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O que sao imagens?

« Imagens digitais sio compostas por pixels (picture elements). Cada pixel € um ponto em uma grade
bidimensional, que contém um valor de intensidade luminosa.

(A) Original image (B) Enlarged view from (A) (C) Pixel values from (B)
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O que sao imagens?

« Imagens digitais sio compostas por pixels (picture elements). Cada pixel € um ponto em uma grade
bidimensional, que contém um valor de intensidade luminosa.

Original 16-bit image 32-bit processed 8-bit clipped Inverted with inverted LUT

Original 16-bit image Enhanced contrast LUT Inverted LUT
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O que sao imagens biologicas?

* Imagens biolégicas (ou bioimagens) sdo imagens obtidas de organismos vivos ou de amostras biolégicas.
Podem ser obtidas de diversos tipos de amostras, como células, tecidos, 6rgaos, organismos inteiros, etc.
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Como as imagens bioldgicas sao obtidas?

« As imagens bioldgicas sao obtidas por microscopia. Existem diversos tipos de microscépios, como
microscopios de luz, microscépios de fluorescéncia, microscopios eletrénicos, etc.

Andlise

Desc.r%ihc;élo
quantitativa
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Qual a funcao da analise computacional de imagens?

« A analise de imagens é a extracao de informacoes significativas a partir de imagens. Em bioimagens, a
analise de imagens é usada para quantificar e qualificar fenbmenos bioldgicos, como a contagem de
células, a medicao de intensidades de fluorescéncia, a segmentacao de estruturas celulares, etc.
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Como armazenamos e gerimos esses dados?

* Os dados bioldgicos possuem um ciclo de vida

= S3o0 gerados em diferentes etapas experimentais
= Precisam ser organizados, processados e interpretados
= Devem ser armazenados e compartilhados de forma estruturada

= Podem ser reutilizados em novos estudos

» Repositério de dados

= Centraliza os dados
= Preserva metadados
= Permita organizacao estruturada

= Facilite acesso e compartilhamento

Ciclo Completo
(Era dos dados)

Planejamento

Coleta
Processamento

Analise

Arguivamento

SO

Compartilhamento
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Como armazenamos e gerimos esses dados?

* Os dados bioldgicos possuem um ciclo de vida

= S3o gerados em diferentes etapas experimentais Ciclo Completo
-~~~ 4ados)

= Precisam ser organizado

Planejamento

= Devem ser armazenados IMAGIN[@-.THE FUTURE.

= Podem ser reutilizados ¢

Repositério de dados

= Centraliza os dados - REUSO

= Preserva metadados
\Jq\j &

= Permita organizacao est

= Facilite acesso e compar

Descarte Compartilhamento
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O que é OMERO?

« OMERO é uma plataforma para gerenciamento de imagens cientificas, que permite armazenar,
visualizar e compartilhar dados de microscopia.
= desenvolvido pelo Open Microscopy Environment (OME)

Acquisition Processing

£ BIO-FORMATS seRveR

& -
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https://www.openmicroscopy.org/omero/
https://www.openmicroscopy.org/omero/
https://www.openmicroscopy.org/

Como acessar o OMERO.server?

« OMERO possui trés clientes formas de acessar os seus dados e metadados

OMERO.web OMERO.insight
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https://www.openmicroscopy.org/omero/
https://www.openmicroscopy.org/omero/

IDR: Image Data Resource m

* |DR é um repositério publico de datasets de imagens de estudos publicados

> T,he Ir‘r;égé Data_“’R“égource (IDR) is a public repository of image datasets from published ° Recu rsos D
.-*"'3 s‘cierﬁ:jiﬁgigudiesfrﬂ'éréﬁth'e community can submit, search and access high-quality bio-image
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Compounds

ko B 0 data. i . biomoleculares

' * Dominios
141 Studies 14,053,490 Images 415TB

Group Studies by type

* Vocabulario v E
Controlado Phenotypes "\ Ground Truth

EMBL-EBI

GOVERNO DO

[ =y . ™ w:ﬂ ’ ,.v‘
a s i
12 i n @ MINISTERIO DA ,
CIENCIA, TECNOLOGIA
E INOVAGAO

oooooooooooooooooooo



https://idr.openmicroscopy.org/
https://idr.openmicroscopy.org/

IDR: Image Data Resource
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https://idr.openmicroscopy.org/
https://idr.openmicroscopy.org/

IDR: Image Data Resource
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https://idr.openmicroscopy.org/
https://idr.openmicroscopy.org/

OMERO @ LNBio

« Hospedado no Marvin HPC, disponivel em https://omero-Inbio.cnpem.br

++OMERO

omero-nbio:4064 v

Mac OS X Windows. Linux

15

openmicroscopy.org
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https://omero-lnbio.cnpem.br
https://omero-lnbio.cnpem.br
https://omero-lnbio.cnpem.br

Como interagir com o OMERQO?

@+ Acessando pelo navegador: https://omero-Inbio.cnpem.br -  Login institucional p/ usuarios do LNBio

. . o . As imagens adquiridas nas facilities do LIB e do LBE
M liE-ClleRINER-CRAERONIS NORU B EGIINLE  s50 transferidas diretamente para o OMERO pelas

proprias equipes.

Z+ Anotando imagens via OMERO.web: link

(>« Baixando imagens via OMERO.downloader: link

ooooooooo
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https://omero-lnbio.cnpem.br
https://omero-lnbio.cnpem.br
https://omero-lnbio.cnpem.br
https://marvindocs.cnpem.br/08-sistemas/omero/carregando-imagens-via-omero-insight.html
https://marvindocs.cnpem.br/08-sistemas/omero/anotando-imagens-via-omero-web.html
https://marvindocs.cnpem.br/07-programas-e-aplicativos/omero-downloader/index.html
https://marvindocs.cnpem.br/08-sistemas/omero/index.html
https://marvindocs.cnpem.br/08-sistemas/omero/index.html
https://marvindocs.cnpem.br/08-sistemas/omero/index.html
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Fundamentos de analise de imagens biolégicas

« A andlise de imagens bioldgicas deve ser planejada para ser:
= Quantitativa
Modelar seu fendmeno de forma a descrever propriedades observadas na amostra

= Obijetiva
Medidas independem do analisador
= Confiavel

As medidas descrevem o que deveria

= Reprodutivel
O experimento pode ser refeito, com as mesmas condicoes experimentais, obtendo resultados consistentes

= Replicavel

Outros experimentalistas realizam a mesma andlise, possivelmente com outros dados, e obtém resultados consistentes

Uma boa analise de imagens requer boas imagens, anotacoes e metadados

Adaptado de: Haase R. Introduction to bio-image analysis | [version 1; not peer reviewed]. F1000Research 2023, 12:563 GovERNO DO

1 . X MINISTERIO DA
8 (slides) (https://doi.org/10.7490/f1000research.1119427.1) e, Teeworoan  TU)/N [



https://doi.org/10.7490/f1000research.1119427.1

Fluxo de trabalho para analise de imagens biologicas

* O fluxo de trabalho divide a analise de imagens biolégicas em etapas

Preprocessing

. -

Image Enhancement +  Denoising } . . - _
-~ « Segmentacao de objetos: identificacao

| s g de objetos
0.1123  0.3489
eature Extraction 04356 o.1626 « Extracao de caracteristicas: separacao
F —»| 0.3423  0.5026 .
0565 0000 de objetos, contagem de células,

* Pré-processamento: correcio de ruido,
> ajuste de contraste, etc.

04324 0.1938

o odsl medicao de intensidades, etc.

N

 Mineracao de dados: rastreamento de
/ \. objetos, agrupamento de objetos,

classificacao de objetos, etc.

Time
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Fluxo de trabalho para analise de imagens biologicas

* Pré-processamento: correciao de ruido, ajuste de contraste, thresholding, etc.

Original Gamma = 0.5 Gamma = 1.5

leS leS leS
16 6
2.5 4 1.4 4
5 4
2.0 - 1.2
4
1.0 4
S-
: 0.8 4 34
4 0.6 4
1.0 24
0.4
0.5 14
0.2 4
0.0 *=y —y v 0.0 A=y v ey 0 v v v v
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 08 1.0 0.0 0.2 04 0.6 08 1.0

Correcao gama
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https://scikit-image.org/docs/stable/auto_examples/applications/plot_3d_image_processing.html
https://scikit-image.org/docs/stable/auto_examples/applications/plot_3d_image_processing.html
https://scikit-image.org/docs/stable/auto_examples/applications/plot_3d_image_processing.html

Fluxo de trabalho para analise de imagens biolagicas [ crvrem

* Pré-processamento: correciao de ruido, ajuste de contraste, thresholding, etc.
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https://scikit-image.org/docs/stable/auto_examples/applications/plot_3d_image_processing.html
https://scikit-image.org/docs/stable/auto_examples/applications/plot_3d_image_processing.html
https://scikit-image.org/docs/stable/auto_examples/applications/plot_3d_image_processing.html

Fluxo de trabalho para analise de imagens biolagicas [ crvrem

Segmentacao de objetos: segmentacao de células, segmentacao de nucleos, etc.
a) Raw b) Blur c) Threshold c-1) Fill in

JEeLUnU cndimnier (rdw)
- -
L

2) Keep one nucleus d) Dilate e) Erode f) Nucleus Rim

lot fluorescence nuclear envelope.html
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https://scikit-image.org/docs/stable/auto_examples/applications/plot_fluorescence_nuclear_envelope.html
https://scikit-image.org/docs/stable/auto_examples/applications/plot_fluorescence_nuclear_envelope.html
https://scikit-image.org/docs/stable/auto_examples/applications/plot_fluorescence_nuclear_envelope.html
https://scikit-image.org/docs/stable/auto_examples/applications/plot_fluorescence_nuclear_envelope.html
https://scikit-image.org/docs/stable/auto_examples/applications/plot_fluorescence_nuclear_envelope.html
https://scikit-image.org/docs/stable/auto_examples/applications/plot_fluorescence_nuclear_envelope.html
https://scikit-image.org/docs/stable/auto_examples/applications/plot_fluorescence_nuclear_envelope.html
https://scikit-image.org/docs/stable/auto_examples/applications/plot_fluorescence_nuclear_envelope.html
https://scikit-image.org/docs/stable/auto_examples/applications/plot_fluorescence_nuclear_envelope.html

Fluxo de trabalho para analise de imagens biologicas

« Extracao de caracteristicas: separacao de objetos, contagem de células, medicao de intensidades, etc.

(A) Original image (B) Extract channel (C) Apply filters (D) Apply threshold

W Results e X
File Edit Font Results

[area [Mean  [StdDev [Min  |Max %M -]
159 32 773219 74170 656 930 349029
160 37 1510459 385040 926 2380 375628
‘h’,' " 13952 53 660 1303 1471 382494
162 26 4
163 26
164 38
165 48
‘IFr’- 95
167 33
168 26 739038
169 33  798.3%4
1170 22 612591
1171 34 1588912 12155
172 44 1034545 19
{173 3 1205.108 -
4 | »
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https://bioimagebook.github.io/chapters/2-processing/1-processing_and_analysis/processing_and_analysis.html
https://bioimagebook.github.io/chapters/2-processing/1-processing_and_analysis/processing_and_analysis.html
https://bioimagebook.github.io/chapters/2-processing/1-processing_and_analysis/processing_and_analysis.html
https://bioimagebook.github.io/chapters/2-processing/1-processing_and_analysis/processing_and_analysis.html
https://bioimagebook.github.io/chapters/2-processing/1-processing_and_analysis/processing_and_analysis.html

Fluxo de trabalho para analise de imagens biologicas

* Mineracao de dados: rastreamento de objetos, agrupamento de objetos, classificacdo de objetos, etc.

Rastreamento de objetos

Ex.: https://cellprofiler.org/previous-
examples#object-tracking-and-metadata-

management
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Estudo de perfil morfolégico

id
Cytoplasm_AreaShape_Area
Cytoplasm_AreaShape_Zernike_2_0
Cytoplasm_Intensity_Integratedintensity_CorrActin
Cytoplasm_Texture_DifferenceVariance_CorrActin_10_0
Nuclei_Texture_Contrast_CorrActin_10_0
Nuclei_Texture_DifferenceVariance_CorrDAPI_10_0
Nuclei_Texture_InfoMeas2_CorrTub_10_0
Nuclei_Texture_Variance_CorrDAPI_3_0
Nuclei_Neighbors_PercentTouching_20
Nuclei_Texture_Correlation_CorrDAPI_10_0
Cells_Intensity_IntegratedintensityEdge_CorrActin
Nuclei_Texture_Entropy_CorrActin_3_0
Nuclei_Texture_SumVariance_CorrTub_3_0
Cytoplasm_Texture_Entropy_CorrActin_3_0
Cytoplasm_Texture_AngularSecondMoment_CorrActin_3_0
Nuclei_Texture_InfoMeas1_CorrTub_10_0
Nuclei_Neighbors_SecondClosestDistance_20
Cytoplasm_AreaShape_Zernike_3_1
Cytoplasm_Texture_Contrast_CorrTub_10_0
Nuclei_Texture_AngularSecondMoment_CorrDAPI_3_0
Nuclei_Texture_Variance_CorrDAPI_10_0
Cells_Intensity_MassDisplacement_CorrActin
Cells_Texture_Entropy_CorrActin_3_0

Ex.: https://drive.google.com/file/d/1nT8ljykZ2sujUK-3JGUTNIN2dUZ9zpON/view

MINISTERIO DA
CIENCIA, TECNOLOGIA
E INOVAGAO

T-Test p_value FDR(BH) 4

-15.45 0.00 0.00
-10.67 0.00 0.00
-13.12  0.00 0.00
10.90 0.00 0.00
11.83 0.00 0.00
12.00 0.00 0.00
1221 0.00 0.00
10.51  0.00 0.00
10.65 0.00 0.00
-11.11 0.00 0.00
-9.95 0.00 0.00
9.98 0.00 0.00
9.20 0.00 0.00
9.58 0.00 0.00
-9.11 0.00 0.00
-8.45 0.00 0.00
-8.63 0.00 0.00
8.21 0.00 0.00
8.00 0.00 0.00
-8.35 0.00 0.00
8.02 0.00 0.00
-8.31 0.00 0.00
7.77 0.00 0.00
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https://drive.google.com/file/d/1nT8IjykZ2sujUK-3JGuTNlN2dUZ9zpON/view
https://drive.google.com/file/d/1nT8IjykZ2sujUK-3JGuTNlN2dUZ9zpON/view
https://drive.google.com/file/d/1nT8IjykZ2sujUK-3JGuTNlN2dUZ9zpON/view
https://cellprofiler.org/previous-examples#object-tracking-and-metadata-management
https://cellprofiler.org/previous-examples#object-tracking-and-metadata-management
https://cellprofiler.org/previous-examples#object-tracking-and-metadata-management
https://cellprofiler.org/previous-examples#object-tracking-and-metadata-management
https://cellprofiler.org/previous-examples#object-tracking-and-metadata-management
https://cellprofiler.org/previous-examples#object-tracking-and-metadata-management
https://cellprofiler.org/previous-examples#object-tracking-and-metadata-management
https://cellprofiler.org/previous-examples#object-tracking-and-metadata-management
https://cellprofiler.org/previous-examples#object-tracking-and-metadata-management
https://cellprofiler.org/previous-examples#object-tracking-and-metadata-management
https://cellprofiler.org/previous-examples#object-tracking-and-metadata-management
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Principais software e bibliotecas para analise de imagens

USUARIO GRAFICO

FIJI (https://fiji.sc/) / Image) (https://imagej.net/ij/)

Processamento e analise geral de imagens

CellProfiler (https://cellprofiler.org/)

Analise automatizada em larga escala

ilastik (https://www.ilastik.org/)

Classificacao de pixels baseada em ML

Napari (https://napari.org/)
Visualizacdo interativa (2D/3D)

lcy (https://icy.bioimageanalysis.org/)
Plataforma modular para analise de imagens — plugins

QuPath (https://qupath.github.io/)
Andlise de imagens histoldgicas (patologia digital)

() crenm

PROGRAMACAO

scikit-image (https://scikit-image.org/)
Processamento de imagens em Python
scipy.ndimage (https://docs.scipy.org/doc/scipy/reference/ndimage.html)

Operacoes basicas e filtros em imagens
OpenCV (https://opencv.org/)

Visdo computacional e processamento avancado

EBImage (10.18129/B9.bioc.EBImage )

Andlise de imagens em R
CellPose (https://www.cellpose.org/)

Segmentacao de células com DL
StarDist (https://stardist.net/)

Segmentacao de objetos com formato estrelado (ex: ntcleos)
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https://fiji.sc/
https://imagej.net/ij/
https://cellprofiler.org/
https://www.ilastik.org/
https://napari.org/
https://icy.bioimageanalysis.org/
https://qupath.github.io/
https://scikit-image.org/
https://scikit-image.org/
https://scikit-image.org/
https://docs.scipy.org/doc/scipy/reference/ndimage.html
https://opencv.org/
https://doi.org/doi:10.18129/B9.bioc.EBImage
https://www.cellpose.org/
https://stardist.net/
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is just Imagel):
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‘ File Edit View Tools Help

Lo, 11 Meckia
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Presentations

Protocols

) Reference
). Scopes
Ja, S0P
b User Projects
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My Misc
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A OneDrive (C)
ks Dropbox (C)
Documents
y Images - Fijl
4 Music
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& Computer
& Lozal Disk (C)
» Data (R}

Organize v M Previen v Share with » Print

‘ . HeLaCells 01 pic-1tif 0at

Cloud Stor,

e
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BPAE 20x.0ib
¥ BPAE_510.00;
M Helacels 01
M HelaCells 01
3 HelaCels 01

HelaCells 03,
Image000d.o

Specify date taken

Addatag
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Imagel: Robusto e Gratuito, suporte a plugins.

Porque usar Fiji? Apresenta varios plugins e ferramentas ja inclusas ao ImageJ
para facilitar o uso.

Bioformats: Permite abrir arquivos proprietarios de diversos fabricantes de
microscopios (Zeiss, Nikon, Leica, Olympus) e outros formatos abertos (OME-
TIFF). )

Objetivo: Demostrar capacidades basicas do software e fomentar o contato inicial.
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