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a b s t r a c t

The present study characterizes the mitochondrial DNA diversity of Moroccan goats. 150
goats of different phenotypic entities were sampled over four geographic regions covering
most of the Moroccan territory and the HVI segment of their mitochondrial DNA (mtDNA)
control region was sequenced. The 150 Moroccan goats represented 97 haplotypes for this
mtDNA fragment. Most of this diversity was present within phenotypic entities and within
geographic regions. This weak genetic structure may result from the fact that all haplo-
types were already mixed in the populations that colonized Morocco and/or the existence
of recurrent gene flows from Mediterranean routes. Comparing the Moroccan haplotype
diversity to that of 21 haplotypes representative of the worldwide diversity showed that
all the Moroccan goats studied belonged to the A haplogroup that is preponderant in the
world. The haplotypes of the Northern region appeared to be less diverse, what would
probably reflect a stronger founder effect in this region.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Small ruminants have a major socio-economic and eco-
logical role throughout the world and allow the production
of 11.1 million of tons of meat per year. This is especially
true in Morocco, where the breeding of small ruminants
interests more than 65% of the rural population (MADRPM,
2004) and plays an essential role in the rural economic
activity. However, only a few studies have described the
genetic structure of these local populations until now. For

� This paper is part of the special issue entitled: Technological devel-
opment and associative attempts to a sustainable goat production – A
selection of Plenary and Oral presentations from the 10th International
Conference on Goats, Guest edited by Dr. Marta Madruga.
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goats, it is difficult to distinguish well-defined Moroccan
breeds. However, several investigations have described
typical populations with specific localization and pheno-
typic characteristics. The three major local populations
are: (i) the Black population of the Atlas with two sub-
populations; (ii) the Northern population; (iii) and the
population Draa.

The study of microsatellites and casein genes high-
lighted the strong genetic polymorphism of such Moroccan
populations (Tadlaoui Ouafi et al., 2002). They are
characterized by a high diversity and a significant hetero-
geneity due to an uncontrolled mixing between various
populations. A comprehensive study of mitochondrial
and Y chromosome DNA diversity in Northern African
goats (Pereira et al., 2009) confirmed the high level
of variability and suggested that their colonization was
influenced by recurrent gene flows through maritime
routes (instead of a unidirectional terrestrial route) as

0921-4488/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
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Table 1
Distribution of genetic variance in populations and geographic regions revealed by AMOVA.

Source of variation Within populations Among populations Within regions Among regions

d.f. 3 146 3 146
% Variation 7,5 92,5 6,8 93,2
P value P < 0.001 P < 0.001

well as by gene flows between Morocco and the Iberian
Peninsula.

The present study aimed to characterize the mitochon-
drial diversity of Moroccan goats (HVI segment of the
control region) in relation with the haplotype diversity
already described at the worldwide level (Naderi et al.,
2007).

2. Materials and methods

Samples were collected from 150 goats from four main geographic
regions: (i) the plains of the central region (provinces of Beni Mellal and
Khouribga) (ii) the mountains of the central region (province of Azilal)
(iii) the Northern Region (provinces Tangier, Larache and Chefchaouen),
and (iv) the South-Eastern area (provinces of Errachidia, Ouarzazate and
Zagora). These goats belonged to four entities: (i) Northern population, (ii)
Black population of the Atlas, (iii) Draa breed and (iv) other phenotypes.

Tissue samples from the distal part of the ear were collected
and placed in alcohol for one day, and then transferred to a tube
filled with silica gel until extraction. DNA was extracted using
the Qiagen DNeasy tissue kit following the manufacturer’s instruc-
tions. The HVI segment of the control region was sequenced using
the primers CAP-F (5′-CGTGTATGCAAGTACATTAC-3′) and CAP-R (3′-
CTGATTAGTCATTAGTCCATC-5′) that amplified a fragment of 598 bp
(without primers) corresponding to the positions 15,653 to 16,250 on
the complete goat mitochondrial sequence of reference (Parma et al.,
2003; GenBank accession number AF533441). PCR amplifications were
conducted in a 25 �l volume with 2 mM MgCl2, 200 mM of each dNTP,
1 mM of each primer and 1 unit of AmpliTaq Gold Polymerase (Applied
Biosystems). After a 10 min period at 95 ◦C for polymerase activation, 35
cycles were run with the following steps: 95 ◦C: 30 s, 55 ◦C: 30 s, 72 ◦C:
1 min. PCR products were purified using the Qiaquick PCR purification
kit (Qiagen). 35 ng of purified DNA from this PCR product was used for
sequencing with the CAP-F or CAP-R primers. Sequence reactions were
performed for both DNA strands with the CAP-F or CAP-R primers by using
the ABI PRISM Dye Terminator Cycle Sequencing Reaction Kit (Applied
Biosystems) in a 20 ml volume with 2 mM of each primer. 25 cycles were
run with the following steps 96 ◦C: 30 s, 55 ◦C: 30 s, 60 ◦C: 4 min. Excess
dye terminators were removed by spin-column purification and the prod-
ucts were electrophorized on an ABI 3130 PRISM DNA sequencer (Applied
Biosystems) using the POP 7 polymer.

The sequences obtained were edited for correction with SeqScape
v2.5 (Applied Biosystems). They were aligned together with 21 refer-
ence sequences (Naderi et al., 2007) using Mega v3.1 (Kumar et al., 2004),
and then adjusted by eye. For analyses, we kept the 481 bp long region
(GenBank Accession Numbers HQ455369–HQ455518) usually used for
characterizing the goat mitochondrial diversity (e.g., Luikart et al., 2001;
Naderi et al., 2007). AMOVA were performed on the Moroccan dataset
using ARLEQUIN v3.0 (Excoffier et al., 2005) in order to test the partition
of the genetic variance among and within populations and geographic
areas. A median joining network representing the relationships between
haplotypes was drawn using NETWORK v4.5.1.6. A Neighbor-joining tree
was constructed using the Moroccan haplotypes and the 21 haplotypes
representing 6 domestic goat haplogroups identified in the world (Naderi
et al., 2007).

3. Results

The HV1 fragment of the control region showed a high
polymorphism in Moroccan goat populations, with a hap-
lotype diversity (Hd) of 0.9925. The 150 sequences had
98 variable sites over 481, and corresponded to 97 hap-

lotypes. The Neighbor-joining tree (Fig. 1) made with these
97 haplotypes and 21 haplotypes representing the diver-
sity of the 6 haplogroups found over the world (i.e., A, B, C,
D, F and G, Naderi et al., 2007) showed that the 150 goats
studied were from the haplogroup A. Even if the AMOVA
showed a significant population effect on the mt varia-
tion (P < 0.001), 92% of this variation was distributed within
populations (Table 1). Also, the differentiation between
geographic regions was low but significant (P < 0.001), and
about 93% of the genetic variability was distributed within
regions (Table 1).

4. Discussion

4.1.1. Moroccan goats’ diversity in the worldwide context

The very high haplotype diversity obtained for the
Moroccan goats is similar to that measured by Naderi
et al. (2007) on 1440 haplotypes from the A haplogroup
across the world. It also confirms the high diversity already
described in Moroccan and other Northern African goats
(Pereira et al., 2009). This high diversity would result from
the heterogeneity of domestic goat populations that first
colonized Morocco. Because the goat domestication pro-
cess is recent at the evolutionary timescale (about 10,000
years ago), only a few mutations should have occurred since
the initial steps of domestication despite the high mutation
rate of the control region. Thus, the high diversity observed
now would result from the capture of a large part of the wild
diversity during domestication. This has been confirmed by
the comparison of the genetic diversity of domestic goats to
that of their wild ancestor, showing among others large ini-
tial effective population size for domestic goats (see Naderi
et al., 2007).

4.2. Structure of Moroccan diversity

The high level of variability observed within popula-
tions and geographic regions is consistent with the high
diversity found within geographical regions at the world-
wide scale (Sultana et al., 2003; Joshi et al., 2004; Chen et al.,
2005; Pereira et al., 2005; Naderi et al., 2007). The median
joining network of the Moroccan haplotypes (Fig. 2) con-
firms the high diversity of haplotypes within geographic
regions. However, it points out a tendency for a higher
similarity between haplotypes from the Northern region.
The results are in accordance with two non-exclusive
hypotheses that are (i) the high heterogeneity of founder
populations in Morocco due to a mix of haplotypes in
the first domesticated populations (Naderi et al., 2007),
and (ii) the recurrent influx of genetic diversity via the
Mediterranean Sea (Pereira et al., 2009). The higher similar-
ity between Northern haplogroups would probably result
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Fig. 2. Phylogenetic network based on the HVI control region haplotypes. The different colours are related to the geographical origin. Green: Northern
region; Red: South-Eastern region; Blue: mountains of the center; Black: plains of the center. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of the article.)

from a strong founder effect, probably from populations
originating in the Iberian Peninsula, given the past occur-
rence of admixture across the strait of Gibraltar (Anderung
et al., 2005; Pereira et al., 2009).

5. Conclusion

The 150 Moroccan goats studied are all from the A
haplogroup that is predominant in the world and espe-
cially in Western Europe. It appears that, as elsewhere
in the world, these populations are characterized by a
high mitochondrial diversity that is very weakly struc-
tured according to regions and breeds/populations. This
variability would reflect the diversity already present in
the first domesticated individuals that arrived in Morocco
and/or the existence of recurrent gene flows from Mediter-
ranean routes. Despite the high diversity within geographic
regions, the Northern population seems more homoge-
neous, probably because of a stronger founder at the origin
of these populations.

Complementary studies on selected genes would allow
understanding the adaptive history of these populations
in relation with local conditions (i.e., climate, pathogenic
context, breeding system, etc.).

Conflict of interest

None.

Acknowledgements

Laboratory work of this study was conducted in the
Laboratoire d’Ecologie Alpine, Université Joseph Fourrier,

Grenoble, France, and has been supported by the Inter-
national Atomic Energy Agency (IAEA) into the Technical
Project no. MOR 5030.

References

Anderung, C., Bouwman, A., Persson, P., Carretero, J.M., Ortega, A.I., Elburg,
R., Smith, C., Arsuaga, J.L., Ellegren, H., Gotherstrom, A., 2005. Pre-
historic contacts over the straits of Gibraltar indicated by genetic
analysis of Iberian Bronze age cattle. Proc. Natl. Acad. Sci. U.S.A. 102,
8431–8435.

Chen, S.Y., Su, Y.H., Wu, S.F., Sha, T., Zhang, Y.P., 2005. Mitochondrial diver-
sity and phylogeographic structure of Chinese domestic goats. Mol.
Phylogenet. Evol. 37 (3), 804–814.

Excoffier, L., Laval, G., Schneider, S., 2005. Arlequin ver3. 0: an integrated
software package for population genetics data analysis. Evol. Bioin-
form. Online 1, 47–50.

Joshi, M.B., Rout, P.K., Mandal, A.K., Tyler-Smith, C., Singh, L., et al., 2004.
Phylogeography and origin of Indian domestic goats. Mol. Biol. Evol.
21 (3), 454–462.

Kumar, S., Tamura, K., Nei, M., 2004. MEGA3: integrated software for
molecular evolutionary genetics analysis and sequence alignement.
Brief Bioinform. 5, 150–163.

Luikart, G., Gielly, L., Excoffier, L., Vigne, J.D., Bouvet, J., et al., 2001. Multi-
ple maternal origins and weak phylogeographic structure in domestic
goats. Proc. Natl. Acad. Sci. U.S.A. 98, 5927–5932.

MADRPM, 2004. L’élevage en Chiffres 2003. Direction de l’Elevage, Rabat,
Maroc.

Naderi, S., Rezaei, H.-R., Taberlet, P., Zundel, S., Rafat, S.-A., et al.,
2007. Large-scale mitochondrial DNA analysis of the domestic goat
reveals six haplogroups with high diversity. PLoS ONE 2 (10),
e1012.

Parma, P., Feligini, M., Greeppi, G., Enne, G., 2003. The complete nucleotide
sequence of goat (Capra hircus) mitochondrial genome. Goat mito-
chondrial genome. DNA Seq. 14 (3), 199–203.

Pereira, F., Pereira, L., Van Asch, B., Bradley, D., Amorim, A., 2005. The
mtDNA catalogue of all Portuguese autochthonous goat (Capra hir-
cus) breeds: high diversity of female lineages at the western fringe of
European distribution. Mol. Ecol. 14, 2313–2318.

Pereira, F., Queirós, S., Gusmão, L., Nijman, I.J., Cuppen, E., Lenstra, J.A.,
Econogene, C., Davis, S.J.M., Nejmeddine, F., Amorim, A, 2009. Trac-
ing the history of goat pastoralism: new clues from mitochondrial



Author's personal copy

B. Benjelloun et al. / Small Ruminant Research 98 (2011) 201–205 205

and Y chromosome DNA in North Africa. Mol. Biol. Evol. 26, 2765–
2773.

Sultana, S., Mannen, H., Tsuji, S., 2003. Mitochondrial DNA diversity of
Pakistani goats. Anim. Genet. 34 (6), 417–421.

Tadlaoui Ouafi, A., Babilliot, J.-M., Leroux, C., Martin, P., 2002. Genetic
diversity of the two main Moroccan goat breeds: phylogenetic rela-
tionships with four breeds reared in France. Small Rumin. Res. 45,
225–233.




