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1 |  INTRODUCTION

Parkinson's disease (PD) is the most common movement dis-
order (Alves, Forsaa, Pedersen, Dreetz Gjerstad, & Larsen, 
2008), with a global prevalence of 6.2 million cases in 2015 

that is estimated to rise to 12.9 million by 2040 (Dorsey & 
Bloem, 2018). PD is defined by two major neuropathologi-
cal hallmarks: loss of dopaminergic neurons in the substantia 
nigra pars compacta of the midbrain and the presence of Lewy 
bodies (LB) (Postuma et al., 2015). However, the etiology of 
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Abstract
Background: To date, several studies have suggested that genes involved in mono-
genic forms of Parkinson's disease (PD) contribute to unrelated sporadic cases, but 
there is limited evidence in the Chinese population.
Methods: We performed a systematic analysis of 12 autosomal-dominant PD 
(AD-PD) genes (SNCA, LRRK2, GIGYF2, VPS35, EIF4G1, DNAJC13, CHCHD2, 
HTRA2, NR4A2, RIC3, TMEM230, and UCHL1) using panel sequencing and data-
base filtration in a case-control study of a cohort of 391 Chinese sporadic PD patients 
and unrelated controls. We evaluated the association between candidate variants and 
sporadic PD using gene-based analysis.
Results: Overall, 18 rare variants were discovered in 18.8% (36/191) of the 
index patients. In addition to previously reported pathogenic mutations (LRRK2 
p.Arg1441His and p.Ala419Val), another four unknown variants were found in 
LRRK2, which also contribute to PD risk (p = 0.002; odds ratio (OR) = 7.83, 95% 
confidence intervals (CI) = 1.76–34.93). The cumulative frequency of undetermined 
rare variants was significantly higher in PD patients (14.1%) than in controls (3.5%) 
(p = 0.0002; OR=4.54, 95% CI = 1.93-10.69).
Conclusion: Our results confirm the strong impact of LRRK2 on the risk of sporadic 
PD, and also provide considerable evidence of the existence of additional undeter-
mined rare variants in AD-PD genes that contribute to the genetic etiology of spo-
radic PD in a Chinese cohort.
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PD has not been fully elucidated. In addition to increasing 
age and exposure to environmental risk factors, genetics also 
play an important role in the pathology of PD (Blauwendraat, 
Nalls, & Singleton, 2019).

Several genome-wide association studies (GWASs) have 
revealed a considerable number of candidate variants as-
sociated with PD, although some were first discovered in 
family-based linkage studies; however, many of these genes 
were successfully replicated in common sporadic PD patients 
(Simon-Sanchez et al., 2009; Spataro et al., 2015), indicating 
that genes involved in monogenic forms of the disease also 
act as susceptibility factors in the unrelated sporadic form of 
PD. Despite these discoveries, much of the genetic contri-
bution to PD remains unexplained (Spataro et al., 2015), in 
part, because when GWASs began, the field was dominated 
by the simple common disease–common variant hypothe-
sis. GWAS effectively represent common genetic variants 
with a typical minor allele frequency (MAF) >1%–5% (Lee, 
Abecasis, Boehnke, & Lin, 2014). Analyses of rare variants 
(MAF <1%) may explain additional disease risk or trait vari-
ability (Gibson, 2012) especially in diseases with complex 
traits such as PD.

Several studies have indicated an association between 
rare variants of Mendelian genes and sporadic PD in dif-
ferent populations (Benitez et al., 2016; Lesage & Brice, 
2012; Spataro et al., 2015; Tan et al., 2019); however, there 
is limited evidence in the Chinese population. Recently, 
Yang et al. (2019) identified several rare variants of seven 
autosomal-dominant PD (AD-PD) genes consisting of SNCA 
(OMIM No. 163890), LRRK2 (OMIM No. 609007), GIGYF2 
(OMIM No. 612003), VPS35 (OMIM No. 601501), EIF4G1 
(OMIM No. 600495), DNAJC13 (OMIM No. 614334), and 
CHCHD2 (OMIM No. 616244) in a case-control study with 
Chinese ethnic background, indicating the possible contri-
bution of other AD-PD genes. In this study, we investigated 
these seven AD-PD genes and five additional previously re-
ported monogenic AD-PD genes, including HTRA2 (OMIM 
No. 606441), NR4A2 (OMIM No. 601828), RIC3 (OMIM 
No. 610509), TMEM230 (OMIM No. 617019), and UCHL1 
(OMIM No. 191342), (Blauwendraat et al., 2019), to further 
illustrate the association between monogenic genes and spo-
radic PD patients in Chinese population.

2 |  METHODS

2.1 | Ethical compliance

This study was conducted in accordance with the Declaration 
of Helsinki with formal approval obtained from the ethics 
review boards of the Second Affiliated Hospital of Zhejiang 
University. All participants provided written informed con-
sent to genetic analysis and disclosure of medical information.

2.2 | Subjects

In total, 191 sporadic PD cases (aged 16–82 years) and 200 
ethnicity-matched controls were recruited from the outpa-
tient neurology clinics of the Second Affiliated Hospital of 
Zhejiang University (China) between January 2016 and June 
2019. All subjects were examined by at least two neurology 
physicians specializing in movement disorders. Inclusion cri-
terion referred to the diagnosis of PD based on the clinical 
criteria defined by the Movement Disorder Society (Postuma 
et al., 2015). Patients with secondary Parkinsonism and other 
forms of atypical Parkinsonism or with a family history of 
PD were excluded.

2.3 | Sample preparation and sequencing

The quality and concentration of genomic DNA extracted 
from peripheral whole blood samples using standard pro-
cedures were assessed with a Qubit 3.0 Fluorometer (Life 
Invitrogen). Fragmented genomic DNA was captured by a 
customized array designed to target all exons, splicing sites, 
and flanking intronic sequences of 12 selected genes (as shown 
in Table S1). Sequencing was conducted as 150-bp paired-
end runs on an Illumina NovaSeq 5000 system to an average 
depth of coverage >300-fold. Sequence reads were mapped 
to the human assembly GRCh37/hg19 (GCA_000001405.1) 
using a Burrows–Wheeler–Aligner (BWA) (Li & Durbin, 
2009), and variant calling was conducted using SAMtools 
(Li, 2011), followed by variant annotation using ANNOVAR 
(Yang & Wang, 2015).

2.4 | Variant filtration

To identify candidate rare variants, we adopted a three-level 
filtration algorithm. First, we required a MAF <1% or “not 
available” for variants in the Genome Aggregation Database 
(gnomAD), the 1000 Genomes Project (May 2019), and the 
Exome Aggregation Consortium (ExAC) (Genomes Project 
et al., 2015); otherwise, variants with unbalanced reads (var-
iant allele <25%) and regions covered by <5× reads were 
eliminated. Second, we selected non-synonymous substitu-
tions including missense and nonsense mutations as well 
as small insertions and deletions, which are considered to 
be the most likely to cause loss-of-function of the encoded 
protein (Adzhubei et al., 2010; Fu et al., 2013). Third, for 
further prioritization, all selected non-synonymous variants 
were analyzed with dbNSFP (X. Liu, Wu, Li, & Boerwinkle, 
2016) (version 3.5) and CADD (Rentzsch, Witten, Cooper, 
Shendure, & Kircher, 2019). We retained only variants pre-
viously reported to be pathogenic in ClinVar (Landrum & 
Kattman, 2018) (www.ncbi.nlm.nih.gov/clinv ar/) as well as 

http://www.ncbi.nlm.nih.gov/clinvar/
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rare variants that had CADD phred scores >15 or REVEL 
scores >0.5 or MetaL ranking score >0.75 or predicted to 
be damaging in the three most commonly used in silico 
pathogenicity prediction applications (SIFT, PolyPhen-2, 
and mutationTaster) according to previous studies (Richards 
et al., 2015; Tian et al., 2018). All candidate variants were 
validated by Sanger sequencing, with primers designed 
using Primer3 (Koressaar et al., 2018). Carriers of candidate 
variants were screened using Multiplex Ligation-Dependent 
Probe Amplification to exclude confounders from common 
gross deletions or duplications. The three-dimensional (3D) 
protein structures of the wild-type and variant-type pro-
teins were predicted using Phyre2 (Kelley, Mezulis, Yates,  
Wass, & Sternberg, 2015) and visualized by PyMOL 
(The PyMOL Molecular Graphics System, Version 2.3, 
Schrödinger, LLC).

2.5 | Statistical analysis

Demographic characteristics were depicted as the 
means  ±  standard deviation (SD) and compared using 

T A B L E  1  Summary of demographic data

Series N
AAO mean ± SD 
(range) in years

Male:Female 
ratio

Total PD 191 51.15 ± 11.16 106:85

EOPD (AAO ≤ 50) 106 43.72 ± 7.13 56:50

LOPD (AAO > 50) 85 60.32 ± 7.96 50:35

control 200 49.49 ± 9.86 106:94

Abbreviations: AAO, age at onset; EOPD, early onset Parkinson's disease; 
LOPD, late-onset Parkinson's disease; N, number.

F I G U R E  1  Schematic representation of LRRK2 and its variations. (a) LRRK2 contains 51 exons encoding a 2527-amino acid protein with 
a leucine-rich repeat domain, a Ras/GTPase (ROC) domain, and a protein kinase domain. The previously identified pathogenic variations in our 
cohort are indicated by red arrows and the other candidate variations are indicated by blue arrows. (b) The position and surroundings of unclear 
variants were highly conserved across different species. (c) The 3D structures of wild-type and variant-type proteins. Protein models are shown as 
secondary structures. Variant sites are shown as amino acid sequences
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Student's t-tests. Sex-related variables were assessed using 
Chi-square tests. For all candidate rare variants, we calcu-
lated the proportion of carriers and assessed Hardy–Weinberg 
equilibrium with the Chi-square test in both cases and con-
trols. The subgroup of candidate variants categorized as un-
clear pathogenicity was evaluated with gene-based burden 
analysis. Associations between rare variants and sporadic PD 
were analyzed using Chi-square tests or Fisher's exact test, 
odd ratios (OR), and 95% confidence intervals (CI) (Li & 
Leal, 2008). All analyses were conducted using SPSS version 
26 (IBM, Armonk, NY, USA). A two-tailed p-value of 0.05 
was set as a nominal significance threshold.

3 |  RESULTS

3.1 | Summary of demographic data

We screened for 12 AD-PD genes consisting of three genes pre-
viously reported to contain mutations robustly associated with 
PD (SNCA, LRRK2, and VPS35) and nine genes associated 
with PD with low confidence (GIGYF2, EIF4G1, DNAJC13, 
CHCHD2, HTRA2, NR4A2, RIC3, TMEM230, and UCHL1) in 
191 Chinese sporadic PD patients and 200 unrelated controls. 
Our cohort comprised 55% early onset PD (EOPD) with the age 
at onset of 43.72 ± 7.13 years and 45% late-onset PD (LOPD) 
with the age at onset of 60.32 ± 7.96 years. Overall, the mean 
age of onset at enrollment was 51.15 ± 11.16 years for cases 
(55% males) and there was no significant difference compared 
with the mean age at onset of controls at 49.49 ± 9.86 years 
(53% males) (Table 1).

3.2 | Overview of candidate rare variants

We validated candidate variants after the three-level filtration in 
this cohort. A total of 18 rare non-synonymous coding variants 
were validated in 18.8% (36/191) of sporadic patients. Among 
them, 33.3% (6/18) of the variants were found in LRRK2 with the 
locations presented in Figure 1, and 55.6% (10/18) in CHCHD2, 
DNAJC13, GIGYF2, NR4A2, and SNCA, all of which had two 
candidate variants. The rest of these variants were singletons, 
located in HTRA2 and EIF4G1. Despite high sequencing cover-
age, no rare variants were found in RIC3, TMEM230, UCHL1, 
and VPS35 in our cohort (Table 2). Remarkably, none of the 
cases of candidate variant carriers were affected by common 
gross deletions and duplications.

3.3 | Rare non-synonymous variants

Among the candidate variants, 16.7% (3/18) were previ-
ously reported and known as pathogenic in the ClinVar 

databases; these variants consisted of LRRK2 p.Arg1441His, 
LRRK2 p.Ala419Val, and CHCHD2 p.Thr61Ile. In our co-
hort, LRRK2 p.Ala419Val was the most common pathogenic 
mutation, accounting for 4.2% (8/191) of cases. Regarding 
CHCHD2 p.Thr61Ile, the carrier of this mutation also carried 
the LRRK2 p.Ala419Val mutation.

A total of 66.7% (12/18) of the candidate variants have 
been reported previously, although their pathogenicity is 
unknown; and 16.7% (3/18) were novel with unknown sig-
nificance, which were located in DNAJC13 p.Leu583Ser, 
SNCA p.Val15Asp, and EIF4G1 p.Arg1139His (Table 2). To 
eliminate interference from known mutations and investigate 
whether additional rare variants in specific genes contribute 
collectively to PD risk, we performed a gene-based analysis 
of the unclear variants. The cumulative frequency of these 
variants was significantly higher in PD patients (14.1%) 
than that in controls (3.5%) (p = 0.0002; OR = 4.54, 95% 
CI = 1.93–10.69), suggesting that most of these variants are 
likely to be true risk factors for PD (Table 3).

Of the unclear variants, 26.7% (4/15) were located in 
LRRK2 (p.Pro1446Leu, p.Ile1339Met, p. Arg1628Pro, and 
p.Arg1067Gln). The overall frequency of LRRK2 undeter-
mined variants was much higher in PD patients (7.3%) than in 
controls (1%) (p = 0.002; OR = 7.83, 95% CI = 1.76-34.93) 
and remained statistically significant after the Bonferroni cor-
rection (α = 0.05/8 = 0.0063). Among these variants, LRRK2 
p.Arg1628Pro was the most common risk variant and was sig-
nificantly enriched in cases (5.2%) when compared to controls 
(0.5%) (p = 0.005; OR = 10.99, 95% CI = 1.39–86.74, Table 
S2). Remarkably, two variants located in DNAJC13 (p.Le-
u583Ser and p.Arg1588His), two variants located in GIGYF2 
(p.Glu811Ala and p.Pro1155Thr), and one variant located in 
HTRA2 (p.Thr215Met) were present in 3.1% (6/191) of the PD 
individuals but absent in the controls. However, some candidate 
variants including p.Pro2Leu of CHCHD2, p.Arg1139His of 
EIF4G1, p.Val582Met of NR4A2, and p.Val15Asp of SNCA 
were present on both cases and controls. It should be noted 
that there was a greater number of carriers of EIF4G1 p.Ar-
g1139His in the control group than in the PD patients (Table 3).

4 |  DISCUSSION

The phenotype of autosomal-dominant inheritance familial 
PD, which is similar to sporadic PD, suggests that monogenic 
and sporadic forms of the disease are etiologically related 
(Simon-Sanchez et al., 2009). In this study, we found 18 rare 
variants in 18.8% of sporadic PD patients. One third of these 
variants located in the LRRK2 gene were involved in 12.0% 
cases, which showed the strong effect of LRRK2 on the risk 
of sporadic PD. Additionally, there were significantly more 
carriers of candidate variants in PD cases than in controls, 
implicating these variants as true risk factors for PD.
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LRRK2 was first identified in an autosomal-dominant 
inheritance in late-onset Parkinsonian families in 2004 
(Zimprich et al., 2004). Variants in different domains of 
LRRK2 have been identified in both familial and sporadic PD 
in different ethnic populations (Berg et al., 2005; Di Fonzo 
et al., 2005; Gilks et al., 2005). In our study, six candidate 
variants of LRRK2 were found to be located mainly in func-
tional domains. In addition, 12.0% (23/191) of patients found 
to carry those variants exhibited typical Parkinsonian symp-
toms, with most showing initial motor features of slowly 
progressive asymmetric tremor at rest or bradykinesia (Table 
2). As previously reported, the LRRK2 p.Gly2019Ser muta-
tion is thought to be the most frequent (Lunati, Lesage, & 
Brice, 2018); however, we did not find any carrier of this 
mutation in our cases. The most likely reason for this is that 
p.Gly2019Ser exists as a founder variant mainly in Eastern 
European Jews and North African Berbers, but not in Asian 
populations (Hulihan et al., 2008; Tan et al., 2010; Thaler, 
Ash, Gan-Or, Orr-Urtreger, & Giladi, 2009). We found only 
one case carrying the p.Arg1441His mutation, a pathogenic 
variant first identified in a Taiwanese PD family (Mata et al., 
2005). LRRK2 P.Arg1441His occurred adjacent to two pre-
viously reported pathogenic mutations, p.Arg1441Cys and 
p.Arg1441Gly, identified as a 4322G-A transition in exon 31 
of LRRK2. This mutation resulted in an Arg1441His substi-
tution in the Ras/GTPase (ROC) domain, which may impair 
the regulation of kinase activity (Gilsbach & Kortholt, 2014). 
Since Mata et al. (2005) identified the first p.Arg1441His 
carrier with an Asian ethnic background among 100 affected 
probands with a family history of Parkinsonism, familial 
PD carriers of diverse ethnicity have been identified in fol-
low-up studies (Ferreira et al., 2007; Spanaki, Latsoudis, & 
Plaitakis, 2006; Zabetian et al., 2005). Subsequently, a large 
case-control study also confirmed one Asian PD carrier of 
p.Arg1441His (Ross et al., 2011). To date, the association of 
LRRK2 p.Arg1441His in sporadic PD is supported by lim-
ited data; thus, our study provides further evidence in support 
of this. Regarding LRRK2 P.Ala419Val, the most common 
pathogenic variant in this cohort was classified as pathogenic 
in ClinVar. Ross et al. reported a significant difference in the 
prevalence of p.Ala419Val between PD patients and controls 
in an Asian population (Ross et al., 2011), and this was con-
firmed by Guo et al. (Li et al., 2015) in a Chinese population. 
Guo and colleagues also found that p.Ala419Val especially 
affected patients with EOPD, which is consistent with our 
data (Table 2).

The most common risk variant was also found in LRRK2 
p.Arg1628Pro, located in the COR domain. The substitution 
of a highly basic polar arginine (R) with a neutral nonpolar 
proline (P) is likely to cause a conformational change in the 
secondary structure of the LRRK2 protein. In a study of 1986 
individuals from Taiwan and Singapore, Wu et al. (Ross et al., 
2008) demonstrated that p.Arg1628Pro increased the risk for T

A
B

L
E

 3
 

G
en

e-
ba

se
d 

an
al

ys
is

 fo
r r

ar
e 

no
n-

sy
no

ny
m

ou
s v

ar
ia

nt
s

G
en

e

A
ll 

ra
re

 v
ar

ia
nt

s i
nv

ol
ve

d
R

em
ov

e 
kn

ow
n 

m
ut

at
io

ns

pa
tie

nt
s/1

91
co

nt
ro

ls/
20

0
p 

va
lu

e
O

R
 (9

5%
C

I)
Po

w
er

pa
tie

nt
s/1

91
co

nt
ro

ls/
20

0
p 

va
lu

e
O

R
 (9

5%
C

I)
Po

w
er

LR
R

K
2

23
2

0.
00

0*
13

.5
5 

(3
.1

5-
58

.3
3)

0.
94

14
2

0.
00

2*
7.

83
 (1

.7
6-

34
.9

3)
0.

77

C
H

C
H

D
2

2
1

0.
54

—
—

1
1

0.
97

—
—

D
N

A
JC

13
3

0
0.

12
—

—
3

0
0.

12
—

—

EI
F4

G
1

1
2

0.
59

—
—

1
2

0.
59

—
—

G
IG

Y
F2

2
0

0.
24

—
—

2
0

0.
24

—
—

H
TR

A
2

1
0

0.
49

—
—

1
0

0.
49

—
—

N
R

4A
2

3
1

0.
29

—
—

3
1

0.
29

—
—

SN
C

A
2

1
0.

54
—

—
2

1
0.

54
—

—

A
ll 

ge
ne

s
36

7
0.

00
02

*
6.

40
 (2

.7
7-

14
.7

9)
0.

99
27

7
0.

00
02

*
4.

54
 (1

.9
3-

10
.6

9)
0.

93

A
bb

re
vi

at
io

n:
 9

5%
 C

I, 
95

%
 c

on
fid

en
ce

 in
te

rv
al

s.
*p

 <
 0

.0
5 

w
as

 c
on

si
de

re
d 

si
gn

ifi
ca

nt
 a

nd
 m

ar
ke

d 
in

 b
ol

d 
fo

nt
. 



   | 7 of 10ZHENG Et al.

PD, although non-Asian carriers were not identified in pre-
vious studies, indicating an important Asian genetic speci-
ficity. Later, Wu showed that this variant was also associated 
with PD in Chinese patients (Tan et al., 2010), although a 
subsequent study by Deng et al. (Yuan et al., 2016) failed to 
find statistically significant differences in either genotypic or 
allelic frequency of p.Arg1628Pro between patients and con-
trols in a Chinese population; our results corroborated Wu's 
findings. The discrepancies in the association between ge-
netic variants and the presence of PD in the same or different 
populations may explain, to a large extent, the inconsistency 
in the results of these studies. Overall, our study further con-
firmed the association between LRRK2 and idiopathic PD in 
the Chinese population.

SNCA, which was the first recognized AD-PD gene 
(Golbe, Di Iorio, Bonavita, Miller, & Duvoisin, 1990), en-
codes α-synuclein, the primary component of LB (Goedert, 
2001). Although we did not find any known pathogenic 
mutations in SNCA in this study, we identified one novel 
variant, p.Val15Asp, and one unclear variant, p.Met127Ile, 
located between two phosphorylation sites with high conser-
vation across variable species. None of the controls carried 
p.Met127Ile, suggesting that this variant is associated with 
susceptibility to PD.

In CHCHD2, we discovered one unknown variant, p.Pro-
2Leu, and one pathogenic variant, p.Thr61Ile, previously re-
ported by Funayama et al. (2015) in two unrelated Japanese 
families segregated with disease. Although almost all the 
subsequent studies in the Chinese population suggested 
that CHCHD2 mutations are not a common cause of PD in 
Chinese familial or sporadic cases (Gao et al., 2017; Liu et al., 
2015; Shi et al., 2016), our findings provide new evidence of 
the role of this gene in susceptibility to sporadic PD in China. 
Nevertheless, this association needs further confirmation in 
additional series.

In our study, we found a novel variant, DNAJC13 p.Le-
u583Ser, carried by one patient and an unclear variant, 
DNAJC13 p.Arg1588His, carried by two patients. Although 
these two variants are not located in the functional regions 
of DNAJC13, neither were carried by controls, suggesting 
these variants may contribute to the risk of disease by regu-
lating gene function. Vilarino-Guell et al.9, 2014) identified a 
heterozygous missense variant of DNAJC13 not only in both 
familial and sporadic PD patients, but also asymptomatic car-
riers. In addition, Tan et al. (Foo et al., 2014) found that cod-
ing variants of DNAJC13 were extremely rare and present in 
healthy controls without enrichment in PD cases in a Chinese 
population. Since the data in the Chinese population are lim-
ited, the contribution of DNAJC13 variants to the risk of PD 
remains plausible. However, considering the rare frequency 
of DNAJC13 variants and the inconsistency of previous re-
ports, it can be speculated that the contribution of this gene to 
sporadic PD is very limited in the Chinese population.

Despite adopting a three-level filtration of candidate 
variants designed to identify the most pathogenic sites, the 
novel variant EIF4G1 p.Arg1139His identified in one of the 
patients was also present in two of the control individuals; 
therefore, the importance of this variant should be considered 
with caution. This paradoxical result may be due to the lim-
ited sample size and the low frequency of EIF4G1 in Asian 
populations (Zhao et al., 2013). It is also interesting to note 
that loss-of-function variants of known pathogenic AD-PD 
genes, such as LRRK2 and SNCA, were also identified in 
healthy controls (Hernandez, Reed, & Singleton, 2016). The 
most likely explanation for this phenomenon is that these 
variants cause disease when inherited in the form of com-
pound heterozygotes or homozygotes or with risk variants of 
other genes, which will confound risk prediction.

We discovered two NR4A2 variants (p.Val539Met and 
p.Val582Met) with unknown pathogenicity. NR4A2 has been 
widely studied in the Chinese population. Xu et al. (2002) 
and Zheng, Heydari, and Simon (2003) reported associations 
between homozygosity or heterozygosity for a variant in the 
intron of this gene and PD. Many follow-up studies (Le et al., 
2003; Liu et al., 2013; Tan et al., 2004) revealed the pres-
ence of NR4A2 variants in both familial and sporadic cases 
of PD among various populations. Our study provided more 
evidence for the association between rare variants of NR4A2 
and sporadic PD in Chinese population. Other selected genes, 
GIGYF2 and HTRA2, were found to have one or two un-
clear variants carried by only PD patients but not by con-
trols. Since no rare variants were found in RIC3, TMEM230, 
UCHL1, and VPS35 in our cohort, further investigations are 
required to clarify the role of those genes in susceptibility to 
PD in the Chinese population.

Some limitations of our study should be noted. Due to the 
moderate sample size, we detected only a small number of 
rare variants in these genes. Therefore, the value of individ-
ual single-nucleotide polymorphisms (SNPs) in predicting 
risks is limited and combination with multiple low-pene-
trance SNPs may increase the predictive power. Although we 
performed gene-based analysis in candidate variants, some 
genes present in a limited number of carriers do not meet the 
requirements for statistical analysis and studies with larger 
samples are needed to clarify our findings.

5 |  CONCLUSIONS

In our study, 18 rare non-synonymous coding variants were 
validated in 18.8% (36/191) of index patients. Among them, 
most of the variants were found in LRRK2, indicating the 
strong impact of LRRK2 on sporadic PD risk in the Chinese 
population. Unclear rare variants in DNAJC13, GIGYF2, 
and HTRA2 may also confer susceptibility to PD risk since 
none of the controls were affected. In summary, our findings 
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validate the etiological relationship between rare variants of 
AD-PD genes and sporadic PD cases in an eastern Chinese 
population. These results must be interpreted with caution 
considering our moderate sample size and insufficient power, 
and further studies in larger samples are required to clarify 
this relationship.
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