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Abstract

Background and Aim. Kazakh horses of Zhabe type differ from local horses in their higher live
weight and larger body measurements. Breeding work with Kazakh horses of the Zhabe type is carried
out at Tailak farm in Zharminsky district of East Kazakhstan through targeted reproduction, cultivation,
and widespread use of the best individuals based on their origin, exterior, productivity, adaptation to
year-round grazing, and quality of offspring from stallions and mares. Individuals that are not up to
these standards are strictly culled. The aim of the research is to determine meat productivity and study
genetic characteristics of a sample of modern population of Kazakh horses of Zhabe type using DNA
markers.

Materials and Methods. The material for the study was DNA genotyping data from 20 horses of
the Kazakh breed type Zhabe. The horses were genotyped according to 17 STR loci recommended by
the International Society for Animal Genetics (ISAG). The international alphabetical code was used to
identify alleles. Genetic and population analyses were performed using the GenAIEx software 6.5. The
following indicators were calculated: the average number of alleles per locus (Na), the effective number
of alleles (Ne), levels of expected (He) and observed heterozygosity (Ho), and inbreeding coefficient
(FIS) .

Results. A study on 17 STR loci of DNA in Kazakh horses Zhabe type has shown that they have
a unique allele pool with a significant number of identified alleles and high genetic variability. The
average inbreeding coefficient (FIS) is negative (-0.059), indicating that the genetic diversity of this
breed is preserved within this group.

Conclusion. The improvement of these horses is achieved through breeding and cultivation of
animals with high genetic potential for productivity, which is passed down through generations of
descendants. This is done by carefully selecting horses with desirable traits for breeding.
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Introduction

In the context of the qualitative transformation of horse breeding in Kazakhstan, the role of Kazakh
horses Zhabe type as meat and dairy animals is exceptional. They occupy the largest proportion of the
breeds used in production, accounting for 34.5% of all horses in the country. These animals are highly
valued for their ability to adapt to various living conditions, their endurance, and their meat and dairy
qualities.

At the age of two and a half years, Zhabe horses can reach a live weight of 350-370 kilograms on a
single feed, making them highly profitable for meat production [1].

Rzabaev et al. [2] noted that breeding work with Zhabe horses began in the Emba stud farm in the
Aktobe region in the 1930s, and many generations of breeders have worked to create the modern Zhabe
horse.The basis for the modern population of Zhabe type horses was formed by four genealogical lines
of stud stallions from the Emben stud farm - Zamok, born in 1927; Berkut, born in 1929; Zaur, born in
1929, and Pisatel, born in 1928. These lines produced the most numerous and high-quality offspring,
which played a major role in creating the factory lines Zubr 46-59 and Barhat 15-57 in 1982, followed
by the creation and testing of the lines Bracelet 13-74, Zadornyy 51-76 and Pamir 127-78 at the Altai
Karpyk Saydaly Sary Tok stud farm in the Pavlodar region in 2010 [3, 4].

In addition to purebred breeding, Kazakh Zhabe horse type were used in crossbreeding with the
Bashkir breed to improve meat and adaptability to year-round grazing conditions. Positive results were
also obtained from crossing Yakut mares with Zhabe stallions. With the purebred breeding of Kazakh
horses of the Zhabe type, based on their genetic characteristics, it is possible to not only obtain individual
outstanding animals, but also create genotypes that have great breeding value.

With the development of molecular genetic methods and DNA technology, it became possible to
evaluate differences in phenotype between breeds and their structural elements. This is important for
effective planning of animal breeding, as well as for conservation of endangered breeds. Microsatellite
polymorphism, also known as short tandem repeats (STRs), was first described in horses by Ellegren et
al. [5, 6] and Marklund et al. [7]. Microsatellites are used to assess genetic diversity and build genetic
maps. They have also been used to map quantitative trait loci and test pedigrees [8, 9]. STRs have
become a valuable tool for verifying pedigrees and registering horses [10, 11].

In 1998, an international group of researchers organized a seminar on equine genetics at the
International Society for Animal Genetics (ISAG). This group created a panel of nine STRs for typing
horse DNA. In 2011, three more STR loci were added (ASB17, ASB23, and HMS2) [12].

Studying microsatellite loci can help us solve several problems. It can determine whether there is a
population structure within a species (in space, time, or other aspects). It can also assess the connectivity
between populations through gene flow. Finally, it can evaluate the effective population size and genetic
diversity within a given population [13].

The purpose of this research is to investigate the meat productivity and genetic structure of the
Zhabe type of the Kazakh horse using microsatellite DNA markers.

Materials and Methods

To study the meat quality of Kazakh horses of the Zhabe type, a control slaughter was conducted
after the autumn feeding at the slaughterhouse of the Tailak farm in the East Kazakhstan region. The
study used the method of determining the meat productivity of horses [14] and in accordance with
STRK 1303-2004 [15], which are adopted in the technical specifications of the meat industry. The
material for the study was DNA genotyping data from 20 horses of the Kazakh breed type Zhabe. The
sample consisted of 10 adult mares and 10 outstanding sire stallions, with measurements typical of
Kazakh horses of the Zhaba type, to identify unrelated individuals, which will then be sent for whole
genome sequencing. STR-genotyping was conducted in the laboratory of genetics Institute of Applied
Biotechnology at the Kostanay Regional University named after Akhmet Baitursynov, using the ABI
3100 Applied Biosystems genetic analyzer. The horses were genotyped according to 17 STR loci
recommended by the International Society for Animal Genetics (ISAG): AHT4, AHTS, ASB2, ASB17,
ASB23, CA425, HMS1, HMS2, HMS3, HMS6, HMS7, HTG4, HTG6, HTG7, HTG10, LEX3, VHL20.
The international alphabetical code was used to identify alleles. Genetic and population analyses were
performed using the GenAIEx software 6.5. The following indicators were calculated: the average
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number of alleles per locus (Na), the effective number of alleles (Ne), levels of expected (He) and
observed heterozygosity (Ho), and inbreeding coefficient (FIS).

Results
At the Tailak farm, located in the East Kazakhstan region, Kazakh horses Zhabe type are bred using

pure breeding methods. The goal of this method is to preserve and improve the pedigree qualities of
these horses.

The biological features of pure breeding are aimed at preserving and enhancing the productivity and
hereditary characteristics of horses of the desired type. The table below shows the class composition of
the farm Tailak horse population by gender and age group for the year 2023.

Table 1 — Class composition of Tailak farm horses by gender and age groups

Gender and age Total Including
group heads elite I class II class
n % n % n % Breeding

Stallions 26 26 100 - - - -
Mares 449 171 38.1 180 40.1 98 21.8
Stallions 2.5years old 139 54 38.8 60 43.2 25 18.8
Stallions 1.5years old 121 39 32.23 47 38.84 35 28.93
Maresku 2.5years old 137 49 35.8 56 40.9 32 233
Mares1.5 years old 150 47 31.3 58 38.7 45 30.0

As can be seen from the data presented in Table 1, all of the breeding stallions (n=26) were rated
only as elite. Of the 499 mares on the farm, 38.1% were elite, 40.1% first class, and 21.8% second class.
2.5-year-old stallions, in the number of 139 heads, had 54 elite heads (38.8%), 60 heads class I (43.2%),
and 25 heads class II (18%). Stallions 1.5 years old, in the number of 121 heads, were classified as: elite
- 32%, class I - 39%, and class II - 29%. Mares 2.5 and 1.5 years old had an elite percentage ranging
from 36% to 32% for class I and 24% to 27% for class II.

The average measurements and live weights of adult horses are compared to the data from the
guidelines for the evaluation of productive horses in Table 2.

Table 2 — Measurements and live weight of adult Kazakh horses of Zhabe type

Indicators Stallions Mares
according | farm Tailak according | farm Tailak
to the n=26 result to the n=449 result
instructions instructions

Height at the 143 145.7+£0.57 +2.7 140 142.8+0.52 +2.8
withers, cm
Oblique body 148 152.3+0.61 +4.3 145 147.6+£0.59 +2.6
length, cm
Chest 177 183.54+0.73 +6.5 175 179.7+0.68 +4.7
circumference, cm
Metacarpal 19.0 19.54+0.19 +0.5 18.5 19.0+0.12 +0.5
circumference, cm
Live weight, kg 430 491.443.78 +61.4 410 4452+.,12 | +35.2

From the data in Table 2, it can be seen that the average body measurements and live weight of
breeding stallions are above the standard for class I horses. Specifically, they are 2.7 centimeters
taller at the withers, 4.3 centimeters longer in oblique body length, 6.5 centimeters broader in chest
circumference, 0.5 cm larger in metacarpal circumference, and 61.4 kg heavier in live weight, which is
a 14.3% increase. For mares, the corresponding averages are 2.8 cm taller, 2.6 cm longer, 0.5 cm wider,
and 35.2 kg heavier, representing an 8.6% increase in live weight compared to the standard.
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Table 3 shows the body measurements and live weight for 1.5- and 2.5-year-old Kazakh horse

Zhabe type.
Table 3 — Measurements and live weight of horses
Measurements, cm Live
Age, years n Height at Oblique Chest Metacarpal weight,
the withers | body length | circumference | circumference kg
stallions
1.5 121 132.6+£0.57 | 131.4+£0.62 | 156.3+0.72 16.1+0.13 286.5+3.9
2.5 193 138.3+0.69 | 139.5+0.73 | 165.6+0.79 17.240.11 365.7+4.6
mares
1.5 137 131.2+0.61 | 130.4+0.68 | 154.8+0.68 16.0+£0.12 270.3+4.1
2.5 150 136.5+0.72 | 136.8+0.75 | 161.2+0.74 16.5+£0.10 334.6+3.8

Based on the data from Table 3, we can observe that 1.5-year-old male horses have the following
body measurements in centimeters: height at the withers is 132.6 cm, oblique body length is 131.4 cm,
chest circumference is 156.3 cm, metacarpal circumference is 16.1 cm, and live weight is 286.5 kg. For
1.5-year-old mares, the corresponding measurements are as follows: height at the withers is 131.2 cm,
oblique trunk length is 130.4 cm, chest circumference is 154.8 cm, metacarpal circumference is 16 cm,
and live weight is 270.3 kg.

Stallions that are two and a half years old have good body measurements. Their height at the withers
is 138.3 centimeters, their oblique body length is 139.5 centimeters, chest circumference is 165.6
centimeters, metacarpal circumference is 17.2 centimeters and their live weight is 365.7 kilograms.
Mares have a slightly smaller height at the withers - 136.5 centimeters - and a slightly shorter oblique
body length - 136.8 centimeters. However, they still have a large chest circumference - 161.2 centimeters
- and metacarpal circumference - 16.5 centimeters. The average values of these measurements and live
weight meet the requirements for elite and I-class horses. This indicates good growth and development
from an early age, achieved under conditions of year-round grazing and breeding.

In autumn, after the rains, the secondary vegetation of the pasture begins to grow. This increases the
nutritional value of the grass, the air temperature decreases and blood-sucking insects disappear. These
factors all contribute to lengthening the grazing time for horses and increasing their live weight during
this period.

Table 4 shows the changes in stallion live weight during the autumn feeding period.

Table 4 — Live weight and average daily gains of stallions during the autumn feeding period (n=10
heads)

Groups Unit Weigh-in date (2023)
5.10 15.10 25.10 4.11 14.11 24.11
Stallions 1.5 kg 278.7 281.8 283.8 284.8 285.3 285.7
years old g - 310 200 100 50 40
Stallions 2.5 kg 353.8 357.2 359.5 360.6 361.4 361.8
years old g - 340 230 40 80 40

The most intense feeding period occurred between October 5 and 25, during which time the horses
gained between 255 and 285 grams per day. After this period, the gains began to decrease as the horses
reached their peak level of fatness.

According to the data in Table 4, the stallions that survived the summer heat had a lower average
body fat content than usual. After the 20th day of feeding, their daily weight gain decreased gradually,
reaching only 40 grams in the last 11 days.

To assess the meat productivity of Kazakh horses Zhabe type, a slaughter of 2.5-year-old stallions
was performed on November 24, 2023 at the Tailak slaughterhouse after the autumn feeding. The
results showed that the carcass weight of the stallions after feeding was quite high, reaching 194 kg.
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The slaughter yield was 53.9% and the pre-slaughter live weight was 360 kg.When analyzing the
morphological composition of each cut and the entire carcass, we determined the proportion of boneless
meat and bone (Table 5).

Table 5 — Morphological composition of horse carcasses by grade

Tissue
Carcass cuts Pulp Bone

kg % Kg %
Zhaya 1.8 1.1 -- -
Kazy 20.0 12.3 1.4 4.5
I Grade 77.3 47.5 114 36.4
II Grade 59.8 36.8 14.0 44.7
III Grade 3.8 2.3 4.5 14.4
Total in carcass 162.7 100 31.3 100

From the above data, we can see that the highest pulp yield in the carcasses of stallions was observed
in Grade I at 47.5%, followed by Grade II at 36.8% and kazy at 12.3%. The lowest amount of pulp was
found in Grade III at 2.3%. The largest number of bones in the carcass was found in Grade II at 44.7%,
followed by Grade I at 36.4% and Grade III with 14.4% bones. The smallest number of bones was found
in kazy at 4.5%. Overall, there was 5.2 kg of meat per 1 kg of bone.

Based on our analysis of the morphological composition of stallion carcasses, we can conclude that
the pulp yield increased in younger animals after autumn feeding.

The modern Kazakh horse breed of the Zhabe type shows a high level of intra-breed genetic
variability within the sample of studied horses (Fig. 1)

111 different alleles were found in the 17 short tandem repeat (STR) loci that were studied. The
number of alleles in 20 horses tested per locus ranged from 4 to 9, with an average of 6.529 alleles for
each locus. The highest number of alleles was found in the autosomal loci ASB17 (9 alleles), AB2 (8
alleles), CA425 (8 alleles). HTG10 and VHL20 (8 loci each) Table 6.

Table 6 — Alleles identified in the experimental sample of the Kazakh horse breed Zhabe type (n=20)

No Locus Localization Number of alleles Alleles
(chromosome) per locus (Na)

1 AHT4 24 7 H**, O** N, K*, L*, J* I*

2 AHTS 8 6 K** M*, J** O** N, I*

3 ASB2 15 8 K, O*, Q, B, N, M*, P* I*

4 ASB17 2 9 H*, R** N, M, L*, G*, Q*, F* K*

5 ASB23 7 K** U, J*, S** I, H* L*

6 CA425 28 8 G, OF, L* N** F* M** T* J*

7 HMSI1 15 5 JEEOMFFKH ) N*, 1*

8 HMS2 10 6 J, K, H, I**, M* L

9 HMS3 9 6 P** Q*, O, M** R* N*

10 HMS6 6 o** Q* L,P,M, K

11 HMS7 6 J*, L*F* M*, K* N** O

12 HTG4 9 5 M** P* L, K, O*

13 HTG6 15 5 J, 0** I, M*, G

14 HTG7 4 4 K**, O** M** N

15 HTGI10 21 8 M, Q*, R, O** P* N* S* L*

16 LEX3 X 7 L** N, M* F* K* P* H*

17 VHL20 30 8 M,Q,ILN,R,O,P,J

Notes: * alleles that are rare for the population with an occurrence frequency of <5.0%
** alleles with a frequency of occurrence >50.0%
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The number of effective alleles at each locus varied significantly, ranging from 2,139 (HMS1) to
6,557 (ASB2), with an average of 4,340 alleles per locus. The observed heterozygosity also varied
significantly, from 0.400 (LEX3) to 1,000 (AHTS5), with an average of 0.794. (Table 7).

Table 7 — Genetic characteristics of the Kazakh horse breed type Zhabe according to 17 STR DNA
loci (n=20)

Locus Na Ne Ho He FIS
AHT4 7 4.167 0.900 0.760 -0.184
AHTS 6 4.324 1.000 0.769 -0.301
ASB2 8 6.557 0.850 0.848 -0.003
ASB17 9 5.369 0.850 0.814 -0.045
ASB23 7 4.420 0.850 0.774 -0.099
CA425 8 4.396 0.700 0.773 0.094
HMSI 5 2.139 0.700 0.533 -0.315
HMS2 6 4.908 0.850 0.796 -0.068
HMS3 6 3.636 0.850 0.725 -0.172
HMS6 6 5.298 0.850 0.811 -0.048
HMS7 6 3.902 0.800 0.744 -0.076
HTG4 5 3.292 0.900 0.696 -0.293
HTG6 5 3.361 0.800 0.703 -0.139
HTG7 4 3.620 0.600 0.724 0.171
HTG10 8 4.278 0.700 0.766 0.086
LEX3 7 3.653 0.400 0.726 0.449
VHL20 8 6.452 0.900 0.845 -0.065
Average value* 4.340 0.794 0.753 -0.059

Na — number of detected alleles; Ne — number of effective alleles; Ho — observed heterozygosity
He — expected heterozygosity; FIS — individual fixation index

Discussion and Conclusion

Based on the results of the study, the average number of alleles per locus (Na), the effective number
of alleles (Ne), and the expected (He) and observed (Ho) levels of heterozygosity indicate that the
intrapopulation genetic diversity of the Kazakh horses Zhabe type is high. This suggests that this breed
has significant genetic potential. FIS is an individual fixation index, which indicates a decrease in
heterozygosity due to non-random mating and is a measure of the difference in genotypic frequencies
from those expected in Hardy-Weinberg equilibrium within subpopulations, in terms of either a lack or
an excess of heterozygotes.

At FIS >0, there is a deficit of heterozygous individuals (related mating), while at FIS <0, there is an
excess of heterozygotes (unrelated mating). At FIS=0, mating is random. The highest calculated values
of FIS were observed for the loci HTG7 and LEX3, with averages of 0.171 and 0.449, respectively. The
average FIS value was -0.059, indicating that the inbreeding coefficient is negative, suggesting that the
genetic diversity within the Kazakh horses Zhabe type is maintained within the analyzed population.

Breeding work with Kazakh horses Zhabe type is carried out at the Tailak farm in the Zharminsky
district of East Kazakhstan region. This involves the purposeful reproduction, cultivation, and widespread
use of horses with the best origin, exterior, productivity, and adaptability to year-round grazing. Strict
culling is also used to remove the worst individuals based on these characteristics.

Kazakh horses Zhabe type differ from other local horses by their higher live weight and larger body
measurements. The results of a study on 17 short tandem repeat (STR) loci in the DNA of Kazakh
Zhabe horses indicate that they have a allele pool with a significant number of identified alleles and
high genetic diversity. These findings will be used to compare the allele pools of other local breeds with
similar productive characteristics and to update the genetic database.
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Ka3ak :xa0e Tunminaeri sbUIKbIHbI aCBLIIAHABIPY KYMBICTAPBI

Ucxan K.2K., MaxmyTtoB A.X., CtpoukoB B.M., Kabsuioexona [1.11.,
Kacwimbekosa 111.H., bumenosa XK. K.

Tyiiin

Heri3i »one MakcaTsl. JKabe THTITI Ka3aK JKBUTKBUIAPHI )KePTUTIKTI JKBUTKBUTIAPAAH Tipi caTMaFBIHBIH
JKOFapBUTBIFRIMEH JKOHE JICHECiHiH YikeHairimeH epekmeneneni. Llsreic Kazakcran o6meickl, XKapma
aynaHbIHAarbl « Taiiaky mapya KoxKalbIFbIHIA «XKabe» THUNTI Ka3aK KbUTKBUIAPBIMEH achUT TYKbIM/IbI
MaJl TYKBIMBIH aChUIIaHABIPY dKYMBICHI, OJap/IbIH IBIFY TEriH, CBIPTKBI TYPiH, OHIM/UIITH, )KbUT O0HBI
KaWbUTBIMFa )KapaMIbUIBIFbIH JKOHE aifFbIpiIap MeH OUelep/IiH YPIaKTapbIHbIH CallaChlH €CKEPE OTHIPHIIL,
Y3IOIK mapanapabl MakcaTThl Typae KeOeuTy, ecipy jKoHe KeHIHEH MaimaiaHy >KOJBIMEH >KYPTi3ijmi.
Ocpl cumnarTapra Coiikec KeIMEHTIHAepiHeH KaTaH Typjae 0ac TapThUlaibl. 3epTTeyJiH MaKcaThl €T
OHIMALTITiH aHbIKTay skoHe JJHK MapkepiiepiniH kemeriMeH skabe TUNTI Ka3ak XKbUIKbUIAPBIHBIH Ka3ipri
MOMYJISIIUSICBHIHBIH YITICIHIH TeHETUKAIBIK CHITATTaMAJIAPbIH 3e€PTTEY OOJIBIN TaObLIA/IbI.

Matepuangap MeH oxictep. 3eprreyre Martepuan peringe JKaGe Tunti kazak TyKbiMzabl 20
KbUTKBIHBIH JIHK reHotunTik aepextepi ambHabl. JXKeUTKbpIIap XambIKapallblK JKaHyapiiap TeHeTUKACH
korambl (ISAG) ycemran 17 STR loci OoipIHINIA TEHOTHUNITENMI. AJIENbACPAI AHBIKTAY YIIiH
XaITbIKapajblK a(paBUTTIK KO/ KOJIAHBUIIBL. | eHETHKAIBIK JKoHE MOMYISIHSIBIK Tasaayiap GenAlEx
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OarmapiaMaiblK KYpaJbIHBIH 6.5 KeMmeriMeH OpbIHAANABl. TeMeHJeri KopceTKimTep ecenTemnmi: Oip
JIOKyCKa KelleTiH ayuienbAepAid oprama caabl (Na), amnennepaid Taimai cansl (Ne), kyrinetia (He)
KoHe OaifkanraH rerepo3uroTaisik (Ho) neHreitnepi sxxone nuOpeauar kodddumumenti (FIS).

Hormxkenep. XKabe tunti xa3ak xeuikpuiapbiabH, JJHK-a61H 17 STR nokyceH 3epTTey omapapiy
AHBIKTAJIFAH aJJIeNbJCP/IiH alTapiIbIKTail caHbl MEH YKOFapbl TeHETHKAIBIK ©3TeprimTiri 0ap Oiperei
aJJeNnbIiK Kopel 0ap ekeHin kepcerti. Oprama nHOpuanHT Kodhdunmenti (FIS) repic (-0,059), oy
TYKBIMHBIH T€HETUKAJIBIK SPTYPIILUTITI OCHI TOT IITiH/IE CaKTaIFaHbIH KOPCETE/I.

KopbeITeiHABL. By SKBUIKBUTAPABIH JKETUIIIPiTyl yprakTaH-yprakka OepiieTiH OHIMILTIK YIIiH
TeHETHUKAJIBIK TOTEHITHAITBI JKOFaphI KaHyapJap sl 6Cipy KoHE OCipy apKbUIBI )KY3eTe achIpbuIajibl. by
ecipyre KaXeTTi KacueTTepi 0ap *KbUIKbIIAP, bl MYKHUAT TaHAAy apKbUII KacalaIbl.

Kiar ce3aep: Tipi canmak; axcteprep; ceneknus; STR Mapkeprep; enmemaep; Taguay.

IlnemenHnasi padora ¢ Ka3axcKMMHM JomaabMu Tuna Kaoe

Ucxan K.K., MaxmyTtoB A.X., Ctpoukos B.M., Kabsutoexona [1.11.,
KaceimOexosa 111.H., bumenosa XK. K.

AHHOTALUA

[Ipeanocsuika u nenb. Kazaxckue nomaan tuna XKade oTanyuaroTcst OT MECTHBIX Jiomaaei 0osee
BBICOKOM HMBOI Maccoi W KpyIHBIMM pazMepamu Tesa. [lnemenHast paboTa ¢ Ka3axCKHMU JIOIIAAbMHU
tuna YKabe BeneTcs B xo3stiicTBe « Taiimax» XXapmuHckoro paitona Bocrouno-Kazaxcranckoit o6mactu
IIyTE€M LEJICHAIIPABICHHOTO BOCIPOU3BOACTBA, BHIPALIMBAHUS U LIMPOKOTO HCIIOIb30BAHUS JTYULIMX
0co0eil 0 MPOUCXOKACHHIO, IKCTEPhEPY, MPOAYKTUBHOCTH, IPUCIOCOOIEHHOCTH K KPYIJIOTOAOBOMY
BBINACY U Ka4eCTBY IIOTOMCTBA OT 3kepeO1oB U KoOb1. Oco0H, HE COOTBETCTBYIOLINE ITUM CTaHJapTaM,
CTPOT0 BBIOPAaKOBBIBAtOTCA. Llebio HcciieqoBaHUM SBIISAETCS ONpeieeHIe MICHON NPOAYKTUBHOCTH U
H3y4YeHHE TeHETUYECKUX OCOOCHHOCTEH BEIOOPKH COBPEMEHHON MOMYJISIINUN Ka3aXCKUX JIOMIaAeh ThIa
Kabe ¢ ucnnonpzoannem JJHK-mapkepos.

Marepuansl 1 MeTOAbl. MaTepraaoM AJIs UCCICAOBAaHUS MOCTYKHIN JaHHbIE T€HOTHIINPOBAHUS
JHK 20 nomaneii kazaxckoii mopossl Tuma JKabe. ['eHoTunmupoBaHue jomianei mpoBoiawau mo 17
STR-mokycaM, peKOMEHJOBaHHBIM MEXIyHApOAHBIM OOIIECTBOM TeHeTHKH >KUBOTHBIX (ISAG).
Jis mpeHTHUKAITIY ajieNeld UCIIOIb30Balll MEXTyHAPOIHBINA andaBUTHBIA KoJl. ['eHeTHyeckuii U
TTOMYJISIIIMOHHBIN aHATU3bI MPOBOIFIIN C MCIIOJIb30BaHUEM TTporpaMMHOTO obectieuernst GenAlEx 6.5.
PaccunrteiBaiy cieqyronine mokasarean: cpeiHee Yucio amenei Ha okyc (Na), addhekTnBHOE 9ucio
amneneir (Ne), ypoBau oxumaemoint (He) m Habmromaemoit rereposurorHoctu (Ho), xoadduiment
naOpuamnaTa (FIS).

Pesynprater. UccnenoBanue 17 STR-moxycoB JIHK kazaxckux momraneit tuma Kabe moxaszano,
YTO OHM MMEIOT aJUIEJIO(POH CO 3HAYUTENBbHBIM YHCIIOM MICHTH(UIMPOBAHHBIX ajuleleld U BBICOKON
reHeTH4YecKor n3MeHYnBOCThI0. Cpenanii koaddumnment naopuanara (FIS) orpunarensusiii (-0,059),
YTO CBUJCTEIBCTBYET O COXPAHECHUN T€HETHYECKOT0 pa3HO00pa3Hs JaHHOM ITOPObI B IpeAesax JaHHON
IPYTIIBL

3axioueHue. YIIydyllleHHEe 3THX JIOUIaJed JOCTHraercsl MyTeM pa3BEACHUS M BbIpalllUBaHUs
KUBOTHBIX C BBICOKMM TI'€HETHYECKHM IIOTEHLHMAJIOM IPOAYKTHBHOCTH, KOTOPBIM mepenaercs H3
IIOKOJICHUS! B TIOKOJICHHE. DTO OCYLIECTBIACTCS IyTeM TIIATEIBHOI0 0TOOpa JIOUIAAeH C KeIaeMbIMU
IIPU3HAKAMHU U1 PA3BEICHUS.

KuaroueBrble ci1oBa: xxuBast Macca; sKcTepbep; oToop; STR Mapkepsr; mpoMepsl; ceneKus.
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