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Microscopy- Imagin

g References

Day 1| 7 January 2026

08:30-09:00  Registration
Opening of the course
09:00-09:20  Welcome, presentation and general instructions
09:20-10:00  Self-presentation of students
Topic Lectures
10:00-11:00  Principles of optics |
Steffen Hartel
11:00-11:30 Coffee Break

11:30-12:30  Principles of optics Il
Ulrich Kubitscheck

12:30-14:00 Lunch Break

14:00-15:00  Microscopy tools
Steffen Hartel / Ulrich Kubitscheck

Practical Session 1

15:00-15:15  Briefing of practical activities and relevant safety measurements

15:15-18:45  Image acquisition: confocal / spinning disk / LSFM

https://meetings.embo.org/event/26optics



https://meetings.embo.org/event/26-optics
https://meetings.embo.org/event/26-optics
https://meetings.embo.org/event/26-optics

Microscopy- Imaging References

O

Hinks 2025LABI Meeting [saipatans
The Scale of the Universgips:/htwins.net/scale? UBA, Bs. Aires, Argentina

GlobalBiolmagindttps://globalbioimaging.org

LatinAmericanBioimaging-ABhttps://labi.lat/es

Sociedad Chilena de Imégenes Cientif@aShIQ@ttps://imagenescientificas.cl

MicroscopyAustraliahttps://myscope.training

Photomultipliershttps://evidentscientific.com/en/microscopeesource/knowledgehub/digitalimaging/concepts/photomultipliers

A
A
A
A
A Red de Equipamiento Cientifico Avanzado REDERAehttps:/redeca.med.uchile.cl
A
A
A

ChromeSpectraViewerwww.chroma.com/spectraviewer

ThermoFisheBpectravww.thermofisher.com/order/fluorescencepectraviewer

Software
SVI Huygens Softwamegconvolution https://svi.nl/tiki-login_scr.php
A FlJlimage processing package built upon ImageJ https:/fiji.sc
A llastik interactivelearning& segmentationtoolkit https://www.ilastik.org/ .
A b - _ 2025 SoChIC Meetin
BiolmageModel Zoo https://bioimage.io/#/models UACh, Valdivia, Chil
A CellProfiler pipelines http://cellprofiler.org
A lcy, open community platform for bioimage informatibstp:/icy.bioimageanalysis.org =
A Naparj a Pythorimagingecosystem https://napari.org Coursematerial

https://scian.cl

Optics, Forces and Development Course
2024

Optles, Forces & Development )
e
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https://www.chroma.com/spectra-viewer
http://www.thermofisher.com/order/fluorescence-spectraviewer
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The Good, the Bad and the Ugly. Helen Pearson. 2007. Nature 44Y4Q88ps://dx.doi.org/10.1038/447138a
Seeing is believing? A beginners' guide to practical pitfalls in image acquisition.

Alison J. North. 2006. The Journal of Cell Biology, 172(&nh8ps://doi.org/10.1083/jch.200507103
Computational methods for analysis of dynamic events in cell migration

V Castafieda, M Cerda, F Santibafiez, J Jara, E Pulgar, K Palma, Cur@ditBlolecular Medicine 14(2): 29307
https://doi.org/10.2174/1566524014666140128113952

Fluorescencdlicroscopy FromPrinciplego BiologicalApplications
UlrichKubitschecKEditor), 24 Edition June 201 7-ardcover ISBN: 978-527-3383%5

https://www.zeiss.com/microscopy/en/resources/insighisib/life-sciences/basicef-confocatmicroscopy.html

https://www.microscopyu.com/tutorials

http://zeiss-campus.magnet.fsu.edu/tutorials/index.html

https://www.leica-microsystems.com/sciene@b/tag/basicsin-microscopy/
Fluorescence Microscopes @LEO/Salabhtips://www.youtube.com/playlist?list=PLG8B8Uy#AZddns5nv_kZU1YOQGD4bBg
Principles of Fluorescence Spectroscdmgeph R.akowiczChapter4.1,Introductionto Fluorescence

A Global View of Standards for Open Image Data Formats and Repositories
JRSwedlow PKankaanpaalU SarkansW GoscinskiG Galloway, .NatureMethods18:14401446https://doi.org/10.1038/s41592021-01113
.

Tutorial: guidance for quantitative confocal microscopy. Jonkman, J., Brown, C.M., Wriglkt, &.2020. Nature Protocols 15: 158511
https://doi.org/10.1038/s41596020-03139
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" Latin America
Bioimaging

ExistingbioimagingtechnologiesA y / KA f S X

FONDEQUIP ...

~50 state-funded optical and electronic microscopes
FONDEQUI P (2011 Y)

https://servicios.conicyt.cl/buscadorequipos/#/search_result/microscopio
La Red de Equipamiento Cientifico Avanzado: https://redeca.med.uchile.cl

Santiago and public/private universities and institutes
concentrate the largest quantity of equipment

10 microscopes @REDECA (F-Med, UChile)

7 in CEMC and other Faculties (UChile)

6 optical microscopes + 2 TEM 2 SEM @ PUC
9 microscopes @ CMA Bio Bio (U. Concepcion)

O¢ O¢ O¢ O¢ O¢

curied

......


https://servicios.conicyt.cl/buscadorequipos/#/search_result/microscopio
https://redeca.med.uchile.cl/

...the new Chilean Society of Scientific Imaging (SoChlC) holds its first meeting ,
21-22.11.2025, Universidad Austral, Valdivia, Chile.

https://imagenescientificas.cl

Sociedad Chilena de
Imagenes Cientificas (SoChIC)

Chilean Scientific Imaging Society »

1ST ANNUAL MEETING

November 21-22, 2025
UACh - Valdivia - Chile

Speakers

Felipe Barros (USS-CECs)

Luciana Bruno (UBA) ¢

Charlotte Buckley (UMayor)

Maite Castro (UACh)

Victor Castro-Fernandez (UChile)

Miguel Concha (UChile)

Victor Hugo Cornejo (PUC)

John Ewer (UV-CINV)

Sebastian Espinoza (UTFSM)

Jorge Jara (UChile)

Federico Lecumberry (UdelaR)

Lisette Leyton (UChile)

Judit Lisoni (UACh)

Christopher Obara (UCSD)

Vicente Parot (PUC) ‘ = =)
Fabian Segovia (UdeC) (- oD,
Justin Taraska (NIH) i -
Nicole Tischler (USS-FCV) ,&r -
Leonardo Valdivia (UMayor)

Maria Isabel Yuseff (PUC)

Organizers

Sebastian Brauchi (UACh)
Mauricio Cerda (UChile)
Steffen Hartel (UChile)
Verénica Eisner (PUC)

Registration
'

Inforn_wation
(=] = [S]



https://imagenescientificas.cl/

Biomedical Imaging Confocal / Spinning Disk / Light Sheet / Whole Slide Microscopy X-Ray / CT Medical Imaging

Network Data Storage SASIBA Data Center & NLHPC High Performance Computing Data Management
2D/3D in vivo & Expansion Microscopy Local CT Stacks

Multi-Modal International Data Set

EVL & Deep Cells

Cancer Cells & Droplets

lentific mage alysis

Processing Pipeline
P. mirabilis Biofilms

N
( Manual

Registration & Restoration

MedSAM

»| Segmentation 1 Segmentation |
AA-HITL Improvement Cycle L - AL-HITL Improvement Cycle
Segmentation, Training with
3 Tracking & Motion Fields Local Data Speciallet @
p\\?P‘C Final Corrections

=2\
} Ei
Spatial-Temporal-

AC + IP +ALPACAl Mechanical Attributes —

i Resident '
Contollrs & Scetions Automated Segmentation ‘«

Expert Algorithm Workflow Localization, Shape, of Tumor Lesions Initial Corrections
O & Parameter Corrections
Al

-
\l» Topology, Organization, \2 @ lm
. DDD @ Speed, Persistence, @ O . ==
Active High Motion, Bending, Stress, High Active

Adjustment (AA) Low | Patterns, . | Low Learning (AL)

A




Welcome

ientific mage

l. Image Acquisition

la]-> Fundamentals of confocal microscopy

Ib]-> Fundamentals of fluorescence

AN

Il. Deconvolution

l1l. Segmentation

IV. Analysis

///

S~




Joaquin Torres Garcia

TO THINK IS TO
GEOMETRIZE

Geometry is like a keyboard
of languages ...

. curves (regular or not),
straight lines, angles, circles,
arcs...

... are the few universal
elements that can be used to
express everything !

Uruguay an, painter and thinker ,

Mont evi deo,

Barcel ona, Par 2 s, NY &



morphology
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Human Observers Quantitative Computational Methods

They interpret images holistically, semantically, They interpret images as high -dimensional
and contextually. numerical data.
...Integrating prior experience, clinical knowledge, ... extracting explicit, reproducible, and
patient context, and complex visual cues, often measurable statistical and geometric patterns,

implicitly. without intrinsic semantic understanding.



bso

1" paa
Vs )&ﬁz
cp 26

shape
1st ev
box length
ev/box elongation .
2nd ev compaction
box width n® of neighbours

ev flatness box single overla, 1 1 1 i i
Box flatness scdmag They interpret images as high -dimensional
ev mocd i
o numerical data

box heigth

ev rel. elongation x
box rel. elongation alignment

ev sphericity -= (1 * pa —
box sphericity =] é'::’ pa ) o )
R aeiray A T T e ... extracting explicit, reproducible, and

measurable statistical and geometric patterns,

without intrinsic semantic understanding.

Quantitative Computational Methods



L IV —— 3 . Y oY ——
Metodos IA/ Deep Learning

Interprets images as a hierarchy of automatically learned representations
Earlyl ayers Y edges, tegtrast rasts, simpl e
Intermediatel ayer s Y shapesstruduiessue patterns,
Deepl ayers Y complex signat wateosesassoci ated
The interpretation is not semantic, but functional and statistical.

Human Observers Quantitative Computational Methods

They interpret images holistically, semantically, They interpret images as high -dimensional
and contextually . numerical data.



Storage & Scientific | &Data P . Microscopy &
High Performance Computing clentiiic Image & Data Processing Physical Manipulation
o ) BED"Eg A: Registration & Restoration
- -’,ﬁﬁ'« Advanced Data & Health ¥ ¥
SASIBA S tafl Motion Estimation
egmentation ] : T
Data Center Tracking i Motion Fields Optical Tweezers
300TB # ‘ @ Droplets
192x3 GB ram .
Shape, Topology, Organization Speed, Persistence, Motion Patterns
- FRET
BioMed-HPC OI
REUNA % k SPATIAL DESCRIPTORS * * TEMPORAL DESCRIPTORS o
NLHPC 9 (LY Laser Ablation
i G
= Physical-Computational Modelling
10 Gbps ALPACA Shape Analysis

nature > nature methods » comment > article

Comment | Published: 04 May 2021

A global view of standards for openimage data formats and
repositories

Jason R. Swedlow ™ Pasi Kankaanpad, Ugis Sarkans, Wojtek Goscinski, Graham Galloway, Leonel Malacrida, Ryan P. Sullivan

Steffen Hartel, Claire M. Brown, Christopher Wood, Antje Keppler, Federica Paina, Ben Loos, Sara Zullino, Dario Livio Longo, Silvio

Aime & Shuichi Onami




Miguel Concha
Developmental Biology

(se)

image acquisition

registration & restoration

! !

motion estimation
segmentation —> .
tracking i motion fields box model
shape, topology, organization speed, persistence, motion patterns
SPATIAL DESCRIPTORS TEMPORAL DESCRIPTORS

V Castafieda, M Cerda, F Santibafiez, J Jara, E Pulgar, K Palma, ...
Computational methods for analysisof dynamic events in cell migration,
Current molecular medicine 14 (2), 291-307
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Atacama Large Millimeter/submillimeter
Array (ALMA), 66 Antenna, 5000 m

E-ELT European
Extremely Large
Telescope, 39 m, 3000 m
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Extraterrestrial Monster Science produces:
TeraB, PetaB, ExaB, ZettaB, YottaB

Metric prefixes

é Tera is a unit prefix
In the metric system

Prefix Symbol 1000™ 10" Decimal

| 1000® 102 1000000 000000 000000 000 000 septillion
‘H'ﬁ den()ting mu|tip|ication zetts 10007 102" 1000000000000000000 000 sextillion
Y ox 1000°  107% 1000000 000000 000 000 quintillion
J/ by 10E12 or 1000°  10'¢ 1000 000 000 000 000 quadrillion
! 1.000.000.000.0001 1000 10" 1000000 000 000 trillion
! giga 1000®  10° 1000000000 billion
i mega V] 1000% 10° 1000000  million
. é Tera |S derlved from kilo < | 1|:|f 1000 thousand
i , - hecto h 10< 100 hundred
Greek Uy )} Ugras), doca  d g 0 e
meaningfi monst er (e L -~ e
| centi C 221072 0.01 hundredth
¢ Tera was confirmed  [ERCRISRIN o
for use in the Sl In nano * 107® 0.000000 001 billionth

1960é . Wlkl ' pico = 1.::'E 0.000 000 000 001 trillionth

femto * 107" 0.000000 000000 001 quadrillionth
atto : & 107'® 0.000000 000000 000001 quintillionth
107" 0.000 000 000 000 000000 001 sextillionth
1072* 0.000000 000000 000000 000 001 septilionth 1991
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The Scale of the Universe https://htwins.net/scale?

Giant Earthworm

—/—{eter— d

100 meters

L

Dodo Bird

ye.com/c

artori Beach ball 1 00'3



https://htwins.net/scale2

The Scale of the Universe https://htwins.net/scale?

VAVAV

Infrared
Wavelength

Thou



https://htwins.net/scale2

—

The Scale of the Universe https://htwins.net/scale?

Mitochondrion

Clay Particle

T micromeler

X Chromosome

R

Red Light Y Chromosome
Wavelength
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| -> Fluorescence

Interactions ...

Luminescence
A intra - and intermolecular

- Fluorescence o~10 -8s produce changes ...
- Phosphorescence o ~10 -3-10°0s A spectral
A lifetimes
A polarization
A intensity ...
« b -

TRW &Y +° 0 = AVAN

Absorption / Excitation Emission



| -> Fluorescence

300nm ....................... 700nm
| | | | | | | | | | | | | | |
I I | | | I | | | 1 1 I I 1
pm nm pm mm m
rT | | | | | | | | | | | | | |
I I | | | I | I I I I | I 1
109 106 103 cml 103
n | | | | | | | | | | | | |
I | | | | I I | | | | I 1
EHz PH THz GHz
E | | | | | | | | | | | | |
I | | I I 1 1 | | | 1 |
MeV keV eV
g X | UV IR MW | RW
Internal Valenz Vibration Rotation ESR/
Nucleus Elecrtrones Molecules NMR

z
}’/ 8

Energy of a photon : (~1-5eV)

E=hn=nhclt|c=nl
n, frequency [s7]

h, Planck's constant [6.626 1034 Js1]

| , wavelength [m]

c, speed of light [~3 108 ms-1]




| -> Jablonski Diagram

Transitions T ——W

"\

radiacion

w/o radiacion

Levels :

| -> heat

-> energy

vibrational

= electronicos

transfer (FRET)

-> radicales ... STED

] 10-12s

| Internal

conversion

rI G- ﬁ
= 106 - 1s
"
i
- Pad
10-15s Absorption F.
5
—1 10-°-10-8s Fluorescence
Pad
; 10-6 - 1s Phosphorescence
XSS TEr

A
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|-> Diffraction limited Microscopy FUROSCIENCE |

INSTITUTE

ientific Image Analysis

- Photomultiplier
Detector Detector ) aser Scanning
Pinhole Confocal Microscope
Aperture — — Optical
Out-of-Focus
Fluorescence - Light Rays NG wEion
Bﬁf{gr Excitation Laser
Filter Excitation
In-Focus Source
Light Rays |
Dichromatic
Mirror Excitation

Objective Light Source

Focal
} Planes

SpeCImen [’ https://zeiss-campus.magnet.fsu.edu/print/livecellimaging/techniques-print.html



| -> Diffraction limited Microscopy

Non -geometric  optics /

Diffraction theory

PSF= |Ul 2=f(J ,)

U, Kirhoff's  Diffraction Integral

Jo, Bessel function  series

(Born & 1-1—-’6{;". Prir:fpi.srs of Optics, 6th edition 1988,
Pergamon Press)

Focd plane




PSF-Intensities

PSF-Intensities

| -> Diffraction limited Microscopy

Obj: 63Xw NA1.2 ex488 em520
dx/dy = 40 nm, dz = 120 nm

0.005 FWHM:  0.210881
0.004
0.003
0.002
0.001
0.000 =1 I I 1 L |
-04 0.2 0.0 0.2 0.4 0.6
xy-Distance
Obj: 63Xw NA1.2 ex543 em580
FWHM:  0.236668
0.004 -
0.003 -
0.002 F
0.001E
0.00057 02 0.0 0.2 0.4 0.6

xy-Distance

PSF-Intensities

PSF-Intensities

0.010

0.008

0.006

0.004

0.002

0.000

0.006

0.004
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| -> Confocal
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| -> Confocal , Spinning & Light Sheet Microscopy

Fluorescence Imaging Modes in Live-Cell Microscopy
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|-> Convoal vs Spinning Disk Microscopy
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|-> Perkin Elmer Spinning Disk  with laser ablation




| -> Deconvolution
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