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Abstract: Parkinson’s disease may be caused by a single highly deleterious and penetrant pathogenic variant in 
5-10% of cases (monogenic). Research into these mutational disorders yields important pathophysiological insights. 
This article examines the phenotype, genotype, pathophysiology, and geographic and ethnic distribution of genetic 
forms of disease. Well established Parkinson’s disease (PD) causal variants can follow an autosomal dominant 
(SNCA, LRRK2, and VPS35) and autosomal recessive pattern of inheritance (PRKN, PINK1, and DJ). Parkinson’s 
disease is a worldwide condition, yet the AfrAbia population is understudied in this regard. No prevalence or inci-
dence investigations have been conducted yet. Few studies on genetic risk factors for PD in AfrAbia communities 
have been reported which supported the notion that the prevalence and incidence rates of PD in AfrAbia are gener-
ally lower than those reported for European and North American populations. There have been only a handful of 
documented genetic studies of PD in AfrAbia and very limited cohort and case-control research studies on PD have 
been documented. In this article, we provide a summary of prior conducted research on monogenic PD in Africa and 
highlight data gaps and promising new research directions. We emphasize that monogenic Parkinson’s disease is 
influenced by distinctions in ethnicity and geography, thereby reinforcing the need for global initiatives to aggregate 
large numbers of patients and identify novel candidate genes. The current article increases our knowledge of the 
genetics of Parkinson’s disease (PD) and helps to further our knowledge on the genetic factors that contribute to 
PD, such as the lower penetrance and varying clinical expressivity of known genetic variants, particularly in AfrAbian 
PD patients.
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Introduction

Parkinson’s disease (PD) affects one percent  
of the global population. It disproportionately 
affects the elderly and has severe conse- 
quences for their quality of life [1, 2]. It is 
believed that neuron mortality in vulnerable 
brain regions (particularly but not exclusively 
the substantia nigra) and the development of 
Lewy bodies in the few surviving neurons result 
from a complex interaction between genetic 
and environmental factors [3]. Resting tremor, 
bradykinesia, mood problems, olfactory dys-
function, and cognitive impairment are only 
some of the motor and non-motor symptoms of 
PD, a complex, diverse neurodegenerative con-
dition. About 6.1 million individuals worldwide 
were living with PD in 2016 [4], and this num- 
ber is anticipated to climb to 17.5 million by 

2040 [5] due to an aging global population and 
greater lifespan. Dopamine replacement thera-
py (DRT) with levodopa or other dopamine ago-
nists (DA) is the standard treatment for people 
with Parkinson’s disease [6].

The overwhelming majority of PD cases have  
no identifiable cause. About 5-10% of all pa- 
tients suffer from a monogenic form of PD [6, 
7]. Almost 100 genetic risk loci have been 
associated with PD but most of our knowledge 
is based on EUR population-based studies [6]. 
High genetic heterogeneity underlies PD, in  
part due to the multiple rare mutations ob- 
served only in a single family or small groups 
[6]. Despite extensive and ongoing research, 
the pathogenic pathways underlying Parkin- 
son’s disease needs more explanation and bet-
ter understanding [7, 8]. Due to the high genetic 
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heterogeneity of the disease and the difficulty 
in interpreting variants of uncertain significan- 
ce, Next Generation Sequencing (NGS) tech-
nologies are widely used in diagnostics, but 
their application to Parkinson’s disease (PD) is 
still limited to a small number of patients with a 
clear family history and a small number of caus-
ative mutations.

There are presently no disease-modifying ther-
apeutics for PD, even though it is a widespread 
neurodegenerative condition for which we have 
only a limited grasp of the molecular and cellu-
lar disease foundation. Most cases of Parkin- 
son’s disease have a complicated genetic  
background. Strong evidence for the function 
of cholinergic pathway in causing Parkinson’s 
disease is shown for the first time by muta- 
tions in RIC3, a chaperone of neuronal nicotinic 
acetylcholine receptor subunit-7 (CHRNA7). In- 
tellectual incapacity, stiffness, seizures, myoc-
lonus, dystonia, and a poor response to levodo-
pa are only some of the (atypical) symptoms  
of early-onset X-linked parkinsonism [9]. 
CHCHD2, LRP10, TMEM230, UQCRC1, and 
VPS13C are only a few of the newly discovered 
genes for which replication studies are neces-
sary to confirm such associations. Some gen- 
es (including SNCA and LRRK2) have been 
related to both Mendelian types of PD and 
enhanced vulnerability. Mutations in genes like 
glucocerebrosidase (GBA1) are intermediate 
between a single gene’s involvement and a pre-
disposition for the disease [10].

Recent hot topics include the investigation  
of regional and ethnic differences for PD gene 
mutations, the impact of heterozygous variants 
in recessive PD genes, the outcomes in indi-
viduals who co-inherit mutations in both GBA1 
and LRRK2, and the impact of the underlying 
genetic form on outcomes from deep brain 
stimulation. The purpose of this review is to 
increase our knowledge of the significance of 
genetics in PD and to disseminate that infor- 
mation worldwide so that it may be used. In 
addition to enhancing our current understand-
ing of known genetic causes, such as reduced 
penetrance and variable clinical expressivity of 
known genetic variants in AfrAbia PD patients. 
It also, establishes an efficient infrastructure  
to speed up the discovery of novel monogenic 
causes of parkinsonism. 

Genetic diversity in AfrAbia

Over the last two decades, more than 20 gen- 
es responsible for hereditary PD have been 
identified. At least five genes, including SNCA 
(PARK1/4), LRRK2 (PARK8), VPS35 (PARK17), 
DNAJC13, and CHCHD2 [11, 12], have been 
implicated in autosomal dominant types of PD. 
LRRK2 is one of the main risk factors for PD in 
the EUR population. About 1.8% of healthy peo-
ple, 3.6% of people with sporadic PD, and 10% 
of those with autosomal dominant familial PD 
are carriers [13]. So far, scientists have uncov-
ered over 80 variations of the LRRK2 gene [14]. 
Seven of these variations have been identified 
as harmful, with the G2019S mutation being 
the most frequent. This mutation is responsible 
for 5-6% of familial and 1-2% of sporadic PD 
cases [13, 15]. It’s interesting to see how the 
prevalence of this mutation varies greatly by 
location and race. However, the Ashkenazi 
Jewish and North African communities had the 
greatest documented prevalence, with up to 
20% and 40% of PD patients, respectively [16].

AfrAbia has a higher incidence of autosomal 
recessive neurodegenerative diseases due to 
high consanguinity rates. All these factors pres-
ent opportunities for the neuroscience commu-
nity in Africa to make advances in fundamental 
research and develop personalized treatments 
to improve brain health and well-being on the 
continent. While the high prevalence of men- 
tal, neurological, and substance-use disorders 
poses distinct challenges to the African neuro-
science community [17, 18], it also presents 
enormous opportunities. Low physician-to-pa- 
tient ratios, for instance, expose the average 
clinician to many patients, thereby increasing 
the potential for field-specific competence 
development. This increased clinical exposure 
generates locally pertinent study topics and 
enhances the viability of clinical studies, which 
benefits not only the African community but 
also the Global North. In Africa, it takes less 
time to recruit participants for clinical investi- 
gations on traumatic brain injury, for example, 
than in Europe. In conclusion, there are ample 
opportunities for clinically oriented neurosci-
ence research to improve healthcare in Africa. 
Specific goals include enhancing developmen-
tal potential and mental health, as well as re- 
ducing mortality and neurological impairment. 
AfrAbia is composed of both Arab League and 
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African Union members. Historical and geo-
graphical influences connect the two contigu-
ous territories of Africa and the Arab world on a 
cross-cultural level for more information, see 
[19].

For several reasons [20], people of European 
ancestry are overrepresented in genetic re- 
search, especially those pertaining to PD. The 
potential for novel gene discoveries, medicine 
development, and advances in treatment for 
multi-ethnic AfrAbian people may be jeop-
ardised due to inadequate representation of 
AfrAbian groups in such research. PD preva-
lence rates have been observed to be higher in 
men across a variety of populations [4, 21]. 
Demographic differences in both monogenic 
and complex PD have been uncovered via ge- 
netic research. Different domains of function 
are associated with the two forms of the LRR- 
K2 protein [22]. Although the pathogenicity of 
PD may not be linked to kinase activity, people 
of East Asian descent (6-11% carrier preva-
lence) may benefit more from a PD medication 
that targets LRRK2 than people of other eth-
nicities [23]. The need to learn about the eff- 
ects of genetic differences across local popula-
tions [22, 24, 25] is a direct result of the dis-
crepancy in occurrence across communities. 
Similar issues are also brought on by the GBA1 
gene. The carrier frequencies of GBA1 gene 
mutations vary considerably (3-31%) across 
ethnic groups [26], even when mutations are 
unique to one. 

Rizig et al. [27] established GBA1 as a unique 
genetic risk factor for PD in people of African 
heritage and those with some African ancestry. 
Both the mechanism and the associated risk 
are different in this startling finding compared 
to earlier study in Northern European groups. 
This finding underscores the need for the  
fair and equitable inclusion of people from dif-
ferent ancestries in clinical trials of treatments 
for complex diseases like PD and comes at a 
time when the field is shifting toward precision 
medicine. Given the unique genetics of these 
understudied groups, including them is an 
important step toward uncovering the underly-
ing genetic causes of Parkinson’s disease. This 
paves the way for future treatment options, 
including those based on RNA, with the goal of 
lowering lifetime risk. 

Disparities across populations may contribute 
to sporadic PD. Some findings from research 

conducted on people of European ancestry 
were confirmed in one of the biggest East  
Asian GWAS on P, conducted by Foo et al. [28]. 
To highlight this, the authors identified two loci 
that had not been published in prior GWAS of 
people of European ancestry [28]. Although it is 
too early to draw conclusions about the func-
tional importance of these results, they do 
underscore the need for more trials to shed 
light on the enigma of PD pathogenicity. Atypi- 
cal PD and other neurological diseases are 
affected by the same variables. In this review, 
we provide a concise summary of the mono- 
genic origin of PD with a focus on AfrAbia 
population.

Monogenic origin of PD in AfrAbia (Tables 1 
and 2)

Numerous investigations have pointed up the 
lack of genetic research on African people [29-
31]. Table 1 provides a summary of all the stud-
ies that have been done and their results. 
Because of genetic founder effects, most of the 
research on the African continent has focused 
on patients from North African Arabic nations, 
where the prevalence of the LRRK2 G2019S 
mutation was reported to be as high as 41%  
of patients [32]. Despite several investigations, 
the mutation discovery rate in South African 
research is poor [29, 33-44]. Nigeria (30-32 
studies), Tanzania (12 studies), Zambia (56 
studies), and Ghana (57 studies) are the only 
other nations in Africa where genetic research 
has been documented. AfrAbian people have 
the oldest genomes and the highest genetic 
variety in the globe, making them a prime 
source for uncovering previously unknown as- 
pects of the pathophysiology of PD [47].

Research into LRRK2 and, more specifically, 
the G2019S mutation, has shown some intrigu-
ing results (Table 1). Black Africans have not 
been shown to have this mutation [38, 45, 46], 
despite its prevalence in North African Arabic 
communities. Eight of the 647 individuals test-
ed in recent research in South Africa were dis-
covered to be G2019S-carriers; all except one 
(whose grandpa was German) were of Ashke- 
nazi Jewish descent [47]. G2019S-carriers in a 
study of African Arabic patients in Tunisia had 
the same PD symptoms as non-carriers but at  
a younger age at start (AAO), exhibited a more 
benign phenotype, and displayed less cognitive 
impairment [47]. The eight G2019S carriers in 
the South African cohort had a mean age at 
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Table 1. Published mutation screening studies in AfrAbian patients with Parkinson’s disease [100]

Country Patients and controls Genes screened and method 
used Main findings Phenotype of mutation carriers Reference

Algeria 1 multiplex family PRKN (all 12 exons)
PCR and gel electrophoresis

PRKN homozygous deletion of exons 
8 and 9 found in 3 affected siblings

Young AAO (<45 years), good response to levodopa Lücking et al., 
1998

106 patients LRRK2 G2019S (exon 41)
Sanger sequencing

G2019S found in 34 patients (32%) G2019S carriers had a similar age at onset to that of non-carriers. 
Behavioural abnormalities, mostly depression and hallucinations, 
and sleep disorders were more frequent in G2019S carriers

Belarbi et al., 
2010

236 probands LRRK2 G2019S (exon 41)
Sanger sequencing

G2019S found in 84 patients (36%); 
(77 heterozygotes and 7 homozy-
gotes)

Mean age at onset in probands was 48.9 ± 12.1 Troiano et al., 
2010

Egypt 5 patients;
50 controls

GIGYF2 Asn56Ser and Asn457Thr;
TaqMan assay

Asn457Thr found in one patient, 
heterozygous;
Not present in controls

AAO 46 years presented with marked rigidity and bradykinesia and 
slight resting tremor, good response to levodopa

Zimprich et 
al., 2009

113 patients (sporadic PD)
87 controls

LRRK2 G2019S
PCR-RFLP/TaqMan assay

G2019S found in 11 patients (9.7%); 
all heterozygous;
Not present in controls

Mean AAO was 55.3 ± 5.4 years, similar to non-carriers.
G2019S was associated with a higher degree of motor effect but 
does not seem to affect mentation or behavioural aspects of the 
disease

Hashad et al., 
2011

Morocco 1 proband;
96 controls

Genome-wide copy number variation
(chromosomal microarray analysis);
LRRK2 (exon 41);
Sanger sequencing
PINK1 (all 8 exons)
Sanger sequencing 

PINK1 homozygous L539F mutation 
found in one affected patient;
Not present in controls

AAO 54 years; patient presented with right akinetic-rigid syndrome 
with slight tremor in the hand. He also had neck pain and rapid eye 
movement behaviour disorder. Rapid progression and early cognitive 
impairment 

Ben El Haj et 
al., 2016

1 multiplex family WES PINK1 homozygous A217D mutation 
found in two affected siblings

Early-onset disease (AAO 27 and 29 years), relatively mild and slowly 
progressive PD, early lower-limb symptoms and gait disturbance with 
asymmetrical onset

Norman et al., 
2017

Tunisia 1 multiplex family PRKN (all 12 exons)
Sanger sequencing

PRKN homozygous two-base AG de-
letion in exon 2 found in 3 affected 
siblings

AAO 21, 24, 34 years, clinical features included rest tremor, bradyki-
nesia and rigidity, levopoda responsive

Gouider-
Khouja et al., 
2003

91 families LRRK2 G2019S
Modified single base chain extension 
assay

G2019S found in 38 patients (42%); 
23 heterozygous and 15 homozy-
gous

G2019S carriers had an older AAO but had typical clinical features 
of PD

Ishihara et al., 
2007

91 families (200 PD 
patients)

LRRK2 G2019S
Method not specified

G2019S found in 38 patients (42%) Mean age at onset for affected individuals was 64 ± 13 years for 
individuals with G2019S homozygous mutations, and was 68 ± 12 
years for individuals with heterozygous mutations, which was similar 
to individuals without G2019S mutations

Warren et al., 
2008

92 families (76 multiplex 
families comprised of 208 
patients and 16 singleton 
families)

PINK1 (all 8 exons);
Sanger sequencing and exon dosage
LRRK2 (all 51 exons)
Saner sequencing

Four PINK1 mutations found in 
14 families (Q129X, Q129fsX157, 
G440E, and Q456X); all homozygous 

Younger AAO (36 ± 12 years) and longer disease duration, patients 
more likely to develop akinetic-rigid parkinsonism and had a slow 
progression

Ishihara-Paul 
et al., 2008

238 patients (sporadic PD)
371 controls

LRRK2 G2019
Taqman assay

G2019S found in 72 patients (30%); 
60 heterozygous and 12 homozy-
gous;
G2019S found in 7 controls (2%) 

Clinical features and mean AAO (58 ± 10.7) of G2019S carriers were 
indistinguishable from noncarriers, and the distribution of akinetic-
rigid, mixed, and tremor-dominant phenotypes was similar between 
the two groups

Hulihan et al., 
2008

89 families (76 multiplex 
families comprised of 208 
patients and 13 singleton 
families)

ATP13A2
Sanger sequencing (all 29 exons)

No mutations detected Vilariño-Güell 
et al., 2009
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33 probands GBA (all 11 exons); 
Sanger sequencing
GBA N370S screened in 395 pa-
tients and 372 controls by Taqman 
Assay

N370S found in one patient and 3 
controls

No details provided Nishioka et 
al., 2010 Neu-
rosci Lett

231 patients from 90 
families

LRRK2 G2019S (exon 41)
TaqMan assay
PINK1 (all 8 exons)
Sanger sequencing and exon dosage
PRKN (all 12 exons)
Sanger sequencing and exon dosage

LRRK2: 73 G2019S carriers (20 
homozygous)
PINK1: 42 mutation carriers
PRKN: 9 mutation carriers

AAO and mean disease onset in LRRK2 carriers (60 years) were simi-
lar to idiopathic PD but they had a more severe motor phenotype,
PINK1 carriers had younger mean AAO (35 years) and longer disease 
duration

Nishioka et 
al., 2010 J 
Neurol Neuro-
surg

250 patients;
218 controls

LRRK2 G2019S;
KASP assay

G2019S found in 85 patients 
(33.6%); 76 heterozygous and 8 
homozygous;
G2019S found in 3 controls (1.3%); 
all heterozygous

The mean AAO was 64.1 ± 11.5 years; patients had typical PD Landoulsi et 
al., 2017

1 multiplex family 22 candidate genes;
next-generation sequencing gene 
panel

SYNJ1 heterozygous Leu-
1406Phefs*42 and Lys1321Glu 
found in two affected siblings

AAO at 16 and 21 years; one patient had generalized tonic-clonic 
seizures, moderate cognitive impairment, good response to levodopa

Ben Romdhan 
et al., 2018

Table 2. Genotype-phenotype summary for monogenic forms of Parkinson’s disease in AfrAbia

Gene Mode of 
Inheritance Frequency

Ethnic
Population
Distribution

Types of
Mutations

Clinical
Phenotype

Response to PD
Medication

Response to 
DBS

Pathological
Findings

LRRK2 AD 1% of PD but higher 
in North African 
Berber Arab and 
Ashkenazi Jewish 
populations

The p.G2019S
mutation found in Europeans with high 
prevalence in North African Berbers 
and Ashkenazi Jews

7 missense variants 
described

Resembles idiopathic 
PD

Vast majority show 
a good response to 
levodopa [Over et 
al., 2021]

DBS is effec-
tive [Leaver et 
al., 2021]

Most patients with the 
p.G2019S mutation 
show LB pathology, 
whereas this finding is 
rare for other mutations

PINK1 AR Second most com-
mon cause of EOPD, 
1.9% of recessive PD 
[Lesage et al., 2020]

European, Asian, maybe frequent in 
Arab Berber and Polynesian popula-
tions [Lesage et al., 2020; Kasten et 
al., 2018; Patel et al., 2021]

Missense mutations, 
nonsense mutations, 
structural variants

EOPD, typical PD, 
dyskinesias, dystonia, 
and motor fluctuations 
can occur

Vast majority show 
a good outcome 
[Over et al., 2021]

Good or mod-
erate [Over et 
al., 2021]

LB pathology may or 
may not be present in 
the handful of autopsy 
cases reported

DNAJC6 AR Rare Mainly found in Middle Eastern 
populations

5 different homozygous 
mutations, largest fam-
ily carries nonsense
mutation [Wittke et al., 
2021]

Juvenile PD with
complicating features,
EOPD

Poor Good out-
come
[Kurian et al., 
1993]

No reports identified

NRXN2 
(Neurxin-2)

 Rare Afrikaner Family (South Africa)
Sebate et al., (2021)

     

EOPD: early-onset Parkinson’s disease.
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on factors including age, environment, and 
genetics [60]. Different LRRK2 mutations may 
be significant for various racial and geographi-
cal groups. The p.R1441C mutation, for in- 
stance, may be more prevalent in Southern 
Italy and Belgium [53], and it has a founder 
impact in Basque people. While p.G2019S is 
very uncommon, p.G2385R and p.R1628P  
variations are somewhat prevalent (5-10% in 
patients, 2-5% in controls) [61-64]. Despite 
claims that haploinsufficiency is either causal 
or protective of PD [64], recent results demon-
strate that LRRK2 loss-of-function mutations 
are not related with the disease.

All the confirmed LRRK2 mutations are in the 
kinase domain, which might lead to hyperacti-
vation [52, 65]. The illness mechanism may be 
a result of LRRK2’s significant functions in 
microtubule function and Rab proteins as ph- 
osphorylation substrates [66, 67]. LRRK2 is 
engaged in a wide variety of cellular biological 
activities.

PINK1

Tremor, bradykinesia, and stiffness are all hall-
marks of PINK1, the second most prevalent 
cause of autosomal recessive PD [68, 69]. The 
median age of onset is 32. Cognitive impair-
ment and psychosis occur seldom (14% and 
9%, respectively) [68], whereas dyskinesias 
(39%), dystonia (21%), and motor fluctuations 
(34%) are additional phenotypic characteris-
tics. Despite an increased propensity for 
levodopa-induced dyskinesias, the condition 
progresses slowly and responds well to levodo-
pa treatment. Most alterations were missense 
variations (47.6%), followed by structural vari-
ants (19.1%) and nonsense mutations (14.3%) 
[68]. The missense mutation c.1040T>C (p.
Leu347Pro) was the most prevalent kind in this 
study [68]. Homozygosity is estimated to occur 
in 1 in 5000 West Polynesians due to the high 
frequency of this allele (2.8%), indicating it may 
have a significant role in the development of 
EOPD in this population [70].

Mitochondrial homeostasis relies on a process 
called PINK1/parkin-mediated mitophagy, whi- 
ch is disrupted by PRKN and PINK1 mutations 
[71]. Parkin, in summary, is an E3 ubiquitin 
ligase that ubiquinates mitofusin 1 and 2 and 
other outer mitochondrial membrane proteins 

onset (AAO) of 56.6 (SD 10.9) years, had clas-
sic PD symptoms, and the homozygous mutant 
carrier did not show more severe illness than 
the others [38], even though two patients had 
severe lower limb dystonia. Patients of African 
descent may be carriers of additional LRRK2 
mutations but identifying them would require 
sequencing all 51 exons of this gene. In conclu-
sion, genetic studies in AfrAbian populations 
offer substantial untapped potential to further 
PD study worldwide.

Most harmful mutations (80-85%) reported to 
date are exonic [48], making WES the better 
option when considering NGS for the research 
of genetic diseases. Compared to WGS, WES is 
more cost-effective and requires less comput-
ing power [49, 50]. Nevertheless, hybridization 
biases and insufficient target enrichment in 
WES might lead to skewed coverage, which 
makes it difficult to identify copy number varia-
tion (CNV) [51]. This is a key drawback of  
WES in PD investigations, since CNVs compris-
ing full exons (in PRKN, PINK1, and DJ-1) or 
spanning multiple gene copies (SNCA) are a 
major cause of PD. Taken as a whole, these 
considerations suggest that WGS may be supe-
rior to other methods for identifying new or 
uncommon genetic variations, which is espe-
cially important in the case of complicated dis-
orders like PD.

LRRK2

PD has been linked to at least seven different 
missense variations in LRRK2 (p.N1437H, p.
R1441C/G/H, p.Y1699C, p.G2019S, and p.
I2020T) [52]. LRRK2-PD is indistinguishable 
from idiopathic PD at the individual level. 
However, this population may be seen as less 
severe [53, 54]. For instance, olfactory impair-
ment, cognitive abnormalities, and REM behav-
iour sleep disorder are less common in LRRK2 
mutation carriers [54]. Further, certain ma- 
lignancies may be more likely to develop in 
LRRK2-PD individuals [55-57]. Recent resear- 
ch shows that LRRK2-PD is linked to an incre- 
ased risk of stroke [58]. Penetrance of PD in 
carriers of pathogenic and risk variants may be 
lower in those who regularly use non-steroidal 
anti-inflammatory medicines [59]. The LRRK2 
p.G2019S mutation is the most prevalent and 
well understood of all LRRK2 mutations. This 
mutation has a varied penetrance that depends 
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Figure 1. A gene network connecting PINK1 and PRKN was generated with Pathway Studio® (https://mammalcedfx.
pathwaystudio.com/). Description on color-coded arrows can be found in the legends located in the bottom-right 
corner.

[72]. Parkin activation is mediated by PINK1, 
which phosphorylates parkin and keeps it sta-
bilised and translocated to mitochondria [66, 
72]. Figure 1 depicts the interconnected path-
ways that link the PINK gene, highlighting their 
relevant connections and interactions. The ex- 
pression of PRKN (grey arrow) and is indirectly 
regulated by PRKN (dashed arrow).

DNAJC6

Juvenile-onset, atypical parkinsonism is caus- 
ed by biallelic mutations in DNAJC6 and is char-
acterised by early-onset symptoms, fast dis-
ease progression, and loss of ambulation with-
in 10 years of diagnosis [73, 74]. Patients 
experience several symptoms, including a lack 
of response to levodopa treatment, a delay in 
cognitive development, intellectual impair-
ment, seizures, and movement abnormalities 
such as dystonia, spasticity, and myoclonus. 
Early-onset parkinsonism is characterised by 
the development of symptoms between the 
ages of 30 and 40 in the absence of other char-
acteristics [75]. In most cases, these people 
benefit from treatment with levodopa and have 
a decreased pace of disease development.

Edvardson et al. [73] reported the identification 
of DNAJC6, which was shown to be associated 
with AR-juvenile parkinsonism in a close-knit 
Palestinian family. Together with whole-genome 
sequencing (WES), they also carried out SNP 
genotyping and homozygosity mapping (HM) 
analyses [73, 74]. This strategy may allow for 
more fast disease gene discovery after WES 
[75]. Using HM analysis, researchers may find 
extensive patches of homozygosity amongst 
afflicted family members (where variations re- 
lated with AR disease genes are expected to be 
found) [76]. That’s why it’s possible that HM will 
help find harmful mutations in AR-PD [47].

Auxilin 1 is a co-chaperone protein involved in 
clathrin-mediated endocytosis of synaptic vesi-
cles, and it is encoded by the DNAJC6 gene. 
Animal models have shown that the absence of 
auxilin disrupts synaptic vesicle endocytosis, 
which has detrimental effects on synaptic neu-
rotransmission, homeostasis, and signalling 
[76, 77]. Auxilin deficiency has been linked to 
dopaminergic neurodegeneration and unusual 
neurological symptoms, although the specific 
mechanism by which this occurs is not well 
understood.
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NRXN2 (Neurxin-2)

In 2021, researchers reported the identifica-
tion of a new PD gene (NRXN2) in a South 
African family [78]. Three afflicted members of 
an Afrikaner family were studied using whole 
exome sequencing data. Afrikaners are a Sou- 
th African ethnic group with roots in the 
Netherlands, Germany, and France.

Discussion and insights

In addition to the rarity of true monogenic PD, 
there are several factors that can make it diffi-
cult to establish a familial PD candidate gene in 
AfrAbia as pathogenic, including: isolated find-
ings in familial studies; the presence of disease 
variants in healthy controls; incorrect gene- 
disease associations; or the presence of com-
plex phenotypes that may lean towards other, 
diverse parkinsonisms [79]. Pathogenic and 
rare genetic contributors to PD disease have 
been identified in DNAJC6 (PARK19), DNAJC13 
(PARK21), SYNJ1 (PARK20), VPS13C (PARK23), 
and CHCHD2 (PARK22) [75, 80-82]. Additional 
research is needed to classify the other poten-
tial genes as definite PD genes. Novel disease 
genes need to show “proof of pathogenicity” by 
having multiple mutations due to AfrAbia con-
sanguinity rates this population is key for tho- 
se investigations [83, 84]. These requirements 
seem to need a shift from single-family research 
to population based NGS investigations, which 
likewise depend on large cohorts of people, to 
effectively find uncommon variants. Further- 
more, many PD loci may be population-specific, 
making their identification challenging in pre-
liminary investigations [85]. However, owing to 
the novelty and the enormous number of varia-
tions being revealed using NGS, validation of 
these potential mutations through functional 
investigations or by utilising model species 
remains a difficulty. Therefore, NGS research 
on PD-affected families is still necessary be- 
cause of the method’s potential to identify 
putative harmful new genes that are not pres-
ent in other people but may give mechanistic 
insight into PD pathobiology. Laboratory-based 
functional studies of candidate genes are help-
ful for elucidating disease aetiology, as evi-
denced with the finding of NUS1 by knockout 
RNAi studies on Drosophila revealing PD symp-
toms [86]. Since it is unclear whether the gene 
is pathogenic, many researchers avoid doing 
functional analysis in the lab [87].

Alternatively, phenotypic relationships, the de- 
termination of gene or protein interaction net-
works, and the establishment of functional 
similarities with known PD genes may all be 
used in conjunction with computational app- 
roaches to further correlate candidate genes 
with a disease of interest [88]. To identify pro-
tein or gene interactions between putative and 
established disease genes, a growing number 
of machine learning methods are incorporating 
data from established databases that provide 
functional annotations (such as Gene Onto- 
logy), tissue expression data (such as Human 
Protein Atlas), and metabolic/signalling path-
ways (such as Kyoto Encyclopaedia of Genes 
and Genomes) [89]. Recent research has out-
lined a comprehensive PD gene database 
(GENE4PD), and it has been found that si- 
mulating a functional correlation network 
between “high confidence” and “suggestive” 
PD-associated genes in PD pathways leads to 
significant associations, such as those seen 
with RIC3 and CHCHD2, the latter of which is 
significantly linked to SNCA, PINK1, LRRK2, 
PARK7, and VPS35, suggesting a possible 
opportunity for elucidating the architecture. 
Furthermore, owing to the overlap of disease 
pathways across different parkinsonism dis-
eases, it is challenging to characterise a gene 
as being just PD-associated [90, 91].

Genetic, archaeological, and anthropological 
evidence all point to AfrAbia as the birthplace  
of modern humans about 200,000 years ago 
[92]. Linguistic, genomic, and archaeological 
evidence all point to a high degree of genetic 
diversity over much of AfrAbia, with more pri-
vate alleles present in AfrAbia than everywhere 
else. Therefore, there are substantial racial  
and ethnic distinctions between AfrAbia and 
European populations. Furthermore, because 
of high environmental variability, AfrAbia gro- 
ups have a wide range of cultural and pheno-
typic variances, making these people intriguing 
for studying gene-environment interactions. 
This might significantly advance the field of  
biological study by illuminating previously 
unknown connections between genes and 
between genes and their environments.

There is a notable lack of high-quality resear- 
ch on the prevalence of PD in AfrAbia, both in 
terms of the number of studies and the breadth 
of their coverage. Cooperation amongst Afr- 
Abia countries is necessary to pool resources 



Monogenic PD in AfrAbia

116	 Am J Neurodegener Dis 2023;12(4):108-122

and patient samples to ensure enough AfrAbia 
patients are recruited for genetic research. 
Creating a centralized mutation screening facil-
ity for AfrAbia PD patients would significantly 
contribute to the development of genetics re- 
search in Africa. Additionally, locating AfrAbia 
PD families amenable to whole exome se- 
quencing investigation may aid in the identifica-
tion of additional PD genes. To train more neu-
rologists and specialists in movement disor-
ders in AfrAbia, substantial time and resources 
would be needed.

The current study shows how important it is to 
provide more authority to local researchers to 
foster long-term variety in genomics studies. 
This might be achieved through collaboration 
with countries that have a higher per capita 
income or through the creation of regional de- 
velopment plans with centralized hubs. Inter- 
national organizations serve a critical role in 
connecting economically poor nations with eco-
nomically more developed ones via regional 
companies and partnerships. Journals and edi-
tors should be conscious of the need to prop-
erly represent society through increased diver-
sity on editorial boards. It’s possible that pr- 
oposals for URP-centric editions with stringent 
criteria for inclusion will be made. Finally, if 
peer review is to be a constructive, successful 
process that promotes inclusiveness for all par-
ticipants, it must be conducted with care.

The enormous genetic heterogeneity reported 
in PD patients, who are all genetically and phys-
iologically unique and carry diverse genetic 
combinations of common and uncommon vari-
ation not shared by most PD patients, may 
make it very challenging to interpret the gene- 
tic data. Nevertheless, future genetic research 
should test novel approaches in a broader sa- 
mple of PD patients and controls. Using this 
method, we should be able to determine the 
frequency of rare variations in the panel of 
potential genes for each individual and, hence, 
identify individuals at increased risk for PD. 
This will complement GWAS and conventional 
co-segregation analyses of NGS data for find- 
ing variants associated with sporadic PD, draw-
ing attention to the importance of rare variants 
in the genetics of the disease.

Conclusions

An opportunity to study the underlying genetics 
of PD in AfrAbian groups has arisen just once in 

human history. Some data suggest that there 
may be ethnic differences in the number of 
alleles that influence disease susceptibility or 
therapeutic response. To identify the precise 
genetic variant responsible for a trait, fine-
structure mapping may benefit from exploring 
populations (such as the Yorubans in Nigeria) 
which harbour shorter-range linkage disequilib-
rium blocks and greater haplotype diversity 
[93, 94]. Therefore, studying the molecular epi-
demiology of PD in AfrAbia is crucial. Further- 
more, the genetics of PD in African Americans 
need greater study [95, 96], and in this regard, 
recent initiatives such as the Black and African 
American Connections to PD Study (BLAAC PD) 
seek to dramatically expand our current under-
standing of PD etiology in these populations.

No case-control or cohort studies have been 
conducted on PD in AfrAbia, therefore nothing 
is known about the environmental and genetic 
risk factors that contribute to the disease in 
this population. AfrAbian PD and other move-
ment disorders patients have the same health-
care needs as those in industrialized countries. 
Data on medication response, quality of life, 
survival, and other aspects of the social and 
economic effects of PD in AfrAbia are scarce. 
Answers to these issues might improve health 
care planning for Africans and people every-
where by illuminating the root causes of PD. 
International collaboration might help resear- 
chers in AfrAbia overcome the enormous chal-
lenges they confront owing to a lack of resourc-
es (including money, human resources, and 
supplies).

The study of monogenic PD has made signifi-
cant strides in recent years. Multiple PD genes 
have been identified; however, we stress the 
need for unbiased confirmation of these re- 
sults. The genetic findings have been converted 
into a better knowledge of the pathophysiolo- 
gical process causing PD, and there has been 
increased insight into genotype-phenotype 
connections because of laboratory investiga-
tions. It has been clear that there are substan-
tial variations in the prevalence of PD gene vari-
ants across different ethnic and geographical 
groups. More information is now available on 
the impact of harbouring mutations in both 
LRRK2 and GBA, as well as the involvement of 
heterozygous carriers in autosomal recessive 
PD genes. The illness history and the respon-
siveness to levodopa and DBS may also be 
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affected by the underlying monogenic aetiolo-
gy. Genetic testing for PD is becoming more 
widely available via both clinical and research 
channels, because to advancements in geno- 
mic technology. Utilising this genetic data will 
need international cooperation. Global studies 
may pool many patients, making it possible to 
search for unusual genetic origins of PD and to 
try to duplicate key genetic findings. They also 
provide a more accurate portrayal of minori- 
ties of various backgrounds and places. The 
International Parkinson Disease Genomics 
Consortium (IPDGC) [85], the worldwide Par- 
kinson’s Disease Genetics Programme (GP2) 
[97], and AfrAbia Parkinson’s Disease Geno- 
mic Consortium (AA-PD-GC) [98] are among the 
many large-scale worldwide programmes aim-
ing to discover novel disease genes in PD. PD is 
presently incurable, however research into its 
genetics might provide light on its pathogene-
sis and aid in the development of tailored 
therapeutics.

Perspectives

The intricacy of multi-mapping reads between 
GBA and GBAP1 and the dearth of well-pow-
ered and African-specific RNA sequencing data-
sets underscore the pressing need for more 
research. Despite the significant advancement 
represented by this research, much more work 
must be done to fully characterize the genetic 
risk factors for PD. The impact of single-gene 
mutations on PD-related cognitive decline sh- 
ould be investigated in future research. Here, 
we provide important insights into the possible 
unique pathogenic pathways underpinning the 
genesis of PD and the targeted development of 
AfrAbian haplotypes. There is no doubting the 
value of genetically categorizing AfrAbian popu-
lations. This research shows how using diver- 
se populations may improve our knowledge of 
complicated illnesses and highlights the signifi-
cance of haplotype substructure findings for 
future fine-mapping efforts. Overall, our work is 
a useful tool for finding and monitoring certain 
key monogenic variations that may be relevant 
for enrolment in target-specific PD clinical tri-
als, since it addresses the genetic complexity 
underlying these underrepresented groups. 
Testing for GBA1 in Africans may improve the 
design of a study so that it is more likely to pro-
vide useful information. We expect these find-
ings to be important in elucidating the molecu-

lar pathways behind the illness process, which 
in turn may facilitate the development of novel 
treatment approaches soon. This would be  
useful for examining population-specific con-
nections and improving our granularity in asso-
ciation testing via the inclusion of omics data.

Because of their high levels of within-popula-
tion genetic variability, shorter linkage disequi-
librium (LD) blocks, and abundance of alleles 
that are unique to these populations, AfrAbian 
populations present exceptional opportunities 
for studying the genetics of both monogenic 
and complex diseases [99]. Replication studies 
may delve into the robustness and applicability 
of results reported from different populations, 
and varied representation promotes scientific 
equality to address health inequities. In addi-
tion, it may help us learn more about the patho-
logical and pathogenetic disease pathways in 
PD by identifying new or unique loci and explor-
ing genotype-phenotype connections.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Wael Mohamed, 
Basic Medical Science Department, Kulliyah of Me- 
dicine, International Islamic University Malaysia, 
Kuantan 25200, Pahang, Malaysia. Tel: +6-017- 
9046810; E-mail: wmy107@gmail.com

References

[1]	 Karlsen KH, Tandberg E, Årsland D and Larsen 
JP. Health related quality of life in Parkinson’s 
disease: a prospective longitudinal study. J 
Neurol Neurosurg Psychiatry 2000; 69: 584-
589.

[2]	 Global Parkinson’s Disease Survey (GPDS) 
Steering Committee. Factors impacting on 
quality of life in Parkinson’s disease: results 
from an international survey. Mov Disord 
2002; 17: 60-67.

[3]	 Huang Z, de la Fuente-Fernandez R and  
Stoessl AJ. Etiology of Parkinson’s disease. 
Can J Neurol Sci 2003; 30 Suppl 1: S10-S18.

[4]	 GBD 2016 Parkinson’s Disease Collaborators. 
Global, regional, and national burden of Par-
kinson’s disease, 1990-2016: a systematic 
analysis for the Global Burden of Disease 
Study 2016. Lancet Neurol 2018; 17: 939-53.

[5]	 Dorsey ER, Sherer T, Okun MS and Bloem BR. 
The emerging evidence of the Parkinson pan-
demic. J Parkinsons Dis 2018; 8: S3-S8.

mailto:wmy107@gmail.com


Monogenic PD in AfrAbia

118	 Am J Neurodegener Dis 2023;12(4):108-122

[6]	 Verstraeten A, Theuns J and Van Broeckhoven 
C. Progress in unraveling the genetic etiology 
of Parkinson disease in a genomic era. Trends 
Genet 2015; 31: 140-9. 

[7]	 Martin I, Dawson VL and Dawson TM. Recent 
advances in the genetics of Parkinson’s dis-
ease. Annu Rev Genomics Hum Genet 2011; 
12: 301-25. 

[8]	 Bandres-Ciga S, Saez-Atienzar S, Kim JJ, Ma-
karious MB, Faghri F, Diez-Fairen M, Iwaki H, 
Leonard H, Botia J, Ryten M, Hernandez D, 
Gibbs JR, Ding J, Gan-Or Z, Noyce A, Pihlstrom 
L, Torkamani A, Soltis AR, Dalgard CL; Ameri-
can Genome Center, Scholz SW, Traynor BJ, 
Ehrlich D, Scherzer CR, Bookman M, Cookson 
M, Blauwendraat C, Nalls MA and Singleton 
AB; International Parkinson Disease Genomics 
Consortium. Large-scale pathway specific poly-
genic risk and transcriptomic community net-
work analysis identifies novel functional path-
ways in Parkinson disease. Acta Neuropathol 
2020; 140: 341-358.

[9]	 Cherian A, K P D and Vijayaraghavan A. Parkin-
son’s disease - genetic cause. Curr Opin Neu-
rol 2023; 36: 292-301. 

[10]	 Kumar KR, Lohmann K and Klein C. Genetics 
of Parkinson disease and other movement dis-
orders. Curr Opin Neurol 2012; 25: 466-474.

[11]	 Bonifati V. Genetics of Parkinson’s disease-
state of the art, 2013. Parkinsonism Relat Dis-
ord 2014; 20 Suppl 1: S23-28.

[12]	 Funayama M, Ohe K, Amo T, Furuya N, Yama-
guchi J, Saiki S, Li Y, Ogaki K, Ando M, Yoshino 
H, Tomiyama H, Nishioka K, Hasegawa K, Saiki 
H, Satake W, Mogushi K, Sasaki R, Kokubo Y, 
Kuzuhara S, Toda T, Mizuno Y, Uchiyama Y, 
Ohno K and Hattori N. CHCHD2 mutations in 
autosomal dominant late-onset Parkinson’s 
disease: a genome-wide linkage and sequenc-
ing study. Lancet Neurol 2015; 14: 274-82.

[13]	 Corti O, Lesage S and Brice A. What genetics 
tells us about the causes and mechanisms of 
Parkinson’s disease. Physiol Rev 2011; 91: 
1161-1218.

[14]	 Nuytemans K, Theuns J, Cruts M and Van 
Broeckhoven C. Genetic etiology of parkinson 
disease associated with mutations in the 
SNCA, PARK2, PINK1, PARK7, and LRRK2 
genes: a mutation update. Hum Mutat 2010; 
31: 763-780.

[15]	 Li JQ, Tan L and Yu JT. The role of the LRRK2 
gene in parkinsonism. Mol Neurodegener 
2014; 9: 47.

[16]	 Schulte C and Gasser T. Genetic basis of  
Parkinson’s disease: inheritance, penetrance, 
and expression. Appl Clin Genet 2011; 4: 67-
80.

[17]	 Feigin VL, Abajobir AA, Abate KH, Abd-Allah F, 
Abdulle AM, Abera SF, Abyu GY, Ahmed MB, Ai-

chour AN, Aichour I, Aichour MTE, Akinyemi RO, 
Alabed S, Al-Raddadi R, Alvis-Guzman N, Ama-
re AT, Ansari H, Anwari P, Ärnlöv J and Vos T. 
Global, regional, and national burden of neuro-
logical disorders during 1990-2015: a system-
atic analysis for the Global Burden of Disease 
Study 2015. Lancet Neurol 2017; 16: 877-897. 

[18]	 Feigin VL, Nichols E, Alam T, Bannick MS, Be-
ghi E, Blake N, Culpepper WJ, Dorsey ER, Elbaz 
A, Ellenbogen RG, Fisher JL, Fitzmaurice C, Gi-
ussani G, Glennie L, James SL, Johnson CO, 
Kassebaum NJ, Logroscino G, Marin B and Vos 
T. Global, regional, and national burden of neu-
rological disorders, 1990-2016: a systematic 
analysis for the Global Burden of Disease 
Study 2016. Lancet Neurol 2019; 18: 459-
480. 

[19]	 Mohamed W. Parkinson’s genetics research 
on underrepresented AfrAbia populations: cur-
rent state and future prospects. Am J Neurode-
gener Dis 2023; 12: 23-41. 

[20]	 Schumacher-Schuh AF, Bieger A, Okunoye O, 
Mok KY, Lim SY, Bardien S, Ahmad-Annuar A, 
Santos-Lobato BL, Strelow MZ, Salama M, Rao 
SC, Zewde YZ, Dindayal S, Azar J, Prashanth 
LK, Rajan R, Noyce AJ, Okubadejo N, Rizig M, 
Lesage S and Mata IF; Global Parkinson’s Ge-
netics Program (GP2). Underrepresented pop-
ulations in Parkinson’s genetics research: cur-
rent landscape and future directions. Mov 
Disord 2022; 37: 1593-1604.

[21]	 Haaxma CA, Bloem BR, Borm GF, Oyen WJ, 
Leenders KL, Eshuis S, Booij J, Dluzen DE and 
Horstink MW. Gender differences in Parkin-
son’s disease. J Neurol Neurosurg Psychiatry 
2007; 78: 819-824. 

[22]	 Liang D, Shu L, Pan H, Xu Q, Guo J, Yan X, Tang 
B and Sun Q. Clinical characteristics of PD pa-
tients with LRRK2 G2385R and R1628P vari-
ants. Neurosci Lett 2018; 685: 185-189. 

[23]	 Simpson C, Vinikoor-Imler L, Nassan FL, Shir-
van J, Lally C, Dam T and Maserejian N. Preva-
lence of ten LRRK2 variants in Parkinson’s 
disease: a comprehensive review. Parkinson-
ism Relat Disord 2022; 98: 103-113. 

[24]	 Wang P, Cui P, Luo Q, Chen J, Tang H, Zhang L, 
Chen S and Ma J. Penetrance of Parkinson dis-
ease LRRK2 G2385R-associated variant in the 
Chinese population. Eur J Neurol 2022; 29: 
2639-2644. 

[25]	 Wang P, Pan J, Luo Q, Chen J, Tang H, Chen S 
and Ma J. A 10-year community-based study of 
leucine-rich repeat kinase 2 G2385R carriers’ 
conversion to Parkinson’s disease. Mov Disord 
2022; 37: 1767-1772. 

[26]	 Menozzi E and Schapira AHV. Exploring the 
genotype-phenotype correlation in GBA-Parkin-
son disease: clinical aspects, biomarkers, and 
potential modifiers. Front Neurol 2021; 12: 
694764. 



Monogenic PD in AfrAbia

119	 Am J Neurodegener Dis 2023;12(4):108-122

[27]	 Rizig M, Bandres-Ciga S, Makarious MB, Ojo O, 
Crea PW, Abiodun O, Levine KS, Abubakar S, 
Achoru C, Vitale D, Adeniji O, Agabi O, Koretsky 
MJ, Agulanna U, Hall DA, Akinyemi R, Xie T, Ali 
M, Shamim EA, Ani-Osheku I, Padmanaban M, 
Arigbodi O, Standaert DG, Bello A, Dean M, 
Erameh C, Elsayed I, Farombi T, Okunoye O, 
Fawale M, Billingsley KJ, Imarhiagbe F, Jerez 
PA, Iwuozo E, Baker B, Komolafe M, Malik L, 
Nwani P, Daida K, Nwazor E, Miano-Burkhardt 
A, Nyandaiti Y, Fang ZH, Obiabo Y, Kluss JH, 
Odeniyi O, Hernandez D, Odiase F, Tayebi N, 
Ojini F, Sidranksy E, Onwuegbuzie G, D’Souza 
AM, Osaigbovo G, Berhe B, Osemwegie N, 
Reed X, Oshinaike O, Leonard H, Otubogun F, 
Alvarado CX, Oyakhire S, Ozomma S, Samuel 
S, Taiwo F, Wahab K, Zubair Y, Iwaki H, Kim JJ, 
Morris HR, Hardy J, Nalls M, Heilbron K, Nor-
cliffe-Kaufmann L; Disease Research Network, 
International Parkinson’s Disease Genomics 
Consortium - Africa (IPDGC Africa), Black and 
African American Connections to Parkinson’s 
Disease (BLAAC PD) Study Group, the 23and-
Me Research Team, Blauwendraat C, Houlden 
H, Singleton A and Okubadejo N. Genome-wide 
association identifies novel etiological insights 
associated with Parkinson’s disease in African 
and African admixed populations. medRxiv 
2023.

[28]	 Foo JN, Chew EGY, Chung SJ, Peng R, Blauwen-
draat C, Nalls MA, Mok KY, Satake W, Toda T, 
Chao Y, Tan LCS, Tandiono M, Lian MM, Ng EY, 
Prakash KM, Au WL, Meah WY, Mok SQ, Annu-
ar AA, Chan AYY, Chen L, Chen Y, Jeon BS, Jiang 
L, Lim JL, Lin JJ, Liu C, Mao C, Mok V, Pei Z, 
Shang HF, Shi CH, Song K, Tan AH, Wu YR, Xu 
YM, Xu R, Yan Y, Yang J, Zhang B, Koh WP, Lim 
SY, Khor CC, Liu J and Tan EK. Identification of 
risk loci for Parkinson disease in Asians and 
comparison of risk between Asians and Euro-
peans: a genome-wide association study. 
JAMA Neurol 2020; 77: 746-754. 

[29]	 Kuipers DJS, Carr J, Bardien S, Thomas P, Se-
bate B, Breedveld GJ, van Minkelen R, Brouwer 
RWW, van Ijcken WFJ, van Slegtenhorst MA, 
Bonifati V and Quadri M. PTRHD1 loss-of-func-
tion mutation in an African family with juvenile-
onset Parkinsonism and intellectual disability. 
Mov Disord 2018; 33: 1814-9. 

[30]	 Akinyemi RO, Owolabi MO, Oyeniyi T, Ovbiagele 
B, Arnett DK, Tiwari HK, Walker R, Ogunniyi A 
and Kalaria RN; SIREN group of H3Africa Con-
sortium. Neurogenomics in Africa: perspec-
tives, progress, possibilities and priorities. J 
Neurol Sci 2016; 366: 213-23. 

[31]	 Blanckenberg J, Bardien S, Glanzmann B, 
Okubadejo NU and Carr JA. The prevalence 
and genetics of Parkinson’s disease in sub-
Saharan Africans. J Neurol Sci 2013; 335: 22-
5. 

[32]	 Lekoubou A, Echouffo-Tcheugui JB and Kengne 
AP. Epidemiology of neurodegenerative diseas-
es in sub-Saharan Africa: a systematic review. 
BMC Public Health 2014; 14: 653.

[33]	 Lesage S, Dürr A, Tazir M, Lohmann E, Leute-
negger AL, Janin S, Pollak P and Brice A; French 
Parkinson’s Disease Genetics Study Group. 
LRRK2 G2019S as a cause of Parkinson’s dis-
ease in North African Arabs. N Engl J Med 
2006; 354: 422-3. 

[34]	 Bardien S, Keyser R, Yako Y, Lombard D and 
Carr J. Molecular analysis of the parkin gene  
in South African patients diagnosed with Par-
kinson’s disease. Parkinsonism Relat Disord 
2009; 15: 116-21. 

[35]	 Bardien S, Marsberg A, Keyser R, Lombard D, 
Lesage S, Brice A and Carr J. LRRK2 G2019S 
mutation: frequency and haplotype data in 
South African Parkinson’s disease patients. J 
Neural Transm (Vienna) 2010; 117: 847-53. 

[36]	 Blanckenberg J, Ntsapi C, Carr JA and Bardien 
S. EIF4G1 R1205H and VPS35 D620N muta-
tions are rare in Parkinson’s disease from 
South Africa. Neurobiol Aging 2014; 35: 445, 
e1-3. 

[37]	 Carr J, Guella I, Szu-Tu C, Boolay S, Glanzmann 
B, Farrer MJ and Bardien S. Double homozy-
gous mutations (R275W and M432V) in the 
ParkinGene associated with late-onset Parkin-
son’s disease. Mov Disord 2016; 31: 423-5. 

[38]	 du Toit N, van Coller R, Anderson DG, Carr J 
and Bardien S. Frequency of the LRRK2 
G2019S mutation in South African patients 
with Parkinson’s disease. Neurogenetics 
2019; 20: 215-8. 

[39]	 Haylett WL, Keyser RJ, du Plessis MC, van der 
Merwe C, Blanckenberg J, Lombard D, Carr J 
and Bardien S. Mutations in the parkin gene 
are a minor cause of Parkinson’s disease in 
the South African population. Parkinsonism 
Relat Disord 2012; 18: 89-92. 

[40]	 Keyser RJ, Lesage S, Brice A, Carr J and Bar-
dien S. Assessing the prevalence of PINK1 ge-
netic variants in South African patients diag-
nosed with early- and late-onset Parkinson’s 
disease. Biochem Biophys Res Commun 2010; 
398: 125-9. 

[41]	 Keyser RJ, Lombard D, Veikondis R, Carr J and 
Bardien S. Analysis of exon dosage using MLPA 
in South African Parkinson’s disease patients. 
Neurogenetics 2010; 11: 305-12. 

[42]	 Mahne AC, Carr JA, Bardien S and Schutte CM. 
Clinical findings and genetic screening for copy 
number variation mutations in a cohort of 
South African patients with Parkinson’s dis-
ease. S Afr Med J 2016; 106. 

[43]	 Mahungu AC, Anderson DG, Rossouw AC, van 
Coller R, Carr JA, Ross OA and Bardien S. 
Screening of the glucocerebrosidase (GBA) 
gene in South Africans of African ancestry with 



Monogenic PD in AfrAbia

120	 Am J Neurodegener Dis 2023;12(4):108-122

Parkinson’s disease. Neurobiol Aging 2020; 
88: 156.e11-156.e14. 

[44]	 van der Merwe C, Carr J, Glanzmann B and 
Bardien S. Exonic rearrangements in the 
known Parkinson’s disease-causing genes are 
a rare cause of the disease in South African 
patients. Neurosci Lett 2016; 619: 168-71. 

[45]	 Yonova-Doing E, Atadzhanov M, Quadri M, Kel-
ly P, Shawa N, Musonda ST, Simons EJ, Breed-
veld GJ, Oostra BA and Bonifati V. Analysis of 
LRRK2, SNCA, Parkin, PINK1, and DJ-1 in Zam-
bian patients with Parkinson’s disease. Parkin-
sonism Relat Disord 2012; 18: 567-71. 

[46]	 Cilia R, Sironi F, Akpalu A, Cham M, Sarfo FS, 
Brambilla T, Bonetti A, Amboni M, Goldwurm S 
and Pezzoli G. Screening LRRK2 gene muta-
tions in patients with Parkinson’s disease in 
Ghana. J Neurol 2012; 259: 569-70. 

[47]	 Rotimi CN, Bentley AR, Doumatey AP, Chen G, 
Shriner D and Adeyemo A. The genomic land-
scape of African populations in health and dis-
ease. Hum Mol Genet 2017; 26: R225-R236. 

[48]	 Ku CS, Cooper DN and Patrinos GP. The rise 
and rise of exome sequencing. Public Health 
Genomics 2016; 19: 315-324. 

[49]	 Bonnefond A, Durand E, Sand O, De Graeve F, 
Gallina S, Busiah K, Lobbens S, Simon A, Bel-
lanné-Chantelot C, Létourneau L, Scharfmann 
R, Delplanque J, Sladek R, Polak M, Vaxillaire 
M and Froguel P. Molecular diagnosis of neo-
natal diabetes mellitus using next-generation 
sequencing of the whole exome. PLoS One 
2010; 5: e13630.

[50]	 Chakravorty S and Hegde M. Gene and variant 
annotation for mendelian disorders in the era 
of advanced sequencing technologies. Annu 
Rev Genomics Hum Genet 2017; 18: 229-256. 

[51]	 Belkadi A, Bolze A, Itan Y, Cobat A, Vincent QB, 
Antipenko A, Shang L, Boisson B, Casanova JL 
and Abel L. Whole-genome sequencing is more 
powerful than whole-exome sequencing for de-
tecting exome variants. Proc Natl Acad Sci U S 
A 2015; 112: 5473-5478. 

[52]	 Senkevich K, Rudakou U and Gan-Or Z. New 
therapeutic approaches to Parkinson’s dis-
ease targeting GBA, LRRK2 and Parkin. Neuro-
pharmacology 2022; 202: 108822.

[53]	 Saunders-Pullman R, Raymond D and Elango 
S. LRRK2 Parkinson disease. In: Adam MP, Ar-
dinger HH, Pagon RA, Wallace SE, Bean LJH, 
Gripp KW, Mirzaa GM, Amemiya A, editors. Se-
attle, WA, USA: University of Washington; 
1993.

[54]	 Kestenbaum M and Alcalay RN. Clinical fea-
tures of LRRK2 carriers with Parkinson’s dis-
ease. Adv Neurobiol 2017; 14: 31-48.

[55]	 Waro BJ and Aasly JO. Exploring cancer in 
LRRK2 mutation carriers and idiopathic Par-
kinson’s disease. Brain Behav 2017; 8: 
e00858.

[56]	 Agalliu I, San Luciano M, Mirelman A, Giladi N, 
Waro B, Aasly J, Inzelberg R, Hassin-Baer S, 
Friedman E, Ruiz-Martinez J, Marti-Masso JF, 
Orr-Urtreger A, Bressman S and Saunders-Pull-
man R. Higher frequency of certain cancers in 
LRRK2 G2019S mutation carriers with Parkin-
son disease: a pooled analysis. JAMA Neurol 
2015; 72: 58-65.

[57]	 Agalliu I, Ortega RA, Luciano MS, Mirelman A, 
Pont-Sunyer C, Brockmann K, Vilas D, Tolosa E, 
Berg D, Warø B, Glickman A, Raymond D, Inzel-
berg R, Ruiz-Martinez J, Mondragon E, Fried-
man E, Hassin-Baer S, Alcalay RN, Mejia-San-
tana H, Aasly J, Foroud T, Marder K, Giladi N, 
Bressman S and Saunders-Pullman R. Cancer 
outcomes among Parkinson’s disease patients 
with leucine rich repeat kinase 2 mutations, 
idiopathic Parkinson’s disease patients, and 
nonaffected controls. Mov Disord 2019; 34: 
1392-1398.

[58]	 Macías-García D, Periñán MT, Muñoz-Delgado 
L, Jesús S, Jimenez-Jaraba MV, Buiza-Rueda D, 
Bonilla-Toribio M, Adarmes-Gómez A, Carrillo F, 
Gómez-Garre P and Mir P. Increased stroke 
risk in patients with Parkinson’s disease with 
LRRK2 mutations. Mov Disord 2022; 37: 225-
227.

[59]	 San Luciano M, Tanner CM, Meng C, Marras C, 
Goldman SM, Lang AE, Tolosa E, Schüle B, 
Langston JW, Brice A, Corvol JC, Goldwurm S, 
Klein C, Brockman S, Berg D, Brockmann K, 
Ferreira JJ, Tazir M, Mellick GD, Sue CM, 
Hasegawa K, Tan EK, Bressman S and Saun-
ders-Pullman R; Michael J. Fox Foundation 
LRRK2 Cohort Consortium. Nonsteroidal anti-
inflammatory use and LRRK2 Parkinson’s dis-
ease penetrance. Mov Disord 2020; 35: 1755-
1764.

[60]	 Healy DG, Falchi M, O’Sullivan SS, Bonifati V, 
Durr A, Bressman S, Brice A, Aasly J, Zabetian 
CP, Goldwurm S, Ferreira JJ, Tolosa E, Kay DM, 
Klein C, Williams DR, Marras C, Lang AE, 
Wszolek ZK, Berciano J, Schapira AH, Lynch T, 
Bhatia KP, Gasser T, Lees AJ and Wood NW; 
International LRRK2 Consortium. Phenotype, 
genotype, and worldwide genetic penetrance 
of LRRK2-associated Parkinson’s disease: a 
case-control study. Lancet Neurol 2008; 7: 
583-590.

[61]	 Lim SY, Tan AH, Ahmad-Annuar A, Klein C, Tan 
LCS, Rosales RL, Bhidayasiri R, Wu YR, Shang 
HF, Evans AH, Pal PK, Hattori N, Tan CT, Jeon B, 
Tan EK and Lang AE. Parkinson’s disease in 
the Western Pacific region. Lancet Neurol 
2019; 18: 865-879.

[62]	 Xie CL, Pan JL, Wang WW, Zhang Y, Zhang SF, 
Gan J and Liu ZG. The association between the 
LRRK2 G2385R variant and the risk of Parkin-
son’s disease: a meta-analysis based on 23 
case-control studies. Neurol Sci 2014; 35: 
1495-1504.



Monogenic PD in AfrAbia

121	 Am J Neurodegener Dis 2023;12(4):108-122

[63]	 Zhang Y, Sun Q, Yi M, Zhou X, Guo J, Xu Q, Tang 
B and Yan X. Genetic analysis of LRRK2 
R1628P in Parkinson’s disease in Asian popu-
lations. Parkinsons Dis 2017; 2017: 8093124.

[64]	 Blauwendraat C, Reed X, Kia DA, Gan-Or Z, 
Lesage S, Pihlstrøm L, Guerreiro R, Gibbs JR, 
Sabir M, Ahmed S, Ding J, Alcalay RN, Hassin-
Baer S, Pittman AM, Brooks J, Edsall C, Her-
nandez DG, Chung SJ, Goldwurm S, Toft M, 
Schulte C, Bras J, Wood NW, Brice A, Morris 
HR, Scholz SW, Nalls MA, Singleton AB and 
Cookson MR; COURAGE-PD (Comprehensive 
Unbiased Risk Factor Assessment for Genetics 
and Environment in Parkinson’s Disease) Con-
sortium, the French Parkinson’s Disease Con-
sortium, and the International Parkinson’s  
Disease Genomics Consortium (IPDGC). Fre-
quency of loss of function variants in LRRK2  
in Parkinson disease. JAMA Neurol 2018; 75: 
1416-1422.

[65]	 Bryant N, Malpeli N, Ziaee J, Blauwendraat C 
and Liu Z; AMP PD Consortium, West AB. Iden-
tification of LRRK2 missense variants in the 
accelerating medicines partnership Parkin-
son’s disease cohort. Hum Mol Genet 2021; 
30: 454-466.

[66]	 Panicker N, Ge P, Dawson VL and Dawson TM. 
The cell biology of Parkinson’s disease. J Cell 
Biol 2021; 220: e202012095.

[67]	 Berwick DC, Heaton GR, Azeggagh S and Har-
vey K. LRRK2 biology from structure to dys-
function: research progresses, but the themes 
remain the same. Mol Neurodegener 2019; 
14: 49.

[68]	 Kasten M, Hartmann C, Hampf J, Schaake S, 
Westenberger A, Vollstedt EJ, Balck A, Domin-
go A, Vulinovic F, Dulovic M, Zorn I, Madoev H, 
Zehnle H, Lembeck CM, Schawe L, Reginold J, 
Huang J, König IR, Bertram L, Marras C, Lohm-
ann K, Lill CM and Klein C. Genotype-pheno-
type relations for the Parkinson’s disease 
genes Parkin, PINK1, DJ1: MDSgene system-
atic review. Mov Disord 2018; 33: 730-741.

[69]	 Schneider SA and Klein C. PINK1 type of 
young-onset Parkinson disease. In: Adam MP, 
Ardinger HH, Pagon RA, Wallace SE, Bean LJH, 
Gripp KW, Mirzaa GM, Amemiya A, editors. Se-
attle, WA, USA: University of Washington; 
1993.

[70]	 Patel SG, Buchanan CM, Mulroy E, Simpson M, 
Reid HA, Drake KM, Merriman ME, Phipps-
Green A, Cadzow M, Merriman TR, Anderson 
NE, Child N, Barber PA and Roxburgh RH. Po-
tential PINK1 founder effect in polynesia caus-
ing early-onset Parkinson’s disease. Mov Dis-
ord 2021; 36: 2199-2200.

[71]	 Grünewald A, Kumar KR and Sue CM. New in-
sights into the complex role of mitochondria in 
Parkinson’s disease. Prog Neurobiol 2019; 
177: 73-93.

[72]	 Bradshaw AV, Campbell P, Schapira AHV, Mor-
ris HR and Taanman JW. The PINK1-Parkin mi-
tophagy signalling pathway is not functional in 
peripheral blood mononuclear cells. PLoS One 
2021; 16: e0259903.

[73]	 Edvardson S, Cinnamon Y, Ta-Shma A, Shaag 
A, Yim YI, Zenvirt S, Jalas C, Lesage S, Brice A, 
Taraboulos A, Kaestner KH, Greene LE and El-
peleg O. A deleterious mutation in DNAJC6 en-
coding the neuronal-specific clathrin-uncoat-
ing co-chaperone auxilin, is associated with 
juvenile parkinsonism. PLoS One 2012; 7: 
e36458.

[74]	 Köroğlu Ç, Baysal L, Cetinkaya M, Karasoy H 
and Tolun A. DNAJC6 is responsible for juvenile 
parkinsonism with phenotypic variability. Par-
kinsonism Relat Disord 2013; 19: 320-324.

[75]	 Olgiati S, Quadri M, Fang M, Rood JP, Saute JA, 
Chien HF, Bouwkamp CG, Graafland J, Min-
neboo M, Breedveld GJ, Zhang J; International 
Parkinsonism Genetics Network, Verheijen FW, 
Boon AJ, Kievit AJ, Jardim LB, Mandemakers 
W, Barbosa ER, Rieder CR, Leenders KL, Wang 
J and Bonifati V. DNAJC6 mutations associated 
with early-onset Parkinson’s disease. Ann Neu-
rol 2016; 79: 244-256.

[76]	 Yim YI, Sun T, Wu LG, Raimondi A, De Camilli P, 
Eisenberg E and Greene LE. Endocytosis and 
clathrin-uncoating defects at synapses of auxi-
lin knockout mice. Proc Natl Acad Sci U S A 
2010; 107: 4412-4417.

[77]	 Di Fonzo A, Dekker MC, Montagna P, Baruzzi A, 
Yonova EH, Correia Guedes L, Szczerbinska A, 
Zhao T, Dubbel-Hulsman LO, Wouters CH, de 
Graaff E, Oyen WJ, Simons EJ, Breedveld GJ, 
Oostra BA, Horstink MW and Bonifati V. FBXO7 
mutations cause autosomal recessive, early-
onset parkinsonian-pyramidal syndrome. Neu-
rology 2009; 72: 240-245.

[78]	 Sebate B, Cuttler K, Cloete R, Britz M, Christof-
fels A, Williams M, Carr J and Bardien S. Priori-
tization of candidate genes for a South African 
family with Parkinson’s disease using in-silico 
tools. PLoS One 2021; 16: e0249324. 

[79]	 Day JO and Mullin S. The genetics of Parkin-
son’s disease and implications for clinical 
practice. Genes (Basel) 2021; 12: 1006. 

[80]	 Puschmann A. New genes causing hereditary 
Parkinson’s disease or parkinsonism. Curr 
Neurol Neurosci Rep 2017; 17: 66. 

[81]	 Schormair B, Kemlink D, Mollenhauer B, Fiala 
O, Machetanz G, Roth J, Berutti R, Strom TM, 
Haslinger B, Trenkwalder C, Zahorakova D, 
Martasek P, Ruzicka E and Winkelmann J. Di-
agnostic exome sequencing in early-onset Par-
kinson’s disease confirms VPS13C as a rare 
cause of autosomal-recessive Parkinson’s dis-
ease. Clin Genet 2018; 93: 603-612. 

[82]	 Correia Guedes L, Mestre T, Outeiro TF and 
Ferreira JJ. Are genetic and idiopathic forms of 



Monogenic PD in AfrAbia

122	 Am J Neurodegener Dis 2023;12(4):108-122

Parkinson’s disease the same disease. J Neu-
rochem 2020; 152: 515-522. 

[83]	 MacArthur DG, Manolio TA, Dimmock DP, 
Rehm HL, Shendure J, Abecasis GR, Adams 
DR, Altman RB, Antonarakis SE, Ashley EA, 
Barrett JC, Biesecker LG, Conrad DF, Cooper 
GM, Cox NJ, Daly MJ, Gerstein MB, Goldstein 
DB, Hirschhorn JN, Leal SM, Pennacchio LA, 
Stamatoyannopoulos JA, Sunyaev SR, Valle D, 
Voight BF, Winckler W and Gunter C. Guide-
lines for investigating causality of sequence 
variants in human disease. Nature 2014; 508: 
469-476. 

[84]	 Farrer MJ. Doubts about TMEM230 as a gene 
for parkinsonism. Nat Genet 2019; 51: 367-
368. 

[85]	 International Parkinson Disease Genomics 
Consortium (IPDGC). Ten years of the interna-
tional Parkinson disease genomics consor-
tium: progress and next steps. J Parkinsons 
Dis 2020; 10: 19-30. 

[86]	 Guo JF, Zhang L, Li K, Mei JP, Xue J, Chen J, 
Tang X, Shen L, Jiang H, Chen C, Guo H, Wu XL, 
Sun SL, Xu Q, Sun QY, Chan P, Shang HF, Wang 
T, Zhao GH, Liu JY, Xie XF, Jiang YQ, Liu ZH, 
Zhao YW, Zhu ZB, Li JD, Hu ZM, Yan XX, Fang 
XD, Wang GH, Zhang FY, Xia K, Liu CY, Zhu XW, 
Yue ZY, Li SC, Cai HB, Zhang ZH, Duan RH and 
Tang BS. Coding mutations in NUS1 contribute 
to Parkinson’s disease. Proc Natl Acad Sci U S 
A 2018; 115: 11567-11572. 

[87]	 Rodenburg RJ. The functional genomics labo-
ratory: functional validation of genetic vari-
ants. J Inherit Metab Dis 2018; 41: 297-307. 

[88]	 Chen J, Althagafi A and Hoehndorf R. Predict-
ing candidate genes from phenotypes, func-
tions and anatomical site of expression. Bioin-
formatics 2021; 37: 853-860. 

[89]	 Piro RM and Di Cunto F. Computational ap-
proaches to disease-gene prediction: ratio-
nale, classification and successes. FEBS J 
2012; 279: 678-696.

[90]	 Erratum: genetic risk of parkinson disease and 
progression: an analysis of 13 longitudinal co-
horts. Neurol Genet 2019; 5: e354. 

[91]	 Li W, Fu Y, Halliday GM and Sue CM. PARK 
genes link mitochondrial dysfunction and al-
pha-synuclein pathology in sporadic Parkin-
son’s disease. Front Cell Dev Biol 2021; 9: 
612476. 

[92]	 Campbell MC and Tishkoff SA. African genetic 
diversity: implications for human demographic 
history, modern human origins, and complex 
disease mapping. Annu Rev Genomics Hum 
Genet 2008; 9: 403-33.

[93]	 Gabriel SB, Schaffner SF, Nguyen H, Moore JM, 
Roy J, Blumenstiel B, Higgins J, DeFelice M, 
Lochner A, Faggart M, Liu-Cordero SN, Rotimi 
C, Adeyemo A, Cooper R, Ward R, Lander ES, 
Daly MJ and Altshuler D. The structure of hap-
lotype blocks in the human genome. Science 
2002; 296: 2225-2229.

[94]	 Reich DE, Cargill M, Bolk S, Ireland J, Sabeti 
PC, Richter DJ, Lavery T, Kouyoumjian R, Far-
hadian SF, Ward R and Lander ES. Linkage dis-
equilibrium in the human genome. Nature 
2001; 411: 199-204.

[95]	 McInerney-Leo A, Gwinn-Hardy K and Nuss-
baum RL. Prevalence of Parkinson’s disease in 
populations of African ancestry: a review. J 
Natl Med Assoc 2004; 96: 974-979.

[96]	 Richards M and Chaudhuri KR. Parkinson’s 
disease in populations of African origin: a re-
view. Neuroepidemiology 1996; 15: 214-221.

[97]	 Global Parkinson’s Genetics Program. GP2: 
the global Parkinson’s genetics program. Mov 
Disord 2021; 36: 842-85.

[98]	 AfrAbia PD Genomic Consortium. 2023 
https://waelmohamed3.wixsite.com/afrabia-
consortium.

[99]	 Bentley AR, Callier SL and Rotimi CN. Evaluat-
ing the promise of inclusion of African ancestry 
populations in genomics. NPJ Genom Med 
2020; 5: 5.

[100]	Dekker MCJ, Coulibaly T, Bardien S, Ross OA, 
Carr J and Komolafe M. Parkinson’s disease 
research on the African continent: obstacles 
and opportunities. Front Neurol 2020; 11: 
512. 


