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GENETIC DIVERSITY OF THE KOSTANAY HORSE BREED USING
MICROSATELLITE MARKERS

ANNOTATION

The article presents the results of the analysis of genetic diversity of the Kostanay breed of 17 loci
of DNA microsatellites, including AHT4, AHT5, ASB17, ASB2, ASB23, CA425, HMS1, HMS2, HMS3,
HMS6, HMS7, HTG10, HTG4, HTG6, HTG7, LEX3, VHL20. Hair bulbs of 30 heads of horses of
Kostanay breed (Kostanay city, Zarechny settlement) were used as biological material for research.

The aim of the work was to characterise the genetic diversity of horses of the Kostanay breed by
microsatellite STR-loci.

Genotyping of animals was carried out by PCR, separation and detection of amplification products
was carried out by capillary electrophoresis on an 8-capillary 3500 Genetic Analyzer (Applied
Biosystems, USA). The results were interpreted in GeneMapper programme, and statistical processing
was performed using Microsoft Excel 2010. The following parameters were calculated: allele frequencies,
polymorphism level (Ae), degree of observed (Ho) and expected (He) heterozygosity, fixation index
(Fis).

As a result of genotyping of the Kostanay breed of horses bred in Zarechny settlement of Kostanay
district on the studied microsatellite loci, data characterising the polymorphism of each of the markers
were obtained. On 17 microsatellite loci of DNA in horses of Kostanay breed 102 alleles were revealed.
The number of alleles per locus varied from 4 to 10. The most informative for the group under study were
loci with the highest number of alleles (ASB17, ASB2), the least informative - with the minimum
(HMSZ1, HTG7). The highest observed heterozygosity was at the ASB2 locus (0.900) and the lowest at the
HMS2 locus (0.367). The average expected heterozygosity was 0.696, observed heterozygosity was
0.681, and the mean fixation index had a value equal to 0.018.

Thus, characteristic features of polymorphism on all investigated indexes of the studied
microsatellite loci of DNA of the Kostanay breed of horses were revealed.

Key words: horses, Kostanay breed, microsatellites, locus, DNA.

Introduction. In 1887, for the first time 2 state stables were 19haracter — Torgay and Kostanay
stables, and 3 years later — Orenburg stables. These stud farms purchased stallions-producers of Kalmyk,
Don, purebred riding, Streletskaya breeds. In 1898 a breeding breeding centre was 19haracter, where
local Kazakh horses began to breed in purity, selecting the best individuals for further selection work [1].
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The best mares were crossed with stallions of Streletskaya and Don breed lines, and their offspring
were infused with the blood of thoroughbred riding horses. The mixed breeds obtained in this way met
the stated requirements — they had a massive body and strong limbs, and were 20haracterize20 by
productive movements.

In 1920 the breeding ground was transformed into “Kostanay horse breeding farm”, where the
breeding work was continued. Kostanay horse breed was registered in 1951 [2]. At present the work on
breeding of the Kostanay breed of horses is continued by “Kazak tulpary” LLP, where the work on
studying the genetic characteristics of the population and the development of a comprehensive breeding
programme continues.

One of the most convenient and widely used markers for DNA-identification in animal genetics are
microsatellites. This is a special class of DNA markers, which are DNA fragments with a large number of
up to one hundred or more tandemly repeating identical “ motives” [3, 4]. A motif is a short sequence of
several (from two to eight) pairs of nucleotides, usually called a “repeat” [5].

Depending on the repeat length, microsatellites are classified into loci with di-, tri-, tetra-, penta-,
and hexanucleotide repeats [6]. Thus, a microsatellite, or microsatellite locus (STR locus, Short Tandem
Reapets), is a section of DNA located in a particular chromosome and containing short tandem repeats [7,
8].

In horses, the analysed STR loci constitute a standard panel of markers recommended by the
International Society of Animal Genetics (ISAG): AHT4, AHT5, ASB17, ASB2, ASB23, CA425, HMS1,
HMS2, HMS3, HMS6, HMS7, HTG10, HTG4, HTG6, HTG7, LEX3, VHL20.

In the scientific literature, the first description of microsatellite DNA in horses appeared in the
early 1990s [9-13]. To date, more than 24 thousand microsatellite loci have been identified in the horse
genome. Many of these loci have dozens of alleles that differ from each other in the number of tandem
repeats [14-16].

Knowledge of differences in DNA structure is used in the assessment of intrapopulation diversity
and identity of different breeds. A detailed study of the genetic characteristics of the population and the
development of a comprehensive breeding programme are necessary for the conservation and further
increase of the population [17, 18].

The aim of this study is to 20haracterize the genetic diversity of the Kostanay horse breed by
microsatellite STR loci.

Materials and Methods.The researches were carried out on the basis of scientific research institute
of applied biotechnology NLC “A.Baitursynov Kostanay regional university “. The object of research
were horses of Kostanay breed (n=30), bred in “Kazak tulpary” LLP.

For DNA isolation from hair follicles we used a commercial kit “DNA-Extran-2” of “Syntol”
company (Moscow). DNA amplification was carried out by PCR in multilocus format using a commercial
kit “Cordis Horse” of the company “Gordiz”” (Moscow) on the amplifier ProFlex PCR system (Applied
Biosystems) according to the manufacturer’s instructions. Amplification products were separated and
detected by capillary electrophoresis in automatic mode on a 3500 Genetic Analyzer manufactured by
Applied Biosystems. Interpretation of the analysis was performed using GeneMapper software. The final
stage of the analysis of amplified fragments is the identification of alleles and establishment of genetic
profiles of the studied DNA samples.

The following parameters were calculated during genetic-population analysis: allele frequencies,
polymorphism level (Ae), degree of observed (Ho) and degree of observed (He) heterozygosity, fixation
index (Fis) [19-21].

Research Results.The modern Kostanay horse breed reveals a high level of intra-breed genetic
variability. In 17 STR-loci studied by us 102 alleles were identified. The number of alleles in each locus
varied from 4 to 10 alleles per locus.

In a study of 30 horses of this breed, the following frequency of allele occurrence was found (Table
1).

Table 1 — Frequency of occurrence of alleles of microsatellite loci in the studied population of horses of
Kostanay breed.

L ocus Alleles
B C D F G L H | J K
1 2 3 4 5 6 7 8 9 10 11
AHT4 0,167 | 0,100 | 0,316 | 0,017
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AHTS 0,200 | 0,267
ASBL7 0,050 | 0,300 0,050 | 0,017 0,017
ASB2 | 0,100 0,183
ASB23 0,283 0,233 | 0,117 | 0,100
CA425 0,017 0,133 | 0,100
HMS1 0,083 0,083 | 0,383
HMS?2 0,733 | 0,033 | 0,017 0,083
HMS3 0,267
HMS6 0,033 | 0,033
HMS7 0,200 0,234
HTG10 0,017 0,200 0,017
1 2 3 4 5 6 7 8 9 10 11
HTG4 0,017 0,201
HTG6 0,400 0,150
HTG7 0,267
LEX3 0,067 0,233 | 0,100
VHL20 0,033 0,417

Alleles
Locus M N 0 P Q R S T U
AHT4 0,350 | 0,017 | 0,033
AHTS | 0217 | 0250 | 0,033 0,033
ASB17 | 0,33 | 0,267 | 0,133 0,050 | 0,083
ASB2 | 0,033 | 0050 | 0,067 | 0,167 | 0,183 | 0,217
ASB23 0,217 0,050
CA425 | 0,200 | 0483 | 0,067
HMSL | 0,451
HMS2 | 0,134
HMS3 | 0117 | 0,033 | 0,200 | 0,350 0,033
HMS6 | 0,317 | 0,017 | 0,033 | 0,567
HMS7 | 0,133 | 0,333 | 0,100
HTG10 | 0,400 0,232 0,117 | 0,017
HTG4 | 0,750 | 0,017 | 0,017
HTG6 | 0,067 0,350 0,033
HTG7 | 0117 | 0,150 | 0,466
LEX3 | 0083 | 0134 | 0200 | 0,183
VHL20 | 0,133 | 0,317 0,100

As can be seen from Table 1, there are 7 alleles in the locus AHT4. The most widespread was allele
J, so, its frequency was 0.316. The lowest frequency was observed for alleles K and P, they occurred with
the same frequency of 0.017.

In the locus AHT5 in horses of Kostanay breed 6 alleles were revealed, the highest frequency was
observed for allele K (0,267); in the second place - allele N (0,250); the lowest frequency was observed
for alleles O and Q (0,033).

The ASB17 locus is the most highly polymorphic in the studied group of horses. Thus,
10 alleles were identified in it. The highest frequency is noted for allele N (0.267); the second place is
occupied by allele O (0.133). The lowest frequency is characterized by alleles 1 (0.017) and K (0.017).

The ASB2 locus contains 8 alleles. The most common allele was the R allele (0.217). Allele M in
horses of Kostanay breed was less widespread, as its frequency was 0,033.

In the ASB23 locus, the L allele (0.283) is the most frequent, with the | allele (0.233) in second
place. In the studied population of horses of Kostanay breed alleles K (0,100) and U (0,050) are among
the rarest.
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In locus CA425 in horses of Kostanay breed 6 alleles were revealed, the highest frequency was
observed for allele N (0,483); in the second place - allele I (0,133); the lowest frequency was observed for
allele L (0,017).

The locus HMS1 is the lowest polymorphic in the studied group of the Kostanay breed of horses.
4 alleles were detected in it. In descending order of frequency there are alleles: M (0,451),
J (0,383), L (0,083) and 1 (0,083).

Five alleles were identified at the HMS2 locus. Thus, in the group of horses of the Kostanay
breed, allele L (0.733) was found with the highest frequency, followed by allele M (0.134). Allele I is one
of the rarest and its frequency is 0.017.

Six alleles were identified at the HMS3 locus. Allele | has the highest frequency (0.267), while
alleles R and N are among the rarest, with a frequency of 0.033.

In the HMS6 locus, the following distribution of alleles is observed. In the studied population of
horses of the Kostanay breed, the highest frequency is noted for the allele P (0.567), the lowest - for the
allele N (0.017).

In the locus HMS?7 in horses of Kostanay breed 5 alleles were revealed. The frequencies of alleles
in the group in descending order were: N - 0.333, J - 0.234, L - 0.200, M - 0.133, O - 0.100.

In the studied horse population 7 alleles were detected at the HTG10 locus. The highest frequency
was observed for allele M (0.400); the second place was occupied by allele O (0.232); the lowest
frequency was observed for alleles L, S and K (0.017).

Five alleles were detected in the HTG4 locus. In the group of horses of Kostanay breed with the
highest frequency was allele M (0,750), followed by allele K (0,201). Alleles L, N and O are the least
common, their frequency is the same and is 0.017.

In the HTG6 locus the following distribution of alleles is observed. In the group of horses of the
Kostanay breed the greatest frequency is noted for alleles G (0,400), and O (0,350). Other alleles have a
low frequency (from 0,033 to 0,150).

The HTG7 locus is one of the least polymorphic. Four alleles were identified in it. The O (0.466)
and K (0.267) alleles have the highest frequency. The N (0.150) and M (0.117) alleles are the least
common.

7 alleles were detected in the LEX3 locus. In horses of the Kostanay breed the most widespread
was allele L (0,233). Alleles F (0.067) and M (0.083) were among the less common alleles.

Five alleles were identified at the VHL20 locus. Thus, in the group of Kostanay horses, allele |
(0.417) was the most frequent, followed by allele N (0.317). The L allele is one of the rarest, and its
frequency is 0.033.

Further we calculated the level of polymorphism, assessed heterozygosity, calculated the values of
Wright fixation index (Table 2).

Than the lower the level of polymorphism, the lower the genetic diversity of the population. In our
research the level of polymorphism varied from 1.657 in HTG4 locus to 6.250 in ASB2 locus. The
average level of polymorphism was 3.758 (Table 2). In the group of Kostanay horses we studied, of the
17 identified STR loci, eight had allele counts greater than the average level of polymorphism and nine
had allele counts less than the average level (from 1.657 to 3.719).

Heterozygosity is an important parameter in questions of population genetic dynamics.
Heterozygosity serves as a measure of genetic variability of a population and is defined as the average
frequency of heterozygous individuals at certain loci. An increase in homozygosity is accompanied by a
decrease in genetic and phenotypic diversity and leads to an increase in the homogeneity of populations.
In the studied group of the Kostanay breed, the observed and expected heterozygosity for all loci do not
differ. The highest level of expected heterozygosity was at the ASB2 locus (0.840), and the lowest at the
HTG4 locus (0.397). The average observed heterozygosity was 0.681 and expected heterozygosity was
0.696.

Table 2 — Genetic characterization of polymorphism of Kostanay horses by 17 DNA microsatellites
(n=30)

Level of Degree of heterozygosity
Locus Number of polymorphism Observed_ Expected_ leatlon
alleles (AE) heterozygosity heterozygosity Index (Fis)
(Ho) (He)
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AHT4 7 3,814 0,733 0,738 0,007
AHTS 6 4,489 0,867 0,777 -0,116
ASB17 10 5,128 0,800 0,805 0,006
ASB2 8 6,250 0,900 0,840 -0,071
ASB23 6 4,813 0,867 0,792 -0,094
CA425 6 3,267 0,700 0,694 -0,009
1 2 3 4 5 6

HMS1 4 2,752 0,500 0,637 0,215
HMS2 5 1,773 0,367 0,436 0,158
HMS3 6 4,009 0,667 0,751 0,111
HMS6 6 2,353 0,667 0,575 -0,160
HMS7 5 4,286 0,800 0,767 -0,043
HTG10 7 3,719 0,667 0,731 0,088
HTG4 5 1,657 0,500 0,397 -0,261
HTG6 5 3,220 0,667 0,689 0,033
HTG7 4 3,077 0,567 0,675 0,160
LEX3 7 5,980 0,600 0,833 0,280
VHL20 5 3,303 0,700 0,697 -0,004
Average 6 3,758 0,681 0,696 0,018

For each locus, we calculated the values of the Wright fixation index. The Wright fixation index
allows us to establish the deviation of heterozygous genotypes from the theoretically expected one. The
index value can have both positive and negative values, in the first case it indicates the lack of
heterozygotes, in the second case - their excess. For the studied Kostanay breed the shortage of
heterozygotes was observed at loci AHT4, ASB17, HMS1, HMS2, HMS3, HTG10, HTG6, HTG?7,
LEX3; at the same time the index values were insignificant and were in the range from 0.006 to 0.280. An
excess of heterozygotes was observed for the remaining loci, where the fixation index ranged from minus
0.004 at the VHL20 locus to minus 0.261 at the HTG4 locus. The mean value of Wright's fixation index
showed 0.018.

Conclusion.

As a result of the study of 30 heads of horses of the Kostanay breed, we investigated and described
17 STR loci, in which 70 alleles were identified: from 4 to 10 alleles per locus. The maximum level of
polymorphism was characterised by locus ASB2, and the lowest level - by locus HTG4. The studied
group of the Kostanay breed was characterised by a high level of genetic diversity. The average level of
observed heterozygosity was 0.681, expected heterozygosity - 0.696. In general, the average index of Fis
fixation index (0.018) was determined for the group, which indicates the stability of the genetic structure
of this population.
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TYUIH

Makanana JIHK mukpocaremmmmrrepinin 17 nokycer Ooiteiamra: AHT4, AHTS, ASB17, ASB2,
ASB23, CA425, HMS1, HMS2, HMS3, HMS6, HMS7, HTG10, HTG4, , HTG7, LEXS, VHL20
KoctaHail TYKbIMBIHBIH T€HETHUKAIbIK SPTYPJUITiH Taufay HOTIDKENEpi KeNTipiiareH. 3eprrey YILUiH
OumornoruselK Matepuan peringe Kocranail TykpIMBIHBIH 30 Oac >KeUTKbICHIHBIH (KocTanail k.) mmam
Tangapsl Nai anaHbUIIbL.

KymbicteiH Makcatel  MukpocarenmutTik  STR-mokyctap OoitpiHma Kocranail  TYKbIMIBI
JKBUIKBUIAPIBIH T€HETUKANBIK SPTYPIIPIiTiH cCUIATTay OOJIJIBI.

JKanyapnapapiy reHotunid anbiktay TP omiciMeH OpbIHAANABI, KYIICHTY eHIMAEPIH 061y KoHe
aHBIKTAYy KaIMWLIBIPIBIK 3JEKTpodope3 apKpUIbl 8 KammIispibl TeHeTHKabIK aHamu3aTop 3500 Genetic
Analyzer (Applied Biosystems, AKII) apkpuiel xy3ere aceippiinsl. Hotmxenep GeneMapper
OaraapiaMachIHbIH KOMETIMEH TYCIHAIPLIAL, cTaTHCTUKAIBIK oxey Microsoft Excel 2010 6armapiamacht
apKbLIbl OpeIHAA B Keteci mapameTpiiep ecenteii: ajuielib KULTIKTepl, noauMopdusm neHreti (Ae),
baitkairy mopexeci (Ho) xone Teopusuibik ecenrenred (He) rereposuroransik, hukcanus unaekci (Fis).

Kocranait o00ybichl 3apeyHoe aybUIBIHAA OCIPLICTIH IKBUIKbUIAPJBIH KOCTaHAW TYKBIMBIH
TeHOTHIITEY HOTM)KECIH/IE 3ePTTENIETIH MUKPOCATEIUIMTTIK JIOKyCTap YILiH MapKepiIepAiH opKalChICBIHBIH
NOJMUMOP(GU3MIH CHNATTaUTBIH MONiMeTTep anblHAbl. KocTaHail TYKBIMABI SKBUIKbLIapAarbl 17
mukpocaresutTik JJHK nokycraper yurin 102 annens anbikTanabl. bip nokycTarbl ajmienbaepaiH CaHbl
4-ten 10-ra neifin e3repai. 3eprTey TOOBI YIIIiH €H aKHapaTThl JIOKYCTap aJulebIepIiH eH Kol caHbl 0ap
nokycrap (ASB17, ASB2), en a3 akmapat Gepetin nokycrap (HMS1, HTGY7). En xorapsl Oalikanran
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rerepo3urotanslk ASB2 jokyceima (0,900), an en Temenrici HMS2 nokyceiama (0,367) Oonmsl.
KyTineriH reTepo3uroTanbIKThIH opTama jaeHreii — 0,696, OakputaHaThiH reteposurotanbik — 0,681,
opraria ¢ukcarus uaaexci — 0,018.

Ocpinaiima, KoctaHaii sKbUIKBI TYKBIMBIHBIH 3e€pTTeieTiH MuKpocareuutTTik JJHK nokycrapeiabig
OapIbIK 3epTTENreH KopceTKimTepi OONWbIHIIA TOTUMOP(GU3IMIE TOH OeNriiep aHbBIKTalabI.

PE3IOME

B crarbe mpenctaBieHBl pe3yibTaThl aHaIM3a TEHETHYECKOTO pa3zHOoOpas3us KOCTaHAWCKOM
nopoabl 17-ti nmokycam MmukpocaremutoB JJHK, Brxmouas AHT4, AHTS5, ASB17, ASB2, ASB23,
CA425, HMS1, HMS2, HMS3, HMS6, HMS7, HTG10, HTG4, HTG6, HTG7, LEXS3, VHL20.
B kxadecTBe OHONIOTHUYECKOTO MaTepHaia JUisl HCCIeIOBAaHHMA HUCITOIB30BAIICH BOJOCSHBIC JTYKOBHUIHI 30
TOJIOB JIomanei kocTanaiickoii moposl (r. Kocranaii, . 3apeunsiii).

Ilenmpro paboTHI OBLTO OXapaKTEPHU30BATh TEHETHYECKOE pa3HOOOpaswe Jiomameil KocTaHaHCKOM
MOPOJIBI 0 MUKPOCATEIUTUTHRIM STR-1I0KycaMm.

T'enorunupoBanue XKUBOTHBIX NpoBoawian MeTonoMm IIIP, pasmeneHue W OETEKUMIO MPOLYKTOB
aMIUTUUKANMK  OCYIIECTBISUIM  METOJOM  KaNWUILIPHOTO  3ieKkTpodope3a Ha  §-KaMWUIIPHOM
rerHeruueckoM anammsarope 3500 GeneticAnalyzer (AppliedBiosystems, CIIIA). Humepnpemayus
pe3yabmamos ocywecmsasiiace ¢ npoepamme GeneMapper, craTUCTHYECKYI0 00paOOTKy MPOBOIWIN C
ucnonb3oBanueM nporpammel «Microsoft Excel 2010». PaccuuTsiBanu cnemyromye napaMeTpbl: 9acTOThI
BCTPEYAEMOCTH ajuiesnieif, ypoBeHs monumopduoct (4.), crenens Habmoaemoi (HO) u oxxumaemoit (H.,)
reTepO3UTroTHOCTH, nHIeKe pukcaiyn (Fis).

B pesynbraTe reHOTUNIUPOBAaHUS KOCTAaHAWCKON MOpOABI JomIajel, pa3BOAMMBIX B II. 3apedHoe
Kocranaiickoro paifoHa 1O H3y4aeMbIM MHKPOCATEIUIUTHBIM JIOKyCaM OBUIM TIONYY€HBI JaHHBIC,
XapaKTepu3yIrue ToITUMOpPU3M KaKA0ro u3 MapkepoB. [lo 17 mukpocaremmmtasiM Jokycam JITHK y
Jomaiel KoCTaHalcKoi mopo sl 0110 BeIsIBICHO 102 ammens. Yuco amieneil Ha IOKyC BapbUPOBAIO OT
4 nmo 10. Haubonee nHMOPMATHBHBIMHU ISl MCCIIECAYEMOW TPYIIBI SBHIUCH JIOKYCHI C HaWOOJIBIIAM
gyuciiom ayvteneii (ASBL17, ASB2), naumenee uH(GOpMaTHBHBIME - ¢ MUHUMadbHbIM (HMS1, HTG7).
HauGonpmas Habmoxaemas reTePO3UTOTHOCTD ObLIa B JIOKyCe ASB2 (0,900),
a HauMeHbIas — B Jokyce HMS2 (0,367). Cpennuii ypoBeHb 0KHIa€MON I€TEPO3UTOTHOCTH COCTABIISIT
0,696, nabmonaemoii rerepozurornoctu — 0,681, cpennuit nHAECKC QUKCAIMK MMEN BEIHYHHY, PABHYIO
0,018.

Takum 00pa3oM, BBISIBIICHBI XapaKTepPHbIE 0COOCHHOCTH MOJIMMOp(U3Ma IO BCEM HCCIIEI0BAHHBIM
MOKa3aTelsIM U3yYEeHHBIX MUKpPOCATeIITUTHBIX JIoKycoB JJHK xocTanaiickoit mopo bl Tomaiei.
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