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Abstract. The diversity of ryanodine receptor (Ryr-1) gene in Transylvanian Mangalitsa pure and 

crossbred swine was evaluated through real time polymerase chain reaction (RT-PCR). A total of 167 
animals, aged between 5-12 months were tested and 4 animals expressed the pale soft exudative (PSE) 

phenotype. Genotyping also revealed that the proportion of heterozygotes (C/T) varies substantially (P< 
0.05) among the purebred Mangalitsa and the crossbred ones. Compared to crossbred Mangalitsa, the 

purebreds revealed the highest percentage (73.5%) of homozygous individuals for the normal C/C allele 
at Ryr-1 locus. The results obtained prove the fact that expression of PSE meat in Mangalitsa purebred is 

unlikely to occur, but when crossbred with other breeds such as Duroc and Landrace the genetic testing 
is imperious.  
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Introduction. Breeding of domesticated animals for food production historically was 
directed to increase productive performances (Janovic et al 2005) becoming important to 
highly select individuals. Focusing selection strictly on one area of performance, such as 

meat quality, while disregarding potential negative effects on growth or carcass quality 
could actually create a negative trend for the overall economic performance of the animal 
(Barbut et al 2008). Genotype by environment interactions are particularly relevant to 
swine improvement programs, including genetics of meat quality, as the progeny of 
individuals raised, tested and slaughtered under intensive raising conditions have to 
adjust to varying commercial production and plant environments (Bijma & Van Arendonk 
1998; Brandt & Taubert 1998; Lutaaya et al 2002; Van der Werf et al 1994). Due to the 

fact that in Romania the pig breeding has suffered greatly from the manifestation of pale, 
soft, exudative (PSE) meat on the slaughter line, it is important that a selection program 
should be implemented against this manifestation in these production units. Researches 
concerning the factors which contribute to PSE meat date back many years and are still 
being performed underlining a persistency of the problem. A major factor that can 
determine the development of PSE cases in pork is characterized as “Porcine Stress 

Syndrome” (PSS). This syndrome has been associated with a recessive mutation in the 
gene  coding for porcine calcium release channel, also called the ryanodine receptor gene 
(Ryr-1  locus) or halothane gene (Hal) (Fujii et al 1991) which is located on chromosome 
6 (Harbitz et al 1990). This single nucleotide substitution (T/C) in the gene encoding the 
skeletal ryanodine receptor 1 (Ryr1) allowed the accurate diagnosis on the basis of three 
types: normal, heterozygote and homozygote (Fujii et al 1991). Based on this fact, the 
halothane gene is the most studied major gene affecting meat quality, and it is the first 
practical manipulation of a major gene in pig breeding using molecular biology tools (Fujii 
et al 1991; Lister 1987; MacLennan & Philips 1992; Otsu et al 1992). Mangalitsa pigs 
were brought to Romania from Serbia in the 19th century (Transylvania - 1833; Oltenia, 
1860) (Gligor et al 1969). This breed is appreciated for high quality of meat, used for 
preparing special local products (Ciobanu et al 2001). An increasing number of units have 
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started to use Mangalitsa schemes involving Duroc and Landrace in preparing a 
traditional old type of bacon, very appreciated by the Eastern European market. Because 
no genetic testing is used when breeding these swine in our national system, our study 
focused on analyzing the genetic background for ryanodine mutation occurrence in the 

population of Mangalitsa in Transylvania region by using Real-time PCR technique. 
 
Material and Method. A total of 53 purebred Mangalitsa and 114 Mangalitsa crossbred 
pigs (Duroc n = 54, Landrace n = 60), aged between 5 -12 months, were tested for 
ryanodine mutation following the harvesting of blood samples from auricular veins. The blood 
was collected into sterile tubes containing K3EDTA as anticoagulant and stored at 4°C until 
further analysis. All the samples were collected from the north-west region of Transylvania. 

 
Genomic DNA extraction. The DNA extraction, followed the steps previously reported 
by Balteanu et al (2010), i.e. two hundred microliters of blood were washed three times 
with phosphate buffered 4 saline (0.5 M). After the final wash the cell pellet was 
incubated 15 min at 95˚C in 50 μL of 200 mM NaOH solution and then neutralized with 
50 μL of 200 mM HCl + 100 mM Tris HCl (pH = 8.5) solution. The DNA quantity and 
purity of each sample were assessed on a Nanodrop ND-1000 spectrophotometer 
analyser (NanoDrop Technologies, Inc., 70 Wilmington, DE, USA). 
  
Real Time PCR genotyping. All the samples tested were screened for ryanodine 
receptor mutation using a set of primers previously described by Burgos et al (2005) and 
(Burgos et al 2005), i.e. PIGRYR1F (5’- CCCTGTGTGTGTGCAATGG-3’) and PIGRYR1R (5’-
GTTTGTCTGCAGCAGAAGCT 3’) that amplified a 95 bp fragment of the pig RYR1 gene. 
The probes used were PIGRYR1V2 (labeled with VIC dye) and PIGRYR1F2 (labeled with 

FAM). Each PCR  reaction mix (25 μL) comprised: 1X PCR green Buffer, 2.5 mM MgCl2, 5 
pmol of each  primer, dNTPs each at 200 μM, 2.5 U of Taq DNA Polymerase (Promega, 
Madison, WI, USA) and 100 ng of genomic DNA. PCR was performed on a CFX Connect 
thermal cycler (BioRad, USA), under the following conditions: 95˚C for 10 min followed 
by 40 and 1 min at 62˚C. The data collected and the melting curve analysis was carried 
out using the CFX ManagerTM software. 
  
Statistical interpretation. The allelic frequencies were calculated according to a 
previously reported method (Falconer 1982). The OriginPro (Software version 8.5, Origin 
Lab Institute, USA) was used for the ANOVA one-way and the least significant difference 
test when comparing the genotype frequencies. 
 
Results and Discussion. The allelic distribution of some of the samples tested is shown 
in Figure 1.  
 

 
 
Figure 1. Ryr-1 genotypes’ identification through RT-PCR. Diamonds - CC pigs; Triangles 
- CT individuals; circles - TT individuals. 
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The frequency of the desired C allele was similar among purebred Mangalitsa and 95 
crossbred Mangalitsa while the proportion of heterozygotes (C/T) varied substantially 
(P<96 0.05). Purebred Mangalitsa samples showed fewer heterozygotes (26.41%) while 
the crossbreds showed higher percentages (52.63%). The highest frequency of T allele 

was noticed in Landrace – Mangalitsa crossbred samples, where 6% were found to be 
C/C genotype. Although descended from wild boar and considered a primitive breed with 
much less genetic mutations, some of the Mangalitsa pigs purebred swine tested revealed 
to carry C allele in heterozygous state. The majority of the samples (n = 47) (88.67%) 
revealed the C/C genotype (Table 1).  
 

Table 1 

Distribution of ryr-1 genotype and the allele frequencies in the Mangalitsa swine 
population studied 

 

Breed N 
Genotypea Allele frequencies 

C/C C/T T/T C T 

Mangalitsa 53 39 (73.58)b 14 (26.41)b 0 0.847 0.153 
Duroc x Mangaitsa 

crossbred 
54 18 (33.33)b 36 (66.66)b 0 0.849 0.151 

Landrace x Mangalitsa 
crossbred 

60 32 (53.33)b 24 (40)b 4 (6.66)b 0.814 0.189 

Total 167 89 (53.29)b 74 (44.31) 4 (2.39) 0.843 0.157 
aGenotype determined by RT-PCR assay for ryr-1 locus; C/C = normal pig; C/T = 223 heterozygote; T/T = 
homozygote mutant. 
bPercentage of pigs with breed is given in parentheses. 
 
Although several reports demonstrated the absence of the stress gene in the local pig 
population from Central and Eastern Europe (Sarac et al 1998). Ciobanu et al (2001) 
reported the absence of the T allele in Mangalitsa breeds in Transylvania in 2001; 
therefore it seems that T allele has been introgressed by crossbreeding of Managalitsa 
breed with other breeds. This fact is 6 probably due to the limited use of artificial 

insemination in small-scale Mangalitsa production farms and therefore the certified 
material is not widely used. Other previous studies related to Ryr-1 gene mutation and 
meat quality have been conducted (Obi et al 2010) revealing that also the heterozygote 
genotype is likely to develop PSE meat. It was that CT genotype more frequently 
produces PSE meat than pigs with normal genotype (Pommier & Houde 1993; Cheah et al 
1995; Horiuchi et al 1996). Other studies (Houde et al 1993) showed that the proportion 
of heterozygotes varies substantially among breeds raised in Canada, the Duroc breed 
containing the fewest heterozygotes and the Landrace the most. Researches on Duroc, 
Large White and Landrace breeds raised in China (Ruan et al 2013) revealed also a 
number of heterozygotes and several undesirable TT homozygotes. However, the Ryr-1 
allelic frequencies in our study showed that Landrace x Mangalitsa and Duroc x 
Mangalitsa crossbreds are carriers in a high percentage, while Mangalitsa purebreds have 
the lowest carrier frequency.   
 

Conclusions. Having in mind that the ryanodine receptor gene is considered for PSE 
expression in meat, the results obtained show that there is a low probability of 
occurrence in primitive breeds such as Mangalitsa. However, frequent crossbreeding of 
Mangalitsa with Duroc and Landrace swine for improving the meat quantity and lowering 
the fat content can lead to the spread of mutant gene carriers. Our observations indicate 
that a continuous selection in Mangalitsa crossbreds is required to fix the favorable alleles 
and decrease the T/T genotype frequency. We further suggest that a continuous selection 
of the Ryr-1 locus be made by the Transylvanian Mangalitsa swine breeders to establish 
the PSE-free lines populations.  
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