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Rationale 
Neurons in sensory systems receive not only feedforward sensory inputs from lower sensory areas but also 
feedback modulatory signals from higher sensory areas. It remains unclear, however, how sensory neurons 
integrate these signals to eventually generate appropriate behavioral responses in a context-dependent 
manner. Recent advances in neurophysiological tools allow for a large-scale recording from neural populations, 
including those comprised of local circuits together with the input axons from other brain areas. Because each 
neuron pools inputs from neighboring neurons via local interactions as well as those from long-range 
projections, conventional analysis methods, such as pairwise correlations, are not sufficient to fully understand 
the contribution of each input to the neuron’s firing activity. To clarify the causal relationship among neurons, a 
new theoretical framework beyond correlation is required that can uncover the functional connectivity patterns 
among individual neurons. In this proposal, we will focus on the superior colliculus (SC) and combine 
experimental and computational approaches to characterize the functional projection patterns from retinal 
ganglion cells (RGCs) and primary visual cortex (V1) to the SC under different behavioral states of an animal. 
The SC is a layered midbrain structure that plays a central role in transforming sensory input into movement 
output. Specifically, the superficial layers integrate visual inputs directly from RGCs and feedback signals from 
V1. Recent studies have identified certain functional organizations in the mouse SC, such as orientation 
columns and regionally specific motion processing. This suggests that the visual information from the retina is 
processed and integrated within functionally specific neuronal circuits in the SC. However, the fine�scale 
functional architecture of the SC remains unclear, in particular in relationship to the feedback modulatory 
signals from V1 under different behavioral conditions. We will develop causal data analysis methods to clarify 
functional connectivity patterns of SC local circuits together with the RGC feedforward and V1 feedback inputs 
at a single-cell resolution. 

Aims  
We aim to characterize the functional architecture of the SC in mice to better understand how the SC local 
circuits integrate feedforward sensory inputs from RGCs and feedback modulatory signals from V1. Our 
preliminary data suggest spatio-temporal correlations among the activity of SC somata and V1 feedback input 
axons. Further analysis on the functional connectivity patterns from RGCs and V1 to SC will uncover the 
underlying causal relationship among them, in particular, the role of V1 feedback in shaping SC visual 
responses.  

 Objectives 
We will develop a novel theoretical framework to analyze in vivo calcium imaging data sets from SC somata 
and RGC/V1 axons and clarify the causal relationship among them beyond correlation. The framework of 
generalized linear models can be useful here for characterizing the influence of different input sources to the 
activity of individual neurons. Alternatively, we can explicitly model the input elements to a neuron using 
subunit models and fit them to the data. This will allow for inferring functional connectivity patterns of a neuron 
to determine how the neuron integrates inputs from different presynaptic sources. Our analysis methods will be 
versatile and hence can be applied to data sets from different brain regions in the future.   
 
Integration of expertise of partners 
We will integrate neurophysiological expertise in the ASARI lab at EMBL Rome and computational expertise in 
the PANZERI lab at IIT. The ASARI lab has established in vivo simultaneous two-photon calcium imaging in a 
head-fixed awake mouse to monitor the visual responses of SC neurons together with either RGC axons 
carrying feedforward visual inputs or V1 axons carrying feedback signals. The theoretical framework, however, 
is missing to analyze these data beyond correlation and clarify the causal relationship among neurons in the 
local SC circuits and RGC/V1 inputs. The PANZERI lab at IIT has a track record of developing analysis tools in 



neuroscience, such as spike-triggered non-negative matrix factorization. In this proposal, we will further 
develop the causal analysis methods in the PANZERI lab and apply them to the data sets from the ASARI lab 
for clarifying how SC circuits integrate feedforward RGC inputs and feedback V1 inputs. 




