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Sample size

Data exclusions

Replication

Source data are provided with this paper. Further data that supports the findings presented in the current study are available from the corresponding authors on
reasonable request. .

We considered gender in the human population-based study of this manuscript. This information was self-reported by
participants. In total, our study analyzed data from 907 men and 746 women (shown in Supplemental Table 15). Parkinson's
disease is more common among men, therefore our statistical analysis controlled for gender as a covariate. We also provide
exposure descriptive information and risk estimates stratified by stratified by gender. Finally, we considered statistical
interactions between gender and pesticide exposure which are reported in the manuscript.

The human epidemiologic study for this manuscript was based on 829 Parkinson's patients and 824 controls. The mean age
of the patients was 67.7 (SD=10.6) and 65.9 (SD=11.6) for controls. 76% of the patients and 69% of controls were of
European ancestry; 63% of the patients and 47% of the controls were male. This information along with more detailed
population characteristics is provided in Supplemental Table 15.

Study enrollment for the epidemiologic study took place over two waves: wave 1 (PEG1): 2000-2007, n=357 PD patients,
n=400 population-based controls; wave 2 (PEG2): 2009-2015, n=472 PD patients, n=424 population-based controls. Patients
were first (PEG1) identified through large medical groups, neurologists, and public service announcements and second
(PEG2) from the pilot PD registry program in California. Population-based controls for both study waves were required to be >
35 years of age, have lived within one of the three counties the patients resided in (Kern, Fresno, Tulare) for at least 5 years
before enrollment, and not have a diagnosis of PD. We identified potentially eligible controls initially through Medicare
enrollee lists (2001) but mainly from publicly available residential tax-collector records (after 2001 due to HIPAA restrictions).
We used two sampling strategies for controls to increase enrollment success and representativeness of the source
population: a) for PEG1, random selection from the Medicare enrollee lists and of residential parcels (identified from the tax-
collector records) followed by mail or phone enrollment, and b) for PEG2, random selection of clustered households (five per
cluster, identified through the tax-collector records) visited in person to enroll at least one eligible control from each cluster
(only one per household allowed). A detailed description of all enrollment numbers is provided in the supplemental methods.

The PEG study was approved by the UCLA Institutional Review Board (IRB#21-000256 and IRB#11-001530) and informed
consent was obtained from all individuals. Our research conformed to the Declaration of Helsinki.

For the human population-based analysis, the sample size was based on all available data from the PEG studies (n=1653).

For the cell models, sample size was based on plating density of neurons for the experiments. Four fields of live images were acquired with a
10x objective typically resulted in sampling 60-120 neurons per well depending on the assay. Sample size estimates were derived from
preliminary experiments using a positive control (rotenone) to determine how many biological replicates and how many cells needed to be
measured to detect an observed difference in survival.

Data were not excluded from analysis.

For the human population-based analysis, we used two study waves of the PEG population. These study waves are independent populations,
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Antibodies
Antibodies used

Validation

recruited from the same geographic area, with the same study protocol (neurologic exam, patient questionnaire, exposure assessment, etc).
This allowed us to assess replication from one study wave to the other.

For the cell models, 2-3 technical replicates were used for each pesticide for the screen described in Figure 4. The screen in Figure 4 was
performed once. The combinatorial treatments described in Figure 6 represent n=4. Biological replicates are specified in the text of figure
legends or results as appropriate.

For the human population-based analysis, we conducted analysis of existing data from an observational study. The study subjects were not
randomly assigned to exposure groups, but compared based on pesticide use reports detailing how much pesticide was applied near the
homes and workplaces of participants since 1974.

For the cell models, the same iPSC line was utilized for all described experiments. Constraints of screening library construction did not permit
well to well randomization in data for Figure 4. Well treatments were randomized for Figure 6 using HP Digital Dispenser software.

For the human population-based analysis, we conducted analysis of existing data from an observational study. Thus blinding was not relevant.
For the cell models, blinding was not performed in cell quantitation experiments due to the use of image analysis algorithms (Columbus
software) applied equally across all wells of an experiment.

Primary ABs

Total OXPHOS Rodent WB Antibody Cocktail [supplier: abcam inc., cat#: ab110413, Lot#: 2101002618]

SDHA Monoclonal Antibody, dilution 1:10,000 (Clone: 2E3GC12FB2AE2) [supplier: Fisher Scientific, cat#: 459200 Lot#: WH3388949 ]

Anti-TOMM20 antibody produced in rabbit, dilution 1:1,000 [supplier: Sigma Aldrich, cat#: HPA011362, Lot#: 317737]

Anti-Actin antibody produced in rabbit, dilution 1:1,200 [supplier: Sigma Aldrich, cat#: A2066, Lot#: 099M-4864V ]

Sheep anti-TH, dilution 1:500 [supplier: Pel-Freeze #960101]

Rabbit anti-RFP, dilution 1:500 [supplier: Rockland 600-401-379]

Rabbit anti-phospho-Ser-129, dilution 1:1,000 [supplier: Abcam Cat. # ab51253]

Mouse anti-Alpha-Synuclein (Syn1), dilution 1:1,000 [Clone: 42; supplier: BD Transduction Laboratories Cat. # 610787]

Mouse anti-GAPDH, dilution 1:15,000 [Clone 6C5; supplier: EMD Millipore Cat. # MAB374]

Secondary AB

Donkey anti-Mouse IgG H&L, dilution 1:10,000 (IRDye® 680RD) preadsorbed [supplier: LI-COR inc., cat#: ab216778, Lot#:
GR3408325-1]

Goat anti-Rabbit IgG H&L, dilution 1:10,000 (IRDye® 800CW) preadsorbed [supplier: abcam inc., cat#: ab216773, Lot#: GR3408322-1]

Donkey anti-Sheep IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, Alexa Fluor 488, dilution 1:500 [Life Technologies #
A11015]

Donkey anti-Rabbit IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, Alexa Fluor 594, dilution 1:500 [Life Technologies #
A21207]

Goat anti-Mouse IgG Cross-Adsorbed Secondary Antibody, HRP, dilution 1:10,000 [Bio-Rad 170-6516]

Goat anti-Rabbit IgG Secondary Antibody, HRP, dilution 1:10,000 [Bio-Rad 170-6515]

Sheep anti-TH: From manufacturer website/datasheet: "The antibody has been tested in Western blots of SDS-solubilized human and
mouse striatal samples and in IHC applications with monkey (Macaque) brain sections. References:

1) Kish SJ et al. (2001) Neuropsychopharmacology 24:561-567.

2) Salvatore MF et al. (2001) J Neurochem 79:349- 360.

3) Witkovsky P et al. (2000) J Chem Neuroanat 19:105-116.

4) Zhu MY et al. (2000) J Neurosci Meth 99:37-44.

5) Zhu MY et al. (1999) Biol Psychiatry 46:1275-1286."

Rabbit anti-RFP: From manufacturer's website: "This product was prepared from monospecific antiserum by immunoaffinity
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Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

Mycoplasma contamination

chromatography using Red Fluorescent Protein (Discosoma) coupled to agarose beads followed by solid phase adsorption(s) to
remove any unwanted reactivities. Expect reactivity against RFP and its variants: mCherry, tdTomato, mBanana, mOrange, mPlum,
mOrange and mStrawberry. Assay by immunoelectrophoresis resulted in a single precipitin arc against anti-Rabbit Serum and purified
and partially purified Red Fluorescent Protein (Discosoma). No reaction was observed against Human, Mouse or Rat serum proteins."

Anti-phospho-Ser-129: Frommanufacturer’s website- “This antibody only detects alpha synuclein phosphorylated on Ser129. IHC-P:
This antibody showed no staining in human hippocampus normal brain and showed staining in Parkinson's brain as expected.”
Manufacturer’s website also shows Western Blot of in vitro kinase activity detecting phopsho S129 only in the presence of PLK2 and
ATP.

Anti-Alpha-Synuclein (Syn1): Published work shows immunohistochemical staining seen in transgenic mice expressing human
synuclein that is absent in wild type mice (PMID: 10934251). Supplemental figure 11C of this manuscript shows absence of staining in
neurons derived from an alpha synuclein knockout iPSC line.

Anti-GAPDH: From manufacturer’s website. Recognizes “Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) from skeletal muscle.
Antibody also recognizes cardiac GAPDH. GAPDH enzyme is detected in many non-muscle cells lines including HeLa, HCT-116 cells,
U937 and THP-1 cells among others… [species reactivity includes] Human, porcine, canine, rat, mouse, rabbit, cat, and fish skeletal
muscle. It has been reported that this antibody does not react with GAPDH from E. coli.” Manufacturer's website provides technical
data sheet which depicts Western Blot validation results from eight distinct cell lines showing the same band a the expected
molecular weight.

Total OXPHOS Rodent WB Antibody Cocktail: This is a cocktail of 5 mouse mAbs. “One each against CI subunit NDUFB8 (ab110242),
CII-30kDa (ab14714), CIII-Core protein 2 (ab14745), CIV subunit I(ab14705) and CV alpha subunit (ab14748) as an optimized
premixed cocktail.” Specificity data for these antibodies are as follows:

CI subunit NDUFB8: From manufacturer online documentation, “Skeletal muscle immunohistochemistry using ab110242 on frozen
tissue sections from a patient with a single large deletion of the mtDNA show a mosaic of complex I positive and complex I negative
fibers.”

CII-30kDa: Manufacturer website demonstrates “ab14714 staining of SDHB in wild-type HEK293 cells and SDHB knockout HEK293
cells”. Images demonstrate absence of staining in the knockout HEK293 cells.

CIII-Core protein 2: Manufacturer’s website demonstrates “Mitochondrial localization of complex III visualized by
immunofluorescence using anti-complex III subunit Core 2 mAb 2E3GC12FB2AE2 (ab14745)….[in] Cultured human embryonic lung-
derived fibroblasts (strain MRC5).”

CIV subunit I: Figure 3E of Zierz et al (PMID: 31167410) demonstrates destabilization and decreased protein abundance of MT-CO1
(as a part of complex 4) in the setting of MT-CO2 deficiency. Manufacturer’s website also demonstrates mitochondrial localization by
immunocytochemistry.

CV alpha subunit: Manufacturer’s website identifies “isolated mitochondria from human, cow, rat and mouse heart. Human liver
tissue lysate. HepG2 whole cell lysate” as positive controls. All samples produce a prominent band at the same size for each source
of isolated mitochondria. Immunocytochemistry of ab14748 stained MCF7 (Human breast adenocarcinoma cell line) cells shows
mitochondrial staining pattern.

SDHA Monoclonal Antibody (Clone: 2E3GC12FB2AE2): SDHA Antibody (459200). From manufacturer’s website: Antibody specificity
was demonstrated by siRNA mediated knockdown of target protein. SH-SY5Y cells were transfected with SDHA siRNA and decrease in
signal intensity was observed in Western Blot application using Anti-SDHA Monoclonal Antibody.

Anti-TOMM20 antibody: Per the manufacturer’s website: “Anti-TOMM20 antibody produced in rabbit, a Prestige Antibody, is
developed and validated by the Human Protein Atlas (HPA) project . Each antibody is tested by immunohistochemistry against
hundreds of normal and disease tissues. These images can be viewed on the Human Protein Atlas (HPA) site”

Anti-Actin antibody: From the manufacturer’s website, “In immunoblotting, the product localizes actin in many species ranging from
human skeletal muscle to amoeba. The product recognizes the 42 kDa actin band using immunoblotting techniques in human or
animal tissue extracts.” The antibody has also been subject to Sigma’s “enhanced validation” criteria with independent confirmation
of staining patterns in multiple tissues when compared to multiple other anti-actin antibodies.

The synuclein triplication iPSC line was generated from the fibroblasts of a male subject from the "Iowa Kindred" with rapidly
progressive parkinsonism presenting at age 41. Additional description in Chung, Khurana 2013 (DOI: 10.1126/
science.1245296). The wild-type (2-copy) synuclein iPSC line is the mutation corrected control of another iPSC line. The
original iPSC line was generated from fibroblasts of a symptomatic male subject of previously described kindred (Zarranz et
al. Ann Neurol 2004;55:164–173). The subjects shows indicators of Parkinson’s Disease in both central nervous system
(illustrated by DAT-scan showing degeneration of nigra-striatal pathway) and peripheral nervous system (accumulation of
phosphorylated alpha synuclein can be found in sympathetic neurons by skin biopsy). Mutation correction was performed
using a CRISPR/Cas9 and piggybac system (Woodard, L.E., and Wilson, M.H. 2015. Doi: 10.1016/j.tibtech.2015.06.009).

G-banded karyotyping confirmed a normal male karyotype before and after genetic manipulations.

These cell lines (iPSCs and resultant neurons) were tested at least monthly for the presence of mycoplasma and were
negative.




