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Abstract:

A study of milk protein components in 471 beef cows was made to determine the frequencies of
various alleles controlling variation in caseins in the milk, to study Hardy-Weinberg equilibrium of
zygotic frequencies, and to investigate the effect of milk protein genotype on weaning weight, 180-day
gain and 180-day weaning weight. Milk from straightbred Hereford, inbred lines and linecross
Hereford, Angus and Charolais cattle was studied along with milk from all possible crosses between
these three breeds. In addition, Hereford X Brown Swiss, Angus X Brown Swiss, and Charolais X
Brown Swiss crossbred cowl's milk was studied. One hundred eighty-one cows were sampled twice in
different years to check casein typing techniques.

Milk casein was resolved into its component parts by starch-gel electrophoresis. Genotypic frequencies
were computed from the phenotypes manifested in the gels. The as1-casein B allele, B-casein A allele
and the k-casein A allele occurred in frequencies of 0.80-1.00; 0.72-1.00; 0.56-0.74, respectively, in the
various sub-groups of cattle.

The Hardy-Weinberg zygotic equilibrium analysis of neither the as1- nor B-casein genotypes indicated
significant deviation from the expected. However, in analyses of equilibrium of the k-casein genotypes
there were significant deviations from the expected in four out of seven populations. All genotypes of
K-casein were shown to display a common pattern of deviation from the expected; the homozygotes
were always less than expected and the heterozyotes always exceeded the expected. It was suggested
that this was caused by greater fitness of the heterozygotes.

Although some significant effects of protein genotype on weaning traits were obtained in least squares
analyses, the lack of consistent results suggest that these alleles do not contribute substantially to
variation in the weaning traits studied.
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ABSTRACT

A study of milk protein components in 471 beef cows was made to
determine the frequencies of various alleles controlling varidtion
in caseins in the milk, to study Hardy-Weinberg equilibrium of zygotic
frequencies, and to investigate the effect of milk protein genotype
on weaning weight, 180-day gain and 180-day weaning weight. Milk from
straightbred Hereford, inbred lines and linecross Hereford, Angus and
Charolais cattle was studied along with milk from all possible crosses
between these three breeds. In addition, Hereford X Brown Swiss,
Angus X Brown Swiss, and Charolais X Brown Swiss crossbred cow's milk
was studied. One hundred eighty-one cows were sampled twice in dif-
ferent years to check casein typing techniques.

Milk casein was resolved into its component parts by starch-gel
electrophoresis. Genotypic frequencies were computéd from the pheno-
types manifested in the gels. The Osj-casein B allele, RB-casein
A allele and the «k-casein A allele occurred in frequencies of
0.80-1.00; 0.72-1.00; 0.56-0.74, respectively, in the various sub-groups
of cattle.

The Hardy-Weinberg zygotic equilibrium analysis of neither the
as]~ nor B-casein genotypes indicated significant deviation from the
expected. However, in analyses of equilibrium of the k-casein geno-
types there were significant deviations from the expected in four out
of seven populations. All genotypes of k-casein were shown to display
a common pattern of deviation from the expected; the homozygotes were
always less than expected and the heterozyotes always exceeded the
expected. It was suggested that this was caused by greater fitness
of the heterozygotes. :

Although some significant effects of protein genotype on weaning
traits were obtained in least squares analyses, the lack of consistent
results suggest that these alleles do not contribute substantially to
variation in the weaning traits studied.




INTRODUCTION

The presence of variation in an allelic series of genes con-
trolling certain protein components in milk‘from dairy cattle has
been established. improﬁed techniques for the resolution o% the milk
protein genotypes have facilitated the typing of large numbers of
cows and the computing of allelic frequencies.:

Little genetic inférmatioh is available in the literature con-
cerning the situation with respect to milk profeins in beef cattle.
The present study was undertaken with the objective of studying some
genetic and physiological relationships of the milk protein alleles
in certain beef breeds. Since milk is important to the beef industry
as a vital source of nourishment for the young, the possibility exists
of an important relationship between milk protein genotype and weaning
triats of the calf.

This report deals with the zygotic frequenéies of as{=> 8" and
k -casein alleles, with attempts to fit their frequencies to Hardy-
Weinberg equilibriums to determine if any genotypes possess superior-
ity. It is also concerned with possible effects of casein genotypes

on weaning characteristics in beef breeds and breed crosses.




REVIEW OF LITERATURE

From earliest recorded history, milk has been important fo man.
Some have claimed milk to be "nature's wmost nearly perfect food",
while others have merely stated that milk is "an almost complete
natural food" (McKenzie, 1967). Milk has been important directly
as a food source for mankind and equally as important in nourishing
the young of other animals which'have subsequently:furnished .féod,
. energy, etc,; to man. This review will attempt to bring together a
part of the total story of milk -- that part related to cow's milk,
variations within various milks and their effect on selected production
traits. It will refer to evidence in the literature of inheritance of
these variations in milk, the biochemical basis for this variation,
and finally some practical applications of this knowledge in the beef
cattle industry.

I. COMPOSITION OF MILK

The composition of milk can be highly variable, depending upon
time of lactation, nutritional level of the mother at the time of
sampling, breed sampled, and species considered. .For the purposes of
this review '"normal' milk is considered to be that milk which can be
obtained anytime during lactation after the brief colostral period
following parturition. Following the colostral period, the milk
continues to change somewhat in quantity during lactation, but wi?h
little change in protein content. The greatest variables are the fat

and carboydrate portions of the milk.




A. General Composition

McKenzie (1967) gives the following as normal constituents of milk:
Water, proteins, enzymes, lipids, carboydrates, minerals, vitamins,
non-protein nitrogen, phosphate esters, and somé trace elements. The
average percentage composition of these components varies widely from
species to species and to a lesser extent within species. The actual
relative composition of milk in a species seems to bear a direct rela-
tionship to the rate of growth of the offspring. Webb and Johnson
(1965) have summarized some of the relationships (Table I). The
results generally indicate that the more concentrated the milk constit-
uents, the faster the rate of growth possible.

While the variation among species has an obvious relétionship to
growth of the vyoung, there is still much variation .which is un-
accounted for within species. The average-gross composition of bovine
milk according to Watt and Merrill (1963) is given as follows: Water
87%, fat 3.9%,. lactose 4.9%, proteins 3.5%, and ash (minerals) 0.7%.
However, the fat content varies from 3.0% to 5.5% just within the
dairy breeds, and the protein content varies from 3.3 to 3.9% accord-
ing to Webb and Johnson (1965).

Lush (1960) and Comberg, Groning and Meyer (1967) report that the
percent composition figures are gradually changing because of selection.
The dairy industry has 16ng considered fat content of milk to be the
single most economically iﬁportant component. Thus sele;tion for

increased production .of fat.in the milk has resulted in higher amounts




A
of fat as well as other related constiuents. Particularly, the protein
content has increased with increased fat production. Von Krosigk, Young,
and Richardson (1960) showed a positive genetic correlation between fat
and protein content (r=.62) of milk when estimated among breeds. This
compares with a somewhat lower genetic correlation (r=.42-.43) when
measured without respect to breed (lLegates, 1960; Lush; 1960). Therefore,
selecting animals for increased fat content in milk should produce a con-
comitant increase iﬁ protein content. This may turn out to be very for-
tunate for tﬁe industry. With increased attention being focused on good
sources of protein in the world today and a concurrent reduced demand

for animal fat, protein may become the economic basis of value in milk

(see Lebaron, 1970).

B. Composition of Milk with Respect to Proteins

Bouchard and Brisson (1969) suggest that after the first week of
Lactation the -components making up total protein remain fairly constant
throughout the rest of the lactation period. Frandsen (1958) gives
the following percentages of components of cow's milk proteins: Casein
86% and whey proteins 147 of the total protein. A further breakdown,
though still somewhat general, is given by Jenness et gl. (1956) and
by  Brunner et al. (1960), .and is summarized in Table II. Since this
work was done, much research has shown a further subdivision of the
milk proteins. These subdivisions will be considered later in this

review.

C. 1Influence of Various '"Milks'!l on the Young
Ramshaw and Dunstone (1969) have commented that milk is one of the

most complete protein sources available from a nutritional standpoint.
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TABLE I. COMPOSITION OF MAMMALS' MILK AS RELATED TO THE RATE OF GROWTH
OF THE YOUNG MAMMAL (Webb and Johnson, , 1965)
Days Required Percent of Cbnstituent in Milk
to Double Phosphoric
Species Birth Weight Protein Ash Lime Acid
Man 180 1.60 0.20 0.033 0.457
Horse 60 2.00 0.40 0.124 0.131
Cow 47 3.50 0.70 0.160 0.197
Goat 22 3.67 0.77 0.197 0.284
Sheep 15 4.88 0.84 0.245 2.293
Pig 14 5.21 0.81 0.249 0.308
Cat 9.5 7.00 1.02 e co
Dog 9 7.44 1.33 0.454 0.508
Rabbit 6 10.38 2.50 0.891 0.997
TABLE II. COMPOSITION OF COW.'$ MILK PROTEINS (Jenness et al. 1956 and
Brunner et al. 1960)
Protein Percent of Protein Distinctive
Component in SKimmilk Characteristics
Casein*
o-casein 45-63 1% Phosphorus
B-casein 19-28 0.6% Phosphorus
y-casein 3-7 0.11% Phosphorus
Total 76-86
Whey Proteins
B-lactoglobulin 7-12 1.1% Cysteine
o-lactalbumin 2.5 7.0% Tryptophan
Blood serum albumins 0.7-1.3 Identical to
blood albumin
Immunoglobins 1.4-3.1 Carries antibodies

especially high
concentration found
in colostrum milk

* Precipitated from skimmilk ab pH 4.6
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This is an important factor since the milk provides the main source of
.nourishment for the offspring of livestock. In his review of milk
proteins, McKenzie (1967), suggested that the caseins in milk resemble
denatured proteins with respect to their behavior in solution. This
property is significant inasmuch as the disfigured or random coil
.configuration of the casein makes it particularly susceptible to
digestion. |

Some research has been reported with respect to the influence of
both quantity and quality of milk on livestock young. The basic
finding of Whiting, Slen, and Bezeau (1952) was that the level of
protein in the mother's diet influenced both the quantity and quality
of her milk. Essentially their findings showed that adequate dietary
ﬁrotein was needed for normal protein levels to occur in the female's
milk. Coccodrilli, Chandler, and Polan (1970) investigated the
relationship between quality of dietary protein and calf weight gains.
Their résults indicated that the qualit§ of protein in the diet of
the mothers was far more important than quantity. Butterworth et al.
(1968) reported their observations on lactation in ewes and the effect.
upon lambs. They studied planes of nutri£ion of the mother and subse-
quent effect upon the young. They found that there was a high corre-
lation (r=.71-.84) between amount and quality of feed given to the
‘mother and the growth of the offspring. Tagari (1969) was able to

show some basis for.differences.in production efficiency in sheep
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when he compared two protein sources, soybean meal and alfalfa hay.

He found that the alfalfa had more free amino acids which were readily

usable in protein synthesis even though the total amino acid content

of the two feeds was similar. .
While there are no known reports in the literature on the relation-

ship between various milks and their effect on calf gains, there has

been some rsearch done relating slight changes in protein quality

and their effects on calf gains. Tagari and Roy (1969) heated milk

to various temperatures and then fed the treated milk to calves.

They were able to show that heéted milk (which coﬁtained some denatured

protein), caused detrimental effects on the calves in three ways:

1. Weight gains were reduced by as much as 30% during the first
three weeks of life,

2. Infection of calves increased upon exposure to disease.

3. 1Incidence of diarrhea and calf mortality increased once
infection increased.

They were able to restore calves to normal by adding undenatured whey
proteins to the calves' dietary milk. Earlier research by Kannan and
Jenness (1961) had shown that when whey proteins are denatured the
coagglation of casein is inhibited. It seems clear then, thaﬁ there
is a very sensitive relationship between the milk proteins within

the milk and the value of milk as a source of nourishment for the
young.

The one area which seems related but on which there is no known




-8 -
research repofted is that of the relationship between calf production
and variations which occur in nature within the milk. It would seem
that one basis of variation in milk which occurs among species and
among breeds might be the different needs of the young within their
different natural environments. Some further review of literature
relating to this line of reasoning Will be présented in the next
section.

II. CASEIN IN COWS' MILK

A. Historical Development

The development of knowledge of the heritable components of
caseins in milk has come about-almost wholly within the past 15 years.
Waugh and von Hippel (1955) showed that the casein micelle could be
s?bdivided into several components. These included B-casein, qg-casein,
k-casein, (the k-casein being the component upon which rennet acts
immediately), and y-casein. The remaining o-casein after the k-casein
had been removed soon came to be known as the calcium sensitive or
Og-casein.

Aschaffenburg and Drewry (1955) paved the way for extensive
rsearch when they reported finding variation in part of the whey
protein fraction, the B-lactoglobulin. Using paper electrophoresis,
they were able to deomonstrate two variants which they designated
B-Lg A and B-Lg B. Later, they were able to show that the B-Lg A

and B-Lg B variants are controlled by two autosomal alleles
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(Aschaffenburg and Drewry 1957). Many previous workers had suggested
that the components of milk protein were made up of several subunits,
but genetic polymorphism among milk samples was a new idea. Blumberg
and Tombs (1958), found evidence in Zebu cattle for further genetic
polymorphism in the variation of the second most abundant whey protein,
o~-lactalbumin, in an A and B form.

Aschaffenburg (1961), using paper electophoresis with urea,
reported the finding of five different variants in the B-casein
component. These he designated B-casein A/A, A/B, A/C, B/B, and B/C.
He found no cows with type C/C. This was the first indication of
individual variation in the caseins of cows' milk. His work was
confirmed by Thompson et 'al. (1962), who used the technique of
polyacrylamide and starch-gel electrophoresis at an alkaline pH. Not
only did they cénfirm the work of Aschaffenburg in the variation of
g-casein, but they also showed that the o g-casein was polymorphic.
They designated three -forms of the component, o g~casein A, B, and C,
with accompanying heterozygote combinations being found, i.e. A/B,

A/c, and B/C.

Almost immediatel& following the work cited above,.evidence of
further genetic polymorphism came from several workers independently,
vet all on variation in the g -casein component. Neelin (1964),
Schmidt (1964) and Voychik (1964), all reported two variants controlled
at one automosmal locus in k-casein, A and B -along with the heterozygote

A/B.
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Aschaffenburg (1963). followed up his previous work with an investi-
gation of the frequency of alleles determining the g~casein system in
cows' milk. Hé confirmed his own previous work and that of others in
finding that the variants, A, B, and C always occurred singl§ or in
pairs, but never more than two in any cow. He found the A allele to
be the most common among all the five dairy breeds in his study, with
the. Ayrshires and Shorthoxrns producing no other variant. The technique
he wused to resolve these proteins was paper electrophoresis which gave
adequate resolution of the B-casein, but was inadequate for the typing
of k-casein. Kiddy.et al. (1963) provided evidence for the genetic
polymorphism of the caseins in typing 958 cows for both the ¢gg-casein
and B-casein components.

This work was followed by a series of review articles and experi-
ments verifying and reviewing the progress to date in the genetics of
some of the casein components in cow's milk. Kiddy and Johnston (1964)
summarized the information to date confirming genetic control of the
ag-casein variants. Thompson et al. (1964) summarizedvthe work on
B-casein which élso confirmed the prevailing theories of genetic
control of the polymorphisﬁ. Thompson and Kiddy (1964) brought to-
gether the available information regarding isolation and biochemical
properties of the og=-casein variants. They also proposed at this time
that the Ogs-casein designation be changed to &Sl—casein to differentiate

it from the other Og-caseins and to specify the og-casein component
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containing the A, B, C variants, which were the only ones known at that
time. This proposal was accepted and is currently used.

While, from the reviews, it may seem that a plateau had been reached,
much new information was added during the next few years. Gossclaude
et al. (1965) gave evidence for an additional variant in the o gj-casein
group. They designated this a gq-casein D and it became the fourth
variant of the g-casein. Their work was followed closely by the report
of El-Negoumy (1967) and Groves and Kiddy (1968) of genetic variation
in the y-~casein fraction. In three of the y-casein fractions, vatriants
designated A and B, were found while no variation was found in other
fractions.

During the same petriod of time Kiddy, Peterson, and Kopfler, (1966)
demonstrated further breakdown within the B-casein A variant. They
were able to subdivide -it into three fractions with electrophoresis
at an acid pH. These fractions were designated B-casein Al, A2, and A3.
This was the first report of genetic variants found by means of any-
thing but alkaline pH eiectrophoresis. Then in a report by Aschaffenburg,
Sen, and Thompson (1968) two new variations of B-casein were added to
the list, designated B, and D. The g-casein B, had a mobility similar
to B-casein B and was discovered by means of "fingerprints'" of chymot
tryptic peptides. Both new variants appear to be quite rare in
occurrence,

The above information is summarized in Table III. These data
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TABLE ITI. THE GENETIC VARTANTS OF MILK PROTEINS*
Protein
Constituent Variant Year Reference and Year
04, -casein A )
1 . ) )
B ) 1962 + Thompson et al. (1962)
)
c )
D 1966 © Groschaude et al. (1966)
B -casein [g 1961 Aschaffenbur% (1961)
Comprising A A2 and A
Al
) :
AZ'Y 1966 Kiddy et al. (1966)
) | ;
A%
B 1961 ) Aschaffenburg (1961)
B, 1968 - . Aschaffenburg et al. (1968)
C 1961 . Aschaffenburg (1961)
D 1968 : Aschaffenburg et al. (1968)
y -casein A ) ‘
: ) 1967 El-Negoumy (1967)
B ) Groves (1967)
Kk -casein A ) Neelin (1964)
) 1964 Schmidt (1964)
B ) Woychik (1964)

%* Adapted from Aschaffenburg (1968)
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are not considered to be complete by any means. Since its complilation,
Annan and Manson (1969) have isolated a new fraction from gg-casein
which they designated ggp-casein. This appeared similar to aSl-casein.
They also accomplished further fractionation of the whole 0g-casein,
isolating at least three (@32’3’4rcaseins) components. Further
regsearch to verify these data and clarify some questions as to whether
these are true subdivisions of the protein or artifacts should be done.

It should be noted that the last two discoveries cited were made
by varying the experimental methods. First in varying the pH of the
starch-gel electrophoresis (Kiddy, Peterson, and kopflef,l966), and
second by means of a newitechnique with milk proteins, that of diges-
tion by chymotrypsin and then peptide fingerprinting (Aschaffenburg
et al. 1968). Aschaffenburg (1968) suggests that from this point in
milk protein research progress might be sloﬁ because it will be
dependent upon the perfection of new methods of looking at the milk
proteins which will permit us to examine them in their natural state.
Since the proteins are quite easily denatured, care must be taken to
avoid studying fractions which are:not true subdivisions of the compo-
nent but only artifacts of the method of preparation.

B. Biochemical Basis for Variation in Casein Type

As better biochemical methods have become available, the bio-
chemical basis for variation in the milk caseins has been determined.

A brief summary of this basis, given by casein type follows:
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1. -Casein

s1

In all populations studied so far, the A allele of asl-casein seems
to be far more rare than either the B or C alleles. It has been reported
in only one familj line of Holsteins in the United States (Kiddy and
Johnston, 1964) and in one‘group of Dénish cattle (Kiddy, Peterson, and
Kopfler, 1966). This is to be expected from the experimental work of
Kalan, Greenberg, and Thompson (1966), in which they did an amino acid
analysis of the variants of aSl-casein. Their work indicated that the
B and C alleles differ: by a single amino acid - a glutamic acid
residue in the B variant being replaced by a glycine residue in the
C variant. However, the A typé in agq-casein seemed to be lacking
one or two major peptides contained in the B and C types. Except for
theée missing peptides, the A amino acid sequences seemed to be identi-
cal to the B and C sequences. This work has been confirmed by Thompson
and Gordon (1968). Aschaffenburg (1968) suggests that the A type may
have arisen by a fairly recent mutation, judging from the limited
distribution of that type.

2. p-Casein

Although some imformation is available on the variants which were
isolated from the A type (Al, Az, and A3), this paper will not attempt
to summarize it. The information is still incomplete, few breeds

have been typed with acid pH electrophoresis,.and amino acid analysis

of these variants is unfinished.
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The A type has been the most frequent in occurrence in most of
the breeds typed; the variation in all western breeds is ppedominently
the A and B types. The C type is relatively rare in most breeds typed.
The amino acid sequence in B-casein are unavailable in the literature,
but most researchers suggest only one or two residues difference
between the three types.

3. Kk-Casein

From the appearances of number of types in the k-casein, it should
be the most simple of the caseins to study. However, it has proved to
be the most elusive of all caseins typed to date. Part of the reason
for the problem may be the fact that the k-casein plays a complex role
in stabilizing the casein micelle, and it also breaks and forms
disulfide bonds easily. There are few reports of g-casein frequencies
in the literature.

In the reports, the A allele seems to predominate except in the
Jersey breed where the results are conflicing. However, both the A
and B variants have been present in all breeds typed. Tn the work of
Woyéhik, Kalan, and Noelken (1966), and also that of Schmidt, Both and
deKoning (19665, the k-casein A type was shown to contain one more resi-
due each of aspartic ‘acid and threonine than the B type. The B variant
contained one residue each of alanine and isoleucine more than the A

variant.
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III. GENE FREQUENCIES AND INHERITANCE OF CASEIN COMPONENTS

Much of the early genetic work in milk proteins developed con-
currently with the basic information reviewed above. It has been
established by the various workers cited that the variations in
&Sl’ B~-, and k~-casein which were summarized in Table IIT, are each
controlled by an autosomal locus with co-dominant alleles.
(Aschaffenburg, 1961; Thompson et al. 1964; Kiddy et al. 1964;

Kiddy et al.1963). The allele frequencies from the literature are
summarized in Table IV.

The gene frequencies in Table IV illustrate several interesting
points. One is the differences in frequency of the alleles between
breeds. Some very divergent selection or random genetic drift seems
to have taken place over the years to separate, for instance, the
dsl-casein frequences in the Hereford and Brahman cattle. There are
no known reports in the literature of what contribution these .
different alleles might be making to fitness with respect to the
environments in which they are found. The frequencies of the Santa
Gertrudis alleles appear to reflect their recent origin from the
Brahman and Shorthorn breeds. There:are also some interesting differ-
ences between herds within a breed as evidenced by the protein typing
of Woychik (1965) and Corradini (1969) in Jerseys with respect to
g-casein. However, whenever animals are maintained in separate

populations the allelic frequencies may be expected to differ.




TABLE TIV. GENE FREQUENCIES OF_ CASEINS IN SELECTED BREEDS*
o, - 8. K
No. 1 :

Breed Tested A B C A B C A B Reference and Year
Jersey 67 0.81 0.19 0.64 0.36 - - Thompson et al. (1964)

48 - - - - - - 0.10 0.90 Woychik (1965)

142 0.93 0.07 0.71 0.29 O 0.52 0.48 Corradini (1969)
Guernsey 400 0.70 0.30 0.98 0.01 0.02 - - "Thompson et al. (1964)

47 - - - - - - 0.74 . 0.26 Woychik (1965)
Holstein 542 0.05 0.87 0.08 0.98 0.02 - - Thompson et al. (1964)

138 - - - - - - 0.85 0.15 Woychik (1965)

173 0 0.98 0.02 0.37 0.63 0.79 0.21 Arave et al. (1971)
Shorthorn 115 0 0.99 0.01 .0.97 0.03 O - - Aschaffenburg (1968)
Brown Swiss 23 - - - 0.80 0.18 0.02 - - Kiddy et al. (1966)

203 0 0.97 0.03 0.79 0.19 0.02 - - Thompson et al. (1964)
Hereford 48 0 0.98 0.02 0.75 0.25 0 - - Caldwell et al. (1971)
Angus 77 0 0.8 0.16 0.95 0.05 O - - Caldwell et al. (1971)
Brahman 59 0 0.03 0.97 0.99 0.01 0 - - Caldwell et al. (1971)
Charolais 10 0 0.80 0.20 0.90 0.10 O - - Caldwell et al. (1971)
Santa

Gertrudis 24 0 0.54 0.46 1.00 O 0 - - Caldwell et al. (1971)

* Adapted from Aschaffenburg (1968), Caldwell, Weseli and Cartwright. (1971), Corradini
(1969) and Arave, Lamb and Hines (1971).

_L?[...
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There is relatively little information available on frequenéies
of K-casein. IMany researchers have found that special care must be
taken in electrophoresi; to resolve the K-casein into its componenf
parts. Several of the reports in the literature have noted that it
was intended to study K-casein as well as the other caseins but
resolution of these components was too inconsistent to report. The
only report known at this time on beef cattle casein frequencies
is one by Caldwell, Weseli, and Cartwright (197i)° Horvath (1970)
in studying casein frequencies of the Simmental breed from Europe,
reported that the frequency of the B~casein C allele was 0.42. This
is much higher than any other breed so far reported.

Further evidence regarding the inheritance of the variants was
given by Grosclaude et al. (1964). They typed several daughter-dam
pairs and found no recombination in inheritance. Thergfore, they
postulated thét the loci conditioning the Ogq~ and B -casein variants
are located on the same chromosome in close proximity to each other.
They (Groselaude et al. l965)lcontinued their initial research with
further daughter-dam comparisons which suggested that the genetic
locus responsible for k-casein variation is located on the same
chromosome as the Ogq ™ and B -casein alleles. The fact that they found
no recombinants between any of these genes gave further verification
to the theory that they are all placed closely together on the

chromosome. Groves and Kiddy (1968) reported a close association also
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between the B- énd Y-casein genes. 1In fact, recent evidence (Hines
et al. 1969) indicates that at least some of the g- and~y-caéein genes
are common to both systems. Support for this view is the finding of
Groves and Kiddy (1970) that the amino acid substitutions which
differentiate the B-caseins also differentiate the B-caseins.

It would seem apparent that the story of the inheritance of milk
proteins is far from complete with many exciting chapters yet to be
written. However, that work which has been compiled has done much to
give us a better vision of the inheritance of discréte factors
influencing milk, both in the dairy and beef breeds.

IV. INFLUENCE OF MILK PROTEIN GENES ON PRODUCTION TRAITS

There have been few studies attempting to relate milk protein with
production traits. Perhaps because the genetic effects are so small
when compared to environmental effects in most production traits,
researchers generally have ignored this area of research. There are
a few exceptions, however.

Hoogenddorn et al. (1969) have reported on studies involving some
genetic loci and production traits in dairy cattle. They found signif-
icant relationships between‘aSl-casein genotypes and percent protein
in Jersey milk (P < 0.05) between B-casein genotypes and percent lactose
for Jerseys (P< 0.05) and between R-casein types and percent fat
(P< 0.01) and percent protein (P< 0,025) in Milking Shorthorns.

Their analysis of variance also showed a significant relationship
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between k-casein genotype and percent protein din Jerseys (P< 0.05).
They found no consistently superior genotype with a significant effect
on percent protein over all breeds. One problem in their study may have
been the-small number of observations in séﬁe of their comparisons., -
Arave et al. (1971) studied the relationship‘betweenlmilk protein
polymorphism and production traits. They found no significant con-
tribution of milk protein genotype to production.

The literature shows that research on this a;péct of milk proteins
has been done entirely with dairy cattle. and in measuring the effect
of milk protein genotype on the percentage of constituents in the milk.
Information is lacking on the effect of different milk protein geno-
types on calf production for situations where the calf is raised on

the mother's milk..




MATERIALS AND EXPERIMENTAL PROCEDURE

I. ANIMALS SAMPLED

The milk samples typed in this study were obtained from beef cows
at the U. S. Range Livestock Experiment Station at Miles City, Montana.
The breeds and breed crosses as well as the total number sampled in
each group are given in Table V.

Of the 471 animals sampléd, 181 cows were sampled in both 1966
and 1967. Also, in 1970, 97 milk samples were obtained from cows
which were daughters of previously sampled cows. Seventy-three of
these cows were three- and four-way line and breed crosses. A total of
649 milk samples were typed in this study.

The inbred and linecross Herefords listed in Table V are listed
separately from the non-linebred Herefords. Brinks et al. (1967)
gives the average inbreeding of these lines (designated as 1, 4, 6, 9,
10) to ‘be 20-35% as of 1962. The linebred group of this study
included the above lines as well as all possible crosses and reciprocal
crosses between lines. The non-linebred Herefords came from the grade
herd maintained at the U. S. Range Livestock Experiment Station at
Miles City, Montana (Pahnish et al. 1969). These were the Herefords
used in the breed crosses studied. The Angus, Charolais, and Brown
Swiss cows sampled in this experiment were purchased prior to a cross-
breeding study initiated in 1961 at the station. The Angus and Charolais
represent rather divergent breeding. The Charolais females used in this

experimental breeding herd were about three-fourths to seven=-eighths




TABLE V,

NUMBER OF COWS
OR BREED CROSS
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SAMPLED AND CLASSIFICATION ACCORDING TO BREED

Breed or Cross

Sire

Hereford

Hereford
Angus
Charolais
Hereford
Angus
Angus
Charolais
Hereford
Charolais
Hereford
Angus

Charolais

Three= and four-way breed crosses

X

X

X

X

Total Cows Sampled

Dam
Hereford? 161

Hereford 26 ’
Angus - 30
Charolais 34
Angus 19
Hereford ‘22
Charolais 17
Angus 27
Charolais 17
Hereford 18
Brown Swiss 10
Brown Swiss : 9
Brown Swiss 8
73
Total 471

a

Inbred lines and linecrosses
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Charolais with Hereford aﬁd a limitea amount of Brahman making up the
remainder (Pahnish et al. 1969). Additional background information on
the animals in this experiment is given elsewhere: Flower et al. 1963;
Brinks et al. 1967; Urick et al. 1966; and Urick, 1968.

II. SAMPLING PROCEDURES

A. Obtaining Milk Samples

Milk samples were obtained in the summer of 1966, 1967, and the
spring of 1970. The first year (1966) the milk was obtained after
withholding célves from the cows for a few hours before milking.

Some difficulty was experienced in obtaining milk from some of the
cows. In each subsequent year the milk samples were obtained follow-
ing the injection of 1/2-cc. of oxytocin into the jugular veiﬁ of the
cow. No problems were experienced obtaining the milk after this
treatment. Milk Qas collected in plastic bags identified with the
cow number. |

B. Handling of Milk Samples

Following collection, the samples were frozen either by dry ice
or by being placed in a freezer at the experiment station. The samples
were transported while frozén to Bozeman, Montana, and kept frozen
(-10°C) until the caseins were recovered from the milk for typing in the

laboratory.
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ITI. TYPING OF MILK PROTEINS

A. Preparation of the Casein

The casein was recovered by the Eé?hnique of El;Negoumy (1966).

The - frozen samples were thawed and then %armed in a warm water bath
to 40° ¢. The milk sample (10 ml) was then mixed with an equal volume
-of pH 4.6 acetate buffer (made from an equal mixture (V/V) of sodium
.acetate and acetic acid, 1IM) in a 25 ml centrifuge tube. The casein
precipitated immediately. The mixture was then centrifuged in an
International Centrifuge No. 2 at 3000 X g for 7 minutes. The casein
settled to the b;ttom of the tube, and the ﬁhey and fat were poured
off. The casein was washed twice with distilled water, adjusted to
pH 4.6 with HCL, and centrifuged for 5 minutes, each time at 3000 X g.
The -washed casein was dissolved in solid urea and distilled water to
briﬁg the resulting mixture to a 4.6% casein solution (about 10 ml).

The solution was then absorbed on 1.5 cm wide strips of Whatman
_No‘° 3 filter paper (each ideﬁtified with. the cow number from which
the sample had been taken) with excess solution removed from the filtek
paper strips by blotting. The strips were then dried and stored with~
out.signifigant change in electrophoretic results until they could be
electrophorized (El-Negoumy, 1966).

B. Starch=Gel Preparation

The starch-gel was prepared by El-Negoumy's technique (1966)
who modified the procedure of Wake and Baldwin (1961). Table VI lists

the composition of the gel.
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TABLE VI, COMPOSITION OF THE STARCH-UREA GEL

Gel Components Quantities
Starch A 53 gm &
Deionized distilled water ' 228 ml b
Tris=-citrate buffer 60 ml

Urea : 126 gm
2-Mercaptoethanol 1.7 ml

a Commerciél Hydrolyzed Starch was used (Connaught Laboratories,

Canada).
Depending upon the starch obtained, the amount of water in the
gel varied from 228 to 240 ml.

This tris-citrate buffer, water, and starch were mixed together
until the starch was suspended freely in the solution. The mixture
was then slowly heated to a full boil over a medium flame while being
shaken to keep the mixture as homogeneous as possible. It was then
removed from the heat and the urea added immediately. The entire
mixture was swirled until the urea dﬁ‘.séolved° The gel solution was
then placed under a vacuum using a water pump'té remove all air
bubbles. The resultiﬁg semi-clear and fairly viscous mixture was
coaled by immersing the contaimer in a water bath at about 25-30°0 ¢
while swirling intermittently. When the gel reaéhed a temperature
of 25-30° ¢, the-2-mercaptoethanol was added and completely mixed into
the gel. The gel was then poured into the mold (the electrophoresis

chamber). The gel was left at room temperature for at least 3 hours
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and then placed in .a cold room for 8-12 hours at 2-30 C before using.
Gel thickness which gave the best resolution was 5 mm.

C. Electrophoresis Equipment and Procedure

Electrophoresis of the casein was.performed in two different
migration chambers (Figure 1). The most frequently used chamber
and the preferred one, was a locally-constructed unit designed by
El-Negoumy and Via (1966). It yielded better resolution than the
second unit which was a horizontal unit (Researéh Specialties Co.).
However satisfactory resolution was obtained with both chambers.

The advantages of the locally constriucted unit are summarized in the
reference just cited.

The -electrodé chambers of each uhit were filled with appropriate
amounts of sodium borate buffer which had a pH of approximately 8.9.
The sample strips (cut to 0.5 cm X 1 cm) were insertéd into the
cobled gels, and the electrophoresis was done in a cold room (2-3° ().
It was found that the electrical power which produced the -most con-
‘sistent results was 20=-25 milliamps. Electrophoresis then required
36-48 hours to completion.

D. Staining, Washing, and Reading the Casein Types

Following electrophoresis, the gel was stained with Nigrosin dye

(National Aniline), a protein dye, prepared after the manner of Smithies

(1959). The dye ‘was dissolved in methanol, water, acetic acid

(50:50:10 by volume), and placed on the gel surface for 7-12 minutes.




Figure 1. Electrophoresis equipment used.
Chamber designed and constructed by El-Negoumy
and Via (1966). Bottom: Research Specialties
Company migration chamber.

Top:




=28~
Following the dyeing, the gel was washéd by the methanol-water=-acetic
acid solution until good resolution was obtained. The protein=-dye
complex does not wash out and in fact becomes clearer and more -easily
read when the gels are washed for several days and when the washing
.solution and gel are placed in a cold room (2-3°C) for that period of
time (Figure 2). The reading of the protein types was accomplished
by comparing_eaéh electrophoretic pattern with ﬁatterns of known pheno-
typeél. During the -early stages of the work, the author had the
advantage of conferring with Dr. A. M.. El-Negoumy on the phenotyping
of the-gels.

IV. STATISTICAL METHODS AND ANALYSIS

Each cow typed, with the exception of some of the cows sampled
in 1970, was included in the gene frequency analysis. Eor the gene
_ frequency &nalysis, cows were classified according to the breed of
their sire and dam. The balance of the 1970 data was used in the
daughter=dém analysis. The gene frequencies were calculated after
the manner of Stern (1960). TFor example thelfrequency of one allele

(A) is calculated in the following manner:

2 (No. of A/A.cows) + No. of A/B cows
2 Iotal COowWs

Frequency of allele A =

1 Supplied by Dr. A. M. El=-Negoumy, Agriculture Products Utilization
Lanratory, Montana State University, Bozeman, Montana.
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Figure 2. Photograph of electrophoreized starch-gel
showing some of the variation in the %gy7s B - and
K -casein components.
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Zygotic frequencies were tested for conformity with the Hardy-

Weinberg equilibriums by XZ

analysis (Stern, 1960). The gene fre-
quencies were inserted into the Hardy-Weinberg formula, p2 + 2p
(1-p) + 1-p)2 = i, to obtain expected observations of homozygotes
p2 or (1-p)2 and heterozygotes 2p (1-p). The expected number was
obtained by multiplying the frequency of the allele by the number
of individuals in the analysis. '

Least squares'proce&ures were used to determine the effect of
milk protein type of the cow on the weaning traits .of her calves.
The weaning trait data was not compiled especially for this study,
but is regularly compiled on all calves at the Miles City Station.
The traits measured were weaning weight, adjusted 180-day weight,
and 180~day gaineﬂ The 180-day weight was obtained by computing
gain/day X 180 plus birth Weiéht° The 180-day gain was the gain/day
X 180. There was a maximum of three years for which calf production
data were obtained. Therefore, the number of observations per cow
varied from one to three depending on the nimber of weaning records
availablel For this reason the number of production records exceeded
the number of cows with milk protein classifications.

The data were analyzed separately within groups by breed of sire
and.breed of dam. Main effects included in the least squares model

were Og. =, B-, K-casein genotypes, sex of calf (bull, steef, or

1

heifer), age of dam (2-10 years) and year. The general model used for
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the separate group analyéis, withjappropriate notation was:
Yijklmar =¥ F o3 F 85 F o T 51 ¥ 4m " n +eijklmnr. When the
breeds and breed crosses were combinéed for an overall analysis, a
main effect for breed was included in the model. One analysis was
made including a B-casein type X k-casein type interaction and a
K-casein tjpe X sex interaction. WNo other inter;cfions were included
in any analysis because of-missing genotypic¢ combinations or inadequate
numbers in some genotypic groups. A main effect fgr line of si?e and -

line of dam was included in the analysis of inbred Hereford or linecross

production data. -




RESULTS

I. RELIABILITY OF MILK TYPING

Milk samples were collected from 181 of the cows, once each‘in
1966 and 1967. These samples were electrophorized and typed to check
the reliability of the methods. All but one of the duplicate samples
gave identical results. No reason could be found for the different
typing in 1966 and 1967. Probably there had been an error in identifi;
cation of the -sample one of the years or a mistake in typing the 1966
sample. This cow and her offspring were excluded from this study.
These results indicate that the typing procedures were accurate and
;epeatable. They also gave support for the basic premise that the
protein types studied are permanent characteristics of a cow's milk
and are not variable with time.

IT. THE GENETIC MECHANISM CONTROLLING VARTIATION IN CASEIN TYPE

Reports in the literature (Aschaffenburg, 1968, Arave et al.
1971, etc.) have postulated genetic control for the protein components
of cow's milk. They suggest that the Osq > B-and x-systems are each
controlled at a separate autosomal locus by a series of alleles with
polymorphic expression. To test this hypothesis, 97 cows which were
daughters of previously sampled cows were sampled in 1970. The milk
sample -from each daughter was found to contain at least one of the
allelic types of the dam in each casein group ( s> BT; and -casein).
It was not thought practical to attempt to type the sires of the cows

tested in 1970 from their daughters genotype because few offspring of a
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sire were available.. This precluded the usé of:these cows to study
inheritance of ‘the milk protein types.

All typing done in the present study éubstantiated the reports
of other research concerning genetic control of the milk proteins.
Thére were never more than two alleles observed per cow within'a
casein type in the milk samples. This information along with the above
mentioned results from daughter-dam genotype comparisons give strong
support for the concept of multiple alleles at three loci (one locus
each for asl, B=-, and k=casein) controlling variation of the. casein
components.

ITI. GENE_FREQUENCIES IN BEEF BREEDS

The genotypes of a cow with respect to'the casein components of
her milk is inferred directly from the phenot&pe of the electrophoresis
gel. Hence, it is possible to report allelic frequencies for the three
loci from the various genotypes observed. The gene frequencies for the
13 populations into which 398 of the cows could be grouped are given
in Table VII. The genotypes of the 398 cows are -given in Appendix
Table I. It will be observed from Table VII that not all alleles
were found in the various bree&s or breed crosses sampled. The
0gy ~casein A/A ana A/C genotypes as well as tﬁe g-casein C/C and B/C
genotypes were not found in the milk typed. The aslbcasein A/B and
the B-casein A/C.were each found only once. The inbred Hereford cow

which typed asl~casein A/B and the Angus X Brown Swiss cow which




TABLE VIT,

FREQUENCIES OF CASEIN ALLELES IN MILK FROM BEEF CATTLE

0gy- B - K-

BREED OR CROSS Cows Tested B c A B c A B
Hereford (inbreds and

linecrosses) 161 0.003 0.984 0.013 .798 .202 742 0.257
Hereford 26 0 1.00 .846 .154 .731 .269
Angus 30 0 0.917 .083 .00 .733 . 267
Charolais 34 0 0.926 074 .926 .074 721 .279
Hereford X Angus 19 0 0.973 .027 .816 .184 .658 .342
Angus X Hereford 22 0 0.977 .023 .932 .068 .727 .273
‘Angus X Charolais 17 - 0.941 0.059 0.971 ,029- .735 0.265
Charolais X Angus 27 0 0.963 .037 .926 .074 .704 .396
Hereford X Charolais 17 0 0.941 .059 " 0.735 .265 .647 .353
Charolais X Herefofd 18 0 0.972 .028 .833 .167 .611 .389
Hereford X Brown Swiss 10 0 0.80 .20 .75 .25 .75 .25
‘Angus X Brown Swiss 9 0 0.889 0.111 0.722 0.222 0.056 0.556 0.444
Charolais X Brown Swiss 8 0 0.938 .062 .813 .187 .688 .312
Total 398

- g
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typed g-casein B/C proved to be the only occurrence of the<x51-casein A
allelg and the R-casein C allele,

The straightbred Herefords had only thé a31-caséin B/B genotype.
The range of frequencies, in the populations studied, for the
&Sl-casein B allele was 0.80 to 1.00; for the B-casein A allele,
it was 0.72-1.00; for the g-casein A allele, the frequencies ranged
from 0.56 to 0.74. There is much greater variation available for
selection in the g-casein fractions than in either the Ggq~s OF
B-casein. The dsl—, and B-casein allelic frequencies indicate that
they are very nearl& fixed.

The allelic frequencies for the asi caseiﬁ in the crossbredl
groups fall between the frequencies of their respective parental
breeds. This is as expected. In the B-casein, the same is true for
four out of.the six crossbred groups. However, the g-casein frequencies
for the breed cross groups do not fall between those of their parental
breeds. 1In most cases, the crossbreds fall below the low parent fre-
quencies for g-casein A. This may be chance variation due to the
small sample size. However, with the exception of the Brown Swiss
(which are excluded here because of not having a pure parental breed
with which to compare), five out of six‘crossbred comparisons fall
below the parental frequencies. The indication is that some type of

selection is taking place in the K-casein components.
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If there were some selective advantage to some genotype, this
would be most likely discerned in the k-casein components because
the A and B alleles are of such a frequency that selection can occur.
In both the ogy- .and B-casein, thg frequencies of the B and A alleles,
respectively, are so high that very little change in gene frequency
can occur in one generation. As indicated in Appendix Table I, 927
of the cows typed had the asl-casein B/B genotype, and 70% of all cows
had the B-casein A/A.  Conversely, only 46% of the population had the
k-casein A/A genotype and 507 had the A/B genotype, leaving a much
greater opportunity for detectable .selection toward a superior genotype..
Although the gene frequencies reported in this study are based
upon very small populations, they agree with those reported else-
where (caldwell, Weseli, and Cartwright, 1971). There are no known
reports of k-casein frequencies in the beef breeds. The comparisons of
the frequencies for the O~ and Bréasein reported here and those
reported elsewhere are given in .Table VIII.
The 081-casein frequencies are quite similar to those found in
the Holstein, Brown Swiss, and Shorthorn breeds (compare Tables IV
and VIT). This is as expected since the frequenc& of the B allele
is high compared to the alternative alleles. The R-casein allelic
frequencies from the literature are‘quite divergent, so comparisons
are not possible. The frequencies of k-casein in the beef breeds were

similar to the reported allelic frequencies in the Holsteins.
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TABLE VIITI. COMPARISON OF ALLELIC FREQUENCIES AT TWO LOCI

gsy-casein B-casein
Breed Study A B [ A B C
(Literature? 0 0.98 0.02 0.75 0.25 0
Hereford (
" (This study 0 1.00 O 0.846 0.154 0
(Inbred & _ ‘
Linecrosses) This study 0.003 0.984 0.013 0.795 0.205 0
: (Literature 0 0.8 0,16 - 0.95 0.05 0
Angus (
(
(This study 0 0.917 0.083 1.00 O 0
(Literature 0 0:80 0.20 - 1.90 0.10 0
Charolais ( )
: (This study 0 0.926 0.74 0.926 0.074 0

& Caldwell, Weseli,. and Cartwright (1971).

There is little variation among the various breeds and breed
crosses in gene frequency in spite of the fact that individual breeds
can be considered separate populations. Most of the variation ob-
served in the frequencies of protein types was within breeds and
is found primarily in the g~ and g-casein components.

IV, GENOTYPIC FREQUENCIES AND HARDY-WEINBERG EXPECTATTONS

An analysis was made of the fit of zygotic frequencies to Hardy-
Weinberg expectations using genotypic frequencies of the milk caseins.
Using the technique of Stern (1960), expected frequencies of each
genotype were computed from the allele frequencies obtained in this
study. The differences between observed and expected numbers in

each genotypic class were analyzed using XZ. The analysis of both the




-38-
051~ and g-casein genotypic frequencies yielded no significant devia-
tions from the expected. Deviations from the expected numbers in each
genotypic class seemed to occur at random. Table IX gives the X2~
analysis for the Hereford breed which showed the largest deviation
from the expected, yet was non-significant.

The deviations which are present in Oy~ and B-casein genotypes
would not be expected to be large because of the fact that the fre-
quencies of the aSI-casein B allele and the B-casein A allele are so
near to unity. This limits the opportunity for genotypic frequencies
to fluctuate much from the-expectgd. Many generations of large popu-
lations would need to be tested to detect significant deviations., It
does seem appropriate to question why some aSl— and B-casein alleles
have consistently attained what seems to be very high frequencies
in these beef breeds. In light of the reported frequencies of the
same alleles in the Braﬁman and some Holstein cattle, the high fre-
quencies reported here are not a phenomenon. of all cows' milk. Further
research needs to be done to.seek causes for these differences.

The g-casein genotypic frequencies presented a much different
picture than the u51-’and B-casein when analyzed by the above
methods. The calculations are summarized in Table X. One of the
breed groups (Charolais), deviated significantly (P <.05) while three
(inbred and linecross Hefefords, Angus~-Charolais, and Hereford-Charlais)
groups showed‘ﬁigﬁly significant (P <.0l) deviations from the expecta-

tions. 1In every breed group analyzed for k-casein .equilibrium, the




TABLE IX. OBSERVED AND EXPECTED FREQUENCIES OF g-CASEIN GENOTYPES IN HEREFORDSZ
BASED ON ALLETIC FREQUENCIESb OBTAINED IN THIS STUDY

Hardy- Theoretically
Observed . Weinberg Expected (o—e)2
Genotype (0) . Notation Number (e) é e
" A/A 119 p2 (r?)n 121.2  4.84/121.2 = 0.40
B/B 5 (L-p)2 (1-p)2n 7.1 4.41/7.1 = 0.621
A/B 63 2p(1l=p) 2p(1-p)n 58.7 18.49/57.8 = 0.317
Totals 187 i 187 0.978¢ =

@ All Herefords combined for this analysis
b Computed by the following: - (2(no. in A[A class) + no. in A/B class = frequency of A
. 2(total no.) allgle. "y

Frequency of A allele = 0.805; frequency of B allele = 0.195.
€ "X2 required for significance (d.f. = 1, P <.05) = 3.84.

...69...




TABLE X,

ANALYSIS OF THE FIT OF k-CASEIN GENOTYPIC FREQUENCIES TO HARDY-WEINBERG

AN oo

Hereford-Angus reciprocal crosses combined
Angus=Charolais reciprocal crosses combined

Hereford-Charolais reciprocal crosses combined

3

EXPECTATIONS
A/A B/B A/B Total 52

Breed Cows typed obs. exp. obs. exp. obs. exp. Calculated
Hereford

(inbreds and .

linecrosses) 161 82 88, 4 10. 75 61. . 6794%%
Hereford 26 13 13.¢ .1 1. 12 10. .8021
Angus 30 15 16. 1 2. 14 12. .8958
Charolais 34 16 17, 1 2. 17 13, .4876
Herefofd==Angusb 41 18 19. 2 3. él 17. .7610
Angus-CharolaisC 44 19 22. 0 3. 25 18. .7666%%
Hereford-Charolaisd  _35 10 13.8 1 4, 24 16. 5767 %%
Total 371

Significént X2 valﬁes with 1 df.; *; P.< ,05; *%, P< .0l

..O'IZ_




A
homozygous genotypes (A/A or B/B) were less frequent.than exPected
and the number with heterozygous gentoypes (A/B) exceeded the expected.
The frgquencies reported by Corradini (1969) showed a similar pattern
of deviation. This kind of departure from Hardy-Weinberg expectation
indicates that the heterozygote has a selective advantage. There are
few reports in the literature dealing with k-casein frequencies
because it has been difficult to resolve the k-casein components con-
sistently. There are no known reports of the Hardy-Weinberg equilibrium
analysis of genotypic frequencies of the milk proteins in milk from
beef cows.

V. EFFECT OF MITK CASEIN GENOTYPE ON CALF PRODUCTION TRAITS

A. Overall Analysis of Effect of Protein Type on Production

In most of the analyses of the effect of milk protein genotype
on weaning traits with least squares techniques, the sex, age of dam
and year, main effects were significant (P <.0l). This has been
previously reported by many workers, most recently by Pahnish et al.
(1969) on the same herd of cattle sampled.in this study. 1In the over-
all analysis of milk protein type on production traits, the breed
effect was also significant (P< .0l). Table XI lists the least squares
fmeans for the analysis of the effeet of milk genotype on production
(weaning weight, 180-day’ gain,'and 180-day weight) with all cows -
‘includeéd in the analysis.

The analysis of variance of the differences in Table XI showed
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that the effect of y-casein genotypes on weaning weight approached
significance (P< 0.10) and the -effect of B-casein genotypes on

180-day gain and 180-day weight approached significance (P <0.10).

(Appendix Table II).

B. 1Interactions Analvyzed

In the analysis of the effect of milk protein genotype on pro-
duction data with the p-casein type X w-casein type and k-casein type
X sex interactions, the interaction effect was very small. The analysis
of variance showed no significant effects for either genotype or inter-
actions. (See.Appendix Table III for the analysis of variance for 180-day
gain with the above interactions.) These were the only interactions
studied due to the small numbers of observations of some genotypic
COmbinatibns and because ‘many interaction comparisons were missing.,

The interactions were -omitted from all subsequent analyses.

Data from inbred lines and linecrosses of Herefords and the
combined crossbred and straightbred cattle were anélyzed for milk
protein effect on production traits. The results of these analyses
are presented in Tables XII and XIIT.

The inbred line and lihecross effects from thg analysis of
variance were non=significant in all three traits measured. All milk
protein genotypic effects were also small and non-significant. As
noted in Table XII, the differences in genotype effect were -generally

small, but the k-casein A/B genotype showed a superior effect on wean-

ing weight and 180-day gain in this analysis (Table XII).
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TABLE XI. OVERALL EFFECT OF CASEIN GENOTYPE OF WEANING WEIGHT,
180-DAY GAIN, AND 180-DAY ADJUSTED WEIGHT

Number of Weaning 180-day . 180-day
Casein Genotype Observations Weight (lbs.) Gain (lbs.) Weight (lbs.)

B/B 707 451.29 346.95 426.77

c/c | 3 419l17\ 326.95  404.18

Ogq ~

A/B .2 404,60 300.79 367.85

B/C .60 440.11 ﬂ 338.45 415.20

A/A 538 418,25 317.17 393.51

B/B .9 423.62  325.97 401.01

i A/B 222 432,72 330.74 h 408.86
A/c- 3 440,57 338.66 410.63

A/A 339 428.09 . 327.16 - 402,62

k-~ B/B - 17 440.72 336.80 413.09

A/B 416 - 417.56 320.45 394.80
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TABLE XII. MILK PROTEIN GENOTYPE EFFECT ON PRODUCTION IN INBRED LINES
AND LINECROSSES IN HEREFORDS (LEAST SQUARES MEANS)

Number of Weaning ’ 180-day 180-day
Casein Genotype Observations Weight (lbs.) Gain_ (1bs.) Weight (1bs.)
B/B 211 400.73 301.62 374.29
A/B 1 385.75 278.23 343.78
0651- .
B/C 5 414 .31 : 301.06 376.90
A/A 128 393.52 ©288.91 358.95
B= B/B 6 -+ 405.40 298.07 . 367.41
A/B 83 401.87 293,93 . 368.61
A/A 110 404,16 298.09 373.41
DK B/B . 5 390.00 281.08 . 348,66

A/B 102 - . 406.64 . .301.54 372.90
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TABLE XIII. MILK PROTEIN GENOTYPE EFFECT ON PRODUCTION IN STRAIGHTBREDS
"AND CROSSBREDS (LEAST SQUARES MEANS)

Number of Weaning 180-day 180-day
Casein Genotype Observations Weight (1bs.) Gain (1bs.) Weight (1bs.)
B/B 436 " 460.36 453.81 433.73
Ggq " c/c 3 431.69 337.74 415.03
B/C 52 . 447.59 345.72 422,41
A/A . 371 427.28 328.49 407 .24
B/B 2 465,20 360.35 437.59
> AlcC 3 454,38 352.67 427 .41
‘ A/B 115 439.31 ~ 341.52 - 422,65
A/A 192 440.70 338.76 416.42
K - B/B 12 470.21 - 366.07 445,57

A/B 287 428.72 332.43  £409.18
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The differences listed in Table XIII in the k-casein genotypic
effect on weaning weight were significant (P< .05) and approached
significance (P< .10) for k-casein genotype effect on 180-day gain.
Neither the dsl

C. Analysis Combining Reciprocal Breed Crosses

-nor B-casein effects were significant.

In the analysis combining the reciprocal breed crosses the casein
genotype frequently had significant effects on weaning traits but no
pattern of significance was discernible with respect to either genotype
or breed. The overall analysis combining all reciprocél breed crosses
showed a significant effect for casein genotype. Table XIV summarizes
the significance féund in the -effect of milk protein types 6n reciprocal
breed crosses.

The homozygous genotypes were superior most often kTable XIv).
However, in all cases the k-casein B/B genotype effect was based
on seven or less observations so the reliability of this indication
of k=casein B/B superiority is questionable. The a81—casein genotype
B/B would appear to have some selective advantage from Table XIV, .but
what is essentially being measured is the dsl=césein effect overall.
With a gene frequency of 0.92 to 0.977, nearly every calf obtained

milk of that genotype.
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TABLE XIV. SIGNIFICANT EFFECTS OF MILK PROTEIN TYPES ON PRODUCTION
TRAITS IN RECIPROCAL BREED CROSSES }

: Weaning - 180-day 180-day
Analysis or Cross Weight Gain Weight
Ots]_-caseina(B/B)l . - os{-casein¥*(B/B)
Overall '
k~casein¥* (B/B) - -
Hereford-Angus _— ~ B-casein*(A/B)  B-casein*(A/B)

Hereford-Charolais  osj-casein*(B/B)dsj~-casein*(B/B) Osj-casein*(B/B)
Angus~-Charolais osq-casein® (B/B) - -

Hereford )
. ) ) ¥

Angus ) -Brown Swiss K-casein*(B/B) ; kK-casein®(B/B) k-casein®(B/B)
)

Charolaié)

P< .10

P< .05
1 Superior genotypes determined by least squares means are given in

parenthesis.
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TABLE XV.
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SIGNIFICANT EFFECTS OF MILK PROTEIN TYPES ON PRODUCTION

TRAITS OF BREED AND CROSSBRED GROUPS

Breed or

Cross

Weaning Weight

Hereford

k-casein®* (A/A)]

* Angus .-

Charolais -

(asl-cqsein*(B/C)

H}EA‘Z (

( B-casein**(A/B)

A 0sq-casein®*(B/B)
C asq-casein¥(B/B)
51 ' -

B s2 . -

B S ' -

180-day gain

K-casein®¥*(A/A)

K-casein@(A/A)
dWsq -casein* (B/C)

B~casein**(A/B)

0sq-casein*(B/B)
as|-casein®(B/B)

180-~day weight

K-casein®* (A/A)

k-caseina(A/A)

B-casein**(A/B)

msl-casein*(B/B)

asq-casein* (B/B) .

P<.10
P< .05
P < .01

Superior genotypes determined by least squares means are given

in parentheses.

Abbreviations H; A, C, and B S refer to Hereford, Angus, Charolais,

and Brown Swigss breeds, respectively.
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D. Estimation of Effect of Casein Genotype on Individual Breeds
and Breed Crosses

The effects of milk protein genotype on the production traits
measured in individual breeds and breed crosses seemed to be small
and non-significant generally. The analysis showed no obvious patterns
of significance either as to casein type overall or as to genbtype
within a casein type.

Table XV indicates that thé homozygous genotypes seemd to be
superior in most analyses. 1In the only instance of heterozygote
superiority in Table XV there wére two loci involved. 1In the analysis
the 0gj-casein (B/C) and B-casein (A/B) heterozyotes showed superior
effects Within.their respective casein types half of the time, the
other half they were either in the middle or low of'the.genotypes.

The k-casein heterozygote (A/B) was high in three analyses and 1owA

in four. It seemed that the'effects associated with casein genotypes °
had no clearly discernable patterns in the various anaiyses. The most
consistent genotype from Tables XIV and XV was the Ogq-casein B/B.

It is involved with the greatest number Af significant analyses but
there were some analyses in which the ®sj-casein(B/B effect was

inferior to the effect of alternative ®sj-casein genotypes.




DISCUSSION

fhe results reported in this study support the theory of multiple
allelic control of casein variation at three different loci. Daughter-
dam comparisons support this by the fact that the daughter and dam were
always alike in at least one allele at each locus. The data did not
permit analysis for linkage relationships. The calculation of gene
frequencies at each of the loci involved was possible as well as the
comparison of zygotic frequencies with Hardy-Weinberg expectations.

The analysis of effect of milk protein genotype on production
yielded inconsistent results for all genotypes and for all breeds
and breed crosses. It appears that the milk protein genotypes do not

contribute substantially to variation in the weaning traits studied.

I. EFFECTS OF MILK PROTEIN GENOTYPE ON PRODUCTION TRAITS

.The lack of consistent significant effects of milk protein geno-
type on prodﬁction traits should not be taken as an indication of no
effect of milk type on production at this point. One limitation in
the present study was the low number of oberservations of some geno-
types and the low number of animals in some populations studied in the
beef breeds. |

Another limitation was in the nature of the traits studied and

their actual relationship to milk obtained from the cow. The traits
measured (weaning weight, 180-day gain, aﬁd adjusted‘180-day weight)
are all closely related. The real dependence'of a calf on its
mother's milk is present during the first month of life. Beyond that

time, it supplements its diet with grass and other forage. Thus the
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traits measured constitute a somewhat insensitive test 6f the effect
of the milk protein genotype. Indeed, the most pronounced effect of
milk protein on calf production may be in survivability of the calf,
resistance to disease, or efficiency of gains, none of which are
measured very effectively by weaning attributes. Before the true
effect of milk protein genotype can be measured, an experiment will
have to be designed to inclﬁde measurements of these effects.

II. Osy~-CASEIN

The Gg,-casein B allele had a frequency of 0.926-1.00 for the
populations studied. The frequencies of the breed crosseé for
asl-casein were within the range of their parental breed gene fre-
quencies. This was as expected when two populations are combined,
allowed to mate randomly, and there is no selective advantage to any
genotype. Howevef, if there were some selective advantage to the
heterozygous genotypes in the 0le-casein system, it is unlikely that
it could be detected when both parental breeds contain one allele at
such a high frequency. It would require considerably greater numbers
and more generations than studied in the present work to estimate the
affect of the heterozygote in 06Sl-casein, and to recognize any advantage.

In the Hardy-Weinberg equilibrium aﬁalysis, the uSl-casein showed
no significant deviation from the expected. This too could be caused
by the fact that there is no selective advantage to the heterozygote,
or it could be the resuit of small numbers in the populations studied

and gene frequencies near unity.
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In the analysis of effect of protein type on calf production,
the B/B genotype showed some advantage; however, in the asl~casein
there was little else with which to compare‘the-effect of the B/B
genotype within the a51-casein, At this foint it is difficult to
determine the actual effects of a31-casein genotypes in relation to calf
production. As more measurements of calf production become available
for analysis and as more known genotypic combinations with adequate
numbers become available, some of these relationships may be better
defined.,
III. PB-CASEIN

The situation with the A allele of the R-casein was much the same
as thaf of asl~casein B. It had a high frequency and all B-casein
genotypes seemed to be near equilibrium from the X2 analysis. TFew of
the B-casein genotypes showed significant effects on the production
traits measured, and no consistent pattern was shown for heterozygote
superiority. In the comparison of gene frequencies in breed crosses
with that of parental breeds, the B~caéein A allelé yielded an
atypical picture. Some of the breed crosses frequencies were lower
than .either parental frequency (Charolais-Hereford reciprocal érosses
andtthe Hereford X Angus cross). Whether or not this happened com-
pletely by chance is not clear. It may be an indication of some
selective advantage to the heterozygote -which would tend to lower
gene frequency in the B-casein A allele. This situation too will

need to await further study to verify any cause and effect relationship.




IV. k~CASEIN

The k-casein components yielded somewhat unuéual results when
subjected to the various analyses reported here. The frequencies of
the k-casein A allele allowed much greater opportunity for selection
to occur than either the ogy~ OF R-casein allelic frequéncies. The
k-casein A and B allele frequencies were between 0.56-.75 and
0.44-.25, respectively. Except for one comparison, the breed cross
frequencies for the k-casein A allele were all lower thaﬁ the parental
frequencies, A greater fitness to the heterozygote in relation to
both homozygotes is suggested by these findings.

The investigation of thé k-casein genotypic frequencies by Hardy-
Weinberg equilibrium produced a consiétent pattern of deviation of
observed genotypes from expected. Three comparisons were found to be
highly significant (P< .0l) and one was significant (P< .05) out of a
total of seven comparisons. In all analyses, the homozygotes (A/A and
B/B) contained fewer than the expected and the heterozygote exceeded
the expected. These data strongly suggest a heterozygote superiority
in the k-casein system.

The analysis of the effect of k-casein genotype on calf production
presented a mixed picture with respect to the heterozygote. There was
no consistent effect of.genotype on the production traits in breeds or
breed crosses. Where the k-casein genotypes showed a significant
effect on production, the A/A or B/B genotypes had superior effects

as measured by least squares means . The K-casein A/A genotype showed
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the high effects in four of the analyses.

V. APPLICATION OF INFORMATION

. The most significant finding of this study was in the Hardy-
Weinberg equilibrium analysis of the K-casein éenotypes° The data
have suggested that some selection pressure was operating with respect
to the heterozygote. Since the cows were all mated within their
specified breeding groups with no knowledge of casein genotype
(i.e. randomly), artificial selection would not be responsible for
the gene frequency deviations from expected. 1In the differences
detected with the XZ analysis, the pattern as well as the magnituide
of the deviations indicate that chance alone is not responsible.

The interpretation that these data suggest is one of heterosis or
heterozygote superiority. This greater fitness of the heterozygote
could be caused by an epistatic relationship of the alleles controlling
g-casein variation with other alleles. It could also be due to a
pleiotropic effect of the x~casein genes or to a favorable linkage
relationship between the «-casein genes and other genes,

If future research supports these conclusions, thgn selection for
specific¢ genetic loci of milk proteins could become important (Smith,
1967). 1Its importance will depend on the magnitude of the heterosis
effect, its courses, and whether it is present at 6ther milk protein
loci. Additional investigation is needed to establish causes for

the %-casein A/B situation observed in this research.
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DISTRIBUTION OF CASEIN GENOTYPES AMONG BREEDS AND
BREED CROSSES

asl-casein genotypel, cows typed

Breed or Total
Gross Covs  B/B c/c AB  Blc
Hereford (inbreds &
crosses) 161 156 0 1 4
Hereford 26 26 0 0 0
Angus 30 26 1 0 3
Charolais 34 29 -0 0 5
H X A2 19 18 0 0 1
AXH 22 21 0 0 1
AXC 17 15 0 0 2
C XA 27 25 0 0 2
HXC 17 15 0 0 2
CXH 18 17 0 0 1
HXBS 10 "6 0 0 4
AXBS 9 7 0 0 2
CXBS _38 _1 o o 1
Total 398 368 1 1 28
Percent 92.4 0.3 0.3 7.0
Breed or Total B -casein genotypel, cows typed
Cross Cows A/A B/B "A/B A/C
. Hereford (inbreds &
crosses) 161 101 5 55 0
Hereford 26 18 0 8 0
Angus 30 30 0 0 0
Charolais 34 ' 29 0 5 0
H X A2 19 13 1 5 0
AXH 22 19 0 3 0
AXC 17 16 0 1 0
CXA 27 - 23 0 4 0
HXC .17 8 0 9. 0
CXH 18 12 0 6 0
HXBS 10 5 0 5 0
AXBS 9 4 0 4 1
CX3BS . _8 _5 [ | [
Total 398 283 6 108 1
Percent 71 1.5 27 0.5
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APPENDIX TABLE I. (CONTINUED)

aromomao>>m

Breed or ) Total K -casein genotypel, cows typed
Cross Cows . A/A B/B A/B
Hereford (inbreds &
crosses) 161 82 4 75
Hereford 26 13 1 12
Angus 30 15 1 14
Charolais 34 16 1 17
X A2 19 6 0 13
XH 22 12 2 8
XcC 17 9 0 9
X A 27 11 0 16
XC 17 5 0 12
XH 18 5 1 12
XBS 10 5 0 5
XBS 9 1 0 8
XB S _8 _4 1 _3
Total "398 183 11 204
Percent 46 3 51
1

Actual cows observed with each genotype are listed, only those
genotypes typed are reported.

2 H, A, C, and B S refer to Hereford, Angus, Charolais and Brown Swiss,
respectively.
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APPENDIX TABLE II. LEAST-SQUARES ANALYSIS OF VARIANCE FOR WEANING WEIGHT,
180-DAY GAIN, AND 180-DAY ADJUSTED WEANING WEIGHT

Sum of Mean
Source D.F, Squares Squares F

Weaning Weight

Total ' 772 5072257.00

Total Reduction 30 2464200.00 82140.00 23.369
MU=-Y 1 154.77 154.77 044
Alpha 3 12857.82 4285.94 1.219
Beta 3 22673.45 7557.81 2.150
Kappa 2 20718.68 10359.33 2.947a
Sex 2 70118.81 35059.40 9.975%%
Age of Dam 6 289277.93 48212.98 13.717%%*
Breed 11 722578.50 65688.93 18.689%%
Year 2 236215.75 118107.87 33.602

Remainder 742 2608057.00 3514.90

180-Day Gain

Total 772 316126300 .

Total Reduction 30 1258463.00 41948.76 16.358
MU=-Y 1 8519.12 8519.12 3.322
Alpha 3 8675.36 2891.78 1.128
Beta 3 19918.31 6639.43 2.589a
Kappa 2 9078.86 4539.43 1.770
Sex 2 45421.68 22710.84 8.856%%
Age of Dam 6 149925.00 24987 .50 9.744%%
Breed 11 479015.31 43546.84 16.981%*
Year _ 2 123653.62 61826.81 24.,109%%

Remainder 742 19028.00.00. 2564.42

180-Day Adjusted Weaning Weight

Total 772 4229655.00

Total Reduction 30 1754010.00 58467 .00 17.524
MU-Y 1 131.87 - 131.87 .040
Alpha 3 14434 .60 4811.53 1.442
Beta 3 25011.64 8337.21 2.4994
Kappa 2 11966.56 5983.28 1.793
Sex 2 81531.87 40765.93 12.218%%
Age of Dam 6 223485.87 37247 .64 11.164%*
Breed 11 600928.81 54629.89 16.374%%
Year 2 185038.62 92519.31 27.730%%

Remainder 742 2475645.00 3336.44 '

a, (p<.10)

** (P <.01)
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APPENDIX TABLE III. OVERALL ANALYSIS OF VARIANCE FOR 180-DAY GAIN WITH

INTERACTIONS
Sum of Mean

Source D.F., Squares Squares F

Total 772 - 3161263.00

Total Reduction 37 1276443.00 34498.45 13.453
MU-Y 1 5546.21 5546.21 2.163
Alpha 3 8110.70 2703.56 1.054
Beta 3 1237.20 412.40 .161
Kappa 2 405,98 202.99 .079
Sex . 2 14953.95 7476.97 2.9164
Age of Dam 6 153300.56 25550.09 9.963%%*
Breed 11 454915.81 41355.98. 16.127%%
Year 2 117934.50 58967.25 T 22.995%%
Beta X Kappa 3 5305.13 1768.37 .690
. Kappa X Sex 4 9659.57 2414.89 .942

Remainder 735 1884820.00 2564.38

a (P< .10)

*% (P« .0l)
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