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Abstract. An important problem in modern dairy cattle breeding is the achievement of a high level of genetic
progress in economically important traits through the implementation of effective breeding programs. For this
purpose,genomic selection is currently used in many countries of the world. The aim of the study was to investigate
possibilities of use of genomic selection in dairy cattle breeding in Ukraine. On the basis of analysis of “Catalogue
of sires of dairy and dual-purpose breeds for reproduction of cows in 2020” (sperm of these sires was used in
Ukraine) two methods of breeding value estimation were compared: 1) traditional method based on pedigree
and performance of progeny; 2) genomic method based on effects of SNPs. Considerable advantage of sires with
genomic evaluations was proved. These sires excel sires with traditional evaluation for milk yield by 1.6 times,
for fat percentage by 2.2 times, for fat yield by 1.7 times, for protein percentage by 2.1 times and for protein yield
by 1.7 times. Using estimates of breeding values of sires pare-wise genetic correlations between main genetic
traits were computed. The negative genetic relationship between milk yield and fat and protein percentages was
revealed. Values of energy corrected milk (ECM) of daughters and dams of sires across breeds and countries of
origin were calculated. It was shown that dams of sires of Holstein and Jersey breeds had highest values of energy
corrected milk (9,132.0 kg and 8,041 kg, respectively) while dams of sires of Ukrainian Black-and-White dairy breed
had lowest values of this trait (5,848.1 kg). According to country-of-origin daughters of sire’s form USA, Canada
and the Netherlands had highest values of energy corrected milk. Values of response to selection using traditional
breeding program and genomic selection were compared. It was proved that by means of shortening generation
intervals on pathways of genetic improvement “sires of bulls”, “sires of cows” and “dams of bulls” using genomic
selection it is possible to increase rate of genetic progress for milk yield from 100.1 kg to 180.0 kg that is by 80%
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INTRODUCTION
Traditional breeding programs for dairy cattle are based
on progeny testing of young bulls. However, such pro-
grams require 6-7 years to obtain reliable estimates of
breeding values and are very expensive (it is necessary
to obtain 60-100 daughters for each bull while most
of progeny tested bulls are not used for reproduction).

Genomic selection allows shorten time period nec-
essary to obtain reliable breeding values of young bulls
and is more cost-effective compared to progeny testing
schemes. Breeding programs based on genomic selec-
tion are currently used in many countries of the world.

The effectiveness of breeding programs depends
on their profitability. In implementing such a program,
it is important to predict the expected genetic progress
that is associated with the response to selection (Ruban
& Danshin, 2019).

At the beginning of the 21 century the possibility of
predicting the breeding values of animals in the early
stages of ontogenesis using multiple markers that
cover the entire genome was proved (Weller, 2019).
This led to the formulation of what is known now as
‘genomic selection” (Misztal et al., 2020). But at that
time this approach was not implemented due to the
lack of sufficient number of genetic markers. In 2009,
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after sequencing the genome of cattle, the features of
polymorphism of individual nucleotides (SNP - Single
Nucleotide Polymorphism), and relationship of SNPs
with the important traits were revealed. Later use of
technology of micro-panels of DNA (DNA - microarray)
has made genomic selection more widely used in the
breeding programs of many species of farm animals
and especially in dairy cattle (VanRaden, 2020).

In 2009-2011 breed associations in a number of
countries around the world implemented genomic selec-
tion using DNA micro-panel technology (BovineSNP50
BeadChip), and the overall profitable effect of such
programs increased the application of genomic testing
in other countries. Number of genotyped animals per-
manently increases. For example, number of genotyped
animals in USA and Canada increased from 22,344 in
2009 to more than 6.5 million in 2022 (Wiggans &
Carrillo, 2022).

Widespread implementation of genomic selection
is associated with considerable development of meth-
odology of genomic prediction used for evaluation of
genomic breeding values (Ahmadi & Bartholomé, 2022).

Figure 1 presents a general scheme of organization
of selection in dairy cattle.
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Figure 1. General scheme of breeding program in dairy cattle using two methods of evaluation of breeding values:
traditional (pedigree BLUP) and genomic (genomic BLUP)

Source: S. Ruban & V. Danshin (2019)

On farms under recording individual data on pro-
ductivity, product quality, health status and level of
reproduction are collected with the determination of
the best animals for selection. From these animals’
young bulls are selected to Al organization, and best
of them pass to group of elite sires or “sires of bulls”.

Selection of this category of animals can be carried out
in two ways: 1) traditional two-stage selection, when
at the first stage bulls are selected at the age of 10-12
months on growth and reproductive traits, and at the
second stage, at the age of 5-6 years, they are selected
on estimates of breeding values (pedigree BLUP) using
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progeny testing; 2) bulls are genotyped out at the age
of 6-10 months, selected on genomic breeding values
(genomic BLUP) and the best of them are used since the
age of 10-12 months (time of start of accumulation of
sperm for artificial insemination) in individual mating
programs to obtain the best cows to form the next gen-
eration (Fig. 1). Most of the frozen sperm from sires is
used for artificial insemination of cows and heifers. The
main purpose of selection is to obtain healthy offspring
capable to produce a certain amount of milk with a cer-
tain composition and quality (Ruban & Danshin, 2019).

The base of the organizational scheme of genomic
selection is a reference population with known geno-
types of animals for SNPs and the corresponding phe-
notypes. Based on these data, the prediction equation
is constructed, which allows to calculate genomic es-
timates of breeding value for animals - candidates for
selection (young bulls and heifers). According to these
estimates, in accordance with the breeding objectives,
animals of next generation are selected. This is two-step
procedure. Recently, single-step genomic BLUP combin-
ing information on both genotyped and non-genotyped
animals is widely implemented (Lourenco et al., 2020;
Mantysaari et al., 2020; Bermann et al., 2022).

A good example of the practical use of genomic se-
lection in dairy cattle is the HD Genomics program for
the Norwegian Red breed. The total population of this
breed is 200,000 cows, so about 100,000 bulls and the
same number of heifers are born annually. Data on per-
formance, health, and pedigree are collected for each
animal. Annually, 8,000 young bulls and 12,000 young
heifers are selected for genotyping in order to calculate
the genomic breeding values on a set of traits. From
the evaluated animals, 50-60 elite bulls are selected to
obtain sperm, which is used for artificial insemination,
and from the evaluated heifers 120 elite heifers are se-
lected for the production of embryos (Norwegian Red
breeding program, 2021).

ECM =

The use of genomic estimates of breeding value
causes significantly reduce of generation intervals.
B.0. Makanjuola et al. (2020) investigated the changes in
the intervals on the four pathways of genetic improvement
in the populations of Holstein and Jersey breeds in the
United States for the period from 1990 to 2018. On four
pathways of selection due to the introduction of genomic
selection the average generation interval reduced from
6-6.5 years (traditional selection) to 2.5-3 vyears, i.e., 2
times. At the same time, the largest reduction in the gen-
eration interval occurred in the category of sires of bulls -
from 8 to 2-3 years. The reduction of generation intervals
on the main pathways of selection led to a corresponding
acceleration of the rate of genetic progress (Wiggans &
Carrillo, 2022). For example, genetic gain in fat yield for
Holstein bulls increased 6 times since 2009 (Guinan et al.,
2023). Generally, genomic selection program for dairy
cattle has doubled the rate of genetic gain in the United
States (Wiggans & Carrillo, 2022). At the same time, an
increase in the rate of inbreeding is observed (Lozada-
Soto et al., 2022). Mitigation of the negative effects of in-
breeding depression on different traits also requires use
of genomic information (Gutierrez-Reinoso et al., 2021).

The aim of the study was to investigate possibilities
of use of genomic selection in dairy cattle breeding in
Ukraine.

MATERIALS AND METHODS

Material of the study were estimated breeding values of
937 sires for milk production traits (milk yield, fat percent-
age, fatyield, protein percentage and protein yield) taken
from the catalogue of dairy and dual-purpose service
sires of Ukraine (39 Al organizations) in 2020 (Polupan
etal.,2020).Table 1 contains descriptive statistics of milk
production traits of daughters of sires used in the study.

General level of milk production was esti-
mated as energy corrected milk (ECM) according to
N.G. Hossein-Zadeh (2017):

fat yield,kg-38.3 + protein yield,kg-24.2+milk yield,kg-0.7832 (1)

Annual response to selection (R) was calculated as

3.14

cows; S =i -r - genetic superiority of dams of

DB~ DB gIDB g,
(Simm et al., 2021): bulls; SDC o Tioc % - genetic superiority of dams of
Ssp + Ssc + Spp + Spc COWS; icy i oo I I — COrresponding values of selection

= Top T Loc T Lpp ¥ Lpe” (2) intensity;r ., r - corresponding values of

gise ' gisc ' gipg gIDC

selection accuracy; o — additive genetic standard de-

where S =i, g/SB - genetic superiority of sires of  viation; L, L.,L.L, corresponding values of gener-
bulls; S,=i lsc® - genetic superiority of sires of ation interval.

Table 1. Descriptive statistics (Mean*SD) of milk production traits of daughters of sires used in the study

Milkyield, kg Fat percentage, % Fatyield,kg Protein percentage, % Protein yield, kg
Holstein 446 10,104+3,331 3.82%0.17 386.0£129.6 3.13%0.08 316.3%77.6
Jersey 29 9,810%674 4.79%0.16 469.9+31.6 3.63%0.07 356.1£22.1
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Table 1, Continued

Milkyield,kg Fat percentage, % Fatyield,kg Protein percentage, % Protein yield, kg
Montbeliard 11 5,699+1,608 3.90+0.21 222.3%74.2 3.58+0.16 204.0+37.8
Simmental 37 5663+1,605 3.84+0.17 217.5%62.2 3.27+0.17 185.2+37.7
LMEmEn BREEm: g g oo 375+0.13 196.774.2 3.11%0.09 163.2¢71.4
White dairy breed
Ukrainian Red dairy breed 23 5,410%1,674 3.78+0.11 204.5%65.5 3.18+0.12 172.0+39.1
REMTER FEFEMERINE e e gy 3.73+0.12 180.2¢51.1 3.08+0.11 148.8+457

dairy breed

Source: data of the catalog of dairy and dual-purpose sires used for reproduction of cattle in 2020 (Polupan et al., 2020)

Statistical analysis was carried out using program
IBM® SPSS 17.0 that offers advanced statistical analysis
and is ease of use, flexible and scalable.

Analysis of variance was conducted using linear
model:

y=u+a+e (3)

where y — estimated breeding value of a sire, a — effect
of method of breeding value evaluation, e - error.

Genetic correlations between milk production traits
(milk yield, fat percentage, fat yield, protein percentage
and protein yield) were computed as Pearson correla-
tions between corresponding estimates of breeding
values of sires.

Traditional evaluation (pedigree BLUP), 462 sires

Meanzs.e.

Milk yield, kg +783.37£25.71

Fat percentage, % +0.089%0.010
Fat yield, kg +39.87%1.10
Protein percentage, % +0.056+0.005
Protein yield, kg +31.01%0.81

Table 2. Estimated breeding values sires with traditional and genomic evaluations for milk production traits

All procedures were carried out in accordance with
the ethical considerations regarding the involvement of
animals according to the recommendations of ARRIVE
(n.d.). The authors of this study assure compliance with
all ethical standards in research involving animals.

RESULTS AND DISCUSSION

Based on the data of the catalog of dairy and dual-pur-
pose sires used for reproduction of cattle in 2020
(Polupan et al., 2020), traditional (pedigree BLUP) and
genomic (GBLUP) estimates of breeding values of sires
for milk production traits were compared (Table 2). A
considerable advantage of sires with genomic esti-
mates of breeding values was observed.

Genomic evaluation (GBLUP), 475 sires

Mean#s.e.

+1,220.75+25.36
+0.197%0.010
+69.05+1.09
+0.120%0.05
+53.25%0.80

Source: data of the catalog of dairy and dual-purpose sires used for reproduction of cattle in 2020 (Polupan et al., 2020)

Table 3 contains results of analysis of variance of
influence of method of breeding vale evaluation on
estimated breeding values of sires for milk production
traits.

For all milk production traits, the influence of
method of breeding value evaluation on estimated

breeding values of sires was significant. Thus, the
genomically evaluated sires are superior to the sires
with the traditional estimates.

Using estimates of breeding values of sires
genetic correlations between milk production traits
were calculated (Table 4).

Table 3. Analysis of variance of influence of method of breeding vale evaluation (traditional versus genomic) on
estimated breeding values of sires for milk production traits

Source of variation Trait Sum of squares df Mean square F p
Method of breeding value Milk yield 4.480E7 1 4.480E7 146.723 0.000
evaluation Fat percentage 2.755 1 2.755 58.811 0.000
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Table 3, Continued

Source of variation Trait Sum of squares df Mean square F p
Fat yield 199,481.990 1 199,481.990 354.736 0.000
Method of breeding value Protein percentage 0.958 1 0.958 93832 0.000
Protein yield 115,882.651 1 115,882.65 382.178 0.000
Milk yield 2.855E8 935 305,356.432
Fat percentage 43.795 935 0.047
Error Fat yield 525,786.785 935 562.339
Protein percentage 9.547 935 0.010
Protein yield 283,507.123 935 303.216
Milk yield 1.277E9 937
Fat percentage 65.945 937
Total Fat yield 3,525,259.000 937
Protein percentage 17.838 937
Protein yield 2,074,931.000 937

Source: data of the catalog of dairy and dual-purpose sires used for reproduction of cattle in 2020 (Polupan et al., 2020)

Table 4. Genetic correlations (r,) between milk production traits

Traits
Milk yield - fat percentage
Milk yield- protein percentage
Fat percentage - protein percentage
Fat yield - protein yield
Protein percentage - fat yield
Fat percentage - fat yield
Milk yield - fat yield
Milk yield - protein yield
Fat percentage - protein yield

Protein percentage - protein yield
Note:™ - p<0.01

n re
1,195 -0.200"
972 -0.195"
972 +0.705"
1,067 +0.791"
969 +0.398"
1,193 +0.580"
1,243 +0.658"
1,070 +0.836"
1,031 +0.126"
969 +0.352"

Source: data of the catalog of dairy and dual-purpose sires used for reproduction of cattle in 2020 (Polupan et al., 2020)

There is a negative genetic relationship between
milk yield and fat and protein contents in milk (-0.200
between milk yield and fat percentage and -0.195 be-
tween milk yield and protein percentage), which con-
firms the risk of reduction of the last two traits as a
result of selection on milk yield. In all other cases the
relationships were positive. Highest positive genetic

correlations were between milk yield and fat yield
(+0.658) and between milk yield and protein yield
(+0.836). All genetic correlation coefficients were sig-
nificant (p<0.01).

Based on the catalog data (Polupan et al., 2020) the
values of energy corrected milk (ECM) of daughters and
damsofsiresaccordingto breedswere calculated (Table 5).

Table 5. Genetic Energy corrected milk (ECM) of dams and daughters of sires according to breed

Breed
Ukrainian Red-and-White dairy breed
Ukrainian Red dairy breed

Ukrainian Black Sea Region Agrarian Science, 27(1), 20-29
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6,279.3 3,789.9
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Breed
Ukrainian Black-and-White dairy breed
Simmental
Montbeliard
Holstein

Jersey

Table 4, Continued

DET Daughters
5,848.1 4,227.6
6,871.8 4,439.3
7,384.0 4,651.9
9,132.0 7,509.6
8,041.0 8,531.9

Source: data of the catalog of dairy and dual-purpose sires used for reproduction of cattle in 2020 (Polupan et al., 2020)

This trait makes it possible to comprehensively as-
sess the level of milk production, taking into account
fat and protein contents. The highest values of ECM
have dams of Holstein and Jersey sires (9,132.0 kg
and 8,041 kg, respectively), the lowest - sires of the
Ukrainian Red-and-White dairy breed (5,848.1 kg). Other
breeds occupy an intermediate position in terms of the
value of this trait. Regarding the high values of ECM
for the daughters of sires, the leading place is occupied
by the Jersey breed (8,531.9 kg), and the second - Hol-
stein breed (7,509.6 kg). Daughters of sires of Ukrainian

10000
9000
8000
7000
6000
5000 43137 4502,1

4000
3000
2000
1000

0

Ukraine

5369,4

Germany

ECM, kg

Austria

Red-and-White dairy breed, Ukrainian Red dairy breed
and Ukrainian Black-and-White dairy breeds have val-
ues of ECM is in the range from 3,789.9 to 4,651.9 kg,
which indicates the possibility of improvement of this
trait by means of selection. Given the fact that up to
80% of frozen sperm of sires is imported to Ukraine
(Polupan et al., 2020) ECM values of the daughters of
sires depending on their country of origin were analyzed
(Fig. 2). Daughters of sires from the USA, Canada and
the Netherlands, where genomic selection has been in-
tensively used recently, have the highest values of ECM.

8635,2
7069,5 7396,1
5380,9 I I
Hungary Netherlands  Canada USA

Country of origin of sire

Figure 2. Energy corrected milk (ECM) of daughters of sires according to country of origin
Source: data of the catalog of dairy and dual-purpose sires used for reproduction of cattle in 2020 (Polupan et al., 2020)

In order to determine the potential effectiveness of
genomic selection in dairy cattle breeding in Ukraine
the average annual responses to selection (R) in milk
yield in the population of Ukrainian Black-and-White
dairy cows using traditional selection and genomic se-
lection were compared (Table 6).

The calculations showed that by reducing the gen-
eration intervals on such pathways of genetic im-
provement as “sires of bulls”, “sires of cows” and “dams
of bulls”, it is possible to increase the level of genetic
progress in milk yield from 100.1 kg up to 180.0 kg,
i.e., by 80%.

Recently genomic selection became conventional
method of dairy cattle breeding in many countries, re-
placing traditional breeding programs based on expen-
sive and time-consuming progeny testing (VanRaden,
2020). Genomic selection allows to obtain estimates of
breeding values of animals at early age with relatively
high accuracy. Urgent prerequisite of implementation
of genomic selection is forming reference population
(animals with known phenotypes and genotypes) to
obtain prediction equation which is used to compute
genomic breeding values of candidates of selection.
Size of reference population to a great extent influences
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the accuracy of genomic prediction (van den Berg et al.,
2019). As a result, genomic selection can be easily im-
plemented in large dairy breeds (like Holstein).
According to A-C. Doublet et al. (2019) in France
genomic selection induced an increase in mean an-
nual genetic gains of 50, 71 and 33% for Montbéliarde,
Normande and Holstein bulls, respectively; in the same
time the generation intervals were reduced by a factor
of 1.7, 1.9 and 2, respectively. In Australia the rates of
genetic gain for the national economic index (Balanced
Performance Index) has increased by ~160% in Holstein
females and ~100% in Jersey females (Scott et al., 2021).
F. Lembeye et al. (2022) estimated genetic progress
from selection on the VEL (Valor Econémico Lechero)
selection index developed for Chilean dairy cattle

based on selection schemes using progeny testing (PT)
and genomic selection (GS). Authors concluded that
compared to PT, a more profitable alternative might be
the implementation of a GS-scheme, that would result
in a faster genetic gain in the aggregate breeding value
or merit for all the traits included in the selection ob-
jective (0.323-0.371 vs.0.194 cg/year).

Use of genomic selection in small local breeds
is difficult because a limited number of animals can
be included to reference population. Nevertheless, in
several studies it was shown that under certain con-
ditions (for example, use of combined reference popu-
lations from closely related breeds) genomic selection
still may be implemented in such breeds (Marjanovic
etal., 2021).

Table 6. Comparison of annual genetic response of milk yield (R) in Ukrainian Black-and-White dairy breed depending
on method of selection

Proportion of selected

Pathway of selection el 5

Selection
intensity, i

Genetic

J——— Generation interval

(L), years

Accuracy of
selection, rgl

Traditional selection (ca = 562.5 kg)

Sires of bulls 3 2.27 0.90 1,149 6
Sires of cows 15 1.55 0.70 610 7
Dams of bulls 1 2.67 0.40 601 5
Dams of cows 85 0.27 0.40 61 6
Sum 2,421 24
R 2,421/24 = 100.1kg
Genomic selection (ca = 542.8 kg)
Sires of bulls 3 227 0.75 924 3
Sires of cows 15 1.55 0.75 631 3.5
Dams of bulls 1 2.67 0.75 1087 2.5
Dams of cows 85 0.27 0.40 59 6
Sum 2,701 15
R 2,701/15 = 180.0 kg

Source: data of the catalog of dairy and dual-purpose sires used for reproduction of cattle in 2020 (Polupan et al., 2020)

Until now no research on possible effectiveness of
use of genomic selection in breeding of Ukrainian dairy
cattle was done. It should be noted that genetic progress
in the Ukrainian dairy breeds is very small. The main
reasons are small numbers of cows, lack of comprehen-
sive and reqgular recording and out-of-date methods of
genetic evaluation. One of the advantages of genomic
selection is possibility to apply recording only to ref-
erence population and so reduce costs of phenotyping
(Obsteter et al., 2021). So, investigating possible imple-
mentation of genomic selection in dairy cattle breeding
in Ukraine seems to be reasonable.

Ukrainian Black Sea Region Agrarian Science, 27(1), 20-29

Results of the study indicate that genomically eval-
uated sires used in Ukraine have significantly higher
breeding values for milk production traits than sires
with traditional evaluations. Reason is faster genetic
progress resulting from shorter generation intervals
with genomic selection (Hagan & Cue, 2019).

Analysis of energy corrected milk showed that both
dams and daughters of sires of Ukrainian dairy breeds
generally have lower total milk production that dams
and daughters of imported sires.

Comparison of expected annual genetic gain in
milk yield in Ukrainian Black-and-White dairy breed for



traditional and genomic selection suggests that use of
genomic selection can considerably accelerate genetic
progress and this result is similar to results of other au-
thors (Leeetal.,2020;Scottetal.,2021; Guinan etal.,2023).

It should be noticed that can genomic selection can
be implement in any dairy breed without increasing the
level of investment (ObSteter et al., 2021). Reliability
of genomic estimated breeding values in small dairy
populations can be considerably increased by using
multi-trait single step genomic BLUP (Zhang et al.,2022).

Further investigations are needed to study possi-
ble effects of implementation of genomic selection on
economically important traits (milk quality, longevity,
fertility etc.) of dairy cattle as well as genetic diversity
in local dairy breeds in the Ukraine.

CONCLUSIONS

Analysis of variance showed significant influence of
method of breeding value evaluation on estimated
breeding values of sires. Genomically evaluated sires
had higher estimated breeding values for milk produc-
tion traits than sires with the traditional estimates.

There is a negative genetic correlation between
milk yield and fat and protein contents in milk (-0.200
between milk yield and fat percentage and -0.195 be-
tween milk yield and protein percentage). Highest pos-
itive genetic correlations were between milk yield and
fat yield and between milk yield and protein yield.

Ruban and Danshin

The highest values of energy corrected milk had
dams of Holstein and Jersey sires, the lowest - sires of
the Ukrainian Red-and-White dairy breed, while other
breeds occupied an intermediate position in terms of
the value of this trait. The high values of energy cor-
rected milk had daughters of Jersey and Holstein sires.
Daughters of sires of Ukrainian Red-and-White dairy
breed, Ukrainian Red dairy breed and Ukrainian Black-
and-White dairy breeds have values of energy corrected
milk is in the range from 3,789.9 to 4,651.9 kg. With
regard to country of origin daughters of sires from the
USA, Canada and the Netherlands had the highest val-
ues of energy corrected milk.

The use of genomic selection in breeding of dairy
cattle in Ukraine can substantially increase genetic
progress by means of shortening generation intervals.
Reducing the generation intervals on such pathways of
genetic improvement as “sires of bulls”, “sires of cows”
and “dams of bulls”, it is possible to increase the level
of genetic progress in milk yield from 100.1 kg up to
180.0 kg, i.e., by 80%.
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NMepcnekKTUBM 3aCcTOCyBaHHA reHOMHOI cenekuii Ans reHeTu4Horo
NOKpaLUeHHA MOJIOUYHOI Xyao6u B YKpaiHi

Ceprin KOpiiioBuu Py6aH

[OKTOp CiNbCbKOroCnoaapCbkmMx HayK

HauioHanbHMI yHiBepcuTeT GiopecypcCiB i MpMPOAOKOPUCTYBAHHS YKpaiHu
03041, Byn. lepois O6opoHu, 15, m. Kuis, YkpaiHa
https://orcid.org/0000-0002-8114-3665

BikTtop OnekcangpoBuy JaHWwuH

KaHamaaTt CinbCbKOrocnoaapCbKMX HayK

HauioHanbHuMI yHiBepcuTeT BiopecypciB i NpUpOLOKOPUCTYBAHHS YKpaiHu
03041, Byn. lepois O6opoHH, 15, M. Kuig, YkpaiHa
https://orcid.org/0000-0001-9012-6835

AHoTauis. Baxnveoo npobneMoro B Cy4aCHOMY MONOYHOMY CKOTApCTBi € LOCATHEHHS BUCOKOTO PiBHS TEHETUUYHOTO
nporpecy no eKOHOMIYHO BAXK/IMBMM O3HaKaM LUASXOM BNPOBALKEHHS eDEKTUBHUX CenekLiMHMX nporpaM. 3aans
LbOro HUHI B GaraTbox KpaiHax CBIiTY BMKOPWUCTOBYHOTb FEHOMHY Cenekuito. MeTo LOCNigKeHHS 6yno BUBYEHHS
MOX/IMBOCTEM 3aCTOCYBAHHA FEHOMHOI cenekuii B po3BeAeHHi MONOYHOI Xynobu B YKpaiHi. Ha ocHoBi aHanisy
«KaTtanory nnigHuKiB MONOYHKUX i KOMBIHOBaHUX mopia ans BiaTBopeHHs kopis y 2020 p.» (cnepmy UMX NAiQHWKIB
BMKOPUCTOBYBanM B YKpaiHi) NMOpiBHIOBaNW ABa METOAM OLIHKM MNeMiHHOI uiHHOCTI: 1) TpaguuinHwuii metopg,
3aCHOBaHMI Ha POLOBOAI | MPOAYKTUBHICTb MOTOMCTBA; 2) reHOMHUI MeTO[, 3aCHOBaHMI Ha edekTax SNP-Mapkepis.
[loBefieHO 3HauYHy NnepeBary niifAHUKIB 3 reHOMHUMMU OLLiHKaMW. LLi nnifHWMKW nepeBepLuyroTh NAiAHMKIB 3 TPAAMLIAHOK
OLLiHKOI 33 HafoeM Monoka B 1,6 pasw, 3a BiLCOTKOM XMpy B 2,2 pasu, 32 BUXOAOM Xupy B 1,7 pasu, 33 BiACOTKOM
6inka B 2,1 pa3u i 3a Buxopom binka B 1,7 pa3un. Ha oCHOBI OLiHOK MNEMIHHOI LiHHOCTI NAifHMKIB ByNM po3paxoBaHO
reHeTUYHi Kopensauii MiX OCHOBHUMM CeNekUiMHMMKU O3HaKaMWu. BUSBNEHO HEraTMBHUM FEHETUYHUIM 3B30K MiX
HaJ0EM Ta BMICTOM XuMpy Ta 6inka. bynn po3paxoBaHi 3HaYeHHs CKOperoBaHoro Ha eHeprito Hapot (ECM) goyok
i MaTepiB NAigHKUKIB ON9 Pi3HMX NOPIA i KpaiH noxomkeHHs. [Toka3aHo, WO HaMBMLLI NMOKA3HMKM CKOPEroBaHOro Ha
€Hepril Hafol Manu MaTtepi NNiAHWKIB rONWTUHCBKOT Ta Axepcercbkoi nopig (9132,0 kr ta 8041 «r, BiZnoBiaHo),
a HaWHWX4i — MaTepi NNigHWKIB YKPAiHCbKOI YOpHO-psiboi MonoyHoi nopoau (5848,1 «r). BignosigHo fo KpaiHu
noxomkeHHs fouku byrais 3 CLUA, KaHaam Ta HinepnaHZiB Manu HaMBMLLi 3HAYEHHS CKOPEroBaHOro Ha eHeprito
Hapoto. [NopiBHIOBaNM 3HAYEHHS BIAMNOBIAI Ha BiAGIp 3a TPAAMUIAHOK CenekuiiMHOK MporpamMol Ta FEHOMHO
cenekui€to. [loBeneHo, L0 33 paxyHOK CKOPOYEHHS reHepauiMHMX iHTepBaiB HA WASXaX FeHETUYHOrO NOKPALLEHHS
«BaTbku ByraiB», «6aTbkM KOpiB» i «MaTepi Oyrais» 3a 4ONOMOroK reHOMHOI CenekLii MOXHa MigBULMTMU LWBUAKICTb
reHeTM4yHoro nporpecy 3a Hapoem Big 100,1 kr. o 180,0 kr, To6T0 Ha 80 %

KniouoBi cnoBa: MonoYHa Nopoaa; CKOPEeroBaHMi Ha eHEeprito Hafin; reHeTUYHe MOKPALLEHHS; FTeHETUYHA Kopenswig;
BiAMNOBIAb HA BiAGIP; reHOMHA OLiHKa
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