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INTRODUCTION

When selecting for improved performance of dairy cattle , breeders may 
apply a d irect selection for the commercial important t ra it s  or an indirect 
selection by using other t ra it s  giving information about the performance 
of the animals. A th ird  p o ss ib il ity  is  a combined direct and ind irect se
lection.

The additional t ra it s  used in indirect selection are also called mar
ker t ra it s .  They have always been of interest to breeders in order to iden
t i f y  animals of superior genetic merit and to achieve a faster genetic pro
gress.

In the present paper only marker t ra it s  designated as biochemical, 
physiological, immunological, or cytological w ill be discussed. Further 
these w ill be subdivided with regard to inheritance into t ra it s  with simple 
mendelian inheritance, controlled by major genes (marker genes), and marker 
t ra it s  with a quantitative inheritance. The f ir s t  group includes the poly
morphic t ra it s ,  while the second group contains most physiological t ra it s.  
Cytogenetic t ra it s  form a third  important group, including both markers 
with simple inheritance and chromosomal deviations.

To be of use in animal breeding the marker t ra it s  have to f u l f i l  
certain important c r ite r ia : 1) simple inheritance or high h e ritab ility , 
2) close genetic correlation with performance tra it s  of interest, 3) simple 
testing method with high repeatability, 4) early manifestation. The asso 
ciation between marker genes and performance tra it s  has to be the result 
of p le iotropic effects or genetic linkage in order to be applicable in 
selection. Associations due to sampling error, spurious associations, or 
common environmental influence have to be sorted out (Petersen, 1979). Some 
of the marker t ra it s  may also be used fo r many purposes other than indirect 
selection for performance, such as parentage control, breed comparisons, 
estimation of heterozygosity, physiological and population genetic studies 
(see e.g. Baker & Manwell, 1980; Spooner, 1981). These areas w ill not be 
discussed in the present paper.

MARKER TRAITS WITH SIMPLE INHERITANCE 

Red cell antigens

At least eleven red ce ll antigen (blood group) systems have been 
described in cattle  (reviewed by Stormont, 1977; Stormont, 1978). They 
range in complexity from a simple two-allele system, to very complex sy
stems such as the B system with more than 45 antigenic factors and at least 
500 known a lle le s. Cases of irregu lar inheritance indicate that the anti
genic factors of B and even of the C system are controlled by several
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clustered loci with a total map length of 0.7 and 0.3 centimorgan respec
tive ly  (Grosclande et a l., 1979; Guerin et a l.,  1981).

There have been numerous studies on possib le associations between 
red ce ll antigens and other economically important t ra it s  (recently re
viewed by Kiddy, 1979 ,and Zwiauer, 1980). Several associations have been 
found, but they are all small and the re su lts are often inconsistent. It  
i s  also d if f ic u lt  to know which effects are b io lo g ica lly  s ign if ican t and 
which merely happen by chance. Genes may even act d iffe rently  in d if fe 
rent populations. However, there does seem to be a real effect of the B 
locus on percentage of fat in milk. In one of the most comprehensive stu
dies on Holstein in the USA, Hargrove et al (1980) concluded that only the 
S system could exert such an influence on reproductive t ra it s  as to be of 
value in improving performance.

Even though our hopes of using ce ll antigens in selection of superior 
animals have not yet materialized, many questions s t i l l  remain to be an
swered, such as how th is  tremendous variation has evolved and which mecha
nisms maintain it .  There has also been a lack of investigations into the 
receptor functions of the antigens. It  i s  worth mentioning that in man, 
ind iv iduals lacking all antigens within the P blood group system have uro- 
epithe lia l c e lls  that bind uropathogenic E. co li stra in s to a s ig n if ica n tly  
smaller extent than ce lls  from ind iv iduals of P i or P , blood group pheno
types (Kail eni us et al . ,1980).The association of the Duffy blood groups with 
malaria resistance (M iller et a 1 ., 1975)is  another possib le indication of a far greater 
functional sign ificance of the red ce ll antigens than we have been able to 
demonstrate hitherto.

Lymphocyte antigens

The important immunological and b io logical ro le  of the major h isto 
com patibility complex (MHC) as described in mice and humans has encouraged 
us to search fo r genes in bovines, which might affect resistance to d is 
ease and be associated with production t ra it s  (see reviews by Gahne, 1980;
Stone, 1981; Adams & Brandon, 1981). Firm evidence of a se ro log ica lly  de
fined bovine lymphocyte antigen locus (BoLA) as part of the MHC of cattle 
has been published by Amorena & Stone (1978) and Spooner et a l . (1978). At 
the F ir s t  and Second International BoLA workshops (Spooner et a l.,  1979;
‘BoLA, 8 0 ',  1981) altogether 15 internationally  agreed lymphocyte speci
f ic i t ie s  were defined and confirmed as being controlled by multiple a lle le s 
at a sing le  autosomal locus, designated BoLA-A. The frequencies of 13 of 
these sp e c if ic it ie s  differed s ign if ica n tly  among d ifferent B r it ish  breeds,
(O liver et a l . 1981). A locus controlling the mixed lymphocyte reactiv ity  
(MLR) has also been defined and designated BoLA-D. Close genetic linkage 
between the BoLA-A and BoLA-D loci (closer than 11.9 centimorgan) was re
vealed by Usinger et a l . (1981). Thus the current genetic map of the bovine 
MHC has a str ik in g  sim ila rity  to the MHC of humans and mice and also to 
many other species so far studied.

The bovine A region is  probably analogous to the human A, B or C re
gion, while the bovine D region is  analogous to the D/DR region of humans 
and to a locus within the I region of mice.

Bovine lymphocyte antigens can also occur in milk and colostral whey 
(see Stone, 1981). This report is  consistent with an ea rlie r find ing that 
the membrane of human milk fat globules contains molecules that react like  
HLA-DR antigens (Wiman et a l., 1979). Observations that immune response-
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associated antigens occur on epithelial ce lls lin in g  the intestine, the 
respiratory tract, and the lactating mamary gland, for instance, could mean 
that the lymphocyte antigens may act as membrane receptors and paricipate 
in ce ll-c e ll interactions. The highly sign ifican t association of the H-2 
haplotype in mice with selection for increased body weight (see Bulfie ld , 
1980) is  also an encouraging result. However, i t  must be acknowledged that 
at present the technical problems encountered when working with lymphocytes 
antigens are much more complicated than when working with red cell anti
gens. Perhaps a possib le use of monoclonal antibodies might in the future 
produce h igh ly  re liab le  typing reagents and fa c ilita te  further studies.

Blood enzyme and protein variants

The electrophoretic technique has demonstrated many cattle  proteins 
occuring in variant forms with simple mendelian inheritance. The currently 
known genetic blood protein polymorphisms in ca tt le 'a re  listed  in Table 1. 
They are few in number compared with what is  known in Man (Lambotte, 1981) 
and in laboratory species. Nor are they numerous in,view of the expectation 
that one-third of a ll loci determining enzyme structure are polymorphic on 
electrophoretic ana lysis.

Only a few of the polymorphisms in Table 1 have been investigated re
garding association with production t ra it s.  One, transfe rrin  polymorphism, 
has received considerable attention (reviewed by Zwiauer, 1980). However, 
the resu lts are contradictory and any sign ifican t effect of the transferrin  
system on milk y ie ld  and fat percentage in milk would seem to be ruled out. 
Also, with regard to f e r t i l it y ,  the resu lts are con flic ting, as summarized 
by Kiddy et a l . (1975) and Hargrove et a l . (1980).

The hemoglobins have been studied in many breeds and at least five  
hemoglobin variants have been found. These are not known to induce any 
pathological conditions or to influence the performance t ra it s  s ig n i f i 
cantly. This i s  in contrast to the widely d iffe ring  d istribu tion  of thq 
hemoglobin variants in different breeds (Baker & Manwell, 1980) which may 
indicate a se lective  advantage of some variants in certain environments.

In the serum a lka line  phosphatase system Akp and the red ce ll nukleo- 
side phosphorylase system NP, the electrphoretic phenotypes are characte
rized by a dominant a lle le  giving a higher enzyme ac t iv ity  than the reces
sive  a lle le . No pathological effects of these differences in enzyme ac t i
v ity  have been reported. However, some physiological effects of the dominant 
Akp a lle le  are reported by Walawski & Kolman (1979).

The recently described polymorphism of an a,-protease inh ib ito r in 
bovine plasma (Juneja & Gahne, 1980). can be observed in m astitic milk 
(Honkanen-Buzalski & Sandholm, 1981). This should be viewed against sim ilar 
polymorphisms in Man (Fagerhol, 1976), where an association between p a rt i
cular a,-protease inh ib ito r phenotypes and certain diseases such as obstruc
tive  pulmonary disease has been observed. Further research into the bovine 
protease in h ib ito r phenotypes in connection with diseases such as m astitis 
in cattle  may be considered.

Milk protein variants

Genetically controlled milk protein variants have been described in 
a ll s ix  major milk proteins (reviewed by Grosclaude, 1979; Bell et a l., 
1981b; Brunner, 1981). With few exceptions, all milk protein variants can 
be detected by electrophoresis. The frequencies of the variants vary widely
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between d ifferent breeds (Baker S Manwell, 1980). The milk protein variants 
are well characterized biochemically. The complete amino acid sequences for 
a ll the best known variants have been derived (Grosclaude, 1979; Bell et 
a l., 1981a; Bell et a l., 1981b). Two variants, aS l -casein A and aS2-casein 
D, have been shown to be affected by a deletion. The genes responsible for 
the synthesis of the four caseins are c lo se ly  linked in the order aSl B- 
andK-kasein, with the aS2-casein gene s t i l l  not f in a lly  located.

A number of studies have shown that the milk protein variants are 
associated with milk yie ld , milk composition and technological properties 
of the milk (reviewed by McLean, 1981; Schar, 1981). As early as 1957 
Aschaffenburg & Drewry had noticed an association between B-lactoglobulin 
genotype and concentration of B-lactoglobulin and casein in milk and th is  
has been consistently  found in several late r studies (see McLean, 1981). 
B-lactoglobulin concentration decreases and casein concentration increases 
in the order 6-lactoglobulin  genotypes A, AB, and B, but these genotypes 
have no consistent effect on the total protein content of the milk, whereas 
the casein genotypes do seem to affect the total milk protein content and 
also the concentration of the various casein fractions (McLean, 1981). In 
particu lar, cows of the B-casein B genotype and the< -ka se in  B genotype had 
a s ig n if ica n tly  higher milk protein content in studies by Hoogendoorn et 
al. (1969) and Munro (1978).

The greatest potential role of the milk protein genotypes appears to 
be in improving the y ie ld  and quality of cheese manufacture due to the 
effects on the technological properties of milk. El-Negoumy (1974) showed 
that milk containing B-casein B and K-casein B had more stable m icelles and 
a shorter coagulation time than milk lacking these variants. M icelles of 
these casein types were also found in other studies (e.g. Feagan et a l., 
1972) to give a firmer coagulate. These re su lts  are consistent with Ita lian  
observations (see Morini et a l., 1979) that milk from breeds with low 
frequencies of these variants such as Frie sian  had lower micelle s ta b ilit y  
and in fe rio r cheese making properties than breeds with higher frequencies 
of these variants, such as Brown Swiss, and Jersey. An improvement in the 
cheese making properties of milk by increasing the frequencies of the B va
riants of the 6-lactoglobulin  and of B-casein and K-casein in the cow popu
lation may thus be an important goal in dairy cattle  breeding. This can also 
be achieved comparatively rap idly and cheaply thanks to the fa ir ly  simple 
technique for the typing of protein variants.

Another aspects of milk protein variants which may be considered, is  
the ir possib le influence on the health of suckling calves. This question 
is  prompted by the observation by Johnston et a l . (1980) that the prevalence 
of scour in suckling calves was associated with the a b il it y  of cows milk 
to clot.

PHYSIOLOGICAL TRAITS

Reports by Joakimsen et al (1971) and Joakimsen (1975) that in bu lls 
the rate of thyroxine degradation was correlated with the ir daughters milk 
y ie ld  lent impetus to studies on physiological c r ite r ia  in re lation to 
t ra it s  of commercial importance in dairy cattle. The Norwegian estimates 
of the genetic correlation (0.22-0.57) were confirmed in a Danish in v e st i
gation (Tang Sorensen et a l., 1980). On the other hand the concentration 
of the thyroid hormones thyroxine or triiodothyronine, measured in bu lls, 
was not useful predictor of daughters' production (Joakimsen, 1975; Osmond 
et a l.,  1981). Standal & Tveit (1981) concluded that the thyroxin degrada-
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tion rate may be a useful pre-selection crite rion  fo r milk production in 
young b u lls , but as an increased thyroxine degradation rate may be d e tri
mental to feed e ffic iency in milk production, the practical use of the 
method must wait until ongoing experiments have c la r if ie d  th is  question.

The importance of feed efficiency in selection was a lso  emphasized by 
Taylor et a l . (1981) who found sign ifican t differences among Ayrshire cattle 
in equilibrium  maintenance efficiency. In humans, a quantitative sex- 
linked genetic variation of the major transport protein of thyroid hormones 
has been recognized. This protein is  controlled by a polymorphic locus on 
the X chromosome (Daiger & Wildin, 1981).

Several recent studies on other hormones, such as prolactin, growth 
hormone, in su lin  and sex hormones (Hart et a l., 1979; Osmond et a l., l98l;Land,19S 
Sejrsen et a l., 1981), have not yet given useful predictors of the gene
t ic  potential of dairy cattle. It  i s  d iffucu lt to obtain re liab le  hormone 
measurements as the concentration of many hormones in blood varies markedly 
from time to time, and factors such as clearance rate and secretion rates 
must be taken into account. I f  these d if f ic u lt ie s  can be overcome there is  
a potential value in genetic studies on hormone secretion (see Shire, 1979;
Tucker, 1981).

The use of variation  in metabolism to predict genetics merits for milk 
production was studied by Tilakaratne et a l . (1980). Frie sian  calves of high 
genetic merit had lower plasma levels of urea and higher levels of free 
fatty acids during fa sting  than had calves of low genetic merit. The resu lts 
suggested that the former possessed a fat-based energy economy, whereas the 
latter group obtained a re la t ive ly  greater proportion of the ir energy from 
protein catabolism.

At present much interest is  being devoted to ind irect selection of 
bu lls for improved resistance to diseases in dairy cattle  (reviewed by 
Almlid, 1981). A number of studies have shown a certain genetic control 
of concentrations of several blood constituents such as hemoglobin, g lu 

cose, potassium, calcium, magnesium, copper, albumin, total protein 
(Rowlands & Manstone, 1976; Fischer & Sommer, 1978; Wiener, 1978), chol

esterol (Ed fo rs-L ilja  et a l., 1978), immunoglobulins, (Jensen & Christensen,
1975), and lysozyme (Lie, 1980).

Genetic variation also seems to occur in resistance t ra it s  such as 
phagocytic ac t iv ity  of leukocytes (Paape et a l., 1978) and humoral immune 
response (Lie, 1979) which may be considered as ind icators of resistance 
to infection in dairy cattle  (Lie & Solbu, 1981).

CYTOGENETIC TRAITS

Cytogenetics as applied to domestic animals has developed rapidly 
during recent years (see reviews by Fechheimer, 1979; Hare & Singh, 1979; 
Gustavsson, 1980a) and in cattle  such studies have contributed greatly in 
explaining the causes of several reproductive problems. Several centric 
fusion translocations have been identified. The best known is  the so- 
called 1/29 translocation detected in at least 30 d ifferent breeds around 
the world (Gustavsson, 1979). Heterozygous carrie rs of th is  translocation 
were shown to have a lowered 56-day non-return rate by 4.5% in males and 
6% in females. Moreover, daughter groups of heterozygous bu lls had increased 
cu llin g  rates. Furthermore, cytogenetic studies are of value in elucidating 
the causes of cases of te sticu la r and ovarian hypoplasia. Chromosomal
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abnormalities are a lso  observed in association with a number of congenital 
anomalies such as lethal extreme brachygnathia, dwarfism and muscle hyper
p lasia  (see Hare & Singh, 1979). The sex of bovine embyos can now be deter
mined by chromosomal analysis at the time of the ir transfer from donor to 
recipient, which seems to be an obvious potential in combination with the 
freezing of embryos fo r transplantation.

The banding techniques in chromosome ana lysis (Gustavsson, 1980b) have 
made possib le defin ite  identification  of individual chromosomes. By using 
a duplicate procedure of Q + C banding, Di Berardino et a l . (1980) showed 
considerable variation in size and shape of C-bands in at least 8 chromosome 
pairs within each of four cattle examined. Each individual may therefore 
be characterized by it s  own C-banding pattern and a cytogenetic typing of 
ind iv iduals would seem to be possible. Variations in  the numbers of nuclear 
organizer region bands have also been observed between and within individual 
cattle  (Di Berardino et a l., 1979). Cytogenetic studies of th is  type may 
be a valuable aid in d issecting the bovine genome.

GENETIC LINKAGE

Although genetic linkage is  a basic mechanism for using marker genes 
in animal breeding, progress in mapping of bovine genes has been slow in 
comparison with the rapid development in humans during the la st decade, 
where 350 loci have been assigned to specific  chromosomes (HcKusick, 1980).
Hines (1981) and Larsen (1981) surveyed the linkage studies in  cattle  among 
loci contro lling  polymorphisms in blood and milk. Four linkage groups are 
established: the A blood group, hemoglobin; the J blood group , B-lactoglo- 
bulin; tran sfe rrin , ceruloplasmin; and f in a l ly  the as i -,  ou2-, 8“ an.d 
K-caseins. Further Heuertz & Hors-Cayla (1981) determined three linkage 
groups by using somatic ce ll hybridization between a hamster ce ll line  and 
cattle  fib rob la sts. These three linkage groups (LdhB-PepB-Tpi, Pgm3-Mei- 
Sod2 and Pgd-Eno1) are also known to be linked in several other species, 
including Man. Further absolute homology fo r gene content appears to ex ist 
for the X chromosomes of a ll placental and marsupial mammals (see McKusick, 
1980). These examples of conserved linkage groups are probably only the 
f i r s t  steps in what is  certain to be a fascinating development also in 
cattle gene mapping which w ill contribute to a better in s igh t into the gene
t ic  control of performance t ra it s .  Linkage groups kept intact over m illions 
of years suggest too that strong selection against the breaking of certain 
linkage re lationsh ips may exist. Progress in gene mapping may also be 
accelerated by using new techniques such as d irect mapping of segments of 
DNA by re str ic t ion  endonucleases - so-called re str ic t ion  fragment length 
polymorphism (Botstein et a l., 1980).

CONCLUSIONS

The use of marker tra it s  in dairy cattle  breeding is  s t i l l  in the 
investigative  phase. However, the possible extra genetic responses in 
improvements via these t ra it s  can be appreciable (Walkley & Smith,
1980) and are encouraging. The greatest practical use i s  l ik e ly  to be for 
t ra it s  of low h e ritab ility , all-or-none t ra it s ,  sex-lim ited tra it ,  t ra it s  
appearing late in l i fe ,  disease resistance, and quality t ra it s .A d  present 
the obvious p o s s ib il it ie s  of using milk protein variants to improve y ie ld  
and quality  in cheese manufacture seem promising.

There are however in general several problems to overcome, such as lack of know
ledge of the precise mechanism by which most performance t ra it s  are con-
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Table 1. Blood protein electrophoretic polymorphisms in cattle.

Protein Locus No of
symbol alleles

Protein Locus No of
symbol alleles

2 )Red cells
Acid phosphatase Acp 2 
Carbonic anhydrase Ca 6

• 3)Hemog 1 ob m  Hb 5 
Peptidase Pep-D 2 
Phosphoglucomutase Pgm-1 2
Purine nukleoside 
phosphorylase Np 3

Transaminase Got 2 
Erythrocytic
protein 1^) Ery-1 2 

Erythrocytic
protein 2-^ Ery-2 2 

Leucocytes
Adenosine deminase^ Ada 4 
Alkaline ribo-
nuc lease"* RNA-ase 2
Malate dehydro
genase-^ Mor-2 2
Mannose-6-phosphate
isomerase^) Mpi 3
6-Phosphogluconate
dehydrogenase ̂  Pgd 2
Leucocytic.
protein 1^' Leu-1 2 
Leucocytic.
protein 24' Leu-2 2

Plasma^ ̂
Albumin A1 5 
Alkaline phos-

4 phatase Akp 2 
ai-protease
inhibitor Pi-2 3 

Amylase 1 Am-1 2 
Amylase 2 Am-2 2 
Ceruloplasmin Cp 3
Post-albumin 
(Vit.D binding
protein) Gc(Pa) 2 

Post-transfer “
rin 1 Ptf-1 2 

Post-transfer “
: rin 2 Ptf-2 2

For references see
1) Juneja and Gahne (1980)
2) McDermid et al. (1975)
3) Baker and Manwell (1980)
4) Thinnes et al. (1976)
5) Walawski and Prusinowska (1981)
6) Probeck and Geldermann (1977)

tro lled  by the genes, lack of genotypic and phenotypic parameter estimates 
of the marker t ra it s ,  measural d if f ic u lt ie s ,  and the cost of obtaining the 
estimates. Although there has been a tremendous increase in  our knowledge 
of animal biochemistry, i t  i s  necessary to seek a better understanding of 
the molecular mechanisms involved in the biochemical and physiological 
genetics of the performance t ra it .  The d if f ic u lt ie s  may be greater with 
regard to the quantitative marker t ra it s  than to the marker genes. On the 
whole, the determining of new marker genes in cattle  seems to have been 
neglected. The known genetic variants in cattle are extremely few in compa
rison  with the expected ones and the physiological function of these va
ria n ts  i s  almost completely unknown. The studies have also been concentrated 
on structural genes, while the potential value of regulatory genes con
t ro ll in g  the timing or expression of other genes, has not been considered. 
The importance of gene mapping is  in line  with these ideas. Mapping w ill 
inevitab ly  find uses in  cattle breeding, e.g. fo r ca rrie r detection and 
d iagnosis of genetic diseases, for unravelling the genetics of many complex 
disorders and f in a l ly  fo r the identifying of major loci involved in quanti
ta t ive  t ra it s .
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SUMMARY
The uses of biochemical, physiological, immunological and cytolo- 

gical marker traits for improving performance in dairy cattle are briefly 
reviewed and discussed. The greatest practical use of these markers is 
likely to be in connection with such traits as reproduction, disease resi
stance and quality. The association of the milk protein variants with the 
technological properties of milk may find an important application in im
proving the manufacture of cheese. Red cell and lymphocyte antigens have 
a tremendous variation which still awaits explanation. Cytogenetics con
tinues to be an powerful tool in cattle breeding. The physiological marker 
traits are encouraging but several problems have to be overcome before they 
can be used in practice. The importance of gene mapping is pointed out.

ZUSAMMENFASSUNG
Die Bedeutung biochemischer, physiologischer, immunologischer und 

cytologischer Merkmalen fUr die Verbesserung Leistungsmerkmalen beim Rind 
wird diskutiert. Die wichtigsten Anwendung von diesen Merkmalen sind be- 
sonders fur Leistungseigenschaften in Fruchtbarkeit, Krankheitsanfalligkeit 
und Produktqualitat zu erwarten. Die Zusammanhange zwischen erblischen 
Milchproteintypen und technologischen Milcheigenschaften sind sehr wichtig 
fur die Kasefabrikationen. Die Erythrozyten - und Leukozytenantigene zeigen 
eine grosse erblische Variation. Die biochemisch-genetische Merkmalen haben 
grosse Moglichkeiten aber verschiedene Probleme miissen gelost werden, bevor 
sie in die praktische Selektion benutzen werden kann.
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