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Data used in this article were obtained from the UK Biobank [https://www.ukbiobank.ac.uk/], from the Psychiatric Genomics Consortium [https://
www.med.unc.edu/pgc/], 23andMe [https://www.23andme.com/], the International Genomics of Alzheimer's Project [http://web.pasteur-lille.fr/en/recherche/
u744/igap/igap_download.php], the International Multiple Sclerosis Genetics Consortium [http://imsgc.net/], the International Parkinson Disease Genomics
Consortium [https://pdgenetics.org/], and from The International League Against Epilepsy Consortium on Complex Epilepsies [https://www.ilae.org/]. The PD GWAS
partly included data from the 23andMe consortium and is available through 23andMe to qualified researchers under an agreement with 23andMe that protects the
privacy of the 23andMe participants. Please visit research.23andme.com/collaborate/#publication for more information and to apply to access the data. GWAS
results are also available on the FUMA website [https://fuma.ctglab.nl/browse/; ID 135-141]. The summary statistics for thalamic volumes of the present study are
publicly available on GitHub [https://github.com/norment/open-science/tree/main/2021_Elvsashagen_NatComms_ThalamusGenetics].

The present study includes raw T1 MRI data from n = 35,698 genotyped white British from the UK Biobank (discovery sample n = 30,432;
replication sample n = 5,266). No prior GWAS of individual thalamus nuclei has been conducted and no formal power analyses or sample size
estimations were conducted. We included all imaging-genetics data that was available to us in the UK Biobank.

We manually assessed the thalamus segmentations in all MRI data sets by visually inspecting axial view figures of the delineations for each
participant. This procedure excluded 318 data sets from the discovery sample (due to tumors and other lesions (6%), cysts (12%), ventricle
abnormalities (18%), segmentation errors (14%), and insufficient data quality (50%)) and 93 data sets from the replication sample (due to
tumors and other lesions (4%), cysts (13%), ventricle abnormalities (13%), segmentation errors (9%), and insufficient data quality (61%)). Thus,
the final sizes of the discovery and replication GWAS samples were n = 30,114 and n = 5,173, respectively. These criteria for exclusion were
pre-established.

The thalamus-associated lead SNPs of the discovery sample with P < 7e-9 were also evaluated in the GWAS replication sample. 96% of these
lead SNPs had the same effect direction in the replication (sign test; P = 8.6e-14). Moreover, 58% of the discovery lead SNPs had uncorrected
P < 0.05 in the replication Due to the modest size of the replication sample and the limited statistical power, there were no attempts at
replicating the post-GWAS findings of the present study. These include gene mapping and gene sets analyses, and analyses of genetic overlap
between brainstem volumes and common brain disorders.

No randomization was conducted since the study did not include a design e.g., a placebo-controlled treatment trial, where randomization was
relevant. The analyses were run on all available data.

No blinding was conducted since the study did not include a design e.g., a placebo-controlled treatment trial, where blinding was relevant.
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Magnetic resonance imaging

Experimental design
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Diffusion MRI Used Not used

Preprocessing

Preprocessing software
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Noise and artifact removal

Volume censoring

The present study includes n = 35,698 genotyped white British from the UK Biobank. After QC procedures, the final sizes of
the discovery (52% females; age range 45-82 years) and replication (51% females; age range 46-81 years) GWAS samples
were n = 30,114 and n = 5,173, respectively.

UK Biobank conducted its recruitment phase in 2007-2010 in which 500,000 participants gave their consent. Details
concerning recruitment procedures of the UK Biobank can be found at https://www.ukbiobank.ac.uk/key-documents/. We
are not aware of recruitment biases that are likely to have a major impact on the results obtained in the current study.

The National Health Service National Research Ethics Service (ref. 11/112 NW/0382) has approved the UK Biobank. The
projects from which summary statistics of GWAS were used for genetic overlap analysis were each approved by the local
ethics committees, and informed consent was obtained from all participants, as cited in the manuscript file. The Norwegian
Regional Committees for Medical and Health Research Ethics (REC South East) evaluated our pipelines that use summary
statistics from published works for genetic analysis as performed in the current study and found that no additional
institutional approval is needed.

Structural MRI

The MRI data were used for GWAS, genetic correlation, and genetic overlap analyses.

Only structural MRI was used in the present study and no behavioral performance was measured.

Structural MRI, T1-weighted

3T

TR=2000ms, TE=2.01ms, FA=8° (3 identical scanning sites), employing a Siemens 3T Skyra.

Whole brain

The MRI data was processed using recon -all in Freesurfer 5.3 and the thalamus and its nuclei were then delineated using
Bayesian thalamus segmentation in Freesurfer 6.0, as described by Iglesias et al (Neuroimage 2018).

Standard procedures employed in Freesurfer (recon -all) were employed.

fsaverage

We used standard pipelines for anatomical data (Freesurfer recon -all).

We did not employ volume censoring.




