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            Abstract
Microscopic features (that is, microstructure) of axons affect neural circuit activity through characteristics such as conduction speed. To what extent axonal microstructure in white matter relates to functional connectivity (synchrony) between brain regions is largely unknown. Using MRI data in 11,354â€‰subjects, we constructed multivariate models that predict functional connectivity of pairs of brain regions from the microstructural signature of white matter pathways that connect them. Microstructure-derived models provided predictions of functional connectivity that explained 3.5% of cross-subject variance on average (ranging from 1â€“13%, or râ€‰=â€‰0.1â€“0.36) and reached statistical significance in 90% of the brain regions considered. The microstructureâ€“function relationships were associated with genetic variants, co-located with genes DAAM1 and LPAR1, that have previously been linked to neural development. Our results demonstrate that variation in white matter microstructure predicts a fraction of functional connectivity across individuals, and that this relationship is underpinned by genetic variability in certain brain areas.
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                    Fig. 1: Definition of homotopic brain regions and dMRI-derived microstructural maps.[image: ]


Fig. 2: Prediction of functional homotopic connectivity from white matter microstructure.[image: ]


Fig. 3: Significant associations between functional connectivity and microstructure of the connecting white matter tract.[image: ]


Fig. 4: Percentage variance explained (r2) in the functional connectivity of each homotopic region pair by microstructural metrics derived from the connecting white matter tract in the training cohort (nâ€‰=â€‰7,481 subjects).[image: ]


Fig. 5: Total variance explained by the multimodal regression model in the training and replication cohorts.[image: ]


Fig. 6: Negative control analysis.[image: ]


Fig. 7: Genome-wide associations with the microstructureâ€“function phenotype (that is, the pattern of functional connectivity that can be predicted from white matter microstructure).[image: ]
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                Data availability

              
              All source data (including raw and processed brain imaging data and genetics data) are available from UK Biobank via their standard data access procedure (see http://www.ukbiobank.ac.uk/register-apply).

            

Code availability

              
              The image processing pipelines of the MRI data in the UK Biobank project can be found at http://www.fmrib.ox.ac.uk/ukbiobank. Custom-written Matlab code including the microstructureâ€“function modeling is freely available at https://users.fmrib.ox.ac.uk/~jmollink/Biobank/Biobank.html.
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