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Poster number: S_PZ1_001 (TP)
Sub-Theme: Functional Neurological Disorders: Cognitive, Affective, and Implications for Everyday Life

Measuring attentional bias to emotional and illness-related stimuli in functional neurological disorder: A pilot
study using modified dot-probe tasks

Authors: Susannah Pick, King's College London; L.S. Merritt Millman - Psychological Medicine, IoPPN King's College
London; Eleanor Short - Psychological Medicine, IoPPN King's College London; Biba Stanton - Neurology King's
College Hospital; Joel Winston - Basic & Clinical Neurosciences, IoPPN King's College London; Mitul Mehta -
Neuroimaging Sciences, IoPPN King's College London; Tim Nicholson - Psychosis Studies, IoPPN King's College
London; Simone Reinders - Psychological Medicine, IoPPN King's College London; Anthony David - Institute of Mental
Health University College London; Mark Edwards - Basic & Clinical Neuroscience, loPPN King's College London;
Matthew Hotopf - Psychological Medicine, loPPN King's College London; Laura Goldstein - Psychology, IoPPN King's
College London; Trudie Chalder - Psychological Medicine King's College London

Introduction: Previous research has suggested potential dysfunction in attentional allocation in functional
neurological disorder (FND), including attentional bias (AB) to salient environmental stimuli. We aimed to test the
hypotheses that individuals with FND would display enhanced AB towards emotional faces and FND-relevant
information, compared to healthy control participants (HCs).

Methods: Fourteen individuals with FND and 16 HCs completed modified dot-probe tasks, a test of general
intellectual functioning (WASI-Il) and a CANTAB test of sustained attention (Rapid Visual Information Processing,
RVIP). An emotional dot-probe task assessed AB to standardised (Karolinska Directed Emotional Faces) facial
expressions of happiness, anger, and disgust, compared to neutral. An FND-word dot-probe task measured AB for
FND-relevant words that were generated by our FND Patient and Carer Advisory Panel, relative to neutral words.

Statistical analysis: AB scores were analysed with mixed ANOVAs and t-tests. Effect sizes were calculated using
partial eta-squared and Hegdes’ g.

Results: On the emotional dot-probe, there was no significant group difference in AB scores (F(1, 28) =.70, p = .41,
np2 =.02) and no group x expression interaction (F(2, 56) = 1.56, p = .22, np2 =.05). Similarly, the effect of group on
AB scores was not significant in the FND-word task (t(18.69) = .08, p = .93, g =.03). The groups also did not differ in
estimated full-scale IQ scores (p = .57), or in performance on the RVIP (p = .43).

Conclusions: In contrast to previous findings in functional seizures samples, this study did not provide evidence of
attentional hypervigilance for facial emotion or FND-relevant information in this mixed FND symptom group.
However, this pilot study was limited by a small, heterogeneous sample and low power. Our future research will
investigate attentional functioning in larger samples of participants with specific FND symptom presentations
including functional motor symptoms and functional seizures.
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Poster number: S_PZ1_002 (TP)
Sub-Theme: Functional Neurological Disorders: Cognitive, Affective, and Implications for Everyday Life

Investigating the influence of affective stimulation and experiential detachment on subjective functional
neurological symptoms - a pilot study

Authors: Susannah Pick, Institute of Psychiatry, Psychology & Neuroscience, King's College London; L.S. Merritt
Millman - Psychological Medicine Institute of Psychiatry, Psychology & Neuroscience, King's College London; Emily
Ward - Psychological Medicine Institute of Psychiatry, Psychology & Neuroscience, King's College London; Eleanor
Short - Psychological Medicine Institute of Psychiatry, Psychology & Neuroscience, King's College London; Biba
Stanton - Department of Neurology King's College Hospital NHS Foundation Trust; Timothy Nicholson - Section of
Cognitive Neuropsychiatry Institute of Psychiatry, Psychology & Neuroscience, King's College London; Joel Winston -
Basic & Clinical Neuroscience Institute of Psychiatry, Psychology & Neuroscience, King's College London; Mark
Edwards - Basic & Clinical Neuroscience Institute of Psychiatry, Psychology & Neuroscience, King's College London;
Laura H Goldstein - Department of Psychology Institute of Psychiatry, Psychology & Neuroscience, King's College
London; Simone Reinders - Psychological Medicine Institute of Psychiatry, Psychology & Neuroscience, King's College
London; Anthony David - Institute of Mental Health University College London; Trudie Chalder - Psychological
Medicine Institute of Psychiatry, Psychology & Neuroscience, King's College London; Matthew Hotopf - Psychological
Medicine Institute of Psychiatry, Psychology & Neuroscience, King's College London; Mitul A Mehta - Department of
Neuroimaging Institute of Psychiatry, Psychology & Neuroscience, King's College London

INTRODUCTION: We aimed to test the hypothesis that exposure to highly arousing affective stimuli would provoke
increased FND and associated symptoms. We also explored the effects of experiential detachment on FND
symptoms during affective stimulation.

METHODS: Participants were 14 individuals with FND (10F:4M; 10 motor symptoms, 4 motor/seizures) and 13 age-
(p=.71) and sex-matched (p=.72) healthy controls (HCs; 11F:2M). We used validated affective stimuli in 12 blocks of
10 images (four Positive, four Negative, four Neutral blocks). Participants were instructed to passively observe the
images (Watch) or detach from the experience (Distance) in separate blocks. Momentary assessments of FND
symptoms, dissociation, affect, pain and fatigue were obtained at baseline and immediately after each block (Likert-
scale, 1-7).

STATISTICAL ANALYSIS: Data were analysed using within-groups or mixed ANOVAs. Post-hoc tests were Bonferroni-
corrected.

RESULTS: At baseline, the FND group reported elevated pain (p<.001), fatigue (p=.001), and derealisation (p=.015),
compared to HCs, but subjective arousal (p=.83), positive affect (p=.11), negative affect (p=.08), dissociative amnesia
(p=.052), and depersonalisation (p=.87) did not differ. During the task, there was a main effect of image type on FND
symptoms (p=.002) and an image type x task instruction interaction (p=.020). There was a main effect of image type
in the Watch condition (p=.008), but not in the Distance condition (p=.12). In the Watch condition, FND symptom
ratings were highest following Negative images (M=3.61, SD=1.73), relative to Positive (M=2.79, SD=1.44) and
Neutral (M=2.79, SD=1.33). During the task, there were group main effects (FND>HCs) for derealisation (p=.037),
depersonalisation (p=.046), dissociative amnesia (p=.016), pain (p<.001), and fatigue (p=.004), but not for positive
(p=.94) and negative affect (p=.20), or subjective arousal (p=.85).

CONCLUSIONS: Exposure to affectively arousing negative stimuli resulted in increased FND symptom severity, but
this was mitigated when participants voluntarily detached from their experiences. The influence of affective
stimulation on FND symptoms was not mediated by heightened subjective negative affect or perceived physiological
arousal
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Poster number: S_PZ1 003 (TP)
Sub-Theme: Functional Neurological Disorders: Cognitive, Affective, and Implications for Everyday Life
Objective and subjective neurocognitive functioning in functional neurological disorder

Authors: Susannah Pick, Institute of Psychiatry, Psychology & Neuroscience, King's College London; L.S. Merritt
Millman - Psychological Medicine Institute of Psychiatry, Psychology & Neuroscience, King's College London; Yiging
Sun - Psychological Medicine Institute of Psychiatry, Psychology & Neuroscience, King's College London; Eleanor
Short - Psychological Medicine Institute of Psychiatry, Psychology & Neuroscience, King's College London; Biba
Stanton - Department of Neurology King's College Hospital NHS Foundation Trust; Joel Winston - Basic & Clinical
Neuroscience Institute of Psychiatry, Psychology & Neuroscience, King's College London; Mitul A Mehta -
Department of Neuroimaging Institute of Psychiatry, Psychology & Neuroscience, King's College London; Timothy
Nicholson - Section of Cognitive Neuropsychiatry Institute of Psychiatry, Psychology & Neuroscience, King's College
London; Simone Reinders - Psychological Medicine Institute of Psychiatry, Psychology & Neuroscience, King's College
London,Anthony David - Institute of Mental Health University College London; Mark Edwards - Basic & Clinical
Neuroscience Institute of Psychiatry, Psychology & Neuroscience, King's College London; Matthew Hotopf -
Psychological Medicine Institute of Psychiatry, Psychology & Neuroscience, King's College London; Laura H Goldstein
- Department of Psychology Institute of Psychiatry, Psychology & Neuroscience, King's College London; Trudie
Chalder - Psychological Medicine Institute of Psychiatry, Psychology & Neuroscience, King's College London

INTRODUCTION: Previous studies indicated possible neurocognitive deficits in functional neurological disorder (FND),
but findings were variable. We aimed to investigate both objective and subjective neurocognitive functioning in FND,
with standardised measures.

METHODS: Individuals with FND (n=16) and healthy controls (HCs, n=17) completed a neurocognitive battery
(CANTAB), testing motor response speed, sustained attention, working memory, attentional set-shifting, response
inhibition and social cognition. Participants rated their performance on all tasks (1-7 Likert) and completed the
Wechsler Abbreviated Scale of Intelligence (2nd ed, WASI-II), Medical Symptom Validity Test (MSVT), Cognitive
Failures Questionnaire (CFQ), Multiscale Dissociation Inventory (MDI), Somatoform Dissociation Questionnaire (SDQ-
20), Patient Health Questionnaire-9 (PHQ-9) and Generalized Anxiety Disorder-7.

STATISTICAL ANALYSIS: Data were analysed with t- and Mann-Whitney U tests. Effect sizes were ‘Hedge’s g’ or ‘r’.

RESULTS: There were no group differences on the WASI-II (p=.57), MSVT (ps>.49), and most CANTAB tests. On the
CANTAB Emotion Recognition Test, FND participants showed superiority in identifying facial sadness compared to
HCs (p=.042, r=.37). On two Emotional Bias Tasks, the FND group displayed shorter reaction times than HCs when
selecting happy (p=.013, g=.94) and angry (p=.02, g=.89), and happy (p=.021, g=.87) and disgusted (non-significant
trend, p=.054, g=.72) faces. The groups did not differ in their subjective performance ratings for any task (ps>.15).
Nevertheless, the FND group reported more daily cognitive complaints than HCs (CFQ, p=.01), which were positively
correlated with SDQ-20 (r=.75, p=.001), MDI (disengagement r=.88, p=<.001; memory disturbance r=.69, p=.003) and
PHQ-9 (r=.64, p=.007) scores (all elevated in the FND group, p-values <.01-<.001).

CONCLUSIONS: Contrary to previous findings, this FND sample did not display objective deficits in neurocognitive
functioning or differences in task-related metacognition, but they exhibited superiority in aspects of social cognition.
Daily cognitive symptoms in the FND group were elevated but were related to psychological symptom burden rather
than objective neurocognitive impairments.
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Poster number: S_PZ1 004 (TP)
Sub-Theme: Functional Neurological Disorders: Cognitive, Affective, and Implications for Everyday Life
Investigating the Relationship between Sleep Characteristics, Fatigue and Executive Functioning (an fMRI study).

Authors: Hannah Windmill, Brain Research and Imaging Centre, University of Plymouth; Nadéege Bault - School of
Psychology Brain Research and Imaging Centre, University of Plymouth; Daniel Graham - School of Psychology Brain
Research and Imaging Centre, University of Plymouth; Ashwin Dhanda - Peninsula Medical School University of
Plymouth; Alastair D Smith - School of Psychology University of Plymouth; Matthew E Roser - School of Psychology
Brain Research and Imaging Centre, University of Plymouth; Stephen D Hall - School of Psychology Brain Research
and Imaging Centre, University of Plymouth

Aim: Many neurological disorders present cognitive dysfunction along with high levels of fatigue. However, our
understanding of the neurological effects of fatigue on cognition is poor. Generally, research informs of a disconnect
between reported measures of objective and subjective sleep, such that individuals are not commonly capable of
accurately predicting their own sleep quality and quantities. Here we explore the role of sleep characteristics and
fatigue using objective and subjective measures alongside fMRI investigation of executive functioning.

Method: Participants (n=34) wore a wrist accelerometer device (GENEActiv) for 7-days to obtain objective measures
of sleep and completed the Pittsburgh Sleep Quality Index as a subjective measure of sleep. An MRI protocol
consisting of a T1 anatomical scan and task-based fMRI consisting of an n-back and go/no-go task was acquired. A
general linear model analysis was used to determine the relationship between fMRI haemodynamic responses,
cognitive performance and sleep characteristics.

Results: Here we demonstrate the relationship between objective and subjective measures of sleep quality and
quantity, and functional performance in the n-back and go/no-go tasks (accuracy and reaction times). Furthermore,
we highlight the corresponding neural network changes associated with perceived and actual sleep quality and
subsequent impact on measures of executive functioning.

Conclusion: Demonstrating the relationship between objective and subjective sleep measures, functional
performance and subsequent neural correlates evidences the role of sleep characteristics on executive functioning in
a healthy population. Through this understanding, we can expand further into the role that fatigue plays in cognitive
symptoms of neurological disease.
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Poster number: S_PZ1_005 (TP)
Sub-Theme: Functional Neurological Disorders: Cognitive, Affective, and Implications for Everyday Life

A retrospective, observational study of outcomes for neurosciences patients transferred to intensive care before
and during the COVID-19 Pandemic

Authors: Stephen Foulkes, University Hospitals Birmingham; Elnaz Ghasemi - Internal Medicine Trainee University
Hospitals Birmingham; Shanika Samarasekera - Neurosciences University Hospitals Birmingham

The outbreak of SARS _cov_2/ COVID 19 led to the prioritisation of care pathways for patients hospitalised with this
infection. Although there is emerging understanding about these pathways, the impact on non-COVID patients
during this time frame is poorly understood.

We retrospectively considered the change in utilisation of services for neurological patients transferred from a
tertiary neurosciences ward to ITU pre and during the COVID pandemic. Outcomes were measured using the
Modified Rankin Scale (MRS) on discharge from hospital. Outcomes were also compared between different
neurological diagnoses at the time of ICU admission, patients who had a single versus multiple ICU admissions during
a single inpatient stay, the length of stay on ICU and the length of stay on the neurosciences ward prior to being
admitted to ICU. Data were collected from a total of 72 inpatient admissions over two 14 month periods before and
after the onset of the increase in COVID hospital admissions (defined as 1/3/20) by review of electronic patient
records. There was no significant difference in MRS outcomes prior to versus during the pandemic (p = 0.203, using
Wilcoxon Rank Sum). The time spent on the neurosciences ward prior to transfer to ITU did not correlate with
outcome. The number of days spent on ICU and the number of re-admissions to ICU positively correlated with poor
outcome, though these correlations were not significant (p= 0.112 and p=0.081 respectively, using Spearman Rank
Correlation).

It is potentially reassuring that there was a consistency of outcomes for patients pre- versus during the COVID-19
pandemic. We hope that these results can begin to guide the utilisation of ITU care by critically ill neurosciences’
patients, especially at a time when there are competing demands for beds.
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Poster number: S_PZ1_006 (TP)
Sub-Theme: Functional Neurological Disorders: Cognitive, Affective, and Implications for Everyday Life

What matters to people affected by MND? Integrating and valuing the perspectives of people affected in MND
Scotland’s research, strategy and funding

Authors: Jane Haley, MND Scotland
Introduction

As part of MND Scotland’s new strategy, Making Time Count, one of our commitments is to make sure that the views
of people affected by motor neuron disease (MND) are central to the development, and ongoing evolution, of the
charity. Funding and supporting research is an important part of our work. Over the past 15 years, we have invested
around £6 million into a range of projects from basic science and clinical trials, to research improving quality of life.
Here we outline how we are integrating the perspectives of those affected into the research we fund and support.

Methods

We have used three separate approaches to bring the perspectives of people affected by MND into our funded
research. First, we have embedded lay reviewing into our grant review process. Second, we have introduced a
request and support system for researchers seeking input from those affected. Third, we have undertaken a national
survey asking people what issues are important to them and what questions they’d like research to address. The
findings will help to inform the work we invest in and support in the future.

Results and conclusions

MND is a rapidly progressing terminal condition. Those affected by the disease face innumerable challenges: they
also have expertise and often an interest in research. With careful attention to accessibility, we have found that
people have much to bring to lay reviewing grant applications. Working in the context of a terminal condition has
nuances, but this process has brought a valuable new perspective to funding

As a result of our new involvement request system, we have begun offering researchers bespoke assistance in
tailoring their research, so it effectively and appropriately engages those affected.

Through our survey, people affected by MND are also having a wider impact on the charity’s development. The
findings cover aspects from social care and bereavement, to a desire for research which focuses upon improved
diagnosis, troublesome symptoms, and understanding disease progression.

These three components have enriched our organisational processes and continue to inform future decisions.

This abstract does not include a section on statistical analysis due to its nature (qualitative), and focus on research in
practice.
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Poster number: S_PZ1_007 (PP)

Sub-Theme: Compulsive Behavior, Habit Formation, and Reward Processing: Insights from Rodent and Human
Studies

Determining whether dysfunctional checking is habitual in a rodent analogue of compulsive-like checking in
obsessive-compulsive disorder

Authors: Luise Pickenhan, University of Cambridge; Sharon Morein-Zamir - School of Psychology and Sports Science
Anglia Ruskin University; Amy L Milton - Department of Psychology University of Cambridge

Introduction. A major subtype of obsessive-compulsive disorder involves excessive and maladaptive checking
behaviour. This maladaptive, dysfunctional checking can be modelled using the Observing Response Task (ORT). The
ORT distinguishes between functional and dysfunctional checking shown by the same individuals, in both rodents
and humans. However, although dysfunctional checking on the ORT serves no purpose, it has not yet been formally
tested whether it is habitual.

Methods. 24 male Lister Hooded rats will be trained on the ORT (Figure 1). Briefly, rats learn to respond on one of
two levers to receive reinforcement, with the correct lever changing unpredictably throughout the session. Rats can
identify the currently correct lever by pressing a third, ‘observing’ lever, illuminating a light cue over the correct
lever. These functional Observing Lever Presses (OLPs) can be distinguished from dysfunctional Extra Observing
Lever Presses (eOLPs), with the latter having no programmed consequences. As we have previously observed
individual variation in dysfunctional checking, with sign-tracking rats showing elevated levels, rats will separately
undergo classification as sign-trackers or goal-trackers on a pavlovian autoshaping task. Contingency degradation will
be used to determine whether dysfunctional checking is habitual. This will weaken the contingency between
pressing of the observing lever and light cue presentation. Based on previous reports that sign-trackers rely more on
model-free learning, it is predicted that the dysfunctional checking of sign-trackers will be insensitive to contingency
degradation. In contrast, goal-tracking rats are predicted to reduce any dysfunctional checking following contingency
degradation.

Approach for statistical analysis. The ORT provides a rich data set, including data on OLPs and eOLPs, and secondary
measures of generalised task performance (e.g. rates of lever pressing, lever discrimination). Baseline responding on
the ORT (prior to contingency degradation) of sign-trackers and goal-trackers will be compared for each measure
using mixed-model ANOVAs. Checking following contingency degradation will be analysed using mixed-model
ANOVAs, comparing pre-degradation and post-degradation levels of OLPs and eOLPs.
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Poster number: S_PZ1_008 (PP)
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Determining the nature of the relationship between sign-tracking and dysfunctional checking on the Observing
Response Task

Authors: Dou Hong, University of Cambridge
Introduction

Compulsive behaviours occur in a variety of psychiatric disorders including addiction and obsessive-compulsive
disorder. It has been proposed that individual differences in the propensity to respond to reward-related cues is
associated with compulsive behaviours. For example, "sign-tracking” (engagement with the reward-related cue
rather than the reward) is associated with deficits in attention and impulse control and is resistant to extinction.
Indeed, in both humans and animals, sign-trackers tend to exhibit more compulsive-like behaviour. However, it
remains unknown whether there is a causal relationship between sign-tracking and compulsive behaviour. If so, then
treatments and prevention protocols for compulsive disorders could specifically target the sign-tracking trait. By
contrast, if sign-tracking and compulsions are both underpinned by the appetitive motivational system but occur
independently, sign-tracking may be a diagnostic marker of disorders to achieve prevention and early intervention.

This study aims to determine the nature of the relationship between sign-tracking and compulsive-like behaviour to
expand on our previous observations that sign-tracking rats show higher greater dysfunctional checking on the
Observing Response Task (ORT; Figure 1). The causal nature of this relationship will be tested by reversing the order
of training, such that rats are first trained on the ORT prior to classification using a pavlovian autoshaping task.

Method

Subjects will be 24 male Lister Hooded rats, trained on the ORT. To induce dysfunctional checking behaviours, rats
will undergo ‘uncertainty training’ in which the correct response switches unpredictably, which increases functional
checking in all rats and dysfunctional checking in sign-trackers. Rats will then be classified as sign-trackers or goal-
trackers using pavlovian autoshaping, and the relationship between high levels of dysfunctional checking and sign-
tracking assessed.

Approach for statistical analysis

Logistic regression will be used to determine whether increased dysfunctional checking will make more rats to
become the sign-tracking phenotype. Other secondary measures (e.g. rates of lever pressing) will be examined to
determine any generalised differences in motivate.
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Is motivation toward a reward a predictor of dysfunctional behavior?
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Amy Milton - Department of Psychology University of Cambridge

When presented with a reward-related conditioned stimulus, individuals vary in their responses. Depending on
whether they approach the location of a reward delivery or the cue itself, they are classified as goal- or a sign-
trackers respectively. We have previously observed a correlation between sign-tracking and dysfunctional,
compulsive-like checking on the Observing Response Task (ORT). As sign-trackers have also been reported to show
more rapid progressions to compulsive-like drug-seeking and to rely more upon habitual-like model-free learning,
then this may indicate that sign-trackers rely more on habitual learning. Whether this association is specific to sign-
tracking, or could be observed with other measures of motivated behaviour, such as pavlovian-instrumental transfer
(PIT) remains unknown. Thus, we aim to test whether sign-trackers and goal-trackers show differential performance
on both specific PIT (which relies on model-free learning) and general PIT (which relies on model-based learning),
and whether PIT performance can be similarly related to dysfunctional checking on the ORT.

Rats will be trained on a Pavlovian-Instrumental Transfer task with two separate reinforcers, two responses and two
reward-associated cues (and a third, neutral cue). General and specific PIT will be assessed in a probe test, before
rats are subsequently trained on both pavlovian autoshaping (to classify the animals as goal- and sign-trackers) and
the ORT.

We will analyze the mean lever presses from the PIT test data using an ANOVA and the ORT task using mixed 2x2
ANOVAs. In our study, we expect that ST will have a greater general PIT effect than GT, which will positively correlate
with dysfunctional checking during the ORT task.
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To cope with uncertainty, humans often use goal directed behaviours, such as checking, to increase their knowledge
about the environment. To date, research on attitudes and behaviours relating to coping with uncertainty have
largely relied on self-report. This study investigated the tendency to use cues even when they no longer provide
useful information to reduce uncertainty.

Using the translational Observing Response Task, participants could earn rewards (50p) by pressing one of two
buttons on a variable ratio schedule. However, at any given time, only one of the buttons was active. This introduced
uncertainty, in that participants did not know which button to press to earn rewards. Pressing a third button
revealed an observing (certainty) cue that showed which of the two buttons was currently active (meaning that
pressing it would lead to a reward). However, pressing this cue incurred a small cost (5p). After six minutes,
unbeknownst to participants, the observing cue was extinguished, but continued to incur a cost. Participants also
completed a battery of self-report questionnaires which included questions about uncertainty and obsessive
compulsive tendencies as well as anxiety levels before and after the task.

A sample of 82 participants was analysed using repeated measures ANOVAs and bootstrapped regression. Overall,
observing behaviour within individuals was stable during the first six minutes. Following cue extinction, there was a
clear reduction in observing behaviour (n?p=.27, p<.001), however a proportion of participants continued to press
the observing cue, with 40% of participants pressing as late as 6-8 minutes after cue extinction. Observing during
extinction, but not prior, was a significant predictor of self-reported levels of obsessive-compulsive checking
(assessed using the Obsessive Compulsive Inventory). Further, the task was experienced as a mild stressor, with a
rise in self-reported anxiety (d=0.29, p<.01).

These findings indicate that certainty seeking is persistent, regardless of its potential to become maladaptive. This
provides insight into the mechanisms underlying the development and maintenance of certainty seeking habits.
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Perceptual decision confidence is the metacognitive ability to internally evaluate the accuracy or correctness of
one’s own perceptual decisions. Several studies on humans have identified neural activities in different brain regions
during perceptual decision formation (stimulation) phase and decision confidence rating phase. However, it is
unknown whether neural encoding is more prominent in decision formation or confidence rating phase. Further, as
reaction times (RTs) are related to decision confidence levels, it is unclear how differently slow and fast decisions are
encoded within neural populations. We addressed the above by using dynamic causal modelling (DCM) on an open
dataset based on a classic random-dot kinematogram with confidence rating task (Gherman & Philiastides, 2020).
We chose 16 participants with significant Spearman’s correlations (p<0.05) between RT and rated confidence level
from the dataset. We compared neural activities between stimulation and rating phases as well as between fast and
slow responses in stimulation phase. Using T-contrast analysis in SPM12 toolbox, we isolated brain regions with
significant activity differences for these two conditions from functional magnetic resonance imaging (fMRI) data. We
then created and estimated a DCM model space between extracted brain regions for each condition from
electroencephalogram (EEG) data using canonical microcircuit neural mass model and selected the winning model
using random-effects Bayesian model selection. For stimulation-vs-rating condition, the right superior and inferior
parietal lobule (SPL and IPL), left and right precuneus (PrC), left cingulate gyrus, left and right insula, and right
superior frontal gyrus were more active. Compared to rating phase, we found in stimulation phase higher neural
populations’ activities averaged over all participants in the winning model, indicating stronger neural encoding. Next,
we extracted activities from the right SPL, left PrC, right supramarginal gyrus, left precentral gyrus, and left medial
frontal gyrus and found, for slow responses, the winning model exhibiting higher activity for all neural populations in
the left PrC, suggesting the encoding of decision uncertainty.

Data Acquisition Protocol Cata Analysis Pipeline
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Decision-making is an integrative process that is crucial for humans and animals on a daily basis, and it has been at
the centre of a long tradition of psychological and economic research. This systematic review focuses on the
spatiotemporal dynamics of value-based decision-making. Since there is an abundance of fMRI, neuropsychological,
and animal studies on the topic, we instead examined evidence collected from 100 magnetoencephalography and
electroencephalography studies, which are known for their high temporal resolution. Additionally, we classified
value-based decisions into ‘external’ (EDM) and ‘internal’ (IDM) and used this division as the theoretical framework
of the present review. In ‘external’ decisions, the values of different options are objectively defined, whereas said
values in ‘internal’ decisions are defined by the individual. The review aims to assess whether there is a convergent
pattern of event-related potentials or fields (ERP/ERF) findings and how EDM and IDM processes have been studied
so far with these methods. Based on precedents in the literature, we extracted statistically significant time intervals
that result from contrasts between experimental conditions that are sensitive to differences in (external or internal)
value. We also examined the topographical and source space distribution of these intervals. Finally, we classified the
paradigms into specific clusters of experimental designs, an approach that will guide future research and inspire the
development of novel tasks to study value-based decisions. Due to the nature of the data, we could not apply typical
statistical analyses and, instead, looked at the proportion of papers that reported significant intervals for the
aforementioned contrasts. Overall, our findings show that there are similarities as well as differences in the time
course and the topography of EDM and IDM processes. To our knowledge, the current review is the first to directly
contrast these two types of decision-making and to provide an in-depth description of the paradigms and ERP/ERF
components that are most consistently employed in the field.
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Value-based decision-making is vital for our interactions with the external environment, and the nature of the values
that guide our decisions can originate from different sources, e.g., external (objective rewards) or internal
(connected to our preferences). However, how these different values interact with each other has not been
addressed in the literature, so far.

In the current study, we designed a series of three experiments where sources relating to internal values (i.e.,
subjective preferences for specific food items) and to external values (i.e., the reward probability associated with the
different options) are presented simultaneously, with the aim to examine whether the presence of task-irrelevant
value information influences human behaviour.

In Experiment 1, after the stimulus display, participants were cued with a dollar sign or a heart-shaped symbol,
indicating whether they had to perform a reward-based or a preference-based decision. In Experiment 2, the task
cue was presented before the stimuli, removing the uncertainty component. In Experiment 3, we introduced a delay
between the cue and the response, to investigate how the removal of temporal constraints affected the participants’
behaviour.

Results from linear mixed models show that, across all experiments, there is evidence of a spill-over effect on
accuracy and RTs from the preference-based domain into the reward-based one, as indicated by significant
interactions between value conflict (i.e., the absolute difference between the average ratings of the two food items
shown on the screen) and congruency (i.e., whether the preferred item was associated with advantageous or
disadvantageous border colour), with odds ratio value and confidence intervals of: OR = .65 [.58, .72], p <.001; OR =
.66 [.59, .74], p <.001; OR =.74 [.66, .83], p < .001 for Experiment 1, 2, and 3, respectively.

Overall, the data suggests that a value-based decisional conflict emerges, hampering the participants’ performance,
and it could be explained in turn by factors like selection and reward history, value-directed attentional capture, and
conflict monitoring.
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Comparing the neural correlates of reward processing during Becker—-DeGroot—Marschak and Vickrey auctions: an
ERP study.

Authors: Alice Newton-Fenner, University of Liverpool
Introduction

In value-based decision-making research, auctions are widely used as a tool to quantify subjective values (SV) of
goods in the form of willingness-to-pay. The Vickrey auction (VA) and Becker—DeGroot—Marschak auction (BDM) are
the most well-established of these, being strategically equivalent demand-revealing mechanisms that are
differentiated only by a human opponent in the VA, and a random-number-generator opponent in the BDM. Game
parameters are such that players are incentivised to reveal their true private SVs. Behaviour should be identical in
both tasks, but this has been repeatedly shown not to be the case.

Methods

The neural correlates of outcome feedback processing during the VA and BDM were directly compared using EEG. 28
healthy participants completed both tasks, bidding for household products which were then divided into high- and
low-SV categories. Both tasks used a random-number-generator opponent, with the VA including a human opponent
deception to induce a social environment.

Approach for statistical analysis

EEG data were spatially transformed to reference-free using the common average reference method, and artefacts
were removed with principal component analysis. Selected EEG epochs were averaged for each condition, and
analysed using repeated measures ANOVAs.

Results and conclusions

A P3 component peaking at 336 ms over midline parietal sites showed more positive amplitudes for high-SV
outcomes, and for win outcomes in the VA but not the BDM. A N170 potential in the right occipitotemporal
electrodes and a vertex positive potential component were larger in the VA than the BDM. Both auctions elicited a
Reward Positivity potential, maximal at 275 ms along the central midline electrodes, that was not modulated by
auction task or SV. Results point to an enhanced cortical response to bid outcomes during VA task in a potential
component associated with emotional control, and to the occurrence of enhanced face-sensitive potentials in the
VA. These findings suggest modulation of bid outcome processing by the social-competitive aspect of auction tasks.
This study progresses the neural characterisation of the impact of social context on reward processing in risky
environments.
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Introduction. Selective encoding can be studied by manipulating how valuable it is for participants to remember
specific stimuli, for instance by varying the monetary reward participants receive for recalling a particular stimulus in
a subsequent memory test. Reward-enhanced memory may be driven by automatic dopaminergic interactions
between reward circuitry and the hippocampus and thus be insensitive to context; or it may be driven by meta-
cognitive strategies, and thus context-dependent. It would be reasonable for participants to strategically attend to
items that predicted high reward more than to items that predicted low reward in mixed lists, but to attend both
types of items equally in pure lists, as this incurs no tangible cost.

Method and statistical analysis. We contrasted these alternatives by using a list-composition manipulation, and
tracked selective encoding through multiple EEG measures of attention. The sample size (N=43) was determined a
priori based on effect sizes in Hajcak et al. (2013). The pre-registered analyses of memory performance and
extracted ssVEP amplitudes utilised a generalised mixed effect model with the Ime4 package in R. We
complemented the focal analysis with a pre-registered global data-driven analysis of all time points of the trial and
all analysed electrodes, controlling for multiple comparisons with nonparametric cluster-based permutation tests.

Results. Reward-enhanced memory depended on list context, such that recall of high-reward items was increased in
mixed, but not pure, lists. This result and aspects of the recall dynamics confirm predictions of the eCMR (emotional
Context Maintenance and Retrieval) model. The amplitude of steady-state visual evoked potentials was lower for
high-reward items regardless of list context, suggesting that high reward decreased visual processing of the stimuli
and that SSVEP may index the modulation of context-to-item associations predicted by eCMR. By contrast, reward
modulated the amplitude of Late Positive Potentials in mixed lists, mimicking the memory results.

Conclusions. Taken together, the results provide evidence for the joint functioning of both automatic and strategic
processes in how selective encoding shapes eventual memory.
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Impaired GABAergic inhibition, so-called neural disinhibition, in the prefrontal cortex and hippocampus has been
linked to cognitive deficits in a range of disorders, including schizophrenia (Bast et al., 2017, Br J Pharmacol). The
novel object recognition (NOR) task has been used widely to study cognitive deficits in rodent models. Rat models of
NMDA receptor hypofunction consistently show NOR deficits at 1-min retention delays, suggested to reflect reduced
prefrontal and hippocampal GABA function (Cadinu et al., 2018, Neuropharmacology). However, the contribution of
GABAergic inhibition in these regions to NOR capacity has not been established. Here, we investigated the effects of
neural disinhibition or functional inhibition on NOR using local infusions of the GABA-A receptor antagonist
picrotoxin or agonist muscimol, respectively. Our infusion targets were the medial prefrontal cortex (mPFC), dorsal
hippocampus (DH) and ventral hippocampus (VH).

Three cohorts of male Lister hooded rats were used, with one cohort (n=16) for each brain region (mPFC, DH and
VH). The impact of bilateral regional saline, picrotoxin or muscimol infusions on NOR was compared using a within-
subjects design. The NOR task consisted of 3-min acquisition and retention trials, separated by a 1-min retention
delay. Object exploration times and discrimination index were analysed using ANOVA, with infusion condition and
object (novel vs familiar) as within-subject factors.

In the mPFC, neither functional inhibition by muscimol nor disinhibition by picrotoxin affected NOR. In both DH and
VH, neural disinhibition impaired NOR. Functional inhibition in the DH impaired NOR, whereas there was limited
evidence for VH functional inhibition to affect NOR.

Overall, our data suggest that hippocampal, but not prefrontal, GABAergic function contributes to NOR at 1-min
retention delays. In addition, results indicate that balanced neural activity in the DH is required for NOR, with both
too little and too much activity causing NOR deficits. NOR deficits following VH disinhibition may reflect an aberrant
drive of projections to other brain regions, which may include the DH. Moreover, our data suggest that hippocampal
GABA deficits may contribute to NOR deficits caused by NMDA receptor hypofunction.
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Reversal learning is a form of cognitive flexibility, and involves switching from one response to another when the
reward contingencies of the responses are reversed. Recently, we found that medial prefrontal cortex (mPFC)
disinhibition by the GABA-A receptor antagonist picrotoxin markedly impaired repeated reversal learning
performance in rats. mPFC functional inhibition by the GABA-A receptor agonist muscimol did not impair repeated
reversal learning performance, although it impaired acquisition of reversal learning. The ventral hippocampus (VH)
strongly projects to the mPFC, and VH disinhibition may disrupt functions depending on appropriate mPFC activity
(McGarrity et al., 2017, CerebCortex). However, little is known about how changes in hippocampal activity affect
reversal learning.

Here, we examined how VH functional inhibition or disinhibition, by muscimol or picrotoxin infusion, affected
repeated reversal performance on a two-lever reversal task in male Lister hooded rats. Rats were trained to acquire
a spatial discrimination (right or left lever) and then completed four reversals, to achieve relatively stable reversal
performance levels. Then, the impact of saline, muscimol and picrotoxin infusion into the VH on repeated reversals
was compared within-subjects. Retraining days, without infusions, were interleaved between reversal days to
reinforce the previous rule before the next reversal; on infusion days, 20 ‘reminder’ trials to test expression of the
previous rule preceded reversal trials. Data were analysed by repeated-measures ANOVA, using infusion as within-
subjects factor.

Repeated reversal learning was impaired by VH functional inhibition (increased responses to criterion), but
unaffected by disinhibition. This indicates that repeated reversal learning requires VH activity, but not balanced
levels of VH activity. In contrast, VH disinhibition, but not inhibition, impaired expression of the previous response
during reminder trials (reduced % of correct responses, increased omissions). This suggests that such expression
does not require VH activity, but is disrupted by aberrant activation of VH projection sites. Bayesian trial-by-trial
analysis will be used to examine how VH manipulations affected strategies underlying reversal performance.
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Schizophrenia has been associated with both hypofrontality (i.e., reduced prefrontal cortex (PFC) activation) and
prefrontal disinhibition (i.e., reduced GABAergic neural inhibition). Additionally, schizophrenia is characterised by
marked reversal learning deficits. Reversal learning has mainly been found to require the orbitofrontal (OFC), but not
PFC However, the PFC may still be required for reversal learning if the reversal is particularly demanding.
Additionally, even if the PFC is not required, local disinhibition may impair reversal performance, as such
disinhibition causes aberrant prefrontal neuron firing and may, thus, also disrupt processing in projection sites,
including the OFC.

Here, we examined the impact of medial PFC inhibition and disinhibition in rats, by infusion of the GABA-A receptor
agonist muscimol or antagonist picrotoxin, respectively, on an operant two-lever reversal task. In two cohorts, we
studied the impact on (1) early reversals (task naive rats with significant between-session performance
improvements) and on (2) later serial reversals (when rats showed relatively stable performance indicating reversal
proficiency).

In addition to classical performance measures, including responses to criterion, we used a Bayesian trial-by-trial
analysis to examine strategies underlying reversal performance and how these were affected by prefrontal
manipulations. Data was analysed using ANOVAs with infusion, trials and task stages as variables.

PFC inhibition impaired early, but not late, reversal performance by increasing perseveration and impairing ‘lose-
shift’ behaviour. In contrast, PFC disinhibition disrupted late reversal performance, characterised by impairments in
both exploitatory and exploratory strategies, resulting in slower switching to the new response-reward associations.

Results indicate that PFC hypoactivity impairs exploration during early reversal stages, which disrupts early reversal
acquisition. At later reversal stages, hypoactivity does not impair performance, indicating the PFC is not required
when task proficiency is high. In contrast, PFC disinhibition impaired later serial reversal performance by impairing
both exploration and exploitation.
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Cognitive flexibility allows individuals to adjust their behaviour in response to changes in their environment. A form
of cognitive flexibility is reversal learning: the ability to switch between responses when the reward contingency of
the responses is reversed. Impaired in Schizophrenia and other neuropsychiatric disorders, reversal learning depends
on frontal cortex function. The prefrontal cortex receives midbrain dopamine projections, which convey information
about reward feedback signals. Moreover, dopamine D1 receptors in the medial prefrontal cortex (mPFC) have been
implicated in learning and attention. However, whether mPFC D1 receptors play a role in the acquisition of reversal
learning or in flexibly switching between response rules after repeated exposure is not fully understood.

To address this, we examined the impact of mPFC infusion of the D1 receptor agonist SKF 81297 or the antagonist
SCH 23390 on reversal performance on a two-lever task in male Lister hooded rats. In one cohort, we tested the
impact on early reversals, when rats were naive and showed significant between-session performance
improvements. In another cohort, we tested the impact on later repeated reversals, when rats had ‘learnt to
reverse’ and their performance was relatively stable across reversals.

In both experiments, mPFC SCH, but not SKF, increased response omissions and latencies compared to saline
infusions. Furthermore, mPFC SCH impaired the expression of the previous rule and decreased perseverative errors
during early reversals, but not later reversals. Moreover, a Bayesian trial-by-trial analysis revealed that mPFC SKF
increased perseveration, whereas SCH decreased perseveration, during later reversals. These findings suggest that
mPFC D1 receptors modulate the expression/exploitation of recently learnt rules and inhibit exploratory behaviour.
Specifically, D1 antagonism reduces expression of a previously learned rule and promotes exploration, whereas D1
agonism promotes exploitation at the expense of exploration. Additional Bayesian trial-by-trial analyses are on the
way to examine the emergence of exploratory versus exploitative behaviour across reversals.
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Tourette’s syndrome is characterised by loss of GABAergic inhibition, so called neural disinhibition, in the striatum.
Dorsal-striatal microinjection of GABA-A antagonists, including picrotoxin, produces tic-like movements in rodents
and primates that resemble motor tics in Tourette’s.

Here, we unilaterally infused picrotoxin (300ng/0.5ul) or saline (0.5ul) into the anterior dorsal striatum of young
adult male Lister hooded rats and characterised further the neuro-behavioural impact of striatal disinhibition by
electrophysiological and behavioural measurements.

Electrophysiological recordings in the striatum under isoflurane anesthesia showed that disinhibition via picrotoxin,
apart from evoking large LFP spike-wave discharges, markedly enhanced multi-unit burst firing. In freely moving rats,
striatal picrotoxin reliably induced tic-like movements, which involved lifting the contralateral forelimb, which
resulted in rotation of head and torso, before returning to normal body posture. Some of these movements lasted
for several seconds and led to the whole body rotating around its long axis. Automated photobeam measurements
in an open field revealed that striatal disinhibition increased locomotor activity and fine motor counts. The time
course of the latter matched that of tic-like movements, suggesting a simple automated way to measure these.
Striatal disinhibition did not affect prepulse-inhibition (PPI) of the acoustic startle response, but tended to reduce
startle. Data was analysed using ANOVAs.

Striatal disinhibition caused striatal spike-wave discharges in anaesthetised rats, similar to previous findings in freely
moving rats, and enhanced burst firing of striatal neurons. In freely moving rats, striatal disinhibition reliably
produced tic-like movements, and we characterised the time course and key features of these movements. Striatal
disinhibition increased locomotor activity suggesting such disinhibition may contribute to hyperactivity, which is
often comorbid with Tourette’s. Contrasting with PPI disruption in Tourette’s, striatal disinhibition in rats did not
affect PPI, suggesting GABAergic inhibition is not required for intact PPl and deficits in PPl are not necessary for tic-
like movements.
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1. Introduction

Our recent work has highlighted that the dorsal vagal complex (DVC) is a surprisingly robust circadian timekeeping
centre functioning semi-autonomously from the master clock, the suprachiasmatic nucleus. The DVC is a collection
of brainstem nuclei involved in energy balance, ingestive processes, and feeding. Despite dramatic changes in
feeding behaviour in postnatal development, when this brainstem clock begins to ‘tick’ and how it may change in
postnatal ontogeny remains unknown. The aim of this study was to explore how the DVC clock develops at a
molecular level in the first four weeks of postnatal life.

2. Methods

The rhythms of the clock gene Per2 were examined in the DVC of PER2::LUCIFERASE (PER2::LUC) reporter mice. 7-
day bioluminescence recordings were taken from ex vivo brain slices in four developmental timepoints: postnatal
day (P)7, 14, 21, 28, and compared to adults (over 2 months old). The intensity of bioluminescence over time was
analysed using the ImagelJ Stacks T-functions plugin. Period, phase, and robustness of the rhythms were then
determined using the PyBoat package in Python.

3. Approach for statistical analysis

Differences in the period of PER2::LUC expression in distinct subregions of the DVC across developmental time points
were analysed using a two-way ANOVA followed by Tukey’s multiple comparison. The rhythm robustness in these
subregions over development was analysed using a repeated measures two-way ANOVA followed by Sidak’s multiple
comparison. ANOVAs were conducted using GraphPad Prism. Phase was analysed using the MATLAB circular
statistics toolbox (Watson-Williams test, circular analogue of ANOVA).

4. Results and conclusions

Here we show that across development and as early as P7, the DVC circadian oscillators exhibit robust rhythms in
PER2::LUC expression. Sub-regional differences in the phasing of these rhythms mirror that of the adults. This
investigation was limited to broad regional populations so future studies can assess cellular level synchrony across
different sub-populations. Our results suggest DVC circadian oscillators are functional in early postnatal ontogeny
and could potentially participate in the control of rhythmic behaviour in ontogeny.
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The integration of information from different sensory modalities is a fundamental process in the brain that enables
behavioural and perceptual enhancement. Virtual reality (VR) technology presents a unique opportunity for the
provision of immersive and realistic audio-visual (AV) environments. Understanding the neural mechanisms
underlying multisensory integration in virtual environments is crucial for the development of VR applications,
particularly in the field of rehabilitation.

This study aimed to investigate the effects of multisensory training utilizing VR on brain activity and microstructure,
as well as cognitive performance. Twenty healthy participants were recruited and instructed to complete a 30-
minute daily training program on VR for four weeks. The task was a ‘scanning training’ paradigm that is commonly
used in hemianopia rehabilitation. Neuroimaging data, including functional magnetic resonance imaging (fMRI) and
diffusion tensor imaging (DTI), as well as performance data, were collected at baseline, after two and four weeks of
training, and four weeks post-training.

The behavioural data were analysed using repeated measures ANOVA, which revealed significant improvements in
behavioural performance (faster response time and higher scores over time). fMRI and DTl were analysed using
paired t-tests to compare pre- and post-training results. The results revealed increased BOLD signal activation in
multisensory brain regions involved in early-stage AV processing during the bimodal fMRI task as compared to the
unimodal task. Additionally, DTI data revealed changes in microstructural indices in the optic radiation and superior
longitudinal fasciculus Il, which are key white matter tracts involved in visual processing, spatial attention, and
multisensory integration.

The results of this study demonstrate that incorporating spatial auditory cues to voluntary visual training in VR leads
to augmented brain activation and microstructural changes in multisensory integration, resulting in measurable
performance gains that apply to involuntary and visual search conditions. This research underscores the potential of
VR-based multisensory training as an efficacious method for enhancing cognitive function and as a valuable tool in
rehabilitative programs.
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DKI (Diffusion Kurtosis Imaging) is a novel MRI technique that examines the non-gaussian diffusion of water
molecules in body tissue. It has been proven to be more sensitive in detecting microstructural changes in the brain
comparing to traditional DTI (Diffusion Tensor Imaging) in detecting microstructural change in a variety of white and
gray matter regions.

This study evaluates the sensitivity of DKI to microstructural alteration induced by visuomotor training: 14 healthy
participants underwent a home-based eye movement training programme, consisting of 30 daily 30-minute sessions,
done 5 days a week for 6 consecutive weeks (Aloufi et al., 2021 https://doi.org/10.1016/j.neuroimage.2020.117673)

DKI images were collected pre and post the intervention. A whole-brain white matter analysis was performed using
ExploreDTI software to measure the DKI parameters, including: axial kurtosis (AK), mean kurtosis (MK), radial
kurtosis (RK), and fractional anisotropy (KA). A paired sample t-test was applied over all regions for each parameter
with a 95% confidence level.

Compared to conventional DTl analysis, additional brain regions were found to show a significant change in response
to training: the DKI analysis shows increasing KA (in 6 regions) and decreasing in AK and MK (in 2 and 4 regions
respectively) after the training, while no significant changes RK were found.

Overall, the findings suggest that DKI may provide more sensitive information about microstructural changes in the
brain induced by visuomotor training since DTI findings were not identified these regions.
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Introduction:

Autistic individuals have difficulties with social interaction. Vitality form describes how actions are performed (e.g.,
rude or gentle) and is crucial for interpreting the actions of other people. It is important to understand whether
vitality discrimination is altered in autism and whether this is distinct from more basic speed discrimination. This
study aims to investigate vitality form discrimination in autistic adults and will be the first to compare speed and
vitality form discrimination within the same participants. The main hypotheses are that autistic individuals may have
1) poorer performance in vitality form than speed discrimination 2) shorter eye gaze duration in the intransitive
(gesture) than transitive (cup) condition.

Methods:

The experiment is a within-participant design. Participants will be asked to complete the speed and vitality form
discrimination tasks while their eye movements are recorded. The two tasks share the same structure and
participants are asked to rate how fast (speed task) or gentle (vitality form task) the movement is. Video stimuli
consist of one actor using their right hand to present an action to another actor (Fig. 1). The four transitive
conditions involve passing a glass cup (with or without a blue or green lid) to increase variety and interest in the
stimuli. The two intransitive actions are pointing and giving gestures. Eight execution times 500, 700, 900, 1000,
1100, 1200, 1400, 1600 mm, were decided after a pilot session showed significantly different vitality form ratings
from 5 neurotypical participants.

Planned analysis:

Dependent variables are slopes, response values and response times. Slopes are calculated from response values
across the execution times to measure discrimination ability. Eye data will include duration on and distance from a
pre-defined interest area. Primary analyses are 1) A mixed effect ANOVA with factors of action (Object/gesture), task
(speed/vitality form) and group (autistic/non-autistic) for each dependent variable. 2) A mixed ANOVA of action and
group to test the mean percentage time of eye gaze spent in the interest area.
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Abstract Objectives:

Proper name anomia is a common experience that can become amplified in patients with a diagnosis of dementia
(PWD). The Gotcha! app aims to provide practice-based therapy for PWD to relearn the names of key people in their
lives. It has been developed according to the principles of errorless learning, which have previously been shown to
improve the remembering the familiar people’s names and benefit the relationship between the PWD and their
loved ones. (Clare et al, 1999, 2000, 2003).

Methods:

Gotcha! is a digital confrontation naming therapy app which enables patients to train one face per day by using
photos that the app represents. During the development phase we carried our qualitative research (thematic
analysis) on why PWD get involved in research projects such as ours. Gotcha! therapy block lasts for six weeks and
prior to the therapy patients complete a multiple baseline paradigm with eight weekly tests of free naming of the to-
be trained faces. During the therapy, a novel speech verifier is used to provide real-time feedback (Barbera et al.
2020). Two analyses method is used to investigate the behavioural data: 1) within-subject non-parametric analysis
using Tau-U metric (Parker et al. 2011); 2) a parametric group analysis using an ANOVA.

Results:

The thematic analysis revealed four themes that will be discussed in more detail on the talk.In terms of the
guantitative data, our results from the first 16 subjects showed: 1) Tau-U. 73% showed a positive trend with better
naming during the training phase with 5/10 reaching statistical significance. 2) ANOVA demonstrated a significant
effect at the group level of training>baseline phase, F(1,9) = 6.68, p = .029.

25



Memory & Learning

Poster number: S_PZ1_011 (TP)
Sub-Theme: Entorhinal Cortex and Memory: Dissecting Neural Representation, Circuitry, and Dysfunction

Distinct types of memory produce different activation patterns across the cortical layers of lateral entorhinal
cortex.

Authors: Dr Gareth Barker, University of Bristol; Dr Clair Booth - School of Physiology, Pharmacology & Neuroscience
University of Bristol; Dr Paul Banks - School of Physiology, Pharmacology & Neuroscience University of Bristol; Prof.
Zafar Bashir - School of Physiology, Pharmacology & Neuroscience University of Bristol; Prof. Clea Warburton -
School of Physiology, Pharmacology & Neuroscience University of Bristol

Introduction: Object-in-place (OiP) memory, our ability to associate an object with a specific location, requires a
network of brain regions which includes the perirhinal cortex (PRH) and lateral entorhinal cortex (LEC).

The Targeted Recombination in Active Populations (TRAP2) mouse allows neurons activated by a specific event to be
labelled (DeNardo et al. 2019). The TRAP2 mouse was used to investigate activation patterns within PRH and LEC
following OiP learning. In a second set of experiments the necessity of neurons activated in LEC during memory
encoding for memory retrieval was tested.

Methods: Experiment 1: TRAP2 x Ail4 mice were assigned to one of four behavioural conditions; OiP, novel arena,
familiar arena or home cage. Following habituation animals conducted the assigned behavioural task, immediately
after the behavioural task animals received an injection of 4-hydroxytamoxifen (50mg/kg i.p.). After a 7 day delay
animals were re-exposed to the behavioural task and 90min later were perfused. Brains were sectioned, imaged and
the number of cells expressing tdtomato in the superficial and deep layers of PRH and LEC were counted using
imagelJ.

Experiment 2: TRAP2 x cre-iDREADD mice were implanted with guide cannula aimed at the LEC. Following recovery
animals were habituated to handling and the arena. Mice performed an OiP task and immediately after the task
animals were injected with 4-OHT (50mg/kg i.p.). Following a forty-eight-hour delay mice were infused with either
vehicle or CNO (30uM) and performed a second test phase.

Statistical analysis: Experiment 1: A two-way ANOVA was used, post-hoc comparisons used the student-Newman-
Keuls test.

Experiment 2: A two-way ANOVA was used to compare performance in the OiP task, simple main effects were used
for post-hoc analysis.

Results and conclusion: Following the QiP task, the number of tdtomato positive cells was significantly increased in
the deep layers of LEC.

Infusion of CNO into LEC before test phase 2 significantly impaired performance compared to vehicle infused
animals.

These results provide evidence that object-in-place memory formation selectively activates deep layers of LEC and
that cells activated in the LEC during object-in-place memory encoding are essential for memory retrieval.
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Learned information is thought to be stored by material changes in the brain. This information is hypothesised to
exist as plastic changes in a sparse and widely distributed subpopulation of brain cells which are activated during
memory encoding and then reactivated upon retrieval, the so-called memory engram. Here, we examine such plastic
changes in neurons activated during learning of an associative recognition memory task, focussing on cells in the
lateral entorhinal cortex (LEC).

Methods: TRAP2 x Ail4 mice underwent object-in-place learning: mice explored 4 objects in an arena for 10 min. The
position of 2 of these objects was exchanged during a 5-minute delay, before replacement into the arena for a
further 10 min (test 1). Mice were immediately given a 50 mg/kg I.P. injection of 4-OH-tamoxifen to enable labelling
of active neurons with tdTomato (tdTom). Following a delay of 46h, mice were exposed to a further 10 min
behavioural test (test 2): here the pair of objects which had remained static in test 1 exchanged positions. Brain
slices containing LEC were prepared 10 min after test 2. Patch-clamp recordings were made to assess neuronal
excitability in tdTom expressing neurons and their unlabelled neighbours.

Statistical analysis: Individual electrophysiological parameters were assessed using Mann-Whitney tests, action
potential firing was assessed by 2-way ANOVA.

Results & conclusions: In slices of LEC taken from mice which had received test 2 46h after labelling we observed an
increase in firing in tdTom-labelled layer 5 pyramidal neurons compared to their unlabelled neighbours, this was
associated with an increase in input resistance. By contrast, firing of tdTom+ layer 2 fan cells was not significantly
different to unlabelled neurons. tdTom+ layer 5 pyramidal cells did not have increased excitability in animals that did
not undergo test 2, or those where only familiar object-place configurations were presented at test 2. These data
suggest that L5 pyramidal engram cells in LEC increase excitability following reactivation, and that this increase in
excitability is associated with the encoding of novelty within the object-place associations, which may serve to
update information at fast timescales.
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Introduction

There has been significant recent progress in understanding of the medial entorhinal cortex (MEC) and its
functionality in spatial memory. However, roles of its most superficial layer, layer 1 (L1), which is comprised of a
sparse population of interneurons that receive inputs from outside of the MEC (Vandrey et al., elLife., 2022), are
largely unclear. Here, we investigate the connectivity of MEC L1 by mapping out its inputs and establishing its
influence on postsynaptic cells.

Methods

Neuron-derived neurotrophic factor (NDNF) has been shown to be a specific marker for the majority of neocortical
L1 cells (Schuman et al., J. Neurosci., 2019). We used a NDNF-cre mouse line to genetically target a large portion of
the MEC L1 population.

We recorded L1 NDNF cell electrophysiology using whole-cell current clamp recordings in acute brain slices and then
visualised their morphology with biocytin labelling. Their outputs were established by optogenetically activating the
NDNF L1 population whilst recording principle neurons across the MEC. GABA receptor antagonists were applied to
identify receptors that were active during neurotransmission.

Inputs to neurons in L1 were visualised by using a rabies virus tracing approach (Callaway and Luo, J. Neurosci.,
2015). A helper virus with an optimised glycoprotein (G) was injected into MEC L1 and then, after 5 weeks, G-deleted
rabies virus was injected. This virus spread transynaptically to neurons presynaptic to infected NDNF cells.

Statistical analysis

To compare IPSP responses in current clamps experiments, a Kruskal-Wallis H-test with Dunn’s multiple comparison
was used.

Results and Conclusions

MEC L1 cells inhibited principle cell types across layers 1 to 5 by activating GABAA and GABAB receptors. MEC L1
receives brain-wide sources of synaptic inputs, with most local presynaptic cells located in MEC L3 and most long-
range afferents originating in areas involved in episodic and spatial memory (lateral EC, subiculum and
hippocampus). Many input neurons were also found in thalamic nuclei, such as the reuniens nucleus. Since the cell
types that L1 inhibits may be important for spatial memory, we are now testing roles of L1 neurons in spatial tasks.
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The medial entorhinal cortex (MEC) has established roles in location memory and path integration (McNaughton et
al., Nat Rev Neurosci, 2006). Impaired memory and navigation have been reported in ASD mice and humans
(Consortium, Cell, 1994; Lind et al., J Abnorm Psychol, 2013). Here, we aim to test if Fragile X (FXS) mice show altered
spatial representation in the MEC during a goal-directed virtual location memory task.

We recorded with tetrodes from the MEC of mice and trained them to locate reward zones (RZ) on 200-cm virtual
tracks (Tennant et al, Cell Rep, 2018). In stage 1, mice were repeatedly exposed to 4 consecutive trials with a visible
RZ and 1 trial with an invisible RZ. In stage 2 every second uncued trial was replaced by a probe trial with no visible
RZ and no reward. Stage 3 introduced extra tracks including the same RZ, a different RZ and two groups of tracks
with distinct wall contexts and RZs.

Experiments compared Fmrly/- mice with littermate controls. Non-parametric Aligned Rank Transform and Tukey
HSD tests were applied to reward rate, percentage of trials with rewards given, and first stop locations averaged
over trials. To assess ramp-like firing, we generated the firing rate map and fit linear models as a function of position
across regions (Tennant et al, Current Biology, 2022). Cells were classified as ramp cells if the model was significant
(corrected p < 0.01, Benjamini & Hochberg method). We used generalized linear mixed effect (GLME) to assess
influences of position, speed and acceleration on firing rate. Cells were classified based on which coefficient(s) better
predict firing rate (ANOVA for coefficient significance; corrected p < 0.01).

Both groups learned the task with similar reward rate and spatial stopping profiles even after we extended tracks or
moved RZ. With 2 alternating tracks, Fmrly/- mice were less accurate initially after introduction of a novel track. In
both groups over 45% of cells had ramp-like firing, with position as the most dominant coefficient to predict firing in
more than 50% of cells. Our initial results suggest that encoding of location in the MEC is maintained in Fmrly/-
mice. We are now testing whether firing rates are modified at later stages when reward location and track context
are modified
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Grid cells of the medial entorhinal cortex (MEC) have been long thought to provide the neural substrate for path
integration. Performance in path integration-dependent location estimation has been shown to be diminished in
mice with disrupted grid firing however it is unclear whether this is due to a direct consequence of altered grid cell
firing. Here, we address this by asking does grid cell firing covary with path integration-dependent behaviour? Grid
cells were recorded from mice performing a virtual reality (VR) linear location task that can be solved using either
beaconing or path integration strategies. We demonstrate grid cells adopt two distinct coding schemes during the
task, either a position code that reflects periodic firing fields anchored to salient features of the track, or a distance
code that reflects periodic firing fields that are independent of track location. Grid cells switched between these
coding schemes within sessions. When grid cells were encoding position, mice performed better in trials that
required path integration but not on trials that required beaconing. This result provides direct evidence linking grid
cell activity to path integration-dependent location estimation and is consistent with models of location estimation
that utilise anchored grid codes such as the grid-phase vector models of location estimation.
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Introduction: The hippocampus is crucial to encode episodic memories. Our aim is to understand how spatial
information is represented and accessed. Tasks can be solved using egocentric or allocentric coordinates, and the
strategy may change with time (Packard&McGaugh Neurob.Learn.Memory1996).

Hypothesis: We aim to test if the representation of space is affected by the navigational strategy used by rats to
learn and remember the reward position during exploration (Q1) or the execution of the task (Q2).

Methods: We train 10 male LH rats in the everyday memory task using an egocentric or an allocentric protocol
(Broadbent et al Eur.J.Neurosc2019). GCaMP6f is expressed virally in rat’'s CA1 and neuronal activity is recorded with
miniature microscopes. Rats learn to retrieve food from one of 6 possible sandwells, whose position changes every
session, and are tested for memory at 60minutes. After 27 training sessions with controls without visual cues, 7
consecutive sessions are recorded for each group. Rats enter the arena from four possible locations, generating a
number of trajectory combinations.

Analytical and statistical approach: The behavioural performance is measured as number of errors. And analysed
with RM 2-way ANOVA. Several spatial parameters are considered in Q1: place field number and stability,
directionality, information content. We adopt a rigorous statistical definition of place cells, comparing their mutual
information with the randomised null distribution. Wilcoxon or t-test compare measurables between groups
(animals are experimental points).

In Q2, the neuronal representation of matched spatial trajectories and goals is compared between the two groups.
Cosine distance and multidimensional analysis are used (Gobbo et al PNAS2022) to parametrize neural
representations and compare symmetrical (identical in egocentric but distinct in allocentric terms) and opposite-
direction trajectories. This provides a robust way to identify relative differences and make comparisons across
animals and between groups (RM 1-way ANOVA).

Implications: Goals and paths can assume different meanings depending on the spatial framework. Our data provide
new information on how the hippocampus represents them at the neuronal level in egocentric and allocentric terms

31



Memory & Learning
Poster number: S_PZ1_017 (TP)

Sub-Theme: Entorhinal Cortex and Memory: Dissecting Neural Representation, Circuitry, and Dysfunction
Pattern separation deficits in the 3xTgAD mouse model of Alzheimer's disease.
Authors: Haady Hajar, University of Manchester

The 3xTgAD mouse model of Alzheimer’s disease (AD) exhibits pronounced deficits in episodic-like memory
encoding, akin to AD patients. Pattern separation (PS) is a dentate gyrus-dependent computational process that is
required to encode similar episodic memories as distinct neural representations within the brain, making impaired
PS a likely contributor of episodic memory deficits in AD. Therefore, this study aimed to determine whether impaired
PS underlies the episodic-like memory deficit in 3xTgAD mice. To achieve this control and 3xTgAD mice performed a
four-trial continuous novel object recognition task. Each trial comprised a sample phase where the mouse was
familiarised to identical sample object pair followed by a two-minute inter-trial interval away from the objects and a
test phase during which the mouse was exposed to the sample object paired with a novel object of either high or low
similarity to the sample object. Two-way RM-ANOVA found there was a significant effect of group but not trial on
the novelty discrimination ratio (D2) for high similarity objects, with Sidak’s post-hoc revealing that control mice D2s
were significantly greater than those of 3xTgAD mice at trial 4. There was no significant effect of group or trial on

D2s for low similarity objects. Furthermore, proactive interference did significantly affect D2s across trials for both
groups and novel object types. Overall, these findings indicate that 3xTgAD mice had a moderate PS deficit; such that
they preferentially explored low similarity novel objects (which requires less PS) but only control mice had the PS
capacity to detect novelty in high similarity objects.
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Fragile X Syndrome (FXS) is a leading monogenic cause of inherited intellectual disability and autism. It is caused by
disruption of the FMR1 gene, leading to loss of its protein product FMRP. To study the effects of FMRP loss on brain
development, mouse and rat models have been created by knocking out the Fmr1 gene. Previous data from the lab
(Till et al, 2015; Asiminas et al, 2019) has shown that Fmrl-/y rats are selectively impaired in an Object-Place-Context
(OPC) associative recognition memory task, but not in simpler object- and object-context recognition tasks. As
memory in the OPC task requires interactions between the hippocampus (HPC) and medial prefrontal cortex (mPFC),
we reasoned that such interactions might be impaired in the Fmr1-/y rat. A prediction of this hypothesis is that
Fmr1-/y rats should show impairments in other tasks that rely on HPC-mPFC interactions. One such task is the
Object-in-Place (OiP) recognition memory task (Barker & Warburton, 2011).To test OiP memory, rats (n=13 Fmr1-/y,
14 WT) were placed in an arena with 4 different novel objects and allowed to explore freely during three 10min
sample sessions (ITI 3min). After 3min or 1h delay, the rat was placed back in the arena with the same 4 objects, 2 of
which had swapped locations. Time spent exploring each object was used to calculate a discrimination index (DI)
reflecting preference for the swapped versus stationary objects. OiP memory is inferred if rats preferentially explore
the swapped objects. With a 3min delay between sample and test, both WT and Fmr1-/y rats showed significant
preference for the swapped objects (mean DI significantly >0; one-sample t-tests p<0.05).With a 1h delay, WT rats
showed significant preference for the swapped objects (p<0.05) whereas Fmr1-/y rats did not (p=0.57). These data
suggest that adult Fmril-/y rats have intact OiP memory at a short (3min) delay, but do not show long-term (1h) OiP
memory. Our findings are consistent with the hypothesis that the circuitry underpinning OiP memory is disrupted in
Fmril-/y rats. However, as even short-term (5 min) OiP memory requires HPC-mPFC communication (Barker &
Warburton, 2011), FMRP loss may affect processes within the circuitry that are required for memory consolidation
but not for short-term OiP memory
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Introduction

Head direction (HD) cells provide a compass-like signal to mice during navigation. HD cell activity is thought to be
primarily driven by vestibular inputs, updated by sensory information from external visual cues to stabilize the HD
system and anchor it to the external allocentric frame of reference. The interaction between internal vestibular cues
and external visual inputs is poorly understood. Here we investigated how visual signal stabilizes HD cell activity with
and without vestibular input during learning.

Methods

To address this question, we recorded HD cells from the medial entorhinal cortex (mEC) in 16 C57BL/6J male mice
while they were freely foraging for food pellets in familiar or novel rectangular enclosures for three consecutive
days. To investigate how visual inputs drive HD cell firing in the absence of vestibular inputs, the mice were also
recorded head-fixed navigating in the novel and familiar 1D visual-input-based virtual enclosures. HD firing fields
were constructed by dividing the number of spikes by the total number of visits occurring at each position. We
conducted quantitative analyses to compare firing fields.

Statistics

We statistically compared measures in novelty experiments (day 1-3) and familiar baseline experiments in both real
and virtual protocols. The mean value of a given measure was calculated for each experiment and all combined
means were compared using two-way ANOVA with Tukey-Kramer post hoc test, except when comparing event
frequencies, where we computed the Bayes factor.

Results and Conclusions

In contrast to previous studies, we found that HD cell firing fields become larger and less stable in novel enclosures.
Removing vestibular input did not affect these novelty-induced changes, suggesting that anchoring by the external
visual inputs is not instantaneous and is strengthened with increased familiarity. The nature of changes in firing field
properties and the mechanisms of spatial learning were dependent on the cell’s directional tuning selectivity. Our
findings highlight the dynamic changes in signal processing during learning in the mEC HD network.
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Memory and emotion in the human brain: Connectivity
Authors: Edmund Rolls, Oxford Centre for Computational Neuroscience

The effective and functional connectivity and diffusion tractography of 360 Human Connectivity Project-Multimodal
Parcellation cortical and 66 subcortical regions at 7T in 171 HCP participants shows the following:

A Ventromedial Visual ‘Where’ Stream for scene representations has effective connectivity in the pathway V1 >V2 >
V3 > V4 > Ventromedial Visual regions VMV1-3 and medial parahippocampal regions PHA1-3 which is the
Parahippocampal Scene Area (PSA or PPA) where spatial view cells are found. It is proposed that scene
representations are formed in this ventral pathway by overlapping visual features in scenes that form a continuous
attractor network. These cells are different to place cells in rodents.

A Dorsal Visual Stream connects via V2 and V3A to MT+ Complex regions (including MT and MST), which connect to
intraparietal regions (including LIP, VIP and MIP) involved in visual motion and actions in space. This stream performs
coordinate transforms for idiothetic update, and has effective connectivity to the Parahippocampal Scene Area,
where it is proposed to implement the idiothetic update of spatial view cells as discovered in macaques.

A Ventrolateral Visual ‘What’ Stream for object and face recognition projects hierarchically from V1>V2>V3 >V4 >
FFC (Fusiform Face Cortex) > inferior temporal cortex TE regions, and has effective connectivity to the human
hippocampus via lateral parahippocampal cortex TF.

The human hippocampal system can then form combinations of these ‘What’ inputs from the ventrolateral stream
with ‘Where’ inputs from the Ventromedial Visual Stream and Reward Inputs from the orbitofrontal cortex to
implement episodic memory, and navigation from landmark to landmark.

The orbitofrontal cortex, vmPFC and anterior cingulate cortex involved in emotion provide reward inputs to the
hippocampal memory system, and influence memory consolidation via connectivity to the basal forebrain and septal
cholinergic systems.

Rolls (2022) The hippocampus, ventromedial prefrontal cortex, and episodic and semantic memory. Progress in
Neurobiology 217: 102334.

Rolls, Deco, Huang and Feng (2023) Human amygdala compared to orbitofrontal cortex connectivity, and emotion.
Progress in Neurobiology 220: 102385.
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Analysis of the subiculum network in humans and macaques.
Authors: Samuel Berry, Royal Holloway University of London

Introduction: Preclinical studies suggest that the subicular complex, a hippocampal (HC) subregion, has a privileged
role within a wider network for spatial/event memory. Despite its importance in this system, details of this networks
connections and how these brain regions work together is relatively unknown. Addressing this, we will apply a range
of structural and functional analysis approaches to a large sample of 7T MRI data to examine the properties of this
subicular network. Findings will be contrasted with those of another HC subfield - CA1. Further, we will use novel 7T
MRI macaque analysis and historical anatomical tract-tracing data to compare the networks of humans with those of
monkeys. This cross-species approach will help us to establish the anatomical validity of MRI-constructed structural
connections, which are prone to false-positives. Finally, we will use graph theoretical (GT) techniques to describe
various properties of the network.

Methods: Subjects are 173 adults from the Human Connectome Project and 9 macaques from The Virtual Brain
Macaque MRI repository. Samples have task-free functional, diffusion and submillimetre structural scans. HC
segmentation will be performed using gold standard automated approaches. Other spatial network ROIs will be
taken from a functionally-derived atlas. Functional connectivity (FC) will be BOLD correlations and structural
connectivity (SC) will be estimated with probabilistic tractography. Tract tracing data will be used as a reference for
the exclusion of anatomically implausible tracts created during the SC analysis. Derivative data and scripts will be
published on Github and the OSF.

Statistical analysis: Connectivity comparisons will consist of two 3-way mixed ANOVAs with IVs: Species (human vs.
macaque), HC ROI (CA1 vs. subiculum), and Extra-HC ROls. The DVs will be: FC (z-transformed correlations), and SC
(streamlines between ROIs). SC and FC connectivity measures will be used as weighted inputs for GT analysis. GT-
derived measures will be compared to density-matched null models to assess statistical significance. Additionally, we
will simulate a virtual lesion of each ROI. Following each knockdown, global efficiency will be recalculated and
corresponding drops in network efficiency measured.
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Connectivity of the Human Cerebellar Cortex

Authors: Kieran Allen, Royal Holloway University of London; Igra Arshad - Brain, Action and Cognition Laboratory,
Department of Psychology, School of Life Sciences and the Environment Royal Holloway University of London;
Michael Longley - Brain, Action and Cognition Laboratory, Department of Psychology, School of Life Sciences and the
Environment Royal Holloway University of London; Narender Ramnani - Brain, Action and Cognition Laboratory,
Department of Psychology, School of Life Sciences and the Environment Royal Holloway University of London

KA and IA are joint first authors

Introduction: The cortico-cerebellar system is topographically-organised and is one of the largest long-range systems
in the primate brain (Ramnani, 2006). Neurons in the cerebral cortex send outputs to the cerebellar cortex via the
pontine nuclei, and these return connections to the cerebral cortex via the cerebellar nuclei and the thalamus.
Understanding the contributions of this system to behaviour requires a detailed understanding of how parts of the
cerebellar and cerebral cortices map to each other. Previous work has shown that in the frontal lobe, cortical motor
areas communicate with Lobules HIV-HVI and Lobules HVIIB, while prefrontal cortex communicates with Lobule
HVIIA and Lobule IX (Kelly & Strick, 2003). However, much of this system remains unmapped. We will fractionate the
cerebellar cortex into evenly spaced components, and use resting-state fMRI to identify the connectivity of each
with the cerebral cortex.

Methods and Statistical Analysis: We will use previously acquired and preprocessed resting-state human fMRI data
(CamCAN Data Repository, Taylor et al., 2017; Shafto et al., 2014). Our analyses will compare the results based on
primary and replication samples (N=50 each, representative of the age and gender distributions in the repository).
Seed-to-voxel connectivity analyses will be conducted using the CONN Toolbox and SPM12. Connectivity analyses
will be run on 182 seed voxels (radius, 3mm) across the left cerebellar cortex. First-level, subject-specific general
linear models will be estimated (GLMs will incorporate regressors from 182 seed voxels, in which timecourses from
head motion, white matter and CSF will represent confounds). SPM({t} tests will generate a contrast image for each
seed voxel which will then be incorporated into a second level group analysis. We will test the hypothesis that seed
voxels in Lobules HIV-HVI and Lobules HVIIB will show connectivity with areas of the cortical motor system, and that
Lobules HVIIIA and IX will show connectivity with parts of the prefrontal cortex. We will also explore the connectivity
of all cerebellar cortical areas with those in the cerebral cortex, including those beyond the frontal lobe.
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The Vestibulocerebellum: New Insights from Large Scale Resting State Connectivity
Authors: Igra Arshad, Royal Holloway, University of London

Introduction: Cells in Lobules IX and X of the cerebellar cortex are known to connect with the vestibular nuclei and
are widely considered to form the ‘vestibulocerebellum’. In humans and non-human primates, studies have
identified a set of neocortical areas that respond to vestibular stimulation. A meta-analysis that included 28
functional images studies, identified a network of human brain areas involving the parietal operculum, central and
posterior insula, inferior parietal cortex and lateral and medial parts of the premotor cortex (zu Eulenburg et al.,
2012). The anatomical relationships between this network and the cerebellar cortex remains unclear. The aim of our
study was to investigate anatomical patterns of connectivity between this cortical vestibular network and areas of
the human cerebellar cortex. We tested the hypothesis that each element of the cortical vestibular network
influences activity in Lobules IX and X.

Methods and Statistical Analysis: We used resting state fMRI data in humans (N=514; Cam-CAN Data Repository,
Taylor et al., 2017; Shafto et al., 2014). We conducted a seed-to-voxel analysis using the CONN Toolbox and SPM12.
EPI scans were realigned, normalised to the MNI template, smoothed with a Gaussian kernel of 4mm and the time
courses denoised. First level analysis: the coordinates of 13 members of the cortical vestibular network (zu
Eulenburg et al., 2012) were used as seeds in our analysis. The time courses of these voxels were used to construct
general linear models (GLMs) which were estimated for each subject. After estimation, contrast images were taken
to a second level analysis. Following this, t contrasts and a conjunction analysis were performed.

Results and Conclusions: We were unable to reject our null hypothesis because we were not able to find effects in
Lobules IX and X, even at very low thresholds. Surprisingly, we found effects in adjacent left Lobule HVIlla (FWE;
p<.05). We conclude that classically defined vestibulocerebellar areas do not appear to come under the converging
influence of areas in the cortical vestibular network, but there does appear to be such a convergence in HVIllla.
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Investigating hippocampal-cerebellar functional connectivity using the Cambridge Center for Ageing and
Neuroscience (CamCAN) dataset

Authors: Kavishini Apasamy, Royal Holloway, University of London; Sam Berry - Psychology Royal Holloway,
University of London; Narender Ramnani - Psychology Royal Holloway, University of London; Carl J Hodgetts -
Psychology Royal Holloway, University of London

Introduction: Evidence from nonhuman species suggest that a close functional interaction exists between the
hippocampus and the cerebellum. Rodent studies show that cerebellar disruption interferes with the firing of
hippocampal place cells —an important property of hippocampal function. This is consistent with evidence that
cerebellar lesions affect performance on navigational tasks which are thought to depend on hippocampal spatial
representations. Electrophysiological and anatomical work suggest that such functional interactions may be
mediated by direct and indirect pathways, with the hippocampus receiving input from disparate parts of the
cerebellar cortex, including lobule VI, HVIIA (Crus 1) and paraflocculus. Despite this emerging evidence in nonhuman
animals, very little is known about hippocampal-cerebellar connectivity in primates. A deeper understanding of this
interaction will be important for refining neurobiological models of spatial learning and memory.

Methods: To address this, we will use task-free fMRI data from around 700 individuals from the Cambridge Centre
for Ageing and Neuroscience (CamCAN) dataset. We will also use task-free fMRI data from around 184 subjects from
the Human Connectome Project (HCP) dataset to investigate the potential influence of age on this interaction.

Approach for statistical analysis: MRI data will be (1) quality assessed to identify potential exclusions based on
motions, and (2) pre-processed using the default fMRIprep pipeline. Primary seed-based functional connectivity
analysis will be conducted using the CONN toolbox (Nieto-Castanon, 2021). The BOLD time series of anatomically-
defined bilateral hippocampal seeds (Harvard-Oxford atlas, 50% threshold) will be used as regressors to examine
correlations (Fisher-transformed correlation coefficient) within a target ROl encompassing the whole cerebellar
cortex (SUIT). Follow-up analyses will examine differential connectivity along the hippocampal long-axis and,
cerebellar connectivity with an extended memory system, incorporating the thalamus, retrosplenial and
parahippocampal cortices.

Hypothesis: We hypothesise a preferential connection between the hippocampus and cerebellar lobule VI and lobule
HVIIA (Crus I).
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Are inter-hemispheric shape asymmetries of white matter tracts related to language lateralization
Authors: leva Andrulyte, University of Liverpool

Interhemispheric anatomical asymmetries have long been thought to be related to language lateralization. Some
studies have examined whether interhemispheric asymmetries of fundamental diffusion scalar metrics of white
matter tracts known to be essential for language are consistent with language lateralization in healthy and brain-
damaged populations, with inconsistent results. In the present study, we examined whether asymmetric
morphometric features of white matter tracts are related to the side of language lateralization in a large cohort of
healthy individuals. We investigated 1049 healthy participants from the Human Connectome Project (HCP) database.
All participants underwent diffusion and functional MRI. Functional activation associated with language
comprehension was determined using a story-math contrast. Hemispheric language comprehension lateralisation
was determined using a laterality index (LI) for each participant’s activated regions. The structural asymmetry index
of the several shape metrics of the white matter tracts was calculated. The relationship between structural and
functional asymmetry indices was assessed using a linear regression model. The results demonstrated no significant
associations between various tract characteristics along the white matter tract, indicating that interhemispheric
shape asymmetries of white matter fibre tracts are not related to the lateralization of language comprehension
functions. On the one hand, this is consistent with other studies that indicate no relationship between language
lateralization and interhemispheric asymmetries of white matter and grey matter structure, suggesting that the
lateralization of language functions may not have a gross morphological basis. On the other hand, it may be that
such interhemispheric structure-function relationships exist in a white matter not classically considered to comprise
language neural networks.
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We typically encounter familiar objects in certain locations within a visual scene (e.g, a toaster on the kitchen
sideboard rather than on a chair). The presentation of a scene induces a prior expectation that facilitates subsequent
memory for such location-congruent objects. However, objects in unexpected locations elicit a prediction error that
may also facilitate their encoding into memory. Taken together, this suggests memory performance should be a U-
shape function of expectancy, with better memory for either highly congruent or highly incongruent object-locations
(supported by dissociable brain systems according to SLIMM [1]). This was confirmed by Quent et al. [2] using
naturalistic stimuli in immersive virtual reality (iVR). The aim of the present study is to replicate these findings using
instead 2D images of scene-object locations, which are better suited for future MRI investigations.

Participants will study a series of scenes and will be asked to locate an object in either a semantically expected (i.e.,
congruent), unexpected (i.e., incongruent) or neutral location. Participants will rate expectancy on a sliding scale
from -100 (highly unexpected) to +100 (highly expected). At test, memory will be probed, first by cued recall for
objects followed by 3 alternative forced choice (3AFC) images, each with the object in a different location (only one
of which was studied), where expectancy of the locations is approximately matched (to control for a congruency
bias). In addition, we will test memory for incidental information, for which SLIMM predicts only a linear increase
with incongruency.

The effect size by Quent et al. [2] will be used to power a preregistered study. The predicted U-shape will be tested
by a Bayes Factor (BF) for a positive quadratic component of a second-order polynomial fit of individual expectancy
ratings. Interrupted regression will check for opposite slopes on either side of a breakpoint. For incidental
information, the predicted linear increase effect is supported if the BF for the linear component is large, but that for
the quadratic component is small.

References:
1. Van Kesteren, M.T.R,, et al. (2012). Trends in Neurosciences, 35, 211-219.

2. Quent, A., Greve, A. & Henson, R.N. (2022). Psychological Science
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1. Introduction:

Events that are congruent with expectations made by the current context or “schema”, are better remembered than
unrelated events. Yet, events that conflict with expectations can also be better remembered, resulting in memory
performance exhibiting a “U-shaped” function of schema (in)congruency. We have recently confirmed these
predictions, made by the SLIMM framework [1], using experimentally-trained rules [2] and more naturalistic stimuli
in Virtual Reality [3]. Interestingly, a recent study [4] reported a trend for a similar U-shape using linguistic material,
where sentential gist modulated the encoding of expected and unexpected words. The aim of this study is to
replicate these findings, and extend to memory for words that are incidental to the gist, for which SLIMM predicts
only a linear increase with incongruency.

2. Methods:

Participants study a series of sentences which render upcoming words more or less predictable. The end of each
sentence presents a “critical” word that is either congruent, unrelated or incongruent with the preceding gist. In
addition, each sentence contains a “secondary” word that is incidental to this gist. Memory for critical and incidental
words will be tested using 3 alternative forced choice with semantically-similar lures.

3. Approach for statistical analysis:

Our pilot data and the data reported by [4] will be used to power a preregistered study to confirm whether or not
the SLIMM framework holds for expectations of words generated by sentential context. We will also test a quadratic
component to test for the U-shaped function across the three levels, followed by one-sided, paired sample t-tests to
establish whether memory is better for congruent and incongruent trials, relative to unrelated trials.

4. References:

[1] Van Kesteren, M.T.R.,, et al. (2012). Trends in Neurosciences, 35, 211-219
[2] Greve, A. et al. (2019). Journal of Experimental Psychology: General.

[3] Quent, A., Greve, A. & Henson, R.N. (2022). Psychological Science.

[4] Holtje G, Mecklinger A. (2022). Brain Res. 2022 Aug 1, 1788:147942.
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1. Introduction

Schema theory predicts that information consistent with previous knowledge is more easily incorporated and
remembered. However, prediction error accounts in psychology and neuroscience suggest that novelty or surprise is
a key driver of memory. The SLIMM model [1] integrates these contradictory theories by proposing a U-shaped
function for memory, driven by dissociable memory systems, with greater recall for expected and unexpected
information compared to a neutral condition. Additionally, the model proposes greater recall of task-incidental
information in the unexpected condition compared to the expected and neutral conditions. These predictions have
been validated after training simple rules [2] and using pre-experimental knowledge in more naturalistic VR
environments [3]. In the current project, we test SLIMM'’s predictions for verbal memory.

2. Methods

A behavioural experiment will be carried out with healthy adult participants. Materials consist of sentences which
end with words that are either expected, unexpected, or neutral. Sentences will be paired with famous people as
purported speakers. Participants will be exposed to the materials in the form of sentence + speaker and asked to
indicate how much they expected the sentence-final word. After a brief distractor task, participants will complete
two surprise retrieval tasks: first for the task-relevant target words, and then for task-incidental speaker identity.

3. Approach for statistical analysis

The primary outcomes of this experiment are memory performance in the two retrieval tasks. For the first
task/hypothesis, we will fit a quadratic component to test for the U-shaped function across the three levels, followed
by one-sided, paired sample t-tests to establish whether memory is better for expected and unexpected trials,
relative to neutral trials. For the second task/hypothesis, we will use a linear contrast to test whether task-incidental
memory is better in the unexpected condition compared to other conditions.

4. References
[1] van Kesteren, Ruiter, Fernandez & Henson (2012). Trends in Neurosciences
[2] Greve, Cooper, Tibon & Henson (2019). Journal of Experimental Psychology: General

[3] Quent, Greve & Henson (2022). Psychological Science

43



Memory & Learning
Poster number: M_Pz1_015 (PP)

Sub-Theme: Schema, Expectation, and Memory: Cognitive Mechanisms in Encoding and Retrieval Processes
Schema and memory selection: How external cues support internal control in memory selection?
Authors: Xinyue Zhang, University of Sussex; Alexa Morcom - Psychology University of Sussex

Introduction. Remembering everything is often not optimal. When only certain past events are relevant to their
goals, people try to remember ‘target’ events selectively, avoiding retrieval of others. Selective retrieval is thought
to be achieved via both internal control and external cues[1]. We will test whether selective retrieval is more
effective when internal cues are supported by prior knowledge schemas relating external cues to study episodes.

Methods. Participants will study pictures of object-scene pairings of different schema-expectancy. In each test block
two scenes will be targeted. They will decide whether object names shown as retrieval cues refer to target episodes.
Congruency between objects and targeted scenes is derived from independent ratings. N=32 is based on Quent et
al.’s schema expectancy effect on object memory (B=0.51,a=.05,power>.90)[2].

Analysis. We will use generalized linear mixed models to assess the effect on memory of congruency between test
cues and targeted scenes. Predictors will be object-scene congruency at test(continuous), trial type at
test(target/non-target/new) and their interaction. Multiple logistic regressions will predict binary target/non-target
judgments and correct RTs at test with random intercepts of participant and item. Inclusion of random slopes will be
decided based on model fit. Subsidiary analysis will check if findings hold for confident responses(required in future

imaging studies). Inclusion criteria are overall target hits — non-target false alarms>0.1 and <20% no-responses at
test.

Hypotheses. Target accuracy should be higher when targeted objects are congruent with their scenes if internal
control reinstates these studied contexts at test(positive linear and/or quadratic effect). However, for congruent
non-targets there is a potential conflict. Where objects were studied with non-targeted scenes but are semantically
congruent with the currently targeted scene, we expect more false alarms and/or slower RTs than for cross-

congruent non-targets that have high schema-expectancy with their studied scene but not with the currently
targeted scene.

1. Moccia,A, Morcom,AM(2021). Cognitive Affective & Behavioral Neuroscience,22,492

2. Quent,JA, Greve,A, & Henson,RN(2022). Psychological science,33,2084
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Introduction - It is well established that semantic compared to perceptual processing during events benefits
subsequent memory. An important mechanism of this benefit may be semantic control. Episodic encoding and
semantic control activate overlapping brain regions, and recent lesion data support a critical role of control in
episodic memory with one key impact being to help resolve interference at retrieval (Stampacchia et al., 2018). We
will focus on encoding, examining the effects of semantic control and task demand during encoding on subsequent
memory. This study will help us understand if controlled semantic retrieval and selection during encoding
contributes to subsequent memory.

Methods - Participants will complete study and test phases online. At study they will complete 90 trials in each of
two different encoding tasks involving semantic control in which an image is presented along with 3 different words.
They will select either which word is most related in meaning to the probe image (global association) or which is
most similar in size (feature selection). Both require controlled semantic retrieval but feature selection also involves
competing associations. At test participants will make remember/familiar/guess/new judgements on 270 images
individually. Sample size will be determined via a priori power analysis using the simr package in R (alpha=.05,
power=.80, effect size will be determined from a review of previous research).

Analysis approach - We will use a generalised linear mixed model to examine the effect of semantic task (global
association/feature selection) and control demand (continuous, calculated using word2vec scores reflecting existing
word-probe associations) on whether studied items are remembered or forgotten. This model will include
standardised predictors with random intercepts of participant and item. We will set alpha at .05 and use Holm-
Bonferroni to adjust for multiple post-hoc comparisons.

Hypotheses - If engaging semantic control benefits encoding, we expect greater control demand will lead to higher
subsequent memory performance across tasks. Alternatively, or in addition, if semantic selection benefits encoding,
we predict that trials encoded through the feature selection task will be better remembered.
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Introduction

Memory consolidation is a process of stabilisation of information in two stages: synaptic consolidation and system
consolidation. Evidence point to sleep, and in particular slow wave sleep, as an ideal stage for memory consolidation,
when information is reorganised and transferred from hippocampus to neocortex. Indeed, information transfer
could occur through the temporal coupling of two sleep oscillations: the hippocampal ripples and cortical spindles.
We recently showed that midline NECAB-1 thalamic neurons synchronise neocortical slow oscillations during slow
wave sleep in mice. Here, we hypothesise that through synchronising cortical activity, midline thalamus mediates
coordination of spindles and ripples.

Method

To investigate the role of midline NECAB-1 thalamic neurons in regulating cortical spindle activities and hippocampo-
cortical coupling, we optogenetically inhibited NECAB-1 thalamic neurons while recording the local field potential
signals in multiple cortices and hippocampus. Baseline sleep and NECAB-1 inhibited sleep were recorded in the same
animal in an interleaved order to study how the properties of sleep oscillations and their temporal coupling were
affected by NECAB-1 neuron activities.

Statistics

Bonferroni corrected Wilcoxon signed rank test with 95% confidence level was used to assess the changes in
parameters when optogenetics was used in NECAB-1 inhibition group and in negative control group. Two-way
ANOVA was used to compare the difference in the changes between NECAB-1 inhibition group and negative control

group.
Results and Conclusion

We report that inhibiting NECAB-1 thalamic neurons during sleep reduced the peak power of cortical spindles by
6.4% % 2.7%, with 95% confidence level (n = 8 mice, p=0.03), while the there was no effect on that in negative
control animals (n =5, p=0.63). The percentage of ripple before spindle incidence was used as an indicator of
hippocampo-cortical coupling sequence, which did not show consistent changes in the 7 animals analysed, and there
was no significant difference between NECAB-1 inhibition group and negative control group (p=0.26). In conclusion,
NECAB-1 inhibition reduced cortical spindle power but its effect on hippocampo-cortical coupling was unclear.
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Does Theta Synchronicity of Sensory Information Enhance Associative Memory?: Replicating the Theta-Induced
Memory Effect
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The binding of information coming from different sources is critical for associative memory. Previous animal research
suggested that the timing of theta oscillations in the brain supports the binding of different information. Clouter et
al. (2017) investigated this in humans by modulating the intensity of video (luminance) and sound (volume) clips so
that they “flickered’ at certain frequencies. They manipulated the flicker frequency and synchronicity between the
visual-auditory stimulus pairs in a within-subjects design. The results indicated better memory for pairs flickering
synchronously at theta frequency compared with no-flicker, asynchronous theta, and synchronous alpha and delta
conditions. This suggests that particularly theta synchronicity can enhance memory. Additionally, a source
localization analysis with electroencephalography showed entrainment in the visual and auditory cortical regions for
the video and sound clips, respectively, suggesting that flickering indeed modulated brain activity. The large effect
size and the feasible applicability of the paradigm to daily life demonstrate that the replication of the method would
be highly valuable. The present study aims to replicate the findings in a magnetoencephalography (MEG)
experiment. Participants will be presented with the flickering stimuli during scanning. There will be four conditions:
(1) 0° phase offset (synchronous) at theta, (2) 180° phase offset (asynchronous) at theta, (3) 0° phase offset at delta,
and (4) no-flicker. MEG recording will allow the confirmation of oscillatory entrainment in respective cortical areas.
Three pairwise comparisons between the theta 0° phase offset condition against the other three conditions will be
tested according to the Bayesian evidence. A Bayes Factor (BF) of 6 in favor of the alternative hypothesis for all the
comparisons will be the criteria to conclude that the theta-induced memory effect is replicable. Whereas, a BF of 6 in
favor of the null hypothesis in any of the comparisons will lead to the conclusion that the effect is not replicable. The
results will inform us about the relationship between associative memory and brain oscillations, as well as evaluating
whether this paradigm offers an effective tool for improving memory.
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Investigating meditation's potential to enhance working and episodic memory performance using EEG
Authors: Samantha Sheffield, University of East London
Introduction

Meditation practice has been shown to act on various cognitive functions. Improvements in attention have been the
most consistent research findings, whilst enhancements in working memory performance can be seen even after a
single session of meditation. Given attentional control is key component of models of WM, and the link between
WM and encoding/retrieval in episodic memory (EM) theoretically, meditation should also affect EM. The planned
study will investigate this supposition.

Additionally, meditation can be categorised into operationally distinct types however, no studies to date have looked
specifically at the potential differential effects on WM and EM. Furthermore, few studies have included neural
measures to investigate meditation's effects on memory function. The planned study will investigate the effects of
three types of meditation on WM and EM using both behavioural and EEG measures.

Methodology

Participants (N=60, aged 18-45) will be randomly assigned to one of four groups: focused attention meditation
(FAM), open monitoring meditation (OM), loving kindness meditation (LKM) and a control sham meditation active
control (SM).

Procedure: Participants will complete baseline demographic questionnaires and self-report measures of anxiety,
positive and negative affect, state mindfulness and depth of meditation. EEG will then be recorded during 10
minutes resting state, followed by completion of an Episodic Memory Task and N-back Task, a meditation or mind
wandering session (SM group) and a repeat of self-report measures and the Episodic Memory and N-back Tasks.
Procedure protocol is presented in the image attachment included with this submission.

Analysis

For all measures, mixed measures ANOVA will be performed; meditation type X time (i.e., pre and post intervention
measures). Time- frequency analysis will be performed on EEG recorded at resting state, during meditation and
tasks. Theta, beta, gamma, alpha and delta power will be used for comparison analysis for resting state versus
during meditation. For the EM task, theta power will be used for comparison analysis, with increased theta power as
an indication of memory performance.

Bassline
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Outline procedure for meditation study
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Exploration of a novel environment seems to enhance memory for unrelated information encoded shortly before or
afterwards. Behavioural tagging theory (BTT) proposes this is due to neurochemical changes induced by novelty,
benefitting weak encoding occurring in close temporal proximity. BTT predicts that novel exploration may
proactively or retroactively benefit memory, yet evidence of retroactive effects in humans is lacking — something the
present study will address. Furthermore, interfering stimuli or effortful tasks following encoding impede memory by
interrupting consolidation processes. Therefore, novel exploration may not enhance memory as much as simply
resting after encoding — this study will directly compare these interventions.

The present study will adapt a virtual-reality paradigm, developed by Schomaker, Baumann and Ruitenberg (2022),
to compare exploration of a novel environment, a familiar environment, and wakeful rest. All participants will
undergo each intervention, on separate days. Half the participants will encode word lists shortly before each
intervention (retroactive group), and half shortly after (proactive group). Participants will have same-day and next-
day free recall tests, and finally a delayed remember/know recognition test for all words.

Directional, paired, Bayesian t-tests will assess whether recall is better following novel versus familiar exploration in
the proactive and retroactive groups (as predicted by BTT), and whether recall is better following wakeful rest versus
novel exploration (predicted to be true for the retroactive group only). Non-directional, unpaired, Bayesian t-tests
will compare recall between retroactive and proactive groups following novel exploration and wakeful rest. These
analyses will be repeated with delayed recall data, to investigate the effect of a delay and thus consolidation
processes, and recognition test data to compare familiarity-based recognition versus recollection.

Both novel exploration using virtual-reality and wakeful rest are potential interventions for improving memory, with
implications for clinical and ageing populations. Direct comparison of these will prove valuable because wakeful rest
has no associated cost or set-up time, unlike virtual-reality exploration.

Conflict of interest: Co-author Prof Rik Henson is BNA President
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Introduction: Emotional reactivity has been shown to habituate across a night of sleep. This is thought to be
mediated by memory reactivation in REM sleep. Such reactivation can be intentionally triggered by targeted
memory reactivation (TMR) technique, in which a tone previously associated with a memory during wake is re-
presented during subsequent sleep. We have previously shown that REM TMR leads to the habituation of responses
to negative stimulil. Here, we build on this prior work by repeating our original study with measures of heart rate
deceleration (HRD) and brain activity.

Methods: Seventeen participants rated the arousal of 48 affective pictures paired with semantically matching sounds
on a 1-5 scale. Half of the sounds were cued during REM in subsequent overnight sleep. Following a 48-hour delay,
arousal ratings and HRD were recorded in a magnetic resonance imaging (MRI) scanner.

Approach for statistical analysis: Functional images were analysed to compare responses to cued and un-cued
images. HRD was measured as the maximum R-R interval in the 5s following each picture onset, subtracted from the
mean R-R interval during the 1.5s baseline period before each picture onset.

Results and Conclusions: TMR during REM led to a reduced activation of insula, subgenual anterior cingulate,
amygdala, and orbitofrontal cortex (p <= 0.001 uncorrected). Heart rate deceleration was also significantly reduced
for cued compared to un-cued items (p = 0.02). These preliminary findings support the notion that REM TMR fosters
a decrease of the emotional tone over time and can lead to important implication for the early-treatment of
psychiatric conditions.

Hutchison, I. C., Pezzoli, S., Tsimpanouli, M. E., Abdellahi, M. E. A., & Lewis, P. A. (2021). Targeted memory
reactivation in REM but not SWS selectively reduces arousal responses. Communications Biology, 4(1), 1-6.
https://doi.org/10.1038/s42003-021-01854-3
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The dorsal subiculum (dSub) represents a major output region of the hippocampus and an important conduit of
spatial information to the rest of the brain. Despite this key position in the hippocampal network, the precise role of
the dSub in spatial memory has yet to be established. The dSub is known to be required for spatial working memory
(WM). Conversely, its role in long-term spatial ‘reference’ memory (RM) remains unclear. Here, we examined the
dSub’s involvement in RM by inhibiting it during memory formation and characterising its network activity during
learning.

Spatial memory was assessed using an eight-arm radial maze task (RAM) task, in which adult male rats learned the
location of three static rewards, across 7 days. To test the role of the dSub in the task we infused the GABA-A agonist
Muscimol into the dSub before learning on the first two days of the task. A mixed ANOVA analysis revealed an
increase in RM and WM errors, compared with saline infused rats. However, dSub inhibition during learning may
solely impair WM, which could, in turn, impact RM formation. To account for this, we infused Muscimol after
learning in order to disrupt RM consolidation, leaving WM intact during the task. The same analysis revealed a
significant effect on performance, consistent with a role of the dSub in spatial long-term memory formation.

Next, we characterized changes in dSub neuronal activity across days. Neuropixel probes were implanted in the dSub
of rats that first explored a familiar arena and then performed the RAM task. Most cells maintained stable action
potential wave forms across the first 5 days. At the assembly level, joint firing patterns of cells remained similar in
the open field (where no learning took place), while neuronal activity reorganised between day 1 and 5 of learning
on the RAM (Fishers Z).

Taken together, this data provides supporting evidence for the dSub’s involvement in long-term memory and a
method for recording the same cells across multiple days.
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Introduction: Learning and long-term memory formation are important but energetically costly processes. Neural
strategies that could help identify the most relevant or fruitful associations are therefore likely to be beneficial for an
animal’s survival. Neuronal mechanisms to support such guided learning, however, are not well established. One
candidate to help instruct new memory formation is a shift in perception induced by an animal’s prior experience.
Here, we used an established molluscan system (Lymnaea stagnalis) to directly probe the relationship between past
memory, perception, and new learning.

Methods: Adult (3-5 month) snails were behaviourally trained using a single-trial appetitive conditioning paradigm.
The central nervous systems of naive and trained animals were removed and the activity of individual identifiable
neurons of known function were recorded using intracellular electrophysiology.

Approach for Statistical Analysis Two-group statistical comparisons were performed using two-tailed t-test statistics
(either paired or unpaired as stated in the text) or a Mann Whitney test or Wilcoxon signed-rank test for non-
parametric data. Data with more than two groups were first analyzed using a one-way ANOVA or Kruskal-Wallis test
followed by Tukey’s or Dunn’s post-hoc tests with Bonferroni sequential correction.

Results and Conclusions: Strong classical conditioning drives a positive shift in perception which facilitates the robust
learning of a subsequent and otherwise ineffective weak association. Circuit dissection approaches reveal the neural
control network responsible, characterized by a mutual inhibition motif. This both sets perceptual state and acts as
the master controller for gating new learning. Pharmacological circuit manipulation in vivo fully substitutes for
strong-paradigm learning, shifting the network into a more receptive state to enable subsequent weak-paradigm
learning. Our study reveals a key mechanism for coupling past and future learning through changes in perception.
We hypothesise that this serves to signal to the animal a potentially learning-rich environment, allowing new
positive associations to form to cues that would otherwise be ignored.
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Introduction: Sensory cues in the natural environment predict reward or punishment, important for survival. While
some sensory responses are innate, they can undergo fundamental changes due to prior negative experience
associated with the stimulus. However, the neuronal mechanisms underlying such behavioral switching of an innate
sensory response require further investigation. We used the model learning system of Lymnaea stagnalis to address
the question of how an anticipated aversive outcome reverses the behavioral response to a previously effective
feeding stimulus, sucrose.

Methods: Adult (5-6 months old) snails were trained using a multiple-trial aversive conditioning paradigm (sucrose
paired with a strong tactile US to the head) and tested for a conditioned response 24 hours later. Learning-induced
changes in neuronal and muscle activity were recorded in semi-intact preparations containing the CNS and attached
sensory regions (lips and tentacles) and feeding muscles, respectively. Photoinactivation of single identified neurons
was used to test their necessity for circuit-level changes induced by the aversive training.

Approach to Statistical Analysis: Two-group statistical comparisons were performed using two-tailed t-test statistics.
Data with more than two groups were analyzed using a one-way ANOVA followed by Tukey’s or Dunn’s post-hoc
tests with Bonferroni sequential correction. When comparing time-dependent changes in the same group of animals
under two different conditions, a two-way ANOVA with repeated measures was used, followed by paired t-tests.

Results and Conclusions: Key to the switching mechanism is an extrinsic inhibitory interneuron of the feeding
network, PIB (pleural buccal), which is normally inhibited by sucrose to allow a feeding response. After multi-trial
aversive associative conditioning, PIB's firing rate increases rather than decreases in response to sucrose application
to the lips and the feeding response is suppressed; this learned response is reversed by the photoinactivation of a
single PIB. A learning-induced persistent change in the cellular properties of PIB that results in an increase rather
than a decrease in its firing rate in response to sucrose provides a neurophysiological mechanism for this behavioral
switch.
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Reward-associated memories play a key role not only in behaviours necessary for survival such as nutrient
procurement, but also for disorders such as drug addiction and overeating. Elucidating the neural mechanisms
supporting reward memory persistence and inhibition can help us better understand these disorders. In animals
trained with an environmental cue (conditioned stimulus, CS) followed by delivery of food reward, subsequent
exposure to the CS triggers a conditioned response in anticipation of reward delivery. Repeated presentation of the
CS alone (no food delivery) weakens the conditioned response through a process called memory extinction. Previous
studies have demonstrated the roles of parvalbumin (PV)-expressing interneurons and the protein phosphatase
calcineurin in fear extinction learning. However, these studies examined a limited number of brain areas and the
extent of activation across a wider neuronal network involved in reward and motivation have not been described.
Thus, we investigated the activation patterns of several mesocorticolimbic brain areas implicated in reward and
motivation including the medial prefrontal cortex (mPFC) nucleus accumbens shell and core (NAcS and NAcC) and
the basolateral amygdala (BLA).

To this end, we trained rats in autoshaping by contingent presentations of a compound CS (light + lever) paired with
food-reward delivery, followed by extinction learning and performed immunohistochemistry for the activity marker
‘Fos’, PV, and calcineurin.

Data revealed that extinction of food-seeking behaviour increased activation of Pv+ interneurons in the BLA and
mPFC, and increased calcineurin levels in the mPFC, NAcS and BLA. We also examined whether increased
motivational significance or ‘sign-tracking’ modulated these activity patterns, but we did not observe any activity
changes.

Together, these results suggest that parvalbumin- and calcineurin-mediated inhibitory signalling especially across a
widespread mesocorticolimbic neuronal network underlies the extinction of food-seeking behaviour in rats.
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Introduction

Hypervigilance, a state of sensitivity to threatening stimuli, is an attentional bias symptomatic of many anxiety
disorders. The development of new therapeutics for anxiety disorders is highly dependent on the characterisation of
animal models of anxiety. As such, this research intends to develop and refine a rodent test of hypervigilance that
could be used to screen new therapeutics.

Methods

Rats were trained in a fear-conditioning procedure, in which a tone predicted an unavoidable footshock. Ultrasonic
vocalisations and freezing were measured across sessions. To test sensitivity to the threat cue, the salience was
modified at test. Inter-individual differences in responses were examined in subsequent extinction of the
conditioned responses. Pharmacological manipulation of NMDA co-agonists was investigated as a potential enhancer
of extinction consolidation.

Approach for statistical analysis

In order to analyse the effects of group (cue salience, or drug treatment depending on the experiment) and CS
presentation on freezing repeated measures two factor ANOVAs with post-hoc Sidak (cue salience) or Dunnett
(compare to control drug vehicle) correction tests were performed. Investigation into the association between
freezing and ultrasonic vocalisation levels were conducted using Pearson’s correlation coefficient. Statistical
significance was taken to be at P<0.05.

Results and conclusions

A drop in cue salience reveals individual differences in vigilance to a threat cue. The findings suggest the ability of
NMDA-receptor co-agonists to influence extinction may depend on the extent of learning in the extinction session.
The relation of cue sensitivity to subsequent extinction, and reacquisition of conditioned freezing are currently being
investigated.

Conflict of interest: This work was funded by Boehringer Ingelheim Pharma GmbH & Co. Funding comprised of
consumables and animals (CNS Diseases Research). The funder did not have any additional role in study design, data
collection and analysis, decision to publish or preparation of the article. There are no patents, products in
development, or marketed products to declare.
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Introduction:

Around 70% of people experience a traumatic event in their lifetime, but only a subset (around 10%) develop Post-
Traumatic Stress Disorder (PTSD). Given the crucial role of sleep in the processing of daily experience, we
hypothesise that the processing of a traumatic experience during the first subsequent sleep bout is critical to future
outcomes and development of PTSD. This ongoing study aims to explore whether pre- and post-traumatic sleep
physiology predicts development of PTSD-like symptoms in rats.

Methods

Male and female Lewis rats (n=28) were individually housed with infrared cameras installed above their homecages
to continuously monitor sleep/wake behaviour. After one week, rats were exposed to a feline predatory odour (or
unscented cat litter for controls) placed in their cage for 10 minutes, with a camera to monitor behaviour. They were
subsequently tested a week later on the elevated plus-maze (EPM) to measure long-term anxiety, in addition to the
open field test, recordings of ultrasonic vocalisations (USVs), and context re-exposure.

Approach for Statistical Analysis

Animals were grouped into those with high-anxiety, characterised by spending zero time on the open arms of the
EPM, those with low-anxiety, and controls. T-tests assessed group differences in freezing during exposure and a one-
way ANOVA compared total sleep across groups.

Results and Conclusions

The high-anxiety group showed significantly less sleep during the day of predatory threat exposure compared to
both control and low-anxiety groups (F=6.15, p=0.013). No other days differed in estimated total sleep between
groups (p>0.05). Comparisons between adjacent days within groups revealed a significant increase in amount of
sleep in the high-anxiety group the day after exposure to the predatory threat (t=-6.13, p=0.004) with no other
differences across days.

These changes in sleep/wake behaviour during the day of predatory threat exposure support our hypothesis that the
development of PTSD-like symptoms is influenced by sleep-related memory processing within the first 24 hours.
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Introduction

Animals process a constant flow of sensory input and combine it with prior knowledge to make choices. When
relevant sensory events occur around particular times, animals become capable of expecting the timing of upcoming
events. Here, we investigated how humans and mice use uncertain sensory information to decide when to act, and
how their decisions are influenced by their temporal expectations, by comparing the performance and strategies of
humans and mice carrying out an identical behavioural task.

Methods

We adapted a visual change detection task previously developed for mice (Orsolic et al., 2021, Neuron). 10 humans
(7 male & 3 female, 18-50 years old) were instructed to observe a drifting grating fluctuating in speed and to press a
keyboard when they detected a sustained change in the drifting speed (temporal frequency: TF). We varied the
magnitude and timing of the changes in each trial and when the changes happened in blocks: 3-8 (early) or 10-15
seconds (late) after trial onset. At the end of each trial, participants were asked to report their confidence. 5 mice
carried out the same task.

Approach for statistical analysis

We compared the task performance of humans and mice using a two-way repeated measures ANOVA. Both species
sometimes reported before the changes happened (early reports). We compared their proportion and average TF
prior to early reports with a t-test and Pearson correlation coefficient, respectively. We also compared when they
made early reports between early and late blocks using t-tests. For humans, we used a one-way repeated measures
ANOVA to compare standardized confidence levels of early reports and correct hits.

Results and conclusions

We found humans and mice had similar psychometric curves and reaction times (Fig. 1A, B). While humans had
lower early report rates, both species had an increase in report-triggered TF averages ~0.5 seconds before early
reports (Fig. 1C, D), suggesting they continuously monitor noisy sensory evidence in similar ways. Humans were less
confident when they made early reports compared to rewarded reports (Fig. 1E). Early reports happened earlier in
early blocks (Fig. 1F), implying humans and mice combine priors about temporal expectation with sensory evidence
to decide when to act.
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Animals continuously track past and current sensory and contextual information to make appropriate decisions in
changing environments. Such a process is an essential component of flexible behaviour. However, how animals
employ specific behavioural strategies during sensory-guided task learning and rule switching remains understudied.

We trained mice on a tactile reversal learning task and implemented a trial-by-trial Bayesian evidence accumulation
model to track the probability of strategies used during behaviour. We measured multiple exploratory and explicit
strategies across key task learning and reversal phases and confirmed significance using two-sided t-tests and
ANOVA. To study neural representations of behavioural strategy switching, we measured functional responses from
excitatory layer 2/3 neurons in the primary somatosensory cortex (S1) using two-photon Ca2+ imaging. Furthermore,
we employed tensor component analysis (TCA) to reveal neural population structure and aligned single-trial
behavioural strategies with TCA trial factors (using Pearson correlation and a change-point detection algorithm).

During initial task learning, mice showed an increase in the cue-driven strategy (e.g., win-stay-cue) compared to the
choice-driven strategy (e.g., win-stay-choice). Following the rule-switch, mice reused learnt strategies to dynamically
adapt their behaviour. Silencing of a key prefrontal brain structure, the lateral orbitofrontal cortex (IOFC), during
reversal, resulted in delayed and decreased choice-to-cue strategy transition and impairments in flexible behaviour.
Our neural analysis reveals several components of S1 responses related to relevant trial phases (sustained ITI
activity, stimulus presentation, action and outcome) shared across mice. Several of these components correlated
with specific strategies during relevant task phases of learning and following the rule-switch. Our study sheds light
on strategies animals employ during flexible behaviour, their cognate neural signatures in S1, and further highlights
the role of IOFC in leveraging prior knowledge supporting error-guided learning.
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Resting Xenopus laevis tadpoles start swimming when appropriately stimulated, but halt if the very same stimulation
is applied during ongoing locomotion [1; Li lab unpublished data]. This opposing behaviour can be explained by a
reconfiguration of the sensorimotor circuit, so that the same sensory pathway can exert either an excitatory or
inhibitory effect on locomotion, depending on the current motor state. Studying this motor response reversal
means understanding a mechanism of neuronal network reconfiguration, which could be shared by different
neuronal networks and across different species.

To understand where the reconfiguration happens, brain activity will be characterised during behaviour by means of
either 2-photon imaging or single-cell electrophysiological recordings, and labelling using neurobiotin for
morphological reconstruction. A group of midbrain cholinergic cells are prime candidate sensors of the motor state
and for the neuronal network reconfiguration [1]. Immunohistochemistry will therefore be used to locate these
cholinergic cells. Paired whole-cell electrophysiological recordings and pharmacology will then be used to
characterise the connectivity of these cells in relation to the locomotor central pattern generator.

3D imaging of GCaMP expressing tadpole brains will be analysed by linear regression analysis. A series of parameters
descriptive of the neuronal physiology and morphology will be extracted from single-cell electrophysiological
recordings and neurobiotin staining respectively, and used to run a cluster analysis to identify cell subtypes in the
tadpole midbrain and hindbrain. Finally, the effects of drugs altering the cholinergic transmission will be assessed by
means of paired t-tests.

1. W.-C. Li, X.-Y. Zhu and E. Ritson. Mechanosensory Stimulation Evokes Acute Concussion-Like Behavior by
Activating GIRKs Coupled to Muscarinic Receptors in a Simple Vertebrate. eNeuro, 2017
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Introduction: Due to the complexity of the central nervous system (CNS), studying the aging processes at the level of
neural circuits and individually identified neurons is not an easy task in vertebrates. As a result, aging research
heavily relies on invertebrate model organisms. One such invertebrate model is the great pond snail (L. stagnalis),
which were used here as a versatile aging model to investigate the molecular mechanisms of aging and age-related
memory impairment.

MM: The neural transcriptome of adult (5-6 months) snails was sequenced and assembled. The ‘molecular footprint
of aging’ was investigated between young (3-4 months) and aged (>12 months) snails in the whole CNS and in an
identified key interneuron of implicit learning, the Cerebral Giant Cell. Whole-mount in situ hybridization was
performed for four homolog sequences to genes involved in aging and age-related memory impairment of
vertebrates in the CNS between young and aged snails. To genetically modify the expression of the four chosen
sequences, we applied the method of single-cell embryo manipulation and CRISPR/Cas9-mediated genetic
modification.

Statistical Analysis: After normalization and quality control, the differential gene expression analysis was performed
with the Limma R package. Linear models were fitted for each gene in each sample and F test was used to assess
differential expression between the samples (1.2 fold change and 0.05 adjusted P value).

Results and Conclusions: Several evolutionarily conserved homolog sequences were identified in the neural
transcriptome to genes involved in aging and age-related memory impairment of vertebrates. Both at the system
and single-cell levels, several transcripts showed significant changes during aging which may contribute to age-
related memory impairment. The expression of klotho, huntingtin, presenilin, and RbAp48 was visualized in the CNS
of young and aged animals. Based on the preliminary results, the involvement of the genetic modification method
can open avenues for the investigation of molecular processes underlying age-related memory decline in more detail
leading to the discovery of novel mechanisms operating not just in molluscs but also in higher organisms.

This work was supported by NAP2022-1-10/2022 and OTKA138039
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Previous experiences affect how subsequent learning is acquired. For example, a spatial or contextual learning that is
initially dependent on N-methyl-D-aspartate receptors (NMDAR) can be become independent of NMDAR after
previous acquisition of a similar task (Finnie et al., 2018). To date this phenomenon of switch in the receptor
mechanism of learning has been studied in young animals. Here, we ask if this switch is affected by early aging or by
an amyloid precursor protein gene knock-in (APPKI) mouse model of Alzheimer’s disease. If any impairment of the
switch would be seen, we ask if improving temporal memory association (Cai et al., 2016) could rescue this function.
Mixed male and female young wildtype mice, middle-aged wildtype mice, and young APPKI mice received 2
contextual fear conditionings in distinct contexts. Systemic injections of the NMDAR antagonist or saline was applied
before conditioning to determine if the learning required NMDA receptors. The animal holding and transportation
between the 2 learnings were either the same or different to assess if these cues were critical for the switch of
learning mechanism. The time between recall of the first learning and encoding of the subsequent learning were
altered to assess the role of temporal association in the switch. The effect of NMDAR antagonism was analysed via
unpaired t-tests if the data adhered to normality or Mann-Whitney U if not. All data was analysed with SPSS 24
(IBM). We first replicated the NMDAR-independent second learning in young mice as seen in previous studies when
the holding and transporting cues were matched between 2 learnings. If these cues were mismatched, the second
learning remained NMDAR-dependent. The switch in the receptor mechanism in the second learning was not seen in
middle-aged mice or in young APPKI mice. Reducing the delay between recall of the first memory and the second
conditioning rescued the switch in APPKI mice. While reducing the delay between the two conditionings rescued the
switch for the middle-aged mice. The holding cues of the learning event are important for inducing experience-
dependent changes in NMDAR-dependent learning. Early amyloid pathology and middle-age also impact switches in
learning mechanisms that reflect prior experience.
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Inhibitory control is essential in our daily lives and refers to the ability to suppress or delay responses to achieve a
goal. It emerges in the first year of life, rapidly developing throughout the toddler and preschool periods, before
continuing to mature in adolescence and early adulthood (Whedon, 2020). Despite measurement advancements,
constrained, non-naturalistic experimental paradigms remain the norm in cognitive neuroscience (Hartley, 2022;
Nastase et al., 2020). However, these methods fail to account for the complexities of everyday life (Munakata et al.,
2011). It is proposed that to advance our understanding of cognition we must take an ecological approach (Hartley,
2022), using naturalistic settings. Nonetheless, to date, we lack a comprehensive review of studies measuring
inhibition using such methods, which are defined as methods using dynamic, contextualised, continuous and often
multisensory stimuli with high ecological validity (Aliko et al., 2020).

To address this gap, we reviewed published studies using naturalistic assessments to measure inhibition across the
lifespan. Studies needed to include at least one naturalistic method of assessing inhibition, such as self-reported,
smartphone- or external sensor-assessed inhibition (e.g., through ecological sampling methodologies; ESM); or a
laboratory assessment of inhibition capturing naturalistic behaviours (e.g., gamified tasks, virtual reality). Electronic
searches were conducted from November 2022 to January 2023 using Pubmed, PsychINFO and Web of Science. The
search identified 8003 studies, with 5649 currently screened for title and abstract.

Data will be extracted for several parameters, including setting, method of assessment and task characteristics.
Because no fit-for-purpose quality appraisal tool could be identified for the reporting of naturalistic or real-world
methodologies, two quality appraisal tools will be used: a quality appraisal tool developed by Liao et al. (2020) and
adapted by Kwasnicka et al. (2021) for ESM studies, and The Appraisal tool for Cross-Sectional Studies (AXIS; Downes
et al., 2016) for non-ESM studies. Findings from the review would a valuable resource for researchers interested in
both the development and application of naturalistic paradigms.
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Every day, we may choose something new randomly (random exploration) or select something new with no prior
information (de-novo exploration). The link between exploration and anxiety has only been studied using trait-like
anxiety questionnaires, but an experimental manipulation of anxiety could have different results. Individual
differences (e.g., sex or novelty-seeking (NS) trait) also impact specific exploration strategies. Thus, we examined if
anxiety manipulation in a task would influence different exploration strategies while also looking at sex, NS bias and
trait anxiety (from TPQ (TPQ-NS) and STAI questionnaires). 117 healthy subjects (58 female) performed Maggie’s
farm task online, which allows to review different exploration strategies, promoting exploration via the number of
available choices (horizon). The threat of aversive stimuli (loud noises appearing randomly) emulated anxiety, in a
between-subject design. Comparing computational models of exploration, the best-fitting model (by BIC criterion) in
our data was a Thompson model with an e-greedy element (random exploration) and a novelty bonus n (de-novo
exploration). We used repeated-measures ANOVA, comparing the effect of horizon on the € and n parameters with
the anxiety category as a between-subject factor. We used partial Pearson’s correlations of € and n derivatives
(mean and standardised-difference (SD) across horizon) with STAl and TPQ-NS measures correcting for participant’s
reported stress levels and anxiety category. Partial correlations analyses were repeated after splitting the data by
sex. There was no between-subject effect of anxiety category on the horizon of either € (F(1,1)=0.253, p=0.6) or n
(F(1,1)=0.305, p=0.58). SD of € was negatively correlated with TPQ-NS (r=-0.184, p=0.050) but no other partial
correlation was significant. When splitting by sex, SD of € was negatively correlated with the STAIl score (r=-0.341,
p=0.01) in females and the TPQ-NS score in males (r=-0.275, p=0.038). The mean n positively correlated with the
STAl score (r=0.318, p=0.016) in males. While the experimentally modulated anxiety did not affect the exploration
parameters, individual differences in NS and trait anxiety are suggested to affect random and de novo exploration in
a sex-dependent manner.
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Introduction. The leading cause of disability in youth are neuropsychiatric disorders, accounting for 45% of years lost
because of disabilities. More than 75% of them arise by mid-twenties, positioning adolescence as a key period for
early intervention. Concerningly, symptoms of depression and anxiety are on the rise amongst 16—18-year-olds and
there is a lack of interventions targeting older adolescents. Schools are a universal access point for prevention and
early intervention; however, recent meta-analyses of school-based mental health programs suggest that less than a
third of interventions target older adolescents and there is scant evidence of their effectiveness in the longer term.

Methods. To test the long-term clinical effectiveness of a school-based intervention specifically developed for
stressed 16—18-year-olds, a long-term follow-up of a cluster randomized controlled trial (BESST Trial) will assess
outcomes at 12 months and 18 months post-randomization. Primary outcome data on depressive symptoms, as well
as secondary outcome data on anxiety symptoms, wellbeing, sleep and resilience will be collected between October
2022 and May 2024. A mixed-methods approach will explore quantitative differences in outcome data between
students who received the intervention and controls who received the normal school provision, as well as qualitative
data on the perceived usefulness of the intervention during the transition to young adulthood.

Statistical analysis. Outcomes will be analysed using multilevel linear mixed-effects models to account for the
clustered structure of the data. A treatment group by time interaction term will be included to allow for extracting
comparisons at both follow-up times. A random intercept model will be fitted for each school and student, and the
difference between the intervention and control scores will be estimated, alongside the 95% confidence interval and
p-value. Additionally, a sensitivity analysis will be undertaken using intention-to-treat principles, whereby multiple
imputation will be used to assess sensitivity of the results to missing data under the missing at random assumption
for students lost to follow-up. Qualitative data will be gathered in interviews and analysed using reflexive thematic
analysis.
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Introduction

Affective states can influence decision-making. For example, people in negative affective states tend to make more
‘pessimistic’ decisions than those in positive affective states, particularly in response to ambiguity. Here we aimed to
show that individuals with self-reported negative trait affect make more ‘pessimistic’ decisions when faced with
ambiguous stimuli. This study was preregistered here: https://osf.io/shvfr

Methods

A total of 540 participants (final sample of 509; 273 female, aged 18-73, median age = 36) were recruited to an
online experiment where they completed questionnaires assessing trait anxiety, depression and pessimism, as well
as taking part in a judgement bias task. The judgement bias task is a cognitive task designed to look at decision-
making under ambiguity.

Statistical analysis

To determine whether demographic and questionnaire variables were significantly associated with judgement bias,
we used a general linear model (GLM) containing the following independent variables: age, sex, anxiety score,
depression score and pessimism score. As the questionnaire scores were highly correlated with each other we also
ran three further GLMs, each containing one of the questionnaires as well as age and sex.

Results and conclusions

We found that higher trait anxiety and depression scores were significantly associated with a lower proportion of
‘optimistic’ responses to ambiguous stimuli, i.e. a ‘pessimistic’ judgement bias. Interestingly, this was not true for
trait pessimism scores. We also found significant effects of age and sex on judgement bias; males were significantly
more ‘optimistic’ in the task than females and ‘optimistic’ judgement bias responses significantly decreased with
age.

In conclusion, self-reported trait anxiety and depression, but not trait pessimism, are associated with ‘pessimistic’
decision-making under ambiguity. Next, we plan to apply computational modelling to this dataset to investigate how
negative trait affect influences underlying decision-making processes at the individual level.
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Introduction: The ocular motor system (OMS) consists of 3 cranial nerves interacting with 6 extraocular muscles to
control eye movement. This organisation is well conserved, including in zebrafish. Miswiring of these nerves can
result in Duane’s Retraction Syndrome (DRS), manifesting in limited unilateral or bilateral abduction of the eye. A
number of autosomal dominant missense mutations have been identified in CHN1, encoding the signalling protein
02-CHN, leading to DRS. Previous work in our lab has demonstrated that a2-CHN plays a crucial role in axon
guidance within the OMS by integrating extracellular signals to contribute to remodelling of the cytoskeleton.

Methods: In order to further investigate the role of a2-CHN in the OMS, we established three transgenic zebrafish
lines harbouring either loss-of-function (LOF) or gain-of-function (GOF) mutations in chnl. We verified the presence
of the mutant alleles using Sanger sequencing and expression of a2-CHN at 3 days post-fertilisation (dpf) by Western
blot. Using transgenic lines expressing GFP to visualise motor neurons, combined with wholemount immunostaining
of muscles and acetylcholine receptors, we imaged the OMS at 3dpf. Additionally, we used a custom-built setup to
analyse the optokinetic reflex (OKR) at 5dpf. We varied a number of parameters to assess horizontal eye movement
fitness.

Statistical Analysis: Analysis of the OMS anatomy was performed on at least 3 clutches of larvae, with a minimum of
19 individuals per genotype and compared using Mann-Whitney. For the OKR, at least 2 clutches were analysed, with
a minimum of 17 individuals and compared using one-way ANOVA followed by Tukey test.

Results/Conclusions: Both LOF and GOF a2-CHN alleles increased defasciculation in the OMS and decreased synapse
formation. In a subset of homozygous GOF individuals, we observed stalling of the oculomotor nerve. This suggests
that both loss of a2-CHN or constitutively activated protein affect microtubule stability and impair axon guidance in
the OMS. Consistent with these findings, we observed a reduced OKR fitness in both GOF and LOF individuals,
indicating that these anatomical differences lead to functional defects in horizontal eye movements and establish
these zebrafish lines as models for DRS.
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Introduction: The human dopaminergic system is vital for a broad range of neurological processes, including the
control of voluntary movement. Here we report a proband presenting with clinical features of dopamine deficiency,
in whom we identified a homozygous loss-of-function DRD1 variant.

Methods: Triome whole-genome sequencing and analysis was undertaken using the Illumina NovaSeq 6000
platform, Qiagen QCl Interpret Translational and Sanger sequencing. Mutant constructs for overexpression in
HEK293T cells were generated. Gene and protein expression, localisation and function were assessed using qPCR,
Western blotting, biotinylation, immunofluorescence, ligand binding and cAMP assays. Molecular modelling was also
undertaken.

Approach for statistical analysis: Unpaired parametric Student’s t tests were used when comparing 2 data sets. Two-
way ANOVAs with multiple comparisons were performed when comparing more than 2 data sets. Statistical
significance was considered on both occasions where p<0.05.

Results and conclusions: A novel homozygous variant c.110C>A (p.Thr37Lys) was identified in DRD1 encoding
dopamine receptor D1, in a patient presenting with severe infantile dystonia-parkinsonism, with frequent oculogyric
crises, dysautonomia, hypomimia, bradykinesia and global developmental delay. CSF neurotransmitter analysis was
normal. This variant was absent in the homozygous state in gnomAD with a CADD score of 27.5. Structural modelling
of the mutant protein suggested an alteration in substrate binding. Although this variant did not affect protein
expression and subcellular localisation, cAMP levels were significantly reduced in response to the selective D1
dopaminergic agonist Chloro APB (p<0.0001), and ligand binding was significantly reduced. Numerous D1 agonists
failed to rescue the reduced cAMP levels, and the patient had no clinical response to dopaminergic therapy. Our
study identifies DRD1 as a novel disease-associated gene with disruption of downstream cAMP signalling likely to
affect key corticostriatal neuronal networks involved in motor control. A better understanding of the underlying
molecular genetic mechanisms may facilitate future development of targeted precision therapies.

Conflict of interest: MAK is a co-founder of Bloomsbury Therapeutics.
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