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4. ANNOVAR was used to annotate single nucleotide variants and insertions/deletions with RefSeq (UCSC hg19).

5. The detection of copy-number variant (CNV) in DAGLB from WES data in our ARPD and sporadic EOPD cohorts was performed with the
eXome-Hidden Markov Model (XHMM) software.The average baseline signals were calculated as FB. The instant signals at different time point
after drug treatment were calculated as FI. The alterations of signal intensities at different time points were calculated as !F/F=(FI-FB)/FB.

6. Long-read nanopore sequencing reads were aligned to the human reference genome (hg19) using NGMLR (ngmlr 0.2.7), and structural
variation calls were detected by Sniffles.

7.The Ensembl annotated transcript abundance was quantified using Salmon in a non-alignment-based mode, and gene level counts were
estimated using Tximport package (Bioconductor). The counts for the resulting genes were then normalized using a variance-stabilizing
transformation.

8. PD variants in AMP-PD dataset were classified into 2 classes (missense and LOF) as annotated using ANNOVAR (2020-06-08 ). PLINK was
used to extract missense and LOF (splicing, stop, frameshift) variants at a MAF of 0.05, and to run genotypic disease-variant association
testing, using the --model flag. After recoding the data into an additive model, summary statistics were extracted using R (version 4.1.0).
Finally, RVtests 69 (v2.1) was used to run the CMC, CMC Wald, and SKAT-O burden tests for each of the defined variant classes at MAF of 0.05.

9. FreewalkScanTM2.0 software (CleverSys Inc) for various characteristic parameters of gait including stride length and stance/swing time of
each paw.

10. TH-positive neurons were assessed using the fractionator function of Stereo Investigator 10 (MBF Bioscience).

11. In fiber photometry studies, the average baseline signals were calculated as FB. The instant signals at different time point after drug
treatment were calculated as FI. The alterations of signal intensities at different time points were calculated as !F/F=(FI-FB)/FB.

12. All the data were analyzed by Prism 8 software (Graphpad).

1. Study participants were recruited at Xiangya Hospital, Central South University between October 2006 and January 2019 and other hospitals of Parkinson’s
Disease and Movement Disorders Multicenter Database and Collaborative Network in China (PD-MDCNC, http://pd-mdcnc.com:3111/).

2. Mutation analysis of DAGLB in another 500 matched control cohort was done by direct sequencing (GenBank, NM_139179.4 and NP_631918.3).

3. The human DAGLA, DAGLA, and TH RNA sequencing dataset was obtained from GSE76514.

4. The accession number of the striatal tissue RNA-seq is PRJNA612478 (https://www.ncbi.nlm.nih.gov/bioproject/?term=prjna612478).

5. The accession number of SNc RNA-seq data is PRJNA775656 (https://www.ncbi.nlm.nih.gov/bioproject/775656).

6. The whole genome sequencing (WGS) data from the Accelerating Medicines Partnership - Parkinson’s disease initiative (AMP-PD, https://amp-pd.org/) which
includes data from multiple cohorts of unrelated European descent.

The sample size was estimated based on previous experiences. In general, three or more independent samples per group were used for
western blot, qRT-PCR, histology, and fiber photometry recording. 10 or more mice with mixed genders were used for behavioral studies.

No data were excluded.

The western blot, RT-PCR, cell counting, and fiber photometry recoding experiments were performed independently by two or more
investigators. The results were consistent between the different investigators. The behavioral tests with a large cohort of mice and LCM-RNA
sequencing were not replicated due to cost and time restrictions.

The samples for western blot and qRT-PCR experiments were fully randomized. The samples for cell counting, fiber photometry recording and
behavioral experiments were grouped based on age and gender balance. Within each group, the selection of individual animal was totally
randomized.

The investigators were blinded to genotypes when carrying out any experiments.
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Rabbit monoclonal anti-DAGLB (Cell Signaling, 12574S, clone D4P7C, 1:500), Rabbit polyclonal anti-DAGLA (Frontier Institute co. ltd,
DGLa-Rb-Af380, 1:250), Rabbit monoclonal anti-HA-Tag (Cell Signaling, 3724S, clone C29F4, 1:500), Rabbit monoclonal anti-Cre
Recombinase (Cell Signaling, 12830S, clone D7L7L, 1:500), Mouse monoclonal anti-GAPDH (Sigma-Aldrich, G8795, clone GAPDH-71.7,
1:5000), Mouse monoclonal anti-"-actin (Sigma-Aldrich, A2228, clone AC-74,1:5000), Rat monoclonal anti-DRD1 (Sigma-Aldrich,
D2944, clone 1-1-F11 s.E6, 1:500), Mouse monoclonal anti-CB1 (Synaptic systems, 258011, clone 289c1, 1:500), Rabbit polyclonal
anti-TH (Pel-Freez Biologicals, P40101, 1:2500), Mouse monoclonal anti-TH (ImmunoStar, 22941, 1:1000), Chicken polyclonal anti-TH
(Aves Labs, TYH, 1:500), Chicken polyclonal anti-GFP (Aves Labs, GFP-1020, 1:1000), Rabbit polyclonal anti-RFP (Rockland,
600-401-379, 1:1000), rabbit monoclonal anti-HA-Tag (Cell Signaling, 3724S, clone 29F4, 1:100), Guinea pig polyclonal anti-NeuN
(Synaptic systems, 266 004, 1:1000), rabbit polyclonal anti-Iba1 (Wako, 019-19741, 1:1000), and mouse monoclonal anti-TOM20
(Santa Cruz, sc-17764, clone F-10, 1:200).

The specificity of anti-DAGLA and DAGLB was validated by western blot with N2a cell or primary neuronal cultures infected with
Dagla and Daglb-specific gene knock-down vectors. DAGLB and CB1 antibodies were also verified by western blots or immunostaining
of tissues from DAGLB and CB1 knockout mice, respectively. The specificity of other antibodies was verified through comparing with
previous published studies, based on the molecular weight and staining pattern.

Neuro-2a (N2a) cells were obtained from ATCC (https://www.atcc.org/products/ccl-131). Human dermal fibroblasts were
derived from skin biopsies from affected individuals and age and sex-matched non-neurological controls through standard
techniques

We purchased the cell line from ATCC and the cell showed the typical size and morphology as expected from N2a cells.

All cell lines were tested negative for mycoplasma contamination.

No commonly misidentified lines were used in this study.

C57BL/6J (#000664), DATIRESCre (#006660), Ai95 (RCL-GCaMP6f) (#028865), and Ai9 (RCL-tdT) (#007909) mice were purchased from
the Jackson laboratory. Cnr1loxP/loxP mice were generously provided by Dr. Josephine M. Egan of NIA. Daglb germline KO mice were
generously provided by Dr.Ku-Lung Hsu of University of Virginia.The animal age was ranged from embryonic day 16.5 to 20-month-
old. Both males and females were used.

No wild animals were used.

No field-collected samples.

All mouse studies were in accordance with the guidelines approved by Institutional Animal Care and Use Committees (IACUC) of the
National Institute on Aging (NIA), NIH.




