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ABSTRACT: The objectives were identify the best 
model to describe the growth curve in Brahman cattle and 
characterize single nucleotide polymorphism (SNP) 
associated with growth curve parameters estimates. Body 
weights were measured at birth, sixth, twelfth, fifteenth, 
eighteenth and twenty-fourth months of age. Four 
nonlinear models were tested and evaluated for goodness 
of fit. Brody’s model was the most appropriate to describe 
the growth of Brahman cattle. The genome wide 
association studies were performed for three growth curve 
parameters (A, b and K). There were 136 SNPs 
significantly associated with A spread over all 
chromosomes. There were found significant SNPs in 
chromosomes thirteen and twenty five, which has no 
reports in QTLDatabase. These SNPs can be useful in 
posterior marker assisted selection and pathway analysis 
to describe the complexity of growth process in beef 
cattle. 
Keywords: Beef cattle; Nonlinear function; Mature; Body 
weight. 
 
 

Introduction 
 
 The phenotypic expression of growth is deter-
mined by genetic and environmental factors. Growth 
curves are complex traits because it uses information from 
longitudinal measurements to estimate parameters that 
represents growth curve. This may enable strategies to 
select animals more efficient for the parameters that has a 
biological interpretation. The investigation of markers 
associated with growth curve and selection strategies 
represents a potential way to modify the growth curve 
shape. Several solutions have been proposed to modify 
growth curves by selection (Meyer, 1999; Piles et al., 
2003; Forni et al., 2007, 2009), but the difficulty of ob-
taining mature data remain. Changes in growth curves 
should be assessed isolating genetic information about 
weights, growth rates, and maturity rates at different ages. 
This modification can result in mature weight earlier, 
which is certainly relevant to beef cattle production. The 
objectives of this study were: 1) identify the best model to 
describe the growth curve in Brahman cattle; 2) identify 
and characterize SNPs associated with growth curve pa-
rameters estimates. 
 

Materials and Methods 
 
 Data. The data comprised six records of body 
weight from Brahman cattle, that born between 2004 and 
2010. The data were extracted from legacy Beef CRC 

database. Body weights were measured at birth date, 
sixth, twelfth, fifteenth, eighteenth and twenty-fourth 
months. The initial data contains 1642 Brahman cattle. In 
total 1255 cattle  with all 6 records were kept, thus there 
were 7530 records of body weight. A summary of data is 
given in Table 1. The weight in each age was linearly pre-
adjusted for fixed effects (herd, year/month/birthday and 
post weaning location) in order to ensure that only 
genetics effects were affecting the estimates of growth 
model parameters. 
 
Table 1. Descriptive statistics of weight in each age. 

Feature Average (sd) Min Max 
wt0, Kg 35.3(5.26) 17.47 55.5 
wt6, Kg 203.6 (23.87) 109.2 298.0 

wt12, Kg 247.0(24.43) 160.7 334.1 
wt15, Kg 297.8 (27.5) 188.4 397.5 
wt18, Kg 353.4(29.38) 212.7 471.5 
wt24, Kg 384.4(34.31) 210.5 505.4 

Table1. wt0: body weight at birthday; wt6:body weight at sixth month; 
wt12:body weight at twelfth month; wt15: body weight at fifteenth 
month; wt18: body weight at eighteenth month; wt24: body weight at 
twenty-fourth month. 
 
 
 Curve fitting.  Four of most widely used 
nonlinear models (Table 2) used to describe animal 
growth curves were fitted for each animal considering 6 
records of weight-age measurements using iterative 
nonlinear least squares method by means of Gauss-
Newton algorithm. The models goodness of fit assessment 
was based on the adjusted coefficient of determination, 
residual standard deviation, convergence rate and mean 
absolute deviation in two parts of the curve. The models 
were fitted using the package “nlme” (Nonlinear Mixed-
Effects Model) of R software (R Core Team, 2013). Once 
the best model was selected, the parameter estimates of A 
(maturity weight), b (have not biological interpretation) 
and K (maturity rate) of each animal were used as 
phenotypes in a genome wide association study (GWAS) 
in order to identify significant SNPs using the 
BovineSNP50 Bead Chip. There were 941 animals with 
genotypes and phenotypes, and the pedigree file has 
17021 individuals. 
 
 
 
 
 



	  

Table 2. Nonlinear regression models used to describe 
growth curve of Brahman cattle. 

Model Function 
Number of 
parameters 

Brody wt = A(1-bexp(-Kt)) 3 
von 

Bertalanffy wt = A(1-bexp(-Kt)3) 3 

Logistic 
wt = A(1+bexp(-Kt)-

1) 3 

Gompertz 
wt = Aexp(-bexp(-

Kt)) 3 
Table	   2.	  wt: body weight at age t; A: asymptotic or mature weight; b: 
constant of integration or the time-scale parameter; K = rate at which a 
logarithmic function of weight changes linearly per unit time; t: 
age(0,6,12,15,18 and 24 months). 
 
 
 Genome-Wide Association Studies. The GWAS 
were performed for each one of three phenotypes (A, b 
and K parameter estimates). The effect of each SNP was 
estimated in turn using the following mixed model: Yij = 
Xβ + Zu + sjk + eij, where Yij represents the vector of 
observations from the ith animal at the jth phenotype, X is 
the incidence matrix related fixed effects in b with 
observation in yij, Z is the incidence matrix relating 
random additive polygenic effects in u with observation 
Yij, sjk represents the additive association of the SNP 
(assuming 0, 1 and 2, respectively to aa, aA and AA) and 
the jth phenotype, and eij is the vector of random residual 
effects. Solutions to the effects in the model as well as 
variance components were estimated using WOMBAT 
software (Meyer,2006). The SNP were ranked according 
to significance of association with each trait using q-value 
FDR approach (q-value<0.05). 
  

Results and Discussion 
 
 Gompertz model had best convergence rate 
(Table 3). However, Brody model had better coefficient of 
determination (R2), the lower mean squares error (MSE), 
and lower mean absolute deviation (MAD1 and MAD2). 
Thus the Brody model was the most appropriate to 

describe the growth of Brahman cattle in the present 
study. The high values of h2 (0.40, 0.36 and 0.27, 
respectively to A, b and K) indicate that these traits can be 
a viable alternative for breeding programs in which the 
aim is to produce efficient high growth animals. However, 
direct selection for high A implies a selection for low K 
(as indicated by the high negative genetic correlation, -
0.9486, between these two parameters).  This negative 
correlation is expected and has been reported in most 
studies of growth curves and animal breeding, e.g., 
Koivula et al. (2008) in pigs, Mignon-Grasteau et al. 
(1999) in chickens and Forni et al. (2007) in beef cattle.  
There were no significant SNPs for parameter b or K. A 
total of 136 significant SNPs were identified for maturity 
weight (A) after using FDR correction (q-value<0.05).  
Significant SNPs were found on all chromosomes, except 
for BTA26 (16 important SNPs in chromosome 4, 23 in 
chromosome 6, 11 in chromosome 18 and 9 in 
chromosome 27). Animal QTL Database reported similar 
chromosome regions related with mature weight for beef 
cattle in chromosomes 9, 12, 18 and 19. Furthermore, 
there were found 1 and 3 significant SNPs in 
chromosomes 13 and 25, respectively. These regions have 
not been reported as associated with growth in 
QTLDatabase (Liang, Z H, 2013) for them. 
 
 
 

Conclusion 
 
 Among the nonlinear models compared in 
present study Brody's model was the best fit to the growth 
data. There were no significant SNPs for maturity rate (K) 
and b parameters using a 50K SNPchip in this population. 
However, the GWAS resulted in 136 important SNPs for 
mature weight (A), which can be useful in posterior 
marker assisted selection and pathway analysis to describe 
the complexity of growth process in beef cattle. 
 
 
 
 

Table 3. Parameter estimates and goodness of fit for growth models. 
  Models 

Parameters Gompertz Logistic Brody von Bertalanffy 
A 419.90(51.44) 399.85(42.67) 520.32(163.72) 373.86(36.26) 
b 2.00(0.12) 4.85(0.64) 0.92(0.02) 0.75(0.04) 
k 0.13(0.03) 0.20(0.044) 0.06(0.02) 0.08(0.02) 

Goodness of fit Gompertz Logistic Brody von Bertalanffy 

C,% 100 99.44 99.92 99.52 

R2 0.96(0.01) 0.95(0.02) 0.98(0.01) 0.87(0.03) 

QME 604.91(224.70) 821.16 (273.40) 382.79(167.01) 2071.96(618.33) 

MAD1 27.53(5.81) 32.83(6.18) 18.94(5.32) 46.61(10.70) 

MAD2 10.95(3.72) 10.51(4.31) 10.28(3.34) 11.87(6.06) 
Table 3. Rate of convergence (C%); coefficient of determination (R2);  Mean squared error (MSE); Mean-absolute deviation for periods 1(0,6 and 12 
months - MAD1) and 2 (15,18 and 24 months -MAD2). 
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