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The article presents the results of an extended study and analysis of the
immunogenetic profile of lines of populations of horses of the Hutsul breed in Ukraine.

Considerable work is being carried out to preserve, improve and reproduce small
breeds of horses, one of which is the Hutsul breed.

The distribution of genetic variability, genetic structure between lines of the
Hutsul breed of horses and the transmission of alleles to descendants from the ancestors
were studied using certification by polymorphic blood groups.

A comparison of gene frequencies according to the spectrum of alleles of the main
D-system of blood groups of the lines of the Hutsul horse breed of domestic selection was
carried out. It was established that in the Goral line (stag-breeding stallion 85 Pedro)
the highest frequency of the Ddk allele (q=0.667). High frequency of the Ddk allele in the
Grobi line from the heir of the breeding stallion Grobi XV-10 SK/Aster (q=0.500), and
throughout this line (q=0.431). In the Gurgul line the highest frequency of the Dcgm
allele (gq=0.357). High frequency of the Dcgm allele in the lines of Ousora (Poland) (stag-
breeding stallion 52 Warnik 255) and Gurgul (stag-breeding stallion 81 Orlyk 024)
(g=0.400-0.529), respectively. The Ousor line from the heir of the stud stallion 82 Ousor
Vulkan is characterized by a high frequency of the Ddg allele (g=0.500) and throughout
this line (q=0.435).

The highest genetic indicators were obtained in the Gurgul line, the level of
polymorphism (Ne — 3.960), the lowest in the Goral line (Ne — 2.051). The Goral line
(stable stallion 85 Pedro) has the highest expected homozygosity coefficient (Ca — 0.488),
the lowest in the Gurgul line (Ca — 0.253).

The differences identified in the spectrum of active alleles of polymorphic blood
group systems indicate that each studied genealogical line of horses has a certain
“genetic passport”, which creates a practical information base for keeping lines and the
breed as a whole in Ukraine under genetic control.

Keywords: horses, lines, Hutsul breed, alleles, frequency, genotypes, genetic
indicators

TEHETHYHUM AHAJII3 JITHIA KOHEHA I'YIIYJIbCBKOI
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B cmammi euknadeno pesyrbmamu po3uupeHo20 GUEYEHHA Ma AaAHANIZY
IMYHO2EHEeMUYHO20 NPOQINI0 MK NONYAAYIU KOHel 2YYYIbCbKOi nopoou 8 YkpaiHi.

Ilposooumvca  3nauna poboma no 36epedceHHI0, BOOCKOHANEHHIO  Ma
BI0MBOPEHHIO MANOUUCETLHUX NOPIO KOHel, OOHIEIO i3 HUX € 2YYYIbCbKA NOPOOU.
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Po3noodin  cenemuunoi miHAUBOCMI, 2eHEMUYHOI CMPYKMYPU MIidC JIHIAMU
2YYYIbCbKOi NOpoou KOHel ma nepedaua aneneil HAwaokam 6i0 pOoOOHAYAIbHUKIG
BUBYUANIU 3a OONOMO20I0 amMeCmayito 3a NOIIMOPGHUMU SPYRAMU KPOBL.

30iticHeHo NOPIBHAHHSA 2EHHUX YACMOM 3a CNeKMPOM anenié ochosHoi D-cucmemu
2pYn Kposi NiHill KOHell 2yYYlbCbKoi Nopoou 8imuusHaHol cenexyii. Bcmanogneno, wo y
ainii Topana (scepebeyb—naionux 85 Iledpo) naiisuwa wacmoma anemo D (q=0,667).
Bucoxa wacmoma anenio D y ninii Tpo6i 6i0 cnadkoemys scepebysa-nuionuxa I po6i XV-
10 SK/Acmop (Q=0,500), a no eciu yiu ninii (Q=0,431). B ninii I'vypeyna naiisucoxa
yacmoma anemo DU™(q=0,357). Bucoka wacmoma aneno DOy ainiti Oycopa (Tlonvwa)
(orcepebeywb-naionux 52 Bapuix 255) ma [ypeyna (sicepebeysv-nuionux 81 Opauk 024)
(9=0,400-0,529) sionosiono. Qs ainii Oycopa 6i0 cnadkoemysi sxcepedys-niionuxa 82
Oycop Bynkan xapakmepua sucoxa yacmoma anemo DY (q=0,500) ma no éciii yiii ninii
(9=0,435).

Hatisuwi  ecenemuuni nokasuwuxu Oyau oodepxcaui 6 ninii Iypeyra pisens
nonimopgrnocmi (Ne — 3,960), naiinuocuuti 6 ninii I'opana (Ne — 2,051). B ninii' I'opana
(orcepebeywb-naionux 835 I[ledpo) navieuwuii koeghiyienm ouixysanoi comozuecomuocmi (Ca
—0,488), navnuscuuii 6 ninii I'ypeyna (Ca — 0,253).

Buseneni iominnocmi 3a cnekmpom Oitoyux anenié NOIiMOp@HUX cucmem epyn
KPOBI 8KA3YIOMb, U0 KONCHA OOCHIONCEHA 2eHeanN02iuHa JiHis KOHel 60J100I€ NeGHUM
«2eHeMUYHUM NACNOPMOMY, U0 CIMBOPIOE NPAKMUYHO IH(hopmayiliny 6a3y 0l 6e0eHHs
JIHIU ma 6 Yyiiomy nopoou 6 Yxkpaini nio ceHemudHum KOHMpOJieM.

Knrouoei cnosa: xowui, ninii, 2yyyivcoka nopooda, aneni, 4acmoma, 2eHOMUnNu,
2eHemuyHi NOKA3HUKU

The Hutsul horse breed is one of the few unique breeds in Ukraine. With a limited
gene pool of populations of this breed, it is a national achievement in horse breeding of
domestic selection. Unfortunately, little attention is now paid to it, as to all breeds in
Ukraine, responding to the issues of society and the requirements of the time. But with
the preservation and thorough genetic study of its small number in Ukraine and in
European countries, where the foreign gene pool of this population is located, we will be
able to research and transfer experience to other generations of our society in parallel.

As a result of studying the genetic structure of Hutsul horses, it was established
that the lines arose at the beginning of the 17th century, which originated from the
crossing of horses of southern and Mongolian origin in harsh mountain conditions.
According to the outstanding ancestors, the lines of Goral, Gurgul, Grobi, Ousor, Polyana
and Pietrosu were formed.

According to the State Stud Book Volume Il (Holovach M. Y., 2013), the first
line of the Hutsul breed was the line of the stallion Goral in the Lviv region, which was
the main one and from it came 7 stallions and 70 mares. In parallel, another line of the
stallion Grobi was established in Bukovina. From it came at that time 6 stallions and 28
mares, which were recorded in the registration book.

In the period between the First and Second World Wars, new lines were emerging,
one of them was the Gurgul line (Romanenko G.V. (2018). During the same period, the
lines already had more licensed offspring of stallions, from the Goral line - 18, Grobi -
13, Gurgul - 47. Now, in the post-war period, three genealogical lines of Goral, Grobi and
Gurgul were recognized in this breed.

Today, there are representatives of 5 lines of the Hutsul breed in Ukraine: Gurgul,
Grobi, Goral, Ousora, Pietrosu (Golovach M. Y., 2010).

From many years of selection work, genetic analysis and certification of the
Hutsul horse breed by blood group (Zaderykhina O. A., 2017, Rossokha V. 1., 2010),
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monitoring, (Podoba B. E., 2012) researchers determine that The gene pool of the Hutsul
breed combines the features inherent in riding and trotting breeds.

It is also extremely important in this work that in-depth immunogenetic analysis
provides a real opportunity not only to track the movement of markers across generations,
but also to control the inheritance of genes from the ancestor to his valuable successors.
As it was studied in the works of various researchers (Popadiuk S.S., 2019; Podoba B. E.,
2013; Efimenko M. Ya., 2005; Parasochka I. F., 2007), not only to use the latest PCR
methods (Behl R., 2007; Georgescu S.E., 2011; Rackauskaité A., 2021; Szilvia Kusza,
2013; Stachurska A., 2014; Xu L.X.,2012), but also in parallel immunogenetic methods
for blood groups, which complement each other (Mihok S., 2005).

The level of polymorphism is an important integral indicator that determines the
number of actively acting alleles in the line (Altukhov Yu. P., 1996). So are other
indicators of the genetic situation in the animal population.

Due to the high working capacity of horses of this breed in specific mountainous
and foothill areas of the Carpathian region, the development of rural tourism and methods
of hippotherapy of a number of nervous diseases, and taking into account the balanced
temperament, endurance, well-developed herd instinct, authentic need for contact with
humans, horses of the small Hutsul breed need to be studied and the gene pool preserved.
One of the components of scientific support for the preservation of the gene pool is the
identification of the gene structure according to polymorphic blood group systems.

The purpose of the research is to investigate genetic markers and genetic
indicators of the lines of the Hutsul breed of horses of Ukrainian selection.

Materials and methods of research. Immunogenetic studies of the D-system of
blood groups were performed on 96 blood samples of the Hutsul breed of horses of
domestic selection.

Immunogenetic certification of horses by blood groups was carried out according
to generally accepted methods (Burkat V. P., 2010; Hopka M. V., 2007; Rossokha V. 1.,
2016), (SOU 01.22-37-528: 2006.)". Serological testing was used to determine
erythrocyte alleles of complex polymorphic systems A and D, and monofactor systems C
and K. For differentiation of erythrocyte alleles, monospecific serum reagents were used,
which were identified with international standards (DSTU 1SO 8531:2015)'".

According to the results of testing and determination of genotypes, an analysis of
the immunogenetic structure of the studied horses of 4 lines of progenitor stallions was
carried out by antigens and alleles of blood groups, and the transmission of marker alleles
to the descendants of these genealogical lines.

Genetic analysis of the frequency of occurrence of alleles of polymorphic blood
groups and genetic indicators (level of polymorphism (Ne); coefficient of expected (Ca)
and actual homozygosity (H) for all loci; indicator of homozygosity realization (W);
deficiency of homozygotes (Def); information index (1), observed (Ho) and expected (He)
heterozygosity; unbiased expected heterozygosity (uHe); Wright's fixation index F (Fis))
of genealogical lines as a whole, as well as for the descendants of stud stallion of these

' SOU 01.22-37-528: 2006. Livestock. method for determining blood groups, polymorphic blood
proteins and expertise of the origin of pedigree horses. Kyiv: Ministry of Agrarian Policy of Ukraine, 2006.
26 p. (Standard of the Ministry of Agrarian Policy of Ukraine)

Il DSTU 150 8531:2015. Livestock.horses.methods for obtaining and storage of anti-erytrocyte

immunodiagnostics for identification of horses by polymorphic blood group systems. [Valid from 2017-
07-01]. Kyiv, 2015. 17 p. (Information and documentation).
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lines of the Hutsul breed were calculated by generally accepted methods using the
programs "Excel 2003", "GenAlEx 6.502" and "Statistica".

Research results. We have 5 lines, namely Grobi, Ousora, Gurgul, Gorala and
Pietrosu. The last line of Pietros continues with a descendant of the stud stallion 86 Pers,
bay-piebald, born in 2003 (sire 211 Baca, dam 23 GKr Perunka, owner of the National
Breeding Center "Plemkonetsentr™). Only two mares are certified in this line. It is not
possible to trace the stallions.

To date, we have studied only the first four lines.

The Grobi line is the first branched line with which work is being carried out in
Ukrainian stud farms. It comes from the stallion Grobi, light bay, born in 1895 (in
Bukovina).

His descendant is a stallion-breeder 84 Pegazik UA210000251, light bay, born in
2001 (father 10 GRz Lunak, mother 138 GRz Pelagia), place of birth Poland (PL), owner
of the National Breeding Association "Plemkonetsentr”. And the second descendant of
Grobi XV-10 SK/Astor, bay, 2011 (sire 4566 Grobi XV/ Grobi XII) birthplace and owner
of the NVA "Plemkonetsentr".

The second line of Ousor from a bay stallion born in 1929 (in Bukovina). His
descendants in the Ousor line are the stud stallions 82 Ousor Vulkan HL050870000,
mouse-colored, born in 2005, (father 3653 Ousor, mother 730 Grobi XXI-36), birthplace
Hungary (H), owner FG "Polonynske gospodarstvo” and the second descendant stud
stallion 52 Varnik 255, bay, born in 2002, (father 25 GRz Lotnik, mother 77 GRz
Wartka), birthplace Poland (PL), owner FG "Zarechie".

The third line is Gurgul, born in 1924 (in Eastern Slovakia). His descendants in
the Gurgul line are the stud stallions 74 Merkur Gu E 2-8, bay, born in 1985, (father
Gurgul Edo 11, mother 16 Dubrava Gu V-5), birthplace Czechoslovakia, owner Yaremche
National Park, the second descendant 81 Orlyk 024, bay, born in 2004, (father 54 Viter
048, mother 560 Ghilka 051), birthplace FG "Polonynske Gospodarstvo”, owner FG
"Polonynske Gospodarstvo" and the third descendant 69 Lukash Gu E-2-8, bay, born in
1984, birthplace Czechoslovakia, owner SFG "Maximov", who unfortunately died in
2001. He has a descendant of the stud stallion 47 Borzy, igrene suit, born in 1995, owner
of the KVI "Varto" from which he has 2 offspring stallions and 1 mare. And mainly from
69 Lukash only heiresses.

And the fourth line of Goral from a Karak stallion, born in 1899 (in the Hutsul
region). His descendants in the Goral line are the stud stallion 85 Pedro UA210000250,
bay suit, born in 2002, (father 77 GKr Sputnik, mother 72 GKr Panienko), place of birth
Poland (PL), owner of the NVA "Plemkonetsentr".

So we have 5 lines, namely Grobi, Ousora, Gurgul, Goral and Pietrosu. The last
line of Pietros continues with the offspring of the stallion-breeder 86 Pers, bay-piebald,
born in 2003 (father 211 Baca, mother 23 GKr Perunka, owner of the National Breeding
Association "Plemkonetsentr™). Only two mares have been certified in this line. It is not
possible to trace the stallions.

Today, these four lines are large and remain the leading ones in the Hutsul horse
breed (table 1). They have breeding qualities and a large number of stallions-breeders.
And the Gurgul line is slowly passing through the daughters of the stallion-breeder 81
Orlyk 024 into the Ousor line through the stallion-breeder 82 Ousor Vulkan.
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Table 1
Number of certified stallions and mares by genealogical line branches
< | Includi Of them, the main production stock of
E n > g horses, head.
g | o 'z = Including
£ 15 X s | 3 AR
Q c = P jut = %) = 3
£ = S | o Q c S S = < P
3] g | ® |2 7 @ S| 2|E|g|E| 2|3
4 o (] o2 S S S c = < O
o = > EG - n o E S g <
= ] c g S| &L | © S @
I o F S > | 3 > | ©
o m - <)
= o =
- 84 Pegasic 63 | 31 2 30 - -
S| 2 | 2 |-| GobyXv-10 | o | 5 | Al
O SK/Astor
< 82 Qusor 52 | 16 | 2 | - |34 | - | -
o Vulcan
) 2 2 | -
o 52 Varnik 255 17 5 - - 12 - -
81 Orlik 024 46 | 17 - - 29 - -
<_§ 74 Merkur Gu E 29 3 8 ) 9 9 i
>| 3 | 3 |- 2-8
>
o 69 Lukas Gu E- 13 1 9 i 9 1 i
2-8
]
Sl 1 [1]- 85 Pedro 24 | 9 | - | - | 15| - -
O

The largest number of certified offspring of stallions and mares in the Gurgul line
is 81 animals, the average in Grob is 70 animals and in Ousor is 69 animals. The fewest
animals have been certified in the Goral line — 24 (Table 2).

Thus, the largest number of offspring of stallions is traced in the Grobi line from
the stud stallion 84 Pegazik — 33 and the Ousor line from the stud stallion 82 Ousor
Vulkan —18.

The Ousor line from the heir of the stud stallion 82 Ousor Vulkan is characterized
by a high frequency of the Ddg allele (q=0.500) and throughout this line (q=0.435) (Table
3). The highest frequency of the Ddk allele is in the Goral line (stud stallion 85 Pedro)
(g=0.667). The high frequency of the Ddk allele is in the Grobi line from the heir of the
stallion-stud stallion Grobi XV-10 SK/Aster (g=0.500) and throughout this line
(g=0.431).

The highest frequency of the Dcgm allele in the entire Gurgul line (q=0.357). High
frequency of the Dcgm allele in the Ousor (Poland) (stag-breeding stallion 52 Warnik
255) and Gurgul (stag-breeding stallion 81 Orlyk 024) lines (q=0.400-0.529) respectively.

The highest frequency of the Dd allele in the Grobi line from the heir of the Grobi
XV-10 SK/Astor (g=0.500).
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Table 2
The number of certified stallions-breeders and mares in the section of
branches of genealogical lines

Number of active
Stallions Mares
C
Lines Branch " S S S 5| .5 | &
c = © c > < D +—
) o c > [38] o ®©
b S © S ° =y
c — 3 o] o
© ?’ o C [
S | = g g
o (<D} (@)] (@))
-
(@)]
Groby | 84 Pegasic 31 - 30 - - 63
Groby XV-10
SK/Astor 3 ) ) 4 ) i /
Total in 34| 2 | - | 34 | - - |70
the line
Ousora | 82 Ousor 16 5 ) 34 ) i 59
Vulcan
52 Varnik 255 5 - - 12 - - 17
Total in 21| 2 | - | a6 | - - | 69
the line
Gurgula | 81 Orlik 024 17 - - 29 - - 46
74 Merkur Gu
E 2.8 3 8 - 2 9 - 22
69 Lukas Gu
2.8 1 2 - 9 1 - 13
potatin 21 10 | - | 4 | 10| - |8
ine
Gorala | 85 Pedro 9 - - 15 - - 24

The low frequency of the Ddk allele (g=0.022), Dd (g=0.022) was in the Ousor
line, and the lowest Dd (q=0.018) in the Gurgul line.

The Dd and D" alleles are absent in the Goral line. And the Dad and D®9™ alleles
are absent in all lines of the Hutsul horse breed.

The Ousor line from the heir of the stud stallion 82 Ousor Vulkan is characterized
by a high frequency of the Ddg allele (q=0.500) and throughout this line (q=0.435) (Table
3). The highest frequency of the Ddk allele in the Goral line (student stallion 85 Pedro)
(9=0.667). The high frequency of the Ddk allele in the Grobi line from the heir of the stud
stallion Grobi XV-10 SK/Aster (q=0.500) and throughout this line (q=0.431).

The highest frequency of the Dcgm allele throughout the Gurgul line (q=0.357).
High frequency of the Dcgm allele in the Ousor lines (Poland) (student stallion 52 Warnik
255) and Gurgul (student stallion 81 Orlyk 024) (q=0.400-0.529), respectively.

The highest frequency of the Dd allele in the Grobi line from the heir of the
stallion-breeder Grobi XV-10 SK/Aster (g=0.500).

The low frequency of the Ddk allele (g=0.022) Dd (g=0.022) was in the Ousor
line, and the lowest Dd (q=0.018) in the Gurgul line.
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Table 3
Distribution of gene frequencies of D-system blood group alleles by lines of
Hutsul horses, M+m

Aleli
S
T8 | 3| &5 5| 8| %8
Lines
84 Pegasik
. 0,258+ | 0,424+ | 0,106+|0,076+ | 0,121+ | 0,015+
= (sire Lunak) 10,000\ "5 654 | 0061 | 0038|0033 | 0040 | 0,015 %000
o (n=33)
=|Grobi XV-10 SK/
& Astor (sire 4566 0,500+ 0,500+
5| Grobi XV/ Grobi 0,000| 0,000 0,204 0,000 | 0,000 | 0,000 0,204 0,000
| XII) (n=3)
Total by line 0.000 0,236+ | 0,431+ | 0,097+|0,069+ | 0,111+ | 0,056+ 0.000
(n=36)" ’ 0,060 | 0,058 | 0,035|0,030 | 0,037 | 0,027 | ™
82 Ousor Vulkan
: 0,500+ 0,222+|0,056+ | 0,222+
(S|re36§3 0,000 0,083 0,000 0,069 | 0,038 | 0.069 0,000 | 0,000
5| Ousor) (n=18)
S| 52 Varnik 255
S : 0,200+ | 0,100+ | 0,400+|0,200+ 0,100+
¢ (Sire25GRz 100001 5157 | 0,095 | 0155|0127 | 090 | 095 | 400
s| Lotnik) (n=5)
o
= : 0,022+
O| Total by line 0.000 0,435+ 0.022"* 0,261+|0,087+ | 0,174+ | 0,022+ 0.000
(n=23)? ’ 0,073 |77 0,065 | 0,042 | 0,056 | 0,022 | ™
81 Orlik 024 0177+ 0,529 | 0,029 | 0,235 | 0,029
—| (sire Viter 048) | 0,000 6065 0,000 + + + + 0,000
X (n=17) ’ 0,086 | 0,029 | 0,073 | 0,029
3| 74 Merkur Gu E
K 2-8 0,318 | 0,091 | 0,046 | 0,227
o 1 ’ 1 1
§ (sire Gurgul Edo | 0,000 0630155 + + + + 0,000 0’80
S I ’ 0,099 | 0,061 | 0,044 | 0,089
1 =) 0,125 | 0,357 0,018
>
g Total by line 0.000 0,232+ + + 0’136 0’132 + 0,00
— 3 y * *
(n=28) 0,056 O,Qflm 0,0164 0,025 | 0,056 0,018 0
g 0,667
S| 85 Pedro(sire 77 0,056+ + 0,167 0,111 0.00
E;/ GKr Sputnik) | 0,000| 0,054™ | 0,111" + 0,000 + 0,000 ’0
IS (n=9)* 2 “2. 10,088 0,074
B %3
O

Note: * — P<0.05; **— P<0.01; *** — P<0.001; 1 —4 — lines of Hutsul horses here and below: 1 — Grobi
line, 2 —Ousor line, 3 — Gurgul line, 4 — Goral line
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The Dd and Dbcm alleles are absent in the Goral line. And the Dad and Dcegm
alleles are absent in all lines of the Hutsul horse breed.

No significant difference between the values of gene frequencies of the D-system
alleles of the blood groups of the Hutsul horse breed was found between the Ousor line
and the Gurgul line. There is also no statistically significant difference between the Grobi
line and the Goral line.

In general, no statistically significant differences were found between the allele
indices. But there were differences that should be noted.

Thus, statistically significant (significant) differences were found in the Dcgm
allele frequencies (P<0.05) between the Grobi line and the Gurgul line.

When comparing the Ddk allele gene frequencies (P<0.01) between the Gurgul
line and the Grobi line, differences were found at a high level. The same trend was found
between the Gurgul line and the Goral line, respectively.

According to the Ddg allele gene frequencies (P<0.01) between the Ousor line and
the Goral line, differences were found at a high level.

In comparing the gene frequency indices for the Ddk allele (P<0.001) between the
Ousor line with the Grobi line and Ousor from Goral, respectively, differences were found
at the absolute level of statistical significance.

Table 4 presents stallions-breeders with homozygous and heterozygous genotypes
according to the D-system of blood groups, which have the largest sample of offspring
and have passed immunogenetic certification at Livestock farming institute of the NAAS.

Table 4
Genotypes according to the D-system of stud stallions of the Hutsul breed,
admitted for breeding use

Number of offspring
Breeding stallions f in the line
1 from which the s " Total
= largest number of = 5 4 = offspring
offspring was R} = g IS by lines
obtained @
= 84 Mera3ik Dg/dk 33 30 63
Q posi XV-10 N A 7 70
O SK/Actop
<
% 82 Oycop Bynkan Dde/dg 18 34 52
n 69
8 52 Bapwik 255 Degm/dg 5 12 17
< 81 Opusuk 024 Degmide 17 29 46
O | 74Mepkyp GE2-8 | DUl 11 11 22 o1
S | 69Jykam GUE-28 | s | 10 | 1
O (maB y 2001 p.)
<
-
<
% 85 Ieapo Ddk/de 9 15 24 24
)
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So we see that in the Gurgul line there is a homozygous offspring of the stallion-
breeder 74 Merkur G E 2-8.

And we state that in the Gurgul line one of the Dde alleles is inherited, because it
is in the offspring of the stallions 81 Orlyk 024 and 74 Merkur G E 2-8. And in the Ousor
line one of the Ddg alleles is transmitted.

A study was conducted on the inheritance of alleles of 4 lines of Hutsul horses
(Table 5). Thus, in the Grobi line, the heir of the stallion-stud stallion 84 Pegazik (n=33),
the Ddg allele was transmitted to his 14 offspring of stallions, and the Ddk allele to 19
offspring. But in this line, the heir of the stallion-stud stallion Grobi XV-10 SK/Astor
(n=3), the Dd allele was transmitted to 3 offspring, and the Dcgm allele was not
transmitted.

Table 5
Transmission of marker alleles to offspring from stud stallions of the Hutsul breed
Nickname and Number of offspring
) of stallions
z according to —
4 DKPK n, @ % 2
heads 2 =
I o | s| X |85 ¥
= =
= S

< 82 Ousor Vulcan 18 de dg 5 33 12 67
8 | 52 Vamik 255 11,845
o) 5 cgm | dg 4 80 1 20
> 84 Pegasik 33 | dk | dg | 19| 58 | 14 | 42
Q Groby XV-10 17,082
O SK/Astr 3 |egm| d [ 0] O 3 | 100
< | 810rlik024 17 | de |cgm | 3 | 18 | 14 | 82
3 |74 Merkur G E 2-8 9,134
§ 11 | de | de | 5| 45 | 0 | ©
< 85 Pedro
% 9 de | dk | 1| 11 | 8 | 89 | 2250
O]

In the Ousor line, the heir of the stallion-stud stallion 82 Ousor Vulkan (n=18),
the Dde allele was transmitted to 6 offspring of stallions, and the Ddg allele to 12
offspring. In the same line, in the heir of the stallion-stud stallion 52 Varnik 255 (n=5),
the Ddg allele was transmitted to one offspring, and the Dcgm allele was transmitted to 4
offspring.

In the Gurgul line, in the heir of the stallion-stud stallion 81 Orlyk 024 (n=17), the
Dde allele was transmitted to 3 offspring, and the Dcgm allele to 14 offspring. In the same
line, in the heir of the stallion-stud stallion 74 Merkur Gu E 2-8 (n=11), the Dde allele
was transmitted to only 5 offspring.
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But in the Goral line, in the heir of the stallion-stud stallion 85 Pedro (n=9), the
Ddk allele was transmitted to 8 offspring, and the Dde allele to one.

A genetic and population analysis of 4 lines of stallions-stud stallion of the Hutsul
breed was conducted.

Genetic indicators of genealogical lines of the Hutsul breed were calculated by
lines as a whole, as well as by the descendants of the stallions-stud stallioning of these
lines (Table 6).

Table 6
Genetic indicators by lines of the Hutsul horse breed
Line | GO-
RA GROBY GURGULA OUSORA
LA
0]
o ! C
o G
o518 |8 |§ |88 |2 |2 |3 |2 |%
c=| a S 3] ><| © = S 5] 5 -
T 8| n = o av| kF e < (o D ©
O »n| oo < o wn o5} = >
) (o) = i (@] o~
= O & = ~ P
O NI 0

9 36 33 3 28 17 11 23 18 5
4,000| 6,000| 6,000 | 2,000|6,000| 5,000 | 5,000 | 6,000{ 4,000 | 5,000
2,051 3,692| 3,594 | 2,000|3,960| 2,714 | 3,781 | 3,380| 2,842 | 3,846
0,488 0,375| 0,278 | 0,5 |0,253| 0,369 | 0,265 | 0,296]| 0,352 | 0,26
0,97411520| 1,466 | 0,6 |1,497| 1,191 | 1,424 | 1396] 1,176 | 1,471
0,049| 0,004| 0,005 0 ]0,008| 0,017 | 0,008 | 0,004| 0,006 0
0,101] 0,010/ 0,017 0 0,030 0,047 | 0,031 | 0,013| 0,018 0
Ho |0,556|0,861| 0,848 | 1,000/0,786| 0,706 | 0,909 | 0,913| 0,889 | 1,000
He ]0,512|0,729| 0,722 | 0,500|0,747| 0,631 | 0,736 | 0,704| 0,648 | 0,740
Def 10,044 -0,132| -0,126 | -0,5 |-0,245| -0,075 | -0,173 | -0,29 | -0,241 | -0,26
uHe | 0,542| 0,739| 0,733 | 0,600| O0,761| 0,651 | 0,771 | 0,720| 0,667 | 0,822

sz~ 073

The highest level of polymorphism in our line Gurgul (Ne — 3.960), the average
level in the line Grobi (Ne — 3.692) and in the line Ousor (Ne — 3.380). The lowest in the
line Goral (Ne — 2.051).

The highest coefficient of expected homozygosity (Ca) in the line Goral (stallion-
stud stallioning 85 Pedro) (Ca — 0.488), the lowest in the line Gurgul (Ca — 0.253). And
if by stallions-stud stallioning, then the highest in the line Grobi (stallion-stud stallioning
Grobi XV-10 SK/Astore (Ca — 0.5)).

According to the indicator of homozygosity realization (W), it is the highest in the
Goral line (W — 0.101) in the stud stallion 85 Pedro, the lowest in the Grobi line (W —
0.010).

The deficit of homozygotes in our country was the highest in the Ousor line
(-0.29).

Discussion. Most cultural and historical arguments for conservation are not based
on genetic information, but our study results can be used in the development of a breeding
strategy for horse breeding in Ukraine. Various molecular genetic studies, as well as
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immunogenetic studies, allow us to follow, and even further control, the movement of
markers from generation to generation from the ancestor to the offspring. Such work is
carried out in parallel with the latest DNA technologies, which complement each other.

Since there are only a few genetic studies of the endangered Hutsul horse, the aim
of this work was to provide new information to horse associations about the population
structure, genetic characteristics and genetic origin of the Hutsul horse, as well as its
relationship among other horse breeds. We hope that our results will be useful for
conservation plans and breeding strategies for the breed.

As a brief summary of our results, we conclude that the immunogenetic analysis
of each of the four studied lines of the Hutsul breed has its own specific feature in the
distribution of alleles of the D-system of the blood group.

Conclusions:

1. All four lines of the Hutsul breed of horses have a unique, reliably different,
immunogenetic profile.

2. In the genealogical lines of the Hutsul breed of horses, the transmission of
alleles was inherited as follows:

a) in the Grobi line of the heir of the stud stallion 84 Pegazik, the Ddg allele was
transmitted to his 14 offspring of stallions, and the Ddk allele to 19 offspring. In the heir
of the Grobi XV-10 SK/Aster, the Dd allele was transmitted to 3 offspring, and the Dcgm
allele was not transmitted;

b) in the line of the heir of the stud stallion 82 Ousora Vulkan, the Dde allele was
transmitted to 6 offspring of the stallions, and the Ddg allele to 12 offspring. In the heir
of 52 Varnik 255, the Ddg allele was transmitted to one offspring, and the Dcgm allele
was transmitted to 4 offspring;

c) in the line of the heir of the stud stallion81 Orlyk 024, the Dde allele was
transmitted to 3 offspring, and the Dcgm allele to 14 offspring. In the heir of 74 Merkur
Gu E 2-8, the Dde allele was transmitted to only 5 offspring;

d) in the line of the heir of the stud stallion 85 Pedro, the Ddk allele was
transmitted to 8 offspring, and the Dde allele to one.

3. The highest frequency of the Ddk allele in the Goral line (stud stallion 85 Pedro)
(9=0.667). High frequency of the Ddk allele in the Grobi line from the heir of the Grobi
stallion XV-10 SK/Astor (g=0.500) and throughout this line (q=0.431). The highest
frequency of the Dcgm allele throughout the Gurgul line (g=0.357). High frequency of
the Dcgm allele in the Ousor (Poland) lines (stud stallion 52 Warnik 255) and Gurgul
(stud stallion 81 Orlyk 024) lines (q=0.400-0.529) respectively. The Ousor line from the
heir of the 82 Ousor Vulkan is characterized by a high frequency of the Ddg allele
(9=0.500) and throughout this line (g=0.435).

4. According to genetic indicators: the highest level of polymorphism in the
Gurgul line (Ne — 3.960), the lowest in the Goral line (Ne —2.051). The highest coefficient
of expected homozygosity (Ca) in the Goral line (stud stallion 85 Pedro) (Ca — 0.488),
the lowest in the Gurgul line (Ca —0.253). According to the breeding stallions, the highest
in the Grobi line (stud stallion Grobi XV-10 SK/Astore (Ca — 0.5). According to the
homozygosity realization indicator, the highest in the Goral line (W — 0.101) in the
breeding stallion 85 Pedro, the lowest in the Grobi line (W — 0.010). The deficit of
homozygotes in our country was the highest in the Ousor line (-0.29).
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