i
E The Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2023, Is. 130

DOI 10.32900/2312-8402-2023-130-102-111
UDC 575.113:63.27.082(477)

PROSPECTS OF USING COMPLEX GENOTYPES FOR BETA-
CASEIN, PROLACTIN AND LEPTIN GENES IN MARKER-
ASSISTED BREEDING IN DAIRY CATTLE

Kulibaba R. O., Dr of Agricultural Sciences, S. Sc.,
https://orcid.org0000-0003-1776-7147
National University of Life and Environmental Sciences of Ukraine,
Kyiv, Ukraine
Lyashenko Y. V., PhD in Agricultural Sciences, S. Sc.,
https://orcid.org0000-0003-2747-476X
Livestock farming institute of NAAS, Kharkiv, Ukraine
Sakhatskyi M.1., Dr of Biology. Professor, Academician of the National Academy of
Sciences of Ukraine, https://orcid.org0000-0002-6113-0226
National University of Life and Environmental Sciences of Ukraine,
Kyiv, Ukraine

The analysis of the prospects of using complex genotypes at the loci of beta-
casein, prolactin and leptin in marker-assisted breeding programs of Ukrainian Black-
and-White and Red-and-White dairy breeds of cattle to create experimental groups of
animals producing A2 milk was carried out. Data are given on the peculiarities of the
distribution of allele frequencies and genotypes at the loci of beta-casein (c.350C>4,
rs43703011), prolactin (c.35333764C>T, rs211032652) and leptin (c.239C>T,
rs29004508) in experimental cattle populations. It was established that in both cattle
populations, the loci of beta-casein, prolactin and leptin are polymorphic according to
experimental mutations. The expediency of using complex genotypes for each of the pol-
ymorphic loci for the selection of individuals of both research breeds for the purpose of
use in further selection work is substantiated. The number of individuals with the "de-
sired" complex genotypes in each population was determined as CSN2A?A?PRLCCLEPCC
for the Ukrainian Black-and-White dairy breed and CSN2*?A2PRLTTLEPC for the
Ukrainian Red-and-White dairy breed. According to the results of the research, it was
found out that in the research group of cattle of the Ukrainian Black-and-White dairy
breed, the number of individuals with the "desired" complex genotype is 10%, while in
the population of the Ukrainian Red-and-White dairy breed it is 17% of the total sample
(n =30). It has been proven that the minimum number of individuals required for genet-
ic population studies (n=30, FAQ) is insufficient for the effective selection of animals
with the desired complex genotypes based on the identified polymorphic loci in both
breeds of dairy cattle. Using the obtained data, it is proposed to carry out further mark-
er-assisted selection in order to obtain experimental groups of A2 milk-producing ani-
mals based on the selection of individuals with the desired complex genotypes in both
experimental cattle breeds using the Gene Pyramiding method. Gene Pyramiding with
the markers aims to obtain individuals with the best economic traits according to the
optimal breeding scheme, which involves the selection of the desired target alleles and
the pyramiding of their most optimal combinations into one complex genotype.
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IIposedeno ananiz nepcnekmusu GUKOPUCAHHIA KOMNJIEKCHUX 2eHOMUNIB 3d J10-
Kycamu bGema-kaseiny, npoiaKkmuny ma JenmuHy 8 npocpamax Mapkep-acoyitio8amil
cenekyii YKpaiHcbKoi YOpHO-paO0i ma uep8oHO-paboi MOIOUHUX NOPIO KOpIi6 3i Ccmeo-
PEHHA eKCnepUMEeHmMAalbHuX 2pyn meapur-npooyyenmie A2 monoka. Haeedeno Oawmi,
CMOCOBHO 0CODIUBOCMET PO3NOJITY YACMOm aneneti ma 2eHOmunis 3a J1oKkycamu bema-
kaseiny (¢.350C>A, rs43703011), nponaxmuny (c.35333764C>T, rs211032652) ma ne-
nmuny (€.239C>T, rs29004508) y odocnionux nonynsyisx xopis. Bcmanogneno, ujo 8
000X nonynayiax Kopis 10Kycu bema-kazeiny, NpoiaKmuHy ma 1enmuny 3a 00CIiOHUMU
mymayiamu € noaimop@uumu. OOIPYHMOBAHO OOYINbHICMb BUKOPUCTNAHHA KOMNLEKC-
HUX 2eHOMUNIG 3a KOJMCHUM 3 NONIMOPDHUX 10KYCi8 0115 8i000PY 0COOUH 000X OOCTIOHUX
nopio 3 Memor SUKOPUCIMAHHS Y NOOANbUIL ceneKyitinil pobomi. Bcmanoeneno Kinb-
Kicmb ocobun 3 “‘badxcanumu’’ KOMNJIEKCHUMU 2eHOMUNAMU 8 KOMNCHIU nonyaayii —
CSN2A2A2PRLECLEPCC  ona  yxpaincekoi  uopno-psboi monounoi nopoou ma
CSN2/#2A2PRLTTLEPCC ona ykpaincoroi uepsono-psaéoi monounoi nopoou. 3a pesyno-
mamamu 00CIIOHCEHb 3 ACOBAHO, WO Y OOCTIOHIN epyni Kopie YKpaiHCbKOi YOpHO-pAOOT
MOJIOYHOT NOPOOU KilbKiCMb 0COOUH 3 “‘Oaxcanum’” KOMNIEKCHUM 2eHOMUNOM CMAHO-
sums 10 %, 6 moti yac ax 6 nonyaayii YKpaiHcbKoi 4ep8oHo-ps60i MoI0UHOI nopoou —
17 % 6i0 3acanvhoi eubipxu (N=30). [JosedeHo, wo MiHiMaATbHA KibKICMb OCOOUH, He-
00XIOHA OJ151 NPOBEOEHHS 2eHeMUKO-NONYIAYIUHUX docniodxceHb (=30, FAO) € nedoc-
Mamubo10 071 eheKmusHo20 8i000py MEAPUH i3 OANCAHUMU KOMNAEKCHUMU 2eHOMUNA-
MU 3a 8UABTIEHUMU NOTIMOPOHUMU TOKYCaMU 8 000X NOPOOax MOIOYHUX KOPI6. 3a GUKO-
PUCAHHA  OMPUMAHUX OAHUX 3ANPONOHOBAHO NPOBEOeHHS NOOANbUWOI MapKep-
acoyiuosanoi cenekyii 3 Memoio OMPUMAHHS eKCNePUMEHMANbHUX 2PYNn MEAPUH-
npooyyenmie A2 MonoKa Ha OCHO8I 8I0OOPY 0COOUH 3 DANCAHUMU KOMNIEKCHUMU 2eHO-
munamu 8 060X 0OCIIOHUX NOPOOAX Kopis 3a suxopucmarnns memoody Gene Pyramiding.
T'ennuii nipamioine 3a 00NOMO2010 MApPKepie MAe HA Memi OMPUMAHHS OCOOUH 13 HAll-
KpAwuMy eKOHOMIYHUMU O3HAKAMU BIONOGIOHO 00 ONMUMANbHOI CXeMU pPO36e0eHHs,
sAKa nepedbayae eudip 6adxdcanux Yinlbosux anenie ma nipamioy8anHs ix HaubitbuL on-
MUMATLHUX KOMOIHAYI 6 00UH KOMNJIEKCHULL 2eHOMUN.

Knrouoei cnosa: nonimopgiszm, nonynayis, Koposu, aneib, 2eHOMUn, MiHIUBICMb.
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Despite the clear successes of genomic selection in cattle breeding, the use of
specialized types of breeding work based on marker-assisted selection is still relevant
worldwide (Gutierrez-Reinoso et al., 2021; Wiggans et al., 2022).

The problems that can be solved due to the use of modern molecular genetic ap-
proaches of marker-assisted selection depend on the peculiarities of a specific re-
gion/country and, to a large extent, are determined by the specific characteristics of
gene pool breeds of local selection (Mrode et al., 2019). In Ukraine, one of the most
promising trends in animal husbandry is the production of "organic products”, which
naturally includes the so-called A2 milk. The uniqueness of this product is due to the
genetic characteristics of the producers as different forms of milk, Al and A2, differ
only in the type of beta-casein contained in it (Cieslinska et al., 2019; Sebastiani et al.,
2022; Jiménez-Montenegro et al., 2022). At the same time, Al and A2 are among the
most significant, but not the only, allelic forms (Antonopoulos et al., 2021). Alleles Al
and A? differ from each other in the presence of a certain amino acid at position 67 of
the beta-casein molecule (Sebastiani et al., 2020). In the case of the A! form it is histi-
dine, for A? it is proline (Thiruvengadam et al., 2020). Accordingly, different forms of
beta-casein are determined by a mutation in the original CSN2 gene, namely, the pres-
ence of adenine in the case of the A! allele and cytosine in the case of the A2 allele (Dai
etal., 2016; Kay et al., 2021).

Based on the results of typing, it is possible to select individuals from the popu-
lation with a specific desired genotype (A2A2?) for the purpose of obtaining both prod-
ucts (A2 milk) and for use in breeding work (forming populations of A2 milk-producing
cattle). From this point of view, Ukrainian breeding cattle populations are quite promis-
ing due to the relatively high share of the A? allele in the homozygous state (depends on
the breed, population, farm, etc.). However, one-time selection of individuals with the
AZAZ? genotype is clearly insufficient for targeted marker-assisted selection. In this case,
the genetic environment factor becomes important, which can eliminate all the ad-
vantages of obtaining the target product (A2 milk). First of all, this applies to the pa-
rameter of the value of the milk yield, which depends on a number of genes. For exam-
ple, based on the results of molecular genetic examination, it is possible to create exper-
imental populations of cattle of various breeds, which will consist entirely of individuals
with the A2A? genotype, which, accordingly, are A2 milk producers. But, despite all the
attractiveness of the situation, productive qualities of cattle (milk productivity) can be
quite variable and, in general, worse than other groups of animals. Therefore, in order to
avoid such a situation, it is necessary to analyze individuals not only for the target gene
of beta-casein, but also for a number of loci that belong to the "major" loci, that is, those
that are associated with milk yield indicators. In this case, the phenomenon of breed
specificity becomes particularly significant as for each individual breed, different genes
and allelic variants can contribute to the overall milk productivity. Therefore, determin-
ing the possibility of using complex genotypes when creating herds of cattle producing
A2 milk is of primary importance for the implementation of marker-assisted breeding
programs. From this point of view, prolactin and leptin genes, allelic variants of which
are associated with increased indicators of milk productivity of animals, are of consid-
erable interest (along with the beta-casein gene) for Ukrainian Black-and-White and
Red-and-White dairy cattle.

The prolactin gene (PRL) is one of the most important quantitative trait loci
(QTL) in cattle breeding. It encodes protein that belongs to the regulatory hormones of
the pituitary gland and takes part in a large number of physiological functions of the
body (Dobolyi et al., 2020). It is a key factor in initiating and maintaining the lactation
function (Knight, 2001). For the prolactin locus in cattle, a number of promising muta-
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tions have been established in various functional elements of the gene (promoter, exon,
and others), which, taking into account the physiological value of prolactin as a hor-
mone-regulator of lactation activity, makes it promising for research specifically in
dairy cattle breeding (Shah et al., 2021).

The leptin gene (LEP) encodes a protein that is directly related to the regulation
of fat and energy metabolism. It refers, first of all, to markers of meat productivity of
animals (Wang et al., 2020). In addition, allelic variants (for example, A59V mutation)
were identified, which are associated with parameters of milk productivity of cattle, as
well as with the content of somatic cells in milk (Yazdani et al., 2010; Maleti¢ et al.,
2019; Mandefro et al., 2021).

It should be outlined that it is actually impossible to determine all possible varia-
tions of complex genotypes based on a large number of loci, due to the unlimited num-
ber of variants and the limited number of individuals of this breed in the farm. There-
fore, we chose such objects, which have an associative relationship with milk produc-
tivity of indicators of Ukrainian Red-and-White and Black-and-White cattle was estab-
lished by us in previous studies (Kulibaba et al., 2019, 2021).

The purpose of the study. The purpose of the research is to determine the com-
plex genotypes at the loci of beta-casein, prolactin and leptin in the populations of
Ukrainian Black-and-White and Red-and-White dairy cattle with further analysis of the
possibility of their use in marker-assisted breeding programs to create experimental
groups of cattle producing A2 milk .

Research materials and methods. The research was carried out in the laborato-
ry of molecular genetic and physiological and biochemical research in animal husband-
ry of the Institute of Animal Husbandry of the National Academy of Sciences and in the
laboratory of molecular genetic research of the Department of Animal Biology of the
National University of Life and Environmental Sciences of Ukraine.

Cattle of the Ukrainian Black-and-White dairy breed (n=30) (SE RH "Hontar-
ivka™) and Ukrainian Red-and-White dairy breed (n=30) (SE RH "Hontarivka™) were
used as the object of research.

Polymorphism of beta-casein, prolactin and leptin loci was determined by muta-
tions of CSN2 (c.350C>A, rs43703011), PRL (c.35333764 C>T, rs211032652) and LEP
(€.239C>T, rs29004508).

Polymorphism of the beta-casein locus was determined using the allele-specific
PCR method according to the algorithm previously presented in the authors' publication
(Kulibaba et al., 2023). Polymorphism of the prolactin and leptin loci was determined
using the PCR-RFLP method (PCR with restriction analysis).

Appropriate primers were used to amplify experimental genome fragments: for
CSN2 — GCCCAGATGAGAGAAGTGAGG, GATGTTTTGTGGGAGGCTGTTAT
and GATGTTTTGTGGGAGGCTGTTAG (Keating et al., 2008); for PRL -
GTTCTTGCTTTATGTAACACCG and TAGGTCAATCACTCTGAGCA (Kulibaba et
al., 2019); for LEP - GGGAAGGGCAGAAAGATAG and
TGGCAGACTGTTGAGGATC (Haegeman et al., 2000).

In the case of the PCR-RFLP method, appropriate restriction endonucleases
were used: Rsal for PRL and Hphl for LEP.

Electrophoretic distribution of amplification/restriction fragments was per-
formed using an agarose gel (1.5%) with ethidium bromide staining. The size of the
DNA fragments on the electrophoregram was determined using the GeneRuler 50 bp
molecular mass marker (Thermo Fisher Scientific).

Based on the results of genotyping, the main genetic and population indicators
were determined: frequencies of alleles and genotypes, the ratio of observed (Ho) and
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expected (He) heterozygosity values, Wright's fixation index (Fis). Research indicators
were determined using the GENALEX version 6.5 software package in the Excel 2019
environment (Smouse et al., 2017).

Research results. According to the results of the research, the CSN2, PRL, and
LEP loci were found to be polymorphic in each of the certified breeds as individuals
with all possible genotypes are present in both populations.

Typing of individuals by experimental loci was carried out using the analysis of
the obtained electrophoregrams. Examples of electrophoregrams and features of poly-
morphism for each of the loci were described in detail by the authors in previous studies
(Kulibaba et al., 2019, 2021, 2023)

Beta-casein polymorphism was determined using the allele-specific PCR meth-
od. For each allele, there are corresponding amplified fragments, 854 bp in size, on the
electrophoregram. The presence of a fragment only for the corresponding allele (A! or
A?) indicates the homozygous genotype AA! or A2AZ. The presence of both fragments
indicates a heterozygous AA? genotype.

In the case of the prolactin locus, the presence of restriction fragments of size
360 and 56 bp indicates the CC genotype (Rsal-/Rsal-), while the presence of fragments
195, 165, and 56 indicates the TT genotype (Rsal+/Rsal+). The CT heterozygous geno-
type (Rsal+/Rsal-) is represented by a combination of the above variants — 360, 195,
165 and 56 bp. It should be outlined that each of the PRL alleles additionally contains a
monomorphic restriction site for Rsal.

At the leptin locus, the presence of restriction fragments with sizes of 311 and 20
bp indicates the TT genotype (Hphl+/Hphl+); the presence of one fragment in 331 bp —
the CC genotype (Hphl-/Hphl-). CT heterozygotes (Hphl+/Hphl-) are presented as
fragments 331, 311 and 20 bp.

The frequency values of genotypes and alleles for each of the experimental loci
in both breeds of cattle are given in the table.

Table
Values of frequencies of genotypes and alleles at the CSN2, PRL and LEP loci in
experimental cattle populations

Ukrainian Black-and-White dairy | Ukrainian Red-and-White dairy
L ocus breed breed
Genotype Allele Genotype Allele
frequencies frequencies frequencies frequencies
AlAl - 0.37; 1 _ AAl - 0.10; 1 ,
CSN2 | A!AZ2_0.43; ﬁz - 8'22’ AIAZ _0.57; 22 - 8'22’
AZA? _0.20. T A?A%_0.33, T
CC -0.60; _ CC -0.46; ,
PRL | CT-0.30; S CT-0.27; SO
TT -0.10. I TT -0.27. I
CC -0.60; _ CC-047; ,
LEP | CT-023 SN CT - 0.43; CTo%
TT-0.17. o TT -0.10. T

The research results (features of the genetic structure of cattle populations of
both breeds) fully correspond to the results obtained earlier (Kulibaba et al., 2019,

2021). No significant changes in genetic and population parameters were found.
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Discussion. It should be noted that at the first stage, the goal of our research was
to determine the genetic and population parameters in order to analyze the polymor-
phism of each of the genes in the experimental groups of cattle. That is why, according
to FAO recommendations, we used only 30 individuals of each breed for genotyping, as
this number is minimal for research. On the basis of the obtained results, an analysis of
the possibility of using complex genotypes for the needs of marker-assisted selection
was carried out in terms of the perspective of this approach in MAS programs for ob-
taining herds of cattle producing A2 milk.

According to the results of earlier studies, the formula of promising complex
genotypes for the loci of beta-casein, prolactin and leptin for cattle of the Ukrainian
Black-and-White dairy breed has the following form CSN242A2PRLCCLEPCC. In this
formula, the CSN2/2A2 genotype gives the possibility of obtaining milk that contains
only the A2 form of beta-casein (that is, A2 milk directly). In turn, individuals with the
PRLC® genotype show higher milk yield values within several lactations compared to
individuals with other genotypes (PRL®T and PRLTT). At the same time, the difference
in values between individuals with different genotypes can reach 16%. According to the
leptin locus, individuals with a genotype homozygous for the C allele are characterized
by an increased value of breast milk, up to 19%, which is most denoted during the first
lactation.

As we can see, all variants of the loci in the complex genotype formula are in the
homozygous state. According to the results of this formula, the animals are milk pro-
ducers of type A2, while they are characterized by higher milk yield values for different
lactations compared to individuals with other genotypes for these loci. The main ques-
tion, in this context, is whether it is possible to select individuals that meet the formula
in the research population of animals? Is the standard sample of 30 heads, which ac-
cording to FAO recommendations is the minimum for describing genetic-population
parameters, sufficient, or should a larger sample be analyzed?

To provide an answer to the above questions, we will carefully consider the re-
sults of the analysis of the experimental population of cattle of the Ukrainian Black-and-
White dairy breed (n=30), which are listed in the table. As we can see, the limiting fac-
tor for selection is the number of individuals with the A2A? genotype at the beta-casein
locus (6 heads), provided that a group of A2 milk-producing animals is created. At the
same time, the number of individuals with the desired genotype at the prolactin and lep-
tin locus is significantly larger and, in fact, the same (18). Therefore, the minimum val-
ue of the number of individuals homozygous for the A? allele at the beta-casein locus is
a limiting factor for any options for selecting animals from this sample. In addition to
everything, the research loci (CSN2, PRL and LEP) are located on different chromo-
somes (beta-casein gene — on 6; prolactin gene — on 23; leptin gene — on 4, respective-
ly), which makes it impractical to conduct haplotype analysis in contrast to mutations,
contained within one locus. This imposes certain restrictions on the possibility of using
combinations of genotypes in the form of a single functional unit, which, at the same
time, is leveled by the homozygous state of each of the loci in the formula of the desired
complex genotypes for the research cattle breeds.

According to the results of typing individuals of the experimental group of ani-
mals of the Black-and-White dairy breed with the complex desired genotype
CSN2A2A2PRLCCLEPCC, only 3 heads were found. Other individuals with the CSN242A2
homozygous genotype were characterized by the presence of a heterozygous genotype
at the prolactin locus and a homozygous/heterozygous TT/CT genotype at the leptin lo-
cus (CSN2A2A2pRLETLEPTT or CSN2A42A2PRLETLEPCT). Thus, under the condition of the
established distribution of genotypes by three loci, when analyzing 30 heads of cattle of
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the Ukrainian Black-and-White milk breed, the proportion of animals with the desired
complex genotype, which can be selected for further breeding work, is only 10%. It
should also be noted that it is possible to analyze individuals for further selection for the
purpose of creating herds of A2 milk-producing cattle only after bonification (i.e. breed-
ing core), which imposes additional restrictions.

Considering cattle of the Ukrainian Red-and-White dairy breed, the situation is
slightly different, which is associated with certain corrections that arise as a result of the
peculiarities of the distribution of genotype and allele frequencies by the studied loci
(table). It should be noted that in the case of the Ukrainian Red-and-White dairy breed,
the formula of the desired complex genotypes has the following form
CSN2A2A2PRLTTLEPCC, The main difference concerns the TT genotype at the prolactin
locus. For the experimental breed of cattle, according to the results of research, the pre-
dominance of individuals with the PRL™™ genotype compared to PRL®T and PRLC
(which can reach 12%) was established, which led to a change in the formula. In turn,
by locus of leptin, as in the case of the Ukrainian Black-and-White dairy breed, CC is
the preferred genotype. Individuals with this genotype demonstrate increased values of
the standard milk parameter compared to individuals with other genotypes during three
lactations (the difference between the indicators of individuals with different genotypes
reaches almost 20%). Due to the peculiarities of the distribution of allele frequencies
and genotypes, the limiting factor for this breed of cattle is the TT genotype at the pro-
lactin locus. The number of individuals with this genotype is 8 heads. At the same time,
the number of individuals with the CSN24242 genotype was 10 heads.

According to the results of the analysis, the number of individuals of the Ukrain-
lan  Red-and-White dairy breed with the desired complex genotype
CSN2A2A2PRLTTLEPCC was 5 heads. Other individuals (with a homozygous genotype
for the A? allele of the beta-casein locus) were characterized by complex genotypes
CSN2A2A2pRCTLEPCC, CSN2A2A2pR| CCLEPCC, CSN2A2A2pRICCLEPCT and
CSN2A?A2PRLETLEPCT. Thus, the share of individuals of the Ukrainian Red-and-White
dairy breed, which were characterized by the desired complex genotype and are suitable
for creating a group of animals producing milk A2, was almost 17% (5 heads).

In a comparative aspect, the selection of individuals with the desired complex
genotype by the number of animals is more effective in the population of cattle of the
Ukrainian Red-and-White dairy breed (practically twice the number of individuals) in
comparison with Black-and-White cattle. However, in any case, for the effective for-
mation of a breeding nucleus, it is necessary to significantly increase the number of in-
dividuals for genotyping by experimental loci. The minimum number of individuals
(n=30) for genetic population studies is sufficient only to determine the characteristics
and ratio of frequencies of alleles and genotypes, but, especially under the condition of
increasing the number of research loci, but insufficient for the selection of animals ac-
cording to complex genotypes.

It should be determined that increasing the number of components of the formu-
la of the desired complex genotype significantly complicates the task, as it leads to an
increase in the number of options and, accordingly, to a decrease in the number of indi-
viduals with the desired genotype under the condition of a limited sample. We may give
an example for a system consisting of two alleles per locus. If individuals are selected
based on the results of typing at one locus (A® or A? allele of beta-casein), there will be
3 different options; for two loci (CSN2 and PRL) — already 9 variants; for three (CSN2,
PRL and LEP) — 27 variants of complex genotypes. Accordingly, under the condition of
an even distribution of individuals with different complex genotypes in the sample, only
3-4 individuals with the desired complex genotypes can be selected from a population
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consisting of 100 individuals. It is quite clear that the peculiarities of the genetic struc-
ture of different cattle populations (the ratio of genotype frequencies within groups)
lead to certain variations in the number of individuals with complex genotypes, but, in
any case, for the selection of individuals, it is necessary to increase the number of ana-
lyzed animals.

In addition to all of the above, the need to conduct a primary analysis of the ge-
netic population structure of experimental groups of animals should be noted as an inte-
gral component of the general concept of marker-assisted selection, which we have re-
peatedly emphasized in many publications. Knowledge of the features of the genetic
structure (features of the organization of genetic variability in the population) of exper-
imental animal populations makes it possible to predict the prospects of selection at the
level of complex genotypes and serves as a foundation for further marker-assisted selec-
tion (MAS). This especially applies to the analysis of variations that are not located
within the same locus. Taking into account that each of the studied loci (CSN2, PRL,
LEP) is in different parts of the animal genome (in different chromosomes), it does not
make sense to perform haplotype analysis (as it happens when studying different muta-
tions within the same locus), therefore determination of complex genotypes is, in fact,
an alternative option for analysis.

The use of complex genotypes to create herds of A2 milk-producing cattle is al-
so promising for the application of methodological approaches of the Gene Pyramiding
system, which, in the context of the conducted research, can become an integral compo-
nent of the general strategy of MAS — Marker-assisted Gene Pyramiding (Xu et al.,
2012). When using such a system, it is necessary to carry out genotyping not only of
cattle, but also of breeders according to experimental loci and, in the future, to use only
sperm with the specified genotype to obtain offspring of the desired type. Thus, the re-
quired number of individuals can be obtained during several generations. It is the com-
bination of different methodological approaches that is the most effective strategy for
obtaining high-quality livestock products (A2 milk) against the background of the ab-
sence of potential risks of reducing the parameters of total milk productivity due to the
influence of "unwanted" alleles of other loci (in the presented work, these are loci of
prolactin and leptin).

Conclusions.

1. Based on the results of the research, it was established that the loci of beta-
casein (c.350C>A, rs43703011), prolactin (c.35333764 C>T, rs211032652) and leptin
(c.239C>T, rs29004508) are polymorphic according to marker mutations in research
populations of Ukrainian Black-and-White and Red-and-White dairy cattle.

2. The number of individuals with the "desired" complex genotype
CSN2A2A2PRLCCLEPCC in the cattle population of the Ukrainian Black-and-White dairy
breed is 10%, while the number of individuals with the "desirable” complex genotype
CSN2A2A2PRLTTLEP®C in the cattle population of the Ukrainian Red-and-White dairy
breed is 17%.

3. It has been proven that for the effective selection of individuals with the de-
sired complex genotypes based on the identified polymorphic loci in both breeds of
dairy cattle, the use of the minimum number of individuals (n=30) is insufficient.

4. For the effective creation of herds of A2 milk-producing cattle, it is recom-
mended to use the proposed complex genotypes for both experimental breeds of cattle
using the methodical approaches of the Gene Pyramiding — Marker-assisted Gene Pyr-
amiding system.

109



i
E The Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2023, Is. 130

References

Antonopoulos, D., Vougiouklaki, D., Laliotis, GP., Tsironi, T. Valasi, I., Chatzilazarou,
A., Halvatsiotis, P. & Houhoula, D. (2021) Identification of Polymorphisms of the
CSN2 Gene Encoding B-Casein in Greek Local Breeds of Cattle. Vet. Sci.,8, 257.
https://doi.org/10.3390/vetsci8110257

Cieslinska, A., Fiedorowicz, E., Zwierzchowski, G., Kordulewska, N., Jarmotowska, B.
& Kostyra, E. (2019). Genetic Polymorphism of B-Casein Gene in Polish Red
Cattle — Preliminary Study of Al and A2 Frequency in Genetic Conservation
Herd. Animals (Basel). 9(6), 377. https://doi.org/10.3390/ani9060377

Dai, R., Fang, Y., Zhao, W. & Liu, S., Ding, J., Xu, K., Yang, L., He, C., Ding, F. &
Meng, H. (2016) Identification of alleles and genotypes of beta casein with DNA
sequencing analysis in Chinese Holstein cow. J. Dairy Res.,Vol.8, 3, 312-316.
https://doi.org/10.1017/S0022029916000303

Dobolyi, A., Olah, S., Keller, D., Kumari, R., Fazekas, E.A., Csikos, V., Renne,r E. &
Cservenak, M. (2020). Secretion and Function of Pituitary Prolactin in
Evolutionary Perspective. Front. Neurosci.. Vol. 14, 621.
doi:10.3389/fnins.2020.00621

Gutierrez-Reinoso, M.A.; Aponte, P.M.; Garcia-Herreros, M. (2021).Genomic Analysis,
Progress and Future Perspectives in Dairy Cattle Selection: A Review. Animals,
11, 599. https://doi.org/10.3390/ ani11030599

Haegeman, A., VanZeveren, A., Peelman, L.J. (2000). Newmutationinexon 2
ofthebovineleptingene. AnimalGenetics. Vol. 31, P. 79. http://doi:10.1111/j.1365-
2052.2000.579-14.x

Jiménez-Montenegro, L., Alfonso, L., Mendizabal, J.A. & Urrutia, O. (2022)
Worldwide Research Trends on Milk Containing Only A2-Casein: A.
Bibliometric Study. Animals, 12(15), 1909. https://doi.org/10.3390/ani12151909

Kay, SIS., Delgado, S., Mittal, J., Eshraghi, RS., Mittal, R. & Eshraghi, AA. (2021)
Beneficial Effects of Milk Having A2 (-Casein Protein: Myth or Reality? The
Journal of Nutrition. 151(5), 1061-1072. https://doi.org/10.1093/jn/nxaa454

Keating, A., Smith, T., Ross, R. & Cairns, M. (2008). A note on the evaluation of a
beta-casein variant in bovine breeds by allele-specific PCR and relevance to B-
casomorphin. Irish Journal of Agricultural and Food Research. 47, 99-104.
https://www.researchgate.net/publication/237798209

Knight, C.H. (2001). Overview of prolactin's role in farm animal lactation. Livestock
Production Science. Vol. 70 (1), 87-93. d0i:10.1016/S0301-6226(01)00200-7

Kulibaba, R., Liashenko, Y., Yurko, P., Sakhatskyi, M., Osadcha, Y. & Alshamaileh, H.
(2021). Polymorphism of LEP and TNF-a Genes in the Dairy Cattle Populations
of Ukrainian Selection.Basrah J. Agric. Sci. Vol. 34(1), 180-191.
doi:10.37077/25200860.2021.34.1.16

Kulibaba, R., Sakhatskyi, M., Liashenko, Yu. (2023). Comparative analysis of Al and
A2 allele detection efficiency for bovine CSN2 gene by AS-PCR methods. Acta
Biochimica Polonica. Vol. 70 (1), 205-209. doi:10.18388/abp.2020_6530

Kulibaba, R.O., Liashenko, Y.V., Yurko, P.S. (2019). Genetic structure features of
cattle populations of Ukrainian selection by polymorphism of loci that are
associated with milk productivity traits. Agricultural Science and Practice. Vol. 6,
No. 3, 37-44. DOI: https://doi.org/10.15407/agrisp6.03.037

Maleti¢, M., Papriki¢, N., Lazarevi¢, M., Hodzi¢, A., Davidovi¢, V., Stanisi¢, L. &
Stanimirovi¢, Z. (2019). Insight in Leptin Gene Polymorphism and Impact on
Milk Traits in AutochtonousBusha Cattle. Acta Veterinaria-Beograd. Vol. 69 (2),
153-163. doi:10.2478/acve-2019-0012

110


https://doi.org/10.3390/vetsci8110257
https://doi.org/10.1017/S0022029916000303
http://doi:10.1111/j.1365-2052.2000.579-14.x
http://doi:10.1111/j.1365-2052.2000.579-14.x
https://doi.org/10.3390/ani12151909
https://doi.org/10.1093/jn/nxaa454
https://doi.org/10.15407/agrisp6.03.037

g[
HayKoso-mexniunuii bioremens Incmumymy meapunnuumea HAAH, 2023, Ne130 F==

Mandefro, A., Sisay, T., Kim, K.-S., Edea, Z., Konwarh, R. & Dadi, H. (2021). Single
nucleotide polymorphisms of leptin gene in five Ethiopian indigenous cattle
breeds and the Korean Hanwoo breed. Tropical Animal Health and Production.
Vol. 53 (2), 202. doi:10.1007/s11250-021-02642-1

Mrode, R., Ojango, JMK., Okeyo, AM. & Mwacharo, JM. (2019). Genomic Selection
and Use of Molecular Tools in Breeding Programs for Indigenous and Crossbred
Cattle in Developing Countries: Current Status and Future Prospects. Frontiers in
Genetics, 9, 694. doi: 10.3389/fgene.2018.00694

Sebastiani, C., Arcangeli, C., Ciullo, M., Torricelli, M., Cinti, G., Fisichella, S. &
Biagetti, M. (2020) Frequencies Evaluation of -Casein Gene Polymorphisms in
Dairy Cattle Reared in Central Italy. Animals, 10(2), 252.
https://doi.org/10.3390/ani10020252

Sebastiani, C., Arcangeli, C., Torricelli, M., Ciullo, M., D’avino, N., Cinti, G.,
Fisichella, S. & Biagetti, M. (2022). Marker-assisted selection of dairy cows for
B-casein gene A2 variant. Italian Journal of Food Science, 34(2), 21-27.
https://doi.org/10.15586/ijfs.v34i2.2178

Shah, R.M., Ganai, N.A., Sheikh, F.D., Shanaz, S., Khan, H.M., Alam, S., Khan, N.N.,
Sheikh, T., Bukhari, S., Hamadani, A. & Rather, M.A. (2021). Exon IV prolactin
(PRL) gene polymorphism and its association with milk production traits in dairy
cattle of Kashmir, India. Journal of Entomology and Zoology Studies. Vol. 9 (2),
521-524. https://www.entomoljournal.com/archives/2021/vol9issue2/PartH/9-1-
426-777.pdf

Smouse, P.E., Banks, S.C., Peakall, R. (2017). Converting quadratic entropy to
diversity: Both animals and alleles are diverse, but some are more diverse than
others. PLOS ONE. Vol. 12(10), e0185499. doi: 10.1371/journal.pone.0185499

Thiruvengadam, M., Venkidasamy, B., Thirupathi, P., Chung, IM. & Subramanian, U.
(2020). p-Casomorphin: A complete health perspective. Food Chemistry, 337,
127765. doi:10.1016/j.foodchem.2020.127765

Wang, L., Raza, S.H.A., Gui, L., Li, S., Liu, X., Yang, X., Wang, S., Zan, L. & Zhao, C.
(2020). Associations between UASMS2 polymorphism in leptin gene and growth,
carcass and meat quality traits of cattle: a meta-analysis. Animal Biotechnology,
1-10. doi: 10.1080/10495398.2020.1805327

Wiggans, GR., Carrillo, JA. (2022). Genomic selection in United States dairy cattle.
Front. Genet, 13, 994466. doi: 10.3389/fgene.2022.994466

Xu, L.Y., Zhao, F.P., Sheng, X.H., Ren, H.X., Zhang, L., Wei, C.H. & Du, L.X. (2012).
Optimal Design for Marker-assisted Gene Pyramiding in Cross Population. Asian-
Australas J Anim Sci, 25(6), 772-784. doi:10.5713/ajas.2011.11239. PMID:
25049625; PMCID: PMC4093085

Yazdani, H., Rahmani, H.R., Edris, M.A. & Dirandeh, E. (2010). Association between
A59Vpolymorphism in exon 3 of leptin gene and reproduction traits in cows of
Iranian Holstein. African Journal of Biotechnology. Vol. 9 (36), 5997-6000.
doi:10.5897/AJB10.126

111


https://doi.org/10.3390/ani10020252
https://doi.org/10.15586/ijfs.v34i2.2178
https://doi.org/10.1371%2Fjournal.pone.0185499
https://doi.org/10.1016/j.foodchem.2020.127765

