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What is the Connectome? 

Structural connectivity (anatomical, synaptic): 
 

 Physical/material in nature 
 Finite (enumerable) set of elements and connections 
 Complex attributes (including density, strength, conduction speed, biophysics) 
 Changes across time (development, plasticity) 
 Multiscale organization 
 Methodological convergence onto a single map is possible 

Functional connectivity: 
 

 Statistical/dynamic in nature 
 Large and virtually infinite set of network configurations 
 Complex attributes (including strength, directionality, temporal persistence) 
 Rapid changes across time (moment-to-moment, input- and task-dependent) 
 Multiscale organization 
 Methodological convergence onto a single “functional connectome” is uncertain 

Structural connectivity is the connectome… 
Functional connectivity is what the connectome does… 

Connectomics 



Relating Structural and Functional Connectivity 

FC has an anatomical/structural basis: 
 Robust (but complex) relationship between SC and rs-FC (Vincent et al., 2007; 

Hagmann et al., 2008; Honey et al., 2009) 
 RSNs are internally linked via structural projections (e.g. Greicius et al., 2009; van 

den Heuvel et al., 2009) 
 Cutting SC results in immediate changes in FC (Johnston et al. 2008; O’Reilly et al. 

2013) 

Vincent et al. (2007) Nature 447, 83. -- Hagmann et al. (2008) PLoS Biol. 6, e159. -- Honey et al. (2009) PNAS 106, 2035.  
Greicius et al. (2009) Cerebr Cortex 19, 72. -- van den Heuvel et al. (2009) Hum Brain Mapp 30, 3127. 
Johnston et al. (2008) J Neurosci 28, 6453. – O’Reilly et al. (2013) PNAS 110, 13982. 

Vincent et al (2007) 
Johnston et al (2008) 



Honey et al. (2009) PNAS 106, 2035.  
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Honey et al. (2007) PNAS 104, 10240.   Deco et al. (2011) Nature Rev Neurosci 12, 

43. 

Computational Modeling of FC 
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Adachi et al. (2012) Cereb Cortex 
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Computational Modeling of FC 

Honey et al. (2009) PNAS 106, 2035.    

R = 0.57 R = 0.51 R = 0.46 

A network model of human resting-state fMRI functional connectivity. 

Important role of conduction delays and noise for near-
critical fluctuations in resting brain activity: 
G. Deco, V. Jirsa, P. Ritter, R. McIntosh 
(www.virtualbrain.org) 



Functional Connectivity and Communication Processes  

The strength of functional connectivity may be thought of as reflecting network 

communication: 
 

 Stronger functional connectivity among node pairs that are more directly linked 

(i.e. shorter topological distance or path length) 

 Other potential predictors: physical distance, community structure 

Many networks (technological, social, biological) involve the transportation of 

mass/energy/people/molecules or the communication of signals/messages. 

Network performance is often efficient, with particles or signals traveling along 

short routes, maximizing transmission speed and minimizing energy expenditure. 

The brain is an example of a communication network:   
 

 Efficient signaling related to communication paths 

 Selection pressure on connectivity structure to enable efficient signaling 

 Trade-off: Conserving network cost while maximizing performance 



Goñi et al. (2014) PNAS 111, 833.    

Graph metrics that capture patterns of network communication: 

Using SC Graph Metrics to Predict FC 

Search information quantifies 
the “hiddenness” of a path, 
i.e. the information needed to 
access it. 
 
Path transitivity quantifies the 
density of “local detours” 
surrounding a given path. 

Predictions:  
 [s,t] node pairs requiring greater search information exhibit weaker FC* 

 [s,t] node pairs with higher path transitivity exhibit stronger FC** 

*   holding path length constant 
** holding path length and search information constant 



Goñi et al. (2014) PNAS 111, 833.    

Connectome-Based Models for Functional Connectivity 

Three independently 

acquired data sets 

 

Relationship of structural 

connectivity and functional 

connectivity: 

 Stronger on connected 

node pairs 

 Diminishes with spatial 

distance 

 Diminishes with path 

length 



Goñi et al. (2014) PNAS 111, 833.    

Connectome-Based Models for Functional Connectivity 

Search information and path transitivity are negatively/positively correlated with FC. 
 

Relationship remains significant when accounting for path length. 



Goñi et al. (2014) PNAS 111, 833.    

Analytic measures of network communication can predict functional connectivity. 

R = 0.60 

Connectome-Based Models for Functional Connectivity 

R = 0.76 

R = 0.55 

R = 0.40 

FCemp 
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(predicted) 



Goñi et al. (2014) PNAS 111, 833.    

Connectome-Based Models for Functional Connectivity 

NMM prediction 

ED prediction 

Search information alone 

Multilinear model 



Betzel et al. (2013) Network Science  1, 353  Meunier et al. (2010) Front. Neurosci. 4, 200.  
See also: Abdelnour et al. (2014) Neuroimage 90, 335 Mucha et al. (2010) Science 328, 876.  
     Lewis et al. (2012) BMC Systems Biol. 4, 100. 

Other Models: Multiscale Community Structure 

A 

B 

C 

Diffusion processes can be utilized to assess network communities (e.g. infomap). 
Evidence suggests multiscale organization of network communities in the connectome. 



Summary and Conclusion 

SC (the connectome) and (resting-state) FC are robustly related. 

SC can serve as a coupling matrix for computational neural models of 
(spontaneous or resting) FC. 

Analytic measures (derived from SC) that capture aspects of network 
communication processes are powerful predictors of the strength and 
pattern of FC. 

Future work modeling SC/FC relations may provide further insight into 
the nature of large-scale brain communication. 

Measures and models of network diffusion appear to capture many 
features of FC topology. 

Challenges:  
 Modeling temporal fluctuations in FC 
 Modeling patterns of task-evoked FC 
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