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Abstract: Prion protein coding gene (PRNP) is the genetic locus correlated with the greatest impact on classical scrapie 

susceptibility in sheep. At codons 136, 154, and 171 of PRNP alanine/arginine/glutamine (ARQ) and valine/arginine/glutamine (VRQ) 

haplotypes, in turn, are related to susceptibility to classical scrapie while alanine/arginine/arginine ARR haplotype is correlated with 

resistance. The aim of the present study was to genotype the Palestinian native sheep breeds for detection of genetic resistance. A total 

of 38 healthy sheep from Awassi and Assaf breeds were randomly sampled. Genomic DNA was isolated from blood samples. After 

PCR amplification and DNA sequencing, ARQ, ARR, ARH, AHQ, ARL and VRQ alleles and ARR/ARQ, ARQ/ARQ, ARQ/ARL, 

ARH/ARQ, ARH/ARL, AHQ/ARQ and ARQ/VRQ genotypes were detected in PRNP gene. ARQ allele was found as a predominant 

allele in this study with the frequency of 0.76 for Awassi and Assaf breeds while the uncommon allele ARL was identified at low 

frequencies in both breeds. In addition, two different polymorphisms were recognized (V12I and L23H) at different codons of PRNP. 

Results have indicated that most of the genotypes belong to risk group 3. The careful dissemination of ARR/ARR sheep is suggested 

to increase resistant allele frequencies in Assaf and Awassi breeds. 
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Filistin yerli koyun ırklarında prion protein kodlama geni polimorfizmlerinin analizi 

Özet: Prion protein kodlama geni (PRNP) koyunlarda klasik scrapie duyarlılığıyla ilişkilendirilen genetik lokustur. Genin 136, 

154 ve 171. kodonlarındaki ARQ ve VRQ allellerinin scrapie duyarlılığıyla, ARR allelinin ise scrapie dirençliliğiyle ilgili olduğu 

bilinmektedir. Bu çalışmanın amacı, scrapieye karşı genetik direncin belirlenmesi için Filistinli yerli koyun ırklarının 

genotiplendirilmesidir. Çalışmada, İvesi ve Assaf ırklarından, 38 sağlıklı ve rastgele seçilmiş koyun örnekleri kullanılmıştır. Koyun 

kan örneklerinden DNA izole edilmiş, PZR amplifikasyonu yapılmış ve sekans analizi gerçekleştirilmiştir. Prion protein kodlama 

geninde, ARQ, ARR, ARH, AHQ, ARL ve VRQ allelleri ve ARR/ARQ, ARQ/ARQ, ARQ/ARL, ARH/ARQ, ARH/ARL, AHQ/ARQ 

ve ARQ/VRQ genotipleri belirlenmiştir. Her iki ırkta da baskın olan ARQ alleli 0.76 ile en yüksek frekansta bulunurken, az görülen 

ARL alleli ise her iki ırkta da düşük frekanslarda belirlenmiştir. Ayrıca PRNP geninin farklı kodonlarında iki farklı polimorfizm (V12I 

ve L23H) tanımlanmıştır. Sonuçlar genotiplerin çoğunluğunun 3.risk grubuna dahil olduğunu göstermektedir. Assaf ve İvesi ırklarında 

dirençli allel sıklığını arttırmak için ARR/ARR koyunlarının dikkatli bir şekilde yaygınlaştırılması önerilmektedir. 

Anahtar sözcükler: Assaf, Filistin, İvesi, PRNP, scrapie. 

 
 

 

Introduction 

Scrapie is a contagious prion disease in sheep which 

affects the central nervous system (24). The aggregation 

of the misfolded pathological form (PrPSc) of the normal 

cellular prion protein (PrPC) causes the disease (15). It was 

the first diagnosed prion disease (17) to be regarded as a 

small ruminant disease in 1732 where the first 

examination carried out by veterinarians in Britain, 

Germany and France (27). 

Prion protein coding gene (PRNP) is the genetic 

locus correlated with the greatest impact on classical 

scrapie susceptibility in sheep (6). The prion protein which 

is conserved in mammals is encoded by PRNP (31). While 

the normal prion protein is regarded as PrPC, the misfolded 

pathological form is considered PrPSc (18, 30). 

Even any genetic or posttranslational differences 

could not be found between PrPC and PrPSc, the 

dissimilarities in C-terminal globular domain 

configuration and biochemical hallmarks such as protease 

resistance and solubility have been detected (4). The 

developmental preservation of the essential structure of 

prion protein (PrP) through mammals, additionally its 
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gene expression level in brain and localization in 

privatised membrane domains offer that the normal 

cellular protein (PrPC) has a significant role in signaling, 

cell adhesion and differentiation (14,19). 

In sheep, goats and cattle, the PRNP is found on 

chromosome 13 (3). The sheep PRNP has three exons (52, 

98, and 4028 nucleotides in length) separated by two 

introns (2421 and 14,031 nucleotides in length) (20). In 

spite of the fact that scrapie is considering a contagious 

disease, the polymorphisms in PRNP strongly influence 

the susceptibility of scrapie in sheep. At codons 136, 154, 

and 171 of PRNP alanine/arginine/glutamine (ARQ) and 

valine/arginine/glutamine (VRQ) haplotypes in turn are 

related to susceptibility to classical scrapie while 

alanine/arginine/arginine ARR haplotype is correlated 

with resistance (16). 

In Palestine, sheep were distributed across the breeds 

of Awassi (52.9%), Assaf (35.7%), crossbreed (11%) and 

other breeds (0.4%). The native Awassi sheep are used for 

meat, milk and wool production. The Assaf sheep which 

is a result of crossbreeding of local Awassi and Swiss East 

Friesian breeds in occupied Palestinian territories in 1955, 

produce high quality of milk and meat in comparison to 

Awassi (26). In 1993 the first diagnosis of scrapie in Assaf 

breed was detected in the north of Palestine and the whole 

flock was destroyed for precaution. After that in 1996, 

2002 and 2005 scrapie cases were determined in different 

areas of Palestine and caused the cull of Assaf flocks. 

According to our knowledge, there is only one 

research in the literature about ovine PRNP in Palestinian. 

Gootwine et al. (13) were genotyped only codons 136, 154 

and 171 in Assaf sheep breed to find out the genetic 

resistance to scrapie. According to their results, 

ARR/ARR genotype could not be detected whereas 

ARR/ARQ, ARR/ARH, ARQ/ARQ were observed with 

frequencies of 0.177, 0.097, 0.613 respectively (13). 

The aim of this study was to genotype the Palestinian 

native sheep breeds (Assaf and Awassi) by polymerase 

chain reaction (PCR) and DNA sequencing for detection 

of genetic resistance and possible additional 

polymorphisms and for comparing allele frequencies in 

addition to the previous study.  

 

Materials and methods 

Samples and DNA isolation: In this study, 38 

clinically healthy sheep of native Palestinian sheep breeds 

from four towns were randomly sampled. 17 sheep of 

Awassi breed from four flocks and 21 sheep of Assaf 

breed from five flocks were randomly chosen. Blood 

samples were collected by Palestinian Veterinary Services 

(Gaza, Palestine) into tubes containing EDTA. Genomic 

DNAs were isolated from blood samples manually by 

using Qiagen DNeasy blood and tissue kit. 

PCR amplification and sequencing: The 

Primer3web tool (http://bioinfo.ut.ee/primer3/) (25) has 

used for the design of primers for PCR amplification of 

prion protein coding gene (Gen-Bank accession number 

M31313 from nucleotide 24 – 912). The sequences 5’-

CGTGGGCATTTGATGCTGACAC- 3’ as a forward 

primer and 5’-GCTGCAGGTAGACACTCCCTC- 3’ as a 

reverse primer were chosen. In PCR amplification, 30 μl 

final volume prepared which was including 6 μl 5X 

Master Mix, 5 μl (50-100 ng) genomic DNA and 0.3 μl 

(10 μM) of each primer. The PCR amplification was 

carried out in thermal cycler with a denaturation step 94°C 

for 3 min and 35 cycles of 94°C for 45 s, 57°C for 45 s, 

72°C for 1 min; and a final extension at 72°C for 5 min. 

The PCR products were conducted on a 1.5% agarose gel 

for electrophoresis and were visualized with a long 

wavelength UV transilluminator. The PCR products (889 

bp) sequenced after purification and sequences were 

analysed by using MEGA 6 program (28) for detection of 

polymorphisms at codons 136, 154, 171. 

Statistical analysis: According to results, the gene 

and genotype frequencies were figured out by using the 

formulas; (23) 

Xij = nij / n and xˆi = 2nii + nij / 2n 

where Xij indicates the genotypic frequency of AiAj; 

nij and nii show the number of individuals for 

homozygous (AiAi) and heterozygous (AiAj) genotypes, ; 

xˆi indicates the gene frequency of Ai and n shows the 

total number of individuals. 

For assessing the potential deviations from Hardy – 

Weinberg equilibrium χ2 tests were conducted for each 

breed. The susceptibility to scrapie was evaluated by the 

grouping system which is proposed by Tongue et al. (29) 

according to each breed’s genotypic distribution. 

 

Results 

The allele frequencies for 6 alleles (ARQ, ARR, 

ARH, AHQ, VRQ and ARL) in Awassi and Assaf breeds 

are shown in Table 1. ARQ allele which is associated with 

susceptibility to scrapie was found as predominant allele 

in two breeds, with the frequencies of 0.764 and 0.761 for 

Awassi and Assaf, respectively. The most resistant allele 

ARR was only detected in Awassi breed with the 

frequency of 0.205. AHQ allele which is also related to 

low resistance to scrapie was the lack in Awassi breed and 

observed at low frequency (0.071) in Assaf breed. Besides 

ARQ and AHQ alleles, ARH allele that is regarded as low 

resistance to scrapie as well as the lack in Awassi breed 

and detected at low frequency (0.095) in Assaf breed. The 

high susceptible allele VRQ was discovered with a 

frequency 0.023 in Assaf breed whereas was not detected 

in Awassi breed. In addition, ARL allele was determined 

at low frequencies of 0.031 and 0.050 in Awassi and Assaf 

respectively. 
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Table 1. Allele frequencies of PRNP in Palestinian sheep breeds. 

Tablo 1. Filistin koyun ırklarında PRNP allel frekansı. 

Allele Awassi Breed   Assaf Breed 

ARQ 0.764 0.761 

ARR 0.205 0.000 

ARH 0.000 0.095 

AHQ 0.000 0.071 

VRQ 0.000 0.023 

ARL 0.031 0.050 

 

 

Table 2. Genotype frequencies of PRNP in Palestinian sheep 

breeds. 

Tablo 2. Filistin koyun ırklarında PRNP genotip frekansı. 

Risk group Genotype Awassi Assaf 

2 ARR/ARQ 0.412 0.000 

3 ARQ/ARQ 0.529 0.571 

3 ARQ/ARL 0.059 0.048 

3 ARH/ARQ 0.000 0.142 

3 ARH/ARL 0.000 0.048 

3 AHQ/ARQ 0.000 0.142 

5 ARQ/VRQ 0.000 0.048 

 

  

Table 3. Additional polymorphisms in PRNP of Palestinian 

sheep breeds. 

Tablo 3. Filistin koyun ırklarında PRNP ek polimorfizmleri. 

Breed Sample Haplotype Polymorphism Homozygote/ 

Heterozygote 

Awassi 1 ARQ/ARQ L23H Homozygote 

Awassi 4 ARQ/ARQ L23H Homozygote 

Awassi 9 ARR/ARQ L23H Heterozygote 

Awassi 10 ARR/ARQ L23H Heterozygote 

Awassi 12 ARR/ARQ L23H Heterozygote 

Awassi 15 ARR/ARQ L23H Heterozygote 

Awassi 16 ARQ/ARQ V12I Homozygote 

Awassi 16 ARQ/ARQ L23H Homozygote 

Awassi 17 ARR/ARQ L23H Heterozygote 

Assaf 18 ARQ/ARQ L23H Homozygote 

Assaf 21 ARQ/ARQ L23H Homozygote 

Assaf 24 ARQ/ARQ L23H Homozygote 

Assaf 25 ARQ/ARQ L23H Homozygote 

Assaf 26 ARH/ARL L23H Heterozygote 

Assaf 28 AHQ/ARQ L23H Heterozygote 

Assaf 29 ARQ/ARQ L23H Homozygote 

Assaf 30 ARQ/ARQ V12I Homozygote 

Assaf 30 ARQ/ARQ L23H Homozygote 

Assaf 31 ARQ/ARQ V12I Homozygote 

Assaf 31 ARQ/ARQ L23H Homozygote 

Assaf 36 AHQ/ARQ L23H Heterozygote 

Assaf 37 ARH/ARQ L23H Heterozygote 

In PRNP gene the polymorphisms were detected 

which consist of seven genotypes (ARR/ARQ, 

ARQ/ARQ, ARQ/ARL, ARH/ARQ, ARH/ARL, 

AHQ/ARQ and ARQ/VRQ) (Table 2). The genotypes 

pertain to the second and fifth risk group. The ARQ/ARQ 

which is low resistance to scrapie was the dominant 

genotype in both Assaf and Awassi breeds and the high 

susceptible genotype ARQ/VRQ was observed only in one 

Assaf sheep. 

Two additional polymorphisms were detected (V12I 

and L23H) moreover to determined polymorphisms at 

codons 136, 154 and 171 (Table 3). L23H polymorphism 

was detected in 8 and 11 sheep samples in Awassi and 

Assaf breeds, respectively, whereas V12I polymorphism 

detected in 1 and 2 sheep samples in Awassi and Assaf 

breeds, respectively. At codon 12, ATT instead of GTT 

caused V (Valine) to I (Isoleucine) alteration as well as at 

codon 23 CAC instead of CTC caused L (leucine) to H 

(Histidine) alteration.  

According to the results of statistical analysis, P 

value was found greater than 0.05 for both breeds. Also χ2 

was found 1.37 (degree of freedom 3) and 9.4 (degree of 

freedom 10) for Awassi and Assaf breeds respectively. 

These results implicate that the populations used in this 

study were in Hardy-Weinberg equilibrium.  

 

Discussion and Conclusion 

According to results in Awassi and Assaf breeds 

ARQ allele was discovered as a dominant allele in this 

study with a frequency of 0.76 which is compatible with 

the results of many previous studies performed for 

different sheep breeds in Turkey (21, 22), Iran (10), 

Greece (8), Italy (29) Portugal (11), Spain (1), Germany 

(7) and Britain (2) and also in previous study in 

Palestinian. In addition, ARQ is estimated to be wild-type 

allele of the PRNP and this study supports this prediction.  

The association between Arginine amino acid at 

codon 136 and resistance to scrapie has shown before (9, 

20). In spite of the fact that the significance of amino acid 

residue is not completely recognized for codon 154, H has 

a positive relation with resistance to scrapie at this position 

(9) while R amino acid was predominance at codon 154 in 

this study. R, Q, H and L were detected at codon 171 as 

different amino acid residues. The high frequency of Q 

and the low frequency of H amino acids are compatible 

with previously reported PRNP polymorphisms (5, 12). 

In this study, ARR allele in Assaf breed was not 

detected. This is a major point of interest and may be a 

good explanation for some clinical scrapie cases that were 

detected in Assaf sheep previously (13). In comparison to 

the results of Gootwine et al. study in Awassi breed, ARR 

allele was detected with a higher frequency which is 0.205 

and this can be the result of breeding programs. Also in 
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this study ARH and AHQ alleles could not be observed 

where in a previous study they were found with 

frequencies of 0.123 and 0.029 respectively in Awassi 

breed. However, ARL allele which is identified as 

uncommon in sheep populations and was observed in 

Iranian Zandi sheep previously (10) was also detected in 

this study in both breeds.  

The highest resistance genotype ARR/ARR and the 

highest susceptibility genotype VRQ/VRQ were absent in 

Awassi and Assaf breeds matching with the results of the 

previous study in Awassi breed. The genotypes 

ARR/ARQ (risk group 2) and ARQ/ARQ (risk group 3) 

were detected with frequencies of 0.411 and 0,529, 

respectively. When these results were compared with the 

previous study, an increase in the frequency of the 

genotype in risk group 2 and a decrease in the frequency 

of the genotype in risk group 3 observed and this suggests 

the rising of resistant genotypes in Awassi breed (13). 

Also, the frequency differences shown by the results of the 

previous studies with the results obtained in this work 

reveal the importance of repeating these studies. The 

relation between additional polymorphisms (L23H,V12I) 

and the susceptibility to scrapie is yet to be investigated. 

In conclusion, the results of this study demonstrate 

the significance of implementing appropriate breeding 

programs for increasing the genetic resistance against 

classical scrapie. According to low ARR allele frequency 

in Assaf breed, inbreeding has to be avoided in breeding 

programs. Also, insertion of sheep from different flocks 

with high ARR allele frequency for increasing resistance 

should be done carefully to avoid atypical scrapie and 

losses of genetic variations in breeds.  
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