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Supplementary Material 
 
Lack of Association Between GBA Mutations and Motor Complications in European and 
American Parkinson’s Disease Cohorts  
 
 
Supplementary Table 1. Primers used to amplify GBA for sequencing 
Primer 
applicationa 

Primer 1 (5’ to 3’) Primer 2 (5’ to 3’) 

Exons 5-7 CAGGAGCCCAAGTTCCC   AGTTTGGGAGCCAGTCATTT    
Exons 8-11 TGTGTGCAAGGTCCAGGATCAG ACCACCTAGAGGGGAAAGTG 
Exons 9-11  GGAGGACCCAATTGGGTGCGT ACCACCTAGAGGGGAAAGTG 

a The fragment spanning exons 5-7 was used for sequencing of Y135C, the fragment spanning 
exons 8-11 was used for sequencing of E326K, T369M, and N370S, and the fragment 
spanning exons 9 – 11 was used in restriction fragment length polymorphism (PCR-RFLP) 
assays for the detection and sequencing confirmation of L444P.  
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Supplementary Table 2. Frequencies of GBA variants in each of the cohorts 
GBA mutation carriers a ParkWest PINE NYPUM PEG 
N (TOTAL) 189 117 133 445 

Severe mutations     
G202R - - - 1 (0.2) 
R257Q - - - 1 (0.2) 
D409H - - - 1 (0.2) 
L444P 1 (0.5) 1 (0.9) 4 (3.0) 2 (0.4) 

Mild mutations     
N370S 1 (0.5) 0 0 3 (0.7) 

Risk mutations     

E326K 14 (7.4) 4 (3.4) 11 (8.3) 20 (4.4) 
T369M 5 (2.6) 6 (5.1) 5 (3.8) 7 (1.6) 

Variants of unknown significance    
K-27R - - - 1 (0.2) 
R39C - - - 1 (0.2) 
R47Q - - - 1 (0.2) 
I119T - - - 1 (0.2) 
Y135C 1 (0.5) 0 0 - 
V460L 1 (0.5) 0 0 - 

GBA variant categories b 
    

non-carriers 167 (88.4) 106 (90.6) 113 (85.0) 409 (91.9) 
GBA carriers 22 (11.6) 11 (9.4) 20 (15.0) 36 (8.1) 
Severe mutation carriers 1 (0.5) 1 (0.9) 4 (3.0) 5 (1.1) 
Mild mutation and risk 
factor carriers 

19 (10.1) 10 (8.5) 16 (12.0) 29 (6.5) 

a All amino acid substitutions are numbered excluding the 39-residue signal peptide.  
b “GBA carriers” included all patients carrying any of the detected nonsynonymous GBA 
variants. The GBA variants were further catagorised as severe, mild or risk mutations or 
variants of unknown significance.  
Two patients carried both E326K and T369M, one both K-27R and D409H, and one both 
I119T and E326K.  
 -, PINE and NYPUM were only genotyped for the variants detected by whole exome 
sequencing in the ParkWest patients. 
NC, normal control; NYPUM, the New Parkinson Patient in Umeå project; PD, Parkinson 
Disease; ParkWest, the Norwegian ParkWest study; PINE, the Parkinsonism Incidence in 
Northeast Scotland study; PEG, Parkinson’s Environment Gene.
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Supplementary Table 3. Characteristics of GBA variants identified in this study 

Position a ID SNP Allele Amino acid 
change b Cohorts c ClinVar d Gaucher disease e Parkinson’s  

disease f Classification g 

155240707 rs150466109 T>C K13R / K-27R USA Benign  Uncertain [1]  Uncertain [2]  VUS 
155239961 rs146774384 G>A R78C/ R39C USA Not found - Uncertain [3]  VUS 
155239936 rs144173415 C>T R86Q / R47Q USA Not found - - VUS 

155238632 rs77834747 A>G I158T / I119T USA Uncertain  Uncertain [4]  - VUS 

155238584 rs781152868 T>C Y174C / Y135C EUR Uncertain  - - VUS 

155238174 rs409652 C>T G241R / G202R USA Pathogenic  Severe [5-7]   Severe 

155237453 rs78973108 C>T R296Q / R257Q USA Pathogenic  Severe [5,6,8]  Severe 

155236376 rs2230288 C>T E365K / E326K EUR/USA Benign  Benign [9]  Risk [10]  Risk 

155236246 rs75548401 G>A T408M / T369M EUR/USA Benign Benign [9]  Risk [11]  Risk 

155235843 rs76763715 T>C N409S / N370S EUR/USA Pathogenic/Likely pathogenic Mild [5,12]   Mild 

155235727 rs1064651 C>G D448H / D409H USA Pathogenic/Likely pathogenic  Severe [5,13]   Severe 

155235252 rs421016 A>C L483P / L444P EUR/USA Pathogenic/Likely pathogenic  Severe [5,14]   Severe 

155235205 rs369068553 C>G V499L / V460L EUR Likely pathogenic - Uncertain [15]  VUS 
a Position on chromosome one based on GRCh38.p12 
b Amino acid change in the full length glucocerebrosidase protein or / the processed form excluding the 39-residue signal peptide. 
c Cohorts categorized as EUR (European cohorts: ParkWest, PINE or NYPUM) or USA (PEG) 
d CliniVar classification (ncbi.nlm.nih.gov/clinvar/)f   
e  Classification based on severity of Gaucher disease. Classification based on Beutler et al 2005 [30] and supplemented by more recent data from The Human 
Gene Mutation Database (http://www.hgmd.cf.ac.uk/) [31], CliniVar (https://www.ncbi.nlm.nih.gov/clinvar/) and literature identified in Pubmed 
(https://pubmed.ncbi.nlm.nih.gov). Updates from Beutler et al 2005 are marked in italic font. -, not reported; uncertain, reported but insufficient evidence to 
assign pathogenicity. 
f  Each variant not classified in GD was subseqiuently asssessed for association with PD using literature identified in Pubmed. uncertain, reported but 
insufficient evidence to assign as risk variant. 
g Categorization of GBA variant as severe or benign. See materials and methods for full details.  
EUR, Europe; VUS, variants of unknown signiciance 
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Supplementary Table 4. Summary of the cohorts included in this study  
 European cohorts American cohorts 
 ParkWest PINE NYPUM Combined PEG1 PEG2 Combined 
N total 189 117 133 439 219 226 445 
Male, N (%) 115 (60.8) 72 (61.5) 80 (60.2) 267 (60.8) 124 (57.7) 149 (65.9) 273 (61.3) 
Age at diagnosis, y 68.5 (12.4) 73.3 (12.7) 71.4 (14.4) 70.7 (14.0) 69.0 (14.0) 70.0 (13.0) 70.0 (13.0) 
Family history, N (%) 16 (13.7) 16 (13.7) 21 (11.1) 56 (12.8) 24 (11.2) 35 (15.5) 59 (13.3) 
Education, y 11.0 (5.0) 11.0 (5.0) 8.0 (5.0) 11.0 (5.0) 13.0 (4.0) 14.0 (5.0) 14.0 (4.0) 
UPDRS III 21.0 (16.5) 23.0 (15.0) 26.0 (15.0) 23.0 (16.0) 18.0 (13.0) 17.0 (16.0) 18.0 (14.0) 
Hoehn & Yahr  2.0 (1.0) 2.5 (1.0) 2.0 (0.5) 2.0 (1.0) 2.0 (1.0) 2.0 (0.5) 2.0 (0.5) 
Duration of PD at baseline, y 0.01 (0.1) 0.01 (0.1) 0.1 (0.1) 0.1 (0.1) 0.7 (1.8) 2.6 (1.7) 1.7 (2.4) 
Duration of follow up from 
diagnosis, y 

9.1 (2.3) 8.0 (5.1) 8.0 (4.9) 9.0 (4.1) 5.6 (2.7) 4.7 (2.2) 5.1 (2.5) 

Number of deaths, n (%) 66 (34.9) 69 (59.0) 59 (44.4) 194 (44.2) 100 (46.5) 22 (9.7) 122 (27.7) 
Time to death, y, mean (SD) 8.2 (3.3) 6.9 (3.3) 6.7 (2.7) 7.4 (3.3) 7.6 (2.6) 5.6 (1.8) 7.2 (2.6) 

Values presented as median (IQR) unless stated otherwise. 
PD, Parkinson’s disease, SD, standard deviation, UPDRS III, Unified Parkinson Disease Rating Scale Part III. 


