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ABSTRACT 

Initial egg production (IEP), egg weight (EW) and body weight (BW) of four laying hen lines 
were studied. A total of 74044 individuals from six selected generations were included in the ana­
lysis. The data (after Box-Cox transformation) were used to estimate direct and maternal additive 
genetic variances as well as cytoplasmic variances. Estimation of variance components was per­
formed by the derivative-free REML programs of Meyer (1989). The largest genetic variance com­
ponent estimates were obtained for IEP. However, the contributions of variances from both maternal 
(indirect) and cytoplasmic effects to phenotypic variance were very small for all analyzed traits. It 
was concluded that the maternal and cytoplasmic effects studied may be omitted in laying hen ge­
netic evaluation. 
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INTRODUCTION 

Classical genetic evaluations of livestock based on best linear unbiased predic­
tion under an animal model usually ignore effects other than direct additive ones. 
On the other hand, several authors have reported the significance of other genetic 
effects in livestock and poultry performance traits (Wei and Van der Werf, 1993; 
Albuquerque et al., 1998; Mannen et al., 1998). Inclusion of non-additive and 
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maternal (indirect) effects in a genetic model influenced, among others, unbiased 
heritability estimates in the narrow sense, and more precise prediction of breeding 
values, as well as the use these effects through special crossbreeding strategy (Wei 
and van der Werf, 1993). 

Evidence of maternal effects (excluding the inherited sample half of the dam's 
nuclear genes) on chicken performance traits has been shown in many studies 
(Chambers, 1990; Barbato and Vasilatos-Younken, 1991; Szwaczkowski, 1995; 
Koerhuis and Thompson, 1997). The majority of these conclusions are based on 
crossbreeding experiments. Another approach to the inference about maternal ef­
fects was a comparison of dam and sire variances in a conventional two-step hie­
rarchic model (W^zyk, 1970). Unfortunately, these methods supply only general 
information (under strong conditions) on the maternal effects and some non-addi­
tive direct genetic variances (Tempelman and Burnside, 1990). Application of mixed 
model methodology allows estimation of the maternal variance components and 
respective effects (Van Vleck, 1993). These maternal genetic effects are usually 
classified as indirect and cytoplasmic. Biological mechanisms to explain these 
indirect maternal effects include egg environment during embryo development 
(incubation). Indirect maternal effects are divided into additive, dominance, addi­
tive by additive, etc. The confounding of the two contributions from the dam en­
tails the possibility of a genetic correlation between the respective direct and ma­
ternal effects (Willham, 1980). 

As already mentioned, another source of maternal effects are mitochondrial 
DNA (mtDNA) (Wagner, 1972). Ovum cytoplasm contains about one hundred 
thousands copies of mtDNA (whereas a male cell contains 70-100 copies). The 
mitochondrial genotype is transmitted only from female parents to their offspring 
(Wagner, 1972). A polymorphism of maternal lineages seems to result, first of all, 
from a mutational event as well as interaction of extranuclear and intranuclear 
DNA. A majority of the studies performed were carried out in mammals. Howe­
ver, the presence of cytoplasmic genetic effects has been also hypothesized in 
birds (Glaus et al., 1980; Buss, personal communication). 

The objective of this study was to estimate direct additive, and maternal (indi­
rect) additive variances and correlations between the direct and maternal additive 
effects as well as the cytoplasmic variances of some productive traits in laying hens. 

MATERIAL AND METHODS 

Data description 

Four laying hen lines of Rhode Island Red (denoted as: K66, K44) and Rhode 
Island White (denoted as: A88 and A22) from six generations under selection 
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(1991-1996) were studied. Al l recorded birds were maintained in a pedigree farm 
of the Poultry Research Branch in Zakrzewo (Poland). Both Rhode Island Red 
lines (as paternal) and Rhode Island White lines (as maternal) are used to produce 
commercial crosses. The following three performance traits were included: initial 
egg production (until week 36) (IEP), egg weight at week 33 (EW) and body 
weight at week 20 (BW). The numbers of recorded individuals as well as brief 
statistical characteristics of these data-sets are given in Table 1. 

TABLE 1 
Description of the data 

Strain/trait 
Numbers 

of individuals 
(observations) 

Avera^ ;e/SD Skewness Kurtosis 

K66 IEP, % 14755 88.7 14.3 0.00092 0.0137 
EW, g 14583 60.5 4.5 0.00768 0.2185 
BW, g 15686 1605 168 0.01383 0.5067 

K44 IEP, % 16192 89.0 14.9 0.00016 0.0083 
EW, g 16011 60.3 4.7 0.00099 0.2578 
BW, g 17299 1594 158 0.02906 0.4562 

A88 IEP, % 18976 87.7 17.0 0.02257 0.0002 
EW, g 18750 59.3 4.7 0.00788 0.2673 
BW,g 20064 1539 173 0.02146 0.1518 

A22 IEP, % 20323 83.9 17.2 0.00216 0.0145 
EW, g 20088 59.9 4.2 0.00310 0.2185 
BW, g 20995 1531 166 0.00587 0.3202 

Data transformation 

Prior to analysis, the normality of trait distributions was examined. The skew­
ness and kurtosis coefficients are given in Table 1. As expected, the analyzed traits 
have been shown to exhibit non-normal distributions. Hence, to reduce non-nor­
mality the Box-Cox power transformation (Box and Cox, 1964; Besbes et al., 1993) 
was employed. Each data-set was transformed for t from a range of -5 to 5 using a 
step size of 0.1 and its skewness (first parameter analyzed) and kurtosis (second 
parameter analyzed) were calculated. The range of / value was determined after 
previous studies (Beaumont, 1991; Szwaczkowski et al., 1994). For comparison 
of results between different traits, each transformed observation was divided by 
the strain-trait mean. 



592 ESTIMATES OF EGG PRODUCTION 

Genetic model 

The following linear unitrait individual animal model was fitted to the data: 
y = Xb + Za + Wm + Tc+ e, 

where: y is the observation vector; b is a vector of fixed effects (generation x 
hatch period); a is a vector of random direct additive genetic effects; m is a vector 
of random maternal additive genetic effects; c is a vector of random cytoplasmic 
effects; e is a vector of random errors; X, Z, W and T are the known incidence 
matrices. The model holds the following assumptions: 

a 0 a A<r a m 0 0 

E m = 0 andD m — A c r a m 0 0 

c 0 c 0 0 W 0 

e 0 e 0 0 0 

In consequence: 
E(y) = Xb and 
D(y) = Z A Z ' a 2 + WAW'a 2 + ZAW'a + WAZ'a + T T ' a 2 + Ia 2 , 

V4/ y a m am am c e' 

where: A is the additive relationship matrix, Ij is the 1 x 1 identity matrix (1 is a 
number of maternal lineages - see below), a 2 is the direct additive genetic va­
riance, a 2 is the maternal additive genetic variance, a is the covariance between 

7 m am 

direct and maternal additive genetic effects, a 2 is the error variance. 
The levels of cytoplasmic effects were formed as maternal lineages (see e.g. 

Kennedy, 1985; Southwood et al., 1989). Thus, all recorded descendants of 
the oldest base dam (founder) were included in a single cytoplasmic group. The 
following genetic parameters were estimated: direct additive heritability 
(hi = a 2 / a 2), maternal additive heritability (hm = a 2 / a 2), cytoplasmic heritabi­
lity (h2 = a 2 / a 2) and correlation between direct and maternal additive effects 
(r = a I a a ) . 
v am am a nv 

Applied algorithm 

The variance component estimates were obtained by application of the deriva­
tive-free restricted maximum likelihood (DFREML) algorithm described by Gra-
ser et al. (1987) and Meyer (1989) to include additional random effects. A value of 
10~8 for the variance of the likelihood function values was used as the iteration 
stopping criterion. Al l analyses were restarted to check for the occurrence of local 
maxima until the log-likelihood did not change beyond the first decimal. The com­
putations were performed using the DFREML package programs of Meyer (1993). 
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RESULTS 

Estimates of direct and maternal additive and cytoplasmic variances (times 
10000) of the analyzed traits are shown in Table 2. As already mentioned above, to 
compare variance component estimates of different traits, each observation (after 
transformation) was divided by the mean. The highest estimates of direct additive 
variances were obtained for IER In the case of all lines, the lowest estimated varian­
ces were for BW. Differences in additive direct variances between lines were also 
registered. 

TABLE 2 
Estimates of direct additive (a2) and maternal additive (a2) variances (x 10000) as well as cytoplas­
mic (a2) variances (x 10000) of studied traits 

Strain/Trait a 2 

a 
a 2 

m 
a 2 

c 

K66 IEP 220.6708 17.8727 0.4480 
EW 35.8525 0.0017 0.0128 
BW 0.5890 0.0651 0.0007 

K44 IEP 162.5877 7.7113 0.0769 
EW 8.5040 4.2884 0.0637 
BW 3.0425 0.0706 0.0001 

A88 IEP 114.4425 4.4871 0.0445 
EW 17.7361 0.3719 0.0020 
BW 0.2486 0.0047 0.0001 

A22 IEP 288.5839 13.8338 0.0002 
EW 2.0683 0.1453 0.0093 
BW 0.1886 0.0038 0.00004 

Estimates of maternal genetic variances were the lowest compared to those of 
direct variance. Relatively larger maternal variabilities were also obtained for ini­
tial egg production, whereas for BW these estimates were the lowest. Almost all 
cytoplasmic variances were very low. However, it seems that larger maternal addi­
tive variance estimates are probably combined with the magnitude of cytoplasmic 
variance estimates. 

The ratios of these variance estimates, denoted as the respective heritability 
coefficients (direct additive, maternal additive, cytoplasmic heritability) as well as 
the correlation estimates between direct and maternal additive effects are presen­
ted in Table 3. The largest direct additive heritability was estimated for body weight 
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TABLE 3 
Estimates of direct (h2), maternal (h2) and cytoplasmic (h2) heritabilities as well as their approxi­
mated standard errors (in parenthesis) and correlation (r ) between direct and maternal effects for 
studied traits 

Strain/Trait h2 

a K r 
am 

h) 

K66 IEP 
EW 
BW 

0.2583 ± 0.0236 
0.5530 ± 0.0348 
0.4399 ± 0.0299 

0.0209 ± 0.0067 
0.0000 

0.0486 ± 0.0099 

-0.0617 
0.2334 

-0.0425 

0.0005 ± 0.0010 
0.0002 ± 0.0006 
0.0005 ± 0.0010 

K44 IEP 
EW 
BW 

0.2390 ±0.0217 
0.4262 ± 0.0291 
0.5117 ±0.0307 

0.0135 ±0.0051 
0.2149 ±0.0207 
0.0119 ±0.0046 

0.0115 
-0.0307 
0.0151 

0.0001 ± 0.0004 
0.0032 ± 0.0025 

0.0000 

A88 IEP 0.2842 ±0.0218 0.0111 ±0.0043 0.0182 0.0001 ± 0.0004 
EW 
BW 

0.5653 ±0.0310 
0.5300 ± 0.0290 

0.0119 ±0.0045 
0.0100 ±0.0039 

0.0145 
0.0137 

0.0001 ±0.0004 
0.0001 ± 0.0003 

A22 IEP 
EW 
BW 

0.2365 ± 0.0192 
0.5202 ± 0.0287 
0.5000 ± 0.0276 

0.0113 ±0.0042 
0.0365 ± 0.0076 
0.0100 ±0.0039 

0.0281 
-0.0050 
0.0141 

0.0000 
0.0023 ±0.0019 
0.0001 ± 0.0003 

and egg weight due to relatively low residual variance estimates (compared to 
other traits). These heritabilities ranged from 0.4262 (EW of K44) to 0.5653 (EW 
of A88). The corresponding estimates for IEP were under 0.29. 

The maternal additive heritabilities of EW (for line K44) were considerably 
high (0.2149) compared to the estimates for other traits (not exceeding 0.1). Basi­
cally, the estimated correlations between direct and maternal additive effects are 
close to zero (both positive and negative correlations), except for EW of line K66. 
However, in this case the correlation is overestimated by very low maternal gene­
tic variance. 

For all traits, cytoplasmic line effects did not seem to be important. The so-
called cytoplasmic heritability estimates did not exceed 1% and were close to their 
standard deviations. 

DISCUSSION 

As already mentioned, the maternal effects were usually evaluated via cross­
breeding experiments (mainly, for broiler chickens). Thus, these effects are treated 
as fixed and, in consequence, their estimation requires no knowledge of the re­
spective variance components. The maternal effects are usually larger than within 
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selected lines and in field collected data. Since animal model REML estimates of 
maternal additive and cytoplasmic variances for laying hen performance traits are 
rarely available (Szwaczkowski, 1995), discussion is unavoidably restricted to 
general considerations concerning mainly the estimation of these variances. Seve­
ral authors (Kennedy, 1986; Mannen et al., 1998) reported that an accurate estima­
tion of maternal additive and cytoplasmic variances is difficult because propor­
tions of variance shared by relatives may be small and confounded with other 
genetic or environmental effects. Biases of cytoplasmic variance estimates are proba­
bly caused by misidentification of mitochondrial genotypes. Polymorphism of 
maternal lineages results from a mutational event, the creation of maternal linea­
ges seems rather arbitrary. On the other hand, Salehi and James (1997) reported 
that the number of generations influences the detection of cytoplasmic effects. 
Generally, they concluded that the power of detection was reduced with fewer 
data. It should be stressed that an evaluation of cytoplasmic effects based on ma­
ternal lineages leads to underestimation of the variance (Mannen et al., 1998). 
Hence, molecular techniques were developed to study mitochondrial DNA se­
quence variants (Loftus et al., 1994; Takeda et al., 1995). Therefore, individuals 
with the same mitochondrial type classified by D-loop sequence variants would 
have the same gene product in the coding regions influencing some traits. This 
approach used, first of all, in dairy and beef cattle leads to conclusions on the 
importance of cytoplasmic effects in several performance traits (Boettcher et al., 
1996; Mannen et al., 1998). Unfortunately, to our knowledge, the mitochondrial 
chicken genome has not been mapped yet. 

These variance estimates are also negligible in this work (except the egg weight 
of K44). In principle, the estimated maternal and cytoplasmic variances are simi­
lar to those described by Szwaczkowski (1995) in other strains of laying hens, also 
using an REML under an animal model. It seems that both maternal additive and 
cytoplasmic effects might be ignored in genetic evaluations in laying hens. 

The heritability of egg production traits has been studied extensively. General­
ly, the heritability estimates obtained by foreign authors (see e.g. Hagger, 1994; 
Tixer-Boichard et al., 1995; Poggenpoel et al., 1996) are higher compared to those 
from Polish laying hen populations (Cywa-Benko and W^zyk, 1992; Szydlowski, 
1998). In the case of other livestock species, a similar relationship has also been 
registered. Most likely, it resulted from relatively large environment variability. 
However, the direct heritability estimates obtained in this study are considerably 
higher than reported for other Polish flocks. Comparisons of the cited heritabilities 
should be careful, since different methods were employed. Moreover, many of the 
reported results were calculated on the original scale without undergoing any trans­
formations. 

From a practical point of view, the results indicate the possibility of a genetic 
improvement of these traits on the basis of an additive genetic model. 
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CONCLUSIONS 

Additive maternal genetic effects and covariance between maternal and direct 
genetic effects do not seem to contribute to the phenotypic variances of those traits. 
Participation of variances from cytoplasmic effects in phenotypic variances was 
very small and similar for egg production traits and the body weight of all ana­
lyzed lines. Generally, the results obtained in this study lead to the suggestion that 
the „additional" genetic effects may be omitted in laying hen genetic evaluations. 
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STRESZCZENIE 

Oszacowania wariancji genetycznej addytywnej bezposredniej, matczynej i cytoplazmatycz-
nej cech uzytkowych kur niesnych 

Analiza^ objeto trzy cechy (niesnosc poczajkowa^, mase. jaja i masQ ciala) 74044 kur niesnych 
czterech linii , pochodza^cych z szesciu selekcjonowanych pokoleh (1991-96). Szacowano wariancji 
genetyczna^ addytywna^ bezposrednia^ matczyng. i cytoplazmatyczna^ (poprzedzone transformacjg, 
danych w oparciu o metodQ Boxa-Coxa) przy uzyciu algorytmu najwi^kszej wiarygodnosci z ogra-
niczeniem „wolnego od obliczania pochodnej" (DFREML). Najwieksze estymatory wariancji ge-
netycznych uzyskano dla cechy niesnosc pocza^tkowa. Udzial wariancji matczynej (posredniej) 
i cytoplazmatycznej w wariancji fenotypowej dla wszystkich cech i linii byl jednak maly. Efekty te 
mogâ  wiec bye pomijane w ocenie wartosci genetycznej kur niesnych w tych populacjach. 


