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LIBERG, PER and GUNNAR CARLSTROM: Studies of transferrin
polymorphism in Swedish cattle using agarose gel electrophoresis.
Acta vet. scand. 1976, 17, 451—457. — The polymorphic transferrin
picture in the sera from 894 Swedish cattle was investigated with an
agarose gel electrophoresis technique. The serum transferrin bands in
the electrophoresis pattern were first identified by labelling with %°Fe,
Six existing phenotypes based on the alleles TfA, TfP and TfE could
be detected. The frequencies of transferrin types and transferrin
alleles are presented, and it is concluded that there are great dif-
ferences in the frequencies between the Swedish Red and White and
the Swedish Friesian.
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Transferrin, an iron-binding and iron-transferring serum
protein, was discovered by Holmberg & Laurell (1945) and
Schade & Caroline (1946). The physiological significance of
transferrin for absorption, transfer and deposition was pointed
out by Laurell (1952).

Smithies (1957, 1958) studied the polymorphism of human
8,-globulin by starch electrophoresis. Autoradiographic studies
with 5Fe showed that the polymorphic B-globulin was trans-
ferrin and that the variable B,-globulins represented different
molecular species of serum transferrin (Gibleit et al. 1959).
Starch gel electrophoresis and autoradiography have since been
the most used methods for the study of transferrin variations.

Starch gel electrophoresis showed six B-globulin phenotypes
in cattle. These are called AA, DD, EE, AD, DE and AE accord-
ing to the occurrence in individual sera of three electrophoretic-
ally different 8-globulin fractions, denoted A, D, E according to
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diminishing anodal mobility. Each fraction proved to consist of
three to five detectable zones. In heterozygotes these zones par-
tially coincide. Familial and population data supported the
theory that the observed polymorphism is controlled by three
allelic genes without dominant character (Ashton 1958, Smithies
& Hickman 1958). In accordance with these findings the following
allelic symbols were chosen: TfA, TfD, TfE. The mode of inheri-
tance has been confirmed in several studies of European and
American cattle breeds, in which significant differences in fre-
quency of alleles between breeds have also been observed (Gahne
et al. 1960, Gall & Berg 1964, Datta et al. 1965, and others).

New alleles have later been reported. Up to now some 10
transferrin alleles have been discovered in different breeds,
several of which have been observed only in Zebu cattle. Im-
proved starch gel electrophoresis technique revealed that TP
allele occurring in European, among other breeds, actually con-
sists of two alleles, TfP1 and TfP2, of which TfP1 gives rise to
transferrin fractions with rather greater mobility than TfD2
(Jamieson 1965, Kristjansson & Hickman 1965, Ashton 1965).

Brummerstedt-Hansen (1962) showed that the different trans-
ferrin components in cattle are immunologically identical. Abe
et al. (1974) determined transferrin phenotypes in Holstein cattle
and correlated the phenotype to the serum transferrin concentra-
tion, but found no significant correlation between them.

The various molecular variants in a protein system are con-
trolled by genes in a chromosomal locus. Transferrin has been
successfully used as marker locus in parentage investigations
(Gahne 1961, Brummerstedt-Hansen et al. 1963, Jamieson), in
twin diagnosis (Gahne, Datta & Stone 1963, Hesselholt et al.
1965), and in gene frequency studies. Studies of breed structure
in cattle have been made with the use of the haemoglobin and
transferrin systems.

The selective value of the serum allele types could have prac-
tical application in breeding or explain the mechanism through
which polymorphism is maintained. Studies of the selective value
of the significance of the bovine transferrin locus for, inter alia,
milk production and fertility have shown contradictory results
(Ashton 1960, 1965, Larsen 1961, Rausch et al. 1963, Datta et al.,
Meyer 1967).

Transferrin is the only plasma protein which can bind iron
with very high association constant and thus prevent the oc-
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currence of free iron ions. Transferrin binds iron so rigidly that
it has a bacteriostatic effect by depriving the bacteria of the iron
needed for growth (Schade 1963, Fletcher 1971, Bullen et al.
1972).

The different transferrin variants have so far been considered
to lack clinical interest, as the iron-binding capacity of the mole-
cule is unaffected by the underlying amino acid substitutions.
Possibly, however, other metals as well can be bound to trans-
ferrin. Studies have shown that several metals, such as Ca and
Pb, can be bound to all electrophoretically demonstrable serum
protein fractions. Pfordte & Ponsold (1971) showed, in the rat,
that Ca, for example, is bound both by albumin and « -, «,-, B-
and y-globulin, B-globulin having the greatest molar binding ca-
pacity for Ca and albumin the smallest.

The object of the present study was to illustrate the use of the
agarose gel electrophoresis technique for determination of dif-
ferent transferrin phenotypes and to obtain fresh data of their
frequency of distribution in Swedish cows.

MATERIAL AND METHODS

The material consisted of 894 cattle, chiefly dairy cows. Of
this number, 465 (52 %) were Swedish Red and White (SRB)
and 153 (17 %) Swedish Friesian (SLB). The remainder were
of other breeds, crosshreeds, or of unknown breed. The material
was collected for the most part in Skaraborg County.

Serum samples were investigated by a modified agarose gel
electrophoresis technique ad modum Carlstrém & Liberg (1975).
This method provides good possibilities of assessing the poly-
morphic transferrin picture of bovine sera. Six existing pheno-
types based on the alleles TfA, TP and TfE could be detected in
the electrophoresis pattern. No attempt was made to divide TfD
into two alleles, TfP1 and TfP2.

For identification of serum transferrin in the electrophoresis
pattern some sera were labelled with **Fe (3 p Ci **Fe/ml serum).
Serum containing **Fe-labelled transferrin was separated electro-
phoretically and the fixed electrophoresis pattern was left to
blacken an X-ray film for 10 days. Identification was then done
by direct positional comparison between the stained protein
pattern and the autoradiogram. The autoradiogram in Fig. 1
shows five of the six transferrin phenotypes.
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Figure 1. Identification of serum transferrin by direct positional

comparison between the stained electrophoretic protein pattern (to

the left) and the autoradiogram of transferrin labelled with 5°Fe (to

the right). The autoradiogram shows five of the six transferrin pheno-
types studied.

RESULTS AND DISCUSSION
The frequencies of phenotypes in the breeds studied are
shown in Table 1. Gahne (1961) investigated the frequencies of
alleles of different transferrin types in the chief dairy cattle
breeds in Sweden. The frequencies of alleles in the present ma-
terial are shown in Table 2.

Table 1. The frequencies of transferrin types in Swedish cattle.

Breed Number
of TfA/TfA TfA/TfD TfA/TfE T{D/T{D T{D/TfE TfE/TfE

animals
SRB 465 0.30 0.16 0.33 0.04 0.08 0.09
SLB 153 0.12 0.36 0.14 0.30 0.05 0.03

Others 276 0.22 0.29 0.24 0.12 0.09 0.04
Total 894 0.25 0.23 0.27 0.11 0.08 0.06

E/E
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Table 2. The frequencies of transferrin alleles in Swedish cattle.

Breed Number of TfA TfD T{E
animals

SRB 465 0.55 0.16 0.29

SLB 153 0.37 0.51 0.12

Others 276 0.48 0.31 0.21

Total 894 0.49 0.27 0.24

As will be seen, SRB differs markedly from SLB, having a
greatly higher frequency of TfE and greatly lower frequency of
TD. The present figures for SRB are closely similar to the results
of Ghane, while those for SLB show a considerably higher fre-
quency of TfE and correspondingly lower frequency of TfA than
reported by Ghane. Whereas Gahne found no TfE/TfE animals
among his SLB cows, there were four such cows in the present
study. The interval of 10—15 years between the two studies, with
intensive breeding and increased crossbreeding, has probably
contributed to the fairly large discrepancy in frequencies of alle-
les for SLB. SRB is a national breed which over a long period has
received no decisive new gene material from outside. SLB, on
the other hand, is an international breed which has received some
new gene material from different quarters. In the last decade,
moreover, grading up of SRB to SLB has taken place.

The results are being used in a new study to compare the fre-
quency of phenotypes in a paresis material (cows with parturient
paresis and cows with known disposition for the disease) with
the, in this respect, normal population in the present study.
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SAMMANFATTNING

Undersékning av transferrinpolymorfismen hos nétkreatur med agaros-
gel-elektrofores.

Den polymorfa transferrin-bilden i serum underséktes hos 894
notkreatur med agaros-gel-elektrofores. De flerfaldiga transferrin-
banden i elektroforesménstret identifierades férst genom mirkning
med den radioaktiva isotopen %°Fe. Sex fenotyper baserade pé allelerna
TfA, TfD och TfE kunne bestimmas. Frekvenserna transferrin-typer
och transferrin-alleler presenteras varvid framgir att det foreligger
relativt stora skillnader i frekvenserna mellan SRB och SLB.
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