https://doi.org/10.15407/animbiol24.03.003
UDC 636.4.082:575.113
Received 27.07.2022 = Accepted 12.09.2022 = Published online 01.10.2022

Genetic diversity of modern lines of hybrid pigs
based on variations in mitochondrial DNA sequence

Ye. O. Budakva’, K. F. Pochernyaev’, S. M. Korinnyi?, M. G. Povod?

budakvayelyzaveta@gmail.com

'Institute of Pig Breeding and Agricultural Production NAAS,
1 Shvedska Mohyla str., Poltava, 36013, Ukraine

2Poltava State Agrarian University,

1/3 Skovorody str., Poltava, 36003, Ukraine

3Sumy National Agrarian University,

160 Gerasima Kondratieva str., Sumy, 40021, Ukraine

In the study, we evaluated the genetic specificity of haplotypes in the population of
hybrid gilts (Large White x Landrace), (Landrace x Large White) from the SPE “Globinsky Pig
Complex” LLC and breeding sows of the Large White breed from the SE “DG named after
January 9"” using polymorphism of the lengths of the restricted fragments of mtDNA. The pur-
pose of the study was to determine if the process of creating specialized parent lines (of modern
cross-border breeds) reduces haplotype diversity. As a genetic material, bristles from sows of
the Large White breed (n=7) were used and epithelial tissue of pigs (Large White x Landrace),
(Landrace x Large White) — (n=37). DNA release from bristle samples was carried out using
ion exchange resin Chelex-100. For the study of the D-loop of the mitochondrial genome of
hybrid pigs (n=37) from the epithelial tissue of the auricle, a set of DNA-sorb-B nucleic acid
extraction kit from “InterLabService-Ukraine” LLC was used. The samples of epithelial tissue
of pigs’ ears were treated with fire from fuel tablet. For the analysis of the mitochondrial genome,
the method of polymorphism of the lengths of restricted fragments was used, amplified with
PCR. Genotyping of DNA samples of experimental pigs according to mitochondrial markers
was carried out with the involvement of the polysite method in accordance with the methodological
recommendations of K. F. Pochernyaev and M. D. Berezovsky (2014). The use of maternal
inheritance type markers (mtDNA) allowed to identify 2 maternal lines with specific haplotypes,
which participated in the creation of hybrid pigs and the formation of their haplogroup. The ge-
netic diversity of mtDNA subspecies of wild and domesticated pigs is limited by the existing lines.
Therefore, one haplotype of the mitochondrial genome does not indicate a specific breed, since,
several breeds have the same haplotype mtDNA — A, G, C, N, and O. The concentration of
haplotype A in tribal sows of Large White breed with a frequency (16%). In the hybrid gilts
(Large White x Landrace), (Landrace x Large White) the concentration of detected haplotypes is:
C (n=9) — Landrace, Hampshire, Wales, wild pig (20.5%); G — (n=5) Wales, wild pig (11.4%);
O (n=5) — Landrace, wild pig (11.4%); N (n=11) — Large White, Berkshire, Asian wild pig
(25%); D 9%, K 6.8% (n=7) — unknown among the breeds of domestic pig. We assume that
pigs of a Large White breed with haplotype A and hybrid pigs (Large White x Landrace),
(Landrace x Large White) with haplotype G, O, in particular D, K contain aboriginal genetic
resources. However, in the middle of the XX century, subspecies of wild and domesticated pig
breeds became less population-like due to decrease in the area of cultivation and increased
pressure from foreign breeds with high growth rates and breeding grounds. Thus, there is a risk
of extinction — existing haplotypes and those which have not yet been identified among domes-
ticated pigs (D, K). This suggests that the study should focus on classifying and identifying
the phylogenetic origin of pigs and the creation of a molecular genetic bank of producer boars
for environmental activities. The domestication process puts strong selective pressure on Sus
scrofa species through genetic processes such as inbreeding, genetic drift, natural and artificial
selection according to the desired signs. Over the past 9—10,000 years, human intervention
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has led to domesticated species that are morphologically, behaviorally, and genetically differ-
ent from their ancestors’ relatives. We believe that the “hybrid” subspecies of wild pigs with
some morphological features of a domesticated pig had a higher proportion of the full-genomic
ancestors of a domestic pig compared to the morphologically pure subspecies of wild pigs.
Animals with haplotypes D, K are the result of hybridization with European boars. Representatives
of haplotypes A (Large White, European-type Duroc, Mangalica); G (Wales, wild pig) — Italy;
C (Landrace, Wales, Hampshire, wild pig) — Ukraine, Poland, France; O (landrace, wild pig) —
Sweden, grouped into the European cluster of “mt-E” haplogroup. Pigs with the haplotype N —
Large White (Asian type), Berkshire, a wild pig belongs to the Asian cluster of “mt-A” haplogroup.
Over time, this led to almost complete disappearance of primary Middle Eastern ancestors
in the nuclear genomes of European domesticated pigs. Phylogenetic reconstruction of mito-
chondrial genome data from hybrid pigs reflects a clear geographical division of mtDNA data —
Eastern Europe and Asia. In particular, the subspecies of European and Asian wild pigs is the
ancestral foundation on the maternal line, which preceded domestication and breeding pigs
by hybridization. European and Asian haplotypes of wild pigs have shown that wild pigs from
regions such as Italy, Poland, France, Scandinavia, and Ukraine were also either domesticated
or at least initially included in domesticated pigs. The results of the study of the S. s. domestica
mitochondrial genome showed an intra-breed genetic diversity of hybrid gilts. This is due to the
selection strategy of international genetic centers, where, despite the consolidation of the genetic
structure in the inside of the center, significant general genetic diversity of the breed is ensured.
In addition, the above results indicate a connection between the frequency distribution of mtDNA
haplotypes and adaptation to different climate conditions. As a whole, the presented results
are an incentive to continue research on the study of the mitochondrial genome of modern
lines of hybrid pigs. Carriers of haplotype C, O, G, and N are the basis of maternal breeding
and improvement of the lines of hybrid pigs of the XXI century. It is necessary to take into account
the fact that the cleanest mother nuclei (Wild pig, Great Yorkshire, Landrace) are really clean
foundation for use in hybridization schemes, in the crossing over, in the formation and develop-
ment of modern hybrid lines of pigs. Despite this, the diversity of the mitochondrial genome in
the population of transboundary breeds persists.

Key words: origin, mtDNA, D-loop, haplotype, haplogroup, clade, cluster, breeding
sows of the Large White, hybrid gilts (Large White x Landrace), (Landrace x Large White),
PCR-RFLP analysis
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Questions of the breed-creative process of domesti-
cated pigs (Sus scrofa domestica) when creating modern
hybrid lines of pigs, it is necessary to consider from the
definition of the concept “Origin”. Origin is the attribution of
animals to certain breeds, lines, families, or subspecies of
wild ancestors [18]. Eventually, the study of maternal lines
using mitochondrial DNA markers. The microevolution
process of breed formation has developed due to breed-
ing conditions — a process of domestication, hybridization,
selection, and selection of pairs. The requirements of mod-
ern breeding ensure the progressive development of the
genome of domesticated pigs. To organize maternal lines,
the most convenient way to study is mitochondrial DNA.
The main source of the mechanism of breed-creative
microevolution is hybridization, selection, and selection
in the conditions of the intensive domestication process.
The basis of the microevolution of S. s. domestica rep-
resentatives as a morphogenetic transformation of the
body of pigs are mutations and selection. It is microevolu-
tion that is the basis of labor formation in the conditions of
domestication. Modern domestication is explained by the
transformation of natural selection into artificial. It is worth
considering the fact that the intraspecific hybridization

of the current distant descendants of subspecies of wild
pigs in Eurasia, the selection process of populations that
have undergone domestication is the result of artificial
selection. Therefore, among modern representatives of
high-performance hybrid pigs, there is a multiple cascad-
ing repetition and permanent use of Asian and European
ancestral forms. This is effectively confirmed by molecular
gen etic analysis of PCR-RFLP using maternal inherition
markers. Studies of S. s. domestica microevolution at
the molecular genetic level confirm the fact that the main
source of the gene pool in the formation of the S. s. do-
mestica genome was the mitochondrial genome of Asian
and European subspecies of wild pigs (molecular-genetic
Euro-Asian heterozygosity genome in the microevolution
of S. s. scrofa). The study of S. s. domestica microevo-
lution using molecular genetic methods made it possible
to understand the specific direction of the mitochondrial
genome of a large breed of pigs and hybrid pigs of foreign
breeding. Subspecies of wild pigs of Asian origin took an
active part in the microevolution of modern S. s. domes-
tica representatives which come from the following sub-
species: S. s. Orientalis, S. s. cristatus, S. s. vittatus [4].
Commercial European domestic pigs are genetically more
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diverse than European wild boars, although historically the
latter represent the original population for domestication [3].
However, the genetic structure of pig breeds in Ukraine
represents wide geographical regions and various climatic
zones of Eurasia. Therefore, analysis of the genetic di-
versity and maternal structure of the population based
on genomic data is useful for finding out the demographic
history of pig breeds around the world.

Pigs (Sus scrofa) are among the first domesticated an-
imals and remain one of the most important species in the
agricultural communities of Eurasia [5, 19, 22]. S. scrofa
have been domesticated 8,000 to 10,000 years ago in
Eastern Anatolia and China [14, 21]. Most pigs were im-
ported into Ukraine from the UK and China. Many breeds
of pigs registered in the middle of the twentieth century
were obtained by crossing several basic populations from
different breeds, including Large White, Landrace, Hamp-
shire, Berkshire, Mangalica, Asian pigs, and eventually
the population of local subspecies of wild pigs. Although
in Ukraine pigs come from imported breeds. This led to
the emergence of unique characteristics that are specific
to modern breeds and hybrid pigs, through intensive
methods of selection work. The uniqueness is that mod-
ern pig populations differ from the “founding breed”, how-
ever, they are carriers of the haplotype of the maternal
type of inheritance. The question is that today there is not
enough literature on the breeds of pigs kept and bred in
Ukraine. It is possible that these breeds represent unique
genetic resources for local commercial pig lines. With this
in mind, the purpose of our research was to determine,
whether the process of creating specialized maternal
lines in modern transboundary breeds leads to reduce
haplotype diversity.

The Purpose of the Study

The purpose of the study was to determine whether
the process of creating specialized maternal lines in
modern transboundary breeds leads to a decrease in
haplotype diversity among the studied sample of hybrid
gilts (Large White x Landrace), (Landrace x Large White)
from the “Globinsky Pig Complex” SPE LLC and breeding
sows of the Large White breed from the “DG named af-
ter January 9" SE using polymorphism of the lengths
of the mtDNA restricted fragments.

Materials and Methods

The research was carried out in the conditions of
the genetics laboratory of the Institute of Pig Breeding and
Agricultural Production NAAS. To extract the D-loop of the
mitochondrial genome of hybrid pigs (n=37) from the epi-
thelial tissue of the auricle was used set DNA-sorb-B nu-
cleic acid extraction kit from the “InterLabService-Ukraine”
LLC. Samples of epithelial tissue from the ears of pigs
were treated with fire from fuel tablet for 5-7 seconds.
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After, the treated samples were crushed with a scalpel
in the amount of 0.20 g per 1 sample. After the study,
the samples were extracted by the sorbent method.

Samples of biological material — bristles from breed-
ing pigs of the Large White breed (n=7) were investigated
in SE “DG named after 9 January IPB and AIP NAAS”.
DNA release from bristle samples was carried out using
Chelex-100 ion exchange resin according to the meth-
od [6]. If necessary, ready samples of matrix DNA from
bristles and epithelial tissue were stored in the freezer
at a temperature of —20°C. Genotyping of samples of epi-
thelial tissue and bristles was carried out by PCR analysis
with its own selection of thermodynamic characteristics
of PCR taking into account the optimal concentration of
amplified samples and the length of 2% of the agarose
gel to confirm the results of 428 base pairs (table 1, 2).

Aliquot of PCR product (4 uL) was hydrolyzed with
Tasl endonuclease (Thermo Scientific™). DNA hydro-
lysis products were analyzed in 8% polyacrylamide gel
in electrophoresis buffer 1xTBE. Enzymatic digestion
was performed in a final volume of 10 L, including 5 pL
(~0.1-0.5 ug of DNA) of the PCR product, 0.1 pL of Tas |
endonuclease (Thermo Fisher Scientific™) and 2 yL
Buffer 10X, together with nuclease-free water 2.9 to reach
final volume 9.9 pL. For electrophoresis in 8% PAAG for
accurate separation of fragments of restricted samples,
the optimal time and voltage of the electric field were
selected. pBR322 DNA/Msp | and pUC19 DNA/Mspl
plasmid DNA was used as a molecular weight marker.
Visualization of amplification and restraint products
was carried out by staining with ethidium bromide and
photographing on a transilluminator in ultraviolet light
(MicroDOC Gel Documentation Digital camera with UV
Transilluminator, Cleaver Scientific).

Table 1. The scheme of collection of components of PCR mixture
with the expectation of 44 samples with a capacity of 0.25 cm? test tubes

Date: 2021 2012020 20125021
PCR
Gene MTH TH-01 TH-01
Program T63°C 7 37
H,O 11.0/5.0 l 77.0 pl 185.0 pl
10x(NH),SO, 2.5/1.25 pl 17.5 pl 46.25 pl
2mmdNTP 2.0/1.25 pl 14.0 pl 46.25 pl
25mmMgCl 2.0/1.0 pl 14.0 pl 37.0 ul
Prim.MITPRO2F 1.0/0.25 pl 7.0 ul 9.25 ul
Prim.MITPROR 1.0/0.25 pl 7.0 pl 9.25 yl
Tag.Polymerases 0.5/0.5 pl 3.5l 18.5 l
DNA 8-12 pl at 20.0 pl at 7.5 pl

Note. * MTH — abbreviated name of reagents for staging PCR mito-
chondrial DNA of a pig, *TH-01 — PCR program [Author’s development]

Table 2. Structure of oligonucleotide primers
for amplification of mitochondrial DNA of pigs in PCR

D-oop of mito- Oligo-

chondrial DNA _nucleotide
MITPRO2F CATACAAATATGTGACCCCAAA 428

NC_000845.1 MITPROR GTGAGCATGGGCTGATTAGTC bp.

Structure Size
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To determine the susceptibility of each region of the
genome to the acquisition of variants normalized the to-
tal number of variants to the size (bp) of the D-loop area,
as described in methodical recommendations [13].

Results and Discussion

The maternally inherited mitochondrial genome en-
codes key proteins of the electron transport chain, that
produces to the vast majority of cellular ATP. The mito-
chondrial genome is necessary for the biochemical pro-
cess of oxidative phosphorylation which generates most
of the cellular energy [11]. OXPHOS is carried out in the
electron transport chain and is the only cellular apparatus
the subunits of which are encoded by the mitochondrial
genome [2]. The pig mitochondrial genome has a size of
16,679 base pairs [17]. The total length of the pig’s mito-
chondrial genome (KX094894.1) number is 16,731 base
pairs [9]. The mitochondrial genome encodes 13 of the
90 subunits of the electron transport chain, 22 tRNAs
and 2 rRNAs, and has one non-coding area of the D-loop
which interacts with nuclear-encoded factors that tran-
scribe and replicate mtDNA [16, 20]. The D-loop also
has two hypervariable regions that identify maternal
ancestry. Over billions of years, various maternal lineages
have evolved, and based on their mtDNA sequences they
are grouped together in groups known as mtDNA haplo-
types. In order to determine the diversity of domesticated
pigs in Ukraine was sequenced variable area of D-loop
44 pigs. Identified 5 haplotypes mtDNA (A, C, G, N, O)
and 2 (D, K) — unknown among the breeds of domes-
tic pig. The use of markers of mitochondrial DNA allows
you to determine how many maternal lines with specific
haplotypes participated in the creation of the breed and
the formation of its haplogroup. It is also possible to identi-
fy wild subspecies of ancestors that were the basis of do-
mestication and subsequently material for breeding work
on improving economic qualities and fixing breed-specific
features. For example, in this way, it was confirmed that
the pigs of the Yorkshire breed of Canada and the United
States are direct descendants of the English Large White
breed [1]. The Great White Breed of Pigs (Yorkshire) was
bred in the eighteenth century by crossing the local Great
White Pig of Northern England with smaller ones, fat Chi-
nese Pigs. The Great White Breed was recognized as
a breed in 1868 [15]. The Large White breed of pigs is
a popular breed in the commercial and breeding market
around the world. The Large White breed is known as
the “improved Great Yorkshire” in Canada and the United
States. The Great White Breed of Pigs is one of the first
founding breeds of the National Pig Breeders Association.
In the UK, Large White breed pigs are leaders in bacon
production. In Canadian breeding, it is the Large White
Breed that makes up the bulk and is imported to the
United States. “improved Greater Yorkshire” and their
descendants form the basis and are found in almost all
breeding crossbreeding programs and rotation using

two or more breeds in the hybridization system. Sows of
the Large White breed form the basis of female pigs F;.
Modern breeding selection programs are designed taking
into account the selection of individual queen lines to ob-
tain purebred offspring, which differ in indicators: growth
rate, % lean meat ratio and are included in terminal boar
breeding programs (Maxgro). “Improved Greater York-
shire” is widely used in intensive pig breeding due to its
inherent maternal qualities, fertility, acclimatization, and
high-performance signs [7]. In Ukraine, Large White pigs
were introduced at the end of the XIX century. At the end
of the XX — the beginning of the XXI century, the gene
pool of pigs in Ukraine consists almost entirely of import-
ed pigs from the advanced breeding centers of Denmark,
France, England, the Netherlands, and Ireland.

It is believed that all descendants come from one
high-performance ancestral and repeat its mitochondrial
haplotype, this helps to establish the ancestor of all
descendants in a number of generations [8]. To provide
population evaluation, an effective approach is to study
the polymorphism of the mitochondrial genome. Various
mitochondrial DNA markers are found in the following
breeds of pigs: A (fig. 1, 2).

Breed of pigs Mangalica, a representative of haplo-
type A, was bred during the Austro-Hungarian Empire,
after Archduke Joseph Anton Johann received several
Sumadian pigs from the Serbian prince and crossed them
with the pigs Bakonyi and Szalontai — (Bakonia x Szalon-
tai) x A Sumadija breed of Serbian origin (1833). Then
the breeders made a rush of blood to female pigs of the
“curly pig” breed Alféldi and the Croatian Siska and Syr-
mien. “Curly pig” Mangalica belongs to the European un-
improved breeds of pigs of the sebaceous direction of pro-
ductivity (Iberian Black, Sicilian Black and Alentejan), which
originated directly from populations of Wild pigs. Officially,
in Europe, the Mangalica breed was recognized in 1927.
In 1927, the National Society of Pig Breeders of Seba-
ceous Productivity was established to improve the “Man-
galicatenyészték Orszagos Egyesitilete” breed. Mangalica
“curly pig” was widespread in the Austro-Hungarian Empire
in the early XX century. After the Great Patriotic War, their
number decreased sharply. Hungary was on the side of
the losers in both world wars, and reparations paid in
kind also reduced the number of “curly pigs” in the country.
After the 1970s, the introduction of new agricultural technol-
ogies led to the cessation of Mangalica production. Thus,
it was gradually supplanted by other selected fast-growing
imported breeds. And the mother nucleus of female pigs
Mangalica began to be sharply squeezed out of the com-
mercial market. However, due to valuable characteristics
like resilience and excellent adaptability to extreme con-
ditions of detention, maternal qualities, taste properties
of meat have been recognized again since 2003.

One of the representatives of haplotype A — Duroc
pigs were bred between 1822 and 1877 from pigs “Old Du-
roc” from New York and Red Jersey pigs “Duroc Jersey”
from New Jersey. The Duroc breed has undergone
wide exports, mainly to the regions of North and South
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America. It is believed to be one of the sources of red or
reddish-brown pigs found in the United States were those
that came from the Guinean coast of Africa, pigs similar
to those found on the coast of Guinea have been found
in every country, where did the first ships engaged in the
slave trade go. Reddish-brown “Red Berkshire” line pigs
were introduced to the United States and are probably one
of the founders of the Duroc breed. “Red Berkshire”, the
modern Duroc is used in crossbreeding programs as a ter-
minal boar-producer when crossing with sows (¢ Large
White x & Duroc), (29 Landrace/Large White) x & Duroc.
Since, the Large White breed of pigs is a plastic material
for breeding development in the intensification of the pig
industry, it is advisable to use breeding sows as a mater-
nal base in 3 breed crossed, which ensures the use of two
levels of heterosis (@ Large White x &' Landrace) = hybrid
sows F,. (2 F, x & Duroc), (? F, x & Piétrain) — sows F,
mate with boars of specialized meat breeds or with boars
of synthetic line — Maxter, OptiMus, MaxGrow.

C — Landrace, Hampshire, Wales, wild pig (Ukraine,
Poland, France); G — Wales, wild pig (Italy); O — Land-
race, wild pig (Sweden, France); N — Large White (Asian
type), Berkshire, Asian wild pig (fig. 2, 3).

Representative of haplotype C — Hampshire, accord-
ing to the American National Pig Registry — it is the fourth
“most recorded breed” of pigs in the United States. The
Hampshire breed originated from the local breeds of pigs in
England, which by habitat were found in northem England
and Scotland. Hampshire pigs are an “Aboriginal British”
breed, as the original breeding stock in 1832 was import-
ed from Wessex and Great Britain. Mainly the Hampshire
breed is valued in the use of a crossover. Since 1890, in the
United States, the Hampshire breed has also been called
“The Thin Rind”, because, in terms of productivity, Hamp-
shire pigs are characterized by lean meat, a high percent-
age of meat yield, and less salted. The Hampshire breed
has a wide demand in the European market as breeding
programs for the production of hybrid pigs in 3—4 genera-
tions (Large White x Large White) — (Large White x Land-
race) — (V2 Landrace/Large White x Hampshire). In 1975,
the Hampshire breed became the breed champion at the
English Royal Exhibition. In the world of commercial pig
farming, the Hampshire breed is the best terminal breed
as a used in breeding productivity programs on important
economic indicators of hybrid pork production.

Inherited maternal haplotypes C and O — French
Landrace, Danish Landrace, English Landrace, Polish
Landrace, and Ukrainian Landrace belong to the breed of
pigs from Scandinavia, Denmark, and Sweden. Landra-
ce pigs have been introduced to France since the 1930s.
Since then, the French Landrace has been effectively
used in breeding. The Landrace is an important parent
breed in the European and Ukrainian selection and com-
mercial pig market. Widely used in reciprocal crossbreed-
ing. Landrace pigs belong to any group of standardized
breeds of domesticated pigs and hybrid pigs. The name
of the breed is due to the fact that the basis of the Danish
Landrace breed was made up of specimens of the local
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Fig. 1. Results of electrophoretic fractionation in 8% PAAG ampli-
fied in PCR and hydrolyzed using endonuclease Tas | mitochondrial
DNA of pigs of the final hybrid (LWxL). M — molecular weight
marker pUC19 DNA/Mspl. [Author’s development]
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Fig. 2. Map showing European continents, place of origin
of European wild boar, Duroc (United Kingdom) no. 1
and Mangalica (Serbia, Hungary) no. 2 [Author’s development]
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fied in PCR and hydrolyzed using endonuclease Tas | mitochondrial
DNA of pigs of the final hybrid (LWx L). M — molecular weight
marker pBR322 DNA/Msp I. [Author’s development]
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breed of pigs and a regional autochthonous breed origi-
nally from Denmark. The modern Landrace appeared as
a result of crossing pigs of the Large White breed from
England with a local pig. Thanks in large part to the use
of Landrace, Denmark has become a major bacon ex-
porting country and England became the main market.
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Fig. 4. Results of electrophoretic fractionation in 8% PAAG ampli-
fied in PCR and hydrolyzed using endonuclease Tas | mitochondrial
DNA of pigs of the final hybrid (LWx L) x Maxgro. M — molecular
weight marker pUC19 DNA/Mspl. [Author’s development]
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Fig. 5. Map showing European continents, place of origin of wild
pigs and S. s. domestica, as well as the current geographical loca-
tion of hybrid pigs (Large White x Landrace) x Maxgro. No. 1 C —
Landrace, Hampshire, Wales, wild pig (Ukraine, Poland, France);
no. 2 G — Wales, wild pig (ltaly); no. 3 O — Landrace, wild pig
(Sweden, France); no. 4 N — Large White (Asian type), Berkshire,
Asian wild pig. [Author’s development]

The basis of the American Landrace were those pigs that
were bred in pure form or carried a small impurity (one
sixteenth to one sixty-fourth) of polish-chinese blood.
38 boars and pigs carrying the blood of Norwegian, Dan-
ish and Swedish landraces were imported from Norway.
Their blood mixes with U.S. Landraces and gives them
a broader genetic base. Polish-Chinese breed of domes-
ticated pigs, first bred in 1816 in the Miami Valley, state
Ohio, USA. The basis of the Polish-Chinese pig is made
up of Berkshire and Hampshire breeds. The Polish Land-
race was based on an improved white German pig meat
type productivity. The breed was modernized using the
German and Swedish national breed. The Polish Landra-
ce breed was finally identified and confirmed by a direc-
tive of the Ministry of Agriculture in 1962.

Since haplogroup — this is a set of related subclades,
which are descended from even more ancient common
ancestors. The mt-E and mt-A clades we have defined —
itis a collection of carriers of the same SNPs, that s, all car-
riers, in this case, a population of hybrid gilts and breeding
sows descended from one common maternal ancestor.
All domesticated pigs are grouped into a single clade D
with the inclusion of wild pigs from East Asia. Intra-clades A,
mtDNA Asian domesticated pigs were grouped into
a single clade D, and wild pigs from the East Asia region
were interbred with European domesticated breeds of pigs.
Therefore, wild pigs from East Asia and European domesti-
cated breeds (Berkshire) belong to the clade E and A.

One of the representatives of the haplotype inherited
from the maternal line — C and G, breed Wales, is the
most commercially developed of all traditional breeds.
Wales pigs are ideal for intensive pork production sys-
tems. Pigs wales have been found in the southern and
western counties of the Principality. In the 1870s, Welsh
and Shropshire pigs were in demand in the commercial
trade in Cheshire. Thus, Wales and Shropshire have un-
dergone migration through the commercial market in con-
nection with the improvement of the productive qualities of
local and domesticated pigs of Ukraiand and, Poland. In
1922, the Welsh Pig Society played an important role in in-
creasing and spreading the number of brood stock of pigs,
development of commercial characteristics of the Wales
breed. In the 1950s, the production of commodity-type
pigs was introduced into breeding practice — product lines
for matemal and paternal. In this regard, the breed Wales
was crossed with the breed Landrace (Wales x Landra-
ce), (Landrace x Wales). As a result, in 1955 the improved
Welsh pig was identified in “The Howitt Report” as one
of the three main breeds (Yorkshire, British Landrace,
Wales) on which modern pig breeding is based. However,
the unrelenting desire to intensify and strengthen hybrids
in commercial herds has led to a significant reduction in
the number of breeds, and now it has become a threat-
ened breed. This led to the decline of many other native
breeds, which are known for their characteristics and per-
formance in the counties of East Anglia, in midlands, and
Yorkshire. These are good pig-breeding areas of England,
where most of England’s two dominant breeds are locat-
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ed — Large White and British Landrace. Commercial pro-
ducers have used Welsh pigs as a White breed in cross-
breeding programs (as nuclei on the maternal and pater-
nal lines). Since the Breed Wales does not have a close
relationship with the most famous breeds large White and
British Landrace. Increased demand for pork and bacon
during the First World War, when imports were restricted
to Canada and the United States, led to the creation of the
first hog breeding society in Wales. Old Glamorgan Pig
Society was founded in 1918. The first volume of the stud
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book was published in 1919. Pigs of this type were also
bred in Cardigan, Pembroke, and Camarten.

The Berkshire Breed in 1790 in the Thames Valley,
near Vantigieg. Characterized as a large black, red pig.
Lord Barrington was thought to be largely responsible for
improving the breed in 1825, when Chinese or East Asian
blood was introduced into the breed. In the XIX century,
the breed became very popular, enjoying the patronage
of the aristocracy, including Queen Victoria. In 1823, the
first Berkshire company was exported to the United States.
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Table 3. The concentration of mitochondrial haplotypes
identified among the sample of pigs studied

Reference sequence
(Accession: AJ002189.1) position

Haplo- Population

H 0,
types Group details Base pairs %
SE “DG named after January 9" IPB and AIP NAAS”
wild pig,
European Mangalica,
. commercial Duroc, g 1@
Large White
SPE “Globinsky Pig Complex” LLC
Wild boar,
European wild / Landrace,
© commercial Hampshire, Sz AL
Wales
European wild / Wild boar,
G —" o I Wales 247/99/60/22 11.4
o FEuropeanwild/ Wild boar,  5n300/60/144100  11.4
commercial Landrace
Asian wild / 8
; Wild boar,
N commercialand | oo \White, 203/133/44/23122 25
European wild / H b
. ampshire
commercial
D  undetected 346/37/23/22 9
among pigs
K  of domestic 203/159/44/22 6.8
breeds

[Author’s development]

Over the past 17 years of the XIX century, the breed has
produced 12 Smithfield champions, including pigs exhib-
ited by members of the Royal Family. In the 1900s, the
reduction in the Berkshire pig population led to the almost
extinction of the breed in this country. However, with the
introduction of new blood from Australia, New Zealand,
and the United States, the breed has made great strides in
recent years both in quantitative terms and as a carcass.
As a hybrid breed, Berkshire is suitable for any breeding
program, regardless of whether he is used as a father or
mother. When crossing with a white breed, the resulting
offspring will be white and inherit natural resources strong
physique of Berkshires, and the ability to withstand ex-
treme temperatures, as well as the easy level of feeding
characteristic of this breed. Berkshire’s herd is also in de-
mand overseas, especially in Japan where the breed is
very popular and sold as black pork at a higher price. Jap-
anese shoppers still believe Berkshire from the UK has the

25.0%

20.5%
16.0%
g 14%  11.4% "
9.0%

7 6.8%
5 5 4

A C G (¢] N D K

SE “DG named after January 9"
IPB and AIP NAAS”

SPE “Globinsky Pig Complex” LLC

Fig. 7. Concentration of mitochondrial haplotypes in the study popula-
tion of pigs SE “DG named after January 9" IPB and AIP NAAS” (n=7)
and SPE “Globinsky Pig Complex” LLC (n=37) [Author’s development]
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best taste and aroma. Today, paternal lines are available to
breeders (Orlando, Namatjira, Ambassador) and maternal
lines (Suzanne, Mermaid, Farewell, Lady, Excelsa) [10].

Identification of alleles C, G, O, and N which have led
subspecies of wild pigs to transformation, behavioral and
physiological through artificial selection, represents the
challenge we face from an interdisciplinary perspective in
studying the process of domestication of wild and domes-
ticated pigs. There is a general consensus that the Eur-
asian wild boar (S. scrofa) and other sister species, such
as S. celebensis (Celebes warty pig), S. verrucosus (Java
warty pig), S. sebiferous (Visayan warty pig), S. philippen-
sis (Philippine warty pig) and S. barbatus (Bornean beard-
ed pig), emerged in Southeast Asia in the early Pliocene,
approximately 5.3—3.5 Myr ago [14]. We found that the
Eurasian region of Eastern Europe was one of the key
areas of pig domestication. Subspecies of wild pigs from
Eurasia have a maternal line with modern domesticated
pigs. Asian haplotype N demonstrates maternal genetic
continuity dating back to the early Neolithic. Behind the
emergence of agricultural societies in the Middle East for
at least 12,500 years to date, the resettiement of farmers
in the continents of Europe has followed. European do-
mestic pigs dating from 7100 to 6000 years back, were
of both Middle Eastern and European descent. Traditional
methods of distinguishing between wild and domestic pigs
are based on the study of the demographic profile. One
possible mechanism explaining the apparent discrepancy
between genotype and phenotype is the gene flow of in-
digenous European wild pigs into an introduced domesti-
cated population. Domestic pigs have probably always in-
teracted and interbred with wild populations, and this pro-
cess is assumed wherever S. s. domestica appears [3].

Phylogenetic reconstruction of mitochondrial genome
data from hybrid pigs reflects a distinct geographic divi-
sion of mtDNA data — Eastern Europe and Asia. In par-
ticular, subspecies of European and Asian wild pigs are
the pro-parent basis on the maternal line, which preced-
ed the domestication and breeding of hybrid pigs by
hybridization. European and Asian haplotypes of wild pigs
showed, that wild pigs from regions such as Italy, Poland,
France, Scandinavia, and Ukraine have also been or
domesticated, or at least originally incorporated into
domesticated livestock.

Carriers of the haplotype C, O, G, and N — represent
the basis on the maternal line breeding and improving hy-
brid lines of pigs of the XXI century. It is necessary to take
into account the fact that the purebred mother nucleus
(Wild pig, Yorkshire, Landrace, Wales, Mangalica, Berk-
shire, and Hampshire) is a truly pure foundation for use
in hybridization schemes, crossing over in the formation
and development of modern hybrid lines of pigs.

Among the samples of breeding pigs of Large White
breed from SE “DG named after January 9" IPB and AIP
NAAS” mitochondrial DNA marker (haplotype) has been
identified: A— wild pig of France, Mangalica, Duroc (n=7)
16%. The presence of haplotype A in the studied sample
of pigs of the Large White breed indicates the presence
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of crossbred pigs on the maternal line in a number of gen-
erations. This is due to the duration of breeding and se-
lection from the beginning of the domestication process.
The presence of haplotype A in the studied sample of pigs
of the Large White breed indicates the presence of local
pigs on the maternal line in a number of generations.
This is due to the duration of breeding and selection
from the beginning of the domestication process.

Among the samples of hybrid pigs (Large White x Land-
race), (Landrace x Large White) the following haplotypes
are installed: C (n=9) — Landrace, Hampshire, Wales, wild
pig (20.5%); G— (n=5) Wales, wild pig (11.4%); O (n=5) —
Landrace, wild pig (11.4%); N (n=11) — Large White, Berk-
shire, Asian wild pig (25%) (table 3, fig. 7).

In previous studies, among pigs of the large white
breed of Ukraine, mitochondrial haplotypes were also
found, with a frequency of N (5.91%); G (14.1%), C (9.2%),
A (0.3%) [13]. Thus, studies have shown that mitochon-
drial haplotypes C, G, O, and N are defined in the hybrid
sample SPE “Globinsky Pig Complex” LLC and breeding
pigs of Large White breed SE “DG named after January
9" IPB and AIP NAAS” characteristic of pigs of large white
breed of Ukraine. Haplotypes D 9%, K 6.8% (n=7) indi-
cate that among the large white breed of pigs in Ukraine,
haplotypes of local pigs have been preserved, which are
extremely difficult to establish. These results indicate that
different breeding schemes were used for different breeds
even for breeds of close geographical origin. In general,
the analysis shows that most breeds of pigs from Ukraine
mainly have a European origin and contain different frac-
tions of the ancestors of the Large White, Landrace,
Duroc, and Hampshire. Nevertheless, it is possible that
Asian pigs were directly involved in the creation of or sub-
sequent crossing with local breeds from Ukraine.

Conclusions

1. PCR analysis of polymorphism of the D-loop area
of mitochondrial DNA in a sample of breeding pigs of
Large White breed in SE “DG named after January 9"
IPB and AIP NAAS” 1 mitochondrial haplotype A— wild
pig of France, Mangalica, Duroc (16%) was identified.
The presence of haplotype A in the studied sample of
pigs of the Large White breed indicates the presence
of crossbreed pigs on the maternal line in a number of
generations.

2. Since, the Large White breed of pigs is a plastic ma-
terial for breeding development in the intensification of the
pig industry, it is advisable to use breeding sows from
SE “DG named after January 9% IPB and AIP NAAS”
as a maternal base in 3 breed crossed, which ensures the
use of two levels of heterosis (?Large White x &' Landra-
ce) = hybrid sows F, (RF; x & Duroc), (F, x & Piétrain) —
sows F, mate with boars of specialized meat breeds or with
boars of synthetic line — Maxter, OptiMus, MaxGrow.

3. In a sample of hybrid pigs SPE “Globinsky Pig
Complex” LLC identified 4 haplotypes characteristic of

The Animal Biology, 2022, vol. 24, no. 3

(Large White x Landrace), (Landrace x Large White).
Haplotype C — Landrace, Hampshire, Wales, wild pig
(Ukraine, Poland) 20.5%; G — Wales, wild pig (ltaly)
11.4%; O — Landrace, wild pig (Sweden) 11.4%; N —
Large White (Asian type), Berkshire, Asian wild pig 25%.

4. The sample of hybrid pigs also has haplotypes:
D 9%, K 6.8% — undetected among pigs of domestic
breeds. This is due to the crossbreeding of pigs in a num-
ber of generations.

5. Since the mitochondrial genome is usually inher-
ited only through the maternal line, the genetic diversity
of mtDNA subspecies of wild and domesticated pigs,
are likely to be limited to existing lines. Therefore, one
haplotype of mitochondrial genomic indicates a specific
breed, this indicates that several breeds have the same
haplotype mtDNA — C and O. It is determined that wild
pigs from East Asia and European domesticated pig
breeds belong to the clade E and A.

6. Asia is the largest source of genetic variation of
S. scrofa according to its geographical origin. The high-
er variability of European commercial pigs compared to
European wild boars is largely due to the introgression
of Asian haplotypes not a mixture of European origin.

7. It was found that in Europe the domestication of
pigs represented a continuous process of domestica-
tion and hybridization, which led to the development
of lines of hybrid pigs observed today.

8. These results confirm that Asian hybridization,
which was used to improve the productive qualities of
local breeds, left its mark on the genome of the com-
mercial pigs we operate today.

9. Modern breeds themselves are not native breeds,
because they are formal breeds, which are maintained
by selective breeding rather than natural selection.

Prospects for Further Research

Due to the fact that the process of domestication
leads to important modifications of phenotypic variability
domesticated populations through artificial selection are
compared to wild pig populations. Our task is to continue
research to find out, whether domestication focused on
the selection of new or permanent mutations, affecting
several or many loci in hybrid pig lineage populations.
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FeHeTMYHe Pi3HOMAHITTA cy4yacHUX RiHiN riIGPUAHMX CBUHEN
Ha OCHOBI Bapiauin nocnigoBHOCTI MiToxoHApianbHOI JHK

€. O. bydaksa’, K. @. lNouepHsies!, C. M. KopiHHut?, M. I [Mosod®
budakvayelyzaveta@gmail.com

'lHcTuTyT cBuHapcTBa i AMNB HAAH,

Byn. LUBeacbka Moruna 1, m. Nontasa, 36013, YkpaiHa
2MonTaBCbKuU AepXaBHUIA arpapHUii YHIBEPCUTET,

Byn. CkoBopoau, 1/3, m. NonTaea, 36003, YkpaiHa
3CyMCbKMI HaLioHanbHWUI arpapHUiA yHIBEpCUTET,

Byn. lepacuma KoHgpateeBa, 160, m. Cymu, 40021, YkpaiHa

OuiHeHO reHeTUYHy creumdidHICTb rannoTuniB nonynsuii ribpuaHnx cBUHOK (Benuka 6ina x naHgpac), (naHapac x Benvka 6ina) Big
TOB HBIT «MoBUHCHKMIA CBUHOKOMIMEKCY Ta NNEMiHHMX CBUHOMAaTOK Benukoi 6inoi nopoaw Big AN « Al imeHi 9 CidHsi» 3 BUKOPUCTaHHAM
noniMopdiamMy JOBXWH pecTpukHux coparmeHTie MTOHK. MeToto gocnigxkeHHs 6yrno BU3Ha4YMTK, Yv NPU3BOAUTL MNPOLIEC CTBOPEHHS! CreLLi-
anisoBaHNX MaTEPUHCLKMX MiHii B Cy4acHWUX TPaHCKOPAOHHMX NPOpoAax A0 3MEHLLEHHS ranfoTUMOBOrO Pi3HOMAHITTSA. AK reHeTUYHUI Ma-
Tepian BUKOPUCTOBYBAaIM LLETVHY Bif CBMHOMAaTOK nMopoau Benuka 6ina (n=7) Ta eniteniansHy TKaHNHY CBUHOK (Benwuka bina x naHapac),
(nangpac x Benwuka 6ina) — (n=37). BugineHHst HK 3i 3paskis LLEeT1HM NPOBOAUNN 3 BUKOPUCTAHHSIM iOHOOGMIHHOT cmonmn «Yenekc-100».
[nsa pocnimkeHHa D-neTni MiToXxoHApianbHOro reHoMy ribpuaHnx ceuHer (n=37) 3 eniTenianbHOi TKAHWHWU BYLLHOI PaKOBUHW BUKOPUC-
TosyBanu Habip [JHK-cop6-B ans ekctpakuii HykneiHosux kucnor Big TOB «IHTepJlabCepgic-YkpaiHa». 3paskv enitenianbHOi TKAHWUHN
BYX CBUHe 06pobnsinv BorHeM Bif, «cyxoro cnnpTy». [1ns aHanisy MiToxoHApianbHOro reHoMy BUKOPUCTOBYBaru Metoz nonimopdiamy ao-
BXWH PECTPUKTHUX doparMeHTiB, amniidikoBaHnx 3a gonomoroto MNP, leHoTunysaHHaA 3paskis JHK gocnigHmnx ceuHen 3a MiToxoHapians-
Hummn [HK-mapkepamu 6yno 3ailicHeHo i3 3amy4eHHsM MoriCauToBOro Crocoby 3riAHO 3 MeTOANYHMMM pekomeHaaLismm K. . MovepHsesa,
M. . Bepesocbkoro (2014). BukopuctaHHs MapkepiB MaTepuHCbKoro Tvny yernaakysaHHs (MTOHK) go3sonumno BU3HauuTy ABi MaTepuHChKi
NiHii 3 NEBHMMM rannoTunamMu, KoTpi 6panu y4acTb Y CTBOPEHHI riOpuaHNX CBUHEN Ta hopMyBaHHi iXHbOI rannorpynu. leHeTnyHa pisHo-
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MaHiTHICTb MTOHK nigBmaiB ouknx i ogoMaLLHEHNX CBUHEN OBMeXeHa HassBHUMM NiHisiMy. TOMy OgvH rannoTyn MITOXOHAPianbHOro reHOMY
BKa3ye He Ha KOHKPETHY Nopoay, OCKINbKY Kinbka nopig MatTb ogHakosuii rannotun MTAHK — A, G, C, N i O. BuaHayeHo koHUeHTpaLito
rannoTunisB y NreMiHMX CBMHOMAaTOK Benukoi 6inoi nopoay — rannotun A 3 yactototo (16%). Y ribpuaHux cBMHOK (Benvika 6ina x naHgpac),
(mangpac x Benvka 6ina) KoHUEHTpaLis BUABMEHWX rannotunie ctaHoBute: C (n=9) — nmanapac, remnwmp, Benbc, auka ceBuHA (20,5%);
G — (n=5) Benbc, anka ceuHs (11,4%); O (n=5) — naHgpac, anka ceuHs (11,4%); N (n=11) — Benuka 6ina, Gepkumpcbka, asincbka avka
cBUHSA (25%). BuaHaueHi rannotnnu D 9%, K 6,8% (n=7) He Bynu 3HanaeHi cepe nopia CBUHI CBiNCbKOi. My npunyckaemo, Lo CBUHi BeNu-
Koi 6iroi nopoau 3 rannotvnom A Ta ribpuaHi cBuHi (Benuka 6ina x naHgpac), (nangpac x senvika 6ina) 3 rannotunom G, O, N, 3okpema D,
K MicTaTe abopureHHi reHeTu4Hi pecypcu. OfHak y cepeauHi XX CT. nigBvav AVKWX | ogoMaLLHEHUX Nopig CBUHEN cTanu Manononynsuin-
HVIMW Yepes3 3MEHLLEHHS! NIOLLi BUPOLLYYBaHHS i MOCUINEHHS TUCKY 3 BOKY iHO3eMHMX Mopia 3 BUCOKOH LUBMAKICTIO POCTY Ta CeNeKLinHUMM
o3Hakamu. Lle cBigumTb Npo Te, Lo AOCAMKEHHSA BapTO 30CepeanT Ha knacudikadii Ta ineHTudikaLii (inoreHeTMYHOro NOXomKeHHs
CBUWHEW | CTBOPEHHI MonekynsipHo-reHeTu4Horo 6aHky [HK kHypiB-BUPOBHWKIB A5t NPUPOAOOXOPOHHOI AisinbHOCTI. MNpoLec ofoMallHEHHs!
YUHUTb CUIMbHUI CENEKTUBHMI TUCK Ha BUAW Sus scrofa Yepes Taki reHEeTUYHI NpoLec, K iIHOPUAWHT, reHeTUYHUIA aperdd, NPUPOaHNIA
i wWTy4Hui BigGip 3a 6axxaHumm o3Hakamu. 3a octaHHi 9—10 TUC. pp. BTPyYaHHs MOQVHM NPU3BENO A0 NOSBM OAOMALUHEHUX BUAIB, SKi
MOpdoriorivyHO, NOBeAIHKOBO Ta FrEHETUYHO BiOpPI3HSOTLCS Big CBOIX NpeakiB-crniBpoaundis. Mu BBaKaemo, LLO «ribpuaHuity nigBug VKX
CBUWHEN 3 AesKUMN MOPONOriYHNMIN OCOBNMBOCTSAMM OAOMALLHEHOI CBUHI MaB BULLYY YacTKy NOBHOTEHOMHWUX NpeaKiB AOMALLHbOI CBUHI
MOPIBHSIHO 3 MOPCPONONiYHO YMCTUMM MIABUAAMM VKX CBUHEN. TeapyHm 3 rannotunamm D, K € pesyniratom ribpuamnsalii 3 eBponeicbku-
MW CBMHSIMU. 3 YacoM Lie NPU3BENO A0 Maiie NOBHOMO 3HUKHEHHS! NEPBUHHMX Brn3bKOCXIAHMX NpeaKiB Y SAEPHUX reHOMax eBPONENCHKMX
ofomMallHeHnX cBuHel. [MpeacTaBHUKY rannoTunis A (Benvika 6ina, AopoK EBPOMENCHLKOro TUMy, MaHranuubka); G (Benbc, AMka CBUHS —
Itania); C (naHgpac, Benbc,remniump, avka cBMHA — YkpaiHa, MNonbla, ®paHuis); O (naHapac, avka ceuHa — LLBewis) 3rpynoBaHi oo
E€Bponericbkoro knactepy rannorpynu «mt-Ex». CeuHi 3 rannotvnom N — Benvka 6ina (asiicbkuil Tun), 6epKLIMp, AWKa CBUHSI — HanexaTb
0o Asincbkoro knactepy rannorpynu «mt-Ax». dinoreHeTU4Ha PEKOHCTPYKLIS JaHUX MITOXOHAPIanbHOro reHoMy Bif, ribpuaHUX CBUHEN
Bigobpaxae uiTkin reorpadivHuii nogin aaHnx MmtTAHK — CxigHa €Bpona Ta Asisi. 3okpemMa, NiaBMan EBPONENCHKUX Ta asiaTChKUX AUKNX
CBUWHEN € NpebaTbKiBCbKO OCHOBOK 32 MaTePUHCLKOI MiHiElD, sika NnepeayBana ofoMaLLHEHHHO | BUBEOEHHIO ribpuaHUX CBUHEN METOAOM
ribpuamsadii. €Bponecbki Ta asiaTcbki rannoTUnmM AMKMX CBUHEN NPOAEMOHCTPYBAsM, L0 AWK CBUHI 3 TaKMX perioHiB, sik ITanis, MonbLua,
®PpaHuia, CkaHamHasisa Ta YkpaiHa, Takox 6ynu abo ogomaluHeHi, abo npuHavMHi cnovaTky 3apaxoBaHi 40 OAOMALUHEHNX CBUHEN.
Pe3ynbratit BUBYEHHS MITOXOHApPIANbHOrO reHomy S. s. domestica nokaszany BHyTPILLHBOMOPOAHE FeHETUYHE PiI3HOMAITTS MOPUOHMX CBUHOK.
Lle noB’sizaHe i3 cenekLinHOK CTpaTerierd MKHApPOAHNX FrEHETUYHMX LIEHTpPIB, A€, NOMpyu KOHCOMiAaLito reHETUYHOI CTPYKTYpU BCepeaun-
Hi LeHTpy, 3abe3nevytoTb 3Ha4YHe 3aranbHe reHeTUYHe pisHoMaiTTs nopoan. OKpiM BULLIECKA3aHOro, OTPUMaHI pesynbsraTy ceigvaTte Npo
3B'A30K 4aCTOTHOrO po3nogineHHs rannotunie MTAHK 3 aganTauieto A0 pi3HMX KMiMaTUYHUX YMOB. 3aranom npeacrtaBneHi pesynsratm €
CTUMYIOM A5 NPOAOBXKEHHS AOCNIAKEHb 3 BUBYEHHSI MITOXOHZAPIanbHOIO reHOMY Cy4acHUX MiHiv ribpuagHmx ceuHer. Hocii rannotuny C,
O, G, i N € 0CHOBOIO 32 MaTEPUHCBLKOIO NiHIE PO3BEAEHHS i MOMINLWEHHN MiHiv ribpuaHux ceuHen XXI cT. HeobxigHO BpaxosyBaTty Ton
aKT, Lo HaWYUCTILi MaTepUHChK fapa (OWKa CBUHS, BEMUKWIA MOPKLIMP, NaHapac) € cnpaeaj YACTUM pyHOAMEHTOM Ansi BUKOPUCTaHHSI
B ribpnamn3sauiiHix cxemax, KpOCUMHIOBEpi, B YTBOPEHHI i PO3BUTKY Cy4aCHWUX riOpuaHMX MiHii cBUHEN. HeaBaxkatoum Ha Le, pis3HOMaHITHICTb
MITOXOHAPIaNbHOro reHoMy Y NonynsLii TPaHCKOPAOHHUX Mopia 36epiraeTbes.

KntouoBi cnosa: noxogxeHHs, MTAHK, rannotun, rannorpyna, knaga, knactep, nrnemiHHi CBMHOMaTK1 Benukoi 6inoi nopoaw,
ribpuaHi cBuHKK (Benuka bina x naHapac), (naHapac x Benwuka 6ina), NMIP-NMOP® aHanis
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