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Abstract

Malignant typerthermis (MH) in swine is an economically important
pharmacogenetic disease that affects calcium regulation in skeletal
muscules and results in sudden, stress induced death and economic losses
through reduction of viability and meat quality (Britt, 1987). Genetically
susceptible pigs are characterized by muscular hypermetabolism and rigor
due to an alteration in the gating pathway between closed and open states
of the calcium release channel (RYR1) in skeletal musculature (Nelson et
al., 1995).

Molecular genetic studies have indicated that MH of pigs is caused by a
single amino acid substitution in the RYR1-calcium release channel (Fujii
et al., 1991). On the basis of this point mutation in the ryanodine receptor
1 gene a molecular genetic test procedure has been developed which
allows to discriminate homozygous stress resistant (NN), heterozygous
(Nn) and homozygous stress susceptibility (nn) pigs (Fujii et al., 1991;
Otsu et al., 1992; Brenig et al., 1992). The molecular genetic test gives
more reliable results than the formerly used “halothane challenge test”
(Eikelenboom et al., 1974). It is well established that the RYRI-
genotype influences performance traits in pigs like lean yield and carcass
quality (Wittmann et al., 1993; Pommier et al., 1993; Schmitten et
al., 1993; Scholz et al,, 1994; Rempel etal., 1995). Studies on the effect
of the RYRI1-genotype on fertility traits are however rare.

The objective of our study is to investigate the relationship between
RYRI1-genotypes and reproductive performance in sows.
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Introduction

Malignant typerthermis (MH) in swine is an economically important
pharmacogenetic disease that affects calcium regulation in skeletal muscules
and results in sudden, stress induced death and economic losses through
reduction of viability and meat quality (Britt, 1987). Genetically susceptible
pigs are characterized by muscular hypermetabolism and rigor due to an
alteration in the gating pathway between closed and open states of the calcium
release channel (RYR1) in skeletal musculature (Nelson et al., 1995).

Molecular genetic studies have indicated that MH of pigs is caused by a
single amino acid substitution in the RYRI-calcium release channel (Fujii et
al., 1991). On the basis of this point mutation in the ryanodine receptor 1 gene
a molecular genetic test procedure has been developed which allows to
discriminate homozygous stress resistant (NN), heterozygous (Nn) and
homozygous stress susceptibility (nn) pigs (Fujii et al, 1991; Otsu et al,
1992; Brenig et al., 1992). The molecular genetic test gives more reliable
results than the formerly used “halothane challenge test” (Eikelenboom et
al., 1974). It is well established that the RYRI-genotype influences
performance traits in pigs like lean yield and carcass quality (Wittmann et al.,
1993; Pommier et al., 1993; Schmitten et al., 1993; Scholz et al., 1994;
Rempel et al., 1995). Studies on the effect of the RYRI-genotype on fertility
traits are however rare.

The objective of our study is to investigate the relationship between RYR1-
genotypes and reproductive performance in sows.

Materials and Methods

Animals

A total of 2483 litters from 565 sows of German Landrace dam line (GL)
and 2289 litters from 847 sows of the breed Leicoma (Lc) were used to analyse
the influence of RYRI-genotype on fertility traits. The breeding sows were
kept in two farms (tab. 1).

Tab. 1. - FREQUENCIES OF RYR1-GENOTYPES (NN/Nn/nn) AND ALLELE FREQUENCY (N) OF
THE BREEDING SOWS

NN Nn nn N
Farm A
German Landrace 0.50 0.49 0.01 0.745
n=565
Farm B
Leicoma 0.54 0.45 0.01 0.765
n=847
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Fertility traits

The following traits were included in the analyses:
- TNB: number of piglets total born per litter,

- NBA: number of piglets born alive per litter,

- NBD: number of piglets born dead per litter,

- NR: number of piglets reared per litter,

- reason for culling,

- age of first service,

- farrowing-to-farrowing intervall and

- average daily gain.

RYRI Genotyping

DNA from 80 pl blood was used to amplily a fragment of 659 base pairs
with appropriate primers (Otsu et al., 1992) using the polymerase chain
reaction (PCR). Subsequently, the PCR product was digested with Cfo I and
separated in a 2% agarose ethidium bromide gel. The gene variants of the
RYR1 were typed under UV.

Statistical Analysis

The influence of the RYR1-genotype on fertility traits was analysed by a
Generalized Linear Model procedure (SAS 6.08). The following statistical
models were used to estimate the last squares means (LSM):

1. Model for the analysis of the gilt and second litter

Yi,j,k,l = p + Gi + Sj 2 Ak 32 Il + ek,j,k,l

2. Model for the analysis of all litters

YiJ,k.l = p’ + Gi + Sj + Lk + Bl + ei‘j,k,l

With:

Y. : the dependent variable

G, : the main effect of the RYR1-genotype

A, : the main effect of the age of first service

L, : the main effect of the parity

B, : the random effect of the mated boar (only boars with at least 10 litters)
1 : the overall mean

S, : the main effect of the season (successive 2 monthly classes)

I, : the covariate for the farrowing-to-farrowing intervall

e, + the random error
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All statistical models used were significant (p<0,05). Due to imbalance of
the data structure the low number of homozygous stress susceptible sows have
not been included in the analysis.

Results

As shown in table 2 the RYRI-genotype did not significantly affect
(p<0,05) the considered traits (tab. 2).

Table 2. - LEAST-SQUARES-MEANS (LSM) AND STANDARD ERRORS (S.E) OF FERTILITY
TRAITS IN THE GILT AND SECOND LITTER FOR RYR1-GENOTYPES AND BREEDS

German Landrace Leicoma
Traits RYR1-genotypes significance RYR1-genotypes  significance
NN Nn p NN Nn p
(n=558) (n=844)
gilt litter
TNB 9.29 8.80 10.43 10.55
0.24 0.24 0.059 0.24 0.25 0575
NBA 9.22 8.74 9.95 10.14
0.24 0.24 0.062 0.23 0.24 0 362
NBD 0.07 0.06 0.47 0.41
0.04 0.04 0.864 0.06 0.06 0186
NR 7.96 7.80 9.57 942
0.18 0.18 0.404 0.14 0.15 0236
(n=498) (n=592)
second litter
TNB 10.62 10.99 10.67 10.77
0.23 0.23 0.194 0.28 0.29 0.691
NBA 10.57 10.91 10.37 10.57
0.23 0.23 0.223 0.27 0.28 0.418
NBD 0.06 0.08 0.30 0.20
0.03 0.03 0.520 0.06 0.06 0.078
NR 9.00 9.07 9.68 963
0.17 0.17 0.732 0.14 0.15 0.725

The homozygous stress resistant (NN) sows of GL provide 0,49 piglets
TNB and 0,48 piglets NBA more in the gilt litter than the compared
heterozygous (Nn) sows. Nevertheless, both values are near to the level of
significane. In contrast to these results, the heterozygous sows of the breed
Leicoma yield 0,12 piglets TNB and 0,19 piglets NBA more in gilt litter than
the compared NN-sows.
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According to expectations, the influence of the season of the fertility traits
is large whereas the age of first service does not significantly affect the
analysed traits in the gilt litter. In the second litter the litter size is only
insignificantly influenced by the RYR1-deffective allele “n”. The farrowing-to-
farrowing intervall and the age of first service do not significantly influence the
considered fertility traits.

Nevertheless, differences between both stress stable genotypes seem to
appear tendentiously. In the breed Le the heterozygous sows yield 0,10 and
0,20 piglets TNB and NBA more in the second litter than the homozygous
genotypes. Surprisingly, in the German Landrace the heterozygous sows give
0,37 and 0,34 piglets TNB and NBA more in second litter than homozygous
sows. However, this relation changes in the following parties in favour of the
homozygous genotypes (about 0,4 piglets more per litter, results are not
represented in this paper). Nevertheless, in all cases studied the differences
obtained are not statistically significant at a level of p<0,05.

On the basis of all parities (litter number 1 to 12), including the effect of
the mated boar it could be shown (tab. 3) that the heterozygous RYR1-animals
of the breed Leicoma are tendentiously superior whereas in the German
Landrace both RYR1-genotypes (in contrast to the results from the gilt litter)
have a similar litter size.

Table 3. - LEAST-SQUARES-MEANS (LSM) AND STANDARD ERRORS (S.E) OF THE
FERTILITY TRAITS FOR RYR1-GENOTYPES OF ALL LITTERS

German Landrace Leicoma
(n=2094) (n=2110)
Traits RYR1-genotypes significance RYR1-genotypes  significance
NN Nn p NN Nn p
TNB 11.07 10.94 12.01 12.25
0.14 0.15 0.497 0.15 0.16 0.088
NBA 10.82 10.67 11.52 11.77
0.14 0.15 0.310 0.14 0.15 0.057
NBD 0.25 0.29 0.49 0.48
0.04 0.04 0.236 0.04 0.04 0.607
NR 8.89 8.88 9.01 8.98
0.10 0.11 0.912 0.09 0.09 0.730

The mated boar, the parity and season significantly influenced the female
fertility.

As shown in table 4 the homozygous stress stable sows in the German
Landrace exceed the heterozygous sows in the average daily gain and the age
of first service and thus, they have a higher live weight at the age of first
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service. This could be a physiological cause for their higher litter size in the
gilt litter.

In contrast to the breed Leicoma there is also a difference of two days in
the farrowing-to-farrowing intervall between the RYR1-genotypes in German
Landrace.

Table 4. - MEANS AND STANDARD ERRORS (S.E.) OF THE AVERAGE DAILY GAIN AND
OTHER FERTILITY TRAITS FOR RYR1-GENOTYPES

German Landrace Leicoma
RYR1-geotypes

Traits NN Nn NN Nn
average daily gain
n 253 247 370 299
mean (g) 527.8° 516.0° 539.5" 535.3°
s.e. 2.47 275 260 254
age of first service
n 281 277 462 382
mean (days) 271.5° 263.0° 252.0° 251.3°
s.e. 1.72 1.45 0.86 081
farrowing-to-farrowing intervall
n 1025 898 823 621
mean (days) 159.5° 157.4° 148.9° 149.7°
s.e. 0.50 0.46 0.24 0.40

** Means with different superscripts are significantly different (p<0.05; t-test).

Out of all litters two classes were subdivided with small (1-6 piglets NBA
per litter) and large litter size (13 - 21 piglets NBA per litter). To test whether
the homozygous or heterozygous sows gave more small or large litters by
means of contingency tables the Chi-Square test procedure was employed.

It could be shown that the homozygous sows of GL give significant more
large (31% of all litters) and less small litters (9 %) than the heterozygous sows
(27% and 11% respectively). In the breed Leicoma the difference is not
significant.

Of further interest was whether there are relations between the RYRI-
genotype and the reason of culling. For that purpose, all cullings were
separated in two groups: 1. culled in relation to fertility (poor rearing
performance, abortion, high returning rate) and 2. culled because of other
reasons (diseases, exterior, putting down, skeletal deformation).

Within the homozygous sows in the GL nearly 18% less cullings are
related to fertility (fig. 1) whereas the difference within the heterozygous sows
is distinct lower (about 7%). In the breed Leicoma these relationship within the
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RYR1-genotypes NN and Nn are reverse to GL which is in accordance with
the results represented in the first part of the paper.

Fig. 1. - COMPARISON OF CULLINGS BECAUSE OF FERTILITY AND OTHER REASONS FOR
RYR1-GENOTYPES

Gemman Landrace Leicoma
(NN=160, Nn=150) (NN=147, Nn=112)
90 - 83,7
80 _[ 75,9
70 +
58
60 + A 53,3
= 46,7
g 50 412 ONN
-3 40 + HE NP
30 + 24,1
20 + i
10 +
0 + t
Lertility other fertility other
reason of culling
Discussion

Previous investigations on the basis of the halothane challenge test showed
significant effects of the so called halothane gene on fertility of breeding sows
(reviewed in Von Lengerken et al.,, 1988). Therefore, Hal sows produced
between 0,1 and 1.1 more piglets per litter than Hal” sows. These differences
seemed to be more distinct in sire (Carden et al., 1985; Lampo et al., 1985)
than in dam lines (Simpson et al., 1985). There were also some doubt
whether there is any advantage in the homozygous or heterozygous Hal sows
with respect to their fertility due to the difficulty in determining the halothane-
genotype of the pigs correctly.

Investigations by means of the molecular genetic test procedure (Fujii et
al., 1991) proved that homozygous stress susceptible sows showed a decline in
fertility (Falkenberg et al., 1993; Reiner et al., 1993; Horiigel et al.,
1995). The differences between sows homozygous (NN) and heterozygous
(Nn) for the RYRI1-gene were not significant. However, the homozygous
RYRI1-genotypes seemed to be superior in litter size.

Our results confirm that between homozygous stress resistant (NN) and
heterozygous (Nn) RYR1-genotypes no significant differences occur regarding
fertility traits. However, the higher live weight of homozygous GL sows at the
age of first service helps to explain the higher reproductivity in the gilt litter.

Furthermore, the tendentiously superiority of NN-sows in the German
Landrace could support the hypothesis of an intermediary gene effect between
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the alleles N and n or incomplete dominance of the defective allele as
suggested by Simpson et al. (1989) for the appearance of PSE meat and by
Schmitten et al. (1993) for stress susceptibility.

The contrary tendencies of RYRI-effect in the breed Leicoma could
indicate interactions between breed and RYRI-genotype. Due to the
confounded effect of breed and farm the statistically verification of that
hypothesis wasn’t possible in our data.
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UTJECAJ GENOTIPA RYR1 NA OSIBINE PLODNOSTI RASPLODNIH KRMACA

Sazetak

Maligna hipertermija (MH) u svinja ekonomsi je vaZna farmakogeneticka bolest $to djeluje na
reguliranje kalcija u miSicama kraljeZnice i zavrsava iznenadnom smrcu izazvanom stresom, te utjece
na ekonomske gubitke smanjenjem sposobnosti za odrzavanjem na Zivotu i kakvoée mesa.
Geneticki osjetljive svinje karakterizira hipermetabolizam misi¢a i krutost (rigor) zbog promjene u
prolazu izmedu zatvorenog i otvorenog poloZaja kanala za oslobadanje kalcija (RYR1) u muskulaturi
kraljeznice.

Moiekularna genetiCka istrazivanja pokazuju da MH svinja prouzrodava jedan jedini
aminokiselinski nadomjestak u kanalu za oslobadanje kalcija RYR1. Na osnovi ove promjene u genu
ryanodine receptoru 1 razvijen je postupak molekularnog genetitkog testiranja $to omogucuje
razlikovanje homozigotnih svinja otpornih na stres, (NN), heterozigotnih (Nn) i homozigotnih osjetljivih
na stres (nn). Molekularno geneticko testiranje daje pouzdanije rezultate od ranije primjenjivanog
"halothane challenge test-a". Utvrdeno je da genotip RYR1 utjee na osobine performance svinja kao
8to su prinos mrSavog mesa i kvaliteta polovica. Prou¢avanja o djelovanju genotipa RYR1 na osobine
plodnosti, medutim, su rijetka.

Cilj ovog rada je istraZiti odnos izmedu genotipova RYR1 i reproduktivne performance krmaca.

Primljeno: 15. 2. 1997.
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