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Contenidos
« Fundamentos de microscopia optica

« Conceptos de microscopia optica masiva y
subdifraccion (stper-resolucion) *
« Analisis de estructuras en imagenes digitales|
« Interpretacion de informacion morfologica, -
topologica y dinamica en imagenes biologicas
y biomédicas
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procesamiento de imagenes, seminarias denirgde

marco de los practicos y seminario bibliogréfice
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Procesamiento de Imagenes y Biosenales I & II
| 1 de Septiembre - 14 de Diciembre 2018, SCIAN-Lab & BNI, Facultad de Medicina, U-Chile |

FACULTAD DE MEDICINA
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m VERINIOECHS.

Procesamiento de imagenesy
Biosenales iyl

LUTSos de postgrano

Contenidos
« Fundamentos de microscopia optica

« Conceptos de microscopia optica masiva y
subdifraccion (stper-resolucion)

007 Curso Microsco « Andlisis de estructuras en imagenes digitales|
« Interpretacion de informacion morfologica,
topologica y dinamica en imagenes biologieas /.
y biomédicas

Informaciones en:
->
-> courses

-> 2018 Curso PIB

Notas:
Practicos (25%)
Seminarios (25%)

Examen Final (50%)

4 Grupos a 6 Cabezas:

- Seminarios Practicos

10 min presentacion por cabeza !!!
- Seminarios Bibliogréficos

10 min presentacion +

10 min preguntas y discusion
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Basic Science Scientific Platforms Human Capital Formation & Institutes
Research in Medical Informatics

FONDECYT FONDEF DAAD / DFG / STIC-AMSUD / NIH ICM / ICBM
CONICYT CORFO

SEIANAAA K XACL DG

SCIAN-Lab Members

Pls [ X Biophysics / Computer Science

PostDocs / Young Academics 00000 Biology / Computer Sc/ Electric Engineer / Mathematics
PhD - students 0000 Computer Sc / Electric Engineer / Biochemistry

Master - students 00000... Medical Technology / Electric Engineer / Medical Informatics
Undergraduate 0000 Computer Science/Biology

Research — Assistants 00000 Medicine / Computer Sc/ Electrical Engineer / Biology

Technicians 000 Biotechnology / Labtechnician / Administration



TERMINOLOGIA FARMACEUTICA CHILENA.

InnovaChile/CORFO Bienes Publicos Estratégicos.

EXZELLENZZENTRUM SANTIAGO DE CHILE-HEIDELBERG | y II:

Diseno de un modelo de PRESTADORES DE SALUD en Chile.
InnovaChile/CORFO Bien Publico Estratégico de Alto Impacto.

Center of Excellence for Innovative Research and Education

Medical Informatics, DAAD 2009/2014 y 2014/2019

CHIP / PAGEL: CHILEAN HEALTH INFO AND PROCESS CHALLENGE
Partnerships for the Health Sector in Developing Countries. DAAD: 2016 — 2019

2017 Healthier World Challenge Grant, Johns Hopkins University

-> FONDECYTs como Pls / 3 FONDECYTs como CO-Is, Anillos, ...

-> Telemedicina HCUCH/CIMT.

-> CENS: Centro Nacional en Sistemas de Informacion en Salud.

-> 2 Cursos Anuales Pregrado Medicina en Informatica Medica y Telemedicina.

-> Cursos e-learning, histopatologia virtual U-Chile-UMAG.

-> Escuelas de Verano y Diplomas en Informéatica Medica.
-> Tercera generacién del Magister en Informatica Medica 2018:

https://youtu.be/L2rQNpKfuOw
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® UNIVERSIDAD DE CHILE
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https://youtu.be/L2rQNpKfuOw

- Image Processing & Microscopy

2D/3D - Morpho-topology, Motion estimation, Tracking
2018 Immunobiology

2017 Brain

2017 Nature Communications

2017 Developmental Dynamics

2016 Journal of Physics: Conference Series

2016 Cell Reports

2016 Pathogens and Disease

2015 Acta Tropica

2015 J of Clinical and Experimental Pathology
2015 The American Journal of Tropical Medicine
2014 Current Molecular Medicine

2014 Medical Image Analysis

2013 Development

2012 European Biophysics Journal

2012 PLosOne

2011 J Microbiol Methods ...

Colocalization

2017 Frontiers Molecular Neuroscience
2015 Gene

2014 Chromatine Research

2014 Frontiers Molecular Neuroscience
2012 PLosOne

2011 JBC

2011 Arthritis & Rheumatism

- (Bio)Medical Informatics

2018 PLOS Medicine I PO L

2018 Computer Physics Communications
2017 Computers in Biology and Medicine | y Il . Image Processing On Line
2016 Computers in Biology and Medicine |

2015 Science Translational Medicine

2015 IPOL

2013 IEEE Transactions on Pattern Analysis ...
2013 Biological Cybernetics

2013 Reproduction, Fertility Development
2012 Machine Vision Applications




- Image Processing & Microscopy

rocessing and Analysis e
2D/3D - Morpho-topology, Motion estimation, Tracking Of Fluorescence Microscopy
2018 Immunobiology mages
2017 Brain
2017 Nature Communications
2017 Developmental Dynamics OPTICS, FORCEST
2016 Journal of Physics: Conference Series &DEVELOPMEN /

2016 Cell Reports

2016 Pathogens and Disease

2015 Acta Tropica

2015 J of Clinical and Experimental Pathology
2015 The American Journal of Tropical Medicine
2014 Current Molecular Medicine

2014 Medical Image Analysis

2013 Development aplicadas a la microbiologia
2012 European Biophysics Journal 2590 Juniio 2016

2012 PLosOne Instituto de Investigaciones Biologicas Clemente Estable
2011 J Microbiol Methods ...
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2017 Frontiers Molecular Neuroscience
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2016 Computers in Biology and Medicine |
2015 Science Translational Medicine
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2013 IEEE Transactions on Pattern Analysis ...
2013 Biological Cybernetics

2013 Reproduction, Fertility Development
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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

... Tera is a unit prefix Metic prefixes

in the metric System Prefix Symbol 1000™ 10" Decimal

H denOting mu|tip|icati0n yotta Y 1000° 4 1.000000 000 000 000000 000 000  septillion

) Rp—— e 10007 102! 1000 000 000 000000 000 000 sextillion 1991

J/ by 1OE12 or e 1000% 1078 1000000 000000000000 quintilion 1975
s 1.000.000.000.000! peta 1000° 10" 1000 000000 000000 quadrilion 1975

! tera 1000% 1072 1000000000000 trillion 1960
I giga 1000*  10° 1000000000  billion 1960
|. Tera iS derived from mega M 10002  10° 1000000  million 1960
| , K 1000 10° 1000 thousand 1795
Greek TEPAC (teras), ecto h 10002 102 100 hundred 1795
: “ ” decs a 1000™ 1o 10 ten 1795

meaning “monster”. N o

I 10007"% 107" 01 tenth 1795
. centi c 100072% 1072 0.01 hundredth 1795
Tera was Conflrmed milli 100077 107% 0.001 thousandth 1795

fOf use |n the SI |n micro 10007 107 0.000001 millionth 1960
-y - nanao 10007 107% 0.000000 001 billionth 1960
1960.... Wiki !

pico 10007 107'% 0.000000 000001 trillionth 1960
femto 10007 107'% 0.000000 000 000 001 quadrillionth 1964
atto - 10007 107'% 0.000000 000000 000001 quintillionth 1964
10007 107" 0.000000 000000 000 000 001 sextillionth 1991
10007 107** 0.000000 000000 000000 000 001 illionth 1991
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Comité Académico / Advisory Board
F-Med, HCUCH, ICBM, REUNA, INC/GOCCI, NLHPC

CIMT

Centro de Informatica Médica & Telemedicina
Director/Subdirector Steffen Hartel / Mauricio Cerda

Area Gestién de Informacién en Area Diagnéstico y Tratamiento Area Telemedicina
Salud Computarizado Victor Castarieda (Subdirector), Maria
Paulina Pino (Subdirector), Rodrigo Martinez, Rodrigo Assar (Subdirector), Mauricio Cerda, Loreto Rodrlg,uez, .Patr|C|a ,Gomez, Eugenia
Sandra de la Fuente, Stefan Sigle Paulina Ruiz, Jocelyn Dunstan Diaz, limena Lopez

-—

Unidad Centro de Dato (F-Med, STI, NLHPC): Investigacion y Servicios de Almacenamiento y Procesamiento de Datos BioMed-HPC

Unidad Formacién de Capital Humano / e-Learning (F-Med): Double Degree MIM, Diplomados, Summer Schools, Apps ...

Unidad Living Lab (HCUCH): Espacio para investigacion e innovacion en escenarios reales ...
Servicios

Investigacion y Desarrollo
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Sub-cellular | Cellular Supra-cellular

Plasticity Systems Clinical

papstiona fEEEEED e R Ent & behaviour neuroscience studies

dynamics & morphology & networks

Image and signal processing

Biomathematics

Biomedical informatics & telemedicine Applied
Neuromedicine
&
Technology
I Neurodegenerative disease (ALS, Parkinson, Alzheimer)
Psychiatric diseases (Schizophrenia) I

Students - Postdocs - Young investigators - Clinicians - Entrepreneurs

Advanced instrumentation - Animal facilities - Communications & events - Scientific & innovation


http://www.bni.cl/
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Servicios Quiénes Noticias FAQ- Foro Acceso Privado

Espermiogramas de Precision Somos

Centro de Espermiogramas Digitales Asistidos por Internet

CEDAI surge de una investigacion en la Facultad de Medicina, Universidad de Chile. CEDAI analiza imagenes
de los diferentes parémetros del espermiograma que son enviadas a nuestro centro via internet con
algoritmos matemdticos que han sido estandarizados y validados en la clinica.

es de Premios Inter

@ Premio Iberoamericano a la Innovacion y el Emprendimiento 2012,

@ Premio Vision Emprendedora 100k Santander Universidades.

Espermiograma Actual

Se realiza de manera visual, existiendo una alta variabilidad entre diferentes laboratorios sin controles de calidad. CEDAI resuelve esos
problemas, entregando un servicio con resultados estandarizados, confiables y reproducibles.

e T Tl o [ .
P en ica

Gracias a gue nuestro sistema estd basado en tele-andlisis, CEDAI puede ser utilizado desde cualquier lugar del mundo con conexién a

internet.

Dénde y Como hacerse Infertilidad Factor Masculino Diagnéstico
un examen

N arversionn @® Spin off y Servicios

VirtualMicro

|
Cursos MicroMundo Contacto

Bienvenido

Esta plataforma web, tiene como finalidad entregar una
herramienta basada en la digitalizacion de imagenes histologicas y
la microscopia virtual, para ser utilizada en la creacion y realizacion
de cursos de histologia y patologia. Sus principales objetivos son,
entregar acceso expedito al estudiante al material educativo, sin
restriccion de tiempo y desde cualquier lugar.

Si estas interesado en crear tus propios cursos en esta plataforma,

puedes solicitar mas detalles escribiendo en nuestro formulario de contacto.

Escribenos aca... —

CENTRO DE
‘ ° I MT INFORMATICA MEDICA
Y TELEMEDICINA

Microscopia Virtual para Docencia!

VirtualMicro | Design by vM
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VirtualMicro: vm.scian.cl

Primera iniciativa en Chile de
plataforma virtual para ensefanza en
histopatologia.

Aaciin b hlorhd fot b cubnta

Aplicado en tres Universidades i

Chilenas, el Salvador, Brazil. R
e —
Universidad de Chile u
Implementacién rapida y concor- OEEA
. . CHILE
dante con los requerimientos de los
usuarios.

La plataforma de MV apoya en forma
efectiva la docencia universitaria.




—

redeca.med.uchile.cl

INSTITUTO
DE CIENCIAS
BIO M E DICAS FA(}JIIAD DE MEDICINA

| /
C " | ECA Inicio  Quienes somos  Unidades de Servicios v Contacto

Bienvenid@s a REDECA

REDECA provee apoyo tecnolégico, acceso y acompaiiamiento en el uso de servicios y
equipos avanzados. Usuarios de la institucidén y externos pueden solicitar asistencia para la
seleccion de servicios o equipos adecuados a sus desafios experimentales, el
almacenamiento y el anélisis de sus datos.

i REDECA... haz ciencia con nosotros !



‘ Beneficios ...

... para el usuario de equipos y servicios

‘ ... facil acceso a equipos, soporte técnico y diseno experimental.
‘ ... facil cotizacion, facturacion y traspaso interno.
‘ ... apoyo formulacién de proyectos de investigaciéon y equipamiento.

Unidades de servicios

Unidad de Microscopia

Unidad de Citometria

Unidad de Ultracentrifugacién

Unidad de Datos
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SCIAN-Lab: BioMedHPC connects via 10 Gbps F-Med, FCFM, STI, REUNA

NLHPC Associated Institutions

I Universidad Catdlica
] del Norte (UCN) | ™~

Universidad Santa
Maria (USM)

Universidad de Chile

(UChile)
Institution

E
Universidad de
Santiago (USACH)

Universidad de Talea |-~
' ’l (UTalca)
n Red ‘ P
& = Universidad de la |
Frontera (UFRO)
] Other Chilean
Insti to be
l added ...

Y

A

/7 National Laboratory
7 /// or High Performance
7777 Compaims

7 chie

Leftraru

CLUSTERNLHPC

2640
cores

56Gbps
infiniband
FOR

Red de Biologia
Computacinn\ de



Joaquin Torres Garcia
Uruguayo, pintor y pensador,

Montevideo, Barcelona, Paris, NY ...

PENSAR ES GEOMETRIZAR

La geometria es como un
teclado de lenguajes ...

... curvas, regulares o no,
rectas, angulos,
circunferencias, arcos ...

... son los pocos elementos
universales con que se
puede expresar todo !!!!
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Scientific Image Analysis

& - CTAN Concept Map J\ I 1—3

Mathematical Computational Methods for Microscopic Image Analysis

Skeletonization Optical Flow Active Boundaries Mumford-Shah
mesh contraction, point clouds, parametric, implicit, motion parametnc and implicit boundary Ambrosio-Tortorell, Chan-Vese,
estimation, tracking, ... models, snakes, AASM, parametric and implcit

subjective boundaries, functionals ..

-

High level image analysis tasks

Level Sets Distance Maps Meshing
PDI diffusion, deformation, ntra and inter reglon, ‘ |, discrete on marching cubes, ROI stacking,

netrcs

Mid level mathematical-computational methods

Adaptive Strategies Solvers

Graph Algorithms

grapt impling, shortest path

boundary volume hierarchy, space gradient methods, multigrid, matrix

partition, surface Tairng, mesh decomposition, cellular automata

ninimum spanning tree
ompressed level sets, Lattice Boltzmann

N

Low level numerical & combinatorial algorithms

High Performance Computing

cluster, multicore processing, GPUs, ..,
\ Comnutina lowurj
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HPC Implementations

T = Image Acquisition M- Connectivity & Storage
( /REDECA —> S 2 @SCIAN-Lab

@ REDECA S by BioMed-HPC

Registration & Restoration

| |

Motion Estimation

Deconvolution

Segmentation —>

Tracking Motion Fields

| |

Shape, Topology, Organization Speed, Persistence, Motion Patterns

> 3D Adjacent
Surface Meshes
Tracking 3D
Surface Meshes
> 3D Vertex
Modelling

»

SPATIAL DESCRIPTORS l TEMPORAL DESCRIPTORS

Physical-Computational Modelling

MODELLING DESCRIPTORS



Miguel Concha
Biologia del Desarrollo

Heidelberg Collaboratory

i

for Image Processing

L vy g

Computer Vision{Ommer lab)

Digital Image Processing (Jahne lab)

Image and Pattern Analysis (Schndérr lab)

Image Processing and Modelling (Garbe lab)
rMultidimensional Image Processing (Hamprecht lab)

box model




Miguel Concha
Biologia del Desarrollo

(=)

image acquisition

registration & restoration

! !

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

Castafieda et al 2014




Morpho-genetic mechanisms, form, function in developmental biology

Transgenic flh::GFP
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Original Data Deconvolved Data
(www.svi.nl)
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Kass M. et al (1988) Int. J. Comp. Vis. 1:321-331.
Xu & Prince (1998) Signal Processing 71: 131-139. 2D 3D
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box model

box length
box hight
box width

box elongation
box flatness
box entropy

‘;:‘ 2 :\ ’::' ,f;h“' -
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26 28 30 32 34 38 time (hpf)

a0

59 Ry m9 X
54

I D N B s e—— —




Laboratory for 1,5 ( ) |I"-. .I | ) | C :_'._. |

| ROWSWCTERCE
-

ientific mage

7N p ! aPiCa[

N & >
1 e -
1 : ;
3 '
i .
1
X A
' :
! A
! . :
, X I
! . 1 Claudin
1 i | \
; 1
1
l :

EOS) «———
; i Actin /
: : ' cytoskeleton — o
] l JAM
i 1
: ; ’ MUPP1
- PATJ o

~
! PALS1
‘ /
-~
otein
-

Par6 <> Par3

':PKC/ \

Tiam1

/

Rac




—

natre — =
COMMUNICATIONS ¥

5D in vivo Microscopy Image Processing Modelling—

iN VIivo microscopy

2D x/y-image - vortex & random
Aem=520nm O strength of EVL dragging 0.8 walk models

Hypothesis Testing

full ssmulation (-) random walk Rac1-T17N (-) border attraction e-cad-MO



Scientific Background on the Nobel Prize in Chemistry 2014

SUPER-RESOLVED FLUORESCENCE MICROSCOPY

Photo: Matt Staley/HHMI
Eric Betzig

Prize share: 1/3

®© Bernd Schuller,
Max-Planck-Institut

Stefan W. Hell
Prize share: 1/3

Photo: K. Lowder via
Wikimedia Commons,
CC-BY-SA-3.0

William E. Moerner

Prize share: 1/3



Scian/Leo-Lab: Perkin ElImer Spinning Disk with laser ablation
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SCIAN-Lab Leica TCS LSI Super Zoom Spectral Confocal + Superresolution Optical Fluctuation Imaging SOFI



Couve-Lab PALM Vtarar 200, Bliplane 3D



FWHM [nm]

Scale bar: 250 nm

Jorg Enderlein
Géttingen

10 15
cumulant order

Mayor Challenges:
- vibrations
- computational backbone

- sustainability
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H2B-mCherry

crestin::GFP

v/

Ulrich Kubitscheck
Bonn

merge

00:00:00

Pulgar, Keller, Concha, unpublished

lllumination

i

g

lllumination
Figure 1| Four-lens SPIM setup

Jan Huisken
Dresden

|
m{
= Detection




00:00:00

merge

crestin::GFP

H2B-mCherry

Pulgar, Keller, Concha, unpublished




Hetz-Lab: Drug Discovery

Natural Chilean compounds

SCIAN-Lab: Digital Pathology

PHOTON |§ OUR BUSINESSI2225-01/02
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BIOMEDICALNEUROSCIENCE INSTITUTE

CHILE
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Preclinical models

High Speed Whole Slide
Imaging

Digital Patholoy
Quantitative Microscopy

Medical Education &
Outreach

R&D: Applied Science
Impact on Health System

Impact on Public Opinion
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I. Image Adquisition

N

II. Deconvolution

III. Segmentation

IV. Analisys

\
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I. Image Adquisition

I.a|-> Fundamentos de la microscopia confocal

I.b|-> Fundamentos de la fluorescencia

N

II. Deconvolution

III. Segmentation

IV. Analisys

\
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“It is very easy to answer many
of these fundamental biological
questions. You just look at the
thing !

Make microscopes a hundred
times more powerful and many

problems of biology would be
made very much easier."

Richard Feynman (1918-1988)



cienti

fic Image Analysis

René Descartes (1596-1650)

BIOMEDICAL

EUROSCIEMCE

INSTITUTE

... just look at the thing ...
¢ Human visual perception ?

Treatise of man (~ 1637)

Passions of the soul (~ 1649)

|

i



T BIOMEDICAL {‘%

& EUROSCIENCE (

o . ‘ INSTITUTE
Scientific Image Analysis )

A combination of ...

1| direct signals ...

2| signals from other senses ...

3| feedback loops ...

... produce a symbolic
representation of an object.

e N

glandula pinealis / pineal organ
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Humas vs machine vision

Best resolution in t & x ... ||
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OTF: Object/Optical Transfer Function

X2,
BIOMEDICAL &/
FUROSCIENCE
NSTITUTI

o
N

T A,

Myoglobin in Action |Picosecond Laue Crystallography Diffraction Data

Schotte et al (2003) Science

object OTF 0bject:l:mage OTF1

0bjectModeI

1-ps laser pulse
N MbCO
Cryo~\ rystal L
stream i
150-ps "\ >
X-ray pulse Y -
< MAR CCD

« |2, o
- =os + “'ig:;’,'ﬁ " | detecior
o) patlem | @ 132.5mm
X-ray |_L
collimator reh
S ~
goniometer L (
head X-ray beamstop
3 50 mm
rotation axis e i I

AL
F helix

100 ps

Phe29

B helix

T before photolysis

@ after photolysis
10A

http://www.youtube.com/watch?v=InKIBZYarzM
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Diffraction Limited Resulution for a 10m telescope ~ A/D ~ 0.01 arcsec

is limited to ~ 0.5 arcsec by the turbulent atmosphere.

NAQOS creates an artificial star at 90 km altitude in the Earth’s mesosphere.
The Laser Guide Star is used to correct atmospheric effects

0bject OTF object:l:mage OTF1 objectlvlodel

e

The VET Platform at Paranal
(Evening of November 25, 2001)

2.3 arcsec
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Diffraction Limited Resulution for a 10m telescope ~ A/D ~ 0.01 arcsec
is limited to ~ 0.5 arcsec by the turbulent atmosphere.

object OTF object:l:mage OTF-1 objectlvlodel

Hubble

The VLT Platform at Paranal
(Evening of November 25, 2001)
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Confocal Microscopy | From Geometric Optics to Diffraction Theory
Diffraction: The deviation of an electromagnetic wavefront from the path predicted by geometric optics
when the wavefront interacts with a physical object such as an opening or an edge.

0bject OTF object:l:mage OTF1 objectlvlodel

©
=
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E Seeing is believing? Alison J. Morth, The Journal of Cell Biology, Vol. 172, No. 1, January 2, 2006 9-18

THE JOURMNAL OF CELL EIOLODGY

Seeing is
believing?

A beginners’
guide to
practical pitfalls
in image
acquisifion
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TooaT-13

e U w a m aal
l .E=.=u.u.=xmm::: I

The objective lens is the

most critical component
of a microscope and yet

few researchers grasp
the differences between

specific objective classes.

L ) s Herpdess sy pgsnp e

“When you employ the
microscope, shake off
all prejudice, nor
harbour any favorite
opinions; for, if you
do, ‘tis not unlikely
fancy will betray you
into error, and make
you see what you wish
to see.” Henry Baker,
chapter 15, "Cautions in

viewing objects” of The

Microscope Made Easy, 1742.

Keep the acquisition
settings constant
between specimens to be
compared quantitatively
and particularly between
sample and control.

“Remember that truth
alone is the matter that
you are in search after;
and if you have been
mistaken, let not vanity
seduce you to persist in
your mistake.” Henry
Baker, The Microscope Made
Easy, 1742.

|
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Galileo Galilei (1610)

Hans Janssen (1595), ....
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Interacciones ...
e intra- e inter moleculares ...

Luminescencia:

- Fluorescencia At ~ 10-8s

- Fosforescencia At~ 10-3-10°s producen cambios ...

e espectrales

e tiempos de vida
e polarizacion

e intensidad ...

« at -

Absorcion / Excitacion Emission
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Boonm. ........................................................................................................................ -
L | S S
pm nm pm mm m /
y
Vot —t——— i ————————
109 106 103 cml 103 ) )
Vo L Energiade un fotdon: (~1-5eV)
EHz PH THz GHz E — h v = hC?L_l | C = v 7\~
B ] v, frecuencia [s]
MeV keV eV h, constante de Planck [6.626 10-34 Js!]
A, longitud de onda [m]
c, velocidad de luz [~3 108 msY]
v | X | uv R | MW | RW Energia molecular:
E=Eqx + By *+ Eq
1 . 103 : 50-103
Internal Valenz Vibration Rotation ESR/ Enercna termica:
Nucleus Elecrtrones Molecules NMR E=kT (~2 5102eV. T ~20°C)

k = Constante de Bolzmann (0.86 10 eV/K)
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Transiciones: , con radiacion

_ _ BIOMEDICAL g
|-> Jablonski Diagram NEUROSCIENGE, |
Niveles: —— vibracionales
sin radiacién |y -> calor — electrénicos

-> transferencia de energia (FRET)
-> radicales ... STED

&0y

S, = g; ‘
| 10-12s
) N‘I’v" — AE(‘I’v',‘Pv")
' Conversidn interna N exp B
Yv
S, 3 - 10-8s

10-15s Absorci

10-°-108s Fluorescencia

H

S

106 - 1s Fosforescencia

:

A v
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Frank Condon :
‘Transiciones entre niveles
electronicos ocurren mucho mas

\ — e répido que movimientos de nicleos
- =]
,3"'5\-—- Y, moleculares.’
7 7 V=5 o
§ 1,5 " (mMasagectron , Masasm: 1 : 2000)
% ¢ 3 bg 0 d -> Mirror Image Rule
L
—
l -
\ P _
\\ s xﬁ 5 Stokes (Shift) :
W, N ' V" 'La energia de emision es menor a
v=3 N Z 1/ 2 la energia de excitacion.’
Yyao 0

Distance [r]
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[a—y
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"Principles of Fluorescence Spectroscopy” Chapter 1

www.scian.cl -> Courses -> Optics, forces & development | Santiago de Chile 14-29 de
Enero 2013, Facultad de Medicina, U-Chile |

|-> Quenching, Bleaching ...
|-> Polarisation ...
|-> Steady-State and Time-Resolved Fluorescence...

|-> FOrster Resonance Energy Transfer ...

Sekar and Periasamy (2003) FRET microscopy imaging, JBC, Volume 160, Number 5, 629-633

Feige et al (2005) PixFRET, an Image] plug-in for FRET calculation which can accommodate variations in
spectral bleed-throughs MICROSCOPY RESEARCH AND TECHNIQUE 68, 51-58

Vogel et al (2006) Fanciful FRET. Cell Signaling Technology
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Detector (PMT)

Emission filter
Pinhole

Dichroic mirror
Beam expander

Laser

Microscope objective

Focal plane

Background - A

/

Detection volume

¢
A
&S

EUROSCIENCE

)

S g
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Rebanada optica en um, modificable segun Airy units del pinhole

http://www.leica-microsystems.com/science-lab/confocal-microscopy-optical-path/
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Scientific Image Analysis

From Geometric Optics to Diffraction Theory:

Diffraction: The deviation of an electromagnetic
wavefront from the path predicted by geometric optics
when the wavefront interacts with a physical object such
as an opening or an edge.

Aperture

Optical aixs

Figure 2.1 Diffraction of a converging spherical wave at a circular aperture
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Optica no-geométrica /

Teoria de difraccion

PSF = |U|2=f(],)
U, Integral de Difraccion de Kirhoff

Focd plane

Jo, Serie de funciones de Bessel

(Born & Wolf, Priniples of Optics, 6th edition 1988,
Pergamon Press)
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| Best localization: confocal microscopy

focal xy plane

convencional

/

confocal

Optics: Zhenll Huang
Photography: Ciceron Yanez
Date: Oct. 25, 2006
University of Central Florida
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Fluorescein
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| Diffraction limited microscopy

E. abbe (t 1505)

L2 NA ~ A/ 2 Resolution (Full Width at Halft Maximum, FWHM )

FyyHM /L2 Localization, N number of photons

Localization ~ SE

*s NN z l Obj: 63Xw NA12 ext8l em520
. - o DOBRG 776
. focal xy plane 0008 chisg: 3A7710e-009
5 . FWHM: 0211175
- . i e j ey S Ll
= b .
E 0003 | |
E i Fesolution
& mo Pt M
2 apon LI%EK
Ilm
:rr-Dltlm:u [urn]

conventional [ confocal
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PSF-Intensities

PSF-Intensities

Laboratory for

|-> Diffraction limited Microscopy

cIlmage Ana 3
Obj: 63Xw NA1 2 ex488 em520
dx/dy = 40 nm, dz = 120 nm
0.005 FWHM: 0210881
0.004
0.003
0.002
0.001
0.000 = 1 1 1 1 |
-04 02 00 02 04 06
xy-Distance
Obj: 63Xw NA1.2 ex543 em580
FWHM: 0.236668
0.004
0.003
0.002 -
0.001F
0.00053 -0.2 0.0 02 0.4 06

xy-Distance

PSF-Intensities

PSF-Intensities

0.010

0.008

0.006

0.004

0.002

0.000

0.006

0.004

0.002

BIOMEDICAL &%
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Obj 63Xoil NA1.4 ex488 em520

0.000

_ FWHM:- 0181533
04 _0.2 00 0.2 0.4 0.6
xy-Distance
Obj: 63Xoil NA1.4 ex543 em580
FWHM: 0.205059
04 0.2 00 02 0.4 06

xy-Distance
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Diffraction limits the resolution
of light microscopy

Sizes of various biological entities

10 um

and the diffraction limit
Diffraction limit
fum s 100nm 10nm 1nm1A

EUROSCIENCE
INSTITUTE
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M Goeppert-Mayer M Gustafson S Hell
1906-1972 1960-2011 MPI Goéttingen

BIOQUANT Hdg

FWHM(xy) ~ A/2 ~ L\/4
o " T

. \ LRI
. - ARlalninin .

i ] ..’HHH'H

2-photon SIM STED

€5

BIOMEDICAL 5
EUROSCIENCE £

INSTITUTE

E Betzig
Janelia Farm

PALM
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’ CLSM ‘ STED CW-STED ‘ 3D-SIM | PALM/STORM
~hem [nm] ’ 460-670 ’ 670 520 ‘ 620 520 460 670 520
zh (PSF)
(PSF, reconstructed)
B -
' ' (Localization precision)
100 nm - y I I
0 106 nm X
~D,, [nm] 180-250 60 70 130 110 100 30
~D, [nm] 500-700 700 560 340 280 250 140 (TIRF-range)
Ve 108 < um?) 10-23 1.3 1:5 3.0 1.8 13 0.1

Schermelleh et al 2010 JBC
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AFM allows the investigation of
structural and functional
properties of biomolecules in
liquid environments, by a
unique combination of :

Imirr(%
‘? ______ ———— — — — —rlaser diode ]

Y

. PSPD
\ 7 detector

C h S o4

anti/eVer . 7
= : sample

PZT
scanner

BIOMEDICAL \m?
FUROSCIENCE
INSTITUTE

e subnanometer spatial resolution

e millisecond temporal resolution

e piconewton force sensitivity
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Scan

Direction

Al

o 4 T

®*pPPC Lyso-PC  PA

...........

Inveried Up

neaflln s

M Grandbois et al. (1998) Biophys J.
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cientific Image Analysis )
Obj: 63Xw NA1.2 ex488 em520
d)!fdy ZV:IO nm, SJZ( = 1§3ﬁnm Obj 63Xoil NA1.4 ex488 em520
0.005 FWHM: 0.210881 0.010 FWHM:-  0.181533

) ) C

9 o0.004 @O o0.008
= = C
7] 7] s

€ 0003 C 0006F
Q © C
e} = -

£ o002 £ o004
L LL r

) 0.001 ¥ o.o002fF
a o -

0.000 04 02 0.0 02 04 0.6 000053 -0.2 0.0 0.2 0.4 0.6
xy-Distance xy-Distance
. Obj: 63Xoil NA1.4 ex543 em580
Ob;j: 63P nx,ﬂh:‘_m -%ez"ggg’s‘zmwo FWHM: 0.205059

0.004 ) ' 0.006 —
8 . oos g
= 0.003F ° i

‘@ E ‘@ 0.004—
C E C -
D o002F 9 -
L= E < L

] s T 0.002—

L E L
W 0.0015— W -
o E o B
0.00057 02 0.0 0.2 0.4 0.6 0-000 =47 0.2 0.0 0.2 0.4 0.6

xy-Distance xy-Distance
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exc

Stokes:  Agye <
n(A

exc) -

|-> Convolution
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Figure 2.5 System diagram of a

onfocal epi-fluore
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e micros Cope.
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PSF:
Axy ~ 500 nm | Az~ 1500 nm




PSF: Point Spread
Function

f: Object Function
b: Offset Function
I: Image Matrix

N: Noise Function

. BiomEDICAL &/
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N(PSF(Xx,y, z) ® f(x,y, z) + b(X, Y, 2)) = (X, Y, 2)

Objeto borroso Imagen con
Objeto (f) PSF®f+b ruido (1)

\ 4
— Deconvolucion —

Resultado ~ f
Mejor representacion
de larealidad
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raw image

.""é..
&
i
l!
‘v‘
%
i
15&
X
.
b >
b W

|-> Deconvolution

mage

deconvolution ROl active contour ROI

holes SEV z=7.41pum

z=16.18 ym

z=17.86 um

BIOMEDI

e \. - : '~ -~ \/"' .
raw data \\ / deconvoled data ® i h
» () v

\

o
-

\ » ]
Ve rah Voarah ~,

T P

(X
surface U o active surface

Ty I'.a"

polygon '\?": e model \

LSS G —Wﬂ e - e \
: 2-phase sphere "{¥

sphere 5o ‘ ;

a

projection © &% projection ¢ &%
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PSF: Point Spread N(PSF(x,y, z2) ® f(X,y, 2) + b(X,y, 2) =1(x, v, 2)
Function
f: Object Function # confocal
© widefield
b: Offset Function © nipkow Select one
Calculator O ap
l: Image I\/Iatrix Mumerical aperture 1.3
N: Noise Function Excitation wavelength 435 {nm}
Emission wavelength R20 {nm}
Number of excitation photons 1
—P» Backprojected pinhole radius 250 {nm}
B.P. distance between pinhales 253 Only for Mipkow disks {pm)
Lens medium refractive index 1515
Specimen medium refractive index |1.45
Acguisition depth I {pm)

™ calculate also PSF

http://support.svi.nl/wiki/NyquistCalculator



PSF: Point Spread
Function

f: Object Function
b: Offset Function
I: Image Matrix

N: Noise Function

- BIOMEDICAL &%
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N(PSF(X, Yy, 2) ® f(X,y, z) + b(X,y, 2)) =1(x, v, 2)

Backprojected
confocal pinhole , — 4
4 —— tical
i . |
b\__\\ l.
1‘\(‘ — y
\\\ : /7//«
\

= “’(lc "-V_r(:?-t

piv hale

http://support.svi.nl/wiki/NyquistCalculator



PSF: Point Spread
Function

f: Object Function
b: Offset Function
I: Image Matrix

N: Noise Function

|-> Pinhole

N(PSF(X, Yy, 2) ® f(X,y,z) + b(X,y, 2)) =1(x, v, 2)

Biorad

* Biorad MEC 500 600 and 1024
+ Biorad Fadiance

Leica

¢ Leica confocals TCS 4d, SP1 and WT
¢ Leica confocal 2P2
¢ Leica confocal 2P5

Nikon

o TEZ000-E with the 1 scantng head

http://support.svi.nl/wiki/NyquistCalculator

BIOMEDICAL

¢
A
&S

EUROSCIENCE

INSTITUTE

Olympus

* Clympus FYW 300
o Olympus FYVH00
¢ Olympus FYV 1000

Zeiss

* Zeigs LEMA10 mverted
¢ Zeizs LEWIS10




TR : BIOMEDICAL &%
& |-> Noise FUROSCIENCE

INSTITUTE

atistica
IySICS

Informa
Theo

Literature: eg. Noise Theory and Application to Physics: Philippe
Réfrégier, Springer
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PSF: Point Spread N =1(x, Y, 2)
Function

Ko
f: Object Function P(p,u) = F'e
b: Offset Function 1.E:y:02,sd=c7:\/6=\/;
I: Image Matrix 2. counting: ﬁi\/f
N: Noise Function 3. Poisson(discrete) — Gauss(continuous) : z — oo

- Black Body Irrdiation
(Poisson)

0.15 —
- Detector Noise 0.12 - — B
(Gauss) 0.09 - B

P
0.06 1
0.03 1
DDO J AN N O N I T [P T R R T TN T W
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The Signal to Noise ratio (SN) is a num-
ber not always easy to estimate. The easi-
est way to obtain some fi gureis to look at
the textures of bright areas in your object
image. In the fi gure at left you see aam-
ples of such textures obtained from origi-

nall}; the same DhjECT in'lage to which Figure 9, I]‘nages with different generated
various levels of poisson noise were noise levels
added.
100 80 5  202707ul + 10.9131fsd| | 30.7007(u-0ffSet] | 144 8050) + 271501 (od)
§ 80 g 60 - & 60 3
60 ] = 3
= £ 40 - £ 40 -
o 40 1 o 1 o ]
g 20 | g 20 g 20 -
B R e = L o o 1L L o 3
200 220 240 180 200 220 240 100 150 200
Image Values Image Values Imaae Values
I 1 229 I 1 200 I 1 139
O 1/(72 75 O 1/(72 10 (o) 1/62 27
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Relative intensity

—-— H | ¥ " 1 -
|-> Nyquist /Shannon Theorem EUROSCIENCE
INSTITUTE
3 b} 9
1t
081 150 150 + 150 +
06|
1 100 | 100
2
04t 2
50 F 50 ¢
02f
"'u"""""'""""L—"D"'AU ] 50 1tlm 15:0 0 50 1&:0 1.:30 D 50 100 150
0.25 0.5 075 1 1235 15 175 Pinels Pixels Pixels
Oversampling Cormect sampling Undersampling

- Undersampling looses structures.
- Oversampling waists memory/computation time.

The '‘Nyquist /Shannon Theorem® or ‘Sampling Theorem® for the
digital sampling of analogue signals suggests a Nyquist rate NR > 2v ?

! Diffraction theory calculates lateral NR ~ 20 pixel/pm(~50 nm/pixel) !
... laxial NR ~ (~150 nm/pixel)
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PSF: Point Spread N(PSF(x,y, z) ® f(x,y, z) + b(X, Y, 2)) =I1(X, Y, 2)
Function
f: Object Function # confocal
" widefield
b: Offset Function Gl select one
Calculator O ap
l: Image Matrix Mumerical aperture 1.3
N: Noise Function Excitation wavelength 4a8 {nm’)
Emission wavelength l {nm})
Mumber of excitation photons 1
Backprojected pinhole radius 250 {nm}
B.P. distance between pinholes 253 Cnly for Nipkow disks {pm)
Lens medium refractive index 1.515
Specimen medium refractive index |1.45
Acquisition depth I {pm)

I calculate also PSF

http://support.svi.nl/wiki/NyquistCalculator
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PSF: Point Spread N(PSF(x,y, z2) ® f(x,y, 2) + b(X,y, 2) =1(x, v, 2)
FunCtlon Myguist sampling (x,v,z in nm): 46, 46, 165

f: Object Function
b: Offset Function
I: Image Matrix

N: Noise Function

http://support.svi.nl/wiki/NyquistCalculator
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Index of refraction: n = (e p)t/2 = c/v,

¢ electric permittivity and u magnetic permeability.

Snell's Law:

sin®; n; = sin ©, n,

o 1.518 [Zeiss Oil]
o 1.33 [Water]
o 1.0008 [Air]
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Refractive Index:

RI = n;/n,=v,/v,

Shell's Law:

sin®; n, = sin 6, n,
n=n(\)!
o 1.518 [Zeiss]

5 1.33 [Water]
° 1.0008 [Air]

Fig. 1. Geometry when focusing with refractive index mismatch.

(Egner et al 1998)
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@ Micro-esfera: J =6 gym

cover n,
(150 pm)

agua/aceite -- aceite/aceite

ny# N, n;, =N,

Ley de Snell: n;- sin®; = n, - sin®
n=n(iA)!
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LASER The observation volume (femtoliter) defined by the Point

Spread Function must be considered as a mini-
sprectrofluorimeter.

1. You need to consider the Offset I(0) in order to calibrate
your signal I(0) > 0 !

2. Never saturate the signal: I <1, (255 for 8 bit) !

Fluorescence |mr
Intensity F(t)

150

100

50

Distance [pm]

/ @ OBSERVATION
—— VOLUME

FOCAL VOLUME
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3. You need to consider sampling distances in Ax and Ay =~ 50
nm and Az =~ 150-300 nm for later deconvolution, or
calculate the explicit sample distances @
http://support.svi.nl/wiki/NyquistCalculator

L DET

K

i

Fluorescence

Intensity F(t)
Obj: 63Xw NA12 ex488 em520
sd: 00896776
0.005 chisq: 347710e-009
S FWHM: 0211175
o 0004
R
OBSERVATION 2 oo
———  VOLUME 2
— 0002
L
[da]
o

Y =—— FOCAL VOLUME

I’ i 0.001
0000753 02 00 02 04 08

xy-Distance [um)]
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LASER

L1

L2

'S
Fi
=
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DET

l

Fluorescence
Intensity F(t)

OBSERVATION
VOLUME

FOCAL VOLUME
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4. Use the right inmersion setup !
nl =n2!

Keep refractive index / index of refraction constant !

@ Micro-esfera: & = 6 um

cover
{150 rx13)

n,

objective

agua Aceite -~  Aceite/aceite

ny # 1, ny = mn,
Ley de Snell: n, -sin®; = n, -sin®),

n = n(A) !

)
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I. Image Adquisition

I.a|-> Fundamentos de la microscopia confocal

? B I.b|-> Fundamentos de la fluorescencia

II. Fundamentos de la Deconvolution

Para prufundizar: ver literatura en la pagina,
prepasos y practicos !




