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Ovine scrapie is a neurodegenerative disease caused by polymorphisms of the prion protein gene 
(Prnp); especially the amino acid residue alterations at codons 136, 154, and 174, in sheep have been 
found to be associated with susceptibility to scrapie disease. We studied Prnp polymorphisms in local 
sheep of Khuzestan, Iran. In this study, a total of 250 healthy and randomly chosen sheep were 
investigated. Information from the breeder was considered in order to avoid family connections. The 
genetic DNA of blood samples was extracted, amplified and sequenced. At codon 136, are two different 
amino acid residues A and V with frequencies of 98.8 and 1.2%, respectively. In our study, the amino 
acid residue at 154 in all the prion protein (PrPs) was A. At codon 171, are three different amino acid 
residues Q, R and H with frequencies of 68.4, 21.8 and 9.8%, respectively. The frequency of the amino 
acid residues ARQ/ARQ at codons 136, 154, and 171, respectively, which is associated with medium-
high susceptibility to scrapie, was 43.2%. The frequencies of genotypes ARQ/ARR, ARQ/ARH, 
ARQ/VRQ, ARR/ARH and ARH/ARH were 38, 10, 1.2, 5.2 and 2.4, respectively. The scrapie-resistant 
genotype ARR/ARR was not found. Also, the highly susceptible genotype VRQ/VRQ at these codons 
were not detected in the tested sheep. 

In addition, five polymorphism were identified ( G127V, N146S, Y172D, S173N, and V179E ) at different 
codons of PrP gene. 
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INTRODUCTION 
 
Scrapie is an invariably fatal transmissible neurodege-
nerative disease of sheep and goats (Goldman et al., 
2005). This disease has been known in Europe for 
over250 years. In the  United  States  of  America,  it  was 
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first diagnosed in  1947  in  a  flock  of  Suffolk  sheep  
(Rook, 2001; Un et al., 2008). The same 
neurodegenerative disease in cattle is referred to as 
bovine spongiform encephalopathy (BSE), and in 
humans as Creutzfeldt-Jakob disease (CJD). These 
diseases are collectively called transmissible spongiform 
encephalopathies (TSE) (Wang et al., 2008). 

A characteristic feature of these diseases is typically, a 
long incubation period (1.5 to 3 years) and progressive 
clinical deterioration. Typical symptoms include pruritus, 
excitability, trembling, lack of co-ordination and paralysis 
at a later stage with eventual death. TSEs are generally 
characterized by pathogenic prion protein (PrPSc) 
accumulation in the central nervous system (CNS) in all 
hosts including man and in lymphoreticular system  (LRS) 
in sheep and goats. PrPSc is a protease-resistant glyco-  
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protein derived from a cellular protease-sensitive isoform 
(PrPc) that is hostencoded by the prion protein gene and  
is strongly believed to cause TSE (Prusiner, 2004; Baber 
et al., 2009). 

The sheep PrP gene is located on chromosome 13 and 
consists of three exons and two introns. Its open reading 
frame is located in exon three, coding for a protein 
product of 256 amino acids. Research has evidenced that 
polymorphisms within the open reading frame of PrP 
gene modulate susceptibility and pathology of TSEs 
(Pocchiari, 1994; Bossers et al., 1999). 

Polymorphisms in codons 136 [coding either alanine 
(A) or valine (V)], 154 [coding arginine (R) or histidine 
(H)] and 171 [coding R, H or glutamin (Q)] of the PrP 
gene are known to be highly related to the degree of 
susceptibility or resistance to scrapie in sheep (Vaccari et 
al., 2001; Tongue et al., 2004; Un et al.,2008). In general, 
sheep of the ARR/ARR homozygous genotype are known 
to be highly resistant and those of the VRQ/VRQ 
genotype are highly susceptible to clinical scrapie 
(Tongue et al., 2004; Gama et al., 2006). ARQ is pre-
dicted to be wild type allele (Elsen et al., 1999). 
Moreover, many other polymorphisms were identified in 
ovine PrP gene at codons 12, 83, 85, 101, 112, 116, 126, 
127, 138, 141, 143, 146, 151, 152, 167, 172, 175, 176, 
180, 189, 194, 195, 196, 211, 231, 237 and 241, and yet 
remain to be associated with scrapie susceptibility 
(Thorgeirsdottir et al., 2002; Tranulis et al., 1999; Vaccari 
et al., 2001). Association of the additional polymorphisms 
with susceptibility or resistance to scrapie disease in 
sheep is in most cases unknown. 

Although information regarding sheep scrapie-
associated {136 (A/V), 154 (R/H) and 171 (Q/R,H)} as 
well as other prion protein (PrP) amino acid polymor-
phisms has been documented in breeds from different 
countries, no study on PrP variability in Iranian sheep 
breeds has so far been undertaken. The present study 
was therefore undertaken to determine PrP genotype 
profiles of Iranian local sheep in Khuzestan province in 
order to estimate the degree of resistance of these 
animals to natural/typical scrapie. 
 
 
MATERIALS AND METHODS 

 
Animals 
 
In this study, a total of 250 healthy and randomly chosen sheep 
were investigated. Information from the breeder was considered in 

order to avoid family connections. Blood from sheep were collected 
into tubes containing ethylenediaminetetraacetic acid (EDTA). 
 
 

DNA isolation and amplification 

 
Genomic DNA was isolated from the EDTA-treated blood by using 
salting-out procedure (Javanrouh et al., 2006) after thawing the 
blood samples. The extracted DNA was then subjected to a 
polymerase chain reaction (PCR). PrP coding region was  amplified 
with following primers: forward primer 5_-GGAGGCTGGGGTCA  

 
 
 
 
AGGT-3_ and reverse primer 5_-GTGGTGGTGACTGTGTTG-
3_(Van poucke et al., 2005). 

PCR was performed in a total volume of 20 µl containing 100 to 
150 ng DNA, 500 nM of each primer, 0.8 mM dNTPs, 2 mM MgCl2, 
buffer PCR and 0.5 U BioTaq polymerase. The PCR program 
consists of a DNA denaturation step (5 min at 95°C), followed by 30 
amplification cycles (denaturation for 30 s at 95°C, annealing for 30 
s at 54°C and extension for 1 min at 63°C), and a final extension 
step for 10 min at 72°C (Van poucke et al., 2005). Amplification 
products were visualized after electrophoresis on a 2% agarose gel 
with along-wavelength UV transilluminator and eluted in 20 µl with 
the Genecleen ІІ kit (Bio 101, USA). Approximately, 200 ng of this 
purified PCR product was used in combination with 2 pmol of 

forward primer, sequencing buffer and Big dye (Applied Bio-
systems, USA) for a direct sequencing reaction. The reaction, 
consisting of 30 cycles (10 s at 94°C, 5 s at 50°C and 4 min at 
60°C), was performed in the T3 Termocycler (Ettenford, Germany).  

  

  
GGeennoottyyppiinngg  

 
The sequencing PCR products were washed with 70% ethanol and 

resolved on an ABI 3130 genetical analyzer (Applied Biosystems, 
Inc., Foster City, CA). Single nucleotide polymorphisms in different 
codons of the PrnP gene were checked directly by using the 
Chromaspro ( 1.5 ) software. 
 
 
Statistical analysis 

 
Genotypic frequencies were calculated from the direct counting of 

genotypes as follows: 

 

fij =  

 

Where, nij is the number of animals with the genotype of ij and N is 
the number of total animals. 

 
χ

2
 tests and allele frequencies were carried out by using PopGene 

software (Yeh et al., 2000). χ
2
 tests were conducted for each codon 

to evaluate possible deviations from Hardy-Weinberg equilibrium. 

 
 
RESULTS AND DISCUSSION 
 
The analyzed amino acid sequences of  the PrP genes in 
the 250 sheep belonging to Arabi sheep breed in Iran, 
Iran showed that R was invariant at codon 154 , whereas  
polymorphisms were present at each of the codons 136 
and 171. In addition, five different polymorphisms were 
identified at codons 127, 146, 172, 173, and 179.  
 
 
Allele frequencies  
 
At codon 136, are two different amino acid residues A 
and V with frequencies of 98.8 and 1.2%, respectively. 
Valine  at  136  was  reportedly  associated  with  suscep- 
tibility  to  scrapie.  On  the  contrary,  Alanin  at 1 36  was 
reported to be related to resistance to scrapie (Elsen et 
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Table 1. Allele and their frequencies at 
codons 136, 154 and 171, of the prion 
protein gene in Arabi sheep breed in Iran 
 

Allele Frequency (%) 

ARQ 67.8 

VRQ 0.6 

ARR 21.6 

ARH 10 
 
 

 
Table 2. Genotypes and their frequencies at 

codons 136, 154 and 171, which are associated 
with susceptibility or resistance to scrapie, of the 
prion protein gene in Arabi sheep breed in Iran 
 

Risk group Genotype Frequency (%) 

1 ARR/ARQ 38 

2 ARR/ARH 5.2 

2 ARQ/ARQ 43.2 

2 

2 

3 

ARQ/ARH 

ARH/ARH 

ARQ/VRQ 

10 

2.4 

1.2 
 

1, Associated with partial resistance to scrapie; 2, 

associated with medium-high susceptibility to scrapie; 
3, associated with high susceptibility to scrapie. 

 

 
 

al., 1999; Wang et al., 2008). Although the importance of 
amino acid residue at codon 154 is not fully understood, 
H at this position has a positive relationship with resis-
tance to scrapie (Elsen et al., 1999). In our study, the 
amino acid residue at 154 in all the PrPs was A. At codon 
171, are three different amino acid residues Q, R and H 
with frequencies of 68.4, 21.8 and 9.8%, respectively. 
The low frequency of 171H and high frequency of 171Q 
were consistent with previously reported sheep PRNP 
polymorphisms (Desilva et al., 2003; Gombojav et al., 
2004; Zhang et al., 2004). Frequencies of the 4 alleles 
investigated (i.e., ARR, ARQ, VRQ, ARH) in the native 
sheep are presented in Table 1. ARQ allele was 
predominant genotype in sample sheep, as the 
predominant allele in the majority of the studies is ARQ 
allele (Elsen et al., 1999; Gama et al., 2006; un et al., 
2008), ARQ allele is predicted to be wild-type allele of the 
PrP gene. 

The frequencies of ARQ allele was 67.8% (Table 1). 
Also, the frequency of sheep that carried the allele of 
ARQ was 91.4%. This allele is associated with medium- 
high susceptibility to scrapie. The high susceptibility allele 
VRQ was not found in sample sheep. 

 
 
Genotypic frequencies 
 
The  polymorphisms  were  detected  in  the   prion   gene 
which was  made  up  6  different  genotypes:  ARR/ARQ,   

ARQ/AHQ, ARQ/ARQ, ARQ/ARH, ARH/ARH, and 
ARQ/VRQ (Table 2). Different genotypes were classified 
in three risk groups according to Tongue et al. (2004). 
Overall, the more frequent genotype was ARQ/ARQ, 
followed by ARR/ARQ. The frequency of the amino acid 
residues ARQ/ARQ at codons 136, 154 and 171, 
respectively, which is associated with medium-high 
susceptibility to scrapie, was 43.2%. In our study, highly 
susceptible genotype VRQ/VRQ was not detected. Most 
of the investigated sheep belongs to the risk groups 1 
and 2. As scrapie disease has not been found in native 
sheep till now, it was a major point of interest, whether 
this could be linked to the PrP genotype. In Arabi sheep 
breed in Iran,  the distribution of genotype for codon 136  
was in agreement with a situation of Hardy-Weinberg 
equilibrium.This population was monomorphic for PrP 
codon 154; while deviated from Hardy-Weinberg 
equilibrium (P > 0.05) for codon 171. The observed 
ARQ/ARQ and ARQ/ARR genotype frequencies were 
slightly higher than expected frequencies. 

 
 
Additional polymorphism   

    
After the sequencing process of 250 sheep, five different 
polymorphisms were identified: G127V, N146S, Y172D, 
S173N, and V179E (Table 3).The relationship between 
these polymorphisms and  scrapie  disease  is  yet  to  be 
investigated. The variability of PrP gene  in  native  sheep 
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Table 3. Additional polymorphisms of the PrP gene in Arabi sheep breed 
in Iran. 

 

Additional 
polymorphism 

Haplotype 
polymorphism 

Heterozygote/ 

Homozygote 

n 

G127V ARQ/ARQ            Heterozygote 3 

N146S ARQ/ARQ            Heterozygote 4 

Y172D ARR/ARQ            Heterozygote 3 

S173N 

 

V179E 

 

ARQ/ARQ 

ARQ/ARQ 

ARQ/ARQ 

ARQ/ARQ 

ARR/ARQ 

ARQ/ARH 

           Heterozygote 

           Homozygote  

           Heterozygote  

           Homozygote 

           Heterozygote  

           Heterozygote 

3 

2 

7 

2 

5 

2 
 
 

 

of Khuzestan is very high. This highly variable PrP  gene 
of sheep may also be profitable for breeding 
programmes. 
 
 
Acknowlegements 
 
We would like to thank all flock owners for their 
cooperation, Dr. Seidabadi and Ms. Javanroh helping 
with collecting blood samples among the local flocks in 
province of Khuzestan. We gratefully acknowledge 
technical assistance of Mrs Farhang for sequencing . 
 

 
REFERENCES 

 
Baber ME, Farid A, Benkel BF, Ahmad J, Ndeem A, Imran (2009). 

Frequencies of PrP genotypes and  their implication for breeding 

against scrapie susceptibility in nine Pakistani sheep breeds. Mol. 
Biol. Rep. 36: 561-565. 

Billins C, Psychas V, Leontides L, Spyrou V, Argyroudis S, Vlemmas I, 

Leontides S, Sklaviadis T, Papadopoulos O (2004). Prion protein 
gene polymorphisms in healthy and scrapie-affected sheep in 
Greece. J. Gen. Virol. 85: 547-554 

Bossers A, Harders FL, Smits MA (1999). PrP genotype frequencies of 
the most dominant sheep breed in a country free from scrapie. Arch. 
Virol. 144: 829-834. 

DeSilva U, Guo X, Kupfer DM, Fernando SC, Pillai AT, Najar FZ, So S, 
Fitch GQ, Roe BA (2003). Allelic variants of ovine prion protein gene 
(PRNP) in Oklahoma sheep. Cytogenetic Genome Res. 102: 89-94. 

Elsen JM, Amigues Y, Schelcher F, Ducrocq V, Andreoletti O, 
Eychenne F, Khang JV, Poivey JP, Lantier F, Laplanche JL (1999). 
Genetic susceptibility and transmission factors in scrapie: detailed 
analysis of an epidemic in a closed flock of Romanov. Arch. Virol. 

144: 431-445. 
Gama LT, Caroline MI, Santos-Silva MF, Pimenta JA, Costa MS (2006). 

Prion protein genetic polymorhisms and breeding strategies in 

Portuguese breeds of sheep. Livest. Prod. Sci. 99: 175-184. 
Goldman W, Baylis M, Chihota, C, Stevenson E, Hunter, N (2005). 

Frequencies of PrP gene haplotypes in British sheep flocks and the  

implications for breeding programmes. J. Appl. Microbiol. 98: 1294-
1302. 

Gombojav A, Ishiguro N, Horiuchi M, Serjmyadag D, Byambaa B, 

Shinagawa M (2003). Amino acid polymorphisms of PrP gene in 
Mongolian sheep. J. Vet. Med. Sci. 65: 75-81. 

Hunter N, Cairns D (1998). Scrapie-free merino and Poll Dorset sheep 
from Australia and New Zealand have normal frequencies of scrapie-

susceptible genotypes. J. Gen. Virol. 79: 2079-2082 
Javanrouh A, Banabazi MH, Esmaeilkhanian S, Amirinia C, Seyedabadi 

HR, Emrani H (2006). Optimization onsalting out method for DNA 

extraction from animal and poultry blood cells. The 57th Annual 
Meeting of the European Association for Animal Production. Antalya, 
Turkey. 

Pocchiari M (1994). Prions and related neurological diseases. Mol. 
Aspects Med. 15: 195-291. 

Prusiner SB (2004). Prion biology and diseases. Cold Spring Harbor 

Laboratory Press, Cold Spring Harbor, NY. 
Rook JS (2001). Special Scrapie Regulatory Issue. Shepherd’sVoice. 

December 2001 

http://cvm.msu.edu/extension/Rook/sv/ShepardsVoice12 01.PDF. 
Accessed December 10, 2006. 

Thorgeirsdottir S, Georgsson G, Reynisson E, Sigurdarson S, Palsdottir 

A (2002). Search for healthy carriers of scrapie: an assessment of 
sub clinical infection of sheep in an Icelandic scrapie flock by three 
diagnostic methods and correlation with PrP genotypes. Arch. Virol. 

147: 709-722. 
Tongue SC, Wilesmith JW, Cook CJ (2004). Frequencies of prion 

protein (PrP) genotypes and distribution of ages in 15 scrapieaffected 

flocks in Great Britain. Vet. Rec. 154: 9-16. 
Tranulis MA, Osland A, Bratberg B, Ulvund MJ (1999). Prion protein 

polymorphisms in sheep with natural scrapie and healthy controls in 

Norway. J. Gen. Virol. 80: 1073-1077. 
Un OC, Ozdemir K, Akis N, Mengi I (2008). Genotyping of PrP gene in 

native Turkish sheep breeds. Small Rumin. Res. 74: 260-264. 

Vaccari G, Petraroli R, Agrimi U, Eleni C, Perfetti MG, Di Bari MA, 
Morelli L, Ligios C, Busani L, Nonno R, Di Guardo G (2001). PrP 
genotype in Sarda breed sheep and its relevance to scrapie. Arch. 

Virol. 146: 2029-2037. 
Van poucke M, Vandesompele J, Matteeuws M, Van AZ, Peelman LJ 

(2005). A dual florescent multiprob assay for prion protein genotyping 

in sheep. BMC Infecti. Dis. 5: p. 13. 
Wang Y, Qin Z, Qiao J (2008). Polymorphisms of the prion protein gene 

in sheep of Inner Mongolia, China. Virus Genes, 37: 128-130. 

 
 
 

 

http://dx.doi.org/10.1007/s007050050548
http://dx.doi.org/10.1007/s007050050548
http://dx.doi.org/10.1007/s007050050548
http://dx.doi.org/10.1159/000075731
http://dx.doi.org/10.1159/000075731
http://dx.doi.org/10.1159/000075731
http://dx.doi.org/10.1007/s007050050516
http://dx.doi.org/10.1007/s007050050516
http://dx.doi.org/10.1007/s007050050516
http://dx.doi.org/10.1007/s007050050516
http://dx.doi.org/10.1007/s007050050516
http://dx.doi.org/10.1016/j.livprodsci.2005.06.009
http://dx.doi.org/10.1016/j.livprodsci.2005.06.009
http://dx.doi.org/10.1016/j.livprodsci.2005.06.009
http://dx.doi.org/10.1292/jvms.65.75
http://dx.doi.org/10.1292/jvms.65.75
http://dx.doi.org/10.1292/jvms.65.75
http://dx.doi.org/10.1016/0098-2997(94)90042-6
http://dx.doi.org/10.1016/0098-2997(94)90042-6
http://cvm.msu.edu/extension/Rook/
http://dx.doi.org/10.1007/s007050200020
http://dx.doi.org/10.1007/s007050200020
http://dx.doi.org/10.1007/s007050200020
http://dx.doi.org/10.1007/s007050200020
http://dx.doi.org/10.1007/s007050200020
http://dx.doi.org/10.1136/vr.154.1.9
http://dx.doi.org/10.1136/vr.154.1.9
http://dx.doi.org/10.1136/vr.154.1.9
http://dx.doi.org/10.1007/s007050170050
http://dx.doi.org/10.1007/s007050170050
http://dx.doi.org/10.1007/s007050170050
http://dx.doi.org/10.1007/s007050170050
http://dx.doi.org/10.1186/1471-2334-5-13
http://dx.doi.org/10.1186/1471-2334-5-13
http://dx.doi.org/10.1186/1471-2334-5-13
http://dx.doi.org/10.1007/s11262-008-0244-y
http://dx.doi.org/10.1007/s11262-008-0244-y

