
 
 

 
Creangă S. et al./Scientific Papers: Animal Science and Biotechnologies, 2010, 43 (2) 

 
 
 
 

 

 221

 
 

Research Regarding Genetic Polymorphism on the Main 
Lactoproteins at Sură de Stepă Breeds 

 
Şteofil Creangă1, Vasile Maciuc1, Ioan Gîlcă1 

 
1"Ion Ionescu de la Brad" University of Agricultural Sciences and Veterinary Medicine – 700490 Iasi, Mihail 

Sadoveanu Alley, 3, Romania 
 
 
 

 
Abstract 
Research was carried out on a number of 30 Sură de Stepă cows raised in semi-intensive stalling at S.C.D.C.B. - 
Dancu, Iasi. On this nucleus we studied the main lacto-proteins systems and the correlations with milk production 
indicators. At Sură de Stepă breed were identified alleles for the six loci codifying the six types of major milk 
proteins (α S1-cz; β-cz; K-cz; β-lg; α-la; α S2-cz). In the system αS1-cz allele s1-Cn B has the greatest frequency 
(0.700), in the system β-cz allele -Cn A2 (0.550), in the system K-cz allele k-CnA2 (0.583) and heterozygous genotype 
AB (0.416) respectively BB (0.375), in the system β-lg allele β-lgA1 has the greatest frequency (0.542) and 
heterozygous genotype AB (0.500), in the system α-la could be found a mono-morphism for allele -la B and similar in 
the system αS2-cz for allele s2-Cn A. Kappa–casein (K-cz) is positive and strongly correlated with fat % respectively 
protein % (rp = 0.58-0.77, rg = 0.67-0.83, rm = 0.64-0.87). 
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1. Introduction 
1 
The study of genetic polymorphism of protean 
fractions, especially kappa-casein and relations of 
genotypes of these lactoproteins with some 
quantitative and qualitative features of the milk 
production, represents a current and perspective 
theme in the selection and genetic improvement of 
the members of the Bovidae family in this respect.  
In the foreign specialized literature, there are 
many researches related to the chemical 
composition of milk, the features of the main 
bovine lactoproteins, the genetic parameters as 
well as a series of milk components and non-
genetic factors influencing the protein content of 
milk. When presenting the bovine lactoproteins, 
they logically focus on the primary, secondary and 
tertiary structure of kappa-casein and the main 
protean fractions. 

                                                 
 * Corresponding author: Şt. Creangă, Tel. 
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Due to the strictly genetic determinism of 
lactoproteins, what make genotype be identical to 
phenotype, the lactoprotein frequency is very 
different from one breed to another and one 
population to another. Hence, the need to 
effectuate such studies on Sura de Stepa breed 
included in a preservation programme of animal 
genetic resources  (G.D. no. 822/2008.), and 
raised in a reduced nucleus at S.C.D.C.B. – 
Dancu, Iaşi.  
 
2. Materials and methods 
 
Researches were run on 30 Sură de stepă cows 
raised in a semi intensive system, tied-up stalling 
at S.C.D.C.B. Dancu, Iaşi. On this nucleus, we 
studied the main lactoprotein systems and their 
correlations with the milk production indicators. 
The study of polymorphism of milk proteins for 
the members of the Bovidae family from Sură de 
Stepă breed was achieved by PCR-RFLP 
technique, and for the study of polymorphism of 
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all bovine lactoproteins we also used the 
isoelectric focalization (IEF). 
The milk samples were collected individually in 
15 ml Falcon tubes, transported at 40 C and then 
frozen at -200C until tests would be run. De-
freezing occurred slowly at room temperature and 
subsequently samples were centrifuged at 8,000 
rotations/minute for 5 minutes for milk separation. 
They were stored for 30 minutes at 4 degrees for 
fat solidification which was then removed from 
each tube by means of a spatula [1]. 
For an optimal concentration of proteins, the 
samples were diluted with a urea and β-
mercaptoethanol solution. Samples were migrated 
into a polyacrylamide gel with 4% concentration.  
After migration the gel was immersed into a 10% 
trichloroacetic acid solution. Colouring occurred 
in 2 hours by means of a solution of 0.025% 
Coomassie Brilliant Blue R-250 in 40% ethanol 
and 7% glacial acetic acid.  
In estimating correlations, we used R.E.M.L. 
method (Restricted Maximum Likelihood). This 
relies on an iterative process of maximization of a 
function [2, 3]. SPSS programme v.16.0 for the 
regression line and Pearson correlation was also 
used. 
 
3. Results and discussion 
 
In figure 1, one may see the alleles identified for 
the six loci codifying the six types of major 
proteins of milk (α S1-cz; β-cz; K-cz;  β-lg;  α-la;  
α S2-cz). 
The genetic structure for polymorph systems of 
milk proteins: alpha-casein S1 (αS1-cz), beta-
casein (β-cz), kappa-casein (K-cz), beta-
lactoglobulin (β-lg), alpha-lactalbumin (α-la) and 
alpha-casein S2 (αS2-cz) is presented in table 1. 
Casein s1 – in our case s1-Cn B is more 
frequently met, as the specialized literature shows, 
with a higher frequency pf 0.7 [10] and allele s1-
Cn C for the animals under study registered a 
frequency of 0.2. For the locus αS1-casein, we 
identified the allele called αS1-casein IRV, for two 
heterozygote individuals bearing this allele, namely:  
BIRV si CIRV. 
For the yak, a high frequency is registered by s1-Cn 
C being higher than 0.6. Also for the yak a quite 
high frequency (over 0.3) is held by a quite rare 
variant s1-Cn E. Variant s1-Cn A has not been 
encountered so far bur for Holstein breed [11] and 
the Red Danish breed. Variant s1-Cn D, discovered 

in the Flemish breed [8], has a much reduced 
frequency (about 0.01), being also encountered in 
some French and Italian breeds. 
Casein s2 – is monomorphous at Sură de stepă, for 
allele s2-Cn A., as it appears in all bovine breeds 
studied so far. A polymorphism (variant s2-Cn D) 
was highlighted by Grosclaude [9] in 1987 for the 
breeds Montbéliarde and Vosgienne. In 1981, Mahe 
[8] discovered variants s2-Cn B and s2-Cn C at 
Yak, the two variants having frequencies of de 0.1 – 
0.2. 
Casein  – has the two universal variants -Cn A1 
and -Cn A2

  found out at bovines and zebu. In 
system β-cz, allele -Cn A2 (0.550) is most 
frequently encountered in the nucleus of Sură de 
Stepă and -Cn A1 has a frequency of 0.45. Variant 
-Cn A2, has a higher frequency at most breeds 
studied so far. Variant -Cn A1 has a higher 
frequency at the breeds coming from North-West 
Europe, such as Holstein, Ayrshire, Shorthorn [8], 
or breeds related to these. Variant A1 has a high 
frequency in the ameliorated members of the 
Bovidae family.  
 

 
 

Figure 1 IEF Profile belonging to some individuals 
from Sura de Stepa breed from SCDCB Dancu 

highlighting alleles of milk major proteins  
 

The higher frequency of allele A2 has a special 
significance since this allele is the ancestral one 
from which all the others derived 
phylogenetically. Variant -Cn A3 has a very low 
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frequency being discovered in the breeds from 
North-West Europe such as Holstein, Ayrshire and 
some French autochthonous breeds from 
Normandy.  
Variant -Cn B is also universally encountered in 
the bovine breeds and zebu, but with a lower 

frequency. Only Jersey breed has a higher frequency 
close to 0.4. 
Variant -Cn C has a very low frequency in most 
European breeds and breeds from other continents 
[10]. 

 
Table 1 Genetic polymorphism of milk proteins for Sură de stepă breed from S.C.D.C.B. Dancu Iaşi 

Registration 
no. 

α S1-cz β-cz K-cz β-lg α-la α S2-cz 

9991 BIRV A1A2 AB AB BB AA 

9993 BB A1A1 BB AB BB AA 

9983 BB A1A2 AB AB BB AA 

9988 BB A1A2 BB AA BB AA 

0004 CIRV A2A2 AA AB BB AA 

9985 BC A1A2 AB AB BB AA 

9990 BB A1A2 BB AA BB AA 

9998 BC A2A2 AB AB BB AA 

9723 BB A1A1 BB AB BB AA 

9986 BC A2A2 AB AB BB AA 

Genotype 

frequency  

BB = 0.5 

BC = 0.3 

CIRV
 = 0.1 

BIRV = 0.1 

A1A1 = 0.2 

A1A2 = 0.5 

A2A2 = 0.3 

AA = 0.209 

AB = 0.416 

BB = 0.375 

AA = 0.292 

AB = 0.500 

BB = 0.208 

BB = 1 AA = 1 

Allele 

frequency  

pB = 0.7 

qC = 0.2 

r IRV
 = 0.1 

pA1 = 0.45 

qA2 = 0.55 

pA1 = 0.417 

qA2 = 0.583 

pA1 = 0.542 

qA2 = 0.458 
PB = 1 pA = 1 

 
We also discovered some very rare variants in 
different countries such as: -Cn E in Italy, -Cn B2 
in New Zeeland, -Cn A4 in Japan, -Cn A3 in 
Mongolia [8]. 
Casein kappa (K Cz). All researches have 
undoubtedly showed the favorable influence of 
variant k-Cn B on milk quality, cheese output and 
quality [4, 5, 6]. Consequently, in the study of 
bovine lactoproteins, most researches focused on 
the determination of the frequency of kappa-casein 
alleles at different breeds and the possibility of 
“limited” promotion by selection of kappa casein B. 
Variants k-Cn A and k-Cn B are universally 
discovered at bovines and zebu. In recent years, 3 
more variants have been identified: k-Cn C, k-Cn D 

and k-Cn E, all having frequencies lower than 0.1 
and being identified only in some local breeds. 
For Sură de Stepă breed from S.C.D.C.B. Dancu 
Iaşi, K-cz system has a high frequency for allele k-
CnA2 (0.583) and the heterozygote genotype AB  
(0.416) and BB (0.375). 
Variant k-Cn A has a medium frequency in most 
breeds. Thus, for Holstein breed, raised in diverse 
countries, the frequency of k-Cn A ranges between 
0.6 – 0.85. 
Variant k-Cn B has a higher frequency in the breeds 
from Brună group, of different origins raging 
between 0.4 and 0.6. For Jersey breed, the 
frequency of k-Cn B is also high (over 0.6). The 
higher frequency of k-Cn B in these breeds is 
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positively correlated to a high percentage of protein 
from milk and a higher output in the cheese yield. 
The failure to promote k-Cn B by selection triggers 
in time a reduction of its frequency. 
 In the crossbreeds of different breeds, the frequency 
of k-Cn B is intermediate between the frequencies 
of pure breeds showing the strong influence of 
crossbreeding in the transmission of the wanted type 
of kappa-casein. 
-lactoglobulin. Two variants, -Lg A and -Lg B, 
are universally encountered at bovines and zebu. 
The distribution of the two variants in most breeds 
is quite balanced. In our case, β-lgA1 has the 
highest frequency (0.542) and the heterozygote 
genotype AB (0.500).   
Variant -Lg C is specific only for Jersey breed, and -
Lg D, discovered in Montbéliarde breed [8], but later 
discovered in other European breeds too, seems to 
be specific only for the breeds with better 

aptitudes for meat. Both variants have very low 
frequencies below 0.1. 
Though in phylogeny, variant B is the one from 
which all the others alleles derived for this locus, 
the higher frequency of allele A shows a certain 
work of amelioration carried out on the breed so 
as to improve the milk quantity. 
-lactalbumin. Variants -La A and -La B, 
apparently exist in most zebu populations. In 
almost all breeds of bovines we encounter only 
variant -La B.  -La A, encountered in zebu, is 
less rare in the countries from Central and 
Meridional Europe being discovered in 11 Italian 
breeds and some Russian and Romanian local 
ones. In our researches too on Sură de Stepă 
nucleus, we have encountered a monomorphism 
for allele -la B. 
For banteng, they encountered a very rare variant 
-La C having the absolute frequency (1.0) for 
this breed. 

 
Table 2 Phenotypic, genetic and environment correlations for main milk protean systems  

Character couples  
Phenotypic 
correlation 

Genetic 
correlation 

Environment 
correlation  

K-cz Milk Kg -0.55 -0.46 -0.56 
K-cz Fat % 0.58 0.67 0.64 
K-cz Fat Kg -0.59 -0.58 -0.61 
K-cz Protein % 0.77 0.83 0.87 
K-cz Protein Kg -0.68 -0.69 -0.71 
-cz Milk Kg 0.17 0.25 0.16 
-cz Fat % 0.64 0.56 0.65 
-cz Fat Kg 0.24 0.23 0.25 
-cz Protein % 0.29 0.24 0.28 
-cz Protein Kg 0.18 0.19 0.17 
-lg Milk Kg -0.23 0.17 -0.25 
-lg Fat % -0.24 -0.21 -0.13 
-lg Fat Kg -0.22 0.18 -0.23 
-lg Protein % -0.24 -0.19 -0.26 
-lg Protein Kg -0.25 0.20 -0.26 

S1- cz Milk Kg 0.49 0.27 0,53 
S1- cz Fat % 0.43 0.30 0.44 
S1- cz Fat Kg 0.51 0.28 0.54 
S1- cz Protein % -0.19 -0.27 -0.18 
S1- cz Protein Kg 0.21 0.25 0.27 

 
By analyzing the values of phenotypic, genetic 
and environment correlations between kappa-
casein and the quantity of milk, fat and protein, we 
notice the existence of a negative and strong 
correlation as one may see in table 2. Between 
kappa-casein and other qualitative features of milk 
(fat and protein content) there are positive and 
very strong correlations (0.58 – 0.87 %), 
expressing the possibilities of mass choice for 

these features also taking into account their 
genetic determinism [7]. 
Feature -cz is positively correlated, but with a 
weak to medium intensity, to the quantity of milk, 
fat and protein. Between this lactoprotein and the 
fat content there are very strong and positive 
phenotypic, genetic and environment correlations, 
but with a medium intensity for the fat percentage.  
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The phenotypic and environment correlations 
between -lg and the quantity of milk, fat and 
protein are negative and of a weak intensity 
whereas the genetic correlations have positive 
values and of weak intensity. 
System S1- cz very strongly correlates to the 
quantitative yield of milk and fat but it correlates 
averagely with the protein quantity. This 
lactoprotein correlates negatively and weakly with 
the milk protein percentage.   
 
4. Conclusions 
 
1. For locus αS1-casein, they identified allele αS1-
casein IRV in two heterozygote individuals bearing 
this allele, namely: BIRV and CIRV. The presence 
of this ancestral allele specific to Sură de Stepă 
breed demonstrates its seniority and represents a 
premiere within the Podolic Family.  
2. Between kappa-casein and other qualitative 
features of milk (fat and protein content) there are 
positive and very strong correlations (0.58 – 0.87 
%), expressing the possibilities of mass choice for 
these features taking into consideration their 
strong genetic determinism. 
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