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Single nucleus RNA-sequencing reveals transcriptional

Author: Prof. Zoe Donaldson, University of Colorado Boulder

Email: zoe.donaldson@colorado.edu

As relationships mature, partners share common goals, improve their
ability to work together, and experience coordinated emotions. However,
the neural underpinnings responsible for this unique, pair-specific
experience remain largely unexplored. | will present work in which we used
single nucleus RNA-sequencing to examine the transcriptional landscape
of the nucleus accumbens (NAc) in socially monogamous prairie voles in
peer or mating-based relationships. We identified cell type-specific gene

modules that differ between relationship types and distinct gene modules
that correlate with bond strength. Finally, we found that, regardless of
relationship type, prairie vole pairs exhibit transcriptional synchrony with
a partner. Transcriptional synchrony reflects an important role for the
pair-specific social environment in shaping the NAc neurogenomic state
and provides a potential biological mechanism by which shared social
experience reinforces and strengthens relationships.
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Honey bee learning and memory: Individuality is the key

Author: Prof. Brian Smith, Arizona State University

Email: brian.h.smith@asu.edu

Honey bees have developed sophisticated learning abilities to face rapidly
changing information about resources the colony needs for survival. To
elucidate mechanisms that underlie different forms of learning, individuals
can be evaluated in laboratory-based learning protocols. However, with the
learning studied in the laboratory, the question becomes: how can these
mechanisms be mapped to learning requirements in natural environments?
We have studied how individuals differ in learning performance. Genotype
is the major contributor to this variance. Queens mate with many drones
and therefore produce multiple patrilines within any colony. Queens

and (haploid) drones learn, and by pairing like-learning drone and queen
phenotypes we have selected genetic lines for high and low performance
on Latent Inhibition, whereby individuals are exposed to an odor without
reinforcement such that subsequent learning about that now ‘familiar’
odor is reduced relative to a novel odor. We have shown how the brain

changes encoding of familiar and novel odors, and we have used QTL
mapping of crosses between high and low lines to identify genetic loci
associated with high and low performance. One gene in particular has a
major effect on expression of LI, and it appears to act as a gain control on
the neural circuitry that implements Hebbian learning to reduce attention
to familiar odors. We have now used selected lines to build colonies of
pure and mixed genotypes to evaluate how they perform on a problem that
required bees to exploit a known feeder or discover new ones that varied
in position. High (LI) attention bees focused on the known feeder, whereas
low attention bees discovered the new ones more frequently. We conclude
that a mix of learning genotypes helps colonies to solve the exploration/
exploitation foraging problem. Using selected genotypes as treatments in
field colonies has.
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A physiological perspective on the evolution of gestural communication

Author: Prof. Matthew Fuxjager, Brown University

Email: matthew_fuxjager@brown.edu

Many animals communicate by performing elaborate gestures and other
strange body movements. We see this most often in the context of sexual
behavior, particularly when it comes to the peculiar displays that many
taxa use to court mates and compete with rivals for opportunities to
breed. One thing that makes this behavior so remarkable is that selection
pushes it to extremes, making individuals perform in ways that we would

otherwise think are unlikely (or even impossible). My research explores
the mechanistic basis of these displays. | am especially interested in the
way selection rewrites the systems that underlie performance to support
innovations in gestural signaling. In this regard, my work spans multiple
taxa, and | integrate approaches from fields of neuroscience, physiology,
behavior, and evolution.
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Circuit modules for locomotor speed control

Author: Prof. Abdel El Manira, Karolinska Institute

Email: abdel.elmanira@ki.se

Locomotion is intimately linked to many behaviors, enabling social
interactions, spatial navigation, and avoidance of danger. Therefore, the
locomotor network must possess mechanisms that allow for precise
tuning of the initiation of locomotion, its speed, and coordination to align
with the desired behavioral outcome, such as slowly approaching a prey
or rapidly escaping a predator. This precise tuning involves mechanisms
ingrained within the connectivity of the locomotor circuits, combined with
specific intrinsic neuronal properties and the integration of movement-
generated proprioceptive feedback. Insights from our work, using adult
zebrafish as a model system, have provided a new conceptual framework
for understanding how locomotor movements are generated. Our research
on zebrafish has provided a comprehensive framework for understanding
the organization and function of motor circuits in adult vertebrates. | will

< 2l

summarize these insights with a particular focus on: (1) the modular
design of the locomotor networks, which consist of three separate circuit
modules that function as an intrinsic gear shift, controlling the speed of
locomotor movements; (2) the role of motoneurons in the generation of
locomotion, which are not passive recipients of motor commands but
rather integral components of the neural circuits for motor behavior; (3) the
recent discovery of an intraspinal proprioceptive organ that senses spinal
cord movements; and (4) the descending commands controlling the start,
duration, and speed of locomotion. Our results represent a rare example
where the true organization of a vertebrate locomotion circuit has been
uncovered at such a high level of resolution, bridging molecular, neuronal,
synaptic, and circuit analysis with behavior in intact animals.
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Cracking circuits with Connectomes: A Reverse Neuroethology perspective

Author: Dr. Gwyneth Card, Zuckerman Institute Columbia University
Email: gc3017@columbia.edu

Recent advances in electron microscopy and computer-aided tracing
capabilities have produced a new kind of Big Data: Connectomes. These
maps of all the chemical synaptic connections between neurons in a brain
are now publicly available for multiple species, including the entire worm
nervous system, the fly brain and ventral nerve cord, and a patch of the
mouse brain -- and maps in further species are forthcoming. Connectomes
let us see the detailed wiring structure of the brain as never before, but

what can these static maps actually tell us about brain function? | will
discuss our lab’s recent work analyzing the fly connectome and using it
together with genetic, electrophysiological, and behavioral experiments
to understand how sensory signals are converted to behavioral output
across the nervous system. We find that connectomes are critical

for understanding neural circuit implementation in the fly, but a wider
knowledge of natural fly behaviors is still needed to fully interpret them.
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An integrative approach to understand the logics of C. elegans motor control

Author: Dr. May Zhen, Lunenfeld-Tanenbaum Research Institute Mount Sinai Hospital Toronto, Canada

Email: meizhen@lunenfeld.ca

The ability of animals to generate goal-oriented motor behaviors motor behaviors. Our current progress implicates that the C. elegans motor
ensures their survival. Applying connectomics, genetics, optogenetics, circuit employs a few conserved organizational and functional logic of
electrophysiology, and modeling, we have begun to reveal cellular circuits that are functionally compression into a small number of neurons
mechanisms that drive the form, regulation, and adaptation of C. elegans and seemingly shallow circuit layers.
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Behavioral variables and neural mechanisms underlying helping behavior in mice

Author: Dr. Sanja Bauer Mikulovic, Leibniz Institute for Neurobiology

Email: sanja.mikulovic@lin-magdeburg.de

Emotional contagion, the capacity to internally simulate another’s
emotional state, plays a crucial role in modulating prosocial behavior. This
includes rescue behaviors, wherein individuals in a safe context intervene
to release a trapped conspecific from an aversive context. However, little
is known about how the perceived emotional arousal of the distressed
individual influences the helper’s behavior and the underlying neuronal
mechanisms driving prosociability. This study explores the involvement
of the dorsal hippocampus (dHPC), associated with contextual learning,
and ventral hippocampus (VHPC), associated with emotional learning
and memory, in modulating helping behavior in mice. Male and female
mice were trained to rescue a distressed familiar conspecific of the
same sex by opening a door under two conditions: the trapped mouse

in a dry or flooded chamber. Cold water in the flooded chamber induced
higher emotional arousal in the victim, resulting in reduced latency for

rescuing by the helper. Silencing the dHPC, but not vHPC, prior to sessions
significantly impaired rescue behavior, increasing latency and reducing the
total number of helpers. C-fos expression after dHPC silencing suggested
that emotional processing related areas were less engaged during the
task. A decoder model, trained with 1-p calcium imaging and behavioral
data, revealed that ~10% of dHPC cells exhibited correlated activity with
helping behavior, showing increased activity after the release of the victim.
These findings suggest that the dHPC is engaged during learning of rescue
behavior, hinting at a contextual or episode-like memory component in the
acquisition of this behavior. Utilizing single photon emission computerized
tomography (SPECT) imaging, we further delineate the engagement of
distinct brain regions across various stages of helping. Finally, through
longitudinal monitoring of mice groups, we elucidate diverse social
behaviors that underlie acts of helping.

11
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On the nesting of dynamics in neuronal networks

Author: Prof. Gilles Laurent, Max Planck Institute for Brain Research

Email: gilles.laurent@brain.mpg.de

By strategy, functional neuroscientists tend to simplify the design of their
experiments to better control factors or conditions that might complicate
the interpretation of their observations. A great asset of neuroethological
approaches is that they push us in the opposite direction, that is, they
force us to consider the systems we study in the context and biological
complexity in which they evolved to operate. In this talk, | will discuss a

related issue, that concerns the dynamics of neuronal networks in behaving

animals, and the wide range of time scales over which interesting things
happen. Because these many time scales and dynamics concern on-going
activity in the same circuits and neurons, one is sometimes forced to
unfold or un-nest those dynamics from one another to hope to understand
both their interplay and the roles they might each play. | will use examples
from insect and fish olfaction, reptilian sleep and cephalopod camouflage
to illustrate these points.

12
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Of fish and flies: studying the biological basis of sociality in two model organisms

Author: Prof. Rui Oliveira, Instituto Universitario, Lisbon
Email: ruiol@ispa.pt

Sociality has been considered a major driver in brain and cognitive
evolution. In my lab we combine the study of proximate causes (genes,
hormones, neural circuits, cognitive processes) and ultimate effects
(evolutionary consequences) of social behavior. For this purpose, we
have been using two model organisms — zebrafish and fruit flies — to
study the neural circuits and the genetic architecture of social behavior.
In this talk, | will provide some examples of the work done in our lab in
both model organisms. First, | will show how oxytocin plays a critical role
in the development of sociality in zebrafish and how it interacts with the
social environment during development to shape the emergence of adult
social behavior. | will then, show how oxytocin is necessary and sufficient
for complex social behavior in adult zebrafish, including social contagion
of fear and emotion recognition. Finally, | will address the evolvability

of sociality in zebrafish illustrated by an artificial selection experiment

(currently in the F7) that experimentally produced a high-sociality zebrafish
line. In the second part of my talk, | will present results on a study that
investigates the genetic architecture of social cognition in Drosophila. We
specifically address the question of social learning being a domain-specific
or a general-domain cognitive process. We phenotyped social and asocial
learning in the core lines of the DGRP panel, and we show that there is

no phenotypic correlation between the two learning types and that GWAS
revealed different genetic variants located in different genes associated
with social and asocial learning. Finally, we show that most social
learning-associated genes are expressed in the Drosophila mushroom
bodies and functionally confirmed their involvement in learning using

RNAI lines. Together these results highlight the potential of each model
organism to address question related to the evolution of neural and genetic
mechanisms underlying sociality.

14
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Polarization sensitivity in butterflies
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Author: Prof. Gregor Belusic, University of Ljubljana, Biotechnical Faculty, Ljubljana, Slovenia

Co-author(s): Dr. Marko Ili¢ (University of Ljubljana Biotechnical Faculty Department of Biology),
Dr. Uros Cerkvenik (University of Ljubljana Biotechnical Faculty Department of Biology)

Email: gregor.belusic@bf.uni-lj.si

Butterflies can use reflected linearly polarized light from the wing surface
of a conspecific to track down a mating partner or from the surface of
leaves to find specific plants while foraging or ovipositing. During all

these behaviours, polarized light is detected by the abundant polarization-
sensitive photoreceptors in the butterfly compound eyes. At the same
time, these photoreceptors mediate other visual qualities, such as colour
or brightness contrasts, which results in a polarization signal for contrast
enhancement and intraspecific communication that is not disentangled
from colour or brightness information. We use single cell electrophysiology,
anatomy and connectomics to identify the retinal substrate for polarization
vision and the pathway for the propagation of information about
polarization contrasts through the lamina in nymphalid butterflies. A
subclass of ommatidia contains the photoreceptors with direct opponent
synapses, with orthogonal polarization sensitivity maxima, that appear as

ideal analyser pairs for polarization vision. In most cases, the pair is formed
from a blue-sensitive long visual fiber with vertical sensitivity maximum,
and a green-sensitive short visual fibre with horizontal sensitivity
maximum. The signals from the green receptor converge with signals from
all other photoreceptors in an ommatidium to single LMC interneurons

in the lamina, which have no polarization sensitivity, as the signals from
cells with phase-shifted polarization sensitivity maxima cancel out each
other. The connectome data indicates that the only pathway from the
polarization analyser pair to the brain is the blue long visual fibre, where
the opponent input serves to enhance polarization contrast. The neural
substrate for polarization vision in butterflies, which is not optimized for
true polarization vision, independent of colour or brightness contrasts,
provides a parsimonious explanation for many behavioural experiments
involving linearly polarized light.

15
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Importance of ocelli and DRA in Bumblebees foraging under different sky conditions

Author: Dr. Priscila Araujo, Stockholm University, Stockholm, Sweden

Email: priscila.araujo@zoologi.su.se

Insects use polarized light (PL) patterns in the sky to navigate while
foraging. However, the presence of clouds affects the degree of
polarization (DoP) in the sky. In overcast conditions, the sun is not visible,
and the DoP is eight times lower. It is currently unknown how this affects
insect navigation. Studies suggest that the bee ocelli, in addition to the
dorsal rim area (DRA, a specialized eye region sensitive to PL), can detect
PL. We investigated how different sky conditions affect bumblebee
foraging and the contribution of the ocelli and DRA. We recorded flights
of bumblebees with all visual systems available (control bees), ocelli
occluded, and DRA occluded inside a cage (3.3 m x 1.2 m x 1.2 m) with

a sky view. During the experiment, we measured the DoP in the sky

and grouped the sky conditions as clear sky (none or few clouds) or
overcast (>80% occluded by clouds). We tested how the sky conditions
and availability of visual systems influenced the path length and mean
orientation of flights. Bees flew longer distances under overcast than clear
skies (F1.69=17, p0.05 in all comparations), but in overcast, bees with DRA
or ocelli occluded made longer flights than control bees (p=0.04, p=0.007,
respectively). Bees with one of the structures occluded changed flight
direction more often.

16
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Dynamics of polarization-coding in the central complex of bumblebees

Author: Prof. Keram Pfeiffer, University of Wiirzburg, Wiirzburg, Germany

Co-author(s): Ms. Lisa Rother (University of Wiirzburg), Prof. Anna Stockl (University of Konstanz)

Email: keram.pfeiffer@uni-wuerzburg.de

Insects keep track of their heading through the activity of head-direction
neurons in the central complex. The flight of bumblebees is characterized
by alternating segments of translational motion and fast saccadic turns,
resulting in a highly dynamic input to the compass system. Here we asked
how such dynamic stimuli are processed. To answer this question, we
recorded intracellularly from neurons of the central complex. We stimulated
with a polarizer that could be rotated either continuously at rotational
velocities between 30°/s and 1920°/s, or in a naturalistic way, according

to the head orientation of a bumblebee during free flight (Boedekker et al.
2015).

We found that the coding of central complex neurons was highly dependent
on rotation velocity and rotation direction. The faster the stimulus rotated,
the later in the rotation cycle we observed the maximum response -
indicating the intrinsic delay of the system. However, at lower rotation
velocities, we observed the opposite effect — the neurons fired earlier

than expected in the rotation cycle. To better understand these responses,
we next presented polarized light with fixed angles of polarization and
found that excitation of the neurons was often followed by inhibition upon
termination of the stimulus, and vice versa, indicating an effect of spiking-
history on the neuronal activity.

We next created population models that predicted responses either based
on the angle of polarization and a time delay, or, additionally based on
spiking-history. Quantitative comparison of the models and the measured
responses confirmed the importance of spiking-history for the neuronal
coding. Our population model also showed that the overall activity of the
population peaked during fast changes of the stimulus orientation while it
decreased, for stimuli with slow dynamics. These effects could facilitate
a faster coding of the current heading during fast turns and might save
energy during more straight segments of the flight.

17
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Polarization Vision in the Dark

Author: Prof. Marie Dacke, Lund University, Lund, Sweden
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Co-author(s): Dr. Ayse Yilmaz (Lund University Department of Biology Sweden), Dr. Claudia Tocco (Lund University Department of Biology Sweden)

Email: marie.dacke@biol.lu.se

Until today, only one group of insects — the South African ball-rolling
dung beetles, are known to steer by the dim pattern of polarization that
forms around the moon. Their high sensitivity to the polarization of light
is supported by a range of adaptations, from the surface of the eye to the
retina and the brain. As a result, nocturnal beetles steer with the same
precision and speed as their diurnal relatives.

Intracellular recordings reveal polarization-sensitive green photoreceptors
in the most upper part of the dorsal eye of the nocturnal dung beetle
Escarabaeus satyrus. Behavioural experiments verify the navigational
relevance of this finding. To quantify the adaptive value of green sensitivity
for celestial orientation at night, we obtained the polarization properties

of the night sky in the natural habitat of the beetle. Calculations of relative
photon catch reveal that under a moonlit sky, the beetle’s green-sensitive
photoreceptors can be expected to catch an order of magnitude more

photons compared with its UV-sensitive photoreceptors. The green-
sensitive photoreceptors — which also show a range of morphological
adaptations for enhanced sensitivity — provide E. satyrus with a highly
sensitive system for the extraction of directional information from the night
sky.

In addition, compass neurons in the central complex of diurnal beetles are
tuned only to the sun, whereas the same neurons in the nocturnal species
switch exclusively to polarized light at lunar light intensities. Thus, these
neurons alter their weighting according to ambient light conditions. This
flexible encoding of celestial cue preferences relative to the prevailing
visual scenery provides a simple, yet effective, mechanism for enabling
visual orientation to the celestial pattern of polarized light at any intensity —
in the field as well under the heavily light polluted skies over Johannesburg.

18
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High Resolution Outdoor Videography of Insects Using Fast Lock-On Tracking

Author: Prof. Andrew Straw, University of Freiburg, Freiburg, Germany

Email: straw@bio.uni-freiburg.de

Bees use vision and a tiny brain to find flowers and return home, but
understanding how they perform these impressive tasks has been
hampered by limitations in recording technology. Here we present Fast
Lock-On (FLO) tracking. This method moves an image sensor to remain
focused on a retroreflective marker affixed to an insect. Using paraxial
infrared illumination, simple image processing can localize the sensor
location of the insect in a few milliseconds. When coupled with a feedback
system to steer a high magnification optical system to remain focused on
the insect, a high spatial-temporal resolution trajectory can be gathered

over a large region. As the basis for several robotic systems, we show

FLO is a versatile idea which can be employed in combination with other
components. We demonstrate that the optical path can be split and used
for recording high-speed video. Furthermore, by flying a FLO system on

a quadcopter drone, we track a flying honey bee and anticipate tracking
insects in the wild over kilometer scales. Such systems have the capability
of providing higher resolution information about insects behaving in natural
environments and as such will be helpful in revealing the neuroethological
mechanisms used by insects in natural settings.
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Neural circuits for active vision and natural behavior in the mouse

Author: Dr. Cristopher Niell, University of Oregon, Eugene, United States

Email: cniell@uoregon.edu

In the natural world, animals use vision to analyze complex scenes and
enable a wide range of visually-driven behaviors, many of which require
movement through the environment. However, much of our understanding
of the neural circuit basis of vision is based on studies performed in
stationary subjects performing artificial tasks in response to simple stimuli.
In order to bridge this disconnect between how vision is actually used and
how it is typically studied in the lab, we are investigating the neural circuits
mediating ethological behaviors that mice perform. We have developed two
behavioral paradigms, prey capture and gap crossing, that have provided
insight into behavioral strategies and cell type-specific neural circuits for
detection of relevant stimulus features within a complex and dynamic
sensory environment.

An additional challenge in studying visual processing during natural
behavior is the need to determine the visual input that an animal receives
as it freely moves through its environment. We have therefore implemented
novel experimental and computational methods, based on head-mounted
cameras and chronically implanted silicon probes, that allow us to measure
neural coding of the visual scene during free movement. These methods
have revealed the impact of movement-related signals and active sampling
on visual processing, and open up new directions for the study of vision in
ethological contexts.
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Quantifying information during active movements in freely moving animals

Author: Prof. Floris van Breugel, University of Nevada, Reno, Reno, United States

Email: fvanbreugel@unr.edu

Why do animals move the way they do? | will consider the hypothesis

that animals sometimes move in certain ways that maximize their ability
to gather information about specific dynamic “states”, i.e. aspects of the
environment, their movement, or parameters of their bodies. My group

has developed computational tools that make it possible to determine
which types of sensory information and movement motifs are required for
acquiring specific types of information. | will present our mathematical and
computational framework for applying these tools to trajectories of free
moving animals as a means of understanding why animals make certain
movement decisions, as well as generating hypotheses for what types

of neural processing is likely to occur during free movement. Using this
framework, we predicted that flying insects engaged in odor plume tracking
ought to change course direction and groundspeed to estimate properties
of the wind before they can deploy a wind-appropriate plume tracking
strategy. In experiments that leverage remote optogenetic control of flying
fruit flies’ olfactory experience, we see precisely the types of movements
our theoretical framework predicted. Together, our theory and experiments
provide theory and a compelling use case for how our approach can be
used to probe active sensing behavior in free moving animals.

21



ORAL | TUESDAY, 30 JULY 2024

Session: Invited Symposium 2

Category: Spatial orientation and navigation
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using brain-wide imaging in freely moving animals

Author: Dr. Jennifer Li, MPI for Biological Cybernetics, Tiibingen, Germany
Co-author(s): Dr. Drew Robson (MPI for Biological Cybernetics)

Email: jennifer.li@tuebingen.mpg.de

Cognition emerges when the brain transforms sensory information into
abstract mental constructs or flexible internal representations. This internal
cognitive representation of the external world is the basis for abstract
thought, reasoning, and generalized intelligence. A prime example of this
process is the mammalian ability to form spatial cognitive maps of the
external environment. However, evidence for spatial maps (e.g. place cells)
has yet to be convincingly identified in any species outside of mammals
and birds. Thus, when and how spatial cognition emerged during evolution
remains a central mystery of neuroscience. Using a state-of-the-art tracking
microscope to image brain-wide activity at cellular resolution in freely
swimming larval zebrafish, we computed the spatial information of neurons
throughout the zebrafish brain. We find that the zebrafish telencephalon
contains a network of place cells forming an internal representation of

space. The place cell network in zebrafish exhibits striking similarities
to mammals, as evidenced by multimodal integration of self-motion and
visual input, experience-dependent refinement of the spatial map, and
spontaneous offline reactivation of place cell ensembles. This recent
discovery raises the possibility that spatial cognition arose in a compact
circuit over 400 million years ago, setting up an initial condition for

the subsequent elaboration and expansion of cognitive capabilities in
mammals. Furthermore, the compact brain of larval zebrafish presents
a unique opportunity to combine simultaneous neural recordings of the
entire spatial computational network with the complete synapse-scale
connectome of the underlying circuitry, to uncover the mechanistic
principles underlying spatial cognition.
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Deciphering Neural Circuits for Vocal Communication: Insights from the Singing Mice

Author: Prof. Arkarup Banerjee, Cold Spring Harbor Laboratory, Cold Spring Harbor, United States

Email: abanerjee@cshl.edu

My long-standing interest is to understand how circuits of interacting
neurons give rise to natural, adaptive behaviors. Using vocal
communication behavior across rodent species, my lab at CSHL pursues
two complementary questions. How does the auditory system interact
with the motor system to generate the fast sensorimotor loop required
for vocal communication? What are the neural circuit modifications that
allow behavioral novelty to emerge during evolution? In this talk, | will
introduce you to the rich vocal life of the Costa-Rican singing mice. Next, |
will desc