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ABSTRACT

The main objective of this study was to evaluate ithportance of including maternal genetic, comntitier
environmental and permanent environmental effectstimation models of variance components fofdhmewing
interval trait in swine. Data consisting of 1,018 bwing intervals of Dalland (C-40) sows recordiedtwo herds
were analyzed. Variance components were obtainetthdylerivative-free restricted maximum likelihaoéthod.
Eight models were tested which contained the fe#elcts(contemporary group and covariables) and dhiect
genetic additive and residual effects, and variedarding the inclusion of the maternal genetic, own litter
environmental, and/or permanent environmental randeffects. The likelihood-ratio test indicated thhe
inclusion of these effects in the model was unsacgsbut the inclusion of the permanent envirornaleeffect
caused changes in the estimates of heritabilitychviaried from 0.00 to 0.03. In conclusion, theitability values
obtained indicated that this trait appears to pr&sao genetic gain as response to selection. Thenuan litter
environmental and the maternal genetic effects wid present any influence on this trait. The pererdn
environmental effect, however, should be considénethe genetic models for this trait in swine, &ase its
presence caused changes in the additive genetianar estimates.

Key words: Common litter, maternal effect, permanent environtneeritability, repeatability, swine

INTRODUCTION affect the productive and reproductive traits of
swine (Arouca et al., 2004; Arouca et al., 2005;

For a genetic improvement program to beOIiveira et al., 2005; Pires et al., 2005; Fragalet

successful, the right statistical models must b&008; Pires et al., 2008). In the particular cafse o
used for estimating genetic parameters in théeproductive traits, there is no agreement in the
population. Thus, the models must cover both thiiterature as to which random effects should be
genetic and the environment effects, which CaHt”ized in the model for a real estimation of the
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genetic parameters of these traits in swine, amavailable feed was supplied to the breeding stock,
therefore individual evaluations have beemmeeting the nutritional requirements of all the
necessary for each specific situation. phases of raising.

Maternal effects accounted for a significantWith the intent of obtaining more consistent data,
amount of the variance for most traits in swinesome restrictions were adopted in the analyses. For
including those manifested late in the animal® lif instance, only information of sows which were the
(Robinson, 1972; Irgang et al., 1994; Kaufmann edlaughters of sires with at least three daughteds an
al., 2000; Johnson et al., 2002; Chen et al., 2002f dams with at least two were considered. It was
Chimonyo et al., 2006Rydhmer et al., 2008). also defined that the contemporary groups should
In addition, when members of the same family arenclude at least four observations. After the
raised together, like piglets, they share a commorestrictions were made, 1,013 farrowing intervals
environment  which  contributes to their of 1 to 7 farrowings of 347 sows, the daughters of
resemblance. Consequently, there is additiondlO sires and 97 dams, were recorded.

covariance among them, increasing the variancdsstimates of the variance components were
among different families. The origin of commonobtained by the derivative-free restricted
environmental variances among families could benaximum likelihood method (Kaufmann et al.,
due to similar nutrition and/or climatic conditions2000; Torres Filho et al., 2005; Sarmento et al.,
(Mrode, 1996). Lately, several works have use®006; Chiorato et al., 2008), using the
the common litter environmental effect in theMTDFREML software (Boldman et al., 1995)
models for better estimation of varianceapplied to animal models. The trait was analyzed
components, including those of reproductive trait®y several single-trait models.

(Kaufmann et al., 2000; Zhang et al.,, 2000A simplex variance of values (-2lpgf likelihood)
Lukovic et al., 2003; Lukovic et al., 2004; lower than 10 was used as convergence criterion.
Chimonyo et al., 2006). After each convergence, the program was
Thus, a model that deals with maternal genetigestarted, with the estimates of the previous
common litter environmental and direct geneti@apparent convergence used as initial values, until
effects should provide more precise geneti@an apparent global minimum was found and the
parameter estimates for reproductive traits irestimates of genetic parameters did not change
swine than a model that contains only direcbetween runs.

genetic effect (Roehe and Kennedy, 1993; Piredh the analyses, eight models were used with
1999; Cavalcante Neto, 2006; Torres Filho et aldifferent combinations of random effects:

2005). _ Model 1:y = Xb + Zd + &;

The'maln object|V(=T of th_ls study was to evaluqte Model 2:y = Xb + Zd + Zp + &

the importance of including the maternal genetic, e £

common litter environmental and permanent MOdel3:y=Xb+Zd+Zm + &,
environmental effects in the estimation model of Model 4:y=Xb + Zd + Zc + &;
variance components of the farrowing interval in  Model 5:y = Xb + Zd + Zm + Zp + €;

swine. Model 6:y = Xb+ Zd + Zc + Zp + &;
Model 7:y=Xb+ Zd+ Zm+ Zc + €; e
MATERIALS AND METHODS . m?gﬁ' 8:y=Xb+ Zd +Zm + Zc + Zp +&.

Data consisting of 1,013 farrowing intervals ofY IS the observation vector, X, fixed effects

Dalland (C-40) sows recorded in two herds Weréncidence matrix; b, fixed effects vector; direct
analyzed. Some animals belonged to the S&o Joggnetic additive effects incidence matrix; d, direc
Farm — Canalli Brothers (herd 1), located in MontdJ€netic gdqitive effects \(ector'g,maternal genetic .
Alto, State of Sao Paulo, Brazil. and others to thEff€Cts incidence matrix; m, maternal genetic

S&o José Farm (herd 2), located in Cabo verg&ffects vector; £ common litter effects incidence
State of Minas Gerais Brr;lzil. matrix; ¢, common litter environmental effects

The animals were all kept in the conventional/SCt0 %, Permanent environmental effects
installations made of cement-coated brick walldNcidénce matrix; p, permanent environmental
with impermeable floors, with pickets in the E€CtS vector; and residual effects.

designated reproduction units. A commercially
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It was assumed that vectors d, m, ¢, p &hdave RESULTS AND DISCUSSION
a normal distribution, with E(d) = E(m) = E (c) =
E (p) = E€) = 0 and Var (d) =as7, Var (m) = Table 1 presents the variance component estimates
ac2, Var (¢) = 1,02, Var (p) = Iy, Var(e) = for the farrowing interval, obtained by single-trai
s o o ) moo!els, as ngl as the logarithm values of the

Inoé , Whereoy, 0, 0, 0,, andog are the |ikelihood function (logL) for each model.

) ) - ) Table 1 shows that the inclusion of the maternal
direct genetic additive, maternal genetic, COMMORanetic effect (model 3) did not increase Jog
litter environmental, permanent environmental ang,hen compared to the value obtained by the model

residual variances, respectively; A is Wright'Syhat ysed only the additive genetic effect (model
kinship coefficient matrix between the animals; '1). Likewise. there were no differences in the

is an identity matrix of order n, where n is the,5,es of log. when the common litter
number of Iitte_rs;,\lp is an identity matrix_ of order aonvironmental effect was added (model 4), nor
Np, where Np is the number of sows with repeatefiiith the combination of this effect with the
measurements; and, iis the identity matrix of maternal genetic effect (model 7). It is therefore
order N, where N is the total number ofysi necessary to include these effects in the
observations. _ genetic assessment models for this trait.

The co-variances among the genetic and thRowever, when the permanent environmental
environmental effects, among the environmentghfact (Model 2) was included, Idg increased
effects, plus among the dlregt and maternal genetjg,¢ according to the likelihood-ratio test, not
effects were assumed as being zero. significantly when compared to the model that
The fixed effect considered in the anaIyS|_s was thggnsidered only the additive genetic effect (Model
contemporary group, formed by farrowing year;y

(2000, ...,2004), farrowing season (1, 2, 3 and 4)Regarding the combinations of random effects
and herd (1 and 2). Lactation length and weaningniodels 5, 6 and 7), none of them caused a
to-estrus mterval_, both in the linear form, Weresignificant increase in lay when compared with
used as co-variables (Cavalcante Neto et alye models which considered, besides the additive,
2008‘3)' _ , _ each effect in an isolated manner (models 2, 3 and
The likelihood function logarithm (legL) was 4y The combinations which stood out were those
used to determine the most appropriate models Qff the permanent environmental, maternal genetic
the trait. A random effect was considered to havgng common litter environmental effects (models
an expressive influence when its inclusion causeg 5 7): although these models presented an
significant increases in led.. To determine the ncrease in log. compared to models 3 and 4, this
most adequate model, the likelihood-ratio tesfcrease was not significant either, compared to
(LR) was applied in reduced sequence modelge one which included only the permanent
(Rao, 1973). The LR was used to determine thgnyironmental effect (model 2). Hence, model 2
significance of model i, containing an add't'onalpresented virtually the same lagas models 6 and
parameter, compared to the other model, j, iy indicating that the inclusion of any other effec
which this parameter was not present. The valug ot necessary.

was, at that time, two times less than the natur@im”a”y, Kerr and Cameron (1995) did not find

logarithm of the likelihood-ratio test. evidence either of maternal genetic effects onstrai
LR; = -2 log. (L/Li) = 2 log. Li -2 log L, that manifest late in the animal’s life, like litte
in which: size and birth weight. They pointed out that there

Li= maximum restricted likelihood for model ; \yere few estimates of maternal genetic effects,
gnd L= maximum restricted likelihood for model ¢,en though the literature suggested that the

l. ) o o relative importance of the maternal effect for a
The value obtained for the statistical Ilkellhood-speciﬁC population depends both on the data

ratio test (LR) was then compared with the chigiycture and on the method of analysis.

square table x{ay With a certain degree of Tqres Filho et al. (2001) also observed that, when

freedom, and tr;e conclusions were reached 3ggides the additive genetic, other effects such as
follows: if LR > y“wan, the effect was considered t0ihe  maternal genetic or common litter

have a significant influence. The maximum levelgnironmental effect were included in the
of significance used was 5%.
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evaluation of the total piglets born and live pigle the offspring because, in addition to their genetic
born traits, as well as the litter weight at birth,contribution, they can influence the offspring by
their inclusion did not produce a significantmeans of the environment they provide them.
difference. Thus, especially until weaning, the growth traits
Pires et al. (1999), however, compared the use afe determined by two genotypes: that of the
four models with different combinations of animal itself (direct genetic effect) and that tf i
random effects for the genetic evaluation of weighinother (maternal genetic effect) (Pires and Lopes,
traits of the litter at birth and at 21 days of agel 2001). However, even though it was not observed
the mortality rate of swine of the Landrace, Largen the present work, some authors found a
White and Duroc breeds, and found, using theignificant maternal effect on traits which are
likelihood-ratio test, that the complete model thaexpressed late in the animal’s life, such as the
included the direct, maternal genetic and commoreproductive traits (Irgang et al., 1994; Kerr and
litter environmental effects was the most adequat€ameron, 1995; Kaufmann et al., 2000; Torres
for the majority of the traits. Filho et al., 2005; Torres Filho et al., 2006;
It is known that in mammals the mothers exert &himonyo et al., 2006Rydhmer et al., 2008).
greater effect than the fathers on the phenotype of

Table 1 - Estimates of variance components, restrictedimaix likelihood function logarithm values (logelgnd
likelihood ratio test (LR) values for the farrowiirgerval trait, according to the analysis model.

Parameter

Model 2 2 2 2 2

2
g, . g, g, r

1 0.966 - - - 38.230 39.20 -4404.76

logeL

2 0.000 - - 2.640  36.440 39.09 - 4401.45
3 1.005 0.004 - - 38.099 39.10 - 4404.76
4 1.004 - 0.002 - 38.096 39.10 - 4404.76
LR =3.31°
LR*= 0.00°
LR"'= 0.00°
0.007 0.122 - 2.788  36.191 39.10 - 4401.55
0.000 - 0.000 2.863  36.263 39.12 - 4401.47
0.612 0.108 0.000 - 38.083 38.80 - 4404.92
LR?=-0.10°
LR® = 3.21°
LR?*= -0.02°
LR* = 3.29°
LR>=-0.16"
LR*=-0.16"
8 0.000 0.000 0.000 1.921  37.039 38.96 -4401.72
LR®=-0.17"°
LR®= -0.28"
LR'=3.2°
2

a . . .. . ~2 . L. . 2 . . . 2
o5 = direct genetic additive vananc@'m = maternal genetic additive varlancé?'c = common litter environmental varlan(@';p =

~N O 01

. . o2 . . A2 . . N .
permanent environmental vanancﬁ,'g = residual variance; and)'f = phenotypic variance; ns = not significant;’=®nodel 2 with 1; LR'=

model 3 with 1; LR'= model 4 with 1; L®= model 4 with 2; LR*= model 4 with 3; LR? = model 5 with 2; LR = model 5 with 3; LE=
model 6 with 2; LE*= model 6 with 4; LE® = model 7 with 3; L& = model 7 with 4; L& = model 8 with 5; L= model 8 with 6; LR'=
model 8 with 7
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The causes of the maternal effect may come frofhe direct additive genetic variance (Table 1) and
the egg cytoplasm, from the intrauterineheritability (Table 2) estimates obtained with
environment, from the posthatal environmentmodel 1 were similar to those obtained with
from the milk production and from the mother'smodels which did not include the permanent
ability. The latter three may be among the mairenvironmental effect (models 3, 4 and 7) and
causes of environmental variation among familiedpwer than those obtained with models which did
forming, together, the common litter effectconsider it (models 2, 5, 6 and 8). This finding
(Robison, 1972). The causes of the common littemay reinforce the concept that it is not necessary
environmental effect, besides being related to th® include the maternal genetic and/or the common
neonatal period — due, among so many factors, titer environmental effect in the genetic
the milk production and the mother's ability evaluation models for this trait.
(Robison, 1972; Pita, 2000) — may also be, even Ifgang (1994), however, found a decrease in the
at a smaller proportion, related to gestation, oncdirect genetic additive variance and heritability
piglets of the same litter share the same prenatalhen the common litter environmental effect was
environment and are, during this period, under thimcluded in the litter size trait. Moreover, Pires
same influences of maternal age, health conditiod999) reported similar results, in which the
of the pregnant sow and the effect of ingestion cadditive variance estimates showed smaller values
medications and other substances which mawhen the maternal effect was included.
contribute to the environmental variation amondt can, however, be observed that, even if the
different litters. inclusion of the permanent environmental effect
It is further possible that, still in the intraute was not significant according to the likelihood-
period, piglets of the same litter have a differentatio test, 5.0 to 7.0% of the phenotypic variance
space to develop than those of other litters. Hven was attributed to this effect, and its exclusioryma
these influences are not proven, it is beyond doulbtave inflated the heritability coefficient, leaditg
that the litter size undergoes maodifications withconfusion between non-inherited factors and the
the sow's age (Dierckx et al., 1996; Pinheiro gt aladditive genetic component.
2000; Holanda et al., 2005). According to LimaThe direct heritability estimates for the farrowing
(2007), the nutrition of the fetuses is determinednterval were of low magnitude (Table 2). These
by the quantity of nutrients received from theresults show that the phenotype is not a good
mother, which depends both on the size of thandicator of the individual genotypes, and that the
placenta and on the blood flow; the latter, in turnselection cannot be expected to provide genetic
depends on the number of fetuses. There is a higfains.
correlation (r = 0.73) between size of the placentdhe heritability estimates obtained here using
and weight of the fetuses. Likewise, there is dhigdifferent models were lower than the one found by
correlation (r = 0.83) between placental blood flomwrgang and Robison (1984), the value of which
and fetal weight (De Roth and Bisaillon, 1980;was 0.27. There are, however, reports of
Wootton et al., 1977). Piglets of larger littersheritability estimates for this trait which are sfo
weigh less because the uterine blood flow per fetusr equal to zero. Tholen et al. (1996) worked with
decreases with the number of fetuses (Pere et alwo pig herds in Australia and found a heritability
1997). There is evidence that the variability a&f th value of 0.0 for one herd and of 0.10 for the ather
piglets’ weight is defined at the beginning of theSerenius and Stalder (2004) obtained estimates of
gestation, since the smaller fetuses can already BeD6 and 0.04 for the first interval between
identified at 30-35 days of gestation (Van Deifarrowings in the Landrace and Large White
Lende et al., 1990; Wise et al., 1997). breeds, respectively.
Although in the present work no influence of theRegarding repeatability estimates, it can be
common litter effect on the trait under study wasobserved that, since the heritability was zero when
found, there are other reports showing that thithe permanent environmental effect was included,
effect has an influence on the animalsit was equal to the variance proportion of the
performance throughout their life (Kaufmann etpermanent environmental effect. The estimates
al., 2000; Zhang et al., 2000; Lukovic et al., 2003remained the same with several models, except
Lukovic et al., 2004; Chimonyo et al., 2006;model 8 which considered all the random effects
Cavalcante Neto et al., 2008b). and in which it tended to decrease. This might be
due to the sample size, i. e., the small number of
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observations may have made it difficult to performestimates obtained here fell outside the amplitude
the variance partition among the random effectdescribed by Pereira (2004), reported to be
considered in the model. The repeatabilitybetween 0.10 and 0.25 for this trait.

2 2
Table 2 - Heritability estimates for the direct additiv ha) and maternal hm) genetic effects, and the proportion
of phenotypic variance due to the common litte) g¥d permanent p)z) environmental effects, as well as the
repeatability (R) of the farrowing interval tragigcording to the analysis model.

Parametro
Modelo h? h2 c2 p? R
1 0.02 +0.02 - - - -
2 0.00_+0.02 - - 0.07 40.04 0.07
3 0.03 +0.04 0.00+0.01 - - -
4 0.03 +0.03 - 0.00 +0.02 - -
5 0.00_+0.03 0.00 +0.02 - 0.07.40.04 0.07
6 0.00_+0.03 - 0.0040.02  0.07 +0.04 0.07
7 0.02 +0.03 0.00+0.01 0.00 +0.02 - -
8 0.00_+0.03 0.00 +0.02 0.00 +0.02 0.05 +0.04 0.05
CONCLUSION RESUMO

The heritability values obtained for the farrowingEste trabalho teve como objetivo principal avaliar
interval indicate that this trait does not presant a importancia da inclusdo dos efeitos genético
satisfactory genetic gain in response to selectiomaterno, comum de leitegada e de ambiente
The common litter environmental and genetiggermanente no modelo de estimacdo de
maternal effects have no influence on this traittomponentes de varidncia para a caracteristica
The permanent environment effect, howeverintervalo de parto em fémeas suinas. Foram
should be considered in the genetic models for thigtilizados dados que consistiam de 1.013
trait, because its presence produced changes in tbigservacdes de fémeas Dalland (C-40), registradas
additive genetic variance estimates. em dois rebanhos. As estimativas dos
Further studies on more representative data shoudmponentes de variancia foram realizadas pelo
be conducted, for confirmation and validation ofmétodo da maxima verossimilhanca restrita livre
the results obtained here. de derivadas. Foram testados oito modelos, que
continham os efeitos fixos (grupos de
contemporaneo e covariaveis) e os efeitos genético
aditivo direto e residual, mas variavam quanto a
inclusdo dos efeitos aleatdrios genético materno,
We acknowledge the collaboration of the Canallambiental comum de leitegada e ambiental
brothers representing the pig farm Sao José ipermanente. O teste da razdo de verossimilhanca
Monte Alto, SP, and of Mr. Adriano Muniz (LR) indicou a ndo necessidade da inclusédo desses
representing the pig farm S&o José in Cabo Verdefeitos no modelo. No entanto observou-se que o
MG, who kindly provided the data which allowed efeito ambiental permanente causou mudanca nas
this research to be performed. estimativas de herdabilidade, que variaram de 0,00
The first author acknowledges the support of tha 0,03. Conclui-se que os valores de herdabilidade
ALBAN Programme, the European Unionobtidos indicam que esta -caracteristica nao
Programme of High Level Scholarships for Latinapresentaria ganho genético como resposta a
America (scholarship’nE07D402597BR). selecéo. O efeito ambiental comum de leitegada e
0 genético materno nao apresentaram influéncia
sobre esta caracteristica. J4 o0 ambiental
permanente, mesmo sem ter sido significativo o
seu efeito pelo LR, deve ser considerado nos
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