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Reporting Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 

in reporting. For further information on Nature Research policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 

Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 

AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 

Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection Raw fastq files from NGS runs were processed with M-CREATE data analysis code (available on Github at: https://github.com/GradinaruLab/ 

mCREATE)

Data analysis Graphpad Prism 8.4.1, Keyence BZ-X Analyzer suite 1.4.0.1, Microsoft Excel for Microsoft 365 Version 2107

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 

reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 

- Accession codes, unique identifiers, or web links for publicly available datasets 

- A list of figures that have associated raw data 

- A description of any restrictions on data availability

The NGS datasets for capsid selection and marmoset pooled screening that are reported in this article are available under the SRA accession code PRJNA769435. 

The following vector plasmids are deposited on Addgene for distribution (http://www.addgene.org) AAV.CAP-B10: 175004, AAV.CAP-B22: 175005. The raw data or 

sequence information is provided in the manuscript, methods section and any other raw data that is not mentioned and that may be necessary to describe our work 

will be made available upon request.
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Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size Sample sizes for mouse work were determined using preliminary data and experimental power analysis. Sample sizes for marmoset data were 

based on animal availability and are comparable to previous marmoset literature.

Data exclusions No data was excluded from analysis.

Replication Brain and liver data in Fig.1d was repeated with n=3 per viral variant, Characterization of AAV.CAP-B10 in mice (Fig. 2, Extended Data Fig. 2, 

Extended Data Fig. 3, Extended Data Fig. 4) was repeated with n=6 per variant, except in quantification of co-expression of GFP in NeuN+ 

hippocampal neurons after delivery with AAV.CAP-B10 where n=3, and in the spinal cord and DRGs, which had n = 3 mice for the AAV9 and 

AAV-PHP.eB groups and n = 5 mice for the AAV.CAP-B10 group. Experiments of pooled marmoset expression (Fig. 3) were performed with 

n=2. Individual variant characterization in marmosets was repeated in four separate cohorts at three different locations, with each attempt of 

replication successful: for individual representative brain images and quantification (Fig. 4a, b, Extended Data Fig. 6b), the experiment was 

repeated n times, where n = 2 (AAV9), 3 (AAV.PHP.eB), 4 (AAV.CAP-B10), 4 (AAV.CAP-B22), except for astrocyte staining (Extended Data Fig. 

5), which was repeated n = 2 (AAV9), n = 3 (AAV.CAP-B10), n = 2 (AAV.CAP-B22). For representative liver images and quantification (Fig. 4c, d, 

Extended Data Fig. 6a),  the experiment was repeated n times, where n = 1 (AAV9), 3 (AAV.PHP.eB), 2 (AAV.CAP-B10), 3 (AAV.CAP-B22). Global 

brain analysis of AAV.CAP-B10 nervous system expression (Fig. 4e, f) was performed with n = 2. All attempts to replicate data were successful.

Randomization Allocation of organisms and samples to separate groups were random.

Blinding The investigators were not blinded during analysis as the differences between control and variant groups were obvious and blinding wouldn't 

have helped in these experiments.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 

system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies

Antibodies used In mice, the primary antibodies used were rabbit anti-NeuN (1:200, Abcam, ab177487), rabbit anti-S100 (1:200, Abcam, ab868), 

rabbit anti-Olig2 (1:200, Abcam, ab109186), rabbit anti-Calbindin (1:200, Abcam, ab25085). The secondary antibodies used were 

Alexa-647 conjugated anti-rabbit FAB fragment antibody (1:200, Jackson ImmunoResearch Laboratories, Inc., 711-607-003)  

 

For marmoset pooled variant characterization, primary antibodies used were: rabbit anti-HA primary antibody (1:200, Cell Signaling 

Technologies, C29F4) and goat anti-rabbit secondary antibody (1:200, Vector Laboratories, BA1000)  

 

For marmoset single variant characterization, primary antibodies used were: rat anti-HA (1:200, Roche, 3F10), rabbit anti-NeuN 

(1:200, Abcam, ab177487), and rabbit anti-S100 beta (1:200, Abcam, ab52642). Secondary antibodies used were: anti-rat Alexa-488 

(1:200, ThermoFisher, A-21208) and anti-rabbit Alexa-647 (1:200, ThermoFisher, A32795)

Validation Abcam, ab177487 (datasheet and citations available): https://www.abcam.com/neun-antibody-epr12763-neuronal-marker-

ab177487.html 

Abcam, ab868 (archived datasheet available): https://www.abcam.com/s100-antibody-ab868.html 
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Abcam, ab109186 (datasheet and citations available): https://www.abcam.com/olig2-antibody-epr2673-ab109186.html 

Abcam, ab25085 (archived datasheet available): https://www.abcam.com/calbindin-antibody-ab25085.html 

Abcam, ab52642 (datasheet and citations available): https://www.abcam.com/s100-beta-antibody-ep1576y-astrocyte-marker-

ab52642.html 

Jackson ImmunoResearch Laboratories, Inc., 711-607-003 (data and citations available): https://www.jacksonimmuno.com/catalog/

products/711-607-003 

Cell Signaling Technologies, C29F4 (datasheet and citations available): https://www.cellsignal.com/products/primary-antibodies/ha-

tag-c29f4-rabbit-mab/3724 

Vector Laboratories, BA1000 (datasheet and citations available): https://vectorlabs.com/biotinylated-goat-anti-rabbit-igg-

antibody.html 

Roche, 3F10 (datasheet and citations available): https://www.sigmaaldrich.com/catalog/product/roche/roahaha?lang=en&region=US 

rabbitData provided in the manuscript. 

ThermoFisher, A-21208 (datasheet and citations available): https://www.thermofisher.com/antibody/product/Donkey-anti-Rat-IgG-

H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-21208 

ThermoFisher, A32795 (datasheet available): https://www.thermofisher.com/antibody/product/Donkey-anti-Rabbit-IgG-H-L-Highly-

Cross-Adsorbed-Secondary-Antibody-Polyclonal/A32795

Eukaryotic cell lines

Policy information about cell lines

Cell line source(s) 293T cells from ATCC

Authentication No authentication was performed as the source was reliable and we routinely use them in lab, from multiple stocks from 

ATCC with similar performance.

Mycoplasma contamination Negative for mycoplasma contamination. 

Commonly misidentified lines
(See ICLAC register)

No commonly misidentified cell lines were used in this study.

Animals and other organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals C57Bl/6J WT mice (000664), Syn1-Cre (3966), GFAP-Cre (012886), and Tek-Cre (8863) mice lines used in this study were purchased 

from the Jackson Laboratory (JAX). Mice were housed under standard conditions between 71 and 75 °F, 30% - 70% humidity, and 

light cycle of 13 hours on & 11 hours off. For round 1 and round 2 selections from the viral library, we used one male and one female 

mouse from each transgenic line (aged 8-12 weeks), as well as a single male C57Bl/6J mouse. Both genders were used for capsid 

selection in transgenic lines to recover capsid variants with minimal gender bias. For validation of individual viral variants, male 

C57Bl/6J mice aged 6-8 weeks were used. The gender was kept consistent during this validation to avoid discrepancies that exist in 

the viral expression due to gender differences. 

 

Nine marmosets were born and raised in NIMH. Two of the animals were used for the pooled injection study, both males (ages 7.6, 

11.5 years). Seven of the animals were injected with single variants for characterization, but only six were usable (three females and 

four males, aged 3.5-14 years) as one animal (6.9 years, female) was found dead; at necropsy the pathology report indicated chronic 

nephritis unrelated to the virus. 

 

Three marmosets were born and raised in Massachusetts Institute of Technology  (two males and one female, aged 2.8-6.5 years). All 

three were injected with single variants for characterization. 

 

Three marmosets were born and raised in Shenzhen Institute of Advanced Technology (all three male, aged 1.7-2.0 years). All three 

were injected with single variants for characterization.

Wild animals No wild animals were involved in this study.

Field-collected samples The study did not involve any field-collected samples,

Ethics oversight Mouse procedures performed in this study were approved by the California Institute of Technology Institutional Animal Care and Use 

Committee (IACUC). 

Marmoset procedures at the NIH were approved by ACUC of the National Institutes of Mental Health. 

Marmoset procedures at MIT were approved by Committee on Animal Care. 

Marmoset procedures at Shenzhen Institute of Advanced Technology were approved by the Institutional Animal Care and Use 

Committee.

Note that full information on the approval of the study protocol must also be provided in the manuscript.


