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INTRODUCTION 
The aim of this study was to evaluate non-linear and non-additive effects on postweaning 
weight gain of Nelore animals. 
 
MATERIALS AND METHODS 
Performance records from 303 657 Nelore animals from the Brazilian Association of Zebu 
Breeders (ABCZ) were used. Genetic evaluation using GenSys Method (Schenkel and Brito, 
1994) produced a file containing animals’ and parents’ EPD’s on number of days to gain 240 
kg from weaning to slaughter (D240) ; contemporary group effects ; and animals’ and parents’ 
inbreeding coefficients. D240 is the selection criteria used currently by ABCZ to shorten post-
weaning period and reduce production costs (Ortiz Peña et al., 2002). The response variable 
studied was calculated by subtracting D240 observed values of the animals’ estimated breeding 
values (2*EPD) for the trait and of the contemporary group effect. Under the genetic additive 
model, the expectation of this residue is zero. D240 average was 736.85 ± 287.85 days and 
average inbreeding coefficient was 0.017 ± 0.032. 
This residue was regressed on possible non-linear additive effects, dominance effects and 
epistatic effects using PROC REG from SAS (SAS, 1998). Quadratic additive effects of 
animal, sire and dam were calculated as the square of respective EPD’s. Additive interaction 
effects between animal and sire, animal and dam, and sire and dam were obtained by 
multiplying their EPD’s. Dominance and epistatic effects were evaluated by three different 
calculations of heterozygosity and epistazygosity. 
Heterozygosities were calculated as if animals participated on designed inbreeding programs 
and considered the observed (FA) and expected inbreeding coefficients (EFA) of the animals. 
Heterozygosity 1 (h1A) was obtained as 1 – FA. Heterozygosity 2 (h2A) was zero or the positive 
value from (EFA – FA). Expected inbreeding coefficient (EFA) was calculated as 1/2 (FS + FD), 
where FS is the sire inbreeding coefficient and FD is the dam inbreeding coefficient. Zero 
values were assigned for all FS and FD which were not known. Heterozygosity 3 (h3A) was 
calculated as (EFA – FA) and negative values were not zeroed as they were when calculating 
h2A. Negative values from h3A would indicate the occurrence of de novo or additional 
inbreeding, above to what was expected. Positive values would indicate recovered 
heterozygosity. 
Three equations were used to determine epistazygosity values. For epistazygosity 1 (E1A) the 
equation used was : ½ [(1 - FS) + (1 - FD)], where 1-FS is the paternal heterozygosity and 1 - FD 

Session 17. Estimation of additive and non-additive genetic parameters Communication N° 17-17 



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

is the maternal heterozygosity. Epistazygosities 2 (E2A) and 3 (E3A) were obtained from 
corresponding definitions of h2 and h3 values : E2A = ½ (h2S + h2D) and E3A = ½ (h3S + h3D). 
When either paternal or maternal information for heterozygosity was absent, it was considered 
equal zero for the E2A and E3A calculations. Even with this allowance, only 23,6 % of the 
records had E2A and E3A calculated. E2A0 and E3A0 covariates attributed a zero value to any 
missing information of E2A and E3A. Fifteen genetic models containing subsets of the 
covariates described above were used to better explain D240 or its residue. 
 
RESULTS AND DISCUSSION 
The estimated regression coefficients for each covariate and for each model are showed in 
tables 1 to 3. All quadratic additive effects (EPDAA, EPDSS, EPDDD) and the additive 
interations (EPDAS, EPDAD, EPDSD) were highly significant (P < 0.0001) on the residue of 
D240. Hence, there is some evidence of non-linear additive effects on D240. The use of EPDA 
to calculate animals’ breeding values and the residue (used as response variable) can explain 
for at least part of the significant effects found. Even if these effects are just a fabrication due 
to the way the response variable was calculated they could not be excluded from the model. 
Otherwise, these same non-additive effects could be confounded with dominance and/or 
epistatic effects and could lead to erroneous conclusions regarding the existence of the latter. 
Heterosis or dominance effects estimated by h1A and h3A were highly significant in every 
model. Among models containing h2A only model 6 did not show high significance. 
H1A, the complement from inbreeding, would be affecting D240 on the desired direction and 
can be thought of just the opposite of homozygosity. H2A and h3A can be understood as new or 
recovered heterozygosity and could be indicating the existence of dominance effects on D240. 
Estimated regression coefficients for these effects were high and negative, and that can be 
developed into an important and desirable factor/way to design mate allocations within the 
breed. 
 

Table 1. Estimated parameters for each covariate considered in five models (M 1 to M 5) 
of the residue of days to gain 240 kg from weaning to slaughter (D240) 
 
 Regression Coefficients from Models 1 to 5  

CovariateF M 1 M 2 M 3 M 4 M 5 
EPDAA  -0.069A    -0.068A  -0.069A   -0.068A  -0.069A 
EPDSS  -0.015A -0.012A  -0.015A   -0.012A  -0.015A 
EPDDD  -0.036A -0.033A  -0.036A   -0.033A  -0.036A 
EPDAS   0.066A  0.060A   0.066A    0.060A   0.066A 
EPDAD   0.136A  0.129A   0.136A    0.129A   0.136A 
EPDSD  -0.067A -0.063A  -0.067A   -0.063A  -0.067A 

h1A -44.324A -48.447A -30.648A -49.195A -29.556A 
E1A  48.899A        
E2A  16.001E    

E2A0   -77.571C   
E3A    12.985E  

E3A0     4.232E 
N 303,657 71,821 303,657 71,821 303,657 
R2 0.4169 0.4196 0.4168 0.4196 0.4168 
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Important epistatic effects were observed also when the epistazygosity 1 (E1A) and the 
epistazygosity 2 (E2A0) were used as covariates in all models. As opposed to the epistatic 
losses indicated by the values of regression coefficients of E1A the regression coefficients of 
E2A0 showed high and favourable values for the trait in question. According to Curik et al. 
(2001) when selection is carried out the presence  of  negative additive by dominance epistatic 
effects can lead to a positive relationship between performance and inbreeding. This positive 
effect on the phenotype is however misinterpreted as a ‘purging of depression inbreeding’ as if 
that had be caused by the presence of partial dominance. 
 
Table 2. Estimated parameters for each covariate conside-red in five models (M 6 to M 
10) of the residue of D240 
 
 Regression Coefficients from Models 6 to 10  

CovariateF M 6 M 7 M 8 M 9 M 10 
EPDAA -0.069A  -0.068A  -0.069A  -0.068A  -0.069A 
EPDSS -0.015A  -0.012A  -0.015A  -0.012A  -0.015A 
EPDDD -0.036A  -0.033A  -0.036A  -0.033A  -0.036A 
EPDAS  0.066A   0.060A   0.066A   0.060A   0.066A 
EPDAD  0.136A   0.129A   0.136A   0.129A   0.136A 
EPDSD -0.067A  -0.063A  -0.067A  -0.063A  -0.067A 

h2A -7.967E -45.411D -36.488A -48.294D -36.226A 
E1A 27.508B      
E2A  22.775E    

E2A0   -70.106D   
E3A     -7.388E  

E3A0     -10.071E 
N 303,657 71,821 303,657 71,821 303,657 
R2 0.4167 0.4195 0.4167 0.4195 0.4167 

 
Another possible partial explanation for this result could be the incomplete information on h2 
from parents. If this means “open book” females then unaccounted heterosis would be picked 
up by E2A0. 
Significant effects can be observed on the heterozygosity definitions (h1A, h2A and h3A) 
together with the significant effect of E2A0, in models 3, 8 and 13, respectively. Fries et al. 
(2000) verified that the increment of heterozygosity in one generation is concomitant with the 
increase of recombinant configurations frequency in the gametes and therefore, more epistatic 
effects are observed in the next generation. 
Significant effects of heterozygosity and epistazygosity similar to the above reported were also 
obtained when the non-linear additive effects were excluded from the models. Models with 
only heterozygosity or epistazygosity effects also resulted in significant estimates. 
Faria et al. (2001) reported that the intensive use of a few Nelore sires led to a strong reduction 
on effective population size in recent years (1994 - 1998). As result, it is expected less genetic 
variability and more inbreeding depression, what increases the importance of planning and 
designing matings within the breed.  This strategy already was implemented by ABCZ through 
the Designed Mating Program (PAD) (Roso and Fries, 1998) but its use by Nelore breeders 
must be expanded. Associating the findings from this work and current difficulties, what is 
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needed next is to update PAD to plan matings not only to avoid/reduce inbreeding but to obtain 
benefits also from heterosis and epistasis within the Nelore. 
 
Table 3. Estimated parameters for each covariate consi-dered in five models (M 11 to M 
15) of the residue of D240 
 
 Regression Coefficients from Models 11 to 15  

CovariateF M 11 M 12 M 13 M 14 M 15 
EPDAA  -0.069A  -0.068A  -0.069A  -0.068A  -0.069A 
EPDSS  -0.015A  -0.012A  -0.015A  -0.012A  -0.015A 
EPDDD  -0.036A  -0.033A  -0.036A  -0.033A  -0.036A 
EPDAS   0.066A   0.060A   0.066A   0.060A   0.066A 
EPDAD   0.136A   0.129A   0.136A   0.129A   0.136A 
EPDSD  -0.067A  -0.063A  -0.067A  -0.063A  -0.067A 

h3A -44.324A -74.070A -47.178A -76.965A -46.705A 
E1A   4.575E      
E2A  5.062E    

E2A0   -83.193B   
E3A    -25.206E  

E3A0     -18.880E 
N 303,657 71,821 303,657 71,821 303,657 
R2 0.4169 0.4199 0.4169 0.4199 0.4169 

A p < 0.0001    B p < 0.004    C p < 0.008     D p < 0.01    E Non signif 
FEPDAA, EPDSS, EPDDD, EPDAS, EPDAD, EPDSD, h1A, h2A, h3A, E1A, E2A e E3A are : the EPD’s square of animals, 
sires and dams, the interaction between EPD’s of animals and sires, animals and dams and, sires and dams, the 
heterozygosities 1, 2 and 3 and, the epistazygosities 1, 2 and 3, respectively. 
 
CONCLUSIONS 
Non additive genetic effects (including heterosis and epistasis) are affecting D240 in the 
Nelore population studied. These effects can be explained by existent theory as due to matings 
between different inbred lines which were built in the breed. More studies are needed to ratify 
the occurrence of these effects on other traits and to determine their direction and magnitude. 
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