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Programme 

Day Time Event Notes 
Monday 
23rd 

11:30 – 12:45 Registration 
 
Coffee/tea  
 

Main reception 
 

 12:45 – 13:00  Welcome & Intro Mark Humphries & Rasmus 
Petersen 

 13:00 – 14:30 Attentional circuits 
Alex Thiele (Newcastle University) 
Peter Dayan (Gatsby Computational 
Neuroscience Unit) 
 

45 minutes each, including 
questions 

 14:30 – 15:00 Coffee/tea break In Dining Room 
 

 15:00 – 16:30 Functional cortical networks 
Dan O’Connor (John Hopkins) 
Srdjan Ostojic (ENS, Paris) 

45 minutes each, including 
questions 

 16:30 – 18:30 Posters & reception Posters in Dining Room with 
drinks reception (2x drinks 
each) 

    
Tuesday 
24th 

9:30 – 11:00 Basal ganglia 
Peter Magill (MRC Anatomical 
Neuropharmacology Unit, Oxford) 
Rafal Bogacz (Oxford)  

45 minutes each, including 
questions 

 11:00 – 11:30 Coffee/tea break In Dining Room 
 

 11:30 – 13:00 Large-scale dynamics 
Michael Orger (Champalimaud 
Institute, Lisbon) 
Gasper Tkacik (IST, Vienna) 

45 minutes each, including 
questions 

 13:00 – 14:30 Lunch In Dining Room 
 

 14:30 – 16:00 Cortical circuits 
Ken Harris & Matteo Carandini (UCL 
Cortex Lab) 

45 minutes each, including 
questions 

 16:00 – 16:30 Discussion  
With MRC Programme Manager for 
Neuroscience & Mental Health 
Board (Emily Gale) 

 

 16:30 – 16:45   Wrap-up Mark Humphries & Rasmus 
Petersen 

 

All talks are in the Hulme Hall lecture theatre 
All breaks, lunch, and the poster session are in the Hulme Hall Dining Room 
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About the Integrated Systems Neuroscience Workshop 2015 
 

Systems neuroscience has been thrust centre-stage by the extraordinary advances in 
technology for recording and manipulating neural circuits at single-cell resolution. Yet with 
this rapid increase in data yield has come formidable challenges in analysing and 
understanding experimental results. Consequently, a tight integration between 
experimental and computational neuroscience approaches is increasingly necessary for 
tackling these challenges. The goal of this workshop is to present the state-of-the-art in 
integrated systems and computational approaches to key neural circuits, to demonstrate 
their power and potential.  

We envisaged this workshop to be a fruitful meeting of minds not only between the 
computational and experimental realms, but also across circuits and scales. Each session 
of the programme has been designed to comprise a pair of talks presenting 
complementary experimental and computational work on the same circuit theme. Breaks 
have been programmed between each session to allow for plentiful discussion of the work 
just seen and how it may translate to other circuits and problems in systems neuroscience. 
Finally, borrowing a fine Cosyne tradition, the evening poster session is accompanied by a 
drinks reception to encourage relaxed, convivial scientific discussion. 

We hope you enjoy it! 

Mark Humphries & Rasmus Petersen 

Workshop organisers 

Faculty of Life Sciences, University of Manchester  

Thanks 
The conference organisers would like to thank: 

Deborah Bentley, Research Support Manager, Faculty of Life Sciences: budgeting, timetabling, and 
much needed cajoling 

Janet Adnams and ConferCare (University of Manchester): registration and accommodation 

Julie Cockcroft & Norman Gillson: event management and catering 

Helen Robinson: website 

Abhinav Singh: abstract compilation and checking 

Sponsors 
We are grateful for the support of the Medical Research Council (UK), the Company of Biologists, 
and the University of Manchester 
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Speaker abstracts 

Attentional circuits 
 
Neuropharmacology of attention in the visual cortex 
 
Alex Thiele 
Institute of Neuroscience, Newcastle University, UK 
 
Attention influences almost all aspects of cognitive behaviour. It enables enhanced processing of 
behaviourally relevant stimuli at the expense of irrelevant stimuli. At the cellular level this is 
mediated by alterations in cell activity, alterations of neuronal firing rate correlations, and a 
reduction in the variance of firing rates. Using iontophoretic methods of drug application during 
extracellular recordings in V1 of the macaque monkey, we find that attention induced firing rate 
changes depend on the action of acetylcholine (mediated through muscarinic receptors), but not 
on NMDA receptor mediated glutamatergic signaling. Conversely, attention mediated reduction in 
firing rate variance and firing rate correlations depend on NMDA receptor mechanisms, but not on 
cholinergic mechanisms. We thus show that different transmitter systems contribute to different 
aspects of attentional modulation in primary sensory cortex. We propose that acetylcholine 
adjusts the V1 network such that it is adequately sensitive to feedback mediated attentional 
modulation, which likely targets NMDA rich synapses. Conversely, the neuropharmacology of 
attention in the frontal eye field (FEF) distinctly differs from that in V1. In FEF acetylcholine 
contributes to attentional modulation through nicotinic receptors, which enable attention induced 
variance reductions. While glutamatergic ionotropic receptors enable cellular excitation in FEF, 
they do not affect any of the attentional signatures investigated. Our findings demonstrate that a 
range of different mechanisms affect attentional control, which differ between cortical areas.  
 
 
Attention and Neuromodulation 
 
Peter Dayan 
Gatsby Computational Neuroscience Unit, UCL, UK 
 
Most facets of attention concern the control and regulation of the processing of sensory input, and 
the transformation of this sensory input together with prior knowledge of various sorts into 
internal and external decisions and actions.  Complexities of this regulation arise at least three 
distinct levels: from the nature of the problems posed by the environment, from constraints 
arising in the algorithms of neural information processing, and from the implementational 
requirements for flexible computation in a mostly fixed structure. I will provide examples of these 
various concerns, and discuss how neuromodulators play a key role in some, though certainly not 
all, aspects of the solutions. 

 

 
 

 

 

Functional cortical networks 
 

Circuit analysis of choice-related activity in mouse somatosensory cortex 

Dan O'Connor 
Johns Hopkins University School of Medicine, Baltimore MD, USA 
 
During perceptual decisions about faint or ambiguous sensory stimuli, even identical stimuli can 
produce different choices. Spike trains from neurons in sensory cortex can predict this trial-to-trial 
variability in choice. Choice-related spiking is widely studied as a way to link cortical activity to 
perception. However, the origins of choice-related spiking remain poorly understood. We have 
found that neurons in mouse primary somatosensory cortex show robust choice-related activity 
during a tactile detection task. I will discuss our recent work---using in vivo imaging, intracellular 
and extracellular electrophysiology, and optogenetics---aimed at dissecting choice-related, trial-to-
trial variability in cortical responses. I will show data that trace the emergence of choice-related 
spiking across neural circuits and within single neurons of the somatosensory system. 

 

Asynchronous activity in excitatory-inhibitory networks: from dynamics to computations 

Srdjan Ostojic 
Group for Neural Theory, Ecole Normale Superieure, Paris, France. 
 
Networks of excitatory and inhibitory neurons form the basic computational units in the cortex. 
Neurons in such networks encode and process information by asynchronously emitting action 
potentials.  Theoretical and experimental works have shown that this asynchronous activity stems 
from collective network dynamics based on a balance between excitation and inhibition. How 
balanced networks implement complex, behaviourally relevant computations however remains an 
outstanding open question. In this presentation, I will start by reviewing the basic mechanisms that 
underlie asynchronous activity in an excitatory-inhibitory network. I will then argue that such a 
network can display two fundamentally different types of asynchronous activity. For weak synaptic 
couplings, the network at rest is in the well-studied, classical asynchronous state in which 
individual neurons fire irregularly at constant rates. For strong couplings, the network at rest 
displays a novel type of heterogeneous asynchronous activity, in which the firing rates of individual 
neurons fluctuate strongly in time and across neurons. The two types of asynchronous resting 
states possess vastly different computational properties. In the classical asynchronous state, 
temporally varying inputs lead to a highly redundant response of different neurons that favours 
information transmission but strongly limits the computational capacity of the network. In the 
heterogeneous asynchronous state, the incoming stimulus interacts with the internal dynamics, so 
that the response of different neurons to the input strongly vary. This variability in the population 
deteriorates the transmission of information, but provides a rich substrate for non-linear 
processing of the stimuli as performed in decision-making and categorisation. 
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Basal ganglia 
 

Neuronal substrates of a division of labor in the external globus pallidus 

Peter J. Magill  
MRC Anatomical Neuropharmacology Unit, Department of Pharmacology, University of Oxford, 
Oxford, UK. 
 
Classical schemes of the functional organization of the basal ganglia are founded on two key 
principles: (1) Neurons of the external globus pallidus (GPe) are relatively homogeneous; and (2) 
information flows from striatum to GPe, but not vice versa.  Here, I will highlight how recent 
studies of the GPe challenge both of these tenets.  It is now clear that the distinct temporal 
activities of two populations of GPe neuron in vivo are underpinned by their distinct molecular 
architecture and axonal connectivities.  Thus, a first population of “prototypic” GPe neurons fire at 
high rates and anti-phase to striatal projection neurons, and mainly target downstream basal 
ganglia nuclei.  In contrast, a second population of “arkypallidal” neurons fire at low rates and in-
phase with striatal projection neurons, and only innervate striatum.  Prototypic and arkypallidal 
neurons also disparately encode movement.  Computational models predict that the divergent 
firing rates/patterns of prototypic and arkypallidal neurons in vivo arise from their distinct intrinsic 
membrane properties and different inputs from striatal and other neurons; some predictions have 
already been validated by studies in vitro.  In conclusion, two types of GPe neuron are well suited 
to perform a division of labor when orchestrating activity in the basal ganglia. 

 

Properties of neurons in external globus pallidus can support optimal action selection 

Rafal Bogacz 
Nuffield Department of Clinical Neurosciences, John Radcliffe Hospital, Oxford, UK. 
 
The external globus pallidus (GPe) is a key nucleus in basal ganglia circuits that are critically 
involved in action selection. Several computational models proposed that during action selection 
the basal ganglia compute the probabilities of different actions according to Bayes' theorem. These 
models predict that, in order to achieve this optimal selection, the GPe needs to send feedback to 
the subthalamic nucleus (STN) equal to a particular function of the activity of STN neurons. 
However, the complex form of this function makes it unlikely that individual GPe neurons could 
compute it. Here, we demonstrate how this function could be computed within a GPe network 
composed of two types of GABAergic neurons, so-called ‘prototypic’ and ‘arkypallidal’ neurons, 
that exhibit different response properties in vivo and distinct connectivities. We show that the 
reported connectivity between these dichotomous neurons, and the relationships between firing 
rate and injected current (f-I curves) for the two populations ideally fulfils that required to 
compute the function needed for optimal action selection. We conclude that, by virtue of their 
distinct response properties and connectivity, that prototypic and arkypallidal neurons together 
comprise a neural substrate capable of supporting optimal action selection. 

 

 

Large-scale dynamics 
 

Imaging whole-brain neural activity dynamics in zebrafish. 

Michael Orger 
Champalimaud Neuroscience Programme, Lisbon, Portugal 
 
A challenge for studying the neural circuit basis of behavior is that even the simplest behaviors can 
involve networks of neurons that are distributed across many areas of the brain. Recently, 
developments in imaging technology have made it possible to record from thousands of neurons 
simultaneously, and, by applying them to small, transparent animals, we can even monitor activity 
throughout the entire brain, with single-neuron resolution. Zebrafish are an ideal model for this 
approach, since, at just one week old, they have a diverse array of behaviors, and a well-developed 
brain, which shows the typical vertebrate organization, but contains only about 100,000 neurons. 
We record activity, using two-photon and light-sheet imaging, from behaving zebrafish larvae, 
while presenting visual stimuli that elicit innate behavioral responses. While the fish’s head is held 
still, its eyes and tail are free to move, and, by tracking these movements with a high-speed 
camera, we can both provide naturalistic visual feedback, and also associate neural responses with 
different sensory and motor signals. Whole-brain maps of activity dynamics, or correlations with 
behavioral variables, are registered to a reference brain anatomy, allowing comparison of the 
circuit organization across different fish, and also precise alignment with molecular and genetic 
markers. Sensory and motor circuits in the brainstem show a complex, fine-scale functional 
organization, with features that are highly stereotyped across individuals down to the micrometer 
scale. Cellular resolution, functional maps of a vertebrate brain, together with the ability to 
monitor activity dynamics comprehensively during behavior, provide a strong platform for 
dissecting the neural circuit mechanisms that underlie behavior. 

 

How and what can we learn from simultaneous large-scale neural recordings? 
 
Gasper Tkacik 
Institute of Science and Technology Austria, Klosterneuburg, Austria 
 
While neuroscience shows increasing appreciation for the contact between theory and 
experiment, this intersection often remains surprisingly superficial. Which approaches can narrow 
the gap while making best use of our expanding capabilities to record simultaneously from many 
neurons? I will briefly review the maximum entropy framework for building bottom-up models of 
population codes at the single spike level. Using data from large-scale recordings in the retina, I 
will show how maximum entropy models can be used to (i) estimate relevant information 
theoretic quantities from data; (ii) generate new predictions about the neural code, and disprove 
existing ones; (iii) connect to a large body of theoretical work about neural codes in statistical 
physics, including on criticality and attractor networks; (iv) formulate a hierarchy of non-trivial null 
models for hypothesis testing on population codes.  
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Cortical circuits 
 

The nature of shared cortical variability 

Matteo Carandini and Kenneth Harris 
Cortex Lab, University College London, UK 
 
In response to repeated stimulus presentations, neurons in primary visual cortex (V1) produce 
activity that is highly variable. This variability arises in cortex, because the activity of thalamic 
afferents to cortex is much more repeatable. To investigate the sources of cortical variability, we 
measured the spiking activity of large V1 populations and found that variability mostly reflected 
global fluctuations affecting all neurons. The size and prevalence of global fluctuations depended 
on cortical state, being larger in synchronized states than in more desynchronized states. The 
global fluctuations substantially increased variability in single neurons and correlations among 
pairs of neurons. To understand the impact of these fluctuations on single neurons, we developed 
a simple model that comprises two sources of shared variability: a multiplicative gain, which 
uniformly scales each neuron’s sensory drive, and an additive offset, which affects different 
neurons to different degrees. The model captured the variability of spike counts and reproduced 
the dependence of pairwise correlations on neuronal tuning and stimulus orientation. The relative 
contributions of additive and multiplicative fluctuations could vary over time, depending on 
cortical state, and had marked impact on population coding. These fluctuations may arise from an 
interaction of sensory input with top-down control from higher order cortices, providing the main 
source of shared variability in sensory cortex.  

 

Soloists and choristers in a cortical population 

Kenneth Harris and Matteo Carandini 
Cortex Lab, University College London, UK 
 
Each local region of cortex contains thousands of neurons, whose joint activity can in principle 
encode an astronomical number of firing patterns. Nevertheless, the space of activity patterns 
produced by cortical networks has a relatively small dimension, consistent with the view, proposed 
by Grinvald and colleagues, that individual neurons are “obedient members of a huge orchestra”. 
To test this hypothesis we investigated the relationship of individual cells to larger population 
patterns, and the circuit mechanisms underlying these relationships. We found that much of the 
structure in the population activity can be predicted by a single degree of freedom, in a manner 
that reflects each neuron’s synaptic connectivity, and predicts its control by nonspecific drive such 
as motor planning. We analyzed the relationship of individual neurons to the “population rate”, 
i.e., the total activity of the local population, summed without regard to neuronal identity. The 
relationship of neurons to population rate lies along a continuum, from cells whose firing is 
strongly correlated with it (“choristers”), to others that fire independently of it (“soloists”). This 
relationship is invariant to visual stimuli, and unrelated to differences in basic visual preferences 
and response properties. The relation of individual cells to population rate is causal: using in vivo 
optogenetic stimulation, we show that increasing local excitatory activity drives choristers more 
strongly than soloists. Using paired in vitro recordings of pyramidal neurons that we had previously 

imaged in vivo, we show that choristers are more likely to receive nonspecific input synapses from 
neighboring cells, suggesting that population coupling reflects amplification of nonspecific inputs 
in recurrent cortical networks. Consistent with this view, we show using population recordings in 
behaving primate that choristers are driven more than soloists by a nonsensory variable, motor 
intention. Thus, a surprisingly simple, single dimension characterizes each neuron’s relationship to 
a larger population, and is central to explaining seemingly complex population patterns in terms of 
underlying circuit variables. 
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Demonstration  
 

Challenges in running a cortical microcircuit simulation on the SpiNNaker neuromorphic 
hardware platform 

Alan Barry Stokes (1), Sacha Van Albada (2), Andrew G. D. Rowley (1), Maximilian Schmidt (2), 
Markus Diesmann (2,3), Steve B. Furber (1) & Dave R. Lester (1)  

1. Department of Computer Science, University of Manchester 

2. Jülich Research Centre and JARA  

3. RWTH Aachen 

Presenting authors: Alan Barry Stokes (alan.barry.stokes@gmail.com); Andrew Rowley 
(andrew.rowley@manchester.ac.uk)  

This poster presents the challenges overcome in mapping a high-level description of a neural 
model in a language  such  as  PyNN  [1]  into  operational  code  running  on  a neuromorphic  
hardware,  such  as SpiNNaker [2];  as well  as  the  challenges  yet to be addressed.  These include 
moving the data that represents the neural models onto the hardware itself, as well as making the 
executable code efficient enough, in time, energy, and memory consumption, to run the network 
in biological real-time given the restrictive nature of the hardware. 

We have created a PyNN description of a cortical microcircuit model by Potjans and Diesmann [3], 
which has been tested on a number of neural network simulators,  including the neural simulation  
platform NEST [4 ].  When executed on SpiNNaker, this script is dynamically translated into a form 
which can be executed on the hardware platform.   This includes setting up the network 
communication fabric and dividing up the problem so that it can run in parallel on the machine, 
and finally configuring the model executables to carry out the simulation itself. 

Alongside the poster, we will present a demo which will show a live run of a scaled-down version 
of the cortical microcircuit. During the demo, we will show the active spikes generated by each 
layer of the microcircuit as they occur in the simulation.  This will then show how the simulation 
appears to mirror the expected behaviour of the network as described in [3], as well as showing a 
comparison of the results with those obtained from NEST 

[1] Davison, A. P., Brüderle, D., Eppler, J., Kremkow, J., Muller, E., Pecevski, D., et al. (2008). PyNN: 
a common interface for neuronal network simulators. Frontiers in neuroinformatics, 2. 

[2] Furber, S. B., Galluppi, F., Temple, S., & Plana, L. A. (2014). The spinnaker project. 1-14. 

[3] Potjans, T. C., & Diesmann, M. (2014). The cell-type specific cortical microcircuit: relating 
structure and activity in a full-scale spiking network model. Cerebral Cortex, 24(3), 785-806. 

[4] Gewaltig, Marc-Oliver, and Markus Diesmann. "NEST (neural simulation tool)." Scholarpedia2.4 
(2007): 1430. 
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Poster abstracts 
1 

Cellular mechanisms underlying behavioural state-dependent bidirectional modulation of motor 
cortex output 

J. Schiemann (1,3), P. Puggioni (2,3), M. Pelko (2), J. Dacre (1), M.C.W. van Rossum (2) & I. Duguid 
(1) 

1. Centre for Integrative Physiology, University of Edinburgh, Edinburgh, United Kingdom 

2. Neuroinformatics Doctoral Training Centre and Institute for Adaptive and Neural Computation, 
University of Edinburgh, Edinburgh, United Kingdom 

3.These authors contributed equally 

Presenting author: Julia Schiemann(Julia.Schiemann@ed.ac.uk) 

Neuronal activity in primary motor cortex (M1) correlates with changes in behavioural state. 
However, the cellular mechanisms underpinning behavioural state-dependent changes in M1 
output remain largely unresolved. Here we combined in vivo patch-clamp recordings, selective 
pharmacology, projection target mapping and computational modelling to investigate the 
membrane potential (Vm) dynamics of identified M1 layer 5B (L5B) pyramidal neurons in head-
restrained mice during quiet wakefulness and self-paced, voluntary movement. 

We show that changing behavioural state – from quiet wakefulness to movement – bidirectionally 
modulates (i.e. enhances or suppresses) M1 output via two opposing subthreshold mechanisms: 1) 
a global decrease in network-driven, slow large-amplitude Vm fluctuations, which reduced Vm 
variability, input sensitivity and firing rates in L5Bsuppressed neurons (quiet wakefulness: 6.3±3.9 Hz, 
movement: 2.8±2.5 Hz, p<0.001, n=17); and 2) a coincident increase in excitatory drive to a 
subpopulation of L5B neurons (L5Benhanced) that depolarised mean Vm, increased input sensitivity 
and elevated firing rates (quiet: 5.7±3.8 Hz, movement: 12.9±7.4 Hz, p<0.001, n=24). The 
functional classification of L5B pyramidal neurons was not dependent on projection-class identity 
(pyramidal tract vs. intratelencephalic neurons), suggesting a fundamental organizing principle 
that transcends projection-type identity.  

We next sought to identify the source of the increased excitatory input to L5Benhanced neurons 
during movement. We found that the movement-related tonic depolarization in L5Benhanced 
neurons was dependent on the interplay between ascending input from motor thalamus – which 
maintained Vm near to threshold – and noradrenergic input from the locus coeruleus. The 
behavioural state-dependent release of noradrenaline mediated a tonic depolarisation in Vm and 
selectively enhanced the signal-to-baseline ratio for information transmission in L5Benhanced neurons 
(SBR control: 1.1±0.2, SBR following noradrenergic receptor block: 0.3±0.2, p=0.006, n=6). 
Together, our findings provide a mechanism for how noradrenergic neuromodulation and 
network-driven input changes bidirectionally modulate M1 output during self-paced, voluntary 
movement.  

2 

Population density techniques help to bridge the gap between individual neuron and neural 
circuit dynamics 

Yi Ming Lai (1), Elaine Duffin (1) & Marc de Kamps (1) 

1. School of Computing, University of Leeds, UK 
 

Presenting Author:  Marc de Kamps(M.deKamps@leeds.ac.uk) 
 
We present a novel method for modelling neural populations using popula tion density 
techniques (PDTs). The vast majority of PDTs have been applied to leaky -integrate-and-fire 
neurons in the diffusion limit, i.e. input spikes have only a small effect on the post synaptic 
membrane potential. These techniques are then equivalent to Fokker-Planck equations. 
 

 
Our method is an advance in the following respects: 
 

•     It applies to any (1D) neural model, and may well be extensible to higher dimensions. 
•     It makes no assumptions on the size or distribution of the synaptic efficacies. 
•     It can model input spike trains using non Markovian stochastic processes using a memory 
      kernel, i.e. it moves be yond the Poisson or white noise approximation that is implicit in 
        most current formulations of the technique. We provide an example of the gamma 
      distribution. 

 

 
 
We will show examples of neural circuits modelled with this technique that demonstrate that 
the state of individual neurons and that of the population may be related in non-obvious ways. 
Whilst individual neurons may spike quasi-periodically at relatively modest rates, the 
population can demonstrate bursting. Experimentalists would experience this as a contrast 
between single unit recordings and local field potential behaviour. We believe that neural mass 
models would have difficulty to account for this contradictory behaviour. 
 

 
We would be very interested in applying this technique to experimental multi-electrode 
array recordings. 
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Estimation of the Phase Response Curve from Parkinsonian Tremor 

T. A. Saifee(1), M Edwards (1), P Kassavetis (1) & T Gilbertson (2,3)  

1. Sobell Department of Motor Neuroscience and Movement Disorders, UCL Institute of 
Neurology, Queen Square, London, UK 

2. Division of Neuroscience, Medical Research Institute, University of Dundee, Dundee, UK 

3. Department of Neurology, Ninewells Hospital Dundee, UK 

Presenting author: Thomas Gilbertson(thomasgilbertson@nhs.net) 

Phase response curves (PRC), characterising the response of an oscillator to weak external 
perturbation, have been estimated from a broad range of biological oscillators, including single 
neurons. PRC estimates in turn provide an intuitive insight into how oscillatory systems become 
entrained and how they can be desynchronised. To date, PRC estimates have be constrained to 
theoretical neuronal models and experimental preparations (eg. in vitro slice recordings) where 
cycle variability is minimal and not comparable to levels of noise observed in seen in EEG or LFP 
recordings in whole animals. We aimed to develop a method which could recover the “population” 
PRC from experimental data, in order to provide novel predictions about the mechanisms of 
physiological coherence between neuronal populations and potential insights into suppression of 
pathological oscillations.   

In view of recent interest in developing adaptive closed looped forms of neurostimulation for 
movement disorders we decided explore the application of PRC theory to the case of Parkinsonian 
tremor. Initial attempts to establish a causal effect of subthreshold Transcranial Magnetic 
Stimulation (TMS) applied to primary motor cortex on the filtered tremor phase were 
unsuccessful. We explored the possible explanations of this and demonstrate that assumptions 
made when estimating the PRC in a traditional setting such as a single neuron are not arbitrary 
when applied to the case of tremor PRC estimation.  We go on to extract the PRC of Parkinsonian 
tremor using an iterative method which requires varying the definition of the tremor cycle and 
estimating the PRC at multiple peristimulus time samples. Justification for this method is 
supported by estimates of PRC from simulated single neuron data. We provide an approach to 
estimating confidence limits for tremor PRC and discuss the interpretational caveats introduced by 
tremor harmonics and the intrinsic variability of the tremor’s period.  
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Synaptic transmission of spike trains with arbitrary interspike intervals 

A. D. Bird (1,2,3) & M. J. E. Richardson (1) 

1. Warwick Systems Biology Centre, University of Warwick 

2. School of Life Sciences, University of Warwick 

3. Warwick Systems Biology Doctoral Training Centre, University of Warwick  

Presenting author: A. D. Bird(a.d.bird@warwick.ac.uk) 

Short-term synaptic depression, caused by depletion of releasable neurotransmitter vesicles, 
modulates the strength of neuronal connections in an activity-dependent manner. Quantifying the 
statistics of this form of synaptic transmission requires the development of stochastic models 
linking probabilistic neurotransmitter release with the spike-train statistics of the presynaptic 
population. A common approach has been to model the presynaptic spike train as either regular or 
a memory-less Poisson process - few analytical results are available that describe the behaviour of 
a depressing synapse when the afferent spike train has more complex, temporally correlated 
statistics.  

Recently, we have derived a series of results that allow for the fraction of occupied release sites 
and the neurotransmitter release probability to be calculated for a presynaptic spike train with 
arbitrary interspike interval (ISI) statistics. The results take a particularly compact form when the 
presynaptic spike times are generated by a renewal process, i.e. when the ISIs are independent. 
This encompasses a broad range of models that are currently used for circuit and network 
analyses, including the class of integrate-and-fire models. Our approach also allows for the 
postsynaptic voltage mean and variance to be calculated, which in turn allows for an 
approximation of the firing rate of a neuron driven by depressing synapses from non-Poissonian 
presynaptic neurons. 

These results will allow for the incorporation of more complex and physiologically relevant firing 
patterns into future analytic studies of neuronal circuits and networks. 
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Mapping the Functional Architecture of Vision 

Aenea C. Hendry (1), Ian D. Thompson (1) & Andrew S. Lowe (1) 

1. MRC Centre for Developmental Neurobiology, King’s College London, Guy’s Campus, London SE1 

1UL, UK 

Presenting Author: Andrew S. Lowe(andrew.lowe@kcl.ac.uk) 

Genetic and imaging technologies, as applied to the zebrafish, are enabling a multitude of 
anatomical and functional landscapes to be studied. Our particular interest is the functional 
architecture underlying biological vision in vertebrates. We believe an integrative scientific 
approach involving the intersection of brain mapping, visual neuroscience and informatics makes 
one of the most captivating questions in science tractable in the zebrafish – what does the eye tell 
the brain?  

Topographic organisation wherein neighbours in one space are neighbours in another space is a 
fundamental organisational feature of visual processing. Using a genetic indicator of synaptic 
function (synaptophysinGCaMP3) and confocal optical imaging in larval zebrafish, we have imaged 
en masse retinal ganglion cell (RGC) inputs to the optic tectum. Across a population of animals we 
have derived retino-tectal maps and estimated topographic precision for two distinct functional 
classes of visual encoding: direction- and orientation-selective motion detectors. Our findings 
suggest non-matching topographies associated with these two functional RGC classes that 
challenge our conceptual understanding of topographically organised circuits.  

Mapping the anatomy and function of developing zebrafish larvae brains has considerable future 
potential. As a vertebrate model system its cost effectiveness, genetic amenability and the ease of 
optical imaging will make zebrafish brain mapping very accessible to a large new community of 
scientists. It will be a complex and technically demanding field requiring the coordinated 
interaction of many researchers with diverse scientific backgrounds: neurobiologists, physicists, 
biophysicists, neuroimaging scientists, theoretical neuroscientists, bioinformaticians, 
mathematicians and increasingly translational and behavioural scientists. Key to ongoing future 
success will be the successful collaboration between all associated disciplines and the translation 
of the wealth of approaches, methods and models to the zebrafish. We will present our work to 
display its potential and to generate interest across a diverse audience to hopefully spark greater 
integrated and collaborative approaches. 
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Modeling a transient thalamocortical circuit (L5b-L4 loop) in the developing mouse neocortex 

S.Y. Teramoto Kimura (1,2), D. Lyngholm (1), A. Marques-Smith (1), S.J.B. Butt (1) & 
T.P. Vogels (1,2) 

1. Department of Physiology and Anatomy, Oxford University, UK. 

2. Centre for Neural Circuits and Behaviour, Oxford University, UK. 

Presenting Author: S.Y. Teramoto Kimura(stephanie.teramotokimura@balliol.ox.ac.uk)  

The brain is a complex network of 1011  neurons with 1014  synapses.  Our understanding of how 
such networks develop is still limited. Novel genetic manipulations and optical techniques make it 
possible to create detailed connectivity maps at different times during development. However, it is 
nearly impossible to study the mechanisms underlying the slow transitions from one 
developmental stage to the next experimentally. Here we use computer models of developing 
circuits to study the synaptic plasticity rules that effect the changes in network connectivity. In 
particular, we focus on an early thalamocortical circuit between thalamic afferents, interneurons 
in layer 5b and spiny stellate neurons in layer 4 (L5b-L4 loop). Unpublished work from the lab has 
shown that this circuit is transient in nature and shortly after the L4 critical period for plasticity has 
ended (~postnatal day 9) synaptic connections between these cells are replaced by connections 
previously reported for the canonical cortical circuits  (Anastasiades et al., in revision; Marques-
Smith et al., submitted). The computer model of this developing circuit is composed of 
approximately 10,000 integrate-and-fire neurons.  Each neuron is classified as one of four distinct 
cell types (PV+, SOM+, 5HT3R+, and PYR) and their firing properties have been matched to 
experimental recordings.  After obtaining static models of the circuit at each of its stages in 
development, we tested distinct synaptic plasticity rules that may underpin the dynamic formation 
and destruction of these transient developmental circuits. Ultimately, this type of models may 
enable a targeted exploration of developing circuits and provide a framework for translational 
work and a bridge between experimental and theoretical neuroscience research. 
 

[1] Anastasiades PG, et al. Developmental phases of inhibitory connectivity in the early postnatal 
neocortex. in revision 

[2] Marques-Smith A., et al. The involvement of a transient interneuron circuit in normal 
thalamocortical integration. submitted 
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Mind the Gap: A specific central auditory deficit in a mouse model of developmental disorder 

L. A. Anderson (1) & J. F. Linden (1,2) 

1. Ear Institute, University College London, London, UK. 

2. Department of Neuroscience, Physiology & Pharmacology, University College London, London, 
UK. 

Presenting author: L. A. Anderson(l.anderson@ucl.ac.uk) 

High temporal acuity of auditory processing underlies perception of speech and other rapidly 
varying sounds.  A common measure of auditory temporal acuity in humans is the threshold of 
detection of brief gaps in noise.  Gap-detection deficits, observed in human developmental 
disorders such as auditory processing disorder and autism, as well as being a common 
consequence of aging, are considered evidence for "sluggish'' auditory processing.  Here we show, 
in a mouse model of developmental disorder, that deficits in auditory brain sensitivity to brief gaps 
in noise do not imply a general loss of central auditory temporal acuity.  Extracellular recordings 
from auditory thalamic neurons in two of the three central auditory pathways, exhibit reduced 
responses following brief gaps in noise in affected animals, but normal responses to other sound 
stimuli including other rapidly changing sounds.   Through experiments and the creation of a 
simple phenomenological model of central auditory intensity processing, we demonstrate that 
these stimulus-specific deficits arise from reduced neural population activity following noise 
offsets, not onsets.  Moreover, the model allowed us to correctly predict additional stimulus-
specific deficits which were validated in further experiments.  Thus, a combination of in-vivo 
experiments and computational modelling reveals that dissociable sound-onset-sensitive and 
sound-offset-sensitive channels underlie auditory temporal processing, and suggests that 
developmental disorders specifically affect the sound-offset- sensitive channel. 
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Reactivation and reinstatement of hippocampal cell assemblies 
 
Gido M. van de Ven (1), Colin G. McNamara (1), Stéphanie Trouche (1), Álvaro Tejero-Cantero (1), 
Natalia Campo-Urriza (1), Kevin Allen (1) & David Dupret (1) 
 
1. MRC Anatomical Neuropharmacology Unit, Department of Pharmacology, University of Oxford, 
Mansfield Road, Oxford OX1 3TH, United Kingdom 
 
Presenting author: Gido M. van de Ven (gido.vandeven@wolfson.ox.ac.uk) 
 
The hippocampus plays an important role in the encoding, consolidation and retrieval of 
memories. Memory retrieval is believed to be mediated by the reinstatement of the patterns of 
neuronal activity that encoded the initial experience. To facilitate such reinstatement, neuronal 
activity patterns are thought to be consolidated by their reactivation in sleep, which 
predominantly occurs during hippocampal sharp-wave/ripples events (SWRs). However, a direct 
relation between the (sleep) reactivation of neuronal activity patterns and their subsequent 
(awake) reinstatement during memory retrieval has not been demonstrated. 
 
According to the functional cell assembly hypothesis originally proposed by Hebb in 1949, 
memories are represented at the network level by the simultaneous activation of a group of 
neurons (=cell assembly) or by the sequential activity of a particular set of cell assemblies (=phase 
sequence). Despite the popularity of this hypothesis, there is no generally accepted method for the 
identification of cell assemblies from electrophysiological data. 
 
Here, we use an unsupervised statistical method based on independent component analysis to 
identify neuronal assembly-patterns (defined as: group of pyramidal neurons with activity 
coordinated within 30-ms time-frames) from multi-unit recordings in the hippocampus of freely-
moving mice. With this method we have been able to detect and track assembly-patterns with 
strong spatial tuning. We found that these patterns, which often involve neurons of both 
hemispheres, are reactivated during subsequent sleep and reinstated upon re-exposure to the 
same environment but not upon exposure to a different environment. Importantly, the strength 
with which assembly-patterns are reactivated predicts their subsequent reinstatement strength. 
We are now seeking to complement this first direct correlational evidence for a role of (sleep) 
reactivation on the (awake) reinstatement of assembly-patterns, with a causal test based upon the 
optogenetic silencing of hippocampal pyramidal neurons during on-line detected sleep SWRs (125-
250 Hz). 
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Auditory-visual interactions at perceptual and cortical levels in mice 

Thomas Deneux (1) & Brice Bathellier (1) 

1. Multisensory Team, Unité de Neurosciences, Information et Complexité (UNIC), Centre National 
de la Recherche Scientifique (CNRS), Gif-sur-Yvette, France 

Presenting author:  Thomas Deneux(thomas.deneux@unic.cnrs-gif.fr) 

Although auditory responses have been reported in mouse primary visual cortex (V1), their 
computational and perceptual role in a multisensory context remains elusive. In particular, it is 
unclear whether specific multimodal information is channeled through these responses. To 
address these questions, we recorded neuronal populations in V1 using 2-photon imaging in 
awake, GCAMP6-transfected mice, during 2 sec drifting gratings and looming or receding visual 
and/or auditory stimuli. 
 
Among 3,500 recorded V1 neurons, 25% responded to sounds. Although 7% of V1 neurons 
exhibited non-linear bimodal summation properties and appeared to signal specific combinations 
of bimodal stimuli, a large part of auditory responses were non-specific onset responses. Visual 
responses displayed clear stimulus specificity but much less at their onset than afterwards. 
Interestingly, auditory population responses correlated strongly with the nonspecific onset visual 
responses. To assess the perceptual impact of this cross-modal activity, we trained mice to 
discriminate between the looming and receding disks in a head-fixed Lick/No lick protocol, first 
without sounds. Mice tended to lick on the onset of both visual stimuli, as predicted by the poor 
specificity of V1 onset responses, and learned to adjust their licking during the more specific phase 
of V1 responses (about 500 ms after onset). Introducing sounds in trained animals, with and 
without visual stimuli, resulted mainly in an increase of the first unspecific licking, reflecting the 
similarity of auditory and visual onset responses in V1, as we demonstrated using a simple 
computational model of the task. 
 
Altogether our results show that specific information about the multimodal context is present in 
V1, but that the first order impact of auditory signals on mouse visual representation and on 
perception in a simple task is a boosting of stimulus onset saliency. 
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Convergence of sleep and wake population activity distributions in prefrontal cortex over 
learning 

Abhinav Singh (1), Adrien Peyrache (2) & Mark D. Humphries (1)  

1. Faculty of Life Sciences, University of Manchester, UK 

2. NYU Medical Center, New York, USA 

Presenting author: Abhinav Singh(abhinav.singh@manchester.ac.uk) 

The inference-by-sampling hypothesis proposes that neural population activity at each point in 
time represents a sample from an underlying probability distribution. One key prediction is that 
the distribution during “spontaneous” activity (representing the prior) and during evoked activity 
(representing the posterior) converge over repeated experience. Just such a convergence has been 
observed in small populations from ferret V1 over development. Unknown is the extent to which 
this hypothesis is a general computational principle for cortex: whether it can be observed during 
learning, or in higher-order cortices, or during ongoing behaviour. 
 
We addressed these questions by analysing population activity from the prefrontal cortex of rats, 
learning rules in a Y-maze task. We focussed on sessions where the animal reached the learning 
criterion mid-session, allowing us to compare activity before and after learning. Our hypothesis 
was that the spontaneous activity in slow-wave sleep (SWS), in the absence of task-related stimuli 
and behaviour, constitutes the prior distribution. 
 
We find that the distributions were conserved across all epochs (SWS pre- and post- session and 
during task behaviour), in that the same population states appeared in each, consistent with our 
interpretation of SWS activity as a prior. Crucially, we find that the task-evoked distribution after 
learning was more similar to the distribution in post- session than in pre-session SWS epochs, 
consistent with convergence of the posterior and prior distributions over learning. We also find 
that the similarity between behaviour and post-session SWS distributions was larger for rewarded 
trials, but did not converge for pre-learning unrewarded trials, suggesting the distributions were 
directly updated by learning. Our results are thus evidence that inference-by-sampling can be 
observed over the course of learning, and is a potential general computational principle of cortex. 
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Decoding of complex movies from a large retinal population 
 
Vicente Botella-Soler (1), Stéphane Deny (2), Olivier Marre (2) & Găsper Tkačik (1) 
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Presenting author: Vicente Botella-Soler(vbsoler@ist.ac.at) 

Decoding of complex stimuli from the retinal activity remains an open challenge. To date, 
experiments have focused on decoding either a small number of discrete stimuli (e.g., decoding 
among several possible orientations of a drifting grating), or very low dimensional dynamical traces 
(e.g., of luminance in a full field flicker experiment). Here we stimulated a rat retina with a new 
class of synthetic stimuli, in which between 2 and 10 dark circular spots executed random 
dynamical motion on a square domain with no other constraints except for hard-core repulsion 
between the spots and reflection from the domain boundaries. The radius of the spots was ∼ 
100μm on the retina, somewhat smaller than the typical center of the ganglion cell receptive 
fields; to achieve good performance, the decoder would thus need to make use of the population 
code. We constructed separate decoders densely tiling all spatial locations in the stimulus. We 
then reconstructed the entire movie by decoding separately these local luminance traces from the 
spiking activity of ∼100 neurons simultaneously recorded from a dense retinal patch. As a baseline, 
we trained linear decoders, whose performance was impacted by the substantial amounts of 
spontaneous activity in the rat retina. To mitigate this problem, we constructed nonlinear 
extensions to these decoders, which reached cross-validated correlation of > 80% in locations with 
good spatial coverage in the recorded population. This is achievable using biologically realistic 
sparse decoding kernels for each location; the resulting “decoding fields” of retinal ganglion cells 
are sharply localized, exhibit fine structure on a ∼ 50μm scale, are collocated with the 
corresponding receptive field centers, and generalize across stimuli with different numbers of 
randomly moving spots. Decoding paradigms with rich dynamical stimuli can thus complement 
encoding studies to provide novel and practical insights into the organization of the neural code. 
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A maze navigation task population rate model  

Mayte Bonilla Quintana (1), Stephen Coombes (1), Reuben O’Dea (1), Kyle Wedgwood (1) & Tobias 
Bast (2)  
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Presenting author: Mayte Bonilla Quintana(pmxmb8@nottingham.ac.uk) 

During the 1940s Tolman performed maze experiments to understand how animals remember 
certain places. He proposed that the animals discover relationships between places and events as 
they explore the environment and suggested that exploration leads gradually to the formation of a 
cognitive map that enables the creation of detours and shortcuts. Later, the discovery of place 
cells by O'Keefe, for which he won a Nobel Prize (2014), gave evidence that such map structure 
could be formed in the brain. Nevertheless the underlying mechanisms of how animals learn to 
reach a goal location are yet not fully understood. Thus there is an interest in developing 
theoretical models to understand such experiments.  

 We present a model that tries to replicate such experiments using temporal difference (TD) 
learning in an actor-critic framework. In this model an animal navigates through a maze looking for 
a hidden platform that triggers a reward delivery. During navigation the information about the 
environment is given via place cells. Although this information tells the animal where it is, it does 
not tell it where to go; however, reward information directly available at the goal is used by TD 
learning to ascertain where the greatest expectation of reward should be, and the temporal 
gradient information is used to learn appropriate expectation everywhere else. Thus, place cells 
give information about the environment to critic and actor neurons, the former learn to predict 
expected future rewards whereas the latter choose the direction of motion of the animal. The 
model uses the error between the actual and expected reward to teach the synapses feeding actor 
and critic neurons. 

Our rate model is computationally much cheaper than corresponding spiking ones, and can be 
validated against experimental data. 

  



Integrated Systems Neuroscience 2015 www.isn2015.ls.manchester.ac.uk

26 27

13 

Spatio-temporal Interactions Between Neuronal Assemblies 
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Polychronous neuronal groups (PNGs) are unique temporal patterns of neural activity in spiking 
neural networks, that emerge as units of reverberational memory. Small subsets of neurons that 
form PNGs, which are activated by specific time-locked patterns, can be strengthened to give rise 
to larger chains of spatio-temporal activity by spike timing dependent plasticity (STDP) rule.  

In this work, we investigate the effects of modular network structures on polychronous neuronal 
group (PNG) formation. Networks with clustered architectures produce complex and patterned 
firing sequences, notwithstanding they have weak interconnections. In our simulation studies, we 
employed different parameter sets for each sub-population in order to simulate interactions 
between distinct neural circuits. Although our model is highly generic, it is representative in terms 
of functionality, thus giving insights on coordination among neural assemblies in a sense of PNG 
dynamics.  
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Comparing Firing Properties of Two Interconnected Circuits to Understand Information 
Processing at Afferent Pathways 

Chaitanya Medini (1), Basabdatta Bhattacharya (2), Bipin Nair (1) & Shyam Diwakar (1) 

1. Amrita School of Biotechnology, Amrita Vishwa Vidyapeetham (Amrita University), Amritapuri, 
Clappana (P.O.), Kollam, Kerala, 690525, India 

2. School of Engineering, Engineering Hub, University of Lincoln, Lincoln, Lincolnshire, UK 

Thalamocortical circuits have been known to receive excitatory input via dentate nucleus of deep 
cerebellar nuclei (DCN) which receives the output from cerebellar cortex. Sensory evoked 
stimulation of cortico-pontine nuclei pathway stimulate the cerebellar granular layer thereby 
increasing the firing frequency of Purkinje cells resulting in inhibition of DCN. We modelled 
thalamocortical and cerebellar neuron firing properties with simple spiking models (Izhikevich, 
2003; Naud et al., 2008) to understand the suppression of information to motor cortex (M1) 
arising due to cerebellar role in suppression of information to DCN (Molnar et al., 2004). In this 
study, we could reproduce firing properties of thalmocorticalrelay (TCR), inhibitory interneurons 
and thalamic reticular nucleus (TRN) of thalamic module and pyramidal, basked, non-basket and 
spiny-stellate cell populations of cortical module representing each cortical layer (Bhattacharya et 
al., 2014). We also reproduced firing properties of granule, Golgi, Purkinje, inferior olivary and 
deep cerebellar neurons in cerebellar cortex (Medini et al., 2014). Firing frequencies of these 
neurons matched electroresponsiveness of experimental data. Temporal coupling properties of 
firing rate matched previous studies (Nakamura et al., 2014) for both cerebellar and 
thalamocortical circuits. In this initial study, we matched firing properties of cerebellar circuits 
(Medini et al., 2014) as well as thalamocortical circuits. Further elaboration will help understanding 
timing and information processing in cerebellar cortex and its integration with thalmocortical 
circuits. 

Bhattacharya BS, Patterson C, Galluppi F, Durrant SJ, Furber S (2014) Engineering a thalamo-cortico-thalamic 
circuit on SpiNNaker: a preliminary study toward modeling sleep and wakefulness. Front Neural Circuits 8:46  

Izhikevich EM (2003) Simple model of spiking neurons. IEEE Trans Neural Netw 14:1569–1572  

Medini C, Vijayan A, D’Angelo E, Nair B, Diwakar S (2014) Computationally EfficientBio-realistic 
Reconstructions of Cerebellar Neuron Spiking Patterns. In: Proceedings of the 2014 International Conference 
on Interdisciplinary Advances in Applied Computing - ICONIAAC ’14, pp 1–6. New York, New York, USA: ACM 
Press.  

Molnar GF, Sailer A, Gunraj CA, Lang AE, Lozano AM, Chen R (2004) Thalamic deep brain stimulation 
activates the cerebellothalamocortical pathway. Neurology 63:907–909. 

Nakamura KC, Sharott A, Magill PJ (2014) Temporal coupling with cortex distinguishes spontaneous neuronal 
activities in identified basal ganglia-recipient and cerebellar-recipient zones of the motor thalamus. Cereb 
Cortex 24:81–97  

Naud R, Marcille N, Clopath C, Gerstner W (2008) Firing patterns in the adaptive exponential integrate-and-
fire model. Biol Cybern 99:335–347  
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Simulating the effect of parvalbumin expressing interneuron loss on LFP recorded in vitro. 
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Kaiser (1,2) 
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Presenting author:  Christopher Thornton(c.thornton@ncl.ac.uk) 

Parvalbumin-expressing, fast-spiking interneurons (PVINs) are a subset of GABAergic interneurons 
thought to provide the bulk of the inhibitory restraint in cortical circuits. They are particularly 
sensitive to injury and death caused by increased extracellular glutamate.  Rat brain slices 
prepared using a schedule one protocol in regular ACSF have been shown to contain fewer PVINs 
and be more prone to the generation of epileptiform activity when incubated in a magnesium free 
artificial cerebral spinal fluid (ACSF-Mg0) in vitro. In contrast, slices prepared using transcardiac 
perfusion of sucrose based (sACSF) demonstrate a more intact inhibitory microcircuit and are less 
likely to display epileptiform activity upon application of ACSF-Mg0.  Using a biologically plausible 
computational model of entorhinal cortex and the Virtual Electrode Recording Tool for 
EXtracellular potentials (VERTEX)1 we will investigate the effect that the loss of PVINs has on the 
excitability of the network and the local field potentials (LFPs) recorded virtually. These will be 
compared with in vitro recordings of LFPs in rat entorhinal cortex prepared using regular ACSF and 
using sucrose based ACSF, which preserves the PVINs. 

1. Tomsett RJ, et al (2014). Virtual Electrode Recording Tool for EXtracellular potentials (VERTEX): 
comparing multi-electrode recordings from simulated and biological mammalian cortical tissue. 
Brain Struct Funct. May 27. 
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trace method 

Christophe B. Michel (1), Gilles Desmadryl (2) & Bruce P. Graham (1) 

1. Computing Science & Mathematics, School of Natural Sciences, University of Stirling, Stirling, 
FK9 4LA, UK 

2. Institut National de la Sante et de la Recherche Medicale, Unite Mixte de Recherche 1051, 
Institut des Neurosciences de Montpellier, 34091 Montpellier, France 
 

Presenting author: Christophe B. Michel(cmi@cs.stir.ac.uk) 

A computational study of neuronal activity requires good identification of the ionic conductance 
parameters that shape the electrical excitability of the cellular membrane. Ideally, the 
conductances are pharmacologically isolated in order to identify their individual magnitude and 
time constant parameters. Unfortunately, in some cases, pharmacological tools do not exist and 
the biological discrimination of the effects of different conductances is impossible. This is the case, 
in particular, for the hyperpolarization activated cation current (Ih), known to be the resultant of 
fast and slow components [1][2] but without any information about their respective voltage 
dependent activation. 

The aim of this study is, first, to test the ability of a known parameter identification algorithm, the 
full trace method, initially proposed for sodium current parameter identification [3], in extracting 
correct parameter values in the new context of two ionic conductance components and, second, 
by applying the algorithm on vestibular ganglion Ih current recordings, to highlight individually the 
role of both components, testing the identified Ih conductance models in a spiking neuron model. 

In summary, we shown the full trace method is able to discriminate two populations of ionic 
currents much more accurately than a more classical method. This algorithm permitted the 
parameter identification of the mouse vestibular Ih current fast and slow components. We added 
the identified current models to a Hodgkin-Huxley type auditory neuron model [4], this showed 
first, the fast component induces the firing of only one rebound action potential after inhibitory 
stimulation whatever its duration or amplitude; second, the slow component induces firing of a 
number of rebound action potentials correlated to both stimulation duration or amplitude in 
control conditions and specializes to the stimulation amplitude in the presence of cAMP, an 
intracellular cyclic nucleotide that modulates Ih channel activity in the auditory pathway [2]. 

[1] Chen, C., 1997. Hyperpolarization-activated current (Ih) in primary auditory neurons. Hear. Res. 110, 
179–190. 

[2] Yi, E., Roux, I., Glowatzki, E., 2010. Dendritic HCN channels shape excitatory postsynaptic potentials at 
the inner hair cell afferent synapse in the mammalian cochlea. J. Neurophysiol. 103, 2532–2543. 
doi:10.1152/jn.00506.2009. 

[3] Willms, A.R., Baro, D.J., Harris-Warrick, R.M., Guckenheimer, J., 1999. An improved parameter 
estimation method for Hodgkin-Huxley models. J. Comput. Neurosci. 6, 145–168. 

[4] Rothman, J.S., Manis, P.B., 2003. The roles potassium currents play in regulating the electrical activity 
of ventral cochlear nucleus neurons. J. Neurophysiol. 89, 3097–3113. doi:10.1152/jn.00127.2002. 
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The nervous system consumes a substantial proportion of the energy produced by the full body 
(Harris et al., 2012). Much of this energy consumption results from Na+ entering a neuron to 
produce action potentials (AP), which then needs to be pumped out again by the Na/K-ATPase, 
consuming ATP. 

In parallel to metabolic requirements, a lot of control mechanisms act to tune ion channel activity 
to neuronal function. In particular, nitric oxide (NO) modulates target neuron excitability (Na+ 
channels) and switches the AP repolarization from Kv3 to Kv2 potassium channels (Steinert et al., 
2011). This change also increases the neuronal maximal frequency firing in MNTB neurons in the 
auditory brainstem. 

The aim of this work to is increase our understanding of the relationship between 
neuromodulation and the metabolic cost of neural activity. We have built a computational model 
of MNTB auditory brainstem neurons, taking account of their modulation by NO, and describing 
the glycolysis and mitochondrial activity in response to ATP demands from the Na/K-ATPase 
following an AP (Cloutier and Wellstead, 2010). Model outputs are compared between (1) the 
baseline (control) condition, (2) following increased NO levels, and (3) in other hypothetical 
conditions that allow examination of the contribution of particular ion channel types. 

NO modulation reduces postsynaptic AP failures during high frequency stimulation, by 
potentiation of the Kv2 channels (Steinert et al., 2011). Our results show this is metabolically 
costly, but also that the parallel down-regulation of Na channels decreases the global metabolic 
cost. In addition, the model demonstrates that reduction of all ion channel densities can increase 
metabolic efficiency while still allowing AP generation. 

Cloutier, M., Wellstead, P., 2010. The control systems structures of energy metabolism. J. R. Soc. 
Interface R. Soc. 7, 651 665. doi:10.1098/rsif.2009.0371 

Harris, J.J., Jolivet, R., Attwell, D., 2012. Synaptic energy use and supply. Neuron 75, 762–777. 
doi:10.1016 / j.neuron. 2012.08.019 

Steinert, J.R., Robinson, S.W., Tong, H., Haustein, M.D., Kopp-Scheinpflug, C., Forsythe, I.D., 
2011. Nitric oxide is an activity dependent regulator of target neuron intrinsic excitability. Neuron 
71, 291–305. doi:10.1016/j.neuron.2011.05.037 
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Rewards and punishments play a major role in human motivation, decisions and learning. While 
the effects on decision making and learning have been well studied, motivation has been more 
elusive. A normative theoretical account based on reinforcement learning (Niv et al. 2005) has 
suggested that the rate of expected rewards should modulate movement vigour. As more rewards 
are available in the environment subjects should increase their movement vigour, an idea 
confirmed by experimental testing (Guitart-Masip et al. 2011). It was furthermore hypothesised 
that this modulation could be encoded through tonic dopamine levels in the basal ganglia, as 
supported by a recent finding that administering L-Dopa to subjects caused a specific increase in 
the effect of the reward rate on subjects’ movement vigour (Beierholm et al. 2013).  

Punishment in contrast has been hypothesised to have an opposite effect; larger rates of 
punishment should cause a subject to slow down to postpone future punishments (Cools et al. 
2011), a modulation possibly encoded by tonic serotonin. 

We presented subjects with an initial monetary endowment (£10) and instructed them to act fast 
in a perceptual odd-one-out task in order to avoid losing part of their endowment. The rate of 
potential punishment for slow responding fluctuated over time, creating a variable rate of 
punishment. Reaction times, the inverse of the effective vigour, were explained through a linear 
model that took account of several regressors including potential punishments, rate of 
punishment, and inter-trial intervals.  

We found that subject response times were modulated by the rate of punishment so that larger 
rates of punishment caused subjects to slow down, exactly opposite of the finding for providing 
rewards on the same task. These finding are in accordance with model predictions and provide 
further support for the idea of movement vigour being regulated through normative mechanisms. 
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Action selection is one of the fundamental operations that a brain must perform. In the vertebrate 
brain there is evidence that a small, evolutionarily primitive, group of sub-cortical nuclei called the 
basal ganglia play a critical role in action selection [1]. Here we present a computational model for 
how mappings between actions and their associated movements may be learnt and stored, based 
on synchronisation between oscillatory neuronal populations and inspired by the hypothesised 
structure of the basal ganglia. 

The model is organised in a hierarchical fashion. The lowest unit of consideration is a “micro- 
channel”, which comprises an excitatory and inhibitory pair of neuronal subpopulations (modelled 
according to the Wilson-Cowan equations). These subpopulations represent groups of neurons 
within the subthalamic nucleus (STN) and external globus pallidus (GPe) in the basal ganglia, 
respectively. A single micro-channel cannot generate oscillatory activity [2], but an inhibition- 
coupled pair of them can [3], with a frequency that depends on inhibition strength. We construct 
star-like networks of such pairs, and refer to each star as a “channel”, where the intrinsic 
frequencies of each pair vary smoothly across a channel. Synchronising the central element of each 
channel to a particular frequency, selects subsets of peripheral elements via partial 
synchronisation. We describe a mechanism by which associations between frequencies (actions) 
and micro-channel selections can be learned. 

 

[1] Redgrave P, Prescott TJ, Gurney K: The Basal Ganglia: A vertebrate solution to the selection 
problem? Neuroscience 1999, 89(4). 

[2] Nevado Holgado AJ, Terry JR, Bogacz R: Conditions for the generation of beta oscillations in 
the subthalamic nucleus–globus pallidus network. J Neurosci 2010, 30(37). 

[3] Merrison-Hort RJ, Yousif N, Njap F, Hofmann UG, Burylko O, Borisyuk R: An Interactive 
Channel Model of the Basal Ganglia: Bifurcation Analysis under Healthy and Parkinsonian 
Conditions. J Math Neurosci 2013, 3(14). 
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The striatum is the primary input nucleus for the basal ganglia, and receives glutamatergic 
afferents from the cortex. Under the hypothesis that basal ganglia perform action selection, these 
cortical afferents encode potential 'action requests'. It has previously been believed that selection 
of a particular action could be explained by mutual inhibition between GABAergic medium spiny 
neurons (MSNs) enforcing a ‘winner-takes-all’ outcome for the action channel of greatest salience. 
However, this account does not explain the ability of the striatum to perform clean, rapid 
switching between distinct actions that form part of a learned action sequence (Plenz, 2003, 
Trends in Neurosciences). 

Substance P (SP) is a neuropeptide co-released with GABA in MSNs preferentially expressing D1 
dopamine receptors. SP has a facilitatory effect on subsequent glutamatergic inputs to target 
MSNs, suggesting an additional co-operative function for the MSN network. Additionally, blocking 
the action of SP in the striatum is known to affect behavioural transitions. It has therefore been 
suggested that the release of SP may boost the effective salience of inputs to target MSNs and 
allow for rapid switching between actions in an action sequence. 

The current research uses a computational model of a core GABAergic striatal microcircuit to show 
that switching between actions in a sequence takes place more efficiently in a model with 
patterned SP connectivity. Specifically, for an action sequence of the form A-B, the model shows a 
selection advantage for a structured projection scheme in which SP is released from MSNs 
encoding action A that project to MSNs representing action B. This supports the hypothesis that SP 
plays a role in action sequence generation and suggests that formation of directional SP 
projections may be part of action sequence automatisation. 
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The olfactory circuit of the fruit fly can learn to distinguish thousands of unique odours and store 
the valence of these odours presumably in the synaptic connections at later processing stages 
(Heisenberg M, Nature Rev Neurosci, 2003). Recent experiments have shown that the firing rates 
of a small set of neurons at the output of the olfactory circuit are correlated with learned approach 
or retreat behaviour in a T-maze reinforcement learning task (David Owald et al., under review, 
2015; Aso Y et al. eLife, 2015). There is evidence that the learning process is gated by dopaminergic 
neurons (Waddell S, Curr. Opinion in Neurobiol, 2013). However the process by which dopamine 
helps encode the valence of an odour is still unclear. Here, we introduce a rate model of the fruit 
fly olfactory circuit to study dopamine mediated learning. Based on a previous model (Luo and 
Abbott, PNAS, 2006) and published firing rate responses to 110 different odours (Hallem et al., 
Cell, 2006), we introduce a reward modulated synaptic plasticity rule to provide a circuit level 
account of behavioural and electrophysiological data. We show that our model can reproduce the 
firing rates of output neurons that have been observed in reward based experiments. Our results 
suggest that a single output neuron can learn to decode the valence of a given odour with high 
specificity. We propose that the sparse coding used by the fly to store memories of odours is an 
efficient coding mechanism that enables output neurons to store the valance of an odour in a non-
overlapping manner. The olfactory circuit of the fruit fly shares striking similarities with the 
olfactory bulb in mammals (Masse NY et al, Current Biology, 2009). Thus our work is a step 
towards a better understanding of how olfactory processing and reward modulated learning works 
across different species.  
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Cochlear implants provide a degraded input to the auditory system. Despite this, cochlear implant 
users are able to discriminate speech sounds with a degree of accuracy comparable to that of 
normal hearing listeners in favourable listening conditions. The neural basis of this phenomenon is 
not well understood. 

A set of vowel-consonant-vowel phoneme sequences, each produced by multiple talkers, were 
parametrically degraded using a noise vocoder. Single- and multi-unit neuronal responses were 
recorded in the inferior colliculus and auditory cortex of the guinea pig, and auditory nerve 
responses were generated using a computational model. The discriminability of these responses 
was quantified using a novel nearest neighbour classifier. 

When envelope modulations were severely band-limited, classifier performance was qualitatively 
similar to that of human listeners for all brain regions. However, in the auditory nerve and the 
midbrain, the preservation of high rate envelope cues enabled the near perfect discrimination of 
speech tokens even for heavily spectrally degraded speech. High rate envelope cues do not appear 
to increase discriminability of cortical representations. 

High   rate   envelope   cues, represented   up   to   the   midbrain, are useful for discriminating 
speech tokens.  However, qualitatively more consistent with perception, high rate envelope cues  
do  not  contribute  to  the  discriminability  of cortical   neural   responses.   The optimal   
timescale   of   the   neural   code   for discriminability also depends on the brain region and the 
degree of degradation of the stimuli. 
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Two dimensional neural field models with linear spike frequency adaptation (1) and (2) are known 
to support wide range of patterns of spatio temporal activity of the brain. These patterns include 
spots, associated with working memory, as well as more sophisticated self-sustained spiral wave 
patterns, usually linked to sleep-like states and pathological conditions such as hallucinations and 
epileptic seizures. The model of integro-differential equations is 

 𝝏𝝏𝝏𝝏(x, 𝒕𝒕)
𝝏𝝏𝒕𝒕

= −𝝏𝝏(𝐱𝐱, 𝒕𝒕) + �𝑤𝑤(|𝐱𝐱 − 𝐱𝐱′|)𝑓𝑓(𝑢𝑢(𝐱𝐱′, 𝑡𝑡) − ℎ)𝑑𝑑𝐱𝐱′ − 𝑎𝑎(𝐱𝐱, 𝑡𝑡)
𝑺𝑺

 
(1) 

 𝜏𝜏
𝜕𝜕𝑎𝑎(𝐱𝐱, 𝑡𝑡)
𝜕𝜕𝑡𝑡

= 𝑏𝑏𝑢𝑢(𝐱𝐱, 𝑡𝑡) − 𝑎𝑎(𝐱𝐱, 𝑡𝑡)  
 

 
(2) 

where 𝑆𝑆 is a disk of finite radius or a square domain. We are also concerned with similar neural 
field model to study the dynamics of spiral wave and spot solutions, despite for a Heaviside firing 
rate function. 

The patterns in the integro-differential equation system are naturally defined by the interface 
between low and high states of neural activity, rather than the more computationally expensive 
space-time model. Dimensionally reduced system of equations can be derived using a recent inter- 
face approach, which leads a closed curve in two dimensional systems. Differentiating the level set 
𝑢𝑢(𝐱𝐱, 𝑡𝑡) = ℎ along the contour allows us to obtain normal velocity, 𝑐𝑐𝑛𝑛 ≡ 𝐧𝐧. 𝑑𝑑𝐫𝐫

𝑑𝑑𝑑𝑑
= 𝓕𝓕(𝑐𝑐𝑛𝑛)

|𝓕𝓕(𝐧𝐧)|
 , where 𝐫𝐫  is a 

point on domain boundary. Using the Reynold’s transport theorem, after dropping transients, we 
find the equation for interface dynamics in terms of line integrals: 

 

 

 
ℱ�𝑧𝑧(𝑠𝑠, 𝑡𝑡)� = � 𝑑𝑑𝑡𝑡′𝜂𝜂(𝑡𝑡′) � 𝑑𝑑𝑠𝑠′𝑤𝑤(|𝐫𝐫(𝑠𝑠, 𝑡𝑡) − 𝐫𝐫(𝑠𝑠′, 𝑡𝑡′)|)𝑧𝑧(𝑠𝑠′, 𝑡𝑡 − 𝑡𝑡′)

𝜕𝜕Ω(𝑑𝑑−𝑑𝑑′)

𝑑𝑑

0
 (3) 
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A large body of theoretical work has shown how dendrites increase the computational capacity of 
neurons. This work predicted that synapses active together should be close together in space, a 
phenomenon called synaptic clustering. Experimental evidence has shown that, in the absence of 
sensory stimulation, synapses nearby on the same dendrite can coactivate more than would be 
expected by chance. Synaptic clustering, however, is far from ubiquitous: other groups have 
reported that nearby synapses can respond to different features of a stimulus during sensory 
evoked activity so that synapses tend to activate in a scattered fashion across multiple dendrites. 
To unify these state dependent experimental results, we use a computational framework to study 
the formation of a synaptic architecture — a set of synaptic weights — and its function. We 
present the conditions under which a neuron can learn such synaptic architecture: (1) presynaptic 
inputs are organized into correlated groups of neurons; (2) the postsynaptic neuron is 
compartmentalized; and (3), the synaptic plasticity rule is local within a compartment. Importantly, 
we show that given the same synaptic architecture, synaptic clustering is expressed during 
learning, whereas synaptic scattering is present under evoked activity. This allows sensory 
neurons’ responses to be sparse. Interestingly, reduced dendritic morphology, a hallmark of 
several diseases, leads to, in our model, a pathological hyperactivity. This work therefore unifies a 
seemingly contradictory set of experimental observations: we demonstrate that the same synaptic 
architecture can lead to synaptic clustering and scattering, and therefore both properties can co-
exist in the same neuron.  
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Sensation is active. Animals gain information about their environment by active control of their 
sense organs. The aim of this study was to address a fundamental question in sensory 
neuroscience - what input do the sense organs provide to the brain during active natural 
behaviour?  

To this end, we recorded extracellularly the activity of well-isolated, single whisker primary 
somatosensory neurons (PSNs) from awake, head-fixed mice as they explored an object with their 
whiskers. Simultaneously, we measured whisker movements and shape using high speed 
videography (1000 frames/s, total 1.5M frames).  We extracted key sensory parameters (whisker 
angle, whisker curvature, whisker-object contact) using a semi-automatic, custom tracking 
algorithm.  

We found that 90% of units responded to touch and/or to whisking. To determine the sensory 
parameters that drive the PSN response, we used a Generalised Linear Model (GLM) approach.  
We fitted GLMs to each unit and tested how accurately the response was predicted based on a 
variety of sensory inputs.  Strikingly, we found that neural responses were often accurately 
described by a simple GLM, the key input to which was a rotational force (bending moment) on the 
whisker follicle (correlation coefficient between recorded and predicted response up to 0.85). 
Conversely, whisker angle was a poor predictor.  This unexpected result is in contrast to previous 
descriptions of angle-encoding derived from passive stimulation in anaesthetised rodents.  
However, we were able to reconcile these observations by taking into account correlations 
between bending moment and whisker angle.  

In conclusion, we have determined, in awake behaving animals, sensory features that play a major 
role in driving the activity of whisker primary somatosensory neurons.  These features are different 
to those previously derived from work in the anaesthetised animals and thereby shed substantial 
new light on the nature of active sensation. 
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While the expression locus of long-term synaptic plasticity has been debated for decades, there is 
increasing evidence that it is both pre- and postsynaptically expressed (Padamsey and Emptage, 
Philos Trans R Soc 2014). However, the functional role of this segregation remains poorly studied, 
and most plasticity models do not incorporate presynaptic expression. We introduce a novel 
phenomenological model of spike-timing-dependent plasticity (STDP) that unifies pre- and 
postsynaptic components. Our unified model captures the presynaptic aspects of STDP and the co-
modification of short and long-term synaptic plasticity, consistent with a wide range of 
experimental results from rat visual cortex (Sjöström et al., Neuron 2001 and 2003). Functionally, 
this unified STDP rule develops receptive fields with improved reliability, as has been observed in 
rat auditory cortex in-vivo (Froemke et al., Nat Neuro 2013). In addition, this unified model enables 
fast relearning of previously stored information, in keeping with the memory savings theory 
(Ebbinghaus, Leipzig: Duncker & Humblot 1885), which refers to rapid relearning through hidden 
storage of forgotten but previously acquired memories, and suggests an explanation for visual 
cortex in-vivo structural plasticity results (Hofer et al., Nature 2008). Thus our work shows that 
unified pre- and postsynaptic STDP leads both to improved discriminability and more flexible 
learning. 
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Devising physiologically relevant and biologically sound computational models of neuronal 
networks of the brain has proved to be an enduring challenge. The development of   machine   
learning, statistical   techniques, and   advancements in computational paradigms have allowed for 
the study of firing statistics and connection possibilities of neural architecture. Most studies have 
focused on using models of uniform random sparse network architectures to fit experimental 
datasets of electrophysiological recordings in vitro. C. Tomm et al (2014) showed that 
computational models with varied degree distributions and synaptic weight correlations could 
provide a better fit to in vitro datasets. However, much less is known about neuronal circuit 
models of synaptic connectivity and transmission in vivo. Differences in intrinsic network dynamics, 
and in the activity levels of specific inhibitory and neuromodulatory cell populations heavily affect 
the deduced synaptic architecture. Using the fitting and parameter estimation procedures of C. 
Tomm et al (2014), we create biologically sound computational models that give rise to the 
experimental results of in vivo dataset by A. Pala et al (2014). They observed layer 2/3 of mouse 
barrel cortex characterizing synaptic connectivity and transmission of single-cell optogenetically 
stimulated glutamatergic neurons onto parvalbumin-expressing (PV)  and  somatostatin-expressing 
(Sst)  GABAergic  neurons. 

Our computational models include ~5,000 integrate-and-fire neurons, each classified as 
glutamatergic excitatory, PV inhibitory, or Sst inhibitory, matching the experiment. By creating a 
model matching the observed results in the experimental research, we infer values for significant 
but hard-to-measure parameters underlying the neural networks in vivo, serving as a 
methodological framework for understanding the theoretical underpinnings of neural circuit 
architecture. 

1.   Tomm, C., Avermann, M., Petersen, C., Gerstner, W., & Vogels, T. P. (2014). Connection-type-
specific biases make uniform random network models consistent with cortical recordings. Journal 
of neurophysiology, 112(8), 1801-1814. 

2.   Pala, A., & Petersen, C. C. (2015). In Vivo Measurement of Cell-Type-Specific Synaptic 
Connectivity and Synaptic Transmission in Layer 2/3 Mouse Barrel Cortex. Neuron, 85(1), 68-75. 
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Working memory is responsible for the temporary manipulation and storage of information to 
support reasoning, learning and comprehension. During working memory tasks, modulation of 
different frequency band oscillations has been observed; however, a full explanation of this 
phenomenon is still needed. Background oscillations coming from subcortical structures drive a 
gating-like mechanism for working memory computations or states. It is also known that different 
frequency bands are associated with different computations carried out by working memory. Three 
well-known examples of this are: the storage of new information correlates positively with 
oscillations in the beta–gamma band, theta-band oscillations are directly linked to maintenance of 
information while ignoring irrelevant stimulations, and clearance of memory is associated with 
alpha-band oscillations. We propose a computational framework for the cerebral cortex that 
connects individual oscillatory bands to different working memory processes. The analysis is applied 
to cortex pyramidal neurons. By using point-neuron models, we investigate how different frequency 
bands act like a gate mechanism and how this mechanism enables different working memory 
computations to take place. For the simulations, we consider a population of both excitatory and 
inhibitory neurons. In order to have more realistic results, synaptic plasticity is also included. The 
effect of background oscillations is tested by delayed matching to sample task (DMS). DMS is a 
cognitive task which is mostly used in short-term memory studies to test loading, maintenance and 
clearance properties of the system. We show that flexible control of subcortical oscillations can drive 
working memory into different computations, and different responses will be obtained for different 
oscillation frequencies. 
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Frequency selectivity describes the ability to resolve the individual frequency components in sound, 
and is a fundamental feature of hearing. It is crucial for most auditory tasks such as identifying 
sounds, separating auditory objects, and understanding speech. The ability of the auditory system as 
a whole can be measured through the behaviour of a subject, whereas the ability of neurons, or 
populations of neurons, can be measured by observing their spiking activity. Traditionally the 
methods used to measure frequency selectivity perceptually and neurally are so different that 
results are incomparable. Consequently the link between the two modalities is still poorly 
understood. 

In an attempt to bridge the gap between the two approaches, we measured the frequency 
selectivity of single- and multi-units in the primary auditory cortex and midbrain of the guinea pig, 
using a model typically associated with behavioural measurements; the Power Spectrum model. The 
ability of midbrain neurons was found to match previous behavioural measurements in the guinea 
pig very closely, as well as neural measurements made more peripherally using a significantly 
different approach. In contrast, units in the auditory cortex with a high characteristic frequency (CF) 
had better frequency selectivity, or sharper tuning, than the animal as a whole, and the preceding 
auditory brain regions. This would suggest that the ability to resolve frequency improves along the 
auditory system, but is then combined using sub-optimal coding to produce a perceptually poorer 
representation. Another possible explanation is that the Power Spectrum model, which assumes 
linearity, is not appropriate for measuring frequency selectivity in cortical neurons. The question 
then arises, whether another model can better predict the data. 
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The behaviour of neuronal circuits is mediated by underlying biophysical processes, namely ion 
channel dynamics1. Thus, a key component in describing the mechanisms by which these circuits 
function is through an understanding of how ion channel dynamics lead to interesting properties in 
single neurons and in networks. In the biophysical modelling literature, there is an abundance of 
published ion channel models used in simulated neurons, often also available on web archives like 
modelDB2.  However, it can be quite difficult to determine which channel models are most 
appropriate for a specific neuronal simulation at hand.  Their family relations, i.e., how an ion 
channel model was derived or inspired from another model, are often opaque, and assessing their 
similarity to each other and also to experimental data is time consuming. We have performed an 
exhaustive literature search to catalogue the presumed channel type, pedigree, and various other 
relevant information about existing ion channel models coded in the NEURON language. 
Additionally, we tested the physiological performance of each channel in standardised voltage clamp 
protocols from which we derived a benchmark similarity measure between model channels. We 
visualise family relations between various channels by creating genealogical trees and by using 
clustering methods. We then created a buffet- style database that lists all available reference 
information for each of the over 2000 available channel models. The database will bring order to the 
existing jungle of available ion channel models. It allows for maintenance, documentation, and easy 
access of currently existing models and, importantly, the integration and evaluation of new ion 
channel models in the future. 

1  Marder E & Goaillard JM (2006). Variability,  compensation and homeostasis in neuron and 
network function. Nat. Rev. Neuro. 7, 563-575. 

2 Hines ML, Morse TM, Migliore M, Carnevale NT & Shepherd GM (2004). ModelDB: A Database to 
Support Computational Neuroscience. J. Comput. Neurosci. 17, 7-11. 
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Pattern decorrelation and the separation of signal from noise are defining aspects of several sensory 
circuits. In a recent study of the zebra finch auditory stream, Schneider and Woolley (2013) reported 
a population of higher-order auditory cortex cells—broad spiking units of the caudomedial 
nidopallium (NCM)—that responded to specific sets of zebra finch songs, exclusively when the songs 
were played at intensities that permitted behavioural recognition against background noise. Here we 
describe a spiking model of the broad-spiking NCM cells (and accompanying circuit) that accurately 
replicates the sparse firing rates, selectivity patterns, and signal-to-noise dependences observed in 
vivo. Using leaky integrate-and-fire neurons as outputs and the physiologically recorded primary 
auditory cortex trains from Schneider and Woolley (2013) as templates for input ensembles, we 
demonstrate that the implementation of inhibitory synaptic plasticity in a feedforward inhibitory 
module with a dynamic spiking threshold is sufficient to produce the selective, non-linear receptive 
fields necessary for cell-song specificity and behaviourally relevant firing patterns. Notably, the 
model recreates a linear increase in output firing rate as a function of the signal-to-noise ratio—but 
not of the input firing rate—in a manner that is consistent with both the biologically recorded NCM 
firing patterns and the behavioural variables relevant to signal extraction. We also describe 
preliminary evidence regarding multiple impinging signals (songs) and the embedding of these 
feedforward modules in larger networks with lateral connectivity. 
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Pitch is a fundamental attribute of auditory sensation underlying the perception of complex sounds. 
However, understanding the neurophysiological mechanisms of pitch cortical processing is a 
challenging task. In this study we propose a novel approach for explaining neuro- computational 
aspects of pitch processing by combining a biophysical model of the peripheral auditory system with 
an ensemble model using realistic neural and synaptic parameters; for the first time to our 
knowledge. 

The model consists of three stages. First, the model of the auditory periphery transforms the input 
stimuli into temporal patterns of auditory nerve activity. Second, an autocorrelation process 
generates a spectro-temporal representation of the activity. These two stages had been widely used 
in the literature and are supported by perceptual and neurophysiological data localising such 
processes in sub-cortical areas. 

In the third step, the pre-cortical model response is processed by an ensemble of cortical 
populations parametrised by a preferred frequency value. These ensembles effectively integrate the 
signal into a stable representation of the perceived pitch, in resemblance with similar studies in 
perceptual integration of visual stimuli. The population model stems from a mean field 
approximation of a network of spiking neurons, further simplified such that the population dynamics 
are dominated by NMDA receptors. This simplification yields to a network architecture with 
recurrent self-excitations and effective inhibitory currents between populations. 

In the current study we found that the optimal connectivity between ensembles naturally encodes a 
harmonic structure which is critical for the successful processing of the missing fundamental pitch of 
complex tones. Remarkably, our pilot results show that the trends of the gating variables of the 
populations seem to reproduce the N100m morphology of auditory evoked fields measured using 
MEG recordings; which has been directly associated to the perceived pitch. 
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At the single cell level, neurons typically exhibit an all-or-nothing response, dependent on the 
summation of input currents they receive from the rest of the network. Due to far reaching 
processes, neurons can form connections with distant parts of the network, allowing for rapid 
communication across long distances. 

Certain neural systems show computation through patterned activity: persistent localised activity, in 
the form of bumps, has been linked to working memory, whilst the propagation of activity in the 
form of waves has been associated with binocular rivalry tasks. The assumption of infinitely fast 
synapses allows for the replacement of firing patterns with firing rates, resulting in a neural field 
model that is amenable to perturbative analysis. This description of the network averages out 
fluctuations in both space and time, ignoring these small scale effects. Our aim is to perform analysis 
on a network that retains these small scale effects, but whose large scale effects can be predicted in 
an analogous way to neural field models. 

We present analysis of a network of minimal three-state neurons whose transitions are probabilistic. 
By taking appropriate limits, we demonstrate the existence and compute stability of spatiotemporal 
patterns of activity across the network. We then go on to show how coarse-grained analysis can be 
used to construct bifurcation diagrams for the network when these limits are relaxed and show how 
these can be used to reduce the complexity of the dynamics. 
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Making sense of the world requires integration of sensory patterns and sequences over time. For 
example, recognising a song or deciphering speech requires the identification and classification of a 
stream of vibrations.  Interestingly, humans automatically learn unpredictable noise patterns even 
when not explicitly asked (Agus et al., 2010).  Despite the central importance of sequence selectivity 
to sensory function, little is known about its substrates in the brain. To investigate, we developed a 
whisker-based sensory discrimination task in a go/no-go paradigm.  First, we trained head-fixed mice 
to detect an 800 ms pseudo-random white noise sequence delivered to a single (C2) whisker.  This 
sequence was composed of 8 x 100 ms 'syllables' of different amplitudes.  Upon learning, a simple 
square wave vibration was added to serve as a no-go sequence.  The no-go sequence was made 
progressively more complex until it became identical to the go stimulus apart from that the order of 
the syllables was scrambled.  Mice were able to discriminate the two sequences with a success rate 
of 70%.  We are currently performing an electrophysiological characterisation of S1 to locate the site 
and the potential cortical computations involved in sequence recognition. 
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We combine experimentally verified models of neocortical-neuron voltage dynamics and network 
connectivity to derive a set of equations that describe the activity at a tissue scale. The resulting 
equations represent a neuronal field theory in which emergent properties at the coarse-grained 
level can be causally linked to the physiology of cellular and sub-cellular components. The 
description is mathematically tractable and can be elaborated to include further biophysical details 
such as multiple neuronal populations to capture the structure of the component microcircuits, 
synaptic dynamics and filtering as well as distance-dependent delays in signal propagation. For 
spatially homogeneous afferent drive the firing rate can be straightforwardly obtained together with 
the network response to weak spatio-temporal modulations of the afferents via a perturbative 
approach. For the spatially heterogeneous non-linear regime that the network is pushed into under 
stronger drive, we construct an iterative scheme that rapidly converges to the network firing-rate. 
The utility of the approach is illustrated using examples from the experimental literature. 
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We present a neurocomputational model to explore the neural circuitry that underlies cognitive 
processing of associative relationships. The Remote Associates Test (RAT) is widely used in 
experimental psychology to assess verbal creative thinking [1]. The test taker is given a list of word 
triplets (the cues) and instructed to find a fourth word (the target) that links the triplet. An example 
of a RAT item is the word triplet “fish, mine, rush” with the target word “gold”. Cue words presented 
separately usually elicit associations with numerous words, but since their combination triggers a 
thought of a specific word, it is said that the target word is remotely associated. Several studies have 
addressed the cognitive search process in RAT ([2, 3]), but without references to possible neural 
mechanisms. 

Here, we propose an attractor neural network based on neurons and Hebbian cell assemblies (CAs) 
to explain these mechanisms. The activities of neurons in assemblies encode representations of 
words and define the network states. Transitions among the states are possible through hetero-
associative synaptic connections between CAs. To simulate the phenomena observed in the RAT 
task, we introduce a minimal set of inhibitory mechanisms ([4], [5]). They regulate the activity of 
background cell assemblies and introduce the winner-take-all behaviour. We present preliminary 
simulations of the search process in a space of associated concepts and analyse the dynamics of the 
network, in order to determine the conditions that allow the existence of remote associates. 

[1] Mednick, S. A. 1962. The associative basis of the creative process. Psychological Review: 
220–232 

[2] Smith, K. A., Huber D. E., Vul E. 2013. Multiply-constrained semantic search in the Remote 
Associates Test, Cognition, 128.1: 64-75 

[3] Gupta N., Jang Y., Mednick S. C., Huber D. E. 2012 The Road Not Taken:  Creative Solutions 
Require Avoidance of High-Frequency Responses.  Psychological Science 23: 288-294 

[4] Wennekers, T. and Palm, G. 2009. Syntactic Sequencing in Hebbian Cell Assemblies. 
Cognitive Neurodynamics 3.4: 429-441 

[5] Itti, L. and Koch, C. 2001 Computational Modelling of Visual Attention, Nature Reviews 
Neuroscience 2. 3: 194-203 
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Animals are able to recognize which events or stimuli are important for their survival and which are 
not: they learn to properly react to specific inputs, by selecting not only the right actions but also in 
the right order and time. Reinforcement Learning (RL) algorithms are commonly used as a learning 
paradigm to explain how animals are able to respond in complex environments. In RL, the agent 
changes its behavior according to experience collected during the exploration of the world: action 
sequences are learnt given event-based state-transitions related to both the what and when of an 
animals’ changing world. Animals however are continuously sampling the environment and have to 
learn both what and when themselves. To determine the when is problematic in RL, in particular 
when modeling reaction- times: observations either have to be sampled often, corresponding to 
many state-transitions (which is hard to learn), or at a coarse temporal resolution, at the expense of 
accurate reaction times. 

In this work, a continuous time version of a biologically plausible neural RL model – AuGMEnT – is 
combined with an appropriate Basal Ganglia model of action-selection, such that it can learn fast, 
real-time responses in complex delayed reward tasks. AuGMEnT uses selective attention and 
neuromodulatory signals to learn sensory representations, and can efficiently solve non-linear RL 
problems, including working memory tasks, in a SARSA RL learning scheme. Our main contribution is 
that we generalize this biologically realistic architecture into continuous time. The action-selection 
model controls action execution, by keeping a selected action active for a minimal amount of time. 
The resulting framework models time as an intrinsic property of RL tasks, mapping to well-studied 
phenomena as reaction-times and the neural activity time-courses. Thus, this plausible neural RL 
model can learn to account for both what need to be done and when to do. 
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Electrophysiology of the central nervous system in humans is typically limited to non-invasive 
recordings of large populations of neurons. By using animal models we can increase the resolution of 
these recordings down to the single neuron level but it is not currently well understood how to 
directly relate the recordings of evoked potentials to firing behaviours at the single unit level, 
especially when comparing results between species. 

Adaptation, the reduction in neural responses to repeated stimuli, is a ubiquitous phenomenon 
throughout human and animal sensory systems and is an important aspect of sensory neural coding. 
We have used this phenomenon, running comparable studies of adaptation in humans and in awake 
and anaesthetised guinea-pigs, to allow an inter-species comparison, a comparison of simultaneous 
recordings from multiple neural scales and an investigation into the effects of anaesthesia on 
population processing. 

Pure tone adapter-probe sequences were presented and the resultant auditory evoked potential 
(AEP) amplitudes analysed, quantifying adaptation as the reduction in response size in the adapted 
probe compared to the unadapted response. The human EEG results suggest that adaptation 
progresses on two different timescales: rapid non-specific adaptation, with frequency tuning 
remaining unchanged over repeated tone presentations, and a second slower adaptation which 
sharpens the frequency specificity of AEPs. In comparison, under anaesthesia, guinea-pig EEG, LFP 
and multi-unit responses show only rapid non-specific adaptation and little or modest progressive 
sharpening of frequency selectivity. However, preliminary EEG recordings in awake guinea-pigs 
indicate that adaptation is substantially altered by anaesthesia.   

Our results suggest, in both humans and guinea-pigs, adaptation contributes to refinement of the 
representation of frequency. However, qualitative differences in EEG responses are apparent across 
the two datasets. Future work will investigate the contributions of species differences and 
anaesthesia to adaptation in cortical AEPs and the underlying neural activity. 
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As a result of modern imaging technologies, waves and bumps of neuronal activity have been 
experimentally verified at a variety of spatial scales in the cortex. Spatially localised bumps of activity 
are known to be involved in mechanisms of orientation tuning in the visual cortex, the rat head 
direction system, and working memory. In the turtle visual cortex, the presentation of stimuli has 
been shown to evoke propagating waves of activity. Also, mental processes including sleep and 
binocular rivalry are characterised through waves, as well as neurological disorders such as epilepsy 
and migraines. 

In this poster we study existence and stability of coarse bumps and travelling waves in a bi-stable 
spiking neuronal network originally proposed by Laing and Chow [? ]. The network consists of a set 
of N leaky Integrate-and-Fire neurons with a non-local lateral inhibition connectivity function, 
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Direct numerical simulation show that the model displays a rich repertoire of emergent dynamics 
including: bumps, multi-bumps and travelling waves with variable number of threshold crossing. We 
make a continuum assumption and determine analytical solutions of waves in terms of firing times 
and wave speed, similarly to what was done by Osan et al [2 ]. The approach we use is semi-analytic, 
in the sense that we construct analytically well-posed boundary-value problems in the unknown 
firing times and speed, and then resort to numerical quadrature to compute integrals. We show that 
the analytical waves match the ones found in the discrete network, in the limit N → ∞. We then 
study the bifurcation structure of such waves as the strength and timescale of post-synaptic input 
are varied simultaneously. Stability is analysed by perturbing firing times of the wave and deriving a 
corresponding Evans function. We provide numerical evidence that waves are robust under extrinsic 
noise in neuronal input and random neural connections. 

[1] C. Laing, C. Chow. Stationary Bumps in Networks of Spiking Neurons, Neural Computation, 13, 
1473-1494 (2001). 

[2] R.Osan, et al. Multiple-Spike Waves in a one-dimensional Integrate-and-Fire Neural Network, J. 
Math. Biol, 48, 243-274 (2004). 
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Under natural viewing, the visual scene is characterised not only by local differences in luminance 
over space and time, but also by gradual, high amplitude, modulations in background light intensity 
(irradiance). Although humans perceive slow changes in irradiance, little is known about the neural 
circuits encoding and transmitting such information. We show here that slow irradiance ramps 
induce widespread increases in firing across neurones in the mouse visual thalamus (dLGN) and in 
the retina. This response originates with a particular retinal ganglion cell class (ipRGCs), but 
influences activity widely across the ganglion cell population. In both retina and dLGN, the additional 
spikes at high irradiance improve the reliability of responses to visual contrast (where present). In 
this way, graded increases in firing not only convey information about changing background light 
intensity but also represent a simple new mechanism for scaling resources available to vision and 
producing irradiance-dependent improvements in visual performance.  

 




