Genetic Influences on Brain Architecture from Multivariate Diffusion Tensor Data
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Introduction: In behavioral genetics and medical imaging, twin studies provide a powerful
means to assess genetic influences on brain structure and function. Here we used DTI to provide
detailed information on white matter fiber in 100 twins. We set out to estimate genetic and
environmental contributions to the voxel-wise variance in several DTI-derived measures, to find
the most heritable measures. To do this, we fitted an A/C/E structural equation model, using
identical and fraternal twin pairs to determine variance components attributable to additive
genetic (A), common environmental (C), and unique environmental factors (E) [4]. We computed
A, C, and E using the Mx software [4] for ROI-based analyses, and wrote our own software for
voxel-wise A/C/E analysis to visualize how each factor contributes to brain microstructure [3]. We
expected to see greater influences of A on early-developing regions (occipital lobes), and greater
influences of C on protracted maturing regions (frontal lobes).

Methods: 3D structural brain MRI scans and 30-gradient DT-MRI scans were acquired from 25
pairs of identical twins (25.1±1.5SD years old) and 25 pairs of same sex fraternal twins
(23.1±2.1 years) on a 4T Bruker Medspec MRI scanner with an optimized diffusion tensor
sequence.
DTI and T1-weighted images, after manual removal of extra-cerebral tissues, were linearly
registered to the standardized Colin27 brain template using a 9-parameter registration (3
rotations, 3 translations and 3 scales) with FLIRT software [2], and nonlinearly aligned to a
common space using fluid registration. Tensors were computed using MedINRIA software
(http://www.sop.inria.fr/asclepios/software/MedINRIA) and were rotated, based on the
deformation tensor of the fluid registration, to maintain the consistency of the principal
eigenvector field. Fractional and geodesic anisotropy measures (FA, GA) were computed and the
full DTs were log-transformed into Log-Euclidean space, where Euclidean metrics can be used.
For ROI analysis, we obtained mean values for the DT-derived scalar measures from the four
major lobes (frontal, temporal, parietal and occipital). We estimated the proportional contribution
of A, C and E components to the lobar summaries. We also computed voxel-wise contributions
of A/C/E factors based on structural equation modeling [3].
Results: A, C and E contributions to FA and tanh(GA) – a transformation of GA that gives it the
same range as FA - in each of the four major lobes are plotted in Figure 1 for lobar subdivisions
of the white matter (WM) and Figure 2 for gray matter (GM). Hemispheres were not pooled to
allow for lateralized effects. Genetic influences accounted for roughly half the variance in WM
measures, in all but the right occipital lobes, and there was little evidence for shared
environmental effects (C). Shared environmental effects were detected in analyses confined to
the GM (Figure 2), especially in frontal and temporal regions, which mature over a more
protracted developmental time-course. Genetic influences were relatively high (explaining 60%
or more of the variance) in anisotropy for the occipital lobe and parietal and occipital GM.

Maps of the voxel-wise contributions of A/C/E are shown in Figure 3 a-l for the scalar measures
(FA, GA, tGA) and for the full multivariate (6-dimensional) DT. Probability maps (Figure 3 mp) based on voxel-wise
statistics confirm the A/C/E model’s goodness of fit for all measures.
In the A/C/E model, a probability (p) greater than 0.05 indicates that the model is a good fit,
while the model is rejected if p<0.05. Subcortical regions such as the corpus callosum and some
anterior temporal regions showed higher genetic influences for all anisotropy measures and for
the full DT measures. DT-derived scalar maps tended to be relatively noisy, but maps from the
full multivariate diffusion tensor show improved SNR compared to the univariate analysis.
Conclusion: Strong genetic influences were detected bilaterally in the occipital GM, while the
occipital WM showed asymmetric genetic influences (left more than right) on the DT-derived
anisotropy measures. FA and tGA were strongly genetically influenced in the frontal WM, but a
common environmental effect was detected in the frontal GM. Our results are consistent with
our work showing a systematic L/R asymmetry in frontal and occipital FA, that is largely
genetically mediated [1].
In voxel-wise A/C/E maps, the corpus callosum and anterior temporal regions show highest
genetic influences for all DT-derived measures. Compared to scalar measures, the full DT
showed better effect sizes for detecting genetic contributions and generally showed better model
fits.
This pilot study of 100 twins suggests substantial heritability for several important DT-derived
signals. The high heritability of the full DT suggests that it may be promising target phenotype
for genome-wide association studies.
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Figure 1. Variance components, expressed as a percentage of the overall variance, attributable to
each of the A/C/E factors, which respectively denote genetic, common and unique environmental
effects. Results are shown for the white matter only.

Figure 2. Variance components, expressed as a percentage of the overall variance, attributable to
each of the A/C/E factors, which respectively denote genetic, common and unique environmental
effects. Results are shown for the gray matter only.

Figure 3. Maps (a-d) show additive genetic (A) and (e-h) shared environmental (C) proportions
of variance for various DTI-derived measures: FA, GA, tGA, and the full DT. The goodness of
fit of the A/C/E genetic model is confirmed at voxels where p>0.05 in panels (i-l) [this
convention is the opposite of that used typically]. The full DT shows best effect sizes for fitting a
genetic model; anisotropy indices show a moderately good fit.

