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Abstract

Mitochondrial DNA (mtDNA) variability is the most common genetic marker used for the study of
population heterogeneity and human phylogenetic studies. The population of North Morocco has not been
well studied. To check out this diversity and to compare it with the Spanish population, mtDNA
hipervariable region (HVR-I) was sequenced and RFLP analyses were performed in a sample of 260 men
coming from Oujda and Tetouan. This study is also interesting for experimental designs to study
mitochondrial disorders linked to mtDNA polymorphisms. Moreover, our data can be used for forensic

studies.

Keywords : mtDNA, variability, diseases, Morocco

Introduction

The human mtDNA is a circular double-stranded
molecule of 16.569 bp, coding for 37 genes: 13
polypeptides of the complexes of the respiratory
chain, 2 ribosomal RNAs (rRNA) and 22 transfer
RNAs (tRNA). It also encompasses a non-coding
region of 1122 bp, containing the majority of
elements for the replication and transcription control
[2,3].
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Figure 1: Mitochondrial DNA genetic map
Human mtDNA  presents some  particular
characteristics, such as maternal inheritance and lack
of recombination, that fix appearing non pathological
mutations in human maternal phylogeny . Because of
this, it has been used as an important tool for the

study of evolution and genetics of human population.
Since 1981 when human mitochondrial genome was
sequenced, several studies have reported sequences of
mtDNA that show individual differences, the history
of women’s evolution, and therefore that of the
humanity.

The individual lineages of mtDNA have radiated
along migrations from Africa towards the different
continents during the 150,000 years of human
prehistory. In this time, point mutations (single
nucleotide polymorphisms or SNPs) accumulated in
mtDNA appears with high frequency in the
population and they are known like specific mtDNA
polymorphisms of the different continents, or
mitochondrial haplogroups.

There are four major African lineages LO, L1, L2 and
L3 T[10]. AIll non-African mtDNA sequences
descended from mitochondrial cluster L3. The non-
African L3 sequences belong to the M and N
superclades. Caucasian population mostly harbors
four clades; HV, JT, KU, and IWX. Each of these is
defined by certain relatively ancient and stable
polymorphic sites located in the coding region.

DNA sequence variations can be used to construct a
phylogenetical tree, or several alternative trees
arranged in a network, to display the evolutionary
relationships between individual sequences. When the
women migrated from Africa, additional mutations
were accumulated becoming specific variations of
discrete geographical regions, and then giving rise to
the already mentioned mitochondrial haplogroups[9].
The Caucasian haplogroups derived from African
superhaplogroup L3. Studies of Restriction Fragment
Length Polymorphisms (RFLP), of samples of
Caucasian individuals that lived in the United States
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and Canada, revealed four specific haplogroups (H, I,
J, K) that included 64% of the population [11]. Some
early works in three Caucasian populations of
Finland, Italy and Sweden, also showed other five
new mitochondrial haplogroups (V, W, X, T, U). By
this way, the nine Caucasian haplogroups were
identified.

Africa presents the most complex genetic picture of
any continent, due to the great diversity of African

mtDNA sequences produced by time depth of their
genetic lineages. Studies on the distribution and
frequency of superhaplogroup M, concluded that the
exit route of migration (Out-of-Africa) took place
from East Africa towards Near East. From this point,
lines of migrations to other continents arose [12].

— —

Figure 2: Mitochondrial DNA migrations from
www.mitomap.com

40,000-
50,000
130,000-
170,000
Brakez et al, 2001 | Plaza et al, 2003
Berbers from Arabs | Berbers
Haplogroups Souss area N= 50 N=50 N= 64
H 32 26 42
\% 10 4 6,2
J 10 4 9,4
T 4 4 15,6
18[0) 6 8 7,8
Urest 10 12 6,2
K 2 4 7,8
X 0 4 0
L 26 32 32
M 0 2 0
Others 0 0 1,8

Table 1: mtDNA haplogroup distribution in
Moroccan population according to [4,7].

The African mtDNAs were grouped into four
haplogroups LO, L1, L2 and L3; L1 is found in West
and Central sub-Saharan Africa. However, the earliest
mitochondrial lineage was L0, which arose with
Mitochondrial Eve. And all existing human
haplogroups are descended from L1. Among these
descendants are the African haplogroups L2 and L3,
the latter giving rise to all non-African haplogroups.

Haplogroups A, B, C, D, E, F, G M* and R* embrace
the majority of the lineages described for Asia,
Oceania and Native Americans. The geographic
distribution of derived branches of these haplogroups
has shed light on crucial aspects of human history,
such as the probable origin and approximate dating of
migrations into the New World and Polynesia.

First studies on the variability of the Moroccan
population, revealed a high heterogeneity of mtDNA
sequences within Berber and Arab populations.
Distribution of haplogroups found in the two previous
studies on Moroccan population are described in table
1.

The most frequent haplogroup in both Berber and
Arab populations was H. However, important
differences in the contribution of haplogroup L were
reported, being notably lesser in the case of Berber
population studied by Plaza et al. In this last case,
origin of the samples was not clearly stated. The rest
of Caucasian haplogroups (V,J,T,U6, Urest, K and
X), appear in different proportions. In this respect,
differences between Arabs and Berbers are important
for haplogroup X, which is distributed in Arabs but
absent in Berbers in both studies. Interestingly, this
absence was also noted in M haplogroup.

U6 haplogroup is almost absent in Caucasian
population but was well represented in these reports.
Then, these data confirmed that North Africa
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population is enriched to U6 haplogroup. Moreover,
other works reporting the Berber repartition in
adjacent countries, as Algeria, Tunis, and Mauritani,
show that U6 haplogroup is well represented there.
Considering that Morocco is an African peripheral
region in close proximity to Europe, the African
influence represented by L haplogroup is smaller than
expected, and reflects an intracontinental
heterogeneity. The geographical proximity to the
Iberian Peninsula and possible human contacts or
even movements between the two parts of the strait,
makes North of Morocco an interesting area to study
the relationship between South of Europe and North
of Africa. Table 2, presents the distribution of
mtDNA haplogroups in Spain and Andalusia, the
nearest European land to North Morocco.

Haplogroup H originated in Near East though its
frequency in Spanish and Caucasian populations (40-
50%) is higher than in Near East. These frequencies
are also higher than those found in Morocco.
However, no differences were observed in its
distribution between whole Spain and Andalusia.

Haplogroups Spain Andalusia
N=686 N= 158

H 47 1 46,2
\Y% 5 57
J 8,9 7
T 6,9 4.4
U 22,6 12
K — 6,3
X 1,2 3,2
L — 1,9
M — 3,8

Others 8,3 9,5

Table 2 : Mitochondrial haplogroups diversity in
Spain and Andalusia [5,7].

To complete this puzzle and in order to reveal further
intra-population  differences, we decided to
characterize the North Moroccan population. To
collect samples, we have chosen Tetouan and Oujda,
two North Moroccan cities situated respectively in
the West and East part of the Rifain region, known to
be enriched in Berber population.

Material and methods

Blood samples were collected, DNA was extracted
and genetic analyses were performed. Blood was
obtained from 260 unrelated healthy volunteers
between 20 and 45 years old, including 80 from
Tetouan and 180 from Oujda. Total DNA was
extracted from blood (3-5 ml in EDTA tube) using
Proteinase K, followed by standard phenol-

chloroform method, and the DNA was precipitated
using absolute ethanol, as was previously described
[6.8].

For the genetic characterization of the individuals, all
the samples were analyzed by RFLP and by
sequencing the hipervariable region I (HVR-I).
Amplifications were carried out in 50ul of reaction
mixture and PCR products were loaded in 2% agarose
gel. Positive amplifications were digested at 37°C in
10ul reaction volumes. The polymorphisms used and
PCR conditions are shown in table 3 as it has been
previously described [8]. A fragment of 468 bp
(HVS-I) was amplified using the primers L15977 (5°-
CCACCATTAGCACCCAAAGC-3’) and H16455
(5’-CGAGGAGAGTAGCACTCTTG-3"), where “L”
and “H” refer respectively to “Light” and “Heavy”
strands of mtDNA. The sequences were aligned to the
revised Cambridge Reference Sequence (rCRS) using
BLAST program. The results obtained are shown in
table 4.

Results and discussion

In our study 58,1 % of the North Moroccan mtDNA
haplogroups belong to Caucasian variants. As
commented before, haplogroup H, is less represented
than in Caucasian populations; though is the most
frequent in both cases. On the other hand, L mtDNA
genotypes found in our samples are less represented
than in Souss area (13,5% in North Morocco and 26%
in Souss area) and it is almost absent in the Spanish
population. Nevertheless, it has been found at low
frequencies in Andalusia, suggesting a slight but
coherent South-North decline from rest of Spain,
Andalusia, North Morocco and Souss.

Haplogroup X appears in our studies. Probably due to
the higher size of our samples as compared to those
described in table 1. Interestingly, haplogroup M
shows a higher frequency in Oujda than in Tetouan.
This result could suggest a different penetrance of
this genetic character from East to West part of
North Morocco. Whether this different penetrance is
due to human migrations to North Africa from Near-
East or Eastern Africa, where M haplogroup is
somehow frequent, remains to be investigated.

It is well known that mtDNA haplogroups contain
other genetic sub-lincages or sub-haplogroups.
Characterization of these sub-lineages allows a
deeper knowledge of the phylogenetical structure of a
population, and then facilitates demographic studies.
Since our results open new questions on the
demographic structure of North Morocco, we decided
to deep in the genetic analysis and to study some sub-
haplogroups of our samples.
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Table 3: Conditions used for identification of polymorphisms. mtDNA fragments amplified under the
PCR conditions here defined, were digested for RFLP analysis. One of the primers used for the detection

of 12308 polymorphism have a mismatch.

Amplicon Rstriction Haplogroup Anncaling Digested PCR product
enzyme identified I e 3 temperature (C) - (bp) +
3350-3680 Hpal L TCGCAATGGCATTCCTAATG 62 331 243/88
GAGTTTGATGCTCACCCTGA
4096-4407 Afl I J-T CTACTTCTAACCTCCCTGTT 60 312 121/191
CTTACTTTAGGATGGGGTGT
4308-4739 Nla IIT v GGAGCTTAAACCCCCTTA 60 432 273/159
GGAGCTTAAACCCCCTTA
6874-7134 Alul H TCGCCACACTCCACGGAAG 65 183/78 152/31/78
TGGCGTAGGTTTGGTCTAGG
10270-10579 Alul M TCCTTTTACCCCTACCATGAG 62 310 128/182
ATTATTCCTTCTAGGCATAGTAG
12101-12338 Hinf I K-U TCCCTCAACCCCGACATCATTACCG 64 67/168 67/138/30
CTTTTATTTGGAGTTGCACCAAGATT
14430-14580 Acc X ATGCCTCAGGATACTCCTCAATAGCCGTC 60 151 36/115
TTGATTGTTAGCGGTGTGGT

Table 4: Comparison of the distribution (number of individuals between brackets)

Tetouan Oujda North of Morocco
Haplogroups n=80 n=180 N=260
H 31,3(25) 27,7(50) 28,8
\% 6,3(5) 2,7(5) 3,8
J 1,3(1) 5,5(10) 4,2
T 7,5(6) 4,4(8) 53
Utes 5(4) 4,4(8) 4,6
Us 3,7(3) 2,7(5) 3
Us 11,3(9) 9,4(17) 10
K 3,7(3) 6,1(11) 54
X 3,7(3) 2,7(5) 3
L 11,3(9) 14,4(26) 13,5
M 3,7(3) 509) 4,6
Others 11,3(9) 14,4(26) 13,8

On the other hand, mtDNA variants-associated
diseases are in some cases depending of these sub-
haplogroups. Since haplogroup H was the most
frequent in North Morocco and different sub-
haplogroups H have been clearly defined, we have
initiated a study to further characterize these
haplogroups in our samples. Preliminary results
obtained are shown in table 5. The criteria of sub-
haplogrouping have been those described by [1].

Very interestingly, a different genetic structure
appears in Tetouan and Oujda. H1 is the most
frequent one in Spain and also appears to be the most
penetrated in both areas. However, H3 that is more
frequent in Italy than in Spain, shows a higher

frequency in Oujda. On the other hand, H5 more
frequent in Spain than in Italy, appears in Tetouan
and it is absent in Oujda. These preliminary results
point out to a different genetic structure of
haplogroup H that remains to be confirmed and
explained.

However, these differences in sub-haplogroups H,
together with those of M and U6 frequencies, suggest
that genetic structure of the maternally inherited
mtDNA lineages show some differences between
Tetouan and Oujda. These two cities, no more than
500 Km far are separated by Riff Mountains, a
natural geographic barrier. We suggest that this
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barrier could explain the differences found between
both populations.

H sub-haplogroups | Tetouan N=25| Oujda N=50

H1 11 (44%) 24 (48%)
H2 1 (4%) 0
H3 1 (4%) 7 (14%)
H5 2 (8%) 0
H8 0 0
H* 10 (40%) 19 (38%)

Table S: Distribution of H sub-haplogroups in
Tetouan and Oujda
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