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Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Healthy whites in UKB data (N=22,459) was used to identify PRS-associated multimodal pattern. The criterion for subject selection include:
healthy, white, and each of them completed the genotype and multimodal MRI data. Subjects passed MRI quality control were selected. No
specific sample size calculation was performed.

Subjects that have any ICD-10 coded neurological or psychiatric diseases, congenital neurological diseases, that reported themselves that they
were told to have a specific neurological/psychiatric disease (which may or may not have been ICD-coded), non-white, with incomplete MRI
data were excluded.

Four independent SZ cohorts (fBIRN, COBRE, BSNIP, MPRC) were used to do the replication analysis. The group difference tests, the
classification between SZ and HC, the prediction of symptom and cognition were replicated across four independent SZ cohorts.

There is only one group (healthy subjects) in UKB. For fBIRN, COBRE, BSNIP and MPRC, there are SZ and control groups. Subjects with mean
FD exceeding 1 mm, and head motion exceeding 2.5 mm of maximal translation (in any direction of x, y or z) or 2.5o of maximal rotation
throughout the course of scanning were excluded. We further regressed out six head motion parameters (3 translations and 3 rotations)
cerebrospinal fluid [CSF] + white matter [WM] + global signal in resting state fMRI preprocessing. The correlation between mean FD and PRS
was not significant (p>0.05, Supplementary Table 5). In addition, mean FD, site, gender and age were regressed out from fALFF/GMV feature
matrices prior to the primary fusion analysis.

Subjects from fBIRN, COBRE, BSNIP and MPRC were grouped based on whether they diagnosed as SZ or not. The investigators were blinded to
group allocation during data collection and/or analysis.
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Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

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

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

Preprocessing

Preprocessing software

Normalization

Normalization template

Noise and artifact removal

Volume censoring

Discovery participants were recruited from the UK Biobank, a population-based cohort of over 500,000 individuals aged 39–
73 years from 22 centers across the United Kingdom between 2006 and 2010. Our study focused on a subset of N = 22,459
(11173M/11286F) participants for each of whom complete genotype and multimodal MRI data were available for download.
Subjects that have any ICD-10 coded neurological or psychiatric diseases, congenital neurological diseases, that reported
themselves that they were told to have a specific neurological/psychiatric disease (which may or may not have been ICD-
coded), non-Caucasian, with incomplete MRI data were excluded.

Discovery participants were recruited from the UK Biobank, a population-based cohort of over 500,000 individuals aged 39–
73 years from 22 centers across the United Kingdom between 2006 and 2010. Our study focused on a subset of N = 22,459
participants for each of whom complete genotype and multimodal MRI data were available for download. Subjects that have
any ICD-10 coded neurological or psychiatric diseases, congenital neurological diseases, that reported themselves that they
were told to have a specific neurological/psychiatric disease (which may or may not have been ICD-coded), non-Caucasian,
with incomplete MRI data were excluded.

Ethical approval was obtained from the Human Biology Research Ethics Committee, University of Cambridge (Cambridge,
UK). Informed consent was provided by all participants (https://biobank.ctsu.ox.ac.uk/crystal/field.cgi?id=200). The UKB
cohort formed the basis of our analyses. This study is under Application ID 34175: Identify biomarkers for distinguishing
different mental disorders using brain images and their associations with genetic risk.

Resting state fMRI and sMRI were used.

NO task fMRI were included in our current study.

NO task fMRI were included in our current study.

functional and structural MRI.

3T

fMRI: The UKB dataset was collected in three sites (Manchester, Newcastle and Reading) using a standard EPI sequence,
including Siemens 3-Tesla Siemens scanner (TR/TE = 735/39 ms, voxel spacing size = 2.4 × 2.4 × 2.4 mm, FOV = 88 × 88
×64 matrix). GE-EPI with ×8 multi-slice acceleration, no iPAT, flip angle 52o, fat saturation.

sMRI: High-resolution anatomical MR images were acquired, including a three-dimensional T1-weighted magnetization
prepared gradient echo sequence (MPRAGE) based on the Alzheimer’s disease Neuroimaging Initiative protocol. The
resolution of structural image is 1 × 1 × 1 mm (TR = 735 msec, TE = 39 msec, FOV: 208 × 256 × 256 matrix) and required
5 minutes for acquisition.

Whole brain analysis.

SPM12

Non-linear

EPI template

nuisance covariates (6 head motions + cerebrospinal fluid [CSF] + white matter [WM]) + global signal were regressed out via a
general linear model from the voxel time series

For the sMRI data was normalized to MNI space using the unified segmentation method in SPM12, resliced to 3 × 3 × 3 mm,
and segmented into gray matter (GM), white matter (WM), and cerebral spinal fluid (CSF) using modulated normalization
algorithms, resulting outputs as gray matter volume (GMV). Then the GMV were smoothed using a Gaussian kernel with a full
width at half maximum (FWHM) = 6 mm. Subject outlier detection was further performed using a spatial Pearson correlation
with the template image to ensure that all subjects were properly segmented.




