
Integrated Systems Neuroscience 2017 Workshop Programme 
7-8th September 2017 

Location: Hulme Hall, University of Manchester 

Day Time Event Notes 
Thursday 
7th 

12:00 – 12:45 Registration 
Tea/Coffee 

Hulme Hall main reception 
Tea/Coffee in Dining Room 
 

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

 13:00 – 14:30 Large-scale dynamics 
Christian Machens (Champalimaud) 
Manuel  Zimmer (IMP) 
 

45 minutes each, including 
questions 

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

 15:00 – 16:30 Cortical dynamics 
Claudia Clopath (Imperial) 
Simon Peron (NYU) 
 

45 minutes each, including 
questions 

 16:30 – 19:00 Posters & reception Posters in Dining Room with 
wine reception  
 

    
Friday  
8th 

9:30 – 11:00 Circuits for moving 
Rune Berg (Copenhagen) 
Megan Carey (Champalimaud) 
 

45 minutes each, including 
questions 

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

 11:30 – 13:00 Hippocampal systems 
Kate Jeffery (UCL) 
Neil Burgess (UCL) 
 

45 minutes each, including 
questions 

 13:00 – 14:30 Lunch In Dining Room 
 

 14:30 – 15:00 Future leaders 
Selected talks from abstracts 
 

2 x 15 minutes 

 15:00 – 16:30 Circuits for deciding 
Tiago Branco (UCL) 
Jonathan Pillow (Princeton) 
 

45 minutes each, including 
questions 

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

 

 



Speaker Titles & Abstracts 
 

Christian Machens 
 

Efficient codes and balanced networks 
 
Abstract: We have come to think of neural networks from a bottom-up perspective.  
Each neuron is characterized by an input/ output function, and a network's  
computational abilities emerge as a property of the collective. While immensely  
successful (see the recent deep-learning craze), this view has also created several  
persistent puzzles in theoretical neuroscience. The first puzzle are spikes, which  
have largely remained a nuisance, rather than a feature of neural systems.  
The second puzzle is learning, which has been hard or impossible without  
violating the constraints of local information flow. The third puzzle is robustness to  
perturbations, which is a ubiquitous feature of real neural systems, but often  
ignored in neural network models. I am going to argue that a resolution to these  
puzzles comes from a top-down perspective. We make two key assumptions. 
First, we assume that the effective output of a neural network can be extracted 
via linear readouts from the population. Second, we assume that a network 
seeks to bound the error on a given computation, and that each neuron's voltage  
represents part of this global error. Spikes are fired to keep this error in check.  
These assumptions yield efficient networks that exhibit irregular and asynchronous  
spike trains, balance of excitatory and inhibitory currents, and robustness to  
perturbations.  I will discuss the implications of the theory, prospects for  
experimental tests, and future challenges. 

 

 

Manuel Zimmer 
 

Mechanisms and Functions of Neuronal Population Dynamics in C. elegans 

Neuronal populations in the brain typically coordinate their activities to generate low dimensional 
and transient dynamics, an operational principle serving many neuronal functions like sensory 
processing, decision making and motor control. However, the mechanism that bind individual 
neurons to global population states are not yet known. Are population dynamics driven by a smaller 
number of pacemaker neurons or are they an emergent property of neuronal networks? What are 
the features in global network architecture that support coordinated network wide dynamics? In 
order to address these problems, we leverage C. elegans as a model, which is a genetically tractable 
organism and the only one with a completely mapped neuronal connectome. We recently developed 
a single cell resolution whole-brain imaging approach and reported low dimensional global brain 



dynamics that represent the animal’s major sequence of action commands. Using these datasets, we 
estimated functional connectivity between neurons participating in global brain dynamics and aimed 
at identifying the relationship between functional and anatomical connectivity. We found that rich 
club neurons, i.e. highly interconnected network hubs, dominate brain dynamics. However, simple 
measures of synaptic connectivity (e.g. connection strength) failed to predict functional interactions 
between these neurons; unlike higher order network statistics that measure the similarity in 
synaptic input patterns. We next performed systematic perturbations by interrogation of rich club 
neurons via transgenic neuronal inhibition tools. Using whole brain imaging in combination with 
computational analyses methods we found that upon inhibition of critical hubs, that leads to a 
disintegration of the network, most other individual neurons remain vigorously active, however the 
global coordination of population dynamics was abolished. Based on these results we suggest that 
neuronal population dynamics are an emergent property of neuronal networks. More specifically, 
while many intrinsically active neurons must have pace maker like properties, the global network 
architecture binds these activities to global population states. Thus, both knowledge about the 
connectome as well as the dynamical properties of neurons is required to uncover the mechanisms 
of neuronal network dynamics. 

This work has been done in collaboration with Kerem Uzel 

 

Claudia Clopath 
 

Beyond STDP: a computational study of plasticity gradients across basal dendrites. 

Synaptic plasticity is thought to be the principal mechanism underlying learning in the brain. The 
majority of plastic networks in computational neuroscience combine point neurons with spike-
timing dependent plasticity (STDP) as the learning rule. However, a point neuron does not capture 
the complexity of dendrites, long branches emanating from the soma allowing non-linear local 
processing of the synaptic inputs. Even more, experimental evidence suggests that STDP is not the 
only learning rule available to neurons. Implementing a biophysically realistic neuron model, we 
wondered how dendrites allow for multiple synaptic plasticity mechanisms to coexist in a single cell. 
Providing a mechanistic explanation of recent experimental results, we show how a local, 
cooperative form of synaptic strengthening becomes increasingly powerful at larger distances from 
the soma, typically depending on dendritic spikes. The cooperative mechanism compensates the 
ineffectiveness of STDP on weak inputs and in distal parts of the dendrites, enhances the flexibility of 
a neuron by gating STDP and allows for novel and robust associative learning schemes. Our work 
predicts that many plasticity rules increase the computational power of a neuron, and their 
implementation in future network models could be crucial to gain a deeper understanding of 
learning in the brain. 

This work has been done in collaboration with Jacopo Bono. 
 



 

 

Simon P. Peron 
The computational role of cortical ensembles 

Ensembles consist of groups of neurons with common tuning that share strong synaptic connections 
relative to the rest of the network.  Despite mounting evidence that ensembles are a defining 
feature of cortical circuits, little is known about their computational role during behavior.  
Theoretical work suggests such densely connected subnetworks can perform pattern completion 
and signal amplification. 

Here, multiphoton ablation in mice performing a tactile decision task is used to target specific 
ensembles in mouse somatosensory and premotor cortices.  Whisker touch representations in 
primary vibrissal somatosensory cortex (vS1) are shown to degrade dramatically following ablation, 
implying that this subnetwork acts to amplify sensory input.  Specifically, ablating a small number 
(~20) of vS1 touch neurons degrades the representation from ~300 to ~200 neurons.  

Signatures of ensembles are observed in two of the three cortical representations probed: vS1 touch 
and premotor licking.  In both cases, responses decline most among spared neurons whose activity 
was correlated with that of the ablated population.  In contrast, vS1 neurons representing whisker 
position show no degradation following ablation.  

These results suggest that only some cortical representations are underpinned by connectivity 
consistent with ensembles, and that in primary sensory areas, ensembles are capable of signal 
amplification. 

 

Rune Berg 
 

Neuronal population activity responsible for rhythmic movements: Lognormality, spiking regimes 
and stability 

Motor patterns such as chewing, breathing, walking and scratching are primarily produced by 
neuronal circuits within the brainstem or spinal cord. These activities are produced by concerted 
neuronal activity, but little is known about the degree of participation of the individual neurons. 
Here, we use multi-channel recording (256 channels) in motor regions of the spinal cord to 
investigate the distribution of spike rates across neurons during generation of rhythmic movement. 
We found that the shape of the distribution is skewed and can be described as “log-normal”-like, i.e. 
normally shaped on logarithmic frequency-axis. Such distributions have been observed in other parts 
of the nervous system and been suggested to implicate a fluctuation driven regime (Roxin et al J. 
Neurosci. 2011). This is due to an expansive nonlinearity of the neuronal input-output function when 
the membrane potential is lurking in sub-threshold region. We further test this hypothesis by 
quantifying the irregularity of spiking across time and across the population as well as via intra-
cellular recordings. We find that the population moves between supra- and sub-threshold regimes, 



but the largest fraction of neurons spent most time in the sub-threshold, i.e. fluctuation driven 
regime.  

 

Megan Carey 
 

Cerebellar contributions to coordinated locomotion in mice 
 
Smooth and efficient walking requires the coordination of movement across the entire body. In this 
talk I will describe our efforts to understand cerebellar contributions to locomotor coordination. We 
have developed an automated, markerless 3D tracking system (LocoMouse) to establish a 
quantitative framework for locomotion in freely walking mice. Analyzing the locomotor behavior of 
visibly ataxic mice with cerebellar defects has revealed specific, cerebellum-dependent features of 
locomotor coordination that suggest that cerebellar ataxia results from an inability to predict the 
consequences of movements across the body. In current experiments we are testing this idea by 
investigating neural circuit mechanisms of locomotor adaptation, in which mice learn to adapt their 
locomotor patterns to achieve a more symmetrical gait while walking on a split-belt treadmill. This 
approach is providing insight into how the highly stereotyped cellular architecture of the cerebellum 
supports a wide variety of behaviors, from relatively simple forms of learning to complex feats of 
coordination. 
 

 

Kate Jeffery 
 

Integrating static and dynamic heading information 
 
Brain systems for self-localization are centred on the hippocampal system, which receives inputs 
from a variety of sources. Hippocampal neurons, called "place cells", have long been known to use a 
mixture of static information from the environment (known as landmarks) and dynamic information 
from the animal's own movements (path integration), in order to update their position estimate. 
This integration occurs between two very different types of information, the only common feature 
of which is their spatial "meaning" - the place cell map is thus a good example of a superordinate 
cognitive representation. A related - but simpler - superordinate representation is that of heading 
direction, which is one of the critical inputs to the place cell map and which also integrates static and 
dynamic signals. This talk will review experiments on how these signals are combined, and propose a 
hypothesis about how the two signal sources are appropriately weighted. This may also shed light on 
more general issues of sensory integration and optimal cue combination in other brain systems too. 
 

 



Neil Burgess 
 

Neural mechanisms of spatial cognition and episodic memory 

The discovery of place cells, grid cells, head-direction cells and boundary vector cells allows the 
construction of a neural level model of spatial memory, bridging from electrophysiology in behaving 
rodents to behaviour, neuroimaging and neuropsychology in humans. I will discuss this model and 
related experimental data, including how spatial representations combine environmental sensory 
information with self-motion, potential roles for theta rhythmicity, and how perception or imagery 
interacts with mnemonic representations in the hippocampus. Finally, I will discuss how a single 
coherent spatial representation might be formed, and how grid cells in entorhinal cortex might 
relate to imagery, memory and planning. 

 

 

Jonathan Pillow 
 
Low-Dimensional Dynamic Encoding in Prefrontal Cortex during Decision-Making 
 
A growing body of evidence indicates that the inherent dimensionality of neural population activity 
is often much smaller than the number of neurons that can be recorded with current technology. 
However, it is also clear that single neurons often represent multiple kinds of information 
simultaneously, a phenomenon known as "mixed selectivity", indicating that neural population 
activity represents complex mixtures of sensory, cognitive, and behavioral variables.  In this talk, I 
will describe new statistical techniques for uncovering low-dimensional latent structure from high-
dimensional neural datasets. Our work represents an extension of "Targeted Dimensionality 
Reduction" (Mante et al, 2013), which seeks to identify subspaces that carry information about 
distinct task variables. We have applied our method to neural population data from macaque 
prefrontal cortex during a context-dependent perceptual discrimination task. It reveals the existence 
of independent multi-dimensional subspaces of neural activity space devoted to the coding of 
sensory, context, and decision-related variables on multiple timescales. I will discuss implications of 
this and related approaches for understanding the dimensions of neural activity underlying complex 
behaviors. 
 

 

 

 

Tiago Branco 
 

A synaptic threshold mechanism for computing instinctive escape decisions 
 
Escaping from imminent danger is an instinctive behaviour fundamental for survival that requires 
classifying sensory stimuli as harmless or threatening. The absence of threat allows animals to forage 



for essential resources, but as the level of threat and potential for harm increases, they have to 
decide whether or not to seek safety. Despite previous work on instinctive defensive behaviours in 
rodents, little is known about how the brain computes the threat level for initiating escape. In this 
work, we show that the probability and vigour of escape in mice scale with the intensity of innate 
threats, and are well described by a theoretical model that computes the distance between threat 
level and an escape threshold. Calcium imaging and optogenetics in the midbrain of freely behaving 
mice show that the activity of excitatory VGlut2+ neurons in the deep layers of the medial superior 
colliculus (mSC) represents the threat stimulus intensity and is predictive of escape, whereas dorsal 
periaqueductal gray (dPAG) VGlut2+ neurons encode exclusively the escape choice and control 
escape vigour. We demonstrate a feed-forward monosynaptic excitatory connection from mSC to 
dPAG neurons that is weak and unreliable, and which we suggest provides a synaptic threshold for 
dPAG activation and the initiation of escape. This threshold can be overcome by high mSC network 
activity because of short-term synaptic facilitation and recurrent excitation within the mSC, which 
amplifies and sustains synaptic drive to the dPAG. Thus, dPAG VGlut2+ neurons compute escape 
decisions and vigour using a synaptic mechanism to threshold threat information received from the 
mSC, and provide a biophysical model of how the brain performs a critical instinctive computation 
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