
1

nature research  |  reporting sum
m

ary
April 2018

Corresponding author(s): Mikhail G. Shapiro

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 Authors & Referees and the Editorial Policy Checklist.

Statistical parameters
When statistical analyses are reported, confirm that the following items are present in the relevant location (e.g. 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

An indication of 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 statistics 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

Clearly defined error bars 
State explicitly what error bars represent (e.g. SD, SE, CI)

Our web collection on statistics for biologists may be useful.

Software and code
Policy information about availability of computer code

Data collection We used Video Freeze v2.0 (Med Associates) for video capture and behavioral analysis. We used ThermoGuide v3846 (Image Guided 
Therapy) and Paravision v5.1 (Bruker) for MRI-guided focused ultrasound and MRI image acquisition. 

Data analysis We used Excel 2013 (Microsoft), Prism v7 (Graphpad), ImageJ v1.50a (NIH) and Zen v2.3 (Zeiss) for data and image analysis and plotting. 
Illustrations were made in Illustrator CC (Adobe), QuteMol v.0.4.1 and Rhinoceros 3D v5.0 (McNeel).

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/reviewers 
upon request. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
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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 authors declare that all data supporting the findings of this study are available within the paper and its supplementary information. Raw data files are available 
from the corresponding author upon reasonable request.

Field-specific reporting
Please select the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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For a reference copy of the document with all sections, see nature.com/authors/policies/ReportingSummary-flat.pdf

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

Sample size Sample sizes were chosen on the basis of preliminary experiments so as to provide sufficient power for statistical comparison (where 
appropriate). Power analysis was not performed a priori.

Data exclusions Exclusions were based on loss or damage of samples during tissue processing, or on the basis of lack of DREADD expression. Detailed 
descriptions can be found in Methods.

Replication All replicates are reported in the manuscript.

Randomization All groups were randomized. Mice were randomized with regard to their initial treatment (FUS-BBBO+AAV, AAV-only or no treatment) and to 
the administration of CNO or saline in behavioral and c-Fos experiments. The placement in specific fear-conditioning chambers was 
randomized for all groups.

Blinding Data was blinded during histological analysis. Behavioral analyses were automated and required no blinding.

Reporting for specific materials, systems and methods

Materials & experimental systems
n/a Involved in the study

Unique biological materials

Antibodies

Eukaryotic cell lines

Palaeontology

Animals and other organisms

Human research participants

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Unique biological materials
Policy information about availability of materials

Obtaining unique materials AAV9 viruses used in this study can be purchased commercially (for example, from Addgene).

Antibodies
Antibodies used All antibodies are commercially purchased and included: goat anti-c-Fos antibody (SC-253-G, SCBT, Santa Cruz, CA), polyclonal 

rabbit anti-mCherry antibody (PA534974, Thermofisher), a polyclonal goat anti-CaMKIIa antibody (PA519128, Thermofisher) and 
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a polyclonal goat anti-Gad67 (Lifespan, 103220-296), anti-TH chicken antibody (TYH, Aves lab), using rabbit anti-PGP9.5 (Abcam, 
ab10404). The secondary antibodies were: donkey anti-goat antibody conjugated to Alexa-488 (A-11055, Thermofisher), donkey 
anti-rabbit conjugated to Dylight-650 (#84546, ThermoFisher), donkey anti-goat conjugated to Dylight-488 (SA510086) and goat 
anti-chicken conjugated to Alexa 488 (A-11039, ThermoFisher). 

Validation Validated by the manufacturer.

Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals C57BL6J mice were obtained from JAX laboratories, with ages 13–18 weeks at the start of experiments. Transgenic TH-CRE mice 
were obtained from a Caltech’s internal colony, and were originally generated at Uppsala University, Sweden (ref. 49). Animals 
were housed in 12-hour light/dark cycles and were provided water and food ad libitum. All experiments were conducted under a 
protocol approved by the Institutional Animal Care and Use Committee of the California Institute of Technology.

Wild animals The study did not involve wild animals.

Field-collected samples The study did not involve samples collected from the field.

Magnetic resonance imaging
Experimental design

Design type Static image

Design specifications Single image

Behavioral performance measures No behavioural performance was measured.

Acquisition

Imaging type(s) FLASH

Field strength 7T

Sequence & imaging parameters Flash, 3D, coronal: 3.9 ms TE, 15ms TR, 15 deg. flip angle; Voxel size: 200x200x351 micrometres; matrix: 130x130x114 
Flash, 2D, axial: 3ms TE, 100ms TR, 30 deg flip angle, voxel: 80x80x350 micrometres; matrix 225x225x8

Area of acquisition Whole brains were scanned.

Diffusion MRI Used Not used

Preprocessing

Preprocessing software No preprocessing was used.

Normalization No normalization was used.

Normalization template No template was used.

Noise and artifact removal No noise removal or artifact removal were used.

Volume censoring No volume censoring was used.

Statistical modeling & inference

Model type and settings No statistical modeling was used.

Effect(s) tested No statistical effects were tested.

Specify type of analysis: Whole brain ROI-based Both

Statistic type for inference
(See Eklund et al. 2016)

None used.

Correction None needed.
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Models & analysis

n/a Involved in the study
Functional and/or effective connectivity

Graph analysis

Multivariate modeling or predictive analysis


