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Introduction: Structural and functional brain asymmetry are of great interest in neuroscience,
shedding light on the functional specialization of the two hemispheres. With the advent of diffusion
tensor imaging (DTI), white matter connectivity can be visualized and fiber asymmetries can be
investigated using measures sensitive to myelination, such as fractional and geodesic anisotropy (FA,
GA). Here we examined hemispheric asymmetries in fiber architecture. We performed a quantitative
genetic analysis to determine whether the sources of these asymmetries were primarily genetic or
environmental. We used a twin design to identify heritable features of fiber asymmetry, to further
assist in the discovery of genes influencing brain micro-architecture. We also determined genetic
influences on the asymmetry of FA and GA within each lobe of the brain.
Methods: High magnetic field (4T) diffusion tensor MR images (30 gradients, 21 5-mm thick axial
slices, 1.8x1.8 mm2 in-plane resolution; 23 cm FOV, b-value=1132 s/mm2) were acquired from 50
young adult monozygotic (MZ) twins and 50 dizygotic (DZ) twins (25 pairs of each, all right
handed). Co-registered DTI and T1-weighted images were linearly aligned via 9-parameter
registration to the high-resolution Colin27 brain template and then fluidly registered to a minimal
deformation target created from the linearly registered images, yielding maps with group mean
geometry. The differences between the hemispheres for each anisotropy measure were obtained by
subtracting each subject’s image from a copy of same image reflected in the mid-sagittal plane.
Voxel-wise maps of the intra-class correlation within monozygotic and dizygotic twins were derived
as well as Falconer’s heritability estimate for the asymmetry in FA and GA. As maps were most
asymmetrical at the cortex, primarily due to differences in gyral patterning, we also examined average
measures of FA and GA in the four lobes and in the overall gray and white matter regions. We fitted
structural equation models to estimate the additive genetic (A), shared environmental (C) and unique
environmental (E) components of variance in asymmetry within each lobe of the brain.
Results: Intraclass correlations for both the FA and GA asymmetry were higher for monozygotic than
dizygotic twins, suggesting the presence of genetic influences. (Figure 1) Lobar summaries showed
that genetic factors explained a significant proportion of the variance in fiber asymmetries in the
frontal (19%), occipital (9%) and parietal and temporal lobes (6%; Figure 2). Results for all
anisotropy measures were similar. Unique environmental factors accounted for the majority of the
asymmetries in all regions of the brain; genetic influences were greatest in the frontal lobes.
Conclusions: Frontal and occipital lobes, where fiber asymmetry is most strongly genetically
influenced, are also the brain regions with greatest geometrical asymmetry; the natural petalia of the
brain causes many right hemisphere structures to be shifted anterior to their left hemisphere
counterparts [1]. Further study is needed to clarify whether these asymmetries are entirely due to

1 of 2

1/14/09 11:21 AM

SPLTRAK Abstract Submission

http://www.meetingassistant2.com/OHBM2009/referee/abstrac...

hemispheric differences in shape and volume, or also due to mean differences in DTI signals for
homologous structures in both hemispheres.
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