
Bovine spongiform encephalopathy (BSE) in cat-

tle belongs to a group of neurodegenerative disor-

ders known as transmissible spongiform

encephalopathies (TSE) or prion diseases. Cellu-

lar PrP protein is encoded by a prion protein gene.

Single-nucleotide polymorphisms (SNPs) in the

open reading frame (ORF) of the PrP gene, caus-

ing amino-acid changes in the final protein and as-

sociated with prion disease susceptibility and

incubation period, have been found in sheep

(Hunter et al. 1993) and mice (Westaway et al.

1994). None of the SNPs found in the ORF of the

bovine PrP gene (Hills et al. 2003) has been asso-

ciated with susceptibility to the disease or the in-

cubation period of BSE in cattle. Sander et al.

(2004) performed an analysis of the upstream re-

gion of the PrP ORF in German cattle. Two inser-

tion/deletion (indel) polymorphisms were

identified: the 23-bp indel polymorphism in the

putative promoter region and the 12-bp indel poly-

morphism in the first intron of the PrP gene. The

23-bp indel polymorphism showed a significant

association with BSE susceptibility in German

cattle. The ORF of the bovine PrP gene contains

5-6 copies of 24 or 27 nucleotide elements, i.e.

octapeptide repeats (Goldman et al. 1991). The

possible influence of the number of octapeptide

repeats on susceptibility to BSE was shown only

in an experimental study on transgenic mice by

Castilla et al. (2005). Additionally, Goldmann et

al. (1991) reported a silent AAC›AAT transition in

the ORF of the bovine PrP gene, which was only

found on the allele with 6 octapeptide repeats.

In Slovakia, the first BSE-affected animal was

found in September 2001, and a total of 26

BSE-infected cattle have been found until the end

of February 2009. The aim of the present study

was to examine variations of the PrP gene in
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healthy and BSE-affected Slovak cattle. We ex-

amined the bovine PrP gene for the 23-bp indel

polymorphism, 12-bp indel polymorphism, varia-

tions in number of octapeptide repeat units and the

presence of the silent AAC›AAT transition in

codon 192 within the protein-coding region.

Samples from 301 healthy cattle of various

Slovak breeds and 24 samples from BSE-affected

cattle were included in the study. Genomic DNA

of healthy cattle was isolated from blood leuko-

cytes (Sambrook et al. 1989). Genomic DNA of

BSE-affected cattle was isolated from tissues by

using a High Pure PCR Template Preparation Kit

(F. Hoffmann-La Roche, Switzerland).

We amplified 123-bp or 100-bp fragments by

using 23indel-F and 23indel-R primers designed

according to Sander et al. (2004), and 426-bp or

414-bp fragments using 12indel-F and 12indel-R

primers designed according to Nakamitsu et al.

(2006) (Table 1) for the 23-bp indel and 12-bp

indel polymorphism analysis, respectively. The

PCR reaction mixture contained 2.5 μL of DNA

(50 ng μL–1), 10 × reaction buffer, 2.5 mM MgCl2,

100 μM dNTP (Jena Bioscience, Germany),

0.25 μM of each primer and 0.5 U of Taq polymer-

ase (Ares Bioscience, Germany). Thermal cycling

parameters, as optimised in our laboratory, were

as follows: 5 min at 94°C, 35 cycles of amplifica-

tion (45 s at 94°C; 45 s at annealing temperature;

45 s at 72°C), and finally 10 min at 72°C. An-

nealing temperature was 62°C and 59°C for the

23-bp indel and 12-bp indel analysis, respectively.

To determine the presence of the 12-bp insertion

sequence, the appropriate PCR products were di-

gested with the SacII enzyme (BioLabs, USA), as

the 12-bp insertion sequence contains a SacII rec-

ognition site.

The nested PCR method was performed for the

octapeptide polymorphism analysis. In the first

step, we amplified a 1280-bp product, which cov-

ered the entire ORF, by using PrP-CDS-F and

PrP-CDS-R primers (Table 1). The PCR reaction

mixture contained 1 μL of DNA (50 ng μL–1),

5 μL of 10 × reaction buffer, 2.5 mM MgCl2,

100 μM dNTP, 0.25 μM of each primer, and 1 U of

Taq polymerase. PCR was performed under the

following conditions: 5 min at 94°C, 35 cycles of

amplification (1 min at 94°C; 1 min at 62°C; 1 min

at 72°C), and finally 15 min at 72°C. The product

was used as a template for the second PCR. Using

primers Tokt-F and Tokt-R, we amplified a

555-bp or 579-bp fragment in a reaction mixture,

as follows: 10 × reaction buffer, 2.5 mM MgCl2,

100 μM dNTP, 0.25 μM of each primer, and 0.5 U

of Taq polymerase. PCR conditions were as fol-

lows: 5 min at 94°C, 35 cycles of amplification

(1 min at 94°C; 1 min at 57°C; 1 min at 72°C), and

finally 15 min at 72°C. Products of the first PCR in

octapeptide polymorphism analysis were used for

the codon 192 silent mutation analysis. The

1280-bp products were digested with the HindII

enzyme (SibEnzyme Ltd., Russia), as the thymine

in codon 192 deletes the recognition site for this

enzyme. All PCR products and restriction frag-

ments were analyzed on 1-2% ethidium-bro-

mide-stained agarose gel (Invitrogen, UK).

We used the chi-square test to analyze differ-

ences in genotype frequencies and the Fisher exact

test to analyze differences in allele frequencies be-

tween healthy and BSE-affected cattle. The Fisher

exact test was also used for additional comparative

analysis of genotypes between homozygotes and

homozygotes, and between homozygotes and het-

erozygotes in both groups.

We found 23 different genotypes in the group

of healthy cattle and only 6 of these genotypes in

the group of BSE-affected cattle. The majority of

healthy cattle tested for the 23-bp indel was homo-

zygous for the 23-bp deletion, whereas the major-

ity of BSE-affected cattle was heterozygous for

the 23-bp indel (Table 2). However, no homo-

zygote for the 23-bp insertion was found in the
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Table 1. Primers used in the study

Primer Oligosequence 5´ � 3´ References Product

23indel-F GTG CCA GCC ATG TAA GTG Sander et al. 2004 100 bp / 123 bp

23indel-R TGG ACA GGC ACA ATG GG

12indel-F CTT CTC TCT CGC AGA AGC AG Nakamitsu et al. 2006 414 bp / 426 bp

12indel-R CCC TTG TTC TTC TGA GCT CC

PrP-CDS-F CTA GGG TCC CCA CAA GAA CAA G Designed in present study 1280 bp / 1256 bp

PrP-CDS-R ACG GGG CTG CAG GTA GAT A

Tokt-F TTT GTG GCC ATG TGG AGT GAC G Designed in present study 579 bp / 555 bp

Tokt-R CCC CTT GGT GGT GGT GGT GA



BSE-affected cattle group. Statistical analysis

showed no significant differences in allele or ge-

notype frequencies between healthy and

BSE-affected cattle. Additional comparison of

homozygotes and heterozygotes for the 23-bp in-

sertion showed significant differences (P < 0.05)

in genotype distribution between the examined

groups. The homozygous genotype for the 23-bp

insertion seems to be associated with healthy ani-

mals. The 12-bp analysis showed heterozygous

animals to be the most common in healthy cattle,

as well as in the BSE-affected group. Again, no

differences in genotypes or allele distribution

were found between BSE-affected and healthy an-

imals. Animals heterozygous for the 23-bp and the

12-bp indel polymorphisms were most frequent in

both healthy (29.6%) and BSE-affected (33.3%)

cattle.

Analysing the octapeptide allele and genotype

frequencies, we found no significant differences

between the investigated groups of animals. The

genotype distribution was similar in both groups,

with 6/6 homozygous animals as the most frequent

(Table 2). Performing the 192 codon silent muta-

tion analysis, we found similar allele and genotype

distribution, without any significant differences

between groups. No AAT-AAT animals were

found in the BSE-affected group. All AAT-AAT

animals were 6/6 homozygous in octapeptide re-

peats. In the healthy cattle group, only 4 (1.3%)

AAT-AAT heterozygous animals were also 5/6

heterozygotes. Further research is suggested to

identify if the AAC›AAT transition is located on

the same allele as 6 octapeptide repeats.

Polymorphisms of the bovine prion protein

gene were analysed in many previous studies.

Sander et al. (2004) examined 48 healthy and 43

BSE-affected animals for 23-bp and 12-bp indel

polymorphisms. A higher frequency of the 23-bp

insertion was found in healthy cattle. This work

was extended with a study by Haase et al. (2007).

The results again showed a significant association

of the 23-bp indel polymorphism with susceptibil-

ity to BSE. Nakamitsu et al. (2006) performed a

similar analysis in Japanese cattle, but they did not

find any significant differences between healthy

and BSE-affected Holstein cattle. However, the

group of BSE-affected cattle consisted of 6 ani-

mals only, and therefore cannot be treated as a reli-

able statistical sample of reference. Seabury et al.

(2004) made a comparative analysis of the PrP

gene between U.S. cattle sires and BSE-affected

German cattle, where the distribution of the 23-bp

indel polymorphism was similar in both groups.

On the other hand, the panel of U.S. cattle sires had

a significantly higher frequency of the 12-bp in-

sertion allele and the corresponding +/+ genotype

than BSE-affected German cattle. A study made

by Juling et al. (2006) shows that heterozygous

and homozygous carriers of the 12-bp deletion al-

lele have a higher risk of having BSE. In our previ-

ous study we performed an analysis of 2 Slovak

native cattle breeds: Slovak spotted cattle and Slo-

vak Pinzgau (Tkáèiková et al. 2007). We found the

6/6 homozygote genotype to be the most frequent

in both breeds. No 5/5 homozygous animals were

found in this study. Nakamitsu et al. (2006) found

6/6 homozygotes to be the most frequent in Japa-
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Table 2. Genotype and allele frequencies of the examined polymorphisms in healthy and BSE-affected cattle

Polymorphism Sample Total Genotype frequency Allele frequency

n +/+ +/– –/– + –

23-indel Healthy 301 0.163* 0.402* 0.435 0.364 0.636

BSE affected 24 0.0* 0.583* 0.417 0.292 0.708

ns, p = 0.0583 ns, p = 0.3514

n +/+ +/– –/– + –

12-indel Healthy 301 0.186 0.498 0.316 0.435 0.565

BSE affected 24 0.125 0.458 0.417 0.354 0.646

ns, p = 0.5405 ns, p = 0.2929

n 6/6 6/5 5/5 6 5

Octapeptide
repetitions

Healthy 301 0.874 0.123 0.003 0.935 0.065

BSE affected 24 0.917 0.083 0.0 0.958 0.042

�
2 calculations not valid ns, p = 0.7597

n AAC/AAC AAC/AAT AAT/AAT AAC AAT

Codon 192 Healthy 301 0.817 0.160 0.023 0.897 0.103

BSE affected 24 0.750 0.250 0.0 0.875 0.125

�
2 calculations not valid ns, p = 0.6232

* = additional comparison using the Fisher’s exact test, p < 0.05

ns = not significant



nese cattle breeds (Holstein and Japanese black),

with a very low frequency of 5/5 homozygotes. No

association between octapeptide deletions and the

incidence of BSE was found to date.

Polymorphisms in the number of octapeptide re-

peats and the silent transition in codon 192 were

analyzed by Hunter et al. (1994). The analysis of

370 animals in Scotland revealed no difference be-

tween the frequencies of these PrP genotypes in

healthy cattle and cattle with BSE.

In the present study we performed an analysis

of polymorphisms in the prion protein gene of 24

BSE-affected cattle found in Slovakia and a group

of healthy control cattle. The homozygous inser-

tion genotype at the 23-bp indel polymorphism

site in the promoter region of the prion protein

gene seems to have a protective effect against BSE

in the studied cattle. Many different breeds and

crossbreds were present among BSE cases in

Slovakia, so no association between breed, 23-bp

indel polymorphism, and BSE could be deter-

mined.
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