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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 of a domestic population of the Kazakh horses of the 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 of the Aday offspring by polymorphism of microsatellite DNA loci.

Materials 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 of the 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:

_ M
p; = N’ (H

where Pi — the i-th allele frequency of occurrence, Np — quantity of the i-th allele, in sampling,
2N — number of animals 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:

1-He’ @)

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-%pf, 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
AHTS 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
HMSI 5 5 0 5 0.8121 1 -0.23138
CA425 8 8 0 7 0.8587 1 -0.16455
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 of the Kazakh horses of 17 MS loci are VHL 20, HTG10, HTG6, AHTS, 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 of the Aday offspring.
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Figure 1 — A share of informative and effective alleles in 17 MS loci of the Kazakh horses type of the Aday offspring.

The dark colour specifies a share of informative alleles, the light one - a share of effective alleles
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Level of the average expected heterozygosity of horses in loci varies from 0.7235 (in HMS?7 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.

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.
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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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KA3AK JKbIIIKBJIAPBIH KA3IPT'T 3AMAHYbI AHAJIMTUKAJIBIK TOCLIIEPMEH
MUKPOCATHJIETTI JHK BOUBIHIIA NIEHTUOUKALNUAIAY

AnHoTaumsi. ['eHETHKaNBIK alyaH TYPJIUNKTI Oaranay CeJICKUMSUIBIK — aCBUINAHABIPY IKYMBICTAPBIHBIH
akpIpaMac 0eJriri 00BN caHaIabl )KOHE THK JIOKYCTAPbIHBIH apalIbIK KOHE 1IIKI MOMYJISHUSIBIK TOJIUMOP(U3MIHIH
ecebl oTaH/IbIK Ka3aK JKbUIKbUIAPHI a/1aif TapMaFbIHBIH KEPruTiKTI MOMYJISIIHUSICHIH €CKepPY OTBIPBII XKYPri3iii.

Byt Tocinmepain MaIIMETTI Kol ajyFa MyMKIHIIK OepeTiH TangaybiHbiH Oipi Mukpocaresuierti Tuntey (MC)
Ooubin caHanaabl. Byl Tocin momymsums, TYp, TaOBIHHBIH T'€HETUTHKAJIBIK KYPBUIBIMBIH CHIIATTAll KaHa KoWMai,
OJIap/IbIH TEHETUKAIIBIK YKCACTBIK JIOPEKECiH Oaranaii/ibl, COHBIMEH KaTap HIBIFY-TEriH OaKbliay apKbUIbl CEJCKLIUS
THIMAUTITIH )KOFapbUIaTa IbI.

Kymsbic makcarsl — MukpocateutTi JJHK nokyctapbiHbelH moauMophu3Mi OOMbIHINA Ka3aK JKbUIKbLIAPHI a/1aii
TapMaFbIHBIH HOMYJSILMSIIBIK TeHETHKABIK KYPBUTBIMBIHBIH Ka3ipri skariaibiH Oarasay.

Buonorusumeik  yarinep (mam Keutel) 33 Oac skaHyapmaH ManrbicTay oONBICE TymKaparaH aynaHBIHBIH
«Taymsik mapyambsubFrsDy JKIIC-Hen anbaasr. buomaTtepuangapast xuaay 2019 KBUTH iCKe acTHI.

JHK-ub1 Gemin amy pearentrep eHuipymrici (Invitrogen, Applied Biosystems, AKII) HycKayibIFbIHA Colikec
xyprizingi. XKeuikeuapasr reserunteyai Stock Marks Horse (Applied Biosystems, AKI) 17 nokyc xuHarbIMeH
aybUIIIApYaIIbLUIBIK JKaHyapJapbIHbIH Xanbikapanblk renetukrep ISAG (International Society for Animal Genetics)
HYCKAYJIBIFBI HETi31HE iCKe achIP/BbL.

Ammnndukanms eHimaepin unentudukanusiaay ABI Seq Studio (Applied Biosystems, AKIL) reHetukanbik
aHAJIM3aTOP/a KAIWUIAPJIBL JIEKTOPOPE3i KOJAAHY HETi3iHAe JKY3ere achIpbUIabl. AJIBIHFAaH TpapUKaIbIK
HOTIDKENEPIiH axbIpaThutybl GeneMapper 5.0. 6armapiaMachbIMEH JKypri3ii.

Kazakcran PecrmyOnmkacsl aymarblHAa ecipuleTiH agai >KeUIKbUIapblHBIH 17 Mmukpocatwmierti (MC) JHK
JIOKYChbl OOWBIHINA MOMYJIAMSIBIK-TCHETUKANBIK KYPBUIBIM HOTIKeNepi Oepinai. Kanmel momynsumst kesemi
33 GacThl Kypaspl.

Kanmeutail anranaa, Kasak >KbUIKBUIAPHl alail TApMarblHBIH aTajlfaH auIeNo(OHI JKYPri3UIreH Tajnaybl TeK
ajaif TapMarblHa TOH MOH CHEKTPiH aHBIKTanbl. Kasak >KbUIKBUIAPBI aTalFaH TapMarbIHBIH IOJUMOP(THUIBIFBIHBIH
kebici 17 MC nokycrapernan VHL20, HTG10, HTG6, AHTS, ASB23, HTG7, ASB17, CA425c nokycrapst
coiikecinme 9 xoHe 8 amwteni, noauMopdTeuIbFel a3kl — HMS7 sxone HMSI1 nokycrapsr ( 4 sxoHE 5 asuienbieH).
TypiliaiKk TreHeTHKAIbIK alyaHTYPIUTK (MOJMMOP(THUIBIK) aKMapaTThIK, THIMAI KOHE CHUPEK aJllejbIiH Oap
exeHJiriH Oaiikaraapl. XKanmer 122 amiens uneHTUGUKALMIIAHb, akapaTTeik — 122, Trimaici — 99.23 xoHe cuperi
— 0. BapnbIk oKycTap OOMBIHIIA aJUICIBACPIIH OpTalia canbl 7.17 Kypajabl, OapiblK aKmaparTeiK ajuieasaep — 7.17,
tuimaici — 5.84 xoHe 1-cyperrte kepcerinrenaen cuperi — 0. Cupek amienbaepiH KOKTHIFb a/1ail TapMarbl Kazak
JKBUTKBUIAPBI CTATYCHIHBIH LIOFbIPIaHFAHABIFBIH aHKbIH AN BL.

Jlokyctap OOMBIHIIA >KBUIKBUIAPABIH KYTUIETIH OpTalla IeTepo3MroTThUIBIK aspexeci 0.7235-nen (HMS7
nokycra) 0.8695 (HTG6) neitin, Gapnblk Jokycrap OoiiblHIIA oprama kepcerkim 0.8226 kepcerri. Artanran
3aHJIBUIBIK OpTAllla FeTePO3UTOTTHUIBIK JeHIeHiHe KaThICTHI OaifKanaibl.

Anail KBUIKBUIAPBIHBIH TOMYJILMSIIBIK-TCHETUKANBIK KYPBUIBIMBL JKAJIBl TOMYJIAHs  AU(depeHIHsICHH
Kepcereni. 17 MHKpOCATHIUIETTI JIOKycTapja aHBIKTAIFaH aJUleIepiH Jkanmel Memmepi 122, OHBIH
122 akmaparteik, THiMmici — 99.28 sxone cuperi — 0 amiens. KyTineTiH reTepO3HroTTHIKTBIH OpTallia JI9PEikKe
kepcetkirm — 0.7235-aen 0.86950 neiiin. Fis koadduumenTi OobiHIIa ((DUKCALMSIHBIH KEKEeJISTeH HHIACKCI), 0apIIbIK
JIOKyCTapAa TeTpe3uroTTapIblH Kol Meuiiepi aHbIKTa1asl. KyTijerin rerepo3uroTteik — He = 0.8677, OaiikanaTbiH
reTepo3uroTThiK — Ho = 0.8600.

Kazak O KbUIKBICHI ajaii TapMarbIHBIH [OMYJIAIUOHIBI-TCHETUKAIBIK 3EPTTEYy MNapaMeTpiiepiH Taijay
Mamnrpinuiak TyOerinzieri xxanyapiap/aa nonyIssuusimiiik auddepeHuusiHbIH 0ap eKeHIIrH ailKbIH 1A bl

OchUtaiila Ka3ak agaid TapMarbl KbUIKBICHI KeJIeCileld MOMmy IsIIUsIbIK-TeHETHKANBIK KOPCETKIIITEeD apKbLIbI
CHUINaTTaNaabl: auieNbIepAin oprama cansl — (N) — 7.17, oprama rerepo3urortsulblk (KyTinerin, He) — 0.8226,
opTamia reTepo3uroTThUIBIK (Oadikanatei, Ho) — 0.9180, ¢ukcanmsHbH kekenereH wuHuekci (Fis) — 0.1171.
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122 ammens woeHTH(OUKAIUSUIAHABI, OHBIH aKmapaTTIK amwiengepi — 122 (kwmimiri 0,01), cuperi — 0 (xwimiri
0,01 Temen) xoHe THIMIICT — 99.29.

Tyiiin ce3mep: Kazak >KBUIKBICHI, aJalf TapMarbl, TCHETHKAIBIK ©3TEpPrilliTiK, HHOPUAWHT, T€TEPO3UTOTTHIK,
MHKPOCATEJUIUTTEP.

M. T. Kapraesa', JI. A. Baiinykanos', C. JI. Hyp6aes?,
A. JI. Baiimykanos’, O. Anuxanos’, K. III. FOcyn6aes®
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UJIEHTUO®UKALIMS KABAXCKHUX JIOIIAJIE COBPEMEHHBIMHA
AHAJIMTUHYECKUMU METOJAMMU 11O MUKPOCATEJIVIMTHBIM THK

AnHortanusi. OneHKa TEHETHYECKOTO pa3HOOOpasusi SIBISETCS HEOTHEMJIEMOW YacThIO CEIEKLIHOHHO-
IUIEMEHHOH pa0OTHI M aHaJIM3 MEX- U BHYTPHIIONYJSIIMOHHOTO nonumopduima sokycos JJHK cranx npoBomurscs ¢
YYETOM PErHOHAIBHOTO pa3MEeLIeH sl 0TeUECTBEHHOM MOMYISNH Ka3aXCKUX JIOIIAaJel aJaiiCKOro OTPOIbsL.

OpmanM U3 Hanbosaee HHPOPMATUBHBIX METOJOB TAaKOTO aHANW3a SABIsIeTCS MuKpocaTemutHoe (MC) Tummpo-
BaHME, KOTOPOE HE TOJBKO XapaKTePH3yeT FeHETHUECKYIO CTPYKTYPY MOITyJISIHMN, TOPO, CTad U OLEHUBAET CTEIICHb
X TEHETHMYECKOTO CXOACTBA, HO M TOBBIIAET 3((EKTUBHOCTD CENEKLHUH ITyTeM KOHTPOJS 32 JOCTOBEPHOCTHIO
MIPOUCXOKACHUS

enp naHHON paboOTBI — OLEHKA COBPEMEHHOTO COCTOSIHHS IONMYJISIIMOHHO-TEHETHYECKOH CTPYKTYpBI
a/1alicKOro OTPO/Ibsl Ka3aXCKHX JIOMIaAeH 1Mo noiumMopdusMy MUKpocaTeuIuTHbBIX JIokycoB JTHK.

MarepuanoM CIIy>)XWid Ouojorndeckue oOpasupl (BOJOCSHBIE JYKOBHIBI) 33 TOJIOB JKUBOTHBIX U3
TOO «Taymbik» Tynkaparanckoro paiioHa Manrucrayckoit oomactu. Coop OuomarepuanoB OCYIIECTBISUICS B
2019 rony.

Brinenenne /IHK mpoBoaniioch B COOTBETCTBHY € TIPOTOKOJIOM Ipou3BoauTels pearenToB (Invitrogen, Applied
Biosystems, CIIIA). MynabTUIUIEKCHOE TEHOTHIIMpOBaHHME Jomajaed mpoBogwian Habopom Stock Marks Horse
(Applied Biosystems, CILA) mo 17 okycaM, peKOMEHIOBaHHBIM MEXIYHapOJHbIM OOIIECTBOM T'€HETHKH
ceNbCKoX03sHCcTBeHHBIX )KUBOTHBIX ISAG (International Society for Animal Genetics).

Wnentndukayst MpoAyKTOB aMIUTU(HUKAINK BBHIIOJHEHAa Ha TeHeTmueckoM anamm3atope ABISeqStudio
(Applied Biosystems, CHIA) ¢ mnpuMeHeHHEM KanWUBIPHOTO 3nekTpodopesa. PacmmppoBka moTydeHHBIX
rpauyecKux pe3ysbTaToB NIPOBOAMIAcCk B mporpamme GeneMapper 5.0.

[IpencraBneHsl pe3yiabTaThl HOMYJSIHMOHHO-TEHETHYECKOH CTPYKTYpsl mo 17 wmmkpocaremmtHeiM (MC)
nokycam JIHK nomrazneit amaiickoii moponbl, pasogumoii B PecnyOnuke Kasaxcran. Pasmep oOmie#t momymsinu
(BBIOOPKH) cocTaBmi 33 roJoB.

B uenom, mpoBeneHHBI aHanW3 ajuieno(oHNA ITAHHOW BBIOOPKM aaiiCKOro OTPOJbsl Ka3aXCKOW JIOLIaH
BBISIBUJI CIIEKTP 3HAYEHHH, XapaKTepHBIH TOJIBKO ISl alaiickoro oTpo/bst. Hanbosee nmoaruMophHBIMU It JAaHHOTO
0Tpoabs Kazaxckux jowazaei u3z 17MC nokycos saisitores Jiokycsl VHL20, HTG10, HTG6, AHTS, ASB23, HTG7,
ASB17, CA425¢c 9 u 8 ajutesnsiMi COOTBETCTBEHHO, HauMeHee moauMopdHbl Jokycsl HMS7 u HMS1 (no 4 u no
5 anmeneit). ['eHeTHUecKOE BHYTPHIIOPOIHOE Pa3HOOOpasue (TIOMUMOP(GHOCTH) OTpaskaeT HaTHn4dne HHPOPMATHBHBIX,
G GEKTUBHBIX aieNiel W TPHUCYTCTBHE peAkux (MpHBATHBIX) atenell. Bcero Oputo  mueHTH(UITMPOBAHO
122 anneneii, u3 HuX nHGOPMATHBHEIX- 122, a3 dexTuBHBIX —99.23 u npuBatHEIX — 0. CpeHee Yucio aienei mo
BCEM JIOKycam cocTaBmio 7.17, mo BceM HHPOPMATUBHBIM aiiessiM —7.17, o sdpekTuBHbIM —5.84 ¥ 110 NpUBaTHBIM
— 0 xak yka3aHo Ha pucyHke 1. OTCyTCTBHE NPHUBATHBIX ajjieiel CBUIETEIbCTBYET O KOHCOMUIUPOBAHHOM CTaTyce
Ka3axCKHX JIOIaiel aJalCKoro OTPOIbsl.

YpoBeHb cpelHel O0KHUIAeMOW TeTepO3UTOTHOCTH JIOMIael Mo Jokycam Bapbupyer oT 0.7235 (B nokyce
HMS7) no 0.8695 (HTG6), cpenuuii mokasaTteib Mo BceM Jiokycam coctaBisieT 0.8226. JlanHasi 3aKOHOMEPHOCTh
HaAOJII0AaeTCs U AJIsl YPOBHEH cpeaHe HaOIr01aeMol TeTepO3UrOTHOCTH.

[MomynsiunoHHO-TeHETHYECKasT CTPYKTypa aJalCKoOW nopoodsl Jnowadell TOKa3biBaeT nuddepeHnnanmio
nonyasinuy B 1enoM. OOmiee KOJIMYECTBO ajulesieil, OOHapyKeHHBIX B 17 MHKpOCATEIUIMTHBIX JIOKYycax,
coctaBminol22, n3 Hux uHMopmaruBHble ayutenu — 122, sddexruBHble autenn — 99.28 n npuBaTHBIE AIETH —
0. [Noxa3zarenw ypoBHS CpeTHEH 0KUAAEMON TeTepe3UTOTHOCTH BaphupytoT oT 0.7235 mo 0.8695. ITo ko3 durmenty
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Fis (uanuBupyansHBI HHACKC (QUKcanuu), ObUT O0HApYXKEH M30BITOK TeTPE3UroT BO BeeX JIOKycax. Oxkmmaemast
rerepe3urotHocts He = 0.8677, Habmogaemas retepe3uroTHocts Ho = 0.8600.

AHanu3 BccieayeMbIX MapaMeTpoB MOMYIAIHOHHO-TCHETHIECKOH CTPYKTYPBI alaiicKoro OTPOAbs Ka3axCKUX
Jomaaei MOATBEPANI HAINYWE BHYTPHIIONMYJSIIMOHHON Iu(QepeHuaniy KUBOTHBIX B YCIOBUSX MOIyOCTPOBA
MaHnrbiuiax.

Takum 00pa3oM, COBpeMEHHas Ka3axXCTAaHCKas IIOMyJIIMsA Ka3axCKUX JIOIMIaAeW agalCKoro OTpOAbs
XapaKTepu3yeTcs CIEAYIOUIMMHU MOMyIAIHOHHO-TeHeTHYECKUMH MoKa3aTesIMU: cpeliHee yucio auienet (N) — 7.17,
CpeIHssl TeTepO3UroTHOCTh (okumaemas, He) — 0.8226, cpemusisi reTepo3uroTHocTsh (Hadmogaemast, Ho) — 0.9180,
uHIeKe (uKcauuu MHAMBUAYalnbHBIH (Fis) — 0.1171. beuio naentudunmposano 122 anneneid, u3 Hux uHpopma-
TUBHBIX ajuteniei 122 (¢ yacroroii 6onee 0,01), mpuBatHbIX- 0 (¢ wactoroit meHee 0,01) u adpdexTuBHBIX — 99.29.

KroueBble cioBa: Kasaxckas JiollaJb, alaiickoe OTpPOJbe, TEHETHYecKas HW3MEHYHMBOCTb, HHOPHIUHT,
reTepo3UroTHOCTh, MUKPOCATEIUIUTHI.
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