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ZAKLADNI
~ PRINCIPY
ANALYZY OBRAZU
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Priklady analyzy
obrazu






= Pulz )
= Intenzita - Castice %
= Distribuce §
= Histogram/Bodovy graf %

End-point

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

OBRAZOVA CYTOMETRIE

= Pixel
. . . S S

. . Trop2 Expresion (cycle 243) Colony size Clonogenic capacity ;?_ ; ) S & .
= Intenzita - pixel
= Distribuce
= Obraz, Projekce
= Graf, Model i |

o E\EIQMed\antn:ensf\_}fcsmopu'm p3s b ! ’ -4

: 3 A

Tracking/Sledovani



SROVNAN]

Mikroskopie Pratokova cytometrie
Ukazka ]
7 ;
i
!
¢
Vzorek 2D, 3D Suspenze
RozliSeni 100nm 1¢astice/Tuym
Fluorescencni parametry 1-5 10+
Rychlost 100 bunék/s 10000 bunék/s
Data 100GB 100MB
Kvantifikace Presna Presna

PocCet bunek 10'-106 104-107



POSTUP

Priprava vzorku Snimani UloZeni dat

Zpracovani Analyza

8 o Colony size Clonogenic capacity

e

| «




| PRIPRAVA A SNIMANI

Mikroskopie
Experlm
" Zivé :
= fixované '
konfokalni

Vzorek ¢ = holograficka

elektronova

= 3D

= sferoidy (0 S
= organoidy

O\



PRIPRAVA A SN

Plast

= podlozni sklo

= ztencené dno

* vice-jamkove desky

Rozllsenl
= objektiv

= bitova
hloubka

= pnocet barev




SNIMANI

Priprava

Alddardtické

Eammaatickéini  VZOrku
Raposnaticke

Nyhodadckai




Leica SP5/SP8

MIKROSKOP

L

TissueFAXS Plus

D ImageXpress
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Phugins
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Window

X O~ Ov ) Iy

Selection & ROIools  Seques

File Edit Imege Process Analyze Plugins Window Help

R e 7 K A

Layer | ROI| Undo | Output

i et )
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| 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.”



FLUORESCENCE

Stokes’ Observation
uv
bsorption

Visible
Fluorescence
Emission

1 nanomieher 1000 Ranamele:

Cosmic X-rays
I'EYS
Ultraviolet Infrared
(uwvy {IR)

YW\

Short Wavelenghts

Visible Light

Ultraviolet
(uv)

400 nanomelers 500 nanometers

1 millirnéter 1 rsbor 1 kilornabir

Microwaves Radio Broadcast

band
Radar

-\‘_‘_.'.,.r-"'—""-a

Long Wavelengths

G600 nanomelers TOO nanometers

Principle of Excitation and Emission

— Ultraviolet HUV] r
and Visible
\Light ErE|l1|It1ed /

Barrier

Fluorescent

Specimen Figure 3




BD Fluorescence Spectrum Viewer
A Multicolor Tool

Options Curves: | 4 bl Cytometer: [ Any Cytometer || [IIEA 438 |3 Show Em Onlywhen Ex % > ¥ Location:
Op

FLUOROCHF

Wavelength [nm)

Fluorofinder® Resources  Build a Panel  Saved Panels My Account - - S I’Ia fl uorescence
. fluorochromu neni
stejnal
Add a dump channel

* Marker / Antigen * Target Species Host Species

D Bateh Antigen Density = spectraviewer

Channels &

www.fluorofinder.co
m

CD24 Mouse

+ 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

= Ruzny JAS fluorochromu
= RUzna stabilita/zivotnost fluorochromu
= Nejmeéné exprimovany protein = nejsilnejsi fluorochrom

= Silné exprimovany protein = slabsi fluorochrom

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



| SNIMANI OBRAZU

= Ukolem je zachytit zvétSeny obraz reality
= Cip / PMT / HyD detektor

=

O ———



s

Fluorescencéni mikroskop  Konfokalni mikroskop




SNIMANI| OBRAZU

) —PhotomulXiylier
Detector Detector ) aser Scanning
Pinhole Confocal Microscope
Aperture— C’)ptical
s Out-of-Focus Configuration
Fluorescence = Light Rays
Laser
Ap e rt u ra Exlc:maeuron Excitation
In-Focus | Source
Light Rays \ |
Dichromatic —
Excitation
: Light |
) 2 RaYS | iant Source
inhole
/ f Aperture
/ / 3 = Focal
7 Fancs Figure 2
Specimen”

Filtr /

Zrcadlo/Scann Spinning disc
| er — Spread Laser
A Beam
h e Dichromatic
l - i ; . -/M"'I"DI" cop—
QiiL’ [ J
—_——— - Direction Figure 5
:v:l- - —‘ ( H' k D' k . —'Dhj'EC“'H'E
Vzorek - Inkow Dis > -

e — ey Configuration - = “Lspecimen




KONFOKALNI




KONFOKALNI VS.

FILIORFS gENCLNJ
Confocal -
Standard
- Fluorescence

Depth

Z axis

‘?‘.
._‘ .
\ \

<

)

Y axis

X axis
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. _sitnice oka

LIDSKE OKC

= 400-700 nm (380-760)

TyCinky (Cernobilé)

= 500nm, 20x vice nez Cipku SB®  igrenovy it
Gipky (R,G,B) (barevné) { | | s it
= 400-500nm Modra — 4% 440 nm SY S E VB rry zevni plexitormnivrstva

vnitfni jadrova vrstva

= 500nm-600nm Zelena - 32% 540nm
= 600-700nm Cervena — 64% 570 nm

k7]
2
=
K
g
&
g

=RozliSeni 0,1-0,15mm, 25 cm

= 500 stupnu Sedi, 10 milionu barev

vinova délka (nm

= Adaptace na tmu 40 min

= 25snimku/s pohyb, zaostfeni 50 véci/s, otisk prstu 40 parametrt — duhovka 256 parametru



OBRAZ

2D tabulka pixelu




= Oko: 0,1-0,15mm

ROZ L I é E\/NJJkop: 0,00017mm, Abbeho

imit, Numericka apertura, zvetseni
objektivu, vinova délka

= pocet pixell
= CMOS/CCD Cipy

= dpi — dots per
inch

= tvar objektu vs. px
= zveétSeni objektivu

= rozliSeni objektivu

12 x 16 px 321 x 428 px



ROZLISENI o




= Hladiny 150, 145,
140

STUPNE éED| - 30 stupritl Sedi




= okolo 900 stupnu Sedi relativné

STUPNE SEDI|




BAREVNE KODOVANI

= 10 milionU barev
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ImageJ:

Analyze —
Histogram

HISTOGRAM — BITOVA | ineee =Toes

Orlgllnlﬁirg)ogrjéQIKA Histogram Bitova
g hloubka
- =
O
X
8 bit
S
@)
o
=)
O
X
o .
:%-5 16 bit
@)
o




HISTOGRAM -
REKONSTRUKCE OBRAZU

Histogram




ImageJ:
Image — Adjust
—

H I STOG R AM _ DYN AM I Brightne;s/Contra

NOVASY g

Histogram

sOeiginialg Ricitke: expozice

rozsah rozsah

Odstremigimalozadi




ImageJ: \

Image —
Lookup Tables

HISTOGRAM & LUT - | e,
LOOKUP TABLE

Jak LUT funguije 4

Intenzita na

Intenzita na
vstupu




HISTOGRAM & LUT —
PRIKLADY

Zadna zména

ImageJ:
|mage — AdeSt
.
Brightness/Contra

L st

N\

Gdfoatkastkce

255 ¢




N
ImageJ:
Process — Filters
— Gaussian
v Blur/Median
HISTOGRAM - SUM A
Gaussovsky Blur filtering

Median filtering




DATOVE FORMATY

Rastrove obrazy | Vektorové obrazy
Tvar reprezentovany matici pixelu | Tvar sloZzeny z geometrickych objektU
Pixelace | Jemna struktura
Fotorealisticke obrazy | Diagramy, schémata, grafy, ilustrace

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

I’'ma bitmap. I’'mavector.




ImageJ:
File — Save As —

DATOVE FORMATY - 5%

RASTROVA GRAFIKA

Joint Photographic Expert Group
Portable Network Graphics (PNG)  (JPEG)

Grafika, obrazy s textem, fotky | Fotky a realistické obrazy
Bezeztratova komprese | Ztratova komprese
Velké oblasti sytych barev, ostré prechody | Jemné, pozvolné prechody

Nepodporuje Non-RGB barevny Nepodporuje transparentnost

PN(J vs JPEG

SOMETIMES PNG IS

SUPERIOR..
NOPE! ALWAYS JPEGIII

FOR ILLUSTRATIONS,
SCREEMNSHOTS,
ANYTHING WITH TEXT. JPEG ONLY!I NO

I THINKING

REQUIIRED!

_WEBCOMICS, GRAPHS,

LOGOS..
I LOVE JPEGII

O / JPEG! JPEG! \%




ImageJ:
File — Save As —

DATOVE FORMATY - 5%

RASTROVA GRAFIKA ™

Joint Photographic Expert Group
(JPEG)

Fotky a realistické obrazy
Ztratova komprese
Jemne, pozvolné prechody

Nepodporuje transparentnost

Rozdéleni na bloky 8x8 pixelu, 2D DCT

Lidsky zrak je citlivy k relativné malée
zmene v jasu nebo v barve na pomerné
velké plose. V rozliSovani konkrétni sily
rychle se méniciho jasu (vysokofrekvencni
zmeény) je vSak mnohem horsi.




' =
R e [ S 2
6,25% jpeg compression 0/12 400% jpeg compression 0/12

2

Vs

25% jpeg compressior; M2 < 400% jpeg compression 6/12

100% jpeg éompression 9/12 100% jpeé éompression 12/12 400% jpeg compression 12/12 400% no compression (original)




ImageJ:
File — Save As —
Gif/Animated

DATOVE FORMATY - | T

RASTROVA GRAFIKA

Graphic Interchange Format (GIF)
Grafika, loga, animace

Bezeztratova komprese

Velké oblasti sytych barev, ostré prechody

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

Tagged Image File Format (TIFF)
Fotky, grafika

Moznost bezeztratové komprese
Profesionalni, Siroce podporovany

Ruzné barevné prostory, jakékoli rozliSeni
a barvy
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ImageJ:

Image — Adjust
—

Z P R AC OV AN i _ B O D OV Brightne:ts/Contra
TRANSFORMACE

Column




ImageJ:
Process —
Sharpen/Filters —

FILTROVANI — LOKALN] | Urstamast

ZMENY

Colunm
100
Column

155 160

outrput

!

Column

Ead

e f1

A

=W

inpurt

©2015 Stack Exchange Inc




FILTROVANI = PRIKLAD Ya_tensiin

PEEF S

doostreni rozmazani detekce hran dekonvoluce



ImageJ:
Process — FFT —

FILTROVANI — GLOBALN, ™

TRANSFORMACE

Fast Fourier Transformation

kx

Y

A
A 4




ImageJ:
Process — Image
Calculator

OBRAZOVA ARITMETI

Column

Column Column




OBRAZOVA ARITMETI




V 4

OBRAZOVA ARITMETI

JUSQOSEN



V 4

OBRAZOVA ARITMETI

ANV 801607

HO 901607



OBRAZOVA ARITMETI
— PRIKLADY

Flat Field korekce

Gaussian blur



OBRAZOVA ARITMETI
— PRIKLADY

Segmentace

T g NS
R B
R A
N *

., *‘_}\’ m";' fiw
Rt

Maska



SEGMENTACE -

MANYVAN

TRESHOLDING

Originalni obraz Prahovani

Default - | B&W i |

v Dark background [ Stack histogram

Auto | Apply | Reset ﬁl

ImageJ:
Image — Adjust
— Threshold

Al

Maska



SEGMENTACE -
POLOAUTOMATICKA

Start - ROI Level sets Konec Maska

%
E
%




SEGMENTACE -
POLOAUTOMATICKA




SEGMENTACE -
STROJOVE UCENI

Originalni obraz UcCeni Kontrola a Maska
R oprava




ImageJ:
Image — Adjust
— Threshold —

SEGMENTACE - s

AUTOMATIZOVANA

Originalni obraz Otsu - Klastrovani Segmentovany

Intra-class variance
minimal



N\
Process — Binary

— Make Binary
Process — Binary

ZMENA MORFOLOGIE | sueesson
MASKY e

Roztazeni Otevreni

+ Struéturing
element E




N
ImageJ:

Process — Binary
— Make Binary

ZMENA MORFOLOGIE =
MASKY ”

Originalni obrazy Prahovani Watershed
- ¥

Voda stéka do udoli




SEGMENTACE - 3D
MODELOVANI

Originalni Oprahovana jadra

.

3D projekce




phenotypes in images.

Y 4 -
e
Welcome to CellProfiler!
]
CellProfiler is automated image analysis software designed to measure biological

CellProfiler

MD Metaxpress
LAS X e
FIJI / Imaged O
llastik

lcy
Imaris




OBRAZOVA ANALYZA -
STEREOLOGIE

Velikost pixelu
Plocha

Intenzita (bitova hl.)
Textura

Morfologie

ImageJ:

Image —
Properties
Analyze —

Analyze Particles

N

P |
/ y

p
L/
Py f::":; 2w o
v N / N .;\"\\ / g PV ’\

X

)



PROBLEMY

= Doba snimani = Titrace, vybér protilatky, fluorochrom, fixace
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POCITANI BUNECNYCH
KOLONII

= Hightroughput
= Prdchozi svétlo
= \elikost kolonie

= Klonogenni kapacita .

= Testovani IéCiv

Colony size Clonogenic capacity

50




KVANTIFIKACE
POVRCHOVYCH
MARKERU

= Hightroughput
= Jednotlivé bunky

= Prichozi svétlo +
Fluorescence

= Plasticita TROP-2

= Automatizovana procedura

Trop2 Expresion (cycle 249)

= Zpracovani dat - histogram




| ANALYZA ZIVYCH BUNEK

©Karel Soucéek, Milan ESner

11111
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kace objemu
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3D ANAL Y2 Yfekee

= Kvant

= 3D kultivace
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DETEKCE SFEROIDU A
INVAZIVITY

= Hightroughput

= Prachozi svétlo

= Detekce sferoidu

= Detekce invadujicich bunék
= Plocha



Hightroughput
Barevny obraz
Fluorescence
Detekce jader
Kvantifikace intenzity

Zpracovani dat - R

Intensity of positive nuclei H2AX - HRP

ENCE

FLUORESC

Intensity of nucleus

Intensity of positive nuclei H2AX - Fluorescence

sample



ANALYZA TKA

CeIlProﬁIer
cell image analysis software

= 16 tkanovych fezu (8 ISO + 8 specific
= 23,3 GB dat obrazu

= 200 zornych poli/fez

= 5 684 588 jader

= 1,5h analyza obrazl

= 36 parametru/jadro

= 40 GB dat celkem




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 fluorochromu/protilatek

= 5 kanalu

= 8 bunéénych kompartment/organel
= ~1,500 morfologickych parametru

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



CELL PAINTING —
PROTILATKY,
FLUOROCHROMY

AF568, AF555

Actin, Golgi, plasma membrane Mitochondria

Sl - RET o) P . e a R 8

Concanavalin A Phalloidin —
DNA Glycolipids S A Wheat germ MitoTracker

agglutinin



CELL PAINTING - CILE

= Kvantifikace morfologie a rozdili mezi bunéénymi
liniemi/klony

= Morfologicky ,,otisk* (profil) bunek

= Vybér parametru s nejvétsi odliSnosti pro jednotlivé linie



CELL PAINTING -
POSTUP

—

Vysev bunék Znaceni Snimani Analyza Analyza dat

p i?_“!__;-ifgi -‘

Patek Pondéli Pondéli Ctvrtek DalSi ¢tvrtek

4 h 3h 40 h 7 dni 2h
Specialni deska Zavedeny Zavedeny 3 protokoly Skript
protokol protokol
Manualni, Klastr, Kvalita Poloautomatické,
4jamkyl/linie = 88 Poloautomatické 40x objektiv, obrazu, 1785 heatmapa, PCA, Vi-
linii, 80% denzita Adaptivni — 1tis. parametrd SNE, Odlisné
bunék/jamka, parametry

120 GB



CELL PAINTING -
VYSTUPY ..

Obrazky " :
= 16bit a 12bit edotonové
= Kontrolni obrazy segmentace

= 240GB dat — 1 opakovani
Grafy

= Heatmapa
= PCA graf
= t-SNE graf

3 Textové soubory & Excel tabulka
= Jadro, Cytoplazma, Burika
= pfiblizné 600 parametru z kazdého objektu

= 10 nejvyznameéjSich parametru




CELL PAINTING -
OBRAZKY ..

TxRed

Alexa Fluor 488 Green AF568, AF555 r
- £ -
” 2 ;b
316 -
- . Ly
. };
317 -
_— PLs
e “ v J} 4
; e
. o
3M8ctrl] 5 | Qs &
Concanavalin A SYTO 14 AEllafly MitoTracker .
. Wheat C lin A,
DNA Glycolipids ageg?ut?ﬁiam oncanavalin

4T1 12B luc2
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PCA Graph - points

Celllines
51 MCF7 KO
B9 MCcFTwT

0 25
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t-SNE plot
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IMAGEJ http://imagej.nih.gov/ij/
FIJI http://iji.sc/
CELLPROFILER http://www.cellprofiler.org/
ILASTIK http://ilastik.org/

M FNUSA SOMAN
ICRC BRIDGE

Institute of Biophysics
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