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Introduction

Scrapie is a fatal prion disease belonging to the group of transmissible spongiform
encephalopathies (TSEs) that affects sheep, goats and moufflons. Two forms of scrapie have
been described: classical and atypical (NOR9S), which differ in their aetiology and genetic
background. Susceptibility to scrapie is associated with polymorphisms in the prion protein
gene (PRNP). The strong association between scrapie occurrence and the genotype was
observed in sheep. Also in goats, several PRNP codon variants (G127S, 1142M, H143R,
N146S/D, R154H, R211Q, and Q222K) were associated to TSE (Vaccari et al. 2006; Vaccari
et al. 2009; Goldmann et al. 2011; Ortiz-Pelaez et al. 2015; Torricelli et al. 2021). In
particular, polymorphisms at codons 146 and 222 of the PRNP gene are considered to be the
most important determinants of scrapie resistance in goats (Vaccari et al. 2006; Vaccari et al.
2009; Ortiz-Pelaez et al. 2015; Torricelli et al. 2021). Also the M142, R143, H154 and Q211
alleles were associated with lower classical scrapie susceptibility in some goat populations.
Alleles S127 and M142 were also connected to the longer incubation periods of the
experimental scrapie and goat BSE (Vaccari ef al. 2009; Goldmann ef al. 2011).

In Poland, goat farming is mainly carried out on small family farms, organic farms, and
agritourism farms, but it is developing towards specialized, organic farms producing milk and
cheese. The goat population is estimated at around 60,000 animals. More than 75% of this
population consists of Polish White Improved goats, Polish Fawn Improved goats, Saanen
goats, and Alpine goats, which are the most numerous goat breeds in Poland. To November
2025, four cases of scrapie have been reported in goats. The aim of this study was to
investigate PRNP gene polymorphism in goats from Poland and calculate the frequency of
alleles for codons 146 and 222 in studied population. Here we present the preliminary results,
focusing mainly on Carpathian goat breed.

Materials & Methods

306 samples of four different goat breeds and crossbreds were collected in 16 different farms.
These were Carpathian goats (KRP; 261 animals), Anglo-Nubian goats (ANGL-NUB; 33),
Alpine goats (ALP; 6), Polish Fawn Improved goats (PFI; 3) and crossbreds (IN; 3). The
largest group in this study were Carpathian goats — an old, native Polish breed, which was
widespread in mountainous and foothill areas at the turn of the 19th and 20th centuries. It
was considered extinct and was restored from a small population. Since 2009, it has been
covered by a Genetic Resource Conservation Program in Poland and is currently the most
dynamically developing livestock population in the country. Anglo-Nubian goats are a breed
widely distributed throughout the world, originating in Great Britain, created by crossing
local goats with breeds from Africa and India, among others.

Biological material used in the study came from National Research Institute of Animal
Production material collection, used for previous projects. Some of the samples were
collected as a part of a project approved by Local Ethics Committee (No. 267/219). Some of
the samples were delivered by goat breeders as a part of a routine PRNP gene genotyping
conducted at the National Research Institute of Animal Production, Balice, Poland, therefore
no local ethics commission permission was needed.


https://creativecommons.org/licenses/by/4.0/
mailto:agata.kajtoch@iz.edu.pl

DNA was isolated with Sherlock AX (A&A Biotechnology, Poland). The samples were
genotyped using Real-time PCR genotyping method (Allelic Discrimination) with TagMan
MGB Assays (ThermoFisher Scientific, USA), on StepOnePlus Real-time PCR System
(Applied Biosystems by ThermoFisher Scientific, USA). We also used the sequencing method
— the whole coding region was amplified with HotStarTaq DNA Polymerase (Qiagen,
Germany) and sequenced using BigDye® Terminator v3.1 Cycle Sequencing Kit (4pplied
Biosystems by ThermoFisher Scientific, USA). The capillary electrophoresis was performed
on 3500xl Genetic Analyzer (Applied Biosystems by ThermoFisher Scientific, USA). All
animals were examined using TagMan MGB Assays for codons 142, 146, 211 and 222 of the
PRNP gene. The TagMan MGB Assays for codons 146 and 222 used in this study were
validated with reference samples shared by Barbara Chiappini (Istituto Superiore di Sanita,
Rome, Italy) and used also in Goat PRNP Genotyping Proficiency tests organized by EURL
TSE (100% consistent results).

Results & Discussion

In studied population, allele S146 was detected in only one Anglo-Nubian goat, and no
individuals carrying the D146 allele were identified (Table 1, 2). Allele K222 was present in
10 heterozygous samples and Q/K genotype frequency was 3.27% (Table 2), which is higher
than that reported by Zeineldin et al. (2021). The frequency of the M142 allele, which has
been suggested to prolong the incubation period of scrapie, was also low (1.14%; Table 1).
The Q allele at codon 211, which has been associated with reduced susceptibility in some
studies, occurred at a higher frequency (6.7%; Table 1). The frequencies of the S146 (0.16%)
and K222 (1.63%) alleles were lower than those reported by Torricelli et al. (2021) and
Vouraki et al. (2018). However, in a recent study by Ferrari ef al. (2024) conducted in a goat
population from the Lombardy Region (Italy), neither the S146 nor the D146 alleles were
detected. The largest group analysed in the present study was the Carpathian breed, which
nearly became extinct in the 20th century. Therefore, the observed allele frequencies in this
breed may reflect a historical bottleneck effect and could have influenced the results obtained
for the overall studied goat population. However, this is contradicted by data on inbreeding in
Carpathian goats, analysed by Kawecka et al. (2022), according to which the inbreeding
coefficient in this breed is rather low.

Due to large differences in the numbers of individual breeds, they were not compared
statistically. However, no polymorphism was observed at codon 146 in the Carpathian breed,
nor at codon 222 in the Anglo-Nubian breed. Although these patterns may reflect breed-
specific characteristics, the limited sample size precludes definitive conclusions.

Table 1. PRNP gene allele frequencies observed in the studied group of goats.

PRNP codon 142 146 211 222

Breed/Allele I M N S D R Q Q K
KRP 0.992 0.008  1.000 0.000 0.000 0921 0.079  0.985 0.015
ANGL-NUB 0.970 0.030  0.985 0.015 0.000  1.000 0.000  1.000 0.000
ALP 0.917 0.083  1.000 0.000 0.000 1.000 0.000  0.833 0.167
PFI 1.000 0.000  1.000 0.000 0.000 1.000 0.000  1.000 0.000
IN 1.000 0.000  1.000 0.000 0.000  1.000 0.000  1.000 0.000

Whole group 0.989 0.011 0.998 0.002 0.000 0.933 0.067 0984 0.016




Table 2. PRNP gene genotype frequencies observed in the studied group of goats.

PRNP codon 142 146 211 222

Breed/Genotype /I M NN NS RR RQ QQ QQ QK Tlfltal
0

KRP 0.985 0.015 1.000 0.000 0.854 0.134 0.011 0.969 0.031 261
ANGL-NUB 0.939 0.061 0.970 0.030 1.000 0.000 0.000 1.000 0.000 33
ALP 0.833 0.167 1.000 0.000 1.000 0.000 0.000 0.667 0.333 6
PFI 1.000 0.000 1.000 0.000 1.000 0.000 0.000 1.000 0.000 3
IN 1.000 0.000 1.000 0.000 1.000 0.000 0.000 1.000 0.000 3

Whole group 0.977 0.023  0.997 0.003 0.879 0.111 0.010 0.967 0.033 306

The sequencing confirmed results revealed by TagMan Genotyping. 253 sequences were
analysed. The sequencing revealed additional polymorphic sites — silent mutations P42P
(ccg>cca), S138S (agc>agt) and missense mutations T110P, G127S, H143R, R154H, P168Q,
Q220L, S240P described previously, among others, by Vaccari et al. (2009), Goldmann et al.
(2011) and Kipanyula et al. (2014). Alleles R143 and H154 have been observed in goats
diagnosed with scrapie (Billinis ez al. 2002; Vaccari et al., 2009). However, in studied group
variants in codons 143 (4 ANGL-NUB goats), 154 (3 KRP) and also 168 (1 KRP) and 220 (1
KRP) were rare. The most common polymorphisms were P42P, S138S and S240P. Also
Vaccari ef al. (2009) described S240P as a one of the most common polymorphism in goats.
The frequencies of minor alleles P42 (cca), S138 (agc) and S240 were 0.354, 0.364 and
0.364, respectively. Allele P110, observed also in goats from Italy (Vaccari et al., 2009), had
frequency 0.032. Allele S127, observed also in goats from Italy, United Kingdom, Spain and
France (Vaccari ef al., 2009), was more common with the frequency 0.115.

Next, we plan to increase the number of samples and breeds to refine allele-frequency
estimates and evaluate the feasibility of selection.

Conclusions

In the studied goat population, alleles of the PRNP gene associated with increased resistance
to scrapie were detected at very low frequencies (S146 and K222), while the D146 allele was
not observed. Given the rarity of these variants, their practical application in selection
programme for Carpathian breed would be limited. Population studies of the PRNP gene in
goats should be conducted taking into account a larger number of animals and more breeds of
goats bred in Poland.
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