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Abstract

In the field of neurodegenerative diseases, especially sporadic Parkinson's disease (sPD) with
dementia (sPDD), the question of how the disease starts and spreads in the brain remains central.
While prion-like proteins have been designated as a culprit, recent studies suggest the involvement
of additional factors. We found that oxidative stress, damaged DNA binding, cytosolic DNA sensing,
and Toll-Like Receptor (TLR)4/9 activation pathways are strongly associated with the sPDD
transcriptome, which has dysregulated type I Interferon (IFN) signaling. In sPD patients, we
confirmed deletions of mitochondrial (mt)DNA in the medial frontal gyrus, suggesting a potential
role of damaged mtDNA in the disease pathophysiology.

To explore its contribution to pathology, we used spontaneous models of sPDD caused by deletion
of type I IFN signaling (Ifnb~"/Ifnar”~mice). We found that the lack of neuronal IFNB/IFNAR leads
to oxidization, mutation, and deletion in mtDNA, which is subsequently released outside the neurons.
Injecting damaged mtDNA into mouse brain induced PDD-like behavioral symptoms, including
neuropsychiatric, motor, and cognitive impairments. Furthermore, it caused neurodegeneration in
brain regions distant from the injection site, suggesting that damaged mtDNA triggers spread of PDD
characteristics in an "infectious-like" manner. We also discovered that the mechanism through which
damaged mtDNA causes pathology in healthy neurons is independent of Cyclic GMP-AMP synthase
and IFNB/IFNAR, but rather involves the dual activation of TLR9/4 pathways, resulting in increased
oxidative stress and neuronal cell death, respectively. Our proteomic analysis of extracellular vesicles
containing damaged mtDNA identified the TLR4 activator, Ribosomal Protein S3 as a key protein
involved in recognizing and extruding damaged mtDNA. These findings might shed light on new
molecular pathways through which damaged mtDNA initiates and spreads PD-like disease,
potentially opening new avenues for therapeutic interventions or disease monitoring.
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Supplementary Figure 1. The Nd4/Nd5 mutation hotspot is common to Ifnb” and Ifnarl”~ dopaminergic neu-
rons. A. Oxidative phosphorylation KEGG-pathway in Ifnb”" vs. WT neurons from microarray analysis. B. Distribu-
tion of heteroplasmy for deletions, inversions, short insertions, and tandem duplications according to their size (bp)
(from left to right). 4,465 bp deletions is the PC in MitoSV-seq method which shows 60% heteroplasmy. bp: base pair.

C. Comparison of SV and SNVs detected in Ifnb” (green) and Ifnarl”- (red) DN showing common mutation hotspot.
N=10 single cells.
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Supplementary Figure 2. mtDNA, not nuDNA, is extruded in cells lacking IFNB. A. Immunofluorescence anti-H3
(pseudocoloured white), MitoTracker Deep Red (MT-DR) (mitochondria, pseudocoloured red) and DNA (green) in
Ifnb*"* or Ifnb”- MEFs. Non-nuclear-non-mitochondrial DNA foci are indicated with white arrows. Scale bars represent
10 um. B. Quantification of the percentage of extruded mtDNA as non-nuclear non-mitochondrial DNA. N=3, at least
12 cells were quantified per condition. C. % of non-mitochondrial, non-nuclear DNA colocalizaing with H3. N=3 at
least 12 cells were quantified per condition. D. Cell fractionation of wild-type, Ifnb” or Ifnarl”- CNs DIV6, followed
by immunoblotting (upper panel) and matching PCR against mtDNA gene Cox!. For all graphs, data represents mean
+ SEM. * means p<0.05, ** p<0.01 and *** p<0.001 by unpaired t-test.
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Supplementary Figure 3. Damaged mtDNA is neurotoxic. A. Survival estimated on differentiated N2A cells after
treatment with either 100ng/mL of KO mtDNA or KO nuDNA. N=3. B. Immunofluorescence of WT CNs treated with
30 ng/mL of WT mtDNA or Ifnb”- mtDNA for 24 h stained for cleaved Caspase3 (red), pIII tubuling (green, neurons)
and DAPI (nuclei). Followed by quantification of % cleaved Caspase3+. N=3. C. Dose-dependent survival curve upon
mtDNA treatment with WT mtDNA or Ifnb”” mtDNA in wild-type CN for 24h. N=3. Statistics are calculated from the
AUC. D. Immunofluorescence of WT and Ifnb” CNs, both treated with WT mtDNA or [fnb”" mtDNA for 24 h and
stained for GFAP (green, astrocytes), BIII tubuling (red, neurons) and DAPI. E. Proportion of neurons and astrocytes
in neuronal culture treated with 30ng/ml of either WT mtDNA or KO mtDNA. N=3. €€€€ p<0.0001 by two-way
ANOVA. F-I. Complementary information on behaviour and cognitive tests presented in Figure 3. F. Weight monitor-
ing of mice injected with either PBS (black, N=8), WT mtDNA (blue, N=8), Ifnb”" mtDNA (green, N=8) or Ifnarl™”
mtDNA (red, N=8). Pointy line represents no variation of weight between day of injection and ending point. Females
are indicated in pink and males in blue. G. Wire hang test. H. Rotarod 3rd (peak) trial extracted from shown in Figure
3. L. Climbing test. J. Immunoblotting of oxDJ1 and quantification. Vinculin was used as a loading control.

For all animal experiment graphs, 1 dot means 1 individual animal. PBS is shown in black, WT mtDNA in blue, and
KO mtDNA in green (Ifnb”- mtDNA) and red (I[fnarl”- mtDNA), N=8-16/group. € means p<0.05, €€ p<0.01, €€€
p<0.001, and €€€€ p<0.0001 ordinary one-way ANOVA Krustal-Wallis ANOVA if distribution did not show Gaussian
distribution (Shapiro-Wilk test) or Brown-Forsythe ANOVA if distribution showed SD differences (Bartlett’s test). *
means p<0.05, ** p<0.01, *** p<0.001, and **** p<0.0001 by post-hoc unpaired t-test.
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Supplementary Figure 4. Damaged mtDNA induced neurotoxicity
° spread in the cerebellum. Immunofluorescence for cCas3 (pink), NF200
(red, neurons) and DAPI (blue, nuclei) in cerebellum from mice injected
with either PBS, WT mtDNA, Ifub” mtDNA or Ifnarl”- mtDNA. Scale
bars equal 50 microns. N=4-8.

* means p<0.05 by unpaired t-test. PBS is shown in black, WT mtDNA in
blue, and KO mtDNA in green (Ifnb”” mtDNA) and red (Ifnarl”- mtDNA).
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Supplementary Figure 5. Inhibition of TLRY reverses the damaged mtDNA-induced oxidative stress in Ifnb”" neurons. A.
qPCR for Irakl after 24 h treatment with WT or Ifnb”- mtDNA in WT CN. N=3. B. Immunoblotting for TLR9 downstream signal-
ing proteins, pTBK1, pIRF7 and 0xDJ1.3 C. Confluency of WT neurons after mtDNA treatment with or without the presence of
ODN2088. N=3. D. Representative images of cCas3 (red) fluorescent staining in WT neurons treated with 30 ng/mL KO mtDNA
+ inhibitors: RU521, ODN2088 and LPSrs for 24h. Quantification in Figure SH. Nuclei shown in blue (DAPI), neurons labelled
in green (BIlI-tubulin). Scale bars equal 60 microns. E. DCFDA quantification with or without ODN2088. S3qel, a selective
suppressor of superoxide production from mitochondrial complex 111, was used as a control. N=3. Phase and green fluorescence
(DCFDA) representative images. Scale bars represent 100 um. F. Mitochondrial ROS amount assessed by MitoSOX intensity
after excluding nuclear staining, in Ifnb”~ CN with or without treatment with RU521, LPS rs or ODN2088. N=3/triplicates. G.
Sod?2 expression in Ifub™" (green) and Ifnarl” (red) with or without treatment with ODN2088. N=9. H. oxDJ1 immunoblot in Ifnb™
CN with or without treatment with RU521, LPS rs or ODN2088. I. Impact of ODN2088 on membrane potential in /fnb”- CN using
TMRE staining. N=3. J. T/r4 mRNA expression upon TLR4 knock-down in Ifnb”~ CN. One representative of 3 biological repli-
cates. K. Intensity of TMRE staining in /fnb”- CN with or without knock-down of TLR4. N=5. L. qPCR for cGas mRNA expres-
sion in Ifnb** and Ifnb”- CN. N=5. M. Immunoblotting for cGAS protein amount in /fnb”- CN and Ifnb"" treated with WT or Ifnb™
mtDNA.

Data represent mean = SEM. If two groups are represented they were statistically analysed by unpaired T-Test, if 3 or 4 groups
represented, then one-way ANOVA with multiple comparisons was used. For all graphs *p-val<0.05, ** p-val<0.01,
***p-val<0.001, ****p-val<0.0001.
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Supplementary Figure 6. Proteomics analysis revealed differential protein content of EVs purified from Ifnb™*
and Ifnb” CN. A. Total number of identified proteins classified according to FDR confidence in high, medium or low.
B. Logarithmic representation of normalized abundances of individual samples coloured according to condition. C. 3D
Principal component analysis (PCA) plot of the protein content profiles of EV from Ifnb*"* (black) and Ifnb”- CNs. Each
dot represents an individual sample. D. Heatmap plot of the top 100 most differential expressed proteins. E-F. Normal-
ized abundances of E. EV markers; F. mitochondrial. G. Enrichment Plot for TLR modulators. For A-G N=3/group. H.
Single channel of immunofluorescence staining of Ifnb*" and Ifnb’- MEFs for DNA and Rps3. Coloured images and
quantification in Fig. 6H. I. Anti Tfam mtDNA immunoprecipitation used as a positive control for efficiency of mtDNA
IP shown in Figure 6. One representative of 3 biological replicates. J. Knock-down of Rps3 in N2As validated with
gPCR. K. Rps3 knock-down efficiency in N2As and CN. L. mtDNA levels in EVs purified from WT and 8/fnb N2A
cells knocked down for Rps3. siNTC is used as control. N=3.

For all graphs data represent mean = SEM. Protein abundances and I-K) are analysed by unpaired T-test. L is analysed
by one-way ANOVA with multiple comparisons. For all graphs *p-val<0.05, ** p-val<0.01, ***p-val<0.001,
*E*EDp-val<0.0001.



Supplementary Figure 7. Schematic model of damaged mtDNA extrusion and neurotoxicity inducing neurode-
generation and PDD-like pathology. In neurons lacking IFNB/IFNAR signalling, subjected to oxidative stress, Rps3
binds damaged mtDNA and thereby the complexes are extruded in EVs. These EVs are picked-up by neighbouring
healthy neurons and coactivate TLR9 and TLR4 pathways. The signalling pathways induce proteinopathy, neuronal
death and astrogliosis, leading to neurodegeneration. The star represents oxidative damages on mtDNA.



Supplementary tables

Supplementary table 1: List of TLR modulators (activator and inhibitor proteins)

Protein name Symbol Uniprot target Ref KO vsWTlog2 KO vs WT p- Rank
ID Fold-change value
Calcineurin B Ppp3rl Q63810 TLR4 ! 9.92987 1.97208E-05 26
Growth GDF11 Q9Z1W4 TLR4, 2 29
Differentiation TLR2
Factor 11 11.22797 3.1479E-05
Apolipoprotein E ApoE P08226 TLR3, 34 1.65056 0.000867 64
TLR4
Tryptophanyl- WARSI  EOCXX4 TLR2, ° 4.17236 0.005211 100
tRNA Synthetase 1 TLR4
Endoplasmin Hsp90bl P08113 TLR4, ¢ 208
TLR2 2.80606 0.022281
Nucleophosmin 1 Npml Q61937 TLR4 7 1,93969 0,031921 278
Ribosomal protein Rps3 P62908 TLR4 8 299
S3 2.67281 0.034660
Heatshock 70kDa Hsp70 P17879 TLR4, 0 3,17708 0,045692 376
TLR2
TLR4 interactor TRIL Q9DBY4  TLR4, '0H 948
with leucine rich TLR3
repeats 5.00339 0.135716
Fibronectin extra Fnl P11276 TLR4 12 1.95369 0.114627 864
domain A
High Mobility hmgbl P63158  TLR4, D 748
Group Box 1 TLR2,
TLRS5,
TLR9 1.76656 0.098442
60 kDa heat shock Hsp60 P63038 TLR4, 14 0.94838 0.383724 1511
protein TLR2,
TLRS
Amyloid Beta APP P12023 TLR2, 15 0.78691 0.044308 364
TLR4,
TLRS,
TLR9
Tenascin-C Tnc Q80YX1 TLR4 16 0.28748 0.551466 1702
Versican Vcan Q62059 TLR2 17 2.42102 0.635803 1755
Biglycan BGN P28653 TLR2, 18 -2,70279 0.001243 72
TLR4
angiotensin I1, Agt P11859 TLR4 19 NF n/a
precursor =
angiotensinogen
Antiphospholipid n/a n/a TLR7, 2 NF n/a
antibodies TLRS
Beta defensin-2 BD-2 015263 TLR4 A NF n/a
Fibrinogen Fgll Q71KU9  TLR4 22 NF n/a
Hyaluronan binding Habp2 Q8KOD2  TLR4 2 NF n/a
protein 2
Heparan sulfate N-  Ndstl Q3UHN9 TLR4 2 NF n/a
deacetylse
myeloid-related Mrp8 P27005 TLR4 % NF n/a
protein-8
myeloid-related Mrpl4 P31725 TLR4 % NF n/a
protein-14
Oxidized low- OLR1 Q9EQ09 TLR4 26 NF n/a
density lipoprotein
receptor 1
Serum amyloid A SAA-1 P05366 TLR1, % NF n/a

TLR2




Supplementary table 2: List of antibodies used.

PROTEIN SUPPLIER USE
DNA Millipore, CBL186 WB 1:1000
CD9 Abcam, ab92726 WB 1:100
Cleaved Cas3 CST - #9661 WB 1:500, IF/IHC 1:100
GAPDH Abcam, ab9484 WB 1:5000
GFAP Invitrogen, 130300 IF/IHC 1:500
DJ1 Abcam, ab18257 IF 1:1000, WB 1:1000
DJ1 (ox) Millipore, mabn1773 IF 1:100, WB 1:200
dGuanine (8hydroxy-) Santa-Cruz, sc-139586 IF 1:100
Hsp60 Santa-Cruz, sc-1052; ENZO ADI-SPA-828 IF 1:100 both
H3 CST, #4499 IF 1:400
Ibal WAKO, 019 19741 THC 1:500
Irakl CST, #4504 WB 1:500
Irf7 (pS471/472) Biorbyt, orb6233 WB, 1:200
Nd4 Novus, NBP2-93572 WB 1:500
Nd5 Abcam, ab230772 WB, 1:500
NF200 Abcam -ab4680 IHC : 1:2000
Rps3 CST, #9538 WB 1:500, IF 1:60
Synuclein (pan) BD bioscience, 610786 WB 1:500
Synuclein (pS129) Bioss, bs-5628R THC 1:100; WB 1:500
Tau (pT205) Abcam, ab4841 WB, 1:500
TBK1 (pS172) CST, #5483 WB 1:500
TH Pel-Freeze, P40101 IHC 1:1000
TLR4 Santa-Cruz, sc-293072; Thermo, 48-2300 WB 1:500
Tom20 Santa-Cruz, sc-11415; abcam, ab186734 IF 1:100; WB : 1:1000
a-Tubulin Sigma - T9026 WB 1:10 000
[13-Tubulin Santa-Cruz - sc-58888 IF 1:1000
Vinculin Sigma - V9131 WB : 1:10000




Supplementary table 3: List of primers used for qPCR

Primer names

Sequence

Actb forward primer

5'-CTGTGTGGATTGGTGGCTTCTAT-3'

Actb reverse primer

5'-GTAACAGTCCGCCTAGAAGCAT-3'

D-loop forward primer

5’-AATCTACCATCCTCCGTGAAACC-3’

D-loop reverse primer

5’-TCAGTTTAGCTACCCCCAAGTTTAA-3’

Gapdh forward primer

5'-AGGTCGGTGTGAACGGATTTG-3'

Gapdh reverse primer

5'-TGTAGACCATGTAGTTGAGGTCA-3'

c¢GAS forward primer

5’- GTCGGAGTTCAAAGGTGTGGA -3’

c¢GAS reverse primer

5’- GACTCAGCGGATTTCCTCGTG -3’

Irak1 forward primer

5’- GAGAGTGTTCCTGGCCTCTC -3’

Irakl reverse primer

5’- GCTGGGTTGATGATGATCTG -3’

mt-Nd4 forward primer

5’-AACGGATCCACAGCCGTA-3’

mt-Nd4 reverse primer

5’-AGTCCTCGGGCCCATGATT-3’

Rps3 forward primer

5’-AAGATGGCGGTG-CAGATTTC-3’

Rps3 reverse primer

5’-AGTAGCCATCTTCAGCCAGCTC-3’

TLR4 forward primer

5’-CAACATCATCCAGGAAGGC-3’

TLR4 reverse primer

5’-GAAGGCGATACAATTCCACC-3’

TLR9 forward primer

5’-CAAGAACCTGGTGTCACTGC-3’

TLRY reverse primer

5’-TGCGATTGTCTGACAAGTCC-3’




Supplementary table 4: KEGG pathways negatively dysregulated in sporadic PDD

Probe SIZE ES NES NOM p-val FDR g-val
Kegg Oxidative_Phosphorylation 110 -0.3873 -4.644.161 00.00 00.00
Kegg Parkinsons Disease 106 -0.3840 -4.558.958 00.00 00.00
Kegg Proteasome 42 -0.5567 -4.344.569 00.00 00.00
Kegg Spliceosome 96 -0.3849 -43.284.864 00.00 00.00
Kegg Huntingtons Disease 164 -0.2330 -35.427.723 00.00 00.00
Kegg Alzheimers Disease 149 -0.2404 -34.297.092 00.00 00.00
Kegg Citrate_Cycle Tca_Cycle 29 -0.4970 -31.964.567 00.00 00.00
Kegg Ubiquitin_Mediated_Proteolys

is 122 -0.2316 -30.058.653 00.00 00.00
Kegg Protein_Export 20 -0.5359 -2.857.628 00.00 00.00
Kegg Aminoacyl Trna Biosynthesis 32 -0.4203 -28.393.216 00.00 00.00
Kegg Valine Leucine And_Isoleucin

e Degradation 43 -0.3279 -2.585.012 00.00 6,50E+02
Kegg Nucleotide Excision Repair 44 -0.3266 -2.532.493 00.00 5,95E+02
Kegg Butanoate Metabolism 31 -0.3605 -23.957.264 00.00 0.0023
Kegg Pyruvate Metabolism 40 -0.3051 -2.265.731 00.00 0.0050
Kegg N Glycan_ Biosynthesis 42 -0.2960 -22.004.862 0.0019 0.0072
Kegg_ Alanine_Aspartate_And_Gluta

mate Metabolism 32 -0.3209 -21.988.769 0.0019 0.0068
Kegg Mismatch Repair 22 -0.39452 -21.945.817 00.00 0.0064
Kegg Glycosylphosphatidylinositol

Gpi_Anchor_Biosynthesis 24 -0.3588 -21.606.119 00.00 0.0080
Kegg Propanoate Metabolism 31 -0.3213 -2.119.608 0.0062 0.0095
Kegg Peroxisome 72 -0.2110 -2.063.174 0.0040 0.0132

Kegg Terpenoid_Backbone_Biosynt
hesis 15 -0.4201 -19.836.801 0.0081 0.0213




Supplementary table S: Genes in KEGG pathway of Oxidative Phosphorylation in sporadic
PDD

NAME PROBE GENE GENE_TITLE RANK IN RANK RUNNING ES CORE
SYMBOL GENE METRIC ENRICH
LIST SCORE MENT
row_0 COX6A2 COX6A2 cytochrome c oxidase subunit 477 0.638096392 -0.0141 No
Vla polypeptide 2 1546936
row_1 COX10 COX10 COX10 homolog, 859 0.571177661 -0.023680009 No
cytochrome ¢ oxidase 4189148

assembly protein, heme A:
farnesyltransferase (yeast)

row_2 ATP6VOD2  ATP6VOD2  ATPase, H+ transporting, 1814 0.484379738 -0.061134767 No
lysosomal 38kDa, VO subunit 56925964
d2

row_3 COX412 COX4I2 cytochrome c oxidase subunit 2043 0.469918072 -0.06316798 No
IV isoform 2 (lung) 22366333

row_4 ATP6VOA4  ATP6VOA4  ATPase, H+ transporting, 2540 0.441964328 -0.07827692 No
lysosomal VO subunit a4 289032

row_5 ATPSE ATPSE ATP synthase, H+ 2546 0.441831648 -0.06942996 No
transporting, mitochondrial 34976196
F1 complex, epsilon subunit

row_6 LHPP LHPP - 2883 0.425202012 -0.07673249 No

06207275

row_7 COX6A1 COX6A1 cytochrome c oxidase subunit 3580 0.394329637 -0.101599425 No
Vla polypeptide 1 28904724

row_8 ATP6VIG3  ATP6VIG3  ATPase, H+ transporting, 4169 0.369299322 -0.12119704 No
lysosomal 13kDa, V1 subunit 3667145
G3

row_9 ATPI12A ATPI12A ATPase, H+/K+ transporting, 4640 0.351568728 -0.13503744 No
nongastric, alpha polypeptide 68537903

row_10  NDUFS8 NDUFSS8 NADH dehydrogenase 4836 0.343767434 -0.13546057 No
(ubiquinone) Fe-S protein 8, 3585968
23kDa (NADH-coenzyme Q
reductase)

row_11  NDUFA3 NDUFA3 NADH dehydrogenase 5223 0.328676491 -0.1452026 No
(ubiquinone) 1 alpha 9757843
subcomplex, 3, 9kDa

row_12  COX6B2 COX6B2 cytochrome c oxidase subunit 5605 0.315213918 -0.1547007 No
VIb polypeptide 2 (testis) 6859131

row_13  TCIRGlI TCIRGI T-cell, immune regulator 1, 5933 0.304553896 -0.16156411 No
ATPase, H+ transporting, 18873596
lysosomal VO subunit A3

row_14  ATP6VIE2  ATP6VIE2  ATPase, H+ transporting, 6516 0.284172654 -0.180869 No
lysosomal 31kDa, V1 subunit 1519165
E2

row_15  ATP6VOAl  ATP6VOA1  ATPase, H+ transporting, 7242 0.260002762 -0.20715085 No
lysosomal VO subunit al 0792389

row_16  NDUFBS NDUFB8 NADH dehydrogenase 8742 0.208524569 -0.27119616 No
(ubiquinone) 1 beta 86904144
subcomplex, 8, 19kDa

row_17  ATP4A ATP4A ATPase, H+/K+ exchanging, 9044 0.197777733 -0.27679104 No
alpha polypeptide 20674896

row_18  ATP6VOA2  ATP6VOA2  ATPase, H+ transporting, 9050 0.197503104 -0.26794407 No
lysosomal VO subunit a2 80594635

row_19  COX7B2 COX7B2 cytochrome c oxidase subunit 9128 0.195021450 -0.26261 No
VIIb2 51956177

row_20  ATP6VOB ATP6VOB ATPase, H+ transporting, 9617 0.176547110 -0.2773286 No
lysosomal 21kDa, VO subunit 080719
b

row_21  NDUFBIO NDUFB10 NADH dehydrogenase 9832 0.168823719 -0.27867877 No
(ubiquinone) 1 beta 0246582
subcomplex, 10, 22kDa

row_22  ATP6VOC ATP6VOC ATPase, H+ transporting, 10924 0.127552285 -0.32281774 No
lysosomal 16kDa, VO subunit 79044342
c

row_23  NDUFALII NDUFALl NADH dehydrogenase 11155 0.118980847 -0.32494855 No
(ubiquinone) 1 alpha 29909897
subcomplex, 11, 14.7kDa

row_24  ATP6VIB1  ATP6VIB1  ATPase, H+ transporting, 11385 0.110425554 -0.32703054 No
lysosomal 56/58kDa, V1 21590805

subunit B1 (Renal tubular
acidosis with deafness)

row_25  ATP4B ATP4B ATPase, H+/K+ exchanging, 11611 0.101109005 -0.32891738 No
beta polypeptide 51080704




row_26  COXI15 COX15 COX15 homolog, 12031 0.082719236 -0.3402695 No
cytochrome ¢ oxidase 61231995
assembly protein (yeast)
row_27  NDUFS7 NDUEFS7 NADH dehydrogenase 12143 0.077764086 -0.33659428 No
(ubiquinone) Fe-S protein 7, 42530441
20kDa (NADH-coenzyme Q
reductase)
row_28 COX7B COX7B cytochrome c oxidase subunit 12661 0.055236466 -0.3527278 No
VIIb 228961945
row_29 COXll COXl11 COX11 homolog, 12907 0.044104564 -0.35559043 No
cytochrome ¢ oxidase 93496895
assembly protein (yeast)
row_30  ATP5I ATPS5I ATP synthase, H+ 12949 0.042038265 -0.34849992 No
transporting, mitochondrial 615701675
FO complex, subunit E
row_31  ATP5G2 ATP5G2 ATP synthase, H+ 13032 0.038504354 -0.3434098 No
transporting, mitochondrial 655742645
FO complex, subunit C2
(subunit 9)
row_32  ATP6VIC2  ATP6VIC2  ATPase, H+ transporting, 13358 0.024314811 -0.35017565 No
lysosomal 42kDa, V1 subunit 45322323
C2
row_33 COX5B COXS5B cytochrome c oxidase subunit 13498 0.018004901 -0.34786654 No
Vb 707172394
row_34 COX7Al COX7A1 cytochrome c oxidase subunit 14024 - -0.3643904 No
Vlla polypeptide 1 (muscle) 0.007189299
911260605
row_35  NDUFB7 NDUFB7 NADH dehydrogenase 14322 - -0.3697901 No
(ubiquinone) 1 beta 0.023781195
subcomplex, 7, 18kDa 282936096
row_36  ATP5D ATP5D ATP synthase, H+ 14435 - -0.36616367 No
transporting, mitochondrial 0.029495235
F1 complex, delta subunit 5325222
row_37 COX8C COX8C cytochrome c oxidase subunit 14871 - -0.37829643 Yes
8C 0.051302887
49933243
row_38  ATP5J)2 ATP5J2 ATP synthase, H+ 14881 - -0.36964464 Yes
transporting, mitochondrial 0.051924023
FO complex, subunit F2 777246475
row_39 COX7A2L COX7A2L cytochrome c oxidase subunit 15066 - -0.3695311 Yes
Vlla polypeptide 2 like 0.062114436
17939949
row_40  PPAI PPA1 pyrophosphatase (inorganic) 15128 - -0.36341637 Yes
1 0.064905077
2190094
row_41 ATP6VIA ATP6VIA ATPase, H+ transporting, 15134 - -0.3545694 Yes
lysosomal 70kDa, V1 subunit 0.065126620
A 23305893
row_42  NDUFB9 NDUFB9 NADH dehydrogenase 15184 - -0.34786922 Yes
(ubiquinone) 1 beta 0.068603150
subcomplex, 9, 22kDa 54655075
row_43  COX7C COX7C cytochrome c oxidase subunit 15236 - -0.3412666 Yes
Vilc 0.072168357
67030716
row_44  COX6BI1 COX6B1 cytochrome c oxidase subunit 15322 - -0.33632284 Yes
Vib polypeptide 1 0.076806917
(ubiquitous) 7865982
row_45 UQCRQ UQCRQ ubiquinol-cytochrome ¢ 15429 - -0.33240366 Yes
reductase, complex III 0.082984261
subunit VII, 9.5kDa 21473312
row_46  NDUFB6 NDUFB6 NADH dehydrogenase 15526 - -0.32799658 Yes
(ubiquinone) 1 beta 0.088709272
subcomplex, 6, 17kDa 4442482
row_47  COX7A2 COX7A2 cytochrome c oxidase subunit 15528 - -0.31895447 Yes
Vlla polypeptide 2 (liver) 0.088837563
99154663
row_48 NDUFA4L2 NDUFA4L2 NADH dehydrogenase 15597 - -0.31318128 Yes
(ubiquinone) 1 alpha 0.093455903
subcomplex, 4-like 2 23209763
row_49  NDUFV3 NDUFV3 NADH dehydrogenase 15929 - -0.32023987 Yes
(ubiquinone) flavoprotein 3, 0.115533672
10kDa 27315903
row_50 COX8A COX8A cytochrome c oxidase subunit 15976 - -0.3133933 Yes

8A (ubiquitous)

0.118415772
91488647




row_51  NDUFAS8 NDUFAS8 NADH dehydrogenase 16013 - -0.30605882 Yes
(ubiquinone) 1 alpha 0.120403006
subcomplex, 8, 19kDa 67285919
row_52  NDUFA4 NDUFA4 NADH dehydrogenase 16172 - -0.30467674 Yes
(ubiquinone) 1 alpha 0.130117207
subcomplex, 4, 9kDa 76557922
row_53  UQCRCI UQCRC1 ubiquinol-cytochrome ¢ 16516 - -0.3123208 Yes
reductase core protein I 0.152362272
14336395
row_54 SDHD SDHD succinate dehydrogenase 17035 - -0.32850313 Yes
complex, subunit D, integral 0.187383458
membrane protein 01830292
row_55 COX5A COXS5A cytochrome c oxidase subunit 17107 - -0.3228763 Yes
Va 0.193822130
56087494
row_56 NDUFABI NDUFABI1 NADH dehydrogenase 17246 - -0.3205184 Yes
(ubiquinone) 1, alpha/beta 0.203552171
subcomplex, 1, 8kDa 58794403
row_57 ATP6VI1E1 ATP6VI1E1 ATPase, H+ transporting, 17247 - -0.3114275 Yes
lysosomal 31kDa, V1 subunit 0.203619018
El 19705963
row_58 CYCl1 CYCl1 cytochrome c-1 17410 - -0.3102406 Yes
0.217245534
06238556
row_59  COXl17 COX17 COX17 cytochrome ¢ 17435 - -0.30232063 Yes
oxidase assembly homolog 0.219172596
(S. cerevisiae) 93145752
row_60  ATP5GIl ATP5G1 ATP synthase, H+ 17493 - -0.29601076 Yes
transporting, mitochondrial 0.224110767
FO complex, subunit C1 24529266
(subunit 9)
row_61  NDUFA9 NDUFA9 NADH dehydrogenase 17642 - -0.29414076 Yes
(ubiquinone) 1 alpha 0.236914202
subcomplex, 9, 39kDa 57091522
row_62 ATP6V1D ATP6V1D ATPase, H+ transporting, 17661 - -0.28592807 Yes
lysosomal 34kDa, V1 subunit 0.239408090
D 71063995
row_63  NDUFA2 NDUFA2 NADH dehydrogenase 17711 - -0.27922788 Yes
(ubiquinone) 1 alpha 0.244846671
subcomplex, 2, 8kDa 8196869
row_64 ATP6VIB2  ATP6VIB2  ATPase, H+ transporting, 17806 - -0.27472323 Yes
lysosomal 56/58kDa, V1 0.253589302
subunit B2 30140686
row_65 NDUFAG6 NDUFA6 NADH dehydrogenase 17848 - -0.26763272 Yes
(ubiquinone) 1 alpha 0.256761342
subcomplex, 6, 14kDa 2870636
row_66 ATP6VOD1  ATP6VOD1  ATPase, H+ transporting, 17886 - -0.26034704 Yes
lysosomal 38kDa, VO subunit 0.259316772
dl 2225189
row_67 ATP6VIG2 ATP6VIG2  ATPase, H+ transporting, 17969 - -0.25525692 Yes
lysosomal 13kDa, V1 subunit 0.267025321
G2 72203064
row_68  UQCRFSI UQCRFS1 ubiquinol-cytochrome ¢ 18077 - -0.25138652 Yes
reductase, Rieske iron-sulfur 0.277125656
polypeptide 1 60476685
row_69  UQCRC2 UQCRC2 ubiquinol-cytochrome ¢ 18121 - -0.24439359 Yes
reductase core protein IT 0.280111819
50569153
row_70  NDUFS5 NDUEFSS NADH dehydrogenase 18137 - -0.23603453 Yes
(ubiquinone) Fe-S protein 5, 0.282064348
15kDa (NADH-coenzyme Q 4592438
reductase)
row_71 SDHA SDHA succinate dehydrogenase 18191 - -0.2295295 Yes
complex, subunit A, 0.286266237
flavoprotein (Fp) 4973297
row_72  NDUFBS NDUFBS NADH dehydrogenase 18315 - -0.22643976 Yes
(ubiquinone) 1 beta 0.298176288
subcomplex, 5, 16kDa 60473633
row_73 NDUFVI1 NDUFV1 NADH dehydrogenase 18317 - -0.21739763 Yes
(ubiquinone) flavoprotein 1, 0.298245519
51kDa 39964294
row_74 ATP6VIF ATP6VIF ATPase, H+ transporting, 18498 - -0.21708892 Yes
lysosomal 14kDa, V1 subunit 0.315040767
F 1928406
row_75  PPA2 PPA2 pyrophosphatase (inorganic) 18514 - -0.20872986 Yes
2 0.317035019

3977356




row_76  ATP5Cl1 ATP5C1 ATP synthase, H+ 18525 - -0.20012686 Yes
transporting, mitochondrial 0.317721039
F1 complex, gamma 05677795
polypeptide 1
row_77  NDUFB2 NDUFB2 NADH dehydrogenase 18532 - -0.19132869 Yes
(ubiquinone) 1 beta 0.318192929
subcomplex, 2, 8kDa 0294647
row_78  ATP5B ATPSB ATP synthase, H+ 18567 - -0.18389665 Yes
transporting, mitochondrial 0.323356866
F1 complex, beta polypeptide 83654785
row_79 ATP6VICI1 ATP6VIC1  ATPase, H+ transporting, 18571 - -0.1749521 Yes
lysosomal 42kDa, V1 subunit 0.323735892
Cl 77267456
row_80  ATPSF1 ATPSF1 ATP synthase, H+ 18616 - -0.16800795 Yes
transporting, mitochondrial 0.329367548
FO complex, subunit B1 2273102
row_81 ATP6VIH ATP6VIH ATPase, H+ transporting, 18727 - -0.16428395 Yes
lysosomal 50/57kDa, V1 0.342075109
subunit H 4818115
row_82  COXe6C COX6C cytochrome c oxidase subunit 18728 - -0.15519305 Yes
Vic 0.342141598
46305847
row_83  NDUFAS NDUFAS NADH dehydrogenase 18798 - -0.14946865 Yes
(ubiquinone) 1 alpha 0.348451435
subcomplex, 5, 13kDa 5659485
row_84  NDUFS6 NDUFS6 NADH dehydrogenase 18805 - -0.14067048 Yes
(ubiquinone) Fe-S protein 6, 0.349297553
13kDa (NADH-coenzyme Q 30085754
reductase)
row_85  ATP5J ATP5J ATP synthase, H+ 18858 - -0.13411665 Yes
transporting, mitochondrial 0.355404734
FO complex, subunit F6 61151123
row_86  ATP5Al ATP5A1L ATP synthase, H+ 18878 - -0.12595275 Yes
transporting, mitochondrial 0.357760488
F1 complex, alpha subunit 1, 986969
cardiac muscle
row_87  NDUFA7 NDUFA7 NADH dehydrogenase 18928 - -0.11925255 Yes
(ubiquinone) 1 alpha 0.363879531
subcomplex, 7, 14.5kDa 621933
row_88  NDUFS4 NDUFS4 NADH dehydrogenase 18930 - -0.110210426 Yes
(ubiquinone) Fe-S protein 4, 0.364207804
18kDa (NADH-coenzyme Q 20303345
reductase)
row_89  NDUFS3 NDUEFS3 NADH dehydrogenase 19047 - -0.10677916 Yes
(ubiquinone) Fe-S protein 3, 0.379423916
30kDa (NADH-coenzyme Q 33987427
reductase)
row_90 UQCRH UQCRH ubiquinol-cytochrome ¢ 19053 - -0.097932205 Yes
reductase hinge protein 0.380331337
4519348
row_91 ATP6VIGl ATP6VIGl  ATPase, H+ transporting, 19098 - -0.090988055 Yes
lysosomal 13kDa, V1 subunit 0.385977715
Gl 25382996
row_92  NDUFS2 NDUFS2 NADH dehydrogenase 19173 - -0.0855076 Yes
(ubiquinone) Fe-S protein 2, 0.394777685
49kDa (NADH-coenzyme Q 40382385
reductase)
row_93  ATP5G3 ATP5G3 ATP synthase, H+ 19190 - -0.077197336 Yes
transporting, mitochondrial 0.398412346
FO complex, subunit C3 8399048
(subunit 9)
row_94  NDUFB3 NDUFB3 NADH dehydrogenase 19239 - -0.07044835 Yes
(ubiquinone) 1 beta 0.404552519
subcomplex, 3, 12kDa 32144165
row_95 SDHB SDHB succinate dehydrogenase 19289 - -0.06374815 Yes
complex, subunit B, iron 0.411641031
sulfur (Ip) 50367737
row_96 ATP6AP1 ATP6AP1 ATPase, H+ transporting, 19375 - -0.05880439 Yes
lysosomal accessory protein 0.423543781
1 042099
row_97  COX4Il1 COX4I1 cytochrome c oxidase subunit 19387 - -0.050250173 Yes
IV isoform 1 0.427006244
65942383
row_98 NDUFBI NDUFB1 NADH dehydrogenase 19476 - -0.045452785 Yes
(ubiquinone) 1 beta 0.441960990
subcomplex, 1, 7kDa 42892456




row_99  NDUFAI NDUFALI NADH dehydrogenase 19486 - -0.036800984 Yes

(ubiquinone) 1 alpha 0.444145321

subcomplex, 1, 7.5kDa 8460083
row_10 NDUFClI NDUFC1 NADH dehydrogenase 19607 - -0.033564877 Yes
0 (ubiquinone) 1, subcomplex 0.463812500

unknown, 1, 6kDa 2384186
row_10 NDUFV2 NDUFV2 NADH dehydrogenase 19759 - -0.03184126 Yes
1 (ubiquinone) flavoprotein 2, 0.491309195

24kDa 75691223
row_10 NDUFAI10 NDUFA10 NADH dehydrogenase 19765 - -0.0229943 Yes
2 (ubiquinone) 1 alpha 0.493627637

subcomplex, 10, 42kDa 6247406
row_10  NDUFC2 NDUFC2 NADH dehydrogenase 19893 - -0.020099722 Yes
3 (ubiquinone) 1, subcomplex 0.525806486

unknown, 2, 14.5kDa 6065979
row_10  ATPSL ATP5L ATP synthase, H+ 20066 - -0.019400695 Yes
4 transporting, mitochondrial 0.575221896

FO complex, subunit G 1715698
row_10  ATP5H ATP5H ATP synthase, H+ 20162 - -0.014944837 Yes
5 transporting, mitochondrial 0.604698061

FO complex, subunit d 9430542
row_10  NDUFSI1 NDUFS1 NADH dehydrogenase 20203 - -0.0078055286 Yes
6 (ubiquinone) Fe-S protein 1, 0.619206368

75kDa (NADH-coenzyme Q 9231873

reductase)
row_10 SDHC SDHC succinate dehydrogenase 20304 - -0.0035936204 Yes
7 complex, subunit C, integral 0.664713323

membrane protein, 15kDa 1163025
row_10  ATP50 ATP50 ATP synthase, H+ 20367 - 0.002472308 Yes
8 transporting, mitochondrial 0.700189232

F1 complex, O subunit 8262329

(oligomycin sensitivity

conferring protein)
row_10 UQCRB UQCRB ubiquinol-cytochrome ¢ 20423 - 0.008879767 Yes
9 reductase binding protein 0.748714804

649353




Supplementary table 6: Canonical KEGG pathways from GSEA analysis of PD versus HC
from three independent studies (GSE7621, GSE20141, GSE49036)

Rank Pathway Size  ES NES p-value FDR g- FWER Rank at
value p-value max
1 CYTOKINE CYTOKINE RECEPTOR 245 020  3.55 0.000 0.000 0.000 12458
INTERACTION
2 RIBOSOME 79 033  3.45 0.000 0.000 0.000 12226
3 SYSTEMIC LUPUS ERYTHEMATOSUS 107 027  3.20 0.000 0.000 0.000 11113
4 HEMATOPOIETIC CELL LINEAGE 83 031 3.20 0.000 0.000 0.000 8590
5 JAK STAT SIGNALING PATHWAY 151 021  3.13 0.000 0.000 0.000 11808
6 PATHWAYS IN CANCER 315 0.15  3.04 0.000 0.000 0.000 11704
7 LEISHMANIA INFECTION 62 032 296 0.000 0.000 0.000 4089
8 NATURAL KILLER CELL MEDIATED 129 020 2.70 0.000 0.000 0.003 9742
CYTOTOXICITY
9 ALLOGRAFT REJECTION 34 038  2.68 0.000 0.000 0.003 9742
10 AUTOIMMUNE THYROID DISEASE 49 031  2.60 0.000 0.001 0.005 10834
11  APOPTOSIS 82 024 258 0.000 0.001 0.008 4046
12 PROSTATE CANCER 87 024 256 0.000 0.001 0.009 6541
13 TOLL LIKE RECEPTOR SIGNALING 98 022 250 0.000 0.001 0.014 4550
PATHWAY
14 GRAFT VERSUS HOST DISEASE 37 034 246 0.002 0.001 0.015 9742
15 CELL ADHESION MOLECULES CAMS 125 0.18 238 0.000 0.002 0.034 10088
16 INTESTINAL IMMUNE NETWORK FOR 45 030 235 0.000 0.003 0.042 10335
IGA PRODUCTION
17 LEUKOCYTE TRANSENDOTHELIAL 107 0.19 230 0.000 0.004 0.057 10939
MIGRATION
18 ANTIGEN PROCESSING AND 81 021 228 0.002 0.004 0.071 9603
PRESENTATION
19 CHRONIC MYELOID LEUKEMIA 72 023 226 0.000 0.005 0.080 6692
20 FOCAL ADHESION 188 0.14 2.23 0.000 0.005 0.098 11862

GSEA analysis was quantile normalized and summarized for each comparison using justPlier implementation of Plier algorithm in R. ES =
enrichment score; NES = normalized enrichment score; NOM p-val = nominal p-value; FDR g-val = False Discovery Rate; FWER p-val = family-
wise error rate; RANK AT MAX = position in the ranked list at which the maximum enrichment score occurred.



Supplementary table 7: Position of SVs and their heteroplasmy percentage in Ifnb” mice.

Type of SVs Breakpoints Size (nt) Gene Heteroplasmy%
Deletions 1901-1902 1 mt-Rnr2 25
3814-3823 9 mt-Tq 40
10858-11491 633 mt-Nd4 1.12
10899-11786 887 mt-Nd4/mt-Th/mt-Ts2/ mt-T12/mt- 1.3
Nd5
11031-11871 840 mt-Nd4/mt-Th/mt-Ts2/ mt-T12/mt- 0.58
Nd5
11035-11841 806 mt-Nd4/mt-Th/mt-Ts2/ mt-T12/mt- 0.87
Nd5
11055-11847 792 mt-Nd4/mt-Th/mt-Ts2/ mt-T12/mt- 0.86
Nd5
11201-11971 770 mt-Nd4/mt-Th/mt-Ts2/ mt-T12/mt- 0.9
Nd5
11205-12089 884 mt-Nd4/mt-Th/mt-Ts2/ mt-T12/mt- 0.74
Nd5
11839-11842 3 mt-Nd5 1.16
12576-12954 378 mt-Nd5 1
12768-13092 324 mt-Nd5 1.35
12847-13099 252 mt-Nd5 1
12849-13101 252 mt-Nd5 0.8
12910-13201 291 mt-Nd5 9.4
12923-13051 128 mt-Nd5 1.48
13046-13047 1 mt-Nd5 2
5930-10395 (PC) 4465 mt-Col...mt-Nd4 60
Inversions 10521-10922 405 mt-Nd4 23.4
10752-11418 666 mt-Nd4 53.46
10786-11206 420 mt-Nd4 1.71
10819-11208 397 mt-Nd4 3
10893-11291 398 mt-Nd4 2
10921-11416 495 mt-Nd4 1.17
10921-11437 516 mt-Nd4 1.75
11036_11409 379 mt-Nd4 0.85
11296-11856 560 mt-Nd4/mt-Th/mt-Ts2/ mt-T12/mt- 33.33
Nd5
12103-12445 342 mt-Nd5 0.9
1210612487 381 mt-Nd5 0.59
12193-12397 204 mt-Nd5 0.77
12193-12448 255 mt-Nd5 0.77
12229-12567 338 mt-Nd5 0.54
12305-12398 93 mt-Nd5 1.62
12668-12849 181 mt-Nd5 10.7
12727-12997 270 mt-Nd5 0.61
Short insertions 10785-10785 44 mt-Nd4 4.95
11424-11424 44 mt-Nd4 1.61
13046-13046 1 mt-Nd5 6
Tandem duplications 10705-11453 748 mt-Nd4 1.23




Supplementary table 8: Position of SNVs, their consequences, and heteroplasmy percentage
detected in in Ifinb” mice.

Substitution Consequence Gene Amino acid change Codons Heteroplasmy %
m.3331A>C missense_variant mt-Nd1 p-N194T AAC/ACC 4.93
m.3399G>C missense_variant mt-Nd1 p-A217P GCcC/CcccC 66.67
m.4520C>T missense_variant mt-Nd2 p-L201F CTC/TTC 47.87
m.6205T>A missense_variant mt-Col p-F293Y TTC/TAC 54.55
m.6225G>T missense_variant mt-Col p-D300Y GAC/TAC 22.28
m.12788A>C stop_lost mt-Nd5 p.X349S AGA/AGC 27.34
m.4679C>G missense_variant mt-Nd2 p-P256A CCA/GCA 67.77
m.6661A>G missense_variant mt-Col p-D445G GAT/GGT 50.72
m.7125T>G missense_variant mt-Co2 p-V38G GTC/GGC 83.33
m.7578C>A missense_variant mt-Co2 p-P189Q CCA/CAA 24.62
m.7878C>G missense_variant mt-Atp8 p-S38W TCA/TGA 50.53
m.8498T>A missense_variant mt-Atp6 p.I19IN ATT/AAT 54.63
m.11332T>G missense_variant mt-Nd4 p-L389W TTA/TGA 63.33
m.3707G>C stop_lost mt-Nd1 p-X319Y TAG/TAC 52.56
m.6014T>G missense_variant mt-Col p.1229M ATT/ATG 46.34




Supplementary table 9: Common variations in Ifnb” single dopaminergic neurons.

Replicate 1 Replicate 2 Replicate 3
Substitution | Consequence | sDA-1 | sDA-2 | sDA-3 | sDA-4 | sDA-5 | sDA-6 | sDA-7 | sDA-8 | sDA-9 | sDA-10
m.15616A>G | Intergenic - - - - 27.78% - - - - 9.50%




Supplementary Table 10: GO pathways negatively dysregulated in sporadic PD

Name Size Es Nes Nom P-Val Fdr Q-Val Fwer P-Val
Phagocytosis 17 -0.65865344 -1.865.414 0.0020283975  0.5887762 0,26180556
Cytosolic_Part 23 -0.5894047 -17.946.182  0.003937008  0.6464161 0,44166667
Nuclear_Membrane Part 39 -0.5211393 -17.519.393  0.004040404  0.67625695  0,56041667
Ras_Gtpase_Binding 23 -0.5742026 -17.298.789  0.006048387  0.62698627  0,60763889
Damaged_Dna_Binding 19  -0.6070259 -17.264.965  0.0061728396  0.51599807  0,6125
Carbohydrate_Transport 19  -0.58509773 -16.804.694  0.014553014  0.66561043  0,66736111
Protein_Serine_Threonine_ Ph 23 -0.55747867 -16.694.049  0.009469697  0.6276737 0,675
osphatase_Activity

Oxidoreductase Activity Acti 22  -0.55824864 -16.572.144  0.007905139  0.60850006  0,06805556
ng_On_The Aldehyde Or_O

x0_Group_Of Donors

Membrane_Organization_An 124  -0.38442543 -1.642.454 00.00 0.6109516 0,68680556
d_Biogenesis

Lysosome 55 -0.4465573 -16.421.394  0.0062240665 0.55132973  0,06875
Lytic_Vacuole 55 -0.44655734 -1.619.767 0.00877193 0.60498303  0,69166667
Nucleotide_Excision_Repair 19  -0.5513221 -16.126.367  0.01927195 0.5862652 0,69166667
Nuclear_Pore 28 -0.50892353 -16.085.578  0.018 0.5561783 0,69166667
Pore_Complex 32 -0.48488656 -16.016.433  0.022044089  0.5455537 0,69236111
Protein_Tyrosine_Phosphatas 53 -0.4302897 -15.945.115  0.010615711 0.5360159 0,69375
e_Activity

Receptor_Mediated_Endocyto 31 -0.4874128 -15.865.837  0.031936128  0.53668886  0,69375

sis

Organelle_Inner Membrane 72 -0.41009468 -15.858.959  0.0040816325 0.5081687 0,69375
Peroxisome_Organization_An 15 -0.587189 -15.849.314  0.030241935  0.48316646  0,69375
d_Biogenesis

Basement_Membrane 34 -0.47176352 -1.584.306 0.025948104  0.45967603  0,69375
Lipoprotein_Binding 17 -0.5637113 -15.824.773  0.031128405  0.44327217  0,69375




Supplementary Table 11: Genes in GO pathway of Damaged DNA binding in sporadic PD

PROBE GENE GENE_TITLE RANK IN RANK METRIC SCORE  RUNNING ES CORE
SYMBOL GENE ENRICH
LIST MENT
ALKBH2 ALKBH  alkB, alkylation repair ~ 5841 0.057695191353559494 -0.24626464 No
2 homolog 2 (E. coli)
POLQ POLQ polymerase (DNA 6237 0.05161980912089348 -0.23193778 No
directed), theta
0GG1 0GG1 8-oxoguanine DNA 9358 0.0073499130085110664 -0.37871787 No
glycosylase
APTX APTX aprataxin 9548 0.005126686301082373 -0.38456997 No
MPG MPG N-methylpurine-DNA 10247 -0.00287461350671947 -0.41660854 No
glycosylase
POLH POLH polymerase (DNA 10834 -0.0097323814406991 -0.43875444 No
directed), eta
ERCC1 ERCC1 excision repair cross- 11269 -0.015008884482085705 -0.4500913 No
complementing rodent
repair deficiency,
complementation group
ALKBH3 ALKBH  alkB, alkylation repair 11370 -0.016211574897170067 -0.44442353 No
3 homolog 3 (E. coli)
DDBI1 DDBI damage-specific DNA 12003 -0.02409016527235508 -0.45948216 No
binding protein 1,
127kDa
FANCG FANCG Fanconi anemia, 13073 -0.03760887309908867 -0.4869909 No
complementation group
MSH2 MSH2 mutS homolog 2, colon 13811 -0.04724147170782089 -0.49211907 No
cancer, nonpolyposis
type 1 (E. coli)
MSH3 MSH3 mutS homolog 3 (E. 14083 -0.050981342792510986 -0.47218353 No
coli)
MSH6 MSH6 mutS homolog 6 (E. 16860 -0.0985795110464096 -0.543024 Yes
coli)
ERCC4 ERCC4 excision repair cross- 17500 -0.11334554105997086 -0.5004744 Yes
complementing rodent
repair deficiency,
complementation group
FEN1 FEN1 flap structure-specific 17943 -0.12525609135627747 -0.4406228 Yes
endonuclease 1
XPA XPA xeroderma 18806 -0.1580028086900711 -0.37991193 Yes
pigmentosum,
complementation group
DDB2 DDB2 damage-specific DNA 19683 -0.2136475294828415 -0.28375423 Yes
binding protein 2,
48kDa
TDG TDG thymine-DNA 19964 -0.24537022411823273 -0.13805053 Yes
glycosylase
XPC XPC xeroderma 20084 -0.26051655411720276 0.025307255 Yes
pigmentosum,

complementation group




Supplementary table 12: KEGG pathways positively dysregulated in sporadic PDD

Name Size Es Nes Nom P- Fdr Q- Fwer P-
Val Val Val
Kegg Cytokine_Cytokine Receptor_Intera 245 0.22641903  40.743.56  00.00 00.00 00.00
ction 6
Kegg Olfactory_Transduction 114 0.24842387  31.019.00 00.00 00.00 00.00
6
Kegg Jak Stat Signaling Pathway 151 0.2013886 28.935.44  00.00 6,74e+02  0.002
4
Kegg Neuroactive Ligand_Receptor_Inter 252 0.153708 28.746.10  00.00 5,06e+02  0.002
action 4
Kegg Intestinal Immune Network For Ig 45 0.34367222  27.512.01 00.00 0.0013277  0.006
a_Production 4 071
Kegg Hematopoietic_Cell Lineage 83 0.2577003 27.105.89  00.00 0.0011064  0.006
6 226
Kegg Natural_Killer_Cell_Mediated_Cytot 129 0.18345445  24.394.18 00.00 0.0037768  0.025
oxicity 3 607
Kegg Autoimmune_Thyroid_Disease 49 0.2950065 2.404.819  00.00 0.0042137  0.031
867
Kegg Systemic_Lupus_Erythematosus 107 0.1909124 23.049.75  00.00 0.0077755  0.063
3 423
Kegg Primary_Immunodeficiency 35 0.31640798  2.298.848 00.00 0.0072180  0.065
02
Kegg Toll_Like Receptor_Signaling Path 98 0.19364467  22.521.27 00.00 0.0100300  00.01
way 6 48
Kegg Vegf Signaling Pathway 71 0.21941513  21.575.11 00.00 0.0183217 0,12916
5 19 667
Kegg Leishmania_Infection 62 0.2353862 21.431.85 00.00 0.0188975 0,14236
1 9 111
Kegg Renin_Angiotensin_System 16 0.4420289 21.169.13  0.0060728  0.0205649 0,1625
3 746 06
Kegg Prostate_Cancer 87 0.1943094 21.126.21 0.0039370 0.0198154 00.24
3 08 7
Kegg Cytosolic Dna_Sensing_Pathway 51 0.23900488  20.225.60 0.0077669 0.0313072 0,26180
6 905 76 556
Kegg Vascular_Smooth_Muscle_Contracti 110 0.15773632  1.979.751 0.0057251 0.0369755 0,30347
on 91 222
Kegg Melanoma 71 0.20253429  1.931.158 0.0039138 0.0448494  0,3625
943 6
Kegg Leukocyte Transendothelial Migrati 107 0.15709539  19.072.18 0.0100603  0.0482917 0,3875
on 7 625 9
Kegg Ecm_Receptor_Interaction 81 0.18228298  18.875.93 0.0019646 0.0500279 0,41458
2 366 63 333




Supplementary table 13: Genes in KEGG pathway of Cytosolic DNA Sensing in sporadic PDD

PROBE GENE GENE_TITLE RANK IN RANK METRIC RUNNING CORE
SYMBOL GENE LIST SCORE ES ENRICH.
IRF3 IRF3 interferon regulatory 158 0.7471717000007629 0.01192115 Yes
factor 3
IFNA10  IFNAIO interferon, alpha 10 341 0.6695659756660461 0.0226747 Yes
IFNA16 IFNAI6 interferon, alpha 16 417 0.6529250144958496 0.038633797  Yes
IFNA7 IFNA7 interferon, alpha 7 500 0.6337449550628662 0.054252345  Yes
IKBKE IKBKE inhibitor of kappa light 789 0.5841962099075317 0.059848998  Yes
polypeptide gene
enhancer in B-cells,
kinase epsilon
IFNAS IFNAS interferon, alpha 5 919 0.5644056797027588 0.073180996  Yes
IFNB1 IFNBI1 interferon, beta 1, 1088 0.5449801683425903 0.08461565  Yes
fibroblast
IRF7 IRF7 interferon regulatory 1290 0.5256357789039612 0.09444485 Yes
factor 7
CASP1 CASP1 caspase 1, apoptosis- 1491 0.5080535411834717 0.1043227 Yes
related cysteine
peptidase (interleukin
1, beta, convertase)
IFNA14 IFNAI14 interferon, alpha 14 1552 0.5037133097648621 0.12101155  Yes
IFNA17 IFNAL17 interferon, alpha 17 1572 0.5025635361671448 0.13969503  Yes
IFNA13  IFNAI3 interferon, alpha 13 1676 0.4937666952610016 0.15429194  Yes
DDX58 DDX58 DEAD (Asp-Glu-Ala- 1737 0.4896621108055115 0.17098078  Yes
Asp) box polypeptide
58
TREX1  TREXI1 three prime repair 1744 0.48921793699264526  0.19029672  Yes
exonuclease |
IL1B IL1B interleukin 1, beta 1811 0.48461082577705383  0.20669368  Yes
IL18 IL18 interleukin 18 2133 0.46447300910949707  0.21068488  Yes
(interferon-gamma-
inducing factor)
IFNA4 IFNA4 interferon, alpha 4 2568 0.44055870175361633  0.20917864  Yes
NFKBIB NFKBIB nuclear factor of kappa 2619 0.4380071461200714 0.22635399  Yes
light polypeptide gene
enhancer in B-cells
inhibitor, beta
IFNA2 IFNA2 interferon, alpha 2 2763 0.4314329922199249 0.23900488  Yes
IL6 IL6 interleukin 6 3539 0.3957005739212036 0.220909 No
(interferon, beta 2)
IFNA21 IFNA21 interferon, alpha 21 5210 0.32905668020248413  0.15927142  No
POLR3 POLR3H polymerase (RNA) IIT 5475 0.31937581300735474  0.16603567  No
H (DNA directed)
polypeptide H
(22.9kD)
AIM2 AIM2 absent in melanoma 2~ 5852 0.30751100182533264  0.16735113  No
RELA RELA v-rel 6501 0.28471267223358154  0.15543379  No

reticuloendotheliosis
viral oncogene
homolog A, nuclear
factor of kappa light
polypeptide gene




enhancer in B-cells 3,
p65 (avian)

IFNAS IFNAS interferon, alpha 8 6971 0.2692958116531372 0.15222481  No
POLR3  POLR3D polymerase (RNA) IIT 7156 0.26343846321105957  0.16288105  No
D (DNA directed)
polypeptide D, 44kDa
ADAR ADAR adenosine deaminase, 7755 0.2434481978416443 0.15339622 No
RNA-specific
IFNA1 IFNA1 interferon, alpha 1 9275 0.18969926238059998  0.09910477  No
NFKBI = NFKBIA nuclear factor of kappa 10129 0.15881672501564026  0.0772142 No
A light polypeptide gene
enhancer in B-cells
inhibitor, alpha
IKBKG IKBKG inhibitor of kappa light 10223 0.1553581804037094 0.09229759  No
polypeptide gene
enhancer in B-cells,
kinase gamma
POLR3  POLR3G polymerase (RNA) IIT 10799 0.13380225002765656  0.08393171  No
G (DNA directed)
polypeptide G (32kD)
CCLS CCL5 chemokine (C-C 10848 0.13150088489055634  0.10120435  No
motif) ligand 5
POLR1 POLRID polymerase (RNA) I 10895 0.12877798080444336  0.1185743 No
D polypeptide D, 16kDa
IFNAG6 IFNA6 interferon, alpha 6 12427 0.0653807669878006 0.06369905  No
IKBKB IKBKB inhibitor of kappa light 12502 0.06177526712417602  0.079706796 No
polypeptide gene 5
enhancer in B-cells,
kinase beta
RIPK3 RIPK3 receptor-interacting 12736 0.05111542716622352  0.0879792 No
serine-threonine kinase 6
3
CCL4 CCL4 chemokine (C-C 12828 0.0475873127579689 0.1031599 No
motif) ligand 4
7ZBP1 ZBP1 Z-DNA binding 13954 - 0.068036534 No
protein 1 0.00337090529501438
14
CXCL10 CXCL10 chemokine (C-X-C 14349 - 0.06847629  No
motif) ligand 10 0.02527658082544803
6
PYCAR PYCARD PYD and CARD 14456 - 0.082927234 No
D domain containing 0.03030829504132270
8
POLR3 POLR3K  polymerase (RNA) Il 15209 -0.07029853761196136  0.06595031  No
K (DNA directed)
polypeptide K, 12.3
kDa
CHUK CHUK conserved helix-loop- 15348 -0.0784481018781662  0.07884446  No
helix ubiquitous kinase
POLR1 POLRIC polymerase (RNA) I 15589 -0.09314949810504913  0.08677631  No
C polypeptide C, 30kDa
RIPK1 RIPK1 receptor (TNFRSF)- 16255 -0.13543589413166046  0.07403193  No
interacting serine-
threonine kinase 1
POLR3  POLR3GL polymerase (RNA)III 16635 -0.16024237871170044  0.07520144  No
GL (DNA directed)
polypeptide G (32kD)
like
TBK1 TBK1 TANK-binding kinase 17057 -0.18947164714336395 0.07432765  No

1




NFKB1  NFKBI nuclear factor of kappa 18278 -0.2935390770435333  0.034582533 No
light polypeptide gene
enhancer in B-cells 1
(p105)
POLR3 POLR3C polymerase (RNA) IIT 19188 -0.39815741777420044  0.009967562 No
C (DNA directed)
polypeptide C (62kD)
POLR3 POLR3A  polymerase (RNA)III 19447 -0.43613821268081665 0.017023716 No
A (DNA directed)
polypeptide A,
155kDa
POLR3 POLR3B polymerase (RNA) III 20028 -0.5650253891944885  0.008414581 No
B (DNA directed)
polypeptide B
POLR3  POLR3F polymerase (RNA) III 20365 -0.6991318464279175  0.011676038 No
F (DNA directed)

polypeptide F, 39 kDa




Supplementary table 14: Genes in KEGG pathway of Toll-Like Receptor in sporadic PDD

PROBE GENE GENE_TITLE RANKIN RANK METRIC RUNNING ES CORE
SYMBOL GENE SCORE ENRICH
LIST MENT

PIK3R2 PIK3R2 phosphoinositide-3- 89  0.8091794848442078 0.0058643115 Yes
kinase, regulatory
subunit 2 (p85 beta)

AKT1 AKTI v-akt murine thymoma 102 0.7975646257400513 0.0154832555 Yes
viral oncogene homolog
1

IRF3 IRF3 interferon regulatory 158  0.7471717000007629 0.023005456 Yes
factor 3

IRFS IRF5 interferon regulatory 254 0.697068452835083 0.0285772 Yes
factor 5

IFNA10 IFNA10 interferon, alpha 10 341  0.6695659756660461 0.034587797 Yes

IFNA16 IFNAL16 interferon, alpha 16 417 0.6529250144958496 0.041134767 Yes

IRAK4 IRAK4 interleukin-1 receptor- 443 0.6466980576515198 0.050119814 Yes
associated kinase 4

IFNA7 IFNA7 interferon, alpha 7 500 0.6337449550628662 0.057593253 Yes

IRAK1 IRAK1 interleukin-1 receptor- 570 0.6173790097236633 0.06443279 Yes
associated kinase 1

TLRS TLRS toll-like receptor 5 773 0.586562991142273 0.06478706 Yes

IKBKE IKBKE inhibitor of kappa light 789  0.5841962099075317 0.07425972 Yes
polypeptide gene

enhancer in B-cells,
kinase epsilon

TLRY TLRY toll-like receptor 9 826 0.5783514976501465 0.08270839 Yes

IFNAS IFNAS interferon, alpha 5 919 0.5644056797027588 0.08842641 Yes

MAPK12 MAPKI2  mitogen-activated 933 0.5621751546859741 0.0979966 Yes
protein kinase 12

IFNB1 IFNB1 interferon, beta 1, 1088  0.5449801683425903 0.100691415 Yes
fibroblast

MYDS88 MYD8S8 myeloid differentiation 1091  0.5445457100868225 0.11079797 Yes
primary response gene
(88)

IRF7 IRF7 interferon regulatory 1290  0.5256357789039612 0.11134729 Yes
factor 7

IFNA14 IFNA14 interferon, alpha 14 1552 0.5037133097648621 0.108824626 Yes

IFNA17 IFNA17 interferon, alpha 17 1572 0.5025635361671448 0.11810224 Yes

MAPK3 MAPK3 mitogen-activated 1589  0.5009751915931702 0.12752613 Yes
protein kinase 3

IFNA13 IFNA13 interferon, alpha 13 1676  0.4937666952610016 0.13353673 Yes

MAP2K7 MAP2K7  mitogen-activated 1789  0.48538392782211304  0.13827953 Yes
protein kinase kinase 7

IL1B IL1IB interleukin 1, beta 1811  0.48461082577705383 0.14745963 Yes

TICAM2 TICAM2  toll-like receptor 1948  0.4752063751220703 0.15103215 Yes
adaptor molecule 2

TIRAP TIRAP toll-interleukin 1 2458  0.4467725455760956 0.13641664 Yes

receptor (TIR) domain
containing adaptor

protein
AKT2 AKT2 v-akt murine thymoma 2505 0.44389283657073975  0.1443777 Yes
viral oncogene homolog
2
IFNA4 IFNA4 interferon, alpha 4 2568 0.44055870175361633 0.15155856 Yes
IFNA2 IFNA2 interferon, alpha 2 2763  0.4314329922199249 0.15230292 Yes
PIK3CG  PIK3CG phosphoinositide-3- 2836 0.42768803238868713  0.15899618 Yes

kinase, catalytic,
gamma polypeptide




TICAM1

TICAM1

toll-like receptor
adaptor molecule 1

3214

0.40976935625076294

0.1508172

Yes

IL12B

IL12B

interleukin 12B (natural
killer cell stimulatory
factor 2, cytotoxic
lymphocyte maturation
factor 2, p40)

3327

0.40452226996421814

0.15555999

Yes

IL6

IL6

interleukin 6
(interferon, beta 2)

3539

0.3957005739212036

0.15547541

Yes

MAP2K2

MAP2K2

mitogen-activated
protein kinase kinase 2

3553

0.39521417021751404

0.16504559

Yes

TLRS

TLRS

toll-like receptor 8

3674

0.39029771089553833

0.1693983

Yes

CD80

CD80

CD80 molecule

4012

0.3756698966026306

0.16316976

Yes

CD86

CD86

CD86 molecule

4456

0.3579317033290863

0.15177251

Yes

CD40

CD40

CD40 molecule, TNF
receptor superfamily
member 5

4505

0.3564003109931946

0.15963605

Yes

PIK3CD

PIK3CD

phosphoinositide-3-
kinase, catalytic, delta
polypeptide

4829

0.3439567983150482

0.15409018

Yes

TNF

TNF

tumor necrosis factor
(TNF superfamily,
member 2)

4987

0.3369358777999878

0.15663871

Yes

TLR4

TLR4

toll-like receptor 4

5206

0.32920098304748535

0.15621279

Yes

IFNA21

IFNA21

interferon, alpha 21

5210

0.32905668020248413

0.1662706

Yes

IL8

IL8

interleukin 8

5231

0.32841554284095764

0.17549944

Yes

TLR1

TLR1

toll-like receptor 1

5232

0.3283589482307434

0.18570353

Yes

CTSK

CTSK

cathepsin K
(pycnodysostosis)

5629

0.31447649002075195

0.17659807

Yes

MAPK13

MAPK13

mitogen-activated
protein kinase 13

5826

0.30847060680389404

0.1772449

Yes

CASP8

CASP8

caspase 8, apoptosis-
related cysteine
peptidase

6043

0.3010207712650299

0.17691651

Yes

FOS

FOS

v-fos FBJ murine
osteosarcoma viral
oncogene homolog

6061

0.30031004548072815

0.18629165

Yes

TLR2

TLR2

toll-like receptor 2

6467

0.28594449162483215

0.17674734

Yes

RELA

RELA

v-rel
reticuloendotheliosis
viral oncogene homolog
A, nuclear factor of
kappa light polypeptide
gene enhancer in B-
cells 3, p65 (avian)

6501

0.28471267223358154

0.1853423

Yes

IL12A

IL12A

interleukin 12A (natural
killer cell stimulatory
factor 1, cytotoxic
lymphocyte maturation
factor 1, p35)

6541

0.2833622097969055

0.19364467

Yes

IFNAS

IFNA8

interferon, alpha 8

6971

0.2692958116531372

0.1829301

PIK3RS

PIK3RS5

phosphoinositide-3-
kinase, regulatory
subunit 5, p101

7080

0.26564356684684753

0.18786794

SPP1

SPP1

secreted phosphoprotein
1 (osteopontin, bone
sialoprotein I, early T-
lymphocyte activation

1)

8399

0.22000934183597565

0.13380441

IFNARI1

IFNARI1

interferon (alpha, beta
and omega) receptor 1

8944

0.2016969919204712

0.11748226

FADD

FADD

Fas (TNFRSF6)-
associated via death
domain

9268

0.18991141021251678

0.11193639




IFNA1 IFNA1 interferon, alpha 1 9275 0.18969926238059998 0.1218479 No

CXCL11 CXCL11 chemokine (C-X-C 9623  0.1763661503791809 0.11513176 No
motif) ligand 11

LBP LBP lipopolysaccharide 9679  0.1745533049106598 0.122653954 No
binding protein

PIK3R3 PIK3R3 phosphoinositide-3- 9820 0.16914792358875275 0.12603143 No
kinase, regulatory
subunit 3 (p55, gamma)

NFKBIA  NFKBIA  nuclear factor of kappa 10129  0.15881672501564026 0.12121698 No
light polypeptide gene
enhancer in B-cells
inhibitor, alpha

IKBKG IKBKG inhibitor of kappa light 10223 0.1553581804037094 0.12688625 No
polypeptide gene
enhancer in B-cells,
kinase gamma

TLR7 TLR7 toll-like receptor 7 10260 0.154314324259758 0.13533492 No

PIK3CA  PIK3CA phosphoinositide-3- 10647 0.139031782746315 0.12671708 No
kinase, catalytic, alpha
polypeptide

CCL5 CCL5 chemokine (C-C motif) 10848 0.13150088489055634  0.12716886 No
ligand 5

TOLLIP  TOLLIP toll interacting protein 11206 0.1171623021364212 0.119965106 No

TLR3 TLR3 toll-like receptor 3 12402 0.06631596386432648 0.07189924 No

IFNAG6 IFNA6 interferon, alpha 6 12427  0.0653807669878006 0.08093305 No

IKBKB IKBKB inhibitor of kappa light 12502  0.061775267124176025  0.08752879 No
polypeptide gene
enhancer in B-cells,
kinase beta

MAPKI11 MAPKI1  mitogen-activated 12513 0.061489593237638474  0.09724525 No
protein kinase 11

CXCL9 CXCL9 chemokine (C-X-C 12521 0.061244554817676544  0.107108004 No
motif) ligand 9

CCL4 CCL4 chemokine (C-C motif) 12828  0.0475873127579689 0.10239108 No
ligand 4

LY96 LY96 lymphocyte antigen 96 12882  0.04519515112042427 0.1100108 No

MAP2K4 MAP2K4  mitogen-activated 13732 0.006487403530627489  0.07881641 No
protein kinase kinase 4

RAC1 RAC1 ras-related C3 13957 - 0.07809792 No
botulinum toxin 0.003696293104439974
substrate 1 (rho family,
small GTP binding
protein Racl)

CD14 CD14 CD14 molecule 14087 - 0.082011774 No

0.010682184249162674

MAPKS MAPKS8 mitogen-activated 14294 - 0.08217099 No
protein kinase 8 0.022509494796395302

CXCL10 CXCL10 chemokine (C-X-C 14349 - 0.08974195 No
motif) ligand 10 0.025276580825448036

TLR6 TLR6 toll-like receptor 6 14389 -0.02677215449512005  0.098044336 No

MAPK1 MAPK1 mitogen-activated 14515 -0.03341846913099289  0.102153234 No
protein kinase 1

MAP3K8 MAP3K8  mitogen-activated 14811 -0.04813077300786972  0.09797269 No
protein kinase kinase
kinase 8

MAP3K7 MAP3K7  mitogen-activated 14865 - 0.105592415 No
protein kinase kinase 0.050766076892614365
kinase 7

MAPK14 MAPKI14  mitogen-activated 15064 - 0.10614172 No
protein kinase 14 0.062105000019073486

MAPK10 MAPKI0  mitogen-activated 15173 -0.0674557238817215 0.111079566 No
protein kinase 10

CHUK CHUK conserved helix-loop- 15348 -0.0784481018781662 0.11279915 No

helix ubiquitous kinase




PIK3CB

PIK3CB

phosphoinositide-3-
kinase, catalytic, beta
polypeptide

15426

-0.08269017934799194

0.119248606

No

JUN

JUN

jun oncogene

15478

-0.0859072357416153

0.12696585

No

MAP2K6

MAP2K6

mitogen-activated
protein kinase kinase 6

16027

-0.12146072089672089

0.11044865

No

RIPK1

RIPK1

receptor (TNFRSF)-
interacting serine-
threonine kinase 1

16255

-0.13543589413166046

0.109583884

No

IFNAR2

IFNAR2

interferon (alpha, beta
and omega) receptor 2

16987

-0.1839001476764679

0.08414334

TBK1

TBK1

TANK-binding kinase 1

17057

-0.18947164714336395

0.09098288

MAP2K1

MAP2K1

mitogen-activated
protein kinase kinase 1

17222

-0.20127750933170319

0.09319008

TRAF3

TRAF3

TNF receptor-
associated factor 3

17639

-0.2368105947971344

0.08310939

AKT3

AKT3

v-akt murine thymoma
viral oncogene homolog
3 (protein kinase B,
gamma)

17705

-0.24429956078529358

0.09014398

STAT1

STATI

signal transducer and
activator of
transcription 1, 91kDa

17857

-0.25760892033576965

0.092985086

NFKB1

NFKB1

nuclear factor of kappa
light polypeptide gene
enhancer in B-cells 1
(p105)

18278

-0.2935390770435333

0.08270935

MAPK9

MAPK9

mitogen-activated
protein kinase 9

19766

-0.49379464983940125

0.020405142

TRAF6

TRAF6

TNF receptor-
associated factor 6

19942

-0.5384869575500488

0.022075968

PIK3R1

PIK3R1

phosphoinositide-3-
kinase, regulatory
subunit 1 (p85 alpha)

20070

-0.5771433115005493

0.026087344
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Supplementary Materials and Methods

Brain samples

Human brain samples from non-neurological affected healthy controls (NCs) (N=7, 3 females and 4
males) and sporadic PD (N=7, 3 females, 4 males) were dissected from the medial frontal gyrus, a
region implicated in cognitive impairments in PD'2. Samples were acquired from the Harvard Brain
Tissue Resource Center (Harvard Medical School, USA), Bispebjerg Hospital Brain Bank
(Copenhagen, Denmark), and Netherlands Brain Bank (the Netherlands) [ethics (DNK) approval, jr.

no. H-20066711]. All diagnoses were confirmed by postmortem pathology.



Human microarray data and processing

For Affymetrix microarray analysis, publicly available microarray data from Parkinson disease
dementia (PDD), Parkinson disease without dementia (PD), and healthy controls (HC) were obtained
(GSE7621, GSE20141, GSE49036) [PMID:18649390]°, preprocessing and normalization were
performed with the frma package using the “robust weighted average" option for probe

summarization as we previously reported®.

Mice

Ifnb™" or Ifnar”~ mice were backcrossed for 20 generations to C57BL6 mice and utilized as models
for PD*. The C57BL6 was used as WT animals. Mice were housed in standard facilities. Sex- (equal
proportion male and female), age (10 weeks old at injection), and weight-matched (28 to 31g). All
experiments followed the Danish ethical standards under ethical permission license 2018-15-0201-

01572. All injections and behavioral tests were performed in a randomized double-blind manner.

mtDNA preparation for in vitro experiments

mtDNA was prepared from WT, Ifnb”" or Ifnarl” cortical neurons purified mitochondria, obtained
from fractionation as described earlier®. Nuclear fraction was conserved to purify nuclear DNA
(nuDNA). DNA was purified from fractions using the DNA blood and tissue kit (Qiagen, cat n°

69504). Quality of mtDNA was verified by qPCR prior to use.

Primary neuron, MEFs and Neuro2A (N2A) neuroblastoma cell line preparation

Primary cortical neuron (CN) cultures were obtained from the microdissected cortices from 0 to 1-
day-old B10.RIII Ifnb™"*, B10.RIII Ifnb”- or C57BL6 Ifnar’ mice and kept in Hibernate A medium
w/o Calcium (BrainBits LLC, HA-Ca) supplemented with B27 (Gibco by Life Technologies, 17504-
044) and CaCl; during dissection. Papain (2mg/mL) was used to dissociate the tissue for 10 minutes

at 37°C, and a single cell suspension was obtained by pipetting the cortices 10-13 times with a glass



pipette. Then, cells were centrifuged at x300g for 10 minutes and were resuspended in Neurobasal A
medium (Gibco by Life Technologies, 10888-022) supplemented with B-27 (Gibco by Life
Technologies, 17504-044), GlutaMAX (Gibco by Life Technologies, 35050-038) and 10ug/ml
Gentamicin (Gibco by Life Technologies, 15710- 049). Primary CNs were seeded in cell culture
dishes coated with poly-D-lysine hydrobromide (Sigma-Aldrich, P7280-5MG) at a density of 0,5x10°
cells/ml. Cells were cultured in Buffer B at 37°C with 5% CO; and half media was changed every 3-
4 days.

Neurons are fully differentiated by DIV6 and then gradually develop neurodegenerative-like cell-
death starting around DIV157.

Immortalized Mouse Embryonic Fibroblasts (MEFs) were generated as described earlier °.

The NTC and Ifnb”~ Neuro2A (N2A) neuroblastoma cell line were generated by CRISPR/Cas9
editing as previously described®.

MEFs and N2A were cultured in DMEM containing GlutaMax (ThermoFisher cat num. 10569010)

supplemented with 10% FBS.

ELISA for oxidative mitochondrial DNA release (8-OHdG)
Supernatants from N2A cells and primary cortical neurons were centrifuged, passed through a 0.22-
um filter and stored at -80°C. Oxidative mitochondrial DNA release was quantified using the DNA

Damage (8-OHdG) ELISA kit (Bosterbio #EK7008) per the manufacturer’s instructions.

Extracellular Vesicles (EVs) purification

EVs were purified from cell culture medium, using the ExoEasy kit (Qiagen) following manufacturer
recommendations. EVs were then pelleted by ultracentrifugation at 160000g for 2h at 4°C and
resuspended in culture medium for EV treatment or in lysis buffer for protein analysis or in PBS for
DNA purification.

From brain tissue, EVs were purified from fresh collected tissue as described earlier®.



In vitro treatments

Neuro2A and MEFs cells were cultured as previously described®. To induce oxidative mtDNA
damages, neurons were treated for 30min with 50uM H202 and then let recover in full medium for
24h to ensure nuDNA repair’. Mitotempo was used at a concentration 2mM of and S3qel at a
concentration of 10mM.

MtDNA treatment: N2As or CNs were treated for 24h with 30ng/mL of mtDNA purified as previously
described and quantified with NanoDrop.

TLR inhibitors:

TLRO inhibitor ODN-2088 (InvivoGen #tlrl-2088) was always used at a final concentration of 2.5
uM (1:400).

TLR4 inhibitor, LPS-rs (InvivoGen #tlrl-prslps) from the photosynthetic bacterium Rhodobacter
sphaeroides was always used at a final concentration of 0.5 ng/mL (1:2000).

cGAS inhibitor RU.521 (InvivoGen #inh-ru521) was always used at a final concentration of 0.5
ng/mL (1:4000). (Please see Supplementary table 1).

Knock down: Reverse transfection was carried out on N2A cells by preparing a master mix of 25nM
siRps3 (Dharmacon L-047921-01-0005) or 25uM siTLR4 (Dharmacon L-047487-00- 0005) and its
respective non-targeting control (siNTC) diluted in 1X siRNA buffer (Dharmacon B-002000-UB-
100) together with Optimem buffer (ThermoFisher 31985070) and Lipofectamine RNAIMAX
(Invitrogen 13778030). The master mix was incubated 20 minutes at room temperature and then
added to a 6- or 96-well plate. N2A cells were then added on top of the solution and left on the
incubator at 37C. Efficiency of knock-down was assessed 1-day afterwards for siRps3 knock-down

and 3-days afterwards for siTLR4 knock-down.



On the other hand, cortical neurons were seeded in 12-well plate at a density of 0,8-10° cells and
transfection was carried out (DIV=2) by preparing a master mix of 100nM siRps3 or 100nM siTLR4
and its respective siNTC diluted in 1X siRNA buffer together with Neurobasal A buffer and
Lipofectamine RNAIMAX. The master mix was incubated 20 minutes at room temperature and then
added on the cells. Efficiency of knock-down was assessed 3-days afterwards.

Cellular assays

Live cell staining for cell death

Annexin V Dye (Sartorius #4642) was used to monitor cell death in real time. Primary cortical
neurons were seeded in a 96-well plate (Thermo #167008) and Annexin V was added together with
the treatment (1:200) at D7. Images were acquired with an IncuCyte S3 Basic Analyzer (Essen
Bioscience) at 10 or 20x every 4 or 8h for 2 days. Confluence was analyzed with IncuCyte S3 Base

Software.

DCFDA

DCFDA is a cell-permeant form of fluorescein that has been chemically reduced and is commonly
employed as an indicator for reactive oxygen species (ROS) within cells. When the acetate groups
are cleaved by intracellular esterases and undergo oxidation, the initially nonfluorescent H2ZDCFDA
is converted into the highly fluorescent 2',7'-dichlorofluorescein (DCF). This conversion indicates the
presence of oxidative activity, which can be attributed to hydrogen peroxide, peroxynitrite, or
hydroxyl radicals. Additionally, although to a lesser extent, superoxide anions can also contribute to
the oxidation of DCFDA. The fluorescence level of DCF has been extensively used as means to assess
oxidation through techniques such as fluorescence-activated cell sorting (FACS) and microscopy in
various cell types, including neurons!®-!2, Accordingly, we employed DCFDA to measure the extent
of oxidation at a specific time point in our study comparing different stimuli and /or inhibitors as

described earlier®. Briefly, CNs with a specific treatment were added DCFDA (5uM), incubated for



30 min at 37C, washed with warm media and incubated again. After 15 minutes, cells were imaged

in the Incucyte® S3 Live-Cell Analysis Instrument.

MitoSox

MitoSOX™ Red Mitochondrial Superoxide Indicator (#M36008) was used to selectively detect
superoxide in the mitochondria of live cells (CNs or N2A) Shortly, MitoSOX was used at a final
concentration of 5uM and quantified using an Incucyte S3 (20X), as described previously®,

thresholding over the background signal including the one obtained from the nuclei.

Cell metabolic activity assay (MTT)

The Cell Proliferation Kit I (MTT) (Sigma Aldrich #11465007001) was used to measure cell
metabolic activity. Primary cortical neurons or N2A cells were seeded in a 96-well plate and MTT
labelling reagent was added at DIV6/9 or 72h after siRNA transduction respectively. After 4h
incubation, the solubilization buffer was added and left overnight at 37C. Absorbance was measured
at 550-600 nm in a GloMax. Discover Microplate Reader (Promega). Absorbance was normalized to

confluency which was analyzed by IncuCyte S3 Base Software.

Cell fractionation
Cell fractionation was performed as described previously®. Briefly, cells were mechanically lysed
with a 27G syringe in MTiso Buffer and were subsequently centrifuged at different speeds to separate

nuclear, mitochondrial and cytoplasmic fractions.

Immunostaining, microscopy and analysis
Immunostainings and imaging were performed as described previously'*¢. Antibodies reference and

concentration are listed in Supplementary Table 2.



Cells were visualized by confocal microscopy (Leica TCS Sp8 X). Pictures were taken at 2,048 x
2,048 resolution, bidirectional acquisition, pinhole <1.0 and frame average = 4. Settings were applied
equally across all fluorescent images from an experiment. Signal and colocalisation were quantified
using FIJI (Scripts in below after the Supplementary material and method).

Microscope from GE Healthcare in Cell Analyzer 2200 was used for Caspase 3 staining. Images were
taken in Incell 2200 Analyzer software. Plate Nunc 160376 96-well plate was used to set up imaging.
Protocol was set up using Fluorescence with Nikon 20X/0.45, Plan Fluor, ELWD, Corr Collar 0-2.0,
CF1/60.

Incucyte® Annexin V Dye (Sartorius #4642) was used to monitor cell death in real time.

Primary cortical neurons were seeded in a 96-well plate (Thermo #167008) and Annexin V was added
together with the treatment (1:200) at D7. Images were acquired with an Incucyte S3 Basic Analyzer
(Essen Bioscience) at 10 or 20x every 4 or 8h for 2 days. Confluence was analyzed with IncuCyte®

S3 Base Software.

Electron microscopy

3 months post mtDNA or PBS injection, mice were intracardially perfused with 2% PFA (EM-
grade, Electron Microscopy Sciences, cat. # 15710) and 2% glutaraldehyde (Sigma, cat. # 340855)
in 0.1 M PB, pH 7.4. Brains were removed and shipped with unexpected delays to Germany.
Coronal sections of striatum and frontal cortical regions were cut on a vibratome (50 um). Sections
were contrasted using 0.5% OsO4 and 1% uranylacetate, dehydrated, and embedded in epoxy resin
(Durcupan, Sigma-Aldrich, cat. # 44611). Sections, approximately 70 nm thick, were cut with a
Ultracut 7 (Leica, Wienna, Austria) and collected on copper grids with Formvar supporting
membranes. Sections were examined with a Philips CM 100 Transmission EM (Philips, Eindhoven,
The Netherlands), operated at an accelerating voltage of 80 kV. Digital images were recorded with

an OSIS Veleta digital slow scan 2k x 2k CCD camera and the ITEM software package.



qPCR

qPCR was performed as described earlier® using primers in Supplementary table 3.

qPCR from SN were prepared from 1 to 4 SN filtered a 0.2micron gauge filter. DNA was purified
using the Blood and Tissue DNA kit (Qiagen), then quantified using a nanodrop and qPCR was

performed as previously described.

Western Blotting

Tissue: Tissue was shredded using a qiashredder (Qiagen) and process using the All-prep Protein-
RNA-DNA kit (Qiagen). Protein pellet was resuspended in a final 4M Urea. 2X loading buffer was
added and sample boiled for 10 minutes before electrophoresis.

Cells: As described earlier®. In detail: Cells were washed in PBS and lysed with RIPA lysis buffer for
10 minutes on ice. Then, cells were scrapped, collected, and sonicated using a Bioruptor (Diagenode
#B01020001), 8x30 second cycles. Samples were centrifuged at 13200g for 5 minutes and
supernatant was used for loading.

Cell lysate samples were added 6x Laemli (300 mM Tris-HCI, 12% (w/v) SDS, 60%(v/v) Glycerol
and Bromophenyl blue) with B-Mercaptoethanol (0.85 M) at appropriate volume. Proteins were
denatured at 95 °C for 5 min and equal amounts of protein were loaded (10-20 pg) and separated on
NuPAGE 4-12 % precast gels (Life Technologies NP0335BOX) in MES buffer or NuPAGE 4-20%
Tris-Glycine gels (Invitrogen XP04205BOX) in Tris-Glycine buffer.

PageRuler Plus Prestain Protein Ladder (Thermo Scientific #815-968-0747) was used to indicate
protein size. Proteins were subsequently transferred to Nitrocellulose membranes and blocked in
TBST 1x (Thermo #J77500-K8) with skim milk or BSA (5%) for 1 h at room temperature.
Membranes were incubated with primary antibodies diluted at appropriate concentration in 5% BSA
and 0.05% Sodium Azide in TBST or in Antibody diluent solution (Thermo #003118) overnight at

4°C. Then, membranes were washed in TBST x3 times for 5 minutes and incubated with horseradish



peroxidase (HRP) or fluorophore coupled secondary antibodies in washing buffer with skim milk or
BSA (5%) for 1 h at room temperature.

Membranes were developed using chemiluminescent (ECL) HRP detection substrate (Millipore) or
SuperSignal West Femto Maximum Sensitivity Substrate (Thermo Scientific #34096) for low
expression proteins. Odyssey system (Li-Cor) was used for detection of fluorescence signal. As a
general rule, Fiji software was used for quantification of Western blots. ImagelJ software was used to
analyse only Western blots performed with secondary antibodies coupled to fluorophore and images
taken with Li-Cor Odyssey CLx Imaging system provided that the signal was very clear.

Gels were stained with ProBlue Safe Stain (Giotto #GO0PB001) and subsequently washed in dH20.

Mass Spectrometry and Proteomic analysis

Sample preparation

EVs were purified from media of 3 WT and 3 Ifinb”" primary cortical neuronal cultures as previously
described and final pellet was resuspended in 50 uL of Guanidine buffer containing 6M Guanidinium
Hydrochloride, 10 mM Tris (2-carboxyethylphosphine), 40 mM 2-Chloroacetamide and 50 mM
HEPES. Samples were kept at -80°C until they were sent to our collaborators for LC MS analysis at
DTU Proteomics facility. Peptides were digested with lysyl endopeptidase C and trypsin. Enzyme
activity was quenched by adding 2% trifluoroacetic acid to a final concentration of 1%. The peptide
samples were desalted using Sep-Pak column. Peptides were eluted over 140min gradient (4% to 23%
in 76min, 23% to 38% in 30min, 38% to 60% in 3min, 60% to 95% in 4min, 95% for 6min, 4% for
21min using 95% buffer B 80% Acn, 0.1% FA) at 250 nl/min from 50cm uPAC column and run on
Thermo Fisher Fusion instrument using Top Speed method. Thermo Fisher Fusion instrument MS1
was set to 120.000 resolution, scanning between 400-1500 m/z range, max IT of 50ms, AGC 4e5;
ddMS2 scans were triggered after recognition of ions between 2&7 charge, dynamically excluded for

60sec. MS2 cycle was set to scan all selected ions within 3 sec, isolated at 1.6m/z, using rapid Ion



Trap scans, with 35ms injection time, HCD set to 30, AGC target 1e5. Data were automatically

analyzed by Proteome Discoverer v2.4.

Differential expression proteomics analysis

DEP package (Bioconductor) was used for data preparation and differential expression analysis of
proteomics data in RStudio (version 1.4.1106 with R version 4.0.4). Missing values were imputed
with a pseudocount equivalent to the minimum abundance detected divided by 2 (= 1077).
Differential protein expression analysis between Ifub** and Ifnb”" EVs was analyzed using limma
and significant cut-offs were defined as a< 0.05 and Fold change > 1.5. Visualization of the data was
either generated by DEP functions in R, ggplot2 (v3.3.5), heatmapper.ca or Proteome Discoverer
(v2.4) (R script after the Supplementary methods). Gene Set Enrichment Analysis (GSEA v4.1.0)
was performed in the data set previously prepared. As no TLR activator/modulator gene list existed
and we observed some of these proteins amongst the most modified genes, we created one based on

literature (Supplementary table 1).

mtDNA/Rps3 immunoprecipitation

Neuro2A cells were cultured in 15¢m plates. Upon reaching 80% confluency, medium was removed,
and cells were cross-linked in 1% PFA in DMEM 10% FBS for 10 min at RT with shaking.
Crosslinking reaction was stopped by addition of 0,125M glycine for 5-10 mins at RT with shaking.
Cells were then washed two times with ice-cold PBS and a third time with PBS containing Protease
and phosphatase inhibitors. From this point, cells were kept on ice.

Cells were then collected and lysed in RIPA buffer. Protein concentration in lysates was quantified
and 0,5 mg was used for each Immunoprecipitation with 30uL of pre-cleared Protein G Sepharose 4
Fast Flow beads and 6puL anti-Rps3 or anti-Tfam antibody. After incubation ON at 4°C, beads were
first washed with chilled 500uL lysis buffer, then with 500uL high-salt wash buffer (250mM LiCL,

1% NP-40, 1% sodium deoxycholate, ImM EDTA, 10mM tris-HCL (pH=8)) and then with 500uL



TE buffer (10mM tris-HCL (pH=8.0), ImM EDTA). Then DNA was eluted in 1% SDS, 100mM
NaHCO3. To reverse crosslinking, NaCl was added to a final concentration of 200mM and incubated
at 95°C for 15 min to reverse PFA cross-link. Afterwards, samples were incubated at 62°C for 2h with
Proteinase K, which was afterwards inactivated at 95°C for 10 min. Finally, DNA was precipitated
using 1/10 volume of 3M sodium acetate (pH=5.2), 2.5 volumes of absolute EtOH, and glycogen to
0,1 pg/uL. After 1h incubation at -20°C, DNA was pelleted by centrifugation and resuspended in
water. qPCR was performed to quantify DNA binding to Rps3 as explained earlier and normalized to

mtDNA immunoprecipitation control without antibody (beads and lysate only).



Fiji Macro for quantification of DNA particles in the cytoplasm not colocalizing with H3

run ("Duplicate...", "title=[KO 7] duplicate");
selectWindow ("210119.11if - KO H3 7");
selectWindow ("KO 7") ;

run ("Split Channels");

selectWindow ("210119.1if - KO H3 7");

selectWindow ("C1-KO 7");
selectWindow ("C2-KO 7");
selectWindow ("C1-KO 7");
selectWindow ("C3-KO 7");
selectWindow ("C2-KO 7");
selectWindow ("C4-KO 7");
selectWindow ("C3-KO 7"):;
selectWindow ("C4-KO 7");
selectWindow ("C3-KO 7");
selectWindow ("C2-KO 7");
selectWindow ("C1-KO 7");
run ("Gaussian Blur...", "sigma=15");

setOption ("BlackBackground", false);
run ("Convert to Mask");

run ("Fill Holes");

//run ("Threshold...");
//setThreshold (255, 255);

run ("Convert to Mask");

run ("Close") ;

run ("Create Selection");
selectWindow ("C2-KO 7");

run ("Restore Selection");
setBackgroundColor (0, 0, 0);

run ("Clear", "slice");

run ("Duplicate...", "title=[mtDNA no nuclei]");
selectWindow ("C2-KO 7");
selectWindow ("mtDNA no nuclei");

run ("Subtract...", "value=4");

run ("Featured Laplacian", "compute smoothing=3.0");
73

setAutoThreshold ("Otsu dark");

//run ("Threshold...");

run ("Convert to Mask");
run ("Close") ;

run ("Analyze Particles...", "size=0.05-Infinity display include
summarize") ;

selectWindow ("mtDNA no nuclei");

selectWindow ("C1-KO 7");

selectWindow ("C2-KO 7");

('

(

(
selectWindow ("C3-KO 7");
run ("Subtract...", "value=35");

run("Median...", "radius=5");
setAutoThreshold ("Otsu dark");
//run ("Threshold...");

//setThreshold (21, 255);

run ("Convert to Mask");

run ("Close") ;

run ("Create Selection");

selectWindow ("mtDNA no nuclei");

run ("Duplicate...", "title=[mtDNA no nuclei no mito]l");
run ("Restore Selection");

run ("Clear", "slice");

run ("Featured Laplacian", "compute smoothing=3.0");
setAutoThreshold ("Otsu dark");

//run ("Threshold...");



setThreshold (-1000000000000000000000000000000.0000, =1.0100);
run ("Convert to Mask");

run ("Analyze Particles...", "size=0.05-Infinity display include
summarize") ;

run ("Close") ;

selectWindow ("mtDNA no nuclei no mito");

selectWindow ("mtDNA no nuclei™);
(

selectWindow ("C3-KO 7");
selectWindow ("C4-KO 7");

run ("Subtract...", "value=9");

run ("Gaussian Blur...", "sigma=5");

run ("Featured Laplacian”, "compute smoothing=3.0");
setAutoThreshold ("Otsu dark");

//run ("Threshold...");

run ("Convert to Mask");

run ("Create Selection");

selectWindow ("mtDNA no nuclei no mito");

run ("Duplicate...", "title=[mtDNA no nuclei no mito no H3]");
run ("Restore Selection");

run ("Clear", "slice");

run ("Close") ;

run ("Featured Laplacian", "compute smoothing=3.0");
setAutoThreshold ("Otsu dark"):;

//run ("Threshold...");

setThreshold (-1000000000000000000000000000000.0000, =1.0100);
run ("Convert to Mask");

run ("Analyze Particles...", "size=0.05-Infinity display include
summarize") ;

F1JI script for Rps3/DNA/mitochondria, colocalized pixels

Remove pixels from nuclear area

//setTool ("freehand") ;

run ("Cut");

Determine rps3/DNA colocalized points

run ("Split Channels");

run ("Colocalization ", "channel 1=[200211 MEFs wt R3 5.tif (red=Rps3) ]
channel 2=[200211 MEFs wt R3 5.tif (blue=DNA)] ratio=50 threshold channel 1=50
threshold channel 2=50 display=255");

run ("Split Channels");

run ("Measure") ;

Determine pixels for total DNA staining

selectWindow ("Colocalizated points (RGB) (green)");

setOption ("BlackBackground", true);

run ("Make Binary");

run ("Measure") ;

Determine triple positive pixels

run ("Colocalization ", "channel 1=[Colocalizated points (RGB) (blue= colocalized
points) ] channel 2=[200211 MEFs wt R3 5.tif (green = Hsp60) ] ratio=50
threshold channel 1=50 threshold channel 2=50 display=255");

run ("Split Channels");

run ("Measure") ;

R Script: Differential Enrichment analysis in proteomics data from Ifnb-.- vs Ifnb++ EVs

1. Data preparation and differential expression analysis
# Open libraries

library (readxl)

library (ggplot2)

library(ggsignif)

library (dplyr)



library
library
library
library
library
library
library
library
library (DESeq2)

library (hexbin)

library (writexl)

# Import data

normdata <- read excel ("normabundancesforpseudoimp.xlsx")

# View (normdata)

data <- normdata

# Check for missing gene names (symbol): 1

sum(is.na (data$Symbol))

# Check for duplicated gene names (symbol): 23

sum (duplicated (data$Symbol))

# Make unique names using the annotation in the "Symbol" column as primary

names and the annotation in "Accession" as name for those that do not have

a gene name: we are adding 2 columns (name, symbol)

data unique <- make unique(data, "Symbol", "Accession", delim = ";")

data unique complete <- data unique

# We add 2 columns to the dataset (1 with the number of missing values of

the KOs per row and 1 with the number of missing values of the WTs per row)

# Save the names of the rows (we need to get rid of columns because otherwise we
can't make the following steps)

rownames (data unique) <- data uniqueSname

#Eliminate the columns that have names or accession numbers

data uniqueSAccession <- NULL

data uniqueS$Symbol <- NULL

data uniqueSname <- NULL

data uniqueS$ID <- NULL

#Change the missing values (i.e. equal to 0) to "NA" (to be able to count

them after)

data unique[data unique == 0] <- NA

# Add back the names of the rows and accession

data uniqueSname <- rownames (data unique)

data unique$ID <- data unique complete$SID

# Define the variables knock & wild to equal to the vector containing the

names of all the KOs and of all the WT, respectively.

KO <- c("KO _F1","KO F2","KO F3")

WT <- c("WT F4","WT F5","WT F6")

# Create 2 columns with the count of the number of missing values per row

for each genotype

data unique$SNA KO <- apply(data unique[,KO], 1, function(x) sum(is.na(x)))

data unique$SNA WT <- apply(data unique[,WT], 1, function(x) sum(is.na(x)))

# Save table with columns indicating number of imputed values

write xlsx(data unique,"/Users/joanamarturia/Desktop/Untitled
folder/EVproteomicsJMN/210825protdata numNAspercondition.xlsx")

#1.6 Substitute the missing values of each row of each genotype by 0.1 (sample
by sample)

data unique$SKO F1 <- ifelse(is.na(data unique$KO F1), 1077,

data unique$SKO_ F1)

data uniqueSKO F2 <- ifelse(is.na(data unique$KO F2), 1077,

data unique$KO_ F2)

data uniqueSKO F3 <- ifelse(is.na(data unique$KO F3), 1077,

data unique$KO_F3)

data uniqueSWT F4 <- ifelse(is.na(data unique$WT F4), 1077,

data uniqueSWT F4)

data uniqueSWT F5 <- ifelse(is.na(data unique$WT F5), 1077,

tidyverse)
DEP)
stringr)
ggrepel)
cowplot)
DT)

knitr)
kableExtra)

A~~~ o~ o~~~ o~~~



data uniqueSWT F5)

data uniqueSWT F6 <- ifelse(is.na(data unique$WT F6), 1077,

data uniqueSWT F6)

protdatapseudocount <- data unique

# Remove extra columns so we have name and ID

Clean datapseuocount <- select (protdatapseudocount, -c("NA KO", "NA WT"))
# Reorder columns so we have name and symbol first. First get the names of
the columns assigned to numbers and we can call them by their position and
rearrange them.

colnames (Clean datapseuocount)

data pseudocount ready <- Clean datapseuocount[, c(8, 7, 1, 2, 3, 4, 5, 6)]
# Save table with pseudocount ready for DEP

write xlsx(data pseudocount ready,"/Users/joanamarturia/Desktop/Untitled
folder/EVproteomicsJMN/210826data pseudocount 1077 fordep.xlsx")

# Import .txt files

abundancepseudo <- read tsv("210826data pseudocount 1077 fordep.txt")
design <- read tsv("design.txt")

# Generate a SummarizedExperiment object using an experimental design
data columns <- grep(" ", colnames (abundancepseudo))

data se <- make se(abundancepseudo, data columns, design)

# Differential Enrichment Analysis. Test every sample against control
data diff <- test diff(data se, type = "control", control = "WI")

# Denote significant proteins based on user defined cutoffs

data dep <- add rejections(data diff, alpha = 0.05, lfc = log2(1.5))

# Generate a results table

results dataprotpseudocount <- get results(data_ dep)

# Number of significant proteins: 287

results dataprotpseudocount %>% filter(significant) %>% nrow()

#Generate data frame

df results pseudocount <- get df wide(data dep)

view (df results pseudocount)

# Save results table as Excel

write xlsx(df results pseudocount,"/Users/joanamarturia/Desktop/Untitled
folder/EVproteomicsJMN/210826results pseudocount 1077 normabundance notfilt
.x1lsx")

2. Data Vidualization

2.1. Volcano Plot

# Import data: norm abundance, pseudocount 1077

data 287 <-

read excel ("210826results pseudocount 1077 normabundance notfilt.xlsx")

# Volcano plot with p-val (NOT ADJUSTED)

data 287$diffexpressed <- "NO"

data 287Sdiffexpressed[data 2873KO vs WT diff > 0.6 &

data 287SKO vs WT p.val < 0.05 ]J<- "UpP"

data 287Sdiffexpressed([data 2873KO vs WT diff < -0.6 &

data 287SKO vs WT p.val < 0.05 ]<- "DOWN"

data 287Sname <- as.character(data 287Sname)

data 287Sprotlabel <- NA

data 287Sprotlabel[data 287%diffexpressed == "UP" | data 287Sdiffexpressed
== "DOWN"] <- data 287Sname[data 287$diffexpressed == "UP" |
data 287Sdiffexpressed == "DOWN" ]

p <- ggplot (data= data 287, aes(x=KO _vs WT diff, y=-1oglO(KO vs WT p.val),
col=diffexpressed, label=protlabel)) + geom point()+
geom_text repel (max.overlaps=30, box.padding = 0.5, size=3,
segment.size=0.3)

p + geom vline (xintercept = c(-0.6, 0.6), col= "black", linetype="dashed")
+

geom _hline (yintercept=-10gl0(0.05), col="grey", linetype="dashed") +

ylab ("-Logl0 pval") + xlab("Log2FC") + theme bw()

2.2. Heatmap

heat287 <- read excel("210830pseudocount 1077 onlyl00ocf287forheatmap.xlsx")
# Make unigue names using the annotation in the "name" column as primary



names and the annotation in "ID" as name for those that do not have a gene
name

heat287unique <- make unique (heat287, "name", "ID", delim = ";")

rownames (heat287unique) <- heat287unique$
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