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LIBERG, PER and GUNNAR CARLSTROM: Studies of trans{ errin 
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 59Fe. 
Six ex1sting phenotypes based on the alleles TfA, TfD 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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Transiferrin, ·an iron-binding and iron-<tmnsrferring serum 
protein, was discovered by Holmberg & Laurell (1945) and 
Schade & Caroline (1946). The physiological significance of 
trrans.fernirn rfor absorption, tirarnsfer and deposition was pointed 
out by Laurel[ (1952). 

Smithies (1957, 1958) studied the polymorphism of human 
by starch electl'ophorresis. Autoriadiographic studies 

with 59Fe showed that the polymorphic was trans
f'errin and that 'the variable represented different 
molecular species of serum tiransfel'rin ( Giblett et al. 1959). 
Starch gel electrophores,i1s and autorndiography havie since been 
the most used methods for ,the study of 1lransferrin v,ariatioos. 

Starch gel electrophoresis ,shOfWed ,six phenotypes 
in cattle. These are called AA, DD, EE, AD, DE and AE accord
ing to the occuil'rence in individual S'era of three electrophoretic
ally dffferent fmctions, denoted A, D, E according to 

* The investigations were supported by the Swedish Council for 
Forestry and Agricultural Research. 
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diminishing anodal mobiHty. Each fraction proved to consis,t of 
three to five detectable zones. In heterozygotes these zones par
tial'ly coincide. Familial and population data supportied the 
theory that the observed polymorphism is controlled by 1tihree 
allelic genes without dominant character (Ashton 1958, Smithies 
& Hickman 1958). In accordance wirth these findings the following 
allelic symbols were chosen: T:fA, TfD, TfE. The mode of inheri
tance has been confirmed in several studies orf European and 
kmerican cattle breeds, in which significanrt differnnces in fre
quency oif al'leles between breeds have a:lso been observed ( Gahne 
et al. 1960, Gall & Berg 1964, Datta et al. 1965, and others). 

New alleles have later been :rieported. Up to norw some 10 
tmnSJferrin alleles have been discovered in different breeds, 
several of which have been observed only in Zeibu caibtle. Im
prov,ed sitarch gel e1ectrophor1es,is technique reveal,ed .that TfD 
aillele occul'rirng in European, among other breeds, actually con
sists of two alleles, TfDl and TfD2, of which TfDl gives rise to 
trainsferrin fractions with ra.ther greater mobility than TfD2 
(Jamieson 1965, Kristjansson & Hickman 1965, Ashton 1965). 

Brummerstedt-Hansen (1962) showed that the different tmns
fe11rin components in cattle are immunologically identical. Abe 
et al. (1974) determined transferrin phenotypes in Holstein catUe 
and cor1related the phenotype ito the ,serum transferrin concentra
tion, hrnt found no significant correlation between them. 

The various molecular V'ariants in a protein system are con
trolled by ,genes in a chromosomal locus. Transfer:rin has been 
successfully used ais 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 wi.th the use of the haemoglobin and 
transferrin sys1tems. 

The selectiv·e value of the serum allel·e types could have prac
tical ·aippilic:ation in breeding or explain the mechanism through 
which polymorphism i·s maintained. Studi1es of the selective value 
of the .significance of the bovine trarnsfeI°'rin ilocus for, inter alia, 
milk production and for1tility have shown contradictoiry 
(Ashton 1960, 1965, Larsen 1961, Rausch et al. 1963, Datta et al., 
Meyer 1967). 

Trans[errin i·s the on1ly plasma protein which can bind iron 
with very high association consrtarnt and thus prevent the oc-
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currence of free iron ions. Transferrin binds iron .so rigidly that 
it has a bacteriositaitic effect by depriving the bacteria of the imn 
needed for growth (Schade 1963, Fletcher 1971, Bullen et al. 
1972). 

The dif.f&ent transiferrin varialllts haive so far been considered 
to lack clinical in.t&'est, as the irron-bindi:ng capacity of the mole
cule is unaffected by the underlying amino acid subsititution.s. 
Possibly, however, other metals as well can be bound to trans
ferrin. Studies have shoiwn that several metals, 'Such as Ca and 
Pb, can be bound to all ei1ectrophoretically demonstrable serum 
protein fractions. Pfordte & Ponsold (1971) showed, in ,the riat, 
that Ca, for example, is bound both by albumin and ct1-, ct2-, 

and y..1globulin, having the greatesit molair binding ca
paci,ty for Ca arul albumin the smanesit. 

The object of the present ·study was to illustirate ithe use of the 
agarose gel electrophoresis t'echnique for determin:ation of dif
ferent transferrin phenotypes and to obtain fresh d'ata of their 
frequency oif distribution ·in Swedish cows. 

MATERIAL AND METHODS 
The material consisted of 894 cattle, chiefly da.H-y oow.s. Of 

thi,s number, 465 (52 % ) were Swe<Hsh Red and White (SRB) 
and 153 (17 % ) Swedish Friesian ( SLB). The ,remainder were 
of other breeds, crossbreeds, or of unknown br:eed. The material 
was collected for 1the most par,t in Skaraibor1g County. 

Serum 1sa:mples were iinvesitigated by a modified agairose gel 
electrophor,esis t'echnique ad modum Carlstrom & Liberg (1975). 
Thiis method prrovides good pos,sibilities of a:sseSising tlhe poly
morphic .transferrin picture of bovine sera. Six existing pheno
types ibased on .the al:leLes TfA, TfD and TfE could be detected in 
the electrophoresis pattern. No attempt was made to divide TfD 
into two aHeles, TfDl and TfD2. 

For identiifica:tion of serum transferrin in the electrophoresis 
paititern some s,era w&e laheliled with 59Fe (3 µ Ci 59Fe/ml serum). 
Ser'Um containing 59Fe-fabelled tranisife:ririn was sepairated electro
phoretically and the fixed electrophoresi:s pattern was left to 
blacken a:n X-'I'ay fi.1m for 10 days. Identification was .then done 
by direct posiitional compari,son betrween the stained protein 
p·aittern and ·the The a:utomd1iogmm in Fi·g. 1 
shows five of the six tranis.ferrin phenotyp·es. 
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Fi g u re 1. Identificatiion of serum transferrin by direct positional 
oomparison between the stained electiiophoretic protein pattern (to 
the left) anid the autoradiogram of transferrin labelled with 59Fe (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 'rail>Ie 1. Gahne (1961) investigaited the k equenoies of 
alleles of different transfer,rin ,types in the chief dai<ry cattle 
breeds in Sweden. The frequencies of a'11eies .in the present ma
terial aire shown in Table 2. 

T a bl e 1. The frequencies of transferrin types in Swedish cattle. 

Breed Number 
of TfA/TfA TfA/TfD T,fA/TfE TfD / TfD TfD /TfE TfE/ TfE 

animals 

SRB 465 0.3-0 0.1'6 {),,33 -0.04 ·0.08 -0.-09 
SLB 153 -0.12. -0.36 -0.14 -0.30 0.0'5 Q.03 
Others 27'6 .(}.212. 0.29 0.214 0.12 0.09 ·0.014 
Total 8914 0,2r5 0.2,3, ·0.27 rO.tl 0.08 (}.06 
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Table 2. The frequencies of transferrin alleles in Swedish cattle. 

Breed Number of TfA TfD TfE 
animals 

SRB 465 -0.55 0.16 0.29 
SLB 153 0.37 0.51 -0.12 
Others 276 0.1.ul -0.31 0.21 

Total 804 0.49 0.27 0.24 

As wiH be seen, SRB di!Cfers markedly from SLB, having a 
greatly higher frequency of TfE 1aind .greatly lower kequency of 
T,fD. The present 1fi.gures for SRB aire closely similar to .the results 
of Ghane, while those for SLB show a OOilJsiderably higher f.re
quency of TfE 8illd lower frequency of TfA than 
reported by Ghane. Whereas Gahne found mo TfE/TfE animals 
among his SLB cows, there were four such cows in .the present 
study. The 1interval of 10-15 yeail'ls between :the two studies, with 
intensive breeding and increased crossbreeding, has probably 
contributed to the fairly hwge dii.1sorepancy illl frequencies of alle
les for SLB. SRB is a national breed which over a long period has 
receiived no deci1sive new gene material from outs.ide. SLB, on 
the other hand, is an international breed which has received some 
new gene material firom differe111t quaJl'lf:ers. In the last decade, 
moremner, grading up of SRB to SLB has ·taken place. 

The results are being used in a new •study to compa·re the fre
quency of phenotypes in •a paresis materi.aJ (cows wi1th parturient 
paresis and cows with 1known di1srposiition for the disease) with 
the, in thiis res.pool, nol'IIIlal population in the present study. 
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SAMMANFATTNING 
Undersokning av transferrinpolymorfismen hos notkreatur med agaros

gel-elektrof ores. 
Den polymorfa transferrin-btilden i serum undersoktes hos 894 

no,tkreatur med agaros-gel-elektrofores. De flerfaldiga transferrin
band,en i elektroforesmonstret identifierades fOrst genom miirkning 
med den radioaktiva isotopen 59Fe. Sex fenotyper baserade pa allelerna 
TfA, TfD och TfE kunne bestiimmas. Frekvenserna transferrin-typer 
och transferrin-alleler presenteras varvid framgar att det fOreligger 
relativt stora skiilln:ader i frekvenserna mellan SRB och SLB. 
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