Genetics

A STUDY OF ENVIRONMENTAL VARIANCE GENETIC CONTROL
FOR UTERINE CAPACITY IN RABBITS

Ibafiez-Escriche N**, Sorensen D?, Blasco A3

!Genética i Millora Animal, Centre IRTA-Lleida, C/ RoaiRoure 191, 25198 Lleida, Spain
2Department of Animal Breeding and Genetics, Damistituite of Agricultural Sciences, PB 50, DK-883@I/& Denmark
3Institute for Animal Science and Technology, Paiyiigic University of Valencia, P.O. Box 22012. 4607lencia, Spain

*Corresponding author: Noelia.ibanez@irta.es

ABSTRACT

Data from ten generations divergent selection expart for uterine capacity in rabbits were analysed
to estimate the genetic parameters using a modehwpostulates that environmental variance is
partly under genetic control. The posterior meamdditive variance at variance level was 0.12 and
the highest posterior interval at 95% did not ideluizero. The estimated correlation between the
additive genetic effects on the mean and thoséervariance was -0.74 with a posterior interval far
away from zero. A study of model fit/model compariswas also carried out using three different
approaches: 1) a version of model checking, baedati@mregression of the average sampling variance
of records within individuals on mean phenotypidues; 2) the deviance information criterion, an
index that encapsulates the fit of a model andataplexity; 3) cross validation based on CPOs. The
three approaches provided statistical support Hier genetically structured heterogeneous variance
model.
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INTRODUCTION

In animal breeding, selection has focused on impmthe mean of traits, such as litter size inifml
species (pigs and rabbits). However, the variantethe trait also has important economic
consequences. Thus, it is desirable that, e.@blitrproduces not only large litters but alsceefit of
similar size across parities. In recent years exidehas been reported indicating that environmental
variation may be partly under genetic control iblkia weight at birth (Garreaet al, 2004; Boletet

al., 2007), in pig litter size (Sorensen and Waagepetg 2003), in snails growth (Res al, 2004)
and poultry (Roweet al, 2005). Also, Mackay and Lyman (2005) showed sstisl (genetic)
variation in the environmental coefficient of vaida in abdominal bristle number among
chromosome substitution lines in Drosophila melasbgy.

In this work inferences are presented based onus<tm mixed model with heterogeneous residual
variance (San Cristobal-Gaudy al, 1998) adjusted to uterine capacity data (the maknumber of
fetuses that the dam is able to support at birtenmbvulation rate is not a limiting factor) from an
experiment of divergent selection in rabbit. Thgeotive of this work is mainly to investigate wheth
the data provide support for the model postulativad environmental variation for uterine capacgy i
partly under genetic control.

MATERIALS AND METHODS
Animals

The data originate from a ten generation divergetdction experiment for uterine capacity in rahbit
Animals were derived from a synthetic populationtb& experimental farm at the Universidad
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Politécnica de Valencia. Uterine capacity was estiqah as litter size in unilateral ovariectomized
does, which doubles the number of ova shed byedtmining ovary. The left ovary was removed in
all does before puberty via midventral incisionviedn 14 and 16 weeks of age. The females were
first mated at 18 weeks of age and thereafter 38 d#ter parturition, producing in total up to four
parities. Details of the technique are given byt&eneuet al. (1990). Selection was performed on
estimated breeding values for litter size up torfparities, by using a BLUP procedure and a
repeatability animal model with year-season andhypéiked effects, but males were selected within
59 sire families in order to reduce inbreeding. lRdpction was organized in discrete generations.
Data from ten generations of selection were usadedch divergent selection line, there were
approximately 40 females and 12 male parents eawc@rgtion. Number of records was approximately
the same for high and low line. The total numberaxfords for uterine capacity was 2,996. The
number of animals in the pedigree was 1,161 frorithvB5 belong to the base population.

Model Fitted
The selection experiment was analysed with two rsoofedifferent levels of complexity.

Model 1
Model 1 is the classical repeatability additive s model that was used to carry out selection
decisions during the course of the experimentssumes that the sampling model of the data, given
location parameters b, a, and p and given theuabidiriances?, is the normal process
y | b,a,po’~ N(Xb + Za +Wp, ¢2),
where now b contains year-season and parity effeitiisthirty and four levels, respectively. Vectars
and p contain additive genetic values (1161 levaig) permanent effects (929 levels) respectively,
ando? is the residual variance. The known incidence icedrare X, Z and W and | is the identity
matrix.Vectors p and a were assumed to be a pnideipendently and normally distributed; that is
plo® ~ N (0,6%))
a o’ ~ N (0, A5%)
where A is the known additive genetic relationstmatrix. The vector b was assigned an unbounded
uniform prior distribution and the variance compmm;eczp, 6% 0%, scaled inverted chi square
distributions. This model assumes homogeneity sirenmental variation. It was fitted using a Gibbs
sampling algorithm, as described, for example,dreBsen and Gianola (2002).

Model 2
The Model 2 was proposed by SanCristobal-Gaetlyal. (1998) in which it postulates that
environmental variance is heterogeneous and pamtlgr genetic control. The sampling model for the
data is Gaussian:

y|b,ap,ba,p ~ N(u,diag ((c%)"1)),
Where vy is the vector of data for litter size atidg ((6%)"-1) is the diagonal matrix with diagonal
entrieso?

(logo?) -1 =X'b+Za+Wp andu= ()" = Xb + Za +Wp
The vectors b and’ kxontain effects associated with year-season atdtian status, with the same
levels as Model 1, and X, Z and W are known incigematrices. Vectors p andgontain permanent
environmental effect for litter size and are assimoebe independently normally distributed

p |6% ~ N (0,6%I)

p |GTP* ~N (O,GZP*D
Vector (d, a') contain normally distributed additive geneticeetts

a 0 oa TaOa
( *j|G N (j,GDA.Wher.eG= [ PO
a O ,OO'aO'a* Ja*

A is the additive relationship matrix, is the coefficient of genetic correlation, ansf.( o%:) are
additive genetic variances associated with theridigton of (a, 8. Briefly, a priori, b, b* were
assigned normal distributions with zero mean veetml diagonal matrix with very large diagonal
elements. The variance parametefs o, c%, o+ Were assigned scaled inverted chi-squared
distributions {=4 and S=0.45) angd was assigned a uniform prior bounded between dllarThe
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implementation was based on the MCMC (Markov chilionte Carlo) algorithm proposed by
Sorensen and Waagepetersen (2003). The resultda@damm each model are based on MCMC runs
consisting of 1000000 iterations. Convergewes tested using the Z criterion @eéweke (Sorensen
and Gianola, 2002) and Monte Carlo sampling ewaree computed using time-series procedures
described in Geyer (1992).

Model Checking and Model Comparison

Three approaches were used to question the vabflitye models. First, a version of model checking
is presented, based on the regression of the avesgagpling variance of records within individuals,
on mean phenotypic values. Second, the devianoenation criterion (DIC) provides a comparison
of the global quality of two or more models, accing for model complexity (Spiegelhaltet al,
2002). Finally, cross validation based on CPOs f@Bédl et al, 1996) provides a more detailed
inspection disclosing which specific data points better fitted by the models. In addition, the cfet
CPOs contain the same information about model pedoce as the Bayes factor (Besag, 1974)
(when the latter exists), and in this way, it pd®sg also a measure of the models' overall quality.

RESULTS AND DISCUSSION
Variance components

Table 1 shows Monte Carlo estimates of postericamaeand of 95% posterior intervals for variance
components derived from Model 1 and Model 2. Theitag variances? is a little higher and the
permanent environmental variarng a little lower in the case of Model 2. The posiernean of the
correlation coefficient is -0.74. In perfect agremnwith the results of Ibanez-Escriadteal. (2008) in
non ovariectomized does. The Monte Carlo estimatihe 95% posterior interval indicates that the
support of the posterior distribution is shiftetbag way from zero. Moreover, the posterior meanns f
o2 andczp* were similar and their 95% posterior intervals wiad include the zero.

Table 1 Monte Carlo estimates of posterior means (fiost for each model) and of 95% highest

posterior density intervals (second row for eactdefipof variance components?, (c%:): additive

variance at the level of the mean (varianoé,);(czp*): permanent environmental variance at the level

of the mean (variance); genetic correlation
2

Model 0% o5 p oo 0o

1 0.59 0.51 - - -
0.32;0.86 0.28;0.8 - - -

2 0.82 0.44 -0.74 0.16 0.12
0.48;1.28 0.20;0.72 -0.90;0.52 0.10;0.25 0.07,0.18

Model checking and model comparison

The 929 females with records were sorted accordirtbeir mean uterine capacity (across paritieg) an
divided into 11 groups of approximately 85 indivédi Mean uterine capacity and average variance of
records (parities) within individuals was computedeach group. In order to visually explorer agillg
association between mean and variance, the avgrage variances were plotted against the group
averages (Figure 1). Also, a linear regression fittesl and the estimate is - 0:23 (standard error)Q
indicating that as uterine capacity increasesydhniation among records within an individual desesa

Figure 2 (left) shows the difference in CPO’s betwd®lodel 2 and Model, where the CPO’s are sorted
from the smallest to the largest for the 2996 ms0For approximately 2/3 of the data there is Vittg
difference in the CPQO’s for both models. However,the remaining 1/3 of the data, Model 2 shows a
better fit. Figure 2 (right) shows which points @est fitted by Model 2. The data are ordered fthen
smallest to the largest value of uterine capacingre is wide overlap for both models, with theegtion

of observations in the center of the distributiwhere Model 2 results in a better fit than Model 1.
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The Monte Carlo estimates of the DICs for Modedrid 2 are 7810, and 7719 respectively. Based on 10
replicates, the respective Monte Carlo standarihtiens are 10.50, and 0.27, respectively. Thidyaisa
favours Model 2, followed by Model 1

Figure 1. Association between group average sampling veggbetween uterine capacity records across
parities within individuals, versus group meaningcapacity (averaged over parities)
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Figure 2. Left: Difference in conditional posterior ordieat(CPQO's) between Model 2 and Model 1,
sorted, from smallest to largest difference. RigieO's from Model 1 (dark points) and Model 2 (igh
points) plotted against uterine capacity
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CONCLUSIONS

In the present work two models were compared ugargus criteria and the results of this exercise
favour Model 2. The association between the vagidmetween records within individuals and uterine
capacity in Figure 1 suggest an association betwaemonmental variation and additive genetic value
affecting mean uterine capacity. This was furthgperted by fitting Model 2 from which the posterio
distribution of the correlation coefficieptwas obtained. The mean of this posterior distidbuivas -0.74
and the support was shifted a long way from theevalf zero (see Table 1). Further, the Monte Carlo
estimate of the 95% posterior interval of the adeligenetic variance associated with the environahen
variance was (0.10, 0.25) and the support is cdaiflyraway from extremely small values in the vitgin

of zero.

The deviance information criterion favours Modektive to the other model. This agrees well it
analysis based on the conditional predictive otdsaFor two thirds of the data, the CPO’s are lhard
distinguishable, but for the remaining third, tHe@s favour Model 2.

The results of the analyses reported would inditetethe environmental variance of uterine capasit

partly controlled by additive genes. Besides, thera high negative association between the additiv
genes affecting the mean and those affecting emviental variance for uterine capacity. From a bregd
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perspective, it is interesting due to this openghbssibility of reducing the environmental variarafe
uterine capacity and increasing his mean by mefasedaxction.
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