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ABSTRACT. Resistance and susceptibility to scrapie in sheep have 
been associated with SNPs located at codons 136, 154 and 171 of 
the prion protein (PRNP) gene. Many countries have sheep breeding 
programs selecting for resistance to scrapie based on the genotyping 
of these SNPs. We adapted a fast and robust method for genotyping 
sheep flocks for these polymorphisms, with reduced costs. Ninety-six 
samples were genotyped using an adapted SNaPshot PRNP assay, and 
the results were checked by resequencing. The results showed 100% 
concordance, using a method that reduces genotyping costs by 70%, 
by reducing reagent concentrations in the three main steps of the assay 
(amplicon purification, base extension and final cleanup). This cost 
reduction should contribute to the development of selection criteria 
based on PRNP genotyping in countries where assay costs are an 
important limiting factor.  
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INTRODUCTION 

Classical scrapie is a fatal and infectious neurodegenerative disease that affects sheep 
and goats. This disease belongs to the group of transmissible spongiform encephalopathies 
(TSEs). The prion protein (PRNP) gene encodes the prion protein, which is intrinsically in-
volved in the onset of this disease. Variations in the coding sequence of this gene are strongly 
associated with susceptibility to the development of TSEs in many mammalian species, in-
cluding humans (Prusiner and Hsiao, 1994; Mead et al., 2003), cattle (Juling et al., 2006), 
goats (Vaccari et al., 2009), mice (Carlson et al., 1988), and deer (O’Rourke et al., 1999, 
2004). Many polymorphisms in the ovine PRNP have been identified to date, but only the 
polymorphisms at codons 136 (A/V - substitution of alanine by valine), 154 (R/H - arginine 
by hystidine) and 171 (Q/R/H - glutamine by arginine or hystidine) have been repeatedly as-
sociated with the susceptibility of hosts to become naturally and experimentally infected with 
classical scrapie (Goldmann et al., 1990; Benkel et al., 2007). 

The above mentioned PRNP polymorphisms can be found in four main haplotypic 
variants of the wild-type A136R154Q171 (ARQ), with the five most frequently described alleles 
being: ARQ, ARR, ARH, AHQ, and VRQ (Belt et al., 1995). The ARR allele has been shown 
to confer resistance to classical scrapie, whereas VRQ is very common in susceptible sheep 
(Elsen et al., 1999; Goldmman, 2008). The presence of ARR in homozygosis leads to strong, 
but not absolute, resistance (Groshup et al., 2007). The PRNP genetic association with scrapie 
resistance/susceptibility is well established and has led to the implementation of large-scale 
genotyping and selection of breeding stock in several European countries. Many countries 
have implemented breeding strategies based on PRNP genotyping in order to increase the 
ARR allele frequency in commercial flocks (Dawson et al., 2008). 

Sheep breeding programs in Brazil have yet to incorporate selective breeding strate-
gies based on PRNP genotyping. In addition, only a few studies with small sample numbers, 
using resequencing or PCR-RFLP strategies, have been recently carried out to evaluate PRNP 
allele frequencies in a limited number of Brazilian flocks of different breeds (de Lima et al., 
2007; Pacheco et al., 2007; Sotomaior et al., 2008; Ianella et al., 2011). Because of the lack 
of significant information about PRNP allele frequencies in Brazilian flocks, this study aimed 
to develop reduced-cost adaptations of an existing method to genotype PRNP polymorphisms 
related to resistance to classical scrapie that could be used as a simple, inexpensive, medium-
throughput assay. Results are reported for the validation of several modifications of a standard 
protocol for PRNP genotyping that could be useful for routine testing of Brazilian sheep in 
relation to genetic potential for scrapie susceptibility/resistance.

MATERIAL AND METHODS 

Samples

Ninety-six DNA samples from 13 different breeds commonly raised in Brazil were used to 
adapt and validate an assay based on the method developed by Vaccari et al. (2004). Samples from 
the following sheep breeds were used: locally adapted breeds - Brazilian Bergamasca, Brazilian 
Creole, Morada Nova, Rabo Largo, Creole of Pantanal, Santa Inês, and Brazilian Somali; com-
mercial/specialized breeds - Corridale, Dâmara, Dorper, Hampshire, Ile de France, and Suffolk. 
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PCR amplification

A 326-bp fragment of the PRNP coding region from selected samples was am-
plified by PCR using the following primers: 5ꞌ-GGTAGCCACAGTCAGTGG-3ꞌ and 
5ꞌ-CAGTTTCGGTGAAGTTCTCC-3ꞌ (Vaccari et al., 2004). PCR was carried out in a final volume 
of 10 μL containing 5 ng genomic DNA, 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.25 mM MgCl2, 
200 mM dNTPs, 0.125 μM of each primer and 0.5 U Taq DNA polymerase. Two microliters of 
PCR product was purified with an EXOSAP-ITTM (Amersham) mix (0.2 μL EXOSAP-IT and 1.8 
μL water per sample) with the following digestion procedure: 37°C for 45 min and 80°C for 15 min.

SNP interrogation assay

Purified amplicons were submitted to SNaPshotTM (Applied Biosystems) genotyping 
reactions with the following previously described oligos (Vaccari et al., 2004): codon 136/
p407 - 5ꞌ-TTT TTT TTT TTT TTT GGT GGC TAC ATG CTG GGA AGT G-3ꞌ, codon 154/
p461: 5ꞌ-TTT TTT TTT GGG GTA ACG GTA CAT GTT TTC A-3ꞌ, and codon 174/p512 - 
5ꞌ-CAA GTG TAC TAC AGA CCA GTG GAT C-3ꞌ and p513 - 5ꞌ-TTT TTT TTT TTT TTT 
TTT TGC ACA AAG TTG TTC TGG TTA CTA TA-3ꞌ. The effects of using different volumes 
of SNaPshot Multiplex MixTM (Applied Biosystems) and shrimp alkaline phosphatase (SAP) 
were tested, resulting in the following protocol. Reactions were performed in a 10-μL final 
volume, using 0.3 μL SNaPshot Multiplex MixTM (Applied Biosystems), 2 μL purified PCR 
product and primers p407, p461, p512, and p513 at 0.65, 0.94, 0.095, and 0.94 pmol, respec-
tively. Non-incorporated nucleotides were removed by treatment with 2 μL SAP (Amersham) 
mix (0.3 U SAP and 1.7 μL water). Following these procedures, 1.5 μL purified products were 
mixed with 0.2 μL GeneScan 120 LIZTM (Applied Biosystems) and 8.3 μL Hi-DiTM formamide 
and submitted to capillary electrophoresis in an ABI3100 automated sequencer. 

Data analysis

The electropherograms obtained were analyzed with the GeneMapperTM software 
(Applied Biosystems) to genotype each SNP in the samples, and allele frequencies were deter-
mined with the Arlequin ver. 3.1 software (Excoffier et al., 2005). 

Validation by resequencing

Genotyping results were cross-validated by resequencing of all samples. Sequencing 
reactions were carried out with 10 ng of EXOSAPIT-purified DNA following BigDye termina-
tor v. 3 (Applied Biosystems) manufacturer instructions. Electrophoresis was performed in an 
ABI3100 automated sequencer (Applied Biosystems). 

Sequence analysis

The sequences obtained were analyzed and aligned using the Phred/PhraP/Consed 
software (Ewing and Green, 1998; Ewing et al., 1998) and SNP genotyping was performed 
using Polyphred (Nickerson et al., 1997).
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RESULTS AND DISCUSSION 

The protocol modifications tested focused on assay cost reduction without loss of ac-
curacy. Figure 1 shows the results obtained with the use of different concentrations of SNaPshot 
Multiplex Mix (Applied Biosystems) in the primer extension reactions. With an 88% reduction 
in the total volume of SNaPshot Multiplex Mix Reagent used (Figure 1D), in relation to the 
manufacturer original protocol, it was possible to detect the four investigated SNP peaks and to 
have an appropriate balance with size-standard peaks. Moreover, the optimal balance between 
fragment peaks and the GS120LIZ size standard was obtained with only 20% of the amount 
recommended by the manufacturer (Figure 1). The modified primer extension protocol resulted 
in quality genotypes for all 96 samples tested, and all results were confirmed by sequencing.

Figure 1. Electropherograms showing SNaPshot reaction products from the different SNPs investigated using 
different volumes of SNaPshot Multiplex Mix Reagent (Applied Biosystems). A. 2.5 μL; B. 1.0 μL; C. 0.5 μL; D. 
0.3 μL. Orange peaks correspond to the LIZ120 size standard (0.2 μL per sample) left to right: 15, 25, 35, 50, 62, 
80, and 110 bp, respectively. Green peak: SNP at the 512 position. Dark peaks (left to right) SNPs at the 461, 407 
and 513 positions (according to the reference sequence AJ223072).

The optimized protocol used only 12% of the SNaPshot Multiplexed Mix suggested 
by Vaccari et al. (2004) and provided accurate results while significantly reducing assay costs. 
Other adjustments, such as final reaction volume and concentration of p512 oligonucleotide, 
were necessary to maintain high quality in the assay. Capillary electrophoresis conditions were 
also modified in relation to previously published protocols (Vaccari et al., 2004): 1.5 μL (50% 
increase) of primer-extension products was used to increase fluorescence signals, and 0.2 mL 
Applied Biosystem’s GeneScan LIZ size standard (80% decrease) was applied in each sample. 

Additional modifications were also applied to reduce total assay costs. A 90% reduc-
tion in the total amount of recommended EXOSAP-IT reagent (0.2 μL) used for purification of 
PCR products prior to the primer extension reaction, and a 70% reduction in the total amount 
of SAP used to treat primer extension products, consistently produced high-quality results. 
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Considering reagent costs, the adaptations tested resulted in a total reduction of 77% in the 
primer extension genotyping cost of the four most relevant ovine PRNP polymorphisms. 

Figure 2 illustrates an example of genotyped samples carrying polymorphisms at nu-
cleotide positions 461 (codom 154) and 512 (codon 171), according to the reference sequence 
(AJ223072). Polymorphisms at nucleotide 513 (codon 171 - H variant) were not observed in 
the samples genotyped. Observed SNP frequencies are listed in Table 1. 

Figure 2. Electropherograms and genotypes generated with the GeneMaper software. A. Sample 1: CC/GG/AA/
GG at the positions 407/461/512/513. B. Sample 2: CC/GG/AG/GG. C. Sample 3: CC/GA/AG/GG. *Nucleotides 
461 and 513 were detected by assaying the complementary strain.

SNP position Codon Variation MAF*

407 136 C>T 0.06
461 154 G>A 0.17
512 171 A>G 0.27

Table 1. SNP frequencies at the 407, 461 and 512 positions in the reference sequence (AJ223072) based on the 
96 samples tested. 

MAF = minor allelic frequency.

The modified assay shown here was applied to a total of 1400 samples from different breeds/
flocks of sheep sampled in Brazil with a failure rate below 1% (Ianella et al., 2011), which represents 
the first comprehensive PRNP genotyping initiative in Brazil. The cost-reductions obtained should 
contribute to the development of national policies and programs to incorporate animal breeding 
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strategies based on PRNP genotyping in countries where assay costs are the main limiting factor. 
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