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IDENTIFICATION OF KAZAKH HORSES BY MICROSATELITE
DNA USING MODERN ANALYTICAL METHODS

Abstract. Results of population and genetic structure on 17 microsatellite (MS) DNA loci of horses of the Aday
breed bred in the Republic of Kazakhstan are presented. The number of the general population (samples) was
33 animals.

Modern Kazakhstan population of the Kazakh horses of the Aday offspring is characterized by the following
population and genetic indicators: an average number of alleles (N) -7.17, the average heterozygosity (expected He)
-0.8226, average heterozygosity (expected, Ho) - 0.9180, the individual index of fixing (Fis) - 0.1171. 122 alleles
were identified, of them 122 informative alleles (with a frequency more than 0.01), private - 0 (with a frequency less
than 0.01) and effective - 99.29.

Key words: Kazakh horse, Aday offspring, genetic variability, inbreeding, heterozygosity, microsatellites.

Introduction. The Aday offspring of the Kazakh horses type is distributed in Caspian Depression in
the western Kazakhstan (Mangystau Region) [1,2,3].

Assessment of a genetic diversity is an integral part of selective and breeding work and the analysis
of inter - and intrapopulation polymorphism of loci of DNA began to be performed taking into account
regional placement ofa domestic population ofthe Kazakh horses ofthe Aday offspring.

One of the most informative methods of such analysis is microsatellite (MS) typing which not only
characterizes genetic structure of populations, breeds, herds, and evaluates degree of their genetic
similarity, but also increases efficiency of selection by control of origin authenticity [4-6].

The aim of this work is an assessment of the current state of population and genetic structure of the
Kazakh horses ofthe Aday offspring by polymorphism of microsatellite DNA loci.

M aterials and methods of research. As material there were biological samples (hair follicles) of
33 animals from Taushyk LLP, Tupkaragan district of the Mangystau Region. Collecting biomaterials was
carried out in 2019.

DNA extraction was carried out according to the protocol ofthe reagents’ manufacturer (Invitrogen,
Applied Biosystems, USA). Multiplex genotyping of horses was conducted by the Stock Marks Horse set
(Applied Biosystems, USA) according to 17 loci recommended by the International Society for Animal
Genetics (ISAG).

Identification of amplification products was executed using the genetic ABI Seq Studio analyzer
(Applied Biosystems, USA) with a capillary electrophoresis. Interpretation of the received graphic results
was carried out in the Gene Mapper 5.0 program.
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For describing polymorphism, the following indicators were used: allele frequency, the average
observed and expected heterozygosity as well as the average heterozygosity on loci, number of alleles in a
locus, number of informative alleles (frequent, with more than 1% frequency), number private alleles
(rare, with less than 1% frequency) in a locus, number of effective alleles and the individual index of
fixing Fis.

All biometric calculations were carried out according to the standard technique of variation statistics
[7-9]. For calculation of population and genetic indicators, statistics package [10] and Fortran Power
Stationv.2.0 software program complex in algorithmic language of proprietary development were
used [11].

Allelic profiles. Alleles frequency of occurrence, a minimum, a maximum and an average number of
alleles, alleles frequencies, a number of informative alleles, a number of effective alleles, private alleles
number and frequencies of occurrence were determined.

Allele frequencies were calculated separately for each locus according to a formula:

Pi —aon s 1)

where Pi - the i-th allele frequency of occurrence, Np - quantity of the i-th allele, in sampling,
2N - number ofanimals in sampling.

The number of informative alleles was calculated as number of alleles in population with a frequency
of occurrence more than 1%.

The number of effective alleles, i.e. number of the alleles meeting with equal frequency in ideal
population which is necessary for receiving the same degree of homozygosity or a genetic variety in real
population, were calculated by a formula:

Ne Tl He! \92)
where Ne - a number of effective alleles in population, He - an average expected heterozygosity degree.

The number of private alleles was calculated as number of alleles in population with a frequency of
occurrence no more than 1%.

Average observed degree of heterozygosity (Ho) was calculated for each locus as the ratio of number
of heterozygotes to total number of the studied animals. For calculation of Ho of an individual it was
found an arithmetic average Ho value on all studied 17 loci.

The average expected degree of heterozygosity (He) was calculated for each locus, using the
following formula:

H —1-1 iPf, 3)

where pi - the frequency of occurrence of the i-th allele. For calculation of He of an individual it was
found an arithmetic average He value on all studied 17 loci.

The individual index of fixing (Fis) is a coefficient at individuals in relation to subpopulation, it
serves as a measure of decrease in level of heterozygosity of an individual owing to nonrandom pairing in
each subpopulation. For calculation a formula was used:

Fis = (He - Ho) / He, (%)

Results and discussion. All-breeds (population) differentiation. Characteristic of Aday offspring of
the Kazakh horse is presented in the context of population and genetic breed differentiation with the use of
modern analytical methods of identification by microsatellite DNA. Modern analytical methods of
identification are widely practiced in many biological investigations [12]. For a total characteristic and
positioning of this breed the following results of genotyping of 17 microsatellite loci are given in table in
details.
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The revealed allelic options of MS loci of of the Aday offspring of the Kazakh Jabe horse (the number of samples - 33 animals)

MS Locus N Na Npr Ne He Ho Fis

VHL20 9 9 0 7 0.8629 1 -0.15888
HTG4 7 7 0 5 0.7786 0.7878788 -0.01192
AHT4 7 7 0 5 0.7963 0.8181818 -0.02748
HMS7 4 4 0 4 0.7235 0.9393939 -0.2984
HTG6 8 8 0 8 0.8695 0.9090909 -0.04553
AHT5 8 8 0 6 0.8312 0.9090909 -0.09371
HMS6 7 7 0 6 0.8392 0.8787879 -0.04717
ASB23 8 8 0 6 0.8384 1 -0.19275
ASB2 7 7 0 6 0.8424 0.9090909 -0.07917
HTG10 9 9 0 7 0.8522 1 -0.17343
HTG7 8 8 0 5 0.8065 0.8787879 -0.08963
HMS3 7 7 0 6 0.8182 0.9090909 -0.11109
HMS2 6 6 0 6 0.8182 0.8484848 -0.03701
ASB17 8 8 0 7 0.8462 0.8484848 -0.0027
LEX3 6 6 0 5 0.7907 0.969697 -0.22638
HMS1 5 5 0 5 0.8121 1 -0.23138
CA25 8 8 0 7 0.8587 1 016455
Total 122 122 0 99.289 13.9848 15.606061 -1.99118
Average value 7.1761 7.1764 0 5.8405 0.8226353 0.9180036 -0.11713

Note: N- number of alleles, Na - number of informative alleles (Na>1%), Npr - number of private alleles (Npr<0.1%),
Ne - number of effective alleles, He - the average expected geterezigosity, Ho - the average observed geterezigosity, and Fis -
the individual index of fixing.

In general, the carried-out analysis of an allele fond of this samples of the Aday offspring Kazakh
horse type revealed the range of values distinctive only for Aday spawn. The most polymorphic for this
offspring ofthe Kazakh horses of 17 MS loci are VHL 20, HTG10, HTG6, AHT5, ASB 23, HTG 7, ASB
17, Ca425 with 9 and 8 alleles respectively, least polymorphic are loci HMS7 and HMS1 (with 4 and
5 alleles). A genetic intra breeding variety (polymorphism) reflects existence of informative, effective
alleles and presence of rare (private) alleles. In total 122 alleles were identified, among them informative -
122, effective - 99.23 and private - 0. The average allele number on all loci was 7.17, on all informative
alleles -7.17, on effective - 5.84 and on private - 0, it is specified in figure 1 The lack of private alleles
demonstrates the consolidated status of the Kazakh horses ofthe Aday offspring.

m Ne

Figure 1- A share of informative and effective alleles in 17 MS loci of the Kazakh horses type ofthe Aday offspring.
The dark colour specifies a share of informative alleles, the light one - a share of effective alleles
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Level ofthe average expected heterozygosity of horses in loci varies from 0.7235 (in HMS7 locus) to
0.8695 (in HTG6), the average value on all loci is 0.8226. This regularity is observed also in levels of
average observed heterozygosity as it is specified in figure 2.
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Figure 2 - A share of informative and effective alleles in 17 MS loci of the Kazakh horses of the Aday offspring.
The dark colour specifies a share of informative alleles, the light one - a share of effective alleles

One of the indicators of population differentiation, Fis coefficient (the individual index of fixing),
showed the surplus of heterozygotes in all loci as shown in figure 3.

Figure 3 - Fis Coefficient (the individual index of fixing) of 17 MS loci of the Kazakh horses of the Aday offspring

Conclusion. The population and genetic structure of the Aday breed of horses shows differentiation
of population in common. The total number of the alleles found in 17 microsatellite loci is 122, of them
informative alleles - 122, effective alleles - 99.28 and private alleles - 0. Indicators of the level of the
average expected heterozygosity vary from 0.7235 to 0.8695. As for Fis coefficient (the individual index
of fixing), the surplus heterozygosity in all loci was found. The expected heterozygosity He = 0.8677, the
observed heterozygosity Ho =0.8600.

The analysis of the studied parameters of population and genetic structure of the Aday offspring of
the Kazakh horses confirmed an existence of intrapopulation differentiation of animals in the conditions of
the Mangyshlak peninsula.
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M. T. KapraeBal 4. A. baiim~kaHoBl C. [. Hyp6aeB2,
A. . baiim”~kaHoB3 O. AnnxaHos4, X. L. KOcyn6aes5

IKasak ynTTblK arpapiblK yHUBEPCUTETI»
KOMMEPLMA/bIK eMec akUMOHepnlk Korambl, Anmatbl, KasaxcTtaH;
2Cenekums optanbiHbl» XLUC, LbiMKeHT, Ka3zakcTaH;
Peceii MeMNeKeTTiK arpap/ibik yHuBepcuTeTi - K. A. TUMUPA30B aTblHAArbI
Mackey ayblfillapyallblibiK akagemuscol, Mackey, Peceil;
AM. O. 3ye30B aTbiHAarbl OHTYCTiK KaszaxcTaH MeMekeTTiK yHuBepcuTeTi, LUbIMKeHT, Ka3axcTaH;
S5Xanblkapanblk rymaHuTap/blK-TeXHUKanbiK yHuBepcuTeT, LLbiIMkeHT, KasakcTaH

LASAK; XX bIT"bIJTAPBIH "A31PI'1 BAMAHT bl AHATUTUKANbL, TOCITAEPMEH
MUKPOCATUNETT1 AHK BONbIHLIWWA MAEHTU® MKALUWNANTAY

AHHOTauma. [eHeTWKanblK anyaH TYpAinikTi 6aranay CenekUMsAnblK - acblNfaHAblpy >KMbICTapblHbIH
axblpamac 6eniri 601bIN caHanagbl X3aHe AHK NOKYCTapblHbIH apafblK X3He iWKi NonynaunaibiKk NOAMMOPQOU3MLLILL,
ecebi 0TaHAbIK Ka3aK Xbl/KblNapbl afali TapMarbiHbIH XEPrifiKTi MonynaumsacbiH eCKepy OTbIpbIn XY prisingi.

BAn TacingepgiH ManiMeTTi agn anyra MYMKIHAIK 6epeTiH TangayblHblH 6ipi MukpocaTenneTTi Tuntey (MC)
6onbin caHanagbl. bAn Tacin nonynaums, TYP, TabblHHbIH FEHETUTUKANbIK K¥PbIJbIMbIH cUnaTTan KaHa Koimai,
onapAblH reHeTuKanblK ~MKCaCTblK A3apexxeciH Garanalifbl, COHbIMEH KaTap LWblFy-TeriH 6akblnay apKblibl CeneKLms
TW ML NH XXOFapblnaTagbl.

XK MbIc MakcaTbl - MukpocaTennuTTi JHK nokycTapbiHbIH NOAMMOPGM3MI 60lbIHLLIA Ka3aK XbINKbIIapbl ajai
TapMaFbIHbIH NONYNALMANBIK FeHETUKAbIK K¥PbINbIMbIHbIH Ka3ipri xxaFfaiibiH 6aFanay.

Buonoruaneik Ynarinep (waw kKeinbl) 33 6ac xaHyapgaH MauFbictay 06/bickl TYnkapaFaH ayAaHblHbIH
«TayLWbIK WapyawbinbiFbi» XXLLIC-HeH anbiHAbl. BriomaTepuangapab! XxuHay 2019 Xbifbl icKe acTbl.

OHK-HbI 6enin any peareHTTep eHgipywici (Invitrogen, Applied Biosystems, AKLL) H/ACMnbln-biHA C3iKeC
XYprisingi. Xbinkoinapgel reHetunteygi Stock Marks Horse (Applied Biosystems, AKLL) 17 nokyc >XuHaFbIMeH
aybl/wapyaLubl/blK XaHyapnapbliHbiH Xanblkapanblk reHeTuktep ISAG (International Society for Animal Genetics)
H/\CKay/blHbI HeTi3iHAe iCKe acblpApbl.

AmMnnngukayma eHimgepin ngeHtndukaumnanay ABI Seq Studio (Applied Biosystems, AKLL) reHeTukanbik
aHanusaTopfa Kanuanspnbl 3nekTogopesdi KongaHy HerisiHge >kY3sere acblpbingbl. AJibIHFaH rpadmkanbiK
HaTMXenepaiH axbipaTelnybl GeneMapper 5.0. 6aFgapnamacbiMeH XY prisingi.

KasakcTaH Pecnyb6ivkacbl aymarbiHAa ecipineTiH afai blakblnapbiHblH - 17 mukpocatunnetti (MC) AHK
NOKYCbl 6OWbIHLWIA MNOMYNAUMANbIK-TEHETUKANbIK K¥PbIIbIM H3TWXenepi 6epBAr >Xannbl nonynauus kenemi
33 6acTbl K¥pagbl.

Xannbinai anFaHga, Kasak XblfKblnapbl afail TapMaFbiHbIH aTanFaH annenotoHA XYprisinreH tangaybl Tek
afjail TapMmarbiHa T9H M3H CMEKTPL aHblKTadbl. Kasak XblKbinapsl atanFaH TapmMaFbIHbIH NOAUMOPQTbINbIFbIHBIH
kebici 17 MC nokyctapbiHaH VHL20, HTG10, HTG6, AHT5, ASB23, HTG7, ASB17, CA425c nokycTapsbl
calikeciHWwe 9 3He 8 annenl, noaMmopdTbinbIFbl asbl - HMS7 aHe HMS1 nokycTapbl ( 4 X3He 5 annenbaeH).
TYpiwinik reHeTukanblK anyaHTYpninik (NoAMMop@TbiabliK) aknapaTtTbiK, TUIMAI >K3He cupeK annenbgidH 6ap
eKeHfiriH 6aiikatagbl. XXannbl 122 annenb naeHTUGUKaUnanaHabl, aknaparTbik - 122, Twmara - 99.23 xsHe cupen
- 0. bapnblk nokKycTap 60WbIHWA aNnnenbaepaiH opTawla caHbl 7.17 K¥pafbl, 6ap/blK aknapaTTbiK annensgep - 7.17,
Tuimgici - 5.84 xaHe 1-cypeTTe KepceTinreHgeit cuperi - 0. Cupek annenbaepaLl, XOKTbiFbl agait TapmaFbl Kasak
XbI/IKbIIaPbl CTATYCbIHbIH WOFbIpnaHFaHAbIFbIH aiKbIHAARAbI.

JlokycTap 60ibiHWA XbIAKblNApAbIH KYTLIETW opTawa reTepo3nroTTbiibik Aspexeci 0.7235-geH (HMS7
nokycta) 0.8695 (HTG6) peitiH, 6apnblk IOKyCTap 6oiibiHIWA opTalla KepceTkiw 0.8226 mpceT. ATanraH
3aHAbIbIK OpTaLla reTepo3nroTThbiNbIK AeHreliiHe KaTbICTbl 6alikanagbl.

Afali XbINKbINAPbIHbIH - NONYAALMANBIK-TEHETUKANBIK  K¥PbINbIMbl  Xannbl NONyAauua A gepeHUnachbIH
Kepcetegdi. 17 MuKpocaTUnneTTi NOKycTapfa adblKTasiFaH —annengepgiH  annol  menwepi 122,  OHbIH
122 aknapaTTblk, TwmMAara - 99.28 »aHe cupen - 0 annefb. "TWeTW reTepo3nroTTbIKTbIH OpTalla A3pexe
agpceTk™ - 0.7235-geH 0.86950 feiiiH. Fis koagduumeHTa 60MbiHLIA ((PUKCALUAHBIH XXEKenereH MHAeKC”, 6apbiK
NOKyCTapAa reTpe3nroTTapAblH Ken Menwepi aHbikTanabl. KYTineTiH retepo3nroTTeik - He = 0.8677, 6aiikanaTblH
retepo3nroTTbik - Ho = 0.8600.

Kasak >KbINKbICbl afaii  TapmaFbiHbIL, NOMYAALMOHAbLI-TeHETUKabIK  3epTTey napameTp/epll Tangjay
MauFbiwnak TY6eriHgeri XxaHyapnapga nonynaumnsaL WK anphepeHUnsHbiH 6ap eKeHAITiH alikbiH4anabI.

Ocblnaiilla kasak agait TapMaFbl XbIIKbIChl Kefleafeil NonynsuuanbiK-reHeTUKanblK KepceTKiluTep apKbibl
cunaTTanagbl: annenbfepilw, oprtawa caHbl - (N) - 7.17, opTawa retepo3uroTTbiibiK (KyTweTw, He) - 0.8226,
opTalla reTepo3nroTTbiblK (6alikanaTbliH, Ho) - 0.9180, dukcauusHbiH xekenereH mHaekc (Fis) - 0.1171.
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122 annenb uaeHTUUKaumManaHabl, OHbLL aknapaTtTblk annengepi - 122 (kuwn 0,01), cupen - O (kuiniri
0,01 TemeH) xaHe Tuimgici - 99.29.

TywH ce3gep: Kasak XbIIKbICbl, afali TapMmarbl, FeHETUKaNbIK e3repriwTiK, UHOPUANHT, TreTepo3uroTThbIK,
MUKpOcaTenanTTep.

M. T. Kapraesal . A. baiimykaHoBl C. [l. Hyp6aes2,
A. [. baiimykaHoB3 O. AnuxaHoBs4, X. L. KOcyn6aes5

1 HeKomMmepueckoe aKLIMOHEPHOE 06LLeCTBO «KaszaxcKuii
HaunoHanbHbI arpapHblil yHUBepcUTeT», Anmatbl, KasaxcraH;
2ZTO0O «Cenekuusa opTanbirbl», LLbIMKeHT, Ka3zaxcTaH;
FPoccuiicknii rocyaapcTBeHHbI arpapHblil YHUBEPCUTET -
MOCKOBCKas Ceflb,CKOX03aMcTBeHHasn akagemms um. K.A. Tumunpsasesa, Mocksa, Poccus;
40O>H0-Ka3axCTaHCKMW1 rocyapCTBeHHbI yHUBEpPCUTUET M. M.O. Aya30Ba, LLIbIMKeHT, KasaxcTaH;
SMexayHapoAHbIA T'yMaHUTapHO - TEXHUYECKNiA yHmBepcuTeT, LLbiMkeHT, KasaxcTaH

NWAEHTUONKALNA KASAXCKUX NOWALEN COBPEMEHHbBIMM
AHATNTNYECKUMW METOAAMU MO MUKPOCATENINTHBIM OAHK

AHHOTauma. OueHKa reHeTMYecKOro pasHoobpasvs ABMASETCA HEOTHEM/IEMOW YacTblo CeNeKLMOHHO-
nAemMeHHOl paboTbl U aHann3 MeX- ¥ BHYTPUNoNyaauMoHHOIo nonmmopgusma nokycos AHK ctan npoBoanThbes €
YYeTOM pPernoHanbHOro pasmeLleHns 0TeHeCTBEHHON NONYNALMM Ka3axCKUX noLafein afaickoro 0TpoAbs.

OfHUM U3 Hanbonee MHPOPMATMBHLIX METOA0B TaKOro aHanusa aBfseTca MukpocatennmtHoe (MC) Tunupo-
BaHMWe, KOTOPOE He TOMbKO XapaKTepu3yeT reHeTUYeCKyH CTPYKTYpY MONynsuuid, Nopog, CTaf 1 OLEeHUBAET CTeneHb
MUX TeHEeTUYeCKOro CXOACTBa, HO W NOBbILWAET 3PHPEKTUBHOCTL CENeKLUM MyTeM KOHTPOA 3a LOCTOBEPHOCTbHIO
MPONCXOXKAEHMS

Llenb paHHO paboTbl - OUEHKa COBPEMEHHOr0 COCTOSHMS MOMNYNALUMOHHO-TEHETUYECKOW CTPYKTYpbI
aflalicKoro 0TpoAbs KazaxCKMX foLafeil no noaMmopnamMy MUKpocaTenIMTHbIX NoKycos JHK.

Martepranom cnyxunu 6uonormyeckme o6pasybl  (BONOCAHble NYKOBULbI) 33 T[0MOB XXWMBOTHbIX U3
TOO «Taywblk» TynKaparaHckoro paioHa MaHructayckoii obnactu. C6op 6uomaTtepuanoB OCYLLECTBAANACA B
2019 rogy.

BobigeneHne HK npoBoannock B COOTBETCTBMM C MPOTOKO/IOM NPoU3BOAMTeNs peareHToB (Invitrogen, Applied
Biosystems, CLLUA). MynbTUNAeKCHOEe TFeHOTUNMPOBaHME nollageii nposBoaunu Habopom Stock Marks Horse
(Applied Biosystems, CLUA) no 17 nokycam, pPeKOMEHAOBaHHbIM MEXAYHapOAHbIM OOLEeCTBOM FEHETUKM
CeMbCKOXO03AMCTBEHHbIX XMBOTHbIX ISAG (International Society for Animal Genetics).

NaeHTudrkaums npoaykKToB amnan@ukaumMm BbINOMHEHA HA TreHeTMYeCKOM aHanusatope ABISeqStudio
(Applied Biosystems, CLUA) ¢ npumeHeHVWEM KanuaMspHOro 3nekTpodopesa. PaclwindpoBka MNOMYYEHHbIX
rpauyeckmnx pesynbTaToB NpoBoAmaack B nporpamme GeneMapper 5.0.

MpeacTaBneHbl pe3ynbTaTbl MONYNALMOHHO-TEHETUYECKOW CTPYKTYpbl no 17 mukpocaTeniutHeim (MC)
nokycam OHK nowagein agaiickoii nopofbl, passogmmoit B Pecnybnuke KaszaxcTaH. Pasmep o6uwieit nonynsuunm
(BbI6OPKK) cocTaBun 33 rosos.

B uenom, MpoBefAeHHbIA aHanu3 annenodoHaa AaHHOW BbIGOPKM afaliCKoro OTPOAbS Ka3axCKO nolagm
BbISIBU/ CMEKTP 3HAYEeHWIA, XapaKTepHbIA TONbKO A5 afalickoro oTpofbs. Hanbonee nonvmMopdHbIMUK 418 LAHHOTO
0TPOAbS KasaxCKux nowagei n3 17MC noKycoB siBAstoTCs nokycblY 220, HTG10, HTG6, AHT5, ASB23, HTG?7,
ASB17, CA425c 9 1 8 annensimm COOTBETCTBEHHO, HaMMeHee MOAUMOP{HbI oKycbl HMS7 u HMS1 (no 4 u no
5 anneneii). F'eHeTMYECKOe BHYTPUNOPOAHOE pa3Hoobpasne (MoNMMOpHOCTb) OTPaXKaeT HaMune UHPOPMATMUBHbIX,
3(heKTUBHBbIX annenen u npucyTcTBue pefakux (MpuBaTHbIX) annenei. Bcero 6b10  MAEHTUPULMPOBAHO
122 annenei, n3 HUX MHHOOPMATUBHBIX- 122, 3th(heKTMBHbIX -99.23 U npuBaTHbIX - 0. CpegHee uncno anneneit no
BCEM NIOKyCaM COCTaBuo 7.17, No BcemM MHOPMATUBHBLIM annensam -7.17, no aggekTnBHbIM -5.84 1 N0 NpUBaTHLIM
- 0 KaK yKa3aHo Ha pucyHke 1. OTCYTCTBMe NPUBATHbIX affenei CBUAETENbCTBYET O KOHCONNAMPOBAHHOM CTaTyce
Ka3axCKMX noluagei agaiickoro oTpoabs.

YpoBeHb CpefHeli 0Xugaemol reTepo3uroTHOCTM fiowafein no nokycam BapbupyeT oT 0.7235 (B nokyce
HMS7) po 0.8695 (HTG6), cpeaHuii nokasaTesb No BCEM NOKycam coctaBnsieT 0.8226. [aHHas 3aKOHOMEPHOCTb
HabngaeTca U Ans YpoBHeN cpefHeil HabntoAaeMoin reTepo3nuroTHOCTU.

MonynsauMOHHO-TeHeTMYECKas CTPYKTypa afalicKoil mopodbl nowageil mMokasbiBaeT AuddepeHLmaLuio
nonynaumMm B Uenom. OOLlee KOAMYECTBO anfiefieil, 06HapyXeHHbIX B 17 MWKpOCATeNINTHLIX JOKycax,
COCTaBMN0122, n3 HUX UH(OPMaTUBHbIE annenn - 122, aggekTnBHble annenn - 99.28 u npusaTHble annenu -
0. MokasaTenn ypoBHA CPeAHEl 0XMAAeMON reTepesnroTHOCTY BapbupytoT oT 0.7235 go 0.8695. Mo KosthhmuymeHTy
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Fis (MHauBMAayanbHbIA UHAEKC (uKcauun), Obl1 06HApPYXXeH M36LITOK reTpe3nroT BO BCeX NIOKycax. Oxupaaemas
retepesnrotHocTb He = 0.8677, Habntogaemas retepe3anrotHocTb Ho = 0.8600.

AHanu3 uccnefyembiX napameTpoB NONYNALUOHHO-TEHETUYECKOWN CTPYKTYPbl afjaiiCKOro OTpoAbs Ka3axCKux
nowagein noAgTBepAUN Hannuve BHYTPUMONYAALMOHHOW AnddepeHUMatm XUBOTHbIX B YCN0BUAX MNOMAYyOCTPOBa
MaHrblILnak.

Taknum 06pa3om, COBpPeMeHHas KasaxcTaHckas MoMynsauuMsa Ka3axCKuMX Jiowageii afaickoro OTpoabs
XapaKTepu3syeTcs cnefyowmnMm nonynsLMoHHO-reHeTUYECKUMU NoKasaTensMm: cpegHee uucno anneneid (N) - 7.17,
CpefHss reTeposnroTHoOCTL (oXxunpaemas, He) - 0.8226, cpeaHsas retepo3nrotHocTb (Habnwopaemas, Ho) - 0.9180,
WHAEKC uKkcauuyu nHameuayanbHblii (Fis) - 0.1171. Bbino naeHTuguUumMpoBaHo 122 anneneid, U3 HUX MHGOpMa-
TUBHbIX annenein 122 (c yactotoli 6onee 0,01), npuBatHbIX- 0 (C YacToTOl MeHee 0,01) 1 3h(heKTUBHbIX - 99.29.

KnioueBble cfoBa: Kasaxckas nowafb, afaickoe OTPOAbe, TEeHETUYEecKas W3MEHUYMBOCTb, WHOPUAMHT,
reTepo3nroTHOCTb, MUKPOCATENNNTDI.
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