
Very recently, some authors have called for genetic 
testing to be performed as part of the routine clinical 
evaluation and care of patients with Parkinson’s disease 
(PD)1,2 . What has prompted this? This article discusses 
the major developments that have taken place in the PD 
genetics field, and provides readers with an 
understanding of why and how genetics is increasingly 
being integrated into day-to-day clinical and research 
practice3,4.
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polygenic score.
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Why is genetics relevant and 
important?

The journey of understanding the role of 
genetics in PD began with the discovery of 
SNCA and PRKN in 1997 and 1998, respectively 
(see Table for a timeline of developments in the 
PD genetics field). Mutations in these genes 
were found to be responsible for causing 
autosomal dominant early-onset PD (EOPD) 
(i.e., onset age <50 years) in the case of SNCA5, 
and autosomal recessive juvenile-onset PD (<21 
years) in the case of PRKN6. These cases 
clearly put to bed a prevailing notion at the 
time that PD was “acquired” with genetics 
playing “no significant role in the aetiology of 
PD”7,8.

These, and subsequent findings in other 
monogenic and complex/sporadic forms of PD, 
also spurred major strides in understanding the 
molecular underpinnings of the disease9. For 
example, aggregation of the a-synuclein 
protein (encoded by SNCA) and defects in 
mitochondrial function (with which PRKN is 
involved), are widely understood to be key 
players in the pathogenesis of the disease10,11.
There are now eight genes that have been 
implicated in monogenic PD (mutations in 
SNCA, LRRK2, GBA1, RAB32, and probably 
CHCHD2 causing autosomal dominant PD; and 
PRKN, PINK1 and DJ-1 causing autosomal 
recessive PD), and several more cause 
parkinsonian syndromes more generally3,12. 
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Several of these molecular pathways are 
currently being targeted in clinical trials 
(readers are referred to the Table in Lim et al. 
20243 for an up-to-date summary of the gene 
targets and studies). 

Importantly, there seems to be a convergence 
of the molecular pathways involved in both 
monogenic (or “Mendelian”) forms of PD (i.e., 
where the cause of PD is attributed to 
relatively rare mutations in a single gene) and 
the more common “idiopathic” (or “complex”) 
form13, which occurs sporadically later in life. In 
the latter scenario, a complex interplay of 
genetic, environmental, ageing, and other 
factors is believed to underlie disease 
development. It is therefore hoped that 
genetics-informed therapies found to be 
effective in the smaller subset of monogenic 
PD patients can also be successfully applied in 
sporadic PD, at least in some cases. For 
example, it is anticipated that sporadic PD 
patients found to have elevated LRRK2 kinase 
activity (which is found in most, if not all, forms 
of monogenic LRRK2-related PD)14 could also 
be treated with LRRK2 kinase inhibitors. 

Genetics also lends itself very well to the 
recent paradigmatic shift in the field towards a 
biological classification and definition of the 
disease15-17, allowing patients, including those 
with fully or highly penetrant monogenic 
forms, to be diagnosed or classified and 
potentially recruited into clinical trials during 
an early window, before the disease process 
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Figure 1. GBA1- and PRKN-related PD exhibit multifaceted issues in patients

Multifaceted issues faced by patients with Parkinson’s disease (PD) and how genetics knowledge, 
using the examples of GBA1- and PRKN-related PD, can be applied clinically to aid personalized 
management. This includes a better understanding of the disease course and prognostication; 
enhanced selection and informed decision-making for treatments like deep brain stimulation (DBS); 
improved diagnosis in patients with atypical clinical features; assisting in family planning; and 
allaying anxiety, fear, or guilt. These early-onset PD patients were all seen by a movement disorders 
neurologist (SYL), underscoring the fact that these forms of PD are not rare. Moreover, the ancestries 
of these patients (all Chinese, Indian or Malay) are highly relevant globally, since China and India are 
by far the two most populous countries in the world, home to ~2.9 billion people (not counting the 
extensive diaspora of Chinese and Indians globally), and Malays comprise ~200 million individuals 
living in Southeast Asia. 

has become too advanced to be salvageable 
using disease-modifying therapies18. 

Genotype-phenotype 
correlations

Besides being a springboard for understanding 
disease mechanisms, ultimately leading to the 
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deployment of novel molecularly-targeted 
therapies, genetic information is also 
increasingly relevant in managing patients in 
the clinic. Some examples are depicted in 
Figure 1 and in Slide 1.

Thus, in the case of patients harbouring 
pathogenic GBA1 variants, clinicians are better 
able to understand why some patients 
demonstrate an aggressive clinical course, 
including the development of early motor 
response complications, “axial” motor features 
(such as speech and swallowing difficulties, as 
well as gait and balance problems), dementia 
and psychosis, and mortality19-21. This can be 
observed even in patients with EOPD, who 
conventionally have been considered to 
experience a more slowly progressive disease 
course22. There is some evidence suggesting 
that the more rapid disease progression is in 
part related to a heavier burden of 
synucleinopathy/Lewy pathology occurring in 
these patients (as well as in those harbouring 
SNCA mutations)19.

Another important genotype-phenotype 
correlation is that some patients with GBA1
variants may not show a good response to 
deep brain stimulation (DBS) therapy23,24, 
although others do seem to respond well25. 
Studies have shown a relatively high frequency 
of GBA1 variant carriers among patients 
presenting for and undergoing DBS, which is 
perhaps unsurprising since many of these 
patients have troublesome motor response 
complications (the primary indication for DBS) 
and are younger (whereas older age, 
particularly >70 years, is a relative contra-
indication for DBS)24.

On the other hand, generally good long-term 
outcomes are seen with PRKN-related PD20,26. 
In these patients, PD motor symptoms 
progress more slowly, and motor response 
complications only develop many years after 

disease onset27. Dementia is uncommon and 
survival is prolonged20,26,27. Even so, the 
concepts of PRKN-related PD being a relatively 
“pure nigropathy” without significant extra-
nigral neuropathology, and without 
synucleinopathy, have been challenged more 
recently with the observations that a 
substantial proportion of patients do manifest 
autonomic dysfunction27, and test positive on 
�-synuclein seed amplification assays28.

Patients with PRKN-related 
PD typically respond well to 
DBS, knowledge of which is 
useful for patient selection 
and counselling.
Patients with PRKN-related PD typically 
respond well to DBS, knowledge of which is 
useful for patient selection and counselling. 
Because patients often present at a very young 
age and sometimes with unusual clinical 
features (such as focal dystonias or prolonged 
isolated tremor), the correct diagnosis can be 
delayed by years or even decades, with 
patients missing out on appropriate treatment 
and sometimes being labelled as having 
functional neurological disorders29,30.

A proper understanding of the recessive nature 
of the disease can also be very helpful in family 
planning (e.g., the disease being very unlikely 
to manifest clinically in offspring), and may 
avoid unfortunate situations like termination of 
pregnancy because of an erroneous 
assumption that a very early onset of PD 
portends a similar affliction in the offspring31. 
Feelings of guilt in some patients who think 
their PD is caused by something they did - not 
an uncommon belief among patients and 
caregivers32 - can sometimes be allayed by 
being informed about the real (genetic) basis of 
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Slide 1. The effect of genetic subtypes of Parkinson’s disease on disease 
course

Access slide deck: Parkinson’s Disease – Course, Natural History, and Prognosis 

Compared with people with sporadic Parkinson’s disease, people with LRRK2-
associated Parkinson’s disease tend to experience few cognitive and psychiatric 
symptoms, with slower disease progression, whereas people with GBA-associated 
Parkinson’s disease tend to experience an earlier onset of symptoms and faster disease 
progression with more cognitive and psychiatric symptoms.1,2

References for slide 1:

1.Senkevich K, Rudakou U, Gan-Or Z. New therapeutic approaches to Parkinson’s disease targeting GBA, 
LRRK2 and Parkin. Neuropharmacology 2022; 202: 108822.

2.Sosero YL, Gan-Or Z. LRRK2 and Parkinson’s disease: from genetics to targeted therapy. Ann Clin Transl 
Neurol 2023; 10 (6): 850–864.

their condition.

The genetic epidemiology of PD

Recognized monogenic forms currently 

comprise a minority of PD cases, perhaps 
around 5-15% globally2,3. However, in selected 
populations, this figure can be considerably 
higher, due to factors such as founder effects 

https://neurotorium.org/slidedeck/parkinsons-disease-course-natural-history-and-prognosis/
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(e.g., in the case of the LRRK2 p.G2019S 
variant, believed to have arisen in an ancient 
Middle Eastern founder) or high rates of 
consanguinity (e.g., in “MENASA” region 
[Middle Eastern, North African, and South 
Asian] countries)3. Furthermore, a very large 
number of familial cases, having for example 
what appear to be autosomal dominant or 
autosomal recessive patterns of transmission, 
currently remain “unsolved”8. Technological 
advances such as long-read sequencing (LRS) 
and optical genome mapping (OGM)33 are 
starting to make a dent in these “cryptogenic” 
cases34. Over time, together with newly 
discovered genes35,36, these and other 
developments will increase the number of 
cases that can be attributed to defects in single 
genes.

Recognized monogenic forms 
currently comprise a minority 
of PD cases, perhaps around 
5-15% globally2,3

Major strides are also being made in 
understanding the genetic underpinnings of 
“idiopathic” or “complex” PD, facilitated 
especially by the increasingly large sample 
sizes of genome-wide association studies 
(GWAS), and fine-mapping enabled by the 
inclusion of ancestrally-diverse populations37. 
Further development in these areas is expected 
to yield polygenic scoring (PGS) models that 
can, especially when combined with other 
(e.g., clinico-demographic and molecular 
markers) data, accurately predict not only 
disease development, but also a variety of 
important variables and outcomes such as age 
at disease onset, motor progression, the 
development of cognitive impairment with 
disease progression or impulsive-compulsive 
behaviours triggered by dopamine agonist 

treatment, and responsivity to medications and 
surgical therapies (pharmacogenomics and 
surgicogenomics)8,38-40. 

Moving forwards, it will be 
critical that all stakeholders 
strive to ensure that the fruits 
of genetics research, including 
access to clinical trials and 
new therapies, are shared 
equitably among patients 
and families worldwide

Concluding remarks

In all these efforts, the scientific and ethical 
imperatives of being inclusive of populations 
that have hitherto been under-represented in 
genetics research, are increasingly 
acknowledged3,41,42. Major initiatives such as 
the Global Parkinson’s Genetics Program (GP2) 
have been very active in promoting not only 
the collection of genetic samples and data 
from around the world43, thereby facilitating 
access to genetic testing for patients and 
clinicians who otherwise may not have access 
to this44,45, but also, from its inception, 
emphasizing local and regional capacity-
building. This is done via numerous educational 
initiatives, and by funding training and clinical 
and research infrastructure in underserved 
areas46. Moving forwards, it will be critical that 
all stakeholders strive to ensure that the fruits 
of genetics research, including access to 
clinical trials and new therapies, are shared 
equitably among patients and families 
worldwide, and not inadvertently contribute 
further to healthcare disparities between the 
haves and the have-nots3,47.
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Monogenic Year GWAS
Total 
Number of 
PD 
Participants

Ancestral 
Diversity

SNCA5 1997 - - European

PRKN6 1998 - - East Asian

PARK7/DJ-148 2003 - - European

SNCA 
triplication49 2003 - - European

PINK150 2004 - - European

SNCA
duplication51 2004 - - European

LRRK252,53 2004 - - European

2005 1 risk variant, 2 tagged 
loci54 0.8k European

2006 1st stage analysis55 0.3k  European

GBA1
association56,57 2009      - - Multiple

2009 SNCA, MAPT, LRRK2, 
PARK1658 2.0k European

2009 SNCA, MAPT, LRRK2, 
PARK16, BST159 2.0k East Asian

VPS3560,61 2011 - - European

2011 11 loci62 12.4k European

2011 16 loci63 15.8k European

2014 24 loci64 19.1k European

2017 3 loci65 5.1k East Asian

2017 44 loci66 26.0k European

2019 6 loci67 28.6k European

2019 11 loci68 4.1k European

2019 78 loci (90 risk signals)69 37.7k European

2020 11 loci70 6.7k East Asian

2021 XWAS: 2 loci71 11.1k European
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Table 1. A brief historical timeline of Parkinson’s disease (PD) genetics and genomics research

The discovery of monogenic causes of PD and GBA1-PD as well as their respective years of discovery 
are shown. Genome-wide association studies (GWASs) and brief overviews of their findings are also 
shown with the corresponding years in which they were published. The GWAS studies have over 
time increased in size, ancestral diversity, resolution, and scope. Adapted from Reference 3, 
Appendix Figure 1. 

CNV: copy number variation; GWAS: genome-wide association study; k: thousand (rounded to the 
closest 100); PD: Parkinson’s disease; SNV: Single nucleotide variant; STR: Short-tandem repeat; 
WES: Whole exome sequencing; WGS: Whole genome sequencing; XWAS: chromosome X-wide 
association study.

References

1. Gan-Or Z. Clinical genetic testing in Parkinson’s 
disease should become part of routine patient care. 
Brain J Neurol. 2024;147(8):2595-2597. doi:10.1093/
brain/awae181

2. Westenberger A, Skrahina V, Usnich T, et al. Relevance 
of genetic testing in the gene-targeted trial era: the 
Rostock Parkinson’s disease study. Brain. 
2024;147(8):2652-2667. doi:10.1093/brain/awae188

3. Lim SY, Tan AH, Ahmad-Annuar A, et al. Uncovering 
the genetic basis of Parkinson’s disease globally: from 
discoveries to the clinic. Lancet Neurol. 
2024;23(12):1267-1280. doi:10.1016/S1474-
4422(24)00378-8

4. Gasser T. Genetic testing for Parkinson’s disease in 
clinical practice. J Neural Transm Vienna Austria 1996. 
2023;130(6):777-782. doi:10.1007/s00702-023-02612-x

5. Polymeropoulos MH, Lavedan C, Leroy E, et al. 
Mutation in the alpha-synuclein gene identified in 

2021 1 variant East Asian 
specific, 1 variant shared72 40.2k Multiple

2021 1 locus73 0.8k Latino

2022 2 loci74 8.5k Multiple

2023 STR analysis: 34 loci75 16.6k European

2023
GWAS & CNV association 
study: 23 SNV, 1 CNV 
loci76

0.4k East Asian

2023 8 loci77 2.0k East Asian

2023 3 loci78 2.6k European

2023 WGS & WES: Rare variant 
burden tests: 2 loci79 7.2k European

2023 1 risk variant80 1.5k African

2023 78 loci39 49.0k Multiple

RAB32 p.S71R35 2024 - Multiple

https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/


9

Genetics in Parkinson’s disease - coming to the fore of day-to-day clinical and 
research practice

https://neurotorium.org/genetics-parkinsons-clinical-research/

families with Parkinson’s disease. Science. 
1997;276(5321):2045-2047. doi:10.1126/
science.276.5321.2045

6. Kitada T, Asakawa S, Hattori N, et al. Mutations in the 
parkin gene cause autosomal recessive juvenile 
parkinsonism. Nature. 1998;392(6676):605-608. 
doi:10.1038/33416

7. Duvoisin RC. Is Parkinson’s disease acquired or 
inherited? Can J Neurol Sci J Can Sci Neurol. 1984;11(1 
Suppl):151-155. doi:10.1017/s031716710004631x

8. Lim SY, Klein C. Parkinson’s Disease is Predominantly 
a Genetic Disease. J Park Dis. 2024;14(3):467-482. 
doi:10.3233/JPD-230376

9. Morris HR, Spillantini MG, Sue CM, Williams-Gray 
CH. The pathogenesis of Parkinson’s disease. The 
Lancet. 2024;403(10423):293-304. doi:10.1016/S0140-
6736(23)01478-2

10. Braak H, Del Tredici K. Invited Article: Nervous system 
pathology in sporadic Parkinson disease. Neurology. 
2008;70(20):1916-1925. doi:10.1212/01.
wnl.0000312279.49272.9f

11. Grünewald A, Kumar KR, Sue CM. New insights into 
the complex role of mitochondria in Parkinson’s 
disease. Prog Neurobiol. 2019;177:73-93. doi:10.1016/j.
pneurobio.2018.09.003

12. Lunati A, Lesage S, Brice A. The genetic landscape of 
Parkinson’s disease. Rev Neurol (Paris). 
2018;174(9):628-643. doi:10.1016/j.neurol.2018.08.004

13. Reed X, Bandrés-Ciga S, Blauwendraat C, Cookson 
MR. The role of monogenic genes in idiopathic 
Parkinson’s disease. Neurobiol Dis. 2019;124:230-239. 
doi:10.1016/j.nbd.2018.11.012

14. Kalogeropulou AF, Purlyte E, Tonelli F, et al. Impact of 
100 LRRK2 variants linked to Parkinson’s disease on 
kinase activity and microtubule binding. Biochem J. 
2022;479(17):1759-1783. doi:10.1042/BCJ20220161

15. Cardoso F, Goetz CG, Mestre TA, et al. A Statement of 
the MDS on Biological Definition, Staging, and 
Classification of Parkinson’s Disease. Mov Disord. 
2024;39(2):259-266. doi:10.1002/mds.29683

16. Höglinger GU, Adler CH, Berg D, et al. A biological 
classification of Parkinson’s disease: the SynNeurGe 
research diagnostic criteria. Lancet Neurol. 
2024;23(2):191-204. doi:10.1016/S1474-4422(23)00404-
0

17. Simuni T, Chahine LM, Poston K, et al. A biological 
definition of neuronal α-synuclein disease: towards an 
integrated staging system for research. Lancet Neurol. 
2024;23(2):178-190. doi:10.1016/S1474-4422(23)00405-
2

18. Mahlknecht P, Foltynie T, Limousin P, Poewe W. How 
Does Deep Brain Stimulation Change the Course of 
Parkinson’s Disease? Mov Disord. 2022;37(8):1581-1592. 
doi:10.1002/mds.29052

19. Senkevich K, Rudakou U, Gan-Or Z. New therapeutic 
approaches to Parkinson’s disease targeting GBA, 
LRRK2 and Parkin. Neuropharmacology. 
2022;202:108822. doi:10.1016/j.

neuropharm.2021.108822

20. Lanore A, Casse F, Tesson C, et al. Differences in 
Survival across Monogenic Forms of Parkinson’s 
Disease. Ann Neurol. 2023;94(1):123-132. doi:10.1002/
ana.26636

21. Lim JL, Lohmann K, Tan AH, et al. Glucocerebrosidase 
(GBA) gene variants in a multi-ethnic Asian cohort with 
Parkinson’s disease: mutational spectrum and clinical 
features. J Neural Transm. 2022;129(1):37-48. 
doi:10.1007/s00702-021-02421-0

22. Schrag A, Schott JM. Epidemiological, clinical, and 
genetic characteristics of early-onset parkinsonism. 
Lancet Neurol. 2006;5(4):355-363. doi:10.1016/S1474-
4422(06)70411-2

23. Pal G, Mangone G, Hill EJ, et al. Parkinson Disease 
and Subthalamic Nucleus Deep Brain Stimulation: 
Cognitive Effects in Mutation Carriers. Ann Neurol. 
2022;91(3):424-435. doi:10.1002/ana.26302

24. Dy Closas AMF, Tan AH, Tay YW, et al. New insights 
from a Malaysian real-world deep brain stimulation 
cohort. J Park Dis. Published online December 8, 
2024:1877718X241297715. 
doi:10.1177/1877718X241297715

25. Avenali M, Zangaglia R, Cuconato G, et al. Are 
patients with GBA-Parkinson disease good candidates 
for deep brain stimulation? A longitudinal multicentric 
study on a large Italian cohort. J Neurol Neurosurg 
Psychiatry. 2024;95(4):309-315. doi:10.1136/jnnp-2023-
332387

26. Kasten M, Hartmann C, Hampf J, et al. Genotype-
Phenotype Relations for the Parkinson’s Disease Genes 
Parkin, PINK1, DJ1: MDSGene Systematic Review. Mov 
Disord Off J Mov Disord Soc. 2018;33(5):730-741. 
doi:10.1002/mds.27352

27. Menon PJ, Sambin S, Criniere-Boizet B, et al. 
Genotype–phenotype correlation in PRKN-associated 
Parkinson’s disease. Npj Park Dis. 2024;10(1):1-12. 
doi:10.1038/s41531-024-00677-3

28. Kluge A, Borsche M, Streubel-Gallasch L, et al. α-
Synuclein Pathology in  PRKN  -Linked Parkinson’s 
Disease: New Insights from a Blood-Based Seed 
Amplification Assay. Ann Neurol. 2024;95(6):1173-1177. 
doi:10.1002/ana.26917

29. Borsche M, Balck A, Kasten M, Lohmann K, Klein C, 
Brüggemann N. The sooner, the later - Delayed 
diagnosis in Parkinson’s disease due to Parkin 
mutations. Parkinsonism Relat Disord. 2019;65:284-
285. doi:10.1016/j.parkreldis.2019.06.020

30. Tay YW, Tan AH, Lim JL, et al. Genetic study of early-
onset Parkinson’s disease in the Malaysian population. 
Parkinsonism Relat Disord. 2023;111:105399. 
doi:10.1016/j.parkreldis.2023.105399

31. Lim SY, Ahmad-Annuar A, Lohmann K, et al. Clinical 
phenotype of Parkinson’s disease with a homozygous 
PRKN p.Cys441Arg mutation. Neurol Asia. 
2021;26(1):161-166.

32. Choo XY, Lim SY, Chinna K, et al. Understanding 
patients’ and caregivers’ perspectives and educational 
needs in Parkinson’s disease: a multi-ethnic Asian 

https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/38245249/
https://pubmed.ncbi.nlm.nih.gov/18474848/
https://pubmed.ncbi.nlm.nih.gov/18474848/
https://pubmed.ncbi.nlm.nih.gov/18474848/
https://pubmed.ncbi.nlm.nih.gov/18474848/
https://pubmed.ncbi.nlm.nih.gov/30219247/
https://pubmed.ncbi.nlm.nih.gov/30219247/
https://pubmed.ncbi.nlm.nih.gov/30219247/
https://pubmed.ncbi.nlm.nih.gov/30219247/
https://pubmed.ncbi.nlm.nih.gov/30245141/
https://pubmed.ncbi.nlm.nih.gov/30245141/
https://pubmed.ncbi.nlm.nih.gov/30245141/
https://pubmed.ncbi.nlm.nih.gov/30448284/
https://pubmed.ncbi.nlm.nih.gov/30448284/
https://pubmed.ncbi.nlm.nih.gov/30448284/
https://pubmed.ncbi.nlm.nih.gov/30448284/
https://pubmed.ncbi.nlm.nih.gov/30448284/
https://pubmed.ncbi.nlm.nih.gov/35950872/
https://pubmed.ncbi.nlm.nih.gov/35950872/
https://pubmed.ncbi.nlm.nih.gov/35950872/
https://pubmed.ncbi.nlm.nih.gov/35950872/
https://pubmed.ncbi.nlm.nih.gov/35950872/
https://pubmed.ncbi.nlm.nih.gov/38093469/
https://pubmed.ncbi.nlm.nih.gov/38093469/
https://pubmed.ncbi.nlm.nih.gov/38093469/
https://pubmed.ncbi.nlm.nih.gov/38093469/
https://pubmed.ncbi.nlm.nih.gov/38093469/
https://pubmed.ncbi.nlm.nih.gov/38267191/
https://pubmed.ncbi.nlm.nih.gov/38267191/
https://pubmed.ncbi.nlm.nih.gov/38267191/
https://pubmed.ncbi.nlm.nih.gov/38267191/
https://pubmed.ncbi.nlm.nih.gov/38267191/
https://pubmed.ncbi.nlm.nih.gov/38267191/
https://pubmed.ncbi.nlm.nih.gov/38267190/
https://pubmed.ncbi.nlm.nih.gov/38267190/
https://pubmed.ncbi.nlm.nih.gov/38267190/
https://pubmed.ncbi.nlm.nih.gov/38267190/
https://pubmed.ncbi.nlm.nih.gov/38267190/
https://pubmed.ncbi.nlm.nih.gov/38267190/
https://pubmed.ncbi.nlm.nih.gov/35560443/
https://pubmed.ncbi.nlm.nih.gov/35560443/
https://pubmed.ncbi.nlm.nih.gov/35560443/
https://pubmed.ncbi.nlm.nih.gov/35560443/
https://pubmed.ncbi.nlm.nih.gov/35560443/
https://pubmed.ncbi.nlm.nih.gov/34626666/
https://pubmed.ncbi.nlm.nih.gov/34626666/
https://pubmed.ncbi.nlm.nih.gov/34626666/
https://pubmed.ncbi.nlm.nih.gov/34626666/
https://pubmed.ncbi.nlm.nih.gov/34626666/
https://pubmed.ncbi.nlm.nih.gov/34626666/
https://pubmed.ncbi.nlm.nih.gov/36905164/
https://pubmed.ncbi.nlm.nih.gov/36905164/
https://pubmed.ncbi.nlm.nih.gov/36905164/
https://pubmed.ncbi.nlm.nih.gov/36905164/
https://pubmed.ncbi.nlm.nih.gov/36905164/
https://pubmed.ncbi.nlm.nih.gov/34779914/
https://pubmed.ncbi.nlm.nih.gov/34779914/
https://pubmed.ncbi.nlm.nih.gov/34779914/
https://pubmed.ncbi.nlm.nih.gov/34779914/
https://pubmed.ncbi.nlm.nih.gov/34779914/
https://pubmed.ncbi.nlm.nih.gov/34779914/
https://pubmed.ncbi.nlm.nih.gov/16545752/
https://pubmed.ncbi.nlm.nih.gov/16545752/
https://pubmed.ncbi.nlm.nih.gov/16545752/
https://pubmed.ncbi.nlm.nih.gov/16545752/
https://pubmed.ncbi.nlm.nih.gov/16545752/
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.26302
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.26302
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.26302
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.26302
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.26302
https://journals.sagepub.com/doi/10.1177/1877718X241297715
https://journals.sagepub.com/doi/10.1177/1877718X241297715
https://journals.sagepub.com/doi/10.1177/1877718X241297715
https://journals.sagepub.com/doi/10.1177/1877718X241297715
https://journals.sagepub.com/doi/10.1177/1877718X241297715
https://journals.sagepub.com/doi/10.1177/1877718X241297715
https://pubmed.ncbi.nlm.nih.gov/37879897/
https://pubmed.ncbi.nlm.nih.gov/37879897/
https://pubmed.ncbi.nlm.nih.gov/37879897/
https://pubmed.ncbi.nlm.nih.gov/37879897/
https://pubmed.ncbi.nlm.nih.gov/37879897/
https://pubmed.ncbi.nlm.nih.gov/37879897/
https://pubmed.ncbi.nlm.nih.gov/37879897/
https://pubmed.ncbi.nlm.nih.gov/29644727/
https://pubmed.ncbi.nlm.nih.gov/29644727/
https://pubmed.ncbi.nlm.nih.gov/29644727/
https://pubmed.ncbi.nlm.nih.gov/29644727/
https://pubmed.ncbi.nlm.nih.gov/29644727/
https://pubmed.ncbi.nlm.nih.gov/29644727/
https://www.nature.com/articles/s41531-024-00677-3
https://www.nature.com/articles/s41531-024-00677-3
https://www.nature.com/articles/s41531-024-00677-3
https://www.nature.com/articles/s41531-024-00677-3
https://www.nature.com/articles/s41531-024-00677-3
https://onlinelibrary.wiley.com/doi/10.1002/ana.26917
https://onlinelibrary.wiley.com/doi/10.1002/ana.26917
https://onlinelibrary.wiley.com/doi/10.1002/ana.26917
https://onlinelibrary.wiley.com/doi/10.1002/ana.26917
https://onlinelibrary.wiley.com/doi/10.1002/ana.26917
https://onlinelibrary.wiley.com/doi/10.1002/ana.26917
https://pubmed.ncbi.nlm.nih.gov/31255538/
https://pubmed.ncbi.nlm.nih.gov/31255538/
https://pubmed.ncbi.nlm.nih.gov/31255538/
https://pubmed.ncbi.nlm.nih.gov/31255538/
https://pubmed.ncbi.nlm.nih.gov/31255538/
https://pubmed.ncbi.nlm.nih.gov/31255538/
https://pubmed.ncbi.nlm.nih.gov/37209484/
https://pubmed.ncbi.nlm.nih.gov/37209484/
https://pubmed.ncbi.nlm.nih.gov/37209484/
https://pubmed.ncbi.nlm.nih.gov/37209484/
https://pubmed.ncbi.nlm.nih.gov/37209484/
https://research.uni-luebeck.de/en/publications/clinical-phenotype-of-parkinsons-disease-with-a-homozygous-prkn-p
https://research.uni-luebeck.de/en/publications/clinical-phenotype-of-parkinsons-disease-with-a-homozygous-prkn-p
https://research.uni-luebeck.de/en/publications/clinical-phenotype-of-parkinsons-disease-with-a-homozygous-prkn-p
https://research.uni-luebeck.de/en/publications/clinical-phenotype-of-parkinsons-disease-with-a-homozygous-prkn-p
https://research.uni-luebeck.de/en/publications/clinical-phenotype-of-parkinsons-disease-with-a-homozygous-prkn-p
https://pubmed.ncbi.nlm.nih.gov/32314118/
https://pubmed.ncbi.nlm.nih.gov/32314118/
https://pubmed.ncbi.nlm.nih.gov/32314118/


10https://neurotorium.org/genetics-parkinsons-clinical-research/

Genetics in Parkinson’s disease - coming to the fore of day-to-day clinical and 
research practice

doi:10.1002/mdc3.13903

45. Tan AH, Saffie-Awad P, Schumacher Schuh AF, et al. 
Global Perspectives on Returning Genetic Research 
Results in Parkinson Disease. Neurol Genet. 
2024;10(6):e200213. doi:10.1212/
NXG.0000000000200213

46. Global Parkinson’s Genetics Program. GP2: The Global 
Parkinson’s Genetics Program. Mov Disord Off J Mov 
Disord Soc. 2021;36(4):842-851. doi:10.1002/mds.28494

47. Schiess N, Cataldi R, Okun MS, et al. Six Action Steps 
to Address Global Disparities in Parkinson Disease: A 
World Health Organization Priority. JAMA Neurol. 
2022;79(9):929. doi:10.1001/jamaneurol.2022.1783

48. Bonifati V, Rizzu P, van Baren MJ, et al. Mutations in 
the DJ-1 gene associated with autosomal recessive 
early-onset parkinsonism. Science. 
2003;299(5604):256-259. doi:10.1126/science.1077209

49. Singleton AB, Farrer M, Johnson J, et al. alpha-
Synuclein locus triplication causes Parkinson’s disease. 
Science. 2003;302(5646):841. doi:10.1126/
science.1090278

50. Valente EM, Abou-Sleiman PM, Caputo V, et al. 
Hereditary early-onset Parkinson’s disease caused by 
mutations in PINK1. Science. 2004;304(5674):1158-
1160. doi:10.1126/science.1096284

51. Chartier-Harlin MC, Kachergus J, Roumier C, et al. 
Alpha-synuclein locus duplication as a cause of 
familial Parkinson’s disease. Lancet Lond Engl. 
2004;364(9440):1167-1169. doi:10.1016/S0140-
6736(04)17103-1

52. Paisán-Ruíz C, Jain S, Evans EW, et al. Cloning of the 
gene containing mutations that cause PARK8-linked 
Parkinson’s disease. Neuron. 2004;44(4):595-600. 
doi:10.1016/j.neuron.2004.10.023

53. Zimprich A, Biskup S, Leitner P, et al. Mutations in 
LRRK2 cause autosomal-dominant parkinsonism with 
pleomorphic pathology. Neuron. 2004;44(4):601-607. 
doi:10.1016/j.neuron.2004.11.005

54. Maraganore DM, de Andrade M, Lesnick TG, et al. 
High-resolution whole-genome association study of 
Parkinson disease. Am J Hum Genet. 2005;77(5):685-
693. doi:10.1086/496902

55. Fung HC, Scholz S, Matarin M, et al. Genome-wide 
genotyping in Parkinson’s disease and neurologically 
normal controls: first stage analysis and public release 
of data. Lancet Neurol. 2006;5(11):911-916. doi:10.1016/
S1474-4422(06)70578-6

56. Sidransky E, Nalls MA, Aasly JO, et al. Multicenter 
analysis of glucocerebrosidase mutations in 
Parkinson’s disease. N Engl J Med. 2009;361(17):1651-
1661. doi:10.1056/NEJMoa0901281

57. Aharon-Peretz J, Rosenbaum H, Gershoni-Baruch R. 
Mutations in the glucocerebrosidase gene and 
Parkinson’s disease in Ashkenazi Jews. N Engl J Med. 
2004;351(19):1972-1977. doi:10.1056/NEJMoa033277

58. Simón-Sánchez J, Schulte C, Bras JM, et al. Genome-
wide association study reveals genetic risk underlying 
Parkinson’s disease. Nat Genet. 2009;41(12):1308-1312. 

study. Neurol Sci Off J Ital Neurol Soc Ital Soc Clin 
Neurophysiol. 2020;41(10):2831-2842. doi:10.1007/
s10072-020-04396-4

33. Vegezzi E, Ishiura H, Bragg DC, et al. Neurological 
disorders caused by novel non-coding repeat 
expansions: clinical features and differential diagnosis. 
Lancet Neurol. 2024;23(7):725-739. doi:10.1016/S1474-
4422(24)00167-4

34. Daida K, Funayama M, Billingsley KJ, et al. Long-read 
sequencing resolves a complex structural variant in 
PRKN Parkinson’s disease. MedRxiv Prepr Serv Health 
Sci. Published online August 21, 
2023:2023.08.14.23293948. 
doi:10.1101/2023.08.14.23293948

35. Gustavsson EK, Follett J, Trinh J, et al. RAB32 
Ser71Arg in autosomal dominant Parkinson’s disease: 
linkage, association, and functional analyses. Lancet 
Neurol. 2024;23(6):603-614. doi:10.1016/S1474-
4422(24)00121-2

36. Magrinelli F, Tesson C, Angelova PR, et al. PSMF1 
variants cause a phenotypic spectrum from early-
onset Parkinson’s disease to perinatal lethality by 
disrupting mitochondrial pathways. MedRxiv Prepr 
Serv Health Sci. Published online June 20, 
2024:2024.06.19.24308302. 
doi:10.1101/2024.06.19.24308302

37. Kim JJ, Vitale D, Otani DV, et al. Multi-ancestry 
genome-wide association meta-analysis of Parkinson’s 
disease. Nat Genet. 2024;56(1):27-36. doi:10.1038/
s41588-023-01584-8

38. Koch S, Laabs BH, Kasten M, et al. Validity and 
Prognostic Value of a Polygenic Risk Score for 
Parkinson’s Disease. Genes. 2021;12(12):1859. 
doi:10.3390/genes12121859

39. Dehestani M, Liu H, Gasser T. Polygenic Risk Scores 
Contribute to Personalized Medicine of Parkinson’s 
Disease. J Pers Med. 2021;11(10):1030. doi:10.3390/
jpm11101030

40. Weintraub D, Posavi M, Fontanillas P, et al. Genetic 
prediction of impulse control disorders in Parkinson’s 
disease. Ann Clin Transl Neurol. 2022;9(7):936-949. 
doi:10.1002/acn3.51569

41. Sirugo G, Williams SM, Tishkoff SA. The Missing 
Diversity in Human Genetic Studies. Cell. 
2019;177(1):26-31. doi:10.1016/j.cell.2019.02.048

42. Schumacher-Schuh AF, Bieger A, Okunoye O, et al. 
Underrepresented Populations in Parkinson’s Genetics 
Research: Current Landscape and Future Directions. 
Mov Disord Off J Mov Disord Soc. 2022;37(8):1593-
1604. doi:10.1002/mds.29126

43. Lange LM, Avenali M, Ellis M, et al. Elucidating 
causative gene variants in hereditary Parkinson’s 
disease in the Global Parkinson’s Genetics Program 
(GP2). Npj Park Dis. 2023;9(1):1-5. doi:10.1038/s41531-
023-00526-9

44. Tan AH, Cornejo-Olivas M, Okubadejo N, et al. 
Genetic Testing for Parkinson’s Disease and Movement 
Disorders in Less Privileged Areas: Barriers and 
Opportunities. Mov Disord Clin Pract. 2024;11(1):14-20. 

https://pubmed.ncbi.nlm.nih.gov/38291851/
https://pubmed.ncbi.nlm.nih.gov/38291851/
https://pubmed.ncbi.nlm.nih.gov/39807215/
https://pubmed.ncbi.nlm.nih.gov/39807215/
https://pubmed.ncbi.nlm.nih.gov/39807215/
https://pubmed.ncbi.nlm.nih.gov/39807215/
https://pubmed.ncbi.nlm.nih.gov/39807215/
https://pubmed.ncbi.nlm.nih.gov/39807215/
https://pubmed.ncbi.nlm.nih.gov/33513272/
https://pubmed.ncbi.nlm.nih.gov/33513272/
https://pubmed.ncbi.nlm.nih.gov/33513272/
https://pubmed.ncbi.nlm.nih.gov/33513272/
https://pubmed.ncbi.nlm.nih.gov/35816299/
https://pubmed.ncbi.nlm.nih.gov/35816299/
https://pubmed.ncbi.nlm.nih.gov/35816299/
https://pubmed.ncbi.nlm.nih.gov/35816299/
https://pubmed.ncbi.nlm.nih.gov/35816299/
https://pubmed.ncbi.nlm.nih.gov/12446870/
https://pubmed.ncbi.nlm.nih.gov/12446870/
https://pubmed.ncbi.nlm.nih.gov/12446870/
https://pubmed.ncbi.nlm.nih.gov/12446870/
https://pubmed.ncbi.nlm.nih.gov/12446870/
https://pubmed.ncbi.nlm.nih.gov/14593171/
https://pubmed.ncbi.nlm.nih.gov/14593171/
https://pubmed.ncbi.nlm.nih.gov/14593171/
https://pubmed.ncbi.nlm.nih.gov/14593171/
https://pubmed.ncbi.nlm.nih.gov/14593171/
https://www.science.org/doi/10.1126/science.1096284
https://www.science.org/doi/10.1126/science.1096284
https://www.science.org/doi/10.1126/science.1096284
https://www.science.org/doi/10.1126/science.1096284
https://www.science.org/doi/10.1126/science.1096284
https://pubmed.ncbi.nlm.nih.gov/15451224/
https://pubmed.ncbi.nlm.nih.gov/15451224/
https://pubmed.ncbi.nlm.nih.gov/15451224/
https://pubmed.ncbi.nlm.nih.gov/15451224/
https://pubmed.ncbi.nlm.nih.gov/15451224/
https://pubmed.ncbi.nlm.nih.gov/15451224/
https://pubmed.ncbi.nlm.nih.gov/15541308/
https://pubmed.ncbi.nlm.nih.gov/15541308/
https://pubmed.ncbi.nlm.nih.gov/15541308/
https://pubmed.ncbi.nlm.nih.gov/15541308/
https://pubmed.ncbi.nlm.nih.gov/15541308/
https://pubmed.ncbi.nlm.nih.gov/15541309/
https://pubmed.ncbi.nlm.nih.gov/15541309/
https://pubmed.ncbi.nlm.nih.gov/15541309/
https://pubmed.ncbi.nlm.nih.gov/15541309/
https://pubmed.ncbi.nlm.nih.gov/15541309/
https://pubmed.ncbi.nlm.nih.gov/16252231/
https://pubmed.ncbi.nlm.nih.gov/16252231/
https://pubmed.ncbi.nlm.nih.gov/16252231/
https://pubmed.ncbi.nlm.nih.gov/16252231/
https://pubmed.ncbi.nlm.nih.gov/19846850/
https://pubmed.ncbi.nlm.nih.gov/19846850/
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(06)70578-6/abstractv
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(06)70578-6/abstractv
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(06)70578-6/abstractv
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(06)70578-6/abstractv
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(06)70578-6/abstractv
https://pubmed.ncbi.nlm.nih.gov/19846850/
https://pubmed.ncbi.nlm.nih.gov/19846850/
https://pubmed.ncbi.nlm.nih.gov/19846850/
https://pubmed.ncbi.nlm.nih.gov/19846850/
https://pubmed.ncbi.nlm.nih.gov/19846850/
https://pubmed.ncbi.nlm.nih.gov/19846850/
https://pubmed.ncbi.nlm.nih.gov/15525722/
https://pubmed.ncbi.nlm.nih.gov/15525722/
https://pubmed.ncbi.nlm.nih.gov/15525722/
https://pubmed.ncbi.nlm.nih.gov/15525722/
https://pubmed.ncbi.nlm.nih.gov/15525722/
https://pubmed.ncbi.nlm.nih.gov/19915575/
https://pubmed.ncbi.nlm.nih.gov/19915575/
https://pubmed.ncbi.nlm.nih.gov/19915575/
https://pubmed.ncbi.nlm.nih.gov/32314118/
https://pubmed.ncbi.nlm.nih.gov/32314118/
https://pubmed.ncbi.nlm.nih.gov/32314118/
https://pubmed.ncbi.nlm.nih.gov/32314118/
https://pubmed.ncbi.nlm.nih.gov/38876750/
https://pubmed.ncbi.nlm.nih.gov/38876750/
https://pubmed.ncbi.nlm.nih.gov/38876750/
https://pubmed.ncbi.nlm.nih.gov/38876750/
https://pubmed.ncbi.nlm.nih.gov/38876750/
https://pubmed.ncbi.nlm.nih.gov/38876750/
https://pubmed.ncbi.nlm.nih.gov/37790330/
https://pubmed.ncbi.nlm.nih.gov/37790330/
https://pubmed.ncbi.nlm.nih.gov/37790330/
https://pubmed.ncbi.nlm.nih.gov/37790330/
https://pubmed.ncbi.nlm.nih.gov/37790330/
https://pubmed.ncbi.nlm.nih.gov/37790330/
https://pubmed.ncbi.nlm.nih.gov/37790330/
https://pubmed.ncbi.nlm.nih.gov/38614108/
https://pubmed.ncbi.nlm.nih.gov/38614108/
https://pubmed.ncbi.nlm.nih.gov/38614108/
https://pubmed.ncbi.nlm.nih.gov/38614108/
https://pubmed.ncbi.nlm.nih.gov/38614108/
https://pubmed.ncbi.nlm.nih.gov/38614108/
https://pubmed.ncbi.nlm.nih.gov/39148840/
https://pubmed.ncbi.nlm.nih.gov/39148840/
https://pubmed.ncbi.nlm.nih.gov/39148840/
https://pubmed.ncbi.nlm.nih.gov/39148840/
https://pubmed.ncbi.nlm.nih.gov/39148840/
https://pubmed.ncbi.nlm.nih.gov/39148840/
https://pubmed.ncbi.nlm.nih.gov/39148840/
https://pubmed.ncbi.nlm.nih.gov/39148840/
https://www.nature.com/articles/s41588-023-01584-8
https://www.nature.com/articles/s41588-023-01584-8
https://www.nature.com/articles/s41588-023-01584-8
https://www.nature.com/articles/s41588-023-01584-8
https://www.nature.com/articles/s41588-023-01584-8
https://pubmed.ncbi.nlm.nih.gov/34946808/
https://pubmed.ncbi.nlm.nih.gov/34946808/
https://pubmed.ncbi.nlm.nih.gov/34946808/
https://pubmed.ncbi.nlm.nih.gov/34946808/
https://pubmed.ncbi.nlm.nih.gov/34946808/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8539098/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8539098/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8539098/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8539098/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8539098/
https://pubmed.ncbi.nlm.nih.gov/35762106/
https://pubmed.ncbi.nlm.nih.gov/35762106/
https://pubmed.ncbi.nlm.nih.gov/35762106/
https://pubmed.ncbi.nlm.nih.gov/35762106/
https://pubmed.ncbi.nlm.nih.gov/35762106/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7380073/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7380073/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7380073/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7380073/
https://pubmed.ncbi.nlm.nih.gov/35867623/
https://pubmed.ncbi.nlm.nih.gov/35867623/
https://pubmed.ncbi.nlm.nih.gov/35867623/
https://pubmed.ncbi.nlm.nih.gov/35867623/
https://pubmed.ncbi.nlm.nih.gov/35867623/
https://pubmed.ncbi.nlm.nih.gov/35867623/
https://www.nature.com/articles/s41531-023-00526-9
https://www.nature.com/articles/s41531-023-00526-9
https://www.nature.com/articles/s41531-023-00526-9
https://www.nature.com/articles/s41531-023-00526-9
https://www.nature.com/articles/s41531-023-00526-9
https://www.nature.com/articles/s41531-023-00526-9
https://pubmed.ncbi.nlm.nih.gov/38291851/
https://pubmed.ncbi.nlm.nih.gov/38291851/
https://pubmed.ncbi.nlm.nih.gov/38291851/
https://pubmed.ncbi.nlm.nih.gov/38291851/


11

Body-First and Brain-First Parkinson’s Disease

https://neurotorium.org/genetics-parkinsons-clinical-research/

doi:10.1038/ng.487

59. Satake W, Nakabayashi Y, Mizuta I, et al. Genome-
wide association study identifies common variants at 
four loci as genetic risk factors for Parkinson’s disease. 
Nat Genet. 2009;41(12):1303-1307. doi:10.1038/ng.485

60. Vilariño-Güell C, Wider C, Ross OA, et al. VPS35 
mutations in Parkinson disease. Am J Hum Genet. 
2011;89(1):162-167. doi:10.1016/j.ajhg.2011.06.001

61. Zimprich A, Benet-Pagès A, Struhal W, et al. A 
mutation in VPS35, encoding a subunit of the retromer 
complex, causes late-onset Parkinson disease. Am J 
Hum Genet. 2011;89(1):168-175. doi:10.1016/j.
ajhg.2011.06.008

62. International Parkinson Disease Genomics 
Consortium, Nalls MA, Plagnol V, et al. Imputation of 
sequence variants for identification of genetic risks for 
Parkinson’s disease: a meta-analysis of genome-wide 
association studies. Lancet Lond Engl. 
2011;377(9766):641-649. doi:10.1016/S0140-
6736(10)62345-8

63. International Parkinson’s Disease Genomics 
Consortium (IPDGC), Wellcome Trust Case Control 
Consortium 2 (WTCCC2). A two-stage meta-analysis 
identifies several new loci for Parkinson’s disease. 
PLoS Genet. 2011;7(6):e1002142. doi:10.1371/journal.
pgen.1002142

64. Nalls MA, Pankratz N, Lill CM, et al. Large-scale 
meta-analysis of genome-wide association data 
identifies six new risk loci for Parkinson’s disease. Nat 
Genet. 2014;46(9):989-993. doi:10.1038/ng.3043

65. Foo JN, Tan LC, Irwan ID, et al. Genome-wide 
association study of Parkinson’s disease in East Asians. 
Hum Mol Genet. 2017;26(1):226-232. doi:10.1093/hmg/
ddw379

66. Chang D, Nalls MA, Hallgrímsdóttir IB, et al. A meta-
analysis of genome-wide association studies identifies 
17 new Parkinson’s disease risk loci. Nat Genet. 
2017;49(10):1511-1516. doi:10.1038/ng.3955

67. Blauwendraat C, Heilbron K, Vallerga CL, et al. 
Parkinson’s disease age at onset genome-wide 
association study: Defining heritability, genetic loci, 
and α-synuclein mechanisms. Mov Disord Off J Mov 
Disord Soc. 2019;34(6):866-875. doi:10.1002/mds.27659

68. Iwaki H, Blauwendraat C, Leonard HL, et al. 
Genomewide association study of Parkinson’s disease 
clinical biomarkers in 12 longitudinal patients’ cohorts. 
Mov Disord Off J Mov Disord Soc. 2019;34(12):1839-
1850. doi:10.1002/mds.27845

69. Nalls MA, Blauwendraat C, Vallerga CL, et al. 
Identification of novel risk loci, causal insights, and 
heritable risk for Parkinson’s disease: a meta-analysis 
of genome-wide association studies. Lancet Neurol. 
2019;18(12):1091-1102. doi:10.1016/S1474-
4422(19)30320-5

70. Foo JN, Chew EGY, Chung SJ, et al. Identification of 
Risk Loci for Parkinson Disease in Asians and 
Comparison of Risk Between Asians and Europeans: A 
Genome-Wide Association Study. JAMA Neurol. 
2020;77(6):746. doi:10.1001/jamaneurol.2020.0428

71. Le Guen Y, Napolioni V, Belloy ME, et al. Common X-
Chromosome Variants Are Associated with Parkinson 
Disease Risk. Ann Neurol. 2021;90(1):22-34. 
doi:10.1002/ana.26051

72. Li C, Ou R, Chen Y, et al. Genetic Modifiers of Age at 
Onset for Parkinson’s Disease in Asians: A Genome-
Wide Association Study. Mov Disord Off J Mov Disord 
Soc. 2021;36(9):2077-2084. doi:10.1002/mds.28621

73. Loesch DP, Horimoto ARVR, Heilbron K, et al. 
Characterizing the Genetic Architecture of Parkinson’s 
Disease in Latinos. Ann Neurol. 2021;90(3):353-365. 
doi:10.1002/ana.26153

74. Grover S, Kumar Sreelatha AA, Pihlstrom L, et al. 
Genome-wide Association and Meta-analysis of Age 
at Onset in Parkinson Disease. Neurology. 2022;99(7):
e698-e710. doi:10.1212/WNL.0000000000200699

75. Bustos BI, Billingsley K, Blauwendraat C, et al. 
Genome-wide contribution of common short-tandem 
repeats to Parkinson’s disease genetic risk. Brain J 
Neurol. 2023;146(1):65-74. doi:10.1093/brain/awac301

76. Oh JH, Jo S, Park KW, et al. Whole-genome 
sequencing reveals an association between small 
genomic deletions and an increased risk of developing 
Parkinson’s disease. Exp Mol Med. 2023;55(3):555-
564. doi:10.1038/s12276-023-00952-y

77. Pan H, Liu Z, Ma J, et al. Genome-wide association 
study using whole-genome sequencing identifies risk 
loci for Parkinson’s disease in Chinese population. Npj 
Park Dis. 2023;9(1):1-11. doi:10.1038/s41531-023-00456-
6

78. Billingsley KJ, Ding J, Jerez PA, et al. Genome-Wide 
Analysis of Structural Variants in Parkinson Disease. 
Ann Neurol. 2023;93(5):1012-1022. doi:10.1002/
ana.26608

79. Makarious MB, Lake J, Pitz V, et al. Large-scale rare 
variant burden testing in Parkinson’s disease. Brain J 
Neurol. 2023;146(11):4622-4632. doi:10.1093/brain/
awad214

80. Rizig M, Bandres-Ciga S, Makarious MB, et al. 
Identification of genetic risk loci and causal insights 
associated with Parkinson’s disease in African and 
African admixed populations: a genome-wide 
association study. Lancet Neurol. 2023;22(11):1015-
1025. doi:10.1016/S1474-4422(23)00283-1

https://pubmed.ncbi.nlm.nih.gov/19915575/
https://pubmed.ncbi.nlm.nih.gov/19915575/
https://pubmed.ncbi.nlm.nih.gov/19915576/
https://pubmed.ncbi.nlm.nih.gov/19915576/
https://pubmed.ncbi.nlm.nih.gov/19915576/
https://pubmed.ncbi.nlm.nih.gov/19915576/
https://pubmed.ncbi.nlm.nih.gov/19915576/
https://pubmed.ncbi.nlm.nih.gov/21763482/
https://pubmed.ncbi.nlm.nih.gov/21763482/
https://pubmed.ncbi.nlm.nih.gov/21763482/
https://pubmed.ncbi.nlm.nih.gov/21763482/
https://pubmed.ncbi.nlm.nih.gov/21763483/
https://pubmed.ncbi.nlm.nih.gov/21763483/
https://pubmed.ncbi.nlm.nih.gov/21763483/
https://pubmed.ncbi.nlm.nih.gov/21763483/
https://pubmed.ncbi.nlm.nih.gov/21763483/
https://pubmed.ncbi.nlm.nih.gov/21763483/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(10)62345-8/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(10)62345-8/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(10)62345-8/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(10)62345-8/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(10)62345-8/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(10)62345-8/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(10)62345-8/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(10)62345-8/fulltext
https://pubmed.ncbi.nlm.nih.gov/21738488/
https://pubmed.ncbi.nlm.nih.gov/21738488/
https://pubmed.ncbi.nlm.nih.gov/21738488/
https://pubmed.ncbi.nlm.nih.gov/21738488/
https://pubmed.ncbi.nlm.nih.gov/21738488/
https://pubmed.ncbi.nlm.nih.gov/21738488/
https://pubmed.ncbi.nlm.nih.gov/21738488/
https://pubmed.ncbi.nlm.nih.gov/25064009/
https://pubmed.ncbi.nlm.nih.gov/25064009/
https://pubmed.ncbi.nlm.nih.gov/25064009/
https://pubmed.ncbi.nlm.nih.gov/25064009/
https://pubmed.ncbi.nlm.nih.gov/25064009/
https://pubmed.ncbi.nlm.nih.gov/28011712/
https://pubmed.ncbi.nlm.nih.gov/28011712/
https://pubmed.ncbi.nlm.nih.gov/28011712/
https://pubmed.ncbi.nlm.nih.gov/28011712/
https://pubmed.ncbi.nlm.nih.gov/28011712/
https://pubmed.ncbi.nlm.nih.gov/28892059/
https://pubmed.ncbi.nlm.nih.gov/28892059/
https://pubmed.ncbi.nlm.nih.gov/28892059/
https://pubmed.ncbi.nlm.nih.gov/28892059/
https://pubmed.ncbi.nlm.nih.gov/28892059/
https://pubmed.ncbi.nlm.nih.gov/30957308/
https://pubmed.ncbi.nlm.nih.gov/30957308/
https://pubmed.ncbi.nlm.nih.gov/30957308/
https://pubmed.ncbi.nlm.nih.gov/30957308/
https://pubmed.ncbi.nlm.nih.gov/30957308/
https://pubmed.ncbi.nlm.nih.gov/30957308/
https://pubmed.ncbi.nlm.nih.gov/31505070/
https://pubmed.ncbi.nlm.nih.gov/31505070/
https://pubmed.ncbi.nlm.nih.gov/31505070/
https://pubmed.ncbi.nlm.nih.gov/31505070/
https://pubmed.ncbi.nlm.nih.gov/31505070/
https://pubmed.ncbi.nlm.nih.gov/31505070/
https://pubmed.ncbi.nlm.nih.gov/31701892/
https://pubmed.ncbi.nlm.nih.gov/31701892/
https://pubmed.ncbi.nlm.nih.gov/31701892/
https://pubmed.ncbi.nlm.nih.gov/31701892/
https://pubmed.ncbi.nlm.nih.gov/31701892/
https://pubmed.ncbi.nlm.nih.gov/31701892/
https://pubmed.ncbi.nlm.nih.gov/31701892/
https://jamanetwork.com/journals/jamaneurology/fullarticle/2764340
https://jamanetwork.com/journals/jamaneurology/fullarticle/2764340
https://jamanetwork.com/journals/jamaneurology/fullarticle/2764340
https://jamanetwork.com/journals/jamaneurology/fullarticle/2764340
https://jamanetwork.com/journals/jamaneurology/fullarticle/2764340
https://pubmed.ncbi.nlm.nih.gov/33583074/
https://pubmed.ncbi.nlm.nih.gov/33583074/
https://pubmed.ncbi.nlm.nih.gov/33583074/
https://pubmed.ncbi.nlm.nih.gov/33583074/
https://pubmed.ncbi.nlm.nih.gov/33583074/
https://pubmed.ncbi.nlm.nih.gov/33884653/
https://pubmed.ncbi.nlm.nih.gov/33884653/
https://pubmed.ncbi.nlm.nih.gov/33884653/
https://pubmed.ncbi.nlm.nih.gov/33884653/
https://pubmed.ncbi.nlm.nih.gov/33884653/
https://pubmed.ncbi.nlm.nih.gov/34227697/
https://pubmed.ncbi.nlm.nih.gov/34227697/
https://pubmed.ncbi.nlm.nih.gov/34227697/
https://pubmed.ncbi.nlm.nih.gov/34227697/
https://pubmed.ncbi.nlm.nih.gov/34227697/
https://pubmed.ncbi.nlm.nih.gov/35970579/
https://pubmed.ncbi.nlm.nih.gov/35970579/
https://pubmed.ncbi.nlm.nih.gov/35970579/
https://pubmed.ncbi.nlm.nih.gov/35970579/
https://pubmed.ncbi.nlm.nih.gov/35970579/
https://pubmed.ncbi.nlm.nih.gov/36347471/
https://pubmed.ncbi.nlm.nih.gov/36347471/
https://pubmed.ncbi.nlm.nih.gov/36347471/
https://pubmed.ncbi.nlm.nih.gov/36347471/
https://pubmed.ncbi.nlm.nih.gov/36347471/
https://pubmed.ncbi.nlm.nih.gov/37633302/
https://pubmed.ncbi.nlm.nih.gov/37633302/
https://pubmed.ncbi.nlm.nih.gov/37633302/
https://pubmed.ncbi.nlm.nih.gov/37633302/
https://pubmed.ncbi.nlm.nih.gov/37633302/
https://pubmed.ncbi.nlm.nih.gov/37633302/
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(06)70578-6/abstractv
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(06)70578-6/abstractv

