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Human research participants
Policy information about studies involving human research participants and Sex and Gender in Research. 

Reporting on sex and gender

Population characteristics

Recruitment

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

analyzed as well as the scripts generated for the purposes of this study are available from the corresponding authors upon reasonable request. Source data are
provided with this paper.

See below.

Human Connectome Project:

A sample of 100 unrelated healthy subjects (54% female; mean age = 29.1±3.7 years; age range = 22-36 years) was drawn
from the HCP dataset, as publicly provided by the HCP1200 subjects data release.

Penn Sample:

Healthy individuals (n = 14; 78.6% female; mean age = 22.8±3.2 years; age range = 18-28 years) were prospectively enrolled
at the University of Pennsylvania between November 16, 2016 and May 19, 2018, and recruited from the local community.

Human Connectome Project:

A sample of 100 unrelated healthy subjects was drawn from the HCP dataset, as publicly provided by the HCP1200 subjects
data release.

Penn Sample:

Healthy individuals were prospectively enrolled at the University of Pennsylvania between November 16, 2016 and May 19,
2018, and recruited from the local community.

Informed consent was obtained from all Human Connectome Project subjects, and the procedures were approved by the
Washington University Institutional Review Board. Informed consent was obtained from all subjects scanned at the University
of Pennsylvania, and the procedures were approved by the University of Pennsylvania Institutional Review Board.

We first utilized the publicly available Human Connectome Project (HCP) dataset containing diffusion imaging and resting-state functional
imaging data from 100 unrelated healthy individuals. Our second subject sample contained 14 healthy individuals scanned at the University of
Pennsylvania. Despite its small sample size, this dataset contained subjects that had been scanned with particularly high-resolution diffusion
imaging, allowing us to analyze their structural and functional organization properties in marked detail.

After pre-processing the structural and functional scans of our Penn subject sample (n=14; 78.6% female; mean age = 22.8±3.2 years; age
range = 18-28 years), we manually examined the generated Quality Control files, to assess the quality of the data. Given that structural and
functional connectivity obtained from this sample was being assessed at the voxel-level, we chose to apply particularly conservative quality
control criteria when deciding which subjects to include in our analyses: subjects with at least one “bad” slice found (i.e., slices that
significantly differed in intensity patterns from the slices acquired before and after) in the pre-processed diffusion images (n = 2) or resting-
state functional scans with mean framewise displacement exceeding 0.2 mm (n = 3), were excluded from the analysis. Using these criteria, we
ended up including 9 (88.9% female; mean age = 22.8±2.7 years; age range = 19-27 years) out of the total 14 subjects scanned.

In order to verify the reproducibility of our experimental findings, we analyzed the magnetic resonance imaging (MRI) data acquired from two
independent groups of healthy participants (HCP Dataset and Penn dataset) using six different—yet complementary—processing pipelines:
atlas-based approaches capitalizing on two commonly used brain parcellation schemes (HCP multi-modal parcellation and Schaefer 400
parcellation), and a voxel-based approach of unprecedented resolution wherein each cortical voxel was treated as a stand-alone brain region;
the latter approach allowed us to study brain structural and functional dynamics in marked detail, generating connectivity matrices with sizes
ranging from 60,744 x 60,744 to 83,680 x 83,680. Our findings were largely replicated across all processing pipelines.

Non-applicable: there was no randomization applied on this study, as all participants were healthy individuals.

Non-applicable: all subjects examined were healthy individuals.
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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

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Magnetic resonance imaging

Experimental design

Design type

Design specifications

Behavioral performance measures

Acquisition

Imaging type(s)

Field strength

Sequence & imaging parameters

Area of acquisition

Diffusion MRI Used Not used

Parameters

Resting-state functional magnetic resonance imaging (fMRI).

Human Connectome Project dataset:

Resting-state fMRI (gradient-echo echo-planar imaging [EPI] sequence; four runs; 1200 volumes/run, 14:33 min:sec
each; voxel size: 2 mm isotropic; repetition time [TR]: 720 ms; echo time [TE]: 33.1 ms).

Penn dataset:

Resting-state fMRI (two runs; 1200 volumes/run, 20:07 min:sec each; voxel size: 3 mm isotropic; TR: 500 ms; TE: 25 ms).

No behavioral performance measures were considered in this study.

Functional, structural, and diffusion.

3T

Human Connectome Project dataset:

Subjects within this sample were scanned on a customized Siemens “Connectome” Skyra 3T scanner (32-channel
Siemens head coil) and underwent high-resolution 3T MRI, including T1-weighted (3D Multi-echo Magnetization–
Prepared Rapid Gradient Echo [MEMPRAGE] sequence; voxel size: 0.7 mm isotropic; TR: 2400 ms; TE: 2.14 ms), T2-
weighted (3D sampling perfection with application-optimized contrasts by using flip angle evolution [SPACE] sequence;
voxel size: 0.7 mm isotropic; TR: 3200 ms; TE: 565 ms), resting-state fMRI (gradient-echo echo-planar imaging [EPI]
sequence; four runs; 1200 volumes/run, 14:33 min:sec each; voxel size: 2 mm isotropic; TR: 720 ms; TE: 33.1 ms), and
high angular resolution diffusion imaging (spin-echo planar imaging sequence; voxel size: 1.25 mm isotropic; TR: 5520
ms; TE: 89.5 ms; max b-value: 3000 s/mm2; 270 non-colinear directions; 18 b0 acquisitions) sequences.

Penn dataset:

Subjects within this sample were scanned using a Siemens Magnetom Prisma 3T scanner (64-channel head/neck coil)
and underwent high-resolution 3T MRI, including T1-weighted (3D MEMPRAGE sequence; voxel size: 0.9 mm isotropic;
TR: 2500 ms; TE: 2.18 ms), T2-weighted (3D SPACE sequence; voxel size: 0.9 mm isotropic; TR: 3200 ms; TE: 565 ms),
resting-state functional MRI (two runs; 1200 volumes/run, 20:07 min:sec each; voxel size: 3 mm isotropic; TR: 500 ms;
TE: 25 ms), and diffusion spectrum imaging (voxel size: 1.8 mm isotropic; TR: 4300 ms; TE: 102 ms; max b-value: 5000 s/
mm2; 731 directions; 22 b0 acquisitions) sequences.

Whole brain.

Human Connectome Project dataset:

High angular resolution diffusion imaging (spin-echo planar imaging sequence; voxel size: 1.25 mm isotropic; TR: 5520 ms; TE: 89.5
ms; max b-value: 3000 s/mm2; 270 non-colinear directions; 18 b0 acquisitions).

Penn dataset:

Diffusion spectrum imaging (voxel size: 1.8 mm isotropic; TR: 4300 ms; TE: 102 ms; max b-value: 5000 s/mm2; 731 directions; 22 b0
acquisitions).




