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Summary

Notable diversity observed within African ovine breeds makes them of
great interests, but limited studies on genetic origins and domestications
remain poorly understood. Here, we investigate the evolutionary status of
West African native breeds, Djallonke and Sahelian sheep using mitoge-
nome sequencing. Compared with other ovine mitogenome sequences,
West African sheep were revealed a Eurasian origin, and the initially
tamed sheep breeds in West Africa have been genetically mixed with each
other and mixed with European breeds. Worldwide domestic sheep is
deemed the Eurasian origin and migrated west to Europe and Africa and
east to the Far East, in which dispersed and received selection for acclima-
tion to autochthonic environment independently and ultimately evolved
into different native breeds, respectively. Our results contribute to the
comprehensive understanding of the domestic sheep origin and reveal

*These authors contributed equally this work.

Introduction

Modern domestic sheep (Ovis aries) are thought to
be descended from the wild mouflon in Europe and
Asia (Bruford & Townsend 2006, Meadows et al.
2011). Sheep domestication began in the upper parts
of Tigris and Euphrates rivers at the central Fertile
Crescent in the 7th millennium BC (Lev-Yadun et al.
2000; Zeder 2011), and its dispersion occurred with
human migrations (Pereira et al. 2006; Chessa et al.
2009). Archaeological studies indicated that African
domestic sheep originated from Sinai Peninsula, pro-
ceeded through the Nile Delta, the eastern Sahara
and the Red Sea hills approximately 7500-7000 BP
and entered the African continent around 3700 BP
(Breunig et al. 1996). However, the absence of phy-
logenetic analyses of African domestic sheep keeps
the mysterious status of mondial ovine domestica-
tion and origination.
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multiple postdomestication genetic amelioration processes.

African sheep have been largely described based on
their appearance features (Birteeb ef al. 2013; Doko
et al. 2013), but the genetic studies are poorly investi-
gated. Djallonke and Sahelian sheep are commonly
used in West Africa and are considered as ancestrally
different genetic entities (Alvarez et al. 2009). Dja-
llonke sheep, also named West African Dwarf sheep,
Forest Dwarf sheep and Grassland Dwarf sheep, are
characterized by a small body size (25-30 kg) and
have resistance to trypanotolerant performance
(Goossens et al. 2001; Gbangboche et al. 2005).
Djallonke sheep inhabit under humid climates of the
sub-Saharan area including the coastal region of the
West and Central Africa. Sahelian sheep are also
named Sahel, Fulani, Peul, Bali-Bali, Maure, Tuareg,
Guinea Long-legged and West African long-legged
sheep, which are characterized of a larger body
size (45-80 kg) and sensitive to trypanosomiasis
(Gbangboche ef al. 2005). Sahelian sheep is encountered
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mostly in arid areas of the northern part of West Afri-
can countries and south of the Sahel. The morphology
and the geographic repartition of Djallonke and Sah-
elian sheep are illustrated in Figure 1.

In this study, we sequenced the complete mtDNA
coding regions of the two popular sheep breeds in
West Africa, Djallonke Sheep and Sahelian Sheep,
and along with small-tailed Han sheep, a typical local
breed in China for phylogenetic analysis. Mitogen-
ome-coding sequences were compared with available
existing homologues from worldwide domestic sheep
and wild sheep. The purpose of this study was to
determine the maternal origin and phylogenetic sta-
tus of West African sheep.

Materials and methods
Animals and sample collection

The sheep used in this work were maintained under
standard management conditions. The guidelines for
the experimental animal management of China Agri-
cultural University (CAU) were followed throughout
the study, and the related experimental protocols
were approved by the Experimental Animal Care and
Use Committee of CAU.

A total of 173 blood samples were collected from
three sheep breeds for this study, including 98 Dja-
llonke sheep (DJ) and 21 Sahelian sheep (SS) from a
local urban farm in Cotonou, Benin (West Africa) and
54 small-tailed Han sheep (ST) from Hebei Liansheng
Mutton Sheep Breeding Farm in Hebei Province,
China.
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DNA extraction and mitochondrial genome sequencing

The genomic DNA was extracted using standard phe-
nol-chloroform method. Primer pairs described in the
previous study (Hiendleder et al. 1998) were used for
mitogenome sequencing. The PCR was performed in a
25 ul volume containing 2.5 ul of 10 x buffer (with
MgCl,), 0.5 mm dNTPs, 0.5 um each primer, 2 U Taq
DNA polymerase and 50 ng genomic DNA pool. The
reaction began with an initial denaturation at 95°C
for 5 min, followed by 35 cycles of denaturation at
95°C for 20 s, annealing at gradients 50-65°C for 30 s
and extension at 72°C for 40 s. The final extension
was given at 72°C for 7 min. The PCR products were
resolved in 1-1.5% agarose gel, and gel was then
exacted and purified for sequencing. Sequencing was
carried out on an ABI 3730XL automated DNA
sequencer (Applied Biosystems, USA) using the ABI
Prism Big Dye Terminator v3.1 Cycle Sequencing Kkit.
Sequences were edited using the DNASTAR software
(DNAstar Inc. Madison, WI, USA).

Phylogenetic analysis

The complete mtDNA-coding sequences generated in
this study and corresponding sequences downloaded
from GenBank were aligned using algorithm MUSCLE
(Edgar 2004) in the MEGA 5 software (Tamura et al.
2011). The online FaBox 1.41 toolbox was used to
collapse the data set of aligned sequences into haplo-
types (http://users-birc.au.dk/biopv/php/fabox/).
Haplotypes obtained in this study were used to
evaluate the phylogenetic status of African sheep by

M Sahelian
M Djallonke
M Djallonke and Sahelial

Figure 1 Morphology of the two West African
sheep breeds investigated and their geo-
graphic repartition. Blue frame for Sahelian

ram and green frame for Djallonke ram.
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Bayesian calculation. The data set was converted into
BEAST XML format by BEAUti 1.7.5 with the follow-
ing parameter settings: A. selection the GTR+I model
(general time reversible distances with invariant sites)
as the best-fit model identified by MEGA 5; B. Yule
process (a birth process based on the assumptions of
independence and of a constant birth rate) for the tree
prior superposition; C. the MCMC chain was set to
10 000 000. The calculation was carried out by the
software of BEAST 1.7.5 (Drummond ef al. 2012).
TreeAnnotater 1.7.5 was used to summarize the
results and find the best supporting phylogenetic tree
by discarding the first 10% as burnin. The tree result-
ing was depicted (Figure 2) using FigTree 1.4.0
(http://tree.bio.ed.ac.uk/software/figtree/).  Aligned
mtDNA complete coding sequences were inserted in
phylogenetic Network 4.611 software (http://
www.fluxus-engineering.com/), and the median-
joining method was used to examine the genetic rela-
tionship among different sheep breeds.

Geographic population genetic analysis

According to the geographic origin of the sheep breeds
investigated in this study, the geographic distribution
(DJ),

was defined as African Djallonke African

Multiple genetic mixtures of West African sheep

Sahelian (SS), Chinese small-tailed Han (ST), Euro-
pean breeds (EU, including various sheep breeds from
Scotland, France, Germany and Italy), Eurasian breed
(EA, including various sheep breeds from Israel and
Turkey) and Australian breeds (AU, including Merino
sheep and Romney sheep from Australia).

The nucleotide diversity for the geographic defini-
tion for domestic breeds was calculated using DnaSP
5.10 (Librado & Rozas 2009). The polymorphisms in
the analysed segments and the pairwise mismatch dis-
tribution between different geographic group classifi-
cations were obtained using the Arlequin 3.5
computer package (Excoffier & Lischer 2010).

Results
Mitogenome sequencing

The complete mitochondrial genome sequence was
obtained for each of the three local sheep breeds
including West African Djallonke sheep and Sahelian
Sheep, and small-tailed Han sheep. All the three
sequences were submitted to GenBank (Accession
nos: KF977845, KF977846 and KF977847). The com-
plete mtDNA coding region (except for D-loop) for
each individual was sequenced. Additionally, 44

B African breed Djallonke 0.22
B African breed Sahelian

B chinese breed Small-tailed Han
B Eurasian breeds

I European breeds
Il Australian breeds
A 0. vegnei
B 0. ammon

M€ 0. canadensis

0.004

Figure 2 Consensus phylogenetic tree and median-joining network.
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complete mtDNA coding sequences from sheep
(0. aries) were obtained from GenBank, including
various breeds from Europe, Eurasia and Australia,
and nine wild sheep including Argalis (0. ammon)
from Kazakhstan and Tibet (China), Urials (O. vignei)
from Kazakhstan, Bighorn Sheep (0. canadensis) from
Alberta (Canada) and Mouflons (O. orientalis/O. musi-
mon) from Germany (Table S1).

The mtDNA polymorphic sites for Djallonke and
Sahelian sheep were listed in Table S2. By analysing
the genetic structure, the average number of differ-
ence (K) for Djallonke sheep and Sahelian sheep were
3.811 and 8.381, respectively. The K-score for each
local breed was significantly lower than that of all
domestic breeds (p < 0.01). Besides, the number of
polymorphic/indel/missing sites (S), the haplotype
diversity (Hd) and the nucleotide diversity (Pi) for
Djallonke sheep and Sahelian sheep indicated all the
two breeds were in a conservative status in the
genetic dimension (Table 1).

Phylogenetic analysis

A consensus Bayesian phylogenetic tree considering
both wild sheep and domestic breeds using 170 haplo-
types was constructed. The wild sheep and domestic
breeds were distinct two embranchments, and all wild
sheep strongly rooted the consensus tree. For the
domestic breeds, Eurasian breeds clustered at the root
segment, which mean the ancestry of modern sheep.
The other ovine breeds including European breeds,
Australian breeds, West African Djallonke sheep and
Sahelian sheep, and Chinese small-tailed Han sheep
clustered into two obvious mix groups; one consisted
of small-tailed Han sheep, Australian breeds and sev-
eral European breeds, and the other group included
Djallonke sheep, Sahelian sheep and the majorities of
European breeds (Figure 2; Table S1).

The network analysis for domestic sheep revealed
analogous phylogenetic relationship among various
breeds (Figure 2). Djallonke sheep was found to be
the tangled population without any dominant

Table 1 Genetic structure of Djallonke sheep and Sahelian sheep

0. H.D.Brahiet al.

maternal type, and African breeds and European
breeds illustrated close relations with relevant haplo-
types. On the other hand, small-tailed Han sheep,
European breeds and Australian breeds shared similar
genetic background. The Eurasian breeds appeared as
intermediate genetic types by the network analysis.

Phylogeographic analysis

The average number of nucleotide difference (K) and
the average number of nucleotide substitutions per
site (Dxy) between every two geographic definition
groups were calculated (Table 2). The lower K and
Dxy values indicated that the relationships across Dja-
llonke sheep, Sahelian sheep and European breeds
were closer and more divergent from other regional
ovine breeds (Figure 3 a,b). small-tailed Han sheep
was found to be closer to Australian breeds than other
regional breeds (Figure 3c), while Australian breeds
had another closer partner of European breeds (Fig-
ure 3c). Therefore, a perspective from the centre posi-
tion of westward and eastward geographic spread
hinted that Eurasian breeds could be the ancestry of
worldwide ovine breeds.

Discussion

The root position of Eurasian sheep is demonstrated
in the phylogenetic tree (Figure 2); meanwhile, the
intermediate genetic position of the Eurasian breeds
revealed by the mitogenome network analysis cor-
roborates the ancestral status among modern ovine
breeds. The results are consistent with the widely
accepted assertion that Eurasian sheep was the
ancestry of sheep worldwide with domestication
occurring in Eurasia (Tapio et al. 2006, Ajmone-
Marsan et al. 2010; Muigai & Hanotte 2013). More-
over, the bis-offshoot emerged both in the Bayesian
consensus tree and in the median-joining network
brings the scenery of simultaneously westward and
eastward spreading after sheep domestication in the
Fertile Crescent.

Breed N Length (bp) S K Hd+SD Pi £ SD

DJ 98 15 437 15 3.811 0.985 + 0.005 0.00025 + 0.00001
SS 21 15 431 21 8.381 0.929 + 0.036 0.00054 + 0.00004
“Total breeds 217 15 446 428 47.742 0.994 + 0.002 0.00310 + 0.00017

N, Number of sequences; S, Number of polymorphic/indel/missing sites; h, Number of haplotypes; K, Average number of differences; Hd, Haplotype

diversity; Pi, Nucleotide diversity; SD, Standard deviation.

“Total breeds-All sheep breeds investigated in this study; DJ-Djallonke, SS-Sahelian.
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Table 2 Geographic population genetic divergence among different ovine breeds

DJ EU SS AU EA ST
DJ 0.00159 0.00169 0.00445 0.00531 0.00540
EU 24.496 0.00252 0.00369 0.00545 0.00477
SS 26.037 38.857 0.00536 0.00622 0.00631
AU 68.653 56.900 82.690 0.00572 0.00210
EA 81.884 84.061 95.917 88.250 0.00675
ST 83.375 73.615 97.431 32.352 104.145

DJ, Djallonke; EU, European; SS, Sahelian; AU, Australian; EA, Eurasian; ST, small-tailed Han.
The lower triangular matrix shows the average number of nucleotide difference (K) between every two geographic definition groups, and the upper

part shows the average number of nucleotide substitutions per site (Dxy).

The analyses of the genetic divergence reveal that
Djallonke and Sahelian sheep are much closer to
European Breeds than to Asian and Australian breeds,
suggesting a westward dispatching route to Africa and
Europe. Actually, previous studies have revealed that
West African sheep and European sheep have similar
mtDNA compositions (Ferencakovic et al. 2013), sug-
gesting that they share common maternal genetic
background (Alvarez et al. 2013). Following the sheep
entrance into the African continent through the Nile
Delta, an overland dispersal route is presumed west-
ward bordering the coast to attain West Africa. How-
ever, the close genetic relationships between African
and European sheep may also conclude subsequent
introgressions by European sheep through Mediterra-
nean maritime trading, which is thought to be alter-
native route for the sheep dispersal along the
northern African coastline (Figure 3d) (Pereira ef al.
20006). This situation is quite similar to that in domes-
tic cattle’s spreading in the continent (Loftus et al.

1994; Yarwood & Evans 1998; Ajmone-Marsan et al.
2010).

small-tailed Han sheep was found genetically differ-
ent with the investigated breeds, suggesting an inde-
pendent maternal origin of Eurasian sheep, from
which presented the result of eastward dispersal. Aus-
tralian breeds are showed to be genetically related to
small-tailed Han sheep, which indicate neighbour-
hood exchanges considering their close geographic
distance and historical culture exchanges. The
close relationships between Australian breeds and
European breeds are supposed by the introduction of
European sheep in Australia for improving the
productivity during colonization period (Figure 3d).

High level of genetic admixture was revealed in all
domestic sheep, which were compatible with a single
large ancestral genetic pool (Kijas et al. 2012). Fur-
thermore, microsatellite analyses reported the close
relationships and genetic admixture among West
African sheep populations from a same geographic

Figure 3 Schematic of geographic population
divergence. (a—c) shows the genetic distance
between the sheep breed clusters studied,
and (d) indicates the probable sheep geolocal-
ization and migration direction of the sheep
breed clusters studied.
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area (Muigai et al. 2009; Agaviezor et al. 2012; Soma

0. H.D.Brahiet al.

Alvarez 1., Traore A., Tamboura H.H., Kabore A., Royo

et al. 2012). In the present study, each genetic cluster
was constituted by an individual breed or region-spe-
cific breeds. The findings of the genetically tangled
character of Djallonke sheep also echoed a previous
report which deemed Djallonke sheep was a lack of
selection breed (Wafula et al. 2005). The speculations
that West African sheep breeds, Djallonke and Sah-
elian, were genetically closer within a maternal line-
age were supported by a previous study by
microsatellites (Alvarez et al. 2009).

In conclusion, by mitogenome sequence analyses,
the worldwide domestic sheep is originated from the
ancestral sheep in Eurasian regions, and after initial
domestication at the Fertile Crescent, domestic sheep
migrated west to Europe and Africa and east to the
Far East, in which dispersed and received selection for
acclimation to autochthonic environment indepen-
dently and ultimately evolved into different native
breeds, respectively. West African sheep (Djallonke
and Sahelian sheep) were revealed a Eurasian origin,
and the initially tamed sheep breeds in West Africa
have been genetically mixed with each other and
mixed with European breeds.

Acknowledgments

This work was supported by National Key Basic
Research Program of China (2014CB138501) and the
Domain-specific Projects for Transgenic Biological
Breeding (2014Z2X08009-002). The authors are grate-
ful to Prof Issiaka Youssao for constructive sugges-
tions. We also thank Mr. Olivier M. Zannou for great
contribution in collection of African samples and Mr.
Liansheng Zhou and Prof. Weitao Dun for generous
help collecting small-tailed Han sheep samples.

Conflict of interests

The authors have no conflict of interest.

References

Agaviezor B.O., Peters S.0., Adefenwa M.A., Yakubu A.,
Adebambo O.A., Ozoje M.O., Ikeobi C.O., Wheto M.,
Ajayi 0.0., Amusan S.A., Ekundayo O.J., Sanni T.M.,
Okpeku M., Onasanya G.O., De Donato M., Ilori B.M.,,
Kizilkaya K., Imumorin I.G. (2012) Morphological and
microsatellite DNA diversity of Nigerian indigenous
sheep. J. Anim. Sci. Biotech., 3, 38.

Ajmone-Marsan P., Garcia J.F., Lenstra J.A. (2010) On the
origin of cattle: how aurochs became cattle and colo-
nized the world. Evol. Anthropol., 19, 148-157.

L.J., Fernandez 1., Ouedraogo-Sanou G., Sawadogo L.,
Goyache F. (2009) Microsatellite analysis characterizes
burkina faso as a genetic contact zone between Sah-
elian and Djallonke sheep. Anim. Biotechnol., 20, 47—
57.

Alvarez 1., Capote J., Traore A., Fonseca N., Perez K., Cuer-
vo M., Fernandez I., Goyache F. (2013) Mitochondrial
analysis sheds light on the origin of hair sheep. Anim.
Genet., 44, 344-347.

Birteeb P.T., Peters S.0., Yakubu A., Adeleke M.A., Ozoje
M.O. (2013) Multivariate characterisation of the pheno-
typic traits of Djallonke and Sahel sheep in Northern
Ghana. Trop. Anim. Health Prod., 45, 267-274.

Breunig P., Neumann K., Neer W. (1996) New research on
the Holocene settlement and environment of the Chad
Basin in Nigeria. Afr. Archaeol. Rev., 13, 111-145.

Bruford M.W., Townsend S.J. (2006) Mitochondrial DNA
diversity in modern sheep. Documenting Domestication:
New Genetic and Archaeological Paradigms. University
of California Press, Oakland, pp. 306-316.

Chessa B., Pereira F., Arnaud F., Amorim A., Goyache
F., Mainland I., Kao R.R., Pemberton J.M., Beraldi D.,
Stear M.J., Alberti A., Pittau M., lannuzzi L., Banabazi
M.H., Kazwala R.R., Zhang Y.P., Arranz J.J., Ali B.A,,
Wang Z., Uzun M., Dione M.M., Olsaker I., Holm L.E.,
Saarma U., Ahmad S., Marzanov N., Eythorsdottir E.,
Holland M.J., Ajmone-Marsan P., Bruford M.W.,
Kantanen J., Spencer T.E., Palmarini M. (2009)
Revealing the history of sheep domestication using ret-
rovirus integrations. Science, 324, 532-536.

Doko S.Y., Degla P., Edoun G.O., Bosma R.H. (2013) Effect
of hygiene and medication on preweaning survival and
growth of Djallonke sheep in Atacora, Benin. Trop. Anim.
Health Prod., 45, 129-134.

Drummond A.J., Suchard M.A., Xie D., Rambaut A.
(2012) Bayesian phylogenetics with BEAUti and the
BEAST 1.7. Mol. Biol. Evol., 29, 1969-1973.

Edgar R.C. (2004) MUSCLE: multiple sequence alignment
with high accuracy and high throughput. Nucleic Acids
Res., 32, 1792—-1797.

Excoffier L., Lischer H.E. (2010) Arlequin suite ver 3.5: a
new series of programs to perform population genetics
analyses under Linux and Windows. Mol. Ecol. Resour.,
10, 564-567.

Ferencakovic M., Curik I., Perez-Pardal L., Royo L.J., Cu-
bric-Curik V., Fernandez 1., Alvarez 1., Kostelic A.,
Sprem N., Krapinec K., Goyache F. (2013) Mitochon-
drial DNA and Y-chromosome diversity in East Adriatic
sheep. Anim. Genet., 44, 184-192.

Gbangboche A.B., Hornick J.L., Adamou-N"diaye M.,
Edorh A.P., Farnir F., Abiola F.A., Leroy P. (2005) Car-
actérisation et maitrise des parametres de la reproduc-
tion et de la croissance des ovins Djallonké (Ovis amon
aries). Ann. Méd. Vet., 3, 148-160.

© 2015 Blackwell Verlag GmbH e J. Anim. Breed. Genet. (2015) 1-7


https://www.researchgate.net/publication/251605209_South_African_sheep_breeds_Population_genetic_structure_and_conservation_implications?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/251605209_South_African_sheep_breeds_Population_genetic_structure_and_conservation_implications?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/233766235_Morphological_and_microsatellite_DNA_diversity_of_Nigerian_indigenous_sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/233766235_Morphological_and_microsatellite_DNA_diversity_of_Nigerian_indigenous_sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/233766235_Morphological_and_microsatellite_DNA_diversity_of_Nigerian_indigenous_sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/233766235_Morphological_and_microsatellite_DNA_diversity_of_Nigerian_indigenous_sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/233766235_Morphological_and_microsatellite_DNA_diversity_of_Nigerian_indigenous_sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/233766235_Morphological_and_microsatellite_DNA_diversity_of_Nigerian_indigenous_sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/233766235_Morphological_and_microsatellite_DNA_diversity_of_Nigerian_indigenous_sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/233766235_Morphological_and_microsatellite_DNA_diversity_of_Nigerian_indigenous_sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/264621049_On_the_Origin_of_Cattle_How_Aurochs_Became_Cattle_and_Colonized_the_World?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/264621049_On_the_Origin_of_Cattle_How_Aurochs_Became_Cattle_and_Colonized_the_World?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/264621049_On_the_Origin_of_Cattle_How_Aurochs_Became_Cattle_and_Colonized_the_World?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/24281471_Microsatellite_Analysis_Characterizes_Burkina_Faso_as_a_Genetic_Contact_Zone_Between_Sahelian_and_Djallonke_Sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/24281471_Microsatellite_Analysis_Characterizes_Burkina_Faso_as_a_Genetic_Contact_Zone_Between_Sahelian_and_Djallonke_Sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/24281471_Microsatellite_Analysis_Characterizes_Burkina_Faso_as_a_Genetic_Contact_Zone_Between_Sahelian_and_Djallonke_Sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/24281471_Microsatellite_Analysis_Characterizes_Burkina_Faso_as_a_Genetic_Contact_Zone_Between_Sahelian_and_Djallonke_Sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/24281471_Microsatellite_Analysis_Characterizes_Burkina_Faso_as_a_Genetic_Contact_Zone_Between_Sahelian_and_Djallonke_Sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/24281471_Microsatellite_Analysis_Characterizes_Burkina_Faso_as_a_Genetic_Contact_Zone_Between_Sahelian_and_Djallonke_Sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/24281471_Microsatellite_Analysis_Characterizes_Burkina_Faso_as_a_Genetic_Contact_Zone_Between_Sahelian_and_Djallonke_Sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/231610103_Mitochondrial_analysis_sheds_light_on_the_origin_of_hair_sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/231610103_Mitochondrial_analysis_sheds_light_on_the_origin_of_hair_sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/231610103_Mitochondrial_analysis_sheds_light_on_the_origin_of_hair_sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/231610103_Mitochondrial_analysis_sheds_light_on_the_origin_of_hair_sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/227342838_Multivariate_characterisation_of_the_phenotypic_traits_of_Djallonke_and_Sahel_sheep_in_Northern_Ghana?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/227342838_Multivariate_characterisation_of_the_phenotypic_traits_of_Djallonke_and_Sahel_sheep_in_Northern_Ghana?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/227342838_Multivariate_characterisation_of_the_phenotypic_traits_of_Djallonke_and_Sahel_sheep_in_Northern_Ghana?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/227342838_Multivariate_characterisation_of_the_phenotypic_traits_of_Djallonke_and_Sahel_sheep_in_Northern_Ghana?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/224838924_Revealing_the_History_of_Sheep_Domestication_Using_Retrovirus_Integrations?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/224838924_Revealing_the_History_of_Sheep_Domestication_Using_Retrovirus_Integrations?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/224838924_Revealing_the_History_of_Sheep_Domestication_Using_Retrovirus_Integrations?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/224838924_Revealing_the_History_of_Sheep_Domestication_Using_Retrovirus_Integrations?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/224838924_Revealing_the_History_of_Sheep_Domestication_Using_Retrovirus_Integrations?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/224838924_Revealing_the_History_of_Sheep_Domestication_Using_Retrovirus_Integrations?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/224838924_Revealing_the_History_of_Sheep_Domestication_Using_Retrovirus_Integrations?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/224838924_Revealing_the_History_of_Sheep_Domestication_Using_Retrovirus_Integrations?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/224838924_Revealing_the_History_of_Sheep_Domestication_Using_Retrovirus_Integrations?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/224838924_Revealing_the_History_of_Sheep_Domestication_Using_Retrovirus_Integrations?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/225073875_Effect_of_hygiene_and_medication_on_preweaning_survival_and_growth_of_Djallonk_sheep_in_Atacora_Benin?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/225073875_Effect_of_hygiene_and_medication_on_preweaning_survival_and_growth_of_Djallonk_sheep_in_Atacora_Benin?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/225073875_Effect_of_hygiene_and_medication_on_preweaning_survival_and_growth_of_Djallonk_sheep_in_Atacora_Benin?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/225073875_Effect_of_hygiene_and_medication_on_preweaning_survival_and_growth_of_Djallonk_sheep_in_Atacora_Benin?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/225977994_New_Research_on_the_Holocene_Settlement_and_Environment_of_the_Chad_Basin_in_Nigeria?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/225977994_New_Research_on_the_Holocene_Settlement_and_Environment_of_the_Chad_Basin_in_Nigeria?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/225977994_New_Research_on_the_Holocene_Settlement_and_Environment_of_the_Chad_Basin_in_Nigeria?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/228323317_Mitochondrial_DNA_and_Y-chromosome_diversity_in_East_Adriatic_Sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/228323317_Mitochondrial_DNA_and_Y-chromosome_diversity_in_East_Adriatic_Sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/228323317_Mitochondrial_DNA_and_Y-chromosome_diversity_in_East_Adriatic_Sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/228323317_Mitochondrial_DNA_and_Y-chromosome_diversity_in_East_Adriatic_Sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/228323317_Mitochondrial_DNA_and_Y-chromosome_diversity_in_East_Adriatic_Sheep?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/51119857_ARLEQUIN_suite_ver_35_A_new_series_of_programs_to_perform_population_genetics_analyses_under_Linux_and_Windows?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/51119857_ARLEQUIN_suite_ver_35_A_new_series_of_programs_to_perform_population_genetics_analyses_under_Linux_and_Windows?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/51119857_ARLEQUIN_suite_ver_35_A_new_series_of_programs_to_perform_population_genetics_analyses_under_Linux_and_Windows?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/51119857_ARLEQUIN_suite_ver_35_A_new_series_of_programs_to_perform_population_genetics_analyses_under_Linux_and_Windows?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/262709280_Characterization_of_sheep_populations_of_Kenya_using_microsatellite_markers_implications_for_conservation_and_management_of_indigenous_sheep_populations_S_Afr_J_Anim_Sci_39Suppl_193-96?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/8667716_MUSCLE_Multiple_Sequence_Alignment_with_High_Accuracy_and_High_Throughput?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/8667716_MUSCLE_Multiple_Sequence_Alignment_with_High_Accuracy_and_High_Throughput?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/8667716_MUSCLE_Multiple_Sequence_Alignment_with_High_Accuracy_and_High_Throughput?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/287175731_Bayesian_phylogenetics_with_BEAUti_and_the_BEAST_17?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/287175731_Bayesian_phylogenetics_with_BEAUti_and_the_BEAST_17?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/287175731_Bayesian_phylogenetics_with_BEAUti_and_the_BEAST_17?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==

0. H.D. Brahiet al.

Goossens B., Osaer S., Van Winghem J., Faye D., Dhol-
lander S., Geerts S. (2001) Sustainability of small rumi-
nant production in The Gambia with special reference to
improved husbandry of trypanotolerant sheep. Newsletter
on Integrated Control of Pathogenic Trypanosomes and Vectors,
4, 9-11.

Hiendleder S., Lewalski H., Wassmuth R., Janke A. (1998)
The complete mitochondrial DNA sequence of the
domestic sheep (Ovis aries) and comparison with the
other major ovine haplotype. J. Mol. Evol., 47, 441-448.

Kijas J.W., Lenstra J.A., Hayes B., Boitard S., Porto Neto
L.R., San Cristobal M., Servin B., McCulloch R., Whan
V., Gietzen K., Paiva S., Barendse W., Ciani E., Raadsma
H., McEwan J., Dalrymple B., International Sheep Ge-

Multiple genetic mixtures of West African sheep

Pereira F., Davis S.J., Pereira L., McEvoy B., Bradley D.G.,
Amorim A. (2006) Genetic signatures of a Mediterra-
nean influence in Iberian Peninsula sheep husbandry.
Mol. Biol. Evol., 23, 1420-1426.

Soma P., Kotze A., Grobler J.P., van Wyk J.B. (2012)
South African sheep breeds: population genetic structure
and conservation implications. Small Rumin. Res., 103,
112-1109.

Tamura K., Peterson D., Peterson N., Stecher G., Nei M.,
Kumar S. (2011) Mega5: molecular evolutionary genet-
ics analysis using maximum likelihood, evolutionary dis-
tance, and maximum parsimony methods. Mol. Biol.
Evol., 28, 2731-2739.

Tapio M., Marzanov N., Ozerov M., Cinkulov M., Gonza-

nomics Consortium, M. (2012) Genome-wide analysis of

renko G., Kiselyova T., Murawski M., Viinalass H.,

the world’s sheep breeds reveals high levels of historic
mixture and strong recent selection. PLoS Biol., 10,
€1001258.

Lev-Yadun S., Gopher A., Abbo S. (2000) Archaeology.
The cradle of agriculture. Science, 288, 1602—1603.

Librado P., Rozas J. (2009) DnaSP v5: a software for com-
prehensive analysis of DNA polymorphism data. Bioinfor-
matics, 25, 1451-1452.

Loftus R.T., MacHugh D.E., Bradley D.G., Sharp P.M,,
Cunningham P. (1994) Evidence for two independent
domestications of cattle. Proc. Natl Acad. Sci. USA, 91,
2757-2761.

Meadows J.R., Hiendleder S., Kijas J.W. (2011) Haplo-
group relationships between domestic and wild sheep
resolved using a mitogenome panel. Heredity (Edinb),
106, 700-706.

Muigai A.W., Hanotte O. (2013) The origin of African
sheep: archaeological and genetic perspectives. Afr.
Archaeol. Rev., 1, 39-50.

Muigai A., Okeyo A., Kwallah A., Mburu D., Hanotte O.
(2009) Characterization of sheep populations of Kenya
using microsatellite markers: implications for conserva-
tion and management of indigenous sheep populations.
South Afr. J. Anim. Sci., 39(Suppl. 1), 93-96.

© 2015 Blackwell Verlag GmbH e J. Anim. Breed. Genet. (2015) 1-7

Kantanen J. (2006) Sheep mitochondrial DNA variation
in European, Caucasian, and Central Asian areas. Mol.
Biol. Evol., 23, 1776-1783.

Wafula P.O., Jianlin H., Sangare N., Sowe J.M., Coly
R., Diallo B., Hanotte O. (2005) Genetic characteriza-
tion of West African Djallonke sheep using microsat-
ellite markers. In International workshop “The role of
biotechnology for the characterization and conservation of
crop, forestry, animal and fishery genetic resources”, Villa
Gualino, Turin, pp. 177-178.

Yarwood R., Evans N. (1998) New places for” Old Spots”:
the changing geographies of domestic livestock animals.
Soc. Anim., 6, 137-165.

Zeder M.A. (2011) The origins of agriculture in the Near
East. Curr. Anthropol., 52, S221-S235.

Supporting Information

Additional Supporting Information may be found in
the online version of this article:

Table S1. Sheep investigated in this study and their
haplotype.

Table S2. The mtDNA polymorphic sites for Dja-
llonke and Sahelian Sheep.

All in-text references underlined in blue are linked to publications on ResearchGate, letting you access and read them immediately.


https://www.researchgate.net/publication/221844136_Genome-Wide_Analysis_of_the_World's_Sheep_Breeds_Reveals_High_Levels_of_Historic_Mixture_and_Strong_Recent_Selection?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/221844136_Genome-Wide_Analysis_of_the_World's_Sheep_Breeds_Reveals_High_Levels_of_Historic_Mixture_and_Strong_Recent_Selection?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/221844136_Genome-Wide_Analysis_of_the_World's_Sheep_Breeds_Reveals_High_Levels_of_Historic_Mixture_and_Strong_Recent_Selection?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/221844136_Genome-Wide_Analysis_of_the_World's_Sheep_Breeds_Reveals_High_Levels_of_Historic_Mixture_and_Strong_Recent_Selection?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/221844136_Genome-Wide_Analysis_of_the_World's_Sheep_Breeds_Reveals_High_Levels_of_Historic_Mixture_and_Strong_Recent_Selection?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/221844136_Genome-Wide_Analysis_of_the_World's_Sheep_Breeds_Reveals_High_Levels_of_Historic_Mixture_and_Strong_Recent_Selection?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/221844136_Genome-Wide_Analysis_of_the_World's_Sheep_Breeds_Reveals_High_Levels_of_Historic_Mixture_and_Strong_Recent_Selection?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/221844136_Genome-Wide_Analysis_of_the_World's_Sheep_Breeds_Reveals_High_Levels_of_Historic_Mixture_and_Strong_Recent_Selection?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/257505953_The_Origin_of_African_Sheep_Archaeological_and_Genetic_Perspectives?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/257505953_The_Origin_of_African_Sheep_Archaeological_and_Genetic_Perspectives?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/257505953_The_Origin_of_African_Sheep_Archaeological_and_Genetic_Perspectives?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/251605209_South_African_sheep_breeds_Population_genetic_structure_and_conservation_implications?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/251605209_South_African_sheep_breeds_Population_genetic_structure_and_conservation_implications?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/251605209_South_African_sheep_breeds_Population_genetic_structure_and_conservation_implications?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/251605209_South_African_sheep_breeds_Population_genetic_structure_and_conservation_implications?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/13517792_The_Complete_Mitochondrial_DNA_Sequence_of_the_Domestic_Sheep_Ovis_aries_and_Comparison_with_the_Other_Major_Ovine_Haplotype?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/13517792_The_Complete_Mitochondrial_DNA_Sequence_of_the_Domestic_Sheep_Ovis_aries_and_Comparison_with_the_Other_Major_Ovine_Haplotype?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/13517792_The_Complete_Mitochondrial_DNA_Sequence_of_the_Domestic_Sheep_Ovis_aries_and_Comparison_with_the_Other_Major_Ovine_Haplotype?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/13517792_The_Complete_Mitochondrial_DNA_Sequence_of_the_Domestic_Sheep_Ovis_aries_and_Comparison_with_the_Other_Major_Ovine_Haplotype?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/7000686_Sheep_Mitochondrial_DNA_Variation_in_European_Caucasian_and_Central_Asian_Areas?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/7000686_Sheep_Mitochondrial_DNA_Variation_in_European_Caucasian_and_Central_Asian_Areas?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/7000686_Sheep_Mitochondrial_DNA_Variation_in_European_Caucasian_and_Central_Asian_Areas?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/7000686_Sheep_Mitochondrial_DNA_Variation_in_European_Caucasian_and_Central_Asian_Areas?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/7000686_Sheep_Mitochondrial_DNA_Variation_in_European_Caucasian_and_Central_Asian_Areas?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/47404016_Haplogroup_relationships_between_domestic_and_wild_sheep_resolved_using_a_mitogenome_panel?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/47404016_Haplogroup_relationships_between_domestic_and_wild_sheep_resolved_using_a_mitogenome_panel?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/47404016_Haplogroup_relationships_between_domestic_and_wild_sheep_resolved_using_a_mitogenome_panel?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/47404016_Haplogroup_relationships_between_domestic_and_wild_sheep_resolved_using_a_mitogenome_panel?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/15053443_Evidence_for_two_independent_domestications_of_cattle_Proc_Natl_Acad_Sci_USA_91_2757-61?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/15053443_Evidence_for_two_independent_domestications_of_cattle_Proc_Natl_Acad_Sci_USA_91_2757-61?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/15053443_Evidence_for_two_independent_domestications_of_cattle_Proc_Natl_Acad_Sci_USA_91_2757-61?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/15053443_Evidence_for_two_independent_domestications_of_cattle_Proc_Natl_Acad_Sci_USA_91_2757-61?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/24257674_DnaSP_v5_A_Software_for_Comprehensive_Analysis_of_DNA_Polymorphism_Data?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/24257674_DnaSP_v5_A_Software_for_Comprehensive_Analysis_of_DNA_Polymorphism_Data?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/24257674_DnaSP_v5_A_Software_for_Comprehensive_Analysis_of_DNA_Polymorphism_Data?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/7108940_Genetic_Signatures_of_a_Mediterranean_Influence_in_Iberian_Peninsula_Sheep_Husbandry?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/7108940_Genetic_Signatures_of_a_Mediterranean_Influence_in_Iberian_Peninsula_Sheep_Husbandry?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/7108940_Genetic_Signatures_of_a_Mediterranean_Influence_in_Iberian_Peninsula_Sheep_Husbandry?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/7108940_Genetic_Signatures_of_a_Mediterranean_Influence_in_Iberian_Peninsula_Sheep_Husbandry?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/12460807_Archaeology_The_cradle_of_agriculture?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/12460807_Archaeology_The_cradle_of_agriculture?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/51101924_MEGA5_Molecular_Evolutionary_Genetics_Analysis_Using_Maximum_Likelihood_Evolutionary_Distance_And_Maximum_Parsimony_Methods?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/51101924_MEGA5_Molecular_Evolutionary_Genetics_Analysis_Using_Maximum_Likelihood_Evolutionary_Distance_And_Maximum_Parsimony_Methods?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/51101924_MEGA5_Molecular_Evolutionary_Genetics_Analysis_Using_Maximum_Likelihood_Evolutionary_Distance_And_Maximum_Parsimony_Methods?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/51101924_MEGA5_Molecular_Evolutionary_Genetics_Analysis_Using_Maximum_Likelihood_Evolutionary_Distance_And_Maximum_Parsimony_Methods?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/51101924_MEGA5_Molecular_Evolutionary_Genetics_Analysis_Using_Maximum_Likelihood_Evolutionary_Distance_And_Maximum_Parsimony_Methods?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/262709280_Characterization_of_sheep_populations_of_Kenya_using_microsatellite_markers_implications_for_conservation_and_management_of_indigenous_sheep_populations_S_Afr_J_Anim_Sci_39Suppl_193-96?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/262709280_Characterization_of_sheep_populations_of_Kenya_using_microsatellite_markers_implications_for_conservation_and_management_of_indigenous_sheep_populations_S_Afr_J_Anim_Sci_39Suppl_193-96?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/262709280_Characterization_of_sheep_populations_of_Kenya_using_microsatellite_markers_implications_for_conservation_and_management_of_indigenous_sheep_populations_S_Afr_J_Anim_Sci_39Suppl_193-96?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/262709280_Characterization_of_sheep_populations_of_Kenya_using_microsatellite_markers_implications_for_conservation_and_management_of_indigenous_sheep_populations_S_Afr_J_Anim_Sci_39Suppl_193-96?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/262709280_Characterization_of_sheep_populations_of_Kenya_using_microsatellite_markers_implications_for_conservation_and_management_of_indigenous_sheep_populations_S_Afr_J_Anim_Sci_39Suppl_193-96?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/233593272_New_Places_for_Old_Spots_The_Changing_Geographies_of_Domestic_Livestock_Animals?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/233593272_New_Places_for_Old_Spots_The_Changing_Geographies_of_Domestic_Livestock_Animals?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/233593272_New_Places_for_Old_Spots_The_Changing_Geographies_of_Domestic_Livestock_Animals?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/259708589_The_Origins_of_Agriculture_in_the_Near_East?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==
https://www.researchgate.net/publication/259708589_The_Origins_of_Agriculture_in_the_Near_East?el=1_x_8&enrichId=rgreq-84987072e4c8d558c3463f95f5ad687c-XXX&enrichSource=Y292ZXJQYWdlOzI3NDkwMTIwOTtBUzoyMTkwNzM1MjM3ODU3MzFAMTQyOTI0MjYwNjk3Mw==

