Supplementary File 1: 
Extended discussion of the loadings for MRI-based metrics and mitochondria biology from Extended Table 1.
Both Fractional Anisotropy (FA) and the T1w/T2w ratio are commonly associated with myelin integrity and microstructural organization at the histological level. FA is an indicator of fiber tract integrity and is highly dependent on axonal myelination and the organization of the white matter8. FA's positive beta value for CIV and MitoD in Extended Data Table 1 indicates that, after accounting for other factors (such as main variation between the grey and the white matter), FA independently predicts higher values for these mitochondrial parameters. This may suggest that mitochondria are at least partially detected by diffusion-weighted imaging metrics. Mitochondria support the metabolic demands of myelinated axons and signal transduction9,10. The source of this signal could include astrocytes, which contain 70% of mitochondria in the optic nerve for example (a myelinated axonal tract)4. In the optic nerve, mitochondria occupy a constant fraction of axonal volume, such that mitochondrial volume increases with power 2 (squared) as the axonal diameter increases4. The positioning and molecular specialization of mitochondria in myelinated axons, where they sit mostly at the nodes of Ranvier (at least in the optic nerve axons12) could contribute to this association. In axon-rich regions in general, higher mitochondrial density and OxPhos capacity could therefore support the energetic demands of highly organized and myelinated fiber tracts. Accordingly, relative to mitochondria in dendrites, the smaller axonal mitochondria13 would allow the maintenance of the structural integrity and efficient conduction properties of white matter, which are critical for fast and efficient brain connectivity – a key element in humans' evolution of complex cognitive functions. Why FA has a strong loading specifically for CIV but not for other ETC components (CI, CII) is unclear.
We speculate that other aspects of mitochondrial biology not yet fully understood could contribute to the link between the mitochondrial parameters and FA and T1w/T2w imaging. For example, recent work demonstrated that mitochondria unexpectedly interact with the visible portion of the electromagnetic spectrum – demonstrating that mitochondria in retinal cells act as microlenses that focus the flow of photons (i.e., visible light)14. We also previously found microstructural alignment of cristae inside mitochondria at the site of contact of other mitochondria, suggesting that forces – most likely electromagnetic – act upon the iron-rich electron transport chain complexes15. While not directly applicable to FA, we note, in principle, the ability of variations in mitochondrial ultrastructure and morphology to influence the diffusion/linear translation of molecular elements. Perhaps this principle applies beyond photons to oscillating water molecules, or that the minute paramagnetic elements of the mitochondrial OxPhos system interact with specific MRI sequences. It also is possible that the unique electrochemical and proteinaceous properties of mitochondria could contribute to other biophysical states relevant to FA, such as water liquid-liquid phase separation16,17, the process by which intracellular spaces condense into, or dissolve gel-like properties11. By changing the physical properties of water, sub-cellular biochemical processes could alter the FA signal19,20. 
The T1w/T2w ratio is often used as a proxy for myelin content21 and exhibits strong negative β coefficients for all brain mitochondrial features in the MitoBrainMap. This relationship could suggest that mitochondria that are essential for myelin synthesis and maintenance are less concentrated in myelin than in other brain tissues leading to this negative relationship.  
[bookmark: _Hlk179798699]Regarding the poor and negative β coefficients between entropy (a proxy for synapse function) and mitochondrial parameters, we hypothesize that entropy may reflect distinct aspects of synaptic dynamics that do not align straightforwardly with mitochondrial metrics, particularly those related to OxPhos capacity. It is possible that higher mitochondrial features are related to lower entropy due to the differential energetic demands of highly organized versus more variable synaptic networks. However, this observation warrants further investigation to clarify the relationship between mitochondrial biology and synaptic properties (density, types) assessed across multiple areas of the same brains.
The conjectures above around the β coefficients for different mitochondrial enzymatic and molecular features in the MitoBrainMap linear regression model using MRI-based features as predictors require empirical assessment and validation. Perhaps examining these ideas may yield meaningful discoveries on the basic biology of brain and mitochondria, and/or the nature of the biology captured by standard MRI imaging.
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