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Supplementary Figure 1: Generation of targeted inducible SNCA transgene at safe harbor
(AAVST1) locus, related to Figure 1. (A) Immunofluorescence (IF) of DIV21 H9/pi-As (induced
via pB-NFIB-SOX9) and parental hESCs with S1008 and two different AQP4 antibodies (CL0178
or ab3594). (B) IF of DIV21 H1/pi-As (induced via pB-NFIB) with S1008 and GFAP antibodies.
(C) Neuron-astrocyte co-culture of CORR/pi-Ns (DIV25) and H1/pi-As (pB-NFIB) labelled with
MAP2 and S100B. (D) Schematic of TALEN-mediated gene editing in WIBR-3, clone 38 hESC
line with two constructs for doxycycline (Dox)-dependent regulation, one containing the M2rtTA
reverse tetracycline transactivator, and the other containing the Prre-tight-SNCA transgene (TRE,
tetracycline response element). Inset: Western blot showing doxycycline dose-response in
hESCs with SNCA transgene integrated at AAVS1 locus. Ctrl, control sample (no Dox). (E)
Southern blot of WIBR-3 clones to confirm integration of SNCA-mK2 construct (4.11 kb) at the
second AAVST locus (subclones 1 and 3; c1, c3), compared to single-targeted parental clone
38/16 carrying one Pcaces-M2rtTA (3.6 kb) and one wild-type (WT; 5.4 kb) allele. T, correctly
targeted allele. (F) Comparison of SNCA-mK2-AAVS1 transgene expression efficiency via
conventional differentiation (terminal differentiation DIV21, 5-week exposure to doxycycline) or
NGNZ2 transdifferentiation, with 11-day exposure to doxycycline (DIV11). Representative image
from >3 separate neuronal differentiations. (G) c-NSP-AAVS1 differentiated via spin EB method for
neural induction and exposed to doxycycline from DIV8 for 3 weeks demonstrate lack of
colocalization of GFP with astroglial marker GFAP (left). GFP signal is exclusively neuronal
(colocalized with Tuj1; right). (H) Comparison of transgene expression efficiency by targeting to
AAVS1, STMN2, and pB random integration in pi-Ns. Right: Quantification of transgene-
expressing cells from IF of NGN2 transdifferentiation in the different transgene models. Three
independent replicates across 1 (AAVS7) and 2 (pB and SMTN2) neuronal differentiations. () IF
and quantification of CUX1 and TBR1 confirm superficial cortical neuron identity (layer 1I/111). (J)
IF and quantification of VGLUT1 and Il Tubulin signals in neurons transdifferentiated from hESC
with SNCA-mK2 transgene at AAVST locus. Three independent replicates from one neuronal
differentiation are shown. (K) Left: STMN2 mRNA expression is neuron-specific (source: Brain
RNA-Seq browser). Right: SNCA-GFP transgene integration (with A53T or ANAC mutations) at
STMN?2 locus does not alter STMNZ2 expression as measured by qPCR. (L) Summary table of
number of iPSC lines with pB integration, AAVS1, or STMNZ2 targeted integration, and the
proteotoxic transgene that was targeted.

Supplementary Figure 2: Analysis of aS PFFs used in seeding experiments, related to
Figure 2. (A) IF and quantification of VGLUT1 and BlII Tubulin in pi-NSNCA-4/2/0-copy gng pj-NSNCA-PB
models. (B) IF and quantification for CUX1 and TBR1 confirms cortical neuronal identity (layer
[I/111). (C) Western blot of aS in CORR and isogenic CORR/pi-NSN¢APB neurons versus postmortem
(“p.m.”) brain lysate (frontal cortex) from 3 MSA cases, 4 LBD cases, and 3 CNS-unaffected
controls (healthy controls, “HC”). Related to Fig. 2D. (D) Negative staining electron microscopy
(EM) of recombinant wild-type aS PFFs post-fibrillization and post-sonication. (E) Quantification
of fibril length in panel D. (F) Quantification of pS129 signal in unseeded pi-NSNCA-4/2/0-copy gnd pi-
NSNCAPB models; 3-5 independent replicates across 3 separate neuronal differentiations. ns, not
significant. (G) EM of MSA and LBD brain-derived PFFs post-SAA. (H) Proteinase K digestion
(1ug/mL) of MSA and LBD brain-derived fibrils pre- and post-SAA.

Supplementary Figure 3: Mitochondrial and lysosomal function in seeded inclusionopathy
model, related to Figure 3. (A) Left: aS western blot in seeded inclusionopathy models. Right:
Quantification of 3 independent replicates across 3 separate neuronal differentiations. One-way
ANOVA + Tukey’s multiple comparison test: *p<0.05; ****p<0.0001. (B) IF for pS129 in unseeded
pi-NA%T-PB models; quantification of 2-3 independent replicates across 3 separate neuronal
differentiations. (C) Seahorse assay in PFF-seeded and unseeded, sfGFP-tagged (top) and



untagged (bottom) pi-Ns (DIV20). “Max Resp.”, Maximal Respiration. (D) Oxygen consumption
rate (OCR) across different conditions taken at baseline (0-18 min of the Seahorse assay) or at
maximal respiration (36-54 min of the Seahorse assay). (E) Mitochondrial subunit assay in seeded
inclusion model and control lines (DIV56). Right: Western blot quantification normalized to
TOMMZ20. (F) Autophagic flux assay in seeded and unseeded, sfGFP-tagged and untagged pi-
Ns (DIV56). (G) Analysis of autophagic flux based on quantification of western blots in panel F.
One-way ANOVA + Tukey’s multiple comparison test for panels D, E, G: **p<0.01, ***p<0.001,
****pn<0.0001; ns, not significant.

Supplementary Figure 4: Characterization of transgenic A53T inclusionopathy models,
related to Figures 3 and 4. (A) IF of SNCA-A53T-sfGFP transgene expression in MAP2(+)
neurons after knock-in at STMNZ2 locus. (B) IF and quantification of VGLUT1 and BIII Tubulin in
pi-NS™N2 model. (C) IF and quantification of pi-NS™N2 model for CUX1 and TBR1. (D)
Quantification of pS129 area from IF in seeded inclusion models compared to respective ANAC
control lines; 2-4 independent replicates across 3 separate neuronal differentiations. (E) Confocal
microscopy examples of pS129(+) soma-type (S) and neurite-type (N) inclusions. (F) IF for p62
and ubiquitin in neurite-type inclusions of the seeded inclusionopathy model. (G) Left: Low
magnification view of ubiquitin and pS129 staining in seeded untagged pi-N**""8 model. Right:
Representative examples of soma-type or neurite-type inclusions and their co-staining with
ubiquitin. (H) Same as (G), except immunostainings are with p62 and pS129. (I) IF for ubiquitin
and p62 in ANAC control neurons. (J) Quantification of inclusions positive for pS129, p62 and
ubiquitin at different DIV in untagged seeded inclusionopathy model; 3 independent replicates
across 3 separate neuronal differentiations. (K) Cross-sectional analysis of seeded
inclusionopathy model (DIV25) to evaluate association of p62- and ubiquitin-immunopositive
inclusions with intact nuclei (presumed live cell) versus fragmented nuclei (presumed dead cell)
(quantified in Fig. 4F). (L) Same analysis as in (K) but in untagged model; 3 independent
replicates across 3 separate neuronal differentiations. Paired t-test for panel L: *p<0.05; **p<0.01.
One-way ANOVA + Tukey’s multiple comparison test for panels D and J: ****p<0.0001. ns, not
significant.

Supplementary Figure 5: Frequency of LipidSpot(+) inclusions in seeded inclusionopathy
model decreases upon seeding with PFFs and treatment with previously reported PD drug
candidates, related to Figures 4 and 5. (A) GFP-immunogold electron microscopy (EM) of
neurite-type inclusion in PFF-seeded pi-NAST-sCFP-PB model. (B) Correlative light and electron
microscopy (CLEM) of untagged seeded pi-NA%3T"B model. (C) CLEM for pS129 in substantia
nigra of familial PD brain (A53T). (D) Left: Lipid-rich LipidSpot(+) inclusions in untagged seeded
inclusion model. Top right graph: Quantification of pS129 signal/cell in pi-NA%3T*B with and without
recombinant PFF treatment. Bottom right graph: Quantification of Lipid Spot(+) inclusion-bearing
neurons with and without recombinant PFF treatment. 3-4 independent replicates across 3
separate neuronal differentiations. (E) LipidSpot staining in pi-N*NACPB and pi-Ns‘¢FP-PB control
neurons. (F) Left: High magnification images pre- (T=0min) and post-treatment (T=60min) of
LipidSpot(+) inclusions with nortriptyline (“NOR?”). Right: Quantification at T=60min post-treatment
(3 independent replicates per treatment condition). (G) Manual quantification of cell survival every
24 h for five days to assess dose-dependent cellular toxicity associated with trifluoperazine
(“TFP”) and nortriptyline (“NOR”) treatment. One-way ANOVA + Tukey’s multiple comparison test
for panels D and F: **p<0.01; ****p<0.0001.

Supplementary Figure 6: Characterization of spontaneous inclusionopathy model and
development of automated single-cell survival tracking, related to Figure 6. (A) Confocal
microscopy of soma-type (S) and neurite-type (N) inclusions immunostained for pS129, p62 and



ubiquitin. (B) Single-cell inclusion tracking algorithms (PFF2chTracking, E3K2chTracking)
automatically detect and track neurons and inclusions, and live/dead status. Individual wells were
captured with 5x5 stitched images with phase, RFP and GFP channels. 1. Parameters for
automated neuron and inclusion detection. 2. Parameters for detection of neuron death.
Micrographs show frame at which a GFP(+) inclusion-containing neuron was called dead by
algorithm. 3. Output of the algorithm. (C) Example of detection of an RFP(+) neuron and its death
at frame 34. (D) Accuracy of automated detection and survival of inclusion(+) and inclusion(-)
neurons in seeded and spontaneous inclusion models using PFF2chTracking and
E3K2chTracking for each respective model. Denominator in parenthesis indicates number of
neurons evaluated. “Detection”: Neuron was identified correctly as a live, trackable cell. “Survival”:
Neuron was identified as dead at the correct frame. (E) Workflow of single-cell survival and neurite
detection algorithm (Survival v2) that tracks neurons based on RFP signal.

Supplementary Figure 7: Automated single-cell inclusion survival tracking of seeded
inclusionopathy model, related to Figure 6. (A) BioStation CT images of PFF-seeded and
unseeded pi-Ns. Red arrows: Neurite-type inclusions. (B) Example of neurite-type inclusion mask
generated by the algorithm. (C) Timeline of neuron culturing and imaging for inclusion survival
tracking in seeded inclusionopathy model. Inclusion(+) neurons were tracked with GFP, and
inclusion(-) neurons were tracked with RFP. (D) Survival tracking at the cellular level. Inclusion
status was ignored in this analysis. n, number of neurons tracked. Top: Example of RFP(+)
tracked pi-NASST-SIGFP-pB+PFF \White arrow: Timeframe at which neuron dies. (E) Kaplan-Meier curve
of inclusion(+) (soma-type) and inclusion(-) seeded pi-Ns. Top: Examples of 3 inclusion(+)
neurons that were tracked. (F) Automated detection of GFP(+) neurite-type inclusions and
cumulative length per well in seeded and unseeded pi-Ns. Error bars: Mean+SD from 3 wells.
Panels D, E, F are representative of 2 neuronal differentiations.

Supplementary Figure 8: Colocalization of Rab markers with inclusion subtypes, related
to Figure 7. (A) Top: IF for Rab5 and Rab11 in inclusionopathy models. Bottom: IF for Rab5,
Rab8 and Rab11 in ANAC and sfGFP control pi-Ns. (B) Low-magnification micrographs of Rab8-
pS129 PLA in seeded pi-Ns. Negative controls exclude primary antibodies (middle) or Rab8
antibody (bottom). (C) Rab8-pS129 PLA in control neurons. (D) Rab8 signal in aS(+)/BODIPY(+)
inclusions in anterior cingulate cortex in postmortem brain. (E) BODIPY and Nile red stains in
neighboring sections of mouse FFFC white adipose tissue (WAT) and human sporadic PD brain
FFFC tissue. (F) BODIPY and Nile red stains of neighboring FFFC and FFPE sections of sporadic
PD (n=4) and familial PD (n=2) cases. The brightest signals are from intracellular neutral lipids.
(G) Immunostaining of aS(+) inclusions co-localizing with BODIPY and Nile Red in FFFC sections
of sporadic PD (n=4) and familial PD (n=2) brain. Arrowheads, examples of aS(+) inclusions and
respective p62, BODIPY or Nile Red colocalization.

Supplementary Figure 9: Convergence of CRISPR screen and MYTH on RhoA, related to
Figure 8. (A) Left: Western blot to assess transgene expression in U20S cells. Center: Incucyte
cell culture confluence analysis of U20S pB lines. Right: Inclusion GFP signal in SNCA-3K-sfGFP
or SNCA-3K-ANAC-sfGFP cells. (B) Left: U20S cells expressing pB-SNCA (A53T or AS3TANAC)
induced with 100ng/mL doxycycline and treated with increasing amounts of recombinant A53T
PFFs (1, 5 or 10 ug/mL). Right: Inclusion quantification in A53T-sfGFP versus AS3TANAC model
(top), and in A53T-sfGFP model seeded with increasing amounts of recombinant PFFs (bottom).
(C) Heat map of U20S CRISPR screen gene hits with highest log, fold-change differential
between 3K-sfGFP, WT-sfGFP and sfGFP indicating genetic modifiers of toxicity specific to 3K
expression. (D) CRISPR/Cas9 genetic screen hits in selected Gene Ontology (GO) categories



with statistically significant enrichment of gene hits. (E) CRISPR screen top hits in GO category
“Positive regulation of cytoskeleton organization” (GO: 0051495).

Supplementary Figure 10: Colocalization of CRISPR screen hits with aS within inclusions,
related to Figure 8. (A) ArpC2 IF in inclusionopathy models. (B) PABP IF in inclusionopathy
models. (C) BioStation CT images of DIV20 pi-Ns with the indicated transgenes transduced with
RFP and shRNA lentiviruses. (D) Western blot of pi-N3sf¢FPPB neyrons transduced with shRNA-
RHOA at different lentivirus multiplicity of infections (MOIs). (E) IF of RhoA in seeded and
spontaneous inclusionopathy neurons. (F) Left: RhoA-p62 PLA in seeded inclusionopathy model.
Right: Quantification of aS-sfGFP(+) soma-type inclusions with positive RhoA-p62 PLA signal in
spontaneous and seeded inclusion models. (G) p62-RhoA PLA signal in ANAC and sfGFP control
neurons. (H) pS129-RhoA PLA signal in ANAC and sfGFP control neurons. (I) IF for RhoA and
BODIPY in familial A53T and sporadic PD postmortem brain. (J) Gene set enrichment analysis
of MYTH, CRISPR, or combined hits ranked according to association with Lewy body stage based
on transcriptome-wide analysis. p-values in these comparisons are two-sided and uncorrected,
corresponding to the normalized enrichment score-based test for each gene set independently.
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Supplementary Figure 6
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Supplementary Figure 8
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Supplementary Figure 9
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D U20S CRISPR/Cas9 genetic screen top hits in selected GO categories
Biological Process No. Genes FDR
Positive regulation of 8 ARPC2, BRK1, CSF3, DYNC1H1, 2.72E-02
cytoskeleton organization NCKAP1, NRP1, PFN1, RHOA
RNA metabolic process 38 ADAT3, CCNH, CNOT1, DBR1, DCPS, 8.11E-08
DDX1, DDX49, ERCC2, EWSR1,
FAMS50A, GTF2H4, HSD17B10, KATS,
MARS, MED12, MED16, MED23, MED24,
MRTO4, NOC4L, NOP14, NOP2, NRDE2,
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UTP25, WBSCR22, WDR43, WDR82,
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E CRISPR screen top hits in GO category
Positive regulation of cytoskeleton organization (GO:0051495)
Gene Description
ARPC2 Actin-related protein 2/3 complex subunit 2
BRK1 BRICK?1 subunit of SCAR/WAVE actin nucleating complex
CSF3 Member of IL-6 superfamily of cytokines
DYNC1H1 Dynein cytoplasmic 1 heavy chain 1; microtubule-activated ATPase that functions as molecular
motor
NCKAP1 Component of WAVE complex that regulates actin filament reorganization via interaction with
Arp2/3 complex
NRP1 Cell-surface receptor involved in signaling pathways that control cell migration
PFN1 Profilin 1; involved in monomeric actin conversion to filamentous actin
RHOA Rho family small GTPase; involved in reorganization of actin cytoskeleton
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Supplementary Figure 10
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