Table 1. Gene frequency estimates for asl-Casein, fi-Casein, /c-Casein

Lactoglobulin from different breeds or countries.

BREED HFT hf df JERSEY* FLECKV.5  BRAUNV.6

COUNTRY USA @I%BADA I\E%—ERL AUSTRALIA W-GERMANY  W-GERMANY

asl-n

No. 6874 2045 693 308 2262 2139

- A 0.003 0.003 - . - -
B '0.957 0.970 0.980 0.628 0.900 0.920

B—CCZ: 0.040 0.027 0.020 0.372 0.100 0.080

n

No. 6575 693 2262 2139
Al 0.415 0.561 0.074
A2 0.532 0.421 0.564
A3 0.028 0.011 _

Ax 0.975 0.993 0.910 0.638 0.876 0.659
B 0.025 0.007 0.090 0.362 0.081 0.282
C - - . - 0.043 0.059

K-Cn

No. 1 2045 164 2262 2139
A 0.800 0.744 0.660 0.227 0.687 0.442

i LB 0.200 0.256 0.340 0.773 0.313 0.558

|_

No.g 6465 3870 2262 2139
A 0.526 0.387 0.329 0.469 0.421
B 0.474 0.613 0.565 0.515 0.574
C . 0.106 _ -
D - - - 0.012 0.005

A2 A1, A2 or A3
1) Hines et al.. 1977; 2) Ng-Kwai-Hang et al.. 1984; 3) Schmidt, 1966 (calculated from genotype frequencies);

4) Mclean et al.. 1984; 5) Graml et al.. 1984* ; 6) Graml et al.. 1984b

the same milk samples two times. Other studies did not report misclassifications.

Graml et al. (1984b) estimated gene frequencies in a cross of Braunvieh and
Browmn Swiss populations. To examine effects of crossbreeding gene frequencies
in purebred and crosses were compared.

OUTLINE OF THE EXPERIMENT

Heifers, daughters of 37 proven bulls &d 77 young bulls, were selected
from the database of the milk recording service (Royal Dutch Cattle Syndicate,
NRS). Data were selected in order to obtain herd-year-season classes with at
least one daughter of a young bull and a total of at least three daughters of
the selected bulls. In 1989 milk samples of 10151 selected animals were collected
routinely by milk recording associations on 2618 herds. Animals were Dutch
Friesians carrying different amounts of Holstein Friesian genes.

The aims of the experiment were; estimation of gene frequencies of milk
protein genes, estimation of relationships between milk protein genetic variants
and milk production traits (milk protein variants as QTL's) and the estimation
of marker linked effects of milk protein genetic variants on milk production
traits. In this paper results on the first aim will be presented.

METHOCS

Milk protein variants were phenotyped by isoelectric focusing as described
by Bovenhuis and VerStege (1989). Gene frequencies were estimated by the method
of Maximum Likelihood as described by Bovenhuis and Van Arendonk (1990).
Probability distribution of a sire's progeny was multinomial and consisted of
a misclassified fraction F, and a correctly classified fraction (1-F). In case
of misclassification the probabilities of genotypes were assumed to follow Hardy-
Weinberg equilibrium. Distribution of the correctly classified fraction depended
upon the sire's genotype. The probability distributions, for a locus with two
alleles (A and B) of a sire's progeny were;
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PAA™ N! [Fp2 + <1-F)p]x - [2Fpq + d-F)qli - [Fg2 ]

Xyt z
i “ N!Y! ~ IFd2 +*i(I-F)p]x » [2Fpg + H(1-F)]Y = [Fg2 +*I(I-F)q]
PEET — N!Y! - IFp2 Ix = [2Fpg + (I-F)plY * [Fg2 + (I-F)q]

where p and g were the probabilities of occurrence of the alleles A and B, X
Y and Z were the number of daughters being respectively AA, AB and BB and N was
the total number of daughters. The likelihood function of a sire with unknown
genotype was;

L-P2«PM + 2pgq * + Qg2 - PB

where p2, 2pg and g2 were the probabilities of a sire being AA, AB or BB. The
likelihood for the population was obtained by multiplication of the likelihood
functions of sires.

To estimate breed effects on gene frequencies p was substituted by; (I-m)pO
+ np,, where pQ and pmwere respectively the gene frequencies in the Dutch
Friesian and Holstein Friesian populations and m was the fraction Holstein
Friesian genes. In multinomial distributions (P”, Pab an(* Pob) mwas t/te average
fraction Holstein Friesian genes of the dans while in p2, 2pg and g2, mwas the
sire's Holstein Friesian fraction.

Maximization of the likelihood function was by the Simplex method (Nelder
and Mead, 1965). Convergence was reached when differences between simplex points
were less than 0.0001.

RESULTS

Estimates of gene frequencies for different milk proteins and percentage
misclassified are presented in table 2. For as2-Cn only the A variant and for
a-La only the Bvariant were observed and thereby these results were not included
in table 2. Differences in gene frequencies of asl-Cn and /c-On anong the two
breeds were small. Differences in fl-casein gene frequencies were rather large;
in the Dutch Friesian population the B-Cn Al allele was predominant while in the
Holstein Friesian population ft-Cn A2 was the more frequent allele. Smaller
differences were observed for the B-Lg gene. In the Dutch Friesian population
the A and B allele occur at equal frequencies while in the Holstein Friesian
population the B allele has a higher frequency.

Estimates for percentage misclassified were highest for the /cOn milk
protein. For B-Cn and B-Lg percentages were at about the same while for asl-Cn
the percentage misclassified was zero.

DISCUSSION

Milk protein gene frequency estimates in the Dutch Friesian population were
reported by Schmidt (1966) (table 1). Compared with results of the present study
Schmidt (1966) found a higher frequency for /c-On B suggesting a decrease of the
/cOn B gene frequency since 1966. However, the number of-animals in the data set
of Schmidt (1966) might partly explain the observed differences. The frequencies
for asl-Cn in Schmidt (1966) are comparable with those presented in this paper,
while B-Cn B frequency is lower. Gene frequencies estimated for the imported
Holstein Friesian population are comparable with those reported by Hines et al.
(1977)(table 1).

In many studies the method used to estimate milk protein gene frequencies
was not described or was by the method of gene counting. However, a few sires
with large numbers of progeny might influence gene frequencies. The Maximum
Likelihood method used in this study accounts for variable numbers of progeny
and is thereby preferable, especially in a data set with large variation in
progeny number. Further, the method of Meximum Likelihood offers the framework
for the estimation of several parameters.
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Table 2. Maximum Likelihood estimates of milk protein gene frequencies in Dutch
Friesian and imported Holstein Friesian populations and estimates of the
percentage misclassified, based on data of 10151 crossbred animals.

DUTCH IMPORTED HOLSTEIN  P6
FRIESIAN FRIESIAN
asrCn B 0.970 0.967
C 0.030 0.033 0.00
B-Oh Al 0.763 0.437
A2 0.157 0.515
A3 0.020 0.003
B 0.060 0.045 7.96
Kk -n A 0.840 0.835
B 0.160 0.165 11.99
B-lg A 0.506 0.447
B 0.494 0.553 8.31

Misclassification can be caused by errors In pedigree, changing of milk
samples during collection or mistakes made during analyzing and phenotyping milk
samples. Simply eliminating animals based on their pedigree will bias estimates
of gene frequencies. The higher estimated fraction misclassified for /c-On must
be attributed to the method used for phenotyping while the zero estimate for asl-
Cn is caused by the low frequency for the C-allele.

Information available on fraction of Holstein Friesian genes of sires and
dars (on average) was incorporated in the Maximum Likelihood method to estimate
gene frequencies of milk protein genes in the original breeds. Usually gene
frequencies in purebred and crosses are compared to show changes in frequencies
caused by crossbreeding (Graml et al.,1984b). The method described offers the
possibility to make more efficient use of the information available. The method
can be improved by using fractions of Holstein Friesian genes of individual dars
instead of averages.

Grosclaude (1988) shows in his literature review that /cOn genotypes
influence renneting while B-Lg genotypes show relationships with casein number.
In both cases the B-variant is favourable for cheese production. Assuming a 100%
Holstein Friesian population in future in The Netherlands, /cOn B gene frequency
will not change and fi-Lg B gene frequency will slightly increase. These results
suggest no deterioration of cheese making properties by crossbreeding Dutch
Friesian and Holstein Friesian breeds.
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