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Abstract: Since 2000, the Food and Agriculture Organization of the United Nations (FAO) has been
drawing attention to the increasing numerical decline of Podolian cattle, which include the Romanian
Grey Steppe. Currently, this breed is endangered, numbering under 100 heads across the territory of
the entire country. Due to its qualities of rusticity, adaptability, and increased resistance to diseases
and severe climate conditions, the Grey Steppe is considered a valuable genetic reserve for improving
livestock production. This study aimed to quantify the genetic diversity of a population of 32 cattle
from the area of N-E Moldova through the 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 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 Bos taurus primigenius. Within this haplogroup, five cattle
were identified, which could be used in the selection of crosses, with the aim of preserving valuable
genetic resources for the improvement of other cattle breeds and the protection of biodiversity.

Keywords: animal production; genetic diversity; grey cattle; mitochondrial DNA; Podolian cattle

1. Introduction

Podolian cattle breeds are considered a form of socio-cultural heritage and a valuable
genetic resource due to their high tolerance to extremely harsh environmental climatic
conditions, resistance to disease and external parasites, and quick recovery after illnesses,
which are important aspects of reproduction and conservation programs for improving
livestock production [1-3]. Many historical sources attribute the term Podolian to a shared
ancestral origin in Podolia (the modern western Ukraine). Alternative hypotheses have
been proposed: Podolian cattle may have spread from the eastern steppe southward into
Anatolia and westward into the Balkans and Italy in historical times (3rd-5th century AD)
with Eastern European Barbarian people; other authors have suggested a more ancient
migration (3 kya BP) from the Near East to Central Italy via the Mediterranean Sea, with
a contribution from local wild aurochs via secondary local domestication [3]. Romanian
Grey Steppe cattle belong to the category of Podolian breeds, which have been threatened
with extinction since 2000, according to the Food and Agriculture Organization (FAO) [4,5].
The common origin of this cattle and other Podolian breeds (Iskar Grey, Bulgarian Grey,
Istrian, Slavonian Podolian, Katerini, Hungarian Grey, Maremmana, Podolica, Turkish
Grey, etc.) is the wild ancestor Bos taurus primigenius, which was declared be extinct
around the 16th century [2,6]. This cattle breed was formed over many centuries, under the
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exclusive influence of natural environmental conditions that imprinted special qualities
of hardiness, resistance, and adaptability to severe climatic factors [7-10]. The external
peculiarities of the Grey Steppe breed led to the distinction of this breed from the others
based on the craniological type and, more precisely, the characteristic shape of the bicolor
horns, which are white at the base with a characteristic black dot. At birth, calves are
yellow-reddish in color, and after a period of about 2-3 months, they change to shades
of grey [11,12]. In 2018, the number of specimens of the Grey Steppe breed decreased
below 150 heads [13]. Isolated specimens of this breed can also be found in households
in north-eastern Moldova, in the counties of Iasi, Neamt, and Pardina (Danube Delta),
currently totaling about 100 heads [14,15]. Presently, within the Research and Development
Station for Cattle Breeding Dancu, lasi, Romania, there is a population of cattle of this breed
that is part of a national genetic conservation program, representing the biological material
used in this research. The genetic diversity of Podolian breeds is an important asset for
countries where agriculture is still an important economic sector [16].

Numerous studies [17-21] focusing on the origin of cattle based on mitochondrial
genome analysis have determined that all taurine breeds share a common ancestor in the
Near East, around 10 ka ago, during the Neolithic transition. The discovery of uncommon
mitochondrial DNA (mtDNA) haplogroups such as P, Q, and R has sparked debate about
the potential occurrence of independent or secondary domestication episodes. Recent
research on the mitochondrial genome of Bos taurus has revealed that macro-haplogroup T
is composed of two sister clades, T1/2’'3 and T5, with the former including the originally
identified haplogroups T1, T2, and T3, and T4, a grouping within T3. The Fertile Crescent is
where all T haplogroups most likely originated and underwent domestication. From there,
they spread with the movement of domestic Bos taurus herds. However, the mtDNA of
contemporary taurine breeds is not entirely represented by haplogroups T1-T5. Complete
mtDNA sequence analyses have revealed that a small subset of these individuals belongs
to three other uncommon haplogroups (P, Q, and R). The mtDNA of haplogroups P and R
most likely come from populations of wild aurochsen in Europe, whereas haplogroup Q is
most likely of Near Eastern origin.

This research aimed to quantify the genetic diversity of the Grey Steppe cattle pop-
ulation using mitochondrial markers (cytochrome b and the d-loop) that are relevant to
studies of genetic diversity, phylogeny, and molecular phylogeography. The main objective
was to preserve valuable genetic resources for the improvement of other cattle breeds and
the protection of biodiversity. The results of this study demonstrated that the Romanian
Grey is a direct descendant of the Bos taurus primigenius, which is valuable information for
the efforts to conserve the genetic resources of this endangered cattle breed.

2. Materials and Methods
2.1. The Biological Material Studied

In Romania, the Grey Steppe represents one of the oldest autochthonous breeds,
adapted to the pedoclimatic conditions of the country. Along with other breeds (Podolica
Italiana, Hungarian Grey, Bulgarian Grey, Istrian cattle, Katerini, Turkish Grey, Ukrainian
Grey, etc.), it is included in the Podolian group [21]. This breed developed in a natural
environment, both in summer and in winter, which granted it exceptional qualities that aew
necessary for the improvement of other cattle. In the past, the breed was used intensively
for traction, due to its special resistance characteristics, which also ensured an average
milk production, noted for its high-fat content (approximately 4.71% in the fifth lactation).
With the disappearance of this breed, a series of special qualities such as adaptability,
resistance to disease, and high fat content in milk would disappear. The maintenance of
various conformation features of the breed, such as the large lyre-shaped horns, gray color,
and small waist that are characteristic of the primitive type, is an equally important goal
(Figure 1) [22].
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Figure 1. The Grey Steppe cattle within the Research and Development Station for Cattle Breeding,
Iasi, Romania (original photograph).

2.2. Blood Samples

The first step in achieving the objectives of this research was the collection of blood
samples from 32 females of the Grey Steppe cattle breed (Table 1), a population located
within the Research and Development Station for Cattle Breeding in Romania, located
in northern Moldova. The blood samples were collected by jugular vein puncture using
Vacutainer tubes with EDTA (ethylene-diamine-tetra-acetic acid) to prevent clotting, with a
capacity of 2 mL.

Table 1. Information on Grey Steppe population analyzed.

Cattle Ase of Cattl Blood Sample
Current No. Identification ge of Lattle Sex Identification
(Months) 1
No. Code
1. RO242000109988 288 female blood-ss01
2. R0O242000110002 242 female blood-ss02
3. R0O245000109998 228 female blood-ss03
4. RO241000109812 202 female blood-ss04
5. R0O247000109811 193 female blood-ss05
6. R0O243000109786 187 female blood-ss06
7. RO243000109800 186 female blood-ss07
8. R0O242000110205 185 female blood-ss08
9. R0O243000109723 185 female blood-ss09
10. RO241000110120 184 female blood-ss10
11. R0O241000110274 178 female blood-ss11
12. RO242000120579 175 female blood-ss12
13. RO243000120587 175 female blood-ss13
14. R0O242000120656 171 female blood-ss14
15. R0O243000120678 171 female blood-ss15
16. R0O243000174164 152 female blood-ss16
17. R0O242000218328 144 female blood-ss17
18. R0O243000218587 136 female blood-ss18
19. RO143000108432 128 female blood-ss19
20. R0O248001058693 111 female blood-ss20
21. RO507000112314 109 female blood-ss21
22. RO506001166289 97 female blood-ss22
23. RO504001166308 96 female blood-ss23
24, RO508003831422 69 female blood-ss24
25. RO502003831482 68 female blood-ss25
26. RO504005500784 61 female blood-ss26
27. RO501007300790 39 female blood-ss27
28. RO508007300858 37 female blood-ss28
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Table 1. Cont.
Cattle Blood Sample
Current No. Identification Age of Cattle Sex Identification
(Months) 1
No. Code
29. RO507007405358 29 female blood-ss29
30. RO504007405388 28 female blood-ss30
31. RO507007448267 27 female blood-ss31
32. RO500007448406 22 female blood-ss32

1__"ss” is the abbreviation of the name of the cattle breed in the Romanian language (Sura Stepa).

The blood samples were stored in the freezer under optimal conditions, at a tempera-
ture of —20 °C until the DNA extraction step.

2.3. Extraction and Quantification of Total DNA from Blood Samples

DNA extraction from blood samples was performed via the automated method with
Maxwell™ 16 and 16 MDx instruments, using a special kit provided by the Promega distrib-
utor: Maxwell 16 LEV Blood DNA Kit (code-AS51290) [23], containing 50 LEV purification
pistons, 50 elution tubes, 20 mL lysis buffer, two 1 mL proteinase K solutions, and 20 mL
elution buffer. The DNA samples were quantified using the Nanodrop ASP-3700 spec-
trophotometer (ACTGene Inc., New Jersey, USA), and the optical density was measured at
the absorption rates of A260 nm and A280 nm to calculate the DNA yield.

2.4. Primer, Amplification, Sequencing

The amplification of mtDNA, cytochrome b, and d-loop (mitochondrial DNA control-
region sequences) was carried out through PCR analysis (polymerase chain reaction),
which is a genomic technique applied for rapidly amplifying millions to billions of copies
of a specific segment of DNA using amplification primers. In this research, the PCR
amplification of the cytochrome b and d-loop was performed using two pairs of primers,
forward and reverse (Table 2), specifically designed on the Bovine Reference Sequence
(BRS; GenBank V00654) [24]. The total size of the complete mitochondrial genome of Bos
taurus is 16,341 bp (Figure 2a). The cytochrome b gene, which has a size of 1140 bp, and the
mitochondrial d-loop control region, which has a length of 910 bp (Figure 2b) [25-28], were
amplified by the PCR technique.

Table 2. Characteristics of the primer pairs used to amplify the gene sequences by PCR.

Content GenBank
. Primer It 1 2 Accession Length of PCR
Primer Set Specificity Sequenced (5'-3) G (0-; )C no./Position in Product (bp)
° Genome [23]
tochrome b Forward: 133 V00654.1
BOYT cytochrome TTCTTACATGGAATCTAACCATGA : 14,443-14,466 1140
toch b Reverse: 50.0 V00654.1 cytochrome b
cytochrome GGGAGGTTAGTTGTTCTCCTTCTC : 473-497
a1 Forward: 458 V00654.1
BRS oop CCTAAGACTCAAGGAAGAAACTGC : 15,718-15,741 910
a4 Reverse: 50.0 V00654.1 d-loop
oop CAGTGAGAATGCCCTCTAGGTT : 496-517

1 “G”—guanine nitrogen base. 2 “C”—cytosine nitrogen base.

The isolated and purified DNA samples were amplified by the PCR technique. The
final volume of the PCR was 25.5 pL, including 2 uL DNA samples; 12.5 pL GoTaq®
Green Master Mix (Promega, Madison, WI, USA); 1.5 uL of each primer (forward and
reverse); and 7.5 pL nuclease-free water. The reaction mixture was supplemented with
0.5 uL MgCly. In the case of the amplification of cytochrome b fragments, the temperature
of primer alignment was 62 °C, and in the case of the amplification of d-loop fragments,
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the temperature of primer alignment was 60 °C. The PCR program for the amplification
reaction of cytochrome b and d-loop fragments included 35 amplification cycles under the
conditions represented in Table 3.

tRNA-Phe

Bos taurus

complete mitochondrial genome

16,341 bp

(a) (b)

Figure 2. The complete mitochondrial genome of Bos taurus: (a) complete mitochondrial genome
of Bos taurus (16,340 bp); (b) mitochondrial markers analyzed—cytochrome b (1140 bp) and d-loop-
(910 bp) [29].

Table 3. PCR program: cytochrome b and d-loop sequence amplification.

St . Cytochrome b Amplification Conditions d-Loop Amplification Conditions
ages
Temperature Time Temperature Time
1. Denaturing 94°C 2 min 94 °C 2 min
2. Annealing 62°C 30s 60 °C 30s
3. Extending 72°C 5 min 72°C 5 min

* x 35 amplification cycles.

The cytochrome b and d-loop region were successfully amplified; then, the PCR frag-
ments were sent to Macrogen Europe Sequencing Laboratory, Amsterdam, The Netherlands
for sequencing. To determine the nucleotide sequence of cytochrome b and d-loop, Sanger
sequencing was applied using the primers detailed in Table 2.

2.5. Data Analysis

Data analysis was carried out using a series of programs (Table 4). The primary pro-
cessing of the sequences in the form of fluorograms and their correction was carried out
using the DNABaser program (sequence assembly software). To identify the phyloge-netic
relationships of the Grey Steppe cattle breed with other Podolian cattle breeds, we aligned
both sequences of the complete mitochondrial genome of Bos taurus and the individual
cytochrome b genes and mitochondprial control regions (d-loop) specific to the Podolian
cattle breeds (Grey Steppe, access no. HM596474.1; Bulgarian Grey, access no. KF373019.1;
Istrian, access no. MZ901619.1; Slavonian Podolian, access no. MZ901634.1; Katerini, access
no. DQ518336.1; Hungarian Grey, access no. GQ129207.1; Podolica, access no. EU177843.1;
and Turkish Grey, access no. EF126309.1) from the NCBI-GenBank [23]. For each individual,
forward and reverse sequences were concatenated with the resulting sequences from the
two primers, and the two strands were cut, resulting in a unique sequence. The alignment
of all cytochrome b and d-loop gene sequences from the analyzed individuals was carried
out using ClustalW [30] with the MegaAlignment module. Sequence comparison and phy-
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logenetic tree tracing was carried out using the MEGA X program (Molecular Evolutionary
Genetics Analysis, Center for Evolutionary Medicine and Informatics, Tempe, AZ, USA).

Table 4. List of programs used for data analysis.

Data Analysis Program Used
Amplicon sequencing | SR
. BECKMAN ¢ macrogen
> Sanger sequencing CEQ™ 8000 e
COL'_'{LTER EUROPE

Alignment of chromatograms and correction of

raw sequences W

»  DNA Baser sequence assembly software

Sequence alignment

Molecular Evolutionary
> Mega X m Cenetics Analysls

Calculation of the optimal substitution model /(

>  jModelTest =" l M Od el TeSt
Haplotype network construction =
> PopArt X

Construction of phylogenetic trees
> SeaView/PhyML

Nucleotide sequence diversity analysis

»  DnaSP %z:;l DnaSP

The analyzed sequence diversity was estimated using LaunchDnaSP version 4.50.3
software [31]. PopART software was used for the median-joining network analysis. The
neighbor-joining tree was built using the Kimura 2-parameter model with the follow-
ing parameters: 1000 bootstrapping replicates, a gamma distribution (+G) with five rate
categories, and evolutionary invariability (+I).

3. Results
3.1. Validation of Amplification of PCR Products in Agarose Gel Electrophoresis

The PCR amplicons were validated in 1% agarose gel with 0.5xTBE buffer, after which
migration was performed at a voltage of 100 volts for 30 min (Figure 3). A molecular weight
marker of 100 base pairs was used to estimate the size of the amplified fragments. The
amplification of the gene sequences of interest was successfully achieved, with the primers
having high specificity for these mitochondrial markers. The length of the PCR products
was approximately 1140 bp for the cytochrome b sequences and approximately 910 bp for
the d-loop sequences, in agreement with the values found for the complete sequence of the
Bos taurus mitochondrial genome (GeneBank accession number: V00654).
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M-100bp

1 2 3 4 5 6 7 8 ¢ 1 2 3 4 5 6 7 8 9

M-100bp

@) (b)

Figure 3. Amplification of mitochondrial markers: (a) Amplification of cytochrome b sequence (M,
100 bp marker; C-, negative control; 1-8: sample numbers). (b) Amplification of d-loop sequence (M,
100 bp marker; C-, negative control; 1-9: sample numbers).

3.2. The Proportion of Nitrogenous Bases in the Nucleotide Sequences of Grey Steppe for
Cytochrome b and d-Loop Mitochondrial Markers

The complete sequence of the mtDNA cytochrome b (1140 bp) [32] was obtained for
all 32 samples. The base composition was as follows: 31.2% adenine, 25.1% thymine, 30.2%
cytosine, and 13.4% guanine. The base composition for the mtDNA d-loop (910 bp) [33] was
as follows: 32.8% adenine, 29.0% thymine, 24.3% cytosine, and 13.9% guanine (Figure 4).

35 312 328
N 29 30.2
30 =
s 251 243
20 13.9
15 13.4
10
5
Q
A% T % C% G %

= cytochrome b md-loop

Figure 4. The frequency of nitrogenous bases (A: adenine; T: thymine; C: cytosine; and G: guanine)
for the sequences of cytochrome b and d-loop.

3.3. The Specificity Coefficient

Based on the frequencies of the four nitrogenous bases, the specificity coefficient was
calculated, the value of which is given by the A+T/C+G ratio and shows the differences
between the individuals of a species. This coefficient is calculated in molecular phylogeny
studies to observe differences in nucleotide composition. Normally, it has values in the
range of 1.2-1.5, characteristic of most animal species. If we refer to the nitrogenous bases
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with the highest frequency, two types of DNA can be distinguished, namely, AT-type DNA
(when A+T > C+G) and GC-type DNA (when A+T < C+G). In the case of the cytochrome
b nucleotide sequences, the nitrogenous bases A and T predominated; therefore, all the
individuals analyzed had characteristic AT-type DNA (A+T > C+G). The same conclusion
was also reached in the case of the nucleotide sequences of the mitochondrial d-loop control
region. The specificity coefficient for the two concatenated nucleotide sequences had an
average value of 1.45, which fell within the range of values specific to animal organisms.

3.4. Dynamics of the Rate Evolution of Cytochrome b and d-Loop Mitochondrial Markers

Regarding the genetic variability at the d-loop region, after aligning and trimming the
32 sequences, the haplotypes and variable nucleotide positions were assessed in relation to
the reference sequence V00654 from GenBank. The T3/T4 subclade haplogroup had the
highest frequency, as predicted for European cattle breeds. The diversity of haplotypes was
0.908 £ 0.005. The haplotypes observed in Romanian Grey Steppe were the same as those
seen in Hungarian Grey and Podolian cattle (Hungarian Grey, Bulgarian Grey, Ukrainian
Grey, Istrian, and Slavonian Syrmian).

Based on the gene sequences of the cytochrome b and d-loop mitochondrial markers,
the demographic and spatial expansion of the Grey Steppe population was analyzed, using
the Mismatch distribution calculation model, which shows the distribution of the number
of differences identified between pairs of haplotypes. As a rule, this distribution can
be unimodal (specific to populations that have undergone either a recent demographic
expansion or a spatial expansion characterized by a high degree of migration) or multimodal
(in the case of populations in demographic equilibrium). In the case of the Grey Steppe, a
multimodal distribution resulted from the analysis of both the cytochrome b nucleotide
sequences and the d-loop mitochondrial control region (Figure 5a,b).

| Y I

—— Freq. Obs. 04
Freq. Bxp.

= Freq. Obs.
Freq. Exp.

| (R

O e M
g

s
15

Pairwise Differences

T T 0 G T + T
20 25 30 0 5 10 15 20 25 30
Pairwise Differences

(@) (b)
Figure 5. Demographic expansion of Grey Steppe population: (a) cytochrome b; (b) d-loop.

The alignment of all cytochrome b and d-loop gene sequences was performed by the
ClustalW method using the MegAlign module, which is based on joining the forward and
reverse sequences for each individual by aligning them with the primer sequences, cutting
the two chains, and joining them into a single chain. After alignment, for each dataset
(cytochrome b sequences and d-loop sequences, respectively), the optimal substitution
model was checked, using the jModelTest program [34] based on the Akaike Information
Algorithm Criterion [35] (AIC). The best-fit models of nucleotide substitution were cho-
sen using jModelTest. This program employs five distinct model selection procedures,
including hierarchical and dynamical likelihood ratio tests (hLRT and dLRT), Akaike and
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Bayesian information criteria (AIC and BIC), and a decision theory method (DT). It also
provides model-selection uncertainty estimates; parameter importance estimates; and
model-averaged parameter estimates, including model-averaged tree topologies. Addi-
tionally, jModelTest provides novel tree optimization algorithms and model-averaged
phylogenetic trees (determining both topology and branch length). The optimal substi-
tution model for each analysis is shown in Table 5. Following the analysis, 22 variable
sites (1.9%) were observed, of which 18 were informative sites (1.6%). In the case of d-loop
sequences, the number of variable sites was 18 (2.0%), and the number of informative sites
was 13 (1.4%).

Table 5. The optimal substitution model calculated in the jModelTest program (cytochrome b and

d-loop).
Cytochrome b d-Loop
Model TrN+I 6 TPM3uf
Partition 010020 012012
-InL! 1708.1951 1354.6687
K2 64 67
freqA 3 0.3125 R(a) 1.0000 0.3278 R(a) 23.9836
freqC 3 0.3021 R(b) 4.4591 0.2440 R(b) 200.0000
freqG 3 0.1352 R(c) 1.0000 0.1379 R(c) 0.0586
cytochrome b d-loop
freqT 3 0.2501 R(d) 1.0000 0.2902 R(d) 23.9836
ti/tv 4 - R(e) 0.5005 - R(e) 200.0000
- R(f) 1.0000 - R(f) 0.0586
p-inv 5 0.8680 gamma - gamma -

1 _InL: negative log likelihood. 2 K: number of estimated parameters. ® freqA, freqC, freqG, freqT: frequency of
nitrogen base A, C, G, and T, respectively. 4 ti/tv: transition/trasversion ratio. ° p-inv: proportion of invariable
sites. © I: invariable sites

The optimal substitution model was chosen from a confidence interval of 100%,
with eight candidate models for both cytochrome b TrN+I6 (with an estimated mean log-
likelihood value of 1708.1951) and d-loop TPM3uf (with an estimated mean log-likelihood
value of 1354.6687). The values for the nitrogenous base frequencies were 31.2% for A,
25.1% for T, 13.4% for G, and 30.2% for C (cytochrome b sequence). A<->G and T<->C type
transversions had values of 4.4591 and 0.5005, respectively (Figure 6a), their ratio being
0.755 (Table 6).

A T A 0.0586 I
) N 328% ¢ " %
312% ¢ > 251% 5% 2o
4.4591 0.5005 6 3
o L0, — 200.0000 ¥ B35 200.0000
134% <= > < —
< — 30.2% o c
o0 C BY% ¢ 24.3%
G 239836
(a) (b)

Figure 6. Substitution rates for each nucleotide, calculated in jModelTest: (a) cytochrome b gene
sequences; (b) d-loop gene sequences.
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Table 6. Number of sites and Ti/Tv ratio for cytochrome b and d-loop mitochondrial markers specific
to the Grey Steppe population.

Sequence No. of Informative Sites %  No. of Variable Sites % Ti/Tv 1
cytochrome b 18 1.6 22 1.9 0.755
d-loop 13 14 18 2.0 5.107

1 ti/tv: transition/trasversion ratio.

In the case of d-loop gene sequences, the frequencies of the nitrogenous bases were as
follows: 32.8% A, 29.0% T, 24.3% C, and 13.9% G. The Ti/Tv ratio showed a value of 5.107
(Table 6 and Figure 6b).

3.5. Haplotype Frequency Assessment by Analysis of Cytochrome b Gene Sequences and
Mitochondrial d-Loop Control Region

By analyzing and interpreting the gene sequences of the two mitochondrial markers,
four haplotypes with different frequencies were identified (T1, T2, T3/T4, and P’QT), into
which the 32 individuals under study were classified (Figure 7).

N304 w2 m1l BrQl
16%
3%

_62%

19%

Figure 7. The frequency of haplotypes in Grey Steppe cattle population analyzed.

The highest haplotype frequency was represented by the T3/T4 haplotype, which
was identified in 20 analyzed individuals (62%): SS_02; SS_03; SS_04; SS_06; SS_07; SS_08;
SS_09;SS_10;SS_12;SS_13;SS_14;SS_15;SS_16;SS_17,SS_20; SS_21;SS_23; SS_24; SS_29;
and SS_31. Six individuals fell into the T2 haplotype, representing 19%: SS_01; SS_05;
5S_18; SS_19; SS_28; and SS_33. The haplotype P’QT was identified in five individuals,
with a frequency of 16%: SS_22; SS_25; SS_26; SS_30; and SS_34. (This haplotype was also
identified in the analysis of the nucleotide sequences from taurine specimens with direct
descent from Bos taurus primigenius.) A single individual, SS_11, was included in the T1
haplotype, which had the lowest frequency at only 3% (Table 7).
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Table 7. Identified haplotypes and representative individuals for each haplotype in Grey

Steppe population.
Haplotypes Identified Representative Individuals Total Individuals/Haplotype
5S_02; SS_03; SS_04; SS_06; SS_07; SS_08; SS_09; SS_10;
T3/T4 SS_12; S5_13; SS_14; SS_15; SS_16; SS_17; SS_20; SS_21; 20
S5_23;SS_24; SS_29; SS_31
T2 SS_01; SS_05; SS_18; SS_19; SS_28; SS_33 6
T1 SS_11 1
P'QT 55_22;SS_25; SS_26; SS_30; SS_34 5

3.6. Haplotype Network Analysis and Phylogenetic Tree Construction

The analysis of the nucleotide sequences using the Network program resulted in the
haplotype network graphically represented in Figure 8a,b. Four major haplotypes (T1,
T2, T3, and P'QT) were identified, with specific connection networks. Each haplotype
corresponded to a certain number of individuals (Table 7).

D-loop CytB

SS 21

1sample
O par
on

@n
@ 13

@) (b)
Figure 8. The network haplotypes of Grey Steppe cattle population: (a) d-loop; (b) cytochrome b.

Through the analysis of the distribution of the four haplotypes, it was found that the
T3 haplotype had the highest weight, being identified in 20 individuals out of the 32 that
were analyzed.

The identification of the P'QT haplogroup following the analysis of the nucleotide
sequences of the Grey Steppe cattle breed indicated that this haplotype is of the ancestral
type, being specific to Bos taurus primigenius, from which this breed evolved. Within this
haplogroup, five individuals were identified (55_22; SS_25; SS_26; SS_30; and SS_34),
representing 16% of the specimens analyzed. The genetic distance between haplotypes
T1, T2, and T3 varied between one and four sites. The presence of T-derived haplotypes
suggested the demographic expansion of this population (Figure 9).
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Figure 9. Phylogenetic tree obtained from the data analysis of the cytochrome b gene and the
estimation of divergence time.

4. Discussion

To date, only a few studies have been conducted on the genetic composition of
Podolian cattle breeds. Most were confined to a few breeds and focused on the nuclear
genome. This study reported, for the first time, the genetic diversity and phylogenetic
characteristics of indigenous Romanian Grey cattle based on the sequencing of mtDNA
markers. The analysis of genetic diversity and phylogeny plays an essential role in the
genetic improvement and selection of cattle breeds for sustainable breeding and manage-
ment programs in many countries. The type and number of haplotypes constitutes a key
indicator in the maternal line of a cattle breed’s genetic diversity. The numerous studies of
mtDNA in the Bovinae species [2,19,36-38] have demonstrated the existence of five major
haplotypes specific to the genus Bos taurus, the wild ancestor of domesticated cattle (T1, T2,
T3, and T4), as well as two haplotypes for Bos indicus (I1 and 12). Recent research [39-43] has
shown that almost all taurines belong to macro-haplogroup T, and the estimated divergence
time is ~16,000 years, indicating a narrow bottleneck in the evolutionary history of taurines
in the Bos taurus genus. Macro-haplogroup T is divided into two sister subclades (T5 and
T1/T2/T3), the predominant subclade being T1/T2/T3. Over time, T4 was integrated
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into T3 [44]. Haplogroup P was another prominent haplogroup in European aurochs,
but it has not been found in current European cattle. However, from a dataset of over
3000 haplotypes, haplogroup P has only been detected in three modern breeds: Asian cattle,
Korean cattle, and Chinese cattle [45]. This haplogroup is thought to be a relic of wild
auroch introgression into the early domesticated bovine gene pool [45,46].

Other studies [47,48], aimed at analyzing the nucleotide sequences of the d-loop spe-
cific to an endangered Italian taurine breed, led to the identification of another haplogroup
belonging to this breed, namely, haplogroup Q. Haplogroup Q was also identified following
the phylogenetic analysis of ancestral European cattle, with descent from Bos taurus primige-
nius. A study by Achilli et al. [19], regarding the origin of taurines based on mitochondrial
genome analysis, demonstrated that not all taurines in Europe belong to haplogroup T. In
this study, we analyzed the gene sequences of the mtDNA from 26 European cattle breeds
(22 from Italy and 4 from other regions of Europe). Most breeds fell into macro-haplogroup
T and its subclades. Of the analyzed breeds, 1.4% were representative of haplogroups P
and Q, which are specific to ancestral cattle from northern and central Europe with Bos
taurus primigenius as their common ancestor. Haplogroup Q is phylogenetically close to
macro-haplogroup T. Studies in the literature show that haplogroup Q and haplogroup T
subclades are implicated in the same domestication event in the Fertile Crescent [49-51].

It has been suggested that haplogroup P belongs to breeds domesticated in the Near
East, which then moved following the migration of humans. Another recent article by
Senczuk et al. [21] contributed several findings regarding the origin and evolutionary
history of the Podolian cattle breeds. Haplogroup P is characteristic of ancestral taurines of
central and northern Europe and a few modern taurine breeds. In the haplogroup Q line,
Italian, Egyptian, and Neolithic European cattle breeds can be distinguished, and in the R
line, Italian cattle breeds can be distinguished from the Podolian Grey group. Compared
to modern European cattle breeds, cattle from the “Podolian Grey” group, which also
includes the Grey Steppe breed that was the subject of this research, present many ancestral
characteristics (long horns, longevity, and adaptability to climatic and environmental
conditions). The evolutionary history of European cattle is dominated by introgression
events with both ancestral cattle and other breeds. According to the latest findings, the
introgression between Indic and European taurines dates back ~4200 years [21,52,53].

Other studies on Podolian breeds found 13 haplotypes in 5 Istrian cattle and 5 haplo-
types in 47 Slavonian Syrmian Podolian cattle [54], as well as 7 haplotypes in 39 Bulgarian
Grey cattle [55]. Significantly lower levels of genetic diversity were observed in Serbian
Podolian (0.709; n = 11) and Ukrainian Grey cattle (0.000; n = 8) [56], which could be ex-
plained by the lower sample size or the influence of human breeding activities (inbreeding,
population bottlenecks). Moreover, modern cattle populations and wild cattle have high
haplotype diversity, with the predominance of haplogroups T1, T2, and T3 [19,24].

Through molecular investigations, we found that the cytochrome b gene was the
mitochondrial marker capable of evaluating the phylogenetic relationships most accu-
rately, showing particular relevance for highlighting genetic differences, while the d-loop
molecular marker presented the best topological support.

5. Conclusions

The identification of the P’QT haplogroup following the analysis of the mitochondrial
marker nucleotide sequences of the Grey Steppe cattle breed indicated that this haplogroup
is of an ancestral type, being specific to the wild Bos taurus primigenius, from which this breed
evolved. The present research might help to save the endangered Romanian Grey Steppe.
The findings from a small population of endangered Romanian Grey cattle demonstrate
the presence of significant genetic variety and underline the importance of the breed in the
formation of overall genetic biodiversity in cattle. Saving the Romanian Grey breed from
extinction will assist both Romanian agriculture and global genetic heritage. The results
of this study demonstrated that the Romanian Grey is a direct descendant of Bos taurus



Agriculture 2022, 12, 2059 14 of 16

primigenius, representing a valuable tool for efforts to conserve the genetic resources of this
endangered cattle breed.
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