Supplementary Material

Supplementary Figure and Table legends

Table S1. C. elegans strains used in this study. 

Table S2. RNAi clones used in the screen.

Table S3. Information about the genes involved in SNCA spreading.

Figure S1. SNCA misfolding and accumulation in tubular endosomes is not directed by the RFP tag. (A) Left images depict representative TCSPC-images of RFP nematodes on day 4, 5 and 10 of life. Intensity-weighted fluorescence lifetime (τ) is indicated in false colors (decreasing from red to blue). Scale bars: 20 µm. Right panels represent the corresponding histograms showing the relative abundance of pixels exhibiting a certain fluorescence lifetime (τ), averaged over all acquired images (n = 8-14 for each time point). (B) Sequential extraction of RFP with Tris-HCl buffer, and Tris-HCl buffer containing 1% Triton X-100, 1% sarkosyl and 2% SDS from lysates of 5-d-old animals detects RFP only in the Tris-HCl fraction. The RFP-specific band is highlighted by an arrow. (C) Collapsed confocal z-stacks of 5-d-old C. elegans expressing only the RFP tag in BWM cells. (I) Z projections along the length of the animal were stitched to create a high-resolution montage of an entire worm; scale bar: 100 µm. (I-a) Zoom of boxed region in (I); scale bars: 10 µm. RFP exhibits diffuse cytosolic fluorescence and forms small spherical foci. The number of foci is increasing in 6-d-old animals, but no tubular vesicles are seen (II). (D) Collapsed confocal z-stacks of 5-d-old C. elegans expressing the indicated proteins in BWM cells for comparison of the subcellular localization of SNCA fused to different fluorescent tags. (I) YFP tagged SNCA exhibits diffuse cytosolic fluorescence as well as bright fluorescent puncta, which might represent protein aggregates. (II) The subcellular pattern of (unconverted) SNCA::Dendra2 and (III) SNCA::RFP fusion constructs are different in that both reveal additional spherical and tubular vesicles (arrows), likely resembling endosomal vesicles, that are invisible with YFP tagged SNCA. Scale bars: 10 µm. 

Figure S2. Nocodazole treatment depolymerizes microtubules. Collapsed confocal z-stacks of 5-d-old C. elegans expressing the indicated proteins; scale bars: 10 µm. EMTB::GFP is associated with microtubules upon DMSO and NaN3 treatment, but exhibits a more diffuse staining upon Nocodazole treatment, indicating a detachment from microtubules. 

Figure S3. SNCA expression levels in transgenic animals. (A) Western blot of total lysates of nematodes expressing indicated transgenes. Proteins were detected using an anti-SNCA antibody. Anti-actin antibody was used as loading control. (B) Relative transgene expression levels as quantified using the gel analyzer function of imageJ. Data are shown as mean ± SEM. 

Figure S4. RFP and polyQ40::RFP predominantly remain in muscle cells. Collapsed confocal z-stacks of 5-d-old nematodes expressing the indicated proteins. White dashed lines outline the borders of BWM cells. M, muscle; H, hypodermis. Scale bars: 10 µm. RFP alone and polyQ40::RFP are not spreading (transmission is observed in only ~ 10% of animals, data not shown). 

[bookmark: _GoBack]Figure S5. Reduced INS-IGF1 signaling decreases SNCA misfolding. (A) Representative TCSPC-images of SNCA and SNCA;daf-2 nematodes on indicated days of life. Intensity-weighted fluorescence lifetime (τ) is indicated in false colors (decreasing from red to blue). Scale bars: 25 µm. (B) Corresponding histograms showing the relative abundance of pixels exhibiting a certain fluorescence lifetime (τ), averaged over all acquired images. Mean fluorescence lifetime (τ ± SD) for each strain is listed on the right. (C) Sequential extraction of SNCA::RFP from WT and daf-2 mutant animals with Tris-HCl buffer, and Tris-HCl buffer containing 1% Triton X-100, 1% sarkosyl and 2% SDS from lysates of 5-d-old animals detects no detergent insoluble SNCA::RFP in daf-2 mutant animals. In parallel, total lysates were probed with anti-SNCA and anti-actin antibodies to ensure equal protein concentrations. 

Figure S6. Expression of untagged SNCA in BWM cells causes lysosomal rupture in the hypodermis. (A) Fluorescent images of the hypodermis of 5-d-old nematodes expressing indicated proteins. Scale bars: 0.5 mm. sfGFP::LGALS3 puncta reveal lysosomal leakage in hypodermal cells when SNCA is expressed in BWM cells, but not in control animals. (B) Quantification of animals with more than 5 sfGFP::LGALS3 foci on day 5. Data are shown as mean ± SD. Statistical analyses were done using a Student’s t-Test. ** = p < 0.01. 

Figure S7. Expression of SNCA::RFP is toxic and impairs DA function, which is partially rescued by reducing INS-IGF1 signaling. (A) Collapsed confocal z-stacks of nematodes expressing SNCA::RFP or GFP in DA neurons. Arrows indicate strong morphological abnormalities observed in CEP neurons expressing SNCA::RFP, but not in GFP expressing neurons; scale bars: 10 µm. Corresponding quantifications of these phenotypes are depicted in Fig. 9F. (B and C) Basal slowing response assay of Dat-1p::SNCA::RFP and Dat-1p::SNCA::RFP;daf-2 animals and indicated controls. Bar plots show mean differences in locomotion of animals in the absence minus presence of food. Animal locomotion was assayed by counting the body bends per animal within a 20 s time period. Data are shown as mean ± SEM. Statistical analyses were done using two-way ANOVA with Bonferroni posttests. n.s. = not significant, * = p < 0.1, ** = p < 0.01. (B) Expression of SNCA::RFP partially impairs DA function. (C) The daf-2 mutation improves DA neuronal function in animals expressing SNCA::RFP to some extent but not consistently.

Figure S8. Model of systemic SNCA spreading and the potential role of the identified genetic modifiers herein. The inter-tissue transmission of SNCA involves unconventional secretion from donor cells, transfer through an extracellular matrix (ECM), and uptake by endocytosis followed by rupture of endocytic vesicles in receiving tissues. The identified genetic modifiers (in red) likely influence SNCA propagation at multiple levels. Genes involved in basement membrane transmigration that do not affect SNCA transfer through an interstitial ECM are written in blue. See text for further details. BM, basement membrane; PM, plasma membrane; TGN, trans Golgi network; ER, endoplasmic reticulum; N, nucleus; MVB, multivesicular body.

Video S1. SNCA::RFP vesicle dynamics in BWM cells. SNCA::RFP is accumulating in highly mobile endosomal vesicles within BWM cells. Five-days-old nematodes expressing SNCA::RFP in BWM cells were mounted and video was taken using a Leica DMi8 spinning disk microscope. 301 frames were taken with a speed of 1 fps. Video is played at 10 fps. 

Video S2. Vesicular SNCA::RFP is transported along microtubules. 5-d-old nematodes co-expressing SNCA::RFP and EMTB::GFP were mounted and video was taken using a Leica DMi8 spinning disk microscope. 602 frames (301 per channel) were taken with a speed of 1 fps. Video is played at 10 fps. 

Video S3. SNCA::RFP vesicle tubulation and movement depends on active trafficking along microtubules. 5-d-old nematodes expressing SNCA::RFP were treated with M9 buffer plus 2% DMSO for 30 min, and subsequently mounted. Video was taken using an Olympus wide field microscope. 301 frames were taken with a speed of 1 fps. Video is played at 10 fps. 

Video S4. SNCA::RFP vesicle tubulation and movement depends on active trafficking along microtubules. 5-d-old nematodes expressing SNCA::RFP were treated with M9 buffer plus 10 mM NaN3 for 30 min, and subsequently mounted. Video was taken using an Olympus wide field microscope. 301 frames were taken with a speed of 1 fps. Video is played at 10 fps. 

Video S5. SNCA::RFP vesicle tubulation and movement depends on active trafficking along microtubules. 5-d-old nematodes expressing SNCA::RFP were treated with M9 buffer plus 100 µM nocodazole for 30 min, and subsequently mounted. Video was taken using an Olympus wide field microscope. 301 frames were taken with a speed of 1 fps. Video is played at 10 fps. 

Video S6. SNCA::RFP transmigrates from BWM cells into epithelial cells. 5-d-old nematodes expressing SNCA::RFP in BWM cells were mounted and time-lapse images of a single focal plane were recorded focusing on the hypodermal layer (to enhance the signal from the hypodermis and exclude most of the signal from the muscle tissue) using a Leica DMi8 spinning disk microscope. 301 frames were taken with a speed of 1 fps. Video is played at 10 fps. The PureDenoise plugin for ImageJ was used for denoising.

