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Abstract

A total of 596 hybrid pigs, crossbreeds (Czech Large White x Czech Landrace) x Pietrain from production testing were used
in our study. Stress negative (NN) sows F1 and 9 different Pietrain boars with even proportion of RYR1 genotype (3x NN, 3x
Nn, 3x nn) were included in the experiment. After slaughtering, the carcasses were divided into 4 weight groups with 10-kg
intervals from 65 to 105 kg. The effect of genotype of RYR1 gene in boars on the thickness of back fat, meatiness and length
of carcass has been demonstrated based on variance analysis. Back fat was deepest in all weight groups in the progeny of
boars with heterozygote genotype. In contrast, the lowest values were obtained in the progeny of boars with recessive
homozygote genotype (nn) (P < 0.001). The lowest values of meatiness were recorded in the progeny of boars with genotype
Nn compared to the progeny of boars with genotype nn, the difference being statistically significant (P < 0.001). No
significant difference was found in meatiness between the progeny of NN and nn boars. The highest values of the carcass
length were found in all groups in the progeny of boars with heterozygote genotype (Nn). The differences in this parameter
between this genotype and the other two (NN and nn) were significant.
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Nowadays an intensive pig breeding results in a slaughter pigs with n allele. Nevertheless, the effect of the
substantial increase of performance in purebred pigs. This above gene on the carcass value of pigs has not been as
is largely due to the use of modern methods of breeding much studied as the effect on meat quality. The latter
performance prediction (BLUP-AM) but also due to the problem has been studied by Oliver et al. (1993) who
use of molecular genetic methods by which the genotype reported that halothane positive animals had lower
of individual animals can be determined more accurately. thickness of back fat and more lean meat in carcasses. The
Subsequently, targeted employment of breeding animals development of PCR-RFLP methods enabled easy
with proper performance and determined genotype at assessment of carcass value for individual genotypes.
certain level of the hybridization programme can be Stadler et al. (2007) mentioned that the highest meatiness
implemented. was obtained in animals with nn genotype and the lowest

This is being currently used in ryanodine receptor meatiness was obtained in animals with NN genotype.
(RYR1) gene determined by the PCR-RFLP method. Animals with heterozygote genotype usually obtain mean
Mutation of RYRI1 gene and its association with the values of meatiness. Simpson et al. (1989) reported that
syndrome of malignant hyperthermia was described by animals with nn genotype had shorter carcasses compared
(Fujii et al. 1991). This genotype has been determined in with the other two genotypes. In contrast, animals with
all breeding animals included in the hybridization NN genotype had the longest carcasses.
programme in maternal position, and dominant The objective of this study is to assess the effect of
homozygote animals, i.e. those with NN genotype have RYRI1 genotype of Pietrain boars, used for the production
exclusively been used in order to minimize the occurrence of final slaughter hybrids, on the carcass value of their
of quality variation PSE. This gene has also been progeny slaughtered at different weight.
identified in boars of parental breeds in which problems
with the occurrence of the porcine stress syndrome (PSS) Materials and Methods
has been observed such as the Pietrain breed. Thus the
offer of boars with a defined genotype has been enlarged Experimental animals
and breeders can choose animals with stress negative The experiment included 596 fattening pigs of hybrid
genotype NN, Nn or stress positive genotype nn. As stated combination (Czech large White x Czech Landrace) x
in previous papers (Fisher et al. 2000, Gispert et al. 2000, Pietrain. A total of 9 boars, 3 of each genotype of the
Fabrega et al. 2004), worse meat quality and higher RYRI gene (NN, Nn, nn) were used in the experiment.

occurrence of quality variation PSE was observed in
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Porcine genotype was determined by DNA analysis of the
following method described by (Otsu et al. 1992).
Slaughter pigs were divided into three groups based on
boars’ genotype. F1 sows were used to form all groups in
which the genotype NN is expected based on breeding
practices. After delivery, all piglets were marked with
numbers by notching, and classification into groups
according to boar’s genotype was carried out using
coloured ear tags.

Measurement methods

After slaughtering, the carcasses were weighted within
30 min with accuracy of tenth of kg using the equipment
FOM (FAT-O-MEAT’er SFK — Technology DK 2730
Herlen, Denmark) and the percentage proportion of
muscles in carcasses (meatiness) was determined. The
measurement included inside fat thickness and depth of
the muscle Musculus longissimus lumborum et thoracis
(MLLT) at the measurement site. Measurements and
assessments were carried out in accordance with the
Regulation 194/2004 Coll.

Another parameter under assessment was the carcass
length, which is defined as the shortest connection
between the cranial edge of pelvic physis and articulation
of the first rib with the first thoracic vertebra.

Slaughter pigs were included into four weight categories
based on carcass weight:

The first group — less than 75 kg

The second group — 75 to 85 kg

The third group — 85 to 95 kg

The fourth group — 95 kg and more

Statistical analyses

Means and standard errors of the obtained phenotype
groups were calculated for each of the investigated group
of animals using the Proc MEANS analysis.

The following analyses were carried out using the basic
linear model (Proc GLM). The following linear model has
been used for the parameters of carcass value (depth of
MLLT muscle, fat, meatiness, and carcass length):

Yijkim= 1+ g + by + Wik + 81 + €ijiim

where yium is the value of measured parameter of m®
head of 1™ sex from k™ weight group of j boar with i"
RYRI genotype; p is a total mean of a parameter, g; is the
effect of i" RYRI genotype, b; is the effect of j" boar
with i™ RYR1 genotype, wy is the effect of k™ weight
group of progeny from boars with i RYR1 genotype, s; is
the effect of 1™ sex of the slaughter animal, and ejjm, is the
residual effect.

Variance analysis was performed based on the above
linear model for all parameters. The use of Type IV of the
sum of the least squares appeared as most suitable.
Significance of differences among individual factors in the
linear model was tested using F test. LSmeans values were
calculated for 12 groups (3RYRI genotypes x 4 weight
categories). The differences between the LSmeans were
tested by the multiple t test. Statistical software SAS® 9.1
was used for all the calculations.
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Results

Table 1 shows the mean phenotype values of all
investigated parameters of carcass value in slaughtered
pigs. The whole set of investigated animals was divided
into four different weight groups. Each weight group was
further divided based on the RYR1 genotype of the boars
used into three subgroups.

Concerning the parameter “depth of MLLT muscle”, the
lowest values were measures in three weight groups of the
progeny of heterozygote boars (Nn). However, no
significant effect of genotype was recorded in this
parameter in contrast to other parameters under
investigation.

In all weight groups, the highest back fat was found in
the progeny of boars with heterozygote genotype. In
contrast, the lowest values were found in the progeny of
boars with recessive homozygote genotype (nn).

Opposite results were obtained in meatiness when the
lowest values were found in the progeny of Nn boars. No
significant differences were found between meatiness in
the progeny of NN and nn boars; significant difference
was only found in the weight group 85-95 kg, when
significantly higher meatiness was recorded in the
progeny of recessive homozygote boars.

In the parameter “carcass length”, the highest values
were obtained in the progeny of Nn boars. While in the
weight group < 75 kg the carcass length in the progeny of
nn boars with was shorter by 1.3 cm compared with NN
genotype, in other two weight groups, the values were
nearly equal, and in the in the group 95-105 kg the values
were higher by 0.27 cm.

The results of variance analysis

Table 2 shows the results of variance analysis for
individual parameters of carcass value. The effect of the
weight group proved to be the most important factor
having impact on all the parameters under study on
significance level 0.001. Highly significant effect of
RYRI1 genotype in boars on the differences in back fat
thickness and meatiness (0.001 level), and on differences
in carcass length (0.01 level) was reported. Boars with
different RYR1 genotype showed significant effect on
MLLT muscle depth (0.01level) and carcass length
(0.0011evel). Sex of the fattening pigs was an important
factor concerning thickness of back fat and meatiness
(0.0011evel).

The values of the Least squares means for the progeny
of boars with different RYR1 genotype

The values of the least squares means + standard error
for RYR1 genotype, calculated using a respective linear
model, and demonstration of probability associated with
multiple t test for comparison among progeny of boars
with these genotypes are showed in Table 3. The values
are given for all the investigated parameters and weight
groups.
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In the carcass weight parameter, no significant
differences were found in any weight group among
individual subgroups of progeny of boars with different
genotypes. Concerning this parameter, all subgroups of
individual groups appeared  consistent, balanced and
comparable, which was the objective of our study.

In the lightest weight group, practically no significant
differences between individual subgroups of progeny of
boars with different RYR1 genotype appeared. The only
exception was the carcass length which was significantly
longer (0.05 level) in animals originated from boars with
heterozygote genotype compared with those originated
from boars with recessive homozygote genotype.

In the weight group 75-85 kg, highly significant
differences (0.001level) were found in the depth of MLLT
muscle between the progeny of boars with NN and nn
genotype, and significant differences (0.05level) between
the progeny of Nn and nn boars.The highest values were
obtained in animals with dominant homozygote genotype,
and the lowest wvalues in animals with recessive
homozygote genotype. Significant difference (0.05 level)
was observed in back fat thickness between the progeny
of Nn and nn boars. Significant differences were also
found in the proportion of muscles between the progeny
of boars with NN and Nn genotype (0.01 level), and
between progeny of boars with Nn and nn genotype (0.05
level).

Most differences were observed in weight category
85-95 kg. Significant difference (0.051evel) was found in
MLLT muscle depth between the progeny of Nn and nn
boars of boars. In back fat thickness, highly significant
difference was found in subgroup of progeny of NN and
Nn boars (0.01 level), between progeny ofom boars NN
and nn (0.01 level), and between progeny of Nn and nn
boars (0.001 level). In the proportion of lean meat, highly
significant differences were found in subgroups of
progeny of NN and nn boars (0.01 level), and in
subgroups of the progeny of Nn and nn boars (0.001
level). Significant difference in this weight group was also
found in carcass length where the subgroup of the progeny
of boars with heterozygote genotype differed from the
other two subgroups (0.05 level).

No significant differences among subgroups were found
for the investigated parameters of carcass value in the
weight group 95 kg and more.

Discussion

The effect of weight group on selected parameters of
carcass value

The results of our study confirm the basic assumption
and conclusions of many authors (Gu et al. 1992,
Cisneroset et al. 1996, Sladek et al. 2003, Correa et al.
2004, Latorre et al. 2004) that the increasing weight of
slaughter animals results, due to the growth, in the
increase of individual muscles, muscle parts and volume
of the deposited fat.
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Our results are in agreement with the conclusions
published by Sladek et al. (2003) that at increasing
slaughter weight, the depth of MLLT muscle is increasing
either. This corresponds with the results reported by Gu et
al. (1992) and Cisneros et al. (1996) who mentioned the
effect of increased weight of carcasses on the increasing
size of MLLT muscle.

Our investigation also confirmed the conclusions of
several authors (Gu et al. 1992, Cisneros et al. 1996,
Candek-Potokar et al. 1998, Sladek et al. 2003, Latorre et
al. 2004, Lee et al. 2006) that fattening for higher
slaughter weight results in marked deposition of fat tissue
and increased thickness of back fat. However, Cisneros et
al. (1996) stated that other important factor was the
growth rate of animals when more rapidly growing
animals had higher thickness of fat at the same weight.
Similar results was described by (Tvrdon et al. 1998).

Of the above mentioned factors, the increasing
thickness of back fat is much more important as it has an
impact on the tendency to decrease meatiness in heavier
weight categories of pigs. It logically follows from the
equation used for determination of lean meat proportion in
carcasses in the slaughter. The coefficient used in the
Czech Republic, by which the thickness of back fat
multiplies at the assessment of lean meat proportion, has
an absolute value of 0.72930; while the coefficient by
which the depth of MLLT muscle multiplies has an
absolute value of only 0.12853 (Collection of Laws No.
194/2004). This assumption has been confirmed by
comparison of the resulting meatiness of slaughter pigs in
individual weight categories which markedly decreased at
increased weight of carcasses as reported by (Sladek et al.
2003).

Table 1 also shows the apparent effect of weight on
carcass length, which corresponds with the results
published by (Gu et al. 1992, Cisneros et al. 1996,
Candek-Potokar et al. 1998, Latorre et al. 2004).

The effect of RYR1 genotype in boars on their progeny
Boars which differed in genotype of RYRI gene were
used in our experiment, whereas all sows were stress-
stable of NN genotype. Therefore all pigs of NN boars
were of NN genotype, and pigs of nn boars were of Nn
genotype. The progeny of Nn  boars were partly of NN
genotype and partly of Nn genotype, nearly of the same
frequency of the genotypes. The use of sows with the only
genotype NN resulted in absence of stress-positive
genotype nn in the progeny under investigation.

As described above, in some of the investigated
parameters of carcass value, a significant effect of
genotype of RYRI1 gene could be observed. This was
especially the case of the parameter “back fat thickness”,
“meatiness”, and “carcass length”.

Our results are in agreement with those published by
Tor et al. (2001) who reported that higher thickness of
back fat in the site of FOM measurement was observed in
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pigs with dominant homozygote genotype (NN boars)
compared with pigs with heterozygote genotype Nn (nn
boars). Surprisingly enough, the pigs of boars with
heterozygote genotype showed in all weight categories the
highest thickness of back fat which markedly influenced
meatiness which was in contrast the lowest. These results
are not in accordance with the conclusions published by
Stadler et al. (2007) that animals with heterozygote
genotype obtain intermediate values of performance in the
above parameters. Moreover, our results are not consistent
with those reported by Fabrega et al. (2004) that no
difference was found in the predicted proportion of lean
meat in the progeny of boars with NN genotype and pigs
of boars with nn genotype. In the progeny nn boars, the
meatiness was in three out of four weight categories
higher compared to the progeny of NN boars. These
results are in accordance with the data from the literature
where pigs with Nn genotype had higher meatiness that
those with NN genotype (Sellier 1998, Aubry et al. 2000,
Tor et al. 2001).

Our results are in agreement with data of Leach et al.
(1996) and Tor et al. (2001) who did not find any
difference in the length of carcass between animals with
NN and Nn genotypes. However, we cannot confirm the
results published by Simpson et al. (1989) that animals

with nn genotype had shorter carcasses compared with the
other two genotypes, and that animals with NN genotype
had the longest carcasses. In our study, the highest values
were obtained in pigs of boars with Nn genotype, and in
two out of four weight categories; the difference was sig-
nificant compared with the progeny o nn boars.

The depth of MLLT muscle was the only parameter of
carcass value that was not affected by genotype of the
RYRI1 gene in the boars under study. This finding is in
accordance with the data by (Leach et al. 1996). Yet, in
this parameter significant differences among subgroups
were found. Evaluation of the weight group 75-85 kg re-
vealed that the highest depth of MLLT muscle was ob-
tained in the progeny of NN boars. In contrast, the lowest
depth of the MLLT muscle was observed in the progeny
of nn boars. Intermediate results of this parameter were
found in the progeny of Nn boars. The group of pigs origi-
nated from nn boars differed significantly from the other
two groups. These results are in accordance with the data
published by (Fabrega et al. 2004). However, Tor et al.
(2001) obtained opposite results, i.e. that the depth of
MLLT muscle was lower in the site of FOM measurement
in pigs with NN genotype compared to pigs with Nn
genotype. Based on our measurements, we cannot accept
those results.

Table 2. Analysis of variance for carcass traits in the progeny of boars with different RYRI genotype

Significance probability associated with the F test for
Source of variation DF Do
. pth of Backfat .
Weight MLLT thickness Meatieness | Carcass length

RYRI genotype of boar 2 0.2406 0.1073 <0.0001 0.0002 0.0035
Boar within RYR! genotype 6 0.4964 0.0073 0.6656 0.5099 0.0003
Massic group within RYR1 9 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
genotype

Sex of fatteners 1 0.7614 0.5942 <0.0001 <0.0001 0.0115
Model in total 18 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Error 577
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Conclusion

Our investigation confirms the importance of a proper
selection and suitable gene pool at the production of
fattening pigs. Our results also suggest that the use of
heterozygote boars in RYR1 gene will not always yield
progeny with an intermediate performance. As expected,
the progeny of boars with recessive homozygote genotype
(nn) obtained better results in the parameters “thickness of
back fat” and “meatiness”. On the other hand, the progeny
of boars with dominant homozygote and heterozygote
genotype had better results in the parameter “depth of
MLLT muscle”. In the first and last weight groups, no
significant differences were found between the genotypes
under study, except for the parameter “carcass length”.
This can, however, be due to the lower number of animals
in the marginal groups. In spite of that, great emphasis has
to be placed on the selection of breeding animals and
optimum slaughter weight.
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