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INTRODUCTION 
One of the assumptions for mixed model equations (MME; Henderson, 1963) to provide 
unbiased estimates of fixed effects is that (X´V-1X)-1 X´V-1Z E(u)=0 (X, V, Z, and u will be 
defined later. E(u) is the expected value of vector u). This is an implicit valid assumption in 
two situations: (1) when there are no genetic mean differences between levels of fixed effects, 
e.g., when there are equal or proportional size of progeny per sire within the levels of fixed 
effects; or (2) when selection have never occurred. In this case, the expected value of every 
element of u (vector of breeding values) is equal to zero. Such situations seldom occur in data 
from animal breeding programs. Henderson (1975) pointed out this problem and demonstrated 
that MME solutions for fixed (β ) and random effects are not correlated, and proved that β  are 

correlated to the true breeding values (u), that is,  might be contaminated by u. The aim of 
this paper was to investigate, by a simulation study, some potential consequences of bias in 
fixed effect estimates from MME on prediction of breeding values and selection of future 
parents for situations where genetic mean differences between levels of fixed effects exist.  

ˆ ˆ
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MATERIAL AND METHODS 
Structure of the simulated population. The base simulated population consisted of 110 sires 
and 3,000 dams, which were unrelated, unselected and assumed randomly sampled from a 
conceptually infinite population. Dams were mated at random with sires producing 6,000 
offspring (3,000 of each sex; 2 per dam). The young animals were distributed in 120 
contemporary groups (CG) in two different situations (ST1 and ST2): For ST1, sires had their 
progeny distributed in sets of CG (S1 to S6) independently of their true breeding values (TBV). 
Sires identified as 1 to 20, 19 to 38, 37 to 56, 55 to 74, 73 to 92, and 91 to 110 had their 
progeny distributed into CG 1 to 20 (S1), 21 to 40 (S2), 41 to 60 (S3), 61 to 80 (S4), 81 to 100 
(S5), and 101 to 120 (S6), respectively; and, for ST2, sires were ranked based on their TBV 
(from highest to lowest) and their progeny were distributed into sets of CG as follow: sires 
ranked as 1st to 20th, 19th to 38th, 37th to 56th, 55th to 74th, 73rd to 92nd, and 91st to 110th had their 
progeny distributed into S1, S2, S3, S4, S5, and S6, respectively, resulting in genetic mean 
differences between sets of CG. These sets could be thought as several tiers distributed in space 
or time. The connectedness of all CG was guaranteed by using two sires in common between 
every pair of sets (e.g. sires identified as 19 and 20 (ST1) or ranked as 19th and 20th (ST2) had 
progeny distributed in S1 and S2) and by assessment, using a software for measuring 
connectedness called MILC (Fries, 1998). One hundred replicates were simulated. Base animal 
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mates, number of progeny per sire, and number of animals falling in each CG varied from 
replicate to replicate. 
 
Simulated model. For each replicate, post weaning weight gains (PWG) of young animals 
were simulated assuming a phenotypic variance of 300 kg2 and true heritability of 0.4, 
according to the model: Yij = bi + aij + eij , where Yij is the PWG of animal j in CG i, bi is the 
effect of CG i, aij is the additive genetic value of animal j in CG i and eij is the random residual 
term. Values for eij were independently drawn from a normal distribution with mean zero and 
variance of 180 kg2 (N(0,180)).Values for bi were drawn from a N(0,1000) with the restriction 
that another value was generated if bi < 69 kg or bi > 276 kg. CG effects were simulated in the 
first replicate and kept constant over all replicates. Genetic values of base animals were 
generated from a N(0,120) and of non base animals as aij = ½( asj +  adj) + mij , where asj and adj 
are genetic values of the sire and dam of animal j, and mij is the Mendelian sampling effect of  
animal j drawn from a N(0,60). Correlation between genetic and environmental effects was not 
simulated. 
 
Statistical analysis. Predicted breeding values (EBV) and estimated fixed effects (ECG) were 
obtained using the program MTDFREML (Boldman et al., 1993). Data of each replicate was 
analyzed by the following model: Y = Xβ + Za + e, where: Y is the vector of PWG, X and Z 
are the incidence matrices associated with the fixed and random effects, respectively, β is the 
vector of fixed effects (CG), a is the vector of animal direct additive effects, and e is the vector 
of random errors. The following assumptions were made: E(Y) = Xβ, E(a) = E(e) = 0,     
Var(Y) = ZAZ´σ2

A + Iσ2
e , where A is the numerator relationship matrix, σ2

A is the direct 
additive variance, σ2

e is the residual variance, and I an identity matrix. The variance 
components used in the analysis were the true simulated values. Biases and mean square errors 
(MSE) of EBV and ECG were measured as:  

biasw = 1/q∑ and MSE
=

−
q

1i
ii )wŵ( w = 1/q , for w = a or β ;  is the predicted 

or estimated value of the parameters and q is the number of young animals or number of CG. 
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RESULTS AND DISCUSSION 
Mean of TBV of all 6,000 young animals were equal to zero for both simulated situations (ST1 
and ST2). Means of TBV by set of CG were close to zero for all sets for ST1 and equal to 7.87, 
3.68, 1.20, -1.19, -3.63 and -7.92 kg for S1, S2, S3, S4, S5, and S6, respectively, for ST2. 
These genetic differences generated among CG are plausible to occur in real animal breeding 
data. As expected, results from Table 1 showed that EBV and ECG obtained from MME were 
not biased, when there was no genetic mean differences between CG (ST1). However, 
unbiasedness of  MME solutions did not hold for ST2. Animals from CG with higher genetic 
means had downwardly predicted EBV. The opposite occurred with animals from CG with 
smaller genetic means. As can be verified in Table 1, biases in EBV were related to biases in 
ECG, which were contaminated by the genetic effects. MME solutions for CG effects were 
very similar to simple CG arithmetic means of PWG (ACG) obtained as deviations from the 
overall mean (data not shown). Sample correlation between ACG and ECG was 0.9999 (Brito 
(1992) observed a similar result) and the mean of absolute deviations between them was 

Session 20. Prediction of breeding values Communication N° 20-20   



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

0.6537 kg, showing that ECG retained part of the genetic variability, because the mean genetic 
differences among sets of CG due to sires were not appropriately accounted for. The biases in 
ECG affected the estimation of Mendelian sampling effects and, consequently, the prediction 
of breeding values of young animals, in agreement with considerations of Fries and Schenkel 
(1993). Table 1 also shows, in its last row, that, when data from all CG were jointly considered, 
biases were not identified. For verifying if the observed biases were not due to the structure of 
the simulated population, other simulations and analyses were carried out using 12 sires in 
common to all CG sets. Biases of ECG and EBV were smaller, but showed the same pattern 
with respect to the results presented in Table 1.  
 
Table 1. Average bias and mean square error (MSE) of predicted breeding values (EBV) 
of young animals and of estimated contemporary group effects (ECG), over 100 
replicates, for each set of CG and simulated situation  
 

  
Situation 1 (ST1)A 

 

 
Situation 2 (ST2)B 

  
Bias (kg) 

 

 
MSE (kg2) 

 

 
Bias (kg) 

 

 
MSE (kg2) 

 
Sets of CG EBV ECG EBV ECG EBV ECG EBV ECG 

S1 (CG 1-20)  -0.14  0.14  61.63  3.04  -7.03  7.04  110.47  52.08 
S2 (CG 21-40)  -0.02  0.02  61.06  2.81  -3.76  3.77  74.79  16.60 
S3 (CG 41-60)  0.15  -0.15  62.20  3.02  -1.21  1.22  62.91  3.88 
S4 (CG 61-80)  0.05  -0.04  62.32  2.84  1.23  -1.22  63.38  4.05 
S5 (CG 81-100)  0.01  -0.01  62.34  2.93  3.83  -3.83  76.50  17.15 
S6 (CG 101-120)  0.00  0.00  61.57  3.12  6.98  -6.98  109.79  51.39 
General  0.01  0.00  61.85  2.96  0.01  0.00  82.97  24.19 

 

A Sires had their progeny distributed into CG independently of their breeding values. 
B Sires had their progeny distributed into CG according to their true breeding values, resulting in genetic 

mean differences between sets of CG. 
 
Consequences of biases in EBV were evaluated by selection of the best 2% young males (60 
out 3,000) according to their TBV or EBV, mimicking a situation where some young sires are 
selected for progeny test (Table 2). For ST1, the proportions of animals selected based on EBV 
by CG set were very similar to the proportions that would be selected if we were able to select 
animals according to their TBV. For ST2 and TBV as selection criterion, more animals were 
selected from CG sets with higher genetic mean, which was expected. Selection based on EBV, 
for ST2, showed that the proportion of selected animals coming from S1 and S2 was reduced 
and from the other sets was increased. The upward bias in the EBV favored animals from CG 
with smaller genetic means and, as consequence, selected animals had smaller true genetic 
mean, when they were selected based on EBV, in ST2 than in ST1 (last row of Table 2). 
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Table 2. Average number of selected animalsA (over 100 replicates) per set of CG for each 
simulated situation and for selection criterion based on true breeding values (TBV) or 
predicted breeding values (EBV). Average TBV of selected animals are also presented 
 

 Situation 1(ST1)B Situation 2 (ST2)C 
 Selection Criteria Selection Criteria 

Sets of CG TBV EBV TBV EBV 
S1 (CG 1-20)  10.10D  10.46  34.85  16.29 
S2 (CG 21-40)  9.53  9.88  12.12  8.42 
S3 (CG 41-60)  9.53  9.06  7.24  8.57 
S4 (CG 61-80)  10.50  10.56  3.59  8.89 
S5 (CG 81-100)  9.92  9.82  1.71  9.72 
S6 (CG 101-120)  10.42  10.22  0.49  8.11 
Average TBV (kg)  26.32E  18.40  26.12  16.29 

A The best 2% young males (60 in 3,000) were selected according to each selection criterion. 
B Sires had their progeny distributed into CG independently of their breeding values. 
C Sires had their progeny distributed into CG according to their true breeding values, resulting in genetic 

mean differences between sets of CG. 
D Number of selected animals from each combination CG set, situation, and selection criterion. 
E Average TBV of the selected animals according to each situation and selection criterion. 
 
The use of genetic groups could be an alternative to reduce the biases encountered in the 
present study. However, with field data, the appropriate definition of genetic groups may be 
difficult. A further study will be conduced to evaluate alternative methods proposed by Fries 
and Schenkel (1993) and Schaeffer (1999). 
 
CONCLUSION 
Genetic mean differences between levels of fixed effects are not properly accounted for by 
MME, what could affect the estimation of Mendelian segregation and cause bias in the EBV of 
young animals. As a consequence, smaller genetic progress than possible might be achieved in 
animal breeding programs.  
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