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MODEL OF SENSITIVITY CATTLE TO MASTITIS ON THE BASIS
OF LYMPHOCYTIC AND MOLECULAR GENETIC MARKERS

Abstract

Mastitis of cows causes significant harm to dairy farming, a susceptibility to which is partly determined by genetic factors.
Therefore, identifying the susceptibility or resistance of cows to mastitis at an early stage of postnatal ontogenesis has both practical
and scientific importance.

In this work, we examined a model grounded on the collegial use of lymphocyte antigens class I MHC cattle and DNA markers
based on alleles BoLA-DRB3 gene to identify the sensitivity of heifers to mastitis to their use in a milking herd.

On the data of testing of 649 cows of the Ukrainian black-and-white breed, the antigens of histocompatibility were revealed,
and the statusmetric model facilitated determining the integral estimation of sensitiveness (Z) to mastitis was constructed. The greater
the positive Z value, the higher the predicted resistance to mastitis and vice versa. The model yields 69.2% correct mastitis susceptibility
decisions based on 17 class I antigens (antigens W2, W6, W31, W14, W19, W15, A9, A12, Al13 and A24 indicate susceptibility and W10,
Al, A3, A6, A16, A17 and A22 — indicate resistance to the disease).

Some exon 2 alleles of the BoLA-DRB3 gene were found to be associated with mastitis. For 162 cows from the preliminary
sample DRB3.2*18, *24, *26 and *48 alleles characterize susceptibility to mastitis, and BoLA-DRB3.2*08, *13 and *22 — characterize
resistance to the disease.

A comparative analysis of the association of lymphocyte and DNA-markers was performed by comparing the diagnosis, status score,
and the presence of associated alleles in the genotype. Two of the four possible variants unambiguously indicate the immune status of the cow:

— diagnosis and integral scorve (by sign) coincide, and there is an allele in the genotype that coincides with the established
diagnosis (65,7%);

— diagnosis and integral score sign do not coincide, and there is a DNA marker in the genotype that coincides with the immune
status of the animal by Z (13,3%,).

For 83 animals out of 105 in which DNA markers were detected, the immune status established by the statusmetric model was
confirmed, for a total of 79%. The accuracy in predicting the susceptibility of cows to mastitis increased by 9.8%.

Following the obtained results, the model for predicting sensitivity of heifers of Ukrainian black-and-white breed to mastitis at
the stage of early postembryonic ontogenesis has been proposed. The model is universal and can be applied to different cattle breeds
after appropriate research.

Key words: mastitis, cattle, major histocompatibility complex, lymphocytic antigens, BoLA-DRB3 gene, alleles, polymorphism,
DNA marker.
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Introduction. The main concern of veterinary medicine specialists is how to protect farm animals from diseases
and preserve profitable traits. The answer to this question can be provided by identifying the BoLA system markers
associated with bovine diseases and, above all, the possibility of their cost-effective use in practice.

The productivity of a dairy herd depends on many factors: heredity (genetics), pedigree, physiological condition, and
feeding and housing conditions of cows. Diseases are among the key factors minimizing milk yield and milk quality. The
biggest problems in dairy farming are related to mastitis. An estimate of the incidence of mastitis worldwide shows that the
disease is diagnosed in 48 cows out of every 100 head, of which 39 have a subclinical course of the disease and 9 animals
have a clinical course. The damage caused by mastitis is estimated as significant, ranging from 0.0388 to 0.0428 kg of milk
per day. Udder disease leads not only to milk loss but also culling of animals. In parallel, treatment costs increase [1]. Mastitis
is a costly disease. Estimates of economic losses from clinical mastitis range from €61 to €97 per cow [2].

Susceptibility to mastitis is assessed at the stage of the productive use of animals. This requires observation of the
cow over several lactations. Several studies point to a genetic basis of cow susceptibility to mastitis [3]. To reduce the risk
of mastitis, animals genetically resistant to udder disease should be included in the working herd by finding markers of
susceptibility to mastitis and hence selecting cows in the main herd before they become productive.

Immune status is the overall resultant activity of genes that determine cellular and humoral immunity factors and
the same type of immune reactivity strength for a broad group of antigens. One of the main points about the immune
status of the body is the presence of natural genetically determined markers which can be used to test and predict future
reactivity [4]. To date, two types of biological activity have been identified which are related to the immunological
reactivity of the body as a whole and the role played by histocompatibility antigens in intercellular interactions. There
is evidence that the immune response is determined by genes located in the same region of the major histocompatibility
complex (MHC) as the histocompatibility genes.

The nature of the relationship between tissue antigens of an individual and its propensity for pathology is primarily
established by the genetic association of loci controlling the antigenic composition of tissues and functional specificity of
immunocompetent cells, which is the main factor responsible for the propensity for disease.

There are two types of MHC linkages to diseases:

— linkage of disease and MHC (class I locus) loci located on the same chromosome;

— structural construction of class II genes responsible for disease susceptibility.

A genetic marker is a DNA polymorphism that can be readily identified by molecular or phenotypic analysis. The
development of molecular research methods makes it possible to create new test systems which allow for the analysis of
genetic polymorphism at the level of gene products (protein or biochemical polymorphism) and at the level of cellular
genetic material (DNA polymorphism). MHC antigens and genetic markers (certain gene alleles) are used as polymorphic
markers when studying their associations with multifactorial diseases [5].

One of the main points about immune status is the presence of natural genetically determined markers in the body,
which can determine and predict the oncoming reactivity of a biological entity. Consequently, it should be assumed that
any immunological system can be regarded as a biological marker possessing properties intrinsic to lymphocytes, that is,
those properties with which the organism is born and unrelated to the previous in vivo sensitization of organisms. Such
markers include MHC antigens [6].

Marker systems of polymorphic DNA nucleotide sequences make it possible to test genetic polymorphism directly
at the gene level. DNA markers are universal, which allows us to solve the problem of saturating the genome with
markers and tag almost any region of DNA. A large number of different types of DNA markers based on single nucleotide
substitutions (SNPs) have been developed [7]. They are inherited in accordance with Mendelian laws, represented by a
significant number of alleles, are not influenced by environmental factors, and there is no pleiotropy for profitable traits.

When selecting a marker for genetic studies, the informative value and individual level of typing difficulty must be
taken into account. In this context, the BoLA-DRB3 gene encoding MHC class II antigens is quite attractive. Particular
attention is paid to exon 2 of this gene, which is the most polymorphic among all MHC loci.

Analysis of recent research and publications. Class I lymphocyte antigens and BoLA-DRB3 gene alleles are
used to detect disease susceptibility or resistance associations, including mastitis.

Studies of Slovak gray cows proved a positive association of W6 antigen with susceptibility and W20 with
resistance to mammary gland disease [10]. In Norwegian cattle, a positive association of W11 and W16 antigens with
mastitis were found, whereas the W2 antigen characterizes resistance to the disease [11; 12].

Tissue typing methods are based on an antigen-antibody serological reaction that occurs between lymphocytes
carrying antigenic determinants and an isoimmune serum containing antibodies to BoLA antigens. Eleven monospecific
and more than two dozen oligo-specific sera are used to identify BoLLA antigens, which theoretically allows more than 30
antigens to be identified in a single animal. Statusimetric is applied to identify “significant” antigens [18].

Thus, the study of the Kostroma breed revealed a significant association of antigens MSU A3, A15, A18, W10 and
W31 with acceptability, and antigens W8, W19 and MSU A1 with resistance to mastitis [8; 9].

Many contributions were devoted to the search for DNA markers based on BoLA-DRB3.2 alleles associated with
mastitis susceptibility. Thus, in a study of Holstein cattle, the BoLA-DRB3.2*03 allele had a statistically significant
association with resistance and the *08 allele with susceptibility to clinical mastitis [13]. In the Norwegian red breed,
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the *22 and *26 alleles were associated with the risk of clinical mastitis, whereas a whole group of *07, *11, *18 and
*24 alleles had a strong association with resistance [14]. Significant associations were found with susceptibility to mastitis
in Japanese Holsteinized cows that had *08 and *16 alleles in the genotype and disease resistance in the presence of
alleles 22, *23 and *24 [15].

A study of exon 2 polymorphism of the BoLA-DRB3 gene and associations with mammary disease susceptibility
of its alleles in domestic breeds identified DNA markers in three breeds: Ukrainian black-and-white milk (predisposition —
*24,*26, resistance — *13, *22), Ukrainian red-and-white milk (predisposition—*07, *08, resistance — ¥22, *24), Ukrainian
white-headed (predisposition — *24, resistance — *22) [16; 17].

Purpose. Any method of assessing the immunogenetic status of a separate animal on based on markers discovered
following the results of population analysis is always characterized by a certain accuracy. It is necessary to look for
ways to increase the accuracy of forecasting. Considering that mastitis has a fairly wide range of causes of the disease,
and Class I antigens and alleles of the BoLA-DRB3.2 gene are responsible for the functioning of various branches of
immunity, it is logical to elaborate a method (model) for evaluating immunogenetic status which takes into account the
analysis results of both types. In this case, it is expected that the accuracy of predicting sensitivity to the heifer at the early
stage of postnatal ontogenesis will increase.

Methodology. The study included 649 cows of Ukrainian black-and-white milk breed.

Histocompatibility antigens were determined by a two-step cytotoxic test in a Kissmeyer-Nielson microvariant
modified for cattle [19; 20]. The immunogenetic status of the animals was assessed using a statusmetric model [18]
developed by relyion on the class I histocompatibility antigen base, which was identified by serological analysis of 32
antilymphocyte serum.

The disease susceptibility score is considered according to a first-degree polynomial:

n
Z = By + BA + ByA, +...+ B A, = B, + Y B4, )
i=1
where Z — integral estimation;
A, — BoLA antigens;
B, — coefficient of influence of indicator 4, on the value Z (impact factor);
n —number of indicators.

The values of the impact factor have different signs and magnitudes. A sign near it indicates a negative (susceptibility)
or positive (resistance) effect of the antigen on the cow’s sensitivity to mastitis. The absolute value of B, determines the
degree of influence of a given attribute on the value of Z. The greater the value of the coefficient, the more weighted the effect
of the antigen on the value of the integral score. If no antigen is found, the corresponding value of 4, = 0, otherwise 4, = 1.

For the two alternative states, the Z scale has three regions: zone to the left of a1 (integral score value Z < a,) —
determines the propensity for mastitis; zone to the right of a, (integral score value Z > a,) — resistance; between the values
of o, and o, there is a region of uncertain states (fig. 1).
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Fig. 1. A univariate scale of object states for two alternatives:
ay, az - conditional units of the object state; (—) and (+) — a zone of adverse and favorable
states, respectively

This model allows for the selection of mastitis-resistant heifers based on integral estimation after typing the animal
by antigens.

The study of allelic diversity was carried out involving a sample of 162 cows for which BoLA-antigens were
previously tested. The BoLA-DRB3.2 gene allele polymorphism was determined via the restriction analysis of
amplification products (PCR-RFLP) and allele-specific PCR (AS-PCR) with primers ER-17 and VD-19 and HLO-07 and
HLO-24D [21]. DNA markers associated with sensitivity to mastitis are established by the magnitude of the relative risk
(RR), which identifies the likelihood of the disease progress in antigen animal carriers compared to those who have not
one. The degree of reliability was monitored by test * [16]. Calculations conducted using the Microsoft Office Excel 2003
package and separate Statistica 6.0 package applications for Windows.

Results and discussion. The statusmetric method makes it possible to implement an individual approach to
assessing the sensitivity of an animal to the disease. The antigen carries information about the association of the gene
with the disease. Such information will always be insufficient to judge the likelihood of disease in postnatal ontogeny. If
there is a set of features (markers) through a set of BoL A antigens, then the probability of such a judgment will be much
higher. The transition from the analysis of the effect of individual antigens to the analysis of the animal’s condition as a
whole is realizedthrough statusmetric.

Treatment of the antigenic spectrum of a sample of 649 cows of the Ukrainian black-and-white dairy breed made
it possible to obtain the following linear model for an integral assessment of sensitivity to mastitis [22]:
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Z=0,599 — 1,556W2 — 1,133W6 + 0,747W10 — 0,563W31 — 0,33W14 — 0,657W19 — 0,695W15 + 0,231A1 +
0,387A3 +0,799A6 — 0,685A9 — 0,285A12 — 0,619A13 + 0,332A16 + 1,121A17 + 0,447A22 — 0,244A24.

For the alternative of “healthy-diseased” on the Z scale, the units of the condition of the object &, = 0,075 and &, = 0,188.
When Z <—0,075 animal is susceptible to mastitis, with Z > 0,188 — resistant. If —0,075 < Z < 0,188 the decision is uncertain.

The model provides 69.2% of correct decisions on the sensitivity of Ukrainian black-and-white milk breed cows
to mastitis, if an individual set of 17 BoLA class I antigens for each animal is known. The presence of error is due to the
accuracy of the statusmetric model, as well as the alternativity of the object state, which consists in the availability of two
stable variants of the system (the cow can be sick or healthy) and the lack of intermediate states of the object. Given the
variety of input factors driving the occurrence of breast pathologies, the error in any model aimed at identifying predictive
stochastic relationships in the stages of further development of the system can reach significant values.

A logical question seems to be whether it is possible to reduce the error of the statusmetric model to increase the
accuracy of predicting heifer mastitis sensitivity before it is used in a milking herd. Alternatively, let’s consider the use of
BoLA-DRB3.2 gene alleles as DNA markers.

Studies of BoLA-DRB3 gene polymorphism in a sample of 162 cows revealed 7 candidate alleles for DNA
markers of sensitivity to mastitis: BOLA-DRB3.2*18, *24, *26, *48 alleles characterize susceptibility to mastitis and
BoLA-DRB3.2*08, *13, *22 — demonstrate disease resistance [16].

A comparative analysis of the communication of lymphocytic and DNA markers is carried out by comparing
diagnosis, assessment states and the presence of DNA markers in the genotype.

Comparison of the diagnosis, integral assessment and availability/absence in the DNA marker genotype give the
following analysis options:

1. The diagnosis and integral score (by sign) coincide, and there is an allele in the genotype that coincides with the
established diagnosis — direct confirmation of immune status.

2. The diagnosis and the sign of the integral score do not match, and there is a DNA marker in the genotype that
matches the immune status of the animal by Z — indirect confirmation of status by integral score.

3. The diagnosis and integral score marker is the same, and there is a DNA marker in the genotype indicating the
opposite immune status with respect to the initial diagnosis — an uncertain situation.

4. There are no DNA markers or antagonists in the animal’s genotype — no decision can be made.

Of the 162 cows tested, 105 had DNA markers in their genotype (table 1).

Variants 1 (65.7%) and 2 (13.3%) were confirmed for 83 animals, representing 79%. The accuracy in predicting
susceptibility of cows to mastitis increased by 9,8% compared to the results of the statusmetric model.

Table 1. Clarification of diagnosis using BoLA-DRB3.2 gene alleles

DNA markers Analysis data (%)
number = = .
" 5 = cows - % = % =
. .. = = = » - » 3 e s
link by mastitis = g S 5 = £E = E T
= E = g2 - == K= 3
= = £ £% g = § g
£ zE S g =
13%* 17
resistant 22% 39 80
08* 24 o a 69 (65,7) 14 (13,3)
24%* 38 e o 22 (21,0)
v
- 26%* 14 S =
susceptibility e 2 68 — "
83 (79,0
48% 8 (79,0)

Considering the obtained results, the following model for predicting the sensitivity of heifers of Ukrainian black-
and-white milk breed to mastitis at the stage of early postembryonic ontogenesis is proposed:

1. Carry out heifer testing for class I lymphocyte antigens: W2, W6, W10, W31, W14, W19, W15, A1, A3, A6, A9,
Al12,A13,A16,A17, A22 and A24.

2. Find the value of the integral estimate Z.

3. If Z<—-0,075 — the animal belongs to the group of cows with high risk of mastitis when used in a milking herd.

4.1f Z> 0,188, the animal belongs to a group of cows at low risk of mastitis in the future.

5. 10,075 < Z < 0,188, the animal should be tested for the presence of BoLA-DRB3.2 gene alleles.

5.1. If alleles *18, *24, *26 or (and) *48 are present in the heifer genotype, she should be placed in the high-risk group.

5.2. If alleles *08, *13 or (and) *22 are present in the heifer genotype, she should be placed in a low-risk group.

5.3. If there are no DNA markers in the heifer genotype or antagonist DNA markers are present, the animal is
transferred to an undetermined risk group in which a continuous monitoring regime for possible homeostasis deviations
from the norm should be established.
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Conclusions and suggestions. Predicting the individual susceptibility of each individual animal to mammary
gland disease at an early stage of postnatal ontogenesis is of great knowledge, because mastitis causes the greatest damage
to the dairy industry. Accurate prediction will allow forming groups of cow resistant to mastitis by limiting the use of
genetically prone to mastitis heifers in the milking herd.

The model considered in the work, in which lymphocytic markers on the basis of BoLA class I antigens and
molecular-genetic markers on the basis of exon 2 alleles of BoOLA-DRB3 gene, encoding the class II antigens, are used
simultaneously to predict sensitivity of Ukrainian black-and-white milk cows to mastitis. It contributes to rendering 79%
correct decisions on the immune status of the heifer in relation to sensitivity to mastitis.

The proposed model for predicting sensitivity to mastitis early in postnatal ontogenesis can be used for any cattle
breed. This requires appropriate studies to identify class I antigens, develop a statusmetric model, and determine the
BoLA-DRB3 gene polymorphism to establish DNA markers.
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MOJEJb YYTJIUBOCTI BEJTUKOI POTATOI XY1OBHU 1O MACTUTIB
HA OCHOBI JIIM®OLUUTAPHUX I MOJIEKYJIAPHO-TEHETUYHUX MAPKEPIB

Anomauisn

Macmumu kopis, uymaugicmes 00 IKUX YACMKOBO 3YMOGIEHA 2CHEMUYHUMU YUHHUKAMU, 3A60AI0Nb 3HAYHOT WKOOU MOTIOYHOMY
ckomapcmey. Tomy euasnents CnputiHAMAUEOCI Ui Pe3UCTNEeHMHOCMI KOpi6 00 MACMUMY HA PAHHLOMY emani noCMHAMAanIbHO20
OHmMO2ene3y MA€ AK NPaKmuyHe, max i HayKoee 3HaA4eHHs.

YV pobomi posenanymo mooens, sika 6azyemovcs Ha KonecianbHomy ukopucmanui aimgoyumapnux anmueenie xnacy I I'KI
BPX i /IHK-mapxepis na ochosi anenig 2ena st 6UA6IEeHHsL YymaugoCmi meiuyox 00 Macmuny 00 GUKOPUCIANHS iX Y OftiHoMY cmaoi.

3a oanumu mecmyeanus 649 kopie yKpaincoKkoi HoOpHO-pAOOI MOIOUHOI NOPOOU BUAGIEHO AHMUSEHU 2ICMOCYMICHOCT ma no6y-
008aHO CIMAMYCMEMPUUHY MOOEIb, 3d SIKOIO GUHAYACMbCS IHMeSPanbha oyinka yymaueocmi (Z) oo macmumy. Yum Oinvuie nosu-
mueHe 3HavenHs Z, mum euwa npoeHo308ana cmitikicms 0o macmumy i nagnaxu. Modens 0o3zeonse ompumamu 69,2% npagunvrux
piwens npo yymaugicms 00 macmumy Ha ocHogi 17 anmueenie kaacy I (aumuzenu W2, W6, W31, Wi4, W19, W15, A9, A12, A13i A24
6KazyIOmMy Ha cxunvbiicme, a aumueenu W10, A1, A3, A6, A16, A17 i A22 — na peaucmenmuicms 00 3aX80PI0BAHHS).

M 162 kopig i3 nonepeonvoi subipru sussneno aneni exzony 2 2ena BoLA-DRB3 acoyitiosani 3 macmumamu: areni DRB3.2*18,
*24, *¥26 i *48 xapakmepuzylomo cnputinamausicms 0o macmumy, a aneni BoLA-DRB3.2*08, *13 i *22 — cmiiikicmb 0o 3ax60piogamnis.

Topisnsinvnuil ananiz 36 a3y nimpoyumapnux i JTHK-maprepie nposedeno uiisixom 3icmasiens 0iazHo3y, cmanmycmempuy-
HOI OYiHKU ma HAAGHOCMI 8 2eHOMUNT Acoyiliosanux anenis. /l6a i3 4omupbox MOHCIUBUX 8APIANMIE OOHOZHAYUHO 8KA3YIOMb HA IMYHHULL
cmamyc Kopogii:

— diaecno3 ma inmeepanvHa oyinKa (3a 3HaKom) 30iealomsvcsl, a 6 2eHOMuUNi HasAGHULL anenb, AKUL 30ieacmvbCs 3 YCMaHo81eHUM
diaznoszom (65,7%);

— 0iaeHo3 i 3HaK inmezpanbHoi oyinku He 36icaromocs, a 6 cenomuni nasenuti JJHK-wapkep, sixuil 36icaemocst 3 iMyHHUM cma-
mycom meapunu 3a Z (13,3%).

Jnst 83 meapun 3i 105, y saxux 6yno euseneno JJHK-wapkepu, niomeepodiceno imynnuil cmamyc, yemanosieHutl 3a Cmaynycme-
MPUUHOIO MOOENNIO, Wo cymapHo cmanosums 79%. Tounicme npoenozyeanns wymaueocmi kopie 0o macmumy spocia Ha 9,8%.

Ha ocnogi ompumanux pe3ynbmamie 3anponoHo8ano Mooeib 0Jis NPOSHO3YE8AHHSL UYMAUBOCHT METUYOK YKPAIHCbKOI YOPHO-Psi-
60i MONOUHOI NOPOOU 00 Macmumy Ha emani panHLO20 NOCMeMOPIOHANbHO20 onmozene3y. Mooens mac yHisepcanivhull xapakmep i
nicis 8I0N0GIOHUX OOCHIONCEHb MOICE 3ACMOCO8YBAMUCH 00 PIZHUX NOPIO BENUKOI poeamoi Xy0oou.

Knrouosi cnosa: macmum, eenuxa pocama xyooba, 20M06HUI KOMWIEKC 2icmocymicHocmi, aimgoyumaphi anmueenu,
een BoLA-DRB3, aneni, nonimopizm, JJTHK-mapkep.



