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LAKLADNI PRINCIPY

ANALYZY OBRAZU
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Intensity of positive nuclei ChK1 — HRP
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ANALYZA TKANI

%Profller . Studio
cell image analysis software

= 16 tkdnovych rezd (8 ISO + 8 specifické)
= 23,3 GB dat obrazu

= 200 zornych poli/fez

= 5 684 588 jader

= 1,5h analyza obrazu

= 36 parametr(/jadro

= 40 GB dat celkem




PRUTOKOVA CYTOMETRIE

= Pulz )

o e §

" |ntenzita - castice s

= Distribuce g

:

= Histogram/Bodovy graf [
|

End-point o

Alexa Fluor 488-A= AnnexinV-FITC Alexa Fluor 488-A

OBRAZOVA CYTOMETRIE

Pixel

Colony size Clonogenic capacity - . ]
Trop2 Expresion (cycle 249)
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40

Intenzita - pixel
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area (mm?2)

Distribuce
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Obraz, Projekce

Graf, Model
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Tracking /Sledovani



SROVNANI

Mikroskopie Protokova cytometrie
Ukdazka .
9 ;
i
!
;
Vzorek 2D, 3D Suspenze
Rozliseni 100nm 1&astice /1 m
Fluorescenéni parametry 1-5 10+
Rychlost 100 bunék/s 10000 buné&k/s
Data 100GB 100MB
Kvantifikace PFesnd Pfesnd

Pocet bunék 10'-10° 104-107



POSTUP

PFiprava vzorku

Ulozeni dat

Zpracovdani Analyza
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Trop-2-Trop-2+ Trop-2-Trop-2+

G1.

Trop-2-Trop-2+ Trop-2-Trop-2+
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| PRIPRAVA A SNIMANI vy

Mikroskopie
Experiment .

" fixované

" konfokdlni

Vzorek ¢ " holograficka
= 3D m

elektronovd

> o = sferoidy e ‘h'-\' ,p
o 5 o ™ organoidy
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PRIPRAVA A SNIMAN

N

Plast

= podlozni sklo

" ztendené dno

= vice-jamkové desky
RozliSeni
= objektiv

" hitovd hloubka

= pocet barev




Priprava

Aledamitickeé

Eotommiioldai vzorku
Ropesnatickeé

Ny houwd i




Leica SP5/SP8

MIKROSKOP

Olympus FV10i

TissueFAXS Plus

MD ImageXpress Micro



\

v

@n-:u\vclULhn

Image!

File Edt image Pi Analyze Plugins
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n & ROItools __Sequence /Imag
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DATA

CellProfiler

cell image analysis software




“THE FIRST RULE OF ANY TECHNOLOGY USED IN
A BUSINESS IS THAT AUTOMATION APPLIED TO
AN EFFICIENT OPERATION WILL MAGNIFY THE
EFFICIENCY. THE SECOND IS THAT AUTOMATION
APPLIED TO AN INEFFICIENT OPERATION WILL
MAGNIFY THE INEFFICIENCY.”



FLUORE

Stokes’ Observation

uv
bsorption

1000 nanometer

Microwaves Radio

1 nanometer

Cosmic X-rays
rays
Gamma Ultraviolet Infrared
rays (uv) (IR)

YW NN

Short Wavelenghts

Visible Light

Ultraviolet
(uv)

400 nanometers 500 nanometers 600 nanometers

1 milimeter 1 meter

1 kilometer

Broadcast
band

\_/\

Long Wavelengths

700 nanometers

Principle of Excitation and Emission

= Ultraviolet ﬂUV)

and Visible
A\

Fluorescent

Specimen Figure 3




BD Fluorescence Spectrum Viewer
A Multicolor Tool

Options Curves: | 4 3 { Cytometer: ( Any Cytometar ?’H' 488 £4 ShowEm Onlywhen Ex %> ocation

585/42 780760
695740

FLUOROCHROM

Wavelength (nm)

Fluoro Fil’lder° Resources  Build a Panel  Saved Panels My Account ~ - SI IG fluorescence

fluorochromu neni
stejnd!
Add a dump channel

TS O CTTTg TTTaTReTS ST T CrTreTTs

* Marker / Antigen * Target Species Host Species Isotype

Clone Antigen Density
Batch

= spectraviewer

Channels 8

" www.fluorofinder.com
CcD24 v Mouse v lgG1 v SN3 v

+ primary/secondary

Alexa Fluor 647

CD44 Mouse

+ primary/secondary

Alexa Fluor 405 Alexa Fluor 488

Live/Dead All Species

+ primary/secondary

Ghost Dye Red 780




FLUOROCHROM

= Rdzny JAS fluorochromg
= RUznd stabilita/Zivotnost fluorochromd
= Nejméné exprimovany protein = nejsilnési fluorochrom

= Silné exprimovany protein = slabsi fluorochrom

= Historicky 488nm argonovy laser — FITC vs. Alexa Fluor 488 etc.



| SNIMANI OBRAZU

= Ukolem je zachytit zvétieny obraz reality

= Cip / PMT / HyD detektor

=

m}
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Fluorescenéni mikroskop Konfokdalni mikroskop




SNIMANI OBRAZU
Deteldor

Detector
Pinhole
Aperture —

Fluorescence -
Barrier
Filter

In-Focus
Light Rays
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Laser scanning
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Confocal Microscope
AR & Optical
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Figure 2
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KONFOKALNI MIKROSKOP




KONFOKALNI VS. FLUORESCENCNI MIKROSKOP
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KONFOKALNI VS. FLUORESCENCNI MIKROSKOP
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LIDSKE OKO

= 400-700 nm (380-760)

Tycinky (Cernobilé)

= 500nm, 20x vice nez Cipky

Cipky (R,G,B) (barevné)

= 400-500nm Modrd — 4% 440 nm

= 500nm-600nm Zelend - 32% 540nm

= 600-700nm Cervend — 64% 570 nm

"Rozliseni 0,1-0,15mm, 25 cm
= 500 stupnd sedi, 10 miliont barev

= Adaptace na tmu 40 min

relativni citlivost

sitnice oka

bélima

duhovka

macula

cévnatka

pigmentovy epitel

vnitini limitujici membrana

zevni plexiformni vrstva

vnitini jadrova vrstva

vinova délka (nm

= 25snimk0 /s pohyb, zaostieni 50 véci/s, otisk prstu 40 parametrd — duhovka 256 parametrd



| OBRAZ

2D tabulka pixelG




= Oko: 0,1-0,15mm

| RO Z |_ I‘S’E N I, = Mikroskop: 0,00017mm, Abbeho limit,

Numerickd apertura, zvétseni objektivu,
vinovd délka

= pocet pixeld
= CMOS/CCD ¢ipy

= dpi — dots per inch

= tvar objektu vs. px
= zvétseni objektivu

= rozliSeni objektivu

12 x 16 px 321 x 428 px



ROZLISENI




* Hladiny 150, 145, 140

= 30 stupnu sedi

STUPNE SEDI




“ okolo 900 stupni sedi relativné

STUPNE SEDI




BAREVNE KODOVANI

" 10 miliond barev




Imagel:
Analyze —
Histogram

Image — Type

HISTOGRAM — BITOVA HLOUBKA

Origindlni obrdzek Histogram Bitovd
hloubka
|III|| 8 bit

16 bit

Pocet pixell

Pocet pixell




| HISTOGRAM — REKONSTRUKCE OBRAZU

Histogram




Imagel:
Image — Adjust —
Brightness/Contrast

HISTOGRAM — DYNAMICKY ROZSAH

Histog@nmgiiddtching Riavka expozice

[ 255

Velky dynamicky rozsah Maly dynamicky rozsah

Odst@Oniginpbzadi




Imagel:
Image — Lookup
Tables — Invert

LUT/Green
HISTOGRAM & LUT — LOOKUP TABLE
Jak LUT funguije q
|
N
3 N\
g ff . "N
B
AR -
a |- - | 0
-- Intenzita na vstupu




2557

HISTOGRAM & LUT — PRIKLADY

ZAadnd zména

Imagel:
Image — Adjust —
Brightness/Contrast

Gdfoatkaskekce

255

Vystup




Imagel:
Process — Filters —

Gaussian
v Blur/Median
HISTOGRAM - SUM
Gaussovsky Lol | Blur filtering

Sul & Pepr




DATOVE FORMATY

Rastrové obrazy | Vektorové obrazy
Tvar reprezentovany matici pixeld | Tvar sloZeny z geometrickych objektd
Pixelace | Jemnad struktura
Fotorealistické obrazy | Diagramy, schémata, grafy, ilustrace

Typické formaty: JPEG, GIF, TIFF, PNG | Typické formaty: SVG, DWG, CDR, WMF

I’'ma bitmap. I’'mavector.




Imagel:
File — Save As —
PNG/Jpeg

DATOVE FORMATY — RASTROVA GRAFIKA

Portable Network Graphics (PNG) | Joint Photographic Expert Group (JPEG)
Grafika, obrazy s textem, fotky | Fotky a realistické obrazy
Bezeztratovd komprese | Ztratovd komprese
Velké oblasti sytych barev, ostré pfechody | Jemné, pozvolné prechody

Nepodporuje Non-RGB barevny prostor(CMYK) | Nepodporuje transparentnost

PNG vs JPEG

SOMETIMES PNG IS
SUPERIOR..

NOPE! ALWAYS JPEGII

FOR ILLUSTRATIONS,

SCREENSHOTS,

ANYTHING WITH TEXT. JPEG ONLYIH NO
THINKING
REQUIRED!

.WEBCOMICS, GRAPHS,

LOGOS..
1 LOVE JPEGI!

O / JPEG! JPEGI SN

A




Imagel:
File — Save As —
PNG/Jpeg

DATOVE FORMATY — RASTROVA GRAFIKA

Joint Photographic Expert Group (JPEG)
Fotky a realistické obrazy

Ztrdtovd komprese

Jemné, pozvolné prechody

Nepodporuje transparentnost

Rozdéleni na bloky 8x8 pixeld, 2D DCT

Lidsky zrak je citlivy k relativné malé zméné
v jasu nebo v barvé na pomérné velké plose.
V rozliSovani konkrétni sily rychle se méniciho

jasu (vysokofrekvenéni zmény) je vSak mnohem
horsi.




< A “ Sans

6,25% jpeg compressién 0/12 400% jpeg compression 0/12

25% jpeg compressioﬁ 312 - 400% jpeg compression 6/12

100% jpeg compr;ssion 9/12 100% jpeg compr-ession 12/12 400% jpeg compression 12/12 400% no compression (original)




Imagel:
File — Save As —
Gif /Animated
Gif /Tiff /Compressed

DATOVE FORMATY — RASTROVA GRAFIKA —

Graphic Interchange Format (GIF)
Grafika, loga, animace

Bezeztratovd komprese

Velké oblasti sytych barev, ostré prechody

8bits/pixel, 256 barev z 24bit RGB prostoru

Tagged Image File Format (TIFF)
Fotky, grafika

Moznost bezeztrdtové komprese
Profesiondlni, Siroce podporovany

Rizné barevné prostory, jakékoli rozliseni a
barvy



Imagel:
Image — Adjust —
Brightness/Contrast

ZPRACOVANI — BODOVE TRANSFORMACE

Column

Column




Imagel:
Process —
Sharpen /Filters —
Unsharp Mask

FILTROVANI — LOKALNI ZMENY

Column

Column

ourpur

Column

15 Stack Exchange e




FILTROVANI = PRIKLADY

doostreni rozmazdni detekce hran dekonvoluce



FILTROVANI — GLOBALNi TRANSFORMACE

Fast Fourier Transformation

Imagel:
Process — FFT —
FFT

ky

kx

A

Konvoluce = Ndsobeni

A 4

A 4



| OBRAZOVA ARITMETIKA

~r r r
Scitdni
Column
Column

Colum

Column

65

Imagel:
Process — Image
Calculator












| OBRAZOVA ARITMETIKA — PRiKLADY

Flat Field korekce

Gaussian blur






Imagel:
Image — Adjust —

SEGMENTACE — MANUALN
PRAHOVANI
TRESHOLDING :

|

Defau It hd | B&W

Iv¥ Dark background [~ Stack histogram

Auto | Apply | Reset ﬂl




SEGMENTACE — POLOAUTOMATICKA

Start - RO Level sets Konec Maska

s N
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SEGMENTACE — POLOAUTOMATICKA -




SEGMENTACE — STROJOVE UCENI

Origindini obraz Uceni malovdnim Kontrola a oprava




| SEGMENTACE — AUTOMATIZOVANA

Origindlni obraz

Imagel:
Image — Adjust —
Threshold — Otsu

Otsu - Klastrovani Segmentovany obraz

i

0
1] 22
DTSU v I B&W - |

v Dark background | Stack histogram

Auto | Apply | Reset ﬂl

Intra-class variance minimal



Imagel:
Process — Binary —
Make Binary
Process — Binary —
Dilate /Erode /Open

IMENA MORFOLOGIE MASKY fcioe

Roztazeni Otevreni

+ Structuring eIemenTE

Eroze Zavreni




Imagel:
Process — Binary —

Make Binary
Process — Binary —
4 Watershed
IMENA MORFOLOGIE MASKY
Origindini obrazy Prahovdni Watershed

&
>

Voda stékd do 0doli




SEGMENTACE — 3D MODELOVANI

Origindlni obraz Oprahovand jadra 3D projekce

1-120717_Alvetex Dapi AFABAE-Cadherine cE2 i - Series0ST.tif (72.6%)
4072144 12 micron i D 1T IME




phenotypes in images

Y 4 ,
D Welcome to CellProfiler!
IProfiler
- cell image analysis software
CellProfiler is autemated image analysis software designed to measure biological

CellProfiler _ B

Appromate max widte 1

MD Metaxpress

i (Fiji Is Just) Image)
LAS X |Fi|e Edit Image Process Analyze Plugins Window Help

FIJI / Image) Exemes

ion & ROl tools

File Edit Image Process Analyze Plugins Windew Help

Boico PFARNINEY y
llastik

lcy




| OBRAZOVA ANALYZA - STEREOLOGIE

Velikost pixelu
Plocha

Intenzita (bitova hl.)

Textura

Morfologie




PROBLEMY

= Doba snimani = Titrace, vybér protilatky, fluorochrom, fixace
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PRAKTICKA UKAZKA

ANALYZA SFEROIDU



POCITANI BUNECNYCH KOLONII

Hightroughput

Prichozi svétlo

Velikost kolonie

Klonogenni kapacita ‘

’IIV.

" Testovdni léciv

Colony size Clonogenic capacity

50

40

Trop-2-Trop-2+ Trop-2-Trop-2+




KVANTIFIKACE POVRCHOVYCH MARKERU

Hightroughput

Jednotlivé bunky

Prichozi svétlo + Fluorescence

Plasticita TROP-2

= Automatizovand procedura

Trop2 Expresion (cycle 249)

= Zpracovdni dat - histogram

0 (LSl CLALT a S RTLIN 1] P -5
0.00 0.05 0.10 0.15 0.20 0.25 0.30 035 0.40
Intensity_Medianintensity_cTROP




ANALYZA ZIVYCH BUNEK
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DETEKCE SFEROIDU A INVAZIVITY

= Hightroughput
= Priuchozi svétlo

= Detekce sferoidu

= Detekce invadujicich bunék

" Plocha




Hightroughput
Barevny obraz
Fluorescence
Detekce jader
Kvantifikace intenzity

Zpracovdni dat - R

Intensity of nucleus

Intensity of positive nuclei H2AX - HRP

CENCE

FLUORESC

Intensity of nucleus

Intensity of positive nuclei H2AX - Fluorescence

Sample



MORFOLOGIE — CELL PAINTING ANALYZA

* Nature protokol

= BRAY, Mark-Anthony, et al. Cell Painting, a high-content image-based assay for morphological
profiling using multiplexed fluorescent dyes. Nature protocols, 2016, 11.9: 1757.

= Vysokokapacitni analyza obrazu pro vytvoreni morfologického profilu bunék
" 6 fluorochromi/protilatek

= 5 kanald

" 8 bunéénych kompartment/organel

= ~1,500 morfologickych parametry

= Kultivace & Sniméani obrazu = 2 tydny + pocitani viastnosti & analyza dat =
2 tydny



CELL PAINTING — PROTILATKY, FLUOROCHROMY

AF568, AF555
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CELL PAINTING - CILE

= Kvantifikace morfologie a rozdilo mezi bunéénymi liniemi/klony
= Morfologicky ,,otisk‘* (profil) bunék

= Vybér parametru s nejvétsi odlisnosti pro jednotlivé linie



CELL PAINTING - POSTUP

—

Vysev bunék

Patek

4 h

Specidlni deska

Manudlni,
4jamky /linie = 88
linii, 80% denzita

Znaceni

Pondéli

3h

Zavedeny protokol

Poloautomatické

Snimani obrazd Analyza obrazo

Pondéli

40 h

Zavedeny protokol

40x obijektiv,
Adaptivni — Ttis.
bunék /jamka,
120 GB

CellProfiler”

cell image analysis software

Ctvrtek

7 dni

3 protokoly

Klastr, Kvalita
obrazu, 1785
parametry

Analyza dat

Dalsi &tvrtek

2h

Skript

Poloautomatické,
heatmapa, PCA, Vi-SNE,
Odlisné parametry



CELL PAINTING - VYSTUPY

9’&!"“
“"-s""::j‘
y B B 3
Obrazky LR
= 16bit a 12bit Sedoténové FoT ,
7 i i | S B e N, \\
= Kontrolni obrazy segmentace S TN < (L ()
‘SR ar @n ) —
7 s ; \ / 3T L] o ;
= 240GB dat — 1 opakovdni /,/“*\;;\i {)\\ S NG
‘i'\\‘,\,v‘qv( /AT"/)L\ \\-f‘{“‘\- \\/7 ’\\h“\,
Grafy Y~ [ |
/’/,/' \\if,." . '// \\ >./~VN\
" Heatmapa % L BV N N
by AR
‘ = / /j ( g\
= PCA graf ‘ ()
= t-SNE graf

3 Textové soubory & Excel tabulka

Jadro, Cytoplazma, Bunka

priblizné 600 parametrid z kazdého objektu

10 nejvyznaméjsich parametri
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| CELL PAINTING - HEATMAPA

INLL

Y A,

I IHII

MCF WT 1000

MCF WT 5000

MCF WT 10000

MCF KO 1000

MCF KO 5000

MCF KO 10000

HCT WT 1000

HCT WT 5000

HCT WT 10000

HCT KO 1000

HCT KO 5000

HCT KO 10000




Celllines
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IMAGE) http:/ /imagej.nih.gov /ij/
FLJI http:/ /fiji.sc/

CELLPROFILER http:/ /www.cellprofiler.org/
ILASTIK http:/ /ilastik.org/

M A: NUSA HUMAN
Institute of Biophysics ICRC BRIDGE

DEKUJI ZA POZORNOST | ot

radek.fedr@fnusa.cz



