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SUPPLEMENTARY NOTE 
 
Part 1: Discussion of novel loci. 
 
The six novel loci we have identified (SIPA1L2, INPP5F, MIR4697, GCH1, 
VPS13C, and DDRGK1) in this meta-analysis include biologically plausible 
connections to PD etiology based on previous research.  In the context of GWAS 
it is clear that the pathobiologically relevant gene is not always the closest or 
most obvious proximal candidate.1 However, it is perhaps useful to discuss the 
potential pathobiological relevance of the candidate genes at our loci, with the 
caveat that further work is required to identify whether these are the true 
biological candidates. The signal-induced proliferation-associated 1 like 2 
(SIPA1L2) locus has been implicated in inflammatory pathways by GWAS as well 
as in pharmacogenetic studies of smoking cessation and related behaviors.2,3   
INPP5F has been suggested as an initial candidate locus for late-onset 
alzheimer’s disease from linkage studies.4  MIR4697 is a provisional microRNA 
identified in next generation sequencing studies of breast cancer.5 GTP 
cyclohydrolase 1 (GCH1) is a likely biological candidate for future therapeutics 
and follow-up study, as SNPs at this locus are also associated with dopamine 
clearance in urine.6 In addition, the GCH1 locus has been offered as a risk locus 
in early onset and atypical PD, but results until this point have never been 
definitive.7-9  The locus containing rs2414739 and the VPS13C gene possesses a 
likely connection to neurodegenerative disease etiology as alternative splicing of 
VPS13C contributes to risk of congenital myasthenic syndrome. 10 DDRGK1 is 
also connected to neurodegenerative disease as it has been suggested as a 
candidate locus for spinocerebellar ataxias.11 
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Supplementary Table 1 (page 18): Studies contributing to the discovery phase meta- analysis.* denotes genomic inflation estimates (lambda) scaled to 1000 cases and 1000 controls.
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Mike Nalls
Supplementary Table 2 (page 19): Additional details related to Table 1. C - Chromosome; OR - odds ratio; I2 – index of heterogeneity. *replication genotyping for these SNPs failed assay design or quality control and a suitable proxy variant was selected (rs35749011, proxy rs71628662; rs1474055, proxy rs1955337; rs115185635, proxy rs62267708; rs117896735, proxy rs118117788; rs3793947, proxy rs12283611; rs1555399, proxy rs1077989; rs62120679, proxy rs10402629; rs8118008, proxy rs55785911). Note, only replication phase p-values are one-sided. Nearest gene or previously published proximal gene names included in table.
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Mike Nalls
Supplementary Table 3 (page 20): Additional details related to Table 2. Replication genotyping for these SNPs failed assay design or quality control and a suitable proxy variant was selected (rs1596117, proxy rs4859430; rs7681154, proxy rs3910105; rs13201101, proxy rs8192591; based on discovery series comparison, the minor allele for rs3910105 tags the major allele of rs7681154 therefore risk is consistent across proxy and discovery SNP). Note, only replication phase p-values are one-sided. Nearest gene or previously published proximal gene names included in table.
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Supplementary Table 4 (page 21): Summary statistics for risk profile scoring analyses.
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Mike Nalls
Supplementary Table 5 (page 22): Genome-wide significant SNPs are associated with distinct changes in methylation and expression levels in proximal genomic regions across multiple brain regions.



SNP C Position (bp) Minor allele Discovery and conditional phases, 
minor allele frequency (cases)

Discovery and conditional phases, 
minor allele frequency (controls)

Replication phase, 
minor allele frequency 

(cases)

Replication phase, 
minor allele 
frequency 
(controls)

rs114138760 1 154898185 C 0.015 0.011 0.013 0.009
rs35749011 1 155135036 A 0.026 0.014 NA NA
rs71628662 1 155359992 C 0.028 0.018 0.015 0.007
rs823118 1 205723572 C 0.416 0.444 0.405 0.435
rs10797576 1 232664611 T 0.152 0.134 0.163 0.146
rs6430538 2 135539967 T 0.408 0.436 0.480 0.497
rs1474055 2 169110394 T 0.145 0.123 NA NA
rs1955337 2 169129145 T 0.147 0.125 0.142 0.121
rs62267708 3 87489314 T 0.021 0.021 0.042 0.043
rs115185635 3 87520857 C 0.022 0.022 NA NA
rs34016896 3 160992864 T 0.331 0.312 0.335 0.326
rs12637471 3 182762437 A 0.177 0.200 0.174 0.199
rs79217002 3 183011072 G 0.011 0.008 0.011 0.012
rs34884217 4 944210 C 0.062 0.073 0.096 0.105
rs34311866 4 951947 C 0.226 0.183 0.236 0.195
rs11724635 4 15737101 C 0.422 0.455 0.421 0.456
rs4859430 4 77149099 A 0.150 0.132 0.142 0.133
rs1596117 4 77151490 T 0.218 0.198 NA NA
rs6812193 4 77198986 T 0.342 0.370 0.348 0.363
rs356182 4 90626111 G 0.421 0.355 0.397 0.337
rs3910105 4 90682571 G 0.427 0.457 0.444 0.459
rs7681154 4 90763703 C 0.502 0.500 NA NA
rs8192591 6 32185796 T 0.039 0.036 0.033 0.028
rs13201101 6 32343604 T 0.057 0.050 NA NA
rs9275326 6 32666660 T 0.083 0.097 0.083 0.093
rs199347 7 23293746 G 0.385 0.413 0.396 0.416
rs591323 8 16697091 A 0.261 0.279 0.252 0.272
rs60298754 8 89373041 T 0.025 0.023 NA NA
rs7077361 10 15561543 C 0.116 0.130 0.124 0.131
rs10886515 10 121343589 C 0.270 0.291 0.281 0.284
rs117896735 10 121536327 A 0.017 0.012 NA NA
rs118117788 10 121710488 T 0.013 0.008 0.021 0.015
rs12283611 11 83487277 A 0.398 0.415 0.418 0.426
rs3793947 11 83544472 A 0.428 0.446 NA NA
rs329648 11 133765367 T 0.372 0.346 0.388 0.359
rs76904798 12 40614434 T 0.162 0.141 0.159 0.144
rs11060180 12 123303586 G 0.426 0.444 0.420 0.446
rs11158026 14 55348869 T 0.309 0.334 0.307 0.318
rs1077989 14 67975822 C 0.484 0.486 0.480 0.487
rs1555399 14 67984370 A 0.478 0.481 NA NA
rs2414739 15 61994134 G 0.244 0.269 0.240 0.264
rs14235 16 31121793 A 0.400 0.374 0.427 0.395

rs11868035 17 17715101 A 0.287 0.301 0.303 0.314
rs17649553 17 43994648 T 0.189 0.231 0.187 0.228
rs12456492 18 40673380 G 0.328 0.300 0.337 0.316
rs117022814 19 2209647 T 0.027 0.023 0.022 0.022
rs10402629 19 2324458 G 0.244 0.225 0.217 0.218
rs62120679 19 2363319 T 0.321 0.300 NA NA
rs55785911 20 3153503 A 0.357 0.374 0.368 0.386
rs8118008 20 3168166 G 0.341 0.359 NA NA
rs2823357 21 16914905 A 0.382 0.375 0.383 0.378

Mike Nalls
Supplementary Table 6 (page 23): Minor allele frequencies for all SNPs in meta-analysis stratified by case-control status for discovery and replication phases. All replication samples
were included in these estimates. Discovery phase estimates include all 23andMe samples, PGPD, HIHG, NGRC and all IPDGC samples except those from the UK and Iceland.

Mike Nalls




Mike Nalls
Supplementary Figure 1 (pages 24 - 55): Regional association plots. 32 regional association plots for SNPs from discovery phase analyses +/- 1 Mb from most significant SNP per locus in Table 1. The r2 pattern is based on most significant SNP per locus, based on the 283 European ancestry samples from the August 2010 release of the 1000 genomes project dataset.
Secondary signals are annotated in text as per their description in the conditional analysis section of Table 2. Recombination rates are as per HapMap phase 2 European ancestry samples. Nearest gene or previously published proximal gene names included in table.

































































rs35749011 GBA/SYT11 Discovery SNP

Odds Ratio

Co
ho

rt

0.10 0.25 0.63 1.58 3.98

CHARGE−CHS
IPDGC−DC
IPDGC−FR
IPDGC−GE
HIHG
NGRC
IPDGC−NIA
IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary

Mike Nalls
Supplementary Figure 2 (page 56 - 95): Forest plots. 40 Forest plots of SNPs from discovery and conditional phases described in Tables 1 and 2. Nearest gene or previously published proximal gene names included in table.



rs823118 RAB7L1/NUCKS1 Discovery SNP

Odds Ratio
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rs10797576 SIPA1L2 Discovery SNP

Odds Ratio
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rs6430538 ACMSD/TMEM163 Discovery SNP

Odds Ratio

Co
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rs1474055 STK39 Discovery SNP

Odds Ratio

Co
ho

rt

0.63 0.79 1.00 1.26 1.58 2.00
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rs115185635 KRT8P25/APOOP2 Discovery SNP

Odds Ratio

Co
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rs12637471 MCCC1 Discovery SNP

Odds Ratio

Co
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rs11724635 BST1 Discovery SNP

Odds Ratio
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IPDGC−FR
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rs34311866 TMEM175/GAK/DGKQ Discovery SNP

Odds Ratio
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rs6812193 FAM47E/SCARB2 Discovery SNP

Odds Ratio
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rs356182 SNCA Discovery SNP

Odds Ratio
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rs9275326 HLA−DQB1 Discovery SNP

Odds Ratio
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rs199347 GPNMB Discovery SNP

Odds Ratio
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CHARGE−FHS
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IPDGC−GE
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IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
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Summary



rs3793947 DLG2 Discovery SNP

Odds Ratio

Co
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0.63 0.79 1.00 1.26 1.58
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CHARGE−FHS
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IPDGC−GE
HIHG
NGRC
IPDGC−NIA
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Summary



rs117896735 INPP5F Discovery SNP

Odds Ratio

Co
ho

rt
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CHARGE−CHS
IPDGC−DC
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rs329648 LOC283174 Discovery SNP

Odds Ratio

Co
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CHARGE−CHS
IPDGC−DC
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rs76904798 LRRK2 Discovery SNP

Odds Ratio

Co
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CHARGE−FHS
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IPDGC−GE
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23andMe.v3
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Summary



rs11060180 CCDC62 Discovery SNP

Odds Ratio
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rs1555399 TMEM229B Discovery SNP
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rs11158026 GCH1 Discovery SNP
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IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs2414739 VPS13C Discovery SNP

Odds Ratio

Co
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CHARGE−CHS
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CHARGE−FHS
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IPDGC−NE
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CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs14235 BCKDK/ STX1B Discovery SNP

Odds Ratio

Co
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CHARGE−CHS
IPDGC−DC
CHARGE−FHS
IPDGC−FR
IPDGC−GE
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rs17649553 MAPT Discovery SNP

Odds Ratio
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23andMe.v3
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Summary



rs12456492 RIT2 Discovery SNP

Odds Ratio

Co
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0.79 0.89 1.00 1.12 1.26 1.41 1.58 1.78

Ash−Jewish
CHARGE−CHS
IPDGC−DC
CHARGE−FHS
IPDGC−FR
IPDGC−GE
HIHG
NGRC
IPDGC−NIA
IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs62120679 SPPL2B Discovery SNP

Odds Ratio

Co
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0.50 0.63 0.79 1.00 1.26 1.58 2.00
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CHARGE−CHS
IPDGC−DC
IPDGC−FR
IPDGC−GE
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IPDGC−NIA
IPDGC−NE
PGPD
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs8118008 DDRGK1 Discovery SNP

Odds Ratio

Co
ho
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0.50 0.63 0.79 1.00 1.26 1.58

Ash−Jewish
CHARGE−CHS
IPDGC−DC
CHARGE−FHS
IPDGC−FR
IPDGC−GE
HIHG
NGRC
IPDGC−NIA
IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs34016896 NMD3 Known SNP
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Co
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CHARGE−CHS
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rs591323 FGF20 Known SNP
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rs60298754 MMP16 Known SNP

Odds Ratio

Co
ho

rt

0.40 0.63 1.00 1.58 2.51 3.98 6.31
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CHARGE−CHS
IPDGC−DC
CHARGE−FHS
IPDGC−FR
IPDGC−GE
HIHG
NGRC
IPDGC−NIA
IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs7077361 ITGA8 Known SNP

Odds Ratio

Co
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0.50 0.63 0.79 1.00 1.26 1.58 2.00 2.51

Ash−Jewish
CHARGE−CHS
IPDGC−DC
CHARGE−FHS
IPDGC−FR
HIHG
NGRC
IPDGC−NIA
IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs11868035 SREBF/RAI1 Known SNP

Odds Ratio

Co
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0.71 0.89 1.00 1.26 1.58

Ash−Jewish
CHARGE−CHS
IPDGC−DC
CHARGE−FHS
IPDGC−FR
IPDGC−GE
HIHG
NGRC
IPDGC−NIA
IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs2823357 USP25 Known SNP

Odds Ratio

Co
ho

rt

0.79 1.00 1.26 1.58 2.00

Ash−Jewish
CHARGE−CHS
IPDGC−DC
CHARGE−FHS
IPDGC−FR
IPDGC−GE
HIHG
NGRC
IPDGC−NIA
IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK
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rs79217002 MCCC1 Conditional SNP
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rs114138760 GBA/SYT11 Conditional SNP
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Co
ho

rt
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CHARGE−CHS
IPDGC−DC
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IPDGC−GE
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NGRC
IPDGC−NIA
IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs34884217 TMEM175/GAK/DGKQ Conditional SNP

Odds Ratio

Co
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0.20 0.32 0.50 0.79 1.26 2.00

Ash−Jewish
CHARGE−CHS
IPDGC−DC
IPDGC−FR
IPDGC−GE
HIHG
NGRC
IPDGC−NIA
IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs1596117 FAM47E/SCARB2 Conditional SNP

Odds Ratio

Co
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0.63 0.79 1.00 1.26 1.58

Ash−Jewish
CHARGE−CHS
IPDGC−DC
CHARGE−FHS
IPDGC−FR
IPDGC−GE
HIHG
NGRC
IPDGC−NIA
IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs7681154 SNCA Conditional SNP

Odds Ratio

Co
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0.56 0.71 0.89 1.12 1.41

Ash−Jewish
CHARGE−CHS
IPDGC−DC
CHARGE−FHS
IPDGC−FR
IPDGC−GE
HIHG
NGRC
IPDGC−NIA
IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs10886515 INPP5F Conditional SNP

Odds Ratio

Co
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CHARGE−CHS
IPDGC−DC
CHARGE−FHS
IPDGC−FR
IPDGC−GE
HIHG
NGRC
IPDGC−NIA
IPDGC−NE
PGPD
CHARGE−RSI
23andMe.v2
23andMe.v3
IPDGC−UK

Summary



rs13201101 HLA−DQB1 Conditional SNP
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rs117022814 SPPL2B Conditional SNP
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Mike Nalls
Supplementary Figure 3 (page 96): QQ plot of p-values from discovery meta-analysis.
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Supplementary Figure 4 (page 97): QQ plot of p-values from discovery meta-analysis excluding significant and replicated loci. All SNPs within +/- 1 megabase of a replicated genome-wide significant SNP were excluded (unadjusted lambda = 1.045).
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Supplementary Figure 5 (page 98): ROC curve for genetic risk profiles across cohorts adjusting for cohort membership, age and gender.


