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INTRODUCTION 
With the aim of deciding/designing crossbreeding programs for specific regions/markets, one 
should consider : (1) additive direct and maternal contributions from each breed, as they contribute 
to physiological processes affecting each trait as well as overall adaptability ; (2) interactions 
between breeds in their additive contributions, that is, complementarity ; (3) direct and maternal 
dominance or heterotic effects ; (4) direct and maternal epistatic effect ; and (5) interactions 
between these genetic components and environmental variables. The objective of this work was to 
obtain estimates of environmental and genotypic effects on pre-weaning average daily weight gain 
(ADG) of animals belonging to Natura breeding program, aiming to improve evaluation programs 
and increase selection response in the crossbred population. 
 
MATERIALS AND METHODS 
Preweaning records from Angus x Nelore calves from 56 “Associated Herds” of Natura , located 
in the Brazilian states of Goiás, Minas Gerais, Mato Grosso, Mato Grosso do Sul, Paraná, Rio 
Grande do Sul, São Paulo, and Tocantins were used. Final data set contained records from 68,629 
animals born from 1986 to 1999 and distributed on 1,943 contemporary groups (CG’s). The CG’s 
were defined by the concatenation of identifiers for farm, year, sex, management group/pasture 
and Julian weaning date. Average age of dam (AOD) was 5.91 years [2, 20]. Across regions, 
animals were born all year around with an average calving date (JUL) on day 256 and average age 
at weaning (WAGE) was 219 days [120,320]. Average latitude (LAT) of the farm where animals 
were born was 23.62oS [10.8oS, 31.0oS]. LAT could not be included as a main effect or as a single 
covariate in the model because there was a complete confounding with location of the farm (hence, 
with CG). After the absorption of CG, LAT was included in the model as a modifier effect/agent, 
interacting with JUL and with additive genetic effects. Average ADG was 0.647 kg/d [0.333, 
1.498]. Environmental effects used to model ADG were : (1) CG ; (2) linear and quadratic effects 
of AOD nested in sex of calf ; (3) linear and quadratic effects of WAGE ; (4) spline functions 
(quadratic-quadratic) of JUL and their linear interactions with LAT. 
Table 1 presents the distribution of animals according to the major genotypic compositions. By 
concatenating sire and dam genetic compositions (up to four decimals) and ignoring different 
generations of the same composition, 154 genotypes were identified. The large number of 
observations and this table could lead to the conclusion that a large number of genotypic effects 
could be estimated. Covariates for direct (Ad) and maternal (Am) additive effects were defined by 
the genetic contribution of Nelore genes to the genetic make-up of each individual. Covariates for 
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direct (Cd) and maternal (Cm) complementarity between Nelore and Angus were calculated as 
Cd=Ad*(1-Ad) and Cm=Am*(1-Am). This form of calculating interaction terms helped to 
reduce multicollinearity. The formulae used to calculate and decompose direct (Hd) and 
maternal (Hm) heterozygosities were from by Bertoli (1991) and Schenkel (1993). To calculate 
Hd and Hm the genetic composition of the parents and of the maternal grandparents of an 
individual are needed. Direct (Ed) and maternal (Em) epistatic effects were modeled by 
epistazygosity, as in Fries et al. (2000) and calculated as the average heterozygosity present in the 
gametes which generated each individual or as the average heterozygosity in the parents of an 
individual. 
 
Table 1. Distribution of animals according to main genetic compositions (within 1/8) of sires 
and dams. Fractions indicate expected percentage of Nelore genes 
 

 Dams   
Sires Angus 3/8 ½ 5/8 3/4 Nelore TOTAL 
Angus 10,001 275 466 2,902 1,077 8,669 23,388 

3/8 507 12,491 3,383 1,057 128 13,481 31,047 
½ - 4 129 134 17 567 851 
5/8 1,365 63 693 1,412 114 857 4,504 
¾ 6,639 104 82 79 46 53 7,003 

Nelore 36 9 25 6 14 1,309 1,399 
Total 18,548 12,944 4,778 5,590 1,396 24,936 68,192 

 
A large number (44% of the total) of calves were produced by AI. Most Brangus semen was 
imported, mainly from USA, Argentina, and Paraguay. A large number of Brangus sires were 
produced outside Natura and did not have proper information of genetic composition of parents or 
generation number or on heterozygosities of parents or this information could not be completely 
retrieved. As a result, only 39% of the records had sires whose heterozygosities were properly 
calculated. For the remaining 61%, it was assumed that sires were produced by inter se matings 
and this affected the calculations of Ed and Em and could affect paternal heterozygosities. On the 
other side, 75% of the records had enough information on dams and on their parents to properly 
calculate Hm. Most of the imported Brangus semen from USA was from animals containing a 3/8 
contribution from Brahman. Other Brangus sires are known to be 1/8 or 2/8 Nelore. Given that 
Nelore contributed to the formation of Brahmans no distinction was made with respect to the 
origin of the Brangus sires. 
 
RESULTS AND DISCUSSION 
AOD and WAGE effects were significant and in line with discussion from Paz (1999). It was 
possible to simultaneously estimate WAGE and JUL effects, even with the inclusion of weaning 
date in the definition of CG, due to the broad range of calving dates. Variance inflation factors 
(VIF) for WAGE and WAGE*WAGE were 88 and 102, respectively. 
Contrary to other reports, Figure 1 shows that in the extreme south fall calving is beneficial to 
calves and this result may be attributed to the intensive use of winter cultivated pastures in the 
Angus-Brangus farms from that region and present in the data. In the north, calving in the spring 
(beginning of the rainy season) is beneficial. In the central region, soil/pastures allow for a stable 
environment. Under these circumstances, latitude-wise narrow regions or combinations of regions 
may not show significant JUL effects. JUL*LAT covariates had VIF between 8,385 and 47,788. 
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Figure 1. Joint effects of Julian birth date (from 1 to 366) and latitude (from 10,8o to 31o) on 
preweaning average daily gain of Nelore x Angus calves 
 
Table 2 shows results from attempts to ad-just a better model for genotypic effects. 
 

* p<0.05;  ** p<0.01;  *** p<0.0001; R Restriction applied: Hd=1.2 Hm 

 Models  
Effect AH AHE AHER AHECR 

Ad -0.04669*** -0.03292*** -0.03944*** -0.03479 
Am 0.04420*** 0.03971*** 0.04055*** -0.03960* 
Hd 0.05325*** 0.05498*** 0.06191*** 0.01753 
Hm 0.06580*** 0.06743*** 0.05247*** 0.01485 
Ed  -0.01436* 0.00480 -0.07130 

Em  0.02608*** 0.02783*** -0.05020** 
Cd    0.12126 
Cm    0.43981*** 
AdN    0.03458 
AmN    0.07899*** 
CdN    0.09769 
CmN    -0.14461** 

 
Table 2. Estimates from models containing combinations of direct (d) and maternal (m) 
additive (A), heterotic (H), epistatic (E) and complementarity (C) effects on preweaning 
average daily gain (kg/day) and interactions of some of these with region (North) 
 
Several ridge techniques were used but estimates stabilized only at too small values. At these 
values, estimates of direct and maternal heterotic effects had a ratio of 1.2. This ratio was used as a 
restriction to try to obtain more meaningful estimates. Sets of estimates from different models and 
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techniques largely varied without any pattern. Comparison of the conventional additive-dominance 
model (AH) with the genotypic (with 158 genotypes) model produced significant lack-of-fit (lof). 
Heterosis estimates under AH model, are in line with reports from the literature and with earlier 
results from Roso and Fries (2000) with part of the present data set (under very strict editing). 
The addition of epistazygosity coefficients to the model produced unexpected results with positive 
values for epistatic loss. These results could have been determined by the assumption used for the 
majority of the synthetic sires that they were produced by inter se mating while they truly were 
from earlier generations. The addition of complementarity covariates produced unrealistic large 
estimates for these joint additive (taurus) * additive (zebu) effects. The only consistent result 
obtained from the large number of models was that heterotic effects were always largely reduced 
by the inclusion of complementarity effects. Including interaction terms between additive and 
complementary effects with latitude or regions produced significant and large results, in line with 
results from Arthur et al. (1999). Overall, these interaction terms did not help to produce consistent 
and interpretable results. After the unsuccessful use of ridge regression, restricted models were 
tried, but they also showed significant lof and unstable estimates. 
After considering CG, the degree of freedom for genotypes was reduced from 154 to 70. This 
corroborates with the speculation that the estimability problems were caused, at least partially, by 
collinearity. As a final tentative to remedy the situation, present data was added to another larger 
set, from Hereford X Nelore calves and some of the covariates were kept in common. In short, the 
same estimability problems remained in the enlarged data set. 
 
CONCLUSIONS 
1. There exists positive maternal and individual heterosis on preweaning gain ;  
2. There are large and significant lack-of-fit for the additive-dominance models ; 
3. Part of the heterotic effects estimated under the additive-dominance model may be originated 

from complementarity or across breeds additive*additive effects and/or other terms not 
considered ; 

4. Only genetic composition of animals and parents are not enough in genetic studies, because 
correct heterozygosities for animals, parents and grandparents are needed ; 

5. Spatiotemporal estimates obtained suggest that the exploration of other geoclimatic 
indicators/markers on well distributed data and more sophisticated techniques are needed 
for better explaining environmental effects ; 

6. A well designed and large scale experiment, covering different regions of Brazil, is needed 
to properly assess alternative crossbreeding systems, benefits and components. 
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