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Sample size

Data exclusions

Replication

Randomization

Data generated in the study that are needed to reproduce, verify, and extend the findings of the study are available in a Zenodo repository under accession code
https://doi.org/10.5281/zenodo.8401253. Source data files required for reproducing the manuscript plots are provided in the Zenodo repository https://
doi.org/10.5281/zenodo.8388031. as ‘Source Data Files.zip’. In addition, NGS data will be made available in the NCBI Sequence Read Archive at the time of
publication under BioProject ID: PRJNA1131359.
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No sample size calculations were performed prior to experimentation. Sample sizes for library screens (n=3-4) and individual capsid
characterization (n=5) were set based on prior experience (Deverman et al Nature Biotechnology 2016; Chen et al Nature Neuroscience 2017;
Kumar et al Nature Methods 2020).

No animals or samples were excluded from the analysis. The variant BI152 was excluded from the rhesus macaque study due to a library
assembly error.

The reproducibility of the production fitness scores was tested via 10K variants common to the assessment library and modeling library as
shown in Fig. 2d. Biological triplicates were performed for the binding or transduction of different cell lines using the Fit4Function library
versus an NNK library and their reproducibility was quantified via pairwise Pearson correlation as shown in Fig. 3c and Supplementary Fig. 5.
The Fit4Function library was screened in four mice, and the reproducibility of the biodistribution in eight organs was assessed in the form of
replication quality between pairs of animals as shown in Fig. 3e and Supplementary Fig. 4. The MultiFunction library was screened across in
vitro (three replicates for production fitness, four replicates for binding and transduction) and in vivo (n = 3 mice) assays, and the
reproducibility within each assay was assessed in the form of replication quality between pairs of replicates as shown in Supplementary Fig. 6.
For the comparison between AAV9 and the seven MultiFunction variants, in vitro cell transduction was assessed with four replicates per group
(Fig. 4e and Supplementary Fig. 7d; error bars show the standard deviation from the mean) and unpaired, one-sided t-tests were conducted
on log-transformed values, with Bonferroni correction for multiple-hypotheses. The in vivo characterization was performed using five female
mice per group except for the no injection control group (Supplementary Fig. 7b and c, n = 3 mice; error bars in Supplementary Fig. 7c show
the standard deviation from the mean), and unpaired, one-sided t-tests were conducted on log-transformed values, with Bonferroni
correction for multiple-hypotheses. Other statistical tests are described in the text. The number of replicates was chosen based on prior data
that indicated large effect sizes. ML models were trained in repetition with randomized subsampling and parameterization to ensure
robustness. Training and testing sample sizes are described in the Methods section for each model. Models were tested using independent
(blind) datasets where possible, i.e., testing was conducted using an independent assessment library for production fitness (Fig. 2f) and
independent measurements in a separate animal (Fig. 3f).

Mice were randomly assigned to groups based on predetermined sample sizes.




