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FCS Express High-Dimensional Data
Reduction Tools Demonstration

Length: Approximately 75 minutes

Goal To demonstrate high-dimensional data reduction tools in FCS Express™

Objectives By the end of this module, participants will be able to:
- Perform tSNE analysis and utilize tools to visualize tSNE plots in FCS Express.
« Perform FlowSOM and utilize tools to visualize FlowSOM plots in FCS Express.

Materials - Computer
- Data files acquired on day 3 of training or any other sample data files

Prior to the Lesson If you are not using the data from day 3 of training, identify a dataset to use
for the demo.

Introduction

There are many different platforms that one can use to analyze mass cytometry data. We support FCS
Express, a fully featured flow cytometry data analysis package that has been designed to work seamlessly
with mass cytometry data. New Helios™ and CyTOF® XT instruments and Hyperion™ Imaging Systems will
include a one-year license of FCS Express Flow software.

Performing high-dimensional data reduction is a quick and easy process with algorithms built directly into
FCS Express. There is no need to rely on R or other outside software packages to perform dimensionality
reduction. In the following primer you will learn how to set up, visualize, and prepare results for interpretation
of the t-distributed stochastic neighbor embedding (tSNE) algorithms using the user interface in FCS Express.
You will also be guided through preparation of data and charts using the FlowSOM (Self-Organizing Map)
algorithm via FCS Express “pipeline” steps.




Demonstration

NOTE: A copy of FCS Express Flow is distributed with new Helios, CyTOF XT™ and Hyperion Imaging System
instruments. You can claim your free copy of FCS Express via the license packet that was provided with
the instrument. Additional licenses, support, and free training can be requested through De Novo Software™
any time at support@denovosoftware.com. Alternatively, you can download a one-month free trial from
https://denovosoftware.com/demo-overview/.

NOTE: This is a brief overview. You can find additional online tutorials, short videos, and other resources at
denovosoftware.com/full-access/.

Performing tSNE Using FCS Express

The steps to perform and interpret tSNE are explained in the section below. Briefly, the analysis workflow
consists of merging/grouping all the data files to be examined in the experiment, selecting variables for the
tSNE algorithm, running the algorithm, using plot visualizations to deconvolve/ungroup the individual data
files, and using additional plots for visualization/interpretation. The following steps guide you through these
processes in FCS Express.

Merge Data Files for Preparation of tSNE Run

1 Open a new or existing FCS Express layout. 4 Insert a plot of the virtual merged data file by

. . dragging and dropping it from the Data List to a
EXAMPLE: Use the 7C_human_kit_analysis_ blank spot or new page of the layout (A), choose

template.fey layout and accompanying example Density from the Plot Selection dialog (B), and
data files within the zip folder. Alternatively, use click OK to insert the plot (C).

your own layout and data files.

2 Select the Data tab = Data List, and then click the ©:020908 -AX:|B

blue plus [8] (A) to Select data file. G T
Select Plot Types ... X f;,
3 Click Options (B) to Merge FCS Files (*.fcs, *Imd, Ploseiection

Open Plots for:

**) (C), browse to select the data files to merge,
and click Open (D).

Q PBMC sample 1.fcs - PBMC sample 4.fcs (4) Files : Time

a

hoose Plot Type(s) to open:

The files selected are merged into one .fcs file in % .
the Data List for the tSNE run. Hi
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iteration  Tube File Name &
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Use this selection for all files

I Select data file X [ Remember the selection and do not show this dialog again

c cone

« © 4 || « Downloads > 7C_human_kit_analysis_template_and_data files HD v oo Search 7C_human_it_analys.

Organize v New folder Ev O @

I This PC A Neme - Date modified e Size

J 30 Objects [# 7C_human_kit_analysis_template.fey 2/15/20

B Oesktop ] PBMC sample 1.fcs
[ Documents 0 PBMC sample 2fcs c
[7] PBMC sample 3fcs
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Choose Variables and Define the tSNE Settings

NOTE: The FCS Express manual contains additional details on all available options and variables for the

tSNE Run Options.

1 Select the Tools tab, then select Transformations

(A). Click the blue plus |©@] and then choose tSNE
(B) from the dropdown menu.

Text Data Tools Quality

aasl]
A
Compensation | Transformations

and Unmixing

Transformations

Transformations n
Q-] m X >
K Kmeans

iy Parameter Math
1)@ pca T

:_5_'- Pipeline

R RAdd Parameters

R R Cluster Transformation
& SPADE

F o]l

2 From Run Options, uncheck Automatically
Calculate tSNE.

Transformations n
Q- | mXx > - | i &
#F New TSNE
- uncheck
Run Option: A

D Automatically Calculate tSNE

Calculate tSNE

3 From Gate dropdown menu in the Gate Options
section, choose a high-level gate that includes all
your subsets of interest but excludes events such
as debris, doublets, contaminating cells, etc. The
tSNE transformation will be calculated only on
these cells.

EXAMPLE: In the provided 7C_human_kit_
analysis_template.fey with its example data files,
choose CD45+. Your choice will depend on your
experimental goal.

Gate Options

Gate: No Gate e

Cleanup DNA2 (1931) =
Parameter Options @
-

Template File: [CD4+

CD8+
CD3- CD20-
Select parameter! cp14.+ F
I — LY 2 [ g >
‘ M Time al

4 Check that the merged file (PBMC sample 1.fcs —
PBMC sample 4.fcs (4) Files) is set as the template
file for the tSNE calculation in the Template File
field found in the Parameter Options section.

If not, click on the plot inserted in Step 4 in
the Merge Data Files for Preparation of tSNE
Run section. Choose Select Template From
Selected Plot.

Transformations [ x |

O -|mx > i D

& NewTSNE

Run Options A
[J Automatically Calculate tSNE
Calculate tSNE
Gate Options
Gate: No Gate N

Parameter Options

Template File: ||PBMC sample 1.fcs - PBMC sample 4.fcs (4) Files ‘ E

Filter: Select Template From File

Select Template From Selected Plot

Select to use in the

] Time

[] Event_length
89Y

] 103rRh

v

The Template File provides for the selection of

raw data parameters associated with the file(s) for
tSNE analysis.

EXAMPLE: If you are using the 7C_human_Kkit_
analysis_template.fey layout and its associated
example data files, the template file will be

automatically filled with the data currently loaded
in the layout.

5 From Parameter Options, check the box beside

the parameters on which the tSNE transformation

will be calculated from the list box at left. Enter CD
into the Filter field (A) to narrow down the list, and
choose the parameters of interest (B).

EXAMPLE: Select all the CD parameters (CD20,
CD45, CD14, CD16, CD8, CD3, and CD4).
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The chosen parameters for the algorithm are
up to the user to define and depend on the
experimental goals and desired results.

Parameter Options
Template File: PBMC sample 1.fcs - PBMC sample 4.fcs (4) Files ‘ o S
A
Select to use in the w/ Filter: D
EI 147Sm_CD20 Automatic Arcsinh v
[ 1545m_cD4s
160Gd_CD14 B Cofator [ 9
[] 165H0_CD16
[ 168€r_CD8
[ 170er_cD3
@lizawcoa |
Apply scaling to: All Checked

6 Enter the Sample Size in the Sampling Options
section.

EXAMPLE: Enter 30000.

NOTE: If you wish to change additional
downsampling and transformation options, you
may do so in the Sampling Options section of
the tSNE transformation dialog. See the FCS
Express manual for more details on all of the
Sampling Option variables settings and different
downsampling options.

FCS Express has the ability to use Opt-SNE and
the unique ability to upsample/Estimate tSNE

for Unsampled Events for events that were not
included in the tSNE run because of either gating
or downsampling. Many of the default settings in
this primer are chosen to allow for a faster tSNE
run while you learn how to use the basics of the
interface. See tSNE performance in FCS Express
to get a better idea of how your data size and
computer will impact tSNE run times.

Sampling Options
Downsampling Algorithm | Interval v

lSampIe Size 30000 I

Transformation Options

tSNE Method To Use
O Exact tSNE

@ Barnes-Hut Approximation

Amount of App! i
(Applies only to Barnes-Hut)

Number of Iterations
[Juse opt-sNE

[[J Estimate tSNE for Unsampled Events

Generate New Random Seed C} G

0.50

Run the tSNE Algorithm

1 Drag and drop the New TSNE transformation

(A) from the upper pane of the Transformations
window to the plot inserted in Step 4 of the Merge
Data Files for Preparation of tSNE Run section.
The plot title is subsequently appended with the
text tSNE mapped.

Change the plot X- and Y- axes to tSNE X and
tSNE Y (B), respectively.

NOTE: The tSNE plot will not yet contain data
because the tSNE transformation has not yet
been calculated.

° o °

PBMC sample 1.fcs - PBMC sample 4.fcs (4) Files tSNE mapped
No Gate

O - imax Do
& NewTsNE A drag and drop

[ 150.0 300.0 450.0 600.0
T -
& 196Pt =] S
198Pt

208Pb_Environ

209Bi

Center

Offset

Width

Residual

File Identifier

Classification Identifier I
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From Run Options, click the Calculate tSNE
button. The plot to which the tSNE Transformation

was applied will be populated when the
calculation is complete.

EXAMPLE: The results from the example data
files, calculated on a Sample Size setting of
30,000, are shown.

Se—— | PBIMC sample 1.fos - PBMC sample 4 .fcs (4) Files §
No Gate
Q- |m X + IR AW
24.40 o
& NewTSNE e
12.38
Run Options ~
[ Automatically Calculate tSNE >u'J
Z 036
[ Calculate tSNE | I 4]
Gate Options.
-11.67
Gate: No Gate v
Parameter Options -23.69
-22.05 -11.14 -0.23 10.69 21.60
Template File:  |PBMC sample 1.fcs - PBMC| | .. v| v SNE X

NOTE: While the algorithm is running, FCS
Express will be unresponsive. When the tSNE
calculation is complete, the tSNE X vs. tSNE Y plot
will be populated automatically with data.
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Deconvolution/Ungrouping Individual Data Files

After performing tSNE on a merged sample you will likely wish to view the results of each component file. You
may also want to group component files from within the merged file for final analysis. In the next steps we will
automatically create gates on each of the component files of the merged file to facilitate deconvolution. If you
only wish to view the results on the merged file, proceed to Step 7.

1

On the Insert tab, select Heat Map. Then select
Plate Heat Map from the dropdown menus and
click once on an empty spot on the layout to
create the Plate Heat Map plot.

.
SRR -L_"—l_I_L"‘"’“
‘ - i A, Spectrum

St T e Pare owa o St 1| D ooy = o e
= sac | View G B Heat Mop ~
Generat Spres D Plots Crorts  DIE  Pite Heat Map

D
Time (Arithmetic Mean)
- H
- :
-

PBIC sample 1.4c BHC sample 34cs
Classification Identfier
o

On the Gating tab, select Well (A). Then (B) click
and drag your mouse cursor to encompass all the
wells on your Plate Heat Map, which was created
in the previous step.

Enter auto in the Create a new gate named
field (C).

Select the gate on which the tSNE was
calculated (D) (specified in Step 3 of the Choose
Variables and Define the tSNE Settings; for the
example choose CD45+) from the Parent Gate
dropdown menu.

Select the Create individual gates for each file
indentifier checkbox (E).

Choose black from the Gate color dropdown
menu and click OK (F).

~QH D 8@ +

-] Ellipse Rectangle Polygon Freeform | Well | Marker Quadrants

Create Gates A
Editing New Well Gate X
Clck or drag the mouse to change which wells are i the gate.
Remember the edited gat Select a a

DlRemember the eatea gate i o ose Pm——
o o 2 c

PBMC sample 1.fcs - PBMC sample 4.fcs (4) Fles tSNE mapped

o Gate coss+ D =
E @ ividual gates for each file identifer.
B stin

5

2

8
o & '

8

8 Should the gate include the events nside ts shape, or exclude them?

e

£

E

PBMC sample 1.1
Classiication identiior
o o o DOan 2 Data Spedifc Gate when moving this gate
F on

7 To visualize the results of the tSNE calculation on
many parameters at once:

a Click the tSNE plot to select it (A), click the
Legend on the Format tab (B), check the
Visible box (C), and choose Bottom from the
Position dropdown menu (D).

[E Tet  Data  Tools  Quality Multi Plot
A L, Axes + roay D
A
[ZTteB [® ose
Overlays prees Change Override
[ Legend jiml PlotType ™ Authorizations
dptions Plot Options 1D Options ' 2D Options | Statistic Options  Change Override A
o O " |legend 2 x
PBMC sample 1.fcs - PBMC sample 4.fcs (4) Files G Legend N
No Gate
24.40 Legend Options
Mvisivle C
12.38 Position Bottom & D
Margin 0o =
o postion %
Shadow iz
-23.¢ T
-22.05 -11.14 -0.23 10.69 21.60
%
SNE X Resize chart to accomodate legend
Title Visible
Count =
L -
<0.04 0.09 023 >0.50 Legend FontStyse
o o ) Font Style Preview

Font...

b Choose Title from the dropdown menu (A),
delete existing text or tokens in the Title
Options text field (B). Then choose Current
Gate from the Insert Token menu (C). The
gate applied to the plot will now appear in the

Title £ X Title Options
—
|T|tle A i | RAvisible Font... Insert Token -
Titles Statistic: Overlay Gate for 1 - Density - PBMC sample 1.fcs (Time
| Header Footer
Titie Options

Keyword from Data
B) delete

) File Name with Path
existing text

File Name without path
File Name from Data

(G ] ¢

[ Background visible

Plot Number
Background color = otherTokens..
Shadow Size 9
Shadow Color
[JRounded Border
M Background Border Visible
Background Border Color
Alignment
Otett @ center Oright



c Click the Plot tab family, then select Multi
Plot tab and click the Color by All Parameters
button (A). Right-click in the window to Clear
Selection (B), enter CD in the Filter: field to
narrow down the list (C), and check the CD
parameters that are of interest regarding the

tSNE Y
tSNE Y
tSNE Y

160Gd_CD14 ‘

tSNE analysis (D). Then click OK. B TR
> B | > > "‘%’3"%
EXAMPLE: Choose all the CD parameters = : Wm 2 HE -y
a*..}' L o

.

(CD20, CD45, CD14, CD16, CDS, CD3,

and CD4). TSNE X TSNE X
16SHo_CD16 168Er_CD8 170€Er_CD3
- | - .
IC_human_kit_analysis_template_and_data_files HD\7C_human_kit_analysis_t... Plot |<0‘40 3.65 >461,94| |<1.19 9.01 >928,22 |<2.45 11.10 >386.29
Batch Format Text Data Tools Quality View Multi Plot P
_E [CE3E
N1 Colorby All | A
lots Co ed JParameters
Select Parameter(s) X
174Yb_CD4
Available Parameters <135 40,45 >381,57
Fitter: .ol C
. 0 . . . .
M 1545m_coas Secthl 8 To view the results from the individual component
D e g . .
& 16atr. cos Invert Seection files, select the tSNE multiplot array/group and
[ 170€r_cD3 . . .
K4 17av5_coe its parent plot by clicking on the layout page
DiGheckidesired parameters (outside of any plots, so no objects are selected),

and press Cmd[mac]-/Ctrl[PCJ-A to select all. Then
from the Gating tab, select Current Gate from
the dropdown menu. Choose the automatically
created gate that corresponds to the original
component data file of interest.

The multiplot array/group and its parent plot are
regated to show only the events corresponding
to the specified original data file. Repeat as
needed for the other component files.

d Drag your mouse cursor around the group of
plots created in the previous step to select
them and resize, if desired. Repeat Step 7a to 9

(Optional) To view the results from the individual
add a Legend.

component files on separate layout pages,
select, copy, and paste the multiplot array/
group and its parent plot to a new page in the
layout. Then from the Gating tab, select Current
Gate from the dropdown menu, and choose the
NOTE: You may reduce plot resolution via automatically created gate that corresponds to
Specific Options if the plot colors are faint the original component data file of interest.

due to having only few events to visualize. For
example, if you completed Steps 1-7 and/or
tSNE was calculated on a small sample size
(i.e., extensively downsampled).

The Multi Plot array will now show descriptive
Legends, where each plot displays the intensity
of expression of the indicated parameter.

10 To evaluate expression across the tSNE
continents via Histogram Parameter Overlays:

a On the Insert tab, select Histogram button.
Then click once on a blank spot of the layout
(or a new page) to insert the plot.
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b On the Gating tab, select a gate of interest d Repeat Step 7a to add a Legend on the right
from the Current Gate dropdown menu (A). side of the plot.
Then change the parameter X-axis parameter

to a parameter of interest (B). e Expand the width and height of the plot to

better visualize the data.
EXAMPLE: Choose the gate on which the . .
tSNE was calculated, CD45+. Then select f (Op’[lonal) To access the hlStOgram Overlay
147Sm CD20. property formatting options, select Overlays

on the Format tab to adjust fill, transparency,
o line thickness, smoothing, and other
Current Gate @ E @ @ | formattlng ODtIOI’]S.

Elipse  Rectangle  Polygon ~ Freeform EXAMPLE: For the data used in this primer
Create Gates we recommend a smoothing of 10 and using
? o 0 transparency fill set to 50.
I PBMC sarnple 1.fos - PBMC sample 4 .fcs (4) File
CD45+
2780
2085
o §1390 o
E —170Er_CD3  — 174Yb_CO4
695
1} T T T
0 10' 102 10’
1475m| =
133Cs_Envir -
o © 1335::52:;:32
140Ce_EQ4_beads
141Pr D .
12N 11 Create a gate on the tSNE plot and apply it to the
144N histogram parameter overlay plot to interrogate
145Nd

e~ expression among the tSNE islands.
;48Nd
149Sm 7

a On the Gating tab, select Polygon (A) and
draw a gate on one of the tSNE islands within
the parent plot shown in Step 7, which shows
the virtual merged data file (B). Then enter
Island Gate (C) and click OK (D).

¢ Right-click on the plot and choose Add
Parameter Overlays from the pop-up menu
(A). Then select additional parameters of
interest (B). Check the Switch to stacked (C)

and Use axis title from base overlay (D) boxes. Home st Desion [N beih  Formet  Tot  Dats  Took  Quelty View  Mutifle
Click OK (E). we @@ @O @ W — +

| Bipse  Rectangle [Polygon | Fresforn Well | Marker Quadrants | Data Specific

A Create Gates

EXAMPLE: Select all the CD parameters = . o
including CD20, CD45, CD14, CD16, CD8, CD3, T e S
and CD4 from the Available Parameters list. e oot e s

e ©crestea ne ateramea
. N . % . ParentGate  [NoGate |

PBMC sample 1.fcs - PBMC sample 4.fcs (4) File temenOnte x (o] = i (O Replace an existing gate CD45+

Available Parameters.
2780 Gate color

Filter: [_CD.

2085 %|1475m_CD20 .
€ Fonnat Should the ite lude th it ide its sh; lude them?
& oo s T ould the gate include the events inside its shape, or exclude them?
8 N -_— ®
Include them
Add Overlay using Advanced Oper <0.04 010 023 »049
65 A [E3TPaameter Overtays Exclude them
> o o o ©
‘Add text box
B [Pt parameter names i legend [Jemphasize on Plots
eh to tacke
e — [] Always create a Data Specific Gate when moving this gate
Convert Marker to Gat
o ot ieriobee Stacked Y Axis Title Options D[ ok | [ cance

Stacked Y Axis Title Type: Count v

[Ause axis it from base overay | D

E Cancel
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b Click on the histogram parameter overlays The plot has now been regated to show only

plots shown in Step 10f to select it. On the events within the island gate. You may resize or
Gating tab, select Island Gate from the reposition the island gate. Notice the change
Current Gate dropdown menu. in the histogram parameter overlay plot to

evaluate expression of different populations or
islands within the tSNE plot.

Performing FlowSOM Using FCS Express

FlowSOM is a transformation that employs Self-Organizing Map clustering and Minimal Spanning Trees. These
steps are followed by a Consensus Clustering step in which metaclusters are identified. Briefly, the steps in

a FlowSOM analysis are to merge the data files from your experiment, choose variables for the FlowSOM
algorithm, run the algorithm, use plot visualizations to deconvolve/ungroup the individual data files, and use
additional plots to examine the results at the metacluster level. The following procedure guides you through
this workflow in FCS Express.

Merging Data Files for Preparation of FlowSOM

NOTE: If you have already completed the previous The files selected will be merged into one .fcs file
section (Performing tSNE Using FCS Express), in the Data List for the FlowSOM run.

proceed to Step 3.
3 Drag and drop a data file from the Data List to

1 Open a new or existing FCS Express layout. a blank spot on the layout or to a new page (A)
to insert a plot of the virtual merged data file.

EXAMPLE: Use the 7C_human_kit_analysis_ Choose Plate Heat Map (B). Click OK (C).

template.fey layout and accompanying example
data files within the zip file. However, you may use

any layout and data files. ©:0008-axi|y [wrm =
2 PBMC sample Z::: Open Plots for:
2 To create a merged data file select Data List from ; PRI sample 3.1 T,
the Data tab. Then click the blue plus [@]to Select ® T e
data file (a). Select Options (b) to Merge FCS Files < : l 5 Do
(*.fcs, *Imd, *.*) (c). Browse to select data files to et H ot

PBMC sample 1.fcs - PBMC sample 4 fcs (4) Fil
No Gate

merge (d). Click Open (e).

B[J

Batch Format Text Quuality View

OOOORK
E R
2|8

e 1

23450

35 gl

5 2 ]

Z =5

¢ FEi:

s =3
H

y ) 9 v

Time (Arithmetic Mean)

S 1] 7 A IE| Use this selection for all files
nerement value
View Keywords Panels Data Previous Mext Select Previous [JRemember the selection and do not show this dialog again
Header Anonymizer List
Data Info Organize Data Sets Change Data on Selection PBMC sample 1.fcs PBMC sample 4.fc
Classification Identifier € o
a Data List o
Q0O HE-AXE B
[ teration | Tube [ File Name = [ ]
1 1 FBWKC sample 1.7cs
D Ev =r Q Search

R PBMC sample 1.fcs
B PBMC sample 2fcs

I PBMC sample 3.fcs
. PBMC sample 4.fcs

Enable: | Merge FCS Files (*fcs; xImd; **) C

| Options b | Cancel \me
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Choosing Variables and Defining the FlowSOM Settings

1 Click Transformations on the Tools tab. Click the
blue plus and choose Pipeline.

™ i

Compensation | Transformations
and Unmixing

Text Data

Transformations

Transformations n

[l m X

| K Kmeans
R Parameter Math

L PCA

R RAdd Parameters

-’
‘

|| “R R Cluster Transformation
& SPADE

& tSNE

2 Uncheck Automatically Run Pipeline from
Run Options.

Run Options uncheck
[] Automatically Run Pipeline

Execute Transformation Pipeline

In the Gate Options section, choose a high-level
gate that includes all your subsets of interest but
excludes events such as debris, doublets, and
contaminating cells from the Gate dropdown
menu. The Transformation Pipeline is calculated
only on these cells. The selection depends on
your experimental goal.

EXAMPLE: Choose CD45+.

Gate Options

Gate: No Gate At
No Gate
Parameter Options _
sland Gate .

Check that the merged file is now set in the
Template File field in the Parameter Options
section for the tSNE calculation. If not, click on the
plot inserted in Step 3 of the Merging Data Files
for Preparation of FlowSOM section, and choose
Select Template From Selected Plot.

EXAMPLE: PBMC sample 1.fcs — PBMC sample
4.fcs (4) Files is set as the Template File.

Parameter Options

Template File: HPBMCsample1.f(s-PBMCsample4.f(s[4)Files IE

Select Template From File

Select parameters to use in the transformation Filter:
| Select Template From Selected Plot |

[

The Template File provides the raw data
parameters associated with the file(s) selected for
the FlowSOM analysis.

EXAMPLE: For the 7C_human_kit_analysis_
template.fey layout and the associated example
data files, the template file will automatically
contain the data currently loaded in the layout.

3 Click the blue plus |@] at the top of the
Transformations window on the right. Select
Pre-Defined Algorithms and then FlowSOM.

Transformations n
- | m X Q-| &b
=] [¥} Pre-Defined Algerithms ELl  FlowAl
#,. Downsampling » El FlowCut
74 Dimensionality Reduction » |+ FlowSOM
& Clustering »| @ SPADE
|2 Visualization >
[@] Mathematical ’
Run Options %% Quality Control » ~
[ Automatically Run Pipeline | &8 Random Parameters >
Execute Transformatiol [ﬂ]] EEattEximction 2
= Miscellaneous >
Gate Options

4 Click to expand the New FlowSOM node to reveal
its six substeps.

Transformations n

O -| m X O | ik
= L..: MNew Pipeline

=] [Zlﬁ New FlowSOM
----- [l New Scaling
' .ﬁ% MNew Batch Self-Organizing Map

; ﬁ New Minimum Spanning Tree
[ New Graph Layout
| [+ New Consensus Clustering

: New Parameter Removal
expand node to reveal substeps

5 Click on New Scaling (A). Select the parameters
under Parameter Options (B) that the
Self-Organizing Map will use to calculate.

9



NOTE: Right-click within the box to Deselect All
first and enter CD in the Filter: field to narrow
down the list.

EXAMPLE: Select all the “CD” parameters
(CD20, CD45, CD14, CD16, CD8, CD3, and
CD4). The chosen parameters depend on the
experimental goals.

Transformations n

Q| mX R
S New Pipeline
=AY New FlowSoM

M| NewSaaling A
5 New Batch Self-Organizing Map
1Y New Minimum Spanning Tree
4™ New Graph Layout
1+ New Consensus Clustering
M New Parameter Removal

Parameter Options B check desired parameters
Filter: {_CD l

1545m_CD45 Select All
160Gd_CD14 Deselect All
165H0_CD16 :
168Er CD8 Invert Selection
170Er_CD3 .
174Yb_CD4 Sort Ascending
Sort Descending

v  Unsorted

[ select All Input Parameters

6 Select New Batch Self-Organizing Map (A).

Choose the Parameter Options (B) defined in the
previous substep, if they are not selected.

Transformations n

O - | m X O -| & &
= -E_; New Pipeline
=¥ New Flowsom
Ml New Scaling
[ New Batch Self-Organizing Map A
ﬁ New Minimum Spanning Tree
[F]4™ New Graph Layout
[+ New Consensus Clustering
@& New Parameter Removal

Parameter Options A

Filter: |_CD

[] 168Er_cD8 A
[]170€Er_CD3

174Yb_CD4

147Sm_CD20 Scaled B

154Sm_CD4S5 Scaled

160Gd_cD14 scaled Check the scaled
165H0_CD16 Scaled  parameters from the

168Er CD8Saaled  pravious substep

170Er_CD3 Scaled

174Yb_CD4 Scaled L

[[] select All Input Parameters

RKRIEIERIEICL

7 (Optional) If you wish to change other options

within any of the FlowSOM substeps, you may do
so. Details on the settings are available in the FCS
Express manual here.

(Optional) Add a downsampling step before the
New Scaling substep in the Pipeline.

Select New Parameter Removal (A). Then select
the scaled parameters (defined in the previous
substep), if they are not selected (B). This step
prevents duplicate copies of these parameters
from appearing in your plot axes.

Transformations H

©-|mx ©-|i b
=] § New Pipeline
S New Flowsom
Ml New scaling
: ﬁ%, New Batch Self-Organizing Map
ﬂ New Minimum Spanning Tree
™ New Graph Layout
[F)¢5 New Consensus Clustering

ﬂ§ New Parameter Removal Jilfiy

Parameter Options

Filter: |

[ File Identifier A
D Classification Identifier

147Sm_CD20 Scaled

[~ 1545m_CD45 Scaled

160Gd_CD14 Scaled

165Ho_cD16Scaled  Check all scaled

168Er_CDS Scaled parameters

170Er_CD3 Scaled

174Yb_CD4 Scaled

|:] Batch SOM Cluster Assignments v

E] Select All Input Parameters


https://fcsexpressdownloads.s3.amazonaws.com/manual/manual_MAC_RUO/pipeline_elements_2_2.htm?zoom_highlightsub=flowsom
https://fcsexpressdownloads.s3.amazonaws.com/manual/manual_MAC_RUO/index.html?pipeline_elements.htm

Running the FlowSOM Algorithm

1 Drag and drop the New Pipeline transformation
from the upper pane of the Transformations
window to the Plate Heat Map plot inserted in
Step 3 in the Merge Data Files for Preparation of
tSNE Run section (note that plot title changes).

Transformations g ¢ d Q
PBMC sample 1.fcs - PBMC sample 4.fos (4) File
O -|mX Q| | No Gate
ER-] Drag and Drop 1
=45 New FlowSOM 'E
Mz New Scaling 2
[A%, New Batch Self-Organizing Map o
A4} New Minimum Spanning Tree o E o
FA New Graph Layout £
[ New Consensus Clustering 4
(MR New Parameter Removal E
E
Run Options A
[ Automatically Run Pipeline Classification Identifier
Execute Transformation Pipeline o O o

2 Select New Pipeline (A) in the upper pane of
the Transformations window. Click Execute
Transformation Pipeline (B) under Run Options.

Transformations ﬂ

Q-|m X [+ A
B New Pipeline A
=AY New FlowSOM
M2 New Scaling
i ﬁ%g New Batch Self-Organizing Map
ﬁ New Minimum Spanning Tree
[14™ New Graph Layout
[1#%5 New Consensus Clustering
[E New Parameter Removal

Run Options
[] Automatically Run Pipeline

I Execute Transformation Pipeline ] B

3 On the Format tab, select Legend (A) and check
the Visible box (B).

Format Text Data Tools Quality View
I& L, Axes
o o i e [= Title
Conens | Dopymsce ToOumy |
Data Options Plot O
Legend n
I_: Legend VE
Legend Options
B
Position Bottom v
Margin
Top position % 0 =
Back color | | £
Shadow size
Shadow color

Resize chart to accomodate legend

M Title Visible
Legend Font Style

Font Style Preview

Font...

4 Click on the X- and Y-axes to change them

to Batch SOM Cluster Assignments and

any parameter of your choice (e.g., CD16),
respectively. Enter CD16 or any other text after
clicking on the Y-axis to filter the list.

The red-green gradient in the legend displays the
mean expression level of the Y-parameter for each
node (the internal color of the cluster). The discrete
color swatches 1-8 on the right side of the legend
denote the metaclusters (the peripheral color of
the cluster).

PBMC sample 1.fcs - PEBMC sample 4.fcs (4) Files Pipeline transformed
Mo Gate

L. L e e e e e e e e e
012345678910 12 14 16 18 20 22 24 26 28 30 32
Batch SOM Cluster Assignments

B
<-421.11 150.25 »537.29 1 2 3 4 5 6 7 8
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Deconvolving/Ungrouping Individual Data Files

You can view the FlowSOM results of each component file after performing FlowSOM on a merged sample.
You can also group component files from within the merged file for final analysis. In the next steps we
automatically create gates on each component file of the merged files to facilitate deconvolution. If you only

wish to view the results on the merged file, proceed to the next section, Interrogating Metacluster Phenotypes.

1

12

On the Insert tab, select Heat Map, then Plate
Heat Map. Click once on an empty spot on the
layout to create the Plate Heat Map plot.

NOTE: The plot title should contain Pipeline
transformed. If it does not, click on the FlowSOM
plot from the previous step prior to performing
this step.

m L lh (@ [T

Cemtowr Other  Bar  Pie  Summary  Pictur
- - Plot

[V s s A sl s G s s v

000

PBNC sample

\\\\\\\

Time (Arithmetic Mean)

Select ¢
page tc

fes
Classification Tdont fier

On the Gating tab, select Well (A) and then click
and drag your mouse to encompass all the wells
on the Plate Heat Map that was created Step 3 in
the Merge Data Files for Preparation of tSNE Run
section (B). Enter auto-FlowSOM in the Create a
new gate named field (C).

Select the gate on which the FlowSOM was
calculated (D). This was the gate specified in Step
3 of the Choosing Variables and Defining the
FlowSOM Settings section.

EXAMPLE: Choose CD45+ from the Parent Gate
dropdown menu (E).

Check the Create individual gates for each file
identifier checkbox (E) and choose black from the
Gate color dropdown menu (F). Click OK (G).

Batch  Format Tt Data  Tools  Quality  View

~ OB © @@ — +

-| Hlipse Rectangle Polygon Freeform [ Well | Marker Quadrants | Dats Specific

tes A

Editing New Well Gate

e ichwels e i e gt
s o et e nth e
Dlrenenbertn cateagne | seeanr | | cewr | | cioe

Click or drag
Hold Ctrl whil

(= <

MC sample .fcs - PBHC sample 4 fcs (4) Fes Ppelne transfom

Gatecolor
(—-|
Should he gate ncude the events nsde s shape, orexclude then?
@ nduce them
PBMC sample 1fes

clasgw‘cauon Idenuﬂer
[ o o

o
Time (Arithmetic Mear)) 3

[JAiways create a Data Specific Gate when moving this gate

6 o] [Cama]

5 Click on the FlowSOM plot to select it. On the

Gating tab, select Current Gate dropdown menu
and then choose the first automatically created
gate. This gate corresponds to the first original
component data file in the virtual merged file.

The plot is now regated to show only the events
corresponding to the original data file. Repeat for
the other component files (optional).

File Home Insert Design Gating Batch Format Text Data Tools Q

ome @ @ ® @ W~ +

auto-FlowSOM:» Ellipse Rectangle Polygon Freeform Well  Marker Quadrants

No Gate
autc-FlowSOM: File Identiier PBMC sample 1.c5 e

auto-FlowSOM: File Identifier PBMC sample 2.

auto-FlowSOM: File Identifier PBMC sample 3fcs
auto-FlowSOM: File Identifier PBMC sample 4.fcs
CD45+

Island Gate

(o} 1% 0

PBMC sample 1.fcs - PBMC sample 4.fcs (4) Files Pipeline transformed
auto-FlowSOM: File Identifier PBMC sample 2.fcs

£ 253 -%

(

165Ho_CD16

.................................

0123456789 11 13 15 17 19 21 23 25 27 29 31
Batch SOM Cluster Assignments

D
<-630.44 263.63 >869.29

1 2 3 4 5 6 7 8

(o] O °]

6 (Optional) To view the results from the individual

component files in separate plots side by side
within the layout, select, copy, and paste the
plot as many times as you have component files.
Then, on the Gating tab, select the Current Gate
dropdown menu and choose the automatically
created gate that corresponds to the original
component data file of interest. Repeat this

on each new plot as needed for the other
component files.


https://fcsexpressdownloads.s3.amazonaws.com/manual/manual_MAC_RUO/index.html?selecting_multiple_objects.htm
https://fcsexpressdownloads.s3.amazonaws.com/manual/manual_MAC_RUO/index.html?copying_objects.htm
https://fcsexpressdownloads.s3.amazonaws.com/manual/manual_MAC_RUO/index.html?pasting_objects.htm

Interrogating Metacluster Phenotypes

1 Press Cmd[mac]-/Ctrl[PC]-D on your keyboard to T oo T
Od © @8 — +

duplicate the plot, and move it below or next to o e s et I e oo
the existing plot. e T

2 Click on the X-axis to change it to Consensus
Clustering Assignments.

Editing New Well Gate

Click or drag the mouse to change which wells are in the
Hold Ctrl wi or dragging to toggle e whether we u in the gate.

Select All

o]
o]

FBMC sampl 1.fcs - PBIC samale 4.fcs (4) Files T Create New Gat X
PBMC sample 1.fcs - PBMC sample 4 fcs (4) Files Pipeline transforn| £ ormation
Mo Gate £ oul eate  new gate,or replace an eisting gate?
= X
m E’ 5 arer e auto-FlowSOM: File Identifier PBMC ¢ v
g é E [ Create individual gates for each cluster assignment.
[&] % (O Replace an existing gate auto-FlowSOM: File Identifier PBMC ¢
T E ® Clusteri g s signment " Gate color
£ (— | F
= ‘ -2107.24 941.52 >3006.80 |
g 14 o o O || should the gate include the events inside its shape, or exclude them?
g @ Include them
[} O Exclude them
s}
Dl [Jemphasize on Plots
% [ Always create a Data Specific Gate when moving this gate
A G Goncl
2 3 4 S i
| Consensus Clustering Assignments |
B NOTE: If you choose to create the metacluster
=-2107.24 941.52 =30086.80 .
gates as children of an AutoFlowSOM gate that

corresponds to one of the original component
files, and would like to interrogate these
metaclusters within the other component files,
you may use the Clipboard to duplicate these
gates and copy them as children of the other
component file gates. This will enable the
phenotypic metacluster analysis for each of the
component files.

3 On the Gating tab, select Well (A) and then click
and drag your mouse cursor to encompass all
the wells on your Plate Heat Map created in the
previous step (B). Enter Metacluster in the Create
a new gate named field (C).

4 From the Parent Gate dropdown menu (D) do one

of the following:
6 Click Density and/or Color Dot on the Insert tab,

a If you only want to interrogate metaclusters
at the level of the merged file, then select the

gate on which FlowSOM was calculated (CD45

in the example).

then click once on a blank spot of the layout to
insert a new plot.

Change the parameters of this new plot to any of

your choice (e.g., CD3 vs. CD20).
b If you want to interrogate metaclusters at the

level of the original component data files,
select a gate with the prefix AutoFlowSOM that
were created in Steps 1-4 in the Deconvolving/
Ungrouping Individual Data Files section.
These gates correspond to one of your
original component files.

8 Click Gate View on the Insert tab, and click once
on your layout to insert the object. Right-click
within the object and select Expand All to reveal
the new gates within your existing hierarchy.

EXAMPLE: Choose the AutoFlowSOM-
Automatic Classification Gate PBMC sample
1fcs gate.

5 Check the Create individual gates for each file
identifier checkbox (E). Then choose black from
the Gate color dropdown menu (F). Click OK (G).


https://fcsexpressdownloads.s3.amazonaws.com/manual/manual_MAC_RUO/index.html?gates_and_the_clipboard.htm
https://fcsexpressdownloads.s3.amazonaws.com/manual/manual_MAC_RUO/index.html?gates_and_the_clipboard.htm
https://fcsexpressdownloads.s3.amazonaws.com/manual/manual_MAC_RUO/index.html?gates_and_the_clipboard.htm

n Gotng _Batch  Fomat__ Text
tome [RURUSN Desn  Goting  Botch  Formet  Text  Date Quaity 5
PEE I AN R KRS I_’L lah (@ [Z o
ﬁ -@ ] ﬂ N R e |_ |_ L |L G e Bt s Ssae B o bewy G Coow M B B S B
shapes Text | Gate | Peture  outa Hotogrom  Subtiacton P& Dot Densty Cor Contow o:»« = —— iore gl G [ r—
General Spreadsheet 1D Plots 2D Plots 3 Gates Heat Map
—
il & [l Ceanup_Cet40- ° Er’onrmi
= [l Ceanup_Residual
& [l Coanup_Conter_ Add Combination Gate )
‘ 11 Expand the plot width of the Parameters
[l Ceanup_EventLength 5 .
=[] Ceanup_LiveDead : Heat Map
=] . Cleanup_DNA1 (191k)
& E:‘("};’;?N” (193) v Display Gates Hierarchicaly
=l cos+ h. t u; L1 0
3 cos+ Gate P
[ cos+ T | PBMTI&EMﬁiqirﬂptefmme RMpl=4mple 4.fcs (4) Files Pipeline transformed
B & [l cos- cozo- No &) No Gate
gor i
[l auto-FLow SOM: Automatic Classification Gate PBMC sample 1.fc: Colpea 2
[l metaciuster: Automatic Classification Gate 1 Expand Current Level
[l metaciuster: Automatic Cassification Gate 2 Collapse Current Level e
[l retaciuster: Automatic Cassitication Gate 3 0| mo [ — — -
[l metactuster: Automatic Gassification Gate 4 E oupleate %o Top € BN 4 Filed eSS nsforpied I i
g o x & expang plot width
[l metactuster: Automatic Gassiication Gate 7 -
[l metacuster: Automatic Gassification Gate 8 o paste By
[l auto-FLow SOM Automatic Classification Gate PBMC sample 2.fcs < Delete
o .M’FLWSL?MMME sae Ses =g Arithmetid Arithrmetic Mean
(n} LT
9 Drag and drop the first metacluster gate using 12 Click Parameters To Display on the Format tab.
its black color block square to the Density and/ Select the desired parameters under Parameter
or Color Dot plot created in Step 6 to regate the Options in the window.

plot(s). Repeat this step with the other metacluster
gates to interrogate the other metaclusters.
Alternatively, duplicate the existing plot(s) as
needed, regating each time on a different

metacluster gate. This allows you to view the
results from multiple metaclusters simultaneously. I

parameters of ‘
interest ‘

. 13 Choose Axes in the toolbar (A), then select
oo X Axis (B), scroll down, and enter 90 in Angle
'-D drag & drop ie (C). Expand the plot height to see the vertically
T e 7 oriented X-axis labels clearly (D).
P sampefes ‘vwcs.mpw 5 TPONE sample 372 ) e Pl o
| B
Ew‘ s 1, (e A -
- e 5 o o : [E——
I Lo Aot lstctin G POUG a4 1ca 17nE‘:;cD:s " PONG sample 1fcs - PBHC sarmoke 4105 ) = - [O=T] B
We will now evaluate expression across the I )
metaclusters using a Parameters Heat Map. L
10 On the Insert tab, select Heat Map and then p”.w"
Parameters Heat Map. Click once on an empty ° © > ==
spot on the layout to create the Parameters Heat
NFI)ap olot y 14 Drag and drop the merged filename from the
' Data List to the Parameters Heat Map (A). Click
NOTE: The plot title will be amended with add the files to the plot as new overlays (B),
Pipeline transformed. If not, click on the FlowSOM then click OK (C).

plot from a previous step and try this step again.
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PBNC sample 1.fcs - PBIC sample 4 fos (4) Files Pipsline transformed
No Gate

16064_co14 170€r_CD2

PBIIC 2ample 1 - POMC zample 4fcz (4) File: Pipaline transformad

Overlays

/(

Arithmetic Me:

Select Drag and Drop Action

_|| oraganaprop action

‘What would you ke to do?

O replace the existing overlays on the plot

(® add the files to the plot s new overlays

[J0ont showthis dialog again

c e

15 Repeat the preceding step for each metacluster.

NOTE: You may need to expand the height
of the plot to see all of the metaclusters as
horizontal Y-axis labels.

16 Choose Overlays in the toolbar on the Format
tab (A). Click in the list at the top and select all
overlays in the list at the top (via Cmd[mac]-/
Ctrl[PCJ-A) (B). Then select Median from the
Statistic to show dropdown menu (C) and Gate
for the Legend Text (D).

Overlays n
h Overlays A s
Options ~

4

Parameters Heat Map Overlay Options

Statisticto show | Median G v
Compensation None hud
Transformation New Pipeline 5
Gate No Gate il
Radius Statistic Arithmetic Mean B

[ use Radius Statistic

Legend Text < SFCSE_GATEFORMULA>

Change data file during Next/Prev/Batch Keyword
| [ visible Gate D
i Tube Number
| Tube Name

17 Select the first overlay in the list at the top (A).
Then select the first metacluster Metacluster:
Cluster Assignment 1 from the Gate options (B).

Overlays n
|&: Overlays &

Options A A

1 - PBMC sample 1.fcs - PBMC sample 4.fcs (4) Files Pipeline transfg
2 - PBMC sample 1.fcs - PBMC sample 4.fcs (4) Files Pipeline transfc

< >

Parameters Heat Map Overlay Options

Statistic to show Median d
Compensation None o
Transformation New Pipeline M
Gate Metacluster: Cluster Assignment 1 B v
Radius Statistic Arithmetic Mean ns

18 Repeat the preceding step for each overlay,
so that overlay #2 is gated on the Metacluster:
Cluster Assignment 2, #3 on Metacluster: Cluster
Assignment 3, etc.

19 Choose Legend in the dropdown menu and
check the Visible box.

Legend n
l_: Legend v

Legend Options

M visible

Position Bottom e

The plot will now resemble those shown below.

20 To adjust the logic by which colors are assigned
(i.e., rows vs. columns options, pictured below),
color levels (palettes), color scales, radius
visibility for displaying additional statistics, and
other options, see Specific Options, Color
Levels, and Overlays formatting options on the
Format tab.

| PBMC sample 1.fcs - PBMC sample 4.fcs (4) Files Pipeline transformed
i 1

16064_CD14 165Ho_CD16 170Er_CD3 174vb_cD4

Metacluster: Cluster Assignment 1

Metacluster: Cluster Assignment 2

Metacluster: Cluster Assignment 3

Metacluster: Cluster Assignment 4

Metacluster: Cluster Assignment S

Metacluster: Cluster Assignment &

Metacluster: Cluster Assignment 7

Metacluster: Cluster Assignment 8

Median

Min Max
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https://fcsexpressdownloads.s3.amazonaws.com/manual/manual_MAC_RUO/index.html?parameters_heat_map_specific_option.htm
https://fcsexpressdownloads.s3.amazonaws.com/manual/manual_MAC_RUO/index.html?parameters_heat_map_color_level.htm
https://fcsexpressdownloads.s3.amazonaws.com/manual/manual_MAC_RUO/index.html?parameters_heat_map_color_level.htm
https://fcsexpressdownloads.s3.amazonaws.com/manual/manual_MAC_RUO/index.html?parameters_heat_map_overlays.htm

Summary

Now that you know the basics of high-dimensional analysis in FCS Express, you can perform tSNE and
FlowSOM analysis on mass cytometry data. For additional practice, there are additional tutorials on the De
Novo Software website. For a more in-depth training on FCS Express, contact your Standard BioTools™ field
applications specialist who will connect you to your De Novo Software FAS.

Learn more: fluidigm.com/about/contactus/tech-support

CORPORATE HEADQUARTERS SALES

2 Tower Place, Suite 2000 North America | +1 650 266 6170 | info-us@fluidigm.com

South San Francisco, CA 94080 USA Europe/EMEA 1433160 92 42 40 | info-europe@fluidigm.com

Toll-free: 866 359 4354 in the US and Canada Latin America | +1 650 266 6170 | info-latinamerica@fluidigm.com

Fax: 650 8717152 Japan | +81 3 3662 2150 | info-japan@fluidigm.com

standardbiotools.com China (excluding Hong Kong/Macau) | +86 213255 8368 | info-china@fluidigm.com

All other Asia-Pacific countries | +1 650 266 6170 | info-asia@fluidigm.com

For Research Use Only. Not for use in diagnostic procedures.

Information in this publication is subject to change without notice. Limited Use Label License: The purchase of this Standard BioTools Instrument and/or Consumable conveys
to the purchaser the limited, nontransferable right to use only with Standard BioTools Consumables and/or Instruments respectively except as approved in writing by Standard
BioTools: www.fluidigm.com/legal/salesterms. Patents: www.fluidigm.com/legal/notices. Trademarks: Standard BioTools, the Standard BioTools logo, Fluidigm, the Fluidigm
logo, CyTOF, CyTOF XT, Helios and Hyperion are trademarks and/or registered trademarks of Standard BioTools Inc. (fk.a. Fluidigm Corporation) or its affiliates in the United
States and/or other countries. All other trademarks are the sole property of their respective owners. © 2022 Standard BioTools Inc. All rights reserved. 06/2022

TRN-00218 Rev 01


http://fluidigm.com/about/contactus/tech-support

