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Abstract
The article is descriptive and review-based and is devoted to the analysis of the use of modern
breeding methods in animal husbandry. The breeding process is highlighted as an important
component of the agricultural sector, since it contributes to the improvement of the genetic
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characteristics of animals. The most effective breeding methods in animal husbandry and the
agricultural sector are also described. It is emphasized that the theoretical basis of breeding is
genetics and only a deep knowledge of the laws of variability and inheritance of traits will allow the
breeder to competently plan and conduct breeding work. It is indicated that in addition to genetics,
the breeder must have thorough knowledge of the biology of the selected object of study, the laws of
its reproduction, growth and development of its individuals, their resistance to infectious diseases
and other adverse environmental factors. Thus, the article highlights that breeding programs for the
creation of new plant varieties and animal breeds, first of all, are firmly based on genetic principles,
relying on the laws of genetics. The article also describes how genetic and breeding research on farm
animals is key to increasing the productivity and quality of agricultural products. It also considers
how modern animal husbandry, using the achievements of basic biological sciences, including DNA
technologies, leads to increased economic efficiency in the agro-industrial complex. It is emphasized
that quantitative traits in animals are particularly important, including milk production, milk
composition, meat and carcass quality, fertility, as well as resistance or susceptibility to infections.
It is also described that these traits are mainly polygenic, which is the result of the interaction of
several genes. As a result, it is emphasized that the development of economically useful traits is also
of crucial importance, and chromosome maps of farm animals are necessary, which increases the
likelihood of detecting polygenic quantitative traits and the effectiveness of breeding efforts using
genetic markers.

Keywords: Keywords: DNA, selection, animal husbandry, variability, inheritance, methods,
breeding, farm animals, innovations, genetics, chromosome maps, genetic markers.

Relevance of the problem. Today, with intensive selection in livestock
breeding, the introduction of advanced technologies, and the requirements for the
productive qualities of animals have increased significantly. For farm animals, an
important and determining criterion is a specialized direction of productivity and its
high level, the duration of productive life, stress resistance and resistance.

The selection process is an important component of the agricultural sector, as it
contributes to improving the genetic characteristics of animals. It can also affect the
quality of products, health and resistance to diseases. There are various progressive
selection methods, such as genetic engineering, marker selection and breeding
methods, such as artificial insemination and embryo transplantation [1, 2].

Genetic and selection research of farm animals is the key to improving the
productivity and quality of agricultural products. Modern livestock breeding using the
achievements of fundamental biological sciences, including DNA technologies, results
in increasing the economic efficiency of the agricultural industry. Quantitative traits of
animals, namely: milk yield, milk composition, meat and carcass quality, fertility,
resistance or susceptibility to infections, are mostly polygenic traits that are the result
of the interaction of many genes. The development of economically useful traits is
based on the identification of polygenic systems for marking and mapping the main
genes of breeding traits. The more complete the chromosome maps of farm animals
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are, the higher the probability of marking polygenic quantitative traits and the higher
the efficiency of breeding work using genetic markers [3].

Molecular genetic markers, the polymorphism of which is closely related to the
variability of polygenic quantitative traits, allow us to detect the influence of
environmental factors that modify the phenotypic value of a given trait, and this
significantly simplifies breeding work with it, as well as the forecast of its
development. Artificial insemination of livestock on a large scale has created
conditions for the targeted transfer to the offspring of gene complexes that underlie the
development of economically useful traits. The technology of superovulation and
embryo transplantation significantly and dramatically increases the possibility of
obtaining numerous offspring from animals with desired productivity characteristics
and with certain gene combinations useful for the population.

The persistent work of livestock breeders, breeders, and scientists should be
continued, because breeding work requires appropriate training and knowledge,
especially in the field of applied genetics, without which their successful and effective
application is impossible [4, 5].

Research results. In animal husbandry, genetics methods are used to increase
the economically useful traits of animals, namely:

- when creating new lines and breeds of animals that exceed existing ones in
productivity, differ in specific marker traits (for example, resistance to diseases,
product quality, autosex - sex marking in poultry farming);

- when using the phenomenon of heterosis to obtain hybrid animals and poultry
from specialized related forms characterized by high combining ability;

- when using related breeding (inbreeding) in the breed-forming process and
establishing inbred lines;

- to assess the genetic potential of animal productivity, which is controlled by
the genotype, its preservation in a number of generations;

- to develop methods for assessing the genotype of individual animals and their
groups by the quality of offspring;

- to preserve the gene pool of rare species, breeds and reserve lines, herds;

- for the diagnosis and treatment of viral, bacterial and other infections of farm
animals (using monoclonal antibodies and enzyme-linked immunosorbent assays);

- in the study of genetic changes in organisms associated with increased radiation
pollution;

- in controlling the origin of animals (genetic examination).

In the modern world, doctors fight with hereditary diseases using genetic
methods. Genetic methods are used to assess the ecological state, the manifestation of

undesirable mutations.
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Selection in human production.

The term selection (from the Latin selectio - selection) means - a science that
develops the theory and methods of creating new and improving existing forms of
plants, animals and microorganisms. Selection as a science consists of the following
sections: the study of the species and breed composition of domestic animals; analysis
of the patterns of hereditary variability of animals; research into the role of the
environment in the development of animal traits and properties; development of
artificial selection and selection systems that contribute to the consolidation and
strengthening of desired traits and properties of organisms.

The theoretical foundations of selection, which are most closely related to
genetics, include: hereditary variability of traits and characteristics of animals during
purebred breeding and crossing, methods of selection and selection [6].

The theoretical basis of selection is genetics. Only deep knowledge of the laws
of variability and inheritance of traits will allow the breeder to competently plan and
conduct selection work. Of course, in addition to genetics, the breeder must have a
thorough knowledge of the biology of the selected object of research, the laws of its
reproduction, growth and development of its individuals, their resistance to infectious
diseases and other adverse environmental factors. However, selection programs for the
creation of new varieties of plants and breeds of animals are primarily firmly based on
genetic principles, relying on the laws of genetics.

Like any science, selection has its own subject and methods of research. The
subject of selection in general is the study of the laws of change, the process of
development and transformation of plants, animals and microorganisms in man-made
conditions.

In animal husbandry, the subject of selection is breeds, that is, populations of
farm animals that are artificially created by man and have certain hereditary
characteristics. In a breed, all individuals have similar hereditarily fixed signs and
properties: productivity, a complex of physiological and morphological properties, as
well as a certain reaction to environmental factors. The methods of selection are genetic
methods of induced forms of variability of traits and artificial selection. Actually, the
latter is leading in any programs of breeding work.

Agricultural production is the leading branch of the economy of any society. In
turn, breeding provides agricultural production with high-yielding varieties of
cultivated plants and highly productive breeds of animals. Due to this, labor
productivity in agriculture increases. From this point of view, breeding acquires great
importance in human production activities [7, 8].

The concept of breed. Already in ancient times, man noticed that due to
variability within each population of plant and animal organisms, individuals with
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different levels of resistance to adverse environmental conditions, with unequal fertility
and viability, with various other characteristics are born. Even then, it turned out that
the vast majority of descendants of highly fertile individuals inherit the trait of high
fertility, and the trait of high viability of parents is inherited by the majority of their
descendants, etc. Therefore, already in ancient times, man selected seeds from the best
plants and descendants from the best animals for reproduction. These, at first glance,
primitive methods of artificial selection, which were used for several millennia, gave
good results, a huge number of varieties of cultivated plants and breeds of domestic
animals were created. At the same time, it turned out that most of them, combining
such features as resistance to diseases and harmful insects, as well as resistance to other
adverse environmental conditions, are highly productive and highly productive. Some
of these plant varieties and animal breeds turned out to be so perfect that even with the
use of modern breeding methods they cannot be significantly improved [1, 2, 9].

Cultivated plants and domestic animals originate from their own wild ancestors.
In the process of cultivation and domestication, they all acquired economically
valuable features, the formation of which was facilitated by artificial selection. For
example, high meat and milk productivity of animals or high 110 protein or high sugar
productivity of plants are of no importance in the evolution of a plant or animal
organism. But with the help of artificial selection, man formed alternative features in
animals and plants in such a way that they would ensure maximum productivity.
Therefore, domestic animals and cultivated plants are not adapted to independent
existence.

No domestic animal or cultivated plant, left alone with natural environmental
conditions, that 1s, in the wild, will survive.

Based on the phenotypic and genetic properties of animal breeds and plant
varieties, these concepts can be defined as follows: a variety or breed is a population
of organisms that is created by artificial selection and is characterized by hereditarily
fixed signs of high economic productivity. Thus, the best varieties of wheat created by
Ukrainian breeders, in combination with modern cultivation methods, allow obtaining
yields of 60-80 centners/hectare of grain. Or, for example, in Denmark, annual milk
yields from the best Jersey cows are over 7200 kg with a fat content of more than 6-
7%, and in England, the best potato varieties provide a harvest of high-quality tubers
of 700-800 centners/hectare [2, 10].

The influence of selection, natural or artificial, will be the more effective, the
higher the variability of the traits that fall under the action of this selection. It is the
variability of the source material that is the fundamental basis necessary for the creation
of new animal breeds and plant varieties. In this case, all forms of hereditary variability,

including mutational and combinational, play the most important role. As for
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modifications, since this form of variability is not inherited, it significantly complicates
the implementation of artificial selection.

Forms of artificial selection.

The doctrine of artificial selection was developed by C. Darwin. In his works
"The Origin of Species..." and "Variability of Animals and Plants under
Domestication" (1868), he distinguished three forms of selection that operate in the
process of forming new animal breeds and new plant varieties, namely: natural
selection, unconscious selection and methodical selection (artificial).

Natural selection. It was under its influence that the characteristics were formed
in the populations of various species of animals and plants, by which man isolated the
corresponding organisms from the wild and introduced them into culture.

In addition, in the process of domestication of animals and cultivation of plants,
as well as in the process of creating new breeds and varieties, natural selection
continues to act regardless of the will of man. This is due to the incessant processes of
mutational variability. The processes of spontaneous mutagenesis can be strengthened
or weakened, but cannot be stopped [11].

Mutational variability under the influence of natural selection is capable of
introducing into the genotypes of breeds or varieties modifications of some
characteristics, the formation of which was not foreseen by the breeder.

In both wild and domestic animals, natural selection contributes to the
destruction of harmful mutant genes and the survival of those most adapted to
environmental conditions. It should be noted that natural selection in populations of
domestic animals is aimed at the survival of those individuals that are more adapted to
the environmental conditions provided by man.

Unconscious selection. This is a form of artificial selection that was carried out
by man unconsciously, without any desire to breed a new breed. This form of selection
developed spontaneously, because man always left the best animals for the tribe, and
for sowing - good seeds, and for food or other needs he was the first to use animals and
fruits of plants that were inferior in terms of the development of traits to the best
specimens. Unconscious selection has been occurring continuously for many
millennia. Therefore, it has led to the creation of populations of animals and plants with
traits inherent only to a certain natural and climatic zone or a certain geographical
region. Such populations are called local breeds, varieties or populations. Note,
however, that over the past two to three centuries, the formation of local breeds or
varieties has been influenced by the genotypes of breeds and varieties that are
occasionally imported from other areas.

Methodical selection. This is a form of conscious artificial selection. It is used
by man in case of desire or necessity to make changes in the formation of the
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characteristics of a breed or variety towards a certain ideal. Man consciously selects
and uses for reproduction only those individuals whose phenotypic characteristics in
their manifestation more closely correspond to the expected ideal. Methodical selection
over several or many generations allows to achieve the desired results [12].

Thus, artificial selection is carried out by man and is aimed at increasing the
frequency of desired genes by allocating the most productive individuals to the tribe
by the breeder. And natural selection eliminates those individuals that are not adapted
to the environmental conditions. Therefore, often in practice, natural and artificial
selection act in opposite directions.

Selection does not create new genes. It is carried out with the aim of increasing
the frequency of desirable genes in the population and reducing the frequency of
harmful genes.

Suppose that A is desirable, and a is undesirable.

QAAy & aa

F1 Aa (frequency is 0.5)

F2 1 AA, 2Aa, 1 aa (frequency is 0.5)

Therefore, the proportion of gene A in F2 is still 0.5. But if all individuals with
the genotype aa are eliminated, then among the individuals that remain there will be
4A and 2a. As a result, the proportion of gene A will be increased to 0.67, and the
proportion of gene a will be reduced to 0.33, etc.

If selection is effective, then its genetic consequence is expressed in an increase
in the proportion of the gene for which selection is carried out. If the proportion of the
desirable gene increases, then the proportion of individuals homozygous (AA) for the
desirable gene also increases.

Depending on the breeding program and the biological characteristics of the
breeding object, various types of selection are used in practice, determined by the
nature of the action of genes: selection for a dominant gene, selection against a
dominant gene, selection for a recessive gene, selection against a recessive gene,
selection for genes with an epistatic effect, selection for genes with an additive effect,
etc.

Selection methods based on Mendel's laws.

With the understanding of the rediscovered Mendel's laws, the concept of the
combining ability of genotypes of lines, varieties of breeds and even individual
organisms was formed.

Combining ability is the relative level of viability and productivity of offspring
from crossing partners belonging to different lines, varieties (breeds) or species. A
distinction is made between general combining ability and specific combining ability.
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The total combining ability is the average level of heterosis in the offspring from
crossing lines, plant varieties or animal breeds with any of the partners under study. In
breeding work, diallel, topcross, polycross and free crosses are used to identify the total
combining ability.

Diallel or polyallel crosses are understood as crossing individuals of a separate
line or a separate family with individuals of other lines or families in all possible direct
and reciprocal combinations in order to study their combining ability.

The number of possible combinations between different lines in direct crosses
will be [n"2)" —n"2

where n is the number of lines involved in the crosses.

Specific combining ability is the ability of any line or variety (breed) from
crossing with its partner to produce offspring with a certain burst of heterosis.

Often, hybrid F2 offspring are split by phenotypic traits into groups in such
proportions that there is doubt about the regularities to which this splitting should be
subject according to Mendel's law. Then the researcher, relying on the genetic laws of
heredity, can put forward a working hypothesis to explain the data obtained. If, using
the working hypothesis, the theoretically expected frequencies are calculated and
compared with the frequencies obtained in the experiment, the degree of
correspondence between the distribution of the actually obtained and theoretically
calculated frequencies will show how much these distributions correspond to each
other.

In statistics, the working hypothesis is also called the null hypothesis. This
means that if the working hypothesis is confirmed, the difference between the
experimentally obtained and theoretically calculated distributions is zero. The degree
of correspondence of the actual data to the expected is calculated using the
correspondence criterion, which is called the y2 criterion (Chi square).

When comparing the empirical value of the chi-square calculated using this
formula with the theoretically expected, that is, with the standard value, two situations
may arise. The first situation is x*2 empir >[[x"2 )" stand at a certain number of degrees
of freedom - y. This means that the distribution of empirical frequencies is significantly
different from the distribution of theoretically expected frequencies. Therefore, we can
say that the two frequency distributions being compared - the experimental and
theoretically expected - are incompatible. They belong to different populations.
Therefore, the working hypothesis is not confirmed.

Assessment of specific combining ability. Animal breeding based on the
assessment of specific combining ability means that with a significant effect of non-
additive genes, selection can be aimed at using the effect of heterosis. This is achieved,
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as a rule, by crossing lines or breeds in poultry and pig farming for traits that are poorly
inherited and are controlled mainly by non-additive genes [2, 4, 13].

The first stage of such work is the creation of several inbred lines by inbreeding.

The next stage is checking the created lines for compatibility, that is, identifying
combinations of cross lines that produce the most productive offspring. Inbred lines,
from which the most productive offspring are obtained when crossed with each other,
have opposite homozygosity for many pairs of genes, which provides higher
heterozygosity of the offspring and the manifestation of the heterosis effect.

An example of such a breeding scheme is reciprocal recurrent selection, aimed
at increasing the combining ability of two or more lines or breeds that have been found
In previous Crosses.

Selection by quantitative factors.

The vast majority of traits in certain organisms differ in the quantitative
manifestation of their variability in the process of reproduction. Quantitative variability
is referred to as such variability, in which the numerical value of a trait in a set of
organisms of the same type forms a continuous series of classes, which make up the
variation series. Recall that in Mendel's studies on different varieties of peas, each gene
differed from its allelic partner with high discontinuity. It was thanks to this effect that
Mendel discovered units of heredity - genes. However, such traits as the mass of the
organism, its linear and volumetric dimensions, growth rates, the capacity of certain
substances in various components of this organism, and others are characterized by the
continuity of the transition from one size of the trait to another.

For example, pea seeds can be smooth or wrinkled in shape, but the protein
content in individual pea seeds in different populations can vary from 22 to 34% with
continuous transitions in their ranking from seed to seed. Numerous studies have
shown that quantitative traits are formed under the influence of many non-allelic genes
of unambiguous action. Therefore, unlike qualitative traits, which are inherited
alternatively, quantitative traits are inherited polygenically. Hence, polygenic
inheritance can be imagined as a function of a whole system of genes, the interaction
of which during the formation of the organism determines the quantitative effects of
various traits and serves as the genetic basis of quantitative variability. An important
feature of polymeric genes is that from the crossing of individuals that differ from each
other in a quantitative trait, offspring with an intermediate inheritance of this trait are
always reproduced. Therefore, the ability of dominance in this case is not manifested
[4, 13].

However, due to the complexity of the genetic systems that determine the
development of quantitative traits, selection for these traits in the process of selection
work is significantly complicated. Therefore, methods of statistical analysis come to
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the aid of breeders. The simplest of them is the method of comparing the average values
of an economically useful trait that manifests itself in the compared populations
(confidence level td).

Determining the level of probability of the difference between the averages of
the compared populations does not provide information about the dependence of the
nature of the manifestation of a quantitative trait on certain genes. At the same time, in
the practice of selection work, it is often necessary to determine what determines the
variability of a quantitative trait in a particular population of organisms. After all, it is
known that the variability of traits can be caused by both the heterozygous state of the
genotype and the modifying influence of environmental conditions. But since the
formation of quantitative traits is determined by several (or even many) non-allelic
genes of unambiguous action, in order to find out their number for a certain trait in a
certain species of organisms, it is necessary to conduct rather laborious studies over
dozens of generations.

To avoid the above difficulties, breeders use the heritability coefficient. This
coefficient determines the size of the share of the genetic component in the phenotypic
variability of a quantitative trait, which is due to the function of the corresponding
system of polymeric genes of unambiguous action. Therefore, the heritability
coefficient makes it possible to judge only the specific weight of the genotypic
variability of a trait in a certain set of organisms.

Selection for one quantitative trait [7, 11].

Quantitative indicators include numerous economically useful traits that have
economic value. This is the milk yield from a cow, the content of nutrients in it, the
meat yield in pigs, the number of piglets born by a sow, the laying ability of chickens,
the shearing of wool in sheep, and the like. These traits are formed under the influence
of numerous pairs of genes, each of which has a low, individual phenotypic effect. The
formation of such traits occurs under the influence of both additive and non-additive
genes.

Unlike qualitative traits, quantitative traits are largely influenced by
environmental conditions. The concept of "environment" includes such factors as the
body's supply of nutrients, diseases, temperature, air humidity, and others that
accompany an individual throughout the entire ontogenesis period.

Phenotypic variability, which has a number of features, is caused by
environmental factors. It is not transmitted from parents to offspring, it covers
genotypic variability, which makes it difficult to detect. In order to reveal the genetic
potential of an individual, appropriate environmental conditions are necessary. By
creating optimal environmental conditions, it is possible to achieve a rapid increase in

the production of livestock products.
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The magnitude of genetic progress per generation (SE) achieved by selection for
a quantitative trait depends on the magnitude of the selection differential (Sd) and the
heritability coefficient of the trait (h"2" ) :

SE =Sd « h"2#

The selection differential is the difference between the average value of the trait
in animals selected as the group of parents of the next generation (P), and the average
value of the same trait in the herd or population ( P ):

Sd=(P-P)

For example, if in a herd of cows with an average milk yield of 4000 kg ( P ) of
milk, the breeding nucleus will be selected

That 1s, over several generations, as a result of targeted selection of cows for
milk yield, the average level of herd productivity increases. As already noted, this is a
consequence of an increase in the concentration of genes that determine the level of
animal productivity.

It is necessary to highlight one of the most important provisions of the theoretical
foundations of selection, that the growth of animal productivity as a result of selection
will occur under the condition of adequate improvement of environmental conditions,
since the realization of the genetic potential of highly productive animals requires a
high level of feeding and maintenance. Without the creation of appropriate conditions,
a breeding animal with a high level of genetic potential, especially imported specialized
breeds, will not meet the standard in terms of its exterior and productivity.

It is also necessary to note the second regularity - the interaction of the genotype
of animals with the environment. As an example, we can cite the crossing of dairy
breeds of cattle in Ukraine with Holstein breeders. Practice has shown that with an
increase in bloodline of the Holstein breed in crossbred animals, the genetic potential
for milk yield increased. However, in commercial herds with a low level of feeding
and maintenance, the absolute milk yield of crossbred animals did not increase. In such
herds, the best genotypes show worse results. The reason for this is that crossbred
animals with high bloodline to the Holstein breed are characterized by increased energy
metabolism, require a higher level of feeding, react sharply to unbalanced diets and
low-quality feed, reduce fatness and live weight, and are more susceptible to diseases
in adverse environmental conditions. Since such shortcomings are constantly observed
in commercial farms, the duration of productive use of such animals is significantly
reduced. The level of their milk productivity and reproductive ability decreases [12,
13].

Selection of animals by a complex of traits.

In breeding activities, animals are selected more often by a complex of
economically useful traits that have different economic significance, different degrees
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of inheritance and genetic correlations between them. Theory and practice demonstrate
that increasing the number of selection traits in a breeding program leads to a decrease
in the genetic progress of each of them. If the traits are independent of each other and
have the same degree of inheritance, then with simultaneous selection of animals for n
traits, the genetic progress for each of them will be Vn . That is, the more traits are
included in the breeding program, the lower the effect of selection for each of them.

There are several methods of selecting animals for a complex of traits: the
method of sequential (tandem) selection, the method of independent levels of culling
and selection indices.

The method of sequential (tandem) selection involves selecting animals for one
trait for several generations until the desired improvement is achieved. Subsequently,
the selection pressure for this trait decreases, and efforts are directed to improving the
second trait, then the third, etc. If there is a positive relationship between the breeding
traits, then this selection method is quite effective. However, there is mostly a negative
correlation between the main breeding traits, especially between the quantity of
production and its quality. In such a case, this selection method will be ineffective. For
example, a negative genetic correlation between milk yield and milk fat content will
actually nullify the effectiveness of sequential selection, since genetic improvement of
one trait will lead to genetic deterioration of the second.

When selecting animals by independent levels, a minimum grade is established
for each trait, the requirements of which must be met by breeding animals. If the
requirements for one of the traits are not met, the animal is removed from breeding.
The disadvantage of this selection is that animals with a high development of traits
have to be culled, because they do not meet the standard for one of them. For example,
with a selection standard of egg production of chicken lines of 250 eggs, egg weight of
60 g and hatchability of 80%, one laying hen had 270 eggs, an average egg weight of
60 g and hatchability of 88%. Another laying hen had the following indicators: 280
eggs, 65 g and 70%. Despite the fact that the other laying hen has high egg productivity,
she will be culled, because her fertility does not meet the standard [11].

However, this method is widely used in breeding practice, for example, in the
sequential selection of bulls for breeding associations. It is also used in the creation of
specialized homozygous lines in poultry and pig farming, in the selection of animals
for exhibitions, auctions, and test stations.

The most effective is the method of breeding indices, since it makes it possible
to select highly valuable animals for a breeding group, even if they do not meet the
standard for one trait. The measure of the value of an animal is an index or a total value
for all breeding traits, compiled taking into account the economic and genetic
significance of each trait. If the index is compiled correctly, taking into account all
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factors (relative economic value of the trait, heritability, genetic correlations, etc.) and
taking into account genetic and mathematical methods and computers, then this method
allows you to obtain the greatest breeding effect for a certain period of time and per
unit of funds spent.

In addition to selection, the effectiveness of selection is based on breeding and
selection methods.

The effectiveness of selection depends on breeding methods.

Breeding methods include - a system of selection and selection of farm animals,
taking into account their species, breed and line affiliation.

Selection (selection) is a process that determines the relative proportion of
descendants of a genetic group (structure) of a population (herd, line, family), which
remains for reproduction in subsequent generations.

Selection is a system of measures for mating individuals (males and females) in
order to obtain offspring with high productive and breeding qualities from them.

In the system of breeding methods, there is purebred breeding and various forms
of crossing.

Purebred breeding is the mating of animals belonging to the same breed. The
offspring obtained from such mating is called purebred.

Purebred breeding, especially of dairy breeds of cattle, is the main method. The
most highly productive are animals obtained through purebred breeding. The main
methods of purebred breeding are outbreeding, inbreeding, and breeding by lines and
families [12].

Crossbreeding is the mating of animals belonging to different breeds and species,
as well as the mating of crossbreeds with each other. The offspring obtained through
crossbreeding are called crossbreeds or hybrids. Most often, hybrids are called
offspring obtained through interspecific crossing. When crossing, the heterozygosity
of animals increases, which often leads to heterosis. Therefore, crossbreeding,
especially in poultry and pig farming, is the main method of obtaining highly
productive commercial animals.

The method of outbreeding should be distinguished from crossbreeding.
Outbreeding is the mating of individuals of a breed that are not related to each other by
kinship, which is used to obtain purebred animals.

The genetic consequences of crossing and outbreeding are directly opposite to
inbreeding. While inbreeding promotes homozygosity for most gene pairs, crossing
and outbreeding lead to an increase in heterozygosity.

For example, if one breed is homozygous for the dominant gene (AA) and the
other is recessive (aa), then all offspring obtained from crossing these breeds in the first
generation (F1) will be heterozygous (Aa). In subsequent generations, heterozygosity
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decreases, since 120 gene splitting occurs. Thus, in F2, the number of heterozygous
individuals will be only 50%: 1 AA, 2 Aa, 1 aa. This situation is also true for traits
affected by more than one pair of alleles.

Animals obtained from crossing or unrelated mating are less constant than inbred
ones. Heterozygous animals transmit different genes to their offspring.

When crossing, in some cases and for some traits, heterosis is manifested in F1.
Heterosis or hybrid vigor is an increase in the viability of crossbred offspring compared
to the parents of the original breeds, which is manifested in improving reproductive
function, growth rate, and increasing productivity.

The phenomenon of heterosis has been known since ancient times. One of its
examples is the mule - an F1 hybrid obtained from interspecific crossing of a donkey
with a mare. As has long been known, the mule has good adaptability to a hot climate,
enduring to hard work. In recent years heterosis is obtained in poultry farming, pig
farming, and beef cattle breeding. In poultry farming, by crossing, for example, white
Plymouth Rock laying hens with white Cornish roosters, synthetic lines of highly
productive broiler crosses have been created based on the breeding of specialized
combined inbred lines. Egg-producing crosses are created based on the crossing of
inbred lines of the Leghorn breed. The effect of heterosis can be determined by
comparing the level of productivity of crossbred and purebred animals. Some breeders
believe that the most objective assessment of the effect of heterosis is the excess of the
average productivity of the offspring in F1 over the productivity of the best of the
parental forms of the original breeds. However from a genetic point of view, a more
reasonable method of assessing the effect of heterosis is to compare the average
productivity of the offspring F1 with the average productivity of the parents. If the trait
is significantly affected by the non-additive effect of genes, then the average F2 does
not coincide with the average of the parents, but turns out to be higher or lower than it.
In some cases, it may be higher than the highest, or lower than the lowest value in the
parents. Heterosis is due to the heterozygosity of genes that exhibit a non-additive
effect (dominance, overdominance, epistasis). The influence of dominance on the
manifestation of heterosis can be traced on the example of American beef cattle
breeding. J. F. Leslie (1982) believes that most of the breeds of animals in the United
States were bred on the basis of a relatively small number of animals imported from
Western Europe. Therefore, it is likely that they are homozygous for many genes or
that the frequency of one allele in some breeds may be higher than in other breeds.
Thus, more than half of the American Shorthorn population comes from a single bull.
When crossing such breeds with each other, heterosis was obtained in terms of average
daily gain [13].
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The cause of heterosis can also be overdominance, that is, when several pairs of
genes act on the same trait, and the strength of their action is not the same. With this
type of gene action, it is impossible to fix the desired combinations of genes in one
line, because the gene action depends entirely on heterozygosity. In this case, the only
way to take advantage of this type of gene action is to form inbred homozygous lines.
Then the lines must be tested in crosses in order to identify those that are well-matched,
which show the greatest heterosis in the offspring. This is exactly what is done in
poultry farming when creating highly productive crosses. In farm animals, the effect
of heterosis is manifested in traits with a low degree of heritability, that is, in traits that
are more susceptible to the influence of adverse environmental conditions and
inbreeding. Practice has shown that the effect of heterosis depends on the magnitude
of the genetic difference between the individuals being crossed. Therefore, a greater
effect of heterosis is obtained when crossing breeds with each other, rather than lines
within a breed. A higher effect of heterosis is obtained when crossing breeds with a
more pronounced genetic difference than when crossing breeds with a similar genetic
structure. From a theoretical point of view, this should be understood as meaning that
unrelated parents have less chance of being homozygous for the same pair of genes
than related ones. In recent years, interbreeding has been widely used to breed new
highly productive breeds by mating dams of local breeds with breeds of specialized
productivity. In Ukraine, a meat breed of pigs was bred by crossing dams of the Large
White breed of pigs and other local breeds with sires of imported meat breeds. The red-
and-white dairy breed was created by crossing Simmental cows with Holstein bulls,
the Ukrainian beef breed was bred by crossing Simmental cows with sires of imported
beef breeds [12, 13].

Inbreeding is a selection system for obtaining offspring from mating related
animals.

The genetic consequences of inbreeding are to increase homozygosity in the
population for most gene pairs.

Inbreeding, combined with targeted selection and selection, contributes to the
consolidation of desired traits in the population. Offspring from related parents often
receive the same genes as

a common ancestor. Therefore, there will be a certain similarity between parents
and offspring, which will increase with increasing homozygosity. Using special
terminology, it can be argued that inbred parents are more prepotent than non-inbred
ones. Therefore, in dairy cattle breeding, they try to complete breeding associations
with inbred bulls as fertile animals in order to use them on outbred cows, and in poultry
farming, they try to breed inbred specialized lines to obtain the effect of heterosis in
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At the same time, in the process of inbreeding, mutant genes pass into a
homozygous state, which causes depression (reduction in the viability of organisms or
lethal outcome). However, mutations can be those that reduce viability and those that
increase it. Therefore, depression does not always occur with inbreeding.

Inbred depression is a decrease in the viability and productivity of animals as a
result of inbreeding. Inbreeding depression i1s most susceptible to traits with a low
degree of heritability (hope, egg production, growth rate, reproductive ability, disease
resistance, adaptive ability), that is, traits that characterize the viability of individual
animals and populations as a whole. In industrial animal husbandry, the breeding
system should avoid inbreeding and be based on obtaining heterozygous individuals,
which are more viable and therefore more productive. One form of inbreeding is
considered to be line breeding, the goal of which is to concentrate the heritability of
one representative or one ancestral line in the offspring of several generations.

Line — a breed or interbreed group of farm animals that originate from one or
more outstanding sires. In cattle breeding, lines refer to a breed group of animals that
originate from one sire. In poultry farming, a line is understood as both a breed and an
interbreed group of animals that originate from several sires, specialized in one or more
economically useful traits.

The genetic consequences of breeding by lines are the same as inbreeding.
Breeding by lines leads to homozygosity of pairs of genes that are in the ancestors in
the heterozygous state. The probability that the line offspring will have the same genes
as the ancestor of the line also increases. If the ancestor had a large number of desirable
genes, this will contribute to the fact that the descendants will also have the same
desirable genes. If the ancestor had harmful genes in the heterozygous state, then the
offspring may also have them, and in some animals in the homozygous state. That is
why it is necessary to carefully choose the ancestor of the line. It should be evaluated
by the quality of the offspring not only by economically useful traits, but also by the
presence of recessive harmful genes in their genotype.

Breeding by lines is used only in purebred breeding. The use of inbred lines of
bulls-sprouting on unrelated cows (outbreeding) has become widespread in dairy cattle
breeding, which contributes to the genetic improvement of breeds by economically
useful traits. In addition, linear-rotational selection in commercial herds makes it
possible to exclude spontaneous related mating of cows during artificial insemination
[11,12,13].

Lines are divided into:

- genealogical line - a group of animals that have a common ancestor in the direct
paternal pedigree, obtained without a specific plan, without directed selection and
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selection. Genealogical lines make up the structure of the breed and are a means of
rotational selection in commercial herds in order to prevent spontaneous inbreeding.

- hybrid line - a group of animals obtained from crossing two or more lines of
the same breed or lines of different breeds. This breeding method is used in poultry
farming, it is aimed at obtaining heterosis.

- factory line - a group of animals that originate from an outstanding breeder,
obtained by targeted selection and selection, differs from other lines in characteristic
breeding and productive qualities.

- inbred line - a group of animals that are obtained by close related mating in
several generations. They are bred in poultry farming, less often - in pig farming in
order to obtain [12].

a heterosis effect when crossing such lines. In inbreeding, it is necessary to cull
animals, therefore, in low-fertility livestock (cattle, horse breeding and sheep breeding)
inbred lines are not bred.

- combined lines - lines, when crossed, the effect of heterosis is manifested in
the offspring. The phenomenon of linear combination (combining ability) is widely
used in poultry farming.

Conclusions. The introduction of progressive technologies, selection and
breeding methods in livestock farming, the development and implementation of
methods for breeding and selection of farm animals that take into account the specifics
of all branches of livestock farming are the key to increasing the production of high-
quality food products, in particular milk and dairy products, for consumers and raw
materials for industry.
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Anomauin

Cmamms mae onucosuti ma 021008uil Xapakmep i NPUcesadena awanizy GUKOPUCMAHHSL
CyuacHux memoois cenekyii' y meapuHnuymsi. Bucgimneno npoyec cenexyii, ax 6axciugoi ckiadogoi
azpapHo20 CeKmopy, OCKIIbKU 6IH CHPUAE NOKPAUWEHHIO 2eHeMUYHUX XAPpaKmepucmux meapun.
Taxooc onucano natlepekmueHiuli Memoou cenexkyii y meapuHHuymei, acpapHomy CeKmopi.
Hazonoweno, wo meopemuunoro ocnogoro cenexyii € cenHemuka i miloKu 21uO0Ke 3HAHHS 3AKOHIE
MIHIUBOCMI mMa YCNAOKYBAHHA O3HAK O003601UMb CeleKYIoHepy 2paMOmHO NIAHYyeamu ma
npogooumu  cenekyiliny pooomy. Bkasano, wo Kpim 2eHemuxu, celeKyioHep NO8UHeH Mamu
IPYHMOBHI 3HAHHSA 01011021i 00pano2o 06'ekma 00Cni0NHCeH S, 3aKOHIB 11020 PO3ZMHONCEHHS, POCIY Ma
PO3BUMKY 1i020 0COOUH, iX cmiukocmi 00 IH@EeKYIiHUX 3aX80PHO8AHbL MA THUWUX HECHPUSMIUBUX
ghaxmopis nagxkonuwHb020 cepedosuua. Omoaice 8UCEIMIEHO Y CMammi, wjo, celeKyiluni npoepamu 3i
CMBOPEHHS HOBUX COPMIB POCIUH [ NOPIO MBAPUH, nepul 3a 8ce, MiYyHO OA3VIOMbCSL HA 2eHeMUYHUX
NPUHYUNAX, CRUPAIOYUCHL HA 3aKOHU 2eHemuKu. Y cmammi maxodic onucaxo, AK 2eHemuyHi ma
CenekyitiHi  O0CNIONCEHHST  CLIbCLKO2OCNOOAPCOKUX MBAPUH €  KAHUOBUMU O  NIOBULYEHHS.
NPOOYKMUBHOCMI MaA AKOCMI CLIbCbKO20CN00apCbKoi npodykyii. Taxoic pozenidaemocs, AK cyiacHe
MBAPUHHUYMBO, BUKOPUCTNOBYIOUU OOCASHEHHS (DYHOAMEHMANbHUX OION02IYHUX HAYK, BKIIOYAIOYU
JHK-mexnonoeii, npuzeo0ums 00 nio8UUeHHs eKOHOMIYHOI edheKmuUBHOCMI 8 azponpoMucio8omy
komniexci. Haeonoweno, wo KinbKicHi 03HAKU y MBAPUH € OCOOIUBO BANCTUBUMU, BKIIOUAIOUU
BUPOOHUYMBO MOJIOKA, CKAAO MOJOKA, AKICMb M'ca ma mywi, niooyicms, a maKoic CmiuKicmo
abo cnputinamaugicms 00 iHgexyiu. Takooc onucano yi 03HaKU, K NepesadcHO NOJeHHI, Wo €
Dpe3yIbmamom 83a€mMo0ii KiIbKOX 2eHis. B pezynbmami Ha2ol0uwieHo, wo pO36UMOK eKOHOMIUHO
KOPUCHUX O3HAK MAKONC MAE GUPTUUATIbHE 3HAUEHHS, | XPOMOCOMHI KAPMU CilbCbKO20CNOO0APCLKUX
MBapuH € HeoOXIOHUMU, WO Ye NIOBUUYE UMOBIDHICIb BUABNEHHS NOJIICeHHUX KINIbKICHUX 03HAK ma
epexmusHicms ceneKyitiHux 3yCulb 3a O0NOMO2010 2eHeMUYHUX MAPKePISs.

Knrouoei cnosa: [[HK, cenexyis, meapuHnuymeo, MiHIugicms, yCnaoKy8auHs, Memoou,

PO36e0eHHs1, CLIbCbKO2OCNO0APChKI MEAPUHU, THHOBAYIL, 2eHEMUKA, XPOMOCOMHI KApmu, 2eHemuyHi
mapxepu.
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