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Research in Medical Informatics
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SCIAN-Lab Members

Pls o0 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



- Image Processing & Microscopy

2D/3D - Morpho-topology, Motion estimation, Tracking
2021 Frontiers in Cellular and Infection Microbiology
2020 Journal of Microscopy

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
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2014 Current Molecular Medicine

2014 Medical Image Analysis

2013 Development

2012 European Biophysics Journal

2012 PLosOne

Colocalization

2021 Traffic

2021 Cell Calcium

2017 Frontiers Molecular Neuroscience
2015 Gene

2014 Chromatine Research

2014 Frontiers Molecular Neuroscience
2012 PLosOne

(Bio)Medical Informatics

2021 Nature Methods

2021 Clinical and Experimental Dermatology I PO L
2018 PLOS Medicine

2018 Computer Physics Communications

2017 Computers in Biology and Medicine I 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

Imaged

Image




- Image Processing & Microscopy

2D/3D - Morpho-topology, Motion estimation, Tracking
2021 Frontiers in Cellular and Infection Microbiology
2020 Journal of Microscopy

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

Colocalization

2021 Traffic

2021 Cell Calcium

2017 Frontiers Molecular Neuroscience
2015 Gene

2014 Chromatine Research

2014 Frontiers Molecular Neuroscience
2012 PLosOne

(Bio)Medical Informatics

2021 Nature Methods

2021 Clinical and Experimental Dermatology
2018 PLOS Medicine

2018 Computer Physics Communications
2017 Computers in Biology and Medicine I y Il
2016 Computers in Biology and Medicine |
2015 Science Translational Medicine

2015 IPOL

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

Institut Pasteyr
de Montevid

Of Fluorescence Microscopy
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Microscopia confocal y analisis de imagenes
aplicadas a la microbiologia

22-29 Junio 2016

Instituto de Investigaciones Biolégicas Clemente Estable
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BNI ( @ SCIENCE ¥ EDUCATION INNOVATION CULTURE POSTGRADUATE ¥ ABOUTUS ¥ CONTACT :\:i:v
4

We are a scientific institution seeking to establish the

knowledge production as a fundamental engine for
the social, cultural and economic development of the
country.
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Sub-cellular | Cellular Supra-cellular
functional function development
dynamics & morphology & networks

Plasticity Systems Clinical
& behaviour neuroscience studies

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
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MOLECULAR
CELL BIOLOGY

17 groups
. [SizHaling 45 magister
‘ 52 PhD

28 postdocs

cell biology

285 s

Publications
2011-2017 Becas Puente (42/30) y Proyectos Semilla (18)
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" Latin America
Bioimaging

Tecnologias de bioimaging existentes en el pais.

. Agencia
Nacional de
22 n

FONDEQUIP ...

~40 microscopios Opticos y electronicos con financiamiento
estatal FONDEQUIP (2011 —)

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

Santiago y universidades e institutos publicos/privados
concentran la mayor cantidad de equipamiento

e 10 microscopios @REDECA (F-Med, U. de Chile)
e 7 entre CEMC y otras facultades (F-Med, U. de Chile)

e 6 microscopios opticosy 2 TEM 2 SEM a @ PUC
e 9 microscopios @ CMA Bio Bio (U. Concepcion)

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

Organizacion de la oferta nacional de training/educacion/divulgacion.
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https://www.latambioimaging.org/

GLOBAL
B | ' | M AG | N G Home What we do? Imaging Communities Contacts
growing collaboration

The international network of cutting-
edge bioimaging facilities and
communities

Exchange of Working
Experience Training Shadowing Groups

https://globalbioimaging.org
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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 !!!!



morfologia

topologia

tiempo

UNIVERSALISMO
CONSTRUCTIVO



2014 ...

(&SCiAR Concept Map AIB)

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 implicit

subjective boundaries functionals

High level image analysis tasks

Level Sets Distance Maps Meshing
leformat) 3 ntra and int reglon ), \ ! hing

netrcs

Adaptive Strategies Solvers

Indary volum erarchy, space 4 o1 Y hods, muitigrid

Low level numerical & combinatorial algorithms

High Performance Computing

cluster, muiticore processing, GPUs, .

Camputina resoaures
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2017 ...

A - Image Acquisition ) Oaianed_Hpc Connectivity & Storage R e R HPC Implementations
\\J DEDECA @ REDECA r R e by BioMed-HPC & v s @ SCIAN-Lab

Registration & Restoration

| !

Motion Estimation

Deconvolution

Segmentation —>

Tracking Motion Fields

| |

Shape, Topology, Organization Speed, Persistence, Motion Patterns

3D Adjacent
Surface Meshes

Tracking 3D
Surface Meshes

SPATIAL DESCRIPTORS l TEMPORAL DESCRIPTORS

Physical-Computational Modelling

3D Vertex
Modelling

MODELLING DESCRIPTORS

V Castaneda, M Cerda, F Santibafiez, J Jara, E Pulgar, K Palma, ... Computational methods for analysis of dynamic events in
cell migration, Current molecular medicine 14 (2), 291-307



https://scholar.google.com/citations?view_op=view_citation&hl=es&user=pC1AX9AAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=pC1AX9AAAAAJ:NaGl4SEjCO4C

2021 ...

Storage &
High Performance Computing

Microscopy &

Scientific Image & Data Processing Physical Manipulation

/A €£ REDECA Registration & Restoration - REDECA el
) . Y
75’(\% Advanced Data & Health ¢ * Advanced Microscopy ;f.’?\ﬁv

SASIBA s e Motion Estimation

egmentation ] i . .
Data Center Tracking ; Motion Fields Optical Tweezers
(]
300TB v v @A pro
plets
192x3 GB ram v , 0‘.*9
Shape, Topology, Organization Speed, Persistence, Motion Patterns
3 FRET

BioMed-HPC O‘

REUNA % * SPATIAL DESCRIPTORS v +  TEMPORAL DESCRIPTORS

NLHPC (gj g V - m gﬁ‘l Laser Ablation

ﬁ- Physical-Computational Modelling O
OElzE ALPACA Shape Analysis

A global view of standards for open image data formats and repositories JR Swedlow, P Kankaanpaa, U Sarkans, W Goscinski,
G Galloway, ..., Nature Methods, 1-7



https://scholar.google.com/citations?view_op=view_citation&hl=es&user=pC1AX9AAAAAJ&sortby=pubdate&citation_for_view=pC1AX9AAAAAJ:V3AGJWp-ZtQC

Heidelberg Collaboratory

i

for Image Processing

image acquisition

Computer Vision(Ommer lab)

Digital Image FProcessing (Jahne lab)

Image and Pattern Analysis (Schndrr lab)

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

registration & restoration

!

segmentation

|

!

motion estimation

tracking motion fields

!

shape, topology, organization

speed, persistence, motion patterns

SPATIAL DESCRIPTORS

TEMPORAL DESCRIPTORS

V Castaneda, M Cerda, F Santibanez, J Jara, E Pulgar, K Palma, ...
Computational methods for analysis of dynamic events in cell migration,

Current molecular medicine 14 (2), 291-307

box model



https://scholar.google.com/citations?view_op=view_citation&hl=es&user=pC1AX9AAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=pC1AX9AAAAAJ:NaGl4SEjCO4C

Miguel Concha
Biologia del Desarrollo

(se)

image acquisition

registration & restoration

! !

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

V Castaneda, M Cerda, F Santibanez, J Jara, E Pulgar, K Palma, ...
Computational methods for analysis of dynamic events in cell migration,
Current molecular medicine 14 (2), 291-307



https://scholar.google.com/citations?view_op=view_citation&hl=es&user=pC1AX9AAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=pC1AX9AAAAAJ:NaGl4SEjCO4C

2017 Extra-embryonic tissue spreading directs early embryo morphogenesis in killifish. German Reig, Mauricio

Qgﬁﬁf,ﬁ,cmoﬂs ¥ Cerda, Neéstor Sepulveda, Daniela Flores, Victor Castaneda, Masazumi Tada, Steffen Hartel, Miguel Concha
—— 5D in vivo Microscopy Image Processing Modelling—

N VIvo microscopy

2D x/y-image - vortex & random

Aem=520nm O strength of EVL dragging 0.8 walk models

Hypothesis Testing

full simulation wild type (-) random walk Rac1-T17N (-) border attraction e-cad-MO
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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

... Tera is a unit prefix
In the metric system

Prefix Symbol 1000™ 10" Decimal

1000  10%* 1000000 000000 000000 000 000  septillion

H'H denoting mu|tip|icati()n 2 10007 10°' 1000000000 000000 000000 sextillion
P == exe 10008 10" 1000000 000000 000 000 quintillion
4/ by 10E12 or 1000° 107 1000 000000 000 000 quadrillion
' 1.000.000.000.000'1 1000° 10" 1000000 000000 trillion
! giga 1000°  10° 1000000000 billion
i mega i 10007 10° 1000000  million
. ... Tera Is derived from kilo | m'f 1000 thousand
§ , hecto h 104 100  hundred
Greek T1épag (teras), deca TS 10 ten
meaning “monster”. = L = oe
i centi C 21072 0.0 hundredth
. Tera was confirmed  ECRCREECN =
for use In the Sl In nano = 10" (.000000 001 billionth

1960.... Wiki ! pico ~107'% 0.000000 000001 trillionth

femto *107"% 0.000000 000000 001 quadrillionth
atto : g 107"¥ 0.000000 000000 000001 quintillionth
107" 0.000 000 000 000 000 000 001 sextillionth

1072% 0.000000 000000 000000 000 001 septillionth
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The Scale of the Universe https://htwins.net/scale2

T millimetro
107-3 metros

Pixel de LCD @

Grano de arena

Acaro del polvo

Bacteria mas Grano de sal
arande
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The Scale of the Universe https://htwins.net/scale2
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The Scale of the Universe https://htwins.net/scale2

Particula de arcilla

1 micrometro

7o\ Cromosoma X

0.000001 m s

Longltud de onda
de la luz violeta

VAVAY,

Longitud de onda Cromosoma Y
de la luz roja
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redeca.med.uchile.cl

INSTITUTO
DE CIENCIAS
BIO M E DICAS FA(.I.ll'ADD.[ MEDICINA

| /
(/r\h\ E( A Inicio  Quienes somos  Unidades de Servicios v Contacto

Bienvenid@s a REDECA

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

i REDECA... haz ciencia con nosotros !



|-> Perkin Elmer Spinning Disk with laser ablation
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|-> Deconvolution

box model

box length
box h|ght
box width

box elongation
box flatness
box entropy
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' |-> Perkin Elmer Spinning Disk with

Micropoint Laser Ablation.

2021 RyR-mediated Ca2+ release elicited by neuronal activity induces nuclear Ca2+
signals, CREB phosphorylation, and Npas4/RyR2 expression P Lobos, A Cdrdova, |
Vega-Véasquez, OA Ramirez, T Adasme, ... Proceedings of the National Academy of
Sciences 118 (33)

2021 Ryanodine receptor-mediated Ca2+ release and atlastin-2 GTPase activity
contribute to IP3-induced dendritic Ca2+ signals in primary hippocampal neurons,
OA Ramirez, A Cérdova, M Cerda, P Lobos, S Hértel, ... Cell Calcium 96, 102399

10 pm



' |-> Perkin Elmer Spinning Disk

Austrolevias Nigripinnis, Microinyeccion mRNA para la expresiéon de LifeAct-GFP
(actina). migracién de Deep Cells (DC) a través del Enveolpping Layer (EVL). (G.Reig)
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SCIAN-Lab Leica TCS LSI Super Zoom Spectral Confocal + Superresolution Optical Fluctuation Imaging SOFI



FWHM [nm)]

Scale bar: 250 nm

Jorg Enderlein
Gottingen

10 15
cumulant order

Mayor Challenges:
- vibrations
- computational backbone

- sustainability

rl‘lﬂl‘...'J




Couve-Lab PALM Vtarar 200, Bliplane 3D



H2B-mCherry

crestin::GFP

merge

Pulgar, Keller, Concha,

4 } lllumination

~7

<

lllumination

Figure 1| Four-lens SPIM setup

Ulrich Kubitscheck Jan Huisken
Bonn Dresden

00:00:00

unpublished
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merge

crestin::GFP

H2B-mCherry

Pulgar, Keller, Concha, unpublished
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¢ Qué hay de la conectividad a gran escala en alta resolucion?

Si no puede mejorar su éptica, amplie la muestra.

La Microscopia de Expansién puede ampliar el cerebro del pez cebra
por factor 4.

Karina Palma
Leo/SCIAN
U-Chile

Juan Eduardo Rodriguez
Kubitscheck-Lab
Bonn University
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¢ Qué hay de la conectividad a gran escala en alta resolucion?

Si no puede mejorar su éptica, amplie la muestra.




Zebrafish: Pineal complex

Video of a 3D view comprising 1687 slices. Volume size 1133 x 954 x 954 um?3 (~113 GB) g




Hetz-Lab: Drug Discovery

Natural Chilean compounds

Preclinical models

SCIAN-Lab: Digital Pathology

RESEARCH APPS

High Speed Whole Slide
Imaging
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Digital Patholoy
Quantitative Microscopy
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CENTRO DE ESF DIGITALES

- = 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 Medicing, Universidad de Chile. CEDAI analiza imégenes
de los diferentes parémetros del espermiograma que son enviadas a nuestra centro via internet con
algeritmos mateméticos que han side estandarizados y validados en la dlinica

Ganadores de Premios Internacionales

@ Premio Ibercamericano a la Innovacién y el Emprendimiento 2012

@ Premio Vision Emprendedora 100k i des.

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.

Servicio disponible en latinoamérica

Gracias a que nuestro sistema esta basado en tele-analisis, CEDAI puede ser utilizado desde cualquier lugar del mundo con conexién a
internet.

Donde y Como hacerse Infertilidad Factor Masculino Diagndstico
un examen

CEDAI Spa, SpinOff creado 2012

Uno de los dos ganadores de los Premios
Iberoamericanos de Innovacion y Emprendimiento 2012

drD

CENTRO DE PATOLOGIA DIGITAL ASISTIDO POR INTERNET

VirtualMicro

Cursos MicroMundo Contacto

Bienvenido

Microscopia Virtual para Docencia!

Esta plataforma web, tiene como finalidad entregar una
herramienta basada en la digitalizacion de imagenes histolégicas 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... —

VirtualMicro | Design by vM

@ Mosstra @ Digitalizacicn @ Cuantificacidn @ Visuelizzciin

CPDAI Digital Pathology as a Service
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l. Image Adquisition

lal]-> Fundamentos de la microscopia confocal

lb|-> Fundamentos de la fluorescencia
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Il. Deconvolution

lll. 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
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René Descartes (1596-1650)

BIOMEDICAL

EUROSCIENCE |

INSTITUTE

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

Treatise of man (~ 1637)

Passions of the soul (~ 1649)

|

B



® Laboratory for B|UI\-’I EDICAL ({Jg%)/

& EURQOSCIENCE (

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.

':.-|;|i-- T
allb Y

glandula pinealis / pineal organ
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Analysis

Scientific Image

Humas vs machine vision

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

QO

BIOMEDICAL ~ <fgb
FUROSCIENCE
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Myoglobin in Action |Picosecond Laue Crystallography Diffraction Data
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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.

NAOS creates an artificial star at 90 km altitude in the Earth’'s mesosphere.
The Laser Guide Star is used to correct atmospheric effects
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The VET Platform at Paranal
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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.
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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.
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A Diffraction limits the resolution

Bertocchi, Cristina & Goh, Wah & Zhang, Zhen &
Kanchanawong, Pakorn. (2013). Nanoscale Imaging by
Superresolution Fluorescence Microscopy and lts
Emerging Applications in Biomedical Research. Critical
reviews in biomedical engineering. 41. 281-308.
10.1615/CritRevBiomedEng.2014010448.
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Bo Huang, Hazen Babcock, Xiaowei Zhuang, Breaking the Diffraction Barrier: Super-Resolution Imaging of Cells, Open Archive Published:December 17,

2010 DOl:https://doi.org/10.1016/j.cell.2010.12.002



https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://www.cell.com/fulltext/S0092-8674(10)01420-0
https://doi.org/10.1016/j.cell.2010.12.002
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Seeing is believing? A beginners' guide to practical pitfalls in image acquisition. Alison J. North. 2006 The Journal of Cell Biology, 172(1):9-18

https://rupress.org/jcb/article/172/1/9/52153/Seeing-is-believing-A-beginners-guide-to-practical

THE JOURNAL OF CELL EIDLOGY
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The objective lens is the
most critical component
of a microscope and yet
few researchers grasp
the differences between
specific objective classes.

“When youemploy 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 guantitatively
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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Seeing is believing? A beqginners' quide to practical pitfalls in image acquisition. Alison J. North. 2006
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