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Competing features of cytometry

e

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

Clinical 20 colors
Many parameters

Research 30+ colors

Spectral 20+ colors Many cells, rare cells
Mass cytometry 40+ parameters Soeed
- pee

- Computational analysis - Automated analysis
- Ease of use

0,650 Gb FCS file, 2mil events, 40 pars
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Graphs and visualisation

Gating controls

FCS datafiles — keywords

Complex data visualisation (data reduction: PCA, tSNE)



Data display - graphs
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Basic graphs

SE Probability

Standard Plot

Options - .

' Pseudo-cotor dena_it;.-'

Greyvscale density

~ Dot Plot

CDZ27neq

U I i T T UELERRLL | T

10 10° 10° 10
Thb159Di: i_pS6
Condition Mean:Tbh159Di

e cD40L 1558

Bl FasL 1156
B FasL+QvD 1677

BlE ) unstim 102

FlowlJo (Mac)



Overview gating and histogram comparison
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Gating controls
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Specimen Name: CMV-TEST

Tube Name: JAMES BOND

Record Date: Jan 17,2018 4:1...

SAMPLE ID: CLIP44764cyto

PATIENT ID: Patient_007

AnT TR

STIMULACE: UNSTIM
Population #Events %Parent
Il cD3+ 16464 18.673
B4 CD8_IFNg+ 1 0.006
B4 CD8_IFNg+IL2+ 0 0.000
CD4+ 69,683 79.033
B CD4_IFNg+ 7| 0.010
] cD4_TNFa+ 18 0.026
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Gating controls

Specimen Name: CMV-TEST

Tube Name: JAMES BOND

Record Date: Jan 17,2018 4:1...

SAMPLE ID: CLIP44764cyto

PATIENT ID: Patient_007

AnTx: 75

STIMULACE: UNSTIM
Population #Events %Parent
[ cDs+ 16.464| 18.673
CD8_IFNg+ 1 0.006
CD8_IFNg+IL2+ 0 0.000
CD4+ 69,683| 79.033
CD4_IFNg+ 7| 0.010
[C] cD4_TNFa+ 18 0.026
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Gating controls

Specimen Name: CMV-TEST

Tube Name: JAMES BOND

Record Date: Jan 17,2018 4:1...

SAMPLE ID: CLIP44764cyto

PATIENT ID: Patient_007

STIMULACE: UNSTIM
Population #Events %Parent
B cDs+ 16.464| 18.673
[ CD8_IFNg+ 1| 0.006
B4 CD8_IFNg+IL2+ 0 0.000
CD4+ 69.683| 79.033
B4 CD4_IFNg+ 7 0.010
[[] cD4_TNFa+ 18 0.026
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* FCS datafiles
* What are they, how to use Keywords

Keywords are essential for proper data annotation:
Data cohorts



HEADER (FSC 3.0) etc R . s g
(text) _—_\ s b :

FCS3.0 HEADER (91 - 205), (206 - 85.058), (85.059 - 85.405), ...

SMODE:SBY TEORD;SDATATY PE;SPnN;SPnS;SPnB;SPnE:SPnR:..:STOT
FS SS FL1 FL2 FL3 FL4 FLS .. DATA SEGMENT
322 519 153 936 123 420 986 ... (Listinode)
49 310 482 @&0A Q32 4490 178 b 3013
KEYWORDS 837 601 ORIGINAL ARTICLE
840 69¢
(SDATE, STOT, 846 90
244 28(

SSAMPLEID..... o 5 Cytometry
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528 57:
1 5% Data File Standard for Flow Cytometry, Version FCS 3.1
410 17:
788 281 . 1 2 . 3 e 4 . 5 1qs . 6
441 69¢ Josef Spidlen,” Wayne Moore,” David Parks,” Michael Goldberg,” Chris Bray,” Pierre Bierre,
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g?g g?f David Novo,'® Leo Ostruszka,'* Adam Treister,'® James Wood,'® Robert F. I\'[ur]:o]w,17
D AT A 639 63! Mario Roederer,'® Damir Sudar,'® Robert Zigon,z'1 Ryan R. Brinkman™*
414 777
row = cell R + Abetract
- erry Fox Laboratory; BG Langer The flow cytometry data file standard provides the specifications needed to completely
COl umn = pa ram ete r Agency, Vancouver, British Columbia, describe flow cytometry data sets within the confines of the file containing the experi-
Canada mental data. In 1984, the first Flow Cytometry Standard format for data files was
(CO mpresse d ) 7777777/,  Megarment o Genetics, Stanford adopted as FCS 1.0. This standard was modified in 1990 as ECS 2.0 and again in 1997
/7 7 University School of Medicine, Stanford, as FCS 3.0. We report here on the next generation flow cytometry standard data file for-
SCSMODE California, USA mat. FCS 3.1 is a minor revision based on suggested improvements from the commu-
Z » nity. The unchanged goal of the standard is to provide a uniform file format that allows
5% e ’ﬁt:;:“r;dn:';?ni:;cg;;:'rm' %t;;hrd ﬂl;s created by one type of acquisition hardware and software to be analyzed by any
) J J other type.
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Parameters in FCS (“labels”):

SPIN ... par name.... FL1 FITC B-530-30
SP1S ... parstain .... CD3 FITC CD3 CD3 FITC

SP1V . par voltage .. 550 550 550

Calibur,
Navios




File Edit View Experiment Populations Worksheet Cytometer HTS Help

FEEPERR L'}
GEXVICE @]
Name | Date PE —
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FCS 3.0
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Other formats: Navios/LMD

IILMDH
-> 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”



Keywords in datafiles:
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Patient ID
Condition

Day post TX
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CMV-EXT-2018 TK.jo

Annotations in Analysis

CMV-EXT-2018 TK.jo - Layout Editor
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Gating controls summary

* |sotype controls (sticky cells)
 FMO controls (multicolor, compensated data)
 Sample comparisons

(stimulated, unstimulated)



ISHAGE protocol
Layout in FlowlJo
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Backgating

Check parental gates by backgating
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ISHAGE TK 2016.jo

. -1 - Create formulas
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More parameters => more information

=» More difficult to understand it



8-color data — perplexed!
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Projection of n-dimensions to 2D space

Lymphocytes 8 color data
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Lymphocytes
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t-Distributed Stochastic Neighbor
Embedding (t-SNE)

Lymphocytes 8 color data
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t-Distributed Stochastic Neighbor
Embedding (t-SNE)

Lymphocytes 8 color data
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LEUKEMIA (t-SNE)

ViSNE FOR DETECTING MRD IN CLINICAL SAMPLES 297

¢ Cl
®C2
¢ C3
¢ CH4
¢ C5S
Cé
e C7
e C8
¢ CH
» CIO0

Low Expression High Expression

Fic. 1. viSNE map of normal bone marrow B cells labeled with a single 8-color antibody combination (tube A). Panel A: Each of the 10 control
bone marrow samples used to construct the map (C1 through C10) is identified individually with a unique color. Each point in the viSNE map repre-
sents an individual cell colored by sample identity. Panel B: viSNE map shown in Panel (A), in which each cell is colored to reflect intensity of anti-
gen expression for six different markers in tube A. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

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).
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Principal component analysis
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,l Hiding small




Projection of n-dimensions to 2D space
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l Representing all events

Infinicyt software / R ,' Slow, non-linear



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



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

ORIGINAL ARTICLE

MIFlowCyt: The Minimum Information About a Flow
Cytometry Experiment

MiFlowCyt

Jamie A. Lee,'" Josef Spidlen,zT Keith Boyce,3 Jennifer Cai,' Nicholas Crosbie,* Mark Dalphin,5
Jeff Furlong,6 Maura Gasparetto,2 Michael Goldberg,7 Elizabeth M. Goralczyk,8 Bill H)run,9
Kirstin Jansen,® Tobias Kollmann,'® Megan Kong,' Robert Leif,'' Shannon McWeeney,'>'>'*
Thomas D. Moloshok,® Wayne Moore,'* Garry Nolan,'® John Nolan,'” Janko Nikolich-Zugich,'®
David Parrish,’ Barclay Purcell,'” Yu Qian,' Biruntha Selvaraj,'” Clayton Smith,?

Olga Tchuvatkina,” Anne Wertheimer,?® Peter Wilkinson,>! Christopher Wilson,? James Wood, >
Robert Zigon,>® The International Society for Advancement of Cytometry Data Standards Task
Force, Richard H. Scheuermann,** Ryan R. Brinkman?*

» FCS data availability
https://flowrepository.org/ (..,HI AC -



