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ABSTRACT:  The objective was to determine the genotypic and allele frequencies of (s1-casein, (-casein, (-lactalbumin and (-lactoglobulin, and to study the relationship between milk protein and milk production. Blood samples were collected from 250 Holstein first lactation cows located in Tijuana, B.C. Genotyping of (s1-casein, (-casein, (-lactalbumin and (-lactoglobulin was made by analysis of DNA using the polymerase chain reaction (PCR) method. The digested PCR products were analyzed by agarose or polyacrylamide gel electrophoresis. Calculation of genotype frequencies was based on direct count method. The effects of milk protein variants on first lactation performance were estimated separately for each genetic marker using a classification model by least squares procedures. A linear model included herd, calving year, month calving, length of lactation as covariate, and milk protein genotypes as fixed effects and sire as a random effect. The frequencies of BB genotype for (s1-casein, (-casein, and (-lactoglobulin were .636, .017 and .288 respectively. Allelic frequencies were: (-lactoglobulin A .47, (-lactoglobulin B .53, (-lactalbumin A .335, (-lactalbumin B .665, (-casein A .9045, (-casein B .0955, (s1-casein A frequency was not observed in this study. Least squares analysis of variance showed that herd, calving year, and length of lactation had significant effects on total milk production. No significant additive effects were found by (-casein, (-lactalbumin and (-lactoglobulin on total milk production. However, genotypes of (s1-casein have significant effect on total milk production (BC>BB). 
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Introduction

Milk production is a quantitative trait controlled by many genes, each one of them with a small effect (Geldermann, 1975). Some simple genes are responsible for a great fraction of the genetic variation (major genes). These genes  can be closely bound to genetic markers, being able to be  segregated jointly. An ideal genetic marker should be polymorphic, must have a simply inherence mode (Mendelian), and should be easily detectable. The proteins in bovine milk serum (α-lactalbumin, and β-lactoglobulin), as well as those of the fraction of the total casein (αs1-casein and κ-casein) could be used as genetic markers for economic importance traits in Holstein cows (Ng-Kwai-Hang et al., 1990).

Genetic variants of α-lactalbumin, β-lactoglobulin, αs1-casein and κ-casein have influence on the composition of milk and on milk yield. The AA genotype of α-lactalbumin is associated with higher milk yield, lower fat and protein; the BB genotype is associated with lower milk yield, higher fat and total protein (Mao et al., 1991).  β-lactoglobulin is a major component of whey protein. The AA genotype is associated with higher total milk yield, while BB genotype is associated with higher fat and casein contents (Ng-Kwai-Hang et al., 1990). The B allele of αs1-casein is associated with higher milk yield (Ng-Kwai-Hang et al., 1990), increased protein and fat yields (Ng-Kwai-Hang et al., 1984), and increased αs1-casein protein concentration (McLean et al., 1984). κ-casein phenotypes influence milk concentrations of protein and fat but not milk yield. The BB genotype is associated with higher total protein in milk (Gonyon et al., 1987), with an extended herdlife (Ng-Kwai-Hang et al., 1990; Ron et al., 1994). 

There are reports that indicate additive effect of these genes (Gonyon et al., 1987; Bovenhius et al., 1992; Ron et al., 1994). β-lactoglobulin may be useful as a marker for fat percentage, and κ-casein may have effects on protein percentage (DeNise and Ax, 1993). While α-lactalbumin y αs1-casein may be useful as markers for milk yield, then they can be included as early aid into selection programs to milk production. The objective of this study was examining frequencies of genes for four milk proteins and to study their relationship with milk production in a Holstein population in Baja California. 

Materials and Methods

Blood samples of 250 Holstein cows of first calving were collected in dairy herds at Tijuana, B.C.  A total of 10 ml of blood was collected from each animal in tubes containing a mixture of sodium citrate, citric acid and glucose as anticoagulant. Whole blood samples were centrifuged at 900 x g for 10 min at room temperature, after that, 2 ml were taken from the superior part of the tube, enriched of white blood cells and then frozen at –20 C. Deoxyribonucleic acid was extracted from leukocytes as described by Sabour et al. (1993).  DNA concentration was determined by UV spectrophotometry at 260 nm.  

Genotyping of milk proteins was made by DNA analysis using the polymerase chain reaction (PCR) method. The digested PCR products were analyzed by electrophoresis on agarose and polyacrilamide gels, stained with ethidium bromide and photographed under UV light.

Genotypes and allele frequencies of four genes were determined by direct gene count method.

The effects of milk protein variants on first lactation performance were estimated separately for each genetic marker using a classification model by least squares procedures. A linear model included herd, calving year, month calving, length of lactation as covariate, and milk protein genotypes as fixed effects and sire as a random effect. Least squares means were obtained for each one of the genetic markers in the model. 

Results and Discussion

Frequency distribution of genetic variants for milk proteins in Baja California Holstein herds is showed in Table 1.  BB phenotype of the (s1-casein system accounted for 63.6% of the total number of cows sampled.  A type was not present in this population. The frequency distribution of (-casein phenotypes shows a rare occurrence of homozygous B with 1.7 % in Holstein, while AA genotypes were found in 82.6% of cows sampled. In (-lactalbumin system the frequency distribution for phenotypes AA, AB y BB were 6.8, 53.4, and 39.8% respectively. While in the (-lactoglobulin system, the phenotypic frequency distribution was 22.8, 48.4, and 28.8% for AA, AB y BB types, respectively.

Milk production was influenced (P<.05) by herd, calving year and length of lactation as covariate. (-lactoglobulin did not show an important effect (P>.05) on milk yield as was reported by Lin et al. (1986), Gonyon et al. (1987), and Ng-Kwai-Hang et al. (1990). Although other authors (Arave et al., 1971 and Ng-Kwai-Hang et al., 1986) point out a higher production in A type phenotype. There was no effect (P>.05) of (-casein phenotypes on milk yield as McLean et al. (1984) and Ng-Kwai-Hang et al. (1984), whom reported an association of the variants of (-casein with fat content in milk. (s1-casein phenotypes showed to be important (P<.01) effect on milk production as Lin et al. (1986) and Ng-Kwai-Hang et al. (1984), although there are reports where these phenotypes for (s1-casein did not show important differences on milk production (Gonyon et al., 1987). In this study, BC phenotype showed higher milk yield in contrast with BB phenotype (9114 kg for BB vs 10087 kg for BC). According to Ng-Kwai-Hang et al. (1984), high contents of fat and total protein in milk are associated with BC phenotype. In the (-lactalbumin system, there was not observed differences among the variants on milk production. Reports indicate that AA phenotype has advantage over those of BB type on milk yield, because the last type is related with protein and fat percentages in bovine milk (Bleck and Bremel, 1993). 

Implications

An association among the phenotypes of (s1-casein protein with milk production was observed, which suggests that this information can be used as an aid in selection programs for genetic improvement on milk yield. Besides this, it is suggests that milk production can be improved by genetic selection, through the increase of B allele frequency for (s1-casein protein in the population. 
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           Table 1. Phenotypic Frequencies of milk proteins and least squares means for milk production for

           the different phenotypes

Milk protein
Phenotype
Frequency (%)
Least squares means

(-lactoglobulin
AA
22.8
9507.26


AB
48.4
9403.99


BB
28.8
8999.96






(s1-casein
BB
63.6
9114.69


BC
36.4
10087.21






(-lactalbumin
AA
6.8
9177.62


AB
53.4
9317.66


BB
39.8
9398.17






(-casein
AA
82.6
9470.66


AB
15.7
10388.11


BB
1.7
7699.19
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