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By means of appropriate serologic and electrophoretic tests, a 
great variety of polymorphic marker loci are recognized in the 
blood and other body fluids of cattle. The serologically 
recognized markers are: 1. Red cell antigens or blood groups,
2. Lymphocyte antigens mainly belonging to the bovine MHC 
complex, BoLA, and 3. Allotypic antigens carried by immunoglobu
lins and other blood proteins. The electrophoretically determined 
markers are generally referred to as protein polymorphisms and 
constitute multiple molecular forms of a variety of enzymes and 
proteins found in blood, milk and other body fluids.

HISTORICAL BACKGROUND
Systematic studies on serologically determined red cell antigens 
were first initiated by Professor Irwin and his co-workers at the 
University of Wisconsin, and during the 1940s some 40 bovine 
blood group factors were defined (Ferguson, 1941; Ferguson, 
Stormont & Irwin, 1942; Stormont, 1950). The results from their 
studies stimulated the interest for research on blood groups to 
be taken up in Canada and, via Scandinavia followed by the 
Netherlands, in most European countries during the 1950s. Thus, 
through numerous studies an additional number of blood group 
factors were discovered and the genetics of cattle blood groups 
became well known (see Stormont, 1977). The interest in studies 
of bovine blood groups were further emphasized by the great 
expansion in the use of artificial insemination, which necessita
ted an appropriate test for parentage control to be available in 
the rapidly developing cattle breeding programmes.
With Smithies' introduction of starch gel electrophoresis in 
1955 (Smithies, 1955), a new tool for studies of genetic 
polymorphisms was at hand leading to the discovery of a great 
number of polymorphic proteins in blood plasma, in lysates from 
red and white blood cells, and in the milk proteins during the 
1960s and '70s. The development of more sophisticated elec
trophoretic methods, if necessary combined with specific en
zymatic or immunologic reactions, continues to add to the 
knowledge of polymorphic protein systems.
Along with the above described studies on blood groups of cattle 
a number of allotypic determinants carried on blood proteins were 
discovered in the 1960s and '70s. More recently, also studies on 
lymphocyte antigens belonging to the bovine MHC system, BoLA, 
were initiated and a number of class I antigens were described. 
The nomenclature used to describe the polymorphic systems 
outlined above has been greatly influenced by the series of 
annual or biannual meetings and also by the comparison test 
programme initiated early in the 1950s by the American scientists
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and later on combined by similar European activities. These ac
tivities resulted in the formation of the "International Society 
for Animal Genetics" (ISAG) (formerly the International (or 
European) Society for Animal Blood Group Research) in 1964 at 
the 9th European Conference on Animal Blood Groups held in 
Prague. The holding of international comparison tests and 
discussions on standardization and nomenclature of polymorphic 
systems have continued to be a regular part of the biannual 
conferences, and Standing Committees under ISAG are now in charge 
of these activities.

BLOOD GROUPS
In the early work on bovine blood groups the factors were named 
with capital letters in the order of their discovery. When the 
alphabet was exhausted, primed capital letters were used and 
more recently blood factors have been named by double primed 
capital letters. As the inheritance of the blood group factors 
became known, the factors were assigned to genetic systems and 
blood group factors showing linear serological subtype relations 
were indicated by subscript. The genetic systems or blood group 
systems were named by capital letters.
In the past the nomenclature of bovine blood groups has been 
subjected to numerous discussions. However, following a workshop 
organized by Dr. F. Grosclaude at the Laboratoire de Genetique 
Biochimique, C.N.R.Z., Jouy-en-Josas, France in 1977 and a 
workshop held in Leningrad at the 16th International Conference 
on Animal Blood Groups and Biochemical Polymorphisms in 1978, the 
above outlined nomenclature was accepted. Furthermore, a set of 
rules for naming new factors and for listing the blood factors 
in phenotypes and genotypes, etc. have been adopted. Thus, a new 
specificity is given international designation only when antisera 
are developed in at least two and preferably three laboratories. 
Genotypes and phenotypes are identified by locus symbols, and 
factors in phenotypes and "phenogroups" are listed alphabetically 
with all factors named by non primed letters first, followed by 
all primed and all double primed letters, respectively.
At present 11 bovine blood group systems and a total of 94 blood 
group factors, including serologic subtypes, are international
ly recognized. A full list of these systems and factors was 
published by the Standing Committee on Animal Blood Groups and 
Biochemical Genetics in 1985. Furthermore, a series of workshop 
recommendations for international bovine blood typing have been 
published by the Standing Committee (Animal Blood Groups and 
Biochemical Genetics, 1985, Animal Genetics, 1987 and 1989), and 
as a result of workshop activities under ISAG a booklet with 
extensive lists of "phenogroups" in the B and C systems of 
Charolais, Holstein Friesian, Jersey and Simmental was prepared 
and presented at the workshop in Helsinki in 1986.

PROTEIN POLYMORPHISMS
At a relatively early stage in the research on bovine protein 
polymorphisms, an FAO Committee on the nomenclature of protein 
polymorphisms made its proposals (Ashton, Gilmour, Kiddy & 
Kristiansson, 1967) and listed 13 polymorphisms described in 
cattle. Based on the proposals of this committee, the Standing 
Committees under ISAG have developed a general set of rules.
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Thus, a locus is symbolized by a short abbreviation (two to four 
letters, beginning with a capital letter and followed by lower 
case letter (s)) of the name of the polymorphic protein or enzyme, 
and dominant or codominant alleles are designated with capital 
letters. The list of known electrophoretically determined bovine 
polymorphisms has been updated on several occasions at workshops 
held in connection with ISAG conferences, and in 1985 a list of 
electrophoretically determined blood proteins described in cattle 
was published in Animal Blood Groups and Biochemical Genetics
(1985) by the Standing Committee. This list includes 25 polymorp
hic loci. Another 5 polymorphic milk protein loci have been 
described (see Grosclaude, 1988), totalling at least 30 elec
trophoretically determined polymorphic loci known in cattle in 
1985. Additional polymorphism in hemoglobin was described bv Braend (1988) .

LYMPHOCYTE ANTIGENS
Apart from the J substance (Hruban S Simon, 1973) and a few other 
red cell antigens (Borovska & Demant, 1967; Schmid et al. , 1978), 
the known bovine lymphocyte antigens belong to the BoLA system 
(Amorena & Stone, 1978; Caldwell et al., 1977; Spooner et al., 
1978; Spooner et al., 1979). The serological specificities 
controlled by the BoLA system are identified by alloantisera, the 
specificities of which are compared and approved at internatio
nal workshops before given international designations, e.g. w2, 
w3/• ; • ;w16, etc. At a recent BoLA workshop, a total of 33 
specificities was recognized (Bull et al., 1989).

ALLOTYPES
At least four allotypic systems have been described in cattle, 
termed Mcl (a macroglobulin determinant, Rapacz et al., 1968), 
Al with two alleles Bva and Bva2 (an IgG2 heavy chain marker, 
Blackslee, Butler and Stone, 1971; Blackslee, Rapacz & Butler, 
1971), Ec (Ec1) (an erythrocytic protein determinant, Rapacz, 
Korda & Stone, 1975), and Ig(L) with alleles Ig(L)b1, Ig(L)b2 and 
Ig(G)b' (an Ig light chain marker, Blackslee, Butler & Stone, 
1971; Faber & Stone, 1976).

CONCLUDING REMARKS
The nomenclature used to describe the polymorphic loci in cattle 
other than DNA polymorphisms has emerged from intensive discuss
ions among research workers in the field of bovine immunogenetics 
and biochemical genetics over a period of more than 40 years. The 
background for these discussions and the subsequent decisions 
have been a series of thorough comparisons made under the 
auspices of ISAG.
With regard to the blood groups, the nomenclature accepted 
internationally by those working in the field may seem confusing 
at first sight due to its non systematic nature. However, several 
attemps during the past 20-25 years to establish a more sy
stematic nomenclature, like the one used for blood groups of 
pigs, have been unsuccessful. One essential reason is that the 
number of known factors in the B system is far above the number 
of letters in the alphabet. By now any radical change is not feasible.
To facilitate a uniform use of the nomenclature for bovine
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polymorphic loci also for those not actually working in the 
field, the ISAG Standing Committee on cattle blood groups and 
biochemical polymorphisms has published the above mentioned lists 
of internationally recognized blood group systems and factors 
together with the electrophoretically determined blood protein 
polymorphisms described in cattle. It is hoped that this workshop 
may contribute to the general knowledge of the accepted nomen
clature and to its use in genetic studies and gene mapping.
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