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Genetic studies on Moroccans Statement of the

genetic origins of the Arabs and Amazighs of
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Abstract

Genetic studies talk about the genetic makeup of the Moroccans
population, indicating that these populations are the product of multiple
migrations from different regions such as the Middle East, Europe and
the sub-Saharan region. Research shows that Morocco, with its strategic
location, has been a meeting point for many cultures and migrations
throughout the ages.

The strength of the Arab genetic influence on the population of North
Africa is evident from scientific studies that confirm that the Arabs who
migrated to the region during the Islamic conquests left a clear genetic
imprint. This influence reflects the intermingling of Arab genes with
Berber and African genes, which led to the formation of a rich and
diverse genetic makeup that characterizes the Maghreb population.

Overall, genetic studies in Morocco reflect a long history of migrations
and cultural interactions that have shaped the contemporary Moroccan
identity, distinguished by its genetic diversity.
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Marcel Lucas-Sanchez et all «The genomic analysis of current-day North African populations
reveals the existence of trans-Saharan migrations with different origins and dates».
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https://books.google.co.ma/books?id=MnFvEAAAQBAJ&pg=PA53&dq=there+is+a+relative+consensus,+basedon+genetic+data+from+modern+populations,+that+suggests+that+the+NorthAfrican+gene+pool+is+an+amalgamation+of+four+main+sources.+These+comprisean+autochthonous+Maghrebi+population+element+which+probably+relates+toa+back-migration+to+Africa+about+12,000&hl=fr&newbks=1&newbks_redir=0&source=gb_mobile_search&ovdme=1&sa=X&ved=2ahUKEwjImqSWgJmDAxWngf0HHaFyCxoQ6AF6BAgKEAM#v=onepage&q=there%20is%20a%20relative%20consensus%2C%20basedon%20genetic%20data%20from%20modern%20populations%2C%20that%20suggests%20that%20the%20NorthAfrican%20gene%20pool%20is%20an%20amalgamation%20of%20four%20main%20sources.%20These%20comprisean%20autochthonous%20Maghrebi%20population%20element%20which%20probably%20relates%20toa%20back-migration%20to%20Africa%20about%2012%2C000&f=false
https://pmc.ncbi.nlm.nih.gov/articles/PMC9918576/

Pre-historic F Medits
contacts and commerce

\

Arab conquest of Iberia
(711 CE)

First Canary Island settlers
(~2,500 ya)

Spread of pastoralism

Spread of pastoralism (~4,500-3,300 ya)

(~2,000 ya)

(Roman times-Modern era) Pre-historic trans-Saharan
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4Marcel Lucas-Sanchez, Jose M Serradell, David Comas ; «Population history of North
Africa based on modern and ancient genomes». Oxford academic.oup.com ; 2020.
(Source Here / ba 423 )

5D. Ann Rosalie David, D. Eileen Murphy ; «The Life and Times of Takabutiin Ancient Egypt
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Benhamamouch, Soraya; Fadhlaoui-Zid, Karima; Zalloua, Pierre; Hellenthal, Garrett;
Comas, David : «Genetic heterogeneity of Berber peoples as a result of differential
migration and admixture patterns» ; CSIC Journal ; 2015.( Source Here / ia 423 ))
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Abstract

Background: Recent genomic analyses suggest that the current North African gene pool was mainly influenced by
population flow coming from the East that altered the genetic structure of autochthonous Berber populations. Such
genetic flow has not been extensively addressed yet using North African populations of Middle-eastern origin as
reference.

Aim: To discern the Middle-eastern component in the genetic background of Tunisian Arabs and evaluate the extent
of gene flow from the Middle East into North African autochthonous Berber populations.

Subjects and methods: This study has examined 113 Tunisians of well-known Arabian origin from Kairouan region,
using 15 autosomal Short Tandem Repeats (STRs) loci.

Results: No deviations from Hardy-Weinberg equilibrium were observed and all locl presented high levels of
heterozygosity. Principal coordinate and STRUCTURE analyses were consistent in clustering together North African
and Middle Eastern populations, likely reflecting the recent gene flow from the East dating back to the Arab conquest
period. This demographic migration and the Arabisation process that submerged the original Berber language and
customs seems to have be accompanied by substantial gene flow and genetic admixture.

Conclusion: This study represents an additional step to obtain a comprehensive understanding of the complex
demographic history of North African populations.

s Sarra Elkamel, Lotfi Cherni, Luis Alvarez, Sofia L. Marques, Maria J. Prata, Sami
Boussetta, Amel Benammar-Elgaaied & Houssein Khodjet-El-Khil : «The Orientalisation of
North Africa: New hints from the study of autosomal STRs in an Arab population » Annals
of Human Biology Volume 44, 2017 - Issue 2 ; Published online: 17 Jul 2016. (4 lgle alkl)
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Eurasian gene flow after Neolithization seems to have had a lower genetic impact, as

shown by Serra-Vidal et al. (23). The post-Neolithic movements with high genetic

impacts on the region are: i) a sub-Saharan gene flow, which was mainly due to trans-

Saharan slave trade routes from the Roman period (1% century BC) through the Arab

conquest and lasting until the 19" century (8,20); and ii) the Arabization, which started’
in the 7™ century and introduced gene flow from the Middle East across all of North
Africa, thereby contributing to shape the east to west cline of the Middle Eastern
component found in current North Africans (23,49). Other historical movements had only

minor impact on the genetic history; these movements include the arrivals of Phoenicians,

Romans, Vandals, Byzantines, Ottoman Turks, and other Mediterranean European

populations (49).
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8 Marcel Lucas-Sanchez, Jose M Serradell, David Comas ; «Population history of North Africa based on
modern and ancient genomes». Oxford academic.oup.com ; 2020. (U lgle alkl)
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Recent Historical Migrations Have Shaped the Gene Pool of
Arabs and Berbers in North Africa

Lara R. Arauna,’ Javier Mendoza-Revilla,"? Alex Mas-Sandoval," Hassan Izaabel,’
Asmahan Bekada,® Soraya Benhamamouch,® Karima Fadhlaoui-Zid,° Pierre Zalloua,”
Garrett Hellenthal,? and David Comas*’

would explain the lack of genetic differentiation observed in
our results between Arab- and Berber-speaking groups.
Therefore, our results show that the Arabization, the expan-
sion of the Arab culture and language from the Arabic
Peninsula to the Maghreb (i.e, Northwest Africa) starting in
the 7th century C.E, was mainly a demographic process that
implied gene flow and remodeled the genetic structure,
rather than a mere cultural replacement as suggested previ-
ously by historical records (McEvedy 1995, Newman 1995)
and uniparental markers (Bosch et al. 2001; Arredi et al. 2004).
Our most recent estimated dates correlate with sub-Saharan
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REPORT

Pleistocene North African genomes link Near Eastern and sub-
Saharan African human populations

MARIEKE VAN OE LOOSORECHT [i], ABOELJALIL BOUZOUGEGAR | , LOUISE HUMPHREY, COSIMO POSTH, [...], AND JOHANNES KRAUSE +13authors  Authors Info & Affiliations
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Relationships among North Africans

The general view is that Eurasians mostly descend from a single group of humans that dis-
persed outside of sub-Saharan Africa around 50,000 to 100,000 years ago. Present-day North
Africans share a majority of their ancestry with present-day Near Easterners, but not with
sub-Saharan Africans. To investigate this conundrum, Van de Loosdrecht et al. sequenced
high-quality DNA obtained from bone samples of seven individuals from Taforalt in eastern
Morocco dating from the Later Stone Age, about 15,000 years ago. The Taforalt individuals
were found to be most closely related to populations from the Near East (Natufians), with a
third of their ancestry from sub-Saharan Africa. No evidence was found for introgression
with western Europeans, despite attribution to the Iberomaurusian culture. None of the
present-day or ancient Holocene African groups are a good proxy for the sub-Saharan ge-
netic component.

Science, this issue p. 548
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Ancient DNA from North African Foragers

Until 2018, the ancient genetic history of the region north of the Sahara Desert remained poorly
understood; however, aDNA has now also contributed new insight into the ancestry of foragers
identified in North Africa’s archaeological record. Key research questions about the human past
in this region, though different from the questions that guide research in sub-Saharan Africa, are
equally pressing. While many present-day North Africans are genetically more similar to
present-day people from the Near East than to those from sub-Saharan Africa, the time depth of
this Eurasian genetic connection—although estimated by studies of modern mtDNA lineages to
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2001), however, suggest that the majority of
EulO chromosomes in NW Africa are due to

recent gene flow caused by the migration of

Arabian tribes in the first millennium of the
Common Era (cg).
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the two sister sub-clades, J1 and J2 have a dis-
similar distribution, reflecting different peopling
pathways. J1-M267 has its peaks in the Levant
and in northern Africa and it is closely associ-
ated to the diffusion of Arab people, dropping
abruptly outside of this area (including Anatolia
and the Iberian peninsula), even if it shows an
appreciable percentage in Sicily (Semino ez 4/,

2004) (Fig.5a).

% Almut Nebel et all ; «Genetic Evidence for the Expansion of Arabian Tribes into the
Southern Levant and North Africa». bs lgle ‘

20 Paolo Francalacciet all : «<History and geography of human Y-chromosome in Europe: a
SNP perspective». b Lle alll
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Correction: Uniparental Markers of Contemporary Italian
Population Reveals Details on Its Pre-Roman Heritage

Francesca Brisighelli, Vanesa Alvarez-Iglesias, Manuel Fondevila, Alejandro Blanco-Verea, Angel Carracedo,
Vincenzo L. Pascali, Cristian Capelli, Antonio Salas

Published: January 17, 2014 « https://doi.org/10.1371/annotation/ea14adcb-033d-492d-8f8b-e047aa080cd4

the J1-M170 clade, the peaks of J1-M267 are in the Levant
and in northern Africa, and it is closely associated to the
diffusion of the Arab people, dropping abruptly outside of this

area (including Anatolia and the Iberian peninsula), even if it
shows an appreciable percentage in Sicily [70]. In a recent
study, Pala et al. [71] confirmed that mtDNA haplogroups J
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21 Francesca Brisighelli et all «Uniparental Markers of Contemporary ltalian Population
Reveals Details on Its Pre-Roman Heritage». s lgle alkl
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23 Rebecca Anne MacRoberts et all «<Shrouded in history: Unveiling the ways of life of an
early Muslim population in Santarém, Portugal (8th— 10th century AD)», PMCID:
PMC10917335 PMID: 38446809.
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DAHBI ET AL.

based on PC1 and PC3, distinguished North African popu-
lations from other groups. In both plots, the North African
group was closely clustered with the Arabian Peninsula
group, demonstrating a genetic proximity between the
Middle Easterners and the North Africans. The Souss

e s a8 o gl 5 Lt 1 Jles S G Fal) ) 13 elalall g
Cuay ¢ Adhiall cuih il g Cjrall B @ jala Al A pad) JiLEILG 4y all 8 5a0)
ey O QS G ) Gl S O (S @l A Al
dle Jira e Jsas e il Sl daail) 3 jagll s ey Ui ja Jas Y1 530
2o il O ADIA (e GRS gy oo Qo 138525 M () 21218
ayad Gb Ll e (i it (& G s Bl pes Jed caall 23U
o ¢ eanll Y Jid) Jiis e G san At e i e e ia ) il e 4 aia g
e e mal ) o Al (A g sals ol Lgie olS3 ARaal) s2a (o 3 LAY

i shagll U (g s—aim s sedad Ligpshs a1 s L 8 Dl il 8L (8 ooad) il s e Ll 28
Z_u\_)dg;\ei\gae ¢ gs_))ﬁ‘ Lﬁy‘}“ g@\kﬂh@\ﬂéﬂ\j ‘YeHJ.A}JSﬂ‘é‘JJSM‘ (Haplotype)
" Agiall 3 s UL s Sl

ey ey s A8y W) 5 A8 el Jal) daas Al 11 o SO (5 ) ) il aed "

«NATHALIE GERARD Et al 2006» .Jua¥! s Y hall
2 Noura Dahbi et all ; «Genetic characterization of the Berber-speaking population of
Souss (Morocco) based on autosomal STRs» ; published: 27 February 2023. Wiley Library

14


https://bioone.org/journals/Human-Biology/volume-78/issue-3/hub.2006.0045/North-African-Berber-and-Arab-Influences-in-the-Western-Mediterranean/10.1353/hub.2006.0045.short
https://onlinelibrary.wiley.com/doi/10.1002/mgg3.2156

fo el Ao dat) e ol ([T

&) cualt (ula1 G slaal agl (o jiaall a3kl e dnall il jall )
Jlei dilaia Lgid yo dalide AplS w clelii s il jan (e il S e b e agdl
Can Al gl Al 5o (A ela Cung ¢ Cuaall (g aall 5 aall dia Ly U5 Ly 3
Jalail g Al il 3 gl Aol dg ) qa—dll )l udladll aae y ) sie
Jlads & s (o e S5 ailad ane A0S wll A€ i) cOllas jelan 1 daDIAY)
26 M Sl qe Ay salll g A8 jall ilelait¥) gl Ll jaall G Bl ) 3 5a 5 e 5 Ly 58)

Al yem DTl | sl Al (e g SLa Wy 5,580 o 355 LS
27_" 1-}3‘)} uguu&.n):\s U.GJ.AAAJ\ AAJ‘_AQ J.i).\j\ uls.uj\ "
Regarding the aDNA, it is important to consider that the North African gene pool has been

formed by Palaeolithic and Neolithic back-migration of several European lineages, with Berber
populations in particular being very genetically heterogenous [135, 144, 145]. The mtDNA
haplogroups identified in three individuals from this population are found in Europe but also

dalaie Lgib e N A il Gl el ) Ll g 5D 1) 6l i) ane aas
Uil 5y siSall aiaiiin Le 138 5 ¢ all g 3,80 ( Jom g Adai W jliie by Ly 81 Jled
Ll 50 (8 25 G ¢ gy JlaW) gl A pal Al gilanl e S Caiad A
O o ¢ laolie dala b ol g sall G (Aol Cplidlly o A siadl s AY)
L 1 Jla (g A1 5 i g (e 58 5S g ARl (pilaia pe L6 A1 Ja i B
S A S ol g gl Gl € g sl s SD el paaall Cgia g Jan g Y1 (500
O8I 28 W) )5 (uilatia ye 5 o sile Und iy ool ()l ¢l 8 Jlacd 8 age lins
iy il jall acihay ) 53l agale] 3 a8 e s sSe dga s A0 Y 138
¢ Sl LDEAY) daii 5 58 U suiSa my al oz e LS (35Sl 128 o) e clle il
Sl LS e il ) O ke ek 138 5 S (o jall die 22 5a g 5LV pe
29 AV a3yl (e 4l peal (10 9%63.5 ol e iy 4gle Al el

% Arauna Laura R et all : «Genetic heterogeneity of Berber peoples as a result of

differential migration and admixture patterns» ; CSIC Journal ; 2015. La lgle alkl

27 Rebecca Anne MacRoberts et all «<Shrouded in history : Unveiling the ways of life of an

early Muslim population in Santarém, Portugal (8th- 10th century AD)», PMCID:

PMC10917335 PMID : 38446809.

2 L ara R Arauna, David Comas «Genetic Heterogeneity between Berbers and Arabs» :

published: 15 September 2017. wiley online library.

Serra-Vidal et all. ) 3 ke agia jiaky ¥ g ¢ 48 Lial) (b ghaill L) (a0 paady LS g8 (lead) Gy e ciliad ) 29

¢ (Ferreira et all. 2021) bl g oo J ¥ L 8 ¥ Laja aldll ) &9 s CiBal o Jaady Glle 585 Gl <(2019
.( Loosdrecht et all 2018) %63 Gl La dlgaal 8 8 ydiall G oSall &lug

15


https://digital.csic.es/handle/10261/153632
https://pmc.ncbi.nlm.nih.gov/articles/PMC10917335/
https://onlinelibrary.wiley.com/doi/10.1002/9780470015902.a0027485
https://pubmed.ncbi.nlm.nih.gov/31679935/
https://pubmed.ncbi.nlm.nih.gov/31679935/
https://academic.oup.com/gbe/article/13/9/evab194/6364187
https://www.science.org/doi/10.1126/science.aar8380

Genetic Heterogeneity between Berbers and Arabs

Lara R Arauna, David Comas

First published: 15 September 2017
https://doi.org/10.1002/9780470015902.a0027485
Citations: 4

Key Concepts

* A back-to-Africa migration replaced the population of North Africa in pre-Holocene
times.

* North African populations are very heterogeneous and are composed of North African,
Middle Eastern, sub-Saharan and European genetic components.

* No genetic differences have been found between Arab and Berber groups.
* The Arab expansion had an important cultural and genetic impact in North Africa.

* The Berber people are genetically diverse and heterogeneous.

D | g Z\.ubd e
PRI I P [ OV B AN { IS ISV DA SN G [V (S
¢ Ly 8 Jlad ASL i o gand i) Al gt U A jad) 3 yagll W AT 5 Ay Y
G-l ()5l aial) S8y 5 L (5 -8l Ul ) ST & 5leY) eaial cllA) Ll
el ciall LoVl e ol Llaie dial) agl saal (65 8 diaa JSY) a5
aede] (8 Giliia s S a3 (4w 12000) ke 535 il dasi yal)

U810 g A Y DL DAY

Morocco S. Morocco N. CELELE] Algeria Libya Egypt &
Ancestry
u u || Basque
LD VIR WP T g
. Arabs . Tun. Chen. Ber.

“‘J isia d Mo orocco Er g D M Bervers YRI )
(o}wd.rJLaY/uLuG -y Lu.u(o)‘i.llc ) clise o4

A5 50 Jsma¥) Jsa Uigl Al 5o (e o2lel ) Gluall YA (e Adaa Ml (Kay
OsL L (A Jiaal) (o g¥) (3 =) G gSal) O L sl Jlad (8 sl 5 el
Sia¥) sl Aaall & oSl Lt ) s Gl die ol o Cangall s (@) 50V

30).1\);]\ }mMujmjwqyjuM\ Ju\meqmm(. )JA;YU

% Lara R Arauna, David Comas «Genetic Heterogeneity between Berbers and Arabs» :
published : 15 September 2017. La 4wl )all Jas

16


https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.biologiaevolutiva.org/dcomas/wp-content/uploads/2017/01/Arauna-Comas-2017.pdf&ved=2ahUKEwiWjPDM2MyJAxW6VaQEHd6fE7kQFnoECBcQAQ&usg=AOvVaw2JpotOFIUatzDcLVznrjAv

(o @) e Ly 8 Jlad AL o 5ol o 91 (3-8l el Sl 1
mnl) g Ay AT Gl ey sl gl g5 ARSI ) A8 i e
alalg ) siSall Ln ol o s S5V 5 JUY) alle Jisiy .l il e Jin anadll (5 aall
35Sl JUY) ddlle ae o i Gl dlall 4dlse & (William Stiebing) gt
¢l (5 yaaall (55 gl (maad) e dl S (Susan Helft) <dla &) ) g
e ganally Ualsi ) ST 1538 sladil) g yomall (s cilils 385 022017 ale & <y
Dl o il i el () al 4l o) janall (o gin 48 Y1 e 438 Hdall 5 Ay all
G855 ) s gae Aol Uiy 8 Jlad (S Agiandl il 5 o g ... ame g
3L elld ol Caaall (s yaall juasll dia oY) @l G K
most closely aligned with Nubian populations rather than with samples from
the Levant (Godde 2021). On the other hand, genetic studies of modern North

African populations generally suggest a big influx of Near Eastern populations
during the Neolithic Period or earlier (Arredi et al. 2004).
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We found evidence of multiple waves of admixture in Amazigh groups, consistent with previous studies2. Using
GLOBETROTTER, we detected multiple dates of admixture in three Amazigh genetic clusters and only one date in the
other groups tested, including two Amazigh and two non-Amazigh genetic clusters. Due to the limitations of the
method, to address the multiple dates inference, we could only infer two admixture dates that should be interpreted
with caution since it is difficult to differentiate between continuous gene flow and independent admixture events.

The oldest admixture, common to all the groups, is placed around 35.7 ga (1130 CE); however, the admixture timing
differs considerably between populations, with the clusters with two admixture events inferred showing a wider
admixture time range (Fig. 4). This admixture event involved a major source population with a major component (71%)
from the Middle East, and European-like and sub-Saharan-like components, with average proportions of 23.3% and
5.8% respectively. The minor source population participating in this admixture event contains on average 67.4% of the
sub-Saharan-like component and 32.6% of the Middle Eastern-like component. The most recent admixture, only
inferred for Khenchela, OumEIBouaghi_Batna and Mozabite genetic clusters, is placed around 6.6 ga (1858 CE) and
involved a major source population with an average 69.4% of the Middle Eastern-like component, 20.1% of the
European-like component and 10.5% of the sub-Saharan-like component. The minor sources inferred for this event
present a higher proportion of the sub-Saharan-like component (41.8%), while the average proportions of the Middle
Eastern and European-like components are 45.7% and 12.6% respectively (Fig. 4). The similar genetic composition of
the sources between the two inferred events, formed by the same surrogate populations with slightly different

percentages, is compatible both with multiple waves and with continuous admixture during the inferred time ranges

oM 1 od sl 4y B_adY

(Supplementary Fig. 8).
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Middle East (Macaulay et al., 1999, Rando et al.,, 1998). Regarding the Y chro-
mosome, current North Africans are characterized by the high frequency of
haplogroup E=M8], a lineage considered to be autochthonous of this region.
Interestingly, the frequency of E-M81 follows an east to west cline, with the
highest frequencies in Morocco and the lowest in Egypt, similar to the results
obtained for classical markers. Based on that evidence and contrary to the
conclusions drawn from mitochondrial pNaA, Arredi et al. (2004) proposed
that North African paternal diversity was compatible with a demic expan-
sion from the Middle East. Because the age of E-M81 and other common
lineages in North Africa (E-M78 and J-304) were relatively recent, they pro-
posed that the North African pattern of Y-chromosome variation was mostly
of Neolithic origin.
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ETUDE DU POLYMORPHISME DES GROUPES
SANGUINS, (ABO, SS, RHESUS ET DUFFY)
CHEZ LA POPULATION ARABOPHONE DU
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ABSTRACT

The present study deals with anthropogenetic profile of the Arab speaking
population of the Beni Mellal region which separates areas inhabited by Mid-Atlas Berbers
from those inhabited by Soth-Morroccan Arabs. The study of blood groups ABO, Rhesus, Ss,
and Duffy was conducted on 131 individuals. The result shows that this population has the
highest frequencies of the FyO allele (0.860) and s allele (0.524) in comparison to all Arab
and Berber populations of North Africa and the Middle East. However genetic distances
estimated on the basis of these four markers reveal that the population of Beni Mellal and
another in the Beni Hlal region are in the same sub-cluster with populations from the Middle
East. This may be attributed to the Oriental Arab (“Machrek”) origin of these two Moroccan
Arab populations.
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RESUME

La présente étude s'intéresse a la caractérisation anthropogénétique de la
population arabe habitant le plateau de Beni Mellal qui sépare les populations berbéres du
Moyen Atlas et les populations arabes du Maroc méridional. L'analyse des marqueurs des
groupes sanguins ABO, Rhésus, Ss et Duffy sur des échantillons de 131 individus a permis de
mettre en évidence que cette population présente les fréquences les plus élevées des alleles
FyO (0.86) et s (0.524) par rapport a toutes les autres populations arabes et berbéres de
l'Afrique du Nord et du Moyen Orient. Cependant, l'estimation des distances génétiques pour
l'ensemble des quatre marqueurs analysés, montre que cette population, ainsi que la
population arabe marocaine de Beni Hlal se situent dans un sous cluster qui les regroupe
avec les populations du Moyen-Orient, ce qui pourrait expliquer une origine orientale de ces
deux populations. De plus, les coefficients de diversité génétique de Reynolds montrent une
plus grande diversité intra région qui met en évidence l'importance de la dérive génétique
comme facteur principal de micro différenciation.

Mots clés : population, marqueurs sanguins, diversité génétique
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CONCLUSION

Les résultats de cette analyse permettent de conclure que la population arabophone

de Beni Mellal présente les distances génétiques les plus faibles vis a vis des populations du

Moyen-Orient et en particulier celles de I’ Arabie Saoudite et du Yémen, ce qui indiquerait

leur origine probable de cette région. Cela est essentiellement di aux fréquences relativement

élevées des alleles Fy O et s qui caractérisent les populations arabes orientales telle que

présenté par Cavali-Sphorza en 1994. L’analyse des coefficients de diversité génétique

montre que les populations berbéres marocaines et algériennes présentent une grande

hétérogénéité génétique, exprimée par le degré élevé de la diversité intra-région. Ceci laisse

supposer que l’effet de la dérive génétique et celui des effets fondateurs ont été a 1’origine
d’une amplification des phénomenes de micro différentiation a 1’échelle régionale.
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Conclusions Our study provides insights into the genetic connections of the Chaouia Ouardigha population, high-
lighting how historical events, socio-cultural influences, and geographical proximity have contributed to shaping their
genetic structure. It demonstrates the substantial impact of historical events and geographical closeness in fostering
affinities between the Chaouia Ouardigha community and neighboring populations in North Africa, Southern Europe,

and the Middle East. Additionally, the study has generated valuable data confirming the effectiveness of these 15
genetic markers for forensic applications across the broader population.

Keywords Chaouia - Ourdigha, Morocco, Northwest Africa, Population genetics, Short Tandern Repeats, Genotyping,
Investigator® IDplex plus PCR kit
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Phylogenetic analysis

We notified by phylogenetic analysis that the Arabic
- speaking population of Chaouia - Ouardigha is found
to be distinct from Sub - Saharan, East Asian, and Latin
American populations, but closely related to the popula-
tions of the Middle East and North Africa (Fig. 2).
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Sforza, Menozzi, et Piazza 1994). In our case, this sample of
Arabic-speaking group of Chaouia - Ouardigha population
separated from the North Mediterranean populations and
joined the Middle East and North African populations due
to the possible founder effect, where the age of this effect
played a crucial role in this relocation. In fact, a recent study
of the Chaouia population (Arabic and Amazigh speaking)
showed that it shared close genetic affinities with popu-
lations from North Africa, the Middle East, and Europe
(Chefhi et al. 2023). This can also be attributed to the fact
that the Arab founders of the Chaouia- Ouardigha popu-
lation were Muslims who emigrated from the Middle East
to the North African region (Morocco) and settled in the
region towards the end of the 12th century with the arrival
of the Arab tribes "Beni Hilal" and "Beni Soulaim" (Dagh-
fous 2003). The populations of the Middle East and North
Africa are centrally positioned relative to populations in
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investigations. The study also suggests a parallelism role in shaping the genetic structure of the population
between the established genetic map and the geographi- Chaouia - Ouardigha, as evidenced of a possible founder

cal distribution of the populations analyzed. In fact, the effect that led to the repositioning of this particular pop-
historical and cultural factors have played a significant  ulation in relation to North Mediterranean populations.
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Exploitation de 15 STRs autosomaux pour I’étude
phylogénétique de la population Arabophone de Rabat-Salé-
Zemmour-Zaer (Maroc)

Exploitation of 15 autosomal STRs in the phylogenetic study of the Arabic-speaking population of
Rabat-Salé-Zemmour-Zaer (Morocco)
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Résumé

La volonté de classer les populations humaines actuelles n’est pas récente dans
I’histoire de I’anthropologie. Aujourd’hui la réalisation d’une construction
phylogénétique associe le critére géographique aux critéres anatomiques de
I’anthropologie physique et, depuis peu, aux considérations historiques, ethnologiques
et linguistiques. Dans ce contexte nous avons réalis¢ une ¢étude phylogénétique
régionale et mondiale de la population arabophone marocaine de Rabat-Salé-
Zemmour-Zaer en utilisant les fréquences alléliques des 15 STRs du kit Identifiler
(TPOX, D3S1358, FGA, D5S818, CSFIPO, D7S820, D8S1179,THO1, VWA,
D13S317, D16S539, D18S51, D2S1338, D19S433 et D21S11) susceptibles de
reconstituer I’histoire des flux géniques qui ont alimenté le substratum génétique dans
cette région qui abrite 1'un des plus anciens sites archéologiques (Harhoura). La
population arabophone de Rabat-Salé-Zemmour-Zaer présente une similitude
génétique aux Andalous a 1’échelle Afro-méditerranéenne et des rapprochements
génétique aux populations du Moyen Orient dans un contexte mondial plus large. Les
événements historiques des invasions islamiques au Maroc et de I’expulsion des
arabes de la Péninsule ibérique semblent définir de prés cette structure.
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En considérant les populations, la population de Rabat-Salé-Zemmour-Zaer occupe une
position centrale et semble retrouver sa position équilibrée apres avoir introduit les populations
mondiales. En effet, contrairement au contexte régional, la population de Rabat-Salé-Zemmour-
Zaer s’est détachée des populations Nord-Méditerranéennes pour rejoindre les populations du
Moyen Orient et du Nord de I’Afrique. L’ancienneté de ’effet fondateur joue un réle important
dans ce repositionnement. En effet, les arabes fondateurs de la population Rabat-Salé-Zemmour-
Zaer ne sont autres que les musulmans qui ont migré depuis le Moyen Orient pour s’installer dans
la région de Rabat-Salé-Zemmour-Zaer avant 1150, soit environ cinq siécle avant I’arrivée des
réfugiés musulmans de I’Andalousie. L’ arbre phylogénétique établi confirme la structure révélée
lors de I’analyse en composantes principales, avec les populations du Moyen Orient et du Nord de
I’ Afrique toujours en position intermédiaire (Figure 4).
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% H. ELl Ossmani et all «<Exploitation de 15 STR autosomaux pour l’étude phylogénétique
de la population Arabophone de Rabat-Salé-Zemmour-Zaer (Maroc)». Google scholar /
Semantic Scholar / Antropo.
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Results: A total of 210 alleles were detected with corresponding allele frequencies
ranging from 0.003 to 0.367. The most polymorphic locus was D18S51 with 23 al-
leles which was also the most discriminating locus as expected. The phylogenetic
analysis clustered the Souss closer to the Azrou and southern Moroccan popula-
tions. The population comparison showed affinity between the Souss and most
North African populations, as well as with Middle Easterners and Europeans.

5 Noura Dahbi et all 2023 «Genetic characterization of the Berber-speaking population of

Souss (Morocco) based on autosomal STRs». Wiley Online Library
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based on PC1 and PC3, distinguished North African popu-
lations from other groups. In both plots, the North African
group was closely clustered with the Arabian Peninsula
group, demonstrating a genetic proximity between the
Middle Easterners and the North Africans. The Souss
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As far as Arab populations are concerned, the Souss
population showed a significant difference at two loci
with Iraqgis (IQ) and Emiratis (AE). These results are
supported by the above-mentioned observations (PCoA
plots). Indeed, the genetic proximity between the Souss
population and the Arabs from the Middle East could be
related to ancient waves of migration that started with
the arrival of the Maakil Arabs in 1218 in the Bani valley
(Souss) (Handaine, 2008).
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we observed that the Souss population had a close genetic
affinity with south Europeans and Arabs, confirming the
historical connections between these populations. Our
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As shown in phylogenetic tree and confirmed by genetic dis-
tances inTable 3, population of southern Morocco seems to be near-
est to the Saudian, Moroccan of Asni and Andalusian populations
than the rest of northern African populations. Geographical proxim-
ity between southern Moroccan population and Asni’s one, the
installation of Arabs migrant from the Middle East and especially
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than the rest of northern African populations. Geographical proxim-
ity between southern Moroccan population and Asni’s one, the

installation of Arabs migrant from the Middle East and especially
from Saudian population in southern Morocco before conquering

Andalusia, and the return of Arabs expelled from Andalusia in
1610 to southern Morocco area, may be an explanation for this affin-
ity. Actually, Shepard and Herrara [12] found in a previous work that
Andalusian and Arabs from Morocco bifurcate together away from
the Berber population with a bootstrap value equal to 76%.
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74 Hicham EL Ossmani et all 2009 «Allele frequencies of 15 autosomal STR loci in the
southern Morocco population with phylogenetic structure among worldwide
populations» ; ELSEVIER. Legal Medicine 11 (2009) 155-158.
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tant (Table 3 and Fig. 1). Geographical constraints may explain this
limitation between these two linguistic groups. On the other hand,
except the Moroccan population of Asni, Berber-speaking popula-
tions were closer to Asians and populations of Middle East. In fact,
Myles and colleagues [23] suggest that contemporary Berber popu-
lations possess the genetic signature of a past migration of pastoral-
ists from the Middle East and that they share a dairying origin with
Europeans and Asians, but not with sub-Saharan Africans.
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