Supplemental section S4: MRI microgeometry parameter maps
The MD, FA, and MK maps reported in the main text illustrate typical tissue contrasts from diffusion MRI data of the mouse brain. Additional diffusion MRI parameter maps (Extended Data Figure 2) provide a more detailed breakdown of diffusivity and kurtosis measurements along axial and radial directions, offering specific insights into axonal and myelin injury in mouse models of neurological disorders1. Axial and radial directions are defined along or perpendicular to axonal bundles in white matter tracts, although these definitions become less precise in gray matter regions. 
In the in vivo mouse brain, AD values of large white matter tracts (e.g., the corpus callosum) are higher than those in gray matter regions (e.g., the cortex), but this contrast diminishes in the ex vivo mouse brain. RD values of large white matter tracts are lower than those in gray matter in both in vivo and ex vivo conditions. AK and RK values in white matter tracts are higher than those in gray matter regions, with the most distinct contrasts observed in the ex vivo mouse brain. Overall changes in these parameters are shown using voxel-wise scatter plots in Extended Data Figure 3. 
Beyond the empirical diffusion tensor and kurtosis models, which lack specificity to specific tissue microstructure, we incorporated parameters from a biophysical model of tissue microstructure2. In this and similar models3,4, axons are represented by long, impermeable cylinders and cell bodies by spheres. Some properties of the spatial organization of these cellular compartments can be inferred from diffusion MRI signals based on their distinct restrictive effects on water molecule diffusion. These parameters include axonal fraction (f), fraction of isotropic diffusion compartment (fiso), fiber dispersion (p2), intra-axonal axial diffusivity (Da), extracellular axial diffusivity (De||), and extracellular radial diffusivity (De^). Extended Data Figure 2B shows representative maps of these parameters. 
In the map of f, the difference between gray and white matter regions is more pronounced in the ex vivo mouse brain compared to the in vivo mouse brain. fiso is higher in the ex vivo corpus callosum than in vivo. Maps of p2 show an increase in the ex vivo mouse brain in gray matter regions compared to the in vivo state. Changes in Da, De||, and De^ follow the same patterns as observed in the maps of AD and RD.  Overall changes in these parameters are shown using voxel-wise scatter plots in Extended Data Figure 4.
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