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Abstract
An increased prevalence of familial neurodegenerative parkinsonism or cognitive deterioration was recently found in a small region of
southeastern Moravia.
The aim of the study was to assess the genetic background of this familial disease.
Variants in the ADH1C, EIF4G1, FBXO7, GBA + GBAP1, GIGYF2, HTRA2, LRRK2,MAPT, PRKN, DJ-1, PINK1, PLA2G6, SNCA,

UCHL1, VPS35 genes were examined in 12 clinically positive probands of the pedigree in which familial atypical neurodegenerative
parkinsonism was identified in previous epidemiological studies. Libraries were sequenced by massive parallel sequencing (MPS) on
the Personal Genome Machine (PGM; Ion Torrent). Data were analyzed using Torrent Suite and IonReporter software. All variants
were then verified and confirmed by Sanger sequencing.
We identified 31 rare heterozygous variants: 11 missense variants, 3 synonymous variants, 8 variants in the UTR region, and 9

intronic variants. Six variants (rs1801334, rs33995883, rs35507033, rs781737269, rs779760087, and rs63750072) were evaluated
as pathogenic by at least one in-silico predictor.
No single “founder” pathogenic variant associated with parkinsonism has been found in any of the probands from researched

pedigree. It may rather be assumed that the familial occurrence of this disease is caused by the combined influence of several “small-
effect” genetic variants that accumulate in the population with long-lasting inbreeding behavior.

Abbreviations: ADH1C = alcohol-dehydrogenase 1C gene, also known as PARK 2, also known as PARK7, ATP13A3 = ATPase
13A3gene, DJ-1 = gene which encodes a protein of the peptidase C56 family, EIF4G1 = eukaryotic translation initiation factor 4
gamma 1 gene, FBXO7 = F-box only protein 7 gene, GBA = glucosylceramidase beta gene, GBAP1 = glucosylceramidase beta
pseudogene 1, GIGYF2 = GRB 10 interacting GYF protein 2, HTRA2 = HtrA serine peptidase 2 gene, LRRK2 = leucine rich- repeat
kinase 2 gene, MAPT = microtubule associated protein tau gene, PARK1-PARK18 = Parkinson’s disease protein 1-18, PD =
Parkinson’s disease, PDD = Parkinson disease dementia, PINK1= PTEN induced putative kinase 1 gene, PLA2G6 = phospholipase
A2 group VI gene, pPD = prodromal Parkinson disease, PRKN = gene for making a protein called parkin, PSP-P = progressive
supranuclear palsy-parkinsonism, RSBD = REM sleep behavior disorder, SNCA= synuclein alpha gene, UCHL1= ubiquitin C-
terminal hydrolase L1 gene, VPS35 = vacuolar protein sorting 35 gene.
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Figure 1. Map of Czech Republic with its district borders. The dark gray area in the lower right is the researched region with its 10 villages. The village where the
researched pedigree originated (Javorník) is highlighted. DE: Germany, PL: Poland, AT: Austria, SK: Slovakia, HO: Hodonin county.
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1. Introduction

The results of epidemiological studies indicate that the prevalence
of Parkinson disease (PD) and neurodegenerative parkinsonism
in the general population is around 1.6% in Europe and
approximately 1.5% in Asia and the Americas.[1–8] In the
population over 65 years of age, the prevalence of these diseases
ranges from 1.1% to 2.2%[1–11] and even higher prevalences
have been repeatedly found in small, isolated populations.[3,4,6,9]

We recently described such a phenomenon in 10 villages of a
remote, small, rural, and isolated Moravian region of Czech
Republic called “Hornacko” [Upper Lands]. The last census,
conducted in 2011, determined the presence of 8664 inhabitants,
2927 ofwhichwere over 50 years of age. “Hornacko” people have
2

their own specific customs and traditions, which are reflected in the
folk art, crafts, architecture, costumes, songs, and dances; also, the
local dialect is very different from that of the surrounding areas
(Fig. 1). This area is traditionally isolated from the neighboring
Moravian regions and the people only rarely migrate permanently
out of here.[12,13] In 2011 to 2015, we conducted an epidemiologi-
cal study in this region which has found a significantly increased
prevalence of neurodegenerative parkinsonism. The overall
prevalence in the population over 50 years of age was 2.8%
(95% confidence interval (CI), 2.2–3.4); the prevalence in the
population between 50 and 64 years of age was 1.9% (95% CI,
1.2–2.5) and it was 4.06% (95% CI, 2.9–5.1) in the population
over 65 years of age.[14,15] Three large pedigrees with a familial
occurrence of parkinsonismwere found inwhich clinical geneticists



[16]

Figure 2. Large pedigree with familial parkinsonism and variants that have been identified in 12 symptomatic probands. The numbers of probands (1; 2; 3; etc.) in
pedigree correspond with the numbers of probands in Table 1. The names of genes and their mutations which have been identified in individual probands are in the
figure assigned to their numbers.
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identified an autosomal-dominant inheritance pattern. Two of
these pedigrees eventually compiled one large family tree spanning
several generations from 1840 to the present.[17] In this large
pedigree, 12 probandswith apparent clinical signs of parkinsonism
were identified (Fig. 2). These probands were referred to a tertiary
movement disorders center for detailed clinical and laboratory
examinations including DNA sampling in order to obtain
information about the clinical, biological, and genetic character-
istics of this endemic and familial disorder.
The village from which these families originate (Javorník nad

Velic ̌kou, PCN CZ-69674, elevation 412m, population 720) is
very specific even in this region: the population belongs almost
entirely to the Lutheran denomination, unlike all neighboring
villages, which are entirely Roman-Catholic. Marriages between
the inhabitants of Javorník and residents of other villages were
and still are quite exceptional, so the local population is
practically isolated from a genetic point of view.[18]
2. Methods

The study was approved by the ethics committee of Palack�y
University Medical School, and all patients and probands gave
their informed consent.
3

All 12 probands who were evaluated as positive for
parkinsonian symptomswere examined by amovement disorders
specialist. The United Kingdom Parkinson’s Disease society Brain
Bank clinical diagnostic criteria clinical diagnostic criteria were
used for the diagnosis of parkinsonism; this was diagnosed when
at least 2 of 4 Class I symptoms (resting tremor, rigidity,
bradykinesia, and impaired postural reflexes) were present in a
subject not receiving antiparkinsonian medication. Cognitive
functions were assessed using theMiniMental State Examination
(MMSE) tool; cognitive deterioration was diagnosed when the
MMSE score was �24. All positive probands were then
examined in detail to exclude secondary forms of parkinsonism.
The examination protocol included detailed neurological,
psychological, and psychiatric examinations, examination of
cerebrospinal fluid, magnetic resonance imaging of the brain;
neurophysiological examinations were also performed (electro-
encephalographic recordings, electromyography, and assess-
ments of visual, auditory, somatosensory, and motor evoked
potentials).[16,17] The clinical details of all probands are presented
in Table 1.
DNA was isolated from peripheral blood by a DNA silica-gel

membrane based isolation kit (QIAampDNAMini Kit - Qiagene;
Strasse 1, 40724 Hilden, Germany). Each DNA sample was
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Table 1

Clinical details of probands with clinical signs of parkinsonism.

Nr. Gr. Age A/O Phenotype Symptoms

1 M 79 66 PSP-P Bradykinesia, rigidity, postural instability, apraxia of lid opening, vertical gaze palsy, progressive speech apraxia,
cognitive disorder (dementia)

2 F 79 71 PDD Bradykinesia, rigidity, postural instability, rest tremor
3 F 83 68 PD Bradykinesia, hypomimia, postural instability
4 M 77 62 PD Bradykinesia, rigidity, rest tremor bilaterally, freezing of gait and fluctuations
5 F 80 60 PD Increased postural reflexes, rest tremor of both hands
6 F 74 57 PSP-P Bradykinesia, rigidity, rest tremor of both hands, postural instability, vertical gaze palsy, later dementia
7 F 56 52 PD Bilateral rigidity, impared postural reflexes, rest tremor of both hands
8 F 51 46 pPD Slight bradykinesia, impared postural reflexes
9 M 56 54 PD Rest tremor of both hands, impared postural reflexes, hypomimia
10 F 55 50 pPD Rest tremor of right hand, hypomimia, impared postural reflexes
11 F 54 45 pPD Slight bradykinesia, impared postural reflexes
12 F 54 48 pPD Anosmia, RSBD

A/O= age at disease onset, Gr=gender, Nr=patient number, PD=Parkinson disease, PDD=Parkinson disease dementia, pPD=prodromal Parkinson disease, PSP-P=progressive supranuclear palsy—
parkinsonism, RSBD=REM sleep behavior disorder.
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diluted to a final concentration of 10ng/mL. The amplicon library
was in silico designed by Ion AmpliSeq Designer (Thermo Fisher
Scientific) for ADH1C, EIF4G1, FBXO7, GBA + GBAP1,
GIGYF2, HTRA2, LRRK2, MAPT, PRKN, DJ-1, PINK1,
PLA2G6, SNCA, UCHL1, and VPS35 genes. In total, 617
amplicons covered 92.59% of Coding Sequence (Coding Region
of a Gene) including 100bp in the introns and Untranslated
Regions of mRNA of the regions. Libraries were prepared using
Ion AmpliSeq Library Kit 2.0 (Ion Torrent; Termo Fisher
Scientific, Waltham, Massachusetts, USA), emulsion PCR was
done on the Ion OneTouch 2 Instrument (Ion Torrent) with Ion
PGM Template OT2 200 Kit. Samples were barcoded to enable
loading 8 samples on one Ion 316 Chip. The amplicons were
sequenced by massive parallel sequencing (MPS) on the Personal
Genome Machine (PGM; Ion Torrent) using Ion PGM
Sequencing Kit (Ion Torrent) and Ion 316 Chip Kit v2. For
the coverage control were the amplicons checked in Torrent Suite
(Termo Fisher Scientific, Waltham, Massachusetts, USA) using
plugin Coverage Analysis. Data analysis and variant searching
(Mapping, Variant calling, Annotation) was done by Torrent
Suite and IonReporter software (Termo Fisher Scientific,
Waltham, Massachusetts, USA). Data from PGM were collected
and converted to Fastq and BAM formats using Ion Torrent Suite
software. The Bam/Bai files were reloaded to IonReporter and
variant calling workflow was in the first level relaxed to minimal
amplicon coverage of 4 and a minimal ratio of alternative/
common variant of 0.1. Variants were then filtered using the
parameter of minor allele frequency (MAF) <0.01. All variants
were then verified and confirmed by Sanger sequencing. SIFT and
PolyPhen-2 prediction software were used for missense variant
evaluation. The PhyloP algorithm was used to assess the
phylogenetical conservation.
3. Results

The variants identified in our 12 probands are shown in Table 2;
31 rare heterozygous variants were identified.
One variant was detected in the UTR-3 region in the SNCA

(PARK1, PARK4) gene—c.∗77G>T (5,8,9). In the PRKN
(PARK2) gene, we found 2 variants, 1 in the UTR-3 region—
c.∗94T>C (6)—and 1 in exon—c.1180C>T (2,10). In the
PINK1 (PARK6) gene was found 1 variant in the coding
sequence—c.344A>T (8,10). In DJ-1 (PARK7) were found 2
4

variants in the noncoding region—c. 37C>T (10) and c.410–
57C>T (10). Three intronic—c.4317+12delT (3,4), c.437–
68T>C (5), and c.437–44T>G (8,9)—and 4 exonic variants—
c.2167A>G (2,8), c.6241A>G (3,4), c.4541G>A (6,12), and
c.1898C>T (6,12) in the LRRK2 (PARK8) gene were detected.
In the GIGYF2 (PARK11) gene were found 3 variants in the
noncoding sequence—c.∗2030G>A (1), c.∗1593G>A (4,7), and
c.380–66A>G (10) (this one has not been described before) and
one in the coding sequence—c.3662C>T (4). In the PLA2G6
(PARK14) gene, one exonic variant—c.1027C>T (2,10) was
found. In FBXO7(PARK15), 2 variants—c.540A>G (1) and
c.1144+9C>T (7) were detected. In VPS35(PARK17), 3 variants
in the noncoding sequence—c.∗283G>T (2,5), c.102+33C>T
(1,2,10), and c.506+71T>C (2,4,5,9) were detected. Among 4
variants, 2 in the noncoding sequence—c.109G>A (2,3,9,11),
c.1541–22T>C (4,7)—and 2 in the coding sequence—
c.3706C>G (2,3,9,11), c.4272C>T (8,9)—were detected in
the EIF4G1 (PARK18) gene. In the ADH1C gene was identified
one variant located in the coding sequence—c.143C>T in 2
patients (6,12). Three variants, 1 in the noncoding sequence—
c.∗464G>A (6)—and 2 in the coding sequence—c.1815G>A
(2,10) and c.689A>G (2)—were detected in the MAPT gene.
Segregated variants were seen only in particular subpedigrees and
are signed as ∗ in the Table 2. The most “interesting” variants
(PhyloP score ≥2 and at least 1 prediction tool evaluating it as
pathogenic) are further emphasized in the Discussion section.
4. Discussion

Some past studies have suggested that people living in rural areas
could be more exposed to putative environmental, mainly
agricultural, influences and would be more likely to develop
parkinsonism than those living in urban areas.[19] However,
the area surveyed in our study is surrounded by a much larger
rural area, in which the agricultural and environmental
conditions are quite similar; to date, no signs of higher
parkinsonism incidence in this (or any other) part of Central
Europe have been reported. A genetic origin of familial
parkinsonism thus seems to be the more probable explanation
of presence in this population.
Themolecular-genetic DNA analysis performed in 12 clinically

positive probands in our pedigree has found several new variants
in the loci associated with familial parkinsonism in the past:



Table 2

Genetic variants identified in probands with clinical signs of parkinsonism.

Gene Chr. Position rsID AA change SIFT/Poly Gtype MAF PhyloP Proband Nr.

SNCA (PARK1,PARK4) 4 NM_001146055.1:c.∗77G>T∗ rs145304567 — — G/T T=0.0030 3.6 5,8,9
PRKN (PARK2) 6 NM_004562.2:c.1180C>T∗ rs1801334 NP_004553.2:p.Asp394Asn 0.023/0.556 C/T T=0.0134 3.9 2,10

6 NM_004562.2:c.∗94T>C rs62637702 — — T/C C=0.0313 0.05 6
PINK1 (PARK6) 1 NM_032409.2:c.344A>T rs148871409 NP_115785.1:p.Gln115Leu 0.322/0.115 A/T T=0.0148 1.3 8,10
DJ-1 (PARK 7) 1 NM_007262.4:c.∗37C>T rs199752316 — — C/T T=0.0002 0.4 10

1 NM_007262.4:c.410–57C>T rs768071553 — — C/T T=0.00003 (ExAC) –1.4 10
LRRK2 (PARK8) 12 NM_198578.3:c.4317+12delT rs200829235 — — T/- delT=0.0300 1.5 3,4

12 NM_198578.3:c.437–68T>C rs186325830 — — T/C C=0.0002 1.5 5
12 NM_198578.3:c.437–44T>G rs2723270 — — T/G G=0.0128 1.1 8,9
12 NM_198578.3:c.6241A>G rs33995883 NP_940980.3:p.Asn2081Asp 0.081/0.983 A/G G=0.0098 7.2 3,4
12 NM_198578.3:c.4541G>A∗ rs35507033 NP_940980.3: p.Arg1514Gln 0.361/0.702 G/A A=0.0016 5.7 6,12
12 NM_198578.3:c.1898C>T∗ rs781737269 NP_940980.3: p.Ser633Phe 0.002/0.971 C/T T=0.000008 (ExAC) 4.2 6,12
12 NM_198578.3:c.2167A>G rs10878307 NP_940980.3:p.Ile723Val 0.805/0.001 A/G G= 0.0403 0.6 2,8

GIGYF2 (PARK11) 2 NM_001103146.1:c.3662C>T rs779760087 NP_001096616.1:p.Pro1221Le 0.011/0.044 C/T T=0.00002 (ExAC) -0.5 4
2 NM_001103146.1:c.∗1593G>A∗ rs10177 — — G/A A=0.0048 3.4 4,7
2 NM_001103146.1:c.∗2030G>A rs115669549 — — G/A A=0.0082 –0.2 1
2 NM_001103146.1:c.380–66A>G — — — A/G — 0.6 10

PLA2G6 (PARK14) 22 NM_003560.2:c.1027C>T∗ rs11570680 NP_003551.2:p.Ala343Thr 0.297/0.032 C/T T=0.0056 1.1 2,10
FBXO7 (PARK15) 22 NM_012179.3:c.540A>G rs41311141 NP_036311.3:p.Pro180= — A/G G=0.0130 –2.2 1

22 NM_012179.3:c.1144+9C>T rs199954341 — — C/T T=0.0002 0.04 7
VPS35 (PARK17) 16 NM_018206.4:c.102+33C>T∗ rs192115886 — — C/T T=0.0002 (ExAC) –2.4 1,2,10

16 NM_018206.4:c.506+71T>C∗ rs112594824 — — T/C C=0.0032 –0.2 2,4,5,9
16 NM_018206.4:c.∗283G>T rs199765664 — — G/T No frequency data –0.9 2,5

EIF4G1 (PARK18) 3 NM_001194947.1:c.-109G>A∗ rs537660738 — — G/A A=0.0012 3.7 2,3,9,11
3 NM_001194947.1:c.3706C>G∗ rs35629949 NP_001181876.1:p.Pro1236Ala 0.149/0.036 C/G G=0.0014 0.4 2,3,9,11
3 NM_001194947.1:c.1541–22T>C∗ rs80195889 — — T/C C=0.0122 –0.1 4,7
3 NM_001194947.1:c.4272C>T rs76779558 NP_001181876.1:p.Val1424= — C/T T=0.0142 –0.1 8,9

ADH1C 4 NM_000669.4:c.143C>T∗ rs35385902 NP_000660.1: p.Arg48His -/0.007 C/T T= 0.002 1.8 6,12
MAPT 17 NM_001123066.3:c.1815G>A∗ rs11568305 NP_001116538.2:p.Pro605= — G/A A=0.0329 –3.6 2,10

17 NM_001123066.3:c.689A>G rs63750072 NP_001116538.2:p.Gln230Arg 0.003/0.992 A/G G=0.0278 2.2 2
17 NM_001123066.3:c.∗464G>A rs17574005 — — G/A A=0.0186 0.1 6

(Polymorphism Phenotyping v2); Gtype—genotype; MAF—minor allele frequency (if only frequency—based on 1000 Genom Project database); PhyloP—bioinformatic tool for evaluating of phylogenetic
conservation; ExAC—allele frequency based on Exome Aggregation Consortium database; Proband Nr.—identification number of proband in the pedigree (Fig. 2) and Table 2; ∗—segregated variants in
subpedigrees.
AA change= amino acid change, Chr= chromosome, Poly=bioinformatic tool for prediction of nonsynonymous variants, rsID=dbSNP reference sequence number, SIFT=bioinformatic tool for prediction of
nonsynonymous variants (sorts intolerant from tolerant).
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4.1. NM_004562.2: c.1180 C>T PRKN (PARK2)

The missense substitution was evaluated as pathogenic using
prediction programs (in SIFT pathogenic; in PolyPhen-2
probably pathogenic). It leads to an exchange of acidic for
uncharged polar amino acid. Rare occurrence and also a higher
degree of evolutionary conservation of the site has been reported.
Moura et al[20] identified the variant in 9 (6.8%) of his patients; it
was evaluated as a nonpathogenic polymorphism. Lücking
et al[21] reported a statistically significant difference between
patients and controls: the variant was found in 10/194 patients
and in 12/125 controls. In another recent study, this variant was
found in similar proportions in both patients and controls.[22]
4.2. NM_198578.3: c.6241A>G LRRK2(PARK8)

The substitution is located in an evolutionarily conserved region,
which could, according to Polyphen-2, have a pathogenic
character. However, SIFT evaluated this variant as benign. Its
benign role is supported by the recent finding of Benitez et al,[23]

who found this variant in 17 of 478 PD patients and 15 of 337
controls. In another study, Foo et al[24] found the variant in none
of the patients and in 1 control (0.25%).
4.3. NM_198578.3: c.4541G>A LRRK2 (PARK8)

This missense variant in the coding region leads to the exchange of
alkaline amino acid for polar uncharged in the phylogenetically
5

conserved region. According to SIFT, it was evaluated as benign;
according to PolyPhen-2, it was evaluated as probably pathogenic.
Because of its rare occurrence in the human population and the
high phylogenetic conservation of the region, it presumably
influences the protein function.On the other hand,Nichols et al[25]

described this variant as probably nonpathogenic. Toft et al[26]

found the variant in 1 large kindred but they did not confirm its full
segregation with parkinsonism. An analysis of the case-control
series did not confirm an increased risk of parkinsonism with this
variant, and no association with PD has been reported.
4.4. NM_198578.3: c.1898C>T LRRK2 (PARK8)

This is a missense variant in a coding conserved region, and it
leads to the exchange of uncharged polar for nonpolar amino
acid. It was evaluated as pathogenic (SIFT and PolyPhen-2). A
pathogenic character can thus be expected, but no association
with PD has been reported so far.
4.5. NM_001123066.3: c.689A>G MAPT (TAU)

This is a missense variant which leads to the substitution of
uncharged polar amino acid for alkaline. The site is evolution-
arily conserved. The variant was predicted as pathogenic. Jin
et al[27] studied variants of MAPT associated with Alzheimer
disease in the Spanish population. The variant was identified in
18 patients (10% probands) and 8 controls (5.8%). An
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association between the variant and the level of tau protein was
described in the cerebrospinal fluid.[28] The variant has not yet
been functionally analyzed.
The detailed study of the presence of mutual variants in the

researched pedigree indicates that the genetic background of this
endemic neurodegenerative disease has a clearly heterogenous
character: 31 different variants were found in 12 genes. When we
tracked the variants within the pedigree, we found a dominant
trait in only 3 branches of the family and only for some variants.
In patients 3 and 11, we found similar variants of the EIF4G1
gene. In contrast, LRRK2 variants were present in the maternal
proband only. In patients 6 and 12, we found similar variants of
ADH1C, LRRK2, and PRKN; MAPT variants were present in
the maternal proband only. In patients 2 and 10, similar variants
of PRKN, PLA2G6, VPS35, andMAPTwere found. Variants of
EIF4G1 and LRRK2were present in the maternal proband only,
while the variants of PINK1,DJ-1, andGIGYF2were found only
in her daughter. In other pedigree branches, we did not find any
similarity in the variant presence in consanguineous relatives.
Though many other genes could potentially be associated with
PD; we focused on the most common candidate ones.
5. Conclusion

Our study has provided an evidence that the recently described
endemic neurodegenerative parkinsonism, which can manifest in
different phenotypes (see Table 1), has also different genetic
backgroundandapparently heterogenous traits. In thismolecular–
genetic study of the core pedigree, we have not found one
“founder” pathogenic variant associated with parkinsonism in all
or the most PD patients of this pedigree. Therefore, it could rather
be assumed that the familial occurrence of this disease is caused by
the combined influence of several “small-effect” genetic variants
that accumulate in the population with long-lasting inbreeding
behavior. Whether there is any link to the VPS35 positive familial
parkinsonism, which has been discovered in the relatively near
region of Upper Austria by Zimprich et al[29] and Struhal et al[30]

remains open for further research. For the planned functional
analyses,we have so far collected only onebrain specimen from the
research pedigreee.[31] Therefore, our future study will also utilize
proper cell lines with combinations of targeted mutagenesis to
assess the effects of particular rare variants.
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