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BHYMPINOPOOHIU OCHO8I, 0I5l 3 ACYBAHHS MO20, AKI came aneii 6Y0ymb BUBHAYAMUCH, K
badcani npu maprepriu cenekyii 2ibpuonux ceuneli. Mapkepua cenexyis € epekmueHum
IHCMPYMEHMOM 8 OYiHYI 8i0200I8eIbHUX AKOCMEU OJIsl 2aNy3l CBUHAPCMBA — CYYACHUX
KoMepyiuHux niniti ceunel. Tomy Hamu 6Y10 NPULHAMO PIUEHHs NPOBECMU MUNYEAHHS
eKCNepUMEeHmManlbHo20 cmaoa 2iopudnux ceunok. [lonimopgizm Oocniodicysanux cenis
MCH4R (c.1426 A>G), CTSD (2.70 G>A) ma RYRI (g.1843 C>T), suznauaru memooom
TIJIP-TIT/[P® ananizy. Takum wunom, 6CMano8ieHo NOPOOHULL Xapakmep po3nooiny ua-
cmom 3ycmpiuaemocmi aneneti dociodrcysanux SNPS.

Knrouosi cnosa: 2iopudni ceunku, (6eruxa 6ina * nawopac) x Maxgro, namue-
Hut, imynonoeiyno kacmposgani, SNP, MC4R (c.1426 A>G), RYRI (g.1843 C>T1), CTSD
(g.70 G>A), IVIP-II/]P® ananiz, ADG, AGE100
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Marker-Assisted Selection is getting increasing attention in animal breeding as
an effective tool for choosing animals with desirable traits. Identification of molecular
markers which are related to candidate genes is a promising approach for improving
economic traits and has to be evaluated for further gene-trait associations. Single nu-
cleotide polymorphisms are genetic markers that can be associated with production
traits. SNP genotyping has to be done additionally for each breed to see if they are pol-
ymorphic and have significant associations with certain traits. Among the candidate
genes that influence the expression of productive traits, special attention is drawn to
LY49B, EDNRB and CSN3 genes. Gene EDNRB is associated with lethal white foal
syndrome, LY49B is responsible for induction of immune response and CSN3 gene is
responsible for reproduction traits in horses.

SNPs LY49B c. 1763 C>T, EDNRB g.118 TC/AG and CSN3 g. 66 A>G have
been receiving increasing attention as potential markers which are responsible for de-
veloping important selection traits in horses. The study was conducted on Ukrainian
Riding Horse, Russian Trotter and Orlov Trotter horse breeds (50 animals for each
breed). Genotyping was performed using PCR-RFLP method. EDNRB polymorphism g.
118 TC/AG was polymorphic only in the Ukrainian Riding horse breed. This indicates
carriers of the lethal mutation of the White Foal Syndrome (LWFS) only in the men-
tioned breed. SNP CSN3 g. 66 A>G turned out to be polymorphic (with the predomi-
nance of A g. 66 allele) and low-informative (i.e., PIC=0,090-0,122) in Ukrainian Rid-
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ing Horse, Russian Trotter and Orlov Trotterther breeds. SNP LY49B c. 1763 C> T
turned out to be low-polymorphic (with the predominance of G ¢.1763 allele) but
enough informative (i.e., PIC=0,212-0,365) in Ukrainian Riding Horse, Russian Trotter
and Orlov Trotterther breeds. Consequently, it is highly prospective to create experi-
mental groups for studied horse breeds to identifying possible associations only for SNP
CSN3 g. 66 A>G.

Keywords: SNP, LY49B, EDNRB, CSN3, horse, Ukrainian Riding Horse,

Russian Trotter, Orlov Trotter.

It is believed that the domestication of horses has made a turning point in human
history (i.e., approximately 5,000 years ago) [9]. Within the past centuries, horse breed-
ing has focused more on preserving and improving traits related to aesthetics and per-
formance. Consequently, most horse breeds today are closed populations with high phe-
notypic and genetic uniformity of individuals within the breed. Therefore, the study of
certain genetical markers can lead to identifying the genotypes which are specific for
the horse breed and have significant associations within the breed [8, 17].

Marker development in molecular genetics has made a fundamental impact on
all livestock sectors and has been implemented in animal breeding. Marker-Assisted Se-
lection (MAS) is based on selecting animals with certain genotypes and has become an
important and widely used tool. The scientists choose the traits of interest which are as-
sociated with certain genotypes of chosen genes in studied breeds. MAS is used as indi-
rect selection criteria and let increase the selection efficiency [1, 12, 13]. For MAS se-
lection it is necessary to pick the candidate genes and single nucleotide polymorphisms
(SNPs). SNPs can change the encoded amino acids, promoter activity, messenger RNA
stability, etc. Such changes in the functionality of the gene or product confirmation may
lead to product instability, conformation changes and change in composition [18].
Therefore, identification of numerous variations in genes and analysis of their effects
may lead to a better understanding of SNP impact on gene functioning [2, 14].

LY49B, EDNRB and CSN3 genes were identified to take part in key important
metabolic processes. The killer cell lectin-like receptor gene (LY49B) is located in the
sixth chromosome and consists of 7 exons. It encodes the synthesis of C-type lectin re-
ceptors (CLRs). CLRs are crucial for inducing immune responses to pathogens [7].
SNPs in LY49B gene can affect the functioning of CLRs in terms of infection or general
susceptibility of the organism [20]. SNP LY49B ¢.11763 C>T (rs1139567427) is located
in 3' downstream region, which is highly conserved in all members of the LY49 gene
family. This region may be important for mRNA stability and translation into a func-
tional protein [3, 22].

The endothelin receptor type B gene (EDNRB) is located in the 17th chromo-
some and has 9 exons. It is a protein-coding gene that expresses the synthesis of endo-
thelin receptor type B. The receptors mediate its action by association with G proteins
that activate a phosphatidylinositol-calcium second messenger system. In horses, the
mutation EDNRB g.118 TC/AG leads to ileocolonic aganglionosis (ICA) or lethal white
foal syndrome (LWFS) [3, 15]. Horses with the disease typically have white coats and
may have certain defects of eyesight (iris depigmentation). The white coat develops due
to an absence of skin melanocytes, and intestinal obstruction is due to the absence of
enteric nerve cells. The genetic defect responsible for LWFS is a mutation in one dinu-
cleotide (TC/ AG) that changes the amino acid isoleucine to lysine in codon 118 [2, 5,
18]. CSN3 gene is located in the 3d chromosome and consists of 5 exons. It codes the
synthesis of kappa casein which is responsible for stabilizing micelle formation in milk
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[4, 7, 6]. K-CN differs from other caseins in its solubility over a broad range of calcium
ion concentrations and contains a hydrophilic C-terminal region.

It is important to evaluate the horse breeds not only by phenotypical traits and
also implement genetic evaluation of certain polymorphisms (SNPs). Once SNPs target-
ed by selection are detected, the variants and processes that have contributed to desired
phenotypes within breeds and across performance groups can be more readily identi-
fied.

The aim was to develop genetic markers from chosen candidate genes (i.e.,
LY49B, EDNRB and CSN3) and to evaluate the genetic structure of Ukrainian Riding
Horse, Russian Trotter, Orlov Trotter local horse breeds.

Materials and methods. The study was conducted on 150 animals of Ukrainian
Riding Horse, Russian Trotter, Orlov Trotter local horse breeds (i.e., 50 animals for
each group). Genomic DNA was isolated from blood by the sorbent method using
Chelex 100 reagent [16]. For genotyping of SNPs EDNRB g.118 TC/AG and CSN3 g.
66 A>G, the PCR-RFLP method was used (Table 1). PCR was performed in 25 pL of
the reaction mixture containing: 1 x Taq buffer with KCI, 10-100 ng of genomic DNA,
20 pm forward and reverse primers, 2.5 mM MgCI2, 0.25 mM each of dNTPs, and 1
unit of recombinant Tag DNA polymerase (Thermo Fisher Scientific, United States).
The structure of primers for PCR amplification, reaction conditions, restriction endonu-
clease, and PCR-RFLP patterns are presented in Table 1. PCR products were separated
using 2 % agarose gel-electrophoresis in 1 x Tris-borate electrode buffer (TBE) for 2h
at the current of 50 mA in the electrophoretic chamber.

DNA of plasmid pUC19, hydrolyzed by endonuclease Msp | (Thermo Fisher
Scientific), was used as a marker of molecular mass. After electrophoresis, the gel was
stained with the solution of ethidium bromide (10 mg/cc) and the electrophoresis results
were documented with the digital camera using the transilluminator.

Table 1
PCR primers, PRC-RFLP patterns of different alleles of LY49B, EDNRB
and CSN3 genes in Ukrainian local horse breeds

Gene/ | Primer structure (5’ = 3’)/ the size of amplifica- | Restriction en-

DNA tion fragment zyme, the size of
marker the fragments af-
ter restriction
Lyagp | F CCAAACCCAGAGGCTATTGA SAU96I
R TGGAAAGCAGTTTCCCATCT GG 151
éi 7Té3 AA 151/ 119/
31 AG 119/31 GG
F1: CCTAGTGTTCGTGCTGGGCATCGTC 181/ 157 TC/IAG
EDNRB | F2: GTACATCAACACAGT 181 AG

g.118 AGTGTCCTGAATAGTGTTCGTGCTGGGCATGAA | 157 TC

TCIAG |G
R: CCAGCAGCTTGTAGACATTGATGGGGAT

CSN3 PSTI
0.66 F:ATGACAACTCTATTTCGCCCT 189/ 48 GG
ASG R: TTTGCAGGTCAGG TCTTGCT 237 AA

237/ 189/ 48 AG
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Allele frequencies, genotype frequencies, polymorphic information content
(PIC), and levels of heterozygosity (observed heterozygosity, Ho and expected hetero-
zygosity, He) were calculated with GenAlEx 6.0. software [11]. Analysis of associa-
tions between genotypes and meat quality characteristics were conducted by one-way
ANOVA.

Research results and discussions. Dinucleotide mutation EDNRB g. 118
(TC/AG) which is located in the endothelin receptor B gene (EDNRB) leads to LWFS
syndrome which is lethal in case of homozygote TC/TC. If the animal has TC/AG geno-
type it leads to Overo horses; they are characterized by white coloration on the abdomen
that can extend to dorsal midline. The mutation is lethal in case of homozygote as it im-
pacts the development, proliferation, and migration of embryonic neural crest cells that
are the precursors of melanocytes. As a result, the new-born foals have gastrointestinal
disfunction, myenteric aganglionosis and fatal functional intestinal obstruction which
leads to death in a week after birth.

In the Ukrainian Riding Horse breed, there were identified a number of hetero-
zygotes (i.e., g. 118 TC/AG) (Table 2) which identifies the possible risks for breeding that
can lead to EDNRB g. 118 TC/TC lethal genotype. Whilst in the other two populations
of Ukrainian local breeds mutation EDNRB g. 118 was not segregating. Further moni-
toring can identify animals with EDNRB g. 118 TC/AG and can be very informative in
terms of preventing risks. Additionally, it is necessary to take DNA samples from dead
white albino horse foals (i.e., if there are any) in order to see if the cause of death was
EDNRB g. 118 TC/TC mutation.

Table 2
Genotypes, allele frequencies and heterozygosity for EDNRB g. 118 TC/AG

in horse breeds

Genotype frequency
Breed n Hol He i PIC
T TC cC
Ukrainian Riding 50 0,920 0,080 0,000
Horse 46/4/- /0,920 /0,078 /0,002 0,087 | 0,074
. 50
Russian Trotter (50/-1-) 1,000 0,000 0,000 - -
50
Orlov Trotter (50/-1-) 1,000 0,000 0,000 - -

Notes. n — number of animals; Ho — observed heterozygosity; He — expected heterozygosity; PIC —
polymorphic information content; y2 — the value of the criterion y2 for the estimation of the probability
of deviation of the distribution of genotypes from the equilibrium calculated using the Hardy-Weinberg
formula.

The SNP CSN3 g.66 A>G (Table 3.) was low polymorphic when G ¢g.66 was a
minor allele in Ukrainian Riding Horse and Orlov Trotter horse breeds. The values of %2
and PIC do not indicate selection pressures for selected mutations. SNP g.66 A>G was
not polymorphic in the Russian Trotter breed. It indicates the low research prospects for
genotyping for CSN3 g.66 A>G.
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Table 3
Genotypes, allele frequencies and heterozygosity for CSN3 g.66 A>G in Ukrainian Large
White pig breed
Allele fre- Genotype frequency
Breed n qguency Ho/ He @ PIC
A G AA AG GG
Ukrainian
. 50 0,860 | 0,140 | 0,00
Riding 43/7/0 0,93 | 0,07 0.864 | 0132 | 0,004 0,241 0,122
Horse
Orlov 50 0,90 0,10 | 0,00
Trotter | 4550 | 0% | 99| 9903 | 0,095 | 0002 110 | 0090
Russian 50
Trotter (50/-1-) 1,000 | 0,000 | 1,000 | 0,000 | 0,000 - -

Notes. n — number of animals; Ho — observed heterozygosity; He — expected heterozygosity; PIC —
polymorphic information content; y2 — the value of the criterion y2 for the estimation of the probability
of deviation of the distribution of genotypes from the equilibrium calculated using the Hardy-Weinberg
formula.

Polymorphism SNP LY49B ¢.1763 C>T (Table 4.) was low polymorphic in
Ukrainian Riding Horse, Russian Trotter and Orlov Trotterwith with a predominance of
allele G. The value of the index of information content (PIC) varies between 0.212-
0.365, which indicates the high prospects for further associative research. Regarding the
distribution of genotypes, the breeds did not have a statistically confirmed deviation
from the expected balance calculated by the Hardy-Weinberg formula (%) which indi-
cates a low selection pressure of the current SNP.

Table 4
Genotypes, allele frequencies and heterozygosity for LY49B ¢. 1763 C>T in horse breeds
Allele Genotype frequency
Breed n frequency Ho/ He a PIC
G C GG GC CC
Ukrainian
S 50 0,78 0,22 0,00 (0)
Rang - 1s9nyyz |08 O o792 | 0106 | o012 | 9088 0%
Russian 50 0,740 0,180 0,08
Trotter 37/9/4 0831 017 0,742 0,250 0,018 0,129 10,212
Orlov 50 0,800 0,06 0,14
Trotter soi3t6 | 983 017 | 0'gp1 | 009 | o089 | %149 | 0235

Notes. n — number of animals; Ho — observed heterozygosity; He — expected heterozygosity; PIC —
polymorphic information content; y2 — the value of the criterion y2 for the estimation of the probability
of deviation of the distribution of genotypes from the equilibrium calculated using the Hardy-Weinberg
formula.

Conclusions:

1. SNP EDNRB g. 118 TC/AG was polymorphic only in the Ukrainian Riding
horse breed. This indicates carriers of the lethal mutation of the White Foal Syndrome
(LWFS) and actualizes the genotyping of the Ukrainian Riding horse breed for the pres-
ence of the EDNRB g. 118 TC/AG mutation.

2. SNP CSN3 g. 66 A> G turned out to be polymorphic (with the predominance
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of A g. 66 allele) and low-informative (i.e., according to the value of PIC index) in
Ukrainian Riding Horse, Russian Trotter and Orlov Trotterther breeds. Therefore, it is
not perspective making reference groups for the studied breeds for further associative
research.

3. SNP LY49B c. 1763 C> T turned out to be low-polymorphic (with the pre-
dominance of G ¢.1763 allele) but enough informative (e.g., had high PIC values) in
Ukrainian Riding Horse, Russian Trotter and Orlov Trotterther breeds. Consequently,
the creation of experimental groups for the studied breeds has potential and might lead
to identifying possible associations of LY49B c. 1763 C> T genotypes with traits.
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TEHETHYHHN AHAJII3 YKPAIHCHKUX 34BOJJCHbKHUX IIOPI] KOHEH 34
HHOJIIMOP®I3AMHU I'EHIB LY49B, EDNRB TA CSN3

Poccoxa B. 1., bouxo O. O., Typ I. M., 3adepuxina O. O., bpoexo O. B., Onii-
Huuenko €. K., Incmumym meapunnuymea HAAH

Mapxepna cenexyis npusepmac éce Oinbuly y8acy 6 ceiexyii ik eqpekmueHull iH-
cmpymenm 05 0000py meapun i3 baxcanumu cenomunamu. loenmudghixayis monexyns-
PHUX MApKepis, AKi N08'A3aHI 3 2eHAMU-KAHOUOAMAaMU, € NePCNeKMUBHUM NiOX000M 05
NOKpaWjeHHs CeNeKyiunux o3Hax KoHell. OOHOHYKIeOMUOHi noNiMophismu € ceHemuy-
HUMU MapKepamu, sKi Mo}Cyms 0ymu nos s3aui 3 6UpoOHUYUMU O3HaAKaAMU. /1151 KOXHCHOT
nopoou HeoOXIOHO 000amK0B80 npogooumu cenomunysauns 3a SNPS, wob nobayumu,
Yy € GOHU NOAIMOPHUMU MA YU MAIOMb 3HAYHI 38 A3KU 3 nesHumu oznaxamu. Cepeo
2eHIB-KAHOUOAMIB, AKI 6NIUBAIOMb HA eKCNPeCito NPOOYKMUBHUX O3HAK, 0COOIUBY V8A2y
npusepmarome 2enu LY49B, EDNRB ma CSN3. I'en EDNRB acoyitoemuvcs 3 cuHopo-
Mom temanvroco Oinoeo nowa, LY49B eionosioac 3a inOyKyito iMyHHOT 8i0n08I0i, a 2eH
CSN3 gionosioae 3a 6i0meopro8aibHi AKOCI KOHell.

SNPs LY49B c. 1763 C>T, EDNRB g.118 TC/AG i CSN3 g. 66 A>G ¢ nomeH-
YIUHUMU CeleKYIUHUMU MApKepamu, 5Ki 8i0N08I0ANbHI 34 PO3BUMOK 8ANCIUBUX CEJleK-
YIIHUX O03HaK y KOHel. [[ocniodcenHs nposoounocs Ha nopooax YKpaiHcbKa 6epxosd,
pociticbka pucucma ma opnoscvka pucucma (50 meapun 0ns Kodxcnoi nopoou). Ieno-
munyeants nposoounru memooom [IJIP-IIJ[P®. Ilorimopghizm EDNRB g. 118 TC/AG
0y6 nonimopguum 1uue 8 YKpaincoKil 6epxogiil nopooi. Lle ceiouums npo Hociie rema-
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AbHOI Mymayii cunopomy 6inoeo nowa (LWFS) nuwe 6 3aznauenii nopoodi. SNP CSN3
g. 66 A>G susesuscs nonimopguum (3 nepesadxicannsam areis A g. 66) ma manoingop-
mamusnum (PIC=0,090-0,122) y nopodax yKkpaiHcbka 8epxosa, ma Opio8CbKd PUCUC-
ma. SNP LY49B c. 1763 C>T 6usa6u8cs HU3bKONOIMOpOHUM (3 Nepesadcantsm aens
G c.1763), ane oocmamuwvo ingpopmamusnum (PIC=0,212-0,365) y nopodax ykpaincvka
6epxoea, pociiicbka pucucma ma opnoscvka pucucma. Omoice, Cmeopents excnepume-
HMAILHUX 2PYN OISl OOCAIONCYBAHUX NOPIO KOHell € nepcneKmusHum oas mapxkepa SNP
CSN3 g. 66 A>G.

Knrouosi cnosa: SNP, LY49B, EDNRB, CSN3, ykpaincbka 6epxosa nopooa, po-
CilicbKa pucucma nopood, opio8cbKa pucucma nopood.
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[ncturyT TBapunHunTBa HAAH

Buxnaoeno pesynomamu pecpecilino2o ananizy 6naugy (heHOmunosux YUHHUKI6
HA MOJIOYHY NPOOYKMUBHICMb KOPI8 MA NOKA3HUKU AKOCMI MOJIOKA. Bipo2ioHi snauenms
Koeiyienmis peepecii 0pyeoco cmynento Oisi MicAYs 1aKmMayii ma Homepy J1aKmayii
6KA3VIOMb HA HEeNTHIUHUL 36 30K YUX NOKA3HUKI6 Modeli 3 00006umM HA0oeM. /JooamHe
3HaueHHs Koeiyienma pecpecii 0151 MPUBAIOCMi C8IMI08020 OHA CEIOUUNMb NPO NO3U-
MUBHULL BIIUB YbO2O NOKA3HUKA HA 00008ull Hadill. Bucoka denna memnepamypa nogi-
Mpsi Maia He2amueHull 6NIUE HA MOJIOYHICMb Kopis. Bid’emne 3nauenns koegiyienmy
pezpecii 0151 mpusanocmi c8ima08020 OHSL NOG A3AHE 3 He2AMUBHUM 38 S3KOM 8MICH)
aoHcupy 3 00006um Haooem (-0,225). Lum sce 0O6yMo61eHO | NPOMUNEHCHUL HANPAMOK
pezpeciiinoeo 38 3Ky emicmy dcupy 3 micayem aaxmayii. Bio emnuu xoeghiyicnm ona
YUHHUKA «OeHHA MeMnepamypa» 6Ka3ye Ha me wio GUCOKI KPUMUYHI memnepamypu no-
8imps. He2amMueHoO BNIUBANU SIK HA 00006Ull HAOIll MAK i HA 6MICm JHCUpY 6 MOJIOY.
Bio ’emue 3nauenns xoeghiyienmy peepecii 015 mpueaiocmi c8imio8020 OHs 08 A3aHe 3
He2amusHuM 36 3KoM emicmy 6inka 3 00008um naooem (-0,305). Lum sce 06ymosneno
I NPOMUNENHCHULL HANPAMOK pe2peciHo20 36 3Ky 8MICmy OLlKa 3 Micayem J1akmayii.
Bio’emnuii xoeghiyicnm 0na 0enHoi memnepamypu nROSImMps 6KA3YE HA me, Wo GUCOKI
KpUMUYHi memnepamypu nosimpsi He2amueHo 6NIUBAIOMb K HA 00008Ull HAOIU MAK i
Ha emicm 6inka 8 monoyi. Biocymuicmos pecpecitinozo 36’°s13Ky Midc 8iKOM KOposu ma
emicmom OiIKa 8 MONOYI 8KA3Y68A8 HA OLILULY 2eHemUUH) 00YMOBIEHICMb Yb0o2o (heHO-
munogo2o nokasuuxa. Ompumani Koeghiyicumu peepecii 6xazyroms Ha 30i1bUIEHHS Ki-
JIbKOCMI COMAMUYHUX KAIMUH 8 MOJIOYI KOPI8 3aNeHCHO 8I0 iX 8IKYy ma micays 1aKkmayii.
Tpusanicme c8imno06020 OHs Ma HIYHA MeMNepamypa nOsimps Maiu 6i0 EMHUL 38 130K
i3 KiIbKICMIO COMAMUYHUX KAIMUH Y 00008UX HA00sX Kopie. Bucoxa denna memnepa-

mypa nogimpsi Cnpusiia 30L1bUEeHHIO 8MICIY COMAMUYHUX KLIMUH 8 MOIOYI.
KirodoBi ciioBa: perpeciiiHa Mojesb, yKpaiHChbKa YOPHO- Ta YepPBOHO-Psida
MOJIOYHA MOPOJa, NAPATHNOBUI YUHHMK, 1000BUH HaJil,

BMiCT COMAaTHYHMX KJITHH.
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