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Abstract. The sheep was one of the first domesticated animals in Neolithic Southwest Eurasia. The presented study
suggests that the domestication of sheep occurred on the Anatolian plateau, to the northwest of the commonly
accepted boundaries of the Fertile Crescent, rather than within it. However, many aspects of the domestication process
(the specific place, time, and history after domestication) have remained not fully understood. The review examines in
detail the complex origin, traces the primary role of the Asian mouflon (Ovis gmelini) as an ancestor, and also discusses
controversial aspects of the contribution of other wild Ovis species. It reveals the history of the introduction and migration
of sheep in the world, and summarizes the current scientific understanding of the phylogenetic relationships between
populations of wild mouflons and domestic sheep (Ovis aries). A multifaceted process of domestication is considered,
and the proposed evolutionary mechanisms are discussed, such as the domestication syndrome and hypotheses
about thyroid hormones, as well as the human-mediated selection of key phenotypic traits. The article analyzes the
results obtained using various genetic markers, including mitochondrial DNA haplogroups. Phylogenetic analysis using
mitochondrial DNA has been successfully applied to identify the phylogeographic patterns and divergence times, from
the early Neolithic to the Middle Ages, of sheep migration from the domestication center to Asia, Europe, and Africa.
Domesticated sheep, having survived and endured extreme climate changes that occurred in the last post-glacial period,
became the ancestors of modern local sheep breeds. Starting from the seventh millennium BC, domesticated sheep
were brought to the Caucasus, Central Asia, and Europe. The spread of sheep in Asia began from the Middle East to the
Mongolian Plateau and the Indian subcontinent, then to the north and southwest of China. In Russia, the territory of
which covers a significant part of Eurasia, a unique breed diversity of sheep has been developed, with haplogroup B
typical for breeds of the European-type origin (western geographic regions), and haplogroup A of the Asian-type sheep
(eastern geographic regions).
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HayuHo-unccnefoBatenbCckmin MHCTUTYT BeTepUHapumn BoctouHoin Cnbunpu — dunmnan Crbrpckoro defepasnbHOro HayuyHoro LeHTpa arpobroTexHoNormin
Poccuninckon akagemunn Hayk, Ynta, Poccna

@ tniko979@mail.ru

AHHoTauuAa. OBUa - OAHO K3 MNepBblX OAOMALUHEHHbIX XMBOTHbIX B Heonutuyeckon HOro-3anagHon EBpasun.
MpenctaBneHHoe NccnefoBaHVe NO3BOAET NPEAMNONIOKNTb, YTO OAOMALLHMBAHME OBEL, MPOU30LWI0 Ha AHAaTONINMNCKOM
nnato, K ceBepo-3anagy OT o6LWenpUHATLIX rpaHnL MNnogopoaHoro nonymecaua, a He BHYTpM HUX. OfHako MHoruve
acnekTbl Npolecca fOMEeCTUKaUMN (KOHKPETHOe MecTo, BPeMs U UCTOPUA Nocsie JOMECTMKALMN) OCTaloTCA A0 KOHLa
HeBbIACHEHHbIMK. B 0630pe noapobHO paccmaTtpuBaeTca ¢unoreHes, NPOCNeXKMBAETCA OCHOBHAA POJib a3MaTCKoro
mydnoHa (Ovis gmelini) Kak npeaka, a Takxke 06CYX[alOTCA CMOPHbIE acMeKTbl BKMaga ApYyrux Avkux supos Ovis,
pacKkpbiBaeTcA UCTOPUA VHTPOAYKLMM M MUTpauMmn OBel, B Mupe, 0600LaeTca coBpeMeHHOe Hay4yHoe MOHMMaHue
dunoreHeTNYECKNX CBA3EN MEXAY NOMYyNALMAMA ANKMX MydrIOHOB 1 JoMalLHKX oBel (Ovis aries). PaccmaTpurBatotca
MHOTOFPaHHbIN NpoLecc NpupyYeHns, 06CyKaatoTcA npeanaraeMmble 3BOIOLMOHHbIE MEXaHU3Mbl, Tak/e Kak CUHAPOM
OAOMALLIHNBAHWSA, U TUMNOTE3bl O FTOPMOHAaX LUTOBUAHOW »Kefe3bl, a TakXKe 0NnocpefoBaHHbIV YeTOBEKOM OTOOP KITHOUEBbIX
dbeHoTNNYeCKNX NPU3HaKOB. B cTaTbe aHanM3MpyoTCA pe3ynbTaTbl, MOyYeHHble C MOMOLLbIO Pa3/INYHbIX FreHETUYECKNX
MapKepoB, BKJOYaA rannorpynnbl mMuToxoHgpuanbHon [HK. @unoreHeTnyeckuin aHanmM3 C MWCNONb30BaHMEM
MuTOXOHAPUanbHol [HK 6610 ycnewHo npuMmeHeH Ana BolsiBNeHns ¢punoreorpadpnyeckrix 3aKkOHOMepHOCTEN U BpeMeEHM
[OVBEPreHumn C paHHero HeonnTa 1 Ao CpeAHEeBEKOBbA, MUTPaLMK OBeL U3 LieHTpa ofoMallH1BaHua B Asuto, EBpony 1
AdpuKy. OfoMalLHEHHbIE OBLibl, MEPEXIMBLUVE U BblAEPKABLUNE SKCTPEMasibHble U3MEHEHWA KNMMaTa, NPOUCXoanBLIe
B MocnefHui NoCNenefHKOBbIN Nepuo, CTann poaoHayasbHUKaMM COBPEMEHHbIX MECTHbIX Nopoa oBel. HaunHasa ¢
CeAbMOro TbiCAYeNeTUA [O Hallel Spbl OAOMAaLUHEHHbIE OBLbl ObINN 3aBe3eHbl Ha KaBKas, B LieHTpanbHyto Asuio n EBpony.
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PacnpOCTpaHeHme oBel B A3nn Havanocb ¢ banxHero BocTtoka Ha MoHronbckoe nnato u MHAMIZCKI/IIZ Cy6KOHTI/IHeHT,
3aTeM Ha CeBep M oro-3anag Kutas. B Poccnn, TeppuTopuAa KOTOpOl7I 3aHMMaeT 3HaYNTENIbHYIO YacCTb EBpa3|/||/|, BbiBE€AEHO
YHUKanbHOEe nopogHoe pa3Hoo6pa3me oBeL, Npn 3TOM rannorpynna B TnnyHa AnAa nopopn osey eBpOI'IeIZCKOFO Tnna
NPONCXoxXneHnma (3anangle reorpad)mquKme peFVIOHbI), a ranjaorpynna A - OnA oBeL a3naTcKoro Tuna (BOCTOYHbIE

reorpaduueckme pervoHbi).

KnioueBbie crnoBa: 3BoONOLMA; FeHETUKa; My¢ﬂ0H; AoMeCTUKauunA; [oOMallHAA OBLa; MUTpauunA; ransiorpynna

Introduction

The genus Ovis has existed for about 8.31 million years and
includes eight living species: domestic sheep (O. aries),
argali (O. ammon), Asiatic mouflon (O. orientalis), Euro-
pean mouflon (O. musimon), urial (O. vigner), bighorn sheep
(O. canadensis), thinhorn sheep (O. dalli) and snow sheep
(O. nivicola) (Rezaei et al., 2010). At the same time, the origin
and “wild” status of the European mouflon are the subject of
significant discussions (Hiendleder et al., 2002; Chessa et al.,
2009). P. Mereu and colleagues (2025) believe that it should
be classified as a subspecies of the Asian mouflon. It has been
historically believed that European mouflons, especially those
living in Corsica and Sardinia, are remnants of an ancient
population of European wild sheep (Poplin, 1979). However,
archaeological evidence indicates that they were brought to
Cyprus by humans in the early Neolithic (about 10,000 years
ago), and then to Corsica and Sardinia (Vigne et al., 2011).
These populations were far from domesticated in the modern
sense, and were kept in fenced areas only for protection from
predators and to provide a constant, easily accessible source
of meat and hides with minimal interaction between humans
and animals (Barbato et al., 2022; Portanier et al., 2022; Mereu
et al., 2024).

The domestic sheep O. aries Linnaeus is among the first
domesticated species of livestock. Domestication occurred
about 12,000 years ago in the Middle East, in the Zagros
Mountains region (Her et al., 2022; Mereu et al., 2024), at the
same time, many aspects of the domestication process, such
as the exact place and time, remain unclear (Kaptan et al.,
2024). Subsequently, as a result of human migration, sheep
spread throughout Eurasia and under the influence of natural
and artificial selection formed various populations (Wang et
al., 2025).

The origin of domestic sheep included the initial domesti-
cation and early divergence, followed by extensive post-
Neolithic diversification. At the early stage of domestication,
human involvement was minimal and was mainly focused on
protecting and providing food for the sheep, rather than on in-
tensive breeding aimed at developing specific traits (Portanier
et al., 2022; Mereu et al., 2025). It is extremely important to
understand this primitive phase of sheep domestication in order
to distinguish the genetic changes that existed before domes-
tication from those directly associated with selection carried
out by humans. This historical context shows that domestica-
tion is not a single event, but a continuous process characte-
rized by gradual accumulation of genetic, phenotypic, and
physiological changes (Jackson et al., 2020; Mereu et al.,
2024).

F. Teletchea and P. Fontaine (2014) proposed a classification
with five levels of domestication: the first level corresponds
to initial trials of acclimating wild animals in captivity. Then,
when part of the life cycle is under control, the second level
comes, where the most important thing is breeding in capti-
vity. The third level occurs when the entire life cycle is under
control, but the instincts of wild ancestors are still present. At
the fourth level, domesticated animals differ significantly from
their wild counterparts, and the fifth level leads to the creation
of certain breeds. It is also worthy of note that different popula-
tion groups within a single species can indeed exhibit different
levels of domestication, even within the same geographic area
(Teletchea, Fontaine, 2014; Zeder, 2015).

Despite intensive work using genomic data of modern sheep
(Lvetal., 2022; Matyukov et al., 2023; Deniskova et al., 2025;
Dossybayev et al., 2025), neither the exact location nor the
wild ancestors involved in the first domestication process, nor
the post-Neolithic demographic history of domestic sheep or
mouflon populations have been clarified so far (Kaptan et al.,
2024).

Domestic sheep origin
One of the open questions is the origin of the gene pool of do-
mestic sheep. Earlier studies pointed to several species of Asian
sheep (O. ammon, Linnaeus, 1758; O. gmelini, Blyth, 1841,
O. vignei, Blyth, 1841) as the probable ancestor of domestic
sheep (Pedrosa et al., 2005; Sanna et al., 2015). However,
recent genetic studies confirm the view that the Asian mouflon
is the only ancestor of the domestic sheep (Chen et al., 2021);
at the same time, according to D. Kaptan et al. (2024), this fact
has not been fully established. More recent genomic studies
indicate that the VPS13B gene shows signals of introgression
from urials or mouflons, while argali contributed alleles to the
lines of domestic sheep in Southeast Asia, introgressing the
MSRB3 gene, which has been found to be specifically associ-
ated with variations in ear morphology (Cheng et al., 2023).
The O. gmelina species includes five subspecies: the Ar-
menian mouflon (O. gmelini gmelini, Blyth, 1841), Isfahan
mouflon (O. gmelini isphananica, Nasonov, 1910), Laristan
mouflon (O. gmelini laristanica, Nasonov, 1910), Cyprus
mouflon (O. gmelini ophion, Blyth, 1841) and Anatolian
mouflon (O. gmelini anatolica, Valenciennes, 1856). Due to
the complex intraspecific taxonomy of the Asian mouflon, the
genetic contribution of various subspecies to the domestication
of sheep remains unclear (Demirci et al., 2013; Li R. et al.,,
2021; Daly et al., 2025). According to D. Sanna et al. (2015),
these subspecies represent local wild populations since the
beginning of the Holocene, with the exception of the Cypriot
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mouflon, which was brought from mainland Anatolia around
the 12th millennium BC.

S. Hiendleder et al. (2002) suggested that sheep were do-
mesticated from two different subspecies in Turkey and wes-
tern Iran (Middle East), corresponding to mtDNA lineages A
and B of domestic sheep, respectively. Significant nucleotide
diversity of mitochondrial lineages in this region confirms the
geographical role in sheep domestication and indicates a more
complex picture of domestication than previously assumed
(Meadows et al., 2007; Machova et al., 2022).

Recent studies, including genetic and geographic data of
Asian mouflons across their range, as well as modern and an-
cient sheep from Anatolia, Southwest Asia, Europe, and Africa,
suggest that early sheep domestication probably originated in
Anatolia and is associated with the Anatolian subspecies of
the mouflon (O. gmelini anatolica) (Her et al., 2022; Atag et
al., 2024; Sandoval-Castellanos et al., 2024).

It is assumed that Anatolian and Cypriot mouflons in the
past were subject to domestication according to the classifica-
tion F. Teletchea and P. Fontaine (2014), corresponding to the
first level (Sanna et al., 2015; Barbato et al., 2017). However,
this is only a hypothesis for now, and the genetic connections
between these mouflons, ancient and modern domestic sheep
remain unclear.

Another largely unresolved question is the history of domes-
tic sheep breeds. Modern sheep breeds are divided into two
main geographical groups: Europe and Asia—Africa (Naval-
Sanchez et al., 2018; Li X. et al., 2020). This eastern and wes-
tern genetic division can be traced back to 7,000-6,000 BCE,
indicating their early diversification. Such a division is also
observed in modern groups of mitochondrial haplotypes of
sheep: European sheep mainly carry haplotype B (>50 % of the
world’s sheep population), while Asian sheep predominantly
have haplotype A (34 % of the world’s sheep population)
(Machova et al., 2022; Mereu et al., 2024).

Based on the analysis of polymorphism in the control region
of sheep mtDNA, seven haplogroups were identified, two of
which (F and G) have disappeared, while the other five are
present in modern breeds (Wood, Phua, 1996; Chen et al.,
2021). In addition to the mentioned haplogroups A and B, a
third recognized phylogenetic branch, haplogroup C (9 % of
the world’s sheep population), was discovered, which was
found in local Portuguese sheep, as well as in individuals
from the Caucasus, the Middle East, and Asia (Guo et al.,
2005; Pedrosa et al., 2005; Pereira et al., 2006; Mereu et al.,
2024). Then the fourth maternal lineage, haplogroup D, which
is closest to O. gmelini anatolica, was identified (Demirci et
al., 2013; Sanna et al., 2015).

Haplogroup E, identified through analysis of D-loop, CytB
sequences, and the entire mitogenome, is the key mitochon-
drial lineage of the Iranian Asian mouflon (Mereu et al.,
2025; Wang et al., 2025). The most recently discovered D and
E haplogroups (<0.5 % of the world’s sheep population) are
the rarest, having been identified only in animals from Turkey
and the Caucasus (Tapio et al., 2006), Europe (Gaspardy et
al., 2021), Tibet (Liu et al., 2016), Iran (Rafia, Tarang, 2016).

Evolution
of the species Ovis aries

All haplogroups were presumably formed between 5 and
35 thousand years ago (Rezaei et al., 2010).

Scientific literature reports on the eighth “wild” mito-
chondrial lineage X, which is found in Cypriot, Anatolian,
and Iranian mouflons and apparently is basal in relation to
domestic haplogroups C and E (Guerrini et al., 2021; Mereu
et al., 2025).

The results of ancient DNA studies have shown that Ana-
tolian Neolithic sheep are more similar to modern European
breeds, while the Kyrgyz Neolithic sheep are more similar to
modern Asian breeds, suggesting an early formation of this
division (Yurtman et al., 2021).

These patterns imply either the presence of several centers
of domestication or a large heterogeneous precursor popula-
tion that went through several independent “bottlenecks”.
However, in the study by E. Yurtman et al. (2021), all modern
breeds showed greater genetic similarity to each other than
to Neolithic sheep, indicating significant breed mixing in
the post-Neolithic period among continental sheep popula-
tions, including possible introgression from wild sheep into
domestic flocks, as well as the spread and breeding of sheep
with desired traits across the continents (Deng et al., 2020;
Cheng et al., 2023).

Introgression from wild relatives into the domestic sheep
population allowed the latter to adapt to various environmen-
tal conditions and spread throughout the world, undergoing
genetic improvements in various production systems. General
signals of allele introgression have been established in the
genes related to olfaction (ADCY3 and TRPV1), and in the
PADI gene family, including PADI2, which is associated with
innate immunity.

Further analysis of whole-genome sequences showed
that introgressed alleles in a specific region of PADI2 (chr2:
248302667-248306614) correlate with resistance to pneu-
monia. This allowed sheep to adapt to various climatic and
environmental conditions after domestication (Ciani et al.,
2020; Cao et al., 2021). As a result, many unique breeds have
emerged, and the extensive variations observed in both local
and improved breeds highlight the genomic diversity, adap-
tive traits, and important productive characteristics inherent in
domestic sheep (Li X. et al., 2020; Cao et al., 2021; Alipanah
etal., 2025). The differentiation of local sheep populations into
breeds became more pronounced from the 18th century due
to the use of systematic breeding with clearly defined goals
(Ciani et al., 2020).

Phenotypic changes in domestic sheep

In the transition from wild ancestors, the mouflons, to modern
domestic sheep, a number of morphological, physiological,
and behavioral traits were formed, which led to the current
phenotypic differences between wild and domesticated species.
These traits, including brain and tooth size, the size and shape
of ears and tail, spotted coloration, hormonal changes, and the
length of the reproductive season, characterize many species
that have been domesticated in various ways and for different
reasons. Moreover, some of these traits apparently appeared
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without deliberate selection: body size shrinkage, a change in
the size and shape of the tail (Zeder, 2015).

Fat-tailed sheep originated from thin-tailed sheep as a result
of long-term natural selection in extremely harsh geographical
and climatic conditions (Caiye et al., 2023). The presence of
a fat tail allows sheep to better adapt to harsh environmental
conditions (Kalds et al., 2022a). The connection between
domestication and a set of phenotypic traits was first noted
by C.R. Darwin (1875) and has still not been fully elucidated.

S.J. Crockford et al. (2002) suggested that the phenotypic
traits of domesticated animals may be associated with the
changes in the “signaling actions” of thyroid hormones. In
turn, A.S. Wilkins et al. (2014) proposed the hypothesis of the
“domestication syndrome”, according to which the phenotypic
traits of domestic animal species may be associated with the
changes in the formation, differentiation, or migratory patterns
of neural crest cells (Wilkins et al., 2020). Both hypotheses
were later evaluated based on the genomic data, and although
the “domestication syndrome” hypothesis received significant
support, they are not necessarily mutually exclusive, as they
could have influenced the domestication process differently
across time and space (Karlsson et al., 2016; Fitak et al., 2020).

Thus, selection for the trait of “complaisance” likely indi-
rectly influenced a wide range of genes and signaling pathways
involved in behavior, morphology, and physiology. However,
considering the hypotheses outlined above, it should not be
overlooked that for certain traits, intentional selection car-
ried out by humans should be regarded as the most plausible
hypothesis for the development of the domesticated animal’s
phenotype (Mereu et al., 2024).

Wild ancestors usually had horns in both sexes, coarse
wool, and specific color patterns, which gradually evolved
predominantly into hornless, woolly breeds of sheep with
white wool color (Garel et al., 2022). These transformations
reveal important aspects of the selective pressure that acted
during domestication.

Wild sheep usually have horns, which matters for intra-
specific competition (Hu et al., 2016). Unlike them, domestic
sheep are more often hornless (Simon et al., 2022). The RXFP2
gene plays an important role in the presence or absence of
horns (Cheng et al., 2023). Hornlessness is associated with
a 1.8 kb insertion in the 3'-untranslated region of the RXFP2
gene, but this variant does not fully explain the variability of
horn condition in different breeds (Simon et al., 2022).

The key transformation was the loss of the ability to shed
wool annually in wild mouflons and the continuous growth of
wool in domestic sheep (Jackson et al., 2020). The variability
of wool color, often white in domestic sheep, is a complex trait
influenced by genes such as Extension (E gene), ASIP (agouti),
and POMC, which regulate melanin production (Trigo et al.,
2021; Zhang et al., 2023).

The short, thin tail of the mouflon suggests that the va-
rious tail phenotypes observed in domestic sheep appeared
later in the process of domestication (Kalds et al., 2022b).
The development of a fat tail, for example, is considered an
adaptive response to climate change, with ancient breeders
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selecting sheep with fat tails for their increased adaptability
to desert conditions and as a valuable source of fat (Ahbara
etal., 2022; McManus et al., 2025). Genes such as bone mor-
phogenetic protein 2 (BMP-2) and platelet-derived growth
factor D (PDGF-D) are potential genetic markers for tail
shape and size (Luo et al., 2023; Jin et al., 2026). The T-box T
(TBXT) transcription factor gene is involved in regulating tail
length in mammals, including sheep (Kalds et al., 2022b).
CT/CT genotype of the TBXT gene: ¢. [333G>C; 334G>T] was
found in fat-tailed sheep breeds and was absent in long- and
short-tailed breeds (Han et al., 2019).

The emergence of these phenotypic changes is not ac-
cidental, but represents a direct adaptation to environmental
conditions, highlighting the strong selective pressure exerted
by humans in the process of domestication. Analysis of these
phenotypic shifts in combination with the identification of
the underlying genes provides valuable insights into the
genetic architecture of domestication and how human needs
and environmental factors have shaped the evolution of the
species O. aries.

Later introgressions from wild ancestors to domestic sheep
contain loci with potential domestication genes PAPPA2,
NR6AI, SH3GL3, RFX3 and CAMK4, which are associated
with morphological, immune, reproductive, or productive
traits (wool, meat, milk), NEURLI — with a nervous reac-
tion, PRUNE?2 — with neurogenesis, USH2A4 — with hearing,
AGTPBPI, CRTACI and RPGRIPIL — with the sense of
smell, PAG1I and PAG3 — with placental viability (Chen et
al., 2021), FAT3 — with adaptation to dry environmental con-
ditions (Yang J. et al., 2016), PCDH15 — with the immune
response (Atlija et al., 2016), PDGFD — with the tail shape
(Li X. et al., 2020).

Migration of domesticated sheep

Starting from the 7th millennium BC, domestic sheep were
brought from Southwest Asia to the northeast, to the Caucasus
(Chataigner et al., 2014), to Central Asia (Taylor et al., 2021)
and to Europe (Arbuckle, Atici, 2013; Lv et al., 2015).

According to F.-H. Lv et al. (2015) and K. Machova et al.
(2022), the spread of sheep across continents from the domes-
tication center occurred according to the Figure.

There is a hypothesis about the existence of two routes for
the spread of sheep from Anatolia to Europe: a continental
route and a sea route through the Mediterranean Sea (Racimo et
al., 2020; Brigand et al., 2022). The sheep of Northern France
during the Neolithic era arrived in this territory along with the
Linear Pottery culture, which, as is known, spread westward
from the middle Danube to the Rhine and Seine basins, as
well as northward and eastward to the Elbe and Vistula basins
(Hachem, 2018; Auxiette, Hachem, 2021).

Iberian sheep of the Neolithic era were possibly brought by
the Mediterranean Sea route (Kaptan et al., 2024). Later, the
settlement of Northern Italy and Southern France took place.
Then, along the Danube route, sheep spread to Central and
Northern Europe (Larsson et al., 2024). Sheep appeared in
the Alps just over 5,000 years ago, on the Iberian Peninsula
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The main routes of sheep spread from the center of domestication (ka — thousand years BC) (Lv et al., 2015; Machova et

al., 2022).

A, B, C, D - paths of the main mitochondrial lineages (Lv et al., 2015; Liu et al., 2016).

1 — Mediterranean route (Ryder, 1984; Zeder, 2017); 2 - Danube route (Ryder, 1984; Zeder, 2017); 3 - route to Northern Europe (Tapio et
al., 2006); 4 - routes of the ancient sea to the Indian subcontinent (Singh et al. 2013); 5 - routes to Africa (Gornas et al., 2011; Alvarez et

al,, 2013; Muigai, Hanotte, 2013; Resende et al., 2016).

(Spain, Portugal), 7,700-7,300 years ago (Chen et al., 2021).
However, according to another hypothesis, there was a settle-
ment of Northern Europe through the domestication center in
the Caucasus (Tapio et al, 2006; Niemi et al., 2013).

Analysis of the spread of the lines in Eastern Eurasia
showed the presence of two migratory waves of sheep that
occurred 4.5-6.8 thousand years ago (lines A and B, about
6.4-6.8 thousand years ago; C, about 4.5 thousand years ago)
(Lv et al. 2015).

According to the study by D. Cai et al. (2011), line A was
the most numerous in Bronze Age Ancient China (95.5 %), and
its population increased from west to east. It is assumed that
sheep from the Near Eastern center of domestication migrated
through the Caucasus and Central Asia, and settled in Northern
and Southwestern China (lines A, B, and C), and then on the
Indian subcontinent (lines B and C) (Lv et al., 2015).

The spread of sheep in Asia could have occurred through
several routes, as it did in Europe (Singh et al., 2013).
A combined phylogenetic analysis using ancient and modern
sheep mitogenomes showed that Uzbekistan and the Mon-
golian Plateau (Altai) could have been the migration centers
for the spread of sheep in East Asia. Through Uzbekistan and
northwestern China, sheep spread to the middle and lower
reaches of the Yellow River (around 4,000 BC), through the
Mongolian Plateau (Altai) to the central part of Inner Mongolia
(around 4,429-2,500 BC) (Yang L. et al., 2024). Earlier stu-
dies confirm that sheep spread to China from the Mongolian
Plateau approximately 5,000-5,700 years ago. Then, about
20002600 years ago, sheep reached the Qinghai-Tibet and

Yunnan-Guizhou Plateaus, following the migration routes of
the Di-Qian people from the north to the southwest (Zhao X.Y.
etal., 2017).

Sheep probably reached North Africa by two routes about
7,000 years ago. The first was a colonization settlement across
the Mediterranean Basin, the second was via the Sinai Pe-
ninsula across the Red Sea (Zeder, 2017). There were several
routes of settlement on the African continent: to the south to
the Middle Nile valley, to the west to the central Sahara, and
to the north to Libya. Another possibility is the spread of sheep
from the Mediterranean along the northern coasts of Africa.
In addition, direct trade connections between East Africa
and the Arabian Peninsula are also suggested (Muigai, Hanotte,
2013). As in Europe, mitochondrial haplogroup B dominates
in Africa, which is confirmed by the studies in different re-
gions of the continent — South Africa (Horsburgh, Rhines,
2010), Sudan (Gornas et al., 2011), Kenya (Resende et al.,
2016), West Africa and the Canary Islands (Alvarez et al.,
2013).

The spread of sheep in Australia occurred in modern history
in the 18th—19th centuries (Ciani et al., 2015). The first sheep
brought by the Spanish to Central America were either fine-
wool (West African fine-wool sheep) or coarse-wool (from the
Iberian Peninsula), which were later crossed with Merinos and
gave rise to the Creole type of sheep (Alonso et al., 2017).

Fine-wool sheep were brought to America from the Canary
Islands by C. Columbus and the first colonizers and at the
beginning of the seventeenth century along with slaves from
other regions of West Africa, and their contribution to the
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gene pool of modern American fine-wool sheep is the most
significant (Spangler et al., 2017).

The first sheep in Australia were brought from India, South
Africa (fat-tailed) and Spain (Merinos) after 1788, as well
as from the British Isles (Saxon Merinos, Southdowns and
Romneys) after 1840 (Ryder, 1984). Thus, it can be assumed
that the same haplotypes exist as in the populations from
which the Australian breeds originated. This assumption was
confirmed by a study conducted on 18 breeds kept in Australia,
which revealed a 55 % prevalence of haplogroup B and a 45 %
prevalence of haplogroup A (Meadows et al., 2005).

Based on the analysis of ancient samples, it has been estab-
lished that modern breeds show greater genetic similarity to each
other than to Neolithic sheep, which implies significant post-
Neolithic mixing of sheep populations (Kaptan et al., 2024).

Originally, sheep breeding was mainly focused on meat
production, while specialization in wool and milk arose in
Asia (7-6 thousand years BC) and then in Europe (Becker et
al., 2016; Deng et al., 2020). Specialization in wool produc-
tion apparently originated in Southwest Asia and only then
spread to Europe, as evidenced by research (Chessa et al.,
2009) and the DNA analysis of European Bronze Age sheep
(Sabatini et al., 2019). Archaeological findings also indicate
the emergence of a new breed in Central Europe during the
Late Stone Age. Comparison with earlier data confirmed an
increase in the body size of sheep raised in the Bohemia and
Moravia region (the territory of modern-day Czech Republic),
as well as since the beginning of the Bronze Age in Hungary
(Kysely, 2016). Another example is the spread of Merino sheep
from the Iberian Peninsula throughout Europe from the second
half of the 15th century (Landi et al., 2019).

Early domestication highlights the fundamental importance
of sheep in human history, as since then they have represented
a crucial resource on a global scale, providing populations
around the world with meat, wool, pelts, sheepskins, milk,
and other essential materials (Kaptan et al., 2024; Mereu et
al., 2024).

Early domestication was probably a less controlled process,
based on the use of available wild populations rather than on
intensive selection of a single homogeneous ancestral group.
Therefore, the genetic diversity observed in modern sheep
partially reflects ancient wild diversity, and is not exclusively
the product of post-domestication mutation or selection. At the
same time, the early radiation (about 810 thousand years ago)
determined the variability of domestic sheep and mouflons
(Mereu et al., 2025).

Thus, the process of sheep domestication should not be
considered as a simplified model of domestication in the form
of a single event from a homogeneous ancestral population, but
as a more complex action involving the borrowing of diverse
wild genetic backgrounds.

Phylogenetic analysis

of modern sheep breeds based on mtDNA
Subsequent breeding of domesticated sheep, along with natu-
ral and artificial selection, led to the emergence of at least
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1,400 breeds, and the prolonged selective activity of humans
played an important role in the development of the necessary
productive and biological traits in sheep (Dymova et al., 2019).
Comparative analysis of the genetic diversity of ancient and
modern sheep contributes to a better understanding of the
processes of the origin of these animals, domestication, and
their migration, and also allows assessing the role of humans at
different stages of the formation of modern biological diversity
of sheep breeds (Lv et al., 2015).

In the study by X. Li et al. (2020), 36 local and 6 cultured
breeds of sheep (O. aries) from Europe, Asia, Africa, and the
Middle East were found to have a lower level of genomic di-
versity compared to their wild ancestors (O. orientalis). This
indicates that a significant part of genomic variability was
lost during and after domestication, while genomic diversity
in local breeds of sheep has been preserved to a greater extent
than in commercial breeds.

The formation of sheep breeds in Europe, according to
E. Ciani et al. (2020), indicates that Greek sheep breeds acted
as a barrier between Asian and European breeds. Apparently,
Greece remained a “blind spot” on the evolutionary map of
sheep migration to Western Europe, since the historical pat-
terns of gene flow have not yet been assessed (Michailidou
et al., 2025).

In Italian sheep breeds, haplogroup B predominated in the
ancient samples (90 %), while haplogroup A was found in
10 % of them, which corresponds to the current distribution in
modern sheep in Italy. This indicates that the current A/B ratio
was formed back in the Middle Ages and is not the result of
subsequent events, such as selective breeding (Gabbianelli et
al., 2015). Eight of the most common local breeds of sheep in
Bulgaria showed a high prevalence of European haplogroup B
(95.2 %), while the remaining individuals were assigned to
haplogroup A (4.8 %). The median-joining network showed
that almost all haplotypes belonging to haplogroup B form a
star-like network, indicating weak genetic differentiation and
high gene flow among Bulgarian indigenous breeds (Kalay-
dzhiev et al., 2023).

The presence of haplogroups B and A was confirmed in two
Hungarian breeds, Tsigai and Cikta, while haplogroup C was
found only in the Cikta breed. At the same time, haplogroup B
predominates, which is present at a level of more than 80 % in
both breeds, confirming the presence of a common ancestral
root (Gaspardy et al., 2022). A homogeneous maternal origin
of nine breeds of sheep from the Eastern Adriatic, characteristic
of European breeds, was established in the studies of M. Feren-
cakovic et al. (2013); analysis of mitochondrial DNA revealed
a high frequency of type B haplotypes in them.

Among the 27 analyzed Indian sheep breeds, three mtDNA
lineages were identified, namely A, B, and C. Lineage A pre-
dominated among Indian sheep, whereas lineages B and C were
observed at a low frequency. At the same time, the Mandya and
Sonadi breeds differed significantly from other Indian breeds
by a high proportion of line B, which presumably reached
the Indian subcontinent not from the Mongolian Plateau, but
via the Arabian Sea route (Kamalakkannan et al., 2021). The
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authors of the cited work, based on the research conducted,
contrary to existing hypotheses, believe that the domestication
of sheep of haplogroup A occurred on the Indian subcontinent.

Phylogenetic analysis of the D-loop mtDNA sequences
of 963 individuals from 16 indigenous breeds distributed
across seven geographic regions of China showed that three
haplogroups, A, B, and C, were identified in all breeds, except
for the mountainous region of Southwest China, where only
haplogroups A and B were present (Zhao E. et al., 2013).

Seven local Indonesian sheep breeds on the island of Java
are closely related to each other and grouped into two hap-
logroups A and B. At the same time, most of them belong to
haplogroup B, except for the Garut and Priangan sheep breeds
(Ibrahim et al., 2023). Sheep of the main breed of Vietnam,
Phan Rang, belong to haplogroups A (28 %) and B (72 %),
which confirms the hypothesis of their dual origin with the in-
fluence of both Asian and European lines (Luong et al., 2024).
Phylogenetic analysis of six breeds of sheep in Kazakhstan
showed that 44 % of the animals belonged to haplogroup A,
39 % to haplogroup B, and 17 % to haplogroup C, which is
consistent with the distribution of haplogroups in ancient
domestic sheep. Currently, line A predominates in Kazakh
sheep breeds. This indicates that most Kazakh sheep breeds are
genetically closer to the Asian genotype than to the European
one (Tarlykov et al., 2021).

Sheep in Africa belong to different mitochondrial lineages,
which gives them an advantage in genetic diversity of breeds
and populations, and has practical significance for use in
breeding programs to increase productivity and adaptive traits.
Meta-analysis of 399 breeds allowed the identification of three
main haplogroups (A, B, and C), with haplogroup B being the
dominant one (Wanjala et al., 2021; Salim et al., 2023).

Currently, 17 fine-wool breeds (57.9 % of the total sheep
population) are raised in Russia, as well as 17 semi-fine-wool
breeds (4.1 %), 2 semi-coarse-wool breeds (1.1 %), 16 coarse-
wool breeds (30.3 %), and unidentified breeds (6.6 %) (Brigida
et al., 2025). Semi-fine-wool sheep breeds mainly have a
meat-wool production direction, while semi-coarse-wool and
coarse-wool breeds have a meat-fat direction. The abundance
of sheep breeds in the country is associated with the diversity
of natural-climatic and geographical zones.

Genetic analysis of mtDNA of ancient sheep from Russia in-
dicates that during the Early Bronze Age, at least two lineages
(A and B) existed in the south of Western Siberia (Dymova et
al., 2019). Sequencing of the mitochondrial DNA D-loop from
17 sheep bone remains (aged ~4,000—1,000 years), found in
archaeological complexes in southern Altai (Russia), showed
the presence of mitochondrial lineages A, B, C, D, and E.
The relatively high diversity of sheep haplotypes, including
the presence of two basal haplotypes, indicates that the Altai
region could have been a route for the migration of domesti-
cated sheep. Determining the affiliation of ancient samples to
phylogenetic lines showed that 70 % belong to line B, 25 %
to A, and 2.5 % each to C and D (Dymova et al., 2017).

Phylogenetic analysis of 25 Russian local sheep breeds
revealed four haplogroups, including A, B, C, and D, which is
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explained by the wide range of the animals studied; the most
common were haplogroups B and A, characteristic of sheep of
European and Asian origin, with the B lineage predominating
in the western part of Russia (Koshkina et al., 2021).

Analysis of the median-joining network and the Bayesian
tree of the Russian breeds showed that the most common
haplogroup is B (64.8 %), haplogroup A accounted for 28.9 %,
haplogroup C, for 5.5 %, and only 0.8 % was assigned to
haplogroup D. It is noted that haplogroups A and B were
present in all sheep breeds, haplogroup C was represented by
haplotypes of sheep breeds from the North Caucasus and Far
Eastern Federal Districts, while haplogroup D was detected
in one animal from the Southern Federal District (Koshkina
et al., 2023). M. Tapio et al. (2006) discovered haplogroup D
in one animal of the Karachay breed in the North Caucasus,
indicating the presence of this mitochondrial line in the ter-
ritory of Russia.

The study of the nucleotide sequence of the D-loop of
mtDNA in fine-wool sheep breeds (Salsk, Stavropol, and
Soviet Merino) showed the division of the studied sheep
populations into two clusters: the first cluster is represented
by haplogroup B, characteristic of European domestic sheep,
as well as sheep from New Zealand and Australia; the second
cluster is haplogroup A (about 30 %), dominant in Asian
sheep. The obtained research results made it possible to
establish the similarities and differences of the Russian Me-
rino sheep breeds with the European and Australian Merino
selection (Shirokova et al., 2018). In the determination of the
Romanov sheep (Bakoev et al., 2018), the Kuibyshev breed
(Koshkina et al., 2022a), it was established that they belong to
haplogroup B.

Analysis of the mitochondrial genomes of three breeds with
different production directions (Grozny — fine-wool, Gorno-
Altai — semi-fine-wool, and Buubey — coarse-wool) from
various ecological and feed regions of the country showed
that all individuals of the three breeds belong to the commonly
accepted haplogroups A (n =46.7 %), B (n =46.7 %), and C
(n = 6.6 %), characteristic of sheep of European and Asian
origin (Koshkina et al., 2022b).

Conclusion

Thus, based on the analysis of scientific and informational
sources in the subject area, it has been established that with
domestication, aspects such as the specific place, time, and
further development after domestication remain unclear to
this day.

Mitochondrial DNA is an excellent tool of evolutionary
biology. It is inherited from generation to generation almost
without changes, since it does not participate in recombination,
thus the time of occurrence of each mutation can be estimated
based on the average mutation rate. This ensures that female
haplogroups allow us to determine events that occurred in the
distant past (processes of domestication and migration). Seven
haplogroups have been identified in domesticated sheep, two
of which (F and G) have disappeared, while the other five (A,
B, C, D, E) are present in modern breeds.
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The variability of mtDNA to some extent correlates with
the distance from the domestication center. The greatest ge-
nomic diversity is found closer to the place of origin, as has
been established in humans (Li J.Z. et al., 2008). This review
confirms the existence of a single center of domestication in
the Middle East, from which sheep spread to Europe through
the Mediterranean Sea and the Danube Valley, as evidenced
by studies of small ruminant lentiviruses (Molaee et al., 2020).
It is possible that there was another way of spreading sheep
into Europe, which passed through the Caucasus, Russia, and
Northern Europe (Tapio et al., 2006). First, line B probably
reached Finland, then, in the early Middle Ages, it was fol-
lowed by line A (Niemi et al., 2013). The origin of lines C and
D in Central Europe remains unclear, but there is a suggestion
that they could have arrived there with prehistoric humans
or much later, for example, during the Ottoman expansion
(Gaspardy et al., 2021). The Mongolian Plateau acted as a
migration center, from which the lines spread from the do-
mestication center into Asia (Ganbold et al., 2019). In India, a
high nucleotide diversity of lines A and B has been established,
in Northern China, line C has been found (Lv et al., 2015).

During the process of migration, domesticated sheep
adapted to various ecological and feeding conditions of their
habitats on all continents of the world, and as a result, modern
domestic sheep have developed a number of morphological,
physiological, and behavioral traits, which have led to the
current phenotypic differences between wild and domestic
species.

The results of ancient DNA studies have shown that Anato-
lian Neolithic sheep have more similarity with modern Euro-
pean breeds, while Kyrgyz sheep of the Neolithic and Bronze
Age demonstrate more similarity with modern Asian breeds.

Currently, domestic sheep are divided into two main geo-
graphical groups, Europe and Asia: European sheep mainly
carry haplotype B, while Asian sheep predominantly carry
haplotype A. The diversity of the haplogroups represented
in both domesticated and modern breeds of sheep indirectly
indicates their migration across the territory of Eurasia, in-
cluding the Russian Federation, in two directions — to Europe
(westward) and to Asia (eastward).

References

Ahbara A.M., Musa H.H., Robert C., Abebe A., Al-Jumaili A.S.,
Kebede A., Latairish S., Agoub M.O., Clark E., Hanotte O., Mwacha-
ro J.M. Natural adaptation and human selection of northeast Afri-
can sheep genomes. Genomics. 2022;114(5):110448. doi 10.1016/
j-ygeno.2022.110448

Alipanah M., Gharari F., Mazloom S.M. Comparison of selection sig-
natures among five meat sheep breeds. Small Ruminant Res. 2025;
249:107524. doi 10.1016/j.smallrumres.2025.107524

Alonso R.A., Ulloa-Arvizu R., Gayosso-Vazquez A. Mitochondrial
DNA sequence analysis of the Mexican Creole sheep (Ovis aries)
reveals a narrow Iberian maternal origin. Mitochondrial DNA A DNA
Mapp Seq Anal. 2017;28(6):793-800. doi 10.1080/24701394.2016.
1192613

Alvarez 1., Capote J., Traoré A., Fonseca N., Pérez K., Cuervo M.,
Fernandez 1., Goyache F. Mitochondrial analysis sheds light on the
origin of hair sheep. Anim Genet. 2013;44(3):344-347. doi 10.1111/
j.1365-2052.2012.02398.x

2026
30-4

Ssontoyma
Buaa Ovis aries

Arbuckle B.S., Atici L. Initial diversity in sheep and goat management
in Neolithic South-Western Asia. Levant. 2013;45(2):219-235. doi
10.1179/0075891413Z7.00000000026

Atag G., Kaptan D., Yiincii E., Basak Vural K., Mereu P., Pirastru M.,
Barbato M., ... Togan I., Giinther T., Ozer F., Hadjisterkotis E.,
Somel M. Population genomic history of the endangered Anatolian
and Cyprian mouflons in relation to worldwide wild, feral, and do-
mestic sheep lineages. Genome Biol Evol. 2024;16(5):evac090. doi
10.1093/gbe/evae090

Atlija M., Arranz J.J., Martinez-Valladares M., Gutiérrez-Gil B. Detec-
tion and replication of QTL underlying resistance to gastrointestinal
nematodes in adult sheep using the ovine SOK SNP array. Genet Sel
Evol. 2016;48:4. doi 10.1186/s12711-016-0182-4

Auxiette G., Hachem L. Farm, Hunt, Feast, Celebrate. Animals and
Society in Neolithic Bronze and Iron Age Northern France. Leiden:
Sidestone Press, 2021

Bakoev N.F., Getmantseva L.V., Bakoev S.Yu., Kostyunina O.V. Analy-
sis of the nucleotide sequence of the mtDNA D-loop in Romanov
sheep. Ovcy, Kozy, Sherstyanoe Delo = Sheep, Goats, and Wool In-
dustry. 2018;4:18-20 (in Russian)

Barbato M., Hailer F., Orozco-terWengel P., Kijas J., Mereu P., Ca-
bras P., Mazza R., Pirastru M., Bruford M.W. Genomic signatures of
adaptive introgression from European mouflon into domestic sheep.
Sci Rep. 2017;7(1):7623. doi 10.1038/s41598-017- 07382-7

Barbato M., Masseti M., Pirastru M., Columbano N., Scali M., Vig-
nani R., Mereu P. Islands as time capsules for genetic diversity con-
servation: the case of the Giglio island mouflon. Diversity. 2022;
14(8):609. doi 10.3390/d14080609

Becker C., Benecke N., Grabundzija A., Kiichelmann H.-C., Pollock S.,
Schier W., Schoch C., Schrakamp I., Schiitt B., Schumacher M. The
textile revolution. Research into the origin and spread of wool pro-
duction between the Near East and Central Europe. eTopoi J Ancient
Stud. 2016;6:102-151

Brigand R., Dubouloz J., Weller O. Colonization dynamics of LBK
farmers in Europe under geostatistics test. Documenta Praehistorica.
2022;49:2-45. doi 10.4312/dp.49.12

Brigida A.V., Pridanova L.E., Mashtaler D.V. Prerequisites for the de-
velopment of dairy sheep breeding in the Russian Federation (Re-
view). Veterinariya i Kormlenie. 2026;7:13-16. doi 10.30917/TT-
VK-1814-9588-2025-7-3 (in Russian)

Cai D., Tang Z., Yu H., Han L., Ren X., Zhao X., Zhu H., Zhou H.
Early history of Chinese domestic sheep indicated by ancient DNA
analysis of Bronze Age individuals. J Archaeol Sci. 2011;38(4):
896-902. doi 10.1016/j.jas.2010.11.019

Caiye Z., Song S., Li M., Huang X., Luo Y., Fang S. Genome-wide
DNA methylation analysis reveals different methylation patterns in
Chinese indigenous sheep with different type of tail. Front Vet Sci.
2023;10:1125262. doi 10.3389/fvets.2023.1125262

Cao Y.H., Xu S.S., Shen M., Chen Z.H., Gao L., Lv EH., Xie X.L., ...
Kantanen J., Bruford M.W., Lenstra J.A., Kijas J., Li M.H. Histori-
cal introgression from wild relatives enhanced climatic adaptation
and resistance to pneumonia in sheep. Mol Biol Evol. 2021;38(3):
838-855. doi 10.1093/molbev/msaa236

Chataigner C., Badalyan R., Arimura M. The Neolithic of the Cauca-
sus. Oxford Handbooks Online, 2014. doi 10.1093/oxfordhb/97801
99935413.013.13

Chen Z.H., Xu Y.X., Xie X.L., Wang D.F., Aguilar-Gémez D., Liu G.J.,
Li X., ... Periasamy K., Coltman D.W., Lenstra J.A., Nielsen R.,
Li M.H. Whole-genome sequence analysis unveils different origins
of European and Asiatic mouflon and domestication-related genes
in sheep. Commun Biol. 2021;4(1):1307. doi 10.1038/s42003-021-
02817-4

Cheng H., Zhang Z., Wen J., Lenstra J.A., Heller R., Cai Y., Guo Y., ...
Zhang L., Billah M., Wang X., Liu M., Jiang Y. Long divergent hap-
lotypes introgressed from wild sheep are associated with distinct
morphological and adaptive characteristics in domestic sheep. PLoS
Genet. 2023;19(2):¢1010615. doi 10.1371/journal.pgen.1010615

3BOJIOLINA BUAOB / EVOLUTION OF SPECIES 703


https://doi.org/10.1016/j.ygeno.2022.110448
https://doi.org/10.1016/j.ygeno.2022.110448
https://doi.org/10.1016/j.smallrumres.2025.107524
https://doi.org/10.1080/24701394.2016.1192613
https://doi.org/10.1080/24701394.2016.1192613
https://doi.org/10.1111/j.1365-2052.2012.02398.x
https://doi.org/10.1111/j.1365-2052.2012.02398.x
https://doi.org/10.1179/0075891413Z.00000000026
https://doi.org/10.1179/0075891413Z.00000000026
https://doi.org/10.1093/gbe/evae090
https://doi.org/10.1093/gbe/evae090
https://doi.org/10.1186/s12711-016-0182-4
https://elibrary.ru/item.asp?id=36482246
https://doi.org/10.1038/s41598-017-07382-7
https://doi.org/10.3390/d14080609
https://www.researchgate.net/profile/Martin-Schumacher-2/publication/311649679_The_Textile_Revolution_Research_into_the_Origin_and_Spread_of_Wool_Production/links/5858fd4a08aeabd9a58b146f/The-Textile-Revolution-Research-into-the-Origin-and-Spread-of-Wool-Production.pdf
https://doi.org/10.4312/dp.49.12
https://elibrary.ru/item.asp?id=83260361
https://elibrary.ru/item.asp?id=83260361
https://doi.org/10.1016/j.jas.2010.11.019
https://doi.org/10.3389/fvets.2023.1125262
https://doi.org/10.1093/molbev/msaa236
https://missioncaucase.hypotheses.org/files/2016/03/Chataigner-Badalyan-Arimura2014_Neolithic_Caucasus.pdf
https://missioncaucase.hypotheses.org/files/2016/03/Chataigner-Badalyan-Arimura2014_Neolithic_Caucasus.pdf
https://doi.org/10.1038/s42003-021-02817-4
https://doi.org/10.1038/s42003-021-02817-4
https://doi.org/10.1371/journal.pgen.1010615

T.N. Khamiruev

Chessa B., Pereira F., Arnaud F., Amorim A., Goyache F., Mainland 1.,
Kao R.R., ... Ajmone-Marsan P., Bruford M.W., Kantanen J., Spen-
cer T.E., Palmarini M. Revealing the history of sheep domestication
using retrovirus integrations. Science. 2009;324(5926):532-536. doi
10.1126/science.1170587

Ciani E., Lasagna E., D’Andrea M., Alloggio 1., Marroni F., Ceccobel-
1i S., Delgado Bermejo J.V., Sarti F.M., Kijas J., Lenstra J.A., Pilla F;
International Sheep Genomics Consortium. Merino and Merino-de-
rived sheep breeds: a genome-wide intercontinental study. Genet Sel
Evol. 2015;47(1):64. doi 10.1186/s12711-015-0139-z

Ciani E., Mastrangelo S., Da Silva A., Marroni F., Ferenc¢akovi¢ M.,
Ajmone-Marsan P., Baird H., ... Sim¢i¢ M., Stepanek O., Curik I.,
Cubric-Curik V., Lenstra J.A. On the origin of European sheep as
revealed by the diversity of the Balkan breeds and by optimizing
population-genetic analysis tools. Genet Sel Evol. 2020;52(1):25. doi
10.1186/s12711-020-00545-7

Crockford S.J. Animal domestication and heterochronic speciation: the
role of thyroid hormone. In: Minugh-Purvis N., McNamara K. (Eds)
Human Evolution through Developmental Change. Baltimore: Johns
Hopkins University Press, 2002;122-153

Daly K.G., Mullin V.E., Hare A.J., Halpin A., Mattiangeli V., Teas-
dale M.D., Rossi C., ... Zeder M., Atic1 L., Mashkour M., Peters J.,
Bradley D.G. Ancient genomics and the origin, dispersal, and de-
velopment of domestic sheep. Science. 2025;387(6733):492-497. doi
10.1126/science.adn2094

Darwin C.R. The Variation of Animals and Plants under Domestication.
London: John Murray, 1875

Demirci S., Koban Bastanlar E., Dagtas N.D., Piskin E., Engin A.,
Ozer F., Yiincii E., Dogan S.A., Togan I. Mitochondrial DNA diversi-
ty of modern, ancient and wild sheep (Ovis gmelinii anatolica) from
Turkey: new insights on the evolutionary history of sheep. PLoS
One. 2013;8(12):e81952. doi 10.1371/journal.pone.0081952

Deng J., Xie X.L., Wang D.F., Zhao C., Lv FH,, Li X., Yang J., ...
Lenstra J.A., Han J.L., Zhang H.P., Li L., Li M.H. Paternal origins
and migratory episodes of domestic sheep. Curr Biol. 2020;30(20):
4085-4095.¢6. doi 10.1016/j.cub.2020.07.077

Deniskova T.E. Identification of QTL localized in the runs of homozy-
gosity in sheep breeds raised in Russia. Agrarnaya Nauka = Agra-
rian Science. 2025;10:102-109. doi 10.32634/0869-8155-2025-399-
10-102-109 (in Russian)

Dossybayev K., Ualiyeva D., Kapassuly T., Amandykova M., Kozhah-
met A., Bekmanov B., Amzeyev R., Naruya S. Genetic diversity
and population structure of fat-tailed coarse-wooled sheep breeds
Ovis aries from Kazakhstan. Vet Sci. 2025;12(10):988. doi 10.3390/
vetscil2100988

Dymova M.A., Zadorozhny A.V., Mishukova O.V., Khrapov E.A,,
Druzhkova A.S., Trifonov V.A., Kichigin I.G., Tishkin A.A., Gru-
shin S.P., Filipenko M.L. Mitochondrial DNA analysis of ancient
sheep from Altai. Anim Genet. 2017;48(5):615-618. doi 10.1111/
age.12569

Dymova M.A., Tishkin A.A., Mishukova O.V., Khrapov E.A., Gru-
shin S.P., Filipenko M.L. Haplotypic diversity of the ancient sheep
(Ovies aries), based on material from Western Siberian Bronze Age
archaeological sites. Zoologicheskiy Zhurnal. 2019;98(7):836-842.
doi 10.1134/S0044513419070043 (in Russian)

Ferencakovic M., Curik I., Pérez-Pardal L., Royo L.J., Cubric-Curik V.,
Fernandez 1., Alvarez 1., Kostelic A., Sprem N., Krapinec K., Goya-
che F. Mitochondrial DNA and Y-chromosome diversity in East
Adriatic sheep. Anim Genet. 2013;44(2):184-192. doi 10.1111/
j.1365-2052.2012.02393.x

Fitak R.R., Mohandesan E., Corander J., Yadamsuren A., Chul-
uunbat B., Abdelhadi O., Raziq A., Nagy P., Walzer C., Faye
B., Burger P.A. Genomic signatures of domestication in Old
World camels. Commun Biol. 2020;3(1):316. doi 10.1038/
s42003-020-1039-5

Gabbianelli F., Gargani M., Pariset L., Mariotti M., Alhaique F., De
Minicis E., Barelli L., Ciammetti E., Redi F., Valentini A. Mitochon-
drial DNA analysis of medieval sheep (Ovis aries) in central Italy re-

Evolution
of the species Ovis aries

veals the predominance of haplogroup B already in the Middle Ages.
Anim Genet. 2015;46(3):329-332. doi 10.1111/age.12289

Ganbold O., Lee S.-H., Seo D., Pack W.K., Manjula P., Munkhbayar M.,
Lee J.H. Genetic diversity and the origin of Mongolian native sheep.
Livest Sci. 2019;220:17-25. doi 10.1016/j.1ivsci.2018.12.007

Garel M., Marchand P., Bourgoin G., Santiago-Moreno J., Portanier E.,
Piegert H., Hadjisterkotis E., Cugnasse J.-M. Mouflon Ovis gmelini
Blyth, 1841. In: Hackldnder K., Zachos F.E. (Eds) Handbook of the
Mammals of Europe. Springer, 2022;1-35. doi 10.1007/978-3-319-
65038-8 34-1

Gaspardy A., Berger B., Zabavnik-Piano J., Kovacs E., Annus K., Zen-
ke P., Safar L., Mar6ti-Agots A. Comparison of mtDNA control re-
gion among descendant breeds of the extinct Zaupel sheep revealed
haplogroup C and D in Central Europe. Vet Med Sci. 2021;7(6):
2330-2338. doi 10.1002/vms3.585

Gaspardy A., Zenke P., Kovacs E., Annus K., Posta J., Safar L., Maroti-
Agbts A. Evaluation of maternal genetic background of two Hun-
garian autochthonous sheep breeds coming from different geo-
graphical directions. Animals (Basel). 2022;12(3):218. doi 10.3390/
ani12030218

Gornas N., Weimann C., El Hussien A., Erhardt G. Genetic charac-
terization of local Sudanese sheep breeds using DNA markers.
Small Ruminant Res. 2011;95:27-33. doi 10.1016/j.smallrumres.2010.
08.009

Guerrini M., Panayides P., Niktoreh Mofrad N., Kassinis N., Ioannou I.,
Forcina G., Hadjigerou P., Barbanera F. Spatial genetic structure and
Ovis haplogroup as a tool for an adaptive conservation management
of the endangered Cyprus mouflon. Zoology. 2021;148:125959. doi
10.1016/§.z001.2021.125959

GuoJ.,DuL.X.,MaY.H., Guan W.J., LiH.B., Zhao Q.J., Li X., Rao S.Q.
A novel maternal lineage revealed in sheep (Ovis aries). Anim Genet.
2005;36(4):331-336. doi 10.1111/j.1365-2052.2005.01310.x

Hachem L. Animals in LBK society: identity and gender markers. J 4r-
chaeol Sci Rep. 2018;20:910-921. doi 10.1016/j.jasrep.2017.09.020

Han J., Yang M., Guo T., Niu C., Liu J., Yue Y., Yuan C., Yang B. Two
linked TBXT (brachyury) gene polymorphisms are associated with
the tailless phenotype in fat-rumped sheep. Anim Genet. 2019;50(6):
772-777. doi 10.1111/age.12852

Her C., Rezaei H.R., Hughes S., Naderi S., Duffraisse M., Mash-
kour M., Naghash H.R., ... Tresset A., Vigne J.D., Taberlet P., Hin-
ni C., Pompanon F. Broad maternal geographic origin of domestic
sheep in Anatolia and the Zagros. Anim Genet. 2022;53(3):452-459.
doi 10.1111/age.13191

Hiendleder S., Kaupe B., Wassmuth R., Janke A. Molecular analysis of
wild and domestic sheep questions current nomenclature and pro-
vides evidence for domestication from two diferent subspecies. Proc
Biol Sci. 2002;269(1494):893-904. doi 10.1098/rspb.2002.1975

Horsburgh K.A., Rhines A. Genetic characterization of an archaeologi-
cal sheep assemblage from South Africa’s Western Cape. J Archaeol
Sci. 2010;37(11):2906-2910. doi 10.1016/j.jas.2010.06.035

Hu Z., Wu C., Shi Y., Guo H., Zhao X., Yin Z., Yang L., ... Zhou B.,
Lu D., Wu T,, Lin D., Shen H. A genome-wide association study
identifies two new lung cancer susceptibility loci at 13q12.12 and
22q12.2 in Han Chinese. Nat Genet. 2011;43(8):792-796. doi
10.1038/ng.875

Ibrahim A., Baliarti E., Budisatria [.G.S., Artama W.T., Widayanti R.,
Mabharani D., Tavares L., Margawati E.T. Genetic diversity and rela-
tionship among Indonesian local sheep breeds on Java Island based
on mitochondrial cytochrome b gene sequences. J Genet Eng Bio-
technol. 2023;21(1):34. doi 10.1186/s43141-023-00491-z

Jackson N., Maddocks I.G., Watts J.E., Scobie D., Mason R.S.,
Gordon-Thomson C., Stockwell S., Moore G.P.M. Evolution of
the sheep coat: the impact of domestication on its structure and
development. Genet Res (Camb). 2020;102:e4. doi 10.1017/
S0016672320000063

Jin M., Liu G., Liu E., Wang L., Jiang Y., Zheng Z., Lu J., ... Cao J.,
Yuan Z., Du L., Wang H., Wei C. Genomic insights into the popula-
tion history of fat-tailed sheep and identification of two mutations

704 Vavilovskii Zhurnal Genetiki i Selektsii / Vavilov Journal of Genetics and Breeding - 2026 « 30 - 4


https://doi.org/10.1126/science.1170587
https://doi.org/10.1126/science.1170587
https://doi.org/10.1186/s12711-015-0139-z
https://doi.org/10.1186/s12711-020-00545-7
https://doi.org/10.1186/s12711-020-00545-7
https://doi.org/10.1126/science.adn2094
https://doi.org/10.1126/science.adn2094
https://doi.org/10.1371/journal.pone.0081952
https://doi.org/10.1016/j.cub.2020.07.077
https://doi.org/10.32634/0869-8155-2025-399-10-102-109
https://doi.org/10.32634/0869-8155-2025-399-10-102-109
https://doi.org/10.3390/vetsci12100988
https://doi.org/10.3390/vetsci12100988
https://doi.org/10.1111/age.12569
https://doi.org/10.1111/age.12569
https://doi.org/10.1134/S0044513419070043
https://doi.org/10.1111/j.1365-2052.2012.02393.x
https://doi.org/10.1111/j.1365-2052.2012.02393.x
https://doi.org/10.1038/s42003-020-1039-5
https://doi.org/10.1038/s42003-020-1039-5
https://doi.org/10.1111/age.12289
https://doi.org/10.1016/j.livsci.2018.12.007
https://doi.org/10.1007/978-3-319-65038-8_34-1
https://doi.org/10.1007/978-3-319-65038-8_34-1
https://doi.org/10.1002/vms3.585
https://doi.org/10.3390/ani12030218
https://doi.org/10.3390/ani12030218
https://doi.org/10.1016/j.smallrumres.2010.08.009
https://doi.org/10.1016/j.smallrumres.2010.08.009
https://doi.org/10.1016/j.zool.2021.125959
https://doi.org/10.1016/j.zool.2021.125959
https://doi.org/10.1111/j.1365-2052.2005.01310.x
https://doi.org/10.1016/j.jasrep.2017.09.020
https://doi.org/10.1111/age.12852
https://doi.org/10.1111/age.13191
https://doi.org/10.1098/rspb.2002.1975
https://doi.org/10.1016/j.jas.2010.06.035
https://doi.org/10.1038/ng.875
https://doi.org/10.1038/ng.875
https://doi.org/10.1186/s43141-023-00491-z
https://doi.org/10.1017/s0016672320000063
https://doi.org/10.1017/s0016672320000063

T.H. Xamnpyes

that contribute to fat tail adipogenesis. J Adv Res. 2026;80:725-741.
doi 10.1016/j.jare.2025.05.011

Kalaydzhiev G., Palova N., Dundarova H., Lozanova L., Mehandjyi-
ski 1., Radoslavov G., Hristov P. Mitochondrial diversity and phylo-
genetic relationship of eight native Bulgarian sheep breeds. Animals
(Basel). 2023;13(23):3655. doi 10.3390/ani13233655

Kalds P., Huang S., Chen Y., Wang X. Ovine HOXB13: expanding the
gene repertoire of sheep tail patterning and implications in genetic
improvement. Commun Biol. 2022a;5(1):1196. doi 10.1038/s42003-
022-04199-7

Kalds P., Zhou S., Gao Y., Cai B., Huang S., Chen Y., Wang X. Genetics
of the phenotypic evolution in sheep: a molecular look at diversity-
driving genes. Genet Sel Evol. 2022b;54(1):61. doi 10.1186/s12711-
022-00753-3

Kamalakkannan R., Kumar S., Bhavana K., Prabhu V.R., Macha-
do C.B., Singha H.S., Sureshgopi D., Vijay V., Nagarajan M. Evi-
dence for independent domestication of sheep mtDNA lineage A in
India and introduction of lineage B through Arabian sea route. Sci
Rep.2021;11(1):19733. doi 10.1038/s41598-021-97761-y

Kaptan D., Atag G., Vural K.B., Morell Miranda P., Akbaba A.,
Yiincii E., Buluktaev A., ... Geigl EM., Togan 1.Z., Giinther T.,
Somel M., Ozer F. The population history of domestic sheep re-
vealed by paleogenomes. Mol Biol Evol. 2024;41(10):msae158. doi
10.1093/molbev/msael58

Karlsson A.C., Fallahshahroudi A., Johnsen H., Hagenblad J., Wright D.,
Andersson L., Jensen P. A domestication related mutation in the thy-
roid stimulating hormone receptor gene (7SHR) modulates photope-
riodic response and reproduction in chickens. Gen Comp Endocrinol.
2016;228:69-78. doi 10.1016/j.ygcen.2016.02.010

Koshkina O.A., Deniskova T.E., Dotsev A.V., Kunz E., Upadhyay M.,
Krebs S., Solovieva A.D., Medugorac 1., Zinovieva N.A. A study of
maternal variability of Russian local sheep breeds based on the anal-
ysis of cytochrome B gene polymorphism. Sel skohozyajstvennaya
Biologiya = Agricultural Biology. 2021;56(6):1134-1147. doi
10.15389/agrobiology.2021.6.1134eng

Koshkina O.A., Deniskova T.E., Zinovieva N.A. Phylogenetic analysis
of complete mitochondrial genome sequences of Kuibyshev sheep.
Ovcy, Kozy, Sherstyanoe Delo = Sheep, Goats, and Wool Industry.
2022a;4:8-11. doi 10.26897/ 2074-0840-2022-4-8-11 (in Russian)

Koshkina O.A., Deniskova T.E., Zinovieva N.A. Development and
implementation of test system for investigation of complete mito-
chondrial genomes of domestic sheep. Dostizheniya Nauki i Tekhniki
APK = Achievements of Science and Technology in Agro-industrial
Complex. 2022b;36(10):60-65. doi 10.53859/02352451 2022 36
10_60 (in Russian)

Koshkina O., Deniskova T., Dotsev A., Kunz E., Selionova M., Medu-
gorac ., Zinovieva N. Phylogenetic analysis of russian native sheep
breeds based on mtDNA sequences. Genes (Basel). 2023;14(9):
1701. doi 10.3390/genes14091701

Kysely R. The size of domestic cattle, sheep, goats and pigs in the
Czech Lengyel and Eneolithic periods: temporal variations and their
causes. Archaeofauna. 2016;25:33-78. doi 10.15366/archacofauna
2016.25.003

Landi V., Lasagna E., Ceccobelli S., Martinez A., Santos-Silva F.,
Vega-Pla J.L., Panella F., ... Dunner S., Da Gama L.T., Barba C.,
Delgado J.V., Sarti F.M. An historical and biogeographical assess-
ment of European Merino sheep breeds by microsatellite markers.
Small Ruminant Res. 2019;177:76-81. doi 10.1016/j.smallrumres.
2019.06.018

Larsson M.N.A., Morell Miranda P., Pan L., Basak Vural K., Kaptan D.,
Rodrigues Soares A.E., Kivikero H., Kantanen J., Somel M., Ozer F.,
Johansson A.M., Stora J., Glinther T. Ancient sheep genomes reveal
four millennia of North European short-tailed sheep in the Baltic sea
region. Genome Biol Evol. 2024;16(6):evaell4. doi 10.1093/gbe/
evaell4

LiJ.Z., Absher D.M., Tang H., Southwick A.M., Casto A.M., Ramachan-
dran S., Cann H.M., Barsh G.S., Feldman M., Cavalli-Sforza L.L.,
Myers R.M. Worldwide human relationships inferred from genome-

2026
30-4

Ssontoyma
Buaa Ovis aries

wide patterns of variation. Science. 2008;319(5866):1100-1104. doi
10.1126/science. 1153717

Li R, Yang P, Li M., Fang W., Yue X., Nanaei H.A., Gan S., Du D.,
Cai Y., Dai X., Yang Q., Cao C., Deng W., He S., Li W., Ma R,
Liu M., Jiang Y. A Hu sheep genome with the first ovine Y chro-
mosome reveal introgression history after sheep domestication. Sci
China Life Sci. 2021;64(7):1116-1130. doi 10.1007/s11427-020-
1807-0

Li X., Yang J., Shen M., Xie X.L., Liu G.J., Xu Y.X., Lv FH., ... Ki-
jas J.W., Bruford M.W., Periasamy K., Wang X.H., Li M.H. Whole-
genome resequencing of wild and domestic sheep identifies genes
associated with morphological and agronomic traits. Nat Commun.
2020;11(1):2815. doi 10.1038/s41467-020-16485-1

Liu J., Ding X., Zeng Y., Yue Y., Guo X., Guo T., Chu M., ... Sun
X., Niu C., Yang B., Guo J., Yuan C. Genetic diversity and phy-
logenetic evolution of Tibetan sheep based on mtDNA D-loop se-
quences. PLoS One. 2016;11(7):0159308. doi 10.1371/journal.
pone.0159308

Luo Y., Zhang M., Guo Z., Wijayanti D., Xu H., Jiang F., Lan X. Inser-
tion/Deletion (InDel) variants within the sheep fat-deposition-related
PDGFD gene strongly affect morphological traits. Animals (Basel).
2023;13(9):1485. doi 10.3390/ani13091485

Luong N.N., Ha H.T.T., Huy N.X., Loi B.V., Van N.H., Quang H.T,,
Loc N.H. Characterizing the Phan Rang sheep: a first look at the
Y chromosome, mitochondrial DNA, and morphometrics. Animals
(Basel). 2024;14(14):2020. doi 10.3390/ani14142020

Lv F-H., Peng W.-F., Yang J., Zhao Y.-X., Li W.-R., Liu M.-J,,
Ma Y.-H., ... Iso-Touru T., Bruford M.W., Kantanen J., Han J.L.,
Li M.H. Mitogenomic meta-analysis identifies two phases of migra-
tion in the history of eastern Eurasian sheep. Mol Biol Evol. 2015;
32(10):2515-2533. doi 10.1093/molbev/msv139

Lv F-H., Cao Y.H., Liu G.J,, Luo L.Y,, Lu R., Liu M.J,, Li M.H., ...
Kantanen J., Coltman D.W., Bruford M.W., Lenstra J.A., Li M.H.
Whole-genome resequencing of worldwide wild and domestic sheep
elucidates genetic diversity, introgression, and agronomically impor-
tant loci. Mol Biol Evol. 2022;39(2):msab353. doi 10.1093/molbev/
msab353

Machova K., Malkova A., Vostry L. Sheep post-domestication expan-
sion in the context of mitochondrial and Y chromosome haplogroups
and haplotypes. Genes (Basel). 2022;13(4):613. doi 10.3390/genes
13040613

Matyukov V.S., Zharikov Ya.A., Kaneva L.A. Analysis of the al-
lele fund of semi-fine wool sheep of the Pechora population us-
ing STR markers. Russ J Genet. 2023;59(7):732-738. doi 10.1134/
$1022795423060108

McManus C., Pimentel D., Junqueira V.S., Pimentel F., Peripolli V. The
importance of sheep genetics and diversity: a bibliometric review.
Trop Anim Health Prod. 2025;57(5):261. doi 10.1007/s11250-025-
04503-7

Meadows J.R., Li K., Kantanen J., Tapio M., Sipos W., Pardeshi V.,
Gupta V., Calvo J.H., Whan V., Norris B., Kijas J.W. Mitochondrial
sequence reveals high levels of gene flow between breeds of domes-
tic sheep from Asia and Europe. J Hered. 2005;96(5):494-501. doi
10.1093/jhered/esil 00

Meadows J.R., Cemal 1., Karaca O., Gootwine E., Kijas J.W. Five ovine
mitochondrial lineages identified from sheep breeds of the near
East. Genetics. 2007;175(3):1371-1379. doi 10.1534/genetics.106.
068353

Mereu P., Pirastru M., Sanna D., Bassu G., Naitana S., Leoni G.G. Phe-
notype transition from wild mouflon to domestic sheep. Genet Sel
Evol. 2024;56:1. doi 10.1186/s12711-023-00871-6

Mereu P., Pirastru M., Morell Miranda P., Atag G., Basak Vural K.,
Wilkens B., Rodrigues Soares A.E., ... Hadjisterkotis E., Somel M.,
Ozer F., Giinther T., Leoni G.G. Revised phylogeny of mouflon
based on expanded sampling of mitogenomes. PLoS One. 2025;
20(5):e0323354. doi 10.1371/journal.pone.0323354

Michailidou S., Kyritsi M., Pavlou E., Tsoureki A., Argiriou A. Genetic
diversity, population structure, and historical gene flow patterns of

3BOJIOLINA BUAOB / EVOLUTION OF SPECIES 705


https://doi.org/10.1016/j.jare.2025.05.011
https://doi.org/10.3390/ani13233655
https://doi.org/10.1038/s42003-022-04199-7
https://doi.org/10.1038/s42003-022-04199-7
https://doi.org/10.1186/s12711-022-00753-3
https://doi.org/10.1186/s12711-022-00753-3
https://doi.org/10.1038/s41598-021-97761-y
https://doi.org/10.1093/molbev/msae158
https://doi.org/10.1093/molbev/msae158
https://doi.org/10.1016/j.ygcen.2016.02.010
https://www.agrobiology.ru/articles/6-2021koshkina-eng.pdf
https://www.agrobiology.ru/articles/6-2021koshkina-eng.pdf
https://doi.org/10.26897/2074-0840-2022-4-8-11
https://elibrary.ru/item.asp?id=49953067
https://elibrary.ru/item.asp?id=49953067
https://doi.org/10.3390/genes14091701
https://doi.org/10.15366/archaeofauna2016.25.003
https://doi.org/10.15366/archaeofauna2016.25.003
https://www.sciencedirect.com/author/6701773199/susana-dunner
https://www.sciencedirect.com/author/54406599500/cecilio-jose-barba
https://www.sciencedirect.com/author/9840660500/juan-vicente-delgado-bermejo
https://www.sciencedirect.com/author/9840660500/juan-vicente-delgado-bermejo
https://doi.org/10.1016/j.smallrumres.2019.06.018
https://doi.org/10.1016/j.smallrumres.2019.06.018
https://doi.org/10.1093/gbe/evae114
https://doi.org/10.1093/gbe/evae114
https://doi.org/10.1126/science.1153717
https://doi.org/10.1126/science.1153717
https://doi.org/10.1007/s11427-020-1807-0
https://doi.org/10.1007/s11427-020-1807-0
https://doi.org/10.1038/s41467-020-16485-1
https://doi.org/10.1371/journal.pone.0159308
https://doi.org/10.1371/journal.pone.0159308
https://doi.org/10.3390/ani13091485
https://doi.org/10.3390/ani14142020
https://doi.org/10. 1093/molbev/msv139
https://doi.org/10.1093/molbev/msab353
https://doi.org/10.1093/molbev/msab353
https://doi.org/10.3390/genes13040613
https://doi.org/10.3390/genes13040613
https://doi.org/10.1134/s1022795423060108
https://doi.org/10.1134/s1022795423060108
https://doi.org/10.1007/s11250-025-04503-7
https://doi.org/10.1007/s11250-025-04503-7
https://doi.org/10.1093/jhered/esi100
https://doi.org/10.1093/jhered/esi100
https://doi.org/10.1534/genetics.106.068353
https://doi.org/10.1534/genetics.106.068353
https://doi.org/10.1186/s12711-023-00871-6
https://doi.org/10.1371/journal.pone.0323354

T.N. Khamiruev

nine indigenous Greek sheep breeds. Biology. 2025;14(7):845. doi
10.3390/biology 14070845

Molaee V., Bazzucchi M., De Mia G.M., Otarod V., Abdollahi D., Rosa-
ti S., Liihken G. Phylogenetic analysis of small ruminant lentiviruses
in Germany and Iran suggests their expansion with domestic sheep.
Sci Rep. 2020;10(1):2243. doi 10.1038/s41598-020-58990-9

Muigai A.W.T., Hanotte O. The origin of African sheep: archaeologi-
cal and genetic perspectives. Afrr Archaeol Rev. 2013;30:39-50. doi
10.1007/s10437-013-9129-0

Naval-Sanchez M., Nguyen Q., McWilliam S., Porto-Neto L.R., Tel-
lam R., Vuocolo T., Reverter A., ... Muzny D.M., Jhangiani S.N.,
Cockett N., Daetwyler H., Kijas J. Sheep genome functional annota-
tion reveals proximal regulatory elements contributed to the evolu-
tion of modern breeds. Nat Commun. 2018;9(1):859. doi 10.1038/
s41467- 017-02809-1

Niemi M., Blduer A., Iso-Touru T., Nystrom V., Harjula J., Taavit-
sainen J.P., Stora J., Lidén K., Kantanen J. Mitochondrial DNA and
Y-chromosomal diversity in ancient populations of domestic sheep
(Ovis aries) in Finland: comparison with contemporary sheep breeds.
Genet Sel Evol. 2013;45(1):2. doi 10.1186/1297-9686-45-2

Pedrosa S., Uzun M., Arranz J.-J., Gutiérrez-Gil B., San Primitivo F.,
Bayon Y. Evidence of three maternal lineages in Near Eastern sheep
supporting multiple domestication events. Proc Biol Sci. 2005;
272(1577):2211-2217. doi 10.1098/rspb.2005.3204

Pereira F., Davis S.J., Pereira L., McEvoy B., Bradley D.G., Amorim A.
Genetic signatures of a Mediterranean influence in Iberian Penin-
sula sheep husbandry. Mol Biol Evol. 2006;23(7):1420-1426. doi
10.1093/molbev/msl007

Poplin F. Origine du Mouflon de Corse dans une nouvelle perspec-
tive paléontologique: par marronnage. Ann Genet Sel Anim. 1979;
11(2):133-143. doi 10.1186/1297-9686-11-2-133 (in French)

Portanier E., Chevret P., Gélin P., Benedetti P., Sanchis F., Barbanera F.,
Kaerle C., Queney G., Bourgoin G., Devillard S., Garel M. New in-
sights into the past and recent evolutionary history of the Corsican
mouflon (Ovis gmelini musimon) to inform its conservation. Conserv
Genet. 2022;23:91-107. doi 10.1007/s10592-021-01399-2

Racimo F., Woodbridge J., Fyfe R.M., Sikora M., Sjogren K.-G., Kris-
tiansen K., Vander Linden M. The spatiotemporal spread of human
migrations during the European Holocene. Proc Natl Acad Sci USA.
2020;117(16):8989-9000. doi 10.1073/pnas.1920051117

Rafia P, Tarang A. Sequence variations of mitochondrial DNA displace-
ment-loop in Iranian indigenous sheep breeds. fran J Appl Anim Sci.
2016;6:363-368

Resende A., Gongalves J., Muigai A.W., Pereira F. Mitochondrial DNA
variation of domestic sheep (Ovis aries) in Kenya. Anim Genet.
2016;47(3):377-381. doi 10.1111/age.12412

Rezaei H.R., Naderi S., Chintauan-Marquier 1.C., Jordan S., Taberlet P.,
Virk A.T., Naghash H.R., Rioux D., Kaboli M., Luikart G., Pompa-
non F. Evolution and taxonomy of the wild species of the genus Ovis
(Mammalia, Artiodactyla, Bovidae). Mol Phylogenet Evol. 2010;
54(2):315-326. doi 10.1016/j.ympev.2009.10.037

Ryder M.L. Sheep. In: Manson L.L. (Ed.) Evolution of Domesticated
Animals. London; New York: Longman Group Limited, 1984;63-84

Sabatini S., Bergerbrant S., Brandt L.O., Margaryan A., Allen-
toft M.E. Approaching sheep herds origins and the emergence
of the wool economy in continental Europe during the Bronze
Age. Archaeol Anthropol Sci. 2019;11:4909-4925. doi 10.1007/
$12520-019-00856-x

Salim B., Alasmari S., Mohamed N.S., Ahmed M.A., Nakao R., Ha-
notte O. Genetic variation and demographic history of Sudan desert
sheep reveal two diversified lineages. BMC Genomics. 2023;24(1):
118. doi 10.1186/s12864-023-09231-6

Sandoval-Castellanos E., Hare A.J., Lin A.T., Dimopoulos E.A.,
Daly K.G., Geiger S., Mullin V.E., ... Burger J., Frantz L., Medu-
gorac 1., Bradley D.G., Peters J. Ancient mitogenomes from Pre-
Pottery Neolithic Central Anatolia and the effects of a Late Neolithic
bottleneck in sheep (Ovis aries). Sci Adv. 2024;10(15):eadj0954. doi
10.1126/sciadv.adj0954

Evolution
of the species Ovis aries

Sanna D., Barbato M., Hadjisterkotis E., Cossu P., Decandia L., Tro-
va S., Pirastru M., Leoni G.G., Naitana S., Francalacci P., Masala B.,
Manca L., Mereu P. The first mitogenome of the Cyprus mouflon
(Ovis gmelini ophion): new insights into the phylogeny of the ge-
nus Ovis. PLoS One. 2015;10(12):e0144257. doi 10.1371/journal.
pone.0144257

Simon R., Drogemiiller C., Lithken G. The complex and diverse genetic
architecture of the absence of horns (polledness) in domestic rumi-
nants, including goats and sheep. Genes (Basel). 2022;13(5):832. doi
10.3390/genes13050832

Shirokova N.V., Bakoev N.F., Kolosova M.A., Getmantseva L.V., Ko-
losov Yu.A. Study of the nucleotide sequence of the mtDNA D-loop
in Merino sheep of the Russian Federation. Mezhdunarodnyi Nauch-
no-Issledovatel skij Zhurnal = International Research Journal.
2018;11(77):21-25. doi 10.23670/IRJ.2018.77.11.039 (in Russian)

Singh S., Kumar S. Jr., Kolte A.P., Kumar S. Extensive variation and
sub-structuring in lineage A mtDNA in Indian sheep: genetic evi-
dence for domestication of sheep in India. PLoS One. 2013;8(11):
€77858. doi 10.1371/journal.pone.0077858

Spangler G.L., Rosen B.D., Ilori M.B., Hanotte O., Kim E.S., Son-
stegard T.S., Burke J.M., Morgan J.L.M., Notter D.R., Van Tas-
sell C.P. Whole genome structural analysis of Caribbean hair sheep
reveals quantitative link to West African ancestry. PLoS One. 2017;
12(6):¢0179021. doi 10.1371/journal.pone.0179021

Tapio M., Marzanov N., Ozerov M., Cinkulov M., Gonzarenko G.,
Kiselyova T., Murawski M., Viinalass H., Kantanen J. Sheep mito-
chondrial DNA variation in European, Caucasian, and Central Asian
areas. Mol Biol Evol. 2006;23(9):1776-1783. doi 10.1093/molbev/
msl043

Tarlykov P., Atavliyeva S., Auganova D., Akhmetollayev 1., Loshako-
va T., Varfolomeev V., Ramankulov Y. Mitochondrial DNA analysis
of ancient sheep from Kazakhstan: evidence for early sheep intro-
duction. Heliyon. 2021;7(9):¢08011. doi 10.1016/j.heliyon.2021.
e08011

Taylor W.T., Pruvost M., Posth C., Rendu W., Krajcarz M.T., Abdyka-
nova A., Brancaleoni G., ... Douka K., Krivoshapkin A., Jeong C.,
Warinner C., Shnaider S. Evidence for early dispersal of domestic
sheep into Central Asia. Nat Hum Behav. 2021;5(9):1169-1179. doi
10. 1038/s41562-021-01083-y

Teletchea F., Fontaine P. Levels of domestication in fish: implications
for the sustainable future of aquaculture. Fish Fish. 2014;15(2):
181-195. doi 10.1111/faf.12006

Trigo B.B., Utsunomiya A.T.H., Fortunato A.A.A.D., Milanesi M., Tor-
recilha R.B.P.,, Lamb H., Nguyen L., ... Bickhart D., Smith T.P.L.,
Sonstegard T.S., Garcia J.F., Utsunomiya Y.T. Variants at the ASIP
locus contribute to coat color darkening in Nellore cattle. Genet Sel
Evol. 2021;53(1):40. doi 10.1186/s12711-021-00633-2

Vigne J.-D., Carrére I., Briois F., Guilaine J. The early process of
mammal domestication in the Near East. New evidence from the
Pre-Neolithic and Pre-Pottery Neolithic in Cyprus. Curr Anthropol.
2011;52(S4):255-271. doi 10.1086/659306

Wang D.-F., Orozco-terWengel P., Salehian-Dehkordi H., Esmailiza-
deh A., Lv F.-H. Genomic analyses of Asiatic moufon in Iran provide
insights into the domestication and evolution of sheep. Genet Sel
Evol. 2025;57:31. doi 10.1186/s12711-025-00978-y

Wanjala G., Bagi Z., Kusza S. Meta-analysis of mitochondrial
DNA control region diversity to shed light on phylogenetic re-
lationship and demographic history of African sheep (Ovis ar-
ies) breeds. Biology (Basel). 2021;10(8):762. doi 10.3390/
biology10080762

Wilkins A.S. A striking example of developmental bias in an evolu-
tionary process: the “domestication syndrome”. Evol Dev. 2020;
22(1-2):143-153. doi 10.1111/ede.12319

Wilkins A.S., Wrangham R.W., Fitch W.T. The “domestication syn-
drome” in mammals: a unifed explanation based on neural crest cell
behavior and genetics. Genetics. 2014;197(3):795-808. doi 10.1534/
genetics.114.165423

706 Vavilovskii Zhurnal Genetiki i Selektsii / Vavilov Journal of Genetics and Breeding - 2026 - 30 - 4


https://doi.org/10.3390/biology14070845
https://doi.org/10.3390/biology14070845
https://doi.org/10.1038/s41598-020-58990-9
https://doi.org/10.1007/s10437-013-9129-0
https://doi.org/10.1007/s10437-013-9129-0
https://doi.org/10.1038/s41467- 017-02809-1
https://doi.org/10.1038/s41467- 017-02809-1
https://doi.org/10.1186/1297-9686-45-2
https://doi.org/10.1098/rspb.2005.3204
https://doi.org/10.1093/molbev/msl007
https://doi.org/10.1093/molbev/msl007
https://doi.org/10.1186/1297-9686-11-2-133
https://link.springer.com/article/10.1007/s10592-021-01399-2#auth-Filippo-Barbanera-Aff4
https://doi.org/10.1007/s10592-021-01399-2
https://doi.org/10.1073/pnas.1920051117
https://doi.org/10.1111/age.12412
https://doi.org/10.1016/j.ympev.2009.10.037
https://doi.org/10.1007/s12520-019-00856-x
https://doi.org/10.1007/s12520-019-00856-x
https://doi.org/10.1186/s12864-023-09231-6
https://doi.org/10.1126/sciadv.adj0954
https://doi.org/10.1126/sciadv.adj0954
https://doi.org/10.1371/journal.pone.0144257
https://doi.org/10.1371/journal.pone.0144257
https://doi.org/10.3390/genes13050832
https://doi.org/10.3390/genes13050832
https://doi.org/10.23670/IRJ.2018.77.11.039
https://doi.org/10.1371/journal.pone.0077858
https://doi.org/10.1371/journal.pone.0179021
https://doi.org/10.1093/molbev/msl043
https://doi.org/10.1093/molbev/msl043
https://doi.org/10.1016/j.heliyon.2021.e08011
https://doi.org/10.1016/j.heliyon.2021.e08011
https://doi.org/10.1038/s41562-021-01083-y
https://doi.org/10.1038/s41562-021-01083-y
https://doi.org/10.1111/faf.12006
https://doi.org/10.1186/s12711-021-00633-2
https://doi.org/10.1086/659306
https://doi.org/10.1186/s12711-025-00978-y
https://doi.org/10.3390/biology10080762
https://doi.org/10.3390/biology10080762
https://doi.org/10.1111/ede.12319
https://doi.org/10.1534/genetics.114.165423
https://doi.org/10.1534/genetics.114.165423

T.H. Xamnpyes

Wood N.J., Phua S.H. Variation in the control region sequence of the
sheep mitochondrial genome. Anim Genet. 1996;27(1):25-33. doi
10.1111/5.1365-2052.1996.tb01173.x

Yang J., Li WR., Lv F.H., He S.G,, Tian S.L., Peng W.F., Sun Y.W., ...
Lu H.F,, Kantanen J., Han J.L., Li M.H., Liu M.J. Whole-genome
sequencing of native sheep provides insights into rapid adaptations
to extreme environments. Mol Biol Evol. 2016;33(10):2576-2592.
doi 10.1093/molbev/msw129

Yang L., Zhang X., Hu Y., Zhu P., Li H., Peng Z., Xiang H., Zhou X.,
Zhao X. Ancient mitochondrial genome depicts sheep maternal
dispersal and migration in Eastern Asia. J Genet Genomics. 2024;
51(1):87-95. doi 10.1016/j.jgg.2023.06.002

Yurtman E., Ozer O., Yiincii E., Dagtas N.D., Koptekin D., Cakan Y.G.,
Ozkan M., ... Ozbal R., Gotherstrom A., Somel M., Togan I., Ozer F.
Archaeogenetic analysis of Neolithic sheep from Anatolia suggests
a complex demographic history since domestication. Commun Biol.
2021;4(1):1279. doi 10.1038/s42003-021-02794-8

Zeder M.A. Core questions in domestication research. Proc Natl Acad
Sci USA. 2015;112(11):3191-3198. doi 10.1073/pnas.1501711112

2026
30-4

Ssontoyma
Buaa Ovis aries

Zeder M.A. Out of the Fertile Crescent: the dispersal of domestic live-
stock through Europe and Africa. In: Human Dispersal and Spe-
cies Movement. Cambridge University Press, 2017;261-303. doi
10.1017/9781316686942.012

Zhang L., Liang L., Zhang X., Li W.R., Li H., He S. Understanding
key genetic make-up of different coat colour in Bayinbuluke sheep
through a comparative transcriptome profiling analysis. Small Ru-
minant Res. 2023;226:107028. doi 10.1016/j.smallrumres.2023.
107028

Zhao E., Yu Q., Zhang N., Kong D., Zhao Y. Mitochondrial DNA di-
versity and the origin of Chinese indigenous sheep. Trop Anim
Health Prod. 2013;45(8):1715-1722. doi 10.1007/s11250-013-
0420-5

Zhao Y.X., Yang J., Lv F.-H., Hu X.J., Xie X.L., Zhang M., Li WR., ...
Hehua E., Kantanen J., Arjen Lenstra J., Han J.L., Li M.H. Genomic
reconstruction of the history of native sheep reveals the peopling
patterns of nomads and the expansion of early pastoralism in East
Asia. Mol Biol Evol. 2017;34(9):2380-2395. doi 10.1093/molbev/
msx181

Conflict of interest. The author declares no conflict of interest.

Received February 9, 2026. Revised March 12, 2026. Accepted March 12, 2026.

3BOJIIOLINA BUAOB / EVOLUTION OF SPECIES 707


https://doi.org/10.1111/j.1365-2052.1996.tb01173.x
https://doi.org/10.1111/j.1365-2052.1996.tb01173.x
https://doi.org/10.1093/molbev/msw129
https://doi.org/10.1016/j.jgg.2023.06.002
https://doi.org/10.1038/s42003-021-02794-8
https://doi.org/10.1073/pnas.1501711112
https://doi.org/10.1017/9781316686942.012
https://doi.org/10.1017/9781316686942.012
https://doi.org/10.1016/j.smallrumres.2023.107028
https://doi.org/10.1016/j.smallrumres.2023.107028
https://doi.org/10.1007/s11250-013-0420-5
https://doi.org/10.1007/s11250-013-0420-5
https://doi.org/10.1093/molbev/msx181
https://doi.org/10.1093/molbev/msx181

