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Fluidika
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Particle Delivery: Hydrodynamic Focusing
Conventional Instrumentation: Low Flow Rates (12uL/min)
Hydrodynamic core

Narrow particle focus = Narrow distribution

Laser Cross
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Sectional Area
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Intensity
/ \ o Sample core is ‘pinched’ by fast flowing sheath
o Sample volume ratios of 100 — 1000
o Large ratios => low sample inputs

» Resolution of particle populations
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Particle Delivery: Hydrodynamic Focusing
Conventional Instrumentation: High Flow Rate (60uL/min)

Hydrodynamic core _ -
l Broad particle focus = Broad distribution

Laser Cross ‘
Sectional Area I

Count

Intensity

/ \ » Increased sample input = increase core size
e Particle distributions broadened, CVs increase
e Instrument resolution decreased

 Historically, low volumetric sample rates used (25 pl/min
— 150 pl/min)
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Attune® Acoustic Focusing Cytometer

Acoustic focusing cytometry

— Capillary
= Cell

Piezoelectric
ultrasonic device
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Acoustic Focusing = Better Precision
1000 pL/min

Narrow particle focus = Narrow

12 yL/min
distribution

Ny (73} Ny (V)
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o ® Acoustic focusing of particles occurs o ®
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Principy prutokove cytometrie a
sortrovani

m sorting

® zpracovani signalu
= analyza dat

= kompenzace signalu

K. Soucek Bi9393 Analyticka cytometrie



Dolezel (1999)




ELECTROSTATIC DROPLET SORTER

3 Analysis Photomultiplier
M Point Tube
ZE B EEEEREE

High speed (~10%/sec)
Concentrated sorted
fraction

Laser

Electronics

Biosafefy hazard

= Breakoff

 Mechanical shearing § Bre
¥ Point
Problems to sort large %
particles - ® | p—
Charged ®®
Deflection
Plates b 0

Waste

4way™ Sort
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ISAC presents: Mack Fulwyler -
Innovator, Inventor & Pioneer
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http://www.cyto.purdue.edu/cdroms/cyto10a/seminalcontributions/fulwyler.html

FLUIDIC SWITCH SORTER

Primary field Secondary field
stop stop

N Sorted
fraction

Sort zone

Dolezel (1999)

« Safety (enclosed stream)

» Gentle to cells

« Sorting of large particles
(>100 pm)

Low speed (~100/sec)
 Dilute sorted fraction
* Noisy
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FLUIDIC SWITCH SORTER

« Safety (enclosed stream)
* Gentle to cells

* Low speed (~ 100 / sec)
* Dilute sorted fraction
* Noisy

olezel (1999)
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SORTING
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SORTING

Frequency

Charge

Drop Delay
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SORTING

Nozzle Size
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Amplitude
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SORTING

ation
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Sheath pressure

SORTING

Each sort setup includes:

Breakoff window values

Side Stream window
values

Table 3-2 Default Sort Setup values

Setting 70 micron 85 micron | 100 micron | 130 micron

Sheath Pressure 70 45 20 10

Amplitude 60 32 12 24

Frequency 87 47 30 12

Drop 1 150 150 150 150

Gap (upper limit) 6 (14) 7 (17) 10 (21) 12 (21)
Attenuation Off Off Off Off A""
Drop Delay 47.00 30.00 27.00 16.00 v
Far left voltage 100 100 80 60 |



SORTING - Streams

¢ @ O

kot [ 3.0 2
IFreq Imjﬂ
Drop 1 lﬁ 338

Gap: Bl

Good

il Gtreem

ﬂ Swest Spot

%.,.........o_.ﬁ

(il mﬂﬂ
Freq: [ 900 3t
brop1: [ 256 138

Gap: 6 &

Bad

A

BD



SORTING - Setup Side Streams
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Drop Delay \ Linmgaﬁon

BD FACSTM drop delay (

ACCUd rop breakoff
technology ‘

m Accudrop beads
m Diode laser

m Camera

m Optical filter

L
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Sorting - Sort Masks

Cells are randomized
distributed over the stream

st i st
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Sorting - Sort Masks
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Mask

m A region of the stream monitored for the
presence of cells

m Determines how drops will be deflected if a
sorting conflict occurs

m Measured in 1/32 drop increments

2. 8
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Conftlict Resolution

m Precision modes include three types of

masks
—Yield
— Purity
— Phase

Precision Mode

Single Fine

Purity Yield Cell Initial Tune
Yield Mask: 32 32 0 32 0
Purity Mask: 32 0 32 0 0
Phase Mask: 0 0 16 0 0

Single Cell: D D D D




Sorting - Sort Masks

Sort decisions are determined by sort masks

A

M

M

o]
l = Target particles in a drop with
I 1/32-drop resolution




Sorting - Yield Mask

The yield mask defines how many drops will be sorted Yield mask of
8/32 indicated in blue; target particle shown in green

tratling drop g@

Yield Mas>
middle drop %@ g@ =

leading drop —— :ott

(a) (b) (c)



Sorting - Purity Mask

Purity mask of 8/32 in blue, 4/32 in each adjacent drop;
target particles in green, non-target particles in red

Purity Ma}

=00 |
Purity Ma} i

() (b) (c) ()



Elekironika

e Zpracovani signalu z detektord
Predzesileni

e zesiluje signal pro prenos z detektorl do centralni
elektronické casti

Zesileni

e Uprava intensity signalu

e linearni nebo logaritmické
Generovani integralu a Sirky pulsu
Analog-digital konverze




Sber dat

- Data jsou sbirana jako “list” hodnot,
pro kazdy “parametr” a pro kazdou
"event” (bunku)

- kazdé mereni z kazdého detektoru
je oznaceno jako "parameter”

Flow Cytometry Standard data file format. FCS 3.1

http://www.isac-net.org/images/stories/documents/Standards/fcs3.1_normativespecification_20090813.pdf

Spidlen, J. et al. Cytometry. Part A : the journal of the International Society
for Analytical Cytology 77, 97-100, (2010).



& Properties:150717_DU145 Ctrl.fcs

Help 4 » oK

Date:17-]UL-2015 N
System:Windows XF 5.1
Cytometer:FACSAriall SORP (FACSAriall)
File:150717_DU145 Ctrl.fcs = =
File URL:file:/C:/Users/user/Desktop/install/Infinicyt/150717_DU145%20Ctrl.fcs £ oap! leaa Blexa et

- Fluar | | obnmia| | Fluor | |75 | Fluor | [AFESYT |oo5a
SBEGINANALYSIS: 0 e 547 488-A
$BEGINDATA: 4148 — —

Alexs
$BEGINSTEXT 0 Fluor 100 0,42 163|194 0,02 0,22 9,85
$BTIM: 13:25:01 5944
$BYTEORD: 4,3,2,1
$CYT: FACSAriall SORP (FACSAriall) (405::':‘ 1.1 100 F 0,05 | 0,01 0.08 | 0,96
SDATATYPE: F —
$DATE 17-JUL-2015 AF‘?: 2,45 2287 100 a1 008 15,14 085
SENDANALYSIS: 0 sorall ’ : : :
I o ) ) o e
SETIM: 13:28:55 e |
$FIL: 150717_DU145 Ctrl.fcs Fluor || 0,01 0,09 ’j’i 100 of]| oos
$INST: 18P it
:MDDE: L aPccy7-A| | 0.01 0.04 Wl_o 0,05 100 I 0,01
NEXTDATA: 0
$OP: fedr ;‘15'_’; (] 41,05 |_o|_n 234 0 | 100
SPAR: 19
$SRC: 150717
$5YS: Windows XP 5.1
S$TIMESTEP: 0.01 Parameters and Stains
$TOT: 79620 Parameter Stain Range Bits Decades Gain Voltage N
APPLY COMPENSATION: TRUE (sPnm) (sPns) (SPnR) (5PnB) (SPnE) (5PnG) (spnv) Derived From
AUTOBS: TRUE FSC-A (262144 32 0o 1.0 [280
CREATOR: BD FACSDiva Software Version 6.1.3 FSCH 262144 32 0o 10 [280
CST BASELINE DATE: 03_24_2015 12:52:48 PM :ISG'AFI Ty zzz:: 22 g‘o’ : g :g
exa Fluar ! !
CST BEADS LOT ID: 91725 Alexa Fluor 504-H 262144 a2 0o 10 480
CST SETUP DATE: 03_25_2015 03:01:55 PM AP (0B Ry A o123 2 oo 1o 550
CST SETUP STATUS: SUCCESS WITH WARNING DAPI (@05nmyH 262144 2 0o o 850
CYTNUM: P5Y500001 DAPI (A05nm} W 282144 32 00 10 850
CYTOMETER CONFIG CREATE DATE: 05_13_2013 01:32:45 PM Alexa Fluor 847-A 282144 a2 0.0 10 538
CYTOMETER CONFIG NAME: RF_85u 45 psi_SORP Aria_5-laser (2uv-6v-3b-5yg-3r) Alexa Fluar 847-H 282144 32 oo 10 538
EXPERIMENT NAME: DU145_POPRO1_LDYellow_AF488_AF594_PE_APCCy7 PE-A 262144 32 0.0 10 230
EXPORT TIME: 17-JUL-2015-14:30:11 :IE“ Y zzz:: 22 g‘o’ :g 2:2
exa Fluor 496 I !

EXPORT USER NAME: fedr Alexa Fluor 488-H 1262144 32 0.0 1.0 1366
FJ_FCS_VERSION: 3 APC-CyT-A 282144 32 0o 10 700
FSC ASF: 0.57 APC-Cy7-H 282144 a2 0o 10 700
GUID: dc7612a3-65af-4520-be0f-51d53273ebea Qdot BO5-A 282144 32 oo 10 la10
LASERIASF: 0.86 Qdot 605-H 262144 32 oo 10 410
LASER1DELAY: 0.00 Time 282144 a2 0o 001
LASER1NAME: Blue Comp-Alexa Fluor 564-A 1262144
| ASERZASF: 0.86 Comp-DAPI (405nm}A 282144
|ASER2DELAY: -38.47 Ez:z:’:’: Fluor 8574 et
LASERZNAME: Red Comp-&lexa Fluor 498-A 282144
LASER3ASF: 1.02 Comp-APC-Cy7-A 282144
LASER3DELAY: 77.49 Comp-Qdot B05-A 22144
LASER3NAME: UV
LASER4ASF: 0.63
LASER4DELAY: 45.00
LASER4NAME: Violet
LASERSASF: 0.83
LASERSDELAY: -76.49
LASERSNAME: YG
P10BS: 602
PLODISPLAY: LOG
P10OMS: 0
P11BS: 38
P11DISPLAY: LOG
P1iMs:0 T I A I e
P128S:5 T
P12DISPLAY:LOG b A e e AN T NS .
P12MS: 0 [ B - T
P13BS: 1118

P13DISPLAY: LOG

<

}A | [DAPI A08nm)H DAP! (40Snm}W

Alexa Fluor 847-A

[\ulpxa Flusr 847-H

PEA

Alexa Fluor 488-A

Alexa Fluor 488-H

APC-Cy7-A _

APG-Cy7-H

Qdot B05-A

Qdot B05-H




ORIGINAL ARTICLE

Cytometry

MIFlowCyt: The Minimum Information About a Flow
Cytometry Experiment

Jamie A. Lee,'! Josef Spidlen,Ei Keith Boyce,” Jennifer Cai,' Nicholas Crosbie,” Mark Dalphin,’
Jeff l-urlong," Maura Gasparetlo,“' Michael Gnldbergf Elizabeth M. Gomlczyk," Bill Hyun,g
Kirstin Jansen,® Tobias Kollmann,'” Megan Knng,' Robert Leif,'" Shannon McWecncy,'Z’”‘”
Thomas D. Moloshok,* Wayne Moore,"” Garry Nolan," John Nolan,'” Janko Nikcnlich—Zugich,m
David Parrish,’ Barclay Purcell,'” Yu Qian,' Biruntha Selvaraj,'” Clayton Smith,*

Olga T chuvatkina,” 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™*

Table 1. Components of a MIFlowCyt-compliant
experiment description

Experiment overview Purpose/goal/hypothesis
Experiment variables
Conclusions
Quality control
Flow sample (specimen) Material
Source/organism/location
Treatment
Reagent/analyte/detector/reporter
Data analysis List-mode data
Compensation
Gatng
Descriptive statistics
Instrument details Instrument identification
Fluidics configuration
Optical configuration
Electronic configuration

Cytometry Part A o 73A:926—-930, 2008

VIIFlowCyt



Data Acquisition - Listmode

Event |Paraml | Param?2 IParc}rmj’ | Param4
FS S FITC PE

1 50 100 &0 90

2 55 110 150 95

3 110 60 80 30




Creation of a Voltage Pulse
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Signal processing

00o 0Ot plot
T

Zesileni

‘ iana 1

Y . signalu (!) .

lin nebo log 0 T 1000

| FL-2 (H)

Analog/digital
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Height
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Analog to Digital Converter

16, 384 A

Time




Analog to Digital Converter

Analog to Digital
Sianal Conversion
| 'gna Digital data
Photon pu"ee Out to memory
In A
Voltage In
PMT _—

Power Supply Sample Digitize

the pulse the pulse

Levels 0-1000 10 MHz 16,384

\olts levels




Parameters

14524

* Area: Sum of all height values

- Height: Maximum digitized value
X 16

- Width: Area/Height X 64K

Data is displayed on 262,144 scale



28 =256
210 =1024

AD prevodniky

Pocet bitu # kanalu rozliSeni
8 256 39.1 mV
10 1024 9.77 mV
12 4096 2.44 mV
14 16384 610 uVv
16 65536 153 uVv
18 262144 38.1 uv
20 1048576 9.54 nv
22 4194304 2.38 uv
24 16777216 596 nV

measurement range = 0 to 10 volts
ADC resolution is 12 bits: 212 = 4096 quantization levels
ADC voltage resolution is: (10-0)/4096 = 0.00244 volts = 2.44 mV

K. Soucek Bi9393 Analyticka cytometrie



http://en.wikipedia.org/wiki/Full_scale

Kolik bitu?

m Pokud konvertujeme analogovy signal
pomoci 8 bitového ADC — mame 256 kanalu
(28=256) odpovidajicich rozsahu 0-10 V

m Rozdil mezi kanaly je 10/256=~40mV

Y 10V
100mV

0 50 108hann£1580 200 250

upraveno podle J.P.Robinson



Idealni logaritmicky zesilovac

1V 10V
100 mV
Linearni
( 0 50 100 150 200 250
Log amp 1 mV 10 mV 100 mV 1V 10V
L Log
0 50 100 150 200 250

Channels upraveno podle J.P.Robinson



Logaritmické zesileni & dynamicky rozsah

- lin

i | A

| 102>

log

upraveno podle J.P.Robinson



Charakteristiky pulsu

Pulsy detekované na prutokovem cytometru jsou analogove jevy
detekované pomoci analogovych zarizeni

Tyto pulsy trvaji nékolik mikrosekund

Pokud nemuzeme digitalizovat tento puls v realném c¢ase musime
kombinovat analog-digitalni zpracovani pulsu

bézne trvalo nekolik mikrosekund digitalizovat puls — to nebylo
dostatecné pruchodné pro vysokorychlostni sbér dat

Nové — plne digitalni systemy mohou digitalizovat puls primo
pomoci MHz frekvence



Kompenzace fluorescencniho
signalu

...pozdeji

)



Analyza dat

m Zobrazeni dat
— histogram
— dot plot
— isometric display
— contour plot
— chromatic (color) plots
— 3 D projection
m Gating




Zpusoby pro zobrazeni dat

256

10+

4

4Calor TEME

+ T4

co2.m
T ;

- |-

Events

CD4 FE
102

10!

102 10*
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1m? 10! 02 w0 n

N : , 10? 102 1?1
10 10 10 10 10
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Lt
i
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Histogram distribuce Cetnosti

m Histogram zobrazuje Cetnost Castic pro jeden parametr

m Jednoduchy vystup
m Nekorelujeme s dalSim parametrem
m Problém s identifikaci populaci

K. Soucek Bi9393 Analyticka cytometrie

Counts
40 80 120 160 200

Counts
40 80 120 180 200

3Color TBNK01.01

0

0 200 400 600 800 1000
FSC-H

0

102 10° 104

CD16+56-PE

100 10!



Dot plot

Zobrazuje korelaci dvou libovolnych parametrd

Jednotlivé teCky predstavuji konkrétni zmeérené buriky (Castice)
Hodnoty pro radu Castic mohou lezet ve stejném misté
Nemame informaci o relativni denzité ¢astic

Problémy s vykreslenim v pfipadé velkych objemu dat

- dCalor TEME + TrnaZ02 .01
: .|: g:'._

St e
Ly

S50H
m 101 w0 107 10

K. Soucek Bi9393 Analyticka cytometrie



Density & contour plot

Density plot:
m Zobrazuje dva parametry jako frekvenci Cetnosti

S80H
w" 0! 1w opp? pd

FSC-H

m barva a nebo jeji odstin odpovida Cetnosti Castic = LB el
Ty
Contour plot: B
m spojnice spojuje body (Castice) se stejnou =1
: 2 1?1l 10f 0¥ pd
hodnotou signalu FaCH

2.01

4
Lu

o

o

(=]

-

=

3 E
+
B
| &
| =

m V podstaté simulujeme 3D graf — tfeti rozmér je

- frekvence

s50H
10?101 102 1073 10

w? ! 1w ® qpd
FSC-H
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Cas jako jeden z parametra

HLAOMT 2R

SSCHeight
200 400 600 500 1000

o

0200 400 600 800 1000
FSC-Height

HLAOI T 2h

e

200 400 600 200 1000

FLLI -3 AhAFL1-H)

o

I 400 B0 B00 1000
Tirree [204.80 zec.)

Time (204.80 sec.) (8) vs FLUO-3 AM (FL1-H) (3)

1023

| ionomycin

MnCI2

y

i

Fmax

[ FMnCl2

Time
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3D zobrazeni

dCalor TEMNE + TruC0Z.01

m 2 parametry + Cetnost

m 3 parametry spolecné

ence

Red fluoresc

A
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3 Color Combinations

4+4+4=12
/ [/
¥ Positives
[1]
= =
/ 4+4-8
FITC
o
I Negatives



3 Color Combinations

| ern TR-PE Pattern
-]
Q
14
[}
g
FTINO
| Negative CD4|

upraveno podle J.P.Robinson



,,Gating*

"Real-time gating vs. softwarovy
»,gating"

"Urceni region

“Strategie ,,gatingu”

" Analyza kvadrant(

“Boolean ,gating”

B "zpétny ,gating"




Real-Time vs. Software Gating

®"Real-time (live) gating:
-omezuje akceptovana data béhem
mereni

"Software (analysis) gating:
-vyrazuje urcita data behem nasledné
analyzy



UrCeni regionu

" Objektivni nebo subjektivni?
-Skoleni/schopnosti/trénink

"Mozné tvary:
-obdelnik
-elipsa

l -“free-hand" (polygon)
Hl

-kvadrant

" Statistika

- pocet

- podil (%)

- prdmér, median, S.D., CV, ....




Region, gate

dalor TBME, + TraC02 .01

we ¥ qpd

"oblast (plocha) v grafu definovana
uzivatelem

"mnoho regiond v jednou grafu R e |
®"ohrani¢ujeme pomoci nich populace Nuoc..w =+ ° °
zajmu

"je mozneé je barevne odlisit

"je definovan stejné pro vsechny vzorky v

analyze

"|ze je kombinovat pomoci logickych

operatortl (AND, OR, NOT; Booleova logika)

S5CH

m? !

K. Soucek Bi9393 Analyticka cytometrie



Using Gates

:9 logFITC {4) vs logPE &)

ey

&~ b

2

=

?‘E R : C . i .

(T T TR ER 1
10gFITC

egion 1 established Gated on Region 1

upraveno podle J.P.Robinson



Statistika

1 1 &
T=—(m+o+. +2)=—>
i=1

m Aritmericky prumér .

m Geometricky prumer O a0t = Yaar o — (H)
= Median [ s -

— odhad stredni hodnoty

— neni ovlivhén extremnimi hodnotami

= Smérodatna odchylka F= )
m Koeficient variance

® Modus — nejcCastejsi hodnota

K. Soucek Bi9393 Analyticka cytometrie



Statistika pro histogram

3Color TBNK01.01

o
o
d
o
w
o
g M1
c
o
o
=T
o
0 200 400 600 800 1000
FSC-H
Histogram Statistics
File: 3Color TBNKO1.01 Log Data Units: Linear Values
sample 1D Patient 1Dx
Tube: CIB/CD4/CU5 Panel: 3 Color TBNK
Acquisition Date: 21-Apr-98 Gate: No Gate
Gated Events: 15000 Total Events: 15000

X Parameter. FSC-H (Linear)

Marker Left, Right Events % Gated % Total Mean GeoMean CV Median Peak Ch
All 0, 1023 15000 100.00 100.00 570.49 500.40 2998 612.00 0
M1 559, 855 9306 62.04 62.04 67083 667.81 956 667.00 672

K. Soucek Bi9393 Analyticka cytometrie



Analyza kvadrantu

< 4Color TBNK + TruC02.01

Y

(=] P “
"10° 10 4

CD4-APC

Quadrant Statistics

File: 4Color TBNK + TruC02.01 Log Data Units: Linear Values
sample 1D Patient 1D
Tube: CDB/CDB/CAS/CDA TUC Panel: 4 Color TBNK + TuC
Acquisition Date: 08-Oct-98 Gate: No Gate
Gated Events: 10000 Total Events: 10000
X Parameter. CD4-APC (Log) Y Parameter. CD8-PE (Log)

Quad Location: 74, 35

Quad Events 9% Gated 9% Total X Mean X Geo Mean Y Mean Y Geo Mean

UL 1149 11.49 1149 16.67 9.14 1474.42 618.99
UR 2222 2222 2222 7621.69 6806.34 2386.22 2160.04
LL 4783 4783 4783  15.00 10.87  12.01 10.64
LR 1846 18.46 18.46 879.87 646.31 12.24 10.28

K. Soucek Bi9393 Analyticka cytometrie



Logicky ,,Gating* (Booleova logika)

S prekryvajicimi se oblastmi mame mnoho moznosti:

FS

Pl (5) vs FS (2]

C -

-

upraveno podle J.P.Robinson



Boolean Gating

Not Region 1:

F5

Pl (5) vs FS (2)

-

e -+

LA T e

upraveno podle J.P.Robinson



Boolean Gating

Not Region 2:

Pl (5] vs FS (2)

1023

FS;

upraveno podle J.P.Robinson



Boolean Gating

Region 1 or Region 2:

Pl (5) vs FS (2)

1023

FS ]

El or B2

upraveno podle J.P.Robinson



Boolean Gating

Region 1 and Region 2:

Pl (&) vs FS (2)
Ny
=
= R1 and R2
FS
I:I- .........................
0 PI 1023

upraveno podle J.P.Robinson



Boolean Gating

Not (Regionl and Region 2):

PI 5} ws FS (2)

Not (R1 and R2)

1023
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L
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FS
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Light Scatter Gating

Side Scatter Projection

1 1 1 1 1

Lymphocytes

400 600 800 1000

90 Degree Scatter

upraveno podle J.P.Robinson



Back Gating

= logFITC (4) vs logPE (5) 90Is (3 ws FS (2
= o
=N
=1
. Back |gate
21
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100 107 ERREE 10* R P T: &
logFITC

Region 4 established Back-gating using Region 4

upraveno podle J.P.Robinson



Back Gating

- dColor TEME, + ThaC02 .01

- dCalor TEME + ThaC02.01

=2 3.7 -

chd-AFC
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o015 (3) vs FS (2)

1023

FS

0 901s 1023

E 3 Parameter Data Display

10

logFITC () ws logAPC (B)

104

lagFITC (4} ws logPE (&)

107

102

101

I loZAPC

logPE

107

102

101

5 4

|:|I:I

T To° ¢ || =ige
logFITC

oL,
lmn

104

logPE (3] vs logAPC (B)

logAPC

0%

mngPEm

upraveno podle J.P.Robinson



e Vyrobci HW
* Beckman Coulter

 Kaluza

Becton Dickinson
* FACSDiva
*  FACSSuite
* FlowlJo

* BioRad

* Sony

e Milteney

* Univerzalni platformy
e Komer¢ni
* FlowlJo
* FCS Express

* Freeware
* Flowing Software
* Cyflogic
* BioConductor - Flowcore

Nastroje pro analyzu dat

De Novo\

Softwore

Turning Cytometry Data Into Results



Vicebarevn¢ analyzy generuyi
mnoho dat...

5 color
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1 2 3 7 8 9 10
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Export files with
different settings
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Dalsi zpusoby vizualizace
vicerozmeérnych dat

m t-SNE, viSNE
— t-Distributed Stochastic Neighbor Embedding
— VISNE is a tool for reducing high-parameter data down to two dimensions
— visually identify interesting and rare biological subsets
— allow to gate single cell events across different samples.

m  SPADE

— Spanning-tree Progression Analysis of Density-normalized Events
— way to automatically identify populations in multidimensional flow cytometry data files
— clusters cells into populations and then projects them into a tree

18:0 Cytobank

b cD20 cD33 ¢

(D14 expression in cell papulations (circles)
identified by SPADE in one flow file
HSC

@@B cells

NK cells

] HLADE Pro-monacyte

Pre-DC
2

[y X | Naive CD8+T
Plasmacytoid DC

\ Mature CD&+T
\ Maive CL
\ Mature CD4+ T
mmature B
Mature B
IL-3Ra+ mature B
~—
Plasma cell

Erythroblast l l l

Erythrocyte ‘25 25

Not manually gated ¢ CD4 Tcells 4 CD8T cells
# CD20" B cells CD20" B cells % CD11b™ monocytes
# CD11b” monocytes & NK cells

Low expression High expression

\e Adapted from Bendall et al, Science 2011
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Automated high-dimensional flow cytometric
data analysis

Saumyadipta Pyne®, Xinli Hu®', Kui Wang®, Elizabeth Rossin®', Tsung-I Lin%, Lisa M. Maier®9, Clare Baecher-Allan?,

Geoffrey J. McLachlan®®, Pablo Tamayo?, David A. Hafler>9-2, Philip L. De Jager®>3-%3, and Jill P. Mesirov®23

*Broad Institute of MIT and Harvard, 7 Cambridge Center, Cambridge MA 02142; ®*Department of Mathematics and ®Institute for Molecular Bioscience,

University of Queensland, 5t. Luda, Queensland, 4072, Australia; “Department of Applied Mathematics, National Chung Hsing University, Taichung 402,

Taiwan; €Division of Malecular Immunology, Center for Neurologic Diseases, Brigham and Women's Hospital and Harvard Medical Schoal, 77 Avenue
Louis Pasteur, Boston, MA 02115; and fPartners Center for Personalized Genetic Medicine, Boston, MA 02115

Communicated by Peter l. Bickel, University of California, Berkeley, CA, April 3, 2009 (received for review December 28, 2008)
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The Flow Cytometry: Critical Assessment of Population
Identification Methods (FlowCAP)

The goal of FlowCAP is to advance the development of computational
methods for the identification of cell populations of interest in flow
cytometry data. FlowCAP will provide the means to objectively test
these methods, first by comparison to manual analysis by experts using
common datasets, and second by prediction of a clinical/biological
outcome.

Critical assessment of automated flow cytometry data
analysis techniques

Nima Aghaeepour!, Greg Finak?, The FlowCAP Consortium?, The DREAM Consortium?, Holger Hoos*,
Tim R Mosmann?, Ryan Brinkman!7, Raphael Gottardo®” & Richard H Scheuermann®’

228 | VOL.10 NO.3 | MARCH 2013 | NATURE METHODS




Zpusoby pomoci kterych lze upravit
vysledky:

1. Odstraneni ,doublets"
2. Cas jako parametr pro kontrolu kvality

Priklad - pro DNA analyzu je treba:

- 0C
- 0C

- Uuc

stranit ,, debris™ a shluky
stranit ,doublets"
rzovat konstantni pritok

K. Soucek Bi9393 Analyticka cytometrie



https://www.flowjo.com/learn/flowjo-university/flowjo/tutorial/33

JEFLOWIO

« Backto classes

FlowClean Plugin

Josef Spidlen
Clean up your data with the FlowClean plugin

Do you analyze a lot of samples? If so, data quality control may be challenging, especially when a
large number of parameters is measured. In particular, fluorescence measurements for a sample
over the collection time may not remain stable due to fluctuations in fluid dynamics. As many as
13.7% of publicly available FCS files have been shown to have this problem. But don™t worry, we
are here to help!

As you may know, our latest release, FlowJo v10.2, contains new and improved architecture for
plugins. One of our featured plugins—FlowClean—has been designed to address exactly this issue.
It automatically identifies and flags fluorescence anomalies in your FCS files by tracking cell
populations in the centered log ratio space. This has been shown to provide a sensitive and
consistent method of quality control. Do you want to give it a try?

: Specimen_003_C8 23 P1_C.fcs: Ungated - FlowJo : Specimen_003_C8 23 P1_C.fcs: flowClean.Pop

File Edit Graph Display Go Help File Edit Graph Display Go Help
(le] (alv]4]>]

DEESNVEERRES el (] Mal+Holxl2lel -4

> [ » > T > &5 flowCleanPopd
-0 . ] o . -0
+4.42 054 oL +4.42
4
10
u wn
o o
I~ I~
] ]
o o
D 10 D
[} [}
L= (&)
il 0 i
T T
un un
o o
S 5
_—
Y ] 2.0 4.0 6.0 8.0 Y

®@ | Time

®@ | Time

|~Q, Options ¥ |

| “i, Options

|If Active Gate

|2 Active Gate

|§] Statistics - Count: 76466 / 76466  100%

« K|«

|§] Statistics - Count: 68528 / 76466 80.6




Co je problem pr1 vicebarevne
detekc1?

PE 580,30 Bandpass

FITC 530/40 Bandpass

Fluorescence Intensity




Emission Spectra—Spectral
Overlap
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Kompenzace fluorescencniho
signalu pi1 vicebarevne detekci

m Proces pri kterem dochazi k eliminaci
vsech fluorescencnich signalu kromé
signalu z fluorochromu ktery ma byt na
prislusnem detektoru detekovan

m Nastaveni pomoci mixu mikrocastic Ci
bunék oznacenych/neoznacenych
prislusnymi fluorochromy.

K. Soucek Bi9393 Analyticka cytometrie



Co je problem pr1 vicebarevne
detekc1?

PE 580,30 Bandpass

FITC 530/40 Bandpass

Fluorescence Intensity




Kompenzace fluorescencniho
signalu pi1 vicebarevne detekci

Table 1.14.1  Typical Spillover Matrix for a Three-Color
Compensation®

Detector
Fluorophore
Green Orange Red
FITC 1.000 0.180 0.040
PE (0.009 1.000 (.213
PE-Cy5 0.005 0.029 1.000

Note: The diagonal elements are 1, since the contribution of each
fluorophore to its cognate detector is defined to be 100%. In this table, the
FITC into PE spillover is 18%:; the PE into FITC spillover is 0.97.

Current Protocols in Cytometry

K. Soucek Bi9393 Analyticka cytometrie



“Bright” = good resolution sensitivity

Stain Index (SI) = %;




Various fluorochromes-stain index

Reagent Clone Filter Stain Index
PE RPA-T4 285/40 356.3
Alexa 647 RPA-T4 660/20 3131
APC RPA-T4 660/20 2792
PE-Cy7 RPA-T4 780/60 278.5
PE-Cya RPA-T4 695/40 222 1
PerCP-Cya.5 Leu-3a 695/40 927
PE-Alexa 610 RPA-T4 610/20 804
Alexa 488 RPA-T4 530/30 754
FITC RPA-T4 230/30 689
PerCFP Leu-3a 695/40 64 4
APC-Cy7 RPA-T4 7801/60 422
Alexa 700 RPA-T4 720/45 3949
Pacific Blue RPA-T4 440/40 225
AmCyan RPA-T4 225150 202




Choices for 6,- 8,- 10,- and more colors

6-color 8-color 10-color Additional
FITC or Alexa 488 |FITC or Alexa 488 |FITC or Alexa 488 | FITC or Alexa 488
PE PE PE PE
PE-Texas Red or |PE-Texas Red or
PE-Alexa 610 PE-Alexa 610
PerCP-Cy5.5 PerCP-Cy5.5 PerCP-Cy5.5 PerCP-Cy5.5
PE-Cy7 PE-Cy7 PE-Cy7 PE-Cy7
APC or Alexa 647 | APC or Alexa 647 | APC or Alexa 647 | APC or Alexa 647
Alexa 680 or 700 | Alexa 680 or 700
APC-Cy7 APC-Cy7 APC-Cy7 APC-Cy7
AmCyan AmCyan AmCyan
Pacific Blue Pacific Blue Pacific Blue

Q-dot 655, 705...




Fluorochrome selection considerations

‘Bright” antibodies go on “dim”
fluorochromes

Avold spillover from bright cell populations
Into channels requiring high sensitivity

Beware of tandem dye degradation




FITC Spillover
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FITC Compensation

ﬂ":l: ﬂ":l
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FITC Compensation
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FITC Compensation

Dot plot showing
e ||[5° uncompensated FITC
data
. Dot plot showing
i FITC Posil qu compensated FITC data
Biexponential dot plot
e showing
5 . »f s compensated FITC
o I;ID'ISIC-A v v . DI1D|2 Peréé‘fovﬁ-w data




Uncompensated FITC Single stain Control

10¢

Unwanted 5 T
signal detected &
in FL2 =5
roughly 15% = ‘,ﬂ?
\ | :'2_ - 'Ei -'; -
BETE 10% 10° 10*
FITC CD3
Total signal
detected in FL1

Jennifer Wilshire, PhD

[ennifer@flowjo.com




FITC Single Stain Control

Uncompensated
=
£,
o
Q
S
= 5 , Fg

FITC CD3

)

FL2-15%FL1

Compensated

FITC CD3

Jennifer Wilshire, PhD

[ennifer@flowjo.com




FITC Single Stain Control

FITC PE
Total signal
detected in
FL1 ~

Unwanted signal
detected in FL2

/ = roughly 15%

FL1 FL2

True PE =Total FL2 — 15% FL1

Jennifer Wilshire, PhD

[ennifer@flowjo.com
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Kompenzace fluorescencniho
Si gnélu FITC positive &

negative

#2 PE negative beads
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Current Protocols in Cytometry
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Kompenzace fluorescencniho
Si gnélu FITC positive &

negative
NONE! :
: PE negative beads
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Kompenzace fluorescencniho
signalu
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Nastaveni kompenzaci

" znacené mikrocCastice — pro bézné konjugované fluorochromy

& BD

CaliBRITE Beads

CaliBRITE 3 three-color kit—Catalog No. 340486

CaliBRITE two-color kit—Catalog No. 349502
CaliBRITE PerCP Beads—Catalog No. 340497
CaliBRITE APC Beads—Catalog No. 340487

CaliBRITE PerCP-Cy5.5 Beads with Bead Dilution Buffer—Catalog No. 345036
For In Vitro Diagnostic Use with FACS brand flow cytometers

Setup | Tube® | Unlabeled | FITC | PE Pefg;‘f&grsh APC
two- A 1 drop

color B 1 drop 1drop | 1 drop

three- A 1.drop

color B 1 drop 1drop | 1drop 1 drop

four- A 1 drop 1 drop
color B 1 drop 1drop | 1drop 1 drop 1 drop

" znacené bunky — pro vitalni znaceni

= parametr - detektor amp
] FL1 - 544
T FL2 - 434
kompenzace

10
1

- e

FL1 - 1.1%FL2
FL2 - 17.5%FL1

E(FL2
BLLHS.

L

w! o qp®
FLUG-3 AR [FL1-H)

10”

n q
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Effects of Changing PMT
Values

Correct Compensation FITC Voltage Decreased by 5V
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Which marker for compensation?

Correct Too Much Too Little
Compensation Compensation Compensation

A B C A B C A B C
SR B

Small errors in compensation of a dim control (A) can result in large
compensation errors with bright reagents (B & C).
Use bright markers to setup proper compensation.




&G \
[ E

lames E. Bishop, lanet Dickarson, lan Stall, Zhanxiang Gong, Erke 1 Crowther, Dennis Sasakl, ard Emil Pop.

A Setup System for Compensation:
BD CorrpBeads plus BD FACSDiva Software

BD Binsciences
Cliade

o LoD ars
limr s Ll Sesen &
a7

BD Comp Beads

Always positive
Bright staining

Save sample (HIV
patients)

Use the same antibody
for compensation and the
real experiment
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Fluorescence Minus One

PBMC were stained as shown in a 3-color experiment.
Compensation was properly set for all spillovers

Unstained Control FMO Control Fully Stained
FITC - CD3 CD3
PE - = CD4
CySPE - CDS CDS

PE

Unstained Bounds |s

Courtesy Mario Roederer



Tandemove¢ znaCky

Tandem Dyes

R E T
Energy Transfer Mechanism esonance Energy Transfer

Transfer of energy to electrons
in tandem fluorescent molecule
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Tandemove znacky - priklad
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Tandems are light sensitive

CDS8 CD3
PE-Cy7 PE- Time Sample

Left in Light
0 hours

._. . o
. (.-

R 1

4

BRRd 22.5 hours
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Shrnuti

m sorting

m zpracovani signalu

m vizualizace dat a ,gating”
m kompenzace

Na konci dneSni prednasky byste méli:

Znat zékladni principu sortovani,

popsat zpuisob zpracovani signalu,

rozumét lin / log zesileni signalu,

rozeznat jednotlivé zplisoby vizualizace dat,

chapat zakladni principy ,,gatingu®,

znat princip kompenzace signalu pi1 vicebarevné detekci.

2y LU gs 12 ) =

K. Soucek Bi9393 Analyticka cytometrie



