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EXPRESSION OF CANDIDATE GENES OF PROTEIN
METABOLISM IN SIMMENTALS OF KAZAKHSTANI
SELECTION

This research work describes the polymorphism of kappa-casein
(CSN3), beta-lactoglobulin (LGB) and prolactin (bPRL) in cows of
Simmental breed at farm «Galitskoyey» in Pavlodar region. Frequency
distribution of alleles and genotypes of the studied genes were conducted.
It is found that the occurrence frequency of A and B alleles according
to kappa-casein (CSN3) gene was 0,51 and 0,49, according to beta-
lactoglobulin (LGB) had 0,36 and 0,64, prolactin (bPRL) reached
0,68 and 0,32. Results of the study about genes’ influence on milk production
showed that milk yield per lactation of cows in the group of animals with
kappa-casein genotype was AA— 5356 kg, AB— 5387 kg, BB— 5517 kg. The
study noted the superiority of AA alleles of beta-lactoglobulin genotypes
and prolactin on the studied indices, the advantage in milk yield, protein
content and milk fat according to kappa-casein genotype was observed
in cows with BB genotype. Research results stated that cows with BB
genotype according to kappa- casein and AA alleles were more productive
and had the highest yield of milk protein according to beta-lactoglobulin
and prolactin.

Keywords: Simmental breed, milk production, gene expression,
DNA — polymorphism, candidate genes, kappa-casein gene (CSN3), beta-
lactoglobulin (LGB), prolactin (bPRL).

Introduction

Currently in Kazakhstan the processing industry requirements for milk
procurement quality and its suitability for processing has increased. There was
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a necessity of modern selection methods based on the use of genetic markers to
maintain the competitiveness and to improve technological properties of milk.

The use of DNA-markers in breeding provides the possibility of determining
their genetic potential. Animals’ genotyping allows to conduct selection
purposefully on identifying and fixing in a population of valuable genotypes
associated with milk quality.

Polymorphic genes of milk proteins of beta-lactoglobulin and kappa-casein
are directly related to milk quality, its technological properties and suitability for
protein containing products development [1].

The identification of preferred variants of kappa-casein and beta-lactoglobulin
allows to carry out selection directly on genotype in addition to the traditional
selection of animals for fat content in milk and the level of milk yield. The
advantage of DNA technology is that it is possible to determine the genotype of
the animal by beta-lactoglobulin and kappa-casein genes, which is an important
factor in accelerating breeding process.

The livestock, bred in Kazakhstan differs in genetic characteristics. It is
necessary to determine the genetic value of the animal in order to use it effectively.
The identification of preferred variants of genes associated with animals productive
traits is relevant because it provides an opportunity to conduct a selection at the
DNA level along with the traditional selection methods.

As potential and promising markers of milk productivity, the alleles of milk
protein genes and hormones involved in the regulation of lactation are primarily
considered [2].

Kappa-casein (CSN3) is one of the few genes that provides optimal
technological properties of milk in cheese production, that’s why the gene is
considered as one of the key markers of breeding value of cattle. Kappa casein
gene (CSN3) is situated on the 6th chromosome in representatives of Bos taurus
L. species. Allelic variants A and B are the most common ones of the two alleles
of the gene described. The milk of cows with BB genotype has a higher protein
content and by the action of rennet it coagulates earlier than milk of cows with
AA genotype.

Beta-lactoglobulin (LGB) represents a very valuable component of milk,
necessary for the growth of young animals, therefore, is the main protein of
whey and located on 11® chromosome. Beta-lactoglobulin is responsible for high
protein content in milk and the rate of biological value of milk. LGB®? variant
is associated with a high content of casein in milk, high fat percentage. LGB*
variant is characterized by a high content of whey protein. The variant of B beta-
lactoglobulin is the main one, as it is widespread in most species.
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Prolactin (bPRL) — one of the most versatile hormones of the pituitary gland
in terms of its biological activity. It is involved in the differentiation of mammary
epithelial cells, initiation and maintenance of lactation, regulation of synthesis of
milk proteins and fat. Prolactin is a potential genetic marker of milk production
traits in cattle and located on the 23rd chromosome. Prolactin has a direct effect
on lactogenic function, the volume and quality of produced milk.

Marking signs of milk production according to several DNA markers is
considered to be more effective, however, the studies of dairy cattle on a set of
kappa-casein, beta-lactoglobulin, prolactin genes in the north-east of Kazakhstan
have not been conducted.

In this regard, the aim of our research was to determine the gene
polymorphism of kappa-casein, beta-lactoglobulin and prolactin, in the study of
relationship of genotypes of kappa-casein, beta-lactoglobulin and prolactin with
milk productivity and technological properties of milk in cows of Simmental breed
at farm «Galitskoye» in Pavlodar region.

Materials and research methods

Work on allocation of gene polymorphism was performed in 2015 in a
certified laboratory of DNA technology «Biotechnology of animals» on the basis
of Pavlodar State University named after S.Toraigyrov. The laboratory is certified
by the National Center of Expertise and Certification, certificate number 370.

Research object was purebred cows of Simmental breed. The studies to
identify the relationship of genotypes with milk productivity were carried out at
farm «Galitskoye» in Pavlodar region.

While conducting the experiments the following indicators were studied:
milk yield, protein content in milk, milk protein yield for 305 days.

The blood samples were selected for carrying out DNA diagnosis in animals
in the amount of 123 cows. Blood was obtained from animals’ jugular vein, was
put into tubes containing 100 mM EDTA to a final concentration of 10 mM.

DNA was isolated from animals’ blood with the use of «KDNA-sorb-B» kit
of reagents for DNA extraction from clinical specimens (LLC «InterLabService»,
Russia).

Evaluation of polymorphism of kappa casein gene.

The following primers (Kirilenko S.D., 1995) were used to amplify a fragment
of exon IV kappa-casein gene:

BOSAS A: - 5" ATG TGC TGA GCA GGT ATC CTA GTT ATG G -3’

BOSAS B: - 5" CCA AAA GTA GAG TGC AAC AAC ACT GG - 3/

PCR was carried out on a programmable thermal cycler «Tertsik» (Russia) in
a reaction volume of 25 mcl containing 60 mMtris-HCI (pH 8.5), 1.5 mM MgCl,,
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25 mMKCI, 10 mM merkaptoetalol; 0.1 mM Triton X-100; 0.2 mMdNTF, 1 unit
of Taq DNA polymerase, 0.5 mcM of each primer BOSAS.

Amplification was carried out as follows: 94 °C — 1 min — denaturation,
62 °C — 1 min — annealing of primers, 72 °C — 1.5 min — synthesis
(total 35 cycles); storage — 4 °C.

For RFLP identification of genotypes of kappa-casein gene 20 mcl of PCR
sample (883 pairs of nucleotide) was treated with 10 units of Pstl endonuclease
in 1 x buffer «O» (made by «SibEnzyme» company , Russia) at 37 °C overnight.

To visualize DNA fragments the samples were put into sample wells of
2.5 % agarose gel containing ethidium bromide (0.5 mcg / ml) and horizontal
electrophoresis was performed at 15 V / cm for 50 min in 1 x TBE buffer.

After using electrophoresis, the gel is viewed in UV transilluminator. The
presence of four fragments of length 106, 306, 471, 777 pairs of nucleotide
corresponded to genotype k-Cn*B, two fragments of 106 and 777 pairs of
nucleotide — to genotype k-Cn®B, three fragments of length 106, 306 and 471 pairs
of nucleotide corresponded to genotype k-Cn*A.

Evaluation of beta-lactoglobulin gene polymorphism. PCR was carried
out on a programmable thermal cycler «Tertsik» (Russia) in a volume
of 20 mcl containing buffer (60 mMtris-HCl (pH 8.5), 1.5 MMMgCl,, 25 mMKCI,
10 mM merkaptoetalol; 0.1 mM Triton X-100), 0.2 mMdNTP, 0.2 mcl of Taq
DNA polymerase, 0.5 mcM of primer BLGP3: 5> — GTC CTT GTG CTG GAC
ACC GAC TAC A -3, 0.5 meM of primer BLGP4: 5 *- CAG GAC ACC GGC
TCC CGG TAT ATG A — 3’ to amplify a fragment of beta-lactoglobulin gene
at length of 262 pairs of nucleotide, 1 mcl of DNA sample in the following
way: x1:94 °C—4 min; x38:94 °C— 10 sec, 60 0C — 10sec, 72 °C—10sec; x1:72 °C—
5 min; storage: 4 °C.

To determine the beta-lactoglobulin gene polymorphism according to variants
A and B 20 mcl of PCR sample was treated with 5 units of Hae III restriction
endonuclease in 1 x buffer «C» (made by «SibEnzyme» company, Russia)
at 37 °C overnight.

To visualize DNA fragments the samples were put into sample wells of
2.5 % agarose gel containing ethidium bromide (0.5 mcg / ml) and horizontal
electrophoresis was performed at 15 V / cm for 40 min in 1 x TBE buffer.

After using electrophoresis, the gel is viewed in UV transilluminator
at 310 nm wavelength. The identification of genotypes was determined by
quantitative and qualitative characteristics of PCR RFLP.

PCR-RFLP analysis of the cattle on BLG gene variants showed that the
presence of the four fragments 153/109/79/74 pairs of nucleotide corresponded
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to genotype AB, three fragments 109/79/74 — to genotype BB, the two fragments
at length of 153/109 pairs of nucleotide corresponded to AA genotype.

Evaluation of prolactin gene polymorphism. Amplification of exon III
fragment of prolactin gene was performed by PCR-RFLP method with the
following primers (MitraA. etal., 1995):

PRL 15°-CGA GTC CTT ATG AGC TTG ATT CTT-3’

PRL 2 5’-GCCTTCCAGAAG TCGTTTGTTTTC-3".

To conduct PCR reaction 5 mcl of genomic DNA in a volume of 25 mcl was
taken, 2.5 mcl of 10 x PCR buffer (67 mMTris-HCI, pH 8.8; 16,6 mM (NH,)2SO,,
0,1 % of Tween-20), 2,5 mM MgCl,, 2,0 mcl of ANTP, 0.5 mcM of each primer,
1.0 unit of thermo stable Taq DNA polymerase.

PCR was carried out on a programmable thermal cycler «Tertsik» (Russia)
in a reaction volume of 25 microliters.

Amplification of DNA fragments of prolactin gene was carried out as follows:
95 °C—30 sec. —denaturation, 59 °C — 30 sec. — primer annealing59 °C — 30 sec. —
synthesis (total 35 cycles); the final synthesis — 72 °C — 10 minutes; storage —4 °C.

Prepared by amplifying prolactin gene fragment was incubated at 37 °C with
the restriction enzyme Rsal overnight.

The length of obtained restriction fragments was determined after using the
gel electrophoresis in 4% agarose gel and UV transilluminator.

PCR-RFLP analysis of prolactin gene variants showed that the presence of
a non-restriction fragment of 156 pairs of nucleotide corresponded to genotype
PRLAA, two fragments of 82 and 74 pairs of nucleotide to genotype PRLPE, three
fragments of 156, 82, 74 of nucleotide corresponded to PRLAP genotype .

The frequency of appearance of kappa-casein, beta-lactoglobulin, prolactin
genotypes was determined by the formula:

p=10/N, p — frequency of genotyping, n — number of animals, having a certain
genotype, N — number of animals.

Statistical calculations were performed with the help of «Pastprogram»
computer program.

Results and discussion

According to the research of genotypes of cows at farm «Galitskoye» for
the locus of kappa-casein, beta-lactoglobulin, prolactin genes, we obtained the
following data. The frequency of alleles A and B from genes of 123 cows on
kappa casein gene (CSN3) 0,51 and 0,49, on beta-lactoglobulin (LGB) 0,36 and
0,64, prolactin gene (bPRL) 0,68 and 0,32 (see table 1).
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Table 1 — Frequency of alleles and genetic structure of Kazakhstani Simmentals
according to candidate genes of protein metabolism

Quantity
Gene of Genotype Frequency of Allele Frequency Ho X2
. genotypes,% of alleles
animals
14 AA 12,28 A 0,36 15,104
(LGB) 55 AB 48,25 52,78 0,19
45 BB 39,47 B 0,64 46,11
32 AA 41,55 A 0,68 35,08
(bPRL) 40 AB 51,96 33,67 2,63
5 BB 6,49 B 0,32 8,08
28 AA 27,2 A 0,51 26,2
0,06
CSN3 50 AB 48,5 49,5
25 BB 24,3 B 0,49 243

Figure 1 — The kappa-casein gene. Four fragments of 106, 306, 471, 777 pairs
of nucleotide correspond to the genotype k-Cn*B, two fragments of 106 and
777 pairs of nucleotide correspond to the genotype k-Cn®®, three fragments of
length 106, 306 and 471 pairs of nucleotide correspond to the genotype k-Cn**
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Figure 2 — Beta lactoglobulin gene. Four fragments with the length of
153/109/79/74 pairs of nucleotide correspond to the genotype “B, three
fragments of 109/79/74 to genotype 5, two fragments of 153/109 pairs of
nucleotide correspond to the genotype **

Figure 3 — Prolactin gene. Non-digested fragment of 156 pairs of nucleotide
correspond to the genotype PRL*A, two fragments of 82 and 74 pairs of
nucleotide to the genotype PRLEE, three fragments with the length of 156, 82,
74 pairs of nucleotide correspond to the genotype PRLA®

According to kappa-casein gene (CSN3) the frequency of homozygous
genotype AA was 27,2 %, the heterozygous genotype AB —48,5 %, homozygous
genotype BB — 24,3 %.

According to beta lactoglobulin gene (LGB) with AA genotype there was
12,28 %, AB genotype was detected in 48,25%, and BB genotype was found in
39,47 %.

According to prolactin gene (bPRL) 41,55 % of cows were assigned to AA
genotype, 51,96 % to AB genotype and 6,49 % to BB genotype.
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The studies showed a significant prevalence of animals with heterozygous
genotype AB (CSN3 CSN3 —48,5 %, LGB —48,25 %, bPRL —51,96 %). Genotype
AA is less desirable in milk production and was detected in cows according to
genes CSN3 — 27,2 %,LGB — 12,28 %, bPRL — 41,55 %. The frequency of BB
genotype was average for the genes CSN3 — 24,3 %, LGB — 39,47 %. bPRL gene
showed a low level and amounted to 6,49 %.

Table 2 provides the data on the study of genotypes polymorphism at
phenotypic expression of milk productivity traits of Simmentals of Kazakhstani
selection.

Table 2 — Effect of candidate genes of protein metabolism on milk productivity
of cows within 305 lactation days.

Yield for 305 days, kg Protein, % Milk protein,
Studied Genotype n kg
gene max min M+m max min M+m

Kappa casein AA 28 | 8598 | 3522 | 5356,7+219.65 38 28 | 3,20+0,03 1714
(CSN3) AB 50 | 8292 | 3346 | 5387.8+248.32 38 25 | 325+0,05 175.1
BB 25 | 7452 | 3731 5517,14256,17 48 26 | 3.26£0,06 1776
Beta- AA 14 | 9032 | 3558 | 5571,2+461,71 38 2,5 | 3242003 180,5
13“‘("&[’0};’;“‘1 AB 57 | 9056 3377 5316,6+155,98 39 2,5 | 3,20£0,05 170,1
BB 44 | 8598 | 2938 | 5357,2+213,89 48 26 | 3.26£0,03 174,6
Prolactin AA 32 | 8017 | 3550 | 5741,1:282,60 4.4 2,5 | 3232008 185.4
(bPRL) AB 40 | 9032 | 3524 | 54576:20418 | 42 | 2.6 | 3.22:0,02 175,7
BB 5 6755 | 3089 4743,6+97,36 3,5 28 | 3,16£0,06 149.9

The average milk yield per lactation in the group of animals amounted with
AA kappa-casein genotype — 5356 kg, AB — 5387 kg, BB — 5517 kg. The milk
yield of cows with BB kappa-casein genotype exceeded up to 130-161 kg of milk
in comparison with cows of the same age. According to protein content in milk
from cows with homozygous BB kappa-casein genotype insignificantly exceeded
to 0.01-0.06 % from animals of another group. On average, 177.6 kg of milk
protein was obtained per lactation, which is 2,5-6,2 kg more than from cows with
AB and AA genotype. The study of genotype expression according to milk yield
showed that wider variability was observed in AA (8598 kg—3522 kg), whereas
according to high content of protein in milk with BB genotype (4,8 %—2,6 %).

The highest milk yield from cows with beta-lactoglobulin genotype was
observed in AA genotype — 5571.2 kg. Their milk yield exceeded the milk yield
of cows with AB genotype in 254.6 kg and BB genotype — 214 kg of milk. An
advantage was observed in cows with BB genotype according to protein content
in milk — 3.26 %. The highest yield of milk protein was obtained from cows with
AA genotype — 180.5 kg, in comparison with AB and BB genotype the studied
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index was higher up to 10.4 kg and 5.9 kg. The expression on the studied gene
showed that wider variability according to milk yield was observed in cows with
AB genotype (9056 kr—3377 kg) and according to high content of protein in milk
in cows with BB genotype (4,8 %—2,6 %).

According to prolactin gene expression research the greatest quantity of milk
was obtained from cows with AA genotype — 5741.1 kg of milk. Cows with AA
genotype kept the advantage on milk yield, output of milk fat and protein. The
lag of cows with BB genotype on yield and milk protein yield in comparison with
cows of AA and AB genotypes was noted. The maximum yield and protein was
obtained from cows with AA genotype (9032 kg—4.4 %), the minimum result of
yield was shown in cows with BB genotype (3089 kg) and the minimum result of
protein in cows with AA genotype (2.5 %).

Thus, according to our gene expression studies was found that cows with
BB genotype on kappa casein and AA were more productive and had the highest
quantity of milk protein on beta-lactoglobulin and prolactin.

The development of animal husbandry at the present stage is impossible
without introduction of new biotechnological methods for assessing animal
productivity features based directly on the analysis of genetic information. In
this context, the development and implementation of DNA diagnostics is an
important task.

It is known, the level of productivity of animals is caused by both genetic
and environmental factors. The majority of economically useful features of farm
animals related to polygenic features, i.e. their level is determined by several loci
scattered throughout the whole genome [3].

Many scientific studies [3, 4] are aimed at identifying genes associated
with economically useful features of animals, representing economic interest.
However, traditional animal breeding is often used in practice, which is based
on the phenotypic feature manifestation; in this regard, the assessment of true
genetic potential of animals may be underestimated. Therefore, the use of DNA
technology is required to improve accuracy in animals’ potential assessment and
selection effectiveness regardless of sex or age.

According to L. V. Getmantseva the gene expression is ultimately manifested
by phenotypic line of quantitative and qualitative characteristics. This path is
controlled by the operation of complex, heterogeneous mechanisms. The problem
of multiple variants of genotype relationship is that the phenotype remains
relevant for molecular - genetic analysis used in animal breeding. This approach
contributes to understanding genotype relationship with phenotypic manifestations
of monogenic mutations and to determine the genetic basis of economically useful
features of animals, characterized by polygenic type of inheritance [5].
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In J. Dekkers studies has been shown that genetically determined variability
of features varies considerably from one to another, as well as for the majority of
phenotypic features included in the analysis more than 50 % of genetic variation
fall within genomic regions with small phenotypic effects, the order of magnitude
of which corresponds to the polygenic nature of inheritance [6].

Genes polymorphism associated with milk productivity parameters
allows selecting animals, taking into account valuable genotypes in relation to
economically useful features.

J. Domagala, M. Sady, T. Grega, D. Najgebauer-Lejko proved close
relationship between the polymorphism of milk proteins and its technological
properties [7].

The range of candidate genes associated with milk productivity features
established for cattle include genes of main milk proteins, genes of hormones
stimulating expression, as well as genes that regulate the lipids and proteins
exchange in the body. Among them a special place is occupied by the genes of
kappa-casein, beta-lactoglobulin and prolactin.

The study of kappa-casein gene polymorphism in Simmentals at farm
«Galitskoye» found that appearance frequency of allele B was relatively high
and was detected in 48 % of cows. Analysis of DNA testing results on kappa-
casein gene locus has shown that the highest frequency of desired homozygous
BB genotype was detected in 25 % of Simmental cows, while according to other
researchers this figure varies between 12-20 % in other breeds and populations.

According to A.V. Perchun this figure is counted in cows of black-and-white
breed (12 %) and red steppe breed (20 %). Our results taken from Simmentals
has exceeded the figure of cows of black-and-white and red steppe breeds by
13 % and 5 % [8].

The results of studies of beta-lactoglobulin genotype indicate higher
production rates in cows with genotypes AA and BB. The highest quantity of milk
and milk protein was obtained from cows with AA genotype. The cows with BB
genotype have higher protein content in milk.

While studying the prolactin genotype was found that the highest rates of milk
yield had cows with AA genotype, similar results were also obtained in studies
of G.M. Japaridze, according to this data Holstein cows of Canadian selection
with AA genotype had a high milk yield, had high protein content in milk [9].

I. V. Lazebnaya [10] notes that AA genotype is less desirable in milk
production, in our studies AA genotype was detected in a small number of cows
according to kappa-casein at 27 %, beta lactoglobulin at 12 % and prolactin levels
in 41 % of Simmental cows at the studied farm.

Conclusions
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The results of these studies suggest the influence of candidate genes of protein
metabolism of kappa-casein, beta-lactoglobulin and prolactin on milk productivity
and technological quality of milk of Simmentals at farm «Galitskoye».

On the basis of the conducted researches we have found that when breeding
and developing animals of the Simmental breed with the aim of improving the
level and quality of milk received from them at Kazakhstani farms, it is useful
to consider the obtained results as an additional criterion in conducting selection
and breeding work with the use of DNA markers at selection.
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KA3AKCTAH/BIK CEJEKIUSA CUMMEHTAJIJAPBIHIAFBI
AKYbI3 AIMACYBIHA KAHANJAT 'EHAEPIIH
IKCIIPECCHUSICBI

byn sepmmey srcymvicoinoa Ilagnodap obnvicvinoazvl «I anuykoey
JKUIC-0azvl cummenman myKblMObl CUBIPIAPLIHOA2bl KANNA-KA3eUH
(CSN3), 6ema-nakmoenobyrun (LGB) ocone nporaxmun (bPRL)
nonumop@usmi cunammanzan. 3epmmenemin 2en0epOin annenvoepi
MeH 2eHOMUNMEPIHIH HCUILIK mapanyel xcypeizinoi. Kanna-kazeun cewi
(CSN3) bouibinua A srcone B annenvoepiniy natioa 6ony scuiniei 0,51 scone
0,49, 6ema-naxmoenobynun (LGB) 6otivinwa 0,36 scone 0,64, nporaxmun
(bPRL) 6otivinuia 0,68 scone 0,32 bonzanvl anvikmanovwl. I endepoiy cym
OHIMOLNICIHe oCepiH 3epmme)y Homudcenepi Kanna-Kaseur eeHomuni oap
cublpaap mobwiHOazbl cuvlpaapoa rakmayus yuin cayy AA — 5356 «e,
AB — 5387 ke, BB — 5517 ke Kypazanvin kepcemmi. 3epmmey 6apvicbiHOA
sepmmenemin kopcemxiwmep O0UbIHUWA OEMA-TAKMOIOOYIUN JHCOHE
nponakmun eenomunmepiniy AA annenvOepiniy apmuiKuiblivlabl aman
omindi, Kanna-xazeun cenomuni 60oublHuwa cayy, akyvls djHcoHe cym
MauvblHbIY apmulKubliviesl BB eenomuni 6ap cuviprapoa 6auxanobl.
3epmmey nomuoicenepi kanna-xkazeun sxcone AA annenvoepi dotivinuia BB
2eHomuni 6ap cublpaapObIy OHIMOLLIZI HCO2APbl JHCOHE el Hco2apbl bema-
JAKMO2N0OYIUN MeH NPOIAKMUH OOUbIHUA CYM AKYbI3bIHBIY JHCO2APbl
OHIMOLNIZIMEH epeKueNeHOl.
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Kinmmi cesdep: cummenman myKvimsl, cym OHIMOINiel, 2eH
akcnpeccusicol, [THK nonumopgusmi, kanouoam eenoep, Kanna—xaseun
eeni (CSN3), bema-nakmoenodynrun (LGB), nponakmun (bPRL).

*T. K. Bexceumog', H. H. Kaiinuoenos’, P. B. Abenvounos’,
T. K. Cetimeyog®, b. Ametixarn’

1.2345TopalirbIpOB YHUBEPCHUTET,

Pecny6imka Kazaxcran, 1. [TaBmomap.

Marepuan noctynui B penakuuio 15.03.23.

9KCHPECCHUA 'EHOB-KAHIUJATOB BEJIKOBOI'O OBMEHA
Y CHMMEHTAJIOB KA3AXCTAHCKOM CEJIEKIIUH

B oannoii uccneoosamenvckoii pabome onucan nonumoppuzm kanna-
kazeura (CSN3), bema-naxkmoenooynuna (LGB) u nporaxmuna (bPRL) y kopog
CUMMEHMANbCKOU nopooul Ha (epme «I anuyxoey 6 Ilasnodapckoti obnacmu.
TIposedeno uacmommuoe pacnpedenenue auieneil U 2eHOMUN08 UCCICOYeMbIX
2enos. Ycmanoeneno, umo wacmoma ecmpeyaemocmu annenei A u B no eeny
xkanna-kazeura (CSN3) cocmasuna 0,51 u 0,49, no 6ema-nakmoano6yiuny
(LGB) — 0,36 u 0,64, no nponaxmuny (bPRL) — 0,68 u 0,32. Pe3ynsmamoi
UCCne008aHUs GIUAHUA 2€HO8 HA MOJOUHYIO NPOOYKMUBHOCHb NOKA3AIU,
umo Yool 3a IaKMayuio y Kopos 6 2pynne JCUBOMHbIX ¢ KANNA-KA3euHo8bIM
cenomunom cocmasun AA — 5356 ke, AB — 5387 ke, BB — 5517 k2. B xo0e
uccnedo8anus ommeveHo npesocxoocmeo anneneti AA ecenomunos bema-
JAKMON00YIUHA U NPONAKIMUHA NO U3YHACMBIM NOKA3AMEISIM, NPEUMYUJeCBO
10 Y0010, COOEPAHCAHUIO DENIKA U MOTOUHOR0 HCUPA NO 2EHOMUNY KANNA-KA3eUHA
HAbI0O0AI0Ch Y KOpos ¢ 2eHomunom BB. Pe3ynvmanivl ucciedo8aruil nOKasa,
umo Kopogbl ¢ enomunom BB no anensim xanna-kaseuna u AA ovinu bonee
NPOOYKMUBHBIMU U UMEIU CAMbIL BbICOKULL BLIXO0 MOIOYHO20 beKka no bema-
JNAKMO2NOOYIUHY U NPONAKINUHY.

Kniouegvie cnosa: cummenmanbckas nopooa, MONOUHAs IPOOYKIMUGHOCHb,
axenpeccus 2enos, [[HK—nonumopghusm, cenvl-kanoudamal, 2eH Kanna-kaseuna
(CSN3), bema-nakmoenobynun (LGB), nponaxmun (bPRL).
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