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® Qualitative to Quantitative Microscopy

Observation Digital era Modern time Smart microscopy

~2025

Bioimaging has evolved from its
_qualitative origins, mainly
focusing on the visualization of
_individual biological processes and
structures, to a highly quantitative
discipline, producing large,
“multimodal and complex
“datasets requiring sophisticated

“and robust computation and Digital Biochemistry Microscopy Data
“methods for analysis. digital camera fluorescence high resolution data analysis
Aastha Mather, Building a FAIR ..., 2023 storage single-molecule time-lapse machine learning
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Cell bacteria interaction, phase contrast and fluorescence channel for bacteria
Source: Matthieu Delincé and Chiara Toniolo, McKinnev Lab, EPFL



® Image-based Studies

Bioimage informatics is a

key technology for
life science

ntensity ratio Nucleus/Cell
=] =] =] =} =}

Data Interpretation

* Choose colors/LUT
* Choose type of graph:

R. Senft, A guide to planning quantitative
bioimaging experiments, PL0S Biol 2023
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)ample Preparation

* Ask biological question
/' * Experimental controls

‘5?&}%)?* Bioimaging
Ol

~

garbage out

Image Analysis /

llustration QuPath

Vital
emerging
field

New
microscope
modality

Explosion
growth of
data

Objective

data
analysis

Need

expertise
skills

Why bioimage informatics matters
[Gene Myers 2012

Computational advancements
allow to map biological processes
[Isalbel Kemmer 2023]

Wide range of imaging modalities
from organisms to molecules
[Johanna Bischof 2024]

Unprecedented quantity of data
and detall of living cells.
[Wei Ouyang 2017]

Quantitative discipline, made to
measure microscopy data
[Sian Culley 2023]

Requires a comprehensive
understanding complex workflow
[Beth Cimini 2024]
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® Quantitative Image Analysis

Made to Measure Typical Tasks

e Acquisition image formation, contrast
generation.

e Count cells, measure morphology, classify cells
e Measure the expression of protein (fluorescence )

e Analysis image processing,
segmentation, classification

Garbage in -> Garbage out

e \Mesure the granularity and texture
e Analyze co-localization, detecting phenotypes
e |dentify the interactions, record diffusion dynamics

e [race over time

An introduction to quantifying microscopy data in the life sciences, Sian Culley, Alicia

o . .
Cuber, Caballero, Jemima Burden, Virginie Uhlmann, Journal of Microscopy 2023 Estimate gowth rate, cell lineage

Bioimage Informatics Span Expectations for Reliable Analysis

 Spatial scales from single molecules to * Quantitative: Minimize bias

cells, all to entire multicellular organisms. e Parameter-Free: Require minimal tuning

e Time scales ranging from of ms to days. e Robust: Handle variations, ensure reproducibility

o [ast: Work efficiently on a laptop
e Multiplexing visualization of a multitude

of sample characteristics in parallel.

e Practical: 100% accuracy Is unrealistic
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® Digital Imaging Disciplines

* Imaging Bioimage Analysis Computer Vision
Capturing images . ,

e |mage Rer

Image tc Computational
Bioimaging
e Image P
Transformi Bioimage
Informatics
e [mage A S _ , . .
Extractic B|0|mage Large number of simple particles Human perception modeling
Analysis | | | ) | |
¢ Quantitat Live cell / interaction / motility Real-time processing

Measuring pl
g by Multiple dimensions Well defined shape and geometry

e Computer Vision
Understanding visual information

e Computer Graphics
Synthesizing visual content

Image Analysis
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® Methodology

SIMPLE
.."' Intensity-based .
- Pixel —
Ad hoc routines s
“ Aggregation pixels classification \'\
N Rule- Machine
% based Learning

Deep @ Supervised Learning
Learnin
g @ Pre-trained models

\) Foundation 7

models /

Model-
based

Shape model
Acquisition model
Physical model
e COMPLEX \¢
Q Q
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® Bioimage Data

Databases A call for public archives for Public repositories of bioimages
biological image data
e Data and metadata Jan Ellenberg et al. %%&Q@Q https://data.broadinstitute.org/bbbc/

Nature Methods 2018

- ¢ CELL htto:// i ib /
Building a FAIR @,{ AGE ttp://www.cellimagelibrary.org

BRARY

image data ecosystem
for microscopy communities
Aastha Mathur et al.

J. Histoch Cell Biol 2023 2 EMPIAR https://www.ebi.ac.uk/pdbe/emdb/empiar
ludin, EMPIAR. Nucleic Acids Res 2023

e Annotated data for ML

=
@

é

e Open, re-analysable

http://idr.openmicroscopy.org/
Williams, Nat Methods 2017

e Centralised repositories

= https://www.cancerimagingarchive.net
@A
NAGlNl}IACR;Ea Clark, J Digital Imaging 2013

SHSTErn https://www.ebi.ac.uk/bioimage-archive/
Large Data Archi\ge Hartley, Molecular Biology 2022
@ Storage
Transfer

Pre-trained DL models
X Share and annotation

.....................................................................................................................

/ http://bicimage.org/
. ‘Trained Models Zoo

@

&) Simple processing

Visualization

&

.....................................................................................................................

http://cellpose.org/ g
Cellpose for Cell Segmentation
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® Software Tools

Survey of tools 2023
wafermapper

warpm ppency Cryosparc deepict

W|nrh|zo Ce“ rofiler cryocare
rootrak aglsoft trakem?
arivig relion qiber3d
apeer faas
‘maagel:
vaa3d
tensorflow Sk slicer
horos I marls py hOnbgééll'azzi
vast ce pose t
orch:, - \
analyzer stardlst pyzenbluﬁ issgemin

Icy
3dspan qupat fl Inaparlsfme
cytoma
amira |Iast|k y p
flshlngrod spines
ZeISSZGH tomoman
CIKITIMmE :
Imod stopgap

Webknossos

A Hitchhiker's guide through the bio-image analysis software universe
Robert Haase, FEBS 2022
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® Coding

When no standard tool solve your image analysis problem Software Packages in Java

e Automation, speed up, many images

ImagedJ
NIH
Vanilla version

ImageJ?2

Loci
Integration in scijava

e Non-human bias

Ny

e Reproducibility, documentation

é

Which language? -, java @ puthon’ g\ Mariap ICY QuPath

§ Open-source — ‘/ ‘/ x Pasteur Institute Pete Blankhead
L Efficiency v v
workflow For the end-user
Multipl :
ultiple OS v v v Software Packages in Python
o Installation v X v
= GUI v X X NAPARI 1
performances For the developper Biohub @%% %nglt_gler?ge |
| | TensorFlow
Learning curve
[
40— Prototyping X v v Ve t\ n
= upyter
—— Imaging libraries v v J\py/ - O PyTorch
- a en
parametrization ML frameworks X v X i
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® Nobel Prizes

Dubochet,
Franck,

Henderson
Cryo-electron

Cormack, Ernst MIiCroscopy
Hounsfield R

Rontgen Bloch, Purcell Computed NMR Lauterbur, Mansfield ;

X-rays Nuclear Magnetic (NMR) tomography spectroscopy MRI
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Zernike Ruska Shimomura,Chalfie, Tsien Betzig, Hell, Moerner
Phase contrast Electron microscopy Fluorescent protein Super-resolution
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® Bioimage Analysts

.......................................................................................................................................................................

New Profession

~ An bioimage analyst uses existing
tools or assembles tools or develop
new algorithms in workflow.

By understanding the biological
question, the image acquisition, the
~ algorithms and the code, the
bioimage analyst is a designer of
bioimage applications.

Associate Software Engineer: Free
and Open-source Biological
Imaging Software

Broad Institute & - 3.9 W
Cambridge, MA >

Full-time

You must create an Indeed account before continuing to the company
website to apply

Apply now & R ()

sanger.wd103.myworkdayjobs.com
_ sa::gger“ Senior Data Scientist | Image Analysis 66

Do you want to help us improve human health and understand life on
Earth? Make your mark by shaping the future to enable or deliver life-
changing science to solve some of humanity’s greatest challenges. Are
you passionate about image analysis,...

‘e Universitat Basel : X

Senior Bioimaging Specialist

Universitat Basel « Bale * avec Trabajo.org -
Stellenangebote, Arbeit

@® ilya1lheures @@ A plein temps

Postuler sur Trabajo.org - S...

Description du poste

The University of Basel is seeking an experienced
Senior Bioimaging Specialist to join its prestigious
Imaging Core Facility (IMCF). The ideal candidate
will have a strong background in bioimage analysis
and possess excellent communication skills.
About the Role

* Develop and implement advanced image
processing pipelines using popular toolkits like
ImageJ/Fiji, Python, QuPath, and Imaris.

* Provide user support and training on image
analysis topics, working closely with scientists and
researchers.

Bioimage Analysis Societies

Biolmaging "
§ North America

@UAREP-LiMi

GL BAL
BIOIMAGING

growing collaboration

3
oo
¢ Biolmagi
- Biolmaging
Gesellschaft flr Mikroskopie und Bildanalyse

EURO
BIOIMAGING

FRANCE-BIOIMAGING # Gorman %AI4 I_Ife

Latin America

Bioimaging

Typical tasks include:

- User support and training with image analysis related

topics.

- Development and implementation of image /
processing pipelines, mostly based on script
common bioimaging toolkits like ImagedJ/Fiji,
(Cellpose, Stardist, Scikit-image, Napari), Qu
llastik, Imaris etc.

- Work in close collaboration in a versatile team with
members experienced image analysis and advanced

light microscopy.

data
INg
Python
Path,

Multiple positions in the Bioimaging Core of Leuven 0 13d
microscopy

Multiple opportunities at the Broad Imaging Platform

(Cambridge, MA, USA) Q 16d
@ cellprofiler
Bioimage analysis position at IMCF, Biozentrum, Basel 6 0 17d

Software developer for OME-Zarr at German Biolmaging
(Germany/remote) a 2 18d

Image Implemen-
analysis tation

Bioimage
analyst

Project ) Education

Mangement

The crucial role of bioimage analysts in
~ scientific research and publication
Beth A Cimini, J Cell Sci. 2024

1%

Opening for Senior Expert Data Science / Imaging @ NIBR

(Basel, Switzerland) $ 0 Oct 2024
novartis

Image analysis fellowship opportunities @ 0 Oct 2024
x-ray, em

Freelance Opportunity: OMERO-ARC-Converter Project —
Apply by October 17, 2024 0 Oct 2024

@ omero

2 PhD opportunities in Machine Learning at SciLifeLab and e

7 0 Oct 2024
| KTH, Sweden

Post-Doc in Advanced Fluorescence Microscopy @CCMAR

Portugal Q o Oct 2024
@ fiji, @ napari, fluorescence, zen, lightsheet, immunofluorescence

Associate Professor Empire Innovations Program/Cluster Hire
with the focus on Biological Imaging, Biosensors, Cell @ 0 Oct 2024
Dynamics Analysis, and Optogenetics

Postdoc vacancy available at UCL - Machine Learning for
Multi-scale, Correlative, Biomedical Imaging

0 Oct 2024

Job offer Al expert at CNIO Spain 0 Oct 2024

) } @& Two open positions at the SciLifeLab Bioimage Informatics
Py Unit - BIIF

» " l
T
‘/f, K @ Bioinformatician with focus on research support within
"' 1 Sep 2024

2o image analysis - Sweden
k ) ," J . 2 @i, @ cellprofiler, @ qupath, © python, tissuumaps

1 Oct 2024




® Ethics in Image Analysis

Image Manipulation

TOON

A\

MAIs|s

o Guidelines / B \“"* s
Keeping raw data, open data % 3 .‘ g .
No image compression % | - " " s .
Simple adjustment acceptable %
Cropping acceptable % -
Digital filtering is not encouraged % .
Combining images if no hiding %
No local alteration % ‘ .
Compare | oo Original
pare in the same conditions %
Image should be documented % <
Reporting the analysis script /
e R
000070022222 : ‘szr,g 3 =3 ». .
What's in a picture? The | St b St
temptation of image manipulation , - »
Mike Rossner 2004 Pepy ™2 7 SR« SO 3
Manipulation and misconduct
C. Blatt, Plant Physiology, 2013 ‘
Manipulated

“ Course Introduction to Bioimage Informatics

Science Integrity

'\L/ / Following

Elisabeth Bik

@elisabethbik.bsky.social

The super-spotter of duplicated
Images in science papers

Avoiding twisted pixels
D. Cromey, 2010

Mishandling and
Misconducts
K. Miura, S. Narrelykke,

2021

The prevalence of
iInappropriate image
duplication in biomedical
research publications
Bik, E. (2016).
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® Responsable Imaging

Good Practices Open Science

Code E:iable [/ \ccessible

Open-source, versioning, test Q

» Gt Resul O 020,
ok Lo = eSUuItlsS

nteroperable | :eusable

2 J
“

Ya@

Dat &
ata S Open Access
: | : : Building a FAIR image data ecosystem for microscopy communities
Accessible publication Aastha Mathur, Histochem Cell Biol. 2023
Meta-data
=» Zenodo

Sustainability
Overshot of the planetary boundaries
5 Digital: Life-span cycle of equipments (gray energy)

- - Software .
[on o e enine ook N =% green-algorithms.org
usability

Bioimage informatics: usability is essential
P Paul-Gilloteaux, PLoS, 2023

A call for bioimaging software usability
Carpenter A, Nat. Meth. 2012
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® Human Bias

Believing is seeing — the deceptive influence of
bias in quantitative microscopy
R. M. Lee et al.

©2024. Published by The Company of Biologists Ltd | Joumal of Cell Science (2024) 137, jcs261567. doi:10.1242/jcs 261567

OPINION

@ ot

SUBJECT COLLECTION: IMAGING

Believing is seeing — the deceptive influence of bias in quantitative

microscopy

Rachel M. Lee, Leanna R. Eisenman, Satya Khuon, Jesse S. Aaron and Teng-Leong Chew*

ABSTRACT

The visual allure of microscopy makes it an intuitively powerful
research tool. Intuition, however, can easily obscure or distort the
reality of the information contained in an image. Common cognitive
biases, combined with institutional pressures that reward positive
research results, can quickly skew a microscopy project towards
upholding, rather than rigorously challenging, a hypothesis. The
impact of these biases on a variety of research topics is well known.
What might be less appreciated are the many forms in which bias

quantification (Khater et al., 2020; Waters and Swedlow, 2008).
Journals, reviewers and funding agencies can encourage the use of
these best practices, but ultimately, implementation of these
procedures falls on the observer. Although the foundation of
science relies on the falsification of hypotheses (Platt, 1964), the
modem scientific research enterprise — from publications to grant
funding and subsequently promotion — tends to reward positive
outcomes that support hypotheses. This tempts even well-
intentioned observers to tumn the intuitive appeal of microscopy

A guide to accurate reporting in

digital image processing
J. Aaron and T.-L. Chew

©2021. Published by The Campany of Blologists Lid | Joumal of Call Sclence (2021) 134, jcs254151. dol:10.1242/)cs 254151

REVIEW

& ioiogieis

SUBJECT COLLECTION: IMAGING

A guide to accurate reporting in digital image processing — can
anyone reproduce your quantitative analysis?

Jesse Aaron and Teng-Leong Chew*

ABSTRACT

Considerable attention has been recently paid to improving
replicabllity and reproducibiity In life sclence research. This has
resulted in commendable efforts to standardize a variety of reagents,
assays, el lnes and other resources. However, given that microscopy
is a dominant tool for biologists, comparatively Iittle discussion has
been offered regarding how the proper reporting and documentation of
microscopy relevant detals shoud be handied. Image processing s a

image before eventual analysis (see Fig. 1A). In this discussion,
we make a distinction between image processing and imag
analysis, whereby the latter comprises a vast set of diverse
to extract ! 1l ful, q
measurements from a dataset. Image processing, on the other
hand, serves to digitally transform an acquired dataset by
enhancing or isolating signals of interest and/or suppressing
other signals and noise that will otherwise prevent accurate
analysis. Furthermore, as indicated in Fig. 1 A, there are often steps

it Y foms 1 on its head: believing becomes the impetus for seeing what was cttclsep of srost ary micoscopy-besed expenimen: bowever. LU O o impge Gata can b propeny
researchers are susceptible to bias, which must therefore be eXpected, providing multiple vulnerabilities for observer biasto take The chos. " processed, termed pre-processing. Such steps generally do not
control of an experiment. chosen detalls of an image processing workdlow can dramatcally ' enhance e features e per se
™ actively " to be mlhbgealed. although |mlage Observers MF: naturally susceptible 1o a wide variety of M determine the outcome of subsequent analyses, and indeed, the M.‘I}:E 0 mll\.fmu p.\r\fm:l.n features xln an lm.:gu\dpu se, but
as come an , ostensibly to S s overall fa study. This R 1o IBustrat oper  Father correct for imperfections commonly encountered in imaging
confront subtie biases, it is not a guarantee against bias and cannot C“!f““‘t* biases, ‘l‘"!’f“‘ ;'n“hk‘\ll"»ﬁlﬂ 1_"‘ ’“‘““ﬁl f‘)’"‘“ ]d)“v"“l(l) @ reporting of image p,wey“mg methodology improves ectentfic  Systems. This may include, for example, corrections for proper
alone shield an experiment from cognitive distortions. Here, we i:,',‘d'l’iﬁ".’u ;13:“(_;:)3"; ble 1 szgpler:;xm:&:\:& ;,Zlfs Our - e biological derivag  €0lor channel registration (Zhang and Carter, 1999) or microscope

Cognitive Bias

provide illustrative examples of the insidiously pervasive nature of
bias in — from initial design to
image analysis and data We then provide
suggestions that can serve as guard rails against bias.

KEY WORDS: Microscopy, Bias, Bicimage analysis, Quantitative
microscopy

is most available to us affects our daily decisions (Kahneman,
2011); these same mental heuristics can also shape quantitative
microscopy. At each stage where there is the opportunity for
experimental choice, the impulse to support the hypothesis can
lead an observer astray. Selection of a region of interest or image
acquisition parameter can be misinformed by the subjective
assessment of the observer. Likewise, identification of features in

Clustering illusion
olor perception
onfirmation bias

ongruence bias

eeing groups as significant when they are random
usions due to misleading perception of colors
avoring information that supports existing beliefs

ot testing alternative hypotheses for the observed data

Reproducibility

Can anyone reproduce
analysis?

your

from the results.
KEY WORDS: Accurate reporting, Data reproducibility, Image
analysis, Image processing, Microscopy

Introduction
Image processing and analysis have become an indispensabl

stage drift (Lee et al., 2012).

The myriad of available image processing and analysis software
packages enable biologists to perform highly complex digital
operations with ease. However, herein lies the ‘double-edge
sword’. While easy access to such algorithms is empowering, their
foundations are grounded in complex mathematical concepts that

component of the biology toolbox. There are several important
forces that drive this trend, including (1) the increasing complexity
and volume of modem imaging data (Ouyang and Zimmer, 2017);

may be unfamiliar to many chers. An ill-advised appl

of these algorithms can drastically change the underlying image
data in unanticipated and counterproductive ways. Yet, many
image processing software programs, especially commercial

quantitative

0:
ontrast effect ver- or under-estimating a feature based on surroundings | B?L“kgh“ldg tkdgt ]‘i:"ih‘;
lllusory correlation Seeing a relationship where there is no correlation _
areidolia eeing patterns that do not exist & “f
ublication bias ithholding negative results from publication S 4°’B;;t%r&ui:ggm?ms
ecency bias iving greater weight to more recent observations I ikl
election bias ocusing on a sample that is not representative

Experimenter A Experimenter B

urvivorship bias verlooking data that does not survive a selection process
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® Human Per Ception HUMAN INTERPRETATION IS BIASED BY TO THE CONTEXT

170 170

Which disk is brighter? 1% o

110 110

Which bar has a gradient?
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® Human Interpretation

SEEING IS BELIEVING, QUANTIFYING IS SCIENCE

Which disk is larger? Hallucination

Seeing the scientific
image, John C. Russ
www.drjohnruss.com

Interpretation

Seeing is believing?
Alison J. North g
Journal of Cell [ "l ~
Biology 2006 JEaes i i . right contrast

£V nim
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