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On the basis of DNA microsatellite polymorphism at 26 loci tested within the European Concerted 
Action AIRE 2066 for the Analysis of Genetic Diversity to Preserve Future Breeding Options, a de-
termination was made of the genetic structure of 147 Polish Red (PR) cattle, included in the National 
Rare Livestock Breeds Preservation Programme (NRLBPP). The examined PR cattle population 
was characterized by a high genetic variation (a total of 193 alleles identified, Ho = 0.695, He = 0.703, 
mean number of alleles per locus = 7.4). An analysis of the genetic distance (Dps), including infor-
mation on the presence (or absence) in the genome of alleles specific for the breed, confirmed that 
80% of PR animals included in the NRLBPP comprised a separate genetic group, differing from 
populations of other European cattle breeds. The results show the uniqueness of the gene pool of 
PR cattle included in the NRLBPP. Despite the crossing with other breeds widely applied in the 
past, the present PR material does, to a considerable degree, remain genetically distinct. Thus, it is 
anticipated that basing on the existing preserved population the reconstruction of a pure, or almost 
pure PR cattle can be achieved.
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Poland is a signatory of the programme for protection of genetic resources in agri-
culture [Anonymous 1996b], which aims at the reconstruction of native animal breeds, 
characterized by a high potential as regards adaptation traits. Beside Polish Whitebacked 
cattle, the restitution of which is still at a initial stage [Anonymous 1998, 2003], the 
National Rare Livestock Breeds Preservation Programme (NRLBPP) includes Polish 
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Red (PR) cattle. The programme is conducted on a total of about 150 cows, maintained 
in two preserve herds and with the use of stored bulls’ semen, and embryos.

Basing on the polymorphism of DNA microsatellite loci, selected for analyses within 
the European Concerted Action AIRE 2066 for the Analysis of Genetic Diversity for 
Preserve Future Breeding Options [Anonymous 1996a], studies were undertaken to 
determine the genetic structure of certain European cattle breeds. The results already 
published as Part I of this study [Lubieniecka et al 2001] presented the degree of 
genetic within-breed variation in relation to the Angler, German Simmental, Brown 
Swiss, Swiss Simmental, Holstein and Eringer cattle. Against this background, the DNA 
microsatellite polymorphism was characterized in Polish Red (PR) cattle preserved 
population, as well as in Polish Black-and-White (PBW) and Polish Red-and-White 
(PRW) cattle. Moreover, in Part II [Grzybowski and Prusak 2004] a determination was 
made of the scale of the potential gene migration (Nem) between these breeds and, on 
the basis of the DA and DSW genetic distances, also of the topology of phylogenetic trees 
for the populations tested.

The present Part III aimed at determining the proportions of alleles common for 
the nine breeds mentioned and on this basis at analysing the genetic uniqueness of the 
population of PR cattle included in the NRLBPP.

Material and methods

The 147 Polish Red cows used in this study belong to two, geographically distant 
NRLBPP groups. One, comprising 48 animals (north group), is maintained in north-east 
Poland at the Research Station for Ecological Agriculture and Preserve Animal Breed-
ing, Popielno, belonging to the Polish Academy of Sciences. The remaining 99 cows 
(south group) are maintained in small farms in the south of Poland, in the Carpathian 
foot-hills. The number of alleles and their frequency was identified separately for the 
north and south group, but when comparing with other breeds both groups were treated 
jointly (data pooled).

The selection criteria and description of the 26 DNA microsatellite loci used for a 
comparative analysis of the variation of cattle breeds considered, as well as the molecular 
procedure for allele identification, are presented in Part I of this study [Lubieniecka 
et al 2001]. Information about the number of the animals tested, as well as the results 
referring to the number and size of alleles identified in Angler, German Simmental, 
Brown Swiss, Swiss Simmental, Holstein and Eringer breeds, were obtained from a 
website database [Anonymous 1996a]. Respective information referring to the PBW 
and PRW cattle came from earlier studies conducted by Lubieniecka [2001].

The frequency of microsatellite alleles was estimated using the GENEPOP soft-
ware [Raymond and Rousset 1995]. The heterozygosity observed (Ho) at each locus 
and for all populations was calculated as a per cent of heterozygous genotypes. In turn, 
the values for expected heterozygosity (He) were calculated according to the formula 
presented by Ott [1992].
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The genetic difference between the PR cattle and other breeds was presented as the Dps 
genetic distance, calculated on the basis of the occurrence of common alleles [Bowcock 
et al. 1994]. The software MICROSTAT was used for calculations [Minch 1998].

Results and discussion

Table 1 presents the number, size and frequency of DNA microsatellites identified 
in the north group, south group and in the whole PR cattle population examined. In total 
193 alleles were identified, i.e. a mean of 7.4 allele per locus. When comparing results 
obtained separately for the north and south group (177 alleles with a mean of 6.8 allele 
per locus for the north group and 181 alleles with a mean of 7.0 allele per locus for the 
south group), with those recorded for the whole population (data pooled), no significant 
inter-group differences were observed. The allelic ladders for certain loci were irregular, 
i.e. the size of alleles did not increase regularly by each repeat unit. Between the north 
and south group considerable differences were found in the frequency of individual 
alleles, and a comparatively large number of unique  (“private”) alleles was observed 
(16 in the north and 12 in the south group) – Table 1. From the moment the programme 
for preservation of the genetic resources of PR cattle was initiated, the reproduction 
within the preserved population was based on semen stored in a central semen bank. 
Thus, the differences in the allele number and frequency observed between the north 
and south group, are probably a reflection of the earlier situation, when those groups 
remained in a geographic isolation, and cows were mated naturally to local bulls. The 
greater overall number of alleles identified in the south group and the higher number 
of “private” alleles observed in the north group, may also be related to the number of 
animals tested (the south group was almost twice the size of the north group). Also the 
observed incidence of irregular allelic ladders may be explained by the comparatively 
low number of animals tested. All in all, the PR cattle from the preserve breeding pro-
gramme presented a very high polymorphism of DNA microsatellites. This is testified 
by the considerable number of alleles identified, the high mean number of alleles at one 
loci and the high degree of observed (Ho) and expected (He) heterozygosity. Table 2 
presents a comparison of Ho and He between breeds considered. All the breeds included 
showed a much smaller level of DNA microsatellite polymorphism than the PR cattle. 
Only Anglers demonstrated a degree of polymorphism similar to that observed for the 
PR cattle: 182 alleles recorded in the population and a mean of 7.0 allele found per one 
locus. For comparison, in an analysis of the DNA microsatellite polymorphism, per-
formed on a loci panel identical with that used in this study for testing PR cattle, Schmid 
et al. [1999] observed in Simmental, Holstein, Brown Swiss, Herens and Evolenard 
cattle 5.6, 6.5, 5.7, 6.0 and 4.8 alleles per locus, respectively. In turn, Martin-Burriel et 
al. [1999], analysing the microsatellite variation for six Spanish cattle breeds, observed 
a mean of 8.6 alleles, while MacHugh et al. [1997], analysing the microsatellite alleles 
in 20 populations of humped (zebu) and humpless cattle, recorded a mean of 8.4 alleles 
per locus. However, the results of numerous studies on the DNA microsatellite poly-
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morphism in different cattle breeds, e.g. Arranz et al. [1996] and Canon et al. [2000], 
cannot be directly compared with the results of analyses conducted according to the 
criteria accepted in the European programme [Anonymous 1996a], principally due to 
the different loci panels tested and the different procedure used for allele identification. 
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As a rule, the mean number of alleles at one locus is considered to be a good indica-
tor of the degree of genetic variation when the population is at equilibrium between 
mutation and genetic migration, and the sizes of populations compared are similar. 
According to MacHugh et al. [1997], this last condition does not necessarily need to 
be met, as the degree of genetic variation estimated on the basis of the mean number 
of alleles occurring at one locus is a better reflection of the history of the population 
than would appear from the number of animals examined.

Table 3 presents the DNA microsatellite alleles common for PR cattle and eight 
German and Swiss breeds, as well as unique alleles occurring only in a given breed 
(known as a breed’s “private” alleles). From the overall pool of  276 alleles identified, 
81 (29.3%) proved to be common for all breeds (a mean of 3.1 common alleles per 
locus). The greatest numbers of common alleles were observed at locus BM2113 (6 
out of 10 identified), TGLA53 (6 out of 17 identified), and HEL5 (5 out of 11 identi-
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fied). In turn, 49 alleles (17.8%) may be considered “private”. The greatest numbers of 
such alleles were found at loci BM1818 (6 out of 13 identified) and HEL9 (5 out of 15 
identified), and in German Anglers and German Simmentals (14 and 13, respectively). 
In the PR cattle five private alleles were identified.

The results presented here indicate that the DNA microsatellite polymorphism is 
so wide that the probability of finding two animals with identical genotypes at all the 
loci analysed is close to zero. Accepting this as a basis for determining genetic rela-
tions between breeds, the genetic distance Dps as allele shearing distance [Bowcock et 
al. 1994] calculated on the basis of the proportion of common alleles was estimated 
between 20 randomly selected animals from each breed. Contrary to other values de-
scribing the genetic distance between populations, i.e. DA and DSW that were discussed 
in Part II of this study [Grzybowski and Prusak 2004], the Dps distance indicates the 
genetic similarity between individuals within a population.

The comparison based on the values for distance Dps is presented in Figure 1. The 
topology of the phylogenetic tree thus created covers 180 lines – 20 lines correspond 
to 20 individuals from each breed and are marked with the same colour. Their inter-
relations are characterized by the presence (or lack) of genetic links between breeds. 
Among the animals analysed, representing nine cattle breeds (marked with different 
colours) from Germany, Switzerland and Poland, only 29, i.e. 16% of all the animals 
tested, did not group with animals of the same breed. As result, the topology of the 
tree presents a characteristic image, manifested in the form of well-separated coloured 
sets. The image proves that the procedure used for estimating the Dps genetic distance, 
based on the occurrence of microsatellite DNA alleles common for individual breeds, 
is a valuable tool for an objective estimation of genetic relations taking place between 
breeds, and in particular, renders it possible to estimate the effect of a given breed, 
introduced in the process of genetic upgrading of animals from other populations (what 
is of special significance for estimating the status of PR cattle in preserve breeding). In 
this context, the lack of a well-defined set for the PRW cattle, must be accepted as an 
important element of the topology of the Dps tree. The PRW breed is located in a het-
erogenic set composed of several sub-groups, including also PBW and Holstein cattle. 
In this, genetically differentiated group (many-coloured in the Figure) are located 85% 
of PRW animals, almost all (95%) Holsteins and a small per cent of the PBW cattle. 
This indicates that there is a more pronounced genetic similarity between the Holstein 
and PRW than between the Holstein and PBW breed. Moreover, the topology of the 
tree presented indicates that Swiss breeds (Brown Swiss, Eringer and Swiss Simmen-
tal) are characterized by a high degree of genetic consolidation – all the animals from 
each of those breeds grouped together (shown as well-defined sets marked with green, 
violet and grey-yellow, respectively). Also the Angler cattle may be considered highly 
consolidated genetically, as all the animals of the breed are grouped in the same set. 
A similar situation is observed for the population of German Simmentals – almost all 
animals (19 out of the 20 tested) group together. In the case of PR cattle, with their 
set placed beside that for the Angler breed, out of the 20 animals 16 (80% of the total) 
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Fig. 1. Genetic integrity of the Polish Red cattle included in the breed preservation programme, shown 
against the background of selected European breeds (N-J tree was constructed by means of Dps distance).
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grouped together. The remaining PR animals grouped together with the Anglers or 
German Simmentals. The results obtained indicate that although the PR cattle, covered 
by the preserve breeding programme, are not as strongly genetically consolidated as 
are Swiss breeds, they are still clearly genetically distinct. It is worth emphasising, that 
although the PR cattle set was located in close neighbourhood of the single coat-colour 
red Angler cattle, it „grows out” of a single branch joined with the wide basis common 
for all breeds. This basis may be accepted as the level reflecting the specificity of the 
Bos taurus species. Thus, the tree topology shows that in the genealogy of the PR cattle 
there are no transitional branches, what means that this material reaches with its roots 
directly to the Bos taurus level.

The PR breed originates from the brachyceros cattle, appearing since pre-historic 
times in Central Europe and Scandinavia. Adametz [1901] described it even as Bos 
brachceros polonicus. The beginnings of its organized breeding on Polish territory fall to 
the last years of the XIX century. Due to the military operations and territorial changes 
that took place after World War II the population of PR cattle decreased dramatically, 
but still in the years 1965-1966 constituted about 18% of the cattle kept in Poland 
[Szarek et al. 1993]. Since 1959 some PR cows were mated to Danish Red and, though 
to a small degree, also Jersey bulls [Szarek et al. 1993]. Simultaneously, into regions 
where PR cattle was traditionally maintained the Polish BW („Polish Friesian”) breed 
was gradually introduced. Moreover, basing on earlier results obtained throughout the 
seventies, the PR cattle were upgraded by crossing with Angler breed. Although these 
data constitute only small, selected episodes from the history of the PR cattle, they 
confirm that this material was affected by numerous other breeds [Czaja et al. 1996].

In the present study it was possible to make a comparative analysis of the DNA 
microsatellite polymorphism between PR cattle and only several other breeds. Although 
the database with information on cattle DNA microsatellites contains data referring 
to almost a 100 breeds and varieties of cattle from all over the world [Anonymous 
1996a], only in relation to six German and Swiss breeds the data proved comprehensive 
enough to be fully comparable with the 26 loci selected for an analysis of the PR breed. 
For this reason, introducing other breeds into the comparative analysis (for instance 
Danish Red, imported in the past for upgrading the PR cattle), would certainly enrich 
the information on the pool of DNA microsatellites occurring in the local population. 
When interpreting the results obtained hitherto, the fact that as much as 80% of ani-
mals from the PR preserve-breeding population grouped together can be considered 
the most significant. It seems to constitute a strong and direct genetic proof, based on 
objective comparisons using molecular techniques, that discussions about the extent to 
which other breeds participated in creating the contemporary population of PR cattle 
included in the preserve breeding programme may refer only to a small group with 
an exterior typical of the breed but having probably also genes of other cattle breeds. 
Thus, the results obtained indicate that the PR cattle included in the NRLBPP have 
to a considerable extent retained its specificity, and their gene pool remains unique. It 
seems all the more probable that with the use of existing two groups it will be possible 
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to reconstruct a pure, or almost pure Polish Red cattle.
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Grzegorz Grzybowski, Beata Prusak

Zmienność genetyczna dziewięciu europejskich ras bydła określona  
na podstawie markerów mikrosatelitarnych. III. Odrębność genetyc-
zna bydła polskiego czerwonego z hodowli zachowawczej
S t r e s z c z e n i e

Na podstawie polimorfizmu mikrosatelitów DNA w 26 loci wybranych do zunifikowanych analiz 
w europejskim programie ochrony zasobów genetycznych (European Concerted Action AIRE2066 for 
the Analysis of Genetic Diversity to Preserve Future Breeding Options), określono strukturę genetyczną 
bydła pc (PR) objętego programem hodowli zachowawczej oraz  umiejscowiono ten materiał w drzewie 
filogenetycznym bydła. Wykazano, że na tle ras europejskich, badaną populację bydła pc charakteryzuje 
wysoka zmienność genetyczna (ogółem zidentyfikowano 193 allele, Ho = 0,695, He = 0,703, średnia liczba 
alleli w locus = 7,4). Analizy dystansu genetycznego (Dps), w których wykorzystano informacje dotyczące 
obecności (lub nieobecności) w genomie tzw. alleli specyficznych dla rasy dowodzą, że 80% osobników rasy 
pc tworzy odrębną grupę genetyczną, odbiegającą od innych populacji bydła europejskiego. Jedynie mała 
grupa bydła pc grupuje się w drzewie filogenetycznym wspólnie z osobnikami rasy angler lub niemiecki 
simental. Wyniki wskazują na unikalność puli genów bydła pc objętego programem hodowli zachowawc-
zej. Mimo licznych krzyżowań z innymi rasami, materiał ten w znacznym stopniu zachował swą rasową 
odrębność. Wydaje się więc możliwe, że korzystając z utworzonej stawki zwierząt (grupa północna i grupa 
południowa), uda się odtworzyć czystorasową bądź zbliżoną do czystorasowej, populację tego bydła.
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