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Summary

The goal of the study is to verify the need of accounting for inbreeding/dominance effects
upon breeding value prediction in closed flocks of laying hens as an alternative to the routine
“additive” approach. Neither inbreeding depression nor dominance effects are passed onto the
next generation – they may only be re-established within the progeny when the parental
gametes unite. Yet, these effects may be a factor masking the real value of a bird as a parent
of the next generation of the stock. We used data recorded in 19 generations of 2 breeds of
layers – Rhode Island White (RIW – 134895 hens) and Rhode Island Red (RIR – 76360) – to
estimate the inbreeding coefficients and trace the kinship. Traits describing the laying
performance included body weight in the 18th week of life, age at first egg, number of eggs
laid during the first 15 weeks, average egg weight recorded in the 10th week of laying, total
number of laid eggs, and hatchability from eggs laid during the hatching season – the latter
two recorded solely in the reproduction flock. Three tested models fitted effects: random
additive genetic (I), additive plus fixed inbreeding depression (II), and additive plus
inbreeding depression plus random parental dominance (III). The fixed contemporary group
effects were common to all the models. Variance components associated with the random
effects were estimated with the REML method. Rankings of the breeding values predicted
with the models within the last generation were compared via the Spearman correlation.
Heritabilities estimated with model III were lowest for all the traits while they did not differ
between I and II, in both breeds. The dominance component accounted for 0.03 (hatchability)
to 0.09 (body weight, total egg production) and for 0.05 (initial laying rate) to 0.18 (total egg
production) of the phenotypic variance, in RIW and RIR. Although majority of the
correlation estimates were higher than 0.8, the correlations between initial laying rate
breeding values predicted with model I and II and between model I and III were as low as
0.45 and 0.34, in RIW. In RIR, the possible re-ranking regarded mainly the hatching rate at
correlations of 0.78 and 0.68 between I and III and between II and III. Selection for some
traits based on the additive model may be less effective than the one based on the
additive/dominance model as another set of birds could be selected for reproduction. Genetic
gains predicted with model I or II can be overestimated due to higher h2 estimates, for all the
traits. After some 20 years of selecting birds within a closed population inbreeding depression
of all the traits stays negligible or low, yet it may affect the ranking of selection candidates, if
accounted for during birds’ evaluation.
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Introduction

This is a routine that the genetic progress in laying hens is generated within closed
purebred flocks. Decades of selection within a flock inevitably result in heightened
homozygosity of the stock, which is further associated with the inbreeding depression. The
dominance effects, present in birds producing gametes, may further falsify the quality of a
candidate for selection – neither inbreeding depression nor dominance effects are passed onto
the next generation, they may only be re-established within the progeny when the parental
gametes unite. These two effects may be a factor masking the real value of a bird as a parent
of the next generation of the stock. Reports exist that indicate the legitimacy of accounting for
these two non-additive genetic effects when evaluating genetically the stock (e.g. Culbertson
et al., 1997; Merilä &Sheldon, 1999; Pante et al., 2002; Mäki-Tanila, 2007; Gallardo et al.,
2010) – it is possible to run large scale computations (Misztal, 1997) though reaching the
accuracy of the dominance effect predictions, comparable with the accuracy of the additive
evaluations, may require even twenty-fold more data (Chang, 1988).

The goal of the study was to verify the need of accounting for inbreeding/dominance
effects upon breeding value prediction in closed commercial flocks of laying hens as an
alternative to the routine “additive” approach.

Material and methods

We used data recorded in 19 generations of 2 breeds of layers – maternal Rhode Island
White (RIW – 134895 hens) and paternal Rhode Island Red (RIR – 76360) to estimate the
inbreeding coefficients and trace the additive and dominance kinships. Seven traits describing
the laying performance, selected for and studied jointly in multiple-trait approaches included
body weight in the 18th week of life, age at first egg, number of eggs laid during the first 15
weeks, average egg weight recorded in the 10th week of laying, total number of laid eggs, and
hatchability from eggs laid during the hatching season – the latter two recorded only in the
reproduction flock. Three tested models fitted effects: random additive genetic (I), additive
plus fixed inbreeding depression (II), and additive plus inbreeding depression plus random
parental dominance (III). The fixed contemporary group effects (year-of-hatch x hatch-
within-year) were common to all the models. To create dominance relationships we employed
the RENDOMN software of Misztal available at
http://nce.ads.uga.edu/~ignacy/numpub/dominance/. Variance components associated with the
random effects were estimated with the AI-REML method using software of the BLUPF90
family (Misztal et al., 2002). Rankings of the breeding values predicted with the three models
within the last generation were compared via the Spearman correlation.

Results and discussion

The inbreeding depression estimates (Table 1) can be generally considered as
insignificant, because of large standard errors. Only body weight, age at first egg, and initial
laying rate seem to be moderately moulded by homozygosity. Nonetheless, we record desired
genetic trends for those traits (unpublished data), although controlling of body weight might
have been facilitated by the inbreeding depression (average inbreeding coefficient reached
some 6 and 10% in RIW and RIR in the 19th generation). Heritability coefficients (Table 2)
estimated with model III were lowest for all the traits while they did not differ between I and



II, in both breeds. The dominance component (III) accounted for 0.03 (hatchability) to 0.09
(body weight, total egg production) and for 0.05 (initial laying rate) to 0.18 (total egg
production) of the phenotypic variance, in RIW and RIR (Table 2). The dominance variance
component ratios were all reliably estimated which could result from the structure of the
populations – many large full-sib families. Although the majority of the correlation estimates,
within the last generation, were still higher than 0.8, the rank correlations between initial
laying rate breeding values predicted with model I and II and between model I and III were as
low as 0.45 and 0.34, in RIW. In RIR, the possible re-ranking regarded mainly the hatching
rate at correlations of 0.78 and 0.68 between I and III and between II and III.

Table 1. Estimates of inbreeding depression (β) per 1% of inbreeding coefficient across traits, breeds
and models.

Breed Rhode Island White Rhode Island Red

Model1 II III II III

Trait β se β se β se β se

body weight, g -2.79 0.77 -2.60 1.11 -0.63 1.07 -0.80 1.39

age at first egg, days 0.14 0.05 0.17 0.07 0.20 0.07 0.16 0.09

number of eggs during
initial laying

-0.09 0.04 -0.11 0.05 -0.14 0.05 -0.09 0.06

egg weight, g 0.01 0.03 -0.01 0.04 -0.05 0.03 -0.07 0.04

egg specific gravity, g/cm3 0.03 0.09 0.05 0.09 -0.14 0.06 -0.13 0.07

number of eggs during total
laying

0.08 0.29 -0.23 0.30 -0.31 0.30 -0.13 0.31

hatchability2, % -0.18 0.13 -0.21 0.15 -0.09 0.11 -0.11 0.11
1 II – additive and inbreeding depression; III – additive, inbreeding depression and dominance;
2 from eggs laid during the hatching season.

Table 2. Proportions of additive (h2) and dominance (d2) components in the phenotypic variance
across traits, breeds and models.

Breed Rhode Island White Rhode Island Red

Model1 I II III I II III

Trait h2 se h2 se h2 se d2 se h2 se h2 se h2 se d2 se

body weight, g 0.61 0.011 0.63 0.009 0.56 0.002 0.09 0.001 0.58 0.017 0.60 0.013 0.55 0.009 0.08 0.004

age at first egg, days 0.47 0.012 0.48 0.010 0.40 0.001 0.08 0.001 0.42 0.018 0.44 0.014 0.26 0.006 0.10 0.005

number of eggs during
initial laying

0.10 0.007 0.14 0.007 0.06 0.000 0.06 0.001 0.18 0.013 0.17 0.011 0.09 0.002 0.05 0.003

egg weight, g 0.54 0.013 0.56 0.011 0.48 0.003 0.04 0.001 0.51 0.019 0.57 0.015 0.43 0.009 0.05 0.007

egg specific gravity,
g/cm3 0.23 0.013 0.23 0.013 0.18 0.001 0.06 0.001 0.24 0.019 0.24 0.019 0.17 0.004 0.06 0.004

number of eggs during
total laying

0.18 0.017 0.23 0.016 0.15 0.001 0.09 0.001 0.29 0.028 0.32 0.026 0.08 0.002 0.18 0.009

hatchability2, % 0.22 0.023 0.23 0.020 0.21 0.001 0.03 0.0004 0.10 0.024 0.18 0.024 0.07 0.002 0.08 0.006

1 I – additive; II – additive and inbreeding depression; III – additive, inbreeding depression and dominance;
2 from eggs laid during the hatching season.

Conclusions

Selection for some traits based on the additive model may be less effective than the one
based on the additive/dominance model as another set of birds could be selected for
reproduction. Also, genetic gains predicted with model I or II can be overestimated due to
higher h2 estimates, for all the traits.



After some 20 years of selecting birds within a closed population inbreeding
depression of all the traits stays negligible or low, yet it may affect the ranking of selection
candidates, if accounted for during birds’ evaluation.
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