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Scrapie was first described in England in 1732,1 and it is an infec-
tious neurodegenerative fatal disease of sheep and goats belonging 
to the group of transmissible subacute spongiform encephalopa-
thies (TSEs), along with bovine spongiform encephalopathy 
(BSE), chronic wasting disease and Creutzfeldt-Jakob disease.2,3 
The term prion, proteinaceous infectious particles, coined by 
Stanley B. Prusiner, was introduced, and he presents the idea 
that the causal agent is a protein.4 Prion proteins are discovered 
in two forms, the wild-type form (PrPc) and the mutant form 
(PrPSc).5 Although scrapie is an infectious disease, the suscepti-
bility of sheep is influenced by genotypes of the prion protein 
(PrP) gene.2,6 Researchers have found that the PrP allelic variant 
alanine/arginine/arginine (ARR) at codons 136, 154 and 171 is 
associated with resistance to scrapie in several breeds.7-14 Most of 
the sheep populations in the Near East and North African Region 
(84% of the total population of 255 million) are raised in Iran, 
Turkey, Pakistan, Sudan, Algeria, Morocco, Afghanistan, Syria 
and Somalia.15 In 2003, the Iranian sheep population was esti-
mated at 54,000,000 head. The Ghezel sheep breed, which also 
is known as Kizil-Karaman, Mor-Karaman, Dugli, Erzurum, 
Chacra, Chagra, Chakra, Gesel, Gezel, Kazil, Khezel, Khizel, 
Kizil, Qezel, Qizil and Turkish Brown, originated in northwest-
ern Iran and northeastern Turkey. By considering sheep breeds as 
one of the main sources of meat, dairy products and related prod-
ucts, a global screening attempt is started in different areas. In 
compliance with European Union Decision 2003/100/EC, each 
member state has introduced a breeding program to select for 
resistance to TSEs in sheep populations to increase the frequency 

PrP genotypes at codons 136 and 171 in 120 Iranian Ghezel sheep breeds were studied using allele-specific PCR 
amplification and compared with the well-known sheep breeds in North America, the United States and Europe. The 
frequency of V allele and VV genotype at codon 136 of Ghezel sheep breed was significantly lower than AA and AV. At 
codon 171, the frequency of allele H was significantly lower than Q and R. Despite the similarities of PrP genotypes at 
codons 136 and 171 between Iranian Ghezel sheep breeds and some of the studied breeds, significant differences were 
found with others. Planning of effective breeding control and successful eradication of susceptible genotypes in Iranian 
Ghezel sheep breeds will not be possible unless the susceptibility of various genotypes in Ghezel sheep breeds to natural 
or experimental scrapie has been elucidated.
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of the ARR allele. A similar breeding program is established in 
United States and Canada. The Near East and North African 
Region still needs additional programs to help the global plan of 
eradication of scrapie-susceptible genotypes. The current study 
was the first to assess the geographical and molecular variation 
of codons 136 and 171 polymorphism between Iranian Ghezel 
sheep breed and well-known sheep breeds.

Polymorphism at codon 136 is associated with susceptibil-
ity to scrapie in both experimental and natural models.10,11,13,16 
Table 1 presents the allelic frequency and percentage of each 
allele and resulting genotypes at position 136. Alleles A and V 
were found in 77.5% and 22.5% of studied cases, respectively. 
The difference between frequencies of alleles is significant  
(p < 0.05). The frequency of possible VV, AV and AA genotypes 
were 6%, 15%, 39%, respectively. It shows that frequency of 
VV genotype is significantly lower than AA and AV (p < 0.05). 
No significant differences were found between ewes and rams 
for the position 136 (p > 0.50). Extremely low prevalence of 
the susceptibility allele, that is, V136, was reported in Greek 
Chios and Karagouniko sheep17 and Austrian Carynthian 
sheep.18 Swiss White Alpine showed higher frequency of allele 
V at position 136 than Swiss Oxford Down, Swiss Black-Brown 
Mountain and Valais Blacknose.19 Comparison of polymor-
phism at codon 136 in the current study with some of other 
breeds (Table 1) shows a similar pattern between Montadale 
breed of Oklahoma sheep,20 some flock of Hampshire sheep21 
with current study, but the frequency of it is higher than that of 
some other breeds.
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The association between scrapie susceptibility and polymor-
phism at codon154 is unclear, and fewer evidences were found 
that support it.24,25 So the frequency of different genotypes at 
codon 154 in Iranian Sheep breeds has not been included in the 
current study.

In addition to difference in number of included animals and 
methodology of genotyping, the apparent discrepancies among 
reported allelic frequency might be caused by the difference in 
geographical dissemination of sheep breeds and related purity.26 
The deviations from Hardy-Weinberg equilibrium, which were 
assumed in the current study, were checked using Pearson’s 
chi-squared test or Fisher’s exact test. Although the number of 
animals in this study is acceptable, a population study is still 
suggested. In conclusion, fairly different patterns of PrP geno-
types in this common Near eastern sheep breed are an evidence 
for geographical variation of molecular susceptibility to scrapie. 
Because other report from Turkey also has shown a prevalence 
of genotypes, which is different from western countries,26 and 
no reports have been published yet to show which of the geno-
types in that breed are actually resistant or susceptible to natural 
or experimental scrapie, our results is an authentic platform to 
motivate further studies. Actually, extrapolation of the existing 
general pattern of susceptibility or resistance for all breeds and 
current plan of elimination would not be successful unless the 
susceptible genotypes in the Near East with numerous breeds 

It has been found that a polymorphism at codon 171 also is 
associated with susceptibility to experimental scrapie in Cheviot 
sheep16 and natural scrapie in Suffolk sheep.22 As shown in  
Table 2, alleles H and Q with frequencies of 1.67% and 55% 
were the least and most frequent alleles, respectively. Frequency of 
allele R was 44.33%. A significant difference was found between 
allele H and others (p < 0.05), but no significant difference was 
found between alleles Q and R (p > 0.5). The frequency of QR 
and QQ genotypes were the same (36.67%) and significantly 
higher than RR (23.33%) and RH (3.33) (p < 0.05). None of 
QH or HH genotypes were observed. No significant differences 
also were found between ewes and rams for the position 171  
(p > 0.50). It has been shown that the predominate genotype in 
Columbia breeds is QQ instead of QR in Suffolk, Rambouille 
and Targhee.23 They also found that different breeds show dif-
ferent predominant genotypes in ewes and rams.23 Different PrP 
genotypes were found at codon 171 in Austrian sheep breeds, 
but QQ has higher frequency than others.18 In some kinds of 
Swiss breeds, allelic frequencies of allele Q was higher than R.19 
Distribution of prion protein codon 171 genotypes in Hampshire 
sheep revealed that different flocks shows different patterns.21 
The frequency of PrP genotypes at codon 171 in Iranian Ghezel 
breeds was similar to some sheep breeds, like the Suffolk breed 
of Oklahoma sheep, but it was completely different from others 
(Table 2).

Table 1. Comparison of PrP allelic and genotype frequencies at codon 136 in different breeds

Breed A (%) V (%) AA (%) AV (%) VV (%) Reference

Iranian Ghezel breeds 
(n = 120)

77.50 22.5 65.00 25.00 10.00 Current study

Oklahoma sheep (n = 334) De Silva, et al.27

Suffolk 99.24 0.76 98.48 1.52 0.00

Hampshire 100 0.00 100 0.00 0.00

Dorset 92.6 7.94 87.30 9.52 3.17

Montadale 77.66 22.34 59.57 36.17 4.26

Hampshire (n = 48) 93.75 6.25 88.00 12.00 0.00 Youngs, et al.21

German Sheep Breeds 
(n = 660)

92.89 7.11 87.80 10.47 1.73 Kutzer, et al.28

Bleu du Maine 83.47 16.53 69.56 27.83 2.61

Friesian Milk S. 100 0.00 100 0.00 0.00

Nolana 90.13 9.87 85.90 8.46 5.64

Suffolk 100 0.00 100 0.00 0.00

Texel 90.87 9.13 82.16 17.41 0.43

Swiss Sheep (n = 200) 92.5 7.5 Gmur, et al.19

Swiss Oxford Down 93.00 7.00 - - -

Swiss Black-Brown M. 99.00 1.00 - - -

Valais Blacknose 100 0.00 - - -

Swiss White Alpine 88.00 22.00 - - -

Austrian Sheep (n = 112) 98.95 1.05 98.95 0.00 1.05 Sipos, et al.18

Tyrolean mountain sheep 100 0.00 100 0.00 0.00

Forest sheep 100 0.00 100 0.00 0.00

Tyrolean stone sheep 100 0.00 100 0.00 0.00

Carynthian sheep 95.80 4.20 95.80 0.00 4.20
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OriginTM electrophoresis apparatus and Spreadex EL 500 gels 
(Elchrom Scientific AG) at 55°C for 50 min. The gels were visu-
alized by Syber Gold staining for 45 min.

will be identified. Hence, the current study could be used as an 
important pilot study for further investigation.

Genomic DNA was isolated from fresh EDTA-treated blood 
of 120 healthy, randomly chosen sheep of Iranian Ghezel sheep 
breeds using a mammalian blood DNA isolation kit (Bioflux, 
Japan). The allelic frequencies of prion protein codons 171 and 
136 were determined by allele-specific PCR amplifications using 
scrapie susceptibility test kit (Elchrom Scientific AG). Primer sets 
were designed by manufacturer to amplify specific gene targets 
according to possible genotypes of positions 136 and 171.

The amplification reactions were performed using iCyclerTM 
(BioRad Inc.,), and PCR products (Table 3) were analyzed using 

Table 2. Comparison of PrP allelic and genotype frequencies at codon 171 in different breeds

PrP genotypes at codon 172

Breed
Allelic frequency Genotypes

Reference
Q R H RR QR QQ QH RH HH

Iranian Iranian Ghezel 
breeds (n = 120)

55.00 43.33 1.67 23.33 36.67 36.67 0.00 3.33 0.00 Current study

Oklahoma sheep (n = 334) De Silva, et al.20

Suffolk 40.95 59.05 0.00 37.07 43.97 18.97 0.00 0.00 0.00

Hampshire 51.89 48.11 0.00 21.70 52.83 25.47 0.00 0.00 0.00

Dorset 67.75 31.25 0.00 7.95 46.59 45.45 0.00 0.00 0.00

Montadale 62.96 37.04 0.00 14.81 44.44 40.74 0.00 0.00 0.00

Hampshire (n = 201) 72.14 26.60 1.26 5.00 42.00 50.00 2.00 1.00 0.00 Youngs, et al.21

German Sheep Breeds 
(n = 660)

Kutzer, et al.28

Bleu du Maine 37.8 62.2 0.00 46.96 30.44 22.6 0.00 0.00 0.00

Friesian Milk S. 90.45 8.9 0.65 1.27 15.3 82.8 0.00 0.00 0.64

Nolana 42.3 57.8 0.00 36.62 42.26 21.13 0.00 0.00 0.00

Suffolk 68.4 27.6 4.0 16.1 21.84 55.17 4.6 1.15 1.15

Texel 55.35 29.7 14.9 12.56 26.83 36.36 11.25 7.36 5.63

Swiss Sheep (n = 200) Gmur, et al.19

Swiss Oxford Down 32.00 68.00 - - - - - - -

Swiss Black-Brown M. 70.00 30.00 - - - - - - -

Valais Blacknose 85.00 15.00 - - - - - - -

Swiss White Alpine 27.00 73.00 - - - - - - -

Austrian Sheep (n = 112) Sipos, et al.18

Tyrolean mountain sheep 74.30 25.80 0.00 2.90 45.70 51.40 0.00 0.00 0.00

Forest sheep 77.00 19.20 3.80 11.50 15.40 69.20 0.00 0.00 3.80

Tyrolean stone sheep 81.50 14.80 3.70 0.00 29.60 62.90 7.40 0.00 0.00

Carynthian sheep 72.80 23.00 4.20 4.20 41.70 13.00 8.40 0.00 0.00

Table 3. PCR product size of different alleles

Position Genotype Fragment size

136 A 133

136 V 139

171 H 170

171 Q 247

171 R 155
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