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 Parkinson’s disease (PD) is a neurodegenerative disor-
der which affects up to 2% of individuals older than 65. 
Its aetiology is for the most part not known, although in-
terplay between genetic and environmental factors is fre-
quently postulated. Since 1997, mutations in six genes 
have been associated with forms of parkinsonism resem-
bling idiopathic PD with dominant and recessive modes 
of transmission. Of these, mutations in  Leucine-rich re-
peat kinase 2  ( LRRK2,  also referred to as  PARK8 )   are the 
most common, accounting for around 4% of all familial 
cases worldwide. Inheritance of  LRRK2  is dominant and 
penetrance is age-dependent. The mutation 6055G ] A 
which causes a Gly2019Ser change represents a ‘hot spot’ 
in  LRRK2 , and has been reported from more than 20 dif-
ferent populations, accounting for between 36 and  ! 1% 
of their respective hereditary cases  [1] . Due in part to its 
variable penetrance,  G2019S  mutations can also account 
for up to 39% of apparently sporadic cases of PD. The aim 
of this article is to review the literature relating to  LRRK2  
G2019S in the North African population specifically and 
to discuss the potential for further research.
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 Abstract 

 Parkinson’s disease (PD) is a common neurodegenerative 
disorder, for which environmental and/or genetic factors are 
postulated as possible causes. Over the past decade there 
has been a substantial increase in the knowledge of the ge-
netics of PD. Mutations in  Leucine-rich repeat kinase 2 (LRRK2) 
 are the most frequent genetic causes of PD, and the common 
 G2019S  mutation has been identified in various ethnic 
groups with variable frequency. The aim of this article is to 
review the literature relating to  LRRK2  G2019S in the North 
African population, which is composed of two main ethnic 
groups – the Berbers and the Arabs. The frequency of  LRRK2 
G2019S  is 30–41% in familial PD and 30–39% in apparently 
sporadic PD in North Africa. Within healthy controls, Moroc-
can Berbers appear to have the highest carrier frequency at 
3.3%. The majority of the available studies do not draw a 
clear distinction between the two ethnic groups, despite the 
distinct possibility that their ancestral origins are different. 
Further research looking at the respective prevalences of 
 LRRK2  G2019S in Berbers and Arabs, and in different Arab 
populations, seems justified.  Copyright © 2010 S. Karger AG, Basel 
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  North African Population 

 North Africa in defined as the geographical area west 
of the Nile valley to the Atlantic Ocean. The area is sep-
arated from sub-Saharan Africa by the Great Sahara and 
from Europe by the Mediterranean Sea ( fig. 1 ). Politi-
cally, it encompasses five countries: Libya, Tunisia, Al-
geria, Morocco and Mauritania (Maghreb countries). 
Egypt meanwhile is usually regarded as part of the Mid-
dle East. The five Maghreb countries have a population 
of around 75 million. The North African population has 
two major ethnic groups: the Berbers and the Arabs. 
The Berbers, also called the Imazighen (the free men), 
are indigenous to North Africa with a history extending 
back to the 7th century BC. The Arabs arrived in the 
region as part of the Muslim army that conquered the 
North African region in the 7th century AD. It took al-
most four centuries for both ‘Islamization’ and ‘Arabiza-
tion’ of the region to take place. The emigration of two 
major Arabic/Muslim tribes (Banu Hilal and Banu 
Salam) to North Africa in the 11th century AD had a 
lasting and permanent effect on the composition of the 
population. Therefore, a good number of the modern 
North African population who call themselves ‘Arabs’ 

are Berbers, in origin. Nevertheless, the Berber culture 
and language survive to this day as some parts of the 
Berber population restricted their intermixing and in-
termarriage with Arabs to preserve their ethnicity. The 
estimated number of Berbers in current North Africa is 
around 20 million, living mainly in Algeria (20% of the 
population), Morocco (40% of the population) and a 
small minority in Tunisia and Libya (probably between 
1 and 5% of these populations)  [2] .

   LRRK2 G2019S  in the North African Population 

 Various studies have shown that the frequency of 
 LRRK2   G2019S in Nort h African populations is 30–42% 
in familial PD  [3–6]  and 30–34% in apparently sporadic 
PD  [6, 7] . Recently the international  LRRK2  consortium 
reported a worldwide frequency of 1% of  LRRK2   G2019S 
 in ‘sporadic’ PD and 4% in familial PD, with the highest 
frequency of  LRRK2   G2019S bei ng observed in ‘North 
African Arabs’ (39% of sporadic and 36% of familial PD), 
consistent with the earlier observations  [1] . Ashkenazi 
Jews showed respective frequencies of 10 and 28%, and 
constituted the next most common ethnic group  [1] . The 
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  Fig. 1.  The five North African countries (in 
dark grey).   
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frequency is higher in southern European countries 
(varying between 2–4% in sporadic and 3–14% in familial 
PD) than in Northern European countries (between  ! 1–
2% in sporadic and 0–3% in familial PD)  [1] . The  LRRK2 
  G2019S is r are in Asian countries such as China, Japan, 
Korea and India ( ! 0.1%), and is reported in the white 
North American population at a frequency of 1% in spo-
radic and 3% in familial PD  [1] .

  Clinically, patients with mutations in  LRRK2  were 
thought to present with classic features of parkinsonism 
indistinguishable from idiopathic PD and with a similar 
age of onset  [8] . Emerging data, however, seem to suggest 
that patients with the    LRRK2  G2019S mutation from 
North Africa have a more severe motor phenotype, and 
especially more dyskinesias and drug-induced dyskine-
sias  [6, 9] . In the study by Lesage et al.  [6] , levodopa-asso-
ciated dyskinesias were more evident in  G2019S  carriers 
than in non-carriers, even after correction for (longer) 
treatment duration. These observations, if validated, may 
have diagnostic and therapeutic implications for clinical 
practice, as well as providing insights into the biological 
mechanisms underlying drug-induced motor complica-
tions. The  LRRK2   G2019S mutation  was found to be more 
frequent in healthy North African subjects (2.2%), com-
pared with 0.2% in France and 0.6% Spain  [10] . The rela-
tive frequencies were 1.3% in Libyans, 1.7% in Tunisians, 
2.1% in Algerians, 2% in Moroccans, and 3.3% in Moroc-
can Berbers  [10] , suggesting that  LRRK2   G2019S could  be 
more common in the Berber populations of North Africa 
than in Arabs. However, the same mutation of  LRRK2  is 
also present at a relatively high frequency in Ashkenazi 
Jews (up to 30% of familial PD and up to 13% in appar-
ently sporadic PD), implicating a common founder effect 
for the mutation possibly dating back to the 13th century 

 [11] . Alternatively, two separate founding events (coincid-
ing with the Jewish diaspora some 2,250 years ago (586 
BC to 70 AD) have been proposed  [12] . A founding hap-
lotype shared by individuals from Tunisian, North Amer-
ican, European and Middle Eastern countries has been 
identified  [13] .

  The lifetime penetrance of PD in Tunisian  LRRK2 
  G2019S c arriers is estimated to be 45%  [7] . This probably 
applies to the all North African populations. Authors (in 
Western countries) have queried whether testing for 
 LRRK2   G2019S should  be offered ‘routinely’ to patients 
with PD from North African countries. Such an approach 
will have significant medical genetics implications, and 
the acceptability of such testing to these populations is 
also unknown.

  A summary of the studies of the frequency of    LRRK2 
  G2019S  in the North African population is shown in  ta-
ble 1 .

  Could  LRRK2   G2019S Help  in Determining the Origin 

of the North African Population? 

 It is worth noting that studies to date on the presence 
of  LRRK2   G2019S in Nor th Africa have not made a clear 
distinction between Berbers and Arabs  [3–5, 7] . The in-
ternational  LRRK2  consortium study described the per-
tinent population as ‘North African Arabs’  [1] . It is not 
clear whether they are excluding Berbers or, for the sake 
of simplicity, referring to the entire population as Arabs. 
The same criticism applies to the papers by Lesage et al. 
 [3, 4] , although they stated that the studied population 
originated from Morocco, Algeria and Tunisia. Hulihan 
et al.  [7]  looked at  LRRK2   G2019S in apparentl y sporadic 

Table 1.  Frequency of LRRK2  G2019S  in the North African population

Reference
(first author)

Year Population  F requency of G2019S mutation   

familial  PD apparently
sporadic PD

healthy volunteers

Lesage [4] 2005 Moroccan, Algerian and Tunisian 7/17, 41% – 0/82, 0%
Lesage [3] 2006 North African Arabs 3/10, 30% – 2/69, 2%
Ishihara [5] 2007 Tunisian 39/91, 42% – –
Hulihan [7] 2008 Tunisian – 72/238, 30% 7/371, 2%
Healy [1] 2008 North African Arabs 51/143, 36% 22/56, 39% 4/739, <1%
Change [10] 2008 Moroccan, Algerian, Tunisian and Libyan – – 13/597, 2.2%
Lesage [6] 2008 Moroccan, Algerian, Tunisian and Libyan 7/17, 41% 40/119, 34% 1/66, 1.5%
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PD in Tunisia and called the studied population ‘Arab-
Berber’ without a clear demarcation between the two. 
Taking into consideration that only 1% of the Tunisian 
population are Berbers  [2] , it could be assumed the ma-
jority of the patients who were studied are Arabs by de-
fault. On the other hand, Change et al.  [10]  reported a 
higher frequency of  LRRK2   G2019S in Moroccan B er-
bers, in comparison with other North African popula-
tions. However, their study did not clearly state whether 
the other North African populations were Arabs, Berbers 
or a mixture of both. Therefore, it will be premature to 
draw any firm conclusions until there is a study that 
clearly distinguishes between the two main ethnic groups 
in North Africa.

  There is no agreement about the origin of the Berbers 
and this issue has eluded historians, anthropologists, ar-
chaeologists and geneticists. There are several theories 
and hypotheses. One suggests that Berbers are native to 
North Africa and that their ancestors were the  Homo sa-
piens  who founded European populations, including the 
Saami of Scandinavia  [14] . The low frequency of  LRRK2 
  G2019S in  Europe does not appear to support an associa-
tion between (especially northern) European and Berber 
populations, although the mutation could have arisen de 
novo after a point of divergence. Other studies have 
shown genetic associations between Yemeni people (from 
the Arabian Peninsula) and Berbers, and therefore a very 
likely common origin  [15] . Finally, studies have also indi-
cated genetic similarities between Arabs and Berbers in 
North Africa  [16, 17] , implying either that Berbers are of 
Arabic origin or that the people who call themselves Ar-
abs in North Africa were originally Berbers (Arabization 

of Berbers). Meanwhile, Farrer et al.  [18]  recently suggest-
ed that  LRRK2   G2019S could  be of Phoenician origin, 
rather than Arabic, dating back to the founding of Car-
thage in 814 BC. 

  The crucial first question that needs to be resolved is 
how frequently  LRRK2   G2019S occurs i n North Africa in 
populations calling themselves ‘Arabs’ as opposed to 
‘Berbers’. The second would be to determine the relative 
frequency of this mutation in other Arab populations, 
namely in Lebanon and Syria, to further investigate Far-
rer’s ‘Phoenician hypothesis’  [18] . Estimating its preva-
lence in the Arabian Peninsula (mainly Saudi Arabia and 
Yemen) may inform the argument on whether Berbers 
are of Arab origin or not. In any event, this research may 
shed considerable light on the ongoing discussion about 
the origins of the North African population(s).

  Conclusion  

 Research to date has revealed a very high prevalence 
of the  LRRK2   G2019S mutation in North Africa, impli-
cating a significant monogenic contribution to the causa-
tion of PD in this population. Further studies looking at 
the relative frequency of this mutation in the Berbers and 
Arabs of North Africa, and its prevalence in other Arab 
countries such as Lebanon, Syria, Saudi Arabia and Ye-
men, seem warranted. These may further enhance our 
understanding of the genetic contribution to the causa-
tion of PD, as well as possibly casting light on the origins 
of the peoples of North Africa.  
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