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Welcome



This workshop and the summer
school will contribute to establishing
the frequency-domain approach

to photosynthesis as an essential
complement to the widely used
techniques that characterize the
dynamics of photosynthesis in the
time domain.

Alternating electric currents and alternating electromagnetic
fields revolutionized physics and engineering and led to many
technologies that shape modern life. Despite these indisputable
achievements, which have been reached using stimulation by
harmonic oscillations over centuries, applications in biology
remain rare.

Photosynthesis research is uniquely suited to unleash this potential
because light can be periodically modulated like currents or fields
in physics.

Implementing, exploiting, and understanding the response of
photosynthetic organisms to periodically modulated light is
hindered by the complexity of dynamics that such light elicits and
by the mathematical apparatus required for understanding the
signals in the frequency domain, which, although well-established
and straightforward, is outside typical curricula in biology.



Workshop

The workshop will consist of sessions dedicated to:

» Introduction to photosynthesis sensing in the frequency domain.

« Is the information obtained in the frequency domain equivalent or
complementary to the time domain methods?

+ Opportunities for instruments tailored to the frequency domain
in comparison to instruments that were originally developed only
for time-domain measurements.

« Can the light-use efficiency of plants and algae in modulated light
exceed that in constant light of the same average photon flux
density?

« Can measurements in the frequency domain yield a higher

discriminative power than the time domain in sensing plant
stress?

« Dynamics and mechanisms of non-photochemical quenching in
oscillating and fluctuating light.

Summer School

The summer school will offer junior researchers an introduction
to the theoretical and methodological fundamentals required to
understand plants’ and algae’s dynamic responses to oscillating
and fluctuating light.

The introduction will be elemental and accessible to students of
diverse backgrounds, but a willingness to explore the wonderful
mathematical tools supporting the approach will be assumed.

Lectures on experimental approaches that use already available
DREAM-developed, commercial, and DIY instruments will also be
offered. Some instruments will be available on-site for inspection
and discussions between the students and developers.
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Monday 25 August

8:00 - 9:00

9:00 - 11:30

9:00

9:30

10:00

10:30

11:00

Workshop Session 1

Opening
Moderated by Uwe RASCHER

Welcome address and the DREAM project presentation
Ludovic JULLIEN

Title pending
David KRAMER, Ludovico CARACCIOLO

Elevator-pitch presentations with specific suggestions for workshop orientation

Alternating current biology: Photosynthesis in oscillating light
Ladislav NEDBAL

11:30-13:00

11:30

12:00

12:30

Workshop Session 2

Mathematical models to understand photosynthetic responses to oscillating
and fluctuating light
Moderated by David KRAMER

Elevator pitches associated with Workshop Sessions 2 and 3

Mathematical models of photosynthesis
Dusan LAZAR

Basic DREAM model
David FUENTE

13:00 - 14:00

13:00 - 16:00

Summer School A

Basics of the frequency-domain exploration
Organized by Marcelo ORLANDO (Benjamin BAILLEUL)
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16:00 - 16:30

16:30 - 18:00

16:30

17:30

Workshop Session 3

Data-driven system identification
Moderated by Dusan Lazdr

Identifying frequency-domain models: A case study and best practices
Maarten SCHOUKENS

A comparative overview of system identification approaches for complex
phenomena in photosynthesis
Tim NIES

18:30 - 20:00

Social exchanges, visiting, and dinners in the town

20:00 - 22:00

Summer School B

Practical demonstrations of instruments
Organized by lan COGHILL (Alfred HOLZWARTH)
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Tuesday 26 August

9:00 - 13:00

9:00

9:30

10:00

10:30

11:00

11:30

12:00

Workshop Session 4

Dynamics and mechanisms of non-photochemical quenching of higher plants
in oscillating and fluctuating light
Moderated by Alfred HOLZWARTH

Elevator pitches associated with Workshop Sessions 4 and 5

Which novel information on non-photochemical quenching and regulation do we get
from modulated actinic light measurements?
Alfred HOLZWARTH

Identifying and quantifying different processes during induction and relaxation of
non-photochemical quenching
Herbert van AMERONGEN

The site and formation of the gE state in plants
Alexander RUBAN

Beyond two-dimensional NPQ: Exploring the spectral properties of NPQ by time-
resolved spectroscopy
Maximiliano CAINZOS

Round-table discussion to identify research targets to access by experiments in the
frequency domain

13:00 - 14:00

14:00 - 16:00

Summer School C

Identifying frequency-domain models: Theory and methods
Organized by Maarten SCHOUKENS

16:00 - 16:30
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16:30 - 18:30

16:30

17:00

18:00

Workshop Session 5

Dynamics and mechanisms of regulation of algae and cyanobacteria in
oscillating and fluctuating light
Moderated by Benjamin BAILLEUL

Physical properties of the photosynthetic complex that are thought to contribute
to quenching
Makio YOKONO

Short talks

Round-table discussion to identify model amendments to simulate in silico
dynamics of NPQ and other regulatory mechanisms in different organisms

18:30 - 23:00

Social exchanges, visiting, and dinners in the town

20:30 - 21:30

Summer School D

Practical demonstrations of instruments
Organized by lan COGHILL (Christof KLUGHAMMER)
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Wednesday 27 August

9:00- 11:00

9:00

9:10

09:30

10:00

Workshop Session 6

The field / greenhouse applications connecting the frequency- and time-
domains of sensing: Stress sensing in the frequency domain
Moderated by Uwe RASCHER and Shizue MATSUBARA

Elevator pitches associated with Workshop Sessions 6

Putting frequency domain fluorescence measurements into context: A short
overview on commonly used fluorescence approaches
Uwe RASCHER

The sound of photosynthesis: From signal patterns and frequency analysis to
practical applications
Zuzana BENEDIKTY et al.

Sensing the dynamic response of photosynthesis to abiotic stressors with forced

oscillating light
Andrea LODETTI

10:30 - 11:00

11:00 - 13:00

Interim Workshop Session

Adjust further workshop targets and prepare for the conclusions and outlook

Round-table discussion for swot analysis: Strengths, weaknesses, opportunities,

threats of the frequency-domain
Approach
« For stress sensing in greenhouse and field conditions

« For plant phenotyping and breeding

» Where is more value, in the hardware or the data and knowledge?

+ Is the emergence of the frequency-domain approaches another opportunity for a

shift to low-cost, open hardware, and community-driven science and technology

projects in agriculture and biotechnology?

13:00 - 14:00

14



14:00 - 19:00

Excursions

« Bus tour to ALGATECH - The Centre of Algal Biotechnology in Trebon
« Guided walking tour in the town and castle

« Rafting on the Vltava river

20:30 - 21:30

20:30

21:00

21:10

Summer School E
Open hardware
Organized by Aliénor LAHLOU and David COLLIAUX (Greg AUSTIC)

Five short talks on open hardware and community-driven science projects
Moderated by Greg AUSTIC

DREAM and open hardware
Aliénor LAHLOU

Panel discussion
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Thursday 28 August

9:00- 11:00

9:00

9:30

10:00

10:30

11:00

11:30

12:00

12:30

Workshop Session 7

The light-use efficiency in oscillating and fluctuating light
Moderated by Ludovic JULLIEN

Session introduction
Ludovic JULLIEN/Ladislav NEDBAL

Relating the kinetics of photosynthetic electron transport to a flux; more
complicated than it seems!
Jeremy HARBINSON

Genetic approaches to improve photosynthetic productivity under light fluctuations
in plants and algae
Tomas MOROSINOTTO

Unicellular algae: Photosynthesis under periodic light exposure
Yair ZARMI

Plant acclimation to fluctuating light frequencies influences plant antenna size and
NPQ dynamics
Yuxi NIU

Practical considerations for experimental realizations
lan COGHILL, Aliénor LAHLOU

Round table: What’s next?

13:00 - 14:00
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14:00 - 15:30

14:00

14:30

Summer School F

Data management
Organized by Aliénor LAHLOU and William GAULTIER

Interactive introduction to data management and presentation.
Aliénor LAHLOU

Data management in the DREAM project: Practical application and dataset
access session
William GAULTIER

16:30 - 18:30

16:30

17:00

18:00

Workshop Session 8

Community-driven science
moderated by David COLLIAUX and David KRAMER

Presentation of community-driven science
David COLLIAUX

Understanding the responses of photosynthesis under global, real-world dynamic
environmental fluctuations using the OpenJll science platform
David KRAMER

Panel discussion

20:30 - 21:30

Workshop Dinner
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Friday 29 August

9:00- 10:30

9:00

9:40

Workshop Session 9

Machine learning
Moderated by David COLLIAUX and Aliénor LAHLOU

Introduction to machine learning in the time and frequency domains
David COLLIAUX

Application of machine learning to fluorescence data
Aliénor LAHLOU

10:00 - 10:30

10:30-13:00

Workshop Session 10
Conclusions, outlook
Moderated by Ladislav Nedbal

Round-table discussion: Seed questions may include those identified in the interim
session on Wednesday, for example:

+ Is the information obtained in the frequency domain potentially richer/poorer/
complementary to the time domain? Pros and Cons?

+ Is remote sensing in the frequency domain already a realistic approach?

« What are the benefits of spectrally resolved methods?

« What are the benefits of imaging?

« Sensing and storing time-series or only Bode plots?

+ PAM or direct?

» What other reporter signals should be measured together with ChlF?

+ Is an enhancement of plant growth in oscillating light realistic?

The final list of seed questions for the concluding discussion will be decided by
participants during the workshop.

13:00 - 14:00

14:00 - 14:30

18
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Luis
Alonso

Mediterranean Center for
Environmental Studies
Valencia, Spain

University of Helsinki
Finland

alonso@ceam.es

| am a physicist with a strong background on experimental physics
and hyperspectral optical sensing. My main research has been focused
on the development of ESA’s Fluorescence Explorer (FLEX) mission
from the beginning. This led me to the development of algorithms,
techniques and instrumentation for the remote passive measurement
of chlorophyll fluorescence spectrum. My experiments included the
integration of passive and PAM (active) fluorometry. Nowadays, my
aim is to integrate sun-induced fluorescence measurements with eddy
covariance flux towers.

In the workshop, | will address:

« How does the quality of the light (colour composition) affect the
photosynthetic efficiency and the implications on the interpretation
of single (or altered) colour measurements?

« How photoprotection mechanisms affect the fluorescence emission?

« How to minimize alterations to plant functioning while measuring?

Arviandy G.
Aribowo (Andy)

Department of Electrical Engineering,
Control Systems group, Eindhoven
University of Technology

the Netherlands

a.g.aribowo@tue.nl

Arviandy Aribowo currently works as a postdoctoral researcher.

He obtained his PhD degree in Mechanical Engineering from the
Eindhoven University of Technology (TU/e) in 2024. Prior to starting
his PhD research, he worked as an instrumentation and automation
systems engineer for processing facilities of oil-gas exploration and
production companies in Indonesia. His current research interests
are modeling and optimization of the photosynthesis process and
drilling mechanics.

In the workshop, | will address:

« What are the best practices for collecting and preprocessing data for
system identification in photosynthesis?

« Can frequency response functions be used to classify plant photosyn-
thetic behaviors across species or genotypes, e.g., via identifying the
linear and nonlinear regimes of the fluorescence responses with the
frequency-domain analysis?

« What limitations arise when applying black-box versus grey-box
modeling approaches to plant systems? How does NPQ respond to
different frequencies of light modulation, and what are the dominant
time constants involved?

« What are the technical limitations of current instruments in capturing
high-resolution frequency data? What are the challenges in translating
controlled-environment findings to field conditions ? 20



Zuzana
Benedikty

Photon Systems Instruments
Drasov, Czech Republic

benedikty@psi.cz

My academic background combines both physics and biology,
with a master degree in Biomedical Physics. Since 2003, | have
been active in the field of photosynthesis research. For over 15
years, | have been part of Photon Systems Instruments, where |
lead the Testing and R&D Laboratory, manage customer support,
and oversee sales and marketing strategies.

In the workshop, | will address:

« What is the potential of the frequency-domain signals in stress
sensing and phenotyping?

« What is the real potential of use of harmonically modulated light
to enhance photosynthetic efficiency and influence metabolism
like stimulation of metabolites or secondary metabolites
production?

Maximiliano
Cainzos

Umea Plant Science Center,
Umea University
Sweden

maximiliano.cainzos@umu.se

During my PhD, | was trained as a biochemist focused on diatoms
OXPHOS. | became fascinated by a peculiar aspect of these
organisms: the mitochondria-chloroplast cross talk. This fascination
led me to shift my focus to light-harvesting reactions to gain a
broader understanding of how photosynthesis works. In recent
years, | have been actively studying the light reactions by combining
reverse genetics with time-resolved spectral fluorescence. My work
explores topics that may shift our current perspective on NPQ.

In the workshop, | will address:

« What causes the emergence of new emitting species during NPQ?

« Does the occurrence of slowly sustained quenching always
indicate photoinhibition?

« How does NPQ affect the functional antenna size of PSlI in-folio?

« Do we need to rethink NPQ?

21



Anna
Calabritto

Vrije Universiteit Amsterdam
The Netherlands

a.calabritto@vu.nl

I am a PhD candidate in the group of Prof. Roberta Croce. | have a
background in biology and biotechnology, with a particular focus

on plant science. During my time in Amsterdam, | have become
increasingly familiar with how plants respond to fluctuating light
conditions, especially in terms of photosynthetic regulation. The
main goal of my PhD project is to characterize the role of LHCIl in the
photosynthetic response to light oscillations in plants.

In the workshop, | will address:
« What are the advantages and limitations of using frequency-domain
protocols to probe the regulation of photosynthesis across species?

« What are the key differences between PAM fluorometers and DREAM
instruments for frequency-domain experiments?

« What software tools are commonly used to analyze frequency-
domain data, and how user-friendly are they for biologists?

« How do long-term acclimation processes affect short-term frequency
responses in photosynthesis?

« Can frequency-response traits be integrated into phenotyping
pipelines for crop selection or stress resilience assessment?

Ludovico
Caracciolo

Jan IngenHousz Institute
Wageningen, the Netherlands

ludovico.caracciolo@jii.org

| am a plant eco-physiologist trained in biophysics after doing
studies in environmental sciences. | like electronic and programming
especially to build instrumentations that | then can use in my
research. I’'ve built system to control light setup to fluctuate light and
modulated spectrometers to measure photosynthetic parameters on
light-exposed leaves. My topic of research have been light harvesting
and its conversion to chemically fixed energy.

In the workshop, | will address:
+ How to control a dimmable light system to create custom
light pattern.

« How to measure chlorophyll fluorescence under oscillating
light at kilohertz frequencies.

« Can oscillating light be used to measure chlorophyll
fluorescence lifetime (and change)?

22



Maélie
Chazette

Paris-Saclay University
Orsay, France

Institute of Integrative Biology
of the Cell (12BC)
Gif-su-Yvette, France

maelie.chazette@i2bc.paris-saclay.fr

| am a first year PhD student under the supervision of Dr.

Anja Krieger-Liszkay. | studied plant physiology and am now
working on photosynthesis, more specifically of the electron
transport chain. | am focused on understanding its regulation
and its effect on chlorophyll fluorescence. | rely on chlorophyll
fluorescence measurements in order to better understand
what is happening inside the plant.

In the workshop, | will address:

« What impact does the pH gradient have on the electron transport
chain other than NPQ?

« How can we improve PSI fluorescence monitoring ?

« Isit possible to finally reach a consensus when it comes to the
interpretation of the OJIP curve ?

lan
Coghill

CNRS
Paris, France

ian.coghill@ens.psl.eu

I am an engineer trained in chemical and biomedical engineering.
My doctorate and first postdoc position involved developing a low-
cost 3D retinal imaging instrument. At present | am mostly building
optical instruments, developing imaging protocols, and performing
optical simulations, in the frame of the DREAM project.

| propose to contribute:

« A detailed description of the development of the DREAM
macroscope instrument, designed for applying the DREAM
protocols on plants, and a demonstration of its capabilities.
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David
Colliaux

Sony CSL
Paris, France

koddda@gmail.com

| am a researcher at Sony CSL working on computational agroecology,
that is digital tools for sustainable agriculture. | am interested in
robotics, machine learning and modelling in biology in particular for
photosynthesis.

In the workshop, | will address:
« What are the machine learning algorithms adapted to the frequency
domain?

« Can non-linearity in the PETC be harnessed for enhancing
photosynthesis?

« How to build a tool for community-driven science?

Kayla
(Michaela)
Crosbie

Molecular Plant Biology
University of Turku, Finland

mmcros@utu.fi

I am a molecular biologist in the first year of my PhD working on
identifying and characterising novel ion channels on the thylakoid
membrane of Synechocystis sp PC6803. Secondary to this, my primary
interest is the proton motive force (pmf) and its role in regulation of
bioenergetics in cyanobacteria.

To learn in the workshop:
« Understand how frequency-domain measurements can reveal
dynamic ion transport and pmf modulation.

« Learn to interpret frequency-domain data and engage with the
mathematical principles behind it.

« Connect with instrument developers to explore how these tools
could be applied to cyanobacterial systems.

« Apply the theoretical knowledge gained during these sessions to
developing methods for electrochromic shift measurements in
Synehcocystis.
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David
Fuente

Palacky University
Olomouc, Czech Republic

Universidad Politécnica de Valencia
Spain

dafueher@hotmail.com

I am a chemical engineer trained in systems biology with a
strong emphasis on interdisciplinary modelling. | have been
devoted in the last years to metabolic engineering, modelling of
cyanobacteria at cell and culture-scale, and forest dynamics.

I am keen on employing biostatistical methods for data analysis
to integrate them into mechanistic models to better understand
complex biological systems.

In the workshop, | will address:

« Which system identification techniques are suitable for
improving photosynthesis performance under oscillating light?

« Which features should be incorporated into a comprehensive
electron transport chain model under oscillating light?

« How do we integrate metabolism with photosynthesis
modelling?

« What is the predictive power of omics data for photosynthesis?

William
Gaultier

Sony CSL
Paris, France

william.gaultier@sony.com

I’m a database developer and | have a background in computer
science and more particularly data engineering. My current job is
to develop tools to make experimental data from photosynthesis

research accessible, organized, and interoperable. | build databases

and user-friendly tools that allow all project partners, researchers,
biologists and modelers to share and access experimental results.

In the workshop, | will address:

« What tools can be deployed to share experimental data among
partners of a research project without requiring significant
database engineering skills ?

25



Jeremy
Harbinson

Laboratory of Biophysics,
Wageningen University
The Netherlands

jeremy.harbinson@wur.nl

My PhD was in plant ecophysiology, particularly of photosynthesis

- my first paper in 1984 was on photosynthetic responses in the

field to simulated sunflecks. | gradually shifted more towards the
environmental physiology of photosynthesis once | moved to the John
Innes Institute (they did agriculture), and became more interested in
the operation and regulation of photosynthesis in folio and the design
of instruments to help with measuring photosynthesis in folio.

In the workshop, | will address:

« How do we best characterize and summarise the responses of
photosynthesis to fluctuating light.

« What are the limits to responses?

« How do we translate dynamics to the steady-state - what do kinetics
mean for things like carbon gain?

« What are the links between responses to dynamic irradiance other
aspects of plant environmental physiology

« What about evolution?

Ludovic
Jullien

Département de chimie,
Ecole normale supérieure,

PSL University, Sorbonne Université,

CNRS
Paris, France

ludovic.jullien@ens.psl.eu

| am driven by a strong interest for the triple interface between
Biology, Chemistry, and Physics, with expertise in Systems
Chemistry, Supramolecular Chemistry, Biophysical Chemistry,
Analytical Chemistry, and Thermokinetics. We recently developed
protocols for multiplexed fluorescence bioimaging, which exploit
the dynamics of the photoreactions of the fluorophores; we are
now willing to challenge them for interrogating the physiological
state of photosynthetic organisms within the DREAM EIC
Pathfinder Open project.

In the workshop, | will address:

« Can we exploit the fluorescence response of photosynthetic
organisms to modulated illumination for selective stress sensing?

« Can we exploit the dynamics of photosynthesis regulation for
enhancing the light-use efficiency of plants?
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Radek
Kana
Institute of Microbiology,

Centre ALGATECH
Trebon, Czech Republic

Univiversity of South Bohemia
Ceské Budé&jovice, Czech Republic

kana@alga.cz

I am a biophysicist with a long-term interest in photosynthesis
and microscopy. During my research career, | have studied both,
photosynthetic function (photoprotection, electron transport)
and the organization and mobility of proteins in thylakoids.

In recent years, | have aimed to link between photosynthetic
function with the spatial organization of thylakoid membrane
proteins into microdomains at single-cell level. For that purpose,
| have actively adapted advanced microscopic methods to study
photosynthetic proteins (Airyscan-super-resolution, FRAP, FCS,
RICS) in different photothrophs (e.g. cyanobacteria, cryptophytes,
red algae etc.).

In the workshop, | will address:

« Is photosynthetic function (electron transport, photoprotection)
linked to proteins localization in microdomains?

« Does proteins localization (PSI domains) or slow mobility
(in seconds) affect measured/modelled photosynthesis for
bulk data?

« Are sub-cellular (e.g. microdomains) or cell-to-cell
heterogeneities relevant for measured/modelled photosynthesis
in isogenic photothroph populations (algae, cyanobacteria)?

Christof
Klughammer

EOM, Im Biefang 22
Rheinfelden, Germany

christof.klughammer@gmx.de

| am a physicist working in photosynthesis research since 1987. Since

2000 | am developing self-employed methods and instruments for

photosynthesis research. My scientific focus is on quantum efficiency

of PSI and PSIl and on redox changes within the electron transport
chainin intact systems.

In the workshop, | will address:

« Which results can we expect from measurements in the frequency
domain region 10 kHz > f>10 Hz?

« What can we learn from chlorophyll fluorescence measurements
during single turnover flashes?

« Is the Genty-expression for the PSlI-quantum efficiency (Fm’-F)/Fm’

still valid?
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David
M. Kramer

Jan IngenHousz Institute
Wageningen, The Netherlands

david.kramer@jii.org

Dave changed his life focus the day he realized that the world was
changing so fast that photosynthesis might not be able to catch up.
Dave started to ask himself new questions beyond basic research, like:
How does photosynthesis limit productivity? Can we help solve world
problems by making photosynthesis more efficient or more resilient?

In the workshop, | will address:

A lifelong journey of constant innovation and science followed

to build the tools to see photosynthesis work in the real world,

in diverse plants, in real environments as it occurs. We need new
approaches to science. We need to involve many people across the
world, from engineers, scientists, mathematicians, plant breeders
and farmers. Farmers’ input, what happens in their fields, is essential
to solving the problem.

Aliénor
Lahlou

I am a multi-disciplinary researcher working as an invited researcher
at ENS-PSL and research associate at Sony CSL.I develop new
instrument and methods to query plants with light and collect their
fluorescence in order to learn about their health status.

In the workshop, | will address:

« In the “light-use efficiency in oscillating and fluctuating light”
session, | would like to discuss experimental installations to evaluate
the effect of fluctuating light on growth and germination.

« In the “Community-driven science” | would like to learn about tools
to collect and share data.

Paris Research, Sony Computer Science Laboratories

Paris, France

CPCV, Department of Chemistry, Ecole Normale Supérieure,
PSL University, Sorbonne Université, CNRS

Paris, France

alienor.lahlou@sony.com

28



Dusan
Lazar

| am a biophysicist interested in photosynthesis, chlorophyll
fluorescence, and mathematical modelling of photosynthetic
processes.

Department of Biophysics, Faculty of Science,

Palacky University Olomouc

Czech Republic

dusan.lazar@upol.cz

Andrea
Lodetti

Forschungszentrum Jiilich
Germany

a.lodetti@fz-juelich.de

I am a 3rd year PhD student at Forschungszentrum Juelich.

My background is plant biology and biotechnology, with a MSc

thesis on the application of new genome editing strategies to study
photosynthesis related genes in Chlamydomonas reinhardtii. My
current doctoral research is about the investigation of photosynthesis
dynamics in higher plants (in particular Arabidopsis thaliana) with
forced oscillating light.

In the workshop, | will address:

» How can we use forced light oscillations to interrogate the
photosynthetic system in higher plants?

« The application of the frequency-domain analysis to detect
acclimation fingerprints in model and crop plants exposed to
abiotic stressors and its advantages compared to fluorescence
measurements at steady-state.

« Demonstration of a representative experiment with a novel
macroscopic fluorescence imaging system.
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Shizue
Matsubara

Forschungszentrum Jiilich
Germany

s.matsubara@fz-juelich.de

I am a plant physiologist / ecophysiologist working on photosynthesis
and photoprotection besides leaf growth and pigment metabolism.
To study photosynthesis and photoprotection | have been using,
among others, various techniques of chlorophyll fluorescence
measurement and analysis. My recent interests and focus are related
to acclimation and maintenance of photosynthetic apparatus and
thylakoid membrane under variable environmental conditions.

In the workshop, | will address:

« To what extent are frequency responses of photosynthesis, based
on chlorophyll fluorescence as readout, fixed or variable in different
conditions and species?

« How do the measurement conditions influence the sample state and
resulting data?

« Does NPQ limit photosynthesis?

Eleonora
Mezzadrelli

Padua University
Italy

eleonora.mezzadrelli@phd.unipd.it

I am a PhD student in Biochemistry and Biotechnology, learning how
to exploit fluorescence and spectroscopic techniques to investigate
the photosynthetic properties of poorly characterized organisms. To
do so, | also generate and take advantage of photosynthetic mutants
to better define the role and regulation of electron flux.

In the workshop, | will address:
« What basic knowledge is required to understand the mathematical
models behind the frequency domain?

« What applications are currently not sufficiently precise and could be
improved by using frequency-domain signals?

« What instruments or tools are necessary to exploit the frequency
domain?

« What are the most useful references in this field?
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Tomas
Morosinotto

Department of Biology &
Botanical Garden, University of Padova
Italy

tomas.morosinotto@unipd.it

I have a degree in Biotechnology, | have been working for several
years in photosynthesis research combining a wide range of genetic,
biochemical and biophysical approaches. For several years | have
been interested on the impact of light fluctuations in algae and plants,
looking for strategies to improve biomass productivity.

In the workshop, | will address:

« Explore diversity of biological responses to light fluctuations
in different photosynthetic organisms

« Investigate how these mechanisms can be optimized
to increase biomass productivity in algae cultivated in
photobioreactors and in crops

Mayur Mukut
M. Sharma

Institute of Microbiology,
Centre ALGATECH
Trebon, Czech Republic

University of South Bohemia
Ceské Budé&jovice, Czech Republic

mukutsharma@alga.cz

I am a PhD student at the Laboratory of Photosynthesis, Algatech,
Czech Academy of Sciences. | have a background in molecular
biology, | previously worked on cold-stress responsive transcription
factor genes in plants. Currently, | focus on the functional and spatial
organization of electron transport in Synechocystis sp. PCC 6803,
particularly the role of NDH-1 supercomplexes in cyclic electron flow.

In the workshop, | will address:
« How does the spatial organization of thylakoid membrane proteins
(e.g., PSI-NDH-1 supercomplexes) influence cyclic electron flow?

« Can dynamic light modulation in the frequency domain help resolve
functional heterogeneity in photosynthetic electron transport?

« Do cell-to-cell or subcellular (microdomain-level) differences affect
bulk photosynthesis measurements, and how can we model them
more accurately?
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Beata
Mysliwa-
Kurdziel

Faculty of Biochemistry,
Biophysics and Biotechnology,
Jagiellonian University
Krakéw, Poland

b.mysliwa-kurdziel@uj.edu.pl

I am a physicist trained in medical and environmental biophysics.

My research focuses on plant development and photosynthesis, in
particular on light-induced etioplast-chloroplast transformation and
thylakoid development. In parallel, | investigate photosynthesis in
lichens grown in different environments. | apply fluorescence methods
using chlorophyll and its biosynthetic precursors as fluorophores.

In the workshop, | will address:

« | will present the potential of in vivo chlorophyll fluorescence to
monitor photosynthetic activity and NPQ during seedling growth.

« I would like to learn how frequency-domain experiments can
improve both the monitoring and resolution of NPQ components.

« | am particularly interested in discussing best practices for
optimizing frequency-domain measurements to ensure reliable
and reproducible results.

Ladislav
Nedbal

Palacky University, Olomouc,
Czech Republic

Jan IngenHousz Institute,
Wageningen, The Netherlands

nedbal.lad@gmail.com

I am a physicist trained in solid-state physics with a strong emphasis
on mathematics. | have been actively developing methods and
instruments for photosynthesis research. Non-linear phenomena
appearing in the responses of plants to harmonically modulated light
have been the focus of my research since the early 2000s.

In the workshop, | will address:
« How comprehensive must mathematical models be to reveal the
mechanisms forming plant responses in the frequency domain?

« Can the techniques of systems identification help in determining
the mechanisms that are active in oscillating light?

« Can experiments in the frequency domain help in resolving NPQ
mechanisms? « What is the potential of the frequency-domain
signals in stress sensing and phenotyping?

« Is the non-linear character of photosynthetic processes a chance
for enhancing the light-use efficiency of plants?
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Tim
Nies

RWTH Aachen University,
Computational Life Science
Germany

tim.nies@rwth-aachen.de

| am a biologist trained in computational biology, focusing

on mechanistic modeling. | have been involved in developing
software for modeling and constructing mechanistic models of the
photosynthetic electron transport chain. Mechanistic models offer
a framework for understanding transient dynamics. Recently, |
became interested in system identification methods for interpreting
photosynthetic signals in response to modulated light.

In the workshop, | will address:

« Can we use system identification techniques from the engineering
sciences to understand responses to modulated light?

« Does the nonlinearity of signals in response to modulated light
prevent system identification?

« What are recent advances in system identification with machine
learning and artificial intelligence?

« Can we use results from system and theoretical synthetic biology
to make sense of signals in response to modulated light?

« Can we view the functional components of photosynthesis as
modular units, analogous to those in control engineering and
systems design?

[ ]
Yuxi
[ ]
Niu
Department of biophysics,

Wageningen, The Netherlands

yuxi.niu@wur.nl

| studied photosynthetic responses to harmonically oscillating light
to identify the characteristic frequencies of different regulatory
mechanisms during my PhD. My current research explores how long-
term acclimation to different light oscillation frequencies influences
the balance between light harvesting and photoprotection, as well as
the dynamic response to light fluctuations.

In the workshop, | will address:

Can frequency-domain experiments help clarify the mechanisms of NPQ and
other photoprotective processes?

To what extent can mathematical models capture the real signals of plant
responses to oscillating light? Can these simulations reliably predict
photosynthetic dynamics under naturally fluctuating light conditions?

Does the frequency of light changes influence long-term acclimation in plants?

What is the potential of using frequency-domain sensing for applications in
phenotyping, stress detection, Al-enabled agriculture?
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Rodolfo
Nunes

Softmat, University of Toulouse
France

rodolfo.nunes@univ-tlse3.fr

| am a postdoctoral researcher at the University of Toulouse, where |
work on designing upconversion nanoparticles (UCNPs) to study the
phycosphere—those critical microscale interactions between algae
and bacteria. My background is in physics and chemistry, with a PhD in
cotutelle between the University of Aveiro and the Federal University
of Pernambuco. | specialize in hyperspectral imaging, luminescent
thermometry, UCNPs, and light-matter interactions.

In the workshop, | will address:

« Could nanoparticle-based sensors provide localized, high-resolution
insights into light-use strategies within the phycosphere?

How might photonic tools detect early signatures of stress or
adaptation in photosynthetic microbes exposed to variable light
regimes?

How can | use the Mathematical Models for Photosynthetic
Responses to better design light sources or optical probes that
mimic or interrogate real environmental light dynamics.

How Non-Photochemical Quenching (NPQ) Mechanisms can be used
to detect thermal or spectral signatures of NPQ at the subcellular or
nanoparticle level.

Marcelo
Orlando

Photobiology and Physiology of
Plastids and Microalgae (P3M),

| am an engineer with a multidisciplinary background in physics,
process engineering, and biology. | am currently in the third year

of my PhD, where | use frequency-domain analysis to try to better
understand the orchestration of the many regulatory feedback loops
present in photosynthesis.

In the workshop, | will address:

« The challenges and opportunities of frequency-domain experiments
in photosynthesis research.

« The biodiversity of photoprotective mechanisms across different
species, sensed in the frequency domain.

« The potential of applying system identification and control theory to
model and understand photosynthetic regulation.

Institute of Physico-chemical Biology (IBPC)

Paris, France

marcelo.orlando@ibpc.fr
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Samuele
Perin

Molecular Plant Biology,
PhotoMicrobes research group,
University of Turku

Finland

samuele.perin@utu.fi

I am a molecular biologist currently pursuing a doctoral degree by
studying photoprotective proteins roles in photosynthetic model
organism (Synechocystis). My interest is tie/link fundamental
research to biotech applications, harnessing photosynthesis for
sustainable applications.

In the workshop, | will address:

« Hands-on experience: interaction with instruments and machines
for analysis in the frequency domain

« Real-world applications of oscillating and fluctuating lights to
improve biomass or valuable molecules yields

« Foundational sessions to make mathematics understandable

« Interdisciplinary collaboration to innovate scientific research

Fivos
Pham

CPCV laboratory, L. Jullien team, ENS,

Sorbonne University
Paris, France

I am a student in physics and biology, | am completing my training in
both areas. | would like to work later at this interface.

In the workshop, | will address:

« Understanding time scales of photosynthesis and how to play with it

« Diffusion-reaction of fluorophore in space and time as analogues of
molecules in reaction pathways in cells

« Building instruments for widely parallel experiments

fivos.pham@etu.sorbonne-universite.fr
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Lennart
Ramakers

Wageningen University & Research
The Netherlands

lennart.ramakers@wur.nl

I am a chemical physicist with a multidisciplinary background

in physics/chemistry applied to biological systems. | have been
actively developing methods and instruments for biophysics
research in several different biological systems. In my current role,
my research has focused on developing and using steady-state
and ultrafast fluorescence spectroscopy to probe aspects of non-
photochemical quenching and its synergistic relationships with
other photosynthetic processes.

In the workshop, | will address:

« Can frequency domain experiments help resolve interactions
between NPQ and other processes (e.g. the CBB cycle)?

« Isit possible to use steady-state measurements to explain the
fluorescence response seen in frequency domain measurements?

« Can experiments in the frequency domain help in resolving or
identifying NPQ mechanisms?

Kristian
Salo

University of Turku
Finland

krmiks@utu.fi

I had a career in security business, but few years back | decided to
pursue my dream of becoming a scientist. BSc in Biochemistry and
currently finishing my master’s thesis on the topic of Contribution of
photosystem I fluorescence in variable fluorescence of higher plants.
Last two years | have been working in a group led by Esa Tyystjarvi
focusing on fluorescence research but also on hydrogen production
in green algae.

In the workshop, | will address:

» Mechanisms of NPQ in oscillating light and how that can be studied?

« How different methods can be applied in studying stress sensing in
plants and algae?
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Maarten
Schoukens

Eindhoven University of Technology
The Netherlands

m.schoukens@tue.nl

Maarten Schoukens is an Associate Professor in the Control Systems
group. He received the master’s degree in electrical engineering and
the Ph.D. degree in engineering from the Vrije Universiteit Brussel
(VUB), Brussels, Belgium, in 2010 and 2015 respectively. From 2015
to 2017, he has been a Post-Doctoral Researcher with the ELEC
Department, VUB. In October 2017 he joined the Control Systems
research group, TU/e, Eindhoven, The Netherlands.

His main research interests include the measurement and data-
driven modeling of nonlinear dynamical and linear parameter-
varying systems using system identification and machine learning
techniques, experimental design, and frequency domain methods
in identification. Maarten was awarded an FWO Ph.D. Fellowship in
2011, an EU - Marie Sktodowska-Curie Individual Fellowship in 2018,
and an ERC Starting Grant in 2022. Finally, Maarten is a co-organizer
of the nonlinearbenchmark.org initiative promoting the use of
common datasets in data-driven nonlinear dynamical modeling
research.

In the workshop, | will address:

« How to perform frequency-domain data-driven modelling.

Alexey
Shapiguzov
Natural Resources Institute Finland

Turku

Centre of Excellence in Tree Biology,
University of Helsinki
Finland

alexey.shapiguzov@luke.fi

| am a plant molecular biologist studying how photosynthesis is
integrated into plant metabolic and signaling networks. My team
develops new tools for phenotyping plant physiology in basic
research, plant production, breeding, and stress diagnostics.

In the workshop, | will address:

« The impact of mitochondrial respiration and starch metabolism on
chlorophyll fluorescence.

« Light-adapted flash-induced fluorometry: separating the effects of
structure and real-time operation.

« Hypoxia and photosynthesis: PAM and OJIP imaging in different gas
environments.

« Diel dynamics of photosynthetic regulations: time of day matters!
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Boris
Shurygin

M.V. Lomonosov Moscow
State University
Russia

lodinn@lodinn.com

I am a biophysicist working in the field of Remote and Proximal
Sensing since 2012. Plant spectroscopy is the main focus of my
research, although more recently | have become interested in

fluorimetry as a tool for probing plant regulatory mechanisms.

In the workshop, | will address:

« How do perennial plants adapt for harsh winter conditions?

« What can chlorophyll fluorescence tell us about the dynamics of
NPQ during winter dormancy?

« Can low-frequency changes of key PSII parameters be reliably
detected?

« What time scales are the most relevant for various regulatory
networks in plants?

Linnéa
Strandberg

Université Paris-Saclay & 12BC
Paris, France

linnea.strandberg@i2bc.paris-saclay.fr

I'am a PhD student in biology at Université Paris-Saclay. The focus of
my thesis is the role of manganese in photosynthesis. | have a degree
in biotechnology from the Royal Institute of Technology in Sweden.

In the workshop, | will address:

« How can the different types of NPQ be evaluated and differentiated
by frequency-domain signals ?

» What are the limitations investigating NPQ with fluorescence?

« What main aspects remain unsolved about NPQ and what role do
frequency-domain signals play in solving these?
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Herbert van
Amerongen

Laboratory of Biophysics,
Wageningen University
The Netherlands

herbert.vanamerongen@wur.nl

I am a physicist trained in experimental physics with a strong
emphasis on biophysics, spectroscopy and photosynthesis, in
particular light harvesting. After a substantial time period of
linking the spectroscopic functional properties of light-harvesting
complexes to their structure, | now focus on the spectroscopic and
functional properties of photosynthetic (super)complexes in vivo
with the aim to reveal molecular mechanisms of light harvesting
and their regulation.

In the workshop, | will address:

« Our latest insights in the mechanisms and time scales
(induction and relaxation) of the different subprocesses of non-
photochemical quenching

FiIiPpo
Villano
University of Turku
Finland

filippo.villano@utu.fi

I am a PhDstudent at the Photosynthetic Microbes Lab. My
research focuses on enhancing photosynthetic electron flow in
cyanobacteria to improve the biosynthesis of biofuels. Specifically,
I work on the overexpression of individual subunits of the
cytochrome b6f complex and the knockout of genes related to the
phycobilisome antenna system, aiming to optimize light energy
distribution and increase metabolic output.

In the workshop, | will address:
« Can plant light-use efficiency be enhanced by adjusting the
frequency and amplitude of light intensity modulation?

« Which physiological limitations are revealed under oscillating
light that remain hidden under constant illumination?

« Are stress responses triggered by the frequency domain?

« To what extent do responses to modulated light vary across
different plant, algal and cyanobacterial species?
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Makio
Yokono

National Institutes of
Natural Sciences
Okazaki, Japan

filia@mac.com

I majored in organic chemistry and quantum chemistry in the
Faculty of Engineering. Since then, | have been researching the
environmental adaptation mechanisms of photosynthetic organisms
for 20 years. My main research methods are biochemistry and time-
resolved spectroscopy, and | primarily use Mathematica for analysis.
Over the past 10 years, | have been aiming to develop crops suitable
for completely closed plant factories by discovering and removing
the NPQ mechanisms.

In the workshop, | will address:

« Methods for statistically comparing changes in large complexes
(several MDa) that cause energy spillover between PSI and PSII.

» What controls the connection type between PSI and PSII (direct or
antenna-bridged) in Arabidopsis thaliana?

« When does the antenna-bridged connection increase?

« What happens when antenna-bridged connection cannot be formed?
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Our Venue - Hotel RUze

One of the oldest and best-preserved buildings in Cesky Krumlov.

The hotel is located right next to the Vltava River, in the heart of
the picturesque historic centre of the city. All events and sights
are within walking distance.

Address and Contacts

Horni 154,381 01

Reception: +420 380 772 100

info@hotelruze.cz
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Cesky
Krumlov

Cesky Krumlov is a unique gem of Renaissance and Baroque architecture recognized
as UNESCO World Heritage. The town is located above the meanders of the Vitava
River known worldwide from the same-name symphony of Bedfich Smetana.

The town’s picturesque architecture was also immortalized in numerous paintings
by Egon Schiele. The streets are frequented by local and international tourists

all year round, enjoying kayaking or rafting on the river, biking or hiking around,
numerous cultural events, and local cuisine and hospitality.

43



Excursions

Visiting Centrum Algatech and The excursion starts with a 45 minutes bus drive to
the historic town of Trebon. the historic spa town of Trebon and Algatech

ALGATECH - The Centre of Algal Biotechnology evolved from the Laboratory of
Algal Research, founded in 1960 in Trebon. Throughout its history, this location
of the Institute of Microbiology of the Czech Academy of Sciences has focused on
microscopic algae and their use in food and feed industries and in human and
veterinary medicine.

At present, the ALGATECH Centre is an internationally recognised centre for basic

and applied research of microalgae, cyanobacteria and photosynthetic bacteria,
including the development of algal biotechnology. The Centre also operates unique
thin - layer cultivation units for autotrophic cultivation and a biotechnological hall for
heterotrophic cultivation of microalgae, including the equipment for processing algal
biomass. The Centre is known for its excellent research in photosynthesis and algal cell
cycles.

After visiting Algatech, participants will visit the historic Town of Trebon. The

town centre and Rozmberk Castle complex are protected as an Urban Monument
Reservation. Trebon is located in the middle of the Trebon Biosphere Reserve, an area
with many separately protected centuries-old fishponds. The biggest artificial fishpond,
the Rozmberk Pond, used to be well over 1000 hectare but now has been reduced to
600 hectare. That pond is being emptied every two years to harvest the fish.



Guided Tour

One of the options for the Wednesday afternoon is the guided tour through the
historic centre of Cesky Krumlov, a world-famous UNESCO World Heritage Site.

This area has know inhabitants already in the early Stone Age, about 70 000 to
50 000 year ago (yep, that long ago), although the more regular settlements are only
around four thousand year old.

The Cesky Krumlov Castle originated from before 1250, while Cesky Krumlov as
significant settlement was first mentioned in 1253. The noble House of Rozmberk
owned Cesky Krumlov until early 1600. From 1620 to 1719, the Eggenberg family
owned Krumlov. From 1719 to 1947, Cesky Krumlov and most of South Bohemia
belonged to the House of Schwarzenberg.

As you can see, the historic town centre is completely enclosed by the Vitava river.
The Yellow V indicates our Venue, Hotel Ruze. The dominant and impressive Cesky
Krumlov Castle is at the top of the picture.

The tour consists of two parts. Starting at Hotel Ruze, participants will first goon a
guided tour especially for us (in English) through the town centre and the across the
bridge up to the Castle.

The second part consist of a regular guided tour focusing on the original castle
interiors of the 16th - 18th century.

In between the tours or afterwards, you can explore the extensive Castle gardens
and facilities at leisure or enjoy a drink in one of the restaurants.
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Rafting

The Czech Republic has a long history of both commercial and leisure activities
on the Vltava River, sometimes also called the Moldau River. It used to be also an
important means for transporting logs. Even if the “white water” is not mentioned
rafting is often associated with the wilder variations.

However, the 20-mile (33 km) upper Vltava segment
between Vissy Brod and Cesky Krumlov in the summer
is more like a shallow wide river flowing slowly.
Nowadays, this section is more known for its very
leisure interpretation of floating down and enjoy the
company of your fellow trampers.

Literally hooking up canoes and rafts while floating
along to share a drink has a very long tradition; haste is
not appreciated. There are numerous places along the
river offering refreshments but often people just pick a
spot in the more forested areas to enjoy their own food
and drinks. Going down the weirs is also part of the fun,
and you definitely get wet (again).
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What to expect and wear

We will do the stretch from Piskarna to Cesky Krumlov. The company will pick us up
and drive us and the boats to Piskarna, and the end is in the Cesky Krumlov Centre.
Itis only 10 km, but with all transport and especially stops in between it will take
about 3 - 4 hours including crossing 4 or 5 weirs.

We will take four or five people per boat. There will be one guide with us who will
give instructions. However, this is more for providing information at the start and
while crossing weirs. This is a very family type of trip and it is not uncommon to see
very young kids or even baby’s in the canoes and on the rafts.

Although this is not wild water, you definitely will get wet while in the boat so wear
light cloths. You can go barefoot, but with getting in and out of the boat during stops
| personally prefer light cheap linen shoes or these plastic slippers you can get cheap
everywhere.

We will end up in the centre of Cesky Krumlov so you can easily walk to your hotel or
just sit on a terrace and continue enjoying the day.
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Transportation from
Cesky Krumlov to Prague

Shuttle Bus

The bus will leave Cesky Krumlov at 14:00 from the hotel Ruze parking place. Please
be ready with your bags at around 13:45.

The bus will stop first at the Prague Airport around 17:00. Please inform the driver
which terminal you use, we can drop off participants first at Terminal 1 and then at
Terminal 2.

After that, the bus will go to the Prague Central Railway Station to drop off the
remaining participants. In consultation with the bus driver, other drop-off points
along the route can be agreed.

Train

The town of Ceske Budejovice is a major regional transport hub at 30 km

(19 miles) from Cesky Krumlov and there are regular train connections.
Ceske Budejovice can be easily reached by train from Prague (about 2 hours)
and Linz, Austria (2 or 2 %2 hour).

Flying into Vienna, Austria and continuing by train to Cesky Krumlov is not
recommended unless you really enjoy hopping from one local transport onto
the other.

Currency and
exchange fees

You can pay by credit card almost everywhere in the Czech Republic, even for
small amounts. ATMs are ubiquitous; no need to use an ATM at the airport,
train station, or your hotel as they might charge higher rates and fees.

When paying by credit card or withdrawing local funds you sometimes
get asked if you want to be charged in your home currency or in the local
currency (usually cheaper). Please check this with your card provider.
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