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SUMMARY

The polymerase chain reaction (PCR) was used to amplify a 99 bp region from 
the kappa-casein gene of Holstein dairy cattle which contains the nucleotide 
substitutions diagnostic of the 2 major protein variants of kappa-casein. 
Identity of the amplified product was confirmed by direct sequencing. Digestion 
of the PCR product with MboII (A variant specific) or TaqI (B variant specific) 
allowed direct determination of the genotype of the animal (homozygous or 
heterozygous). A total of 58 lactating cows with known kappa-casein phenotype 
were tested using PCR. In all cases, the measured genotype confirmed the 
phenotype. We also determined the genotype of 42 proven bulls using this 
methodology and compared the assigned genotype with progeny data obtained by 
protein analysis. Since neither progeny testing- to indirectly assess the 
contribution of the sire nor sexual maturity of the animal is required to test 
the genotype at the DNA level, kappa-casein genotype can be identified at an 
earlier stage of development. This allows for the possibility of more rapidly 
changing gene frequencies in the population by selection, if desirable.

INTRODUCTION

Breeders of dairy cattle have long been interested in the composition of 
milk since variation in the protein and fat content affect the yield of further 
processed products. In Holstein dairy cows, for example, the B variant of kappa- 
casein is associated with increased yields of cheese (Marziali et al.. 1986) and 
it has been suggested that identification of casein genotypes would be an 
economically important selection criterion for dairy herds dedicated for 
industrial milk production (McLean et al.. 1984; McLean, 1987). The homozygous 
B variant of kappa-casein is present at a low frequency (.04) in the Holstein 
population (Ng-Kwai-Hang et al.. 1986) and at present, sires in artificial 
insemination programs are assessed by typing milk proteins of their progeny and 
dams. Earlier identification of the kappa-casein genotype would considerably 
accelerate genetic selection.

Recently, cDNA coding for bdvine kappa-casein (Kang and Richardson, 1988) 
and genomic DNA spanning the bovine kappa-casein gene (Alexander et al.. 1988) 
have been cloned and sequenced. These studies have confirmed that several 
nucleotide substitutions occur which give rise to the 2 major genetic variants 
of K-casein, A and B. In the mature protein, the A variant has threonine at amino 
acid position 136 and aspartate at position 148, whereas, the B variant has 
isoleucine and alanine at these positions, respectively (Mercier et al.. 1973). 
The associated nucleotide substitutions give rise to restriction site 
polymorphisms which can be used to distinguish the allelic variant of the animal 
at the DNA level (Alexander et al.. 1988; Rando et al.. 1988).

We have used the polymerase chain reaction (PCR) to specifically amplify 
the region of the kappa-casein gene which contains the allelic polymorphisms. 
Following digestion of the PCR product with restriction enzymes and separation 
by PAGE we can rapidly and accurately assess the genotype of Holstein cows and 
bulls. Since progeny testing is not required, this may prove useful for
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accelerating selection pressure for specific milk production traits.

MATERIALS AND METHODS

DNA was extracted from either blood or semen samples using established 
methods and PCR was used to amplify a 99 bp region of the K-casein gene which 
contains the nucleotide substitutions diagnostic of the A or B allele. Structures 
of the primers and the amplified sequences are shown in Figure 1. In brief, 200 
ng of genomic DNA was used in the 100 ul. standard reaction mix (GeneAmp™ DNA 
Amplification Reagent Kit, Perkin Elmer Cetus Corp.) containing 250 nM primers. 
DNA was denatured for 5 minutes prior to the start of the temperature cycle and 
subsequently the temperature was cycled between 94 and 60 °C for 20 seconds at 
each temperature for 30 cycles. Ten ul of reaction mix were then separated in 
7.5 % PAGE following digestion with no restriction enzyme, 1 unit of MboII or 
TaqI. The gel was stained with ethidium bromide and visualized under uv light. 
For sequencing reactions, DNA was amplified as above except primer concentrations 
were 50 pmol and 0.5 pmol and the single strand DNA generated was sequenced using 
the dideoxynucleotide chain-termination method and the limiting primer as the 
sequencing primer. Gel purified dsDNA was also sequenced using the 
dideoxynucleotide chain-termination reaction and the PCR primers as sequencing 
primers. Milk samples from 58 cows were used to determine the phenotypes for K- 
casein by PAGE (Ng-Kwai-Hang et al.. 1984). Approximately 50 daughters from each 
of the 42 bulls provided milk samples for the phenotyping of K-casein. From the 
results of the phenotypic distribution of the daughters, the phenotypes of the 
corresponding bulls were deduced.

Figure 1. Sequence of oligonucleotide primers and their relation to the target 
region of the K-casein gene which is amplified. Primer I is complementary to the 
(-)-strand and primer II is complementary to the (+)-strand of K-casein. The 
sequence amplified is 99 bp in size and the nucleotide substitutions associated 
with the B allele are indicated in brackets.

(T)
5' GCTAGTGGTGAGCCTACAAGTACACCTACCACCGAAGCAGTAGAGAGC 
I _________________

(CC)
ACTGTAGCTACTCTAGAAGATTCTCCAGAAGTTATTGAGAGCCCACCTGAG 3'

II

RESULTS

Dideoxynucleotide chain-termination sequencing confirmed that the PCR 
product contained the target sequence which was specific to either the A or B 
variant of kappa-casein (Fig. 1). In heterozygous animals, both the A and the 
B allele were amplified by PCR to an equivalent extent and subsequent extension 
from either sequencing primer occurred on both alleles. This resulted in 
superimposition of sequencing ladders derived from the 2 kappa-casein genes. In 
all cases, the molecular sequence was of the expected size and confirmed the 
known kappa-casein phenotype of the animal.

Digestion of the ampl ified product after PCR with MboII (A allele specific) 
produced bands of 76 and 23 bp, whereas, digestion with TaqI (B allele specific) 
produced bands of 67 and 32 bp. In heterozygous animals only about half of the
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PCR product was digested by either of the restriction enzymes, thus the 99 bp 
region was also present (Fig. 2). We have applied this method to 58 cows and 42 
bulls and the results are summarized in table 1.

Figure 2. Separation of PCR products in 7.5 % PAGE following digestion with TaqI 
(T), no enzyme (C) or MboII (M). Amplified DNA was from homozygous A (lanes 1-
3), B (lanes 4-6) or heterozygous AB (lanes 7-9) K-casein cows. Molecular weight 
markers were an HaelJI digest of phiX 174 DNA and size in bp is indicated. Gel 
was stained with ethidium bromide.

1 2 3  4 5 6 7 8 9
M
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2 3 4 -  SS?

Table 1. Kappa-casein genotype in Holstein cows and bulls assessed using PCR. 
The genotypic variant of kappa-casein was confirmed in cows and bulls by 
assessing the milk phenotype using PAGE and by progeny testing, respectively.

Cows
Bulls

K-Casein Genotype
N AA AB BB

58 34 23 1
42 30 12 0

DISCUSSION

The polymerase chain reaction was used to amplify a 99 bp region from exon 
IV of the kappa-casein gene (Alexander et al.. 1988) of Holstein dairy cattle 
which contains nucleotide substitutions which are diagnostic of the two major 
protein variants of kappa-casein. Digestion of the PCR product with MboII (A 
allele specific) and Taql (B allele specific) allowed the direct determination 
of the associated genotype of the animal (homozygous or heterozygous). It is 
notable that of the 58 cows which were tested, the genotype confirmed the known 
milk protein phenotype (assessed by PAGE), whereas, of the 42 bulls which were 
genotyped, 3 did not have the predicted genotype based on milk typing of the 
progeny. Subsequent nucleotide sequence analysis of the PCR product revealed that 
these sires had the genotype predicted by restriction analysis and that the 
probable genotype based on progeny testing was incorrectly assigned. Thus, this 
methodolgy would appear to provide a rapid and accurate method of assigning 
genotype to animals and obviates the necessity of indirectly assigning a kappa-
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casein genotype to bulls via production data of the progeny. This may prove to 
have impact on the artificial insemination industry since the kappa-casein 
genotype could be incorporated as an additional selection criterion.

Genetic typing of 42 proven sires used by the artificial insemination 
industry has indicated genetic frequencies of .71 and .29 for the AA and AB 
kappa-casein genotypes (Table 1), respectively, whereas, in a large survey of 
Holstein cows, reported phenotypic frequencies were .53, .43 and .04 for kappa- 
■casein AA, AB and BB, respectively (Ng-Kwai-Hang, et al.. 1986). Thus, it would 
appear likely that the A allele is selected for in bulls and that in succeeding 
generations, the proportion of cows which have the A allele will increase. Since, 
the B allele is associated with superior milk for industrial applications (McLean 
et al.. 1984; Ng-Kwai-Hang, et al.. 1986), early identification of sires carrying 
the B allele of kappa-casein could be used to increase the proportion of type 
B animals in the population through breeding. In this context it 1s notable that 
animals at any stage of development can be genotyped using PCR.
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