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ABSTRACT : This study examined the effects of igno
ring inbreeding depression on (co)variance components 
for weaning weight through the use of Monte Carlo 
simulation.

Weaning weight is of particular interest as a trait for 
which additive direct and maternal genetic components 
exist and there then is the potential for a direct-maternal 
genetic covariance. Ignoring inbreeding depression in the 
analytical model (.8 kg reduction of phenotypic value per 

1% inbreeding) led to biased estimates of all genetic (co) 
variance components, all estimates being larger than the 
true values of the parameters. In particular, a negative 
bias in the direct-maternal genetic covariance was 
observed in analyses that ignored inbreeding depression. 
A small spurious sire-by-year interaction variance was 
also observed.
(Key Woids: Variance Components, Genetic Correlation, 
Simulation)

INTRODUCTION

Inbreeding occurs over generations as individuals in a 
population of finite size inevita미y become more related. 
For many characteristics, increased level of inbreeding is 
associated with decrease in performance (inbreeding 
depression). Levels of inbreeding in populations of cattle 
have been evaluated as well as levels of inbreeding 
depression for performance (Bowman et al., 1978; 
Hudson and Van Vleck, 1984; Short and Lawlor, 1992; 
Ward, 1993). In most genetic evaluations of beef cattle, 
inbreeding depression has been ignored, both when 
estimating the parameters used in evaluations and when 
estimating breeding values. In beef cattle, recent studies 
(Robinson, 1994; Mallinckrodt et al., 1995; Lee and 
Pollak, 1996c) have examined the genetic correlation 
between additive direct and maternal effects for weaning 
weight (WW). Biased estimates of the correlation resulted 
when certain effects were ignored in the analytical model. 
Ignoring sire-by-year interaction (SY) effects in the model 

used to estimate (co)variance componets for WW in beef 
cattle has been identified as a potential source of bias in 
genetic parameter estimation (Robinson, 1994). In 
particular, ignoring this effect can lead to a spurious 
negative genetic correlation between additive direct and 
maternal effects when, in fact, one is absent. In an 
analysis of Simmental data, a small SY variance (3% of 
the total variance) was detected that, when ignored, 
changed the estimate of the correlation from 一.14 to 
— .29 (Lee and Pollak, 1996c).

The biological reason for existence of SY is not clear. 
The objective of this study was to determine the effect of 
inbreeding depression for WW performance on the estima
tion of the direct and maternal genetic (co)variances and 
the SY variance.

MATERIALS AND METHODS

Simulated data
Monte Carlo simulation was used to investigate the 

impact of ignoring inbreeding depression on (co)variance 
components, focusing on SY variance and the direct- 
maternal genetic covariance. Weaning weight was simula
ted with inbreeding depression but not with SY.

Records were simulated on a yearly basis. Each year, 
the calf crop was produced by mating animals selected on 
their contemporary group-adjusted observations. Simula
ted WW observations included contemporary group fixed
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effects, a regression on level of inbreeding, additive direct 
and maternal genetic random effects, permanent environ
mental random effects, and residuals. Mendelian sampling 
for direct and maternal genetic effects was simulated with 
a variance adjusted for inbreeding. A random number 
generator based on the Box-Muller method was used to 
generate random Gaussian deviates (Press et al., 1992).

Ten herds were simulated with 100 dams per herd per 
year for 25 years, for a total of 25,000 records. There 
were 1,244 base animals, 1,200 dams and 44 sires.

Connections across herds and years were obtained by 
use of Al sires. For each calf crop, three Al bulls and two 
herd bulls were used per herd. Six of the Al bulls were 
kept from the previous year, and four new bulls were 
selected each year from bulls bom in the previous calf 
population based on the largest phenotypic deviation 
(adjusted for contemporary group) across all herds. 
Selection for within-herd bulls occurred after selection of 
Al bulls. Any dam over 20 years old was culled.

The population included 1.4% sires, 22.1% dams, and 
76.5% nonparents. Average numbers of progeny per 
parent were 141.5, 38.5, and 4.3 for Al sires, within-herd 
sires, and dams, respectively. A detailed description of the 
simulation and population structures is in Lee and Pollak 
(1996a).

Inbreeding depression.
Weaning weight performance data were simulated 

with inbreeding depression. Performance was reduced by 
.8 kg per 1% inbreeding for additive direct genetic effects 
but not for additive maternal genetic effects. The 
population included 55% inbred animals with the 
average inbreeding coefficient of .04. There were 25 
replicates simulated.

Models
For (co)variance components estimation, a mixed 

model was used:

Y = XB 누 Wp + Zg + ZmUm + Z『ip + ZsyUsy + e,

where Y is a vector of WW observations,日 is a vector 
of contemporary group fixed effects, p is covariate for 
inbreeding depression effects,风 is an unknown random 
vector of additive direct genetic effects, um is an unknown 
random vector of additive maternal genetic effects, up is 
an unknown random vector of permanent environmental 
effects, iisy is an unknown random vector of SY effects, 
and e is an unknown random vector of residuals. The X, 
Zy, 2糸 4, and Zsy are known incidence matrices relating 
observations to 8, <岫,Up, and 耳少 respectively. The W 

is known vector including inbreeding of calves. The first 
and second moments of random components in the model 
are [니 咀 略 %’y‘] 〜 N [W项项' 이 이 (X8+Wq)', 
〕,'SX where

Ab* Abdm 0 0 0

Addm A。％ 0 0 0 AZ2%
0 0 lai 0 0 Z0

s= 0 0 0 I(7Sy 0 Z'sy 爲
0 0 001°； la：

ZuA^d ZmAc屏 4。； %시 Iff? V_

A i the matrix of numerator relationships among all
animals, cr j is the additive direct genetic variance, e 如 

is the additive direct and maternal genetic covariance, a % 
is the additive maternal genetic variance, (7 p is the 
permanent environmental variance,爲 is the SY 
variance,(7 ： is the residual variance, and V = ZyAZj, a % 
+ 4AZ，(丁% + (ZtfAZm + ZmAZ；) ©dm 우 44(丁; + 乙 yZ'sy 
G 卷 + I(7e

Analyses were done with different analytical models 
that included all or a subset of the effects in the above 
model. Four models were used; the full model presented 
above and models ignoring SY and/or inbreeding 
depression.

Parameter estimation
Restricted maximum likelihood (REML) estimates of 

the (co)variance components in the analytical models 
were obtained using multiple trait derivative-free RE ML 
(Boldman et al., 1993). The program uses the procedures 
from Meyer (1989) and incorporates routines for handling 
sparse matrices (George et al., 1980). The program uses 
the downhill simplex method to minimize negative log 
likelihood function. Stopping criterion was simplex 
variance being less than IO-10. Cold restarts with the 
converged (co)variance component estimates as new 
starting values were applied to every estimation.

RESULTS ANP DISCUSSION

Influence of ignoring inbreeding depression
Estimates of parameters from four analytical models 

are shown in table 1. Estimates of (co)variance 
components and covariate for inbreeding depression using 
the true model were not different (p > .05) from their 
corresponding input values. In the analysis with the model 
excluding inbreeding depression covariate, all genetic 
parameters were inflated (p < .01) compared to those 
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estimated from the true model. The largest differences 
were observed for the direct genetic effect and for the 
direct-maternal covariance (the direct-maternal covariance 
became more negative). Both the residual and permanent 
environmental variances were biased upward, as was the 
phenotypic variance. In this paper, bias means that 
parameter estimate significantly differed from value to be 
compared (input value in simulation or estimate obtained 
from true model), not that the ejected value of the estimate 
differed from its parameter. This is due to the 'bias' property 
of REML estimate.

Lee and Pollak (1996b) demonstrated that misiden
tification of sires leads to a spurious SY variance. Of 
interest here is whether ignoring inbreeding depression 
does as well, which might further explain the presence of 
an SY variance in the analysis of Simmental data. An 
analytical model ignoring inbreeding but including an SY 
effect was used (table 1). All genetic parameters were 
biased in a manner similiar to ignoring inbreeding 
depression without fitting an SY effect. A small SY 
variance was estimated and was statistically different from 

zero (p v .01). Although the estimated variance attributed 
to SY differed significantly from the input value, it 
accounted for a small proportion (.63%) of phenotypic 
variance. The small average variance estimated using 
REML might be attributed to the propeity of REML 
estimates being within the parameter space (non
negativity of REML estimates for variance components). 
When using zero variance in simulation, variance 
estimates will be zero or positive. The presence of a small 
SY variance estimate can be explained by this property of 
RE ML estimates. That is, if the maximum of a likelihood 
is located on the boundary of the parameter space, then 
the derivative of the likelihood is unlikely to equal zero at 
the maximum. Eight replicates had the SY variance on 
the boundary in this study.

Estimates of (co)variance components with the model 
including both inbreeding depression covariate and SY, an 
overparameterized model, were not different (p > .05) 
from estimates using the true model. Again, SY variance 
was small but significantly different from zero because of 
the reason addressed above (table 1).

Table 1. Estimates® of (co)variance components and regression for inbreeding coefficient from the data simulated with 
inbreeding depression effects using models with and without sire-by-year interaction and/or inbreeding depression

Additive 
direct 

variance

시¥??鸣 Additive Pemanent . Covariate for
direct and _ . , ・ 丄〔 SY Residual Phenotypic . , j.maternal maE지 environmental variance variance variarX "血eed.ng
covariance vanance variance depression

aMean ± SE and significance (ns p > .05, * p < .05, **p < .01). The figures for the models (NONE, SY, and SY+F) are 
deviations from estimates with true model (F). Standard errors were empirically obtained from 25 replicates. Ho: ”f= input value 
for true model, and Eq :卩 sy+f (卩・ sy, or 卩 none) — f ~ for the other models.

Input value 219 -51 116 74 0 382 740 —.8

F 216.4 ±4.3 -53.7 ±2.3 120.1 ±2.5 72.5 ± 1.2 — 384.7 ± 2.4 739.9 ± 1.5 -.788 ±.012
ns ns ns ns ns ns ns

NONE 7.3 ± .6 -9.9 ± .3 1.3 ± .3 1.9 ± .2 — 2.4 ± .3 3.0 ± .3 —
** ** ** ** ** **

SY 10.6 ± 2.5 -12.5 ± 1.6 3.5 ± 1.1 1.7 ± .3 .63 ± .18 .5 ± 1.2 4.4 ± .6 —
** ** ** ** ns *

SY + F 3.4 ± 2.2 -3.0 ± 1.8 3.3 ± 1.8 ~.5± .3 ,56± .17 -2.1 ± 1.1 1.8 ± .8 .000 ± .000
ns ns ns ns ns * ns

IMPLICATIONS

In this study, ignoring inbreeding depression effects in 
the analysis of the simulated WW data inflated direct and 
maternal genetic (co)variance componets. The findings 
implied that inbreeding depression should be considered 
in the genetic evaluation for populations where inbreeding 
is present. Inaccurate parameter estimates caused bu 
ignoring inbreeding depression would lead to reduction in 

genetic progress because of reduction of correlation 
between estimated and true genetic merit
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