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Abstract

Bovine spongiform encephalopathy (BSE) is one of several fatal neurodegenerative diseases caused by misfolded,
infectious prion proteins. Polymorphisms in the prion protein gene (PRNP) associated with BSE susceptibility have
been reported in various cattle breeds. However, no studies have been conducted to investigate these genetic
variations in the Nguni cattle breed, an indigenous breed in the Kingdom of Eswatini, Southern Africa. The present
study aimed to genetically characterize the PRNP gene in Nguni cattle. Both the coding region and regulatory
elements—specifically the promoter and intron 1 regions—were analyzed. Three synonymous polymorphisms were
identified: Q78Q, P113P, and 12261. Additionally, the Nguni breed exhibited a higher frequency of deletion alleles in
two known insertion/deletion (indel) polymorphisms: a 23-bp deletion in the promoter region and a 12-bp deletion in
intron 1, compared to insertion alleles. These findings suggest that Nguni cattle may be genetically susceptible to
BSE. The results underscore the importance of implementing selective breeding strategies aimed at enhancing
resistance to BSE within this indigenous cattle population.
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Introduction

Bovine spongiform encephalopathy (BSE), commonly known as mad cow disease, is one of several fatal
neurodegenerative disorders classified as transmissible spongiform encephalopathies (TSEs). In addition to BSE,
TSEs include feline spongiform encephalopathy (FSE) in cats, scrapie in sheep, and Creutzfeldt-Jakob disease (CJD)
and Kuru in humans (Prusiner, 1998; Prusiner, 2004). The causative agent of TSEs is the infectious prion protein
(PrPSC), which is a misfolded isoform of the cellular prion protein (PrPC) (Belay, 1999).

To date, numerous studies have investigated the relationship between prion gene polymorphisms and susceptibility to
prion diseases. In sheep, polymorphisms at codons 136, 154, and 171 are associated with susceptibility to scrapie,
while in humans, a polymorphism at codon 129 significantly influences the occurrence of variant CJD (Peden et al.,
2004; Vaccari et al., 2001). Investigations into the relationship between BSE and the prion protein gene have revealed
no polymorphisms within the PRNP coding region that are associated with susceptibility or resistance to typical BSE in
cattle. However, the E211K polymorphism in the PRNP coding region—homologous to the E200K variant that causes
CJD in humans—has been linked to susceptibility to atypical BSE (Nicholson et al., 2008; Heaton et al., 2008).
Additionally, insertion/deletion (indel) polymorphisms in the promoter (23-bp) and intron 1 (12-bp) regions of the
bovine PRNP gene have been associated with susceptibility to classical BSE. The deletion genotype has been
reported in association with BSE susceptibility, whereas the insertion allele appears to be more prevalent in healthy
animals (Murdoch and Murdoch, 2015; Murdoch et al., 2010).

Given that prion diseases are among the most serious and fatal conditions affecting both humans and livestock,
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investigating the frequency of known resistance- or susceptibility-associated alleles in at-risk populations is critical for
understanding potential outbreak scenarios (Choi et al., 2012). In this context, the present study aimed to analyze the
PRNP gene of Nguni cattle to assess genetic susceptibility or resistance to prion diseases. Nguni cattle are a
commonly bred indigenous breed in the Kingdom of Eswatini, Southern Africa (Madilinni et al., 2020). To date, no
cases of BSE have been reported in this breed. Moreover, the genetic characterization of the PRNP gene in Nguni
cattle has not previously been investigated.

Therefore, we examined the PRNP coding region as well as the 12-bp and 23-bp indel polymorphisms in 25 Nguni
cattle. In addition, we analyzed the allele and genotype frequencies and compared them with those observed in other
cattle breeds.

Materials and methods

Ethics and Animals

All experiments were conducted in accordance with the ethical guidelines and approval of the Eswatini Ministry of
Agriculture and Veterinary Headquarters (approval number: 2020/02/07/011MH). All methods employed in the study
were carried out in compliance with relevant institutional and national regulations. Blood samples were collected from
25 randomly selected Nguni cattle using EDTA-containing tubes.

DNA isolation and PCR

Genomic DNA was isolated using PureLink® Genomic DNA Mini Kit according to the manufacturer’s instructions.
PCR amplification was carried out as described by Un et al., (2008) using primers in Table |. During PCR, 25 pL
reaction volume included 12.5 yl Dream Taq master mix (Thermo scientific), 2,5 yl genomic DNA sample, 1 pl from
each primer (10 uM) and 8 pl molecular grade water and. The PCR targeting the coding region of PRNP gene was
performed under the following conditions: 3 min initial denaturation step at 94 °C, followed by 35 cycles of 50 s at 94
°C, 1 min at 55 °C, and 1 min at 72 °C, and a final extension of 10 min at 72 °C whereas the PCR targeting the
promotor and intron 1 region of the PRNP gene was carried out under the following conditions: 5 min initial
denaturation step at 95 °C, followed by 32 cycles of 45 s min at 94 °C, 45 s at 58 °C, and 45 s at 72 °C, and a final
extension of 7 min at 72 °C. PCR products were run on 1 % agarose gel electrophoresis and visualised.

PCR Region Forward Primer Reverse Primer

Coding region of PRNP gene 5- AAAGCCACATAGGCAGTTG-3 5’- AATGAGGAAAGAGATGAGGAG-3’

The promotor (23-bp indel) 5'-CCTGTTGAGCGTGCTCGT-3" 5"-GGTAGAGGAGCCGCAGGT-3’

Intron 1 (12-bp indel) 5-TGCCTGTCCAACTCTTTG-3" 5-TGCCTGTCCAACTCTTTG-3’

Table |. Primers used in PCR reactions.

Genotyping

PCR products corresponding to the coding region of the bovine PRNP gene were sequenced using an ABI 3730XL
DNA Analyzer. The resulting sequences were aligned using MEGA X software (Kumar et al., 2018) and compared
with reference sequences (Accession numbers: DQ875184 and FJ907266) to identify polymorphisms. Additionally,
the genotypes of the 23-bp and 12-bp indels were analyzed by electrophoresis on a 1% agarose gel, based on the size
of the PCR products.
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Statistical analysis

Allele and genotype frequencies, Hardy-Weinberg equilibrium (HWE), and Chi-square tests were calculated using
POPGENE32 software (Yeh, 2000).

Results

In the coding region of the PRNP gene, polymorphisms were identified at three positions: G234A, C339T, and T678C,
when compared with the reference sequences. However, none of these polymorphisms resulted in amino acid
substitutions in the corresponding protein sequences (Q78Q, P113P, and 12261). The allele frequencies for G234A,
C339T, and T678C were 0.90, 0.92, and 0.92, respectively (Table IlI). Regarding SNP positions 234/339/678, the
CAG/CCC/ATT genotype was predominant, observed in 16 samples, while the CAG/CCT/ATC and CAA/CCC/ATT
genotypes were detected in 4 and 5 samples, respectively (Table Ill).

For the indel polymorphisms, the deletion allele was found at a higher frequency than the insertion allele at both loci in
the study population. The deletion allele frequencies were 0.92 for the 12-bp indel and 0.76 for the 23-bp indel. For the
23-bp indel polymorphism, the insertion/insertion (Il) genotype was the least frequent (n = 3), whereas the
deletion/deletion (DD) genotype was the most common (n = 16). In the case of the 12-bp indel, the DD genotype was
predominant, observed in 21 samples, and the |l genotype was not detected (Table V).

Polymorphism Amino Acid Number of
S .l Alleles E . Allele Frequency
Positions Changes Samples ?
234 CAG* Q78Q 20 0.90
CAA 5 5 0.10
339 CCC* 21 0.92
P113F
5.8 § 4 0.08
678 ATT* 21 0.92
) 12261
ATC 4 0.08
Bold shows nucleotide conversion
*Alleles in the reference sequence
Table Il. Allele frequencies of nucleotide polymorphisms identified in the coding region of the PRNP gene.
Breeds jrivnd Genotypes Obs. (O Exp. (E) (O-E)YE 2
) positions P - . 4 ==} X P
234/339/678 CAG/CCC/ATT 16 128.571 0.7683 9.928.205 0.001628
Nguni CAG/CCT/ATC 4 102.857 38.413
CAA/CCC/ATT 5 18.571 53.187
Table Ill. Hardy-Weinberg equilibrium analysis of PRNP single nucleotide polymorphisms in the Nguni cattle breed.
Breeds Locus Genotypes N Obs. (0) Exp. (E) (0-E)YE x2 p
Nguni 23bp indel I 3 30.000 13.469 20.285 3.393.767 0.0818
ID 6 60.000 93.061 11.745
DD 16 16.000 143.469 0.1905
12bp indel I1 0 0.0000 0.1224 0.1224 0.139130 0.7091
ID 4 40.000 37.551 0.0160
DD 21 21.000 211.224 0.0007
Table IV.Hardy-Weinberg equilibrium analysis of PRNP indel polymorphisms in the Eswatini native cattle breed. Genotypes: Il = insertion/insertion,

ID = insertion/deletion, DD = deletion/deletion.

3

How to cite: Manyatsi et al. Genetic characterization of the Prion Protein Gene in the indigenous Nguni cattle breed of the Kingdom of Eswatini. Veterinaria Italiana,
Vol. 61 No. 2 (2025) DOI: 10.12834/Vetlt.3560.26921.2



Discussion

To date, several studies have examined the association between the PRNP gene and BSE susceptibility in cattle
(Sander et al., 2005). Most of these investigations have focused on identifying polymorphisms in both coding and non-
coding regions of PRNP that influence resistance or susceptibility to BSE. Although the PRNP gene has been
genetically characterized in most cattle breeds (Yaman and Un, 2017), no studies have previously been conducted on
the Nguni breed. Therefore, in this study, the PRNP gene of Nguni cattle was analyzed, and three synonymous
polymorphisms—Q78Q (G234A), P113P (C339T), and T226T (T678C)—were identified. In addition, a high
frequency of the deletion genotype for both the 23-bp and 12-bp indel polymorphisms, which have been associated
with susceptibility to BSE, was observed.

The G234A polymorphism identified in our study has been reported as prevalent in both Bos taurus and Bos indicus
breeds (Brunelle et al., 2008), and was also found in a previous study on Korean Hanwoo cattle (Jeong et al., 2006).
Similarly, the P113P (C339T) and T226T (T678C) polymorphisms have been reported in Slovak and Chinese cattle,
respectively (Hresko and Tkacikova, 2011; Zhao et al., 2009). The E211K amino acid substitution, associated with
atypical BSE susceptibility, was not detected in any of the Nguni samples analyzed.

Allele Frequency

Source
. Breed 23bp 12bp References
Country
’ I D I D

Eswatini Nguni 0.24 0.76 0.08 0.92 Present study

Borona 0.12 0.88 0.36 0.64
g Fogera 0.10 0.90 0.45 0.55

Ethiopia ) Teferedegn et al., 2022
Arsi 0.12 0.88 0.28 0.72
Afar 0.16 0.84 0.14 0.86
Xia'nan 042 0.58 0.56 0.44
Qinchuan 0.57 0.43 0.60 0.40

China Nanyang 0.73 027 0.80 0.26 (Yang et al. 2018)
Jiaxian 0.61 0.40 0.73 0.27
Ji'an 0.30 0.70 0.67 0.33
Pi'nan 0.46 0.54 0.62 0.38
Japanese Black Cattle 0.23 07 0.42 0.58

Japan ) (Msalya et al.2011)
Japanese Brown Cattle 0.44 0.56 0.47 0:53
Iranian Holstein 0.37 0.63 0.52 0.48

Iran Golpayegani 0.30 0.70 0.95 0.05 (Maghsoodi et al. 2011)
Sistani 0.18 0.82 0.87 0.13
South Anatolian Red 0.36 0.64 0.69 0.31

Turkey East Anatolian Red 0.40 0.60 0.72 0.28 (Un, et al. 2008)
Gray 0.62 0.38 0.80 0.20
BSE affected 0.27 0.73 0.33 0.67

German i (Haase et al. 2007)
Healthy 0.43 0.57 0.49 051

s UK Holstein case 0.25 0.75 0.28 0:72 Tul A

< : uling et al. 2

UK Holstein control 0.30 0.70 0.37 0.63 e )

Korean Healthy/Holstein 0.30 0.70 0.39 0.62 (Jeong et al. 2006)

Table V. Allele frequencies and statistical comparisons for the 23-bp and 12-bp indels.

When comparing the indel allele frequencies observed in our study to those reported in other cattle breeds (Table V),
the deletion allele was found at a relatively high frequency at both loci in the Nguni cattle population. In contrast,
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studies involving cattle from Turkey and Iran reported higher insertion allele frequencies for the 12-bp indel
polymorphism, while the 23-bp deletion allele frequency was approximately 0.7 across those breeds (Un et al., 2008;
Maghsoodi et al., 2011). In Germany, the deletion allele was observed more frequently in BSE-affected animals than in
healthy controls (Haase et al., 2007). Similarly, in Ethiopian cattle breeds, the deletion allele frequency was high at
both loci, consistent with our findings (Teferedegn et al., 2022). These results may suggest that, in African cattle
populations where no fatal prion disease outbreaks have been recorded, there has been no selective pressure for the
enrichment of resistant genotypes.

The strength of this study lies in its being the first comprehensive characterization of the PRNP gene in Nguni cattle,
an indigenous breed of Eswatini, despite the overall scarcity of data on prion disease resistance in African countries.
However, a limitation of this study is the relatively small sample size, indicating the need for broader sampling in future
research.

Conclusion

To the best of our knowledge, this is the first comprehensive investigation of the PRNP gene in Nguni cattle, an
indigenous breed common in the Kingdom of Eswatini. The observation of a high frequency of the deletion allele at
both loci (12-bp and 23-bp indels) is particularly noteworthy. These findings suggest that the Nguni breed may be
genetically susceptible to BSE. This susceptibility could be attributed to evolutionary forces influencing PRNP gene
variation or to the absence of previous exposure to fatal BSE outbreaks in this population.

Moreover, the results indicate that in the event of a prion disease outbreak, cattle losses could be substantial.
Therefore, the development of resistant breeding lines is critical to mitigating such risks. In conclusion, further studies
involving larger sample sizes across different regions of Eswatini are essential. These efforts will support the
establishment of a BSE-resistant breeding strategy, including the registration and genetic monitoring of all herd
members to inform sustainable breeding policies.
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