CoNTROL OF ALBUMIN PHENOTYPES IN HORSES

ent tissues may reflect minor differences in
the chemical groupings or conformation about
the active centers of the enzymes; alternately,
the properties of essentially identical enzymes
may be differently influenced in different cell
types by components of the particulate mito-
chondrial matrix with which the monoamine
oxidases are ‘associated. The differential de-
struction by heat of activity toward various
substrates may appear to suggest the presence
of separate enzymes for the different sub-
strates, but the results could, alternately,
mean that conformational or gross structural
changes induced by heat denaturation have
quantitatively different effects upon either
combination or reactivity of the enzyme with
different substrates. The present conclusions
do not extend to and are not altered by the
possible presence in the tissues of other en-
zymes with quantitatively minor amine oxi-
dase-like activities.

Summary. Fractionation of rat liver homo-
genates suggests a dual intracellular localiza-
tion of monoamine oxidase, with the major
portion in the mitochondria and a smaller but
significant portion sedimenting with the
microsomal fraction. Comparative studies on
substrate specificities and Michaelis constants
of monoamine oxidase preparations from
liver, kidney and heart of rat and guinea
pig indicate marked tissue differences in
monoamine oxidases. Multiple substrate
studies and other data support the view that
each tissue contains a single, distinctive major
monoamine oxidase.
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Evidence that a minimum of 6 codominant
autosomal alleles control transferrin pheno-
types in horses has recently been reported
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from this laboratory(1). During further
studies, using a starch-gel procedure recom-
mended by Kristjansson(2), we have ob-
served individual variation in the patterns
of proteins which migrate in the albumin and
post-albumin regions of the gels. Three
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phenotypes named A, AB and B have been
observed. This report is concerned with a
description of those phenotypes and presen-
tation of data on their genetic control.

Materials and methods. Plasma samples
(blood collected in a solution of 2% sodium
citrate plus 0.5% NaCl) were obtained from
known families of Thoroughbred horses and
Shetland ponies.

The technique of starch-gel electrophoresis
was the same as that described by Kristjans-
son(2) except that the amount of Con-
naught’s starch used in preparing the gels
ranged from 58 to 60 g depending upon the
resolution obtained with different lots of
starch. The interior dimensions of our gel-
forms were 21.7 cm X 12 cm X 0.6 cm. The
points of insertion of the filter-paper strips
used for the loading of plasma samples was
7 cm from one end of the gel, and usually
10 samples were run per gel. The runs
were stopped when the borate boundary had
migrated 10.5 cm beyond the insert line.
In all other respects, the procedure was pre-
cisely the same as that described by Krist-
jansson.

Results. Fig. 1 illustrates the appearance
of the 3 albumin phenotypes. The principal
diagnostic bands in each of the 3 phenotypes
are shown in solid lines in the diagram in
Fig. 1. The stippled lines represent extremely
faint bands which were not always seen.

Phenotype A was characterized by a single
thick, densely staining mass of material (zone
1 in the region labelled Alb. in Fig. 1) fol-
lowed by 2 bands (positions 3 and 4 in the
region labelled Post-Alb.) which usually but
not invariably stained with the same in-
tensity.

In phenotype AB each of the zones labelled
1 and 2 in the albumin region (Fig. 1) were
occupied by a mass of densely staining ma-
terial and these two masses were usually fol-
lowed by 3 relatively thin bands (positions 3,
4 and 5 in Fig. 1) which stained with about
equal intensity.

Phenotype B was characterized in part by
a mass of densely staining material in zone
2 which seemed to blend gradually into less
densely staining material in zone 1, as indi-
cated by the cross-hatched lines in the dia-
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FIG. 1. A starch gel on 3 samples of plasma, all
from horses of transferrin phenotype FF, which
illustrates the resolution of the 3 albumin pheno-
types A, AB and B. Zones 1 and 2 in the albumin
(Alb.) region and zones 3, 4 and 5 in the post-
albumin (Post-Alb.) region indicate the positions
of the diagnostic bands. Stippled lines indieate
extremely faint bands which may or may not be
seen on individual gels. Cross-hatched lines in zone
1 in phenotype B represent diffuse but rather
densely staining material whieh often obscures the
outlines of the thick band in zone 2.

gram in Fig. 1. The material in zone 2 was
followed by a thin band in zone 3 and a
somewhat thicker and more densely staining
band in zone 5. Occasionally a very thin band
could be seen in zone 4, as indicated by the
stippled line in the diagram of Fig. 1.

With some experience in reading the gels,
rapid diagnosis of the 3 phenotypes could be
made by examining either the albumin region
(zones 1 and 2) or the post-albumin region
(zones 3, 4 and 5). In effect, diagnosis of
the phenotypes in one region served as an
independent check on the readings in the
other.

Data on the inheritance of the 3 pheno-
types are summarized in Table I. The ob-
served numbers of offspring from the 6 kinds
of matings are consistent with the interpre-
tation that the 3 phenotypes are controlled
by a pair of codominant, autosomal alleles,
designated here as ¢4 and aB. Accordingly,
the phenotypes A, AB and B represent, re-
spectively, the genotypes a4a4, e4aB and
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aBaB. In the mating A X AB (Table I),
there was one offspring of phenotype B not
expected on the basis of the genetic theory.
Since the possibility of misclassification of
the albumin phenotypes of that offspring and
its putative parents was excluded, this unex-
pected type stands either as evidence for
illegitimacy, evidence for a mutation or as
evidence requiring modification of the theory
of two alleles. Although there was no evi-
dence from the transferrin types and blood
groups which would confirm the possibility
of illegitimacy, we are, nevertheless, inclined
to regard the exception as evidence for ille-
gitimacy.

A gene-frequency analysis, based on the
distribution of the phenotypes in parental
animals in 2 breeds of horses, is shown in
Table II. As may be noted, the observed dis-
tribution of the 3 phenotypes in each breed
did not differ significantly from the expected
distributions, thereby lending further support
to the intrepretation based on 2 alleles. The
frequencies of the alleles in each breed are
shown in the footnote to Table II. The two
breeds differ significantly with respect to
those frequencies.

Data showing that the 2 albumin alleles of
horses segregate independently of the alleles
controlling transferrins and also of those con-
trolling blood groups in 7 of 8 blood-group
systems will be published later.

Discussion. Based on the present evidence
for 2 codominant albumin alleles, and on evi-
dence for 6 codominant transferrin alleles
published elsewhere(1), the number of serum
or plasma phenotypes now demonstrable in
horses is 63. But the limit of variability in
the albumin and transferrin systems of horses
is probably not yet established. Refinements
in techniques are almost certain to show sub-

TABLE I. Inheritance of Albumin Phenotypes.
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TABLE II. Gene-Frequency Analysis of Distribu-
tion of 3 Albumin Phenotypes in 2 Breeds of
Horses.

No. of animals of

phenotypes
Breeds* A AB B P of X2
Obs Thoroughbreds 3 21 39
Exp ” 3 21 39 1.00
Obs Shetlands 22 48 49
Exp ” 18 56 45 >.056

* Frequencies of the two alleles a* and a?, as
computed from the observed (Obs) phenotypes are,
respectively, 0.214 and 0.786 in Thoroughbreds and
0.387 and 0.613 in Shetlands.

divisions within the present categories. Then,
too, Ashton(3) has observed phenotypic vari-
ation in the prealbumins and 2 apparently
unrelated systems of alpha-globulins of
horses, and these systems are yet to be ex-
plored genetically.

The present observations, along with those
on transferrins and blood groups in horses,
have immediate practical application in the
solution of problems of questionable par-
entage.

Summary. By means of a starch-gel tech-
nique suggested by Kristjansson, 3 albumin
phenotypes A, AB and B are demonstrable
in the serum of horses. As indicated by data
on the inheritance of these phenotypes and
by a gene-frequency analysis of the distribu-
tion of the phenotypes in 2 breeds of horses,
the results are consistent with the interpre-
tation that the 3 phenotypes are controlled
by a pair of codominant, autosomal alleles.
These 3 phenotypes can be diagnosed by ex-
amining either the albumin region or the post-
albumin region of the gels. Hence, diagnosis
in one region serves as an independent check
on the other.

We are indebted to Dr. F. K. Kristjansson for
calling our attention to the particular method of
starch-gel electrophoresis which led to the resolu-

Kinds of No. of offspring of phenotypes

matings A AB B pPof Xz tion of the 3 albumin phenotypes.

A XA 1 0 0

AXB 0 16 0 1. Braend, M., Stormont, C., Nord. Vet. Med.,

A X AB 9 10 1* >.90  in press.

giﬁB g 22 .‘?g >.01 2. Kristjansson, F. K., Genetics, 1963, v48, 1059.
AB X AB 7 23 8 >.20 3. Ashton, G. C., Nature, 1958, v182, 1029.

* Not expected on the basis of the genetic theory, Received September 3, 1963, P.S.E.B.M.,, 1963, v114.



