
Genetics of early onset Parkinson’s disease in Finland: exome 
sequencing and genome-wide association study

A Siitonen1,2, MA Nalls3, D Hernández4,5, JR Gibbs4, J Ding4, P Ylikotila6, C Edsall4, A 
Singleton4, and K Majamaa1,2,7

1Research Unit of Clinical Neuroscience, University of Oulu, P.O. Box 5000, FI-90014 Oulu, 
Finland 2Medical Research Center Oulu, Oulu University Hospital and University of Oulu, Oulu, 
Finland 3Laboratory of Neurogenetics, National Institute on Aging, Bethesda, USA; Contractor/
consultant with Kelly Services, Rockville, MD, USA 4Laboratory of Neurogenetics, NIA, NIH, 
Bethesda, MD, USA 5German Center for Neurodegenerative Diseases (DZNE), Tübingen, 
Germany 6Division of Clinical Neurosciences, Turku University Hospital, Turku, Finland; Institute 
of Clinical Medicine, Department of Neurology, University of Turku, Turku, Finland 7Department of 
Neurology, Oulu University Hospital, P.O. Box 20, FI-90029, Oulu, Finland

Abstract

Several genes and risk factors are associated with Parkinson’s disease (PD). Although many of the 

genetic markers belong to a common pathway, a unifying pathogenetic mechanism is yet to be 

found. Also, missing heritability analyses have estimated that only part of the genetic influence 

contributing to PD has been found. Here, we carried out whole-exome sequencing (WES) on 438 

Finnish patients with early-onset PD. We also re-analyzed previous data from genome-wide 

association studies (GWAS) on the same cohort. Variants in the CEL gene/locus were associated 

with PD in both GWAS and WES analysis. Exome-wide gene-based association tests also 

identified the MPHOSPH10, TAS2R19 and SERPINA1 genes in the discovery dataset (p<2.5E-6). 

MPHOSPH10 had estimated odds ratio (OR) of 1.53 and the rs141620200 variant in SERPINA1 
had OR of 1.27. We identified several candidate genes, but further investigation is required in 

order to determine the role of these genes in PD.
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Introduction

Several genes and risk loci have been associated with Parkinson’s disease (PD) (see e.g. 

(Singleton and Hardy, 2016)). A recent meta-analysis on genome-wide association studies 

(GWAS) from 13,708 cases and 95,282 controls has identified 28 independent risk alleles at 

24 gene loci associated with risk for PD (Nalls et al., 2014). Risk loci found in GWAS 

studies have been estimated to explain about 5% of the genetic variance of PD, while a 

missing heritability analysis has estimated that the common heritable component of PD is 

27% (Keller et al., 2012). These proportions suggest a substantial amount of genetic 

influence in PD remains to be discovered.

We have previously ascertained a nationwide cohort of patients with early-onset PD (EOPD) 

(Ylikotila et al., 2015). In this cohort we have found that the birthplaces of patients with PD 

among first-degree relatives are clustered within the country and that the distance between 

the birthplaces of their parents was shorter than that among patients with negative family 

history. The presence of autosomal recessive susceptibility genes for PD in the population 

could provide an explanation for our findings. In order to characterize the genetic basis of 

Finnish EOPD, we carried out exome sequencing (WES) on 438 Finnish patients with early-

onset PD (EOPD). In addition to WES analysis, we re-analyzed the previous GWAS data on 

the same cohort (Hernandez et al., 2012) using an extended set of controls.

Subjects and methods

DNA of 438 Finnish EOPD patients was subject to exome sequencing and DNA of 403 

patients was subject to genome-wide genotyping. WES data from STAMPEED and FUSION 

studies on Finnish samples were included into the study as population controls (for details, 

see supplementary material).

Sample preparation and pre-processing

WES was performed in two sets. The first set included 170 EOPD samples prepared by 

using Nextera Rapid Capture Expanded Exome Kit and the second set included 268 EOPD 

samples prepared by using TruSeq Exome Library Prep Kit. The discovery dataset used 170 

samples from the first set, 68 samples from the second set and 563 samples from the 

STAMPEED study. The replication dataset contained sequence data from 200 EOPD 

samples from the second set.

Analysis

After genotype and variant quality control, rare-variant association analysis and gene-level 

analysis were carried out using either EPACTS or Raremetal (Feng et al., 2014) with default 

settings. Gene-based analyses employed emmaxCMC (called here as burden test), sequence 

kernel association test (SKAT) with SKAT-O, Madsen-Browning weighted burden test (MB) 

and variable threshold test (VT). Variants resulting in significant p values in single variant 

association (SVA) test (P < 5E-8) and gene-based analysis (P < 0.05) in discovery dataset 

were studied in the replication dataset. Variants found in both datasets were characterized 

further as candidate variants with possible association to PD. Power calculations were 

performed using the R package ‘CaTS’ v1.02 (Skol et al., 2006) with following parameters: 
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Risk Ratios were calculated using allele frequencies; prevalence=0.02; additive model; 

pimarkers=1; ncases=185; ncontrols=563; alpha=4.15e-7. Plots for estimating the power of 

the study and methods used in the re-analysis of the GWAS data, see supplementary 

material.

Results and discussion

WES study compared 185 cases and 480 controls in the discovery dataset (supplementary 

table S1 and S2). An overview on the analysis and the results is shown in figure 1. SVA test 

of rare variants revealed several significant associations with PD (supplementary figure S2 

and supplementary table S5), none of which had previously been identified. Variants in the 

CEL locus were associated with PD in GWAS (supplementary material) and those in the 

CEL gene in WES analysis. Eight EOPD cases had CEL variants in common in the GWAS 

and WES datasets and six of them had the CEL variant chr9:135955826 (human genome 

assembly 19) in the two datasets. The CEL gene harbors a region rich in indel 

polymorphisms (Taylor et al., 1991), which may point to the possibility that this is a false 

positive finding but, nevertheless, the role of this gene in PD warrants further investigation.

A recent study has suggested that variants in the TNR and TNK2 genes may have role in 

familial PD (Farlow et al., 2016). We found that four EOPD cases (0.91 %) but none of the 

563 controls had the rs61731112 variant in TNR, and one case and three controls had the 

rs147204644 variant. Furthermore, four EOPD cases and three controls had the rs112384084 

variant in the TNK2 gene.

Gene-based association tests had exome-wide significant p values (p<2.5E-6) for the genes 

MPHOSPH10, TAS2R19 and SERPINA1 (table 1, supplementary figure S3 and 

supplementary table S7). Effect of the gene variation on PD was highest in the case of 

MPHOSPH10 with an estimated odds ratio (OR) of 1.53 (95% CI; 1.27–1.84). The OR of 

the rs141620200 variant in SERPINA1 in the SVA test was 1.27 (95% CI; 1.18–1.36). The 

quality scores of SERPINA1 variants were relatively low suggesting that this association 

may be a false positive finding. Notably, seven (25 %) out of the 28 cases with the 

rs141620200 variant had a positive family history with respect to PD, while a family history 

was reported by 45 cases (11 %) among the remaining EOPD patients (Ylikotila et al., 

2015). Interestingly, a recent study including Finnish PD patients has suggested that certain 

serpinA1 isoforms differ between PD patients with or without dementia (Halbgebauer et al., 

2016). Detailed information on characteristics of the genes and variants found both in the 

discovery and replication datasets is shown in supplementary tables S6–S8 and 

supplementary text.

The results of the WES study correlated poorly with those of the GWAS study probably 

because of low statistical power. Indeed, our post-hoc power analysis of the discovery 

dataset estimated that the power to observe associations between known PD variants and risk 

loci was at best 11% at the significance level of p=1E-6 (supplementary text and 

supplementary table S12), although no known PD variants were excluded from the PD 

sequencing cohort. However, it is good to keep in mind that the Finnish population is 

genetically less diverse (Andersen et al., 2016) than an average European population and, 
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therefore, the complexity of PD might have reduced increasing the overall power to detect 

novel associated variants.

The poor correlation between results from WES and GWAS might also be considered an 

indicator of false positives in either of the studies. In addition, the low Ti/Tv value in the 

discovery dataset may indicate a relatively high number of false positive findings. On the 

other hand, differences between the WES and GWAS results could also indicate that the 

variants responsible for the significant p values in the GWAS study might be located outside 

exonic regions or that, due to the sample size, GWAS is unable to identify the variants.

We identified novel candidate variants and genes that were associated with early-onset PD. 

Some caution is advised in the interpretation of these findings, because the study setup had 

limitations such as low power, low Ti/Tv quality and insufficient replication of the findings. 

Furthermore, because the study has several issues regarding sample size, stage separation 

and different technologies used, we would like to emphasize that this is a hypothesis 

generating study. The results deviate from previous studies on patients with European 

ancestry, but warrant further investigation in order to determine the role of these genes in 

Parkinson’s disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Report on exome sequencing of 438 Finnish patients with early-onset 

Parkinson’s disease

• Identified novel candidate genes associated with early-onset Parkinson’s 

disease
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Figure 1. 
Analysis overview.

Key: WES=Whole-exome sequencing; GWAS=Genome wide association study.
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