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Project title: Leveraging human genetics to understand brain connectivity 
 
Lead Group: Daniel Zerbino (EMBL-EBI) 
Partner Group: Alessandro Gozzi (IIT-Rovereto) 
Partner Group: Cornelius Gross (EMBL Rome) 
 
Rationale: The brain is unique among organs in its use of long distance synaptic connections to 
achieve a nearly infinite possibility of rapid combinatorial cell-cell communication. Understanding 
how the animal achieves these contacts during development and how variation in this connectome 
dictates brain traits and disease susceptibility is a largely still a mystery. We know that connections 
are formed during development as neurons mature and send out axons to find targets and we 
know that most of these initial contacts are then eliminated, a process called pruning, but the 
function of this pruning remained unknown until recently because we could not selectively perturb 
it. Ten years ago we and other labs discovered that brain resident phagocytic cells called microglia 
were critical for pruning (Paolicelli et al. Science 2011; Schafer et al. Neuron 2012). Mice lacking 
genes critical for neuron-microglia signaling showed alterations in global functional connectivity as 
measured by resting state functional magnetic imaging (rs-fMRI, Zhan et al., Nat Neurosci 2014). 
The present project is based on the hypothesis that emerging human genomic imaging datasets 
can be exploited to determine whether sequence variation in microglia genes will result in similar 
fMRI deficits in humans and can be used to identify novel genes involved in synaptic pruning.  
 
Aims: The project aims to identify genes and molecular mechanisms with a role in synaptic 
pruning by leveraging UKBiobank fMRI data. The project will be organized in several aims of 
increasing risk: 
1. Single gene-connectome links – We will examine whether rs-fMRI deficits seen in single gene 

knockout mice are replicated in humans carrying common genetic variants of these genes 
2. Multiple gene-connectome links – We will use network analysis methods to identify gene 

clusters related by virtue of 1) co-expression in microglia, 2) co-regulation across development, or 
3) functional annotation, and use these to identify robust rs-fMRI deficits in humans that are 
related to single gene rs-fMRI deficits in mice.   

3. Inferring new genes via human imaging – We will search genome-wide for gene variants in 
humans that are associated with rs-fMRI deficits similar to single gene rs-fMRI deficits in mice.     

 
Objectives: If successful, the project will establish the first translational fMRI endophenotypes for 
synaptic pruning, allowing these to be studied as risk factors across multiple brain disorders. It will 
also identify novel gene clusters putatively involved in human synaptic pruning and allow these to 
be functionally tested in mice.     
 
Integration of expertise of partners: Success of the project rests on expertise of all three groups: 
Zerbino – impact of genetic variation on gene expression (eQTL, scRNASeq/scATAC-Seq), Gozzi 
– small animal fMRI and analysis of human and mouse fMRI data, Gross – molecular and cellular 
mechanisms of microglia mediated pruning in mice. The successful candidate will possess proven 
expertise in computational biology and will move between the three host labs to apply 
computational and biological approaches to identify, validate, and understand the role genes in 
synaptic pruning. 




