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Abstract: In the context of the general phenomenon of diminishing genetic diversity, especially in
cattle, the conservation of endangered species plays a primary role. The disappearance of some
animal populations can irreparably affect the biodiversity of genetic resources. Among the most
ancient European cattle are breeds that belong to the Podolian group, the history of which is still
not well established. The common origin of these breeds is the wild ox (Bos taurus primigenius),
which has been declared extinct since the 17th century. The purpose of this paper is to highlight and
compare the latest studies on the origin, evolution, genetic diversity, and phylogenetic relationships of
Podolian cattle, with special emphasis on the endangered Romanian Grey Steppe. The importance of
studying these cattle derives from the special biological properties by which they have distinguished
themselves over time (adaptability and resistance to diseases, severe climate and habitat conditions,
hardiness, and longevity). The bibliographic references reviewed in this study confirm that these
breeds are carriers of valuable genes that must be preserved for improvement of other cattle and
protection of biodiversity. The information presented represents a valuable tool for efforts to conserve
endangered cattle.

Keywords: biodiversity; Bos taurus; cattle production; genetic diversity; grey cattle; phylogeny;
Podolian cattle

1. Introduction

Throughout history, humans have been mainly focused on raising cattle. Initially, the
emphasis was on meat and using them in the agricultural sector, transport, and construction.
As time progressed, there was a shift towards prioritizing milk production. Cattle hold
significant importance as a livestock species, playing a crucial role in shaping human
history, culture, and civilization. The evolutionary history and genetic diversity of cattle
are controversial and essential topics in this field.

Bos primigenius primigenius and Bos primigenius namadicus, two major wild aurochs
subspecies that are common in Africa and Eurasia throughout the Middle Pleistocene, are
the origin of the convoluted evolutionary history of cattle. Their domestication led to the
current Bos taurus taurus (taurine) and Bos taurus indicus (zebuine) subspecies, which were
separated approximately 250,000 years ago (YBP) [1–3]. Since domestication, which took
place roughly 10,000 BC in the Fertile Crescent (B. t. taurus) and roughly 8000 BC in the
Indus Valley (B. t. indicus) [1,4], cattle have followed colonization routes concurrently with
Neolithic human expansion.

In terms of phylogenetic analysis and mitochondrial DNA evidence, the T haplogroup
stands out as the predominant mitochondrial lineage in both contemporary and ancient
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Neolithic European cattle. It is thought to have originated during the domestication event in
the Fertile Crescent; nevertheless, other rare lineages are also scattered throughout Europe.
Several studies have confirmed the presence of a P lineage, primarily identified in central
and northern European aurochs. This lineage is also observed in certain contemporary
taurine breeds and ancient domestic cattle. Additionally, the Q lineage is found in various
European cattle and is recognized as part of the so-called Podolian trunk. An indicine gene
pool component was observed in diverse breeds, such as the Turkish Grey and some Italian
breeds that belong to the SO group (Chianina, Romagnola, Marchigiana, Romanian Grey
Steppe, Maremmana, and Podolica Italiana). According to many studies, Podolian breeds
are characterized by grey coats and upright and often long horns, with a common ancestral
origin in Podolia (modern western Ukraine) [1,2,5–10]. The development of these breeds
was significantly and favorably influenced by environmental conditions, which played a
crucial role in shaping distinctive biological characteristics. These cattle experienced lower
selective pressure, with limited use of artificial insemination and higher natural selection.
Podolian breeds were typically raised in natural environments, where activities such as
foraging for food, maternal care, and other natural behaviors were essential. This stands
in contrast to other improved breeds that underwent different selection pressures and
breeding practices. Regarding the origin and timing of the spread of the Podolian cattle,
molecular evidence shows two alternative hypotheses: some authors suggest that Podolian
cattle might have spread from the eastern steppe southward into Anatolia and westward
into the Balkans and Italy in historical times (3rd–5th century AD) along with East European
Barbarian people [1,2,9]; other authors suggest a more ancient migration (~3 kya BP) from
the Near East to Central Italy through the Mediterranean Sea, together with a possible
contribution from local wild aurochs through secondary local domestication/introgression
events [1,2,7–10].

According to the Food and Agriculture Organization (F.A.O.), many Podolian breeds
are seriously threatened by extinction in various European countries. Currently, this cattle
group represents an important topic of discussion in scientific circles in European nations.

This study focused on the endangered Romanian Grey Steppe cattle, a valuable
reservoir of genes with high importance for Romanian agriculture, belonging to the category
of Podolian breeds, which have been threatened with extinction since 2000 according to the
F.A.O. [11–13].

Archaeological and genetic evidence proves that the progenitor Bos taurus primigenius
(B. t. primigenius), which was declared extinct in the 17th century [7], is the ancestor of
Podolian cattle and the wild ancestor of all the present-day breeds [14,15].

Owing to their valuable genetic pool for greater disease resistance and high adapt-
ability to harsh environmental conditions, the Grey Steppe cattle are included in a genetic
conservation program. Moreover, these indigenous cattle breeds form an integral part of
our nation’s history [16–20].

In the last decade, the population of the Grey Steppe breed has registered a signifi-
cant numerical decrease [12]. Additionally, isolated individuals count to approximately
100 heads spread in the Danube Delta and the counties of Iasi, Neamt, and Pardina, north-
eastern Moldova [11,12,20]. A population of these cattle, which is part of a national genetic
conservation effort, can currently be found at the Research and Development Station for
Cattle Breeding in Dancu, Iasi, Romania.

Romanian Grey cows have a narrowed milk production, which is mainly used for calf
feeding. They have a medium slaughter yield, and the bulls get to the slaughter weight at
an older age compared to bulls of early maturing breeds (Angus, for instance). Their meat
is darker and not particularly marbled as most of the suet forms subcutaneously, and their
intestinal fat deposits have a lower arrangement of fat at the intramuscular level.

The majority of Grey Steppe varieties in Europe were not specifically bred for milk
production. Instead, these were primarily raised for meat or as draft animals, leveraging
their sturdy hooves, robust skeletal structure, and well-defined joints, which made them
well-suited for tasks requiring strength and endurance. Cows raised in households typically
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yield around 800–900 kg of milk per year, while those on farms produce higher quantities
ranging from 1000 to 2500 kg. The milk from these cows generally has a fat content of 4–6%.
In terms of slaughter yield, oxen exhibit a medium yield of approximately 50–51%, whereas
cows have a slightly lower yield with a range of 47–49%. [12,16,20–23].

The preservation of local breeds is an important aspect of food security given the
recent climatic changes as well as extreme phenomena that could bring new challenges in
the future, with bovine species being the most exposed to these changes. Therefore, the
Grey Steppe cattle could be an effective alternative to other improved breeds due to their
special biological qualities. Owing to their valuable genetic resources, numerous studies in
the specialized literature have demonstrated the importance of local cattle breeds in genetic
conservation programs [1,24–27].

This paper reviews the most important research in the specialized literature regarding
the origin, phylogeny, and genetic diversity of Podolian Grey Steppe in the context of its
importance for preserving biodiversity and sustainable conservation of genetic resources.

2. The Importance of Cattle Biodiversity

Due to numerous advantages, including the rich nutritional content of raw animal
products like milk and meat, cattle breeding plays a significant role in food and nutrition
security. The conservation and sustainable utilization of cattle genetic resources are crucial
due to the diverse benefits offered [28].

2.1. The Bovine Species: Origin, Evolution, and Domestication

Along with sheep and goats, according to the first archaeological evidence, cattle were
domesticated about 10,000 BC (Figure 1A) [29].

The domestication of cattle represented a fundamental step in the development of
humanity [30,31], leading to extensive changes in the diet, behavior, and socioeconomic
structure of many populations. Genetically, the domestication process of animals can
be reconstructed by employing phylogeographic analyses that rely on data from both
the nuclear and mitochondrial genomes [32]. However, molecular studies in cattle have
focused on the analysis of mitochondrial DNA (mtDNA) [33,34]. The wild ancestor of all
domesticated cattle is B. primigenius [35], currently an extinct species, with the last recorded
herd being found in 1627 A.D. in Poland [35–37]. It spread over much of Eurasia and North
Africa during two major epochs, the Late Pleistocene and the Early Holocene [38], giving
rise to two taxa (Figure 1C) that played a crucial role in the domestication of today’s cattle.

The ancestors B. taurus and B. indicus are differentiated primarily by the presence
of a hump (specific to B. indicus). The presence of a hump in B. indicus contributes to
physiological adaptation and effectively dissipates heat; this adaptation is particularly
important in warm tropical environments. The hump is primarily composed of a deposit
of fatty tissue located on the back of the animal, just behind the neck and shoulders. This
fatty tissue serves as an energy reserve, but its presence also plays a crucial role in the
thermoregulation of body temperature [3,8,39].

The genus B. taurus encompasses the characteristic bulls found in Europe, Northeast
Asia, and North Africa, specifically adapted to cold climates [40]. Various studies have
consistently shown that modern European cattle breeds within the genus B. taurus fall
under the mitochondrial haplotype T [9,41]. Regarding B. indicus (zebu), studies show
India as the center of origin, later spreading to Africa and Southeast Asia in the period
2250–2000 BC, with zebu cattle later identified as being scattered all over India. As far back
as the Harappan civilization in the Indus Valley, figures and paintings have been found
depicting humped cattle resembling the ancestor B. primigenius (Figure 1B,C).

Allchin (2008, 2009) posits that the domestication of animals in India occurred through
the efforts of two distinct groups. The first group consisted of hunters dispersed across
the country during the Stone Age who engaged in the domestication of certain local
animal species. The second group comprised nomadic shepherds originating from western
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Asia [33,34]. The zebu bull, depicted on the Harappan seal, resembles the modern cattle of
Gujarat, with a strong body and massive horns.
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Copyright © 2011 Académie des sciences. Published by Elsevier SAS-Taberlet et al. [42].

Certain cave paintings found on the oldest Neolithic rocks portray zebu cattle char-
acterized by a light build and prominent humps, showcasing distinct differences from
northern cattle [34]. The spread of domesticated cattle across Europe coincided with the
migration of first-generation farmers. As they settled in regions that harbored native Euro-
pean bulls, sporadic interbreeding between domesticated and native bulls occurred, which
persisted in some regions until the Middle Ages.

Drawing on archaeological and genomic evidence, Taberlet et al., (2011) [43] show-
cased the existence of two mitochondrial haplogroups, suggesting two principal domestica-
tion events. The first event occurred in the Fertile Crescent during the Neolithic period,
contributing to the domestication of B. taurus. The second event, transpiring 1500 years
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later in the Indus Valley (present-day Pakistan) within the Indian subcontinent, led to the
emergence of Indian cattle belonging to the B. indicus subspecies, commonly known as
zebu [43]. Extensive hybridization has subsequently occurred in Africa [37,38,44].

Another study developed by Hiendleder et al., (2008) aimed to analyze complete
mitochondrial genome sequences (16,338 bp for B. taurus and 16,339 bp for B. indicus), which
indicated that the two bovine lineages separated 1.7–2.0 million years ago. Comparative
phylogenetic analyses between 18 new sequences and 130 previously reported sequences in
B. taurus and B. indicus with data from 32 specimens (B. primigenius) identified a maternal
lineage across four genetic lineages. B. primigenius haplotypes were present in all but the B.
indicus lineage, and one sequence from B. taurus clustered with B. primigenius, namely, the
P haplotypes [8].

Achilli et al., (2009) conducted an extensive study on the origin of taurines based on
mitochondrial genome analysis. By researching mtDNA control regions associated with
taurines from numerous European breeds, a general grouping within haplogroups T1,
T2, and T3, common to ancestors from the Near East, was confirmed, but eight mtDNA
regions were also identified (1.3%) that did not fit into haplogroup T. The sequencing
of the complete mitochondrial genome led to the hypothesis that four out of the eight
mtDNA regions constituted a new haplogroup (haplogroup R). This haplogroup, following
a bifurcation that resulted in two lineages, taurine and zebu, represented the oldest known
split in the mitochondrial DNA phylogeny of the genus B. primigenius. The remaining four
mtDNA regions formed the haplogroup Q, a discovery made more recently (Figure 2) [34].
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The available data suggest that haplogroups Q and T were involved in the same Ne-
olithic Near Eastern domestication event, while the existence of new (and rare) haplogroups
points to genetic inheritance from distinct populations of B. primigenius [8,34,42].
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Another analysis of the phylogenetic relationships between the aurochs and B. taurus
(taurines) and B. indicus (zebu) was carried out by Sinding and Gilbert (2016) based on
mitochondrial studies of seven lineages, C, I, P, Q, R, and T (Figure 3) [45]. This suggests
that the domestication of the aurochs occurred through at least two distinct events: one
leading to taurines (B. taurus) originating in the Near East, and a second event resulting in
zebu (B. indicus) originating in South Asia [2,3].
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By interpreting mitochondrial data in detail, three important aspects can be observed.
First, most modern taurines belong to the T lineage, which is believed to have been derived
from the first domesticated taurines in the Near East. Second, all zebu cattle carry lineage I.
The distinct sister relationship of this clade with all other lineages was as expected given
zebu’s independent domestication. For this lineage, the highest genetic diversity was
observed within the Indus Valley, which is one of the hypothesized domestication centers
alongside South India [3,45]. Third, all remaining northern, central, and eastern European
aurochs studied to date carried lineage P. The P lineage has also been identified in some
modern taurine breeds and ancient European domestic cattle, suggesting the introgression
of northern, central, and/or eastern European aurochs [34,45–47].

Approximately 200 years ago, with the emergence of the concept of breed, the situation
changed dramatically because of the selection process [43,48], which led to the fragmen-
tation of the initial genetic background. The enhancement of production performance in
industrial breeds has coincided with a decline in the genetic resources of traditional native
breeds, leading to the extinction of many cattle breeds. The genetic diversity of both B.
taurus and B. indicus cattle has been diminished, primarily concentrating on breeds with
high production potential. Most wild varieties of cattle have already disappeared or are
in danger of extinction, as is the case for the Podolian cattle group that is the subject of
this study.
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2.2. Systematics and Phylogeny of Cattle

The Bovidae family presents a great variety, with more than 300 extinct or endangered
species described and approximately 140 existing species [49], which is extremely difficult
to achieve, representing one of the largest groups of mammals. According to taxonomic
data, cattle are classified as follows: animal kingdom—nimalia; subkingdom—Metazoa;
phylum—Chordata; subphylum—Vertebrata; class—Mammalia; subclass—Eutheria; order—
Artiodactyla/Paricopitatae; family—Bovidae; subfamily—Bovinae; tribe—Bovini [49].

Due to its importance as a primary source of food (milk and meat), cows were the
first mammal whose genome were completely sequenced [50,51]. Advances in genome
sequencing analysis have simplified the molecular systematics of the Bovidae family.

The analysis of both the complete genome and mitochondrial regions, as represented
by the cytochrome b gene (Cyt-b) and the mitochondrial control region (D-loop), has
attracted considerable attention in the phylogenetic analysis of various taxa [52].

Despite ongoing research efforts, the phylogenetic relationships and taxonomy within
the Bovidae family remain contentious. There have been numerous controversies over
time concerning the taxonomy of the Bovidae family. According to some authors [52,53], it
comprises two major subfamilies, Bovinae and Antilopinae, with origins in both Eurasia and
Africa [54]. According to studies conducted by Feldhamer et al., (2007) and Gentry (2011),
based on phylogenetic analyses, the Bovidae family consists of eight distinct subfamilies
belonging to the Artiodactyla order (Figure 4A,B) [55,56]. The same hypothesis is also
supported by Hernandez Fernandez M. and Vrba Elisabeth (2005), who, as part of research
on the systematics of the Bovidae family, developed a phylogenetic tree that includes the
eight subfamilies (Figure 4B) [57].
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Dekel et al., (2015) analyzed the TP53 P1 promoter (a key tumor suppressor gene that
is indispensable for diverse developmental processes) of three species of the subfamily
Bovinae: one belonging to the tribe Tragelaphini (the spiral-horned eland—Taurotragus oryx)
and two belonging to the tribe Bovini (water buffalo—Bubalus bubalis and zebu—B. indicus).
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In the case of the zebu and buffalo species, similar to the Bovinae species, an additional
long segment of 272 bp (base pair) was not found, whereas in the common antelope, this
segment was identified with a length of 522 bp. Examination of the same promoter region
in two families closely related to Bovidae, Cervidae (represented by the axis axis—Indian
Spotted deer/chital) and Girraffidae (represented by the giraffe, Giraffa camelopardalis), did
not reveal any insertion, similar to the Bovinae species (Figure 4A) [51].

Bovines, belonging to the subfamily Bovinae, form a diverse group encompassing
10 genera of medium- to large-sized ungulates. This group includes various species such
as cattle, bison, African buffalo, water buffalo, and both four-horned and spiral-horned
antelopes. The evolutionary relationships among members of this group remain a subject
of debate, and their classification into loose tribes rather than formal subgroups reflects the
ongoing uncertainty in this field [55,56].

Antilopinae belonging to the Bovidae family include antelopes, gazelles, and other
related species. These are even-toed ungulates and occur in much of Africa and Asia, with
the highest concentration of species occurring in East Africa in Sudan, Eritrea, Ethiopia,
Somalia, Kenya, and Tanzania [58]. Another subfamily of the Bovidae family is Cephalophinae,
which includes forest antelopes, which are widespread in the area of sub-Saharan Africa and
are classified into three genera (Cephalophus, Philantomba, and Sylvicapra) and 18 species [59].

The Bovidae family is widely spread, including the subfamilies Reduncinae [59,60],
composed of nine species of antelope, all of which dwell in marshes, floodplains, or other
well-watered areas, including waterbucks and reedbucks; Aepycerotinae, an African antelope
that contains a single living species, the Impala [59]; and Alcelaphinae, a subfamily with
under 10 species, grouped in turn into four genera [56].

The subfamily Caprinae, also sometimes referred to as the tribe Caprini, is part of the
ruminant family Bovidae, and consists mostly of medium-sized animals, including sheep
(Ovis) and goats (Capra) and mountain-adapted mammals with either short and sharp
horns or large and ornate horns. The geographical distribution is represented by Europe,
America, Africa, and Asia [59].

The last subfamily, according to the above tree, is Hippotraginae, which is repre-
sented by large antelopes. This subfamily includes three genera, Hippotragus, Oryx,
and Addax, and eight species. Their habitats are represented by areas in Africa and the
Middle East [53,61–63].

3. The Origin and Phylogeny of the Podolian Cattle Breeds

Podolian cattle constitute a group of breeds distinguished by grey coats and upright
and often long horns that are believed to have originated in the Podolian steppe. These
are classified by geographical area as follows: Podolian Grey Steppe breeds from Eastern
Europe, Podolian–Istrian breeds from Central Italy, and Podolian–Illyrian breeds from the
Balkans and Anatolia, as shown in Table 1.

Table 1. Classification of Podolian cattle breeds according to their geographical distribution.

Podolian Cattle Breeds/Geographical Distribution

1. Eastern Europe 2. Italy and Istria 3. Balkans and Anatolia

Ukrainian Grey
(Seraya Ukrainskaya)

Istrian cattle
(Boškarin)

Bulgarian Grey
(Iskar)

Romanian Grey
(Sură Stepă) Mursi Katerini cattle

Hungarian Grey
(Magyar Szűrke)

Istarsko
(Istarsko govedo) Sykia cattle
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Table 1. Cont.

Podolian Cattle Breeds/Geographical Distribution

Slavonian–Syrmian Podolian
(Slavonsky Podolac) Maremmana Anatolian Grey

(Boz Irk)

Serbian (Srem) Podolian
(Podolsko Serbia) Podolica

Data processed from Rieznykova et al. [5], D’Andrea et al. [7], and Pariset et al. [15].

Podolian cattle exhibit morphological variations primarily attributed to their adapta-
tion to the specific climatic conditions of their geographic region. The distinctive character-
istics of these cattle result from the influence of the natural environment (Table 2).

Table 2. Morphological characteristics of Podolian grey cattle.

Podolian Cattle Breeds and Their Photo
Average Adult Weight

(kg)
Average Wither Height

(cm) References

Males Females Males Females
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Podolian cattle exhibit morphological variations primarily attributed to their adapta-
tion to the specific climatic conditions of their geographic region. The distinctive charac-
teristics of these cattle result from the influence of the natural environment (Table 2). 
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Podolian Cattle Breeds and Their Photo 
Average Adult Weight (kg) Average Wither Height (cm) 

References 
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Romanian Grey 
Steppe 

(Sura de Stepa) 
780 480 137 129 [64–66] 

 

Iskar Grey 
(Bulgarian Grey) 750 350 140 118 [67,68] 

 

Istrian Grey 
(Boskarin) 900 625 148 138 [69,70] 

 

Slavonian Podo-
lian 

(Slavonian–Syr-
mian) 

600–800 
(1000 for oxen) 470 135–145 128 [71,72] 

Romanian Grey Steppe
(Sura de Stepa) 780 480 137 129 [64–66]
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Podolian cattle exhibit morphological variations primarily attributed to their adapta-
tion to the specific climatic conditions of their geographic region. The distinctive charac-
teristics of these cattle result from the influence of the natural environment (Table 2). 

Table 2. Morphological characteristics of Podolian grey cattle. 

Podolian Cattle Breeds and Their Photo 
Average Adult Weight (kg) Average Wither Height (cm) 

References 
Males Females Males Females 

 

Romanian Grey 
Steppe 

(Sura de Stepa) 
780 480 137 129 [64–66] 

 

Iskar Grey 
(Bulgarian Grey) 750 350 140 118 [67,68] 

 

Istrian Grey 
(Boskarin) 900 625 148 138 [69,70] 

 

Slavonian Podo-
lian 

(Slavonian–Syr-
mian) 

600–800 
(1000 for oxen) 470 135–145 128 [71,72] 

Iskar Grey
(Bulgarian Grey) 750 350 140 118 [67,68]
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teristics of these cattle result from the influence of the natural environment (Table 2). 
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Romanian Grey 
Steppe 

(Sura de Stepa) 
780 480 137 129 [64–66] 

 

Iskar Grey 
(Bulgarian Grey) 750 350 140 118 [67,68] 

 

Istrian Grey 
(Boskarin) 900 625 148 138 [69,70] 

 

Slavonian Podo-
lian 

(Slavonian–Syr-
mian) 

600–800 
(1000 for oxen) 470 135–145 128 [71,72] 

Istrian Grey
(Boskarin) 900 625 148 138 [69,70]
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Table 2. Cont.

Podolian Cattle Breeds and Their Photo
Average Adult Weight

(kg)
Average Wither Height

(cm) References

Males Females Males Females
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Ukrainian Grey 780 480 137 129 [79,80]

Notable differences in body development are evident in breeds such as Istrian Grey,
with an average wither height of 148 cm for males and 138 cm for females, as well as in
the Hungarian Grey Steppe breed, with an average wither height of 150 cm for males and
140 cm for females.

Podolian cattle breeds are known for their adaptability to extreme conditions and
hardiness against diseases. “Podolica/Podolian” indicates a possible origin of these breeds
in Podolia (a region of Ukraine) [81] and their spread southward to Anatolia and westward
to the Balkan and Italian peninsulas [82].

The results of Senczuk et al., (2021) indicated that Podolian cattle show higher values
of genetic diversity indices than African or Asian cattle breeds. Analysis of mitochondrial
DNA revealed close phylogenetic relationships among Podolian breeds, indicating a shared
genetic ancestry (Figure 5) and a common evolutionary history [69].

Di Lorenzo et al., (2018) conducted a study on the origin of Podolian cattle through mi-
tochondrial DNA analysis. The biological material for the study comprised 18 breeds within
the Podolian group (Piedmontese—PI, Romagnola—RO, Marchigiana—MR, Chianina—
CH, Maremmana—MA, Podolica Italiana/Italian Podolian—IP, Mucco Pisano—MP,
Calvana—CA, Bianca di Val Padana—BP, Hungarian Grey—HG, Bulgarian Grey—BG,
Istrian cattle—IC, Katerini—KA, Romanian Grey—RG, Slavonian–Syrmian Podolian—SS,
Turkish Grey—TK, Ukrainian Grey—UK, and Podolsko—PO) and 9 non-Podolian breeds,
representing the control group (Valdostana—VA, Bruna Italiana—IB, Grigio Alpina—GA,
Pezzata Rossa Italiana—RP, Modicana—MO, Reggiana—RE, Agerolese—AG, Cinisara—CI,
and Cabannina—CB). Following this study, genetic closeness was found between five cattle
breeds (Chianina, Marchigiana, Maremmana, Podolica Italiana, and Romagnola) (Table 3
and Figure 6) [83].

A plausible hypothesis posits a dual ancestral contribution to the present genetic back-
ground of Podolian breeds stemming from both Eastern European and Middle Eastern cattle.
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3.1. Romanian Grey Steppe: Origin and Phylogeny

In Romania, Grey Steppe cattle represent one of the oldest autochthonous breeds,
formed in the pedoclimatic conditions of the country, with its origin in B. t. primigenius
(wild ox).

According to the research by Carsai (2008), until around 1850, the total taurine in
Romania was predominantly represented by the Grey Steppe breed. Since 1892, with the
first imports of non-native breeds (Simmental, Schwyz, and Pinzgauer), the local breeds
have faced a sharp decline. Thus, the numerical total had decreased to approximately 57.3%
of the total cattle in 1935 and to only 0.6% in 1977 [84–86].

This breed is included alongside other breeds in the Podolian group found in various
European countries (Podolica Italiana/Italian Podolian, Hungarian Grey, Bulgarian Grey, Istrian
cattle, Katerini, Turkish Grey, Ukrainian Grey, etc.) (Figure 7) [20,23,83,86].

A crucial aspect is that the natural environment played a nearly exclusive role in
shaping and evolving the Romanian Grey Steppe breed. This environmental influence
endowed the breed with distinctive qualities such as hardiness, resistance, adaptability to
various maintenance conditions, and specific feeding methods [16].

The external peculiarities of this breed distinguish it from others by the craniological
type and characteristic shape of the horns, which are bicolor, white at the base, and have
a characteristic black point. At the moment of birth, the calves have the robe color of
yellow-reddish shade, and after a period of approximately 2–3 months, it changes to
grey [20].
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A number of studies on the Grey Steppe breed have focused on the study of genetic
markers associated with production traits (milk or meat) [21,22,87,88]. These studies have
helped to assess the conservation value of genetic resources and establish the degree of
uniformity of the breed.

In Romania, the study of the polymorphisms of the major milk proteins (casein,
lactalbumin, and lactoglobulin) was conducted by researchers Bâlteanu and Ilie Daniela
(2007, 2008, and 2010) through isoelectric focusing (IEF) and PCR techniques. These results
led to the identification of the αS1-casein ISM allele in the Grey Steppe breed. This allele
has not been identified in any other European cattle breeds. It represents an ancestral
allele directly inherited from wild ancestors, offering the initial molecular evidence for the
phylogenetic position of this Romanian Grey cattle [21,22,88,89].

Davidescu et al., (2022) studied the genetic diversity of a population of 32 cattle from
northeast Moldova–Romania through the sequencing and analysis of two mitochondrial
markers, cytochrome b and the d-loop, which have been proven to be relevant to studies of
genetic diversity and phylogeny. The results obtained in this study, based on the statistical
analysis of the data using nucleotide sequence analysis software (DnaSP, SeaView, MegaX,
PopArt, etc.), demonstrated that the breed belonged to the ancestral P′QT haplogroup with
direct descent from B. t. primigenius. Within this haplogroup, five cattle were identified
that could be used in the selection of crosses with the aim of preserving valuable genetic
resources for improving other cattle breeds and the protection of biodiversity [66].

3.2. Genetic Relationships among Romanian Grey Cattle and Podolian Cattle Breeds

Among the most ancient European cattle with direct descent from B. t. primigenius are
wild ox are breeds belonging to the so-called Podolian trunk [90]. They have spread over
time in several areas, such as Eastern Europe, Italy, Istria, the Balkans, and Anatolia. In this
study, Podolian cattle breeds from the three geographical areas will be presented.

3.2.1. Genetic Diversity of Podolian Cattle Breeds

According to recent studies [14,32,77,78,86,89], Podolian breeds have a high level of
genetic diversity.

Ilie et al., (2015) investigated the genetic diversity of Romanian Grey cattle (n = 29),
based on 11 microsatellite loci. A total of 100 alleles were found, with an average number of
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alleles per locus of 9.091, which is higher than that reported in other Podolian cattle, such as
Italian Podolica (8.5) and Bulgarian Grey (7.6), and lower than that reported in Istrian cattle
(12.55). The highest number of alleles was found at the TGLA122 locus (20). The Romanian
Grey breed showed a high mean expected (0.794 ± 0.083) and observed heterozygosity
(0.940 ± 0.127). The observed heterozygosity at the TGLA122 locus was 0.740 in Italian
Podolian cattle, 0.570 in Slavonian–Syrmian Podolian cattle, and 0.644 in Austrian and
Hungarian cattle [59,60,65]. The observed heterozygosity was also higher (0.940) than that
reported for the Italian Podolian breed (0.73), Slavonian–Syrmian Podolian cattle (0.70),
Bulgarian Grey (0.78), and Hungarian Grey (0.67). In addition, Wright’s fixation index (FIS)
was negative (−0.189), indicating that there was no inbreeding or selection pressure [23,89].
These results confirmed that the breed’s genetic diversity is correctly preserved; however, the
number of Romanian Grey individuals is extremely low and needs to be urgently increased.

Polymorphism information content (PIC) was also analyzed in the Romanian Grey
breed. None of the loci showed PIC values <0.5. The PIC of all 11 loci in the Romanian
Grey breed was quite high, with an average of 0.752. Analysis of the individual loci
revealed that the highest value for this parameter was observed among the TGLA122 (0.863),
TGLA53 (0.842), and INRA23 (0.810) loci [89].

Demir et al., (2019) investigated the genetic diversity of three Podolian cattle breeds in
Turkey, including Turkish Grey Steppe, Eastern Anatolian Red, and Anatolian Black, based
on 20 microsatellite markers [78]. A total of 204 different alleles, of which 31 were private
alleles, were detected at 20 microsatellite loci in all populations. All private alleles had
frequencies lower than 3%. The number of alleles per locus ranged from 5 (TGLA227) to
17 (ETH185) with a mean of 10.2, whereas the number of effective alleles per locus ranged
from 2.39 (DRBP1) to 7.78 (SPS113) with a mean of 4.44. The observed heterozygosity
ranged from 0.30 (DRBP1) to 0.98 (ILSTS011) with a mean of 0.63, whereas the expected
heterozygosity ranged from 0.51 (INRABERN172) to 0.88 (SPS113) with a mean of 0.74. This
study showed that Turkish native cattle breeds had a higher level of inbreeding, ranging
from 0.128 (Anatolian Black) to 0.216 (Turkish Grey Steppe), which indicated lower effective
population sizes. To decrease the level of inbreeding and increase the effective population
size of native cattle breeds, comprehensive conservation programs are needed [78].

Another study, conducted by Maretto et al., (2012), regarding the genetic diversity and
population structure of five Italian Podolian breeds (Romagnola, Marchigiana, Chianina,
Maremmana, and Podolica) and their genetic relationships with the Istrian Cattle (IST) of
Croatia using 20 microsatellite markers showed that the Maremmana breed presented the
highest genetic diversity over all loci (0.726), followed by the Podolica (0.719) and Istrian
Cattle (0.659). To characterize genetic differentiation among Podolian cattle breeds, the
Genepop 4.0 version was used. This software estimated overall and pairwise FST values; for
clarity of presentation, only FST values lower than or equal to 0.090 were reported. Genetic
distances between breeds were estimated following Nei’s genetic distance and plotted as
a neighbor network using SplitsTree4 software. The mean observed heterozygosity was
0.580, which was lower than that expected for all breeds. The Istrian cattle breed appeared
genetically very close to the Italian breeds, more similar to Podolica and Maremmana, with
genetic distances of 0.058 and 0.080. These results emphasize the importance of monitoring
genetic variability in native populations for conservation and maintaining breed identity
and genetic diversity [6].

In addition, there are many other genes associated with milk production, such as the
Pituitary Transcription Factor and the Growth Hormone genes. Polymorphisms in Pituitary
Factor 1 (POU1F1 or PIT1) and Growth Hormone Receptor (GHR) genes were investigated
using the Romanian Grey Steppe. The investigation of 60 blood samples showed two
alleles at the PIT1 locus, the B allele being prevalent to A variant also in the Podolian breed,
although the A allele was found to be desirable for milk production and body conformation,
for example in Holstein Friesian, Polish Black and White, and Simmental [87].
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3.2.2. Podolian Cattle Breeds from Eastern Europe

In eastern Europe, five Podolian cattle breeds have been identified over time, named
after the area of formation: Ukrainian Grey, Romanian Grey (Sura Stepa in Romanian),
Hungarian Grey, Slavonian–Syrmian Podolian, and Serbian (Srem) Podolian (Figure 8).
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• Romanian Grey Steppe Breed

In Romania, the last local cattle breed is Romanian Grey Steppe, which has the wild
ox, B. t. primigenius, as its ancestor and is included in the group of Podolian cattle breeds
together with other breeds from various European countries [86]. Developed over many
centuries, this breed has evolved exclusively under the influence of natural environmental
conditions. The number of individuals in Romania was predominant until the middle of the
19th century; however, starting from the 20th century, an increasingly pronounced decline
was recorded. It was spread across four geographical areas of the country in the form of
four varieties named after the area of formation: Moldavian, Ialomitean, Transylvanian,
and Dobrogean varieties [16,19]. According to F.A.O. reports regarding the risk status of
the breed, the Grey Steppe is endangered.

• Ukrainian Grey Breed

The Ukrainian Grey breed, with its origins in B. t. primigenius, is one of the oldest
native breeds that is currently endangered. The evolution of this breed has been char-
acterized by a lack of interbreeding for several centuries. While it exhibits an exclusive
capacity for resistance and fattening, it demonstrates lower performance in milk production.
Simultaneously, this breed serves as an intriguing research tool. These cattle proved to be
indispensable to peasants and represented the most numerous breeds in Ukraine until the
20th century, being widely distributed in the southern part of Europe and the steppe zone
of the Mediterranean coast and Black Sea [91].

• Hungarian Grey Breed

The Hungarian Grey is an indigenous breed, representing a national symbol of Hun-
gary. There are several theories regarding the origin of this breed, one of which is that it
arrived in the Pannonian Basin, where domestication also took place, together with Hun-
garian immigration in the 9th century, during the reign of King Árpád, having descended



Agriculture 2023, 13, 2255 16 of 24

from wild boar (B. t. primigenius) [92]. The first written document that refers to Hungar-
ian Grey cattle is entitled “Magnus cornuotes boves Hungaricos” and dates back to the
16th century. The breed was bred specifically for its exceptional meat quality. By 1925, after
the First World War when Hungary lost about 72% of its territory, there were approximately
321,000 specimens of the Hungarian Grey breed [93]. Currently, the herd of cattle of this
breed is facing a sharp decline.

• Slavonian–Syrmian Podolian Breed

The Slavonian–Syrmian Podolian is a native cattle species found in Slavonia, a region
in the northeastern part of Croatia. These cattle are irreplaceable for agricultural activities
because of their physical strength and endurance. In Podravina, Slavonia, and Syrmia,
this breed was predominant until the first half of the 20th century, representing 90% of all
cattle [94,95]. Since 1998, this breed has been included in a national genetic conservation
program, and since 2000, according to the F.A.O., it is endangered, along with other breeds
of Podolian cattle.

• Serbian (Srem) Podolian Breed

The Serbian (Srem) Podolian breed in Serbia faced gradual replacement due to the
extensive importation of specialized cattle breeds for meat and milk production. In the
early 20th century, native cattle accounted for 83% of the total population. Among the
autochthonous breeds in Serbia, two varieties, Busha and Podolian, have been identified,
and they are currently classified as endangered [96].

3.2.3. Podolian Cattle Breeds from Italy and Istria

In Italy and Istria, five breeds of the Podolian group have been distinguished over
time: Istrian cattle (Boškarin), Mursi, Istarsko (Istarsko govedo), Maremmana, and Podolica
(Figure 9).
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• Boškarin or Istrian Breed

Indigenous cattle, also called Boškarin or Istrian cattle, are widespread on the Istrian
Peninsula. The breed belongs to the group of Podolian cattle found in the Balkans and
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neighboring countries (Croatia, Bulgaria, Greece, Hungary, Italy, Romania, Serbia, Turkey,
and Ukraine), with direct descent from the aurochs (B. t. primigenius) [70]. Over the past
50 years, the cattle population in Istria has experienced a significant decline. Similar to the
situation with the Romanian Grey Steppe, the Boškarin breed is also endangered.

• Mursi Breed

Mursi cattle are widespread in the South Omo area of southwestern Ethiopia [97].
They typically have inward-curving horns, prominent humps, and well-developed bodies.
They have a combination of colors: grey, white, and black, with spots or stripes. The
Mursi breed is raised mainly for high milk production, but it also lends itself well to
meat production.

• Istarsko Govedo Breed

Istarsko govedo is a domestic cattle breed recognized for producing high-quality meat.
It is currently on the verge of extinction, and the size of the population has decreased
sharply since the second half of the 20th century. The conservation program for this breed
was launched in the early 1990s [65].

• Maremana and Podolica Breeds

The cattle breeds of Italy, namely, the Maremana and Podolica, were very popular
and widespread in this area before the Second World War but saw a consistent reduction
in their numbers due to three major factors: mechanization in agriculture, urbanization,
and breed competition with high production efficiency. Their numbers of 288,000 and
630,000 heads [98] were reduced by 90% and 80%, respectively [13]. The two breeds belong
to the group of grey cattle whose ancestral origin is B. primigenius [99].

3.2.4. Podolian Cattle Breeds from Balkans and Anatolia

In the Balkans and Anatolia regions, four breeds of Podolian cattle have spread over
time: Bulgarian Grey (Iskar), Katerini cattle, Sykia cattle, and Anatolian Grey (Figure 10).
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According to studies in the field of cattle phylogeny, based on craniological
analyses [3,14,69,83], the Bulgarian Grey (Iskar) breed is the result of the cross between
B. taurus brachiceros and B. t. primigenius. The breed is characterized by high vitality and
fertility, ease of calving, resistance to parasitic and infectious diseases, and low feed re-
quirements. Currently, there are fewer than 1000 heads. Cattle are mainly distributed in the
regions of Plovdiv, Haskovo, and Shumen and in the mountainous regions of Strandzha
and Sakar. Bulgarian Grey is the first native cattle included in the National Program for
the Conservation of Genetic Resources of Animal Origin [100,101], representing a valuable
genetic reserve for Bulgaria.

• Katerini Breed

Katerini cattle is a breed with a special quality of meat production. Similar to other
Podolian cattle breeds, their ancestral origin is B. t. primigenius [73]. From the reports issued
by the F.A.O. regarding the risk status of this breed, it appears that it is at critical risk, with
the effective population size gradually decreasing.

• Sykia Cattle Breed

Sykia cattle is another ancient breed found in Greece that is currently on the verge of
extinction, mainly due to random crossbreeding [65]. Current data suggest that there are
less than 200 purebred females, with the F.A.O., placing the breed in the critical risk class in
terms of herd size [13].

• Anatolian Grey Breed

Anatolian Grey is a cattle population widespread in Turkey. Currently, the numer-
ical status of this Anatolian breed is critical [102]. To protect these genetic resources,
a national project was initiated in Turkey with the main objective of in vitro conserva-
tion and identification of valuable genetic resources of native cattle [78,103], resulting
in a numerical increase in the population of the Anatolian Grey breed through different
breeding biotechnologies.

According to certain researchers, there are distinct phenotypic features observed in
Podolian cattle. Long horns, characteristic of breeds like Hungarian Grey, Katerini, or
Slavonian–Syrmian, are considered breed-specific traits. However, some breeds, including
Podolica Italiana, Romanian Grey Steppe, Ukrainian Grey, Turkish Grey, and other Balkan
breeds, may not necessarily exhibit long horns but retain other characteristics, such as the
light grey color in adult cows [83].

4. Trends and Management Recommendations in Genetic Conservation Programs,
including the Endangered Grey Steppe Cattle

The production systems of Podolian cattle are rooted in a combination of traditional
breeding practices, extensive grazing management, and recognition of the breed’s eco-
nomic and cultural importance. As agriculture progresses, maintaining a balance between
modern techniques and the preservation of indigenous breeds, like Podolian cattle, be-
comes essential for sustainable and resilient food production systems. Typically, Podolian
breeds are raised in pastures, offering an environment that allows animals to exhibit their
natural behaviors.

Natural pastures allow selection among a diverse array of herbaceous and arboreal
plants based on nutrient requirements and individual preferences and influenced by physi-
cal characteristics, accessibility, and palatability. Thus, akin to wild herbivores, Podolian
cattle have the opportunity to exhibit their natural behavior and choose a balanced diet
based on their evolving nutritional requirements and physiological conditions. This capac-
ity is deemed crucial for ensuring the welfare of the animals [104,105]. Another important
aspect is that the reproductive characteristics of Podolian cattle are influenced by environ-
mental factors. Podolian cattle are recognized for a significant increase in births during the
spring season, when natural pastures and meadows are at maximum productivity, with
direct effects on the physiological state of cows and milk production. Despite the cost-
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effectiveness of rearing, the trade in calves is contingent on age and live weight, reaching
its peak between August and December (age 15–18 months) [104–106].

The preservation of the gene pool of the Grey Steppe cattle breed requires the ap-
plication of additional measures and the allocation of considerable financial resources.
To design appropriate and effective conservation strategies, accurate knowledge of all
existing individuals within a population must be considered. The present tools for ge-
nomic evaluation have made it possible to use mitochondrial DNA as a tool for phylo-
genetic and biodiversity studies [107]. The methods used to analyze the phylogeny of
cattle have progressed from traditional morphometric analyses to contemporary molecular
genetics techniques.

Further research considering the analysis of the complete mitochondrial genome, Y
chromosome, and microsatellite analysis, as well as the study of DNA extracted from fossils
or bone remains belonging to taurine with direct descent in B. taurus, could provide a better
understanding of the genetic structure and evolutionary history of this breed [11,66].

Animal husbandry and cattle breeding technologies are currently facing several prob-
lems, such as the conservation of breeds at risk of abandonment, sustainable management
of genetic resources, and appropriate management. To ensure sustainability, modern an-
imal husbandry, classic breeding, and selection programs are insufficient. In addition to
being expensive in terms of time and money, they are characterized by limited accuracy.
The limitations imposed by these classic techniques can be eliminated by applying mod-
ern reproduction techniques (in vitro fertilization and embryo transfer), to which genetic
screening methods can be added. An important aspect of ensuring an effective conservation
program is the preservation of genetic material by cryogenically freezing samples (tissue
and genomic DNA) and creating a database of archived samples, phenotypic parameters,
and genotypic profiles of each individual to ensure propagation (Figure 11) [11,66].

Figure 11. In situ and ex situ genetic conservation plan for Podolian cattle breeds.

The European representatives of the (F.A.O.) have classified Podolian Grey Steppe
cattle as endangered and in urgent need of conservation to preserve genetic diversity.
Currently, several European countries, including Romania, are attempting to implement
in situ conservation programs for Podolian cattle breeds. These projects aim to ensure a
natural habitat similar to that in the wild, in which cattle can manifest their innate behavior
and benefit from environmental conditions favorable to their growth and development. In
addition, a series of methods for conserving the genetic resources of these cattle breeds ex
situ (e.g., cryopreservation, such as processing and freezing of genetic material, and DNA
banks) have been implemented, all of which aim to preserve the biodiversity of Podolian
cattle breeds threatened with extinction [108–110].

The issue of maintaining and conserving local breeds is important for ensuring the
food security of the population, not only considering the recent climate changes as well as
extreme phenomena, which could bring new challenges in the future. Bovine species are
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the most exposed to these changes; therefore, the Grey Steppe breed could be an effective
alternative to improved breeds because of its special qualities of resistance and adaptability
to different stress factors and diseases.

5. Conclusions

The information presented in this study regarding the genetic diversity, origin, and
phylogeny of Podolian cattle breeds demonstrates their ancestral origin, with direct descent
from B. t. primigenius (the aurochs). Their biologically valuable characteristics, such as
rusticity, high longevity, adaptability, hardiness, and resistance to diseases, are important
aspects of breeding and conservation programs.

According to the cited studies, it has been concluded that many populations of cattle
from Eastern Europe, including the Romanian Grey Steppe, have a high level of genetic
diversity and close phylogenetic relationships with wild ox.

The information presented in this study can help to improve the present conservation
program to preserve biodiversity and protect Podolian Grey breeds from genetic loss,
contributing to the general knowledge of the genetic diversity of European cattle breeds
and could prove a valuable tool for conservation efforts of animal genetic resources.

Therefore, we strongly recommend taking immediate action and allocating appropri-
ate financial resources to conserve the valuable genetic diversity of the Romanian Grey
cattle breed, which still represents a valuable gene pool. Preserving Podolian Grey cattle
from extinction will yield benefits for both the agricultural sector and the international
genetic heritage.
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production. Stočarstvo 2010, 64, 91–99.

100. Blackburn, H.D.; Wilson, C.S.; Krehbiel, B. Conservation and Utilization of Livestock Genetic Diversity in the United States of
America through Gene Banking. Diversity 2019, 11, 244. [CrossRef]

101. Neov, B.; Teofanova, D.; Zagorchev, L.; Radoslavov, G.; Hristov, P. Milk protein polymorphism in bulgarian grey cattle population.
Bulg. J. Agric. Sci. 2013, 19, 194–196.

102. Hunter, P. The genetics of domestication: Research into the domestication of livestock and companion animals sheds light both
on their “evolution” and human history. EMBO Rep. 2018, 19, 201–205. [CrossRef] [PubMed]

103. Ozsensoy, Y.; Kurar, E. Genetic diversity of native Turkish cattle breeds: Mantel, AMOVA and bottleneck analysis. J. Adv. Vet.
Anim. Res. 2014, 1, 86–93. [CrossRef]

104. Cosentino, C.; D’Adamo, C.; Naturali, N.; Pecora, G.; Paolino, R.; Musto, M.; Adduci, F.; Freschi, P. Podolian cattle: Reproductive
activity, milk and future prospects. Ital. J. Agron. 2018, 13, 982. [CrossRef]

105. Napolitano, F.; Pacelli, C.; DeRosa, G.; Braghieri, A.; Girolami, A. Sustainability and welfare of Podolian cattle. Livest. Prod. Sci.
2005, 92, 323–331. [CrossRef]

106. Napolitano, F.; Girolami, A.; Pacelli, C.; Braghieri, A. Activity Budgets and Forage Selection of Podolian Cattle, a Semiwild Bovine
Breed. Int. Sch. Res. Netw. 2011, 2011, 972804. [CrossRef]

107. Ginja, C.; Gama, L.T.; Cortés, O.; Burriel, I.M.; Vega-Pla, J.L.; Penedo, C.; Sponenberg, P.; Cañón, J.; Sanz, A.; do Egito, A.A.; et al.
The Genetic Ancestry of American Creole Cattle Inferred from Uniparental and Autosomal Genetic Markers. Sci. Rep. 2019, 9,
11486. [CrossRef] [PubMed]

108. Loftus, R.; Scherf, B. World Watch List for Domestic Animal Diversity, 1st ed.; FAO/UNEP: Rome, Italy, 1993; Available online:
https://www.fao.org/3/y0741t/y0741t.pdf (accessed on 25 January 2023).

109. Rischkowsky, B.; Pilling, D. The First Report on the State of the World’s Animal Genetic Resources for Food and Agriculture; FAO: Rome,
Italy, 2007; Available online: https://www.fao.org/3/a1260e/a1260e.pdf (accessed on 18 February 2023).

110. FAO. Commission on Genetic Resources for Food and Agriculture Assessments; FAO: Rome, Italy, 2015; Available online:
https://www.fao.org/cgrfa/en (accessed on 22 February 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su10020534
https://doi.org/10.1016/j.jbiotec.2014.07.165
https://doi.org/10.1186/s12711-020-00559-1
https://www.ncbi.nlm.nih.gov/pubmed/32664855
https://doi.org/10.1134/S1995425509030205
https://doi.org/10.5194/aab-55-1-2012
https://doi.org/10.1017/S1751731120000634
https://www.ncbi.nlm.nih.gov/pubmed/32248869
https://doi.org/10.2298/BAH0506015B
https://doi.org/10.1007/s11250-014-0746-7
https://doi.org/10.1093/jhered/esh032
https://doi.org/10.3390/d11120244
https://doi.org/10.15252/embr.201745664
https://www.ncbi.nlm.nih.gov/pubmed/29335247
https://doi.org/10.5455/javar.2014.a21
https://doi.org/10.4081/ija.2018.982
https://doi.org/10.1016/j.livprodsci.2004.08.012
https://doi.org/10.5402/2011/972804
https://doi.org/10.1038/s41598-019-47636-0
https://www.ncbi.nlm.nih.gov/pubmed/31391486
https://www.fao.org/3/y0741t/y0741t.pdf
https://www.fao.org/3/a1260e/a1260e.pdf
https://www.fao.org/cgrfa/en

	Introduction 
	The Importance of Cattle Biodiversity 
	The Bovine Species: Origin, Evolution, and Domestication 
	Systematics and Phylogeny of Cattle 

	The Origin and Phylogeny of the Podolian Cattle Breeds 
	Romanian Grey Steppe: Origin and Phylogeny 
	Genetic Relationships among Romanian Grey Cattle and Podolian Cattle Breeds 
	Genetic Diversity of Podolian Cattle Breeds 
	Podolian Cattle Breeds from Eastern Europe 
	Podolian Cattle Breeds from Italy and Istria 
	Podolian Cattle Breeds from Balkans and Anatolia 


	Trends and Management Recommendations in Genetic Conservation Programs, including the Endangered Grey Steppe Cattle 
	Conclusions 
	References

