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ABSTRACT
The presence of a major gene for uterine capacity (UC), ovulation rate (OR), number of implanted

embryos (IE), embryo survival (ES), fetal survival (FS), and prenatal survival (PS) was investigated in a
population of rabbits divergently selected for UC for 10 generations. Selection was performed on estimated
breeding values for UC up to four parities. UC was estimated as litter size in the remaining overcrowded
horn of unilaterally ovariectomized does. OR and IE were counted by means of laparoscopy. Bartlett’s
test, Fain’s test, and a complex segregation analysis using Bayesian methods were used to test for the
presence of a major gene. All three tests showed that the data appeared consistent with the presence of
a major gene affecting UC and IE. The results of the complex segregation analysis suggested the presence
of a major gene with large effect on IE and ES (a � 1�p), at high frequency (p � 0.70 and 0.68, respectively),
and with a large contribution to the total variance (Rg � 0.39 and 0.47, respectively); and the presence
of a major gene with moderate effect on each of OR, FS, PS, and UC. The results suggest that the studied
reproductive traits are determined genetically by at least one gene of large effect.

SELECTION on litter size has had only limited suc- gestation by laparoscopy without affecting litter size
(Santacreu et al. 1990), which is not possible in othercess in mice, rabbits, and pigs, because of the low

heritability and the sex-limited expression. Selection on polytocous mammals. Implantation is an important trait
in relation to litter size, because 20–40% of shed ovauterine capacity has been proposed as an alternative

method to improve litter size (Bennet and Leymaster do not achieve implantation (see review in rabbits and
pigs; Blasco et al. 1993). There have not been any1989, in pigs; Clutter et al. 1990, in mice; and Blasco

et al. 1994, in rabbits). Uterine capacity has been defined studies in rabbits or other mammals to detect major
genes affecting the number of implanted embryos andas the maximum number of fetuses that the dam is able

to support at birth when ovulation rate is not a limiting their subsequent survival.
factor (Christenson et al. 1987). Unilateral ovariec- In a divergent selection experiment for uterine capac-
tomy (ULO) in rabbits doubles the ovulation rate in ity in rabbits, a large difference between lines in uterine
the remaining ovary and the adjacent uterine horn is capacity (1.25 rabbits) and in the number of implanted
crowded with embryos. Therefore, observed litter size embryos (1.65 embryos) was found after the first genera-
in ULO rabbit females has been used as an estimator tion of selection (Argente et al. 1997). These large
of uterine capacity (Blasco et al. 1994). divergences could be due to the segregation of major

Major genes or quantitative trait loci (QTL) have genes affecting uterine capacity or related traits. Segre-
been detected for litter size in pigs (Rothschild et gation analysis (e.g., Hill and Knott 1990) can be used
al. 1996; Janss et al. 1997; Wilkie et al. 1999) and for to investigate the presence of major genes.
ovulation rate (Cassady et al. 2001) and uterine capacity The objective of this study was to investigate whether
(Rohrer et al. 1999, in pigs; Messer et al. 1999, in mice). major genes are controlling uterine capacity and other
The inclusion of major gene information could improve components of litter size: ovulation rate, implanted em-
efficiency of selection schemes and would improve un- bryos, prenatal survival, embryo survival, and fetal sur-
derstanding of the biology of reproductive traits. In vival.
rabbits, the ovulation rate, the number of implanted
embryos, and litter size can be measured in the same

MATERIALS AND METHODS

Animals: Rabbits came from a divergent selection experi-1Corresponding author: Universidad Miguel Hernández, Departamento
ment on uterine capacity in unilaterally ovariectomized doesde Tecnologı́a Agroalimentaria, División de Producción Animal, Carret-
(ULO does). Uterine capacity was estimated as litter size inera de Beniel Km 3,2, 03312 Orihuela, Spain.

E-mail: mj.argente@umh.es the remaining overcrowded horn of ULO does. Both lines
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and multiparous nonlactating does during pregnancy), andTABLE 1
line (with three levels: base generation, high line, and low

Number of records per line line of uterine capacity). The random effect of a permanent
environment was included in the basic model for UC, and

Base the MIXED procedure of SAS Institute (1996) was used for
generation ULO� ULO� analysis of phenotypic differences between divergent lines for

this trait.
UC 196 1453 1347 Simple tests for heterogeneity of variance across families: If a major
OR 61 349 325 gene of large effect is segregating in the population, we would
IE 61 349 325 expect heterogeneity of variance across full-sib and half-sib
ES 61 349 325 families and a relationship between the family mean and family
FS 57 327 300 variance. Residual values were estimated with a model includ-
PS 57 327 300 ing the fixed effects of year-season (with 30 levels) and lacta-

tion (with 3 levels). Bartlett’s and Fain’s tests were performed
UC, uterine capacity; OR, ovulation rate; IE, number of on these estimated residuals. Bartlett’s test (Sokal and Rohlf

implanted embryos; ES, embryo survival; FS, fetal survival; PS, 1995) was used to test for heterogeneity of within-half-sib-
prenatal survival; ULO�, high line of uterine capacity; ULO�, family variance. In addition, the regression of family variances
low line of uterine capacity. on family means (Fain 1978) was performed. The regression

model was V � b0 � b1� � b2�
2, where V is the within-family

variance and � is the family mean.
Complex segregation analysis: Janss et al. (1995) have pre-were derived from a synthetic breed, described by Argente

sented a Bayesian approach for segregation analysis in live-et al. (1996). Each divergent line had �40 females and 12
stock. For the segregation analysis, the mixed model assumedmales per generation, each female had up to four parities,
to describe phenotypic observation for each trait y wasand data from 10 generations of selection were analyzed. Selec-

tion was performed on estimated breeding values for uterine
y � Xb � Zu � ZWm � e,capacity, by using a BLUP procedure and a repeatability ani-

mal model with year-season and parity fixed effects up to four where b, in a frequentist context, is considered as a vector of
parities. Data came from 929 does. Table 1 shows the number fixed nongenetic effects (all effects are random in a Bayesian
of records used in the experiment. context; see, for example, Blasco 2001), and X is an incidence

Surgical techniques: Unilateral ovariectomy technique: The left matrix relating effects of year-season and lactation to observa-
ovary was removed before puberty in ULO does via midventral tions in y. Z is an incidence matrix relating the genetic effects
incision. The does were anesthetized using a ketamine (50 to observations in y. Genetic effects are separated in polygenic
mg/ml):promethazine (25 mg/ml) mixture injected intra- effects in u and single-gene effects in Wm. Vector e contains
muscularly; 5 min later this injection was followed by an intra- the errors. Polygenic effects were modeled to be additive.
venous dose of the same solution in the marginal ear vein. Single-gene effects are expressed using W � {wi}, a three-
The anesthetized does were lying down on a surgical table, column matrix with 0/1 variables to indicate the genotypes
and the surgical table was inclined by 30�. The ovary was grasped of each individual, and the vector m� � (�a, d, a) that contains
with a hemostat, a ligature was placed around the oviduct and the genotypic values, where a and d are referred to as the
blood vessels, and the ovary was removed. additive and dominance effects at the single locus. The single

Laparoscopy technique: The does were anesthetized and major locus was assumed to be autosomal and diallelic (A1,
placed on the surgical table using the same protocol as for A2) with Mendelian transmission probabilities. A common per-
the unilateral ovariectomy technique. A Verres needle was manent environmental effect was included in the model for
introduced laterally beneath the last rib to inflate the abdomi- UC. Statistical inference was based on a Bayesian approach
nal cavity with CO2 gas. A skin incision was made on the computing marginal posterior densities of the unknown pa-
midline, 1 cm below the sternum. A trocar-cannula was in- rameters by the Markov chain Monte Carlo (MCMC) method
serted through this incision and after the trocar was replaced known as Gibbs sampling. The Bayesian (MCMC) approach
by endoscopy connected with a cold light fountain of 250 W. for segregation analysis allows the estimation of marginal pos-
A second trocar-cannula was introduced into the right side of terior distributions for nongenetic effects, genotypic values
the abdominal cavity, through a lateral incision at 3 cm from m� � (�a, d, a), recessive allele frequency q, polygenic vari-
the sternum. A palpation probe, which allowed manipulating ance (Vpolyg), residual variance (Ve), and permanent environ-
the right ovary and uterine horn of ULO does, was introduced mental variance for UC (Vper). On the basis of the allele effects
through this second cannula. (a and d) and the allele frequencies (p and q), the additive

Traits: All the traits were measured in unilateral ovariecto- (Vga), dominant (Vgd), and total major gene variance (Vg) were
mized does. The analyzed traits were uterine capacity (UC), calculated as Vg � Vga � Vgd � 2pq[a � d(q � p)]2 � (2pqd)2

estimated as the litter size measured up to four parities; ovula- (Falconer and Mackay 1996). Also, the proportion of total
tion rate (OR), estimated as the number of corpora lutea at variance due to polygenic effects (Rpolyg � Vpolyg/VTOTAL), the
day 12 of the second gestation; number of implanted embryos additive effect of a major gene (Rga � Vga/VTOTAL), and the
(IE), estimated as the number of implantation sites at day total effect of a major gene (Rg � Vg/VTOTAL) were estimated
12 of the second gestation; prenatal survival (PS) (UC/OR); and their marginal posterior distributions were computed.
embryo survival (ES) (IE/OR); and fetal survival (FS) (UC/ Uniform prior distributions were assumed in the range (�∞;
IE). The numbers of corpora lutea and implanted sites were �∞) for nongenetic effects and genotypic values, in the range
counted by means of the laparoscopy as described before. (0; �∞) for the variance components and in the range [0; 1]

Statistical analysis: Response to selection: Phenotypic differ- for the allele frequencies. The probability of the genotypic
ences between lines from the divergence selection experiment configuration in the pedigree was defined as
were calculated for OR, IE, ES, FS, and PS using the GLM

P(W�) � �
founders i

P(Wi) �
nonfounders j

P(Wj |Wmother j, Wfather j).procedure of SAS Institute (1996). The statistical model
included the fixed effects of generation (with 11 levels), lacta-
tion (with 3 levels: nulliparous does, multiparous lactating, Alleles were assumed to be randomly sampled from the par-
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Figure 1.—Phenotypic differences among lines for uterine Figure 2.—Phenotypic differences among lines for embryo
survival (ES), fetal survival (FS), and prenatal survival (PS).capacity (UC), number of implanted embryos (IE), and ovula-

tion rate (OR).

major gene segregating for these traits. OR, ES, FS, and
PS did not show any presence of a major gene usingents’ genotypes according to Mendelian rules. For founders,

genotypes are assumed to be randomly sampled from the Bartlett’s test. Linear (b1) and quadratic (b2) regressions
available genotypes given the frequency of the alleles in the of family variance on family means (Fain’s test) were
base population (q and 1 � q) under the assumption of Hardy- significantly different from zero only for UC, IE, andWeinberg equilibrium. The basis theory and methodology are

ES. Both the phenotypic divergence results and theseexplained in more detail in Janss et al. (1995) and Sorensen
tests are consistent with the segregation of a major gene(1996). For each analysis two chains were run. The length of

each chain was set to 500,000 iterations. Exploratory analyses for UC and number of IE.
suggested a burn-in period of 300,000 iterations, higher than Tables 2 and 3 present the mean, standard deviation,
the minimum required according to the method of Raftery and highest posterior density region at 95% of the mar-and Lewis (1992). Samples were saved every 25 iterations

ginal posterior distributions for effects of the majorthereafter, so that the total number of saved samples per
gene (a and d), frequency q of the unfavorable allele,chain was 8000. Convergence was tested using the criterion

of Gelman and Rubin (1992). For each variance, a scale pa- and the variance ratios for all traits analyzed. In the
rameter (“shrink” factor, √R), which involves variance between same tables, Monte Carlo standard errors (MCSE) and
and within chains, is computed. The shrink factor can be results of Gibbs sampler convergence tests for all traits
interpreted as the factor by which the scale of the marginal

are also displayed. Monte Carlo standard errors wereposterior distribution of each variable would be reduced if
low for all traits and variables. The number of iterationsthe chain were run to infinity. It should be close to 1 to
to be discarded according to the procedure of Rafteryconvey convergence. Monte Carlo standard errors were also

calculated. The posterior mean, standard deviation, and high- and Lewis (1992) ranged from 50 to 1925, the latter
est posterior density region at 95% (HPD95%) were calculated corresponding to the frequency of the unfavorable al-
from the sampled values of the marginal posterior distribu-

lele (q) for UC, so that the burn-in period used wastions. The sampled values of each marginal posterior distribu-
much higher than the minimum recommended. Thetion were sorted. HPD95% was constructed by finding the short-
shrinking factors for the application of the procedureest interval between two values including 95% of the sample.

The MaGGic statistical package was used for all complex segre- of Gelman and Rubin (1992) were near unity. From
gation analyses ( Janss et al. 1995). this and the above results it was concluded that conver-

gence was achieved; therefore we combined the samples
from the two chains to estimate features of the marginal

RESULTS
posterior distributions of each variable.

Figures 3 and 4 show the marginal posterior distribu-Figures 1 and 2 show the evolution of the differences
between lines estimated by least-square means of the tions of the variance ratios for all traits. The means of

the marginal posterior distributions of the polygenicdivergent selection experiment for all traits. In the first
generation of the selection experiment, a large differ- variance ratio (Rpolyg) were similar for OR and IE, and

lower estimates were obtained for UC, ES, FS, and PSence between lines was found for UC (1.25 young rab-
bits) and IE (1.65 number of implanted embryos). This (Tables 2 and 3). The proportion of the total variance

due to the total major gene variance (Rg) would belarge difference in UC seems to be associated more with
differences in IE than in OR (Figure 1). The evolution related to the presence of a major gene segregating in

this population. The means of the marginal posteriorof the differences in IE between lines shows a similar
pattern to ES. The difference between lines in PS seems distribution of Rg were the highest for IE and ES (around

double the means for OR, FS, and PS) and the lowestto be related to differences in ES. FS does not show any
clear pattern (Figure 2). for UC (Tables 2 and 3). These results seem to suggest

the presence of a major gene with a large additive effectTests for heterogeneity of within-family variances
(Bartlett’s test) were significant for UC (P � 0.001) and on IE and ES; a moderate effect on OR, FS, and PS;

and a lower effect on UC. The ratio of the additiveIE (P � 0.05). This is consistent with the presence of a
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TABLE 3TABLE 2

Features of marginal posterior distributions of the major Features of marginal posterior distributions of the major
gene effects and variance ratiosgene effects and variance ratios

Traits M SD HPD95% MCSE B-in √R Traits M SD HPD95% MCSE B-in √R

ESUC
a 1.04 0.49 0.01, 1.79 0.02 800 1.04 a 0.20 0.02 0.17, 0.24 0.001 150 1.00

d 0.28 0.03 0.23, 0.33 0.001 200 1.00d 1.04 0.79 �0.97, 2.16 0.03 1225 1.04
q 0.31 0.15 0.01, 0.56 0.006 1925 1.31 q 0.32 0.07 0.19, 0.45 0.001 50 1.00

Rpolyg 0.05 0.03 0.01, 0.11 0.002 800 1.02Rpolyg 0.08 0.02 0.03, 0.13 0.001 1200 1.03
Rga 0.04 0.03 0.00, 0.10 0.001 150 1.02 Rga 0.13 0.08 0.00, 0.28 0.002 50 1.02

Rg 0.47 0.10 0.29, 0.66 0.001 50 1.01Rg 0.08 0.05 0.01, 0.17 0.002 625 1.03

FSOR
a 1.73 1.41 0.00, 3.16 0.04 750 1.10 a 0.17 0.05 0.08, 0.27 0.002 375 1.04

d 0.21 0.06 0.09, 0.34 0.002 300 1.02d �1.55 1.52 �3.51, 2.28 0.07 1350 1.31
q 0.68 0.18 0.37, 1.00 0.007 750 1.15 q 0.31 0.11 0.11, 0.52 0.004 600 1.03

Rpolyg 0.08 0.06 0.01, 0.19 0.002 1500 1.05Rpolyg 0.22 0.09 0.05, 0.39 0.003 1500 1.02
Rga 0.10 0.10 0.00, 0.28 0.003 225 1.02 Rga 0.09 0.09 0.00, 0.25 0.002 75 1.05

Rg 0.27 0.10 0.07, 0.46 0.002 250 1.01Rg 0.23 0.13 0.00, 0.45 0.006 700 1.01

PSIE
a 3.14 0.32 2.50, 3.76 0.002 100 1.00 a 0.16 0.06 0.04, 0.28 0.002 700 1.04

d 0.26 0.07 0.11, 0.41 0.003 1750 1.11d 3.48 0.48 2.56, 4.43 0.004 300 1.00
q 0.30 0.07 0.18, 0.44 0.001 75 1.00 q 0.20 0.10 0.02, 0.40 0.004 400 1.03

Rpolyg 0.07 0.04 0.01, 0.14 0.002 1650 1.02Rpolyg 0.19 0.06 0.08, 0.32 0.002 250 1.00
Rga 0.15 0.09 0.01, 0.32 0.001 75 1.00 Rga 0.03 0.03 0.00, 0.10 0.001 50 1.02

Rg 0.18 0.11 0.01, 0.38 0.004 400 1.01Rg 0.39 0.10 0.20, 0.57 0.001 75 1.00

Mean (M), standard deviation (SD), and highest posterior Mean (M), standard deviation (SD), and highest posterior
density region at 95% (HPD95%) of the marginal posteriordensity region at 95% (HPD95%) of the marginal posterior

distributions. UC, uterine capacity; OR, ovulation rate; IE, distributions. ES, embryo survival; FS, fetal survival; PS, prena-
tal survival; a, additive effect; d, dominant effect; q, frequencynumber of implanted embryos; a, additive effect; d, dominant

effect; q, frequency of unfavorable allele; Rpolyg, polygenic vari- of unfavorable allele; Rpolyg, polygenic variance ratio (Vpolyg/
VTOTAL); Rga, additive major gene variance ratio (Vga/VTOTAL);ance ratio (Vpolyg/VTOTAL); Rga, additive major gene variance

ratio (Vga/VTOTAL); Rg, total major gene variance ratio (Vga � Rg, total major gene variance ratio (Vga � Vgd/VTOTAL); MCSE,
Monte Carlo standard error; B-in, burn-in of Raftery and LewisVgd/VTOTAL); MCSE, Monte Carlo standard error; B-in, burn-in

of Raftery and Lewis test; √R, scale factor of the Gelman and test; √R, scale factor of the Gelman and Rubin test.
Rubin test.

respectively. Thus, the probability of the additive effect
major variance to the total additive genetic variance of the gene for OR being lower than 0.28 and that for
(additive major gene and polygenic variance) was UC being lower than 0.27 is �5%. The means of the
higher in IE, ES, and FS (0.44, 0.72, and 0.53, respec- marginal posterior distribution of the additive effect (a)
tively) than in UC, OR, and PS (0.33, 0.31, and 0.30, for ES, FS, and PS were similar (Table 3). Zero was not
respectively). included in either the HPD95% for ES, FS, and PS (Table

Figure 5 shows the estimates of the marginal posterior 3) or the intervals at 95% of the marginal posterior
distributions of major gene additive effects for all traits. density [0.17, �∞), [0.10, �∞), and [0.05, �∞) for ES,
All of them suggest the presence of a major gene. The FS, and PS, respectively. The largest additive effects for
mean of the marginal posterior distribution of the addi- the major gene were found in IE and ES (1.12 and
tive effect (a) was higher in IE than in OR and UC, and 1.06 phenotypic standard deviations respectively). The
the highest posterior density region at 95% (HPD95%) for additive effects were lower for OR, FS, PS, and UC (0.75,
IE did not include zero (Table 2). An advantage of 0.86, 0.85, and 0.43 phenotypic standard deviations, re-
the Bayesian approach trough MCMC procedures is the spectively). The differences between the two homozy-
possibility of easy construction of all kinds of confidence gous genotypes are 2, 3, and 6 rabbits for UC, OR,
intervals (Bayesians prefer to call them “credibility inter- and IE and 0.40, 0.34, and 0.32 for ES, FS, and PS,
vals”). We can find intervals of the type [k, �∞) having respectively. These estimates are larger than the pheno-
95% of the probability area of the marginal posterior typic differences found between lines (Figures 1 and
distribution. With these intervals we know that the prob- 2). The estimates of the dominant effects were similar
ability of the trait of being �k is 5%. The intervals [0.28, to the estimates of the additive effects for IE, ES, FS,
�∞) and [0.27, �∞) contained 95% of the area of and PS (Tables 2 and 3); zero was not included in the

HPD95%; and the values of k for the intervals [k, �∞)the marginal posterior distributions for OR and UC,



1065Major Genes for Reproduction in Rabbits

Figure 3.—Marginal posterior distributions for polygenic variance ratio (—, Rpolyg � Vpolyg/VTOTAL) and total major gene variance
ratio (- - -, Rg � Vg/VTOTAL; with Vg � total major gene variance) for uterine capacity (UC), ovulation rate (OR), and number of
implanted embryos (IE).

were 2.69, 0.23, 0.11, 0.12, respectively. Hence, the gene domestic animal in which ovulation rate, number of
implantation sites, and litter size can be recorded in theaction was found to be dominant for these traits. Tables

2 and 3 also show that the gene was segregating with a same animal by laparoscopy. In sheep, two major genes
affecting reproductive performance have been identi-frequency of the unfavorable allele near 0.3 for most

traits. fied, one affecting ovulation rate (Galloway et al. 2000)
and the second affecting both ovulation rate and litterEvidence was found for segregation of major genes

affecting uterine capacity and other components of lit- size (Wilson et al. 2001).
The estimates of the polygenic variance ratio obtainedter size: ovulation rate, implanted embryos, embryo sur-

vival, and fetal survival. However, the major genes with in ULO does for UC, OR, number of IE, ES, FS, and
PS were in the range of those obtained in intact pigs,the larger additive effects and the larger contribution

to total variance are connected with embryo survival rabbits, and mice (see review in Blasco et al. 1993).
Selection on litter size shows an annual improvementand implantation.

between 0.02 and 0.20 newborn per year (Rothschild
and Bidanel 1998, in pigs; Blasco 1996, in rabbits;

DISCUSSION
Nielsen 1994, in mice). Argente et al. (2000) found a
high genetic correlation (0.92) between litter size andIdentification of major genes or QTL affecting repro-

ductive traits in livestock could have a considerable im- UC, so the genetic trend found for litter size is expected
to be the same for UC. However, a larger differencepact on genetic improvement, for example, by increas-

ing the accuracy of selection. Moreover, the presence between lines for UC was found in the first generation
(1.25 rabbits). Divergent selection for a major gene ofand identification of major genes related to implanta-

tion, embryo survival, or fetal survival can orientate re- moderate effect (a � 1⁄2�p) and not fixed (p � 0.69) on
UC, as was found in this population, could explain asearch not only in other livestock species but also in

human medicine. However, there have been only a few large amount of response obtained in the first genera-
tion of selection.reports of detected major genes or QTL for reproduc-

tive traits in pigs and mice, none in rabbits, and no QTL Selection on UC seems to be associated with large
differences between lines in IE (1.65 rabbits) and EShave been found for components of reproduction, such

as the number of IE, ES, and FS. Rabbit is the only (0.14). These large differences could be explained be-



1066 M. J. Argente et al.

Figure 4.—Marginal posterior distributions for polygenic variance ratio (—, Rpolyg � Vpolyg/VTOTAL) and total major gene variance
ratio (- - -, Rg � Vg/VTOTAL; with Vg � total major gene variance) for embryo survival (ES), fetal survival (FS), and prenatal survival
(PS).

cause UC has a high and moderate correlation with IE ovulation rate and embryo survival and a control line.
These authors found a QTL affecting ovulation rate and(0.71) and ES (0.59), respectively (Argente et al. 1997),

and also because there are major genes of large effect litter size (Cassady et al. 2001). In another line of pigs
selected on ovulation rate, Rohrer et al. (1999) identi-on IE and ES (a � 1 �p), which are completely domi-

nant and not fixed (p � 0.7). For IE, nearly all of the fied QTL affecting ovulation rate and uterine capacity.
The difference between the two breeds of Meishan andresponse was obtained by the second generation of se-

lection, and little response was observed subsequently Yorkshire pigs was estimated to be 6.4 corpora lutea
and 5 piglets (White et al. 1993). In the F2 population(Figure 1). Using simulation studies, Villanueva et al.

(1999) found a maximum response to selection in the generated from crossing these breeds, QTL for ovula-
tion rate and litter size were detected (Wilkie et al.second generation and a subsequent decrease in later

generations, because a simulated recessive allele with a 1999). Rothschild et al. (1996) have shown that a spe-
cific allele of the estrogen receptor (ER) locus is associ-large additive and dominant effect was fixed. These

authors used BLUP and genotype information on the ated with increased litter size, but the ER marker was not
associated with variation in either OR or UC (Rohrer etmajor gene for selection decisions. In our study, the

response did not level off, possibly because the favorable al. 1999). To our knowledge, this is the first study re-
porting evidence for major genes of large effect onand unfavorable alleles were not fixed in the high and

low lines, respectively. other important reproductive traits such as IE and ES.
Methods to detect the segregation of genes of largeIn our divergent lines, we found evidence for the

segregation of major genes for UC and OR. In a line effects on quantitative traits from phenotypic data only
are notoriously difficult and usually not robust to viola-selected for 21 generations for high litter size in mice,

Clutter et al. (1994) found a difference of 2.97 ova tions of assumptions such as normality of residuals and
homogeneity of variances (Lynch and Walsh 1998).and 2.27 fetuses at day 17 of gestation (close to birth)

with the control line. Masser et al. (1999) localized QTL Therefore, results from variance analysis should be
treated with caution, and conclusive evidence for theaffecting ovulation rates and number of fetuses in this

line. Rathje et al. (1993) reported a difference of 6.7 segregation of QTL of large effects should be obtained
from collecting genotypic (marker) data. Nevertheless,ova and 3.3 fetuses at day 50 of gestation in pigs between

a line selected for 10 generations using an index of in summary, all our results suggest that there may be
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Figure 5.—Marginal posterior distributions for major gene additive effects: uterine capacity (UC), ovulation rate (OR), number
of implanted embryos (IE), embryo survival (ES), fetal survival (FS), and prenatal survival (PS).

Blasco, A., 2001 The Bayesian controversy in animal breeding. J.genes of large effect segregating in this population on
Anim. Sci. 79: 2023–2046.IE and ES (a � 1�p), and major genes of relatively moder- Blasco, A., J. P. Bidanel, G. Bolet, C. S. Haley and M. A. San-

ate effect affecting OR (1⁄2�p 	 a 	 1�p), FS (1⁄2�p 	 a 	 tacreu, 1993 The genetics of prenatal survival of pigs and
rabbits: a review. Livestock Prod. Sci. 37: 1–21.1�p), PS (1⁄2�p 	 a 	 1�p), and UC (a � 1⁄2�p). Further

Blasco, A., M. J. Argente, C. S. Haley and M. A. Santacreu, 1994study is needed to confirm these results and to map this Relationships between components of litter size in unilaterally
gene. ovariectomized and intact rabbit does. J. Anim. Sci. 72: 3066–

3072.Thanks go to Pau Navarro for her assistance with the statistical
Cassady, J. P., R. K. Johnson, D. Pomp, G. A. Rohrer, L. D. Van

analyses. We gratefully acknowledge the Ministerio de Educación y Vleck et al., 2001 Identification of quantitative trait loci affect-
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