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INTRODUCTION

It is widely known that animal productivity and other agricultural traits,
such as milk quantity, milk composition, milk fat, protein quantity and chemi-
cal composition, milk's suitability for processing and producing individual milk
products, milk discharge velocity during the milking process, succulence, speed
of growth, etc., are inherited from generation to generation; whereas, their for-
mation and functional features are determined by genes.

The majority of features, which stockbreeding takes interest in, are quan-
titative features. The indication of animal breed value is based on the quanti-
tative theory of genetics. The conceptual basis of this theory is the so-called
polygenic model, which states that quantitative features are conditioned by a
vast number of genes that make influence by means of reciprocity. In this
case, their determined features are prognosticated, using powerful statistical
methods (animal model), based on the registration of separate animal and its
congener's productivity features.

The inheritance of the quantitative features is basically based by polymeric
(polygenic) gene performance, i. €. by common or similar influence of domi-
nant independent or the majority of allele to a particular feature. The more
gene pairs determine one or several quantitative feature evidence, the less there
appear individuals with maximum conveyed feature. The more polymeric
genes pass into the genotype, the more genotype classes convey in different
generations and the less one might expect the maximum conveyance of the
desirable feature.

The progress of molecular genetic technologies, especially DNA mark-
ers, over the last few decades had an enormous influence to the compilation
of gene maps, which allowed identifying genes that control the changing
part of multigenic features. For this purpose, two experimental strategies
were formalized: candidate gene model and study of gene cohesion.

Gene cohesion studies are based on the recognition of genetic maps and
search for quantitative feature locus (QTL), using kin data and comparing
the segregation model of genetic markers (in most cases microsatellites) and
analyzed features. Markers that tend to congregate with the analyzed fea-
ture, allow identifying the localization of gene (or genes), which contributes
to the determination feature diversity, in the chromosome.

The other method is based on the study of several implicit gene (candi-
date gene) polymorphisms, with the presumption that they might influence
the biological and physiological feature diversity. Therefore, relation analy-
sis is performed, aiming to identify whether a particular genotype or haplo-
type (allele sequence along the DNA chain) has a stable relation with the
feature analyzed (for example, protein synthesis velocity or milk produc-

tion). The application of this additional genetic information to the selection
conditions better judgement concerning the true genetic value of the animal.
It allows completing selection among the individuals that do not possess the
analyzed feature. For example, to identify means of how milk protein geno-
types will be inherited among the male individuals. This method is already
applied in practice, while analysing cattle leucocyte adhesion deficiency
(Shuster et al., 1992; Miceikiene et al., 2000; Kucinskiene et al., 2001), pig
halotan locus (Rempel et al., 1993, Jokubka et al., 2001; Razmaite et al.,
2001), goat AlfaS1-casein (Manfredi et al., 1995).

The detection of milk protein genetic variants gave rise to the analysis of
milk protein polymorphism in many animal species — cattle, sheep and goat.

In the first stage of analysis cattle milk proteins were in the focus of at-
tention; the aim was to indicate the relationship between milk protein vari-
ants, milk productivity and technological features. Cow Kappa-casein A and
B variant's influence to the milk productivity proved that Kappa-casein BB
genotype cow milk encompasses more fat, protein and caseins than in
Kappa-casein AA genotype cow milk (Ng-Kwai Hang, 1998; Di Stacio et
al., 2000). B allele is reliably associated with a larger quantity of casein and
smaller quantity of whey protein; therefore, a larger casein/general protein
proportion. Cow Kappa-casein BB genotype is also associated with milk
production of better industrial features — shorter coagulation time, with the
help of rennet performance, better consistence for curd formation and higher
cheese output (Schaar, 1985; Marziali et al., 1986). This phenomenon is
associated with milk casein micelles. Kappa-casein B micelle mass is more
homogenetic and it encompasses a larger part of small micelles (Morini et
al., 1975); therefore, total micelle surface area increases, conditioning better
consistence curd formation.

The main focus of goat milk analysis was drawn to the AlfaS1-casein.
»Strong® (A, B, C) alleles, ,,medium* (E), ,,low* (F, D) and ,,zero* alleles
were identified in the AlfaS1-casein, associated with the high (3,6g/L), me-
dium (1,6 g/L), low (0,6 g/L) and 0 AlfaS1-casein quantity in milk (Feligini
et al., 2005). Nowadays many researches have been conducted concerning
the AlfaS1-casein polymorphic relationship with the goat milk productivity,
physic-chemical and technological features. However, the number of goat
AlfaS2-casein and Kappa-casein researches was not that significant; this
might have occurred due to its lesser polymorphism (Grosclaude et al.,
1987; Jordana et al., 1991; Ramunno et al., 1991; Feligini et al., 2002; Ver-
ess et al., 2004). The fact of goat Kappa-casein polymorphism was demon-
strated using protein electrophoresis (Russo et al., 1986; Di Luccia et al.,
1990), chromatography (Jaubert et al., 1992; Law et al., 1993) and capillary
electrophoresis (Recio et al., 1997). The first evidence of genetic polymor-



phism was provided by Mercier et al. (1976). Recently goat Kappa-casein
variants were identified in different goat breed (Yahyaoui et al., 2001;
Caroli et al., 2001; Angiolillo et al., 2002).

No research concerning goat milk protein genes have been conducted in
Lithuania yet. We have analyzed milk protein gene polymorphism of differ-
ent Lithuanian goat breeds and identified the relationship with milk traits.

Objective of the present study

Investigate distribution of genetic types of candidate genes for milk pro-
ductivity traits in goats bred in Lithuania and determine their influence to
milk yield and milk composition.

Tasks of the present study

Genotype AlfaS1-casein, AlfaS2-casein, Kappa-casein and Beta-
lactoglobulin genes and determine their polymor[phism in Lithuanian
native, Saanen, Czech White and German White breeds.

Investigate influence of AlfaS1-casein, AlfaS2-casein, Kappa-casein and
Beta-lactoglobulin genes polimorfic sites for milk yield and milk
composition.

Determine polymorphism of AlfaS1-AlfaS2-Kappa-casein haplotype and
influence for milk yield and milk composition.

Compare cattle nad goat milk protein genes polymorphism and influence
for milk. yield and milk composition

Novelty of the present study

For the first time polymorphisms of AlfaS1-casein, AlfaS2-casein,
Kappa-casein and Beta-lactoglobulin genes were genotyped identifying
alleles and genotypes, their distribution in goat breeds rised in Lithuania
and their relation to with milk yield and milk composition.

Practical importance

Modern methods of molecular genetics that have been implemented in
LVA Animal Genetics laboratory encompass the possibility to identify
genes that determine the diversity of milk proteins in goat genotypes.
Genetic polymorphism of milk proteins found in goats bred in Lithuania can
be used as selection criteria and informative marker for milk yield and milk
composition in goat selection programs, investigating philogenetic relations
of breeds and in evolution studies.

MATERIAL AND METHODS

Samples to investigate milk protein genetic polymorphism were taken
from Lithuanian native (30), Saanen (74), Czech White (29) and German
White (18) breeds. DNA was extracted from hair roots. AlfaS1-casein gene
polymorphism was investigated by AS-PGR method (Feligini et al., 2005).
AlfaS2-casein, Kappa-casein and Beta-lactoglobulin genes polymorphism
have been investigated by PGR-RFLP method (Cosenza et al., 1998;
Yahyaoui et al., 2001; Folch et al.,1994).

For determination of milk proteins polymorphism influence to milk
productivity traits data from 133 recorded goats were obtained from Record
Processing Center ,,Zemés iikio informacijos ir kaimo verslo centras“. Goats
from German White breed were not used in this study as their milk produc-
tivity was not recorded.

Statistical analysis

Goat  AlfaSl-casein, AlfaS2-casein, Kappa-casein and Beta-
lactoglobulin allele, genotype, haplotype frequencies in each breed and in all
investigated group, expected and observed heterozygosities per locus and
population, deviations from Hardy-Weinberg equilibrium were calculated
using the R statistical package.

Effects of genetic and non genetic factors on milk production traits were
estimated by monofactor and multifactor dispersion analysis (ANOVA) us-
ing the R statistical package.

First model was used to evaluate milk protein AlfaS1-casein, AlfaS2-
casein, Kappa-casein and Beta-lactoglobulin genes influence to milk yield
and milk composition traits.

Milk yleld ijklmnop (Fata % ijklmnop ; Fata kg ijklmnop; Protein, % ijklmnop; Pro-
tein, Kg jjkmnop) = U + AlfaS1-casein; + AlfaS2-casein; + Kappa-casein, +
Beta-lactoglobulin, + breed,, + farm, + lactation, + € jjximnop

Second model was used to evaluate milk protein AlfaS1-AlfaS2-Kappa-
casein haplotype influence to milk yield and milk composition traits.

Milk yleld ijklm (Fat, % ijklm; Fat, kg ijklm; Protein % ijklm; PI'OtCiIl, kg ijklm ) =
p + haplotype; +breed; + farmy + lactation; +ejjim

RESULTS AND DISCUSSION

According to our research results, B and E alleles were indicated in
Lithuanian goat breeds milk protein AlfaS1-casein. B ,strong* allele, which
conditions a larger quantity of AlfaS1-casein, was found very frequently
(0.643-0.891) in the goats of all analyzed Lithuanian breeds, the most fre-



quent (0.89) in Lithuanian native goat breed. This allele is spread among
the Italian goat breeds from 0.32 up to 0.52 frequency range (Feligini et al.,
2002). In Hungarian milking goat breeds, B allele was identified along with
the A allele and was found in 61 % of all goat population analyzed (Veress
et al., 2004). Goat selection prefers ,,strong* alleles, as a high output is
achieved when making cheese out of such milk. ,,Low* effect or 0 alleles
are also important; they are not useful for milk manufacture industry, but are
demanded by goat milk consumers, since this milk suits for allergic people.
E allele was identified in Lithuanian Saanen goat population at the highest
frequent range (0.36); whereas, the lowest frequency of E allele was found
in Lithuanian native goat breed (0.12). These data coincide with the infor-
mation provided in literature, which states that E allele was found in 41 % of
Saanen goat, grown in France (Grosclaude et al., 1987) and in 46 % of
Saanen goat grown in Italy (Ramunno et al., 1991). In Spanish Canaria goat
breed, the E allele is spread only at 0.20 frequent range (Jordana et al.,
1991), Hungarian milking goat breed possessed this allele only in 8 % of all
the animals, in Polish white goat breed — 5 % (Krolikowska et al., 2002).
Therefore, the ,,strong“A and B alleles are most frequently found in goat
breeds of Mediterranian region, as well as in Lithuanian goat breeds, espe-
cially in local Lithuanian breeds; whereas, ,,medium“(E) and ,,low*“(F) al-
leles are more popular in French, Italian, Swiss and Spanish goat breeds
(Jordana et al., 1996; Grosclaude et al., 1997; Enne et al., 1997) (Table 1).

The analysis of milk protein AlfaS2-casein gene variant spread proved
that Lithuanian goat breeds possess the same milk protein AlfaS2-casein
alleles as other European goat breeds — A and B. A allele frequency in
Lithuanian goat breeds varied from 0.56 in Lithuanian native to 0.69 in
Saanen breed; the average spread in analyzed goat population was 66.3 %.
In Italian Alpine goat breed the A allele was found in 0.68 frequent range
(Cosenza et al.,1998), in French Alpine goat breed — in 0.85 frequent range
(Bouniol et al., 1994), whereas in South Italian locals this allele was spread
among 31 % of the animals (Rammuno et al., 2001). The recently found E
allele was found in two Italian goat breeds out of five (Lagonigro et al.,
2001); it is possible that it could be used as breed marker to identify from
what breed milk goat milk products are made. It would be useful to study
this allele in Lithuanian goat breeds (Table 1).

Kappa-casein gene was analyzed among Italian, Spanish, German,
French and Hugarian goat breeds (Caroli et al., 2001; Sacchi et al., 2001;
Senese et al., 2001; Yahyaoui et al., 2001; Feligni et al., 2002; Veress et al.,
2004; Chiatti et al, 2005). Our results correlate with the results provided by
other scientists. Kappa casein C allele frequency varied among Lithuanian
goat breeds from 0 in German white breed to 0.17 in Lithuanian local, alike

in Hungarian, Spanish and French goat breeds, where the frequency ranged
from 0 to 0.15. Kappa casein A+B allele frequency in Lithuanian local
breeds varied from 0.83 to 1, whereas in Hungarian, Spanish and French
goat breeds - from 0.85 to 1. In French Saanen goat breed, the frequency of
C allele was alike in Lithuanian Saanen breed, respectively 0.11 and 0.14
(Yahyaoui et al., 2001; Veress et al, 2004). A and B alleles were separately
identified in Italian and German goat breeds. The frequency of A allele in
Italian breeds varied from 0.44 to 0.67; whereas in German goat breeds this
allele was found at a higher frequency range. 90 % of German lonika goat
breed possessed this allele, whereas the spread of this allele in Togenburgo
breed was 100 % (Caroli et al., 2001). The A variant was found in all other
breeds, but was not found among Italian Teramina and Montefalcone
breeds. Except the E allele, which frequency range in Montefalcone breed is
rather high (0.41), the frequency range of other variants was comparatively
low — under 15 %. C variant is common among Saanen breed (13 %),
whereas F alleles are found only among Italian Teramina, Girgentana and
Sarda breeds. Alike the D allele, F, G and E alleles were not found in ana-
lyzed Spanish and French breeds (Yahyoui et al., 2001; Jann et al., 2004)
(Table 1).

Table 1. Allele frequencies of AlfaS1-casein, AlfaS2-casein, Kappa-
casein and Beta-lactoglobulin genes in goats bred in Lithuania

Milk protein allele Lithuanian Saanen Czech German
types Native White White
AlfaS1-casein

B 0.891 0.643 0.875 0.778
E 0.109 0.357 0.125 0.222
AlfaS2-casein

A 0.565 0.690 0.675 0.667
B 0.435 0.310 0.325 0.333
Kappa-casein

A+B 0.826 0.857 0.925 1.000
C 0.174 0.143 0.075 0.000
Beta-lactoglobulin

C 0.913 0.738 0.725 0.722
T 0.087 0.282 0.275 0.278

Beta-lactoglobulin was the first milk protein, which polymorphism was
proved by electrophoresis method, while analysing cattle milk samples (As-
chaffenburg and Drewy, 1955). Some genetic variants were identified in
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different breeds, yet it was noted that the most frequently found alleles, A
and B, are associated with the differences of milk yield and structure. AA
genotype animal milk contained a larger quantity of Beta-lactoglobulin pro-
tein than BB genotype animal milk, moderately 2.58 mg/ml with the pres-
ence of A allele and 1.7 mg/ml with the presence of allele B (Ng-Kwai
Hanget al., 1992). Due to such a remarkable quantity difference of Beta-
lactoglobulin, associated with different alleles, structural Beta-lactoglobulin
gene (A comparing to B) is the most important factor that influences the
quantity of Beta-lactoglobulin in the milk (Grosclaude, 1988). The quantity
of produced protein differs greatly in AB heterozygote animal milk as well.
It was identified that in this case Beta-lactoglobulin A quantity is 1.5 times
larger than Beta-lactoglobulin B (Graml et al., 1989; Lum et al., 1997).

Table 2. Genotype frequencies of AlfaS1-casein, AlfaS2-casein,
Kappa-casein and Beta-lactoglobulin genes in goats bred in Lithuania

Milk protein Lithuanian Saanen Czech German
genotypes Native White White
AlfaS1-casein

BB 0.83 0.48 0.80 0.72
BE 0.13 0.33 0.15 0.11
EE 0.04 0.19 0.05 0.17
AlfaS2-casein

AA 0.35 0.62 0.50 0.45
AB 0.43 0.14 0.35 0.45
BB 0.22 0.24 0.15 0.10
Kappa-casein

A+B/A+B 0.74 0.80 0.85 1.00
A+B/C 0.17 0.10 0.15 0.00
CcC 0.09 0.10 0.00 0.00
Beta-lactoglobulin

CcC 0.87 0.57 0.55 0.56
CT 0.09 0.33 0.35 0.34
TT 0.04 0.10 0.10 0.10

In West European milky goat breeds, Beta-lactoglobulin C and T alleles
are found. C allele is popular among such Spanish breeds as Malagvena
(0.75), Pajoja (0.73), whereas this allele was found in all the goats of Ca-
naria breed (1.00); in French Saanen goat breed this allele was found at 73
% of frequent range, in Hungarian milky — 88 % (Veress et al., 2004). In
Lithuanian goat breeds the average of C allele frequent range was 0.78.
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Lithuanian nativel goats had the highest frequency range (0.91). In Lithua-
nian Saanen goat breed, the C allele was of the same frequency as in French
goat breeds (Table 1).

In local Lithuanian breed, AlfaS1-casein BB genotype was found at a
high frequency, whereas EE genotype — at low frequent range. 30 % of Pol-
ish white goat breed had the BB genotype; Italian goat breed had this geno-
type in 25-38 % (Feligini et al., 2002). No BE and EE genotypes were found
in Italian Montefalkone breed (Belivacqua et al., 1999) (Table 2).

After the examining of milk traits according to AlfaS1-casein, AlfaS2-
casein, Kappa-casein and Beta-lactoglobulin homozygote and heterozygote
genotypes in Lithuanian goat population, it was identified that goats, which
possessed AlfaS1-casein and Beta-lactoglobulin homozygote genotypes, had
a statistically higher percent of fat and protein, whereas goats, which pos-
sessed AlfaS2-casein, Kappa-casein and Beta-lactoglobulin homozygote
genotypes, were statistically milkier.

Caseins are coded by four related genes that form a cluster: AlfaS1-
casein, AlfaS2-casein, Beta-casein and Kappa-casein, found in the 6™ goat
chromosome. Allele combinations in casein locus (haplotypes) are closely
related and inherited as one genetic unit, therefore, casein locus genotype-
forming is extremely important for a successful process of selection. All in
all 8 different haplotypes were found. Haplotypes B/A/AB are indicated as
the most popular ones among Lithuanian goat population. B/B/C and E/A/C
haplotypes were found solely in two breeds — Lithuanian native and Saanen.
Haplotype E/B/C is unique, since it was found only in one breed — Saanen.
The milkiest goats, possessing milk high in fat were the ones who had
E/A/AB haplotype (Table 3).

Table 3. Frequencies of casein haplotypes in goats bred in Lithuania

Lithuanian Czech German

Haplotype® | \(ative Saanen White White
B/A/AB 0.32 0.37 0.42 0.58
B/A/C 0.17 0.06 0.05 -
B/B/AB 0.24 0.17 0.32 0.26
B/B/C 0.13 0.06 - -
E/A/AB 0.06 0.14 0.05 0.11
E/B/AB 0.04 0.08 0.16 0.05
E/A/C 0.04 0.06 - -
E/B/C - 0.06 - -

* Haplotype was composed from AlfaSI-casein, AlfaS2-casein ir
Kappa-casein alleles
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All Lithuanian goat breeds had a similar level of genetic diversity and
comparable number of different alleles found in milk protein locus. No
unique alleles, typically found in one breed, that could be used as breed ge-
netic markers and with which help one might have the ability to marker goat
milk and products of this breed, were found.

The evaluation of milk protein allele diversity and distribution proved
genetic balance in all Lithuanian goat breeds, while observing a lesser het-
erozygosis than prognosticated by Hardy-Weinberg balance law. The aver-
age heterozygosis found in goat group was 0.325. According to literary data,
Kappa-casein locus was found in genetic balance in German (Caroli et al.,
2001), Italian and Spanish goat breeds, except Alpine, Frontalaska and
Sarda breeds, where a deficiency of heterozygote genotypes was observed
(Feligini et al., 2005). Of our investigated goat breeds, Lithuanian native,
German white and Saanen breeds had the Kappa-casein locus in the genetic
balance, whereas Czech white goat breed contained a remarkable deviation
of Kappa-casein gene locus from the Hardy-Weinberg law in the course of
heterozygosis deficiency (x> = 20,0; P < 0,001) (Table 4).

Table 4. Observed and expected heterozygosis for four milk protein
loci in Lithuanian goat breeds

quantity diversity, whereas Beta-lactoglobulin gene — 4.8 % (P<0.05) of
protein quantity diversity. Breed, as well as non-genetic factor — farm influ-
enced milk quantity diversity at the greatest extent. Lactation influence var-
ied from 1 % of fat % to 8.1 % (P<0.01) of milk protein kilograms (Table

Breeds h;;fzg_ Lithugnian Saanen Czeph Gerrpan
; . Native White White
Heterozygosis population
Observed H 0.325 0.293 0.238 0.213 0.222
Expected H 0.341 0.313 0.397 0.297 0.298
XZ- test 1.852 1.226 0.015 0.428 0.184
(P— value) (0.6035) | (0.2682) |(0.9014)| (0.5131) | (0.6684)

The investigation of genetic and non-genetic factor influence to milk in-
dicators in Lithuanian goat breeds, both according to the one-factor and
multi-factor analysis, proved the statistically most remarkable AlfaS2-casein
gene influence to all of the milk traits. It influenced 6.7 % of milk yield di-
versity, 8 % of milk fat quantity and 9.5 % of protein quantity diversity.
According to our data, AlfaSl-casein statistically influences milk and fat
quantity; this information coincides with the one provided in literature (Re-
meuf, 1993). The results of scientific research proved AlfaS1-casein geno-
type influence on the casein quantity in milk; cheese output from AA geno-
type goat milk was 7 percent greater in comparison with the EE genotype
and 15 % in comparison with FF genotype (Vassal et al., 1994). In Lithua-
nian goat breeds Kappa-casein gene influenced 4.2 % (P<0.01) of milk

13

5).

Table 5. Influence of genetic (casein and lactoglobulin genes) and
non genetic factors to milk traits in goats

Genetic and non Nugnfber Milk k Fat, Fat, |Proteins, | Proteins,
genetic factors classes KE| o kg % kg
AlfaS1 - casein 3 3.8%* | [.9%* |62%*%| (.3 2.9
AlfaS2 - casein 3 6.7%%* | D 7¥k |8 O*F*| 1% 9.5%%*
Kappa - casein 3 4.2%* 0.1 0.5 0.1 1.7
Beta - lactoglobulin 3 23 0.8 1.8 0.6 4.8*
Breed 3 36.6%**| (.8* 1.3 0.5 6.5%*
Farm 5 12.2%** (0.6 3.0 1.2* 7.3%
Lactation 9 8.1%* 1.0 2.8 1.1 5.9

*P<0.05; ** P<0.01; *** P<0.001

Table 6. Influence of genetic (casein haplotype) and non genetic fac-
tors to milk traits in goats

Genetic and non Nurr;ber Milk, Fat, Fat, |Protein, | Protein,
genetic factors claosses kg % kg % kg
AlfaS1- AlfaS2-

Kappa casein hap- 8 3.0* 2.2% 7.4% 0.9 34
lotype

Breed 3 37.8%**%| 0.5 4. 1%* 0.3 1.1
Farm 5 11.3%%*| [.1%* 4.1% 1.5%% |10.2%**
Lactation 9 7.7F** 1.4 4.9 1.4 6.6
Regression with c i 69.3%%% ) 78 G )
milk amount ' )

P<0.05; * P<0.01; **P< 0.001***
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a) Milk Traits according AlfaS1-casein gene

kg kg

1500 50

1400 T 47

1300 T 44

1200 T T 41

1100 T L "3 - 38

iR /.

1000 : i — 35
900 T T 32
800 T T 29
700 26
600 | 23
500 20

BB (75) BE (35) EE (23)
I Fat, kg [ Proteins, kg —=—Milk, kg
b) Milk Traits according AlfaS1-casein gene

kg %

1500 4,5

1400 T

T T

1300 . I r 4,0

1200 A *

1100 4 r 3,5

1000 ; - — i
900 ES T T E r 3,0
800
700 r 2,5
600
500 2,0

BB(75) BE (35) EE (23)
I Fat, % [ Proteins, % ==—Milk, kg

1 Figure. Comparison of milk yield and milk composition traits ac-

cording to AlfaS1- casein genotypes (a — indicators “kg”; b - “%*).
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a) Milk traits according Beta-lactoglobulin gene
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Dispersive analysis (ANOVA) proved AlfaS1-AlfaS2-Kapa-casein hap-
lotype influence made to the milk traits. Casein haplotype influenced about
4.78 % of diversity of milk traits and explained 3 % of milkiness diversity,
5.8 % of fatness and 4.3 % of protein diversity (Table 6).

After the grouping of Lithuanian goats according to milk protein AlfaS1-
casein genotypes, it was identified that EE genotype goats possessed larger
quantity of milk (1069.5+38.38 kg), whereas BE genotype goats had the
largest percent of fat and proteins (1 Figure).

After the grouping of Lithuanian goats according to milk protein AlfaS2-
casein genotypes, it was identified that goats, which possessed the AA and
BB genotype, were equally milky (1012.8431.7 kg and 1012.5+£37.6 kg).
Goat milk of AB genotype contained more fat (4.13+0.113%) and proteins
(3.10+0.051%) (2 Figure).

After the grouping of Lithuanian breeds according to milk protein
Kappa-casein genotypes, it was identified that goats, which possessed
AB/AB genotype, were the most milky (1003.8422.6 kg), yet the largest
quantity of fat (4.00+0.111%) and protein (3.04+0.073%) was found among
the AB/C genotype goats (3 Figure).

After the grouping of Lithuanian goats according to whey protein Beta-
lactoglobulin genotypes, it was identified that CC genotype goat milk con-
tained the largest quantity of fat (4.00£0.061%) and proteins
(3.00+0.034%), whereas the most productive goats (1063.4+64.1 kg) were
the ones, which possessed the TT genotype (4 Figure).

After the comparison of goat and cattle milk protein gene influence
made to the milk traits, applying one-factor and multi-factor means of
analysis, based on linear mixed model, it was proved that the majority of
diversity of milk traits, concerning the cattle, were conditioned by Kappa-
casein gene (about 2.6 %), for goats — AlfaS2-casein (about 5.6 %). Beta-
lactoglobulin influenced cattle and goat milk traits in the similar way (about
2 %).

Goat breeding programs focused solely on the AlfaSI-casein variants,
due to its well known influence made to milk integrate parts and technologi-
cal features. In the nearest future it is worth estimating the whole casein
locus, additionally forming genotype Beta-casein, influence made to milk
indicators in Lithuanian goat breeds, paying great attention to AlfaS2-
casein, since it proved to influence milk indicators at the greatest extent. It is
also recommended to examine as many polymorphic places of milk protein
genes as possible, since new alleles are persistently found, estimating their
influence made to milk integrate parts and technological features.

High genetic variability, indicated in casein locus, and relation to milk
features provide the opportunity to derive such goat breeds that would give
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milk, suitable for different manufacture technologies and special consumers'
needs (Rando et al., 2000). For example, goat milk that possess AlfaS1-
casein, AlfaS2-casein or Beta-casein gene zero alleles is more suitable for
allergic people to consume (Martin et al., 1996; Martin et al., 1999; Chanat
et al, 1999). In addition, allergic milk features depend upon the protein pro-
portion found in milk (Bevilacqua et al., 2001). Goat breed could be attrib-
uted to relatively reduced level of artificial selection, in comparison with
cattle and sheep breeds. This conditioned a high level of genetic variability
in goat casein genes. Some breeds or populations might possess unique al-
leles or allele combinations that no other breeds would possess and which
might be useful as the source of genetic diversity for commercial domestic
breeds. This emphasises the importance of preservation of such a wide ge-
netic diversity in these populations and the need of genetic sources preserva-
tion programs.

The application of genetic markers in the selection of farm animals
opens the possibility to estimate animals from the inside and fully use bene-
ficial agricultural features that reside inside them. Genetic markers can be
used for identifying both one gene or gene group determinant feature or fea-
ture group. One more advantage of the usage of genetic markers in the se-
lection is actually the fact that this mean of animal estimating is reliable,
economical and time-consumeless; it allows identifying genes that control
selection and technological value of the animal in young age, estimating
genetic variability and spread of genetic deficiency in agricultural animals
and grants with the opportunity to avoid the evidence of undesirable fea-
tures. The usage of genetic markers in the selection might accelerate the
selection process, improve the quality of agricultural production, reduce its
production prime cost and make the production more competitive in foreign
markets.

CONCLUSIONS

1. Lithuanian native, Saanen, Czech White and German White breeds
have been found to be polymorphic for AlfaSl-casein, AlfaS2-casein,
Kappa-casein and Beta-lactoglobulin genes. The most favourable AlfaS1-
casein gene B allele (0.981) and BB genotype (0.83) as well as Beta-
lactoglobulin C allele (0.913) and CC genotype (0.87) in the largest
frequency were found in Lithuanian native goat breed.

2. Level of genetic polymorphism have been found similar in all tested
goat breeds. Unique alleles specific only for one breed that could be genetic
markers for the breed and it’s products were not found.
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3. The evaluation of milk protein allele diversity and distribution proved
genetic balance in all tested goat breeds, while observing a lesser heterozy-
gosis than prognosticated by Hardy-Weinberg balance law what shows not
significant reduction of within breed genetic diversity. While evaluating
genetic balance in each locus AlfaS1-casein locus showed low level of het-
erozygosis (x> =20.0; P < 0.001).

4. The investigation of influence of genetic and non-genetic factors to
milk traits in goats bred in Lithuania showed statistically significant influ-
ence of AlfaS2-casein to all milk traits. It influenced 6.7 % of milk yield
diversity, 8 % of milk fat quantity and 9.5 % of protein quantity diversity.

5. 8 different haplotypes were found in goats bred in Lithuania. Haplo-
types B/A/AB and B/B/AB are indicated as the most popular ones among
Lithuanian goat population. B/B/C and E/A/C haplotypes were found solely
in two breeds — Lithuanian native and Saanen. Haplotype E/B/C is unique,
since it was found only in one breed — Saanen. The milkiest goats, possess-
ing milk high in fat were the ones who had E/A/AB haplotype. Casein hap-
lotype influenced 4.8 % milk traits variation.

6. While comparing of goat and cattle milk protein gene influence to the
milk traits it was proved that the majority of diversity of milk traits, con-
cerning the cattle, were conditioned by Kappa-casein gene (about 2.6 %),
for goats — AlfaS2-casein (about 5.6 %). Beta-lactoglobulin influenced cattle
and goat milk indicators in the similar way (about 2 %).

PROPOSALS

1. Select goats by DNA test carrying AlfaS2-casein AB genotypes to in-
crease milk protein and fat percent.

2. Select goats by DNA test carrying E/A/AB casein haplotypes to in-
crease milk yield and milk fat percent.
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REZIUME

Darbo tikslas — istirti geny, kurie galéty jtakoti produktyvumo rodiklius,
genetiniy tipy paplitima Lietuvoje auginamy ozky veislése ir nustatyti ju
itaka pieno kiekiui bei pieno sudéciai.

Siekiant tikslo buvo i3kelti Sie uzdaviniai:

e Genotipuoti AlfaS1-kazeino, AlfaS2-kazeino, Kapa-kazeino ir Beta-
laktoglobulino genus ir nustatyti juy ivairove Lietuvos vietinés, Zaneno,
Cekijos baltojoje ir Vokietijos baltojoje ozky veislése.

e Istirti  AlfaS1-kazeino, AlfaS2-kazeino, Kapa-kazeino ir Beta-
laktoglobulino geny polimorfiniy viety jtaka pieno kiekiui ir pieno sudéciai.

e Nustatyti AlfaS1-AlfaS2-Kapa-kazeiny haplotipo ivairove ir jtaka
pieno kiekiui ir pieno sudéciai.

e Palyginti galvijy ir ozky pieno baltymy geny polimorfizma bei jtaka
pieno kiekiui ir pieno sudéciai

Pieno baltymy genetiniy varianty aptikimas inicijavo pieno baltymy po-
limorfizmo tyrimus daugelyje gyvuliy raiSiy — galviju, aviy ir ozky. Tyrimy
pradzioje visas démesys buvo sutelktas i galvijy pieno baltymus ir buvo ori-
entuotas nustatyti rysi tarp pieno baltymy varianty bei pieno produktyvumo
ir technologiniy savybiy. Karviy Kapa-kazeino A ir B varianty itakos pieno
produkcijai tyrimai parodé, kad Kapa-kazeino BB genotipo karviy piene yra
daugiau riebaly, baltymy ir kazeiny, negu Kapa-kazeino AA genotipo karviy
piene (Ng-Kwai Hang, 1998; Di Stacio et al., 2000). B alelis yra patikimai
susijgs su didesniu kazeino ir mazesniu isSrligy baltymo kiekiu, taigi,
didesniu kazeiny/bendry baltymy santykiu. Karviy Kapa-kazeino BB
genotipas taip pat susijgs su produkcija pieno, pasizymincio geresnémis
pramoninémis savybémis - trumpesniu koaguliacijos laiku, veikiant $liuzo
fermentui, tvirtesnés konsistencijos varskés susidarymu ir didesne strio
iSeiga (Schaar, 1985; Marziali et al., 1986). Sis reiskinys susijes su pieno
kazeino micelémis. Kapa-kazeino B miceliy masé yra homogeniskesné ir
joje yra didesné mazy miceliy dalis (Morini et al., 1975), dél to bendras
miceliy pavirSiaus plotas yra didesnis, o tai lemia tvirtesnés ir geresnés
konsistencijos varskés susidaryma.

Pagrindinis démesys vykdant ozky pieno baltymy tyrimus buvo sukon-
centruotas | AlfaS1- kazeina. AlfaS1-kazeinui buvo nustatyti ,,stipras (A,
B, C) aleliai, ,,vidutiniai (E), ,,zemi* (F, D) ir ,,nuliniai“ (0) aleliai, susij¢ su
aukstu (3,6g/L), vidutiniu (1,6 g/L), Zzemu (0,6 g/L) ir 0 AlfaS1-kazeino kie-
kiu piene atitinkamai (Feligini et al., 2005). Siandien yra atlikta pakankamai
daug AlfaS1-kazeino polimorfizmo rysio su ozky pieno produktyvumo, fizi-
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ko-cheminémis ir technologinémis savybémis tyrimy. Daug maziau démesio
buvo skirta ozky AlfaS2-kazeino ir Kapa-kazeino tyrimams, turbiit dél rasto
mazesnio ju polimorfizmo (Grosclaude et al., 1987; Jordana et al., 1991;
Ramunno et al., 1991; Feligini et al., 2002; Veress et al., 2004). Ozky Kapa-
kazeino polimorfizmo faktas buvo pademonstruotas naudojant baltymu
elektroforeze¢ (Russo et al., 1986; Di Luccia et al., 1990), chromatografija
(Jaubert et al., 1992; Law et al., 1993) bei kapiliaring elektroforezg (Recio et
al., 1997). Pirmuosius genetinio polimorfizmo jrodymus pateiké Mercier su
bendraautoriais (1976). Pastaruoju metu ozky Kapa-kazeino variantai buvo
nustatyti ivairiose ozky veislése (Yahyaoui et al., 2001; Caroli et al., 2001;
Angiolillo et al., 2002). Lietuvoje ozky pieno baltymy genai iki Siol nebuvo
tyrinéti. Mes iStyréme jvairiy Lietuvoje veisiamy ozky veisliy pieno balty-
my geny polimorfizma bei nustatéme rysj su pieno rodikliais.

Pagal miisy gautus rezultatus, pieno baltymui AlfaS1-kazeinui Lietuvos
ozky veislése buvo nustatyti B ir E aleliai. B ,, stiprus* alelis, kuris salygoja
didesnj AlfaS1-kazeino kieki ozky piene rastas dideliu dazniu (0,643-0,891)
visose tirtose Lietuvos ozky veislése, didziausiu dazniu (0,89) Lietuvos vie-
tingje ozky veislgje. Italijos ozky veislése §is alelis paplitgs nuo 0,32 iki
0,52 dazniu (Feligini et al., 2002). Vengru melziamoje ozky veisléje B ale-
lis buvo identifikuotas kartu su A aleliu ir rastas 61 proc. tirtos ozky popu-
liacijos (Veress et al., 2004). Ozky selekcijoje pageidaujami ,,stiprus® ale-
liai, kadangi i$ tokio pieno gaminant siirius yra gaunama didel¢ iSeiga. Svar-
biis yra ir ,,zemo* efekto arba 0 aleliai, kurie néra naudingi pieno perdirbi-
mo pramonei bet pageidaujami ozky pieno vartotoju, kadangi toks pienas
yra tinkamas alergiSkiems zmonéms. E alelis auk$¢iausiu dazniu (0,36) buvo
nustatytas Zaneno ozky populiacijoje auginamoje Lietuvoje, o Zemiausiu
Lietuvos vietinéje ozky veisléje (0,12). Sie duomenys sutampa su literatiiros
duomenimis, kur teigiama, kad E aleli turéjo 41 proc. Zaneno ozky veisia-
my Pranciizijoje (Grosclaude et al., 1987) ir 46 proc. Zaneno ozky auginamy
Italijoje (Ramunno et al., 1991). Ispanijos Kanarija ozky veisl¢je E alelis
paplitgs tik 0.20 dazniu (Jordana et al., 1991), Vengrijos melziamy ozky
veisléje §i aleli turi tik 8 proc. gyvuliy, o Lenkijos baltyjy ozky veisléje 5
proc. (Krolikowska et al., 2002). Lietuvos vietingje veisléje AlfaS1-kazeino
BB genotipas rastas dideliu dazniu, o EE genotipas mazu dazniu. Lenkijos
baltyjy ozky veisléje BB genotipa turéjo 30 proc. ozky, o Italy ozky veislése
ivairavo nuo 25 iki 38 proc. (Feligini et al., 2002). Italy Montefalkone veis-
1¢je BE ir EE genotipai i$ viso nerasti (Belivacqua et al.,1999). Taigi ,,stip-
rieji“ A ir B aleliai dazniausiai sutinkami VidurZemio regiono ozky veislése,
taip pat ir Lietuvoje veisiamose ozky veislése, ypa¢ Lietuvos vietingje, o ,,
vidutiniai“ (E) ir ,, zemi* (F) daznesni Pranciizy, Italy, Sveicary ir Ispany
ozky veislése (Jordana et al., 1996; Grosclaude et al., 1997; Enne et al.,
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1997). SuskirsCius Lietuvos tirtas ozkas pagal pieno baltymo AlfaS1-
kazeino genotipus nustatyta, kad EE genotipo ozkos pasizyméjo didesniu
pieno (1069,5+38,38 kg) kiekiu, o BE genotipo ozkos turéjo didziausia rie-
baly ir baltymy proc.

Analizuojant pieno baltymo AlfaS2-kazeino geno varianty paplitima,
misy atlikty tyrimy rezultatai parodé, kad Lietuvos ozky veislés turi tokius
pat dazniausiai sutinkamus pieno baltymo AlfaS2-kazeino alelius kaip ir
kitos Europos ozky veislés — A ir B. A alelio daznis Lietuvos ozky veislése
svyravo nuo 0,56 Lietuvos vietinéje iki 0,69 Zaneno veisl¢je, vidutinisSkai
paplites tirtoje ozky populiacijoje 66,3 proc. Alpiy ozky veisléje auginamoje
Italijoje A alelis buvo rastas 0,68 dazniu (Cosenza et al.,1998), Alpiy
veislgje veisiamoje Pranciizijoje 0,85 dazniu (Bouniol et al., 1994), o Piety
Italijos vietinéje §j alelj turéjo tik 31 proc. gyvuliy (Rammuno et al.,2001).
Neseniai atrastas E alelis iStyrus penkias Italy ozky veisles buvo rastas tik
dviejose (Lagonigro et al., 2001) ir manoma, kad jis galéty buti panaudotas
kaip veislés markeris identifikuojant i§ kokios veislés pieno yra pagaminti
ozky pieno gaminiai. Sj alel{ yra tikslinga ateityje istirti ir Lietuvoje
veisiamose ozky veislése. Suskirs¢ius Lietuvoje tirtas ozkas pagal pieno
baltymo AlfaS2-kazeino genotipus buvo nustatyta, kad AA ir BB genotipa
turin€ios ozkos buvo vienodai pieningos (1012,8+31,7 kg ir 1012,5+37,6
kg). AB genotipo ozkos pasizyméjo didesniu pieno riebumu (4,130,113
proc.) ir baltymingumu (3,10+0,051 proc.).

Ozky tarpe Kapa-kazeino genas tirtas Italijos, Ispanijos, Vokietijos ,
Pranciizijos, Vengrijos veislése (Caroli et al., 2001; Sacchi et al., 2001;
Senese et al., 2001; Yahyaoui et al., 2001; Feligni et al., 2002; Veress et al.,
2004; Chiatti et al, 2005). Misy gauti rezultatai koreliuoja su kity
mokslininky rezultatais. Kapa kazeino C alelio daznis jvairavo Lietuvoje
veisiamy ozky veisliy tarpe nuo 0 Vokietijos baltojoje veisléje iki 0,17
Lietuvos vietinéje, panasiai kaip ir Vengrijoje, Ispanijoje ir Pranciizijoje
veisiamose ozky veislése nuo 0 iki 0,15. Kapa kazeino A+B aleliy daznis
Lietuvoje veisiamy ozky veisliy tarpe ivairavo nuo 0,83 iki 1, o Vengrijoje,
Ispanijoje ir Pranciizijoje veisiamose ozky veislése nuo 0,85 iki 1. Zaaneno
ozky tarpe Pranciizijoje C alelio daznis buvo panaSus kaip ir Zaaneno
veislgje Lietuvoje, atitinkamai 0,11 ir 0,14 (Yahyaoui et al., 2001; Veress et
al, 2004). A ir B aleliai atskirai buvo identifikuoti Italy ir Vokie¢iy ozky
veislése. A alelio daznis Italy veislése svyravo nuo 0,44 iki 0,67, o Vokieciy
ozky veislése buvo sutinkamas zenkliai dazniau. Vokie¢iy lonika veislés 90
procenty ozky turéjo §i aleli, o Togenburgo net 100 procenty (Caroli et al.,
2001). A variantas, rastas visose kitose veislése, neaptiktas Italijos Teramina
ir Montefalcone veislése. ISskyrus E aleli, kurio pasikartojimo daznis
Montefalcone veisléje itin aukstas (0,41), kity varianty pasitaikymo daznis
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santykinai Zemas - maziau nei 15 proc. C variantas buidingas Zaaneno
veislei (13 proc.), kai tuo tarpu F aleliai aptinkami tik Italijos Teramina,
Girgentana ir Sarda veislése. Kaip ir D alelis F, G ir E aleliai neaptikti
tirtose Ispanijos ir Pranciizijos veislése (Yahyoui et al., 2001; Jann et al.,
2004). Suskirscius Lietuvos tirtas ozkas pagal pieno baltymo Kapa-kazeino
genotipus buvo nustatyta, kad pieningiausios buvo AB/AB genotipa turin-
¢ios ozkos (1003,8+22,6 kg), taciau pienas riebiausias (4,000,111 proc.) ir
baltymingiausias (3,04+0, 0,073 proc.) buvo AB/C genotipo ozku.

Beta-laktoglobulinas buvo pirmasis pieno baltymas, kurio polimorfizma
pavyko irodyti elektroforezés biidu tiriant galvijy pieno méginius
(Aschaffenburg ir Drewy, 1955). Sioje riidyje buvo nustatyta eil¢ genetiniy
varianty, taciau pastebéta, jog tik dazniausiai pasitaikantys aleliai, A ir B,
yra zenkliai susijg su pieno primilzio ir struktiiros skirtumais. AA genotipo
gyvuliy piene Beta-laktoglobulino baltymo kiekis didesnis nei BB genotipo
gyvuliy piene, vidutiniskai 2,58 mg/ml esant aleliui A ir 1,7 mg/ml esant
alelivi B (Ng-Kwai Hanget al., 1992). Dél tokio reikSmingo Beta-
laktoglobulino kiekio skirtumo, susijusio su skirtingais aleliais, strukttrinis
Beta-laktoglobulino genas (A lyginant su B) laikomas svarbiausiu veiksniu,
itakojanciu Beta-laktoglobulino kiekj piene (Grosclaude, 1988). Gaminamo
baltymo kiekis labai skiriasi ir AB heterozigotiniy gyviiny piene. Nustatyta,
jog Siuo atveju Beta-laktoglobulino A yra 1,5 karto daugiau nei Beta-
laktoglobulino B (Graml et al., 1989, Lum et al., 1997).

Vakary Europos pieniniy ozky veislése yra paplite Beta-laktoglobulino C
ir T aleliai. C alelis daznas Ispany veislése tokiose kaip kaip Malagvena
(0,75), Pajoja (0,73), o Kanarija veisléje rastas visose tirtose ozkose (1,00);
Pranctizy Zaneno ozkuy veisléje rastas 73 proc. dazniu, o Vengry melziamoje
88 proc. (Veress et al.,2004). Lietuvos ozky veislése C alelio daznis buvo
vidutini$kai 0,78. Didziausiu dazniu i$siskyré Lietuvos vietinés ozkos
(0,91). Lietuvoje auginamy Zaneno ozky tarpe C alelis buvo paplites tokiu
paciu dazniu kaip ir Pranciizijoje auginamy ozky. Suskirs¢ius Lietuvos tirtas
ozkas pagal iSrigy baltymo Beta—laktoglobulino genotipus nustatyta, kad
CC genotipo ozky pienas buvo riebiausias (4,00+0,061 proc.) ir baltymin-
giausias (3,00+0,034 proc.), o produktyviausios (1063,4+64,1 kg) buvo TT
genotipa turincios ozkos.

IStyrus pieno produktyvumo rodiklius pagal AlfaS1-kazeino, AlfaS2-
kazeino, Kapa-kazeino ir Beta-laktoglobulino homozigotinius ir heterozigo-
tinius genotipus Lietuvos ozky populiacijoje nustatyta, kad AlfaS1-kazeino
ir Beta-laktoglobulino homozigotinius genotipus turin¢ios ozkos pasizyméjo
statistiskai reik§mingu didesniu riebaly ir baltymy proc., o AlfaS2-kazeino,
Kapa-kazeino ir beta-laktoglobulino homozigotinius genotipus turincios
ozkos pasizyméjo statistiskai reikSmingu didesniu pieningumu.
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Visose tirtose Lietuvos ozky veislése buvo rastas panasus genetinés jvai-
rovés lygis ir panasus rasty skirtingy aleliy skaicius tirtuose pieno baltymy
lokusuose. Unikaliy aleliy, buidingy tik tam tikrai veislei, kurie galéty buti
veislés genetiniais Zymenimis ir kuriy pagalba bty galima markiruoti tokios
veislés ozky piena bei jo produktus tirtose Lietuvos ozky veislése nerasta.

Ivertinus pieno baltymy aleliy ivairove bei pasiskirstyma genetiné pu-
siausvyra buvo nustatyta visose tirtose Lietuvos ozky veislése, stebint trupu-
ti mazesn] esama heterozigotiSkuma nei prognozuojama pagal Har-
dzio—Veinbergo pusiausvyros désni. Vidutinis rastas heterozigotiSkumas
tirtoje ozky grupéje buvo 0,325. Pagal literatiiros duomenis Kapa-kazeino
lokusas rastas genetinéje pusiausvyroje Vokieciy (Caroli et al., 2001), Italy
ir Ispany ozky veislése iSskyrus Alpiy, Frontalaska ir Sarda veisles, kur
nustatytas heterozigotiniy genotipy trikumas (Feligini et al., 2005). I$ misy
tirty ozky veisliy Lietuvos vietingje, Vokieciy baltojoje ir Zaneno veislése
Kapa-kazeino lokusas rastas genetinéje pusiausvyroje, o Cekijos baltosios
veislés ozky tarpe Kapa-kazeino geno lokuse rastas statistiSkai reikSmingas
nuokrypis nuo Hardzio—Veinbergo désnio heterozigotiSkumo trakumo kryp-
timi (* = 20,0; P < 0,001).

IStyrus genetiniy ir negenetiniy veiksniy itaka pieno produktyvumo ro-
dikliams Lietuvoje veisiamy ozky veislése tiek pagal vienfaktoring tiek pa-
gal daugiafaktoring analizg nustatyta didziausia statistiSkai reikSminga Al-
faS2-kazeino geno itaka visiems pieno rodikliams. Jis itakojo 6,7 proc. pie-
no kiekio ivairovés, 8 proc. riebaly kiekio ir 9,5 proc. baltymy kiekio ivairo-
vés. Pagal miisy gautus duomenis AlfaS1-kazeinas statistiskai reikSmingai
veiké pieno ir riebaly kieki, kas sutampa su literatiiroje pateiktais duomeni-
mis (Remeuf, 1993). Mokslininky tyrimy rezultatai patvirtino AlfaS1-
kazeino genotipy jtaka kazeino kiekiui piene; sitirio iSeiga i§ AA genotipo
ozky pieno buvo 7 proc. didesné lyginant su EE genotipo ir 15 proc. lygi-
nant su FF genotipo (Vassal et al., 1994). Lietuvos ozky veislése Kapa-
kazeino genas ijtakojo 4,2 proc. (P<0,01) pieno kiekio ivairovés, o Beta-
laktoglobulino genas 4,8 proc. (P<0,05) baltymu kiekio jvairovés. Veisle,
kaip ir negenetinis veiksnys - @ikis, labiausiai veiké pieno kiekio jvairavima.
Laktacijos jtaka kito nuo 1 proc. riebaly % iki 8,1 proc. (P<0,01) pieno bal-
tymy kilogramams.

Kazeinus koduoja keturi glaudziai susij¢ ir sudarantys klasteri genai
AlfaS1-kazeinas, AlfaS2-kazeinas, Beta-kazeinas ir Kapa-kazeinas randami
ozky 6-oje choromosomoje. Aleliy deriniai kazeino lokuse (haplotipai)
glaudziai susij¢ bei paveldimi kaip vienas genetinis vienetas, todél kazeiny
lokuso genotipavimas ypatingai svarbus sékmingam selekcijos procesui.
Viso buvo rasti 8 skirtingi haplotipai. Haplotipai B/A/AB ir B/B/AB nusta-
tyti kaip labiausiai vyraujantys Lietuvos ozky populiacijoje. B/B/C ir E/A/C
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haplotipai rasti tik dviejuose veislése - Lietuvos vietinéje ir Zaneno. Haplo-
tipas E/B/C yra unikalus, nes rastas tik vienoje veisléje - Zaneno. Pienin-
giausios ir riebiausia piena turinéios buvo E/A/AB haplotipa turinéios oz-
kos. Juy pienas buvo ir pakankamai baltymingas — antroje vietoje i§ aStuoniy
haplotipu pagal pieno baltymy proc. Atlikta vienfaktoriné dispersiné analizé
(ANOVA) parode AlfaS1-AlfaS2-Kapa—kazeiny haplotipo jtaka pieno ro-
dikliams. Kazeiny haplotipas vidutiniskai itakojo 4,78 proc. pieno rodikliy
fvairavimo ir paaiskino 3 proc. pieningumo jvairavimo, 5,8 proc. riebumo ir
4,3 proc. baltymingumo jvairavimo.

Palyginus ozky ir galvijy pieno baltymu geny poveiki pieno produkty-
vumo rodikliams vienfaktorinés ir daugiafaktorinés analizés budu pagal
tiesini misSry modeli buvo nustatyta, kad galvijams didziausia dali pieno
rodikliy jvairavimo paaiSkina Kapa-kazeino geno jtaka (vidutiniskai 2,6
proc.), ozkoms AlfaS2-kazeinas (vidutini§kai 5,6 proc.). Beta-
laktoglobulinas veiké ir galvijy ir ozky pieno rodiklius panas$iai (vidutiniskai
2 proc.).

Ozky veisimo programose démesys buvo kreipiamas tik | AlfaS1-
kazeino variantus dél jau zinomos jy jtakos pieno sudétinéms dalims ir pieno
technologinéms savybéms. Ateityje yra tikslinga {vertinti viso kazeiny
lokuso, papildomai genotipuojant Beta-kazeina, poveiki pieno rodikliams
Lietuvos ozky veislése ypatinga démesi kreipiant | AlfaS2-kazeina, kadangi
jis parodé didziausia itaka pieno rodikliams. Taip pat rekomenduojama
istirti kuo daugiau pieno baltymy geny polimorfiniy viety, kadangi nuolat
atrandami vis nauji aleliai, jvertinant jy poveikij pieno sudétinéms dalims bei
technologinéms savybéms.

Didelis genetinis kintamumas nustatytas kazeino lokusuose ir rySys su
pieno savybémis sudaro salygas iSvesti tokias ozky veisles, kuriy pienas
labiausiai atitikty jvairias perdirbimo technologijas ar specialius Zmoniy
poreikius (Rando et al., 2000). Pavyzdziui, ozky, turin¢iy AlfaS1-kazeino,
AlfaS2-kazeino ar Beta-kazeino geno nulinius alelius pienas labiau tinkamas
alergiSkiems zmonéms vartoti (Martin et al., 1996; Martin et al., 1999;
Chanat et al, 1999). Be to, alergizuojancios pieno savybés priklauso nuo i
pieno sudéti jeinanciy baltymy santykio (Bevilacqua et al., 2001). Ozky rtsi
galima priskirti santykinai sumazintam dirbtinés selekcijos lygiui lyginant
su galvijy ir aviy rasimis. Tai salygojo dideli genetinio kintamumo lygi
ozky kazeino genuose. Kai kurios veislés ar populiacijos gali turéti unikaliy
aleliy ar aleliy kombinacijy, kuriy neturi kitos veislés ir kurios gali buti
naudingos kaip genetinés jvairovés Saltinis komercinéms naminéms rasims.
Tai pabrézia tokios didelés genetinés jvairovés i$saugojimo Siose
populiacijose svarba vykdant genetiniy istekliy iSsaugojimo programas.

Genetiniy zymeny panaudojimas zemés uikio gyvuliy selekcijoje atveria
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galimybes jvertinti gyvulj i§ vidaus ir pilnai panaudoti jame slypincias
naudingas tkines savybes. Genetiniai zZymenys gali biiti naudojami tiek
vieno geno, tiek geny grupés lemiamo pozymio ar poZymiy grupés
identifikavimui. Dar vienas genetiniy Zymeny panaudojimo selekcijoje
privalumas yra tas, kad Sis gyvuliy vertinimo biidas yra patikimas,
nereikalaujantis dideliy ekonominiy bei, svarbiausia, laiko sanaudy, leidzia
jauname amziuje iSaiSkinti genus, kontroliuojancius selekcing ir
technologing auginamy gyvuliy verte, ivertinti zemés tkio gyvuliy genetini
kintamuma ir genetiniy defekty paplitima bei suteikia galimybe laiku
iSvengti nepageidaujamy pozymiy pasireiSkimo. Genetiniy Zymeny
panaudojimas selekcijoje gali labai paspartinti selekcijos procesa, pagerinti
zemés tkio produkcijos kokybe, sumazinti jos gamybos savikaing bei
padaryti produkcija konkurentabilg uzsienio rinkose.

ISVADOS

1. Lietuvos vietiné, Zaneno, Cekijos baltoji ir Vokietijos baltoji veisle
rastos polimorfiskos pieno baltymus koduojanciy geny atzvilgiu. Labiausiai
pageidaujamas AlfaS1-kazeino B alelis ir BB genotipas (0,891) kaip ir Beta-
laktoglobulino C alelis (0,913) ir CC genotipas didziausiu dazniu rasti
Lietuvos vietinéje ozky veisléje.

2. Visose tirtose Lietuvos ozky veislése buvo rastas panasus genetinés
ivairovés lygis. Unikaliy aleliy, biidingy tik tam tikrai veislei, kurie galéty
biiti veislés genetiniais Zymenimis ir kuriy pagalba biity galima markiruoti
tokios veislés ozky pieng bei jo produktus tirtose Lietuvos ozky veislése
nerasta.

3. Ivertinus pieno baltymy aleliy ivairove bei pasiskirstyma genetiné pu-
siausvyra buvo nustatyta visose tirtose Lietuvos ozky veislése, stebint trupu-
ti mazesn] esama heterozigotiSkuma nei prognozuojama pagal Har-
dzio—Veinbergo pusiausvyros désni, kas rodo nezymy viduveislini genetinés
ivairovés sumaz¢jima. [vertinus geneting pusiausvyra atskiruose lokusuose,
AlfaS1-kazeino gene rastas mazai isreikstas heterozigotiskumas (x* = 20,0;
P <0,001).

4. Istyrus genetiniy ir negenetiniy veiksniy jtaka pieno produktyvumo
rodikliams Lietuvoje veisiamy ozky veislése, nustatyta didziausia statistis-
kai reikSminga AlfaS2-kazeino geno ijtaka visiems pieno rodikliams. Jis ita-
kojo 6,7 proc. pieno kiekio ivairovés, 8,0 proc. riebaly kiekio ir 9,5 proc.
baltymy kiekio ivairovés.

5. Lietuvoje veisiamose ozky veislése rasti 8 skirtingi AlfaS1-AlfaS2-
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Kapa-kazeiny haplotipai. Haplotipai B/A/AB ir B/B/AB nustatyti kaip la-
biausiai vyraujantys. B/B/C ir E/A/C haplotipai rasti tik dviejuose veislése -
Lietuvos vietinéje ir Zaneno. Haplotipas E/B/C yra unikalus, nes rastas tik
vienoje veisléje - Zaneno. Pieningiausios ir riebiausia piena turin¢ios buvo
E/A/AB haplotipo ozkos. Kazeiny haplotipas vidutiniskai jtakojo 4,8 proc.
pieno rodikliy jvairavimo.

6. Palyginus ozky ir galvijy pieno baltymy genu poveikj pieno produk-
tyvumo rodikliams buvo nustatyta, kad galvijams didziausia dalj pieno
rodikliy ivairavimo paaisSkina Kapa-kazeino genas (2,6 proc.), ozkoms Al-
faS2-kazeinas (5,6 proc.). Beta-laktoglobulinas veiké ir galvijy ir ozky pieno
rodiklius vienodai (2 proc.).

DARBO PRAKTINE REIKSME IR PASIULYMAI

Siuolaikiniai molekulinés genetikos metodai sudaro galimybe
identifikuoti  ozky genotipe esanCius, pieno baltymy jvairove
apsprendzian¢ius genus. Nuo piene esanciy baltymy tipo, o tuo paciu nuo
genotipe esanciy juos apsprendzianciy geny priklauso ne tik pieno kokybé,
bet ir jo perdirbimo galimybés bei tinkamumas vieny ar kity pieno produkty
gamybai. Atliktas Lietuvoje veisiamy ozky veisliy charakterizavimas pagal
pieno baltymuy genu ivairove gali buti panaudotas, kuriant selekcines
programas, sudarant kryzminimo schemas, identifikuojant gyvulius,
biojvairovés ir filogenetinés analizés tikslais. Pagal gautus tyrimy rezultatus
teikiame sekancius pasitlymus:

1. DNR testo pagalba atrinkti ozkas turinfias AlfaS2-kazeino AB
genotipa, siekiant padidinti ozky pieno baltymy ir riebaly procenta.

2. DNR testo pagalba atrinkti ozkas turinCias kazeiny E/A/AB
haplotipa, siekiant padidinti ozky pieninguma bei pieno riebuma.
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