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Fluidika

m potrebujeme bunky v suspenzi,
protekajici v jednom sloupci napric
osvicenym mistem

H U vetsiny zarizeni Je toho dosazeno

iInjekci vzorku do proudu nosne kapaliny
skrz maly otvor (50-300 pm)




Fluidika

m Pokud jsou podminky optimalni pak
vzorek proudi stredem bez smesovani s
nosnou kapalinou

m takovy stav nazyvame laminarni
proudeni (laminar flow)




Fluidika - Laminarni vs. turbulentm

proudéni

=Turbulentni proudeéni je
charakteristicke chaotickymi
(stochastickymi) zménami

=Laminarni proudéni —
kapalina proudi v paralelnich
vrstvach které se vzajemné
nemisi

wikipedia org
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Fluidika - Laminarni vs. turbulentni
proudéni
m Osborne Reynolds (1842 -1912)

definoval podminky laminarniho
proudeni (18383)




Fluidika - Laminarni proudéni

m /Zda bude prutok laminarni je mozné urcit pomoci
Reynoldova cCisla

Re — dp% where
d = tube diameter

£ = density of fluid
mean velocity of fluid
n = viscosity of fluid

V

m kdyZ R, <2300, prutok je vzdy laminarni (v trubici)
= R_ > 2300, prutok muze byt turbulentni




Fluidika — systém s rozdilnym
tlakem

m Tlak nosne kapaliny urCuje objem v
Jakém proudi
m Rozdil v tlaku mezi nosnou kapalinou a

vzorkem urcuje objem proudiciho
vZorku

m Kontrola neni uplna — zmeny treni
mohou zpusobit zmeény v rychlosti
proudeni vzorku



Fluidika — system s
volumetrickou 1njekci

m Pomoci vzduchu tlakuje nosnou
kapalinu

m Pomoci pistu injikuje vzorek

m Objem proudiciho vzorku muze byt
regulovan rychlosti pohybu pistu

m Kontrola je uplna (za normalnich
podminek)




Fluidika — orientace a deformace
castic

m Behem hydrodynamickeho ostreni jsou
bunky vystaveny trecimu stresu na
ruznych mistech jejich povrchu.

m Tfeni zpusobuje jejich orientaci delSim
koncem ve smeru proudeni.

B = Stres muze také zpusobit jejich deformaci.




Fluidika — orientace a deformace c¢astic

“a: Native human
erythrocytes near the
margin of the core stream
of a short tube (orifice).
The cells are uniformly
oriented and elongated by
the hydrodynamic forces
of the nlet flow.

b: In the turbulent flow
near the tube wall. the
cells are deformed and
disoriented 1 a very
individual way. v=3
m/s.”

Image fromV. Kachel, et al. — Melamed
Chapt. 3




Fluidika — prutokové komory

= Prutokové komory

— Urcuji osu a velikost prutoku nosné
Kapaliny a vzorku

— Vymezuji misto pro hydrodynamicke
zaostreni

— Slouzi také jako misto kde dochazi k
ozareni bunék zdrojem svetla
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Fluidika — prutokové komory
Zakladni typy prutokovych komor

— Jet-in-air
» Nejlepsi pro sortrovani, horsi opticke viastnosti
— Flow-through cuvette

« Vyborné optické vlastnosti, muzZe byt pouzita pro
sortrovani

— Closed cross flow
» Nejlepsi opticke charakteristiky, nelze sortrovat

— Open flow across surface
» Nejlepsi opticke charakteristiky, nelze sortrovat

Upraveno podle JP. Robinson Purdue University BMS 631




How Flow Cytometers Work [ 169
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Zaneseni prutokové komory

Lidsky vlas zablokuje komoru a
kompletné narusi kvalitu
proudéni.

Upraveno podle J.P. Robinson Purdue University BMS 631




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

Narrow particle focus = Narrow distribution

Laser Cross

. b oT—
Sectional Area

|
!

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

—>

molecular
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sheath
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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)

—>

molecular
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Attune® Acoustic Focusing Cytometer

Acoustic focusing cytometry

— Capillary
= Cell

Piezoelectric
ultrasonic device

Laser 1 (violet)

Laser 2 (blue)

|

technologies®




Acoustic Focusing = Better Precision
1000 pL/min

Narrow particle focus = Narrow

12 yL/min
distribution

Ny (73} Ny (V)

+~ = +~ =3

o ® Acoustic focusing of particles occurs o ®

< < S S
2 > prior to mixing with sheath fluid 2 >

<+— Acoustic focusing Module
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Attune (2 lasers, 6 detectors setup)

laser | detector fluorochrome

Pacific Blue, Alexa Fluor 405, Brilliant Violet 421

Horizon V500, LIVE/DEAD Aqua

LIVE/DEAD Yellow, Qdot 605

BL1 530/30 FITC, GFP, Alexa Fluor 488, Calcein, LIVE/DEAD Green, ALDEFLUOR, HiLyte 488
BL2 |574/26 PE, propidium iodide, Hilyte 555
BL3 (640 LP PerCP, Pe-Cy7, PerCP-eFluor 710, LIVE/DEAD Red, 7-AAD

[ 4
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Attune - Key performance features include:

» Breakthrough acoustic technology that focuses cells or particles

* Highest sample delivery rates commercially available (up to 1,000 pL/minute)
« User-selectable collection rates

« Equipped with: Blue/Violet: 488 nm (20 mW) and 405 nm (50 mW) lasers

» 8 parameters—6-color detection plus side scatter and forward scatter

« User-changeable bandpass and dichroic filters

« Simplified fluorescence compensation

* Manual and automated compensation

* Adjustable PMT voltage settings

» Detection of up to 20,000 events/sec and 20 million events/file

« Calibrated delivery volumes for volumetric analysis and absolute cell counts
» Electronic resolution of 6 decades

* Low fluid consumption (about 1 L/day); self-contained fluids

» Countertop instrument—fits on standard lab bench or in laminar

Software:

* No software licensing fees

e Output file format: FCS 3.0

+ Live gating with automatic saving
* User and administrator log-in

' technologies™




Cancer
The Attune® Acoustic Focusing Cytometer, with its fast acquisition times and increased precision, overcomes the technological hurdles involved in analyzing
CECs.

Stem Cells

Side Population Analysis

In this study, we demonstrate the ability of the Attune® Acoustic Focusing Cytometer with the blue/ violet laser configuration to quickly analyze a large number
of events in search of very rare populations of stem cells.

Human Mesenchymal Stem Cells (hMSCs)
Adult human mesenchymal stem cells (hMSCs) are rare fibroblast-like cells capable of differentiating into a variety of cell tissues, including bone, cartilage,
muscle, ligament, tendon, and adipose.

Cell Cycle Analysis
Cell cycle analysis is just one example of an application in which precise detection of differences in fluorescence intensity between multiple cell populations is
critical...

Cell Proliferation
Successful proliferation analysis by dye dilution requires sensitive instrumentation and an extremely bright dye to accurately distinguish fluorescently labeled
cells from autofluorescence after several cell divisions...

Marine Sample Analysis
Flow cytometry is a powerful tool for studying the biology, ecology, and biogeochemistry of marine photosynthetic picoplankton...

Immunophenotyping
The Attune® Acoustic Focusing Cytometer exhibits excellent segregation of populations in immunophenotyping experiments (with up to 6 colors)...

Apoptosis
The Attune® Acoustic Focusing Cytometer is compatible with a broad offering of reagents and kits for flow cytometric apoptosis testing...

GFP & RFP Detection
Data for GRP and RFP detection were collected from the Attune® Acoustic Focusing Cytometer using human osteosarcoma cells (U20S) and BacMam
CellLight® reagents...

Microbiological Applications
In recent years the application of flow cytometry to the study of various microbiological phenomena has increased, finding utility in studies that include detection

and quantification...
[ 4
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Example: Detecting human circulating endothelial cells
using the Attune® Acoustic Focusing Cytometer

SSC-H (109)

Circulating endothelial cells (CECs) are mature cells shed from blood vessel
walls during the natural process of endothelial cell turnover.

Elevated levels of CECs have been reported in a host of pathological conditions
including cardiovascular disorders, infectious diseases, immune disorders, post
transplantation analysis, and cancer.

CEC:s are reported to be present in very low numbers: 0.01%—-0.0001% of all
peripheral blood mononuclear cells

B 8
7
8
; 6
T n =
O o |
% 3 CD45-/CD3-/CD19-
2 1
! x ‘I702
8 0 FITC - BL1-H
FSC-H (10) SYTOX® AADvanced” - BL3-H
B
o Name Event Count % Parent
p——— pE— = [Janevents 8,600,152 -
i 2 Or 7,372,407 85.724%
I
3 o 2 [Juve 4,029,176 54.652%
- = [[] co4s-jcos-jco1s- 76,852 1.507%
2 CD31-/CD34+ 24 0.031%
&
10°
[] co31+/co3a+ 444 0.578%
) CD31-/CD34- B e fCD3-
10° T T = T
10° 108 10¢ 108 D CD31-/CD34- 1,442 1.876%

CD3 - Pacific Blue™ - VL1-H
acific Blue D CD31+/CD34 74,942 97.515%

% Total
100.000%
85.724%
46.850%
0.894%
0.000%
0.005%
0.017%

0.871%
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Attune® Throughput Compared to Hydrodynamic
Focused Instruments

Maximum Sample Input Rate (pl/min)
100 200 300 400 500 600 700 800 900 1000

™ Instrument 1

Instrument 2

Hydrodynamic Instrument 3
Focused -

Instruments Instrument 4

Instrument 5

= Instrument 6

Attune®

 Attune® can analyze at sample rates from 25uL/min to 1000uL/min without losing accuracy
» Traditional Flow Cytometers can only run at most 150uL/min and will sacrifice data quality

» Higher sample rates enable dilution of limited samples and analysis of Rare Events Faster

molecular
probes
by L{é technologies”



Table 1. Comparison of acquisition times using a hydrodynamic focusing cytometer or the Attune® Acoustic Focusing Cytometer. A blood sample
was taken from an individual with aplastic anemia, and each instrument had a stop gate set on 1 million granulocyte events.

Instrument Relative rate compared to
(collection rate) hydrodynamic focusing

Hydrodynamic focusing

cytometer (high) 63 min 33 sec -
Attune® Acoustic Focusing :

Cytomneter (200 pL/min] 13 min 20 sec 4.8x
Attune® Acoustic Focusing :

e G 5 min 47 sec 11.0x
Attune® Acoustic Focusing 3 min 13 sec 19 7x

Cytometer (1,000 uL/min)

»
technologies™



Attune souhrn

Vyhody:

*rychlost méreni

*jednoduché ovladani

*sw licence bez omezeni

*snadnd vymeéna emisnich filtru

*nizka spotreba nosné kapaliny (cca 1L denn¢g)

Limitace:
Note: The minimum sample analysis volume is 50 pL.. However, the

*jen dva lasery (6 barev) o s ke 2w s el
*pouze originalni roztoky |

*dlouhy (i kdyz automaticky) shutdown

*sw nedokaze importovat FCS data

*nutnost nastavit urcity akvizi¢ni objem vzorku



Fluidika - shrnuti

Prutok musi byt laminarni (Reynoldovo #)
— R, <2300, flow je vzdy laminarni

Vzorky mohou byt injikovany a nebo proudit na zaklade
rozdilnych tlaku

m Existuje mnoho typu prutokovych komor

Pro presnost méereni je nutné odstranit a zabranit ucpani
komory




Fluidika — shrnuti 2

» tlak nosné (oplastujici) kapaliny vede pufr kyvetou a vyssi

tlak ve zkumavce se vzorkem zavadi vzorek do kyvety.

* Princip hydrodynamického zaostreni zarovna bunky v
kyveté ,jako perly na Snidrce” predtim nez dojdou do bodu

kde protnout paprsek laseru.

*Hydrodynamické zaostfeni nemuze oddélit bunécné

agregaty. Prutokova cytometrie vyZaduje suspenzi

jednotlivych bunek!



Image Stream & Flowsight Amnis —
kombinace prutokove cytometrie a analyzy
obrazu




STANDARD COLLECTION SYSTEM OPTIONAL COLLECTION SYSTEM
Image Channels: 1-6 Image Channels: 7-12

F'rp prietary .
bl BRIGHTFIELD
SYSTEM

Laser Retro
System

Auto Focus & Velocity
Detection System

Filter Wheel D‘_QP

Hot Mirror

S+

Splitter
Multi-spectral OBJECTIVE LENSES
Decomposition Unit Optional MultiMag: 20X & 60X
LASERS
560 488 405
= HE)I )€
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amnis

Optional Full Brightfield



Cell Signaling

Co-localization

Cell-Cell Interactions

Morphology

IEnErE]

DNA Damage and Repair

Cell Cycle and Mitosis

Autophagy

Targeted Immunotherapy

Stem Cell Differentiation

Cell Death

Parasitology

Microbiology

Oncology

Oceanography




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
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Deflection
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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

i 'L(?J




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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v BD
Amplitude v



SORTING

Nozzle Size

|
|
Amplitude

& BD



SORTING

ation

A",

BD



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
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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

)

& BD



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
=4 8

Mask =0 Mask = 8 Mask = 16 Mask = 32

-
»

(T
0

-
»




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




Sher dat

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

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




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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& BD

Analog to Digital Converter

16, 364 A

Time

74



& BD

Analog to Digital Converter

Analog to Digital
: Conversion
| Signal Digital data
Photon putee Ut to memory
In A
Voltage In
PMT i

Power Supply Sample Digitize

the pulse the pulse

Levels 0-1000 10 MHz 16,384

\olts levels

75



& BD

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

76



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




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



Analogové-digitalni prevod

= Analogovy signal musi byt konvertovan na
digitalni puls, aby bylo umozneno jeho dalsi
Zpracovani

= Pomoci analog-digitalni konverze (ADC) —
analogovy vstup/digitalni vystup

= Obvod rozdéluje signal do predvolenych
kanalu

= 8 bitu = 256 kanalu

= 10 bitu = 1024 kanalu
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4 bitova pulzné kodova modulace analogoveého signalu




Linearni a logaritmicky obvod

m linearni
m logaritmicky
m kompenzace fluorescencniho signalu




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



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*
CD19FITC

S5CH
1m? 10! 02 w0 n

N : , 10? 102 1?1
10 10 10 10 10

COM9FITC FSC"'I
- dZolor TBME + Trac02.01

4Calar TEMNE + TruCOZ2.01

Lt
i

CD4PE

il
w? ol o1 d 1pd
FSC-H
- dZalor TEME

S5CH
12 101 102 107 10
-

=

W = -
2 )
5 =
o
5 N T
2 g =
: 8 5
e =

A i

RALS | oo 2| ‘ wo? ! owf ed gpd

10 10 CD1190F]TC 10 10 FSC_'-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
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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
S
e
\
N

-
N
/

{

f

)

I
r—-
i
r‘-
O/_\
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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, ....




dalor TBME, + TraC02 .01

Region vs. gate

we ¥ qpd

S5CH

Region

"oblast (plocha) v grafu definovana
uzivatelem

"mnoho regiond v jednou grafu FacH
"ohranicujeme pomoci nich populace naseho
zajmu

"je mozneé je barevne odlisit

"je definovan stejné pro vsechny vzorky v
analyze

m? !

_.
=
=
=2
=
iy
o
=
] %
=2
=
L3
=
=
§

Gate

"je definovan jako jeden a nebo vice regionll
zkombinovanych pomoci logickych operator
(AND, OR, NOT; Booleova logika)

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

(e P
“100 10 104

CD4-APC

Quadrant Statistics

File: 4Color TBNK + TuC02.01 Log Data Units: Linear Values
sample 1D Patient 1D
Tube: CD3/CDB/CA5/CD4 TuC Panel: 4 Color TBENK + 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 1149 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

i o . ) n ; et :

L
;-

FS

upraveno podle J.P.Robinson



Light Scatter Gating

Side Scatter Projection

1 1 1 1 1 1 1 1

Neutrophils

Forward Scatter Projection

Lymphocytes

T T
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
=4

101

100

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

K. Soucek Bi9393 Analyticka cytometrie



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



Vicebarevn¢ analyzy generuyi
mnoho dat...

5 color

3 color
1 2 3 7 8 9 10

QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS

Log Frersscoce
Log Frersscoce
[ —

Log Frersscoce

Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence

QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS

rr—
[
[r——
[T—
[ ——
[ ——
[rr—
[T—
[ ——

og Filorescence.

og Fluorescence

og Fluorescence

og Filorescence.

og Fluorescence

og Filorescence.

og Fluorescence

Log Fluorescence og Fluorescence og Filorescence.

| QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS QUADSTATS

rer—

Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence Log Fluorescence

upraveno podle J.P.Robinson




c INfiNnicy

Export files with
different settings

@ Group S o W T

Muktiple fes files

BATCH ANALYSIS \

| ] it empty popatens

compensations

] @ Growp Sva e 3 1L CELE

Sowwp £ s Grea 1 (Bl salluathe | Graup Su den it eanls

@ Growpiue (S EE

‘U..
A @

Srwmp 3o Srvmp § (Blart eaiisPathn

@ GroupSuce 2 B

&Y |

[ erean s s [

Export several Export several [
reports statistics
Automatic Population Separator
s+ T MONOCYTES
LYMPHOCYTES
B-CELLS -

]
e
=

CD4+T-
LYMPHOCYTES

[rTSTe————

EuroFlow



Detection and monitoring of normal and leukemic cell populations with hierarchical
clustering of flow cytometry data

-
R
Ay
3y
g'. ,_ .
il

T A

Cytometry Part A
pages 25-34, 11 OCT 2011 DOI: 10.1002/cyto.a.21148



http://onlinelibrary.wiley.com/doi/10.1002/cyto.a.v81a.1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/cyto.a.21148/full
http://onlinelibrary.wiley.com/doi/10.1002/cyto.a.21148/full

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)

Coos

D Pre-stimulation
- Post-stimulation

Column Z-score



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



# of Events

DNA Histogram

Fluorescence Intensity



Co je problem pr1 vicebarevne
detekc1?

PE 580,30 Bandpass

FITC 530/40 Bandpass

Fluorescence Intensity




Emission Spectra—Spectral
Overlap

100%
Cascade
Blue FITC Alea
Fluor 430
=" RFE Fl APC
=
E Hoechst \
-
= ,
=]
=
(=] b
= \
0
T T T T T T T T T
400 500 000 100 a0

Wavelength (nm)

.-



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



& BD

“Bright” = good resolution sensitivity

W1=\
w2 - .

Stain Index (SI) = %;

126



& BD

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-Cy5.5 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
PerCP 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

127



& BD

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...

128



& BD

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

129



Relative Intensity

FITC

PE

585/42

FITC Spillover

530/30

PerCP-Cy5.5
695/40

& BD

105
L

FE-A
1|:I4
Lol

103
Ll

FITC Positive

10%

TT ||||||| TT ||||||| T
107 T 10"
FITC-A

500nm

550nm

600nm 650nm

Wavelength (nm)

700nm

750nm

800nm

1IZI5

1IZI4

APC-A

107 10t 10
PerCP-Cya-5-A
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& BD

FITC Compensation

d‘a : d‘a
= Fa FITC Posifive E -
0o, ] T
.-3_ l =
T IIIII|T| T IIIIIII| T T IIIII|T| T IIIIIII| T
107 10* 107 10? 107 10* 10°
FITC-A PerCP-Cya-5-4
FITC-A PE-A PerCP-Cya-5-4 APC-A
Population Median Median Median Median
|:| FITC Positive 3,776 1,499 226 F3
. FITC Megative 113 il a2 ah
Fluorochrame - % Fluorochrome | Spectral Overlagp
* PE FITiC 0.0a
* PerCP-Cya-5 FITC 0.0a
LAF Y= FITiC 0.0a

Relative Intensity

FITC

PerCP-Cy5.5
695/40

500nm 550nm 600nm 650nm 700rim

Wavelength (nm)
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& BD

FITC Compensation

"d":l : "d":l
. 'E FITC Pasiive 35
Lo T -
Eg_ =
I [ T IIIII|T| T IIIIIII| T T IIIII|T| T IIIIIII| T
10° 10” 10 10® 10° 10” 10 10®
FITC-A FPerCP-Cya-5-A
FITC-A FE-A FerCP-Cya-5-4 APC-A
Population Median Median WEdidn Median
|:| FITC Positive a,7TE a4 a9 a3
. FITC Megative 113 a0 a9 3]
Fluorochrorme - % Fluorochrome | Spectral Owverlap
* PE FITC 16.50
* PerCP-Cya-5 FITC 2.00
r APC FITC 0.1

Relative Intensity

FITC

PerCP-Cy5.5
695/40

PE

585/42

500nm 550nm 600nm 650nm 700nm

Wavelength (nm)
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& BD
FITC Compensation

Dot plot showing
uncompensated FITC
data

FITC Posilive

APC-A
DS 1 +

T LLL T
10t 10 10 10 10t 109
FITC-A PerCP-Cya-5-A

Dot plot showing
compensated FITC data

FITC Posive

T TTTT]
i 10" 10 i w0 10
FITC-A PerCP-Cya-5-4

Biexponential dot plot

o] showing
compensated FITC

b YL M bt © | data

2
7 Juud
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& BD
FITC Spillover

FITC PE “E;
530/30 585/42 3
e Baa - 55 T E
< "3 FITC Pagitive
T
I:I_o':::l
-3 .
ek
> arrm;\f T ||||||T| T ||||||T| T IIIIIII| T
:ﬁ 10° 107 10t 10®
c FITC-A
)
)
£
o
2
)
© - ;
— [
) ~ 5
(14 3
T T
L . FITC Positlve
w7
I:I_o':::
- g
N:l:
| 1 1 2. :IIIIIII|T| IIIIIIII|5|
d
500nm 550nm 600nm 10 10 10 10
FITC-A

Wavelength (nm)
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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

)




Kompenzace fluorescencniho
Si gnélu FITC positive &

negative

#2 PE negative beads

(000 T
uncompensated

»
.

0.1 I IIII|T|| I IIII|T|| T TTTIm] T TTTTm

0.1 1 10 100 1000
CD3-FITC

—
o
=

—
o

—

Current Protocols in Cytometry

K. Soucek Bi9393 Analyticka cytometrie



Kompenzace fluorescencniho
Si gnélu FITC positive &

negative
NONE! :
: PE negative beads
= T T 1000
1000 E | 1 | 2 uncompensated
- | |
1004 | | 100

@ = I I
g ] | |
@ 103 | | 10
Q = | |
@ . | |
@
s ' | 1
: —
o 1000l Al | 0.1
=< = | 3 | 4 04 1 10 100 1000
o _ | | CD3-FITC
g 103 | |
L . | |
o g |

] : : Current Protocols in Cytometry

13 | |

- 0.1-

1 10 100 1000 1 10 100 1000
CD3-FITC

K. Soucek Bi9393 Analyticka cytometrie



Kompenzace fluorescencniho
signalu

1000 5

Uncompensated Undercompensated

100+

" »
e el

0.1
: Correctly Overcompensated
compensated
100+
10+
0.1 I T IIII""I LN AL | T T T T T T T T T ' T T
0.1 1 10 100 0.1 1 10 100 1000

CD3-FITC




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
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kompenzace
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w BD
Effects of Changing PMT

Values
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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

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.




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 &
hgaT

w BD

& BD

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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BD Comp Beads w BD

Specimen_002-Tube_001 Specimen_002-Tube_001

Specimen_002-Tukhe_001

W
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= =

FE-A

103

PerZpP-A

1I:I3

10°
10

S0 00 &0 0 250 10 107 i ik

FSC-H (x 1.00) FITC-A FITC-A

Specimen_002-Tube_001 Specimen_002-Tube_001

W
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= =

=

=
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= =]

PercpP-A

103

APC-A

1I:I3

1I:I2

10 10 10 10 10 10 10 10
PE-A PE-4 145




& BD

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 10°

Unstained Bounds |s

Courtesy Mario Roederer 146



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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Excitation of

Laser —————
electromagnetic

energy

energy level
Energy s———
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Tandemove znacky - priklad
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& BD

Tandems are light sensitive

CD8 CD3
PE-Cy7 PE- Time Sample

Left in Light
0 hours

B . ~
. .y

R 17

4

/ 22.5 hours
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Shrnuti prednasky

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



