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Competing features of cytometry

Many samples
- Standardization
- Ease of use
- Speed
- Automated analysis

Many cells, rare cells
- Speed
- Automated analysis

Many parameters

Research 30+ colors
Spectral 20+ colors
Mass cytometry 40+ parameters

- Computational analysis
- Ease of use

Clinical 10 colors

0,650 Gb FCS file, 2mil events, 40 pars



Outline

o Graphs and visualisation
o Gating controls
o FCS datafiles – keywords
o Complex data visualisation (data reduction: PCA, tSNE)



Data display - graphs

Pseudocolor plot

Contour plot

Histogram

Dot plot

Flowjo software (Mac)

Infinicyt 
software

t-SNE Plot with color map

Kaluza 

Flowjo

Radar Plot



Basic graphs

FlowJo (Mac)



Overview gating and histogram comparison

Irish, J Immunol. 2006
Cytobank software



Gating controls

Diva software



Gating controls



Gating controls



Basic concepts

• FCS datafiles

• What are they, how to use Keywords

Keywords are essential for proper data annotation:
Data cohorts



What is a FSC datafile ?

KEYWORDS
($DATE, $TOT, 
$SAMPLEID…..

$P1S, $P1N, $P1V,  )

HEADER (FSC 3.0) etc
(text)

DATA
row = cell

Column = parameter
(compressed)



KEYWORDS in FCS

$P1N   … par name….
$P1S    … par stain ….
$P1V   . par voltage ..

FL1
CD3 FITC
550

FITC
CD3 
550

B-530-30
CD3 FITC
550

Parameters in FCS (“labels”):

Calibur, 
Navios

Canto, LSR



Labels (Diva)



Export data as:

FCS 3.0



Other formats: Navios/LMD

“LMD”
-> double FCS file

First piece:
FCS 2.0 file – simple, less resolution, fixed comp

Second piece:
FCS 3.0 file – full resolution data, without “keywords”



Annotation of FCS

Sample ID
Patient ID
Condition 
Day post TX

Keywords in datafiles:

Diva software



Annotations in Analysis

Groups by 
Keywords

Annotation in 
Layouts

Keywords for 
table

Keywords in 
tables

Flowjo software (Mac)



Gating controls summary

• Isotype controls (sticky cells)
• FMO controls (multicolor, compensated data)
• Sample comparisons 

(stimulated, unstimulated)



ISHAGE protocol
Layout in FlowJo



Backgating

Check parental gates  by backgating

Wrong position of CD45+ gate!!!
by backgating

Corrected



Drag & Drop

Create Table

Create formulas

Calculate table



Curse of dimensionality

More parameters => more information

More difficult to understand it



64 plots of which 28 
are “unique” 2D dot 

plots

8-color data – perplexed!

Slide Karel Fišer



METHODSProjection of n-dimensions to 2D space
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METHODSPrincipal component analysis
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METHODS
t-Distributed Stochastic Neighbor 

Embedding (t-SNE) 
8 color data
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Flowjo software (Mac)



METHODS
t-Distributed Stochastic Neighbor 

Embedding (t-SNE) 
8 color data
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METHODSLEUKEMIA   (t-SNE)

DiGiuseppe, J. a, Tadmor, M. D. & Pe’er, D. Detection of minimal residual disease in B 
lymphoblastic leukemia using viSNE. Cytom. Part B Clin. Cytom. 88, 294–304 (2015).



METHODS

IMMATURE

NAIVE CELLS

NAIVE CELLS

IGM+IGD+
MEMORY CELLS

IGM-IGD-
MEMORY CELLS

PLASMABLAST CELLS

B cells’ subsets (t-SNE)

Principal component analysis

Fast, linear

Hiding small
Infinicyt software



NAIVE CELLS CD5+

NAIVE CELLS CD5-

IGM+IGD+
MEMORY CELLS

IGM-IGD-
MEMORY CELLS

PLASMABLAST CELLS

IMMATURE/TRANS

t-SNE 
2Dmap

Principal component 
analysis

Projection of n-dimensions to 2D space

Representing all events

Slow, non-linearInfinicyt software / R



Software - overview

 FlowJo (Mac & Win) – batch gating, statistics/tables, overlays, 
stacked histograms, t-SNE (PCA)

 Diva – layouts/batch
 Kaluza – Radar plot, Tree plots, layouts   ?
 Infinicyt – PCA, databases - automated analysis
 Cytobank – ViSNE, SPADE, histograms
 Summit
 R-project

 FCS Express
 Flowing software
 Cyflogic
 Cytospec and PlateAnalyzer



Hardware

Dataserver (few Tb)

PC   
SSD disk (prevent overfilling)
RAM (16GB or more)
Fast graphics 
Good monitor

Tip: Software and hardware is expensive, add it to instrument purchase



Sharing the knowledge

 Quality description of experiments

https://flowrepository.org/

 FCS data availability


