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Theme 1

Timescale: behavioral vs. neural

How to reconcile neuronal timing with slower fonctionnal processes ?

Functions such as sensory perception, emotions and motor commands happen within
milliseconds or seconds, while slower processes that control learning and memory or

mood unfold over hours, days and even more.

In contrast, neurons and brain networks have a much faster overall clock that shrink to
submillisecond/milliseconds scale. We will explore distinct neuronal mechanisms that

orchestrate behaviour over a broad spectrum of temporal timescales.

Speakers:

Fanny Cazettes
Sami El-Boustani

Alexandre Tolboom
Nikolas Karalis
Aurélie Brécier

Chairs:

Thomas Bienvenu
Julien Courtin
Cyril Dejean
Fred Lanore

Fabien Wagner
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Facial expressions reveal the brain’s
multi-timescale computations

Fanny Cazettes ∗ 1

1 Institut de Neurosciences de la Timone – Institut de Neurosciences de la Timone – France

How do rapid cortical dynamics produce sustained, integrated cognitive states? Answering
this question requires a behavioral measure that can continuously track internal variables in
real-time. Our work reveals that a mouse’s facial expressions provide precisely this solution.
We found that multiple decision variables-including those currently latent-are reflected in facial
features, with representations emerging from M2 cortex approximately 50ms before cascading
to other cortical areas. Crucially, neuronal ensembles sustain these slowly-evolving cognitive
variables, providing a direct mechanistic link between rapid neural dynamics and a continuous
behavioral readout. This framework allows for using incidental movements to expose the brain’s
hidden, multi-scale computations.

∗Speaker
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Learning with internal states and internal
models

Sami El-Boustani ∗ 1

1 Université de Genève = University of Geneva – Switzerland

Decision-making, a fundamental cognitive process, provides valuable insights into how in-
ternal states and internal representations shape behavior. In this talk, I will explore the interplay
between motivational states and sensorimotor learning based on experiments with mice de-
signed to reveal the neural circuits driving decision-making. I will discuss how thirst-related mo-
tivation modulates decision-making and learning in a whisker-based sensory task. Our findings
show that slow performance changes during training were driven primarily by shifts in motiva-
tional control, rather than associative learning. Neurons in the secondary somatosensory and
premotor cortices dynamically adapted their response patterns according to the mice’s motiva-
tional state in accordance with task performance. These results, supported by computational
models of decision-making, shed light on the cognitive mechanisms that underlie sensorimotor
learning under varying motivational states.

∗Speaker
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Providing artificial tactile feedback at
different latencies in a brain-machine

interface

Alexandre Tolboom ∗ , Daniel Shulz , Luc Estebanez , Valérie Ego-Stengel 1

1 Institut des Neurosciences Paris-Saclay – CNRS – France

Brain-Machine Interfaces (BMIs) aim to improve patient autonomy. Beyond restoring move-
ment, fine control of prosthetic devices requires restoring tactile sensory feedback. While BMIs
with artificial somatosensory inputs have recently been used in patients, few studies have ex-
plored the spatio-temporal constraints of feedback integration.
This project examines how temporal latency between motor commands and sensory feed-
back affects control. We developed an ultra-fast bidirectional BMI using chronic recordings
from whisker-related primary motor cortex (wM1) and 2D patterned optogenetic stimulation of
whisker primary somatosensory cortex (wS1) in mice.
We designed a behavioral task where single wM1 neuron spikes controlled the rotation of a
virtual bar. A photostimulation pattern on wS1 provided feedback about the prosthesis angle
during a reaching task. Our incremental algorithm enabled fine control, with well-guided trajec-
tories achieved using a 50-ms feedback latency. Altering this latency to 5 or 500 ms disrupted
the animals’ ability to move and stabilize the prosthesis, suggesting a critical time window for
S1-M1 interaction.
We also explored the sensations evoked by optogenetic wS1 stimulation. After the mice mas-
tered the BMI task with cortical stimulation, we replaced it with physical stimulation using a
moving bar on the whisker array. This peripheral input targeted body regions corresponding
to the previously stimulated cortical sites. The mice retained performance without relearning.
Thus, S1 optostimulation appears to evoke perceptions similar to real tactile inputs, highlighting
its biomimetic potential.

∗Speaker
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Neuromodulation of neuronal circuits -
From behavioral states to neuronal

ensembles

Nikolaos Karalis ∗ 1

1 Paris Brain Institute – Institut du Cerveau = Paris Brain Institute – France

Internal states and behavior arise from the coordinated activity of distributed neuronal cir-
cuits. Such global transitions emerge from the interplay between neuromodulatory systems,
interoceptive signals, and intrinsic circuit dynamics. Neuromodulators are released from a few
subcortical nuclei but act diffusely across the brain, to dynamically reconfigure local excitability
and connectivity and shape perception, learning, and emotion.
The amygdala, a key hub for emotional processing, receives convergent inputs from all ma-
jor neuromodulatory systems and integrates interoceptive signals related to bodily states. To
dissect how these inputs jointly shape circuit function, we combine novel genetically encoded
sensors for neuromodulator dynamics with multi-site, multi-color fiber photometry to simultane-
ously monitor dopamine, norepinephrine, acetylcholine, and serotonin in behaving mice. These
recordings reveal distinct combinatorial neuromodulator signatures across behavioral states,
defining transitions between internal states.
Using simultaneous large-scale electrophysiological recordings, we have identified correspond-
ing motifs of neuronal population activity within the amygdala, showing how specific neuromod-
ulator combinations reconfigure local network states. Further, we use computational mod-
els, spanning recurrent neural networks, mean-field, and biophysical formulations, to infer the
mechanisms underlying these dynamics and to predict causal interactions between neuromod-
ulators and circuit function.
In parallel, we examine how respiration interacts with neuromodulation to structure brain-wide
activity. Using optogenetic control of breathing with multi-region electrophysiology, we demon-
strate that respiration serves as an interoceptive scaffold synchronizing limbic dynamics and
modulating neuromodulatory tone.
Together, these multimodal approaches reveal principles by which neuromodulatory and inte-
roceptive signals jointly organize brain states and circuit computation.

∗Speaker
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Reactivation of Spatially Tuned Neuronal
Ensembles in the Retrosplenial Cortex

during Sleep

Aurélie Brécier ∗ 1, Audrey Hay 1

1 CRNL – Centre de Recherche en Neurosciences de Lyon (CRNL), CNRS UMR 5292, INSERM
UMRS 1028, Université Claude Bernard Lyon 1, Lyon – France

The retrosplenial cortex is a critical hub for spatial navigation and memory consolidation.
Yet, it remains unclear how neurons encoding spatial information from the retrosplenial cortex
reactivate during sleep. Here, we recorded the activity of layer 2/3 neurons of the agranular
retrosplenial cortex during exploration of a cheeseboard maze and sleep. We achieved this
by combining calcium imaging and local field potential recordings in freely moving mice. More
than half of the detected cells encoded spatial information, such as head direction or place
field, during maze exploration. The preferred direction angle for most head direction cells re-
mained strikingly stable over trials and days. Thus, we identified neuronal ensembles based on
synchronized neuronal activity. Spatially tuned cells formed ensembles with each other more
often than non-spatially tuned cells. During maze exploration, over half of the detected ensem-
bles contained a majority of spatially tuned cells. During subsequent sleep, however, detected
ensembles included both spatially and non-spatially tuned cells. Still, few active cell ensembles
observed during exploration were also active during sleep. Notably, 60% of the ensembles de-
tected during both exploration and sleep were mainly composed of spatially tuned cells. The
activity of these ensembles during exploration was equal to their activity during REM sleep.
This suggests that neuronal ensemble encoding recent spatial information in the retrosplenial
cortex reactivate during specific stages of sleep. The following analyses will examine whether
this reactivation occurs during oscillations generated in the retrosplenial cortex or in other brain
areas, such as the hippocampus and the prefrontal cortex.

∗Speaker

10



Theme 2

Natural behavior : eco-etho-logical
approaches vs. neural control

How to integrate naturalistic behaviors into mechanistic, neuroscience
research ?

In this theme, we propose to explore the emergence of complex, self-initiated
behaviors from neural circuit dynamics and their mutual interactions.

Through research works proposing neural recordings/manipulations combined with
ethological approaches, this session addresses the stakes of the systematic study of
neural dynamics in the frame of socially rich and unconstrained behaviors in birds,

rodents and primates.

Speakers:

Richard Hahnloser
Monica Coraggioso

Heike Stein
Arthur Lefèvre

Julia Sliwa

Chairs:

Etienne Coutureau
Arthur Leblois
Céline Nicolas
Xavier Hinaut
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Bridging reinforcement learning theory with
birdsong learning.

Richard Hahnloser ∗ 1

1 Institute of Neuroinformatics - University of Zurich - ETH Zurich – Switzerland

Birdsong plasticity is an exemplary paradigm for testing models of reinforcement learn-
ing (RL). Yet, we currently lack a single computational framework for describing all forms of
birdsong learning. One form is developmental song learning, which is a self-reinforced and
intrinsically rewarding process. Using an artificial tutoring paradigm, we estimate the hidden
intrinsic reward that birds compute to reinforce their immature songs. The estimated reward
shape correctly predicts the setting in which birds exclude an existing syllable from a song and
replace it with a call.
Another form of learning is operant/error-driven conditioning of acoustic song features, which is
an externally controlled form of plasticity. We find non-monotonic pitch learning trajectories that
violate classical policy-gradient RL models. Rather than being bound to exploration-exploitation
tradeoffs, we suggest a more modular vocal learning mechanism in which a latent learner gen-
erates purely random motor perturbations that it correlates with external reward. This model
correctly predicts basal ganglia function at the individuum level. We now seek to find the unify-
ing principles that apply to both forms of learning.

∗Speaker
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From instability to efficiency: locomotor
strategies in developing Danionella

cerebrum

Monica Coraggioso ∗ 1

1 Sorbonne University – Laboratoire Jean Perrin at Sorbonne Université – France

Animals rely on movement to survive - to explore their environment, find food and mates,
and avoid danger. During development, changes in body shape, muscle strength, and phys-
iological demands continuously reshape locomotor patterns. Yet how these changes are or-
chestrated in a flexible and adaptive manner remains poorly understood. We investigate this
question in Danionella cerebrum, a miniature freshwater fish that is emerging as a powerful
vertebrate model for systems neuroscience. Its small size and optical transparency allow for si-
multaneous tracking of behaviour and brain activity throughout development. In an open-arena
assay designed for naturalistic freely swimming, we identify a robust transition in locomotor
strategy: from continuous swimming in early larvae to an intermittent, burst-and-glide pattern
in juveniles. We interpret this shift as an energy-saving strategy and show that it emerges
from an instability in the sensorimotor loop governing speed regulation. Crucially, our results
indicate that this transition is not driven by neural maturation, but by biomechanics changes
associated with body growth. We further support this interpretation by manipulating sensory
feedback to induce the same transition at fixed developmental stages. Together, these findings
highlight a dynamic interplay between body, brain, and environment during development, and
reveal how animals can exploit sensorimotor instabilities for adaptive behavioural transitions
during development.

∗Speaker
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Data-driven dynamical systems
reconstruction reveals the principles of
learning to walk on complex surfaces

Heike Stein ∗ 1

1 Institut des Systèmes Intelligents et de Robotique – Centre National de la Recherche Scientifique,
Sorbonne Université, Centre National de la Recherche Scientifique : UMR7222 – France

Complex motor tasks often require animals to adapt skilled motor behavior to new environ-
ments. In this work, we asked how simple dynamical systems models can account for high-level
behavioral changes over learning. We trained head-fixed adult mice to walk on a complex sur-
face, consisting of evenly spaced rungs that moved at a constant speed. While mice improved
single-paw movements over days of learning, the most striking finding was a strong increase
in inter-paw coordination. To understand what drove changes in motor coordination, we fitted
coupled-oscillator models to the behavioral time series of single paws. Switching dynamical
regimes allowed us to extract lawful gait dynamics despite frequent adjustments of stepping
patterns to the complex surface. With this approach, we find that coordinated locomotion on
complex surfaces is driven by a dual learning process: On the one hand, mice learned to use
advantageous, naturalistic stepping patterns more extensively; on the other hand, dynamic
entrainment between paws increased, leading to efficient, fine-grained coordination between
paws. Cerebellar inactivation studies provide insight into the role of the cerebellar cortex in
coordinated locomotion. Together, this novel approach demonstrates how explicit modeling of
behavioral time series can provide mechanistic insights into the dynamics of animal behavior
and learning.

∗Speaker
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Primate ACC encodes natural vocal turn
taking in a ”cocktail party”

Arthur Lefevre ∗ 1,2, Vikram Pal Singh 2, Timothy Tyree 2, Jingwen Li 2, Jean-René Duhamel 1, Cory
Miller 2

1 Institut des sciences cognitives Marc Jeannerod - Centre de neuroscience cognitive - UMR5229 –
Université Claude Bernard Lyon 1, Centre National de la Recherche Scientifique – France

2 UCSD – United States

The Cocktail Party Effect (CPE) is amongst the most pervasive real-world challenge for
communication. How the brain resolves this issue remains poorly understood, because of the
scarcity of neurobiological studies examining the CPE in naturalistic environments where the
phenomenon was first described. Instead, research has relied on controlled psychoacoustic
paradigms, which may overlook brain computations that only emerge in natural contexts.
We hypothesized that the Anterior Cingulate Cortex (ACC), a region involved in vocalization
production and perception, as well as social monitoring, is encoding the CPE and thus critical
to natural communication. To test this, we studied interacting pairs of marmosets freely behav-
ing in complex social environments, while recording neurons in their ACC wirelessly.
We found that in addition to encoding vocalizations at the unit level, ACC neuronal population
could be used to decode vocalization type. Furthermore, analyses revealed that ACC neurons
exhibit mechanisms integral to resolving the CPE, including parsing conversational partners
from other callers in the environment and encoding turn-taking dynamics.
These results highlight the need to reconsider the role of the ACC in acoustic communication.
We suggest that ACC regulates dynamic vocal interactions in complex socio-acoustic environ-
ments by encoding call types, caller identity and resolving the CPE.

∗Speaker
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From agents, to actions, to interactions, to
societies: imaging the primate social brain

Julia Sliwa ∗ 1

1 Institut du Cerveau = Paris Brain Institute – Assistance publique - Hôpitaux de Paris (AP-HP), Institut
National de la Santé et de la Recherche Médicale, CHU Pitié-Salpêtrière [AP-HP], Sorbonne

Université, Centre National de la Recherche Scientifique – France

Recognizing agents, their interactions and their relationships is essential for understand-
ing the world around us. Using functional Magnetic Resonance Imaging, we discovered in the
macaque monkey brain a network of areas centered on the medial prefrontal cortex, ventro-
lateral prefrontal cortex, superior temporal sulcus, temporal pole and parietal area 7A, that is
engaged in social interaction analysis. Its extent and location suggest that this function is an
evolutionary forerunner of human mind-reading capabilities. A comparative fMRI investigation
in humans additionally revealed which neural strategies adapted to the needs of each species,
and emphasized human interest in understanding actions of our peers directed towards ob-
jects. Further by integrating the nature and frequency of interactions over time, relationships
emerge. Kinship, hierarchy, and friendship are relationships that shape Primates structured
societies. Preliminary brain imaging results in one rhesus macaque from a semi free-ranging
group, suggest an encoding of social network topological variables. Signal in pSTS, area 7a,
precuneus, and dmPFC correlated with similarity in social distance; while vlPFC, vmPFC, and
ACC in similarity in centrality. Together these studies show how our primate brains continuously
process individuals and social scenes unwinding in front of us.

∗Speaker
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Theme 3

General Principles of Active Sensing

How does the brain simultaneously interpret sensory information while
actively sampling the environment?

This session addresses the interactions between a subject’s internal state and the
incoming information from the outside world.

Focusing on behaviors aiming at probing the environment (e.g. sniffing, whisking,
walking), our speakers will help us explore how movement and sensorimotor feedback

shape perception in real time—for example, how neural circuits differentiate
self-generated signals, such as our own bodily movements, from external stimuli.

Speakers:

Guy Bouvier
Emmanuelle Courtiol

Camille Mazo
Mathew E. Diamond

Max Chalabi

Chairs:

Mario Carta
Andreas Frick

Catherine Le Moine
Lisa Roux

Naoya Takahashi

17



Correcting for Self: How Head Movements
Impact Visual Circuits Activity

Guy Bouvier ∗ 1

1 Institut des Neurosciences Paris-Saclay – Université Paris-Saclay, Centre National de la Recherche
Scientifique, Centre National de la Recherche Scientifique : UMR9197 – France

The construction of a stable spatial representation of the external world is fundamental to
most organisms’ ability to survive. This process presents significant challenges, as sensory
inputs are acquired through organs embedded in bodies which are in near-continuous motion
in space and time. Visual systems, in particular, must contend with constant eye and head
movements that shift the image on the retina. To disambiguate between self-motion and mo-
tion in the external world, vision must integrate both motor and vestibular signals. However,
we still know remarkably little about how these movement-related signals are integrated in pri-
mary visual circuits. I will discuss experiments that address how neurons in the visual cortex
and thalamus are modulated by head and eye movements in head-fixed and freely moving
mice. Using both externally-generated and self-generated head movements, we will compare
how these brain areas represent aspects of head-movement-related information. Understand-
ing how self-motion impacts visual circuits provides key insights into how visual processing
operates during self-motion to help guide visual behavior.

∗Speaker
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Sniffing out attention: how respiration
shapes olfactory perception and attention

Emmanuelle Courtiol ∗ 1

1 Centre de recherche en neurosciences de Lyon - Lyon Neuroscience Research Center – Université
Claude Bernard Lyon 1, Université de Lyon, Université Jean Monnet - Saint-Etienne, Institut National

de la Santé et de la Recherche Médicale, Centre National de la Recherche Scientifique – France

Olfactory perception critically depends on active sampling through sniffing, a dynamic sen-
sorimotor act that not only structures olfactory input but also shapes neural activity across
olfactory circuits. Beyond odor sampling, respiration also reflects the animal’s behavioral and
cognitive states. We will first highlight how respiration entrains neural activity within olfactory
areas and how its dynamics influence broader brain networks. We will then focus on our recent
work on respiration as a behavioral index during a sustained olfactory attention task. Using a
multimodal approach in freely moving rats, including whole-body plethysmography, local field
potential recordings, pupillometry, and facial videography, our results show that respiration, to-
gether with postural control and neurophysiological states, reflects attentional load and task en-
gagement. These findings suggest that respiration is not only a gateway for sensory sampling
but also, alongside other physiological and neural markers, a real-time window into attentional
dynamics and performance.

∗Speaker

19



Whisker-based spatial cognition in mice

Camille Mazo ∗ 1, Shubhi Pal 1, Quang Minh Do 1, Naoya Takahashi 1

1 Interdisciplinary Institute for Neuroscience / Institut interdisciplinaire de neurosciences [Bordeaux] –
Université de Bordeaux, Centre National de la Recherche Scientifique – France

Animals must transform sensory input into spatial representations of the external world.
While visual and auditory spatial encoding is well characterized, how the somatosensory sys-
tem performs this transformation remains unclear. Using the rodent whisker system, we devel-
oped an object-location categorization task in which both horizontal dimensions were behav-
iorally relevant. Mice integrated signals across whisker rows to achieve optimal sensitivity and
categorized object positions with high accuracy. Strikingly, they readily generalized their behav-
ior to newly introduced stimuli closer to the category boundary. Furthermore, performance was
relatively invariant to the stimulus physical properties and to the side of stimulus presentation.
Finally, optimal task performance critically depended on the whisker-related primary sensory
cortex (wS1). Together, our results indicate that mice use their whiskers to build a cognitive
representation of the external space that depends on the wS1, paving the way to investigating
the neuronal mechanisms underlying tactile spatial cognition.
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Understanding perception as a movie rather
than a snapshot

Mathew E. Diamond ∗ 1

1 International School for Advanced Studies (SISSA) – via Bonomea, 265 - 34136 Trieste ITALY, Italy

Although experimental paradigms in sensory-perceptual neuroscience present one discrete
trial at a time, there is growing evidence that the brain does not process the single input as a
separable, stand-alone event. Using data from human and rat psychophysics, we will show how
the choice on the current trial is systematically shaped by preceding trials – previous stimuli,
choices, and rewards. Thus, the here-and-now is not an isolated snapshot but is a continuation
of recent history. In its adaptive form, incorporating history can lead perceptual systems to
transmit more information about the ongoing stimulus range, yet the same process can lead to
errors. By accounting for the trial-to-trial perceptual variability driven by the past, and combining
history effects with other factors that influence the current trial, we aim to build a comprehensive
model to provide insights into the neuronal mechanisms underlying a single decision.

∗Speaker

21



Predictive processing of tactile sensory
information in mice engaged in a
whisker-guided locomotion task

Max Chalabi ∗ 1, Timothé Jost-Mousseau 1,2, Daniel E. Shulz 1, Isabelle Ferezou 1

1 Institut des Neurosciences Paris-Saclay – Université Paris-Saclay, Centre National de la Recherche
Scientifique, Centre National de la Recherche Scientifique : UMR9197 – France

2 Institut Pasteur – Université Paris Cité – France

The predictive processing framework posits that the brain actively predicts sensory inputs
rather than passively processing them. How this principle operates during naturalistic, active
sensation, particularly in the tactile domain, remains largely unexplored. Here, we investigate
the mesoscale neural signatures of predictive processing in the mouse whisker system dur-
ing a self-paced, whisker-guided locomotion task. We combined fibroscopic wide-field calcium
imaging of cortical excitatory neurons (EmxCre x floxed GCaMP6f mice) with high-resolution
behavioural tracking, using a novel motorized optical rotary joint to achieve stable recordings
in freely-moving animals. To manipulate tactile expectations, we trained mice to navigate a lin-
ear track in the dark, where an obstacle was consistently present on one side in 90% of trials,
creating a strong sensory prediction. This expectation was violated in rare ”omission” trials
(10%), where the obstacle was absent. Our results show that mice exhibit robust predictive
behaviour, pre-emptively steering away from the expected obstacle location and modulating
their whisking strategy on omission trials. Critically, these prediction violations evoked a spa-
tiotemporally structured cortical activation. After subtracting out global, non-specific activity
fluctuations, we found that unexpected omissions of the obstacle elicited a localized ”phantom”
representation in the corresponding barrel-related columns of the primary somatosensory cor-
tex (wS1). This neural signature was timed to when the actual touch would have occurred and
its spatial emergence in wS1 depended on the animal’s head position. The omission-related
signal subsequently propagated from wS1 to the posterior parietal cortex (PPC), sequentially
engaging the rostrolateral (RL) and posterior parietal (PtP) areas.
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Theme 4

Systematic approach: modular vs.
distributed coding

Does the brain work with functionnaly assigned areas or through distributed
processes ?

This session will bring together and debate two canonical visions of the way central
nervous system processes information : modular and distributed.

Modular implies that neural substrates are assigned to one or more specific functions
and then communicate a processed information to other modules ; while in the

distributed vision, functions are associated to large scale networks that encompass
several areas, each virtually involved in multiple brain function.
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Rhythms of Memory: Cross-Network
Dynamics from Rodents to Humans

David Dupret ∗ 1

1 University of Oxford – United Kingdom

Memory shapes everyday behaviour by engaging complex patterns of neuronal activity dis-
tributed across brain networks, including the hippocampus. But what features of neural activity
underlie memory-guided behaviour? In this talk, I will explore how spatio-temporally organized
spike trains of neuronal ensembles and rhythmic fluctuations in local field potentials contribute
to the internal processing of mnemonic information. Drawing on cross-species findings, I will
highlight network-level dynamics that support memory across both rodent and human brains.
Importantly, I will show how organizational principles and analytical frameworks developed in
rodent models are now being leveraged to uncover the oscillatory circuitry underlying human
memory. These insights reveal how fine-grained neural dynamics, distributed across the hip-
pocampus and its partner circuits, orchestrate memory-guided behaviour in the mammalian
brain.
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From Modules to Manifolds: Mapping
Distributed Language Networks in the

Human Brain

Stephanie Forkel ∗ 1

1 Radboud University Nijmegen – Netherlands

Classical models have long ascribed language to specialised cortical ”modules” such as
Broca’s and Wernicke’s areas. Yet accumulating evidence reveals a far more distributed and
variable architecture. My work combines advanced diffusion tractography, functional MRI, and
post-mortem anatomy to chart the structural and functional networks that underpin language
across individuals. By integrating tract-based dissections with embedding analyses, we capture
the latent geometry of the language connectome - revealing that language organisation is nei-
ther fully modular nor random, but structuredly distributed. This framework of neurovariability
and precision connectomics shows how individual brains instantiate shared linguistic functions
through distinct anatomical routes. Moving beyond fixed parcellations, I argue that language
emerges from the interplay of distributed circuits whose configuration reflects both biological
constraints and experiential history.
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A Prefrontal Cortex Map based on Single
Neuron Activity

Pierre Le Merre ∗ 1,2, Katharina Heining 2, Marina Slashcheva 2, Felix Jung 2, Eleni Moysiadou 3,
Nicolas Guyon 4,5, Ram Yahya 2, Hyunsoo Park 2, Fredrik Wernstal 2, Marie Carlén 2

1 Team Forgetting Processes and Cortical Dynamics (CRNL-FORGETTING) – CNRS – France
2 Department of Neurosciences, Karolinska Institutet – Sweden

3 Institut de l’Audition [Paris] – Institut Pasteur [Paris], Institut National de la Santé et de la Recherche
Médicale, Centre National de la Recherche Scientifique, Université Paris Cité – France

4 Nicolas Guyon – Sweden
5 Ecole Superieure de Physique et de Chimie Industrielles de la Ville de Paris – ESPCI Paris, PSL

Research University – France

The intrinsic organization underlying the central cognitive role of the prefrontal cortex (PFC)
is poorly understood. We approach organization by profiling the activity and spatial location of
> 23,000 neurons recorded in awake mice. High-resolution activity maps of the PFC do not
align with cytoarchitecturally defined subregions. Instead, spontaneous activity and tuning to
choice during a behavioral task were both related to intra-PFC hierarchy, suggesting that con-
nectivity, rather than cytoarchitecture, shapes the PFC’s activity landscape. Low-rate, regular
spontaneous firing was a hallmark of the PFC and of high hierarchy. Surprisingly, choice tuning
is over-represented in units displaying high spontaneous firing rates, linking connectivity-based
hierarchy to distinct functional properties, in separate neuronal populations. Our data-driven
approach provides a scalable roadmap to obtain an integrated view of activity, structure, and
function in the brain. I will present new preliminary results in diverse brain regions and species,
obtained from publicly available datasets, opening new avenues to explore functional organiza-
tions using single neuron activities across species and brain regions.
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Neuro-musculoskeletal modeling reveals
muscle-level neural dynamics of adaptive

learning in sensorimotor cortex

Mackenzie W Mathis ∗ 1

1 Département de Mathématiques - EPFL – Switzerland

The neural activity of the brain is intimately coupled to the dynamics of the body. In order
to predict and adapt to the sensorimotor consequences of our actions, compelling behavioral
studies in humans, non-human primates, and in rodents have shown the existence of internal
models – predictive models of our body in the environment. These internal models are theoret-
ically used to compute an updated state estimate with prediction errors. Here, we directly test
whether such errors are encoded in primary somatosensory (S1) or motor (M1) cortex during
a motor adaptation task in mice. Using control theory-derived features that include prediction
errors, we find that functionally distinct neurons are mapped onto specific computational mo-
tifs. We find that layer 2/3 population dynamics encode command-like signals and sensorimotor
prediction errors (SPEs). S1 neurons encode SPEs more prominently than M1, and the neural
latent dynamics change in S1 more than in M1 during this within-session learning. Then we
asked, in which coordinate frameworks are such errors computed? To do this, we developed
a novel 50-muscle model of the adult mouse forelimb that is capable of studying motor control
and learning in a physics simulator. We identify both high-level 3D position and muscle spaces
as coordinate frameworks for SPEs. Together, our results provide a new model of how neural
dynamics in S1 enables adaptive learning.

∗Speaker

27



Multilayer Coordination as a Substrate for
Motor Cortical Multiplexing

Bjørg Elisabeth Kilavik ∗ , Laura Lopez-Galdo 1,2, Simon Nougaret 3, Demian Battaglia 4

1 Institut de Neurosciences de la Timone – Aix Marseille Université : UMR7289, Centre National de la
Recherche Scientifique : UMR7289, Aix Marseille Université, Centre National de la Recherche

Scientifique – France
2 Laboratoire de neurosciences cognitives et adaptatives – université de Strasbourg, Centre National

de la Recherche Scientifique – France
3 Institut de Neurosciences de la Timone – Aix-Marseille Université - AMU, CNRS : UMR7289 – France
4 Laboratoire de neurosciences cognitives et adaptatives (LNCA) – CNRS – Faculté de psychologie12

rue Goethe 67000 Strasbourg, France

Functional multiplexing is a hallmark of higher-order brain regions, allowing neurons to en-
code multiple task variables simultaneously. The six-layered cortical microcircuit was proposed
as an optimal substrate for such parallel computations, with recurrent connections within and
across layers supporting information retention and integration into stable latent representations.
These properties allow cortical columns to act as functional units capable of complex compu-
tations. A key unresolved question is whether multiplexing arises from specialized processing
within individual layers or the coordinated activity of patterns spanning the column.
We analyzed laminar MUA recordings from macaque motor cortex during a complex delayed
match-to-sample task. We identified laminarly distributed, behaviorally specific subspaces cap-
turing distinct task variables. These subspaces, expressed as coordinated activity patterns
across layers, were reused to encode the same variable over time and flexibly repurposed for
new variables, demonstrating robust columnar multiplexing. Small variations in laminar weights
gave rise to multiple coexisting coding subspaces, enabling parallel representation of several
variables within the same column. Task-related information propagated across layers along
temporally structured trajectories, transiently localizing in superficial or deep layers at distinct
trial epochs. These laminar trajectories were consistently occurring across recording sites but
exhibited site-specific propagation patterns. By contrast, overall population activity lacked struc-
tured dynamics, indicating multiplexed information emerges atop a background of spatially and
temporally unspecific fluctuations.
Our results demonstrate that motor cortex leverages coordinated, multilayer laminar dynamics
to support multiplexed computation, linking single-column physiology with network-level repre-
sentations and highlighting the cortical column as a flexible computational substrate for parallel
information processing.
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POSTERS

A common neural signature for fear and
anxiety

Dana Conlisk 1, Guillem Lopez-Fernandez 2, Amélie Maurel 2, Alix
Chagnaud 2, Thomas Bienvenu 1,2, Julien Courtin 2, Cyril Herry 2, Cyril

Dejean ∗ 2 1 Centre hospitalier Charles Perrens [Bordeaux] – CERPAD – France

2 Neurocentre Magendie : Systems Neuroscience and Psychatry (Herry lab) – Université de Bordeaux,
Institut François Magendie, Institut National de la Santé et de la Recherche Médicale – France

When it comes to cope with adverse events, fear and anxiety are valuable functions. This
field of research has been divided regarding the link between these two aspects of our affective
cognition. While they have been conceptualy separated according to their respective occur-
rence in the presence (fear) or the absence of a threat (anxiety), they also share many common
physical and emotional features and have also been conceptualized as two sub-realisations of
a single neurophysiological phenomenon. Our study explores the similarities between fear
and anxiety in the prefrontal amygdalar network. We analyzed behavioural and brain dynamic
correlates of fear and anxiety in mice, sequentially subjected to classical fear (Pavlovian con-
ditioning) and anxiety assays (elevated plus maze). Our study evidences a striking similarity
in neuronal dynamics of fear and anxiety, strengthened by a sound clinical face-validation with
an anxiolytic drug challenge. Beyond the fear and anxiety comparison, the original approach
we developped to caracterize anxious states opens an opportunity to question the link between
state and trait anxiety. In that sense we are showing how acute neurobehavioural states ex-
tracted from the anxiety assay can explain the chronic trait of anxiety for a given animal. This
link is very important in a clinical care framework: understanding how state and trait are bound
offers a therapeutic window for pathological anxiety in which acting on states could diminish
trait severity and improve the quality of life of pepole suffering from pathological anxiety.
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A genetically defined population of L6
neurons forming a cross-modal sensory

cortical network

Vladimir Kouskoff ∗ 1, Madlaina Boillat 1, Maxime Juventin 1, Ivan
Rodriguez 1, Alan Carleton 1

1 University of Geneva – Switzerland

Combining sensory information from different modalities enables us to create a sophisti-
cated multisensory representation of our environment. Such representations necessitate the
convergence and integration of sensory signals across modalities within neural circuits.
Although brainstem and midbrain nuclei are well understood to play an early role in multisen-
sory integration, the substrates and mechanisms underlying multisensory interactions in the
cortex remain unclear.

We have identified a previously unreported population of layer 6 neurons (L6) that share the
same genetic profile as claustral neurons and exhibit dense horizontal projections that reach
the different sensory cortices. Interestingly, these cross-modal (Xmod) axons reach layer 4 (L4)
of these cortices, the main cortical entry point for primary sensory thalamic signals.

Using ex vivo patch clamp, we demonstrate reliable functional connections between L6Xmod
neurons and L4 in different sensory cortices, characterised by depressive synapses.

Transsynaptic retrograde tracing using modified rabies viruses reveals that L6Xmod neurons
mainly receive afferences primarily from thalamic nuclei and cortices of various sensory modal-
ities.

By coupling optogenetic stimulation with extracellular Neuropixels recording in the auditory cor-
tex of awake mice, we demonstrate that L6Xmod neurons modulate columnar activity during
passive auditory stimulation.

Preliminary data from mice performing auditory detection and discrimination tasks under op-
togenetic activation of L6Xmod neurons show no effect on behavior, suggesting that these
neurons are more likely involved in behaviors requiring multisensory representation.
Overall, these preliminary insights on L6Xmod neurons suggest a role in the early stages of
multisensory integration in sensory cortices, likely supporting the generation of multisensory
representations.
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Adaptive spatial coding of dentate gyrus
interneurons

Aurore Cazala ∗ 1, Marlene Bartos 2

1 Institute for Physiology I, University of Freiburg, Medical Faculty – Germany
2 Institute for Physiology I, University of Freiburg, Medical Faculty – Germany

The hippocampus plays a central role in forming episodic memories by associating items,
events, and experiences to specific spatial contexts. Within this structure, the dentate gyrus
(DG) is particularly important for distinguishing novel from familiar experiences. Although
GABAergic inhibitory interneurons (INs) are increasingly recognized as key contributors to hip-
pocampal function, by regulating the activity of principal cells, the mechanisms through which
they support episodic memory encoding remain poorly understood.
Here, we investigate how DG interneuron representations of spatial context evolve with expe-
rience, internal state, and time. Using two-photon calcium imaging, we recorded the activity
of two main INs types, parvalbumin-expressing (PV) and somatostatin-expressing (SOM) in-
terneurons, in mice navigating both familiar and novel virtual environments. Furthermore, we
recorded over learning of a novel environement during several days, two anatomically distinct
SOM interneuron subtypes: hilar-perforant-path-associated (HIPP) cells and hilar interneurons
(HILs), which differ in the location of their axonal projections.
Our data indicate unique roles for DG PV- and SOM-INs as well as for the two functionally
contrasting DG-SOMI-types that are distinct from their CA1-3 counterparts and may support
novelty-dependent, dynamic routing of information through the hippocampus. Additionnally,
HIPP and HIL interneurons exhibit distinct patterns of spatial representation and experience-
dependent dynamics, suggesting a division of labor in how inhibitory circuits support novelty
detection and memory formation. Together, these results highlight the specialized contributions
of DG interneuron diversity to flexible hippocampal computation and the encoding of episodic
experiences.
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Analysis of sequence structure encoding in
songbird premotor area

Axel Arnaud ∗ 1,2,3, Aurore Cazala 4,5, Nicolas Giret 4, Catherine Del
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1 INRIA Centre of Bordeaux University, France – L’Institut National de Recherche en Informatique et e n
Automatique (INRIA) – France

2 Laboratoire Bordelais de Recherche en Informatique – Université de Bordeaux, Ecole Nationale
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Efficient sensory and motor behaviors rely on the brain’s ability to encode complex sequen-
tial structures, yet the underlying neural mechanisms remain poorly understood. Canary songs
offer a powerful model to study this process, as it exhibits a rich hierarchical organization (syl-
lable, phrases, chunks) governed by complex syntactic rules. Chunks are defined as several
phrases often occurring together in the same order (i.e. frequent n-gram). Despite the high
song variability that one canary can produce, the HVC, a premotor nucleus, shows selective
responses to the bird’s own songs (BOS) compared to others. Therefore, to investigate the
sequence structure encoding in songbird premotor area, we performed extracellular recordings
in the HVC during playback of the BOS and structurally altered version of the BOS. For the
creation of the altered song, we specifically target to break chunks (local alteration) and to
move chunks to a different position in the song (global alteration). We did several analyses:
time cross-correlation between single cell activity, population cross-correlation, explain neural
activity using GLM (Generalized Linear Model). We investigated how these alterations of song
structure affect neuronal population dynamics in the songbird HVC and analyzed cross-neuron
correlations at single-cell levels and population clusters. Permutation tests showed that inter-
cluster activity correlations were enhanced in response to some song alterations, while intra-
cluster mean co-activity remained stable. Interestingly, analyses indicate that adding song
chunks features improves the GLM predictions. To our knowledge, this is the first time that
chunk features help to better explain neural activity in songbirds.
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Capturing metastability in larval zebrafish
spontaneous activity with an interpretable

model of whole-brain neural dynamics

Guillaume Faye-Bédrin ∗ 1,2, Mattéo Dommanget-Kott 1,3, Jorge
Fernandez-De-Cossio-Diaz 4, Rémi Monasson 2, Volker Bormuth 1

1 Laboratoire Jean Perrin – Sorbonne UniversiteÌ, Centre National de la Recherche Scientifique, Institut
de Biologie Paris Seine – France

2 Laboratoire de physique de l’ENS - ENS Paris – Sorbonne UniversiteÌ, Centre National de la
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Neural activity in larval zebrafish exhibits a metastable structure at the brain-wide scale, in
which a set of stereotyped patterns remain for long intervals, with brief, structured transitions.
This behaviour has been difficult to capture with existing models so far.
We introduce a hybrid RBM-HMM: a restricted Boltzmann machine learns assembly-level fac-
tors and an energy landscape from brain-wide calcium imaging; a hidden Markov model applied
to RBM latents yields discrete brain states and their transition dynamics. The framework is un-
supervised, scalable, and interpretable: each state corresponds to a combinatorial pattern of
assemblies.

Applied to spontaneous activity obtained with brain-wide calcium imaging in larval zebrafish,
the model discovers a compact set of states and transitions that show weak directional asym-
metries. To compare animals, we train the RBM across individuals with a shared latent space,
providing a common assembly dictionary that aligns state identities and transition graphs be-
tween fish.

By coupling energy-based assembly inference with discrete state dynamics, the RBM-HMM
provides a mechanistic account of brain-state organization. This integrative framework offers
testable hypotheses for circuit mechanisms of spontaneous behavior and opens the possibility
of predicting how targeted perturbations might alter transition probabilities and state organisa-
tion.
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Characterization of the subthalamo-cortical
pathway and its involvement in the

pathophysiology of Parkinson’s Disease

Elba Molpeceres ∗ 1

1 Institut des Maladies Neurodégénératives [Bordeaux] – Université de Bordeaux, Centre National de la
Recherche Scientifique – France

Parkinson’s Disease (PD) is characterized by the progressive death of dopaminergic neu-
rons in the substantia nigra pars compacta (SNc), leading to both motor and non-motor symp-
toms, including pain disorders. The subthalamic nucleus (STN), a key structure within the
basal ganglia, plays a crucial role in the circuit by influencing output structures of the sys-
tem and also cortical areas, as its neurons project directly to the cortex. While the STN is
known to be involved in both motor and nociceptive functions, the specific contribution of STN-
cortical projections to these functions remained unexplored. This project aimed to investigate
the anatomo-functional organization of direct STN-M1 cortical pathways in both normal and
parkinsonian conditions, using a combination of chemogenetic and optogenetic approaches
alongside with behavioral studies and in vivo electrophysiology in the Vglut2-cre mice. The first
results show that selective chemogenetic inhibition of STN glutamatergic neurons, as confirmed
by in vivo extracellular electrophysiological recordings, significantly improves motor and noci-
ceptive deficits in parkinsonian mice. This supports the hypothesis that the beneficial effect of
therapies like the STN deep brain stimulation (DBS) proceed from an inhibitory action over this
nucleus. More importantly, our research shows that specific inhibition of the STN-M1 pathway
produces similar effects, correlating with a restoration of neuronal activity in cortical motor area
M1. These results reveal for the first time the importance of the STN-M1 pathway in the patho-
physiology of PD and its potential therapeutic implications, contributing to the development of
more precise targeted treatments with reduced side effects.
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Communication Between the Hippocampus,
Nucleus Accumbens and Ventral Tegmental

Area During Learning and Memroy

Linda Kokou ∗ 1, Raphaël Brito 1, Federica Lareno-Faccini 1, Ralitsa
Todorova *

1, Michaël Zugaro 2
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Collège de France – 11 place Marcellin Berthelot 75005 Paris, France

The hippocampus is thought to form the brain substrate of a cognitive map. While the spa-
tial component of this map involves hippocampal ’place’ cells, non-spatial features may require
coupling with other brain areas. This could involve ’hippocampal sequences’, endogenous ac-
tivations of successive place cells representing entire trajectories at a highly accelerated rate.
These sequences are paced by theta or ripple oscillations, and could participate in learning
and memory, as well as goal-directed decision making. However, the association between
hippocampal sequences and reward- and goal-related signals remains poorly understood. The
ventral tegmental area (VTA) and nucleus accumbens (Nacc) are involved in reward coding and
goal-directed action selection, and have both been independently reported to activate during
hippocampal ripples. These co-activations could be part of a broader mechanism, whereby the
three structures coordinate at a precise timescale during hippocampal oscillations, with differ-
ent characteristics depending on cognitive function.
To explore these questions, we performed electrophysiological recordings from dozens of sin-
gle units in the dorsal hippocampus, NAcc and VTA, in rats trained to learn a complex spatial
memory task in the ’Hippodamos maze’: this novel task features a daily-changing set of reward
and error zones, requiring the rats to learn elaborate spatial configurations, to flexibly adapt to
changes in these configurations, and every day learn and remember trajectories never experi-
enced before. We investigate how the hippocampus, NAcc and VTA coordinate during various
cognitive functions (learning, recall, planning, long-term storage, etc.) and relate to the perfor-
mance of the animals in the task.
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Cortical control of a forelimb prosthesis in
mice

Edouard Ferrand , Zineb Hayatou 1, Daniel Shulz , Maria Makarov ,
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Robotic upper-limb prostheses aim to restore the autonomy of paralyzed patients and am-
putees. So far, advances in this field have relied on monkey pre-clinical and human clinical
research.
Here, we report on the direct brain control by mice of a miniature forelimb prosthesis. We show
that mice implanted with a cortical, microelectrode-based brain-machine interface can learn to
control the prosthesis via neuronal operant conditioning, and solve a water collection task in a
2-dimensional and up to a 3-dimensional space. As they learned this task, the mice shaped
increasingly consistent prosthesis movements that led to rewards, thanks to coordinated pat-
terns of neuronal activity across the several control dimensions.
Beyond the demonstration of unexpected cognitive and motor control abilities in mice, we antic-
ipate that this preclinical model of upper-limb prosthesis control will be a tool to address several
of the most pressing issues in BMI-controlled prosthetics.
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Cortical mechanisms of perceptual
hyposensitivity in autism

Ourania Semelidou ∗ 1, Théo Gauvrit , Célien Vandromme , Alexandre
Cornier , Melanie Ginger , Andreas Frick
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Sensory alterations are a hallmark of autism, shaping the way autistic individuals inter-
act with their environment, and are closely linked to other core symptoms of the condition.
This atypical sensory experience manifests as changes in perceptual sensitivity, with autis-
tic individuals showing differences in the way they detect and discriminate low-level stimuli.
Tactile sensitivity, in particular, has been strongly correlated with difficulties in social communi-
cation and interaction in autistic individuals. Despite its importance, tactile processing remains
less studied in autism compared to visual and auditory modalities, and its neural underpin-
nings are not well defined. To better understand alterations in tactile perception and identify
their neural mechanisms, we developed a translational forepaw-based perceptual task to as-
sess tactile detection and combined it with measurements of neuronal activity in the Fmr1-/y
mouse model of autism. Our findings recapitulate the multifaceted tactile features observed
in autistic individuals, showing tactile hyposensitivity during stimulus detection, along with in-
terindividual variability and unreliable responses. We reveal that impaired detection decoding
in Fmr1-/y-hyposensitive mice stems from diminished single-neuron signal-to-noise ratio in the
primary somatosensory cortex that leads to weak population encoding of the tactile stimulus
and its detection. This manifests as reduced stimulus-dependent neural recruitment, impaired
response precision, and disrupted ensemble dynamics. Decreasing neuronal hyperexcitability
strengthens sensory encoding and improves tactile perception. Our work shows an evolution-
arily conserved role for the primary somatosensory cortex in tactile detection and presents a
highly translational approach for probing neuronal-perceptual changes in neurodevelopmental
conditions.
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DREADD-mediated modulation of social
behavior by oxytocin in freely-interacting

macaques

Eloı̈se Disarbois ∗ 1, Antoine Ameloot 1, Coline Duperron 1, Jean-René
Duhamel 1

1 Institut des sciences cognitives Marc Jeannerod - Centre de neuroscience cognitive - UMR5229 –
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The neurohormone oxytocin, synthesized in the hypothalamus, has emerged as a key mod-
ulator of social behavior across species, known for facilitating social bonding, trust, and empa-
thy. While most studies contributed to this knowledge by supplementing the brain with oxytocin
(e.g., via inhalations, intracerebral injections), little is known about how endogenous oxytocin is
involved in spontaneous social behavior. In this pilot study, we set out to investigate how oxy-
tocin modulates natural social behavior in freely-behaving non-human primates. To this end,
we used Designer Receptors Exclusively Activated by Designer Drugs (DREADDs), a chemo-
genetic tool, to reversibly increase central oxytocin secretion in a male macaque while he freely
interacted with a female partner, in their home cage. Strikingly, nearly all abnormal and aggres-
sive behaviors towards the partner were abolished under DREADDs activation by the ligand
Deschlorochlozapine (DCZ). Overall, under DCZ, the subject displayed a relaxed state, with
reduced activity and more peaceful interactions with the partner, reflected by a significant in-
crease in huddling. This study validates DREADDs as a potent tool to understand the role of
oxytocin in shaping naturalistic social behavior in primates with complex social repertoires. It
thereby opens new avenues for oxytocin studies in macaques combining causal manipulations
with neural and behavioral measures.
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Deep brain stimulation of the hippocampal
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memory task in non-human primates
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Coupled theta (4-8Hz) and gamma (30-80Hz) oscillations between prefrontal cortex (PFC),
entorhinal cortex (ERC) and hippocampus (HPC) are crucial for associative memory processes.
These oscillations are disrupted in memory disorders such as Alzheimer’s disease. Small
proof-of-concept studies in epileptic patients have attempted to modulate memory encoding
and retrieval using intracranial electrical stimulation of limbic or neocortical structures, yield-
ing conflicting results. Here, we first sought to investigate the neurophysiological bases of
associative memory processes in non-human primates chronically implanted with intracranial
electrodes spanning the HPC, ERC, and PFC. Next, we tested the hypothesis that electrical
stimulation of these structures would affect memory performance.
To this end, we integrated advanced multi-camera neuronavigation, high-resolution multimodal
neuroimaging, and tailored surgical procedures to chronically implant electrodes in deep struc-
tures, with an accuracy below or at the millimeter scale. We then combined the implantation
of sEEG probes with an ECoG array on the prefrontal cortex. We leveraged these technolo-
gies to conduct chronic electrophysiological recordings during an episodic memory task in two
non-human primates. These recordings revealed modulation of intracranial EEG activity during
correct and incorrect trials. Finally, we applied electrical stimulation to the hippocampus and
entorhinal cortex during the encoding phase (50 Hz continuous and 5 Hz burst stimulation). We
found that electrical stimulation systematically impaired memory performance when stimulation
was applied above a certain threshold, challenging earlier positive effects observed in epileptic
patients.
Future work will investigate the neural states associated with correct and incorrect trials, and
how they are affected by electrical stimulation.
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To navigate our ever-changing world, we must be able to adapt our behavior. A key part
of this is the ability to integrate past experience and anticipated events to precisely time our
actions. The neural mechanisms behind this remain largely unknown, but the prefrontal cortex
is believed to be crucial. This study investigates the distinct roles of two prefrontal subregions,
the medial prefrontal cortex (mPFC) and the ventro-lateral orbitofrontal cortex (vlOFC), in
flexible timed behavior.
We developed a discriminative peak-interval task for rats, where subjects learned to discrimi-
nate between a short (10s) and long (40s) interval by making a nosepoke in a specific hole to
receive a reward. We then introduced changes in task rules like contingencies reversal, tem-
poral and spatial shifts. Using chemogenetics to temporarily inhibit the mPFC and vlOFC, we
examined their contributions.

Rats successfully discriminated between the two intervals and showed flexibility in adapting
to new rules. Our results reveal a functional dissociation. Inhibition of the mPFC disrupted
the scalar property of timing (proportional scaling of timing with interval duration) in response
to temporal rule changes. Conversely, inhibition of the vlOFC facilitated acquisition of scalar
timing after a reversal, but led to pronounced and long-lasting perseverative errors following a
spatial shift.
These findings suggest that the mPFC is critical for maintaining scalar timing and updating tem-
poral rules, while the vlOFC is more involved in adapting action allocation when spatial rules
change. This highlights the complementary roles of mPFC and vlOFC in the adaptive control
of timed behavior.
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Distinct populations of claustrum projection
neuron differentially modulate medial

prefrontal cortex activity
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The claustrum (CLA) is a subcortical structure with dense, reciprocal connections to the
neocortex and is implicated in functions such as sleep, attention, memory, and pain process-
ing. However, the anatomical delineation of the CLA in rodents remains unclear, thereby ob-
scuring our understanding of its cellular diversity and functional roles. In this work, we used
high-resolution genetic analysis of the claustro-insular region to identify two genetically distinct
populations of claustrum projection neurons with different transcriptional profiles, which can
be selectively targeted using Cre-driver lines. One population, likely representing the core of
the claustrum, expresses Smim32 and Slc17a6, while the peripheral population, potentially
corresponding to the claustral shell, is marked by Syt17 expression. Viral tracing revealed dis-
tinct projection patterns from these core and shell populations to the medial prefrontal cortex
(mPFC). Although their projections display opposing topographic distributions, they converge
and overlap within deep cortical layers and ventromedial areas, such as the infralimbic and
orbitofrontal cortices. Neuropixels recordings combined with optogenetic activation of CLA
neurons revealed that core and shell projections differentially influence excitatory and inhibitory
responses in mPFC neurons. This modulation varies spatially along the mPFC and across cor-
tical layers, suggesting that these populations exert complex and spatially specific control over
mPFC activity.
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dorsal–ventral hippocampal axis

Azul Silva* ∗ 1, Juan Facundo Morici* 1, Océane Lüthi 2, Gabrielle
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Remembering the context in which an aversive experience occurred is critical to safely
navigating the environment. The hippocampus (HPC) is implicated in the encoding of spatial
information through the presence of place cells (PC), which are tuned to specific locations in
space. As a population, PCs form a ”cognitive map” of the environment that adapts to con-
textual changes through remapping. Along its dorsal–ventral axis, the HPC exhibits distinct
connectivity and functional specialization: the dorsal HPC primarily processes spatial informa-
tion, whereas the ventral HPC also encodes emotional valence and anxiety. While prior studies
have examined dorsal–ventral dynamics under spatial cue manipulations, less is known about
how emotional context influences these representations. Here, we studied the dorsal-ventral
HPC interaction while changing the contextual emotional valence. We performed electrophys-
iological recordings in the ventral and dorsal HPC while rats explored the same space under
opposite emotional valences. We characterized both structures’ spatial and emotional coding
and found distinct patterns of spatial tuning between dorsal and ventral HPC depending on
the emotional valence. Dorsal HPC exhibited greater spatial coding precision, whereas ventral
HPC was more sensitive to differences in emotional valence.
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The consolidation of previously formed memories is thought to rely on the reactivation of
neural assemblies. In particular, in the hippocampus, these reactivations occur during fast os-
cillatory events in the local field potential: sharp-wave ripples (SWR). In rodents, suppressing
these events immediately after learning leads to strong forgetting, thus providing a causal link
between SWRs and consolidation. While ripple generation is well understood within the hip-
pocampus (involving strong excitation from subfields CA2/3 to CA1), it remains unclear how
upstream regions, such as the medial entorhinal cortex (mEC), contribute to the apparent
stochasticity of ripple generation and reactivation content. In this study, we propose to de-
compose hippocampal local field activity into its major components to identify where and when
external influences localize. Strikingly, across multiple datasets, we find that the mEC to den-
tate gyrus pathway explains most of the variability, in the form of short ( ˜20 ms) and intense
bursts of excitation targeting the dentate gyrus molecular layer. These packets of excitation
occur during both locomotion and quiescence. However, just after the animal stops, packets
begin to be closely followed by SWRs (with a 100 ms delay). This bias for SWRs after packet
occurrence increases with time since stopping, such that after one minute of quiescence, half
of the ripples are preceded by a packet. Moreover, packet strength predicts ripple probability,
and the spiking content during pre-ripple packets closely matches that of the ripple content.
These results suggest a direct, state-specific contribution of the mEC to SWR generation and
content.
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Exploring the Contribution of Self- and
Externally-generated Head Movements on
Primary Visual Cortex Activity in Mice

Adrien Barralis ∗ 1, Guy Bouvier 2

1 Institut des Neurosciences Paris-Saclay – Université Paris-Saclay, Centre National de la Recherche
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The construction of a stable spatial representation of the external world is fundamental to
an organism’s ability to survive. This process presents significant challenges, as sensory in-
puts are acquired through organs in near-continuous motion. Visual systems must contend with
constant eye and head movements that shift the retinal image. Additionally, successful move-
ment execution depends on external factors that can cause involuntary movements, adding
complexity to sensory interpretation. To disambiguate between these possibilities, vision must
use motor and vestibular signals. Most primary visual cortex (V1) neurons in mice respond
to both visual and non-visual stimuli. Previous studies showed that vestibular organs are nec-
essary for V1 neurons to respond to externally-generated head rotations (passive condition),
even without visual stimuli. V1 neurons also respond to fast eye movements, suggesting V1
might use these non-visual signals to refine sensory experience. However, most studies were
performed under passive conditions with head-fixed animals, limiting our understanding of how
self-generated head movements and different combinations of head and eye movements im-
pact V1 activity. To address these questions, we combined chronic extracellular recordings in
V1 using high-density silicon probes, an inertial measurement unit to track head movements,
and an embedded camera to monitor eye movements. By recording neural activity during
self-generated head turns and motorized turntable rotations, we aim to uncover how different
combinations of head and eye movements impact V1 activity. This study will provide new in-
sights into how the visual cortex integrates head and eye movement information, advancing our
understanding of vision in naturalistic conditions.
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Alloparental behaviors consist in a set of actions undertaken by adults to insure pups’ sur-
vival. Naive virgin mice can display alloparental behaviors the first time they are exposed to
pups but their performances improve after a long or several exposures. The neurobiological
substrates of this phenomenon are still unclear. This project aims to assess the role of olfac-
tion in the establishment of alloparental behaviors and the ability of mice to recognize familiar
from ”alien” pups (ie pups never encountered before, with a different olfactory signature). We
found that virgin mice display similar performances in a retrieval test as dams (ie mothers with
litter) after being co-housed for several days with a dam and its litter. Their performances ex-
ceeded these of naive virgin females, as expected from the literature. Surprisingly, both dams
and co-housed females retrieved their own and alien pups with a similar probability, suggest-
ing an absence of discrimination. However, we found that dams and naive mice are in fact
able to recognize alien pups when tested with a habituation-deshabituation test. These re-
sults suggest that even though mice discriminate pups from different origins, they retrieve them
without distinction. In another set of experiments, we tested the impact of pups’ odor on an-
other alloparental behavior: nesting. We showed that masking pups’ odor delayed the start of
nesting in naive females, highlighting the role of olfaction in triggering this behavior when pups
are present. This work paves the way for future research to understand how olfaction shapes
pup-directed behavioral changes.
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Brain activity operates within a complex network. In Parkinson’s disease (PD), the loss
of dopaminergic neurons in the substantia nigra compacta disrupts the basal ganglia-cortex-
thalamus-cerebellum (BG-Ctx-T-Cb) network, impairing learning, decision-making, and motor
control. However, the resulting changes in cortical activity at the network level are poorly char-
acterized.
Brain networks are typically mapped using either structural (SC) or functional connectivity (FC).
Standard graph analysis methods often lack clear interpretability, especially regarding how tem-
poral brain signals relate to the underlying anatomical structure. Graph Signal Processing
(GSP) is a novel method designed to bridge this gap by analyzing signals relative to the net-
work’s architecture.

We applied GSP to magnetoencephalography (MEG) data from healthy controls (HC) and PD
patients. First, we performed a spectral decomposition of the graph Laplacian derived from the
FC. Surprisingly, this decomposition closely resembled that typically obtained from SC. In par-
ticular, the first eigenvectors show low spatial frequency patterns as illustrated in Fig. 1. When
looking at higher order eigenvectors, they show more and more complex spatial patterns. We
then compared how MEG signals were distributed across low- and high-frequency graph com-
ponents between the two groups.
Our analysis revealed significant differences, particularly in sensory regions, showing that brain
activity in PD patients is more dependent on the underlying network structure. These findings
confirm and extend previous observations that PD has an accelerated aging effect on cortical
brain function.
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Episodic memory refers to the ability to reconstruct a specific life episode by associat-
ing an event and its context. This multimodal associative memory is supported by a dis-
tributed hippocampo-cortical network. In this study we recorded iEEG signals from patients
with epilepsy (PWE) to study brain network dynamics using an associative memory task with
a particular focus on the involvement of the hippocampus during different stages of the task
(encoding, short- and long-term recalls) and through different recall modalities (recollection or
recognition).
The experimental task consisted in the encoding of 56 word-pictures pairs, half being recalled
at 30 minutes and half at 3 days. Recall tests included (i) a recollection task where only one
element of the pair was initially shown for 500ms and then 3 possible matches were proposed,
(ii) a recognition task where the subject had to tell if a pair was present or not during the en-
coding.

The analysis of interictal epileptic discharge (IED) in hippocampus showed no correlation be-
tween IED occurrence and patient performance.
Besides, during encoding, we observed a significant gamma (40Hz-90Hz) response to stimuli in
various areas (hippocampus, orbito-frontal and temporal cortices...). Gamma response in hip-
pocampus was independent of its status (in epileptic zone or not, lesioned or not). Hippocampal
gamma amplitude was also related to the subsequent recall of each item (subsequent memory
effect, SME) at short term, but less at long term. Similarly, hippocampal gamma activation
during short term recall was related to test success, but not during long term tests.
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How is sensory information transferred and broadcast across cortical areas? We investi-
gated the mechanisms of perceptual readout from primary sensory cortex by combining pat-
terned whisker stimulation, mesoscale µECoG recordings ( ˜columnar resolution), and opto-
genetic perturbations in mice. In the first series of experiments, we optogenetically suppressed
superficial (L2/3) or deep (L5) populations of pyramidal neurons during whisker-evoked re-
sponses. L5 inhibition strongly reduced the high-gamma (65–170 Hz) component of early sen-
sory responses, whereas L2/3 inhibition primarily attenuated theta-beta (4–30 Hz) activity. This
indicates a frequency-specific segregation of columnar input (low-frequency) and output (high-
frequency) processes in ECoG signals. In ongoing work, we relate mesoscale ECoG dynamics
to behavioral readout. Mice integrate sequential whisker inputs over a temporal window of ˜150
ms, beyond which delayed inputs fail to summate perceptually. In awake mice, ECoG signals
show state-dependent shifts from low- to high-frequency activity with increasing cognitive en-
gagement, coupled with enhanced sensory-evoked high gamma. We are investigating whether
these state changes reflect transitions from input to output dominated processing modes.
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Head direction (HD) cells encode an animal’s facing direction, forming a neural compass
critical for spatial navigation. Although first identified in rodents, HD cells were only recently
discovered in zebrafish larvae, enabling brain-wide cellular imaging. However, zebrafish lose
transparency with age, limiting longitudinal developmental studies. Here, we investigate HD cir-
cuit emergence in Danionella cerebrum (DC), a newly introduced vertebrate model that remains
optically transparent throughout life, allowing whole-brain calcium imaging across developmen-
tal stages.

Using a virtual reality setup, we recorded neural activity at cellular resolution in DC larvae aged
1–2 weeks exposed to controlled heading cues. Candidate HD cells were identified based on
tuning curves selective for specific heading angles. Population decoding demonstrated that
neural ensembles reliably encode head direction. To verify HD cell properties, we are con-
ducting visual perturbation tests assessing tuning stability in darkness and remapping across
environments. These findings contribute to our understanding of how navigation-related circuits
develop and integrate sensory information over time. More broadly, the optical accessibility and
behavioral tractability of Danionella offer promising opportunities to investigate the develop-
mental dynamics of spatial coding in a vertebrate brain, with potential relevance to models of
attractor network formation.
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Neocortical memory engrams are believed to stabilize and mature through increased inter-
connectivity during systems consolidation. While synaptic plasticity within these networks is
a recognized mechanism for memory storage, it does not fully explain the vivid and dynamic
qualities of remote cortical memories. Intrinsic neuronal plasticity has been proposed as an
early priming mechanism that both sensitizes nascent engram neurons to subsequent synaptic
modifications and preserves flexibility for future encoding. Here, we demonstrate that learning-
induced, neuron-wide intrinsic excitability (IE) plasticity in nascent cortical engram neurons is
a permissive mechanism supporting the formation and specificity of remote associative mem-
ories. By combining a c-fos–dependent genetic and viral strategy for engram labeling in the
anterior cingulate cortex (ACC) with ex vivo electrophysiology, we found that contextual fear
learning induced a progressive, time-dependent increase in their IE profile during the early, but
not late, phase of memory formation. Notably, chemogenetic hyperpolarization of engram neu-
rons during this early plasticity window promoted their maturation, enhancing the strength and
context specificity of consolidated memories while protecting them from interference. Together,
these findings identify intrinsic plasticity in nascent ACC engram neurons as a critical tagging
mechanism that governs the stability and precision of remote memories.
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Long-term recordings in patients and animal models reveal circadian and multidien (multi-
ple days) rhythmicity in epilepsy. The underlying mechanisms of these cycles are not known.
We are interested in predicting the onset of epileptic seizures over the scale of days. To this
end, we performed chronic telemetric and single-unit recordings in epileptic rats (pilocarpine
model). The primary focus of our investigation lies in the study of large network discharges
known as interictal spikes (IS), closely associated with epileptic seizures.
As previously shown, in our recordings the number of seizures and the number of IS follow a
multidien rhythm. Our data suggest that multidien modulation in IS may primarily be a conse-
quence of the fluctuations in IS that occur during sleep. Moreover, single-unit recordings in the
hippocampus reveal opposite neuronal responses to IS during sleep and wakefulness: while
neurons are excited by IS during sleep, they are inhibited by them during wakefulness. Ongoing
analysis are aimed at identifying how network synchronization in the form of cell assemblies’
formation and activity may drive epilepsy cycles.
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Anxiety disorders affect nearly 20% of adults yet remain inadequately treated as many
patients fail to respond to current prescriptions. The anterior insular cortex (insula) is a hub
integrating interoceptive and affective information, and is consistently implicated in anxiety dis-
orders where it shows hyperactivation. The insula receives dense serotonergic input and ex-
presses serotonin 1A and 2A receptors (5-HT1A/2A), key regulators of mood. Psychedelics
such as 5-MeO-DMT act as agonists at these receptors and produce lasting anxiolysis.
Given local injection of 1A agonist 8-OH-DPAT (200âC‰ng/150âC‰nL) in the insula acutely
decreased anxiety-like behavior, we hypothesized that reduced insular 5-HT1A+ neuronal activ-
ity following 5-MeO-DMT mediates its anxiolytic effect, attenuating anterior insula hyperactivity.

One week after 5-MeO-DMT (20 mg/kg), male and female mice displayed reduced anxiety-like
behavior in the elevated plus maze and light–dark test. At this time point, activity of 5-HT1A+
insular neurons, measured by fiber photometry (GCaMP8), was reduced when mice explored
anxiogenic spaces, compared to vehicle.

To dissect 5-MeO-DMT’s mechanism of action, we performed in vivo electrophysiology and
pharmacological manipulation. Electrophysiological recordings following 5-MeO-DMT revealed
increased gamma-band power (30–80 Hz) and enhanced spike–gamma coupling. Finally, to
probe the circuits and cell types which may underlie these effects, we performed whole-cell
patch-clamp recordings ex vivo with 5-MeO-DMT or 8-OH-DPAT exposure.
Our findings suggest that 5-MeO-DMT induces short- and long-term changes in insula neural
dynamics, contributing to its anxiolytic effects, likely through the serotonin 1A receptor.
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Since the discovery of place cells, the dorsal hippocampus (dHPC) has been the focus of
many spatial coding studies, revealing both behavioral time-scale and fine time-scale spatial
coding in the hippocampus. In contrast, the ventral hipppocampus (vHPC) was mostly consid-
ered as uninvolved in this framework, largely based on many lesion studies where the rat could
still navigate space without its vHPC. However, a few electrophysiological studies reported the
existence of place cells in the vHPC, notably with larger place fields. To understand to what
extend the vHPC codes for space and is integrated with signals from the dHPC, we recorded si-
multaneously from dHPC and vHPC in freely behaving rats performing a spatial alternation task
in a large environment. As previously described, we show that some vHPC cells are space-
modulated even if they do not exhibit clear place fields in our environment. In addition, our
preliminary results indicate that these cells also engage in fine scale coding, yet in a manner
completly different than the dHPC : with sequences not centered on the animal’s position but
anchored on the reward. Surprisingly, the directionnality of the sequence was also different
depending on the place of the animal in the maze. This suggest an entirely different type of
spatial code in the vHPC and highlights the need for further investigation of vHPC properties to
better understand the nature and mechanisms of space representation in the brain.
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To make adaptive decisions, individuals must learn both the action–outcome (A–O) associ-
ation and the value of the outcome (O), which together underpin goal-directed (GD) behavior.
While much work has examined which action to select, less is known about when to initiate an
action. Current theories suggest that self-initiated actions are triggered by internal represen-
tations of A–O association or O value. Prefrontal cortices and dorsal parts of the striatum are
needed to perform GD actions. However it remains unclear whether, during operant behaviors,
prefrontal cell ensembles specifically compute the instrumental information (the A-O associa-
tion), the value of the goal (the O value), a combination of these representations or neither of
these. And if so, how neuronal dynamics linked to tasks requirements actually drives action
initiation. To answer these questions we designed a self-paced task in which mice must per-
form a nose poke to access a food reward. We aim to image calcium activity in the prefrontal
cortex during the task to follow neuronal activity during A-O associations and O value encod-
ing. We applied contingency degradation and outcome paradigms to assess the sensitivity of
nose-poke behavior to A–O associations and O value, respectively. To precisely characterize
their impact on action initiation, we analyze timing distributions of task sequences (e.g. retrieval
time, poke duration ...) and use a cognitive model (drift-diffusion model). Combining drift dif-
fusion model and calcium imaging will allow us to link neuronal dynamics with the cognitive
processes underlying behavior.
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Episodic memory involves integrating ”what-where-when/context” information. This multi-
modal associative memory is formed incidentally and can be recalled over long periods. Our
team has developed an original behavioral protocol to study this type of memory in rats. Com-
bined with electrophysiological recordings, this protocol offers a unique opportunity to investi-
gate the neural networks supporting encoding and long-term recall of episodic representations.
We analyzed local field potentials recorded during this task, to examine network dynamics un-
derlying memory formation and recall. During encoding, rats experienced a specific association
of context, place and odor with a pleasant drinking solution, while all other combinations led to
an unpleasant outcome. After 30 days, remote memory was tested in the same situation, but
only water was delivered.

As encoding progressed, more brain areas - including olfactory regions, prefrontal cortex, and
amygdala - were recruited into a functional network characterized by beta (12-30 Hz) activity
induced by odor onset at the ”positive” port (P+), where odors predicted different outcomes
(rewarding or aversive). In contrast, at the ”negative” port (P-), where both odors always led to
an aversive outcome, no significant odor-induced beta activity was observed. These findings
suggest that beta oscillation might reflect odor processing and the extraction of place-odor rep-
resentation within context. Furthermore, during remote recall, odor cues at P+ reactivated a
similar beta network, whereas cues at P- did not.
Together, these results identify beta oscillation as a key neural signature of episodic-like mem-
ory triggered by odors, supporting both encoding and remote recall of context-place-odor-
outcome associations.
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Neural response reliability as a marker of
the transition of neural codes along auditory

pathways

Boris Gourévitch ∗ 1

1 Institut de l’Audition – Institut Pasteur de Paris – France

The neural representations of acoustic features which differ in the location or timbre of the
emitter elicit similar perceptions, suggesting the existence of a robust stimulus-response func-
tion between complex sounds and the activity of neural populations at all stages of the auditory
system. This hypothesis was tested by decoding a random sound stream, using spike trains
from a biophysical model of the auditory nerve and from large-scale recordings in the inferior
colliculus, the auditory thalamus and the auditory cortex of awake mice. At the level of individual
neurons, the reliability of temporal and rate codes was found to decrease along the ascending
auditory pathways. Rate coding was progressively favored with increasing independence to
neuron frequency tuning. Firing in the auditory cortex was found to be synergistic, whereas
that in subcortical areas was more redundant. Finally, combinatorial codes involving neural fir-
ing and neural silence within neuron pairs were shown to efficiently encode sound information,
particularly in the auditory cortex. Overall, these findings reveal a progressive transformation
of the neural code from an individual, redundant and temporal code at the periphery to a more
distributed rate-based code in the auditory cortex.
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Neuronal avalanches in the the nucleus
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information flow during sleep
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Neuronal avalanches are cascades of neural activity whose likelihood is inversely propor-
tional to their size and duration. This phenomenon aligns with physical theories of criticality,
a state that maximizes the brain’s responsiveness, information transmission, and storage ca-
pacity. Although avalanches have been studied in local neural populations and at the global
level using imaging techniques, it remains unclear how they might enable increased informa-
tion flow between distinct brain structures. Sleep-dependent memory consolidation relies on
coordinated interactions between the hippocampus (HPC) and the prefrontal cortex (PFC) dur-
ing non-rapid eye movement (NREM) sleep, where precise synchronization of hippocampal
sharp-wave ripples (SPW-Rs) and thalamocortical spindles plays a central role. Because these
regions lack direct reciprocal connections, the thalamic nucleus reuniens (NR) is a compelling
candidate for mediating their dialogue, as it connects both areas bidirectionally. By performing
simultaneous recordings from NR, HPC, and PFC in freely sleeping rats, we identified previ-
ously undescribed infra-slow avalanches (ISA) in NR population activity. These avalanches
showed alternating ON (high firing) and OFF (low firing) periods with an approximately 8-
second cycle, mainly during NREM sleep. HPC and PFC neurons were entrained to distinct
ISA phases: hippocampal units fired during OFF periods, whereas prefrontal units were more
active during ON periods. Consistently, SPW-Rs aligned with OFF phases, prefrontal spindles
with early ON phases, and coupled SPW-R–spindle events peaked at the OFF–ON transition.
These findings reveal a novel infra-slow population mechanism in NR that temporally coordi-
nates hippocampo-prefrontal communication during sleep, supporting memory consolidation.
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Neuronal representation of song variability
in songbirds Basal Ganglia-Cortical Loop

Carmen Guerrero-Marquez ∗ 1, Julien Braine 1, Arthur Leblois 1
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The basal ganglia–thalamo–cortical (BGT) circuit is critical for motor skill acquisition across
vertebrates, including speech learning in humans, a process thought to rely on reinforcement
learning (RL). Songbirds provide a powerful model for studying skill learning, as they acquire
their songs by imitating adult tutors through trial and error. Their specialized song system, com-
prising both a BGT loop and a cortical motor pathway, underlies song learning and production.
Within this circuit, the lateral magnocellular nucleus of the anterior neostriatum (LMAN) acts as
the cortical output of the BGT loop, introducing variability into song production through projec-
tions to the motor pathway. RL models propose that LMAN conveys an efference copy of these
vocal variations to Area X, the songbird basal ganglia nucleus homologous to mammalian mo-
tor BG circuits. Yet, the functional organization of LMAN and Area X and the neuronal coding
of vocal variability remain poorly understood.

To address this, we examined functional connectivity and neural dynamics in LMAN and Area X
during singing, using chronic and acute in vivo electrophysiology in zebra finches. Our analyses
revealed no straightforward linear correlations between single-neuron activity in these regions
and acoustic song features. However, population-level analyses and nonlinear modeling may
capture more complex relationships. In parallel, we are mapping functional connectivity from
LMAN to Area X to estimate the neural population size required for encoding vocal variabil-
ity. Together, these findings shed light on how BGT circuits represent vocal features, providing
broader insights into sensorimotor learning and the mechanisms underlying speech acquisition
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Neuronal representation of space in
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Navigation is a fundamental skill for both humans and animals. Primates rely heavily on vi-
sual cues during orientation, but exactly how the brain encodes these remains unclear. Hence,
our study examines neural representation of virtual space in non-human primates focusing
specifically on landmarks and gaze viewing. We studied the neural activity in the hippocampus,
posterior cingulate and retrosplenial cortex in rhesus macaques, to understand how signals per-
taining to direction and salient cues viewing are combined. Monkeys navigated a rectangular
enclosure surrounded by three landmarks, to reach hidden and visible rewards. In some trials,
the landmarks were occluded such that the monkey had to rely on previous own trajectory, or on
the enclosure geometry. By mapping the spatial distribution of gaze in landmark-present and
landmark-absent trials, we found that macaques use the enclosure geometry whether land-
marks were present of absent. Preleminary analysis of neuronal recordings further reveal
that the hippocampus, posterior cingulate cortex (PCC) and retrosplenial cortex (RSC) encode
bearings with respect to landmarks or to the reward location.
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Norepinephrine and acetylcholine joint
control of amygdala dynamics
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Acetylcholine (ACh) and norepinephrine (NE) critically regulate internal states such as
arousal. Although their effect on ionic currents is established, how NE–ACh interactions shape
network dynamics and brain state transitions remains unclear. To answer this question, we
leveraged experimental and computational methods to explain NE–ACh interactions in the
amygdala, a key region for emotion and learning.
Combining NE and ACh monitoring with large-scale in vivo electrophysiology in awake mice,
we could characterize how the joint action of the two neuromodulators influenced neuronal
activity. Contrary to the general excitatory effects described ex vivo, NE and ACh release trig-
gered diverse responses across neurons in vivo. Interestingly, ˜30% of the neurons exhibit
supra-additive increase in firing when both NE and ACh are released, indicating a synergistic
action of the two neuromodulators.

To understand the combined mechanism that could explain this effect, we built a mean-field
model incorporating NE and ACh effects on excitability and synaptic properties. Using this
model, we explored the influence of joint neuromodulation on neuronal firing and dynamical
properties. Bifurcation analysis shows that the combined action of ACh facilitating presynap-
tic release and NE increasing neuronal gain recapitulates electrophysiological signatures ob-
served in vivo. Importantly, we could predict effects not explicitly implemented, including en-
hanced inhibitory firing and reduced activity in a subset of excitatory neurons.
In summary, this interdisciplinary approach, allowed us to characterize how NE–ACh inter-
actions shape amygdala activity during behavior, and to generate testable predictions on the
mechanistic substrate that underlies their effect on neuronal dynamics.
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Plasticity of gustatory cortex layer 5
pyramidal neurons following a gustatory
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The gustatory cortex (GC) plays a central role in identifying food qualities, assigning hedonic
value, avoiding toxins, and regulating feeding behavior. Despite its importance, our knowledge
of how neuronal circuits process gustatory information remains incomplete, especially com-
pared to other sensory modalities. In this study, we employ a combination of slice electrophys-
iology and optogenetics to characterize the morphology and electrophysiological properties of
layer 5 pyramidal neurons in the GC, together with their synaptic inputs from the gustatory
thalamus (which provides information regarding tastant identity) and the basolateral amygdala
(which provides information regarding palatability). Further, we employ activity reporters to
examine experience-dependent plasticity of GC layer 5 pyramidal neurons following exposure
to a novel tastant. We aim at elucidating the cellular and circuit mechanisms underlying the
formation of safe taste memories during the transition from novel to familiar taste experiences.
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Predictive processing of tactile sensory
information in mice engaged in a
whisker-guided locomotion task
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The predictive processing framework posits that the brain actively predicts sensory inputs
rather than passively processing them. How this principle operates during naturalistic, active
sensation, particularly in the tactile domain, remains largely unexplored. Here, we investigate
the mesoscale neural signatures of predictive processing in the mouse whisker system dur-
ing a self-paced, whisker-guided locomotion task. We combined fibroscopic wide-field calcium
imaging of cortical excitatory neurons (EmxCre x floxed GCaMP6f mice) with high-resolution
behavioural tracking, using a novel motorized optical rotary joint to achieve stable recordings
in freely-moving animals. To manipulate tactile expectations, we trained mice to navigate a lin-
ear track in the dark, where an obstacle was consistently present on one side in 90% of trials,
creating a strong sensory prediction. This expectation was violated in rare ”omission” trials
(10%), where the obstacle was absent. Our results show that mice exhibit robust predictive
behaviour, pre-emptively steering away from the expected obstacle location and modulating
their whisking strategy on omission trials. Critically, these prediction violations evoked a spa-
tiotemporally structured cortical activation. After subtracting out global, non-specific activity
fluctuations, we found that unexpected omissions of the obstacle elicited a localized ”phantom”
representation in the corresponding barrel-related columns of the primary somatosensory cor-
tex (wS1). This neural signature was timed to when the actual touch would have occurred and
its spatial emergence in wS1 depended on the animal’s head position. The omission-related
signal subsequently propagated from wS1 to the posterior parietal cortex (PPC), sequentially
engaging the rostrolateral (RL) and posterior parietal (PtP) areas.
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Respiratory pauses highlight sleep
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Brain activity and breathing rate influence each other but it remains unclear how fine res-
piratory features vary across and within brain states. Using simultaneous nasal pressure and
hippocampal local field potential (LFP) recordings in freely-moving mice, we show that Wake,
Rapid Eye Movement (REM) sleep, and non-REM (NREM) sleep exhibit unique respiratory sig-
natures with two particularly discriminating features: post-inspiratory pauses and low-flow late
exhalations. Furthermore, within NREM sleep periods, fiber photometry recordings revealed
that infra-slow noradrenergic oscillations align with the emergence of respiratory pauses. As
such, pauses demarcate not only NREM packets traditionally defined by microarousal move-
ments, but also shorter ( ˜30 second) bouts of elevated sigma-band power or ”respiration-
based packets”. Zooming in to smaller time-scales, we found that respiratory feature changes
predict moment-to-moment fluctuations in the hippocampal sigma-band power. Finally, in hy-
poxic conditions, respiratory patterns adapt, but fine features still accurately predict infra-slow
fluctuations of sigma-band power, which are accelerated. Overall, our findings reveal that res-
piratory features capture the macro- and micro-architecture of sleep, opening new windows into
brain states and network computations through respiration
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Role of hippocampo-prefrontal circuits in
fear memory consolidation
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Fear and anxiety-related disorders are among the most frequent psychiatric conditions and
are a major public health concern. In our lab, we previously showed that a subset of prefrontal
cortex (PFC) neurons, called assembly neurons (AN), synchronize during fear expression. We
hypothesize that this synchronous activation is the cortical representation of the consolidated
associative memory. Using Pavlovian fear conditioning (FC) in mice we studied the mecha-
nisms underlying fear memory consolidation and the synchronization of neuronal activity during
fear. Hippocampal (HPC) sharp wave ripples (SWR),play a crucial role in memory consolida-
tion for transferring and storing information from HPC to PFC. Therefore, we are investigating
how SWR and the excitatory projections from the HPC to the PFC contribute to memory con-
solidation and the synchronization of AN. We showed that PFC neurons participating in the fear
memory trace display a specific co-activity around SWRs following FC. Furthermore, we used
real-time closed-loop optogenetic stimulation to inhibit the HPC-PFC projections during SWR
detection in the consolidation phase of FC. Preliminary results suggest that fast and accurate
inhibition of the projections from the ventral HPC (vHPC) to the dorsomedial PFC (dmPFC) dur-
ing SWRs lead to a decrease in fear memory expression. These findings collectively highlight
the fundamental role of SWR and HPC-PFC circuits in fear memory consolidation
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Temporal structure of neuronal activity in
the human hippocampus
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Decades of research in rodents have shown that hippocampal theta oscillations provide a
temporal scaffold for neuronal activity, supporting memory encoding and retrieval. Whether a
homologous oscillation exists in the human hippocampus, however, remains unresolved. To
address this, we performed intracranial recordings in humans across diverse behavioral states
and identified a 2-Hz hippocampal oscillation that temporally organized local neuronal activity.
This 2-Hz rhythm was most pronounced during memory encoding and retrieval, was reliably
evoked by visual stimuli, and coordinated neuronal activity across the medial temporal lobe.
During rapid-eye-movement (REM) sleep, the hippocampal 2-Hz rhythm re-emerged, while
hippocampal ripples exhibited reactivation of waking 2-Hz patterns. Together, these findings
suggest that the human hippocampal 2-Hz oscillation may represent a functional homologue of
the rodent theta rhythm.
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Memory consolidation during sleep relies on coordinated interaction between the hippocam-
pus (HPC) and prefrontal cortex (PFC). However, these regions lack direct reciprocal connec-
tions, suggesting the need for an intermediary structure. The thalamic nucleus reuniens (NR),
which connects both regions bidirectionally, is a candidate for mediating this dialogue. We
investigated the role of the NR in hippocampo-prefrontal coordination during non-rapid eye
movement (NREM) sleep. Simultaneous recordings from the HPC, NR, and PFC in sleeping
rats revealed that NR neurons exhibit infra-slow rhythmicity (ISR) characterized by alternat-
ing ON (high firing) and OFF (low firing). This rhythmic activity was specific to the NR and
occurred during NREM sleep, suggesting a state-dependent dynamic. We found that HPC
and PFC neurons were entrained to the NR ISR, with phase preferences: hippocampal units
fired during NR OFF periods, whereas prefrontal units were more active during ON periods.
This phase opposition implies that the NR ISR may organize interregional activity to promote
sequential information flow between the HPC and PFC. Consistent with this idea, hippocam-
pal sharp-wave ripples (SPW-Rs) occurred during NR OFF phases, while prefrontal spindles
were more likely during the early ON phase. Moreover, coupled SPW-R–spindle events were
modulated by the ISR, at the OFF-ON transition, indicating that the NR creates temporal win-
dows that facilitate hippocampo-prefrontal communication during sleep. Together, these find-
ings identify an infra-slow oscillatory mechanism within the nucleus reuniens that coordinates
hippocampo-prefrontal network activity during NREM sleep, positioning the NR as a hub in the
thalamo-cortico-hippocampal system supporting memory consolidation.
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Sleep is a vital brain state supporting memory, immune function, hormonal balance, and
homeostasis. It comprises two main stages: non-rapid eye movement (NREM) and rapid eye
movement (REM) sleep, each defined by distinct neural activity. During NREM, hippocampal
reactivation facilitates memory consolidation, while coordinated hippocampus–amygdala activ-
ity follows aversive experiences. According to the synaptic homeostasis hypothesis, wakeful-
ness strengthens synaptic connections, and slee, particularly NREM, restores balance through
synaptic downscaling mediated by slow cortical oscillations. In contrast, REM sleep is asso-
ciated with emotional memory processing and amygdala regulation, though its precise role in
consolidation and homeostasis remains debated. We have found that basolateral amygdala
(BLA), crucial for emotional learning, exhibits firing rate increases during wakefulness and de-
creases during sleep, indicating a homeostatic mechanism. Interestingly, during REM, the BLA
enters a distinct state characterized by high firing rates, low synchrony, and intermediate exci-
tatory/inhibitory balance relative to wake and NREM. This suggests that REM may provide a
homeostatic ”boosting” function for BLA neurons, potentially influenced by emotional memory
needs. To explore this, we will employ data-driven computational modeling using the Wilson–
Cowan framework with balanced excitatory and inhibitory parameters informed by empirical
data. This model will help uncover the plasticity mechanisms underlying observed BLA dy-
namics. Ultimately, elucidating how REM sleep modulates amygdala activity may reveal how
emotional experiences are integrated and regulated during sleep. By integrating experimental
data with computational approaches, this work aims to clarify whether REM serves primarily
homeostatic, mnemonic, or combined functions.
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Stroke is the leading cause of acquired neurological disability. With no effective standard-
ized treatments to repair damaged brain networks, the search for new neuroreparative strate-
gies remains a challenge. An increasingly popular solution in preclinical and clinical studies
is vagus nerve stimulation (VNS). Notably, the delivery of pain-free electrical impulses via this
easily accessible cranial nerve can enhance patients’ functional recovery, without any major
side effects. Despite an increased number of studies suggesting VNS could mobilize a reserve
of cerebral plasticity, the mechanisms underlying its effects on functional recovery remain un-
known. We recently discovered that the perilesional cortex, undergoing repair, suffers from
a chronic deficit in gamma oscillations, which are thought to facilitate plasticity. Furthermore,
gamma oscillations strength correlates with better recovery outcomes during motor relearning.
Here, we tested the hypothesis that VNS, parameterized as in studies demonstrating post-
stroke benefits, normalizes excitability of the cortex under repair. Thus, we performed in vivo
extracellular recordings of the perilesional and contralateral cortices in adult mice seven days
after photothrombotic stroke (caudal forelimb area) and applied VNS for 30 minutes, delivering
0.5-second bursts at 30 Hz (200 µs, 0.8 mA pulses) every 10 seconds. This VNS protocol,
compared to sham-VNS, favorably modulates post-stroke cortical activity, reversing the oscil-
latory deficit and increasing the firing rate in the perilesional cortex. These findings provide
insights into the mechanisms underlying VNS-driven recovery and suggest that targeting cor-
tical excitability could optimize post-stroke rehabilitation. Further investigations will help refine
VNS protocols, paving the way for effective neurorehabilitation strategies.
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Lüthi, Océane, 42
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CNRS
The National Centre for Scientific Research has over 80 years experience of basic research,
exploring living creatures, space, materials and human societies and can leverage all fields
of science to understand current global challenges in all their complexity, in conjunction with
organisations in the field.

Institut des Maladies Neurodégénératives (IMN)
The Institute of Neurodegenerative Diseases (IMN) is a Joint Research Unit (UMR 5293) as-
sociating the University of Bordeaux and the CNRS. It was created in January 2011 under the
direction of Erwan BEZARD. Geographically dispersed for a long time, it regrouped at the Cen-
ter Broca Nouvelle-Aquitaine in 2017. It is now made up of 12 fundamental and preclinical
research teams and a clinical research team backed by the Bordeaux University Hospital. IMN
combines fundamental, preclinical and clinical research with the aim of: Develop new thera-
peutic approaches for neurodegenerative diseases by facilitating translational research from
the laboratory to the patient bed. Increase its visibility and attractiveness in the field of trans-
lational neurosciences (Parkinson’s disease and atypical parkinsonian syndromes, Alzheimer’s
disease, obsessive-compulsive disorders, etc.) and fundamental (planning, cognition, motor
control, molecular substrates of transmission synaptic) by relying on the potential of its teams
and the dynamics put in place since its creation. Director of IMN: Thomas BORAUD Deputy
directors: Eric BOUE-GRABOT and Wassilios MEISSNER
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The Interdisciplinary Institute for Neuroscience (IINS) is a research center that opened its
doors on January 1st, 2011. Currently, IINS is home to about 160 scientists. IINS undergoes
pluridisciplinary research by associating chemists, biologists, biophysicists and neurobiologists.
They particularly study synaptic transmission, i.e. the communication between brain cells and
the impact of this communication on neuronal networks and behavior. IINS scientists put a
strong emphasis on developments of new investigation technologies combined with use of ad-
vanced tools. This allows the forefront research of subcellular nanoscopic protein organization,
synapse dynamic and physiology of neuronal systems in normal or pathological behavioral sit-
uations.

Institut de Neurosciences Cognitives et Intégratives d’Aquitaine (INCIA)
The Institut de Neurosciences Cognitives et Intégratives d’Aquitaine (INCIA) brings together re-
searchers specialised in cognitive and integrative neurosciences. The research topics at INCIA
range from cellular and circuit properties to behavior and cognition in a wide range of models,
from invertebrate to human. This multi-level perspective requires approaches at the crossroads
between neuroscience and other disciplines including molecular biology, biophysics and biome-
chanics, experimental psychology, neuroeconomy and engineering.

Systems Neurosciences and Psychiatry (SNaP lab / Herry Lab)
We are eager to unravel the neuronal circuits and mechanisms that underpin complex be-
haviours and we push to translate our findings into therapeutic tools. Our ultimate mission is to
develop diagnosis, care and treatments that can benefit people with psychological difficulties.
Our research: - We explore experience-related changes in the cerebral circuits of emotion and
motivation functions. - Clinical and Translational: Our interests span from neuronal physiology
in mice to human behavior and neuropsychiatric pathologies. - We develop tools to interrogate
and modulate neuronal circuits and syntax in animal models and human.
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Université de Bordeaux
The University of Bordeaux, heir to a history of nearly six centuries, is a multidisciplinary uni-
versity with deep regional roots that reach out to the European and international level. It is
now striving to rise to the challenge of environmental and societal transitions and improve the
well-being of its entire community.

Bordeaux Neurocampus
At the forefront of research into the brain and its pathologies, Bordeaux Neurocampus is one
of the leading European centers for neuroscience research. Bordeaux Neurocampus covers
research in neuroscience from the infinitely small to the patient and is formed of 6 institutes:
Institut François Magendie (Neurocentre Magendie), Institute of Neurodegenerative Diseases
(IMN), the Interdisciplinary Institute of Neuroscience (IINS), Nutrineuro, Institut des neuro-
science cognitive et integrative d’Aquitaine (INCIA) and Sanpsy (Sommeil, Addiction, Neu-
ropsychiatrie) as well as the Bordeaux Imaging Center and various technical platforms.

Aquineuro
Aquineuro provides neuroscience research laboratories with expertise and training on the en-
tire experimental chain in the field of physiological recordings, from equipment installation to
data analysis assistance.

Harvard Bioscience
We’re Harvard Bioscience âC“ and we’re the most-trusted partner of some of the world’s leading
academic research institutions, contract research organizations, pharmaceutical, and biotech
companies in the discovery, production, and safety and regulatory compliance of tomorrow’s
life-saving therapies.
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CASDEN
As a cooperative bank, we are committed to a supportive and sustainable approach to support
the projects of public sector employees with fairness and trust. This is the raison d’être of CAS-
DEN Banque Populaire.

Thorlabs
Thorlabs advances and supports scientific innovation through the photonics components, in-
struments, and systems we design and manufacture. Our customers are at the heart of ev-
erything we do - our business practices are designed so that our customers can quickly and
easily identify, select, receive, and use our products. We are honored to support our customers’
success as they accelerate the pace of scientific discovery and the development of new tech-
nologies that have transformed our world.

3DNeuro
With a focus on brain implants in animal models, we help researchers who want to record neural
activity to realize their new ideas faster and easier. To do that, we push the limits of 3D printing
and machining to produce designs that combine performance, handling ease and user priori-
ties such as enabling electrode reuse. We also collaborate on multiple custom RandD projects,
from rodent head fixation in VR setups and MRI scanners to various treadmill designs.

Inscopix
Miniscope — A New Approach to Understanding and Healing the Brain Inscopix is empowering
researchers in academia and industry with a pioneering neural circuit approach, to improve our
understanding of the brain and accelerate therapeutic development for neurological and psy-
chiatric disorders.
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