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MAIN IMAGING TECHNOLOGIES AVAILABLE
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- Choice of imaging & staining methods =

- Instrument choice and setup Piannlng’

- Novel imaging technique development? Data Mlnlng
- Plan reproducible analysis workflows & Re_use

- Consider availability of re-usable datasets?

Trusted public or institutional repository? "
Upload to added-value database? ArCh|V|ng,

Choose data and metadata license Long-Term

Choose suitable data format
Metadata enrichment before upload StOrage

- Check open access requirements

- Check publisher policies (Data')

- Check funder policies . :

- Adhere to figure composing standards PUb||Cat|0n
- Consider dataset publication & preprints

- Link publication and data (persistent identifiers)

he bioimaging research data life cycle

- Quality control of imaging setups and acquisition settings
- Which metadata is captured automatically (technical metadata)?
Image _ ,
o - Documentation of sample preparation workflows & protocols
ACqU|S|t|0n - Which file formats are generated?

- Enrich metadata with editation tools?

- What local storage infrastructure is available?
|mage F||e - Is data stored temporarily, does it have to be transfered?

Storage - Necessity of large file transfer & storage?
& ACCGSS - How is data secturity (avoiding data loss, data privacy) managed?
- Is cloud computing & -storage required?

- Is an imaging data management software available?

- Are shared digital environments required?
Processing - Choice of analysis tools and software
& Bioimage - ldse of (seml-)automate.d analysis workflows
X - Use of Al-based analysis tools?
AnalySIS - Ensure analysis data provenance
- Linking original and derived data

https://gerbi-gmb.de/2023/07/24/the-bioimaging-research-data-life-cycle/ 4



An image is... pixel data + metadata
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<OME xmlns="http:/www.openmicroscopy.org/Schemas/OME/2016-06" xmins:xsi="http:/fwww.w3.0rg/200 L/ XMLSchema-i
<Experimenter ID="Experimenter:0" UserName="grandgie"/>
— <Instrument |

"Detector: MTBCamera_MTBTube_Cameraport. HDCamC11440-22CU"/>
"Detector: MTBCamera_MTBTube_Cameraport. HDCamC13440-20CU"f>
Plan-Apochromat 20x/0.8 M27" NominalMagnil

— ] -<D||:hruil:REf D= Dm‘l‘v’mm,[b M etad ata

<EmissionFilterRef ID="Filter:4"/>
<Filter ID="Filter:1">
<TransmittanceRange Cutln="450.0" nm" CutOut="490.0" CutOutUnit="nm"/>
<Filter ID="Filter:2">
ransmittanceRange Cutl, 00.0 nm" CutOut="550.0" CutOu nm"/>
<Filter ID="Filter:3">
<TransmittanceRange Cutln="538.0" CutlnUnit="nm" CutOut="562.0" CutOul "nm"/>
Iter ID="Filter:4">

570.0" CutinUi nm" CutOut="640.0" CutOutUnit="nm"/>

ichroic ID="Dichroic:2"/>




An image is... pixel data + metadata

€25 Pixel data

N dimensional matrix
e XY/ Z/ Fluorescence channel/ Time / Well /
Angle / Staining round / ...

- Metadata

2016-06" xmins:x: e W3.0rg/200UXMLSchema-
andgie’/>

Any text format:
e Experimental metadata
e et Organism, pretreatment, fluorescent markers, ...
EmissonF et Do Fher 2 e Technical metadata
microscope system / filters / objective / spatial and
‘, . temporal steps / detector / position on the slide /
Dimension order

F‘ nn?Range Cutin="538.0" CutinUnit="nm" CutOut: .0" CutOutUnit="nm"/> . I m age p rOCeSS I ng
Denoising / stitching / temporal alignment / ...

“amera” Model="HDCamC13440-20CU"/>
MTBCamera_MTBTube_Cameraport. HDCamC11440-22C!
1

nceRange Cutin="570.0" CutinUnit="nm" CutOut="640.0" CutOutUnit="nm"/>

<Dichroic ID="Dic|
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An image is... pixel data + metadata

Pixel data

<OME xmlIns="http:/iwww.openmicroscopy.org/Schem
B

IE/2016-06" xmiIns:xsi="http:/www.w3.0rg/200/XMLSchema-i

<Experimenter ID="Experimenter:0" UserNam randgie’/>

<Instrument ID=
<Microscope Type="Uprigh

<Detector ID="Detector:HamamatsuCamera” Model="HDCamC13440-20(
<Detector ID="D MTBCamera_MTBTube_Cameraport HDCamC11440-22CU"
<Detector ID: 10 MTBCamera_MTBTube_Cameraport.HDCamC13440-20CU

IterSet ID="FilterSet:

<ExcitationFilterRef ID:

<DichraicRef ID="Dichroic

<EmissionFilterRef ID="Filter:2"/>
<FilterSet ID="FilterS ">

<ExcitationFilterRef ID="Filter:3"/>

<DichroicRef ID="Dichroic:2"/>

<EmissionFilterRef ID="Filter:4"/>
<Filter ID="Filter:

<TransmittanceRange Cutln=

ilter ID="Filte

ransmittanceRange Cutin="500.0" CutinUni

<Filter ID="Filte

<TransmittanceRange Cutln="538.0" CutinUni
<Filter ID="Filter:4">

<TransmittanceRange Cutln="570.0" CutinUni

0.8" Model="Plan-Apochromat 20x/0.8 M27" NominalMagni

90.0" CutOutUnit="nm"/>
m" CutOut="550.0" CutOutUnit="nm

m" CutOut="562.0" CutOutUnit="nm"/>

m" CutOut="640.0" CutOutUnit="nm"/>
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What if my image is BIG?

Py Imaging protocol Output typical size
Widefield Few MB -> 10s of GB
' Scanning confocal Few MB -> Few GB
\ Spinning Disk confocal Few MB -> 10s of GB
LightSheet 100s of GB -> few TBs
Spatial transciptomics >1-20TBs




What if my image is BIG?

1/64th size

1/16th size

Y, size

Full image size

=> Using pyramidal format can drastically improve RAM usage and
loading speed

One such file format: hdf5/xml

\‘T/’/ https://training.iiif.io/iiif-online-workshop/day-two/fileformats.html




What if | want to analyse my image with

‘ parallel processing?

Serial processing:
For example my workstation

Large input image

Analysis

v

Result

Parallel processing:
For example the IGBMC HPC

Split input images

R

Analysis

| | | |
!

Result

Analysis Analysis Analysis

10



What if | want to analyse my image with
‘ parallel processing?

=> Using allows
parallel computing and visualisation
or transfer across network

One such file format: OME-Zarr

.zawag [240®]
0.0.0 [2e0kB]
0.0.1 [2e60 ke]
0.0.2 [2¢60 kel

HEADER

10010100100001001011
10101001010010100101
00100101101001001111
01110101010100010010

01001001011101001001
00101110111111101011
10101010101010000100
10010110010100100001
00101110101001010010
10010100100101101001
00111101110101010100
01001.00000001.0100010
01010001001001011101

https://gerbi-gmb.de/2023/10/02/next-generation-file-formats-for-bioimaging/ 171
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How many fileformats exist?

. .
ZEISS ‘

« Metadata ontology?
o Pyramidal format?
e Chunked or monolithic?

12



Conversion

Standard

Database

13



Standard = OMEFILES

Database ‘°*OMERO

2 |



Converting fileformats

>160 fileformats — OME-TIFF

Supported Formats

Ratings legend and definitions

Presence
Multiple Images

Metadata
Openness

Format Extensions

“

Amira Mesh

labels

15




Conversion

Standard

Database

16



Fileformat standardization

OME-TIFF fileformat
e astandard TIFF file (= 1 image)
e an XML metadata structure with a strict content and order
Pyramidal, monolithic

Example:

N N https://merovingio.c2rmf.cnrs.friiipimage/leaflet/ 17



https://merovingio.c2rmf.cnrs.fr/iipimage/leaflet/

Toward a New Generation FileFormat

NGFF and OME-ZARR

' Supplementary Table 1: Characteristics of three binary containers
for imaging data

: TIFF
1 First release 1986
/ | Maturity (in imaging) Ubiquitous

Base structure Sequence of 2D
planes

Multi-file support With OME metadata
Pyramidal images With OME metadata
Advantages Tool support

Limitations Scalability

Ideal use case Laptop

NGFF
2016

Hierarchy of ND arrays

OME-Zarr
Simplicity

Large number of small
files

Online archive, or

public resource

18



Conversion

Standard

Database

19



toring/sharing data

A typical microscopy
workflow

Cstart

Digital Image
Acquisition System
Quantitative
Analysis

ga'?
e
é FINISH

END RESULT

FINISH

Raw Data Processed Data

Visualization

\‘/' ~_ https://downloads.openmicroscopy.org/presentations/2014/Technique-Tapas-OMERO-Figure 20




toring/sharing data

Interoperability

Digital Image
Acquisition System

Data Management,
Tagging, Querying

Quantitative
Analysis

Processed Data Visualization

\‘/“ \"\__,-”/ https://downloads.openmicroscopy.org/presentations/2014/Technique-Tapas-OMERO-Figure 271




Storing/sharing data

e+*OMERO Data History Admin  Figure
Swedlow Lab Will Moore

Explore Tags

{88 AuroraB-INCENP siRNAi

{3 csFv
AuroraA CSFV_09.r3d_D3D.dv
AuroraB-12.r3d_D3D.dv
AuroraB-CSFV/CSFV_10.r3d_D3D.dv
AuroraB-INCENP-GFP_06.r3d_D3D.dv
AuroraB-INCENP_07.r3d_D3D.dv
AuroraB_11.r3d_D3D.dv
CSFV/CSFV_02.r3d_D3D.dv
...oFV_02.r3d_D3D_proj ZRange 14 33.dv
CSFV/CSFV_03.r3d_D3D.dv
CSFV/CSFV_04.r3d_D3D.dv
CSFV/CSFV_05.r3d_D3D.dv
CSFV/CSFV _08.r3d _D3D.dv

{83 INCENP

{88 scrambled
Aurora_ A_CSFV/scram_01.r3d_D3D.dv
AuroraB-CSFV/VRAQ_05.r3d_D3D.dv
CSFV-AuroraB-VRAQ_02.r3d_D3D.dv
CSFV/scram_02.r3d_D3D.dv
CSFV/scram_03.r3d_D3D.dv
CSFV/scram_04.r3d_D3D.dv
CSFV/scram_04.r3d_D3D_PRJ.dv
CSFV/scram_05.r3d_D3D.dv
CSFV/scram_06.r3d_D3D.dv
CSFV/VRAQ 01.r3d_D3D.dv
CSFV/VRAQ_03.r3d_D3D.dv

Thumbnails General Acquisition Preview

s Filte nage oo
= - Aurora_A_CSFV/scram_01.r3d_D3D.dv é
o
L. will Moore
{8l AuroraA_siRNAi INCENP 3814857 Full viewer

IMGCORR: Norm=on Method=1
Owner: A
Acquisition Date: ¢

Imported Date:
Dimensions (XY):
Pixels Type:

Pixels Size (XYZ) (um):
Z-sections/Timepoints:
Channels:

No ratings

Anti-tubulin % )( metaphase x

result.txt
e_2014-4-25_12-20-13.pdf
58-0.pdf

9 22-57-6.pdf

https://downloads.openmicroscopy.org/presentations/2014/Technique-Tapas-OMERO-Figure 22




After publication: Public data repository

Zenodo Figshare / Figshare+ Dryad Bioimage Image Data Broad Biocimage The Cell Painting
Archive Repository Benchmark Gallery
Collection

wsifigshare % DRYAD i_ =IDR Egﬁggéy
P —

https://zenodo.org/ https://figshare.com/ https://datadryad.org/  https://www.ebi.ac.uk  https://idr.openmicroscopy  https://broad.io/BBBC https://broad.io/cell
URL /bioimage-archive/ .org/ paintinggallery

Repository

Non-human "Reference image
identifiable data of datasets" - complete, can
any kind that authors Non-medical, non- be associated with other Image sets with Microscopic image
"All the digital are willing to make Electron Microscopy resources, likely to be re- descriptions and ground sets suitable for
Qualifications artefacts" Research data outputs CCO images of any kind analyzed truth image-based profiling

Also non-image Not directly
data? Yes Yes Yes (BioStudies) Not directly No Sometimes

50 GB per collection 20 GB Figshare, 5TB
Size limit? (soft) Figshare+ (soft) 300 GB (soft) No 1 TB (soft)

$120, + $50/every 10
Free to $20 GB, $395to GB over 50 GB
No ("donations 100 GB, $585/250 GB  (some funders
Cost to depositor?  encouraged”) beyond provide sponsorship) No

Iy Strictness of
metadata
requirements Medium Medium

=> Contact us to discuss a personalized plan

From Schmied et al., 2024




Reusing datasets to train and compare DL models for image analyses

F A R

FINDABLE ACCESSIBLE INTEROPERABLE REUSABLE

lei. d i
Spot Nuclei. Speed Cures. EUROX{B|O|MAG|NG

The challenge: Create an algorithm to automate nucleus detection

CSNE W EURO-BIOIMAGING
Finding the nucleus helps to.. U S E R F 0 R U M B@.~C

“Light My Cells, the first
France Biolmaging
Image Challenge”

research and insight

reduce time-to-market for
new drugs— currently 10 years

increase # of compounds
for experiments

improve health and
increase quality of life

G. Jacquem@((;ell Migration Lab, Abo

https://www.kaggle.com/c/data-science-bowl-2018 https://lightmycells.grand-challenge.org/

Akademi University), 1.-Y. Tinevez (IAH).

24
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