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SUMMARY

Genetic relationships were analysed by means of heterozygosities and genetic 
distances between 24 cattle breeds, including five indigenous breeds. Allelic 
frequencies were obtained from three polymorphic protein and eight red cell 
antigen loci. The genetic diversity was on average much larger in the 
indigenous breeds than in breeds originating from Europe and Asia, although 
considerable allele variation was found in some of these breeds. Some unusual 
electrophoretic variants were observed for Sanga and Zebu breeds which imply 
upgrading in both indigenous and exotic breeds. A big genetic distance was 
found between the indigenous and exotic beef breeds. The formation of two 
large clusters was observed, apart from the Brahman and the Afrikaner which 
seemed to have separated earlier from the hypothetical common trunk. These 
phylogenetic methods provide some unique global perspectives on the 
hierarchical relationship between African, European and Asian cattle breeds.

INTRODUCTION
The growing world population and expectations of higher living standards are 
increasing the demand for animal products, especially in developing countries. 
Livestock producers in response, try to increase productivity per animal. This 
usually involves attempts to change the genotypes of traditional breeds either 
by upgrading or more commonly by crossbreeding. In the light that the world 
resources are taxed to the limit, the process of replacing ancient native 
breeds with highly productive modern ones seem inevitable, although 
questionable in view of the resently realized biological efficiency of these 
native breeds in their ecotype niches. In developing countries they are often 
specially adapted to harsh climates, able to use poor quality feed and resist 
endemic disease.

Selection has had a great influence in the process of breed differentiation. 
Assuming that genetic variability detected through blood groups and protein 
polymorphism is maintained in populations by natural selection and that these 
have not deliberately been selected for by man, then the analysis of this 
variability would give a more precise estimate of the relationship between 
populations (Kimura, 1983).
The aim of this study was to document and analyse the results of a 
comprehensive blood typing study of cattle breeds in Southern Africa in an 
attempt to give some insight into the genetic relationships between these 
breeds. Genetic variability has been explored, using the blood group factors 
and protein polymorphism to study the indigenous and composite cattle breeds.
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MATERIALS AND METHODS
Twenty four of the major cattle breeds in Southern Africa were analysed 
including exotic and indigenous breeds. The dairy breeds analysed included the 
Ayrshire (190), Guernsey (141), Holstein Friesland (1607), Jersey (895) and 
Dexter (79). The exotic beef breeds included the Angus (568), Beefmaster 
(223), Devon (414), Limousin (195), Red Poll (59), Shorthorn (373), Sussex 
(710), Brahman (5848), Charolais (237), Hereford (1117), Pinzgauer (172), 
Santa Gertrudis (715), Simmentaler (1505) and the Swiss (356). Indigenous 
breeds included the Afrikaner (2153), Bonsmara (6547), Drakensberger (1629), 
Tuli (43) and the Nguni (328). Blood was collected in two tubes of 
approximately 10cc each. One tube contained sodium EDTA as an anticoagulant 
from which red blood cells were obtained for serological and electrophoretic 
analysis of blood genetic markers. The other tube contained boric acid and was 
used as a serum source for additional electrophoretically determined markers . 
Data over the last thirteen years (1980 - 1993) was analysed including all 
stud bulls registered for breeding purposes and thus being representative of 
the genetic spectrum of each breed.
Blood typing procedures
The blood group factors selected for analysis are grouped into 8 polymorphic 
loci, which included the A system (factors A1, A2, H, Z'), B system (factors 
P2, T1, Y2, B’, D', E'2, I'1# K'), C system (C2, R, , W1 , W2, X1 ), F system 
(F), L system (L), M system (M’), S system (U1 , U2) and the Z system (Z).
Nomenclature is in accordance with guidelines prepared by members of the 
International Society for Animal Genetics (ISAG). Standard immunological 
procedures involving rabbit complement mediated haemolysis were used to detect 
red blood cell antigens. A total of 40 reagents were utilized, prepared by 
iso-immunization and appropriate absorptions to render mono-specific reagents.
Gel electrophoresis
Protein electrophoresis was used to analyse biochemical genetic markers on 
starch and polyacrylamide gel matrixes. Three systems of proteins were 
analysed with a total of 9 alleles : albumin (A, B, C), haemoglobin (A, B, I) 
and transferrin (A, D, E), representing three independant co-dominant loci.
Calculations of gene frequencies, heterozygosities and distances
Blood group frequencies were calculated as single factors within the eight 
loci. Reagents differed over the years and too few reagents for phenogroup 
determination were available. Allelic frequencies for protein polymorphisms 
were determined by direct gene counting from the phenotype distribution. The 
values of genetic distances between populations (unbiased Nei's D)(Nei, 1978), 
cluster analysis using the complete linkage method, unweighted group pair 
method estimated from modified Rogers distance with Distance Wagner Procedure 
(UPGMA algorithm) and heterozygosity values have been computed with the 
BIOSYS-1 program (Swofford and Selander, 1981).
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RESULTS AND DISCUSSION
Breeds traditionally have been selected to display uniform morphological 
characteristics. Genetic variability as measured by blood—type polymorphism, 
is demonstrated in all breeds of cattle. Genetic variation within a population 
is extremely important since it provides the flexibility for individuals to 
adapt to diverse environments, and the evolutionary potential for populations 
to survive in the face of environmental changes.
Average heterozygosity
Pure-bred livestock breeding practices tend to restrict gene pools, resulting 
in decreased heterozygosity. A widely used measure of genetic variation is the 
average heterozygosity in the population over all loci. It is proposed that 
high levels of average heterozygosity at these loci could be expected to 
correlate with high levels of genetic variation at loci with critical 
importance for adaptive responses to environmental challenges (Hedrick et al., 
1986). Considerable genetic variation was found within the Jersey (H=33%). The 
Holstein Friesland and Ayrshire amongst the dairy breeds showed the lowest 
levels of 18% and 19% respectively. In the case of the Ayrshire, this may be 
due to the limited imports and low population numbers in the RSA. The Brahman 
showed a significant high average heterozygosity level (tf=46%) whilst the rest 
of the exotic beef breeds showed values between 18% (Hereford) and 31% 
(Limousin). The Brahman in South Africa has considerable intra-breed 
heterosis, due to imports of Nelore, Gir and Indo Brazil and all these being 
included in only one breed society. This could explain the high average 
heterozygosity level. Two composite breeds, the Santa Gertrudis (39%) and the 
Beefmaster (43%) show relatively high degrees of heterozygosity as would be 
expected. A very interesting pattern emerged from the indigenous breeds, where 
the average heterozygosity levels varied between 33% (Tuli) and 47% (Nguni). 
These higher heterozygosity levels are possibly due to natural selection. The 
lower average heterozygosity level of the Tuli can be explained by a low 
sample size (43).
Unique and rare variants
Occurrence of the haemoglobin I variant is characteristic of Sanga breeds. The 
Afrikaner, Bonsmara, Drakensberger, Tuli and Nguni showed freguencies of 0.12, 
0.08, 0.09, 0.01 and 0.06 respectively. The occurrence of low frequencies in 
the Brahman (0.004), Angus (0.001), Pinzgauer (0.01) and Beefmaster (0.06) can 
possibly be explained by upgrading of these breeds with Sanga type animals. 
The albumin C variant proposed to be characteristic of Zebu type breeds like 
the Brahman, Santa Gertrudis and Beefmaster, also occurred in the Tuli and 
Nguni breeds at a low frequency of 0.01. This means that upgrading with Zebu 
type cattle occurred in some of the Sanga breeds.
The most marked blood group frequency differences observed within the 
indigenous and exotic beef breeds were within the B system (B' and D' 
factors). Some differences were observed in the A and C systems. Similarity 
was observed in the F system for most of the exotic and indigenous breeds.
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Relationships between breeds
The average genetic distance between the exotic and indigenous breeds was 
0.065, whilst the within distances were 0.060 and 0.052 respectively. Distance 
values ranged between £>=0.01 and £>=0.18 for exotic breeds and £>=0.01 and 
£>=0.11 for indigenous breeds. The two breeds genetically closest are the Nguni 
and the Beefmaster. It should be mentioned that the Beefmaster of Southern 
Africa differs considerably from the American Beefmaster. The two breeds with 
the most genetic distance were the Brahman and Pinzgauer.
The estimates of Nei's genetic distances were used to construct a dendogram 
for all cattle breeds. The dendogram shows the different breed placements to 
be reasonably consistent from the known breed origin or the synthetic 
composition. The formation of 2 large clusters is apparent, except for the 
Brahman and Afrikaner which propably seperated very early from the 
hypothetical common trunk. Within the first cluster two smaller clusters are 
observed with the Angus, Swiss, Dexter and the Pinzgauer being closer related, 
clearly differentiated from the other members of the cluster, and forming 
their own including the Charolais, Limousin, Simmentaler and Devon. Some of 
the indigenous breeds like the Nguni and the Tuli cluster with the Guernsey, 
Red Poll, Beefmaster and the Jersey. This position of the Nguni is totally 
unexpected and requires further investigation. The unbalanced contribution by 
sublines of the Nguni might have contributed to some skewness, since the 
pedigree status of the breed has only been recognised during the late 1980's. 
A complicating factor is the heterogenous nature of the Nguni, presently still 
in a 'developing' stage of stud breeding.
The composite indigenous breeds, the Bonsmara and Drakensberger, cluster quite 
closely to an exotic composite breed, the Santa Gertrudis, as well as with the 
dairy types like the Ayrshire, Holstein Friesland and Shorthorn. Speculations 
on causal components to this observation should bear in mind that weaning 
weights have been predominant in the selection goals of these two breeds.
It seems that the indigenous breeds have intricate and obscure histories and 
biologically complicated origins. Usually these breeds show large amounts of 
genetic variation. Monitoring such phylogenetic trends over a prolonged period 
will ensure that clear and correct conclusions can be drawn with regard to the 
origin and relationship between African cattle and exotic counterparts from 
Europe and Asia.
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