
Prion diseases, termed transmissible spongiform

encephalopathies, occur both in humans and ani-

mals. According to the hypothesis proposed by

Prusiner (1998), the pathogenic agent is prion pro-

tein, which forms a molecule with pathogenic

properties as a result of conformational changes.

The bovine PRNP gene has been localized on

chromosome BTA13 at position q17. The struc-

ture and organization of this gene have already

been identified and described (Horiuchi et al.

1998; Hills et al. 2001). Deletion of 24 nucleotides

within the ORF region and transition within the 3’

flanking fragment of the third exon were detected

first (Goldmann et al. 1991). The total estimated

number of mutations identified to date is about 60

(Sander et al. 2004).

Studies conducted so far have been dominated

by searching for a relationship between PRNP

octa-peptide repeat polymorphism within the third

exon ORF and BSE incidence (Goldmann et al.

1991; Leone et al. 2002; Walawski and Czarnik

2003). The studies conducted by Sander et al.

(2004) on 7 German cattle breeds demonstrated

that the factor enabling to differentiate between

clinically healthy and infected animals is dele-

tion/insertion polymorphism within the promoter

sequence (23 bp) and intron 1 (12 bp). The allele

with the 23-bp and 12-bp deletions was more fre-

quent in the group of infected animals than among

healthy ones. Further investigations revealed a re-

lationship between haplotype variants and PRNP

gene transcription (Sander et al. 2005). The fre-

quency of mutated fragments of the PRNP gene

has been determined in a few populations only

(Sander et al. 2004; Seabury et al. 2004;

Nakamitsu et al. 2005).

The aim of the present study was to identify the

deletion/insertion polymorphism of the prion pro-

tein (PRNP) gene within the promoter sequence

(23 bp), intron 1 (12 bp) and 3’ untranslated region

(14 bp) in Polish Holstein-Friesian cattle.

Samples for the experiment were collected

from 234 randomly chosen Polish Hol-

stein-Friesian cows in first lactation and 47 unre-

lated sires used for artificial insemination (AI) in

2004.
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DNA was isolated from leukocytes and semen

by the Master Pure™ Genomic DNA Purification

Kit (Epicenter, USA). Amplification reactions of

3 polymorphic fragments of the gene were carried

out by the PCR method, using primers described

by Sander et al. (2004). The PCR mixtures con-

tained: 100 µL DNA (100 ng mL–1), 2.0 µL of

25 mM MgCl2, 1.25 µL of 20 × buffer, 1.5 µL of

2.0 mM dNTPs, 1.0 µL of each primer

(100 pM µL–1), 0.5 U of polymerase Tfl Master

Amp TM (Epicenter Technology) and H2O to a vol-

ume of 25 µL. Amplification was carried out in

a Rapidcycler (Idaho Technology, USA), in the

‘touch down’ thermal program (Don et al. 1991).

The PCR products were subjected to electrophore-

sis on 2.5% agarose gel (AmpliSize, Bio-Rad), and

then visualized by Fluor STM MultiImager System

(Bio-Rad).

The amplified sequences included 3 fragments

of the PRNP gene (GenBank accession No.

AJ 298878), located within its promoter (between

positions 47784 and 47883), within intron 1 (be-

tween positions 49686 and 49777), and within 3’

untranslated region (between positions 67976 and

68072).

Consistency of genotype and allele frequencies

between cows and breeding bulls was verified by

the χ2 test. Haplotype frequencies were deduced

from the genotypic data by using an

expectation-maximization (EM) algorithm, as im-

plemented in the Arlequin v.3 package (Excoffier

et al. 2005).

As a result of amplification of a fragment of the

PRNP gene encompassing the 23-bp indel within

the promoter region, 3 genotypes were identified.

Homozygotes for the 23-bp insertion or deletion

showed 1 distinct strand, of either 123 or 100 bp in

length, respectively (denoted +/+ and –/–),

whereas heterozygotes for the 23-bp indel showed

2 strands, of 100 and 123 bp in length (+/–).

The analysis of PCR product migrations, en-

compassing the 12-bp indel in intron 1, enabled

the identification of 3 genotypes, i.e. homozy-

gotes for the 12-bp insertion (+/+) characterized

by the presence of a single DNA strand, of 103 bp

in length, homozygotes for the 12-bp deletion

(–/–) distinguished by the presence of a single

short (91-bp) DNA strand, and heterozygotes for

the 12-bp indel (+/–) recognized on the basis of

the presence of 2 DNA strands, of 91 bp and

103 bp in length.

Only 2 genotypes were identified in the 14-bp

indel 3’ UTR. Homozygotes for the 14-bp inser-

tion (+/+) were distinguished by the presence of

a single DNA strand, of 97 bp in length, whereas

heterozygotes for the 14-bp indel (+/–) were char-
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Table 1. Frequency of PRNP alleles with insertion (+) or deletion (–) and of PRNP genotypes in Polish

Holstein-Friesian cattle

Region Group N
Allele frequency Genotype frequency

+ – +/+ +/– –/–

Promoter
23-bp indel

Cows 234 0.368 0.632 0.116 0.504 0.380

AI sires 47 0.372 0.628 0.128 0.489 0.382

Total 281 0.368 0.632 0.117 0.502 0.381

Intron

12-bp indel

Cows 234 0.455 0.545 0.209 0.492 0.299

AI sires 47 0.489 0.511 0.170 0.639 0.191

Total 281 0.461 0.539 0.203 0.506 0.281

3’ UTR

14-bp indel

Cows 234 0.994 0.006 0.987 0.013 0.000

AI sires 47 1.000 0.000 1.000 0.000 0.000

Total 281 0.995 0.005 0.989 0.011 0.000

N = number of animals

Table 2. Frequency of 23-bp indel and 12-bp indel PRNP haplotypes in Polish Holstein-Friesian cattle

Group N Frequency (standard deviation) of haplotypes

23-bp (–) 12-bp (–) 23-bp (+) 12-bp (+) 23-bp (–) 12-bp (+) 23-bp (+) 12-bp (–)

Cows 234 0.524 (± 0.023) 0.349 (± 0.021) 0.111 (± 0.015) 0.017 (± 0.006)

AI sires 47 0.511 (± 0.053) 0.372 (± 0.049) 0.117 (± 0.032) –

Total 281 0.521 (± 0.021) 0.352 (± 0.020) 0.112 (± 0.014) 0.014 (± 0.005)

N = number of animals; (+) allele with insertion; (-) allele with deletion



acterized by the presence of double-strand DNA,

of 83 and 97 bp in length. No homozygotes for the

14-bp deletion (–/–) were found within the sample.

No statistically significant differences in the

frequency of genotypes and alleles were observed

between the cows and breeding bulls in the 3 ana-

lysed polymorphic sites within the PRNP gene

(Table 1).

Both groups of animals were characterized by

comparable frequencies of 23-bp indel alleles and

genotypes within the promoter region, while

within intron 1 a tendency was observed towards

an increase in the proportion of 12-bp indel hetero-

zygotes and a decrease in the number of 12-bp de-

letion and 12-bp insertion homozygotes in AI

sires, as compared with cows. The frequency of

12-bp intron 1 alleles in the group of sires is identi-

cal as reported for US bulls (Seabury et al. 2004)

and healthy German cattle (Sander et al. 2004).

The 14-bp 3’ UTR region was distinguished by

a very high frequency of homozygotes for the

14-bp insertion and a very low frequency of het-

erozygotes for the 14-bp indel. No heterozygotic

genotypes were found among sires. The genotype

homozygotic for the 14-bp deletion has been pre-

viously identified in BSE-infected cattle in Ger-

many (Sander et al. 2004).

The frequency of haplotypes was analysed tak-

ing into account the genotype in the 23-bp pro-

moter region and in the 12-bp intron 1(Table 2).

The 14-bp indel mutation in 3’ UTR was disre-

garded since the heterozygotic genotype was iden-

tified in 3 animals only.

Three haplotypes (23-bp del 12-bp del, 23-bp

ins 12-bp ins, and 23-bp del 12-bp ins) were iden-

tified both in sires and in cows representing a ran-

domly selected population. However, the presence

of an additional haplotype 23-bp ins 12-bp del

with a frequency of 0.017 was observed in the

group of cows only and not found in the group of

sires.

Results of the present study as well as those ob-

tained by other authors (Sander et al. 2004;

Seabury et al. 2004; Nakamitsu et al. 2005) sug-

gest that research on the polymorphism of the

PRNP gene should be continued, with special em-

phasis on analysis of segregation of 23-bp pro-

moter and 12-bp intron 1 alleles in the progeny

groups related to different parental mating. Inves-

tigations have also been launched to determine the

relationship between the polymorphism of the

PRNP gene and variation within biological and

production traits in cattle.
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