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Abstract

Multiple genes have been implicated in Parkinson’s disease (PD), including causal gene variants
and risk variants typically identified using genome-wide association studies (GWAS). Variants in
the alcohol dehydrogenase genes ADH1C and ADHI1B are among the genes that have been
associated with PD, suggesting that this family of genes may be important in PD. As part of the
International Parkinson’s Disease Genomics Consortium’s (IPDGC) efforts to scrutinize
previously reported risk factors for PD, we explored genetic variation in the alcohol
dehydrogenase genes ADH1A, ADH1B, ADH1C, ADH4, ADH5, ADH6, and ADH7 using
imputed GWAS data from 15,097 cases and 17,337 healthy controls. Rare-variant association tests
and single-variant score tests did not show any statistically significant association of alcohol
dehydrogenase genetic variation with the risk for PD.
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Introduction

Methods

Results

Parkinson’s disease (PD) is a progressive neurodegenerative disorder with a complex
polygenic inheritance influenced by the interplay of genetic, aging and environmental
factors. A variant in the gene encoding the Alcohol Dehydrogenase 1C (Class I) Gamma
Polypeptide (ADH1C), an enzyme that catalyzes the oxidation of alcohol to acetaldehyde,
was implicated as a potential risk factor involved in sporadic PD (Buervenich et al., 2005).
Screening an international cohort of 1,076 PD patients of European ancestry and 940
matched controls, suggested that a rare nonsense variant (p.Gly78Ter) was significantly
overrepresented in PD patients. Similarly, the variant p.His48Arg in the Alcohol
Dehydrogenase 1B (Class 1), Beta Polypeptide (ADH1B) was associated with PD in women
in a cohort of 629 PD patients and 865 control participants(Garcia-Martin et al., 2019). No
additional studies on these genes have been performed, therefore the contribution of alcohol
dehydrogenase genes to PD etiology has remained unclear. Here we investigate the potential
association of common and rare variants in the alcohol dehydrogenase gene family with PD,
in a large case-control series.

To investigate the role of alcohol dehydrogenase genes and the effects of their genetic
variation on the risk of PD, we utilized the International Parkinson’s Disease Genomics
Consortium (IPDGC) genome-wide association study (GWAS) data consisting of 15,097
cases and 17,337 healthy controls (Supplementary Table 1) (Nalls et al., n.d.). The data
underwent standard quality control as previously described (Nalls et al., n.d.) and were
annotated using KGGSeq (Li et al., 2012).

We analyzed both the whole IPDGC cohort as well as two sex-stratified subcohorts. Variant
frequencies were determined using PLINK 1.9 (Chang et al., 2015). Gene-based burden
analyses SKAT, SKAT-0, and CMC were performed by using RVTESTS (Zhan et al., 2016)
to assess the cumulative effect of multiple rare variants (minor allele frequency < 0.03) on
the risk for PD according to default parameters. Single-variant score test was performed
using RVTESTS to assess the association between single variants and PD. All analyses were
adjusted by 10 principal components to account for population stratification, dataset, age at
onset for cases or examination for controls, and sex. All results were corrected for multiple
testing by Benjamini—-Hochberg False Discovery Rate (FDR) correction.

We identified 602 variants within the alcohol dehydrogenase gene loci, including 25 coding
variants. Only two loss of function variants were identified: the previously reported
p.Gly78Ter (rs283413) ADH1C variant, and the p.Tyr22Ter (rs3919370) of ADH4. The
latter variant’s minor allele frequency (MAF = 0.29) did not meet the threshold for inclusion
in the gene-level burden analysis tests for rare variants. No evidence for an association
between alcohol dehydrogenase rare genetic variation and PD was detected when gene-
based burden analysis was performed.
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At variant-level, single-score test analyses found no evidence for an association between
alcohol dehydrogenase variants and PD (FDR corrected p > 0.99) (Supplementary Table 1).
The ADHIC p.Gly78Ter variant was previously reported with a frequency of 0.020 in PD
patients, and a frequency of 0.006 in controls (Buervenich et al., 2005). However, in our
cohort this variant was not associated with PD, as the allele frequency in patients was 0.016,
while frequency in controls was 0.012 (p > 0.3, FDR corrected p > 0.99, Table 2). This is
consistent with the frequency reported in gnomAD European (non-Finnish) origin
population (0.012) (Karczewski et al., 2019).

Similarly, ADH1B p.His48Arg was previously reported to be associated with PD in women,
with a frequency of 0.015 in PD patients and a frequency of 0.006 in controls (Garcia-
Martin et al., 2019). However, analysis of the IPDGC female subcohort showed no
association with PD, as the effect allele frequency was 0.053 in patients and 0.040 in
controls (P > 0.16, FDR corrected p > 0.89) (Table 2).

When summary statistics from 27,823 PD cases and 443,190 controls (Nalls et al., n.d.)
were further assessed, no significant association was identified (Figure 1). These summary
statistics included the cohort that was analyzed in this manuscript. Our results are based on
the largest series of PD patients and controls to date with 100% statistical power to detect
variants associated with PD at a MAF < 0.01, odds ratio = 1.5 and an a. of 0.05.

Discussion

Our analyses, based on the largest PD genetic dataset to date, do not support the hypothesis
that alcohol dehydrogenase genetic variants, including the ADH1C p.Gly78Ter stop loss
variant and the ADH1B p.His48Arg missense variant, are risk or disease-causing factors for
PD in the European population. The originally described variant, as well as other identified
variants in these genes, have similar frequencies in patients and controls, and are therefore
likely benign. A series of gene-based burden analyses and single variant analyses also failed
to show a cumulative effect of rare variation in these genes on the risk for PD in the
European population. In conclusion, our results do not support a role for common and rare
variants in genes encoding the family of alcohol dehydrogenases as genetic risk factors or
causal variants in PD. We suggest that these results should be taken into consideration when
performing functional work.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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