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Abstract: This study aimed to investigate Y chromosomal haplotypes in the main Tunisian sheep breeds. For this purpose, we sequenced
2 regions of SRY (549-bp and 598-bp fragments) and 1 region in each of the AMELY and DBY genes in Barbarin, Western Thin Tail,
Sicilo Sarde, and Black Thibar breeds. In addition, we analyzed the diversity at the SRYM 18 microsatellite locus and detected 4 alleles of
139, 141, 143, and 145 bp. The sequencing analysis did not reveal any polymorphism in the AMELY or DBY regions; however, 2 samples
carried the G allele in the 549-bp fragment of SRY. A total of 5 haplotypes, H4, H5, H6, H8, and H12, were found in the 4 breeds. The
most common haplotype was H8 (55.5%), followed by H6 (34.5%), while other haplotypes were observed at low frequencies. H4 and H5
haplotypes were observed only in Western Thin Tail and Black Thibar breeds, respectively. In spite of the small area of Tunisia, a high Y
chromosome diversity was observed. The results underlined the genetic relation of Tunisian sheep breeds with Middle Eastern, African,

and European sheep breeds.
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1. Introduction

The genetic diversity of farm animals has long been a
subject of interest, and it has important implications for
genetic improvement, breeding management, and effective
genetic conservation programs. Microsatellites are the
most common markers used for genetic characterization
of sheep breeds (1-7) while mitochondrial DNA and
Y-chromosomal DNA have been used to study maternaland
paternal lineages. The genetic history of the domestication
of sheep has been investigated by analyzing maternally
inherited mitochondrial DNA in modern sheep breeds
(8).The unipaternal and haploid inheritance of Y-specific
microsatellites and SNPs make them extremely sensitive
for detecting genetic history, the domestication process of
breeds, population relationships, and male-bias gene flow
(9,10). Thus, these markers have been used to study male-
specific gene flow to gain insight into the species’ history,
particularly admixture between populations, migration,
and other events (11). Several studies have investigated
this type of genetic system in sheep (12-14).
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In Tunisia, sheep farming is an important economic
and social activity contributing to more than 40% of the
total red meat production (http://www.oep.nat.tn/index.
php/fr/donnees-sectorielles/41-productions). There are
more than 7 million sheep heads, and 4 million breeding
ewes (http://www.onagri.tn/statistiques) that belong to 4
different breeds: Barbarin (60.3% of the total), Western
Thin Tail (34.6%), Black Thibar (2.1%), and Sicilo Sarde
(0.7%). Available information on genetic biodiversity and
the origin of Tunisian sheep breeds is still very limited
(15,16) and the Y-chromosome diversity has not been
studied yet.

In this study, the distribution of Y-chromosome
haplotypes was analyzed using variations in 2 fragments
of the 5’-flanking region of the SRY gene (AY604734 and
AY604735) and the SRYMI8 microsatellite locus in 4
native Tunisian sheep breeds. In addition, polymorphisms
in the 3’-untranslated region of the DBY gene (171 bp) and
a 182-bp region from the AMELY gene (DQ469593) were
also examined.
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2. Materials and methods

2.1. Animals

Blood samples used for DNA isolation were collected from
52 unrelated animals from different flocks belonging to 4
native sheep breeds of Tunisia, including Barbarin (n =
23), Western Thin Tail (n = 18), Sicilo Sarde (n = 8), and
Black Thibar (n = 3). A total of 3 and 6 flocks were sampled
from the northern regions of the country for the Black
Thibar and Sicilo Sarde breeds, respectively. Barbarin and
Western Thin Tail are reared throughout the whole country,
and 21 and 18 flocks were sampled, respectively (Figure 1).
The genomic DNA was extracted using standard phenol-
chloroform method (17).

2.2. PCR amplification and sequence analysis
Amplification of the SRYMI8 microsatellite locus was
performed according to Meadows et al. (12) using a
fluorescently labeled forward primer, and the polymerase
chain reaction (PCR) products were visualized on an ABI
310 (Applied Biosystems, Madrid, Spain). To accurately
determine the allele size, a sample from the Spanish
Rasa Aragonesa breed, previously validated as 141 bp
by Meadows et al. (12), was also included in each run.
PCR amplifications of two 5’-upstream regions (549 and
598 bp in length) of the SRY gene and a fragment of the
3’-untranslated region of the DBY gene (171 bp) were
carried out as described by Meadows et al. (18). The
AMELY fragment (182 bp) was also analyzed as described
by Oner et al. (14). The PCR fragments were purified using
the Macherey-Nagel Extract II purification kit (Macherey-
Nagel, Germany) according to the manufacturer’s
instructions. The purified PCR products were then
sequenced using the BigDye Terminator Cycle Sequencing
Kit (Applied Biosystems) on an automated ABI 3100
genetic analyzer (Applied Biosystems). Sequences were
aligned using Clustal X2 software (19) and were compared
against the GenBank and EMBL databases using the NCBI
BLAST tool. The unweighted pair group method with
arithmetic mean (UPGMA) tree was made following Nei’s
standard genetic distance (20) using Populations 1.2.32
(21) and TreeView program 1.6.6 (22).

3. Results

No polymorphisms were found in the DBY and AMELY
genes or the 598-bp fragment of the SRY gene. However,
2 samples carried the G allele in oY1 SRY (the 549-bp
fragment) while the rest of animals carried the A allele.
Haplotypes were characterized according to Meadows
et al. (12) by using the oY1 SNP in the SRY gene and
the genotype of the SRYM18 microsatellite locus. In this
regard, 5 paternal haplotypes were observed in the 4 sheep
breeds. H6, H8, and H12 haplotypes were distinguished
by their allele sizes of 143, 141, and 139 bp at the SRYM18
locus, respectively, whereas haplotypes H4 and H5 were

characterized by an allele size of 145 bp at the SRYM18
locus and the A or G allele at oY1 SRY, respectively. The
distribution of the 5 haplotypes in all breeds is given in
Table 1 and Figure 1. The most frequent haplotype was
H8 (55.5%), while H6 was found with a frequency of
34.5%. H4, H5, and H12 haplotypes were present at low
frequencies of less than 4%. Western Thin Tail and Barbarin
breeds showed 4 and 3 haplotypes, respectively (Table 2).
H8 is the most common haplotype in the Sicilo Sarde and
the Barbarin, while H6 and H5 were the most frequent
haplotypes observed in Western Thin Tail and Black
Thibar, respectively. Two animals with the H12 haplotype
were found in the Barbarin and Western Thin Tail breeds.
H4 and H5 haplotypes were observed only in the Western
Thin Tail and Black Thibar breeds, respectively.

The UPGMA tree (Figure 2) indicates a close
relationship between the Western Thin Tail and Barbarin
breeds. On the other hand, Black Thibar seemed to be
isolated from the other breeds.

4. Discussion

The most frequent haplotype was H8 (55.5%), while H6
was found with a frequency of 34.5%. Several studies
have shown that H6 is the most predominant haplotype
in different sheep breeds (12,14,23-25), except for the
Tyrolean Mountain sheep (Austria) and Brown and
White Mountain sheep (Germany) that exhibited only
the H8 haplotype (12). In this regard, African breeds
also showed a higher frequency for the H6 haplotype
(66.6%) (13), while in this study the H8 haplotype is
the most frequently observed (55.5%). Similar trends
were observed in West Africa, where H8 was found as
the most common haplotype (87.5%) in a study of 491
male individuals from 35 distinct breeds in Africa (23).
However, a different distribution of haplotypes depending
on the African region was found: the H6 haplotype had
the highest distribution in eastern and southern African
regions, with frequencies of 90.5% and 60%, respectively,
while haplotype H8 was most common in West Africa

Table 1. Haplotype frequencies in the 4 studied sheep breeds.

Haplotypes Number of animals Frequency (%)
H12 2 4

H4 1 2

H5 2 4

He6 18 34.5

H8 29 55.5

Total 52 100
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Figure 1. Distribution of (a) collected samples and (b) Y-chromosomal haplotypes of 4 sheep breeds
in Tunisia (BAR: Barbarin, WTT: Western Thin Tail, BT: Black Thibar, SS: Sicilo Sarde).

Figure 2. Phylogenetic relationship among the 4 studied sheep breeds constructed by
the UPGMA method and using Nefi’s standard genetic distance. Numbers shown at the
nodes are the bootstrap values after 1000 replications.

with a frequency of 87.5%. In this study, we analyzed
North African sheep breeds, while in the other studies
the breeds were from sub-Saharan Africa (Senegal, Malj,
Botswana, Ethiopia, Nigeria, South Africa, Zimbabwe,
and Tanzania). A relatively high genetic diversity was
detected (Table 2), especially for the Western Thin Tail,
reflecting the absence of well-structured programs of
selection. The H8 haplotype was observed in the 4 breeds
(Table 2) and is the major haplotype in the Barbarin,
with an observed frequency of 74%. In addition, H8 is
the unique haplotype detected in the analyzed samples
of the Sicilo Sarde, which is a breed with European
ancestry resulting from a cross between Italian Comisana

and Sarda breeds (26). H6, the main haplotype observed
in the Western Thin Tail with a frequency of 72%, was
not found in the genotyped samples of the Black Thibar
and the Sicilo Sarde breeds. On the other hand, the H4
haplotype, previously observed only in the fat-tail breeds
(14,23), was not detected in the fat-tail Barbarin samples
of the present study. Interestingly, this haplotype was
found in the Western Thin Tail. The H5 haplotype has
been observed in European (19%) and Australian (27.2%)
sheep (13), as well as in Asian and Caribbean (12,13)
breeds, but it was absent in all African breeds analyzed
so far. In this study, this haplotype was detected only in
the Black Thibar breed, which could be explained by the
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Table 2. Distribution of Y-chromosome haplotypes among Tunisian sheep breeds.

Breeds H4 H5 HS8 H12 Total
Barbarin 17 1 23
Black Thibar 2 1 3
Sicilo Sarde 8 8
Western Thin Tail 1 3 1 18
Total 1 2 29 2 52

European paternal origin of this breed, resulting from
a cross between native Algerian Thin Tail sheep with
the French Merino d’Arles sheep breed (27). The H12
haplotype, characterized by the 139-bp allele of SRYM18,
was observed only in 2 animals, Barbarin and Western
Thin Tail, in the current study. This haplotype has been
observed in the Turkish Sakiz breed in the Middle East
(13) and in some Chinese sheep breeds (SishuiFur,
Luzhong Mountain, and Taihang Fur) (25). This allele of
the SRYM18 microsatellite was also detected in 2 thin-
tailed sheep from West Africa, the Djallonke and Maure
from Senegal and Mali, respectively (23). The origin of the
Tunisian Western Thin Tail is the Ouled Jellal breed from
Algeria (16), and a possible genetic exchange could have
occurred between Algerian sheep breeds and neighboring
sub-Saharan breeds via the southern borders with Mali
and Mauritania. The Barbarin breed’s origin could be in
the steppes of Central Asia (15). Today it is well known
that the domestication of sheep occurred approximately
10,000 to 11,000 years ago in the region that spans from
northern Zagros to southeastern Anatolia (28,29). In this
sense, after domestication in the Middle East, gene flow
between the Middle East and Northeast Africa could have
occurred. Moreover, further connection with the Middle
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