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Background. Cow milk has long been a source of protein and certain micronu-
trients, such as calcium. A2 milk is gaining popularity among consumers who are con-
stantly looking for healthy foods. One factor that affects the quality of milk proteins is
the breed of cattle. Over the last decade, countries such as the USA, the EU, India,
China, and others have been widely assessing the frequency of 3-casein genotypes in
dairy cattle of various breeds. Research has shown that the desirable A2 allele of milk
B-casein exhibits a broad occurrence range across countries and breeds, varying from
24 10 80.9 %.

The aim of this study was to conduct a genetic and biochemical assessment of the
Montbeliarde breed to determine its suitability for the use of A2 milk in food technologies.

Materials and Methods. The polymorphism of the CSN2 gene was investigated
by the ACRS-PCR method following the McLachlan protocol. The frequencies of alleles
and genotypes of the CSN2 gene (B-casein) in the Montbeliard breed of cattle were
determined. The Ddel restriction enzyme was used. The physicochemical parameters
of milk were determined through conventional methods.

Results. According to the physical and chemical parameters, the milk of Montbeliard
cows meets the standards of this breed, namely the ratio between fat and protein in
milk is about 1.2:1, which is the norm, the average lactose content in milk was 5.23 %,
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and the average protein content was 3.35 %. An analysis of 3-casein gene polymor-
phism in Montbeliarde cows revealed that 27 % of the animals carried the homozygous
CSN24'4" genotype, 56 % had the CSN24"4? genotype, and 17 % possessed the “desi-
rable” homozygous CSN24%42 genotype for obtaining A2-milk.

Conclusions. Among the Montbeliarde cows studied at LLC “Inter” in the Chernihiv
Region, 17% of the tested cows carried this genotype, making them suitable for pro-
ducing milk free from the “harmful” A1 B-casein. It has been confirmed that A2 milk is
obtained from cows carrying the CSN24?4? B-casein (CSN2) genotype. In terms of all
biochemical parameters, the herd with the A2A2 (3-casein genotype demonstrated high-
quality milk characteristics.

In terms of protein content, there is almost no difference between the groups by
homozygous genotype, while the fat content in cows with the homozygous genotype
CSN24%22 is higher by 0.78 % compared to the homozygous genotype CSN24A" and
0.62 % — CSN24742,

Keywords: A2-milk, Montbeliarde breed, fat content, protein content, genotype,
allele

INTRODUCTION

Milk from cows has long served as a source of protein and certain micronutrients,
such as calcium. However, in recent years, increasing attention in the dairy industry
has been directed toward the composition of milk — specifically, the polymorphism of
milk proteins, which is associated with the technological properties of milk (Mayer et al.,
2021). Among consumers who are constantly seeking health-promoting food products,
A2 milk is gaining widespread popularity. One of the factors influencing the qualitative
composition of milk proteins is the breed of cattle (Kaminski et al., 2007).

Modern literature on dairy farming highlights a variety of biologically active com-
ponents, including lactate, whey protein, and B-casein protein. There is a global trend
toward breeding cows that produce A2-type milk, and this milk is already available on
the market. It is important to note that A2 milk is not a substitute for individuals with cow
milk allergy. Specifically, cow milk contains two main variants of the B-casein protein,
A1 and A2, which differ by a single nucleotide substitution that changes the codon
at position 67. While the A2 variant is unlikely to undergo enzymatic cleavage during
digestion, the A1 variant is more prone to such cleavage, leading to the release of the
peptide B-casomorphin-7, a known p-opioid receptor agonist (Kay et al., 2021).

The primary protein in milk is casein. It is present in combination with calcium, that is,
in the form of calcium caseinate. In fresh milk, casein exists as fine particles in the liquid.
This form of casein is sometimes referred to as caseinogen. When milk sours, it coagu-
lates as casein precipitates in the form of curd. It accounts for up to 80 % of the total
protein contentin milk. Casein belongs to the group of proteins known as phosphoproteins.
[B-casein is one of the six milk proteins, consisting of 209 amino acids and accounting for
up to 35 % of the total protein in milk (Farrell et al., 2004). The synthesis of f-caseinprotein
is controlled by the CSN2 gene. Twelve genetic variants of CSN2 are known, which cause
changes in certain amino acids in the p-caseinprotein and alter its properties. Based on
the amino acid at position 67, these variants can be classified into two groups — A1 and
A2. Variants belonging to the A1 group (His67) include A1, B, C, F, and G. Variants belon-
ging to the A2 group (Pro67) include A2, A3, H1, H2, |, J, K, and L (Cieslinska et al., 2012).
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Numerous studies maintain that A1 milk from cattle can be a possible cause (risk
factor, dietary trigger) of cardiovascular diseases, type 1 diabetes, sudden infant death
syndrome, and neurological disorders such as autism and schizophrenia (McLachlan,
2001; Elliott et al., 1999; Jianqin et al., 2016).

S. S. Kay et al. (2021) noted that the consumption of A1 milk was associated with
elevated markers of inflammation. It has also been reported to trigger an opioid-like
response that may lead to clinical symptoms of neurological disorders such as autism
spectrum disorder (Kay et al., 2021). A potential cause of these conditions is the biologi-
cally active peptide B-casomorphin-7 (BCM-7), which exhibits significant opioid activity
and is formed during the enzymatic digestion of milk containing A1 B-casein in the gas-
trointestinal tract (Massella et al., 2017).

A renowned global expert in child health, Honorary Professor at the University of
Auckland, and recipient of the 2020 New Zealand Senior of the Year title, Bob Elliott, in
an interview with the online portal Farmers Weekly in July 2019, called on New Zealand
farmers to fully transition to A2 milk. The professor cited recent research by Chinese
medical scientists showing that the problems Chinese people experience with drinking
milk are less related to lactose intolerance and more to the effects of milk from animals
with the A1A1 B-casein genotype on digestive disorders and certain other health issues
(Elliott et al., 1999).

The genetic structure of the Holstein cattle population bred in Ukraine was studied
with respect to the alpha loci of B-caseinand tumor necrosis factor. Using allele-specific
PCR (AS-PCR) and PCR-restriction fragment length polymorphism analysis (PCR-
RFLP), polymorphism of the B-caseingene (CSN2) was identified for the A1 and A2
allelic variants, and of tumor necrosis factor-alpha (TNF-a) for the Sacl polymorphism
in the promoter region of the gene (marker mutation —824 A>G) and the Rsal polymor-
phism in the fourth exon. The polymorphic nature of both loci in the studied cattle popu-
lation was confirmed. Based on the analysis of milk production traits in individuals with
different CSN2 genotypes, it was found that animals with the A2A2 genotype had higher
standard milk yield values compared to those with the A1A1 genotype (p = 0.042).
For the Sacl and Rsal polymorphisms of the TNF-a gene, no significant differences in
standard milk production over two lactations were observed between individuals with
different genotypes (Kulibaba et al., 2024).

In this context, scientists and practitioners in the field of dairy cattle breeding and
selection in many countries have begun to pay special attention to the evaluation and
selection of cows, particularly potential dams of breeding bulls, taking into account their
milk B-casein genotypes (Fuerer et al., 2020).

The Montbeliarde breed is a dual-purpose (dairy and beef) cattle breed. It was
developed in France in 1883 by crossing local Alsatian (Abondance-type) cattle with
Swiss Simmental. The breed is common in the rural regions of France near the Swiss
border and is considered one of the high-yielding French breeds.

The Montbeliarde heifer has a large, bowl-shaped udder. Montbeliarde cattle are
renowned for their longevity and strong health. Careful selective breeding has enabled
French farmers to develop highly productive animals. The milk is characterized by an
optimal balance of protein and fat, along with an increased concentration of vitamins
and minerals. The lactation period in heifers of this breed is long and quite generous.
Bulls of this breed are also valued for their meat quality. Experts have recognized the
high standard of their beef.
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Montbeliarde heifers produce milk with excellent taste qualities. Itis widely used for the
industrial production of premium cheeses and yogurts. Dairy products from Montbeliarde
cattle are in high demand due to their outstanding flavor and nutritional value.

Cows of this breed are well-known for their strong health, which contributes to the
high quality of their meat. Meat characteristics of this breed include: a high slaughter
yield of up to 65-68 % (ratio of carcass weight to mass).

Montbeliarde cattle are not demanding in terms of feed. They can digest even
coarse forage, but to ensure healthy herd growth, the diet should be rich in vitamins,
trace elements, and an adequate amount of carbohydrates.

Therefore, the evaluation and selection of breeding cows and their testing for
-casein milk genotypes are relevant for the domestic dairy industry.

The aim of this study was to perform a genetic and biochemical evaluation of the
Montbeliarde breed to determine its suitability for the use of A2 milk in food technologies.

MATERIALS AND METHODS

Samples of blood and milk (n = 30) were collected from Montbeliarde cows of
the LLC ,INTER” agricultural enterprise, located in Ichnia, Pryluky District, Chernihiv
Region, Ukraine (Fig. 1).

:': ] v ‘J e Nl

Fig. 1. Montbeliard breed animals, LLC “INTER”

Blood for DNA extraction was collected from the jugular vein in a volume of 5 mL
using vacuum tubes containing dry EDTA. DNA was extracted from whole blood using
the standard DNA-sorb-B commercial kit (AmplySens).

Polymorphism of the CSN2 gene was analyzed using the PCR-ACRS method, fol-
lowing the protocol described by McLachlan (2006). The following primers were used
for amplification:

CSN2f: 5'-CCTTCTTTCCAGGATGAACTCCAG-3' and
CSN2r: 5'-GAGTACGAGGAGGGATGTTTTGTGGGAGGCTCT-3'.

PCR was carried out using a four-channel programmable thermal cycler “Tercyk”
under the following conditions: 95 °C for 5 min; 30 cycles of 95 °C for 10 sec., 58 °C for
30 sec., and 72 °C for 30 sec.; followed by a final extension at 72 °C for 5 min. The PCR
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mixture contained: 2.5 uL of 10x PCR buffer, 2.5 yL of a 2 mM dNTP mix, 0.2 uL of each
primer at a concentration of 50 uM, and 5 U/uL of DNA polymerase. Genomic DNA was
added in the amount of 1.5 pL (50 pg—1 pg). The total volume of the DNA mixture was
adjusted to 25 pL with PCR-grade water.

The PCR products were digested with the Ddel restriction endonuclease according
to the following protocol: 3.5 pL of water, 1.0 uL of 10x enzyme buffer, 0.5 pL of restriction
enzyme, and 10 L of PCR product were combined to prepare a 15 uL working mixture.

For visualization of PCR-ACRS fragments, DNA samples were loaded into wells
of a gel containing 3% high-resolution agarose, 0.5 pyg/mL ethidium bromide, and sub-
jected to horizontal electrophoresis at 15 V/cm in 1x TBE buffer for 60 min. The elec-
trophoresis gel was then examined under UV light at a wavelength of 312 nm using
a transilluminator, where genotypes were identified based on the number and size of
the fragments. The sizes of the PCR or restriction digestion products were determined
using molecular weight markers: GeneRulerTM 50 bpDNALadder, GeneRulerTM 100
bpDNALadder (“Fermentas”).

The obtained experimental results were processed using population-genetic and
biometric analysis methods with GEN Alex 6 and Statistica software.

The genotype frequency was calculated using the formula:
n
p= N’
where p — genotype frequency; n — the number of individuals with a specific genotype;
N — the total number of individuals.
The allele frequency was calculated using the formula:
2nAA +nAB 2nBB+nAB
p=——Fr——and g=—_——,
2N 2N
where p — the frequency of allele A; g — the frequency of allele B; nAA, nAB, nBB — the
number of individuals with specific genotypes; N — the total number of individuals.
The actual heterozygosity was calculated using the formula:

where N, — number of heterozygotes for the studied allele; n — sample size.
The actual heterozygosity was calculated using the formula:

H,=1-2p;,
where p,, p,, ..., p, — allele frequencies. a
To assess the genetic differentiation of the studied populations, the individual
Wright's fixation index (F,g) was used, which quantitatively reflects the deviation from
panmixia: H -H
Fs = ( . 0)’
He
where H, — the actual heterozygosity in the population; H, — the expected heterozygo-
sity in the population (H, = H,).
The correspondence between the actual and expected genotype distribution was
tested using Pearson’s chi-square test (x?) with the following formula:
2
y2 = Z(A _T) ,
T
where A — the actual number of genotypes; T — the theoretical number of genotypes.
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Total solids content — according to DSTU 8552:2015 Milk and dairy products.
Methods for the determination of moisture and total solids and DSTU ISO 5534:2005
Cheese and processed cheese. Determination of total solids content (reference method)
(ISO 5534:2004, IDF 4:2004, IDT);

Total protein content was determined by the Kjeldahl method under the require-
ments of DSTU EN ISO 8968-1:2022 Milk and milk products. Determination of nitrogen
content. Part 1. Kjeldahl principle and calculation of crude protein (EN ISO 8968-1:2014,
IDT; ISO 8968-1:2014, IDT);

Density — DSTU 6082:2009 Milk and dairy products. Methods for the determination
of density;

Mass fraction of fat — in accordance with DSTU ISO 1211:2002 “Milk. Gravimetric
method for determination of fat content” (reference method) and DSTU ISO 11870:2007
Milk and milk products. Determination of fat content. General guidance on the use of
methods involving the butyrometer (ISO 11870:2000, IDT);

The content of solid non-fat milk residue (SNF) was determined using the following
formulas:

SNF :[E+2j+0.76;
5 4
SNF =S -F,

where S — total solids content in milk, %; 4.9; 4; 0.5; 1.31; 26.5; 0.1; 5; 0.76 — constant
coefficients; F — fat content in milk, %; D — milk density, °; A, G — milk density, kg/m?;
SNF — solid non-fat milk residue content, %.

Active acidity (pH) — potentiometrically according to DSTU 8550:2015 Milk and milk
products. Measurement of pH by the potentiometric method;

Titratable acidity — in accordance with DSTU ISO 6091:2007 Dried milk. Determi-
nation of titratable acidity (reference method) (ISO 6091:1980, IDT);

Ash content was determined by the gravimetric method using a muffle furnace
according to DSTU ISO 5544:2014 “Caseins. Determination of bound ash content (ref-
erence method)”;

Lactose content — in accordance with DSTU 8059:2015 Dairy products. Determi-
nation of lactose and galactose content by spectrometric method.

All international, national, and/or institutional principles for the care and use of ani-
mals were followed. The studies were approved by the Commission on the Treatment of
Animals in Scientific Research of the M.V. Zubets IRGT (Protocol No. 2 dated 04 April,
2025; Chubynske, Ukraine).

RESULTS AND DISCUSSION

Milk samples from Montbeliarde cows of the agricultural enterprise LLC ,INTER”,
Chernihiv Region, Pryluky District, the town of Ichnia, were examined.

The average fat content in the milk of Montbeliarde cattle was 3.91 %. The ratio
between fat and protein in the milk obtained from 30 Montbeliarde cows is approxi-
mately 1.2:1, which is considered normal. The average lactose content in the milk was
5.23 %, and the average protein content was 3.35 % (Table 1).

Milk density — one of the most important indicators of its quality — was 1031 kg/m?.

Thus, the average composition values of Montbeliarde cow milk meet the breed
standards. This breed demonstrates higher levels of fat, protein, and lactose.
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Table 1. Physicochemical parameters of milk from Montbeliarde cows of LLC ,INTER”

(n =30)
Indicators Experimental group of cows
Dry matter 13.38+0.21
Fat, % 3.91+0.11
Protein, % 3.35+0.02
Lactose, % 5.23+0.12
Dry skim milk residue, % 9.25+0.23
Ash, % 0.68+0.01
Density, g/cm? 1.031+0.001
Titratable acidity, °T 16.94+0.50
Active acidity (pH) 6.10£0.11

The alleles of milk protein (caseins) genes are considered potential DNA markers
for milk productivity and quality in cattle. Blood samples (n = 30) were collected from
Montbeliarde cows. DNA was extracted from whole blood using the “DNA-sorb-B” kit.

The amplification product obtained was analyzed using restriction analysis. The
67th triplet sequence of the CSN2 gene — CCT, which encodes proline — overlaps with
the recognition site of the restriction enzyme Ddel. Accordingly, the PCR product is
cleaved by the restriction endonuclease. A single nucleotide substitution in this codon,
from CCT -> CAT, causes the Ddel recognition site to disappear, so this amplicon is not
digested by the enzyme. After digestion of the amplification product with the Ddel restric-
tion endonuclease, based on the presence or absence of restriction sites, two alleles —
A1 and A2 — and three genotypes were identified: CSN24"4" — 121 bp, CSN24742 — 121,
86, and 35 bp, and CSN24%42 — 86 and 35 bp. An example of an electrophoregram
obtained during genotyping of animals at the studied locus is shown in Fig. 2.

M 1 2 3 4 5 6 7 8 9 10 M

300
121

86
35

100
50

PCR A1A2 A2A2 A2A2 A2A2 A1ATATA2 ATATATA2 A2A2 A2A2

Fig. 2. Electrophoretic analysis of restriction products for CSN2 genotyping: M — molecular weight marker;
genotypes of the samples are indicated in the photo
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Thus, the study demonstrated the applicability of the CSN2f and CSN2r primers,
the Ddel restriction enzyme, and the corresponding PCR- ACRS protocol as a whole for
genotyping cattle by the CSN2 gene.

Based on the analysis of B-casein gene polymorphism in 30 Montbeliarde cows, it
was established that 8 animals, or 27 %, carried the homozygous genotype CSN24747,
17 animals, or 56 %, had the CSN24"? genotype, and 5 cows, or 17 %, exhibited the
“desirable” homozygous genotype CSN24%2 for A2 milk production. The allele frequen-
cies of A1 and A2 were 0.55 and 0.45, respectively (Table 2).

Table 2. Genetic structure characteristics of Montbeliarde cattle by the B-casein gene in the
“Inter” agricultural enterprise, Chernihiv Region, Pryluky District, Ichnia

0 Allele frequency Heterozygosity
Breed 3 -% fGenotype X Fis
e requency A1 A2 H, H,
A1A1  0.27

Montbeliarde 30 A1A2 0.56 0.55+0.017 0.45+0.017 0.560 0.495 0.52 -0.131

A2A2  0.17

Notes: H, — observed heterozygosity; H, — expected heterozygosity; x>~ goodness-of-fit test; F,.— Wrightss
fixation index

When comparing the actual and theoretically expected heterozygosity values for
the B-casein (CSN2) gene in Montbeliarde cattle, it was noted that the actual heterozy-
gosity of 0.065 exceeded the expected value. The negative value of Wright's fixation
index indicates an excess of heterozygotes among the studied animals.

The next stage involved analyzing the fat and protein content in the milk of
Montbeliarde cows (Table 3).

Based on the presented data, the fat content in cows with the homozygous CSN24242
genotype was 0.78 % higher compared to those with the homozygous CSN24"4" geno-
type and 0.62 % higher than those with the heterozygous CSN24"42 genotype. As for
protein content, there was almost no difference between the groups.

It should be noted that, across all biochemical parameters, the herd with the A2A2
[B-casein genotype demonstrated high and favorable milk quality indicators.

Table 3. Average values of protein and fat content in the milk of Montbeliarde cows by
homozygous genotype

Homozygous genotype Number of cows, heads Protein Fat
CSN2~A1 8 3.39+0.105 3.32+0.125
CSN2A1A2 17 3.41£0.123 3.48+0.110
CSN2r2h2 5 3.38+0.068 4.10£0.109

Holstein cattle are well known for their high average milk yield, but are more suscep-
tible to diseases and have lower fertility compared to other cattle breeds. Nevertheless,
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Holsteins still hold significant value and purpose (Chang et al., 2023). They exhibit excel-
lent traits and characteristics, and despite health and reproductive challenges, they may
still be the most suitable choice for specific market demands or particular farms.

The consumption of A2 milk has been associated with beneficial effects and is
more easily digested by sensitive individuals. Further research is needed to investigate
the short- and long-term effects of consuming A1 3-casein compared to milk containing
A2 B-casein proteins (Kay et al., 2021).

The milk fat content of Montbeliarde heifers is 4 %, with a protein content of 3.45 %.
On average, a Montbeliarde cow produces up to 8000 kg of milk per year. Milk yield
indicators are stable and may vary slightly with changes in the feeding ration. However,
milk fat content remains consistently stable (Hazel et al., 2017; Kuczynska et al., 2012;
Pires et al., 2025).

Our research showed that the fat content in Montbeliarde cows is (3.91+0.11) %.
No significant differences in protein content were observed between the groups.

The proteins in cow’s milk consist of almost 80% caseins (CN), which corresponds
to 2.5-2.8 % mass/vol. (Maurmayr et al., 2018). Our results indicate that milk protein
content does not vary depending on the homozygous genotype.

The analysis of the frequency of the desirable CSN242 allele in animals from three
Ukrainian indigenous cattle breeds (Ukrainian Grey, Ukrainian Whiteheaded, and
Carpathian Brown) and buffaloes showed that buffaloes and the Ukrainian Grey breed
lead with allele frequencies of 1.0 and 0.468, respectively. The valuable milk proper-
ties of indigenous cattle breeds and buffaloes should help prevent the decline of these
unique animal populations (Mokhnachova, 2021).

Genotyping of animals from the Ukrainian Black-and-White dairy breed for the
B-caseingene was conducted. It was found that the allele frequencies at the -casein
locus were A1 — 0.421 and A2 — 0.579. Accordingly, the frequencies of the genotypes
A1A1, A1A2, and A2A2 were different, amounting to 25 %, 35 %, and 40 %, respec-
tively. Genetic-statistical analysis revealed an excess of homozygous variants A1A1
and A2A2 and a deficiency of the heterozygous A1A2 genotype at the B-casein locus
(Ladyka et al.,2021).

The studies conducted by Yu. I. Sklyarenko established that the quality indicators of
milk productivity in Ukrainian Brown dairy cattle vary significantly across different farms.
Specifically, the fat content in milk ranges from 3.43 % to 3.98 %; protein content — from
3.10 % to 3.55 %; casein content — from 2.83 % to 3.31 %; total solids — from 12.4%
to 13.1 %; and solid non-fat content — from 8.95 % to 9.13 % (Skliarenko et al., 2017).

According to biochemical indicators, the herd with the A2A2 B-casein genotype
demonstrates high-quality milk characteristics. Among the studied Montbeliarde cows
from LLC “Inter” in the Chernihiv Region, 17 % of the tested animals possess the A2A2
genotype and can be used for producing milk free from the ,harmful” B-casein A1.

CONCLUSIONS

Overall, A2 milk is the milk obtained from cows carrying the CSN24%2 genotype of
the B-casein (CSN2) gene. It should be noted that, according to all biochemical param-
eters, the herd with the A2A2 B-casein genotype demonstrates high-quality milk indica-
tors. Among the studied Montbeliarde cows from LLC “Inter” in the Chernihiv Region,
17 % of the tested cows possess this genotype and can be used to produce milk free
from the “harmful” B-casein A1.
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FEHETUYHUIA AHATNI3 MOHBENbAPACHLKOI MOPOAU HA NPUAATHICTb
AnA BAKOPUCTAHHA A2-MOJTOKA B XAPYOBUX TEXHONOIIAX

Onbea Slky6eHko', Hamaniss MoxHa4yoea?, CeimnaHa [JaHusneHKo',

Ocman Xykopcbkuli?>, FaHHa Kosnoecbkka®, OnexcaHop Bepzenec®

" IHemumym npodososnbyux pecypcie HAAH YkpaiHu

syn. €seeHa Ceepcmioka, 4A, Kuie 02002, YkpaiHa

2 [Hemumym poaeedeHHsi i 2eHemuku meapuH im. M. B. 3ybuss HAAH YkpaiHu

syn. lNoepebHsika, 1, ¢. HybuHcbke, bopucninbcekul p-H, Kuiscbka 0bs1. 08321, YkpaiHa
3 HauioHanbHull yHigepcumem biopecypcie i npupodokopucmyeaHHs YkpaiHu

8ysn. Bucmaekoea, 16, Kuie 03041, YkpaiHa

O6rpyHTYyBaHHSs. KOpoB’'siue MONOKO 34aBHa crnyryBano mpkepenom binka ta ges-
Knx MiKpoeneMmeHTIiB, Hanpuknaz, kansuito. Cepeq CnoXuBadiB, siKi NOCTINHO LUYKaOTb
KOPWCHI 05151 300POB’st NPOAYKTU XapyyBaHHS, MONoko A2 HabyBae LUMPOKOI nonynsip-
HocTi. OQHUM i3 YMHHUKIB, WO BNAIMBAKOTL Ha SKICHWUIA cknag GinkiB Mornoka, € nopoga
BenuKol poratoi xyaobu. B octanHe gecatunitta y CLUA, €C, IHaii, Kutai Ta iH. wumpoko
30iMCHIOTb OLLIHKY YacCTOTW HApOMKEHHS reHOTUMIB B-ka3eiHy y MONoYHOi xyaobu pis-
HUX nopia. JocnigpkeHHAMN BCTAHOBMNEHO, WO OaxxaHun anenb A2 B-kaseiHy Moroka
Ma€ LUMPOKMI fiana3oH HapOMKeHHS y po3pisi kpaiH i nopig — Big 24 0o 80,9 %. MeToto
poboTtn Byrno NpoBecTU reHeTUyHy Ta BioxiMiYHy OLHKY MOHBenbApACLKOI nopoan Ha
NpPUAATHICTb ANsl BUKOPUCTAHHA A2-MOSIOKa B Xap4oBUX TEXHOMOTISX.

Matepianu Ta metogn. Metogom ACRS-PCR pocrnimkyBanu nonimopdiam reHa
CSN2, BukopuctoBytoun metoanky Mclachlan. BuaHaumnu vactotm anenis i reHo-
TmniB reHa CSN2 (B-kaseiHy) B MOHBenbApacbkol nopoau Benukol poratoi Xyoobw.
BukopuctoByBanu pectpuktady Ddel. ®isnko-xiMiyHi MOKa3HUMKM MOMOKa BU3HaYanm
3aranbHOBXWUBAHUMWN METOAMKAMM.

PesynbraTn. ®i3nko-XiMiYHi MOKa3HUKM MOIOKa KOpiB MOHBEnbApOCcCbKOI NOPOAM
BiANoBiganu ctaHgapTaMm Uiei nopoan, a came: CniBBiAHOLEHHST MiX XXUPOM i Binlkom
y MorioLi cTaHoBMUNo 6mm3bko 1,2:1, Wo € HOPMOID; cepeaiHe 3HAYEHHS BMICTY /1akTo3u B
monoui — 5,23 %, cepegHin BMicT 6inka nepebysas Ha piBHi 3,35 %. Ha ocHoBi aHanisy
nonimopdiamy reHa B-kaseiHy kopiB MOHOENbAPACHKOI NOPOAU BCTAHOBMEHO, WO 27 %
TBapWH HECYTb rOMO3UrOTHUIA reHoTun CSN2A'A' 56 % — reHotun CSN2A'2 a 'y 17 %
BUSIBNEHO “GaxkaHuin” Ans oTpumaHHs A2-MONoka roMo3nroTHUA reHoTun CSN2A2A2,

BucHoBku. Cepepn gocnimkeHux KopiB MoHGenbsipacbkoi nopoan CTOB “IHTep”
YepHiriBcbkoi obnacti Takui reHotun mMaroTb 17 % NpoTecToBaHUX KOpIB, SKi MOXYTb
OyTV BUKOpPUCTaHi AN OTPUMaHHSA MOSoKa, sike He MICTUTb “Likianueoro” (B-kaseiHy A1.
HoBeneHo, wo A2-MOr0oKO — Lie MOSTOKO, OTPMMaHe Bif KOpiB HOCIiB reHoTuny CSN2A2A2
B-kaseiHy (CSN2). 3a Bcima GioxiMiYyHMMM NOKasHMKamMK cTago 3 reHoTunoMm A2A2 3a
[3-ka3eiHOM Ma€ BUCOKi Ta SKiCHi MOKa3HUKM MOSOKa.

3a BMiCTOM Binka pisHuLi MK rpynaMu 3a roMO3UrOTHUM FEHOTUNOM Malxe He
BUSIBNEHO, TOAi SIK BMICT XMPY Y KOPIB i3 rOMO3UrOTHUM reHotunom CSN24%A2 puwnin Ha
0,78 %, NOPIBHSAHO 3 TOMO3WUTOTHUM reHoTunom CSN24'1 ta 0,62 % — CSN2A'A2,

Knrovoei crnoea: monoko A2, MoHOenbapachbka Nopoaa, BMICT Xupy, BMICT Binka,
reHoTun, anenb
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