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Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender

Reporting on race, ethnicity, or
other socially relevant groupings

Population characteristics
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Ethics oversight

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

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

Data exclusions

Replication

Randomization

Blinding

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.

We only use de-identified data, but did perform whole genome sequencing, thus gender is known for patients with CCM
lesions 5004 and 5078.

De-identified data was used, not applicable.

We use De-identified data, not applicable.

No patients were recruited for this work

Our research complies with all relevant ethical regulations, including the Declaration of Helsinki and has been approved by
the Institutional Review Boards of University of Chicago, Duke University and the Alliance to Cure Cavernous Malformations.

There were 10 lesions considered each from different patients. This sample size was chosen based on existence of sufficient tissue from CCMs
previously sequenced that had an activating variant in PIK3CA and 0 or 1 identified loss-of-function variants in a CCM gene. The sample size
was strictly determined by availability of tissue and no statistical method was chosen to determine the sample size in advance.

No data was excluded

We sequence resected lesions from patients and there is limited material and intralesional heterogeneity, so repeating a snDNA-sequencing
on the same sample was not attempted. However, we do validate our findings using an orthogonal method (either targeted bulk dna-
sequencing or 100X whole genome sequencing) in 3/4 samples where we attempted to do so. The 4th sample is not a failure of replication, as
our approach was developed due to limitations of existing methods to identify allelic imbalance in a small number of cells and we believe this
shows the benefits of our method.

Not applicable as all lesions sequenced were resected from patients and pathogenic. Samples are primary brain tissue from patients following
surgery. We rarely have access to surgically resected brain tissue without a diagnosis and when studying the genetics of CCMs, it is common
to only consider the genetics of the lesions themselves. On occasion, we have access to control brain tissue from same patients, but that was
not the case for any of the samples we considered, so we cannot randomize between healthy tissue and lesional tissue, as we only sequenced
lesional tissue.

Blinding is not applicable for our study as all lesions sequenced were resected from patients and pathogenic. Same as with randomization, we
are sequencing resected brain tissue from patients with aggressive CCMs and there is no matching non-lesional tissue from these brains.
Further, we are only studying the genetic underpinnings of Cerebral Cavernous Malformations and only CCM patient tissue was considered for
this work. Since all samples share the same rare disease, blinding is not applicable.




