
 

Lab Name Specification and Function of Neural Circuits Laboratory  

Research programme and achievements 

The neocortex plays a key role in perception, cognition, learning and behavioural control. 
These processes are products of coordinated activity of specialised neuronal cell types, 
connected into networks according to wiring rules we are only beginning to understand. In 
my postdoctoral research before joining the Francis Crick Institute, I focused on 
understanding the patterns of connectivity of different classes of cortical neurons that give 
rise to computations carried out by cortical circuits, using mouse primary visual cortex 
(V1) as a model.   
  
We have shown that parvalbumin-positive inhibitory neurons, previously thought to non-
specifically provide inhibition to the majority of nearby cells, make the strongest inhibitory 
connections with pyramidal neurons that have similar visual responses. This fine-tuning of 
synaptic strength explains how specific inhibition can emerge despite dense synaptic 
connectivity and has important implications for models of neocortical networks. We have 
also discovered that V1 neurons projecting to different higher visual areas rarely make 
connections with each other. Activity-dependent wiring rules appear insufficient to explain 
their low rate of connectivity, suggesting that hard-wired mechanisms constrain which 
inputs these cells receive. The functional role of these projection neuron populations and 
their specific wiring rules remains unknown and will be the subject of my research at the 
Crick.  
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At the Crick, I plan to extend this research programme in two complementary directions. 
First, my lab will aim to understand the molecular mechanisms that implement such wiring 
rules by guiding different classes of cortical neurons in selecting their input and output 
connections during development. To accomplish this goal, we are developing methods 
that will allow us to characterise the effects of disruption of developmental gene 
expression programmes on cortical wiring at scale. Our approach combines tools relying 
on molecular barcoding to read out the projection patterns of single neurons with CRISPR 
gene editing or activation to test the developmental function of dozens of genes in parallel 
in different cell populations in the same animal.   
  
Second, we will aim to understand the role of the specialised wiring rules of cortical 
projection neurons in circuit function and behaviour. Simply put, how do the diverse cell 
types of the visual cortex enable animals to see? To answer this question, we must move 
beyond simple visual stimuli such as gratings or static images and probe how different V1 
neurons are engaged in more complex naturalistic visual scenes. Behavioural studies 
have shown that rodents have an innate capacity to perceive and discriminate depth that 
depends on the visual cortex. This suggests that V1 is a part of a hard-wired circuit that 
enables animals to parse the 3D structure of visual scenes. To understand how different 
classes of V1 projection neurons contribute to these computations, we plan to measure 
and manipulate their activity in mice navigating 3D virtual environments.  
  
Finally, we are aiming to develop new approaches for reconstructing the patterns of 
synaptic connectivity of cortical neurons. Current methods relying on multiple patch clamp 
recordings or serial electron microscopy are extremely laborious and are limited to 
measuring local neuronal connections. We are aiming to use rabies viruses expressing 
molecular barcodes in order to exploit their ability to transit synaptic connections. This 
approach will enable us to measure presynaptic connectomes of many single neurons in 
parallel and can be readily combined with emerging spatial transcriptomics methods to 
reconstruct local and long-range synaptic connections together with the molecular identity 
of pre- and post-synaptic neurons.  

 

 

Research outputs 

Xiong, Q.*, Znamenskiy, P.*, Zador, A.M. (2015) Selective corticostriatal plasticity 
during acquisition of an auditory discrimination task. Nature, 521, 348-51. DOI: 
10.1038/nature14225  
Corticostriatal synaptic plasticity has long been proposed as a key circuit substrate for 
reinforcement learning. Using a new approach to measure the strength of connections of 
corticostriatal neurons with their targets in rats, we demonstrate that these connections are 
potentiated during the acquisition of a perceptual discrimination task. For the first time, we 
demonstrated that the associations between sensory stimuli and motor responses learned 
by the animals can be decoded by measuring the the organization of corticostriatal synaptic 
strength ex vivo.  

  
Kim, M.-H.*, Znamenskiy, P.*, Iacaruso, M.F., Mrsic-Flogel, T.D. (2018) Segregated 
functional subnetworks of intracortical projection neurons in primary visual cortex. 
Neuron, 100 (6), 1313-1321. DOI: 10.1016/j.neuron.2018.10.023  
This paper demonstrates a surprising dearth of connections between primary visual cortex 
neurons projecting to different higher visual areas. Although these neuronal populations 
have distinct preferences for visual stimuli, simultaneous functional imaging experiments 
suggest that activity-dependent wiring rules alone are unlikely to explain the lack of 

https://doi.org/10.1038/nature14225
https://doi.org/10.1016/j.neuron.2018.10.023


connections between them. These results support the idea that input connectivity of different 
subtypes of cortical neurons is constrained by hard-wired molecular mechanisms.  
 
Znamenskiy, P.*, Kim, M.-H.*, Muir, D.R.*, Iacaruso, M.F., Hofer, H.B., Mrsic-Flogel, T.D. 
(2018) Functional selectivity and specic connectivity of inhibitory neurons in primary 
visual cortex. BioRxiv. DOI:10.1101/294835  
By simultaneously characterising visual responses and local connectivity of PV-positive 
interneurons, one of the major sources of inhibition in the cortex, we demonstrated that 
these cells preferentially provide inhibition to and receive inhibition from nearby excitatory 
cells with similar visual responses. This modulation of synaptic strength reconciles the co-
tuning excitatory and inhibitory inputs received by individual excitatory cells with the 
seemingly contradictory observations of dense connectivity of major interneuron subtypes.  

  
Orsolic, I., Rio, M., Mrsic-Flogel, T.D., Znamenskiy, P. (2021) Mesoscale cortical 
dynamics reflect the interaction of sensory evidence and temporal expectation during 
perceptual decision-making. Neuron (in press) DOI: 10.1016/j.neuron.2021.03.031   
This study aimed to understand how visual signals are processed to influence behavioural 
decision on a cortex-wide scale. To this end, we carried out widefield imaging of the dorsal 
cortex in mice performing a visual change detection task designed to disambiguate neuronal 
responses associated with processing of sensory evidence and execution of motor 
responses. These experiments revealed a localised cascade of activity underlying 
processing of visual signals in the task and pointed to the secondary motor cortex as a key 
area modulated both by current sensory evidence and animals’ expectations.  
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