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In the tracking experiments that resulted in a single trajectory, we defined the sample size based on the number of localization points. For
each specific particle of interest, we optimized the trajectory length by empirically adjusting the intensity flux to minimize photo-damage.

In the case of multiple trajectories experiments, such as the diffusion of beads of different size in water or in different water-glycerol
solutions, we ensured a sufficiently high number of single particles (i.e., single trajectories) were acquired for each experiment to minimize
statistical fluctuations when averaging the results. The specific sample sizes used are detailed in the manuscript.

To filter out the false positives trajectory due to the system following a pattern on the detector caused by noise and not due to a single
particle, we considered valid trajectories the ones which provided continuous localizations for at least 0.5 seconds. To minimize the impact of
artifacts on the analysis of the fluorescent beads' diffusion in water-glycerol solutions, we applied a weighting procedure to the MSD curves of
single particles. Each MSD curve was weighted based on its probability of belonging to a Gaussian distribution. The distribution parameters
(mean, and standard deviation) were inferred from the overall unweighted population.

Other experiments didn't involve data exclusion.

Regarding the measurement of uncertainty maps, the experiment was replicated multiple times using different beads, and each replication
consistently yielded the same result. The same applies to the assessment of the tracking uncertainties, when a bead was moved along an
imposed path.

To validate the correlation between the motion state of the lysosome and the fluorescence lifetime of the GFP marker, 15 other independent
trajectories were analyzed for consistency, as reported in the supplementary material.

In the case of other experiments, replication is not a significant concern.

Randomization is not relevant for all the methods in the paper as they do not rely on the statistical variation of the samples. Generally, we
ensured that the same particle was not measured twice, and during lysosome live cell experiments, we randomly changed the target cell
before each acquisition.

Blinding was ensured by analyzing all acquired data in a uniform manner. Any manual adjustments made during the analysis were consistently
applied to all datasets.




