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What do we know 

The main domestic species hold by Khoisan are:  
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the model as the only hierarchical factor to be tested, it

explained roughly 80% of the genetic variation. This vari-

ation was similar to the proportion of variation explained by

!Haplogroup" (71.09%) and !Haplofamily" (74.51%). When

!Breed" was analysed within Continent or Geographical

Area, it still accounted for more genetic variation than these

latter two factors. The variation explained by the haplo-

family was slightly (but significantly) higher than that ex-

plained by the haplogroup.

Discussion

Here we use a set of five cattle Y-specific microsatellites,

including six loci, to assess diversity on the male path in

taurine cattle. The microsatellite set used was fitted after

careful selection of markers (see Table S1). Our microsat-

ellites basically coincide with those previously used by Ginja

et al. (2009) in Portuguese cattle, and three of them

(INRA189, BM861 and BYM-1) were also used by Li et al.

(2007) and Kantanen et al. (2009) in Ethiopian and Eur-

asian cattle respectively. The markers INRA124, INRA 126

and UMN0504 used in the aforementioned studies have

been shown not to be male-specific here and in the previous

analyses (Pérez-Pardal et al. 2009).

Haplotypic diversity found in our sample is similar to that

of 0.064 (26 haplotypes among 405 bulls tested) reported

by Kantanen et al. (2009), higher than that of 0.042 (13/

307) reported by Ginja et al. (2009) in Portuguese cattle,

but lower than that of 0.099 (16/161) found by Li et al.

(2007) in Ethiopian cattle (including Holstein–Friesian).

(a)

(b)

Figure 1 Graphical representations of genetic
variability among Y1 and Y2 haplotypes. Plot a
shows the dispersion of the observed 38 hap-
lotypes calculated via correspondence analysis.
Y1-haplotypes are in black triangles; Y2-hapl-
otypes are in black squares except for those
specific haplotypes found in African cattle,
represented by open squares. Plot b shows a
network tree constructed using the program
NETWORK 4.5.2. The plot shows Y1-haplotypes
(open circles), Y2-haplotypes (grey circles)
except for those specific haplotypes for African
cattle (black circles). Circles are proportional
to haplotype frequencies. Regardless of the
analysis carried out, the African-specific
Y2-haplotypes tend to cluster nearer the
Y1-haplotypes.
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The results reported by Li et al. (2007) may be biased

upwards as a result of the presence of taurine and zebu

haplotypes in the Ethiopian samples, but also by the use of

the putative fast-evolving marker INRA126 that has been

shown to have erratic behaviour with a high rate (55%) of

parental incompatibility (Pérez-Pardal et al. 2009); it may

be located on the pseudoautosomal region of the Y-chro-

mosome (Li et al. 2007).

At the subspecies level, our study highlights the follow-

ing: (i) haplogroups Y1 and Y2 previously identified by

Götherström et al. (2005) have phylogenetic meaning; (ii)

there is genetic variation within haplogroups that can be

assessed using microsatellites; (iii) African cattle Y2-chro-

mosomes can be differentiated from those of European cat-

tle; (iv) there is clear geographical structuring in taurine

cattle populations; and (v) this structuring is compatible

with a poor overall genetic differentiation.

The fact that no haplotypes were shared between haplo-

groups clearly confirms the phylogenetic importance of the

haplogroups identified by Götherström et al. (2005). They

characterize two large cattle Y-chromosome lineages that

are predominant in the European Atlantic coastline (Y1)

and in the mainland European continent and Africa (Y2).

However, in the case of cattle, biallelic markers, such as the

Götherström et al. (2005) SNPs and indels, do not offer

enough resolution to characterize Y-chromosome diversity.

Y-specific microsatellites allowed at least two different Y2-

lineages to be differentiated (Fig. 1). The African-specific

Y2-lineage clusters nearer to Y1 haplotypes than to Euro-

pean Y2-haplotypes. This suggests the existence of different

wild sire populations with poor genetic differentiation.

However, the set of markers used was not powerful enough

to correctly discriminate among haplogroups. The identifi-

cation of new Y-specific markers in cattle with higher res-

olution should confirm the genetic relationships between

the different haplogroups.

Ginja et al. (2009) suggested a possible African intro-

gression into Portuguese cattle based on one allele on

marker INRA189 previously found in N!Dama cattle

(Edwards et al. 2000). Differences between West African

genetic stock and European Y2-sires are more marked than

previously shown. Here we demonstrate that these breeds

have their own haplotypes that are not shared with any

other Y2-cattle breeds. Haplotype diversity, adjusted for

sample size, is quite similar for Y1 and Y2 haplogroups

(0.055 ± 0.0006 and 0.067 ± 0.0002, respectively). In

any case, the higher haplotype diversity observed in Y2

cattle is mainly resulting from the variation observed in

African Y2-haplotypes. The identified West African

Y2-subfamily has an extremely high haplotype diversity

0.533 ± 0.1214, whereas the other Y2 samples had hap-

lotype diversity of 0.049 ± 0.0007. Although our analyses

do not allow us to reject the influence of other factors such

as differences in population sizes or introgression from other

populations, this fact suggests that West African cattle

gather genetic variation of local origin. Summarizing the

(a) (b)

Figure 2 Locations of cattle populations sampled (Plot a) and synthetic maps illustrating geographical variation of the first principal component
(Plot b) identified using principal component analyses (PCA). The projection of the main component of variation represents the main Y2
haplotypic subfamily, predominant in the cattle breeds sampled in Central Europe, the three European Peninsulas and Mediterranean Africa. By
contrast, the Y1 haplotypes are the most frequent in the Atlantic European coastline, and a second Y2 haplotypic subfamily is typical of the
Sub-Saharan cattle.

Table 3 Within-population (on diagonal) and
between-population genetic identities (below
diagonal) calculated by geographical area
grouping of samples.

Geographical area 1 2 3 4 5 6 7

1. Iberian Peninsula 0.629

2. Atlantic Europe 0.363 0.775

3. Continental Europe 0.736 0.353 0.913

4. Italian Peninsula 0.704 0.328 0.873 0.892

5. Balkan Peninsula 0.694 0.426 0.849 0.808 0.806

6. Mediterranean Africa 0.664 0.322 0.814 0.780 0.756 0.753

7. Sub-Saharan Africa 0.284 0.315 0.249 0.230 0.246 0.253 0.574

! 2009 The Authors, Journal compilation ! 2009 Stichting International Foundation for Animal Genetics, Animal Genetics, 41, 232–241
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Africa, Arabian Peninsula, Indian Subcontinent 

Source: Maghoub et al. 2011 
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Lineage C has been observed mostly in fat-tail 
sheep breeds (Pedrosa et al. 2005; Tapio et al. 
2006; Meadows et al. 2007). 

(2006) have shown that they derived from the wild
populations approximately at the same time (though B is
more recent than A) in the Near East, making their fully
independent derivation from wild sheep unlikely. Lineage
A shows no close relationship with any of the current wild
sheep species investigated, but nonetheless, Hiendleder et
al. (2002) and Pedrosa et al. (2005) proposed the Asiatic
mouflon populations (O. orientalis) inhabiting the region
known today as Iran, as its most probable ancestor species.
Lineage B, the European lineage, predominates in the
European domestic sheep and in the feral European
mouflon (Ovis musimon) (Hiendleder et al. 2002). Howev-
er, it is important to mention that the European mouflon can
represent a primitive domesticate of the Near Eastern
mouflon (O. orientalis), that was transported into Europe
from Asia after the Neolithic period (Meadows et al. 2007).

The third mtDNA lineage, lineage C, was observed for
the first time in Chinese and Turkish sheep breeds (Guo et
al. 2005; Pedrosa et al. 2005; Chen et al. 2006). Population
genetic analyses showed that this lineage was the most
recent mtDNA lineage to have expanded (Tapio et al. 2006)
and was only observed in Asia (Meadows et al. 2007) with
the exception of Portuguese sheep, in which lineage C has
been reported at a low frequency (Pereira et al. 2006). This
lineage has been mainly found in the fat-tailed breeds and

its distribution overlays with that of the fat-tailed sheep,
namely, semi-desert and steppe regions around the Caspian
Sea, Central Asia and China (Ryder 1984), suggesting
lineage C to be associated with the fat-tailed sheep (Tapio et
al. 2006).

The mtDNA lineages D and E were the last ones to be
observed in individuals from the Near East (Tapio et al.
2006; Meadows et al. 2007). Lineages D and E, are also the
rarest, only being found in sheep from the Caucasus and
Turkey (Tapio et al. 2006; Meadows et al. 2007; Meadows
et al. 2011). Lineage D was discovered from a single sheep
sampled from the north Caucasus, which grouped separate-
ly from the three defined ovine mitochondrial DNA
(mtDNA) clades (Tapio et al. 2006). Although this lineage
grouped with wild Ovis species, it did not form a distinct
cluster within the Asiatic mouflon (O. orientalis), urial (O.
vignei) or argali (O. ammon). Interestingly, although rare in
domestic animals, such haplotypes of lineages C, D and E
may represent a direct link with their wild ancestors
through introgression from wild sheep populations, even
with the discovery of these new clades, no extant wild Ovis
progenitor has been identified (Horsburgh and Rhines
2010; Meadows et al. 2011).

Autosomal markers—microsatellites and SNPs

Microsatellites

The natural history of domestic sheep cannot be assessed
without having information from the nuclear genome.
However, the number of studies involving transcontinental
sampling and using nuclear genomic markers is far smaller
than those using mitochondrial genome. From these few
studies there are at least three that are worthy of reference
here.

To understand the genetic diversity and genetic relation-
ships between Turkish sheep breeds, Uzun et al. (2006)
used a set of 30 microsatellite markers. Interestingly, they
found that Akkaraman and Morkaraman breeds, both fat-
tailed sheep, were found to have remarkable close genetic
relationships, despite the fact that the former is found in
Central Anatolia and is mainly selected for meat produc-
tion, and the latter is only found in Eastern Anatolia and is
selected for coarse wool. Moreover, they could clearly
identify a genetic separation between fat-tailed sheep and
the other types of Turkish breeds. Peter et al. (2007) used a
set of 31 microsatellites to analyze 57 sheep breeds from
Europe, Near East and Arabic Peninsula and also found that
fat-tailed sheep grouped into a separate genetic cluster.

In another microsatellite analysis study on local sheep
breeds from North Eurasia (Caucasus, Asia and the eastern
fringe of Europe, including central and western Russia),
three distinct genetic groups were identified, from which

Fig. 2 Unrooted neighbour-joining consensus-tree depicting the
relationships between 57 European, African and Middle-Eastern sheep
breeds. Genetic distances were based on 28 microsatellite markers.
For breed abbreviations and further methodological details see Peter et
al. (2007). Reproduced, with permission, from Peter et al. (2007)

1240 Trop Anim Health Prod (2011) 43:1237–1243Microsatellites 
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Kijas JW, et al. (2012), PLoS Biology 

Genome Wide Data 
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is the haplogroup with the largest geographic distribution being
observed from Japan to Africa. Haplotype EAA2 for this haplogroup
is identical to haplotype A1 from clade A in Muchadeyi et al.
(2008). Haplogroup B, represented here with a single haplotype
and individual found in Kenya was observed previously in South
China and Japan (Liu et al., 2006), Sri Lanka (Silva et al., 2008)
and in commercial egg layers (Muchadeyi et al., 2008). Haplogroup
C, also represented by a single haplotype in our study, was previ-
ously observed in Western China (Liu et al., 2006), Sri Lanka (Silva
et al., 2008) and in commercial broilers and populations from
Northwest Europe (Muchadeyi et al., 2008). Finally, the last haplo-
group in East Africa, haplogroup E, groups together with a set of
haplotypes found within the Yunnan province of China (Liu et al.,
2006).

4. Discussion

One conspicuous characteristic of village chickens in Africa is
their extensive phenotypic variation in colours, feather types; mor-
phology and body size (Msoffe et al., 2001; Halima et al., 2007;
Dana et al., 2010a). Microsatellite analysis has also revealed exten-
sive genetic diversity in African village chickens (Wimmers et al.,
2000; Muchadeyi et al., 2007). In this study, we analysed partial

mtDNA D-loop sequences from 512 village chickens sampled in
East Africa to determine their ancestry, origin and dispersal pat-
terns. We reveal the existence of at least five genetically distinct
mtDNA D-loop haplogroups, two of which (haplogroups A and D)
are shared with other African chicken populations. Specifically,
haplogroups D and A have been observed previously in village
chickens from the South African region (Muchadeyi et al., 2008;
Razafindraibe et al., 2008), haplogroup D in West Africa (Ade-
bambo et al., 2010) while haplogroups B, C and E are reported for
the first time for the African continent.

Our results indicate a different origin and history of the two
major haplogroups (A and D) in East Africa (Fig. 5 and Table S2).
Indeed, they are related to geographically distinct Asian mitochon-
drial DNA haplogroups, primarily South Asia for haplogroup D and
East and South Asia for haplogroup A (Liu et al., 2006). We do ob-
serve a distinct geographic distribution of the two haplogroups in
East Africa with haplogroup A exclusively found in Kenya and
haplogroup D found across all four countries studied. Last but
not least AMOVA analyses indicate that the diversity of haplogroup
D is found mainly within populations, while 40% of the diversity of
haplogroup A is found among populations. It supports an indepen-
dent and possibly more recent arrival and history of haplogroup A
compared to haplogroup D and more particularly a coastal arrival
of haplogroup A in Kenya. Mantel test on the other hand reveals

Fig. 2. Geographic distribution of the indigenous chickens sampled in East Africa and used in this study. The shaded area in each pie is proportional to the number of
individuals in each population observed for each haplogroup. (Population abbreviations: KF = Kilifi; TT = Taita; MG = Muranga; MR = Meru; MT = Marsabit; KT = Kitui;
NB = Nairobi; KS = Kisii; HB = Homa Bay; KK = Kakamega; ND = Nandi; DB = Debre Berhan; NE = Nekemte; JM = Jimma; AN = Abu Naama; DN = Delleng Nuba; BK = Bhari
Khartoum; SH = Shilluk; TS = Teso; LG = Langi; NG = Nganda; NK = Nkonjo). Colour codes: Yellow = Haplogroup D; Blue = Haplogroup A; Light green = Haplogroup B;
Red = Haplogroup E; Dark green = Haplogroup C. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

378 J.M. Mwacharo et al. / Molecular Phylogenetics and Evolution 58 (2011) 374–382
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Multi-species BioProxies: cattle, sheep and chicken 
Inclusion of South-West Africa together with Arabian Peninsula and East 

coast may add missing pieces to the history of Southern Human 
Populations   
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