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Abstract. The study was conducted on full-families of Black-and-White cattle ob-
tained as 25 AI sire families and 355 cows, as well as their progenies, mostly heifers at
the age of 1-3 months. The sire group was composed by the casual qualification of
10 PRNP 6/6 and 15 PRNP 6/5 individuals on the basis of accessible young progenies.
The randomly selected group of cows is characterised by a very high frequency of
PRNP 6/6 (74.9%), followed by lower frequency of PRNP 6/5 (24.5%) and a very low
frequency of PRNP 5/5 genotype (0.6%). The progenies represent all expected geno-
types, such as: PRNP 6/6 (60.5%), PRNP 6/5 (35.8%) and PRNP 5/5 (3.7%), respec-
tively. Taking into consideration the genotypes of parents and progenies,
the segregation of PRNP 6 and PRNP 5 alleles was analysed. Results of
the non-informative mating variant of � PRNP 6/6 × � PRNP 6/6 (n = 87) are affected
by the PRNP 6/6 progeny genotype in all cases. Subsequently, the results of mating
variants � PRNP 6/6 × �PRNP 6/5 (n = 29) and � PRNP 6/5 � PRNP 6/6 (n = 179)
showed statistically non-significant differences in both above-mentioned alternations.
The progeny group related from � PRNP 6/5 × � PRNP 6/5 parental mating obtained
fully informative and most valuable results based on the presented research concept.
In the common group of 58 calves, the genotype PRNP 6/6 is represented by 26 individ-
uals (44.8 %), PRNP 6/5 – by 19 individuals (32.8 %) and PRNP 5/5 – by 13 individuals
(22.4 %). Therefore, the theoretical genotype rate (25% : 50% : 25%) is drastically de-
formed and the differentiation between the observed and expected numbers of animals
is statistically highly significant (�2 = 12.72; 2 df.). These differences are affected by
two times higher PRNP 6/6 homozygous (�2 = 9.12; 1 df.) and responsively by the low
number of PRNP 6/5 heterozygous animals (�2 = 3.45; 1 df.). Further investigations are
carried out to explain the genetic determination of abnormal PRNP octa-peptide repeat
allele segregation, which suggests possible lethal cis-trans linkage effects.
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The subject of the presented study is prion protein (PRNP) gene polymorphism
which is expressed in cattle by the variable number of nucleotides located
in the ORF region of exon 3, encoding the repeatable eight amino-acids sequence
GOLDMANN et al. 1991, SCHLÄPFER et al. 1998a . In the examined populations

two alleles of five and six repeats were reported NEIBERGS et al. 1992, BROWN et
al. 1993, McKENZIE et al. 1992, PREMZL et al. 2000, LEONE et al. 2002,
WALAWSKI et al. 2003 . Additionally, in two breeds of Swiss Brown cattle
SCHLÄPFER et al. 1998b and Bruna Alpina LEONE et al. 2002 a seven repeats

variant was recognised. Previous investigations were carried out for the possible
association between PRNP genetic variants and BSE susceptibility. In the already
published studies, carried out on different cattle breeds, no cases of the PRNP 5/5
genotype were observed in BSE affected animals.

Studies on Holstein-Friesian cattle indicate an extremely high frequency of
PRNP 6/6 homozygous and a very low frequency of PRNP 6/5 heterozygous
in the examined animals, while the PRNP 5/5 homozygous genotype has not been
observed so far. On the contrary, the Polish Black-and-White cattle, which is im-
proved by Holstein-Friesian crossing, show the relatively high frequency of
PRNP 6/5 heterozygous and in some cases PRNP 5/5 homozygous animals
WALAWSKI, CZARNIK 2002, WALAWSKI et al. 2003 . This population is highly

diverse in terms of the PRNP genetic specificity, because of the AI sires and cows
selected as sire mothers show greater similarity to Holstein-Friesian, however,
the native cows from commercial herds were distinguished by a relatively high
rate of PRNP 5 allele, including the PRNP 5/5 homozygous genotype. The ob-
tained results indicate a possible relation between PRNP polymorphism and
breeding or natural selection factors. The aim of the presented study was to ex-
plain the circumstances of abnormal segregation, which may possibly be due to
the deformation of the PRNP genetic structure in the Black-and-White cattle pop-
ulation.

The investigations were conducted on full-family animals obtained as
10 PRNP 6/6 and 15 PRNP 6/5 AI sire families with 355 cows of the different
PRNP genotypes and their progenies, in most cases heifers at the age of
1-3 months. The polymorphism of the PRNP gene was examined by the PCR pro-
cedure as described earlier PREMZL et al. 2000 . Taking into consideration
the genotypes of parents and their progeny, the segregation of sires and cows
in terms of PRNP 6 and PRNP 5 alleles was analysed. The conformity of the rela-
tionship between the observed and expected numbers of progeny descended from
the different PRNP genotype mating was verified by the ÷ 2 test.

The investigated animals represent a typical Polish Black-and-White cattle
population. The sire group was composed by the casual qualification of PRNP 6/6
and PRNP 6/5 individuals, almost exclusively the first or second generation de-
scended from the most valuable Holstein-Friesian stars. The selection was made
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on the basis of high number of actual accessible progenies; however, the group of
cows, being the mothers of the examined calves, was formed at random from
the farms located in the whole territory of Poland. This population is distinguished
by a very high variability of the PRNP genetic structure. Namely, the AI sires are
nearly identical to Holstein-Friesian, while cows from large commercial herds
showed a relatively high frequency of PRNP 6/5 heterozygous and in some cases
PRNP 5/5 homozygous genotypes WALAWSKI, CZARNIK 2002, 2003 .

The experimental group of cows is characterised by a very high frequency of
PRNP 6/6 (74.9 %), followed by lower frequency of PRNP 6/5 (24.5 %), yet
the PRNP 5/5 genotype was found only in two individual cases (0.6 %). The prog-
eny group represents all expected genotypes; however, the PRNP 6/6 (60.5 %)
and PRNP 6/5 (35.8 %) groups are sufficiently large, while the PRNP 5/5 group
(3.7 %) is too small for statistical estimations. Therefore, the analysis of allele seg-
regation may not be complete and embraces only some mating variants of
� PRNP 6/6 × � PRNP 6/6 and � PRNP 6/5 cows, as well as � PRNP 6/5 ×
� PRNP 6/6 and � PRNP 6/5.

The complete analysis of the PRNP allele segregation is presented in Table 1.
The obtained results show that the non-informative mating variant of � PRNP 6/6
× � PRNP 6/6 (n = 87) is mainly effected by the progeny of the PRNP 6/6 geno-
type in all cases. Subsequently, the results of mating variants � PRNP 6/6 ×
� PRNP 6/5 (n = 29) and � PRNP 6/5 × � PRNP 6/6 (n = 179) indicated statisti-
cally non-significant differences between the observed and expected numbers of
PRNP 6/6 and PRNP 6/5 progeny groups.

Fully informative and most valuable results based on the presented research
concept are given parental mating variant � PRNP 6/5 × � PRNP 6/5. In the com-
mon group of 58 progenies, the PRNP 6/6 genotype is represented by 26 individu-
als (44.8 %), the 6/5 genotype – by 19 individuals (32.8 %) and PRNP 5/5 – by
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Table 1. Segregation of PRNP octapeptide – repeat alleles

Parental mating variant Progeny
genotypes

Number of animals
in the progeny genotype groups

�2

Observed Expected

� PRNP 6/6 × � PRNP 6/6 PRNP 6/6 87 87.00 0.00

� PRNP 6/6 × � PRNP 6/5 PRNP 6/6
PRNP 6/5

15
14

14.50
14.50

0.02
0.02

� PRNP 6/5 × � PRNP 6/6 PRNP 6/6

PRNP 6/5

87

92

89.50

89.50

0.07

0.07

� PRNP 6/5 × � PRNP 6/5 PRNP 6/6

PRNP 6/5

PRNP 5/5

26

19

13

13.75

27.50

13.75

9.12**
3.45
0.16

� PRNP 6/5 × � PRNP 5/5 PRNP 6/5

PRNP 5/5

2

0

1.00

1.00

1.00

1.00

** difference statistically highly significant at p < 0.01



13 individuals (22.4 %), so the theoretical genotype rate (25% : 50% : 25%)
is drastically deformed. The differentiation between the observed and expected
numbers of animals is statistically highly significant (÷2 = 12.72; 2 df.) and is
caused by two times higher PRNP 6/6 homozygous (�2 = 9.12; 1 df.) and a respon-
sively low number of PRNP 6/5 heterozygous animals (÷2 = 3.45; 1 df.).

Investigations on the PRNP genetic structure specificity in the Polish
Black-and-White cattle population are continued. Further investigations are car-
ried out to explain the genetic nature of abnormal PRNP octa-peptide allele segre-
gation, which suggest possible lethal cis-trans linkage effects.
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