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Summary

The aim of the experiment was to determine the RYR1 genotype and to analyse the distribution of
osteochondrosis (OC) in wild boars from different regions of Lithuania. Hair and bone samples were collected
from wild boars of various sexes and ages that had been shot during hunting season. Genomic DNA was
extracted from hair roots. The RYR1 gene was analysed with the PCR-RFLP method, using specific primers
and restriction enzymes Alw211 and Hin61. Only one C allele (q = 1.00) and CC genotype of the RYR1 gene
were identified. Thus 138 genotyped wild boars were stress-resistant with both dominant alleles intact (no
mutation). OC was measured by the cut surface of the distal femur and humerus. The prevalence of OC among
the 34 wild boars tested was 20.6%. 5 animals (14.7%) had OC lesions in the hind legs and 2 animals (5.9%)
had them in the front legs. OC affected leg joints more often in adult females (third-years and older), but this

dependence was not significant (p > 0.05).
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The species of wild boar (Sus scrofa L.), which is
widespread in Europe, Asia and North Africa, includes
about 27 subspecies (7). Lithuania is the habitat of the
Central European wild boar (Sus scrofa scrofa). As the
ancestor of the domestic pig, the wild boar can mate
reciprocally with the pig to give prolific progeny (18),
with both swine and wild boar carrying 38 chromo-
somes (35). However, these animals may have some
hereditary defects or diseases, such as stress sensitivity
and osteochondrosis. Thus far, studies of these dis-
orders and their influencing genes have mostly been
carried out on domestic pigs, with wild boars only
recently receiving increased attention.

Chromosome 6 (SSC6) of the domestic pig and the
wild boar contains the ryanodine receptor 1 (RYRI)
gene, also known as the halothane (HAL) gene or the
calcium release channel (CRC) gene (12). Mutation
in the RYR1 gene (transition of nucleotide/allele C to
nucleotide/allele T at position 1843, which leads to the
replacement of the amino acid arginine with cysteine
at position 615) is associated with porcine stress syn-
drome (PSS), also known as malignant hyperthermia
(MH). PSS/MH is a monogenic autosomal recessive
hereditary disorder that leads to changed membrane
characteristics in skeletal muscle fibres, more specifi-
cally to an increased release of calcium ions from the

sarcoplasmic reticulum as a response to different stress
factors (6, 11, 32). Individual animals with the RYR1 C
and T alleles combination are divided into three geno-
types: CC — dominant homozygotes (stress-resistant),
CT — heterozygotes (stress-resistant carriers), and
TT — recessive homozygotes (stress-susceptible).
RYRI/CC, RYRI/CT and RYRI/TT allelic pairs were
associated with the halothane genotypes NN, Nn and
nn, respectively (34). There have been several studies
to determine the prevalence of the RYR/ mutation in
wild boars. Mostly wild boars with the CC genotype
(stress-resistant) have been reported (8, 21, 26, 40),
while only isolated cases of wild boars with CT and TT
genotypes have been identified (1, 4). Investigations of
the stress-susceptibility of domestic pigs in Lithuania
have been carried out (16), but the results of analogous
studies on wild boars in the same territory have not yet
been published.

Osteochondrosis (OC) is a degenerative disease
of bone and cartilage tissues that occurs not only in
humans, but also in many species of domestic animals,
such as pigs (13, 15, 17, 20, 37, 39), horses (24), cattle
(31), dogs (3), cats (30), and poultry (14). OC in ani-
mals has been documented in various joints, but its
severity can be vary. The incidence of OC is highest
in the distal femur and humerus condyles, which leads
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to leg weakness and affects animal welfare
and longevity (27, 37, 38). Environmental
conditions have an influence on the more
intense development of OC in pigs,
which are susceptible to this disease (10).
Currently, there are several OC lesion eval-
uation methods: radiological examination
of live animals, post-mortem examination
of joints, and genome examination (20).
Quantitative trait loci (QTL), associated
with OC or leg weakness in different breeds
of pigs, may be located on several chromo-
somes (2, 5, 22, 23, 29, 36). Thus OC is
a polygenic hereditary disorder. Because
OC is commonly found in domestic pigs,
it is likely to also exist in wild boars. Wild
boars roam freely, sometimes over large
distances. Consequently, biomechanical
forces on the joints may also contribute to the develop-
ment of OC in wild boars. Examinations of OC in wild
boars are few, however, and the prevalence of articular
OC is reported to be low (9). Andersson-Eklund et al.
(2) found QTL affecting OC on chromosomes 5, 13
and 15 in hybrids of wild boars and domestic pigs.

This paper presents the results of research on the
RYRI genotype and distribution of OC in wild boars
from Lithuania.

Material and methods

The study was carried out over a period of five years
(2009-2013). Hair (bristle) and bone samples were collected
from both male and female wild boars of various ages in
the north, south, east and central regions of Lithuania that
were shot during the hunting season. All animal experiment
procedures were carried out in compliance with Lithuanian
animal care, management and use legislation No. 8-500
(State news, 28 November 1997, no. 108). No special per-
mits from the Lithuanian State Food and Veterinary Service
or Environmental Protection Agency were needed as Afri-
can Swine Fever (ASF) did not reach Lithuania until 2014.

DNA extraction and genotyping. Plucked hair samples
were collected from 138 wild boars (56 females and 82
males). Four to five hair roots of each animal were used
for genomic DNA isolation. DNA analysis was carried out
according to the procedure described by Miceikiené et al.
(25), extracted using the Chelex purification method. All
Polymerase chain reactions (PCR) were performed using
Applied Biosystems’ 2700 Thermal Cycler. The RYRI gene
was analysed with the PCR-RFLP method, using RYR ! for-
ward 5’-GTG-CTG-GAT-GTC-CTG-TGT-TCC-CT-3"(9.2
pmol/ml) (Interlux) and RYR1 reverse 5’-CTG-GTG-ACA-
TAG-TTG-ATG-AGG-TTT-G-3’ (7.3 pmol/ml) (Inter-
lux) oligonucleotide primers (10 pmol for each reaction),
0.2 mM dNTP, 50 mM MgCl,, 10 x Taq Buffer (NH,)SO,,
1 U Taq DNA polymerase, BSA (20 mg/ml) (JSC Thermo
Fisher Scientific Baltics, LT). PCR were completed under
the following conditions: 94°C for 3 min, followed by 31
cycles of 94°C for 15 s, 69°C for 15 s and 72°C for 35 s,
with a final extension at 72°C for 5 min. After amplifica-
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Fig. 1. Distal view of femoral and humeral condyles (a) and its cut surface (b)
Explanations: 0 —smooth and rounded joint surface, normal thickness of cartilage
and regular cartilage—bone transition; 1 — smooth and rounded joint surface,
slight retention of cartilage; 2 — flattened joint surface, moderate retention of
cartilage; 3 — deformed joint surface, large retention of cartilage; 4 — deformed
with crater formation joint surface, large retention of cartilage; 5 — deformed with
dissecting lesion in cartilage joint surface, dissecting lesion in retained cartilage

tion, 10 pl of the PCR amplification product was digested
with Alw211 and Hin61 (JSC Grida, LT) (7.5 ul dd H,0,
2 pl 10 x M buffer, 0.5 pl Alw211 or Hin61) restriction
enzymes leaving it for 15 h at 37°C. The point mutation
is located in fragment 134 bp in length, which is obtained
after PCR. If the animal is stress-resistant (CC), restriction
with Hin61 enzyme will produce 86 bp and 48 bp DNA
fragments, and restriction with A/w211 enzyme will pro-
duce one 134 bp fragment. Stress-resistant carriers (CT)
will produce fragments 134 bp, 86 bp and 48 bp with both
restriction enzymes, while stress-susceptible animals with
both alleles mutated (TT) have a recognition site for diges-
tion with 4/w211 (48 bp and 86 bp fragments) but do not
have a recognition site for digestion with the Hin61 restric-
tion enzyme (134 bp). Visualization of the different RYR/
genotypes was obtained by 3% agarose gel electrophoresis
at 100 V for 35 min after staining the gels with ethidium
bromide for 15-20 min, using the “MiniBisPro” video docu-
mentation system (Herolab).

Osteochondrosis studies. After cutting the carcass of
wild boars, OC was measured according to Reiland et al.
(33) by the cut surface of the distal femur and humerus. The
severity of this disease was scored in elbow and knee joints
on a scale of 0-5 points (Fig. 1). The scores range from 0 (no
joint lesions) to 5 (severe joint lesions), with 1 indicating
weak joint lesions. 34 wild boars of both sexes (19 females
and 15 males) and a range of ages (14 second-years and 20
third-years or older) were tested. The age of the animals
was determined visually and by the teeth method.

Statistical analysis. Descriptive statistics were processed
using the SPSS program (version 20.0) for Windows. The
frequency of alleles and genotypes at the RYR/ locus within
the investigated population of wild boars was calculated
according to the Hardy-Weinberg law. The statistical sig-
nificance of sex and age on OC lesions in wild boars was
determined using Fisher’s exact test.

Results and discussion

RYRI gene. After electrophoresis, the gels were
illuminated by UV rays and the RYR/ genotype of
wild boars were recorded. Restriction with the Hin61
enzyme produced 86 bp and 48 bp DNA fragment
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Fig. 2. Example for PCR product visible in agarose gel after electrophoresis (1 to
9 animals). One C allele and CC genotype of the RYR1 gene were identified in

all 138 wild boars

lengths and restriction with the A/w21] enzyme
resulted in only one 134 bp fragment. Consequently,
all genotyped animals (Fig. 2) were stress-resistant
with both alleles intact (CC, dominant homozygotes,
no mutation).

Therefore, in domestic pigs and wild boars, the
ryanodine receptor 1 gene mutation (C > T transition,
RYRI T) is associated with stress susceptibility (PSS
or MH). Stress-susceptible swine have greater muscu-
larity, yet worse reproduction and fattening traits and,
in particular, poorer meat quality than stress-resistant
animals (16, 19). Stress-sensitive animals, in compari-
son with their stress-resistant counterparts, have more
difficultly surviving stressful situations, are worse at
adapting to changing environmental conditions and
are less healthy overall (34). In our study, all European
wild boars (n = 138) tested did not have the RYRI T
allele (stress-resistant, no polymorphism). The mono-
morphic RYRI gene in these animals has also been
established in other countries. Miiller et al. (26) geno-
typed 10 European wild boars from Germany, Ernst et
al. (8) genotyped 109 wild boars of two subspecies (Sus
scrofa scrofa and Sus scrofa attila) from Germany and
the Czech Republic, Kuryl et al. (21) genotyped 90 wild
boars from northeast Poland, and Zinovieva et al. (40)
genotyped 89 wild boars of different populations from
Russia and reported only CC genotypes (wild type,
no mutation). However, it was also reported that one
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of the European wild boars used for
arrangement of the Nordic reference
family for QTL mapping was a het-
erozygote (CT) at the RYRI locus (1).
Borman et al. (4) reported that among
the 29 genotyped wild boars from
the Gdansk forest district in Poland,
there were 19 (65%) stress-sensitive
recessive homozygotes (TT), 8 (28%)
stress-resistant heterozygotes (CT)
and only 2 (7%) stress-resistant
dominant homozygotes (CC) with
both alleles intact. Consequently, all
three genotypes are probably found
at the RYRI locus among both wild
boars and swine.

Osteochondrosis. The occurrence
of OC among 34 wild boars tested was
20.6% (Tab. 1). This study indicated
that females were more likely to have
this disease than males (26.3% vs. 13.4%, p > 0.05).
Mild OC (one point) incidence was determined in the
joints of the front and hind legs of most (5 cases) ani-
mals. Overall, there were 2 cases where OC severity
reached 2 points (both in the knee joint of males). In
addition, hind legs were more affected by joint lesions.
OC scores of 3 to 5 points were not registered. When
analysing OC severity in relation to age (Tab. 2), it was
determined that 14.7% adult (third-years or older) and
5.9% young (second-years) wild boars have leg joint
lesions. This tendency especially manifested itself for
females (21.0% and 5.3%, respectively). However, the
effect of age on OC in wild boars, as in the case of sex,
was not significant.

In animals, the word OC is mostly restricted to focal
necrotic lesions on growth cartilage, leading to focal
impaired endochondral ossification of the articular-
epiphyseal cartilage complex (AECC). There is sub-
stantial evidence that OC in animals is initiated by
ischemia of the growth cartilage, caused by the necrosis
of vessels in cartilage canals, resulting in a disruption
of the blood supply within the AECC (28, 38). In
joints affected by OC, macroscopically-visible lesions
are typically found, including the local thickening of
articular cartilage, irregular cartilage surfaces, fissures
between cartilage and subchondral bone, osteochon-
drosis dissecans (OCD), and necrosis of subchondral
bone (38). OC deforms joints and reduces leg strength,

48 bp

86 bp
134 bp

Tab. 1. Prevalence of osteochondrosis among investigated wild boars

Joint lesions Lesion score in elbow joint Lesion score in knee joint Lesion score in both joint
No. of
B animals N o 1 2 3-5 1 2 3-5 1-2 3-5 p value
0. %
(No.) (No.) (No.) (No.) (No.) (No.) (No.) (No.)
Females 19 5 26.3 2 - - 3 - - - -
0.426 ns
Males 15 2 13.4 - - - = 2 = - -
Total 34 7 20.6 2 - - 3 2 - - - X X

Explanation: ns — effect of sex on OC was not significant (p > 0.05)
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Tab. 2. Distribution by age of wild boar females and males having normal joints (0 score) and osteo-

chondrotic joint lesions
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the animals were
found to have no

M| Momsiont | wieions || e T

No. % No. % No. % Because wild boars

Second-years 7 36.9 6 31.6 1 5.3 roam, have natural

Females | Third-years and older 12 63.1 8 421 4 2o | 00 s Eﬁi‘tlgéorii iasndr glr)e

Total 19 100.0 14 73.7 5 26.3 X X able th’at seleF:: tion

Second-years 7 46.7 6 40.0 1 6.7 - s pressure may have

Males Third-years and older 8 53.3 7 46.6 1 6.7 favoured those that

Total 15 100.0 13 86.6 2 13.4 X X are well adapted

Second-years 14 M2 | 12 35.3 2 5.9 to an active life

Total Third-years and older 20 588 | 15 | 44.1 5 w7 | ™ thanks to healthy

joint structures and

Total 34 100.0 27 79.4 7 20.6 X X the stress-resistant
Explanation: ns — effect of age on OC was not significant (p > 0.05) genotype.

resulting in animals which start limping, unable to walk References
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