine, Combine,
Validate, Name



Back to the question

* Find a group of cells that differ in abundance
between two groups of patients

* Try to view differences on tSNE (or UMAP)



tSNE split by samples

FlowS0OM Grid Plot

Cluster Panel
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Cluster Plot
201
Visualization Meth ;
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Back to the question

* Find a group of cells that differ in abundance
between two groups of patients

* What would you like to see/do?




Pool samples

Sample Panel Type in the Group Name for Each Sample:
clean_D1:

D_status

Regroup Samples clean D2 -

D_status

clean_D3 :

D_status

clean_P1:

P status

clean_P2:

P_status

clean_P3:

P_status

Group Name Levels: (to order the group names)

Type in group names in order, seperated by semicolon(;)

£? Submit New Sample Groups £ Revert to Old Sample Names

I



Hands on

* Pool samples in order to get two meta-
samples
* View side-by-side meta-samples

* Visualize differences on tSNE (or UMAP)



Cluster Panel

Cluster Plot

Visualization Meth

isne

Cluster By:
FlowSOM
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' Outline

Reduce dimensions

Clusterize cells

Merge clusters
Annotate clusters
* Unsupervised gating, cell populations

* \What’s next?




Back to the objective

* Find a group of cells that differ in abundance
between two groups of patients

* How to quantify the differences?
* Which feature to extract?



Cell percentage heatmap

Sample Panel

Cell Percentage Heatmap

Color Key
and Histogram FlowSOM percentage Heat Map
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Cell percentage heatmap

Color Key

Sample Panel and Histogram FlowSOM percentage Heat Map
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' Outline

* Unsupervised gating, cell populations

* Cell percentage analysis

Extract percentages

Visualize percentages as heatmap

Clusterize percentages of cell populations

* \What’s next?




' Outline

* Unsupervised gating, cell populations
* Cell percentage analysis

* What's next?
Publication ready figures

Box-plots, p-values
What else?




PERCENTAGES ANALYSIS
CYTOFAST



Features analysis

Events
. Dimension
Automatic .
) reduction
Aut tod detection N S
Manual | “Uomate of pop. gating ombi=
ating gating natqual
° strategy gating || Supervised
Clusters automatic

Refine, Combine, gating

Validate, Name

Populations = Percentages, MFI

Find differential populations between groups
or correlated to survival, relapse...

Refine, Combine,
Validate, Name




Prettier heatmaps
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Boxplots
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-log10{pvalue)

Volcano Plot, diff = Log2 Fold Change of percentages

Multiple testing
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Cytofast - Analysis

Designed for cytosplore
Available as R commands

Read FCS files with cell annotations
— new channels holding tSNE, UMAP dimensions
— new channels holding clustering results

Adapted to read cytofkit results
Analysis available as a R MarkDown file
Diff Abund, 2 groups



Prepare analysis

Copy the two files to carry out a differential abundance analysis in the
Rstudio project folder where the FCS files and the cytofkit results are.

€« v 4+ B> cerc > 05(C) » demo > ULB

Nom - TFype Taille

Rproj.user Dossier de fichiers
l Dataset-clean Dossier de fichiers
l runi Dossier de fichiers
. cytofkitlab_run_vw210317.Rmd Fichier RMD
'.' da_Zgroups_cytofast.app.R Fichier R
. da_2groups_cytofast.Rmd.brew Fichier BREW
ULE.Rproj R Project




Prepare analysis

Run the Shiny application to start the analysis

Verify the application will run in an external Web
browser (prefer Firefox or Chrome), then run

Run App -
Run App -
Run in Window

e unthE Shiny
Run in Viewer Pane application

»" Run External

un the Shiny
application in the
system's default

Web browser
MELLHL eSS0

E Run Tests




Design the analysis

Create a template design, then edit it to fit

our experimental design
y p g _-.1 runl da Zgrouns

cytofast GUI N o e 2100
Design Diff Abund 2 gr

Define the experimental design
You will assign an experimental group to each FCS file and define the markers to help identifying
cells clusters.

Name of the design

runi_da # More -
Location of FCS to analyze 3 1::::||::|1r...k
run1/run1_analyzedrFCS - Copy T+
£ More -
Move.._
; L Copy..
Create design e

,h Copy To...
# GoTo'
Move..
Openl
Set As Working Directory

Mom Show [

Go To Working Directony
v Showt Open New Terminal Here

I] metadata.x

Show Folder in Mew Window

+ Show Hidden Files

B panel.x




A B C

D 1 1 | fcs_colpame antigen  marker_class
e S I g n 2 46 CDB4 type
3 [151 cD14 type
4 Ne1 CD32 type
5 :159 CD25 type
6 (172 CD57 a
x] panEI'Xst 7 |CCR4-149 CCR4-149 tt',l’:ge
8 |CCR5-144 CCR5-144 type
. . . 9 |CCR7-159 CCR7-159 type
Edit the two files to inform about 0|co16165  |op16165  [type
the experimental design: 11.CD13-142  CD19-142  type
12 |[CD20-147 CD20-147 e
- metadata: fulfill the condition column, 13lcp27-167  |cD27-167 EEE
- panel: remove unneeded markers/rows, 14 CD25160  |CD28-160  type
. . 13 |CD3-170 CD3-170 type
change names in the antigen column 16/CD33-158  CD33-158  type
17 |CD38-148 CD38-148 type
18 |CD4-145 CD4-145 type
19 |CD43-150 CD43-150 type
20 |CD44-166 CD44-166 type
21 |CD45-154 CD45-154 type
X] metadata.xlsx 22 |CD45RA-153  CD45RA-153 type
23 |[CD45R0-164 CD45R0O-164 type
24 |CD56-176 CD56-176 type
file_name sample_id patient_id condition 25 | CDEI-167 CO69-162 type
runl/runl_analyzedFCS/cytofkit_clean D1.fcs cytofkit_clean D1 1 control 26 |CDE-168 CD8-168 type
runl/runl_analyzedFCS/cytofkit clean D2.fcs  cytofkit clean D2 2 control 27 |CXCR3-156 CXCR3-156  type
runl/runl_analyzedFCS/cytofkit_clean D3.fcs cytofkit clean D3 3 control 28 |CXCR3-171 CXCR3-171  type
runl/runl_analyzedFCS/cytofkit_clean Pl.fcs cytofkit_clean P1 1 treated 29 HLA-DR-163  HLA-DR-163 type
runl/runl_analyzedFCS/cytofkit_clean P2.fcs  cytofkit_clean P2 2 treated S 1CO5-141 ICOs-141 type
runl/runl_analyzedFCS/cytofkit clean P3.fcs  cytofkit clean P3 3 treated 31 INA-191 NA-191 type
32 |NA-1593 MA-193 type
33 |PD-1-174 PD-1-174 type
34 |PD-L1-175 PD-L1-175 type
35 |TCRgd-152 TCRgd-152  type
36 |TIM3-143 TIM3-143 type

37 lnea 1 <MA> dimread



Create script and report

Asinh cofactor for scaling

5
Mom
Clustering to report

¥l me ¥ Isx
] metadata.xls Rphenograph_cluster|Ds

B panel.xlsx

Column to group FCS

condition

Reference group

cytofast GUI

Design Diff Abund 2 gr

control

P-value threshold
Set up the differential abundance analysis

Define the parameters of the analysis for grouping samples, reporting cells clusters statistice 0.05
Name of the analysis
y Logfold threshold
da2
1
Design to use
0480D5CC-da_2gr_1 - Create script

& Download report



Knit script

The HTML report is automatically created with
the Shiny application.

You can tweak the Rmd script if needed.

Knit it to generate a new HTML report.

a_2groups_cytofast.Rmd

nitthE current N
nje: u:Iu:u:umEpt - 201
IRl (Cirl+Shift+K)

K C:/data/active/support/ULB_test_intro_R/da_2groups/da_Zgroups_cytofast.html

da_2groups_cytofast.html + | Open in Browser Find “%- publish =

Differential Abundance analysis, 2
R groups, cytofast - v210317

S Granjeaud - A Meghraoui
2021-03-17

Goals

Here is a notebook to perform a differential analysis of percentages using the cytofast framework after a multi-
parametric cytometry analysis using cytofkitlab (a fork of cytofkit).



View results

Open the HTML report in a Web browser and navigate in the table of content

Goals
Cytofast post-analysis
Configuration

Import the FCS files exported by cytofkit
into cytofast

Define meta data grouping FCS samples
Process MFI and counts

Differential analysis and visualization

Stop the R Shiny application




Analysis folder

€ 5> v 4 B cerc s 0S(C) » demo > ULB Project for all the analyses
Mom Type Taille

Rproj.user Dossier de fichiers
l Dataset-clean . )
l runi < Ce PC 05 (C) demo ULE Dataset-clean FCS for Cytofk|t ana|y5|5
l runl_da_2groug
. cytofkitlab_run_
'.' da_2groups_cyt . clean_D1 .fes 2021-03-16108:15 Fichier FC5
. da_Zgroups_cyt . s i
ULE.Rproj . clean_D3.fcs
. clean_P1.fcs
. clean_P2.fcs
. clean_P3.fes
"-'] Panel.doox

Nom - Modifié le Type

<« v & | > CePC > 0OS(C) » demo » ULB » runi

. run1_analyzedFCS B run1_Cluster¥_cluster_mean_data.csv
I' runl.RData runl_ClusterX_cluster_mean_heatmap.pt
B runl_Clustery’ ™ -~ * ' : S ——

B run1_Cluster) € v o B> CePC > 0S(C) > demo > ULB > run1_da_2groups
B run1_Cluster) '

B run1_Cluster)
sBirunl_Cluster? W da_2groups_cytofast.html 2021-06-17 01:38 Vivaldi HTML Doc...
Results of cytofkit [ BRI PRI RELs 2021-06-17 01: Fichier RMD

x:. runl_Cluster? me X 2021-06-17 Feuille de calcul ...

Nom - Modifié le Type

B run1_Cluster) Xlsx i Feuille de calcul ...

Results of differential abundance
analysis between 2 groups



' Final word

* Unsupervised gating, cell populations
* Cell percentage analysis

@ Better and deeper analyses with cytofast

What else?




